; €3eBLX6TBX, A Perfluorinated The ilter Cartrld 5 This
|nvent|on relates to a filter cartrldwmmﬂwmﬂ mmmworned of onéd gPVﬁ@PQ
perfluorinated thernoplastic resins. Mregyghs this invention relates to a
filter cartridge that is forned of one or nore perfluorinated thernoplastic
resins, wherein the filter elenent i t nmenbrane which may be
configured in various ways or a pIur%N@MbMHUWNﬂ@WOM/fiber menbr gyras4ITEca
depth fitter. 10 Back-ground O The | tration cartridges are
wel | known devices used in . ances such as
particles, mcroorgani sns, MrEERUQHRAEMENEHTIOR L4384 1AG8 v j er
fluid. 15 These cartridges are forned of one or nDre f||trat|on menbr anes,
either in the formof a flat sheet or in the formof hollow fibers, which
ace secwyed w t hitRis fvBRsnirélgtes foad flitet ckeesgean & asCf@mﬁddgjibﬁéioﬁﬁorbfp@ﬁlubﬂ”ﬁtéd' ui d

to be filtered enters through an inlet, passes through the nmenbrane filter,
and the fil themeaplastiaresing xMorgoventisifventian caiatesetp a filter caprdgedbatis lgtned olone, a
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Filter cartridges” are conprised nor ane |ter, a housing in

the filter filter' |ocated and f|UId tlght seal s. I\/Errbrane filters are porous
struct U{ es having average pore sizes of fromabout 0.005 mcron to about 10
m cron. 'Yenbranes with average pore size of from 25 about 0.002 to about

0.05 micron are generally cl assiggcgsm@ﬁdlqutm@f,jvbﬁﬁ@{i on menbr anes.
Utrafiltration menbranes are use 0 separate proteins and ot her

macr onol ecul es from aqueous solutions. Utrafiltration nenbranes are
usually rated in_terns of. the si the sol ufe the i1l retain,

Typical ly, ultraf #tiaglﬁ”hw&ﬂﬂgeﬁe%wéﬁg@wegﬁw%é Ust 'BM&%P%JC?t@f‘%ﬁﬁeBF@?oI ved or
di spersed sglyifak s% r{)éﬂs@or@muqncﬂegggm% tdi’d@@lvéd%p@@i@é”etolfr%%e@@grr@?‘ﬂm ns.

They can be rate ight' Cutoff, which i's the nolecular
wei ght #xpr 'é!medanndgemare tormed af anaiot mofe fittcstiet meabranes sitheain timhiouh oha fiatat ed

et ai ned orSTE8] 64T A1 of RAICHIRESdHLEh AR SRt o uens) $5PEEE #he stat ed
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m croel ectroni cs wafer making 5 processes, for pre-treatnent of water
purificati ofrbtrqilomcesses M cr opor ous nenbranes have a continuous porous
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t ubes, or hollow fiber fi bers have the advant ageS of ing able to
be i ncor por@tﬁrecm abaytd®.005 nwpratoeabputgﬂOdmrpneMe@braheag\wmﬂetagagordemenof frazs .

Packi n it | at t he amunt surface per

vol unme “of t%@ %Qe@ﬁct%ag%dtbg’s W’q{%”yarﬁﬁﬁn%@ y F'Eﬁdle"‘lf a{Iﬁra %ﬂ”?@'@@ﬁeéont acting
the inside GfafififioRHembFfes Breld&rb s@&d?@t@‘é’rd?é]ns%?\d‘b’meﬁhlabr%mmébkﬂesé\‘%h@nt ageous
in the particular application. Flat sheet nenbranes are typically pleated

to i ncr easeaquieusaablions. dftrafinatioremembranas aisussaly neled iratekesofithet sizeaf Gaisblutedge.

I n conmer ci art r of a mesh or fabric.or simlar

por ous sheéﬁey ‘g'h fﬁt[%{'?:e P&R I)ép&ﬁ@yat@pgﬁﬁfanpﬁgar}%%p%gd [Od'e@@td'séglv Zupport
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is then pleated toget Typically, the multi-layered pleated s eet IS
made i 0o awaquIacWengthutowwhmhtlehuaem@evlarewm@twgesshém Ralidnane uhit othe pl eat s

arranged axi The et _en are hea fu5| on or
ot hor  meandMolRsH AR 2L uoha SBER PRE Rl STHE R AMERIRloLH 4B
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mat eri al s. For non-thernopl astic 'sheets, such as PTFE, added bondi ng

mat eri al s ragstatise’us 8%fs. mbfﬂnéaw@up@:gslzescwrfromsabpwt&&ﬁdow.rm;rmrata| dge
housing ) sonetines with a core in its inner dianmeter for support.




. A hol I ow fiber porous menmbrane is a tubular filament corrprl Si ng Eg 32 ter

dianeter, an 25 inner dianeter, with a porous wall thickness 25 hem
The i nner diameter defines the hol | ow portion of the fiber and is used to
carry fluid, either the feed streamto be filtered through the porous wall,
or the perneate if the filtering is done fromthe outer surface. The inner
hol | ow portidReiafy SABREY H@ﬁncﬁ:@b?a@gmbﬂﬁra'némroﬁg?@s%’érﬂfraﬁs dr@D&Yd ifviigee of
a holl ow fiber m‘roporous nbrane can be skinned or 30 unskinned. A skin
is athin daasdystapfpbaa@omaawsed am@graémg wermthehéen@yb@ﬁml@s @nébagterizHieom

Chr ough i he SHEFSrRNECTS AP Lo Thrsce HerarRL B la?l sluf b Melandrbr e
the surface sitisfy, %%b@g%auéaas 85 r§1 Créw/ehpsomsnmm.érww@ni@waféﬁm%wngcture

of the substructure r 'ski nned opor ous nenbranes, the por es
represend a pnwoessesfaﬂdtforcme-béatmbm of wettapusificatiempropesseqiski nned menbrane wil |

b t f th f it b
compr sed of - si ngNEOpPE PETbERG:EeE U B OUBSRTE A erEdabipghay
surface por qad f¥mpihl C\Wo%k% Ci'ﬁ"(hb 'ﬂﬁg fc&%I&ePﬁ»e r?rfg? 3f B re MHAE Be o
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of the pore openings to t tota ronta ace area ol the nmééé'%

M cr opor ous OrﬁSMcran&saumurMelgcﬂ@aS gidrérsd Sash mymbranes cande imtherforet afisheets,
referring to the uniformty @W pore Sldﬁe acr%?a%the t hi ckness of the
menbr ane. | fubeReordalow fpersa H?BW £ hqyg,theq prdages ng,ak!e tpsbajpgarpesate H'EO
fiber alpl r he
rerbr and? or Seee EinBRERtA Y Dot BEAIBTR A s? bt Nen /o o e sl TRterl 't
pore size i $iterinfsoddceper nflurhoofaitd device.nAlsoigheytrhay berapssatexbwithi the feedisontaeting
manner of defining 10 asynmmet e ratio, of sizes an one surface
to those on”'i%@s“éﬁp‘ﬁfdgq @Lgé%urfrgédepepagg ﬁBM’blchéf ’F‘g’ gm*agﬁ%s 'HHTelRﬁﬁ'CU[ar

cyl i nder, FQ@ ot her shapes are known. For ease of discussion, and not
to be a Iim ron, cylindrical filters are discussed, although
practitioners w IHlatlsﬁeaMembtanesla@ typically sleated pdscrersd thbesmaunpbfinmsbries that her

shapes. The nenbrane filter is |ocated or placed within the housing. The
housi ng1&er @& be packedinia C&Wﬁ@&rﬂ?ﬁ@ﬂ‘@?ﬁé‘)‘alﬁ'kﬁer&éﬁndﬁgs & layer pfamesh & f@@'ﬁt%l ner
in some cas I t ctions
For f1ui -1 EDURER el doPe iR o oherSUF oPie pRineREHS acls s Blert SR
control | ed yeyideldrairagpiiratbé ii mt:arfrldge rTahlsemdmewrmgémentstthaapl‘eated fogethat, ed
fromthe fi terﬁd outlet str mepbrane i s forned

The trid
and pl aced i' WP éc@%@f”l“l"@)@@d na}qqége%,:ﬁ Ra @t%s%[}'ﬂg%f'dg”e dst withhtbe $hepl eadse
tacts the, f f ts th
contacts | DeeRbEindith s Bl ariRed bl TRIUERNALS belcatR pENaRGNAF o (e
requiregda ﬁ.emln or othprresanst Thérmai fosien se‘almg cd tmrnnematnt sheetdyuchas poigethyiene or

merrbranetotheotlet trea E/te)seal ocan F_\,ve prOV|S|ons to all ow
tge fluid p3§¥PTH@YQW¢r‘3@u Pnd?ﬂ’f‘g"ﬁ%t WO 3q5e mateﬂ@'ﬁe eroprihefgeplagie speetser ve

as an inlet cfar.f d t ating a
useful seal pc?\yascﬁeﬂr??éaéﬁgp ? ?%%IH&‘ %@Er?rsst%e%%&sng{b%a@erE?{@Pﬁﬁgge%'h%e 25
chenically aarﬁld'gblboumigl sonsdtieriah entm acorbhrentsaprpﬂrldleneteoforsmppmﬂl ch the cartridge
will see duty. Foroﬂ cations ere. per%urlna ed nenbrane filters are
benef o al « & sodl TGV AR BPIo4F METOIRES Sck pH BB b IRIaNa 2peeLdiRmelr en
utilityamf fn'ﬂ@r cﬁéhﬁét | Gfea 83:‘88 ﬁﬁﬁhn’cﬂ%s&ﬁét@éérﬂh rﬁ“?ﬁ%iﬂﬁﬂ%éﬁﬁé n%)r defhdsfe
menbrane filter, érwi se | eakage can occur t rou rane-seal
interface, hrnﬂowepwynooaf theifi blgeandemsgcmto catrhﬁunéeaaheramujfeemetrefaa'rlbrbedwedltbm.lghg
nmust be bonded to er I| 30,.th r easo Ther

bondi ng 1 HeFoERa MG teikiRea B8 NS A oM Ges TS UGaten TABIBEAPw

| evel , and i nal materials. For hollow fiber menbrane
cartridges, SW?elsg?rgé@ﬁ%é%ﬁe%ﬁﬁgﬂ?uﬁse made to a specific length and a
nunber of fi bers Tgabbier adnrienswiaae bietdliew figer pocrdpoosusafienthneneoranibe skinssty  of
the fi bfd

unskinned. A skin is a thin dense surface layer integral with the substructure of the membrane.
In skinned membranes, the major portion of resistance to flow through the membrane resides
in the thin skin. In microporous membranes, the surface skin contains pores leading to the

continuous porous structure of the substructure. For skinned microporous membranes, the



25 July 2003 bundl e are encapsulated in a material whi ch fill %S.I[ Fye%oo
interstitial volume between fibers and forms a tube sheet. TH gss i's
sonetinmes called potting the fibers and the material used to pot the fibers
is called the potting material. The tube sheet acts as a seal in
eonjunction with a filtration device. If the encapsul ati on process cl oses
and seal s t heref rdpegsertrecminoriationof thesurfaemarsa 5Apfinskinaep oembcankiwiiebe porol e ar e
cut across the dianeter, or gt herwi s Sone. cas t he (s)%en fiber

ends are cl Q¥E{EIRROROFI08 §f 818@}?%%@?3&8@%3%3'&536 pgng}sgagﬁ*?mgl?]gore rareas
encapsul ati Bf‘po??s il q'}{)su&rh‘éﬁ r&fe sq MC% E&oﬁge\ghia{‘gﬁe r{efd aﬁose 006t &itded S tO

be opened to of 1s Seal ed.

The filtrat a@acorpises OSﬂhél@Qfeto%emﬂTgs i dietistgl flontabgurfacenghee obthd neibrartes a
volume for the fluid to be filtered and its concentrate, separate fromthe

per meat i ‘g Mirapogaua mermbrangs may be classified s sunmelin prasysmstiis, efaringde thend

the 11 ber  ofiBinye neceds SRS sRLb kLS i AEBAng pilelh Al B el pass
through thethiigiber porus wamer the fibet oS ynemdtecimembrahes Haveesseatislly dhife@tmee §ife t he
opened end or ends of the fiber. It the fiber inner surface is contacted,

the fluid sesressihe membraﬂe ri08g-8a8lions Asy@melic embeansp Baveshsirusiurein adiidvibe t he

fluid b
Col 1 ect ed 1 PeeE e AuFRRE ookt P3tbsh sEcthh, Rhotf masRRiuBeort
housi ngyresg erwshﬁe A6 ©ERre irRsAlone Burtee Y PESEE the BPAdsAE YuraBel structure.
The unitary ructure conprises the portion of the fiber bundle that is

(efconpassed | n aThﬂ)hQLBtﬂig dsnasualtyrechoiaw cydinder ditboughdties shapes atefknowe. For ease

fl ted th f
ongr vent | aPhAPERBTBE Hhie i B ocyibdteal MAg ars HEPaSSh Al GeleBree ur o
a more robugf bgablk fd ﬁmhé ﬁeaamga%@deschmﬁs for kBkyshaped, STl nmipateaTet ise fail

at the interface of the pot d the housing. The potting and bondi ng
process is lacatedienpiased wﬁhtmthetmésmg e thousingeseaves fieprotent tsmembeane, tapl 8seat i on

60l 3) _fi 29, 19 f wh d
by 1 6f 6PanbRIeSSHRC D NER o B icatheeac bPRPE EietAEd el kot 8hollef Sntr AR Ny
A portion of;idfbwet@nt, ekiflind eorffRiT e HeenbRdHe fRedin E@&Rﬁb'lléd wayers is placed n

a formcontaining nolten resin that surrounds and fills the interstitial
spaces between alnc: pragliog! fitrabionnthebinlelrséream i isalaiediram theyidered outigh sireass iThe

cont ai ni ng the ter epd is.cooled Sever al t hods
re avai | aiFsarter DeRPre B KRR RSP bE RS TR Sl ood W o
desirabl e imehbake édrr@actsaﬁ@.rmm tafd thastrt nemBEnE SFRA6E only cOMEEE thaGiltered
protectlon to the nmenbrane during installation, use and storage and nake

for a gﬁspofmmthas@assedthrom tbnmw@r@mﬂ!mnmmla&quw@r%seahbmrwwhe infet Byid |
o pol yo erteam 6Bl bBHREheY B AR R btkEsregl THE ¥ pRBEALISR R own

met eri al s. tbrallcsvhmeamegass‘mgrm@nglﬂhememrmm exdtdisdcansidge) of toeefva B b ddt an of
sem conduct ors, such conmon | ymeric materials cannot be used, as the

condi ti ons fd tarbe diitered @r@onﬁﬁﬁbﬁ PERPIGA-y aci di ¢ and oxi dative chenicals or

ol yror o rat er 1 Eatteatog SRR ch R UhicyB plokRRR, Ths Boai BN REDs ol ar
pol y (t2st r aghemmamedriavhemaly <t4bldE) the BEdlBaioR DT RhishRETta®Idgy wilnde bitgr F& | Y

stable, are used.” PTFE materials are the preferred matérials of "choice in
that they aapplicatienstwhecapritivosnaed membrenafiterseje beneficial, a sealing material of lesser

properties would prevent full utifity of the cartridge. The sealing material must bond wellto the

{

membrane filter, otherwise leakage can occur through the membrane-seal interface. In many
cartridge designs, the seal and the cartridge housing must be bonded together liquid-tightly for
30 the same reasons. Thermal bonding is a preferred method since it provides bonding on a
molecular level, and does not require additional materials.
For hollow fiber membrane cartridges, fiber is cut or otherwise made to a specific
length and a number of fibers gathered into a bundle. A portion of one or both ends of the fiber



- 10 high tenperatures and tend to have extrenely | ow | eveI s of f(ﬁ rezaocotsabl es.
However, the problens with manufacturing PTFE based cartri dg@é e/
Iegendary Not bei ng thernopl astic, extreme processing paraneters are
required to fabricate PTFE into corrpl ex nol ded shapes. Additionally, PTFE
materials do not tend to bond easily to any other materials including

t hensel ves. Iﬂxﬁdlﬁlamm}w&mmamteriblelvmﬂhaﬁﬂeﬂmimeretit'ta{/\mltgmbmueertﬂbam; t hose
made from perfl uoroc bogkﬂm)nomars and t hos
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(tetrafluor Q'ﬁtalﬂwrb gavizeCipthb @xeepkulationprazeyd coses a(:cFEd%)s) thaﬁtdar;eudis( one or both ends
(tetrafl uor oet hyl ene- co-perfluoro (al kylvinyl ether)) (PFA). The second
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cl ass. PTFE does not flow and cannqQt he fabricated by con chtl onal
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of FEP paf t ar { PEA_types. ETFE has an upper use tenperature of
about 12@ gﬁl&c{e@ pfth%?@ﬂsurf% July 2003 by strong oxidi zi ng acids,

organi ¢ bases andrhélpbif@meﬁné"? bsno% t@ih@%@&% eSS RItRE Briessnt infEntiohrtd ﬁro@%@'a' en
at roomtenperature by some ethers and esters, hal ogenated solvents and
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filter cartrldges have been made under the term nol ogy of "all fl uorocarbon
resi ns, 20 " aunitaTy SiBictfo ByRse [0bus cadiidge isproduseeiless likriy 1o Yeaes ehemisedal 2t the
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‘tharacteri zed by form ng sheet conprising a | ter nmerbrane made of

f | uor ocar boaf wiigh ia insoperatesiyseferesee. bot h surfaces thereof into a pleat ed

wel 01 ng-the odge BEFACUEA PRELeRlarfed i ialobds oe: ookl alarin s it
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cyli ndri cal pleat-formto a tenperature higher than the nelting point of
the net supptd tllsthe ilgesiiiiahgpache b ween@ndcasengithe BembraRe andiyPRTt G TORast i ¢
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t her nopl ast jtgmpol yners and ot her fluorocarbons having inferior chem cal and
thermal stability. Mreover, the patent is directed to the use of PTFE
menbranes, as the "wel ding the edge parts of the adjacent bah parts of the
adj acent both sides" requires a separate thernoplastic tape, as the 25 PTFE
menbr ane cannot be thermally sealed to itself, as could thernoplastic
menbranes. US Patent 5,114,5D8 relates to the sane invention of 4,588, 464,
w t hout the prewel ding of the web supports to the nenbrane descri bed above.
As in 4,588,464, this patent does not difderentiate between the advantages
of perfluorinated thernoplastic polyners and other fluococarbons havi ng
|nfer|or chenlcal and t her mal stablllty The edge parts are melded 30 mnth
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- a plurality of porous holl ow fi ber menbranes of a thernoplastic resi each
of which nmenbranes has two end portions, at |east one of sai g5eHly Stl ons
of said nenbranes being 20 directly fusion bonded at its peri phery to form
a unified termnal block in which the end portions of sald menbr anes are
fluid-tightly bonded to each other in a fused fashion. 980, 060, the '
nenbr anes ar’%ﬂﬂﬂiﬁgﬁutﬁﬁ fﬁbfﬂf@&flltﬁmaﬂﬂwsgoﬁWéﬁ*%;@P'&%‘?ﬁ'Q:m?’ég@?1 ﬁ@rameramo forma
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evi dent t hatingwik@ytegdi€ment in these inventions is the fusion of the 25

individual fibers into a single end structure. Even in 4,980,060, the
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fibers nmade of
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perfluorinated thernoplastics, or other fluoropolyners, which are

recogni zed {$MSEVefy difficult to fabricate, and other thernoplastics, such
as pol ysul f kscl
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of three or muynoreers bmﬁmese)ﬁna@sgfwmmanmbmwm WCUgem,S:,hfohn@ oobaeth g spffitiyater
sai d polyrrer having in the una(ﬂ egat ed staeanlnlwg particle
di anet er ~ of TyRsine Ycopwpee sigaitican %Wé‘ﬂ“”gﬂ? Y& epPIORYYSS. | "g‘l“?”ﬁﬁtﬁﬂ P?’Y’H?rrsect ed

Fange speci R4 ety ftialloroe Tdfe) FTFR), g MR OB Rlle AR AieRichichhyiefe] °

pr oceszI ]lc n (RER, qm?qaslgr(ietrafhmamﬁwzlene-ctewﬂuolre(dlkylwnyl lether) g@ﬁm ).cHitel seoondudasbr anles
100 to TooorERamPbsR T Rl Goe CI66° MUY By R o ¢
grindi ng prg&ggﬁg}ord\ﬂﬂﬁ%&ﬁ lend-&b- éthgeﬂe@& 4 S?“Polyv Y%ﬁémrgngFg'aﬁd menbr ane

sheet can b d. US Pat nt 5, cl oses’a ne e Sseparator
having a pop@ymylildondmﬁvﬁ) amesomehmessnaluﬂgdestheseaoadi tlgssof a | ayer of a porous

Govol d of & 11 or FIFaORG TSGHeY 8 Can oF FRBHATON (5P IEL 2 Rt it Goulte
roduci ng a gﬁﬂ@
(I[:)ons;J rluctg i Op\\@@?&lgﬁg sh g&% g&@gﬁg@%ﬁ%gb;}@%@&ﬁ%@@gg@fﬁ@ gtgﬁ,yl ene

resin dis pesnmulamo aodified pavier melalurgy inethddsy imondgr fpaltijizegthis piﬂhme:lesEel ars (HF&
states that t i nventi

s he
Sbratned 1 BHTers WEBAEaTERacS byl Be bEROTY mﬁ@om@?ﬁm@mﬂaﬂa@& Rica S
nmenbranes rggrhdi Qﬁblfﬂ%@o@e WT‘FEC&mH!a@?he%WMa@% be'eﬁ‘\g nﬂéﬁt%‘?&é%aﬁ@dﬂéﬁﬁ weaker

due to the particle bonded structure than those from phase 1 nversion
met hods as thbezatdrberd able {0 pnodu@ﬁa wipp Vareitaf pnmdu@s;dudnraes fdlmsmex laded tubirige

polymers t h%lve%ag]ndl?nemcua?e molded Eeﬂ% thtPrl}%tang1 EEP%y IB”\ Ispeed extrusion, injection

30  molding and blow molding methods. PFA also has better creep resistance than PTFE, which is

rane

important for products under constant compressive or tensile load.
Polymers of the second class do not have the chemical or thermal stability of FEP and

particularly of PFA types. ETFE has an upper use temperature of about 150°C and 1s affected



. aqueous or solvent based dispersions. In US Patent 5,855, 7832 3 ﬁged
filter cartridge utilizes a poly (tetrafluoroethyfene) paper 2 & t for
poly (tetrafl uoroethyiene) nenbranes. Perfluorinated thernoplastic
menbranes are not contenplated or disclosed. 30 what is desired is a
eartridge formed of a material which has the same or simlar properties as

PTFE resin biysyahg elididisg S36, ErEarﬂ@Qasle@Sﬁd SXBRO iy 8t didvafEanehpaiiufed. FTIPENE Ch
25 July 2003 ‘provi des one w't he capability of various nodifications and

conpl ex desi syedematirodm temperadire By stimesginass and esters haloperatebscivenisdag loiTens.

P rot enbod MRriFE [ eh Pea oRt BrRaEts Ol PoBr o bR Ges T or Aars FIREROLYPRY P age
conpri si ng agrfiQaks FEM h¥d éﬂ‘up’bef usrestém@éf'é{u@ o$ 85N 200°0hind PFREARYLEPED°Cl 1o’ are

having two surfaces wth a porous wall between, with two ends within the
housi ng, 55edessrajjfeuwh)schemmsahandaeI’membelrsof the lsecond nlasmdasceibddt er into a

The 10 first end VAouhalariR Auka Ry Ssisianelet FRePgbsRhave e o uider o'
menbrane fi 'tﬁ@(errhlﬁolggéy cg'“all%@rro afrE‘é?\ rasit C“én%o?ér;tﬂ gﬁfer,té}%trﬁ%%rrﬂﬁologw ‘Fﬁ%s%”d

outl et means are pr etoa ow a fl'uid Ining a substanc

filtered to fitetcartridges rélpors PTEE membranest andtdomotteaaivanaiigediuotiatedtbenomapiasiic
wher eby the fl yi d wi Il pass through the nenbrane filter and becomne
separ at ed f e8! €portion of the filtered substance, and the fluid passing

through{phe ”Enbr@sﬁngatght'i@amkélatgﬁbta rﬁaﬁ‘odorswr@&ucﬂaé arﬂﬁéfhﬂeméd?n%déwghﬁ?f

enbodi rrent t he nmenbrane ter of the first enbodinent 1s a pleate
sheet menbr afliorocarben eeinaheractated byrfanning sheet porewising aifiterememnirangmade des f or

a filter cartridge conprisin aho |n filrst and second end, a
menbr ane fi If@iec Wrﬁg}‘)ts\i@?“ 99163(9@ 58[:{ %frﬁf’(gfnéﬁ%p’ﬁﬁtﬂ’ Qﬁé@ﬁ'ﬂ Weth two
ends within e
Fier i nto Pediea iftdn chfidicanfRaREid RGha AR ol Batit el KB R
housi ng at Ipads oftR@adjadeat tfctrradieseprd weldirigitee pleats by beatingl botheng parts ofthg he ot her

end of the nepbrane filter is at or n?lg ther\1 secf ond end of the housing. The
menbr anddf i Ict"é}df'%ﬁ*ﬁ?trfgréhtoa@ tenparafiiejahst thald e sigiting peint ofdhRet SeRPORELI ng an
out er di ane r 25 fluid
"nl ot or out TATO R e veRRETer ARG e OB oy Rl Ffo8h i FERUSERBIES, | i’y
fl ow passi ng\afnng)memstdse'n‘”nieg t benttabepgning, itsertinh éhd ensipdds offthé b@létdquu&wegiedpre%s

the fiber seal reby the fluid will pass . thro e nenbrane filter and
become sepalte 3‘6 m tgmﬁh&rr&qp{lqsﬁlq)%o&ca&bﬁ@r£|n| I g‘ﬁéﬂ“ﬁ%&‘i‘ﬂ'ﬁﬁyg‘g afeatralippening foy

passing thr gataink RETRIN BB, Whbfeby Weleho Bt bnd Ak sG%rE QAP whfagq Out |
20  together, ang ﬁtting fluorocarbon caps having a prescribed shape in the end parts of the
resulting filter material. This patent does not differentiate between perfluorinated thermoplastic
polymers and other fluorocarbons having inferior chemical and thermal stability. Moreover, the
patent is directed to the use of PTFE membranes, as the "welding the edge parts of the
adjacent boin parts of the adjacent both sides” requires a separate thermoplastic tape, as the
25  PTFE membrane cannot be thermally sealed to itself, as could thermoplastic membranes.

US Patent 5,114,508 relates to the same invention of 4,588,464, without the pre-
welding of the web supports to the membrane described above. As in 4,588,464, this patent
does not differentiate between the advantages of perfluorinated thermoplastic polymers and
other fluorocarbons having inferior chemical and thermal stability. The edge parts are welded

30  with a separale tape, which would not be required for a thermoplastic membrane. No

description of perfluorinated thermoplastic membranes is given.



30 In a version of the second enbodi nent, the fibers at bot h ends of_the
cartridge are open to fluid flow. 25 July 2003 In a third %ﬁﬁ@ﬂlgﬁﬁt t he
present invention provides for a filter cartridge conprising a housing with
a first and a second end, a nenbrane filter having two surfaces with a
porous wall between, wth two ends within the housing, sealing nmeans to

seal each end of @@Patmrﬂomr&afsuégte% fsihg@ peaidtenerbies Bline td Sreéndcapart! ed
menbrane end is within the housing at of near the 5 first end of the

housi ng and RTkE, @éauatasﬂhatwﬁs weukebe d;ﬁﬂwltoanctgt\eenﬁba’rwéﬁés patfluigeversabove 88 near

t he second end. of t nenpr, efllter onprises a plurality of

hol | ow fi bef”%@ﬂﬁpﬁﬂgﬁﬁ %O’aﬁ?“@&@éﬁ“ %qugéﬁactannpi nner di gmet er. ¥he

housi ng has at '%@P?t@ﬁﬁé ua'sé o7kied a fifer s;sp%at@@rlﬁemowﬂgﬁgmémmé@fr&ﬁs i nl et
ousl ng

nmeans for the fluid to bé to en t he contact the

out er di anetdestruafivetilgishdd daanwdfamdeawth treribveatiers all €onhicaertd of thefikkripgappargtud 0
t hrough the nmenbrane wal | eX|f hﬁ@houm n througg the inner di aneter of
t he hol | ow far%ébf'%ﬁeﬁﬁﬁo&% IOTQRRIYBRT. alhes&pe e ngdas @Y yqripercemaines PEYMRfer or

both of thelrﬁ:ﬁa'npggﬂlﬂﬁr@ﬁﬁ&érg h%'ré)lﬂ%rﬂ)f rﬁ%lg{%nftg'tﬁedde‘?%?ﬂhé@@c s.df @Estfu]cﬁ'ved to

be filtered ente I Ng throug neans I n the sea I ng nean

Thi s coul d Hfieids,Buth assacitstantionsdivedist dlp advanidges are taughtthakweutdieragletanr ough t he
seal i ng neans with fluid flow p erforatlé)ns on the length W|th| n the
housi ng. 15 PIastRNEda chepse PelermBsiuorinaad heimaptasiics W@ﬂﬁa flegronglyisimn guehedst h

[ ter 4N BybHr BererRTABRARON bEGWEAhEPYDE iSicbhio BERINd LAY, T 1T0 2

series aw n shows
priesent i nvesivénesual aadrrridtrswmtetammecamrswbmmywmehsavmitseanmasrmmbream tand
‘cross-sectional view. ~ Figure 2 shows an enbodi ment of the present

i nvention a# taerﬁfprewoéﬁw@ﬁlec,f@frttws B FEnhARRICHIOPS EAHIERD PRIVAA! teataRFe: MATRRVEEaps

in cross-seg,

mvent  on ageu a0 A idcbied 3D B SRR e W APLREE it
cross-sect i afaist tHeawfade d theesedlinghingvsomprisigladdompolymerc hiterighr 8gobrdn i nventi on
as a filtration cartrld e wth a depth f||ter conpri si ng wound flbers in
cross- sétt i anandepeatwil po @RV@@SM agRa é’ﬁ%&?ﬁ%ﬁ?oﬁﬁ‘t'oﬁﬁés ptheaealy bprdegnt i on

as a fiItraE'é?n cartridge utilizing a | ow volune holdup filtration device
in cross-sectional view 30 10 25 July 2003 Detail ed Description 4f The

| nvention US Patents 5,065,397 and 4,880,060 provide for hollow fiber filter elements comprising
a plurality of porous hollow fiber membranes of a thermoplastic resin, each of which
membranes has two end portions, at least one of said end portions of said membranes being

20  directly fusion bonded at its periphery to form a unified terminal block in which the end portions
of said membranes are fluid-tightly bonded o each other in a fused fashion. In 4,980,060, the
membranes are fusion bonded through a thermoplastic resin medium to form a unified terminal
block structure in which the end portions of said membranes are fluid-tightly bonded together in
a fusad fashion. Itis evident that a key element in these inventions is the fusion of the

25  individual fibers into & single end structure. Even in 4,880,060, the thermoplastic resin medium
is only a minor fraction of the end structure as described in the disclosure. Therefore the
strength of the end structure is dependent on the uniformity of the fiber-to-fiber fusion, and is
dependent on the physical properties of the fiber material. Moreover, by fusing the hollow fiber
membranes together, the siructure of individual fibers can be compromised, with possible

30  deleterious effects. The spaces between fibers made of polymers having high viscosity in the
melt, such as perfluorinated thermoplastics, would generate bubbles during the fusion. Such
bubbles would be very difficult to remove and would be sources of weakness. Therefore, a

filter cartridge that had the individual fibers bonded to the end seal material would have a more



. This invention provides a perfluorinated thernoplastic resin %i Iltgp
cartridge. The 5 advantages of such a device are nany. Perfl & ) 8%1

t hernopl astic resins inherently have a high degree of chem cal and
tenperature resi stance and have very | ow anmounts of extractable matter,
meki ng their use for ultrapure filtration a desirable advantage. Lastly, as

they are th x?osstu'oﬁ% er SRR @nﬁénr@gﬁ?@qmrb%@h@ o‘é%té’dﬁr&%%é Yery Q¥R and

bonded toget ence, these yners provide all of the advantages
of PTFE resdlfﬂlsulmstumvolue 1rtfhmwatmlgjarmnsmdmmnaé@ébermﬁplastemanmrwfd@hst@qauree

2nd 11 i d- ¢ FRARING AP BpETasiago s BOSmih ROB KRS ST ol P Reusin iy
material  whi 6l n%@'éﬂ&)lé 5'? ézﬁtméﬁgﬁlfﬂéﬂgﬁ én r’;\%rgﬂltgr ﬂﬁf}eﬂert&@fr gnd the

menbrane or’ nenbranes a orne UOI’I I‘ITDp astic resins.

The hous ngper&oﬂmatédithQMOWameor@ﬁhepmdrbpw/memwbldh aiegecogpizes ks beimepdiffioult
al t hough PTFE nmay be used. The renai nder of the elements are forned of

per f | uor i nalo&abricierans pihas theenapiastiosssuch as pelyswienerripglyaavienea pref err ed

per 11 uor i nat ed tHSPRER Lo 42! ERFoRr: 4 BlaRhe PURaREaten ARERAFRER IR 5 us

Patents 4, 9&ds 4afembfan@Pfada (p of t‘ﬂ\re%% mdPdishea R ydheiiated Micropsrotsorstafton

procedure, the nenbrane is placed between perneabl e fabric supporters in a
sandwi ch f daolimercaigolyaar having in thp|U@agggegataﬁiéta§$)§m ndiidva Rartisle wizgetas ghmot

t t
SUPPOT L o R B e R ok RiRa PR Pkt RReE 5 e
sheets or &hémtbréﬁeswﬁféﬁuctnb’ﬁmr@[e%lzl@rtﬁir%rra@de%pwf%@ gfréaﬂmrmfefaéés&ﬁé gifieliBcof
't her nopl astics resins. | eat ed nmenbrane sandwich is forned into a

cyl i nder hdbe mgnmfaaiur@l@socesa thm weeSQn@ave@tmﬁﬁschQdMhlalapphcamﬁldmembrmab

A e v S e A

cylindri calmitigh@ize G}Jréfé‘r@bﬂgféb&ltb@w miEheHOsAe, awdsm@mélggmm@tprm%s rrmwebeerqwb has
inlets 20 and an outl et a menbr ane 40, in 30 this instance a

pl eat ed5f | ZresshbiaventienBisiagle mRINbranerahaetR8d basEs n t he housing 10 between t he

ends, The: membr are” 4871 Ba BB R ARG HENRE B nafhS p e B e g
the inlets rﬁé)nmlﬁdcoﬁﬁﬂﬁt tebééhtlﬁﬂ?dfb%yer éﬁ pbtﬁuy p@Pefaiemeihgiase dbinbafieke
reaching the outlets) is assured of conplete

filtration bspd erﬁérueturmsgbstam«aﬂwdeymg@f eﬂwa@d P@fﬁf@’deh?éfBMenleﬂHéO\meé@t@@ihqd | ter

end soal 50! PRATREE Rl BN ishslle  PITE S e P DOBHE LB oy e
end por20i ormeeta:n@lcdméﬁucﬂmm@nfacpbly&daﬂummtrs/wndresmobnﬁzeaionta@dadmeraérfﬂmllet 30.
The seal can be forned and bonded to the ed nenbrane according to the

t eachi ngs GPTMIRS ROKMERt Wd%a&e.swsdbatmer n@m@ranﬁ. oL rpRlR j1eaDs $899. t he

s congs. SREASIERRRE obRFALRBE SR B FARE vl A B RURA UL,

t enper at ur esemurhrees msqusemgelaandne ndaplex mandfectwmg pRgads ahd rarmeékbedu@d@ theng
process. a This nethod c used to pot only the pleated nenbrane
ends, and tnaa'cte@@adqd@tm@uneﬁ@am th@&etf@rawew@m Rhﬁée Iﬁtﬁrsl@um@tha@ aswigscrbppidhis e end

3L of bhe capibidosd s e REE o005 AT 1Rss1rapse sEfedly houah it

aqueous or solvent based dispersions.

In US Patent 5,855,783, a pleated filter cariridge utilizes a poly (tetrafluoroethylene)
paper support for poly (tetrafluoroethylene) membranes. Perflucrinated thermoplastic
membranes are not contemplated or disclosed.

30

What is desired is a cartridge formed of a material which has the same or similar
properties as PTFE resin but which Is easler and less expensive to manufacture and which



. A nol ded core may be used ‘as an internal support for the pl gzagiﬂ gﬁggrane

cylinder, 15 or the pleated cylinder nay be used w thout su The
core is made of a perfluorinated thernoplastic and has fluid fl ow opening,
such as the inlets 20, or simlar, so that the filtered fluid passing

through the filter may reach the outlet. In Figure 2 is shown a version of

this enbodi grevdesione With 12 dabsbilmadéitvaricbe sotifichians enctorits dedips wimeh bt ar e

used at each end of the housing. In this Figure, end cap 15a has 20 neans
for fluid olveiable wb. PT/EIEsQﬁo@etgt@d%mﬁh%meteniW@tler?p@wdes;st@la\a@e%efor mat i ng
fluid-tightly with fluid recovery system (Not shown) End cap 15b is

i npervious to fluid flow, so th at all i ~ filtered fluid exits by outl et

35. If cartridge filters are degypfathry Of PRe eestidn series, the end cap in
the position of end cap 15b woul ave 7] OW nmeans to mate with end
cap l1l5abof a serial cartridge, or a fluid flow adapter would be used to
join two cartridges. /A so .sho is an.internal, 25 ort re 25.. End caps
e used Lo suppPdist REOIPEG: e piesaT i en AGyidPs 1o AT e GR CAMpHSIide

pot ted end 9&. \Hrﬁ§§ﬁ’rs VeFseREHY egvﬁoé’\ﬂﬂer'nﬂraﬁé 4F Raving (96 saﬁ&eywaaeﬁonsw”%a'
t he pl eate rane sandw ch ends and support the cylinder. In either case
t he end cadmwﬁee, wnthéworandg/w:mmmhbusmgxseehngdu@na@ saal eachlend of ihé giembsanal

ol eat ed neridie SsheaTan. Yol & e ddE e crg s BT BARSEREA iR 56 1« ne
surfacggt o mgﬂwofttﬁgehogﬁmgraﬁ@ﬁ\e%éﬂofm ofpef 4R th‘éﬁhérﬂ:rﬁi’?éﬂ?tb gt &Qwetahﬁcej
opposite sur ace so y coollng | necessary. Once a sufficient depth of
mol t en pol ysseondiesd bﬁhahmsnr@nmlamdd ofitlet tmearpsl awpredder&rﬂhlowmélunﬂwbnta@mg el d

within a housing is ipgmersed in the polt nd then cooled to form
the menbr arfebsEe tfh?ﬁjf'te@d%ﬁﬂlte&tﬁ%h%ﬁ‘@laﬁ CQ %H}%C q{tﬁﬁe PewRERe nenbr ane
~Z 25 JuI t he
housi ng or ma?e(Bg?hesf equg%ks@égfﬁﬁeg@grtn g %@!&glaé] RHE@%?atE@ﬁ?@% sogolns t hen
conduct ed aff thb Hikered tidrstanoe aod thelieid tpasmgrtgrbpgretae Mmmrﬁaerewmsaamwe oltlet

cyli ndgg. The sealing neans and the nenbrane 40 are forned of one or nore
perfl udPi nd%%¥AS: 5 thernopl astic resins. Preferably, each of the el ements of
the device is pr j

thor mopl asti o ©axf L HmboiER A RAEHAGR, fler Bk e TR kB hatea Jat

hol | ow fi behget niéebtangor i nat ed ther rmpl ast| c hol | ow fi bers and their net hod
of making are tat ght in US Patent Applications 60l 1%}7,%‘;2 and 601917, 854,

fl ed January 29,1 QQCO&H&”IQSd'Fﬁ&ﬂ‘eW?ErEQE@WeW Proyidsp er g7ier cayidgegoo, 294, and
5,032, 274 e i S The
housi ng ang@#hﬂgﬂfgﬁ’@gg ?8?@3&%?@2%62%%0 ﬁ{eﬁw&?d@gﬁ@?h V'E%MO Sﬁkb{eﬁé‘v th
housi n@Qi s agorms wall beIfNeetewtgmNmmﬂs mmw#ielhokmmsealmg cmen@tb sealdactaend ofki I 1 in

th t. Inth bundl e I ol | fiber
monbr anes. MVTRELRUGNIEHAG 4 $epPLio o gt £ sPeLEbbgne g Bah RelBpeast one

(Ed. The Pt ksl ief @ha 8IS niuirk ha REISPERTIh walh%mq St Henir el eG | on

or 15 otherwse trinmed to open©t

ers I ow. ract|t|oners

use sever alneardhésegond end aiithie r’rwls:hgn\mhé meebrame mmanmpmsiarpiltmg@eof htllow fibee case,
a bundl e of a pl UI‘EH'[ of hol low fiber, nmenpranes_woul d b%agotted wi sh the

fibers ori GHTSANEBARVIHEan @g%rdfﬁﬁ}e&qua aR pneriametalsiThg heusing hapal lkasépheend of
the Dbupel © 1Be i offiet gén "Th HhEr i détérgoﬁﬂ ochO bl ik BAG008NRS

depending on t esign an I on. , the
fi ber bundbetsids trrea'd)esm@toahamlsndepfethle lamusmggemwﬂhe fidgrisealcwirerdhy tee fRidwil e f ol ded

Fr cest andi AgES (HRUS e TRgibesnegB 414 DR 5 A56 (6 2oHe BAMBbped. end
lth h LAt i
The %ﬂndsggb?s&@?ﬁ%@gqiﬂﬁ?%ﬁw el “‘%E‘ﬁee”*%@ﬁ@?‘ﬁ“@%’3%@%%*“?8%"“@&2%%‘5e ne

wound st r ugteansofitise fwsingn haI f before potting to formtwo | ooped

struct yres, , . , .
%6 In a version of the second embodiment, the fibers at both ends of the cartridge are

open to fluid flow.



© 25 each of which is potted at the cut ends. A cartridge sim IZ%rJ sddwose
shown in Figures 1 and 2 could be envisioned by one skilled in the art for
what is usually ternmed "dead end"” filtration. The practitioner would
substitute a potted fiber bundle for the pleated nenbrane filter sandw ch.
These could be used with either the feed strearn fluid to be filtered
contacting the olita&hiéesbedimen, Be Present vpdion RBYIdei0a A diterkarifdaecompasing ai d

e 1 anon 0Pk Min e BT ArP R so0F ras Steefing e 8 SERRRIA £ edBut il
form the oubgwes wiR&R eplis Wien tHedRUSing, sealid®méthsyio 208 2ad &Ry dTaid viehnyrankor a

hol I ow fiber device, the outlet or inlet is formed on the shell side of the
fi bers (out#iediso ast@pedioratsadhal gsealed membiane end is withiR éhechousingatomear fef or med

bundr e, Sonclrer &7 bk Rorale g sl el Slos 3 i Dbl abeand
plurality ofechfd érﬂ"éffhie%wn%@(?hérﬁfféﬁbgdhb(ﬁlteﬁcBMEr%'e?a%ﬁﬁalWihB% ijgpt h ends 65a

and 65b contained wthin a Tirst and a second pot 70a “and 70b. There is
shown an i ninembréfes hewing ar dutendigmetehandsanrinned diamelddi Thechoabihg hag dtdeast dse a

A A R A T
e o RS Uil e e e

filtrati® ouhtoagh theehemblendsvalls exs dverhdusing-thopugk (12, inrtein diaenatks obthe hblkovibfibed|l e 65a

and b are sealed to g first e [ ' 1054, and a second end cap 105b
T és pect i velembraRespiviyelk are ppgn @ﬁ@lﬁ’%mws gither erhoH) %f(i'?ﬁiPa MY PESpr esent | y

shown enbodi ment J 1 : i 0 and
t he bundl e such ‘t“r‘l’g@kﬁ}‘wg “&ﬂ%’.tgé’ﬁb °g‘1'r¥%§§ éﬁﬁn ﬁ#g t?lg'\?fg%?ééOa a%yéﬁgts}ﬁ@tsh@(gﬁpass
to the fil tinlstreeangir the sédlifg maeats. ddissoouldybe pas sinoplintited de) ghtubeer pipel dxtepidinghe
fiber into its lumen. In another enbodi nent, not 15 shown, one of the

bl ocks coultfrosgh the sealiag Baans wikeiiuic flow Rerfaiaiansanies lgngth withie ted@gsindnl y one

end of the bundl i . le AL t hol | ow fi ber

filt rat1}50n devi c Sa(?éurr{g %O?Wﬁ%&ﬁ f%“?f‘% %@q%%a@gkgéﬁaﬁg%&sed by one in
practicing the phedether emycdihér/the fitey (srflafstzabiosnel idtetsariéd dftdaks.made
according to the present invention. In this 20 enbodi nent the nmenbrane 41
is formed of one or nore fibers, made from of one or nore perfluorinated
thernopl astic resins, that are wound Iﬁﬁpém\ﬂh%i nct layers of different
porosity, 41 a and 41 b around a cent . The spaces between the
wr appi ngs of the fiber create the pores of the nmenbrane. As is well known
w thin_the art, depth filter, may be of one or nore fibers, each having a
const akP di amet rigurwﬁ)tsgcpwsn%nqm,@dﬁenhftﬁea@/e%}t%%ozp ?%ﬁﬁ@’ﬁé?”fqa%&g%‘f”%z%
const ant dip?éﬁ?éd‘?fu : i s fiber that has a dianeter that
varies over its eerﬁdé?iélﬁ?ogﬁ%r%é%v%ghi eve the effect of varying fiber
(di‘anmet er. Pr ef erféfry 2 shdves aregnibodiment efithaprgsdneinnention et & hitretive cartridgerwithfd ber s

of various ?i aneters so _@s to vary the qp,orc? size through the depth of the
filter. AddlaatesiBamiranegiii end\rapsia CEs&-87qU8Ra ¥EWyar yi ng depth fillers in
order to create j i i Rl ity to
the depth fil terﬁg%?%@@&%@dﬂeﬁ ?GitWi@tﬂgﬁmgg%gmﬁg@icﬁgﬁv{q one or
more fRat diotmv fitee mbmbrzess intoygss-ceadtiopaliviewt he form of a plated filter, on its
outer surface, tween | ayers of,. depth filters or on i L nner .surface to
onhance 11t r at TG LAMHS  odeiatert gahe beseP b nd g fifaded SGrrdbdiiRS

sel ection ifh& : i i ' er filters, the core 42 of
the fil ter%thB£F§§§WE%Q§O?Lﬁgmié%ﬁﬁ?%?#“ﬁ?u@a manner so as to forma
fluid I'i ght sealFijue¢ SvskowstdneentbodienedRofadimedpredent iovantiet asi3filréiddicai iyel utijzingt he
top 44 of the depth filter is sealed by a closed end cap 45 so as to forma
liquid tigRt'o%sglrme holdymiteating Aee, in £10§ 'Eecﬁif?f‘”ﬁ‘%rss t hrough the 5 nenbrane
41 a a h into the core 42 and then through the outlet 43. The central
core 42 may be attached to the outlet by O-rings, nmechanical threads or

ot her such mechani cal equivalents or by a thermal bonding between the core
42 and the outlet 43. The thermal bonding nethod is preferred. Mre
preferably, the thermal bonding is achieved by the use of perfluorinated,

t hernoplastic resins for both the core and the end cab 45B. The bondi ng nay
occur through 10 the use of additional resin that seals the two conponents
together or alternatively) they rnay be directly bonded to each other,
usi ng such neans as ultrasoni c wel ding, convection heating and ot her such
wel | -known neans in the art. The filter 1r@ay t hen be placed in a housing
with the outlet 43 being sealed to the housing outlet by any conventi onal
means such as O-rings 46 as shown in the drawing or threaded fixtures,

" 4 4 " - A= - = I oy o



20 53 is directed fromthe top of the end cap 51 to the bott?ﬁ15p @ t he
housi ng 50 wherein the fluid traveling through the inlet 53 éHy§§ ges
into the nenbrane which is sealed in a fluid ~ tight arrangenent such that
all fluid fromthe inlet 53 which passes to the outlet 54 nu st pass

t hrough the nenbrane 55. In an alternative arrangenent, the outlet 54 is

| ocated such that it is near the bottom of the housing 50 and travels to
the top of the end cap 51. The inlet 53 is 25 sinply located within the end
cap 51 and passes fluid to the nEﬁEﬂ%b@ﬁﬁﬁéﬂ@l@iggléﬂﬁﬂMH&ough to the

outl et 54. Regardless of the configuration of the filter, whether it uses a
flat sheet) hollow fiber, depth style filter elenent or disk elenents, a
key to the inventThgmvestidngoides aerRorimfedahdrinapslictrégifiteseatidhet Tiren t he
filter and the cartridge such that an integral filtration device is forned.
30 The p¥ obRevaniages efsugns tevicesaramany. RaRiupanadesibenmopiistia nesies iskerentlyghaue Bhout

h i he,. d. i i h h i al I d.f h
cealing i o MABARERs! BRhee i M Bt rbee boRurd e ppSin el ekifeion
resin used h@ué@ﬂﬁbmgoﬂweﬁugesram@%br@ae Jmf]ationaéeslﬂébll‘ a@%g‘e% %\%ﬁyﬁgﬁb@ﬂ ground that

vari ous nethods may be use r to properly seal nes) within
t he housi ngtharmbptastiaimembrareaiand camponenteedn. bei aasiy formefd and dsrdeddodeticks. Int  has

et ns as.  ROSHER PERGPONTs oS o wdbe SGa of YR S BeE) g

t enper aigir egitARantbire menbrane. Preferably, it 5 has a peak nelting point of
at least 5C below That of the nembrane. Mre preferably, it has a peak
nelting point frbiterdantidgesra compnisen of BOE@MBsansilter athowsing inahish therfideris

Additional ly, it i eferred that the resin alsq.has a reaspnably |ow nelt
T scosi ty.  ate gt RS el In i resif biTlg. (R Aiaar suhs MR arvileh.

menbr ane ca i : fi I I j oi nt

bel ow t hat %l?rﬁg kt@qﬂ% rrgrgenlg-wgﬁegﬁrgor oltr ){)%SE{M @{grﬁc@&t&ioﬁeﬂéﬁgtdﬁgﬁ&t he
nolten 10 rfesmed gind t he nenbrane to attain conplete sealing of the nenbrane

the ol tien BiTHARaEd RENGHRNC R oTa VRS SRte'srabls TBaE BLRUREI ARG  ont s on
601 117, 856, w&ﬂnluo%%s@@f@k'iﬁ,réﬂh'e’«?qh Fh 32 nayiiRQisbE ana r@nggin@ér oMHeGlenRhR drdfRhAPT at ed

herein in (heir "entireties. Tn that ‘'method, a nmenbrane such as hol | ow
fibers, areofperlaotrated therooglasterresns, such as a woven mat, a series of 15

fibers attached to_.a i.r of parallel but s d apart. tapes, or a series of
i ndi vi dual fi ber RRIER ISshevR P T BGE @Weﬁﬁoﬁmf&ﬁniﬁwﬂﬁ%fp% PESERT . The
array 1s pogib Hé‘rﬁﬁraﬁé?dﬁ(e i tﬂérm@ﬁi%tic‘?iﬁg%ﬁr?ﬁe&sHa@%é"@%s@ﬂbédhﬁ
mol t en perfluorinated thernoplastic resin is di spensed onto one or nore
porti or of US PeteatsrcBD2 448, 4,308, 351 r4$°50i 284 candiici32vi3dn th theposual preederepthea

drel . Aft t he. b I it is t '
oSt -1 or mat TRROHES E iR oL PER SR PaMFae B P eoreind” S nan- et B BEed Pif'ene
to cause thgeteSTHE (Riré@h bnddvnblaim Lpbyisesd frbedd driifsge fonte ehbraaBy and
all gaps or voids that may have existed. An alternative nethod of sealing

i s taught bSuitablesuppbira greama-wayan Plovovenfabics, BEBed nels daittadfabassyamipuneed, t he
t eachi ngs of ich are inc orated, herein i.n their .entireties..ln this
method, a pOBFISF SHUPTWENS, APF3RE PRSI Tae mepTaLoriRal L bR opBstcs ey and
a nenbrane j i k 1S i i ess
Formod 2n i e fichiemborane SgRRRICEE 195 Rlinger el 1 SRSRARKYDERS oS
refills wi thonning exailyr arsi the twoeaxabgnds ebthé pigatet eandwvidbraae bondeth getbertiryene can

t hen be renobved f.ror’?the nol ten pool and allowed to cool. The resin has a
mel ting poi FATANAIBUPINGEL 2WiP4Rerenbr ane in order to prevent any damage to

t he menbrane. V%inheehcsufamggbwtcmﬁiﬁdeeésthﬁsqﬁﬁé}gé a_tcfyﬁwdﬂé‘»ﬁu%, éltﬂ%@h%md with

hol | ow fi ber 30 nmenbran it my also be used with other nenbrane

confi gur at i shapes asimeciiguratipns may besised wsantels &b amdiart swlet 30 withtaemernbrame 4h&
embodi né%nt tHlSslir?s anfczla Eaitplesathe%(?ltats sh(e)eé! ﬁl\é)mljbr}gneuOt,)gorntgirlieldtvﬁ{hxsn’ the nggingﬁo ggt&ftegn the
intet 20 and the outlet 30. The cariridge may have outlets on one or both ends. The membrane

40 is sealed in such a manner that all fluid entering the inlets 20 must pass through the

11



- filters, one may formthe pBbI in an end cap or other such p%rétj ?nde3 t he
housi ng provided that the cap or housing conponent selected | cod
perfluorlnated thernoplastle raeltt oonp~tlbl to 16 25 July 2003 those
whi ch formthe nenbrane and the sealing material, Preferably it is also
formed of the same perfluorinated thernoplastic resin. \Wether forned of
the same reshgmtpdneal0GeftrdribbihEthe estiels) 30 Imhstwaypore iQassidd digoRgie wtfitatiey e
that of the sealing material so as fo allow for the nelting of the sealing
material w tohiha fleidat conponent. 5 One such nethod for sealing the menbrane
is to select a sealing resin which has a nelting point below that of the
menbrane and the end cap or caps, One may sinply insert the membrane into
one of the end capmisaaftichidesmbddnverNie pRAEEMeF @EMBrah@ 40 stdRBle8 BPpoMakilifa
mai ntai ni ng the tenperature above the nmelting point of the sealing resin in
order t obal famed perfluprih tedvirermioptastip brd seal50 rfeaigdds tormeritodwat flvitightyribthene
within the cap. |If desired, . the opposite end of th nbr ane can. then be
ol ar |y sEERbERPER S1cpokiaa et 0oL RS SA TR MR PP SeBFE H5edp S e
resin wthig E’cﬁfb I Hatdb®ane h B th
mel ting poi npé gk%lt eeﬁg@j‘eﬁ @E?&@dg}i%t‘x{eﬁg&o t he ”%aS@@ﬁ%mr}e%%?gﬁ%é{tg Utshen
si npl y i nsePatedt Appticatiohe0/ i, 853nfiledddnuany 28489 thartebchings blewipe@r e incerpomated
mai ntai ned for .a period of tinme sufficient to allow for c | et.e sealing of
he. embr antd (§TR1cE, InioisResdiad Whehpierane gproims pele WRReG e BT ho e
resin may bgigh@leitiy WAgR ubing 1B Hoh@ecas the(efd eal disfing Y p&l er
inserted int gﬁﬁ%l %ap a{dmrrg%'%%t e#p‘e$ gtbtgr% ang t hen heatged Po%ga%g@r%? above
its melti ng Thieimethod Akrt alscmbé Used|ty pottonly theepleatedmsmirenderaiseahdstbp bousinglis/themt i |
it is nolten, the caBQtis t hen_heat ed an %ge nolten resin is inserted into

the cap. A fitAGYBTINGPYtied eaes- Ehe ppegie enddi of thecatvipos i & 108 ATOREREN NN as
the housi N9ag Rt BMAMMuoR ited QRIITRAE 67 oRBPY0 iPo ASALA. NG mat erd al 1 h of der

to formthe esire course w eet menbrane which
formed into a gempefnigidddycorymaybe hmlasahmnaltsgwoafdrszh@lwedammhahéneyﬁﬁ@a,d to
seal the_ longitudi nal seam between the two adjacent ends of the sheet. This
may al st beOHbpaleatnd eyligterimay hessedwithpuptich Beate; TAe eere i Reders 3Ipadiupinatassi n

t hat again i3 Lo I fant he: Leal ly,
the monbr and el PR EEdTBE LR e Bing Shchlis b ] S BrRE S #Ene TBEES v
adj acent enflsd pagsingthréughtthe fitgetlagreaoh thevoetldtap each ot her by a suitable

anount. In either gase, . the resin can be nelted ,ang, ﬁ@"g ied along the two
edges so as to s&d 'QWHQ‘%WW@M@§‘Q”C£Q¥WQOC1NGPE‘PW tC GRriggec! Ones©Be or
over | apped | PRI GaL f itabl e
heat and pré 531}55%%1;38)1‘6%? rgrgetdit%(rélééﬁ?édg%é@‘g?ﬁ%*%ﬁ%@?%%%&pgg?%F%Jori nat ed
t her nop2(ast imeamsefsi flvidnaagletd5c Wiso3e stiownlan Byinge3t andgirovge 86 for brestin ﬂuidrwqgtlpn
perfluorinated resin onto a rotating mandrel such t,hat?rﬁhg fibers bond to
%ch ot her WiHbiWd repRuercsysied. (NGt skawiatingery 1ok isenpenvirus totyd iew, sp &4 a8l med and
und upon ; b Sl - - at
above t e niiefet i clREOLBHRCEE O Grlifac NER andeptt b e Bt RENG, e endlath
of the fi bethepositoh df enceapsthbtwuaidihisbe fidd flov hoard tb makzaxith entllcep 15l rasetidiey
cross. Exanple 1 Mcr o,prr ous t her rm%lgastéec ,(ﬁerfl uo%’ ngtgd hol | qw f | ber
menbr anes nedEIA8e Ghe A< (Iow Adapiervold @8 (ISPERIINN MOCAITAGRS £i80 Bhwniearlerd of
US Pat S 4 , 4 - ; 0oLt | it i
a8 5y ogfe 0L L s S SBptR 8 4 b Lkl i
di f f er ent i apotiedandy digcussedabbyetndyshORISIH)Figes 1,28 8@.usdthboto td seatiae diea®t er of
each fiber was 1000 m crons and the inside di nm crons.

( aneter was 6
Porosi ty waBeEPFR®XINFHICE NI ancsipporing cYape r’fbgﬁérsqaﬁe &30 GRS e thermally

Ther nopl ast § i : res) } : ; ; 113
osi - The pEREIE e RAISREITEIAERN s2ABIQAPLR lid Frbie TR RS R
flow rate (b4psasdusslgs thepl@temsmeteiyend sEpdwbly seeG T dap ) haated st 24 ¢t

m nut es, Approximately 90 strands af, the abqve fibers, each being abqgut 15
i T ¥ngt e SHate (Gyieh e anembraney sl bf Paled athia oA RHpE AP RS LR AP Thdar
both ends o fi f Lher kA1 dnar at
descri bed ilfijly ﬁ&@wg )Ef#b%%sgsrgﬂx Of@\fggﬁlslggc?emtoéyté?eu gwtﬁ{\%ggqn%ﬁ'fg]ndngte?aégf&é;f t he
potting respleatdémembizee c@ibderdeidwitiinehqueingisimmarsed inrtezmoiten potytmer &iteharat .
The streans were spaced_about 9 cm rt . an r ach b . crn_in
Gt b hai rEpoIRck OER HETREBR St i 15 B 78t e SaiiTieds FRSR o Healisp&ideds e
set at 335C. The mat/nolten resin streans conbination was spirally wound on
a poly (tetrafl uoroethyl ene-co-hexafl uoropropyl ene) tube 20 into a

cylindrical shaped bundle with a pair of {potted ends. |i was observed that
the molten potting resin also bonded to the FEP tube.



- Exanple 2 Potting resin ~ from Ausinont, grade 940. AX with a5 ;ylm;;pm nt
of 256 C and a nelt 25 fl ow i ndex of about 200, was heated an nel ted at
215 Cin a heating cup about 4" wi de and 3" deep. After about 24 hr, the
resin was conpletely clear and it had no trapped bubbles . Degassing hol | ow
fibers with 500 (err) ID and 150 (err) wall, nmade from 30% MFA 620 solids
conc. and HeAndwish NG exieed @ shastdengthonass &p@ﬂé ot the heysingror imsy be cbenual length@sabout

12" | The fiber f t v, f bout 24 h Th
 Farme e SRR, AR A Bl PO RS WPEE M S Ry 5, T
hrs. The frﬁ\@ﬁﬁraﬁ‘?E&dWﬁﬁ%”ﬁM@rﬁj fromthe oven) oGJed end the fiber ioop~

unwound fromthe franme e fiber bundles were put back Into tha oven and
anneal ed for anof eeseaiisy heans aﬁdréremdu’é:rraﬂelﬁﬂcﬁlr&abrmm(ﬁonet)rmereepdrﬁaomaim)l ed. A

bundl e hen assemyl e abqut. 2000 frb nd the rted
into a PFA 'It%fﬁ?ipﬁaﬂcd%ﬂﬁ gi%}éfat{’?bﬁac of thegemenss0 &Vfédﬁ?%@\%{lgor fom
t hi ckness Oénegz?%re &EMRHQ%@@BB%&% vver e pr etreated and fused with MA

904AX powdered resi’n n"wasS nade with a rod in the potting cup.

The housi ng and Themémbrane hepnalbebein ¢hel forsewftonel of mbre Holew fitaevs. tRerfundinared e | ef t
t here for days. The potted fiber bundl e was retrieved carefully and the
housi ng re%@?rﬁ@alaﬁtﬁ ﬂop%ﬁbqﬁ'@dé‘ﬁWéFa@ﬁjcPf MEKINg Areyaait BridsPemtdpaliGaiensed, t he

potting Wasqoﬁﬂ% 8%? aﬁd‘@é??ﬁ/ ésgeﬂéouﬁﬁﬁ‘as% 2d, H@eé’%‘@@ﬁﬁéﬁ@%ﬁ 494806,

pol i shed wi 851" Qun' o re |'00se resin he nodule "Was' t est ed

for i nt1egr|4990\/Q9uhand%32|2t74Vﬂ@f \fvmcrn@reidcanporatw herdirein tiercentiretked, ect . A sol der
gyn was used to repair the nodule to plug bath ends of the fiber. The

nodul e was t est ethepasing antthesaleqtion aerrangemerépf e @eprang avithin dhe hassiag s

o munber  of® Daie g BRI R oR BEFNRy SR AfTeh Ty sl e g O

Adhesi on sttruﬁarebha E@@ht‘?bﬁﬁdllbﬁﬂberm%rén'ebﬁéﬁngctwu|eddﬁr§?iurb@gmw|sb§§h éuiotiel the
potting conpound | owi ng i nspection, excess fibers and tubing beyond the

pot t ed e ndsin aideast ong endedhepettedens er ensa i ctiparpendisylerly indbe Giber directicraer

treatng in a cylindrical cup shaped
nmet aI I de r?%tr@ﬁrge[dﬁggﬁ@vﬁf%%ﬁe@r R}a@%rﬁgxr mately the sane di nensions as
the 15 potted enkractilibser oded@ieral dihddaeo r@ﬂﬁh@@werbdr merabrahetariidddserh dnet 0 a
cutout in a netal heating block. The bl ock was ated wi sh el ectrical

heating barf@se aryngle ef a @'Hﬁ?&ty at hollew {ikes meRiangs W@‘Hd 8? poltpgwithfhdfibgesngsieatedas
heated for rﬁd%?yr le%r%@f‘t@ rt]hgetl'ggﬂ@ aeﬁseﬁa%ra@i Eof trrErBu?\d(@ (g)?ﬁfoﬂ Eﬂr?er YASqyf epeat ed

for the opposi ter conp oSt-extrusion

heat treat mpetiéd erdeavoeidde cueang opered] depending cunthe bartrldge Uesmrmd@bpllcb@onf iipers
wer e ex osed. The fibers 20 were observed to be bon d to%gt her on ther r

shel | #Pde er P@F@S ﬁBQ tiben Bundissip ﬁ‘aﬁ%ﬁtwoweéjﬁglaégwnﬁ [FSEPRIR éplded-

cont ai ner TS of Rere BB R e PRI AE g Sy Mo ke S0k B, HEeD v
25I Ealrtr al :syrtgLerkbdpedﬂwathpe%d grtaerﬁororb?pmdleyrd (eil ewugafs]pmgrp%trﬁvy\gremﬂrm:r@er; fuoro
§73" 0t Sk 0B8end for GBS 1S MAH SIS GAER ROVEHELR06 DT Fgle. In
appr ox! Qe 240K ok R BANGE R TRILER ORI orm?w&ra bd siructures,

(tetrafluoroeth ehe Cco- per 'vi'n in the co alner. A

bundl e 26f Cﬁ@cmmlmﬁowﬁpdned athebiiangs.fi bers vvas nade The fibers were
8centinmeter long, with an outer dianet eg icrans, and a wall

o 3C 8570
Chi ckness of 22 FhFaEFRSITIAND POIESNENDEY ég%rdlsarfdr gﬁg@@ﬁgenwsmed by one
(tetrafl uor Qﬁc-fﬁd"ixlrr%r&?rﬁ&/r%? fdsg@g%r&%‘@é% W'ﬁ W?Pa\éhd&ﬂ Jifd t
t enperature of approxi nate undI e tie near one end

with a | engubstiote 3 gd’rtted Hibex muadle fpthe pTdaEdmersnmemanmed hese @ulddleluverd

cylinder made o ly (tetrafl uoroethy(ene-co-perfl 1
with either the feed stream fluid to be filtered contacting the outsrde surface of the membranes

30  and the filtered fiuid recovered from the lumen of the fibers, or the feed stream could be fad to
the lumen of the holiow fiber membranes and the filtered fluid recovered form the outer surface
of the fibers.



" (propylvinylether)) (PFA) having an inner diameter of approxigg gj
mllimeters, The fibers were held in place with a thin rod threa ed through
the fibers under the tie and with the rod resting on the rimof the hollow
cylinder. Fiber packing density was approxi mately 60% The container with
the nolten pool of pottln‘?J material was renoved fromthe oven and a

tenporary 5 recesse@pprlyxionabeloy fber daviceidrgouvalcrs iniel is feemesben thashed! %lde'l'@ff | on

| ooess and Do Oy g B Ge bl R b aler Y el Rl bR ol o by Do &Y
cylinder wi tbmibfcdtibPfith Pemdbmr vREmEebURRAN Abdribendd. Q%é)étﬁé‘ ofAK dé%é’tst here

at 275C for approxinmately two days. The container and | ow cyl I nder
with the f| BrAWNLU highre a/wn@ stewaaewra‘htymfmolhwflbereuﬁozmadenntowuddig/andahalvmgne

hol I « | fib d f th

hot ot B ErdLA B SRR L o REARR I o DD

the di anet egn pet memltédcaﬁ tﬁé/hwsﬁh 80! hﬂ@&tﬁtbllyt herenok flﬁﬂate%tmeﬁn@o Yhicbove the
Bund

| ooped ends of the fibers in the hé opposing fiber ends were
seal ed usi nepnmects the lumarisloaintarior afttfee f@etstt«v tt\g ontiat holtle deyes. i (Bfet@nallyothere ey

Tt or 1l ek YR PrYeGTH UREpu e HORSTRGR R Nl R T 5.8 BFS 15t he
end being sm?duﬁgmwaufafeﬁsﬁslersEh@nem%gn@e%ﬁugwméﬂﬁ?tgdutétw @y' | nder vas

pl aced in a teffporary recess nade in the“poo ace with a
clanp. W ter appAmslsha\lenyFlgalré\&dhesextdlsefihelbhmite%alandcbeare\sealéd bladirftien¢cap was

| | ed out nol t ott mat eri al_, an ol cess
B(l);ttl ng mat \ﬁ/égcqn ﬁBE *OE%&S@%W%'& @E?C ﬁdt"'fV\ﬁ@ béﬂﬁx Aetd under
an opti cal tﬂb reeéﬂger?cwrl dm éﬁf&hﬁﬁ tﬂ%’tlgiht‘%al‘iﬂﬁbét@éér‘ tﬂghaa%tngfgoaéndfmé led
the interstit aces conpl et el ting materi a trated

into the swﬂndteesudothetsfluwwhlctteenwmem Bamdnd dtusaremtbeplaﬁsatoéhd)fdtrmeemldi eo fi bers

d the pott | ear . |
2l Cohol  ancaftdo§b bEaessec Jppudhate val o e 1BBERedS s ToAtRlTer sREoUTRTGPor

el ementysha [ e

ndi catiing e P HERCCA] dtselbs SaR ot faq BRI AL B ol PR
(tetrafl uoramidiyHecburdis opfiverst | uoro (al kyl vi nyl et her)) fi ber | oops having a
nmel ting point of approximtely 285C were ﬁJJndI ed and repar ed for pott| ng

in a 30 simlar REGHYFANGBMEME orétchéwﬁqvpﬂb@r Tpiiop SeVirascice gl krennaiin theass

appr oxi mat conpression of this |arger

bundl e by ﬁ{% rﬁ%o@v%u-(g?d Bﬁﬁéclﬁglla'ang?@ﬁlﬁipegé{hvlen)é?rggg'ri d was used to divide to

fiber bundl e intBighredrshappe dpihriiter mede gecatdingrio thepreséot invemgorand thigpposi ng 20

25 July 2003 fiber end sealing was d e simlar to the nethod of exanple 1.
penk b et s ETaC RS

i sopr oY) aﬁ”&QPHtS” BaEs 0BHRVBRIE {IBRISTIM IO ORRAE MRS be
integral, nﬁé?é‘r{tﬂér‘ﬁw%@ﬁ%tnd r@ﬁé‘ytapﬁ're%ﬁnd) Ovo‘i'tf‘sﬁffdt'l el dr Hlffé t? AL
preferr ed ernatives and | cati'ons of

(t he pr esent41|arav\e 4t eround & terfrabmred Theispates lmmeemfth@wmppmgs/ofatka ﬁHer treafehe art
and it is neant in the following clains to. include such other enbodi nents,

al t er nat i velBe B¥ES AiEE ME@REENBNAS ﬁfweﬂ] Keowsy wihirife piatepinditer mawbe ofedne oa| m 21
25 Jul 20

navi g an ITHETOERd R 3g B eslehftiser: AiohaRos IEAEPEs Feldirfn SRLEL, ¢ e
inlet @3d tdvestenttdisttetesor fism tagohtmuousdi bbrtqatlhatsseiaalmetmtﬂmemssheerda@ngm imor e

mb th tl et that ,all fl th h
Tor o oy GRS 4 FRVE HE STREGY Vagng IS SaTeit PiAE Bobana Ropt N JaubOmRge: o
| b
T qui 17 oo FERioR e e o JAEEC dineRR oo At L fols e TRRL A e Bofifsl " Y
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housi ng such that all fluid entering through the inlet nust pass through
the menbrane before reaching the outlet and wherein the housing and
menbrane and bl ock are all formed of oneldor nore perfluorinated
thernoplastic resins by liquid-liquid phase inversion.
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inlet, a nmenbrane fornmed of one or nore fibers wound around an axis so as
to forma depth filter, wherein :.he nenbrane is sealed within the housing
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membrane and insuring that the material selected for the sealing is identical or similar and

compatible to the poly (TFE-co-PFAVE) resin used in making the membrane.
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Alternatively, the resin may be heated separately until it is molten, the cap is then heated and
the molten resin is inserted into the cap. A further alternative is to simply insert the component
such as the housing and membrane into the molten pool of sealing material in order to form the
20  desired seal.

Of course with a flat sheet membrane which formed into a generally cylindrical shape,
there is also often the need to seal the longitudinal seam between the two adjacent ends of the
sheet. This may also be done through the use of a perflucrinated, thermoplastic resin that
again has a peak melting point below that of the membrane. Typically, the membrane is either

25  wrapped upon itself or around a core and the two adjacent ends either butt together or overlap
gach other by a suitable amount. In either case, the resin can be melted and applied along the
two edges so as to seal the two edges together. Alternatively, the butted or overlapped axial
ends can be thermally bonded by application of suitable heat and pressure.

The formation of a depth filter formed of perfluorinated thermoplastic resin may occur

30  simply by extruding a fiber of molten perfluorinated resin onto a rotating mandrel such that the
fibers bond to each other where they cross. Alternatively, the fiber may be pre formed and

wound upon a core. The wound core is then heated to a temperature at or above the melting
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ce e %gbcwer@ used Fo@pc:tiL m%h § %xampileo(ﬂ&pggk rXelfL ngolm& pér)ature of the fibers as
measured by differential scanning calorimetry (OSC) was 288°C. The outside diameter of each
fiber was 1000 microns and the inside diameter was 600 microns. Porosity was approximately

10 65%. The potting resin used was a thermoplastic perfluorinated resin available from Ausimont
as MFA19405/13 resin. The peak melting temperature of this resin was 258°C and its melt
flow rate (MF| at Skg, 372°C as described by ASTM D 2116) was 124g/10 minutes.

Approximately 90 strands of the above fibers, each being about 15 ¢cm in length, were

arranged in a parallel array and taped together near both ends of the fiber to form a fiber mat.

15 A method similar to that described in U.S. 5, 895, 702 was used to extrude two molten streams
of the potting resin described above in a perpendicular direction onto the mat. The streams
were spaced about 9cm apart and were each about 2.5 cm in width having a thickness of
about 0.075 cm. The stream die temperature was set at 335°C. The mat/molten resin streams
combination was spirally wound on a poly (tetrafluoroethylene-co-hexafluoropropylene) tube

20 into a cylindrical shaped bundle with a pair of patted ends. i was observed that the molten
potting resin also bonded to the FEP tube.

Example 2

Potting resin from Ausimont, grade 940AX with a melting point of 256 C and a melt
25  flow index of about 200, was heated and melted at 275 C in a heating cup about 4" wide and 3"
deep. After about 24 hr, the resin was completely clear and it had no trapped bubbles.
Degassing hollow fibers with 500 p ID and 150 p wall, made from 30% MFA 620 solids conc.
and HaloVac 60, were used to prepare the fiber loops on a frame about 12" long. The fiber
frames were extracted in Genesolv for about 24 hrs. The frames were retrieved, alr dried, and

30 thenannealed at 260 C for 24 hrs. The frames ware 1etrieved from the oven, souled gndthe
fiver loops unwound from the frame. The fiber bundies were put back into the pven and

annealed for another 24 hrs. The fiber bundles were retrieved and cooled. A bundle was then
assembled with about 2000 fibers and they were inserted into a PFA housing about 10" long, 2"
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5  were potted, the potting was cut to expose the lumens. The potted surfaces were then
polished with a heat gun to remove any loocse resins. The module was tested for integrity with
IPA. It was found that one fiber had a defect. A solder gun was used to repair the module to
plug both ends of the fiber. The module was tested again and was integral.
After the potted ends were cooled, the bundle was removed and inspected. One could
10  visually observe a number of voids and bubbles in the potting surrounding the fibers.
Adhesion strength was excellent. The fibers could not be pulled out of the potting compound.
Following inspection, excess fibers and tubing beyond the potted ends were trimmed off to be
readied for post-extrusion heat treatment. One of the ends was then placed in a cylindrical cup-
shaped metal holder with depth and diameter approximately the same dimensions as the
15  potted end. The holder with the potted end was then fitted into a cutout in a metal heating
block. The block was heated with electrical heating bands and its temperature was controlled
at 280°C. The sample was heated for about one hour at that temperature. This procedure was
repeated for the opposite end of the bundle. After completion of the post-exirusion heat
treatment, the ends were machined to until the lumens of the fibers were exposed. The fibers
20  were observed to be bonded together on their shell side by the potting resin and no visible

voids were observed. Adhesion strength was the same as before the heating treaiment.

‘ Example 3

A container with dimensions of 57 millimeters (mm) diameter, 25 mm deep was

25  partially filled with 45 grams of poly {tetraflucroethylene-co-perfiuoro (alkylvinylether)) having a
melting temperature of 256°C and a melt index 373 at 5Kg, 373°C. The container was placed
in an oven at 275°C for approximately 24 hours to produce a molten poot of the poly
(tetrafluoroethylene-co-perfluoro (alkylvinylether)) in the container. A bundle of 30 hollow fiber
membrane fibers was made. The fibers were 8centimeter long, with an outer diaieter of

30 850microns, and a wall thickness of 225microns. The fibers were made from poly
(tetrafluoroethylene-co-perfluoro (alkylvinylether)) having a melt temperature of approximately
285°C. The fiber bundle was tied near one end with a length of Teflon® pipe tape. Thefibers

were placed in a hollow cylinder made of poly (tetrafluoroethylene-co-perfluoio
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recess approximately 12 mm deep made in the pool with a Teflon® rod 12.75 mm in diamete
The hollow cylinder was place into the temporary recess and support in place with a clamp.
The container and the hollow cylinder with the fiber bundle was returned to the 275°C oven and
held there at 275°C for approximately two days. The container and the hollow cylinder with the
fiber bundle were removed from the oven after two days and the hollow cylinder with the

10 encapsulated fibers pulled from the molten potting material and allowed to cool and solidify. A
cut was made across the diameter of the hollow cylinder through the pot at a position above the
looped ends of the fibers in the bundle. The opposing fiber ends were sealed using method
similar to the potting method described above. To prevent the pot from melting, the container
with molten pool of potting material was held in a heater block maintained at 275°C so that only

16 the end being sealed was heated. The opposing end of the hollow cylinder was placed in a
temporary recess made in the pool and held in place with a clamp. After approximately 2 hours
the hollow cylinder with the fibers was pulled out of the molten potting material and allowed to
cool. Excess potting material was removed.

A cross-section of the pot was examined under an optical microscope. It was

20 observed that the potting material filled the interstitial spaces completely. The polling material
had penetrated into the surface pores of the membrane and the interface between the fibers

( and the potting material was clear. The bundle was immersed in isopropy! alcohol and air

pressure applied to the opened fiber ends. The filter element had a visual bubble point of
about 45 pounds per square inch, indicating an integral element.
25

Example 4

Approximately 175 poly (tetraflucroethylene-co-perfl-aro (alkylvinyle'-zr)) fiber loops
having a melting point of approximately 285°C were bundled and prepared for potting ina
30  similar manner to that of example 1 Fiber packing density was approximately 60%. Toreduce
the possibility of compression of this larger bundle by the flow of potting material, a wire gnd
was used to divide to fiber bundle into four approximately equal groups. Potling and opposing
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embodlments other embodiments, alternahves and modmcatlons of the present invention will
5  be obvious to one of ordinary skill in the art and it is meant in the following claims to include

such other embodiments, alternatives and modifications of the present invention.

What we claim:

21
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inlet and an outlet and oné or more membranes ocated between

the inlet and the outlet so as to form a liquid seal between the
one or more membranes and the outlet such that all fluid must
pass through the one or more membranes from the inlet to the
outlet and wherein the seal and the one or more membranes are
formed of perfluorinated thermoplastic resin by liquid-liquid

phase inversion.

2. A filtration cartridge comprising a housing having an
inlet and an outlet, a pleated filtration membrane located
between the inlet and the outlet within the housing, the
membrane being sealably joined within the housing such that all
fluid must pass from the inlet of the housing through the
membrane before reaching the outlet, wherein the housing and the
membrane are formed of one or more perfluorinated thermoplastic

resins by liguid-liquid phase inversion.

3. A filtration cartridge comprising a housing having an
inlet and an outlet, a filtration membrane comprising of a
plurality of hollow fibers, said hollow fibers having at least
one end of the fibers potted into an unitary integral block,
’ wherein the filtration membrane is sealed within the housing
such that all fluid entering through the inlet must pass through
the membrane before reaching the outlet and wherein the housing
and membrane and block are all formed of one or more
perfluorinated thermoplastic resins by 1liquid-liquid phase

inversion.

4, A filtration cartridge comprising a housing having an
outlet and an inlet, a membrane formed of one or more fibers
wound around an axis so as to form a depth filter, wherein the
membrane is sealed within the housing such that all luid

entering the inlet must pass through the membrane before
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perflucrinate thermoplastlc resin is poly (TFE-co-PFAVE).

6. The cartridge of <claims 1, 2, 3 or 4 wherein the

perfluorinated thermoplastic resin is selected from the group

consisting of poly(tetrafluorcethylene-co-

perfluoro(alkylvinylether)), poly(tetrafluoroethylene-co-~

hexafluoropropylene)) and blends thereof.

7. The cartridge of <claims 1, 2, 3 or 4 wherein the

perfluorinated thermoplastic polymer

poly(tetrafluororethylene)-co~-perfluoro(alkylvinylether))

is

and

the alkyl is selected from the group consisting of propyl,

methyl and blends of propyl and methyl.

8. The cartridge of claim 1 wherein the membrane is selected

from the group consisting of hocllow fibers, flat sheets and

wound fibers.

9. The cartridge of claims 1, 2, 3 or 4 further comprising

! cne or more end caps for the housing wherein the end caps are

formed of perfluorinated thermoplastic resin.

10. The cartridge of claim 1 wherein the membrane is in the

form of a flat sheet, said flat sheet membranes being formed

into a shape selected from the group consisting of pleats,

spirals and discs.

11. The cartridge of claim 1 wherein the membrane is a depth

filter formed of one or more wound fibers.
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thermoplastic polymers comprising;

a) a perfluorinated thermoplastic polymer housing having
an inlet and an outlet for fluid flow,

b) a perfluorinated thermoplastic polymer membrane
filter formed by phase inversion positioned in said
housing to filter a fluid containing filterable
substances, said filter interposed between a fluid
entering said housing inlet and said fluid exiting said
housing outlet after being filtered,

c) a perfluorinated thermoplastic polymer ligquid tight
seal to prevent said fluid entering the housing from
mixing with said filtered fluid exiting the housing, said

seal encapsulating a portion of said membrane filter.

14. The filter cartridge of Claim 13 wherein the membrane is a

microporous membrane.

’ 15. The filter cartridge of Claim 13 wherein the membrane is

an ultrafiltration membrane.

16, The filter cartridge of Claim 13 wherein an end cap 1is

liquid tightly joined to each end of the housing.

17. The filter cartridge of Claim 13 wherein the end caps and

the housing form a unitary end structure.

18. The filter cartridge of Claim 13 through wherein said

perfluorinated thermoplastic polymer is selected from the group

consisting of poly(tetrafluoroethylene-co-
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poly(tetrafluorcethylene-co-perfluoro(alkylvinylether)) is
selected from the group consisting of propyl, methyl, and blends

of methyl and propyl.

20. The filter cartridge of Claim 13 wherein the seal material
has a lower melting temperature than the melting or softening

temperature of the material used to make the membrane.

2l1. The filter cartridge of Claim 13 wherein the melting or
softening temperature of the seal material is at least about 5°C
lower than the melting temperature of the material used to make

the membrane.

22. The filter cartridge of Claim 13 wherein the melting
temperature of the seal material is at least about 10°C lower
than the melting or softening temperature of the material used

to make the membrane.

23. A filter cartridge made substantially of perfluorinated
thermoplastic polymers, said filter cartridge comprising a

! cylindrical form and further comprising;

a) a perfluorinated thermoplastic polymer housing having
two ends, having at least one fluid inlet,

b) cylindrical perfluorinated thermoplastic polymer
membrane filter formed by phase inversion arrangement
having a generally annular form and having two ends, said
membrane filter positioned in said housing to filter a
fluid containing filterable substances,

c) a perfluorinated thermoplastic polymer liquid tight

seal at each end of said membrane filter, said seal
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(5~_= 1! e) said seal further comprising a liquid tight junction
with a portion of the entire periphery of the inner

surface of the housing.

24. The filter cartridge of Claim 23 wherein the membrane

filter is a pleated membrane.

25, The filter cartridge of Claim 23 wherein said pleated

membrane is supported by a perfluorinated thermoplastic fabric.

26. The filter cartridge of Claim 23 wherein the membrane is a

microporous membrane.

27. The filter cartridge of Claim 23 wherein the membrane is

an ultrafiltration membrane.

28. The filter cartridge of Claim 23 wherein an end cap is

liquid tightly joined to each end of the housing.

29. The filter cartridge of Claim 28 wherein the end caps and

the housing form a unitary end structure.

30. The filter cartridge of Claim 23 wherein said
perfluorinated thermoplastic polymer is selected from the group
consisting of poly(tetrafluoroethylene-co-
perfluoro(alkylvinylether)), poly(tetrafluoroethylene-co-

hexafluoropropylene), and blends thereof.

31. The filter cartridge of Claim 30 wherein the alkyl of said
poly(tetrafluoroethylene~-co-perfluoro(alkylvinylether)) is
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thermoplastic polymers comprising;

—

a) a perflucrinated thermoplastic polymer housing having
two ends, having an inlet and an outlet, and having an
inner surface and an outer surface,

b) a bundle of a plurality of perfluorinated
thermoplastic hollow fiber membranes formed by phase
inversion having a first end and a second end, said
membranes having an outer surface and an inner surface,
said inner surface comprising a lumen,

c) at least one of said ends of said bundle potted with
a liquid tight perfluorinated thermoplastic seal wherein
each fiber of said plurality is separately sealed and at
least one of said bundle ends the fiber ends are open to
fluid flow,

d) said seal further comprising a liguid tight Jjunction
with a portion of the entire periphery of the inner

surface of the housing.
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