


Preface

The appearance of a second edition of a technical handbook is a sign of the
publisher’s confidence in its value to its readers. This confidence is bred from the
success of the first edition, but it must also involve the changes and additions to
the second edition that make it an advancement upon the first. A purpose of this
preface is to highlight some of those changes.

The first editton was written entirely by Derek Purchas. the doyen of
consultants in the technoiegy of filtration. certainly in the UK. and probably in
the world. In its preparation Derek had the assistance of inputs from media
manulacturers of all kinds, sizes and geographical bases. That assistance is no
less a part of the second edition, and another purpese of this preface is to
acknowledge that assistance.

The Handbook remains very much as Derek first wrote it, in terms of style,
structure and conten?. Partly this is because the technology of filter media is very
well established, se that a great deal of the material of the first edition embedied
timeless features of the technology. The basic designs of filler have been In
existence for over a century, and the six or so years since the first edition have not
seen any major changes In llration equipment.

However, there are significant changes in this second edition, of both structure
and content, and, not surprisingly with a different main author, of style. The least
ol these is that the chance has beer taken to make some textual corrections. Some
additional emphasts is placed on air and gas filiration throughout the Handbook,
especially in the more utility uses for such technigques.

The arrapgement of the Handbook is similar ko the first edition. although there
are now two extra chapters, ene formed by splitting one of the earlier chapters
{"Textiles'}into two, and the other being new ("Standards’).

In terms of filter media technology, this second edition notes the following
trends:

s the increased requirements for hot gas cleaning, invelving advanced
polymeric, metallic and ceramic media;

e the coniinuing development of membrane media, with an ever wider
range of polymer compositions available:

& therapid growth of cross-flow filtration as a process option;

s theincreased use of composite medla;
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s the growth in availability of the various non-woven media made by
spinning molten polymers: and

® the expansion of those media once thought of as restricted to reverse
osmosis and ultrafiltration. i.e. those used for molecular separations, inte
the microfiltration range {and the parallel appearance of nancfiltration as
a separatc technology .

A technological change of a very different kind has been the appearance of the
World Wide Web on the [nternet. with many supplters taking advantage of its
existence to design and publish Web pages of their own. These sites vary
enormously in quality, Irom little more than a company's name and address. toa
complete inclusion of 2 praduct catalogue running to hundreds of pages and
being a joy 1o read.

Although not a technological change, mention musl alse be made of the far-
reaching changes in the corporate structure of the filter media marketplace.
Many of the companlies hamed in the first edition no longer exist as separate
entities, if they exist at all. Of the 73 companies that advertised in 1he first edition
over one-quarter no longer exist under those names {or have undergone major
changes in their interest in filtration media).

Many of the specified media in the first edition &re now available from a
different supplier (or differently named at least). To some extent, this process is
limiting the range of media available to the end user or filter OEM, although small
compani¢s are also appearing to make up the numbers.

A quick skim through the Handbook will skow that it includes a considerable
amount of proprietary inlorination. This has been made available by the various
manufacturers, in the infcrests of value to thereader, and the authors and publisher
are exceedingly grateful to the manufacturers concerned. Acknowledgement is
duly made in the text of the source of such material. Acknowledgement is alsc made
to those members of staff of filter media manufacturers who have given their time
in the identification of tmportant new ideas in materials and media.

Somme suppliers ignored requests to help. and some even expressly declined to
centribute, To those companies. it is hoped that this edition will provoke regret
that they did not take part in the exercise. Perhaps the appearance of a second
edition may spur other suppliers to take an interest 1o the fatare.

There is no wish by authors or publisher to make this Handbook into & buyers’
guide of filter media. Accordingly, no attempt is made to mention or even list all
the suppliers of any particular type of medium. Those suppliers and their media
referred to are deemed sufliciently representative of the type under discussion -
but they are alse among the limited range of suppliers who respended favourably
to a request for help for this edition.

As to the authors: Derek Purchas, now effectively retired. was intreduced
earlier as the author of the first edition of this Handbook. He also wrote a classic
textbook on solid/iiquid separation processes, and co-edited a texthook on
equipment scale-up. Ken Sutherland is a consultant, mainly in industrial
marketing, specializing in the filtration equipment and materials sector. He Is a
co-authar of Elsevier's Decanter Centrifuge Handbook (and of a textbook on
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industrial market research). So that the reader will know where Lo place the
blame for any errors in this edition, it is only fair that this Preface should be
signed by

Ken Sutherland
1 May 2002



Foreword to the First Edition

I worked hard at altering the arrangement of the first three chapters of the third
voiume. What labeur it is to make 2 tolerable book. 2nd how little readers know
how much the ordering ol the parts has cost the writer!’

These heart-fell words were written in his diary on 6 February 1554 by the
eminent historian Lord Macaulay, at a time when he was struggling to make
further progress with hls monumental {2nd highly readable) multi-volume book
The History of England.

Almost a century and a half later, that entry in Macaulay's diary struck a
sympathetic chord as I sought refaxailon at the end of another gruelling day's
wrestling with the dry and unromantic desiderata of Alter media. So apposite did
it at once appear that [ noted it for inclusion, in due conrse, in this briel foreword
which was then no more than a one-word title. to be expanded when the pain
and agony of the serious writing had been compieted. In quoting it now I am
emboldened to couple it with a few lines [rom An Essay on Criticism by that
earlier bitingly witty auther Alexander Pope:

The perfect Judge will read each word of Wit

With the same splrit that its author writ:

Survey the Whole, nor seek slight taults to find
Where nature moves, and rapture warms the mind.

In reality, a technical! book is ievitably and very properly likely o be
subjected to critical assessment and comment at all levels, including both its
breadth of concept and its minutiae — the more so where the book is offered as the
first attempt to pravide a comprehensive overview of the entire spectrum of
industriai filter media. A corollary of this touch ol realism is recognition that the
resultant book must regrettably contain a variety of errors, oversights or
deficiencies: notification of any of these would be welcomed, so that corrective
actlon can be taken in future editions.

As will be evident frem the very many acknowledgements throughout the
book, compiling it has beer made possible only by the generous cooperation of
many companies and of the even more numerous individuals, some of whom
have patienily respended to 2n almost endless flow of faxes. letters and
telephone calls. [n expressing my thanks to all of these, I would like ta add an
apology lor any ecrors which, due to [aults of misinterpretation, cmission ar
commission on my part, may have crept into Lhe printed text derived [rom the
information they supplied.
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Amidst the legion of those who have contributed te my endeavours since Lhe
first words were entered into my word computer on 8 February 1995, there is
onc person to whom special acknowledgement must be made. This is my wile
Margaret, whose patient support has onee again enabled us happily to survive
the trials and tribulations which are the inescapable birth pangs assoctated with
praducing a book.

Derek B Purchas
5 September 1996
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CHAPTIR 1

An Introduction to Filter Media

The process of Bltration is widely used throughout industry, commerce and
domestie life. It covers the production of potable water by reverse osmosis,
through the protection of delicate components from the impact of large solid
partleles, and the clarification of beer, 1o the separation of waste sewage sludges.
Filtration involves the physical separation of one or more components from a
suspension or solution in a fluid, by passage of that fluid through or across a
barrier that Is permeable oitly to some of these components.

The key element in this description is the barrier. permeable only to pert of the
feed suspension or solutlon. This barrier is the filter medium, and a filter is then
any mechanical structure that holds the medium in the most efficient way.

1.1 Definition of Filter Medium

[t has rightly been said that the heart of any filter is the flter medium. Unless it is
fitted with an adequate medijum, even the most ingenious filter is useless. So
what exactly is a filter medium?

The, now ageing, Filtration Dictionary and Glossary'!! defined a filter medium as
‘any permeable material used in filtration and upen which, or within which, the
solids are deposited’. This definition was not broad enough for the first edition of
thizs Handbook, because it surprisingly assumed that only solid particles are
relevant, and therefore axcluded the many instances where particles comprise
droplets of {iquid. The following improved definition was then suggested as
sufficiently all embracing: ‘A filter medium is any permeable material upon
which, or within which, particles are deposited by the process of filtration'.

However, even that breadih of coverage is no longer enough. because @ large
proportion of filtration operations now concern molecular and ionic species In
selution. Accordingly. a revised definition is suggested in this new edition of the
Handbook, to take note of this additional need:

A filter medium is any material thei, under the operating vonditions of the filter, is
permeable to one or more componentis of a mixture, selution or suspension, and is
impermeable io the remafning cosnponents.
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The retatned caomponents may be particles of solid. droplets of liqutd. colloidal
material, or molecular or lonic species in solution, while the permeate {or fillrate)
will normally be the suspending fluid or solvent. possibly together with some of
the ather components.

The purpose of this Handbogck is to describe the materials used to make fllter
media, to highlight their main characteristics. and to advise upon their selection
and use,

1.2 Filters and Their Media

In the definition ol Glter medium given ubove, the nature of the filter itsell is not
defined. A filter is any device in which a separation is achieved ameng other
components of a suspension or solution, in a fluid — which may be a liquid or a
gas - where the separation is caused by mechanical means. without the
involvement of a change in phase (such as the meiting of a solid, or the
evaporation of & liguid). Filtration is almost entirely a characteristic of the size of
the particle, droplet or molecule being separated. whereas relative particle
density is 4 more important [eature in sedimentation,

As is often the case in attempting a perfect definttion or classification. the
houndartes involved in defining filtration in this way are less than absolutely
precise. Thus, some membrane separations do involyve a change in phase: some
filtration processes involve electrical as well as mechanical forces: and some
processes involve chemical forces as well as physical ones. Most significantly, the
process of dry screening (sieving or sifting) invelves the passage of part of a
miixture of granular solids through a screen —the filter medium — with little or no
passage of a fluid at all, yet this is clearly a fltration process.

That said, the bulk of @itraticn processes involve the removal of particles,
droplets or molecules from a fluid, by means of a physical barrier, the filter
medium, through which they will not pass by virtue of thelr size. A particular
form of filter may be able to use a wide variety of filter media, to achieve the same.
or different, separations.

1.2.1 Purposes of filtration

There are two main purposes in fltration:

& toremove impurities from a fluid. and
# torecover valuable materials from suspension in a fuid (usually a liquid).

The first of these {'clarification’] normally employs finely porous flter media,
and aims to remave as much af the impurity as possible, and preferably all of it.
The second {‘harvesling’} also aims [or as complete a recovery as possible of the
wanted material, but uses coarser media. mainly because the cake of recovered
solid does most of the filtering, and also is less concerned with the clarity of the
Hitrate.
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Here again the division is not exhaustively precise: some harvesting processes
remave waste solids for subsequent treatment, while some clarification removes
only some of the suspended solids {ahead. for example. of a fier filtration
process). Filtratton may also be used to classify a suspended solid into two
separate size fractions.

The cheice of filtration cquipment involves selection both of the right medium.,
and of the best type of filter in which to mount it. The harvesting processes are
more limited in equipment choice, because of the need to remove accumulated
solids in relatively large quantity. olten leading tc the need for complex types of
filter. Clarification duties are much less concerned about solid remaval, and so
can be satisfied by simpler (and. therefore. cheaper filters, with correspondingly
simpler media formats.

1.2.2 Filtration mechanisms

[n terms of the way tn which a particle, say. is trapped by a filter medium, and so
removed from the fluid, four basic mechanisms can be distinguished. Their
distinctive characteristics are briefly outlined as follows.

fa} Surface straining. Here the particle that is larger in size than the pores of the
medium deposits on the surface, and stays there until it is removed. Particles that
are smaller in size than the pores pass through the medium. As shown
schematically in Figure 1.1, this is the main operating mechanism for bar
screens, and plain woven monoftlament mesh. [t also plays a major role ln
Eltration with membranes.

fb} Depth siraining. For media that ave relatively thick by comparison with
their pore diameters. particles will travel along 1he pore until they reach a point
where the pore narrows down to a size too small for the particle to go any further,
so that it becomes trapped. Fels and other non-woven fabrics utilize this
mechanism, which isillustrated in Figure 1.2,

{c) Depth filtration. Now a particle can also be trapped in the depth of the
medium. even though it is smaller in diameter than the pore zt that point, Such

Figure 1.1 Filtratton by surface siralming' 2.
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behaviour involves a complex mixture of physical mechanisms. Particles are first
brought into contact with the pore wall (or very close to it), by inertial or
hydraulic forces, or by Brownian (molecular) motion. They then become
attached to the pore wall, or to another particle already held, by means of van der
Waals and other surface forces. The magnitude and efficacy of these forces may
be affectad by changes in {actors such as the concentration and species of ions in
an aqueous solutton, or the humidity of a gas. This mechantsm is illustrated in
Figure 1.3, and is important for most media. but especially for high-efliciency air
filters and in deep bed (sand) flters.

{d) Cake filtratlon. Here a thick layer or cake of particles accumulates on the
surface of the medium, and then acts as the filter medium for subsequeni
filtration. If the particles (or same of them? are larger than the pores. then cake
filtration may follow an initial period of surface straining. But cake filiration can
accur even when the particles are all smailer than the pores (dewn even to about
one-eighth of the pore diameter), especially il the salid concentration is relatively
high (say, greater than 2% by weight in a liquid}. This happens by the bridging of
the particles across the entrance to a pore, as shown in Figure 1.4, to form a base
upon which the cake will then grow.

Quite clearly, any real filtration process will probably involve a combination of
two or more of the above mechanisms. The two straining processes will quickly

Figure 1.2. Fiirration by depch straining !,

Figure 1. 3. Depth filtration mrechanism’ 1,
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blind the medium, as the pores progressively block, requiring some kind of
cleaning process to be implemented.

On the other hand. this simplified summary of a complex subject serves to
emphasise that the mechanistns of Rltration may result in the trapping of lar
smaller particles than might be expected from the sige of the pores in the medium.
The actual mechanism cr combination of mechanlsms pertzining in any specific
instance is dependent on the characteristics both of the medium and of the
suspensicn being filtered. The relationships between the four basic mechanisms
and the two broad categeries of practical filtration {clarification and barvesting)
are summarized in Table 1.1.

It is important to realize that the fluid being handled can have a significant
influence. For example, whereas a fine sintered metal medium will remove
particles as small as 0.4 ym from a gas. the same sintered metal. when used to
filter liquids, will ot be effective below about 2 um. Differences in performance
also accur between aguegus and organic liguids, presumably because of their
different electrical properties, which influence the build-up of static charges.

Special mention should be made of the mechanisms that commonly oceur with
woven fabrics. [t is quite normal that a new, or freshly cleaned, fabric will
initially allow some particles to pass through, whether used to filter 2 gas or a
tiquid. The clarity or quality of the filtrate will ther improve progressively, as the
characteristics of the fabric are altered by some of the solid particles, as they
become embedded both between and within the individual yarns. Once this
depth filtration has been completed, then surface or cake filtration proceeds.

Figure 1.4, Cake filtration mechanisar 2.

Table 1.1 The role of fltratton mechanises ke practical Rltratton (% indicates a major role;
+ indicates a minor role)

Mechanism Harvesting Clarification
Surface straining + "
Depth straining x
Depih filtration ®
Cakeliltratien a-: +




& Hamdbook of Filter Media

Similar in principle to this last process, the characteristics of the medium may
be altered by an initial deposit of solids, or preroat, on the surface of the medium,
in order 1o produce & less open medium. This precoating process is used either to
prevent loss of valuable material in the initial stage of the filtration, or to prevent
passage though the filter of material not wanted downstream of the filter.
{Precoat material is often called a filter aid, which it clearly is. although the latter
term iz more correctly used for material added continuausly to the feed stream of
afilter to improve the Altration perlormance of the resulting cake. )

The mechanisms illustrated in Figures 1.1-1.4 are all variants of one major
group of filtration processes, in which all of the Auid flows through the medium,
leaving any separated material within or upstream of the medium. Thisis known
as through-flow filtration (also as dead-end filtration ). This is the traditional way in
which filtration precesses were operated. An alternative process now cxists, as a
significant part of the filtration business, It which the nrain fuid flow s directed
across the surface of the medium, with only a portion of the fluid passing. at right
angles to the main flow, through the medium. Material deposited on the
upstream surface of the medium is then largely swept away by the fluid flow,
which often runs in a reeycle loop. This technigque is known as cross-flow
filtration (also as tangential or parallel filtration).

1.2.3 Types of filter

Although thitz Handbook make no pretence whutever to being a handbook of
Gltration technology. it is difficult to understand the spectrum of filter media
without some reference to the range of types of filter within which they are used.
Accordingly, Table 1.2 sets out & reascpably full list ol the various types of filter,
arranged schematically by nature. The wide range of types illustrated is mainly
for liquid filtralion, with a much smaller range used for gas filtration, as fs
indicated in Table 1.2,

Filter media of one kind or another are employed in 2l of these types of filter,
and the various chapters of this Handbook wili highlight which media are best
suited to which type of filter. All filters exist for the simple’ purpese ol holding a
piece of filter medium firmly across or parallel to a flow of fluid. but the way in
which they perform this task can be very different [rom onc type to another.
Accordingly, filters differ very widely in complexity, from the simple tubular
housing of a cartrldge filter or strainer. to the complex machine that is & tower
press or a rotary vacuum drum filter.

Ashag already been menttoned, the first group of equipment types in Teble 1.2,
screens, frequently operate with no fluid flow at all through the filter medium.
Screening is mostly an operation at the coarser end of the filtration size spectrum.

The remainder of the items In Table 1.2 all involve fluid low, and are used over
the whole size spectrum. with filter media chosen to give the required degree of
separation. The equipment type classification is intended as a help to
understanding,. rather than exhibiting precise divisions among the various types
of equipment mentioned. and several examples exist where the equipment could
be classified in more than one place.



Table 1.2 Types of filter

Screens

Denlsters®
Depih filters

Surfuce/cake
flters

Stationary

Movring

Pads and panels
Thick cartridge®
Deep bed {'sand’|

Yacuom

Gravity

Fluid pressure
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In-line strainers”
Hurizontal or
slightly tcllmed
Curved {"sicve-bend'
Vertical

Conlinuous | vertical,
or rotating drum )
Osclllating tvibraling
oL gYCHIOrY

Batch
Nutsche imanual or scroll discharge)
Rotary tahle
Tilting pan |single or rolatingfindexing}
Lealor tubular element

Continous

Rorary drum trange of

discharge mechanisms)

Rotary dise

Indexing disc

Belt (single or multiple chambers)

Flat bed (rallps

In-lipe
Basket strainers
Sheets
Capsules®
Fads and panels icassewes )
Bags. sleeves and pothets®
Cartridges twide range of designst
Other membrane filters
splral wonnd, tubular, erc.]
Pressure vessel
Tubular element {bag ar
candle ilter}
Filler coalescers
Flat elements [sheet. plate, leaf)
Thickeners
Ratary drum. submerged
drum. Fest, etc.)

-
.
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Teble 1.2 {condimued)

Filter press

Sitvple plate and rame
Chamber press {membrane
plate, plate press}
Tower press
[contlnuous medium}
Variable volome
[tube press)
Mechanical
pressure
Band press
Horizontal
Vertical
Screw press

This Iist is mainly of filters vsed for liquid separations. excenl for Lhose items matrked:
&  versions for gas and Hquid filtration:
b pas Blation anly.

1.3 Range of Filter Media

The number and variety of materials embraced by the definttion of filter medium
given in Sectton 1.1 are truly wast, ranging from metal plates with holes
measured in centimetees, to microporous membranes. and from sheets of woven
cloth to beds of sand. Filter media may be made from any material that can be
rendered permeable or made inta a permeable form, including:

inorganic minerals

carbon and charcoal

glass

metals

metal oxides and other fired ceramic materials
natural organic Abres

synthetic organic fibres

synthetic sheet material.

LN BN B N R N I

The materials can then be made up into filter media in a variety ol forms: rod or
bar, sheet, loosely packed or bonded 8bres or granules, wire or moncfilament,
and soon.

A more comprehensive glimpse of this diversity s provided by Table 1.3,
which has progressed through several evolutionary stages'®-%), since it was first
devised by one of the authors in 1965, as a [ramework to impose some sort of
order on the confusing multitude of options. It is a modified (orm of the 1981
version that is reproduced here, although the numerical values have been
updated. In this table, media are arbitrarily arranged approximately in the order
of decreasing rigidity: it is not suggested that this arrangement has any sort of
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fundamental basis. although rigidity is often a significant factor in matching
media to their containing filters.

Close inspection of Table 1.3 quickly reveals the difficulty of dividing media
into precisely defined types, on & consistent basis. with sharp divisions between
categories. For example, this is espectally true of modern membranes; in 1965.
when the classification was first developed. these were only just emerging from
their long-established role as a fragile tool In the research laboratory, and could
reasonably be grouped together with other forms of plastic sheets. Now they are

Table 1.3 Classification of filver media, based opon rigidicy

Main media type Subdivisions Smallest particle

retaitesd {pm)
Solid fabricabon FlaL wedge-wire screen 100
Wire-wound (tubes 10
Bdge-type 10
Stacked discs 3
Metal sheet Perforated 20
Stntered woven wire 1
Unbonded mesh
Rigid porous media Cerambes and stonewere 1
Sintered metal powder or Abre 1
Carbon 1
Stntered plastic powder or fibre =1
Cartrldge Yarn wound 5
Bonded granule or fibre 1
Pleared sheat =1
Plastic sheet Perforated 10
Sintered woven filament 5
Woven mono- or maltfifament 10
{Membrane)
Membrane Ceramic =0.1
Metallic <{.1
Polymeric <0.1
Woven media Staple flbre yarn 3

{polymerlc filamertt

MNon-woven meadle Diry-laid ifelts) 10
Wet-lald [ papers) 2
Wet-(aid (sheetst 0.5
Special polymeric (spun bonds, ete. 0.1

Loose media Fibres 1

Powders <0.]
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of major industrial importance, thanks to the availability of a continually
expanding range of robust polymeric. metallic and ceramic membranes.

Clearly, not all permeable materials are necessarily usable as filler media. but
certain of their inherent properties potentially enable them to be applied in this
way. il they are combined with a compatible filter in an approprizie operating
environment,

Meither s It necessarily true that a particular form of a material would be
suitable as a filter medium in its eriginal shape or format. Por example. a locsely
formed yarn of fibrous material s of no use as a llter medium, if it remains as 2
single varn. However. once 1t is wound around a supporting core, with
successive layers of yvarn wound at an angle to the previous layer, then it
becomes an excellent form of filter medium.

Such & canstruction represents one form of filter cartridge. and the medium
only exists as such becaunse of its particular format. [t follows [rom this sttuation
that the filter cartridge may be almosi indistinguishable from the material [rom
which the filter medinm is itsell made. Because ol this indistinct boundary
between media and flter elements {including filter bags and panels). this
Handbook covers filter cartridges. and other replaceable elements. in addition to
the bulk material [rom which any particular filter medium is made.

1.4 The Filter Media Business

The industrial context within which media are made and supplied to their end
users deserves some comment at this point. The great variety of media. not
surprisingly, leads to a considerable variety in the types of company involved
with the supply of media. Seme are devoted to its manufacture, while for athers it
may be only & small part of the totzl company activity.

Five main stages can be seen in the indusicy:

(i) the maker of the basic material from which the medium is to be made: a
metal wire, a natural or synthetic fibre, a cemmic powder, an extruded
plastie filament, and 30 on;

(i) the conversion of somce of these basic materials into a forma in which they can
be used to make filter media: the spinning of fibres or the twisting of
filaments into a yarn. the crimping of a wire. ete.:

{iil) the formaiton of the bulk medta: the weaving ol a cloth or monofilament
mesh, the moulding and sintering of a plastic or metal fibre or powder. the
production of paper. the preparation and processing of a sheet of membrane
(all together with any necessary finishing processesk

(iv) the conversion of the bulk medium material into pieces ol the particular size
and shape required [or the medium to fit the filter lespecially for makers of
replacement media for existing filter units), which may include, for example,
the pleating of flat material:

(v} the making of the flter itsell, including the fitting or adapting of the medium
to its position in the filker.
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A sixth stage - the distributor or wholesaler — may exist at several inter-stage
points in this serics, or between the last and the final user. The creation of &
stand-alone filter element, such as a cartridge, might be considered as part of
stage {iv}. or as a further stage between stages {iv} and {v) — and then bypassing
stage (v), by direct sale to the end user,

Many companics in the industry exhibli combinations of two or mare of these
stages (vertical tntegration), but this may result in limitation of the markets for
the products of the earlier stage.

Some media, of course, do not exhibit ail these stages: sand filters go [rom the
supplier of the graded sand straight to the deep bed filter maker. Most, hewever,
show several. with some of the most common {woven fabrics. needle felts)
exhibiting all of them. This complicated market structure obviously has iis
impact on a Handbook of this kind — which basically looks only at the products of
stages {ilt) and {iv).

1.5 Praperties of Filter Media

A suceessful filler medium is likely to be required to combine many different
properties, ranging from its filtration characteristics and its chemical resistance
to its mechanteal strength, the dimensions in which it is available, and lis
wettability. In [act. some 20 significant properties were ideniified by one of the
authors'?! in exploring ihe extent to which these are. or could he, used for
systematically selecting media for specific applications

These properties may be conveniently divided into three major categories:

e machine-orientated properties, which restrict the use of the medium to
specific types of filter, such asits rigidity, strength, fabricability. etc.;

e application-orientated properties, which centrol the compatibility of the
medium with the process environment, such as its chemical and thertmal
stability; and

» filtration-specific properties. which determine the ability of the medium to
achieve a specified filtration task. such as its efficiency in retaining
particles of a defined size, resistance to flow, and so on.

The three categories are listed in more detail in Tabies 1.4-1.6. The
significance and potential for quantifying the individual properties are
discussed in turn in the [bllowing sections of this chapter, the components of
Tables 1.4 and 1.5 being covered by the remainder of Section 1.3, and those of
Table 1.6 by Section 1.6.

1.5.1 Machine-orientated properties

Those properties of a filier medium that are ol particular concern to the
mechanical implementatton of the filter itself are described in this secticn.
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1.5.1.7 Rigielity

It is virtually a subconscious reflex to use rigidity as a primary criterien of the
possible compatibility of a filter medtum with a specific type of filter; it was for this
reason that rigidity was nsed as the basis of the general classification of media in
Table 1.3. Nonetheless, it is relatively rare for the rigidity to be measured or for a
value to be quoted.

The scientific basis of measurement is the Young's medulus of elasticity,
values of which, for the basic material from which media are made, are available
in appropriate reference books. In practice, these values are generally not
dirsctly applicable to ilter media in thetr various fabricated lorms.

The paper and textile industries each have their own standard procedures [or
measuring what is generally termed stiffness. The test for paper (BS 3748:1992)
measures the force in grams to deflect a strip through a defined angle: the textile
test (BS 3356A:1941) is more empirical and records the overhang length of a strip
necessary for it to bend through an angle of 41.5° [rom the herizontal, under its
own weight. The textlle data may be reported as bending length. which is hall the
overhang length. or as ffexural rigidity, G, given by:

G=0.00167ML?

where M = cloth mass per unit area (g/m?); L = overbang length (cm).

Table 1.4 Machine-orientated properties

Rigidity

Sirength

Resistance to creep/stretch
Stability ofedges

Reslztance to abraston

Stabilily ta vibration
Dimensicns of available supplies
Abtlity to be fabricated

|u:-muc\m|hwul—-

Table 1.5 Application-orentated properties

Table 1.6 Fllirathon-specific properties

1 Chemical stabtlity

2 Thermal stability 1 Smallest particle retalped

3 Biological stability 2 Retentlon efficiency

4 Dryoamic stabifity 11 The structure of filter media
5 Absorptive characteristics 2.2 Particle shape

[ Adsorplive characteristlcs %3 Filtration mechanisms

i Wettability kS Resistance toflow

] Health and safety aspects 1.1 Porosity ol media

9 Electrostatic characteristics 3.2 Permeability

10 Disposability 4 Dict-holding capacity

11 Suitability for revsc 5 Tendency to blind

12 Cost 3 Cake discharge characleristics
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1.5.1.2 Strength

The sirength ol a material is generelly characierized by generatling stress/
strain dala using an extensometer. The main parameter thereby guantified is
wsually the tensile strength, but others frequently quoted are the ruprure
strength, the vield strength, the yield point, the elastic limit and the ultimate
clongation,

With filter media. only llmited use appears to be madc of these basic
mechanical propertles. It is common practice for the literature of a supplier of
monofilament meshes to include the tensile strength and elongation of the material
from which the filaments are made. Tensile strength values are generally also
supplited for sintered metals.

Whereas tensile strength would seem te be a uselul parameter for porous
ceramics, In practice the indusiry generally uses cross breaking strength, for
which a standard test procedure is available {BS 1902 Part 1LA:1966).

With other media. various strength criteria are preferred. sometimes
involving misuse of a term such as tensile strength. For example, the
standard test for paper (B54415:1969}, whilst described as measuring tensile
strength, omits reference to the thickness of the sample. For textiles, a similar
standard fest (BS 2576:1967} determines what is more aptly fermed the
breaking load.

Both the textile and the paper industries also have standard procedures for
measuring the resistance to tearing and the bursting strength. The latter, which
may be on either a wet or a dry sample. is an empirical value that depends on the
diameter of the disc tested. It is readily measured using commercially available
apparatus cogfortning to the appropriatc standards (BS 3137:1972 for paper.
BS 4768:1972 {or textiles).

1.5.7.3 Resistance to creepfsirelch

This property is of particular importance in respect of the nse of textiles on
certaln types of filter, notably fabric dust filters and belt type filters for liquids.
With this in mind, media manufacturers routinely use tensile tests primarily to
predict cloth extension at loads that will be somewhat higher than those
applied by the Alter equipment. In the caze ol fabrics for dust collection
applications, some equipment manufacturers actually indicate the stress—strain
characteristic in their specifications, e.g. max. 2-2.5% extension at 5 kpf/5 em.
Howewer, since this inlormation is not always available, and since it is known
that the force applied by equipmenti is in general quite low relative to the
overall strength of the labric, tests are usually carried ount to indicate the
material's extensibility at low loads. e.g. 2, 5 and 10 kgf/5 cm. Furthermore,
since the stress—strain properties of textlle fibrez and filaments are affected by
temperature, one media manufacturer (Madison Filler) has engaged a facility
that will actually enable the tensile work to be carried out at elevated
tcmperatures. Resistance to stretch is equally important in fabrics that are
engaged in filter belt {liguid filtratien} operations, where even relatively low
loads could result in a belt extension up to and sometimes beyond the stroke of
the filter’s tensioning system.
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1.5.1.4 Stabuility of edges

Whilst edge siabllity is clearly of importance with certain types of woven and
non-woven media, there is no recognized method of assessment other than
visual subjective judgrment.

1.5.1.5 Resistance to abrasion

The ahility of a flter medium to resist abrasion depends primarily on the
hardness of the material from which the medium is formed {e_g. the hardness of
nylon in a weven or non-woven fakbric). Hardness may be measured in terms of
various empirical scaies, such as that which the mineralogist F Mohs devised in
1812, based on which material will scratch another, or one of those (Brinell.
Rockwell, Shore, Barcol) involving measurement of the indentation caused by a
loaded bail or pofnter.

Direct empirical measurement of abrasion resistance is a common
requirement in the textile industry. Examples of the techniques used are the
Martindale wear tester, which counts the number of rotattons of a rubbing
abrasive surface nnttl a hole is formed; and the Siolle tester which checks the
number ol flexings of a strip in close contact with a rod.

1.5.1.6 Stability to vibration

Whilst the stability of filter media to vibration can occasionally be of
importance, no basis of guidance is available other than general structural
consideraticns,

1.5.1.7 Dimensions of avaifable supplies

The dimensions tn which pieces of media are available are controlled by the
technigues and machinery of the manufacturer. For example. woven [abric
(including wire cloth) cannot be wider than the width of the leom: in practice,
where the uniformity is critical, the usable width may be significantly less.

1.5.1.8 Ability to be fabricated

Combining a filter medium with a filter olten demands the use of one or more
fabrication techniygues, such as cutting, bending. welding. adhesive bonding or
stitching. Which of these is possible depends on the individual medium. Care
must always be exercised in employing such techniques to ensure that their use
does not create wider pores or other tmperfections in the medium at a point
where its filtration abilicy might be critical.

1.5.1.9 Seafing and gasketing function

The seal around the edge of a sheet of filter cloth is of critical importance, and
often is partly dependent on the cloth itsell acting here as a gasket, as in a
conventional filter press. Effectively, the cloth is being required to be permeable
in one area and impermeable in another. Natural fibres are sofl, readily absorb
liquids and deform easily: thus they tend to give 2 fairly good seal. Synthetlc
fibres, however, especizlly monofilaments. are relatively hard and have a low
absorptive capacity, so that compression zlonc is less likely to make a good seal: a
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convenient answer te the szaling problem is to impregnate the appropriate area
with a suitable impervious elastomer such as neoprene or nitrile rubber.

7.5.2 Application-orientated properties

The following notes describe those characteristics of 2 filter medium that are of
particular importance in the sysiem that involves the filtration process.

1.5.2.1 Chemical stability

The ability of a filter medium to withstand a specified chemtcal envirenment
can generally be checked easily from published technical data. provided that
the chemical nature of the medium itself is known. With synthetic fibres, this
can in practice be a source of some difficulty. since the nature of the fibre may
be hidden behind a trade name; the full measure of this problem is demanstrated
by the list of seme 5000 entries tn a major glossary of fibre names, The World
Fibres Handbook™'. Some of the more common names are listed in Table 2.1 of
Chapter 2.

1.5.2.2 Thermal stabifity

Although subject to the same potential difficulty of ideniifying the chemical
nzture of the fibre from which a filter medium is made, its compatibility with a
specific aperating temperature can be determined from published data. This may
glso depend upon the chemiczl envirenment.

1.5.2.3 Biological stability
This is generally ofimportance only with natural fibres (e.g. cotton). rather than
synthetic materials, which are not usually susceptible te biclogical degradation.

1.5.2.4 Dynamic stability

The shedding of fibres, or the migration of fragments of filter media into the
filtrate, is 2 matter of serious concern with certain types of critical applications,
such as controlling the enviromment in a elean room. or producing ultraclean
water for use in Lhe electronics industry,

The more the medium contatns small pieces of original material {fine fibres or
powder). the greater the potential for shedding.

15.2.5 Absorptive characteristics

Absorption is typified by the ability of bletiing paper to soak up substanttal
amounis of ick or other liquld inte the depth of the paper. More precisely, it is
defined as a phystcochemical process in which a substance associates with
another, to form a homogeneous mixture'!’; thus. a soluble gas is absorbed into a
liquid to form a solution.

In the context of filter media. absorption of water causes the fibres of
cellulose paper or cotton cloth to swell and the space between adjacent fibres
to reduce. so that the Rliration characteristics of the medium may change
significantly.
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1.5.2.6 Adsorptive characteristics

In contrast to absorption, adsorption occurs only at the surface of the solid or
liquid adserbent, producing there & high concentration of a particular
campenent. The in-depth adsorption that occurs with activated carbon results
from its microporous capillary structure, and its correspondingly very high
internal surface area. The adsorption mechanism depends on intermolecular
attractive forces (e.g. van der Waals [orceas).

With filter medta, the adsarption of specific types of molecule or ion onis the
surfaces of fibres may radically affect performance. especially of 2 medium that
furctions by depth filtration mechanisms. The terndency of a fabric to blind may
also be affected.

1.5.2.7 Weltability

The practical significance of wettability is demonstrated by the relatively bigh
pressure required to inttiate the Bow of water through a PTFE medium, because it
is hydrophobic: by contrast. a liquid such as alcohol. which wets PTFE readily,
wlil commence to flow at a far lower pressure.

Theoretically. whether or not a given liquld will wet & specific filter medium
can he predicted from knowledge of the surface tension of the liquid against the
solid, on the one hand. and against air {or the other gas in the system) on the
other hand: wetting will cccur if the surface tenston against the solid is the
greater. In practice, it Is often difficult to use this simple relationship because of
the absence of the necessary surface tension data; moreover, surface tension
values may be altered dramatically by the presence of very small amounts of
some impurity, either in the liquid or on the solld surface.

1.5.2.8 Health and safely aspects

One potential source of hazard is the risk of an electrostatic discharge, which is
a recognized problem with dust filtration and can alse occur under very different
circumstances when filtering organtc liguids: this is discussed in more detail in
the next subsection, Other hazards may be of a more chemlcal or physical nature,
potably in handling powdered filter aids. the inhalation of which can be
harmful. Handling problems may also occur in disposing of used media,
especially if contaminated with hazardous materigls: disposability is also
dizcussed separately balow,

1.5.2.9, Hectrostatic characterislics

Hagzardous electric discharges can occur as a consequence of static generated
hy filtration through some types of filter media. This risk is best known in the
application of fabric bag filters for dust collection from exhaust gases and air.
The phenomenon is less common with liquid filtration, because of the high
condnctivity of water and aqueous solutions. But it can be significant
with organic sclvents and hydrocarbons, especially those with a very low
conductivity™-19% i this is combined with a low flash point, there may well be
risk of an incendive discharge (l.e. a static discharge capable of causing
ignition).
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Thers iz an important difference between gas/air Bltration and liquid
filtration that merits emphasis: this concerns the location of a static charge. A
ciean gas flowing through a filter medium cannot become charged, but a clean
liquid can. With a gas, it is only any particles it contains that may become
charged, not the gas itself; dust (or liguid droplets) collecting on a fabric bag
may be charged, but there will be no charge In the filtrate uniess it contains
some particles.

By contrast. the liguid itself may become charged by filtration, and so will
praduce charged filtrate. Under narmal circumstances, this ¢harge will decay
safely at a rate that depends on the electrical conductivity of the liquid, typically
requiring a period of perhaps 30 seconds. Inittally, however, a high voltage
dizcharge may occur from the surface of the charged liquid, as it collects in a
receiving vessel; this risk can be avoided by providing adequate dwell time in the
piping system between the Rlier and the tank inlet. An alternative technigue,
which is standard practice for refuelling aircraft. is to dose the fuel with an
antistatic additive at a concentration of about 1 ppm.

Antistatic Tabrics, of relatively bigh electrical conductivlty, ere available to
control the baild-up of static in dust filters: some of these have metal fibres woven
into the fabric, while others depend on a conductive coating of the polymeric
fibres. This approach is of little benefit for liquids, whick can be charged even by
sintered metal and woven wire.

A totally diferent aspect of electrostatic behaviour is that in which fibres are
intenticnally charged, sa as to improve the collection efficiency of particles by the
medinm. This is an important topic in filtration both of liguids and gases, and
merits a key section later In this Handbook.

1.5.2 10 Dispasabifity

Used and discarded filter media form part of the effluent from a plant, and must
thersfore receive appropriate attention to avoid cavsing pollution, For example,
it is generally no [onger possible simply to discharge precoal residues into the
nearesi sewer; a secondary flter may be required to collect and dewazter these
materlals. Special arrangements may be necessary to dispose of contaminated
filter cloths or cariridges.

An important [eature these days is the need to recycle as much waste material
as possible, and it is therefore becoming Important that filter media and their
appropriate housings, where these form a disposable cartridge, for example,
should be made of the same material to enable simple recycling at the
appropriate place after disposal.

1.5.2.11 Suitability lor reuse

Some filter media can only be used once. and then must be discarded and
replaced. white others have an indefinite life. Yet others jfall somewhere in
between. their useful life aften depending on how they are used and cleaned. This
facter can obytously have a profeund cost iImplication.
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1.52.12 Cost

Understandably, the cost per enit area of the myriad of different commercially
available Lypes and grades of filter medium varies 1¢.000-fold or more. This can
be seen from the list of very approximate prices {£/m?) assernbled in Table 1.7; of
course, these very rough figures by no means tell the whole story, since they take
no account of the cammercial realities of competitive tendering and bulk buying.
nor of the substantial wastage from off-cuts imposed. for example, by the
geometry of some flters. Even more pertinent is the impact if the medinm can be
repeatedly reused.

[n practice, the cost of the filter medium may account for a substantial part,
either ol the capital cost or of the running cost of a filter. or even of both,

1.6 Filtration-specific Properties

Those properties of a filter medium that control its ability to undertake a
filtration process are clearly the most important of its charaeteristics. These are
now described in the following notes.

1.6.1 Smallest particle retained

The most obvious question to ask about a filter medium is: what is the smallest
particle it will retain? Ideally, Table 1.3 should include a precise answer to this
question [or each of the types of media listed. Any attempt to do this immediately
raises a host of difficulties about defining and measuring the ‘smallest particle’. in
view ol the diversily ofthe shapes olreal particles, simple spheres being rare.

Therefore, whilst some ‘smallest particle’ figures are included in Table 1.3, it
musi be emphasised that they are intended only to provide a broad indicatlon:
they should be read in conjunction with the discussion that follows. What is
much more meaningful is to characterize 4 filter medium to terms ol its retention
efficiency against particles of a standard test powder or aerosol.

1.6.2 Retention efficiency versus particle size

Figure 1.5 shows two typical grade efficiency curves relating to the filtration of a
hydraulic fluid containing iron oxide; they demonsirate how the retention
efficiency of a Blter medium decreases as the size of the particles reduces. As
illustrated, the actual shape of such curves may very widely; here. the [elt and
wire gauze both have a cut-off (l.e. 1D0% efficiency) at 35pum, but the
effectiveness of the wire gauze falls away rapidly. whereas the felt performs
reasonably well down to a much smalicr size.

The particle size corresponding te 100% retention {i.e. 35 pm for both curves in
Figure 1.5)is gencrally known as the ‘cut-off point”, whiie the filter medium may be
described as '35 pm absolute’. More usual practice istoratc a medium in terms ol the
particle size at which it has a somewhat lower efficiency. such as 98%: this
immediately diferentiates between the two examples in Figure 1.5.
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Tabte 1.7 Typlcal costs of various types of Rlter media

Class

Ceflulose paper

Glass paper
Filtcr sheel

Membrane

Mesh {monofilament)

Meedle felt

Non-woven: spunbonded

Mon-woven; melt blown

Porous ceramic
Precoat powder

Sintered statntess steel

Woven fabric

Type Cost

T mt}
Resinimpregnated 0.25-0.3
Unimpregnated 1.15-0.25

0.4-0.8
Ashestns free 1-6
Acrylic copolymers &0-100
Celluilcse 45-73
Cellalose esters Y0=154
*Muc|epore’ palycarbonate 125-210
Nylon FO-130
Polyethersulphone 75-140
FTEE on polypropylene substrate 400-500
LF membranes 73-135
Polyamide [ 5-200 pm| 2195
Polyesier i 3-200 pm ) 20=1{H)
Stainless steeld 5- 10¢) pmt 35-1735
Staple fibre -7
Polyamide =13
Polypropylene 4-5
Palyastar 0.1-2.5
Polyethylene 0.1-3
Folypropylene 052
Folyester n2-3
Polypropylene 0.1-2.5%
25 mm thick 200-300
Coating (-6 kg/m* 0.25-0.4
Fowder {36 mmthicks 26U- 150
Metal fibre (0.8 mm thick) 250350
Meszh{ 5 layer) T00-1200
Cotton 5-7.5
Folyamide — mullifilament 3-7.3
Polyamide - staple 6-4.5
Polyester — multifilarnent 4-f
Polyester— staple 5-8.5
Polypropylene - muolnfilament 4-6
Polypropylene - staple 3-7.3
Aramid ifilament warp,staple weft 12.5-1%

Glass (Klament warp/sta ple weit)
FTFE

wfl
]
o -

3540
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It is important to note that any grade cfficiency curve is strictly only valid for
the test conditions under which 1t was generated. This restriction applies not
only to factors such as the nature and concentration of the solid particles, but
also to the properties of the liquid {e.g. its viscosity. pH. polarity, etc.), and to the
filtration velecity {i.e. the flow rate per unit area}.

Another form of expresston used to quantify the relationship between particle size
and retention efficiency Is the beta ratio. which compares the size analysis of samnples
taken simultaneously upstream and downstream of the filter and is defined as:

fin=Ny/Ny

where N, = number of particles > rpm per unit volume of liquid upsiream;
Ny = number of particles > n pm per unit volume of liquid downstream.

The major parameters thal alfzct the retention efficiency, and hence. to a large
extent, the filtration performance are: the structure of the medium: the shape of
the particles; and the filtration mechanism.

T.6.2.7 Strecture of fifter media

This chapter commenced with one definition of a filter medium as: ‘any
permeable material upon which or within which particles are deposited by the
process of filtration'. Implicit in this definition is the assumption that the medium
comprises a mass of holes separated (rom each other by some kind of solid wall: it
is also implicit that the medium has a finite thickness.

From these [actors spring several possible variations, which alone or in
combination ¢an greatly aflect the filtering charactertstics. These are the size and
cross-sectional shape of their holes; their morphology within the thickness of the

-
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Figure 1.5. Grade efficiency curves for twe media { fell and wover wire ) with the same cut-off point at 35
bt very different efficiencles agatnst smaller particiles,
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medium {i.e. whether they are straight or tortuous, and whether they vary in size
and shape within the medium): the number of holes per unit area; and the
uniformity of each of these factors. The characteristics of a filter mediurm depend,
in practice, partly on the intrinsic properties of the material from which it is made.
and partly an the fabrication techniques employed in its rnanufacture. Thus, in
the simplest case, a perforated metal sheet is made by drilling ot catting circular,
rectangular or otherwise shaped holes in a solid sheet, so that the size, shape and
spacing of the holes will be uniform within the limits of the engineering
techniques used: similarly, the plate will be of uniform thickness, and each hole
will usually pass directly throngh the plate by the shortest possible path. A plane
weave wire cloth of light gauge will ke broadly similar with approximately
rectangular holes, although probably there will be more holes to permit flow and
less metal to obstruct it than in a perforated sheet with holes of similar size.

This simple picture changes as the gauge of the wire becomes heavier, and as
the weave is elaborated to give the more durable wire cleths generally used in
filtration. As can be seen from Figure 1.6. the form of the holes becomes far more
complex 5o that they can no longer be realistically described by the simple
measurement of their plan view. Instead their effective pore size s determined by a
perfoermance test against particles of knoewn sige, or the equivalent pore diameter is
determined by a bubblepoint test (uslng pressure to force air bubbles through the
medizm once it is immersed in a liquid).

Waoven fabrics introduce [urther complications, since the more flexible nature of
yarns makes it impossible to weave them with the same precision as wire; moreover,
the varns are often neither as uniform in diameter nor as smooth in surface as a
wlre. espectally if they are of staple wool-like structure, spun from short fine fibres
{Figure 1.7). An added complication then is the diffzrence in flow path through the
microstructure of such yarnsas compared with that between adjacent yarns.

Even less defirable structures occur with other media. such as needle [elts
(Figure 1.8), paper (Figure 1.9), porpus ceramic (Figure 1.10), sintered metal
{Figure 1.11) and polymeric membranes (Figure 1.12}. With rare exceptions, it
is almost meaningless to {ry to measure the size of the pores of these under a
microscope, the practical choice being between a performance test and a bubble
point test; membranes made by irradiation, such as Nuclepore, are an obvious
exception, as Figure 1.1 3 illustrates,

Flgure 1.6, An example of woven wire mesh.
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1.6.2.2 Particle shape

Despite the fact that it is common practice to refer to the size of particles by a single
linear dimension (e.g, 10 pm}. with rare exceptions this is an approximation that
can be slightly or greatly misleading. It implies that the particles are spherical.
which may be frue of some bacterta and other organisms, of metal shot and of lly ash
{although the latter often comprises a mixture of hollow spheres and fragments of
shattered spheres). But in general. particles are more likely 1o be almost any shape
other than spherical, ranging from plates and deformed blocks o needles.

A measure ol the extent to which particles depart from the ideal sphere is given
by the magnitude of thelr shape coefficients. K. and K,. Using these coefficients,
the surface area and volume of a particle are related Lo its ‘average’ diameter,
D, as follows:

surface area = K,d2,
volume = K, 43,

Figure 1.7, Aspun siaple garn megnified.

Figure 1.8, Magnified view of the surface of 7 needlefelt, The sofid areas result from singring.
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Figure 1.9, Paperofginss microfibtrres.

Figure 110, Photomicroaraph of polished porous ceratic. Dark areas are pores,



24 Handbook of Filter Media

Flgure 1,11, Photomicrograph of sindered metal powder.

Figure 1.1.2. Photemicrograph of a typicol polymmeric membrane.

Figure 1.1 3. Phoiomirrograph of 'Nuclepore” Lrack-eictied miembrane,
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For spherical particles, K, = » (= 3.412) and K, = &/6 (= 0.502). The lew
examples in Table 1.& demonstrate the large variation that can occur with
industrial particles!!!).

1.6.2.3 Filtration mechanisms

The detailed examination of filtration mechanisms. both the way in which
particles interact with the medium and the way in which the finid lows through
the medium, have been discussed In a previous section (Section 1.2.2). It is
clearly of considerable importance tc the filtering process as to which of the
mechanisms of iltration is employed.

The prectical effects of the differences in the structure of filter media.
combined with the mechanisms of filtration, are well illustrated in Flgure 1.5
above, which shows the filtering efficiencies of felt and wire mesh against
particles with sizes ranging to above 40 pm, Both media have a cut-off point of
35 pm, above which they stop 100% of the particles. However. the eflectiveness
of the wire mesh falls away rapidly as the particles become smaller, because it
lunctions only by surface straining. By contrast. felt continues to perform
reasonably well down to 2 much smaller particle size, thanks to depth straining
and/or depth filtration.

1.6.3 Resistance o flow (clean media)

The resistance to flow of a flter medium depends both upon the size of the
individual pores and on the number of pores per unit area. The ideal medium
would comprise a mass of holes divided by the thinnest possible walls. thus
presenting the maxhmum open area through which fluid cen flow. In practice the
holes account for only a relatively small part of the surface, the exact proportion
depending on the properties of the material (rom which the medium is made and
the manufacturing process used. Very large differences in resistance to flow exist
among the diverse ranges of available media.

This resistance can be of major tmportance in indusirial applications, since it
may zfect both capital and running costs. so that considerable care may be
required in selecting a medium for a specific duty. This can be made more

Table 1.8 Shape coefficients of typical particles

Particle Area coefficient Voluwme coefilcient
Sphere 3142 0.502

Copper shot 3.14 0,524

Sand 2.1-29 -

Worn zand 2.7-1.4 0.32-041
Pulvertsed coal, lirnestone 2.3-312 0.20-0.28

Caoal 2.39 0227

Mica 1.67 Q.03

Aluminium Aakes 1.60 0,02
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complex by differences in definitions used to characterize the flow resistance of
media, impeding a direct comparison of published data from different sources and
for different media.

The actual resistance to flow of a fluid through a clean medium Is a
combination of the porosity of the medium material ii.e. the physical structure of
the pores and surrounding material) and the permeability of the medium tc the
appropriate fluid (i.e. the ease or otherwise with which that fluid flows through
the medjum).

1.6.3.7 Porosity of media

With some types of media. direct measurement is possible of the relative areas
of free and obstructed surface. While this does not give the actual resistance to
flow, it is a simple and conventent mode of comparison, which quickly brings out
the extent of variation that may occur. For example. the slot-shaped holes ol a
wedge-wire screen give a totally {ree area of only 3-10%. whereas the
corresponding figure for perforated metal sheet with fine heles is typically about
30%. With square weave wire mesh. the free area decreases to 30-35% for the
finest meshes: these are generally too weak mechanically for use in filtration,
where instead use is made of dutch weave lor which the free area is limited to 15—
25%. Stmlilar figures, but expressed as the percentape porosity. provide an
interesting comparison among a wide diversity of media, and are summarized in
Table 1.9.

The porosity of sintered metals, ceramics and stoneware is greatly affected by
variations in the shape, size and size distribution of the particles used in the
manufacturing process. Morgan has given a useful summary ol the theoretical
considerations, showing that the variations in porosily possible with spherical
particles of both uniform and mixed sizes ranges downwards from a maximuom of
47.6%12, In practice, the influence of factors such as particle shape and
bridging between particles makes it possible to produce certain grades of

Table 1.9 Typical porositles of ilter media

"4, free ares

Wedge wire screen 348
Woven wire:

twill weave 13-20

sguare 23=50]
Perforated metal sheet M40
Parous plastics [moulded powder| 43
Sinrered metal powdets X5-33
Crode kteselgubr Si-a0
Metnbranes g0
Paper A0-93
Sintered metal Abreg F)-83
EeAned filter aids (diatomite. perlite -0

Plastic. ceramic foam a1
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ceramics with porosities as kigh as 70%. Generally, both high perosity and fine
pere size result from the use of finer particles, but at the expense ol a decrease in
mechanical strengih.

Porous plastics made by sintering powders have porosities similar to those of
sintered metal powders and ceramics. Polymeric membranes. which are made by
very different processes, have very high porosities of about 80%. while figures up
to 97% are reported for reticulated plastic foams.,

In the case ol precoats of irregular-shaped particles of materials such as
diztomite, the porosity is generaily $0-90% {although crude kieselguhr may be
as low as 50%), whereas ibrous materials, such as cellulose paper and filter
sheets, range up to ahout 90%,

1.6.3.2 Permeability

The permeability of a flter medium, a vital measure of the medium’s capability
for filtration, is determined experimentzlly. generally by observing the rate of
flowr of a Auid under a defined pressure differentiai. The immense variety of
expressions formerly used for the permeabtlity of filter medta is illustraied by
Table 1.10: this was originally assembled'?! in 1966. since when there has
forturrately been considerable progress in standardtzation. so that permeabilities
now are generally expressed in two main forms. even il in 2 considerable variety
of units. The more common form, appropriate [or sheets of media but effectively
trezting thickness as a constant, characterizes them in terms of the rate of flow of
a specified fluid per unlt area. A lar less widely used [orm. which is more rlgorous
fundamentally and takes cognisance of the thickness. characterises a medium by
its permeability coefficient.

Alr and water {but especizlly air} are the two fiuids most widely used in the
assessment of permeability. although in certain fields other liquids such as oils
are used. The techniques employed, and bence the data generated, vary from the
one extreme of using a Hxed rale of How and observipg the corresponding
diflerential pressure, to the other of using a fixed pressure and observing the time
required for the Bow of the specified volume of fluid.

The most commaen (orm for expressing permesbilily disregards the thickness of
the medium. so that the permeability is empirically quantified by ihe flow rate of
gir per unit area, under a defined differential pressure. An appropriate example of
this method is the Frazier scale widely used internationally in the paper and textile
indussries; this is based on the flow of alr and was formally specified as cubic feet
per minute per square foot of material at a differential pressure of (.5 inches
water gauge. Metric versions require care since they may use various
combinations of definilions of air volume (litres or cubic metres}, time (minutes
or scconds), area {square centimetres. decimetres or meires) and differential
pressare (12.5, 20 or 25 mm water gauge or corresponding values in pascals).

A more fundamental expression is the permeability coefficient of the medium,
K,. which is defined by the Darcy equation describing flow through a porous
layer:

P/L=Qu/AK,
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Table 110 Examples of the variety of permmeahillty scales Formerly nsed

Natore of
medium

Type of permeabl |ty scale

Typical date

Sintered
metals

Ceramics

Woven
metal

Wowver
fabrics

Man-woven
[abrics

Paper

Sheets

Filter alds

Sand

gpim ol water or cfin ol airfsq fit
at pressures in psi, through
defined thickness{usually ! /4 in}
generally as graphs

{a) gpm ol wateror clm alair ar
DPIESEUTE 10 Sl

tb) mmHg, either Mt or per element:
usually through defined thickness
ofabout 14, in

gpm of water/sgin at 1 psi

clen of gir/sq It at 3.5 in WG

{al clmolalrfsgft at 0.5 n WG
ib) gpmofwater/sgiac 1 psi

{a) timefor Qow ofe.g. 1000 oo
walter at pressuraofe.g. 245 mm Hg

b} time for flow of Axed volume of
air at defined pressure

¢y Ytere of atr per ming 10cm? ar
pressurne of 10 cm WG

{d) pressure needed to produce
flowofeg 1cim/1Gem?

(e} rate of air lowunit area divided
by pressuredrop. a.p.
o5 100 em? devided by ctn WG

gph of water either/ft?
orfsheetate.g 10ps

{a) graph showing curnplative
w1t versus tme: usting sugar
and other soluttons containing
suspended sollds on a batch
test hasis

b} expregsed as ratio, relative 1o
slowest it some range of products

ic) darcies, based on water low

Head loss, [t of water

5 um pore. Apl psi- 235 cim of
alefit? 1.2 gpm of waler/fit

20 umpore. Apl psi—48cfmafl
ajr,/ft? .5 gpm of water/ffi?

15-20 ym pure.
ta) 140 scfm/R* of air at
10 pstg Ap=275mm Hg
(b) %gpm/it* water,
Ap=75mmHg

100 mesh square weave, 0.0045 in
wire. 30% cpen area— 12,1 gpintsq
in. 47 um ducch rwill, 50 x 700-3.0
gpmysq in

cotion bwill - 3-135 efm/h?
muonofilament nylon— 300-900 ¢fm/ft?
multifilarment nylon - 5-500 ¢fm/ Tt
glass - 2-20 cim/ft*

ta] 1.5-2 10 clm of air/f*
{b} 3-500 gpm of water/ft?

{a) 4-1005

ih) 11/:-503
{c)] 40400 [
{dd 1-73cm WG
ie) 7.5-15%0

12-800 gph/ft?

ic 0.05-5 dareies
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where A = area (m?); Q = volumetric rate of flow {m?/s): P = differential pressure
(Pa); 1. = depth or thickness of the medium (m}; ¢ = kinematic viscosity (Ns/fm?2).
When all of these parameters are expressed In SI units as shown, the
permeability K is cxpressed in m?.

However, K, i1z [requently reported in inconsistent units. notably darcies,
where viscosity is defined in centipoises, the differential pressure in atmospheres
and the other parameters In centbmetres and seconds, se that:

1darcy = liem?®/em?/s). Lcentipoise)/1{ztmosphere/cm}

These relationships are considered more fully in Section 11.2 of Chapter 11,
which describes examples of equipment for measuring permeability and cutlines
the principles of standard testing procedures.

1.6.4 Dirt-holding capacity

An important performance parameter of filters. used either for the clarification of
ltquids or for gas and air cleaning, is the quantity of solids (i.e. ‘dirt’}. which can
be collected without exceeding a defined pressure drop across the filter. A high
dirt-holding capacity indicates a proportionally long on-stream time between
¢ither cleaning or replacing the filter element or medium.

Great differences in dirt-heolding capacity occur between one type of medium
and another, as illustrated in Figure 1.14; this is due both to the structure of the
medium, and to the varions filiration mechanisms by which they may [unction.
Measurement of this capacity is frequently made as part of the challenge tests
used to determine Bltration efficiency; however, it is important to note that the
measured capacity is strictly only valid for the test conditions used. since it
depends not only on factors such as the nature and concentration ol the solid
particles, but also on the properties of the iiquid (e.g. its viscosity, pH, polarity.
etc.), and to the Altration velocity {i.e. the low rate per unit area).

[ wlw]

SINTERED /5

PRESSURE DAGF (P51}

cu I 2 L L3 § 7 3
RELATI¥E SERYICE LIFE

Figure 1.14. Rate of pressure rise determines the service ffe of media’ L3,
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1.6.5 Tendency to biind

Unless the flter medium {or cartridge) is to be discarded at the end of a complete
cycle, it is important that the accumulated solids be easily removed by a suitable
cleaning procedure, whether the operation invelves clarification or solids
recovery by cake fltration. A medium is said to be blinded when cleaning fails to
remove residual solids, which are adhering to it or embedded in it. so thal its
resistance to flow remains unacceptably high.

Usciul empirical advice on the selection of filier cloths for liquid filtration is
provided by Ehlerst!® in the form of tables: these Include an indicatton of the
order in which cloths are likely to blind. depending on the type of yarn, the
structure of the yarn and the type ol weave. They are reproduced in Chapter 2. as
Tables 2.7-2.9. They indicate that a cloth less likely to blind is also likely to be
such that It gives poorest clarity or the maximum amount of bleeding.

Rushion''™ points out that this analysis ts not correct. since it ignores the
division of flow, with part passing through the yarns iinter-fibre) and part
around them (inter-yarn). If the propertion of the former is high. then solid
particles are more likely to be carried into the depths of the yarns and to become
Ermly lodged, delying their removal by processes such as back-washing and
increaging the likelihood of blinding. This distinction in flows was described by
McGregor!!®, who postulated that the split can be quantified as a lactor B, which
cotnpares the actual permeability of the medtum, K. with a notional permeability
K. which would apply if the yarns were all solid filaments:

B = K/K; = actual permeability/notional permeability

For monofilament fabrics, B = 1, since no flow is possible through the yarns. As
the value of B increases. this indicates an increasing proportion of the total flow
to be passing through the yarns (inter-fibre flow). a condition that may arise due
either to loosely twisted yarns or to a close weave. with various possible
combinations of these giving the seme B valuc. The 16 cloths characterized in
this way by Rushton had B values ranging [rom 1 to 20: he concluded that a high
Elactorindicates a greater likelihood of blinding.

By application of the Kozeny equation, a relationship was developed whereby
B can be calculated from the densities of the fibres {pl. of the yarns {p,), and of
the medium (p,). together with the number of fibres per yarn, N:

A {w—p-f)} :
8= |14 134 S8 LAY
(p}N {py - F_'JJ}

Even without the occurrence of blinding. it is frequenily found that the
resistance of the used medium is much greater than its original as-new value.
Rushton1?) reports that, for monofilament fabrics. the combined or used cloth
resistance, Ry, may be higher than that for a clean cioth. R,. by factors as high as
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6. depending on the ratio between the particle diameter and the combined
dimensiens ol the pore and fibres tn the monofilarment cloths studied: smaller
increases were observed with multifilament cloths. and yet smaller still with
staple yarn structures.

In fact. over many years it hus been realized that the overall resistance of a
cake on a medium is greater than merely the sum of the resistances of the cake
and the elean medinm. Hatschek 3} attributed this difference to the resistance of
the very first layer of particles deposited on or in the medium, and recognised that
its magnitude varies with factors such as the relative sizes of the particles and
pores, the shape of the particles, and the velocity of flow (which influences the
orienttation of the particles). The nature of this first layer has been the subject of
constderable investigation in subsequent years, and the vital importance of
conceniration has been added to the other significant variables.

Tests with monofilament fabrics have shown that the clean cloth resistance,
R.. is only slightly increased provided that the particles are relatively large, I.e. if
D>1d, + d,}, where D) is the particle diameter. d;, is the pore diameter, and d, is
the flament size. Figure 1.15 depicts the usual relationship between R./R, and
Dfid, + d,}. and shows that, as D appreaches dp. the conditiens for maximurm
flow resistance are obtained: this sct of conditions is for 75 ym glass spheres on
monofilament cloths.

The curve in Figure 1.15 may be divided into three parts |from right to leftk

(@) in the first part, DA, + d,} > 1.3, resistance is low and cake forms on the
surface of the mediuvn,

{b} inthe second part of the curve, penetration of particles into the pores occurs
and resistances rises to a maximum; and

{c} in the third part of the curve, Dfid, + 4, =065, bleeding occurs and
resistance falls,

(3 [( ] [
sLeeomg | roRe FEnETRATION|  vumRace

- : DEPG SITION
- |
& H
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1
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N L IR
OF ldp & oy

Figure 1.15. The increase In cloth resistance ras ratio weed/cleant as a fuaction of the ratle of digmeters of
particle and pore,
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This work was extended to a fcw mulitfilament fabrics and a generalized
expression developed to quantily the extent by which a clean cloth resistance R,
is increased;

Rr=yR,
where
=1+ m(D/d)™

in which m and n are constants.

A summary of the resultant data is given in Table 1.11, which includes B
values whereby the division of the flow between inter-yarn and inter-fibre modes
may be seen. With admittedly scant data, it was suggested that there is a positive
proportionality between B and m; in other words, a high value of B would imply a
relatively large increase in the cloth resistance. R,.

1.6.6 Cake discharge characteristics

Cake discharge characteristics are of particular importance with filter cloths
used in conjunction with continuous filters such as rotary vacuum drum and
disc filters, where successful continuous operation is highly dependent on the
completeness with which cake is automatically removed from the working
surface. The ability of a medium to discharge its cake depends very much upon
the smoothness of the surface upon which the cake 15 residing, and hence upon
the amount ol ibrous material extending from the surface into the cake.

1.7 Guide to the Handbook

The bulk of this Handbook is now presented, arranged by bread class of medium
material as far as possible. However. this arrangement is changed in two major
sections, by the presentation of descriptions of:

e filters for air and gases, and
& cartridge filters.

Cloth Weave B it H Carrelation coeticlent
between Rrand B,

Monofilaments Plain 1 115 1.6% 0.98

Nylon A Twil! 2 6,10 207 0.98

Palyester D Twill 266 Q.86 213 0.%1

Polyester B Plain =20 15.73 1.30 0.97
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These two are categorized by the provision of filter media in particular shapes
or structures, as replaceable elements, where the element tself is the important
[eature.

The bulk of the text covers, in order:

fabric media, divided inte woven and non-woven (dry-laid):

wet-latd media {papets);

filters for air and other gases:

screens and meshes;

coarse porous sheet and tubular media {moulded. bonded or sintered);
membranes (cellulose., polymeric, metallic and ceramic);

cariridges and other replaceable Blter elements: and

lcose media (powders, granules and fibres).

Where appropriate. some examples are given of the way in which filter media
are used in practical embodiments of filters. and some guidance is given as to the
way in which filter media might be selected for efficient use. However, 1t should
be noted that this Handbook makes no attempt to cover the techneology of
filtration or centrifugation, nor to be a guide to filter selection and use - for that,
the reader is referred to other standard texts'®1?-21),

The Handbook continues with twe further chapters, one on filter media testing
and one on filter media standards, before finishing with & glossary. a list of
advertisers, and the editorial index.
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CHAPTER 2

Woven Fabric Media

The group ol filter media that can be described as fabrics makes up the largest
component of the media markeiplace. Fabrics are made from fibres or filaments of
natural or synthetic materials, and are characterized by being relatively soft or
floppy, such that they would normally need some kind of support before they can
be used as a filter medium.

The Ebres or Glaments can be made up into a (abric 2s they are, by means ol
some kind of dry-laying process. to produce a [elt or similar material. Such ‘non-
interlaced’ fzbrics are generally relerred to as 'non-woven’, and they are covered
in Chapter 3.

Ifthe fibres or filaments are first spun inte a continuous yarn, then the resultant
yurn can be woven or kaitted into a labric, and such “interlaced’ materials are
covered in the present chapter, Il the maierial used in the weaving process is a
single filament of wire or plastic, then the resultant material may be counled asa
fabric. but is more often called a mesh., and as such is covered by Chapter 6.

2.1 Introduction

Textile fibres come from many sources:

Malural vegetable cotton, Max i linen ). jute. wood cellelos:

antmal silk. wool. fur. hair
Artificial natural resource glass, reramie, carben, metal, reconstifeted cellulose
synthatle thermoplastlc polymers

Of the naturally fibrous materials, all have fibres that are extremeily long by
comparison with thelr diameters. except in the case of wood cellulose. where the
manulacturing process produces fibres whose lengihs are measured only in
millimetres. Such fibres are too short ta spin into 2 yarn, and are then only usabie
in wet-laying processes, 10 produce paper and related materials.



36 Handbeok of Filter Medin

The remainder of the natural fibres have lengths measured in centimetres. and
can be over 30 em long in the case of wool, while stlk can be prodoced as a single
filament. The artificial materials can be produced as fibres of any length. or as
continueous flaments.

Natural fibres have a diameter dictated by their source, and this is usually less
than a millimetre. The artificial fibres and filaments are meinly formed by some
kind of extrusion process [rorn the molten state, such that their diameters can
exlst in & wide range, from much greater thap those of natural products, to
considerably {iner.

The length and dlameter of a natural fibre may be increased by converting the
material into a yarn, although varns may also be made up of filaments. Because
of their much greater length, Alaments may just be bundied together to make a
yarn, although the bundles are usually twisted to give a reasenably constant
dizameter. The shorter, staple, fibres have to be twisted quite tightly, after being
spun to line them up, in order to give adequate strength to the resultant yarn.
(‘Staple’ was a term that related 16 natural fibres, bui it has come to refer to any
fibre of similar length, the synthetic fibre staples being produced by cuttlng the
relevant filaments to the appropriate length.)

Yarns made from filaments are usnally thin, smooth and of a lustrous
appearance. Staple yarns are usuzlly thicker., more fibrous (hairy} in
appearance, and with litele or no lustre. Yarns can alse be made up from tapes of
various kinds. In the case of filter media, these tapes would probebly be
fibrillated, or made of alher perforated material.

Woven fabrics are then made up from single filaments, or multifilament yarns,
ot from 1wisted staple yarn. The last of these s nermally used as a single strand,
but two or more spun strands may be combined into ply yarns. where the strands
are twisted together, usually (but not necessartly) in the apposite sense from the
twist in each strand.

2.2 Properties of Yarns

Woven fabrics, then, are made up from yarns of one sort or another. It is usually
the case that warp yarns (those running lengthways on the loom) are the
stronger, while the weft yarns (those running across the loom) may be bulkier
and less tightly twisted - weft varns are ofien called fller yarns. It is quite
common for the warp to be a single. relatively stout filament, while the weltis a
yarn of some very different material. Equally. it is quite normal for both warp and
welt to be made of the same ilament or yarn.

The properties of a fabric. especially as regards its behaviour as a filter
medium. depend very much on the way In which the varns are woven together.
Many praperties, however, are intrinsic in the pature of the basic fibre or
filament. and of the way tn which it is made up into a yarn. The propertics of the
yarn are considered here, and those of the whole [abric in the next section. (The
data given here on fibre properties are equally applicable to the same fibres when
used in non-woven media.)
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2.2.1 Chemical and physical praperties of basic materials

The physical and chemical properties of a yarn are largely those of the fibres or
filaments making up the yarn. In addition to the natural fitres (malnly cotton,
but with some wool and silk), and a small, bul growing, number of inorganic
fibres, the bulk of filter fabrics is based upon an increasingly wide range of
synthetic polymer fbres. The apparent range of synthetic fibres is the greater
because of the very many trade names used for the same basic polymeric
material. In order to simplify this complexity of names, Table 2.1 gives some of
the more commmon trade names with their generic equivalents or basic polymers.
Tabie 2.2 illustrates the bastc chemical structures of the more common polymets
used as fibres or filaments in filter media — the most widely used of these being
pelypropylene and polvesters. (The chemical nature of synthetic polymners Is
further explored in Chapter 8.)

A briel summary of the chemical resistances of cotton and the main polymers
is given in Table 2.3, with much more detail of chemical sclutton behavicur
givenin Table 2 4.

A corresponding summary of basic physical properties for natural and
synthetic fibres is given in Table 2.5. A major factor in the use of filter fabrics in
gas cleaning is thelr ability to operate for considerable periods of time at
moderately high (or even very high) temperatures. Table 2.6 recasts some of the
physical and chemiral data into a sel of daia for increasing operating
temperatures.

2.2.2 Types and properties of yarns

The data of Tabkles 2.1-2.6 relate to the basic material of the fibres or fllaments
making up the yarns. There are zlso properties of the actual yarn to consider,
namely strength, flexibility and tightness of twist.

‘There are, then, three basic types of varn in wide use lor filter media (Figure 2.1):

#+ monofilament, which is a single continuous filament of synthetic material
{or silk);

¢ muliifilament, which compriscs a bundle of identical continuous filaments
that may or may not be twisted; and

s slaple, which is made from spun and twisted short fibres, either natural
materials such as cotton and wool, or synthetic ones, which have been cut
from extruded filaments.

There ts a lourth, but much less commean, type of yarn, made [rom fibrillated,
or split-flm, tape {such as the Fibrilon yarns of Synthetic Industries, shown in
Figure 2.2},

The physical differences among these types of yarn have a significant effect on
the filtration characteristics of any fabric woven [rom them. Thus, a
multifilament or staple yarn offers filtration capability not only between adjacent
yarns, but also within the yarn itsell.
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Takle 2.2 Chemical nature of the major synthetic Abres

Kame Easic mofecular unil Comments
Acetate Cellulose acetate Derivative of
natural celluloze
Acrylic C|N IT[ CuN Iu-] Atleast 5% of
— {IZ - (I,' - l:_‘ -C— these acey onbitlle
BE HH II.] units
Fluorocarbon —CF+ 'CF: - Polytetra-
flucroethylene
Modacrylic [:I H I|-] C.N 15-84%
__(I:'g—{l:—?_ acrylunirile
HHHH
HHHHHH OHHHHO
Polyamides 1 [ 1o T | | I liphatic
R o o o G e
HHHHHHHEMN HHHH
Mylon b6
HHHHHQ HHHEWO
~—N-C-C-C-C=C-C-N-C-C-C-C-C-C—
| 1 1 1 1 | 1 | l | | N].rlan &
HHHHHMH HHHHHMH
Folyaramld [I-[ ll'[ [I-? {I-I) Aromatic
N N-C C polyamide
- \@’ @’ ™~ {Nomex)
H H 0 Ester of dihydric
Polyester o I alcohol and
_0“(},—?—0—(: E_ tercphthalic acid
HH 0
Polythylene —CH;yCHy FE
. @ Q
Polyimide /C ¢ C . Derivat|ve of
—N “ /N —R— wicarkboxylic ackd
[ C (P&
0 0
Polyphenylene FPS{Ryton)
sulphide —©7 S @.__
|
Polypropylens  CHy—CH-CH,— PP
Polyvinyl chloride — CH;.CHCI— Fy(¢
Polyvingiidene  — CHy—CCl,— PVIX
dichloride
Polyvinylidene — CHy—CF4~ PVDF

difluoride
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Equally important are the effects of changes in the structure of a specific type of
yarn. in respect, for example, ol its Aneness or size (thickness or diameter), the
extent to which it is twisted during spinning {or setting up as a multi-ply yarn),
and the number of threads or filaments that it contains. Some guidance on how
these varions parameters affect the filtration characteristics of the fabrics made
from them is given in Tables 2.7 and 2.8, which are dertved from work published
by Ehlers in 1961, Table 2.7 shows the overall efiect of the type of yarn, as an
order of preference of the three main types: staple, monofilament and
multifilament, to achieve a specific fltration performance characteristic. Table
1.8 shows the effects on the same performance characteristics of the three yarn
parameters: diameter, degree of twist and multiplicity of flaments.

It i= very apparent from Tables 2.7 and 2.3 that no one type of yarn is perfeci
for all of the performance characteristics, and that an optimum cholce will
depend upon which of the performance factors is the most importact in any one

Table 2.3 Summary of chemicel resistance of fibres

Fibre type Acronym  Chemiral resistence ratlng against attack by the lollowing
or example
Biclogical Mtneral Organic  Alkalis  Oxidising Organic
agenls acids acids agenls solvents
Cotton Pour Poor Poor Goud Poor Gond
Folyacrylonttrile PAM Excellent Excellent Euwcellent Good Excellent Fair
Folyamtde Nylon Excellent  Poor Fair Excellenit  Falr Good
Polyaramid Nomex Excellent Frir Good Fair Fair Excellent
Polyester PET Excellent Good Excellent Poor Fair Good
Polyethylene ['E Excellent Excellent Excellent Eacellent Fair Falr
Polyimide PE4 Excellent Excellent Ewcellent Poor Fair Fair
Polyphenylene  PPS Excellent  Excellent Excellenl Excellent Fape excellent
sulphide
Polyprepylene PP Excellent Excellent Excellent Excellent Fair Fair
Folytetra- FTFE Excelient Excellent Excellemt Excellent Excellent Excellent
Eaoroethylene
Polyvinyl P¥VC Excellent Excellent Excellent Excellent Fair Excellent
chloride
Polyvinylidene PV Excellent Excellent Excellent Excellent Fair Fatr
dichlorlde
Polyvinylidene  PVLF Exvellent Excellent Excellemt Excellent Good Gl
diflucride
MONOFILAMENT
MULTIFILARENT
STAPLE

Figure 2.1, The three stamdard types of parn.
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Table 2.4 Fabric corrosion tables

Woveen Fabric Media 43

Coreoddent Fabric
‘? E| s Ea [
g E 2 2 3 5 ¥ 2 & & &

Acetaldehyde in water R B NR MNR B® MNE
Acetamide MR R R ] R R 945 R NR NR
Acetle actd, alacial R 9% NR NR R Ry R 43 R NR 535 NR
Acetic achd. 50-95% R 95 MR NR R 63 R 95 95 NR 95 NR
Acette geid, 10-50% R R 95 95 R a% R 95 95 NR E NR
Aceths anhydride MR 40 95 95 MR NE R 93 95 25
Acetone 15 R 20 NE 30 R 5 40 R NR R
Acety] chlpride 315 NE NR NR ME NR R RS 12 NR 50
Acetophenons ME R R NE NR R 63 R R
Acryloniirile 20 R 23 25 R R MR ] 50
Acreletn 40 40 NR MR 15 MR
Acrylic acid R 40 MR NR NR NR WK
Adiplc acld 41l a0 R R 63 NR R HFR.
Allyl alcohol 6 25 23 ) K R 40 R 95 R
Alum 65 113 MR XNR 6l R K NK R
Alum chrome 103 MR NE 70 R ;4 NR K
Alum potassium 105 MR NR Al R R MR E
Aluminium chloride 73 R MR MR R 6l B R HE MR R
Aluminium luoride R 25 25 HNFE NR 1500 40 NR R
Aluminium hydroxide R 43 R R R &% R R NE R R
Alominium niirate R 35 25 a0 R R 40 NR R
Alumirium kK NMRE NR NR KR K R MR WR R

potassium sulfate
Aluminiium sulfate R [ 6 Bl R OBO R R 70 NR R R
Ammonia, anydroos M5 25 23 NR sl R R HNE NR R MNE
Ammonia gas, dry 65 R g5 95 NR A0 R R 45 NR R NER
Ammonium bifluoride R Ml R R NR 135 NR
Ammonium carbonate R R R R i3 Al R R 45 ME R MR
Ammaonlum chlaride 7i R NE NRE K 40 R R NE NRE R NE
Ammonium hydroxide, R R K R R &) R 85 9% MR R NR

saturatad
Ammnanium hydroxide, R R R E R &) R R 95 NR R NE

10=25%
Ammonium nitrate 6 93 93 K X5 60 R R 4} NR R NR
Arnarmot] om persulfate B 103 NR MK 6% R R MR NR R NR
Ammoniom phosphate B 105 25 25 23 el R R RS MR R NR
Ammoniam sullate 75 93 NR NR 23 HME NR R MR
Ammankom suiflde 163 & R R MR R MR
Ammonium sulfite R 105 25 235 MR &0 MR NR 40 MR 125 NR
Ammonium thiocyanate 23 60 23 23 &) R 14 23 R R
Ammeonium thiosulfate &5 NR NFR KR R
Amyl acetate 23 HNE k5 A3 NR 40 495 4} 43 R 8% R
Amylalcohol R 95 93 R R &U 95 R 25 R 135 k&
Amyl chloride NRE NR NR WR MR R R MR MR R
Aniline R NR MR NR MR 30 120 40 MR R 20 R
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Table 2.3 {condinted)
Corrodent Fabric
oL
f': ]':c m & E B
£ £ B o & g A .
E ¢ 2 :53E 8 5 5% 3
Antimony trichloride R R NR HNR NR RO A 20 MR MR 20 MR
Aquaregia 25 NE HNR NR 4 40 &3 NR 20 NR
Arsenic acid R 20 20 NR HR R 4 NR K NR
Barium carbonate R R 23 25 R Al R R 120 R R R
Barium chloride R 105 R R 25 &G R 4 NE R NR
Barium hydroxide MR 103 23 23 25 6l R 25 NR E NR
Barium snlfate MR 105 25 235 215 A0 R R 95 NR R MR
Barlum sulBide 4 25 25 )% el R 95 NR R
Benzaldehyde NFE 25 6% A3 NR NR 95 9% A% R 70 R
Benzaldehyde in water R 4 11 BE R 20 R Kk R
Benzene ME NR R R NE NBR 93 93 R R 50 R
Benzene sulfantc achd B R NE HNRE MR 50 MR 95 NR MR 23 NR
Benzoic acld R 14 25 23 1% 70 0 120 95 NR 123 NR
Benzoyl chloride 25 239 NR NR 23 65 NR NR 50
Benzy] acetate B R R B R &5 k3 R NR
Benzyl aloohol 25 3 93 R MR NR 95 R R R R
Benzyl chloride B NR R R R A3 120 40 R NR R MR
Blsmuth acetate R R L R R h5 k3 R E R
Bismuth subcarbonate R R R R R 70 R R R 4
Baric acid 95 93 NR NR 80 35 15 40 R R R
Bromic acid flb Bl 120 NR 105 NR
Bromine. liquid 15 MR MNR NE NE NE 65 MNE R BU
Brpmine. water. MK 20 100 R NRE NR 53 40 R R R
saturated
Bromacetlc actd 14 25 MR NE 25 40 NE NR NR
Bromobenzene R 2% R B 25 40 M R R R
Butyl acetate R R R R R R 123 40 R NR &} NR
Butyl alcohel S0 93 95 R R &0 S0 FR 120 R 135 R
Butyl phthelate 50 R R R R, I3
Butyric acid R A MR WR MR NR 50 120 NRE NR 113 NR
Cadmlurm chloride R R R R R MR, MR
Calcium acetate .1 R 23 3 R R 25 NR 135 NEK
Calcium bisnlfite NR 95 h3 RS 20 &) R 85 NR R
Calcium carbonate R R R K 60 R R R R R
Calclom chlorate 113 f(d R R ME
Caleium chloride R 105 R R R & R R R NE R
Caleium hydroxide R 1095 B 85 K 6O B NE NR R NR.
Calcium hypochlorite. R R WE HNR R 6O 3 R NR NR R MK
saturated

Calecium nitrate 75 105 WR NR B R NE K
Calchumm exalate R 105 ME KR R R NR
Caleium oxide 20 115 25 25 0 &l R & R R
Calcium sullate 75 105 325 25 E0 R R B #5 B R R
Capryleactd K 60 R B 25 & 65 R NR 103 NR
Carbolte acid iphenal) NK B) MK HNR NR MR R 95 NR NR 103 NR
Carbon bisulfide (disulfide) 20 NR 25 25 NH NR R 93 120 MR
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Table 2.4 (cortinned)
Corrodent Fabric
s - =
2 & 2 2 3 T B 2 &8 £ &
Carbon tetrachlortde B 0 R B NWR MR S5 95 R B R R
Carbonic acid 1iHy 115 400 40 0 &0 R R R R R
Castor nil 140 25 25 R &5 R &5 R R R
Cellosolve WR 95 R E MR NE 85 95 R kR R R
Cetyl alcohol R R R R R R R E R
Chlorvacetlc achd 25 B0 NR MNE NR NRE S¢ 120 NR 95
Chlorpacctic acid, NR 23 NE MNE MR NER 45 NR 104
S0'% water
Chiloric acid 20% KK 80 NR MR 25 B0 65 MR
Chlorine dioxide 15% MR MR MR NE G5
Chlorine gas, dry 20 NR NB NR NR 25 120 115 NR 100
Chlorine gas. wel 20 NR MR MR NR 65 95 95 NE 100
Chlorine lquid NE HNR NR NE NK 120 NR 108
Chlotine water. 20 95 MR NR MR NR 40 40 NR 105
saturated
Chlorobenzene E 40 R R 20 20 R 65 R R 105 R
Chloroform B 4 5 K ME NE 95 R K 190 R
Chlgrosallonic acid NE NR NR NBR MR NR 935 95 NR MR 40 NR
Chlorux bleach sol. 80 NE NR NE R 11% R
5.5% chlorine
Chormie acid 50% R 65 NR NR 60 & afn 120 NR 115
Chrotmic acld R 65 WR MR 60 A0 NR R MR 115
=51
Chromicacid 10% R 105 NR MR &0 &0 50 124 MR 115
Chromic chloride 25 R ME MR R MR
Chromyl chloride 60 50
Chromium trioxide NE 40 WR NR NR NRE s
Cinnomylic acld R 41 R R 2 6D R NR NR
Cliric acid R 108 26 R R 60 s R R MR 120 MR
Cresol NE 60 ME NR MR NE R a5 NR 105
Cresylicacld B 40 MR NR NE NR NE NBR NBR 105 NR
Crude oil 75 Bl 63 635 a0 95 95 95 R R
Cupric carbonate R R R R R (A1 R 125
Cupric chloride R [ NE NR R H) R E NE R
Cupric cyanide R k 20 20 B &0 65 R
Cupric Qucride 05 20 60 R NE. R MR
Cupric solfte 95 105 WR NR 20 &0 R NE NR R MR
Cyclohexane NE NE R R MNE 23 R 14 B R b
Cyclohexang) MR E NR &0 65 R R 10% R
Cyclohexanone E 40 R B NR NR 150 20 K R s R
Cyclopenlanone E NR R B NR WNR R R R
Cymene R 25 R R ME  NRE R
Detergents G 115 40 40 B 65 R 93 R R Rk
Detergent solution, 3 65 4 40 R R R R
heavy duty
Dextrose 1G5 &5 120 R 15 R
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Table 2.4 (condirnged)
Corvodent Fabric
e & . e

e £ 5 g 5§ 8 £ £ 2 %

E = ¥ 3 8 E ¥ 2 8¢
Piacetin (glycerol acetate) R R R R R R R
Mallyl phthalate R NE R B ME uR R NE
Dibutly phthalate M) 30 23 25 MR NR 63 NR HNE
Dibenzylamine B NE K R 25 MR B MR
Dibenzylketone R E R R 25 R R
Cibramobengene 24 40 R R 25 B
Dibutylamine R 400 R R 25 NR i MR
Dichloroacetic acid 4 40 MR NR 410} NE MR B
Dichlorebenzens R 6t R E  NKE I3 R NR 50
Dicklorcethane ME 25 20 X0 NE NWNR it 6% R

tethylene dichboride)
Dichlorotheylene B 23 23 NR NR W 2D A3 U
Dieset luels 75 40 R E 23 &) 93 83 R R R
Diethanolamine 3 R R 13 R h3 ME R
Diethylamine 40 R R NE NE NR R 50
Diethylene glycol R R R R R %) ar 20 R B NR
Dimethylzniline 70O R R 35 R 95 R 103
Lirnethylformamid 20 R0 R E 2 A 935 40 R MR
Dimethyl pthalate K Ry 235 R MNHE NE R 9% R 40
Dinkrobenzene E X R R NRE MR R
Cioctylphthalate 20 NE AU R NR NR R R 80 23
DMoxane 20 s R R MR w3 9% 932 R MR
Diphenyl (dowtherm} SR NR R R NR NR R 93 R
Diphenylacetic acid R R 25 15 R a3
Diphenylamine R NR R E MR MNE NE R
Dsodium phosphate 93 R R E R 7R
Epichlorchydrin R 70 R B 25 &3 R 93 R 115
Bithyl acetale NE 60 43 R MR NE 5 95 R R 6l R
Ethylalcohol R R R R 8l R R R F 1 R
Ethyl benzene R Nk R E R E E R
Ethivl benzoatle R R 25 25 R 50} MR M
Ethyl carbamate R 4} R R R 65 Rk
{urethane)

Ethyl carbonaie R R R R R a3 R
Ethyi chloride R K 1 K R &#i 93 R R R
Ethyl ¢ hlorcacetate R 25 2 KR NR NR 95 A3 R R fL
Eihyl phenylacetate R R R B R bl 20 K MR R
Ethylether R 23 2 R NH NR 93 R3S R R filt
Ethyl propicnate R 3 R B 23 350 R
Ethylene bromide R MR R R NB ONR A3 R R R
Ethylene chloride MR MR K E WR NR S R g3 R
Ethylene chlorchydrin 95 AR NR NR NR 2 NR &0
Ethylene dlamtne 6t MR NR hll s WR NR MR 25
Ethylene dichloride NE. WR 20 I NR NR 93 95 95 B
Ethylene glycol 43 R Y3 43 &) 93 85 493 R R
Erthylene oxide 20 MR 40 40 NR WR 93 53 6> R o0
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Corrodent Fabric
e £
: . - [ e
£ 5 g E 2 £ £ 2 &
E ¢ 2 252 E 2 2 &z ¥
Fatty acids 95 4§93 MR NRE WR S0 3 9% M) R
Ferte ammoniam sullate R R MR NR R 61 MR NR NR
Fertic chloride B R MR NR R A 20 93 HRE NR R NR
Ferric chlortde 50% water 105 MR NR 45 493 NR R
Fertie hydroxide E R R kK
Ferric nitrate 7 95 NR NR 23 60 i R ME R
Perric sulfate T3 893 2 20 &35 50 R 25 MR R MR
Ferrous chloride R R ME MR R Gl 50 R MR R
Ferrous nitrate 93 R 43 R R
Ferrous sullate R R MR MR R Bi) R MR K
Fluorine gas. wet I NR MR MR NR NR MR NR HNR 25
Fluobaric aid R NE MR &l 2u0 MR R
Formaldehyde R R 23 R R B 93 83 R Kk
35-501% salution
Bortnic acid, anhydrous ME %) MR HNE NE &) 95 11 MR NR &l HNR
Eormicacld 10-85% R 14 MR NR R 60U %3 ME NR I13 MR
Fuel atl 45 Fi 23 X5 NR NR R .4 40 K R R
Purlural 2 NR ME XNE NR WNR 95 4} NR 40k
Forfural alcohol R 23 R R 23 B R
Gallte acid R R 20 X R &) a3 40 Al
Casolloe R NR R R NE NR 95 93 R |3 R R
Gasolne R NR R E MR MR 93 95 R R R .4
Gelatin 95 R NE HNR R 63 120 NE R R
{ilzcase {corn syrup) i R 2 M R RS R 23 B R R
Glycerine [glycerol) R R R B R RD 30 R Rk E R R
Glyeolic acid R R k3 95 40 34
Glycols an R R R R &35 95 R R R R
Heptane 20 MR R R NR w3 95 40 E E R R
Hexachlorobenzene R 4f) NR NRE 20 MR
Hexane R 140 R R NR NR 113 &3 R E E R
Hydraulic otls 95 B3 20 20 NR NR 40 23 R R
Hydraulic oils (water base) 95 63 20 2 NR NE 4 25 R R
Hydeobramle scid R 95 MR NR B R R R NR NR R NR
dilute to 50%
Hydrochlaric acid 50% R ) MR NR &) &0 H 95 NR NR R NR
Hydrochlortcacid 25-38% 25 95 MR NR R £3 R 95 NR NR R ME,
Hydrechlorte acid R 33 MR NR R 63 R 95 MK NR R NR
dilute to 20%
Hydracyanic acid 20 105 NR MR B3 NBE MR R MR
Hydrollueric acid NR 93 NR NR 20 XM 2y 120 NR OME 100 NR
S0=1000%
Hydrofluoric acid MR 1335 MR MR B 60 R 120 NR NR 123 NR
dilutetn 40%
Hydrogen chloride B 60 6L E
gas, dry
ifydrogen fluoride HR MR
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Table 2.4 (continuead)
Corrodent Fabric
o v o
=] =) . wl L
£ £ & u® £ = & ¢ =2 K
& 2 23 2E 8 & 3z £

Hydrogen peroxide 90% 20 S0 X0 20 NRE 35 50 5 25 55
Hydrogen peroxide 0% 20 50 20 2} NR 40 63 23 115
Hydragen peroxide S0 50 20 23 NR oAb 63 25 120

diluteto 45%
Hydrogen sulfide, dry 20 105 NR NR 25 60 R 93 NE R
Hydrogen sulfide, wet 20 105 MR NR 20 &2 R 95 NR R
Hydrogen salfide, 80 2 20 20 &0 RS 40 105

aqueous solutlon
Hydroguinone 6f) R 120 E 120 R
BHydrochlorous acid [i13] A1) R HNRE R MR
[odine R R HNE MR MR NR E 120 NR Th
[dine solution, water 20 NRE MR NR NR 120 120 NR R 70 MR
[odine solution, alcohol 20 MNR NE MR a5 R R
Isaprapyl aleohol NR 95 WR MR R 0 ] 2 MR E 12> R
[supropyl ether MR 0 2 WRONR i3 R 25 R
[et fuel. JP4and P 5 20 200 3% 35 R 70 a0 R 40 R W R
Kerosene 95 4D R R NR NE R R R R R R
Ketones, general NE HNR 3 H3 NR NBR 95 93 95 R 41 R
Lacttc acid Kk K 85 K NRE NRE R .4 95 NR 40 HNR
Lanofin R E R R R B R R
Lanolin gl R R R R R R R R
Lanrie acid 75 6l 120 113
Lead acetate R 95 40 40 R 95 R R NR K MR
Lead chloride R 25 6l K
Lead sullate 20 M0 15 a5 R 35 R 120
Linoleic ackd 6l MR NR NR NR 120 NER 120
Lithtum bromide 25 B 65 K R
Lithium chloride R K R R R &0 50 R
Magnesium carbonate 40 105 B3 30 R E R R
Magnesium ciloride R R R R R &5 R R 4 NR R MR
Magnesium hydroxide MR I20 20 20 h& i R NE R R K
Magnesium nitrate 120 10 20 &5 s R 4 13
Magnesium sulfate 75 105 10 24 Al BS 50 R 4} R
Maleic acid NE I05 NR NE ACG A5 120 20 .4
Malle acid ) MR NR &0 &5 120 20 R
Mercuric chloride s MR NR #% 50 120 NR 120
Mercuric cyanide 105 B &S 120 124
Mercurle nlteate 105 b0 &5 120 120
Mercurous nitrate 68 Rl &S S0 120 1i0
Mercury 75 105 60 A0 A0 65 R &l R
Methanol K K 65 B R &0 S0 R E R R

[meth¥ialechaol)
Methyl acetate R 40 R R 25 R NE MR
Methyl bromide NE HNR NR NBR NR NR R NE B
Methyl bromoacctate R R R R kE &0 R
Methyl cellosaol ve 103 R R B R i
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Table 2.4 {conlinmed)

Corrodent Fabric
¥ 0 e
§ 5 o8 3w E E 5B .

E & 2 £ 3 % B $ 85 & B
Methuyl chloride a0 95 20 20 NR NR R 25 R
Methy! ethyl ketone R ald R R a6 25 R 5 R R NE. R
Methyl Bsobutyiketone MR NR 40 a4 WR 20 R 0 65 R 40 B
Methyl methacrylate R St R
Meihyl urea R R | 3 E R el R
Methylene chlortde KR MR NR HMNR MR MR R 20 NR 40
Minera] ail R R 45 R NR B3 R R R R R E
Monaacetin R 40 23 23 M 60 40 R R

tglycerol acetate)

Morpholine s R R &) e} 40 40 K E HNR R
Maphtha R 50 R R MR NR R R R R R R
Maphthalene 20 i X3 23 NR %3 R R 40 R R R
Wickel chloride MR 1053 NR NE 6() 50 R NE R
Nickel nilrate 105 60 5] F R
Nickel sulfate R R R B R 60 50 R R R
Nitrte acid anhydrous NER NR NR MR NR NR 50 NR NB &5 NR
Nitric acid 70% 20 NE MR MR MR &0 NE 50 MR NR &5 NR
Witrte acld S0% 20 B0 NE NR HNR &} NR 50 NE MR 65 NR
Nitric acid, 5—40% 20 3 WR NWR NR &0 NRE 100 NR NR NER
Nitric acid, red faming NE ME NR MR 100 NR MR NR
Kitrobenzens R 20 93 R MR NR A 40 R R Kk
Nitrobenzoic acid R 40 MR NRE 20 235
Nitratoluene R R R R MR NE R
Mitrous acid MR NR NB NR NR KR HNR NR
Kitrns oxlde ME NRE NE NE NE 2) NR NE NR
Octyl alenhol R R [ R R &5 R R R
Oleic acid R 73 Y3 R NRE NRE 30 1200 R MR MR
Oxalic acid R 50 NR NR R &0 s R NE KR
Ozone R ME NR NR NR NR S0 R MR R
Palmitc acld 75 OF0 M 20 20 120
Paraldehyde B R R E R 70 R
Peracetic acid 40% MNR 20 20 MR NR MR MR
Ferchloroethyleme 95 MR 85 R NR MR as 93 R Rk R
Ferchloric achid 70% NRE MR WR MR MNR NR a3 95 NER NR NR
Perchloric acid 10% NE R MR NR NR 20 93 93 NR NR NR
Ferroleum ether R 20 R R 70 &0 R
Phenol (carbolic acid} NR 8 NR MR NRE NR R 9 NE NR MR
Phenoxyacetic acid R R 25 80 R 60 NR NR
Phennl ether E NRE R R NR NR E R R
Phosphoric acid 10=-85% R 9% NE NR K 60 120 B3 NE NR R NR
Phosphorous oxychlnrine MR MR NWNHR 6O
Fhosphorons pentoxide 70 6 120}
Phosphoroustrichloride R NR NR NR NRE 20 R 95 NR
Phthalic achd laqueous} R K 0 20 R a0 65 NR NR
Plerbe acld NE 60 NR NER &0 20 25 80 80

Potassium acetate 50% 93 93 95 20 X R
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Table 2.4 {contimicd)

Cotrrodent Fabric
- <
7: l-é I = 8 g

E . = = 2 3 E E £ £ 2 g

B £Z £ =2 T =™ = Z < &
Potassium bicarbonate e 110 20 10 ) AT &3 R
Potassiom bichvomate MR 110 MR NR 25 A3 120 HNR R
Potassium bisulfate R R 25 33 R i 120 40 MR NR
Potasslom bromtide 2y 110 NE NR 25 63 NR R MR R
Potassium cabonate HR R K R [ h3 R R MR R NE
Potassium chlorate 20 11 MR NR Ry MR R NE R
Patassium chloride 75 114 2 20 RS R R 20 4n B
Potassium chlorite R R R B R R
Potassium chromate 116} B3 R R
Potassium cyanide My 110 MY 2D L E R B3 R
Potagsium dichromate R I MR MR 200 &5 R NR R
Potassium ferrlcyanlde ¥ OO0 I 0 A0 63 R 2% R
Petassium hydroxide R &0 R R &) 3 110 NR MR 73 NR

S-90%
Potassium hypochlorite 7 NR MR g5
Polassium nitrate a1l M 20 K] R 4 R
Potasslum permanganate B &0 MR MR NE R340} 40 NR R
Polassiurn sullate 20 110 el RL BS 20 R B
Potassium sulfide 1100 20 2} h3 93 R
Proplantc acid R 15 R B2 4 3 R
Propylaleohol X 110 NE NR 65 MR R 3y R
Propylene glycol WNR R R R 2 R0 31 R 125
Pyriding B 0 2y ) 20 A0 113 95 40 R
Resorcinol R 110 YOy 20 6D 14 3]
Salicylic acid 6] ) 2 fld 3 &3 A3 NR 100 NR
Silver cyanide T1( 635 R 100
Silver nitrate 93 ) 20 63 0 K 40 it
Sofium acetate B R R R R 7 s R R R
Sodivm benzoale R R Xy My R bl 30 R 40 R
Sodium bicarbonate 40 110 93 83 33 R R 40 B R R
Sodivum bisullate R R 2 g R [ ) R a0 R
Sedium bisulfite R R 20 280 R b3 R E: 0] E
Sodivm bocate 20 80 20 24 63 R 41 R
Sodium bromide R R R R R B3 R 18 R
Sodium carbonate R R R R R s R B £ MR R MR
[soda ash)

Sodiem chlorate 20 110 NR NR R &3 .3 NE R
Sodium chloride R .3 R R R 65 B R R R K R
Sodium chlorite 50 MR NR 113
Sodium cyanide R R 2 2 R &3 R 40 R
Sodium dichromate 20 Al MR NR 63 6} MR 93
Sodiupm ferrleyanide 110 BS R
Sodium ferrocyanide 75 a0 18] R
Sodium fluoylde 11} MR NR h3 40 R
Sodlum hydroxlde MR R R R R &3 3 65 NR NRE AU MR

{caustic soda) 70%
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Table 2.4 (comtinued)
Corrodent Fabric
s £
1 [ - .
. f fw g E B OE o5
8 F 2 £ 3 fT 5 BB 2 & & E

Sodivm hydreoxtde MR H® k B R K5 120 120 65 WR 100 NR

{caustic soda) 50%
Sodtom hydroxide {canstic 35 R K R BB Hh s 120 95 k5 HNR 130 NR

soda) 10-30%
Sodium hypochloriie 7120 NR O NR 2 &% B3 93 NR R NR
Sodium nitrate R R 7 7y R BO R 40} R
Sodium nltrite 110 65 R R
Sodium peroxide 0G0 20 20 &0 R 40 R
Sodivm silicate 20 1o 23 15 K] R 40 R
Sodium sullate R R R 13 R a3 R R R NR R NR
Sediam solftde R R R R R 30 R R R R
Sodium sulfite 23 sy B3 R &l R R R
Sodium thicsulfate 20 e My 20 20 &0 R R 40 R
Stanric chlorlde 75110 200 20 65 R 41 R
Stannous chloride 73 110 MR MR b3 R MR R
Stearic acid 2 80 e RO [t FLER L R
Stoddard solvent R 4 R R 2y 35 R R R R 120 R

{mineral spirlts)
Succinicacid R 60 20 2 20 120 &35 121
Sulfamic actd MK R MR NR R NE NR 4935 NR
Sulfur dioxide (dry) 73 7y NR MR 2} 7O MR R 20 106
Sulfor diexide (wet) 25 TU A 20 40 R R 20 10k
Sulfur trioxide H) NRE NR NR M) 20 NR NE
Solforic acid 100%, MR NR MR NR NR NR R R MR NRE MR NR
Sulluricacid 10-98% WH 30 MR NR MR WE R 13 NE MR #3 NR
Sulfuric actd 804 MR 7l NR WR NR NE B 120 NR HNR 93 NR
Sulfurie acld 70% MNE il MR NR NR A0 R R MR HMNE 110 NR
Sulfuric acid 60% MR 35 NR NR [ K ME WNR 110 NR
Bulfuric actd 10-50% o3 NR NE A R R NE MR 105 NR
Sulfupous acid 110 NH NR Hiy 120 WR MNE LiH) NR
Tannic acid RS 110 2 2y 23 65 120 40 114
Tanning liguors el 20 25 25 6D 12 40
Tartaric acid T3 all Ry 20 60D 500 120 93 120
Tetrachloroethylene R 25 R L) £ R R R
Tetrachloroethane 20 95 R R B 110
Tetrahydrafuran {THE) ME MR R R NR NE R 40 R MNH
Thiocarbamide {thinurea} R 23 R R 20 R
Titanhm tetrachloride 40 M 0 NE MB 30 63 E3
Toluene R NR 93 R MR NR 110 93 R R 95 R
Tribromobenzene 4 25 35 X5 2% 40
Tributyl phosphate NE S50 6 AU 20 6 N A3 30
Trichlorvacetic acid R 1l MR NR K Ww R 4} 2} MR &0 NR
Trichloroethylene R NR R R 200 30 95 40 R R 125 R
Trtethylamine 20 NR 23 x5 a5 MR 25 NR 500 NR
Trisodium phosphate 2110 3 30 6] H 935 4 R

Turpentine 65 40 &3 AT NR NR %3 93 R E B R
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Table 2.3 {coniinned)

Corrodent Fabric
‘? £| w L] =
E . £ 2588 : F 2B &
E B £ £ 838 T B z2 S B &
Urea 20 110 40 40 ] 3G 120 &% 120
Valeraldehyde R ME NR MR NR MR
Water, deminerallzed. R R 20 2 RO R R R R R R
distilled, salr. and sea
Xylene R NE 95 R NE WR 95 9 R R (00 K
Zinc chloride 93 R NR NR B 7D 3 95 R R
Zine sullale R R a2 R A} S0 R R E
Key to tables
R=recommended for use up Lo maximurm operating temperauiree [*0) allowable for the fabric
205=recommendad only to this indicated temperaturc
IR=rot recommended
blenk=nn data avaiable
Summary of fabrics
Abbreviation Generic equivalent Maximudm operating temperature (°C)
FET Polyestey 150-175
PP Polypropylene 120-125
Mylon-6 Polyamide 105-125
Nylon-6& Polyamide 45-120
LCPE. Low densily polyelhylene 65=-72
HDPE High density polyelhylene 95-110
ETFE Polytetralluorvethylene 120-150
ECTFE Pelvchlororriflucroethylene 150-160
Momex Potvaramid 1%0-265
Cotton Cellulose 120-135%
FVDF Polyvinylidene fluoride 140-150
Fell Wood 95-120

General notes

1. All of the chemicais listed in the tables arc assumed to be [0 the pure state of i g concentrated o7
saturated agueous soiution unless otherwise indicated. Concentralien percentapes are weight
percentages.

2. When a magimum temperaiure is shown it indicales the hlghest temperature for which data is
avallable. Higher operating temperature may be possible bul 124ts would have to be conducted,

3. Recormmended opersting lemperatures relate only to the chemical compatibility at these
temperatures, Mechanical considerations must alsa be laken lnto agcount.

application. Mixed yarns, as noted below, may provide the answer to the need for
the optimum performance from the fabric,

Although the normal meiric system is perlectly good cnough for the
mcasurement of fibre or filament diameters, the actual numbers are rather small.
The iextlle industry has developed two independent, although similar systems,
lor the specification of thread and yarn sizes. Both involve weights of a length of
the material, and so depend upon density as well as size.



Wouver Fabric Medla 53

The denier system was originally developed from a system used for specifying silk
Glaments (and which eoumerated the size in terms of drams per thousand yards}.
The denier number is the wetght in grams of 9000 m of filament or yarn, the smaller
the denier nurnber, the finer being the filament. So, 9000 m of 20-denier yarn
weigh 20 g. (The 9000 m figure presumably comes from its near equivalence to
10 000 vards.) The denier is widely used to specily silk, and artifictal filaments, but
isnot convenient for use with staple yarns, because of theirmuch greater weight.

The fex system iz more recert (late nineteenth century}, and is a universal
system for specifying the stze of staple fibre yarns, although it can also be used for
filament yarns. The tex figure is the weight in grams of 1000 m of the yarn, so
that 1 tex = 9 derier. This simple definition is then complicated by the textile
industry’s use of the term decitex {written dtex) to be the weight in grams of
10 000 m of yarn. so that 1 diex = 10 tex. Analogy with other uses of the deci-
prefix suggests that this relationship is the wrong way round. but the uzage is
very well established. It follows that 1 dtex = 90 denjer.

The diameter of a particular yarn may be calculated from its tex number as
follows:

D=(.036 x [(tex)/{density)]**?

Table 2.5 Physical properties and natural and synthetic fibres

Fibre temperainre Maximum safe Specific Absorhency ‘Wet breaking Elongation Resistance

continuous graviry for water tenacity at breaking towear
temperzture (% wil [gfden} %)
{7C)
Acetale 59 1.} e-14 (.8-1.2 050 Poor
Acrylic 135-150 1.14-1.17 3-3 1.8-3 25-F0 Good
Coiton 93 1.55 16-22 1B s-10 Falr
Glass 290-3135 2.50-2.55 Upraihi -6 2=3 Poor
Modecrylic TO=82 1.31] 0044 24 1434 Faic
Polyamlde 105-120 1.14 £.5-8.3 3-8 I0-70 Excellent
Polyaramid 205-230 1.38 0.1-3.3 4.1 14 Excellent
Polyester 150 1.138 Q04-008 3-8 10-50 Excellent
Polyimide 260 -41 3 4.2 1% Gocd
Polyflucrocarbon 260-280 2.3 il 0.9-31.3 10-25 Fair
Polyviny] chlotide £5-70 1.38 2 1-3 11-18 Fajr
Polyvinylidene 82-85 1.7 0.1-1.0 1.2-2.3 15-30 Fair
dichloride
Polyvinylldene 140-160 1.78 10,04 B0 Excellent
difluoride
FPolyethylene
Low densiry 65-74 .92 .01 1-3 20-%0 Good
High density 93-110 .92 .1 3.3-F 1045 G
Polypropylene 120 .91 .01 §-8 15..35 Good
Folyphenylene 130-200 1.37 13 35 Good
sulphide
Rayon 100 1.50=5.54 20-27 .74 620 Foor

Wood 82-83 1.2 16-18 +76-1.6 20-35 Fair
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Table 2.6 Flbres lor high temperature dust filtration

Fibre Acronymor  Max. Raesistance o
exemple temperature{=Cy attack by oxidizing
Contitiuouws  Surge  Agents Aclds Alkalis Abrasion

Cotton 1)) 935 Fair Poor Good Good
Wool a5 1143 Fair Good Poor Cood
Folyamide Mylon 935 12t Fair Poor Good Fair
Polypropylens PP 95 105 Good Excellent Excellent Good
Polyacrylonitrile  Dralon 130 1403  Excellent  Excellent  Fair Falr
Polyester Dacron 150 L4 Good Fair Foor Excellehl
Polyphenylens  Ryton 190} 23y {iood Excellent Excellent Good

sulphide
Polvaradid Momex 200 244} Poor Poor Good Exceilent
Polyimide Pia 240 263 Excellent  Fair Good Good
Polytetra- Teflon 26U 280  Excellent Excellent Excellent Fair
fluoroethylene
Glass 280 300 Excellent  Poor poor poor
Inconel 6001 Bekinox 350 A3 Excellent EBxeellent excellam  good
Cerammic. metal  Nextel 7al 1200 Excellent  Good good goed

oxides

Table 2.7 Effect of type of yarn on Rlter fabric performance (1 = best)

Performance characteristic Qrder of preference
| 3 H

Maximum filtrate clarity Staple Multifil Monodl
Minimum resistance to low Monobil Rtultifl Staple
Min b motsture in cake Monofil Muleth Staple
Easiest cake discharge Monoh! Multifil Staple
Maxtmum iahrig life Sraple Mulif] Monot]
Least tendency to biind Monofil hiultifil Staplc

Table L& Effect of yarn structare on filter fabric performance (1 = best)

Perlormance characteristic Structure parameter®

Yarn diameier Twists/cm Fibres/yarn

1 2z 3 1 2 3 1 2 3
Maxtmum fltrate clarity L M 5 Lo M H H M Lo
Minimum reslstancetoflow 8 M L H M Lo Lo M H
Minlrmum meisture in cake 5 M L H M L Lo M H
Easiest cake discharge 8 2] L H M Lo H M Lo
Maximam fubric (ife L 5] ] L) Lo H M H Lo
Least tendency to blind 4 %] L 11 kL Lo Lo M H

* L= large. M= mediom. 8 = small. Lo = low. H = high.
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where Il = diameter in mm. For example, a 16 tex polypropylene fibre (1.6 dtex

or 144 denier), which has a density of 0,91 g/cm®. has a diameter of 0.1 5 mm. or
150 pm.

2.2.2.1 Saple yarns
Staple varns were, of course. the first yarns used in the manufacture of filter

fabrics, made from natural fibres. long before any synthetic fibre was avatlable.
Even with synthetics, staple yarns were the first used tn tndustrial filtration on a

Figure 2.3, A plain weave mwldifilarment filirie.

Figaare 2.4 A plaim weenve stople yorn fabris
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large scale, since they made possible the production of the heavy-duty. durable
fabrics needed for traditional filter presses and leaf filters.

Natural fibres, supplied in bulk. must first be cleaned to remove loreign matter
{and grease, in the case of wool), Natural fibres, after cleaning, and artificial
fibres, after cutting to the appropriate length, are carded by means of an array of
spikes, which separates the individual fibres. and lays them parallel, as a thin
sheet of uniform thickness. This sheet is then drawn together to produce a thick.
cortinuous and untwisted sliver (il the sliver is given a loose twist, it becomes
roving). Before the carding. the fibres may be mixed by blending in different lots of
material. usually to ensure the production of a uniformn yarn.

An additional process, called combing, may fellow carding. This process
removes short fibres, and produces a sliver made up of long fibres, lying parallel,
which is smoother and more lustrous than uncombed sliver. At any given yarn
diameter, a combed yarn is stronger than an uncombed one.

Slivers (or roving) are then pracessed in spinning machines, which stretch the
strands and twist them to the required degree, both 1¢ hold the fibres together,
and to give the necessary strength to the yarn. The directlon of twist can result
either in S-twist or Z-twis1, with a slope increasing with the tightness of the twist:
the opposite direction of twist is then pormally used for converting the single
yarn into a two- (or more) ply yarn. Within reason, the greater the degree of twist
the stronger the yarn — hut also the less useful it is in a filter fabric. when Gow
through the yarn is required.

A major difference between staple yarns and other Lypes is the *hairter’ finish.
This can readily be seen by comparing Figures 2.3 and 2.4. The impact of this
dillerence is the greater difficulty in removing a filter cake from & [abric made
with staple yarn than is the case with fabrics made up [rom silk or polymeric
filaments.

The spinning processes used 1o make staple varns are developed either from
the spinning of cotton (with relatively short fibres, in the region of 40 or 50 mm).
or the spinning of wool (with considerably longer fibres, perhaps 2-3 times ihe
length of cotton, and much more erimped). Synthetic fibres are cut from the
extruded filaments of polymer in lengths to suit whichever ol these two spinning
systemsis to be used,

As a general guide, yarns from woollen spinning systems are bulkier than
those from cotion systems. while the fibres within wool-spun yarns can move
more easily within the yarn assembly. [t is thus claimed that wool-spun yarns
are better for filiration than either cotton-spun staple yarns or multifilament
yarns, by permitting a higher throughput. and by being less prone to blindineg.

2.2.2.2 Mopnofifarment yarns

1t is perhaps strange to call a menofilament a yarn in view of the [atter's
normal muliifibrous conneotation. Nevertheless, monofilaments are used in
significant quantity in filtratlon labrics, elther as the only yarn or as 2 warp yarn
with the weit of some different (and vusually buikier) yarn. A large proportion of
fabrics made only with moncfilarnent are better called meshes — and as such are
covered in Chapter 6.
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Monofilameni yarns censist of a single continnous filament made by extruding
molten polymer through a specially engineered die, or spinneret, to give the
filament its required diameter and cross-sectional shape. After leaving the
spinneret, the filament Is drawn through a series of rollers. which improve the
alignment of the polymer moiecules, and so develap the desired tensile strength.

Although a whole variety of cross-sectional shapes Ls possible, as illustrated in
Figure 2.5, woven monofilament (abrics nearly always employ filaments of
cylindrical cross-section, and in diameters ranging from ¢.1 to 0.3 mm, bul
occasionally up to 0.8 mm, or even greater. (Filaments of other shapes are used
in non-woven fabrics.}

Madison's Filterlink is #n interesting construction for monofilament fabrics,
which was developed originally [or papermaking machines. Prelormed spirals of
monoiilaments, which run in the warp direction (MD or machine direction) are
enmeshed and linked together by a serles of stralght monofilaments in the welt
direction, across the machine (Figure 2.6). The spirals are pulled tightly into the
straight filaments during a speclal heat-setting process, which imposes a heavy
crimp, and efectively locks the structure. as is shewn in the enlargement of
Figure 2.6{(bj. The tight packing of the spirals results in exceptional width
stability, and gives the fabric excellent resistance to bowing and distortion. The
fllaments are relatively large in diameter, being in the range 0.6-0.9 mm.

Netlon and similar meshes appeur to be ol monofilament construetion.
Hewever, they are not woven. but made by a special, extrusion process, the
products of which range from fine mesh 1o heavy-duty netting and robust
perforated tubes. Such products are discussed in Chapter 6.

2.2.2.3 Muliifilament yarns

Multifilament yvarns begin in much the same way as a monofilamenlt, except
that the spinneret has a multiplicity of finer holes, 50 as to produce
simultanzcusly a corresponding number of fine filaments, of about 0.03 mm in
diameter. There is now little concern about the strengih of the individnal

Figure 2.5 Variations In cross-sectional shape of synthetic fibves: [a) polgester — circuder: (b) cellulose
acetate: (c) polyester — triangular: () polyester — starlike: () polyester — hotlow.
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filament. 2o the bundle is immediately compacted, and then twisted to a preset
amoun! {which is cxpressed In terms of twists/cm). The twisting not only
strengthens the yarn. and makes i1 more rigid, but also helps to protect it from
abrasion, both during weaving. and in subseguent use.

The amount of twist Is alsa important in respect of the filtration characteristics
of the final fabric, since it partly determines the proportion of the iluid flow that
passes through the yams, as compared with the flow between adjacent yarns.
With a very tightly twisted yarn. little if any flow will go through it. Moreover, as
the amount of flow though low-twist yarns increases. so also does the tendency
jor particles to become embedded within the varn, and so trapped, thereby

making cleaning more difficult. and increasing the tendency of the fabric to
blind.

2.2.2.4 Fibriflated tape yarns

A fibrillated film or tape is one that has been processed so that its structure
includes fine short fibres, or fikrils, and rorresponding holes. Polymer Blm is
fibrillated, either by special cutters and pins. or by more sophisttcated methods
involving the siretching of the flm o cause it to split into multiple localized
ruptures. 1t is then cut into tapes. which are rolled or bundled into yarns lalse
called split-film yarns).

EH

i}

Figure 2.6. 7 & § Filtralion's "Filteclink fohric belr (it =3 paguification, 183 fongii il section et = 20
ragnitieatlon.
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These yarns are normally made from highly orientated polypropylene. since
its non-pelar nature and the low intermolecular forces hetween the long linear
polymer chains lend themselves well to the fibrillation process. This invelves
embossing the film with a pattern by pressurized contact with rollers, which
have surfaces that have been photo-ciched (as in gravure printing). The
cmbossed filin is then heated and stretched in one or more directions, thus
causing the indentations to rupture. Variations are possible in fillm thickness.
embassed pattern. and stretching process, which enable the manufacture of a
wide variety of products, either as yarns. or in sheet form, and as netting,

Fibrillated yarns are widely used in the textile industry. but mainly to make
heavy-duty industrial [abrics. for applications such as bulk container bags.
carpet backing, geotextiles, and agricultural uses. They have only a limited use
in fiitratior, mainly to produce coarse open labrics used as support or drainage
cloths beneath finer grades of filter fabric. An example of a support cloth 1s shown
inFigure 2.7.

Yarns of this kind are available In many different grades. the product range of
the Fibrilon yarns, produced by Synthetic Industries Inc, extending from 250 up
to 10 000 denier or more. An elegant illustration of their delicate structore s
shown in Figure 2.2,

2.2.2.5 Mixed yarns

The above discussion of types of varn has assumed that the yarn will be used as
both warp and weft in any fabric woven [rom them. However, instead of using
identical yarns, a combination of different yarns can be very beneficial.

One common combination is the use of multitlament yarn lor the warp. with
staple yarn lor the welt, an example of which is shown in Figure 2.8, The higher
tensile properties of the warp give strength to the [abric. while its filament

Flgure 2.7 A support of backing clodr made frem fibrillated yrarn in mock-leno weave.
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structure gives a reasonably smooth surface. The contributlon from the weft is
bulk, which improves the filtration efficiency and the durability of the fabric.

A different combination is to use a monofilament warp, which aids cake
discharge, with a multiflament welt, with its better collection efficiency.
Alternatively, the main wefl yarn may be combined with a secondary one, to act
as a filler, thereby increasing the bulk ol the fabric.

2.3 Woven Fabric Media

The basic material of a woven labric (Rlament or fibre) and the way that this
material is formed inte a yarn are major parameters in the choice of a fabric as a
filter medium. The third such parameter is the way in which the yarns are laced
together, i.e. the type of weave. together with any finishing process applied to the
fabric. These are now considered. together with the properties of the resultant
fabric.

2.3.1 Types of woven fabric

The varlety of available woven fabrics is virtually unlimited even if only the
materials from which the filamenis or yarns, and the complexity of the yarn are
considered. To these must then be added the structure of the woven fabric itself:
the way in which the yarns are woven together. and the finishing process (if any)
applied to the fabric afler weaving.

In common with all industrial textiles, filter fabrics have to meet quite rigid
specifications as to width, weight per unit area, weave and yarn structure.
strength and elongation, thickness and chemical properties. Flexibility may be
an important requirement, and the necessary porosity certalnly is. There are, of

Flgure 2 B Amixed garn reverse-satio weave fabrle, witk micitifilartent werp aind sigple weft.
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course, many other properties of fabrics that are of no concern to their nse as
filter media.

Woven fabrics are made up from yarns that are interlaced in a particular and
regular order called a weave. The component yarns, warp and weft, need not be
parallel to each other nor cross at right angles, but this is the case in most labrics,
and certainly it is so in filier media. The key features of a woven fabric come from
the geometrical regularity of 1ts components, and because these components are
heldin place, not by any rigid bonding, but by friction at their points ol contact,

2.3.1.7 Types of weave
The binding system, or weave. is the basic factor that determines the character
efthe woven fabric. There are three main types of weave:

« plain,
& twill,and
+ satin,

that are used in industrial textiles. as illustrated in Figure 2.9, although there
are many other more caomplex systems, some dertving from hand manipulation,
and others from mechanical changes in the loom. Examples of such complex
patterns include the creation of a pile, or the formatton of a ganze - the latter
having seme importance in filtcation fabrics (as a lene weave).

The differences among the weaves depend upon the pattern formed as the welt
yarns are woven over or under the longitudinal warp yarns. [n the diagrams of
Figure 2.9, the warps are numbered 1, 2, 3. etc., and the welts are identified as a.
b. c, etc. A white square, such as a2, corresponds to the passage of the welt over
the warp.

In plain weave, the weft yarn passes over and then under each succeeding
warp yarn across the loom, as shown in Figure 2.3, The return weflt then passes
the opposite way, under then over succeeding warps, such that each weft is held
securely in place by the interlocking of the warp yarns. If necessary, each

2.9, The three basic weaves generally used for filter claths,
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succeeding welt yarn is beaten into place. to reduce the distance between weit
yarns along the fabric. Plain weaves can give the tightest fabric, with the highest
filtration effciency, as well as the most rigid.

Twill weaves are characterised by a strong diagonal pattern. They are formed
by the passage of the welt yarn over two or more warps at a time. and then under
one or more, in a regular pattern across the loom. The next weft thread [ollows
the same pattern of over-and-under. but displaced by one warp yarn. The twill
weave illustrated in Figure 2.9 ts a *2/2' pattern showing two over lollowed by
two under. The section of the weft yarn above a set of warps ts called a float, and a
[abric showing a predominance of warps floating on the face is called warp faced,
and thc one with welt floats dominating is weft faced.

The essential feature of a twill weave is its reguiarity. leading to its diagenal
pattern. Most twill weaves are uneven int their split between warp and welt,
which causes the float effect. Pigure 2.10 shows a 2/1 twill weave, employing
multifilament varns. In a twill weave. more welt threads can be packed in to the
fabric per unit length, which gives the fabric more bulk. Compared to 2 plain
weave with the same yarns, twill fabrics are more flexible, and thereflore easier to
fit inte a Alter,

Satin weave extends lurther the concept of the twill weave. by having wider
spacings between points of interlacing. Satin weave does not have the regular
shift of weave pattern that twill has, and the result is an irregular appearance,
smooth faced, with relatively long floating warp yarns. Most satin labrics are
made from smooth. lightly twisted yarns. thereby enbancing the visual effects,

Fabrics with & satin weave are still more flexible than the other two types of
weave, because of the increased ease ol yarn-to-yarn movement: this reduces the
likelihood of particles becoming trapped in the structure. The longer Boaty allow
insertion of proportionally more warp threads. thereby further impraving the
surface smoothness, resulting in easier cake discharge. However, unless the

2. 100 Amultigilament 271 Dwit] clati.



Woven Fabric Media 63

threads in both warp and welt directions are packed tightly iogether, satin
weaves do not generally achieve high filtration effictencies. while the long floats
are more susceptible to abrasive wear.

The impact of weave on filtration performance of the resultant fabric is shown
in Table 2.9, with the same layout as Tables 2.7 and 2.8, and also derived from
Ehlers's work in 196111,

2.3.1.2 Fabric finishing processes

Fabrics of all kinds have to be treated after manufacture (non-woven as well as
woven). The most common treatment will be some kind of cleaning process;
bleaching may be needed to remove an unwanted natural colour. In the case
mainly of woven fabries, the material has to be inspected for imperfections, and
any hecessary repairs made.

Hardman'®' has identified three main reasons for carrying out finishing
processes on [abrics that are to be used as filter media (there being several other
such processcs required for textiles for other end uses):

* {oensure stability of the fabric:

e tomodify the surface characteristics; and

+ torcgulate the permeability of the fabric.

Stabilization may be necessary to counteract the lenstons that areimposeden a
[abric throughout the whole of the production process: as these tensions
subsequently relax, movement and changes in the fabric dimensions may oceur.
so that, for example. eve holes i1 prepared flter press cloths may not align
accurately with the ports of the press plates, To avoid such problems. it is
common practice to subject a fabric to etther 8 hot agueous or dry setting
process, at a temperature and for 2 duration suited 10 the particular polymer.

Another reason for stabilization is te anticipate the tensions that will be
imposed on the fabrics in use, for example on belt filters and vertical automatic
filter presses. In this case treatment involves stretching the fabric at a carefully
conirolled temperature: in addition te reducing the tendency of the [abric to
stretch further during use, this prestretching process also ensures better tracking
by equalizing any tension varialions that may exist across the width ol a belt.

Table 29 Effect of wiave pattern on Riter fabric performance

Perlarmance characteristics Crder of preference

1 2 3
Maxcemum filtrate clarity Plain Twtll Satin
Miniroum resistance o flow Satin Twill Plaln
Mtnlmum moismare in cake Satin Twill Flain
Easiest cake discharge Satin Twill Plain
Maximum fabric [ife Twiit Flain Satin

Leazt tendancy tobind Sakin Twill Plain
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Surface treatment Is designed to adjust the characteristics of the surface of the
fabric so that it is better suited to its particular purpose. Among the pracesses
invalved in treating a fabric surface are calendering. singeing, and napping.

Calendering is the most frequently used of the surface treatment processes, and
involves passing a [abric between heated pressurized rolls, with the temperature,
pressure and speed through the rolls suited to the particular fabric. Asillustrated in
Figure 2.11, the eflect is both to improve the surface smoothness (and hence cake
discharge), and toregulatejts permeability {and hence the filtration efficiency}.

Singeing is a treatment process specific to the fibrous surface of fabrics made
[rom staple yarns. The short protruding fibres, which can impede cake discharge,
are removed by a rapid contact with either a gas flame ot a very hot metal strip.
This is usually followed by contact with a wet surface in order to stop any
smouldering. The effects of singeing are illustrated in Figure 3.5 in Chapter 3,
there applied to 2 non-woven felt.

Napping is the use of a fine steel comb to raise a sofi luzz on the face of a fabric
{one or both sides), which may be followed by shearing to cut the raised fibrestoa
uniform length. This can improve the ability of the cloth to retain Bne particles.
and can alse increase its dirt-holding capacity, but it will decrease the ability of
cake removal from the material. It ts a finish that is frequently used for dust
filtration fabrics.

Permeability requlation is a vital process for the fabrics intended as filter media.
It takes two basic ferms: alteration of the surface, and adjustment of the relative
positions of the integral yarns. Surface alteration includes calendering, as
already mentioned, and the application of some kind of coating. Surface coatings
are a special form of permeability regulation treatment, and are included below
in the discussion of composite fabrics.

Mercerization is a process applied to cotton and some cotton blends, mainly to
improve characteristics not of concern to filtration {such as lustre and affinity for
dyes), but it does also improve strength. The process, which may be applied at the

{a) Befare calendering (b} Afer calendering.

2.11. Effect of calendering o the surface of a 2/ 2 monofilament twill cloth,
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yarn or fabric stage, involves immersion under tension in a caustic soda solutton,
followed by neutralization with acid. The treatment produces permanent
swelling of the fibre, and hence changes the permeability of the [abric.

Tentering is a final process used to set the warp and weft of woven fabrics at
right angles to each other, and to stretch and set the fabric to its inal dimensions.
Tentering stretches the fabric under tension by the use of a tenter frame, which
travels on tracks through a heated chamber, to remove creases and wrinkles, to
straighten the weave, and to dry the [abric to its final size. When the process is
applied to synthetic fibres it is sometimes called heat-sefiing, a term also applied to
the permanent setting of pleats, creases. and spectal surface effects.

2.3.1.3 Conposite fabrics

When a second layer of fabric is joined to a first to make a compesite fubric, then
an element of conlusion enters into the definition, as to whether the second
material enhances the filiration performance of the first, or whether it completely
changes the filtration regime of the resultant medium. with the second layer
taking over the filtration function. The latter situation is exemplified by the laying
down of a membrane layer over a woven substrate. such that the membrane does
all of the filtration, and the woven material Is only a support for the membrane.
Composite fabries of the secend kind, which are effectively membrane media with
woven fabric supports, are discussed in Chapter 8. The present section
concentrates on coated woven fabrics. and multi-layer woven materials.

Surface coatings have become an important part of the woven fabric media
business. The coating, which may be sprayed on as a liquid. or laid down as a
thin sheet that is then bendad to the fabric, or even pushed into it, is primarily
there to modify the surface permeability, but may also have other beneflcial
properties, (See also Section 3.3.1.2 for more information on coatings.)

Microporous polymer coatings can be applied to the face of woven and non-
woven fabrics, both to achieve Aner filiration, and to improve cake discharge.
Examples of this format are provided by the various Ravlex coatings, supplied by
Ravensworth; MP and HP grades are made from tetrafluarcethylene
terpolymers, applied in liquid form, to provide a very robust coating with 5-8 pm
pores. The scanning electron micrograph in Figure 3.6 in Chapter 3 shows a
Ravlex coating on a hon-woven fabric.

A polyurethane coating on a substrate of woven polyester is the basis of
Madisan's Primapar [abrics. tntroduced for use on process filters such as rotary
drums and fiter presses, shown in Figure 2.12. A development of this, the
Azurtex coztings, again of polyureihane. on a pelypropylene or polyester
substrate, are impressed into the fabrlc. This gives a more durable finish,
although the pore size is higher (6 pm. compared to 2.5—4 um for Primapor).
Madison also has a Tul-Tex finish, of specially formulated resin, for woven (and
nen-woven) fabrics, although this is intended as an abrasion-resistant cozling
rather than permeability changing.

Larmtinated fabrlcs Involve two or more layers of woven matecial, fixed together,
either frmly or loosely. [t is common practice in fliration to assemble several
layers of different fabric on top of each other, with the finest on top as the main
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filtration medium, and those beiow of increasingly open and robust construction
to provide mechanical strength and stability. It is much less common for the
reverse system to be emploved, where the coarsest material faces the feed, with
the finest material last in the series - this might be used. for example. if the leed
containg particles of widely differing particle sizes. The latter arrangement is an
cxample of depth filtration, and 1s more widely used with non-woven media (as
well asin loose media systems, such as sand beds}.

As has already been implied, a significant use for woven fabrics in filtration lies
in thelr use as supports lor membranes. Where a heterogeneous medium of this
kind can be accepted. than woven fabrics can provide very strong support as
mertbrane substrates.

Multi-layer weaving has been developed as a sophisticated weaving process by
Sefar'®, It enables the production ol the Tetex multl-layer fabrics in one operation.,
the resultant media being very suitable for filter belts; an example is illustrated in
Figure 2.1 3. Special looms are used that can handle several different warp and weft
sysiems, involving around 10 000 filaments, simultaneously; this may include
combining different warp and weft threads {e.g. monofilaments with ultrafine
maltifilaments). Equaily specialized are the subsequent heat-setting/finishing
processes, and the stretching and relaxing machines coupled with calendering.
Belts may be 10-30 m long. and between (1.8 and 3 m wide: some belts arc
required to have different permeabilities in different regions. such as at the sides.

Bor the Bliration of machineg tool coolants on flat bed flters, traditionally done
with disposable paper {or paper-like) media. the long life of double layer polyester
belts, with norninal pore ratings of 4{-120 pm. makes them an economic
alternative.

232 Properties of woven fabric

The properties of woven fabrics that make them valuable as filtration media
include their regular structure and their relative strength, both mechanical and

2.12. A sectivh througlra "Primager vodted fabrie.
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chemical. Fabrics from staple yarns are available in a wide range of materials.
cotton and woel obviously, but alsc all thermaplastic polymers can be made inta
staple varn, and used for fabrics.

A typical range of staple yarn filter fabrics is described in Table 2.10. which
shows a preponderzoce of twill weaves. They are available with quite o wide
range of permeabilities. Welghts of fabrics based on staple spun yarns are
generally in the range 400-700 g/m?, the majarity, in polyamide. polyester or
polypropylene, are for liquids: those for dust filtration are in aramid, polyester or
sullar (PPS).

Plain wecave monofilament fabrics range from lightweight cloths, with
apertures of about 5 pm, up to heavy meshes with apertures as large as 5 mm: the
corresponding fabric weights are typically in the range 40-400 g/m?. The
lighter grades are relatively Aexible, bul this gives way to stifflness and then
rigidity as the filament size increases. The resultant format is more of 2 screen
than a fabric, and they find 2 wide diversity of uses as silters. si¢ves, strainers and
screens. The media with precise. even if very fine. spacings betwceen the woven
filaments. are classitied as sereens and covered in mora detail in Chapter 6.

A wide variety of grades of menofilament fabrics is available in each of the
maia synthetic polymers. as illustrated in Tables 2.11-2.14, whick list
representative selections from the Nytal {(nylon}, Estel (polyester). Propyltex
{polypropylene), and Fluorex {PTFE} precision textiles of Sefar. The Fluortex
fabrics can be supplied in various different commercial fluorocarbon polymers,
the distinctive properties of which are listed in Table 2.15.

Rather than the plain weave used for screen-like menofilament fabrics. satin
and, to a lesser extent. twill are the usual weaves of monofilament fabrics used
for vacuum and pressure process flters for liquids, For smaller filter presses.

2.12, Seciion through a dauble lnyer waver Telex filter belt,
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pressure leaf filters, horizontal belt filters. tipping pans, and both disc and drum
vacuum filters, fabrics are usually in the weight range 200-450 g/m”. For larger
scale, heavy-duty operations. the weight range may extend to 1500 g/m?2.
Examples of polyamlde, polyester and pelypropylene flter cloths in the lighter
category. based on warp and weft yarns of various finenesses. are listed in Table
2.16., which are the principle gualities produced by one leading manufacturer.

The Madison Filterlink material, described above, has an exceptionally smooth
surface, which has a far greater contact area than that of standard fabrics,
thereby aiding filtration and extending (abric life by reducing mechanical wear.
These fabrics have found partienlar use [or the highly siressed operating
canditions of multi-roll compression belt filters (beit presses), in the dewatering
of HBocculated sludges, for example; the absence of a mechanical seam in belts
made from link fabric is of significant benefit, since this is olten the weak link in
conventicnal belts, and is frequently the first point of failure. These fabrics are
typleally well in excess of 1009 g/m? by weight, as indicated in the data of Table
2.17. Although they are effectively only available in polyester, it will be seen that
& few grades contain some polypropylene, which is incorporated with the cross
wires as afiller.

Table 210 Woven staple yarn cloths®

Fibre Crality code Weave Weight Permeability (o Tensile strength”
{E/m?s air® .
Warp Welt
Cloths for Altering Tigelds
PA NX4h3.44 Twill 460} 95 130 120
PA NX563-44 Twill 560 104y 200 140
PA MX473-48 Twill 570 T 201 140
BA NX713-45 Twill 710 4{) 150 130
PA NX713-46 Twill Fali} 13 350 130
PE AMS543-07 Twill 540 10 270 110
PE AMS543.44 Twill 340 i) 280 110
FE AMS4 349 Twill 540 10 280 110
FE AMS73-32 Plain 575% 3 B0 280
PP PX243-41 Plain 240 Fi] 140 100
PP PX373-42 Twrtll 375 100 2120 140
PP FX4]13.45 Twil 410 is 220 140
Cloths for fltering gas fdist
Aramid AX319.51 Twill ils 95 200 Kl
PE AM259-32 Twill 290 155 160 130
PE AM4A39.75 Twill 433 £1.04] 160 90
FE AMS0D9-¥5 Twill S} 205 220 140
Sulfar SU14%-04 Twill 290 120 160 60

®  Madison Fllization Lid.
b Air permeabllity,
# Tensile strengthy kgf/s cm.



Tate 2.11 Examples of ‘Nytal' nylon precision monofilament textlles®

MN2000 NTOOH NROG Ny NSO N39O0 NI N2X4 NG NSO

Reference no. e LI
Apertare (um) 40000
Warp meshes,/cm 2.0
Weft mesh/cm 2.0
Thread dia. {pm}

Warp 100

welt 100
Thickness of 2440

fubric (um}
{pen area (%) 64
Weight {g/m?} 385
Permeability toalrt -
Permeabillly 1o -
waler”

Bursting pressure” -

20000
3.h4
3.h4

el

750
1580}

53
34935

106
7.57
7.57

320

2o
a3

5H
164
hilk})

i7.5

sun
9.26
9.2k

230

2H0
505

55

144}
SEOL

2115

6
1i9
11.9

241]

Ad0
445

5l
133
S7FEAD

14.5

Snoo 3H0 0 300
139 174 2207
4.8 176 207

2200 180 140

200 180 140
3 325 250

5i) 47 47
Iy s 76
SI40 5370 S100

195 I7.5 5.1

224 100 ED
291 57K RTR
29.1 ah.7  H]3

120 KO+ 30+
2x5i 2x43

120 ot 43

2231} 1135 42

41 4 35
Hid i3 i9
4710 33900 22000
- 492 401

15.5 RO 3

* Belar

B Air permeability, dmZimin . 20 mmWG.

*  Water permeabtiy, I ond/mim e SO0 mm WG,

9 Bursting pressure. kgfom?,

MN5R

5h

i
1

43

41
1

32
37
2130
421}

8.5

M1%

35
100, 5
128.2

43

=43
o7

1A
49
15418
134

YO

20
185
18%

14

14
45

14
32
516
130

A

I3
185
185

Iy

i
43

&

iz
iz
i)

7.5

m
190
198

42
42
40

32
180
45

MIU MNISHD N1OHD MN5RD

3
2LH)
2040

2x43

2x4}
HI

|
Bl
o
5.4
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Table 2.13 Examples of ‘Propyltex’ polypropylene precision monofllament textiles®

Reference no. PRSI0 PPR- PPIO0OG- PP PPLZ2- FP1&- PP20- PP PPI53- PP445 PPSO- PPIR{) FP7Y9- PPLINI- PRI PRTE
PRl HI Wy JARD [ (RN Hd bL 11| SA}) 297 210 149 s

Aperture ) 5 1K) T B0 PALS BT 1) Tany Ky 590 M) 405 297 2RO 2140} 149 s 74
Warp meshesfem 1.6 2.3 L5 1.3 .11 b7 % 1608 120 45F 197 227 276 WD 17.4 54.5
Wel meshfem .6 2.3 15 1.3 4.1] %) H.1 1tLs 120 157 197 227 L T 47.4 5%.5
Threead dia. 1pm

Warp LI31318] TUHM  Tiu B A a{t) 4iit) 150 it 2 iy 154} 180 160 10k H3

Wl 1L Tikyed  JLatud Riur  B{M F i 1501 U3 LI 24 130 1500 1600 10} K3
Thickness ol fabriciymt 1500 |l ] ®en FRIH) T RN} 230 h LS LU Y] 1511 428 275 F20 230 230 220
pen wres 1) hb.& T Skl 4914 451 44.9 431 IRd  3RL 404 4.2 404 Pin 33 H 244 9.4
Wokeht uzfmzi 233 4y AHO jis E1:iU 3315 B0 2410 ) 170 10w 131 49 o0 T8 Tt
Peermeihilbly 1 ale - - - - =120 9TINE H2FE BRFS Hhhl) 7305 FRAD H100D #BIS TOH0 S000Y 5120
Permeability to walert — - - - - - - - - - - - - -
Bursting pressured - - - - ER LN 400 270 32400 31 M 2340 170 7.5 120 5.0 14.8)
© Hefar

]

Atr permeability LdmSmin we 20 mm WG,
Y Mbler permenbility, Ldmdimin e SOU mim WL
4 Hursting pressure, kgfen.

BISHAT JL0GD ] HSAOA

[
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Table 215 Properties of allernative PFTE polymers used in SST ‘Fluoriex’ textiles

Fibra imoncfllanent)

Propertles
Specific gravily
Tensile strength (kg/mm*}{dry}
Hel. tenacity (wet %)
Elongatiorn of break (%) (dry)
Blongation al break (% iwet
Moisture ubsorption (%) at

5% rel, hum and 20°C [bR°F)
Melling point (“C}
Softening polnt (" C)
Temperwlure resistance

or approx, limiting temp,

indry condlrion

| peranch Dlemperatare b

Reslstance te light
Abrasion resistance

Reststance and reacttons
Lo aclds
Resistance to alkalis and
reaction with caustics
Keaclion o organic solvents (as
used for instence for dry cleaningt
Special feature

FEP PFK LX {ETFE} LX {E-CTFR} COF {Allon) PYDF

[Tellon) {Hostaflon) I Tefzel) | Luxel) {Luxilar) (Halar)

212 1.75-1.77 I.70 1.6% 1.73-1.74 1.78

i1-23 35-mi 45-AU 45-60) 447 4045

1043 100 1400 100 T} 1iml

20-70 20-45% 25-45 2545 25-15 Hi—kd)

2=70 2045 a5 45 25-45 25.35 -8R0

1] ¥ () i) i (L{)g

285 270 27 245 265270 170-1%1)

7% 2RG 2R) 235 26() 155

= 190 —200¢Cto =200 A =R b 1RO C e =5 Cin

lp+232'C +1547C +1585% +150=C +15H"C +1ieC

short -termed oyt to + 1 BOEC

to 2R0C,

perm;mr:nl

temperature

L 2054C

Excellent Excellent Excellent Excellent Excellent Very gomd

Averape Averagt Averige Avetage Average Aversge

ti gonend to good tor gomsd to good tn good to good

Yory Yery YVery Yery Very Yery good

resistant resistant resistant resistant resistant

Veory Yery Very Very Very Yery good

e YT resistant resistant reslstant restslant

[hsalubile Insctuble [rsolukle Insoluble Insoluble Partly
resistant

Anti- Antl- Anti- Antl- Anti- Anti-

ailhesive adhesive adheslve adhesive adhesive adhesive

L4 MpAY HAQUS baney
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Table 216 Monofilament cloths for liquid filtration®

Fihre Crualtty code Weave Weight FPermeability to Tensile steengih’
tg/m*) abef

Warp Welt
PA NX281-01 Satin 280 1900 RN ] 160
PA NX281-07 Satin 280 300 oy 160
FA NX281-21 Satin 2810 400 Bu 160
PA NX281-22 Sanin 280 1ROL o) 1R
FA MNX371-01 c/twille i 710t $6d) 130
PA NX371-07 c/twill 373 401k F10] 130
FA NX371.21 cftwill 375 123 el 130
PA NX3IB1-07 ciuwill 380 85 a0 130
EBE AMd41-01 Sarin 44} 1650 150 230
PE AME41-07 Satin 44102 $iHY 180 230
PP PX201-01 Twill 20} 3000 ABD a9
PP PX201-07 Twill 213 1490 260 &0
PP PXZ91-01 Satln 2495 1400 350 14103
PP PX291-07 Satin 295 350 isu 141}
PF FX291-21 Satin 245 TE30 350 140
PP PX3iz1-01 Satin 320 950 400 120
PF PX331.07 Salin 335 120 341 110
PF PN 341407 Satin jd0n 24 340 120
EF PX351-07 chiwill 350} = 3401 120}
FP FX351-21 c/owill 150} 2} 340 120
PP PRial-07 Twlll I63 12A0 350 160}
* Sefar
h

Air permeability. 1Mdm 2 min (¢ 200 mm WG,
Tensile strength, kpffs em.
cftwti=compound Pwill,

a

Table 217 P &8 Filterlink' woven fabrics™

Specification Grade; SEG770 SE7S0 SE74910) SET%S SERTF)
welght (g/m?) 1350 11340 1650 1hét) 1120
Filamenl diameter. pm

RiD} [he. warp) U6 05,740 06 0.7 {1.5% (). 350

Cross (e wefi) (1.9} (3.5¢) 1L9+F 0.9+F Ly
Flaments per 10 cm

MD 160 L3k 140 136 104

Cross 27 1% i 18 14
Material

MDD FPES ’ES PES PES FES

Cross FER FES PES+F PES+F PER
Permeability to air 22150 2150

Sefar

Alr permeabiltty, Ifidm¥min 1a 200 mmWG.
F=palypropylene filler.
Profiled filarmnent.

o N T
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As has already been mentioned, an additional fltration parameter exists lor
multifilament {(as well as staple) yarn fabrics. in that there is now a choice of path
of the fluid being filtered either between the yarns or through them, a division
dependent both upon the tightness of the weave and uzpon the degree of twist of
the yarns. The weight of multifilament labrics can vary quite widcly, from below
100 g/m? to more than 1000 g/m?. Table 2.18 summarizes the characteristics of
a typical range of muliifilament filter fabrics. Most of those listed are intended for
filtering liguids. with grades avallable in polyamide, pelyester and
polypropylene, and with the weaves variously plain. twill, or a variant of satin
{reverse satin}): the grades for gas filtration are all twill weaves, the yarmsranging
irom glass, to polyester and PTFE. An example of a muitifilament plain weave is
shown in Figure 2.3, while a twill weave fabric is shown in Figure 2.10.

Fabrics made from fibrillated yarns have only a limited use In filtration.
matnly as support fabrics. Two such fabrics are described in Table 2.19.
Nevertheless, yarns made fromm Gore-Tex expanded PTFE are particulatly
attractive, since they combine the exceptional chemical resistance of
conventional PTEE, with significanily better mmechanical properties in respect of
tensile strength (2 to 3 times greater at 2l temperatures up io 300°C) and

Table 213 Multifilament cloths*

Fibre Quality code Weave Welght Permeabilily to Tensile strenglh®
tg/m?)  aic® -
Warp Welt
Cloths for filtering lguids
PE AMY92.51 Twill FIuk) i 1140 00
PE AMY92-52 Twill 1160 15 110 40}
FFP PXilz2-32 Twiil 5140 93 A0 120
PP PXI22-01 Platn 123 1o 280 330
PP Pxal2-70Q Plain 4100 3 S00r 120
PP P¥412-77 Plain 410 <3 450 120
e Px5582-01 Twill 280 U FO 280
PP PX5352-07 Twill 490 B T 280
PP PX&E2-32 rfsatin? H610 3 304} 320
FP PXaR2-313 r/sitln fhl =3 00 520
PP PX6E2-32 risatin E ) 10 SN} 320
FP PXER2-32 rfsatin REL) <3 00 520
Claths for e ring gees/dest
Glass GL299-00 Twill o 230 511 130
Glass GL4&9-U0 Twtl 4h0 235 280 IS
iSlass GL745-00 Twill 743 130 ani 140
L AM17O-00 Twill 1) b5 220 135

FTFE TF299-04) Twill 2510 140 5 hl

t  Madlson Ftltration Lid.

b Alr permeability, [dm Zmibn @ 20 mmW0L
¢ ‘Tensile strength, dab/5 cm.

9 pfsatin=reversible satin.
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abrasion resistance (8 times greater). The expanded PTFE yarns have a very low
elongation at break, excellent creep characieristics. extremely low shrinkage
characteristics, and better flex life. These yarns are available in 100, 200, 400,
1200, and 2400 denier, with the 400 denier varn being that most commonly
made up into a woven [abric. The extra strength of these materials enables the

Table 219 Woven clothe of fibritiated tape yarn for liguid Aliration*

Fibre CQualitycode  Weave Weight {(g/m*r  PermeabHlty to air Tensile strength
Warp Welt

PE PX3l4 Mock leno 31} 1573 300 2{H)

PE FX454 Mockieno 430} 1935 400 240

*  Madison Filtration Ltd.
b Air permeabtlity. [JdmZ/min % 20 mm W,

©  Tensile strength, deN/S oo {10 Newtons = 1 da™ = .898] kg The P& S standard text uses daM L

Table 220 Woven cloths with mized yarn®

Fibre Quality code Yerntype Weawe Welghtipgsm?) Permeabtlity toair® Tensile strength®

Warp Wefi Warp Welt
PE  AMAT3-0% Multi Siaple risatin® 630 24} a0 200
PE  AMG673-10 Multi Stable rfzatin 630 & bul 200
PP PX215-01 Mone Multi Twill 233 1410 2R0 150
PP PX235-07 Mooo Multi Twil 235 270 280 1941
PP PX233-21  Mono Multl Twill 233 b1 180 150
PP PX30501 Mono Multi Tatin 300 S0 350 120
PP PX30507 Mono Multi Sanin 300 24 a0 120}
PP FX34507 Mopo Multl 3atn 340 24 150 180
FP  PX575-01 Mono Muelti Sain 570 i3 430 3530
PP PX575-08  Mono Muld Saiin 570 11 450 530
PP  PX46742 Multi Staple rfsatin 460 93 FH 120
PP PX467-43  Mult Staple vizattn 460 10 300 120
FP PX547-03  Mult Staple r/sattn 343 11 500 230
FP  Px547-04 Multi Staple r/satin 543 I3 Rl 220
PP  PX587-09 Muli Stzple r/satin 585 3 00 220
PP PX5ET-10  Multl Staple rfsatin 383 o} 300 220
PP OXG537-11 Multi Staple r/satin 3835 o2 a0t 220}
PP PXA17.0% Mol Staple rvfsatin 610 13 SO0 2
FP PXR17-10  Mulu Staple risatin 610 4 300 220
PF  PXE17-81 Mol Staple Twill 415 4 S 240
PP PFX817-8}  pMulti Staple Twill 813 3 et 240
PP PX858-82 Mull Tapc Twill 850 4} {3 540
PF  PXB58-83 Multi Tape Twill 830 8 a0 40
FP  PXE3%.86 Multi Tape Twill 830 i} 900 540
FF  PXB58-87 Multi Tape Twill 8350 2 00 340

Madison Filtration Ltd.

Air permeability. |/dmYmin o WG,
Tensile strength, daM/s cm

rsattn = reversible satin.

-
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use of a much lighter woven scrim for non-woven media (for example, 135 g/m?
instead of 304 g/m?).

The use of mixed yarns (a different type of yarn for warp and welt) can give
considerable benefit to a filter fabric, by comparison with a single yarn material.
Surface smoothness, and with it cake discharge. fabric strength, durability and
filtration efficlency can all be improved by the use of mixed varns, as compared
with a single yarn, Some examples of mixed yarn woven fabrics are given in
Table 2.20, showing a wide range ol permeabilities.

The coated fabrics exempiified by Madison's Primaper and Azurtex materials
are used for the fine filtration of lignid slurries containing tltanium dioxide, china
clay and dyestufls. They are available in maximum widths up to 1.65 m, and in
nominal welghts between 620 and 750 g/m?. The average pore sizes are 2.5 and
4 um for the two grades of Primapor and & pm for both grades of Azurtex, while
the corresponding vatues of liquid permeability for Primapor are 40 and 80 1/m?/
min and 1101/m?/min for Azurtex (all measured at 20 kPa Hg).

Finally, among the types of woven fabric are those made by multi-layer
weaving. Arangeoftheseistllustratedin Table 2,21, covering a stendard range of
vacuum filter belts. Table 2.21 shows mosily polypropylene belts (with nominal
poresizes of 1 2—-160 pm), with two examples in flucrocarbon (20 and 40 pm).

2.3.3 Special-purpose fabrics

There are two types of filter fabric, intended lor special-purpose filtration, that
have appeared in several new forms since the first edition of this Handbook was
written. These cover anti-electrostatic media and combination media.

Table 2.21 Double layer weave Fabrics for vacuom Alier belis*

Belt style® Poreslze Maximum Filtrate permeability Belt stability
(1} temperatire (*Cl - . - -
Yery high High MNoemal High™ MNormal

PP-12/MM/DLW/C 12 S0

X X
PP-20/MM/DLW/C! 20 90 x
PP-21/MM/LW/C ) a0 X X
PE-30/DLWIC M 90 X X
FP-41/MM/DLW/C 40 90 X X
PP-50/ DLW/ Cd a0 a0 X x
PP-81/DLW{C 8C S0 x X
FP-85/DLW/L CE] gt x x
FP-120/DLW 120 0 X X
FP-161/DLW 160 a x X
FE46-20/MM/DLW/C 20 120 1 K
FK6-40/DLW/C 40 120 x x
2 Safar
b PP=poiypropylens: FK=Inorocarbon.
¢ Excellent mechanical properties, sultable for ftlters wlih press belt device.
d

Available as perrranent antistatic version for applicationin hazardous lecatlons.
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Of growing Importance in industrial applications are the combination filters,
malnly for air cleaning. that underiake 1wo duties al cnce: the removal of solid
particles {or iiquid droplets). and the removal of odours or other gaseous
impuritics. This can be done by the complete carbonization of the material. 10
give an activaled carbon surfzce to the entire medium, or the inclusion within
the medium of particles of activated carbon. domnick hunter'™ supplies
compressed air filters using ACC (activated charceal cloth), which has been
made by the carbonizing of polyester or pelypropylene fabrics. Such material
usually needs supporting on a lightweight carrier. such as a spun bonded
polymer. The lack of rcbustness is more than made up for by the very high
adsorptive capacity and the low pressure drop of these materials.

Such included particles can zlso be of other chemicals. such as potassium
permanganate and catalysts. As particle inclusion is more easily done in non-
woven matrices. such uses are discussed tn Chapter 3.

The use of materials that are intrinsically charged electrostatlczlly to aid in
fltration, mainly of dusts from air. has been known flor a long time. Of much
more recent development are those materials intended to conduct away any
charge that might build up on the medium, and any trapped cake. so minimizing
the hazard from the explosion of dry dusts or flammable solvents. Typical of these
media are those made by Arville Textiles (and sold as filter media components by
the Multiple Fabric Company), which incorporate fine steel or carbon threads in
the weave. or use carbon fibres within the varns.

2.4 Knitted Fabrics

Knitted fabrics are constructed by the interlocking of a series of loops made [rom
one or more yarns, with each row of loops caught into the preceding row.
Starting with the frame knitting machine, which first allowed proeduction of a
complete row of loops at one time. the modern knitting industry has grown into
one with highly sophisticated machinery. Knitted fabrics can be made flat or
cylindrical {as well as fully fashioned. for the garment industry).

From the point of view of Gltration, knitted fabrics are a lot more open than are
woven [abricy. Accordingly they are rarely used a5 2 medium in a single layer.
bul rather as a packed bed of many layers. in which format they work well as
demisters and coalescers.

Knitted fabrics can be made from yarns of quite wide variety, but [or industrial
use they normally employ single filaments as the yarn. By far the greatest
proportion of knitted labric is made from single wire or single polymeric filament,
and, as such. is covered later in this Handbook {in Chapter 5 to some extent, and
in Chapter & in more detail).

2.5 Selection of Woven Fabrics

The selection of any filter medium is dictated by the wish to achieve the optimum
combination that it offers of all of the factors listed in Chapter 1: machine related.
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TaiHe 2.22 Relative cost of constriuction detabls of woven textlles®

Maximum Proportion of cost binlmum

Fibre® Typeol M, of No, of Yarn Weayed
Matertal fibre threads twists dameters
tmm}

Fluorocarbon Monofilament High High High Satio

Aramlid Multifilarment Medium Medium AMedium Twill
large difference  Mraple Low Low Low Plain
i cost

Won]

Polyamide

Acrylic

Modacrylic

Polyester

Cottan

Rzyon

Zaran

Acetate

Folypropylene

Yinyon

Glass

Cost increases

Based on comments by Madison Filtration Lid on Sperry Bhler’s original table,

There is a vast diflerence between the top two and the others. It 1s only in deciding whether o vse
flurocarbon or aramid that the relative fitwe costs become a consideration. Nole also that the order
tgnores the influence of quality, thus, a |ew guality wool would appear much lower on the rable.

The relative cost order [or yarn diameters is correct for monofilaments and multifilaments, but should
b reversed for staple yarns,

The choice of weave order has negligible cliect upob the total cost.

application related and filtration specific. [n addition to &1l of these, there is the
question of cost. Another table originally published by Ehlers' ! sought to provide
an overview of the relative impact of its constructional variables on the total cost
of a woven fabric. This table was revised by one of the present authors' *!, und is
reproduced here as Table 2.2 2, still largely relevant after 20 vears.

Ehlers's earlier tables {Tables 2.7-2.9) form a sound basis from which to
choose a woven fzbric. Perhaps the key features are the regular stouctore and the
relative strength of woven fabries by comparison. say. with many non-wovens.
Thiz iz particularly the case where the medium is subject to variable mechanical
strains during use — such as in a tower press. or in Heinkel's inverting basket
centrifuge. Typical of the special needs of tower presses is the Albany
International Primaflo series of belts, made {from polyester or polypropylene,
with wecave patterns specially developed to maximize strength and structural
integrity, giving lfetimes approaching 14 000 cycles.

A major set of data on labric choice is included at the end of Chapter 3, offering
application guidance for both woven and non-woven fabrics In a varlety of
applications.
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CHAPTER 3

Non-woven Fabric Media

Whilst in the total world of textile [abrics, woven maierials are dominant. by
comparison with other forms of textile. the reverse is true in flltration media
fabrics, with non-wovens taking an ever increasing share of the fabric
component of the filter media market. One reason for this i3 the continuing
demand for finer filiration. of both liqguids and gases. which can be met by very
finely spun fibres, assembled into ever more complex forms of non-woven
malerials.

3.1 introduction

In the form of woollen felts, noa-wovens can claim to be the pldest form of textile
fabric. and for many centuries represented the only alternative process to
weaving, by the combined acticn of moisture and heat on carded wool fbres.
This simple scenario has been radically changed during the last hall-century by
the development of a continually expanding vericty of manuofacturing
techniques and novel products, based on z similarly continually expanding
array of raw materials.

The first significant step rccorded in this development process was the
production of a few thousand metres of adhesive-bonded fibre websin the USA in
194211, for which the term ‘non-weven fabric’ was coined. Subsequent years
kave seer the invention of various other adhesive technigues, inclnding
adheslve dispersions. the wet and dry laying of webs, and the integral bonding of
thermoplastic fibres. Alternative processes have included mechanical bonding,
bazed on needling or stitch knitting, with or without the use of binding threads.
To these became added the increasingly important ability to laminate two or
more fabrics together, or to apply a coating to a non-woven product, 5o as to form
a composite fabric,

A these techniques and processes were evolving during the 19603, there was
a constderable amount of internaticnal debate cver describing them all as ‘non-
woven fabrics’. In fact, in his book Manual of Nenwovens'l}, Professor Krcma



32 Hamdbook of Filter Media

devoted more than two pages of text to this topic, In addition to a list of 34
literature citations — one of which has the stack heading: ‘Wanted: a new name
for nonwaovens™#. The point of dispute was Lhe lingulistic contradiction inherent
in this combination of words, which evidently caused grammatical problems in
literal translations into some other languages. Despite these semantic niceties.
common usage has long since resulted in the acceptance of this terminology.

Krcma's ewn definition of the term 13 all-embracing: ‘non-woven [abrics are
textile fabrics made ol a fibrous layer. which may be a carded web. a iibre web. or
any system of randamly laid or orientated fibres or threads, possibly combined
with textile or non-textile materials such as conventional [woven] fabrics.
plastic films. [bam layers. metal folls. etc.. and forming with them a mechanically
bound or chemically bonded textile product,”

That defizition includes paper as a non-woven fabric. which is a usage foreign
to the filtration application. Paper is. of course, frequently made, or at least dried
on & non-woven belt, but it is covered separately in this Handbook (Chapter 4),
because the bres, made from wood cellulose, are much shorter than the naturel or
synthetic fibres actually used fo make non-wowen labrics. Whilst paper is
essentially a wet-laid product, the great majority of non-woven fabrics are dry-laid.

A non-woven Fabric, then. is one that is made up lrom an agglomeration of
fibres. and somettmes of continuous flaments. which are held together by some
form of bonding, 1o create 8 more or less flexible sheet of [abric. This will be as
wide as the bed upon which the non-woven matertal is laid down. and aslong as
the receiving rolls can accept. In their bulk, as-made. format non-wovens are
sometimes referred to as ‘roll goods’ fas are woven fabrics as they leave the
loom), as opposed to piece goods, which might refler to the individual pleces of
tilter media cut fram the roll. prior to their being fitted into or onto a filter.

The chemical properties of a non-woven fabric are dictated almost entirely by
the nature of the basic fibre — unless there is a binding adhesive of significantly
different properties (such as melling or softening temperature). Accordingly. the
chemical properties of non-wovens can be obtained from the same tables of such
properties that wers given at the start of Chapter 2 for woven fabrics.

3.2 Types of Non-woven Fabric

There is a sleadily increasing range of non-woven fabrics. as manulacturers
develop new processes lor their production. Nevertheless, it is possible to define
two broad classifications of such materials, into which almost all non-woven
fabrics will fall. and which can then be used as headings for subsequent
description. These two classes are. 1o & large extent. divided by the means utilized
to hold the loose fibres iogether:
s felts, which use the basic characteristics of the fibre to provide mechanical
integrity, or which use mechanical processing to create a [abric: and
e bonded fabrics. which use some additional adhesive material to hold the
fibres together, or, more commonly. rely upon the thermoplastic nature of
the polymer to provide adhesion.
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This second group is then further divided in two. according 10 whether the
basic formation of the basic fibre is an integral part of the manufacture of the
medium {the dry-laid spun media} or not (resin and thermal bonding).

It should be realized that non-woven labrics are used tn many other fields of
industry and commerce besides Rltration, and that they are therefore a very
important part of the industrial scene. Two major {and related) societies, INDA®®?
and EDANA'™! exist to support the non-wovens industry, including the
organization ol conferences devoted 1o the use of nen-wovens in filtration -
annually in the USA, and every third yearin Eurepe.

In its brochure for its "Index '99° exhibitton. EPANA stated that: "Non-wovens
represent 50% of all filter media used in dry and liquid filtraticn.’ Even if paper
media are included in the total, this is a high figure, but pevertheless it does
indicate the importance of non-wovens to the filter media marketplace.

3.3 Felts

Some fibres, wool especially, have the ability to cling together to form a coherent
mass. Most others can be made to adhere by suitable precessing. The first step in
any [elt making process is the unloading of the bulk fibre into a carding machine,
where the fibres are drawn out into a thin web. which has its Rbre content
roughly aligned in one direction. Pieces of such web can then be placed one
above the other to provide a lelt of the required thickness. The successive layers
can all be aligned with the fibres all lving in the same direction. or in different
directions to give equal directional strengths. When sufficient thickness has been
achieved, the felt is compressed and heated, ofien afier dampening. to produce its
final structure.

The distinctive characteristic of f2if is that it comprises a mass of individual
fibres, which are compacted and locked together to form a cohesive structure.
Early civilizations learnt how to felt wool by means of heat and moisture. s as 1o
prodiuce cohesion through the localized breakdown of the complex structure of
these natural fibres. Although this process is not applicable to the wide variety of
modern synthetic fibres and filaments, they can nonetheless be felted. either by
bonding with an adhesive (as discussed in Section 3.4). or by a mechanical
enianglement process known as needle punching.

3.3.7 Needlefelts

For some, undemanding. applications. a simple felt can provide suitable
performance, without any form of strengthening. However, their low tensile
strengths, and the ease with which fibres can become detached [rom the felt and
ecler a downstream flow, make simple [elts unattractive for most filtration
purposcs, and some mechanical (or chemical) strengthening is required.

Needle punching is by ne means & new technique. since it originated in the
1380z with natural fibres, but it is only since about the early 1270 that it has
come Into prominence because of its applicability to many synthetic fibres. The
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first step iz to assemble several layers of carded fibre into a ‘lofty’ {i.e. bulky} web
or ‘hatt"; this is then compressed into a denser stracture by needle punching with
a mass of special barbed needles reciprocating at speeds up to 2000 strokes/
minute, as illustrated in Figure 3.1,

With perhaps 100 or more needle penetrations per square centimetre, the
effect iz to entangle the fibres and to reduce the thickness of the web
substantially, to a degree that is controlled as desired. Punching may be on both
stdes of the web instead of just the one, as in Figure 3.1: this improves the
uniformity al'the lelt1.

Before needling, the web of loose fibres s prepared with great care, using the
traditional carding methods of the textile industry: several layers of carded fibre
are stacked on top of one another, according to the desived thickness and density
of the final needlefelt. Carding aligns the fibres along the length of the machine,
50 that a stack of layers in parallel produces a felt that is [ar stronger in the
machine direction then transversely. Cross laying of alternate lavers can
eliminate this directional difference, or even reverse it. depending on the angle
between consecutive layers.

Most lelts are mechanically strengthened by needling. but an alternative, and
more specialized, technigue employs & set of high-pressure water jets to fix the
fibresin place - a technique known as hydroentanglement.

3.3.1.1 Needfefelr properties

The relatively low tensile strength of a plain felt is significantly improved by
needling. Even grealer strength can be achieved by forming the needlefelt
around an inner scrim. which is & single layer of very open woven mesh, as in
Figure 3.2, The scrim layer is placed within the pile of individua! webs that make
up the felt; some felts are asymmetric in structure. with the scrim located
accordingly for optimum abrasion resistance. Formation around a scrim is the more
common structure of needlefelts for filtration, although scrimless felts are also
sometimes used. A scrimmed needlefelt is essential in the case. say, of filter bags that
are cleaned by a reverse jet of air, to expand the bag. The frequent and regular
expansions and contractions would be more than a plain needlefe[t could tolerate.

The shape of the cross-section of the fibre is a significant factor in determining
the strength of a needlefelt. This has accordingly recelved considerable attention
from manufacturers seeking to meet the demanding conditions isnposed on thelr

Flgure 3.1. Principles af the necdle feiting process using barbed needles.



Figure 3.2, A typiced serim arourd which a el is formed by needle praciing.,
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products in applications varying from carpets te clothing. with filtration by
comparison generally providing a relatively small-scale market. Figure 3.3
shows the highly profiled form of Lenzing's PR4 fibres, while various fibre shapes
are illustrated tn Figure 2.5 of Chapter 2.

The fineness of the fibres in a needlelclt has a significant impact on filtration
efficiency, notably in respect of the concentration of particles in the exhaust from
bag house fabric filters. A paper by Dilger'™ summarizes the resuits of a
development programme by Du Pont utilizing fine fibres of both Nomex and
Teflon. The emission level of a 320 g/m? needlefelt of standard 2.2 ditex Nomex
fibres was 1.19 g/m? higher than that of a 300 g/m? felt of 1.1 dtex fibres.

In many ways, needlefelts would appear to be ideal for filiration, combining
the possibility of greater flexibility and versatility in construction, including the
ability to produce asymmetric lorms, by exploiting variations of fibre diameter
and shape, plas the final felt density. Thereby it should be possible to achieve a far
morc uniformly open surface and controlled in-depth structure than with woven
fabrics. On both of these counts. however, the reallty falls short of the ideal, but
still provides a rich source of media of great industrial value, especially in dry
filtration for the collection of dusts.

The possibility of optimizing construction of a needlelelt to suit a particular
appllcation s, tn practice, limited by the practical realities of the textile industry.
with its commitments to fields other than filiration. Two factors must be borne in
mind: first, felt manuflacturers are generally dependent on cutside suppliers for
the fibres they require. and can only buy grades that the suppliers find it
economic to produce on the large scale implicit in their own manufacturing
processes; secondly, felting itself is also essentially a large-scale operation. and is
therefore inevitahly geared to large markets.

Figure 1. 1, Microphotograph showing the cross secton of Lenzing s PE4 fibres.
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As for the uniformity of the surlace and control of the in-depth structure of a
needlefelt. close inspection under magnification reveals something of the
underlying technical difficulties. Figure 3.4 15 a microphotograph of a section cut
through a felt that has been needle punched on both sides, In Figure 3.4 the
points of penetration by Lhe needles are clearly visible, revealing the orientation
of fibres imposed at a point of penetration: it also shows the yarns of the scrim
along the centre line of the sample. It is very possible that the needle holes may be
significantly larger than the pores tn the rest of the structure.

For much of the last 30 years. needlefelts have been the dominant material for
flter media, especizlly for gas cleaning. However. they arc now steadily being
replaced by the thermally bonded spun polymeric media, discussed in Section
3.5, which are capable of much finer degrces of filtration.

Initial enthusiasm lor the seemingly endless potentlal of these then new types
of Alter media in the early 1970s stimulated Wrotnowski'®? to propose a
theoretical model 1o relate the pore size of a needlefelt to the diameter of the fibres
and the denstty of the [elt. For a time. this relaiionship was used as a guide to the
ranges of needlefelt available - as shown for polyester and polypropylene
needlefelts in Table 3.1, but subsequent experience and material development
led 1o its being largely discarded in (avour of the empirical summary of the
available labrics, as discussed later,

3.3.1.2 Surface coatings

The finishing processes applied to needlefelts are much the same as for woven
[abrics. as discussed in Section 2.3.1.2. These include calendering and singeing,
the latter being illustrated in Figure 3.5, as techniques to modify the surface
inish. rather than adjusting pore size.

The coating of needlefelt fabric surlaces is a little more complex. and
sometimes it is difficult to draw Lhe line between coated Fabrics and the bonded
media discussed in Section 3.4, or between coated fabrics and the membranes

Figure 3.4, Cross sectlon throngh @ needle felt, strowing Vhe serinr and atso e fibre ve-orientarion calsed by
the neadfing, at = 6.2 magnification.
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made using felts as substrates and discussed in Chapter 8. Coatings can be employed
to change the porosity of the surface of the felt, and/or to protect the materials of the
fibres from heat or the corrosive effects of gases (or. to a lesser extent, ofliquids), orto
protect against abrasion. Another major use is toincrease the ability of the mesh to
release a cake of collected solids, whether this be hygroscopic or oily.

Simple surface coatings include the Ravilex material described in Chapter 2.
and illustrated in Pigure 3.6, and the Madison ‘Primapor’ and 'Azurtex’
materials also described earlier.

Webron, for example, supplies its Microweb 2000 and Microweb Il media as
PTFE and acrylic coatings, respectively, on a polyester needlefelt (at 2.1 m wide ),
with relatively high permeabilities. The company also supplies Supaweb
chemical treatments, which can be applied to felts of most synthetic materials,
and which are thermally bonded to the basic material. Each treatment conveys a
particular additional property upon the felt:

# Supaweb DR improves cake release behaviour;

& Supaweb WR repels water and improves release of hygroscopic dusts;

Table 3.1 Theoretical variation of pore size of peedle felt with fibre diameter and
felt density

Felt Polyester Polypropylene
density e S
(g/em?) Fibre dismeter (p) Fibre diameter ()

12 L% 23 13 21 30 48
0.01 41 fd 4] 42 [219) 77 134
012 16 37 Bl 37 33 Y 118
0.14 31 51 73 33 47 [} 106
0.16 30 448 L] 30 43 33 Y6
(.18 27 43 fhl 18 1% a1 =14
.20 25 4 37 235 ihq 47 81
(L22 24 38 53 24 13 43 73
0.24 23 35 50} 22 31 4() 69
0.26 2] 33 47 21 24 37 )
(L.2% 20 1l 44 19 27 35 fl
0.30 19 29 42 18 26 33 57
.12 18 28 40 17 24 31 34
0-34 17 27 I8 16 21 29 51
0.36 113] 26 16 15 21 28 48
(.38 14 24 33 14 20 ut sy &6
0.40 15 23 33 13 19 25 43
.42 14 22 32 13 18 24 41
(.44 14 21 H) 12 17 22 19
.46 13 2 29 12 16 21 37
048 13 20 28 11 16 20 35
.50 12 19 27 11 15 19 33
(.52 12 15 2k 10 14 18 32
(.54 11 14 215 10 14 17 30
0.56 11 17 24 9 13 17 29
0.58 10 16 23 9 12 16 28
0.60 10 16 23 8 12 135 26
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& Supawebh OB aids release ol aily cakes;
» Supaweb CR greatly improves resistance to chemical attack;
s Supaweb FR resists the effects of incandescent particle carry over,

The corresponding treatment processes employed by Fratelii Testori, a long-

established maker of filtration [abrics, tnclude:

# Novates, a coating of polyurethane on polyester or acrylic felts, which is
hydrophobic and oleophobic: it resembles & membrane, although the
finished pore size is only stated as ‘below 15 pm’:

» Mantes. a chemical treatmment of the felt with a resin containing PTEE, for
application to acrylics, and high-temperature fibres such as aramid.
polyimide and sullar (PPS), giving good chemical resistance;

e Kleentes. which involves steeping the labric in a chemical solution
containing PTFE and fluoride resins at high concentrations, lollowing
which the fabric is dried and heated to fix 1the fluorides on the fibres: used

Figure 3.5 The surface of o heavily singed needle felt.

Figure 3.6, ‘Ravlex roqting on spunbonded polypropylene needir felr.
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on polyester or acrylic Abres to give good cake release and protect from
chemical activity:

& Rhytes, which is made in a similar lashion to Kleentes but is applied to
bigher temperature fibres. to improve the high-temperature performance,
and reduce chemical attack.

Madison has also developed an abrasion-resistant coating in its Tul-tex
coatings lor polypropylene, nylon and PET substrates {woven as well as non-
woven), These are thermosetting resins sprayed or knifed onto the surface.
giving not only abrasion resistance. but also improved dimensional stability.

3.3.1.3 Needielell izbrics

The type and range of needlefelt fabrics avallable arc well illustrated by the
data of Table 3.2. This shows the main products of Andrew Textile, a long-
established needlefelt maker {and sister comapny of Webron Products). in the
company's standard range. for four different fibres: polyester. polypropylene,
homopolymer acrylic, and copolymer acrylic. A similar table, Table 3.3. shows
the corresponding data for a range ol bigher temperature polymers: aramid. PFS,
PTFE and polyimide. These materials have porosities between 72 and 87%, and

Table 3.2 Standard needlefelis®

Froduct Weight Thickness" Density Alr Bresking Elongarion® Lineal Shrinkage’.
(g/m?) imm) ig/cm?] permeability® sirengtht (%] % ¢

Polyester

T350TFS IS0 1.35 0.26 3300 TeHI 1 3 170

T40AOTFS Ll 1.40 1A TR 1100 3 3 170

Td 3TFS 450 145 031 220 12000 3 3 174

T300TES 00 1.7% 2% 180 1200 3 i 170

TESOTFS 550 1,80 .31 1632 1 300 3 3 170

To40TFS 40 2.13 0.30 140 1300 3 3 170

Polypropylene

F40IPES 400 2.4 20 235 33{} 3 i IR

P4s0PFE 450 2.20 0.20 L7 R L] 4 3 100}

PS(MPFS s00 230 022 130 000 4 3 ino

PSSOFFS 530 273 o2 130 330 + 3 10

Acriylic HP

H400HSS 400 1.7% 0.xx  ren 30 + 3 130

H300HSS 500 x.13 023 200 B0 4 3 150

H530HSS 331 2.33 0.24 1683 hat] + 3 158

AcrylicCP

C300HES 300 210 023 6D hiad 4 3 140

& Andrew Textile Industries Lid.

® Thicknessat 22 kPa,

¢ Ajr permeability, dm3¥dmimin e« 2 mmWiG

S Mininuwm beeaking strength. NS om.

B Maximumelongation i 30N/S om.

i

Muaxirnum lincal shrinkage afler 24 hexposure tadry heat.
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Table 3.3 High-temperature needlefelis®

Product  Welght Thickness™ Density Air Breaking Elongalion® Lineal Shrinkage',
tgfm?) [mm) igiem?) permeabiliy®  strength? (%) i C

Aramid

X407XSS 400 2.00 120 263 3} 3 3 2an

X4BOXES 480 2.30 0zl 2 A5 3 3 240)

X500XES S0 214 .24 150 A0} 3 3 240

K350XE8 350 2,30 0.24 1A% Rk 3 3 240

K539K585 550 .40 023 173 750 3 3 240

XS00KSE 500 2.30 .22 2400 A3t 3 3 240

PP

R552ZRSH 550 1.85 0.3 215 S00 3 2 ()

RSOORSH 500  1.60 0.3l 230 &L 3 2 200

PTFE

F702FFH 700 (p9% 0.7 145 SU0 f 3 230

F7SOFFE 750 1.00 73 113 AL & 3 250

FR40FFH B40  1.05 (.80} 40 AL f 3 150

GEOOFFH 800  1.40 .57 110 630 fH 3 230

F7OUOFFH 700 1.45 L67 133 GEHD & 3 250

Polyimide

1550188 350 165 0.2 170 G 4 3 230

?  Andrew Textile Industries Led

Y Thicknessat 22 kPa.

© Alrpermeability, dro Ydm3min @ 20 mmw.

4 Minimurn breaking strength. N5 cm,

1

Mazintem efongation & 30N/ cm

pore sizes between 35 and 66 pm. The lensile strengths range from 40 to 100
kgl/5 cm strip,

Two significant recent introductions by Andrew Textile concern scrims and
microfibres, The use of 2 scrim in needlelelt has been traditional in Europe. but it
has been less common in the USA. Andrew introduced its Fibre-Locked felts to
Europe. to overcome the problems of the weakening of a scrim in the needling
process. This material has lower tensiie sirengths than those of scrim supported
fells, but the general filtration performance is better,

Consegquent upon the availability of finer, so-called “microdenier” fibres,
Andrew has alse introduced its Micro-felt. made 160% from fibres of less Lhan 16
pm in effective diameter. This material is able 10 achizve much finer degrecs of
filtration. with mean pore sizes of 12 to 25 ym {irom fibres of 0.5 to 2.25 denier).

Figure 3.7 shows an lnteresting variaot of the flat sheet form in which
needlefelts are generally produced. this bring Webron's Circron cireular
seamiess tubes or sleeves. They are produced by continuously winding and
ncedling a web of Aibres around a rotating mandrel. so as to apply a number of
layers to build up the required final thickness: the tube thus formed s drawn
continucusly off one end of the mandrel. so that the length is virtually unlimited.
Circron tubes of various fibres are available with inside diameters [rom 68 to 350
mm, wall thicknesses from 8 to 18 mm, and in materials including
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Figure 3.7. Cireron seamiless meedle feft Libes.

polypropylene, polyester, acrylic. aramid and PPS: porosities are 65-90%., with
pore sizes up to 4040 pm,

3.3.2 Hectrostatic effects

The filtration of solids from fluids can create electrostatic effects, or can benetit
from the existence of electrostatic charges on the Bliration media. Especially in
the case of the filtration of dusts. the presence or absence of such charges can
make a great difference to the filtration performance.

3.3.2.1 Electrically charged non-wovens

Many particles in Huid suspension carry a small electric charge, and so will be
more sffectively removed from suspension il the filter medium carries an opposite
charge. Thiseflect is utilized in the media known as "clecirets’. and the phenomenon
of zetapotential'. The cflects are covered in detailin Chapters 4 and 5.

3.3.2.2 Anli-static media

A well-known problem in applying needlefelts to dust filiration is the hazard
that can arise from the build-up of electrostatic charges on the filter surface. To
guard against this. the systemn must be well earthed, which is only possible if the
fabric of the filter bags has a sufficiently high electrical conductivity. By conlrast
wilh thls requirement, the synthetic polymers from which needlefelts are made
have a high electrical resistance. and are therefore very susceptible 10 becaming
highly charged with static electricity.

The solution to this difficulty is to increase the conductivity of the fabric, either
by chemical treatment. so that the polymeric fibres become coated with metal
salts, or by incarporating into its structure & small quantity of other fibres that
are themselves highly conductive. It is worth emphasizing the tmportance of
ensuring that, in use, fiitter bags of anti-static cloth are properly earthed: H they
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are not earthed, they will actually increase the static hazard since their much
higher capacltance will enable correspondingly high static charges to
accumulate.

Chemical treatment has the disadvantage that it is not durable. since the
coating is likely to abrade and disintegrale in use, especially if filter bags are
occasionally laundered. By contrast. the incluston of conductive fibres provides
permanent protection. Examples of conductive fibres are DuPont’s Epitropic and
Bekaert's Bekinox. The latter are of a speclal grade of stainless steel that is of
extremely high purity, so as to avoid the risk of inclusions within the very flne
6.5, 8,12 or 22 pm diameter fibres.

Epitropic fibres are primarily polyester. with an outer sheath of pelycster
isophthalate copolymer, which is impregnated with particles of carbon black, as
illustrated In Figure 3.8. The sheath has a melting point 35°C lower than the
core; it can be softened by controlled heating so that the carbon particles
become embedded in it, to be an integral part of the fibre surface. The electrical
conductivity of these fibres is 50 times higher than that of stainless steel; this.
combined with their significantly lower density, is claimed to give them a
signlficant cost advantage for lower temperature applications suited to
polyester,

An alternative approach is to make the serim conductive as well as having
stainless steel fibres among these of the felt. This feature is exemplified by
Andrew Textile's conductive felts, listed in Table 3.4.

3.4 Bonded Media

The Bbres in felied media or needlefelts are held together by the natural
interiocking of the staple fibre. or by the zdditicnal entangling of needling or
hydreoentanglement. coupled with a smalt effect of temperature at the poinis of
contact of the fibres. Another group of non-woven materials achieve their

Folyester core A Carbon pariicles

l‘. -
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Flgure 3.8 The struciure of "Epicroplc " fibres.
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Table 3.4  Antl-statkc needlefelts®

Maximum elongation (f S0N/5 ooy
Maxitim lines] sheinkage after 24 h exposure to dry beat.

Product Weight Thickness® Air Breaking Elongation®  Lineul  Shrinkage”
tg/m?  {mm) permeabilteys  strength?  ¢% " C

Comdrrctive

NESSOXKS 350 2.40 150 750 3 3 230

T8500TKS 500 1.53 180 1100 2 3 0

TS550TKS 550 1.70 164 1100 2 3 170

TESOOTFS 500 1A% 175 116042 3 3 170

TEGLOTFS  H40 L90 125 1250 2 3 170

HSSO0HKS 560 230 230 6500 3 3 140

P5502PKS 500 2.60 214} 16081 2 2 LK)

" Andtew Textile Indastries Lud.

b Thicknessat 2.2 kPa,

¢ Afr permeabtlty dmYdmimin @ 20 mmWG.

4 Minimum breaking strength, I4/5 cm.

I

cohesion by a specific bonding process of the fibres in the felt, either by means of
the addition of 2 separate bonding agent. ur by localized melting of thermeplastic
fibres at the points of contact.

3.4.1 Resin-honded media

Historically the first of the bonded materials to come into use, the chentically or
resin-bonded materials employ an adhesive resin of some kind. impregnated
throughout the bulk of the felt. to provide the required degree of cohesion to the
fibres. The web of fibres, staple or artificial, would be formed in exactly the same
way as lelts, by carding and layering. and then a quantity of resin, usually in
liquid form, would be sprayed or otherwise distributed throughout the fibre mat,
followed by some kind of curing process. to sel the resin to achieve bath the
required level of permeability and also ol material strength.

By far the greater amount of bonded material is made by dry laying. but there
are some spectalized media made by wei laying. Wet-laid media are produced by
the ancient art of papermaking: short staple fibres, whether natural or synthetic.
are dispersed in water to produce a slurry; this slurry is then led continuously
anto a moving screen or array of wires. and the slurry dewaters by gravity
drainage. sometimes assisted by pressure or vacuum. The resultant web of
uniform, but randomly orientated. fibres is then drted over a series of heated
rollers. An adhesive or binding agent can be incorporated in the original slurry,
or sprayed on the web after its formation: the drying process will then set the
binding agent as required. Almost all wet-laid media zre made lrom wood
cellulose or glass fibre. and are used as filter papers or related formats — which are
discussed in detailin Chapter 4.
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Dry-laid media are so called because the first step in their manofactare is the
formation of 2 web of short fibres, directly from the raw fibre material. by means
of the conventional bundle spening and carding methods and machines of the
textile industry. Multiple layers or sandwiches of the carded fibres are then laid
mechanically. with successive layers having the same or different directions of
orientalion of the fibres, according 1o Lhe required strengths of the fnished
material in its individual directfons. The layering may be done by cutting the web
intto strips asit is formed, and then depositing these strips. one above the other. or
by using several carding machines in series. as in Figure 3.9.

Less frequently, the opened fibre is transported and dispersed pneumatically by
air laying, thereby forming a non-directional web, which is usually bulkier
{‘leftier’) than carded webs.

H the fibres are of suitable material. the web may be heat-sealed by means of
hot rolls. If not, then the web may be treated with a binding resin, either by
spraying onto onc or both sides ol the web. or by immersion in a bath of the resin,
before it 12 finally dried and cuered.

The web of fibre, mixed with bonding agent, ran be laid down on a cylindrical
former, to produce a cartridge element. asdescribed in Chapter 9.

3.4.2 Thermally bonded media

If the web of fibre is of a thermoplastic pelymer. and is not 1co thick, then the
fibres can be bonded by passing the lelt between pairs of heated rolls, which haye
a dimpled surface. with raised areas opposite one another. to compress the fibres
and heat them in localized spots across the width of the roll.

Freudenberg, one of the world's largest makers of non-wovens flor filtratlon,
has & sei of such ‘point-sealed’ media. shown in Teble 3.5. relating to
polypropylene and used for industrial liquid filtration.

3.5 Dry-laid Spun Media

Probably the most exciting developments in non-woven media have come [rom a
series of combined extrusion and layering processes that exploit the

Figure 3.9, Forntinga mudti-lnyer web by sinruitaneausly dey laying o sequence of webs from severaf capding
machines in tamdem’ 24,
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Table 3.5 Fremdenberg point-sealed media®

Grade Weight Thickness Airpermeablilly Water Tensile Bubble  Meanfow

(g/m? [(mm) {Ifm3s)e permeability” strength? point pore {pm])
(umj

FFK34123 23 02r3 2350 671 53 150 80

FPFK 3440 40 0.38 1180 198 1it6 100 &5

FFR 3460 ol 0.48 855 144 170 a0 43

EFK 1470 7l .50 [ LY 101 188 .21 40

FFK34&0 80 156 560 94 210 78 37

EFKH34 10 100 .64 396 67 230 b 27

¢ Freudenberg Viesstoffe Ki5 Fiiter Division.

b ArI00 Pa iS50 Pal

¢ [Jm3fs @ 200 mmWe,

o

M5 em in machine direction.

thermoplastic nature of many syothetic polymers. From small beginnings cnly a
relatively short time ago, the dry-laid spun media have now increased to the
state where they are of comparable importance in the filter media market place
with woven media and needlefelts,

Since the late 1960s, these novel manufacturing processes have developed
rapidly. to give the resulting materials this commanding positlon in the filter
media business. The development has heen so rapid that a standard set of terms
has not yet been agreed on an industry-wide basis — some refer to all such
materials as ‘spunbonded’, others differentiate between spunbonded and
‘meltblown’, while terms such as 'melt spun’ and 'flash spun’ are also used.

The earliest such processes wesre those first called melt spinning. now
generally known as spun bonding, and which remain important to the present
day. They produced relatively coarse filaments. while the newer developments.
such as melt blowing, have enabled the production of much finer fibres.

The key feature of these processes is that a molten polymer is extruded through
2 series of holes in a spinneret, and the resultant flaments are laid down in
various ways on a moving belt running under the spinnerets. The final bending
of the filaments cr fibres is achieved by various combinattons of keat, pressure
and chemical activation, although the thermoplastic nature of the polymer is the
prime structural feature. It is this integral production of Slament or fibre followed
immediately by its laying down as the medium that distinguishes the spun media
from the felts — which are made. usually, from bundles of fibre bought in [rom a
separate supplier.

Thus, diverging from the usage of the first edition of this Handbaok, where all
ol these materlals were classed under the general heading of spunbonded medla,
they are here classed as dry-laid spun media. The essential difference between
spunbonded and meltblown materials is recognized and described in the
following notes.

The differences between the two main classes of dry-laid spun material are
significant in terms of Aitration behaviour, but both are available with the same
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range of Anishing processes as are used for woven and needlefelt materfals:
calendering, singeing and coating. The lamination of different materials is also
an important feature of dry-laid spun media.

3.5.1 Spunbonded media

In the preductien of spunbonded media, conventional synthetic Abre technology
is used to extrude molten polymer through the orifices of a set of spinning heads
or spinnerets. mounted above, and acress the width of, 2 moving screen belt.
This produces a muitiplicity of continuous filaments, which are first quenched by
a crass flow of air, 2nd then drawn dewniwards by concurrent air streams,
through an aspirator jet. The spinnerets oscillate [rom side to side, and the result
is that the filaments, kept apart by electrostatic charges, are randomly laid down
on the belt {which has a suction box underneath it).

The fneness of the flaments depends directly upon the size of the capillary
nozzles in the spinnerets, and is therefore relatively coarse. Spunbonded media
are therefore not capable of very fine degrees of filtration, but are relatively
strong in mechanical terms.

The continnous roll of spunbonded material is finally consolidated to the required
performapce specification, usually by some lorm of calendering. The majority of
spunbended materials are made from polypropylene and polyester melts.

The name Reemay was originally the registered trademark of D Pont for the
company's spunbonded polyester material. The name lives on, now within the
BBA Nonwovens Group. which provides an extensive range of spunbonded
media, all produced in the manner described above. The range includes the
Reemay polyester media, as well as the polypropylene Tekton media (known as
Typar within North and South America}. and other polyester media such as
Synergex, Typelle and QualiFlo.

Table 3.6 lists the properties of filtration-grade Resmay, made from fine
polyester fibres with diameters of 16 ar 23 pm; the filaments may be of round or
trilobal cross-section, and, as shown in Figure 3.10, they may be straight or
crimped. Corresponding grades of Tekton/Typar polypropylene media are
summarized in Table 3.7; their thicker 25 and 19 pm fibres. together with a
modification to the process to introduce directional orientation of the filaments,
provide high material strength.

Another exiension of the spunbonding process is to add a needle punching
stage. BBA's Typelle has a polyester web formed by spunbonding. which is then
partially consolidated in the normal way for spunbonds, prior to being needle
punched. Data [or Typelle are given in Table 3.8,

3.5.2, Melthlown media

Melt blowing was reported by Meyer' 7 as having been pioneered in a programme
aimed at developing microfibres capable of cellecting radioactive particles in the
upper atmosphere. The process was refined and licensed for commercial use by
Exxon, andis now one of the most important production routes for filtration media,
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Teble 3.5 "Typelle’ needle punched polyester spunbonnded medla®

Styleno,  Flamentslze® Weight(g/m} Thickness{mm) Grabtenslle Traptear Bursting pressure  Permeability % Filtration efficiency

N M (kgfem)? to alrt

MDx XDy MDD XD

Ins air® [n water’

5158 2.2 51 0n.3% 144104 hIx54 1.17 1264 86 &1
154 4 51 034 BHxhE 32x 86 0.89 4426 50 52
5204 1.2 i) 0.3g 194> 144 Blx99 144 177e 75 U
3204 4 3.3 .56 Tdihx 108 54 xhB 1.65 IR0 71 78
5300 2.2 102 .51 185171 VEuTH 1.79 1£99 99 i
5450 2.2 153 w74 293270 113%113 4.13 1142 97 g6
S60Y 2.2 203 117 340%311 130%133 6.53 #26 94 a9
S900 2.2 02 i.78 567441 1440 180 2.21 s34 94 94
5120 2.2 £ 26 635x4b4 14% w207 11.28 451 97 93
* BBA Nonwovens.
h

Lo -

Denier values listed. Diameters 16 p.
MD=machine directicn XD=across muthine,
Alr permeability, idm? min =" (@ 20 mmWG.
Based on 8—18 u particles.

Based on 5060 L particles,

PIPFN AN fo YOMGIIEE 00T



MNon-woven Fabric Mediz 101

Straight Fibers Crimped Fibars

Figure 3,10, Reermay polyester fibres,

Molten polymer is once again extruded at high temperature from spinneret
orifices to form continuous filaments. Now, howewer, theze filaments are
impacted by high-velocity air streams, which cause the filaments to fibrillate,
and to break into fine, moderately short fibres, some 10 to 20 cm in length. These
fibres are then collected, in random orlentation. on a moving screen belt. with a
suction box underneath it. Because the fibres are both finer and shorter. the
meltblown medla are less strong than, for example, spunbonded material, and
20 they are most often used in combination with other stronger media (see
Section 3.6).

Meltblown fibres have a relatively high surface area per unit weight (1 m?/g).
and a smaller diameter {5-10 pm}) than spunbonded matertals. They are thus
able to filter to a finer degree than spunbonded materials. The most common
material used for melt blowing is polypropylene.

31.5.3 Other spun media

The production of materiais by extrusion of polymeric llaments has been taken a
stage further by Du Pont in its flash spinning process to produce Tyvek high-
density polyethylene sheet products. Like Lhe ather spinning processes, flash
spinning involves extrusion through a spinneret; but whereas pure molten
polymer is extruded in the pther processes, with flash spinning the extrudate iz a
partially separated two-phase mixturz of pure solvent droplets and a highly
saturated polymer/solvent mixture. The decompression across the spinneret
capillaries induces flash evaporation and the formation of fibrils; voids are
created within the fbrils as ruptures arc caused by expanding globules of solvent
vapour. The fibril webs are collected on a moving belt, and are then subjected toa
combination of heat and pressure to promote self-bonding. This [brms sheets of
continuous strands of very fine interconnected fibres. with very high specific
surface areas (30 m2/g), and a high bursting strength.
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Because Tyvek iz an exceptionally tough material, its primary flelds of
application are in packaging and construction materials, for which purposes the
Tyvek name i3 still used. In its basic lorm, its permeabtlity is too low [or use as
filter media, so the process has been extended, to peoduce filtration grades, now
marketed under the name SoloFlo. This development was alsp reported by
Meyer'”-%}, a particularly interesting aspect of these reports being the variety of
wastewaters successlully processed by the combination of the SoloFlo flter
media and the Qberlin automated pressure filter. Pertinent data on the SeloFlo
material are given in Table 3.9, together with those [or other grades of DuPont
inedia that have some filtration uses imainly as membrane substrates). The higher
permeability [or the SoloFlograde isshown in itslower pressure drop figure.

A material being developed!"! for military use. lor the protection of personnel
against chemical and biochemical attack. updates 2 7{-year-nld technique
called electrospinning. to produce a mat of nanofibres. As well as in the form ol a
fat sheet, this mat can be laid down upon any surface — [rom a model ol a human
body to the core of a filter cariridge — and promises to be a very geed filtration
mediam.

3.5.4 Ixtruded meshes

Other forms of extruded polymer ure used in filtration in the form In which they
are made. There are several suppliers of extruded plastic mesh materials, all
deriving from the original Neilon patents, which could be formed intc non-
woven media. However, the process is mainly used for single Jayers of mesh, and
accordingly Is discussed in detail in Chapter 6.

3.6 Compusite Non-wovens

Non-wovens of all types are used frequently as part of a composite matertal. with
the various component layers chosen to give the right combination of fltration
properties and material steength characteristics.

$pecial composites have been developed within the range of spun media. One
of these is what is now known as SMS, namely a triple-layered material

Table 39 DoPaent ‘SoloFle’ flach spun medla*

Property SoloFlo 10580 10380 10730

Mean flow pore size {pm) {at psi) 32110 1.7 (4.4 23129 1.8(3.7}
BEubble point(um} {2t pst) 11.08) 4.91(1.4) 3.411.2) 7109}
Void volume (%) b6, 3 56.1 587 45,4
Liquid efficiency {%) 99 9% 9541 99.63 29.92
Permeability (psid} I3 HLO 4.1 4.3
Easzls weight (g/m?) 42.4 54.3 A4 46
Thickness (mm) .13 14 0.17 2.19

*EIdu Pont de Nemwours Inc.
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consisting of a central melthlown layer. with spunbonded materials top and
bottom. SMS media are typified by RBA's UltraFlo range, which is made in
polypropylene, in six grades. ranging ftom 17 to 88 g/m? in weight. 0.1 to 0.43
mm thick, and 1575 to 255 1/m?/s permeability.

There are two contrasting styles of laminated structure, depending on
whether the filter medium s intended to [unction by depth filtration or by
surface filtration. With depth fltration, the medium should be graded so as to
increase in fineness in the direction of flow. The upper, coarser layers will act as
a pre-filter, in which the larger particles are retained. with the smaller particles
then being trapped subsequently in the finer layers. This will maximize the dirt-
holding capacity per unit area of medium. and hence its life before it is
discarded.

Typical of this type of laminated medium i{s BBA's range ol spunbonded
composite material called Synergex. lormed lrom several layers of pelyester
filaments. Some typical data are given in Table 3.10. There are two versions.
depending on whether the calendering rolls are smooth. so as to generate 'flat
bonded’ matertal, or embossed. s0 asto generate 'pattern bonded' products.

By definition. surface Altration idezlly tnvolves the collection of all particles on
the surface, or upstream face. of the medium, with none passing into its depth;
thereby the effictency of the medium ts totally dependent on the peres in this
surface being sufficiently small for the required purpose. Surface filtration has. of

Table 3.18 ‘Synergex’ composite spunbanded media®

Style no, Filament Welght Thickness (irabtenslle Rursting Permeability % Filtration
siza® (g/ml  {mm) N pressure 10 air! efficiency

IML=<XDF) tkgfem®} -

Inatr® o water

Elat bonded

6114 2.2 i4 .13 M x72 163 2630 0 30
6115 2.2 71 0.18 104131 227 1536 75 BD
6120 2.2 L] 0,20 234w 1RY 3.3 1094 80 8§
6125 2.2 a3 B.23 320%x234 493 EZ6 a0 8
6130 27 in2 (2.3 34ra297 302 71 91 S0
Q144 2.2 136 {3.36 k= 3K S 7.1 E1:%] 98 97
Faetern bonded

6215 22 31 0.25 lA2=13% 248 1384 ¥ B0
6220 2.2 Y3 633 =17l 71 1296 33 W
6230 2.2 132 041 102x 3R 5391 B7d o 93
6240 2.2 13 U.dd 3ibxaill £.18 442 99 49
6230 2.2 lag 11654 6hhx486 %56 443 9% %h
6260 22 203 074 FTOX3RF  11.7R 413 99 97
*  BBA Nonwovens.

" Denier values listed Diameters 16 p.

¢ MD=machine direcrion XD=across machine.

4 Air permeabllity Jidim2tmin Y@ 0 mmWG

¢ Based on 8-1% p particies,

r

Baged on 50-60p particles.
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course, been practised for as long as filtretion has been in use, and suitable media
cun be found to provide efficlent separation by this means, according to the
nature of the particles to be removed.

However, the modern emphasts on extremely high-efficiency removal of very
fine particles haz led 10 the demand for very finely porous surface layers. and this
demand has been met by the lamination of a membrene on to a suitably robust
substrate. Non-woven materials have proved to be very sultable as substrates,
especially for the support of PTEE metnbranes. Depending upon the intended
application, substrates range from lightweight spunbonded polypropylene or
polyester, to substantial fabrics such as thick needlefelts. These materials. which
are cflectively membranes as far as fitrailon is concerned. are more lully
discussed in Chapter 8.

In the same way that woven media can be made with combined fltration and
chemical treatment behaviour, combination mediza exist in the non-woven field
as well. Typical of these are BBA's Qualiflo media, made from pelyester Sbres,
which are resin bonded. Qualiflo are thick media. internally graded to provide
efficient fliration (99% against 2-3 pm particles} and high dust-holding
capacity (658 g/m?). In addition, they can be custom engineered to incorporate
a wide range of powders for specific applications; for example. grade EH-AC-980
incorporates activated carbon granules to provide cdour control as well as
filtration. The recent purchase by BBA of AQF Technologies has added exira
capability in combination media.

3.7 Selecting Non-woven Media

A wealth ol information exists to guide the prospective user of a fabric, woven or
non-woven, as & filtration medium. Most suppliers of filter media Issue such
guidance, but completely independent advice is not so easily come by, The notes
here are intended to give as balanced a view as possible. (Since much of the data
is fibre material dependent, the following notes relate as much to woven media as
to non-woven.}

The three main parameters in the choice of a medium are: filtration performance,
mechanical performance and cast. As far as cost is concerned, 1he rough figures of
Table 1.5 can be used to compare woven and non-woven fabrics. There it can be
seen that, on a unit filter area basis, needlefelts and woven [abrics are about the
same price, butihermally bonded materials are significantly lower in cost.

In terms of application, and in the broadest possible terms, woven media are
used for liguid filtration, and non-woven media [or gas filtration — but there are
almost as many excepttons to this general rule as there are agreements. Il is
perhaps more correct to say that non-wovens have snccessfully displaced wovens
from a large number of gas cleaning applications. but have been less successful in
displacement in Jiquid filtratien (although the membrane has taken a large share
of the market here). One reason for this is that all the mechanically complicated
filter equipment {such a belt or & tower press} are used for liquid filtration. and
these need the strength in their belts that only woven [abrics can provide.
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3.7.1 Non-woven media applications

An early classification of non-woven media by Sandstedt'!"! listed a number of
applications for dry-laid, wet-laid and spunbonded materials. This was updated
for the first edition of the Handbook. and is included here. [argely unchanged, as
Table 3.11, because it is still largely relevant. The updating included expansion
to cover meltblown z2nd needlefelt media. Table 3.11 shows which medium is
suitable for which of a number of industrial, commerclal and domestic
applications. What has changed, of course. is the overall importance of the spun
media, at the expense of ether dry- and wet-laid materials.

3.7.2 Woven fabrics and needlefelts

The following tables are intended only as a preliminary selection guide. They are
based primarily on the experience and product range of P & S Filtration, now part of
Madison Filter Group. The tahles consider anly woven fabrics and needlelelts, with
one pair of tables summarizing information in respect of liquid filters, and a second
pairsimilarly devoted to dust filters, but, in thelatter case. supplemented by a table
relating the recommended labric weight to the vigour of the cleaning methed.

3.7.2.1 Dust filters
A total of 16 different groups of fabrics are identified in Table 3,12, each one
being allocated a number. and described briefly in terms of its type. Table 3.13 is

Table 311  verview of markets for hasic types of non-woven media®

Market segrnent Type of nop-woeren medla

Needle lelt Bonded media

Deylaid  Wetlaid  Spunmedia

Spunbonded Melt blown

HvACatr filter X b X

Fabric dust flters X

Tea bags x

Coffee bags A ¥
Machine tovl coolant % '

Milk X X
Vacuum cleanerbags  x X X
Edible oil X

Fare masks X %

Bpod and beverags X 1

Cartridges '

ROYUF X X x

¥ Original table by Sandstedt*™ updated with assistance from Lutz Rergmann. Filter Media Consulting
ne.
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based on specific industrtes, with subdivision in terms of the operating
ternperature of named categories of process; in cross-linking these to suitable
groups of [abric, a distinction is made according to the filter cleaning option. It
must be remembersd that these tables do not take account of the availability of
spun media nor ol membrane media. both of which are increasingly being used
for dust cleaning.

Understandably, heavier necdlefelt fabrics are advisable for use with the more
intensive methods of cleaning. Table 3.14 distinguishes among five categories of
cleaning mode, ranging from infrequent shaking. up to pulse jet cleaning at a
pressure of 7 bar.

The type of filter. and especially the mode of cleaning, broadly detcrmine the
type of {abric that is appropriate. Bergmann'!?’ comments that US practice is
generally to use needlefelts for pulse jet filters requiring outside cleaning. but
wovwen fabrics lor the inslde cleaning of shaker and reverse air filters.

The chemical and physical properties of the fabric are zlso of crucial
imporiance, as described In Chapter 2. Table 2.6 is an important summary of
media materials for higher temperature dust filtration applicattons.

3.7.2.2 liquid filers

A total of 18 groups of fabric are identified in Table 3.15, slightly more than in
the corresponding table for dust filers (and with a noticeable preponderance of
woven fabrics). A much greater expansion occurs in cansidering the media
applications in Table 3.16, lo allow the inclusion of a varlety of vacuum and
pressure filters, as well as a substantizl rumber of relevant process variables,

Table 3.2 Types of cloths for dust Aliers*

Filter cloth group/cloth type Air permeability
Wetghn m?/m/min Lidm*/min
1g/m™ at12.7 mm at 20W3S
We
1 Waoven slaple polyester FO5—-4 80 930 140175
2 Woven multifil polyester 185 f 9%
3 Woven multifll warp, staple welt polyester 403 13 L
4 Woven multifl glass 295-44i) 160-18 155-285%
5 Wovenstaple acrylic copolymer 360 6.3 LU
& Woven staple acrylic homopolymer 37s B 125
7 Woven muliifi] warp. staple welt polyaramid 140 15 230
& Woven staple polyaramid 300 A 95
9 Woven multtil PTFE 290 9 140
10+ MNeedlefelt with base fabric. Polyester 340040 7.a-17 ran-270
11 Meedlefele with base fabric. Acr¥lic copolymer 405-4h0 I-31 155-270
12 Needlefelt with base [abric. Acrylic homopoiymer  H0U-A350 -12 110=-19{}
13 Meedlefelt with base fabric. I'olyaramid 140-300 12-25 19395
14 MNeedlefelt with base [abric. Glass 3L 10,5 163
15 Mevdlefelt with base fabric. PTFE Fa0-84e -9 G314}

16 Needlefelt with base Fabric. Polyphenylenesniphide 300 10-13 135-213%

?  Madison Filter.



Table 313  Duge flter appllcations®
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Industoy Process Process Moisture  Filtercloth group
Operaning or acldic
‘Temperature {(“C} conditians
Reverse Pulse
alr/shake cleancd
cleaned fllters  filters
Cement Raw mreal Uple 13070 Mol stupe 1.3.6.10 mn.11.12
crushing. drying possible
Kiln gases and Upto HUPC Moisture 4 14
clinker handling possible
Packing transpori  Ambienl No 1.310 10
Irenandstes]  Purhace ime Upte 110°C No 1,23 10 13
Alumina handling Ambient o 1.3 i
Algminiom Carbon anode Upte 200°C Mo 7B 13
preparation
Potlloe fime Upia120°C Nor 1 10
Carbenblack  Carbonblack Up iz 200°C Molstare 1.4 13,14
possibile
Nen-ferrous Collectlon of fume  Up ey 190°0 Acidic 1.3.5.6.7. 8, 10,141,121,
smelting zine, conditiens 9 16
l#ad, tin posstbie
Gypsum Kettles Upte 130°C Maolsture 5.6.11
Perlite Perlite Upto 17000 Muoistute 4,7.810 10,13
production
Plastics PYC. Recover Ambient MNix 3 14}
ARS.
pelyethylene.
polypropylens
Quarry Crusing. grinding, Upilo | 20°C Molslyre 1.6 15.11,12
and asphait drying aggregaie possible
Askestos mtilling  Upio 1200 Maojsture 1.3 10
and drytng
Asphalt Up to 200°C Moisture 6.7 ¥ 12,13
production possible
Coal fired Fly ash collectiony  Upta 2206C Acid 1.6 12.14.15,
bodlers possible 16
General dust Dust handling Ambient No 1.3 10
handling
including Nour.
cereal.
provender

“Mudizon Filter.
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3.73 Spunbonded media

Table 3.17 summarizes application data supplied for some of BBA Nonwovens'
materials: the spunbonded Reemay and Tekton, the needled spunbonded

Typelle, and the laminasted Synergex.

Table 314 MNeedle felts to suit cleaning mode of fabric Bleers®

Cleuning mode

Basis welight (gfm?}

Permesbility Lo air

lfém min—*
@20 mm W3
[nlrequent mechanicat shaking 235=270) 300-h60
Feripdic shaking 270-370 350-660}
Shaking plus reverss air cleaning 370-500 245-190
Low pressure reverse air cleaning J4047F5 245-190
Pulse et cleaning at ap o 7 bar 500-880 56-170
*  PFileer Media Consulting Ine.
Table 3,15 Cloth types For Hgnid Blters®
Filter  Cloik type Weight (g/m?)  Air permeability  Max conlinuous
cloth {m¥m*fminat  operaling
Eroup 12.7 mm WG) Lemperataes (°0)
1 Woven monoflament polyester 350-550 30-150 120
2 Woven multifilament polyester 150-650 1-5 120
3 Woven staple polyester 450-700 1-% 120
4 Needled polyester 640} 2 I20
3 Woven monofilament polyamide 230400 25—k} 100110
& Woven multifilament polyamide 100-250 1-5 110
7 Woven staple polyamide 400-800) 1-5 110
2 Needled polyamide H00-1000 -0 110
8 Woven monofilament 206-350 40-120 95
pelypropylene
10 Woven multiilament polypropylepe  350-700 0.5-3 85
11 Woven staple polypropylene 200-650 1-20 45
12 Woven multifilament warp 450600 1-B 95
Staple welt polypropylene
13 Meedled polypropylene £00-R00 1-5 95
14 Woven monolilarnent 200=330 30-80 85
polyprapylene
15 Woven menofilament 00-600 Qver 200 85
Polyvinylidine chloride [Saran]
16 Woven siaple modacrylic 430 Negligible B3
17 Woven colton/nylon combinaticn 00 0.3 1(H)
18 Woven cotton SO0-650 0.3=-2.10 144

®  Madison Flltration Ltd.



Table 3.16 Liguid filter cloth applications®

Indusoy Process Filrratlon equipment pH  Process Particle Particle  Fliter cloth Filter media leatures
operating ope size group
temnperature
°C)
Sugar 1st aod 2nd Filter ieal 711 High throughout
carbopation and reslstance Lo
blinding
Candle flter 11
Mud desweetening Rotary vacuum €-10 95§ Amorphous Medium  7.11 Good mechanical
drum resistance apcd
cake discharge
Filter press 6.7.11 Good mechanical
resistance, dimensional
stability and seal
Automalic pressure 12 Good dimensional
filter stabillty. lracking and
high strength
Jutce hiltration Piltar press 7,11, 18 Good mechanical
resistance, dimensional
slability and seal
Cane sugar refining Flliter leaf 2711 High throughput and
resistance to blinding
Fhospharicacid  Removal of calcium Hortzontal rotating  Upto 6100 Crystalline Coarse 3.9 R.esists abrasion and

sulphate

pan Alter

Travelling band filter

bitnding by crystal
[ormation, Gecd
dimensionz] stabiliry
Dimensional stabilicy
ensure good lracking

60T DI JLQB] Uaom-LON



Table 3.16 {com fnued)

[ndustry Erocess Filtratlon equipment pH ~ Process Particle Particle
operating type slze
femperature
(*C]

Alomina Fed mud overflow Fliter leal 13 Amorphois Fine

Ref mud undertlow Rotary vacuam Medinm
drum
Hydrate preduct and Rotary vacuum disc Crystalline Coarse
Seced
Edible oils and fats  Expelled off Filler press 121 Amorphous Coarse
Bleaching
Hardening
Winierizing
Ceramics and china Clay slip dewatering Filter press 7 40 Crystalline Coarse
clay
China elay
Sewwge and eflfuent Munictpal Filter press 510 10 Amorphous Fibrous
Travelling band
filter

Fliter cloth
group

Filter media leatures

9,10, 11
5.9, 14

5.9 14

3.7

23,7
Y

717

A7 I, 12,13

6,110, 12

L8710,
14,15

1

Resistance Lo red mud
blinding. High throughput
Resistance to blindlng

and good cake discharge
Besists strelch and
abrasion, High throughput
and good cake discharge

Good mechanbeal
reslstance and reteation
Resistance Lo hedl
Excellent retention ol
catalysl

Reslstance v blinding
from fats, High throughput

Good mechanical
reststance and seql
Conslslent cuke densily
Fine paniicle retention.
Resistance to pin holding

Good resislance Lo blinding
und mechanical dumage.
Good cake dischurge

Higk: stakilily for good
tracking. Strong belt joining
kigh mechanical resistance

Bipa Jnpd o qoogpuny OT1



Table 3.16 (comthued)

Filter media leatures

ladustry Process Filation equipment pH  Process Particle Particle  Filter cloth
operating type size ETOup
temperature
")

Industrial Filter press Varlable 1,5.7.12 Good cake discharge, fine
particle retention and
high throughout

Dyestuf, pigments Fllter press 1-13 S0 Crystalllne Fine 2,10, 11,12, PFine particle retention and
and 13 suliable for cake washing
intermedlates
Automatic pressure 10 Dimensional stability to
filter ensure good racklng
Vacoum Hlter 2391012 Good reslstance bochemical
conditions and hlinding
Viscose Gel lilteation Filler press 12 21} Amorphous Gelatinous$ Optimurm gel retention.
High throughput. Ideal for
off-machine and back
wasiting
Sturch products Starches. glucoscand  Filler press 5-% 3l Amorphous Coarse 7 Good resistance to blinding,
gluten dewalering edse of washing
26 Lood throughput
Cowal Coal dewatering Balary yacuum belt 5-8 26t Cryslalline Course
Rotary vacuum belt 1 Dimenstonal stabillty o
ensure good tracking
Rotary vacuum disc 5.9 Abraslon resistant and
oo cake discharge
Cluy tailings Amorphous 1,5.14 Dimenstonal stabilivy for

large presses. Sood cake
discharge, Rexisis blinding

DIPIV] J0Q0g HAMOM-LON
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Teble 3.16 (comtinned)

Filtration equipment pH

Filter media leatures

Industry Frocess Process Particle Particle  Filtercloth
operating type size aroup
temperatare
(*C}
Metal concentrates Mon-ferrous Rotary vacuum dise 5-3 25 Yarigble Coarse 7,13 Good resistapce to blinding,
concentrates high throughput and low
moisture content
Trom are 5-8 40 Coarse  5.14 Good reststance t bllnding.
high throughput and low
moizture content
Brewing Mash Sparging press 5% 80 Amorphous Coarse Y Maintains blgh threughput
Yeast Fllter press b3 Fine 3.12 Flae pacticle retentlon at
high throughput
Roughing Filter press pat} Fine [ Maintatns high throughput,
regenerable
Moo fetrons mets Fllter press 312,13 Fine particle retention and
refining resistance to blinding
Hydrometallurgy Rotary vacuum 1-14 100 Yarizble Yariable 1.2 5.9, 13 Good blinding resistance,
drum mechanical reststance and
cake discharpe
Filter leal 2.11 High throughput with good
filtrate clarity
Electrometallurgy Diaphragm 2, 10,1k Controlled permeability and
low woltage drop
Titanium dicxide  Clarification Filter beuf 3-11 25 Ctystalline Fine 2.4 Gond resistance to blinding.
High throughpul
Removal of iron and Yacuum leaf 5 3.11.18 Good cake pickup.

treatment

Reststance to blinding and
good retentlon efficlency

vipay J7I fo yooqpunH 1L



Table 1.16 (continued)

[ndustry Process Flltration equipment pH Process Particie
opetating type
temperulure
el

Whashing apd Rotary vacuom
dewutering dram
Cement dewalering Raw meal dewalering  Fllter press -k 25 Variable

pricr tokiln

Partlcle
size

Course

Filter cloth
group

2,3,4.11

1.5

Filter media leatures

Low moisture content
consgistent with
thraughput.

Guood cake discharge

Good dimensional stabikity,
mechantcal resistance and
discharge. High throughput

& Madison Fllter

PIPIN Hagbf WANOM-UON

£11
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Table 3.17 Application for BBA Nonwavens spunbonded media

Faod Swimming Maching Industrial Air Membrang
and pool coolant cartridge filters substrate
beverage

Rermay

2004

2005

20055

2006 X X

2011 X

2014 X X X

T-667

2015 X X X
2014 X X X

2024

T-67Y9
2033

2040

2250

2275

2200

2214

T-608
T-6()Y
22495 X X X X
2410

1415

2420

2430)

244()

2470 X X X

£ L
b

-
- td

L B
- S
>

L

Tekion
T-B67
T-244
T-13%
T-161
T-198
3121
3141
3151 X
32N X X b
3251
3in
3
3331
34411
3601
3801
T-509
T-511
T-513
T-515
1517

oo oM
EL A 4

>
E
FE -

E R - 4
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Table 3.17 (costtinued)

Foud Swimming Machine Iedustrial Air Membranc
and pool conlant cartridge filters subsirate
beverage

Typeile

5150
5154
200
5204
5300
545
5600
5900
5120

E ]

L

Sunergex

6110
6115
6120
6125
6130
6140
6215
6220
6230
a0
62 5]
G260

ow -
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CHAPTER 4

Wet-laid Fibrous Media

The media discussed in Chapters 2 and 3 mainly involved fibres — natural and
synthetic - made up into bulk materials by a variety of processes, all of which
operate in the dry state. This chapter features the traditional papers and paper-
like materials, made by deposition from a slurry in water. These wet-laid media
also involve bath natural and synthetic fibres.

4.1 Introduction

A typical and conventional definition of paper — the quintessential wet-latd
material — is that it is & substance made from fibrous cellulose material, such as
rags, wood or bark, treated with various chemicals and formed into thin sheets
for writing, printing, wrapping and a wide variety of other uses. This definition is
broadly valid as the history of paper is followed over many centurtes, from its
earliest recorded Chinese origins in the second century se, right up until just a few
decades ago: over this immensely long time span. the cellulose material varted
considerably, depending on the plants available locally (e.g. jute, flax. straw,
esparto grass, cotton linters, wood pulp) but was always a vegetable fibre.

This impressive continuity has been interrupted in recent vears by two
separate technological develocpments. necessitating that the scope of this chapter
is widened accordingly. Qe of these s the manufacture of fibres of other
materials that can be formed into paper-like sheets by adapting the conventional
papermaking process: the outstanding example of this Is the variety of glass fibre
papers, which are of major impertance in filtration. The other has evolved by
exploiting the characteristics of the synthetic fibres lormed by the extrusion ol
molten polymers; adaptaticn of this extrusion process enables these fibres to be
formed direcily into the paper-like sheets of the spunbonded media discussed in
Section 3.5 of Chapter 3.

Also included in this chapter are the filter sheets that are used, [or example, in
spectal forms of filier press to clarify beverages such as beer and whisky or (o
sterilize pharmaceutical solutions. Traditionally these sheets closely resembled
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thick filter paper and., In fact, were made from a mixture of cellulose and

ashestos fibres: recent years have seen asbestos displaced because of its health
hazzards.

4.2 Cellulose Papers

If. a5 is often said, the filter medium is the heart of any flter, then of the many
types of media this is surely true of cellulose filter paper, which lies at the heart of
filtration technology itself. Apart from its popularity as a highly versatile filter
medium, the process by which paper is manufactored is itself dominated by
filtration. Morecver, the two basic forms of papermaking machines (the cylinders
of John Dickinson and the Fourdrinier wires which evolved from the invention of
Louis Rebert) are clearly the progenitors of the vacuum drum and horizontzl belt
filters widely used in the chemical and processing industriest'".

As shown schematically in Figure 4.1, in essence the papermaking process
comprises dispersing [ibres (o form a suspension in water. and then filtering this
through a wire mesh o produce a thin ma1, which can be compressed and dried.
Whilst any fibrous material can potentially be processed in this way. the
resultant sheet will only have sufficient strength to be usable if the fibres bond
together, either because ol their intrinsic properties or by impregnation of the
sheet with a suitable adhesive or resin.

The preparatton of the suspension is of crucial importance and typically
involves a seguence of mechanical and chemical treatment stages to ensure that
the priginal cellulose fibres are well separated [rom #ach other, and also that the
structure of each fibre is partly disintegrated so that its surlace is fbrillated (i.e.
hairy). The possibility of achleving this state i3 apparent [rom the typical multi-
layered structure of cellulose fibres; the fibres are relatively coarse. abount 30 pm
in diameter, but the fibrils are very much finer, their dimensions and numbers
depending on the extent ol the chemiczal and mechanical treatinent.

By variation of this pretreatment process, and of the nature of the fibrous raw
materials, the structure of paper made from cellulose fibres can be controlled to

LI

@

Figure 4.1, The basic wet-lnid paper making process.
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give 2 wide range of products ol different permeabilities. porosities and strengths.
The strength may be further enhanced by impregnating the paper with a suitable
resin, espectally for use under wet conditions, hecause absorption of water
reduces the sirength of untreated cellulose,

Multi-tayer papers of different grades, possibly combining different materials
{e.g. membranes) or including chemical reagents lor specific functions, can be
produced by lamination using a variety of binders and adhesives. An alternative
approach pioneersd by Whaiman uses a single manufacturing operation to
produce muiti-layer graded density papers, which combine high dirt-holding
capacity with low pressure drop characteristics: the practical benefits of this are
illusteated by the experimental curves in Figure 4.2, showing how the lile of &
membrane filtering river water was maximized by a graded prefilter as compared
with a conventional one of uniform denstty.

Although not. perhaps. in the mainstream of products covered by this
Handbook. the paper used in domestic and commercizl coffec filters should not be
forgotten as a significant market for cellulose papers. This is marketed with
bleached. and, increasingly, unbleached cellulose fibres.

4.2.1 Laboratory papers

The simple circular sheet of fllter paper. familiar to chemistry students. and in
analytical laboratories around the world, Is an important outlet for cellulose
filter papers (and alsa for glass Bbre — see below).

it is appropriate to divide these papers inte two broad categories. Qualitaiive
filter papers are for use in qualitative analytical techniques aimed at tdentilying
materials; they are accordingly also suitable for general use. Quantitative filter
papers are for use in analytical 1echniques intended to quantify the composition
of materials. where the purity and composition of the fliter paper are of crucial
importance.

CHALLEMGE SYSTEM=RIVER WATER

FLOW RATE [mis'sec)

10
I A d%um Momerqng
£ 0 dSam Membr e 5 SOnwWanHE!
3 Prplaige 12 Jpa
3 0 aSum Bemimare ama SvEshbaal
sl 11 G
4 0 3%y Memirane ard Midlgrade
B GMF 'S0k Gur
4
2
@
e a0c
VOLUME FILTERED {MILS)

Figtre 4.2, Effect of Whatman mudiI-lager prefilier {eurve 4 ) pn meembrane life.
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In respect of their 21 standard grades of this category, Whatman identified two
ranges ol qualitative papers (depending on whether or not they are wet
strengthened) and three ranges of quantitative papers (depending on their ash
content). Table 4.1 summarizes all five ranges and indicates their typical
properties. Table 4.2 reproduces Whatman's notes giving guidance on their
applications. Finally, Table 4.3 shows the typical trace element content both of
two representative quantitative papers and. for comparison purposes, also of
grade No.1 qualitative paper.

Table 4.1 Typical properties of Whatman cellulose filter papers!

Grade  Particle Al Ash Thickness  Basis Wet Iy Tensile
retention® rale? (%) {pm) weight* burst’  burst# strengihh
Quaiitetive
1 11 LS 0.06 180 Lt .3 16 39.1
2 8 21 0.06 180 103 .7 16 44,6
3 f 26 0.06 3490 187 1.5 28 72
4 20 37 0.06 205 96 0.7 10 284
5 2.5 94 00.06 200 9% 24 21 533.6
] 3 35 0.11 180 105 0.3 15 39.1
General-purpose and wet-strengthened qualltative
9] 10 6.2 .2 2015 71 2 18 28
93 10 7 0.2 145 f7 2.6 12 i8
113 10 1.3 .2 42() 131 8 24 k6
114 23 5.3 {h2 190 77 8.9 15 42.1
Ashless quantitative
4() # 19.3 0.008 210 92 0.5 16 46.7
4] 20 14 0.008 215 L) 0.3 10 27.2
42 2.5 107 0.008 200 100 0.7 25 55.8
43 1k B9 0008 220 af 0.6 12 3R.2
44 3 57 0.008 176 77 0.4 44 3v.4
Hardened low-ash quantitative
5() 2.7 96 0.015 115 97 9.1 13 84
52 7 11.4 0015 173 1011 B.3 24 71.%
54 22 4.2 0015 185 92 4.4 18 57.6
Hardened ashless quantitative
540 .3 13.2 0.007 160 %3 9 ) i53
541 12 3.8 0.007 153 82 5.3 14 43.4
542 2.7 69 04007 150 93 9.2 28 82.6

Particle retention in Lguid tiltration, based on chatlenge tests with suspensions of particles of known
sizes, and is the size of purticle in pm for which the filter will retain 98%.,

b Ale flow rate in 5/100 ml/in2.

Ash "% is determined by inclneration of the cellulose flter ar 900°C In alr.

4 Mesnsured at 33 kPa,

Basis wetzht of paperisin g/m2.

Wet burst steength n psi.

& Dry burst strength fnpsi

b Tensile strength (MD) in N/15 mm.

Whatman International Lud,
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Table 4.2 Whatman notes o applications of laboratory cellulose Rlter papers

Whatman grade

Comments

Qualitaiive flters
Crade 1
Grade 2
Grade 3
Crade 4
Grade 5

Grade &

Wt strengthened
quantiiative filters
Grade 91

GCrade %3
Orade 113

Grade 114

Ashless guantilative
filters

Grade 40

Grade 41

Grade 42

Grade 43
Grude 44

Rardened Low ash
guent et ve

filters
Grade 50

Grade 52

Grade 54

Medium retention and fllow rate for rouline laboratory applications.
Siightly more retentive whth a slower fltration speed than Grade 1.

A thick paper with good loading capacity. fine partlcle retention and
Increased strenpih. Particulacly useful foe flat Buchner funnels. The high
absorbency makes [t a uselul sample carrier.

High llow rate with good retention of larger particles and gelatinous
precipitates.

‘The mosi eficient qualitative paper for collecting small particles: slow
flow rate.

Twice as[ast as Grade 5 wilh zlmost as good particle cetention. Olten
specifted for boiler water analysts.

Because the strengthening resins contain nitrogen, should not be used
in Kjeldah] esttmathing,

A general purpose creped flter for less critical routine analysis. Used
waorldwide to assay sucrose fn cane sugar.

Similar to Grade 91 bul with a smocth surface.

A creped Alter with high loading capacity and the fastest low ralec ofany
qualitative grade. This is the thickest filter paper in the range and
extremely

strong, 1 15 ideal for use with coarse or gelatinous precipitates,

A very strong paper with a stooth surface. Sultable for coarse or
gelatinous prechpitales,

2.91% ash maximum, preduced from high quality cotton linters. For
routine guantitalive techniques: ideal for a wide range of cttlical analytical
Alteation procedures.

A general purpose ashless ilter paper with medium speed and particle
retengion. Typical applicaticns include gravimetric anabysis. the filtration
of sulutions prier to atomic absorption spectrophotometey and In abr
pollutien monltorng.

The fagtest ashless Blter paper: recommended for analytical procedures
involving large particles or gelatinows precipiiates, e.g. hydroxldes of iron
or alurminlum.

The most eflicient quantitative grade for collecting small particles and fine
precipltates such as barivm sulphate.

A moderalely last filter used in the analysisof foodstufls and in soil analysis.
Thinner that ihe other filters in this series 1o give the lowest ash weight for
any glven circle siz¢. Slightly less efficient than Grade 42 lor coifecting
small particles but with a higher flow rate,

0.025% ash maximum. The paper s freated with strong acid to produce
kigh wet strength and chemical resistance. Particularly sulbted for Buchnar
Hitrations where 115 toogh smooth surface makes it easy 1o recaver
precipiiates.

The thinnest of all Whatman filter papers with a slow low rale and good
parttcle retention character|stics. The hardened surlace is virtually lree
[rom loose Rbres,

The general purpose hardened surface filter paper with medlum retentton
and Aow rate. [deal Tor use with Buchtier funnels or Whatman 3-plece flter
futnejs.

Very fast filtration for use wlth coarse and gelatinous precipitates,
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Table 4.2 {continued)

Whatman grade Cormirents

Hardened ashless 0.008% ash maxtmotn. Ackd havdened to glve htgh wet strength

filters and chemical resistance with extremely low ash content. The

tough surface makes these filters suitable for a wide range of crltical
filtration procedures,

{rade 544) The general purpose hardened ashless filter paper. with medinm retention
and flow rate, Frequetily used ln meta) analysis.

Grade 541 High hilration speed for the retention of targe particles and gelatinous

precipitales in acid nr alkaline solutions. The typical applications Include
protein determinations. cement analysis and the determlnation of Abre in
animal loodstufls.

Grade 542 Efficient retention of small particles in soluions that would weaken
conventionel klter papers, The fluw rate is slow bt there are many critical
apolicatians for thls steeng and very hard paper.

Table 4.3 Typical trace element contents (sg/g) of Whatman cellulose Glter papers®

Grade 1 42 342
Aluminium =004 2 1
Anlimony =002 =G =002
ATSERIC = {102 <02 <003
Batiurm < <[ <1
Baran i 1 2
Bromine 1 1 1
Calciom 183 13 -3
Chlorne 130 &it 35
Chromium 0.3 0.3 0.7
Copper 1.2 i+3 0.2
Fluorine 0.1 2 0.3
Irom 3 [t 3
Lead 0.3 r2 ol
Magnesium n 1.8 0.7
Manganese 0,06 0.05 <0.05
Mercury < 0,05 < (L0605 < 0LINFE
NMitrogen 3 12 2hil
Fotasslum 3 1.5 U.h
SHltcon 2 =2 e
Sodium 1hib 33 H
Sulphur 13 <3 =1
Zing 14 [N ) .3
‘Whatman Internationral Lid

4.2.2 Industrial and general-purpose papers

Data relating 1o a range of cellulose filter papers produced for general Industrial
use, such as with filter presses. are listed in Table 4.4. Many of the grades, as
indicated by the inclusion of ‘w/s’ in the grade designation, have their wet
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Table 4.4 Typical properties of general purpoese cellulose papers®

Grammage? Fiftralion®  Alr? bry  Wel Retenticné Min" Mean®
tg/m?) Tlrne 15) resistance burst® burst” sizeipm) pabe  pore
tPa) 1kPAl {kPa} tumt  [pml

Creped cebluloss
Hw/a 380 23 470 124 a0 25 78 185
Bw/s a0 72 11210) 200 75 10 6.l 9.8
Bldl w/is 140 25 370 184 LR 13 LB 142
WTw/fs 150 132 RO 300 130 10 5.9 148
BT 150 193 1700 0 - L] 4.3 3.0
Plain celiuloze
Thin white wys 70 133 2020 130 B0 f 5.3 3.1
Medium whitewfs 50 161 1900 2N} 33 ] il 74
Ew/s 140 320 203000 194 a0 4 4.7 7.}
Fw/s 225 749 4730 390 180 2.5 33 57
Wiews 225 39 710 240 30 3 1 10
TOw/s 280 459 3000 34} 130 3 LR L
Pletin spnthetic
v130 40 =] 7 151} -1 168
F150 50 <] 3 18 108 110
P300 90 1.2 14 a0} 150 a0
Vion a0 1.2 14 29(} 150 k14
R 300 40 1.2 14 2910} 154 E14)

a

Hollingsworth and Vose Company 1.td,

Grammage: The mass per unit areg expressed in grame per square metre (g/m>), For further detatls
see BS 3432, [S0 536 and TAPPI 410

Water filtcatlon time: Time bn seconds ishtaken to collect 100 ml of water under a constant hydrostatic
head. For further details see BS 6410

Air resistance:The pressure dlfferential in pascals {Pu) measured across the paper when the linear air
velocity is M) m/min. See BS 6410,

Dry burst: The maximom pressure in kilopascals {kPar that can be sustained immedistely befors
rupture by a circular area of dry paper. See BS 3137, 180 3758 TAPPI 493, AFNOR QU3-014.

Wet pressire: Same as dry burst except that the paper is firsl soaked in water,

Retention size: The appropriate mintmum slze meastured ln miccometers {(pm) of sphencal particles
W% of which will be retained on clean paper under laboratory tes! conditiens. The actual
retention achieved under aperating conditions will depend on the specific application, and wili be
inAuenced by type of particle and size distribution. fluid. surface ension, Aowrale, pressure drop,
etc. Through tortwous path depih filtration particles much smatier Lhan the dewertnined pore size of
a filter medium may be retained.

Pore size: The minimom and mean fow pore stze have been determined using a Coulter Forometer
and Porofll wetting fluid, both of which are tndustry accepled standards for this test.

strength enhanced by impregnation with a bonding agent such as melamine
formaidehyde. As shown. cellulose papers are commonly available in both
smooth and creped forms: the purpose of creping i3 to Improve the ease of
handling, especially when the paper is wet. A useful visual summary of both

pr

operties and typical applications ol these papers is provided by Figure 4.3,
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Figure 4.3, Overview of characteristics and applications of Hollingsweorth and Vose Company Ltd indusirial
general purpose cellutose fiter papers.

[t is appropriate to note that the three coarsest papers included in both Table
4.4 and Figurs 4.3 are not celluzlose papers but spunbonded nen-woven
synthetic media, which are the subject of Section 3.5 of Chapter 3.

4.2.3 Automotive ceflulose papers

The diverse and demanding needs of the automotive indusiry. embracing oil, alr
and fuel systems of all types and sizes, have led to the development of a
substantial variety of impregnated papers tailored for specific uses.

Examples from the product range of Bollingswerth and Vose are summarized
in Table 4.5. These are available slit to any width up to 1,53 m, marked with
parzllel lines on the ‘wire side’ 10 denote the more retentive surface. Impregnants
used include standard phenolic thermosetting resins as well as flame-retardant
materials. Papers may be either plain or carrugated.
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4.3 Glass Papers

The process for manulacturing glass paper is essentlally the traditional wet-latd
papermaking process shown in Figure 4.1. but with pretreatment adapted to suit
the distinctive properties of glass microfibres. Sonte. but not all. of the significant
physical differences between glass fibres and those of cellulose can be seen in
Figure 4.4.

By comparison with cellulose, the glass fibres used are smaller in diameter and
much longer, as well as being of a [ar simpler structure. which does not fibrillate
but, because of the brittleness of glass. would disintegrate If subjected to the
vigorous pretreatment methods needed for cellulose fibres. Fortunately, glass
microfibres are commercially available in & range of controlled diameters. which
can be roughly divided into four categories comprising superfine { < 0.5 pm). fine
{0.5-2.0 um), coarse (2—4 pm)} and reinforcing { = 4 pm).

4.3.7 Manufaclure of glass fibre

The production of glass paper begins with the selection of a blend of fibre sizes,
together with appropriate honding resins or sizings, which are then gently
dispersed in water to form the required stock suspension, at a concentration
usually of less than 1%.

The diameter of glass fibres varies according to the process by which they are
manufactured, and is ol crucial importance in determining the fltration
efficiency of the glass papers. with the highest performance demanding the finest
fibres. The modern processes have been characterized respectively as drawing,
blowing, centrifuga)l and combined'2'; however the production of microfine glass
fibres is only possible by two combined processes. centrifugal-blowing {the rotary
process) and drawing-blowing {the flame attenuation process).

A leading manufacturer of glass microfibres. Johns Manville {having taken
over Schuller, the original makers} spins them from molten glass by versions of
the two combined processes. The Micro-Aire mediz are produced frem a saucer-
shaped spinner rotating at high speed: molten glass is ejected through fine holes
in its perimeter wall, to meet a blast of cold air that solidifies the glass into
relatively coarse and short fibres. These media are the basis ol medium efficiency
bag type air filters and arc discussed furtherin Section 5.2 of Chapter 5.

Johns Manville’s Micro-Strand Micro-Fibers comprise long fibres, which have
some of the finest diameters of any filtration material, and are an ideai basis for
glass paper. They are made by the 'pot and marble’ process. whereby glass
marbles are melted in a pot with a perforated base. As the emerging streams of
molten glass solidify, they are kept soft by very hot gas, whilst they are stretched
to finer diameters (0.25-3 pm). They are available in three [ormulations, the
chemical compositions of which are summarized irt Table 4.6.

The two main formulations are tailored to meet specific end-use requirements;
these are the 100 Series and 200 Series products. which are supplied in bulk
form, with no binders or sizings. The 100 Series. with nominal fibre diameters of
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Flgure 4.4, {a] Cellwlose fibres ta Wharmen 42 filter paper ab > 3060 magnification; {b) glass micrgf3bres in

Whatman GF/D fiter paper at = 3i40 magnyficarion,

Table 36 Chemdesl composition of Johns Manville Micro-Strand Micro-Fibers

Ox|de Nominal welght ¢34

104} Series Type 47 5 Abre 200 Series Type 253 fibre Q-Fiber
8idn 8.3 655 94,9
!!.I]_:_U; 5.5 I < 0%
B:0; 11.3 33 X1
Na,0 10,1 1641 <005
K0 29 Q.7 -
Cal 18 59 = 002
Mg 0.3 i =0.01
Bal 1) (.01 imux) -
Zno 4.0 - -
FB;O; - - =0}

* Johns Manwville Inc.

Table 4.7 Range of fibre dlameters of johns Manville 114 Series Mirre-Strand Micra-Filers®

Product code Flbre dlameter range {um)
Minimum Nembnal Maximum

o0 0.21 026 0.1
0o 0.22 .32 U.4r
102 0.24 (L} 0.58
104 (.40 B350 U.he
108 (.30 &3 0.87
IBA 0.72 1.00 133
108B 1.26 1.80 2.14
110X 2.00 2.70 340
112X 300 4.0 5.00
X 4.10 3.50 6. 70

Johns Manville Ing.
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0.26-5.5 pm, is designed for demanding air Altration applications; the ranges of
fibre diameters for 10 standard grades are given in Tabie 4.7. The 200 Series,
with nominal fibre diameters of 0.76-5.5 um, is a special higher silica
formulation, comblning exceptional chemical resistance with fine filtration for
applications such as battery separators: the ranges of Gibre diameters of [our
standard grades are given in Table 4.8.

{)-Fiber is an exceptionaliy pure fibrous silica material for specialized
applications. As Table 4.6 shows, the nominal silica content ol this is 99.9%.
Q-Fiber is available with nominal diameters of 0.5—4.0 pm; it is both low density
and non-crystalline.

Table 4.8 Range of fibre diameters of johins Manville 200 Serles Micro-Strand Micro-Fibers®

Product cods Fibre diameter range {um)

Mintum Nominal Maximutn
206 060 . 076 09k
210X 255 3.00 345
212X 3.20 4.10 5.20
X 430 5.50 6.70

3 Tohns Marwille Inc.

Tahle 4.9 Properties of Whatman glass microfibre [sboratory Rilter papers'

Grade Particle Atr Thickness Basts Wet Tensile
tetention® rate® {pm)® welght? buest* strength?
GF/A 1.6 4.1 260 53 0.3 5.5
GF/B 1.0 12 L YA 143 0.5 6.4
GRIC 12 6.7 260 53 0.3 &b
GE/D 2.7 2.2 675 121 0.3 fd
GF/F 0.7 19 420 75 0.3 8.9
934-AH 1.5 17 4358 64 Q.5 4.1
OM-A 22 £.4 475 87 1.5 7.3
GMF 150 1.2 31 730 1319 14 4.2
EPM201 20 4.7 4350 &5 1.8 6.3
Grade 72 MNjAE 5 BOQ 211 0.6 5.5

% Particle retention in liquid Aliration, based on challenge tests with suspensions of particles of known
sizes. and 13 the size of particle in wm for which the Alter will retaio 98%.
Al flow rate in 5/ 100 ml/in?,
Meazured at 53 kPa.
Basis wejght of paper ing/m?,
Wit burst strength 1o psi
Tensile strength (MDY L N/15 mom.
Measuredat 15 kPe.
Not applicable as medium Is for adsorption leomvapour phase,
Whatman [nternational Lid.

= Fm = @ & o T
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Table 410 Whatman notes on applications of laboratory glass filter papers

Whatmean Commentis

grade

GEfA Por high efficiency general purpose filtration; widely specified for atr pollution
manitering.

LF/B Thicker tharn GF/A with higher wet strength and increased loading capacity.

Recommended for ltering concentrated suspensions of small particles and for
sampling technlgues thai require absorption of relatively large volume of liquid.

GF/C The standard filter for many cauntries for the determination of suspended sollds fn
waler. Widely uged 1n biochemtstry for cell harvesting. liguld scinttlation coonting
and binding sssays. Provided in two formats, FilterZard and Filter Slide. for
automated laboratory filteation procedures. FillerCard is a ctecle of GF/C with a
lightweight polvester surround. Filter Slide surround is a more rigid polycarbonate
and is bur coded for antomatic monitoring. Both can be dried at 105°C.

GF/D A general purpose membrane prafilter in sizes for most holders.

GF/F Retains smailer particles than other glass microfibre filters. Selexted for critical
applications, e.g, clarifying protein solutions and fer filtering samples and sofvents
prior (> HPLC.

943-AH Smocth surface, high retention borosilicate glass microfibre Alter thatis binder fnee

and will withstand temperatlures pver 300°C.

OM-A Very pure quartz (810,) microfibre for menitoring trace levels of pollutants tn air,
Heat-trested elter manulactyre o remove organic iraces which may interfere with
gnalyses. Recomrmended for ambient and high temperature {maximgm 50070
sampling af stacks. Aue outlets and aerosols. including acidic gases and alrborne
lead and inorganic compounds of lead.

GMFE 150 Graded density combining coarse and Ane layers. Exceptionally good loading
capactty with fast flow rates and fine particte retention: deal where extended life
is required. ¢ 2. as rnembrane prefileer, Two types available. rated at I and 2 jm.
b At standard membrane holders.

EPM Specially produced for high volume air samplers, Combines hlgh chemical purity

2000 with rapid alr low and 9%.999Y% retention efflciency for NaCl particles of mass
median 0.6 pm. Heat-treated afler manu{aciure to remove organdc traces which
may inteclere with analyses.

Grade 72 Celluloze and glass microfibre Blter ipaded with activated charpeal for lodine
adsorption-
4.3.2 Lahoratory glass papers

The standard Whatman glass microfibre papers are made from long fibres of
100% berosilicate glass without any added binders. Their mechanical strength
arises parily from the very high surface area of the submicrometre fibres, and
partly from entanglement of the very long fibres.

Table 4.9 summarizes of the properties of the standard range of Whatman
glass microfibre laboratory papers, while Table 4.10 reproduces Whatman's
notes giving gnidance on their applications.
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These papers can be used at temperatures up to 300°C, and at low
temperatires, without embrittlement or a significant change in performance.
They are cxtremely white, with a brightness of 96% compared with 86% [or
cellulase {and 100% lor magnesium oxide). Immersion in a liquid of similar
refractive index. such as ethyl benzoate, renders them completely transparent.

By comparison with Table 4.1, it can be seen that the glass microfibre papers
are thicker than the ccllulose papers, with correspondingly lower retention sizes,
but are generally less strong. They are used for air filtration (sampling and
testing} as well as in liquid filtration situations.

4.1.3 Industrial and general-purpose glass papers

[ addition to being strengthened by the inclusion of a binder such as latex,
acrylic pelymers or polyvinyl alcohal, these papers are usually made more robust
by being [aminated to & scrim of spunbonded material such as Reemay on one or
both sides. therehy enhancing not only the strength but also the durability and
pleatability, Typically this is done using a roto gravure laminator. which applies
a kot melt adhesive in a dot matrix paitern 10 provide a sirong bending without
signiflcantly affecting the filtration characteristics.

Representatives of these are Lydall's Lypore media. of which the properties of
the standard grades are summarized in Takle 4.11. These are reported as being
used primarily in high-efficiency/high-capacity hydraulic and lubrication oil
elements {or ofl-road vehicles, trucks and heavy machinery. as well as lor
industrial fluids and chemicals.

Table 411 Typical properties of Lypore liquid filtration media®

{rade number Yard 9215 9221 @3IN} 400 $224E 92798 O3H1 423
Mezan flow pore $lze® il 1.4 A1 T4 BE& 130 14 230 TR
Basis weight (g/m?} 78 78 8 i 5 75 g1 i1 73 0
Thickness {mm) 12.40 38 040 .38 038 040 G40 .38 .36
Liguid filtration

Parttele size { pm 1.3 I 2 3 & iz 20 23 o+

i betgratho =73)

{i.e 98,67 removal

efficiency}

et holding capacity” - - 5+ - 74 %3 116 132 521
img fem?)

Air filtratiar

DOP penetcation (G i gm GOG05  0.013 4.0 414
pacticles & 3.% cmys. %)

Flow resistamnee id 44 ih 13 12 9 3 3.3 1.3 0.2
5.3 cm/s. mm WG

# Lydall Inc.

& Determitied by Coulter Forometer 1.

?  pultipass testing of flat shee and element with kydraulic oil Mil 3606 containing 10 mg/1 of AC tine
test dust. at a flow rate of 176 |ipa? min o a terminal pressure of 2 bar

et
dl
Wl
W'k
=1
(V1]
[ -]
|
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Table 412 Lypore lamlnated grade Identiflcation system®

Letter conle Scrim

1% g/m? Reemay

97 g/m? woven glass cloth

16 gfm? Hollitex icalendered Reemay)
2 gfm® Cerex

12 ¢g/mé Recmay

313 gim” Cerex

Teg bag non-woven

9232/1232

93181/13R1

44 g/m* Reemay with FDA Adhesive no. 4163
14y g/m* Cerex

Mo scelm

om—T"TrInTmEaAOnE

& Lydall ine.

As indicated in Table 4.11, Lydall utilize the Beta {#) factor notation to
indicate the efficiency of their liquid filtration media, where 8 is the ratio of the
rnumber of particles N, greater than a defined size upstream of a filter to the
number downstream Ng: therefore g = N, /N, (this is also known as the Beta
ratic). Each filter medium can be characterized by tdentifying the sige of particie
for which B has a particular value, such as 2 = 75 as in Table £.11. Efficiency
may also be expressed as the percentage of particles removed by a filter medium:
E{%)=100(8- 1}/8.

Most Lypore mediz comprise a single uniform layer, but some are of two-layer
graded construction. The latter are thicker. with the upper (felt) side serving asa
prefilter for larger particles and the finer lower (wire) side determining the final
eficiency rating of the medium: in some cases, their dirt-holding capacities can
be enhanced by 50-1{0%.

More complex laminated grades are identified by combining standard grade
code numbers with the letter codes for the serims listed in Table 4.12, a letter tor
the wire side scrim before a slash (/) and then a second letter to designate the
scrim on the felt side. Thus 9220-A/0 identifles a 9220 standard grade with an
18 g/m? Reemay scrim on the wire side and no scrim on the felt side.

4.3.4 Battery separators

Battery separators constitute an important and very sophisticated market lor a
wide variety of specialist porous papers that are closely allied to filler papers (and
do perform a kind of Altration function). A substantial proportion of these are
based on glass microfibres. notably for lead acid batteries. but many other fibres
are also used. For example. alumina competes with borosilicate glass in primary
lithium cells, while in primary alkali cells the separators are manufactured from
high-purity celluiosc that has been ireated with sedium hydroxide.

To withstand the associated stringent environment and demanding operating
conditions, the chemical and physical properties of battery separatar material
have 1o be specially tallored. For example. the thicknesses required range from
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100 um o less up to some 3 mm. Tensile strength is of crucial importance. both
for battery manufacture processability and to ensure integrity of separators in
use, while fineness of pore size benefits both strength and absorbency. As
indicated above, Johns Manville's 200 Series Micro-Strend Micre-Fibers
products are manufaciured for this application {see Table 4.8}

This iz an application for which membranes are being increasingly used,
partly because of the gase with which membrane material can be tailored to
match the electrolytic needs of the battery (ar fuel cell).

4.3.5 Glass paper media for air filtration

Glass microfibre media are of crucial importance in filters for air, notably for
those of high efficlency. variously known as HEPA {High Efficiency Particulate
Air}, ULPA (Ulira Low Penetration Air} and absolute; these correspond to the top
end of the Enrovent scale, with ratings (rom EU 1¢ (85% efficient} to EU 17
{99,999995% efficient).

To achieve these increasingly high efficiencies. caorrespendingly fine fibres are
required. For example, for this market. Johns Manville produce their 100 Series
Micro-Strand Micro-Fibers, comprising 10 standard grades with nominal
diameters from 5.5 pm down to 0.26 pm. (see Table 4.7).

Papers madea from microfibres such as these are strengthened either by useof a
bonding resin or by laminating to a backing scrim. Fuller information is given in
Chapter 5, whtch is devoted 10 air filter media.

4.4 Papers from Other Fibres

Here, as elsewhere in this Handbook, it is difficult te draw hard and fast lines
between one type of filter medium and another. Thus it is now perfectly possible
to use the wet-laying, or papermaking process to produce sheet materials from
synthetic fibres, which look and feel like papers - but which could as easily have
been classed i the chapter on non-woven media. since that is what they are. Fibre
makers are locking to expand their markets into papermaking — and papermakers
are looking for better materials for special needs within the paper industry.

Synthetic fibres have the advantage over cellulose that they can be made as
long as the end-use requires, with uniform thickness — longer fibres are needed to
make stronger papers. Synthetle fibres can be a great deal more resistant {o scme
chemical solutions. cspecially to acids, and so can extend the range of filter paper
applicattons to such solutions. Cellulose fibre gains or loses absorbed moisture
according to the ambient cenditions: it thus changes its dimensions and the
paper may curl — whereas synthetic fibre paper will be dimensionally stabie.

On the other hand, this very hygroscopicity enables cellulose fibres to bond
together as they dry, so that cellulose Abre papers do not need the additional
bonding process {adhesive or thermal) that will be necessary for synthetic fibres.
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The main dizadvantage of synthetics, however, lies in their cost. Even
reconstifuted cellulose costs 3-5 times as much as raw cellulose, while the
standard synthetics, such as amides, polyesters or acrylics, can cost 10 or 20
times as much. Synthetic fibre papers are thus reserved for special duties -
amongst which is filtratior.

4.4.1 Plastic fibres

The Japanese speciality papermaking company Temoegawa Paper' ! was among
the first to adapt the conventional wet-laid papermaking process s¢ as to produce
filter papers comprising 100% fbres of synthetic polymers (and aiso of metais).
The fibre webs [ormed by filtration are bonded and strengthened by sintering.
Representative of the resuliant papers is the group of standard PTFE products
summarized in Table 4.13.

Important properties of these papers are their moulding and laminating
characteristics. Sheets can be moulded into diflerent shapes and forms, such as

Teble 4.13 Examples of papers made from 1% PTFE Abres®

Product P-&i) Q-75 R-125 R-250 R-330 R-500

Fibre diameter {am}) 15 25 15 15 35 35

Sheet thicknezg {pm} 59 70 125 250 330 500

Welght (g/m?) 11 40 82 190 250 340

Density (gfem ¥} 0.6% 057 0.56 0.7 0.82 0RO

Tenstle strength

2MD* (kg/15 mm) 0.3 0.2 0.4 0.6 1.2 16

ZCD¢ {kp/15 mm} 0z 0.1 0.3 G4 ns 1.2

Bubbie point

Min. pressure (kPa) .24 (136 0.54

Max. pore dia. (uim} 1580 125 102

Ave, pore dia. {pm) 435 41.3 15.2

* Tomoegawa Paper Company Lid

b MD =machlne direction,

e D= cross machine direction,

Table ¢.14 Wet-lald polyester media for liquid filtration®

Grads Weight Thickness Alrpermeabilicy Water Tenslle  Bubhle Mean How
tg/m?  (mm) tlimis)® permeabllitys strength? polnti{pm) pore(um)

FFL2662 25 028 2500 714 70 270 50

FFK2663 37 0.30 1550 443 105 250 40

FFK2664 50 0.37 1200 343 1540 180 i

FFK2666 & .50 1180 137 205 120 15

*  Freudenberg Viiesstoffe KG, Filter Division.

b AL ShPa,

© m? @ 200 mmWG

d

Nf5 ¢ in machlne direction.
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cylinders, In addition, sheets of different pore size can be laminated to form a
graded pore structure.

Ir 1992 the German papermaker Papierfabrik Schoeller & Hoesch introduced
a range of special papers based on Lenzing's high-temperature P84 polyimide
fibre. Four grades were offered, but proeduction was short-lived.

A typical set of data [or wet-laid polyester media, for liquid filtratton. are
shown in Table 4.14. These are intended for simple pressure filters used in
industrial operations such as machine tool coolant separation.

Spunbonded media such as Reemay. mostly made [rom polyester or
polypropylene, are freguently used in place of conventional cellulose paper for
many applications, including fltration. Detailed tnformation on this material Is
provided in Section 3.5 ol Chapter 3.

4.4.2 Inorganic fibres

As menticned above, Tomoegawa Paper'** has made filter papers comprising
100% metal bres by means of the conventional wet-laid papermaking process.
As with polymer fibres, the webs ol metal fibres formed by filtration are bonded
and strengthened by sintering. Data for some typical sheets based on stainless
steel fibresof 1.2 and 8 pm in diameter are summarized in Table4.15.

For many years prior to the recognition of its health hazards, asbestos was
widely used in industry in a variety of forms and lor meny purposes, ranging
from thermal insulation to fltration. Thick papers made from asbestos fibres
incorporated cellulose as a bonding agent, thus [orming the original versions of

Table 4.15 Examples of stainless sieel Rbre papers®

Flbre diumeter

1pm 2 pm dpm
Product 851- 851- 852- 582- §52- 58 S58- 555-
230L 2308 1udL 200L I0UH 250L 200H 300H
Weight (g/m%) 250 230 THY 200 300 250 200 30}
Thickness (um) 376 48 182 151 63 vy 43 58
Density [g/cm?) 0.4 5.0 L& 0.4 4.6 0.7 4.7 4.5
Tensile strength
MD kg/15 mm 1.1 9.3 1.3 28 12.% 21 3.3 4.9
CD¥ kgf 15 mm 0.9 74 14 L& 8.1 1.6 2.8 3.0
Elongation
ML (%) 0.9 2.0 1.0 06 2.1 31 3.0 1.6
CD{%) 0.9 2.1 2.1 1.5 2.3 6.1 2.7 3.1

Porosity {%) 95 k¥ a3 93 42 bL 41 44

*  Tomoegawa Paper Company Lid.
*  MD = machine direciion.
“ LD = gross machine direction,
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the filter sheets that, [or many years, were used to clarify beverages such as beer
etc.: these are discussed in Section 4.5.

Other mineral fibres are usable safely for fliration media. Alumina fibre
papers are available for high-temperature applications. These papers. with
thicknesses of 0.5, 1. 2 and 3 mm and densitles of 140-200 kg/m?, are made
from ICI's Saffil fibre and a combination ef erganic and inorganic binders. Saffil
it a high-purity crystalline alumina. now marketed by | & ] Dyson, stabilized by
a small amount of silica: it is characterized by uniform fibre diameters (2—4 ym)
and the virtual ebsence ol any non-fiberized material. Alter burn-out of the 5%

of organic content. the composition ol the papers comprises $4% alumina and
6% silica.

4.5 Filter Sheets

Filter sheets are superficially very stmilar to thick filter paper (in the range 2-6
mm). They are in fact made by the same wet-jaid process and contain a
substantial proportion of cellulose Gbres. 1ogether with large quantities of other
particutate or fibrous material, which confer a rougher texture, greater hardness
and higher rigidity.

They funciion primarily by depth filtration. and zre able to remove low
concentrations of fine inert or biclogical particies from liquids, so as te clarify.
polish or sterilize them, notakly in the beverage and pharmaceutical industries.
They are mostly used in rectangular form in special types of filter press {Figure
4.5}, or tn circular lorm io enclosed pressure filiers (Figure 4.6}, but are now
increasingly popular as lenticular cartridges {Figure 4.7).

(ne face of a filter sheet is more dense and harder than the other, this being the
lace in contact with the wire belt on which the sheet is formed by drainage. This

Figure 4.5. The cheer filter i like o convennianat filter press but caf of lighter corstruetfon winl frigh quality
Heigh, and {h) the plates easily dismientied for therawgh cleaning,
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hard face is used as the filtrate outlet, ¢ that its iner pores can serve as a trap for
any fibres that migrate through the sheet.

In the mid 1970s thelr composition was revolutionised to eliminate the
hezlth-threatening ashestos that they had contained since thelr origin in the
early 1890s, The manufacture ol sheets containing asbestos by the sole British
producer, Carlson Filtration, is reported to have ceased in 198844,

Figure 4.6, Seitz ‘Radium” type A horizondaf plate filter,

Plgire 4.7, Zeta Plus filter cartridges.
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4.5.1 History of filier shegts

Uniil quite recently, all commercially available filter sheets were derived from a
mixture of celhtlose and asbestos fibres that was first developed in Germany by
the Seitz brothers early in the 18903 In these sheets, the crucial component was
the asbesios, which was found to be an exceptionaily efficient filter medium,
while the cellulose fibres controlled the structure and provided mechanical
strength. These filter sheets contzined 5-45% of asbestos, depending on the
intended application. The fineness of the fibres could be varied to give very high
surface areas of about 15 §00-35 000 em?/g. Another important variable was
the extent of fibrillatton of the cellulose fibres, since increasing it increased the
density of the sheet and reduced its porosity and permeability.

[ncorperation of a bulky material such as diatomaceous earth provided
another option for changing the permeability. while the thickness of a shect was
also significant. By exploiting these variables, a wide range of sheets conld be
produced, with gradations in both throughput rate and clarifving power,
inchding harder and tighter sheets for low viscosity liguids such as water, and
soft open sheets for very viscous ifguids. In practice, performance depended on
the duration of contact between the fibres and particles, which s a lunction ol
both the thickness of a sheet and the fiow rate per unit area, as well as on the
characteristics of the materia! belng filtered.

Spectal grades of sheet incorperated reagents for specific ancillary functions,
one example being polyvinyl pyrrolidene, the absorptive capacity of which for
pelyphenols stabilizes beers against chill and oxidation haze.

Of the various types of ashestas minerals. the one of importance in filtration
was white asbestos, a hydrated magnesium silicate. [t occurs in veins running
through rocks of volcanic origin and is mined by open cast methods: the lumps
so obtained are disiniegrated and processed to separate the ashestos fibres from
each other. These fibres are very fine, much finer than human hair, and
generally are from 1.5 to 40 mm long but eccasionally may be as long as 300
mm. A characteristlc of them. which was only recognized and fully understood
relatively recently, is that their surface carries a positive electrostatic charge
izetz potential), which imparts to asbestos fibres their unusual filtering
properties (and is discussed in more detail later to 1his section).

Although some simple straining may also occur, these filler sheets primarily
functioned by a depth filtration mechanism, whereby particles adhered, within
the thickrness of the sheets, to the positively charged surface of the asbastas fibres.
It is this fact that explains the ability of the finest grades of sheet to trap particles
well below 1 pm in effectlve diameter.

Dnce it was realized that asbestos particles represented & serious health
hazard, whether inhaled asz a dust, ingested to a liguid or injected into the body
in a parenteral drug, there was a remarkably rapid switch by all the then
competing suppliers to the ashestos-free zlternatives that are now the
international norm.

When asbestos filter sheets first came under attack. Lheir manulacturers
defended their use, especiaily for the filtration of micro-organisms down to virus
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size, and of highly concentrated protein selutions and other preparations with a
high viscosity. Thits delence was based upon the non-availability of adequate
alternatives. but material development soon resolved the problem. As early as
19474, Seitz iniroduced their own range of asbestos-free filter sheets to compete
with novel media emerging from other manufacturers.

Carlson’s development in turn of sheets based on {the then} {CI's Saffil alumina
fbres, DuPont's potassium octatitanate Fybex fibres and calcined kieselguhr. all
fell foul of the safety and health regulations concerning inhaleable dusts. In
1975 Carlson introduced their NA range of lilter sheets thal are not only
asbestos-free sheets. but also contained no materials classified as dangerous.

4.5.2 Asbestas-free filter sheets

Carlson's origina!l range of NA [‘mo asbestos’) papers, based on natural
kieselguhr, perlite and cellulose, has evolved over subscquent years to the seven
grades listed in Table 4.16.

For Rltering viscous fluids or those containing high levels of protein haze,
Carlson produces the related BK series sheets detailed in Table 4,17, which have

Table 416 Carlson asbestos-dree NA series fllter sheets®

Crade HAIN NAL() NASH NA4S WAYD MAL20 MALIO
Thickness tmm} 263 1.50 .40 4130 1.80 4 .A4d} 4,310
Weight ig/m?) TFs 1025 1300 120 1230 1350 1600
Perpmeability idarcles) G270 U153 106 BUDRE hO4d 029 thils
Water flowrate {t /min/m? 800 430 300 230 20 Bh )

at 1 bar)
Mean pore sige it 2.4 26 1.7 1.9 1.4 0.9 (.8
Max pore size [p)¥ L 9 ! 14 27 2.3 1.3 1.3
4 Carlson Filtranon Lid.
b Bubble polnt measurement.
Table 4.17 Carleon ashesitos-free BK serles [Qlier sheets®
Crade BE300 BE 1001 BK 120K} BK 1300 BK 2000 BK25(H)
Thickness{mm) 4,00 3,000 4.5 454100 470 4.25
Weight [g/m?) 1123 1250 1450 143510 1450 1423
Permezbility (darcies) 1,250 T 1] (L3110 n2i2 144 f1i6%
Water lowrate {1,/minfm” 280 93l il 80 4710k 120

at 1 barj
Mean pore size [u]® 52 35 19 T4 1.9 .
Max pore $ize (y® 4.3 5.1 39 1.3 27 3

* {arlson Filiration Lid,
¥ Bupbie polnt mezsucament.
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constderably higher throughputs than the NA series; with low density and high
void volume, these are made from specially treated wood pulp.

Carlson's standard range of flter sheets is now the high-performance XE
series, listed in Table 4.18, In addition to the basic formulation ol cellulose with
nutural kieselguhr and perlite, XE sheets incorporate an advanced resin system.
to give a higher total life with improved particle retention and clarity. With the
exception of the XE170, 265, 350 and 375 versions, all the XE sheets are of the
same carefully controlled thickness. enabling different grades 1o be readily
interchanged in the same flter press configuration and seal thickness. Some
typical performance data are given in Table 4.19. (The EE series matches the XE
serles, but is made from pure ccllulose only. plus approved resins.}

Each of these three ranges of flter sheet can be snpplied with increased wet
strength (HH series), to enable them to cope with more demanding process
requirements, or with reduced metal ion extractables (K series) or with both
extra leatures {HHEK series).

As well as these three ranges of sheets made [or simple filtration, Carlson has
ihiree other types of sheet used [or special processing purposes. The W2 medla
are nsed as support sheets either with a precoat, or where filter aid powders are
used to increase the body of the filter cake. They are made of pure cellulose,
with special resin binders, giving sheets of high wet strengih, and
corresponding durability. The other two types have solid particles held within
the cellulose fibre matrix, to enable particular purification processes to be
effected.

The Propd series of sheets contain PVPP (polyvinyl polypyrrolidone) powders,
evenly dispersed throughout the sheet. PVPP has a particular affinity for
polyphenols, and so can improve the stability of beer and wines. Once exhausted,
the Prop4 sheets can be regenerated, in siti, by a chemical treatment, greatly
extending the sheet’s lile.

In the Proc3 series, activated carbon granules are distributed througheut the
sheet, enabling it to be used for removal of odours, calour, ofi-tastes and chlortine.
Five grades are available, as shown in Table 4.20, differing in basis weight,
carbon conlent and main sheet material. The LWT grades are suitable for
lenticular cartridge manulactare, whiie versions are available with extra wet
strength (HH versions) using special resins.

Seitg's quest for asbestos-free sheets has involved a major research
programme, ultimaiely leading ko a finely balanced combination of special
procedures to upgrade cellujose fibres, the use of fine kieselguhr and perlite, and
precizely dosed charge carriers which control the zeta potential. The company,
now part of Vivendi/US Filter, consequently produces a very large range of filter
sheets, comprising almost 100 different gradcs tailored io provide a precise
answer to each specific application; their main standard grades are summarized
in Table 4.21, whilc Table 4,22 provides guidance notes on Lhe main categories,
and examples of applications are glven in Table 4.2 3,

Figures 4.8 and 4.9 indicate the size range of particles that, for practical purposes,
can be removed by the various grades. The ability of appropriate grades to remove
pyrogens and bacteria is illustrated respectively by Tables 4.24 and 4.25.



Tabke 4.18 Carlson asbestos-free BK series flter sheets®

Grade XE5 XEIQ XE2fi XES0 XE70 XES0 XE!SO XEIT7r XE2OM) XBE265 XE280 XFEISQ XE400 XE6r5 XE1200 XE1700
Thickness b 3¥F% 3FR 3.7% 375 3L7S 175 39 3.75 3.7 375 425 3.75 1,75 2,75 3.75
{mmy}

Weight (g/m?y 50 oo 1925 1125 1125 12N 120 1329 1275 100 1300 1540 1270 13%0 T42% 1450
Permeability 1.7 .74 049 0.2 ule 1l el 005 0047 DUO40 0035 0027 D025 0015 G008 (.(H0
{darcies)

Waterflowrate  35({) 1050 B2} &S0 KOO T 290 200 230 184 190 I 1} 130 Fu 3 20
{1/min/m?

at 1 bar}

Mezn pore slze 8.7 31 1.8 1.4 14 1.7 14 1.8 1.5 1.3 14 1.5 1.3 1.0 .8 1.8
{u*

Mazx pore slze 7.2 4.2 i6 3.2 34T 24 2.3 2.5 2.2 2.4 2.1 1.9 1.9 1.6 1.3 i.2
[t

A Carison Filtratlon Lid.
*  Bubble point measurement.

BipiN a3Lg fo yoogpury  OF1
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Capitalizing upon 2 wider understanding of the influence of the zeta potential
upon filtration efficiency, (the then) AMF Cune introduced the Zeta Plus range of
filter media, in the early 1970s, composed of cellulose and inorganic Alter aids,
and carrying the positive charge implicit in thetr name. These media are now
mostly used in the form of Cune's lenticuiar cartridge filiers, illusirated in Figure
4.7, but also available in depth cartridge format,

Because of the wide availabtlity now of media using zeta potential as a
contributing factor to high filtration efficiencies, it is appropriate to summarize
here the theoretical origins of the concept. The term arises [rom a theoretical
model developed to explain the stability of a colloidal suspension of particles in
water. The particles remain dispersed because they are repeiled from each other
by similar {i.e. all negative or all positive) electrical charges on their surfaces.
The source of these charges may be ionization of soluble crystals, imperfections

Table 419 Typical performance data of Cerlson XE filter sheets®

Liguid Sheet grade Flow rate Cycletime Total

(min/m?y  {h} throughput
{m?im?)
Whisky XES/XE35 1-8 =10 1.4-31.6
(double)f

Landon gin XEZO-XE90 1p-24 3040 30-60

Detonized water XESD 124 B—40 50

Eau de Cologhe XESD-XE2QD 12-14 4-8 3-8

Antibiotics XEL700 0.3-1.5 Biscarded after each batch

Sera XE1 700 0408 Discarded alter each batch

Syrups forsoft drinks PROC3 1-8 34 0.7-2

Malt vinegar XEa7S 9-18 5-20 2.5-12

Photographle XES -12 4B 0.7-6

emulsions

¢ Carlson Filtration Lid.

® Two-stage Sltration Io series

Table 4.20 PROC3I activated carbon cheets®

Grade Baxis welght Carbon welght Other

(g/m4) {gfmi} constlivents®

PROC3 1300 585 CKR

PROCICX 1300 78D CR

FROCALWT 1000 450 C.K.R

PROCICK 1000 B0 CR

LWT

FROCF 00 225 C.ER

Carlaon Filtration Ltd.

b

= cellulose, K = natural kieselguhr, R = resin.



Eabbe 3 20 Sehin st se-free e r shenls

Desorua e Ry hi e Thichres=" S5Specbc Macash Bwdinpg Forreabdis® Tes br Catisas =dakke nd103 X%
noil ounl weiphd® porkent greogh®  Liounh:er'l  bacteria AL %), koo imp:m 7 F
=T - igonl  1¥ 1t EFal o Tk ] Irok applivabds ke bar—iaa

rambiicr g o]

IE.oliim IL% %

Sadisadoriant

HFI ™ -

C'~ wg's R oA

ETZENS L1l E iy IL s (3]} ] | n nn <2 cFO <15 =i
SHETEER | L1el T ILES i3S > 40 i < [S3 <) <15 = 1
SEETE-EK (WILI] ) 1LLS Hl | | 1 - =|5H <3 <3 =
SETEES w0 1 Iim O LS il =21 T 25 - 5N ¥ <15 - W1
SEITEKS =D L Hml i 1% Hi =2 14 1 =13} < =15 =
TR 2 1 10m1 3y ILES Hi =N 1ap - <'530] <931 <75 = ¥
HEATEE B3I Lirm M 1nL3 E L3 =21 1'H0 - Ak o o7E =
ST 1N LiIm g 153 He =2 =N - = 15M1 <¥E 15 =
ST 141 LHm a1 nw: 4K =an N - = IDI <3 <15 = Wl
SEITEE L L.l 32 .51 Lk =21 i - <iD] <} 7% = 14)
SEIT 101 L= 4.1 1 a E L] e | | L L - =0 <MFl =75 <« M0
EEITE-K Il 1z a1 1.3l = >=1n 13HD - =10E] M -5 = Ml
SEITL¥ Hul 123 4.3 1= L = 1! - =1 Ml =15 - ||
SEET 11N L3 iy 1n=q 43 = 24n - =Tl <M1 =3 <13
SEM:-T Hul E-1al L 1n.a 41 =111 EH1] - <THl =M =3 =Xl
SEIE-T =i b1 L (11 +2 =1n 3In - =TH <Ha - < 15
SEIMTE-T 1=l E- Ll Ll [ 1 2 11 T3l - <1 < oA = 3]
CETAT 1Hba® -] ] 14 [ | + 1z 1o - =TH1 I o < 150
HTIEThink= 43D e Ik 53 =10 3yl - =l =7E <=3 = 1K
SEITEL T 130 N 1.c o 5 =1 © Al - <7 <M D = 1K
SEITE-T1IND Al 1| .11 17 2l 1 Ximn . <7 =M =4 =i
SETE-T 1N =l I LLLE | 1 10 [ i - e =1 = 1
SEITET 0 - E1] Lk Olk 1T =1 15 oI - <7 =81 =3O =1

il

PR 42N a2 iUy



Tate 4.21 (condinued)

Designation Weight per Thickness®  Speclfic
unit {nm) weight"
arca” fgm~F) 1g/cm)

SEITET 3560 7 4.5 [LId

SEITZ-EK APF* 150 3.7 (35

SEITZ-EKB ARF* i x50 4.4 (134

SEITE-KS 5 ABF 1350 4100 11 34

REITZ-K5 s ABF [ 350 4.0} .34

SEITE-K 1M AR E 350 ENY) 154

SEITZ-K 154} ABF* 130} 4.1 .32

SEITZ-K 200 ANFT T 3MY 4.1 32

SEITZ-P 20f L2500 4.0 (.31

SEITH-P 30F 1251 4.4} 3

SEITZ-0}410ab YiH) 1.5 n2h

PERMALITIR SiMb L] 26

SEITZ-KS S0 E 3N 3.7 th.i5

SEITZ-KS B C6 130 1.7 mis

SEITZK 100 0% 13K 1.7 (.3%

REITZK 150k 1 3(Hh 39 33

SEITZ-K 25 ¥ 1 3000 4.0 (32

SEITZK Fou e 1250 4.1 (.3t

SEITZ-K B(t) 0¥ 1250 4.1 30

SEITZ-K G{i1 Ce L 250 4.3 iy

SEITZ-SUPRAdur 50 1250 6 3%

Max ush Bursting  Permeablliy® Test for Cations. solublein 00U N
content strengtht  {Lfmm/m?} baicterin H:50, solution (mg/m—2
") {102 kPa) retention inot applicable for the low-ion
cupability grades)
{E.eelfin (.9
Wall solution)
{CFE/cm?)
Cal' Mglt  Be*iir AL
1 =21 25080 - =TS0 =<2N) =50 < | (M}
s =20 it i1:0 <150 <400 =75 =400
52 =10 Ell 17 <150 <400 =75 =400
31 =20 115 0,5x 07 = 15HM) <4 =75 EiLL
52 =24 170k " < H <A =75 < 300
g2 RN 240} <|IHH) = <75 300
2 =X 3510k - = 5K =400 <75 = 3tHD
2 =200 EL! - < |5 <diM) =TS -« 3H}
17 250 350 - <75 <2 < 50 < | 5
17 =44 00 =7 <X <350 =150
1 250 4250 - =q = <10 < 1{¥]
1 5.0 4250 - <2 < T8 =) = 140
51 230 ) PRSI E <33 = |0 =75 <300
361 mr0 110 " =350 =108 <75 <340
L1} 220 154 - <350 =<l =75 = M)
4 =10 194 - <350 =1H <75 =M
44 =20 3210 - <2 <1 <75 < Mg
4K B0 §5¢) <3 =1y =75 = Ml
438 =20 13006 - =3 =) =75 <200
48 =2.0 1701 - <350 <1 =75 < 200
25 =54 110 - <8 <20 <75 = [}

VIPIY SN0 PIOI-1aAL

£FI



Table 4.21 (coniinued)

Designation Weight per Thickness" Specific Max ash Bursting

unkt {mam) weight" conlent strength™  |fmm/m

arca“igm ) {gfem) %) {107 kPa)
SEIT2-20PRAdur 100 1250 iR 1n.1s 1 =7 1713
SEITZ-3LIPRAdur 2(M) ¥ 20(¥) 38 niz 1 =41 a0}
SEITZ-SUPRAdur 500 95} 3k 41,24 1 =40 1560
SEITZ-SUPRAdur 3000 AN} 2.3 24 1 >4.1) [ERISLHS
SEITZ-SUPRALK I P I3 15 a.dr 52 =20 iy
SEITZ-5[IPRA KO P 13Nt 1.7 1S 52 >20 171}
SETTZ-EKS P 1380 j.7 1.1k el =20 i
SETTZ-RS 0P 130} 3.7 {Lis 50 =20 o)
SEITZ-X M) P 1250 4.2 3¢ 4H DAY Hil
SEITZ-AKS 4
With protective puper 16150 3.5 .24 | 220 251}
Without ptotecive 1050 LA .14 ) =21 1451}
paper

The Bgures quoted should be eegarded s o guddeline.

Bursting strength delermined on = dry sarmple of are W cm,

Water permeability refers to differential prexsure of Ap= 0 EPa (7 bark

Permeabliity”  Test for

Catons, soluble in GLOS W

bacteria H, 50, soluthon {mgfm 23
retenition {not applicable for the low-ion
capability grades}
(E.coldin (1.9,
RaCl solutlan)
{CPLfem?)
Ca.’.-r Mng Fc_’r.’lf ldll“
- =700 =200 =50 =30
< TR <200 <30 < 50
=T <200 =30 =5
- <Ay <100 <30 <5
1 <2000 <4 = 3D < 400
10F <1500 <N =75 <3
1o <2000 <500 <75 = 400
5= < [SM <d400 <75 = 300
- < |0 <300 =15 < 200
- <1500 <300 <75 =250
<1500 <300 <75 <250

By means of the method elutration with (00 N H 50, all soluble and for practical purpeses relevsant b e extracied.
SEITZ-IK ABF through te SEITZ-K 200 ABE dare special grades fer the liliraton of beer,
SEITZ-F 2BEITZ-P 30 fikters are used lor beer stabllizativn,
SEITZ-K %0 C through 1o SEITZ-KS SO C represent grades fow in calebum and inagnestum b the fitration of spirits.
SEITZ-T Y5iMa) and SEFTZ-1)/40)0a are special grades with a very high wet strengtlh.
SEITZ-AKS4 sheels contabn activated carbon. for removing colour. taxte, lpids, ele

PIPFI 4] fo yooqpurY Ty
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of the lattlce structure of crystals. or absorption of ions from the liguid phase.
What is commonly known as the DLVO theory (from Derjaquin and Landau'>,

and Veerfey and Overbeek'®') postulates that this results in the electrical double
layer model shown in Figure 4.10,

Toble 422 Guidance notes on application of Selts Rlter sheets

Seltz
destgnation

Commenls

K setles

T zeries

P series

SUPRAdur

FERMADTR,

Standard cellulose/kieselguhr sheets [or generat use.

Cetlulose only sheets with low content of soluble Ca, Mg, Fe. Alions, T120to T250
have posttive zeta potential and high adserptive capachy. T 1000 o T5 300, which
have no zeta potential. are for eoarse Aliration. high throughput. high dirt holding
capacity. Good lor viscous Nuids and gel parlicles.

For pharmaceutlcal industry. guatranteed low in pyrogens, EKSP Is preferred
cholce for maxlmum removal ol crganisms. Two SUPRA grades primarity used for
retention of pyrogens.

Up i 0% polyolefine libres, bigh mechanlenl and chemical cesistance to
aggressive materials. Functions mechanically.

High proporiion of polyoleline fbres, high wel strength regeneratable sheet for
supporting precoals.

(3 = a2 B2 EN
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Figure 4.8, Nomingl particle retention characteristics of Sritz T-series flier sheres for gereral indusirial

duiies.
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Table .23 Typical applications of Seltz Alter sheets

Product

Aftershave
Agar-agar
Alkyd restn

Ammania water

Bath extract
{camomile}
Beer

Uity water
Caprolactam melt
Collagen solution

Sodiem hypochlonite
THsinfectants (2]kaline)

Eau de Cologoe,
Hau de Toilette

Electro-immersion

[acquer
Enzyme solution

{contalning celiulaze)

Epoxy resin

Vinegar

Liguid fertilizer

Tissue culture
solutlon

Face lotlon

Glycerlne, 304

Gum arabic

Resin melts

Cough syrup

Invept sigar
solution

Coconut burter

Camomile
pressings
Cheese rennet

Catalysts. c.p.
Raney Nickel

Clear lacquer

Copper chloride

solution with HCE

Heparating task,
Type ol turbid matter

Removal of tetpeaes
Undissolved components
Gel corpuscles, swelfing
substances
Turbid matter. iron
trydroxide
Fine turbid rmatter
inlarger quamniities
Mormal turbid matter
Kieselgnhr
Stabiltzatlon
Mormal trbidity
Bemoval of manganese dioxide
Final [ltration pricr o illing
Impurtties
Fite turbid matter, colloids
Remosal ol 1erpenes
after the cooling process
Grnera] polishing

Palishing filtraton

Swelling components
Filtration after precoat filer
Generdl polishing
Sterilizatlon

Removal ol terpencs
Retenttan af aciivared
carbon {Carboraftint
Removal of Ron-soluble
cornponents
Overpelymerized
avercondensed
componenis,
swelling and gel corpuscles
Insoluble extract componenis
Retentlon of activated
carbon
Pressing residues.
slimy subslances
Filtration af the
alegholic decantare
Colloidal impuritics
Greganism redwction
Residral calalysts

Colloldal impurites
Residues from coatings

SErTZdepth ilters

SEITZ-K 3H) —SEITZ-K 150
SEITZ-K 130
SEITE-T 5500

SEITZ-K904) and kiezelguhr dosage
SEITZ-K9iK) and kirselgohr dosage

SEITZ-K2(M) ABF - SEITZ-K 7l
SEITZ-()y 343 Fa. FERMADUR
SEITZ-F 29/SEITZ-P 30
SEITZ-T 1300

SEITZ-K o0 - SEITZ-K Tu
SEITZK 90

SEITZ-SUPE Adur 104
SEITZ-EKS

SEITZ-KS 80U - SEITZ-KS 30

SEITZ-T 53K} - SFITZ-T 2600
SEITZ-SUPRAdur CF S0 -
SEITZ-5UPRAdur CF EKS
SFITZ-K 90k

SEITZ-K 230 - SEIT2-K 1350
SEITZ-K 4u0

SEITZ-EKS

SEITZ-EKS
SEITZ-K900) - SRITZ-K 300

SEITZ-T 2600

SEITZ-T 3304 -SEITZ 830

SEITZ-K 300} - SEITZ-K 230
SEIT2-K 100

SEITZT2x0

SEITZ-K 70U - SEITZ-K 3K}
SFITZ-K 300

SEITZ-EK I

SEITZ-K 900 - SEITZ-KS 50

SEITZ-K 20
PERMADUR
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Table 4.23 (continziedy

Froduct Separating task. SEITZ depth filters
Type of turbid maiter
Molasses Foraign bodjes SEITZ-K 150
e oll Fine parthcles rom SEITZ-L 300
pressing residues and
traces of HH0
Plant pesticides Flne clactAcation to peotect SEITZ-T 1500
nozzles from blocking
Flant extracts Preventlon of subsequent SEITZ-K 250r=8EIT2-K5 801
clouding
Fhosphoric acid Clarlficatlon SEITZ-SUPRAdur 100
Omtment bases Prefiltratton SEITZ-K 200
Soupseasoning Final filtration SEITZE-T 530
Wine Normal turbid matter SEITZ-K 900 through to
SEITZ-EKS
Tin tetrachloride Remaoval of hydrolized SEITZ-SUPRAdur 300
components
It
L}
il
wl
ol
H
] :]
Ll
oaH
e Y T

Figure 4.9, Nominal particle retention characievistics of Seits P-serles fileer sheets for pharmaceutical duties,

Thesurface charge {negative in Figure 4.10) of the solid particle is balanced by a
tightly heid laver of ions of opposite charge { positivein Figure 4.10). Beyond thisis
an outer layer through which the ionic concentraticn {and hence the charge)
decays with increasing distance, until the equilibrium conditicns ofthe bulk of the
liquid are attained. As a particle moves. or as a liquid flows past it. it continues to
retain the tightly held layer of (positive) tons. but leaves behind the outer layer,
separating from the latter at the plane of shear indicated in Figure 4.10. It is the
potential at this plarte 1hat known as the zeta potential (£}

The magnitude of the zeta potential of  gtven filter medium. and therefore its
adsorptive power, is nol a fixed value but is dependent en a variety ol related
electrochemical phenomena, such as the nature and concentration of ionsin the
liquid being filtered. For example. Figure 4.11 is reproduced'”’ to demonstrate
how the performance of the sample of Zeta Plus is affected by changes in the pH.
peaking in this example between pH S and 7.5.
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Table 4.24 Pyrogen removal capability of Seitz-Supra EKIP Alter sheets

Depth Rlter Prrogen content (EU ml-4)* Logavithmic Fyrogen  Tatal
PYIogen challenge pyrogen
—_ {Elem~2) retention
Unfiltrate Filtrate (EUem—%)
BEITZ- [i14] (.05 3 182 282
SUFRA 600 <0.05 =d 31110 311103
EK1F 000 <0 =5 3.14x10* 3. 14x104
6x10% < 1)y =f 314107 3,14%108
6105 G ]0® 0 3.14x10% 3.14=100

Lipopelysaccharide: E. coli 05 5:B5 FHltration velocity: 4601 m=#h-!

EU mi~! unfiltrate

Pyrogen reduction: ——————
yrog BU ml ! fltrate

{EU mi~} unfiltrate — EU mi™! filtrate) = ml fUtcate quantity
cm? filter arca

Pyrogen retention:

Sensitvity ol reagent: (.05 EL ml~! medium: pure water

+  ELi = endotoxic nnits

Tuble 4.25 Bacteria removal capability of Seitz filter sheers

:Depth filters Filtration medtam: Filtration medium: Test
0. 5% peptone physiological QLEBNLSM
solation $aline solotion
Specific Titer Specific Titer
Organism ceduction® arganism reduction®
challenge challenge
{CF cm—3)2 (CFUcm 2
SEITZ-EKS £.2x10° 892107 21x10" L7xI0° Pseudomonias
d{minuta
SEITZ-EBK 1 5.2x10% 1.0x 10F 4.7%10% 5.0w 0¥ ATCC 19146
SEITZ-EX 7.9x10% 255107 24108 h.4x 10" Ferratia
My S0 eHS
SEITZ-KS 50 21108 4.2x10% 2.6x10¢ INERLID ATCC 14755
SEITZ-KS 80 2.1x108 1.7x10% G =108 Le= 108

*CFU=colony forming units.

Na. of arganisms unflltrate

tTiter reductton=
Tt Ne. of organisms fiitrate

speellic Rltration velocity: 450 lm—2h-1,
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A good illustration of the electrokinetic contribution to the Sltration efficiency
of Zata Plus is provided by Figure 4,1 2. The upper curve shows the capture rate
by Zeta Plus 908 for particles of sizes ranging downwards [tom 1.2 pm: the lower
curve resulted after the charge on the medium had been destroyed by treatment
with strong alkali.

Table 4.26 Characteristics of different formulatiens of Zetz Plas®

Zeta Plus code

Comments

A
C

5

HT

CA.LA.SA
Delipid
Delipld LP
G

w

Zeta Carbon

Composed ol cellulosze +rasin.
Compased of cellulose +inorganic filter aids +resin. Suitable for chemical
sterlfization.

Composed of cellulose+inorganic flter aids +resin. Sultable for sterilization by
autoclaving or in-line steaming 10 131°C

Composed of cellulese+inorganic filter atds+resin. HT Indicates 'high tensile’

and “high thronghput”. Suttable for sterilization by autoclaviog or in-line
sleamingto 131°C.

Pharmaceudeal versionz of A, Cand % grades. Manufactured to procedures
registered in the US FDA Drug Master File, with ful rractability of all components.
Low endotoxin response cellulosa+inorganic filter alds=+resln, Pharmaceutical
product as for AP, ete.. above.

Low aluminium extractable versionsof C. § and LP prades,

Fer lipid removal. Composed of cellulose+inorganic filter atds+resin.
Pharmaceutical versions of Zeta Plas Delipid grades, Manufactured to procedures
registered in the US FOA Dirug Master File. with full traceability ol all compenents.
Composzed of cetlulose+resin. For filtration of utility oils.

Composed of cellulose+resin+water-absorbent layer. For filtratlon of utility oils.
Composed of activated carbon+cellulose+resin.

*  Cuno Incorperated.

£

i z
b} = -y
= 2% =
5 & 2
e —

- —
'_"!| + — -
=== +
:rﬁ‘, b —--+
=% - L A
i R
—l A - I- - -
] 4 - - =
] s - -

Elwctric patenticl
Faurraunding gorticle

Imo .,
Potennia
Flans ot shear
Rigid (Stern} ”
Toyer Ty e Diftuse laymt

j—— Concantration ot pesitive ivns
|— Cancentrgtion ot negatie wns

Figure 4.18. The electrical double layer mode? showing rharges assembled arsund o negaiively charged solid
sarfaoe submérged in water,
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Zeta Plus is available in & range of nine nominal grades of fineness, between
roughly 10 and 0.1 pm as indicated by Figure 4.13. There are various
formulations as summarized in Table 4,26,

4.6 Selecting Wet-laid Media

The media described in this chapter have had two major uses: as filters in the
laboratory for analyiical purposes, and for industrial-scale filtration. The
laboratory filters are available in cellulose or glass. and their behaviour and
applications are well described In Sectiens 4.2.1 and 4.3.2.

The industrial filters employ paper media iargeiy for air and gas filtration. and
for liguid filtration the choice is usually lor filter sheets rather than paper,

K =
¥ ot
Eo] M romge o! neturl
&F B and Ihp wiiedd
¢ wof
e
h -
& wt
=
[-8 e
& 2}
C
a L 1 Il I I R B | L L I 1 -
L 4 ] [] T L >
pH

T0¢ o~
-
2 ¥ o
=] Kirmtie
E g0 LEHect
T o — 905
"i & — 905 aikaline-rwred to
] destroy pasitive chargs
o 40
&
W
Oy
n - Machanical Straining EHasy
- | | 1 | — |
b 02 0.4 pE 08 1.0 12
PARATICLE SIZE [ um)

Figore 4. 12, Demonstration of electrokinetic contribttlon to e filerarion eficiency of 2eta Plus.
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Figure 4.1 3. Mol particle retention characi eristios of Zete Plies media.

although some automotive uses exist for papers in liquid fltration. Guidance to
use ol sheets is given in Tables 4.22 and 4.2 3.

The air media are most often emploved in the pleated state, to increase useful
filter area per unit volume of filter. and such Alters are now increasingly using
non-woven media. rather than paper. The choice among the available media is
thereforelargely a matter of cost,
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CHAPTER 5

Air and Gas Filter Media

There have already been occasions in parts of this Handbook where it has proved
difficult to draw hard and fast boundaries between categories of filter media. This
chapter Is an especially difficult one to elassify, partly because it concerns flter
elements or complete filiers as well as media, and partly because it deals with
media covered by other chapters in the special applications featured in this one.
The most important feature of this chapter is that it deals with filter media
applications, rather than media types.

Thus, the range of ventilation filters, emploved for cleaning or protecting living
and working spaces, uses many of the media discussed in Chapler 3, as does the
sectien on dustremovalin industrial processes, herealsoincluding woven media.

The two special cases of compressed air and hot gas filtration could have been
included in other sections of this chapter, but are separated because of their
importence.

5.1 Intreduction

This chapter is basically concerned with three distinct classes of filter: those for
ventilation systems, dust collection and demisting. Ventilation filters are
intended te deal with low concentrations of contaminantsin air, and are usually
expected to remove these contaminants 1¢ extremely low outlet concentrations.
They function primarily by depth filtration mechanisms, and are therefore
mostly dificult or impossible to clean. so that when [ully loaded with
contaminant they are discarded.

By contrast, those filters used in lndustrial dust collection are expected to
bhandle muck higher inlet dust concentrations. They [unction primarily by
surface filtration, so that they can be cleaned automatically at frequent intervals.
They function on a cyclic basis that enables them to remain in eperaticn for very
leng periods before replacement is necessary.

Demisters differ from the other two classes by viriue of the fact that they deal
with liquid dropleis in suspension in a gas, rather then selid particles. The
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droplets are removed in special depth filiration media. in which they are trapped
and then coalesce.

Recent years have secn a great increase in demand for clean air in all
applications, and this further justifies the keeping of these topics in 2 separate
chapter in the Handbook.

5.2 Living and Working Space Filters

A significant part of the filter media market is concerned with cleaning rormal
atmospheric air, either as part of the air conditioning of living and office spaces.
or morc especially in the cleaning el air before it is drawn into working areas that
may be seasitive te dust. such as clean rooms for semicenductor manufacture, A
smaller compunent is that which protects the ambient air [rom harmful gases or
particles that might be released within working spaces.

Also concerned In cleaning atmaspheric air are those filters used to clean the
air intakes of engines, whether internal combustion engines for automobiles or
gas turbines for power generation. and ke $liers used to keep vehicle cabins free
ol atmospheric pallutants. Another air cleaning dulty is in the respirator worn by
people subjected 1o dusty atmoespheres. and the final coverage here is of the filter
media used in domeslic and industrial vacuum cleaners.

5.2.7 Classification of air filters

Air filters are classified on the basis of their filtration efficiency measured under
defined standard condittons in relation tc a defined test dust or aeroscl. The
situation is complicated by the number of different classilication systems. test
procedures and acrosols used for tests. which have evolved tn various countries
{asis discussed in Chapter 11).

To some extent, this already complex situation has been compounded during
recent years as the increasingly stringent standards of cleanliness demanded. [or
example in the microchip industry, have stimulated the development of more
scnsitive testing methods. Stmultangously, there have been strong moves
towards establishing international standards. notably within Europe under the
leadership ol CEN {Comité Furopéen de Normalisation ) and Furovent.

This international cooperation is evident from Table 5.1. adapted [rom
Morris'!". The parallel Burovent and CEN classifications distinguish among a
tatal of 17 classes ol air flter: the first nine are lor coarse and fine dusts, while the
five HEPA (High Efficiency Particulate Air} and three ULPA (Ultra Low
Penetration Air) filters are for submicrometre particles. As indicaled. these
classtlicattons draw together standards not only from Europe but aiso from the
USA (ASHRAE being the American Society of Heating. Refrigeration and
Atrconditioning Englneers).

An alternative classification has been developed as part of an American
project. jointly sponsored by ASHRAE and the US Environmental Protection
Agency. The project was aimed at developing a new standard tereplace ASHRAE
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52-76. a revised version of which was approved as an American national
standard in 1992 as ANSI/ASHRAE 52.1-1992. The new standard, ASHRAE
52.2-1999, includes the classificarion system reproduced as Table 5.2'2', The
appropriate test method {using a KC| aerosol) establishes minimum efficiency
curves for fillers in bands over the size range 0.3-10 pm. A shorthand verston of
the Alter's efficiency performance is the minimum cfiiciency reporting value
(MERV), which is based on the lowest removal efftciencies for different particles in
the test. The average removal efficiencies over the three size bands (0.3-1.0 um,
1-3 pm and 3-10 pm) are calculated. and designated E|, E;, and E; respectively,
From Table 5.2, the filter is then assigned an MERV value,

The efficlency ratings cited in Tables 5.1 and 3.2 relate specifically to the
actual filters, such as those ip Figure 3.1, which are the critical working
components in an efective fltration system. However. the cfficiency that they
achieve In practice depends on the combined effect of the flter medium
{including any pin holes in it due to manufacturing faults). and any uid low
that bypasses the filter medtum through leaks between the edge of the medium
and the casing into which itis sealed.

Therefore, unless all such leaks are ellminated. which is generally unrealistic
both technically and econemically, the efficiency of an actual filter will
inevitably tend to be less than the specified rating of the filier medium that it
incorporates. The avoidance ol leaks, or at least the minimizing ol them, is
consequently of crucial importance to the filier manufacturer. especially when
the products are intended for the top-grade ULPA ratings (Eurpvent 16 and 17).

Table 5.1  Eurovent and CEN classificatons of ventilaiton alr Alter

Type Eurovent  CEN Efficieney Meastred by Standards
class ENZ779 ")
class
Coarsedost EU1 Gi <H3 Synthetic dust ASHRAE
filter ETi2 52 6380 weightl arrestance 32-764
EU3 G3 B(90 Eurovent 4/5
E1l4 o4 =30
Finedust EU3 Fs 4{r=6ll Atmospherte dust  BS 63540
liler El& Fh &=y spol efficicncy
EU7 F7 B4 DIN 24 185
ElTS F# <05
El% Fg =93 EN 779
High efficient EU10 H1) ®3 Sodium chloride BS 3923
pacticulate air EU11 H1l g5 or lauid aerasol Eurovenl /5
filter ([HEPA) EUlZ HizZ 993 DIN 24 1584
EU13 H13 9995 DM 24 183)
EUid H14 95.995
Ulira low EU15 Uls 99.9995 Liguid aerosol DIMN 24 154
penelration EUle e 99999495 DM 24 183)

air flter (ULPA} EU17F oy 99.999995
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The rigorous manufacturing and menttoring techniques that have been
developed include automatic scanning of filters with CNC (Condensation Nuclel
Counting) testing, using an oil-based aerosol.

One of the complications of these various standard test procedures is the
diversity of particulate materials specified for them. They range from
atmospheric dust te symthetic dusts, and from zerosols of ol to aqueous solutions
that rapidly evaporate to leave a residue of flne crystals. with inevitable
significant differences in the shape and size distribution of the resultant
partlcles. ‘The characteristics of the more common test materials are
summarized in Table 5.3.

Wepfer!® points out that, rather than a filter belng characterized in terms ol its
efficiency against a particle of some specific size. it is more relevant to the user to
know its efficiency for the Most Penetrating Particle Size (i.e. its MPPS efficiency}.
since it is this which ultimzately determines the level of contamination in a ciean
room. The significance of this is brought out by Figure 5.1, which illustrates how
the amcunt of coniaminant penetrating may depend on the filiration velocity,
the filter medium and the particle size: this arises from the nature of the depth
filtration mechanisms by which HEPA and ULPA filters function. A test method
and appropriate standard based on the MPPS has been developed by CEN as
EN1822.

As Wepler warns, flter efficiency is sometimes wrongly considered to be a
physical constant, thus ignoring the variations of the wet-laid papermaking
process with its bwn probability distribution. Figure 5.2 shows an example of such
efficiency variations of a widely used TLPA medium from a leading manufacturer.
A medium with a typical efficiency of 99.9999% (50% probability value) mey
thereforc alsohave an efficiency 0f99.9995% with a prebability of 1%. That would

Table .2 MERV ratings [tom ASHRAE 52.2

Gronp numbet MERY rating Average efficiency in size range (%)
0.3-1.0pm 1-3um 3-10 pm
1 1 - - Ey=20
2 - — E«=20
3 - - E3=20
4 - - =20
2 5 - - 20<E <15
& - - 3R<E<H0
7 - - 50<E;<70
8 - - TO<E;
3 9 - E,<50 $5<8,
10 - 50<E <65 B5<R,
il - B5<E;<B) 25<E,
12 - BO=E; 90<E;
4 13 E<?35 905, 90<E;
14 75<E, <85 S0<E, B0LE,
15 B5SEy<93 0<E, 90<E;

16 Y5 <E, 55<E; $5<E;
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give five times more penetration and five times more parttcles in the clean room.
Thus, if the manufacturer of ULP A filters has to guarantee a maximum penetration
(or minimum efficiency). the average value of penetratlon of this production lot
could typically be aboutfive times smaller than the gaaranteed maximum,

5.2.2 Types of ventifation filter

Ventilztion filters, such as those that are used to control the cleanliness of the air
supply in office buildings or clean rooms, usually comprise a rectangular [rame
contairing a sheet, pad or other array of filter medium. [o the simpiest form, the
filter medinm is flat as in Figure 5.3(a). The aciive surface area can be greatly
increased by pleating the sheet as in Figure 5.3(b). especially if the pleats are

Table 5.3 Somw dusis and aerosols for testing air Rlters

Designation Material Particle Range [pom)
size
{"wWL}
Duosts*
Alr ¢leaner test dusts Quartz mineral
(Arizona road dust)
AC coarse®
0-200
10-14 -5
9-15 5-10
11-18 10-20
20=26 2140
27-33 40-80
6-12 BO=-200)
AC fine® O-80
1741 0-5
15=-21 10
13-19 19-20
15-21 2040
6b-12 4080
ASHRAES2/7hH Molacen black 23
SAE] 726 fine 72 0=-80
Colton linters 5
BE2E831 No. 3 Fuzed aluming 8-32
ES2331 No. 2 Fused alumina 0-10
Aerosols
BS25831 No. 1 Methyiene biue (seilde} L6 fmedlan}
B53928 Nad) Sodium chloride (solid®) 0.6 imedian)
DOP{USA) Dinciylphthalate (liquid) 0.3 ymedian}
Uranine (France} Sodinm salt of duorosceln (sollds) .12 {median)

% Dmists to these and rmany other spectfications are manufactured by Particle Technology Limited.

® Fomerly productsof AC Spark Plus Division of Ceneral Motors marketed by A C. Delco Equivalent dusts
are inc¢luded inthe nine grades of a new 150 spectfication due tobe approved early tn 1997,

t Generated asa diluee selatlon in water. Evaporation leaves solld particles for Bleraglon.
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deep as in Figure 5.3{c}; with very deep pleats, the sheet eflectively becomes a
series of linked pockets as in Figure 5.3(d). There is also a very different format
providing a sheet of ilter medium, the roli filter. which enables the renewai of the
active sheet by incorporating automatic indexing of a rall of medium. triggered
by a pressure drop monitor,

Where a sheet or pad is used in a stimple frame. then this can be of any suitable
mcdinm, from the simplest felt to a multi-layercd construction. such as an active
layer of synthetic medium or glass microfibres sandwiched between protective
outer coverings of apen spunbonded fabric.

The pzature and diameter of the {ibres in the active layer. and in some instances
of their density of packing, determine the filtration efficiency and other
performance characteristics of the filter. By judicious selection and control of
these parameters. ventilation filiers are produced in a wide variety of grades.
ranging from coarse filters down to the finest with an efficiency greater than
59 999999% against 0,12 pm particles.

Most manufacturers of air filter media supply their media in these various
ventilation filter formats. Thus. Freudenberg, one of the leading suppliers of non-
wovens, under its Viledon brand name, has a product portfolio that includes:

Figure 5.1, Medium penetration versus parricie size depenids on foce velocily and ntire of the medium, Tesis
ot Luweg Blirafilter CR with DEHS arvosal aud OO detection.
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s & range of roll goods intended for cutting into specific shapes by the filter
maker — these cover EU2 to EUS (in particular 10 make simple sheet filters.
although the range includes the B/ 260 material for roll lters);

® & large range of compact pocket flters {as in Figure 5. 3{d}}, which cover
Ell2 to EII9, and which are made [tom needlefelts and spunbonded
meterials, mostly with a multilayer structure;

e arange of MaxiPleat deep pleated filters. made from honded glass Gbres, [or
fincrfiltration. covering EU6 to EUT11: and

& arange of specially pleated glass paper filters for HEPA and ULPA usage,
covering EU10to EUL 7.

5.2.3 Media for ventllation filters

As shown in Figure 5.3. ventilation filters are made either as sheets or pads of
fibrous media, as flat acrays of corrugated i pleated) paper-like medta. or as sets of
filter pockets mounted in the same type of frame - so that any can be fitted into
the same housings in the partition wall of a living or work room. cr in an air

Figure 5.2. Sintistical analysizs of penetracion of 376} production lots of ULPA filters. Peneiration measursd
with laser particle cournter at 0.1 2 yum.
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conditioning uznit. Although, In principle, any kind of medium could be used for
ventilation purposes, the bllowing notes indicate the main media used. Thege
notes supplement the comments on these media made elsewhere in the
Handbook,

For a considerable peried of time, ventilation filters largely employed simple or
needled felts, or pleated papers. Nowadays. the demand for high levels of purity
in the filtered air has led to the use of the more recently developed glass and
poltymeric medla.

5.2.3.1 Class fibre pads

Glass fibres provide a uniquely versatile souree of lilter media since. in addition
to being very inert, they can be produced in controlled degrees of fineness down
to exceptionally small diameters. This latter characteristic is of particular
importance because the interception/diffusion mechanisms invalved in air
filtration result in the need for increasingly fine fibres as the size of particles to be
captured is reduced.

The varicus processes for manufacturing glass fibres are briefly summarized in
Chapter 4. One of these is the ‘rotary’ process used by Johns Manville to

(a) ty

@ [}

Flgure 5.3, {a) Simple flat panels: (0) shallow pleated panels: fc) deep pleats {for HEPA filters):
() multipocket bag fileers.
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manufacture the relatively short and coarse fibres of their Micro-Aire products,
of which the six basic grades are identified in Table 5.4. They are available in
roll form {in widths up to 2.3 m and lengths up to 150 m), ready for in-plant
cutting and sewing to fabricate into filters; they are colour coded for
convenience, and can be supplied either with or without a choice of backing
materials to provide extra strength. These media contain about 12 or 14% of
phenolic resin as a binder; this gives the structure some resilience, sa that it
compresses when vacuum-packed for shipping. but recovers its fult thickness as
£0oh a5 a pack is opened.

The Micro-Aire range embraces ASHRAE effictencies from 30 to 95%,
nominally covering Burovent classes up to EU9: in practice, Johns Manville is
commercially focused on classes EUS to EU9, with the coarse dust sector served
by lower-cost materials. Examples of single- and dual-layer media are illustraied
in Pigure 5.4; typical performance curves are reproduced in Figure 5.5.

An alternative low-cost form of glass medium, illusirated in Figure 5.6,
compriscs continuons monefilament glass fibre of relatively coarse diameter
(10-12 pm) bonded with a thermosetting resin. Thicknesses available range
from 12 to 100 mm, the corresponding flow resistance and flltration efficiency
characteristics of which are indicated in Table 5.5; the efficiency range extends
up to Eurovent class EU4. The material is available in widths up to 2 m and roll
lengths up to 100 m, and can be supplied with scrim backing.

5.2.3.2 Glass microfibre papers

Papers made from glass microfibres, us shown in Figure 5.7, with diameters as
small as 0.3 pm or less. form the heart of the HEPA and ULPA filters that
correspond to Eurovent elasses rom EULO 10 EU1 7.

A major source of these papers is the 100 Series Micro-Strand Micre-Fibers
produced by Johns Manville's pot and marble process as described in Chapter 4.
There are 10 grades of these fbres, their corresponding spread of diameters being
given inTable 4.7, while Table 4.6 identifies their chemical composition.

Examples of papers based on these fibres are the four classes of Lydair products
summuarized in Table 5.6, with typical data for the media in each class glven in
Tables 5.7-5.10. All of these media arc available either plain or laminated to
various scrims on one or both sides; the laminate options and ldentification
system are listed in Table 5.11.

5.2.3.3 Spunbonded polymers

Confusion can arise (as further discussed in Chapter 3} from the term
‘spunbonded media’, since it is quite widely used both to embrace the three
diffierent categories of polymeric media made from extruded flaments (with fibres
of distinctly different fineness}, and also. much more often now, te identi{y one
specific category. These media are taking an ever-increasing proportion of the
general ventilation media market.

The one specific category, also once known as melt spun, is widely used to make
relatively coarse continuous fibres, with diameters in the range 15-40 pm.
Development of the original spinning process resulted in the finer {(5-10 pm) fibres



Table 54 ‘Micro-Alre’ glass Abre media™

tirade Coloor Thicknesstmm)  Backing®  wWaight(gm/m?)  Permeability’ immolwater]  Filtration efficiency ['%) Flammabtltiy® class

Flat sheer!  Ashrae 521

AFS5-3 Yellow f.Y MNune a3 8.4 hH-7H g-95

1
LR B2 73 L %) 7R Hi1-95 2
.9 Bl 129 2.8 hR-TR 9i1-95 1
hy BINW IEE] 55 BH-TH Q-5 1
AFS-4 Flnk (%) Mone Sd 4.4 4%-5K Hi-85 1
L% RX Fl 4.4 4454 R8G9 I
fY BIGs 131 4.4 48-54 Ri¥-85 i
6.y BInwW Uy 414 LLERT HiI-KS |
AF-11 {range .4 Mewre al 1.0 13-24 55—h% |
f.4 B2 73 1.9 | =18 33=hH% 1
f1.4 Bless [41 I.% TH=-1% 535=h% 1
g BINW 1% 1.9 TH-2% 3505 I
AF-1H Yoellow/lan G Mepe a7 .5 J11- 213 SL1-5% I
fr.d (13 I 1.4 111-21} 36—hS 2
4 BLs | THh [.h 1t 20 35 hS [
a4 BINW t45 20 14-20 35-h% 1
AME-I0 0 Yollow/tan 4.1 12 ht {1 5—1% Jo—ge1 2
4.1 BIGS [1% {5} 5—15 I0—411 1
4.1 BINW a5 1.0 5-15 -0 1
G.P, Yellewflan b4 Mone h Y K-18 40)1=51] 1
b4 B2 a0 1.3 B-18 411510} 2
B | BiGS 156 0y 5-15 40154} 1
hd BINW 123 1.5 H-1% 41513 1
" Johos Manville ine, " Backings BIGS. woven gluss serin: recommended maXimum abr iempetatute i@ 1670 BINW. nen-swoven mast: recommended maximum

air iemperaiure 35 12050 B2 nop-woven polyester or nyfon: saxinium air temperature is 12100+ Mumina] pressure drop al an air velocily of ¥/ m/min through
aflat sheet. 4 For 003=00% g particles atan air velecily of 74 mmin (hroagh a llal sheet, © Underwriters Laboratories Class 1or 2 for specllic flame wnd smoke
requiremerils.

PIDAW L O YOOqpUbH 79T
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elmelt blown media: yet further development has led to Du Pont's even finer flash
spun fibres, Moreinformation on thisset o(media typesis given in Chapter 3.

Becanse of the relative coarseness of their continuous fibres. the main role in
air filtration for spunbonded media. such as BBA's Reemay. is as protective or
support layers in combination with finer media of higher efficiency, and they
wounld normally be used as pleated sheets. They also serve as prefilters in which
io trap larger particles. and in composite media such as BBA's Qualiflo. to
achieve efficiencies equivalent to EU9 and higher. For further information on
these media, see Chapter 3,

The company Irema Ireland has developed a patented version of melt spinning
that enables it to produce a wide range of fibre sizes. from 40 pm down to
microfibres of the order of 0.5 pm. Irema attributes its success to the fexibility of
the very small scale of the original production facilitles. which were focused
exclusively on the speclalist needs of surgical masks. Subsequently the range of
100% polypropylene binderless Micro 2000 Plus media was developed for air

[a}

(B

Figure 5.4. ASHRAE geanie glass flter needio; {u) single lager, (8) dun) doger. { Phatograph: Lydail. ey
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Figure 5.5 Typlal ASHEAE test corves.

Figure 5.6, Continuous monaftbre glags fAlter medinm. ( Photograph: Lancaster Gless Fibre Ltd}
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filiration. These lofted uncalendered media are in the form of 5-10 tm
sandwiches, comprising 60,65 g/m? of graded fibres enclosed between cover and
backing scrtm. They may be used as flat sheets or deep pleated arrays. The
characteristics of standard products are given in Table 5.12; filtration efficiencies
extend [rom Eurovent class EUS to EU9.

5.2.3.4 Melthlown media

The sophisticated techniques of melt blowing permit the producticn of graded
fine short fibres with diameters in the size range 5-10 pm. These form the basis
of filters [or finer dusts, corresponding to Eurovent classes EUS te EU3 and
beyond; but note that Inttial efflciencies tend o be inflated by unstable static
charges induced by the manufacturing process. Examples of these are the
range of polypropylene media with colour-coded scrim backing summarized in
Table 5.13.

Other polymers are also available in meliblown (orm: Hollingsworth and Vose.
for example, supplies poivester, nylon and polyphenylene sulphone as melthlown
webs, in both simple and composite lorms.

Table 5.5  Resin bonded continwouws monofilament glass Alier media®

Thickness  Clean resistance ta air Qow tmm WG} Average efictency®  Arresiance load®
{mm} 1%} {gfm?
1.0m/s 1.5 m{s 2.0m/s
12 - - 4.50 75 650
25 - - 5.400 B 751
S0 0.A0 1.50 5.00 86 8350
75 1.60 340 .00 A 1050

100 2.60 4.00 6.50 92 1200

®  TLancaster Glass Flbre Limiled.
¥ Test velocity 2 mys.

Figure 5.7. Magnified view of microfibre glags paper. ( Photograph: Whatman lnternational Lid)
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5.2.2.5 Plastrc foarn

Reticulated polyurethane fpams are available in a range of pore size grades
and shect thicknesses, which can achieve Eurovent ratings from EUL to EU3, For
example, Figure 5.8 shows an efficiency of almost 940% for a 10 mm thick sheet of
the finest grade {30 ppi. pores per linear inch}. An advantage of plastic foam is
that it can be readily washed and reused repeatedly. (More inlormation on plastic
foams as llter media is given in Chapter 7.}

5.2.3.6 Expanded metal mesh

Expanded metal mesh may be used dry as a grease trap or demister. It may also
be used when wetted with a replaceable oil or adhesive for particular collection,
with efficiencies corresponding to Eurovent ratings of EUL or EU2. as illustrated
by the typical performance data given in Table 5.14. In any of these roles, it has
the advantage of being readtly washed and reused repeztedly. (More detail on
expanded metal mesh as a filter medium is given in Chapter 6.

5.2.4 Hectrostatically charged media

It ts well known that the efficiency of a filter can be enhanced significantly by an
electrostatic charge on the fibres of the medium. The earliest practical example of
this was the resin fwool mixture used by Hansen'*! as the basis of the military gas
mask patented by him in 1931. An account of this. and of some of the secrecy
thal understandably surrounded it, was given by Feitham'*!. who commented on
the notable absence [rom the patent of any reference to electrical action on
which its function depends.

Table 5.6 Sumesary of 'Lydair’ glass Blier media™

Class Number of Filtration efficiency range (% Typical applications
stapndard grades
ASHRAE Dopt

1000 13 30-95 15-65 Heating and veptlating. inlels to com-
pressors and turbines. paini spray booths

2000 4 - Be-08.3 Prefilter for HEPA. hospital air, computer
digc drive, chemicasl and pharmaceutical
processing

00 s - 99.9]-99.99 HEPA for ¢lean rooms for hospitals.

micteelectronics induslry, processing
industtles. aerospace. film
manufacluring

5000 7 - YY9.9%9% up ULPA for clean rooms for pharmaceutleal
processing. michoelecironics industry,
genetic research. mainirame compultets

*  Lydall [oc.
® (13 um DOF particles & 3.2 mymin for Classes WKL 2000 and 3006,
(12 pm DOP pacticles ¢ 107 m/min for Class 30001



Table 5.7 Class D00 'Lydair’ glass paper media®

CGrade number 1224 12248 1235" 1224

IXOP pencteation® (5l
t} 3 pm parlicle
3.2 m/min

DOT efilclency (55 RS h3 h5 501
03 s pairttele
w3 mfmin

35 35 35 ()

ASHRAL effictency (%) 9045 G093 40-%%  BH-40
Adr peameahikity 1% 13 13 H

This e 125 o WO
Pressure drap wikth agr S} 3.0 5.0 35

it 3.2 mfmind mm WG|
Bugis weight (gfm? 73 5t Th e
Thiekness tmm) (11 43 (L34 (1Y

Tensile strenglh dkplfom)
MiHmachine dircction 1,35 1.42 1.35 1.15

CiHerasedlrection) FF iL54 W77 W77
Waler repelfaney {um) iK1 81 154 iK]

Yieldim~ kgt 137 12.4 131 137

12294

50

S0

1R

20

15

hE

(VBT

=1 L
1

-
b |

I8l

15.0

12298
S0

L

H-90
kL

F )

#]

.43

1.42
11, K

i2.6

1272%  138] 1232 1232¢  1251F 1254 12544
50 75 s 85 83 - -
5) 25 15 15 15 - -
KOS AD-FO 55-A0 35-A0 39610 40-45  30-40)
M} 43 i} fl [+% 1A 1h2
5.5 1.% 1.8 0.8 1.4 - -
7h 73 7t hi Th hi 449
(.45 1. 48 0.3k 10.33 1nix il .23
1.3% 1,35 1.27 1.23 1.15% (96 77
177 .77 Y7 LRy 177 by thS
234 254 254 234 127 - -

1%.7 14.7 1.2 1.1 218

it I.gﬂ:lul[. Ine.
B enotes dual bayer Ber higher dust kelding capeeity and longer Die.
Y % penelralion = 100 = helliciency,

Z9T  PIPSp A1 SUD) D 4
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Table 5.8 Clags 2000 ‘Lydaiy'glass paper media*

Grade number 2253 2321 2220 2401
DOP penetration® (9) 1.5 4.4t 7.0 14.0
0.3 pm particle
@ 3.2 mf{min
DOP efficiency® %} 98.3 94,0 930 6.0
0.2 pm particle
@ 32mfmin
Pressure drop with alr 17 13 12 e
@ 3.2 m/mobn (mm WG)
Basis weight {g/m?) %3 B3 73 73
Thickness {mm) (3% 0.34 0.3% 38
Tensile strength kglfom}
MD [machine direction} 1.13 1.1% 1.1% 1.15
CD{cross direction) (1.h9 0,69 HY L6y
Water repeilancy {mm) 234 EE 234 254
Combustibles {4 5 3 3 3
Yield tm?{kg} 13.7 137 13.7 15.7
& Lydall, Inc.
b o pepetratlon=1N) % efficiency.
Table 55 Class 3000 "Lydair’ glass paper media®™
Grade number 3215 3428 3255k 3255-N 3514 31248
[P penetration® (%) AR {3 nmnls i3 0030 ¥R AT 14
0.3 pum particle
@ 3.2 m/min
DOF efficiency” (%) QU983 oy gR3 45,943 a5 985 99 97 §9.94
0.3 um particle
3.2 mimin
Pressure drop with air 14 1 6 i6 11 30
it 3.2 myoin [pum WG)
Basis weight (g/m?) 73 73 sk 6 49 73
Thickness immt 03k .34 {hdh 046 023 138
Tensile strength {kgfcrm}
MU tmachine direction} 135 1.04 147 1.47 0.940 1.1%
CDicross direclivnd (kY 61 (L9 rL9% .54 {169
Water repellancy {mm] 18l 134 Thl Th2 234 254
Combustibles [%) El 5 5 10 3 3
Yieldim®/kg) 13.7 157 1.6 11.4 43 13.7
* Lydall, Inc.

¥ Denotes dual layer for higher dust holding capacity and longer [e.

¢ %penctration=100 — % efwciency.
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The key to the Hansen filter is the [riction generated during carding of a mixture
of wool and particles of amber (fossilized resin}. This induces a positive charge an
the wool and a negative one on the resin; moreover, the charge is stable because
of the very low condnctivity of resin. even though wool is a comparatively good
conductor. British military respirators were based on this technology through the
19405 and into the 1950s, with some use also of asbestos fibres, until the
development of glass microfibres provided an alternative. Even teday, Hansen-type
material (without asbestos) still finds limited use in some industrial face masks.

Tahle 5.10 Class 5M) Tyduir glass paper media®*

Grade number s721 53R8 3373 5471 3252 3470 3375
DOP penetration®%) 0000001 0000 LO0D] 00001 <01 =000 <0001
3.1 2 pm particle
& 107 m/min
D effickency® (%) 90,9990999 04 99999 9%.9949 §$9.30UT =99 90U 09,999 99,995
(1.12 pm particls
& 1.07 m/min
Pressure drop with air B0 h3 63 53U 50 42 42
(@ 3.2 mymin (mm WG
Basis welght [g/im?} 78 TH 71 73 73 7 73
Thickness (ram} 0.41 U.4] 058 (.ix .38 038 38
Tensile strength tkgffcm)
MDr{machine direction] 1.33 1.3% 1.33 1.04 1.33 1.404 1.33
Cli{cross direction) 077 [+ Ny {149 61 .69 .61 (&%
Water repellancy (mm} 254 234 08 LT 58 2134 381
Combustibles (%} 3 3 3 3 5 3 3

Yield im?/kg) 12.8 12.8 13.7 137 13.7 13.7 13.7

*  Lydzil loc.
b o penetratlon=100 — % efficicncy.

Table 511  Lamlmsted aptivns for ‘Lydair’ glass lilter media®

Scrim malertal Basis weight [g/m* Leater code®
Reemay 1K A
Woven glasscioth a9y B
Hollttex {calendered Reemay) L& C
Lerex 18 n
Reemay 32 E
Lerex iz F
Mo scrim - 0
4 Lydall, Inc.
b Example: 1224 AJA specilics — standard grade 124,

— wire side scrim 18 gfm*® Reemay:

— felt side scrim 18 gfm? Reemay
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Because of the high resistivity ol synthetic polymers. and because of the nature
of the spinning process, fibres as produced tend initially 10 have a static charge
that enhances the initial filtration efficiency; for example, Irema [reland
specifieally refers to this feature in respect of its Micro 2000 Plus media in Table
5.12, However, this ‘natural static’ is generally not stable and soon decays.

5.2.4.7 Corona charged macla

A stable static charge can be applied to polymer fibres by a corona discharge.
This develops rapidly into a dipole configuration. with each fibre comprising a
multitude of frozen-in electric polarization cells or 'electrets’, analugous to a
series of magnets, so that particles are attracted to the fibres. As shown

Table 512 ‘Micro 2004} Plus’ continous fibre synthetic medla®

Beferenceno. Weight Grade/class Inittal Clean bust holding® Face
{gm,/m?) NacCl pressure capacity velochy
{4 pm e drop i Pal Tgm/m>) (/s

ASHRAE Eurovent
efficlency (%

S0.1F.1%Ea 120 45 EU3 23 23 maximum 60 13
60.1A19Ea 120 Bl)6s EU& 33 ?3maximum ) n1%
BO1C.19Ea 110 B085 ENI7 b3 a3 maximum 53 13
90.1D.18E.a 120 B0,/95 ElR & 33 maxlmum 43 {12
95 1F.19Ea 120 as EL:G 83 %3 maximum 3 w1s

*  Irema Ireland
¥ Dyst holding capacity of flal shest to pressure drop of 25 Pa

Table 513 Poly-Aire’ melt blown polypropyiene Alter media®

(Grade number PE-55 PF-#5 PF-63 PF-43
Colour Yellow Magenta Orange White
Maximum thickness (mm} .3 B3 .3 .3
Rasls weight ig/m~} 160-194 13>-188 115-1R0 #0-133
Abr permeabibity® imm WG 3.R--6.d 25-3.1 0.7-2.3 -1
Initial fiat sheet particle H-70 30=0l) 13-25 fi-14
efficiencyt %)
Average ASHRAE Gh-33 B85 aii-63 (145
efficiency! (%)
Furovent ¢lags® EUE Uy ELA EU3
Dust capacity {g/m>t 33-h3 943 120-150 170-21%
Flammabtlity class’ X 1 2 2

Johns Manville Inc.

tominal pressure deop measured at an air velocity ol 127 cm/s through « flat sheet.

Measured at an ait velocity of 127 cmy/s through a flat sheet with (L3-03 pm particles.

Applicable to finished air cleaning devices. based on ASHRAE-511. Ffficlency depends on the flter
deslgn and construction,

Filter media alone will meet Class 2 rating when tested 1n accardance wirh UL-90¢ ‘Standard for air
filker nndts?

Avallable in 710 mm wide rolls; lengths 68 m for FF-95, 76 m for other grades.

¥
b
c
d
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schematically in Figure 5.9 and described by Van Turnhout and Albers'™,
negatively or positively charged particies are directly attracled by a coulombic
force, while uncharged particles may be polarized into dipoles prior to attraction.

The magnitude of enhancement achievable depends on the nature and the
geometry of the fibres. Thus, the charge density achievable with 3M's Filtrete
Type 8 media, comprising round 5-10 pm diameter meltblown fibres of low-
density polypropylene. is twice that for pelycarbonate fibres (8 as compared with
4 nC/cm?): but it is an order of magnitude smaller than the 75 nC/cm? surface
charge of 3M's split-film high-density polypropylenc Filtrete Type G, which
comprises coarse fibres ol relatively large rectangular cross section (10 pm x
60 pm). This results in significant differences in the electromagnetic field

Ashree dust fed (gim® )
104 200 300 400

T 12

1T mm 150
¥ mem B 144
JroE
Arresance WS Do FED 180 E
156 §
40 E
430 2
20
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=]
EE ; 154 | Resimance Y8 Dun FEI2 12 man
3‘ E
f -p/_y/
o — 100
B
w1
38 s

Regislance ¥5 MEDIA Yelocity

1 1 L L
1 B0 34l 3400 T200
L 1.0 [.5 a
Adr flow (mt /h m? m/s)

Figure 5.8, Flitration performance of 80 ppi Fovee' reliculated foom based on ASHRAFE 52-68 procedureal a
Jace velocity of 0.5 mfs.

Table 5.14 Typical results of rests® of expanded metal aic filer®

Filter type TypeE Type SP Type 85

Thlckness (mm} 25 0 25 30 25 S0

Air velocity (m/s) 2 2 2 2 2 2

Clean resistance (Pal 17 i9 54 78 34 19

Finul resistance{Fa) 2BY 289 304 328 254 289

Average synthetic 72 7 78 B5 &6 rrd
dustarrestance %)

* B3 8540 Parl L Section 3.
® The Expanded Metal Company Limited.
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surrounding the two types of fibre, with the stronger disterted Beid of the split
fibres of Type G being more able to polarize uncharged particles.

Whilst there are grades manufactured frequently tailored to order, there are
three standard grades of the Filtrete Type S media, all of which combine 40 g/m?
of meltblown fibres with a 30 g/m? polypropylene fleece substrate. Their initial
atmospheric dust spot efficiencics based on ASHRAE 52.1 are: 84% for SBMF-
40V, and 89% for SBMF-4CPF and SBMF-40VF, corresponding to Eurovent class
EU7. Relationships between particle diameter and effictency. lace velocity and
efficiency. and face velocity and pressure drop are given in Figures 5.10-5.12.

The Filtrete Type G media are produced not by any form of spinning but by
needling the Hat fibres generated by a film stretching process as cutlined in
Chapter 3. Stretching a film of polypropylene causes the moelecules to realign in
the direction of the force; the film thereby becomes strong in this direction and
weak across it, and can then be split into fibres. These fibres are subjected to the
needling process used for manufacturing needlefelts, as deseribed in Chapter 3:

(? Fpal.
+

Frouf, 9
oy

Figure 5.9. Schematic Hhusiraifon of twe modes of attraction of particles bo charaed ftres. The two charged
particles gn the lefi ere attached by a Coulembie force. Thoge on the right are converted inle dipolez and
aiiraceed by a polarization force.
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Flgure 5.1 Effctency versus particie size (2 460 ftfm) for Tiltrete Type 5. (IHustration: 30 Filtraticn
Previucis}
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sometimes this involves combining the fibres with an open woven scrim located
either in the centre of the layer of fibres (denoted by GS} or beneath it (GSE).

These media are produced in a range of basis weights extending from 30 to
300 g/m? {indicated by a corresponding suffix, such as $5-100), ASHRAE initial
dust spot ratings for a representative number sre listed in Table 5.15,
corresponding 1o Eurovent classes between EUJS and EUS. Relationships between
particle diameter and efficiency, face velocity and efiiciency, and [ace velocity
and pressure drop are given in Figures 5.13-5.15. The impact of the basis weight
of the media (g/m*) on Bliration efficicncy and on pressure drop is indicated in
Figures 5.16and 5.17.

Comparison of the face velocity versus pressure drop diagrams for Type § and
Type G Filtrete shows that the latter has a major advantage in this respect, as a
consequence of the high charge density permitting a very open stracture, whilst
still achieving high Bliration efficiencies.
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Extended tests are reported to demonstrate the bigh charge stability of Filtrete
in respect of time (a decrease of no more than 1.2% over a shelf-life of 4 years).
temperature {lengthy stability at up to 80°C, safe for short periods at up to
100°C), and humidity (a very long service life at tropical conditions of 100%
humidity at 45°C).

5.24.2 Triboelectric media

Electrostatic charges can also be generated by triboelectric means when fibres
of different polymers are rubbed together, one becoming positively charged and
the other negatively: Table 5.16 lists textile materials in a triboelectric series.

where one higher in the series will become positively charged if rubbed with any
of those below!™,

Table 5.15 ‘Filorete' Type G media®

Grade Basis wetght ig/mt’ Scrlm locatlon Ftltratlon efficiency
Centre Backlng ASHRAE® Eurovent ¢lass®

G8B-30 3 Mo Yes 3z —
GSB-50F 50 [ Yes ot -
GEB-70) 70 la] Yes T

G5-8% 35 Yos No TE -
GS-1000 H L] ¥Yes Mo 80 -
G-100) 100 Yes No 31 -
G150 15} No e H2 [}
{-200 200 Mo Mo u3 N
5250 250 MNa Mo 96 5
G-300 300 hfe) No a9 9

* AM Filtration Froducts.
b “Inittal atmospheric dust spot' according te ASHRAE 52.1-1992,
€ Eurovent ratings are only given where full tests have beer: completed 14 1120 mfs.
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-1

Ligure 5. 14, Efficiency versus face velocity for Filrete Tipe G ¢ [Hustracion: 30 Filtragion Producis)

Pigirre 5,15, Pressure dvap versng face velocity for Filtrere Type . Mustration: 3M Filtration Products )
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2 8 &5 8 8
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Figure 5. 16. Pressure drop versus basic weight for Filtrete Type . { Wustration: 3M Filtration Products }
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Figure 5.1 7. Efffciency versus basis weight for Filtrete Type G, { INustratfon: 3M fltvation Products}

Table 5.16  Tribaelectric serles of textlle materlals

Poritive

Wool

Mylon ki

Mylon B

Silk

Repenerated cellulose
Cotton

Polywiny] alcohol
Chlorinated waol

Cellulose trtacetate

Calclum alginate

Acrylic

Cellnlose diacetars
Polytetrafluorothyiene
Polyethylene

Polypropylene
Folytethylenes terephthalate)
Poly(butylene terephthalate}
Modacrylle

Chlorofibre

Negative
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Media designed to carry triboelectric charges need careful selection of thetr
component fbres to achleve effictent charge creation and retention. The needs
for a good electrostatically charged medium are that it should:

« haveashlgh an amount ol charge as possible:
e have as high an electrostatic field intensity as possible; and
» hold its charge [or a long time, preferably for the life of the filter.

The main triboelectric fibre couple for some time was polypropylene and
modacrylic, and this is still exemplified by Hollingsworth and Vose's Technostat
media {formally Hepworth)'®,

A newer fibre grouping is polypropylene with polymetaphenylene
isophthalamide, supplied as Tribe media by Texel'®), with claims for superior
performance. These fibre mixtures are well suited to needle punching
technology, and there is evidence that they huve much better charge
characteristics than corona charged material'!®,

5.2.5 Combination filters

The filters and their assoctated media discussed so far in this chapier have all
been concerned with the removal of dusts, i.e. solid granules, from suspensicn in
atmospheric air. It may also be necessary, however, in an air conditioning
operation, to remove gaseous impurities, in particular ederous chemicals. This
can be dene at the same time as the removal of dust if the filter medium contains
(orismade up of) an adsorptive substance such as activated carbon,

It is, of course, perfectly possible 1o have activated carbon ‘filters’, whose sole
purpose is to remove gaseous Impurities, and which provide ro filration of
particles at all (or not intenticnally}. However, most activated carbon filters for
contaminated air arc made in much the same weay as dust filters, and the
combined duty is now a commeon feature of air conditioning. Thus. Freudenberg
supplies its Viledon DuoPleat Filter Ih a range of standard AC frame sizes, as a
rigid deep pleated design. capable of EU7-rated filiration. The medium is a
combination of activated carbon and a triple-layvered synthetic fibre non-woven,
with microfibres lorming the central layer'1!), (The similar Viledon CarboPleat
Filter is for odour removal only.) BBA's Qualiflo media (see Chapter 3, Section
3.6) can include activated carbon particles in the matrix of a resin-bonded
polyester fibre material, also to provide odour removal combined with fine dust
fitration.

[t is normally intended that very fine {‘absolute’} atir cleaning filters should
remove bacteria and viruses by direct filtzation, so that air can be sterilized by
such action. However, there is now a growing range of combination media
where the fibres have been treated in some way with a range of anti-bacterial
coatings, to provide an alternative (or supplementary) means of pathogen
removal. These treatments may work by physical action {damaging the
impinging cells) or chemical destruction on the pathogen particles. and may be
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‘permanent’ or have a definite active lile, alter which the filter is discarded or
retreated.

Another combination activity Is the combination of filiration with some kind
of chemical activity, such as the catalytic destruction of gaseous Impurities, like
dioxins and furans, Thus, W L Gore has its Remedia D/F catalyst Glter system'! 2!,
which is tntended to remove diexins from an exhaust gas stream te well below
acceptable discharge vahues, by contact with catalyst particles held in a fibre
matrix, and, at the same time, remove {ine solid particles. on which dioxin may
also have become adsorbed.

5.3 Other Atmospheric Air Filtration

The previous section was concerned with the condttioning of air in large spaces,
but there are several other applications of filters to ambient air, which impose
special requirements upon their associated media. These include the air intake
filters on engines of all types (mobile or stationary). the respirators or filters used
to pretect individual people or the eccupants of vehicles from the imparities ln
the atmosphere, and finally the filters used to prevent the emission of collected
dust from suction {vacuum) cleaners back intto the ving space.

5.3.1 Engine air filters

The air drawi in to engines of all kinds for the purpose of combustion needs to be
cleaned af dust particles, which might otherwise damage the moving parts of the
engine — the pistons and cylinders. or turbine blades. As engines improve in
design and performance. so the need lor ever-cieaner air has driven the demand
for increasing efficiencies i the intake air filters.

The filter used in mobile internal combustion englnes has changed little over
the years, apari irom increased use of pleated media. However the material of the
filter medium improved markedly with the arrival of synthetic needlelelis and the
spun polymeric media, which are steadily taking market share from the clder
paper medig, although the latter still holds the major share |estimated at 79% of
the market in 2000'! ¥ for both treated and untreated paper).

The automobile engine filter s well known to most vehicle owners. as a
shallow, drum-shaped ltem containing a ring of radially pleated medium. which
haz to be changed at regular intervals. The turkine air intake filter, on the other
hand, may be a huge array of panel filiers. made from the same kinds of media as
are used In air conditioning systems. Pocket and deep pleat filters are frequently
used Tor this application.

5.3.2 Respirators

Individual respirators {or face masks) are essential safety equipment in many
dust-generating industrial applications. and are increasingly being worn hy
people walking or cycling in congested town centres. They are simple structires -
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a device to hold 2 amall piece of Glter medium, which can comflortably be held
firmly against the mouth and nose, and the medium itsell.

The chief characteristics of the medium for respirators are efiicient removal of
solid particles and lowest possible resistance to flow, so as to restrict the
breathing process as little as possible. Bearing in mind the current concern over
the emission of PM2.5 {2.5 um) dust particles by vehicle diesel engines, it can
be seen that the respirator has quite a task to keep soot particles out of the
longs.

Typical of the media used in respirators are the needlefelts described in Table
5.17: relatively thick sheets of needlelelts. made mainly from a mixture of
polypropylene and polyacrylonitryl fibres. These have low breathing resistances.
allowing the making ol a small mask. and avoiding the fitting of a bypass valve
used when breathing resistance rises tac high,

5.3.3 Cabin air filtration

The cabins of vehicles used for personal and public transport are as much in need
of clean air as are living and working spaces. although manufacturers were & lot
slower to realize and supply this need. People are tending to spend longer times in
vehicles of all kinds, and there is currently wide acceptance of the need to provide
clezn air, especially inside automobiles driving in poliuted areas. and 1n afrcraft
toreduce the transfer of tlinesses,

Roud vehicles are increasingly being fitted with cabin filters, mainly in the
form of pads of needlefelts or spun polymers. cut to fit the channels availabie in
the confined spaces of the vehicle's ventilation system. These need to be efficlent
enough to keep out the exhaust fumnes and pollen that can be s¢ much a nuisance
within the vehicle.

Packed aircraft, often travelling long distances, form a good breeding ground
for bacteria and wviruses, and the air circulation systems of afrcraft are
increasingly being required to filter out submicrometre particles. to ensure that
their passengers reach their destinattons without acquiring diseases en route.

Table 5.17 Viledon needlclelts for respiratoys®

Type Basls Thickncss Fibre typres* MNaCl Flow
weight® tmm} penetration? resist”

2396 160 2.3 PP+ PAN & “

2397 250 1.0 PP + PAN 25 14

239% 150 315 PP + PAN 1 23

24012 210 2.4 PES + PP + PAN 0.3 15

2 Ereudenberg Vilesstoffe KG.

b Ing/m?

T PP polyprogylene: PAN, polyacrylonitryi; PES. polyethersulphone,

9 Maximum penetretion (%) at 8 emjs,

Maximum flow resistance [Pz} at 8 cm/s
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ASHRAE is working on a new standard (161 to cover air quality in commercial
aircraft.

5.3.4 Vacuum cleaner filters

The dotnestic or commercial vacuum cleaner is a significant user of filter media,
mainly int the dust collecting bag. but for other purposes as well. Even the newer
cyclonic deslgns still need fnal exit filters to stop the emission of line particles
back inte living or working spaces. There are three stages of filtration in the
standard vacuum cleaner:

o the main dust collecting bag;
» the motor protection filter: and
s thefinatexhaust filter.

The bag. in a sense, acts as a prefilier, collecting only coarse dust. It is
nermally made from cellulose paper, although non-waven media are used where
wet cleaning is underiaken. The medium needs to be mechanically strong, and
have a good dust retention capability for coarse dusts.

There is then a filter to protect the clezner's electric motor, both from the fine
dust that gets through the bag, and from a cozrse dust invasion should the bag
fail or be incorrectly installed. The medium needs to be able to collect fine
particles, and will olten be a two-layer matertal, made from nen-wovens. and
often inclading electret media.

The final exhaust flter has to retain very fine dusts, especially including pollen
grains. bacteria and other micro-organisms. It must supply this high collection
efficiency without affecting the cleaner’s suction performznce. This medium is
now made from microfibre non-wovens, very probably with an electret
component. For this function, Freudenberg supplies a three-layer medium, the
central one being an clectret. made from polycarbonate fibres. sandwiched
between two supporting layers of polypropylene. Some typical examples of this
medium are given in Table 5.138.

Table 518 Viledon exhaust filier media for vacuwem cleanerst

Property LRS LRS LRE LRS LRS LRS
302 04 E1EE 106 110 311

Ragsls weight {g/m?} 174 177 180 174 170 120

M/ weight™ (g/m?} 40 14 2u 14 7 20

M/i diameter (jn) 4=k =10 10 10 =10 =10

Natl penetration? (%) .5 10 [ 10 25 G

Pressure dmp" (Fa} 100 23 i 23 11 3

2 Frendenberg Viesstoffe K.

b Basls welght of central microfibre layer.

: Microflbre diameter range,

Maximum kevel gt § cm/s,
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5.4 Industrial Dust Removal Filters

Whilst the air and gas cleaning filters described so far have some quite severe
constraints in terms of fine particle removal, the flters used in industrial
processes have a rather different problem to face - that of relatively high
quaniities of dust in the inlet gas, olien so much a2 to need arrangements to
remove the collected dust at regular intervals. There are two main types to
consider, those mainly concerned with exhaust streams from large processes,
and those installed around the workshoep for local gas cleaning duties.

5.4.71 Process exhavst filters

The hilters installed on process exhaust streams ~ boller, furnace and incinerator
exhausts, and the outlet flows from metallurgical and chemical processes — are
normally expected to handle dust loadings an order of magnltude greater than
filiers used in ventilation applications. {Very large dust loadings would normally
be passed through a cyclone first. before the exhaust filters. }

Such flows, as well as being quite heavily dust laden will usually be large in
volumetric terms. and quite often very hot. The particular situation of
excessively hot gases is covered in the next section. while the present one covers
temperatures at or not far above ambient.

The filters used here are usnally bullt to accommodate a large number of filter
elements - bags, pockets or cartrtdges - and much of the discussion relates to the
nature of these elements, which is further expanded in Chapler 9.

5.4.1.1 Fabric filters

The term ‘fabric filters’ conventionally embraces the various forms of bag
house and bag filters that are [ormed by 2 housing containing a multiplicity of
vertical tubular (bag) or rectangular {pocket) cloth-covered elements, as shown
in Figures 5.18 and 5.19. Filtration may deposit dust either on the inside or
outside surface of each bag, depending on the direction of How. Operation is
cyclical, with filtrationy intermittently interrupied to permit cleaning by a
variety of techniques, including mechanical shaking and reverse Hlow of the
gas.

The type of filter, and especially the mode of cleaning, broadly determines the
type of fabric that is appropriate to it. Bergman''*' comments that American
practice is generally to use needlefelis [or pulse jet filters requiring cake removal
from the outside, but woven fabrics for the inside cleaning of shaker and reverse
air filters,

With the increasing application of cartridge filters for dust collection, 1t is
logical to classify some of these as [abric filters. Generally these are of
conventional tubular pleated form. mostly based on spunbonded nonwoven
media, but some {e.g. Figure 5.20} utilize mecmbrane laminates. By contrast, a
novel form of pocket filter intreduced by Donaldson DCE is made {rom disposable
pleated flat cartridges or modules of spunbonded polyesier (Figure 5.21), each
providing a filtration area of 4 m2,
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5.4.1.2 Rigidized media

The term ‘rigidized media’ was devised by Smith'!*' to identily a category of
dust filters that has evolved from the conventional pocket fabric filter illusirated
in Figure 5.19. The name is apposite since it highlights their key distinguishing
feature. namely that the traditional flexible fabric has efther been made rigid or
has been replaced by rigid material. This rigidity makes possible two major
copstructional modlfcations, as illustrated in Figure 5.22: the filtratton surface
is ribbed. thereby increasing the fltration area per unit volume; and the
resultant filter medium is self-supporting. without need of intermal separators
between the two faces of an element, The resultant filter element is. in effect, a
flat disposable cartridge.

Figure $.18. A tubular bag fabric fiter with pulse jet cleaning: 1. clean gasduet: 2. compressed air: 3. tazile:
4. bafffe plate; 5. filter bag; 6, support cage; 7. dirky gas chamber. { Plustration: Intensiv Filter GambH)
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The pioneers in this technique were the German company Herding GmbH
Eiltertechnik, whose 1echnology under licence is 1he basts of Donaldson DCE's
range of Sintermatic filters. The filter medium is made from polyethylene
granules that are Armly fused or sintered in a ribbed aluminium mould. the
active surface then being subjected to a PTFE-epoxy trealment te form a
microporous coating, which both improves filtration ¢fficiency and aids cake
discharge.

The commercial success ol these flter elements stimulated efforts to develop
alternative versions that would avoid the relative complexity and high capital
cost assoctated with the sintering process. One option is to rigidize filler cloth by
impregnating it with epoxy resin and heat-curing it: despite difficulty in
achieving even distribution and concenliratton of the resin. this has been shown
to work reasonably well with both woven and needlefelt fahrics.

As described by Smith. a more elegant method to rigidize filter cloth ts to
censtruct it from a fibre. the properties of which enable it to be heat set without
the use of a restn. Whilst the theoretical possibility of this had long been
recognized, there are practical difficulties in controlling both shrinkage and the
embrittlement that occur with many synthetic polymers when they are heated

Figure 5.1 9. A povkee bag filter, ¢ Hustrdion: DCE Led
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above their transition temperature, These problems have been overcome by a
patented process that empioys special tooling, with the advantage that the
shrinkage tends to reduce the pore size of the [abric and s¢ to improve the
smoothness ol its surface,

By comparison with conventional needlefelt fabric filter bags, those of rigidized
media elements potentially offer advaniages. but alse have some limitations. The
key points identified by Smith are summarized in Takle 5.19, while Table 5.20
provides typical comparative data; both the resin- and heat-rigidized elements
are bascd on needlefelts.

5.4.2 Workshop filters

Many industrial processes, especially in the mechanical engineering and metal
products processing sectors., produce dusts in very locallzed zones. such that
efficient system operation requires locul filiration activity. to prevent dusts from
spreading too far from their point of origin. or to pick up any dusts that settle in

Figure 520, Antistatte grade membrane cartridges, { Photographi: W L Gore Assoviales Lid)
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Ligurs 5.21, Replaceable pleated slements for o DCE  Uiceli” fiter,

Figure 5. 22, A sectlon through o “Sintermatle” rigidized medin filter vlenient. ¢ Photagreph: DCE Lid)
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the immediate vicinity of the dust producing unit. Quite olten. the dusts are
worth recovering, so that the filiers involved will be required to release their
collected solids cfficiently.

Lecal collection of spilled dust ts the province of the industrial suction cleaner.
with filiration needs very similar to those discussed In Section 3.3.4. Hoods may
be placed over machinery and an air flow sucked from around it, through a filter
systemn, probably similar to the ventilation fliters discussed earlicr. This is
especially true for systems such as a paint booth, where an air flow i8 necessary
to carry fumes away from any workers. and needing to be filiered before it can be
released (or further processed).

There are some localized processes. such as an &ir circulation through a dryer,
where the operating temperature is significantly above ambient, but not as high
as te be the subject ol the next section. For these duties, manufacturers can
supply glass fibre filters, such as Freudenberg's Viledon LH series of filterpacks.
which are able to accept gases at up to 300°C.

Tatle 519 KRighdlzed media filters versus Fabric Rlters

Advariages of rlghdfed medla elements

Yery compact: fltraticn avea in o given volume is 3O-2000 greater

High efficlency: concentration of outlet emission is zreatly reduced. espechally for stntered
medis

Sellsupporting: noinserts needed (o prevent collapse of bags under suction

Long bag life: 3 year warranty is standard for sorme rigtdized Blters

Lintitationz of rigidized medio elenjgnts

Pressure logs: higher resistance ro flow . especially for sintered media

Cleanlng: shaker fvibration mechanisma naot suitable: pulse-jet cleaning is good for
free lowing dusis bul incompfete with tenacious dust

Bllndlng: may occur with very fine dusis

Cuality control: must be higher than for contentonal ags

Replacementcost:  the kigher cost may be offset by [onger lile

Table 5.20 Comparative data For fabrle rigidized media filter elctents

Stundard  Sintered  Resinrigidized — Heat rigidized

bags ciements elemenls elements

Effective area per bag {m*} 1.5 13 23 23
Typlcal clean air pressure 14 it eli} 13

dropat 1.5 m/min Mun WG
Typical dus! pressure dropat 10 gdNm*  1iH) 1713 124} 141

atid 1.5 m/min tmm W3
Typical outlet emlsston tmg/MNm? | i <] 2 2
Comparatlve cost per m? (media only) 1 4 3 3.3
Comparative cost including housing | 1.2 ] A

itypleal only|
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5.5 Hot Gas Filtration

The processing of hot exhaust gases from a wide variety of industrial processes.
including power stations, imposes a difficult problem upon the system designer. IT
the process is to be efficiently run, then as much heat energy as possible should be
recovered from the exhaust gas. Heat recovery usueally means passage of the
exhaust gas through some kind of heat exchanger - and most heat exchanger
designs are easily plugged with solids if the exhaust is dusty — which most are.
Herice, it is necessary to filter the exhaust gases free of such solids — and most
filter media are unsuitable for temperatures much in excess of 100°C, let alone
the 500°C or more of nost process exhausts' 1%,

This quandary has led to one of the fastest growing parts of the filter media
business — the provision of media capable of withstanding hot exhaust gas
temperatures. These temperatures are such that no organic material is likely to
be suitable, and recourse has to be made (0 Inorganic media. Ceramic materials
have become the obvious choice [or this role, and much skill is now expended by
the makers of such media in making them of adequate strength and filtration
efficiency. Two major developments [or future benefit — solid waste incineration
and coal-fired energy generation - will rely on efficient hot gas filtration.

5.5.1 High-density, *hard’ ceramic media

This category. which is considerad at length in Chapter 7, embraces the porous
ceramic tubes and sheets that have long been used [or a variety of industrial
applications, including filtration. where they are particularly useful for hot gas
clean-up aperaticns. Typically made from granules of relractory materials such
as aluminosilicates, silicon carbide and silicon ritrate, their vold fraction is of the
order of 40%, with pore sizes ranging from several hundred micrometres down to
about 10 um. A significant step in recent years is Lhe development ol laminated
forms that incorporate ceramic membranes.

5.5.2 Low-densily, ‘soft’ ceramic media

In contrast 10 the high-density ceramics, the modern low-density media are
made from chopped ceramic fibres and have void fractiens of about 20%. They
are the basis of the filter candles that have been developed specifically for the
rigoreus needs of high-temperature dust fltration associated with processes
such as coal combustion and gasification. incineration, and catalyst recovery.
However, their use is by no means restricted to such arduous conditions: at the
beginnings of the 1990s a report stated that around 30% of Cerafil plants were
operating below 200°C, with another 30% in the 200-300°C range, and only
5% above 500°C,

Numerous advantages arc claimed for these filter candles, as compared with
traditional hard ceramics, including greater resistance to thermal and physical
shock, lower pressure drop, less weight and lower cost.
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5.5.3 Other rigid porous media

Siniered metal and porous plastic materials are suitable [or use in dust filtration.
Both, but especially sintered mctal, permit fabrication to form self-supporting
elements of diverse shapes. Sintered metals are suitable for hot gas lreatment,
while there are some plastic media capable of operating at 150°C and higher —
but not at most exhaust gas temperatures. Theze media are discussed In more
detail in Chapter 7.

5.6 Filtration of Compressed Air and Other Gases

The compressed air or other gas leaving a compresser will contain all of the
impurities that were present in the inlet gas, plus oil picked up from the lubricant
in the compressor {assuming that it iz oil lubricated). A range of filters and other
process units will usnally be required as ancillaries io a standard compressor
system. The number of filtration stages and the types of flter media appropriate
ta these stages depend hoth on the source of the gas (and hence the nature and
amonnts of contaminant) and on the degree of purity necessary for a specific
application. To illustrate this, the following overview considers first & basic
general-purpose compressed atr system, and then the additional series of
purification stages appropriate to achieve the very high purity essential for the
tnost critical of the medical gas systems used by hospitals. (This treatment Is an
edited version of that included in the first edition of this Handbook, which was
prepared with the assistance of domnick hunter ltd.)

5.6.1 Basic general-purpose compressed air system

The scurce of compressed atr is the ambient air around the compressor, which
could be quite dirty, Contamination may arise from the atmosphere or from the
comapressor itself {or, of course, [rom the compressed air distribution system).
Typical levels of contaminants to be expected are summarized in Table 5.21.
Minimizing their presence in the compressed air is achieved by the combined

Table .21 Level of contaminanis to be expected in compressed alr

Contaminant Source Typical
concentratlon

Dirt particles Atmosphere Upto 140x10%m*

Carbop Barnt oil Upta L3 mg/fin®

Water Atmosphere Upto 11 g/m?

Rust Fipework lpio4 mg/m?

il Compressor lubricant §-50mg/m?

il water emulsion Mtxture ol oil and water Uptollg/m*

Vapour Gaseaus ol 0050, 5 meg/m?

Mtcro-organlsms Altmosphere Upte 3850/m?

Unburnt hydrocarbons Atmosphers UptoD. 5 mg/m?¥
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effects of an air intake filler that also protects the compressor from the ingress of
damaging solid particles and an outlet ait/oil separator. (Contamination that is
picked up in the distribution pipework has to be dealt with by an additicnal
point-of-use filter.)

56,17 Afr inlake fifter

The air Intake filter on a compressor normally consists of a mechanical
separation stage combined with a pleated cylindrical ibrous paper filter with a
high surface area. The filter medium is usually unsupported resin-impregnated
cellulose paper of industrial grade (similar to that often used in automotive
applications); polyurethane resin forms an integral end seal preventing
bypassing of the medium. while the side seam cen be mechanical, thermally
formed or resin sealed. Typically the medium has a basis weight of 145 g/m?, a
thickness of 0. 6-0.8 mm, and a minimum particle retention size of 5-10 pm,

5.6.1.2 Airfoil separator

The air/oll separator is basically a coalescing filter. It follows the compression,
and comprizses primary and secundary stages, with the objective of reclaiming
the lubricating oil prior to the air being discharged at the required pressure. The
primary stage utilizes gravity settling assisted by a reduction in gas velocity:
downstream from it, the typical oil loading is 3-50 g/m® of polydispersed
aerasols,

The second stage is normally a multi-layer cartridge, the media used depending
on whether the flow through it is out-to-in or in-to-out. With the latter, the frst,
preflitratton layer can be a choice of several high particulate loading fibrous
fabrics, such as a 0.3-0.7 mm thick, 100 g/m? viscose rayon bonded with
regenerated cellulose. There is then an overlapping support layer, typicaliy a 1
mm thick, 120 g/m? 50% mixture of polyester/nylon bonded with synthetic
rubber: the function of this ts to contain the multiple layers of high-efficiency
media wherein the fine oll mist dreplets coalesce into much targer droplets.

These high-efficiency layers are of borosilicate glass fibres of wvarious
characteristics. They include a thin felt of coarser fbres bonded with phenolic
rasin and also microfibres bonded with an acrylic binder: integral support layers
of spunbonded nylon provide intimale support [or the [ragile glass media to help
the separator survive the rigours of frequent changes in pressure and the
resultant cyclic loading of the media. Following the coalescing action of the
glass fibre media. the large oil droplets are prevented from re-entrainment by a
barrier comprising a 3-5 mm thick, 250 g/m? nylon or polyester nen-woven
acrylic bonded fabric: this ensures rapid dralnage of the coalesced liquid to the
base of the separator, for subsequent pressurized expulsion back to the air
intake.

The whele coalescer assembly is resin bonded and mechanically locked into
end caps of suitable location design, thus forming a highly efficient separator
capable of removing particles down to (.3 pm at over 94.995% cfficiency. Oil
carryover [rom a compressor is usually less than 5 mg/m?* ol air; thiz allows for
long service periods for the compressor.
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5.6.2 Purification stages for medically pure air

Bach of the sequence of purification stages summarized in Figure 5.23 is
discussed in sequence in the lpllowing discussion.

5.6.2.1 First stage: coalescing prefiiter

This may be a combination of a cyclonic device with coarse coalescing media.
and/for a pre-coalescer designed lor high liquid and particulate loading. Non-
woven synthetic fabrics coalesce relatively large droplets of oil and water; poly-
propylenc, glazed on both sides for integral strength. is typically used, followed by
anti-re-entrainment barriers similar to those used in the air/oil scparator
described above. which toegether give a high particulate loading device of long lile.

5.6.2.2 Secand stage: high-cfficiency coalescing filrers

Varleus grades of borosilicale glass microfibre media form the main
compenent of this multi-layer filter. In order, the layers are: first 2 perferated
stainless steel supporting cylinder. then graded nyler and polypropylene
spunbonded sheets and then (0.5-1.5 mm thick. 100 g/m? microfibre media;

[ Air Source |
Purification Stage | Compressor j
Mechanical Qil, Liquid, Particyiate
Vst Slage Separator Mattor Removed
Coalescar
nd Stage High Effigiancy
f { €O Manitor
draStage | AdsorbentBed 41 |
HQ Vapour & Other
Comaminants
41t Stage [ Adsarhent Bed #2 ]— Ramoved
- I - Trace Confaminanis
Sth Staqe Catalytic Conversian d
™ ol GO0 GO, Remove
6th Stage | Dust Fitter ]
7thStage | Daclerial Fiter |

[ Purlfied Breathing Alr |
|

'l HNon Ralum Valve |

|
| Storage/Distnbution |

Figure 5.23. The sequence of sepitration stages io purlfy compressed air or qas for use ba crifleal mredical
applications, { Mlustratfon: domnick unrer id
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occasionally. a prefilter layer of phenolic bonded glass fibre is also included to
collect particulates. The final layer is an anti-re-entrainment barrier to prevent
coalesced liquid from being dispersed again into the air stream; this is generally
reticulated polymeric foam with high drainage capacity. but [or higher
temperatures 2-4 mm thick, 400 g/m* spunbonded polvesier media may be
used. The oil carryover achieved is down to .01 mg/m? of air, with particulate
retention of 0.01 pm.

5.6.2.3 Third stage: adsorbent bod air dryer

A desiccant dryer must be used if a low dewpoint {down to -70°C) is required,
This is a bed of granular adsorbent material such as activated alumina or
syntheiic zeolites: when loaded with moisture, the bed may be regenerated by
various means, tncluding the use ol heat or pressure swing desorption, Stainless
steel screens are typically used to support and retain the granules: integral
palyester spunbonded pads prevent most particles generated by attrition from
migrating downstream,.

5.6.2.4 Fourth stage: adsorbent bed jor remaving hiydrocarbon vapours

This closely resembles a desiccant dryer but utilizes activated carbon as the
adsorbent bed. Activated carbons may be manufactured from a wide range of
materials. including wood, coal. and nut shell. For the removal of hydrocarbon
vapours from compressed air streams, carbons based on coconut shel! are often
preferred. This bed is not regenerated in sitw but is periedically replaced.

5.6.2.5 Fifth stage: catalytic bed for conversion of loxic gases

Mormally this comprises a bed of granular oxides of copper and manganese
that, by catalytic action and chemisorption, oxidize inorganic gases such as
carbonn menoxide to carbon dioxide and water. Because the ievels of carbon
monoxlde present in compressed air are generally relalively low (15 ppm). the
oxidation products do not usually form a problem. Dust retention pads need to be
of high temperature resistance; bonded glass fibres are suitable for this use.

5.6.2.6 Sixth stage: clust fifer

Despite their individual retainipg filters. some dust fines will escape from the
three preceding beds. Such fines are typicelly below 3 um In size, so a high-
efficiency dust removal medium is required at this point. Generally this will
comprise 1.5 mm thick, 150 g/m* pads of an intermediate grade of borosilicate
glass fibres. As in other filters using this type of media. & bonded synthetic
support is necessary to prevent flexing and possible [racture of the glass fibres due
to cyclie diferential pressure loading. With low out-to-in. a perforated steel core
supports a thermally sealed polyester scrim; this inner scrim acts as a prefilter and
also supports the glass fibres, outstde ol which thereisarctaining screen.

56.2.7 Severith stage: bacteriaf filter
The function of this final filter is te cold-sterilize the clean compressed air by
the removal of any remaining viable organisms that are trapped and held within
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the filter matrix. In the presence of a carrier such as water, bacteria and viruses
could eventually compromise the mtegrity of the flter: it is therelore essential
that these Glters rematn dry, although they will also be subjected to a steam or
chemical sterliization process te clean thetn. The Blter media must consequently
withstand sterilization, and must not add to the potential 1o support the growth
of organisms. Favoured materials lor this filter are highly efficient borosilicate
glass microfibres or PTFE absolute membranes. supported by 100% glass fibre
woven fabric or polysulphone/polypropyiene spunbonded textiles; the media
must not shed and must remain integral throughout repeated sterilization
cycles. Stainless steel support cylinders and end caps are esseniizl. whereas the
membrane products tend to favour heat-treated moulded polypropylene support
cages, The achievement of logarithmic reduction values greater than 9 {i.e. 9
orders of magnitude} for virus levels down to 0.04 pm (T4 Phage} must be
demonstraied and verified.

5.7 Demisters

A demister comprises a thick pad of filaments that provide a high surface area,
so that the liquid droplets of the mist may be captured by the individual
Alaments. The mechanisms of capture include direct interception (where the
space between adjacent fibres is less than the diameter of a larger droplet),
inertial impaction {due to the momentum of a larger droplet), and Brownian
movement (bricging fine droplets sufficiently close to fAne fibres). Since.
especially with very small droplets, the minimum size of droplet captured is
closely related to the fineness of the filantents. two basic forms of demister have
evolved, one for coarse mists (droplets greater than § um) and the other for fine
mists {droplets less than 2 pm},

5.7.7 Coarse mists

Coarse mists comprise droplets ranging upwards from about 5 pm in diameter.
Such drepiets can readily be canght by comparatively heavy gaage (e.g. 100-
300 um) filaments of either metal or plastic, in the form of flat or (less olten)
tubular knitted mesh pads: these are illustrated in Figure 5.24 and are described
in more detail in Chapier 6. The liquid thus collected within the pad dratns from
it continnoeusly under gravity.

Tzble 5.22 summarizes the specifications of some of the mast commonly used
demister pads of one leading manufacturer.

Ancther manufaciurer, KnttMesh, reports that normally a 10-15 cm thick
demister pad will remove 99% of all droplets of 5 pm or greater, and over 99.5%
of these above 10 um, whilst still being very effective down to 2 pm.

For maximum efficiency. the superficial [ace velocity should be between
certain limits; if it is too low, insufficient impingement will occur, whereas too
high a velocity will result in re-entrainment. Accordingly, it is recommended



Air and Gaz Filter Media 193

that the working velocity should be between 75 and 30% of the maximum
allowable velocity as given by the relationship:

Ve = K[(D~d)/d}5

where V,, = maxtmum allowable velocity (m/s),

Figwre 5,24, Knitted wire mesh demister pad. { Phatograph: Begg Cousland Lid)

Table 522 Specificatons of most commonly osed ‘Becoil’ demister pads®

Material Mesh Wire diameter Denslry % Free Surface area
style imm} tkgfn’) volume (m?/m?}
Stainlesssteel H 0.28 192 97.5 i6l
H 0.265 168 97.9 j2o
SH 028 136 9R.0 256
SH 0,265 120 93.5 228
L 0.28 112 9.5 210
L 0.265 101 98.7 192
oL 0.28 g0 99.0 151
UL 0.265 70 9.1 133
H237 0.1524 135 93.3 430
UL218 0.1524 54 99.3 194
Hi241 0112 430 244 1936
Polypropylene L 0.25 21 a7.7 K
UL 0.25% 1% 98.3 264
H 0,50 69 92.4 806
SH 0.50 50 94.5 439
Halar H 0.50 127 924 b0
SH 0.27/0.5 59 96.5 390

*Bapg Cousland [xd
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d = density of gas/air,
D= density of liguid,
K =aconstant, usually 0.107, but see Table 3.2 3.

Typical relationships between superficial gas velocily, droplet size and
separating efficlency, and between superficial face velocity, water loading and
pressure deop. are given in Figures 5.25 and 3.26. These are based on extensive
tests with air and entrained water {at atmospherie pressure and 20°C) wilh
standard general purpose KnitMesh.

Tahle 5.23 K walues recommended by Knitmesh Led

Duty K value
Clean conditlons 0107
Vacuumuperation (L6141 085
High efficiency: clean conditions (17
Flastic demisters: highly corrosive conditions .06
High pressure: =20 bar 0.085
L]
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Flgure 5.25. Effect of Face veloctty and dropled size on the efffcieney of KnitMesh Type 90 30 SL/8S denister.
Abrfveater (& 20°C, Dropleusizes, rirve T—10 o covve 2=5 pne cueve 3—¢ pims rurve 4=2 pm.
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5.7.2 Hybrid mists

Hybrid droplets in the size range 2-3 pm can be agglomerated into greater than
5 um dropleis by prefiltration through a coalescer pad. the resultant larger
droplets then being trapped by a conventional coarse demister. For example,
Begg Cousland Lid unse this two-stage technigue by combining their Becoil
demister and Becone coalescer in series, to achieve an overall 100% removal of
droplets grealer than 5 ym and 98% removal of those greater than 2 pm. the
corresponding overall pressures drop being approximately 120 mm WG.

The Becone coulescer pad is itsell a modifted form of the demister pad
illustrated in Figure 5.23, being labricated from a composite labric that consists
partly of monofilaments and partly of a staple fibre yarn. The very fine staple
fibres, having a correspondingly higher filiration efficiency, serve as sites for
collection of fine droplets: these coalesce into larger droplets that are then re-
entralned inte the discharging gas. The pressure drop across a coalescer pad is
typically some three tires that across a demister.

5.7.1 Fine mists

Candle-type demisters comprising annular pads of very fine fibres were
developed simultanepusly by Fairs'* ™' of IC! in the UK and by Brink''®' of
Monsante in the USA in the late 19350s. Separate accounts of both are included
in the 1964 book edited by Nonhebe! 1920

L iy]
!
1
%
1
5
i IS

+
X ]

Wt pressure drcges (mpn Hy Qoen packatig)
g

ai M [T
Superficu] gas velogily 4mfues)

Figure 5,26, Effect of face veloclty and water Toading on the pressure drop of Knlthdesh Type 9030 SLISS
demister, Afrfwater (& 20°C. Water londing carves: 1. 40w m* h: 2, 35mYm ' h: 3, 30m¥/m? h: 4. 23
mfm?h; 5, 20mYmi k6. 15 m¥/m h: 5. 10mi/m- h: 8. dry pad.
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While the general forms of these demisters are understandably very similar,
comprising a multiplicity of long vertical candles (Figure 5.27} suspended in a
suitable housing, there was a peint of crucial difference in respect of the fibres:
Fairs insisted on the importance of the fibres being hydrophobic, whereas Brink
regarded this as an unnecessary limliation.

The Fairs thesis was based on the observations that hitherto the filtration
efficiency of candle demisters was significantly less than that theoretically
predicted, and that they tended to become waterlogged with collected liquid. By
contrast, demisters of hydrophobic fibres were found to achieve the high
efficiencies theoretically predicted. and to be free from water logging. This was
explained by diffierences in the mode of collection of droplets on fibres, which
could be ascribed {o the one being hydrophilic and the other hydrophobic, as
revealed in the photographs reproduced as Figure 5.28. The wetting of the
surface of the hydrophiiic untreated glass fibre (Flgure 5.28(a)) causes its
diemeter to increase and therefore its filtration efficiency to decrease, a
deterioration not suffered by the vonwetted hydrophobic silicone-treated glass
fibre (Figure 5.28(b).

This erstwhile ICT techhology is the basis of the Becofil range of candle
demisters summarized in Table 5.24 and produced by Begg Cousland, utilizing
fibres of different sizes, materials and packing densities. The fibres need to be as
fine as possible, und typically are less than 15 pm. In praclice, however. it is
customary to incerporate a proportion of coarser fibres ol about 30-40 pm, so as
to provide stability and strength; experience showed that, with aguecus mists,

Figure 5,27, Condle type desnfster Alter cariridges. | Photograph: Begg Couslond Lid)
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fine fibres alone tended to become saturated and not to drain due to partial
collapse of part of the bed,

The carded mixture of fibres is compressed inte a mould at about 110-160 kg/
m?, to form sections up to 0.6 mlong, 5 cm thick and with an outside diameter up
to 60 cm. These ace thermally stress relieved and made up into candles up to
about 5 m long, with internal and external mesh screens; the preformed media
can be replaced in the fleld. Flow may be either out-to-in or in-to-out, the
relationship between velocity through the exit phase (at equilibrium, with
continuous drainage) and pressure drop being shown for tweo siyles of cartridge
in Figure 5.29.

5.8 Selection of Gas Cleaning Equipment

Four very different kinds of filiration equipment have been described in this
chapter:

ventllalion and other atmospheric air flters:
industrial dust collectors:

compressed air systems; and

demisters.

® o &0

Of these four, the choices in compressed air treatment and demisters are
relatively simple: standard or special quality for the delivered air, und size of
liquid droplet in demisting,

{a} (b}

Figure 5.28. The mechanisms af st eollection depemis o4 the weetabifiny af Bbres:{ a) f{lm-wise colleetionon
hydrophillc glass Bhres, (b)) drop-wise collection on silicone-treated hydraphabic glass fhres.
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The choices in industrial dust collection huve a major divider, the level ol
operating temperature: a high temperature (certainly above 150°C) needs
inorganlc media - ceramics or possibly glass fibre. For ambient temperaiure
conditions, then the choice lies basically between achieving solids recovery
{using fabric fillers) or an adequately clean air stream {the two together are not

Toable 5.24 Examples of “Becofil” non-wettable fibre demisters®

Style

FEG 25 FF

TGW 15

B12

FF.12

P.T.12

H.T.F.

Removal efficiency

Pressure loss (mm WG]

High threughput
100% above 3
JU% above 1 p
TA%above .3y

High efficiency
100% above 1 p
98% above 0.5

High efliciency
L0 above 3
5% ahove 1 p
30% sbove 0.5p

High efficiency
10 above 3
98% zbove 0.5

High efficiency
100% above 3t
9% below 3

High throughpat
§5%N+onl-ip
0%+ ond.3-1u

2 Begg Cousland Ltd.

100-300

13045}

1{HI-2 50

10U-330

100-300

100300

Typical service

Types of fibre wsed: glass wools, polypropylene, polyester.

Acid plants

Acid plants
High pressure systems
Plasticizer misis

Acld plants
Soluble fume

Corrogive servilce
Soluble fume

Wet chlorine sysiems

Restricted space
Lower cfficiency below 3

©  Bupport cage materials: mild sicel. stainless steels, litanivm, kigh nickel alkoys, ete., polypropylene.
pue, pwdl, gep.

) WG

gr g Bl %d [ O+ JF Ok O%
RACE WELICWY (i - AT

Figure 5.29. Presgure drpp versys exlt fare velacity through ‘Beeofil” randie typr dentisters.
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an impossible requirement). The choice among bag. pocket or cartridge is largely
a matter of getting the coreeet medium - in addition to operating temperature,
the parameters of abrasion, corrosiveness of the gas/solid system and flexibility
govern the final choice. There may also be a problem in moisture content in the
gas stream — too high a relative humidily may cause some media to weaken
{especially polyester).

There is a bewildering choice available in the selection of ventilating filters,
and here the decision will be influenced by the incoming dirt load and air flow
required, but mostly on the degree of cleanliness in the delivered air.
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CHAPTER 6

Screens and Meshes

The several very different types of filter media gathered together in this chapter,
woven meshes, perforated sheets and structures of shaped wires, have one main
common feature - an accuracy of aperture size. Another common [eature is that
they are all made from metal, largely because abrasion is a normal problem in
their application, although many lorms are now available in plastic as well,

All the dry screenting (sieving, silting) operations are covered by the medta in
thischapter, as are almost all of the straining and coarse filtraticn applications.

6.1 Introduction

The prime feature of media made [rom meshes or screens is that ol aperture
shape — the size and shape of the apertures In the medium is critical for the
intended applicatien. The material of construction is less critical, although its
high tensile strength may be vital as well.

There are three hroad classes of media covered under this heading: woven
meshes, sheets perforated with a variety of holes, and elements made up from
preformed materials. Some overlap cxists between the woven meshes of this
chapter and the woven monofilament materials of Chapter 2.

6.2 Woven Wire Mesh

The weaving of wire is no different, in principle. from the weaving of any other
varn - as described in Chapter 2. The product is a roll of woven material, which
then is processed in a variety of ways, to produce the components of a filter
medium. The term wirecloth is frequently used to reler to meshes woven [rom
finer grades ol wire. while the term bolting cloth refers to lightweight versions of
squarc mesh cleths, comprising those based on the finest wires.

A wide variety of wire meshes is produced by weaving monofilaments of either
{errous or nen-ferrous metals in widths of about 1 m up to 2 tn. Two main
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categories can be distinguished, in terms of weave and of the shape of the
apertures, as in Figure 6.1. One category utilizes plain weave with single wires of
the same diameter for the warp and wefl, to form rectangular apertures (the
great majority being square): many of these are the screens typically used for
steving and sizing operations. The other category Is “zerc aperture filter cloths’,
with the wires pressed closcly together. These embrace a number of more
complex weaves. such as dutch twills, which are commenly used in pressurs and
vacuum process filters.

Information on the metals used in wire mesh is given in Tables 6.1-6.7
(provided by Haver and Boecker). Each includes some guidance on resistance to
corrosion. in terms of numerical values extending from 1 {= very good) to 5 (=
pocr); an added asterisk {*}indicates danger of localized corroslon.

Squara Rectangular Rectangular Zero Aperture
Aperture *Oblong” “Broad® “Fiiter Cloth"

Flaure 6.1 Somve fypes of iparriores it woven Wire.

Table 6.1 Metals for woven wire cloth: sieel

Maierial Material Trade name Max service temp.  Finest weaving  Resistance against:
. w/re diameter
- ‘F mm  inch o

i

e =

o x A

E 2 & 3

v = =
Plainsteel  1.0010 Carbon stecl 00 23t 008 i 3 3 14 43
Galvanized 2 190} ik 0093 3 3 2-4 45

steel

Tinned steel 150 B0 0100 00nan 3 3 021 4-3
Springsteel 10300 NIA-Steel S0 930 2123 oopsn 5 5 3-4 4-3

High carbon sieel




203

Screens and Mrshies

o ot ot [ o n S0 67l 00 11 T TE £l TELLTLWLOWINGD O X ot LLS#°1
§-7 iy Ty L NnEenn (YN It oy £ ¥l 8l tFLETOWINID T X TETE Y3
i-7 2L s | LOTHY RIOF0 01 Wiy [ £l AL CELLALIOWINAD T X 19 1¢ FFEL

a7 o oL | Aoy BRI Lt (L] s I £1 ETLATOWINADG X gLt 'L

7 g L | P4} LERY] i 471 14 L ofr K ER[ TLINID 9 X i LSt

=7 ' o L ol Forer Lt L] I il SZLINIDELX g GHLEFEL

P =1 5 1 YO H70°0 NIt a0y [ Rl [L&LINDEX kg Q0EEL

T il | o | AT q10¥( aint [ n gl DIRIINAIG X (13 T0fFL

14 T ok T LAl iyt e (K15 A AR L) 4 {ie yLneE'L
> &g 2 oz

2 5 L i

@ el g de Ja | N B
B ATM s L]
asEde ueizsay Buiamam 1324 AMAIS KRy nopseduwnn slequudy ISI¥ 'O B RIE Y

$PO15 SEIULES (IO MM UROM 10] SR 79 qR]



204  Handbook of Filter Media

6.2.7T Square mesh

Listed in Table 6.9 is the range of square mesh wire meshes produced by one
leading manufacturer, indicating which grades are available in specific metals.
The tolerance of the aperture sizes specified varies according to the ineness of the
cloth, as summarized in Table 6.8; a cruetal factor in determining this is the
tolerance of the diameter {including the extent to which it deviates from being
truly round) of the wires from which the mesh ts woven.

Crimping of the wires happens automatically as part of the weaving process.
provided that the wires are sufficiently fine and ductile. With heavier and more
rigid wires, however, such as those ol high tensile sieel [or heavy-duty screens, a
separate pre-crimping operation is necessary, both to form the desired apertures
and to ensure appropriate stahility during extended use. Various types of crimp
are used, as outlined in Table 6.10.

Tauble 6.3 Metals for woven wire cloth: special steels

Material AISI Symbols Composition  Maxservice Finest weaving  Kesistance
ne. temp. wire dla. against:
Cr M ’C “F mm  inch @
£
g = 2
Es & F
T8 5 2
HB 253 HITHERM 21 1 1200 21490 0.025 00010 2* 1.1 -3
HE 165 Corresist 20 25 GO0 1630 .10 00040 22 2
1484] 310 X1SCrMISI2520 25 20 Si2 1200 2190 0.0 00020 1 3% 1-3 -4
il4
14742 X10CrAll1S 1% All 10540 1920 005 00020 1 4% 2-3 2-4°

Table 6.4 Metals for woven wire cloth: copper and alloys

Materiul Material Compositlon  Max. service Flnest weaving Besislaoce agatmst:
. Lemip. wire dia.
Cu  Zn R “F mm  inch e

2 s

= n

= & 3 =
Copper E-Cu 20060 999 130 MM @030 00020 2 i 3 25
Brass Cufn 37 20321 BT 37 MY O3B0 s 0020 5 3 4 5

Ms b3

Low CuZn 20 20230 s0 20 2000 380 GuE0 QU204 4 2 2-
btass Ms 80
Common CuZn 10 2.0320 g0 M 2y 380 O30 00020 2 i 2 2-5
bronze Ms590
Phosphor CuSn b 2.1020 44 Snk 2M) 380 0023 00010 ] 2 3 2-5

bronge P




Screens and Mesfies 205

6.2.2 ‘Zero aperture” filter meshes

The square mesh materials have a definite open area between successive warp or
welt wires, however fine. The other main category of mesh has the wires as close

Talde 6.5 Metals for woven wire cloth: nickel and momed

Materizl Material Composition Max service Finest weaving Kesistance agagnst:
no. temp- wire dia.
Mi *C ¢F mm  inch §
o n
< 3=
[+
g 2 «
£z ¢ 3
= ¥ 3 <
Wicket 24106 298 Mn0.3-1 250 480 0036 00014 1 2 1-1 -5
MidMn 1

Mickel Alloy 200 24066 9% 2 Mn<0.03 250 480 0.036 00014 1 2-3 1-2 3-5

Ni9%.2

MOMEL®  Alloy 400 24360 263 {uil 400 750 004 00016 1 2 2-1 1-%
Meta!  Niecoros Fe

NiCu 30 Pe Sliverin

Table 6.5 Metals for woven wire cloth: spedal metals

Materlal Materlal Composition Maxservicetemp. Flnest seaving
ne, wire dia.
Cr Ni " *F mm  inch
Inconc! KOO NiCr15Fe 24816 15 ¥2 1050 12490 006 00023
Incoloy 825 NiCr 20 Mo 248358 ) 1546 Mo 930 1650 0.08 Q.0030
Hastellpy Cd WIMo IGCr16TI 24610 1100 2012 0.0% 00020
Titanium 395 37025 TH9%.5 1000 1830 0,01 00020
Silver Ag 900 Ag 99 300 570 4 00016
NiCr B0/ 20 24869 20 %0 1250 2280 0.0z (L0003
Carpenter 200 MNiCr 20 CuMo 24660 20 37 Cu 950 17400 006 023
LB 3

Table 6.7  Metals for woven: wire cloth: aluminium and alloyx

Material Mzterial Composition Max. service  Finestweaving  Resistance against;
ng. temp. wire dia.
Al Mg *C *F mm inch u
b [
£ 3
i
g ; - A
E z oy 3
£ & 5 <
AlmG S Aluminoy 3.355% 935 3 180 360 005 00020 3 4 4-3 3-S5
AiMp 3 2.3535 97 3 180 360 OO 00030 3 4 435 35
Algg 3.0205 99 180 360 036 QUG5 2 3 4-3 35
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together as possible, thereby making the ‘pore’ diameter as small as possible. An
Mlustration of the diversity of weaves embraced by this category. as typified by
the ‘Minimesh' range of Haver and Boecker, is provided by Figure 6.2. The
diameters of the warp and welt wires are normally different.

For filtration purposes, the most widely used forms ol woven wire are thedutch or
hollander weaves, wherein the warp and welt are of different diameter, generally
with a corresponding difference in the relative numbers of warp and weft wires. If
the warp wires (i.e. those along the length of the loom) are thicker, the result is
the ‘platn dutch weave’ of Figure 6.3: the alternative is for the weft wires (ucross
the loomn) to be the thicker. giving the ‘reverse plain dutch weave' ¢[Figure 6.4.

‘Plain dutch weave’ is also known as single plain dutch weave, basket weave,
reps and corduroy. 1t forms a filter cloth that is easy to clean and has a low
resistance to flow. but is of limited strength. 'Reverse plain dutch weave' is
substantially stronger, and is in fact the strongest filter weave in commercial
production; as a result, coupled with its good flow characteristics and high dirt-
holding capacity, it Is widely used Industrially.

By a similar combination of warp and weft wires of diflerent diameters. two
baste Torms of twilled dutch weave are produced. The use of heavy warp wires
results in ‘dutch twilled weave' iFigure 6.3}, which permits the production of the
very linest grades of woven wire cloths. while also having the advantage of a
very smooth surface on both sides: its disadvantage is a relatively high resistance
to How. With heavy weit wires. ‘twilled reverse dutch weave’ is formed (Figure
6.6); this offers less resistance to Aow bul with a corresponding decrease In
micron retention characteristics and with rough surfaces on both sides.

Numerous variations exist around these basic weaves. Thus the Haver and
Boecker range of wire cloths includes not only the four dutch weaves described
above, but also ‘broad mesh twilled dutch weave’ in which the weft wires are not
arranged to give a ‘light-tight' cloth but have a preset spacing between them;
because of this, the weft mesh count and the retention vary somewhai at Intervals.
Their patented Zig-Zag weave uses the same weave but involves a special sequence,
which guarantees the highest possible accuracy and regularity of spacing.

Another variation is to use twisted bundles of fine wires in place of a single
wire. This is particularly favoured in the manufacture of the wire belts that form
the heart of papermaking machines. One version is ‘twisted plain weave', with

Table 6.% Tolerance of aperture sizes of Bopp square-mesh wire cloths

Aperture sizes {pm) [rum) Average tolerance of

apertures ')
2 15 UV020-0.025 *7.3
3z 0032 +6.5
1640 0.1 3A-0.040 +5
G5-6F G EE0067 +4.5
T1-95% 0.071-0.U93 tq
1) -170 0.100-0.170 +3.5
159400 (180400 +3
425-1600 (1.423-1_600 +315
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Table 6.9 Bopp standard range of mesh wire cloths

Aperture Wirg Mesh* Weight”

Stainless  Phosphor Brass Tinned Galvanized Plaln

stie w diumeler steel AISL hronuze stecl  steel sleel
{mm ) ddelete Open area M 316
(%) Fo
{mm)
16 5.2 69,4 1.3 h 77 x
1.5 74.5 1.4 +.29 X X
2.0 79 ) ER. ¥ X
I4 1.8 69.4 1.3 G493 X
12.5 2.5 0694 1.7 3.29 X
20 743 1.4 350 X x
1.6 79 1.8 1.4 X
.2 2.7 67 1.y 3.79 x
1.6 77 2 2.34 x
10 2.5 [} 2 f.45 %
1.8 74 2.1 549 X X
1.5 77 2.1 218 X
9 2.2 Hhad 2.3 5,49 X
8 10 1) 2.3 3.0 X
1.6 hYy.4 2.h 334 X X
1.25 74.3 2.7 215 X X
7.1 1.8 a4 2.9 +.62 x
1.4 69.4 i 193 X
6.3 1.4 (1) i1 3.08 A
.4 h7 53 b.23 X X X X % X
1.25 64 4 id 163
1.0 74.3 3.3 1.74 X
3.6 & Al i3 4,52 x
1.25 n7 1.7 2.90 X
1.12 684 34 2,34 kS
5.0 1.6 37.h i g 4.43 b3
1.25 4 $. 104 LIK X X X X X X
(1.9 72 4.1 1.7+ X
4.5 1.4 37.6 4.3 4,12 X
0.8 72 +.8 1.33 X
4 1.4 34 4.7 4,61 %
1.0 64 315 453 X X X % X X
.71 72 74 1.3h X
355 1.25% b 5.3 +.13 X
0.9 [i53 5.7 241 X
0.8 f7 3.8 1.7 X
049 LY [} 243 X
1.25 51 5.8(h) 4,51 X
0.8 f4 o4 R} X X X * X X
0.56 72 6817 1.07 X
2.8 112 31 6.5 +.006 X
2.8 1.0 31 7.1 5.65 X
0.71 [31¥] 7.U ) 1.99 X X X X X %
0.5 694 5.3 1.06 X
224 09 31 B8 328 X
063 18] §4949y 1.77 X x
{136 743 98110 O.63 x X
2 1.0 444 8.5 125 X
1.9 48 B (%) 336 X
N6} 7.0 9.7 (1M 193 %
(.56 2103 9491 1.56 x X X X X

0.32 74.3 109011 136 X X
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Table 6.9 (continued)
Aperture Wire Mesh" Weightt
sicew  diamefer
(mm} ddelete Open area
(%) Fo
{tnm )
1.8 (.4 48 SH0) 313
(h52 71 12 01.4]
1.6 1.0 38 G H(1) 4.88
(.8 44.4 L6 3.39
.3 57.6 121012y 1,51
.36 67 13 (.54
0.28 72 13.5014) .53
.22 77 L4 (.34
1.5 063 19.6 11.9(12) 2.37
1.4 0.71 44 .4 12 103
.45 37.6 13.7(14) .39
(+.25 72 15.4(13) (148
0.22 74.5 15.7(16) 0.38
1.32 0.5 34.6 14 1.73
1.25 L8 i8 12.4 197
0.h} 34.4 133 .68
0.4 37.6 15.4 1.23
0.25 4 169(17) .53
0.22 72 17.3017) 02
1.18 0.6} 42,5 14 2.7H
hL22 71 1K 118y .44
112 {56 44.4 150415 137
(L45 31 168.2116) 1.64
(.34 570 17.2 1.1
.25 67 15,519 0.54
0.22 69.4 19 .46
1.06 0.22 a8.6 19.8{20} 0.48
1 0163 18 186 (14) 310
0.56 41 16.3(16) 2.85
(.5 44 4 169(17) 2.12
1% 51 18.1(18) 1.43
0.32 57.6 19.2119) 098
0.22 67 21 0,50
(pm}
950 0.2 BE.2 22 {144
900 0.5 41 18,1 (18) 2.27
0.16 5] 20 1,30
0.2 67 23 0.46
850 0.5 19.6 188 215
.4 46,2 20 1.63
2 65.5 24 {148
s00 (.5 34 19.3 2.44
0.32 51 23 1.14
0.2 b4 25 0.51
750 0.8 (5 27 (.44
710 (.45 EL ] F2) 222
0.36 44.4 24 1.%5
.28 51 26 1.02
018 hd 29 (146
670 .16 63,2 3 (1,40
630 0.4 I8 25 1.97
.28 48 28 1.09
n2s 51 29 0.91
nl& 64 32 0.2l

Stainless  Phosphor Brass Tinned Galvanized Plain
steel ALS]
304/516

bronze steel  steel sigcl

X

X X

X

X

X X % X X

X
X

X

X

X

X
x

X

%

X

X

x x % X X
X

e

*

x

%

X

X X
X

x

%

X

X

x

X

X X X X i

x X

X

X

X X

X x

X

X

x X

x x x x X

x bt

x X

X

X X

x ¥

x X

b X

X x

X

X X X X x

X X
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Aperture Wire Mesh* Weight" Stalnless  Phosphor Brass Tinned Galvanized Plain
size w dlameter steel AIST bronge steel  steel steel
(mm) ddelete Open area 304/316
(%) Fa
(pmy})
&) 0.4 36 25 203 X
.16 62.3 53 0442 X x
560 0.36 38 28 1.79 X
.28 44.4 i} 1.19 X
0.lé6 18] 15 0,45 X X
530 (.14 59 i7 047 % x
500 {132 id 13 1.59 X X
.25 44.4 34 1.06 % X X % X X
116 376 H .49 ¥ X
475 .16 EL) 4() 0,51 * X
45() {128 18 i3 1.37 X
{12 48 19 (44)) .78 x
14 a7.h 43 (.42 X X
425 0.2% ih ik 1.41 x
0.14 536.6 43 (44) .44 X X
400 .25 38 Wido) 122 x
022 41 41440} (.99 X X X X 4 ¥
18 48 +4 (450 071 x
0.14 54 37 .46 X b3
379 0.14 53 49(50) 048 X
35% 022 IR 44 1.07 x
18 44.4 47 (L77 x ¥ X X
0.14 51 31450 0,30 X
335 0.14 49,7 33034) 052 X
315 0.2 i8 d4 (50 LYy X X X X ¥ X
.16 44,4 53 0.69 X
0.112 54 39(60) 037 ¥
100 02 16 51 1.02 X
0112 53 h2 03 X
280 (h22 31 51(50) 1.23 X
[OAE S 18 55 0.90) X 1
(ril12 51 b5 (hd) 041 x
265 0.1 52.7 70 .35 X
250 0.2 i1 h 1.13 X
0.16 18 62 0.79 X X X X X 4
0.1 51 7374} (036 X
236 o1 449, 3 7h (.38 X
224 018 31 63(64) 1.02 x
0.6 34 Gh (L85 x X X
01 44 7H(BO; 039 %
212 (114 36 72 0.71 X
0.09 4%.3 §4 .34 x
200 016 i1 71 (70) .90 X
(L14 j4 73 0.73 X
0.125% 18 TH{BM 0l ® X X
.09 48 .31 (1.3 X
140 0.09 46 9140y 037 x
180 .14 31 79 (80} 0.78 ¥
125 34 83 .65 x X X
0.09 44 4 94 00.38% X
160 0,125 31 8990y 050 x
0,112 34 93 0.59 X X
0.1 ig 98 (100) .49 X X X
0.071 48 110(10%) 0.28 X
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Table 6.9 (continued)
Aperture Wire Mesh Wci;t,hth Stainless  Phosphor Brass Tinned Galvanized Plain
sisew  diameler steel ALSL bronze steel  steel stegl
{rom ) ddelete Open ares 304310
(%) Ear
(wmi
150 0.1 i 1024100y 0,51 X
140 0112 31 1Oy (k3 X
0.1 34 L 105y (.53 X
.09 38 110 045 X X X
(L0263 48 t2zcr2zm .23 X
12% .09 34 1181120y 0,48 X
0.08 34 1240125 (L40 X X X
0063 444 135 27 X
114 0036 46 14h (145)  (L23 X
112 0,08 14 132130) (.42 X
0.071 iK Liggtdy  O.3% X x b3
106 1061 4.3 150 (130 X
.03 46.2 163 (16351 020 X
100 0,063 8 13611301 (L3 % ¥ X
0.08 444 1&Y%(165) 02 X X
95 0.0045 46 IBT {18y 1K X
1] 0,063 34 166 (170 (1313 X x
0.056 I8 174 27 X
0.04 48 19520 indn X
L5 0.04 46,2 205300 016 X
30 0,056 34 187114901 0,29 X
(.05 34 193 (200 11,23 X X
73 (.0}5 36 20512000 0.2h X
(1,136 45.7 230 0.1% X
71l .05 34 210 0260 X X
[} 0045 34 233 .24 X X
.04 ix 24512500 .20 ] X
000364 41 2135 017 X
56 0,04 54 2R3 (2700)  0.21 X
(L1} 36 iR 2750270y DR X X
(1.032 41 290 1100) 013 b
534 (.04 32,3 2730270 022 X
0,036 13.3 283 (IR X
50 {1.04 31 2RO 0,23 X X
1036 34 2950300 019 X %
.03 39 1200323 014 %
45 (L.036 il LA 0,20 X
3032 34 330 017 X X
42 0036 29 113 0,21 x ¥
40 032 3l 155 (33th (18 H X
0025 LE 190 (-4} 12 b4
L) 0,025 6.3 403 ¢400) O.13 X
16 (L0248 3 93 40Dy 01k x X
32 0.023 3l 445 450) 014 X
25 0,023 25 B 0.1k %
X

Zi) 2.02 23 L EL] .13

*True mesh count. in parentheses upproximate mesh count,
Caleulated with a density of 785 for steel; please multiply by 101 for stuinless sweel. by 1125 for phosphor branze, by

1OB3 for brass Culn 37.

3
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etther the warp alone or both warp and welt composed of six strands of wire
twisted around a core (known as a ‘cable wire’). Ancther example is "triple warp
weave', with three wires twisted to form the warp of 2 plain weave; this is used
for producing very thin papers.

The differences in weave affect the surface and depth structure of ihe resultant
cloths and consequently also their performance characterlstics in filtration,
including their resistance to flow. For example. certain weaves favour surface
filtration and facilitate cleaning by back washing. whilst others achieve higher
particle retention efficiencies by utilizing depth fltration, Some of these factors
are summarized In Table 6.11, while an overview of the relative retention
characteristics ol ‘Minimesh” wire cloths is provided by Table 6.12. More detailed
data in respect of the relention rating and permeability of the different weaves
aregivenin Tables 6.13-6.17.

Table 610  Types of celmp in weaving wire screens to DIN 3192 and ISQ 4783/3*

Type Destination Comments

A Double crimp The reugh surface on both sides
peremits & very inlensive screcning
of the material. thos resulungin
high gra)n accuracy.

B Single intermediate crimp  Plain warp wires, welt wires with
intermediate crimps between wire

intersections.
< Double Intermediare Warp and weft wires with intermediate
crimp crimps. This fype of weave is used for

relatively thin wires o fot oblong or
slot mesh screens.

B Lockcrimp Warp and weit pre-crimped on both sides.
thus locking the wiees securely in place.
This type oHfers a uniform apetture
during the service life of the screen.

E Fiat top screen Wires arc pre-crimped on one side only.
leaving the other side lat. Thls minimizes
Itlcilon on dellcate feed matcerial, Wear
is cqual over (he whole upper surface of
the screen.

F Pressure welded screen Made from manganese steel wires and
timmovably locked 10gether by pressure
welding. The lntersections reralkn tn
place unitt] the wires are completely
worn,

¥ Hawer & Boecker
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In Tables 6.13-6.17 air permeabilities are expressed as values of the factors ¥
and M, for use with the jollowtng equation:

P=YV + MV?

where P = pressure difference across wire cloth {107? mbar}: V = flow velocity of
atmospheric air a2t 20°C (cm/s}. This simple relationship may be adapted [or the
flow ol other fluids (excluding non-Newtonian fluids such as polymer melts) by
multiplying the calculated pressure difference P by the ratio of the viscosities of
the fluld and air:

Paya = P x {viscosity of luid)/{ viscosity of air)

Oblong mesh, EGLA-S HIFLD High capacity Fiiter wedve, Faierted
SFW Single Flain dutch Weave SPW bud with double warp wires
DTW Dutch Twilled Weave DTW but with doubile warp wirss

BMT Broad Mesh Twilted dulch weave  BMT-ZI, Zip-Zag. Patented

APD Raverse Flain Dutch weave TRD Twilled Aeverse Duich weave

Figure 6.2, Examples of weaves of “Mirtlesh metal filter cloths.
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6.2.3 Compaosite mesh-based melia

The term ‘composite’ implies the combination of different types of material into
one filter medium. The different types would be assembled to give different
filtration characteristics or extra strength {or both). Woven wire mesh is an
excellent material for use in composite media, because of its sirength, especially
with larger wire diameters. Thus it is used to support delicate screens in basket
centrifuges, and cloth belts in belt presses,

When used in combination with ether wire meshes and sintered, a very good
filter medium is produced - discussed later in this chapter - while meshes are also
nsed to support metal membrane media — discussed further in Chapter 8.

An interesting composite mediom, recently developed by GKD, is the 'Ymax'
mesh—fibre composite. This has the basic strength of a wire mesh surface filter
combined with the depth filtration characteristics of bundles of fibres. The basic
mesh is woven from single wires. {.1-7.0 mm in diameter, and this isinterwoven
by bundles of non-twisted finer wires. These, in hundreds per bundle. are 5-30 pm
indiameter.

Figure 8. 3, Blainduleh weave, Flgure 6.4 Reverse plain duich twill,

Figure 8.5, Dutch iwilled weavy. Figture .8, Twilled reverse gutel weave,
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The material acts like a zero aperture mesh. in that there are no large pores
between the basic wires. Larger particles are held on the surface, while smaller
ones pass inte the depth of the fibre bundles. The medinm has porosities up 1o
60%, with retention figures [rom 3 to 100 pym. Ymax. available as single pieces
up to 1.5 m wide, and 20 m long. is noo-compressible, thus maintaining the
integrity of pore size and filtration efficiency. Its cost is said to be comparable with
that ol metal fbre or powder media.

5.2.4 Sintered mesh

Sintered wire mesh relers here to any material, made basically from woven wire
mesh, that has been sintered at a temperature sufficient to cause localized
melting at the contact polnts betweer warp and welt wires. The applied heat and
pressure during the sintering process allows some localized molecular diffusion
between the wires such that, when cooled, the structure has become much more
rigid. This adds considerably to the value of the material as a filtration mediam.
and overcomes ane of the main problems of wire mesh as a filter medinm, jts
inability to withstand fatigue in operation.

Unsintered woven wire meshes suffer from instability. with relative movement
or delormation ol the wires, resulting from the stresses Imposed by vibration,
pulsating flow or high differential pressure. This can result io the deterioration of
the rated filtration efficiency; abrasion of lhe wires and the consequent
generation of metal particles that contaminate the material being filtered: the
unloading of previously lrapped particles into the filtrate: and structural failure.

These problems can be avoided by sintering the mesh, so greatly increasing the
rigidity of the mesh, producing an extremely strong structare that is resisiant to
deformation. Sintering also cngbles the vse of finer wires, leading to a higher
qpen ared, with a consequential decrease in resistance to flow, and an increase in
dirt-holding capacity. Sintered media also have the great advantage that they
can be cut and shaped without risk of local disintegration. in a way not possible
wlth unsintered meshes.

The key leature of sintered wire mesh s that it involves one layer of woven
mesh {and occasionally two) to act as the filtration medium. with others, where
necessary. to give the whole medium adegquaie stifiness and mechanical support.

Table 6.11 Influence of weave on cloth characteristics™

SPw HIFLO™ DTW BMT BMT 22 KPLy TR

Surface fiftration ] L] »

®
Depth fltration & [ [ [
Surface smeoth on both stdes & L ®
Macroscopic surface [ ] & L

LURSVeness

Higher tensile strength —wrap L
Higher tensile strength —welt & ) L] [ 3 L ]
Easy cleaning by backwashing & L] L

¥ Haver & Boecker.



Screrns and Mesfies 215

Table 612 Micron retentlon® of 'Minimesh’ metal flter cloths®

1 2 3 4 3 f 7 8 4 i
Mlcron 3quare  Weave DTW BMT SPW HIFLO" EPD SPW+ Micron
reter- mesh USA mesh MBT 22 mesh HE- TRD  DTW reten-
tivn®* I[SO56K5 mesh mesh code HE- iwin fhon
fum] DM code  waip Ipm)
4189
wimm}
1 310 3600 1
i 3
4 400k 2800 4
3 5
B 375x 2300 £
] 3232300 I25x 1900 ZF B
10 230 14100 2198« 11
1 7t}
DFIW
AT
11 11
2 2Nk 1418 325 = 1800 EE 13
14 14
15 250k 1 2302 RPD 13
13
16 1
17 RFD 17
17
14 1hS 14D 1%
20 635 1ASw1100 Hiflw 200 0
22 200=1200 12
23 TR QO ¥ 23
23 0023 S0 Hifle 25 RPD 235
23
28 0028 163 = 80058 28
30 Hifle 3t}
iz 0032 4350 20{)= 6K TE iz
34 Eive 30 34
16 AR B T Hiflo 34 16
3% 400 1
40 0,040 i 2Mix600 800 4000k Hifler 40 RPD )
£
45 0.0453 333 Hillo 43 2 olhx 43
230
SPW
143
50 0.050 12414t Hiflo 343 S}
a3 270 53
96 Ui6 kL]
A0 RPD &l
B}
63 0063 230 3= 2350 H1
70 Hifle 700 i

71 0071 432 560 3 280 71
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Table 6.12 {continued)
1 2 3 4 8 8 7 L] ] 1
Micron Square  Weave DTW BMT SPW HIFLO™ REPD  SPW+ Micron
reten- mesh ['SA  mesh MBT 72 mesh  HB- TRD DTW reten-
tion* [80 565 mesh mesh code  HEBE- fwin thon
(um}  DIN cade  warp {pm)
4189
W [rmm)
75 200 & Qx 20 TRD 2 24x
128
73 SPwW 75
2W7Fs
&0 1.080 RPD  2/30x
130
=13 SPWw EQ
W RO
s RED &5
as
a 0.09¢ 170 EFD 3/ 12x an
230
o0 DTW
EAE R TE
a5 30 360 %5
100 0.1 FUx 154} 3fl2x 1030
200
DTW 3w
G
106 140 20x 260 104
112 paiz 2R 500 112
118 2 300 118
125  0.125 124} 24x110 TRD 125
125
140 014 140
150 100 130
e 0.16 20160 160
180 G118 0 180
200 020 lh=120 200
212 70 212
224 0224 224
240 14=110 240
250 0,25 a0 230

* The {ebsolute) micron retenilon Lt the dtameter of the largest round particle just passing threough the
cloth. It can be determiped by Glass Bead Test or Bubble Point Test or caleulared theoretically.

b Paver & Boecker

It is not normally intended that a multi-layer sintered material should act as a
depth filter —surface (and/or cake) fillration is the aim.

In its simplest form, a single layer of wireclmh, intended probably to be pleated
for tnelusion in a filter cartridge. will be sintered in order to guarantee that the
spacings between the wires will not change during the pleating process. Thisis a
very common use of sintering for wire mesh. with the pleated construction



Table 613 SPW (single plain ducch weave) filker cloths=

HB-code Nominal Micron retention Equation factors for permeabllty performance Tensile steength? Weight® Cloth
mesh count (kg/m*) thickness
(mm]
Moatinal (umn)  Absolute{pm) ¥ Mt Warpwires Well
N wires
™

SFW 34 K. 304 25 312-36 37K LIGTOR 330 4410 (.98 0.25
SPW i Blix 400 1Y 3h-45 1.401 (04508 110 430 082 .23
SPW A4S 2/%Ix 250 1] 4244 H.ER 004369 ERLY 70 1.15 031
SPW AR S 250 41] S6H-613 4.1 [.01%51 110 G40 100 .32
sPwW Rl 51 280} 45 T1-75 4. 19 (.01 5 ERLY 3. 191 1.4 0.2
SPW TS 4 M} 6 75-Htl [R-1% {01297 il 7in 1.30 (1,401
SPWOTOEr 3 1T hi 10112 3.83 IR 420 70 1.60 (3, 50}
SPW1ZE 24x]In &) 112-12% 1.7% ILODZT7 AR 93 164K} 2.70 A7
SPW A 22wt 140-170 213 0.025h] 70 ax{ 2.10 (0.6
SPW e 2= 160 TH-14811 3.57 (1511 30 L ¥t 1.55 .51
SPW TR 20 150 | 710156 2 (Liniaa] 2602 I LK} 1.h0 (.55
SPW 2 | fex § 20 200-211) .68 (IR ER R 2800 1320 1.9% [ hd
SPW 240 14l o 220240} 102 OZ10} a0 15041 2.15 0.72
SPW S0 1345 240260} 1.%1 [ 3 33 14441 2.30 .74
SPW el 14x 85 ZH{1= 300 259 [(RUFE TN Ergld 16450 315 076
SPW 280 10w 90 270-2%} i.1h o170l S10 1756 2.50 0.93
SPW M) P2uéd 280-300 L b6 (LINI02Z 6 750 26210 4 18 1.21

SPW 60 BxHS F30-350 1 .l re 4 ZL{K) 2.50 023

* Haver & Boecker
Tensile sirengLh in Mewtons fora 0 mm wide sirip.

“ Weight s for stainless steel, density 14301,

4 Caleulate permeabtlity values from ¥ and M factors ustng equations in text

SAFIP PUL SUIZIIT

LIT



Table 6.14 Patented HIFLO high capacity filter cloth®

HB-conde

HIFLAYE 20b
FIFTAR" 25

Memtnul
roesh contnt

IH5= 1100
Rk TU2M

FIPLAY™E F0 LR R
HIFL" b Rid= TN}
HIFLLY " 40 Bws 1%
FHF1A" 45 T 4.54)
HIFELF™ 2 31 x4HN
HIFLLY® F0 33x 1K)
* Haver & Beccker.

MEcron relention

Mominal ium)  Absoluleipm)

nfa
nfa
n's
i
nfu
nfa
i TE
nfil

19-20
20 25
2H-3
34-30
1H-40
43-45
414-30
ArF-7i

Tensile siremgth in Mewons G 100 wide strip.

© Wripht s for stainless sieel, denstiy L4,
L Caleuline permeubiliny values from ¥ and M fuclors using equations in texl,

Equatten factors for permc:b IHy performance

it

9,654
1331
7MY
e
5.27
441
3.14
211

MI

1Li}24915
AT T4
1HIHGS T
[IRVRET
1152
anrirs
fTar2 225
1L]13525

Tensile strength?

Warp wires  Woefl wires

M

HE
Tt
152
251
42
[ Ry
1HE
Hu

M

Weight”

{kg/m=)

Claih
thickness
{mm]

1,093
1,185
i, ]154
0210
(1L1KR
1,240
[.250
11, 260

brbapg dnng o yoaquayH  81g



Table 6.15 Dutch twill weave {DWT) metal filter cloth*

Equation factors for permeability performance

Pn.l

24317
231.47
2110491
172,55
t5i.
12693
Hd . HS
108,33
V2717
44114
hE.149
2381
i
LA
I.hU
2.16
1.4
I .54}

HB-code  MNominal Micron retentlon
mesh count

Mominal (pm]  Absgoelute (pmy
w2 510w 3R] il 4-5
DTW4 S0 2 B0 ol 5-f
1¥TW 6 37 5% 2 30000 | h-7
LTW R F25% 230 2 T-8
TW % 2all= 1550 3 ¥-10
w0 230 1k 4 i1-12
DTW 12 2000 1400 5 11-13
DTW 14 1 Mk 700 4 13-1%
LYW 16 JHY 1120 9 13-17
DTW IS 1EaG& = T4ull 13! 15-1H
Tw 2N 1651100 12 2y 21
[XTW 5k Hidx 7] 25 4-ih
PTW 71 4= 56l 50 71-%0
PTW 93 b ERT 1) 18] Y4108
IXTW 1K) M= 256} 53 =112
IXTW 106 2w 2nld 100 11012101
UTw 112 28w 500 K3 lirehd2h-112
DTW 114 24 5 30MD k1N 112%42h-118
* Haver & Boocker,
k

Tensile strength In Newtons for a 1) mm wide strip.

Y Weight is for stabnbess steel, denslty 1430
9 Caleulate permeability values [rom Y and A factors using equatlons intext,

Tensile strength® Weight®  Cloth
thg/m®)  thickness
—_— {mm)
Aqd Warpwires Welt wires
v N
2525 92 251} (.30 .06
022829 75 i3] {116 i
0.uT4aY 130 ¥} .39 (004
.1515%5 140 EE11] 47 i
TR ELE HHY 420 (3hE iz
015603 lalr 480 LhE 12
1 1lhdk 220 440 .75 14
L RY) 390 fidly 1.6 n2x
1.2140% 244} AL 1195 &
L.O7h43 2000 510 LLFLR] L1s
011284 220 a2 0,501 L1k
1, 1002002 210 L1318 1.2 (26
N.0hR452 2410 130Ky (] {3y
L2 34 FLut 1651 2.60 (.54
L1721h 330 2 ) 3.20 [1LhS
011361 pLie] 220} 310 1Lh7
(.01124 3511 1420 1.95 11,46
2.120494 an 20

AT PURF LIS

&6TZ



Table 6.16 Broad mesh twilled weave (BMT) and BMT Zig-Zag Hlter cloth®

HE-code MNoninal Micron retention Equation factors lor permeabtlliy performance Tensile strengib® Welght®  Cloth
mesh (kgfm®)  thickness
couni —_ — {mm}
Nominal  Absolute 3¢ A Warp wites  Welt wires
{pm} (pm) N N
RMT R 27 325 = 19000 f h—8 RG.h3 0.0900) 135 19% .43 n{al
BT 1 234 2% 1R ] =12 TiLE2 07341 1200 245 145 {194
BMT |5 2% 25 x 12501 12 1315 4272 0AV 337 200 Isn ). 6d L1220
BT 22 212000 14 21-22 41.17 (aAi2134 2di) 4.2 (71 {140
BMT 23 2= 90 Ih 22-24 21.73 1L269Y 164 L TN i1.hd {L140
BMT 23244 2001 W 16 22-24 [R{ 3 DA TR 195 441} i.hd {148
BMT 28 L= RO i5 24--24 112 A 340N 20000 4 3 .7l L16}
BT I8 L ILY LIS 15 2424 104 (02116 2008 351 1A {170
BMT 32 2000 B 20 24-32 K4 LA ELH 170 290} 11,54} {1154
BMT 322Z%  200x600 20 28-32 boid 00172] 105 180 £1,51} {144
BMT 44} 1200 RO 4 iH-42 229 1.0 3504 27 450 11,4} {238}
BMT 30} 1 X= gl 32 48-51 1.07 GO004 8 2901 400 0.7s 1240

Haver & Boecker
®  Tensile strength tn Newtans o a 10 mm wide strip.
° Weight is lor stainless sicel. densily 1.4 3.
9 Calculale permeability values from ¥ and M Faclors walng equations {nlext.

pipaly ampd jo jooqpue 077



Table 617 Reverse plain dutch weave (RPD) & twilled reverse dutch (TRDY) cloths®

HB-code MNominal Micron retention Eguation factors lor permeability performance Tensile strength® Weight® Cloth
mesh count tkpim?)  thickness
trmm}
Mominalipm}t  Absolute jum) ¥ it Warp wires  Welt wires
W N

RPIX 15 720 1510 15 th—201 563 {01726 24} 4K h&G in1s
KPI}17 A0 1E0 17 20)-24 IR L) L2967 paly 4 #{] 089 22
RF1L 25 Bl Hse L0 29 i4- 38 114 001751 220 444) (1B{} 23
R 29w 75 41) 53-9H 12.94 034D G4t 7N} 1.5% 1,410
KPR 17550 fit) B7-75 M2k 0.00347%9 a70 1 200 240 .57
TRI}TS 0k 120) 75 T5-%1] 4. [H) LIS 200 a0 230 07 .24
RP1} 80 13lkx 33 AL 95105 B.25 0tatd 1311 12%40) 310 W77
RP138S 17537 85 L= 110 3.R1 (LHI255% 7hi T20 .10 057
RP L3 %) 174 9i} 1e-118 403 0.0 5HY 800 it 210 .57
TRD 125  2hikcdid 125 112-125 1.12 O.16ZFIH) 2220} S50 225 11.h2
RPTX <) Kdx14 &503-%3 30 33 (L2 H 1R3} 1 1R 3.50 1.13
TR 132=17 EININEE S 1.1H2 L1 ARG HT L 750 465 1.35
EFIYSOE %=« 14 SRR 3 .10 holtds 1550 1160 3.4 1.18
TR BNF  72=15 SUN-R{HY 002 (LI SaT 35 220} 70 .35 1.835
" Haver & Hoocker.

b Tensile strength in Mewtons for u 10 mm wide strip.

© Weight is for stainless steel. density 1.4 3,

o

Caleulate permeahility values fromY and M facks using equations in text.

1EE  SaySay pue Suaisg
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allowing the packing of quite 2 large filtration area into a relatively small flter
volume. as with papers or non-woven media.

A single-layer sintercd mesh 1s essentially a surface Altration medium. However,
depending on the gauge of the wires. and the weave, relatively high dirt-holding
capacities may be achieved. Typical ol these materials are Pall's range of Rigimesh
media, the characteristics of which are summarized in Table 6.18. Higher dirt-
holding rapacities, and hence longer on-stream times. may be obtained by using
laminates of several meshes with decreasing aperture sizes in the direction of
filtrate How, so that the resultant composite medium acts as adepth filter.

The best-known format for sintered wire mesh is the laminated form. which
permits the construction of fine-pore surface filtration media of very high
mechanical strength. A flve-layer version is supplied by several companies.
typically under a '...plate’ brand name iindicative of its stifiness). However,
laminated sintered wirecloth is available with any number of layers ol material
that the end-user cares to specify. from 2 1o as many as 2{}. depending on
whether the objective is glve mechanical strength and rigidity to a very fine
mesh. or to increase the dirt-holding capacity in depth filtration applications.

The standard five-layer for mat consists ol a coarse top layer to protect the second
layer, which is the actual filter medium, This will normally be a fine mesh. with
apertures as small as a few micrometires. RBelow ihe tiliering mesh will be a layer of
coarser mesh lo actas a fow distribution device. and below this will be two layers of
much coarser mesh to act as support for the whole medium, as exemplified by
Bopp's Poremet maierial, illustrated in cross-section in Figure 6.7, The supporting

Table 6,18 Pall ‘Rigimesh’ and ‘Supramesh’ sintered meral media

Media grade Mlerom removal raling Mominal standard Permeability®
thickness [vun)

Liguid service® Gasservice® toair towater

SRYE  10U% YN T

reftaral removil

by weight
Supramesh Z 1.5 13 s b {28 147 1.8
Rigintezh
K 3 18 15 13 (.13 2L 84
| 10 25 f 1% nls 1524 98
M 17 43 11 23 13 2436 118
R 4{ 7l 3l 33 023 4911 293
s 7u | EVE] al} 83 .23 RO 393
T 145 225 1M 173 (3 - -
A 00 430 250 150 048 - -

*  Using AC dusts in water, efficiency measured by particle counl.

®  Pased on AC Fine'lest Dust 1n air. Absalute reternthon rating based on particle count data.
= lidm? min~! i@ 1) mbar pressure drop,

9 Properiies not readable.
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meshes enable 1the fillration to be carried out under a pressure differential across
the medium that the filtering layer onits own would be unable 1o cantain.

Poremetl iz available in a range of nomtnal filtratton ratings from 2 to 60 pm.
which correspond to absolute (i.c. glass bhead challenge ratings) of 5-75 pm.
Technical datz for these media are gtven In Table 6.1%. while air and water flow
rates are given in Figures 6.8 and 6.9, against pressure drop (these figures
include curves for Bopp's other. more open. medinm Absolta).

Siniered wire mesh is normally produced [rom stainless steels {3041 and 316L
being the most popular forms). but other metals are also availzble, such as
phosphor bronze, while more exotic alloys, such as Hastelloy, can be supplied.

The five-layer Jormat is quite stiff. and capable of supporting itself in quite large
dimensions. It can also be machined and shaped like solid metal plate. and is
available as tubes and as cylindrical cartridges.

A different form of composite combines sintered waven mesh with a laver of
powder or fibre sinter-bonded to the upstream surface. An example of this is
Pall’s Supramesh Z. data for which are Ineluded tn Table 6.18.

A sophisticated variant of this last type of composite provides the basis of Pall's
PMM range of metal membranes. which are discussed further in Chapter §.

6.25 Knitted mesh

By centrast with the structural forms produced by the weaving of filaments,
knitting results in a mesh structure of asymmetrical interlocking loops as
illustrated schematically in Figure 6.10. The knitted mesh emerges continuously
from the machine as a stocking or flattened tube, and is thus a double-layered
strip typically in widths up to 6 33 mm (Figure 6.11 4. This may then be subjected
1o & series of subsequent operations to form it into thick rigid pads for use either
im filtration, notably as demisters. or in coalescers.

Meshes are knitted [rom one of. or a combination of, a wide variety of
materials, including metals such as galvanized steel, stainless steels, aluminium,
capper, nickel and its alloys. as well as polypropylene and Auorocarbon
polymers. Filaments are penerally circular in section, with diameters in the
range 0.1-0.3 mm; z fiattened section is possible with synthetic fllaments. which
increases the surface area.

protects filter cloth against
damage

filter cloth determines
fineness of separation

mesh for drainage/distribution
suppert meshes

Figure 6.7 Section thropgh ' Poremet muliilager medin.
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Although much of the discussion in this section relates to mesh knitted from
metal wire, the text can largely be taken to refer also to plastic filament meshes,
especiaily in the comments about the need for plastic mesk in the coalescing of
dispersed organic liquids.

Knitted mesh is generally specified by the number of stitches per centlmeire in
the two directtons, along and across the machine {A and B in Table 6.20 - which
includes plastic as well as metal meshes), with 1-6 being the most widely used.
The stitch can be lengthened or shortened during knitting. while the mesh can be
stretched lengthways to produce a narrower stocking with longer and thinoer
stitches, or opened out 1o form a wider stocking with a shorter and wider stitch.
Crimping, which may be either diagenal or herringbone. increases both the
thickness and the stiffiness of the mesh; it also increases the free volume and
reduces the resistance to airflow,

Filter elements are formed [ront multiple layers ol crimped or uncrimped mesh by
laying, foiding, rolling and I|where approptiate), compressing the layers.
Exploitation of the variables cullined above permits the manufaciore of a very wide
range of different grades, with surface areas per m® extending fromabout 100 m#te
more than 4000 m?2, with [rze volumes from 75 10 99.5%. Examples of rolls of
uncrimped and crimped mesh and of some elements are shownin Figure 6.12.

6.2.5.1 Demisters

The particular use of knitted mesh in Altration is the removal of suspended
liquid droplets in either a gas or a liquid stream. The structure of the mesh
enables the captured droplets to coalesce into larger drops and then 1o drain cul
of the filter mass. The process is called demisting when done In the gas phase.

Table 619 Technicel data for Bopp 'Poremet’ multilayer media

Poremnet Filterrating{pm)  Thickness r5© agd Elongation o~ Space  Weight
\mm} (N/mm?} (%) INfmm?} (%) woid
- {g/dm*)
MominalP Absplute?
2 <2 5
5 5 10
10 10 15 1.6-2.0 220-230
15 15 20
20 20 15 100-130 1015 55-00 35 a0-92
30 k18] 3:
44 40 S0
11 50 60 1.8-22 210-240
T &0 75
1 Mominal @lter vating: approximate value for cake Bliration,
b Absolute filter rating, determined iy the glass beard test.
© Shear strength 7, determined by stamping related to the cross.
4 Breaking strength o sections (thickness X1
L]

Yield polnt 2, at 0.2% elongation siressad length.
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Table 6.21 summarizes the types of standard demisters recommended by
KnitMesh for various typical industrial applications. Further information is
provided in Section 5.4 of Chapter 5 in the discussion of media for air and gas
filters.

6.2 5.2 Coalescers

Pads of mesh knitted {rom a single material are effective in removing dispersed
droplets ol an insoluble or immiscible liguid from a second liguid (c.g- oil droplets

_D-l b T T T T L TTTrr V
i Flon | i, a2 / /
0.05 4 /

; 7
—— A

Ly o

N — == Abscha /V ¥ // ) ,;j
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—m}"; 2 |5 104050 //:,‘,‘/
o Yaw / > ¥
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Figure 6.8. Flow rates of air through ‘Poremet and ‘Absolta’ multilager media.
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Figure 8.9, Flow rates of water throngh ‘Poremet and 'Abselie " multilayer media.
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from water or water droplets from oil). provided the droplets are larger than
about 30 pm, This corresponds to unstable primary dispersions, the two phases of
which separalte rapidly in the abscnce of agitation or shear.

The efficient functioning of a conventional ccalescer of this type is dependent
on the mesh flaments being preferentially wetted by the dispersed phase. This
interactlon between the liquid and the filament is related tc the respective
surface frec cnergies, which vary considerably for different solids and liquids.
Therefore, the material of the filaments must be selected to be compatible with
the dispersed liquid; for example, aqueous liquids prelcrentially wet metals,
which have high surface {ree energies. whereas organic liqutds require fllaments
of low surface free energy. such as plastics.

By contrast, the KnitMesh DC coalescer comhbines both metal and plastic
filaments in the one pad, to exploit the greatly enhanced coalescence observed to
occur at ‘junction points’ where the two materials are In contact and produce a
discontinuity of surface free energy. Variations of the filament type. filament
diameter and stitch size provide astructure containing many such ‘junction points”.

Advantages claimed for the KnitMesh DC coalescer include a higher separating
efficiency due to the “junction effect’, as well as higher flow rates and Jower
pressure drops. Moreover, the coalescer can be used with either phase dispersed.
so that there is no loss af perlormance even if phase inversion occurs. Examples of

Flgtire 6. 161, Nlustration of mesh patterns forned By kafiling.

Figure 6.1 1. Exampies of stocking or douile-layered knitted mesh.
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Table 6.20 Examples of KnbtMesh metal and plagtic meshes

Reference no, Diameler of wire |mm) Width as knlired icm) Number of stilches/cm
A B
Fine mesh —metal
2002 0.1]-1.15 1.6 3.5 4.4
Y122 2110013 2.2 4.0 3.9
Y028 011-0.15 f4 3.3 3.1
a6 011013 hd 1.5 4.7
935 11013 8.3 &0} 1.4
9001 11413 5.3 4.0} 4.3
29 0L11-0.1% 130 £.0 3.3
Meditn-fine mesth - el
IRy 013 18 2.8 3F
5077 .13 23i0 2.4 3.2
9039 015 320 1a 3.1
G035 0.15 Fht} 2.4 4,2
Stamdard mesh - peetal
17 03.25-0.28 3.4 I.h 1.9
G043 0.35-0.28 7 1.6 21
904] 0.25-0.28 1.7 1.6 1.5
3033 0.25-0.28 14.3 20 1.8
9036 (0.25-0.28 X3 2.0 1.8
2130 (h25-0.28% ixg 20 1.8
90R3 025028 000} 2.1 1.7
9032 (25025 ELLNN] 20 1.6
Coarse mresh — meefal
90349 3.25-0.28 [ Ri 1.5 .74
G057 0,23-0.28 230 i.6 01,910
936 0.23-0.24 5.0 1.6 1180
04K 0.25-0.248 401.0 1.6 (B>
G054 025028 30 1.6 0,80
Fine mesh - plastic and fibre
9029 +13 124} 3.0 h.A}
2062 (13 t4.400 f.7 4.3
9059 0113 i) 2.7 28
Standard miesh— plastlc and fibee
8017 {123 3.0 1.7 2.0
S04 .25 12.0 1.7 1.7
i3 .23 14.4 1.9 1.4
T30 .25 360 1.9 t.b
Gth (125 13.0 1.9 1.6
9051 .25 35.0 1.9 1.5
945 .25 Fi ki) 1.8 1.4
Coarse mesh— plastic and fibre
PIREY] 025 130 1A 1.u
G036 0.2z it l.& 1.9
el Ly 023 GE R l.& 0.5
Extracoarse mesh —plasiic amd fitre
9049 (25 3100 1.&h (.6
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Figure 6.12. Examplesaf crimped stocking and miulti-layer elements. | Photograph: Knftdesh Lid)

Table .21  Applications of standard Knithesh demisters

Type %iree  Densicy™ Surfacearea  Special materials  Applications

na. volume (kg/m*y  imi/m’} inchuded

001 97.6 192 bSO None Very high efficiency, very clezn
BErvice

9033 976 192 400 Mone Heavy dury

9032 g7.6 170 3a0 Nont For general use

2010 622 144 100 Mone Standard. general parpose media

903002 98.2 144 00 MNane High efficiency for line
entrainment

905% 8.7 17 ig0 tone Fine entralnment

4036 08.8 96 0 MNone High velocity, dirty service

4530 93.8 96 200 Mone High velocity. clean sepviee

4536 99.1 72 150 None Minimum pressure drop. divty
service

9036 93.0 185 1500 Glass wool Coalescer - very flne misi

048 95.0 128 1000 Glass wool Coalescer— fne mist

o008 95,7 45.5 1050 Polyprupylenc High periermance - acid rmist

9030 93.2 72 A20 Polypropylene

9036 95.8 44 495 Polypropylens Ackd mists and marine engine
intakes with mimimum
pressure drop

Q04E 97.0 1z 160 Polyprapylens

013 94.0 290 1115 Glass wool/ss316

9030 95.0 205 820 Glass wool/ss316  Fine mist where stainless steel s
valid and minimum pressure
dropis lmportant

o0 36 9.0 138 525 Glass wool/ss3 1k

9048 4.0 128 820 Teflon FEP Hlghly corrosive conditions

9048 95.1 85 F2s Hostallon ET Righly coreosive conditions

Density is for stainiess steel. Bor nickelicopper alloys, add 13%.
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Table 6.22 Examples of applications of KndtMesh DC coalescer

Syetem

Xylene-water

Application

229

Cozlescer Lype

Ethytene dichloride—water

Hydrocarbon=-water
Oll-water
Oll-water

Fatty acid—water

Dierel luel-water

Benzene—caustic salution

Hexane-water
Propate—watet
Vegelable [ats—water

Fréeva,ne dhrnp (om waber qauow)

Condensation ol vapour

Condenzation

Staam stripping
Effluent if separation
Effluent pil separation

Contamination of
wash water
Washing operation
Entrainment
Extractian
Extraction

Fat swegtening,
extraction process

DC 92071 S5/PFL

0 9201 Fthreglass PPL
D 9201 85/ Hostaflon
2230 85/FPL
Composite DL 9201
SS/PPLIGW

D} 9200 S5¢FPL

9201 S5/FRL
DC9201 55/FPL
9201 55/FPPL
DC9201 55/ Teflon
pC49201 55/PFL

# Eernsena invager
W Kalar in ke e

Tl e vare perusn anesim’ moh

] -2

G .Ly

q

3 e

[ o ™) ) )

Figure 6.1 3. Pevformance teste of Knft Mesh DC9201 55/ PPL coalescer: flow rate versts pregsure drop.
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Figure 6.14. Perfarmance testsaf Knithlesh BC9201 S5/PPLroglescer; fow eaee versus enirainment.
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applications are given in Table 6.22. Figures 6.13 and 6.14 show the typical
relationships between flow rate. pressure drop and entrainment fer 1/1
kerosene-in-waler and water-in-kerosene dispersions with mean drop size in the
range 100-150 pm, filtered through a 300 mm thick DC2201 88/PPL coalescer.

6.3 Waven Plastic Mesh

Everything that has been written above about metzl wire meshes can apply in
principle to the use of plastic monofilament as warp and weft — whether as square
mesh or ‘2ero aperture” weaves. The use ol multiflament yarns is more common
in plastic materials than flor wire mesh, Even sintering is possible. although
much less commonly used, despite the less rigid nature of the meshes, and hence
the lower degree of accuracy of aperture, especially after use.

Data on menofilament plastic meshes are to be found in Section 2.3.2 of
Chapter 2.

6.3.7 Coaled plastic mesh

Interesting alternatives {o conventional meta! or plastic meshes are the
‘Metalester’ products of 8aati, a manulacturer of an extensive range of precision
woven monofilament meshes and [abrics. The Saatifil Metalester materials are
hybrid materials, for which electrolytic technigues are used to deposit a coating
of metul ull over a polyester mesh substrate. The standard coating metal is nickel,
but copper. silver. gold and platinum are also used.

The metal coating is stated to cover the plastic completely, and to result in &
totally stable structure in which the individual flaments are bonded to each
other at every inlerseclion. Advantages claimed are freedom [rom the static
problems common with plastic meshes. the ability to cut. bend and weld, as well
as freedom from migration. Table .23 summarizes the standard grades, with
apertures from 20 to 2000 umn,

6.4 Perforated Sheets and Plates

Perforated sheets are produced by high-pressure presses that punch groups of
holes through a metal sheet as it is indexed through the press. This process may
leave very slight burrs around the edges of the hoeles on the underside of the
sheets: when applied as a support for a filter cloth, it may therefore be advisable
to orientate a perforated sheet accordingly.

Despite the extreme stmplicity of this structure, the mulitiplicity of variations in
the gecmetrical parameters associated with holes in sheets. combined with the
different metals available. potentially permit the production of an Immense
variety of perforated metal sheets. In addition to the thickness and type of metal,
the variable parameters include the shape of the holes, their size. the pattern in
which they are arranged. the number of heles per unit area, and the distance
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between adjacent holes: vartous combinations of these parameters determine the
percentage of open area.

Perforated sheets are used for some of the coarsest separation duties in
industry - the grading of pebbles, for example - with hole diameters measured in
centimetres, not millimetres, let alone micrometres.

At one time it was customary for suppliers to Include titerally hundreds or even
thousands of items in their nominal list of stapdard products. By contrast,
modern rationalizatlon of manufacturing and stock control procedures has
tended to result in a much sharter standard product range, tailored to careful
analysis of the market. but to supplement this with producing special grades as
required. For example, Table 6.24 lists the standard mild steel perforated sheets
held in stock by one supplier and Table 6.25 is the same company's stock Yst of
stainless steel and non-ferrous perforated sheets. zll of these being bazed on
round holes.

Plastic sheets can be perforated by the same pressing techniques as used to
perforate metal, 2nd more easily. Although limited ranges of plastic sheets were
formerly available, they appear now coly to be produced to special order partly
because most perforated sheet applications are [or dry screening of abrasive
materials, to which plastic matertals are not very resistant.

Table 6.24 Standard perforated mild steel sheets (round holesy

Patlernno.  Hole dlameter Pltchimm}  Openarea Thickness of sheet (mm}

(mm} (%%}
2mxlm 2.5mux1.25m

ITO3A 1.10 2.00 27 1
613 1.50 .54 28 1.2/1.5
52 1.9¢ 307 i6 1.2
127 284 1.80 A 1.2/1.5
9 2.46 397 1k (391/1.2/1.5
16144 3.20 5.0 37 3.0
1614 117 4,75 40 0.9/1.2/1.5
694 4,75 7.l4 40 0.9/1.2
2136 117 6.35 23 30
467 4758 7493 32 0.9/1.2/1.5/3.0 1.5/3.0/5.0
214 6.35 871 47 1.2/1.5 1.2/1.5
Ea7 6.35 9.53 40 0.9/1.2/3.0 3.40/6.0
600 6.35 12.70 23 6.0 5.0/6.0
245 .53 12.70 5{} 1.5
252 .53 14.27 40 3.0 3.0/5.0
273 12.70 17.46 a7 1.5/2.0
497 12.70 12.05 40 3.0/6.0 3.0
GU5 12.70 2540 23 16.0
285 22.20 27.00 fl 30
1024 25.40 34.90 48 £.0

®  Assoctated Perlorators & Weavers Lirniled.
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6.4.1 Expanded metal media

Expanded metal is made (rom metal shects by a repetitive process that involves
first cuttlng it to form a series of short slits, and then stretching the sheet to open
up these slits into the characteristic diamond apertures of Figure £.15. This may
be ollowed by calendering so as to flatten the resultant metal strands (rom the
sloping profile imposed on them durlng stretching.

Measurement of the dimensions of the apertures and the strands is defined in
Figure 6.16 for boath uncalenderad mesh (‘conventional') and for calendered
mesh {‘flattened’). Typical data for the finer grades of both types in varigus
metalsare givenin Tables .26 and 6.27,

Plastic sheels can be expanded by the same slitting and stretching techniques
as used to expand metal, Although limited ranges of plastic sheets are available,

Table £.25 Standard stainless steel and non-fevrous perforated sheets (round holesy*

Pattern Huole Pitch  Open Metal Thickness  Stocked size
ng. diameter (mm)]  area {mm} {rowm )
{mum}) (%)

1533 .55 1.02 26 Brass 0.45 1220=6140
17624 020 1.50 26 5/5304 Q.50 2000 = 1000
&13A 1.50 .60 LT 8/5 304 1.0 2000 1000
441 .16 3.00) 46 Zinc 035 2440x4915
LY. 246 4.73 24 Fre-palvanized 0.7 25001250
113 246 4.73 24 Pre-galvanized 1.2 25011250
951 317 531 32 Pre-galvanized 0.7 250K)= 1250
951 317 5.33 32 5/8 304 1.2 200« 1000
451 317 533 iz 5/8 104 0.9 2000 x 1000
1614 317 475 41} Aluminiam 1.2 2000 = 1000
1614 3.17 4,75 40 &/5 304 1.5 2000 = 1000
694 4. 75 7.14 40 Aluminixm 1.2 2000 1000
487 4.74 7.03 32 §/8 304 1.2 2000 1000
567 6.35 953 4} 8/8 304 2.0 20000 1000
67 (.35 9.53 4} §/% 304 1.2 20001000

* Associgted Perforacors & Weavers Limited.

Figure 6.15_ Examples of expamded metal mesh. { ustretlon: The Expanded Meto! Co. Lid)
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these products have largely been replaced by the extruded materials discussed
below (Section £.6}.

6.4.2 Electrofytically formed sheets

The processes of photo-etehing and electroforming are used by Stork Veco to
produce a substantizal range of finely perforated metal sheets. 151300 pm in
thickness. and a smaller range of screens for continuous basket centrifuges.
Fhoto-etching involves the removal of metal from a continuous sheet, while
electroforming creaies the perforated sheet by building up a layer of metal by
depositing it upon a substraie. These two processes (plus laser cutting} provide a
wide range of delicately structured items lor industrial use, covering electric
shaver Joils to ink-jet orifice plates.

Photo-etching is applicable to 2lmost all metals and their alloys. It begins with
the production of a photo-mask in the prectse shape of the required product.
which is superimposed on a metal sheet. This sheet, already coated with g photo-
emulsion, will beceme the perforated plate. After exposure through the mask to
suttable UV light. and subsequent development and washing of the coating. the
unexposed parts of 1the photo-emulsion protect 1he melal during etching: if both

1. For canwantinal meshes with anglad Srands dimensgns Irom
centre 1o centre of knuchdes Bre shown,

2. Fovr Panansd meshes dimangions of the aparture goint 1o paift
are shewnm

Jiﬁ
=<

1 lmm- —.
W

Figure 6,16, Definimg the dimensions of expanded metal meshes. [ Hustration: The Expanded Metel Co. Lid. )
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Table 627

Flattened expanded metal mesh®

Mazh no.

it
226F
Z2HEF
217F
217AF
19 74F
74 AF
17 928Y
1975F
127R5F
L2ROF
12K{0AF
12R2F

7 The Expunded Metal Compeny Limiied. ' LW = long dimension of mesh. ¢ SW =shortdimension ofmesk, ¥ W = width of sirand.
v T=thickness of steapd.

Mietal

Steel
Sreel
SRING/E19
Stee
Aluminium
Sleel
Aluminium
5834815
SLHMLIS
SEHMS15
Sleel
Aluminium
Sheel

Lut

Wominal apertirre {mm)

Size of strand (mm)

fJ-pen ;l.'f;ﬂ {"]

2,79
ikl
Lo
[i%-L 1
LWL
r4.22
13.97
1422
TR ]
25.01)
2418
413
24 14

FWr

0.8l
203
Ly
56
1.5
4.8
4.8
4.5%
E50
&.00
711
1911
7B2

A

.78
0.7
122
1.3
1.27
155
L&)
183
1.13
198
2,319
2,19
204

™ MNormal Max.
(.58 26 26
0.58 L1 4h
.56 19 1%
£3.94) 52 52
11,89 52 92
1.9 52 52
1.89 52 52
{146 53 51
¥ 8 3] 52 52
1.09 57 57
1.14 1Y) 87
1.14 SH 58
1.14 [i %3 3

Weight sheet Sheet size {mm)
{kg)
Lt e

3,360 1220} Bls
1,570 1220 %15
2.35% 1250 1250
5.430 1220 2a ()
2.583 1220 2240
Y.H23 1220 2240
LU6R 12210 2440
LI L0 T2510) 1250
3003 L2510 1250
f.542 25LH) 1250

H1 836 2340 1220
1731 2440 1220
$.43h 24440 1220

FIPI AN 0 YO0qpunE G5 g
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sides of the metal sheet are being etched simultanecusly. the sheet is sandwiched
beiween two precisely aligned photo-masks. Alter etching is complete, the
photo-emulsion is stripped off prior te post-treatment operations such as
proiective plating and passivation.

Electroforming employs the same masking process, but now the unexposed
parts of the photo-resist lacquer protect the surface of the substrate from
deposition of the metal layer that will form the screen medium. The sheet of metal
and unexposed resin form a mateix that serves as the cathode in an electrolytic
baih, where metal from a pure metal ancde deposits on the areas where the
photo-resist was removed. A thick layer of photo-resist allows the deposition of a
thick-Glm preduct. while a thin layer lzads to the deposition of metal firstly
within the spaces between the photo-resist, and then over its edges. to create an
overgrow product. As with photo-etching, various post-deposition operations
are possible, most commoenly adding & hard protective layer of chromium.

The Stork range of screens lor continuous centrifuges (as nsed mainly in the
sugar industry) are deformable structures. and as such are supportedin useon a
coarse wire mesh backing screen. They are made in electroformed nickel, and are
usually chrome plated. They range in thickness from 280 to 420 pm. and have
slots, rather than round heles, with slot widths between 40 and 130 um. as
shown in Table 6.28.

The VecoStandard type ol screen is for normal applications, with & mirror-
smooth working surface. Its conical heles reduce binding and clogging, while the
slots can be oriented in the screen 1o suit the travel direction of the sugar crvstals
{Figure 6,17(a)). The VecoFlux type is for higher filtrate rates, with an open area
double that of the standard sereens or more, for a given slot size (Figure 6.17(b)).
while the VecolLile screens are significantly thicker to give 2 longer screen life by
reducing the deformation into the support screen (Figure 6.1 7{c).

The other filiration media are rigid homogeneous structures, made mainly by
electrolorming. They have sharp separation characteristics, with perforations
down to 10 pm, having a high throughput and being easily cleaned. The standard

Table 6.23 Technical specifications for Veco centrifuge screens®

Screen Lype Elot size (Tim) Qpen area (%) Thickness imm}
VecoStandard A 004« 1,67 4.2 (131
0.06 » 1.69 a4 .29
0= 1.72 9.6 .28
0.13=1.76 14.2 25
VecoStandard B .06 x 2,11 6.4 (.34
D09 =214 9.6 032
VecoFlux .04 22,18 9.8 0.33
006 = 2.20 14.4 0.33
009« 223 218 033
Vecolife Q.08 = 2,63 9.0 4l
0.0% « 2,65 135 42

*Stck Veco BY
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range, called Veconic, has a smooth working surface. [t is electroformed in pure
nickel, but can be chrome plated. The perforations are sharp-edged and conical
in cross-seclion; they may be round or slat-shaped. Veconic screens are available
in standard sheet dimensions of 1 m by 1 m. The range of sizes is shown in Table
6.29 [or round holes, and in Table .30 for slotted holes. The wide range in open
area is o be noted.

i

()

\
%

c)

Flgure 6.1 7. Stavk Voco rendrifige screens: [} VecoStmndarnd. thy VeroFlos. (o) Verolife,
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The Veconic plus range of screens is made by a special. patented electroforming
process, also from pure nickel, which permits the variation in sheet thickness
with the same perloration dimensions. As with the Veconic screens, Veconic plus
is available with round or slotted heles. in sheets 1 mby 1 m. Veconle plus has &

Table 6.29 Stork ¥eco Veconic Alter screens with rosed holes®

Hole dkameter {mm) Meshno® (ipen area '] Thickness (imm}
.02 123 1 Q.08
004 12% 4 .08
(L06 115 & 0.07
0.19 4] 2 (r25
013 41) 4 n23
013 B3 B 0,18
020 44] 9 (.20
Q.23 Al 23 0.12
.30 2] E 0.45
0.5 3t 14 n.2s
0,40 13 21 0.18
.45 ) 27 184
(.50 25 X3 (.20
(75 2t 33 .20+
1.u0 13 33 (.20
1.511 125 3l (20
2,00 4 4% 0,28
230 T 43 thd2
* Stork\eco BY

b Mesh number is the number of holes on aline Tinch long. andon a line 1 inch long at #07 to the fiest.

Table 6.30 Stork ¥eco Veconle filter screens with slotted holes”

Slot dimensiens lmm} Mesh no." Open arca () Thickness {mm}
U044 = 110 BOV1S f 017
(416 % 1.66 44710 3 {28
D08 x 167 4010} 3 02y
010« 1.70 {0/ 10} 11 .26
13172 40/ 10 14 0.24
0.13 = 2,36 HfF 9 34
0.15 = 5.50 17/% v 0.5
08 x 242 28T 13 .30
0.20 x 2,46 IR/7 16 .29
.23« 249 8)7 2} 0.26
.30 # 363 15i5 14 0,34
0.33 = 3,70 1713 17 1134
040 3.75 1743 20 .43
0.50 = 3.35 17/3 25 u43
G735 x4.10 1743 41 Q.30

8 StorkVecoBY.
& Mesh number gives, first. the namaber of slois on a line L inch long, and then the number cn a llne
Tinch long at 90° {o the first,



240 Handbaok af Filter Medin

Table 6.31 Stork ¥Yeco Veconic plus filter screens with round holes®

Hole diameter (memi Meshno® Open ared () Thickness (inm)
003 125 2 013
06.03 125 2 Q.30
.13 12% 2 .50
0.04 125 4 0ls
0.04 123 4 03¢
004 125 4 0.50
.06 12% ] G135
0.06 125 8 030
.06 125 8 050
0.08 125 14 015
0.08 123 14 0.30
.08 123 14 .50
010 30 23 0.20
0.10 80 23 (r.35
1 a0 23 0.30
.15 80 20 0.20
.15 B 20 0.33
015 /0 20 G50
020 50 14 0.20
020 51} 14 0.35
0.20 50 14 0,50
025 &1 22 020
25 Ll 22 0.35
Q.25 0 22 0,50
= Stork Veco BY

b Mesh number is the number of holes on a lipe 1 nch long, and on a line 1 inch long at 60° to the first.

Tahle 6.32 Stork Veco Veconic plug filter sereens with slotted holes®

Slot dimtensions imm) Mesh no.® Open area (4%} Thickness {mm}
0.01 = 0.42 160740 5 0,30
01 x 42 lai4n 3 050
02 x 043 1é040 10 0.30
0.02 <043 160/40 10 .50
003 <044 160740 15 0.30
.03 » 0. 44 16040 15 0,50
0.04 < .45 lo0/40 20 0.3
0.08 =047 160740 30 0.30
.08 x 0.88 0720 1% 6,30
0.08 < (1,88 8020 13 .30
.10 =089 80720 23 0,35
010 = .89 807310 23 0.50
*  StorkVecn BV

b
linch long at 90° to the fizst.

Mesh number gives, first. the number of siots on a line 1inch long. and then the number un a line
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greater thickness, and hence strength. and is supplied in the finer perforation
sizes, as shown in Tables 6.31 and 6. 32,

The Veronic range is made in the same way g5 the Veconic screens, but
thicker, and hence stronger. It too is available in 1 m? sheets, with round and
slotted perforations, but the range is mouch smaller. with 6 sizes of ronnd hole
(0.08-1.75 mm) and 7 slotied hole sheets (0.10-0.50 mm wide). but all have
guite largs open areas for the size of hole.

A small range of Vecopore screens, made from pure nickel by the same special
electroforming process as Veconic plus. has fine holes (20~50 pm) with high mesh
numbers, and consequently large open areas. These are available in sheets 300 mm
by 600 mm.

The final member of the Stork Veco perforated sheet range is the Yeconox
range, made by photo-etching from AISI 316 stainless steel. These have quite
targe perforations — the slotted sheets having slot widths from 0.1 3 to (.4 mm.

6.4.2.1 Track-elched sheets

A very specialised case of etched pores in a sheet of material relates to the
formation of minute pores by the bombardment of the material by rays of sub-
atomic particles, follewed by the chemical etching of the material, to lorm pores
at the sites where it was bombarded. This is a technigue used [or making
specizlized membranes, exemplified by Whatman's Nuclepore range. and is
further diseussed in Chapter 8.

6.4.3 Laser-cut shests

The application of laser techniques provides the unique beneiit of forming
precision—cut micro-slots in hard. wear-resisting metals such 2s stainless steel. In
this way holes cant be formed in the sheet with widths narrower than the
thickness of the metal. Laser-cut screens are intended for applications needing a
high preportion of epen area, and a resistance to clogging of the medium. The
holes are ysually slots, but circular holes can also be formed in this way. The slots

Flgure 6.18. Cross section of 68 pm SSL elat & » 150 magnification. showing high rellef angle and
extremicly sharp edges. { Photograph: Laser Action Pty Ld}



242  Hamdbook of Filier Medio

have sharp working edges, and the high reliefl angles act to prevent clogging. The
smnooth surtace of the screen 12 an aid to Muid Aow,

A typical format is available in the patented process developed in Australia by
the Commonwealth Scientific and Industrial Qrgantzation. in cooperation with
the Sugar Experimental Station Board. Commercialization of the resultant S5L
(stainless steel lascr-cut) sereens and sieve produets. and those of other metals
such as titanlum, is in the hands of LaserAction Pty; the products are aveilable in
the UK [rom Croft Engineering Services.

Figures 6.18 and 6.19 show the characteristic tapered form of the slots, with
extremely sharp edges. a high relielf angle and smoath working face. while Figure
6.20{a) reveals the narrowing ol the slots at each end. Slot widths may be from 40 to
200 pm corresponding tothe high open areaslisiedin Table 6.3 3; as compared with
conventional slotted sereens, S5L slots are shorter and thinner en average (because

Figure 6.7 9, Smooth working face of 60 pun S3Esiot 0« 2600, showing sharp slot edges. | Fholograph: Laser
Actlan Pty Lid

{a) b}

Figure 6.20. Comparing. af the same sangnificailon, the wear after 1350 R of speration of £ g slots i
{whlaerr-cup soreen and () electroformed chrome nicke! sereen, | Photoaraph: Lager Aevion Piy Lid)
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of their narrower ends). but are several imes more numerous. The metal thickness
isusually 20 um; screensmay beupto 1. 9mwide and asmuch as 2mlong.

Extensive lull-scale side-by-side comparative trials are reported to have
demonsirated the benefits of using S5 screens in centrifuges separating sugar
crystals from molasses. Although they cost some four times more than
conventional centriluge screens, this is claimed to be more than offsel by process
savings accruing from higher yields of sugar because of amuch greater resistance to
wear by the tough SSL screens. This is illustrated in Figure 6. 20}, which compares
55L and conventional clectroformed chrome nickel 6{t um slot screens at the same
magnification after 1350 hours of operation; the slots of the conventional screen
are visibly much enlarged. whereas those of the 550 show little change in sharpness
or width even at the high { » 7 20 magnification in Figure 6.21.

6.5 Bar and Wire Structures

The remaining metal media in this chapter are fabricaied from individual bars, or
frem rod or wire that has been processed to change its shape. The filter elements

Table 6.33 SSL laser-cut screens”

Slotwidth {pm) Maximum open areg (')
41} 73
50 | LiX3]
28] 12.00
70 14.Q
24} 165
&) 140}
180} Z{L0}
120 240

?  Laser Action Pty Lid.

Figure 6. 21 Righmagnification [ x 7 20 of S§Lsion gfter 1 350 hoperation. { Photographt: Laser Action Pty Ltd)
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made [kom these media are thus assembled rather than praduced in sheets or
rolls. As a result they arc more expensive on a unit arca basis than woven mesh
or perforated sheet. and so are used where their particular combination of
strength and accuracy of aperture gize is necessary.

6.5.1 Looped wedge wire

Looped wedge wire (Figure 6.22) is made from rcund wire by a two-stage
process. First it is looped at regular pitched intervals and then pressed so that the
sections between consecutive loops are formed into deep wedge-shaped sections.
The loops themselves are also pressed to flatten the sides inte accurately sized
spacing shoulders that butt together when the wires are assembled into panels
using locking cross rods passed through the loops. asin Figure .23,

The width of the resultant slit apertures between adjacent wedge wires s
determined by the extent to which the width across the spacing shoulders is
greater than the width of the top lace of the wedge profile. The strength of the
assembled panels depends on the dimensions of the wedge seettons, and on the
diameter and pitching of the cross rods. All of these dimensional factors can be
varied tosuit the application.

Another important variable is the profile of the top surface of the wedge wires.
the typical options being listed in Table 6.34. which includes comments on their
applications. Table 6.35 surnmarizes Lhe dimensions and profiles of wedge wires
and the diamelers 2nd pitches of cross rods used by one manuiacturer to produce
the standard screens tn Table 6.36 and the finer Mini-Wedge Wire screens in
Table 6.37; whilst the latter are obviously less robust than standard wedge wire,
they are many times stronger than equivalent fine woven meshes.

Looped wedge wire screens are available in a variety of different metals, as
indicated by Table 6.38. which provides factors to convert the mild steel weights
included in Table 6.36.

Figure £.22. Alogped wedge wive.  Photagraph: CAE Trislat N.1.)

Fiture 6.2 3, Looped weilge wire screem. { Plotegraph: CAE Trisiot NV, )
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652 Welded wedge wire screens
Welded wedge wire, usually in 304 or 316 stainless steel but also in special

metals such as Haselloy, is produced by sophisticated automated welding
techniques that permit preformed profiled wedge wires to be welded directly to

Table 6.3¢ Typlcal profiles of wedge wire®

Section Name Code Comment
Flat iop F The most commanly nsed profile, giving
wedpe wire 2ood screening efficiency over the whole

range tn most applications. [t is excellent
for dewalering slurries and s extensively
used in coal washerias.

Conical top C Designed particnlacly for fine mesh
wedge wire SCTEENS
for dewateting slurrles.

Sguare top 5 Suitable for the larger aperture sereens
wedge wire used with highly abrasive materials.

Rifflc 1o0p R Copmbines most ol the dewatering qualities
wedge wire alboth Pat and conical top proflles, and 1

also widely used as an aftractive non-slip
finish for drainage grids end walkways,

Table 6.35 Proflles and dimensions of looped wedge wires®

Profile® Sectton na. Profile Cross rod
Width (mm) Depth fmm} Dlameter (mm} Fitch {mm}
c 12 1.02 1.64 3.2 234
c 16 1.37 2.20 4.8 3.1
F 20 1.70 2.74 A i
F 23 1.93 307 79 it
FCSR 28 .33 L1 79 gt
FCSE 32 2h6 4,32 9 ¥
FCSR 13 277 4.50 .9 it
FCSR i5 2.90 4.70 7.9 0
FCSR i9 3.28 3.531 A ¥l
FCSR 42 3.50 5,72 PR 70
FCSR a4 3.66 R 7.9 70
F 41 391 4.87 9.3 02
FCSR 44 4,08 h.hl 2.7 LIPS
FCSR 31 3.43 6.98 12.7 102
il 12.7

Fa 54 4.52

¥ Screen Systems Limited,
b F=flat top; C= conical top; $ = square tog: K= riflled top.
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deep section cross bars (Figure 6.24), As with looped wedge wire, considerable
variation is possible in the profile and dimensions of the wedge wire. and also in
the shape and dimensions of the cross bars. A representative list of the standard
products of Screen Systems Lid is reproduced in Table 6.39.

Apertures
{mm)

Sectlon

no.

0.125

(L25

0.375

0.7%

1.0

PR
~i W b
L. A

2.0

3.0

4.0

i

201

23p
28P
3ap
2op
3p
I8P
3P
20
23
28F
32p
20
23
28
jzp
23
24
32
23
24
12
49
33
23
28
5
49
28
35
39
49
hi
42
49
44
51
34
il
34

Table 6.36 Standard looped wedge wire screens®

Qpen area

5
It Ao =

ol

16,
13

12.7
11.3
2.7
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16.1
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Sereen Systems Limited,
Mild steel. For other metals, muldply by factor inTuble &, 38,
¢ Prfor severc side loading, spacing pips can be provided.

Apertures
per metre

347
486
407
338
511
d6()
387
341
4749
433
iny
328

53
410
351
i1
3170
315
292
341
100
273
197
243
292
259
226
177
246
215
189
164
137
166
151
151
1314
133
120
117

Weight®
tkg/m?)
236
294
4.4
.0
243
28.0
128
vl
231
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The “Trislot screens developed by Bekaert {but now available [rom Trislot)
include & conliguration in which the slots can be as small as 10 pum. The total
range of conflgurations comprises flat. curved. conical and tubular; 11 is a
particular version of the last of these that makes the 10 um slot possible. namely
‘out-to-in’ flow with tubes up to 700 mm in diameter. For all other versions and
configurations, the smallest slot sizeis 30 pm {with an averagetolerance of 10%).

A dislinction is made between two versions of the spirally wound tubular
configuration, depending on whether flow is intended to be out-to-in (Figure
6.25) or in-to-put (Figure £.26). The 'slot tubes' of the former version were
originally developed to serve as well screens. which required them to be large
and heavy: subsequent developments have refined the construction and
extended the applications, with Trislot tubes produced in standard nominal
diameters from 30 to 620 mm. The minimum internal diameter of ‘slotted
cylinders’ of the in-to-out configuration is 25 mm.

Table 637 CLooped ‘Mini-Wedge Wire' screens®

Apertures | mm) Sectlon no. Open area Aperiures per metre welghi®tkg/m?
1 13 B3 8BS0 13.3
16 fd bES 20.9
0,125 12 1.1 B7D 130
0.25 12 1w.2 TBS 13.8
16 14.3 fl3 19.3
0,375 12 25.0 713 1.6
16 2.2 ] 18.2
.50 12 30,3 f35 1.4
16 248 318 17.2
075 12 391 b0 1.5
16 128 470 131
1.0 16 39.0 235 114

*  Screen Systems Lintiled,
¥ M steel. For other metals. multiply by factor It Table £,35%

Tabde 6.38 Weight converslon factors for various metals

Metal Specific gravity Convershen factor
Magnesturn/gluminium alloy 2R3 L7
1 7% chrome steel 7l L5810}
Mild steel .45 1400
Calvantzed stesl T.H5 1.4}
Stainless steel 18/& U | 1.00R
Brass .50 1043
Silicon bronze H.34 1034
Fhosphaor bronze b ) 1.10%
Monel 54O 1.121

Copper £.an 1.133
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Johnson channel rod screens have a distinctive internal structure, ag shown in
Figure 6.27. These are available In a range of 10 standard sizes {internal
diameters from 25 to 200 mm). with slot openings upwards from 75 prm. They
are used in the underdrain systems of sand lters with the claimed advantage of
eliminating the need for several layers of graded support gravel beneath the sand
bed (Figure 6.28).

Figure 6.24, Welded wedge wire sereen_ { Photegraph: CAE Treislot NV, )

Table 6.319 Welded wedge wire screens®

Aperturet [mim) Profile no. Profile width tmm Profile depth {mm}) Open arda (%)
.25 22 2.2 4.5 10.2
3 2.8 5.0 21
42 34 [ 6.8
.53 23 2.2 4.3 18.5%
34 2.8 3.4 15.2
42 14 6.3 12.8
0.75 28 2.2 4.5 25.4
34 2R 5.0 211
42 3.4 B3 18.1
1.0 28 2.2 &3 311
34 2% 5.0 26,3
42 14 6.5 22.7
1.25 28 X2 4.5 36.2
34 28 2.0 0.9
42 314 6.3 &9
1.5 28 2.2 4.5 4.5
34 2.5 5.0 34.9
42 34 6.5 30h
1.75% I8 L 4.5 443
ELY 2.8 50 385
42 14 6.3 4.
20 28 2.2 4.5 47.6
i4 2.8 3.0 4}.7
42 3.4 6.3 TG
2.5 28 2.2 4.5 53.2
i3 2.8 5.0 47.2
42 14 .5 42.4

" Sereen Systems Limvided.
b Apéertures up to 16 mm are avallable.
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— peofile wine

Figurs £.25. ‘Trisiol tubes for out-to-in low. { Mustration: CAE Trisloi N. V. }

PN

Figure 026, Tristot’ cylinders for in-to-out flow. { Nlustratlomn; CAE Trislat M.V, }

Figure 6.2 7. Wedge wire channel rod screen, (INusiration: Johnson FHtratlon Sustems})
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As an alternative to their stainless steel cylindrical screens [or use in collector
and distributor systems for sand filters (see Figure £.27). Johnson Filiration
Systems also produce a corresponding range of plastic screens (Figure 6.29).
These arc of sonic-welded PVC construction, tailored to integrate with standard
PV pipe Ritings: the slot sizes extend from 133 pmto 3.175 mm.

6.5.7 Bar screens

A screen surface can be formed by assembling a number of separated flat bars.
The huge flat or sloping screens used for separating crushed ores in mineral
processing works are often made in this way. A more delicate example of this
structure is incorperated in the high-pressure screw press for dewatering rubber
crumb shown in Figure 6.30. As can be seen. this is of very robust canstruction
s0 as to withstand operating pressures up to some 1 300 bar. The drainage cage is
therefore built up from 28 cm long stainless steel bars laid side by side. with
spacers between them, to give a replaceable cartridge: several such cartridges
placed end to end make up the full length of the cage.

Figure £, 28, Johnsanchumnel rod inderdrein for send fifter.

Figure 6,29, #VC wedpe wire ciliidrieal sereen,
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A quite different form of bar screen is the sieve bend used in the wet
classification of slurries, The screen s mounted vertically, with a surface that is
flat across the screen. but concave downwards from a vertical portion at the Lop.
The bars are arranged across the sereen. with slurey low downwards across the
face of the screen, and almost tangentlal &t the top. Also known as the D5M
screen (as sold by Dorr-Qliver), this filter can be used az a classifying device,
separating fine selids from coarse.

6.6 Extruded Plastic Meshes

Extensive ranges of mesh and sheet products are manufactured in plastics by the
Netlon extrusion process, and by the embossing and stretching process similar to
that described in Section 2.2.2.4 of Chapter 2, there relerring to the production
ol fibrillated tapes. Products of both of these processes have very wide application
in industry, far beyond their use in filtration, where they are most often used for
companents of filter media systems, other than the medicm jtsell.

6.6.7 Stretched sheet media

Meshes can be made by stretching an extruded film of polymer that has been
weakened in a regular paitern. The process involves embossing the patiern into
the film by passing it over rollers. on whose surfaces the pattern has been photo-
eiched. asin gravure printing, The embossed film is then heated and stretched in
one or more directions, thus causipg the film to rupture in a stroctured way at

Figure & 3. Assemtbling the bar screen cage of a igh pressure serew press.  Photograph: The Freoch O Miil
Machinery ).
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the impressed Indentations. Variation in type of polymer, film thickness,
embossed pattern and stretching process all permit the manufacture of a wide
range of products, frem coarse net to fine membranes.

Examples of stretched film netting are provided by the Delnet products of Applied
Extrusion Technologies Tnc. Two different siyles are awvailable, respectively
identified a5 the filament type and the boss type. illustrated in Figures 6.31 and
6.32, Typical data for the two types are included in Tables 6.40 and 6.41.

Stretched Alm membranes made in the same way are typified by the Goretex
products described in Chapter 8.

6.6.2 Extruded mesh

Fully bonded plastic mesh and other netting can also be produced by the Netlon
extrusion process. Although akin to melt spinning. this is a unique method for
the production of a wide variety of integral meshes. [t uses two concentric,

Eigure 6.31. 'Delnet” plastic netting: flament type RBOTOT-30P (2 » 10 magnification.

Figure 6,32, ‘Delnel plastic neiting; boss tppe ACS 104a = 30 magatfication.



Table 640 Examples of filament (ype ‘Del net’ polypropylens nonwoven fbrics®

Reference no. RBAOGIE-1IF RAO4(0-12F REQ404-2 8P RogrOr-208 RCUTOT-24P RBUTOT-30P R{412-10PR

Basis weight {g/m 314 2740 1H.B T#4& Mh4 0.4 439

Filamenis per cm

Manchine direction ®.3 %3 f.3 224 22.4 1%.7 RN

Across machine 3.1 f.d 4.1 9.l uy 2.9
Thickocss {prn) 254 213 152 127 127 114 a7
Tenslle sirength igfom)

Muchine direction 1430 1411 733 268 214 157 1787

Across machine 1430 1431) T3 1251 9hS 1251 1787

Permcabilily Lo uirt ERELY 448A G515 3158 4051 ITh} 4147

* Applicd Extrusion Techaologics Inc.
P Air permesbility, [dmAmin we 20 mm Wi,

ECT  SIYTAW phD SHAAIE



Table 6.41 Examples of boss type ‘Delnet’ high density polyethylene nenwoven Fabrics”

Reference nao.

Bavsls weight (g/m- I7.% 13K 291
Filamonis per cm
Rsichlne direction 9.4 L] 79
Avregs machine 1.8 4.5 47
Thickness{pm) 113 142 142

lensile strength (gfem)

Maghime Jirection ®ig 12} 447
Across mashine 447 Ig4k 1333
Permeubility foouir™ IR 2246 3177

ACSIN 13218 122200 EXP1a7

243

Tk
Ti.8

114

S
bhl

TYd

KX21%

17,2

[N ]

191

1218
1305

hiFy

I*520HF

22.6

11.8
11.0

114

Koq
Bigq

1Fy

520

v

126
145

1w

F52%

21,8

134
E1.6

114

G0
104

RE Xt

Psin
2i.n
6y
14.2
[
Hrh
175
£

b 20n

284

Th.1
15.7

117

#12
EE

154k

MI214 P31 X21S

54.1

1573
1072

1N

4

4.3
4.3

114

135
934

1144

IR

s n
“1a

(B
B

713
1Y%

$ i

X2n} X2in

iy 210

&3 iy
4.3 4.7
bl 144
1% 447
11 465

SHLH AlA

K3HE X550

1% 1

S.d
S8

143

336
357

404910

12.2

K7
9.4

T
314
447

3i7h

* Applicd Bxtrusion TecBnologhes Ine
M Air permeability. [de-imin e 20 mm WO

PO 2NN A O JoeqpuuEl ST
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counter-rotating heads, each extruding a set of filaments around its perimeter:
the two sets of filaments overlay each other ta form a continuous tube of netting,
which is slit as required to make flat strips. The net pattern. square, diamond.
elc., depends upon the angle between the heads, while post-treatment, such as
stretching, can produce other aperture shapes.

The Netlon process was invented to 1953 by the British textile technologist
Brian Mercer and iz now exploited in various forms by maoufacturers in more
than 40 countries throughout the werld. The resultant diversity of products

UNDERNEATH PLAN VIEW
OF DIE LIPS
Dia slots in
reglster
]mﬂr ﬂu.!er
i e

Die slots out
ot ragister

DIAGRAMS SHOWING
FORMATION OF STRANDS
FROM A UNITARY INTEGRAL
INTERSECTION

Slots in register /

Innar Cuter
die dig
\\
.
‘/ \\ N ’A'
\i,J

Linitary

Intersaction

Figure &.33. Basic principles of the Netlon cotonier-rotationg dies and the formmation of sirands of exirided

polymeer.
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have many applications, perhaps the most significant being 2s geotextlles in civil
engineering, agriculture, horticulture and gardening, as well asin packaging.

The crucial component of the Netlon extrusion machine is the die head that, in
the simplest version shown schematically in Figure 6.33, comprises two
concentric counier-rotating dies, with a series of siots cut into the two edges or
lips which are in contact with each ather. When the slots are in register, the
polymer melt ts extruded as streams of double thickness: but rotation 10 bring them
out of tegister causes each stream to be divided until they reunite as a slot in the
inner die reglsters with the next one in the outer die. The result is the formation of a
continuous mesh structure in tubular form. which is then drawn over a mandrel
and subjected tostretching, slitting and quenching operations asrequired.

i the slots arc regular and both dies are counter-rotated &t the same speed, the
mesh is of regular diamond pattern. Many variations are possible on this basic
form, seme of which are indicated in Figures 6.34. The characteristics of any
particular mesh are largely determined by the profile and positicn of the slots (the
precision of which is ol crucial importance). the speed of rotation and the nature
of the movement (which need not be constant).

A flat square mesh sheet is made as follows. One die ts kept statienary, Initially
producing a diamond mesh with right-angled intersections. The {ension of the
sheet, as it is hauled off the extruder and passed under a roller set at 45° to the
material path, causes the mesh to rotate as it is drawn down the mandrel. A
cutter is set against this mandrel in such a position that it slits the material
helicaliy between: a pair of adjacent strands. to form the desired Hat square-
meshed sheet.

The strands forming the mesh need not be of equal cross-section. Further
variations, such as oscillation of one or both dies, permit a very wide range of
figured pattern efiects to be obtained. It is also possible to make a three-strand
mesh by inserting a stationary die between the usual two rotating dies.

A highly important methed of improving the strength, flexibility and lighiness
of Netlon mesh is by stretching the materizl, using rellers of varying speed and
hot water as necessary: the stretching may be either longitudinally. transversely
or both (Le. biaxlally}. at production speeds up to 100 linear metres per minute.

Figure 6, 34, Typical Netion mesh patterns resulting frons process variables,
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The effect is to increase the mesh ares and alse to strengthen the material very
considerably by maolecular orlentation.

Simple methods of orientation stretch the mesh strands but leave the
interscctions unorientated. However, it is possible to meke the intersections
with & cross-section that ensures that they also arientate under suitable siress.

Althcugh polyolefing are the most common matertals used, the Netlon process
is applicable to numerous other polymers, including nylen, vinyls. polystyrene
and elastomers. An indication of the diversity of products possible iz given in
Figure 6.35. The range extends from very fine and flexible meshes containing as
many as 1500 strands per linear metre and weighing only 10 g/m?, to rigid
tubular or sheet structures with 7 mm thick strands.

Flgure 6.35. Twoexamples af products af the Netlon process.,
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Filtration applications range from simple heavy weight meshes, used as coarse
strainers and separators and ag backing cloths in filter presses, through to very
fine meshes with apertures below (1.5 pm serving as separators between media
layers in pleated cartridges. Rigid tubes are ideal as the cores of some styles of
cartridge: examples of variations in the specifications of these tubes are given in
Table 6.42.

Other examples of this process are the polypropylene and polyethylene
Plastinet products from AET (Figure 6., 36). Depending upon the thickness of the
filaments, normally from 0.4 1o 6 mm in diameter, the resultant netting may be
soft and {lexible, ranging up to fully rigid structures. Strand counts can vary from
1.2 to 6.8 per cm, giving products that can be flexible, 'lay flat’ tubes, or rigid
tubes, or flat sheets 5-245 cm in width.

Table .42  Specifications of typical Netlon rigid tubes®

Structure  Inside Outside Aperiure size Openarea  Polymer Welght
number  diumeter (mm) dlameter (mm) {iypicaly type
{mm} {typicul} [typieal MX XTI} (%)
HO/87A  22(+0.5-0) 27 3.0 4.3 18 Pp B8 (t5)
32/93M  23(+1-0) i3 K.3 3.9 3iF PP 130(£3)
7037 4] I3t+0-0.3) 2.3 18 a7 HI? 1201£5)
7968 26 (+0.5-(h 4.5 13 4.5 27 HIY 1801x140)
2793 26.7+41-0 36 5.3 8.3 37 rp 130 1£5)
X1258  27.6(+0.9-0) 353 3.3 3.7 28 Pp 15010£5)
X1215A 277403 - 348 4.2 3.7 L PP 132(%3)
X1974 3O.54+0.5-) 364 3.6 3.0 h PP 130(£5)
52/95L 33 (+1-00 4.4 8.0 5.0 34 pp 130423)
X193 JR2+0.6-0) 41 6.4 h2 +4 e 14041 5)
3.5 4.} 33 IP 170(x1)

4/88A GL{+O--0.5) nh

* Netlon Lid.

Plyure 6,30, "Plastinet’ netting @ =24 magnlfication, ¢, 34 nun strandsfem, ( Photograph; Applied
Extrusion Technologies. Ine.)
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6.7 Selecting Screens and Meshes

The prime characteristics of screens and meshes from the point of view of
filtraticon lie in their accuracy of separation. and in their operating leatures of
resistance to high temperalures, corrosion and abrasion - these lalter features
relerring essentially to metal media. although polymeric media can now operate
at quite high temperatures. Thus they should be chesen where aceuracy of size
separation is an important requiremeant — the most obvions cxample being their
use tn sets ol test sicves, used for analysing the particle size composition of a
mixture of solids.

The presence in the feed slurry of chemically corrosive liquids or abrasive
solids indicates that the first place to look for a suitable medivm is ameng the
materials covered in this chapter,

A bigh proportion of coarse filtration is done by woven mesh screens — in such
devices as in-line strainers and inlet screens. Thers s a strong element of
unattended operation in many of these applications. especially where the screens
are automattcally cleaned.

By virtue of the fact that these media largely operate by surface filtration, they
arg prone (o the risk of plugging. where a particle lodges in a pore. thereby
blocking it. This means that prolonged operation requires some form of
backflushing to clear the plugged holes. However. the nature of these materials
means that this cleaning operation is relatively easy - by shaking or rapping, by
brushing. by pressurized water or by chemical cleaning.

The heaviest duties in separation in terms ol abrasion, such s mineral
dressing operations, are satisfied with bar screens and punched or milled
perforated sheets, while. at the other extreme, in. say, the silting of flour. fine
wire or plastic meshes are required.

Apart from the finest levels of separation, which might require membranes.
and situations where very high degrees of solid removal are required, then
woven meshes and screens now offer a good choice to the filter designer. They
include some of the strongest constructions. such as bar screens or laminated
sintered wire mesh, and are. of course, widely used alse as supports lor other
media.



CHAPTER 7

Coarse Porous Sheets and Tubes

Considerable attention hias been piven to natural and synthetic organic fibres as
the main materials for dry- and wet-laid filter media in the earlier chapters of this
Handbook. A quite different group of media is based on inorganic materials. with
the use of granules or fibres bonded (ogether, usually by the process of sintering.
They are covered here, together with similar materials made from plastics, where
the granules are also sintered.

7.1 Introduction

A group of porous media that provide filtration of coarser particles, from
suspension in gases or liquids. is made by the aggregation of small particles
{granules or fibres) of the basic material into useful shapes, either between rolls
or in amould. The aggregate is then heated to a temperature close to the melting
point &f the material, nnder pressure, so that there is locallzed melting at the
poinis of contact among the particles (and any binder used in the aggregation is
driven off orincinerated).

This sintering process confers an element of rigidity upen the resulting
materials, so that they are used, [or filtration purposes, either as sheets
(including sheets cut into appropriately shaped pieces), or as tubes (ppen ended
or closed at one end). This is 2 very useful group of media, with the inorganic
nature of some ol the materials enabling their use at quite high temperatures.

Included here are media made from the same basic materials {plastics, metals
and ceramics), but now [fom the molten bulk material as foams — still rigid and
strong in their solid lorm. For the sake of completion. tubes made from sintered
glass fibres are also included in this chapter, even though the bulk of glass fibre
media is covered in detail in Chapters 4 and 5 (as wet-laid glass paper and pads).
There i3 also an overlap, in application terms, between the sintered metal fibre
media discussed here, and the sinterad metal meshes covered in Chapter 6.

As already mentioned, a major feature of the inorganic materials included
here is their ability to operate at high temperatures. The importance of this
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particular set of applications is continually growing. although Bergmann's
review of high-temperature gas cleaning requircments'’ still has a great deaj of
relevance. The topic is reviewed at a series of symposia, arranged at
approximately three-yearly intervals.

7.2 Porous Plastic Media

By virtue of their organic naturs, the media made from plastics stand apart irom
the other medla discussed in this chapter. which are all inorganic. Nevertheless.
their filtration characteristics merge seamlessly into those of the inorganic
matertals, the only significant difference being the reduced applicability in
temperature terms.

The plastic media coverad here are those made by the sintering of polymeric
powders or granules. and thase made [rom the molten state as foams. Not covered
are sintered plastic fibre matertals — because most of the non-woven media ol
Chapter 3 could be classified as siniered plastic libre, since most synthetic fibre
needlefelis und spun media have an element of sintering in thetr manufacture.

7.2.1 Sintered granudar plastics

Thermoplastic powders may be moulded 2rd sintered to produce flat porous
sheets or a wide variety of three-dimensional shapes. as indicated in Figure 7.1,
The most commonly used materials are high-density polyethylene and
polypropylene, others being PTFE and PVDF. Table 7.1 summarizes the
properties of the 1 m? sheets of one supplier. Examples of moulded discs and
cylinders are given in Table 7.2, while a good view of the structure ol such
materials is shown in Figure 7.2,

Figure 7. 1. Exmuples of zintered porous plastic mouldings.
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Tal:lc 71 Fnrvnin. ‘Vyon' porous ulntemd plastu_ flat shed.'ts

lrudendmc Material type 'Ihukiwss Pore awmmi l‘\pxmlmrllon Rumov.ll
{mm) {m*/min/in? a1 eflicienctes
varlous pressures) (um)
|mhﬂr)
o Max  Mean Min 1,2 3.45 001020 Air Water
- ,.:*: flirw nomi- nomi-
A = nal - nal
T k2
Vyon [} * JAFOOE W 16 3 - - 2 4 4o 10
* 4.7520.235 27 16 8 - - 2 i B 06 14}
* 600040 - a4 - - - 2 H LI 1)
* B.00X040 - g - - - 1 I 6 h 10
* 000204 - WTEH - - - 1 2 36 Ky
Vyon PP * 204023 W 04 2 - - 12 5 5
* +.7520.25 8 2 - - 1 2 31 3
i HAHT040 - iSH - - - 1 2 501 3
VyonF * 7320012 127 40 12 - 8 - b6 106 15 40
* 1LOO0 12 120 38 10 - 22 - 56 92 ) is
* LL50x0.13 103 36 10 - 14 - 43 7320 )
* l.68X0.13 93 35 % - - 23 I 62 - -
* 2.00x0,20 78 30 4 - - lp 30 3320 30
* 2.5040.25 3 23 N - - 13 24 44715 15
* 1.20%0.25 33 02y 08 - - 10 X0 3615 15
* 4.73+0.25 500 20 7 - - 713 2410 20
* 60040 36022 10 - - 4 ¥ 1610 20
* 2.00£0.40 - STR- - - 36 11 - -
* 1002040 - STH - - - 3 5 11 - -
Vyon PPF * 1.30x0L15 143 40 X - - X i 3K 10 20
* 2.00L20 140 33 g - - 15 28 4410 20
* 2504025 105 30 3 - - 14 27 43 5 3
* 3.20£0.23 75 23 3 - - 6 13 24 5
* 4,73+0.235 73 13 4 - - 12 24 &
* (00040 - BEHE - - - 4 g I8 3
Vyon Porvent  * 2.00£0.20 35 ) 6 - - 714 X 3 3
* 2.30£0.13 3% 20 6 7 14 16 3 15
* 3202018 37 20 6 - - 7 14 26 7 17
Vyon Porvent PP N 200+0,20 72 18 f2 - 7 14 26 3 15
* j20x0008 0 60 19 5 - - 714 24 3 15
* 4.00%0.25 s 20 4+ - - 7 14 26 35 15
Vyon HI? * 2004020 =300 91 27 29 44 - - - 50 70
. 25020,25 =300 48 X1 34 62 - - = K0 100
. 3.2020.25 200100 30 29 38 - - = 30 7}
* 530200300 - 125# - 12 1% 32 - - 50 70
* 6002040 - 1HOF - 9 17 29 - - 50 70
* L2040 - 125# - 6 22 41 - - 50 70
Vyon PEH]P * 2002020 =300 90 15 28 43 - - = 50 74
* L.501£0.25 =300 BT 14 24 3R - - - 3l 7
* 3202025 =300 80 22X |18 32 - - =40 h)

* 47380025 170 60 10 11 20 34 - - 40 60
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Table 7.1 (conttnued)

Trade name Materialtype Thickness Poresize{pm}  Typicalair low Removal
o) tin Y fmin/m? at efficiencies
various pressuresh (pmij
tmbar
= Max Mean Min1.27 2455001020 Air  Water
- = Now nomt- noml-
B . g nal el
T o —
M £.0010.40 - 135# - 11 19 34 - - 40 i)
¥yton T " 1.00+0.07 40 18 10 - - 4 i 20 2 10
- 1.50+0.07 o 12 8 - - 3 ¢ 13 2 8
" 2.00x0.10 15 18 f - = 2 4 81 5
- 2.50x0.12 15 9 a8 - -~ 1 N O | 5
’ 3.2010.16 15 9 £ - - 1 I 61 5
. 5.00+0.16 20 9 4 - - 1 3 61 L3
Vytoo RT * 3.2040.25 28 11 3 - - 1 & 948 14
* &.3510.40 - 25 - - - 1 3 58 10
* 10.0:0.40 - MNE- - - - 1 3 6 10
Table 72 Properties of monolded HDPE discs and cylinders®
Crade Pore size distribution Fermeabllity Density Minimumz Forosity Removal
{darcies igfem¥t rhickness {%) rating from
»10-#) {zam) liquid® (um}
Min Mean Max
{pm}  (pm) ()
P05 4 15 35 0 n4-0.6 3.0 43 15
Fl0 7 30 75 40 0406 30 45 30
E20 19 B0 100 70 o486 3.0 13 B0
F30) 15 73 175 kit D486 4.0 45 73
P40 20 a0 275 280 406 3.0 45 &0
P50 30 125 350 440 04-0.6 6.0 13 125

% Porveir Technelogy Lid,
b @ 999% efficiency

7.2.2 Mlastic foams

Polyurethanes are a conglomerate family of polymers in which the formation of
the urethane group, ~-NH-CO-0-, by reaction between hydroxyl and isocyanate
groups, is an important step in polymerization. This provides a linkage
mechanism that may invelve a variety of aromatic or aliphatic groups: aliphatic
tsocyanates tend to [orm the more Aexible polyurethanes. such as the polyether
and polyester types, which are used as filter media. Polyester [oams are stiffer and
less resilient than the palyether type.
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Urethane foam formulations consist of low viscosity liquids, which, when
mixed in appropriate proportions. react to form a foam and then cure into a
cellular mass. Typically formulations contair ispcyanates and polyols, together
with catalysts, surfactznts for stabilizing the loam structure, and blowing agents
to generate gas and expand the mass. Most urethane foams are produced by one-
shot processes in which all the raw materiais are combined in 2 singie step. Foam
is produced in blocks that can be sliced to give thicknesses from 3 to 200 mm, and
formsheets 2 m x 1 m.

An important feature ol these foams is that the cells are reticulated. which
means that they are apen and interconnected, with a porosity of some 97%. This
results from thermal chemical treatment. which causes shrinkage of material
enclosing cells ko leave the very open skeletal structure illustrated n Figore 7.3;
in so doing, the thickness of the residual contracted walls is increased. with a
corresponding increase in tensile sirength and in resistance to heat, abraston
and chemical attack.

Appropriate reguiation of the manufacturing process enables foams to be
produced with pores of predetermined sizes. [tis usual practice tocharacterize the
pores in terms of the number per linear tnch {e.g. 30 ppi): the average pore
diameter correzponding tofoams graded on this basisizindicated in Figure 7.4.

An alternative basis for classtfying reticulated foams for use as filter mediz isin
terms of the resistance ol a 25 mm thick pad 1o the flow of air 2t 175 m/min, [oam
grades being expressed in nominal forms such as PPI-60. The relationship
between these two grading scales is given in Figure 7.3,

Both polyester and polyether urethanes have good chemical resistance
excepting against strong acids, alkalis and solvents; soaps. detergents, mineral

Figure 7.2, Micragraph of the fracture sutface of “Fileroplast” povous sintered plasiic media,
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oils and grease have no noticeable effect, allowing the loams to be easlly cleaned
and reused. Sterilization with boiling water or steam up to !005°C is not harm/ul
for short periads,

Data lor the Poret polyester type products of one manufactuyer are given in
Table 7.3: special [oams based on silicon are completely nonflammable for
operation at temperaiures up to 220°C. Typical efficiencies available in air
filtration are reported to be in the range 70-90% {ASHRAE 52-681.

Figure 7.3, %4 magnified view of Srote veticulated foam,

Average ceil diameter in microns & 100

0 1 I ] I ] 1 1 1
20 30 4 50 &0 70 80 B0 100 110

Pore per lincer inch (p.p.i.}

Figure 7.4, Average pore dimmeter versus pores per finear inch in polywrethane foanr,
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723 Microporous polyurethane

Figure 7.6 shows an electron microscope scan of a cross-section through Porvair's
micraporous Permair F medium developed for the filtration of liquids and gases.
This is made from high molecular weight polywrethane using a process that
involves leaching of soluble salts to form pores with an average size of 27 pm and
a perosity of 80%. Available in continzous rolls approximately 1 m wide, and in
thicknesses from 0.5 to 1.5 mm. its properties are summarized in Table 7.4,

7.3 Metallic Media

A wide variety of fiter ntedia is avzilable based upon metals as the lundamental
material. Such media carry the advantages of the characteristics of the metals,
namely corrosicn resistance, abrasion resistance and ability to operate at
elevated temperatures. Metallic material is also quite easily workable. and this
enables metallic medta to be made from granules. fibres and Alaments (wires). as
required for the fliration needs of the media.

7.3.1 Metal fibre wehs

Under the trade name Bekipor WB. the Belgian company NV Bekaert SA
produces a range of webs of very fine 316L stainless steel fibres of diameters 22
pm down {6 1 pm. The standard grades. extending down to 2 pm. are listed in
Table 7.5: 1.5 and 1.0 pm grades are under active development. Some grades (8,
12 and 22 um) are also available in Inconel 601 or Hastelloy: in addition, the 22
pm grade can be supplied in Fecralloy.

lmL .5;',5"
o
: A
10+ C &
J i
A
,éc?

PPl pressure drop classificalion

1 1 1 Il 1y 1y 1 = 1 - 1
w2030 oo s0f FooE0 90 100
R (B 1S (M (M (M

Pores pet Himeae inch pp.e

Figure 7. 5. Relationship between e two pore geading scales for polgurethane foane.



Table 7.2 ‘Foret reticulated polyurethane loams"

Mominal pore rating (ppl) 10

Moninal pore tolerance 8-15
True cell count tolerance £-11

{pores per [inear inch)

Fressure drop® range @ air 0.7-1.1

velocity of 100 mt/min (pom WG)

Tensile strength {kgsfcmé}

Average 1.34

Minimum 1.05
Elongation 4 break.

Average 300

Minimum 200}
Teur strength tkg!

Average 2.27

Minimum 1.36
Hardness 1o B8 3367 (kg)

Minimum 15,00
Minimum sheet thickness o

recaommended for air fliration {mm)

20
15-20
11-20

1.1-2.2

325
250

2.27
136

15.00

10
25-35
20-28
1.2-3.4
1.83
L.48

350
250

2.27
1.3k

1500

45
40-50
33-43
4.5-6.4
2,04
1.55

<010
ielhy

2.27
L3k

1504

a0
55-56
431-58
6.4-12.2
2.0
1.69

44
300

2.27
1.3b

15.00

&b
60-70
53-62
7E-12.7
2.20)
1.69

400
AL

227
1.30

15.00

g0

70.90
62-7b
12.7-14.7
2.25

1.76

2{0)
100

2.27
1.36

1500

b

Altomet Filtration Ltd.
Peissure drop throuzh micokmum reconamendad thickness.

PIPAN 2014 fo YOOqRE 89T



Table 75 Statwdard grades of ‘Eelkipor WEB'stainless steel Bbre web™
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Figure 7.6. A cross section { magnification < 208 of '‘PermairF'.

Tahle 74 Properties of 'Permair ' microporous

polyurethane®

Average pore size {pm)
Forosity (%)
Operating temperature (°Ch
Maximum
Minimum
Lllticnate tensile strength {kg/cm?)
Elongation (%)
Airpermeability, m3/m/mln & 25 mm WG
0.5 mm thick sheet
0.7 mm thick sheet

27
80

150
-0
1.4

500

9.2
1.9

Bekipor grede Fibre diameter (pm) Welght {gfm?)
WED2/150 2 150
WH04/150 1 150
WB 03/ 300 3 300
WB12/300 12 300

22 300

WB22/300

¢ MW BekaertSA.
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These very fine fibres are produced [rom metal rods by sophisticated
adaptations of conventional wire drawing techniques. The final stages involve
drawing bundles of wires. in some cases comprising several thousands in a
bundle. The bundle-drawn fbres can be produced in the form of continucus
bundles, broken bundles (slivers). cut fibres, spun yarns. threads, strands. web.
sintered web, needlefeli. eic.

Web is supplied in standard panels of 1.2 m = 1.5 m. It is described as being
compozed of loose metal fibres in a non-woven labyrinth structure. and is used in
coelescing, in air Bltration {including HEPA filters} and demisting. It is also the
basic material used by Bekaert to manufacture its range of sintered media,

7.3.2 Sintersd metal media

Four main types of stntered metal medta are available, depending upen the form
of the metal prior to sintering: powders, fibres. woven meshes and composites
that utilize combinations of media. such as powder and a mesh. or two or more
layers olmesh.

This inevitably leads to major structural differences, which are reflecied in
properttes such as porosity, pore size distribution, permeability and filtration
efficiency. Both pewder and fibre media function primarily by depth filtration:
they are therefore generally less easily cleaned than surface-filtering sintered
meshes.

Whilst bronze and stainless steel are the most commonly used metals, others
available include nickel, Monel. Hastelloy. Inconel, titanium, alumintum and
tantalum. Their mechanical properties are similar or identical to those of the
virgin metal. the tensile strength decreasing as the porosity increases. but
generally remaining high. One of 1he advantages of porous metals is that they
can be rolled, cut, welded and generally fabricated by standard metalworking
techniques (although localized blinding of pores may occur}

Many factors need to be laken into account in selecting the appropriate type of
sintered metal for any specilic duty. Some of these are listed in Table 7.6, in
which ihe media types are crudely rated in respect of factors such as dirt-holding
capacity or permeability, using a simple numerical scale; a high number (such as
4} ix a poor rating. This preliminary selection matrix is based cn experience of
Pall Corporation who manufacture in-house all four basic types ol media, the
absolute micromelre removal ratings of which are included in the table. It is
cmphasized, however, that the relative performance of different media can vary
widely with the nature f the suspension being filtered and operating conditions
including Gltration rate.

73.2.1 Sintered metal powder

Wheresas earlier lorms of sintered metals were made (rom particles ol irregular
shape, modern practice 1s based on powders comprising carefully graded
spherical particles. typically in the range {).5--100 um. The free-flowing nature of
these metal powders lacilitates the use of moulding technigues to manuofaciure a
wide diversity of shapes. such as shown in Figure 7.7. The manufacturing
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process may either involve a compression stage prior to sintering of moulded
shapes. or it may effectively rely on sintering alone. Bronze and stainless steel are
the most commonly used metals; examples ol the standard products of one
manulacturer are summarized in Table 7.7.

Although cylinders and tubes may be formed by conventional moulding
methods, other technigues are also available. Isetropic moulding involves an
inflatable insert that creates an annular space within which powder can be
compressed radially. A proprietary process developed by Pall uses centrifugal
force to form tubes with high-performance characteristics. as indicated for the
four standard grades of Pall's §-Series PSS stainless steel medium in Table 7.8;

Table 7.6 Prellminary selection matrix for sintered metal media®

Basle type of medium Powder Fibre Mesh Composite
Pali medium PSS pPuE Rigimesh PMM

Absolwie mlcron rating

ol imest grade (am)
Ligquid duty
Gasduty

Dirt-holding capacity

Permeability

Gelremoval

Drurabl ity

Cleanability

Area/ 10010

Cosi/ 10017

1 &
13

i
[15]
Nl
[

=
=

b e e
e o e e e e
N L]
ll-l-—'-—*'—'w-l-w_

® pull Corporation.
¥ For e Pall IO cartridge. 234 mim long x #l mm diameter.

Figure 7.7 . Evamples of sintered brarze powder perols Jilter elements,
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Table 78

Pall’s P55 sintered metal powder mtedha

Mleron remnoval rating

absolute”
{ RIS

5

9
13
20
is
55
13
25
kLS

5
L
2
15

Nealnal
standard
thickness
(mm}
Gus seryice?
absolute®
(100w
03 1.3
115 1.3
| 1.6%
3 (W53
11 L&t
20 1.64
- 2
- 2
2
{14 1.54
04 1,64
2. 1.6
11 1.64

Permezbility®

to air

5.3

7
7.7

o
340
77
214
285

2%
147
442

to water

na7
.22
.26
111
1.7
8.7

LI |
(28
148
.90

Media Form ag
grade produced

Liquid service

p=2 A=101 B=100

{3 [PF5} [99'%)]
Pus Shests ths 2 3
PLG Sheets 2 4 7
H Sheets 5 7 9
B Sheels 8 12 15
E Sheets 15 22 25
i} Sheets 20 28 41}
H150 Dises - A5 4
H250 LYiscs - .5 18
Hs5510 Liscs - 31 T4
SU30 Cylinders .5 2 ]
1400 Cylinders 4 7 5
S Cylinders 7 10 14
8350 Crlinders 11 17 24
“  Using AC dusts in waler, efficiency measured by particle count.
& Atalr Now velocities of 3-5 mfmin.
¢ Absolute ratings baged on particle count,
g 3.0 mm thick also available as standard.

Ijdm #/min (@ 1 mbar pressure drop.

SHNE PUY SIS ST 35de0])

ELT
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these are available o lengths up 10 50.8 cm and in four standard diameters:
12.7,38.1,50.8 and 64,3 mm.

Cylinders, as well as other shapes. can also be {zbricated [rom flat sheet. by
conventional metzlworking technigues such as cutfting. rolling and welding.
Besides being versatile. this method has the added advantage of permitting close
control of the thickness of the sintered metal. and lacilitates the use of a wide
range of different tnetals. For example. whilst 316L stainless steel is the standard
matertal lor sheets of Pall’s PS5 media. most of the slx grades in Table 7.8 can
also be supplied in the other metals listed in Table 7.9: these sheets are relatively
large i sizge (385 = 1300 mun). with nominal thicknesses of 1.5 or 3.0 mm.
Another variant of Paul's P58 medtia js the H-8eries, which is produced only in
the form of discs intended (or the manufaciure of the stacks of capsules widely
used for polymer fltration. These items are simllar to those shown in Figure 7.8.

Sintered metal powder media are generally of isotropic structure, with the
same pore size distribution throughout their depth. They function by depth
filtration, with small particles that pass through large pores in or near the inlet
surface been subsequently trapped in smaller peres. Whilst this mechanism has
the advantage of providing a high dirt-holding capacity, cleaning a filter element

Table 2.9 Alloys in which Pall P5S sintered powder

media are produced

Stainless steel 316l MILL, 310%, 347
Inconel Al AT

Micke! 2L

Hastelloy X B2.C2TR

Carpenter an

Figure 7.8, Examples of disc capsules wsed for potumer filtration. | PRotogeaph: Fairey Micraffttradion]



HLY S NYPL MY RTINS0 R 0 SAdIY L1 20f SAADLY HOIITYLISIP 3208 Q40 "6/ SdNEL]

wr 3715 3M0d

413 o0t oL i]
1-{ T lr T A0
o) / iy
‘\\ Ll
\\\ ’,r ‘,f
el -
\ d 4 -
{ b WL - g
‘ .
! I
| i
| /
! I .
L " ! o =
| " 3
'] 2
| | z
it ==
l 4
| : Sk
|
|
N
b
b
l 02
b
(]
1
[N
W

23 Bumpaioul £gaaayy ‘sarod jsa[rws A Yydaodyy sa0d mop 1saeaad oyl eyl
§MOYS SAUAY PAIRIUTS J0] [ Aadnd frl (3¢ Spieunxosdde §1a718 atod wnwixew ay)
Yoy Jo [[B 10} BIpIW [RIAW JO $3d4) JUI2JIP Inoj saredwod yorym ‘g amdiy
Ul pajrnEn|[l s8 ‘aAnounsip Ajjenba st uonngrsip azis aaod ay I, - Ayobedes Jurploy
-1p .Im.[ﬂ[q PUe MO} 01 32URISIE IoMO] JaNWl JO S1aUaq |E!1Uanbasu0:) o3 ilm
‘eIpaw paseg-Iapmod ead £ Jo 1eyl a31m1 awos st sy L, A1sodod yiiyg L1aa o
1 BIPAW a0 JO 2381 RIRYD SUpURISING Uk pue w7 wosy spiemdn Fuidur
SABIDWRIP PATIOIIU0D Jo $214Y FUO] WOL) IPBW 217 BIPIW HIQY |BISTW PaIalulg
SR [RIAW QUG TE Y

"% 431dey)) uy passnosIp Jayan)
S131'BuRIqUAW B A]2A[1J9)J0 $1 [RIIAINW ST 8Y ° - posoadun s1 Fulues(d ysemyseqg
OS[R d[IYMm 1aYBIY o) F-f S PAAdIyar aprl mo|f 3yl asuruopad wopuaad
alan.md awes ay) Jo wmpaw adenost ue yus paanduwod sy ‘JRASONE ILIROD
® J0 221 3y} 0) U papuoq Japmad auy jo Funuwod wil ()()7 ¥ sey yaym '§y Y-ryI§
S)1 usWafe Japmad paamurs didonosiue ue padojaaap sy [B19WUDIUIS NYD
WAty ues(> 0) 1dwan e U uA2 10 31| Y)IM S1uawapd Ljarp §ugparosip Ajnsnl
Arw gsoudesyd aanerad sp wotjedsdde ue gusm oquinduiod A)jes1wayd §1 s5U0Iq
1AYM puBY JBYIO BY) U "UOHIE]S 3DIALRS d)IS-1J0 ur [0 3511 51 Furajoanr sdeyrad
FUIIRA[D [RIIWAYD JO/PUR $IIUOSEL|TL 348 SIATRUIAE [E0sN aY) Bulysem-yorq
S[dus Uy} $poi)aW §noIoda a1ow ainbat 4w pasnal A|pa)eadas aq uwd 1wyl os

AT SHM PR SIS SNOI0] 540



276 Handbeok of Fiter Media

probability of trapping the smallest particles, and resulting In achieving the
smallest absclute filter rating, as shown in Table 7.10.

Figure 7.10illustrates the close relationships between fibre diameter, porosity.
the maximum pore size (dy) and the absolute filter rating (4), as determined by
chaillenging with glass beads. Note that, for these fibrouzs media. De Bruyne
reported' ** d, = 2.4a; moreover, as predicted theoretlcally'®’, the absolute filter
rating equals the mean flow pore size (t.e. the size at which 50% of the flow passes
through the larger pores):

4= dmrr

The high dirt-holding caparity of sintered fibre media is demonstrated by Figure
7.11, which shows the increase in pressure drop as different types of media, all of
the same 20 pm absolute flterrating. become loaded with deposited solids.

Bekaert produces a vartety of sintered medta. based on the Bekipor web (see
Section 7.3.1), as standard 1.1 m x 1.50 m panels: these may be [abricated by
normal techniques (cutting, welding, pleating) to form filter elements in the shape
of discs, cylinders, ete, Collectively identified as Bekipor ST. there are three
standard series. identified by the suffixes AL. BL and CL, with a final numerical
digit indicating the product generation (3 or 4): the characteristics of the
stapdard grades are summarized in Table 7.11. The standard metal s 316L
statnless steel but [nconel 601, Hastelloy X and Fecralloy are also available in some
grades.

Table 710 Pore size comparisons for four difzrent metal media

Curve Type of mediam Maximum pire sige Absolnte filter rating®
[} {um)

1 Sintered Abre ne 13

2 Sintered powder 0.8 20

3 Wire esh %4 23

4 Sititered wire mesh 223 17

> AMaxtrgm pore size feom initlal bubble peint pressure,
& Absolute Biter rating from challenge with glass beads.

ool
il
wn4
w 150
[
-
w100
x
o aTkom
1 k
DM\ O Bum
1] L n i . A N
L{1] 5] [ ur [ ] 13 o}
FOROSITY

Figure 7. 10, Porasity versus pore diaweter for sintered metals made from fibres of various diamegers.



Caonrse Forous Sheets and Tubes 277

Of the media listed in Tahle 7.11. both ST-AL3 and ST-CL3 are of graded multi-
layered construction. Flow in 1he direction coarse-to-fine gives a high dirt-
holding capacity and gel retention capability; the reverse direction of flow
permits cake fileration and facilitates backwash cleaning. Sheets of these media are
relatively soft and flexible, requiring adequate support in use. They may be supplied
with supporting mesh sintered to both sides {indicated by the suffix 55) orto one side
only {S), this being the flow-out side; this support is a 48 mesh of 0.125 mm wire
with 400 pm openings, 0.17 ram thick and weighing 380 g/m?*. A distinguishing
feature of the fourth gencratior media (ST-AL4 and ST-CL4) is their non-
compressibility even at the high hydraulic pressures in pelymer filtration.

Bekipor ST-BL 1s a non-graded sintered metal fibre medium that functions in
the same way with low from etther side. One of the most common uses {or this
ecenomical and lghtweight material is for the &ltration of low-viscostty Aulds
such as fuels and hydraulic fluids.

Pall's PME fibre media are available in three distinct types, all in 3 16L stainless
steel. The FH-Series, which can be corrugated or pleated {as in Figure 7.12), is
suitable for pressures up to 69 bar and has been optimized lor polymer melt
filtration. The FL-Series, which can also be pleated into high area packs. is
intended for low-pressure applications up to 17 bar. FS-Series media are
camposttes, comprising a profiled pore structure of fibres sandwiched between
supporting and protective layers of mesh: with high dirt-holding capacities, their
application is for polymer filter segments. Removal efficiencies and flow
characteristics of these media are summarized in Table 7.12.

7.3.2 3 Sintered woven metal

Unsintered woven meshes suffer (rom instability, with relative movemeni or
deformation of the wires possible, resulting [rom stresses imposed by vibration,
pulsating flow or high dilfferential pressure, This can result in deterioration of the

-
INTERRD
L]
e |
o |
§ v o
El
T
' ¢ TAITCH TWLL REETRON $THMALY
r .
r
- ! VEEEFOR STOHIL) a
; .
Ir ) -'-a.
N EE TN E L L 1L Lk A

[ T L] 1] L] 12 th 1 L] n
1 3 H T [} 1 LF] n 17

F npiacced

Flgure 7.11. The rate of increase in pressure drop as divl collects on a filter depends on the tupe of the wedfun.



Table 711 Characteristics of Belipor 5T sintered metal Abre miedia"

Absolute Bubble potni Avarage air Fermesbility Hik{l/m) Thickness, Weight Forosity Liirt holding

fiter-rating pressure® permeabtlbey [acior, & tm?) H{mm} {gfm} %) capacity”

{prmk {FPa) al 20K Fac imgicem?}

lfdem ?imin)

IALZ 3 12 ) 9 4 H0OE-13 T 29E+E nis 9Y5 [+ h_ 40}
5ALS 3 TEAN} 34 1.¥AE-12 1.93E+(4 {r34 A1 78 5.47
FAL2 7 S5 57 2. 35E-12 1. 15E+08 27 LT 72 .47
TAL? 1 3700 1430 4. 48E-12 f, SRE+)7 ih32 BiH) Tr 7.56
15AL3 15 2470 175 Y A7E-12 3 FRE+F {37 B Hil T2
IVALZ 20 1HS1) 255 1.Y1E-11 L ITE+N0TF (.49 T8} Bl 11.44
25AL3 25 1444} My 2U9EE-11 T UOSE+N0T (LRl 1500 Y 1% 38
30AL3 1] 1235 455 4 3FE-11 1 44E+07 {ik3 181510} 79 2307
4{1AL3 a4} 9ig S0 S R4E-11 1.13R+037 {1 Ry 1.200] iT 25 9%
RUALT L (33t FINHI 1.0FE-10 BoARRER (iR} L L1 33MY
SRL3 5 T 45 1.17E-12 1 4RE=(8 17 LEEH s 4,030
108 18] 700 1{N} 2.39E-12 h.abRE+(T .17 ) TH 443
5L 15 2471 175 4. 54E-12 3.FSES0T {17 b1} Th 4.70
2IBL3 20 eSS 255 hhlE-12 257E+07 a7 1113 74 B4
B4 L2y ] Ylg Gl I.500E-11 1.13IE+04F ilrs M) 78 1450
RIBLL3 59 50 11 Z.43E-11 S9ER+IA inls 30} 74 11.50
L & 100 ¥4 4, 3HE-12 1.E7E+0H iyl 975 H3 11,67
10CL3 1] Foik) 43 1.07E-11 RANE+DT .74 Y u5 17.13
15CL3 15 2403 L) ¥ Z2.29E-11 3.28E+07 (7S R LLN] BS 15.9%
2ICL3 22 170) 3213 3 0RTE-11 2AOREHIT (1L74 Yk L 2u.1n
5CL4 5 FAUH) 27 1. &3E-12 2 AE+OH t1.44h G40} T2 (1t
10004 It 3700 71 4. 13E-12 % 2IE+HT (1413 O I G50
15AL4 15 2430 140 T.2RE-12 4 h8E+LT (134 T50 T3 H.20
15004 16 2303} 150 9, 15E-12 4, 37E+N7 TR 900 T2 11.90

200014 20 18510 2100 1.22E-11 5 2HE+GY {140 SiH) 72 12400

* NY Beckuert 54,

B Deermined according to ASTM E12E-E] equivalent 130 4003,

¢ Determined accerding 1o NF & %5-352 equivalent 150 4022,

* Determined wocording to Multhpars method 150 4572 Iifferential pressure = 8 % Inital difcrential pressure.

WIpa Al fo yooqpuoy  gi7
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Flipere 712, Pleated *PME filter medium,

Table 712 Pall's PMF sintcred metal Hbre media®

Media  Micron removal raling in liquid service Thickness" imm)  Permesbility”

grade e ‘ -
0% 984% 99 100% to air o waler

FHO2S =0 = 1.4) 1.4 2.3 0.33 21.5 4.76
FHO50 0.5 1.0 2 5 (1,31 Y 1.18
FHOBO 2 H 4 b 0,18 130 1.69
FH1M) 5 7 ¥ 10 (.33 243 2195
FH130 f 9 11 15 (.38 442 3.9
FH200) 8 12 14 20 (.38 =Y 9813
FH250 10 14 17 25 (334 HEd 11.8
FH 304) 12 18 20 30 0,18 1105 14.75
FH400 14 20 24 10 ()38 1474 19.67
FLOSO 2 23 3 3 0.28 158 1.97
FLOKO 3.5 4 5 7 (1.4) 340 4,94
FL100O & ] 9 10 {),30 481 h.50
FL150 7 9 1 13 0.23 737 483
FL20{) 11 14 15 20 (.30 1474 19.67
FL250 11 18 19 23 {30 2210 14,5
F&025 0.5 .8 (L9 15 1.40) 36 -
FL050 1.7 2.5 } 7.3 1.1% G -
F8075 2.3 4 5 7.3 1.12 92 -
FS100 4.3 [} 7 10 1.09 138 -
F8l50 6.5 8.5 10 15 1.07 201 -
F8200 Y 12 13 20 1.07 233

30 (194 AT -

P8 300 14 14 19

]
b

Removal effieiency ratings are bused on a maodificd F2 test method and actual particle count data,
Thickness includes upstream mesh and downstream support.

¢ fdm¥nin @ 10 mbar

4 Pall Inc.
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rated filtration efficiency, abrasion of the wires, the generation of metal particles
that contarninate the filtrate, the unloading of previously collected particles into
the filtrate, and stractural fallure.

These problems can be avoided by sintering the mesh so as to bond together
the wires at all their points of contact. This greatly increases the rigidity of the
mesh to produce an extremely strong structure that is resistant to deformation: 1t
also permits the use of finer wires, resulting in more voids per unit area with a
consequenttzl decrease in resistance to flow and an crease in dirt-holding
capacity. In addition, these media have the great advantage that they may be cut
and shaped without risk of disintegration. in a way not posstble with unsintered
mesh.

Because of the similarity ol application between sintered and unsintered
meshes. these media are discussed in more detail in Chapter 6.

7.3.3 Metal fvams

Retimet is a metal foam. developed by Dunlop. produced by replicating the
skeletal ar reticulated structure of the polyurethane foam described earlier in this
chapter. The process involves electreplating the plastic foam with a metal such
ag copper, nickel, nickel-chrome or iron, and then removing the plastic by
pyrolysis, to leave a structure of hollow metal struts as shown in Figure 7.13.

By controlling the thickress of metal deposited by electroplating, the density of
Retimet can be controlled within the wide range of 1.55-15% of the density of
the pure metal. The standard nickel foam has a nominal density of 0.45 g/cm?,
as compared with 0.65 g/cm? for nickel-chrome foam. Although certain
prefabricated shapes can be produced. Retimet is most conventionally prodiced
as sheets up to 20 mm thick, in grades determined by the number of pores per
inch (see Table 7.13); the maximum sheet size is 700 mm x 375 mm tn nickel,
and 600 mm % 350 mum in nickel-chrome.

Figure 7,13, The pore structurs of 'Regimet melal foar,
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The pore size and structure of Retimet are very similar to those of the precursor
polyurethane foam. Its Bitratlon characteristics are therefore generally also
similar. but with some exceptions that are attributable to diferences in
electrostatic properties. For example, incrganic dusts are reported to blind
polymer foam significantly faster than similar metal [oam, probably because the
polymer arrests much smaller particles; on the other hand, metal foam can be
more readily and completely cleaned!®",

Retimet is a highly permeable material with a low pressure drep proportional
to thickness and flow velocity. Figure 7.14 shows the pressure drop for zir at
1.78 m/s through various grades of 10 mm thick Retimet, while Figure 7.15

Table 712 Thickness versus grades of Retioiet metal loam®

Thickne=ss (mm) Grad< [pores per tnch)
10 20 45 B}
2 Mo No Yes Yes
4 Mo Yes Yeg Yes
7 Yes Yes Yes Yes
13 Yes Yes Yes Yes
20 Yes Yes Mo Mo
¢ Dunlop Ltd,
(L]
§
E a1
g
LX)
n ] - ) [ ] o -

GRADE N1UMBER

Figure 2.14. Pressure drop with air flowing ar 1.78m s through 10 mume thick "Reiimei” metal foam.

Figure 7.15. Preszure drop versus velocily of water flowing through 10 mm of 45 grade and 80 grade
‘Betimet” meial foam.
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correlates the pressure drop versus velocity for water through a 10 mm thickness
of either 45 or 80 grade material,

The strength of Retimet is approximately proportional to its nominal density.
nickel-chrome materizl being some 10 times stronger than nickel. A corrent
application lor the material is in the air/cil separation duty in jet engines.

7.4 Ceramic Media

Itis appropriate todisting uish among four broad categeries of ceramic filter media:

» conventional ceramics. including stoneware. which have long been used
for industrial Bliration, and are charactertzed as being hard and of high
density;

» soft' low-density ceramic medta. which are a recent development in
response to the increasingly rigorous demands ol the rapidly evolving field
of hot gas filtration;

s ceramic membranes. important in cross-flow filtration. which are
available with either ceramic or metal substrates: and

# ceramic loams. which have a unique role in the filtration of molten metals.

The key application for ceramic media is in the fltration of fluids. especially
gases, at moderate to high temperatures. Whereas conventional cerantics are
used for this application, Table 7.14 shows that low-density media offer both
technical and economic advantages'®'.,

The media discussed in separate sections below: sintered particles and fibres.
and foams, do not include all the types of ceramic media under development.
Although formally classifiable as woven media. 3M's Nextel media'?* are based
on extruded chemical sols of ceramic materials. The resulient filaments. after
fiving, can be combined into yarns and then woven, to give a ceramic medium
that works well as a bag for use in fabric filters.

A quite different type of Rlter'™' for hot gases employs the ceramic malerial in
the lorm of 8 honeycomb. with & series of *dirty” gas channeis arranged in
parallel. in the direction of the gas flow. with a matching set of clean channels.
into which the gas flows through the dividing walls. The collected dust is
removed by a puise jet.

Table 714 Properties of ceramic materials used for hot gas Alter clements

Characteristic Matllite Bonded Varuom-formed Posl-treated

8iC ceramic fibee vacuummn-foemed
cevamic fbre
Relative haniness Hard “Harel® ‘Soft’ “Solt
Temperature limit i*Ch Lo = MG =>1250 = 125{)
Weight (10 mm wali} 1.23 22 i3 i3
Resistance to thermal 1.0 1.25 1.73 1.8

and physical shock
Cost 1.0 1.6 .5 (13
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A major problem with ceramic lilters is the achievement ol adequate dust cake
discharge, and this remains the current topic of greatest research effort'®'. By
comparison with fabric slements. there is no movement ol the medium during
back flushing, and 50 the cleaning air pressures need to be significantly higher.

7.4.1 High-density (*hard’} ceramics

This category of media embracas the perous ceramic tubes and sheets that have
long been used lor a variety of industrial filivation dutics, especially for hot gases,
and the new old-fashioned moulded stoneware flters for industrial liquids.
Typirally made from granules of refractory materials such as aluminostlicates,
silicon carbide and silicon nitride. the votd fraction of hard porous ceramic media
is of the order of 40% with pore sizes ranging from several bundred micrometres
down to about 10 pm. asillustrated by the data in Table 7.15.

Whilst this Table 7.15 includes pore size data. the microphotograph of
Pyrolith in Figure 7.16 provides a useful reminder that pores are rarely circular.
Eight grades of these media and the corresponding range of Coralith media are
made by the techniques of powder melallurgy. rather than by traditional
ceramic methods. Carelully graded particles are mixed with solid additives.
which form hlgh-temperature bonds. and with liquid additives. which give
unfired strength. Semi-dry techrigues are used to lorm the requived shapes.
which are fired, ground to the final dimensions il necessary, and checked lor pore
size. Examples of siandard tubes and plates are summarized in Table 7_16: typical
flow/pressure characteristics are illustrated in Figures 7.17 and 7.18.

The extensive Schumacher range of ceramic media is summarized in Tables
7.17 and 7.18. The three Dia materials (Dia-Brandol, Dia-Kermodur and Dia-
Schumalith) are the result of the development of asymmeitric structures that
favour surface inslead of depth filtration; they combine a thin fibrous fine pore
layer with a coarse substrate, as shown in the example of Figure 7.19. They are
thus membranes within the definition ol Chapter 8, but reference to them and
their characteristics are included here to show the differences beiween the two
categories. with more data in Section 7.4.3.

Pall Vitropore ccramic candles were developed specifically to meet the
demanding needs of CHP (combined heat and power) systems. but have proved
successful In other aggressive gas-phase environments, such as petrochemical
processing. Made entirely of stlicon carbide {with sodium aluminosilicate as
binder), with a fine outer coating on a coarse substrate, they are available in only
one high-perlormance grade and one dtameter. but of four diflerent lengths; their
dimensions, physical properties and performance characteristics are
summarized in Table 7.19.

742 low-density (“soft’) ceramics

In contrast to the high-density ceramics. the modern low-density ceramic media
are made from chopped ceramic fibres and have void fractions of about 90%,
They are the basis of the novel filter candles developed for use in multiple



Table 715 Falrey Indusirial Ceramibcs range ol high density ceramic media®

Composition Chemical resistance Trade Grade Pore diameter {pm) FPorosliy Cross Average Momipal micron
name %) hreaking specific  retentlon
strength walght
— - kgfem?®l  (gfem¥ — I —
Average Maximum Airfgas Liguid

Alamino-silicake Hot and ¢old ackds inot hydrofluort: Pyrolith PO 11 15 15 175 1.5 03 1
particlesbonded  acid or acid luozides) and alkaltne Po 20 25 35 141 1 2
by glass based lux  soluticns up to pH 9 and hot pases P8 30 35 3% 140 2 f

up to S00°C Fe 0 0 45 145 10 20
F5 90 Iy Lb 45 g3 20 40
P4 155 2010 45 7t £ 1) fil}
P3 300 &0} 45 53 50 150
p2 525 650 45 35 10{} 230

Alumina particles Hotand eold acids (not, hydrolluoric Coralith i 11 15 315 263 1.5 0.3 1
bonded by a aeid or acid fluoridesh and alkaline cH 210 25 15 242 1 2
glass based Qox soluttens up to pH % and hot gases [ 30 i5 35 210 3 fi

up to 1100°C Ch &0 u 45 158 10 2u
s 90 1iu 45 133 20 U
4 15% il 45 105 1] 3]
C3 300 4] 43 79 50} 150
c2 E25 650 45 53 100 23

Alumino-silicals Poor resistance to chemical and TRMedla TR& 90 110 45 EL 1.5 20 -
particles bonded physical abrasion (not usually TR5 155 200 45 35 30 -
by refractory agenis critical as main use is hot gases TR4 300 400 45 is 50 —

up Lo 1400°C)

PIpAIY SR {0 Joeapue  $87



Grade Pore diameter (um)

Composition Chemical resistance Trade
farme
Silicevus material Good resistaznce ta acids sithough KN Media KN
lizble Lo attack by physical abrasion
{matn use is on domestic water
systems)
Porcelain mullite High reststance to acids and alkalis Celloton ¥l
up Lo 14005

*  Fairey Industrial Ceramics Lid

Average Maximum

4.5

FPorosity

15

5

£l

Cross
breaking
strength
ihgfom?)

42

180

Average Momlnal micron
gpectfic  retention

welght

gfemy — . —
Airfepas  Liquid

0.5 - -

1.5 - -

CHT  SMNE pUD STAE ST 4B
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assemblies with pulse jet or reverse flow cleaning. as shown in Figure 7.20. used
for the rigorous needs of high-temperature dust filtration associated with
processes such as coal combustion and gasification, incineration and catalyst
recovery. However, their use is by no means restricted to such arduous
conditions, many installations having operating temperatures well below
500°C.

The candles are formed by vacuum filtration of a water suspension of chopped
fibres and a ceramic or clay binder, using a suitably shaped porous lorming tool
on which a filter cake is deposited. This cake is then removed from the former and
thermally treated to evaporate water and solidify the binder; the candle may also
be subjected to post-treatment with a variety of ceramic coatings, such as
colloidal alumina to increase corrosion resistance. CLIt''" stated that
appropriate techniques ensure that the orientation of the fibres is generally
normal to the direction of flow through the candle, which is important in
ensuring good filtration propertics.

Their typical form and dimensions are as indicated in Figure 7.21 and Table
7.20, although the details vary from one manufacturer to another; for example,
Tenmat utilizes multiple tubular sections to achieve lengths up (o 4 m or more.

Table 716  Standard sizes of ceramic filter tubes and plates®

Dimenslons, inches (mm) Grades
Pyrolith Coralith
Max. lenpgth L. o.d.

417,0114) 17y (29) ARY 13- C3-C0
10 (254) 1/, (349) 1125) Pa-1y Ca4-CY
10(254) 25 1/,03) Fi-F0 3-C0
151381) 237 21500 P3-10 ¢3-Co
200(508) 29(74) 24161 P3only -
181458) W77 2130 P3-FO C3-C0
12(305) 4(102) 7T P3-1P0 340
39 H 01000) 23y (60 .14 P3-py U5-0Y
39 1/, (1000) 2070 21501 Pa-py C5-('9

Flanged elements
1000 mm fl) 40) Pa-1"9 Ca=CY9
Flanged 70 mm dta.

Tiles/[ilter plates
Sizes, inches (mm) Grades

1203052 {50)x1{25) Pyrolith pP2-rs
1203054100 =1(23)

120305)x6(15=1125)

12(305)=12(305)=1(25) Coralith C2-C8
200508 16 (40h)x1(25)

200610)x12(30%)x1(29)

200610 x 16 {406)x1(29) TR4-TR&

¥ PFalrey Industrial Ceramies Lid.
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Tabde 7.3 7 (comifnued)
Filler medla Filtration Pressure Specific Porosity Density Linear Temperature Bending Bursting Test piece
flneness drop (mbar* permeability. (%) {g/em') expansion  resistance gtrength pressure dimensions
tnorminal] [nFmjc coelficient  (°C) [Fal {bar {mm}
{pm™ [10-%1/K) 10%*Pa)  id.jod.
KERMODTIR KK 24 2.0 110 1.26m10? 35 1.5 7.5 1000 9 25 %L EEE 11
n 10 & 2.52x=11)? 25 1.4 7.5 1o 8 25 E60/ 40
SCHUMACEL HTHF T 26 4 Klx 14 50} |.& 5 10dned - ) Bh 4
SCHUMALITH 1 L5 701 2.70 25 2.1 5.5 1HHK 15 105 BF040
5 1.u 0 f.2Y 3 20 5.5 100N 14 1Y AT0f4)
14 210 i 6,24 10° 3s 2.1 5.5 Ty 25 H @7 ai
20 bR 15 1.25x 104 33 240 5.5 T 20 B} arir4n
i 5.1) 7 T 1t 35 2.0 5.5 1004} 15 S0 DT
40 e 10 g 377w 35 20 5.5 10043 1 45 LIS 1
EU ca 150 2 9, 34w 10 45 1.8 5% [ OCK) 10 - lileh=1%
LU ca 2513 3 1.0Sx 10! 45 1.5 5.5 11N} B - Ulek=25
ECHUMATHERM 118 1.% i IR TR 35 1.6 5 6K Y 41 BTN
20 20 40 47111 41 1.5 5 R 5 3 B70/40
1)) 4.0 25 7.55% 10! 40) 1.% 5 LA 7 20 G704
40 8.0 I Plsx1u? 40 1.5 5 3} & bli 312740
alr ca 1L 5 3751t 35 1.4 $ &L 5 23 270740
THERMOLITH 20 4} 2,71 = Lt 44 1.5 5 180 8 3 B0/ 4]

2.0

Air fal 250 myfimin.

& n T E

Fall Inc/Schumacher.

Amblent att particle counter.

1 Nanoperm {0 Pm) =001 3 darcy.

DIPa AINET [0 J00GPUVH R8T
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Taile 718 Schemscher range of high density ceramic filter medla®

Trade purme Descriptivn

Aerolith A prre white mixture of coystalline and amorphous silicetes. Thermally resistant
to 400°C. Chemicelly resistent to hot and cold neutral and acidic liguids and gases.
tuitable for wide range of applications.

Bramio] Quartz sand bonded with pherolic resin for use in Ane bubble seration or
fuidization. Eesistant to cold and warm neutral and acidic fuids.

Diapor A mlxture of alumina stlicates with extremety fine porosity and highly resistant
Lo acid. Ideal for diephregms in clectro-chemlical processas.

Dia-Brandol Schumacher's newest developments. Asymmetric open-pored support body with

Da-Kermodur  ceramic membrape surface. Used mainly for dust Bltration up to 1000°C,
Dia-Schurmalith

Durocel Glass microfibres bonded with restn for use atup to 150°C Lo separate aerasols and
fine particles from compressed air and vaceum pump exhansts. Chemically
resistant to nearly all mineral and synthetic lubricating oils and to carbon
tetrachlortde.

Kermodur Aluminiuee oxide assures hlgh strength and high resistance to temparature
changes. Resistan! to acidic and alkaline environments, For high lemperature
pracesses { Rhiratlon of metalsyup to 1000°C,

Schumacel HTHP Silicon carbide and fibres of aluminiem oxide bonded with stlicon. For hot gas
filtraticn, resistant to aggressively oxidizing ot reducing atmospheres at
temperatires above 1000°C.

Schumalith Ceramic-bonded silicon carbide. Yery good resistance to suluticns of acids and
acidic salis, saturzted and superheated steam and to hot gases up to 1000°C. In
grain sige 3 can be used for stertle filtradion of gases.

Schumatherm A mixturecof alumino silicates. stable ta 806°C, Mainty used for Rltration of
liquids. as Hnings for nutsches and as support bodies for precoat filtration.

Thermolith A mixhure of ceramic-bonded Bre-clay. stable at temperatures of 204°C. For
filteatlon of liquids and process gases,

2 See alzo Schumacher's carbon media In Table 727

Figure 7_.16. Photamicrograph { x 32 magaification} of polished ‘Pyrolith P8~ with pores visible as davker
dreas.
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The ceramic materials also vary as therefore do bath the densities and maximum
operating temperatures; some examples are given in Table 7.21.

Numerous advantages are claimed for these filter elements. as compared with
traditienal hard ceramles, including greater resistance to thermal and physical
shock, lower pressure drop. less weight and lower cost. Care must. of course, be
taken to ensure the absence of liquids in the use of ceramic filters'' !, elther as
condensed vapours through operation below the dew point, or as melten
dropletsin the dirty gas, that might block the filter.

They achleve high levels of filtration efficiency with dust emissions lessthan 1 mg/
m?; as the data in Table 7.22 illustrate, the high efficiency of a virgin filter (which is
dependent on the face velocity) increases after "condhioning’ by operation through
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Pigure 7.17. Typical ciran air flow/pressure curves for "Byrolfth’ and ‘Coralith’ ceramic media.
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15-20 cleaning cycles, and becoines even higher during extended operation.
because ofthe retention ¢f a thin cake of dust particles on the surface!! 2.

A secondary effect of this residual cake of dust is that, under equilibrium
operating conditions, the pressure drop is dependent on the nature of the dust as
well as on the face veloctty, as is illustrated in Figure 7.22.

Table 7.19 Properties and dimensions of *Yitropore' ceramic candles*®

(as removal rating® (um) 2
Removal efficiency® {%) 99,9
Mean pore gige (pm) =10
Average 1st bubble point pressaure Imbar) 10.96
Average open bubble point pressure (mbar) 16.44
Pertmeablllty to clean ale (bar/m®fs/m?) .0269
Cimensions
Length (m) 0.5 10,1520
[nside diumetar {mm}) 40
Qutside dlameter (rm) &0
Bulk density {gfcm®) 1.7
Weight. 1.5 mlong (k) 4
Porosity {%) 4k
Maximum tempecatare (°C) 1000
Thermal expansion coefficient per*C 4. 75197

Modulus of rupture? (bar}

111 minimam

® Pall Corpitation.

b Particle count.

“iNeight % based on AC FineTest dust In air. parlicles | pmand greater
@ Burst test subjects 254 cm [ong ring sample 60 mm od. x40 cm 1d. to slowly
incrzasing uniforminternal pressure,

Figure 7,20, & multi-clement ceramic camile filter. Dudt coflects on the oulside surfaces,
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Figure 721, Typical form af candle fiter element. See Table 7. 20 for dimensiong.

Table 720 Characteristics of ‘Pyrotex’ low density flter candbes®

KEES/60 KEEB5/150 KE&85/200

Outside diameter B a (mm} i) .11 150 200
Inslde dlamecter @i (mm) 42 42 110 160
Length of element L (mm) 985 1500 1530 1K)
Length of collar L, {mm} 10 1 130 100
Welght{g/m?) 1a00 1600 15000 3500
Weight/element g} 300 430 2A00 2400
Thickness, mm o 9 0 20
Densley (afem?) 018 G.1s Q.18 1.18
AP, l/dm2.min at 200 Pa 126 120 60 60
Pore volume (%) 93 93 93 93

Surface area/element{m?} 0.149 .28 (.56 .60

®  BWF Textil GmbH & Co. K.

Table 7.21 Temperature limits of low density ceramic candle Rlter

Menulacturer Trade namcs Material bt Temperabsre Denskty Porosity
i°C} [gmficm*y ['%)
Mzdizon Cerafil 5 Alumimesilicate 900 T 84
Cerafil X5 Alumimosilicate 9 .39 86
Ceraftl H5 Alumina 1200 0.61 -
Tenmai Flireily Various 1RO .25-0.40 #5-95

BWT Texul Pyrotex KE® 5 Ceramic fibres #8550 18 g3
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The low-density ceramic candles supplied by Brighterosst!'4! are available
either in cylindrical form. or with a slight taper, which is claimed to reduce
bridging between candles, and to increase ease of dust removal. Thelr
temperature limits are dependent upon their material of construction:

AMineral fibre Coptlnuous: 7OURC Intermittent: 1 000°C
Calcium silicate 1006 130070
Refractory ceramic 120007 170000

7.4.3 Ceramic membranes

Ceramic membranes are generally compoesites. with the membrane supported on
a coarser ceramic substrale, which may be in the form of a llat piate or a tube. An
important and growing variety utilizes metal as the substrate. Beth types are
discussed in Chapter 8.

Table .22 Filtration efficiencies of Ceralil § ceramic candles*

State of Rlter Face velacity Efticiency® Eurovent class
tems) 1) (1)
Virgin 1 9.6 12
3 988 11
4 976 11
Preconditioned 4 99,3 12
Ueed 4 99,4 12
* Madizon Filter.
b Tested to BS 3928 using 0w um NaC'l particles.
200
2 -
S ; TYRE INCINEAATION
E 150 © U DUST - Sp0°C
E ; {FINE FUME)
Iy .
=}
« i
&= ; . :
3 :
2 Awuumnsmw
E DAYER - A00°'C

SWARF
(LI ACDVTION}

! 2 3 4 5
FACE VELOGITY [CM/SEC)

Figure 7.22, The pressure drop acress a coniditioned filter candle depends on hoth the face velocity and the
nmalure of the dust bring Bltered.
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These composites are primarily used for hol gas fliration of ine dusts in the
form of tubular and siar-shaped elements. for which typical data are given in
Table 7.23. Because they function by surface Bliration, composites are cleaned
more thoroughly by an intermittent back pulse: this is demonstrated by Figure
7.23. which shows the typical relationship between pressure drop and the
number of filtration cycles lor several different media. Very much better
performance is shown for the four grades of ‘membrane’ element, as compared to
the standard elements.

7.4.4 Ceramic foams

This distinctive form of porous ceramic. used for many vears in the foundry
industry for gravity filtration of reolien metal, is known as ceramic foam because
of its very open structure, with porosities typically from 70 to 90% or more, One
manufacturing process'' ¥ involves impregnating polyurethanc foam with an
aqueous ceramic slurry and compressing it to expel excess slurry: the coated
foam is then subjected to several stages of heat treatment. resuliing in
combustion of the organtc polymer and sintering of the ceramic particles. The
latter arc typically mixtures of alumina and chromia. but may alse be zirconia.
magneslia, silica, etc.

Filtration cycles x 1000

Flgure 7.2 3. Example of the residual presgire deop of ceramibc fiiter elemenis as a funciion of the number of
Jiltrationfelearming cyeles. Temperaiurs 20 C; gag velovitg 2000w eyge e thare A mii.



Table 7.23 Schumacher ceramic candle filier elemenis

Maximum temperature (*C}
Gramuleffibre dlameter {um)
Pore stze {pm}

Cuier element diameter imm)
Inner element diameter {mm}
Wall thickrness imm}

Plange diameter (mm)

Flange thickness {mm}
Element length (mm)
Filtratlon ared im?)

Welght (kg)

Schumalith 20
hemogeneous

granular

ILL LY

120}

4t

i)

a4}

14

79

15

1OGG 1500
16/.26
1.2/6.2

Schumacel HTHP
helerogeneous
granular/fibre

1LHK)
12043
304D

13|

20

10

75

15

100/ 1 5430
L16/0.26
4.1/6.2

Dia-Schumalith
asymmelric
granuiar/fibre

100
30043
10U/ 30
&)

0

i5

75

15

1000 1 501y
U1 R{1.26
1.1/0.2

Dty-Brundol-Star

Dia-Schurnalith Dia-Brandol

Star asymmetric, asymmelric asymmetric
fluted granular/fibre granular/fibre Auted pramplar/Abre
1{H) 180 180

00,3 0071 0041

1000/ 36 20045 200045

&0 i) Li10]

30 41} 30

13 10} 1%

75 79 75

15 15 15

1O 154080 10041/ 1 5LH) 1040, 1 50D
{29/0.47 0. 1H/L26 H.26/{).45
1.3/4.7 2.7/4.01 2,232

Hpay J7TS o YooqpUEH 9ag
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The structure of the ceramic foam thus effectively replicates the skeletal or
reticulated form of the polyurethane foam discussed in Section 7.2.2. By
selecting grades of polyurethene loam with pores of appropriate sizes (or
combinations of sizes), and by lorming it into the desired shape, a
correspendingly wide variety of ceramic loam products may be produced, such
asizshown in Figure 7.24.

Pore sizes are generally characterized in terms of the number per inch or
centimetre, and can be controlled within the range 3-100 ppi. For example,
therc are three standard grades of Foseco's Sedex filters for cast iron alloys: the 1¢
ppi grade is for ductile and austenitic irons, the 20 ppi for grey iron and the 30 ppi
for malleable iron. As indicated in Table 7.24, the capacity of these rectangular
blocks depends both on their dimensions and on the alloy being filtered.

Figure 7.24. Fxamplesof ‘Stelex " ceromic foam fiters for malten metals,

Table 7224 Capacity of ‘Sedex’ ceramic foam blocks for fiftering molten metal*

Block size Surface Maximum capacity 1kg)
(mm) ares _— = s = —
{cm?) Cast iron Ni Resist/Inmold

Greyiron Spheroldal graphtie

33w 35x 2 12.5 50 25 13
35250222 17.5 70 - -
S0 x50x22 25 100 50 5
S 7Ex22 37.5 150 735 37
SO=100x22 50 200 1) 50
R VRSN, Sk 200 100 50

100 I M]=22 100 400 200 -

* FosecolLtd,
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An approximate relationship between pore diameter and the number of pores is
provided by Figure 7.25. An indication of air permeability as a function of the
number of pores is given by the pressure drop curves at various face velocities in
Figure 7.26. These Agures relate to the ceramic foams produced by the Selee
Corporation {now part of Porvair) from the variety of ceramic materials
summarized in Table 7.25, comments on the applications of these foams are
summarized in Table 7.26.
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Figure 7.2 3. Relavionship berween pare diameter aud pores per faels in ceramic foar.
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Figure 7,28, Relationship between pores per inelr b cevamiv fonm and pressure with water Sowing of variong
vedarities.



Table 7.25 Typlcal properties of ccramibc foams®
Phosphate Sinteredl Cordlertie Mullite Partlally Firconia Mugnesia Spinel Silleon
bonded uluming stabllized  alumima carbide
aluimiii zirconiy
Chendeal AlO+ 99 +HALO, 2 Mgt} 3 AL, 2 #Ca0  65%partially Mp( Mgl) sic
compostion aluminium 2 AL 2 5if)y o MpO stabilized Zrt); Al
phosphate 5 83, i ¥ ) +35% AlL0h
Truedoosity iy 4 25 32 5.4 o 3.6 3oy i.2
igfem?)
Cherndeal Puwrr Very gol Fuir D] Verygood  Very goaod Very good tioud Lo Yery goml
resislatee acids and bivses in baxes yery poend
ax, ure 1d 30 1650 11{m] 154} 1702 171 165 ThSI} o4t
{emperalues 1 260KY [T (L 2B { 328000 { I TUHY) [z ]] {30 (L
“C 'R
Thermal shock Fuir Fatir o gowned Excellent Very good Very good  Yory good Bairtopoor  M/A& Very gond
Tesislance toexeeHenl
Compressive Hh (LT 144 207 N/ A it 3T WiA MNiA
strength Mfem? {psi) (125) {5IR] 1209} | 3tKh {3000 LI
Fending 39 B0 H4 1] MyA hYy K My A NirA
strength Niem (sl 150 (125} %3] tHony TN [txs
Parsslble 1 Alumbnium | Ferrous. 1 Aulomotlve 1 Aglomotive | Sapernlloy 1 Fertous 1 Chemieal 1 Magnesium 1 High
applications filt Fatdicon eepectally iron, calulyst su b Loy filiration liltration indusiry lillration surlace
liltranthesy wubsiratey — area
catalylic heuaters
comwverler and
diezal
particalale
traps

SAGH ] PUl SIS SIS 5

a6f



Table 7.25 {conlinusd)
Phosphate Sintered Cordierite Mullite Partially Zircornia Magnesia Spinel Silicon
bonded alumina stabilized alumina carbide
aluming zirconia
2 Mom-ferrous 2 High-melting 2 High 2Chemical  2ZFerrous 2 Automoative 2 Ferrous 2 Abrasives
filtration non-ferrous thettmnal Industry iliration substrates fltration 3 High wear
filtration shock ¥ Chemlcal 3 Magnesium applications
inch reactive  applications industry Rteration
metals applicatiens
3 Chemicul
industry
Liltration

" Solee Corperation,
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7.5 Porous Carbon

Another range of coarse porous media may be formed either l[com elemental
carbon, with its high chemical resistance and excellent thermal praperties. or
from activated carbon. the microporous strueture of which provides

Table 7.26 Commenis on applications of various ceramic foams*

Ceramic composition Comments

Phosphate-bonded alumina Used principally for the filtratlon of molten aluminium and its alloys.
and chromia/falumina Usable to about 14005,

Sintcred alumina Direct bunding of high purtty aluminium oxide grains by sintering

results in a lower surface area than In phosphate-bonded material
and low porosity. Very strong end reststant te hlgh temperatures
and chemical attack.

Cordterlte Especlally well suited to severe thermal shock at temperatures
below 109 3°C. thanks to near-zero thermal expanslon coefficient.
Mullite Thermal expansion coefficient hall way between Jow [evel of

cordierile and higher expansion of aluminas. Therefore reasongbly
goed 10 thermal shock and can be used to much higher temperatures

than cordierite.
Fartially stabilized zirconia An excellenl combination of stability and resistance to both high
temperature and thermal shock.
Zirconla-glumina Far more thermally shock-resistant than 2lumina alone.
Magnesia Advanlages tn non-acidic environments requiring a refractory
by
Spinal {magnesium aluminate) Compat|ble with aggressive liquids. e.g. mollen magnesium.
Silicon carbide Relatively high thermal conductivity and electrical cotductivily

making them suitable for heating clements. Hard, highly abraslve
and resistant to most wcids and bases.

" ZeleeCorporation.

Flagure 7.2 7. Balstomfilter tubes of glass microfibees.
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exceptionally high surface areas. These two different types of media have very

distinctive propetties, as can be seen ltom examples summarized in Tables 7.27
and 7.23.

7.6 Glass Fibre Tubes
The final group of media involving incrganic materials is {hat employing glass. A
distinctive use of the properties of glass microfibres is the range of Balston filter

tubes {now supplied by Parker Haonifin}. [n essence. as shown in Figure 7.27,

Table V.28 Schumacher range of carbon filter media

Trade nams Description

Carboy Technically pure catban and therefore very reststant to chemlcal reactlon.
Mot atizeked by hydrofluoric acid. Can be utilized over whole pH range O-14.
Stublein oxidizing atmospheres up to arpund 200°C and in reducing
atmospheres (o about YO C,

Schumakat An open-pored sintered cerbon element with low pressure loss. the support body
isimpregnated In catalytical substances. Used especially for catalytle redizclion
ol hydrogen peroxide. e.g. in exhaust from packaging machines,

Schumasorb Consists of highly porous act\vated carbon. stable over whole piirange (14,

Bchumazin Manufactured from chemically impregnated ectivated carbon. Jis special value
15 for the remaval of hydrazine from steam and water. togelher with the attend
ant neutralization of ammcia.

Table 7.29 Approximate dimensions of glass microfibre tubes®

Conde Oatside diameter immb Length imn)
O50-03 19 32
G511 19 a7
100-12 s B3
100-25 38 178
150-14 52 132
200-35 63 2310
2BE-BO [i%3 §7h
250-150 78 732

®  Parker Hannifin Inc.

Table 730 Retention efficiencies of glass microfibee cubes™

Grade Gas (retentlon of 0.1 pmii%) Water {95% retention of particle size} (pm)
I 93 23

C 93 8

B 99.99 2

A 99,9990+ 0.9

AA 94,9999+ 1.3

Parker Hanatfin Inc.
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these are a stmple form of cartridge, made from borosilicate glass microfibres.
similar to those supplied by Whatman (the former owner of Balston) in ils range
of glass filter papers (see Chapter 4). Similar tubes are also produced from fibres of
pure quartz, free ol binders.

The borosilicate microfibres are bonded with either organic or inorganic
binders to form tubes in five standard outside diameters ifrom 19 to 78 mm). with
walls approximately & mm thick: lengths, as indicated in Table 7.29, range [rom
321ta 752 mm. Each is available in five standard grades. the filtration efficiencles
of which are summarized in Table 7.30.

7.7 Selecting Coarse Porous Media

As the chapter's title lmplies. the media discussed here are not intended for the
finest degrees of filtration. although some of them do achieve quite high filtration
efficiencies. They find their main applications in preliminary filtratton steps. or in
ihe ireatment of hot gases or of corrosive liguids.

In fact. temperature and corrosion are the guiding factors in choosing among
these media: if the temperature of gas {or liquid) is above 120°C or so, ar if the
liguid {or gas) is at all corrosive, then the likelihood is that metal or ceramic will
be used, rather than plastic, although PTFE materials are capable of resisting
most corrosive liguids, and quite high temperatures.

A particular feature of some of these media is their use in the processing of molten
materials, especially metals (for which ceramic foams are used) and polymers ahead of
their betng extruded or blown into film (for which sintered metalmedia are often used).

For the increasingly important process of cleaning hot dusty gases, the porous
ceramic candle is really the only apticn available to the plant designer. and the
tibre-based, low-density ceramic materials are developing fast to provide
satisfactory process salutions,
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CHAPTER 8

Membranes

In filtration terms, membranes started as thin. flexible semi-permeable sheets of
regenerated cellulose material, developed 1o separate species at the molecular
and ionic level. their first main application being in the purification of sall and
brackish waters by reverse osmosis. The word ‘'membrane’ has stuck toa range of
filter media that has expanded enormously from this early lorm. 1o embrace solid
nflexible ceramic and sintered metal. and an ever-increasing group of palymeric
materials. and to applications that new extend well into the microfilteation
range, The existence of the membrane as a very effective filtration medium led to
the development of the whole field of cross-flow filtration. which also now
extends well beyond its reverse osmosis origins.

This chapter provides an introduction to the membrane as & filter medium, bui
makes no attempt to be a complete reference op membranes. even in filtration, let
alone their wider uses. There ts here a good deal ol information about the ways in
which membrane systerns are used, but oply epough to set the membrane media
themselves in context. For a more complete reference to membranes of all kinds.
the reader is directed to Keith Scott's Handbook of Indusirial Membranes'’’. on

which the corresponding chapter of the first edition ol this Handbook was largely
based.

8.1 Introduction

The first edition of this Handbook detined membranes as follows:
‘A membrane is a thin sheet ol material which exhibits some degree ol
permeability to fluids thereby permitting phase or species separations to be
affected lor particles in the size range from a lew microns down to maolecules.”
Any attempt now fo provide a succinet but comprehensive definition of a
membrane Is very much complicated by the immense and ever-grewing diversity
of membranes available, by the variety of mechanisms by which they function.
and by the muitiplicity of applications lor which they are used. To many peaple, a
membrane remains a thin flexible material. but in filtration terms the term now
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covers any medium that can achteve separations at 0.1 pm or below {down to
molecular and ionic sizes). and which may be rhick or thin, flexible or rigid.
organic or inorganic, Many membranes are now employed in microfiltration
applications at cut sizes well above 0.1 pmu

The membrane is essentlally a surface flliration device, with little or no depth
filtration involved in its use. in practice. many membranes are of asymmetric
structure and efectively comprise two layers. The active, surface layer is a very
thin skin, the permeability of which is of critical importance. The lower, thicker
layer is of more open structure, its role being to serve as a mechanical support fer
the active layer.

This chapter looks firstly at the way membranes are uscd in filtration
applications, and then at the nature of membrane mediz, and the ways in which
they are made. A brieflook at membrane characterization is [ollowed by a review
of some typicel membrane media available on the market. and some guidance as
to their selection. It is primartly concerned with the use of membranes in particulate
separations, i.e.in microfiltration. but membrane media are now used in such a wide
spectrom of applications, with considerable overlap among what were once clearly
separate uses, that these other applications are covered here as well.

The membrane represents probably the fastest growing part of the filtration
media market (especially if ceramic membranes [or hot gas filiration are
included). The most imporlant of the changes in the membrane business since
the first edition of this Handbook are:

the extension of membrane media inlo microfiltration applications:

the growth in importance of expanded PTFE as a membrane material;

a corresponding growth of ceramic materials for membranes: and

the development of techniques for the increase of stabilised fluid flux by the
disturbance ol boundary layers at the membrane surface.

8.2 Membrane Systems

In order to gain a good grasp of the nature and usc of fltration membranes it i3
first necessary to look at the way in which membranes are used, both in process
terms, and In thetr actual structural format. The fipe surface structure of all
membranes implies the need for significant pressure drops across the medium in
order to achleve adequate fluid fluxes. As a result, membranes need to be
contained in pressure-tight housings. and considerable ingenuity is required ol
the st ppllers to achieve sound and efficient operation.

8.2.1 Membrane processes

Historically, membranes were first developed to wark at the lowest size levels of
separation, the removal of salts, i.e. ionic species, from water at quite high flow
rates to produce water of drinkable quality. This application required high
working pressures, but over 1the subsequent years the membranes have become
‘looser’, and the pressures required have become less, as the membrane has
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been used for separations at progressively higher sizes - because membranes
have decreased in cost, and so become attractive for an Increasingly wide range
ol applications. The broad spectrum of membrane processes is llustrated in
Figure 8.1.

The highest levels of permeability correspond to membranes of relatively
caarse microporous structure that permit the transmission of liguids that can he
solutions of macromolecules; they reject fine suspended solids down to less than
0.1 pm by microfiltration at relatively low differential pressures (1-4 bar}. Less
permeable membranes. of finrer microporous structure, allow passage of
soluticns of smaller molecules and ions; functioning by uitrafiltration at
differential pressures up to about 10 bar, they reject finer particles and molecules
of malecular weight above about 10 090. Membranes in these two categories
{micrefiltration and ultrafltration) are the main theme of this chapter.

Contrasting with these are the semi-permeable membranes of reverse asmosis
(or hyperfiltration), the asymmetric structure of which incorporates a thin non-
porous homegeneous skin; under pressures of 30-60 bar, these membranes are
capable of the finest possible level of separation. including the rejection of
dissclved salts, and the complete removal of bacteria, pyrogens and crganics
from water, Nanofiltration is essentially a form of reverse osmosis operating at
pressures in ihe range 20-40 bar, using a 'iooser’ membrane so as to restrict
rejection to molecules in the molecular weight range 300-1000, and to larger
ions (such as Ca** and Mg**), and the very finest particles.

These four speclfically liquid filtration-related membrane processes are shown
in Figure 8.2, with main applications for each. Tt should be noted that the
separation size ranges overlap at each end.

Membranes incorporaling thin layers of dense non-porous material utilize gas
permeaiion to separate gases (such as hydrogen recovery from refinery extt
streams, or the separation of oxygen and nitrogen from air), and pervaporation to
separate miscible liquids, as an alternative to fractional distillation. Yet other
mechanisms, utilizing electrically charged or ion exchange membranes, are
involved in processes such as electrodialysis. and in fuel cells.

The full range of membrane processes is listed in Table 8.1, with typical
membrane types, and associated driving forces and typical applications.

Tt should be noted that the use of the term 'non-porous’ in the above definittons
relates Lo the impossibility of the fiow of fluids carrying particles through
continugus open pores in the medinm. Such materials are still permeable to
molecular or ionic species by means of diffusion through the solid mass of the
non-porous layer.

Because of the very fine nature of the membrane media. it is normal practice to
employ a filter. ahead of the membrane unit. that is intended to remove any
particulate material that might interfere with the membrane process. This ls
especially necessary where the flow passages are very narrow, such as in hollow
fibre membranes. In fact, some membranes themselves are used as prefiliers to
membranes operating 2t a finer degree of separaticn. Thus there will normally be
a microfilter ahead of an ultrafiliration or reverse osmosis membrane, but there
may alse be an nltrafiltration membrane ahead ol a reverse osmosis step.
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8.2.1.7 Operational madas

Two distinct modes of filtration are relevant to membrane media, a3 shown
schematically in Figure 8.3, Dead-end (or through-flow} filtration is the
conventional mode for all filtration, with the feed flow perpendicular to the
membrane surface; essentially all of the fluid passes through the membrane
whilst the separated particles accumulate on its surface as a layer of retained
solids. This build-up of solid particles leads to a progressive increase in the
resistance to filtration through the membrane, to the point where flow

eventuzlly stops.

Table 8.1 Membrane separations and materials

Membrane Membrane type Driving force Applications

separation

Microhltratton Symmetricand Hydrostatic pressure  Clarification, sterile

asymometrlc microporous filtration

Ulirafiltration Asymmetrle micruporous Hydrostatic pressure  Sepavation of macrp.
molecular solutions

Naneflliration Asymmetrle Hydrostatle pregzure  Separation of small
ovrganic compounds
and selected salts
[rom solotions

Reverse osmesisor  Asymmetric. composite Hydrostatic pressure  Separatlon of micro-

hyperfiltration

{>as permeatlon

Diatysis

Pervaporation

Vapour permeation

Membrane
distillation

Electrodialysis

Electrofiltration

Liquid membranes

with homogenons skin
Asymmetric or composlte,
homogenous or porous

polymer
Symmetric microporous

Asymtnetric. composite
NON-parous

Composite non-porous
Microporous

lon exchange. homogeneous
o microporous polymer
Microporous charged

membrans

Microporous. liquid carrier

Hydvostatic pregsure
concentration
gradient
Concenlration
gradient

Lancentration
gradient,
VEDOUT PIESSUCE
Congentration
gradient

Temperalore

Electrical potenttal

Electrical patential

Concentration.
reaction

solutes and salts
from solutions
Separation uf gas
mixtuees

Separation of micro-
solules and salts from
macromaolecular
goliticns

Separation of
mixtures ol volatile
liguids

Separutton of volatile
vapours from gases
and vapours
Separatlon of water
from non-volatile
solutes

Separation of ions
fecnm water and
non-ionke salutes
Dewatering of
solptions of
suspended

solids

Separation of fons and
solutes from agueons
solutions
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The formation of this surface filter cake can be reduced or eliminated by the
use of tangential or cross-fow filiration. Only part of the fuid now passes through
the membrane as filirate {or, more correctly. permeate, since some membrane
processes operate by permeation rather than fitratien): the retained part, or
retentate, consequetitly becomes more concentrated in particulate or solute
species. The extent to which cross-flow successfully prevents the surface of the
membrane being fouled by deposited particles is dependent on a variety of
factors, especially the cross-flow velocity, Chemical and/or mechanical
procedures are usually required to clean (and sterilize) the membrane, which
must be able to withstand the associated mechanical, chemical and thermal
stresses. Whereas microfiltration utilizes both the dead-end and cross-low
filtration, cross-flow is the usual mode for the other membrane fliration
processes, and has grown to its present level of importance from its beginnings ln
reverse osmosis.

8.2.1.2 Operational problems

The build-up of a ‘fouling’ layer on the surface of a membrane is one of the
most serious problems in membrane processes. The term ‘fouling’, rather than
the more familiar ‘filter cake'. arose (rom the origins of membrane processes (n
molecular separations, where macremelecular proteins would separate on to the
membrane surface as a slimy. gel layer. which rapidly reduced the fluid flux
through the membrane. Fouling layers have to be removed periodically by
cleaning, as mentioned above, but much ingenuity is employed by membrane
sysitem designers to minimize fonling tayer lormation.

Figure 8.3. Comparing cross-fow filtration with romventional filiration,
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Another operating problem, concentration polarization, affects the membrane
processes dealing with suspended or dissclved species. The molecules to be
separated (i.e. kept in the retentate] diffuse through the liquid close to the
membrane surface and become much more concentrated at the surlace, creating
a different kind of barcier to liquid flow, and so reducing flux. In the same way.
the particulate matier accumulates in the liquid as it approaches the boundary
layer, creating a similar reststance toliguid flow.

There are basically three types of method employed to reduce fouling 2nd/or
concentration polarization. and so increase flux rates:

« changes in the surface characteristics of the membrane:
» conditioning ol the feed slurry/solution: and
« modificationsin the way the fluid/membrane 1s operated.

An example ol the way in which the membrane material itsell may be modified
is given by Kalsep's Kalmem LF membrane'?'. This is basically a
polyethersulphone (PES} material. with polymeric low-fouling additives
incorporated into the PES. The chemically modified surface is permanently
bhydrophilic. and can be made with pore sizes in the microfiltration and
ultrafiltration ranges.

The surface of the membrane needs to be as smooth as possible, and the slurry
or soluticn as free as possible ol material that will foul the surface. Operational
modifications are generally designed to create some Kind of shearing or scouring
ol the fouling layer. Some of these are mechanical, and are discussed in the next
section, while the use of a two-phase (gas/liquid) flow'? is growing in
importance.

#.2.2 Membrane formais

Depending on the properties of the material used, membrancs may be produced
in the following geometrical forms:

s Hat sheets - sell-supporting or backed by a supporting substrate (and
including the shects when rolled up into a spiral-wound configuration};

» tubes — self-supporting or backed by a supporting substrate. typicallyl2-
24 mm itninternal diamerer: and

» hollow fibres - typically 40 um tnternal diameter x 80 pm outside
diameter,

All of these forms are mostly utilized by being incorporated in filter cartridges.
such as are described in Chapter 9. Some of the more robust types of membrane
sheets can be used in industrial process filters such as filter presses. For
laberatory duties, sheet membranes are available as discs in a range of standard
diameters: appropriate grades are also supplied in roll form.

Because of the high fluid flow resistance of most membranes. they are usually
operated in some kind of madule, which allows the largest possible filtration area
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1o be packed into the smallest possible equipment volume. There are six distinct
styles ol modale in which membrane media are employed: flat sheet, pleated
sheet, spiral wound sheet, tubes or tube bundles, perforated blocks and hollow
fibre bundles. Polymeric membranes are used in almost all lorms - except the
perforated block, which is very largely restricted to tnorganic meterials.

Flat sheet modules are based on the principle of the plate-and-frame filter press.
comprising an alternating stack of sheets of membrane media and separator
plates through which the leed. retentate and permeate flow. These are the least
compact of the different module formats, and are correspondingly the least used.
Figures 8.4 and 8.5 show. respectively. a laboratory and a free-standing
industrial flat sheet module of this type. which can be used [or microfiltration or
ultrafiltration. Most polymeric materials. and much of the inorganic materials
are available as flat sheets or rolls. and can be used in this type of snodule, which
finds most application in laboratory and pilot plant. For example. Tami
Indusiries KEaCeram media are available for microfiitration in the range 0,14~
1.4 pm, and for ultrafittration in the range 15-3040 k.

1fthe flat sheet medium is sufficiently flexible. then it can be pleated. just ascan
any other paper-like material. In this way, a membrane can be used for absolute
alr fillration, as in Chapter 3. as a filter bag for gas cleaning or as a cartridge
filter. as described in Chapier ¢. Pleating is possible for most polymertc media, for
some metallic media. and even for some ceramics,

Membrane materials can also be made or cut into long. wide strips, which are
then rolled up around a central former. with appropriate sheets of spacers and

Figure 8.4. A laboratory scale 'Pleiade Rayflow 164 cross-flow filter with a menbrane area of TH) em=,
{rhotograph: Vira-Tech Services Lud)
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supports sandwiched between the membrane layers, to create a spiral wound
module. as illustrated in Figure 8.6. Such a construction gives a very compact
unit containing & large metnbrane area. For example, a medule that is just 200
mm in diameter and 900 mm long may contain up to 23 m? of active membrane.
Because the sandwich structure operates with very small clearances between the
sheets, it is essential that adequate prefiliration is undertaken of the feed lignid.
Spiral wound modules are used for microfiltration and ultrafiltration.

Simple tubes are feasible as membrane formats, but unlikely outside the
laboratory, because of their small area. Much more likely, on the industrial scale,
are tubidar modules, with bundles of tubes constructed in the same form as a
shell-and-tube heat exchanger. as shown in Figure 8.7. In the version
illustrated, each replaceable 12.5 mm diameter membrane tube fits into a
perforated stainless steel support tube. The membrane tubes. which can be
several metres in length, are of composite constructton, with, for example, a
cellulose acetate membrane cast on to the Internal surface of a synthetic Abre
support fube.

An alternative approach is offered by the three options iliustrated in Figure
8.8. all of these being disposable items. The single 25 mmi.d. tube version has an
inside layer of PES membrane cast onto an epoxy resin reinforced fibreglass
support, with an outside protective tube of PVC, The Ultra-cor VII tube is divided
internally by a bundle of seven 12.5 mm membrane tubes, therehy increasing
the avatlabie fliltration are a per unit length; this concept Is extended further in
the Super-cor tube, with its array of 21 tnternal tubes.

The tubnlar formats are the ones most likely to be adopted for inorganic media,
especially for ceramics, where the idea is further cxtended into the perforated
block structure illustrated in Figure 8.9. A monolithic bleck, of very coarsely
perous ceramic, shaped to fit into a containing tube, is perforated with a number
of eylindrical channels parallel to its length. A ceramic membrane layer is then

Figure 8.5, A 'Pleiade’ UFPZ 1 ultrafiltration filter. with o total membrane areg up to 21 m? can be used on
applications such as recovering palnt fram a car spraying unit,
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lald down on the inner surface. A very wide range of channel number and shape
is possible with this kind of construction - the range currently marketed by Tatni
Industries covers 14 different shapes. with up to 39 individual channels offering
hydraulic diameters [rom 2 to 14 mm. These all have quite thin walls threugh
which the permeate must pass.

Hellow fibre modules are also tn the basic format of a shell-and-tube heat
exchanger, but now the tubes are hollow fibres with outside diameters ranging
from a few millimetres down to as fine as a human hair {about 80 pm). These
fibres, which may be several hundreds in number, are assembled as a closely
packed bundle, sealed at its ends inte resin plugs. either at opposite ends of the
containing shell, as in Plgure 8.10, or with the bundle looped round and the ends
sealed into the same plug, as in Figure 8.11. As indicated by these two figures,

Flgure & 6. A spirelly woend MF or UTF modile.

Figure 8.7 Partefe PCT tubular RO nodule.
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the fluid to permeate flow direction can be either in-to-out or out-to-tn lor hollow
fibre applications.

A great advantage of the hollow fibre module is its compactoess in relation (o
its very large filtration area per unit volume, typically 8000 m#/m?, For example,
with a Koch standard 1.09 m leng. (0.127 m diameter module. the membrane
arealis 3.7 m? with 2.7 mmdiameter Bbres. and 12. 3 m? with 0.3 mm fibres.

A general comparison of the main types of membrane medule 15 provided in
Table 8.2.

In all of the module designs discussed above the membrane medium is
statlonary. and the fluid flows across (or occasionally through} it. However, as
stated earlier, the problems of fouling and concentration polarization can be at

Figure 8.8, Tubular MFUF RO aptians: stogle tude, " Ultrs-cor VIT ard "Superaor”.

Flgure 8.9, Sectignal view of @ 1 9-channel ceramic elemend, ¢ ilustration: APV Membranterinologie Gl )
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least partly reduced il an element of shear can be applied to the boundary layer at
the membrane sur(ace. This can be achieved either by causing the membrane to
rotate or oscillate with relation to the flutd flow. Still very much in the
development phase, the rotating moving membranes can be in the form of a
disc'* or a cylinder'®. while a stack of discs is caused Lo oscillate in another
variant'®’, which has rcached commercial use. SpinTek Filtration Systems
introduced a rotatlng ultrafitration unit, using a ccramic membrane. into
commercial use in mid-1999.

8.3 Membrane Materials

To be effective for separaiion. membranes should exhibit appropriate
characteristics, such as good chemical resistance {to both feed and cleaning
fluids). mechanical stability. thermal stability. high permeability. high
selectivity and general stability in operation; for guidance on the chemical
compatibility of membrane materlals, see Table 8.3 {originating with Millipere
Inc), or the more detailed Table 2.4 for fabrics in Chapter 2.

Figure & 100 Ahollow rube module with in-to-out Paw.

Figure 8.11. A hotlaw tube RO maviule wiih out-ia-in flew.
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Table 8.2 General comparison of characteristics of membranes

Handbook of Filter Medla

Tubular membranes

1.

Tubular modules have relatively latge channel diameters. and ave capable of handhing feed
streams and slurrics containing faicly large particles. The general tule of thumb L5 that the
largest pacticle that can be processed i a membrane modude should be less than one-tenth the
channel hetght. Thus tesd streams containing particles as large as 125 pm can be processed
inl.23 mmtubular units.

Tubularunits of 1.25-2, 3 e dtameters arc operated under turbulent Aow conditions with
recomimended velocities of 2—f m per second. Flow rales are 1540 | per stinute per tube.
depending on the tube diameter. Reynolds numbers are usually greater than 10 000,

Pressure drop averages 23 psi per 2.4-3 .6 m tube, Thus, typical pressure drops for 12-25 mm
tubes will be spproximately 30-40 psig (2-2.3 bat) for UF units operating in parallel dow under
these flow cotditions. Thiscombination of pressure drop and high flow rates gives high energy
cunhisumption.

The open tube destgn and the high Reynolds numbers make i easy o £lean by standard
clean-in-place techiniques. It is also possible to tnsert scouring balls or rods to help ciean the
membrane.

Tubular uhlts have the lowest surface arsa to volume ratio ol all module confignralions,

I cettain modules the individeal membranes can be replaced fairly eastly in plant resulting

in considerable savings n Lransportation costs and membrane costs,

Tuobular module costs vary widely from about § 1040 1o 800/m” for replacement membranes of
vellulose acetate, polysulphone or composites.

Hodlow fbre modules

1.

Plate

The recommended operating velocliy tn the UF hellow fibre systean is eround 0. 5-2_3 m/s,
This rezulis in Reynelds numbers of UG- 30, Hollow Abres thus operate in the laminar
flow reglon.

Shesr rates are relatively high in hollow Fbres due to the contbination of thin channeds and
high velocity, Shear retes at the wall sre 4000—14 0005

Hallow Bbres have the highest surface area-to-volume ratlo. Hold-up volume L5 low. typlcally
0.3 1in a typical 'shor” cartridge of 1.4-1.7 m® membrane area.

Pressure drops are typically ©. 3-1.3 bar depending on the flow rate, The combination of
maodest pressure drop and low tates make hollow Rbee modules very economic in energy
COnSURPLIOT-

Hellow fibres have only a modest maximum pressure rating of about 1.8 bar. The short

130 em) cartridge can withstand pressures up 1o aboud 2.4 bar at low temperatures | [ess

than 30°C}. Several process sireams are dilute encugh to permit UF operatlon at pressures
much higher than the present 1.7 bar [imiting transmembrane pressure. In eddition. since
the flow rate Is proportional to pressure drop. llow rates are lisolled slnee the inlet pressore
catinot exceed 1.7 bar. This can be problematic with highly viscous solutions. especially with
long cartridges.

The small fibre diameters make them susceptible to plugging atthe cartridge inlet. To prevent
this the feed should be prefiltered 1o at least 10 jm.

Hollow fibres are suitable for 'back-fushing’ because the fibres ave self-supporting. This
vastly improves performance due to cleaning in situ potential.

Replacement membrane costs are relatively high. Damage (o one single fibre out of the
S0-3004) in a bundle generally means the entire cartridge has to be replaced. However, it is
prossible to repeir membrane Abres in situ o certain ceses.

The cost is about $700 per 7.5 cm industrial carttidge. regardless of surfzce arew. Beplacement
costis about %2 30-350/m?.

The typlcal plate channel height isbetween 0.5 and 1.0 mm, UF tysiems operate under
laminar-flow, high shear conditions. The channe] length {the distance betwean Lthe Inlet and
outlet ports) iz between 6 and 60t om. The Graber ¢quatlon agrees reasonably well with
expertment in the Reynolds numbet renge of 100-3000 for slits of channel height 0.4-1.0mm.
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Table 8.2 {continned)

2. Thepermeate from each pairof membranes can be visually observed In the plastic tubing
o Ing from each support plate. This is convenient for several reasons. €.g- detectlon of leaks
in a particular membrane paly. M samples need b be taken for analysis. or if lux measaremeant
as a Function of capacity needs to be made.

3. Replacement of mernbranes on stie is relatvely easy provided that care is laken when closlng
the stack of plates (ogether. The prevtously embedded grooves of the anreplaced pletes must
mutch exactly as lhey were previously, or else leakape of feed can ooour.

4. L herizontal modules, the Now |5 parallzl through all chapneis at velocities of abowt 2 m/s.
For a stack of plates. thls can tesull in a pressurc drop of abaut 10 bay. Plate-and -frame
systerns tend to be intermediate between spiral-wound and tubular systems In energy
consumption for recirculation.

3. Membranes are current|y abaut $1200m2 foe cellulose acetate. &2 30/m? for non-cellulosic RE
membranes, and $140/m? for polysulphone membranes,

b, Surface area-to-volume ratio s faicly high. averaging about 500-1 000 m*/m?.

Spiral wound

1. nspiral-wound modules the feed channe! height s contrelled essentially by the thickoness
oflthe mesh-like spacer ln the feed channel. Spacers of 0.76 or 1.1 mm are MOest ComMmon,

The advantage of a parrow channe! height is thar much more membrane zrea can be packed
into a given pressure vessel,

2. A larger channel height, while reduclng the surface area-Lo-volurne cation sllghtly. may be
more desirable ta minimize pressure drops and reduce feed channel plugging. The general
rule of prefiltering to one-1enth the channe! height is modified for the spiral-wound unit due
to the presence ol the spacer which reduees the free volume in the channel. Prefiliration of
the feed down 10 5-25 pm is recommended for the 0.7 6 mm spacer-module. and 25-30 pm
for the 1.1 mm channel.

3. Lengthsolindtvidual membrane assemblies vary from 1 t0 6 feet (0. 32 m), When calculaling
the surface area of a splral-wound membrane, it 18 convenient to ¢onsider it agrwo flat-sheets.
although the effertlve membrane area of splral-wound modules muat allow fer gluing the
membrane sandwich, for fixing the fourth side 10 the permeate collection tube and the ouler
periphery.

4. The hydrodynamics In the spiral-woeuand module t not too clear. The velocity in spiral-wound

unils ranges from 10 1o 60 omys. being higher Tor the large mesh spacers. These are ‘superficial’

veloclties, however, slhee the volume occupied by Lthe mesh-like spacer in the feed channelis
neglected. These velocities correspond 10 Reynalds numbers of 100 1300, Technlcally. this

isin the laminar flow reglon, bul the additlonal turbulence contributed by the spacers means
that the flow 15 in the turbulent region.

Surfuce area-to-volame ratio is fairly high. averaging sbout A00-1000m?/m*,

B Pressure dvops in the feed channel are celatlvely high due to the eflect of the spacer. Ala
supetficial velocity of 25 cm/s the pressure drop 15 atound, 1-1.4 bar. This high pressure drop
can give rise to a “telescoping' offect at high flow rates. Le. the spiral pushes itself autin the
directlon of Hlow, This can damage the membrane and so anti-telescoping devices are used
at the downstream end ofthe membrane element 1o prevent this.

7. Thecombination of the low flow rates, pressure drops and relatively high turbulence makes
this an cconomic module in terms of power consumption. A problem with the mesh spacers is
the creation of ‘dead’ spots directly behind the mesh in the flow path. This may canse
partieles to *hang up' In the mesh network, resulting in cleaning problems. This makes it
dillicult te process feeds contuining suspended paricles, especially if i is a concenirated
slurry and a high recovery of the part|eles is required. Spiral modules work best en relatdvely

clean feed streams with a tminlmum of suspended matter.

g Capital costs are quite low. The membrane element can be recovered leom the pressure vessel
and returned to the factory for reassembling new membranes. Replacement membranes are
priced cypically at 33 5-140/m? for cellulose acetate. polyviny idenedifluoride. and
polysulphone membranes,

n
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Table 8.3 Chemical compatibility of membrane materials

Aclds

Acetic ucid, glacial
Acetle acid. 5%

Boric actd

Hydrochlorie acid (conc.)
Hydrofluoric acid

Nitric acid (conc.)
Sulphuric acid (cone.)

Bages

Ammonium hydroxide (6N}

Sodium hydroxide (conc.)

Solvents

Acctone
Acctonitrile

Amyl acetate

Amyl alcohol
Benzene

Benzyl alcohol (1%)
Brine (sea water)
Buiyl alcohol
Carbon tetrachloride
Cellosolve (ethyl)
Chloroform
Cyclohaxanone
Dimethylacetarmide
Dimethylformamide
Dioxana

M50

Ethyl algohol
Etherg

Ethyl acetute
Ethylene glycol
Formaldehyde
Freon TF or FCA
Gasoline

Glycerine (glycerol)
Hexane

Hydrogen peroxide (39%)
Hypo (photo)
[sobutyl alcohol
Isopropyl acetate
Isopropyl alcohol
Kerpsene
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Table 8.3 (continued)
£ o
W — 7]
7 3 z g
¥ £ £ x
- = = 5 g
o 5 :": é e E E' a
= &z % B £ & £
T o - o B & . o
s f 2 0 ¢ £ ¢ F &
3 = = = Z e - - =
=) Ed % E = "_'" I = =]
= £ e = = = g =) E
T X : £ 53 E § i z
) = = = ™ = & ] -
Methyl alcohol [ ] a [ ] X ® [ ] [ [ ] ]
Methylene chloride X X (] X 0 ® X ® X
MEK X X X X ® ® 0 ) ]
MIBK X [ ] X X [ ] [ ] - - [ ]
Minera) spicits X ] ® [ ] ® & L L L
Nitrobenzene X ® @ X ® a X L] [ ]
Paraldehyde X o (] X * L - - -
Czone (10 ppm in waler) X ® ® ® ® ) . ) ®
Pet buse oils b [ ) [ ] ® & ] - -
Pentane X [ [} L] L) L] L L X
Perchloreethylene X e Y ® 0 L] [ ] * X
Petroleum ether X & [ ] - & ] ® & hd
Phenal (5.0%) X ) ) ] L L - ® e
Pyridine X [ [ ] X [ ] ) X [ ] ]
Sticon oils X & ] ] & L ] L & [ ]
Toluene X & ® ® Q ® 0 ] 0]
Trichloroethune X ) L] & 0 ® 0 L ] X
Trichlorocthylenc X [ ] [ ] [ ] ] e X [ ] X
TEA X ® 0 X e o - - [ ]
THF X e o X e o X e 0
Xylene X ) @ ' 0 e ® o 0
Gases
Helium X ] e - & [ ] [ ] ] @
Hydrogen X ® ® ] ® ] L ] L L]
Nitrogen X & ® [ - [ * ® ]
Ozone X X bt X X [ ] & ( 0

Codes: @ =recommended:  O=limited upplications. testing prior to use is recemmendeds

X=not recommended.
Recommendations are based upon stutic soak for 72 h at 25 € and atmospheric pressure. Dynamic
(operating) conditions al moderate (2 10%) Huctuation will net change the recommendations, but high
liguid temperature may do 5o in some cases.

8.3.1 Range of membrane materials

Originally. all membranes were based on natural materials or derivatives of
natural cellulose. Whilst cellulosic media continue to play an important role in
certatn areas of application. the major source of membranes is now synthetic
polymers. some of which are included in Table .4, There is an immense variety
of polymeric materials available as filter media, including grades with specially
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Table 54 Typical characteristics and applications of micrefiltration membranes

Material

Chatacteristics

Typical applications

Polysulphone

MNylon

FTFE

Acrylic copolymer

Polypropylene

Glass

Pelycarbonate

Cellubnse

Aninherently hydrophilic
pulysulphone membrane with
excellent low rates, [ow

exteactables. broad chemical
competibility. high mechanical
strength and temperature reslstance,
Hydrophilic membrane with high
tenstle strength. Yery high low

rates, long Jtfe and low extractables.
Offers excellent chemical compatibility.
Waturally hydrophobie membrane
laminated to & polypropylens support
forextra derability and strength,
Superior chemtcal and temperature
resistance.

Inherently hydraphilic copolymer with
stron g nonwoven palyester fabric
support. Offers high flow rates_ low
differential pressures and low
extractables,

Naturally hydrophebic membrane and
chemically inert. Broad pH stablry,
high temperature resistance and high
flow rates.

Momimal 1.0 mro fine borosilicate
glass fibre. High llow rates at moderate
differential pressures. Good wet strength
and high dirt-holding capacily.
Hydrophilic membrane_ unique pore
structure and captuce. streng. flexible,
high flow rate. Lhermal stability,
non-gxiractable.

Aydrophilic membrane. General parpose.

wilk limlted thermal and mechanical
stability. Some exlraciables.

Food and beverages
Pharmaceuticals
Semiconductor water
Serum

Semiconductor witer
Chemicals
Beverages

Adr and gases
FPharmaceuticals
Aggressive chemirals

Semiconductor water
Pharmaceuticals
Foaod and beverages

Chenmicals
Micraelecirontcs
Pharmaceulicals

Chemicals
Serum
Beverages

Pharmacenticals
Air pollution
Laboralory analvsis

Atr pollution
Microbiology

Foods and pharmaceutical

developed properties: hydrophebic or hydrophilic. anionic or cationie. for
specific filtration applications.
The range of synthetic polymers used for membrane media includes:

& acrylics

polyacrylonitrile (PAN}
acrylic copelymers

& amides and imides
nylons and aliphatic polyamides
polyaramids {aromatic amides)
polyimide and polyetherimide | PE[]
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® esters
polycarbonate (PC)
pelyethylene terephthalate (PET} and polybutylene terephthalate (PBT)
# Huoropclymers
polyvinylidenedifluoride (PVIF)
polytetrafluorcethylene (mostly as ePTFE)
s ketones and sulphones
polyetherketone (PEK} and polyetheretherketone {PEEK)
polysulphone, polyethersulphone (PES)
« olefins
polyethylene (usuzlly high density} t HDPE)
polypropylene (PP).

Of ihese, PC, ePTFE and PES are among the lastest growing in importance. Most
althese types of membrane material are reviewed tn the next section.

During the last 2{} years or so, inorganic materials such as ceramics and
metals have become of increasing significance as membrane materials. The
introduction of these. despite their being nearly an order of magnitude maore
expensive than their organic counterparts, has occurred because of their much-
improved operating lifetimes. their robustness, their greater tolerance to extreme
condltions of operation, such as higher temperature and aggressive chemicals,
and the subsequent overall saving in lifetime costs.

Apart from the doped PES referred to abave, in Section 8.2.1, for anti-louling
perlormance, most membranes have a single polymer {or copolymer) as the
actlve layer. A quite different kind of membrane, the affinity membrane, is
developing rapidly as a separation tool'”!, able to separate molecular species by
their chemical characteristics, rather than by size. These are based on the
molecular recognition technology that won the 1987 Nobel Prize for Chemistry,
and are marketed by 3M.

8.3.2 Membrane properties

The irregularity of the pores of most membranes, and the olten trregular shape of
the particles being filtered, results in there not being a sharp cut-off size during
filtration. With symmetric membranes some degree of depth filtration could
occur as smaller particles move through the tortuous flow path. To counteract
this effect. asymmetric membrancs. which have surface pore sizes mach less than
those in the bulk of 1the membrane material, are used to trap the particles almost
exclusively at one surface (the membrane skin) whilst still offering low
hydrodynanmtic resistance,

A membrane that is kydrephobic will have a greater tendency to being fouled.
especially by proteins, Hydrophobic membranes require wetting. for example
with alcohol, priar to Bliration of water-based solutions: they are consequently
good filiration media [or gases. Three hydrophobic materials commonly used as
micrefiltration membranes are PTFE, PVDF (polyvinylidenediflucride) and
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polypropylene. These all exhibit excellent to good chemical stability. PTFE ts
insoluble in most common solvents and is produced by solvent casting. PYDF is
less stable than PTFE, and is soluble in aprotic solvents such as
dimethylformamide, and can be produced by solvent casting. Polypropylene is
the least stable of the three and can be produced by stretching and phase
inversion.

Many polymer membrane materials exhibit detrimental adsorption
characteristics. Sclute adsorption has the effect of reducing flux, and can lead to
difficulties in membrane cleaning. Hydrophilic membranes are conseguently
widely used because of their reduced adsorption behaviour. The best-known
hydrophilic materials are based on cellulose, such as cellulose aster (acetate,
triacetate, nitrate #nd mixed esiers). Cellulose is a palysaccharide. derived (rom
plants, and is quite crystalline: the polymer is very hydrophilic but is not water
soluble. Cellulose acetate is a relatively inexpensive hydrophilic material that
has good resistance to fouling in many applications, especially with proteins;
however, it has a limited pH operating range (3-7). and its operating
temperatures need Lo be below 35°C, while the polymer is very susceptible o
biclogical degradatien. Other hydrophilic membranes commonly used are
polycarbonate, polysulphone, polyethersnlphone and nylon. More recenmtly,
ceratmic membrares {mainly alumina and zirconia) have become routinely used
in moredemanding applications. Membranes made [rom glass. carbon and metals
{includingsilver, aluminium and stainless steel) are used for special applications.

Polysulphone s an engineering polymer used for both microfiltration and
uitrafiltration membranes. The wltrafiltration versions are available with a
neminal molecular weight cut-off (MWCO) in the range 2-100 kD. Polysulphone
exhibits quite goed chemical and temperature stability {up to 80°C) and can
lunction in the pH range 1.5-12 for short pertods of cleaning. It exhibits some
resistance to oxidizing agents (c.g. chlerine) but on prolonged exposure to such
materials it will lose its separation characteristics.

P¥DF has stmilar, if not beiter. pH and temperature tolerances than
polystlphone and has a supertor tolerance to oxidizging agents and many solvents.
It thus can be cleaned with more aggressive agents for substantially longer
perlods. Itis available as an anisotropic membrane. produced by phase tnversion.

Polyacrylonitrile is used either alone or as a copolymer. with for example PVC
or methyl methacrylate added to increase its hydrophilicity. for ultrafiltration. Tt
offers a tolerance to a wide range of organic solvents.

Semi-crystalline aromatic polyetherketones form an extremely useful range of
high-pericrmance engineering polymers, with a unigque combination of
mecharical toughness. high modulus. hydrolyttc stability, resistance to
oxidative degradation. the reteniion of physical properties at moderately high
temperatures {up to 250°C), and the ability to withstand organic solvents such
as toluene and tetrachloroethylene: these materials are steam sterilizable.

Polyamides are another important class ol membranes with good chemical.
thermal and mechanical stability. Aliphatic polyamides, such as Nylon-6.
Nylon 6-6 and Nylon 4-6. are used as microfiltration and ultrafiltration
membranes.



Mepibranes 327

8.4 Membrane Manufacture

Factors that have a profound influence on the structure or morphology of a
particular membrane arc the nature of the process by which it is manufactured
and the form of the raw material used. The various manufacluring proecesses,
which are discussed in this section. can be broadly summarized as:

» sintering ol fine graded particles:

» solvent casting or phase inversion. involving the stage-wise evaporation of
a sofution of polymer in a mixture of selvents:

e irradiation and etching of an impervious film: and

e stretching an impervious film to cause multiple ruptures.

Figures 8.12 and 8.13 respectively provide schematic and photographic
representations of the resultant variety of morphologies — strictly speaking for
microfiltratton membranes only, but actually applying toall kinds.

he manufacturing processes for membranes are actually guite numerous, as
shown in Tahble 8.5. In presenting a brief description of these processes. it is
appropriate to distinguish between polymeric membranes. which formerly
dominated the whole lield. and (the increasingly important membranes based on
inorganic materials.

8.4.7 Manulacture of polymeric membranes

Polymeric membranes for microfiltration are manufactured by several processes.
including stretching. phase inversion {sclvent casting) and track etching. as
well as sintering. In the case of ultrafiliration membranes. the usual method
of preparation is phase inversion. as it is for reverse osmosis and nanofiltration
media; ultrafiltration membranes are sometimes used as supports for the
production of composite membranes for reverse osmosis and gas permeation.

84137 Sintering

The production of membranes by sintering involves the compressing of a
powder of particles of carefully graded size, and then heating to an elevated
temperature. With the correct temperature of sintering for the specific material,
the interface between the particles disappears to produce a porous structure,
The pore size produced depends on the particle size and size distribution. but is
limited to sizes of 0.1 ym or mere. Porosity of the membrane is relatively low,
typically in the range 10-20% for polymers tbut up to 80% for metal
membranesi. The method is also used to produce membranes of ceramic. carbon
and glass.

8.4.1.2 Strelching

The patented stretching process tnvented by W L Gore [ne converis impervious
PTFE film into a range of membranes. The essence of the process is to subject the
hot film to an extremely rapid unidirectional stretching action at about 320°C.
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SYMMETRIC MICROFILTRATION MEMBRANES

pore straight pores 502 bubhie- Hike corgl-like Stredched
slructure {1nam- like} Hortuousi
production  Lrack-etchingf casting + leachingfevaporalion film- stretching

lechnique  anodising procasses

ASYMMETR IC MICROF ILTRATION MEMBRANES

pare  finger-like substructurs  Taam-)i%e substr. double boplayer sinlered ceramic
str. sleve—| (ke toplayer nodular toplaysr spheres
production phase inversion phase inversion phase irversion sintering/
technique slip casting

Figure 8,12, Morghalogies of meicrafiitration membranes.

Mixed esters of cellulose Durapore polyvinylidene Isopore track-eiched
membiane, dillucride imembrane. polycarbanate membrane.

Fluocopore FTFE membrane. Solvex polypropylens membrans.

Flgure 8.1 3. Blectromicrggraphs of the surfoces of MF membranes. { Photographs: Millipere Carporation)
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Table 85 Summary of membrane meterials and manufacturing processes
Nominal — Membrane/ Manuiacturing Module Mechanical, Degreeof
pore shas support process vonfiguration thermaland asymmetry
{pum] chermical
stability
0.1-5 Polysulphone Irmersion Hollow fbre + +4
precipitatlon
0.1-0.65 Folypropylens  Thermal Hollow fibee/ L -
precipitation tubular
0.1-0.4 Mylan-6 Hollow fibre/ ++ -
tubular
01 Polysulphone Several phase Hollow fibre;,  + +
Cellulose acetate  inversivn flat sheet
Fluoropolymer  techniques
Flat sheest - t
Flai sheet ++ £
2-5 Palyethylene Fhase invershon Tubular + -
lechnigue
0.02-0.4 Polypropylene  Stretching Hollow fibre ++ -
0.1-5 Polysulphone Tmmerslon Flat sheet + ++
precipilation
01-5 Fluoropalymer Flat sheet ++ ++
0.2-10 Nylon Evapuralion Flar sheat o+ -
precipitation cartridge
nI-5 Polysulphone Immersion Splralwonnd, + +
precipitation tubular
00145 Polyvinylaleshol Immersion Hellow fibre -
precipitation
0.z Polysulphone/  Phaseinversion Flat sheet
Fluoropolymer  technique frotary module)
(13) Polyolefine Phasc inversion Hollow fibre =+
technigue
3.1-065%  Celluloze nitrate  Evaporation/ Flat sheet - +
Flugropolymer  immersion
Precipitation Flztsheet ++ *
G.1-1.2 Polysulphone Tmmersion Splralwound *
precipitation
Fluoropolymer Spiral weund -
0.1-1.5 Fluoropolymer  Immersion Flat sheet ++ *
precipitation
0.2-5 Fluorcpolymer Evaporatlon/ Fla1 chest ++ +
immersicn
0608 MNylon Precipitation Flatsheet ++ +
0.05-1 Polyiether)imide [mmersion Hellow fibre/! + +
precipitation fTat sheet
005-1 Polyzulphone Hollow fibre/ + +
flat sheet
0.2 Polycarbonate  Tracketching Flat shee
0.025-0.2 v-AlO; Angdic oxldation Flat structure % -
0.2-5% g-Al 0, Sintering/slip Tubular ++E ++
cesting
0.1 2r0;fo-Al0, Tubular +++
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Table 8.5 (continuad)

Nominal  Membrane/ Manufacturing Rjendule Mechanical., Degree of
pore stze sUpport process configurationn  thermaland asymmetry
{pm]) chemical
stability
0.2-3 Glass Leaching of Tubular
soluble phase
0.1 2r,/C Dynamically formed Tubulir + ++
Irom suspension
0.15-8 Sic Sintering slip Tubulsr +++ ++
casting
-1 Carbin - Tubular Ll ++
{.2-1 arAlz0s Sintering/slip Tubular +++ ++
casting
0.2 3 Sintering/slip Tubular 4+ ++
casling
G144 2rin/C Trynamically formed Tubwlur ++ +4
from suspenston
0.05-0.3  Glass Leaching of soluble Hellow fbre * -
phase

followed by a pertod of heat treatment at a somewhat higher temperature. The
firsl stage generates a structure of siall nodes (from less than 1 pm up to 400
pm) connected by a mass of fine fibrils, as shown schematically in Figure 8.14.
The heat treziment step results in a change in the crystalline stracture, giving
what is termed ‘amorphous locking’. with a major increase in mechanical
strength. A highly magnified view of a sample of this type of membrane is shown
in Figure 3.15.

Whilst the process as summarized permits the direct manufacture of a range of
membranes. all of high porosity and strength. their extreme thinness (12-75
um} presents considerable handling problems. It is essential to combine them
with a suitablc substrate. so as to give a product that is handleable and robust
enough to uze. Depending on the intended application. substrates range from
lightweight spunbonded polypropylenc or polyesicr, to substantial fabrics, such
as thick needlefelts. Figure 8.16 shows a Goretex membrane coating a 500 g/m?
needlefelt, at the still higher magnificatien of x 900, The delicate structure ol the
membrane is clearly visible. as are the spherical particles of fly ash. their sizes
ranging from 3 to 15 pm, trapped on the surlace,

8.4.1.3 Track-stching

Track-etched membranes are the closest membrane analogues to a sieve, the
membranes being essentially dense polymer [ilms punctuated by cylindrical
holes. Figure 8.17 shows the surface of a track-etched membrane, in which the
holes are about 0.2 mm in dtameier. These membranes are manufactured by a
process divided into two steps: tracking and etching, During the tracking phase.
a thin polymer film is unrolled at high speed while exposed to a fast-moving beam
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of accelerated argon ions. The highly energetic ions picrce the polymer film and
break the polymer chains, leaving ‘tracks’ that are then etched in baths of
aggressive chemical agents (such as caustic seda) to convert them Into clean.
cylindrical pores of a defined uniform character.

The pore density of the memhbrane is controlled during the tracking step, by
maodilying the speed of the film. while the pore diameter s controlled during the
etching step. by varying the immersion time in the etchant bath. The use of a
highly energetic argon ion beam during the racking step allows the plercing ol
thicker films than was possible in clder processes. The beam of argon ions,
accelerated in a cyclotron during the manufacturing. avoids radioactlve

Figure 8.14. Schenzatic veprasentqtion of the strueTre of Garetex membrane { fromt US Patent 3953, 566}

Flgure 8.1 5, A microphotograph of expamded PTEE membrome { Fhoiograph: Tetrater Corporation)
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contamination, and enables the etching to be performed immediately afler the
tracking step, reducing manufacturing time and improving quality control of the
final product.

It has only proved possible to manufacture track-eiched membranes with pore
sizes in the microfiltratlon range {(0.03-8 pm). Because these membranes are
symmetric, their resistance to the flow of water is proportional to the membrane
thickness, and they are therelore made thinner than asymmetric microporous
mentbranes, in order to have comparable fluxes. The usual material that is track

Figure 8. 16. Flyash perticles o the Gore-Tex bamingied surface of neediefelt.

Figure &1 7. Surface of track-eiched membrane showing regalar hole size and distribulion.
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etched is polycarbonate, resultant porosities being of the order of 10%.
depending on the radiation time.

8.4.1.4 Sohvert casling or phase inversion

The majority of polymeric membranes can be produced by a method known
variously as solvent casting or phase inversion, whereby a polymer solution
inverts inio a swollen three-dimenstonal macromolecular complex or gel. Forous
membranes are produced from a two- or three- (or even four-) compoenent depe
mixture containing polymer, solvent and non-solvent (and szlt in some cases).

The first step is to prepare 2 casting solution by dissolving polymer tn a solvent,
which may contain certaln additives. To form flat membrane sheets, the casting
solution is spread directly onto a suitable support by using a casting knife. The
support mey be & glass plate or other inert support. from which the membrane is
then removed, or a support for the membrane itself {such as a nen-woven
palyester) to which the membrane remains fixed,

The casting thickness can typically vary from 50 to 500 pm. The cast film is
then transferred to a non-solvent (gelaticn} bath, where exchange occurs
between solvent and non-solvent (typically water). which leads to precipitation
of the palymer from the solvent,

A typical example of the phase inversion manufacturing process, for cellulose
acetate ultrafiltration membranes. is by dissolving the polymer in a mixture of
acetone, dioxan and formamtde. After precipitation has occurred. & thin skin of
polymer forms on the surface of the cast film. The microstructure of 1the bulk of
the membrane is determined in the gelation stage. altheugh the process of
gelation is strongly influenced by the properties of the skin at the surface of the
membrane exposed to the ale.

The invention: of this basic process is attributed to Loeb and Sourirajan. an
Interesting account of whose pioneering work was provided in the opening
paper'®! presented by Loeb to a four-day symposium of the American Chemical
Society in 1980. This event was held specifically to mark the 20th anniversary of
their development of the first modified asymmetric membranes with commercial
potentlal lor reverse osmosis.

Three types of membrane are typically produced in this way:

1. il the skin layer is dense, and has a very high reslstance to the gelation
medium and the outward transfer of the solvents. the rate ¢l polymer
precipitation can be limited by the rate of transfer across the skin. and a uniform
porous structure is produced;

2. ifthe resistance of the skin is such that the rate of diffusion across the bulk of
the membrane 13 more important, a gradation in pore stze away from the skin
surface iz likely to occur. giving an asymmetrie sponge-like structure:

3. membranes with Bnger-like voids are formed if the precipitation ol polymer
accurs rapidly. i.e. where solvents with little affinity for the polymer are used or
where the gelation bath has a high salinity.

The performance cheracteristics (chiefly flux and selectivity} of phase
inversion membranes depend upon many parameters. including polymer
concentrziion, evaporation time before Immersion, humidity. temperature.
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composition of casting solution, ard the composition and condition of the
coagulation bath,

Hollow fibre membranes are preduced by a different procedure, using various
spinning processes {wet spinning. dry-wet spinning, melt sptnning and dry
splnning). The casting solution is purnped through a spinneret, which is a nozzle
with z solid inner annular section that enables the solution to be extruded in a
eylindrical form: this spinneret is used for the wet and wet—dry spinning
processes. The hollow fibres are selfsupporting and demixing occurs both
putside and inside the fibre; after spending some time in the air. or in a controlled
atmosphere. the fibre is then immersed in a non-solvent coagulation bath.

Tubular polymer membranes require a different procedure since they are not
self-supporting. The casting has to be carried out on a supporting tubular
material, such as non-woven polyester or carbon.

A variety of other methods for forming membranes by phase Inversion are
summarized in Table 8.6. Certain polymer membranes cannot be produced hy
conventional solvent casting because their erystallinity makes them insoluble in
conventional solvents at ambient temperatures. This problem can be overcome
by thermal phase inversion, in which a polymer is dissolved in a solvent at a high
temperature. the solution then being cooled to preclpitate the polymer as a
formed membrane from which the solvent is removed. Polymeric materials made
into membranes in this way include polyethylene, polypropylene, polycarbonate
and PVC.

An alternative thermal phase inversion process permits the production of
ultrafiltration and microfiltration membranes (rom arpmatic polymers
containing in-chain ¢ther or thiocther and ketone linkages. Suitable materials
are homopolymers such as polyetherketone (PEK) and polyetheretherketone
(PEEK). or copolymers such as PEK/PEEK and PEEK/PES {polyethersulphone;.
The first step s to dissolve the polymer in a latent’ solvent, which is a compound

Table 8.& Phase inverslon memhbrane preparation

Precipitation method Principle

Solvent evaporation Evaporation on inerlsuppott of potous substrate tn an inert atmosphere,
Produces dense membranes thomogenous).

Vapour phase Casting oflilminta a vapour phase of solvent and non-solvent, Membrane

formation is due Lo penetration of non-solventinue cast flm. producing
a porowrs membrane with no top layer.

Controlled evaporation Polymer is dissolved tn a solvent/non-solvent mixtore, Evaporation of
solvent durlng evaporation shitfts the composition toa higher
non-solvent and polymer content, This leads to polymer precipltation
and the formation of  skin o the membrane,

Thermal precipitation A polymer and solvent solution is covled to enable phase separation,
Evaporation of sulvent can allow the lormatton of a skinned
membrane.

Frequently wsed to prepare microfiliratlon membranes.
[mrnersion A solution of poly met plizsselvent is cast {on a support tand imumetsed In

& coagulation bath. Precipitation occurs by the exchange of solvent
and non-solveri In the coagalation bath.
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in which the polymer is soluble at high temperatures, typically only 5°C below
the polymer melting point of 320-340°C, while, at low temperatures. below
100°C, the polymer iz enly poorly soluble in the chosen solvent. Examples of
suitable solvents, with a plurality of aromatic rings, are tetraphenyls.
hexaphenyls or polar polyaromatic compounds. The initial concentration of the
polymer in the solvent is 10-50 wt.% (preferably 20%}); a pore-forming agent
fe.g. an inorganic salt or scluble polymer) can be added to the solution. With
pore diameters in the range 0.001-1 um, the membranes manufactured in this
way may be asymmetric or isotropic, and either unsupported or supporied (e.g.
or: PTPE. carbon fibre or stainless steel).

Alternattve solvents lor these otherwise Intractable polymers are certain very
strong mineral acids, such as lquid hydrogen flucrlde, trifluoromethane
sulphonic acid and sulphuric acid. Casting solutions can be formed containing.
for example, 7-14 wt.% ol PEK in 98% sulphuric acid, to produce both flat sheet
and hollow fibre membranes for ultraliltration.

8.42 Manufacture of Inorganic membranes

There is growing intersst in the use of incrganic membranes because of their
robustness, lheir tolerance 1o extreme condiions of operation, such as higher
temperature and aggressive chemicals. and the resultani long lHe, which offsets
their higher initial cost as compared with polymeric membranes. The materials
include ceramics. metals, carbon and glass, Some examples are listed in Table
8.7. Inorganic membranes may be homogenégus, asymmetric or composites.

8.4.2.1 Ceramic membranes

Almaost all ceramic membranes are made by the sintering of a layer of carefully
sized particles. A layer so made would be far too brittle to survive separate use, so

Table 8.7 Range of avallable porons inorganic membranes

Membrane material Suopport matetrdal Membrane pore Geometry of
diameter {nm) membrane element

Mi, An =500 Tube

Ag. Pt

Ag/Pd ] Tube

Zr{')z [ 4 Tube

), < 4-14 Tube

2, Metal Dyrtatmic Tube

2&'0‘; AI;U; 14 Tihe

SiC S 1 5¢=-H{KI Tuhe

£i0, (glass) 4-120 Tube capillary

Al 0y AlG 45000 Monolith/tube

AlLO; ALD, 200-5000 Tabe

1‘“)_03 Al)_ﬂ; 200-5000 Tube

Al Al 204} Tube

M;U; A1103 25‘20{] DISL:
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all ceramic membranes are manufactured as a composite structure, with the
membrane layer laid down on a porous substrate before sintering.

Composttes require a support of open structure, and they may be ol ceramics or
carbon. For ceramics these supports are typically tubes or menolithic elements
with secveral channels, as in Figure 8.9, fabricated by ceramic shaping methods
such as slip-casting. extruding. ete. Carbon supports are typically produced by
pyrolysis of a pelymeric precursor. or by the pressing ol carbon powders or fibres.
The supports typically have pore stzes in the range 5-15 pm and porosities of 40-
30%., or greater [or carbon supports.

Typical use of these supports is ta produce microfiltration membranes. which
have depesited layers 10-30 pm thick, with pores (3,.2-1 pm in size, and 40-50%
perosity. The membranes are prepared by lilm coaling the porous support with a
suspension of the ceramic powder. The thickness of the coated layer is adjusted
by changing the viscosity of the suspension. for example by changing its solids
content. In preparation, pinholes in the deposited layer are avoided by
suppressing the capillary force effect in the pores. The membrane [ayer is then
formed by sintering a1 high temperatures, e.g. 1200-1450°C {or alumina. the
temperature nsed depending upon material. powder particle size und required
pore structure,

The suspensions used in the process are prepared either by milling the powders
or, for finer suspensions, by hydrolysis of saits or alkoxides {e.g. those of
aluminium, zrconiuzm and silicon). Overall the method is used to apply layers
having pore sizes from 0.05 to 0.3 pm and, in the case of 2irconia. suspensions on
carbon of 0.01 pm pore size. The use of colloidal suspensions is applied in the
sol-gel” process, which uses the capillary forces n the support to improve
adherence between membrane layer and support. The method produces a sharp
pore size distribution, with rapid preduction of layers to .01 pmin thickness. In
practice the support quality has to be very good and the pore size in the top of the
support should be 1 pm or less. otherwise the capillary forces are too weak at the
start of the cake filtration/slip casting process. The method can be used to
produce membranes with multiple layers, the top laver being the thinnest and
with the smallest pore size. Final pore sizes of the order of 0.003 um can be
praduced in this way {see Figure 8. 18),

The preduction of crack-free membrane layers requires careful control of the
drying, calcining and sintering stages. Drying control agents and organic
additives, o adjust viscosity, are frequently employed to adjust the pore size
distribution. During czleination and sintering the additives arc burnt out.
Membranes produced by these methods include alumina and titania layers on
ceramics and glass, zirconta on carbon and alumina. and silica on alumina.

Classical slip-casting of slurries or sols on ceramic supperts i a common
procedure for the preparation of commertial microfiltration and ultrafiliration
materials. These materials are manufactured by association of various granular
layers. Bach ceramic layer ts characterized by its thickness, porosity and mean
pore dlameter, and these parameters are controlled by the particle size and
synthesis method. However, the experimental hydraulic resistance of an
inorganic composile membrane can be much larger than that obtained by



Membranes 317

summing the individual resistances of all the layers. This is explained by the
exisience of a transition boundary layer between two porous media having
drastically different pore sizes.

Non-infiltrated  ceramic  membranes can  provide the expected water
permeabilitics. To prepare non-infilirzied membranes a new step is iniroduced,
this being pretreatment of the support by impregnating the top of the support
mzterial with an agqueous sclution of methyl cellulose. Afier the resulting
polymer film has dried, the ceramic suspenston is poured intoe the tube, which is
then evacuated for 10 minutes, during which the polymeric dense film prevents
any penetration into the pores of the support. The subsequent firing operation
destroys the polymerlc flm and leaves a non-infilirated membrane. The fnal
ternperzture and time of firing control the mean pore size and size distribution ol the
me¢mbrane, This process iswell suited to the production of titania membranes.

8.4.2.2 Carbon membranes

Carbon membranes. as shown in Figure 8.19. are produced from a thin perous
layer of carbon (appraximately (.01 pm thicki applied to the internal surface ofa
narrow diameter support tube made from a carbon fibre/carbon matrix. The
active layer pore size is in a range of 0.1-1 pm. Carbon membranes are
particularly uselul for operation at very low pH and they ran [unction at
temperatures of 165°C and at pressures up to 4{} bar. They are suitable for
conditions when many cleaning cycles are required either by backilushing or
chemically.

8423 Porous glass

A technique [or preparing porous glass membranes combines leaching with
Lthe thermal phase inversion process used for the preduction of certain types of
polymeric membrane. A three-companeni mixture of the axides of sodium, boran

Figure 8.1 8, Seanning electron mberograph ofa cevamic membrane.
{Photagraph: APV Membrontechnologic GmbH).
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and silicon ts converted into a homogeneous melt. When this is cooled It
separates into two phases. One phase consists mainly of insoluble silica. while
the other phase is soluble. After solidification. the soluble phase is leached out by
acid to produce a porous structure.

3.4.2.4 Melal membranes

There is a very indistinet boundary line in any classtfication of membrane
medta between ceramic and metal media. Most ‘hetal’ membranes are actually a
substrate of metal. with the oxide of that metal. i.e, a ceramic. forming the actual
active layer at the suriace of the membrane. However, it is customary to regard
media that are mainly metal as metzal membranes, and they are so discussed
here. although there are one or two media that are all metal.

The first of these all metal media is the range of pure metallic silver membrane
discs available from Osmonics Inc. These are in the form of discs of eight different
diameters between 13 and 293 mm, and with particle retention ratings
extending from {.2 to 5 pm. Originally produced by the sintering of silver
granules, these membranes are now [ormed by 2 reaction bonding mechanism
that transforms a suspension of amorphous silver into a strong homogeneous
crystalline network of porous stlver. The membranes are 50 pm in thickness,
with a 60% open area. They are claimed to be usually more economical than
disposable flters because they can be reused several times after chemical or
ignition cleaning.

Membrane media are also made from anodized aluminiem. An asymmetric
structure that can be formed by anodimng aluminium is shown schematically
and photographically in Figure 8.20. The top-side pores have a size of
approximately 0.025 pm, while the support pores are of the order of 0.2 pm.

During anodic oxidation. several metzls develop coherent perous axide
coatings that adhere strangly to the metal substrate, limiting the direct use ol the
porous layer az a membrane. For example, anodizing aluminium in electrolytes
of oxalic, phospheric or sulphuric acld, generates a porous structure inwards
from: the outer surface only as far as an imperforate barrier layer. However. if the
voltage of the anodizing ceil is varied. say by reducing the starting potential from
25 V to zere n steps of .5 V. the resultant pore structure is altered; the single

Digiire 8.19. Photomicrograph of a carbon compogite mentbrane chowing the fine upper [ayer and the carbon
fibre/composite suppori. {Photograph: Le Carborme Lorraine )
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pores that normally form instead branch into numerous small pores that weaken
the fim near the substrate metal. Collectively. the branched pere system
introduces & weakened stratum into the metal oxide flm. thus enabling it to be
quite easily separated from the substrate,

The barrier layer is very thin in this process and is generally lefi on the metal
substrate. The detached oxide film is therefore porous on both sides. However,
before it is detached from the metal substrate. a perforated supporting layer can
be attached to the other side of the film by heat sealing or glue.

An inorganic membrane in the form of an etched alteminium foil, as shown in
Figure 8.21, may be made from aluminium foil by an etching process that
generates a capillary pore structure with 2 pore size of (0.5-8 pm. Recrystallized
gluminium [oil Is etched, cither on both sides to preduce a symmetrical pore
structure, or on ane side to produce an asymmetric structure. The membrane has
also been made with a silicon rubber coating. and also with a finer pore size.
down to 0,002 pm, produced by coating the pore walls with alumina.

‘The following typical flow rates for the membrane are reported:

® air— 7000 m?*/m?/h bar;
e  water-1000-20001/m?*/h bar;
« methanol - 2000-30001/m?fh bar.

Advantages claimed for aluminium foil membranes as compared with
polymeric or ceramic membranes are:
1. the foil is easily (ormed; a laser-welded tubular format has been used for
standard microfiliration tests:
2. Ut bas excellent resistance to organic solvents, even a! elevated
temperatures, and 1o radiation:
3. it is stable tn aquepus solulion and withstands clezning by bleaching with
oxidlzing agents:
4. it is electrically conducting,  properly that has been used to obtain flux
enhancement in microfiltration. and can facilitate cleaning: and

Eigrre B, 200, Artodized aluminivm membrane with asyrameiric support. | Photographs: Alcan fat, Led)
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5. it is tough, withstanding pressures up to 20 bar: this also allows increased
filtration raies.

The main metal membrane. however. is that made from sintered metal. usually
supported on & layer of sintered wire mesh. A simple example of this Is Pall's
Supramesh Z, data [or which are included in Table 6.18 ol Chapter 6. It combines
a layer of sintered mesh, with a layer of powder or fibre sinter-bonded to the
upper surface,

A sophisticated variant of this type of composite metal medium provides the
basis for the Pall range of PMM metal membranes. These incorporate a thin
sintered matrix of stainless steel or other metzl powder within the pore structure
of sintered woven wire mesh. as can be secn in the microphotograph of Figure
8.22. These thin, strong and ductile media can be pleated into high specific area
packs, while the smooth and highly uniform surface lunctions as a high-
perfermance medium flor filtration down to 2 um absolute with liguids and 0.4
pm with gases. Some relevant data are given in Table 8. 5.

These PMM membrane media are also effecttve support layers in ihe highly
robust muliilayer elements used for fliering molten polymers, where the process
conditions combine viscosities up to 4000 poise, temperatures of 250-350°C,
and pressure differentials &5 high as 300 bar.

8.4.2.5 Organo-mineral membranes

“irfon is a novel form of membrane material described by Leysen'*. which
combines mineral particles with conventional polymeric materials. For exampie.
zircenia particles are combined with polysuiphane by dispersing them in the
polymer solution used to cast membranes by immersion precipitation in a water
bath. The resulting membrane structure consists of a porous polymer network

Figure £.21, Etched aluminium foil membeane: {lefti dowble-sided etehed foil: {right) cross-sectlon of the
sime double-sided ¢1ohed fodl.
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incorporating the mineral grains, their presence significantly modilying the
resulting membrane structure and the properties of the membrane surface in a
very [avourable manner. An increase in the weight percentage of zirconia in the
casting selution significantly increases the membrane permeability and hence
flux; the cut-off values ol the membranes are arounrd 25 kD, thus confirming that
there are no significant changes in skin pore size,

Figure 8.2 2. Pafl"EAMM' filler medium isa sintered comnposite of miesh and powaider.,

Table 8.8 Pall FMM sintered mesh and powder media

Media  Micron removal rating Nermnpnal standard
grade — ———— thickness tom)
Liquid service® Gas service® Permeability'
Q0% 99%  100% Wk 1iHYS: toslr Lo water
removed
M0o20 0.1 9.3 2 > 59 99 n.4 .14 47 O7
MQ50) 0.6 2 5 9994 O.h nl4 e w2
Ml100 2z s i 99 97 1.3 13 10} n.21
M50 5 9 I 9996 1.3 i1z SN
M 200 ) 13 n 9993 4.4 .23 g UE4

b2 50 10 16 23 99490 9.1 23 152 295

*  Using AC dusts in waler efficiency measured by particle coum,

v Baged on ACFineTest Dust inair Absolite retention raling based on particle count dala.
£ Ilidm/min (= 1) mbar pressure drop.
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The technology is employed by the Dutch company X-Flow to manufacture
hollow fibre membranes [or the filiration of potable water and wine. Flat shect
membranes lor battcry separators are also avatlable.

8.5 Characterization of Membranes

Characterizatlon methods for porous membranes cap be divided into two groups
of parameters: structure related and permeation related. Certain tesis are also
used to establish the integrity of membranes in specific applications. The direct
measurement of pore statistics is routinely carried cut by electron microscopy. as
is seen in the various typical SEM (scanning electron microscopy) photographs of
membrane structures in this chapter.

Table 8.9 summarizes various test procedures used for microfiliration and
ultrafiltration membranes or forfilters incorporating these membranes. [ should be
noted that the asymmetric structure ol most ultrafiltration membranes. with top
layer pore sizes n the range of 20-1000 A. means that many of the methods of
characterization of microfiliration membranes cannot be applied. Bubble point and
mercury intrusion methods require high pressures that would damage or destrey
the membrane structure: SEM is generally not possible and TEM ({transmission
electron microscopy) is not always applicable. The methods that can be used
with ultrafiltration membranes include permeation experiments and methods such
as gas adsorption—desorption, thermoporemetry, permporometry and rejection
mezsurements. The appropriate test methods are discussedin Chapter 11,

Table 8.9 Tests for characterizing membranes or membrane Hlters

Principle of test Medium Charactetistic

Mirrefitteation membranes

Atr diffusion Alr [niegrity
Bubble point rest Air Pore size
Cartrldge retention test Water Filtration eficiency
Flow rate vs differential pressure Water
Farticle shradding rest Walter
TOC Lests Water
Resistivity test Water
Bacterla passage test Psendomonns diminrie Sterility
Mercury intrusion test He Pore size and pore distrlbution
Latex sphere tes) Latex spherr Integrity
dispersion
Water penetration test Water Integrtty
Flectron microscopy (SEM, TEM) Pore sige, shape. distribution. density
Permeation measurements Water flux for pote 2lze and distribution,

LTt rafiltration membranes

(ias adsorption—desurption s Pore size and distribution
Thermoporometry Water Pore size and distributlon
Permporometry Gas Pure size and distributton

Sirlute rejection Varlous solutes MWCO
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8.6 Commercial Membranes

The perlormance of 2 membrane is defined in terms of two lactors, Auid Alux and
selectivity. Ideally a membrane is required to combine high selectivity with bigh
permcability, but typleally attempts to maximize one factor oflen resull in a
reduction in the other. Membranc performance characteristics wvary
considerably from manulacturer to manulacturer. even where comparisons are
between nominally identical materials. What foliows here is a selection from the
very wide range of membrane media available. the selection being made to
highlight particular features of the membrane as a filter medium. The emphasis is
primarily on microfiltration and ulicafilication medta. with reference to
nancfiliration and reverse osmosis membranes only asnecessary for completeness.

This part of the first edition’s coverage of typical membrane media was divided
into separate treatment of micro- and ultrafiltration. These two areas have
merged significantly in the time since that edition was prepared. so the coverage
now is very largely by material rather than membrane process.

8.6.1 Polymeric membranes

The specifications of Millipore's range of membrane microfilters. with pore sizes
in the range 0.025-12 pm, are given in Table 8.1(} while their contrasting
surfaces are shown in the SEM photographs of Figure 8.1 3. Within thisrange it is
possible to obtain variants of the basic malerials. For example, Durapore PYDF is
available as hydrophilic. hydrophobic or super hydrophoblc membranes. with
radtcally diffierent protein binding characteristics. The track-etched Isopore
polycarbonate membranas are also available in polyethylene terephthalaie
{PET). which is more resistant to organic solvents.

Certain of these membranes are supplied bonded te a suitable support. The
Fluoropore PTFE membranes are laminated to high-density polyethylene toimprove
handling: however, certain pore grades are available as unsupperted materials.
where there Is a risk of degradation of the support. These are recoramended for the
Rltration of gases and non-aguecus liquids, although a hydrophilic material 1s
available lor the filtration of aqueous solutions. Membranes made from
polypropylene (for sterilization applications) and PVC ¢for air moniloring) are also
available.

Dead-end microfiltration is primarily carried out with flat sheet membranes,
either as discs or rectangular sheets, or in the form of pleated cartridges that can
incorporate several square metres of liltration area. Table 8.11 gives
specifications for the sheet membranes Millipere provides for use in cross-flow
modules of the type illustrated in Figure 8.23. Membranes are available in two
materials, Durapore PYDF and Ceraflow, which is & ceramic of 3-alumina: cach
material is available in twao grades. a hydrophilic grade for microfiltration and a
hydrophobic grade with finer pores for ultrafiliration.

A complete spectrum of membrane media. covering microfiltration to reverse
osmosis is supplied by Osmonics. in a catalogue approaching 1004 pages (for
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Table 8.10 Specifications of Millipore membranes

Specifications
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Durapore (polyvinyltdene difiuoride)
SVLP 5.0 288 70 1.42 (rL21 H Yes 125
nvep 0.65 69 - 70 1.42 .98 14 Yes 125
HVHE .45 35 & 75 1.42 (1.56 -] Yes 125
HVLFP (.45 24 70 1.42 1.55 22 Yes 125
GVHP .22 15 H 75 1.42 1.20 17 Yes 125
GVWP 0.22 6.9 - 70 142 i1 45 Yes 125
VVLFP 0.10 2.5 - 70 1.42 4.9 70 Yes 125
MF-Millipare (mixed cellulose acotate and nitrate)
SC &) 620 65 54 1.515 (142 3] Yes 135
M 5.0 380 32 84 1.495 0.42 5] Yes 135
88 3.0 320 30 83 1.4%9% (1,70 10 Yes 150
RA 1.2 270 2 82 1.312 0.77 11 Yes 150
AA (.80 190 16 %2 1.510 094 14 Yes 150
{black) 190 16 H2 - 1.12 16 No 150
DA 0.653 140 9 81 1.310 .20 17 Yes 150
HA (.45 6() 4 7™ 1.3140 2.1 10 Yes 150
(black) A} 4 74 - 232 33 No 180
PH 0.30 32 3 77 1.510 2.46 35 Yes 150
G 0.22 18 2 73 1.510 3.52 50 Yes 150
Ve 0.10 1.5 (.4 74 1.500 14.1 200 Yes 105
VM 0.0% (.74 0.2 72 1,500 17.6 250 Yes 105
Vs 0.025 .13 .15 70 1,300 21.1 300 Yes 105
Fluoropore ( PTFE)
Fs 3.0 286 20 83 ¢ .05 0.7 Yes 200
FA 1.0 a0 16 83 ¢ .21 3 Yes 145
FH 0.5 40) d a3 ¢ (L49 7 Yes 175
FG (.2 15 H 70 v (91 13 Yes 175
Miltex (FTFE)
LC 1000 126 14 (5% - .04 (5 Yes 125
L8 5.0 51.9 9 &0 0.06 (.9 Yes 125
Isopare (pelycarbonate film)
™ 5.0 2000 50 - 1.6 0.21 i Yes 10
Ts 3.0 15300 50 - 1.6 0.42 5 Yes 9
TT 2.0 350 22 - 1.6 0.63 9 Yes 10
RT 1.2 250 20 - 1.6 0.77 11 Yes 11
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Table 8.10 (continued}

Specifications
5 2 2
iy E .
g o 7 Z £ g 3 E
2 B % PO Y & -
k- E 4 g = = s - 2
@ 2 5 - 2 £ = =z
3 & = 2 E z £ £ i =
= e, = = = = 3 =l = =
= = g 3 2 2 B E & H
| > B = T, B = £ = 2
= = & & & & 2 = < =
AT 0.8 215 20 B 1.3 18 Yes 9
or 1N 115 19 - 1.6 1.7 24 Yes 10
FIT 0.4 70 10 - . 1.5 35 Yes 10
GT a2 7 1 - 1.6 3.3 75 Yes 10

*Flow rates listed are bazed on measarements with cl¢an water and air. and represent initiz] Sow rates for
a liquid of 1 centipoise viscosity at the start of Bliration. before flter plugging is delectable. Actualinitlal
Low rates may vary lrom the average values given here.

PWater flow rates are millililees per mimute per cm? of Eltration zrea. at 200°C with a differeatial
pressuce of 0F bar (10 psi). Flowr rates for Fluoropore, [urapoere hydrmphobic and Miltex filters are based
on methanol tnstead of water:

“Air flow rates are liires per minute per cm? of filtration area. at 20°C with a differenttal pressure of 0.7
bar (10 pai) and exit pressure of 1 atmosphere [14.7 pslal

“Bubble point pressure Is the differential pressure required to force air through the pores of a water-wet
Biber [except methanol-wet for Fluoropore. hydrophoblte Durapaore and Miltex fillersk

“Crystaliine and amorphons reglons of Fluompore Gliers have difering pefractive indices. and it is
therefpre not possible to obtaio uniform cleartng.

Additional notes: Flow rale correction for viscosity. For a liquid having a viscosity significantly
different from thal of water (1 cps), divide the water low rate by the viscosity of the
liquid in centipoises t¢ gbtaln the approxtmale initial Now rale for the hqutd in
question twiscasicy olmethanol is 06 cps at 20°C)

Whter Extraciables: Water extractables measure 5% or less for most filter types,
excepl for Ducapore membranes. which measaee 053%.

systems as well as elements and components). The microfiltraticn media are
marketed under the Desal brand name. as spiral wound untts. in three ranges. all
safe up to 50°C:

» ES00 Series: cut-off size 0.04 pm. made [rom polysulphone.

EW402RF 5.6m?iilter area 24 6miiday lowat 207 kFa & 25°C
EW4040F E.4m? 41.6m’/day
EWB040F 325m? 136.1m?/day

# | Series: cut-ofi stze 0. 3 pm, made from PVDF.

JXL040F $.4 m?filter area 45 4m?*/day flowat 207 kPa & 25°C
JXSO40F 32.5 m? 151 .0 m¥/day
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e K Series: cut-off sizes (0.1.0.2, (0,5, 1.00 and 3.0} pin. made [rom PTFE.

K2540 1.2 mt? filier ares
K4040 4.7m?
K&040 14.6m”*

Tubbe 211 Milltpore membrances for MFand UF cross-flow filtration

Specification Durapore  Ceraflo PEMEK Cerallo-UF

Material Hydrophillc 2-Alumina Hrdrophobte z-Alumina
VDK with Tellon ead FYDF with Teflun end
seal seal
Pore sizes (um} 14 .20 10,04 02
0.2z .45 {approx.) fapprox. |
.45 1.00
NMWL{kDalon} g a0
Tested hy Bubble Bubble potnt Dexrran Drexlran retention
puinl retenlion
Froperiies
Temperature 4-133°C —10n-150-C $-133°C —100-13070
kidx. pressure (23°C) f bar 141 bar fbar 10 bar
Contlnuaus 2-11k -14 2112 -1 = 3470
Intermitrent 1-13 tu-14 1-1% -1 =3F 0
Crganle solvent Limited Broad Limited Broad
compalibllity
PProtein binding Very low Highk Medium High
Brocnmpatibilizy ISP test Fass n'4 Pass nfa
Abrasion resistance Poor Excetlent Foar Excellent

Figtrs §.2 3. A "Pellican’ ragserte hlder for cross-flow fileration. 1 Photogroph: Millipers Carporation )
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Whatman's rangss ol track-etched microfiliration media are sold under the
Nuclepere and Cyclopore brand names. Cyclopore in polycarbonate and
polyester, Nuclepore in polycarbonate and mixed cellulose esters (CA and CN}.
Typical flux data and other values are given in Table 8.12 for the Nuclepore
media. Cyclopore has a simtlar range of pore sizes (0.1-12 pm) and is slightly
thicker (820 pm). Values of flux decrease with pore size and there is a
corresponding increase in the bubble point pressures.

Common polymeric materials used for ultrafiltration membranes are
regencrated collulose and polysulphone or polyethersulphone, which are
available in a range of molecular weight cut-off vahzes, as ilustrated by
Miliipore's mediain Table 8.13.

Membrane area data for ultrafiltration hollow fbre cartridge units with
polysulphcne membranes are given in Table 8.14. These membranes have
internal diameters between (.5 and 1.5 pm and are free [rom macrovoids. For
pure water, the cross-flow velocily will have little. Hany. effect on flux. However,
this is not the case with real process fluids, where the build-up of solutes at the
membrane surface nduces concentration polarization that reduces the flux,

The perfermance of an ulirafiltrution membrane is defined in terms ol ies
ability to retain molecules of a specific size. i.e. a rejection factor R, which is
expressed as a number between 0 and 1 {or sometimes as a percentage). Values of
rejection are oot absolute values for any single membrane or solution. but
depend upon condittons of operation, the concentralion of the feed solution. the

Table 812 Track etched "Nuclepore' microfllizetion membranes*®

Rated Rarted pore  Nominal Nominal  Bubble polnt® Typicalllow rales
pore density wi. thickness
size [poresfem®t  {mg/em?) fpmt
(pm) I e m e —
psi bar Water* Air
imliminfem?y  (Ifminfem?)
12.0 12108 1.0 ] =] =007 30 ash
10,0 1x18°% 1.0} [13] o] =007 2500 65
.0 1x10°% 1.0 n 301l 2000 L
5.0 410 1.0 1t i 31 2006 55k
5.0 2x10® 1.0 9 T (L48 1500 S0
240 210" 1.0 [N} 9 1Lh2 FELN 21
1.0 2100 1.0 11 14 1196 250 25
0.8 IR 1.00 4 15 124 215 34
Nn.é Ix107 1.0 10 25 {0 113 m
0.4 1x10¥ 1.0 10 17 2.90 Tih 11
0.2 Ix108 1.0 14 52 1h5 20 4.0
0.1 Ix10M LN, ] f =1 = h90 4.0} 1.5
105 b 1oM 0.6 3] =100 = 6.0 7 LT}

oI5 exip¥ LA (3 =10 =600 <[54 .04

2 Typical Bow rate wsing warer or tr gt 10 psi 107 ber),
b 5 pEi{0.35 barl,

Water bubble poinr.

Whatmah Irtethational Bid,

o on
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flow rate and the extent of concentration polarization at the membrane surface.
Rejection coefficients vary with the molar mass ol the solute, as shown in Figure
B.24 for the ultrafiltration of dextran and with the membranes ol Table 8.13. The
use of polydispersc dextran solutions is claimed to be a hetter retention test
marker than stngle-protein solutiens. to ensure quality control of the rejection
performance,

The tubular membranes illusirated in Figure 8.7 are the basis [or PCI
Memtech’s range of RO. NF and UF separation systems, which have now been
extended to cover micrefiliration. while the types supplied now Include spiral
wound modules as well as ceramic tubes. There are 22 items in the tubular
membrane range, covering reverse 0smosis. nano- and ultrafiliration. and 9
items to the spiral wound list.

An ultrafiltration specialist, Koch Membrane Systems, has, for just industrial
water and wastewater treatmeni, 10 dillerent systems, all covering cut-off figures of
50-120 kD. There are three tubular formats, in PYDF. four hollow libre [ormats.
variously in PAN and pelysulphone, and three spiral wound. alsein PYDF.

A/G Technology is a hollow fibre specinlist. providing membranes and
membrane systems for microfiltration and ulirafiltration. The microfiltration
cartridges have pore cut-ofl sizes of 0.1, 0.2, (.45 and .65 pm. while the
ultrafiltration cartridges have nominal molecular weight cut-oft {NMW() values
of 1000-750 009, Membrane areas run lrom less than 0.01-28 m?.

Table 813 Milligore membranes for ulrafiliration®

Specilicalions Pl serles PT series
Material Regenerated cellulose Polyethersulphone
on palypeopylens on polypropylen:
MMWLkD) 1 FLAC
JPLEC
3PLCC 10 PTGE
LLER S PR JIPTTR
IWPLTK S PTOK
100 PLHK 1HHIFTHE
300 PLMX JHOPTME
Belention specifications See Figure 8.24 SeeFigure 8. 24
Properties
Temperature 4-30°C 4-500C
Maxtmum pressure 7 bar ¥ bar
pHrange (25C)
Continuons 3-12 1-14
Intermitient fe.g. cleaning} 2-13 1-14
Qrganic solvent compatibility Broad® Lirnit ed
Protein binding VYery low High
Susceptibillty 10 antifoam fouling low High

[ Ptostal-UF modules only.
t  Millipore Corporation.



Table 814 Membrane arca values for UF polysulphone membranes

Membranes

Membrane area as 2 function of housing and tibre/tubule internal diameter

349

Cartridpe Fibre/tubule Fibre/tubule
housing internal Internal
identifier diumeter code diameter tmmt

I 0.5
3 n 0.73

E 1

C 0.3
4 D 073

E
4X2TC H 2

K 3

C (.3
5 D 075

E ]

C 0.5

D .73
6 E 1

H 2

K 3

: 0.3
8 n .73

R ]

C .3

D 0.75
9 E 1

H 2

K 3
14} H 2

K 3

¢ (.5
35, 3%9A M (v.73
355TM E |

C 0.3
55, 55A D 0,75
53R, L 1
555TM H 2

K }

¢ (1.5
75 75R [ 1

H 2

K 3

Cartridge membranc arca

sg. it
.16
.10
048

0,70
.50
0.33

(LK
(L5

— e W

— o e
o T

o
~

-
~1
w1

0.009
0.007

0.065
0.6
0032

(0.073
0.046

0.28
0149
0.14

0.56
0.37
(.28
0.22
.13

.62
(r.46
0.35

1.4
0.4l
0.7
0.35
0.4%

—_— e [ dad e
e LI

b b owe
=]
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Aided by the well-known non-stick properties of PTFE, the membranes made from
ePTFE have proved to be highly successlul. especially for use in fabric dust filters,
using allkinds of cleaning mechanism: shaker. reverse flow or pulse jet. Yersions are
available ntilizing a variety of substrate materials to suit different operating
temperatures, asillustrated by the Tetralex mediaof Tables8.15and 8.16.

The use of ePTFE laminated fabrics in dust filters Is beneficial by comparison
with conventional [abrics in terms of air/cloth ratio {flow per unit area). pressure
drop, bag life. and lower dust emission values. Several case histories are
summarized in Table 8.17.

W L Gore. the originators of ePTFE. has recently introduced a new form of
Gore-Tex ePTFE membrane. which, laid on a polyester needlefelt, is being
marketed as a High Durability filter bag. The company also has a membrane
medium offering catalytie destruction of dioxins and hirans, and has established
the Prisiyne brand name for a series of filter bags using ePTFE membranes on
substrates made [rom seven different fibres, as elts. wovens or spunbonds.

Dow Is one of the largest membrane material makers in the world, largely for
ihe reverse osmosis market. under the Filmtec brand name. Data for water
treatment using these polyamide membranes are given in Table §.18.

3.6.2 Inorganic membranes

In high-temperature processes with hot aggressive fluids, filtration requirements
can only be met by a limited number of materials. Carbon is one such material
well known for its corrosion resistance. Membranes made [rom carbon are
typically a composite structure of 2 very thin layer of porous carbon applied 1o
the internal surface of a narrow diameter carbon fibre/composite support tube,
The membrare tubes are assembled in monolithic joint-iree bundles (sce Figure
8.25) using a carbon composite tube shect. The bundles are then mounted in a
shell made from an appropriate compatible material such as PTFE-lined steel or
stainless steel. The carbon tubes are # mm internal diameter and 1.5 mm thick,
giving good mechanical resistance, i.e. bursting pressures of 40 bar.

Figure 8. 24. Rejection characteristicsof the LY membranesin Tables £.1 1 and 8.1 3.



Table 8.15 ‘Tetrates’ PTFE membrane/needle felt laminates®

Product code 6202 B211 6212
Fibre PE PE PE
Serim FE None PE
Weight (g/m®) 400-4590 510-590) 1050}
Thickness (mm + (. 25} 1.1 1.5 1.5
Width (mm + 12.5) 1690} 184} ThH90
Alr permezbility 39-34 39-54 j49=-54
ffdm 2 fmbn oo 200mn W)
Continuous service i35 135 115
temperature (“Cl
Mitimom Mullen burst 25 32 32
pressute (kgfem?)
Minimum breuking
strength (kg/5 cm)
Machine direction 27 34 14
Across machine 94 f7 07
Maximum elongation
(%@ 23 kg/Scm)
Machine direclion 11 3 ¥
Across machine 11 3 K
Maxlkmum % uarestricted 3 3 1
shrinkagein 24 h.

dry heat (@ specified *C

¢ Donaldson Telrate:,

177 177

6222 h2T2 232 h2d2 h262
FP | of EER—— P-4 Memex Rytorn
PP PE P-34 Normex Fyton
£90-5AI) 440520 440520 44520 510580
1.8 1.3 23 1.4 1.5
16410 1 hon} 1731 17 30 1649()
39-54 1954 -54 3454 349-54
128 155 245 205 14510
35 32 25 i 28

i1 34 hy o4 a5

+5 a7 1011 7h 45

X 10 nfa n'a L]

s 10 nfu nfa K

3 3 1.5 P i

105 177

lhw 245

The 230

T hite 2008

SAGUEA

15%
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This carbon tube module has a great tolerance to the many thousands of back
flushing cperations at 8-12 bar typically used to clean the membrane of fouling
layers in sitw. Sealing of the bundles into the end plates ensures no bypass problems.
The membranes are tolerant to strong acids at all concentrations, hot organic
golvents and alkaline baths, but not 1o strong oxidizing agents. Carbon is a fully
bioccompatiblematerial. recommended for alimentary and other biological fluids,

In recent years. there has been substantial development of ceramic
membranes, with specific [eatures of heat resistance, a high degree of resistance
o organic solvents. good cleaning potential. high mechanical strength,
applicable in a wide pH range, a long life cycle and a good price/performance
ratio. Modules are supplied in a wide range of sizes to meet most applications of
microfiliration with a pore size of (1.1-5 pm. The filiration systems are constructed
as cylinders equipped with ceramic Altration tubes. The disadvantages of ceramic
membranes compared Lo polymeric membranes are that they are brittle, the surface
areg/volume ratioislower and the costis relatively high.

Typical characteristics of ccramic membranes are shown in Table §.19.
Ceramic ultrafiltration membranes can be constructed in severzl layers, by
successively depositing finer layers of 2- and y-zlumina onto a ceramics support
tube of high porosity, The top layer is the real membrane layer 2nd is responsible
for the separation; it needs to be very thin to achieve a high flux. Sizes startfrom a
membrane area of 0,05 m? with typical filtration flows of 3-9 dm’/h, up to a
membrane area of 4 m? at Bltration lows of 175-500 dm?*/h. The configuration
iz based en a porous hexagonal log into which a series of 4 mm diameter
channcls are introduced. The elements are either single- or 19-channel design,
with the latter giving a 0.2 m? internal filtration surface for a 900 mm leng, 25
mm diameter unit. The operating range of pH is 1-11 &t 700°C and 1-14 at
250°C. For microfiltraticn the pore size cut-off sizes can vary [rom .05 to 10 pm.
Typical water fluxes are shown in Figure 8.2 6 for microfiltration membranes.

Table 8.16 ‘Tetratex’ PTFE membrane woven giass laminates®

Product code w254 h233 (252 b23%5
Average welght (g/m”) Wi 475 543 7o
Actual weight (z/m?} 322-373 458-526 543-627 T12-814
Width imm 2 12.5) 978 Gy8 1630 1650
BGF styls no. 427 454 148 a7y
Finish siyle no. ala fl3 Bl3 fls
1PS siyle no. R0 b3l 648 7577
Fintsh style no, Teflon B Teflon B TeHon B Teflon B
Air permeability il /dm? fmin 44 29-39 24-34 29-39
iz 20 i WG
Continuous sarvice temperature (*C) 260 261 260 260
Minimum Muillen burst pregsure i 432 42 63
kgfom)?
Minimum lensile streneth (kg/5 cm)
Machine divection 260 450 270 450

Across machine 144 225 225 31s

2 Denuldson Tetraiec,



Table 817 Case histories demonstrating benefits of PTFE laminates for dust Glters®

Drust: PVC Lead oxide Sugar Builer flyash Cement

System: Spray dryer Processing Siloexhaust Exhausl guses Crusher venling

Filter Wype: Reverse air Shuker Pulse jat Shaker Reverse ulr + shaker
Flhter media: Acrylic GoreTex  Dacoon QoreTex Egg-chell polyester GoreTex Slllcune cotton UoreTex Polyester fell GoreTex
Airfcloth ratio 21 1.4/l 1.%¢] it 01 HfL 7 7 kT 541
Gasilow tmmin) H40) 1 54) flh 1212 NA 12 MA 2594 M A 2hb
Pressure loss (mm Wity 279 31 7h 7h 254 25 203 2 178 fid

Hug lile imonths) f 24 12 2h 142 12 3 15 8 17
Commenlts b v Visible plume Mo plume vislble 5 wrn dust

* WL Gore & Associules, ac
b [)pto 754 incroase in production me tkg/h),
© ALA/Cratioof 3f1, pressure loss » 31U mim WG,

Saltugtoaly

£Lt
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The LCI Corporation sells what is basically a stainless steel tubular
microfiltration systent. which has a fine sintered Ti()» membrane an a stainless
sieel support. For ultrafiltration, a ceramic membrane is laid on top of the titania,
and for nanofiltration. a synthetic polymer membrane is laid on top of the ceramic
one. The resultant separations achieved run from 1 pmdown to 0.001 pm.

A fully metallic membrane is offered by GKN Sinter Metal Filters. in the form of its
SIKA-R. . .AS medium. This involves powder metal technology Lo produce a base of
coarse metal powder, and a thin layer {200 pm) of the same alloy diffusion bonded to
it. during the sintering process. Operation up to 944)°Cin an oxidizing atmoesphereis
possible' ™, with efficicnt removal of dust particlestn the 0/3-10um range.

8.7 Guidance on Membrane $election
The performance and selection of a membrane is affected by a multiplicity of

factors associated with the membrane medium, the particulate material. the fluid
carrier phase, the condittons of operation. and the interactions among all thesc

Table 8.18 Filmtec nanofiliration membranes®

Grade Diumeter* Areat Flow! Befection?
ME9G-2540) al LN ] 113 99,00 e S0,
MNF9-4004() 99 T.h .0 L9 0 [hg 805)
MES{)-400) 201 ir.2 4.4 B3-93tNall)
ME200-400 xmn 7.2 303 35-300Cacl ;|
ME2 70400 201] 372 336 4t atqCaCly b
MP2F0-2354) k1 1k iz 2% (0 hig 8()y)
ME2F0-2040 99 b 8.5 o Mg S04t
MELQ0 201 3T.2 237 Q8. Mg S04t
2 Elemient diarmteter imm) for 1004 mm length,

* Separation area {m?).

* Water Qow im Hiday)

9 Stabilized flow rejection '),

The Dow Chemical Company

Figure #.23. Carlonfilre rvoss-flow filtrarion wiodule.
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Tabdle 8.19 Characteristics of ceramle membranes

Product
characileristics

Membrane
compasition
Available

pore size

Burst pressure
Maximuim
operating pressure

Water permeability
20°C

0.2 pm pore @

4 4" pore 3

SO0 A pore @

Resislance to
corrosion

Steam sterilizable”

Microlilier Herafifter Ultrefilier
Alpha Gamma Zirconia
Alumina Alumina Alumina
(.2-5 pm - 10 A 200-T000 A
Limited by the maximum housing operating pressure
120 psig 1 20 psig 1 20psig
|standard. higher Istendard. higher Islandard. higher
Pressures pressures pressures
optionalp optional optlonals
20001'h m? bay

10 1y o bar

853001 m” bar

Can be washed Came as
with Ma0C| Limited Micreflter
2% NadH
A% HNO,

Yes Yes Yeou

*  The Membralox Stéam Sterilization Procedure must be kllowed.

Fux [galona i dey)
i

5.0 um

Figure % 26. Typieal elean wager fliex ! pressire rurres for ceraat e memdeanes,



356 Handbeok of Filler Medin

factors. Of particular importance are those that refate to the particulate material
(size. shape, concentration, distribulion, 2eta potential, and whether 1 is inert or
viable}, the membrane structure {pore size, rating, asymmetry). the stability of
the membrane {chemical, mechanical. thermal. hydrolytic, extractables,
shedding), and the retention mechanisms (absorption, adsorption,
impingement, cake retention).

The selection of an optimum |or at least an appropriate} membrane and system
will usuaily require a trade-off between various possibie alternatives. Table 8.20
summarizes the typical information reguired to permit a systematic analysis of
the available options.

The important performance indicator in microfiltration is the volumetric flow
through the membrane, which is directly proportional to the applied pressure
difference across it. For most membranes, values of fluid flux are quoted for
particular conditions of temperature and applied pressure, with specific fluids,
which typically are water, air and methanol.

From the data normally available for membranes, it is possible to calculate the
permeability constant for the membrane lor a particular fluid. 1n principle. this
should be independent of the fluid if there are no interactions between the
memkrane and the feed slurry. The important factar in microfiltration is not the
flux of elean fuid but the performance during actual filtration. Performance Is
potentially affected hy several solute-related parameters and specifically by
concentration polarization and fouling.

A good general review of microfiltration is given in Table 8.21. This was
preduced originally by Costar, but is still generaily applicable.

Microfiliration membranes are routinely used in a range of analytical
procedures 1o determine particulate contamination in a wide range of gases and
liquids. The procedures include the detection of micre-organisms in a variety ol
waters and process fluids (foods. beverages. pharmaceuticals) where the
membrane traps the micro-organism and is subsequently used as the culture
medium, in passive cell growth studies and i1 so-called blotting applications, A
range of different types of membranc is used, including:

1. mixed cellulose esters - e.g. hiologically inert mixtures of cellulose acetate
and cellulose nitrate; suitable for a wide range of analytical procedures.
including gravimetric analysis by the ashing technique and light microscopy:

2. PTPE - either unlaminated or laminated to a suppert of high-density
polyethylene or polypropylene: for applications with gases and non-aquenus
fluids, with aclds and alkalis, and [or higher temperature operation;

3. silver - ideal collection medium for analysis of crystalline silica by X-ray
diffusion and [or the analysis ol orgahics:

4. PVDF—suitable [or agueous or organic samples: and

5. track-stched polycarbonate - recommended for scanning and transmission
electron microscopy.

Commercial polymeric ulirafiliration membranes are designed to give Lhe
requirement of high permeability and high permselectivity. An extensive range
of membrane materials is used including polysulphene. polyethersulphone,
PAN, polyimide, cellulose acetate, aliphatic polyamides, the oxides of zirconium
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Table .20 Membrane filtvation selection criteria

Criterta

Characterist|cs

Fluid properties

FPressure characiertsiics

Sterillzation,/sanilization

Hardware

Filter

Temperature

Configuration

What lliguid or gas is betng fittered;

What are the fluid properties (pH, viscosity. temperature, surlace
tension, stability. cte.)?

What arc the imporiani chemical components end their
cancentrations:

Whal pretreat ment has been given to Nuid?

What is the desired minimum and maxtmum Aow rates

Whatis the product bateh stee?

What is the maximom lnlet pressore?

Whalls the mmaximum allowable diflerential pressure?

Iz there a required inttial differantial pressure?

What is the source of pressure icentrifugal fpostlive displacement pump,
gravily, vacuum. compressed pas. ekc.)?

Will the flteation system be steamed or auteclaved?

Will the systemn be sanitized with chemicals or hot water?
How many ttmes will the system be sterilized or sanitized:
Whal are the sterilived/sanilized conditions?

[sthere a restelction on the material for the housing?
Is there a recommended housing surlface linish?
What are the inlet and ocutlet plumbtng connections?
Is there a size or welght resteiction:

What is the size of particles to be retained:

Will the filter be integrity tested: if so. how?

Will this be & sterilizing filtration-

Is there a mintmam acceptable [evel of particle removal?
Is there a recommended Blter change frequency?

Whatis the temperature of the fluid? Temperalure affects the viscosity
of llquids. the volume of gases and the compatibility of che flceation
system.

How will the filtration systems be configured — in series ar in parallel?

Paralle! flow arrangemend: uses several Blters ofequal pore slze
sitnulteneously to either increase flow rates. extend flrer servies life or
lower differentlal pressure. It also permits flter changeout without
system shutdown. The total low rate and differentia) pressure isequally
disiribirted across each filter. For any given llow rate. the diflerential
pressure can be reduced by Inereasing the number o fillers in parallel.

Series fiew arrangeimen: nges g group of Blvers of descending pore sizes 1o
protect the Anal filter whet the coptaminant stze distribution indicales a
wide bange or a high level of particulates that ate Jarger than the final
pore size. You can also use additional Bliers of the same porce sige in series
to improve particle removal eficiency. 1o protect against the possible
failure of & unit within the system. and to add an extra measuce of safety
inany appllcation.




358 Hamdboak of Filter Madti

Table 8.21 Guidance on membrane applications

Application Recommended filter media References/comments
Description Pore size Liameter
(b} immy
Air peilutlon anaysis
Asbestos. airborne  Mixed esters 0.43. 23 NIISE Methods r40t) and
ol cellulose 14, 7402: FPA-CFR7TH3-Fed
1.2 Reg. 1987,
pp- 4182641905,
Cadmium Mixed-esters 0.8 37 NIOSH Mcthod 7048
of cellulose
Carban black PVC i i7 MIOSH kiethod 300
Cyanides Mixed-asters 08 17 NIOSH Method 7904
of cellubose
Lead Mixed-esters .8 37 MIOSH Method TOEZ2
of cellulose
Leud sulphide FVC 3.0 37 NI0SH Method 7505
Nuizance diisy PYC 5.0 v NIOSH Methods (300 and
(3RO
Quartzin coaldust  Mixed-esters 0.4 i) NI0SH Method 7602
of cellulase
Silica. crystalline BVC 3.4t 7 NIQSH Method 7R
Welding and brazing Mixed-esters [T iV WIOSH wfethod 72000
fume of cellulose
finc oxide PV g X3 NIO0SH Method 73432
Trace elements Folycarbonate 0.2-5.1 25-47. Low trace metal
aerosul-type & litin conramination (Br. Ph. 0.
ate, bwith aerpsol holders
Baclerlia! Analysis
Totul coltform count  Mixed-esters 1.4 47 Stasdard Methods ! Water &
of cellulose Wastewater, I 7th Bd..
92238
Fecal coliform Mixed-esters of Ty 47 Seendard Methadsy Water é
cellulose Wastewater 17th Rd, 922]
Legionelta Polycarbonate [z L )
tleterotrophic Mlxed-esters 43 7 Standard dleihmis W ey &
plate count [HPC]  of cellulose Wasteweter. 1 7th Ed.
(formally known G2150
ag standard
plate count}
Direct total Polycarbonate . i3 33 Starrdard Methods Watar &=
microblalcount Mixed-esters of 5.0 23 Wastewater, 17thEd .
et llulose Y2168
Escherichid coll Mlxed-esters 1145 83 For £, rofi, use REC-437
of cellulose foud micro membrane,
direcl plating techniquein
petri dish
Yeast and moulds Mixed-esters 11h3-1.2 1347
afeellulose
Polycarbonate 0.6.00.8 13-47
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Table 8.21 (comtlnued)

Applicalion Recommendsd filter media References/comments
Dlescriptton Pite size Diameter
(urml {mm}
Sterility testing Mixed-esters .23, 47 For sterility besting, wse
of cellilose .43 gridded. sierile hydrophobic

cdze mermbranes {see Code
wf Federal Regntotions, Title

21 #4361
Bload filtration
REC deformability  Polvcarbonare 4.7-5.1} 1325
Hema-Fll
Plasmaphierssis Palycarbonate X3 X utl Use fluid cross-Aow. thin
channoeltechnigue
Cell cultore Polvcarbonute 4141 13—47  Flt membrane 1o petri dish
or culture plate
Cheantaxis
Epithelinl, Polycarbonute 20=H.1} 13 For chemotaxis. ase bilnd
fibroblasts. [chemotaxis welior madilied Bovden
nentrophlls., membrane. chambers
polymorpho- PVP-lree)
nuclear
lenkoeytes
Macrophage Polycarboninte 2A1-KAY 13
ichemolaxis
membrane)
Chtolopy
Cyiopreparative and  Polycurbonate, REITEL NS X547 Caewith Swin-Lok holder ar
erto-diagnostic mixed-esters vacuuin fltration
methods of cellulose
Hi—38 189x42
EPAltesting
EP A roxicity Glass libre nr G0, 142 EPA Rel HICFR Part 26%
characieristic Fed. Reg. 2 31 THV 93
leaching Alay 24 19488
procedure (TCLP}
Fre] tegt g Mixvd-eslers 4% 10,4 A7 ASTAI 220G
of cellulose
Fuel enenttor iLy 1
Lierrerad fleation
General clarifoanen  Aixed-ssiers 1LH-3.4 13-249%
or prefilirarion of gelbulose
Glass iibre [r4% 1254, 15-3%93
Py
Beverage Mlxed-esers nd5-1.2 47-343%
slabilization of celluloge
Particulaie Foly carbonale mi-3.0 ] 3-244
remoyal Mixed esters m1-3.0 13-2493%
afcellulose
Gilass bre (1049, HE 1913

D% 7Y 0.7
nominatl
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Table 8,21 (rontinued)

Application Recommended filter medla Relerences/comments
Description Pore size Diameter
[0 H {mm )
Fine aquecus Polycarbonate .6-1.0 13-2493
clartfication
Mixed-eslers 0.83-1.2 13-2913
ol cellulose
Racterial remmowal Mixed-esters 0.22-0.45 13-293
al cellulose
Adsorbable Polycarbonate AOK® 25,47
orpanic halogens
{AOX)
Alkaline elirtion, Polycarbonate 0820 25,47 PORETRAITS®
DMNA {NUCLEPORE"™ ) Wintet
1588
Fiorenshe analysis Polycarbonme 0.4 13 Sample collection for . EM.
Liposorne extrusion  Polycarbonate 0.1-0.4 25-T6  Usewtih high-pressure
haolder
HEPLL selvertt purification
Samples, aqueous Mlxed-esters n4s 13.25
ol cellulnse
Samples, organic PTFE 0.45 4-25
Solvents PTFE 0.45 4r
Parasitology
Microfilariac Polycarbomate 5.4 2.3 Use Swin-Lok holder
{ Dirofllaria imntitis) ar stainless steel
syringe holder
Schistosonta Polycarbomate 12.0 13
haematoblpm
Pharmacenticals {human or veterimiry )
Small volume SyrRIF -MF 0.22 25
parenterals
Prefiltration Glass fibre Dd9-D79 10-293 Parenteral processing must
conform with FDA GMPs; 21
CER ?10and 211
Sterilizatlon Mlxcd-csters 022 13-293
ol cellulose
Proiein or virus assay and purifleation
Fractionation Polycarbonate Q.6135401 23-293 For protein or viras
or collection fltratlon. use Stirred Cell
Series —525.543. 576
Swin-Lock™ holders. ar
stainless ateel holders
Purification Polycarbonate 0.015-0.4 15-293
Culony Mixed-esters 0.43 25.85
hybridization of rellilose
Low binding Polycarbonate 0.4 23
Serum firation
Prefiltration Glasz fibre D49-079 10-292
Mixed-esters 0.3-1.2 13-293

ol cellulose
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Application Recommended Alter media
Description Pore size
[}
Bacterial removal Mlxed-esters n1-0.22
ol cellulose 043
Mycoplazma Mixed-esters .1
removal ol cetiubose
Steriitzing fHtratlon
Air venting Sychil™-FN (PTFE) .2
Fluids-aqueaas Mlxed-esters 0.22.0.45
ofcellulose
Airor gas PTFE 0.2
Tissoe cliure media filtvation
Prefllcration Glass fibre 49
Mixad-esters [138]
of cellulose
Racterial removal Mixed-esters of 0.22
cellufose
Mycoplasia Mixed-esters (1
removal of cellulose
Water microfiology
Escherichia colf Mixed-asters 0.45
of cellulose
Fecal coliform Mixed-esters 0.7
ol cellulase
Fecal Mixed-esters 045
sirepiocoeouns afcellulose
Flne particles Mixed-esters 0.45
of callulose
Gigrdia lambila Palycarbonate 5.0}
Leptosplres Mlxed-esters .45
of cellulose
Phytoplankien Mixed-esters 1.2-5.0
clcellulose
Heterotrophic Mixed-esters 1145
plats count of ¢cllulose
{HPCY - formerly
standard
Salmonella Mixed-esters 0453
of cellulose (345

References/comments

Djameter

{1}

13-293

13-2%%

25,50

90-293

25-193%

47-293

4-293

S1)-393

Q0=293

47 Standard Methods! Water and
Wastewater, 1 7th Ed..
92ROF

47 Standarcd Methods! Water dand
Wastewnter, I 7th Ed.,
Q22D

E8y Stanpdard Methads) Waler and
Wastewater, 17th Ed.,
9230C

a7

293 Cyst Concentration and
Analysis. EPA 600/82-85/
(27 Herm. 1933

13,25  Standard Methods! Water and
Wastewater. 1 7th Ed_, 92607

47 Standard Methods ! Water and
Wastewater, 17th Ed,
1020600

47 Standard Methods) Warer and
Wastewater, 1 7th Ed..

142 Standard Mevhods Water and

47 Wastewater, 171hEd..

9260R
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Table §.21 (coniinued)

Application

Recommended klter media

References/vemments

Description Pore sizgt Dareter
{um imm)
Suspended Mixcd-esters 1.2-3.1) 47
particulates of cellulose
Polycurbonate 1.6-5.1 i7
Gluss fibre 1.7 naarm EY
Lirect total Polycarbonate .2 25 Standard Methods; Weter and
microbtal count  Mixed-esters 3.0 a3 Wastewnier. 1 Tth Ed.,
of cellnloge 9210E
Total coliferm Mixed-esters {45 47 Standard Methods| Warer and
cound ol cellulose Wastewater. 1 7th Ed..
92228
Vibrta chodérne Mixed-esters thd3 142 Standard Methiods: Water ind
of cellulose Wirstewater. 17th Ed.,
v IntlH
¥irus Mixed-esrers thd3 47,90 Standard Metfienls. Waler vmid
concentratlon of cellulase Wistewnater. 1 7th Ed..
yilk
Glass fibee, 142

D44

and aluminium, and other ceramics. Membranes are produced as [lat sheets. also
used as spiral wound modules, and in tubular or hollow fibre lorms.

The Mux of the liquid through ultrafiltration membranes is much smaller
than through microfiltration membranes, in the general range of 0.1-10 m*/
day. the actual figure depending upon many structueral parameters. For pure
water (or other liguids) there is a linear correspondence between flux and
transmembrane pressure. With solutions there is a tendency for the flux to
reach an asymptotic value with increasing pressure. This is a result of several
factors. including concentration polarization. gelation, fouling and osmotic
effects.

The selection of a membrane (or ultrafiltration will reguire determining the
molar mass of the species to be separated and selecting a membrane with a
limiting rejection { K==1.0} under anticipated conditions of operation. Small-scale
application tests will generally need 1o be performed. Ultrafiltration membrancs
are rated in terms of thetr nomtnal melecular weight cut-off (NMWC). There are
no industry-wide standards for this rating, hence manufacturers use different
criteria for assigning ultrafiltration pore stzes. For example. for the
concentratien of protein, the protein should be larger than the NMWC of the
membrane by a [actor of 2-5. The greater the difference ti.e. the tighter the
membrane pore stze}. the higher the protein yield. The protein shape. in addition
to its molecular weight. plays a role in determining its relention by the
membrane. The more globular the prolein. the greater its retention, while linear
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Wark-iJp of Farmentation Broths
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Figure £.27. Varlation of UF fux wiil coniversion of ¢ fereniation brath,

proteins may require a tighter membrane for high recoveries. Moreaver, protein
shape may be affected by solution pH or salinity.

Figure 8.27 shows the typical effect of time on the concentration of a
fermentation broth with two types of ultrafiliration membrane. respectively
hydrophilic polysulphone and polyaramid. Typically, the initial loss of flux is
relatively rapid. whilst for longer times the decline in flux is less severe. The
difference in the membrane flux behaviour is due to the greater tolerance of the
very hydrophilic pelyaramid membrane to fouling.

Although the separation mechanism of ultrafiltration is broadly considered to
be one of sieving. in practice the effect of concentration pelarizaticn limits the
flux. due to a bulld-up of solute in the concentration boundary layer on the feed
side of the membrane. At sufficiently high pressures. gelation of the
macromolecules can cccur. resulting in the formation of a thin gel layer on the
surface! this can act as a serondary membrane. Increasing the feed stream
circulation rate will generally reduce 1he thickness of the gel layer and increase
the Mlux. Operation within the turbulent low regime may significantly enhance
permeation by reducing the thickness of botk the gel and [ouling layers. by
translerring solids from the membrane surface back into the bulk stream. As
with microfillration. lactors of chermical compatibility of matertals with the
solution will need to be addressed.
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CHAPTER 9

Replaceable Filter Elements

To provide an effective filter, the filter medium has to be held in some kind of
housing that provides a complete seal hetween upstream and downstream sides
ol the medium, and to provide inlet for the feed and exif for the fltrate or
permeate. It is convenient in many types of filter to mount the medium on some
kind of support structure, which enables it to be taken out of its housing to be
cleaned or replaced. It is this replaceable structure. or filter element, that is the
subtect of this chapter.

9.1 Introduction

Replaceable filter clements may be almost entirely composed ol the filter medium,
as with the sheets in a sheet flter. or they may be a complex assembly of
supporting core, pleated medium (itself perhaps made of several layers, including
support and retaining cover}, and an outer shield. So long as an element can be
changed. whether to discard the oid one. or to clean it, then it is covered in this
chapter. Some of these elements are made from media that have been discussed
in earlier chapters. while others are specially fabricated ta achieve a filtration
task. without the use of what could be recognized as flter media,

Although the term ‘cartridge’ has a specific meaning smaller in scope than
that of this chapter, !t Is convenient to use the word as shorthand for ‘reptaceable
filter element’. A Rlter cartridge in this broader sense tsthus any component of afilter
that includes the filter medium. and that can be removed from the filter as an integral
unit, elther for servicing or for replacement by anew . but identical component,

There are two reasens for including & chapter on cartridges in a book overtly
devoted to filter media. One is that the immense diversity of commercially
available cartridges forms a uniquely important and versatile category of
equipment. which collectively utilizes almost the entire range of media described
in the preceding chapters. The other is that there are yet further types of filter
media that exist only because of the structure of specially fabricated cartridges; a
good example Is 1the popular yarn-wound cartridge.
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Cartridges provide a very convenient. versatile and often economic way to
filter either liquids or gases, provided the concentration of solid or liquid
contaminant is low: as a gencral guide. the concentration of particulates in a
ligquid should be less than say 0.01% by weight, with the particle size ranging
downwards from about 40 pm to submicrometre sizes. [f the solids concentration
is much larger than this tigure, then, unless the medium has a high dirt-holding
capability, the service life of the cartridge will be inconveniently short.

In application, cartridges may be used for general clarification, polishing or
sterilization. For liquids. most such duties are typically on a small or medium
scale, but multiple cartrldge units are used for substantial flows in some special
applications, such as coalescer filters for aircraft refuelling. Cariridges play a
major role in gas filtration at all scales of operation.

9.1.1 Types of cartridge

An important characteristic of a cartridge filter Is the type of cleaning action to
be taken, manually or automatically, when it becomes fully loaded with collected
cotaminant, as typically indicated by either an increase in back pressure or
decrease of flow rate. In this regard, four categories of cartridge may be
distinguished:
e the ‘throwaway' or ‘dispusable’ cartridge, which cannot be cleaned and is
therefore replaced;
¢ the ‘cleanable-in-place’ cartridge, which can readily be cleaned (¢.g. by
intermittent reverse flow as part of the operating cycle) and reused several
or many times, even if eventually It may need to be replaced;
¢ the ‘service-cleanable’ cartridge. which must be removed from the filter
and subjected to specialized cleaning (e.g. in an ultrasonic bath), either on
site or by returning to the manufacturer or to a service company: and
# lhe ‘reclaimable’ cartridge, which must be returned to the manufacturer
who strips it down and rebuilds it after replacing the filter medium.

To a large extent, the differences between these cartridges result from the
nature of the filter medium involved and the filtration mechanism by which it
functions. For example, media functioning exclusively by surface straining
and/or cake filtration can be easily cleaned, By contrast, depth filiration
inevitably involves the trapping of particles within the depth ol the medium,
whence their removal is likely to be difficult or impossible; on the other hand.
depth filtration can provide a relatively lurge dirt-holding capacity. Equally
important. however, may be the exact conditions under which the filter is to be
used, as well as the detailed desigt and consteuction both of the cartridge and of
the filter housing.

So far as the chemical and processing industries are concerned, it is generally
only the first two categories that are of practical importance. Examples of the
application areas of the other categories are service-cleanable cartridges for the
manufacture and processing of polymers and reclaimable cartridges for filters
used in high-pressure hydraulic systems.
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As cartridges are used to remove solid or liguid contaminants from a fluid flow.
it goes aimost without saying that they will eventually become too dirty for
continued usc and must then be cleaned or removed. for which purpose the
process fluid flow must be stopped. Where only ene filter isin use, such stoppage
could cause inconvenience to the process operation, To achieve continuity of
flow, therelore, duplex filter housings are used. in which two identical cartridge
units are mounted side-by-side. so that the fluid flow can be switchad from the
dirty unit 1o the elean one, with almost ne impact on fluid flow, and the dirty unit
then cleaned. ready to take up its duiy when required.

Where more than one cartridge Is used. then the cleantng process can be
operated in rotation. with a reverse flow pulse, for example. applied to individual
carirtdges, or small groups of them. in turn.

9.1.2 Hlement disposal

A feature of replaceable elements that is of growing importance is the nature of
the materials of construction or. more particularly, the range of materials. Some
elements are intended for once-only use. followed by disposal. and all elements
eventually reach a point where they can no longer be reused and have to be
discarded. Disposal practice increasingly requtres material recycle. or disposal by
contrelled incineration. In either case. the nature of the discarded element could
be critical to its ease of disposal, and. in general. the lewer the number of
component materials the easier will be the disposal.

Ideally, an element should only have one material of construction, [rom
which all parts of it arc made: filter medium, supporting core, end caps.
retaining screens, protective covers - everything. This is not easy, especially
where a filter medium is a multi-layer material. with different layers doing
different jobs. and, therefore. possibly needing to be made from different
materials. but all manufacturers are now trytng to make single-material
elements.

9.2 Cartridges with Conventional Media

The replaceable elements in filters that are made [rom the media, woven and
non-woven, paper. screen and membrane, discussed in preceding chaplers, arz
olthree major types:

s the panel (or cassettelused lor air conditioning:

e thesimple filter bag or pocket: and

& thecylindrically shaped cartridge, made in a variety of siructures.
To 1kese should be added the special medular cartridges employed for membrane
media.
An essentiul featlure of all of 1hese types of cartridge is the need to maximize
operating liletime, i.e. to maximize the ability ol the cartridge to hold the dirt
removed from suspension. Especially in the cuse of surface filiration media, this
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need results in maximizing the filter surface area packed into a specific filter
vohine.

9.2.1 Ventiation filters

The media involved in the replaceable panels used in air conditioning systems
are described in detail in Chapter 5. The underlying principles common to the
evolution of many commercially available filter cartridges can be illustrated by
[ollowing the developments in ventilation air flters from the very basic panel
illustrated in Figure 9.1. This comprises a flat square sheet of filter medium,
usually with retaining screens front and back. mounted within a cardboard
[rame so that the cariridge can be inserted into a metal support frame. In
practice, the filtering material is typically of multi-layered construction, such as
an active thick inner layer of synthetic polymer or glass microftbres sandwiched
between protective outer coverings of open spunbonded fabric.

So as to increase the available filtering area and thereby to permit a
correspondingly larger flow. & logical step [rom this elementary format is to pleat
the filter medium, to give the form shown in Figure 9.2. Deeper and more closely
packed pleats, with spacers to maintain a gap belween adjacent pleats, as in
Figure 9.3, provide yet higher active area for the same superficial face area ol a
cartridge. Another construction that involves even deeper pleats is the multi-
packet or bag filter shown in Figure 9.4. The types of media utilized in these
various constructions are discussed in Chapter 5.

9.2.2 Filter bags

Ah extremely simple form of cartridge for liquid filtration is a fabric bag in the
open filtration system illustrated in Figure 9.5; more wsually. these bags are used
as tnserts in mesh baskets boused in an enclosed vessel, as in Figure 9.6, for
operation at differential pressures up to 20 bar or more. Alternatively, the bags
may be fitted as sleeves over a supporting cage of mesh or welded rods. The
interest in bags for liquid filtration faded when higher efficlencles were

Flgure 9.1. Flat panel alr ventilation filter cartridges.
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Figure 9.2. Pleated panel afr vemtilation flier cartridges.

Figure 9. 3 A typical high efficiency { HEFA }air filter.

Flgure %4 Multi-pocket or bag air fileer.
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demanded because the structure of the bag with a sown lengitudinal seam
allowed passage of larger particles. Now that manulacturers are able to offer
seamless bags, the interest in such elements has returned.

The range of filter bags for liquid filtration offered by the Hayward group is
very extensive. now that it includes the old GAF and Loeffler ranges. The
products include needlefelt media, multi- and monofilament meshes, and
meltblown polyprepylene. the last as high efficiency. layered construction,
capable of filtration down to 1 pm.

Bags may be of one or more layers. an extreme example ol multi-layercd
construction being 3M's Series 300 bags, which contain 35 seamless layers:
these comprise bypass layers with holes in them., transport layers between the

Figure 9.5 Fltthag o bug filter to ar edapior head for open filtration,

Figure 9.6. Fittivga g ilter inta an erivlosed haising.
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bypass layers, and finally 15 laycrs of meltblown microfibres. to achieve high
flow rates and dirt-holding capacity at low pressure drops.

The lilter bag for gas filtration is mentioned in Chapter 3 as the active element
in fabric filters. The BHA Group. one of the world's largest suppliers to the air
pollution control sector, supplies filter bags for air and gas filtration, made from
polyester, polypropylene, acrylics, glass tibre, Nomex, Ryton, P84, and
fluoropolymers. The range includes bags covered in ePTFE (the BHA-TEX rangel,
with a microporous coating of ¢I'I'FE on felts or other non-wovens. providing
efficiencies of 99.99% or more; the coating can be un the inside or the outside
depending upon the dircction of gas flow. Bags are made from all of these
materials for fabric filters operating with reverse air or shaker mechanisms for
dust cake removal, where the dust-laden air flows into the inside of the bag. with
dirt collected on the inside, or with pulse jet or plenum pulse removal, where the
air flow Is from outside-to-in, and dirt collects on the outside of the bag.

A novel form of filter bag is sold by Albany International as its Star-Bag
configuration. This uses a fabric bag supported on a cage so made as to allow the
bag to take up a pleated shape, offering 1.7-2.4 times the filter area of a normal
cylindrical bag. Star-Bags are available in polyester, homopolymer acrylic,
polyphenylene sulphtde. aramid. polyimide. glass fibre. polypropylene, and
PTFE. as needlefelt or woven materials.

9.2.3 Cylindrical cartridges

Contrasting with the rectangular geometry of ventilation filters is the cylindrical
form usual for the major family of cartridges both for liquids, and for compressed
gases and for the air intakes of engines. Cartridges are al$o of increasing
importance in general gas cleantng applications,

The simplest form of a cylindrical cartridge filter comprises a cylindrical vessel
containing a tubular filtering clement or cartridge. This may be cither sealed at
one end or open at both ends but suitably locked within the housing to produce
the sume results, as shown in Figures 9.7 and 9.8; flow is generally inwards
through the wall of the element.

A Y-type or basket in-line strainer. as in Figure 9.9, conforms with this general
description. the strainer element typically being formed from relatively coarse
woven metal or plastic mesh, or perforated sheet. Strainers are, as their name
implies, used for the removal of relatively coarse particles from a liquid stream,
especially as prefiltration units ahead of some other more delicate lilter or piece of
machinery.

The cartridge may be formed of a single layer of medium if the material is
sufficiently rigid to be self-supporting. such as sintered metal or wire-wound. or
porous ceramte or plastie, of which two examples are shown in Figures 9.7 and
9.10. Media of this kind are discussed more fully in Chapter 7.

Frequently, the cartridge comprises a rigid porous core supporting one or more
layers of media, such as woven or non-woven textiles. as in Figure 9.1 1. Various
types of support cores are used. including perforated metal and Netlon-type
extruded polymers (Figures 9.12 and 9.1 3).
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3.2 4 Pleated cylinders

The active filtration area in a cartridge can be greatly increased by using a
tubular core to support pleated media. which can be single or multiple layers of
media such as ¢ellulose paper. non-wovens and membranes: the multi-layer
assemblies may provide a graded pore structure (e.g. tncluding a prefiliration
stage). as well as incorporating iayers to aid drainage. support more fragile

Figure 9.7, Aporous plastic flter careridge. open at one end.

Figure 9.8. Balston glass fibre tnbes, botitendsopen.
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media, and act as a protective covering. Pleated cylindrical cartridges are used
for bath gas and liguid filtration.

A typical design is that supplicd by Freudenberg in its TFP 60 range. Thisis a
depth filtration cartrldge, using a graded [elt of synthetic fibres, the fibres being
finer and more densely laid in the direction of gas ilow. The TFP 60 P66 P2 is 660
mm long. 327 mm in outside diameter. with tts pleats held on a plastic mesh core,
The resultant filtration area is 3 m?2, the initial pressure drop at 1000 m*/h being
150 Pa, the recommended final pressure drop being 800 Pa. at which peint the
dust capacity (ACFine}is 1.2 kg.

Figure %.9. A typical pipelitte Y-sreainer

Figure 9. 162, Sintered stainless steel filter carlridges.
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Figure 9.1 1. Careridge formed by winding deyers of felt around 8 metal former.

Pigure 9. 1.2, Perforated mctal Hiebes as cores for fHeer cartridges.
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9.2.4.1 Pleated cartridges for liquics

Typical examples of liquid tiliration cartridges are the fuel and lubricating oil
felt filter in Figure 9.14, and the all-propylene. hot melt bonded. general-purpose
multi-layered cartridge in Figure 9.15: versions of this latter incorporate various
types of media, including membranes of polypropylene. nylon and PTFE,
sandwiched between protective layers of spunbonded media.

Cartridges of the type illustrated in Figure 9.15 are sold in a series of standard
sizes, with manufacturers of replaceable elements competing with the original
suppliers for the replacement market.

Cuno has recently introduced its Betafine X1 range of pleated cartridges for
liquid filtration. employing its Advanced Pleat Technology. APT produces a
stagpered pleat, of different depths, mixing "W pleats umong the standard 'V’
shapes. especially so that the pleats are not too pinched at their bases, thereby
not losing valuable surlace area for liltration. Betatine X1, cartridges, made {rom
polypropylene microfibres, are available in absolute ratings from 0.2 to 70 pm.

The more complex structure of the coalescer cartridge in Figure 9.16 results
from the multiplicity of filtration stages that it combines, Contaminated fuel or oil
entering the centre of the cartridge encounters first the pleated needlefelt of
synthetic fibres that acts as a particulate filter and protects the outer coalescer
layers, These comprise glass fibres pressed to a controlled density and thickness,
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Flgtre 9.1 3, A Netlon plastic meshocore for ajilter cartridge.
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within which finally dispersed water coalesces into droplets large enough to
separate from the fuel or oil by gravity settitng.

The pleated cartridge in Figure %.17 utilizes a single [ayer of sintered stainless
steel fibres, sandwiched between layers of coarse mesh. These sophisticated
cartridges are used for high-pressure and high-temperature appllcations. such as
the filtration of molten polymers.

An unusual style of pleating is used by Lucas Industries in the resin-
impregnated paper caritridges for their FS diesel fuel Alter, which is designed to
collect solid particles and also to serve as a coalescer and remove water, The
cartridge comprises a thick roll of specially pleated creped paper in the form of a
spiral around a central core, as shown in Figure 9.1 8. When inserted in the filter
housing as in Figure 9.19, low is downwards, parallel to the axis of the
cartridge. Although the paper is wound closely together, the creping allows
continuous fow between all the adjacent turns; evidence of this is the collected
dirt visible in Figure 9.24.

A varlant on the pleated paper cartridge 1z shown in Figure 9.2 1. as applied to
the filtration of hydraulic oil under high pressure. This version Is limited to 170
bar, while Figure 9.22 shows a mere expensive version. suitable for operating
pressures up to 375 bar and pressure differentials up 1o 17 bar. This is now an
example of a reclaimable cartridge, which must be returned to the manufacturer
for replacement of the used Rlter medium. The cartridge comprises multiple
layers of graded papers interleaved with wire discs. These discs provide
mechanical support and also act as fluid distributors between adjacent sets of
papers, lhereby ensuring simultaneous parallel low of fluid through all the sets.

Another unusual style of pleating is leatured in the rovel Series 700B
cartridges developed by 3M and incorporated in the High Flow Liquid Filter. As
shown schematically In Flgure 9.23, the mehtblown polypropylene microfibre
filter medium is pleated radially. as oppesed to the conventional longitudinal
pleating, thereby effectively forming a stack ol lenticular discs. This crientation
evidently allows the use of much deeper pleats. resulting in 2 cartridge of

Figure 9.14. Fuelamd lubricaiing ofl filter.
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relatively large diameter, as in Figure 9.24. and greatly increased filtration area,
with corresponding benefits In respect of dirt-holding capacity and iife. The latest
version ol this cartridge is the 750 KF filier. also made of meitblown
polypropylene.

The pleated cellulose paper cartridge has been the mainstay of engine fluid
filtration for many years. However. the demands ol modern industry and
commerce are such that extended service intervals are becoming normal''’, and
filters are baving to change to aceept higher dirt loadings. and to achieve higher
efficiencies. New types ol cartridge are being developed to meet this need, while

Flgure 9.1 5. All-polvproputene mrultager general purpose filler cariridae.
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small disc-stack centrifuges are also being cmployed. Engine oil filtration in
heavy-duty engines is often effected by means of two filters in parallel - one, the
full-flow [ilter, accepts the full liquid {low and removes particles down to 10-20)
um. while the other, the bypass filter. works on about 3-10% of the oil, and
achieves very fine filtration. A new venturi combination lilter replaces both full-
flow and bypass filters with one unit. This has a pleated synthetic medium

Figure 4,16, A coetleserr curtridge.,

Plgure 9.17. Plegted stntered nretal fire cartridges.
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Figure .18, The pleatvd and spiral formation of pper cariridge for the 85 diesef fuel filter.

Fipure 4. 19, The F5 diesel furl filter.
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section, connected to a stacked disc of cellulose medium by a venturi that
increases the flow through the stacked discs.

Other new designs for engine oil filters arc the modular incinerable cartridge
{in which all parts of the disposable element are made from incinerable
materialz), and the in-place cleanable oil filter. which has ar element that can be
cleaned by back-flushing with compressed atr.

9.2.4.2 Pleated cartridges for gas iiftration

For the greater part of itz life. the fabric filter used for the filiration of large
volumes of inlet air or exhaust gas streams has employed filter bags for its
medium. While bags are still an important part of the fabric filter scene, made
largely of non-woven media, there has been a rapid influx of pleated media
cartridges into gas filtration. triggered by the need for higher filtration
efficiencies. The ¢PTFE membrane media discussed in Chapter 8 have been

Figure 9,20, Dirt collected in all the “vee " pleats of an F8 diesel fuel ffleer vartridge.

Elgure 9. 21. A Migh pressure hdraidic oll filter with 2 ‘disposable” pleated cartridge.
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especially successful in this application, hecause of their higher operating
termperalure range.

Resin-impregnated cellulose paper may be sufficiently rigid to be sell-
supporting without need of either a central core or spacers to maintain a gap
between adjacent pleats. Illustrative of this is the engine air intake cartridge in
Figure 9.25. The function of the spacers is fulfiiled by the dimples that can be
seen in the surface of each pleat.

Also self-supporting is the large {324 mm diameter. 673 mm high} cartridge
illustrated in Figure 9.26. containing 22.3 m? of filter medium. comprising a
chemically treated blend of cellulose and synthetic fibres. Multiple assemblies of
these cartridges are applied in pulse jet cleaned dust Rlters, notably for the air
intake to gas turbine power generation systerms.

Flgure 9.22. A fifgh pressure hydreulic ofl flter cariridge.

Flaure 9.2 3 Schertatic Jlustration af 3M Series 7INMB rodlal carlridgr,
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It is not only papei-like materials that can be pleated. Media made from
sintered metal and even ceramic can now be pleated. as shown in Figure 9.17
and, in multi-cartridge assemblies such as Figure 9.27. for hot or corrosive gas-
phase procassing duties,

Most pleated cartridges used [or gas filiration are circular in cross-section.
However, Donaldsen has recently described an oval cartridge'?. with shorter.
wider pleats, that offers higher filtratton efficiency. and greater ease of cleaning.
The mediurm is & polymer nanofibre. acting as a surface filter. The resultani filter
housings are smaller than corresponding cylindrical cartridge houses would be.

9.2.5 lenticular discs

A lenticular disc is one thal has the double convex shape of a lens. This s
advantageous in a filter. since it allows inward filtration to proceed through both
faces, with ample space between them for the (low of filtrate into a central outlet.
A stack of such discs assembled on a perforated core provides a conventent

Figure 9,24, 3M filter cartridge compared with conventiongd 25, Sthand 7 5 e carieidges.

Figure %.25, A resin impreqnated cellwlose paper cartradae for an engine giv intake fller.
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method for congiructing a compact cartridge of high surface area. This lormat is
the basis of both throwaway and cleanable long-lile cartridges, depending on the
type of media utilized.

The filter sheets made by Carlson lrom cellulose. described in Chapter 4. are
avatlable as lenticular filter cartridges. Figure 4.7 in Chapter 4 shows a similar

Figure 220 A Terkay st filter rartridae.

Figure 9.27. A mulliple aszenrby of pledied stnteredainetal fibre cariridaes for high trmperatiire gas fltration.
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throwaway cartridge from Cuno's range of lenticular cartridges based on the
various grades of Zeta Plus filter media. their modular construction being
illustrated in Figure 9.28. A cartridge comprises an assembly of lentieular discs
or cells, each of which is composed of two discs of Zeta Plus medium, sealed
togeiher around a polypropylene separator. The cartridge is pre-assembied
under high compression, and is locked together by three stainless steel bands.
Edge sealing of each cell is effected by an injection moulded polypropylene ring.

A similar format Is shown in Flgure 9.29. now with activated carbon
incorporated into the Zeta Plus. in order to provide a combination Hiter,
marketed under the ZetaCarbon brand name. Five different types ol carbon can
be incorporated. to decolourize liquid streams and remove organic
contaminants. These cartridges have no shedding of carbon into the filtrate, and
can be supplied certificated for pharmaceutical use.

Lenticular disc stacks are anather type of filter used in the filtration ol molten
polymers. Sintered stainless steel is the standard material required to withstand
the high operating pressures (300 bar} and temperatures of the polymer
industry, where, with repeated specialized cleaning. the useful life of a filter is
expected to be perhaps 10 years or mere. Accordingly. whilst the same lenticular
format still zpplies, there are major differences in the detailed enginecring. The
most noticeable of these is that the product supplied by the manujacturer Is a
number of separate filter discs twhich are generally known as segments}, from
which the customer can assemble a stack inside a suitable housing, asin Figures
9.30 and 9.31. These segments or discs are produced in two standard diameters.
175 and 200 mm.

To withstand these rigorous conditions. appropriate multi-layered
construction is utilized se as to protect and support the critical layer of filter
mediuam. As illustrated in Figures 9.32-9.35. four standard options are available
from Pall these offering different combinations of sophistication versus cost.

Figure 9.28. The modular construction of Cunp 'HT Serivs” lenticular cartridges.
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9.2.6 Rigidized elements

While pleated cartridges have been the higgest recent competitor for filler bags in
gas fliltration, a small but importan par1 of the markel is now using righdized
elements for this purpose. because of their better operating temperature range.
The version developed by Herding. described in Chapter 5. uses a pleated type of
surface for a self-supporiing structure of filter media, able 1o operate at
moderately high temperaiures.

Somewhat stmilar are the Compact Filter Elements supplied by Madison,
which are available in Hat, rectengular shape or as cylindrical elements. They
can be made from needlefelts. spunbondeds or composites. but are matnoly
supplied with microporous coated or anti-static media. Their chief claim is that of
much reduced cartridge size for a given filtration area.

Flgure 3.29. Cuno "Zetararbon ' cartridges. inrerporating iciiveled carbon with ‘Zeta Plus ',

Figure 9. 30, A sintered metal segreent for polynrer il ration,
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Flaure 9,31, Amulti-segment stack assembly for polymer fitretion,

Figurs .32, ThHe multi-layer consteiction of Pall's ‘Segrent” fltees for poliser filtration,

Figure 9, 33 The mudti-lager construction of Pall's "Segureni- A fileers for polymer filiration.
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Figure 9. 34. The modtl-lqajer consiriwtion of Palt s Segmiery filters for polymier filteation,

Flgure 9. 35 The mtuiti-lauyer constri tion of Pall™s "Segmax- M filiers for polumer fleanion,

9.2.7 Mechanically cleaned filters

A small, but growing. group of filters affers continuous operation by means of
automatic mechanical cleaning of the filter element. In these filters., typitied by
Russell Finex's Ece and Ronningen-Petter’s DCF-Series. self-cleaning filters, a
rigid cylindrical cartridge of wedge wire or woven mesh construction, which can
be mounted vertically or horizontally. operates with liquid flow from the inside to
the outside of the cylinder. Dirt accumulates on the inside of the cylinder from
which it can be scraped off - in the Eco filter by means of a continuously rotating
screw-shaped blade. and in the DCF by means of a disc that perindicually moves
across the surface. The accumulated dirt is blown out of the filter through a
valve.

9.2.8 Cross-flow membrane modules

The modules in which membrane media are supplied are strictly speaking
cartridges as defined for this chapter: flat sheet. spiral wound. tubular. perforated
biock and hollow fibre,

These are generally expensive enough to warrant cleaning once they have
rcached the end of an operating cycle. so they are likely to be Aushed in site or
removed for more thorough cleaning. Further details oa such modules are given
inChapter 8.
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9.3 Specially Fabricated Cartridges

The second main group of cartridges are made from components that are not in
themselves filter media, but once assembled can act as very efficient media,
mainly for liquid Bltration. They are of three main types:

* acontinucus yarn wound more or less tightly onto a central core:

+ g medium made from bres assembled into a relatively thick medium on a
central core; and

+« an assembly of discrete solid components or continueus wires or ribbhons,
which are monnted on or wound round a central core.

The first two are depth media. the third is a surface medium. that is easily made
into an automatlically cleaned Alter. The cores for the first two types are similar to
those shown in Figures 2.12and 9.1 3.

9.3.1 Yarn-based cartridges

The most comman of the yarn-based cartridges is that in which a continuous
yarn of nalural or synthetic fibre is wound around a central core. However. there
is growing interest in an allernative yarn based design. where 8 bundle ol yarns
is held in different orientations at different parts of the filtration cycle.

%.3.1.7 Yarn wound

Despite its early crigin in the 1%930s, the 63 mm diameter » 250 mm long
yarn-wound {or spool-wound) cartridge illustrated in Figure 9.36 continues to
be widely used in many sectors of industry. lts simple construction, and its
convenient versatility in use, resulted in its becoming an unofficial standard as
Increasing numbers of manufacturers competed for a large and growing market.
It also cifectively served as a prototype in rezpect of size and dimensions for the
diversity of styles of cariridge developed in more recent years, during which
there has alsc been diversification of both diameter and especially length. Boih
shorter and longer lengths are common. up to a general maxirmum of 102 m
because of the low restriction of the core.

These cartrldges are constructed by continucusly winding yarm in a carefully
controlled open pattern around a ceniral core. which is typically & perforated
metal or plastic tube open at each end. Typically the matrix so lormed has a
graded structure with pores of decreasing size with the Inward directicn ol low -
a gradation achieved by differing degrees ol tightness in the windings. Cartridges
arc based on a wide variety of yarn matertals embracing both natural and
synthetic fibres. The yarns used are mostiy spun [rom short staple fibres, the
fibrillated surface of which is brushed or teased to produce a luzzy surface or nap,
which centributes importantly 1o the filtration mechanisms. [f moncfilament
yarns are used they are generally texturized or crimped in some [ashion before
being formed into a cartridge.
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The filtration characteristics of a cartridge depend on the type of yarn used as
well as on the way it is produced and wound. Examples of the pressure drop
versus flow rate of water through 250 mm cartridges of various yarn materials
are provided ino Figure 9.37.

Cartridges are typically graded in terms of a nominal micrometre rating,
generally with seven or eight models to straddle the range from about 1 to 150 pm.
It is customary to identify the grading and constructional parameters of a yarn-
wound cartridge by a coding system such as the example shownin Table 9.1.

Considerable care is needed in applying the grading numbers, partly because
some suppliers are more optimistic i their claims than others. and also because
the performance achieved may vary substantially with the operating condilions.
In general. it Is unlikely thut a cartridge will achieve better than say 80%
efficiency against particles of the size specified by the nominal rating; in practice,
canstderably lower efficiencies may well be achieved.

The possible impact of changes in flow rate on both efficiency and cartridge life
is demonstrated by the data in Table 9.2, which is adapted {rom an early paper by

Figure 2. 36, A typice! garm-wiynd or spool-wound cartridge.



390 Handbeok of Filter Media

Swanson'}H. A study reported by Williams and Edyvean'*". comparing cartridges
of nominally identical ratings from three different manufacturers, nated a great
deal of variation not just among filters from different manufacturers, bui also
among a manufacturer’s own cartridges. In general, retention efficiency was
observed to be low initially. rising during the mid-period and finally falling
again: a three-lold extension tn flter life was found between cetton and
polypropylene cartridges from the same suppller.

The dirt-holding capacity is alsec dependent on various operating factors
including velocity, as can be seen rom the data in Table 9.2. Whilst the actual
performance depends on numerons facters. as a rough guide it may be assumed
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that the weight of dirt that can be held in a slandard 25 cm cartridge is
approximzlely 30gfora 1 umgrade. 90glor 13-20pm, and 120 gfor 30-1004m.

Figures 9.38 and 9.39 are reproduced from Williams and Edyvean'?! since
they preduce an interesting comparison between polypropylene and cotton
cartridges. and demnonstrate the magnitude of some of the variations that can

Table 9.1 Ceoding system used ta speclfy a Alter cartridge”

L#ngth Micran  Yarn Core brpe Ligmeter End littlng
rating
Inch mm  Code Crde Cole Code mm Code Code
+ Ty Od 1.7 A% Polyester 111 Polvesier 1 R 1 Standardend 0O
120K
5 125 035 1 0l Poly- 12 Poly- x 0 2 Millipore 16 2
propylene propylene
& 1641 R P03 Eibrillawd $d st steel 3 1{Hr B Millipore [ 3
puly- 15
propylene
973 48 09 307 Blearhed 4 3lfsraee] b [ Gelmanilh 6
[ ]
9875 351 10 1mn 1ty Gilass e Tinaed N Fall1 7y 7
Bibrres st
1} 234 11 280 2 Nylan nr PallLs h1
1975 50 1% 23 13 Raymn s13 Ametek 9
ik
20 308 21 M Washed (9
poily-
propylen:
29,5 7an 1y T
0 vh2 3P 1 g9
3925 1w 39
40 1016 4
Example: 249 m (1 2 1 1
*PTI Technolopies Lrd.
Table .2 The effect of Hlow rate on the perfermance of filter cartridges
Cartridge Flow Lridizl Filt ration Toval velume
grade rate pressure efliciency lillered up 10
[Hmt imin) drup (% 2.4 bar final
1barl PECSFULE
drop
mti
1 1.9 il ah. 1418
1 4.3 (L&l 95.2 (.65
1 1490 L2 934 032
i} L4 [0k 5.4 f.25
10 Y3 (.3 U 3.0

14} 1943 0.1 1A 1.83
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oceur; the superior performance of cotton was attributed to the stratified surface
of its fibres and to their swelling by absorption of water, thereby reducing the
porosity.

The Cune MicroWynd II, shown in Figure 9.40, is a novel form of wound
cartridge, which comprises alternate layers, one a blanket of carded fibres and the
other wound yarn. both being e¢ither cotton or polypropylene. The primary
function ol the yarn layers is to lock in place the fibre blanket that acts as the main
filter medium. The advantages claimed for this patented construction include a
three-lold Increase in flow capacity and a doubling of the dirt-holding capacity.

Another interesting development'®! claims to overcome many of the problems
experienced with yarns made [rom roving or friction spun yarns of cotton or
polyprepylene fibre, namely. shedding of fibre and leaching of fibre treatment
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chemicals. Syntech Fibres uscs continuous meltspun Alaments ol pelyprepylene
to make the yarn. Each of the filaments continues throughout the whole length
of the yarn. The filaments are randomly criented to each other (intermixed,
looped and entwined) to form a very bulky. non-round. highly stable yarn. A
cariridge wound from this material has a high-efficiency depth filiration mode ol
operation.

9.3.1.2 Kalsep's Fibrotex cartridge

A unique cartridge of yarns forms the heart of Kalsep's novel Fibrotex filter,
which was originally developed by British Petroleum with the water filtration
problems on off-shore platforms as the intended target. The cartridge or filter
element, shown in Figure 9.4 1. is formed of 2 bundle of yarns loosely arranged
around a central perforated tube. which is mounted between two circular end
plates, with the ends ol the yarns also attached to these plates.

The operating cycle of the filter is shown schematically in Figure 9.42, To
prepare for inward filtration, the top end plate is moved downwards and
simullaneously rotated through about half 2 turn, so that the yarns are twisted
and compressed into a helical pattern that brings them tightly together against
the central tube. During backwash cleaning, the element is expanded by upward
movement of the top plate and by a reciprocating partial rotation of that plate.

The yarns, which are crimped, are of Nylon-66 or PBT polyester: with both
they are six denier (i.e. 30 pm). In their twisted mode they form a bed some 50—

Figure 9.40. The ‘Micra-Wynd Il rartridge rombines q Blasket of cavded fibres with wolhd yarn.
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60 mm thick. The fiitration efficiency achieved is 98% against 2 pm particles
with Nylon-66 and 95% agatnst 5 pm particles with PBT: Figure 9.43 is a grade
efficiency curve for Nylon yarns based on challenge tests with ACFine test dust.

9.3.? Bonded fibres

The next group of specially fabricated cartridges covers those in which a layer of
fibrz Is 1aid down on a core and then held tn place by some means — chemical or

Figure 9.4 1 The Fibratex filter elomenr fapeelwved, i Frwisged.

Figure 9,42, The ‘Tibrotex filter elesment fscompresged o expanded durtag the aperating eyele.
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thermal. These can give as good a separation efficiency as the yarn-wound
cartridges. with 2 wider range of fibres.

%.3.2.1 Kesin bonded

Figure 9.44 shows the structure of a cartridge formed from glass microfibres
that are banded together by either & phenolic resin (for general applications) or
melamine {to meet the special requirements of flood, beverage and
pharmaceutical duties). The microfibres, produced in cenirolled sizes ranging
from less than .5 pm to more than 150 um. are manufactured by the ‘pot and
marbie’ process oullined in Chapter 4,

Fibres frum this process are sprayed with a resin and then formed into felt-like
mats. These are cut into predetermined lengths and rolled on to various sized
mandrels, which correspond to the inside drameter of the filler tube. The length
of the matter and the rate at which it is rolled onto the mandrel determine the
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Figure 3.4 X, Parricle resuovel efffciency of the “Fibeoten” Nylon a6 fileer element.

Figure 9. 4d. A resin-honded glags mrerofibre carividge.
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density of the resnltant tube, which is ol graded density, increasing towards the
core. Following curing, each tube is ground 1o the required diameter and
grooved to Increase the available surface area.

Various options arc available for the core, including pelvpropylene, metal {tin-
coated steel or stainless steel) and resin impregnated. The eight grades produced
by Johns Mapville are identified simply in numerical sequence rom 1 for the
finest to 8 for the coarsest. to straddle the range of nominal micren ratings of
commpeting suppliers.

Bonded cartridges of similar form. but made lrom other fibres, are typified by
the coreless Fulilo RBC (i.e. Resin Bonded Cartridge) rom Parker Hannifin
Corporation. Extra-lang acrylic libres with phenolic bonding are used to make
these coreless cartridges. In addition to the grooved [orm, nen-grooved
cartridges are available for use where increased depth fiitration is required. Both
styles are avaiiable in seven grades with nominal ratings of 2. 5. 10, 25, 50, 75
and 125 pn.

Acrylic and cellulose fibres are the basis of Cuno's graded-density coreless
Beta-Klean cartridges, which are available in both grooved and non-grooved
forms. A distinctive feature of this range. linked to its name, is that the cartridges
are characterized not by nominal micrometre ratings. but by abselute ratings that
specify the particle size at a Beta ratio of 1000, carresponding to a filtration
efficiency of 99.9%. On this basis. the range of 10 grades extends from the finest
atsumupto 70 um.

9.3.2.2 Thermoplastic bonded

Exploiting the thermoplastic properties of synthetic polymers such as
polypropylene has proved a fertile ground for the development of novel
constructions and manufaciuring processes for filter cartridges. Advantages
available from these materials and manufacturing techniques include the ability
to produce fibres in a wide range of controlled diameters and lengths, and also to
form beds of graded pore size, as in the example in Figure 9.45, the finest grade of
which has a typical efficiency of 9%.999% against (1.3 pm bacteria. In addition.
thermal bonding {i.e. without using adhesives} Is simple. convenient and
compatible with sensitive applications {e.g. food and pharmaceuticals).

Several of these cartridge designs arc briefly desertbed below, based partly on a
classification by Shucosky'™. They each utilize a difierent technique to achieve a
graded porosity down to a controlled minimum pere size, high permeability to
provide a low flow resistance. high dirt-helding capacity, and maximum
mechanical stability to withstand defermation under pressure.

The key feature of thermal moulded polyolefin (TMP) cartridges is the
bicomponent nature of the fibres from which they are formed. These fibres have a
sheath of lower melting point polymer surrounding a higher melting point core.
Hence, when a web of these fibres is relled and carelully heated, the sheath
material will softer and fuse at the myriad of fibre contact points. This creates a
rigid cartridge structure that does not require the support ol a central core: end
caps and gaskets are thermally welded to the cartridge without use of a resin.
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An example of this type of cartridge is the Cuno range of Betapure cartridges.
Both polyelefins and polyester versions are uvailable; the lormer are canstructed
from long fibres with an inner core of polypropylene and an outer sheath of
polyethylene, while the others utilize a core of polyester surrounded by
copelymer polyester, The fused bonding of the sheaths. illustrated in Figure
9.46, provides a rigtd structure without fibre shrinkage or degradation.

The range of nine polyolefin cartridges are graded only by nominal micrometre
ratings. from 1 to 100 pm: during manufaclure. the fibres are processed on
textile equipment that requires a fibre lubricant. Five grades of pelyester
cartridge have both nominal and absolute (99.9% efficiency) ratings. as listed in
Table 9.3: flow rate of water versus pressure drop characteristics for standard 25
cm long cartridges are summgrized in Figure $.47.

Meltblown depth { MBD) cartridges are manufactured by an adaptation of the
meltblown fibre technolegy outlined in Chapter 3. Molten polymer extruding
from spinneret orifices is impacted by high-velocity streams of air, which cause
the lilaments to fibrillate and disintegrate into fine short fibres. These short fibres
are then deposited directly onto a rotating mandrel. The process attempts to
produce a desired mean pore size by varying the fibre diameters across the depth
of the filter medium; as the filter is being formed, the mean fibre diameter is
changed by adjusting the air velocity or other significant variable, such as
temperature and polymer pumping rate.

Examples of MBD cartridges are the Osmonics Purtrex, Hytrex II and Selex
polypropylene filters. While the first two are graded on a nominal basis cnly
{respectively with efficiencies of 75-80"% and 8 5-90%). the Selex cartridges are
rated in Table 9.4 at several efficiency levels up te 99.93% {A = S000). Flow rate
of water versus pressure drop characteristics for standard 25 em leng cariridges
are summarized in Figures 9.48-9.50,

Figere 9.4 5, A thermeally-bonded polypropelene ‘Profile’ filter cartridge.
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Figure 8,44, Thermal handittg of bieompodend podyester filres it Botapute covtvidges.

Table 9.3 The nominal and absolute ratings of ‘Betapure’ polyester cartridges®

Grade Norinal ratlng (pm) Absolute raling® (um)
A 3 f

B 3 13

c 13! 13

E 20 is

G i MiA

* Cunc Europe.

b 590.5% efficicney.
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A refinement of this manufacturing technique. with ¢omputerized control of
fibres extruded sirnultaneously from multiple spinnerets, results in the closely
graded layers of Filterite's Nexis cartridges. These utilize a novel fibre technology
dentified as co-located large diameter (Col.D) melt fibre technology!”!, wherein
high-efficiency fibres of 1 wn or less are intermingled with much larger ones (up
to 160 pm}, which previde mechanical strength to the resultant matrix. A range
of 17 grades with nominal ratings (90% efficiency) from 0.5 to 200 um is

Table 9.4 Nominal and absoluie ratings of ‘Selex’ polypropylene cartridges

Grade of*Selex’ cartridge E G 1} A C F

Nominal micron rating {pmy) I 3 3 10 20y 3
Micron rating (& efficiency. Pratia
o0 1) 0.5 oy Y 1.u 1.3 1.8
95 20 1.1 1.5 1.8 2.0 2.4 i
93 S0 1.5 1.8 2.9 4.1 5.0 6.5
o9 100 3.2 3.2 7.3 g4 9.7 1L
99.5 200 1.1 175 14% 193 200 -
99.98 500 bt 18% 208 242 321 -
* Osmonics, g,
L1
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Figure 9.48. Water flow/pressure chavacteristics of ‘Furirex' 25 cmeartridges,
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supplied. of which the water llow versus pressure drop characteristics are
summarized in Figure 9.51; an absolute rated range {99.9% efficiency) from 5 to
20 pm is also available.

The third of these special technigues produces rofled multi-layer depth { RMD)
cartridges. As illusirated in Figure 9.52, these all-polypropylene cartridges are
lormed by wrapping multiple layers of graded meltblown media around a rigid
core. A continnous length of open mesh runs through the whole construction to
support the filter medium layer and to keep the consecutive layers separate from
each other. Each layer is fabricated scparately and carefully controlled and
monitored in respect of parameters such as permeability. porosity, pore size and
thickness, Multiple layers of a particular grade are used as appropriate, while the
overall form comprises an absolute rated inner section of fine fibres and multiple
outer prefilter sections.

The nominal and absolute (99.9% efficiency! particle removal ratings of the
cight grades of cartridge produced by Filterite {now part of Palli are listed in
Table 9.5, which also includes ratings at lower p factors and efficiencies. Flow
rate of water versus pressure drop characteristics for standard 25 cmn long
cartridges are summarized in Figure 9.53.

A somewhat similar structure i1s the basis of Cuno’s new PolyNet depth
cariridges. These comprise three layers of polypropylene filter media, each with
varying flow distribution channels. interleaved with layvers of distribuilen
netting, The decreasing size and number of flow ¢hannels from one layer to the
next creates evenly distributed. longitudinal and latitudinal low paths across
each successive layer. enabling the Mll capacity of the flter element to be
utilized, whilst maintatning consistent levels of filtration. An inner layer of
medium without How channels ensures the absolule rated performance. in the
range 1-70pm.

9.3.3 Metal edge filters

Filters of this calegory are so named since the apertures through which filtration
takes place are created by the close proximity of a series of parallel metal plates,
strips or wires, the assembled edges of which thereby lorm the filler medium.

Figure %. 50, Water flow, pressure chararieristics of ‘Selex” 2 5 em cariridyes.
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9337 Wire-wound structures

A typical example of this [orm of construction is illustraled tn Figure 9.54. A
screw thread Is cut into the surface of the support or former, inlo which a
continneons wire is then wound, with the gap between adjacent turns controlled
down to a minimum of about 30 um: this allows far closer control of the gap size
than is possible with welded construction, such as the Trislot tubes described in
Chapter 6, for which the tolerance is 10% of the nominal slot.

4 B 12 %6 20 M M I LPM OB 12 16 20 24 0 32 M LPM
L% B B e B R B e M T T T 1T
S & B3um 'y 4 |2 os Jga
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& o4 ﬁm =
|4 g - 1 :: -1
E 3 g o3 B 81
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Flow Kabe, Walar al S8°F (20°0) Hlow Rale, Watwr at &E8°F (20°C)
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Figure 9.5 1. Water Aow pregiuee charmcieristics af "Nexis' 23 emeartridges. GPA = US gome LPA=farin,

[ .

Flgure 3.52. The multi-lager structure of ‘Polg-fine ARD" 25 o carvivldges,
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The wire may be gither of circular section or wedge-shaped with 2 triangular
section, the Bat surface facing outwards so that the gaps between the wires
widen in the direction of flow, which is radially inwards. The advantage of wedge
wire is that the filter element is less prone to blocking. as can be seen from the
schematic diagram in Figure 9.35.

Although about 50 pm is the normal minimum gap between wires, much finer
clearances are achieved by the [apanese company Arai Machinery Corporation
and its US assoclates Pure-Grade Inc. By machining to ¢lose talerances both the

Table 95 Farticle removal matings of ‘Poly-fine ARDY cartridges®

Beta 1000 100 a0 10
Efficiency {%.): 06 g 99 9% S0
Nominal micron
ratlng
0.5 <0.3 <113 <05 =05
1.0 0.5 0.8 0.7 < 0.5
1.0 2.5 0 1.7 1.}
3.0 I.6 2.8 2h 2.0
10,0 7.5 3.9 3.2 &0
20.0 15.0 12.0 11.3 8.3
40,0 3z0 8.0 210 18.0
7.0 653.0 GiLL 0.0 4043
= Ftlterite.

3

Differential pressure

5 10 13
Water flow per 25¢m cacitidge litnes'minute @20°C

Figure 9.5 3, Flowipressure charaeteristics of "Foly-Fine ARD cartridges.
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support cylinder and the wedge wire, the standard range of gaps available starts
at 1, 3, 5 and 10 um and extends through another 13 grades up to 300 pm: the
gap tolerances are as precise as 0.5 um for 1 and 3 wm gaps, and 2 wm above this
size. In 316 stainless steel or titanium, both externally wound and internally
wound elements are produced. as can be seen in Figure 9.56: the smallest is 44
mm diameter by 60 mm long, the largest is 266 mm diameter by 250 mm long,

9.3.3.2 Ribbon olements

The filter element shown in Figure 9,57, which was formerly one of the range
of Purolator filters, comprised a tightly wound spiral coil of a wedge-shaped
metal ribbon, both ends being locked tirmly onto a central supporting frame. The
height of the projections at regular intervals on the upper broad face of the
ribbon determined the width of the apertures between adjacent turns of the
spiral, typical widths being from 30 to 300 pum, Cleaning of the filter was by
means of a spring steel scraper, rotated around the element.

A superticially similar spiral coil with regular projections forms the heart of
the Salisbury and other water filters produced by the Cross Manufacturing
Company. But there are signittcant differences in the Cross coil that explain the
success of these automated filters. A small but significant difference is that the
cross-section of the metal is not wedge-shaped but rectangular,

The major distinctive feature of the 1235 ¢m long Cross element is that it is a
spring coil that, under gravity, opens evenly, whercas a conventional coil forms
uneven gaps as illusirated in Figure 9.38. This characteristic results from the
patented technology used to manufacture Cross ¢oils from superior aircraft
grade stainless steel, Is great advantage is that cleaning by backwashing an
opened coil is equally effective over the entire length of the element, since the
backwash is evenly distributed. Six grades of element are available with
micrometre ratings of 12400 ym.

9.3.3.3 Stacks of rinps

Probably the best-known example of the filter element using a stack of rings is
that in the Metafilter. It was invented in the 19205 by Pickard (who is also
remembered as the author of a ¢lassic text on filtration'®"). and found wide use in
the precoat clarification of liquids in the chemical, processing and food
industries; evidence that some of these are still in operation is the orders for spare
parts which continue to be recelved by Stella-Meta, TM Products Lid.

Pigre 9. 54, A wire wonand eleiment hased ona former with a serew thread.
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The Metafilter element comprises a stack of scalloped rings assembled on a
central grooved tod, as illustrated in Figure %.39. One face of each ring is Hat,
whilst on the other is a series of scalloped areas (shown shaded) protruding
above the surface. They are of a standard size, 19 mm outside diameter, 16 mm
inside diameter and & mm thick. and may be of various metals stainless steel,
carbon steel, bronze, monel, ete.) or of plastic. The height of the scallops controls
the aperture between the adjacent rings of an assembled stack: this may vary but
Is typically 100 pm.

In the Rellumit Fipoca back-flushing filter. which is mostly used for
hydrocarbon fuel oils. the plastic {e.g. Nylon) rings are grooved on both [aces. as
in Figure 9.60. The cross-sertional shape of each groove is that of an equilateral
triangle, its dimensions increasing progressively with the inward direction of
flow. The rings have an outside diameter of 35 mm. an internal diameter of 25
mm 2nd a thickness of between 1 and 2 mm, depending on the grade, which
ranges from a nominal 5 to 600 pm.

The plate type strainer. as shown tn Figure 9.61, used typically for duties such
as lubricating oi! liltration, is another form of disc stack element. It comprises an
alternating assembly of rings of two different diameters, which are separated by
spacing weshers of a thickness selected to give the required apertures down to
about 25 pum. A complementary series of lixed cleaner blades projects into the
gaps so that rotation of the element dislodges accumulated dirt and scrapes it
clean. Versions of this basic destgn are the range of Turno Klean filters lisied in
Table 9.6.

{a)

ib)

Figure 9,55, Wedge sfitped wires { b hare less prone (o blacking then cire iy wires {e .

Figure 9.56. Externally and tternally wotnd cefls,
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Figure 9.57. The ribbon wound consirmrtion of o formier Purolator fiter:

Figure 9,58, Compare the uniform epening of @ Cross cof (on the right ) with @ conventioned coll fon the left ).
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The Streamline filter provides a distinclive use of a stack of rings of material to
form an elcment or cartridge. because the discs are of paper. As shown in Figure
9.62, they are clamped firmly together by a spring-loaded head, and may be of
various types of paper and impregnated paper. or ol maierials suck as
polypropylenc, depending on the liquid to be filtered. Filtration takes place by the
liguld flowing throngh the very narrow interstices between adjacent discs,
leaving solid contaminants down to about 1 ym in size on the outer cylindrical
surface ol the element. Cleaning by reverse blowing with compressed air allows
repeated usc of the cariridge. Invented in the early 1920s. this unique filter
continues to be used primarily [or the clarification of insulating otls and of
lubricating cils for compressors and hydraulic systems.

9.4 Other Replaceable Elements

There are several small types of filtration device that include filter media as
integral parts of the whole unit. These are usually for use in laboratory

Pigere %.59_ Stack of scalloped rings forming an eleviend of o Metafiller,

Figure 9.66). Grooved rings form the element of the "Flpoca’ fileer.
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situations, and are frequently called "capsules’. They are mostly in the form of a
polymeric housing, with a disc of Alter mediurn sealed across it. intended mainly
for ‘puard duty’ ahead of some delicate piece ol apparatus.

The medium is most likely to be of membrane type. so as to retain viable
particles as well as other fine solids.

There is a growing trend to employ this type of ilter in industrial sitwations,
especlally in the blochemical secter. for the production of hinpharmaceuticals
and cytotoxic drugs. One of the problems of such operations is t¢ achicve

Flasre %61, The plote Qgee strafuer o flter,

Table 9.6 'Turna Klean® and ‘Super Turno Klean® plate type filters®

Eilier element length Spacing {}pen Vise osity C87
{inchy i area
lem=l

20N B3 1340 414

Flinw rate | L'mim 1

3 157 17 132 7Y 1.2 17
T 3t 37 34 22 10

125 33 Tl 49 ke 15

20t bt 9K T4 4.7 kB

B 33b 19 lur 129 ] 1h
75t ar 20 133 Th i3

1150 93 200 1a7 K3 iR

qry ! a1 37 H 13

135 43 11% 5 49 1%

20 1A 134 114 (] 34

150 169 144 113 i 42

EL0LL 12 200 135 TUH) 33

* Flow rate clean al (.21 bar pressure drop.
B Super Turno Klean!
¢ Cuno Eurape S.A.
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adequate degrees of cleanliness in all parts of the plant, including the housings
jor disposable Glters. Pall'™ has two solutions to this:

a steam-sterilizable capsule filter, with a housing of polyetherimide. and
varipus media materials; and

a pre-sterilized bag/filter combination. in which a laminated plastic bag,
complete with filter, connecting tubing and couplers is provided pre-
sterilized by gamma irradiation.

9.5 Selecting Cartridges

There are two distinct liration zones covered by the cartridge formats described
in this chapter:

coarse or macrofiltration — strainers. metal edge filters. and many bag
filters;

fine or microfiltration — ventilation filters. many bag filters, most cartridges
with conventional media, yarn-based and bonded fibre cartridges. and
capsules;

with some forms of the latler increasingly penetrating the submicrometre
filtration applications {especially the pleated cartridges using membrane
media).

The first decision is therefore of the level of particle size requiring to be
removed, and then a medium is sought to maich the conditions of the separation:
gas or ligoid, hot or cold. corrosive or mild. and se on.

Figurs 9.6 2. The 'Streamline edge filter efement comprizes qcompressed stack of paper dises.



Replaceabis Filter Elements 409

Most makers of replaceable elements have a large range of types of cartridge on
offer, usually with good guidance as to the right choice 1o be made.

Thus, the specialist cartridge supplier, Amazon, has a range of cartridges
described in the detail of Table 9.7. These are in addition to a set of bag flters for
liquid use, and a parallel set ol housings for bags and cartridges. Each category is
allocated to a fairly precise set of applications, mainly in the process industries.
The cartridges can be seen to cover a particle size range from the top of
ultrafiltration {0.03-0.05 pm) to beyond the top of microfiltration.

The Parker Filtration Division of Parker Hannifin has extended its range of
supply from itz traditional markets of utility fluid Altration into the process field,
and now supplies a very large range of cariridges. as indicated in Table 9.8. In
addition to these process filtration cartridges. Parker offers a range of pleated
media elements for hydraulic. lubrication and coolant oils. mainly of glass
microfibre; a range of compressed air filter elements (mainly from the Balsten
rangch: a range of depth and pleated filiers and coalescers [or engine Huids: a
range of high efficiency filter bags lor liquid Bltration; and absorbent cartridges
for hydrocarbon removal from gases.

Table 9.7 Amazon’s range of cartridges?

Range Rating Medium Type Grade* Length*
SupaGeard Nominal PP Bonded  4:1-1080pm 6:125-1016mm
SupaSpun 11 Absolute PP Bonded 10s-t80em® 6 135-1016 mm
SupaSpuan NN Absolute My lom Bonded 9: 1-90um 5:125-101émm
SupaPore FP Absolute PP Pleated 0640 pum 4: 247-1016 mm
SupaPote FP Absolute Glass Pleated 0.3 1um 4:247-1016 mm
SupaPore VP Absolgte PES Pleated f: 00308 pm 4:247-1016mm
SupaPore TP Absolute  PTFEon PP Pleated 2 0.05-1 pm 4: 247=1016 mm
SupaPleat Absolule  Glassor PP Pleated & 1-73um h:125-1016mm
*  Numbet of size grades or cartridge lengths and range.

b A= 5000 for 05-20 um.

: FIFE membiane on polypropylens substrate,

Table 98 Parker's range of process Altratlon carteidges®

Arnazon Filters Ltd.

Yarn wound Polypropyiene, cotien, Nylon. glass microflbee. ravon, polyester (G.5-130 um}

Resin Probond acrylic {1.0-1200m)

bonded

Thermally 1.0-120 prm; Megabond absolute raled spunbonded PP: Durabond bicomponent:

betded Ecobond graded density PP

Pleated 0.2-70 pm: Abso-Maie absolute rated PP; Glags-Mate absolute rated glass
microftbre; Foly-Male nominal rated PP; PCC nemnal rated cellulose:
Flo-Pac nominz] rated, large diameter cellulose: Slurry-Mate PP for solid particle
classification

Membrane PES. Nylon. PTFE[0.03- 1.0 ym)

*  Parker Filtcation Division. Parker Hannifln,
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The ranges illustrated in Tables 9.7 and 9.8 show the very wide range of
cartridges available. Both of these suppliers. as do most other manufacturers,
offer extensive guidance to potential users of their products, and, by extension, to
the whole range of replaccable element lilters covered by this chapter.
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CHAPTER 10

Packed Beds

Apart from the specific use of granular activated carbon in some combination
filters, all the media discussed in this Handbook so far have been continuous.
even if made from discrete particles or fibres. Now it is the turn of those discrete
particles or fibres, used in bulk. to be described. as they are themselves used as
filter media.

10.1 Introduction

The structure of this chapter is based on the recognition that there are two distinct
modes for utilizing loose powders. fibres and granules as tilter media. These are:

w precoat filtration (including filter aids). and
¢ deep-bed filtration.,

Precoat filtration is so named since, prior to each filtration cycle, there is a
preliminary phase during which the surface of the lilter is coated with a fresh
layer of precoat powder, which is deposited by filtration of a specially prepared
suspension. The main liltration then takes place through this layer. which acts
as the filter medium, so that the collected process solids accumulate as a cake on
top of the precoat, as illustrated tn Figure 10.1; both layers of solid (precoat plus
process solids) are discharged 1ogether when the filier is cleaned (e.g. by
backwashing). It is implicit that the precoat layer is formed on the surface of a
secondary filter medium (usually a very open cloth or wire mesh), which the
precoat protects from plugging,

Precoat filtration is most commonly associated with the clarification of liquids,
using equipment such as pressure leaf filters, candle filters or rotary vacuum
filters. Less common is its role in the filtration of difficult dusts using tilter bags in
fabric lilters' !

Deep-bed filtration, as its name implies, involves filtration vertically through a
packed bed of granular or fibrous material, whose height is considerably greater
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than even the thickest of continuous filter media. It is typified by the
conventional sand filter, which clarifies water by depth fltration mechanisms as
it flows through a bed of graded sand that may be up to 1 min depth.

Deep-bed filters are of very simple construction: a vessel (usually cylindrical). a
supporting greid at the base of the vessel. and the bed of granules - plus the
necessary inlet and outlet plping. Efectively. the medium is the filter.

Materials such as activated carbon. [uller’s earith and fon exchange resins.
which are used in deep packed beds of granules, but which [unction by other
mechanisms (primarily adsorption), are excluded from coverage by this chapter
since they are not strictly flter media, even though occasionally they overlap in
their applicatians.

It should be noted that. in addilion 1o being used as a precoat. the various
types of granular and fibrous materials discussed below are also lrequently used
as filter aids {or body aids) in the Gltrztion of liguids. [n this role their function is
to accelerate the fltration of a difficult suspension. typically where the solids
are very fine, gelatinous or in low concentration. To offset these factors, a
controlled quanlity of filter aid powder is dispersed into the feed suspension so
that the suspended solids and the powder are intimately mixed and therefore are
removed together as @ mixed cake during fltration. In this way it is possible to
produce a more porous cake so that the filtration process proceeds faster and
more ¢asily.

Optimizing this use of filter powders involves decisions in respect ol the dosage,
lype and grade of the §lter aid, which may differ from that used s the precoat.
Logically it is ofter appropriate to consider alternative separation techniques,
including the use of pre-treatment reagents that act as ‘filter aids™ by means of

Figure 1.1, The three layers In precoat filtrmidon; A1 a filter elothear mesh, { B the precoat lager profeciing
the clath from pluggiag. | C Fihe fitter cake.
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chemical reactions. These topics are ouiside the scope of the present text but are
dealt with at length elsewhers! 2!,

10.2 Precoat Media

A useful overview of the available lypes of precoal filter media is provided by
Table 10. 1, which is bused on the product range of one leading supplier,

Recommended thicknesses [or the precoat layer are typically in the range 1.5-
3 mm. corresponding to 300-1000 g/m?, applied by Rliering a dilute suspension
at a flow rate of 40-80 |/m?/min. One leading supplier {Celite) recommends the
apertures in the supporting septum or mesh 1o be no less than 0.13 mm: another
{Greico) relates the suitabiltty of a range of screens to 1he different grades of its
products as summarized in Table 10.2. Finer grades may be supported on one or
two layers of increasingly coarse prades.

The materials used as precoats are both inorganic and organic, characterized
by betng relatively light and voluminous, so as to be able to set up the basic filter
cake layer on the support quickly and efficiently. The materials include:

s naturalsilica — diatomite and perlite;
e cellulose and wood flour:; and
e inactivecarbon. polymers and miscellaneous powders.

Table 1G.]1 Summary of major types of Blter aids*

Product *[hcalile’ ‘Dicaltie’ “Solka-Floc
diatomiie perlite

Compusition Silica Glassy silica Cellulose
Mumber of prades 13 8 8
Range ol relative flow rales® 1-2% 1.7-9.1 5-23
Specific gravity 3.25-1.33 234 i.7
Wel cake densities 0.233-43.38 L24-01 14 17034
Retinticn on coarse screens Good Good Excellent
Solubility (at ropm temperataret

Inalkalis Sltght in dluwe Slight L dilute Nene in dilute

Ln acids Slightin dilule Slight in dilute More 10 dilute
Prime advantages and General nse kot Cutstandlng on Excellent for
applicalions rraxirmem clanity. ratary fillers. precoating
Eeduced dosage Coarse SCreens.
On pressure Highest puclly
and vacuum for adsorption
liers. ol olt from

f Nustrated by 'Dicaliteand ‘SolkaFloc products of Grefoo. Inc,

B Water permeabtlity mtio refative to Dicallte 215 assurmed as 100

condensale and
remaoval of iron
from caustle.
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Table 10.2  Saicabilliy of varbous screens as supports for precoat

Megh percm: Al 2w M} Idw 24 32x32 (=44
Apertures lcm): (LEY .32 th1s 24 (LIS
Diatonrite grades

215 No Niy No Mo MNo
Stperaid Mo Mo o No No
UF No Mo No Mo Na
Speedilow No N Yes Yes Yes
Spectal

Speedllow Ko Wiy Yes Yes Yes
Speedplus Na No Yos Yes Yes
Spesdex No No Yes Yes Yeu
4200 Mo o Yes Yes Yes
450 Mo Yes Yes Yes Yes
5000 Mo Yes Yes Yoz Yes
B00 Mo Yes Yes Yes Tes
Ferifle grades

£le Mo Mo o Mo Mo
416 No Mo p Mo No
43k Mo Mo No Yes Yes
476 o Yes Yes Yes Yes
CP 150 o Yes Yes Yes Yes
4106 Mo ¥os Yes Yes Yes
CP-173 Mo Yes Yes Yes Yes
1136 Mo Yes Yes Yes Yes

Figure T45.2. Dietamite Hlter el ot low mugrifeation,
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10.2.1 Diatomite

Known also as diatomaceous earth and kieselguhr, diatomile 1s the classic
material for use either as a precoat or as 2 filter aid. Diatomaceous earth is the
fossilized remains of microscopic algae. several million years old, of which over
10 008 varietics have been recorded. Figure 1(.2 zhows the characteristic
appearance of a typical diatomite material under low magnification.

The name 'diatom’ is dertved from the Greek word meaning ‘to cut through',
referring to the way in which the individual cells are joined together into zigzag
chzins that are easily separated. But it also aptly describes the way in which
single cells of algze reproduce or replicate by dividing into two almost cqual
parts. This division happens very simply. since all the different species bave an
outer shell basically very similar to a pillbox. with one half fitting neatly inta the
other: it is the difference in shape of the plan view of the pillbox. as shown in
Figure 10.3, that gives each diatom its own characteristic appearance. As the
dlatom grows, the plan view remains unaltered. but the two parts of the shell are
forced progressively apart, until cleavage results in two diatoms, where
previously there was only one.

The shell of the diatom is virtually pure silica. which is extracted [rom the
water in which diatoms live. After the death ol the diatom. the silica shell
survives. because of the chemical stability of silica. It is a vast multitude of these
minute skeletons that goes to make up a bag full of diatomite for use in
Industry.

Diatoms occur in both salt and [resh water, and fossilized deposits ocour
around the world, where former seas and lakes have long since dried up. The
commercial value of these deposits varies greatly, due both to soluble impurities
and 1o inseluble contaminants such as clay. Commercially important deposits
include those in Algeria, Prance, [celand, Japan. Spain and California in the USA.

The deposits are worked by open-cast methods, the amorphous rock being
then subjected to a sequence of crushing, grinding. screening, washing, drying
and calcining operations, Three basic types of refined product are produced. cne
without celcining and two with; of the latter, one involves the addition of a
fluxing agent such as soda ash. The effect of this refining is that the initial light
rock, with a density of 300-500 kg/m* and containing 20-40% of water by
weight, is converted into a series of ever lighter materials, with bulk densities
belween 100 and 150 kg/m?* Moreover. calcining aflects the surface of the
diatoms, increasing the particle size and reducing the surfece area. but markedly
increasing the relative fltrationrates, ascan be seen in Table 10.3.

There is inevitably seme variation in the chemical composition of the various
competitive grades of commercially available djatomite, but the differences are
generally relatively small as compared with the compesition ol alternative
materials such as perlite; Table 10.4 shows typical figures for one manufacturer
for the composition of refined diatomites.

Far more variation between competitive products is likely to occur in respect of
particle size analysis, because of differences both in the quarried rock and in the
equipment and techpiques used to process it: moreover, it is essentially a
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subjective matter to decide the best balance of lractions to produce from an initial
mixture of particles ranging from about 1 to 100 pm. The data given in Table
10.5 for one manufacturer's range of products are therefore likely to differ
considerably from those of & competitor,

In practice, these filter zids are generally characterized by their performance
when submitted to a filtration test: unfortunately, each manufacturer tends to
have its own test procedure, znd then to express performance as a ratio to the
slowest filtering materlal in its own range, Typically, the procedure is to form a
precoat layer and then to filter through it under pressure a batch of either water
or a sfurry to which some filter atd has been added, recording the cumulative
volume of fltrate with time. The nzture of the aquepus slurry varies, sugar
liquids being used by some manufacturers. while others use water containing
bentonite clay; the reason [or using a slurry is that. besides giving a measure of
flow rate, the test then makes it possible to evaluate both the achievable degree of
clarity and the ability of the filter aid to maintain the porosity of the cake as it is
deposited.

Figure 1. 3. Distowrs ar high megrifical ton.
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A summary of the typical properties of one range of diatomite media is
provided in Table 10.6. The permeability figures are expressed both as a relative
How rate compared with a nominal value of 100 [or the slowest grade, and in
darcies. The resnlts of the empirical tests to determine that size of particles which
can be retained by ceriain grades are given in Figure 10,4,

Table 10.7 gives some guidance on the correspondence of certain grades of
competitive diatomite media. It reproduces a modified version of an original
publication by Eagle-Picher,

1022 Expanded perlite

Since it was first introduced in the 1950s, expanded perlite has cstablished itself
as a serious competitor to the diatomite that had dominated the precoat market
for the previous half century. Both types of material derive [rom vast genlogical
deposits, the processing of which have many similarities: but their origins, and
hence their chemlstry and physical characteristics, are very different.

Table 10.3 Effect of calcining on the properiies of ‘Dicalite’ diatomaceous carths

Matural Calcined Flux calcined
Relative Hltrarion rate 1 -3 3-20
Wet cake density (gfom .24, 35 0.24-0.57 0.264-1).34
Sedimenlation particle size
distrtbution (%)

+4 1) pim 2—4 312 3-24

2040 um 8-12 5-12 14

10-20pm 12-164 10-15 30

b—10pum 12-18 152 8-33

2-fpm 35-40 15-43 4-30

-3 pm 124} B-12 1-3
% retained on 325 mesh screen 1-12 -12 [2-35
Specific gravity 200 2.25 2.33
Surface area Im? /gl 12-41 2-5 1-3

pH 6,084 w080 £.0-10.0

Table 104 Typical chemtical analysis of refined diaromites”

Matuzral Calcined Flux-calcined

S0 LR 1.1 H9.h
Al Dy 18 4.4} 4

Fe 0, 1.2 1.3 1.5
Cal 3 [t {3
MgQ (L6 u.h 0.6
Py .2 1.2 (1.2
TiC, 0.2 0.2 2
MNa (K0 1.1 1.1 33
[gnition loss i6a 0.3 0.2
Water 30 0.3 0.1

% Data for three typical grades of the range of Johns Manville Co. Ltd.
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Perlite is a rock of much the same composllion as granite. and, like granite. is
ol volcanic origin; its lprmation and properties result from molten lava
discharging from an erupting volcano into water. where it was quenched and
rapidly cooled. Perlite is consequently a super-cooled liquid or natural glass,
differing from true rocks such as granite in being amorphous. with no crystalline

Table 10,6 Typical properties of Dicalite’ diatomite Alter aids®

Dicalite Colour Specific Relative Permeability Dry Wet Particle®  pHof Moisture

grade graviry flowrare® (darcies| bulk  cake median 10% content
ikg/m* density densily size slurry 1%
thgmiikgimty 1pm)
Caletned
215 Pink .25 100 {0052 128 k4 10 64 =05
Superaid Pink 2.25 144} 0 128 54 10,3 6H-8 <5
UF Pink 2.25 200 a8 128 184 11 f-h <0.3
Spesdilow  Pink  2.25 120 .22 161 36E 14 B-% <().5
231 Pink 2.23 430 .36 144 IR 19 h—H =05
Flux-calrised
341 Whiic 2.33 Sl L&S 168 1z 911 =02
Speedplus  White 2.23 Tl L.n? 16hi) 352 32 9-10 .2
373 White 2,33 g30 1.40 332 15 9-14 <0.2
Speedllex  White 2,33 gl 18D 224 152 41 9-14 <2
2500 White 2.33 10185} 2.0 iin 48 9-10 {2
4200 Whitc 2,33 130 330 238 3316 30 9-10 <2
45010} White 2,313 1430 4.1 156 16 = 9-10 <i}.2
SO0 White 2.33 TR 5400 itd ikd 7l 49 10 =(),2
E000 White 2,33 2000 300 ) 184 77 9-10 <02
* Grelea. Inc

b Compared with Dicalite 235 rated as WL,
¢ Median pacticle diameter by Malvern amalyzer.

Figtere 10.4, Chart showirg the sizes of particles vemoved by five grades of 'Dicalite’ filter aids.
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structure. [nstead, it comprises a mass of small pearl-like "pebbles’, which give the
mineralihe names pearlstone or perlite. The pebbles may be upto 25 mm across, but
are generally the size oflead shot or smaller. Occluded within them, as a result ofthe
quenching ofthe lave, is a small amount of water; this. together with other water
absorbed into the mineral at a later stage. gives a total water content of 3—4%,

Table 0.7  Equivalent grades of diatomite filter aids from fonr major suppliers

Standard ratios® Eagle-Ficher Celite Dicalite Ceca

Flowrate Clarity

100 100D Filter Cel, Dicalite 215, CBL3

Celite 35 and 377 UF Grade Superaid CRL
200 935  Celatom FP-4 Standard Super Speedflow CBR
Cel
300 986 CelatomFW-6  Celite 512 Dicalite 231 Special Spesdflow  DCB-R
700 970 Celatom Hyflo Super Cel Speedplus CP-100. HES DIC-B
FW-12
B0 965 Lelaiom - 175 DiC
FW-14
G50 963 Celatom Celite 301 CP-3 DIC-5
FW-18
1006 968 Celatom FW-200  Celite 303 Speedex. 757 DIC3
2500 940 {Celatom Celite 5335 4200, CP-8 DIT-R
FW-30
3000 936 Celatom Celite 543 42001, 4500 MT-2R
FW-60
5500 917  Celatom Celite 3600 a0ug DIT- 3R
FW-80

“  Based on bomb filier tests with &7 Brix raw sugar selution. SU~C.

Figure 1015, 'Harborlits (808" exparvded perfite ai Righ magirifieation
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The expanded perlite, for use as a precoat, is prepared from the mineral by a
sequence ol operations that include crushing, grinding, screening and calcining.
The key operation. however, is the raptd heating of the crushed perlite to its
softening point, when the occluded water vaporizes, causing the individual
pebbles to expand to some 20 times their initial volume. The small hollow balls
thus lormed are subsequently broken up by grinding, to give & mixture of thin
trregularly shaped particles, which. as can be seen in Figure 1(2.5, are rather like
pieces of eggshell. Some of the lragments are so shaped that they contain cavities
in which small air bubbles can be trapped. thereby causing them to float to the
surface when dispersed in a liquid; these floaters can cause operational
difficultics if present in sufficient amounts.

By careful control of the manufacturing process, the density of expanded perlite
can be varied over & conslderable range, to suit the intended application. Typically,
expanded ores direct from the furnace are reported by Blunt!*' to have bulk densities
in the range 30-60 kg/m?. Following subsequent grinding and classlfication,
products intended for use as precoat or filier aids may have bulk densities from
aboul 63 up to more than 150 kg/m®. [t is their very low density that enables
expanded perlites to compete so strongly with the much denser diatomites. since
the weight of perlite needed to [orm a precoat is thereby proportionally less.

Table 1.8 gives the chemical analysis of a typical expanded perlite. and it can
be seen to differ significantly from the composition of diatomites in Table 10.4,
notably in respect of sedium and potassium. Particle size analysis data. including
the content of fleaters, are provided in Table 10.9, while Table 10.10
summarizes the typical preperties of one commercial range ol perlites.

Based on permeability data in expressed tn darcies, the relative flow rates of
perlites can be compared with those of diatomites. Figure 10.6 thns summarizes
the three diflerent product ranges of Grefco {inchading its Solka-Floc cellulose
fibre rmaterials). [t is important to note, however. that equivalence in flow rate
does not correspond to identical performance in terms of the clarification
achieved: where maximum clarity is required. diatomite is likely 1o be superior.
since it is more effective in removing submicrometre particles, as indicated in

Table 10.8 Chemical analysts of a typical expanded

perfice®

4 weight
810, 7a¥
Al 13.2
FezCl 3 (.67
Cal 083
Mg EELES
PO Trace
Tif) 0.0]
Nzl 4.40
KO 5.08
Ignition loss 1.0

*  Johns Manville Cer, Lid,
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Table 10.11, which compares these media in respect of several other criteria as
well.

An interesting refinement in processing perlite is recornmended by Mayer,
based on cooperation between DuPont as a user and Nord Perlite as a
manufacturert*!. Laboratory- and plant-scale investigations and trials revealed
the impact of the content of particles smaller than 1 pm on performance when
pressure filtering waste waters. As shown by the data in Table 10.12 comparing
the performance of specially prepared Perflo 305P with standard quality
competitive materlals, the shortest filtration was achieved with the Perilo
material. Moreover. whereas there Is no evidence of a correlation between
filtration time and any ol the other size analysis parameters in the table. thereis a
strong relationship to the Sedigraph weight percent of fines ol less than 1 pm.

10.2.3 Cellulose fibres

In comparison with diatomite or expanded perlite. natural cellulose fibres have
certain advantages for precoat fltration. as a consequence both of their
distinective structure as seen in Figure 10.7, 2nd ol their different chemistry. With
their lengths varying from as low as 20 pm up to 600 pm or more, it Is not
surprising that these fibres rapidly lorm precoats, with little if any penetratioen
through the supporting screen: morecver, the precoat is more stable to pressure
fluctuations during the subsequent filtration cycle, and in addition it releases
cleanly from the screen when he filter is cleaned. Because of these
characteristics, cellulose fibres are Irequently used in combination with other
types of precoat, cither as a preliminary layer or in the form of a mixture.

The cellulose fibres are derived rom wood chips, which are subjected o an
extensive sequence of processing stages to dissolve out the lignin and other
soluble impurities such as wood resins and miscellaneous polymerized sugars.
The resultant highly purificd pulp is formed into sheets that are dried and then
mechanically processed to separate and break up the individual fibres inlo short

Table 0.9 Typical particle ¢lze analyses of expanded perltees®

(irade Parmeability Ploaters Micron diameter? 2t which wiis = W% on 1{)6 um mesh
{darcies) {%) -
L% 5% 3% 3% a0

J3008 4.5 5.4 Ih - 4l.6 - B3 2

12505 3.9 3.0 k3 n 48 - a9 1%

11508 3.2 5.0 14 24 1) Fh B3 1k

Mny 2.2 ¥ - 21 i3 32 - 1%

I2 1.6 21 - & 30 a7 - 7

1 .2 1.2 - 17 29 44 - 2.5

14 1.2 23 - I7 23 43 - 5.3

208 04 0.5 - 11 2 11 - 2.0

J206 Q.15 0.5 - - 1% - - (.%on 4% pm mesh

*  Harborlite {U.K.} Ltd.
& By Conlter analyzer.
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Table 101} Typical propercties of ‘Dicalite’ expanded perlite Klter aids*

Dicalite Colour Specific  Relative Permeahbility
grade gravily  flowrate® (darcies)
ikgim ')
41h White  2.34 170 006
426 White 2.34 3 N F
456 White 2.34 41X} 0. 34
456 White 2,34 52 .56
476 White 2.14 LEIY .84
47REP White  2.314 7O 1.4%]
41016 White 2.14 HK) 1.10
4756 White 2.34 930 1.80
Grefen, Inc,

b Compared wih Dicallte 215 rated as W00

© Median particle Mameter by Malvernanalyzer

ity bulk denstty
thgrm?)

L1
80
Yh
nfu
112
144
144
176

Wet cake density  Farticle®
1kasmt} medlan slze
fprr)

EX 1 11

271 14

273 24

25h il

244 17

256 42

25h 50

2712 57

pH of 0%
slazey

54

Modsture
content

{8

<].5
<1.5
=1.%
<5
<15
<12
<11}
<1.0

DI SFUET D YOOGPUPH  ¥ER
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lengths prior to final classification into a series of low-density, free-flowing
powders. These comprisc pure cellulose, whick is chemically inert, containing
only trace amcunts of inorganic elements. as indicated by Table 10.13; it is
consequently ashless, which lacilitates disposal by Incineration. as well as
recovery of catalysts or rare metals.

Examples of these fibres are the Solka-Floc products, whose flow properties are
included in the summary chart of Dicalite Glter aids reproduced in Figure 10.6.
Their other majn properties are listed in Table 10.14, while Table 10.15
summarizes the typical applications of the various grades; note that, for economy
appllcations where high purity is not essential. some less refined grades (BNB
and BNC)are available.

Table 10.11 Summary guide compating diatambte and perlite”

Diakomite Perlite
Typleal wet density 360 1&
{e/lt
Purticle size Submicron and above Less efficient for
removal submicron particles
Particle quantlty Typically <0.3% ww Typically <2% wiw
remaval
Max. operating & bar 4 bar
pressurs
Penetrability in Goad reslstance Usually poor
rotary yacuclm resizstance
filter cakes
Eage of filier cleth Very casy 'Sticky’ cake
cleaning
Precosting Admixture with Very good
candle filters perlite or cellulose
recommended
= Celite France.

Table 10.12 Influence of content of submicron particles on performance of expanded

perlite

Parameter Perilo 305P Siendard Hiter alds
A B C

Welght %h <625 mesh 270 3.5 i%.3 354
Counlter Counter analysis

welght %<2 pm 61.3 Ly 65.4 L

D vize [prn) 1.5 1.4 1.5 1.8
Sedigraph analysls

wetght %<1 pm 1.u 9.0 LEL 5

Deg size [pm) 4.8 3.7 4.6 3.2

3

Relative fltration time 1.0 20 1.8 1.

4 Special grade of Mord Perlile flter aid.
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An extensive ranges of precoat and Rlter ald products is made from weod and
other vegetable cellulose by the German company Rettenmaier. The main range of
productsis described tn Table 10). 16, with more details ol filtration characteristics
given in Table 10.17. Figures 10.8 and 10.9 show the relatlonship between
permeability and clacliying action for two of the product ranges.

Figure 160, 7. Celite 'Fibra-Cal SW- 16" ceMrdose fifres ai « 200 magmification.

Table 1013 Typlcal element content of *Solka-Floc' cellulose fikres™

ppm element

Sodium 180.0
Calzium 260.0
Iron 1200
Alumitium 18
Magnesizm 310
Potassiom 170
Silicon 154}
Barium 4.1
Boron .54
Lead 2.1
Manganese 1.3
Chromlum 12
Micke] 023
Molybdenum 23
Tin .41
Lithium 0,40}
Copper 1.3
Slver Trace
Titanium a1y
Stroottum 1.2

Other elements Mil

" Grefeo. Tne
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A major development by Rettenmaier' ™ has been its “Exteact-Free Cellulose™
(EFC), for which natuoral cellulose has been treated by solvent extraction to
reiove extractable components that might otherwise have {ed to odour, taste or
colour in the filtrate, EFC is marketed under the product name of Filtracel. and is
an economical way to achieve a precoat with US FDA approval for use with
loodstuffs. Details of the Filtracel products. which new outsell all of the other
Rettenmaier lines put together, are given in Table 10.18.

Cellulese fibres are frequently biended with other media, especially diatomites,
to facilitate precoat formation and minimize inittel penetraticn through the
supporiing screen. as well as stirengthening the precoat bed. so that it is more
resistant to flucteations in flow rate and pressure. An example of a range of
blended cellulose/diatomite powders., with variations in both the proportions
and the grades, is summarized in Table 10.19,

Eagle-Picher has a corresponding range of mixed diatomite and cellulose,
marketed under the brand name Ciulose. based on six grades of the Celatom
diatomite (FP-4, FW-6, -12. -14. -20 and -0}, mixed with one grade of Pre-ce-
Floc cellulose fibre (PB-40M), in five different proportions (5, 7.5, 10. 15 and
200% of cellulose fibre).

10.2.4 Wood flour

Wood flour is produced by a process of grinding and double sifting, and 1s utilized
in a wide diversity of industrial applications. Typical standard grades are
characierized by screen sizes: 25 mesh {600 um). 60 mesh (250 pm). 90 mesh
{180 pm), 1 20 mesh {125 pm), 180 mesh (920 pm), and 300 mesh (53 pm).

Table 10.14 Typicel properties of ‘Solka-Floc' cellulase filter aids®

Grade Colour Densityikg/m?) Specific % Retention 1 US Std. Screens)®  Flbre pH [gnition

—  zravity lergth loss

Logwe  Filter 400 T100M 325M Ipm)

welght  cake
K8-1040 White 55 175 1.5 160 33.0 87.0 - 7.0 598
K& 1016 White 50 170 1.3 160 523 &7.0 290 7)) 998
SW-40  White 65 163 1.3 .3 370 81.0 1OU-140 b5 99,8
BW-2iy  White 10% 213 1.3 9.0 3l fl.U B0~120 6.0 998
EW-40 White 130 223 1.5 1.0 L4} 3A.0 G460 Hhi 998
BW-100 White 175 270 1.3 TR .1} L] 43-53%  hO 993
Special
BW-I00 White 200 s 1.3 TR fA} 1.4 1545 H0 993
BW-200 White 230 03 1.5 [ 2.4 150 30-33 B0 948
BNB-20 Brown 95 140 1.3 100 31.00 B0 BU-120 70947
BMB-40 Brown 105 200 1.3 ja 230 9.0 B-100 7.0 98,5
BMB-100 Brown 135 230 1.5 1.0 30 25.0 35-45 7.0 98,9
BNC Grey 130 250 1.3 3.0 17.0 520 - 7.0 98.6

2 Grefoo, Inc,
b Aperturesof US scteens: 0% =423 wm: 1008 =150 pm: 325M =435 pm.
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A detalled investigation of the potential of some of these flours lor use as
precoats was undertaken by Wakeman'®', who reached cauntiously (avourable
concluslons, despite the compressthilities being relatively high as compared with

Table 015  Typical applications of ‘Solka-Floc' cellwlose filter aids”

Crades

KS-1040
RS-1016
Sw-n
BW-20
BW-40)

BW- 1003
B0

BW-40)
Bw-104)
BW-44{)
PBAY-1800)
special

BW-20
BW-40

BW-40
BW-100

K3- 1040
K8-1014
Sw-4i)
BW-44}

BMEB-20
BRB-40
BNEB-140)
BNC

Applications

I. Alkaline chemicals —¢.g. 30% sodium hydroxide, sodium
silicale. prepamation of alaminz and plating selation.
where the soluble silica In diatgmbte and perlite makes
them unsoitable

2. Brine Biration - electrolytic cells of chlortne foaustic
plants

i Condensate —removes soltd partteles apd traces of il

4. Emutlsions— breaks ofl-in-waler and water-in-oil

5 Catalysts and rare earth metals - ashless ‘Solka-Floc
wids recovery by incineration

. Beer and beverages — avoids bleed-through of diatomile
or perlite

7. Miscellaneous chemicals - where highest purtty is not
the prime consideration. [ower cost unrefined fibres are
ecunomic

= Grefeer Ine,

Table 10.16 Rettenmaier’s range of cellulose Abre producets®

Composition

Produrct Source

Lignacel] MNatural untreated wood cellulose bres
Behofix Natural vegetable Abres from annal plants
Vitacel Highly purified 7-cellulose powder from wood
Arbocel Highly purified z-cellulose fibre oo wood
Vivapur Micro-¢rystalline cellulosc from wood

a0-73% celluloge:
20-35%lignin;
3-5% extractables
70% cellulose:
200 lignin:

TP
carbohydrates

99, 5% cellulose
99, 3% cellulose
99, 7% cellulose

*  JRettenmaier & Sohne GmbH & Ca.
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conventional precoats, Data illustrating the effect of compression on porosity,
permeability and specific cake resistance are reproduced in Tables 10.20-10.22.
An indtcation of their solubility in various solvents is provided by Table 10.23.
As a low-cost material, wood flour has proved to be successiul [or certain precoat
filtration duttes, such as for removing protein from glucose soluticns.

10.2.5 Inactive carbon

Filter aids of inactive carbon have occuslonally been produced. using coal as the
ultimate raw material; it is uncertain if any are currently available
commercially. As part of a development programme for the direct liquefaction of

Table 10.17 Flltration properties for Rettenmaler cellulose products®

Praperty Lignucel Rehofix Vitacel Achocel Vivapur®
Mumber of grades 7 2 4 19

Fibre fength {pm) 20-350 BO-41) 240-350 20k 2060 10200
Iy bulk density (g/1) 100-1 513 200300 Bl-2 701 10-270 130-160
Wet cake density (gfl} 12{3-230 G 1-2 KA} 4433 5) 1504106
Permeability (daveies) 1-312 =35 {.8-10 0.8-13 0.2-1%
Permeability” (per min} Z10—40000 >TCH 1IHI-3 300 104-2 340 4{i= 2000}
Chemical stability Ly Low Very high Very high Very high
pH range 2-11 2-11 1-14 1-14 1-14
Max temperature | *C) 180 180 2l 200 20381

* TRenenmaier & Schne GmbH & Co,
¥ Vieapor 154 very minor product by comparison with the others.
°  Permeability 2s measured by Schernh Wasserwert-Met e’
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Figure 10.8. Permeahiliog and clavifyimg agLion of "Arbocel” veltulose filter atds.
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coal, Kimber and Davies'”’ report that {the then} British Coal evaluated the
precoat performance of six carbonacepus products derived from coal and
petroleum as possible alternatives to Celite 560: the materials lested were
petroleumn cyclone fines (a by-product of caleined coke). calcined petroleum coke
crushed to nominally 100 pm, regular petroleum cokes crushed to nominally 50
and 100 um, coal extract cokes crushed o nominally 1980 pm. and pitch cokes
{from coal liguelaction). Best results were achieved with petroieum cyclone fines.
the other materials all deterlorating more rapidly. The specific filtration

resistances of all ccke cakes were less than 3 x 10" m/kg. within the range of
commercizl filter aids.
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Figure 10.9. Permeability and clarifying ac Lionof 'Lignocel celindose filter aids.

Table 10.18 Properties of Flliracel EFC cellulose precoat fibres"

Property FEC 100 ERC450 EFCHE0U  EFC Iy EEC 1444 EFC2000  EPFC 3500

Fibrelength  30-30 30-100  S8-150  7Ti-150  ®-1¥0 150-250  S00-3000
(wm)

Dy bulk 125-150 1I0-160 114 143 105130 1{5-143 120180 13170
density ig/1)

Wet cake 155190 155-180 150-1k5 130-160 150-1A2 130-190 143-170
density {g/1)

Permeability 0.3-1.0 2.1-3.8 4.7-h.3 B&-H 9-11 12-17 H)-2%
{darcies)

Permeability® 30-150  350-350 700 900 830-1150 1300-1500 1300-2204) 3000-4000
{per min)

[ Rettentaler & Sohne GmbH & Co,

¥ Permeability as measured by Schenk Wasserwert-hMethode'



Parked Beds 411

The various grades of the different carbonaceous materials that have been
produced appezr all to have broadly corresponded to the coarser ¢nd of the range
of diatomites and perlites. Their special value would be in their chemical
inertness as compared with silica.

10.2.6 Other materials

In principle, any inert bulky granular matertzl could be used as a precoat. Because
of their chemical inertness and insolubility. powders of synthetic polymers are
potentially applicable as precoat materials and are occasionally reported in use,
Almost any commercial by-product or waste powdered material might be a
suitable substitute for a commercial precoat or filter aid. In practice, even if it
proves possible to achieve consistently satisfactory standards of qualitative

Table 10019  ‘Fibira-Cel’ blends of diatomite and cellulose Rlter alds™

Grade” DE component Cellulose (%}

2.5 5 7.5 11} 115 15 17.5 20
Fibra-Cel 1 Filter-Cel¥ A B D E F G H
Fibra Cel 2 S77 A B C D E F G H
Fibra Cel 5 Standard Super-Cel * A B C o E F G H
Fibra Cel b 512 A B C I E F G H
FibraCel 7 Hyllo Super Cel® A B C [y E F G H
FibraCel9 s03 A B c D E F G H
Fibra Cel 10+ 535 A B C o E F G H
FibraCel11 545 A B C I E F G H
= Celie Corporation.
b Example of grade: Fibra-Cell 6F comprises Celite 512+ 15% cellulose.
Table 10,20 Efect of compressive load on porosity of wood flour
Compressivre Porosity
load®

Wood flour grade
120 180 300}
{J (.8452 - -

11.1 .54 20} 0.822% 0.5230
1540 (.8300 U.8100 0.807%
08 08225 0.8045 07990
25.7 18125 e 0.7930
153 08013 7890 0.7750
46.0 L7955 (L7785 0.76A0
55.0 0.7920 0.7705 0.7550
649 n.7320 0.7h&E0D 0.7500

*  Dimensionless.
b Units: kg/m?
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performance with a low- or zero-value material, a careful analysis of all the
relevant cost factors is more likely ultimately to reveal a defictt than a profit.

An interesting example is the RHA filter zid material pioneered by
enviroGoard Inc. RHA is an abbreviation [or rice hull ash. of which some four
million tons are generated in the USA anpually, as waste material from milling

Table 10.21  Effect of compressive load on permeability of woad Aour

Compressive Permeabliliy”
load®

Wond lowr grade

120 181) 300
Lt dRIxln-It - -
11.1 1.73=10-'2 S 60x1n13 120w 10— L2
160 Lelxip-'?2 Tl 13 TRAEx LY
20.8 L1Rx T8 12 b -1? 6.32=10-0
157 161y 12 3201011 A0 -1
353 B.Ux g LE 4 By 1011 RUOA%1Q- M1
46.0 G dgx I8 LER =101 4.21=10-F7
55.0 B.uxln-!f N EESHIRE F AU

n4.9 (R PR 154w 1071 12110t

* Tinits:m?,
b Units: kgfm2

Table 10.22 Effect of compressive load en specific Rltration reslstance of wood Rour

Compreszlve load® $pecific iltralion resistance”

Wood Nour grade

12 1¥0) 30

10 Ihde 1 462109 4 6 0%
20 s45xtnv Bll=10" 3.96x10Y
30 4.06%10¢ 739w 1Y 7.2 0%
4} 4 40 1004 854100 B0 ¥
5 487 10" y.01x10° B.54x%10*
6l .20 =10 §.26x10M R, 70> 10%
* Dnits: mfkg

" Lnits: kgim®

Table 10.23  Solublility of wood flour

Ehquid pH Colour change of selution?®
Bilute sulphurle acld 1 Yes

Dihate hydrochloric acid ! Na

Benzene 4 Yes

20% sodium hydroxide 11 Yes

Water T Nao

“  Attributed to chemical reactlon.
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and processing rice. IL is 95% amorphous silica with 5% carbon, and minimal
amounts of trace elemenis, so it is an obvious potential substitule for
conventional filter powders. Encouraging results were reported by Rieber'®! from
bath laboratory and plant trials.

10.3 Deep-bed Granular Media

Many different granular and crushed materiais have been used to form the deep
beds employed in the large gravity and pressure filters common to the water
purification and sewage treatment industries. [n addttion to sand. which is the
classic and mosi common material, others used include garmet. imenite,
alumina. magnetite, anthracite and quartz: coke and pumice have also been
used but. because of their porosity, they are troublesome to clean and
consequently giverise to the danger of uncontrolled breeding of bacteria.

The suitability of a granular material for use in a deep bed filter depends both
on the application and on the wype of filter. Conventionally, there are two matn
types that operate with gravity flow downwards through & 0.6-1.0 m deep bed;
these are identifted respectively as ‘slow” and ‘rapid” sand filters.

Slow sand filters operate with a velocity of (0.1-00.2 m/h down through the bed.
They function by a form of straining through the so-called “schmutzdecke’ or
biclogical layer that forms on the surface of the bed. They are cleaned
occasionally by the reasonably complete removal of this layer. without
disturbing the rest of the bed.

Rapid sard filters utilize 2 velocity of 3-13 m/h and function by depth filtration
within the bed. They are cleaned [requently by cessation of process flow, followed
by a reverse upward flow of wash water at such a rate that the bed expands and
releases the rrapped dirt particles: this cleaning flow may be augmented by some
form of agitation, such as injecting compressed air below the bed or hydrzulic
jets impinging on the surface, This cleaning process has an important secondary
effect, which is to reclassily the granules of the bed based on the combined
influence of their size and their density. so that the wasbed bed is graded from
finest at the top to coarsest at the bottom.

A variety of other types of filier have been subsequently developed [rom the
rapld sand filter, starting with pressurized versions such as that illustrated to
Figure 10,10, A mare radical variation is the use of upward flow so that the
incoming raw water encounters the coarsest granules first and the finest last {as
in the Immedium filier}. These beds are alsc washed by an expanding upward
flow, with the dirty effluent withdrawn separately.

Multi-layer filters with conventional downward filtration achieve the same
results by means of beds comprising two or more materials of different densities
so that the hydraulic classification of cleaning places the finer, denser particles
on top of the coarser, less dense particles.

The most modern version of the rapid sand filter is that which uses a moving
bed of sand, whereby both fltration and cleaning proceed continuously and
simultanecusly. Recent evidence ([rom the US EPA) suggesis that such filters can



434  Handbhook of Filter Media

be as eflective as membrane filtration plants in the removal of such pathogens as
Cryptospovidia and Giardia from water intended for drinking.

10.3.1 Charactorization of granular media

A practical approach to assessing the suitability of granular materials for use as
deep-bed filter media has been provided by Ives'®’ the physical properties
identified as being of interest were particle size. particle shape, density, durabilily,
solubility, cleanliness and settling velocity. An indication ol the variation of some
olthese propertiesis provided by Table 10.24. reproduced from Mohanka' !,

Many of Ives’ procedures have been included or adapted in the ‘Granular
Filtering Materials Standard’ first published in 1993 by the then British Effiuent
and Water Assoclation (BEWA), and in a final version in 1996''!" by British
Water {into which BEWA had merged). This document specifies a total of 15
ftems of information, as listed in Table 10.25, which are recommended [or
inclusion in 2 supplier's data sheet lor a product offered as a filter medium for
water, and discusses each in some detail.

The discussion below is based mainly or Lves but also includes some references
to the British Water document. Both omit any measurement of filtration
efficiency: the reason for this is the complex nature of deep-bed filtration. which
involves interaction between a suspension and filter medium. As Ives

Figure 108 10, A vertleol pressure sand filter.
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Table 10.24 Physical characterlstics of various granular Glter medin
Physical parameters hMuldlayey Aler

Folystyrens: Anthracite  Crushed Garnel Magnetite

flint sand

Sieve size (mm 3 175- 167 k- {833 (r3449- 50—

2037 1403 .69y 0,500 0422
Fall velocity (cm/z) 3.30 13 210 a.4i} 10.95
Hydraulic dlameter {mm) 2,30 1.14 {164 0467 (1413
Sphericity 1.08 0.yd3 {178 1.8A3 AR 11)
Density {g/em ¥} 1.04 1.44h 1A% 183 4.9}
Porosity u.33 (.42% {404 10,47 .42
Fhysical parameters Sand filter

Crushed Crushed Crushed  Quarry Quarry

flirat saod Nint sand flint sand  sand sand
Sleve size imm) 0300 0422 (L5e9- 0853 1.67e— 2.411-

0500 (.A49 1.403 2057

Fall velactey (cm/s) 500 h.54 8.10 16.83 20,90
Hydraulic diameterimm) (.38 0433 .60 1.145 1,36
Sphericity O.R3 I B {175 0.7h5 62
Density (gicm* 2.6% 2R3 263 2.63 2.63

Porosity

0.464

4hd

1464

.19

0.9

Table 10.25 Informiation recommended by Erirish Water for inclusion by granolar media
suppliers in their product data sheets

1. Type elmaterial. e.g. sand. anthracite

Z. [nfermation relating to the size grading available, e.2. standard avallable grades
L} General desceiption. ©.g. appearance and shape of malerial

4. Souree and production procedure. Ceological classification, irelevant
N Dict {dust) content fimtis

&, Grain effectlve specific density

7. Bulk density tin hackwashed condliion)

B. Abrasion rezsistance i5state (fwater only or air and water)

9, Friability data

i Poured and packed voldage

11, Acid solubility

12, Linpact resisiance {support material only)

13 Impurity leach data

14 Backwazh la) heud loss data lor standard gradings

15 Filtering head loss data at rates of 3-1 5 my/h

bl expansion versus upllow i 5,10, 1 3 and 20°C. for standard

grades
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commented'*?, there is no such thing as a ‘goed filter” unless the suspension to
be filtered is simultaneously specified; in some cases, coarse grains are required.
in others finer grains or multiple layers of different materials.

T0.3.1.7 Parlicle size

Granular media are generally characterized by sieving tests that report the
mass retained on a serles of successively finer screens. The data are
conventionally expressed graphically as the cumuolative percentage Bner than
the size of openings in each screen, asin Fipure 10.11.

'Igéxmzszznisulzmursaqsnm
T 1 T | T 1 .! T LI T 1 LI
90k tither
aond
Bl -
P
| S L. L
I
: = i
£ {
|
E ok I
. i
o I
1
20 ;
L] i P U :
£ |
[ +] Xl 1 i
c4 08 03 0 20 3 40 50

L U H ]

Figure Y111, Grain size disirikution of tupical waterworks flter sand and amtfiracice, Nete: Tle 10-
percentile 18 the Hazern effeclive size: imrverse ratio.af this te 66-pevceniile is the Hazen uniforriiny cocffiotens.

oo

FET

z0

1.3 - - -
I T m |
i

/
I3
1

)

Iy

R

uLLe ey N

N

[
LX)

[ H
0.3 i

ol 05 0 5 10 ia QM SC AL TR RO B) 45 " FLE Y
CARLLATIVE FERCENT

Figure 11.12. Example of o plot of sieve test data ona fogiprobability basis, with trambline limirs { based on ant
example in British Waier Standard' 1 1),



FPacked Beds 437

The British Water standard recommends the use of the log/probability [orm of
plot illustrated in Figure 10.1 2, An advantage of this format ts that the acceptable
tolerancelimits can be defined as a pair of parallel ‘tramlines’, as shown.

There are several different numerical forms of expression of particle size and
size range, which are summarized in 1he lollowing notes.

fa} Percentile limits of 5% and 95%. The size range is defined in terms of the
lower and upper sieve sizes. the lower being that which retains 95% or more by
weight (i.e. passes 5% or less). and the upper that which retains 5% or less {i.e.
passes 95% or more}, The sieve sizes should preferably be specified by the
dimensiens of their openings in millhmetres (rather than as sieve numbers or
meshes per centimetre or inch). This corresponds to the British Waier definition.
Thus, a .5~1.0 mm material specifies not more than 5% by weight is below 0.5
mm or above 1.0 mm.

(b} Hazen effective size and uniformity coefficient. These two parameters were
invented by the American engineer Hazen for slow sand filters. wherein the sand
sizes remain fixed. It ts common practice but ineppropriate to apply them also to
the stratified beds of rapid sand filiers; Brittsh Water recommends that this use
should be discontinued.

The effective size is the sieve size d;,; that 10% by weight would pass, as
indicated in Figure 10.11. The uniformity coefficient is the ratio dug/d ;. where
dsq is similarly the sieve size that 60% would pass. The larger the value of this
cocfficient, the greater the range of grain stzes.

Hazen discovered empirically that. if all the sand of a bed is replaced with
grains of one size only. then that size must be d,,, for the head loss {or hydraulic
resistance) for the two beds to be identical: this contrasts with the expectation
that the average or modal size d;,; would produce this effect. The explanation
that subsequently emerged is that the modal size by number is approximately
equal to dyo by weight: and head loss is determined by surface area, which
depends on the size and number of grains. not en their weight.

Later research demonstrated that, even when restricted to slow sand filters.
the uniformity coefficient is of little relevance to the performance of the filter' 32,

{c} Hydraulic diameter (d,). This is a concept introduced by Ives enabling the
shape ol a particle to be expressed quantitatively in terms of its sphericity. It is the
diameter of a spherical particle that has the same settling velocity in water as the
actual particle.

The hydraulic dizameler can be calculated from the observed settling velocity of
a particle by calcnlation ofthe drag coefficient lor the particle. Cp. in the form of the
dimensionless grauprelation between drag coefficient and Reynolds cumber, Re:

Co _ 48l - plu
Re ot}

where p, = particle density, p = liquid density. u = liquid viscosity. v, = particle
settling velocity. The Reynolds number for the particle is given by:

Re = pdpv,fp
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Figure 1011 3. Curves of divnensionless groups Cp Re and Cp/ Re? versus Reynolds number Re.

and can be determined from the curve in Figure 10.13. and the hydraulic
diameter calculated by rearranging the definition of Reynolds number:

dy = pRe/pv,

{d) Hydraulic size. This is a term preferred by the British Water standard over
Ives' hydraulic diamcter, Hydraulic size. Dy, is defined as "the uniform graip size
that would produce the same resistance to flow as the material under
consideration {at the same voidage)'. The concept of hydraulic size is based on a
theorettcal model of the Rlter bed as a series of discrete layers corresponding to
the sizing fractions retained on a set ol test sieves, Each layer is characterized by
the respective sieve aperture (i.e. the grain size) and by the retained percentile
{1.e. the relative thickness of the layer).

The theoretlcal background to this was summarized by Stevenson'!*!, utilizing
the relationships developed by Kozeny and Carman to evaluate the particle size
that gives the same surface area as the actual mixiure and therefore has the same
hydraille behaviour.

The Eritish Water standard and Stevenson’s paper both provide a very simple
calculation procedure lor evaluating Py, comprising the following [our steps:

1. divide the percentape retained on each successive sieve by the size of the
sieve aperfure:
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2. add up all the Ggures thus obtained and divide by 100:
3. obtainthereciprocal ofthe above sum; and
4. add 10% to the reciprocal. to correct the ‘retained’ size to the centre size
between adjacent sieves {sieves are spaced at 20% increments).
A specimen calculation in this manner is shown in Table 10.26.

10.3.1.2 Particfe shape

The shape of a particle ls important berause it aflects the way in which the
particle settles into the packed bed. and the consequent bed voidage. An
indication of the extent to which the shape of particles departs [rom the spherical
is provided by the list of shape coefficients for 2 range of materials in Table 100,27,
This utilizes two different shape coellicients, K, end K,. by which the surface
areas and volumes ol particles are related to the ‘average’ diameter, d,, — an
average depending on the sizing technique used:

Surface arca = K2,

Volume = K, 42,

Table 10,26 Specimen calculation of hydvaullc slze

Steveaperture (mm) W, oetaine:d Calculation
2.8 ih1 {014
236 1.3 0,21

2.0 1012 3.1

1.7 221 13.0}

1.4 123 .25
1.18 223 15,1

1.0 1.4 1.4

(1.RS 18 iz

0.71 th5 .7

1000 7ol

Divide 7{.1 by 10H)= 1} 711
Reciprocal = 1H0.7001=1.43
Add 10%=10.14

Hydraulic size= 1.37 mm

Table 10.27 Shape coefckents for typical granular materkils

Particle Area coefficient K, Volume cosfficient K,
Sphere r=3.142 mh=01,502

Copper shot 114 324

Sand 2.1-29 -

Worn sand 27-3.4 .32-0.41
Pulvertzed minerals coal, limestone) 2.5-32 20024

Coal 2.59 0217

Mica 1.67 003

Aluminium flakes 160 (L2
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By contrast, Ives preferred a hydredynamic definition of sphericity that relates
the sieve size of a particle. d;, to the hydraulic diameter. dy, (thc size ol a sphere
having the same settling velecity in water as an actual particle). Thus the
sphericlty is given by:

'r& = dh;'rds

Some typical values for sphericity are given in Table 11.28: values below 0.6
suggest an undesirable flaky shape.

In discussing what shape ts desirable for filter media particles, Ivesti?!
commented that there is agreement that flakes are undesirable, but differing
opinions on the benefits or dizsadvantages of betng near to spherical roundness.
He reported comparative tests to assess the relative quality of filtrate achieved by
filtering a suspension through identical beds {in terms ol depth and particle size
feaction) of glass beads (= 0.98), sand (¥ = 0.85) and anthracite { = (.70): it
was found that anthracite was best. sand next and round glass beads worst. The
differences were shown not to be due to surface electrochemical effects, stnce all
had similar zeta potentials {about =20 mV). It is interesting also to note published
ppinions critictzing highly reunded filter media‘*-1#?,

Elsewhere, [ves reports that a study of the mechanisms of deep-bed fltration
shows that changes in local low direction caused by angularity of the filter
medium lead to improved capture of particles'! 7. Confirmalion of this is provided
in the ISA where Hambley'!®' stated that 'side by side column tests of highly
angular sand will markedly cut-pedorm round sand In improved effluent
turbldity, in run time to break through, and/or in run time to limiting head loss™;
moreover, this has been verified in actual practice with filters of all types,
including dual media and multimedia high-rate filters. Hambley cencluded that
sphericity should be less than (.6 - the £xact opposite ol the conclusion ol twe
paragraphs above, which probably set too high a limit on sphericity.

The British Water standard does not focus specifically on shape excepting once
in a mention under general description. and then in its list of definitions, which
includes aspect ratio {"the ratio of the largest to the smallest dimension of a given
grain’} and sphericity (‘the ratio between the surlace area of the sphere with the
same voiume as the grain and the actual surface area of the grain™.

Table 10.28  Sphericlty and density of common granular flter media

Material Orlgln Density (kg/m}* Sphericity {shape!
Quartz =and UK 2630 (L85
Anthraciie UK T4(HD 0.70
Hydroanthracite ERG 1740 .65
Pumice Sicily 1130 0.75
Expanded slate FR{: I 0 1175

Garnet UsA 1930 QO.h3
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10.3.7.3 Density

The British Water standard distinguishes between grain specific gravity of non-
porous and porous materials. For porous materials. the effective specific gravity is
for a grain saturated with water.

In multi-layer beds, the bueyancy imposed by water has a significant eflect on
the relative density of the materials. This can be seen, for example, with the UK
and German anpthracites in Table 10.28, for which the densities as listed are
1400 and 1740, showlng the German material to be the more dense by 24%.
Underwater, however, both densities are reduced by 1000 ithe density ol water}
to effective levels of 400 and 740, the German anthracite then belng 85% meore
dense than the other.

10.3.1.4 Durability

It is important lor filter media grains to resist attrition and degradation
during the repeated backwashing operation that is an essential part of the
operating cycle of raptd sand fhlters. Accordingly, spectfications sometimes
inciude a definition of the required degree of Moh hardness, such as 3.0-3.75
for anthracite. In practice, this is insufficient to define durahility. which is not
necessarily dependent just on hardness since {racture and attrition may result
from brittleness.

An accelerated backwashing test was thereflore devised by Ives'?’. Running
continuously for 100 hours in a week, 1his corresponds to 1000 washings of 6
minutes each, equivalent to about 3 vears of washing operations at a typical rate
of one per day. The key measurement is the depth of filter medivm lost fram a 30
cm deep bed contained in a 1 m glass or plastic tube, at least 3 cm in diameter. A
similar test is incorporated in the British Water standard.

Where Ives uses ‘durability’ to embrace the varicus types of mechanical
degradation, the British Water standard distinguishes among abrasion, friability
and impact resistance each of which is separately listed as in Table 10.25, and
covered by the latest version af the standard.

10.3.1.5 Solubifity

It is accepted practice to test media {or solubility by utilizing more stringent
conditions than are ever likely to occur in practice. the wsual problem belng some
form of calcium carbonate {e.g. [ragments of sea shells in beach sand} disselving
in acid. The limit set by the American Water Works Association'!?!is a 5% loss
by weight into 50% hydrochloric actd: 20% acid was considered adequaie by
Ivest™, both to establish that grains are not aggregates cemented together and to
show up colours Indicating the presence of soluble iren salts. This embraces the
two parameters the British Water standard identifies as acid solubility and
impurity leaching.

16.3.7.6 Cleantiness

Media should be free from dirt, dust, organic matter, clay. etc. This can be
checked by swirling a small sample in clean water [ollowed by a visual
examination, including use of a low-power | x 20} microscope.
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10.3.1.7 Seltling velocity

The settling velocities of individual particles can be determined by timing
their movement between two fixed points in a vertical tube ol water. Their
value is in calculating the corresponding hydraulic diameter and the sphericity.
In addition, in the form of a graphical plot such as Figure 10.14, they also
provide a convenient indication of the expected stratification behaviour of
mixed-media beds if water alone is used for the tinal phase of the backwashing.
These relationships are utilized by Ives''*. but not in the British Water
standard.

10.3.1.8 Head logses and bed expansion

With apparatus similar to that used for the accelerated abrasion test, the
British Water standard proposes measurements of flow resistance (head loss)
both during filtration and whilst backwashing. Filtration tests should cover the
losses of 5-15 m/h. Backwashing involves a range of velocities to achieve levels
of bed expansion up to at least 30%, using wash water at temperatures of 3, 10,
15 and 20°C.

10.3.1.9 Porasity/voidage

The British Water standard calls lor measurement of the porosity or voidage
under both poured and packed conditions. for non-porous materials with
variation no more than £0.5% (¢.g. 39.5-40.5%).

10.3.2 Available media

Inert media of various densities are utilized in single- and mixed-media filters. so as
to control the classification and pore prading of the bed structure, with coarse
filtrationin the lower layers and progressively finer filtration towards the top.

16
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Figure 10.14. Settling velocity versus grain-size curves indieate the intermixing and lageeing of a threee-
component deep bed,
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A variety of other 'active’ materials used as flter media function by chemical
reactions that are benefictal in the overall process of water treatment and
purification by removing contaminants such as metals {aluminium. iron.
manganese, lead, cadmium, etc.). cyanide ions, or hydrocarbons and other
organics. These media may be used separaiely, be mixed with the main bed of

Table I0.29 Technical data sheet speclflcatlons of silica sands for water Aloraclon®

Machanical Aperture BSS mesh Percentage by wetght eetained Mominal  Mean
analysis [mm] no. effective  uniformity
— — — sigerange coeffictent
Grade No. Typical grading Cumulative

[nam) range

Fractlanal Comulative

2.5-113 6-14 1.35 3 Trace Trace (=135 1.253-1.70 =LY
2 R0 ) 2] £ )] +-5.0
2.36 7 R 110 2 13
2.00 & lb.5 ) 1-63
1.7} 14} 273 EER ) 2580
1.40 12 IH.0 g30 T0=10K3
1.1%8 14 14.3 975 95— 1040
1.00) 16 2.4 943 99-100
2.00-1.00 8-146 2.16 7 Trace Trace (-0.3 l03=-1.27 <14
240 B 1.3 1.3 0-5.13
1.70 o 180 19.5 3-35
1.30 12 3.3 334 135-81)
1.18 i4 9.5 843 =95
1.00 16 135 38.0) g3-1060
-1.00 -16 2.4 1nen S9-104
L70-0.85 10-18 200 # Trace 1. 11 (-u.3
1.70 10 2 a0 (-5.0 09-1.18 <14
1.40 12 235 25.5 10)-34}
1.18 14 393 6350 4090
1.0 16 22 . JR TH-100
0.83 1% 1210 ug.( G5—10H)
.71 22 0.3 993 99-100
118060 14-25 140 12 Trace Trace 02 063-0.85 <14
1.18 14 0 ERY =31}
1.00 14 14.5 16.3 (-33
.85 18 4110 36.3 23-90
3 | 22 31.5 #H. T-1{m]
.60 25 11.0 990 93-100
0.50) 3 1.0 10000 99100}
1.00-0.50 16-30 1.18 14 Trace Trace {=r05  0.54-0.F) =14
1.00 14 1.0 1.4 -0
(.23 18 21.5 1.5 140
Lyl 22 3 250 25-80
0.60 23 35.4) 850 73-100
0.50 30 1040 CLEL 95100

0423 36 1.3 Y43 95-106
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Table 10.29 (cortinued)

Mechanical Aperture BSS mesh Percentage by wetght retalned Mominal Mean
analysis {mmi  ne. eflcctive  uniformity
PR — sizerange coeflicient
Grade No. Typical grading Cumulative

{mm} range

Fractional Curnulative

Forglow sand filters
0.71-0.25 Na. 21 1.00 16 Trace Trace =15 025038 <1.7
0.71 az 0.5 6.3 0-0.3
0.50 E1¥] IR0 8.5 10-6U
U.355 44 43.0 R&.3 Fil-95
0.25 1] 101> G700 40-100
0.13 B3 2.5 9.3 g5-100
* Garside Industrial Sands, CAMAS Agpregates,
Typical Properties
Source: Leighton Bugzard. Bedfordshire. UK
Geotogical Classification: Lower greensard
Chemical Properties: 510, Approximalely 97%
Logs onignition @ 1025 °C Mol more than 1.0%
Welghtioss inacid
124h. 20% HCL 20°C) <1.0%
Physical Properties: Specific graviry 2.65
Uncompacted bulk density 1560 kg/m*
Satureted potosity (141
Papricle shape — sphericity - .85 (sphere =T}
Rlti¢nhouse Scale 0.83-0.87

Drurabiliry | 100 ke accelerated wash test) Weight loss <. 1%

sand, or constitute separatc layers in multi-media filters. Typical reactive
matcrials are calclum carbonate, manganese dioxide and aluminosilicales.

70.3.2.7 Sifica sand

The specifications of six grades of filter sand available from one supplier are
summarized in Table 10.2%. comprising five (or rapid filters and one [or slow
filters. Table 10.30 lists 17 rapid grades of another supplier. whose specifications
for two grades for slow filters are provided in Table 1(.31.

10.3.2.2 Anthracite- aref coal-based media

Data for examplez of anthracite- and coal-based media are provided in Table
10.32, while Table 10.33 gives the head loss (mm water) through a 1 m deep bed
at filtration rates from 10 o 50 m/h.

10.3.2.3 Volcanic rock, garnet and ifmenite

Typical data [or these three materials. which have densitles ranging [rom
2440 kg/m* up to 4800 kg/m? ure provided in Table 10.34. llmenite t2 available
as both sand and gravel, the size analyses of which are indicated in Table 10.35.
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Table 10.20 Technlcal duta for silica sands for rapid filters"

Size range (Tam) Minipuwm within range (%)
0.20-0.50 9
0.20-0.70 i
0.40-0.63 ab

0.425-0.§85 ()
0.5(1.00 at
Ga0-1.20 11
(1LB-1.25 90
0.85-1.70 Sk
1.00-1.60 S0
1.006=2.00 a0
1.40-2.040 30
1.20-2.44) &0
1.20-2.80 20
1.50-2.90 4]
1.70-2.50 &0
2.00-315 0
2,00 4,00 g0

2 Oniversal Mineral Supplies [d.

Physical properties:

Specific gravity g

Bulk density approx. 1600 Kg/m’

Hardness -7 Molh

Acid solubility <2 %

Abrasion resislance. maximum 2.(i%

loss after 1610 h back wash

Uncompucicd prorsity 0.38-10.45
Chemical properties: Kiltca as §i0), =904

Table 10.31 Technical data for silica sands for slow lilters®

Grade no. 20 13

Effective slze range {mm} 0.25-0). 35 0.20-0.40
Mean uniformity coefflclent <12 <3.0
Appesrance Dark brown,/grev/angular/sub-rounded gralns
Specific gravity 203

Dey bulk density 1360 kgsm*

Hardness H-7 Moh

Silica as SH0, 905 minimurm

% Universal mlneral Supplias Ltd.
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The relationship between pressure loss and filtration rate through a 1 m thick
layer of volcanic rock of various sizes isshown in Table 10.36.

104 Deep-bed Fibrous Media

An unusual deep bed, used in the novel Howden-Wakeman (HW) filter, is
composed of loose fibres instead of conventlonal granules. Asshown schematically
in Figure 10.15. the bed of fibrous matertal is compressed by 2 perlorated piston
during fltration and expanded by retracting the piston (or backwashing: a briel

peried of reciprocating action aids washing by agitation ol the bed.

Table 10.32 Technical data for anthracite- and coal-based Rlter media

Product name Anthracite Aqua-cile Aqua-cite ‘B Agqua-fit

Sappller Progenerative Agqua Aqua Afqua
Filtration Lud Techniek by Techniek by Technizk by

Source Unspecified Unspecified Pared on coal Pennsylrania
anthracite anthracite anthraclie

Density tkg/m’} 1400 T10-725 Approx. SO0 ca, 890

Bulk density thg/m T 40 Approx. 1650 ca. LRS5O0

Chemical analysis (%)

Carbon on.n =) Approx. 90 947

Sulphuor 0.7 .6 Approx.0.43 -

Volatiles 4.(3=5.0) f.d Approx, 3.5 -

Ash 2040 -4 Approx. .3 -

Water - 1.2 Approx. 2 -
Hardness (Moh) 34 - - 3.0-1.8
Solubllity (%)

In 20% HCL <2 - - <3

In 10)% WaOH <2 - - -

Slze mmand effective size}  O.06-1_20.7] 0.6-1.h L4156 Complete
Li-25(L% 1.4-23 1.4-2.5 CANES
1.1-2.3610.) 2.5-3.0 and as requesied
2.5-5112.5) and gs requested

Uniformity coelficicnt

and usrequested
<] &}

Table 1033  Pressure fosses {mm weter) through 1 m layers of anthracite- and coal-based

media

Filtration rate {mfh}

Aqua-chte medta

Aqua-cite "R medta

1.4-2.5mm

U.8-1.6mm 0.8-1.6mm
10 150 Tl 10} T3]
20 315 160 4K} 150
30 313 et 7 M) )
40 TR 4143 - 444
S0 000 33l - 3490




Table 10.34 Other Inert media for deep bed flters
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Materta| Volcanic rock Garnet Nemenite
Froduce name Aqua-volcano Garnet Aqua-limentie
Supplier Aqua Techniek by Universal Mineral Aguaa Technbek by
Density [kg/m*) 2440 4100 4200-4800
Bulk density 1320 23180 -
Chemical analysis (%)
510; 39.72 ia.l .30}
AlgOy 2322 264 -
Fed - PR R
Feu, 2.6k 1.7 A%.90
Ca0 23R .33 -
Ma( 0.4 LRL -
Mnd} - 1.0% -
Ti0; 1.8 64,70
K0 i.ug - -
Ma 0 F1. 44} - -
B20; - - 01z
VP, - - 0.15
[gnition ioss 20k - -
Acid solubility - - =5
dob hardness - =K 3.3
Lizes availzble imm} 0.8-1.3 0,304 Sand"
1.5-2.5 1.4-2 36 Gravel®
23-33
®  SeeTable 1035 far typical analyses of standand sand and gravel.
Table 10.35 Typlcal analyses of ilmenite sand and gravel*
US standard sieve Sieve T passtng % passing
ne. opening typlcal specification
{mm}
Sarnd
10 O 600 S0 70-100
40 04rs a6 40-80
50 0. 300 14 -
60 0.250 21 -
7a n2z12 h -
80 0180 3 -
Cravel
4 4.73 93 90— 100
& 335 61 -
a 236 i -
1¢ 200 23 -
12 1.70 16 -
14 1.40 ¥ 010
16 1.18 2 -

T AguaTechniek b
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The filter 1z claimed to have better filtering capabilities than conventicnal deep
beds!2™21)_Ap example quoted is the 99.992% remaval of 3.5 prm particles alter
2 k continuous operation without backwash; effective removal of particles down
to {).2 um is within its capability.

Various types of fibre are reported to have been used. including wool and
carbon. Carbon fibres were found to be particularly atiractive since they permit
repeated steam sterilization without incurring undesivable side effects such as
ereep, which was experienced with many polymeric materiais. Moreover, with
diameters in the range 1-10 pm. these fibres are [ar smaller than the 400-3000
pm diameter of typical granules: there is a corresponding difference in porosity,
80-83% [or the fibres as compared with 35-47% for granoles, producing a
greater dirt-holding capacity. Figure 10.14 demonstrates the dependence of the
flux rate on the bulk density to which the bed 1s compressed.

Tabsle 10.36  Pressure losses (mm water) through 1 m layers of volcanic rock

Filtration rate im/h} Media shze tromg b

DE-1.% 1.53.2.5 23-15
10 19t 120 180
¥ 390 230 180
0 545 400 180
40 sun 360 390

i) (EVE{H] ran 310

Figure 10013, Operating modes of the Howden-Wakeoran filter,
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10.5 Selecting Loase Particulate Media

Both types of media discussed in thischapter are aimed at the efficlent filtration of
very fine solids, using relatively inexpenstve means, especially in terms of the
replacement of media that are full of entrapped solld particles. Precoat media
enable the use of quite coarse, but strong continuous basic media in a range of
filtraticn equipment (flter press, pressure filters with leaves or candles, and

It
[ — gl N
‘S0r 100D La -
S
L - A
.
k0 'ﬂﬂ* Bulk denaly / -~
of tiller packing -
o F - 3
2 3% 00 "_.-*"'.4
E l“_..---"
E Y 400 0
%Q_T_
é Mol
10 200 | opanating
rarge lor
SUBPETEl N
pcfishi-q
g

5 W% % E N WoRE f
¢ W W W0 @0 S0 50 00 BI 800 Kbur?
Frassues grodignt

Figure 10016 Flux versus pressurve gradient of Howden-Wakeman filter,

Table 10.37 Comparative grades of datomite materials*

Celatom DE Cellle Dicalite Kenite
EP-15L Filtercel 213

FP-1,FP-2 50% Superaid 100
FP-1W 577 U.F.

EP-3, FP-4 std. Supercel Speedilow 200
FW-h 512 Spec_Speedilow 300
W-10

FW-12 BEyflo 341 700
Fw-14 Speedplus %00
FW-18 501 375 1000
FW-20 303 Speedex

FW-40 2500 2000
FW-50 535 4200 2300
FW-60 545 4500 00
FW-70 550 5000 5500
PW-8D S0 5300

* Eagle-Picher Minerals, Inc.
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rotary vacuum filters), with the fine degree of filtration achieved by the precoat
material, which may be a single laver or a set of layers of different sized particles
{or even different matcrials], with the finest at the top or upstream face, to create
the base for a surface filtration process, generating a cake of separated solid.

Although the granules in a deep-bed fiter are graded in the seme way (i.e.
with finest upstream) they are intended to act by depth filtration, with the long
tortucus channels through the bed being sufficient to achieve the required
degree of filtration. This pattern of fitest on top is a consequence of the bed
expansion and resettling during every cleaning step. However, it is perfecily
possible to make a deep bed from layers of different materials, such that the
coarsest are in the upsiream part of the bed - or to reverse the flow to upwards
irom the hase of the bed.

Table 10.38  Comparative grades of perlite materials®

Celatom perlite Harborlite Trcalte Mord Silbrico Femco
416 H-2.H-1
400 42f 714 27-M
635 436 634 25-M H-55
1200 T00¢ 476-CP- 100} 143 23-8 H-%
1400 200 410-CP-1 50 21-8 H-4
2000 800 4136-CP-173 2 19-5 H-9
4000 1800 4146 17-8 H-X
S{HI0 1900
£0060 2000 272 15-§ H-R
3000

* Eagie-Picher Minerals, Inc.

Table 10.39 Compavative grades of cellulose precoat malerials®

Pre-co-Floc Arbotel Technose! Solka-Floc Fibra-Cel

PB2OOM BEGLIN FLITL 3] BWioo

PRI1LOM BRI BW 200 BH1O0
BEQ{}

FBE10:0OME BWww4n 1001350 104} BHAS

PE&{ 4}

FPB10OME

PE40ME-LD BC 200 BH40

PRZ{IM BH (]

PE100Q BC100Q0 2(H) 20

PBAD

FB33 B40t) 10

FB33E

FB20 EIF440() 1014

* Eagle-Ficher Minerals, Inc.
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10.5.1 Precoat media

An unavoidable feature of the use of precoat s that some or all of it will be
discharged with the accumulated filier cake. Material must thus be chosen
whose presence in the cake can be tolerated {e.g. where the cake is itsell a waste
produet intended for immediate disposal), or which can be easily separated from
the cake solids by subsequent processing. [ the cake solids can withstand it, then
incineration couid be used 10 remove an ashless celluiose material.

Of the available range of precoat media. the two mineral products, diatomite
and expanded perlite, and ceilulose are the most common, The makers ol
cellulose fibre media clalm that it can achieve any required degree of filtration, if
properly chosen and laid down. while the mineral medta supplicrs usually allot
cellulose to a base layer of precoat, any.

The vartous grades lrom opne or two manufacturers are described in Section
10.2. and a set of comparative grades is given in Table 10.37 lor diatemite. Table
10.38 for perlite, and Table 101.39 for cellulose.

10.5.2 Deep-bed media

The largest use by far for deep-bed filters is in the processing of raw water for the
production of drinking water {and, to a lesser extent, in waste water treatment).
The choice of granular media for this purpose is therefore largely made on the
basis of the advice in Section, 100.3.1. or the British Water standard‘!®'.
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CHAPTER 11

Testing Filter Media

The bulk of this Handbook has been concerned with the various types of filter
media, and has described their properties, as concern filiration. The final two
chapters show how these properties are measured, and describe the standards
that govern the various detailed characteristics.

11.1 Introduction

Alarge and ever increasing number of standard tests are available for characterizing
gither flters or their associated media. These standards are established either by
national authorities, such as BSI (the British Standards [nstitution) and ASTM (the
American Society for Testing Materials), by specific industry organizations, such as
TAPPT {the American Pulp and Paper [ndustry) or by regional or international
organizations, such as CEN {Comité Buropéen de Normalisation) and [30 {the
Internaticnal Standards Organizgation), These standards typically definein detail the
recommended testing equipment, Hs method of operation and the assectated
procedures for processing and interpreting data. Some of them are of broad
relevance, but many are focused on specific types of media, for example sintercd
metals, orapplications, lorexample lubricating oil for internal combustion engines.

The objective of this chapter is te present an overview of the relatively few
principles that underlie the resultant multiplicity of standard test procedures, so
that the reader will be better able to assess and Interpret much of the data
provided in earlier chapters. There is no attempt here to provide detailed
guidance on the execution of any of the tests: readers requiring this information
are recommended to refer to the appropriate published standards relevant to
their geographical locatton and industrial context.

Apart from mechanical strength, the properties of filter media of pariicular
interest are five of the six ‘filtration-specific properties’ identified tn Table 1.6 of
Chapter 1, namely:

1. thesmallest particle that the medium is able to retain:
2. theefficiency with which particles of a defined size are retained:
3. theresistance ofthe medium to the fow of clean fluid through it:
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4, the dirt-holding capacity of the medium: and

5. the lendency of the medium to blind, especially when used repeatedly in an
operating cycle that includes cleaning. especially where particles adhere
tenaciously to the medium.

However, a lot can be learned about a filter medium by examination of ils
structure. Any newly developed material will normally have undergone
microscopic examination to enable its relation to other media to be seen, and to
permit seme initial estimates as to its likely perflormance. A novel technique is
now available''! that permits the production of three-dimensional images of
materials that are soft enough to slice {.2. mainly natural fibres and polymers).
The technigue involves the slicing of & block of material very thinly (1o an
accuracy of 0.1 um). the illumination of the new surface with ultraviolet light in
a special microscope. and the capturing of the image on a large format digital
camera. A thousand images may be taken, and these are then assembled to give a
3-D picture of the material.

11.2 Testing Filtration Characteristics

Mosi ol the tesi procedures designed to characterize a medium in respect of the
filttration-specific properties invalve ‘chalienging’ the medium. etiher with a
suituble clean Ouid, or with a fluid containing dispersed particles of selected and
controlled characteristics.

Challenging with a clean uid permits evaluztion of:

« the permeability or resistance to flow per unit area ol medinm, such as the
flow rate of air ot water under a defined pressure: and

e the size of the pores of the medium. in terms of 1he ideal cylindrical pores
assumed in the bubble point test, and hence an approximation of the size of
particie that the medium can retain by straining mechanisms.

Challenging with a fuid contaiging dispersed particles permits the
determination of:

e the smallest particle that can be retained with 100%, which is the
‘absolute rating’ of a medium:

# the relationship between particle size and retention efficiency, lypically
expressed as a grade efficiency curve:

e the relationship between the quantity of material filtered and the
increasing resistance to flow. and hence the dirt-holding capacity, of the
medium under the specific operating conditions; and

e afrstindication if the mediom tends to blind rapidly when used repealedly
with an aperating cycle that includes cleaning.

The notes that {ollow describe the main testing procedures applied to continuous
media (i.e. those formed originally in sheets or rolls, or as cartridge constructions).
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[t should benoted, however, that these tests of Gliration performance may not be the
only ones of interesi for a filer medium - it may be necessary to [ollow the
performance of the same piece of material over a long lifetime. for which simple
welghing alter successive eleaning cycles may besufficient' 2!,

11.2.7 Parmreability

The immense variety of expressions formerly used for the permeability of filter
media is {llustrated by Table 1.10. in Chapter 1. This table was originally
assembled in 19663, since when there has fortunately been considerable
progress in standardization. so that now permeabilitles are generally exprossed
in iwo main forms, even il in a considerable variety of units. The more common
form, appropriate for sheets of media but effectively treating thickness as a
constanl, characterizes them in terms of the rate ol flow of a specified fluld,
usually air, per unit area. A far less widely used form. which is more rigorous
fundamentally and takes cognisance of the thickness. characterizes a medium by
its permeability coefficient.

17.2.1.7 Permeability coefficiem
The permeability coefficient of a medium. K. is defined by the Darcy equation
describing flow through a porous layer:

PIL=Qu/AK, (11.1)

where P = the differential pressure across the medium {Pa): L = the depth or
thickness of the bed ar medium (m); Q = the volumetric flow rate of fuld {n?/s)k:
= the kinematic viscosily of the fluid {Ns/m<}; A = area occupied by flow {m?).
When all of these parameters are expressed in SI units. as indicated. then K, has
the units of m#.

However, K, is frequently reported in tnconsistent units. notably darcies,
where the viscosity is defined m centipoise, the differential pressure in
atmospheres and the other parameters in centimetres and seconds so that:

1darcy =(1 em’/cm?/s).(1 centipoise)/11 atmosphere/cm)
Hydrologlsts and soil scicntists prefer the term hydraulic conductivity,

expressed as the velocity ol water percolating per unit hydraulic gradient.
Factors for conversion of K, [rom m? to some other units are givenin Table 11.1.

Tablc I1.1  Permeability coefficlent units

9% 1071 g

101 3=10" darcy

9.8 10% oms~ 1 ifor water at 20°0)
27Ex 1 day !

20Ex 0 S gallonday i 2

1 darcy
1m?
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Equation (11.1} assumes that the flow regime within the porous layer is
laminar, which appears to be correct for the greater majority of filiration
applications, where the flow rate per unit area corresponds to a maximum
superficial velocity of 0.4 cm/s. However, situations can occur where other flow
conditions exist, as demonstrated by Heertjes in respect of woven [abrics and by
Maorgan for sintered metals. Both made use of the aceepted criterion of flow
regime. which is the Reynolds number. adapting this 1o the structural forms of
their own studies.

Heertjes'*! used a definition of Reynolds number, Re. based on the pore diameter:

Re = pud,/u {11.2)

where p = density ol the fluid; u, = fluid velocity through the pore; d, = pore
diameter; ;1 = fluid viscosity. He reported a transition zone in the range 3<Re<7,
separating the laminar and turbulent regions. Once the flow is fully turbulent,
the proportionality between flow rate and pressure is replaced by P9-5°,

Instead of the pore diameter, Morgan'®' utilized a dimensional factor M for
packed beds of spherical particles. based on the porosity. e, and the specific
surface area, 8., such that:

M = {pore volume)/(surface area) = ¢/8.{1 —¢) {11.3)

His data indicate a fairly sharp transition [rom lamlinar 1o turbulent flow, as
shown for five different grades of sintered metals in Figure 11.1. Morgan reports
that practical Re values occasionally range as high as 70, when a 50% error can
occur if the differential pressure is calculated assuming laminar flow. To avoid
this ezror, he proposed a modified form of equation ($1.1):

P = QujAK, + O p/AZK, (11.4)

where K; = an inertia permeability. with units of length. In many instances.
the second term is so small that it may be ignored: this applies especially to
liguids where the viscosity is high.

71.2.1.2 Air permeability

The most common form for expressing permeability disregards the thickness of
the medium, so that the permeability is empirically qguantified by the flow rate of
air per unit area, under a deflned diferential pressure.

An appropriate example is the Frazier scale widely used internationally in the
paper and iexiile industries; this is based on the fow of air and was formerly
specified as cfm/sq. ft at 0.5 inch WG. Metric versions require care since they may
use various combinations of definitions of air volume (litres or cubic metres),
time (minutes or seconds}), area (square centimetres, 3quare decimetres or ggquare
metres), and differential pressure (mm WG or Pal. Conversion factors for the
units used in expressing air permeabilitiez are shown in Table 11.2, while
associated pressure unit conversions are glven in Table 11.3,



Testing Filter Medla 457

Considerably higher pressures (than the 12.5, 20 or 25 mm WG used In air
tests), ranging up to 1 bar. may be used where flow rates are relatively low, due

either to testing with water instead ol air or to the finsness of pores in media such
as membranes.

17.2.1.3 Measuring permeability

Sultzble measurements can be made with apparatus of varying degrees of
sophistication, as illustratcd by the following examples.

A very simple measuring device is the Gurley Densometer or Air Resisiance
Tester, shown in Figure 11.2 and used in the paper industry. With this
instrument, pressure is provided by a vertical piston that slides down under its
own weight, thus forcing 2 known volume of air through a standard orifice
holding the sample being tested. The number of seconds taken for the
predetermined volume ol air to flow through the sample provides an empirical
definiition of its permeability.

i
S THER L st N,

Figure 11.1. Change in fow regime at higher velocities thraugh sintered metals, demonstrated by plol of
Reynolds minrher versus permeability coeffictent K,

Table11.2 Conversion factors for various air permeabillty urihis

Limi/s lfdmifmin cmifemifs ofma mYymimin @ m¥/m<h
1km/s = 1.00 0.600 0.100 0.197 00800 3.60
1 lfdm¥/min = 1.67 100 0167 0.328 0100 .00
lemPemifs = 100 600 1.00 1.97 0600 36.0
1 efm/Rt3 = 5.08 505 0.508 1.00 0,305 18.3
Im¥mi/min = 167 10.0 167 128 1.00 60,00
1m*m¥h = D278  0.1&7 0027k 0.0547 00167 1.00

Table 1.3 Conversion factors flor air permeability

Pa mbar £m Wi in WG
1Pa = 1.00 DA 00102 1.,004402
1 mbar = 100 1.00 1.02 n.402
1 cm WG, = g1 0.081 1.00 0394
1 in WG =

249 249 2.54 1.00
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The Frazier Precision [nsirumen: Company manufactures 2 Differential
Pressure Air Permeability Machine in two models. The first model. the Low
Pressure Machineg, with air flow generated by suction up to pressure differentials
of 5 kPa (0.05 bar), was developed by the US National Institule of Standards and
Technology. for measuring the air permeabilities of textile-type materials: it is
the acknowledged standard of the US Government and the US textile industry
and, in practice, is widely used for any materials that can be fitted to the physical
dimensions of the equipment. In conjuaction with the US Air Force, Frazier
devcloped a second model, the High Pressure Machinc: this utilizes the same
principle but with pressurized air flow. providing much greater versatility of use
due toits higher attainable air flow with differential pressures up to 0.7 bar.

An example of 2 Low Pressure Machine is shown in Figure 11.3, its operating
principles being illustrated schematically in Figure 11.4 as a version that
incorporates the ‘guarded cylinder principle’. This latter isolates the lest areaaf a
sample from any leakage that may occur around the peripheral clamp seal with
locally rigid media. such as woven wire: for flexible media, such as paper and
textiles, simple clamps are adequate, while special forms of clamp are used under
other circumstances as indicated in Figure 11.5.

‘The same principles are also the basis of various other devices. such as the SDL
Electronic Air Permeability Tester in Figure 11.6. which was developed by the
Shirley Institute for all kinds of flat materials. [t uses a suction pump to draw air
through a circular hole in an interchangeable test head. The test head vsed is
selected 10 suit the desired standurd 1est procedure, in accordance with options
such as those listed in Table 11 4. The specimen. which may be a shectupto 120
cm x 60 cm, is clamped wilh a piece of it over the opening tn the test head, using
a quick release handle. This autpmatically starts the suction pump te establish
and maintain airflow at the pre-selected test pressure between 98 and 2500 Pa

Figure § 1.2 Gurley Densometer for mensiuring air perteabhity.
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Flgure I1. 3. Frazier Low Pressure Machine for measuringair permeability,
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(0.001-0.025 bar). After a few seconds, the air permeability is digitally
displayed in the pre-selected units of measurement, based on measurement ol the

airflow with a variable orifice.

Permeability measurements can be made automatically by pore analysers
such as the Coulter Porometer shown i Figure 11.14.
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Flgure 11.5. Fraziee's suggesied clamping arrafigemends for varigus typrs af flat medfi,



Testing Filter Medin 461

11.2.2 Pore size

Figure 11.7 shows schematically'™ the various types of pore that may occur in a
perous matertal: those that are relevant to filtration are identified s ‘through
pores’. The four most commonly used methods for measuring the pore size ol porous
materials are briefly summarized below: the first two are of particular relevance to
filter media and are thereforediscussed at greater length in thissection.

Bubble point testing, also known as liguid expulsion testing, utilizes a conirolied
air pressure to empty through pores that had previously been filled with a
wetting liguld. A simple relationship between the pressure. the properties of the
liquid and the diameter of an ideal circular pore permits caiculation of the
equivalent pore diameter. This methed is normally used lor pores in the size
range (.05-50 um, but Is, of course. only & secondary test, since it does not
actually measure a pore dimension.

Challenge tests determine the effective size of open pores by challenging them with
suspensions of particles of known sizes. This method is typically used for poresin the
sizerange Q.00 5-100pm. and thisis now adirect measure ol through pore size,

Mevcury porosimetry, known alsp as mercury intrusion. involves filling the
pores with mercury under pressures up to 400 MPa. The volume of mercury forced
in, which can be measured very accurately. is related (o pore size and pressure by
the same relationship used in the bubble point test. This method. which is the
subject of BS 759 1:Part 1:1992, isreported (o be suitable for many materials with
poresin the sizerange 0.003-400um, and especiallyin therange 0. 1-100 um.

Gas adsorption. as described 1n BS 7591:Part 2:1992, typically involves
measuring the guantity of nitrogen adsorbed as s relative pressure is
progressively increased at a constant ceyogentc temperature. The minimum size
of pore that can be studied is restricted by the (0.4 nm size of the nitrogen molecule;

Figure 1 1.6, Shirley air permeabilty iester.
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the maximum is limited to about 50 nm by the practical difficulty of measuring
the amount of nitrogen adsorbed at high relative pressure, The method is
therefore most appropriate for pores in the size range 0.0004-0.04 um.

11.2.2.1 Equivalent pore size by a bubble point test

A very simple form ol bubble point test apparatus is shown in Figure 11.8. This
includes an enlargement of the holder in which a disc sample ol Lhe medium
under test is inserted, so that it is submerged under a layer of liquid. Care must be
taken to ensure that the sample is thoroughly wetted, with all ol its pores filled
with liquid: some test procedures require this to be done by wvacuum
impregnation, so as to eliminate any cccluded pockets of air.

The test liquid needs to be chosen so that it will efficiently wet the material ofthe
medium. Recommended liquids include white spirit for fabrics {BS 3321:1988),
fully chlarinated hydrocarbon for paper. polymer membranes and cloth {BS
7591:Part4:1993), and the liguids listed in Table 1 1.5 for metals.

In essence, the test procedure comprises increasing the air pressure slowly whilst
observing the surface of the liquid in the reservoir. Typically. two different pressure
values are noted, the first corresponding 1o the largest pore, which is detected by
the appearance of the first stream of bubbles; as the pressure is increased, general
bubbling develops, providing an indication ofthe average pore size.

Table 114 Internathenal test standards for aiv permeability

Teststandurd Country Test area Test pressure Unit of measure
fem?) TPat
DIN 53.8R7 Germeny 2 200 Iym*is or l/dm?/min
AFMORGO7-11 France 2tyor 50 196 Iimt/s
BS5.636 England 5 95 emtiem?/s
ASTMD 737 L.5A. i35 123 cim
IS L 1096-A Fapan 18 123 em}fem?fs
EDANA 140.1 Kenwovens 20} o 343 196 /s
TAFPLT 251 Paper Xior 38 125 cfm or cm *fem s
Opery pares
Blind prres Throwgh pares

Closed pote

"tk ekt gare varlely Inferoaneched pores “Bught ¢ plindeical pare’ wareety

Elgure 1 1.7. Selematic vepresentation of types.af pares.
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The equivalent pore sige corresponding to each pressure reading can be
calculated using the following equation:

d=[4eicos8)/P] » 10% (11.5)

where d = the equivalent pore diameter {mm), o = the surface tension ol the
liguid (N/m), # = the contact angle between the liquid and the pore wall
{degrees), P = the pressare (Pa). For the preferred test liquids, which are [ully
wetting, the contact angle is zero, so that the above equation simplifies to:

d=({4e/P) x 10° (11.8)

A more elaborate, manually operated apparatus is shown schematically in
Figure 11,9, This, together with several extracts, are reproduced with
permission from British Standard 7591}, to provide a summary ol 2 systematic
procedure for determining the following parameters:

» themaximum pore diametear:

# themintmiem pore diameter:

o the mean flow pore dlameter: and
e the pore size distribution.

The procedure involves conducting two test runs on a sample during each of
which flow rate versus pressure readings are logged at frequent intervals. First is
a wet run on the wetted sample, with a continuing increase of pressure until all
the pores are empty of liquid, as shown when the flow rate/pressure plot becomes

FLUID RESERVOIR
{SUPPURT DISC]
I

D-RING SEAL
AR '
PRESSURE=® _ j—=
SOURCE REGULATGR ISC FILTER
Figure I1.8. A slzple hsbble polnt cest apparaus.
Table 115 Llquids for bubble pobnt testing of porous metals
Test liquld Density ig/em?) Surface tension (¢ 20°C{N/m}
Methano] 0.79 00225
Ethanol {35%) 0.805 0.023
Isopropanol 0.7y L0215

Carbon tetrachloride 1.39 0.027
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linear, ag shown in Figure 11.10. The air pressure is then reduced 1o zero and the
dry run commenced immediately through the now dried sample still in the
holder: readings are recorded until the dry run plot everlays the wet run plot,
and are then continued until the maxtmuom permissthle pressure is reached.

The point at which the wet run curve leaves the baseline approximates 1o the
bubble point pressure, from which the maximum pore dizmeter may be
calculated. Similarly, the point where the wet tun and dry run points converge
corresponds to the minimum pore dizmeter. Superimposing zn extra ‘hall ol dry
run’ plot on the data plot of Figure 11.11), by simply halving each dry flow value,
idertifies the mean flow pore diameter at the intersection of this extra plot and
the wet run curve.

The pare size distribution is calculated from the wet and dry run piots in Figure
11.140. but for clarity the relevant part is shown separately in Figure 11.11.
Repetitive caleulations are made [or a sequence of small pressure intervals, as
indicated by the example in Figure 11.11, between a low pressure, |. and a
higher pressure, fr.

Assuming that in this example | = 0.06 MPa and k = 0.065 MPa, and that the
surface tenston of the test liguid = 0.016 N/m. then the corresponding pore sizes
are 1.07 and 0,98 mm. Hence, the percentage, B. of pores between these
diameters is given by:

B = [(wet How h/dry flow k) - (wet flow [fdry flow 1}] =« T00(11.7})
=(.4/9-0,2/8) = 100 = 2%
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Figure 11.9. The baxic form of a typical manually cantroiled bubble polnt apparmtus.
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The pore size distribution by flow is computed by accumulating values of B
from the maximum to the minimum pore size. The resultant data may be
presented in the lorm of either Figure 11.12 orFigure 11,13,

The test procedures outlined above, and the computational analysis of the
measured data, can be conducted autematically by equipment such as the
Coulter Porometer illustrated in Figure 11.14a) end (b). This is a
microprocessor-controlled, menu-driven instrument operating at pressures up
to 13 bar, suited to pores from macro-size down to (.03 mm: the analysis time is
typtcally under 10 min. The medium under test is in the form of a disc that is
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Figrire 11,10, Tupical plot of flow rate versus applied pressure for weg and dry runs, performed on a single test
samiple.
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mounted in a suitable sample holder after being thoroughly wetted. The
resultant data mey either be displayed or printed out.

The instrument can also be used to measure permeabillty of a sample of filter
medium. A further use is te determine the integrity of a filter cartridge (i.e. the
absence of any significant leaks in it). by the Pressure Hold analysis option. This
involves isolating a pressurized filter and monitoring the pressure over a timed
period,

11.2.2.2 Elective pore size By challenge tesis

The process of a challenge test involves presenting a filter with a fluid
containing a known concentration: of a defined particulate, and then analysing
the filtrate downstream of the filter to determine how much of the particulate
material has passed through, and of what sizes. The particulate in the presented
flnid may be monosized, or it may comprise either particle sizes over a specified
range. or a distribution of sizes over given limits ol size.

With test materials of mixed particle size. the largest particle passing is an
indication of the size of the largest pore in the filler mediom. The medinm may be
described as 'absolute’ to all pacticles greater than some slighily larger size: with
monosized particles, the percentapge of particles passing characterizes the
filtration efficiency of the medium,

It is clear from this briefintroduection that challenge tests rely heavily upon the
ability of the tester to measure the particles, for both number (or quantity) and

g

Cumulative flow, %

Pore damerer, rumi

Figure 11,12, Cumulative flow pore size distribuilon.

5

[hiferential flow, %% 3

=

Pare mymatgr. {um

Figrere 11,1 3. Differemiial flow pore sfee distrifution.
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stze {or size distribulion) both ahead and alter the medium being tested. This size
and quantity determination accounts for most of the variation among Lhe
techniques employing Lhis method.

A well-known example of the challenge process is the glass bead test. In this, a
sheet or disc of filter medium is fitted within a filter holder and a suspension of
glass beads is sucked through the filter. The suspension comprises beads of
specific diameters over 2 range covering the expected pore size of the Alter. Beads
that have passed through the filter are trapped on an analys!ls membrane and
examined by a microscope to determined the largest size: in doing this, great care
must be taken to ensure that no stray beads inadvertently appear on the
membranc, because even just one large bead can totally alter the assessment ol

[a)
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Figure 11.14. fa) A Poromcter 1l automatad pore analyzer — front view with sample higlder on top:
(k) o Porometer [Lawomated pore analyzer — soheantic of rear vle o
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the fAlter pore size. A glass bead test is included in the US standard for testing
filters for hydraulic power systems in military vehicles; examples of the grades of
glass beads and other special spherical particles available commercially arc
given in Table 11.6.

One of the problems with the glass bead test. or with any synthetic dust-like
material, is the creation of a size distribution to satisfy the needs of the test. A
range of glass mlerospheres is now available' 7. with 2 narrow size distribution.
The various size fractions are produced by means of sonic energy sieving, which
enables the solid to be processed down to 15 pm in the dry state (below 15 pm
such separations have to be done in liquid suspension. to overcome the
electrostatic properties of the particles). One of the particular applications of
these closely sized microspheres is in Lhe sizing of screens for use io keeping sand
out ol undersea cil (which otherwise would cause costly abrasion).

The pharmaceutical industry utilizes a critically important as regards health)
chzllenge test based on a suspension of the bacterium Pseudomonas diminuta
ATCC 19146, in which each square centimetre of filter medium surface is
challenged with a3 many as 10 million bacteria. Provided no bacterium passes
through, the medium is classed as 0.2 pm absolute rating. despite the [act that
these bacteria are slightiy larger than 0.2 pm. The detailed sterilization testing
procedure, using the system shown schematically in Figure 11.15 is described by
Howard and Nicholaus'®,

In reality, numerous lactors combine to make guestionable the principle of
characterizing media by this form of challenge test, which is strictly only suitable
where the pores are clearly formed. as in meshes and screens. where the
challenge particles are spherical and where the filtration mechanism is simple
straining. Under these circumstances it can be very accurate. It is more
meaningful generally to express the performance of 2 medium in terms of i3
efficiencies agalnst particles of a range of sizes.

A particularly severe challenge test is reported by Endo et al'®' in the testing
of a sintered ceramic flter medium made [rom spherical particles of alumina.

Figure 11.15. Sysiem for sterile filtration test,



Table 14.% Examples of highly greded spherical particles®

Description Sizerange Grades State Examples

Mominal size Certified mean Size uniforoabty

{pmy} dlameter (um}

v W

Ceriified stamdards
Polystyrens 20900 nm 26 1'% in water Ll 19x1.5 - -
nanosehores 100} 102+3 5.3 7.5%
Polymer 1.0-140um 2h {3.2-5"%: In water 1.0 11.9%340.102 U014 104
Tnicruspheres SEH - 1O pmy 11t Dy spheres 2001 2002+4.0 7.5 3.7
Silick L5-1.6pm 4 2P b waker L% BR-TEIVNNES {3,002 pm 4 3%
mlerospheres 1.6 1.57+00.04 ik pm 2.5%
Borosilcate glass 220 pm h ey spheres 2 2.5£0.5 LA pm 411%
microspheres pai} 20211 .4 1.7 um ®.4%
Soda-lirme glass 1.5-2000 um 11 iy spheres 1.5 2.1F0% 0.9 pn 434,
microsphemes 750 7aht23 22.7 wm 3.4
Researeh Mz
rreraspiw res dignreter { pare )
Polysiyrene Litex 1.028-3.F um 42 IIry spheres [LXIRT - XCIEY] FL%

1 AH52 - QN R prm 0.7
Irolystyreme DY 3.2-220um 15 Dry spheres 3.2 - 1.4um 434y

i) - 16.5 pm 7.2

* Duke Scientific Cotpuration.

b SD=standard devigtion,

¢ C¥=coeflicient of varianee.

4 DVB=cross-tinked with 4-8%. of dvinythe nzene.

&9 PP a1 BunsaL
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The membrane was formed of a 20 um layer of 0.6 or (0.84 pm spheres
supported on @ 2 mm layer of 15 pum spheres, and has a high collection
efficiency, but with a high differential pressure. The challenge was a
polydisperse sodium chloride aerosol. with penctrations as low as 107 in the
size range 0.02-0.14 um. The particle concentration was determined with a
condensation nucleus counier.

11.2.3 Filtration efficiency

The basie principles of chalienge testing, utilizing either mixed sizc or monosized
particles, are adapted accarding to the nature of the fluid (liquid or gas), and the
relevant fltration mechanisms isurface straining or depth). associated with the
siructure of the medium. An overview of the relationship between these
vartables, the main categories of practical application and the several lorms for
expressing filtration efficiency, is provided by Table 11.7.

11.2.3.1 Tesi dusts, aerasols and ifftration efficiency

Filtration efficiency is usually stated in terms of the percentage of particles of a
certain size that would be stopped and retained by a filter medium. This raises
two guite difftcult problems:

& where a test dusi comprises particles of a range of sizes, what is the actual
size to which the percentage efficiency relates?

e the numerical differences in percentage efficiency of u wide variety of
media are often relatively small. many media being over 95% efficient -
therefore. is percentage efficiency a meaningful basis for cemparison of
different media?

These twe dilemmas arc resolved by the use of test particulates of known
distribution and by a more sensitive expression for filiration effictency. As Table
11.8 indicates, 2 considerable variety of standard test dusts has evolved. many
tailored to specific areas of application: one dust widely used for both liguid and
gas phase applications is AC Fine Test Dust {equivalent to SAE] 726 Fine}. which
is described in more detail in Table 5.3 of Chapter 3.

There are two alternative expressions [or percentage efficiency: one is
percentage penetration. the other is the Beta ratio { A ratio). Very high efficiency
air filters, for which efficiencies range upwards from 99.99%. are sometimes
characterized in terms of percentage penetration, and are in fact classified as
ULPA (Ultra Low Penetration Alr) filters: thus. Eurovent class EU 15 can be
described as having an efficiency ol 99.9993% or a penetration of 0.0005%.

The fratic is based on counts of particles of specific sizes and is defined as:

-Bn = Nu}"Nd

where N, = number of particles =n pm per unit volume of liguid apstream: Ng =
number of particles <n pm per unit volume ol liquid downstream. The



Tablc 11.7 Summary of challenge test and filtration eficiency categories

Fluid Particle size Cemments Test Efficiency expression Application examples
variables
Liquld 1. Mixed Rttt oo n sinmgle pass or 1. trande eflicienoy curves Lieneral use

Laaas/ ir

2 Maonosized

T Mixed

2. Monosized

sSpecial cases

Air tlher standard

Adrfilter standard

bt piss

Sngle pass

Single poss

Single pusa

2. Partlele size for 948'%,
{.-l'“:.‘ir.nr}l

3. plackor

s etliciency for one size only
Howeighl retentlon

S eflicieney or % penctrolion
for one size only

General use

Hyrdraudic power systoms:
eritheal pharmaceutbeals
Microorganlsim rermaval
Airtiller for coarze and fine

delsls
HEMA and UTA i tliees

12§ Wpaw dogrd funsa]
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percentage filtration efficiency, E, is related to 8 by the expression E =1 - 1/8.
Corresponding values lor £ and 8 are gitven in Table 11.9, together with
examples of particle number counts. Figure 11.16 shows a typical plot of the 8
ratios versus particle size [or a fiiter medium challenge test, and demanstrates the
usage of this mode for characterizing a medium; thus §,7 = 200 indicates an
upstream/downstream ratio of 200 for 1 7 pm particles.

11.2.3.2 Fillration of figuicls

Two different techniques are used lor determining the effictency when filtering
liquids. respectively identified as the single-pass test and the multipass test.
Although these tests have much in common. there is a sigrificant difference in

Table 1.5 Examples of test dusts®

Nesignation Matertal Stze range
nl
B3 1701 Coarse Quartz O=-1%50
BS 1701 Flne Quartz 0-75
B32831 No.2 Fused alumina 0-10
BS2831 No. 3 Fused alumina 8-32
DEFSTAN" 0755 Quarts sand 100-1000
SAFE"| 726 Fine AL Fine Mineral sand U-125
SAET] 726 Coarsef AC Coatse Minetal sand 0-200
MIRA? Grade 1,/854552 Fused alurmnina 2,5-9
MIRA? Grade 2/B54552 Fused alumina 3-11
MIBA? Grade 3/B84552 Fused alumina 5.0-21
MR AT Crade 4554552 Fused alumina 15.0-53
MIR AT Grade 5/B8§4552 Fused alumina 27.0=-94
ASHRAR S52/74 Molacco black 23% (wt.)
SAE] 726 fine 71% } a-80
Cotton lnters 5%
BG Test dust Elack irum oxide 79%
Redironaxide 12%
SHlea Aour 8% 0-400
Paint residue 1%
Cotgon linters 0.05%
RRE lubricant contaminant Lamp black 6%
Bearing steel 1%
Red jron pxide % (=420
ACFlne 15%
Meieo 31 seal material 1%
*  Dusts ko these and other specifications are manufactured by Papicte Technolagy Ltd,
*  DEFSTAMN. Defenice Standard (Ministey of Defence, UK
£ SAR, Societyof Automative Engineers. Grades equlvalent to Arizone Road Dusi.
¢ MIRA. Motor Industry Research Association,
¢ ASHRAE. American Soclety of Heating. Refrigerating and Aircondltioning Engineers.
' BB, British Gas.
£

RR. Rolls Royee.
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the particle size distribution presented to the filter, which may significantly affect
the stated efficiency of the medinm.

The single-pass test, as ils name implies, passes a consistent, unchanging
distribution of particles through the test circuit just once. A typical cireuit [or a
single-pass test rig for pressure filtration s shown schematically in Figure 11.17,
The filter mediam, ranging from say & 47 mm diameter disc to a 300 x 300 mm
sheet, is beld in a leak-free support, with sampling points sited as close to the
filter as possible. Bottle samples of fluid are sometimes taken for laler
exammation and analysis; however, this has the disadvantages of risking
contamination and of the two samples not being precisely in step, both of which
can be avoided by appropriate on-line analysis.

A different version of a single-pass test rig is illustrated in Figure 11.18. This
shows the standard asscmbly used to conduct laboratory benich tests on slurries
for making preliminary assessments of the suitability ef process filters such as
rotery drum, disc and belt filters. The circular cloth-covered filter disc, connected

Table 11.9 Compartson of F-ratios and % efficiencies

9% efficiency Aratio

Examyples ol numbers ol particles
Upstream Dewnslream
L Q00 S000 30 2
10 00D 1000 o0 1a
20000 500 D) 20
10} QKD 100 99 100
10000 10 00.9 1000
10 (0 i 99,99 10000
100k -
g 10k 7
] /
a 1k; T4
8 L__Pozpe_|
x 10“‘__ Piq = |5 i
§ 100 TE
£ |
1|
£ 10 / i
[ 1]
yA
I 1
A

1
0 & 110 15 20 25 30 35
Particle size, pm

Figure 11,16 Plotof p ratio versus particie size.



474  Handbaok of Filter Media

to a fexthle rubber hose, can be inverted into a contalner of slurry for a tlmed
period, such as 1 minute. so as te mimic the stage-wise cycle of these
continuous filters. Preliminary tests cao be conducted with various types and
grades of filter cloth to permit initial selection in terms of criteria such as clarity
of filtrate, rate of filtratton, and ease and completeness of discharge of the filter
cake. Full details of the experimental procedures are provided by Drahistrom and
Silverblatt{!t,

By contrast, the objective of the multipass test with the pressure filtration
circuit shown in Pigures 11.19 and 11.20 is to challenge the filter with a
gradually increasing percentage of smaller particles; this is felt to be more
representative of real systems in which a fuid is recirculated repeatedly and
where larger particles are not only removed by filtration but are also being
ground down to smaller dimensions. This test was originally developed for
hydraulic olls but has become the basis ol standards relating to other fluids such
as lubricating fluids and water: for example, the internal combustion engine lube
oil flter standard is 130 4585. Therefore the multipass tes{. as defined by IS0

Contaminant injection of test dust
carafyily prepared in a separate system

Test filter
O S
Particle
Counter
A L ==
o I

Figure 1117 A typleal single-pass test riveuit for pressure filtragion.

Flgure 118 4 basiv set op fiv condurting leaf tests on shureies in relation ro comtisnuous vactaim filters,
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4572, now specifies on-line sampling and analysis as mandatory. recognizing
that efficiency will tend to change as the filter progressively blocks: continuous
monitoring with an analyser such as that illustrated in Figure 11.21 can provide
a direct read-out of Bratio.

11.2.3.3 Filtration of gasfair
All gas-phase filtration tests are of single-pass format, but there is considerable
variety both in the nature of the suspension of parttcies nsed to challenge a Blter

|:| D + Contaminant injection of test dust
carefully prepared in a separate system

Test filter
O =
Clean-up Particle
Counter

= 1L

Figere 11.19. A typical amulti-gass t4st circifl for pressure filtration.

Figtre 11,20, A skid-mounted mylii-pass test rig lendling flows up to 4001 {fmin at pressore differentiale up
to 40 bar,
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and in the analytical methods whereby performance Is assessed. Three types of
test can be distingnished, respectively identiied as:

® flaining tests;
« weight arrestance; and
# particle concentration efficiency.

Atmospheric dust spot efficiency is the first of the stalning tests. This test is a
standard precedure for air filters used in air conditioning and general
ventilation. It is described in detail in Part 1 of BS 654011}, which is based on a
EUROVENT standard!!?); this in turn is based on an ASHRAE standard''* that
originated in 1968,

The test is based on the intensity of staining of a ‘targetr’ filter paper caused by
the flow through it of a quantity of atmospheric air. The staining arises frum the
natural contaminants in the [ocai atmosphere. The intensity of the staining is
monitored by an opacity metre and provides an empirical measurement of the
concentration of the contaminants in the air drawn through the target.

Over a timed periad. this technique is applied simultaneously to two parallel
samples drawn at equal mass flow rates from the upstream and downstrearn sides
of a filter under test: the downstream sampling. i.e. the filtrate, is continuous but
the upsiream sampling ts intermittent and contreiled by a percentage timer.
Suitable adjustments of the timer results in the intensities of the statns on the
upstream and downstream targets being approximately equal (i.c. they differ by
n¢ mare than 20% of the higher value).

Expressed as & percentage, the atmeospheric dust spot efficicncy can then be
calculated from the following relationship:

E=100x (1 -0102/Q204)

where E = the atmospheric dust spot efficiency. %: 0: = the total volume of air
drawn through the upstream target; 0; = the 1otal volume of air drawn through
the downstream target: 0; =the opacity of the dust spot on the upstream target =

Figure 11.21. A Hyac-Royen BetaRatioMeter, { Phategraph: Pacific Scientific Lid}
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(Tur —Tu2)/Ty1 {Tuy = the initial upstream light transmission. %; T,» = the final
upstream light transmission, %}); 0, = the opacity of the dust spot on the
downstream target = (T4, — Ty:)/Tay (Tay = the inittal downstream light
transmissian, %; Ty2 = the final downstream light transmiission, %).

The methylens blue siaiting test was formerly used to characterize high-
efficiency air filters in terms of the percentage penetration by submicrometre
particles. With the methylene blue acrosol identified as *Test Dust No. 1" (Nos 2
and 3 being fused alumina}. it was included in both the 1957 and 1971 versions
of the now obsolete BS 2831, which has been superseded by BS 6540. A short
summary is provided by Dorman and Ward ',

The aerosol is generated by atomizing a 1% aqueocus solution into a constant
stream of clean, dry air, which is then passed through the filier under test. the
whole of the effluent being sampled by filtering again through an esparto paper
for a known time. Alter intensification of the blue stain on the sampling esparto
papet, estitnation of penetration is based on comparison of this stain with z series
of standard stains, either by eye or by a photoelectric densitometer.

The standard stains are previously prepared by drawing volumes of 12, 24,
36, etc.. cm? of aerosol cloud through 125 mm? areas of esparto paper and
intensifying the blue in steam. Identilying the nearest matching siandard sizin,
or, if necessary. interpolating between twa standard stains. defines the amount
of blue dye collected on the sampling paper; lor example, if the 24 em® standard
staln is the nearest match, then the amount of dye on the sampling paper
corresponds to 24 cm® of unliltered aerosol cloud. Hence, the percentage
penetration is given by 100 x 24/, where @ is the total air volume filiered
during the test.

Disadvantages reported {or this test procedure are its increasing inaccuracy
for penetraticns below 0.01%. a simultanecus increase in the tite required. and
the need to utilize a high velocity {500 cmy/'s) lor the esparto paper to achieve an
adequate filtration efficiency.

The synthetic dust weight arresiance 1est is a standard procedure for air filters
used in air conditioning and general ventilation. It is described in detail in Part 1
of BS 6540,

The essence of the procedure is to challenge a filter with a dispersion of test
dust, the filtrate passing on through a second or final filter, which collects that
pari of the dust that penetrates through the filter under test. The dust dispersion
is created continuously by a suitable combination of a dust feeder and a
compressed air veniuri ejector. The weight of dust passing through the hlter
under test is determined by re-weighing ihe final filter.

The Full procedure, which is designed for testing complete alr filters or filter
panels (rather than simply a sample of lter medinmy. includes feeding a weighed
quantity of dust in a series of equal increments, the first increment being
restricted to 30 g, ta perrnit determination «f the initial synthetic dust weight
arrestance. Between consecutive increments, measurement is made of the
weight of dust passing the filter under test. the corresponding pressure loss
across the test filter, and its atmospheric dust spet efficiency {as in the first of the
staining tests described gbove).
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The synthetic dust weight arrestance, A (%), for any particular period is given
by:

A=100x (1 -W,/W)

where W) = the weight ol synthetie dust fed. and W» = the weight of synthetic
dust passing the filter under test. A typical plot of the resuitant test data from this
procedure is shown in Figure 11.22, reproduced lrom BS 6540:Part 1:1985. The
data also allow calculation of the dust-holding capacity up to the maximum
permissible pressure loss.

Particle concentration efficiency. For the various grades of high-efficiency air
filters (HEPA, ULPA. eic.). particle concentration efficiencies are measured and
expressed in terms of differences between upsiream and downstream
concentrations of submicrometer particles determined by continuous on-line
monitoring.

Whilst the concept is simple, the practical reality tends to be complex because
of the sophisticated technique and eguipmenl required both to penerate
consistently suitable aerosols and to determine the size. size distribulion and
concentration of the particles.

Descriptiens of the main techniques for the formation of aerosols are provided
by Dorman and Ward'!?; they inclode use of pressure atomigation of liguids,
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Fiqure 11.22. Example of plot combining data from tesi of atmosphere dest spol efficiency, E. and sgrthetle
dust weight arresience, A, based an BS 6 546-Part T 1985,
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evaporation. condensation and classificalion. Aerosol particles are varipusly
solid or liquid, and range from almost monosized to heterogeneous mixtures. For
exampie. an aerosol of sodium chloride crystals can be generated by atomizing a
1% solution to produce fine droplets. from which the water is removed by
evaporation; the particle size is determined by the atomization step.
Alternatively, an aerosol of dioctylphthalate (DOP) droplets is formed by the
condensation that occurs when warm air ¢ontaining DOP vapour is quenched by
difution with celd air: the particle size is controlled by the temperature difference
beiween the two atr streams.

Successful monitoring of the concentrations of aeroscl upstream and
downstream of a filter requires careful Integration of two separate operallons.
The first is the taking of representative samples, which must be dope
isokinetically with appropriate equipment and technigues: moreover, il the
analytical device requires only a very small flow compared with that through the
filter under test, then the sample must be withdrawn following a zone of
thorough mixing.

The second operailon is analysing the sample, the technigue and parameter
measured being dependent on the nature of the aerosol: with sodium chloride, the
total mass concentration of all the particles is measured using flame phatometry.
with a photometer such asthatillustrated in Figure 11.2 3. Ltquid aerosolssuch as
DOP are anzlyzed by light scatiering particle counters (e.g. thatin Figure 11.21),
thereportedsizesbeing related to the projected areas ofthe particles.

Definition of 20 appropriate reference particle size is romplicated not just by
the above parameters, but also by other factors that affect the filtration
mechanism. Thus Figure 11.24 (from Wepfer'!*'}, which shows penetration

Figure 11.2 5. A bench rig sodium flame test meter, | Photograph: Moores Wallisdown Lid )
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maximizing in the particle size range 0.1-0.25 pm, illustrates that performance
may depend on the air velocity through the medium as well as the nature of the
medium; another significant variable is the nature of the aerosol. As indicated in
Table 11.10, existing standards relate efficiency or penetraticn with their
nominated aerosols to specific particies sizes {mostly 0.3 or 0.6 pm). By contrast,
the new European standard''™ identifies the most penetrating particle size
{MPPS} for a specific situation {especially for the most rigorous duties) and
determines the penetration or efficiency for particles of this size.

Pierce {in a very good revicw of the history of HEPA filter testing!!”') notes that
a value for MPPS of 0.3 jirn has held since Langmuir first developed Lis theory of
capture of small particles by fine fibres. even though it has long been recognized
that the actual value was less than 0.3 ym. The paper presents strong support for
the MPPS methods. expected to be about 0.1 3 6r 0.15 pm for a HEPA filter.

11.2.4 Dirt-holding capacity

The dirt-holding capacity of a medium can conveniently be assessed as part of
either the multipass liquid filtration test or the synthetic dust welght arrestance
test for air filters, both described in the previous section.

112.5 Tendency to blind

Excepting under extremely unfavourable circumstances (i.e. where [latlure
occurs very rapidly), little investigation of the tendency of a filter medium to
blind is possible with small-scale, short-1erm tests.

11.3 Testing Mechanical Properties

Most filter mediz manufacturers have their own very speciiic mechanical
property demonstrations. However, there ate some generally accepted methods,
which are reviewed here,

11.3.7 Strength

The strength of a material {5 typically characterlzed by gencrating stress/strain
data using an extensometer such as the simple version shown in Figurc 11.25,in
which a strip of textile is stretched by a suspended weight. A linear relationship
(Hooke's law} exists between applied siress and the amount ¢l extension per unit
length up to the elastic limit, beyond which stretching accelerates and then
tupture occurs. This pattern provides a variety of parameters and definitions by
which the material may be characterized. the most widely used being tensile
strength; others are breaking. rupture or yield strength, yield point, elastic limit
and ultimate elongation.

The extensometer in Figure 11.25 i3 not designed to test fabric as far as
rupture, but only within the range of siress where both stretching and recovery
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can occur, i.e. over the linear limits of Hooke's law. To be strictly correct,
corresponding tensile strength figures should be expressed (e.g. as kg/cm?),
relating the applied force {e.g. the mass of the suspended weight) to the cross-
sectional area of the strip. In practice, with sheet materials such as textiles and
paper, it is customary to treat the sheet thickness as a constant and to relate the
stress only to the width of the strip, i.e. askg/cm.

The bursting strength is an empirical value that depends on the diameter of the
disc tested in accordance with appropriate standards, sach as BS 3137:1995 for
paper and BS 4768:1991 for textiles. [t is readily detcrmined using apparatus
such as the tester illustrated in Figure 11.26&, which applies a hydraulic load (up
to 70 bar) by the hand wheel. to a sample clamped over the base plate. A
renewablc rubber dlaphragm beneath the base plate protects the sample from
direct contact with the hydraulic flutd.

Figure 11.24, Pint of pemetration versus parilcle size jor twe different medin and velorities, showing Most
Fenetrating Particle Size { MEPS) 151,
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Table 1L10  Aerosols and International standards relating to HEPA and ULPA filters

Standard or guldellne

B5 3928

Burovent 4,4

AFNOR X44013

AFNOR X44011 uranine
DIN 24,184

M 7605

SWEKIH4-2

MIlS6d 2282 (DO

M.l Spec F-31068F
IES-RP-CC0U0OL_3-93
IES-RP-CO007.1-92

prEN 1822 (Jan 1995

Country

LK.
Europe
France
France
Germany
Austria
Switzertand
1.5 A,

LSA
U5 A,
0.5.4,

Europe

Aerosol

malerial

MaCl salt
MNallsalt
MaClsult
[Iranine salt
Puraftin uil
NaClsalt
%acl zalt
PWIP il

[ |
[HIP ovl]
DS ol +

DEHS oil

Average stze
of aevosol {pm}

LANLTE)
Lfl}
.60
015
—143
LLXEIN]
LLXLTY]
0 30

.30

1130

~(} 1%

MEPPS

Parumeter
measured

Mass relared
Mass related
Mass relured
Mass related
Ared related
Mass related
Mass related
Aregfquantity
related
Aredfquantily
relaled
Arcafquantily
related
Areafyuantily
related
Arsafquantity
refated

Figtere 11.25. A Frigma Fabrir Extengioneter,
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11.3.2 Stiffness

The resistance 10 bending of paper is defined in BS 3748:1992 (150 2493:1992)
as the force (in N or mN) causing deflection through 135% when applied at the [ree
end of a bending length of 50 mm,

The apparatus illustrated in Figure 11.27 is an example of a tester that is
applicable to a wide variety of materials, including paper. card. textiles and
plastic, in thicknesses up 1o 6 mm. A sample 1o be tested is fixed in the clamp so
that its bottom 6 mm overlap with the triangular vane attached to the top of the
pointer, which ig pivoted at s centre. During the test. the sample is moved
against the vane, thus displacing it and the pointer until the sample bends and
releases the vane: the range of force needed to achieve displacement can be
selected to suit the stiffness of the sample by adjusiable weights attached to the
lower halfl of the pointer. The maximum displacement reading of the pointer is
automatically set to force (mg) and henee to bending moment (g/cm or mN/m).

An empirical test of stiffness used in the textile industry (BS 3356:1990)
measures the overhanging length of a horizontal strip necessary for it to bend
through an angle of 41.5% under its own weight. With the simple apparatus
shown in Figure 11.28, a specimen cul to size (23 mm x 200 mm) using a
template is placed on the horizontal plate, with a ruler on top of the sample. The
ruler and sample are then moved forward slowly until the bending fabric aligns
with two engraved lines. The dita may be reported as bending length, which is

Figure 11.26. Adigite] bursting steength tester with manual clamping.
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kzlf the overhanging length and relates to visual stiffness and drape in the

material: or as Aexural rigidity. G, that relates to tactile stiffness, and is given
by:

G=0.1ML3

where M =cloth mass per unit area, g/m?. and L = the overhanginglength, em.

11.3.3 Resistance ta abrasion

Various devices are available whereby the resistance of textiles to abrasion can
be quantified. Examples are the Frazier Schieler Abrasion Tester. and the
Martindale and Taber testers available from SDL [nternattonal; these subject
samples to continuous rubbing under a controlled pressure.

11.3.4 Thickness, compressibility and resilience

The Compressometer in Figure 11.29 permits the evaluation of the thickness,
compressibility and resilience of a wide variety ol materials (textiles. rubber, felt,
non-wovens, paper, films, etc.) espectally where observations are required at a
range of compressive loads extending from 1. 3 mbar to 1.7 bar, The sample to be
tested is placed between the instrument base or anvil and the circular pressure
oot that is fastened to the wvertical spindle; three sizes of pressure [oot are
available (dlameters 25, 75 and 125 mm). The lower dizl indicates the thickness
of the specimen. while the upper dial shows the pressure applied by a helical
spring in the tube between them, this pressure being set manually using & rack
and pinion device to compress or relax the spring.

11.4 Characterization of Other Media

The tests discussed above have dealt with the Bliration and mechanical property
tests for continucus media — sheets and rolls. and special cartridges. Although

Figure 11.27. Bhirley Stifiness Tester.
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Figure Y1.28. Model 4171 -D Gurley digital bending resistance/stiffness tester.

Flgtire 11.2%. A Compressometer Jor eealualing thickness. compressibility and compressiomal resifience.
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membranes are mainly of this type of material, there are still some special
jeatures of tests for membrane media. which are discussed now. tegether with
those for loose granular media.

11.4.7 Membranes

The fltration action of micro- and ulirafiltration membranes is very similar ln
principle to that of other centinuous media. Hence most af the {esting methods
already described have their equivalents in the testing of the propertles of
membranes. The delicacy and very fine pore structure of membranes. however,
result in some major differences in test methods and procedures.

Characterization methods lor porous membranes have already been introduced
in Chapter 8. They can be divided inte two areas: structurerelated parameters and
permeation relaied parameters. Certain tests are also used to establish the
integrity of membranes in specific applications. The direct measurement of pore
statistics is routinely carried out by electron microscopy: by SEM {scanning
electron microscopy) and TEM (transmission electron microscopy}.

Table 11.11 summatizes the various test procedures used for wicro- and
ultrafiltration membranes, or for flters incorporating these membranes. It
should be poted that the asymmetric structure of most ultrafiltration
membranes, with top layer pore sizes in the range 20-1000 A, means that many
of the methods of characterization of microfiltratico membranes and other
continuous media cannct be applied. Bubble peint and mercury intrusion

Talde 1111 Tests For characterizing membranes or membrane filters

Principle o est Mediur Churacteristic

Micrafiliration membranes

Atr diflusion Alr Inteprlty

Bubble point test Adr Porc sizge

Cartridge retention test Water Filtration efficiency

Flow rate 5 differential pressure Water

Particle shedding test Water

TOC tests Water

Resistivity 1est Water

Bacterta passage test Fseudoronas dirminugta Sterility

Mercury intrusion iest Hg Pore size and pore dlstribution

Latex sphere test Latex sphere dispersion  inlegrity

Water penetration Lest Water Integrity

Electron microscopy [3EAM, TEM) Pore size. shape. distribution. densily
Permeation measurements Water flux for pore size and distribution
Ultrafiltraton membranes

{as adsorpiion — desorption N, Pore size and distribution
Thermoporometry Waler Pare size and distrlbution
Permporometry Gas Pote size and disirthution

Solute rejection Various sofulecs MWD
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metheds require high pressures that could damage or destroy the membrane
structure: SEM is generally not possible and TEM is not always applicable, The
methods that can be used with ultraflltration membranes include permeation
experiments and test methods such as  gas  adsorpiion—desorption.
thermoporometry, permporometry and rejection measurements.

A recent paper''®!, basically describing PMI's porometer capability. has a good
review of the main methods of membrane characterization. and advocates their
use in combination to achieve the best definition of membrane performance.

11.4.1.1 Bubble point test

This standard test for determining the equivalent pore size and size
distribution is described earlier in this chapler. It is a non-destructive test that
does not contaminate the filter and thus can be used to test the integrity of a
membrane as an alternative to destructive tests such as bacterial retention tests
for sterilizing membranes.

11.4.1.2 Diffusion testing

A diffusion test is recommended in high-volume systems with final filter
surface areas of 0.2 m? or greater. This test is based on the [act that gas will
diffuse through the liquid in the pores of a [ully welted filter. The diffusion rate is
propartional to the differential pressure across the membrane. and to its surlace
area. The flow of gas is limited to diffusion through water-filled pores at
differential pressures below the bubble point pressure of the material under test,

In the diffusion test. pressure is typicaliy applied at 8% of the bubble point
pressure of the material. When there is liquid downsiream ol the filter, the
volume of gas flow is determined by measuring the flow rate of displaced water.
The raie of diffusion can also be measured by a gas flow meter.

In industrial settings, the flow rate i3 often measured on the upstream side of
the filter, which does not require a tap into the sterile downsiream side. The
measurement technique used by many automated devices is pressure decay,
after the gas on the upstream side is pressurized 1o the desired test pressure.

11413 Mercury inlrusion method

The mercury intrusion test, as already described for continnous media earlier
in this chapter, relies upon the penetration of mercury into the membrane pores
under pressure. The volume ol mercury lorced inte the membrane is related 10
the pore size and pressure — the sizge is inversely proportional Lo the pressure. As
with the bubble point test. a morphology or shape lactor must be introdueed.

In the test the pressure of mercury is gradually increased. and at a certain
lowest pressure the largest pores wili fill with mercury. The increasing pressure
progressively fills the smailer and smaller pores, until a maximum intrusion of
mercury is achieved. At high pressure. however. erroneous results may be
obtained due to deformation or damage to the membrane material, [n addition, the
method also measures dead-end pores, which are nol active in fltration. The size
runge of the test covers 5 nmto 10 um pores. i.e. it covers microfiltration and some
ultrafiltration membranes. Overall it gives pore size and pore stze distribution.
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T1.4.1.4 Waler imtegrity lest

Thistest is relevant to sterilizing-grade hydrophobic flters that are used for the
sterile filtration of air streams and gases in many pharmaceutical and biclogical
applications. [t is based on the same principles as the mercury intrusion test and
may be performed in siiy alter sterilization without any downstream
manipulations and can be directly correlated to the bacterial challenge tests. The
upstream volume of the housing or flter must be completely flooded with water:
pressure is then applied by air on the water volume and the rate of water
permeation determined,

A water intrusion test has been developed by Sartorius'!®' mainly for testing
the integrity of sterile air filters, but alse for membrane pore characterization. Its
prime characteristic is that it can be ased in situ to confirm the integrity of a
sterile filter, because it is non-destructive, unlike 2 bacterta chalienge test,

11.4.1.5 Badierial chaflenge test

A bacterial challenge test system for the evaiuation of the effectiveness ofhigh-
eficiency membrane filters, as illustrated in Figure 11.30, uses a nebulizer
adapted from the original Microbiological Research Establishment (MRE) design
for high-pressure aperations. The device uses two Impinger-type samplers in
series upstream, and a silt sampler downstream of the test flter. A minimum
challenge of 3 % 109 spores is recommended for flters operating 300 days per
year with average fows of §50 dm3/min.

The Health Industry Manufacturers Association (HIMA} regulations and the
US FDA 'Guidelines on Sterile Drug Products Produced by Aseptic Processing’
stipulate that a sterilizing filter, when challenged with a mirimum
concentratton of 107 Psemdomonas diminuta organisms per cm? of filter surface,

Figure 11,30 Diageam of bactevial challenge iesting Apperaius.
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must produce a sterile filirate, Filters that produced stertle efluents according to
this tesi were accepted as 0.2 pm in size. In fact, 1he P. dimtinita organism is much
larger than 0.2 pm: @ minimum of 0.3 pm in diameter and 1 pm in length (see
Figure 11.31}. This means that filters with ‘pore sizes” of 0.3 um and greater
could retain the organism.

The bacterial challenge test is a destructive method and it therelore must be
correlated with practical non-destructive integrity tests, c.g. bubble point and
diffusion methods. to ensure filiration reliability. It has been proposed that a way
of overcoming the variability of filter testing methods and to establish realistic,
high challenge tests, is to use the log reduction value (LRV) as recommended for
liguid sterilization filter tests, The LRV is defined as the logarithm of the ratio of
the total number of micro-organtsms in the challenge to the number in the
filtered fluid. Generally, hydrophilic filters are totally retentive il they exhibit a
bubble polnt of the order of 2.3 bar (f.e. the LRY is greater than 9). Similarly. lor
hydrophobic hilters, a bubble point of 1 bar measured with methanol implies a
totally retentive filter. As the bubble point falls, so does the value of the LRV.
Such correlations are sperific to particular membranes and flters. Filters that
retain 100% of the chellenge organism P. diminuta normally have water bubble
point values of 3 bar or mare,

Table 111X Sphere challenge in SDS

Membrane ype Spheve diameter. pm versus percent relation

0.149 0,193 0,224 0. 300 0n.19%
3 9 99 100 HND [y
FTFE i1 81 98 100 NI
PYDF ND WD 17 1 101}
s NI 29 46 Rl 1
N &b ND» ELL 41 9 B4

Figure 11,31, APseudominas diminuta bacterivmeard a 682 e hale.
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11.4.1.6 Latex sphere tost

Latex spheres make up one of the variety of clesely sized inert test dust
materials that may be used in the challenge tests that were discussed previously
in this chapter. The object of these tests is to characterize the pore size and the
filtration efficlency of media,

Typical tests on a variety ol membranes, as summarized in Table 11.12,
revealed that. with the exception of the track-etched polycarbenate, the
membranes all passed latex spheres of size equal to or greater than the
manufacturer's rated pore size. Many 0.2 pm rated membranes actually passed
spheres larger than 0.3%% pm. despite the fact that they had been rated as
sterilizing grade 0.2 pm ‘absolute’ by the industry standard HIMA bacteria
challenge. using an organism with dimensions of 0.3 pm x 1 pon.

11.4.1.7 Gas adsotplioh—desotption

The use of gas adsorption-desorption is frequently practised for the
measurement of pore size and size distribution of perous media. Typically nitrogen
is used as the adsorbing medium. the method determining the quantity of gas
adsorbed {and desorbed) at & particular pressure up to the saturaiion pressure.
A model is required that relates the pore geometry to the adsorption isotherms.
The method is limiled generally to more uniferm structures. Ceramic
membranes have been satisfactorily characierized by this method. The method
unfertunately includes the contribution made to the membrane structure by
dead-end pores.

T14.1.8 Thermoporometry

Thermoporometry uses the calorific measurement of solid-liquid transition in
a porous medium. The method typically uses water as the fluid and is based on
the fact that the freezing temperaturc in the pores of a membrane it.e. the top
layer) depends upon the pore size. The extent of undercooling is Inversely
proportional to the pore diameter. The method also measures the dead-end pores
in the membrane. The material of the medium should have enough elastcity to
resist the expansion of water as it freezes.

11.4.1.9 Permporomeiry

Permporomtetry 1s a method that characterizes only the active pores in the
membrane. It is based on the blockage of pores by a condensable gas. linked with
the measurement of gas flux through the membrane, The pore blockage is based
on the same principle of capillary condensation as used in adsorplion.

11.4.1.10 Flow parometry

A novel method of porometry' 2! has been developed espectally for ceramte
membranes, although it could. in principle. be applied to other types. In this
method, the membrane sample Is soaked in a liguid that fills all the {through}
pores in the sample spontaneously. One side of the sample is then pressurized
with air, which slowly remaves the liquid from the pores. The largest pore will
become free first. followed by progressively smaller pores, and the air flow rate
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can be related to the pare characteristics. Measured gas pressures and flow rates
through wet and dry samples are used to evaloate all the required properties of
the membrane: largest pore size, mean pore size, pore size distribution, gas and
liquid permeability and surface area. A completely automated instrument is used
torecord gas pressure and flow rates.

114197 Solute rejection of ultrafiftration membranes

Ultrafiltration membrancs are generally characterized in terms of solute
rejection, defined as the fraction of material of a specified size 1o [zed that iz
retained by the membrane. The terminology of molecular weight cut-off, MWCO,
is also often used: this is defined as rejection of 90% of a solute with a particular
molecular weight.

The method measures the rejection (or passage) of selected solutes of different
molecular sizes under contrelled conditions. The sclutes should cover the
expected size range for 0-100% rejection, and they should net Interact with the
membrane. Thus solutes such as sodium chloride and glucose (MW 130) are
used for the low end (ie. 0% rejection), and large proteins such as
immuneglobulins (MW > 900 040} or blue dextran are used for the upper size
range. as these have almost 100% rejection with most membranes. In all. some
ftve or six water-soluble solutes are required for adequate characterization of
membrane rejection, as shown in Table 11.13.

There are no standard test conditions for solute rejection characterlstics.
although recommendations do exist. These include: a pressure of 140 kPa
(although this does vary); a temperature of 25°C: a 0.1% (w/v) solution of the
challenging solute in a 1% saline solution: and a maximum possible degree of
agitation. In addition only a relatively small amount of solute should be filtered
to avoid concentration effects. The membrane should be new, cleaned of
preservative, and conditioned using a series of soaking., washing and
pressurization steps, until a stable and reproducible water flux is achieved.

The results of a series of rejection tests will usually be expressed as a plot of
rejection versus MWCO, such as Figure 11.32, Some membranes exhibit sharp
cut-offs, with a narrow range of MWCO; others exhibit a diffuse cut-off, with a
broad range of MWCO.

Figure 11,32, Tupical refection churacterigtics of palysthersulphane UF membranes.



Table 11.13 Trypical solute rejection data and selotes used to characteriae UF membranes

Solute Molecular weight
o-Alanine %9
DL-Phenylelanine 165
Tryptophan 24
Sucrose 142
R atffinpse 594
[oulin SO0
PYPK15 IRENRI3!H]
[Dexiran 111 [RtRs§it]
Myuglehln 17 B
2-Chymolrypsinogen 24 500
Albumin E7 (300
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[pls 1RO OO0
Apoferitin 4E00U0
IgM ELLIRHILE
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Overall MWCO values of membranes are no more than a guide to a particular
application. The arbitrary setting of the cut-off vaiue, 1he variakilily in test
procedures and solutes and the eflects of other operating parameters mean
greater precision is not as yet possible.

Other factors that affect the rejection measurements are the membrane
material, the shape and flextbility of the macromelecule solute, its interaction
with the membrane, the membrane configuration, concentration pelarization
phenomena, and interactions between different solutes or macromolecuies.
Secondary membranes can be formed on the membrane surface, which impede
the permeation of lower molecular weight solutes. The adsorption of solutes by
the membrane can also result in reduction in the apparent rejection of the
ultrafiltration membrane. Overall, therefore, these membrane surface
phenomena must ideally be taken Into account in characterizing the true
{inirinsic) membrane properties. This generally involves indirectly measuring
the concentration of solute at the membrane surface using equations describing
boundary layer phenomena. or alternatively elfiminating these eflects by
experiments at low-pressure driving forces and low feed concentrations.

11.4.2 Granular media

The testing methods outlined in Sections 11.2-11.4 are concerned with sheel or
roll materlals, or with special cartridge formulations, and they do not apply {except
those describing filter efficiency determination rather than specitically medium
behaviour). The loose materials described tn Chapter 1 need to be treated in a
different way, and the methods of sodoing are described in Section 14.3.1.

11.5 Organizations Involved in Filter Media Testing
The testing of filter media is undertaken widely, by a range of organizations:

s manufacturers of media have test rigs for their own products, and some
provide 2 general testing service;

= some filter makers also have media tesi rigs available [or use by others;

e  most oniversities and research institutes that have an interest in filtration
have filter or filter media test rigs. and some use them to provide testing
services,;

# there are & number of commercial suppliers of testing equipment who offer
some kind of testing service, usually keved to the company's range of
equipment; and

# there is a very small noumber of fully independent testing companies, of
which IFTS is the best known example.

As well as the makers of testing and particle characterization equipment, there
are also the suppliers of test particulates (dust} most of whom at least give advice
as to how their products should be used.
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The following notes make absolutely no attempt to be exhaustive in their
coverage — the 2002 Filtration & Separation Buyers™ Guide lists nearly 60
organizations under the heading ‘Testing Services'. The notes aim only to be
indicative afthe kinds of service to be cxpected.

11.5.7 Filiration equipment and media makers

Three-quarters of the names in the Buyers' Guide list mentioned above are
makers of filters or filter media, all, apparently. offering testing services to outside
companies. A not untypical example is that of MikroPul (Charlotte. NC). which
provides testing services for bag filter media. These are based upon MikroPul's
Filter Efficiency Media Analyzer. which puts media through 100 cleaning cycles,
using a standard alumina dust. Whh PC contrel, it reports the residual pressure
drop after cleaning, the optimum time between cleaning cycles. the weight gain
of the medium. and the dust emission in the clean filtrate.

A similar service is offered by the Standard Filter Corporation (Carlsbad, CA), a
large maker of filter bags. The company offers a complete in-house laboratary for
bag and filter media testing,

11.5.2 Universities and research institutes

Wherever there is a unlversity department with a strong filtration research
programme, there is a reasonable chance that contract testing willbe undertaken.
This isespectally true for the University of Sheffield. UK. wherea new curtridge test
tig for validation trials hasbeen installed, and test facilities for membranes {micro-
and ulirafiltration modules) are being installed in 2002, both available for outside
contract work (www shef.ac.uk/-cpe/stafil fburgoyne html),

niversity College London {UCL}, whose Civil Engineering Department was
the home [or the work reported in Chapter 10 by Ives, continues to have a testing
service for granular media [or use in water treatment deep bed Hlters
(www.ucl.ac.uk/civileng/research/resenvir. html}.

The Harwell Laboratory. UK. of AEATechnology has, for many years. been the
headquarters Ior the Separation Processes Service. for which filtration.
especially ol gases, has been a key technelogy. The service no longer exists in its
original research ‘club' lorm, but test work is still undertaken for external
clients.

There are scveral research instilutes working in associated fields that have
filration interests, and which either produce testing equipment or undertake
tests of specific media, such as the Shirley Institute lor textiles, and a range of
paper industry bedies, sich as TAPPLL

1153 Testing equipment suppliers

The key components of a filter test system are a source of fuld {usually air or
water), a source of particles of known size and size distribution. 2 device that will
measure the properties of the aerosol or slurry upstream and down stream of the
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filter mediwm under test, and a pressure drop indicalor across the medium. To
these musi be added the instruments used to characterize the macro- and
microstructure of the medium. All of these are available [rom a number of
companies, some specializing in filter test equipment. some parts of [arger
instrumentation companies. Within this range. there are several such
companies that offer testing services to customers or potential cusiomers,
usually using their own equipment.

Typical of such companics is BIRAL {Bristol Industrial & Research Associales
Ltd. UK), which supplies complete testing equipment for disposable respirators,
filter cartridges. cabin air filters and associated media, and for HEPA and ULPA
panel filiers. The most recent addition 10 the range is a complete scanning test
system'?!! to enable the determination of MPPS data to match the needs of EN
1822 {www.biral.com).

Another exatmple is offered by PM]1 {Porous Materials Inchof [thaca, NY. PMI iz
basically a maker of pore characterization equipment. whose perometers have
been mentioned earlier in this chapter. and whose equipment can cover luid
flow rates. pressure drop, separation efficiencies, rates of clogging. absolute fiiter
ratings and filter integrity (www.pmiapp.com).

11.5.4 Testing service organizations

Although Palas GmbH {Karlsruhe, Germany; www.palas.de) is also a testing
equipment maker, it has a significant testing services business. based upon its
general expertise in aerosol 1echnology. [t received Filtration & Separation’s
Product Achijevement Award in 1994 for “Testing and Monitoring Equipment ', its
expertise in testing covering deep-bed filter media and surface filter media lor gas
or liquid Giltration. [t has a test rig designed to satisfy VDI guidelines 3926, Part 1.

IFTS {Institut de la Ftltration ¢t des Techniques Séparatives) is based at Agen In
southwest France {www.ifts-sls.com). It is perhaps the only truly independent
testing company. [ts activities are very well known, and its managing director,
Christophe Peuchot, is active in testing methods research, and is concerned in
the development of many international standards. [FTS specializes in liguid
filtration systems'2?', and opened a new filter test lacility in 2000. Much of the
new expansion is concerned with filter testing. but there is an appreciable
amount of media testing undertaken as well.
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CHAPTER 12

Filter Media Standards

References have heen made occasionally throughout this Handbook to
standards as they affect filter media and/or filter testing. A coherent look is now
given at the whole range of standards. [rom several sources.

12.7 Introduction

Particularly in those parts dealing with characierization of materials or testing
of filiration performance. the relevant standerds heve fealored in earlier
chapters. mainly as guidelines to methods of characterization or testing. Many of
these standards arc produced by central organizations, bul there are also equally
valuable documents available from arganizations specific to an industry sector.
These bodies are listed briefly first, followed by a reasonahly complete listing ofthe
relevant standards for flter media in particular. and filter testing in general, plus
some comments on the way in which standards are developed and confirmed.

No attempt is made here to expand the detalls of most of the standards beyond
stmple listing ol the titles — the list is too cxtensive for that.

12.2 Standards Organizations

Most developed countries have national siandards offices, charged with the
development and publication of standards for materials and processes in all
walks of lie. Some ol these have long histories ol preparation and publication of
standards that have had a major effect upon industrial development. Mot too
surprisingly, a significant number of standards have to de with safety
procedures, so that, in the case of fitration. procedures relating to flutd pewer
installations were among the earliest. and remain among the most important.
The need for established procedures for the demonstration of the efficiency of
high-grade air filters, and for the production of safe waier. has led to a fresh burst
of standard ereation.
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However, it is not only national bodtes that produce key gunidance documents.
Several industry-related associations have seen particular needs for standards,
and filled them well. with documents that have become classics of their kind -
ASHRAE is perhaps the pritne example of this kind of body.

With the growing importance of Internatlonal business. an international
standards organization was soon established. and there are now major IS0
standardsin all fields of ltration work. and most new national standards are related
to their equivalent [SC docurment. The European countries have also established a
continent-wide organization. to ensure conformity of national standards.

The leading bodies in the issuance of standards are listed in Table 12.1. which
includes some of the international bodies. as well as some industry-specific
organizations. The [S0 and CEN are non-commercial organizations. while
Eurovent is an association of manufacturers. All work through specialized
committees or working parties. which can sometimes take a very long time to
produce a final version, especially if the "published for general discussion’ stage is
along one,

12.3 Relevant Standards

The prime aims of the inclusion of this chapter on standards relevant to the world
of filter media are to show the complexity of the sitvation, 2nd to highlight these

Tab]e 121 Standards producing organl:atlﬂns

I:nLcrnat]onaI ISD Iﬂlcrnd[mnal Urga.njzaﬂon forr Standards
CEM Cnmité Européen des Normalisatlons®
ENROVENT Eurapean Comunitiee of Air Handling & Refrigetating
Equipment Manulacturers?
Brush BST British Standards Instiiution
BW Britlsh Water
German D[N {rerman Institute for Standasdtzakion
VoI tierman Instilute for Engineers
French ATFHNOR, French Association fpr Standardization
Iralran UNI Ttalian Institute for Standardization
American ANSI Amettcan National slandards [nstitute
ASTM Amertcan Society of Testlng and Materials
ASHRAE American Saciety of Heating, Reftigerating and Air
Conditioning Engineers
AlHA Amertcan Industrial Hygiene Association
DOEMNRE Depariment of Enezgy/Nuclear Regulatory
Commlssion
INDA Association of Lthe Nonwover Fabrics Indastry
NMIOEH National [nsthtute for Occupational Sakety and Health
MIST Mational [nstiiuie of Standards and Technology
SAE Society of Aulomotive anmeers

* CEN hag as its pational members the national standards organizaiinns of the EWand EFTA countries.
plus Crech Republic and Afalta,
¥ Full name is EUROVENT-Cecomal.
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of kev interest. The list of standards that lollaws will also serve as an index to
most of the relerences to standards in carlier chapters of this Handbook.
Thestandards cover:

e themechanical testing of the materials used lor fller media as to strength:

# the determination of particular fAltration characteristics, such as pore size
or permeability, of lter media;

« the testing of fltration efliciency (i.e. particle retention or penetrationj,
including the definttion of test dusts or agrosols. and methods for their
characterization: this is done for filters for liquids and gases, and for
particular applications, such as respirators. or lube oil fiiters.

The ways in which standards are developed for liquid systems - engine fluids
and drinking water — has been well described by Peuchot, based on his work at
IFTS. and for several standards bodies''-?'. The world of air filtration standards
has been reviewed by ancther international expert. Gustavsson, from his
position as a manufacturer and academic'}-4'. Both are concerned to highlight
changes in standurds.

There is. of course. much overlap ameng standards published by different
bodies. natianal and international. Gusiavsson'}' illustrates the relationships
between the ASHRAE standards 52.1 and 52.2, and the Europgan ENY79 and
EUROVENT standards. Thus ASHRAE 52.1 became the US national standard.
and was adopted as EUROVENT 4/5. and then as EN 779, These were developed
intc EUROVENT 4/%, and the new verston of EN 779 (prEN 779). and similar
developments led to ASHRAE 52.2 — a good review of Lhe derivation of the latter
can also be found in the paper by Hanley et al.'*'.

Perhaps because of the long gestation time lor a new standard, manulacturers
can move into & percetved gap. as has Hy-Pro with its Dynamic Filter Efficiency
method of testing!'®', which it claims to be an improvement on even the latest
form of multipass test,

Much of the testing of filters and filter media is based upon the selection and
definition of good test dusts. and some of the earliest relevant standards were
involved in just such a definition. Better and better definition seems possible as
shown by Bensch'’! in & revicw ol the impact of modern IS0 standards on
hydraulic and lubricating Auids.

12_3.7 National standards

Alist of all the standards of possible relevance to filter media. including material
testing and filtration characteristic determination. would be a vast undertaking.
and of no real value to this Handbook. The following sections note the key
standards for the British national body, and for one or two other national
organizations. including the major international standards.

Tables 12.2 and 12.3 list the British standards covered in eatlier chapters of
this Handbook, and athers of direct relevance, including both those particular to
the BSI. and those with direct international equivalence. Table 12.2 has the
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Table 12.2 British standards for filter medla

Number

Title or comment

B§1701:1970
BS 1747-2:1964

ES1752:1943
{150 4793:] 380}

BE 25761986

Bsz2831

B3 31371972

B53321:1986

BS 3356:1990
BS 3406-9:1997

B3 3748:1992
(180 2493:1992)
BS 3928:1969

BS 44001969

BS4415-1:1992
130 1934-1:1992)

B54552-1:1%79

B543551970
BS4768:1972
BS4836,1572
B35295-1and 2
BS$5295-3:1989

RS 5540 Part2: 1992
{1S04402:1991)
BS 5a0H) Part 3
(IS0 4003, 1997
BS 3636:1590

BSR275-1:1982
(150457219811

BS62757:1982
1150 3%68:1981)
B3 6347-8:1993
(180 FR9-8:19911t
BS 6410:19%1
B56540-1:193%
BS6851:1987
(ISC 7744 1986)
BS65912-22-2:1994
(IS0 10263-2:19%4}
BS 7355:199%
BS 7403-1:1998
(150 454K-1:1997]

Replaced by BS 7226:198%9_andin turn by BE IS0 3017

Methods for the measurement of atr polfutlon. Determination of
corncantration of suspended matter

Specification foc [aboratory sinteved or frltted flters, including porosity
grading

Replaced by BSEN [S0 1 3934-1

Replaced by BS 3540

Methods for determining the bursting strength of paper and board
Method for the measurement of the equlvalent pore size ol fabrics

{bubble point method}

Methed for derermination of bending length and flexural rigidity of fabrics
Methad Tor the determination of particle sise distrlbution. Recomme ndalion
for the Alter hlockage method {mesh obscuration)

Method for determination of resistance ta bending of paper and board

Method for the sodivm fAame test for abr filters (other than alr supply to
internal combustion engines and Compreéssors

Method for sndium chlortde particulate test lor respiratory fillers
Determminaiion of the lensile propertles of paper and board. Constan! [oading
rate method, Replaced by BSENISO 1924-2:1993

Fuel filters, sirainers and sedimenters for compression-tgnldon engines.
Methods of Lest

Replaced by BS 7355

Replaced by BSEN IS0 13938-1 and 13931482

Eeplaced by BS 7403

Replaced by BS EM IS0 14644-1,-2. and -4

Environmen!tal cleanliness in enclosed spaces. Guide to cperational
procedures and disclplines applicable to clean ruoms and clean alr devices,
{S¢ealsp BSENISO 14644-1.-2and -4}

Replaced by BRISO 4406, 11171

Replaced by BSEN 180 24110 3:199 3

Methaod for determination of permeabtlity of fabrics to air. Replaced by
BSEMISD 923714995

Hrdraulic fluid power Rlter elements, Method of evaluating filiration
petfomiance (multipass method). Replaced by BE IS0 2941, 2942, 2943,
3723, 3724, 1hEES

Replaced by BS 150 3948: 2001

Performance assessrent of agricultural tractars, Method ol testing engine
air cleaners

Methods of test Tor Glter papers

Beplaced by BSEN 779:19932

lethod for preparing & statement of requirements for hydraullc power
filters

Safety of earth moving machtnery. Operalor enciosure environment,

Abe filter 1est

Replaced by BSEN 1 36:199%8 and 14 3:2000

Full-llow [ubricattng oll fileers for internal combustion engings, Methods of
test for differentlal pressurefflow characteristics
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BS 740 3-3;1998 Foll-low labricating oil filters for internal combustion enginss, Methods of
{[B04548-3:1997)  testlor resistance to high differential pressures and o elevated
temperatuces
BS 7403-4:199% Full-llow lubricating oil flters for internal combustion engtnes. Mathods of
(S04 545-4:1957)  lest lorintiial particle relention efficiency. life and cumulative eficlency
(gravimetric method}
B3 7403-6:1991 Full-flow lubricating il flters for internal cornbustion englnes, Methods of
{[80¢548-6:1955})  test for stattc burst pressure
BE 7403-11:1998 Fullflow lubricating oil filters lor inlernal combusiion engines. Methods ol
{180 4548-11-1997} testlor sell-clezning filters
B3 7403-12:2000 Eull-llow [abricating ol Alters for internal combustion engines. Filtration
{[504548-12:2000} efficiency using particle countlng. and contaminant retention capability
B3 7591-1:1952 Porpsity and pite $isc distribution ol muterials. Method of evaluadon by
MErcury porosimetery
B5 7591-2:1992 Porosity and pore size distrlbulion of matertals. Method of evaluation by
gas adsorption
BS 7591-d:1993 Porosity and pore size distribution of matertals. Method of evaluation by
liquid expulsion
B5 7881:1997 Method of test far petrol flters

Tabkle 12,3 Britdsh/international sianderds

Mumber Title or comment

BS1S02941:1974 Hydraulic flutd power. Filler elements. Verlfication of collapse fburst
resistance

B5150 2542:1994 Hydraulte flutd power. Filier clements. Verifcation of labrication
tntegrity snd determination of the first bubble point

BE130 2943:1998 Hydraulte lutd power. Filler elements. Verification of material
compatibility with flutds

BSIS0 37231976 Hydraulic fluid power. Filter elements. Method for end loed test

BEI303724:1976 Hydeanlte Dutd power. Filler elements. Verificatlon of low fatigae
characteristics

BS 150 31%68:2001 Hydraulic uid power. Filters. Evaluation of differential pressuke versus
Now character!stics

B3 IS0 4020: 2001 Roud vehicles. Fuel filters for diesel engines. Tast method

BS 150 4406:1999 Hydraulic fluld power. Fluids. Method for coding the level of contamination
by solid particies

BS IS0 501 1:2000 Inlet air cleaning equipment for internal combustion engines and
comipressors. Performance testing

BEISOS57E2-1:1997  Pneumatic Mukd power. Compressed afv filters, Main characteristics tobe
Included in supplicr's literature and product marking reqoirements

BE IS0 5782-1:1997  Pneumatic Mubd power. Corapressed afr filters. Test methods to determine
the main characteristics to be included in supplier's literature

B5IS011170:1995  Hwdraulic flald power. Filter elements, Procedurs far verifying
perlormance characteristies

B3ISOI1171:099%  Hydraulic fluid puwer. Fluids. Calibration of eitomalic particle coanters
for liquids

BE1SC11841-1:20:00 Rowd vehicles and internal combustion engines. Fliter vocabalary.
Definitions of Aliers and Klee companents

BS IS0 11841-2:200080 Road vehicles and internal combustion engines. Fliter vocabulary,
Definitions of characterlstics of ilters and their components

BEI[3(311943:1999  Hydraolic fluid power. On-line awrtomatic particle-counting systems for
liguids, Methods of calibration and validation
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Tltle or comment

BS[5D 12102-1:19%7
BRISO 12103-2:1997
BE 150 14269-4:1997
BS130 1683%: 1999
BSEN 136:1998
BSEM 14 1:200]

B3 EM 14 3:20000}

BS EN 1452000

BS EN 4015:2000

BSEN 779:1993
BSEN 1822-1:1998

BSEN 1522-2:19%4
BSEN 1822-3:199%
BSEN 1K22-4:1998
BSEN 1822-5:1998

BSEN 1527:20010)

BS EMN 1208 3:2000

BSEN12341:1999

BSEM 12901:15%9
BS FN 12902:1999
BY BN 12%4 1:2000

BSEN 12%42: 2000

BSEN 13274-1:2001

BSEN135274-2:2001
BSEN 13274-3:200]

BS EN 1 3274-4:2001
BSEN 11274-5:2001
BSEN 15328-1:20801

Read vehicles, Test dust for filler evaluation, Arlzona test dust

Road vepicles, Test dust for llter evaluation. Aluminium oxlde test dust
Tractorsand sell-propelled muchines or agriculture and forestry.
Operatorenclosure environment. Alr filter test method

Hydraulic fluld pewer, Filters, Multipass method for evaluatdng Altration
pertormance of a flter elemeni

Respiratory protective devices. Full face masks. Requirements, lesting.
marking

Respiratory protective devices. (s Bliers and eombined Fliers.
Requirements. testing. marking

Respiratory protective devices. Particle filters. Requlrements. testing.
matking

Resplratory protective devices. Fillering hall-masks (o protect agatnst
particles. Requirements. testing. marking

Respiratory pratective deviees, Valved Blrering hall-masks to protect
against gases or pases and parilcles. Requirements, testing. marking
Particulate air filters for general ventilation. Requirements. 1tsting. marking
High-efficiency air filters (HEPA and ULPA} Part 1; Classification,
peclormance testing. marking

High-cMciency air filters (HEPA gnd TILIPA . Part 2; Aerosol production.
measurtng equipment., particlc counting stathstics

High-efficiency air filters tHEPA 2nd ULPA). Part 3: Classification.
perlormanee testing. marking

High-efficiency air Blicrs (HEPA and ULPA L Part 4 Testing flal sheet
filter media

High-efficlency air Glters (HEPA and ULPAEL Part 3: Determining the
cHiciency of a Alter element

Respiratory protective devices. Half-masks without inhalatlon valves and
with separable filters to protect againsl pases or gases and particles or
particles only. Requirements. tesling. marking

Resplratory protective devices. Fillers wilk breathing hoses {non-mask
mounted filters . Particle filters, gas filters and combined Rlters,
Requirements. testing. marking

Alrquality, Determination of the PM LU frection of suspended particle
matter. Reference method and fleld test procedure to demonstrate
referetice eguivalence of measurems nt method

Products usad for treatment of water intended for human consumption,
Inarganic supporting and filtering materials. Detinitions

Products used for treatmeni ol water intended for human consumptlon.
Inorganic supporting and Altering malerials. Methods of test

Respiratory protective devices. Powered lillering devices incorporating a
helmet or & hood. Begquiremends, lesting. marking

Respiratory proteclive devices. Power assisted filtration deyices
incorporatling full face masks. hal-musks or quarter-masks, Requirements,
testing. marking

Resplratory prolective devices. Methods of (est, Determinatton efinward
leakage and toral fnward leakage

Respiratory protective devices. Methods of test, Practical perfurmance ests
Respiratory pratective devices, Methods of 1test, Detetmination of breathing
resistance

Bespiratory protective devices, Methods of test, Flame Lests

Resplratory proteciive devices. Methods of tes). Climatic conditions
Breathing syster filters for gnuesthetic and respitalory use. Salt test
methad te assess Aliration performance
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Table 12,3 (continued)

Number Title or comment

BSENM 130 Paper and board, Dererminatton of (ensile properties. Constant rate of

1924-2:1995 elongation method

BSENIS0Y237:1995 Textiles. Determinatton of the permeability of fabrles o air

BSEN IS0 ‘Textiles. Tenstle propectles of fabrics. Determination of maximum force
13914-1:1999 and clongation at maximum lorce using the strip method

B EM IS} Textlles. Tenstle properties of fabrics. Netermination ol maximum lorce
13934-2;1%99 using the grab method

BSENIS0 Toxtiles, Bursting properties of lebrics, Hydcanlle method for
13938-1:1999 determinatton of bursung strength and bursting distension

RS EN I3 Textiles, Bursting properties of [sbrics, Pncumatic method for
13938-2:1999 determination of bursting strength and bursting distension

BS EN IS0 Cleanrooms and assoc ated controlled environments. Classification of
14644-1:1999 air cleanliness

BS EN 180 Cleanroums and associated controlled environments. Specifications for
L14h44-2:2000 testing and monitoring Lo prove continued compliance with 150 14b4-4-1

B3ENISO Clesnreoms and associated controlled envirommetts. Design. construction
L4 fd4-4: 20001 and start-up

BS EN IS0 240003:19%93 Permeable sintered metal materials. Determination of bubble test pore size

Tahle 124 Cther natlonal standards

Country/number Title or comment

uga

ASHRAE Gravimetric and dusi=spot procedures for testing air-cleaning devices wged
32.1-1992 In general venhilation for removing parliculale matter

ASHRAE Method of tesiing general ventilation ajr-cleaning devices for remaoval
32.2-1999 efficiency by purticle size

Cermangy

VDI 3926:1904 Guideline for 1he characterization and cvaluation of cleanable filter medis

with respect W L her long-term filtraiion behaviour

basic BSI standards, guoting IS0 equivalents where they exist. Table 12.3
having the combined natienalfinternational standards, The gradual integration
of national, regional and international standards can be seen in both tables.

{ther national standards are shown in Table 12.4. covering the two key
ASHRAE documents on dust remaval filter testing, and the VDI guideline on
cleanable filter media.

12.3.2 Other international standards

Most of the key CEN and IS0 standards have already been listed in Table 12.3,
under combined BSI/CEN/ISO numbers ~ the reader will have to consult Tables
12.2 and 12.3. for example. for all 130 standards of relevance. Table 12.5 lists
some more inlernztional documents not already covered. including the
important EDROVENT standards.
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Table I25 Oiher international standards

Organization Title or commeit

Exrovent

4i4:1984 Sodium chloride aerosol test for flters nsing flame phetometric lechnigque

4/5:19%92 Meihod of testing aic filters used In general venillation

4/8:1985 In it Jeak testing of high-efficiency flters in clean spaces

4/9;19% Meikod oftesting alr filters used in general venttation for determination of
fractional efficiency

47 10: 1994 In glfy determination of fractional efficiency of peneral ventilation filters

CEN

prEN 779: 2001 Pariiculate alt Blters for general ventilation. Determination of the fltrarion
performance

prEN 13443-] Water conditioning equipment inside buiidings. Mechunical fillers. Part 1;
Particle rating 80-150 pm. Requirements for performance and salety. testing

prEM 13443-2 Water conditioning eqitipment inslde buildings, Mechanteal filters, Part 2.
Particle rating 1 to <80 pm. Requirements for performance and safety. testing

prEN 13779 Ventilation fer non-residentlal buildings. Performance requirements for

ventifatlan ahd air conditioning equtpment

Also in Tabie [2.5 are some CEN standards under review, including the
important revised form of EN 779, which aims to introduce a new standard based
upon a filter's fractional particle efficiency. covering a lifetime’s behaviour, not
just as-new performance.

12.4 References

1. C Peuchot and T Hunt (2000 ‘Development of IS0 standards o
contamination control and fltraticn of fluid power and kubrication systems”,
Proceedings of World Filtration Congress 8. Brighton, Filtration Society, April,
Vol. 2, pp. 787-90

2. C Peuchot and T Frost {2000} 'Mew Eurcpean dralt standards lor
certification of the perlormance ol cartridge filters and other drinking water
filiration materials’. Proceedings of World Filtration Congress 8. Brighton,
Filtration Society, April. Vol. 2, pp. 807-10)

3. ] Gustavsson {2000} 'Can we trust air filters:’. Filiration & Separation.
37(2), 16-22

4. | Gustavsson {2002) “Why we need effective air fltration’. Filtration &
Separation, 39(3).14-17

5.]T Hanley, D 8 Ensor and K Owen {1999) "ASHRAE's new test standard lor
general ventilation filters’. Advances in Filtration and Separation Technology. 13b.
B79-86

6. A Hoeg and R Murad {2000) "What 13 1lynamic Filter Bfficiency?’. Fluid
Power journal. Sept./Oct.

7. L Bensch (1999) ‘Impact ol changes to [S0 standards on filter performance
and fnid cleanliness’. Fiuid Power fourmal, Sept./Oct.
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The fallowing descriptions and definitions will help to explain the technical
terms used in this Handbook to describe filter media. Some terms particular to
filtration equipment are also included.

Abrasion

The wearing away of a material by contact with a hard surface or by the
itnpact of hard particles.

Absolute
A word implying the complete removal of all suspended solid [rom a Auid, but
In fact referring to Glters with very high capture efficiency.

Absorption

The entrapment of a particle or a gas within ("ab-"} the body of a filtering
material - therefore only strictly applicable to liquids, but also used of
entrapment within the depth of a thick filter medium.

Activated {carbon)

The energizing of the surface of {usually granuiar| carbon to render it capable
ol efficient removal of, for example. odours from a gas, or colour from a liquid, by
adsorption.

Adsorption

The entrapment of a particle or a gas by adhesion to ("ad-"} the surface of a solid
filtering material, which thus needs to be finely granular or ibrous to present the
highest possible surface area per unit volume.

Aerosol
A dispersion of solid particles of colloidal dimensions in a gas (although also
used of similar dispersions of liquid droplets}).

Bag

A filter element consisting of a relatively long cylindrical shape, open at one
end, closed at the other (where it is fitted to a supporting frame), which may have
a searn along ils length and/or closing one end — or may be seumless. Thebag may
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fit over or inside a metal cage to provide support for the medium, (See also candle,
pocket, sleeve)

Baghouse

A somewhat old-fashioned, (hough still widely used. term for large dust
collection lilters. employing changeable bags for the collection. Not so widely
used now that the separating clement can be a pocket or. increasingly. a
cartridge. (See also fabrte filter)

Bar screen

A filter medium ¢created {rom a set of bars {each usually of wedge-shaped cross-
section) arranged parallel one to another, with the set either {lat, or curved, orin
the form of a cylinder.

Basket

Filter medium in basket shape, i.e. cylindrical. with its diameter roughly the
same as its length, often self-supporting, made from mesh or perforated sheet,
and installed either in a strainer housing or in a centrifuge.

Belt

A filter medium, mostly used for harvesting solids from liquid suspension, in
the form of a long continuous strip running around a set of rollers. and usually
moving from a feed zone, through a filtering zone. possibly through a cake
washing zone, and to a cake removal zone, after which the belt returns through a
cleaning zone to the start. May run together with an impervious bell that
squeezes the cake to improve dewatering.

Beta factor, ratio

Ratio of the number of particles greater than a defined size in a fluid upstream
of a filter to the number downstream. Removal efficiency may then be
represented by: 100(B — 1)/B.

Blinding

The progressive blockage of a filler medium as its pores {ill with trapped
particles that cannot be removed by back flushing. Blinding may result in the
medium’s having to be discarded, or it may be possible to clean the medium
physically or chemically to make it suitable lor reuse.

Bolting cloth
A line woven wire fabric, used for (usually dry) sieving.

Bonded, bonding

When fine tibres or Alarnents are held together in a mass, they are bonded - by
their own features. or by thermal fusion at the points of contact. or by an
adhesive. Bonding does not usually include sintering, but it should.
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Bubble paint

The pressure at which a bubble of gas or liquid appears downstream of a piece
offilter medium, which is immersed in a standard fluid.

Barsting strength

A measure of the medium's ability to resist a potential bursting force when
pressure s applied to one side of a piece of the medium. restrained around s
perlphery.

Cabin flter

Any filter used Lo clean the air inside a vehicle cabin [automobile. tractor.
aircralt, etc.), either from impurities entering from outside (especially diese] furme
and pellen} er in re-circulating sysiems.

Cage
An array ol wire, rod or coarse mesh, usually cylindrical in shape, used to
support ilexible filter media such as bags or sleeves.

Cake Bltration
When the surface of a filter is covered by a single layer of particles. newly
deposited particles add 10 that [ayer and lorm a cake above the surface. This cake

then effectively acts as the Rlter medium. {See also depth Altration. precoat,
surface filtration)

Cake release

Once a cake of collected solids has formed on a filter medium. it must be
removed as completely as possible. The ability of a medium to release a cake
casily is an important feature of its liltration performance. (See also heell

Calender, calendering

ne of the methods of finishing the flter medium, and especlally its surface, by
passing the material between a pair of calendering rollers (usually heated). This
will consolidate the material, and may flatten and/or emboss the surface(s).

Candle

A cylindrical filler element, long in relation to its diameter, sealed at one end
and open at the other. Usually used of rigid media (such as ceramic). and
[requently used to reler to multiple elements housed in a single Glier vessel, (See
also bag, pecket, sleeve)

Capsule

A small, usnally self-supporting filter element, shaped like a lens. with filter
media as both upper and lower surfaces. May be mounted as a set, one above the
olher, on a central supporting core,

Alsc used to describe a small self-contained filter unit, employed in laboratory.
medical and pharmaceutical applications. formed usually of a plece of filter
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medium sealed into 2 casing fitted with inlet and outlet fluid connections; usually
discarded when "full’,

Capture

The entrapment of a particle or dreplet out of suspension in a fluid, by a Glter
mediam.

Cartridge

A fairly general term for a Alter element that s cylindrical in shape, relatively
rigid in construction, and made in several different ways from a wide range of
materials. The most commeon form is closed at one end, with a supporting device
at the other, open end.

Cassette
See Panel.

Cellulose

The main component of wood, and hence of paper. Natural cellulose can be
mechanically or chemically broken down tnto fine fibres, which may then be wet
laid as a confinuous material. Cellulose can be dissolved in a complex liquid
solvent, and then extrusion spun to produce artificial {regenerated) cellulose,
rayon (or viscose), which can be made into other materials for filtration use.

Centrifugal flter

A centrifuge in which the separation of solids from liguids is achieved through
a filter medium, which will be basically cylindrical in shape, with the filtrate
draining outwards from the centre, under the centrifugal [orce.

Centrifuge

A device for achieving mechanical separations of liquid/liquid or liguid/solid
mixtures under the accelerated gravitational force achleved by rapid rolation.
The separation can be afiected by sedimentation (driven by differences in density)
or Altration.

Ceramic

Aninorganic material that has been fired to high temperature. [t is thusable to
resist moderately high temperatures in use. (The term does not usually
encompass carbon or glass.}

CIP, clean in: place

A system for cleantng any item of equipment that does not need the equipment
to he dismantled, even partially. The cleaning will normally be done by a
cleaning solution, followed by steam sterilization where necessary. The filter and
its medium that are to be cleaned in this way must be capable ol resisting the
eleaning action and temperatures of the CIP system. They must also be designed
so asnot to leave any dead spots unreachable by the ¢leaning fluid.
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Clarifying, clarification

A term used 1o denote the removal from a gas or a liquid of a small amount of
suspended impurity. Such separation is nermally required to be highly efficient,
and low in energy demand.

Cleaning
The cleaning of a gas refers to its clarification; cleaning otherwise refers to the
process by which collected materizl can be removed from a flter. {See also CIP)

Cloth

The use af "cloth’, as in ‘filter cloth’. is new a touch archaic. referring to when
most filtration was done through woven textile media. The word Tabric is used
in this Handbook, to cover both woven and non-woven materials.

Coalescing
The process by which finely divided liquid droplets dispersed in another liquid
are made to merge together into larger droplets, and then a continuous layer.

Coating

A layer of one material applied to the surface of another. Used in filtration to
relate specitically to surface treatment of a filter medium, which renders that
surface more sizitable for use: less easily abraded, more ready to release collected
cake.

Collecting, collection

A fairly general term referring to the capture of suspended material by a filter
medium, in the various ways that this s achieved. Collection efiiciency is 2 more
specific term, relating to the thoroughness with which the medium achteves its
required scparation, Alsa applies to the scttling down of extruded flaments and
fibres onto a flat {and usually moving) surface.

Colloid, colloidal particle

A word originally coined to describe those matertals in solution that would not
pass through a dialysis membrane. now generally used of very finely divided
solids in suspension or semi-solution. A colloidal suspension would not be
expected 10 settle over a long period ol time. (See also aerosol}

Combination filter, media
A filter, or its associated medium, that carries out the double duty of filtration
and some chemical activity, usually deodorizing or decolourizing.

Compaosite

Refers to a filter medium that 1s made of twe or more layers ol different
material — differing by pore size. or chemical nature of the material. A membranc
is nearly always a composite material, with a fine surface layer supported on a
substrate of coarser material, (See also lamination)
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Concentration polarization

The creation of a layer close to a filter medium’s surface (especially for
membranes) where the solute species is concentrated, hence reducing the liquid
flux,

Copaolymer
A palymer formed from more than one monomer, either in the same chain or
with one cross-linking chains of the other.

Core

A central support, usually cylindrical in shape. and made from sheet metal,
metal rods or extruded plastics, on which a varlety of maierials can be mounted
to form a cartridge. {See also cagel

Corrosion
Unwanted chemical attack on a material resulting in matertal loss. usaally
into solution, but carrosion by gases is by no means uncemmaon.

Cotton
Natural fibres from the seed of the cotion plant. Long staple fibres are from 2.5
10 6.5 cmin length, medium staple 1.3 to 3.3 cm, and short staple 1 to 2.5 cm.

Crepe
Crepe paper has a wrinkled finish. which provides some elastic stretch to the
rmatarial.

Crimp

An intentional kink impressed into a fibre or filament to increase its bulking
propetties. Wire may also be erimped, especially on a regular patlern. to hold the
crossing wires ficmly in place afier weaving.

Lross-flow (Gltration)}

Operation of a filter with the suspension being filtered flowing across the
medium surface, rather than through the medium. This helps to keep the surface
free of accurulated soltd by the scouring action of the lluid. {See also dead-end,
through-flow}

Crozs (machine) divection
The direction in a continueus roll of material that is at right angles Lo the flow
ofthe roll - termed 'warp’ in a woven fabric. (See also machine direction)

Dead-end

Operation of & filter with the feed flowing effectively at right angles to the
medium surface, so that all of the fluld passes through the medium. (Sce also
cross-flow, through-flow |
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Decitex

A unit of thread, yarn or filament size measurement, cqual to 10 tex (NB not
0.1 tex}).

Deep bed (filter)

Operation of & filter with a deep bed of granular material asits medium, usually
with the luid Aowing downwards. This is normally cleaned by flow reversal.
washing the dirf upwards and out of the vesse] containing the bed {of sand.
anthracite, coke, etch.

Demisting
The removal frem suspension of very fine liquid droplets in a gas.

Denier

A measure of the stze of a thread. yarm or filament. given by the weight in
grams of 9000 m of the material {and dependent upon the material’s density).
{See alsotex)

Depth Aleration

Filtration of suspended solids within the thickness of the filter medium. rather
than at its surface. The entrapped solid must then be blown or washed out of the
medtum, if the latter is to be re-used. (See also surface filtration }

Dialysis

A separation process relying on the diffusion of one component (or morel
through the pores of & semi-permeable membrane. the driving force being the
concentration gradient across the membrane {usvally with pure solvent on one
side).

Diffusion
The movement of ionis or molecules through the material of a medium under
the injfluence of a concentration gradient.

Dirt-holding capacity

The ability of 2 filter medium to hold the material remeved [rom suspension
without becoming blocked. i.e. without an unacceptable increase in pressure
drop across the filter. The higher the diri-holding capacity for a given dust ioad,
the Jonger the fime tnterval between cleaning or replacement.

Disc

A piece ol Blter medium cut {or stamped) out in the form of a circle. for
insertion in a suitable holder. May also be used of two circular pieces of medium,
scaled together around their periphery and to a central {eed or offtake system.
Also refers to the use of flat circular pileces of metal (or plastic) stacked one above
the other to provide a filtering surface at the gaps between their outside edges.
{See also capsule, lenticular)
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Dispersion
A mixture of solid particles or liquid droplets in a continuous liquid or gaseous
phase, zsually implying 2 uniform distribution.

Droplet
A small particle of liquid.

Dry laid

Fibres or filaments produced in the air (or an inert gas) and seilled onto a
collecting surface. usually in random orientation, are said to be dry [aid. (See also
wetlaid)

Dusié

A fine dispersion of solid partlcles In a gas is called a dust. although there are
no precise dimensional limits below which the solid must be. Many dusts arc
dangerous (etther by inhalation or as an explosion risk) and gas cleaning is the
corresponding process solution.

Edge filter

A lter element [abricated [rom a number of machined or stamped components,
such that the edges of the components together create the filter medium -such as
an array ofdiscs, orelrings, or ofbars, or ofwire. or of ribbon spirally wound.

Eleciret
A fibre made in such a way that it has an intrinsic electrostatic charge. and can
thus be used to capture particles more effectively ifikey too carry a charge.

(Filtex) element

A single item of filtering medium, in any one of a number of shapes or
structures, destgned to fit tn a (usually standardized) housing, from which it is
removable for cleaning lor disposal). May be a cartridge, bag. pocket. etc.

Electrodialysis
Dtalysis under the additional driving force of an electric potential between two
electrodes.

Equivalent pore size
The calculated effective pore size of a piece ol porous material as a result of one
ol a number ol test methods.

Expanded metal
Sheet metal mechanically expanded into a regular diamond-shaped mesh.

Extrision
The forcing of a molten substance through machined holes, under controlled
pressure, to produce continuous forms. shaped according to the cross-section of
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the heles. In the case of filter medta. this mainly refers to the use ol spinnerets to
produce fine filaments or fibres of thermopolymers.

Fabric
A continuous piece of material made from fibrous or filamentous substances,

by weaving or knitting, or as 2 non-woven material made by felting or some
similar process.

Fabric Blter

A term uscd to cover all those large filter installations, used [or the cleaning
of exhaust and process gases. comprising multiple elements in a single
housing., which elements can be bags, pockets, cartridges. etc. (See alsc
baghouse)

Felt

A mass of natural or synthetic fibre. laid down usually in a random fashion,
and then carded to give some orlentation te the fibres, Usually made in a
multitude of thin webs. Natural fibres have sufficient mutual adhesion to provide
strength to the felt, but synthetic fibres usually require further processing of the
Ielt ro give it the required tansile strength.

Fibre

A piece of natural or synthetic material, which has a2 small diameter
(measured in hundredths of a millimetre. H not in micrometres). and is very long
in relation to its diameter. Among naturel fibres, cellulose from softwood trees is
the shortest, and some wools are the longest,

Fibrillated, fibrillation

The processing of fibrous, flamentous or flat sheet material to create a very
fine structure of open area and microfibrous protrasions. to give an efectively
much smaller diameter material. Also refers to the microstruciure of natural
fibre that enables it bond naturally o felts.

Fibrous
Any material that is made up of fibres. natural or synthetic.

Filament

A very long. effectlvely continucus, single strand of any material. Among
natural materials. only silk exists as a filament. but synthetic materials can be
spun into flamenis whose length is governed only by the size of the molten
polymer reservoir.

Filter
In the present context. a filter is the mechanical device that achieves the
required separation by filtration, and that halds the filter medium.
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Filter aid

A granular selid added to a filter feed solution to bulk out the suspension und
make it more easily filierable. The filter aid of course then coniaminates the
separated solids, so can only be used for situations where the solids are a waste
material, or where the filter aid can easily be removed in a subsequent process.
{See also precoat)

Filter medium
The porous matertal in a filter that does the aciual filtering.

Flltrate
The fluid leaving a filter. after removal of suspended material. {See zlso
permeate}

Finizshing process

Relers to those processes applied to medium meterial after its basic structure
has been [ormed, to consolidate it or to modify its surface, such as calendering.
coating, singeing,

Flash spon
Material made as for meltblown, but from a mixture of solvent and polymer, so
as to produce finer fibres.

Foam

A dispersicn of gas bubbles throughout a liguid. If the liquid then sets solid, a
very light matetial is produced, but one of little use to fltration, because the
pores do not interconnect, If, however, the foam is reticulated by & chemical or
thermal process that breaks down the bubble walls then a uselul filter medium
can be created. (See also reticulated)

Fouling
The gradual deterioration of 2 membrane filter’s performance, because of the
deposition on the surface and within the pores of fine. sometimes slimy materials.

Glass
A synthetic semi-selid material, which can be melted and spun into fibres that
make a very good medium for papers for filtration.

Harvesting
The recevery of solid materials from suspension in a fluid, where the recovered
solid 1s valuable, and 1s the purpose of the filtration.

Heel

A layer of cake that is necessarily lelt on the surface ol a Alter medium after the
bulk of the cake has been removed, usually because the removal mechanism
would damage the medium if it got too close. (See also cake)
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Hollow Rbre
Filter medium produced in the form of minute tubes. which are bundled
together to allow sufficient filter area to be built into a sensibly sized filter.

{Filter) housing

That part of a filter that provides the containment for the process fluid, and
which holds the filter medium securely.

Hydroentanglement

The consolidation of a felt by the passage through it of fine jets of water at high
speed.

Hydraphilic
Used of filter media through which water flows easily (i.e. the medium surlace
is casily wetted),

Hydrophobic
Used of filter media through which water does not flow easily (i.e. the medium
surface is not wetted).

Impermeable
Cannot be penetrated by any flutd, particle, or molecular or tonic species.

[on exchange

The transfer of ionic species between solution in a liguid and attachment to a
sultably formed resin. A mixed bed {of anion and cation exchange resins) can
remove all lons from water.

Knitted, knitting

A knitted fabric is produced by the interlocking of a series of loops made irom
one or more yarns, with each row of loops caught into the preceding row. Loops
running lengthwise are called wales, those running crosswise courses.

Lamination, laminated

Layers of material, laid one on top of another, and then usually bonded
together. The most common is a coarse substrate, to which a fine coating layer is
larminated.

{Filter) leafl

A filter leafis formed by fixing two (normally rigid) pieces of filter medium close
together (but not touching), and sealing their periphery. Two or more leaves are
then mounted one above the other and sealed into a central collecting tube. The
whole assembly is placed in a vessel full of slurry under pressure, the filtrate goes
into the space between the picces of media, and then into the central tube, The
leaves may be held horizontally or vertically (with cake removal easier in the
verlicaily mounted case).
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Lenticular
Lens-shaped, and only convex in form. Used of filter capsules, and such devices
when mounted as 2 stack in a cylindrical housing.

Looped wedge wire
One form ol wire format used in wedge wire screcns.

Machine direction
A direction in a roll material-making machine that is parallel to the flow of the
material (the waurp in a weaving loom). (See also cross {machine) direction)

Macrofiliration
A term increasingly being used lor all Gltralion processes down to about Spm
(the start of microbltration).

Mean pore size
The average diameter of all the pores passing through a filter medium, used the
same as efleciive pore size.

Media migration
See Shedding.

Melthiown

Polymeric filaments. extruded from a spinneret, are broken up by jets of air,
and laid down on a moving belt as a mass of fibres. The fibres may also be laid
down on a moving core as a cariridge element.

Membrane

Originally implying a thin. microporous or semi-permeable plastic sheet, now
applied to any media that are capable of removing particles te below (0.1 pm.
whether they be organic or inorganic. flexible or rigid.

Mesh
A geometrleally regular materizal, used for precise sieving, made from wire or
plastic filaments by weaving to carefully conireiled dimensions.

Metnl edge filter
An edge Blter where the components are made of metal, a common usage in
the automotive sector.

Micraofibre
A general term covering the very fine fibres and filamenis made by extrusion
processes.

Microfiltration
A term defining a range of Altration processes. which cover the size range 5 pm
down to 0.1 um {between macrofiltration and ultrafiltration).
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Molecular sieve
A material with extremely fine pores, capable of the adsorption of molecular
species, sich as water.

Manofilament
A single filament used as the yarn to weave fabrics or meshes.

Moulded

In this context. refers to the formation ol media into shapes by moulding - the
resultant format may be held in shape by a bonding resin. or by thermal
treatment.

Multifilament
A varnmade of a number of filaments. twisted as required.

Nancfiltration
A filtration region fairly recently separated between reverse osmosis and
ultrafiltration, both in size of species separated, and in operating pressure.

Napping
A finlshing process for fabrics that raises short fibres above the surface of the
medium

Natural (fibres, fllaments)
Materials derived from animal or vegetable sources: cellulose. cotion, silk and
woolin Altration terms, although flax/linen, jute and other fibres are used.

Needlefelt
A felt that has been stabilized and strengthened by needling.

Needling
The processing of felts {and some other nopn-woven materials) by rapid
puncturing of the material with a set of barbed needles,

Non-woven
Any textile fabric made by methods other than weaving and knitting.

Osmosis

The passage of a solvent [usually water} [rom a dilute solution to a more
concentrated solution through a semi-permeable membrane, the driving [orce
being the diference in osmotic pressure across the membrane.

Panel

A flat pad of filter media, held in a simple [rame, that may be sguare or
rectangular in shape. Used mainly for air cenditioning applications. and
sometimes called a cassette,



518  Hamdbook of Filter Media

Paper
A medium made by wet laying of cellulose or glass fibres.

Particle
A small granule of solld materlal, the basic component of dusts or other
suspensions.

Pathagen

Any body capable of translerring disease to humans. Especially bacteria and
viruses.

Penetration
The passage of a particle or droplet through a Blter medium. The degree of
penetration measures the efficiency of the Blter,

Perforated, perforation
Usually means sheet material (metal or plastic} in which holes are machined.
by drilling or punching. Used for coarse fltration.

Permeable, permeability
Open to the passage of specific components of 2 mixiure. Permeability is a
measure of the degree of openness.

Permeate
The clear liguid passing through 2 membrane, either by diffusion through the
body of the material, or passage through continuous pores. (See also filtrate)

Permeation
Processes that operate by separation at a barrier. usually referring to the
microscopic scale.

Pervaporation

A membrane separation process for one liguid from another. by passage of one
component as vapeur through the membrane, with a vacuum maintained on the
downstream side.

Plain weave
The simplest form of weaving: over one yarn, then under one. lor the entire
material.

Plastic
Specifically, any deformable material. but used generically oi all synthetic
polymeric materials.

(Filter) plate

May refer to a compenent of a plate-and-frame Hiter press, which holds the
filter medium and the formed cake, or may be an equivalent word to "leaf’. i.e. a
rigid structure made from sheets of filter media. sealed at their periphery.
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FPleat, pleated

A fold in a plece of filter medium, usually occurring in series, to make a
concertina effect, then mounted flat, as in a panel, or made into a cylinder, as
part of a filter cartridge, The effect of pleating is greatly to increase the filter area
within & given vessel valume.

Pocket

A form of bag, which has a llat oval cross-section (rather than circular). and a
rectapgular external shape. Often used mounted side by side with others in a
panel frame for air conditioning use.

Polishing

A final filtration stage, to remove traces of suspended material lefi iz the Iuid
by previous processing,

Polymer
One of a wide range of synthetic materials, formed by condensing monomers
into long-chain molecules.

Fore

A singe hole passing through a flter medium, by which the fluid crosses it. and
which iz small enough in diameter not to let pass any material above a certain
size, dictated by the pore diameter.

Porons, porosity
Any material theough which fluid will fow under pressure. The porosity Is a
measure of the freedom of this flow,

Precoat
Granular or other particulate material fed into a filter to create the inittal cake
uponwhich the main filtration then takes place. (See also filter aid, cake filiration)

Prefilter

A term for the first filter in a series of filtration stages, which s actually no
different from the same duty performed on its own. Often used of the filter needed
ahead of 2 membrane process, used to prevent ingress of coarse material that
would block the fiow channels rather than the medium itself.

Pressure filter
Any filter needing the imposition of a positive pressure upstream, as distinet
from gravity- or vacuum-driven filters.

Pyrogen
Any of a group of materials that, upon ingestion by &n animal, cause a rise in
body temperature,



S20 Hamdbook aof Filter Media

Rapid sand filter
A deep-bed filter with down flow of fluid at a relatively fast rate. cleaned by
backflushing, which expands the bed of sand 1o release the captured solids.

Recovery
A general term referring to the removal of suspended solids (usually) from a
liquid; it implies that the solids are wanted, not wastes.

Resin, resin bonded

An adhesive used to bond together the particles or fibres of a filter medium.
May be added as a solid in the medium lormation stage, or injected as a liquid, ln
either case being set at higher temperatures.

Retention
Used in a stmilar way to 'capture’ to refer to the entrapment or the holding
back of suspended material by a filter medium.

Reticulated (fToams)

Foams that are impermeable as made car: be rendered permeable by chemical
or thermal methods that erode the cell walls to create pores through the material
-the process s reticulation.

Reverse osmosis

The [irst of the membrane processes. developed mainly for the desalination of
brackish and salt water. this uses a membrane under high pressure to allow
water to move through, and to held back any dissolved material in a feed
solution. The membrane is impermeable to ionic and most molecular species in
solution. The applied pressure must be higher than the natural osmotic pressure
of the solution.

Ribban
A continuous steip of material wound fat in the form of a spiral, so that its
outer edges may be used as afilter medium.

Rigidity
The stiffess of a filter medium material. as descriptive of one of its essential
mechanical properties.

Rigidized media
Term used to describe a range of polymeric media formed by moulding into
shapes resembling bags or pockets. but essentially rigid in their final form.

Ring stacks
A series of flat rings, with snitable indented spacers, stacked one above the
other around a central core. so that the outer edges form a filter medium.
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Rollgoods
Any material produced {and sold] in rolls, for conversion to suitably shaped
filter medinm; includes woven and non-woven materials.

Roving
A yarn treatment process, which imparts & slight twist to the yarn as well as
compressing it.

Rupture strength
A mechanical property of a medium material, determined by standard tests.
Used as equivalent to bursting strength and tensile sirength.

Sand
A coarsely grenular natural material, zsed commonly in deep-bed filters.

Satin weave
A complex weave pattern, designed to give a flat surface to at least one side of
the material.

Screen
A woven or perforated mediom, for relatively couarse separations, usually
made with some precision as to the shape and size of the openings.

Screening
A filiration process employing coarse media, possibly for separation of a
mixture of solid particles by particle size. or for prefiltration, wel or dry.

Scrim
A strong simple woven material. with yarns well separated, used within a lelt
to give it tensile strength.

Seam, seamless

The placeis) at which materlals are joired to make non-flat medta structures.
The seam is a region where the porosity of the medium may be very different from
the bulk of the medium. so possibly creating a weakness — hence the search for
seamless construction of bags, etc.

Semi-permeahle

Literally. permeable to some components ol a mixture or solution, and not to
others. All filter media can be thus described, but the term largely relates to
membranes.

Shedding

The loss of particles of the filter medium to the downstream, clean fluid. Thisis
obviously a feature to be zvoided, and resisiance to shedding becomes an
important material parameter. { Also known as media migration. )
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{Filter) sheet
A relatively stiff piece of filter medium, usually int the lorm of a rectangle, and
wet taid like paper. Used for depth Rltration,

Sieve
Usually refers te the device that holds a screen. and enables screening of solid
particles to ocour,

Sieve bend
A coarse, but high-flux filter, made lrom parallel wedge-wire bars, positioned
across the direction ofliquid flow. which is tangential to the filter surface.

Sifting
The process ol separating soltd particles by particle size. usually in the dry
state.

Silk

A natural material, produced as a very long flament. which has to be
untangled.

Singecing

The treatment of a material surface by a flame or contact with a very hot
surface, to cause partial melting of the material. and hence to change the surface
porosity.

Sintered, sintering

The bonding of powders, fibres or meshes by heating under pressure. 1o fuse
the material at the points of contact. Originally used of metals and ceramics. but
now alse applled to polymeric materials.

Sleeve
A piece of filter medium [ormed as an open ended cylinder, which is slid aver a
cage ar core to form a replaceable filter element.

Sliver

A loose. soft. untwisted rope-like strand of textile fibre. having a roughly
uniform thickness. It is produced by the carding process, which separates raw
fibres to prepare them for spinniog.

Slow sand filter
A deep-bed filter. with downward flow at low velocity, with biological action
also in the top layer, which is cut off to clean the filter.

Softening temperature
The temperature at which a complex material begins to melt, such that points
of contact fuse together.
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Solution
A uniform mixture of soluble materials In a solvent, which cannot be
separgted in a normal filter. but can with suitable membranes.

Spinneret

The working head of an extrusion process. in which a set of fine holes are
machined {or a set of ine nozzles fired). from which a molten material can be
extruded under pressure as continuons filaments.

Spinning
Aterm with twa quite different meantngs in the present context: the production
of varn from abundle of fibres, orthe production of extruded filaments.

Spiral wourd

The winding of 2 yarn. wire or filament on a core in a spiral fashien, such that
successive layers overlie previous layers at an angle. Also refers to the formation
of membrane media by setting up several layers of medium and spacers. which
arethen wound round a central core. so forming a spiral.

Spool wound
The winding of a yarn. wire or filament on a core tn any regular [ashion. to
create a filter element (includes spiral wound).

Spun, spunbonded

The extrusion of molten polymeric materials as fllament {mell spun). which
filaments are then laid down on a moving belt. and further processed lo ensure
adeguate bonding of the mass of filaments. The filaments may also be laid down
on a rotating core to form a cartridge element.

Stability
A number of physical properties of a material that relate to its maintenance in
use ol its inittal performance and design characteristics.

Stack
An array of a set of identical components — discs. rings. capsules — one above
the ather around a central former of some kind.

Staple (fibre)
Originally used of the naturally occurring fibres, now used of any fibre of the
same sort of length (i.e, a lew centimetres).

Strainer, straining

A coarse filter, often using a mesh or perforated plate screen as medium,
and usually employed to strain out of a lignid flow any 'rogue’ large particles.
shead of some other process unit where such particles would be harmiul in
SQME Wiy,
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Surface filter

A filter that operates entirely by the retention of suspended material on the
surface of the medium. This mechanism is rarely found in practice. because all
media are actnally fnite in thickness, and a small part of the retained solid
penetrates into that thickness. Membranes come the closest to being exemplars
of surface filtration. (See also depth flter)

Suspension
A fluid carrying particulate solids er liquid droplets. as a separate phase,
dispersed uniformly throughout the fluid.

Synthetic (Abres. filamenis)

Artificial, as opposed to occurring naturally. Usually refers to polymeric
materlals.

Tangential How
Equivalent term to 'cross-flow’.

Tex

Unit for the measurement of fibre or filarnent fineness. Expressed as the weight
in grams of 10840 m of the material {and so is dependent upon the material
density}. {See also denier)

Textile

Any natural or synthetic fibre or filament. or yarn, suitable for making up into
fabric or cloth, including the made up maieriais as well. Covers woven., knitted
and non-woven fabrics, as well as threads. cords, rapes. braids, lace, embroidery.
and nets, Paper is not considered 1o be a textile. althcugh some non-woven
materials are made from fibres in the same way as paper.

Thermally honded
The adhesion of fibres, powders, etc.. by heating under pressure. so that
soltening occurs 2nd the material fuses together at the points of contact.

Through-flow
Another term for the flow of fluid through the medium. (See alse cross-flow,
dead-end)

Track-etching

A process for the creation of membranes, involving irradiation of a polymer
film. to create the initial pores, lollowed by chemical eiching to enlarge the pores
to the required size.

Tubaular
Int this context refers to media that are in the form of long rigid tubes of
diameters in the region of 1 em, with a [airly thin wall of filter medium.
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Twill weave
A weaving process that produces the characteristic diagonal appearance 1o
the fabric: over two, under one, staggered al each repeal along the warp.

Ultrafiltration

A membrane filtration process that deals with large molecules or coiloidal
materials; lying between microfiltration and nanofiltration in both degree of
fineness of fillration and cperating pressure.

Vacuum filier
A flter operated by vacuum as the driving force.

Voidage
The empty space within a Blter medium: related to porosity.

Warp
The strands, whether yarn or filament, of a woven material, which run the
length of the Joom. {For materials that are not woven. but which come from a

machine in a similar way, the term 'machine direction’ may be used.} (See also
welt)

Weave
The pattern by which the warp and weft varns lie over and under one another.

Web

A ihin array of fibres or filaments laid down in the first stage of production of a
non-woven material. It may have a directional orientation, or a completely
random structure,

Wedge wire
Wire whose cross-section is net round but pressed into a wedge shape.

Wedt

The strands. whether yarn or filament, of a woven material, which run across
the width of the [oom. (The corresponding term te ‘machine direction’ is "cross
machine'} (See also warp)

Wet laid

Wet laying involves the dispersion of relatively short fibres in water, ollowed
by the distributlon of the slurry over a porous belt of some kind, such that the
water drains away, leaving the wet-laid fibres on the belt. {Se¢ also dry laid,
paper)

Wet sirength
The tensile strength of a fabric or paper when it is completely wet.
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Wettahility
The ability of a material to be wetted by water (or. in principle. any solvent),

and so to allow water to flow though it in a perous form. {See also hydrophilic,
hydrophobic)

Wire, wire wound
In addition to its use as a flament in woven meshes, wire can be wound round
a core, usually in spiral fashion, to provide a filter element.

Wool
Natural fibres from antmal coats, mainly sheep. Fine wool fibre ranges from 4
io 7.5 cminlength. coarse can be upt1a 35 cm.

Woven
Any material made an a loom from warp and weft threads. nermally crossing
at right angles.

Yarn. varm wound

A continuous strand of fibres or flamenis grouped or twisted together, and
used 1o make woven fabrics, Can also be wound ento a cylindrical core or former
tomake & varn-wound filter element.

Yield
Yield strengih and yield peint are mechanical propertiex of materials and may
bz important in defining the material performance.

Zeta potential
An electrostatic charge on a material that increases its particle retention
petformance.
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dry filtration ses screens and
screening
dry laying 94,95
dry-laid spun media 81,83,95-
102, 105
DSMscreen 231
DuPont 93.97.102,138.163,422
Ducakute 414
Dunlop 280
duplex flter housings 367
Durapore 328,343
dust filtration
applications  105-6. 107, 180,
181-6
cartridges 381
electrostatic hazards 16-17.
91-2
electrastatically charged
materizls 78,92-3, 16678
high temperature 54,106,187~
£, 198, 286, 304
industrial dust removal 181-6
medically pure air  190-2
resistance to creep/stretch 13
selection of equipment 197-%
selection of fabrle media  105-7,
348-50
staple yarn fabrics 67
dyestuifs 111.77
dynamic stability 15

E

Fagle-Picher 417.420.427,450

earthing 92-3

Ecofilters 387

ECTFE see
polvchlorotriiluoroethylene

ECTFE, and corrodents  43-52

EDANA (European Disposables and
Nonwovens Assoclation) 83

edge stability 14

EFC {extract-free cellulose) 427

electrets 92,170,180

electrical charges see zeta potential

electrodialysts 311

electrofiltratton 312



534 Editorial Index

electrolorming 23741

electrolytically formed sheets 2 34—
41

electron microscopy 342,486

electroplating 280

electrospinning 102

electrostatic characteristics 16-17,

78,92

clectrostatically charged media 78,
92-3.166-78

elengation 13

embossing 59, 251

embrittlement 1834

engine air filters 178, 371, 381

engine fluid filtration  377-84. 409

envirpGuardIine 431

Epitropte conductive fibres 93

ePTFE 75-h, 308, 327-30, 348-
50,371,380

Estel &7.70

etched aluminium foil
membranes 339-40

etching see photoe-etching: track-
etching

ETFE see polytetrafluoroethylene

European Disposables and Nenwovens
Association (EDANA}R3Z

European standards see CEN;
EUROVENT

EUROVENT 154,155, 172,470,
476, 498§, 503, 504

ecxhaust gas filtration 180, 1814,
187-8, 380

expanded metal and plastic
media 166,233-4

expanded perlite see perlite

expanded PTFE see cPTFE

extensometers 480-1

extruded plastic meshes 102, 231-
8, seealse Netlon

Exxon 97

F
fabrleation techniques 14
fabrics

cleaning modes 10&.108

corrosion tables 43-52
costs 19
finishing processes 60, 63-5
industrial dust removal
Rlters 181.182-4
special purpose 75, 77-8, 89,
an-1
tendency tehlind  30-2
see also bags and bag filters:
textiles; specific (ypes of fabric
Fairey Industrial Ceramics 284-5
Fecralloy 276
felts 21.81.82,83-93
a2nd corrodents 43-52
costs 19
grade effictency curve 18-20,25
Femco 450
Fibra-Cel 431,430
fibres 33-%
artificial 35. 36, 5660
bonded 81, 394-408
ColD melt technology 395400
deep-bed media 4446
inorganic  37.134-5
natural 14,15,.35-6
physical properties 33, 392
shapes 57.86
sintered metal 2757
staple 34
Irade names 15
see dlso specific fibres
fibrillated cellulose fibres 137
fibrillated meltblown media 98,
397
Bbrillated yarn/tape  37.58-9,75-
7. 391
Fibrilon yarns 39
Fibrotex cartridge 393-4
Elaments 36, 282
continuous 392-3
Filmter 330
filteraids 139.412-13.416-17,
ser also precoats
filier candles see candles
filter media
}-Dimaging 454



definition 1-2
industry structure 10-11
properties 11-32
range ol materizls 8-10
structure 20-1,454
testing mechanical
properties 48(-4
filter screens see meshes; screens
fltertypes 68
Filterite 399, 400
Filterlink 57,68.74
Filtracel 427
filtration effictency 29, 453, 504
and test dusts/aerosols 155,
156,470-2,477,478-9
testing 453, 468-79
filtration mechanisms 3-6, 23
filcration purposes  2-3

filiration-specific properties 11,12,

18-32
testing 453-79
Filtrete 171-4
Enishes see surface coatings
finishing processes 60, 63-5. 66.
8790
Bash point 16
flash spinning 98-102
flat bed filters &6
flax 33,117
flexural rigidity 12
flow porometry 490-1
flowrate 390
precoats 417,421-2,425
flow resistance  25-6, 442, 453,
see also permeahility
flutd pressure filters 7-8
fluidiypes 5
fluoride resin coatings  89-90
fluorocarbons 40, 77,223
fluorcpolyiners 65, 371, seealso
specific polymers
Flugropore 328,343
Fluortex #7.72,73

foams, ceramic 26,261, 295-304),

304, see also metal [pams; plastic
foams

Editorial Index 335

foodstuffs 105,114-15, 109-11,
146-7,. 242 243, 357,395, 396,
433,427

Fosecp 297

fouling layers 313-14.318-19.
324,325, 150-2, 363

[oundry industey 295

Fratelli Testort  §9-90)

Frazier Air Permeability
Machines 457-8

Frazierscale 27.456

Frazier Schieler Abrasion
Tester 484

Freudepberg 95, 158-9,177, 180,
373

F&diesel [uel filter 376

fuelcells 311

[uelfiltration 375, 376, seralso
oil filtration

Fulflo RBC 395

full-flow filcer 378

fuller'searth 412

lurans 178, 350

Fybex 138

G

GAFrange 370

gamma trradtation 408

garnel 432 444

gas adsorption—desorption 342,
461-2, 486,490

gasfiltration 37.87. 187-99,
262
cartridges 371, 380-2, 385
ceramic media 282
electrostatic hazards 16-17
equipment selection 197-9
[abric media selection 79, 104,

U
filtration efficiency tests  475-7
hot gases 187-8,282, 28394,
295, 304, 382

medically pureair 190-2
membranes 315,325
pleated cartridges 3802
wet-laid media selection 150-1
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see also air filtration
gasmask 1ab
gaspermeation 311,326
gasketlng function 14-15%
gauze lormation 61
gelretention 277,363
geotextiles 256
GCKD 213
GEN SinterMetal Filters 275,
354
glass 19,53
glassbeadtest 467-8
glass [abrics 54.75.106
glassfibre 94, 126-32, 160-1,
186,191,371, 391
borosilicate 189, 190,191, 142,
04
continuous monofilament 161
microfibres see microfibres
papers 1%.117.126-32.159.

161
sintered 261
tubes 303-4

glass membranes 325.327. 336,
337§

gold 230

Gore, WL 178,327, 350

Gore-Tex 75-6,330,350

grade efficiency curves 18-20, 23,
454

granular deep-bed media 432-44.
493

gravity filters 7

Grefco 413,414,421

Gurley Densometer 457

H

Halar 73

Hansen filter 166-9

Harborlite 430

hardoess 14,441

harvesting 2-3

Hastelloy 205,222,245, 270,
276

Haver and Boecker 202, 2006

Hayward Group 370

hazards see health and safety

HDPE 53
and corrodents 43-52
flash spinning 98-102
membranes 324, 343, 357
sintered  262-3

health and safety 16, 52-3, 138,
see also asbestos

heat-setting 65, 66

Heinkel 79

HEPA {High Efficiency Particulate
Air)filters 132,154,156,159,
161,270,478,479

Herding GmBH Filtertechnik 183,
3185

high efficiency atr ilters 132,470,
see also HEPA: ULPA

High Flow Liquid Filter 376

high-performance filter sheets 139,
sec also steel. stainless

high-temperature fabrics 73, 89,
90-1

high-temperature operating 37,
75.187-8.259, 261-2, 282,
304, 357, 382, 385, seealso
dust ftltration: gas fltration

hole structure see aperture stze and
shape

Hollingsworth and Vose 122,165,
177

hollpw fibre membranes 314, 315,
317-19, 320,334, 342, 347, 357

Hostaflon 72.73

Hot gas filtration 187-8

Howden-Wakeman (HW)
filter 4446

huwmidity 174

hydrocarbonremoval 191,409,442

hydroentanglement 84.93

hydrophilic membranes 323,325,
143,363,458

hydrophobic membranes 323,
325, 343

hyperfiltration 311

Hy¥Pro 499

Hytrex [ filter 397
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ICT 135,138,197

IFTS 493,495,499

ilmenite 432,444

impregnation 93,121, 376, 381,
see qlso particle inclusion

incendive discharge 16

[acoloy 85205

Inconel 54,205,267,270,276

INDHA {Association of the Nonwoven
Fabrics Industry) 83

indastrial papers 122, 128-9,
150-51

industey structure  10-11, seealse
applications

ion exchangeresing 412

[remalreland 163-5,170

iron 280,297

irradiation 21

IS0 453, 474-5,498,.499. 501-3

Isopore 3238, 343

I
JohnsManville 124-5.132,160-1.

170.241,395,417
Johnson Filtration Systems 248
jute 35,117

K

Kaleram 315

KalmemLF 314

Kalsep 314,393

kieselpubr 26.138,139,413,
see also diatomite

Kleentes 8590

KnitMesh 193,194, 225,226

knitted fabrics 78.192

knitted meshes 192, 223-30

Koch Membrane Systems 318,
348

Kozeny equation 30

L

laboratory capsules 406—8

laboratory papers 119-22,129,
150

Editorial Index 537

[aminated fabrics &5-6,81,103-4,
131. 350
laminated [orms incorporating
ceramic membranes 187
laminated membranes 357
laminated papers 119,128-%,
132,161
laminated sintered wiremesh 222,
259
laser-cut sheets 241-3
latex binder 128
latex spheretest  490-1
LCT Corporation 352
LDPE 43%-52,53
leno weave bl
lenticular cartridges 135,139,141
lenticular discs 3524
Lentzing 86,134
liquid expulsion testing 461
liquid filtration 2, 3-8
cartridges  368-71,375-80,
409
glectrostatic hazards 16-17
labric media selection 75, 104,
i05.106,108-13
filter bags 368-71,409
filtration efficiency tests 472-5
wet-laid media selection 134,
1501
liguid membranes 312
Loeffler 374
looped wedge wirescreens 244
Lucas Industries 376
Luxel 73
Luxilar 73
Lydair 161,166-9
Lypore 129

M

machine tool coolant filtration 66,
105,114

machine-orientated properties
11-15

Madison Filter 13,57, 45, 68, 74,
76, 77.79,90, 105, 187, 293,
294, 385
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magnesia foams  299-300
magnetite 432
Mantes 89
markets 10-11
dust fillers 107
membranes 308
non-wovenmedia 105
see also appifcations
masks 105,166, 169, seealso
respirators
MaxiPleat filters 159
mechanical bonding 81
mechanical pressure filiers 8
medical applications 139,148,
163, 177-8.188.190-92
melamine formaldehyde 122
meltspinning 163-5, 392
meltblown media 96, 97-8. 1013,
105,165,172, 376
costs 19
melthlown depth (MBD)
cartridges 397-400
membrane distillation 312
membranes 307-64
applications 119,132, 308.
310,311.312,327, 343-54.
357
cartridges 372,375
characterization 342, 355.486
costs 19
formats 314-19
with graded prefilter 119
[aminated 181, 350
manufacture 32642
materials 319-24
processes  308-11
properiies 26.27,325%-6
selection guide 354-63
substrates 330
support fabrics 65,66, 75-7
tests 342 48693
see also carbon membranes;
ceramic membranes; glass
membranes: metal membranes
Mercer, Brian 255
mercertzation 643

mercury intrusion 342,461,487
MERY {minimum efficiency reparting
value) 135
meshes 35,536
challenge testing 4638
expanded metal 166
extruded 102
knitted 192, 222-30
monofilament 13,19, 201,230
selection puide 259
SEe ﬂi.";ﬂ‘ SCTEens; woven wire
meshes
Metafiher 403-4
metal edge filters  400-6
metal-coated plastic thesh 230
Metalesterrange 230
metals
in Metafilters 404
metal fibre papers  134-5
metal fibre webs  267-70
metal fibres. sintered 275-7
metal foams 261, 280-2
metal membrenes 324,325,
338-40, 3152-4, seealso
sintered metal membranes
perforated sheets and
plates  230-43
in plastic papers 133
porous metallic media 267-82
weight conversiontable 244,
247
see also sintered metals; specific
metals; woven wire mesh
methylacrylate 325
Meyer 102
Micro 2000 Flus  163-5.170
Micro-Aire 124-5 16l
Micro-lelt 91
Micro-Strand Micro-Fibers  125-8,
132,161
microdenier fibres  G1
microfelts 91
microfibres 97-8,177, 180, 189,
3506
glags 123,128,132, 161,169,
3034, 395,409



microfiltratton 308, 311, 328
matertals 3256, 343-7. 348
membrane preparation 326,

334,338
selection guide 357, 408~-14
tests 342, 456-91

microporous polyurethane 267

Microweb £8

MicroWyndIl 392

MikroPul 494

military applications 102, 166,
169, 468

Millipore Inc 319, 343, 347

mineral membranes 340-2

mineral processing 250,259

Mint-Wedge Wirc 244

Minimesh 206, 211

minimum efficiency reporting value
(MERV) 155

modacrylic 40,53,177
trade names 35-9
see also acrylic

maolecular recognition
technelogy 324

melecular weight cui-off (MWCO}
347,363,491

molten materials processing 305

Monel 205 270

monofilament fabrics 10, b6-74,
78

monofilament meshes 13,19, 201,
23D

moncfilament yarns 36, 37, 56-7

Monsanto 196

moulded polyelefin (TMP)
cartridges 396-7

moulded sintered metal
powders 270-5

moulded thermoplastic
powders 262-3

moving filters 7

MPP5 {most pencirating particle size)
156,479

mullite foams  299-300

multi-layer papers 119

multi-layer weaving 66,77

Editorial Index 539

multifilament yarn fabrics 7%

multifilament varns 36,37, 57-8,
230

multilayer knitted fabrics 78

multipasstest 472-3.474-5.479,
499

N
nanofibres 102, 382
nanofiltration 311,326, 348, 350.
354
napping 64
natural fibres 14,15, 35-6. 56
needlefelts 33-92
and cleaning modes 106, 181
costs 19
as membrane substrates 330
properties 84-7
rigidization 1834, 385
selection guide 105
structure 21
types  $0-93,178
needling 81.83—4,87.93.97,
172,177
Metlon 102.251.252-8,371
netting 102,252-8
Nexis 399-400
MNextel 282
nickel and alloys 205,223,230,
237,243,270, 280
Nomex 43-32,.86.371
non-infiltrated ceramic
membranes 337
non-woven [abrics  35.81-114
composites 1024
costs 19
definition 81-2
industrial associations 83
selection guide 10415
types 52-3.372
Nord Perlite 422,450
Novates 89
Nuclepore 19,241, 347
Nylon 67.69.163-5 1589, 190,
391.393-4
and corrodents  £3-52
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membranes 19,324,325, 326,
327
substrate coatings 90
Nytal 647 .69

0

Oberlin pressure filter 102

odour removal 78,104,139, 177

off-tastesremoval 139

cilfiliration 188, 189. 375-80,
404, 406,409, 4745

organizations. testing and
standards $3.453,493-4,497-
8, seealso ASHRAE

organo-mineral membranes 340
4]

Osmonics 343, 397

overhang length 12

P
P84 fibres 54,86,134. 371
P &SFiltration 105
pads 7,191, seealso coalescers:
demisters
Palas GmI 495
Pall Corporation 222,271-4,283,
292,340, 384, 400, 403
PAN see polyacrylonitrile
panelfilters 7.178, 367
paper
manwacturing process 94,
117-19, 2046
properties 12.13, 26,29,
457
resin-impregnated
cartridges 376
structure 21
see also cellulose; glass Gbre:
synthetic fibre papers
parallel filiration see cross-flow
fltration
Parker Hannifin 303, 395, 409
particleinclusion 78.93,139,
177-8. seealso carbon, activated
particle shape 22-5,439-4]
particlestze 18-20, 31.309

andefficiency 172,173, 476-7
granular filter media 436-8
most penetrating particle size
{MPPS8) 156,479
smallest particle retained 18.
453,454
see also pore size
pathogen remowval 350,433
PCIMemtech 317. 348§
PEEK (polyetherstherketone) 324,
3
PEI { polyetherimide) 324. 408
PEK (polyetherketone) 324, 326,
334,335
perforated block membranes 315,
11617
perforated metal sheets and
plates 21,26,230-43, 239 3171
perlite 26,138,139,413, 414,
415.417-22,.450
PermairF 267, 269
permeability  27-9, 30
coefficient 455-6
measuring 457-60
olmembranes 311, 342, 357
regulation in woven [abrics 64,
65, 60,67
Retimet 281
tests 454,455-60
see also air permeability
permeation experiments 342.486
permparometry 342, 486,49
permselectivity 357
pervaporztion 311
PES see polyethersulphone
PET see polyethylene terephthalate
petrochemical applicattons 283,
286
petroleum-derived precoats  429-
0
pharmaceuticals 117,133, 146-7,
157,384, 395,396, 407
challenge (es1 468
phase inversion 325, 333-5
phato-etching  59.234-7, 241,
251



pile creation 61
plain weave &1-2,67, 75
plastic sheets and plates 232
plastics 26,27, 188, 262-7
extruded plastic meshes 251-8
[oams 26,27.166, 261, 264-6
piastic fibre papers 133-4
plastic filament meshes 224
Plastinet 258
plates 222 283 315, 320-1, 404,
se¢ also perforated metal sheets
and plates
platinum 230
pleated filters 159,163,178, 181,
258,277,315, 343,368,372
82,409
pleating 157-8.159,216.277.
315.372-82
Pleiade 315,316
PMI (Porous Materlals Inc) 486, 495
PMM metal membranes 340
pocket fillters 178,181,182
see also bags and bag lilters
potnt-sealed media 95
pollation 17
Boly-Aire 165,170
polyacrylonitrile (PAN) 41, 54,179
membranes 324,325, 348. 357
polyamide
costs 19,133
membranes 324,326
paper 133
properties 40,41, 53 54
trade names 38-9
waven fabrics 67, 68,74, 75
see also Nylon
polyacamid 54, 106, 371
membranes 324, 363
properties 40,41.53
tradenames 38-9
see also aramid; Nomex
polycarbonates 19, 120
membrancs 324,325,327,
333,334, 343,347,357,
489
polychlorotrifluorcethylene 73
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andcorrodents 43-52
pelyester
cartridges 371.391,393-4,
367
chemical treatment 90
costs 19.133
dust filters 54,106,191
Epitropic fibrez 93
[ubrics 19.67.68,74.75
lpams 2646
membranes 347
metal-coated mesh 230
needlefelts &7, 8%, %), 92, 106,
350
papers 133,134
properties 37,40.41,53, 54
spunbonded media 97.191
subsirate coatings 90
trade names  38-9
polyether foams  264-6
polyethcretherketone {PEEK) 324,
334
polyetherimide (PET) 324, 408
polyetherketone (PEK) 324, 326,
334,335
polyethersulphone (PES) 19, 314,
324,325,334, 347,357
polyethylene
incartridges 397
costs 19
membrancs 324, 334, 343, see
aiso polyethylene terephthalate
netting 254, 258
properties 40, 41,53
trade names 38-9
se¢ alsa HDPE: LDPE
polyethyiene terephthalate (PET)
324,343
and corrodents  43-52
polyfluorocarbon 53, seralso
flucrocarbons
polyimide
chemical treatment of fabrics 89
filter bags 371
membranes 324,357
needlefelts  90-1
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papers 134
properties 44.41,53. 54
trade names 38-9
see also PR4 fibres
polymers
filirationof 274,277 304.376,
354
asprecoat media 413,431
properties  37.40
trade names 37, 38-9
used [or membranes 21,27,
3234, 343-50, 357
see afso plastics., specific polymers
polymetaphenylene
isophthalamide 177
PolyNei 400
polyphenols 137,139

polyphenylene sulphide 54, 90, 91,

106,165, 371

properties 40,41, 53

trade names 38-9

polypropylene

alr filtration 54, 163-5, 171-4,
180, 190-2

cartridges 371, 375.376-7.
390-1,392-3, 395, 396, 397,
400

composite non-wovens 103

continuous meltspun
filaments 392

and corradents 43-52

costa 19

extruded netting 258

fibeillated yarms 59

knitted meshes 223

meltblown media 93,103

membranes 324, 325 327,
334, 343, 357

needlefelts 8£7.90.92

papers 134

point-scaled media 95

properties 37,40, 41,53,
390-1

sintered 262-3

spunbonded media 47,103,192

stretched film netting 253

substrate coatings 90
irade names 38-9
in tribeelectric media 177
vacuum filter belis 77
woven fabrics 67,68, 74, 75,77
polysulphone membranes 324,
325,327,340, 347, 348, 357,
3s3
polytetrafluoroethylens 41, 54,
324
and corrodents 43-52
trade names 38-9, 73, seealse:
PTFE
pelyurethane, microporons 267
polyurethane coating 89
polyurethane foams 166, 264-6,
295, 296
polyvinylalcohel  38-9, 128
polyvinylchloride 250, 325,334,
343
properties 40.41,53
trade names 359
see also PTFE
polyvinyl pyrrolidone 137.139
pelyvinylidene dichloride 440,41
trade names 38-9
rolyvinylidene diflueride 324, 325,
343,348, 157
and corrodents 43-52
properties 40.41.53
sintered 262-3
irade names 38-9.73
poresize 23-21,31,.87. 265,
297-8
testing 454,461-8
see alse particle size; aperture size
and shape
Foremet 222
Poretfoams 268-9
porometers 460, 4656, 486
porosity 26-7.442
porouscarbon  301-3. sesalso
carbon membranes
porousceramics 54, 187,282,
253, 382
challer:ge testing 4638



costs 15
cross breaking strength 13
foams 26,261, 282, 295-300,
305
‘hard’. high-density 187.282.
283
properties 13,21, 26-7
soft’, low-density 187 282,
283-94
trade names 38-9
see afso ceramic membranes
porous plass see glass
porous metallic media 267-82.
463
porous plastic media 26,27, 188,
262-7
Porvair 263,267,298
pot and marble process 125,
395
potassium octatitanate 138
powder metallurgy 283
powders, sintered 2623, 270-5
PP s¢r polypropylene
FFS see polyphenylene sulphide
Fre-co-Floc 427
precoats £,19,26,27.139.4013,
411,413-32
Howrates 417.421-2. 4235
restdues 17
selection guide 44650
test procedures 416-17
types 413
see afvo filter aids
prefilters 119, 163,180,190.192,
311.372
pressuredropcurves 251-2, 298
pressure fealfilters 68,411, 4446
pressure process filters  67-8, 102,
134, 446
prestretching &3
Primapor 65,77, 88
Pristyne 350
process exhaust filters 1814
properties
application-orientated 11.12.
15-18

Editorial index 343

filtration-specific  11.12.18-32.
453-79
Fropyltex monofilament
textiles 67,71
PTFE 67.74.75-7. 104,106, 133,
192
cartridges 371
coatings %8, 89,90
costs 19
membranes 325, 327-30,343,
344, 357, seealsoePTFE
properties 16,73, 304
sintered 262-3
pumice 432
Pure-Grade Inc 402
Purclater 403
Purtrex 397
PV see palyvinyl chlaride
PVYDF see polyvinylidene difluoride
PVPP see polyvinyl pyrrolidone
pyrogenremaval 139,148, 311
Pyrolith 283.291
pytolysis 280
Fyrotex 293

Q

Q-Fiber 128

Qualiflo 97,104,163
quartz fibres 304
quartzgrenularmedia 432

R

radicactive particle collection 97

Ravlex coatings 63, 88

rayon 33,391

reaction bonding 338

recycling 17,18, 367

Reemay 97.99.108.128.129,
134,163

rejecrion measuremenis 342,486,
491-3

Rellumit Fipoca 404

research 4934

resilience evaluation 454

resin bonding 83.94-5.104.183.
189.395-6
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resin-impregnated paper
cartridges 376, 381

resins 89-90, 139, 146, 1686,
169

reslstance 30-2. sreglse abrasion
resistance; chemical resistance;
corrosion resistance; creep
resistance; solvent resistance;

stretch resistance; flow resistance:

tearing resistance

respirators 154, 166,169 178-9

retention efficiency 18-20, 25,
454, 476-9

reticulated fpams  264-6

Retimet 280-2

Eettenmaier 426-7

reverseosmaosis 165,311, 326,
3143, 348, 350

Reynolds number 455-6

RHA (rice hull ash} 4312

Rhytes 90

tibbon llter elements 403

rice hull ash (RHAY431-2

rigidity 8-9.12

rigidized media 182-4, 385, 387

Rigimesh 222

ring stacks 403-6

rollfilters 158,159,267, 315

refled multi-layer depth (RMD)
cartridges 400

Ronringen-Petter 387

rotating moving membranes 319

roving 956, 392

rubber crumb dewatcring 250

Rugsell Finex 387

Ryton 371

8

Saati 230

Saffil 135

Salisbury Blters 403

sand filters 4, 248,250,432, 433,
444

satinweave 62-3 67-8,74,75

scalloped rings 404

Schumacher carbon media 302,
303

Schumacher ceramic media 233,
287-9,296

Scott reticulated foam 266

Screen SystemsLtd 245,246

screens and sereening 2.6, 26,67,
191,259, 363
aperture size and shape 201
bar and wire structure 2434,

250-51

challenge testing 468
electrolytically formed  234-41
selection guide 259
see also meshes

scrims 84.87.91,93,128,129,
132,161,173, 192

SDLtesters 458-60.484

sealing function  14-15

Sedex filters 297

Seitz 137.13B,139

Seitz filter sheets 1457

Selee Corporation 298

Selex filter 397

SEM (scanning electron microscopy)
342, 486

sewage treatmnent 110,432

shape coefficlents 22-5

shedding 15

sheets
asbestos-free  19.135-50
cosls 19
membranes  314-16, 342, 343,

357

plastic fibre papers 133-4
spunmedia 98-102.161-5
stretched polymer  251-2
ventilation filters 15%

Shirley [nstitutc 484,494

shrinkage 183-4,265

sievebend 251

sieving/silting see screens and
SCreening

SiKA-R As 275,354

Silbrico 430

silica 413



fibres 304
[oams 295
membranes 336, 338
silicon carhide 187,283, 299-304
silicon nitride 147,283
silk 35,37
silver 205,230, 325,338, 357
singeing 64,87, 97
single-passtests 472,473-4, 475
sintered glassfibre 261
sintered metals 5, 188, 270-88,
382 384
composites 270
costs 19
dirt-holding capacity 29, 270
menthranes 327, 335-6, 338,
340, 354
permeability  270.455-6
properties 13,21, 26, 27
sclection guide 270, 271
wire meshes 214-22,3270,277-
30, 340
sintered plastics 230, 262-3, 295
sintering process 133.183. 241
Sinterrnatic filters 183
sleeves 368, seealsobag house filters
slip-casting 336-7
slurry processing 251
SMSmedia 102-3
Solka-Floc 414,421,436, 450
ScloFla 102
solute rejection 342, 486, 491-3
solvent casting 3295, 333-5
solvent resistance 41, 325-6, 343
Solvex 328
spinel foams  299-300
spinnersts 57.96.97, 98, 334,
367,398
spinning processes 56, 170, 334,
see also spun media
SpinTek Filtration Systems 319
spiral coil ribbon elements 403
spiral wound membranes 315,
316,321, 3450, 348,357
sphit-film yarns 37, 58-9
spool-wound cartridges 388-93
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spun medla
composites 102—4
electrospinning 102
flash spiniing 98-102
meltspinning 163-5.392
papers 122,134
spunbonded media 19,96, 97,
105, 108, 385
spunbonded supportlayers 78,
103,163, 189
squaremesh 26,204, 230
8SLrange 242-3
stabilization of beers and
wines 137.139
stabilization of woven fabrics 83
stacks see disc-stacks; ring stacks
Standard Filter Corporation 494
standards 497-504
air filters 1547, seealso
ASHRAE: CEN: EUROVENT
granular materials 434
staple fabrics 19,67
staple fibres 36
stapleyarns 36, 37.55-6,67
Star-Bags 371
staticcharge 16-17.92-3,170.
see also antistatic [abrics
stationary filters 7
steel
galvanized 223
thread 78
tinoned 207, 395
for woven wirecloth 202, 204,
207-10
steel, stainless 191.192
bar sereens 250
cartridges 376. 384,395,403
fibres 93,134
laser-cut sheets 241-2
membranes 3295, 340, 3524
sintered 19.29,134,270,271-~
4,276-7. 384
webs  Z67-70
wedge wire 245,250
woven wire meshes 203, 207-
10,222,223
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Stella-Meta 403

sterilization
applications 117,135,177,
343.486, 488
cleaning procedures 192, 266,
356,408

testing procedure 468

stiffness 12,4834, seealsorigidity

stitch koitting 81

stockings. knitted mesh 223

Stork Veco 234-41

straining 3,4-5.67.137. seealso
depth straining; screens and
screening; surface straining

Streamline filter 406

strength of materials 13,64, 79.
83,104,25% 4801

stretch resistance 13.63.66

stretched sheet media  58-9, 251-
2.256-7.325

stretching process 326, 327-30

substrates 87-8. 90. 104, seealse
composite membranes

suction cleaners 180.136

sugar processing 109, 147, 242,
243

sulfar 67,89, secalso
polyphenylene sulphide

Supaweb chemical treatments 88—
G

supportcores 371,372,388, 193

suppori fzbrics 65, 66,75, 192

support membranes 326, 336-7,
343. 350, 3524, seealso
substrates

supportsheets 139,143,259

SuprameshZ 222,340

surface coatings
antl-bacterial 177-8
colloidal alumina 286
metal-coated plastic meshes 2 30)
needlefelts 87-90
non-woven {abrics 81, 87-9{(.

97
PFTE-epoxy 183, seealso
£PTIE

waoven [abrics 64.65 77
surface filtration 4-5.7-8.103-4,
153,211,259, 295, see alsocake

filtration
surface forces 4
surfacestraining 3. 4,259

surface tension, and wettability 16

surlace treatments 64

swimming pool ltration  114-15

Synergex 97,103,108

Syntech Fibres 392

synthetic ibres  14-153, 37, 57.
117,122, 132-5
papersfrom 117,122.132-5
trade and generic names  37-9

T

Tamilndustries 315,317-19

tangential filtration see cross-ilow
filtration

tantalum 270

TAPPI 453,494

tearing resistance 13

Technocel 430

Technostat 177

Teflon 54,72, 73 .86

Tefzel 73

Tekton %7, 100,108

TEM {1ransmission electren
microscopy) 342, 486

temperature, operating 186, 385,
sre alse high-temperature

operating
temperature stability see thermal
stability
Tenmat 286,293
tensllestrength 13,83, 480-1
tenterinog 65
tests
abrasion reststance 14,484
atmospheric dust spot

efficiency 172.476-7
bubble pointtest 21, 342,454,
461,462-5. 487
challenge 434.461.466-8
compressibility 484



diffusion 486-7
dirt-holding capacity 29,479
filtration efficiency 29.468-79.
499
gas adsorpiton-desorption 3432,
4&61-2, 486, 490
glasshead 46£7-8
latex sphere 490-1
membranes 342, 486-93
mercury intrusion 342,461
methylene blue staining 477
multipass 472-3.474-5.479
particle concenlration
efficiency 478-9
permeability  455-60
poresize 461-8
porometry  49%(0-1
resilience 484
rigidity/stiffness 12,4834
single-pass 472,473-4.473
smallest particle retained 18,
453.454
soluterejection 342,486,
491-3
staining 4767
sterilization testing procedure 468
strength  13,480-1
synthetic dust weight
arrestance 477-3.479
tendencytoblind 480

test dustsand aerosels 155,156,

470-2, 477, 478-5.493 499
thickness, compressibility 484
waler integrity 488

Tetex 66

TetraTex 350

tex system 53

Texel 177

textiles 12,13,19 480-81
tests 457,480-1,4534, 484
see also fabrics: sperific types of

textiles

TFF 60373

thermal bending 83, 88,93

thermal moulded polyolefin (TMP)
cartridges 396-7

Editoried Melex 347

thermal phase inversion  334-5%
thermalstabllity 15
thermoplastic bonded
cartridges 396-400
thermoplastic fibres  81,82-3
thermoplastic sintered
powders 262-3
thermoplastic spun media 95-102
thermoperometry 342,486, 490
thickness evzluation 4384
3IM 171-4,282.370.376
through-flow 6,312
titanizg membranes 336, 337,354
titanium 205, 242,270
titanium dioxide 77,112
TM ProductsLtd 403
Tomoegawa Paper 133,134
tower presses  79.104
track-eiching 241,330-3. 347,
357,489
trade names 15, 37, 389
Tribo 177
triboelectric media  174-7
Trislot 247,401
tubes
ccramic 283
exttuded netting 258
glassfibre 3034
knttied mesh 223
membranes 314.315.316-17.
320, 334 348, 350-2, 357
sintered metal 271
welded wedge wire 247
Tuf-tex 6£5.90
TurnoKlezn 404
twill weave 62,67, 67-8,74,75.
206
twisted yarns 36,58
Typelle/Typar 97,101,108
Tyvek 95-102

U

ULPA {Ultra Low Fenetration Air}
filters 132.154,155,156.159,
161.470, 478

Ultra-Cor VII 316
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nltrafiltration 311
materials 325-6, 347-50, 354
membrane costs 19
membrane preparation 326,
334
selection guide 357-63,408-
10
tests 342,486-93
Ultraflo SMS 103
urethane foams 264-6

¥
vacuum cleager filters 105, 180
vacuum filters 7.67-8,77.411,
447
van der Waalsforces 4,16
Veco 234,237-41
verttilation filters 153, 154-80,
368
selection of equipment 197-9
types 157-9
see also airfiltration
vibration stability 14
Viledon 158,177,180, 186
virnsremoval 177,179,192
viscose 111, 391
Vitropore 283,292
Vivendi/US Filter 139
volcantc-based deep-bed
media 444
Vyon 263

w

warp faced [abric 62

warp yarns 36

wastewater treatment 102,
450-1

water absorption 15,196

water filtration 342, 348, 350,
393—4,403,. 4597
packedbeds 432-44, 450-1
prefilters 119, 311

weave patterns 60, 61-3, 66,
67-8.75
wire meshes 26, 201-2, 204.

205-6,211

Webron 88-9,91
websz, metal fibre  267-70
wedge wire 26, 244-50, 387,402
weft faced fabric 62
weft yarns 36
welded plastic screens 250
welded wedge wire screens  245-50
wetlaying 94,118
wet-laid media 35.851.94,117-51
selection gnide 15051
wettability 16,196
Whatman 119,120,128, 241,
304, 347
wire
wedge wire 26, 244-50, 387,
402
wire and bar structures 24 3-50
wirecloth 201
woven see woven wire meshes
wire-wound metal edge filters  401-
3
wood 53
wood cellulose  35,94,422, 426,
see alxe cellulose
wood flour 413,427-9
wool 35.37, 54,56
deep-bed media 445
feits 81,83
spinning 56
workshop filters  184-6
woven fabrics  35-80
costs 19,79
for dust Oltration 105-6
and filtration mechanisms 5
for liquid filtration  106-7, 108-
13
permeability testing 4556
properties 66-77.455
selection guide  78-9,104-15
structure 21
tendency toblind 30-2
types  bO-b
woven plastic mesh 230
woven wiremesh 201-30
in composite media 213-14
disadvantages 214,277-80



grade efficiency curve 18-20, 25

knitted 222-30

porosity 26

selection guide 259
sell-cleaning filters 387
sintered 214-22, 277-80
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multifilament 57-8

size specifications 52-5

staple 36,37.55-6
Ymax 213-14

z

struciure 21 zeolites, synthetic 191

types 202 2ero aperture flter meshes 202,
205-12.230
X ZetaPlus 141,147, 149-50,
X-Flow 342 3584
zeta potential 137.140,141-7,
h § 354

ZetaCarbon 384

Zig-Zag weave 206

zirconia loams 299-300

zirconia membranes 325, 336,
340-2,357

Zirfon 340-2

yarn-based cartridges 38894
yvarns 36, 37-56, 391
fibrillated tape 37.58-9
and filter fabric performance 54
mixed 52,59-60.76.77
monofilament 56-7



