Title: PROCESS AND FILTER-FOR FILTERING A SLURRY [err] Abstract: The
present invention conprises a process for filtering a Sh“&ﬁ&}ﬂﬂﬁ-a filter
cartridge construction for filtering a slurry having a filtratron nmedium
formed of a depth filter such as a cylindrical seanml ess fibrous depth
filter conprising a nonwoven fibrous mass, woven fibers, a plurality of
nonwoven fibrous |ayers or a fibrous felt or the like or a wound depth
filter retained within a housing substantially free of an open void vol une
upstream of the depth filter which causes separation of solid particles
froma slurry being fihtreRashRTRIBGE FORFUTERINGRBLURRYs di vided into a
plurality of depth filter segments by spacers which are spaced apart from
each other along the Iength of a filter cartridge housing which houses the
depth filter. The spacers serve to divide the depth filter nediuminto

depth filter segnents and to allow fluid to pass therethrou'gh along a
de]l‘oi ned path defined by theséﬁﬁﬁﬂelJNthFJrHEdWé)ﬂTémbpen

The present invention relates to a filter cartridge for filtering particle containing or slurry like
materials. More particularly, it relates to a depth filter cartridge for filtering slurries and compositions

'.containing parlicles andfor gels such as CMP (chemical—mechaniéal planarization) sluries and
‘pholaoresist chemicals.

A fluid composition eontaining a particulale solid component is referred to in the art as a
“slurry". The sdlid component can be -any of a variely of malerials including solid particles, ;:all
components, ﬂocwla{ing' agenls, gel pariicles or the fiks. These are found in many applications
including photofesist chemicals, biopharmacsutical products and abrasive materials for 'the
semiconductor industry. | N

Photoresist chemical compositions often contain gels and agglomerates of gels that are formed
from ths photoresist chemicals due to shear, shock or aga of -the chemicals. Such gels and
agglomerales need to !JB removed prior fo using these chemical composilions

Biopharmaceutical liquid composilions i'such as cell broths, fermentation liquids, transgenic
milks and other transgenic liquids, blood, bload fracions or other baclerial or animal fluids or
~ secrelions, conlain whole celis, cell components, fats and other solids which nesd to be removed o in
order to further process and recover desired components of these compositions.

Of pariicular interest are slurry compositions, utilised in CMP to polish wafers in VLSI and ULSI
integrated circuit devices. High pH slica CMP sluries are utiiisad to polish dielectric and polysificone
layers. In addition, acidic silica and alumina or metal /metal oxide abrasive based slurriss are utilissd )
to polish metal interconnecis. The CMP process usas sub micron (30-500 nm) abrasive particles at a
typical concentration of 1-30% by weight.

The typical spedification for commercial CMP siurries includes percent solids, pH, specific
gravily, mean parlicle size and general (bulk) particle size distribution. However, a small number of
"large” particles (>1 urn) have been found which fall oulsids of the specified size distribution. These
pariicles can be aggregales, agglomerates or gels and may be formed from aggiomeration, sstffing,
system or pH shock or local drying of slurry. The targe p-e-nrtic!e;-a“r; égglomerates can cause

microscralches and they, together with the gels cause other defscts on planarized wafar surfaces



portions of the spacers. In addition the spacers are configured to seal the
inner surfaces of the filter cartridge housing to prevegmmﬁagﬁgﬁiling of
the slurry being filtered along the inner surfaces of the housing. By
utilising the spacers, the conpressibility of the filtration nedium al so
I's substantially reduced. 4 March 2004 FILTER CARTRI DGE FOR FI LTERI NG A
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restricled. As aresull, a reléfively Iargé high fluid hold-up volume occurs in a conventional filter unil. A

depth filter construction ulilizing such a spacing also is disadvantageous foi, fillering a slurry since lhe
parfic!es in the slurry can settle out of the slurry on and within the filter. This results in rapid plugging of

- the filter, parlicularly at low flow rate peint of use applications. _ -

Dapth fillers comprising a relatively deep bed of filler material are' undesirably .compressible

under the pressure of fluid entering the filter bed. Filter bed compressibility depends upon the type of
fiter, relention characteristics of the filter and thickness of the depth fiter. For exampls, thicker fiter

"beds are more compressible than thinner filler beds. When the filter bed is cdmpreésed, void volume is
reduced and, the probability of plugging is increased. This results in an undesirably short useful file of

Ihe filter. In addilion, compression of the filter bed requires that the pressurs of feed fluid be increased

in order o mainlain desired fiuid through put rates. These conditions of increased pressure increase

the probabilily of undesirablé channelling of fiuid in the space betwesn the filter housing and the filler -



m croscratches and they, together with the gels cause other defects on

pl anari zed wafer surfaces 1 4 March 2004 during CVP procgsgifgzod urry
filtration to renove these relatively large particles has proven to be
beneficial in reducing water defects and increasing yields in CW
processes. At the present tine a wide variety of fitter cartridge
const 1 UCHeBN et Ehalihdihb £Shubdtallb! Shéd/ b chtdiflod 1T 854 rfoRpdss IFIGRNGRE fdr Weli! Ons
are designed to renove®soli1ds and collordal particles as well as ,
m cr oor gand snaesirdiydarpaysariclss we rebpaveddoaiie ididst | nct types of cartridges

used in filtratigon of gases and |liquids are depth filters (typically .
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or the renoval of the entire pernmeate fromthe filter. If this spacing
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restrictipde afich gLt fiughy | arge high fluid hold-up vol une
occurs in %acon\%%r%{ﬁﬁ%ﬁg\e%ﬁt%ﬁﬁtﬁ%. A depth filter construction
utilizing such a spacing also is disadvantageous for, filtering a slurry
since the particles in the slurry can settle out of the slurry an and

within the filter. This results in rapid plugging of the filter,
particularly at low flow rate Wﬁiﬁﬁ&%@ions. Depth filters
conprising a relatively deep bed of filter material are-
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probability of plugging is increased. This results in an undesirably short
useful file of - -



the filter. In addition, conpression of the filter bed requires that the
pressure of feed fluid be increased in order to maintaippngesisgd fluid

t hrough put rates. These conditions of increased pressure Increase the
probability of undesirable channeling of fluid in the space between the
filter housing and -the filter 2 4 March 2004 bed. Such channelling is
undesirabl e since the channelled fluid does not pass through the filter bed
and undesirably large particles are not renoved fromthe fluid. A surface
or screen filter will retain virtually 100% of the particles or

contam nants for which it is rated. The nedia used in surface or screen
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conpression of the depth filter and channelling of the slurry being
filteredneseuioreof e hrysing) Ryeiishoiie Enacars; be eamprassibiliy of temfilipation inedismaisbi | t er

cartrid ' Qﬁga. n claim1. Preferred enbodinments of this filter
cartri dg‘gs”g?%'%?% nedd'i n the dependent clains. The present invention also
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filter odhihthadite maaal $i coavdntchal Mer-Houtiigohdd@ctdns! urry having a filtration

medi um fornmed of a,depth filter such as a cylindrical seanless fibrous
“depth filter %ﬁﬁﬁ?ﬁ’ﬁ@tgﬂﬁeﬂﬂm\‘f@ﬁawd% ofdis ifveation i gedladwih agapdaviag pfid al i ty
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filter retained within a housing '
the fiuid iniet and the fluid outiet are posilioned on the same stirface of the housing and a fluid conduit

is provided within the housing lo direct fiuid from the inlel to the cutlel. The spacers provide a seal
along the inner surface of the housing and, in the case of the second embodiment, provide a seal along
the conduit thal directs fiuid from the nlet fo the other side of the housing whers it then flows through
 the filter material 1o the ouliet. When the fillration medium is a wound depth fifter, itis positioned around
a core that exlends subslanially the length of the cartridge. In this embodiment, the spacers provide: a
gedl alang the surface of the core in contact with the wound depth filter. When the depth filter
cOmpn'_ses a nonwoven fibrous mass, itis compressed to effect the desired percent relention efficiency
of the mass. The depth filler also can comprise a layered filter construction having a pluralily of
filration media, each having a controlled parcent retention raling. The layers of the deplh filler are
formed of fell layers, of wound or layered fial filration sheels, woven fibers or of a fibrous ﬁlass of

nonwoven polymeric fibers secured logether by mechanical enlanglement or interweaving of the fibers.



substantially free of an open void volunme upstream of the depth filter

whi ch causes separation of solid particles froma slurrxhﬂﬁar?bdiltered
The filtration nediumis divided into a plurality of depth filter segments
by spacers which are spaced apart from each other along the length of 'a
filter cartridge housing which houses the depth titer, The spacers serve
to divide.t- dept,h filter diymintq depth fjilter segnents and to '
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are configured to seal the inner surfaces of the ?llter cartridge housing
to prevent channelling of the slurry being filtered along the inner
surfaces of the housing. BMRI oS s =y e conpressibility of
the filtration nedi um al so—ts—sttd H Y -féLFs.,By the term' open
void volunme' as used herein is neant a volune free of a material including
materials for formng a depth filter. and is not nmeant to Include the void
vol ume nor nal F§- Uaasuprerina vigiohs fitet49erdoel ter naterial in a conventiona

filter-housing, copst: j ' end of the cartridge of
this inventi oglg?@ggégo%%édécémm?wégl dgg%ﬂﬁ%g%g@&ﬁ%ﬁ%%ni nlet while the
opposi ng end Fig. Heaktidelvigw bithecentapedpduiiofthe 8arfriigs ofFigit.l et . 1 n a second

enbodi.nment, both the fluid inset and the fluid outlet are positioned on
the same sur f S8 BN IEFREUICHRY H gpaspiRTangemgnldor s fatidge ok Rg. by ovi ded within the
housing.to di Fiﬁ.cﬁisﬁﬂiéﬂn%h'fcrv%ﬂ?&fgﬁltdr toPthb Bﬁnﬁ@%f?ﬁ:‘l The spacers provide a
seal along the inner surface of t ousing and, 11 the case of the second
embodi ment., pkis\baika cosseationsd! viny of 4 specer oliided it the pesertlinventers f1 uid fromthe

inlet to the gther. side of .the housing.where it then fl through th
{11 tor mat ori 0 s BRBSBRIRIEr ViR She PHEST ) o Aleme easeined ' ecktmeenlcpr 1

filter, ifventigh, positioned around a core that extends substantially the
l ength of the_cartridge. In this enbodi ment, the spacers provide a seal
al ong t he surfig:8eisgropvirw of gspacenutifepdimite prasantintenionwvound depth filter. Wen

the depth fitger.. r nonwoyven fi brous ss, . Jt is conpressed to
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filter also can .conprise a layered filter construction having a plurality
of filtrati dia, each having a.contrglled.percent retention rating.
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| ayered fl at Fig.Bskabiaps vidhesh SpaceUbfad in theirSsoffinvehtion, fibrous mass of
nonwoven pol ynerjic fibers secured together by nechani cal entangl ement or
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DESCRIPTION OF SPECIFIC EMBODIMENTS

The present invention provides a filler cartridge construction which comprises (1) a depth filter -
comprising. either {a) a wound depth filter, (b). a stack of depth filters or (c) a cylindrical éeamless
fibrous depth fillsr formed from a fibrous mass of fibers positioned within a housing. The depth filter
has a thickness in the diréc!ion of fiuid flow there fhrough of between abaut 1 (2.54 cr) and about 18
inches (45.72 cm), preferably between about 3 (7.62 cm) and about 12 inches (30.4-8 em) to aitain
efiective ratention of undesirably [Iarga parlicles while permilting passage there through of particies
wilhin a desired size range.

The depth fiter includes a plurality of annular spacars positioned within. the deplﬁ filter in
order lo dividp the dapth filler into filter segments. The ralio of depth fifter segment thickness to spacer



Fig. 3 1s a side view of the center conduit of the cartridge of Fig. 1.
Fig. 4 is an isonetric view of spacer arrangenent for thgpsagd segoe of Fig.
1. Fig, 6is an Isonetric viewof a filter segnment of the cartridge of
Fig. 1 Fig. 6a is a cross-sectional view of a spacer utilised in the
present invention. Fig. 6b is a cross-sectional view of a portion of an
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' channe[hng of the fluid feed along thess surfaces of the housing and conduit. The porlion of the spacer
element positioned along the ouler conduit surface can be connected to the portion of the spacer
element positioned along the inner surface of the housing a given height within the filter hoiising or
these two poriions of the spacer element can be unconnected fo each other, When the two spacer ~
element portions are connecled lo each other, they are connected in a manner that permits the fluid
feed to pass through the entire height of the combined filter segments. When the épacer portions are
not connected to each other they are spaced apait from each other a sufficient distancs to permit the
fluid feed to pass through the entire height of the combined filter segmenis. In addition, the space-r :
elements can be gonﬁgured to have one or mare open portions and a solid portion lo effect a fortucus
path of the fuid feed through the filter segments whersin the solid portions of the spacers block fiuid

flow through selecled areas of the fillralion elements.



In this enbodinment, the fluid inlet to the housing and the fluid outl et
fromthe housing are positioned on opposing surfaces of %ﬂﬁ-ﬁ 4ng. The
spacer_in both of the enbodi ments of this invention has a t ness

bet ween about 0.01 (0.0254 cnm) and about 0.12 inches (0.3048 cn)
preferably between about 0.01 (0.0254 cn) and about 0.07 inches (0 1778
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ret ent i ‘6§ E‘?"ﬁﬁ"'aﬂw 3 Belarhsbuivaiven ere clbgatdd ot $petifid padiclesizepangeses a plural ity
of media (layers) each having a different mcron retention size so that
the pernmeability or retention of the nedia layers is |argest adjacent the
fluid outlet fromthe cartridge. Mcron retention size can be varied by
controlling the fiber size and/or fiber spacing. Thus, tare particles wll

be retai ned adjacent the feed inlet and progressively smaller particles
will be retained as the feed passes through the filter cartridge.



The perneability or retention of the nedia layers is controlled so that
particles in the slurry wwthin a desired particle range4%§(§1§6’5¢)ugh t he
cartridge and through the outlet It has been found, in accordance with
this invention, that the useful |ife of the cartridge of this invention is
at | east aboutThd@llovd &falions SRARH thePBRERLTAP bitwath BeBARio 2R Yhreal Q@b ent
| onger than a prior art filter cartridge having a void volume in a housing
posi t i on&iCiERyt r eam of a depth filter “positioned within the housing. Thus,
the filter cartridge of this invention permts the use of fever cartridges
for a particular application and |ower cost as conpared to the filter
car t r i dgé&sReténtiohEfiighsricp = Namber offiesdearitlos e intbat ofefiudf faielo@ el xpRdoBet a Rati o,
are neasures of the abiljty of the cartridge to capture and retain .
particles. The Beta Rati oY %Wﬂ?&@'eﬁfﬂzﬁﬁuced by the Fluid Power
Research Center (FPRC) at Gkl ahoma State University (OSU) in 1970.
Originall é@gevel oped for use in hydraulic and lubricating oil filters, the
FRapE

test has T Hamber obfeadpartides({siza lge nanuf acturers to neasure and
predict the cartridg Bt r 6. N aqueous based fields. Beta
Ratio is defined by ?H@%ﬁﬁ@“”ﬁ@%@@ﬁ%@@rof particles greater than a
given size (x) in the teed, divided by the nunber of particles greater

t han t he i in the effl t. Both percent retention efficiency and
Bet a Rati%’a@%‘frﬁ%zﬁiﬁeﬂwcé ul at)gﬁdaf or specific particle size ranges. 7 4
March 2004 The foll owi ng eguati ons showed the rel ationship between Beta
Rati o and percent retention efficiency % Retention Efficiency = Nunber of
feed particles-Nunber .of effluent particles)(sizé X) X 100 Nunber of feed
parti cl esBe(t§h£|ﬁ;(§))= Beta Ratiga(B) = Nunber of feed articles (size Number
of effluent particl®e 4 0 ion Efficiency =5-1 X 100 B Beta
Ratio (B) = 100 1 00 - %fRet&Reatenton EHbibaogi ency In the filter cartridge of
this invention, the filter mediumof the depth filter having the | argest
mcron retention is preferably positioned adjacent an inlet to the filter

cartridge. Thie tid fitbedartrish of tief inddifon, HE AiteR mobilih @F 1B aX N Siteh RSirdNBY Iafgéét m cron
retention | sﬁ%grﬁ};e,r ablf%‘%bﬁom tioned adjacent the outlet fromthe Itter
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m i3
extent of conpression of the fibers suc g a trter nedium
sheet tilGHtS@rIGL. Mopmistonaeteniieicharagleiisics oka filteg hande varied byl véryihg e dieeedistoh gi ves
a hi gherghpencsi [ on, i G The internediate filter i.a are
posi tioned accor cﬁ rﬁ‘gﬁete@fekg‘@? gﬁ?tg egt%rtﬁgﬁ%’qmg ok e 878 st s by winding Tl

medium sheet tighter or looser around a core. A tighter wound filier medium gives a higher percent

retention efficiency, The intermediate fiter media are posilioned according to percent refention of
efiiciency so thal incomirig slurry is passed sequentially through the fiter media having progressively
smaller micion refention and lastly through the filter media having the smallest micron retenfion. Thus
the overall filter cartridge presenls a percent retention efficisncy that comprises a progressive gradient
frem the inlet to the outlet wherein the percent rstention efficiency progressively increases. -
Representative media useful for forming the depth filter include the fibers of polyolsfing such as
polyethylene, polypropylens, cellulose, cellulose derivalives such as ceflulose acetats, cotton,
polyarnides, polyesters, fiberglass, polytetrafiuorosthylene (PTFE), fluoropolymers such as PFA, MFA A
and FEP or the liks. _ k '

The fibrous depth fitter is free of seams and is formed of fibsrs that prodﬁée a fibrous mass of
fibers. This embodiment of the depth filter can be characterized by a gradation of micron retention

characteristics throughout its thickness in the direction of fiuid flow lhrbugh the depth fiter. This



efficiency so that incomng slurry is passed sequentially through the
filter media having progressively smaller mcron retentj‘%rgp%]dzlast |y
t hough the filter media having the snmallest .mcron retention. us the
overal |l filter cartridge presents a percent retention efficiency t hat
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produce a given tayer, thersby to control the void volume in that layer, -
In a second method, the cylindrical seamless fibrous depth filter is formed in a manner

whereby the void volume throughout the filter thickness in the radial direction is essenlially constant.

The desired micron Tetention characteristic gradalion is achieved by varying the size of the fibers

throughout the cylindrical fibrous depth filter in the radial direction. The smallest ﬁbers produce a layer

having the smallest micron retention charactaristics while the largsst fibers produce a layar having the

largest micron retention charac{eristics. The fibars are formed by exiruding a molten thermoplastic

composition from a fiberizing die. The fibers are attenuated by a gas stream directed to a rolating



and disrupt the fibers into discrete lengths. The fibers are collected and
wound on the mandrel to form a generally spiralling wouRdusyh bogy i cal

| ayer of randomy intertwined spun fibers and to formthe seanless
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portion of the depth filter varies along the length of the housing. When utilizing sheels having varying
pore size, the portion of the filter stack positioned adjacent an inlet to the filter cartridge preferably has

the largest micron retention characteristics while the portion of the filler stack having the smallest
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t he

micron retention characleristics, i.e. the smallest pere size is preferably nositioned adjacent the outlet
from the filter cartridge. Any intermediate portions of the ﬁlter' stack are posilioned according to pore
size so that incoming slurry is passed sequentially through portions of the depih filter having
progressively smaller micron retention eharacteristic; and lastly through the portion of the filter having

10
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about 0.12 i nChR(e%‘é" gt{) %eﬁlfgr(%f eré‘%équgort.or rt1n$t eg t|1o ST %Z%ﬁs({?rﬁ,?gir%q?%,l nch

(0.2286 cm in or pf even 8¢ pi I'on of SO
bei ng fildn@ratutet 36. A fiter cartridge 38 includes a deplh fifter 40 wound around a hallow core 42 an end

cap 44 sealed lo.the core 42 and depth filter 40 and an outlet 46, The wound filter 40 is comprised of
non-woven fibers as described above, The intetior of houging 32 includes a void volume 39. When.a

slurry Is filtered with this filter carridge, the filter becomes plugged rapidly due lo precipitation of
particles from the slurry onfo the exposed surfacs of the depth filter adjacent the open void volume 38.

| Refarring to Fig. 3 the outside surface of the condu:t 29 is shown having a groove 33 for O-ing
18 and a groove 35 for retainer 27. The conduit 29 also is provided with fiange 37 lo provide a support
for the filter segmenis 20. In addition, the conduit 29 also provides the function of supporling the filter
material by providing a resling paint for the retainer 27 an the outer porfion of the conduit 29 thershy

keeping the media from collapsing under.pressure and mainlaining it in place. This is parficularly
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In operation, fluid feed enters housing 12 through inlet 24, passes through
conduit 29, reverses direction as indicated by arrows 31, )\pas$8§o4 h~ough
filter segnents 20 and from housing 12 through. outl et 15 I f desired,
housi ng 12 can be provided with gas vent 17 into which is included a

hydr ophoDl &e, R %US%SLH]E,%& bifatin GREMER ) Q8 thEBABRULMINICH High pletsresassage

of gas t rou i'l'e preventing passage of aqueous liquid there
through. dekesmeing to Fig. 2, the filter cartridge 30 of the prior art

i ncl udes a housi ng 32_hayi a | et 3 r
cartridge 38 |3?éq”g“@é%ﬁ%§ é%ggﬁ“‘f‘?ﬁ lﬁ%waﬁ%ﬂ\(wq (ge %Pgﬁeﬂ ‘%taﬁégf%ﬁver@g{réé'ﬁ 2 an
and dc ?pl é%en?azggae& sofindnbi£2 &iglh&:]}eﬂ%g%ﬂﬂr slers br fhirk tiesy 4465 atntdmaﬁneéwhtélf th%ThThe
wound fil-ter I's conprised of non-woven s as, e
interior meﬂhﬁbanﬁllrﬂg’n%gﬁcﬁ@ﬁﬂfﬂ%@“é 4?0?‘?1‘“964”1%@?&'95' ar@ﬂ@%ﬁﬁ ts?h ?HR fbs
filtered y fBubal § aldibd, Sf neBTbdtbiAdn alh af Ml todo JaRGaTRAach oG et vopiall y due

to precipl particles fromthe s ur;‘gbonto t he exposed, surface of
t he dept hbd oflgreater ammeemn thérepaogre A 1,4 0rdhay sy es@dlﬁwié?lﬁh%c% 989,593t he

out side surface of n | Arfi Ng
18 and a BPQ)%"‘V‘EBY&“B"?% %UP?@F% msﬁllk%té]&"coar{gﬁéﬁs &ggﬁh egelé(? g?%%%medrw th
flange 37.d,Q yhy quiek Slfadb oF BONRGIL 23 in ho mairaesd fottt shoves @gya@ns@m 42ispalatrginneton,

the conduit 29 al so provides the fupction th
materi al Byfaps Fedicrngd2meige mAveptst Kb FRsve: ?&@ ceer e{gljﬂélﬁg%faenr

portion of, lhgcﬁﬁeﬁg Sk stfovn 184, GQYHuﬁ@%ﬁI@EdepE@BWQUQT ~’-ff55‘3n“'5-0‘ml andi38i ng under .

pressure an maln aining It in place. This is partic 114%/9 h 2004
hel pful with tﬁﬁemmoﬁgSMﬁ 10.itha fligk ¢apiridaddiingluges W%‘Ple'ﬁré‘ ﬁﬁ‘ ouligt 32,5 185 ect ed
to high pr eﬁa @Z@&%S ?tz's%ﬁ:h RGhoR e M sz |'p‘3§e aEdpachb 2874 FRC1 abdhe

spacer 40°%H fal’ spacer segnent an _ external spacer
segnent 4apa@é]-rﬁ3€p(§rﬁq@doﬂs@@e|t@§nherbﬁ4 twbspacer mmntﬁﬁmedmgeﬂﬂg b&'ﬁ'é%vﬁe E'H@ Rei ght

of the exterpal .and inter er se i\ t hey
are diffefégygh Fﬁé@?’ﬁ%@@‘%&%ﬁ@g? %@P'ﬁﬁf‘ﬂgﬁ%%%?’ %} Ei |red aII ?’rﬁe
sect ![ onst %gacéga Masf,fﬁxn ﬁt%oHt mnéhbe(mﬁ) grgbﬂhlsmﬁsthm'raﬂoht@ Srindhes MYM?# this bte of
greater I ckness an e spacers or n

hei ghts i heighitds enfisipply smalhas 'IDCPFRJB%{@R"‘I@Q" ﬂfoﬁqhdi aﬁﬁ@%ﬁ iy ?0 9‘{ ﬁl@hedv@l%w or
filtratiog. GRaf atﬁé Qb4 Jﬁﬁ hfﬁﬁ)rrﬁ’fdlshbﬁloﬁ%‘f/in@@mngsﬂ %ﬁmﬂoﬂﬂ!e ceetal suppore
outer surface condulrt 29 in the manner set fort h above. gacer ff ment

42 seal s tpaeer samemnt 55urah seise IMVIdeHbe Ripelisn wfysupporting the dtenmaingal. &egping |
above. The éE)SIO%)gUH %ﬁaba'sgp 3 ng aﬂ?ﬁlﬁﬁ it ﬁgtg@er[ﬁl aﬁfﬁanﬁﬂ@mllsﬁo fadiHidafc@s witipe as

shown in EP e passes through areas 46, 48 and 50.
Ref er ri ng chufti®is FQueatlanti®, the filter cartridge 50 includes an inlet 51

e cams. pur poaies Brisa) Ay B bR hoRRRTEL oCol g R pRiteRa T

segment 5‘&0@%&9@9 &kd §@g,[fgrb§a,5 riidi 68EHe EgetdiaFig. ) aridostaibérs Z?Itm privifid aw
through the filter segnments g the paths represented by arrows 57. The
a

maxi mum hdiig few gh represanRied by aows 69 and 70.
Referring fo Fig. 11, the spacer 71 includes an inner spacer segment 72 having hqles 73 and

outer spacer segment 74. The spacer segments 72 and 74 are joined by ribs 75, Fluid flow is effected _
through areas 76, 77 and 78 as welt as through holes 73, '

Referring o Fig. 12, the fluid path represented by arrow 50 is effected within a filter cartridge of
this invention by spacers 81, 82 and 83 having closed areas 84, 85 and 86. The outer surfaces of
spacers 81, 82 and 83 are positioned within a fiter cartridge along the interior wall of the cartridge for

the same purpose as set forth above with reference to spacer 26.
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space 58 is |l ess than about 1.0 inches (2.54 cm preferably |ess than about
0.5 inches (1.27 cm. This height is sufficiently snall vent
separation of solid particles froma slurry to_be f|Iterggémﬂp?@ﬁﬁpronpting
the desired uniformdistribution of incomng slurry feed. In addition, the
center support spacer segnent 55 can also provide the function of
supporting the filter material, keeping it from collapsing under pressure.
and maintaining it in place (in a manner simlar to that which occurs with
the conduit 29 in Figures 1 and 3. Referring to Figs. 8 and 8A the filter

cartridge 65 includes the spacer 67 (Fig. 8A) forned of a solid portion 66-

and a central open portion 68, the spacer 53 (Fig. 10) and retainers 27 to
provide a fluid flow path represented by arrows 69 and 70. Referring to
Fig. 11, the spacer 71 includes an_inner spacer segnent 72 having holes 73
and outer spacer segnent 74. The_éE&Eér segnents 72 and 74 are joined by
ribs 75, Fluid flowis affected through areas 76,77 and 78 as well as

t hrough holes 73. Referring to_ Fig,,. 12 the fI S ed by arrow
80 is effeé‘{ - Wi athiGR 1% eerf%g“tjr]r %‘Jill"grﬁgveréﬁcpgf%% spacers 81,

82 angdofipiainy £ skEdharteass Big, 85nd1rmh& amheawnutrlel A4 c#d -of spacers
81, 82 a 83 are positioned within a filter cartridge along the interior
wal | 'cartridge for the same purpose as set forth. above with

refer ence ts@ ixb doelr L 36 . has indvdreing Ipdhivith a AR EEREIRD ¢ 1 dge for
filt Puhe! PaaiG fd d
i | sy il (45 FRTRARLE | OF GBEHPbEA o Bl "‘ﬁf“fngg'mi“ filtration
-nedlumxiﬁriknm@ mediumfthpenvodid IbioReP E%? Qi3 u ¥tration

”Ed'u A 8| st ppetbetesrbm the slurty; conposition to settle out
from urr sald filtratipn mediumco S r dept h
filter segﬁ%%& %&Eﬁ%&kﬂPd@*ﬁﬁ%ﬂlﬁ?meﬁéE%$§ % %%grg%g# ng# ﬁg%h of said
hol | Oi\i]f’l:@ln‘s.{;é@ﬁlﬁntﬂmﬁﬁdteﬁh&{ spacienrsspacer s lbngamednteyr derdtht A& i nner

surfaces ge? M/H8using to prevent channelling of the fluid being

f||teF§H‘ e'thner Surfaces of the hou5|ng f
where1n the spacers are configured to sea "the innexr

surfaces of the hollow housing to prevent’ qhannelling_of the
fluid being filtered along the inner surfaces ot the housing,
and
said spacers respectlvely having one or more open
.portions and being alternatingly arranged- such that a fluld
flow through said filtration medium is redirected along a
tortuous path by saild configuration of the open pertions of
' the consecutive spacers.

. 2. The filter cartridge of claim 1, wherein the hollow ’
housing has a first end containing the inlet and the outlet,
a first conduit wifhin said hollow housing providing fluid
communication from said inlet to a second end of said

"housing, and a second conduit providiﬂg fluid communication

from said second end of said housing to said outlet.

3. The filter cartridge of claim 1 or 2 wherein said depth
filter is selected from the group consisting of a wound depth
filter formed of nonwoven fibers, a stack of sheets wherein
each sheet comprises nonwoven fibers and a fibrous mass of
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sai d spacers respectively having one or nore open portions and being
alternatingly arranged such that a fluid~ fIOM/through S@kﬂa&ié&ﬁ@t'on
mediumis redirected along-a tortuous path by said conflgur ron of the
open-portions of the consecutive spacers. 2. The filter cartridge of claim
1, wherein the hollow housing has a first end containing the inlet and the
outlet, a first conduit within said hollom/housing providing fluid

comuni cation fromsaid and a
second BBRUGVE PGBV T ﬁlengﬁ&%b%ﬁgﬁﬁggf ron1 éggkcgg%ggnd of said
housingenbasgﬂdmentleﬁ tBe Thbefrsl.t er cartrldge of cIa|n1| or 2 wherein
said depth filter is selected fromthe group consisting of a wound depth
filter fornmed of nonwoven fibers, a stack of sheets wherein_ each sheet
conpri sés noEwevEhltebecsrinddgef ofr 6hy eass off ciaimsivir &9 2004 nonwoven

pol yrrewﬁei»b%r Ehéesﬁée@rgoa%teh%&aéd“r%qh%wmlar e.@ﬁ@lgls@%rgfaﬁ@e

fibers. 4. |ter cartrid % any one of clains | , mhereln t he
spacersaﬁﬁélﬁérﬁﬁﬁe6fSEﬁﬁ&Fﬁr P§ﬁ@ﬂ hgytc dhe Qﬁ&gh§nﬁﬁ 5#“b&¥%+ Mcers
t hroughout the hei ght of the hou5|ng 5. The filter cartrldge of any one of

clainms 1 to 4, wherein the s acers are retained.in t|o by retainers.
6. The 5r|te?hﬁaﬁ%;FﬁﬁecéFtEFgﬂﬁlg AREr BPR Pﬁecﬂéﬁgﬁn r & gﬂe snap rings
fit intghgreamneshef spheerdt akieoret@lined inh@osiadsmpy tetHimdrs!ter
cartridge of any one of clainms 1 to 6, wherein the spacers have an open
central volune portion. 8. The filter cartridge of any one of clains 1 to
7, fur€her Thepfiltep samtridgaced tdadmdShetwveseinhéhie Ireda irssrgrent s

adj acent, LNg,§pacehgs it ThcH 'g&%v%%r U 498 dhe@hAdF Faiie'st ehde spaces

hou51ng

7. The filter cartridge of any one of claims 1 to 6,

wherein the spacers have an open central volume portion.

8.  The filter cartridge of any one of claims 1 to 7,
further comprising small spaces formed between the filter
segments adjacent the spacers.

9. The filter cartridge of claim 8, ‘wherein the spaces have
a height of less than about 0.12 inch (0.3048 cm).

10. The filter cartridge of claim 9, wherein the spaces have
a height of less than about 0.09 inch (0.2286 cm).

11. The filter cartridge of any one of claims 1 to 10,
wherein the spacers have an internal spacer segment and an
external spacer segment connected together by two or more
ribs. '

12. The filter cartridge of claim 11, wherein the internal
spacer segment has one or more holes. '
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a height of less than about 0.12 inch (0.3048 cm. 10. The filter cartridge
.of claim9, wherein the spaces have. a height of |ess tﬂﬂl\{a{jﬁ’d& 0.09 inch
s

(0.2286 cnm). 11. The filter cartridge of any one of clai 0 10,

wherein the spacers ‘have an internal spacer segnent and 'an external
spacer segnent connected together by two or nore ribs. 12. The filter
cartridge of claim1ll, wherein the internal spacer segnent has one or nore

hol es: 4 4 : eSS, f Lt ek : ' wpri ses
passi ngf-élé s%%@cgggoﬁéﬁ gf\%gég%tﬁ? ?ngi??ﬂ( rﬁl%%gcgﬁ ?‘??ggésg?a?g‘l ned in
any oneao$leraynkhroughia. cenduiheipr§édsstipncrarimridoghéseideEidersiurry

is sel egdnvi 5R8 bRec9R MR ¢O0Rsi 3bing of a silica-based slurry, an
al um na-based slurry, a ceria-based slurry, a dianond-based slurry, a

MQ2- based slurry, a cell broth, a photoresist - chenmical, a fermentation
liquid,3p| 00fhe BpPboQdsf68Cct10Imand whekb@ASEBNUC sliugitydislBelected

from the group consisting of a silica-based slurry, an

" alumina-based slurry, a ceria-based slurry, a diamond-based
slurry, a MnQ,-based slurry, a cell broth, a photoresist -
chemical, a fermentation liguid, blood, a blood fraction and

a transgenic liquid.
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