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.This invention provides for a sinplified nmethod to produce a f{§i2 ddlepéient
conprising a plurality of perfluorinated thernoplastic hollow fiber

menbr anes, of substantially equal |ength, arranged | ength angd,
per f | uor MR8%WH%er mopl astic end seal's, or pots. The inve\rﬁﬂtlo 0pisFt
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provi des for the f"mw el enent nmade by the inventive nethod. Background of

the Invention A ho u,’,‘wHMWHbrane S lﬂ mi ament conpri sing an
i nner diameter, an er, with ammm“ lmmmwess usual Iy porous,
between ~ 5 them The tisaer di ameter defines, hol 'ow portion of the
fiber and is used to carry fluid, either the eed fluid to be filtered, or

the perneating fluid, if the fluid being filtered contacts the outer
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separation) reverse osnosis, ultrafiltration and particle and bacteria
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bundl e., A pgrt.i on_,of onﬁ;@%tr both ends of the fiber bundle are encapsul ated
in a meleritAp NYRNLYEMME he interstitial volume between fibers and forns
a tube sheet. This process is sonetines called potting the fibers and the

material used to pot the fibers is called the potting material. .so The
tube sheet acts as a seal Backgngundof the lavemtionfi|tration device. If the

the potted {1 ber BadSua BertprarerBablEr ialfkeCRiBerSha A inB8 opened. i n
sone 0 2 dlambter; ar oMeaHEIS0 WithTa Wall AhiBRRSss, wabgly pbituspbetwéérber ends
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for whggh the flin pratticalnapdicatiens,fiteriis gutiseotherwise made to a specific length
and a number of fibers gathered into a bundle. A portion of one or both ends of
the fiber bundle are encapsulated in a material which fills the interstitial volume
between fibers and forms a tube sheet. This process is sometimes called potting
the fibers and the material used to pot the fibers is called the potting material.
30 The tube sheet acts as a seal in conjunction with a filtration device. If the
encapsulation process closes and seals the fiber ends, one or both ends of the
potted fiber bundle are cut across the diameter or otherwise opened. In some



betone nore severe, the materials that can be used to formtheﬂsgﬂu\;wti)es@es
limted. For exanple, the organic sol vent-based sol uti ons used™f fer
"coating 20 in the mcroelectronics industry will dissolve or swell and
weaken umad Mdagsor epoxy based seal s. The hi gh tenperat ur erGI/us000233y bat hs
in the sanme industry consist of highly acidic and oxidative conpounds,
which wll destroy seals made of common pol yners. Seals nade from
perfluorinated thernopl astics have exceptional resistance to chenmi cal and
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applications. For these reasons, it is desirable to have a nethod of
potting perfl dovanety ef materialsdrasisied todoim theesealn Ep@eyr felsirer amdhit ed

th | t tti terial. Munufacturi fil | t, f
e on HeathEnS e ARG Bk A ASASHIA el r Bl 1 o0 ¢ s
seal igg pggﬁér@'aré%ﬂm& ifiddriamt tlass hathedbtdie porRdts thas cBAYbR fiBWed | al s

such as I ve epoxi es and uret hanes. Epoxies "and urethanes used for this

appl i cat aod mgldet oen heateshandyasever heinerigiealtscld propenias whery ceeledeasi | y

wer gnr ¢ S dnb FEnbliRES e BRRGRIE Yo WRFELEINGRIG BsGRRHE ba Je6d'P °F o, o
t he fi nabepoeahbrs séaregthid matatiaty thadt loanwesgsddrofotim thiecsenl becbmes of a

vessel cgntai ni a fiber bundle. Thernppl asti ol ynmers_are pol yners which
can be flHited: &"n eXBNMRe theagRRigsolvenbase W@r‘&"ﬁéﬁedofﬂf (}Nﬂfg'lc inSd

propsegti ind i | wei ght
a8 o) EPBARIGABLA6hioS MAVSH R o Bl 3hE Lakar ety 19 e
fi bers oépexy based beald! heahighdempecatupe stnipping bathe inithé sameyindustmnd or

thr h f. fib . T TOR] ast i terials h to b t t | t
or " Soft chPTELR! OGN FEITE 50R Ry B TRROTHE: HEHst Bl GesiEREreals AP have:
det ri mengptorRiric?tChSlyRidré.NSebidPade IRIM HerRridtedHdrmitlastidsathve

thernoplastics are particularly difficult to use as potting materials

because ©xceptional resigtanee ta ehemical engddhermal slegnadatiamand swidd provide
e o RABH, OBIRERLRGHA oo Yers have Lo be heated to above thelr
Membranes made of perfluorinated thermoplastic polymers are very
useful in filtration applications requiring high degree of chemical and thermal
resistance. To fully benefit from the properties of the perfluorinated
thermoplastic membranes, a filter element using such membranes must be
30 made of materials having similarly resistant properties. For high temperature
operation it is preferrable that the melting temperature of the potting material be
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material cools too quickly as it is being flowed into the fiber bundle, it
w il not conpletely fill the interstitial spaces between the fibers. It
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25 US Patent 5,015,585 describes a process for making a honopol yner hol | ow
fi ber nodul e by thernmal bondi ng techni ques which first requi rgg Uyﬁe%urtg'gon
"of a metal rod into the lunen of each hollow fiber to maintain’its shape
and i nt egvo boyasdsy i ng the bondi ng process. After bonding i PCUNSLIB2 t he
rods inserted into the fibers are forced through the ends and renoved. This
30 disadvantage with this process is the difficulty of reliably placing
fine rods into very snmall dianmeter |lunmens and renoving the rods after the
bondi ng p I atal tREH DSOS US Pat ent
5, 284, 584§&§§§r€?fht§8 R%‘%%@%t?%é%eﬁnﬁb%t%?‘tﬁégm%@st I C trggs?ﬁ%%vibgtsext ruded
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filanments ; ' [eS11d i t4) tp. The
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si mul tiancbursdle, #xiil ndt eempletely fid the jritarstitis] spaces hetweendbe fibersil ¥ wihd t o
pot each of, the t undl ds.in the.thernopl ic.resin, serving.to seal
Phe bunal Botsid oo A aeabaR Velhbes s i SR sltint e R R B s T os
the addedaiensleasily low! TR Will rashiahy WeakrigiBesamd posEIiangaks.ber s,
operating an extruder.and fabric w nding systens) and requiring control

syst ens tBradtitiegersthavsoatteraptediotovescors thasedifficuibssincd vatety9foses a
process for | | pers wthin a body, conprising form ng a bundl e of
hol | ow flgoépgﬁ%tt%ﬂgﬁﬁggﬁ& | omed portion of the ~ s body, the fibers being
al i gned subst apBi Rateyitd 99801060 aved bY066 8O distivseknéethode bf malkingsfiltey al ong

the' longitudinal axis, of the bundle a nolten _thernopl astic conposition at a
cont act teap@nhcamprisingdmpiutalityaf poseps Beliaw §pet membrepes ofigut suffi ci ent

to |ower th@ﬁv%l%%ﬁé ?éﬁnﬁus%@é@%&féér@h{éﬂ]es%@ eﬁd’thi&Hs%]EngﬁV aai 'het he

fibers) app g a pressure y to assl st
bundl e beenyinab bldcka |hamgeerabadienérdythenmoglastio holiowdibasimembranas on of t he
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process ngster iesedthadidd §8.eFRE'ehdbdrliene akeé alppdRidRa SERENERY tife t he
body during the process. Furthaernore, dispensing a nolten thernoplastic

t hat sol iidrgasic Wlerdowasthtawaythe tilerdinly from thef surfane ofthgenslpentiessas t he

mmt or i ot THGEHAdipPConctalign §58Y e BHEEELetEEnEl By oot nl WIRIBE R | o1,
fibers byendasbriibheof thieaiemirianes intiskesolventwhs stbjekstitd thé sblweat tr oughout
their structure and conve emto heat, stable structures. The fibers are
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a process for nae a 5Filter” el enent of polyolefin hollow fibers by two
potting prieptn the heattzeatmentndihe tepefis memoved afier thesheatdreaimemtnin s

| MeLs ed ahgth%rnepnlwﬁggmse%,og go&%le}{)p{heefr%%p%st% resin is applied to the peripheries
of the end portions of the membranes. The resin is applied by dipping the end
portions into a liquid, and then either putting the end portions wetted with the
liquid in the powdery resin or spraying or spreading the powdery resin to the
wetted end portions. When a plurality of membranes is dipped into the liquid, the
30 inner membranes are not often not readily wetted. In such a case, the liquid may
be subjected to an ultrasonic treatment. The powdery resin can also be applied



tenperature not higher than the nelting tenperature of the first
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open ter rﬁ nair%g%l S gkﬁ.{ %ﬂ%ﬁé”ﬁ%@é@gbﬁﬁgegﬁ? @?l‘é‘l’i%r%gﬁéeu(!tx@ cutting
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baki ng the outer tube thus prepared and allow ng the baked outer tube to
stand anénargapicdilsr centent tp asufliniently lowdeveldadeasiitaie &or ush i yirepee® i s
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pol yners as &:ti ng materials. It i s therefore desirable to have a
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t enpor ar preseors sanedase differences P fibar grepeitieerinore final sotrsd pokdiehaté in a
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ver ti cal llqyidinawgdesy fesip r?@p!iﬁ@hi%wilb@nu&egﬂum@r step 1@ repnewenthetliquid so t hat
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of a metal rod into the lumen of each hollow fiber to maintain its shape and
integrity during the bonding process. After bonding is complete, the rods
inserted into the fibers are forced through the ends and removed. This

30 disadvantage with this process is the difficulty of reliably placing fine rods into
very small diameter lumens and removing the rods after the bonding process.



2s tenperature at which the potting material is held, the terrpﬁtr?t‘p‘_[Le $t3
which the potting material is held during fiber bundle placenent; ‘and the

‘ physical properties of the potting naterial. A tenporary recess can al so be
recess iwoaos480d thernoplastic which will fill when the POBUSO@238%icC isS
heated to a tenperature sufficiently above its softening or nelting
tenperature to flow, and 30 held at that tenperature for the tinme necessary
to fill the recess. The end of the fiber can be closed by sealing,

plugging, or in a preferred enbodi nent, by being 8 02 J..~L 203 WO

001 44480 PCTNS00/ 02382 fornmed in a |loop. The |oop acts as a closed end, and
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encapsul ated.with nolten potting nateria rere ed from.the. container
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menbrane |l engths with at | east one end sealed in a hollow body such as a

t ube~wi t BXxtib@ingdhe sheymeplasticresimontioceanhl buwllpend torataachofptha tweg t he

w it be BRERERTIRE thadnEridhpelt R soBing to RBaffie Byiflp s ptb 8 °ot O
t her appl adjacenpalonatithiatubiesttgdth this-nietisdd vequirdsetheattietkéomplexitpef f i ber s

are arranged, substantj al | arallel tg the long axis of the shell. The
fi bers alMeaMBGR 1&1G fé%ﬂ"l%ﬁh"]ﬁ”&@@”?ﬁ'b@ﬁ% QRATEHRE 86@“WWQ§B akkc neans

and su ; t j or sink
"t ot hodiiding SyleHfs; dFsRu g Aol Bitefis Bhiddrat® BMnUEUARS) DT 21 h

shel | ﬁr ebar r MSgE?tenrl: stfglﬁﬁl,lsaheiésngwesda prmteﬁé fetgpmtih'glfﬁ:ers witjhil‘f)lalbm_dyj alh ly 20
near the ottomof the W an eac en | su tanti a In the
o o S FPHEBGNEIBIhass BURGIE R STA VI PAOIGHER RORANGTANe | or

| engths ¢ I i i | n

ey ion) DO IRE fibehs BoMeRAlionBabubSIEIan] JofhERTally bt BRI SR, &
defi ned dispensiag gierg thelongitudinahaxis of thernbundierabjsitesttherpeplgstie in a

around  FapeBiel Batonipet ¥inetErt BRIV FREHRIGRRPERER phatbrid o
i nt er st i s$uffitienptsRwdrehesistotingof {Hecthermoglaistie matetiabto fidw Ehsuritball the body

with the_thernoplastic polyner, The fibers encapsulatjed with | ten potting
et er | al TB4TS, PRRINGCR PressHI® & fesantialiia the Rady & pesist owoth%bwrﬁe@@mg

th I \ t Yo n '

{er Bpi 457 1mBEStaHIRY iof/Eha i st LA icaB RS Indtchherpisio |

pot are symstentidlly arucomntagt, amddfoghinghen popérnvioysnedat miralndesetytfiberdh | ow body
digularly to _the.l is., 9 2 J . JL ~~03 WD 00/ 4448

e AR R B .o adoodi bl ROSAGTR) g

U-shape gredseqsdifferéitial Medids ﬁ;:lui:éatt_aﬂhé %bby dwwgl thBPreeéis fFLF?llfhlefrr'%ré]O' | ow

body with each U-end substantially in the Same plane. Optionally, a mat of

fibers cefpersinagemplies thermonjastis thatisolidilies onicostaat avayld de; diffiguit dov

i st ancdetebybdiel B et mERRler o poRuN G e LA o’ o "t e
fibers vsubsequenhiriatergals neans) such as a tape. The continuous neans can
al so seal the ends or one or both ends can be seated separate The mat

ly.
can then be rdfiRatepts 8228892 and §i1445.,77 bdiscloss @man%hﬁ&qwaﬁ%era Ber on a
core or t : r.Ql | ed- t el n pl N h ow bod
as descreiglg]eég'%ﬁb%%etﬁ%rﬁ '%lgﬁﬁeért&ﬂ g%ﬁ@@%{@pqt}%ﬁgﬁ'%ﬁgﬁﬁgﬁg%é ﬂé‘s‘g@ﬁ é)'lr‘é; t hen Y
pr oceedscarvefiethen keRedttuBle Stuchirede THd bdrearéfcohfigutddrimtdBfodules or
30 bundles into a loop or hourglass configuration and potted by injection molding of
an intermediate section of the hourglass configuration. The pot is then cut



15 Figure 1 represents a bundle of hollow fiber nmenbranes with tie neans
and a thin rod threaded through the fiber bundle. Figure 2 rqppeféntzgcs top
view of a fiber bundle held in a hollow cylinder. Figure 3 represents a
Cr0SS- Segid §)addho Fi gure 2 along line 1-1. 20 Figure 4 repr®sgosc/oa3gop Vi ew
of a container wth a nolten pool of potting material. Figure 5 represents
a section along line 2-2 of Figure 4. Figure 6 represents a top view of a
container with a tenporary recess in a nolten pool of potting rraterlal. 25

rFiaglrJ(rageZtiC?&#eﬁ@eé@?%g%% (Bn%{'ﬂ ﬁ% l%ﬁﬁté@ﬁ rﬁ?&égé B%@@@adﬁjﬁﬁr nmol t en pool
of potti ngeaimient edts @mb@mef:s tofikér mbnofacturing andisohott dtalie forw fi ber

menbrane bundle held in a hollow cylinder shown in F|ﬂure 2. Figure 9
r epr esentRrAUQRgted Ahermeplaslies, pdl \Qll zagse degradationlithese Polymeisor ane

bundl e hel d | 1,8 SIRLKAYS SXL BRI PERMD 43 FLANEE oRkLES bl 20 9

the solidifie ypic 'anh&d cu

00! 44480 fiRet éldrﬁdnwsmfly@éﬂmho%wtfib@rd D’Km pOﬁnr@@bb&OW_Qr%fb&Eed' buadle
i nvention row des for nplified nethod toﬁgroduc a filter elenment s

conpri si &6 1efs ef afrstyplyolglh 1s inynerseddn & Meltad se6en Polvsleata ber
Menbr ane Sempbr RS halhigRbt ther i) 'mémﬂgHQmPeFétpwsgnqueeﬁ}gi BuhORAN YN

perfluorinate ernopfFastic end sea € 1 nven
provi des rémoved deforet the sﬁoenﬂrnolytnam loses lits flurﬂab,mmd/allmweﬁdml seflh€he

erfluorlnated errmlat flber nbranes pf, this vention o are
rade of | 56rYHies TNt ERTAR IR PectfEfher FesenRANHE b e insortéd Inks

per f l-yor geabky 'Mélﬂﬂa@?ﬂl}rfé )o)ottBFnleSﬁ cup of nylon or rE)olyolefm attached to the
pol y(tetrafluoroethyl effe- co- hexat | uoropropyl e he pertl uori nated

t her nopl inside, withl heatihg meanspattfaheddbthemuiside. The mold contains either

pol y(tetraf r oet hyl ene-co-per fl uaro(.a vinyl eth )eqiaving a melting
poi nt of W?'{ﬂﬁ%@ |[é¥| IPESV '%Biﬁﬁ“?az'é%ghhxblrcbf% g’gﬁb%ts@ﬁ%aﬁg'?%rl al is
Hyfl on 948coRd pdlyoksfirer é et DRt of #hd IéW%ol@EulﬁhWeﬁémr&Iy@i@fln bAd
viscosity poly(téetrafl uoroethyl ene-co-hexafl uoro ylene) wth | ow

end- of - nerdinganhpelyelefiphaving a%guetag@dnplecu@rmmﬁt Iaegezebaaelgatanféhm so
sui t gpl elovf’ Hcﬁé?él& Bb&%fefi'ﬂugﬂteeﬂl?é?élgﬂm%m Oshlferrg&fefd %‘Pc{ bP&WQ epgg mopl astic

potting erm ne armunt of

perf | uor Ueattwbcﬂabcbimr frhtsl methcm mhireemarsdparzaelhwtmg@ndoﬂnplmmg stgps, a
cont | ner. The c¢ont ai ner referabl y a cylinder wwth a

opened t

di aneterci'}oe({?eé FHHYP'VH'@UP@'FQ BWQ%EFOHF ?HB’fl ber bundle to be described

bel ow. The co jarcIolS t d hi gh
or exarrpf% gr@ﬁtcer tﬁ@ng%‘g%,ﬁ;és%'nbe%t hé éé?stl

t enper at ur es, or an” ext perlo
time. A which kellow fiberssyih theinendsopemiard inseiriek ink asnelt of thermoplastnc
20 resin at a temperature not higher than the melting temperature of the raw
material for the hollow fiber separating membranes. The melt is then cooled and
solidified to form a seal in a half-bonded state showing no compatibility with the
macromolecular material used to make the hollow fiber. Then, the open terminal
ends of the bundle in the sealing part are opened by cutting or thermally melting
25 the leading ends of the sealed part. This method is not available to all fibers. As
described in the disclosure, fibers cannot be potted if the fibers have too high
flexure or too low strength at rupture. Also, potting with opened ends can cause
the fiber lumens to be filled with excessive potting material . That is, the potting
material in the lumen will match the height of the pot, and leave no room for a cut
30 to open the ends. In another embodiment, a paste of potting material dispersed

in ethyl alcohol is injected into the open terminals of an outer tube containing a



2s'will suffice. The container with the perfluorinated thernoplastic
potting material is placed in a oven nmaintained at a terrperatur@aZhL!'dh o3
“enough to nelt the perfluorinated thernoplastic polymer and held in the
oven for wOvI/mM@ss ong enough to produce a nolten pool of thBCHYSYWM2R82% hat is
degassed. As alternatives to oven heating, the container can be heated by
an attached heating neans, such so as a heater band, or by partial
imMmersion in a heated |iquid bath. A tenperature range of about 260C to

about 290fbésbimdiEchakidg the buter thisetRIsaprepared ahd @ifowiny thelbdied OdteyV O
00/ 44480 PCTNS00/ 02382 about 270C to about_280C npre preferred, and, a
t enper at utideto sipadrngtben seot Oﬁﬂfbfhﬂ P¥en. The disadyventage ef mnteéhcmals ower

16:72" noul LR EERERBEI pBor hEBtRy. Bl ik BatfudfelfhE P N O
preferredaldofies being 24 - 48 hours. s The filter elenent can be prepared

in a variety of ways. The steps of one preferred enbodi nent conprise; a)
W ndi ng a cont Thecmnwlengwh@ﬂs dewelopediin the peer ar gidiaatertherdiffighitynefit

over | app| dth and
the. wi o nBArdeTy B, nRgE g R bh e Set et 8thufd 11 ' o

el enent. Fidteralss lmuhelreeasremmbm fdtaama Aistihplifsetipfocess taiprddudeor exanpl e,
a tape alon%| onge I%f t hwi se si de. B Thﬁ: frane with the vvounddong,flbers i's
pl aced i nP&HlusyBAt fmeﬁi?éﬁ'ﬁmﬁf@ tane ltah elepgntoinciaw caplrnd effigentwi th a
preferred rature of 275C for from about 16 hours to about 24 hours to
~ s heat set the fibers. c) After the heat set treatnent, the fibers are
cool eth and renoved fromthe frame by cutting through the tape and cutting
of f excess tape. The res IS a punber of individual fiber loops in a
U-shape with two open engé’m‘?@"&ﬂf’ he Inrigionr e heat relaxed in a 275C oven
for about 16-24 hours. Heat relaxing is done with the fibers laid

unrestrained horizontally to prevent fiber deformation. A ternatively, they
can be hung veihisdavention ista simplified meitwdfor manufadtutng aHfitarelement alkat i on

he fi I h bot h
ands operPedeTnRlrouPefnPlabiE oW e aitsibrifles it Eiflothetig er
posi timdn {herMopldstie Potythest Tive nibthbd Q:brﬁd?%e@)dlacﬂ B pmaﬁ%f%ﬂmq“ber

R
vertically in a pool of nolten potting materi al | ow bodi es can be

used depef@mityang lemgths st @téﬁéﬁt@%ﬁloﬁﬂ@ lﬂtmaﬂer@p@mratrecmmdm 8@ body

can have SooRFThORG iichRlstblatintl Bty iTIecdibi el IAdNGREREFD! Y i 5, Tede

of the sa mat eri eria c'an any er| al to
whi ch i 2 len@ths ind defméthmlG@/ ﬁkéﬂétﬁb@@ﬁﬂﬁém/ eRSiBtaining thelthermapliastiong

dosi gnod POVEET iha TBOLRH HaLe A IREhi IS HA30RBPOTARY Teseas. HUAGIG! cren:.

20 fibers and between the fibers, completely filling the interstitial spaces between
fibers with the thermoplastic polymer. A temporary recess is a recess that
remains as a recess in the molten potting material for a time sufficient to position
and fix the fiber bundle in place and then will be filled by the molten
thermoplastic. The temporary nature of the recess can be controlled by the

25 temperature at which the potting material is held, the temperature at which the
potting material is held during fiber bundle placement, and the physical
properties of the potting material. A temporary recess can also be recess in a
solid thermoplastic which will fill when the thermoplastic is heated to a
temperature sufficiently above its softening or melting temperature to flow, and

30 held at that temperature for the time necessary to fill the recess. The end of the
fiber can be closed by sealing, plugging, or in a preferred embodiment, by being



f)' The fibers are positioned with the | oops near the bottom ofp %h_EJLE 7063
cylinder and the two open ends near the top of the cylinder. Th I bers are
‘fastened together into a bundle near the top end. One nethod of fastening
Is to tiequd faslidgebers together near the top end with a | engtdr/osoozdsk on pi pe
tape. Qther tie material or clanping neans can be used so Iong as the
fibers are not danaged and the tie or clanping neans Y do not degrade at
the tenperatures used in the potting procedure. g) Athin rod is threaded

e, ne 5Py B Bod CERE R HYR Al bbbl B B8 e BA0 therelBh o The
cyl i nder avmyttheth the pory MaterdinR herfiers bacapiulsieddk kvsltarbetthg! duri ng

the inmrersion step. Figure 1 represents the ~s fiber bundle with fiber
| oops 11 matedalargremeyedfromiiha coptaingr ang eeeled te spldignthenthermeplastiGnder

e T SRR BB bR e glomaR O SoRBIIAEH B L1 1

cyl i nder uppo e per over rim of the

cyl i nger potti tetidl epdahe postirey filser bﬂrﬁﬁewwdl@d.férhxﬂhéaﬁﬁﬂihg mbtegiatl in a
hol | ow cylinder 17 20 showing the thin rod supporting the fiber bundle by
the tie mBdmottedfihardundieremaeed from thesaitainge Exgess thergeptasticshowi ng t he

| oops 11 ] . I i | h) A

t enpor ar JOP RIS petEips RlicE AR e shdstn S0 pbbae BBERFEEY ki Gur e 4
r epr esentgttivgttArougheteqioting niitegal gétpbadidudy drat amdrigle Igsothapfogeot ti ng
material 21. Figure 5 is a section of Figure 4 along line 2-2. Figure 6

repr esent@the Iopp axiew of the container with the temporary recess 23 nade in

t he lten po | ' i LCHAE £ "rr‘f@n‘ A
cyli g@ri cal r gbgsds?blgésgs‘rar%%? bgoan%\yéﬁﬁehﬁﬁ,gd %&vﬁh%ﬁ%lﬁgﬁée\?@rg e}‘ ar ge’rgra?‘ﬁan t hat
of the cildngiuewithaticastiong efdséalbdris adwilandbedydsyehas adpbe-wittabothhe | engt h

oyl | nder G085 ORERdubPRIA Uik hRlowbody betomess par of 1ne VipaLiterelgment.
PCTNS001 inal : fth
?%ﬁ@@l%d&f hés Q%EFa'nla a gﬁgértngm%"% t'ft?rh%ﬁ Hellatsdmbaher € of the

nol ten poo potti'ng material, e nolten potting materi al
does not temipenaey rékafsisin the sialteinspeol of dfermapdastict polyaier as)deBcabéd ber

t ai ni | ipder_is_pl d.nto the t int | of
ol ¢ &h pBteTeg Thedend B8 gl iRA SRS we st i ptetb b Re Breori ST ane
(not showik of the ghell.8 TheHibess Bke helal vericdlly! ih piksde ihAhgiHoNowbedy bpd fi ber
bundl e of fiber loops 11 placed in tenporary recess 23 in _nolten pool 21 of

potting fREteneraneany gpdisuPREEEruc rgenaRRs RO that thEY doi i rise ol | ow cyl i nder
ot a o BV SAE O Hotch 810 R B B pEIBRE TheL 1, 1o
of the pfiversrandnshiell arel aranged be tHatloere seaied endof eachdiber e spbstantialbove
ek o e RS o 1 Bl B o R G e B et o
21 e e, TR S8 HoRnP PR n Gl BBplt e g i o
fibers. Bplaced ima éemporarp oetessgnreapeoliafimolten thermeplastictdlyradr helddnnol t en
state ata E%on'tainer, holding the hollow body in a defined vertical position, maintaining
the thermoplastic polymer in a molten state so that it flows into the temporary
25 recess, through and around the fibers and vertically up the fibers, completely
filling the interstitial spaces between the fibers and the portion of the hollow body
with the thermoplastic polymer. The fibers encapsulated with molten potting
material are removed from the container and cooled to solidify the thermoplastic
polymer and form the solid thermoplastic pot. Excess thermoplastic polymer
30 potting material is removed and the ends in the pot are opened by cutting

through the potting material and the hollow body perpendicularly to the long axis.



tenperature below the nelting point for hollow fiber nmenbranes nade from
sem -crystalline polyners, or below the softening tenperat urenfzorjugozm | ow
" fiber nmenbranes nade from gl assy polyners so that the fibers are not nelted
or degr avexbogussong t he potting procedure. The softening tAqQIAIS0MA2382i s t he
glass transition tenperature of the glassy polyner. j) . The fiber
containing cylinder is held at a tenperature at which 25 the potting
material is nolten for a sufficient time to allow the potting material to
conpletely flowinto the cylinder and around and up the fibers. Preferred
time is in arange of 24 to 48 hours. k) The hollow cylinder with the

hol | ow fi ber r@pliorallys thenfilbgrdehgthedtanrbd frddedin atighbUtshaperane eash Uar e

renoved fromthe, K $o | te ool of potti terial ,and, cool e

A Tor mat 1678l Blaces SUBBRtSly Rastineurdtiam of fhe Rl Boghartenyt Loendger are
cooled a bk LArss /| containin
cyl i nder %g‘r?ﬁ@ﬁ{?"gé? 'gflfengsgaﬁn\gt?%éﬁl dgpgﬁ?masggﬂéfﬁﬁqeﬁgﬂfggt@%rBY In eit he?
case, s5exc@rsanging indigdual fiveraéngths dut rawgerpendichiar i siee fibepleadtH, tben t he

ter diagnet the fi t aj, ni linder..5 1) .Th tted, end
opened.f diber fandihs uGstartial 6y dinieOcenSPRE. 9 I9inEb HADRRETobEg ¢
ened ; ' ; ( 5 ¥
1o epr SRR gt oRPB fHeibers Wil £ clntiqudsmieiahsgun oy BHaBer Thep 10 111¢
potting pootipdous nusanst epsalsp selat thegéndg or dhe or bothhends candea $8aled od have
b d lid pot is shown. Y o Pl 27 t
Cvpical | GEREraIaht oftie Ml CenrBahberRic o st ks Randis! g fopf BGER ana-
pottag ficnpepontd esvecst withourta &éreabm&omga-d;pm is fﬁﬁ_anﬂacéd'i ¢h tHY Kol t he

fibers together at the top end is renoved and the thin rod al so renoved.
The top dedyias dencribediahbves loeither bbthase dmionekpethods, the poltingithea fi ber
ends were_not se |k Lor step, the potting material will intrude and
seal the%(?(geeercis_girﬁgs{:)@eaq EBJ& " through the cylinder and through the seal ed
ends to produce a filter element with fibers having one end open. 20 O her
met hods can be used to, prepare the potting material for the potting
process. Ml ten or Brdef des¢ription @f the &rawingsn be i ntroduced into the

cont qgner by extrusion) for exanple, and then held at or heated to a

tenperature high enough to produce a nolten pool and | ower than the nelting
t enper at ur e ofFigure heepresentskeebandle df dofjowtiiber nigrmbrared with tisemeamgpor ar y

recess in the, nolt 25 | ca e forped,at a tenperature | ow enough to
mai nt ai n 2PAE Mé%@ﬂyeﬁpgé?hwsﬂ tgﬁﬂg?éggp‘géemant) and then the contai ner
with the pottig; ' j "HRindfs! ' RERer at ure,
bel ow t he nel ti| grg?eﬁéipﬂerrég?ﬁ?ceb %ﬂpﬁ?ﬁg@?:&ﬁt&rbﬂto |R%[raelgsé;htg@rc te of
potting mat er Figureldrepresentss crass-seation obFigure @ dlongilinad-tecess in a

cont gi ner fromt tii terial by _injection.noldi t her
et adis.  cool T (P e Bpufiow B o rifingr Wi S Had o BEHES: oc s
pl ace t hendtehiglt bundle into the recess as described, and proceed with the
heating steps_15 . . )
Figure 5 represents a section along line 2-2 of Figure 4.
Figure 6 represents a top view of a container with a temporary recess in a
molten pool of potting material.
25 Figure 7 represents a section along line 3-3 of Figure 6.
Figure 8 represents the section shown in Figure 4 of a container with a
molten pool of potting material and a section of along line 2-2 of the hollow fiber
membrane bundle held in a hollow cylinder shown in Figure 2.
Figure 9 represents a section of along line 2-2 of the hollow fiber
30 membrane bundle held in a hollow cylinder shown in Figure 2 after potting,

showing the solidified pot and a typical planned cut.

10



0 2 ~1~L ~~03 WD 00/ 44480 PCT/ US00/ 02382 and subsequent procgsy Js{epsi3 This
w Il presumably require |onger heating tinmes. A further alternative is to
“use a novable piston at the bottomof the cavity) retracting it before or
during thwobosdssei on of the tenporary recess and then novi PGI/OB0N@HErd to
the fibers after they have been inserted into the recess. This creates a
plug flow which leads to nore uniformfilling of nolten material between
the fibers) especially in a large bundle. It also allows for the

di spl acenent of air entrapped between the fibers or in the nolten material.
Optionally, for all methods, one can apply a vacuum adj acent the surface of
the nolten polyner to aiRetailedddesctiption aifithedbvertionnd to cause a nore
rapid flow of "o material into the potting area. Additionally, if desired
one may heat the fibers with one or nore heating devices such as hot air
guns, radi ant : i@t 1 i f from
the system by ?ﬁgl‘l iet?élro § ﬁ;rg}/liﬁjga'ﬁglgé'gﬁ?@g{%d?ﬁ %EWT@@EHS%%Z@L#S Iéz;rﬁé?%e

sur f ade oforoprisifg bepisralitysof perflbetinatet ibemadplastic bollewfiibenimembraines, of t he

fibers. Qth h d | sq b d L1 im.ze,.
iorove (HDSAREY EHELRRRH AlranicR0 8ttt ik, i RO Rt RABRTBRAS o e
can be nuHd é&dls tér poteduR ihiehtRin RINBEE PrSvi@és fbrfthe fieF eld@sérstrmadé blor

manuf acturing convenience. If it is desired to produce a filter el enent
wi t h bot fhejirientivermethodorti on of the open ends of the | oops of paragraph

Abcu- Seal 530 TREHTEE et B bpBRE nBfSTDs BB Rflest SRR oy e i e
wi t h 18 midre lfagde of polyiriars dach aBe rafgroétbylepetcdar and the pressure bar

or simlar heat sealer can be used. TprI cal operating conditions for holl ow
fi ber me aikyeinylethgr)) or poly(tetrafluoroethylene-co-hexafluoropropylene).

9
ly(tet : =R - j t t
pol Y1 et e B il hefRopesid g sealdcterbardabieiedye 2 terperature
i nch) f opoiyfetadluormkthylanearogpérfiobra(bikytviredetbed)3 hakingt & meltirgpointopot t ed
I th b tti ' that | .hin the, . th
Ly LR L T R et S
ends 18hen A o Adinohl UM, BFTRYIJIBRE N Ao Wiscalftye the heal seal

portion or aboV orter po I ength Sea( Just cribed. 30 16 02
JJL ZOC3 poly(tiiafiudaietryieNean-badR orapropyleneawithdaw erehbi-melt he ends)

fib b d ith |. b ' he f f
the vouniPEERLGE &5 asiibd BIIS £Htents 2B 26 AFER0e) o coil. whi ch
i's equival ent tOPﬁoﬂmﬂ%rttﬁﬁmdiP@bo%gf tHeeperfibarihaed theRfoprshe pbttRigds. An

anount of the rectangular coil Is processed as described in _steps d)-m

except t Fatetialdsprepareday waighing putn prriateeminedtamountofereriivptinatedber s

e o281 oHenHeRAR ue? s Peha §7 BElHEL iniel £ BpRf8Y 495 Eeblahlr Singli F
frame ar eohtaiest igpreferdbly @ dylindet with iedibaitdet idFgdrithan thehsllowlsodywr ends
are heat sealed wth the adjacent ~ o fiber ends fused and the tape

renoved. thentibefhundie te be descaked below.n Teegontginenhag to bgdnadgPf an amount of

the mat | I . i i i r i i-ber
ongtns [RtbRANaCWICHitahd idierhodiahids, RF ERERTHE thektet el SodecSr
per f or at fof drpbxtended periot oftiome.i Asrdri-redctive imeetabtomtainervitiethiclowalinds are
to be utiljzed for fluid passa they are sealed and potted with the 1s

;i Pe?fs. vilesHTEsRnd e qarndaiper witggbg P8 L@rhamtnﬁigwwtmqtlﬂeg m\%tﬁti%l of tﬂed
tescri belf MECE id SyHafitained 268 BfieFaure B & Melithe 0 (M. TP

produce peffiuctiaatet] thapmopldstic folymesamdhehbintht lovender afitne IdAdenodgh ns can
be used to prepare an arra%ogf fibers In place of a 20 rectangular frane. A

ﬁol id rel Bidgcaa Blen R the glymerithal s &éﬁaﬁﬁe%&"fcﬁlﬁﬁﬁn%ﬁ‘@ﬁlmnder and
eat setqydp ég?ﬁ@ﬁh%ﬂ%ﬂ@* cd B%@&% g?%@%afcgeﬁgﬁ%qﬂgg@@hﬂ& slich

paral |l el epip al so be used. r-array that
resuda i as achesdteybampd.carby pariatinsmersiors irma fresatéd liguidbathe Ateinhparatfureer
menbrane as the weft a d a spacing. filanent as the warp,, can_he

cont enpl B"GE 9frahaid Qf@ aéP[?qquﬁgpgggﬂ%piﬁqgﬂ'@Q- %’Bhésteﬁaﬁgﬁg’rpmg%r e with
the flow of potting material. In a further enbodi nent, the fibers are not
pl aced in a cylinder or other

"



hol'l ow body) but are potted as a free-standing fiber bundle. 'Sl'dgﬁ Eﬁ Nty of
making the fiber bundle is inportant to the success of the de i 2563
nmet hod. The fibers cannot be crossed over each other as this will 3o

pr event iR%h(SO ‘kggxf of the thernoplastic potting materi al fr%%g@l,(ﬁ%ﬁl y

surround i ber. The flow of the potting material is driven by only a
few 17 0 2 JJL ~~C3 WD 001 44480 PCTNS00/ 02382 centineters of pressure
head at the begi nning of the process, and this decreases as the process
proceeds and the potting material flows into the tenporary recess and

| over s t habputedliCetonabent 2807Caneraipiaiaredi and ademperatyse Bf about 2Hife a

Ther ef or et PrefeltRgc T Briitdiha s IR RE 36 3 SRR e, o1 1
array. |tof thephatioov fisersttbdie piteed.i Aaime bE 167 2Rpurexs satisfaytdrh foskolgingengt h,

but other configurations can be utilized. For exa% e, a gradient of
| engt hs, theomettar pedingmatgrial hwith ippeferiediiimes beingé o A&ROWEge of the

Dependi ng on (1 ey piefh g B heRered % fondly ot st e iR,

t he | ongepieféirbeemnisdditent comipeike; or the shortest fibers at the center of
the bundle. O her configurations may be devel gped to neet particul ar

product needs.@A so, Winging & aastinkousdengtvef fihesanto aJestanawanizamed t oo
tightly int 5 the 'o%@’rl?ﬁé{iﬂ)ﬂg%?'vﬂn@s.f Tﬁ?'ré#@ﬂﬁhf%gf@%éjhﬁs %né{hey Wl
ers h of 1 Aconp potting.

prevent flow between Ti he Téesu "ete If the
packi ng density iasndcawidtbtdnd theosigith timendien spepproximatehethe leagtigofabet ed,

the f| ow tti terial will f t fibet t. . Ki it
o defd ned ab. t ndnkfiey elefisnts Elnerds Waupdareurd il FBma it ang hed™™' ¥
cross-sectional gyigp fef e)@d_,hpkbg tgbg@]@ng’ oné ehgthinResside. the- 20 inner area

of the hollow body. For fiber bundles potted w thout being placed In a
hol | ow body) te rati ®hedrame withdheotouriseon fibars isrplaced ircam oven adgea of al |

the fib in the bundle t h - ti I f.the final tted
fiber bundl e, " TOBMPRGHETS St oM Abaia ot 1BtoHt P QMBI Breretrotl  por t ed
I th, dfib ' tej 4 i '

detarm ne the pr oy SPEIIRFS: 2759 Rl tidrh BBULIEHOLES Boot2ZhBUR®. o1 1 ow
fi ber1smenbr ane. hasat pet thesfiders] ow fi ber nenbranes nmade from

pol y(tetrafl uoroet hyl epe-co-perfl uoro(al kylvinyl et her W, th ,an _out er

i ametor of  agbr oxi meRBE BUEates featPBt U abg S AP cloiet kRgdempves
appr oxi mately 200 crsé)name%‘tssdcaﬂiﬁptthﬂdmgﬁetﬂéltapé ehd dudtitty off éx@eks Bpedensity
of at least |less than 70% and preferably at |east | ess than 65% gave 30

satisfactory pot {lé@ resglbisa nugnberpfindiyidugtfizenierp® ima Asshepes Néthotw®2 382
Wth | arger bundloﬁg %Aﬁ% flowing potting material can conpress the bundl e,
particularly for epa Ively softer nmenbranes. This can result in

over piacki ng i @)sone rEge fovbsdrethsat horsibe imad 50 ovéirsforidbeut 96-2f t he
flowng potting material. To overcone this problem a grid) nmade of thin

wires or suitabl 8oyrs.i Haakrelaxing ipdenewith the fiberalaid unregtwinecne hal f inch
o o oot s R EOAR i p VB SRR ARl 2 gt over ™
mat eri al to fl owhlingeaenticallpwith ndetHérlvontact.
e) After the heat relaxation step the fibers are cooled The loops
25 are put into a cylinder with both ends open, one end of the cylinder the
upper and the other end the lower position in a subsequent step in
which the cylinder is positioned vertically in a pool of molten potting
material. Other hollow bodies can be used depending on the
requirements of the final product. The hollow body can have
30 perforations for fluid flow. The hollow body preferably is made of the
same material as the potting material, but can be any material to which

12



O her nmethods of dividing the bundl e are possible, such as thirg(r; Sg_"'.[r&mj}
After the potting is conplete, the dividers are preferably re 3 - Thye

" choice of potting material is crucial to the success of the present

i nvent i omo odlagysper f 1 uori nated thernopl astic pol ynmer used RETUSEV/I82 i ng
material nust flow under a few centineters of gravity pressure head. The
viscosity and yield stress properties of the polyner have to be | ow enough
so that the polynmer will flow at the potting terrperature However, the

pot g mat et | alyAcke pof Bl R 4 FHBSRTLS BHRE SREPLegPn enouh

period of tinme soO e can | Xé In a

preferred net hodl’hé hellmMo@yrtfan Lve ué3|ghed lt@beehe raommpbnentforme material is
renoved froma 275C oven tenporary recess nade, and the fiber bundle in

the cylinder pl af&%ltﬁrznﬁofﬂ@f"éﬂﬁﬂiﬁhﬁgﬁm%ess and fixed in place by a support
structure. Dujing t %%ﬁ?é}%%‘ﬂ%?)bhﬂaﬁe%%tﬁg IBS[H%’%QF%’P\ ?@@ydf#ﬁé st ay

appr oxi mat el y“unchange ers are not contacte oW ng
pottisig nateri al cylintder ahti¢hé tbe opbnretids riearithe tdrs of theatylinder.t The fibére

container with the flber bund] e iis then return d o the aqven s, al so
O ort ot that (416 TaBtNeAogatner intp a154nd'6 tiar Hel qm@n ; e methadof oo

rapidly and entr r rom t he
bott om of the bu@gfﬁl%%ﬁ‘ﬁﬁgw @g&tﬁ% Eéq%'dﬁétlgﬁ h &wst
al so have a nel tTefQ:rt@mmtnpler. eOther siefrhateriabot elamamrag oneanssan beansedhe

melting or softeni n%te eragture of e hol l,ow fi ber menbranes. A preferred
pol ymer is Hyfl oif 695;2%@ '8¢ N m‘FEGF’ e 1i@)9r CIMRING MRANS nel ti ng

terpegature of kbt défide™d tne frd éra"fL'ﬂ'es &%dwtﬁglpqu)a%ww 02382 The
ys per

tabl e bel ow gi ves sone i cal pro erties for sone orinated
t her nopl ast i @)pol yrreﬁsthahcbd' isdhrea;iadt&tndgl‘t&eatmnﬂtetpergendtcufarlg(ltstha t he

present i nvent| Per yofr i tin d of | tin 0S
275Sui t abi | i tyT %fbf‘n st 8¥Va‘?'8lil§T Fay 1§ %E Hég‘a g‘é‘t’)‘%A
620" 288. 8315. 2Nait asméda bgﬁmﬂm a3P63 Nt Gos ab{ @inw.ﬁtbcthe molten
stress5256. 6276 ' 1.2Suit abl e4257. 1284. 75Not suitabl e; Yiel d

st r ess3~253. 627poitimmateriaxhsmnatbedmerension stap! JFiguneabrepresantsithel on 620

he Ryl i & py dPBRERRRISTY R IBK BORft, REDhoHES T9B0eH R Thifitetied "nol ow
fiber rrenbr anes tAragh thedibers Endépimléer(éanB T todhcdrFBe 4RfadeduPont )
pol y(tetrafl uoroet hyl ene-cg-hexafl uoropropylene) 10 3. Different |ots of

Hyfl on 940 AX (AlEughreRPasing pederationsdn e eylindes apg supported by the
perfluoro(al kyl Wamd gl Jobhaidd/ef ik {drg»emﬂ'cg%?(cgn@ Cﬂg@%tg' y methyl.

Mel ting tenperatiures were neasured usi at 20 ~ 5
C m nute heat i ngepadsentshd top view df the ﬂtmrmmatwplaced ih BehdlWpeylimder 47 at

which the nelting exot er returns to the erature baseline. 20 0 2
JIL 23 showing the thin ro supportmg the flbgp bundle by the tie means.
Figure 3 is a section along line 1-1 of Figure 2 showing the loops
11supported in the hollow cylinder 17 by the thin rod 15.
h) A temporary recess is made in the molten pool of potting -
material. Figure 4 represents a top view of container 19 holding a
25 molten pool of potting material 21. Figure 5 is a section of Figure 4
along line 2-2. Figure 6 represents a top view of the container with the
temporary recess 23 made in the molten pool. Figure 7 is a section of
Figure 6 along line 3-3. A cylindrical recess is most convenient,
having a diameter larger than that of the cylinder containing the fibers
30 and a depth deeper than the length of the desired pot length. The

temporary recess is made with a solid cylinder of the desired diameter

13



WO 001 44480 PCT/ USO0I 02382 Vi scosities and yield stress of Hy Izogr‘_|@4ﬂ;g

and FEP 4100 were neasured with a Viscotech rheoneter (Rheol ogica, Luna)
Sweden)), at 275C. All anal yses were done with a parallel plate apparatus
and the woemaidoy reported was nmeasured at 0.1 Hz. Creep rECIoUEN002383sti ng
was done on these sanples at s 275C to determ ne whether or not any of the
sanples had a yield stress. Yield stress in the context of this invention
means that flow will not occur at the given tenperature until the applied

stress is higher jiidé of Bonatefbrthat E88 WithSIRRPIHLRPWRIrEtUre oTRRS Midiénby
applying a prescribed stress profile and the strain required to nmaintain

t he prescribed stpoesef peltisg materishsundda. whink the rmalten potling materisbdess zer o,

t hen i nst ant aneousl ai s to_a given val.ue for given tine and then the
stress is retur né@téghfﬁﬁ'ﬁﬂ?ﬁ@r Hb@i%Pr%PrrFHé“E%ﬁ‘%"i ance, defined as the

rati o of straiy divid b b &l |4 ri , t her
the sanple is I)rs1ol id-| ?ﬁgl?i}gre]; Plgr(!.]ﬂl?wéﬁ$ ?klgf%g(ﬁ ?%@Qgﬁz%hhe;@m&ﬁ?a%g@? at the
strairs that resulinthd poohafimolteppsttiigsnatesial and hetd iraposition pyrseppedr ed when
the stress is ~ 5 repoved. A sanp|e having |iquid-|ike behavigr w not
recover the straiSUCH4E Pean f@tﬁL‘BWP&E'Q%%&S"@@’%?@"E%§‘F’ﬁ@é{rﬁ¥ﬁ@§e"i Hﬂl cating
a transition from: Vs e I -Chield i i id f?&% g stress

| evel s is consi déwr@ﬁé#%idael\éjgl%&yqd&%g ggﬁ%ﬁogﬁgﬁneﬁ%?%ﬂ@ﬁn h’? was found

that FEP 4100 ande®ed 2XKindmiottdn amohl¢mf pytteigimatenta s Sufppapipmeansid el y 10

Pa. 20 The foll ow ng, di scussi,qn relates toQ the, holl ow fiber ranes nane
from Hyfl on 620 (’%@igt% %p?W'ﬁ%P?bP@QW CWP‘%(a esnat showr HeAAIower | ono

PRA 14 ust rated iepfad@hoBchifl fiBorBek tbidrbHiekBl® ifihBreaienc pl es of

t he present invention, and not to the present invention.
2s For fibers nmadpenings irli¢ bollowaybader thaliomgflew ofthe pottingrmetesialiindo of

i ly 29QC, .1 he MEAC 62 i {abl i i al
bocause the | empdtelBPEDEIECE | 6AEe AR 0RYF fuh ool kAN s at | east
the peak el ti ng ¢ @EERER ichin BADSpSHeRTHIEd 1 th BRACOMmatéftal TR0 TRARN | 2!

and the so viscosity is too high for flow at tenperatures bel ow the nelting
tenperature of t ke papabiliyraf maaisthiningthe emporaryiecessforiepsuffiienbtimees. FEP

Choud® t he el 11 efethssply Macsterbattie herbitalnd ifinedb e BS T e
fiber of the Exatmfiewlintb theastineer mearduarbsnd upithe fiberd)i Burthendre, had an
apparent yield stress which prevented flow 940 AX # is marginally

2
sui tabl e becausef%ppﬁimﬁeaw@akh%tq badnzigtaieedinadnelten siade ghan that s of
he fi f th I = : i i j i fl
the fibers of t ?erﬁéafg?ur%sbéllo@’théqﬁ?lhﬁﬁpt\SLqugrlz*\{)II}’or}%ﬁpépmeﬁt§raq3§3?éﬁe ow

sufficiently at a nperature |ess nper ature

;@ Eers t? Egt ilnfrarrﬁsemﬁ-gmtalﬁnerp?lyﬁwbsﬁof WO\évabtemfteain%wm;mréwre!fdtxe Chat

i bers o anpl es 1-4, because i a ield stress an scQsity a
bt ovelt od 11 ow afioha dber fiembianes Made fiotiClass pobrmer #a. Gl e tbarse ¢ o
the end of nelti o i i t at which the
nol t en pool was E% gsﬂg@h?f’ow\yvﬁte 8réoacé§ﬁdrj@g?$ﬂfés/6%{g§§i%?e t rgf ulH"r?me_l ted
crystal line regi soeniogliemperature isltbesglass iénsitienpemperatere itbegiassy3 and #

5 are suitable a fhe% have t he proper bal ance of nelting tenperature and
viscosity and no 9 B4 stress for the fibers of Exanpl es 1-4.

i) . The fiber containing cylinder is held at a temperature at which
25 the potting material is molten for a sufficient time to allow the potting
material to completely flow into the cylinder and around and up the
fibers. Preferred time is in a range of 24 to 48 hours.
k) The hollow cylinder with the hollow fiber membranes
encapsulated in the molten potting material are removed from the
30 molten pool of potting material and cooled. Alternatively, the potting
material and the fiber containing cylinder are cooled and the fiber
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~s'In Exanple 5, 940 AX#4 was used to successfully pot holl ow fdz j "
menbr anes made from DuPont Tefl on PFA, which have a higher nelt 2603
"tenperature of approximately 310C. This potting was done at 290C) above the
end nel t wajoamgier at ure of this sanple, and where the vi sREIVYSPOOZSR ower
than at 20 275C. The nethod of the present invention relies on the

conbi nation of proper fabrication of the fiber bundle so that potting
material will flow through and up the fibers uninpeded, nmaking a tenporary
recess in the popbhtaghinglc nm@ér)arwm@ t@@g RleERaRHE réndvea fidmehe undl e i n
the recess, and potting materials ha I ng The proper conbination of nelting
tenperature and tostairsrt ynmlthpecasegsechbspntnngnnata‘nalIse&dawwremts t he

t hod t b ted t d hl I tted
{1 tor of omant s CREAIRS el BPBIBR NP A AREe Ty DRGDRECROIPNO e

present inventi OBy Mder. be suited for applications requiring extrene
chem cal resi stance and very |ow ~2 0 2 JCL Q003 WO 001 44480
PCTNS80/ 02382l)pot ent i Ee pottadjendsraranpﬁaad fon fluid Mewnky ewtting thesiugh thel t er ed.

The el ement will h ondi n ndeed has .heen
observed that t nEBKEr 2] e eBRg Feler aﬁ@@wﬂ%*qu Eidlfe 93 &l

menbr anes, there I ngqﬂ*g I ng
material bondi ng?é’ctﬂj&%f?gg?zf?;éﬁ%lﬁﬁ%b eﬁe%u | Bu II e %T‘EFP ﬂe‘ potted
fi ber el enent i sthedibarduindhe afteutia potting rplroa:ezieure lof Istegs. amheough)p) i Bhe

b d ta f IPA. A d
Sho Tusen of tnolié Fieane 5 B réd bave been Aoy S0 ARG 9ISt POh AR e Sha oo o bt
the agter SurtaCan%eawfzv%g?ese%té sqgﬁ.wlraﬂﬁ@gxddaﬁowtﬁ»&i(ghtmegio%w nt. ~

5 Exanple 1 A contaliner wth di nension 57 I meters aneter) 25
nm deep was partcsdinldyrahdls@did\nottIand?pogteairfﬂ)aﬁs Rlanned eut 27 lisiabowe thye ene- co
per fl uoro(al kyl v Iet her)) having a nelting tenperature of 256C and a melt
20 index 373 at ' 373C. The container was placed in an oven at 275C for
appr oxi nat el ym34 hOUfT?netﬁb R6 theibars it tﬁépét@fetb €nd is removed and
poly(tetrafl uoro et hyl eneco- perf oro(ral Ky | et her in the container. A
bundl e of 30 holﬂh&/‘x 19ghalge remeneds | tb@rts)p igeEnew p esisigscribed in 8

cent i geter | 0ng) L b Nl ol HEE €50l RN Seaiad in¥ Eék B! e ckness

of 2& m cr ons.

pol y(tetrafl uor ossthing meﬁarwmnﬁiru@é ahd!denl tHenfibershamhe) pditeig lcngtmonght
tenperature of aRprom mat el The fiber bundl e was tjed near one end

with a length oft 'Bﬂerparp%thraﬁeﬁ t%ée?lﬁgé‘yﬁ/@r@o%%@d‘"ﬁﬁ element ow
cyl i nder made ofwmméﬁeﬁ %Bﬂémﬁé‘rﬂe co- perfluoro(propylvinylether))
amnet

(PFA) having an inner r of approximately 6.4 mllineters. The fibers
were held in place 3o with a thin rod threaded through the fibers under the

e 0 D oolad bR afhe N bl B Bk o
PCTNS00/ ggftig process. Molten or heated potting material can be introduced into the
container by extrusion, for example, and then held at or heated to a temperature
high enough to produce a molten pool and lower than the melting temperature
of the hollow fibers to be potted. Optionally, the temporary recess in the molten
25 pool can be formed at a temperature low enough to maintain the recess during
fiber bundle placement, and then the container with the potting material and fiber
bundle raised to a higher temperature, below the melting temperature of the
fibers, to increase the rate of potting material flow. Another alternative is to form
the recess in a container from the potting material by injection molding or other
30 methods, cool and solidify the potting material so as to retain the recess, place
the fiber bundle into the recess as described, and proceed with the heating steps
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The container with the nolten pool of potting material was reg&eej\g t he
oven and a tenporary recess approximately 12 mm deep nade in !aoll i th
“a Teflon rod 12.75 mmin dianmeter. The holl ow cylinder was place into the

t enpor arywo'f@fess and supported in place with a clanp. The poarusaiozs?2 and t he
hol I ow cylinder with the fiber bundle was returned to the 275C oven and
held there at 275C for approximately two days. The contai ner and the hol |l ow
cylinder with the fiber bundle were renmoved fromthe oven after two days
and the e j the nolten
potting ci (jgérepga rgcb‘?{)? ?g (-:rglo mﬁfgbg%:ﬁgg%é%iegghégggéé&a across

Ithe dld anmges ;Nfuhrtrmﬂaubrrmuveys ltmhde% atfgﬁwgb r?menmuhamfogmf ﬁlegcavap,ove t he
ooped ends o t tiers.in t u e. .The opposin | ber nas wer e
seal ed uttiagtingdtRefors AT furing the %é"ﬁ&?ﬂméh%ﬁrﬂg&%§g9%?e@%§}ﬁ%

prevent HaGi0l 10//&d 18Rhb Bls bié: R0 'ialvB el hiefBl IR tRefecels. ﬁ‘Pﬁé' ng

mat eri al I'n a heater I ntal ne C so that onlythe end
bei nep see:leetbsmspldgaﬁowdlvhlmmEadsstooppmmmgarﬂnﬁlllog of molterl materiall i nder was

| d te d th | | d | ith
Gl amp. Aperectpdtiora npoielighpdatas Bimdl i AR [r88a short porti on
of the fa.esrac%pﬁjﬁgl ot 8t M PEIBER tndbbrd ORinfthBShaa Matbhbed out of

the nolten pot materi a to cool. Excess potting material
was fr erm@ptionally, forcalbswitseds, iooe azin apply potacuas edjacenttheusurfacenof thpt i cal

dth h ' | fil
't or ot FPen opliRer BoaRI & regvaai e Beein SplTb FelBe ffnosS rebdionet o o

the gur fm@t’ermrrﬂa tRé poltthgErehr Aaaut@hény hfsdegﬁeﬁ bR& tmBehusethet fier§ Waer s and
the potting material was clear. The bundl e was i nmersed in isopropyl

al cohol engionmorg heating dexisssissghtas hotaivgens dadiapt heatersnefe, t UGBt er

i cat i 18 e 1gt ¥ o bieR POty & Rt niRe AR Beffd gy b aine™
pol y(t etTid termpeeitineg strthe curfaee fof tits fibedsknust by betdvethe masttingot ow fi ber

rrenbr ane | oops having a nelting point of approximtely 285C were bundl ed
and pr epfteningpoisy p? ﬂ?ﬂgf“i’?fsaog"ﬁﬁﬁ%h mgthess may @ %FSGQéﬁﬁPB trol, —a i

2 J Fggfg}ﬁ% king density was

appﬁlgx% %Q%jﬁ%@é;@g ce the pg,z,%‘fﬁ%lp%??%f conpression of this |arger
bundl e by the fITdm bﬁsn@menhmrgdmmachabom oan begnodifiad 4o reducefiltérvi de to
fiber bu dIe ur_.appr oxi teI e rou Pot ti Si ng
fiber e Gd&é a1, l‘?i %BU%‘F@‘ H&T‘ngve@f' nﬁqg P%sgggg%propyl

al cohol ;5?689&@ aﬁﬂl!e'f”elérﬁéﬁﬂ Wih bbﬂ'\"ﬁﬁidé Bfeh, & bBFicH SMRBlopeh ERds B e al -

Examal e '3 A bundl e
poI y( t etloeps gbpa@gﬁaple déabovq)are Individyallysn paifwiss: sealed by @hpat sealef.i ber

i s ok RS G D PRED e Rarbelatin. SRR DIRO0TER BhpTELGeY el g

mater alwiteg riiPKBpRITE pélAtAioa 1ade dovling i8I fleat bart dnd tiedrduecre bar g at ed

wth 7.5 Mads of gamma irradiation. This treatnment reduced the nol ecul ar
wei ght @imilarcheatrsegdencan be wpedy iTypisel operatiag noaditionsAgpboliew fibetiuced to ~

o aoor b fEnes Hen sl @t brodh8he T p e FEERIBIG IR et BN ar€ 01 or °°
the degmératarenmn@t@frawcambwbémwPrmmea@n e 6£30BepRInds80C. The

final p menbr ane el enent had a visual [ PA bubbl e point of about 35

pouils m@r sqyare inchnfar 7-9 secenads.nd langthrafdhe apesi endaﬁhorm thaathe e 4 A

e | cobitBBReRaNRArCbY sRBaRg) KARbIBLNLRBRBEPE e mamsrandbe y 7.0

25 cent ipgt r@déwmbd/vaﬁhé)hé@cﬁm Ag(@ttuagl de@.ehbéearﬁﬁgrmu Brédwde’Sper] BAdPOL i Ng

materlal) Ausi nont Hyfl on 940 resin, was heated in a container in a 275C

oven untWhemitbietpat is st theoughs the cylinget and giot ebovahe bestsealipastionbe oven, a

rod and AU BPREFeuffed BT sbeuBERsosBEl ed”Fo T oom t emperat ure or
ovegoi ght. The PFA so pi pe containing the fiber bundle was pl aced

vertically in the recess with the | oop ends down, Tho pontal ner with the
soltdlfled pottln8 nmateriel end the PFA plpe 25
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0 2 J .~L 20D3 WO 00l 44480 PCTNSO0/ 02382 containing the fiber bundl e was
pl aced back in the oven and held for approxinately 72 hours af] 27

"PFA pipe with the encapsul ated fibers was pulled fromthe nolten potting
mat eri al wodo/adsgowed to cool and solidify. A cut was nade pCTWS60/(2B82

di aneter of the hollow cylinder through the pot at a 5 position above the
| ooped ends of the fibers in the bundle. The opposing fiber ends were
seal ed using nmethod simlar to the potting nethod described in Exanple 1.

| sopropyl al CohORanghann@a%e&qu iHéger%‘é)%@ré B&n BerBBLICES With 1bGpSIT al -

~0 Exanple 5 A bundl e of approxi mda oly(tetrafl uoroethyl ene-co
perf uorcr.(rabml endwtb;eremoymghbe frawe frbmtheewmum&beoobstepatp)plaawnmmel y 7.6

i o SR i Skl o el 2
havi ng aD§B%§ bﬂ%&ﬁﬁﬂﬁgawm&neﬁnﬁeﬁh%%%hﬁr ]S? deefSdSI¥&rD 800

mcron O m cron e potting materra 940 resin sarrple
4 of Tablie steps d)ay exeepkithat theafimal udtingewill produ@éﬁdnltareabmant withdibeesd and
degassed., The contai ner was renoved fromthe oven, a tenporary recess nade
in the ndlaviio ROty ends oBeR-i ng material with a Teflon rod. The PFA pipe 20

cont ai ning the fIrﬁﬁﬁo%?@h%d%eﬁL@ﬁ@ﬂeﬁ?ééﬂﬁl?ér'dfété"pbF'i% 68968 anyithe the

| oop ends down. e container wt he potting material and the PFA pipe

cont ai ni rf@er eors #long hoth I@gﬂasuqasaﬁwe bectengular frams ere tapedrandicatdo

e pul | an i eREMGBIeP e Biten el PR Bt bBEIeR R b Fient "' °

sol i diof y fiblr entdsfased BAe thh¢ tfsSrdrhéveth Thammitas hebt fdlaxdw bk dwstap dnder
t hr ough the pot at a position above the |ooped ends of the fibers in the

bundl e. TAfterseelisgngn emssint ohthe mat is thea r@&leﬁymg thedirestienrmi | ar to the

Post i ng TROHECRIEREPL) HRCndh IGAGHR G schyp ATBG RN TR bF L™ e

art of dexelngiarglidrt pa'rfviutedmbw‘ow tore craupireitaeit. slf thehollow Ioaré gnder! ow
fi ber menbrane filter ele nﬁ wll be able to cernég nteQes of
t he pres@rﬂdslﬁﬁéﬁthedﬁ'“zﬁg ouhvigpassage.hexareseplad aad Poied withithe 2603 wio

001 44480 fiB@T Sg\@?én?ﬁt ﬁénéid RETOIP Bl ad BAURS pa8d ¢ t@)"tﬁ@tlhﬁaﬁto? the figersti vely

present a ons, substitutions or | cations that are possible,
but to predsreant.r Ehe buadiedisithen pottaddis afmanmeresmrdaf tethe method dascribed | ed

P educt | o SlPRSSTY Bacemdnd WeTate sy helf St Brodu R THE! <Cope of

the preseidmehv@ithifiders ﬁ&ﬁngfb‘éﬁﬁbﬁﬂségéhs to cover the br oadest aspects of
the invention in_the broadest manner known at the time the clainms were

made. What W C @ﬂhﬁrszrnSCfnmummprepare an-arrgy offihergin glacg)gfa 1° 1p3 F J
20 rectangular frame. A solid rectangular sheet can be used. Fiber can be wound

on a cylinder and heat set. A three dimensional frame, for example in the form
of a parallelepiped, can also be used. Methods of forming a fiber array that
result in equally spaced fibers such as a fabric with the hollow fiber membrane
as the weft, and a spacing filament as the warp, can be contemplated if the
25 warp fibers are placed so as not to interfere with the flow of potting material.
In a further embodiment, the fibers are not placed in a cylinder or other
holiow body, but are potted as a free-standing fiber bundle.
The manner of making the fiber bundie is important to the success of
the described method. The fibers cannot be crossed over each other as this will
30 prevent the flow of the thermoplastic potting material from completely
surrounding the fiber. The flow of the potting material is driven by only a few
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US 000002382 0 2 ~'~ ~ 2003 ~ a~~: 1. .4 method of potting a p\ldjka y..@
perfl uorinated thernopl astic pol yner hoI | ow fi ber nmenbranes ha ‘Aln ex
" diamet Fx) ate outer diameter, and a porous wall between, arran

| engt hwi 3%0Q 00igd4Bg t wo ends, wherein a portion of oae or bEERK HQ:I@?%? sai d
plurality of pexfluorinated hall ow fber nmennbraues is potted with a
perfluorinated thermopl astic polyner, and wherein at |east one potted end
is open to fluid flow through said inner dianeter, said method

co~nnpr i sjgntimetprspofoprassug eadlapihe sdditningfaiené Ipmnsessahad thiser nopl asti c
pol' ~ner hollow fiber nmenbranes into a fiber bwndlc with at | east one end
of said HiAMIEaSesas the PKPFess Preereds-and tf&p@;@ngméteﬂa HewsirtedBgl ast i ¢

pol ymer a I b)
Flowi ng SaBoReTREERE anb1aRRTne e b iestl DARY Wllant@ fi e fgh=., )

t enper at Yiath el esusd e froew Uiveggmmwmuh sanh resuli mgxrwwamtedafccawl@hs in the
perfl uori nat ed hol |l ow fi ber nbranes and above the nelting Zraturc or

sof t effi nPQtcipesaionget @rmmr&pr\m buRglerthedibess ima @uhatagﬁlrauy ﬁara fiber
mear | br a%apf said at | east one and conpletely f lung tJae interstitial
spaces be en f; bexs of said portion with said perfluorinated

t her nopl asti c polltysmrefecrejd thabthefibersiba cpfea;f;:irommatelyddetémerhﬂgﬂstbm

o b i a8 s or Bl e e g,
steps a) ééh”l%“@"r}gﬁ)ﬂt@? btuhalﬂb%%'dlﬂerhé’ééeé’fﬁ‘gmebﬁundl@%tﬂ&g;eéﬁ%’eﬁt fp forma

second potte cutting through ast gne potte 0 opon said
pott el haddndiel flowesf meltdxa aomngrrdatermthep)andmglmmel prac@hahen‘sgneﬂmm ng un

tted h | f.i ber d 2. od of tt | ~~ of
Do ¥ ilo e SadieRE PauiB B el D e Bt flisre bt tie Lenike.Or Bei St arisﬁ nner
di aret er . fimdis QUi cénteret e bandles Cﬁﬁépé'énﬁ'@.lrbtl&% Wiy be develd 88%

| ongt hwi se, ha~xng two ends, wherein a portion o;f vne or both ends of said
pl wal i t y meehearticuler ipredu nesdsow fi ber rnenbranea is potted with a ~$

AVENDED SHEET = ~ <S; J
NENDEP, Sorcly 1 Ao, Wi bithermenaer, the ters capmst be agked iopihlly i, 23

E he]giqmodlt?lehouowfbwypomnmee semticllmglbu?dm ot th?awtll ?'eegpbﬂa\e@emdem S ;)pen
0 ul ow I nner, I a er sal ntet nhoa,c rirsin

pr epar i ng'0e&$ wﬂg|t8¢§ewl§/o mcsmmet&cnqrtrﬁm elit hﬁ@aﬁ{s\@légqn%tyggp9weeﬂmo| | ow

fib dl

FLoer  TTENCRRR Tl HefsdedhORbor S R, B 1oRARD pBRRCPRSHal uaFictog "

potti ng rthe éibeed apalrtolﬁiymkh'igedenmtgns defined es thé ratio céxfpwéaed as a) maki ng a

ot 11 ng arevase: g e BIEF i searectiolfl orasbt ADE alE AR BB SIS he

cl osed eﬁﬁhéﬁhréafdmﬁd hefiswibody. | Fordivied bLRERR Fotled @RBSGt béthg Pdclidig ai d
perfluorlnated t her nopl astic polyner potting materiel at a_tenperature

bel oyv t WOl pw&qdyr. e p%iifh'ﬁ the ated pémaq@taicﬁrﬁss-éecu%ai area opall mejeber.s. at ed
hol | ow T ;bgfe 38%?%?%353‘? c;i%nhi‘grééem#thaqiﬁa?gligégtr%?bB %Of“‘r%g' ng
g nma

tc~perature of sal ereins herm)p stlc ol yner

potting nightlyisla fdrmenmfcpaoldmgrdbnsnysmal pbﬂbd\defﬁ%h?and fibeb stifftess. A

coxapl etelg frlliz~ ‘ﬂ the i ~n~l ~ez' st xtjal spaces between fibers of
ractitioner skilled in the art can determine the preferred preferred packing

25 density for a specific hollow fiber membrane. For porous hollow fiber
membranes made from poly(tetrafluoroethylene-co-perfluoro(alkylvinylether))
with an outer diameter of approximately 800-1000 microns and a wall thickness
of approximately 200 microns, and about 10 centimeters long, a packing density
of at least less than 70%, and preferably at least less than 65%, gave

30 satisfactory potted fibers.
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said portion with said perfluorinated thernoplastic polynmer) e) cooling
said perfluorinated i hesxnopl astic polymer potting material afd JHLd76EY | ow
"fiber bundle to so3idify said perfluoririated thernoplastic polyner potting
mat er i al wiapoof4ansm a potted end) fj optionally, repeating stREEUSH/RMZough d)
on tho apposi xa~ hollow fiber ntnbrane ends to forma second potted end, Q)
cutting through at | east one potted end to open said potted hol |l ow ber
menbrane ends, and, h) aptionally, scaling opposing unpottod hollow fi ber

nmenbrane ends. 3Wit"ﬁh§rg“é?tﬂ1u‘h‘élé%f, tHd ﬁ(b\ﬁmglpd?cﬁngn‘{ﬁléﬁéi canl B@n’fb‘?ééﬂﬁefi ber
nmennbxanes are nade of

pcl y(t et bundlep pagicularbrior celativelyisofieoentyreneay Tdishean yesult in _
e o . DRGRARKRE BcERs e ons o b S BT o B e g = °

fl | | | il 1 | d
P opyl - S5HREHeHELTo PvetcdrheRRPYoblef S Yrid, ad8 1A ihed'Bt Statie

propyl . o :
G 7~J5 . Jfilement| isJplaced ; for exadiplelahos cEOaPBgh abovelthe-fired pat beighte net hod

f dai 1 ~~h 0t t.t] texiad,, | I | ti
cosen; ng ThEAedied tf iBer BnlR e rerarpe SUSs 2HRaens athe
mat eri al cygpredstomWifietanewiny tHepaliRg niaehareSow freell@rodpidhtig fiberdd ai m 5
wherein the .nmelting or softening tenperature othe pott!mr;%pnaterl al is at

| east ab@themrsmet ofi dividinghiberindle gre possiblee suchngsitbifpehimsu raftesithene

Tewher ci ROTRG gefRYeL M dR sy als PEIRBEILIRaved (ne potting material i<
at | emst about IfKe thyicedf poktiy maeriatid eugiadto el kectdss dfarapresontr e of
the material used to make the hollow fibers. 8 The nethod of Caiux 5

wher ei n invenkiens iThe rerfiverdnatad hereoplastia pelymer used asothe; peftingMmatedal i s not
I th [ Rt : | |

t or nper afinsh ABHATABR £tols COiheREs bPaM) rERrbtfbe. Pl VRBbBand o
The net | vietd stréds properties ef thetgulyret have toke sow letnoiugh soctinaé the polymer t he

otting~r=tatcrial iswnt~lower than approximately 10C. |l e than the noltin
b sof ¢ oHilkPW ke B3tiRG temberat.rin: BOMavel 488 PG R has Pow 1 ber
menbyanegaididin tHaeMBdian :%el P8 Ichg¥ncthigh 1sériddof iRl fHat e fibart ed

thernopl astic potting material.is ' )
pol y(t et bandlecandve plasedeansbfixast. f Inum prejeted yhethoed| theneontpiner with the

e P bAoA BPBec bukn; a IBRpBRAY Y ©f

pol y(tet FiMe | ' | t hyl)
or bl rndfs@;éfsg(rtﬁe%:aﬂand pﬁ%&;ftﬂdﬁ?ﬁ@ﬁg ﬁbﬁ%@%? S%ZImgiEﬁrréstélr_ﬁ %dr%yﬁogf g? n the
per f | uor audfixed implagetyae sHpped struatyreauringl thegse manipulations, the

boi 14 of (PRSIBRD R4 sl BRbt SRRl GHndGEls Biand tbeRa AR 1109
The container with the fiber bundle is then returned to the oven. ltis also
important that the potting material not flow into the fiber bundle too rapidly and
entrap air bubbles, and that flow come primarily up from the bottom of the bundle
25 for a similar reason. The potting material must also have a melting temperature
or softening temperature less than the melting or softening temperature of the
hollow fiber membranes. A preferred polymer is Hyflon 940 AX (Ausimont USA,

Thorofare, NJ), which has a melting temperature of about 256°C.
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15

Melting temperatures were measured using a Perkin-Elmer DSC 7 at 20

°C/minute heating rate

End of melting temperature is the temperature at which the melting

exotherm returns to the temperature baseline.

20
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109 (goitdoik 1004 fhough the melting temperature is Iess than the melting
temperature of the fiber of the Example 1-4, because the viscosity is too high
and it had an apparent yield stress which prevented flow. 940 AX # 2 is
marginally suitable because while the peak melting temperature is less than that

5 of the fibers of the Examples 1-4, and the viscosity is low, it does not flow

sufficiently at a temperature less than the melting temperature of the fibers to pot
in a practical time. 940 AX #4 was not suitable for the fibers of Examples 1-4,
because it had a yield stress and a viscosity that prevented flow at 275°C. The
flow properties of #2 and #4 could be due to the end of melting temperature

10  being above the temperature at which the molten pool was held for flow to occur.
It is possible that unmelted crystalline regions could retard flow at this
temperature. 940 AX# 3 and # 5 are suitable as they have the proper balance
of melting temperature and viscosity and no yield stress for the fibers of

Examples 1-4.
15
In Example 5, 940 AX#;t was used to successfully pot hollow fiber
membranes made from DuPont Teflon® PFA, which have a higher melting
temperature of approximately 310°C. This potting was done at 290°C, above the
end melting temperature of this sample, and where the viscosity is lower than at
20 275°C.

The method of the present invention relies on the combination of proper
fabrication of the fiber bundle so that potting material will flow through and up the
fibers unimpeded, making a temporary recess in the potting material, proper

25 placement of the fiber bundle in the recess, and potting materials having the |
proper combination of melting temperature and viscosity properties. Absent one
of these elements, the method cannot be expected to produce highly integral
potted fiber or potted filter elements.

30 The filter element produced by the method of the present invention will
be suited for applications requiring extreme chemical resistance and very low

2
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in the lumen of the fibers. The pressure at which the first bubble appears at the
outer surface of the fibers is registered as the visual bubble point.

15 Example 1

A container with dimensions of 57 millimeters (mm) diameter, 25 mm
deep was partially filled with 45 grams of poly(tetrafluoroethylene-co-
perfluoro(alkylvinylether)) having a meliting temperature of 256°C and a melt

20 index 373 at 5Kg, 373°C. The container was placed in an oven at 275°C for
approximately 24 hours to produce a molten pool of the poly(tetrafluoroethylene-
co-perfluoro(alkylvinylether)) in the container. A bundle of 30 hollow fiber
membrane fibers was made. The fibers were 8 centimeter long, with an outer
diameter of 850microns', and a wall thickness of 225microns. The fibers were

25 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. The fibers were placed in a hollow cylinder
made of poly(tetrafluoroethylene-co-perfluoro(propylvinylether)) (PFA) having an
inner diameter of approximately 6.4 milimeters. The fibers were held in place

30 with a thin rod threaded through the fibers under the tie and with the rod resting
on the rim of the hollow cylinder. Fiber packing density was approximately 60%.
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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 the end being sealed was heated. The

15 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 to allow
intrusion into a short portion of the fiber ends, the hollow cylinder with the fibers
was pulled out of the molten potting material and allowed to cool. Excess potting
material was removed.

20 A cross-section of the pot was examined under an optical microscope. It
was observed that the potting material filled the interstitial spaces completely.
The potting 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 isopropyl alcohol and air pressure applied to the opened fiber

25 ends. The filter element had a visual bubble point of about 45 pounds per
square inch, indicating an integral element.

Example 2
Approximately 175 poly(tetrafluoroethylene-co-perfluoro(alkylvinylether))

30 hollow fiber membrane loops having a melting point of approximately 285°C
were bundled and prepared for potting in a similar manner to that of example 1.
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5 Isopropyl alcohol bubble point testing showed the filter element to be integral.

Example 3

A bundle of 16 poly(tetrafluoroethylene-co-perfluoro(alkyivinylether))

10  hollow fiber membrane loops were placed in a PFA cylinder of approximately 6.4
mm diameter and potted using the method described in Example 1. The potting
material was Teflon®FEP 4100 grade resin (DuPont) that had been irradiated
with 7.5 Mrads of gamma irradiation. This treatment reduced the molecular
weight of the FEP polymer. The viscosity measured at 280°C was reduced to

15  approximately 18,000 poise at 0.1 reciprocal seconds shear rate, compared to
approximately 350,000 poise for the unirradiated polymer. Formation of the
degassed potting material and subsequent potting were done at 280°C. The
final potted membrane element had a visual IPA bubble point of about 35
pounds per square inch, indicating an integral element.

20

Example 4

A bundle of approximately 500 poly(tetrafluoroethylene-co-
perfluoro(alkylvinylether)) hollow fiber membrane loops, approximately 7.6
25 centimeter long, was placed in a 1 inch (2.54cm) PFA pipe. The potting material,
Ausimont Hyflon® 940 AX resin, was heated in a container in a 275°C oven until
melted and degassed. The container was removed from the oven, a temporary
recess made in the molten pool of potting material with a Teflon® rod and thé
container and potting material cooled to room temperature overnight. The PFA

30 pipe containing the fiber bundie was placed vertically in the recess with the loop
ends down. The container with the solidified potting material and the PFA pipe

25
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approximately 72 hours at 275°C. The PFA pipe with the encapsulated fibers
was 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
5 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 in
Example 1. Isopropyl alcohol bubble point testing showed the element to be

integral.

10 Example 5§
A bundie of approximately 48 poly(tetrafiuoroethylene-co-

perfluoro(alkylvinylether)) hollow fiber membrane loops, approximately 7.6
centimeter long, was placed in a 1/2 inch (1.27cm) OD/3/8" (0.95 cm) ID PFA
pipe. The hollow fiber membranes were produced from DuPont Teflon® PFA

15 having a melting temperature of approximately 310°C. The fibers were 900
micron OD/400 micron ID. The potting material, Hyflon® 940 AX resin (sample 4
of Table 1.), was heated in a container in a 275°C oven until melted and
degassed. The container was removed from the oven, a temporary recess made
in the molten pool of potting material with a Teflon® rod. The PFA pipe

20 containing the fiber bundle was placed vertically in the recess with the loop ends
down. The container with the potting material and the PFA pipe containing the
fiber bundle was placed back in the oven and held for approximately 72 hours at
290°C. The PFA pipe with the encapsulated fibers was pulled from the molten
potting material and allowed to cool and solidify. A cut was made across the

25 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 in Example 1. Isopropyl alcohol
bubble point testing showed the element to be integral.

A practitioner skilled in the art of developing and producing filter

30 elements, particularly holiow fiber membrane filter elements, will be able to

discern the advantages of the present Invention. [t is not the intent of the

20
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itutions or modifications that are possible, but to present representative
methods for the edification of the skilled practitioner. Representative examples
have been given to demonstrate reduction to practice and are not to be taken as
5 limiting the scope of the present invention. The inventor seeks to cover the
broadest aspects of the invention in the broadest manner known at the time the
claims were made.

10  What We Claim
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perfluorinated thermoplastic polymer, and wherein at least one potted end is open
to fluid flow through said inner diameter, said method comprising;

a) preparing said plurality of perfluorinated thermoplastic polymer hollow
fiber membranes into a fiber bundle with at least one end of said
bundle restricted 1o flow of melted perfluorinated thermoplastic
polymer potting material through the inner diameter of said fibers,

b) flowing saidperfluorinated thermoplastic polymer potting material at e
temperature below the melting point or softening point of said
perfluorinated hollow fiber membranes and above the melting
lemperature or softening temperature of said potting material around
said hollow fiber membranes of said at least one end completely flling
the interstitial spaces between fibers of said portion with said
perfluorinated thermoplastic polymer,

<) cooling seid perfluorinated thermoplastic polymer potting rnaterial to
solidify said perfluorinated thermoplastic polymer potting material to
form a potied end,

)] optionally, repeating steps a) through c) on the opposing hollow fiber
membyrane ends to form a second potted end,

€)  cutting through at least one potted end to open said potted hollow fiber

membrane ends, and,
b} optionally, scaling opposing un-potted hollow fiber memibrane ends.

2. A method of potting a plurality of perfluorinated thermoplastic polymer hollow
fiber membranes having an inmer diameter, an outer diameter, and & porous wall
between, arranged lengthwise, having two ends, wherein a portion of one or both
ends of said plurality of perfinorinated hollow fiber membranes is potted with a

28

AMENDED SHEET



4y MY Z2UEYHAIGHTE U

| DF #10%B<8<& ().- 10%<& ()- Ss! 10%<& (¥ VRIEMDC 10~ 0 FOU&™() -
@6 i%éi ()-"-10%& ()- sL* 10%& ()-s(!10%& ()- '#10%& ()- n dEJB QODO02382
Sl 6 & ()-79 10%& ()-17Z10%& ()- 5! 10%<& ()- 410%<& ()- sf 210948 (2603

'5exY:/ 10<gl0% & ()-M 109% & ()- ! 109%& ()-"10% & ()-310% & ()- 940% & () -
10<YOA?:/ 10<s! 109% & () -

3L S b R L o 5B

10% & () - <dEofuidfodAhrobgh&asd iiner Ai6kA% &ald method comprising:
0! 109% & () -3/ F10% & () - sl (I 10% & () - F&$10°/<(& ()-DIxY:/
10( " 10% & () -4) @IEpsIes £aid plmqlgy/@ﬂpprﬂyonnated thermoplastic polymer hollow

3"10% u& () - LF10%,ug& 0%, U8 (.- 3, 1

10(L! 10% 8& ()-! it f&%ﬁhi%?‘f;‘"‘% %QFEB%’(’ ﬂ%%te&eesm of said bundle

LI 10% & () - " 10% wgirkipted

10{ 994.0% U& () - L$! 109% g ?)QB Emefud o crfhup ?nﬁtﬁ#tf%?ﬁﬁsgc(%°b§°ﬁfd’/tm§ O-L@
10% u& ()-bTdE:/ nm@&ﬂ thowgh Sic(ipner diameter of said fibers,

BAIL, b 0 bt ot it e

10- u<10% U& () - &pdiyhYarding)mBerndl1 0% u& () -

c¢) placing said hollow fiber membrane bundle by the closed end in & fixed
position in said temporary recess,

d) bolding said perfluorinated thermoplastic polymer potting material at a
temperature below the melting point or softening point of said -
perfluorinated hollow fiber membranes and above the melting temperature
or softening temperature of said potting material, wherein said
thermoplastic polymer potting material flows around and up szid hollow
fiber membranes completely filling the interstitial spaces between fibers of
said portion with said perfluerinated thermoplastic polymer,

e) cooling said perfluorinated thermoplastic polymer potting material and
seid hollow fiber bundle to solidify said perfluorinated thermoplastic
polymer potting material to form & potted end,

f) optionally, repesting steps a) through d) on the opposing hollow fiber
membrane ¢nds to form a second potted end,

g) cutting through at least one potted end to open said potted hollow fiber -
membrane ends, and,

h)‘ optionally, sealing opposing wnpotted hollow fiber membrane ends.

3. Themethod of Claims 1 or 2 wherein the hollow fiber membranes are made of
pely(tetrafluoroethylene-co-perfluoro(alkylvinylether)) or
poly(terafluorosthylene-co-bexafluoropropylene.

4, The method of Claim 3 wherein the alkyl of said poly(tetrafluoroethylene-co-

perfluoro(alkylvinylether)) is propyl, methyl, or blegds of methyl and propyl.
29
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potting ruaterial ismot lower than approximately 10°C less than the melting or

softening temperature cf the material nsed to make the hollow fiber membranes,
10. The method of Claims 1 or 2 wherein the perfluorinated thermoplastic potting
material is poly(tetrafiucroethylénie<o-perflucro(glkylvinylether)) or

poly(tetrafluoroethylenc-co-hexafluoropropylene.

11. The method of Claim 10, wherein the alkyl of seid poly(tetrafluoroethylene-co-
perfluoro(elkylvinylether)) is propyl, methyl, or blends of methyl and propyl.

12. The method of Claims 1 or 2 wherein the perfluorinated thermoplastic potting
material is poly(tén'a.ﬂuoroethylene-co-perﬂuoro(alkylvinylether)) having a
melting point of from about 250°C to about 260°C.
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lengthwise such that they might be received in a hollow body afier potting.

17. The method of Claim 16 wherein said hollow body is the made of the same

material as the poiting material.

18. The method of Claims 1or 2 wherein the hollow fiber membrane bundle is a

rolled-up mat of hollow fiber membranes having both ends sealed.

19. The mrethod-of Claim-18 wherein said rolled-up mat is rolled up around 2 core.

-l —— e 4 . c—— ———.e - e v r——

20. A filter element made by the method of Claims 1 or 2, said filter element
comprising ‘a plurality of perflucrinated hollow fiber membranes having an inner
diameter, an outer diameter, and a porous wall between arranged lengthwise in a
hollow body, baving two ends, wherein a portion of oune or both ends of said
plurality of perfluorinated hollow fiber membranes is potted with & perfluorinated
thermoplestic polymer, and wherein at least one end is open to fluid flow through

said inner diameter.
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25. The filter element of Claim 20 wherein the hollow fiber membrane packing
density is less than about 70%.

26. The filter element of.Claim 20 wherein the hollow fiber membrane packing
density is less then about 65%.

27. The filter element of Claim 20 wherein the hollow fiber membrane packing
density is less tham ebout 55%. ... .. .-
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