WO 01/ 19490 PCT/ USOQ 24976 PROCESS AND FI LTER FOR FI LTERI NG A SLURRY .
13ACKGROUND OF THE | NVENTI ON The present i-nvention relates to a filter and
a process P@gm5%h$errng particle containing or sturry Tike materials. Mre
parti cul ar elates to a depth filter and process f o g .
slurries and conpositions containing particles and/or gels such as CWwW
(chem cal -mechani cal pl anarization) sIurrres and photoresist chemcals. A
fluid conposrtron contarnrng I i d conponent is referred to
inthe art as a ‘'slurry'.” The=S6 can be any of a variety of

materials including solid part |Wnponent s, floccul ating agents,
gel particles or the like. These are found in many appl I cations including

phot or esi st chem cal s, bi ophar maceuti cal products and abrasive nmaterials
for the sem conductor i ndUBAGKGRODNDOBTHEINVENTIOMN cal conpositions often
contain gels and aggl onmerates of gels that are formed fromthe photoresi st
chem cals due to shear, shock or age of the chem cals. Such'gels and

aggl oner at es Theepresehtinvirdiorn relates/iod filfer ardra ptooesuﬁﬂl@nﬂulpaﬁdemhhnlhg:alslunyjkwosi tions

. Bi ophar t,cal liaguid . conpositi uch broths, fernmentation
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fracti onsmniaminu particldsaandior geld such aanCMRI(chbmivdl-mecherical planarigdtion) suries @nd ai N whol e
nents, fats and other solids which need to be renoved to

cells, cell 0
in order ht8 %B‘E"mé?' 'process and recover desired conmponents of these
conposi ti ons. AGhidpsmpasition cumai'nm erﬁﬁmwmwwpwnnemm&ud mrtﬁa atidg di sed in

CW to po,Irsh fer I N VL d I nt egr at, cjrcuit,. deyjces, High pH'
silica CVBBlyur a?P'EP"ﬂ?W P?"sageda"ry(f 5dr|arre§vh§35-agqn§ E"F'IP‘@ i%®¥ cone

! gyer S. |dﬂmphi|dnt§ :mramgragm §¢|Ipamaemd Chea!lkdmma%e Ql‘e mrdah n{aﬁPip’plrcaﬁbﬁ% de -

abr asi ve urr.i i se sh i nt erconnect s. e
CVP procé'l"g'% ﬁ’“@ﬁﬂ‘*t ﬁs'(glﬁ’ H’B&‘Qg 9’@ 5i F‘E"Pcf"étg" % ypi cal
concent r adeiniodhdadtor indabyo by wei ght. . The typi cal specification for

comrer ci al lugries, i.ncludes ercent .sol.ids, pH, ecific avity,
mean particle ‘?%‘f? W%WM&WH&?@?W@@F@&“&P@%F& 'H'W%Homever,

a tsmiljl ﬁ:cdﬁi}[f)ﬁé pﬁcitoreds%ﬁ%rcaﬁ&fu& lctl&hltikﬁr,gﬁqsbkléf aaeTErame cﬁ&hﬂd&]{sf O?U&lil g&!@laﬁcﬂ fall
outside o e spec size, distribution ese particles can be

aggr egat 49 glo ﬂ?%}‘?@* {’%@"‘WP& sngdhesesherigal ePRiang  om aggl oneratioon,s
settling, sy Sloftamiceudéd ﬁdﬂl(‘démﬁd’smérﬁ(‘sﬁ&h 48" 060 Bdthe) frermbntatio liquiliB Srahedbrie pani cl es
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Repl aced sbdiibas] dchiahwholé éelis, bell colpdnerlts, fats!and other solids which need to be removed fo in
order fo further process and recover desired components of thess compositions.

Of particular interest are slurry compositions, ulilised in CMP to polish wafers in VLSI and ULSI
integrated circuit devices. High pH silica CMP slurries are ufilised to polish dielectric and polysilicone
layers. in addition, acidic silica and alumina or metal /metal oxide abrasive based slurries are utilised
to polish metal inferconnecis. The CMP process uses sub micron (30-500 nm) abrasive parficles at a
lyprcal concentration of 1-30% by weight. _ : : e

‘The typrcal speciﬁcahon for commercial CMP slumes moludes pereent sohds, pH speclﬁc o
gravity, mean particle size and general (bulk) particle size distribution. However, a small number of
*large” particles (>1 um) have been found which fall cutside of the specified size distribution. These
particles can be aggregates, agglomerates or gels and may be formed from agglomeration, sefffing,
system or pH shock or local drying of slumy. The large panicles and agglomerates can cause
microscratches and they, together with the gels cause other defects on planarized wafer surfaces
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WO 01/ 19490 PCT/ US00/ 24976 during CWVP processing. Slurry filtration to
renove these relatively large particles has proven to be beneficial in
reduci ng wafer defects and i'ncreasing yields in CVP processes. At the
present ti moew/m¥e variety of liter cartridge constructi opeTaseo2497d i zed
to purify fluids. These cartridge constructions are designed to renove
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t he i nt ersmaltest dismeter acpundawhich it isowraipyd. t Thid layemabithe @ contlibutes teimeétrof hen of t he
depth filter. This.spaci,ng is effected to,.pernt either e | ntraduction
of Pau ' 1 v iPtPSReoh 5 SAORhep Rt hEdteg 18 s oy op i e oasl bl 01 00
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bet ween tilfe, rbtbrtibre haltotedsticsf the dliter i thitkhébs of the depth filter. For example, thicker filter

beds are more compressible than thinner filter beds. When the filter bed is compressed, void volume is

reduced and, the probability of plugging is increased. This results in an undesirably shod useful file of

the filter. In addition, compression of the filter bed requires that the pressure of feed fluid be inéreased

in order to maintain desired fuid through put rates. These conditions of increased pressure increase

the probability of undesirable channelling of fiuid in the space betwsen the filter housing and the filter
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PCTI USOW976 bed. Such channelling is undesirable since the channelled
fluid :does not pass through the fitter bed ‘-and- undesirably |arge
particles JYROHE erpved fromthe fluid: A surface of scrBEHUSIOR4e96 wi | |
retain virtuaIIy 100% of the particles or contan1nants for which it is

rated. T | QB%C@

pressure drop aﬁcgél]ﬁ ls(r}mﬁééfr f#&%ﬁ%@? ‘ or t roh‘y‘ﬁ'@% gecause of its
hi gh reteﬂdﬂmhﬂ@blﬂawamamndrmmmy used in a surface filter )
conprises gla | by size
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size ten PQH& wever, as
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a slurry I cles and
Gei s | 1" AR o kil of e AR i i i ot 1 o Ve Biher 1 5,
cartri dgdhérﬂhdcmdlrdlgimrxhtpﬂdndhheémpﬁedmﬁﬁnhemaﬁmqfhwmmby Hdwa!er.akfaect ively
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t hr ough dlterpanGtmtmdd far filtering=a slircyrsinpe they wihbagome pzmgo&qysfklpba_rhe edlid partidee r ange.
Furtherrm;ng Hrl'y be desirable to provide such a fitter cartridge .
wherein coO reSS|on of 1the depth filter is controlled to substantially
prevent conpAemeingly, itovould bexdagiegbleito prévide aditer cantrkige Inclndingl a depih 8ifer bHilleridg ar ry bei ng
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filter and channeliing of the slurry-being filtered.
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nonwoven fibrous layers or a fibrous felt or the like or a wound depth
liter retained within a housing substantially free of an open void vol une
upstream of the depth liter which causes separation of solid particles
froma sl uWGOII&MNg filtered The filtration nmediumis di vi BEHUBN249%
plurality of depth liter segnents by spacers which are spaced apart from
each other along the Iength of a filter cartridge - housing which houses the

depth liter, The spacers se\rﬁmmgmﬂﬁ@ept h liter mediuminto depth
filter segrrents and to allo re through al ong a defined
pgg_ht defi tned Thy prézent lmﬁfohgb!fhmsam' @ mboessfor (ilnaum ROsldriyoaral mfﬁ]lctdrmmface[]s I n
addi tion the spac ar nfi ARl SHrt ac e
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fs:olattcg;gdset%he c%ﬁgrgggdgg?mrlﬁ q?ﬁnw?\re{ifﬁati@mgv?? ﬁ:?lssw%]; i tdﬁe

subst ant NAMWPYRN s °B§ It ol DR WAHR R Iﬁqlréégi'!fg 'éﬁ'"ﬂ’é'f Qinis
Ime'ant a gﬁbbldﬁtﬁllyfﬁ"eeﬁf afopen void vehimepsitear lof the célbgth filbnwhich calises beparatianrafialig a gept h
iter and | an nc % no e tere
€ i ' il F00 Htcheind e thociials, et e 3 el SBOR R et o

| nt ﬁ ne e B&ﬁﬂhmﬁfﬁi\ épacéi?lﬁhlaid'da Qfac&dg.ﬁlébﬁ ar?rh bﬁl}i%eﬂiloﬁg%és Iengméefrﬁ ﬁltérrcamﬁigs ea![ ﬁd
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cap havi Reysiag %98 thedepth 'ﬁ' S eeidio e ] M@m m ‘I'T'e"' 98P i nl et
and the iil{ewsdgnﬂht& Al S Tafowd id td P48 Ghefd) thidigh SIBREE a Uéfirfed pathOdefired by ieisi ng and

a fluid conduirt is provided within the hogusing to dire thwdHLromthe

inl et t ocenfiguration ofdie operportions.of ha-sparersy, jinjaddifon the. gpacers p gonvigueed; o pRalhe 1 f ace of

the hOUStnnasamasdfmemhe:aﬂa@ehmana Brevét HarhoMi st the 8 being fiRveddongthe eal  al ong
the conduit that directs fluid fromthe inlet tg the o her si.de of the

housi ng R qufﬁém'ﬂ&v@ yiliging the ispacers, dhercompressiblity piihe fifyation mediym algo, | e .

When t he gfeldstahtally educsedi um i s a wound depth filter, it is positioned around
a core that extends substan';ally the | ength of the cartrlm% In this

embodi nent , tBydhesieEnapes VﬂFW"&e“&"‘%W"'&Fﬁ% olyding.or ¢ i n
cont act %ﬁﬁhnémmeﬁmm&l@ﬂmedﬁhﬁmchéraem&m\}%mhbh&mwy%ﬁmws a

nonwoven fi brous mass, IS corrg{r essed to effect the desired percent
retenti omﬂwfﬁqﬂtﬁma"'ﬁ@‘i?@% ilter also can conprise a

layered filt e ofeibbdiniént, ofdend Bfthe tartriigddf thisrvbritivn i9Sealell it 4 b having esld 2, each
having a control | ed percent retention ratlmg The Iayers of . the depth

filter afnistwhigiheopposing end)is seplad witha cap having 8, fuid gitiel I 2.5econdembediment, bothy; j oy

sheets, n@\ﬁ&i&lmfeuhaihsnﬁw um&a?e;tohlkwm wmeaimmmmm B a/fRcbriduit | ber s
secured toget her by nechani cal entangl enent or interweaving of the fibers.

4 This smwdpeytmelbmhqqepg a@wt fiwid fromy theinlet, to. the outlet. Jhe spaceis)p(pyide & sanh
PCTI USO. gy, %ﬁJﬁnaJ;@soe Hﬁd%&fhe%ﬁiéﬂ%dﬁﬂénh%w&ﬁéhl%hﬁ‘d%' rably
I Cles an art I C I C

Large part ermttin passage there through

of parti 8lesendgi tha di r“ﬂ'}i ﬁh’&ﬂ?r‘f{!ﬁt Ip the other sierafifhn h@llsﬁ@!!m%iﬂ‘gl flows fhewghe. BRI EF
'?ESCRI PT e hdibial %6 WiteCWhen the filtration medium is a wound depth filter, itis positioned around

a core that extends substansally the length of the carfridge. In this embodiment, the spacers provide a
seal along the surface of the core in contact with the wound depth filter. When the depth filter
comprises a nonwoven fibrous mass, it is compressed to effect the desired percent retention efficiency
of the mass, The depth filter also can comprise a layered filter construction having a plurality of
filtration media, each having a confrolied percent retention rating. The layers of the depth filter are
formed of folt layers, of wound or layered fiat fillration sheets, woven fibers or of a fibrous mass of
nonwoven polyméric fibers secured together by mechanical entanglement or interweaving of the fibers.
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Fig.1is a cross-sectional viewof a filter cartridge of this invention.
Fig. 2 is a cross-sectional view of the fitter. cartridge of the prior art
Fig. 3is a side view of the center conduit of the cartridge of Fig. I.

Fig. 4 is aNOOYMM (i view of spacer arrangenent for the PEFAUSOOR4®6of Fig. .
1. Fig. 5is anisonetric viewof a fitter segnent of the cartridge of

Fig. | : Fi @hefﬂscﬁrkrdgasofﬂnsmveatmtéta’rnmﬂas‘wéblyﬂarga‘paﬂrclleqmdgdpar:cidelsimduk;e'rmitmdﬁle
resen SS- nal, view of a portion of an
gl ter natr pacerﬂ"g{gg?frpgrg%” tﬁggﬂnggg ?‘ﬁ\% ¥ range- gIO 6c is a top

view of a spacer utilised in the present i nvention. Fig. 7 is a
cross-sectional view of arpes 3 g i1 ter cartridge useful

in the present invention rog. ¢ : ' onal  view of an
alternative filter. cartridge of thrs |nvent|on Fig. Ba is a planar view

of a spacer utd] ] . 9 1is a cross-sectional
vi ew of an al t@r*ég' &Qﬁéﬁ%ﬁw‘g?ﬁhé@@iﬁg&uﬁﬂ??ﬁ*ﬂVem ion. Fig. 10 is a
top. vr[ ew of aﬁrga!kamosﬁ-s%natmmeﬂmedaiﬁdgefﬂtdpﬁormﬁsent [ nvten'lr i on. . Fig 11
is atop view er S e presen nventi on.

Fig. 12 1is anF:P 'ﬁéts'? Wﬁ@%"%‘?ﬁg@ﬁa@&“ﬁﬁ%ﬂ?@ nt- useful in the present
[ nverr'él on. fmmwmmw&:&wmm preS((ag'; i n\éen: ihon
provides a filte cti ri ses a dep

filter conpri i'ﬁgg‘r%%?g@§&§% g@ﬁ &?‘g?'%q()b) -a.stack of, depth
fitters or (c)Fgaquimué—rseoﬁaialMaféspsaruﬁﬁsebmmﬁdaphhnhnl ter formed froma
i ckness s n THeoh{B FeePSRbcH B f & il i BTG Some JisBER et " °
1(2.54 cnl)wenﬂud. about 18 inches (45.72 cm, preferably between about 3
(7.62 cm and %ﬁ%ﬁ ches ;@ '&%ﬂp{r’g ‘o tar n effective retention of
undesirably I age there through of
particles w tFIgLnsacmeeﬂan'hlﬁmanarargﬁveidaeadmﬁrchrmd@rusmwmmem _
plurality of annul ar spacers positioned within the depth filter in order

to divide the™ “literinto liter segnents. The ratio of depth liter
segnment thi ckrms&;rshuommal vidw of i alterqiitivechlitoricarbiddacot this iReentigic :
IIIIII|uIII|h,lII|T ‘NM ! V\DOUI}seé PCTI 0024976

Fig Barsapanarvrewofa spacer uli ) presentinve

Fig.%isa cross-sachonal view of an altemative filler cartridge of this rnvenbon

Fig. 10 is a top view of an altemalive spacer useful in the present invention.

Fig. 11isatop vrew of an allemnative spacer useful in the present invention.
Fig.12is an rsometnc vrew of a spacer arrangement useful in the present mvenhon

: DESCRIPTION OF SPECIFIC EMBODIMENTS

 The present invention provides a filter cartridge construction which comprises (1) a depth filter

comprising either (s) @ wound depth fiter, (b) a siack of depth fiters or (o) a cyiindrical seamless

fibrous depth filter formed from a-fibrous mass of fibers positioned within a housing. The depth filter

has a thickness in the direction of fluid flow there through of between about 1 (2.54 cm) and about 18

inches (45.72 cm), preferably between about 3 (7.62 cm) and about 12 inches (3048 om) to attain

effective retsntion of undesiably large perles whie permiting passage there through of parties
within a desired size range.

The depth filter |ncludes a pluralrty of annular spacers posrlroned within the depth ﬁlter in

order to divide the depth frlbr info ﬁlter segments. The ratio of depth filter segment ihrckness to spacer
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t hi ckness is between about 1.1:1 and about 5:1, preferably is between about
1.5: 1 and about 3:1, The spacer configuration depends upon the flow path
of the slurry being filtered through the liter housing. In one enbodi nent,
the slurryWaop#d¥ed i n a first directi:on throughian open ponwsdt2497s
positioned within the housing and then in a second direction opposite the
first dir | ﬂl@ﬂib‘ﬂﬂl i F'% . D4 55 | t— both the
fluid Inlﬂg%%%sg&tbhe ous|ttr‘fgzelaafrr#(’jglt'Eoﬁtres'%§ ul %%ﬁ%ﬂ%%’ﬁ?@%&?&usi ng are
posi t i onépacenconfgurationrdepends par be fdw pathcof the tslury being Sitereg. through the filtes bowding.

enbodi ne tehﬁorﬁrhéﬁ bSv: t ' L.k hout first
passing t ?ngug an Egﬁ#"@%ﬁ?ﬁ%ﬁﬂ%gﬁ@%W?&%Anéﬁ%&ﬁ@mmtﬁ this
enbodi nmere, housing and theriinj a-seeond direclion @ppositethefisst dinastiontrouigh éhedilten segments.f Inom t he
housi ng g i 10 | LI T WS he _spacer in
bot n of RN B 8 fia FRF B Houlhh B i 04 oo HE WB uptiE aR” 200
0.01 (0. pesionesdgn thereameisurface of thefiltemhwhsing. (IO 2 360661 embodiment,diiecshary lis/pdsaivne e n
about 0. | . acers prQqvi de qeans, for

aubst an {1 e 340 ool 3Rk 8FosBF B 5t o o¥il et iR PR e 1 g use
under t hdn iis embadimenipthe fuitkinletfid the ltbusiny ang theduid gutietirord the housing are poditiofadioh er

segnent : ' f.thi . a t han aboyt. .5 1s.generally

i nef f ect f"@"eé'P @%ﬁfa?gesg{fjgﬂg rﬁ‘é“"c“hnpﬁ%%??"gﬂ’?m&ﬁe W‘Bﬂ&ﬁtﬂ"ﬁ 'P‘@P‘.'og a§ﬁacer

havi ng a thidkhesk hetweencabeul 081 (Q.0256é cra)and tabdiit 0.22 inchain (0.304836v)Sprefirhbly Betwsedesi r abl e
since it I rat i of solid particles fro sl urry being
filtered amd%l‘a""fég‘gg'@? @Q"’%ﬁ%&ﬁﬁ%ﬁm PH"‘E’%P A ﬁ’rﬁ‘&%’ﬂ%ﬁr’%‘]‘“’% hi s

i nst ance coropressihiiiy of the depth fitter doring diseunilecthe pressiirefof fobd hiid. Ol spaeetiptovidinna 0 t he
openi ng r..to forn .essential Ly continuous medi sybject to
the fl ow%%ftrE @Fﬁ%%ﬁ‘rlgﬁgﬁ%ﬁﬁg &H@%Mﬁ? ﬁg"”i kt’%??"eﬁaﬁe'f'?é‘%’? ht

eﬂbo?! Imerrﬂducirig dompressibility@fithé ?glplh ﬂlélgA&pmﬂfh avifg Smmlbss?g‘reatbr &hﬂlﬁﬂt&tmgﬂﬁiﬁh YM t hi nh
the filt LS.confiagdred so that al,. s, provi th al ong the
mmer suft 0435 st % i e Sonralin o chf e ek g ot ol
posi t i oneub toiatargerspace betiwern Sillen mediufdegmentsa lin thie nétar@s| lond mayiinsert 61 bord apiece

channel | i f the fluid feed.al ong these surfaces of the_ housing and

condui t . oﬂﬁrg@o&&eﬁpugm@*e TRgaIng g'(e, gacerdo @WH‘R“?PB&M qogtinucys Mediyry S‘E%F?@ﬂ%ut er

condui t shefivacfduid throughaoutthalengthiofthe filter, t he portion of the spacer el enent

posi tioned al gng the inner  surf.ace, of, t he hqusi a give ei ght within the

liter housing B?‘e “ESE%‘%”&""E‘% sr'?‘feBif?E'”&”P%gmgg”'é%%ﬂtwm@%ﬁeb@’

unconnechmﬁingisceﬁﬁgthedxommta-hsééhe' protidied btalb\/@loﬁgﬂﬁet&i ifer suPthGdIGERb hd?ﬁﬁdérﬂ%n@re ]

connecteg to e ot her, t re.connected.in a manner_that permts the

fluid fg'«gao%[%% 8°s°{]ﬁ? SEIHHW%@'%W '%iﬁéTW- oﬁ"tﬁ?@ ®pfigle VRIS

segment s chavieliing dfites fiaip fee:alorig tets @ariscesidfthe htnking GBI THo potioR ftks phdae!  t hey
art. from each other .a | ent di fluid

are spaced a uffic di stance to permt the
feed to 8'%@?1??%"‘8\]@}13“?‘% ee‘ﬂgf P@d‘f‘lteﬂ"é?ﬁ cgh L"I ?P@"%’ﬁar‘m te gortign| of fe spasghents. |1 n
addi t i ongleinént pasflioned ralong the innestrf226.6f thehdusing & QiWn&ﬁigﬁthim\fgfﬁmétﬂ ﬁg&][nf; gﬂj Ef gggn |

i ough: PR I piiine CLIH 900 e o Papeonassid b 3991 ¢t AN 1 M8 B or 5 bl ock
fluid f bloment portiorg lre Sorinectéd:iol esoh ©ther, Biby &rd Sorihbdidd irPd inérierctha? pailsSthe fiiid Ni S Sheet
I:las Bee nfaeRt? Blpggsﬁlgrou& Hele;ﬁ& &e}giifl ojf ]e']é%rlntllrleg Itilkslr segments. When the spacer portions are

not connected to each other they are spaced apart from each other a sufficient distance to permit the

fluid feed to pass through the entire height of the combined filter segments. In addition, the spacer

elements can be configured fo have one or more open portions and a solid porfion to effect a tortuous

path of the luid feed through the filter segments wherein the solid portions of the spacers block fluid

flow through selected areas of the filfration elements.
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WO 01/ 19490 PCT/ US00/ 24976 The depth liter of this invention can conprise
one or a plurality of nmedia each having the sanme. or different mcron
retention. size. In one enbodinment, the depth filter conprises a plurality
of nedia . WOOHIMPL) each having a different mcron retent POWUSSN2287650 t hat -
the perneability or retention of the nedia layers is |argest adjacent the

fluid outlet fThedepthier G intefilibR can'\doprias oricdk &Alralfybf fbdifesBitRaviigthy Slnecd DY
controlling.the fiber sjze-and/or fiber spaC| n Thus, large partjcles witl,

be ret aj n¥fEEntMicson refenfign.pizas Jn one Ambpdiment; ﬁ%mv&rsgmﬂﬂwwwucl es
wi || bg lr(wyae )oach tﬁ?ind {mﬁa&ﬁm&m hbdajtmhma b@m&dbili(yﬁ{reﬁfﬂlbﬁ gﬁuiégﬁdntahTthe

per neabi | | retentio ia |ayers is'controlled s a
particl esl 9}‘/?'? 39?‘?"9‘ Wheé%“g&?m%am?%[ Mﬁ&@ca"pt?ﬁs@gﬁdmyough t he
cartri dgeooammméwazeimw frﬁushageb@masmtwebmueaadmﬁ%mce with
this invention, that the usel'bﬁﬂig the cartridge of this invention is

at | east 'MP’BQSG“ é"f' mF% 9 fped-passes Hequoh e fiter satidioy e cent

| onger theg pameauworaétédumamewra rldyeise doRIoiaCo Ial piriles 1the &Ry wihiRt ahOUST Ng
posi ti oned. upstream of pth liter positioned within the housing. Thus,

the liter “‘E?ﬁrﬂaF“F'ﬂg@%Paﬁsrﬂ“S“ghrWemﬂ apd fhyaughs the joutiel, s & has beepjandcinr ¢ 1 i dges
for a parécb&dﬂn@'mﬂmlhﬁ%hwm%mmfﬁ%dﬁﬂﬁmﬂ'wgafﬁaﬁ%mlwt er

cartridges of the prior.art. Percent retention eff|C|enc and Beta Ratio

are measkefeart 'qaser-tmr%bmqtmab Oy 20 poentianges than apriceast filler avingtaypid
par ti cl esygjurhbfh a'?fﬁhs?n ltl &Gﬁﬁ’&f a"@h Her Hokifmlbtritiin % hBli%ﬁ’u Finids, %e'ﬁﬁf’er
Research Center 'ahoma State University ( U?

Ori gi nal I?’W@%E’I“&'ﬁ)‘@@“ Pefﬂﬁse“‘qlﬁ‘eﬁ mehfﬁéﬂaﬁﬂﬂféﬂﬂ'?%ﬁﬂﬁlml‘#"ﬂers t he-
test has éﬁsmpﬁémmechmam oftﬁ@bﬁoi il OPer BRI Yelbrtiod BMiciindy 4rid BERAT Bo 2N

predict the cartr| d%m I ter” performance in a ueous based fields. Beta
8

Ratio is "PREBYrGRcef é’flﬂPMQab ogpiere achfstan Rafio soncent wepan a
gi Ven Si Zfiroliubbd by hé ﬂes?f}é tah@kléh&ﬂb@l&te%v&ﬂ& ost) ASigfy, eat er
than the same si ze |n t he: uent Bf;I‘Both ercent -' retentlgn efficiency and

Bet a Rat i Yigipally devslopaddoruse eamuwypmsm fitre, thdpat hag heer adapled by dRagy . Thi s

Sheet Hassafiags misilofeftio hsbsuielahd ottt barbiideller pernobb n‘acidll Wldef 1/ 19490
PCT/ USOQ 249/6 The fol |l ow ngPequat | ons  showed the rel ati onshl R between

Bet a Rat ifigds rRetaReaticie defingdy the FPR(x as the umber ofparticles graster en agivep-pire (inthe.y =
Number thJde&ﬂdeQ%ttﬁéjﬁﬁibMﬂﬁcld% cgr&fef theiP Bb s87d Sidelh @) difiént.© BoPpefcehP O

Nurmber of feed articles S|ze ) Bob Ratlo (B) = Number of feed oartides
(size )) reteg opqy apd Bq ayas qre ealculg spgmﬁxyarh%smg{aggﬂq on Efficiency = X
100 _
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B Beta Ratio (B) = 100 100 - % Retention Efficiency In the filter
cartridge of this Invention, the filter nmediumof the depth filter having

t he IargesR‘, ﬁn&u@n retention i's preferably positioned adjacent an inlet to
the filter ca The filter nedia of the depth filteFCHEFINRI e

smal l est micron retention is preferably positioned adjacent the outlet from
the filter cHhetfoliowing equatiops mmemmgmmmmmm percenbfelentioni | t er can
be varre(g Q&Fyaryr ng the diameter of fibers used.to formthe liter and/or

t he extenfﬁ conpression of the fibers such as by winding a liter - medium
sheet tighter or Iooser around a core A trghter wound filter mediumgives
a hi gher t , @ ] er nmedi a are
posrtrongﬁﬁé@g‘g‘rw ' trormror erirer "v“ that i nconi ng
slurry is passed sequentmwibbwf{abrfnadgbs(slheX)fr | ter nedia having progressively
smal ler mcron retention and lastly through the filter nedia having the
smal l est m cron retentron Thus the overal | liter cartridge presents a

per cent r SpleRatiodB) =cNufnberiol gt{sizedqpr i ses a progressive gradient from
the inlet to the out nsent retention efficiency
progressively |ncreag'§ib°%%%bt§§ﬁ¥a¥ﬁ%)§ medi a useful for formng the depth .
liter include the fibers of polydefins such as pdyethyl ene, pol ypropyl ene,
cel l ul ose & | Lul ose deri vat| such as cel lul ose acetate, cotton,

pol yam deg‘f 93?5+' L= Bf-r ber%f@s pol yt etraf | uor oet hyl ene (PTFE),

fl uoropol yners such as PFB, MA and FEP or the |ike. The fibrous depth
filter is free of seans and is fornmed of fibers that produce a fibrous nass
of fibers. This enbodi nent of the depth filter can be characterized by a
gr adat i on Beth RatioqB)e_r et ent i Qt_)g characteristics throughout its thickness in
the direction of quid door%# E % the depth filter. This 8 This Sheet
Has Been Replaced [111f stenfion=foIBNCY | | || WO 01/ 19490

PCTI US00/ 24976 gradatron can be achieved either by varying the void vol une

oL e S er i e g et 1 e o S L e "
const ant micrdniratentionniel prefiraply positioied agjacent an finidt faehe filidr @artiidges The iltumédiamhhef dept h
filter t r&ep(thkﬂlee’\rs I'?avfng ﬂttegrer'\lal elstrrrrelgtgnl retantion is preferably positioned adjacent the outlet from the

filter cartridge. The micron retention characteristics of a filter can be varied by varying the diameter of

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

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

retention efficiency. The intermediale filter media are positioned according fo percent retention of
efficiency so that incoming slurry is passed sequentially through the filter media having progressively
smaller micron retention and lastly through the filter media having the smallest micron retention. Thus
the overall filter cartridge presents a percent retention efficiency that comprisas a progressive gradient
from the inlst to the outiet wherein the percent retention efficiency progressively increases.
Representative media useful for forming the depth filter include the fibers of polyolefins such as
polyethylene, polypropylene, cellulose, cellulose derivatives such as celiulose acstats, cotton,
polyamides, polyesters, fiberglass, polytsirafiuoroethylene (PTFE), fluoropolymers such as PFA, MFA
and FEP or the like.

The fibrous depth filter is free of seams and is formed of fibers that produce a fibrous mass of
fibers. This embodiment of the depth filter can be characlerized by a gradation of micron retention
characteristics throughout its thickness in the direction of fluid fiow through the depth filter. This

8 T
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of fluid flow through the depth filter. In either enbodinment all that is
necessary is that the graddon-of mcron retention characteristics is
produced. The gradation is effected such that the slurry to be filtered
first encoumoer/194e0 | ayer of the depth filter having a | ar gpeT/USIOZATN
retention characteristics (i.e. largest pores) and encounters |ayers

havi | L B
sﬁw\;: Pgsﬁrgoragozlsea}é?%or to bel g% gcte h ouaﬁmhe ou%liﬁgtaIL IEgﬁsﬁletflm ess
cyl i ndri cagdiup %rwm@eqjmkmm incthe dre@m @f@uw mg@uohwreﬂtyrqr@nmmahmm means
h 901
such as 'c%nmﬂénﬁﬁo\uﬁé%ﬁhv} yn{is;zaaf Tbdts a@%@eg@mm BEH the dredtof or

4,594, 202 are | n por at e ence present ative

slurries Qfﬂladﬂ%leﬂﬂﬂlﬂbﬂﬁldm%ﬂbﬂ In eithercombodimentcall melﬂwmgmmﬂcl ude CWP

slurries s ﬁg}mﬁ, r I ri a- based
slurries, “eﬁﬁgﬁg{aag&e%"éa%q rri i ﬂ ganese o%@gg%s?ggibﬁﬁrlﬂs

titani um fiss dncgum a layer gof thepdepiivefitien havma mtmmmdenhomdxatactmml( leylargast

represent v l; | S

i nventio cda)n e usey % %Q%W@t ﬂﬂ%er con'%hal ni ng \ALHOI e cells
or rupt urmlle@wores) Roier te being directeddiyongh the utiet, The saamless: cykindiical fiptousdepth Slfer o
transgenl ¥ or ot her
slurri es conf“‘?W@”&%@%ﬁ%@%ﬁ*‘%ﬁ%gﬁ@giﬁ%@nga? @g from
smal | er wﬂmmé.wmmwmmmmmmmm@ a cylindrical seanless

{1 brous dept hebirkdsfiive ifiaf HERh Bo srddH) hEfaarbh G ARMoF pBERPARS L1 OF 1S

spun froma nmu I'cCes arrange oarotatlng
mandr el . skiries wmfas@m ghortdst ahovingcbased siurrios, Loedd-iapad shimiag; diarsond-based r om t he

mandr el " e in the
directi onﬁﬂ?s pI‘OJ ec g@wﬁw é"{"l' %Pr# B’Hie or{af?'}:g‘ga gﬁdalt F@hﬁt e and -
di srupt tﬁddmdnallyelepresenhtyechldngcd-type blmrgtﬂnslhlcﬁrlhe filler lobthis invendior cdnl beatsed! and
wound on ols r drical
| ayer of "Ecg’ﬁ%ionry | nt er v?npneaa'rﬁnﬂgm @Ielé)s(,x a o&#kgr%';n ﬂ@dt’%@é}rﬁ"{e%s
cyl i nder fetmpnidtiorc pradubls, a trarisgepi liuidosuch aectransgecie ik, blbbd;radimd facbort orother :
character olling the
rat e of es!(uﬁ'{aé\ﬁlﬁ fog'f)me'?’g'g#r 0 a&'%glrﬁ&m eesegé?ﬁ&{ orl gll cessﬁﬁ% produce a
gi ven | ayer, hmebylodtorfmmsra)wlmdh@l seainigss\fibtousdepthrfilterHian examplea.mdten a second
met hod, o@ﬁi:!n ?ﬁ&& i fhidghy @ manner
wher eby the 6\‘}%{3 Q’% §%€‘mu ou{n I@E&W?f ter %&ig&i%;agsé?lgﬂ? 'z[';hdl al
directi ommmIeMmhmwmmehﬁmsMﬁmm Gagisdincted at the
charact er k‘ﬁ%% Jiler: bers
t hr oughou f a%ﬁr@&ﬁeﬁ%%*ﬁﬂ%@%ﬁéﬁﬁg%ﬁ%r | n%e raggat? Lt%ﬁraf(taéct i on. The
smal | est ahd digupd ﬂ\pmhuhmiedlwrﬂalpmms ﬁu\ibamﬂc ¢otlectod-and wound omitemendreldd formt | on
character | he
argost - Y BT whl REiinel oD SRR Bt Ml B ol
ext r udi ngemlmbwlndarwmcbwa[t;dmmmmpmwlumrbmd'afacWQsioragwm e. The
fibers an t I Si Sheet
Has. B e o8 g Bf o) A P of o ol b Wl
N.:a: EL~ $h:dudé\blguenﬂ§y’éfyﬁ|arebytoﬁbﬁkdmemdvdmn9nm i :
in a second method, the cylindrical seamiess fibrous- depth filter is formed in a manner

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

The desired micron retention characteristic gradation 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 characteristics while the largest fibers produce a layer having the

largest micron retention characteristics. The fibers are formed by extruding a molfen thermoplastic.

composition from a fiberizing die. The fibers are altenuated by a gas siream directed fo a rotating

9 .
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WO 01/ 19490 PCT/ US00/ 24976 reciprocating nmandrel. The fibers are cool ed
prior to their collection on the nandrel to a tenperature below that the
fibers bi n%&@ {?ﬁ ch other to substantially elimnate fiber to fiber

bondi ng. THEEY fibers:are collected on thexmandrel aRGTASM24T ect ed
to a conpression force to effect a substantially " constant void vol une

t Er OUQQ, Fdlﬁiﬁroédﬁhgiﬁﬁﬁﬂ&ﬁ Th?_rﬁlbdwarﬁtdoleﬂd gifor }b&ihelr%dfmﬁﬁhé mhlid?lb éi&ﬁﬁehal tré t gr in
the radia irection, e ri.ca rs h filter can be

For red. ROk Bet Hecabers i raect a1 quppErtalh ejmingie ety 60t i TOR OB AL
cylindri gisers émwl?a ofl @atnkandrelt=nd arb&ibibﬁlﬁd b@to?masmbl mt&%amgu&&nhaaprcent and
varies no nore ou ica ers range in

di anet er %?Qbéf@i&n 3%%"@“&%%% %ﬁ'f’@'t%g hé“%ﬂtﬂhiaf ﬁ%ﬂa

formi n? Hmmeﬂidtylﬁddﬁﬂahd?&s%ﬁﬂgﬁmwmoﬂ deﬁﬁtﬂontdmmg speCIflch b it
properties either inherent or a r itic obicity,
a positive or'} igally, dhe; void volyme of the Eﬁ"dmfi’%é Pﬂ‘%'ﬂﬂ&ﬁ [5%?1“ #R’ gg

fornmed byerddntishid WaHe REmére thian Bl Btb 2 patoehf. Wﬁﬁem@é@fmamﬂaiweén bers to
forma joint gener ally cylindrical structure. The filter sheet or sheets

have var ¥ d6 gyicgmelefs. (The spmpositionsfor ferming,the depthiierobthis inventiondlsocanst i ¢ of a
portion ﬁive%ﬁ@ﬁ%éﬂw&b%ﬁhhﬁt&aﬁdéﬂ%ﬁdh%hﬁromﬁdﬂ*%rm&ﬁwmvbbtn or on

the depth liter ortion of the wound dept er positioned adjacent
an inleth ﬁﬁaﬁfeiq'{h% v cartridge including the wound depth filter has the

| ar gest m cr OtheiwgiirddbptiPMeGRmRE biWihdiglofsor dipiutaity bififter shtlsidnéld dPlibefslls Wound

depth fi I ter haV| ng the smallest _mcron retention characteristics | .e. the
smal | est formp a jaint gengrally; cylingrical;striciinm The fileshaetor sheels baye varying Rors-size jich that o

cartri dghe midron rétshie dﬁ&%t&isﬁ: &96&“%%& e as"é%H&ﬁbn@ﬁ'ﬁélil pésihbﬂﬂhn%f e

posi ti oned accordi ng pore size so that 1 ncom ng Ul'l’y I s passed

sequent i &M the deP'hﬁ%gﬂhﬁmmﬁﬂ‘eMrﬂ?P@JHWMB@rﬁw AGyinjst iagheflter vel y
smal | er %rﬁﬂd&ﬁndixﬁﬁlﬁ fHe wmn&&%e\m&w b I|§g{%sﬁﬁéon tefbhfin Yohirbdidhieids! whildahe>or t i on of

the liter havin e small est mcron retention characteristics.

Repr esenmqn\ﬂémwna depih fiter having the epaliest wicie prtantion; charaglaristicn, d.e. feasmaliest £ i ber s

set fort Bogligy ﬁ pBéﬂfonémjaﬁéﬁi & SHitleCiRdim thesﬁ?@r”éaﬁnﬁaefw iRbodiat P&‘u‘oﬁs ofthe depth
filter can be forned fromone or a pl urallt¥ of ses@arate I lter sheets by

st acki ngWeynd depiinfilter; ate pgeitioned acgording l perg sizesodh ti s Passed segyentialen  vol une
Wit hi n t BoulhPpotionslof iiSdep® iler ﬂ&wrfg"bﬁ)grem& femaué infefon eishlionVéRbradlerisice BRd ©

particle separatlons froma sl urrx is avoid The filter sheet or sheets

can have lasiyethioughe theo pertion; ofethg  filter; Raving dh%ﬂ"@"%'i ficrog, peteniion sehateplerisfigsc r on
ret enti oRefrlahtaivh Mbdisisbl i forfling Mﬁﬁl{eﬁﬂnﬁﬁe thd'berd 84 drth Bdvé ©BF the'Glindfcr @/ ong t he

I ength of the housing. VWen utillzing sheets having varying “pore size, the
portion efamiesefique Mersst ack positioned adjacent an inlet to the filter

cartridge pref r thestics

whil e t%e Bortloﬁm?'bn%ﬁb?fuﬁ&gr stac ﬁ"é{&mﬂ&é‘% srral eeegtﬁ f’aﬁl& on retention
char act esheglsiwihin ajhousing fiha mannat mﬂiatmroeers\towmem\llpﬂwehwsmusstrmoftﬂlmned

adj acent 4 %p?@ilt&%ak@ﬁﬂdﬂr&%ﬁa%eg EoFusfr‘&rHél& m@é&ym@ﬁt&fsﬂé’di'&%hﬁetsoo”'ons

of the fi sta ar e pOSItIO according to pore size so that 1 ncomng

slurry i gandiue thel saaapoemsizecor varying o aipe spely that dwemicsin releclion) eharaatenisic ofed  havi ng
Pnggﬁff ﬁtﬁsfﬁégh%?rt urk &G\\g’ tfvd 16igth! oPifle FidkBihd: AW ufiizihg she@lf Rlaving'¥drfing ¢ T ough
pore size, the portion of the filter stack poahoned adjacent an inlet 1o the filter cartridge preferably has
the largest micron retention characteristics while the portion of the filter stack having the smallest
micron retention characteristics, i.e. the smallest pore size is preferably positioned adjacent the outlet
from the filter cartridge. Any intermediate portions of the filter stack are positioned according to pore -

size so that incoming slurry is passed sequentially through portions of the depth filter having

progressively smaller micron retention characteristics and lastly through the portion of the filter having

10
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10 This Sheet Has Been Replaced 11111 110 EE W 1T 11T WO 01/19490
PCF/ US00/ 24976 the snmallest mcron retention characteristics.
Representative nedia useful for. formng the filter stack include the
fibers set WOdVIW4¥hove for the cylindrical seanl ess fi brouBCluUstoeasre,
Referring to Fig. 1, 4, 5 and 7 the filter cartridge 10 of this invention

I ncl udes sh,gnégl,mgo,;,gh%ﬁ Bé'g“ﬂﬁ mﬁ ousi ng
12. The eﬁr?d caps 14 and 16 can be attac gg;l"?#h%ﬁ"um ng 34°%tas%§'p
convent i mwem&:f&arssemmwmmm drigal seamiasefbraysfiler. an out si de t hreaded
surface of - hQdisi @Em,&ganq adhesi ve
nmeans such as e %reglﬁyggfm?ﬁ&cba@ﬁgﬂoﬁ nd caplﬁ;!flﬂ‘g!‘i:?ihogr5;:1 3&{' d wtlh an
i nl et 24eatheapd mfliﬁllbatm geglad:lachousing 126Th%9'!§cm3d14aﬂﬂd 18 can kevatlached kousi ng 12.
A plural setlohde sé[bu%
segarat eg&% mzé‘rﬁﬂm&ﬁﬁﬁg%?pacers%% an‘r?lﬂf’ar outer spacers$§6
throughomus m&.hya&gms ofter dlamping devicesef by an adbesiveaneansisueh as\ppoxy resineepelt 14 and
16. Th 27 h
e (B 8, AR ol o ol 28 ol O 14 Vhip b R od i el 27 SUC

as snap rln S nto grooves 0O eri sing 12
and on t h@smﬂ%rAslunaltmfdﬂtesfsegm % ntpmmed vaﬂxndeusm wsemabdh by énnulbre £ | t er

segnent s erior
housi ng 1@9 gieé‘g r@b‘;e%%w%at %@%?&le%wed W t h

t he stacﬁndmrapa‘wmeiﬁ %em@umgmaewmmammmwmﬂmm 26
havi ng a . aces 23
whi ch m@ngggﬁﬁgfrﬁ esto\‘fl'\gLHBF%e Hfl'ht%er o8 %%ﬂg&ﬁtg%%ﬁﬁé%ﬁ*&gtg@?ers 22 and
26. The 0@9&&2@85%Ofsﬂmmeumltsmmpaseheﬁ@hmedlmmsdescnboémvabmainteﬁoﬂZ i nch
(0.3048 s 8fp cm in .
order to prev ? prem%eé]%% ol'él%ﬁ’mga%ﬁgﬂ%gurr%ée&ﬁéﬁlltered In
oper at i osgparfaledlbxjanmllspm&mdlﬁ)hammg\wﬁnmrd)vdynethaﬂs xdept fonthe emallt hr ough
condui t r . , t hr ough
il tor . o A3HoS Ry bt el b e 1R Bolitnff s U B 2 b P03 |10
housi ng spaces23 wdppﬂwmwgmmahemsmw 2inch (23948 wm) cveférably netgrealerd a

hydr opho I passage
of gas t éﬁr:e ﬁrogﬁgh@%# ed[')g%é\?e p@é@gge o?ﬁmqueo&'? FI gurd there

t hrough. Ref dn eferation; #idréed enters hausing f2itlhrou§h lnbbzﬂltpas&ﬁgbromb conduit 2zrepersesr -ad

i ncl udesy ihter

cartri dge%@ﬁgﬁt‘@gﬂé& % ?'gr%h &Zngudrwoﬁg‘% 102‘\;1\"%lk re 42 an
and capoﬂd1§e|&ﬂ®®dtmuﬂﬂﬂé2cmbe szldedmﬁ m&weﬂ\ﬂlhbwhldﬂ@mdwdd abydephobict 46. The
wound fi | f ove. The
't or i or PHe S ol il i VARl e of 04 r ot e 1Bl

fil teredpaﬁﬁmhoftanuesua‘llnlbldhﬂeth@m ridge, the fitter becones plugged rapidly
due to preci sed
surface of tﬁiee% grlmé ggi{gf@gga%%@ﬁcﬁ’\h}% é’%‘@%ﬁ’é“"@@@é’wern ng to
Fig. 3, aMenoutbbBGdéﬁMcﬁhdga%fndudoeadmﬁtﬂwﬂDmnd&'omda\hdlohaarp@amangroove 33
for O-ripg %@a{aﬁ%"u‘é &Oa}{?deﬁnﬁe?m&%taﬂowm Trio wolifHindt 90 f'bbrhprissl 67| SO 1 S

prOV|ded ange ovi de a suppo
nhon-woven fibers as described abova The interior of housing 32 includes a void volume 39. When a

slurry is fittered with this filter cartridge, the fiiter becomes plugged rapidly due to precipitation of
particles from the slufry onto the exposed surface of the depth fiter adjacent the open void volume 39.
Referring to Fig. 3, the outside surface of the conduit 29 is shown having a groave 33 for O-ring
18 and a groove 35 for retainer:27. The conduit 29 also is provided with flange 37 to provide a support
for the filter segments 20. In addiion, the conduit 29 also provides the function of supporting the fiter
material by providing a resting point for the retainer 27 on the outer portion of the conduit 29 thereby
keeping the media from coll_apng under pressure and maintaining. it in place. This is particularly
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for the filter segnents 20. In addition, the conduit 29 also provides the
function of supporting the filter, naterlal ;: by providing a resting point
for the retainer 27 on the outer portlon of the conduit 29 thereby keeping
the nmedi a fWOM/AEMPR apsi ng under pressure and mai ntai ni ng. PCTIUSON2492&€. Thi s
is particularly This Sheet Has Been Replaced ~~ I Ijll ~~I ~~Il .. 111.1

WO 01/ 19438l A8 dFAmbal firkish Rletik ofViyslamb it W ceubjbotstien High drdctitéd g0 Medi a

or systens that are subjected to high pressures gr; pulsations. Referring
to Fi gs. pelealios and 6¢c, the 'spacer 40 includes ah- Fnt er nal spacer segnent

41 and an exﬁ%ﬁﬁub @ﬁg%biﬁﬁaﬁﬁﬁ externﬁﬁ%&&ﬂ&%&?é eghént4{Bnddn NOT €

ribs 44. hei ght and I nternal acer segnents

DS 42 nreslemAaPEa e 42 mwbammrfbvmwwaw mmfmmﬁwm ad
FOWEVET . ol il oobe ol 420 bl o ot on s

thlckness or the ribs of greater ess t e spacers

41, 42 or “We\%ﬁdaﬂfpd»%h@liwﬂﬁéi%W%@Wemgﬂﬂ%@s%mwong as

they d f th

desyceonggawﬁgﬂn‘%@ﬁ?ﬁﬁmgﬁeﬂﬁs“ﬁ%ﬂ Jea?mslt;f%fface o?ﬁdconifﬁ %9 |n0t he °

manner sdqngﬁ@heydoamselyaﬁeatbpﬂmmgﬂmgn dnga@wﬁcsoftﬂnasiewménaoersemeatﬁé of the

h

Segmen; £37% s bILE R} bendf o0t e i oy G0, SpRSFecpih i aaRbe A"

passes th:ﬂr@agpfﬂmmmclmraamarseforh@bqyprmgrosaaseuioggfspammm@'tﬂm filter
trid dge 50

cartri g%eﬁ&:ﬁ&gk%%%mﬁ%h;ﬁ Cdb, Pibid Orﬁfﬁ@ Sanemaﬁarelé‘& 4Eish,| dge

I ncl udes spacer nction rpose as spacers 26 of
Fig. 1 and sPeferdng toFigs Smw.&ﬂi@ﬁpmm@ﬁgﬂwﬂs ap Mnled Atiandiaacoutiet 82 gthent 55

j oi ned t g | ts,20 by th
Jpglt Rg represébef @'l':)dEgé r'rows @# e Vﬁ%’x‘#%ﬁn“%mr%%fasgg&g% ZP%E snlpéa‘ge 58y| S ©
| ess thampmmmofm@agmeﬁlﬂéntmwabbyedhwetIbyaibséﬁacﬂﬁdfwa i nches
1.27 f t f
Soi 10 partrooH 1 e Safis oy b offbana B i 87, hEmBARNF R P RhE | O, C
uni form émaﬁ& bmsslban Mlﬁ@&hﬂswmﬂbwﬂ\ambm inches (127 lom). Jbiat er .

t t th
i Tor o SPRERMIEATERY st o LoRiyih! 8 bl patds oI O akPule | 20 00
it in pl @moﬁngrﬂmdosummlforml distribution tof incdming slurwdéadolocaddmonmﬂ\e lsentdrasupppdndui t 29
[ Fi . ' { ' t 65
0 L0 Sk S5 51 B bR o i of A WG b
central eplapsingainder presst®,and inaintainiagitin placd (i &rmgnnerisinilactn that whichiocoarswitk the t o

prow de h represented by arrows 69 and 70. Referring to
Fi g. WLukﬁ:Pﬁ@r&‘f)’fR@% | udes an i nner spacer segnent 72 having holes 73

and outer spaefemnwe@geﬂtand?&\hﬁ'ﬂbr@pwoeﬁs|mgaﬂtnwa@6btﬁt GA) foomerd gf @i ned by

(1S 75, Bl Ao b Sl 56 5o SRR HkaP 55D, 6 S 7B padE | 25

t hrough ho
fiuid flow path represented by arrows 69 and 70.

Referring to Fig. 11, the spacer 71 includes an inner spacer segment 72 having holes 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 well as through holes 73.

Referring to Fig. 12, the fluid path represented by arrow 80 is effected within a filler 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 along the interior wall of the cartridge for
the same purpose as set forth above with reference to spacer 26.
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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

havi ng cl oged s 84, 85 and 86. The outer "surfaces of acers 81, 82
and 83 ar'eé‘g)oogag'f6 ned within a filter cartridge along the PPE'{‘@PQW%II of
the cartridge for the same purpose as set forth above with reference to
spacer 2Weclaith: Thi s  Sheet Has Been Replaced: [[JH IITLLIL-11 111TTIT WO

01/ 19490 PCT/ USOOR4976 We claim 1. Afilter cartridge for filtering a
slurry conposition conprising: a hollow housing having an inlet and an
outlet, said hollow housing being tilled with a filtration nmedi um and

being:i ol u am of. saldflltratlon medi um said
filtrati ﬁﬁﬁﬁ%‘éﬁ%ﬂqﬂg@gﬁ%ﬁagg%y%wwtgﬁ@ segnents separated by annul ar
spacers. 2, 'Eﬂnelloivhbdsmghmghnmlelgedan@ﬁlletjash I wherein the filtration medium
is formed of a t r into a
plurality of S%S@@ﬁ{’] MW"’SF‘%’{‘@ d@@ﬁ&%ﬁﬁgﬁ%gﬁ' ﬂ?ﬁ'ﬁ‘gach ot her
al ong an i nnepsirbamofistid filfation metliant er cartri dge hOUSI ng, the two or nore
spacers havin r 1. ¢ here through
al ong a defi ngﬂgﬁfﬁ"ﬁ"ﬁ%ﬁpﬁgﬁnﬁ '{;ﬁ@mﬁﬁ?ﬁ?‘ﬂ& .;;;'5%'%?ﬁ%%§°ﬁéh portions of
the two or m)re spacers. 3. The filter cartrldge of claiml wherein the
hol | ow housi ont al jnlet a tlet, a
conduit w thi*n sgﬂﬁiﬁ%&@{"ﬁﬂjﬂqu{“ﬁf&"ﬁ?ﬁ‘ﬁa‘} ?%{F‘PJ;%‘P?W aid inlet
to a second end otheﬂﬁmdlMM?lbamdmumummﬁwoWmermgekpdo&ed with a
filtration. -nmediumin t or,m dent h filtration nmedi um
bei ng divided i nt $acpd "?ﬂ”@ %M'%P”ﬁ‘ﬂq c Ps spaced
apart from each omhermaéepa@mtﬂadng dnenghdleodenmsfmiltb\eﬁmdmplssmmrdmhm ng, each
of the two or rmr n e or eni n ow fluidto
pass there throug zﬁ&e&a&aé "'F‘%é“ar}ﬁ Hﬁggg?"f'r%lg BK?"tpﬂ'i (?{)ﬁ? ffation of
the one or nore qpmasmof the two or nore spacers. 4. The filter _
cartridge of cl ai wher fi0 IS th filter
sel ect ed mth ﬂ} é'ﬁ)ﬁﬁ?" ?W& J‘i“MWWiﬁ?%’f“ﬁ@%ﬂ?%d of
nonwoven f| bers inletnd this outet, a adnduit vithinisaid bemngaproﬁdmgﬁendbommnbatiom&an nonwoven
fibers and a flbro ss of n Lbers .se t oget her by
mechani cal “ent angﬁalbéﬁﬂ “ﬁ %D?"gg""gng' ﬂl%i\g.@gigpg ﬁ'?ﬁi ﬁ@'\'? ng a °
slurry which COMHMMMMMM eﬁhthpmnerfaaldﬂgﬂommedhmrhmnudwndedmtoa _

plurality of segments by two or more spacers spaced apart from each other along the

length of a filier cartridge housing, each of the two or more spacers having one or

more openings to allow fluid to pass there through along a deﬁned path defined by the

configuration of the one or more opemngs of the fwo or more spacers

4. The filter cartridge of claim 1 wherein said filtration. medlum isa depth filter 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

nonwoven polymeric fibers secured together by mechan_iéé! entanglement of the fibers.

5. The proosss for fieing a slury which comprisss passing a siury through a condut
positioned within a fitration cartridge and from said conduit through adepth filter, said
cariridge being free of an open void volume upstream of_:'said depth filter, said depth

This Sheet Has Been Replaced 13 -. —_—
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positioned within a filtration cartridge and fromsaid conduit through a
depth titer, said cartridge being free-of an open void vol une upstream of
sai d dept h [oaa Sai d depth 13 This Sheet Has Been Replaged . ~~|~I|
r~~~|||||~|“T'~‘#+'2‘§I"°|||||||||||||| 1 1111 C~ NS ~I~ ni sEFTUSHB4/ 19490
PCT/ USOOR4976 filter conprising depth filter segnents separated by annul ar
spacers and r ecov élfer compesingfdepth fillersdgménty separdtedhynanmiarispacars anddepoveringa : . . 6.

The process of daj mﬁﬁ"ﬁi g depth filter segnments are selected from
the group consi skﬂ%so a'v(%iﬂ?l e|'oth filter conprising nonwoven fibers, a

stack of sheets wherein each sheet conprises nonwoven fibers and a fibrous

mass of non en FeGfi . i

ent angl enen}tMR(;f tﬁ@@#@/c%%rog_&al%§%ﬁ§n%§€¥g§§l@)?&§%@?£&eggﬁﬁ§ﬁg\e§@% slurry
is selected from consisiing @fip woomisdepthi filter compidsing i nonwosen fbarsed stablu ofr sheetain

al um na- based sl u . a_ceria-pb d slurr lL.anpnd- based slurry, a
MhQ2- based sl urr%ggn gﬁlsﬂge?g?rﬁo?lgeg @8%5%%5?"%%#&%, gfqoh%yg tation

| i quid, blood, a pblywedc fibbisaestuied fogetive byrmdchanivalgpetangiement@fthealfibed. The process of
claim5 wherein said slurry is selected fromthe group consisting of a

silica- based slurry, an alum na-based slurry, a coria-based slurry, a

di anond- baked Thée process afiuthine whénéih saidshurg i salected fiom 86 gratipeonsistingesf a sitida- cl ai m 5
wherein said glurry is selected fromthe, group,consisti of cell broth,
a phot or esi st%éﬁegn%{%'lfm urginie-haged siyny,,p opf ,s""m'o%ﬂ'?m‘ﬁ'g%%cfﬁ‘ry'a%tion and
a transgeni c. MnOxchased slurty) a cditbeot) & pliotctatisbdhemibal, iafarhentdtion liquid, bived,dblsbdirry is a
transgenic m s of claim5 wherein said slurry is sel ected

k.. 11. The praqce
fromthe groudrmg'fdsat-{ﬁ%g'@mﬂiood and a blood fraction. 12. The filter
cartridge of claiml| wherein the spacers are configured to seal the inner

surfaces o the filter cartridge.housing to prevent chappelli of the
fluid bein fiﬁ?@'%&ﬁ%gr’#&"??ﬂﬁm i tomhe gravg Crpsts Rhasios The
filter cartri dgsedalumy,lan@uhingbatodsinry & ceriabased sty & dianord-basbd@furpaid ar i nner
spacers and 35 ul ar ,out er spacers throughout the height of the housing.
14. The filter PFPPH&B"of claiml1l wherein the spacers can be retained in
position by retainers.

9.  The process of claim 5 wherein said slurry is selected from the group consisting of a cell
broth, a photoresist chemical, a fermentation liquid, blood, a blood fraction and a transgenic.
liquid.

10.  The process of claim 5 wherein said slurry is a transgenic milk.

11.  The process of claim 5 wherein said slurry is selected from the group consisting of blood and
a blood fraction.

12.  The filter cartridge of claim 1 wherein the spacers are configured to seal the inner surfaces of
the filter cartridge housing to prevent channelling of the fiuid being filtered along the inner
surfaces of the housing.

13.  The filler cartridge of claim 1 wherein the spacers are formed of annular inner spacers and
annular outer spacers throughout the height of the housing.

14.  Thefilter cartridge of claim 1 wherein the spacers can be retained in position by retainers.

-
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14 This Sheet Has Been Replaced 111111111 1111111 CL MS WO 01/19490

PGT/ USOQO' 24976 15. The liter cartridge of claiml wherein the spacers are
retained in position by retainers and the retainers are snap rings which it
into groov®Of194Me Interior wall of the housing. 16. The HOI§S#N24936 t r i dge -
of claiml wherein the spacers have an open central volunme portion. 17. The
filter cartridge of claiml further conprising small spaces forned between
the filter,  segnents adjacent the spacers. 18. The liter cartridge of claim
1 further @onﬂ%? §ler,gpriridgn (of claim 4 wherein §1e,$pagers ate (elained; im posilion byJsplaingsafitent s

adj acent the saeiGihds @d\shayViRs Mhich it ilS g6VaS Erhe!iidfier viiil BMeRlsiig! | €SS than
about 0.12 inch (0.3048 ¢cn). 19. The filter cartridge of claiml further
conprising small spaces forned between the filter segnents adjacent the

spacers angs, Wgé fitef batridge of BIdim A WhbraiH e Spadsis Revb arftipen Sonfal bkt podigh)t  O- 09 i nch
(0.2286 cm. 20. The frlter cartri dsgpof cl a?r‘rﬁple wherei n: 'the spacers have

an internal spacer segnent and an external spacer segment connected

toget her biy, t WRe Qifer mi&qerdfbsm # hurthel IéGmpitihg Efdill phddl Forifbd fétﬁe%ﬁ'm% figer ein the
 spacers have an internal spacer segment and an  external spacer segnent
connect ed t og&egments placentthegpacerdre ri bs and the internal spacer has one or
nore holes. LILLILLE FLELEL AvELD THETDE 12 tIl~ 15 LI pgf ~f ~  achKg6! bf W5

JAJeRiftN4i: " ........
18.  The filter carlridge of claim 1 further comprising emall spaces formed between the filter

segments adjacent the spacers and wherein the spaces have a height of less than about
0.12 inch (0.3048 cm). -

19, The filter carlridge of claim 1 further comprising small spaces formed betwsen the filter
segmenis adjacent the spacers and wherein the spaces have a height of less than about

~ 0.09inch (0.2286 cm). . -

20.  The filter cartridge of claim 1 wherein.the spacers have an internal spacer segment and an

- external spacer segment connected together by two or more ribs. :

21, The filter cartridge of claim 1 wherein the spacers have-an internal spacer segment and an
exiernal spacer segment connected fogether by two or more ribs and the internal spacer has
one or more holes.
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