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(54) Title: PROCESS AND FILTER FOR FILTERING A SLURRY

(57) Abstract: The present invention com}pxises a process for filtering a

slurry and a filter cartridge construction for frltering a slurry having a fileration
medium formed of a depth filter such as a cylindrical seamiess fibrous depth
filter comprising a nonwoven fibrous mass, woven fibers, a plurality of
nonwoven fibrous layers or a fibrous felt or the like or a wound depth filter
retained within a housing substantially free of an open void volume upstream
of the depth filter which causes separation of solid particles from a slurry
being filtered, The filtration medium is 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 filter. The spacers serve to
divide the depth filter medium into depth filter segments and to allow fluid to
pass therethrough along a defined path defined by the configuration of the open
portions of the spacers. In addition the spacers are configured to seal the inner
surfaces of the filter cartridge housing to prevent channelling of the slury ~
being filtered along the inner surfaces of the housing. By utilising the spacers,
the compressibility of the filtration medium also is substantially reduced.
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divide the depth filter nmediuminto depth filter segnents and to all ow
fluid to pass therethrough along a defined path defined, 04
configuration of the open portions of the spacers. In addition the spacers
are configured to seal the inner surfaces of the filter cartridge housing
to prevent channelling of the slurry being filtered along the inner
surfaces of the housing. By utilising the spacers, the conpressibility of
the filtration nedium-also is substantially reduced. 4 March 2004 FILTER
CARTRI DGE FOR FILTERI NG A SLURRY BACKGROUND OF THE | NVENTI ON The present
invention relates to affiTERCARTERIDGE HOR FIOMERING ASLURRYparti cl e contai ni ng
or slurry like materials. Mire particularly, it relates to a depth filter
cartridge for filtering slurries and conpositions containing particles
and/ or gels such as CWP (chem cal - nechani cal planarization) slurries and
phot oresi st chemcals. A fluid conposition containing a particulate solid
conponent ‘is referred to i nBﬁEKGBEBNEQFJHE'HVENT@N The 'sol i d conponent can

be -any of a variety of materials including solid particles, cell
conponent.s, flocculating agents, gel particles or the |like. These are found

in (rjran%/ ap.l?;ils TI%résemwbmh kethitadGo Pt mﬁ@eﬁrﬁ@aﬁmﬁﬁmomgbi%ég@{u@%ut i cal
produc atdits. I 4 lere rnse conduclior |1 ndustry.
hafih. AR AR Rl e b S BT Sk ppotiorsn o5 of

Phot or esi st chem cal conpositions

gel s t hedntahigy parioesl and/bOgels RachP BOIOMIE Yéhehicsithaith shpck “or
age of the chem cals. SucEégeI s and aggt‘%olrrerat es nggﬁh@ggﬁ’gﬂggﬁ@\?eﬁ"ﬁri or
t o usi negfolgiesisd chamiodlscal conposi ti ons Bi ophar maceutical |iquid conmpositions

such as cell t e 1Y ' LU ds,:.tFansgeni c, m.l ks and ot her

t ransgenic Iﬁaﬁd@débﬁ! %%I%W%F\%@?P%@@ﬁeoﬂd 8?’"‘5'[‘%@1’3 iefroed 19 4 arhAf 7l

f 1 ui ds "skuy’s e he soldnsymponet sambs\any ef & Gkfidly oCRAtbizkONRGRR Ecid daflfos2Bg Ot her
be repoved to in order to further process and recover

sol ids which neﬁggctuﬁﬁ [ C )

desi r ePCRBRIRAR dogculsling pgegls. gelmadistes iop Me. tkex Theset #re dousd in masy epplicatianss| ur ry
conposiikdiuiirsy phblofekis GhémicdldYPhibihaRMcbitidal i.ps VLS| - an Sl i nLegrated
circuit devices. H gh pH sili cg&éwcgf{%rr es c%r gﬁtli,ltl |S§Ygd aglnégl |f°§hIhtil

di-el ect¥eMicoadnetasimdysly] i cone layer s. In addition, acidic silica and

al um na or STBe ' . LV ased slurries are utilised to
pol i sh met a{ﬁfoﬁire@esi gon%&%bﬁ@nﬁh%@&% ﬂ@é@'ﬂmfﬁﬁﬁ qﬂ@ﬁh@g@? e m)
abr asi \F&mp et phetosesishichemicaly dite & shaanceioti ot b obihe lohdRikalby S@hOkdie i€

';) ﬁ ’pi ggggégﬁgﬂaf& ﬁgédi 8 ge Ie%rové:uo prr?grelcr} ﬁé{r?gl ilhecs'\éFc):hesrLigl:Jar[ crauim‘?:g.-aigiorr]l(s:I udes percent solids,
Biopharmaceutical liquid composilions such as cell broths, fermentation liquids, transgenic

milks and other transgenic liquids, blood, bload fracions or other baclerial or animal ﬂuid-s 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 addilion, acidic silica and alumina or metal fmetal oxide abrasive based slurries are ulilised
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 large particles and agglomerates can cause

microscralches and they, together with the gels cause other defscts on planarized wafar surfaces
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gravity, mean particle size and general (bulk) particle size distribution.-
However, a small nunber of "large' particles (>1 um ha){%ap@ﬁe?o(j‘pund whi ch
fall outside of the specified size distribution. These particles can be
aggregat es, agglonerates or gels and may be forned from aggl onerati on,
settling, systemor pH shock or local drying of slurry. The large particles

and aggl =au Wl r 1 r.wth the gels
cause. ot RAPGEAE srRBsl NS MBS 6l Aol ResB NI tape BAEIER Ban B oyap el
pr ocessi thgnefitiakin reduding wafatdefbils ted in@sazing yldein EMPgatbéseel vy | arge particles
has proven to bﬁ@ beneficial ,jn reducing water defects and increasing
yields in CvPAbiSJueserimens widgyarighy offiier qartidge songirentions.are blizgedsio purify uids.
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typically utilized upstreamof a surface or scre ers.
i npor t ansurfgeageresreBlefso Tha maelirmperimitiproperiissfor aidepth filtr are itk tdirtholdingceapacity® wr or

t hr oughp. t i-pn., The filter design all

cont am -olergESRsSe Bt Tk g2 cerel”abls sEamiRlst R R kb (e
filter drappedintstges afidd thaalspinf bb ilidrdudialiid dhstubtvn F he Giullipie Tay@HSof VERGLS
types. A wqund depth fitter has nul e layers with the npst open nedia
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core ad%@gﬁrqﬁwgﬁﬁ%aui d E)h‘?iggtﬂa \%HFFY hmgvogfe{n‘#g Ilg)éeg‘ga? Jagérrrggtrﬁﬁg ‘gﬁg*@ég{ear ea
due to tlgbtesigraslia abthe caeadiseent thaliquichoiiolvildiave the least emambeldurfatoiamed dusdo timt t he

core co it t.he regsure. dro f the cartridge becauyse the
modt o naieiel fielel ofSUR) oo, LR g BipRl i fer BB commoesmibies tf most af en

sur f ace pressers drdplof Blessertridgb ibecdusy e metlik hasth@hlHesipraticlng dfopding thellBst amBami t Y

of the fi fL‘irer dus to both (he | ?W filtration surface area and the smallest
m cron PSRN §iirfacsares, . Likswisselhis Isyer il isionifinentiydedyen thej qapasity, obihe fiiersduei taned

Wi thi N 2oliQhSTb Biratoh 86 fide ARA ahd kb SNk Bibhidh ragfipusi Ng wal s thereby to
forma void volume upstream of the depth filter. This spacing is effected

to permt eifresentyiavalabladepth fitars am petitonedwithind: Housing, speced aiad fiomt the dntérior t er
“th ' ' L D i
or e mgﬁmdﬁe\baﬂ_gflhe?&?fhl? fl}l raevoﬂ%ﬁr@tgﬁsétrﬁ;l{h %g&% Pf'plﬁ bitle}. e'fhlsb.lé:agll;elg gsfseffs)%?eﬁllg 9

were not maintained, f1ow ter can
restri cpesnit sierdhe ingothiconaof mdlid taed drily the aniye filer oftthé tetiodal lobihe enlire \pekrisats

Gt 11 31 T Q0 A" L el ot 5o A dot et g ARG ok Soral £y
since t hetriclRar hs § ki, aRealbively et High R Hlﬁné)é&:urQIn 3 BRvenlibHl HiteR DR )
Wi thin }iehp%'l Eltlelr E:oenrsl'mc-lli-cr)]r: t?tiﬁ;ir?gs gulchsé slpgcinrgaapl);o?s c‘i)nl,aléga%llageouos for, filtering a-slurry since the
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, elention characteristics of the filter and thickness of the dsplh fiter. For example, thicker filter
‘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 -



the filter, particularly at low flow rate point of use applications. Depth
filters conprising a relatively deep bed of filter materigharéd 8004

undesi rabl y-conpressi ble under the pressure of fluid entering the filter
bed. Filter bed conpressibility depends upon the type of titer, retention
characteristics of the fitter and thickness of the depth filter. For

exanpl e, i i . } ; '

beds, . vihdSch 1sach oephli s fRAESaAS SnEPHE oFATRBARI ot dohpits HOATHo M VB, .
pr obabi | iahg uadesirabiydgrgapariciss areaobamedd iéhils fivdsul ts in an undesirably short
useful file of the filter. In addition conpression of the filter bed
requires that 4HECHPESEHYILer Bl refainyigusly 1H0% oHe RHEFSRL ERRmINPYS ISP T 6 g nt ai n
desired i d AT bifyl hrBEIRAG S !
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bet ween hbidinfichpaeity’ holtmsughguimdaust biitsfhightrelentipn efidisncihTiRo0ediaagmalisusied in a

channel I'ing is_undesi,rable since the channellged. fluid daes not. pass, t.hr ough
Cha 151 ¢ BT S PSR o o POl archaapaT..| itcles s, 5 B el AP o
fluid.  ApdrbdiR6@ 18 sukeb 8Fe birbdntiltetalnbr it Winfh té Bépiebl e SRR OPAficléd\emaller
particles or contam nants for which it is rated. The nedia used in surface

or scr eelhanithe eanlrelipg porasizg tend 4o ke fapged withinsibe media pbihe aurirep Sgr.- Henvever, asoR di ng
capacity!’ e L j j ey di a
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m cr of | bflleps afdaiol istfubBr flefing’ £ Eiainnshtbellyeysiilzitocenis plugdeduickly byrthisisblid partitiee
surface of the screen filter rather than within the depth of the filler.
Parti cl edndgalsindieslfhan the controll ed pore size tend to be trapped Vi thin
the nmedi a of : : ' : - l.ed
por e st act uPECur R R A6 b sl WA feffrfidgd iy sleph e 3 Tl
filters.shiicy deb effdciivelyatmovie aindedrabls bfad sdid parficldst andi geds. a Ins bdditioy, i woold bishey

ill b | ugged. qui.ckiy by the solid t] |s.in the sl .
hccor o iy 1 HecRoHES Bles PRI Peipis pisades s trion o Prrfera TRAK! ny
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| arge solid particles and gets. . In addition, it would be desirable to
provi de WirFaingompression of te dppthy fiter isrpantrqled leisubstapkally arpwent seppressignai f1e dapth
parti cl 1 4 R sired particle size range. Furthernore,
it woul gtggis?wﬁﬁﬂ£“¥gSﬁ?ﬁg?ﬂ%ﬂﬁﬁﬁh a filter cartridge wherein
conpression of the depth filter is controlled to substantially prevent
conpression of the depth filter and channelling of the slurry being
filtered. SUMVARY OF THE | NVENTI ON The present invention provides a filter
cartridge as defined in clain115UMMA$$P?JHEBﬂHﬁHKants of this filter
cartridge are defined in the dependent clains.

The present invention provides a filter cartridge as defined in claim 1. Preferred embodiments of
~ this filter cartridge are defined in the dependent claims.

_ The present invention also provides a process for filtering a slurry which comprises passing a slurry
through a conduit of the filter cariridge provided above.



The present invention also provides a process for filtering a slurry which
conprises passing a slurry through a conduit of the filjgf&Gidoy doe
provi ded above. 3 4 March ‘2004 The present .invention conprises a process
for filtering a "slurry and a filter cartridge construction for filtering
a slurry having a filtration nediumfornmed of a depth filter such as a
cylindrical seanless 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 unme upstream of the depth filter

whi ch causes 3Ihpareatrtdnvealions compmiisespar frocsbe for fillaing az Shury randbei fiter Gitidgeed

il s ol B et
filter Cadafidsd MBroul Aeth rﬂﬂer‘"ﬂ:‘n@?uiﬁg)!ésﬁoﬁw&mﬁ HEI%Q% Ihalsé, Wedven -ﬁﬂﬁ's,sga;ﬂ@'rattﬁ% HFrVe

to divide the depth filter nme i nt'o dept I [ter segment's an
al | ow f | ninsvovan fibrqus fayers lee e dibrotsy el ghthe likemy aavodet depédillprretainde ithie a Housindhe

fi ion. pf . th £ f t o dditi t h
are cont RBEARERY fpettan oS08 voi1BY duspsr e AR RS wpiof elieet SepBABeL & B ng
. to preveprtichidnek lsufp beihg tited The Hiirate® imddiurhiid BRBEHine® & plirdifyof depRSHlter
surfaces of t.he housi rl.g_!._ogBy utilising the spacers, the conpressibility of

t
the fil t5eampPRin bynseAcai viichqare praced Brarfem edch pthercdlensdiie lengthohe filer; eartridgsen
oid vol ! . ‘ ce din
et er | alfSupng ot e GE Gt e, TR Bhaols Ko Bde e ApmEMERIEInd BUUCT 19
vol unme rftiermadgmenisnandult dioedividvid pass thite throlgheslongas alofiradd path defiredvigntHeonal

filter-housing c tructign. I.n one enbodinent, one end of the cartridge of
thi's i nOmEEHon o fa.ones ogipia ol dhe-ppog,n Aelen e pgoers P Spnigheer 4o pad bhe
OpPOSi Ngnridf lrfaBes? e Gllr Vhrrilg@ héidiRg RASVERL charh blﬁﬂgcbfm%hﬁf belng itéred ARl the
enbodi ment, both the fluid inset and the fluid outlet” are positioned on

t he samitngguriaess abthe hpusingo By uliging ihe spackis thelicampragsibifity of the fifration tlediumiaishi n t he
housi ng; ' jd fromthe inlet to the outlet. The spacers provide a
seal alléo%g%é]ﬁg%rﬁéndg%ﬁ'surface of the housing and, in the case of the second

enbodi ment, By dhsi i “apaewid \eluorrl as tded hardin Bukdant alunpifiee of smederal dhefuding) t he
inlet t he other. sid f..t he housin e Lt then flows throu t he
11 cer - alele 8 ing gl iR G bt rdle e v “Rltae Gl Srcilead e
filter, willinthe filte friatetisl MeLoohvantionl fitar-iQsisy dohévctiont ends substantially the '
| engt h of thﬁ cartg‘iPcﬁ_ge. I nﬁtgpi ﬁ‘ enbodi nent, the spacers provide a seal
~along the suftHEEMBPITHE oppeRe of frecariidaz of g ibyention és speledwitheprpiiaring e 8fd  When
the depinfet {vhile! thé op 146 Sedod VAN WRLS Ravinh 2 10 DulR S -2 éeEon'd%n{B%ﬂﬁ]eﬁ(?@dﬁq to
effect the desired percent retention efficiency of the mass. e depth
filter Hieduididel anbhp Riideulial dre pesilioved dnlthesame strizce atihd mushaundafiuid pdnduaial i ty
of 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
seal alang the surface of the core in contact with the wound depth filter. When the deplh filter
cOmpn'_ses a nonwoven fibrous mass, itis compressed to effect the desired percent retention 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 mass of

nonwoven polymeric fibers secured logether by mechanical enlanglement or interweaving of the fibers.
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filtration nedia, each having a controlled percent retention rating. The

| ayers of the depth filter are fornmed of felt |ayers, OEhM?HPEde | ayer ed
flat filtration sheets, woven fibers or of a fibrous mass 0 nonwoven
polymeric fibers secured together by mechanical entangl enment or

i nterweaving of the fibers. 4 4 March 2004 The filter cartridges of this

i nvention.r-etain yndesjrably, | arge rticles and gel, partjcles which
permitti ﬁé’e%@;ﬁ&&'ﬁ@@ﬁ@%ﬂ"@ﬁﬂa i eﬁ@lﬂv la&whslps Fndgelperiglenwiich gergitiing o

Wi thin 2 pdesigs Bidrehah bARARIes BFY filrry BB 7 vl Faed il sPRAMINGS Fig. | is a
cross-sectional viewof a filter cartridge. Fig. 2 1s a cross-sectional
view of the filter cartridge of the prior art Fig. 3 1Is a side view of the
center conduit of the cartﬁ'-e- Q- -Fi ﬁ% RN% IS an i sonmetric view of
spacer arrangenent for the=¢ : g NP 6 is an |sometric
view of a filter segnent of the cartridge of Fig. 1 Fig. 6a is a
cross-sectional view of a spacer utilised in the present invention. Fig. 6b
i s a cross- seb®i Yharosw-waions! vigweh? Pepeartédgean al t ernative spacer Wsed in

the present pvepti j ' v e f . pacer utilised in the
present inven ‘lab‘ﬁ%l@l gg .siﬁc?'alﬁglrég@gﬁg%gﬁngéaa‘}%@ipg@vao an alternative spacer
and filter caFiriisaeide Wingoftifs denlopconduidths eatidgeviFigvl.ew of an alternative
filter. cartrigdge of this invention. Fi 8a Is a_planar view of a spacer

g. .
utilised in t A8 4P aseemelic Rl sRAGer amapgementier the 8olfi:1i onal view of at!
alternative tgef; j I Serk ' Iy is a top view of an
Fib&is &ﬁé&gidlljrﬁ%wqf o hifd §§g{éﬁlﬁﬁ‘fhb Qéhndézdoc% Fig.]‘E P

alternative spacer u In the pr I nvent . lg. 11 is a top view
of an al t er nakig.\ba isgraasersecliond! vibw oha spiacer piliesidm the presainvemtion. Fi g. 12 is an

I sometric vie .a_spacer_.arrangegent .useful .in the present .igvention.
DESCRI P11 O Ch s RIRES ko) RBRIPE PYACT: i abealpmatd Serbronipn o IRsgosent | ¢ e
cartri ddevemtimst ructi on which conprises (1) a depth filter conprising.

either (a) a wound depth filter, (b), a stack of depth filters or (c) a
cylindrical &8 isadop vigwnfggaaceelisedin the presenbinventibnf r om a fi br ous mass of

fibers positi L wi L hi sing.,.The depth filter _has a thickness in
the direct i_gn@%?qﬁ-%{%s %'?vm{ﬂﬁéwgp RIS Hesggcef)@'ffwggr‘fa'gﬁg‘ﬁt 1 (2.54 cn) and
about 18 inches (45.72 cn), preferably between about 3.(7.62 cm) and about

12 inch 3QA8 t t.t ai feeti t ent.| f . u irably "I
L2 \Tores SRR B SR By ALY O

Fig. 8ais a planar view of a spacer ulilised in the present invention,

Fig. 9 is a cross-seclional view of an altemalive filler carisidge of this invention,
Fig. 10 is a top view of an allemalive spacer useful in the present invention. -
Fig._11 is a top view of an altemnalive spacer useful in the present invention.

Fig. 12is an isomelric view of a spacer arrangement useful in the present invention.

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



wWithin a desired size range. The depth filter includes a plurality of

annul ar spacers positioned within. the depth filter in ghgigtn i vide the
depth filter into filter segnents. The ratio of depth filter segment

t hi ckness to spacer 5 4 March 2004 thickness is between about 1.1: 1 and.
about 5:1, preferably is between about 1.5:1 and about 3:1, The spacer
confi gur gt : t f ' ' I
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t hr ough (1304 8tchg i urdgditabie intd 1ewifl proinete sepanalibh6F sbid pakticled el b BBRY baihg fildred
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the housing. This seal co uration preven I'ng 0
feed al bagowrElid Bigugteeubthe longth idherfllersi ng and conduit. The portion of the
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0 the por 1 on B e aEtarth il U Slors SR SR Wy Reiace. of
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When the two spacer
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manner  dnaddelingofthb Suill #d Blokd Hless surfaces of the housing and conduit, The portion 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.



feed to pass through the entire height of the conbined filter segnents.
When t he spacer portions are not connected to each ot he&ﬁ%}?wzg{ﬁ spaced
apart fromeach other a sufficient distance to_permt the i eed to
pass through the entire height of the conmbined filter segnents. In

addition, the spacer elenents can be configured to have one or nore open
portions and Jhe odptickiltpof thisdivehton ki &prise drdlok & plllity a%daiagﬁcﬁhﬂy%in%'thu &%ged
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through the outlet It has been foéund, in accordance W i's 1nventron,
t hat t hdewsalienger, preferably at Isast slaout 200chgeventflonghi tsani apriordrt fitler carridge hiiegpa valout
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cartridge of this invention permts the use o ver cartrid

par t i cuPSFORBRPY kolpe diter saridaes of thechsisr art.o Bersentpeientien eficianayand Bets Rafiarare i dges
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measures of the ability of the cartri o ca (
The Bet Btpgiced by thadist Paves Research anle{FBRC) #t@kiahemaiStRe UeiverSiy(OSUy in 1370t er

FPRO)  @jigi Uni ver.sit in. 1970. Originally devel oped
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FPRC st Hethitalp geined by B\Ef@gcgﬁ drembenpiprricleg gtestar banesiyen)sizer(x) indre t ced,
di i dedieby, difidedbyRE buberR gl GrefbCALE thel 1A otz BAERSHZ St pblkEnt

effluent, Both percent retention efficrency an al'ues
cal cul deleptiansificepeycand BelaRaliq values amsicaleulatatiprspeciit partivasizbiraag®4 The f ol | owi ng
equations showed the relationship between Beta Ratio and percent retention
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efficiency % Retention Efficiency = Nunber of feed particles-Nunber of
effluent particles)(size X) X 100 Nunber of feed partich%ﬁ“é bgs X) Beta
Ratio (B) = Nunber of feed articles (size Nunber of effluent particles
(size X) % Retention Efficiency =5-1 X 100 B Beta Ratio (B) = 100 1 00 - %
Retent i on Ef f iTeé efigiind Saualis Shovof heCi8fohbifi Botdon! BlaSRdeB YR8 hbRE rdlifod 1! t o7
medi um of the depth filter having the largest mcron retention is
pr ef er able{ficigesyi t i oned adj acent an inlet to the filter cartridge. The filter
media of the depth filter having the smallest mcron retention is
preferably positioned adjacent the outlet fromthe fitter cartridge. The
m cron r & Betbition Eiidiacye Nembes b fes! pafiicles-liimbeedt ofi@dnt Reicualsz800 Ryoyar yi ng t he
dianeter of fibers used to formthe filter and/or the extent of ~
conpression of the fi ber sNEEIPTiesd pasticlRs (feAYy a titer nedi um sheet tighter
or looser around a core. A tighter wound filter nedi um gives a higher
percent retention efficiency, The internediate filter nedia are positioned
accor di ngBPpta Rl Bbnblumber stieedparticles (sizgX)i ci ency so that incoming slurry is
passed sequentially I .gdi a having progressively smaller
m cron retention andwpgggﬁﬁdTﬁﬁgéﬁ&%ﬁéagﬁlfer medi a having the smal | est
mcron retention. Thus the overall filter cartridge presents a percent
retentiongeffici “thaf ,conprises a progressive gradient fromthe inlet
to the ouéﬁ%ﬁ”&ﬂgﬁé¥ﬂgﬁﬁ lher h@ retention efficiency progressively
increases. Representativegnedia useful for formng the depth filter
i nclude the fibers of polyolefins such as polyethylene, polypropylene,
cellul ose, cellul ose derivatives such as.cellul ose acetate, cotton,
pol yam degais pgdcg{g)sg ers, fibeggl ass, polytetrafl uoroethyl ene (PTFE),
fl uor opol yners such : EP or the |Iike. The fibrous depth
filter is free of seans 1@8fd%iRslehinibfiderayy fi bers that produce a fibrous mass
of fibers. This enbodi nent of the depth filter can be characterized by a
gradation of mcron retention characteristics throughout its thickness in
the directi onindfe fitbtiézstrifigeoontHid ihvamn, hb fite! atitim fof b @goth iRk RavihgRe %%9&004
gradation_can be achi v%%reixher by varying}the voi d volune of the
cyl i ndri TEP" F‘f%ﬁ%@ P@&ﬁ? Rosifiqned adizpedtianiled do the Miarrettidgn. e fiterireadieent 0 n t he
di rect i ofepffited hakiflg tHeQumaldy RIdR rbibiftiod is! gr&ibral® p 'od@'aa%n%ggul%{ E&w? Hﬁ%t ant

of dep [

vol une and var,%u ng the.size of the fibers as” a function ter
t hi ckned4er Gatridog e The misconirgiention charactsristics of a filter can be varied by varying the diameter of

fibers used to form the filter and/or the extent of compression of the fibers such as by winding a filter

medium shest 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
ﬁMm.TNsmﬁMhmﬂpHdemmmmmbemmmbmmbyagmmhuﬁmmmnmwmm

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



of fluid flow through the depth filter. In either enbodinment all that is
necessary is that the gradation of mcron retention chay F,%}(g{ @lcs S
produced. The gradation is effected such that the slurry e filtered
first encounters a |ayer of the depth filter having a | argest mcron

retentiong ores ounters |a
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mandr el . sfHigs ouélf ae etkcadmeedpsimnésl alumhadbsea sptrds abidhasedf siohisd, amﬁﬁﬁd bdeedn t he
mandr el , @ﬁ?}s dlarect ‘?21 8de orifjces |nad|rect|oneganerally in the
di rection 81 ECT% “’3 e-hased rSfupier.s itaiuginang othgl mefak o5 mell axide naltes.  and
di srupt tNdd!hdrlal}er@rdsarﬁt@hvdlb&ﬂ‘dgﬁblﬂydeeéﬂﬂle@% wiliBtE b KIRE 0P thifve ﬁbln'c%ﬁ gchs&l‘d

wound on.t form a genérally spiralling wound cylindrical
| ayer of “\Qgﬁ%oﬁ?r &f‘iﬁ'ﬁ? Selieh santaim whripeels ah dupiutsdf esllsnor rellulas ceamiperssts,
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characterjstics for a given |ayer can be contr
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iven | ayer, ol | ayer In second
?ret hod, %/he Cés Emc&gﬁorg@@rﬁq 9255 S%F %?ﬁ%ﬁgm p#rﬁ”sf eP‘é‘éﬂef or 0 nanner
wher eby theanaplssi@ scoipostiiontid spungihmon rﬁdﬁ@hcfty bit @ificet BirshigHE StSarl éhgleh@ d l%ﬁhri’d
directi Ohah |e§§eeg}t Lal nst.a ired mcron retention
characteri scﬁl c 07 aliegs %%pc?s '°%%?P@9'§@"%§W?P%ﬁs AY R BargrlGagfis dingeled pliher s
t hr oughouificeshie acdrbétion igbreepdly fri ths @itb%t:dﬁ%lﬁérﬁeéhbﬂl biHe fbéts frr{ﬂﬁ iHeifcaL todz\tt%ﬁ{% | on.
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The snal |l e produce a | ayer avi n he snal[est m cron retention
char act ef‘"?dz‘{'?r% B\Wf’?r@ it disorels (gaaths. hetes apsr c@&m@@amﬂ -'{'Oawacm themantige! toHem
ext rudli ng o ol kA i ALK SPlel ot Ky R et T Ty oR e he
fibers aft@miase avipder whicihgandegeroved Feathe dardest t Mictort retentian cHaﬂdc&hMﬁQfoEa given
layer can be controlled by controlling the rate of exit of fibers fom a particular set of orifices that
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 direption 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 ﬁbérs produce a layer
having the smallest micron retention charactaristics while the largsst fibers produce a layar having the
largest micron retention charaé{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



4 March 2004 reciprocating mandrel. The fibers are cooled prior to their
collection on the nandrel to a tenperature below that.tRQesdpesss bind to
reach other to substantially elimnate fiber to fiber bonding. The cool ed
fibers are collected on the nandrel and are subjected to a conpression

of the oy eingatiBE A} bib coBBR RIS I mefiofoaton ot BarieBtS Arcmbirabets | o
The cyl i heipwdiak tharibter§ bind iereapither fid sibetantiaBsliRRath GEraEiibabdnlifg. PTRabagy on a
nme of the cylindrical fibrous depth filter
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cart ri dg®P9PHEICiIPHY herke.wound depth filter has the |argest micron retention

Sl Fost. m cr o ‘Rard phif B8] i B UL B shrqssinod Bba¥i 2o 1 <
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and | astl hé&éghthe portion of the filter having e smal lest mcron
ret ent i o1f (198D e Weund depla Jierchan ttha leigest miuiorareiestish charbderistios while éhede pt h
filters pofihéffe Woghd depR" i ] |Reri.c S ess
fibrous ﬂ‘oi I t_er_s? The gg .tﬁﬁerf% ??’?%?B%'gﬂ@g@mggé %8‘5”?%8%’1%5%{%%87'-9?‘%F'ﬂfﬁlgfi ty of
separ at g $iE%is Pesiticaed adiaperitiar Ritlbfrath e flidi@erridgan Adyi interanetiiaty porighsionthe manner

such t hafouRd d@RERMeV: ol 4L L0t b usi.n stream of the depth filter
that would pr%mrr_f)tg -é?ét ﬁﬁrgvﬂg %‘éﬁ%‘b@@ipgﬁs rsgmaﬁﬁ)@mﬂ Iy §§ PasPed %P@lﬁg‘sjgme
filter ditewah portionhefdbe depthaiitehbavingtpheyrasaivaly Sdlier riibras relntiohAdhdiafisisRar fdSi ze
such th Lcron retention characteristic of a portion of the depth
filter 3%3}[* ggmgéhorqg ngonl thg?'n ﬁ@?r E’B‘ﬁn%&?s srgflest\wisten uketentioni ehyrasiedslics havi ng
varyi ng Representsiive @edid iupor fbi thiifsPs ihiid Ll agent an
inlet to the filter cartri dggmg)brde%?erab?ly [Lﬁfg?{eﬁtﬁ rgg%g’ﬁggi"?éﬁnﬂﬁg?ﬂ’%rr’g ention
char act &FFURFSALroURHieE. t he portion of the filter stack having the small est

;r)nogir ?Poag;eggﬂhg%ﬁﬁ%ﬁ%&%#ﬁ%ﬂ ffom bndor atprfuefal%%{?lsép%rsa&e ﬁgrsgee?sl t:nzyesta!cl%ing;3 the Ferably
sheets within a housing in a manner such that an open volume within the housing- upstream of the
depth filter that would promote particle separations from a slurry is avoided. The filter sheet or shests
can have the saine pare size or varying pore size such that the micron retention characteristic of 8
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
micron retention characleristics, i.e. the smallest pere size is preferably nosilioﬁed 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 characteristics and lastly through the portion of the filter having

10



fromthe filter cartridge. Any intermedi ate portions of the filter stack
are positioned according to pore size so that incom ng §hardr2d0e passed
sequentially through portions of the depth filter having progressively
smal ler mcron retention characteristics and lastly through the portion of
the filter having 10 4 March 2004 the smallest mcron retention
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as snap Ekj Jat, | | : hng 12
and on t e SebIE 22 aldanh i By BRpe o LGRS Bk 12 AtBSREYS

f] egnent s 26d caﬂmmaaéiﬁ. ahk isbzioelis 20wnd peeasmbe Mﬂmﬁiirbmiitia:bhwrlelainﬁls Wi‘sn‘lﬂfﬁ% Sap ﬁf
ousing 12-1s free of open . vqlupes. That is, jt IS co et.e il led wt
the st ack B8 i i Blo sespesd “E@“%’E’bﬁ?'%ﬂf&f ngistig i and on gl s e Peepalvi ng
an open- Ceadif 20V i CRP fileh sRMert® 20&mRRbasfaMier nhRiudiR doscriSRb e, 2$eiibid MY
be formed between the filter segnents adjacent the spacers 22 and 26. The

spaces 2305hsising tAdstiren alepan velamemt Thabiatit iesemplataly adwith be stack of fiter sheslo 26
o bvent - p oo Sl 85485 20 GPSS (Y b ShefCers I i 7 ot By ff Al ©

oper at i ongpdcks 28 whickenhaebd frmed-tebwsen diolillertsagmentshadiaebt tthe?ehacaran22 and 26 Fhgh
conduit 29, reyerses directiq s, indicate . ar Lo 31, sses t h~ough
OO 2k 45U e s b 8 b i D 4 SRRt ol
housi ng  1Rak aHoUPE.0PHAPMD. 0788 i fldrdaP® pHeRsHt prédipitafitndf YRS font e LMY BEIR HIRred.

hydrophobic porous filter in a conventional manner which permts passage
of gas there t Irapargien,fiid fead snlstadiobisingg!2 tisegh ilpb 24 passes Bisugh Gondyl 29, raverses

t hr ough. ' ; ' L | ' 14Qr

i ncl udes @E%ﬁ%ﬁﬁ?‘%%dﬁzm% 3 Phspl bkl GBI S RAE 26 dn Phogh Rt 2Bl
cartri dgeculigt 15 dfidggied, hausingpi2ieas be provided withoasvented dndmehich ihinblided adydephdbian

and ca t ‘ h filter 40 d an tlet 46. The
mound. 1 18oRRefl ol cnlefifondiand AT bissnds bi¥fas HREB AR grdtpnlit &
i nteri or pEssdgeus aqugous Bquidthérathesiga voi d vol ume 39. Wien . a :

Referring to Flg. 2, the filter carfridge 30 of the prior art includes a housing 32 having aninlet 34
and an oullel 36. A filter carfridge 38 includes a depth filler 40 wound around a hollow 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.

| Refersing to Fig. j. the outside surface of the cbnduit 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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slurry is filtered with this filter cartridge, the filter beconmes pl ugged
rapidly due to precipitation of particles fromthe slurpy,pat 9odhe exposed
surface of the depth filter adjacent the open void volunme 39. Referring to
Fig. 3, the outside surface of the conduit 29 is shown having a groove 33

For 01! M S ) ho0E 9RHE 175ih Gfodah At B ordatiasmsacy HigtPfross ors

provi ded ange rovi a support for the filter segnents 20.
| n addi tig#atidnbe condU|t 29 al so provides the function of supporting the

filter material r.ovi di stin 0|n t he
out er port| on l%ﬁfenﬂrﬁéop hﬁﬁggrﬁgctlﬁ%%ﬁ 4 pese amntartrﬁ?%%r@b nrtngg%r{alrhgpm ng
under . &éeﬁ#{ SnaRbt bodRdnhIl Rbdhhétlhdi tégether Y 16 er mafh |nlss Ak Apatnw-lncunleéiueigkvt of theq
March 2004

pful wth the use of weak filt |onnﬁd Ol .S rg}hat
are subj eetesnl Brtd inerogh spReerSagmants 4942 %m%%fﬂ% oRAPd fﬁﬂ&"aﬂ‘é*“éu gs. 6a
and 6c, t{'ﬁgﬁ\g&&eff dé8¥ed 9&3@%9%&1:% 417021 alﬂiaacaeeramsa@m& oﬂtheanndmmuld

external ment “42 connected together by t nor e rlgs 44,
shown, t hes dfejatet hiskneshiban b sraceralti dher thaytcar ke @6‘5@!@!‘ h%‘é‘?j?r@ Ao dagies S&?2 are

t he sane, but the re di nt th MRIER i f
desired, &ngashgy “g@&‘?’f’%n@g%% o fiow g ﬁé&" {)gﬁctg ﬁftﬁés%&nge ﬁﬁ%ﬁess {)49 t he
r: lbsb44 géugls]gil?e o Q\Tﬁﬁ@rcﬂfﬁérﬁﬂlt zfghn mknmd r $ebfarth 4toes. Spamesagmént 42 zeg the lnagr canl
a e-of different heights if one desires rsely
affect t h@lﬁwmﬁ\o‘ﬁﬁ'ﬂgﬂaé{t the marngaseh il phoke @‘3 GES’FS'?%EOH @PQ’%XF 3%%‘@3?9%"@9 ment
41 seal s} HSqn%géﬂza%g&ﬁcﬁﬁ% 58§, 66.0Mlictbe ArddadsbetpagBeassie] 48D, above.

Spacer segnen e inner surface of the housi nagl 12 | e mnner
d Qet

set forth abovEeferTﬁkgetocﬁg@QSiﬂééﬁltlhﬂ)ﬁfeb‘faﬂﬂ@a@@ﬁncyéﬁﬂﬁﬂ’eiﬁ A" Y di¥ ed as
42a as sho 6 §he af €St éﬁ‘u 48
and 50. R&ﬁw@f’?q ?ﬁ“@%de??%age@lig% %'R %ﬁq t&gnreqj?ar Eﬁr ?%%a@égo mclﬁgdes an
inlet 51 aﬁbdereﬁﬁ fobd eftspdmas se@'dﬂmt%amdspa@gaagﬁ@n%ﬁqﬁmd@ge prdy abs SB.eFlyid i |
function for the _same purpose. as spacers or me
of spacer ﬂv@%ﬁghﬁﬁtﬁ“as&%aﬁa‘sgﬁ @?pgté%ﬁ%'ﬁ?m?ég}'%} r\J: 39t oge 'ﬁ%ﬂn rrE é E?sé@%g
Fluid f |5 3‘%"“’% Gl B%Bmhxﬂqﬁ)ﬁﬁ!ﬂ{{f&hggmmf t?] ﬁre@ﬁbllp}esitgm qjmtmsi inahips (awmrrédTms/ .
arrows e ‘maxi mum hei g 0 e ace | e

i nches (2hgﬂhtct@fﬁllfﬁplﬁ%ﬂﬂéf“a!bﬁilbIPé%'Q"ltsﬁ%ﬁ‘F“% d&’aﬁ"’gﬁh S@W%@Pr%%#ﬁ”'&

hei ght s pl%}huuigcﬂ"tﬁ%%l&f AT dRfiblin X MASAg SEAAGEN. 119 Bddion sbiadnipasichar es
froma slurr tered whil -pronoting the desired uniform

di stri but |spme1o§egmanicﬁ$| ) @bmm\‘jdeﬂbﬁaﬂmcmﬁ obeupperfingrihe fillge matsigle e%"ﬂi‘ﬁdbfﬂm
spacer seq %B%ri\gﬁg\d?crﬁpﬁsg 695 hdth (?q\félﬂrg it 1‘?ﬁlaéeé[ﬂ%trhéﬂﬁer%fmll%@ﬂ@(ﬁﬂidﬁ%&&?@wﬁﬂ thé er

material , er pressure and maintaining it in
place (i ncandmmsaﬂgsmm hrir3. to that V\:hl ch occurs with the: conduit 29 in

e Lides 't e s BB Braers e e s Bl pR b i Ak of g AT RS
solid portion 66 and a central open portion 68, the spacer 53 (Fig. 10) and retainers 27 to provide a
fiuid flow path represented by arrows 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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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 ,ar&io¥g69 and 70.
Referring to Fig. 11, the spacer 71 includes an inner spacer segnent 72 _
havi ng holes 73 and outer spacer segnent 74. The spacer segnents 72 and 74
are joined by ribs 75, Fluid flowis affected through areas 76,77 and 78 as
well as through holes 73. Referring to Fig. 12, the fluid path represented.
by arrow 80 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 filter cartridge al ong
the interior wall of the cartridge for the sane purpose as set forth above
with reference to spacer 26. 12 4 March 2004 Clainms 1. Afilter cartridge
for filtering a slurry conposition_ conprising a hollow housing, end caps
and an inlet and an outlet, said RABLRS housi ng being filled with a
filtration mediumand being free of open void volume Upstream of said

filtration nmediumthat wou rticles i f@f@@Sltlon to
sett| &-out & fdgmhbse %Wg%gl V%]Pﬁ?%ﬁ%% %ll“{%yc |és(| ng a plurality
of degbfh dildirgy 5 awENs Ixapstagedehny capriland sipaclemke’%ﬂ% @RI nner :

| ength o igud hol | ow housing, wherein the spacers are configured to seal
the i RH&E rfaces of the hollow housing to prevent channelling of the
fluid beingdid treslkbwallous it baies Eitfedatidr @ hel hotas ﬁg“ and said

PSRRI i Y00 SRcopinTp S oR P orpiercaangtbebg
nedi uinuls:nmmedtl@éﬂ-‘mo B W’c"é?—@uﬁﬁ%“ba?%"%&“iﬁ?d ‘goﬁﬁ? gﬁ}%{:rgn of the
open- %%B&E‘ft@én é@%@‘@@ﬁ@%‘ﬁtVﬁr&ﬁaﬁnésslurry,
said filtration medium comprlslng a plurallty of depth
~filter segments separated by annular spacers along an inner length of
gaid hollow housing, |
wherein- the spacers are configured to seal’the inner
surfaces of the hollow honsing to prevent chanhelling of the
fluid being filtered along the inner suxfaces 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 pqrtions 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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2. The filter cartridge of claim1l, wherein the hollow housing has a first
end containing the inlet and the outlet, a first condui& }%ﬁ%dbéajd

hol | ow housi ng providing flruid comunication fromsaid inle 0 a second
end of said housing, and a second conduit providing fluid comunication
fromsaid second end of said housing to said outlet. 3. The filter
cartridge of claiml or 2 wherein said depth filter is selected fromthe

group consi sting of a wound.depth filt f 0 jpers, a
stack oftPBHELFL Rﬁé?@ﬁﬁlgegége ﬁegﬁqﬂﬁﬁg%yg §H%%ﬁhé)en |¥§§§E%ﬁd a fibrous
mass of eABanghemenht204 thendidberspol yneric fibers secured together by
mechani cal entangl enent of the fibers. 4. The .filter cartridge of any one
of clainmse | to 3, wherein the spacers are formed of annul ar. i nner spacers

and anfiul ar That éi.1spacerstridgeghduanyhengeioghclafimshd AGusi-ng. 5. The

filter gRELEidIenaf sagxeeaea_% o bl @nul M arRidt IR dhasesgdare

retained in_position by retainers. 6. The filter cartridge of c]aimb5,

wher ei n2RRE1AEt QPRBES SPAFETEnABTOMGHOUL thenhgightords e htsiR%rior wal |
of the housing. 7. The filter cartridge of any one of clains 1 to 6,

wherein_the spacers have an gpen central vol une 3pntio . .8. The filter
cartri dge of TBRyLLhEeHf CRrhFagae o0& ANY PO REr LGRS i 7§ Smal | spaces

formed préveen the bEphtekrs aegnpetsiadiddenpdstieispatsr sethinkwesfilter
cartridge of claim 8, wherein the spaces have a height of |ess than about

0.12 inch (0.3048 cm. 10. The filter cartridge of claim9, wherein the
spaces Bave. Tha fiklgber oérteidgehad afadin O,09hexelin( th22g@tafners

are snap rings fit into grooves of the interior wall of the .

housing.

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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11. The filter cartridge of any one of clainms 1 to 10, wherein the spacers:
.have an internal spacer segnent and 'an external spacer4iﬁgggﬂ&yponnected"
together by two or nore ribs. 12. The filter cartridge of clarm 11,
wherein the internal- spacer segnment has one or nore holes: 14 4 March 2004
13. A process for filtering a slurry which conprises passing a slurry
through a conduit in. filtrtion cartridge as'defined in any one of clains

110 12,314.,T €58 OF1 P 8L Thd 32 BeRELD WRKERSLBmpYikesSelRA /My from
t he grgh%'co%sﬁg??%ggofég E%F#%@ggésgd_sPur?y, an aLu%ina-bagtq g?&?ry, a
ceri a- basetusryrthroughti ancaadpitedn. §iliryion mROLrBagedas dafined cel |
brot h, fnp§§§05ﬁéi§f =150801 ¢at, @ofernentation liquid, blood, a blood
fraction an a transgenic liquid. 15
'14. The process of claim 13 wherein said slurry is sglected
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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