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.2 July 2003 MCA-428 This invention relates to a hollow fiberodgipbans

:M. contactor for phase separations and ot her %wmmgmm Iﬁmﬂmappl i catl ons, The

"contactor is made from perfluorinated ther meric materi aI S,
has a high packing density 1 o providing high usgfd contacting area, and
the ability to operate with Iiquids of |ow surface tension. Background of
the Invention Liquid-gas contactors are used to transfer one or nore
sol ubl e substances from one phase to anot her. Em m mu onvent i onal
contactors are packed towers, plate colums and mmmmm "”m col uMage Al log
these systems, gas absorption of one or nore conponggis fromthe gas stream
i's acconplished by dispersing the gas as bubbles in packed towers and platy
colums in a 20 counter cur}qsnbv?lﬂwé,oM HrsHe @éﬁgg (r? rAbsorption
efficiency is controlled apart Tromsolubility considerations by the
relative rate of the flows and the effective surface area of the gas flow
bubbles. In wetted wall contactors the gas stream fl ows past a downward
flow of 5liquid on the inside wallField Qfgbeﬂnvmtl@mlbe Gay stripping is used
to transfer a gas dissolved in liquid into a gas stream Simlar 2~
contactors are used for gas stripping. Conventions( contactors have several

defici enci es. Primaiyveniongeiaies¢o E@Q”I@é/ fikgrtmemarané ontanten f@ﬂ@lhagés and

ar o prone PRI 061 SHerab e e s ThERen At s aBaRk e N o
liquid fl owprflitsrieRed Tt%éplﬁ@t"b bbl?ﬁfér%tmbtegfélsf IHaw §ﬁ1dl’ﬁ$>§ékmd_|ﬂlén'éﬁ? of |ow
liquid flowrates in a packed towef would | ead to channe and reduced

effecti@e guoviding !aglea:seﬁdmtmmfgrarem agd dhe ROy fa)@mrtatemwmdrqunda of gBwv
July 2003 Ie%d ﬁg rgsrocess inefficiency. Wetted wall contactors have

i nher ent | y SHERFREE'S'PP-ansfer coefficients, and can flood at high gas flow
rates. The devel opnent of nenbrane contactors has overcone these
deficiencies. Menbrane contactors are devices through which two fluid
phases flow 5 separated by a daf karaungdeoftfiehinventionhe gas bei ng
transferred. If a mcroporous nenbrane is being used, the preferred nethod
relies on the nonwetting characteristic of the nmenbrane material and the
pore sjze to prexeit-ghs @ontadtbaaienisdtiio@anstepohBor patRSs@nbleldubdstagcddhem
Gas transfer then occurs through the gas filled pores to or fromthe
liquid, deffemrgpbasakrenetharhd amplesof conwpriinngl contagtostareiadaked i f a
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removal f rémgd:bwrapﬂbﬂe\wtrﬁdsre BB pShemteHrdre thé gderserewnﬁ s acaadplishddsy ead
of a stripping gas flow. Wil e other rrenbrane 888 tri e are avail able for

this use, HePESING iheeFahasbubrlas ARacked PYWEE] AP %@”éd‘h?aot ors. A

hol | ow,f i I i it aradd A 8 I
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from solubility considerations by the relative rate of the flows and the effective

surface area of the gas flow bubbles. In wetted wall contactors the gas stream

flows past a downward flow of liquid on the inside wall of a vertical tube. Ga=

stripping is used to transfer a gas dissolved in liquid into a gas stream. Similar
25 contactors are used for gas stripping.

Conventional contactors have several deficiencies. Primary among these
is the fact that the ~Hividus! gas and liquid flows 2znnot be varied independently
over wide ranges. Tray columns are prone to such problems as weeping at low
gas flows and flooding at high liquid flows. Packed towers can flood at high flow

30 rates. The use of low liquid flow rates in a packed tower would lead to channeling

and reduced effective surface area Excessive frothing or foam formation can



ner di aneter defines the hollow portion of the fiber and is used to carry
one of the fluids. For' what is termed tube side contacting, %?9ﬂthg&3d
phase flows 20 through the hollow portion, sonetines called t and
i~s mai nt ai ned separate fromthe gas phase, which surrounds the fiber. In
shel | side contacting, the liquid phase surrounds the outer dianeter and
surface of the fibers and the gas phase flows through the [unmen. The outer
or inner surface of a hollow fiber menbrane can be skinned or 2~ unskinned.
A skin is a thin dense surface layer integral with the substructure of the

T Torane he RO RRLIRTRE AR cy} M ofiBh Wal PRI b AR Rl ETMBNAR IR AAQY . |

t hrough the nmenbrane resides 1n ace’'s

pores | eadi neariglet teefficishts) vodscapoiicntsatshigiaasrfowtatehe md%@webmm ofr
may be a non-porous integral filmlike surface. |In porous shinned

menbr anes, pPEPMPAERNDROBE@CHYEdES quarﬁ@rmrtpe@@deaerﬁe@rers\/e f1ow t hrough the

pores. Asymretrl f 0 i y.of t ore
size across the tq\fuér%l?ﬁée@%ggﬁat%go ﬁce%% L?g(r% @PE&% 4"%0@@ ph%ﬁreg}ré"pt he
porous wgl | s@batdtedfblymamerﬁbmqjérmeammw &reegaéwamgatrerﬁsrucreurefan whi ch
the pore size is a function of |ocation through the crosssection
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pore sizes on 0O surface to those on posite sur cturers

produce nentq@ideron imtruding dnfoethy pﬁresreherﬂna@therﬂnesapsrtang%reherh oekags being
synthetic polynmers. An inportant class of synthetic polyners are
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sol vent based sol uti ons used for wafer coatr&g@ﬂn the m croel ectronics
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acid and oxi e conpounds ranes na conmon
pol yners. Reefrbuamé gebacéttrbearmakxarﬁble fpolhysress, ralioh fiser membranes are

pol y(tetrafl uoroet Ogene coper fluoro(al kyl vi nyl et her))

(pol y( P?FE—'@@'M‘% a%POBFﬁ Bet r af | uor oet hyl eneco- hexafl uor opr opyl ene)
{FEP) are not a fof a1 i
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Perfl uorinated 25 thernoplastic hollow fiber ranes can be produced at
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merbr ane siid Read Phadetdurrounds the outer diameter and surface of the fibers and the

gas phase flows through the lumen.

The outer or inner surface of a hollow fiber membrane can be skinned or
25 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. The surface skin may contain
pores leading to the continuous porous structure of the substructure, or may be a
non-porous integral film-like surface. In porous skinfied membranes, permeation

30 occurs primarily by connective flow through the pores. Asymmetric refers to the



ntactor Volune ratios. This attribute is usful for producing conpact 3

Jul'y 2003 equi pment, which are useful in applications vawgsgmﬂggogs at
a premum such as in sem conductor nmanufacturing plants. Being chemcally
i=nert, the Poly (PTFE-CO PFVAE) and FEP polyners are difficult to forminto
nenbranes using typical solution casting nethods as 5 they are difficult to
di ssolve in the normal solvents. They can be nmade into nenbranes using the
Thermal 'y Induced Phase Separation (TIPS) process. In one exanple of the
TIPS process a polyner and organic liquid are mxed and heated in an

extruder to a4 emmer %ﬁ%%gﬁ?@i a{br&?&?trpeo nRfes ﬁ?ﬁ%@% Pﬁé&é@é%ﬁéﬁ@ﬁow

shaped by extTusion rusion die, rane is

cool ed to forfipersgals. ls[fhélp@go@smﬂailrwth@éb@plAstyfﬁrrmsmdmieﬁfbrbﬁﬁpefa&buée i's
reduced to bel ow the upper critical solution tenperature. This is the

tenperature éﬁ“@ﬂ”@é@6ﬁﬂﬂhﬂﬁhPPﬁb$éﬁé%é§UP@FH1@W@ﬁﬁ@%@“W@Hﬁﬁéﬁ@dﬁ@sﬁeated
sol uti on, PseBH?r\?/ Xpirc W?hcjljaé gy?f'm?éasnﬁ&?n 9?@% tr%rv'e?ﬁ 'f?’orﬁ%} \éeﬁrfacjzé tglone

properly, thé"so rms a- contl nuous |n rconnect

porosity. 5Thﬂ1@ebg@@hgrsu¢ﬂacpha$rmh3r trizeimcexf dafitiad @T)dwmbayrr@m aemo gf petk
Hydr ophobi ¢ m croporous nenbranes are comonly used for contactor

appl i cat i onsSFESIPEANA§UEBOE 1@ H1QRG Oh thehaPPOTESSWHRCa et t he menmbrane. The

solution flows on f t
2l over pressure M ERE P SinbRBR TS R R £ R S S thE P A el

side of 20 t@@n@mﬂbfﬁl@eamgispmh@malpm%dném tAatimpbeahi clakd o seasistie spmarot
overcone the critical pressure of the nenbrane, and so that the gas does

not bubbl e |a&%th@ﬁr@0piacf@ FdPOlXNeLS. é‘d’I‘C’bPQQQ?rf@W%énﬁrfﬁg@@ﬁdéN’a@“\R)Iﬁaéﬁd ene
sol uti onyam 1 1o JoOEF Hele- & rzélﬂaf&?laoﬁ’rro%%ﬁtége\%gﬂ%o%eroecﬁ\%Yh@@oh@ﬁloﬁgtﬁrthgl used

to make t a nmenbrane, ore size

directly on adnﬂmdom@evmamme)mmbﬂam n%elmgqusetj bacowt mote wevérd, tRe gas
phase. Fb||0leIber menbranes are primarily used because of the ablllty to
obtain a verjakiras Brdieeneieaed bpcames Inis. deor exampiadie Rgdarinssalyent-

relates to t I evi ce.
T s el ar bas Mot d Y BT R e rBE e B et Rufled

contactor. AissblvEentaet &gl wadkee nie iodhedomipolyrhdgc hwﬁbrrmﬁsacrh@@@me
inside 30 or the outside surface,, dependi ng on which_ is nmpre advant ageous

in the 15 é@mp@r@tuz@@mq@m pathsain tas;ﬂa.na%tnd@ﬁtryﬁmse%of@mlv@atd 8nd f or
contacting %?(fﬂfgt%eco?% SOEAEs, Mfich Wil 8@9%8%%%8%]‘%%‘% rﬂgﬁéli_affcro‘ﬁ%bh%’dlﬂ%ers

"degassi ng" gaseous substance to a oZone
i s added toR&fﬁuomwtedwaemoplasmablymmcmmmﬂwﬂ pmly(n/afreflnoro@trﬁydeoesso
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operate at higher pre to'thelr resistance to intrusion. Nonporous
contact2r nesbysmdwtanemprafes nede fromabese pokreetsheollidguave aaecided

bt cesuro. 1 RS ARGy EEE e o R FTORO A GRS RS Otk WEADICATE A, 1 ooul 1
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hi ghpressure applications,” where iIntrusion of a pofous nenbrane woul
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react arzts i rthtehﬁaopmedwdmlbaﬁﬁbeﬁ\mmt&aﬂes@ahmet oo uvedlad sprialldr dtaimetdrs
surface area for nmass transfer and nalntaln t he product separate fromthe

feed strearhappaossite iFUPEFE.  Fibgsswin smallapsdidngirrssar, ex@m%@@th@ss 345)
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cont act or s dsege \Mﬂiﬁtaécﬂ ot mtgl@toamblamgeﬁgramémbraat@wnﬁaae)arda i d. For

t hese applications, a nore porous contactor nenbrane, such as a microporous
contactor volume ratios. This attribute is useful for producing compact



2s nmenbrane, woul d have an advantage, because the nenbrane resistance woul d
be reduced. This would be practical if the |iquid does not in&é%ﬂﬁé@%@
pores and increase resistance. Wth the very | ow surface tension erials
used in the present invention, this wuld be possible w thout coating the
surface of the fibers with a |ow surface tension material, which is an
added and conpl ex 30 manufacturing process step. 5 4 25 July 2003
Menbrane contactors have several advantages over conventional equi prent.
Menbrane contactors have a higher surface area per unit volune than

conventi onal (ﬁacked tomgﬁs. Nbrg{i. n‘gor&gg}tly, menbrane contactors are 5 not
di sturbed by®Hi'GRH WO A6 SPH 43 FRRCHE RN DLEFIRACE 8 Fhat HEMPHabI WAD set
forth above 91, g@ﬂ}é@ﬁﬁg&f@?lmwg%ﬁgg?%ﬂigy s is due to the fact that in

menbr ane contactors, ow rates c e controll ed i ndependently because
t he separat e phas@singrahemuitailyninghy e BblycGTtrde-C Gt \CaBhahd iIFEP pehgresach

others flow._Mepbra ontactors al so have the advant age that buybbles are
ot formed. (HETHACHE Gl IS (o STA TAEEES A YRR SELHG Cotitc meHiodor e
advant ages apgy wpehiiclintd FRSGILEN tl@ﬁér’n@ﬁ@%ts@l"ﬁ%? 5a{neﬁéé ﬁl{]eemto

drinking water”is being increasingly be considered. one
capabi | i ty orembranasaysing thé Mhermabehndumed Rivee Sepafaiom JUBS) armessssuah as

Subst ances. CHETPEEMHaR! e ¥ SIUHES ek RO UIR AT L IPASS [FUGERe Mg ard -

appl i cati onﬁe@%winrémax@usmEerﬁ@&%&@%@,wrﬁeﬁ*ﬂ%@ﬁo@tmérem@wé&r & the

hi gher efficiency of a nenbrane contactor would be preferable to

t ypi cal snmahierbbtsleds dihbaddry, exthisidn thequigh es eitgrsidn dentandatherexdnaizel dept h

phot or o8 ot MAB0TARG 5 3eP B AR EB. TG CoR s PORBIOT ARAIGEE 1 cmbyed

after procegshpsratirsii§2E808ed B Bel6RMABN Ppei et caBINoth %rﬁ‘aéradiurté‘.eTM‘@fEEr S.

U.S. Pat. No. 5,082,518 describes a sulfuric acid and oxidizer process to
cl ean sem cthedigmparaivae at or balayashitstwd phasenfapsirem thenpomsgegeauspar ger
plate with hol es ohistribute into a trea nt tank

25 cont ai ni %gt%afsllom},ogg SRR %”@9E@&%f{ﬁgr'th@%ccﬁf‘l%%BR}@ﬁf%%@V%‘F{- IrFf13 e
absor ption properly, the solvent rich phase forms a continuous interconnecting porosity.
15 The solvent rich phase is then extracted and the membrane dried.
Hydrophobic microporous membranes are commonly used for contactor
applications with an aqueous solution that does not wet the membrane. The
solution flows on one side of the membrane and a gas mixture preferably at a
lower pressure than the solution flows on the other. Pressures on each side of
20 the membrane are maintained so that the liquid pressure does not overcome the
critical pressure of the membrane, and so that the gas does not bubble into the
liquid. Critical pressure, the pressure at which the solution will intrude into the
pores, depends directly on the material used to make th= membrane, inversely
on the pore size of the membrane, and directly on the surface tension of the
25 liquid in contact with the gas phase. Hollow fiber membranes are primarily used
because of the ability to obtain a very high packing density with such devices.
Packing density relates to the amount of useful membrane surface per volume of
the device. It is related to the number of fibers that can be potted in a finished
contactor. Also, contactors may be operated with the feed contacting the inside

30  or the outside surface, depending on which is more advantageous in the



gf ficiency of ozone absorption into the water due to the | arge bubbles of
ozona produced. The contactor of the present invention has thgsgmfab&yl
stability to operate directly in harsh environnments and woul d T nprove

cl eaning reaction efficiency by supplying a bubble free ozone solution. 30
E 25 July 2003 Chm et al, J. Electrochem Soc., Vol. 140, No. 3, March
1993, pp. 804 810, describe cleaning organic inpurities fromsilicon wafers
at roomtenperature with ozone-injected ultrapure water. US Patent

5,464, 480 shows that ozone diffused through a subanbi ent tenperature

dei oni zed P I &5 i ' rd

25, phot or esi P ane o e o TGy Fhach o [ R TR e R R gns 4
bel i eved t hdb reoweeidigsdihed gespe franutiguids, degaseingt’i artoatkbbemsaous
sufficiently high ozone concentration in soluti 0 substantially oxidize
21 of the SUGSHNCERAITSR. QP TET P e e FSHbi0c Guae VRrer Ho oS or
diffusing a ans whi ch provides fine bubbles of ~0o ozone or
ot her gasessgﬁﬁggﬁﬂgﬁ§gﬁangﬁg uniformy distributes the gas throughout the
tank. I nsUS Pat eRorbudaéniffor meeitraabs wre brefehreldifbemdnadp@icatipneizdadsby
the diffuser are_initially about 25 to about 40 nicronE in dianeter. The

gas di f f usethgy willkhaug Higher mass Fanseathandaenroress FaRiPeanest | i oet hyl ene
(PTFE) and KO\ r FAH d

br essur o undBP o B e o R R R Sl o
bot h por ousahledompereteashigbabprassaraes floe tetheiTrasistapee te #dhesiamd Nogr nreabl e

menbers are preferably conprjsed of about 95% PTFE and about 5%

per f | uor oal R W%ﬁq{&?%ﬁpﬁg?@m f?@eﬁeﬁrﬁeoéﬁr r %‘éqsea?n‘ﬁﬂ?%g‘\erw(#géﬂ% nenber
may be {-0i ; A laty, 4 Sy
co)r/rposiitog ﬁ’%@?r?%@ﬂﬁf@ﬁ% @fgrrr]e%a ar té tﬁ%ﬂg%’?ﬁcgr?g{c 'rf‘éa;ssfsegszﬁ')ienvét@é t ank.

Pr ef er abl y, prelssureninethe sarcaskeatvaeabtdn tligegher porssentndirbye medy rewylioin
fusi ng the nmenbers together i car bon- car bon bonds. ce .t he pernpeabl e

. n
menuer is fOfARRANIA lAHENORS] NasPetpUsUneBio aRes PYPLARR Re aBSpaR OISt of
the menber -prgggurre%%gﬂﬂ@gg! {v&é%fntrhuéﬁor%‘f A P%r&!@ﬂen%raﬁ@%éuiﬁfbelgo’ 000

pares of a‘'size of out 40 mcrons in dianeter through which
gas nmay pemreblegninto the treatnent tank. The use of the trench in the
diffusir al l ows t,h as to use into .the tfaﬂk as ver.¥ fine bubb
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appl i cati ons forM?ﬁ'@g%ﬁiC@H I f‘fertso(?aq’rﬁlﬁﬁfbfc%? & FRRIFEIPYS VEgR A élggﬁ'ﬁ’é‘lt "
suppl i ed Hoop@a@seqttmshrbe 53?5@@3@%% fdbgsttewrd td B sdcohapHeMat dHertiedl d
provi de go nore efficient oxldatlon reactions because the reaction would
not be | ocatactirh igtdesired between that species and a second reactant in the second
phase. Membrane contactors would provide high surface area for mass transfer
and maintain the product separate from the feed stream.
20 Z. Qiand E. L. Cussler (J. Membrane Sci. 23(1985) 333-345) show that
membrane resistance controls absorption of gases such as ammonia, SO, and
HzS in sodium hydroxide solutions. This seems generally true for contactors
used with strong acids and bases as the absorption liquid. For these
applications, a more porous contactor membrane, such as a microporous
25 membrane, would have an advantage, because the membrane resistance would
be reduced. This would be practical if the liquid does not intrude the pores and
increase resistance. With the very low surface tension materials used in the
present invention, this would be possible without coating the surface of the fibers
with a low surface tension material, which is an added and complex

30  manufacturing process step.



25 July 2003 the bubbles. The nore honogeneous sol ution would provide for a
more uni form cl eaning reaction. Furthernore, the high sd?facezgg@?ZQGB
volune ratio inherent in hollow fiber devices would give a conpact system
sui tabl e for sem conductor operations. 5 Dissolved oxygen in ultrapure
water i s another problemin sem conductor device manufacturing. Oxygen
renmoval to | ess than one part per billion (ppb) is required to prevent
uncontrol |l ed oxi de growh. Potential problenms associated with uncontrolled
oxide growm h are prevention of |ow tenperature epitaxy growth, reduction of
preci se control of gate-oxide filnms, and increased contact resistance for
VI A holes. This uncontrolled growh can be overcone by stripping dissolved
oxygen to | ess t aembrapd chbheitdraendilet saRUs I NRINRE g8t 6t dhtdtditional
manuf act uri ng process. The hi gh packing density and cl eanliness associated
with an al | gseigmMent i Matwdanesomantast hayvecd MaharGurace Haadaragésvoldmauch

mothod i n— teeRP v eneLeddre Bl o O B . PP eaRitie e
di schar ge t ypedruanatidy highdrier!fieedrdt8s watielo het HEfdresrhede he ledhs 8ot
hol | ow fi ber menbrane, characterized in that the water pressure inside the

nenbr ane i s ferh abayve & aenyrationaleontaeiops.e$Bigris due torbe daeiibatmsmamiplaned

to th tsi h | | fi ' bohbi

mpur ¢ es PogElabe Pidt Riles APt T EERSE L bR BREY ARty beut Bl See e
ozone concephasdd 8t hdt ihihysiRREEAtaR bRl damnefHilehte @R dtherdmsis of the
concentration of the ozone’'gas. This nmethod reference discloses only PTFE

menbr anes aMgnivesernontadarcaispdtayetthe a@nidgethadlbubplast argorotrfarmedd in

t her nop] astjc contact or. merci al | vai . | | - PTEE_hol l.ow t ube

cont actrs edTR SFpE PeProBer nat B (R, Thder PRt Whey are
rel atively {ig8fopin iffloptant ABBAIARHIA di scl oses the fiber manufacturing

process for neking conposite PTFE hol | ow tubes for ozonizing applications.
The first step oPzZone dregtveatel dnvigngavatexisrbrinadnerereinghsbe caasideseldf rom a

ubr i cant s QraTee 46t SEPERIBTHLERBRURS ke 7117 BoES Aoy subrBinges: -
sol i d tube.subhead tpRldriethzeiss WhidH Aedby-pagd idtslion shloyinetréatmer® ahd Yat2P4)3
make it porous. This is different than Régical PTFE fl at sheet nenbranes

made by5a $ubsiancesreedsts hamigendvcacidsarhichinay be riesepbr bosasplicaiianses,

characteri ; Lbr | ] ; by
b axi al st FeduRfiad CRBaREapaclat S a4 oo en: 1 MR eE TS A
been 5 streheimbrand bentactrrrwoalditad prefefabidabthe typal smabfbutide diffuser,
inpracticality of such a step, this radial stretching step is mssing from
t he discl o%ﬂg*bf%é%es?s'%' '§@EMﬁE?ry?Z%?eg%fﬁéeeqene{F%ﬁyet ube are only

"hal f-forned", i i j i ¥ t O f e T 4 g | at
sheet nenbrane. Iq_gn%g{r?prg}ggcgpgﬁ?ﬁ%@@%%% fdg?%tﬁ?wgghcgmwb'eé Eﬁggérrﬁ%fcgﬁﬂi% ond
st ep ofo | ais bakedgnid a siicbarwdfer thatrrapst oeiserhbaed sfieeprovsssirgneOaitatiop isf

the external surface of th rous tube. This step involves |amnation of a
| ong na_rroﬁ/Cé%@ﬁ”ﬁ_”@f“%@%@&é%&%@u@%ﬁ%{é&e spirally on the surface of
the tubing. Thi %J.S?P%t.tl\%i.'5’,682,51@8’ésdrfﬁe%“§b?!@u%9§i85aﬁwd okigRer Prodeds®

menbrane | am nated to the outside of the hollow tube, the resistance to
mass t r anstleanisennicbedigéide wafew. foghel distrithitipmesystemceraprisiege $spangee fl uid

partially intrudes intao the s I r.. Fhis im ni shes the
ot eni ol PR SRSa e S HE R erdhe ety O RERE b nE ke Tho r 1 b
phasesys Thesstafifthd sLEMGE 88idATiDYeiteARagtiddishevaniagew of idesr apstbapas of
t he present invention. An advantage for contacting applications is that the

very | ow seffitigney B ozensiahsospliemede thewateoduain B8 l969s REPBlesI AfRengse
with low surf@geqt PRSI B digubfite FakaArATBNEon ALGMhY ARRTOAIYafiRUS! oPer s
used in the sem conductor manufacturing 1 ndusiry nmay contain surtéce

tensi on reﬂ&@’bt&dﬁé@'ﬂlﬁiinVIGérshWo@m@uEfa@@t\a@Mﬁ.imﬁﬂewct@mig)rwcsioﬁoul d not
be degassed with typical m croporous nmenbranes because the |i1quid would

i ntrude t HSTigeReY bxtSUPRE/ IpE @sBYRPRS fiRReaze™e aAltip_r neat e, causi ng sol ution
| oss d excess evaporation. !'n addition, liquid filling the pores would
greatﬁ@ add to the mass transfer resistance of gas transport. US Patent
5,749, 941 descri bes how conventional hollow fiber nmenbranes of

pol ypr opyl ene or pol yet hyl ene cannot be used in carbon di oxi de or hydrogen
sul fide absorption into aqueous solutions containing an organic 30 sol vent
wltt,out the use of a solution additive o prevent |eakage. bNhlle



9% 25 July 2003 pol ytetrafluoroethyl ene (PTFE) nenbranes would work in

t hese applications, presumably because of their | ower surfacezéﬁa§bg@3 t hey
are difficult to process into hollow fibers. The nenbranes of e’ present
i-nvention are made from polyners having sim/lar surface tension properties
to PTFE and are nore readily s manufactured into snmall diameter holl ow

fi ber menbranes. WD 9853894 descri bes a process of form ng conpact, high
flux, fouling resistant gas filters by coating continuous ultra thin |ayer
of non-porous gas perneabl e polyner over filter surface by contacting one
si de of rnicropor ; tr i id ut oalhng-sel ut.l pal r,
preferably annrpﬁ%ﬁ?'%gggHy%&%uﬁ%hgggf$ﬁbf%§b?agi@Phgtﬁ%#&?j%%?dﬁgzgﬁef

whi ch is hydiophebiribeaoidanlreopigabicimfirhigisrfedra siipon wakes bit késmhs pol ymer
fromsolution as solvent flows through, |eaving uléfa thin | ayer of

pol ymer . Pr f8RSAI4raweh @zong-ivisatecs WP UEmW el | \ow TatBaF S st B @isbows
particul arl Rl s h fLber i ; ranes
have been dﬁggﬁkﬁégcgﬁuﬂééﬁﬁ?u$@§f%gﬁ?@@?@ﬁﬁﬁ@%ﬁ?@ﬁ?#ﬁﬁ@?2%83%9§?§ﬁﬁbnBer,
Paper presequietdlyednd 888ctiNaiy rerAoes begamidemdtednl SSahi &3 phdkeetsiBofrbnT Wasers
met hod requires a separate and conplex coatjng step to produce a non porous
contact or fwBBeUt thgriseeeiriher chemigals 'b@r%'@dﬁﬂﬁﬁ@&@“ﬁﬁm}?l tgginerature of

contactor i j : Bri ¢ vent i . first
cnbodi ment DF T EhaRES: SarFebRl A IEe Sont R AR AIROT P e ca
t her mopl astdhsiamtialy diidiee dllsofusedrgsnit meateanl bethe Wademenibsan®!é gases.

conprised of a skinned %tace on one di aneter, d a porous_surface on_the

an , ,
25 ot her di HiefMaansTRE JSHAINGER G56rE@ RRAANEBSINT MAKE BIOVIGRS BRS RwPDIgLOf
menbr a | HAes I Ol G j
resist gﬁcesc% o | i%ﬂ(?gel} ﬁ?%%ﬁﬁgé\Eﬁ%héerﬂétjﬁﬁ%hbﬁ%ﬁgﬁlﬁéﬁfeow i@%%{s}ﬁ?%@f‘o“t
resi st ance)thgéankt.he small pores offer the highest intrusion resistance.

Al so, the perflyorinated surface has Jow interfacial energy, which further
i ncreases the ré8i rﬁi@”&%“ﬁf‘(fl.ﬁodpf@fﬁf%%b’o e bipbjes thaZF?rgLHVS’V'Q@@ab){ hea

e e R oo e LB S Aot el TR dahELaP T in ol oot
where the pesferatrie is asddd faomea hﬁxﬂmvésfpbmtsrf@‘tumaytriymm(wm) ang, or
T qul d1g nt E)lés.u%r}oglrl](ggyltv”weyléatﬁéﬁss)} \?ar?/inlgeﬁwséetren%)reorgluergnand pressure under which
the mixture is prepared by methods known in the art, both porous and nonporous
members are formed. The impermeable and permeable members are preferably
comprised of about 95% PTFE and about 5% periluoroalkoxylvinylether. The
permeable member and the impermeable member may be joined by any number
20 of methods as long as the result is a composite member that will not come apart
under the stresses in the tank. Preferably, the members are heat sealed
together, essentially melting or fusing the members together using carbon-carbon
bonds. Once the permeable memuver is formed, a trench is bored out of the PTFE
in the top portion of the member. The resulting diffuser has on the order of about
25 100,000 pores of a size of about 25 to about 40 microns in diameter through
which gas may permeate into the treatment tank. The use of the trench in the
diffuser allows the gas to diffuse into the tank as very fine bubbles. In
applications for the semiconductor manufacturing industry, a device that supplied

Homogeneous bubble free ozone dissolved in ultrapure water would provide

30 more efficient oxidation reactions because the reaction would not be locallzed at



51n a third enbodi nent, the skinned surface of the perfluorinated

t hernopl astic hol | ow fiber nenbrane is non-porous. This invendtgnybpgyi des
for a fully perfluorinated thernoplastic hollow fiber nenbrane co%tactor
with unitary end structures having a high packing density and capabl e of
operating with liquids having interfacial surface tension of greater 1lo

t han about 20 niN'm at 20C. A nmanufacturing nmethod for the contactor is
provi ded and descri bed. The contactor is conprised of a bundle of
substantially parallel hollow fiber nmenbranes potted at both ends and
havi ng unit end,structures) with the hoysin ontaini.ng.the fibers. The
perfl uori na?éé b[‘.lﬁgll%pft.}émcgemm%qq%érs#%t!q{gﬁpﬁlggovdqg{ i € MHGHT B
are made of JNOANMABTEa&H) PSrtR&Yore! e Righureekbreans-eamerbliyohRerent in
(al kylvinylether)), poly (tetrafl uoroethyl ene-cohexafl uoropropyl ene), or

bl ends t her d@flo retevicest weulagve Buampattaystamdswitablefocermiecnideiesort or
the two f|Ui$%5%F e contacted. As illustrated in Figure 1, fluid 1 enters
the contact§ _ ough the fiber lumens 3 through connection 10, 20
traversesg the i nt[ﬁsstcm‘/e@f)x%/%n aPokReUes waltdd i€ dridthéreplobi@nsn seRfESnHtctbs
separated fromfluid 2 by the nenbrane, and exits the contactor through the
fi ber | unengedicedoaneiectusing 0Oxyen enovatiedsss arhons ipag perrligh (ppb) is
connection 30 and substantially fills. spac etween the inner .wall of
Che houst ng SHiTAHE BEVER wiintidied' Sidq Beos Bl dPabiéf Bt
connect or 4@ith2mcbRtrbhed bixide groaRrdraBRévertibe dflBRMtenAsaaamE Bkl Greltmned
menbranes having a porous skinned surface on one dianeter and a porous
surface on fasCoPRST paecise controlwh getetrxide Bers.\@Nd inseearashcediapt edistgnae

Prom syt VA el B BaicarS o BB R e B e oy Siso T ¢ BRHB R
fiber nenbr nadesdihdme ppd REACRE UPRIAE VWEEr iuBeBINeNE hedHufbStupagent

application 1117, 854) filed January 11 25 July 2003 29,1999, the
di scl osur e IPCERS.chhedighpachivgatensitygndedlegrimass aanociaiedwitmhaniadui d on

the lumen of the.liqui t he i pner di ter w_|l_ be made skinned, and for
use with | OGP BN eRaRash Ehale Rl g s artadts Berder srlapar

di ameter of the (§hRitenib)6700E0BARIGd anedidiZdewpedrt ®édlichey metidd ppaced
closely, without any fiber 5 crossover or fibers inpinging on each other so
ti ght | y5t hathieheypreaauriead peonegasds apaeiated by ad elegticdisehame ypew. For
l'iquid flow,i i I rat l r
1 i o- gas SZBRPI T Sl P e o B B R B R bR .
Thi s si npl cheexctétimed mnthad the wabkeruSrastwire ingider theessmbrant lie mesctaiited

enbodi nent | perf] uorinated thernqglastic nigroForous holqulfiggg menbr anes
are made byighgstaaRie Arasause & theaogene AES SHRPI'RALG i BBisia%y oBEE heliqu

January 29¢ I (] NS r

Eaui val ont " BEna P E ey I By e b B Rl RN A S PRkl e o
pol ynezs anatgesdihgdrdated eahd trey oppieastncemdtiomeinsthertreated peatef iscal |y pol y
(tetrafl uoroet hyl ene-co-perfl uoro (alkélvinyl them&éagpolﬁm,

( PTFE- CO- PRVAEYlied a8 the pasis: &ftiharacliseBEEHIN BhE182¢e SEFudEDEHHPEne)
(FEP), or RrgndseQiistiBess oRf) BTFESmeMBraRe 8 BRdUSESNNEEAtBpIRE!ME Vseldy
gi ve a solution having an upper critical solution tenperature, and which
when t he sah atliperflicrinaiet doerreeplastic esnfaste. t wo phases by liquid-1iquid
phase separation. Teflon PFA.js,an e, of .a pal

(totraf vor oet hyPENBEECA R 3 RS2 STEH vphSw LORE B adiowFiaTeaieniags i s
20 prizgarivhy|ow 1688t ¢rebabl/ e daleB the gars! Balafildly Tolgeo Paeé ) JP 22 BBseanDl e
of poly (tetrafluoroethyl ené-co-hexafluoropropylene). Both are manufactured
by DuPont ,dig¢ibats thefipeDmanéattuung wreeass Daimdking wamnaditesy T hwlipel yner

Cal kybvi nyPBERaR G2BEO AP AR BHRT Y h RSP BT E LT MR Bl hlfR
descri bed pTFE.pastPabAMEd Zon® a4t (ebof ATRE efcidercamplupieantss Alvét pa(err)

POLY (PTFE- CO-PFVAE) 620, obtainable from Ausinont USA, Inc., Thorofare,
NJ, In a tupeds arowd Raiubrigsets 8rrIPKIBAEdAN TP aMaeHaIktSI§Idntc e fir st

enbodisrent,; } - r ce -a skinned, asy t:nc rane.wi.eh a
non- pgﬁuy@ﬁﬁqﬁﬁg@ ég‘gg%@‘cﬁ@&%dﬂ?%h{% *iSﬂE?BaﬁénPg%%d MH?'W‘W&I yner
used 30 in the solution used to make the nmenbranes. 12 25 July 2003 The
fibers are made by a Thermal ly I nduced Phase Separation (TIPS) nethod, in
whi ch polyner is dissolved in a solvent at high tenperatures and extruded
t hrough an annular die into a cooling bath. The resulting gel fiber is
wound as a continuous coil on a steel frane with the fibers substantially
paralle



and not touching. The frane and coil are placed in an extraction bath to
renove the solvent fromthe gel fiber. After extraction, the §§Q@g§0§§e
anneal ed on the franme for about 24 hours and then cool ed. The rs are
removed fromthe frane and the flat coif of fibers is re-annealed to rel ax
the fibers and prevent shrinkage in the potting and bondi ng step. The
fibers are renoved fromthe annealing oven and cool ed. They are then
gathered into a cylindrical bundle and potted and bonded in a single step.
Potting is a process of fornlng a tube sheet having liquid tight seals
around each fi The t ot, se t.h erior of the
el 15 corMaEE APt (HB BHITTEANERT VRRET prS Bt hadharBERtcR s « ne
housi ng vessl 3 isinildIHrBEESENToidaverdtedBall Wfife PrlbeRoUSistrabiiresd structure.
The unitary end structure conprises the portion of the fiber bundl e whi ch

is enconpas§élar$¢tea2¢ﬁ)bt/@d’l@dﬁif0 fibrés petwaiid masé PérrﬁE p@mbeanast archeade by

per fl uonnat asti n f

Congr uent - wiHAre B0t and dbantay Tt e s Pl EEEsS Wilh SAYSRe R ur e
a nore fS)buéireﬁfﬂ‘rﬁqiﬂié)fbéﬁra@ié?l?UCF@r@bab@stﬁedaluls@dfth@lﬂnﬁf’éfctfé%h@/téfeédwﬁﬁ fail
at the interface the pot and the housing. The potting and bonding
process is atepadtauptradnabatretfchmgasteetlaordssiegcfmméfme disclisgshpracesappl i cat i on
601 117,853 filed J 29, 19 he di s S of Wi ch i,S |nco orated
by ref er encEONSEARBE Xraq@;ggﬁﬁé%@ntg’l'%%’ §raerecﬂﬂﬁ>é%an¥ gorgieﬁjgl k€.t 8 NAREE Per nal
heating bl offe iripdesB%idrPheRAbHK Bgﬂé’*%éé%%éﬁwb?aﬁé Mo chivgpdrfydié wqsi nat ed
thernopl astic end seals are preferably made of poly

(tetraf | uordefitighendhe tupreuhteovent(@sesdnd stgpetfiam)natingva reguarrel ti ng pai nt

of from about 250C tao, about Apre erre pattin teri

Py 1 on( B 1y PsBPRRUSTAtNEPE BRI <Gt TR g SPRPES oRiNe BBipUso
viscosity pabg. (tHé @?éd AOBRAE YRR e Y HERTOR oY be PEF EVridrobeYous
end-of -nelt 13 25 July 2003 tenperatures as described in US Patent

5, 260, 639 irseaitgang spiraly en trraéug}éce@wwe hbing.eBhip daaitagiouselgber integsive

t | heat t 275 C I gt t | d
e T oo oPBeass: A, i B RERHEE Froatihld id Sullild of B aBh fioe"
potting matigs lréénsiémfe tberﬁasélﬁra%fea i ﬁﬂfb’i&dfeqrov@cbumebé Hfgfhecslueaéségmél tion

s and fix the fiber | e and housing in place. Subsequentl ¥ t he recess
will fitfl \NheﬁUtdqeamllye'ﬁrude@umtrmswmpqrh sy egr ?a"mxsgrrange@ﬁn diminishasni t ary

The housi i BoIgYR 4" GPgRoBERE el B atitls bRET PR drartpbtbe B s '

t her mopl asphesast mﬂe@b%eﬂ@;d@rcewmdowcbnfasthpmeé vhea@wrf@etr fmeerﬁbrérme@f of
both ends ~o of the housing before the potting and bonding step. This is

acconpl i shEE Blesatinghi@Nng t he pott| ng material to the housing. The
internal surfac ts
nel ting point o?\%} %&Qg%&?ﬁ@dé% I nrgbapgﬁtl%tan |é?h£'t ?gf{%@@ﬁ%@% into a

cup cot ai mnnjjomoﬁﬂwwcbe{rﬂobynéﬂém&ﬂm@%/a&)\)/s psetwitiylavesiracetartson he
surface ter e_rat e of tplge ho is iIs hi her t han.t rreltln poi nt of

the potti nHyids; sore[xg@ %HE“Q ? £95ive Sevel Hef%%‘ﬂdfrb %%erﬁ&%' N5 Yesin -
a condi ti owf 1Pt t

pol i shed Wr‘?w%n%'?aﬁggﬁb qﬂdnﬁs?w%gecogzaﬁeices'se q%ﬁ?r@n r@@ﬂg@\%ﬂ%ﬁnﬂv%s %ggp atshl S
pr et r eat mesurfattapts. t'ﬁteeﬁmdeveigpew cbmdéswomme]!egjaas&dwth t),mlctaﬁempmmorngs

surf aces becaub of absenc? ﬁ interm | ﬁﬂgOft t he two, resins.

unitary ernd@SSPGEETNESRURE 1g, 'q'ai'ﬁ’dw?ﬂg NUHER the ppﬁeesia r%reé%r(??e‘dse‘j]'he

pot t e%surérﬁ’cﬂcﬁérrﬁéﬁté halspR! dahesh fdérsté’rﬁf ek@é@e@ad&éflorﬁlum b@dl‘ﬁ@lnt hé\lﬂ@y any
smeared or rolgh potted surfaces. A solder gun can be used | ocal I'y

remel t andlllnre;pﬁle pargs Wetldogreaty sidlet to tb@rmsswtrgnafeﬂﬁem@nﬁ@qug@fs a drop of

of o hol | SUFISGEH TenF ae SeehtGe o sCRPeh AR okl bR Phet on o

hol I ow fi bﬁérrfmahé@aepm@&p@ﬂe@é Qv pdlathylane.canhgube udkd ih $:a&5bd blotsdd at | on
showing a flat rect anﬁul ar toll of hollow fiber 30 nenbrane, ,Y 25 July
[

2003 Fi guios hydrpgemgu meuasttsfoamf@wrﬁe 2AUEPHS SORSIONFRATRINNG BN PAFARA into a
cylingri C%':,Hzl{)ﬁﬁ%t@iﬁfﬁ@usE'cﬂ‘ér&lf}tloﬁB@Bﬁwbh@ gresehtisaRbgslegasri ng tests

run as desc anpl e



S Detailed Description of the Invention The asymmetric skinned holl ow fiber
menbrane i s produced by the process described in concurrent We Rl Eaﬁgnt
application 601117,854 filed January 29, 1999) the disclosure o? which i
i-ncor porated by reference. That process is based on the Thermally I nduced
Phase Separation (TIPS) nethod of making porous structures and nmenbranes. A
m xture of perfluorinated thernoplastic polyner pellets, usually ground to
a size smaller than supplied by the nanufacturer, from about 100 to about
1000 m crons, preferably about 300 ~5 m crons, nore preferably supplied or
ground to agBR&‘Qt‘?éﬂuo?@ch@/!br?é)EP’ﬁfE) meHfdtaAss W&'uﬂf ok Aws%egfa«ifg%

ol i gi mer, First mxed’to a paste or paste-like consistenc e pol yner
conpri ses betmnetappeoausratoéthelﬂ@%arcsuﬁ% tensbe/ thislyyard@¥ifficalt 60 Wrobyss

wei ght of th . Preferred are perfluorinated thernoplastic
ol onrer o it NafatBcs) T Pe BrEpRats ar Do g serynuAel '%aaeorrﬁéer a6t o

al kyl vi nyl éﬁg%

Etet )r/af I ugrgél?ﬁ{e?rgerqu@g %g’j—éFFuoﬁr%%r opyl e ﬁQgpe?%Eééﬁo PTF en s gqore réasaglly

pol ymer s, V\Wmeohfaautterednsmoﬂsmaﬂ diamates dlolientfittay rgemera'xeml ution having an

itical d h_when th . ut | ' | ed,
separat es i nto t EReSae BESHTNEY .arPtersiopRm s eyaPae SrEh Bk FBATGn | s
an exanpl e r@%ns@erﬁ%}a\é fAferé vofgftdo%ftﬂng%?ﬁmhwbeGﬁracmrpwérwrnen porous

(al kyl vinyl ether))” 1 n which is primarily “or conpletel y%he propyl
group. FEP prefrieaie-polynaar Mﬁqﬁbesoﬁa@@by contacting one side of microporous

tetrafl t fl ot f t db
buPont . NeGUBSE AR AL FRFHS FOLLOR PSSP ers P AAY SEPRaHS T o Dubont " s
PFA Tef t | gt

po ynir*b°”%mﬁ63"ﬁéfy°f(ﬁe@*'¥§ﬁ T S R Al

| at ent 5, 4®)d&fhobic. [@udfstratepoid szerBtela:lppbm@a‘rmlquOH gs dpiveph@oRELY ( PTF

E- CO- PFVAE), 620 b | f A
ol vent |1 Stupggh. Rk M et BYer LR M Phicesnds usoh o FaEf sodfiand ot her

than soli dhbn@WIfFﬂ)ePl@aéetréte%abahtc@nhﬂmmttdreh@%wtﬂb@rﬁs bSsémblddipdmandics.
cooled. Preferred solvents are saturated | ow nol ecul ar wei ght pol ymers of

chlorotr | f Tbaseemembms Ima\pe been degcebed eatused! fal mxaata(:@rre)opeoamrm

i ctat G DY SrREabepr oot ot sPol Horf A Beckan MERE= i Sk Rl o o

to form anTHRPREtHId fdoeiftesbeiba e BRIRGAIIEX Bo0Shd bicyto MiduBeta hén-
excessively boil at that terrgerature Fi ber extrusion is referred to as
[

spi nni ng aPRroURecosta@ctadéder.i bertheengteh afftbyrpeFiodinates thermeniafdiar ake- up
station is f spin line. The paste is netered into a heated
ext ruder barﬁ i?{owﬁ Pép(tj%%crbleér%erature rai sed to above the upper critical
solution tenperature so that dissolution occurs. For inside skinned holl ow
fiber nenbranes, the honpgeneous solution is then 15 extruded through an
annul 2° di e di rectly into a Eﬂ&&ﬁﬂﬂﬂ@ﬂ@iﬁﬁﬂ.ﬁ%ﬂlﬁﬂno air gap. The |unen
di aneter is maintained vmth a constant pressure of gas. The liquid cooling

bath is maintali ned at tenperature bel ow the upper c¢ritical solution

t enperature of e l@élemﬁqdlg‘tﬂﬂﬁﬂ 8¢ PrRSENDMeatiPBA MY PEYITLYE not a
fJO' vent fo m&g.a&gaw AshiaSt8 b ﬁgwfge‘?Yf Ds&d ab e, XA AL FRIMEALYE
pon cool " heat ed "and o) |on undergoes ase separa |on

and a gel cthfserde@de BElnnEh%Ldfa:dmrpons dssehmghirl anﬁamm'ogedsuﬁabe\m'rthlecal
spinning, i.e spih line falls in the direction of S{freel

o T TRE ) ot diameten | EhnsaTalss Aaiee SRRG wrike & e Sy e e RePrees |y
in the ho I t plane
until at éeggt&b? dqé?ééé%ggﬁjll egrﬂéﬁf Eﬁg'@éf%'é??%h@@egtegfs&%tﬁg?%'tc?g&g@ed 25 The
die is fiinttysiposiThedhedskigaiffess lam difisitral edsiakencewy ehtheremalil poréspoffer

bl Te A RGeS NGB EPTPdata. (Alow e HRTHnAIRe sUBeR s A% no o o
opposi te ﬁitéﬁa@ifal ERErg “WHI@H hﬁﬂwé’l@ {:m:a's@s%@?é‘él?tranbé% hghﬂdhn%'smn@' n the

die nose outlet In a u merged Condltipn, Cooling |1 qui | own ~~ th trough
and c®erflows ire a rgion of the tPOugfl O |~~ser ~a depth, keeping the ai
nosy outl et subnerged with a flew of cooling iiquld, in 16 25 July 2003
both the vertical and horizontal nethods, a booster heater and tenperature
control neans is used to briefly raise the solution tenperature at the die
tip to prevent premature cooling. In a subsequent step, the dissolution

sol vent is renoved by extraction and thé®resul tant holl ow fi ber membrane is
dried under 5 restraint to prevent menbrane shrinkage and col | apse.
Optionally, the dried fiber



nay be heat set at 200C to 300C. Preferably the fiber wll be heat set or
anneal ed under restraint at a tenperature near the nelting tegg%stzﬁbg of
the fiber, which for the preferred polyner of this invention Wthrn a
range of from about 270C to about 290C, preferably from about 275C to about
285C, with io the nost preferred range from about 278C to about 282C. In
order to mnimze shrinkage during potting, a second, unrestrained,
annealing step at simlar tenperatures is a preferred step. Annealing tines
for these steps if fromabout 6 to about 48 hours, nore preferably, from

about 18 to aboutin 30sdvamusembodintent] avenrtiainLes tidbeshi b stidSRioprddyd, 854,
control |l ed evaporation of solvent fromat |east one surface of the holl ow

fi Iber_ as it NekewdibeRanemeranepisiusesorbingeriier h TRR§RSRemorgmes asolbekl in
Ski nneq. asy ARV NOTTON T PREr ot LR AP e beet Pt PRAEBgoting,

t her nopl ast belig@bymeusion feto thbipwresiyos iawyatl protiend. unen is maintained with a
constant pressure of a gas continuously fed into 20 the inner dianeter of

the lumeh. In thisadigbampadiment BepkinnestBiTass ofdhe rarfpeiinated inside the
| umen as so%”q'%gatstigirﬁ%r”g@ﬁ“%ér%wgz%%gswgﬂ_%gh&ﬁeof sol vent causes a

superficial I'ncrease S cO i nner |unmen surface. As

the nelt is quenThigdnveéntiesr provitiegs Bikiarfuily pheETutRmatsY tHegn dpMEsticStis (e Eiber
while the rest of the nenbrane fornms a m croporous structure due to its 25

bei ng subnmeNgaIERe goBtRStOMYitb Lnifaenetd AUBKY 6S HAVIEE Phlepeckingeepsitpgen

f fl ashi . . he.f i Qn_ of '

the out or <Pt GeeeO S SRR UGy AR & Bl Tabr s ApdF L pefretil ©
t her opligst ithah @lbooy20 iniirmrat 0P@neA wdnufadtariaimetbodtfbetraitentastarfiece, the
process descr(bad above ~0 i~ adapted so the lunen is filled wwth a liquid

to prevent REQUESHANdHRXIDERe i nner 1' 25 July 2003 surface and the outer

Surface 15 eXPOSEHE LoyEDrH ABRRPRE i fudbir S1BLarfllly 98P RPHB IS iher

entering the cooling ba ng I qurd can

does not benémorareyscesttad gt boteddd 26d Aavingouiitey extrdficirads POREShe
Preferred liquids are mneral oil, silicone oil, and dioctylpthlate, with a

most pr ef eNPEEING epitainddkeniPersi dwenpgrduariaatededhgrmoptastic awvdaw fiber _
o ook L LB R BT RSBt o o ner o ast e
serial nunttetraf06rbkth\362e-coipertludan(ekyivia9lelNgy), pahe(tasealiuorbettsylapplcocat i on
R v
Fg: K%L?ny@'ﬁ%@?@%@tﬁ? ﬂ(\z\)é)_nfz&é_ﬁ!&t}&tg%{}f%t)éH%?Qgﬁéél‘glb%ﬁréboihﬁﬂbméwfFPuid 1
(t et raf | uocenterhiieoentactdrekthirbugn tpe bipgd lemny FERPugh donerdionfl O hese
pol yrrezros. t'?‘a%rggg?ﬁe Fn?eﬁcgrogf'lt%ee ctor?w ésgtop&/hx Eaa}rq?ﬁe ilusmgr%g,vvi/rqgr%' it ;I:_shsee arrg ee sis
from fluid 2 by the membrane, and exits the contactor through the fiber lumens at
connection 20. Fluid 2 enters the housing through connection 30 and
substantially fills the space between the inner wall of the housing and the outer
diameters of the fibers, and exits through connector 40.
25 In the first embodiment, the fibers are asymmetric skinned membranes
having a porous skinned surface on one diameter and a porous surface on the
other diameter, with the fiber wall between comprising a porous structure. The
process of making a contactor of the first embodiment from asymmetric skinned
perfluorinated thermoplastic polymers uses hollow fiber membranes made by the

30  process described in concurrent US patent application 60/117,854, filed January



1s based on the Thermally |Induced Phase Separation (TIPS) nmethod of making
porous structures and nenbranes. A mixture of polyner pell ets, S%Qajolo%;
ground to a size smaller than supplied by the nmanufacturer, fiom about 100
to about 1000 m crons, preferably about 300 m crons, nore pref erably
supplied or ground to a powder and an sol vent, such as
chlorotrifluoroethylene ol ~giner) is first 20 mxed to a paste or

paste-1i ke consistency. The polynmer conprises between approximately 12%to
35% by wei ght of the m xture. The solvent is chosen so the rrerrbrane
formati on oegu : ' g?s%e
separation e{\@t%éhés'g zcrsjso}rgé:a)gk&'&l{rﬁ H@érgb?gggﬁeﬂ e’Ilgrngg erre Y/\'/tgr%'tqg'%re
sat urat ed | ow thellemehaf thelighid, f@ ymer siaoheteh il bErmédjelrskmmleldybedefor Ase
preferred 25 .sal vent i s Hal ovVac ocar on Products Cor i on,
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sol vent to erﬁ@é"n’{é‘dé@r@nﬁ@é T%@Eﬁot@&eﬂ%ers arerspacedfcré‘serly%q{ou“fa T
.icoal :-~r to exce5|v boi |
at that & errpr@rsaowereor beebenmex“Igrm ooreach o”tbérescn eghﬂy)trw tbpy nann@tdnedfotrd:md
extruded fiber le fromthe, die _exit Iothe e statjon s

ot erred t oA ONNS Dawil Bhes o SRS Tui G BT, Wb e eiteuae:
barvel 18 medebllopcRObh 1haieid bes bEAMRIIAG R MRS 80 1Ot RRRVE BdS HRRe"
critical soI ution tenperatur t hat ssol ution occurs. The horro%eneous
sol ution i suttiftemleapaddddis binoplgiesdne gontdctor mesuttictectd procmtso aliquid
cooling bath vm'th EO air ar%p Tc?e | i, qui coollag bat h lrs mai.nt ai ned at a
tenperature bel oW (RSCGRPEEMDIGMERL WRTRATEE dRBEPAPGSHC BNIGIORMNAUS ol yrer
sol uti ggp. -HB?IOW@(S rhefhoPahBs erHa@e'rZyé‘?tro@es%odh&@I%eB% %’f\ﬁrttz{@h@?@oﬁs“ c
pol ymer, even at the extrusion tenperatu Upon cool I ng, ted and
shaped sol &0/oh7 Bﬁﬂéﬂ@:béan@ms’aé? si&S8&r ttd dinclasdrachehidh isenccpregmtm byrhe die

tip i I f tical t he fall
ownvir o, TRIeF WSS FORLRBRareRor150 1281 NP BB Todast FRold 2 of dsed. | ©
Spi nni ng, ‘P’?@fe@r dcﬁﬁ’ol?l%e"r‘s 'a'ré‘?seﬁ?ﬁndrtﬁrﬁg%d #@rhﬁbdléhtfc%l?ﬁr erg,anbAl sgddifidalde,

and i s nmaintal ne e or pl ane unti | 'east the first guide
rol |, a speoiyaltétyafilewpgthyiire-ce-pesiunroTakytiirylether)) (pbly (Wﬁﬁ-l&@ré%F\é@Eb)nst

i | at ed trat h i h
il ot o Ro ettt o ingral i Ay e L e B B R s o
is placed FBlyﬁwér@C@ﬁﬁsH é‘retcﬂ‘igsé’lpé@% b%oswaﬁt@wéﬂ@sbnﬁwnaﬁamgg\éﬂld per S in a
manner t ha mai ntain the die nose outlet in a subnerge con |t|on

Cool i ng | i giichl! Soboni tﬁmnmatureu@mﬁ ahdichrowsen taas ol uiioa Is@@Odﬁd ceperesr ough

£l d ke
bl ot BEE M oFRSBURS G Tufe PSR RSP e B BBt o
heater and fp%rpogéﬁéﬁw&o@t}rwér@é -cBERMUG® @mmgebrérr)frhmrah $t6e ! BOI ution

tenperature a he die tip to 20 prevent ure coolin I n a’subsequent
st ep, 2ohe plimadlyui completelghne ipsopyd govenl AyP éafload isoan anamtpﬂﬁaof Byl t ant

ohr 13 gggggb@%%raﬂ@@n%ogr: aligapres gerSbabpa ey Lirs FEaoLBHPaN 200C
to TRt BETeRefiohs: AEAGDNEA duARBEHETLBbH SiRRACHS

application il ed January i ncorporate

ref er ence.DJRbAt @PFIAN Teflore®. depolyi (tmaarmosswmle‘nee@b-mrﬁmof arkyrvmwémer))rl ng
a filter element of perfluorinated thernoplastic hollow fi ber menbr anes

potted wi tAPhEMBEIT Wﬁtﬂh thai @&yltm@wmpagtar%y petyyrds desaebegimbe cortent ses

win 28 | SEoSHRE" £ bRl e bt AR RORY B IEEE BB A ccoes
made i n agpeshable Ot AsiHet A askl, Crrmbwm,rNbel di na 19 25 July 2003
contai ner, holding the fiber Ienﬁt hs .n a defined vertical paosjtion,

mai ntai ni ng t hént%@rfﬂtﬁmﬁédiﬂ&erﬂo nditions ﬁf)ﬂ%@ﬂb@ﬂ@tfﬁagbgtﬂéﬁ@mfs{f | ows
into the te ?’%*Fﬁ%‘é?ﬁ{ stéd ?&‘pf’oq%% d %r@rﬂh% Wg/ %erCrﬂleF %}t@ 41 bers,

conpl et el ?”T ersti spaces ers WI

t her nopl aﬁbhﬂpmby@km A pref@RPRetiee RS ihsrcaise thé%&ﬁéurﬁtftﬁtpdrﬁﬂahﬂ%@s a
recess in the nolten potting material for a time sufficient to position and
fix téme firbthe snintidre usad b acekati® MEENTANES be filled by the nolten

t hernopl astic. The tenporary nature of the recess can be controlled by the
tenperature at v~rhich the potting material is held, the tenperature at
which the potting material is held during fiber bundl e placenent, and the
physical properties ~o of the potting erial. A tenporary recess can al so
be recess in a solid thernoplastic which will fill when the thernoplastic
is heated to a tenperature



sufficiently above its softening or nelting tenperature to flow, and held
at that tenperature for the tinme necessary to fill the recessz5]m§%§@9 of
the fiber can be closed by sealing, plugging, or in a preferréed enbodi nent,
by being formed in a loop. In the present invention, the fibers are wound
around a netal franme and heat set into the formof a flat rectangular coil,
as illustrated in Figures 2a, which shows the fiber wapped around a frane,
and Figure 2b, which shows the flat rectangular coil after annealing and
renoval fromthe frame. The ends of the 20 coil form|oops, shown by 50 in
Figure 2b that are closed to entry by the nolten potting material. The fl at

rectangular coil is formed into a substantially cylindrical shape as
illustrated in FiThe fbstsand npacé by @nEisernmaly IpeutediPhanatSsbdrhdomoplRS) i c
housing 2 in Figure 1. The fibers are tenporarily held in position in the

housi ng dur MRINREt i WaiChyPaReNen iglinseined InEr aapeas abhigtusempasaigearandyi ven
examl o Pwi S HESe AebER A oAl e ERpl Bt T e FesliifE G the’ Bousi ng

defines §hewblupy spaeenfimiadhenif bniatstb ol foemeanitraticetbars dubetatiay shranst er
of the fibers, the shell side. In the present invention, the housing should

be of a per®Dd&Et HHEING héPadiame and oedidfadiacddnean axrastian hathdot ierpve

t enper at ur t t : J At : t1d nial . The
housi ng. 1 s BEeT ST g S he Fover o Suiiigon BR Ae oI STehihe
mat eri al byfrdmatfongbbbEe2hbosingnd then teopdr atherféddrs gheretoasdtflmmiteét i ng

tenperature of the potting material, but bel owthe | {1 ng tenperature of
the housi ngrr%@tsémdaq%e fiﬁﬁ@"ﬂﬁf‘é@%@d@r%ﬁ% ef Fﬁree?%gﬂeq ﬁ@ SENDRIAENr of

POt ] oot flack & ORUHRLSH] BORISoH SHETLETBR PlAERe R ouST 10

causes the po materra use t housin strong bond

can be for rethdaling leesdrskeaistiod. Toielyiare thed gateteddntet£pyliddricas behdd #hd f or
the housing material to have a nelting or softening tenperature in order to
sof t en wheotestanf headed & asindiaistemg or softening point of the housing

material. Wtho At j | it i i i [ der to
produce a uni taﬁ?/m{e'}r]#vciinls'tsgta u%%él}%eé%ﬁ@wego ﬁgtébé[ (S)h%%tqgg\)érzq? gﬁ“ﬁ“%&%@%f

i ?t gr m'hxi ngrodnd bgcﬂmﬁbs'r.n@hamdbe sbepbot poigsqpargtesrthe imderiohottie ﬁmﬂ%ly occur

[ oth are at) above or very near eir respective ne]tjing, or softening
boi i 515 ThEOBBARPTBHNE REviSb Btk JASHIRILS ALFSiRHY Hes! QbR rassing be n
the potted i i [N t : ] ti0g the
ol ton pot {reer na i PR plehtioitte! FERRE YA @AFERY Urkichie, TIY BR1D0 1 oc
of tine, féowstucturd camtbrégesuthd gdréoh iohéresjibemblnge avtdclaiencbrhpessedizi ng.

Bonding to the pretreated, hoysjn ill forma unitary end structure having
Cpr oved daPUED 16 A £t 880 L he SIEGRSHER e BFTHERREES 1R PRI Race

bet ween di ﬁé{héﬂﬁ{;atrhe”iﬁh@fé@flﬁce bf whitd BUsHgRGeMElith Bfe pOEarsRBBNdBY té RY
tenperature as the potting compound, it woul d soften excessively and deform

dur i ngopot By figrmingtaeunipoyistiugturet arnare fabsist hastasiarse gproducadhéesmlikadnipool

second potlePkg SR FinsTalFERE thE D BHE E Mols et " pBRacthe
t her mopl asidriding pyd@sssPietdn adapratienicithé mdtro®dedcabst trhgSessisni n the pot

are opened by cutti ng through the potting material perpendicularly or at an
angl e | espMigation 606 11 R8I 3okgd ardinganpBOCGHPPDraE IdjsClesyratofafhich bers can be

made by ar. i i,ndi vi | _fiber lengths in a row perpendicular to the
R0 Rohdep s

fiber |engt hs substantially equal distances apart, and

j oini pg the adj gegtiig &hdeosdrnpsredorathaentyloktdhe\f extersalwWeating block
continuous neans, such as a tape. The continuous nmeans can al so seal the

ends or oﬂ@ugedﬁ@ﬁwt@ﬁa@r&@n%gt gdined! 32 pEFROENG eCTRERRPIaSR @ TESFA® be
rolled on a0 AXieSalp A€ LS bBIy @SrafRGbetHMHNE -G @kyRifAES P

wi t hout a
having a melting point of from about 250°C to about 260°C. A preferred potting
material is Hyflon® 940 AX resin, from Ausimont USA Inc. Thorofare, NJ. Low

30  viscosity poly (tetraflucroethylene-co-hexaflucropropylene) with low end-of-melt



2- 25 July 2003 core. The rolled-up mat is then placed_in the holl ow body
as descri bed above. In either of these optional nethods, the ash@ Oghen
proceeds as descri bed above. In a preferred enbodi nent, the fi Vg ep o

maki ng a (poly (PTFE-COPFVAE)) hollow fiber contactor is to v~rind gel
(poly (PTFE-CO PFVAE)) hollow 5 fibers onto a steel frame to form

conti nuous | oops on both side of the frame. Gel fibers are raw, unextracted
fibers with porogen (Hal ocarbon oil) still enbedded in the nenbrane
structure. The gel fibers should be substantially parallel to each other.
They are spaGadehaesl b q¥&dridde RAUS Paleh DP6EHBSSIs @RS sQRASE. ?h@?rB?ethe
framed fibers are then put I1nto a degreaser to extract the porogens from
the io nenbmoé/esmaamgznemcstxmg nEBtEmaomadrreattrigecmat acilgd! 27HEC wndilnfuke

i the + angB b LICHEALBU 259 oL THRHRL OIS b BF A Sy MRS B IIOIETSC
to about 285@! dﬂ“;ﬂﬁtlﬁé‘ﬁw ﬁéléﬂé@ife‘?ﬁélﬁga%aé"%ecefséqmQQ% s%fé%ﬁt%?%%ﬂor?szc

Since the polyner has a ting tenperature range, It Is sometines
possi bl & toermhﬁleafhe aberabwﬁdnemm@.tanm@wsphagbt Bybbéginemtiyt, hiae re des spedlkfilor
average nel ti %ure fiber f{y nes are retrieved and cool ed.
After cool M’ﬂ t|“at9 grrgpgla,s ?Hﬂ/@(@r?Y' WHYRD #9%me. The | ooped fi ber
bundl e or bundl eﬁ u%ftsr}@ﬁ@sﬁuemég%y wmht@@nwmhhptr@m@s émn@*@é% 24
hrs at the sane tenperature irst step anneals the fiber at high

t enper at ur éaamiﬁeirtottbaﬁom:rsmgmeﬁoemrmsmgta‘ entitg omsfwngcmjlelprojm@rrﬂw@maedar e

Shrink o CHETGRRIRFIbFIAE Sléﬁéprﬁee%aréﬁmmé‘? 8 Re Bredaf hgth encs
tenper ah ur g 144 hBey,ap Beh'Sr {He putae ga'n% Beffding Tﬁl@%‘tacéo/ﬁnﬁ‘hFhéd% cond
rel axation step is c |t|c as It prevents kage of the bers

du: ing pomelixhpnainigcthevumiting hmtenaaldsdh@éw@usrmgwoﬁhdz internadisunfades es. bOZE I n
th thod of, t t t bandi d potti nbi.ned i nt
L gl o685 ot hERSRas Poatad Bloseap i e et pRbaBRE ORI | 1s°
i mport ant E@lrﬂ%‘ﬁ% ithrREY MY .rah?eql@emﬁtb aacg}béh@mhgrﬂ@wo@réwp@pqmgmt ely

15 - 25 C her than the potting (poly (PTFE-CO PFVAE resin, which nelts
ar ound 2560© -PRVARE mditting resin.e $indeetheopl rfens f@nmrgttue@frshem@uamylsﬁade of

| trafl et hyl f | k th
el 116 poiene6t et Bk SEITERSS: B et e R e R ThB R P B Mot or
ed potti ngthﬁhTeeﬁéL?dmg pediy ] 9&oﬂé}ﬁﬁoh—ro%bds@§mg)tofdc@m ATaE ROUsINgSs thas .
Thorofare) NJ. Low viscosity poly
(t et r af | udiabenut ang- reishedaritiusrisst guylterfese any IeXCcess enmafednpewder.
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t her ef or e,pdtting ssatablbechossiofigbsanes bainterroiwiengesf, th&ahbor8inSEP has too | ow
a nelting point_(250.C) while PTFE, not bei ng_ta t her ggﬁ@sfstl c does not

nel t. 2fher ef or el N YNHRADE e‘f‘%é%%’dﬁ@ﬁ’rﬁ sutcanthEte bener IBRIS SMGSREL er i al
mater i ars 1 DORESLMECes e Y bYISRd ARG she 811Bat BBh b AtkiPlual oy

exanpl e, tdnecamaesr r@ughqmtedesma@esbeb\rsotwmgmdcm bahusadetd lemeillyi it |y to
obtain a satjsfactory bond with the nelted tlng? gelnternal
surfaces GNDEPRIHHsABECHNR SRELSONLHNISE YW rPBrOft“H bRt
process to occur. The internal surfaces on both ends of t he housing are
heated to or close to its nelting point. At this condition, ~ 5 visually
the hausi Rpdaniption ofthextrewings a crystal clear wall. Once optical clarity
is achieved, the heated end is immediately imrersed into a cup containing
powder ed (PC]_Y (PTFE- CO- PFVAE) ) potting resin. Since the surface

tenper at UFgy @k 1.he aRQNStARtidrSoNa 6BEsWIRA rh&abrad toetapRirnt of the potting
resins, the potting resin is then fused to the housing resin - a condition
for bondi Rigure 220 iv eoulfustmtnhofuwxiiey fiker Memirarerwvreppedradopad ashiemewi th a

Ctop, *Uner RS Ry TS Hr TS i B AT s T BES Decause

of atg@encme:mmgﬂeermxi ng of the two resins. One end is potted and nade
into a unitary end structure at a tinme. The 25 process involves heating the
potting resins in a heating cup with an external heating bl ock or other
heat source at a tenperature in the range of from about 265C to around 285
C, with a preferred range of from about 270C to around 280C, until the nelt
turns clear and are free of trapped bubbfes. A rod is inserted into the
nelt to create a cavity. The housing and the fiber bundle are



30 then inserted into the cavity. It is inportant to note that at this
point neither the 23 25 July 2003 fiber bundle nor the housng pq¥@§es
the potting resin. The nelted resin will fiov~r by gravity to it he

voi ds over tinme to pot the fiber and bond to the housing sinultaneously.
Typically, this process takes 2 days for each end of the bundle. After the
potted ends are cooled, they are then cut and the lunen of the 5 fibers
exposed. The potted surfaces are then polished further using a heat gun to
melt away any sneared or rough potted surfaces. For nodule with a | arge
nunber of fibers, such as 2000 or nore, it is quite common that the nodul e
may have one or two fiber or potting defects. Potting defects are easy to
spot, they dpperar3.ds antilugradioote aafiatgctanauiropiltfoansd usterd cplidricwd fiber
surface. Fiﬁgrﬁggfects nmust be isol ated by bubble point test. However, the
repair of tW&¥ 'Rdule is rather straightforward. A solder gun is used to
remelt the t4 i ] ; d
resin. Proper ngéé;éfﬁgge%%&?ge@%}%ve ééé‘rs'i/r@rltee\t/év?sde e%% ggsﬁrﬁénd;ﬁ §§8ﬁ§dl%§ t wo
spots. Idwproperly potted nodul es have gappi ng holes, sonmetines with
sections of the fibers unpotted. ~s An alternative potting nethod may be
used. This method is descriBel@lied PeserpLap ofdhe;IRXeNtANs0| 117, 856, fil ed
January 29,1999, incorporated in its entirety by reference. In this nethod,
an array of hollQw fiber nmenbranes be fabricated by either w nding the
l ength of the ar?%\? aﬁwmﬁ?tf'gélkf”r&dfﬁ ab%ﬁéﬂér?ﬂ%%pmﬂ%ﬁid%men
chosen, is el i 1 i ; V, >L.QSS
sections, Spﬂ@ﬁggéagééérf%ds@u%acﬁg,urr%g&%ﬁ%ﬁ%tﬁé%%?ﬂg%%%nﬁﬂﬁg% fsﬂgabe used.
The woupnd hidruaw RBHEOSritddRosUse 8f waitded incorpositedIby dedy@nhcewThit t he

lwindings bei ng supstanti a~i arall el to one. another either in contiguous
cont act i tHOCBHS BRased Amifieo! ReynalpainUepRmNasRc armsaken (T\iehmeseod of
appr opr i at Gni@RGIIER SrudlgteLund MRS FRER M fikira et BRMERen t he
mandrel, one or re strips of tape neans are applredto e outer surface
of the hol lthevnidfiestioeothnengeletsreisualliagbynasiota eizedsradlterghthesupgtigt fbyof

the mandrel, in an_orientation r el toits axis of rotation and
per pendi cuf?® MBURLUEINTPT a%‘i@sﬁ&d 1q BROYHAA @ﬂfépnﬁo?rle%ﬁrﬂapﬁb%@og%(?%nt S.

The ta ext; i i on
The gy, o eSS, Mg d-dRrably Sppled B cromf 1078 pERIERF 3T SHUERRALSURS 0™
cm beyond eachiarottiflabradieylenbeartiginenys Titet nhigkd dovaf pdste ompasteiike segnent s
are slit along the mpddl e of the entire length of the ta nmeans._such that
The hol | onP e THste Rk biGRRY TeRHTONSEh BaVARILE PO ioHo | S ae hod ot 1 i b
of tape. SpArsidhg) @o%%%%xbw@@@mf&ﬂ%ngix@#rbhqwr@w@@bbryﬁ@@é@g pol yner

to a dual slot extrusion die produces two polyner ribbon-I'i ke extrusions. A
sui t abl e | e@guhrioated thermppiastiapotdneise mapl specificatiyipely Getraliveradtiriene-

Forat ronal SRR By TR A BB e L PR TR L PETAEN B BBbbnnect | ng the tvio
outlets Of(téthﬂlL@fbémi%-&b%exﬁﬂ&@ﬁoﬁprémemgmEIR?I), of bidirisadf tABs@Mblfrhers,

“formation of the tubesheets, the tube nust be pre-heated. This step is
necessary WiicbigraidisseIvpsbith deatycpetass a pelutiopdsaving aRNgPEReriticde. The

heat ed perf]| uori ed r I Lc tube is.r ed and extrusjon. of the
fui i boorlR REThDg! TRBEh S B bRl ooshog e R b "
one- hal f tWazeafhytikgidaLYEshddhbafaRlbh UF RN T eAonENS dnidempleeot £p6iyng
edge of the hollow fiber nmenbrane array_ls ositioned under and paral’lel to
the tabe wWettafiupeoeitiviesieven-pedbicsd (alkglventetnged inswhigh ok allkpds peamarily aci ng

the tube. The . tape,is then brou L.nt,0o contact with the tube outboard of
Lhe { ubes ROt BRG ke Yol BinP T Bh8 RS b B i 1o ot ne ot mad on

the hol | oyetiah8hradth@¥nbLKBER IR0 BRIVIIRD)S Bdth@RBmEiuibidied B DORYHET

extrusions. Application of the polyner "extrusions may be termnated after
the entir Neafloal P§Antlaikindbdustriclse isamdheher gimiler tabuwRsng's Re Tiefloesheet s
may be built up to,a | arger dianeter dependi the requirenen o: the
foat "ot 1 et e aetilybngr e dluor ek PudBeh] Rel kb IReh i he

w ndi ogt4 - r I d ol .
The end Py, Buror e R B Sh P e R T B R M Fre sl e

fi ber lunmens and further machi ning may be perforned to provide a neans for
sealing the fiber bundle into a suitable housing or the fiber bundl e nay be
contoured to provide details suitable for thernoplastically bonding it to

t he conponents of a pressure housing of '*he sane or simlar resin nmateri al
in order 30 to produce a hollow fiber nodule. 25




25 July 2003 In an alternative configuration, a single common pot may be
used for both separate ends. This configuration would be useflélj,J TQEOB
exanple, where it is desirable to have the inlet and outlet iS§ cHise
proximty for convenience and to reduce space. To be potted in a comon
pot, the fiber bundle would be fornmed into a U-shape or other practical
geonetric formto bring the separate bundl e ends close together. A single
potti ng woul d be done in the nmanner descri bed above, with the necessary
adapt ati ons needed to accommbdat e t he di nensi ons enconpassed by the two

term nat 1 ng PO RS RRSRY Bl IRy B2 v ar g B2E dhiihat bR A Ui

could al so bgsalsed. THgomir@a\e unitary end structure with the two potted
fiber bundle ends would then be machi ned, or would have been nol ded so as
to be able to acdbemsi¢ery isepasan eothoweaobrasnst loomatiosasausa by fioig-liquid,

ti | d then. de t h .bund d . that the inlet fl
coul d_ent or e B EeRB T BBSE R aaen a i seifoniS eatied Erbhout
i nt er mi X ngcodtBar FbRIrtEAsHIBNNEA RS haM B hRIdegkr %@%ﬁgﬁérsﬁéf fiber

in the formof loops are fit into a 1l4"pol ypropyl ene about 1
| ong. A hotchtetatrijworoethyleesl Agreterced bolvenkistHabVac®h8o figim Hadoespbonend of
t he tubi ng does not fill up all the

he fih } || gl
Spaces betvREH HCPTREPEON TRMEG B K1k HO R HES SRUENHS dckpied byghe
applied to étﬂ!t?tty%f'?ﬁé s8R nPlo B@%OFVETH?&)OM’@SILWH?EQ’?%tG& tPt?fér‘anﬁ %’ppfg??;nr t thﬁe

end of the potting to the | oop, shou ou centineters.
hot melt glasticabsoldtibn éenpeheutaibologonsbithattid ekoeesipalyedile thaber | unens.

The fib [ . . _The tubi ith t fib |
1s moutbed PRASTAUTSS 0B SIUS T BIPAAC B 2bABI(IPANGEE SalaBdibes  ho
hol der, th | 5 [ Bl I 1 '

ol der ‘Fer‘ib%rq?dmstﬁé d@exﬁ@tf@%ﬁ%{@%%@n'é réflredo’as dsilin gﬁ@?z'lg{%ﬁ y

interval to collect a set anount perneate i s recorde

2003 Sanpl @a€td suinatéredsnioPAhEEad &4l er Dar(eMwheErd Bhditémperdtbre FRissd tare
(FT) = seconds to collect 500 m, | PA perneate; calcul ated fromthE tinme
measur ed t §POYEIIRE LPREE GHieA iSHtiaR BRSO a&@ﬁﬁebt@@m%d.owere;

~0 V = vol &EkﬂH%Hﬁ%ﬂ%wTﬂb%Hn%%ES,QHEﬂo‘i‘ﬁoé’%r?é&ﬂs%olgﬁ?ri sttﬁfén'\‘ =
nunber of tibers L = total length of one strand ©of expose I ber 15
| nt rusion Pricgded thrdegh Beaenabr diar dinetstlyafitc & higuid coaling Hathwitif nb@pgamr e

fit int | 4" pal | ene tubi. h v LA D I i d
to force nbequfendfadRiarainhiaite SR dno EPhsrrf Bhey rediid e
fibers. NOédsmldg?/&aﬂhhg re4inenifdee ait Babnipdrhtur® b@ldwtﬁ“@uﬁ?éﬁ@rﬁid@?b@@@i@nt he

fibers. To conplete the potting, hot nelt glue is applied to the other end

of the tubémperaturermfithe gioltrner selbties, Thedrefareedhatioliquidds pet @ salyans feme

I ;o .~ 3 inches., Aft th t |t i difi t t ubi
900t b o e e BRl R R ALt By S B B ool il Lt i R
i Cr 09p0operegthe dridbéighetbswiutibn Unletddsy phoapsésaBibntLd 4 geprivet @slIthol der
and connected to a container holding the test fluid and attached to a

" pressure geiefia imi sigtyrubmengedson vprtieasapinsle. 4&s thamein mefalisessure in
e, oL e il BTSSPl QERETVLA) Pl ARG nenl heisp. B0 e
fluid is teadpirylinbesity diteaty &n ther kemiongaladttitude, Entdds sndintzinedhmare drest
%Ph?ar Inleld)ésnsgint trﬁeat BParneeSur?tfil e;[trl]gasftltﬁgrﬁsrs't g-m e Frjcglﬁsasg;geecigﬁy gggign SE‘itieePs lIJsSed.

25 The die is firmly positioned against an insulated wall with the die tip penetrating
through an opening having a liquid-tight seal in the insulator wall. A trough for
cooling liquid flow is placed in a recess in the oppuosite side of the insulating wall,
in a manner that will maintain the die nose outlet in a submerged condition,

Cooling liquid flewa in the trough and overflows In a region of thE trough of Ifeser

30 depth, keeping the die nose outlet submerged with a flow of Sooling liquid, in
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27 25 July 2003 for about 20 m nutes, or unless intrusi.on i s observed. If
no intrusion is observed, pressure is raised to the next mcrm {2661l the
test continued. Visual Bubble Point 5 Two strands of fiber are oops to fit
i-nto a 1i 4"pol ypropyl ene tubing about 1" long. A hot nelt gun is used to
force hot nelt glue through the open end of the tubing to pot the fibers.
Normal |y, the glue does not fill up all the spaces between the fibers. To
conplete the potting, hot nelt glue is applied to the other end of the
tube. The length of the fibers, fromthe end of the potting to the | oop,
shoul d be a t A L the
tubing is c%ta%ﬁ gﬁeeg%@ggléﬁhﬁﬁ% nté[ tn%hni&e‘?@%ﬁ% %ngﬁﬁegﬂjuérrégﬁunder a
ni cr oscope. cThiok meang iswséd thbrieflpegisé ﬁm&)smlﬂttmmﬂmératut@ attheedie fiwksler .

The potted fiber locp s nmounted in a bubble point test holder. The loop is
subner ged ,Hreé/e@tgg%rg@g%@gp@gpgoﬂn IEFWHS?\FP%?\QEEU ‘§'§S§‘IU6’\QP)ﬁQYﬁﬁté§sed in

the | umen Oifer#wB\?ecf bP%&ﬁacq&?aHB%é‘r‘é?ul?atnt%'HS\W iR rhdhkal Qg @BH%FS at

the outer surface o bers 1S registered as the vi sua b% € point.

Scanni ng_El esstnadrt tMpcewctopyMbrmg@shSakmjeesn@fcommw)mdpltnbalauyraﬁbrm fiher
soaked in |sopro%/ al cohal or a mixture 20 of isopropyl alcohol and water,

applr oxXi rrat]efl‘"‘ﬁym e3t sEdlRtvB0°GHe 3R Eed refarpbl the ftbes Wil baderptisetwat er to
i pped i n & Qs HepSb et R4 learite AR e Tadfrdi¥ SRR S0 e

qui ckly snafmwdwbtchbfeﬁdtmgreiérrag p@lmet otbfhst iweeztmsms withirox iramge oy fdm
mllimeter cut sarrg) a_sa conductive 25 carb

pai nt (Str @t r@ﬁ@ apﬁé't 29@%@ Qﬁ@é@fﬁ@ YfF‘;KP atfﬂ%rzgg?cgtf? 3bouy 386 ’M\than
Sl - DS1&30?h§?ﬁ5§{' %Hm%%@éﬁéﬁtﬁ?%ﬁé%%ﬁ)%t o ‘?‘ﬁ'o‘?@%f 'r?tmug\l%%v

| nstrunents, Inc, eéd’i rages are acquire

scan frane sghahbgé dandgwr@ a fecdrd; UnpsstedinedOanrfealingbstépl at s?rﬂ%r Exanpl e
1 Preparation of Porous |Inner Dianeter Skinned Asymetric Hol | ow Fi ber

Merbr anes F§PBRASUIESOE 2 @mewwvﬁepyal(%tlme@pﬁw@e@@ﬁam@fyorm@wt &

obt ai ned f U f t h Hal oVac
0. 11 om HalSaRPHoRC BRHTS AorertsrabldriisBest 19 o dBRBLIBIERr 300 by

wei ght pol ynmer swkiglBwembien pekygribed $oUBSN 6past 768 5d xdantelies! évdpardticedf i nt o
a heated barrel of a tw n screw Baker-Perkins ext ruder having

( ,gSa i naw, M)
29nm st ewgOIVEYt fraanat Ispstonp grEacsef thryhelawy | @113 Hr%tse@@% i ty purrp

The i o ext etba“g I

Zenith ne|‘§&§§5ﬂ3 ( ﬁhh% ]m?ﬁ%ggélﬁ% tjﬁsﬁ%?ggqtﬁ%\g‘%%%@g%o r’?‘he speC| aI
hol | ow fi benocdise tmpmmmtsemnebdmnefﬁnskmnedeMmstnmlsolap/prﬂ@er patalsy 300

m crons. A | ovg vol u cont rol l er,_%ﬁ Br ooks | nstr u\r;?nt 8744, tfjeld,

PA) fed ai'feqt r@Bﬁ? (§1m 88 fuarinated thE Mo #sHaRCIHEE S i§ gL mﬁ@tfl ber .

The nelt i F8Gfl th
about o 180 A B e B FAT BonEl PR eares, a‘r?eﬁé’é"‘*"ﬁ%eﬁ“‘at*?f'gﬁt i ng

rate @b SGhEeemerp@lamﬁtem%thel\Pmmllndhls emmbdiraéniddeauproteatgdssalgedt as t he
cool i ng bath Aft er. r|n thelurren the die ) e.at in.th

hori zont ol BhESdaS R RBAMeRa Tt Snd Tatter TARGABTELT Py Bebaf,

roll's. Theclydilcaw@ss %Xétr;%;t@t@t Wckdash ﬁl@@lwr@eaatraaoﬁIdapﬂh@tthaéesumen

(Florocarbon 141 b) 1Cl) and subseguentl y dried. Exanple 2 Preparation of

Non- Por ousugiacenes mrmeﬁtlsuqclemhb aneenGhduakinpelfereeed on theflumen ( POLY

.. ThorpHACE, “KIS e Sra CRTRe e bl He b s oD PR Pt DELPB NPt nc,

Ri ver ,2dgeeily stomer@stlrea 2oBasd or elieABMBYDatRIVEHIE PR yeres ts@botsgenthe
pol yneri sol vent paste m xture is introduced into a heated barrel of a twn

screw Bak&erpéprhing qEH ad®r SNITRC@aNARIEVERIBNEJODDR AN o Acildn Omiae
ext ruder B egt figer atures were set at between 180C and 30 285C. A Zenith
mel t purrp% am MA) was used to neter the nelt into the 29

To produge an asymmetric skinned parfluorinated thermepiastic holiow

fiber membrane with the skin on the outer surface, the process describad above

30 is adapted so the lumen is filled with a liquid to prevent evaporation at the inner
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25 July 2003 special hollow fiber die nentioned above. The di e annul us was
approxi mately 300 mcrons. A low volune flow controller, Br oc%g;Jl‘g?Péynent
8 44, (Hatfield, PA) fed air at controlled rate to nmaintain t elfll ow
portion of the fiber. The nelt punp and air pressure were adjusted to
produce a fiber with about a 250 mcron thick wall and a 540 m cron
dianeter lunen at a spinning rate of 100 feet per mnute. D octyl pthalate,
mai nt ai ned at 35C, was used as the cooling bath. After centering the |unen,
the die was operated in the horizontal subnerged nethod. The fiber was
taken up on ; L j :

1, 1-dichlor g_@ﬂf_%f@%S@Péﬁ%%ﬁl&ﬁ%&%&%l’é\%@%%@# %’S?gﬁéél gnrgﬁ?%%}yasnhc?rt ar
subsequent | gadrbeddre diterihg Itk soblady bathoBseriviaeheilimAliuidbdan peianiiquig that 100
psi, and no msasu&gbl e 1PA flow. These resultts i ndi cate that the penbrane

skin was nofOB5rGhS0! X ENEFESIE!PVBRGKET BHTBY IR BXHTIPARORBS oV eiched
Membr anes 1§qtﬁ8§:@% %iﬁéra'ﬂ}sfl,' @ﬁcf%%ﬁl,fﬁw?@?%@lrﬁl ) wiR (RSt g&?%@)&ﬁ@di‘axed

wi th Hal oVac 60 from Hal ocar bon nc. oduce a paste

wei ght, ahi béinges|owechdiscuaibygight patpatedtahl eroBifkere PedocasbdvPGbn3er,

L~' D=13 twinscrew extruder Rper.at{?’rq\jgteat 2(? E&PMJ n the h%l’l zo{}t al fiber
spi nni ng node. Zfoﬂ?q% BRTHAENR SHAPPIESHS THPEORIBHA NPHOWARSs 1 and 2
bel ow. A Zemi t i il I b b
e The di oororarie (B ERciRG CGH PagH bl R e el B BBIRS82 "Ceea

as lunen flfiled Japuami 28,4860} éve Usdd. Avipapplicatioafprohieekifbe highTex, relin-fraenp
and the lu ce a fiber with about 200p

fluid pu were adjusted to pr.od
val | and 5Q1GW tRRIPOTHS MamAr 1SS, mﬂiﬁ&%g@ca HAMATORRIRAISANEMbARES
centeri - di : he quench
|iquid’Pgrq;%rg@t%rﬂﬁallg’étgﬁ%rﬁ’@#‘?ﬁ@mé@ﬁfﬁzgﬁf%%&%ﬂ%mg@o‘gf Godot rolls.
The fiber \kdradiorestheldneiddipSeinesmlalk20i0@)etiAen)) gxbl\B(FGNMBE COUBPFVStEOWmor NJ,
dried and then,anneal ed, _at 275C. Fi ber Character] jon data are given in
bl o o 350 6aN iy SR rapheranieaniaer ctal (] ShaEfs ot cBesh
Tenper at ur ggfyriéns, ©) Sanple # ~ Zone Zone | 1 2 i' Zone 3Zone4 il Melt
t enper at ur

A process to produce these membranes is provided. The process is

15 based on the Thermally Induced Phase Separation (TIPS) method of making
porous structures and membranes. A mixture of polymer pellets, usually ground
to a size smaller than supplied by the manufacturer, from about 100 to about
1000 microns, preferably about 300 microns, more preferably supplied or ground
to a powder and an solvent, such as chlorotriflucroethylene oligimer, is first

20 mixed to a paste or paste-like consistency. The polymer comprises between
approximately 12% to 35% by weight of the mixture. The solventis chosen so
the membrane formation occurs by liquid-liquid, rather than solid-liquid phase
separation when the solution is extruded and cooled. Preferred solvents are
saturated low molecular weight polymers of chlorotrifluoroethylene. A preferred

25 solvent is HaloVac® 60 from Halocarbon Products Corporation, River edge, NJ.
Choice of the solvent is dictated by the ability of the solvent to dissolve the
polymer when ®z: 'z S forrm an wpps- o dcal sc'v Jan lampara*. a2 solut'z -, »ut
not to excessively boil at that temperature. Fiber extrusion is referred to as
spinning and the extruded fiber length from the die exit to the take-up station is

30 referred to as the spin line. The paste is metered into a heated extruder barrel
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a(C) IDie bodyDie Nosel23Q ~ 290285~ 285 |i 285 280310 12230 ~ 290 |
2851 285 : 285275 13103~ 230 | 290285 |285285 i 275 i 3104230 2§g§3g£%@§5
290 | 2802 107

1285 1275 13105230 ~ 290280 ' 280277 12803106 i 230 i
1230 1290 12802802772803108 230 1300 1280 1280 i 285 1280 1310 Table 2.

Sampl e # Take- up rate (fpm)Lurne n punp rate (rpm Cooling ~ bath ~
Tenperat i ure (C)110020552~ 100251003 |13025100 14 1130 115 j 11005 ~ 100
i 301006100 i 351007 ~ 10045 1100j 200 125 ~100 i 31 25 July 2003 Table 3.

Sampl e ~Quter
where the temperature raised to above the upper critical solution temperature so

that dissolution occurs. The homogeneous solution is then extruded through an

annular die directly into a liquid cooling bath with no air gap. The liquid cooling

bath is maintained at a temperature below the upper critical solution temperature
5 of the polymer solution. The preferred bath liquid is not a solvent for the
thermoplastic polymer, even at the extrusion temperature. Upon cooling, the
heated and shaped solution undergoes phase separation and a gel fiber results.
The die tip is slightly submerged for vertical spinning, i.e.; the spin line falls
downward, in the direction of a freely falling body. For horizontal spinning, where
the spin line exits directly in the horizontal attitude, and is maintained more or

less in that plane until at least the first guide roll, a specially design die is used.

10

The die is firmly positioned against an insulated wall with the die tip penetrating

through an opening having a liquid-tight seal in the insulator wall. A trough for

cooling liquid flow is placed in a recess in the opposite side of the insulating wall,
5 in a manner that will maintain the die nose outlet in a submerged condition.
Cooling liquid flows in the trough and overflows in a region of the trough of lesser
depth, keeping the die nose outlet submerged with a flow of cooling liquid. In
both the vertical and horizontal methods, a booster heater and temperature
control means is used to briefly raise the solution temperature at the die tip to
prevent premature cooling. In a subsequent step, the dissolution solvent is
removed by extraction and the resultant holiow fiber membrane is dried under
restraint to prevent membrane shrinkage and collapse. Optionally the dried fiber

20

may be heat set at 200°C to 300°C.
The potting method is described in concurrent U.S. patent application

25  60/117,853, filed January 29,1999, incorporated by reference. This application
describes a simplified method for manufacturing a filter element of perfluorinated
thermoplastic hollow fiber membranes potied with a perfluorinated thermoplastic
polymer. The method comprises vertically placing a portion of a bundle of hollow
fiber membrane lengths with at least one closed, by the closed end, into a

30 temporary recess made in a pool of molten thermoplastic polymer held in a
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di ameter Mcrons~ Wall thickness mcrons I~ Visual I PA | bubble ~ point
(psi) I~ Mean IPA 1 bubble point ~ (psi)l Flow Tine i (sec) 195@%%%6@
39.51 13962914184 ~ 14~ 37.310283826 1165 i 15 i37.6916 14749~ 19 ~
40.5 | 1146751054178 i 14 2| .39336 ~108017210.5 ~ 27.3 ~7837 11118140 i 10
137.9 17888 18262C3 112 ~29 ~1295 5 Exanple 4 Contactor Used in Degassing
Mode Potting resin from Ausi nont USA Inc, grade 940AX with a nelting point
of 256 C and a nelt flow index of about 200, 4vas heated and nelted at 275
Cin a heating cup about 4" w de and 3" deep. After about 24 hr, the resin

bers wi ¢ heBBgnéy BRI tha foctbalihs'f Sh0haB ttER p T TP eI tte
and Hal oVactHérmomasticussidmieo irpa epalten staee 60 treat it tops irto thefteaperatyouicetd!

| ong. The fiber frames were extracted in _Genesolv for about 24 hrs. The
frames wer e2fQ4N4 Bgdiheraandaericr!yatrithendierantRapedeliingothe intrsptialn s.
The frames | t : '

ivound 1 oveaies S et et R the e B B A e a3 dR®

anneal ed f orecasetth&trre?hihg as alfeeets hethdomatbr potdiematraldved tand seffdiedt A
re inserted

"nto a PrA RSN ABBGE MOMbRL AgndEn RSNt 1age fed By the Mohen
thermoplastic. The temporary nature of the recess can be controlled by the
temperature at which the potting material 1s held, the temperature at which the
potting material is held during fiber bundle placement, and the physical properties

10 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 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 formed in a

15 loop.

In the present invention, the fibers are wound around a metal frame and
heat set into the form of a flat rectangular coil, as illustrated in Figures 2a, which
shows the fiber wrapped around a frame, and Figure 2b, which shows the flat
rectangular coil after annealing and removal from the frame. The ends of the

20  coil form loops, shown by 50 in Figure 2b that are closed to entry by the molten
potting material. The flat rectangular coil is formed into a substantially cylindrical
shape as illustrated in Figure 3 and positioned in a perfluorinated thermoplastic
housing 2 in Figure 1. The fibers are temporarily held in position in the housing
during potting by holding means. Examples of such means are given in

25 application 60/117,853. The fiber cylinder can be formed by, for example,
winding on a core or without a core. The inner wall of the housing defines the
flow space for the fluid to be contacted on the outer diameter of the fibers, the
shell side. In the present invention, the housing should be of a perfluorinated
thermoplastic polymer grade that has a melting temperature at least about 15°C-

30 20°C higher than the potting material. The housing is pretreated with the lower



25 July 2003 thickness of about /". The housing ends were pretreated and
fused with MFA 904AX powdered resin. A depression was made w EJ& @%g in
the potting cup. The housing and the fiber bundle are inserte “hY & %e
cavity and were left there for 2 days. The potted fiber bundl e was
retrieved carefully and the housing reversed to treat the other end. After
both ends were potted, the potting was cut to expose the lunens. The potted
surfaces were then polished with a heat gun to renove any | oose resins. The
nodul e was tested for integrity with IPA. It was found that one fiber had a

defect. A sg| : I I %‘?{ié}la t he
fiber. The %ﬁﬁgﬁ@@g&?ﬁg{é@%ﬂg%gie%ﬁggéﬁ%ggﬁlsnﬁggr ae. ul Weﬂéﬁ?gp@ ﬂ)W]];aet er
was punped mittingoten peraturerr tise gettvfy maceriaddulitbeidwahe ateltiof) d0Qarbiure of A
vacuum of 27" was pul | ed Ton the shell -side. The tenperature of %he wat er
was 20 C. AHed';gtféf?Q H%é%féa'wash%%%lte@ GHSIRAISE MM SEAI IBC Bis@NGRIREEET BRYGEN
concentrati 1 X : fiLh : I of
the modul e i e R P L oo hadRing BELBEL 162

| evel of 8.potipy mateosaltoFuppto e hbosing 5@ that 2Gtnong.bofdisan bedorresdvalthe

ey sl BRo T S Y RERAE P R Reo i e
The Ti ber  FO San G N ImPp IR (IDE RESOREN WG JRUl et by 100 <"
fi bers wasnadtiong obG0ftanidgtpunt eftherhamfsindmatendall &Vitbsutaboiting2iednventitat, er ,
of 60 Torr BSelared G1atdk OBt BTBANRE SuITY PR SFaUR. ETIMAO b vt o1
Gogasem o B A Bun Db A ar b RO P R TRV el LR R

punpi ng r avelyweccu? (itbaoth'are mt, abbove beverymeardheiwag srectisis raeltiGg okisofEning

at nospheri c_pressure was ed jnto the shell-side, .the airflow, rate was
358 g0 03e Paenic HNE pirliE s RS e ThERERSTediS BRIBHE | evel a
the out! etpyiasy Bhagh v€8IdcRdlih ke kéMBbrar) BREBS fithol RtTabAtReiMROf 10
m n. Exanple 6 Measurenent of Gasification Efficiency 5 The sane nodul e was
used for gesitihgeasieoial eithinci Ehe potting materiatwdid, oweatlee caursodf tvas, flowpsg

R N O R T N
| ow- pr essiH R sthd wWINFRREa SRstaryBhd 8triLbRire eI EitbwRed lderabiaRee cBasause of
pretreatment eliminates the interface between dissimilar materials. If the housing
were of the same melting temperature as the potting compound, it would soften
excessively and deform durning potting. After potting material flow has ceased,
20 the molten pool is cooled and the potted end is removed from the heating
container. A second potting step as described is the done on the second end.
Excess thermoplastic polymer potting material is removed and the ends in the
pot are opened by cutting through the potting mater:al perpendicularly or at an
angle less than 90° to the long axis.
25 Optionally, a mat of fibers can be made by arranging individual fiber
lengths in a row perpendicular to the fiber length, the fiber lengths substantially
equal distances apart, and joining the adjacent fibers ends at each end of the
fibers with a continuous means, such as a tape. The continuous means can also
seal the ends or one or both ends can be sealed separately. The mat can then

30 be rolled on an axis parallel to the fiber lengths, either on a core or without a
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~0 the low gas flow, there was practically no gas pressure drop on the

shell side. For all practical purpose, the absol ute gas pressycq I‘{)@%%
assurmed to be 760 mm Hg. The oxygen concentration of the feed and’ fhe
outlet water was neasured at different flow rates. Figure 7 shows the
results conpared to literature values fromproduct ~5 literature for
Celgard Liquid Cel degasser (Hoechst Cel anese) Charlotte, NC and

t heoretical predictions based on Leveque's solution. The nethod of data
anal ysis is presented bel ow. The mass transfer coefficient, K was

cal cul ated Byrd h?hé %llé&‘"ﬁ:ﬁ‘gné%'%ér?ﬁiac%@ u'§th‘e oﬂcgv?cﬁ} %ﬁ‘ﬁ%scfbed GhbGe " In

-C*] where C~~ he oxygen conc. ;n out put ICIUI e oxygen
conc. in i npﬂhenquhesle pppumaIZﬁemdssthehpomqgltherh)tplrum@dglgerdeeonlced albolv/ee

h d h fl ' h
renbr ane arca Tcif 7 PRl oTiRs BRI ninAae! FEnalbakRcoa By (BT FEme 054
25 J 200, = f
fors], 5 Dﬁfghtﬁéﬁ?'ﬁﬁ%ﬁcmﬁﬁr“fiﬁ# APERR LPTRESGOFPEV AR SRl

oxygen im vﬁaisars[omltrﬁbss]teelﬁmnataécbm confracd et loopeizer both sidk@fltied Geinas, Gel
follows: Pe or G = VvDz/ WhereV is the velocity of, flow i nS| de the

| umen [ cur I"OET&AE [3WsUR 25 %lﬁeb‘:rwwﬂ@or@%?(wﬁpai AL HHeIREsEI8AdN

G aetz nu

transfer gggéz?%@ﬁgﬁé;ﬁﬂ?égﬁermodgé #ﬁ s%ﬁggytg?@ngﬁg{dn@ 22)%?%@;@ Légﬁﬁf er
coef fi ci entothand helyar&rspetedmiodsy, yed da mbtrteash onlcesss gachuptiaratpathsr €hat ed
to the inv rse Iayer t hi ckn ' t he Leveque net hod,

ﬁ%ﬁ?g t he boundar gqs Usi n% zr
these dime r§’1”6 RersSRNeIOrS _ inforRdegreaser &9 gxieact the RITEIENS 2M Yy on, as
shown i1 FigUfBrahe. W2 RS SNSAIR1BRT R tracted fiber wound frames are put

into an oven to anneal the fiber for 24 hrs at a temperature in the range of from
about 270°C to about 290°C, preferably from about 275°C to about 285°C, with
the most preferred range from about 278°C to about 282°C. Since the polymer
has a broad melting temperature range, it is sometimes possible to anneal at a

15  temperature slightly higher than the peak or average melting temperature. The
fiber frames are retrieved and cooled. After cooling, the fibers are removed from
the frame. The looped fiber bundle or bundles are then put back into the oven to
anneal for another 24 hrs at the same temperature. The first step anneals the
fiber at high temperature under tension, where most of the mechanical properties

20 are set. The second annealing step relaxes the fiber, allowing the fiber to shrink
to the equilibrium length with no tension at the annealing temperature. Although
the shrinkage is very small, about 5%, this second relaxation step is critical as it
prevents shrinkage of the hollow fibers du:ing potting, which would have resulted
in non-integral modules.

25 In the method of the present invention, bonding and potting are combined
into a single step. The housing is usually (poly (PTFE-CO-PFVAE) tubing. Itis
important to have a polymer grade with a melting temperature approximately 15
- 25 °C higher than the potting (poly (PTFE-CO-PFVAE)) resin, which meits
around 256 °C. The perfluorinated thermoplastic pots are preferably made of poly

30 (tetrafluoroethylene-co-perfluoro (alkylvinylether)) having a melting point of from
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t.he Sherwood nunber and the Graetz nunber is given as Sh= 1.64(G)~33 for

G aetz nunbers from between about 5 to about 1000. The Levequ&}m{,bg@# S
used to describe heat cr mass transfer problens in tubes. t nmet hod,
t-he concentrati on boundary |layer is assuned to be confined to a thin |ayer
next to 25 the wall of the tube. Yang and Cussler (RICHE J. 32 11 1910-1916
(19B6)) used this nmethod to correlate mass transfer coefficients for holl ow
fi ber nmenbrane contactors. For the case who;, a the li~~~.:-.~ was flow ng
inside the fibers, the Sherwood nunber followed the relation Sh = A (G) ~,

wh A=1.6 ] =40 - ' ; {

for A as 1 S 0eo0t 15RO aR0 frc A p el e Macm e i s Bbh el ana

i cross i1 Qusk floheALshRIRUSA Inc 2noktate2003 LSy #EbBEIIESE) e, Where Re is
q

t he Reynol ds nunber, dv/v, where d = fiber diarneter, v = 1liquid velocity,
v = ki nemat i(tetiafbioossthylenard-isexathiorerrosytatied witiuepeendofenelhtaroperatures

ki nematic viscosity 10 dif f usi fficient. has a range of 0.32 to
1.38, d frOrﬁsso_%%:r%éggdq%gﬁtenélﬁgé%@ég%ré ag:o %.S'tq}\%:'kranasi nghe et al ( J.
Menbr ane 5 SciT.efloB@( RRAZhe @38t SERKican®y Mizedr txygeratlfarBRet 310PCAHPEIRY, is

fiber menbrane contactor using the nethod of Leveque. A bundle of porous
hol | ow fi be@ Stiablaheysing matasald Hoprruers hellwd® iRt hasjoeiowfa Medirgheeindod

nunber i n ForearaRn e ASS Bl B AT hEE KELHER n R R PRl of

nunber wer ettgel gd|pedrdyarit Heol ysh 55 eousihgohatdrizgbydharefirfod Meithbd.

affects uniformty of flow through the fibers. Their anal ysis showed that
at | ow G aefZPreatieé be, usedevitlv vegremeting potting fMeategalsfif sucemere asefulisel ow

the th tical Letion,due to. fl.ow,th h the fibers, They ~5
concl udth 18Tk BLRE RS obiiect o R iBr BB F ke Wf S tsnal
resi stance ReigPepel e aiRIdERBEicEPyed $Bkdin 08itactopPPEhdGatH that maited

menbrane that follows the prediction of the Leveque theory is porous,
because ot heatiingenaterial. r &g Hteimed sugaees plibpbrengiurtthecheedngims it f ol | ow

of thi's exdirEabensr 3 bopd s TbkEkE R il PE S g AP BR AR
portion of dfiRe lheviemdearectisite® o at clisghtoRecheltingurdier. At thsasadétion, Por e
i u3|1(5)n -\r/?ssl}a:llr;/%he housing turns from opaque to a crystal clear wall. Once optical clarity
is achieved, the heated end is immediately immersed into a cup containing
powdered (POLY (PTFE-CO-PFVAE)) potting resin. Since the surface
temperature of the housing is higher than the melting point of the potting resins,
the potting resin is then fused to the housing resin — a condition for bonding to
20 occur. The housing is then taken out and polished with a heat gun to fuse any
excess unmelted powder. Without this pretreatment step, the housing surfaces
often detach from the potting surfaces because of absence of intermixing of the
two resins.
One end is potted and made into a unitary end structure at a time. The
25 process involves heating the potting resins in a heating cup with an external
heating block or other heat source at a temperature in the range of from about
265°C to around 285 °C, with a preferred range of from about 270°C to around
280°C, until the melt turns clear and are free of trapped bubbles. A rod is
inserted into the melt to create a cavity. The housing and the fiber bundle are

30 then inserted into the cavity. It is important to note that at this point neither the



25 An intrusion test was run on a nenbrane sanple produced froma 30%

pol ynmer solids solution by a prooess simlar tb that describe% UL 266§”p|
~. Fiber OD was 750 mcron, ID was 485 mcron. |sopropyl alco 8I mas Used
as the test fluid (Surface tension 20.93 nNimat 25C CRC Handbook of

Chem stry 36 25 July 2003 and Physics, CRC Press). AT 50 psi, no
intrusion was noted after 30 m nutes. Sone intrusion was noted at 60 psi.
Exanpl e 8 Preparation of Asymmetric Skinned Perfluorinated 5 Thernopl astic
Hol | ow Fi ber Menbrane with Qutside D anmeter Skinned An asymetric

N Cr opor ouss; t4-af 26 @ | | M1
T PR AR YRR rBE RO e D o
sur face wasbprepateid filltheheifiolblventimg toetdidile fiber Ang Ibondytorthgthausimf 16%

(ww) of powder (POLY (PIFE-CO PFVAE)) (Hyflon'"" (POLY (PTFE- CO PFVAE))
620 from AUBMHANEOUSYeh we@w.ﬁ*ﬂlﬁ@f@@%#ﬁ%&ﬁé%ﬁ@mﬁ%ﬁ% of tha Bieadlson
Q1 #60 from Hal ) ro mr used
for hollow fi berﬂgt)%f ﬁ?gﬁgg%ﬁpg aﬁ%ﬁ?gﬁﬁ?ﬁ@ﬁf& %Ipr#a er %Ag%ﬁ% M
nmodel Q¥) ifitarsaxpesedudinenpottéd systesn emnbiestialighet farther nsisgreemeakgunder

Baker - Per ki ns del MPCN-30, LID=13), a It pu Zenith nodel HPB 5704),
ot F11 ol awey iy SR Blpr asar ALEY GhHaCes o (o MAdue A2 Boeuer
wer e confi N¥o e | k%1 OVl
capani 11y et e haaf ae cRORTbE, 315 it A RERER AR
mel t bl end halieeorse betws fisedonpettingedef26ts2 (Rottipond eTduts 2ot leasy fio Beot,dheyi n
this system has an i nhner dj aneter openin i and an annul ar

p of 0.016 in. . ap
of .017 i n28PP&3é aé'lwﬂﬂt%ﬁPOYSs%m@“@@ard‘@s@&é%ﬁﬁSll”ﬁ@”EPW'PQ)S%GHEF{-'E%QGWR?%
the center i 2L i i . .71298
g i ungtq@%%lsggtfaﬁg?l @ﬁ@’r{"i‘ﬁ?’mfﬁgﬁ FoNEver, ﬁﬁtﬁf&”ﬁ*ﬁhgff Sur | n)g
formati on. réﬂh@r@ﬁﬁt@tﬁgwfeed.s@isomr@m if;musetihﬁ reaneltahs dedeetbveodpdthe 25
extrusi on systemran rom 230 to 305 C. The nelt pupp's, output rate
duri ng th §¥@3€ﬁmwﬁmﬁ§%a§5ﬁrﬁa |mf?%b§ﬁm-nbﬁﬁer[m%0¢%§i€fp®'¢s Eavge_dl
rate was a ~ i I n oi
(R T eati henpIETBb ot nitniIff dhe APty r'@@??ﬂ&%'}? Bsied rﬁcﬁjdét];%% hgYer
cont ai ni nggappinigr kelbat sorgetimesnaith eettidBrofttak fi@r8b5npotiedW t co) functi oni ng

as i he1 squeﬂ(r:]hal]ccelrh"ag\}e Egtetintgenrggﬁwroac} %ra?/ boéc uégf ?Hs r\r’%%ﬁwo:g is described in US
patent application 60/117,8586, filed January 29,1999, incorporated in its entirety
by reference.

In this method, an array of hollow fiber membranes may be fabricated by
either winding the length of the array upon itself or upon a mandrel. The

20 mandrel, if chosen, is preferably circular in cross section, however other cross
sections, such as oval, square, rectangular or polygonal may also be used.

The wound hollow fiber membrane is arranged in a single layer, with the
windings being substantiatiy parallel to one another either in contiguous contact
with, or spaced uniformly apart from, one another. When the appropriate length

25 of hollow fiber membrane is accumulated on the mandrel, one or more strips of
tape means are applied to the outer surface of the hollow fiber membrane
segments and positioned along the length of the mandrel in an orientation
parallel to its axis of rotation and perpendicular to the central axes of the
individual hollow fiber segments. The tape extends from the first hollow fiber

30 membrane segment wound on the mandrel to the least and preferably extends



25 July 2003 mai ntained at approximately 73 C. by use cf external heating,
An air gap of approximately 0.25 in. was naintai ned bet4veen Eggwkbgo f the
hol |l ow fi ber die and the entrance into the quench bath. The quénche i ber
was wound around a set of Godet rolls and taken up at a linear speed of 120
fpm This gel fiber with the oil 5 mlled |lunmen has an OD ~ 800N and

| D~400p To renove the CTFE oil fromthe quenched fiber, a length of the
fiber :anple was wrapped in nultiple | oops around an open rectangul ar netal
frame and cl anped at both ends. The frame was placed in a degreaser (Baron
Bl akesl| ee - L. Qi , Lchl -1-fl 0 L (CEl n 141b,
") Tor apBESRt ITary ie: re skt ot Sy TR0 Sukr BB e
to dry at reegnieenperatitrsiongthe inidaie dfhee eheed lesgth bhtrantapeemeans2izhC for
approximately 10 mns. The final fiber is white in appearance and the
scanni ng el Hdtiton heilewvdiespremeranesreipaindeined tagathgr barthemaw §alvest gtrip
Fig. 10 sh03§i%ﬂf nor phol ogy of the inside (lunmen) surface of the fiber and
reveal s a hlgk y 'porous structure. Fig.9 shows the norphol ogy of the

outsi de surface gfsihdie Jorberexender éyedihg sathetebpdetis eeaihg Wl wher tdhdfial 11
shows the norphol ogy of the crosssection of the fiber near the outside

surfaces an¥OLR¥RESPRSE PrRAUGESHWO RY¥MES fibbRB-IKERXrUS IR sAditadie lrgths
t o AT '. ! ot . f
Govel opi g SraPSuRTBRr AR R RLBBEE hRITed Khid RnblabBYBElAE cor n ¢ e

advant ages mantihe ppsitiseet baw@rthe @xtrustion dienwithtthe rotatient| akistdiendi scussi on

of the present invention to exhaustively present all conbinations,

substi t ut i GR3NEFE! RENG ParaBbivsa liRACOANECHHE NG OBiiRtsiy thpésdision die.

b esept atBéf‘gréTﬁwte'Wﬁ\%ﬁq?Bf{ eaﬁgyfdnﬂathb%rrgétiér{‘& &‘é‘&b@gg%fé}%é i ol 2=
epresent at1 ve exanpl es have béen’given 't o denonstrate reductiron to

practice amdustitse pai-héstdoe Thikatepss hétaddangtd bistast appoef bdbhe behesemthe
i nvention. The inventor seeks_to cover the broadest aspects of the

i nvention tWPeseelepddestuhanrére ReieA RarldinalpaehemoRpalici breisaotriad,
What |s C hge&még n ?Fé’eJ%"lr“iX}F%?r’gﬁé?'?i”%%dm claim 1. Afluid-fluid

p' ~ase contactor substantl rom perfiuorinated t:~ernoplastic
pol yners for comoiiowinthe &tdwhulatiohdfwipphodmstelg rdodd-hiatf taampf ik ng; a) a

bundl e of a plurality of perfluorjnated thernpplastic ['1 cw fiher
mentbr afies RAVITRY fépqgn/’}@ft”gﬂa”%ﬁ&t eddsn _eﬁﬁg;?'%saﬁdf@en%ﬁgﬁ OwHlPhg an
cuter surf ﬁ%&%e%r%&%oﬁ%ﬁ@&gndé%ﬁd 'ﬁg%[el W IHABCRIR TS aR%ediveUen,

sai d nenbranes sel ect fromthe group consisting of hollow fiber nmenbranes
havi ng a psideus te&iexterdiddsteip cfirpacecans fasimgutheouber The fageeis thed a por ous

AR Tt R (N AL M M
structure fhatwBBN.A slight tension is maintained on the hollow fiber array to keep the
20 fibers in contact with the polymer extrusions. Application of the polymer
extrusions may be terminated after the entire array is wound about the mandrel.
Alternatively, the tubesheets may be built up to a larger diameter depending on
the requirements o the rest of the module assembly process. In this case, the
rotation of the winding mandrel continues as the molten tubesheets are allowed
25 tocool. The end portions of the sealed fiber bundle can be trimmed to expose
the fiber lumens and further machining may be performed to provide a means for
sealing the fiber bundle into a suitable housing or the fiber bundle may be
contoured to provide details suitable for thermoplastically bonding it to the
components of a pressure housing of the same or similar resin material in order

30  to produce a hollow fiber module.
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hol' _ow fi ber nmenbranes having a porous skinned outer surface, a porous

i nner surface, and a porous support structure between, and hoéégmz@b@gr
menbr anes havi ng a non-porous skinned outer surface, a porous I nner
surface, and a porous support structure between, b) each end of said bundle
potted with a liquid tight perfluorinated thernoplastic seal formng a
unitary end structure with a surroundi ng perfluorinated thernoplastic
housi ng wherein the fiber ends are open to fluid flow, c¢) said housing
having an inner wall and an outer wall wherein the inner wall defines a
fluid flow vol une between the inner wall and the |lunmens of the hollow fiber
menbranes, d) said housing having a first fluid inlet to supply a first
fluid to said fitsenafteérndtiveneiignditeon, @ veglecrtrotoadpali may desessnh brfbathd
and a first fluid o conngction to rggnve sai d. cont act.ed éirst,fluid

tl
from sai d s%%%?f&?%ﬁ_ﬁgs'etr§§ SRUIMGUsREH weu b%éﬁfﬁr%o’c@éieﬁa"ﬂﬁw g ddtond
fluid inletycommetd Ve %éw&l é’rgﬁgé@é%%@lo%‘e%r%x&ﬁityb?o v%ﬁ?ﬁf&e‘ﬁéﬁ@fcéa' d
or me wal I of the

first fluid to sard vol une et ween the inner ousi ng and
t he hol |ow feidoer spaebr ditelse patidd am assromdnqurt] dte memeotdiewduld benfoveesgai d

tacted fluid. 2. A fl inated h ' ful f f
FIui d-1 ui diGhakSEsHE A6oeTIuBEteAlEPaT i 1t Bgane PaBRIHiatamde -
t her nopl aStéersoc%é’éT?dqétﬁér. CARGRAL IRGify WhLiRf bé ehd iMithE riarmRsUb drbelyd
conprising: (a) a container having annner wall and an outer wall wherein
t he i nner veldvedefithribs reeceksany ddapiatiat unesdgdlo sacemomttaie hee dimaensigna

fluid inlet having a first .inner surface, ,and,a flui.d outl et havjng a
Cocond | nnencolrassad by e kP Tar Pl Ehodndrdapitice Thwkaiie Uothihed,

i nner rf j j i i f [ t [ ting
compourd haaih BEMENU T ARIRaRE 1Tl amPRIT b BIROLE o IARICTBROAGH SEraRil,

t han sai d $ecsing couierisubé ased. JheTdirglrausiang evfd sfruitume2with éhetwo paitid

[ . d | t] ' b b 15C and ab 20C hel
he. molt | ndBBbPHdBrerts Worh Gt o oBlErane (AN 8378 SCeRuRA s os fo

surface. 45.Te hOUSEGUNIdAB S ePBRETloW Sdrifectionk. BeMaatd flowdothretibhed
conpound i s poly(tetrafl uoroethyl ene-co-perfluoro (alkylvinylether) . 5

The housi nyoold then beeaste to aachsbande endusertsehthenintetdow adwdrenter boeméd of
poly (tetrafl uoragethyl ene-cohexaf | uorgpropyl ene).. 6. .The housi ng of any one
b o1 5 AT EEr e &G5nRAF A3l e oM ER Tier i,

pol y(tetrafl uoroethyl ene-co-hexafl uoropropylene). 7. The process of formng
the perfluorinated thernopl astic housing of claim2 which conprises:
heating said inner wall and saiGhasactarizedian Methedser said wall's

t her nopl as)r__,i SR 2? Jtul y 2003 41 contacting said thernoplastic walls with
sai d pottiﬁg—ee-%@e-uﬁa- in powdered form and cooling said thernoplastic

wal |'s to fpge sseindspsitiibenth eonfaeanof (bops arel finidtd & 1/8 "pdiyeropyeeestubafg cl ai m
7 including the further step of heati ng ?xcess un Ig@edg{)omder on said

wal |'s o fIRAIhileN@x i Meltaed IpoRaErC 1oce1f MaltIgse giroggl thy gees $nsk
any one of 1178 r J i tit } : | &4 poi nt
bet ween abC(’)f(l;t gltg%néntg pggéﬁ%‘ﬂéggb@?g@a%éﬁ%@ﬁéﬁg@%&%ﬂwgﬁ %’al %dlér&gts i nner
surface arisbtgmicd thedibeds.i Moegorspiefeathe. pdifing, Thet meticiss ivapplied tontheajthet ai ns
7 or 8 wherein said potting corrpgu i

nd.is pol :
(t et r af | ustsePhiedrgec dNselengtive th(aafftk%fﬁvvﬁ?ﬂ%‘l tBerng of thepoting tothe ep. of
claim?9 rel ' td oG u ' o
(tetraf ! uo SHPopALEuE3! LERnRERS: Z\‘*‘fﬁ@iﬁb’f’mtﬁ'ﬁﬁsws fieg o0 of
any oge ofcutt@erpose tire ibehlereins. shiel fibenOdl isemeasufasr wedkeraf miwiogcope.
(tetrafl uaroet h?([{ enﬁ- %)h(?éaf }‘ uor opr opegl ne? . 363't r‘\l’l}g process ?f I Clhail m 9
wher ei n sdi® COMKMABANE IPLE1IQRRISITOR ‘1‘93 into a test holder. 1Sopropyl alcono
(tegrafl uprref iy Rned GoBE &dldk Y ROMEEBEBAled, éné-gés;Fpressure is set to 13.5
CAFLCA CALCA VA A ATLCAE A AN, AYn. AL A Ay. Aln. AFH A AF! U ACA AL AY[ L A5 Aln A
Fy. Al . Al f padhT e finreandsvahBhcaiBiat a3set ABnoun il AR ANBTee aigsis recorded.
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e Sl oLt R O 0 (P g i
| %40% \ & (ébodlto/‘i’Q%i\;/g)A hot BRI s(U sl Udéed hot Pﬁ@éc_go kP& gh)the open end

t @100 ctc& (- % UVry&3t S| 109 & (). Sy100 & ()-1S10% & ()~ S 10WE ()-
10NN 1ZNN QORI tbingipoeaiNBe (ibeys.u Norgjed Bureywae Idees Toil meall jhe spaces

F10% & ()9 0% & L) -v1Q% & () + & ()-S.!10% & ()~ ,
WedBuv7y S UEEOE 13 Yoq U RIS 214 Boithag pot el s pppiisd to the other
10% & () - NeAD Y i dn( m@mfﬁwﬁ@%s&ﬁ@n the end of the potting to the loop,

[10% & ()-Y-:10% & ()-1+'1 o o
is about 3 inches. After the hot melt glue solidifies, the tubing is cut to expose

the fiber lumens. The fiber OD is measures under a microscope. The tubing

25  with the fiber loop is mounted into a test holder and connected to a container
holding the test fluid and attached to a pressure generating system, such as a
pressurized gas tank. The pressure in the container is raised at increments, for
example, 10 psi steps, and the test fluid forced into the lumens of the fibers. Any
intrusion of the test fluid is readily observed as a darkening of the fibers from the

30 testfluid filling the pores of the fibers. The pressure of each step is maintained
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to pot the fibers. Normally, the glue does not fill up all the spaces between the
fibers. To complete the potting, hot melt giue is applied to the other end of the
tube. The length of the fibers, from the end of the potting to the loop, should be
10 about 3.5 centimeters. After the hot melt glue solidifies, the tubing is cut to
expose the fiber lumens. The fiber OD is measures under a microscope. The

tubing with the fiber loop is mounted into a test holder. The potted fiber locp is

mounted in a bubble point test holder. The loop is submerged in a glass
container of IPA. Air pressure is slowly increased in the lumen of the fibers. The

5 pressure at which the first bubble appears at the outer surface of the fibers is

registered as the visual bubble point.

Scanning Electron Microscopy Images
Samples of hollow fiber membrane are soaked in isopropy! alcohol or a mixture

20 ofisopropyl alcohol and water, approximately 50% by volume. The wetted
sample is then soaked in water to replace the alcohol. The water-wetted sample
is held by a tweezers and dipped in a container of liquid nitrogen. The sample is
then removed and quickly snapped by bending using a pair of tweezers.
Approximately 2 millimeter cut sample is fixed to a sample stub with conductive
carbon paint (Structure Probe Inc. West Chester PA). Microscopy is done with
an IS1-DS130c scanning electron microscope (Internaticnal Scientific
Instruments, Inc, Milpitas, CA). Digitized images are acquired by a slow scan

25

frame grabber and stored in .TIF format.
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TOT} TTUk UUdE)Vely&3 twin Gueew BakesHerking )(Sagreye: ) extrudeydaying 28mm
screws, by means of a Moyno (Springfield, OH) progressive cavity pump. The

10 extruder barrel temperatures were set at between 180°C and 300°C. A Zenith

melt pump (Waltham, MA) was used to meter the melt into the special hollow
fiber die mentioned above. The die annulus was approximately 300 microns. A
low volume flow controller, Brooks Instrument 8744, (Hatfield, PA) fed air at
controlled rate to maintain the hollow portion of the fiber. The melt pump and air

5 pressure were adjusted to produce a fiber with about a 150 micron thick wall and
a 540 micron diameter lumen at a spinning rate of 50 feet per minute. Mineral
oil, maintained at 70°C, was used as the cooling bath. After centering the lumen,
the die was operated in the horizontal submerged method. The fiber was taken
up on a set of Godet rolls. The fiber was extracted with 1,1 dichloro-1-

20 fluorethane, (Florocarbon 141b, ICl) and subsequently dried.

Example 2 Preparation of Non-Porous Skinned Asymmetric Membranes

Ground pellets of Hyflon® (POLY (PTFE-CO-PFVAE)) (Poly (PTFE-CO-
25 PFVAE)) obtained from Ausimont USA, Inc., Thorofare, NJ., were mixed with
HaloVac® 60 from Halocarbon Oil Inc, River edge, NJ to produce a paste of 40%
by weight polymer solids. The polymer/solvent paste mixture is introduced into a
heated barrel of a twin screw Baker-Perkins (Saginaw, MI) extruder having
29mm screws. The extruder barrel temperatures were set at between 180°C and
30 285°C. A Zenith melt pump (Waltham, MA) was used to meter the melt into the
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10Y=10%&' ()
10m @ $10Y&N(k wankbﬁdi@/ﬁfgl(&h{laron diaofee( (umes SNOYRINNIng ratdQsf& 00 feeifpe$l0%& (

) - xdxwxy! y$r¥u{2/utg )gloctyl pthalate r(r)walln(%amed at 35°C, was used as the cooling bath.
After centering the lumen, the die was operated in the horizontal submerged
method. The fiber was taken up on a set of Godet rolls. The fiber was extracted
with 1,1-dichloro-1-fluorethane, (Genesolve 2000 Allied-Signal, NJ) and

10 subsequently dried. The fibers had no observable IPA bubble point up to 100
psi, and no measurable I1PA flow. These results indicate that the membrane skin

wdas nNon-porous.

Example 3 Production of Microporous Hollow Fiber Membranes

15
Pellets of Hyflon® POLY (PTFE-CO-PFVAE) 620(Ausimont) was mixed

with HaloVac 60 from Halocarbon Oil Inc. to produce a paste of 18% by weight,
which was fed by a Moyno pump into a Baker-Perkins MPC/V-30; L/D=13 twin-
screw extruder operating at 200 RPM in the horizontal fiber spinning mode.

20  Extrusion and run conditions are shown in Tables 1 and 2 below, A Zenith melt
pump was used to meter the melt into a hollow fiber die. The die annulus was

about 400 p. Heated Halocarbon oil 1000N was used as lumen fluid to maintain
the hollow portion of the fiber. The melt pump and the lumen fluid pump were
adjusted to produce a fiber with about 200u wall and 500u lumen. The bath

25 liquid was dioctyl pthalate. After centering of the lumen needle, the die was
submerged under the quench liquid for about 1/16" and the fiber was taken up by

a set of Godet rolls. The fiber was extracted with Genesolv® 2000, Allied-Signal,

Morristown, NJ, dried and then annealed at 275°C. Fiber Characterization data

are given in Table 3.
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1m@()J1 ﬂ%é7%®%4 Melt Die | Die
1 2 3 | temperatur | body | Nose
! e (°C)

Lj 230 200 [285 [285 285 280 [310 |
Lg 230 [290 [285 [285 285 275 310
3 230 [290 [285 [285 | 285 275 | 310
4 230 [290 [285 [285 |285 275 [310
5 1230 [290 [280 [280 |277 280 [310
6 230 [290 |280 |280 |277 280 [310
7 230|290 280 | 280 | 277 280 | 310
8 izso 300 |280 |280 285 280 | 310
Table 2.
Sample # | Take- |Lume | Cooling |

up n bath

rate pump "Temperat '

| (fpm) | rate ure (°C) i

(rpm)

1 100 |20 55
2 100 |25 100
3 130 |25 100
4 130 |15 | 100
5 100 (30 | 100 |
5 700 135 100
7 1100 |45 100 |
8 1200 [25  ]100
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10mF= 10(y () - 8#10% é%\eter i thickness | bubble bubble | (sec)
Microns microns | point (psi) | point ’
| | (psi) |
1 940 191 16 39.5 1396
2 914 184 14 37.3 1028
3 826 165 15 376 16
14 749 210 | 19 ;40.5 1467
[ 5 1054 178 14 27.3 933
6 1080 172 10.5 27.3 783
7 | 1118 140 10 37.9 788
8 } 826 203 12 29 1295

5 Example 4 Contactor Used in Degassing Mode

Potting resin from Ausimont USA Inc, grade 940AX with a melting point of

256 C and a melt flow index of about 200, was heated and melted at 275 Cin a

heating cup about 4" wide and 3" deep. After about 24 hr, the resin was
10  completely clear and it had no trapped bubbles. Degassing hollow fibers with
500 p 1D 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, air
dried, and then annealed at 280 C for 24 hrs. The frames were retrieved from
the oven, cooled and the fiber loops unwound from the frame. The fiber bundles

]
were put back into the oven and annealed for another 24 hrs. The fiber bundles

and they were inserted into a PFA housing about 10" long, 2" ID and a wall
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to expose the lumens. The potted surfaces were then polished with a heat gun
to remove any loose resins. The module was tested for integrity with IPA. {t 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.

Fully saturated water was pumped through the lumen side of the module
at a rate of 100 mi/min. A vacuum of 27" Hg was pulled on the shell-side. The
temperature of the water was 20 C. An oxygen probe was used to measure the
inlet and outlet oxygen concentration to determine the oxygen removal efficiency.
At the outlet of the module, it was found that the oxygen level dropped from a

" saturated level of 8.5 ppm to 0.9 ppm in about 10 — 20 min. Thus, the removal '

10

15
efficiency was 89%.

Example 5 Water Degassing

In this example, water is degassed using a membrane made in a manner
similar to the membrane of Example 1. A bundle of fibers was made and potted
in a cylindrical holder. The fiber ID was 500 p and the fiber wall was about 150 p
The number of fibers was about 500 and the length cf the module was about 20
cm. Water, at a temperature of 20 C, was pumped through the fiber lumens and
a vacuum of 60 Torr was maintained on the shell side. The oxygen level of the

20

25
water was measured at the inlet and outlet of the membrane. The inlet water

was degassed to a level of 3.1 ppm using a Hoechst Liguid-Cell degasser. The
pumping rate was 200 mi/min. and the temp. of water was 20 C. Air at

atmospheric pressure was pumped into the shell-side. The airflow rate was
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to rise from 3.1 ppm tc 6.8 ppm in a period of 10 min.

Example 6 Measurement of Gasification Efficiency

The same module was used for gasification efficiency. In this mode, water
at 20°C was pumped through the lumen just as before, except that the feed water
was degassed by a Hoechst Liquid Cel degasser. The shell side was purged
with low-pressure air on one end, while the other end was left open. Because of

10 the low gas flow, there was practically no gas pressure drop on the shell side.

For all practical purpose, the absolute gas pressure was assumed to be

760 mm Hg. The oxygen concentration of the feed and the outlet water was

measured at different flow rates.
Figure 7 shows the results compared to literature values from product

15 literature for Celgard Liquid Cel® degasser (Hoechst Celanese, Charlotte, NC)
and theoretical predictions based on Leveque's solution. The method of data

analysis is presented below.

The mass transfer coefficient, K, was calculated by the following equation:

20
K =-{Q/A) " In[Cout~ C*/C\n —C*]
where
Cout is the oxygen conc. in output liquid [ppm]
Cn is the oxygen conc. in input liquid [ppm]
25 C* is the equilibrium oxygen conc. at the gas pressure on the shell side
[Ppm]

Q is the flow rate [cc /s]
A is the membrane area [cm?).

30 The Sherwood number is calculated as follows:
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Sh =K * D/Dgs

where K is the mass transfer coefficient [cm/s],

5 D is the ID of the fiber [cm] and
Dap is the diffusivity of oxygen in water[cm?/s].

The Graetz or Peclet number is calculated as follows:

10 Pe or Gr = V*D¥(L*Da)

WhereV is the velocity of flow inside the lumen [cm/s] and

L is the length of the fiber [cm]

15 The Sherwood and Graetz numbers are dimensionless groups used to
describe heat and mass transfer operations. The Sherwood number is a
dimensionless mass transfer coefficient, and the Graetz numberis a
dimensionless group that is related to the inverse of the boundary layer
thickness. Using the Leveque method, these dimensionless numbers can be
20 correlated. In the linear region, as shown in Figure 4, the relationship between
the Sherwood number and the Graetz number is given as Sh= 1.64(Gr)°-* for
Graetz numbers from between about 5 to about 1000. The Leveque method is
used to describe heat cr mass transfer problems in tubes. In this method, the
concentration boundary layer is assumed to be confined to a thin layer next to
the wall of the tube. Yang and Cussler (AICHE J. 32 (11) 1910-1916 (1986))

used this method to cerrelate mass transfer coefficients for hollow fiber

25

membrane contactors. For the case wherz the liguid was flowing insids the
fibers, the Sherwood number followed the relation Sh = A (Gr)°, where A =1.64
and the exponent b = 0.33. For this case, they report a range for A as 1.62 to

30  1.86 from the literature. For liquid flow outside and in cross flow to the fibers,
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o u

20 The results illustrated in Figure 7 show that the membranes of this
example behave as porous membranes because they follow the linear portion of

the Leveque equation at high Peclet numbers.

Example 7 Pore Intrusion Testing
25
An intrusion test was run on a membrane sample produced from a 30%
polymer solids solution by a process similar to that described in Example 1.
Flber OD was 750 micron, ID was 485 micron. Isopropyl alcohol was used as
the test fluid (surface tension 20.93 mN/m at 25°C-CRC Handbook of Chemistry
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and Physics, CRC Press). AT 50 psi, no intrusion was noted after 30 minutes.

Some intrusion was noted at 60 psi.

Example 8 Preparation of Asymmetric Skinned Perfluorinated
Thermoplastic Hollow Fiber Membrane with Outside Diameter Skinned

An asymmetric microporous poly (tetrafluoroethylene-co-perfluoro methyl
vinyl ether) (POLY (PTFE-CO-PFVAE))) hollow fiber membrane with a skinned
outside surface was prepared by the following method:

A slurry mixture of 16% (w/w) of powder (POLY (PTFE-CO-PFVAE))
(Hyflon™ (POLY (PTFE-CO-PFVAE)) 620 from Ausimont) in
chlorotrifluoroethylene oligomer (CTFE) (Halocarbon Oil #60 from Halocarbon
Products) was prepared at room temperature and used for hollow fiber extrusion.
This slurry was fed via a metering pump (FMI model QV) into an extrusion
system consisting of a twin-screw extruder (Baker-Perkins model MPC/V-30,
L/D=13), a melt pump (Zenith model HPB 5704), a melt filter and a hollow fiber
die. The twin screws inside the extruder were configured with feed screw
elements and mixing paddles to provide capability for mixing and conveying of
the (POLY (PTFE-CO-PFVAE)) /CTFE melt blend. The screw speed used was
200 rpm. The hollow fiber die in this system has an inner diameter opening of
0.016 in. and an annular gap of .017 in. Pure CTFE oil (same grade as in the
slurry) was metered into the center channel of the die via a metering pump
(Zenith model FF 7298) and it functioned as the lumen filling fluid for the holiow
fiber during formation. The temperature set points for the various zones of the
extrusion system ranged from 230%to 305° C. The melt pump's output rate
during this experiment was approximately 20 g/min and the lumen oil's feed rate

was approximatgly 10 g/min,
The melt blend in the form of a lumen oil filled fiber was extruded in a

horizontal direction into a quench bath containing re-circulating mineral oil (Britol
35 from Witco) functioning as the quench fluid. The temperature of the oil was
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maintained at approximately 73° C. by use of external heating. An air gap of
approximately 0.25 in. was maintained between the tip of the hollow fiber die and

the entrance into the quench bath. The quenched fiber was wound around a set
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i110%$& ()
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i 110%$& ()
i 110%$& ()

of Godet rolls and taken up at a linear speed of 120 fpm. This gel fiber with the oil

Tilled lumen has an OD ~ 800y and ID~400u
To remove the CTFE oil from the quenched fiber, a length of the fiber

[41]

sample was wrapped in multiple loops around an open rectangular metal frame
and clamped at both ends. The frame was placed in a degreaser (Baron
Blakeslee MLR-LE) containing 1,1 dichloro-1-fluoroethane (Florocarbon 141b,
ICl) for approximately 16 hrs. Afterwards, the framed sample was allowed to dry

10
at room temperature and it was then heat-set in an oven at 275° C for

approximateiy 10 mins.
The final fiber is white in appearance and the scanning electron

micrographs of its structure are given in Figs. 9-11. Fig. 10 shows the
morphology of the inside (lumen) surface of the fiber and reveals a highly porous

structure. Fig.9 shows the morphology of the outside surface of the fiber and
reveals a much denser structure. Figs. 11 shows the morphology of the cross-

15

section of the fiber near the outside surfaces and shows that the tight layer on

the fiber's outside surface is extremely thin in thickness.

20 A practitioner skilled in the art of developing and producing hollow fiber
membranes will be able to discern the advantages of the present invention. Itis
not the intent of the discussion of the present invention to exhaustively present all
combinations, substitutions or modifications that are possible, but to present
representative methods for the edification of the skilled practitioner.

25 Representative examples have been given to demonstrate reduction to practice
and are not to be taken as 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.

What Is Claimed:
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thermoplastic nollcw fiber membranes having a first end
and a second end, said membranes having an outer surface
and an inner surface, said inner surface comprising a
lumen, said membranes selected from the group consisting
of
hollow fiber membranes having a porous skinned inner
surface, a porous outer surface, and a porous support
structure between,
hollow fiber membranes having a non-porous skinned
inner surface, a porous outer surface, and a porous
support st%ucture between, ‘
hollow fiker membranes having a porous skinned outer
surface, a porous inner surface, and a porous support
structure between,
and hollow fiber membranes having a non-porous
skinned outer surface, a porous 1lnner surface, and a
porous support structure between,
b) each end of said bundle potted with a liquid tight
perfluorinated thermoplastic seal forming a unitary end
structure with a surrounding perfluorinated thermoplastic
housing wherein the fiber ends are open to fluid flow,
c) said housing having an inner wall and an outer wall
wherein the inner wall defines a fluid flow volume between
the inner wall and the lumens of the hollow £fiber
membranes,
d) said housing having a first fluid inlet to supply a
first fluid to said first end of the bundle to be
contacted with a second fluid and a first fluid outlet

connection to remove said contacted first fluid from said

second end,
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n said flrst inner surface and than said second

inner surface.
3. The housing of claim 2 wherein said potting compound has a
melting point between about 15°C and about 20°C below the

melting point of said first inner surface and said second inner

surface.

4, The housing of any one of claims 2 or 3 wherein said
potting compound is poly (tetrafluorocethylene-co-perfluoro
(alkylvinylether).

5. The housing of any one of claims 2 or 3 wherein said
container is formed of poly (tetrafluorcethylene-co-

hexafluoropropylene).
6. The housing of any one of claim 4 wherein said container
is formed of poly(tetrafluorocethylene-co-hexafluoropropylene).
7. The process of forming the perfluorinated thermoplastic
housing of claim 2 which comprises:

heating said inner wall and said outer wall to render said

walls thermoplastic,
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10. The process of any one of claims 7 or 8 wherein said
potting compound is poly (tetrafluoroethylene-co-perfluoro
(alkylvinylether)).

11. The process of claim 9 wherein said potting compound is

poly (tetrafluoroethylene-co-perfluoro (alkylvinylether)).

12. The process of any one of claims 7 or 8 wherein said
container is formed of poly (tetrafluoroethylene-co-
hexafluoropropylene).

13. The process of claim 9 wherein said container is formed of

poly (tegrafluoroethylene-co-hexafluoropropylene).



