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I nvention This invention relates to surface nodified thin porous nmenbranes,
modi fi ed wi PROCESS FORMAKING SURFAGEMODIFIED ROROUS MEMBRANE ocess”
for making the nmenbrane. 2. Description of Prior Art Porous nenbrane
filters are utilized gy O?aqmem 0 separate
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polynmeric matrix and have highly precisely controlled and neasurabl e
porosity, pore size and thickness. In use, the nenbrane filters generally
are incorporated into a device such as a cartridge which, in turn, is
adapted to be inserted within a fluid streamto effect renoval of
particles, mcroorganisns or a solute fromliquids and gases. To be useful,
menbrane filters nmust be BACKGROWNDOOFEHEIINWENEION filtered so that it

maintains its strength, porosity, chemcal integrity and cleanliness. For
exanpl e, in the manufacture of | MgKLAYFeRd fRBh Lfl rcuits, nenbrane filters
are used extensively to purlfy‘va'r'{"ms—p'm | uids to prevent
contamnants rQm causi circuit fai Fluid filfration .
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PCT/ US98/ 08480 Thus, liquids being filtered in this fashion experience a
pressure drop across the nenbrane filter. This pressure differential also

results in the liquid on the L?%JSSSE%AQFPH&VMQ a

Porous membrane filters are utilized in a wide variety of environments to separate

materials within a fluid stream. Membranes are formed from a solid polymeric matrix and
have highly precisely controlled and measurable porosity, pore size and thickness. In use,
the membrane filters generally are incorporated into a device such as a cartridge which, in
turn, is adapted to be inserted within a fluid stream to effect removal of particles,
microorganisms or a solute from liquids and gases.

To be useful, membrane filters must be resistant to the fluid being filtered so that it
maintains its strength, porosity, chemical integrity and cleanliness._ For example, in the
manufacture of microelectronic circuits, membrane filters are used extensively to purify
various process fluids to prevent contaminants from causing circuit failures. Fluid

— filtration or purification is usually carried out by passing the process fluid through the
membra;ne filter under a differential pressure across the membrane which creates a zone of

higher pressure on the upstream side of the membrane than on the downstream side.
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PCT/ US98/ 08480 surface tensions greater than the surface energy of the
menbr sthe masgfachue of sesbicondudtorsrand microelectronic devices usually include very high

purity water, ozonated water, organic solvents such as alcohols, and others which are
generally significantly chemically active, such as concentrated and aqueous acids or bases
which can contain an oxidizer. These chemically active liquids require the use of a
chemically inert filter to prevent membrane degradation. Membrane degradation leading to
the chemical breakdown of the membrane composition usually results in extractable
material which is released from the filter during use, thus compromising the purity,
integrity and cleanliness of the liquid being filtered. Fluorocarbon-based membrane filters
made from fluorine-containing polymers such as polytetrafluoroethylene are commonly
utilized in these applications. Fluorine-containing polymers are well known for their
chemical inertness, or excellent resistance to chemical attack. One disadvantage of
ﬂuorine-cohtaining polymers is that they are hydrophobic and therefore membranes made

from such polymers are difficult to wet with aqueous liquids or other liquids, which have



encountered during the filtration of outgassing liquids with a hydrophobic
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portions. Dewetiing of a membrane can also occur spontaneously when a wet membrane,

such as a hydrophobic membrane wet with an aqueous fluid, is exposed to a gas such as
air. It has been found that this dewetting phenomenon occurs more frequently and is more
pronounced in fluorocarbon-based membranes made from fluorine-containing polymers
such as polytetrafluoroethylene. It has also been found that the rate at which dewetting
occurs is greater in small pore size membranes such as 0.2 microns or less, than in larger
pore size membranes. During a filtration process the reduction of effective membrane area
available for fiitration due to dewetting of the membrane in a filter device results in a
reduction of the overall filtration efficiency of the filter. This reduced efficiency manifests
— itself in a reduction in liquid flow rate through the filter at a given pressure drop or in an
increase in pressure drop at a given flow rate. Thus, as the membrane filter dewets with

time, the user is not able to purify or filter the same volume of process liquid per unit time



as when the filter was newly installed and therefore conpletely wet. This
reduction of the overall throughput capability of the filtration process
resul t WOQ8/a1#03 ncrease in the user's time and cost to quF"WJS%P/Qfﬁ&t vol une
of process liquid. Faced with a throughput reduction, the user is often
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filtration device back into service, the end user rewets the dewet filter
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potential for malfunction of the other elements in the system as well as the potential for a

process liquid spill due to the increased processing pressures. Another option for the user
to avoid premature filter changeout due to dewetting is to treat the filter to rewet the
membrane. The treatment is time consuming since it requires that the filter device be
removed from the filtration system resulting in unscheduled downtime and can often result
in the introduction of contaminants derived from the rewetting process into the process
liquid passing through the filter. Typically, a low surface tension rewetting agent may be
used, including alcohols such as isopropanol, which are flammable liquids that cause
safety concerns. Prior to placing the filtration device back into service, the end user

— rewets the dewet filter with the alcohol followed by a water flush and then a flush with the

process liquid. While membrane manufacturers may have the expertise for handling and



treating dewet filters, end users may not have the capabilities or the

desire to performsuch additional costly processing steps, ranes
are cha¥y@e¥8Hd3ed by noninal pore size which is di rectly%F‘elﬁg%}gE{gg t he

menbrane' s particle retention characteristics. Pore size is directly

proportional .and rticle retention is . inversely prQporti.onal flowrate
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and flow rate. Significantly increasing one of these characteristics while
si gni f iad@disongl GasHY Proggssing s8Pher of these characteristics is undesirable.
U S. Patent 4,470,859 to Benezra et al, discloses a process for nodifying

t he sur f acesAlimemisrangsodre tharauiesitedbye aomialrpdreodizeawhiohois dixr@ctby relatad o as
pol ytetrafl uoroet hylene, with a coating of a perfluorocarbon copolyner from

a sol uty . ot he f ngygpﬁ re
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nperature.. The nenbrane then is inmersed_ into the sqlution
whi ch, Haﬁlcﬁﬁ FEEntan Is| igyersely ﬁf@%@&é&%ﬁpmﬁm@r?uﬁh@eﬁ%%ﬂ% i hin the
chanber then is reduced such as to approximately 150 mllineters of mercury
(absol ulesirable to eraximizaibotif particleiretention hrd flowtrate. Sigeifcantly incredsingoonesefur e
within the chanber is quickly returned to atnospheric pressure. This

coat i NGh#NeQhafdtdrstic® MRk SthnificaBily védicind @k oktfer @2 Siidsk RAgrBriBaseRr a et al .,
-as conpl ete solution penetration into the pores of the nenbrane. By

proceedjid ihﬂﬂé hi s manner, the nenbrane surfaces and the interior walls
defi ni ng the 1 riterstices within the menbrane are coated with the

s Bt TR T N R
perfl uorocarbon copolymer is precipitated with a substance in which the
copol ynuirfaces ef inaroperehy substrates ibrmedTdfea Hodroemben Such as
polytetrafluoroethylene, with a coating of a perfluorocarbon copolymer from a solution of
the copolymer to render the surface of the menibrane more water wettable. The
perfluorocarbon copolymer is dissolved in a solvent at elevated temperature. The
membrane then is immersed into the solution which, in turn, is placed into a vacuum
chamber. The pressure within the chamber then is reduced such as to approximately 150
millimeters of mercury (absolute) to remove air from within the filter. Thereafter, the
pressure within the chamber is quickly returned to atmospheric pressure. This coating
process is repeated to ensure, what is described by Benezra et al., as complete solution
penetration into the pores of the membrane. By proceeding in this manner, the membrane
surfaces and the interior walls defining the interstices within the membrane are coated with
the perﬂ}xorocarbon copolymer. Following the coating step, the solvent is removed by

evaporation using heat and vacuum, or the solvated perfluorocarbon copolymer is

precipitated with a substance in which the copolymer is effectively insoluble. The solvents
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N- di net hyl acet am de. Subsequent to nodi fying the nenbrane surface, Benezra
et al, teaches avoiding the use of a fluid containing a solvent for the .
modi f yPHbZedo9dPyRhe splutior ekider halecazhars oiboerBaoreostancit agil, al so di scl oses
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LLi 11 2 SRR Seigese %tﬂgﬁ siexing £oPpyFrer ondh Bembrap Suttire, o PRzttt Alon
exchange pol yners are dlssolved i n al coholic solvents such as i sopropanol
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as being useful in making and repairing filnms and non-porous nenbranes used

in el ectrol UiSc Patep6os,483,08D @d A4 SIY9EOHECIoT procesy forf fattnig ealbitiedsysrias, in
coating substrates such as catal yst supports for use |n prom)tl ng a w de

vari et t
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sul fonyl fluoride-containing fluoropolyners are also disclosed in U S.
Pat ent sdlv@A&, dilRed T ﬂxeSdUat&ﬁ? pBocetd bdt Z6:th ibSVee| Theparflaorimited RinjexoRdrggenat ed,

sat urat ed hydrocarbons, pre erably having at |east one term nal sulfonyl
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hol es i'n menbranes na rom fluorinate

and pressure. The solutions obtained are disclosed as being useful in making and repairing
films and non-porous membranes used in electrolytic processes such as aqueous sodium
chloride electrolysis, in coating substrates such as catalyst supports for use in promoting a
wide variety of chemical reactions, for coating porous diaphragms to convert them into
non-porous articles and in recovering used perfluorinated polymers having sulfonic acid or
sulfonate functional groups for reuse. In electrolytic processes, such as disclosed by these
patents, extractables derived from the coated diaphragms are not a ;ubstantial concern and
the degree of porosity of the modified diaphragm is unimportant.

Solutions of sulfony} fluoride-containing fluoropolymers are also disclosed in U.S.
Patent 4,348,310. The solvents utilized therein are completely halogenated, saturated
hydrocarbons, preferably having at least one terminal sulfonyl fluoride polar group. The

solutions are disclosed as being used to repair holes in membranes made from fluorinated
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pol ynmer maki ng i on exchange film nenbranes, dial ypgifdBoEasaNES.,
ultrafi ﬁ?g&?%‘ﬁg and mcrofiltration nenbranes. Another disclosed use for

these solutions is to coat porous diaphragns for el ectrochem cal cells by
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process e are di'sclose ng extracta romthe menbrane
or for contrQlling the extent of binding of the_ nodifying_conpgsition to

t he menbr andd sur 4.29253089 Matluicetial galso deserigessa podeesd frrgnedifyag the
process for making a multilayer, conposite, porous di aphragmfrom a porous,
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preferably between about 0.76 mm and about 5.0 mmwi th a perfluoro ion
exchand®opldl Bsveyoidethi n nenbrane substrates are specifically 7

U.S. Patents 4,259,226 and 4,327,010 disclose modifying a porous membrane
surface with a fluorinated polymer having carboxylic acid salt groups. No process steps
are disclosed for controlling extractables from the membrane or for controlling the extent
of binding of the modifying composition to the membrane surface.

U.S. Patents 5,183,545 and 5,094,895 disclose a process for making a multilayer,
composite, porous diaphragm from a porous, multilayer, expanded polytetrafluoroethylene
substrate having its surface modified with a perfluoro ion exchange polymer composition.
The modifying polymer composition can contain a surfactant and may contain excess
modifying composition, both of which are sources of undesirable extractables. In
addition, these patents disclose a process for coating a thick polyfluorocarbon diaphragm
having a thickness exceeding 0.25 mm, preferably between aboﬁt 0.76 mm and about 5.0

mm with a perfluoro ion exchange polymer. Thin membrane substrates are specifically



WD 98/ 51403 PCT/ US98/ 08480
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such a nmenbrane having i nproved particle retention characteristics as

conmpar ed n A .t houwt sianj.ficantly.adv I
af f ect ﬁlﬁshﬁqg&ﬁd o gﬁc r%&r@%@sﬂgﬁaﬂfmqﬁ a4 geg]'sbfsng %ﬁ‘#@né‘%’%@?ﬁecm arly
with smal |l pore size nenbranes. SUVWARY OF THE | NVENTI ON The present
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substrate having its surfaces, including the interior pore surfaces and the
ext er i poroug emmirane fartrel af esfluarampdontadhiyig wollinidre dFusiehmere] dpwoulddd and
bound perfl uorocarbon copol yner conposition. The perfl uorocarbon copol yner
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-substrate surfaces. A solution of the per ugrocar bon copol ynmer conposition
Is contacted wt he thin pol ymer. subst.rate such as hy. imersiqn of the
subst r S0aaqES e Tulse e HsbhsPiRg i S Haf s el 30t BRI n ARt f at o
under pressure or be intruding the nmenbrane pores under pressure. By a
sol ut i Wulﬁbb@ﬂwwlen@anpv@e|Sp%uam§@fp@%hum imprioved parics 1eenHoRonpl et el y
di ssol ved and/or partially 8

characteristics as compared to an unmodified membrane without significantly adversely

affecting the flux characteristics of the resulting membrane, particularly with small pore

size membranes.

SUMMA.RY OF THE INVENTION

The present invention provides a process for making a thin porous polymer
membrane substrate having its surfaces, including the interior pore surfaces and the
exterior, geometric surfaces, completely modified with a deposited and bound
perfluorocarbon copolymer composition. The perfluorocarbon copqumer composition is
deposited in a manner so that it is bound to the polymer substrate surfaces. A solution of
the perfluorocarbon copolymer composition is contacted with the thin polymer substrate
such as by immersion of the substrate in the solution or by passing the solution through the
substrate under pressure or be intruding the membrane pores under pressure. By a solution

herein is meant a liquid composition which contains a completely dissolved and/or partially
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di ssol wge gaghdgdsuor ocarbon copol ymer conposition in a sol Vfé?msﬂ%?%%m or
di spersant .medi um These sol utions include suspensions of an undi ssol ved

per fl uorocarbon copol ynmer conposition in a dispersant medium The sol ution
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e %r Z‘%‘g&‘éﬁﬂh&g% gﬁugﬁ’gwgﬁ% §H%°ef’§loﬁﬁ' gﬁﬂ{ ué:\’gsstohvgp W@’%‘B@JP?% FORAIKMERt er
the menmbrane pores or the solution is intruded into the pores. It is a
requi reORROSItGRIN 2 disparsani mesiume nificetoditioneinciadest hbiquid domposition veisich Fe
surface nodified menbrane substrate then is subjected to a nmechanical force

to selsiveny,edijucneopdispersamsnediaofon thedssriiloica®BBh REPOIGRIRP LYMBSsiGGEPOSI Ti on
and to distribute it over the surface of the substrate. In an alternative

enbodi yRidh eidlr @n(g{géllaeﬂn HetsSthe %&ﬂbr?ﬁ@gl?n%&%@%rt %aﬁ iﬁLJeoﬁg %8 \rﬁ%%/ 'g_%usl y

subjected to a ani‘cal force w a so vent,I A - ersant which
sel ective renpves uch as by.solvation or dilution, unboun

perf | JB?’Bhgﬁnﬁc?ﬁg%‘%’l @‘ﬁé?efg‘erﬁ-fi%é% RTEWR! $thihabthe\solWioRFan SRtey sbe membrane

per fluorocarbon copol ynmer conposition which is bound to the menmbrane

_ subst reares ommthe solwian; ia intredadf iatethapordsi. el isve nduiremenhehat the sdhitiedt and heat
treated to inprove the strength of binding between the nenbrane substrate

and t heonfyeely aeerf ihd QRafBrahe PofRD OF hRirfaeo MRRAHidd ﬁ&nbﬂ&ﬁ@_sﬁssﬁfo?té &Eﬂﬁ?d
surface nodi fied nenbrane has its surface conpletely nodified wmth a

I b o Sil b I ition which,
cur pr S oS aF ol sl el RS B PR AR " i
i h d | vat ed fl ocar bon copol yner
cormposS PP BIETESp ARSI A BT Bl OHB It Fiddicees seibsHaicei n | s moant ¢ hat

the extent of surface nodification is such that no dewetting of the
nmenbr ane caln dealternativecembirtiment; anraddhionakestes of contating dhevktirface préviously

subjected to a mechanical force with a solvent, diluent or dispersant which selectively
removes, such as by solvation or dilution, unbound perfluorocarbon copolymer composition
while avoiding removal of perfluorocarbon copolymer composition which is bound to the
membrane substrate. The resultant surface modified membrane then is dried and heat
treated to improve the strength of binding between the membrane substrate and the bound
perfluorocarbon copolymer composition.

The heat-treated surface modified membrane has its surface completely modified
with a composition comprising a bound perfluorocarbon copolymer composition which,
surprisingly, is not substantially soluble in solvents or diluents which solvate and/or dilute
the unbound solvated perfluorocarbon copolymer composition. By the term “completely
modified” as used herein is meant that the extent of surface modification is such that no

dewetting of the membrane can be detected when the membrane is contacted with an
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outgassing liquid and that, when the surface is stained with %@B | ene Bl ue
dye, noWHh¥¥H#%ed portion of the surface is detected. ThuRCTB Oor
unbound perfl uorocarbon copol yner conposition can be sel ectively renoved

fromthe nodified memrane w thout. adversel ciin e nodified :
menbr aPEEE e ddd ??frg& i‘f"’gh'?hesg?‘l#é‘ée Pﬁ&‘%ﬁ%ﬂ%ﬁf&’%@?ﬁ%bﬂ&&%&ﬂ copol yner
conposition can be renmoved fromthe nenbrane, it is no |onger a possible
sour ceunsfainsd perticniof de wifach ixdeteeied r dhussaxgessrpranbpuadiperéluagpcpthoged

t hrough the surface nodified nenbrane. Thus, the heat-treated surface

nmodi f i espolyantyr comgsosition canligtselectiedlly Yeho el fémaké hrdified Mmembrane witioat a
liquid which is a solvent or diluent for unbound sol vated perfl uorocarbon

Conol Y iRler e RftSiting Ml hiddiR memBrab St 1 i [SBRE P hHolnR g

conpositionis utilized in anobunts and concentrati dns so that the porous
menbrane _substrate i s _not substantial bl ocked or_ plugged as determ ned by
Tonsur PHGRARCAHNEoRElHFr SORROHEEN b RE ZTROES S (HEMETIIRERS 3 £ g
filtration of purified water. The nodified porous nmenbrane product of this

i nvent lomgenhapossibie saurce of eytradiablenwbicheambabtleased ina finid dainggassedpr essur e
drop as the unnodified porous nenbrane substrate. That is, this pressure

drop dagsugtptheaysiaesimabifiecdche@abanel THus athe hehthiéntetbsififaee nfcdified ed to the
"pressure drop across the unnodified porous nenbrane substrate with the

nodi fi e S d ' . S0 e dro
et ealsoitad b BIRAREN Phrel B BeAANLS Obn S SR ptica RGSRAET 1 OP
10% as ,Go red to the pressure drop across the unnpdifjied porous nenbrane
subostrgﬁ\ée%%g%‘ﬂb&%g splyatedipeativorocareen geprlEmas coMpasiton isWeed-i on can have

the particle retention properties of unnodified nenbranes of nuch smaller
pore size winhdditobsthasturfatd smoddying aiomposjtibh és ffilizeddh amoonwsrandt i cs of t he
unnodi fied substrate. Furthernore, since the 10
concentrations so that the porous membrane substrate is not substantially blocked or
plugged as determined by measuring an increase in pressure drop across the membrane
during filtration of purified water. The modified porous membrane product of this
invention has substantially the same permeability as measured by pressure drop as the.
unmodified porous membrane substrate. That is, this pressure drop does not exceed an
increase of greater than 25% as compared to the pressure drop across the unmodified
porous membrane substrate with the modified porous membrane of this invention.
Perferably, this pressure drop increase does not exceed by 15% and, most preferably, does
not exceed by 10% as compared to the pressure drop across the unmodified porous
membrane substrate.

Membranes modified in accordance with this invention can have the particle

retention properties of unmodified membranes of much smaller pore size while substantially

maintaining the flux characteristics of the unmeodified substrate. Furthermore, since the

10
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PCT/ US98 §848Qesonposi tion effecting surface nodificati onyefm)tsgﬁoﬂ%mrane
of this invention is formed froma perfluorocarbon copol ymer conposition,
the nodified surface is also highly resistant to chem cal attack. In

addi ti @Mpéﬂﬁot@@ff&&ﬂgs‘%ﬁw% TRRRIOY Q?igﬁﬂn@?%n%io?%ﬂ(m%n?i% iQFHRGe the-

nucl eati on of gases on the surfaces o rane when terrng an
outgassing lLiquid. Thus, when filterin out gassing liqujd, the effective
life O%Opﬁgpﬁ;fﬁmrgmgorbﬁoqo}‘yrgeq ?RfBPﬂsi“B%”@e QOS’%}a iSuEdeS \is glse RiEY t han t he
effective life of unnodified fluorocarbon nenbranes which pronote the

nucl eaf¢stitansfto ghemicabattackei In asdditicnc dee pdrénofochibenicopolymen uompssiiiogdbdsqui d
resulting in dewetting of the nmenbrane. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gur e ndt promtord ki mrieatidft of @astsich G shfffcSiAMRRRMAmBENR WhdonkaRe 4 Exanpl e
10. Figure 2 is a plot of PFQ Vs. drain nunber of the Standard §C2 Drai n

Test o A, ARlqu | 0 raph.(4, of. the unstai ned

cont roﬁuﬁ?@%ﬁg\}é 1 .lgFi(a'glﬁﬁeﬂ l%riﬁg%g\ JB“?%%%@FA{@H”?@%%‘CC& Vetl# og i ned
control of Exa .14. Figure 5 is a photograph (4.3x) of the nonprewet
preci pﬂeé‘ftga’é‘?f‘;g)fjéglsdwﬁm’@% 13 51gnifiaap1x greaterdthan theetfertivg e of ynmodifiedht ogr aph
(4.3x) of the prewet precipitate coated sanple of Exanple 15, stained.

_Fi gur e flrorecarbquembranph whiciGpronufie theenutteagion of pases ahaheis amfaces afherxanpl e
14, stained. Figure 8 is a photograph (4.3x) of the prewet coated sanple of
Exanpl €iltéfing @haufsing liquid resulting in dewetting of the membrane.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of the results of the standard dewetting test of Example 10.

Figure 2 is a plot of P/Q Vs. drain number of the Standard SC2 Drain Test of

Example 11.
Figure 3 is a photograph (4.3x) of the unstained control of Example 14.
Figure 4 is a photograph (4.3x) of the stained control of Example 14.

Figure 5 is a photograph (4.3x) of the nonprewet precipitate coated control of

Example 15, stained.

Figure 6 is a photograph (4.3x) of the prewet precipitate coated sample of Example

15, stained.

Figure 7 is a photograph (4.3x) of the nonprewet coated sample of Example 14,

stained.

Figure 8 is a photograph (4.3x) of the prewet coated sample of Example 14, stained.

11
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Figure 9 is a photograph (4.3x) of a surface nodified menbrane nmade by the
processWS 938 i nvent i on di scussed in Exanpl e 16, stai ndE1E§0#48%10 is a
phot ograph of a surface nodified nmenbrane nade by the process of this

i.nvention discussed i st ai_ned. S IP | ON OF. THE SPECI FI C .
ENFODI NENT FIRBSS, B O REPR 38 bR BUSHE RRbFd s AROBINE i s

i nvention conprises a polyner conposition known generally as

per f | ywoersaob s tnyeotigmdissussed in Exampledé, stainedt ed by E. |. Dupont de
Nenours and Conpany, Inc. under the nane NAFION err] or by Asahi d ass
Company, LiFighrdios &d@}ghdtbgaﬂﬁféﬁ alshfhdehbeified methbrake AddBY Mtk HrocéROf

menbrane substrate ese perfluorocarbon copolymers are generally

co- pol tint AR ER th one nononer being selected froma
grouptﬁgq®?ﬂ§§¥¢§§%§¥§?dnnlng ﬁ%ggﬁgég&%uch as vinyl fluoride,

hexaf | uor opr opyl ene, vinylidene fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro(alkylvinyl ether), tetrafluoroethylene
and m xtures thereof. The second nonomer i s selected froma group of

fl uori ne-contai ni ng L ! d PMENT\hi ch can be or
whi ch can be converted to (SCIerr]F) (SCIerr]I\/p (Sqerr]R, .
(SO err] NRgré ];l)rfacfe%galfylﬁ Pédan of &;@[n%zﬁﬂr@.e of thieVBdoné Rt Eseyver ei n M

-is H an alkali netal, an alkaline earth netal, or NRerr] and each R

separ ar a

Se0ar S bet SypbodtioT il 5 x‘f’é‘&n?ém&@yo%sﬁoﬁ o B
functional groups_such as h oxyl, am ne, ether or carbon roups or the
li ke tf@aﬂ@fﬂ% By Esli Pupe d&ﬂ{wmyﬁ as@@mnauye@cw}clerg%amex%é & B such
second nononers can be generically represented 12

Asahi Glass Company, Limited under the name FLEMION ", which is bound to the

membrane substrate.

These perfluorocarbon copolymers are generally co-polymers of at least two
monomers with one monomer being selected from a group of fluorine-containing monomers
such as vinyl fluoride, hexafluoropropylene, vinylidene fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro(alkylvinyl ether), tetrafluoroethylene and mixtures
thereof.

The second monomer is selected from a group of fluorine-containing monomers
containing functional groups which can be or which can be converted to (SO,F), (SO;M),
(SO;R), (SO,NR;), (COF), (CO,M), (CO,R) or (CONR,) groups wherein M is H, an alkali
metal, an alkaline earth metal, or NR, and each R separately is H, an alky!l group or an aryl
group such as CH;, C,H; or CgH, which may, optionally, contain other functional groups
such as hydroxyl, amine, ether or carbonyl groups or the like to form substituted alkyl or

substituted aryl groups. Examples of such second monomers can be generically represented

12
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by the {Ry %g,gog? Crlerr] =CFRlerr]-X Rf in the generic forpylasésosdso | Near
or branche unctional perfluorinated radical conprising one to eight
carbon atons of any suitable or conventional configuration including those

cont aiyyi e feionah 4B, Xargl, whiheehéridtdrafited 4 Bndabor brdhtched adi cal  CF2
CF group directly throug a carbon-car bon bond or preferably through an

or wh ﬂlﬁ‘%@&%g‘%ﬂd&gaﬁ%ﬂ?@“ C?f%?{ o bRt P LapRulets oo e

(Sgerr]NR err Cerr , (COR) or a_ (CONR2) grou V\,herern Mis
H, an $nKentio guaﬁlcm malurdﬁe affec ¢Pntaipine ethar lighasesrandayhi bedat el y
is H an alkyl group or an aryl group such as CHerr], C[err]H[err] or

C er r ] tolthe winyl cadieal st CF greup dikdoply throughhs«tairbmﬁ-edban pbnd) bo preferébly
restraint upon the generic formula is a general requirenent for the

Pr esenggnizh A eth&adikagl eX! i/l fifedd BPnRila IS AARISRN fg%lﬂf%%%ﬁ Bk ok he -

group. TyplcaIIy sal d second nononers contai ning sul fonyl fluoride groups

I U <oy i R BSReRlogrels o, B 5030 (60 30 BRI "B AR R

I ncor por at ed here| n by reference and net hods of ?reparatlon of

per f | USFQuBarasn(CONBL) grorp veheseindd is B, am alialumnetal, pax alkaling eagthguetalz oy
©2,393,967; 2,559,752 and 2,593,583 which are incorporated herein by

refer eNRg and h@ﬁERm&pidawW tsCHr b alkgb peiupraer£h fehgroaplsicihay EHeaddner S err] F
based functional groups which can be converted to (SGBM groups. |In one

enbodl cl udes
pendant csar onﬂ%@asedﬁ?%lncﬁuo)%lt%wﬁ%%@&ﬁpﬁﬁ%%gg le c@nv%ltreggg {‘63 car bonyl
based Lon xcha Perfl rocarbon C yner,s havin

car bon{ATHEA Bk PORTEhEHIFIEETE otiF GREIPREH B AISCE ot SUBHED ARBHOR Fany

sui tabl e conventional nmanner such as in accordance with U S. Pat. No.

4, 151, oBbop atoym pdiaesns theat® 8roupppl i cati on No. 52(1977) 38486 which are 13

Typically said second monomers containing sulfony! fluoride groups which can be
converted to sulfonyl based ion exchange groups are set forth in U.S. Pat. Nos. 3,282,875;
3,041,317, 3,560,568, 3,718,627 which are incorporated herein by reference and methods
of preparation of perfiuorocarbon copolymers are set forth in U.S. Pat. Nos. 3,041,317;
2,393,967, 2,559,752 and 2,593,583 which are incorporated herein by reference. These
perfluorocarbon copolymers generally have pendant SO,F based functional groups which
can be converted to (SO;M) groups. In one embodiment of this invention, the surface
modifying composition includes pendant carbony! based functional groups which can be
converted to carbony! based ion exchange groups.

- Perfluorocarbon copolymers having pendant carbonyl based ion exchange functional
groups can be prepared in any suitable conventional manner such as in accordance with

U.S. Pat. No. 4,151,052 or Japanese patent application No. 52(1977)38486 which are

13
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I ncorporated herein by reference or polynerized froma carbonyl functional
group co¥Pa¥AI4Y a nononer derived froma sul fonyl group Wé‘l’sﬁf‘%ﬁ nmononer
by a nethod such as is shown in U S. Pat. No. 4,151,051 which is

I ncor porated herein reference. Illustrative exanpl es. of carbonyl

1 or | BECTGRIES HErmd RY TEECE Or G laeriEed Fpm- S PPo QitigneL#guRy |
cont ai ni ng nononers include [err] Preferred perfluorocarbon copol yners

uti | i zeshtainingremonemen tietivedefroinonsulfoaykegrone comainingemonomeniyl a methiodr

sul fonyl based functional groups represented by the formula

- OCF| epudhsl i€ shdwn i8S OPat: NI-[45151],651 which Gs inkc6Fpolaledhfeinl 8y reféebe. r ] O
wherein X is sulfonyl fluoride (SQ2F), carbonyl fluoride (COF) sul fonate

met hyl ok SERCE | err]), ionic

car box§/1 a%rgﬁz'éc‘o S"r_l‘rg% %é@??&ﬁ@@ﬁ%@ﬁ?ﬁ%&?@m%%ﬁ Z[err]), Yis

sul fonyl (SOQ2) or carbon&l (%CC()% Bis a linkage such as -O. -0, -S-S-,
and di and poly &F s FOF B¢ QF m NH(%Q%@FP%[FeEFPF[Fegﬁq@F\Ahere Rerr],
Rlerr] are selected fromshort chain al kanes, enes, hydrogen, and am ne
groups and Z is hydrogen, an alkali netal such 1@F; WD 98/51403

PCT/ US98/ 08480 |ithium cesium rubidium potassium and sodi um or an

al kal i ne eardtp) =ECFOCFHCFOCISCOF | UM berylmwcpmqesomnzclp@bp um

'strontium and radi um Of a quaternary ammoni umion. °j
CF, CF, CF;

CF,=CFCF,CF,COF  and CF2=CFOCF2CIFOCF2CF2COF
CF,

I
o

|
CF;
Preferred carbonyl containing monomers include

CF2=CFOCFZ?FOCFZCFZCOOCHg, and CF2=CF0CF2(fFOCFZCOOCH3.

CF, CF,

Preferred perfluorocarbon copolymers utilized in the present invention therefore include
carbonyl and/or sulfonyl based functional groups represented by the formula —OCF,CE X’
and/or —OCF,CF,C-F,Y—~B—YCF,CF,0— wherein X' is sulfonyl fluoride (SO,F),
carbony! fluoride (COF) sulfonate methyl ester (SO,CH,), carboxylate methyl ester
(COOCH,), ionic carboxylate (COO™ Z*) or ionic sulfonate (SO3"Z+), Y is sulfonyl
(SO,) or }:arbonyl (CO), B is a linkage such as —O—, —;O—O—, —S8—S—, and di and
poly amines of the form NH(CR,R,),NH where R,, R, are selected from short chain

alkanes, alkenes, hydrogen, and amine groups and Z is hydrogen, an alkali metal such

14



The sul fonyl formof the perfluorocarbon copolynmer is typically a pol yner

havi ng rrhinat ed hydrocar bon backbone chain to which ed t he
functi Oﬁvﬁbé&'@gﬁ%s or pendant side chains which, in turn, gg?’r"‘%gélﬂsg&

functional groups. The pendant side chains can contain, for exanple, [err]

gr OUPSLieH Shedin [ R .l ar a: . kf oal kyl
r adi call, an’géé\%ﬁ' x%'b(i)drmr& ?Olgﬁsé%rag |S§a\’-‘.9[ %E 5d‘l1 %lg(rg%l%/gz{ﬁ%lg% rﬁlé#fé)snal group

in the%side gh jins of theipﬁglcé{nsr will be gresent intermnal [err] groups
whi ch GRSy TH0H 034155 CIN ${EQOIUT ARG FAGIUIR, OF @ RIALSIRAY AFENOENEND| es
of perfluorocarbon copolyners of this kind are disclosed in U S. Pat. No.
3,282,815, U. S. Pat. No. 3,560,568 and U.S. Pat. No. 3,718,627 which are
i ncorporated herein by reference. Additional exanples can be represented by

t he gener al Thesulfbry] €2 of (He-pofludiod BRI cHPSIy R isTtybﬁagy Eido%ﬁéﬂ 18
a

fluorinated radical conprising 1 to 8 carbon” atons, an is Oor 1.
Subst i § 48Bfin# di ' f ML NGh: O[] r rogen. The nost
preferred puelr %‘?E{gr%oggrﬁgg%ﬁé%gefbg@stbmcﬁ rgieCeJ&(?P l(%eodoéi)’ﬁ ‘ﬂﬁgcg}"&ag%m&ﬁ%%m ori ne
attached to 1 WO 98/51403 ) . )
PCT/ u@%ﬁé‘éﬂ%@e E%ﬁl%w,?mhz i Ry cATL e fhestianaberonas - d he pepdajit sidechains
stability in harsh environnents. The T radical of the fornula above can be
_ei t hercawcongtndfogrexempleanched, i.e., straight-chain, and have one or nore
ether linkages. It is preferred that the vinyl radical in this group of
sul fonyl fluoride containing comggeishgojw ned to the T group through an
ether linkage, i.e., that the conmonone[ be of the formla
CFlerr]=CF-OT-CF[err]-SJerr]F. R

7

groups wherein R'y, is F, Cl, or a C, to C,, perfluoroalkyl radical, and W is F or Cl,

preferably F. Ordinarily, the functional group in the side chains of the polymer will be

present in terminal
—CFz—-CIFsozF

Ry

groups which can be attached to the side chain through an ether linkage. Examples of
perfluorocarbon copolymers of this kind are disclosed in U.S. Pat. No. 3,282,875, U.S.

Pat. No. 3,560,568 and U.S. Pat. No. 3,718,627 which are incorporated herein by

reference.

Additional examples can be represented by the general formula CF,=CF—-T,—
CF,SO,F wherein T is a bifunctional fluorinated radical comprising 1 to 8 carbon atoms,
and k is O or 1. Substituent atoms in T include fluorine, chlorine, or hydrogen. The most

preferred perfluorocarbon copolymers are free of both hydrogen and chiorine attached to

i5



[Ilustrative of such sulfonyl fluoride containing conDnoners are [err] The
nost preferred sulfonyl fluori de containi ng conononer erfluoro

(3, 6- di S¥Q/H43 bt hyl - 7- oct enesul fonyl fluoride), [err] 16?-lo TUSRH088P 51403
PCT/ US98/ 08480 The sulfonyl-containing nononers are disclosed in such

references as U,S .. 3,282,875, U S  Pat. No. 3,041, 317, . Pat.
o 3. FEBOBOe Y 376 & pepfioringsd, gors%veats%gtm%ﬁn harsh pRYEATEAOL: SFERE: e by
reference. A preferred class of perfluorocarbon copolynmers utilized in the
pr esenradica) o theoformylar ahove sembe githsr irahghed os unbranchgdt i;e., istrpight-Chegn,uandt s
[err] CF-Rf wherein his 3to 15, j is 1to 10, pis 0, 1 or 2, the X"'s

t aken he@esnresr Mmbre éthel lifkages.i Ieis pedferrbd GRt fHeughyl redicAlifl tap@raupl ¢iri ne, Y is

For CF3, and R[err] is F, d or a Cerr] to (Jerr] perfluoroal kyl
radi calyifd1 fluoride containing comonomers be joined to the T group through an ether linkage,
i.e., that the comonomer be of the formula CF, =CF—0—T—CF,—SO,F.
Illustrative of such sulfony! fluoride containing comonomers are
CF,=CFOCF,CF,SO,F
CF2=CFOCF2(|3FOCF2CP2302F
CF,
CEF,= CFOCFZCIZFOCFZC‘ZFOCF2CF2802F
CF, CF,
CF,=CFCF,CF,SO,F , and
CF,= CFOCFZCl:FOCFZCFZSOZF
T
¢

l
CF,

The most preferred sulfony! fluoride containing comonomer is perfluoro (3,6-dioxa-
4-methyl-7-octenesulfonyl fluoride),
CF,= CFOCcmlIFOCFZCFZSOZF

CF,

16
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Any per%q;gg/gﬁ% bon copol yner whi ch contai ns sul fonyl or gé&)@gg%MPﬁsed
functi onal “groups can be used in the process of this invention I ncluding
copol ymers which contain both types of functional groups and m xtures of
copol ynmers having different functional groups. The nost preferred sul fonyl
cont ai ni ng perfluorocarbon copolyner is a copolyner of tetrafl uoroethyl ene

and perfluorp ( - di -4~ - 7-Qct fonyl, f ride).,f ich

t he sul f oni cﬂgcﬁx&gf’g!'%lik?ﬁfﬁﬁlgé}w&? %feh?@?# emo%’fléir#g’g?m%n%s Hbgs'?%‘\rﬁfg?‘er red
car bonyl contai ning perfl uorocarbon copolynmer is a copolyner_ of

Lot r af 8Ty ItbSe BHd Net Ay9lsabh) Uobo Ral, Nayi 37A8EFeeny | Uk nBrerdat )
fromwhich the carboxylic acid formor the salt form can be obtai ned.

Cener al3,§60,568 mdiigH arecincdrposated Isrtihdyateeremd. car boxyl ate esters and

sul fonyl and carbonyl based am de forns of the perfluorocarbon copol yner

are readily R‘Siﬁgf.‘ft“chteﬁdcﬁ& dfQRrAGEBERE6n Eg@ r@% &ilﬁ!@fiﬂk%é' l%séxﬁqﬁénaaﬁ g{iOf

exanpl e, the form can "be obt ai ned eatnment wt strong al

such as_NaCH .a the acid formcan then he generated by treatnment with acid
such asre})-ﬁs?mer‘ﬂl% Peﬁgﬁ%xwg@%bePE%W%%méarri ed out before or after the

menbr ane substrate has beefr surface nochfi
sul fonat e and car boxy!l ate%@‘"s-@?{ﬂz

forms of the perfluorocarb copol yner _iRke
the process of this invention need not be fespricted to a particular

equi val ent wei ght, instead, any copol yner having any equi val ent wei ght may
be used, as long as it binds to the nenbrane g‘.bstrate surfaces and it is
u
ol

W th e sul fonyl, carbonyl,
WF-&He—car bonyl based ani de
orocanbon copol yners used in

not substantially renoved by contact with id ¢gonposition which is a

I
solvent or a diluent for unbound, solvated|co merj. Additionally, any
per fl uorocarbon copol yner having any equi val ekt -¥ei ght nay be used which
prevents dewetting of the resulting surface
O p
l
CF,
l
CF-R'j
|
SO,F
- -]
wherein
his 3 to 15,
jis 1to 10,

pis0, 1or2,
the X'"’s taken together are four fluorines or three fluorines and one chlorine,
Y is F or CF;, and

'¢i8 F_Cl or a C, to C,, perfluoroalkyl radical.
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PCT/ US98/ 08480 nodi fi ed nenbrane during use. Generally t ' ent
wei ght X’ﬁo?sllﬁal"??erfl uor ocar bon copol ynmer is between about q'gagﬂ’g’k%ﬁgooout
1500, nore usually between about 1050 and about 1250. The equival ent wei ght
of a perflugQrocarhon copolyner (s the.average.wei f one repeat unit .of
t he copol ynépy fﬁrgpu%?vgﬁquuﬁqpplyﬁe& ?"J’l‘}ibr‘iﬂ%w% p’gﬁ’ﬁ‘ oPBcg?réBﬁﬁcg'ﬁf)epyner
solution fromwhich the nmenbrane substrate surface npdification is derived
i ncl uddcoral gsPunsrRal b wwddadhe pyocesssof thig inyentionspeluding copplyaers Yhich

I ncorporated herein by reference. These sol vents include Hal ocarbon G I,
per f | ucomaint bothi types |of fenetiphacgtoaps dad mixtuxde caff copoiyrhenshkawig different

Al ternatively, the hal ogenated saturated hydrocarbons disclosed by U S.

Pat ent aheiiddhl $Bups! MTRE i pRAGTROLAIAN BSENhaer AR BERBGE coftMinbis o |

utilized. The pretferred solvents are al cohol ¢ solvents disclose

U S Patents 4,433 082 and.4, 453, 991 | ch arge, incorporat herein. b

ref er eﬁ??é’?y e %fc%ﬁﬁﬁ‘i’?fog‘(w*?gﬁt &ng o r‘?re{:*ng'r‘?b x,a-tg{nﬁgwg-?-,ocr?pes&ﬁ}gﬁénm ,
| sopropanol , n-butanol, 2-butanol, 2-nethoxy ethanol, 2-ethoxy ethanol,
et hy| eHuoridg)e rong iwhieih¢he silfpaic acid Horma oz the paloifomn eampe obtainsd, Themopt ene
gl ycol dinethyl ether, diethylene glycol diethyl ether, dioxane and

acet onpteférdred ardrboiny! urcestairiey e perfidrbca@bon icbpelymeat ¢ . aTheopobatierpr of er r ed
"solvent is a mxture of water and a | ower al cohol such as isopropanol. The
sol uti r ar

O i i A e L e e S G T (R DY R
of the sgl vent a‘ﬂg el eva{ ed r%ressurﬁ ig a %I osed vessel. These solutions
are m SUPBREIGAGE, IUgh Ok FeSallfoHm CAR BE O5%Hed: he per f | uor ocar bon copol yners,
such as isopropanol, ethanol, water or the like, wthout precipitating the
per f | uor ocaiGesaraliypsnifaayl, carbanyl,asulfegater ande garbokglatet ¢aters @mdtﬂudfﬁnﬂoﬂw? etely
enter the nenbrane pores. 19

carbonyl based amide forms of the perfluorocarbon copolymer are readily converted to ion

exchange forms by a hydrolysis reaction. For example, the salt form can be obtained by
treatment with a strong alkali such as NaOH and the acid form can then be generated by
treatment with acid such as HCI. This conversion step can be carried out before or after
the membrane substrate has been surface modified with the sulfonyl, carbonyl, sulfonate
and carboxylate esters and sulfonyl and carbonyl based amide forms of the perfluorocarbon
copolymer.

Perfluorocarbon copolymers used in the process of this_ invention need not be
restricted to a particular equivalent weight, instead, any copolymer having any equivalent
weight may be used, as long as it binds to the membrane substrate surfaces and it is not
substantiglly removed by contact with a liquid composition which is a solvent or a diluent
for unbound, solvated copolymer. Additionally, any perfluorocarbon copolymer having

any equivalent weight may be used which prevents dewetting of the resulting surface
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The pon(“gatgggkjo?n of the perfluorocarbon copolyner in thepgghishsghasshoul d
be hi gh enoug o effect binding of the copolyner to the nenbrane substrate
and to prevent dewetting of the resulting surface nodified nenbrane, but

| ow e”ﬁibﬂihéd"g%é@‘fﬁr%ﬁ?{ig% 3& r@%ﬁli]{?ﬁl@&g{iﬁe’rﬂ gfh8f el ?ér‘ﬂ%}o%ﬁﬁb%%xhghe

resulting sur menbrane. “Typi C e concenttation o
per fl uorocarbon copol roj he ,sql ut i i s bet ween .about Q.01 I ght

Der centoBRMED gy BoFelbgHt SRR A raboth SO, Sost yrRiE FeesPrahant B34 MR gn
percent and about 5 weight percent. The porous nmenbrane substrate is a thin
pol yneebeutni2S0opBhe equiyalent weight lof asparBwoncesrbeomaepdlymeris be ayerage ywaightc
conposition which is not solvated or degraded by the solvent for the

per f | ueF ea@ k@At GHIPOf M¥edopeBmEsi ti on typical nenbrane pore sizes are
within the range of 10 microns to .01 microns. The nenbrane substrate can

have any co ' s ' | ' | .

corrugated s eergto?‘;%llt ﬁg c(‘)"v&roft;aggﬁﬂép &?@Qﬂcﬁ@gh%&@9@%@%&@%@@@@ utg?)or ted
or unsupported, .isotropic or i sotropi ¢, skinned or unskinned or can be a
Compos PSR SUREReTHEAve MAdieaton s Herived Refudes th selv s islossiben GiBout. 5
m crons and about 250 m crons, preferably between about 10 m crons and
about Paenh#dcI86nR87, Srhick ist incorperdsedihereinsbt teferenaee ribheat solivents hmakads

‘per fl uorocarbon copolyner is facilitated thereby. Representative suitable

nenbr angSeapbin AL petfiforsdteandit ¥R! Ridkyhcetdfiided and AbyghdydtipienyPO! ypropyl ene

and pol ynet hyl pent ene, pol ysul fone, pol yethersul fone, polyim de, polyam de,

et ! enSiSPATE 8 BSOS s hBotiarh Bic Bt B RTScRBBE I or &
perfl uorgal koxy polymer. The preferred nenbrane substrates are formed from
a f 1 uorvhigb éoincasperaied bereyniy refgeanee.ciane upiliged.y The praferyest sRIVeR)s afecthe

fluorinated ethyl ene-propyl ene copol yner or a perfl uoroal koxy 20
alcoholic solvents disclosed by U.S. Patents 4,433,082 and 4,453,991 which are

-

incorporated herein by reference. The alcoholic solvents include methanol, ethanol, n-
propanol, isopropanol, n-butanol, 2-butanol, 2-methoxy ethanol, 2-ethoxy ethanol, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, dioxane and acetonitrile and mixtures thereof with or
without water. The most preferred solvent is a mixture of water and a lower alcohol such
as isopropanol. The solutions of the perfluorocarbon copolymers are formed at elevated
temperature, typically 180° C to 300° C, below the critical temperature of the solvent and
elevated pressure in a closed vessel. These solutions are miscible with solvents or diluents
for the perfluorocarbon copolymers, such as isopropanol, ethanol, water or the like,

- without precipitating the perfluorocarbon copolymer. It is a requirement that the solution

completely enter the membrane pores.
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pol ymer such as the group of polynmers generally known as bons
mar ket eYOBFSH03| . pupont de Nenpurs and Conpany, Inc. unﬁé*’ld?%sz&%nes

Teflon[err] PTFE, Teflon[err] FEP and Teflon[err] PFA. The nenbrane has its
entire sur e I | y..,nodi fied with bound perfluarocarbon. copol ymer .
conposi &1 ofldeegameatng of gRcR & edbba syt fiby SHRRGE it B By
preferred that the conpletely nodified surface also be substantially

uni f oERPUEhCeAffegt hindme: ofdhe sopRlymer o the msmbrans SubSHHE ¢Ad £0 PENPSi t i on.

Conpl ete surface nodification prevents nenbrane dewetting when filtering a
| i qui dewtiting of thesrashiting sorfdcd modified membrang, domt iow Enoughftolprevent advetder ough
the filter. In addition, the surface nodifying conposition is utilized in

anouNtsnRfien P RSk StdrdterisiRs of e febiR S@Hce TREMT D frefippate! af idadlynot

substantially bl ocked or plugged as detefm ned by neasuring an mcrgése I n
pressure dro cro t he nbrane durjng filtration .o urifie er. The
o 1 HESGe PR R P AErTBRE e o op A i i PR el bt O V' e
same perneability as neasured by pressure drop as the unnodified porous
menbr avRighspsseenhard abowg t10j weightipescest. anengrusualbopetweoen abmt Ockkweight an i ncr ease
of greater than 25 % as conpared to the pressure drop across the unnodified

por oupereenbamhsbonu§sv¢ightepestdrs. t he nodi fied porous nmenbrane of this
‘-invention. Perferably, this pressure drop increase does not exceed by 15 %

and, nost preiska A8t 3 i %025 fH{i‘B ssure
drop across t rﬁrunnﬁggfr@%% pgr%ﬁés( ?seniggl?é%%&sé&gz?lrea e?&\ﬁ?ﬂ)ﬂg&’%ﬁf?ﬁgt@é | ment of
this invention, a surface mdified.nenmbrapne i s forned havin n average
por e STSFORRE Fed ol a0t YenCric SOmPosiHion whishain a0t solyald e (REeiti P e or | ne-
contai ni ng pol yner nenbrane substrate, preferably a )
pol yt solvgnt perfluerasartian eapolymes ¢omphsitiem typiad pyemhranecpase lsizeswareor a
per fl uor oal koxy pol yner nmenbrane substrate having its
within the range of 10 microns to .01 microns. The membrane substrate can have any
convenient geometric configuration including a flat sheet, a corrugated sheet, a hollow fiber
or the like. The membrane can be supported or unsupported, isotropic or anisotropic,
skinned or unskinned or can be a composite membrane. The membrane substrate has a
thickness between about 5 microns and about 250 microns, preferably between about 10
microns and about 200 microns. Since the membrane is thin, removal of unbound
perfluorocarbon copolymer is facilitated thereby. Representative suitable membrane
substrates include polyolefins such as polyethylene, polypropylene and polymethylpentene,
polysulfone, polyethersulfone, polyimide, polyamide, fluorine-containing polymers
including polytetrafluoroethylene, fluorinated ethylene-propylene copolymer, ethylene-
— tetrafluoroethylene copolymer or a perfluoroalkoxy polymer. The preferred membrane

substrates are formed from a fluorine-containing polymer, particularly

polytetrafluoroethylene, fluorinated ethylene-propylene copolymer or a perfluoroalkoxy
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PCT/ US98 rfaces nodified with a bound surface nodifyi osition
set fort?ﬁg@gﬁé&ume menbrane substrate has its surfaces c%%@?@?{gﬁ)

nodi fied by the bound surface nodifying conposition. The bound surface
nodi f yipdB s BueR a§ tIRNgidB B Holy G ¥eEAd ek d fyPpupe 10
filter ipng aliquid co%rpogi t ?’E’?ﬁy Dlyj\?i nég%l, Fﬁ&é{?%ﬁﬁ%ﬁ%ﬂ&sﬁ%ﬂ}&&@gufe
drop a | fi nbrang i s _no greater,.thag t . thrg | mes,
pref er %‘1&;’ iﬁgp g“r"gig‘%%é% aﬁcﬂ gg?%%%’?ﬁ‘fmﬁ“i]qrﬁg% narges T‘ng’n" ipﬁﬁ‘%: Aeflogy S:sr'é)u?‘@ dr op
across the gurface nodified nmenbrane as neasured according to the Standard
Demetti??éloﬁesl:tFA-The pressure drop of a filter is a neasure of the

resi stance of the filter to liquid flow A high pressure drop indicates a

hi gh resi st arteemembedhedtas W3 @MitdQurfick Bipletel§ QNSRS with bﬁﬁﬁtgged- A | ow
pressure drop indicates a | ow resistance, sucth as when the tilter is new

and co pressure drop, data shouyl d be consi dered

ol at | PRrfsiplerteh cobdlyliBE bori5ons BRI ctRoRt SRS Siiface g RaRR: 1t or

of the sane t or, to the sane filter prior to being surface nodified, as

di f f er &h P;t'ff%ég S@F the ¢amapletely modiigd sutfaes alse he syhstantially unifomly ¢oated with

di fferent nenbrane pore size, surface area and configuration in the filter.
Pr essurthe towpsperflaornzashonaxpblynpo wonpopieion s Coniplete Reifadenabdifiedtion f f er enti al
pressure across the filter normalized at a constant liquid flowrate of 1.0

gal | on pevents MidiraBRIBvertM g HRERE 1igBidS Bt \Hack oBfilain®f o7 30! Y

nmeasured with purified water. The extent ‘of pore pluggling, 1t any, of the

nodi fi r ' - rth aboy, The Standard wetting Test is used
as a acr’llgs 0 up?@ﬁ#"?il&?h%g ggﬁp%tégﬁffﬁ&émgf‘taﬁhﬁmﬁr mﬁé}?‘%m{’{l' B€ per f or mance
of a filter during an actual filtration application. The test uses water as
the | i FQMPOBEIORGS Btilizesd Wpmouts andeeoncentratione so that dre payowsnmembraneow r at e
reduci ng effects such as due to viscosity differences in the liquid or due
t o i ncrsebsteale iesotsubsantidlly blocked or plugged as determined by measuring an increase in

pressure drop across the membrane during filtration of purified water. The modified
porous membrane product of this invention has substantially the same permeability as
measured by pressure drop as the unmodified porous membrane substrate. That is, this
pressure drop does not exceed an increase of greater than 25% as compared to the pressure
drop across the unmodified porous membrane substrate with the modified porous membrane
of this invention. Perferably, this pressure drop increase does not exceed by 15% and,
most preferably, does not exceed by 10% as compared to the pressure drop across the
unmodified porous membrane substrate.

In one embodiment of this invention, a surface modified membrane is formed having
an average pore size of 0.2 micron or less. The membrane is formed from a fluorine-
containing polymer membrane substrate, preferably a polytetrafluoroethylene, fluorinated

ethylene-propylene copolymer or a perfluoroalkoxy polymer membrane substrate having its
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fl ow caused by particul ates renoved fromthe |liquid which can becone

t rapped 2 WO 98/ 51403 08480
PCT/ USQQ’?ggé/ggoﬁenbrane surfaces. To conduct the test, PfCT(lt]S%/ ?458 wet with
100% i sopropanol, drained without drying and placed in a flushing apparatus

wher e girfices Hdd&’ft%dwiﬂx fbotiBd SErcitt RS ARichEORh ddief HTreer Tor 10

mnutes at a flowrate of 1 gallon per mnute or gpm At the end of this

flush |n|t Ssu Q h | te neasut ed. The
{11t or BERERRE &?E%t o 1 SpredtisE SFh e, BBapiod e ling bol sirbas RIS, of i ng
drying of the filter and replaced in the f]ushing apparatus where the
filtercompesiyamhedbepopnd srace a@odszyg;srﬁomomonméevea%S ewesting ofgjhessure drop
is measured. Care is taken to vent bulk air fromthe upstream side of the
filtermdmbrag diring its dsedniftiering aviéduid cérhpoyition: oDgling fitrdtiont ere. “fitat’te
addi tional identical drain procedures are repeated followed by the
corres r r After the
"drali nﬁgféggirg?léglg 5‘?‘2%&%&11% eﬁ rﬁcﬁ‘n H? g n;ye %‘gﬁ %ﬁ]&%‘rhtgre? gﬂﬁl ng
apparatu ai ned while 0|d|n dryi.ng Qi filter, and rep ac in the
f 1 ushi RE ‘éﬁﬁg O gRealgh than 3?’98‘?"{? s"’s‘“ﬁ“re EHLEE’?&SWFH%?‘F"% st ream
side to create a pressure differential of 5 across the fllter The
filt er modéfied membrangad meastredacenrding tQﬂmﬁmaogddwmmgaT%t#S, 5 psi air"
‘pressure drop is nmeasured. Two additional identical drain procedures with

the 5 psi affhefressaty droplofa flked is smﬁ&é of eid re¥iedndyof die fitef tehipdadi ng
“drain #6, 5 psi air" and "drain #7, 5 psi air" pressure drops. The |ast

p ﬁési‘?%nﬁi%a%?ﬁ‘bw%%f?3%%5'?m%$5[5ﬁmﬁﬁfé%m9£$d§§sa§kh=§ B B
TpE AHb OGN R ST A

menbrane i s not exposed for a period of time suffici ently | ong to cause
dryi ng and completeljriwesndn ninst tasgs,upressure drop data should be considered relative to the

same filter under different conditions, to another filter of the same type or to the same filter
prior to being surface modified, as different types of filters will have different pressure
drops due to different membrane pore size, surface area and configuration in the filter.
Pressure drops are measured in pounds per square inch (psi) of differential pressure across
the filter normalized at a constant liquid flow rate of 1.0 gallon per minute (gpm). During
testing, pressure drop is most preferably measured with purified water. The extent of pore
plugging, if any, of the modified membrane is set forth above.
The Standard Dewetting Test is used as a means to predict the degree of dewetting

or non-dewetting performance of a filter during an actual filtration application. The test

—  uses water as the liquid being filtered. This test excludes other potential flow rate reducing
effects such as due to viscosity differences in the liquid or due to increased resistance to

flow caused by particulates removed from the liquid which can become trapped on the
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inafiltration process, the filter can be exposed to air under small

pressungodsisifrentials across the filter such as during goramssossent of
the liquid being filtered. 23 WO 98/ 51403

PCT/ US98/ 08480 It has been found that a water bubble point pressure test
can alnsmbreneiswdades. [Toecbndticttthe tedeor fkerok wiewdth 100¥% ddopespaadl,idpaiaed i | t er
during exposure to air. The | ower the water bubble point pressure of a

menbr T . ihal i idJ -
Conver gt Bie ERE PLCAE R HRAE apbRieud MIRKS | I0NUBGH APRIM BYITIL
for dewetting. .The ter bbl e paqin ressure of the nenbrane products of
the prttarriepahe et Birottmn el Cholise i opalon o8 iR oF BB Af PEens:
about 100% greater, than the water bubble point pressure of the unnodified
menbr £08 of §bis fhush periad, the adnitiald prpssureedroptafithe filien is measuredp hesfiltes thenst

met hod. The water bubble point pressure test nmethod nmeasures the pressure

r equi ri¢gerhovedofre the flusiing dpparhtue, aiRd whilecavoRdig dndng vhiefilReaas Were
previously filled with water. The bubbl e point of the nmenbrane is neasured

fromt I [ ' c ne. A
£1 ui ol-lja ?%‘Zﬁﬁ‘?*%ﬁ‘é‘ﬁ“?ﬁi’ﬁﬁa%% ‘gt?erw{“ge @%@Et “P%%‘Sﬂ‘t?t“?%?%‘ﬁé“ aatpmpIF i T
pressure exgeeds the capillar ttraction of the fluid to the pore. The
_rel at i SFABtWSRIRSSEFdOPS ”Eﬁas‘g‘eai Léaa’-e\k?eiak%%q Yﬁi’i‘ibeéq aip, frog the PPptRRany; ¢
pressure required to enpty it (P, the bubble pressure for that cylindrical
pore) side ofthe filfeg dutipg shy mitigtion ofiveater flow shiokgh theafiktdrer Thrke additipmale, [err]
Is the contact angle and [err] is the surface tension of the wetting

l'i qui didentfean dfﬂiﬁgtﬂc@du&b' RR repRited Sollcvedaty DR cofdebpdndilg Yarai@r #2¢ldedig@3t o the
size of real nenbrane pores it provides readily obtained estimtes of the

S1 265 gfs f88l pa GG AOSC RBOHE S ari 4° PRlsbb e ol R kel BB €1t e

bubbl e " pressur e

from the flushing apparatus, drained while avoiding drying of the filter and replaced in the
flushing apparatus where the filter is pressurized with air on the upstream side to create a
pressure differential of 5 psi across the filter. The filter then is flushed with water at 1 gpm
and the “drain #5, 5 psi air” pressure drop is measured. Two additional identical drain
procedures with the 5 psi air pressure step are repeated followed by the corresponding
“drain #6, 5 psi air” and “drain #7, 5 psi air” pressure drops. The last pressure drop
datum, corresponding to the “drain #7, 5 psi air” pressure drop is normally referred to as
the “final” pressure drop.
The bound surface modifying composition also prevents dewetting of the membrane

during exposure of the membrane to gases such as air, as long as the membrane is not

—  exposed for a period of time sufficiently long to cause drying of the membrane. During use
ina ﬁltra;ion process, the filter can be exposed to air under small pressure differentials

across the filter such as during a replacement of the liquid being filtered.
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pore sizes of the nenbranes of this invention is to determne the small est
particl re retained by the nenbranes. The nenbra ' enged
with sug}?(?r%&g%‘ﬁ?si ze | atex beads and the fraction of beag)g:frﬂz%gg)la%esla by the
menbrane. i s neasured. If substantially all (>90% 24 WO 98/ 51403 :

PCT/ US98/ 0 { i e r t pores
are smal | e?ﬂ?]%saﬁ%%@%gggﬁag;ae@%ﬁ %@bﬁgﬁg‘f&%ﬁgg tgﬁ';é%ggzsggssg &sP? tt#lglée%gc en
found that a suyrface nodified nenbrane made in accordance with this

i nvent theqegesiod dergttingobserysi in a dier guringexpeaye 52 air; cThe lower fie; wafer
properties as conpared to the nenbrane substrate having an unnodified

sur f aclnbhie peiatpressire pf a mendbriznedhShghSHGE ppentialcior dewetting upon expidsort
described in MIIlipore Corporation Technical Docunment MAO41l, avail able from

M1 11 perafr. Coondérsély Othe 1BeRErQhe wabdhbubbié paidl pyhdiirh, e 1és8petRaapfopd herein by
reference. Surprisingly, the particle retenFl on properties of the surface

nodi fi ed nbr gnes. ar stantially inproved as cq red.to the unnodified
rortbr oSSR, 06 i il Reigh b e of B FEBhad: METRIR OF g presii
characteristics of the nenbrane as neasured by pressure drop. The nenbrane
i s forinventienoreat feasbabavs S0&oereaichi nigferably stdeastabairt 498 %s gnsaier othen the
preferably a pol ytetrafl uoroethylene, fluorinated ethyl ene-propyl ene

copol yweter bublle rpointpresstiteoodythp ahyodificdewdpbame: subbisite pdsembauireddby the sur f ace
‘modi fied with a bound surface nodifying conposition set forth above. The

surf acﬁraﬁ?%ﬁﬁlﬁ%om;??ééﬁ?e @bt hbhsdi The %‘Ba%usﬁxefpgs bso¥reGOA tAGhdd9 t he
entire surface of the porous nenbrane substrate wth a solution of the

per fl ugrocarbon copol yner. c siti.on descri bed ahove under conditions

Rher of Mepes 16t Peatts Eaiced BLfaipeaif Brofgh e pates SR r iU BRR 401S
solution can inherently wet the nenbrane substrate surfaces or the nmenbrane
subst r weee previcuslysfilled with waterweThebubiblespoint ofithey membranesis speasired from the

pressure required to displace water from a water-wet membrane. A fluid-wet membrane
will allow air to pass through it when the applied air pressure exceeds the capillary
attraction of the fluid to the pore. The relation between the size of a fluid-wet cylindrical
pore and the air pressure required to empty it (P, the bubble pressure for that cylindrical
pore) is:

D = 4ycos /P
where D is the diameter of the pore, 8 is the contact angle and y is the surface tension of
the wetting liquid‘ When measured bubble pressure can be empirically correlated to the
size of real membrane pores it provides readily obtained estimates of the sizes of real,
noncylindrical pores. One empirical method used to correlate bubble pressure with the
pore sizes of the membranes of this invention is to determine the smallest particles that are
retained by the membranes. The membrane is challenged with sub-micron size latex beads

and the fraction of beads retained by the membrane is measured. If substantially all (>90%)
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met hanol , et hanol, isopropanol, or acetone followed by contact with the
sol ut i ogy@sg/dtlags sol uti on can be intruded into the pores uchUSI3ro8saUr €.
Contact of the menbrane substrate with the solution can be effected by

i mrer si on or by passing the solution through the nmenbrane under a pressure
di f f ercfrthé Béadsrardyethinkbd b9 ither memkibearies fHd ldfdeoCporbe irenpalley tih tHS averapdD '
98/ 51403 PCT/ US98/ 08480

conposdigﬁl&@ml)@pmgq&epgym_to the substrate surfaces to conpletely nodify
the contacted substrate surfaces. The nmenbrane substrate is renoved from

contact with the solution and,_.in an.lnportant prqcess st of .this
Cvent i on. s Bestotata tas Lrkeen antiiad membane Siale 16 g oudnes SO i ng
conposition fromthe substrate and to effect nodification of the entire
subst riaventgur typicelly Babsigoificantlyt inprome¢dhpartivictratention propettiesras compareditbr ane
can be treated directly or indirectly by interposing a flexible film

bet weehe nhenibrage sutkehafEREvim 4 aRfodifis® Yinfaces BSHRA 153 mbaitied Or by
positioning the nenbrane between two nonporous polyneric filns to forma

sandw ni force ' I | i W th. inal.e,roller
cont aceeuAHEER afoe ie6fyT Btued RRIEH VIRPIrE Colhorde %y Ted ch. o
rollers formng.a nip t_hroutgh which the nmenbrane or sandwich is passed, an
air knPP@;m@td\%é%L Xvailable from Millipgre Cosperaten. Bedfords Ms UShetd which e
like. In an alternative enbodi ment of this invention, the nmenbrane

subj ecinedrppoated béin bykeferemce Ssrprisirghe rthe pattiztet retbmion Ipreperiiesudfdhe
conposition which is a solvent, diluent or dispersant for excess or unbound

sol vat §giR8 hddiREP FRIIMneS QPO SWHTBINISITRASIOVEP s SoHipard® td SRRINARANR
et hanol , met hanol, isopropanol, water or the |like, 1 ncluding mxtures

t her eof . ual ly this.liquid siktion.is,also co et el Lscible with
t he sof‘\?’é‘ﬁa’t?ssé%s?%eﬁf’&%ﬂf ﬁlgn'g%%& g%rsqslr{g%\e @chﬁﬁ’ggggﬁﬁ% Spol ymer
conposition. Water can be utilized when it is miscible with the

membrane as measured by pressure drop. The membrane is formed from a fluorine-

containing polymer membrane substrate, preferably a polytetrafluoroethylene, fluorinated
ethylene-propylene copolymer or perfluoroalkoxy polymer membrane substrate having its
surface modified with a bound surface modifying composition set forth above.

The surface modified membrane of this invention is formed by contacting the
entire surface of the porous membrane substrate with a solution of the perfluorocarbon
copolymer composition described above under conditions wherein the substrate surfaces are
wet with the solution. The liquid solution can inherently wet the m;mbrane substrate
surfaces or the membrane substrate surfaces can be prewet with a wetting agent such as
methanol, ethanol, isopropanol, or acetone followed by contact with the solution or the

—  solution can be intruded into the pores under pressure. Contact of the membrane substrate
with the solution can be effected by immersion or by passing the solution through the

membrane under a pressure differential or by intrusion. The perfluorocarbon copolymer
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solvent for the perfluorocarbon copol yner conposition used in the substrate
surface_nodi fication step, such as an al cohol. Preferabl | gui d
conposi YR ’%%ri ses the solvent used to make the sol ut %grrl{h% 8/{)4512&]

per fl uorocarbon copol ymer conposition such as isopropanol, ethanol, water
or mx o I ' t Well) g r enoves,
such aé&ggéséglﬁ{)‘%%%‘egr%ﬂ I(%? kio vsak3 ?%gﬁ?g‘gkdg gésjisodcc?%&rﬁgilﬁéfﬂ%eé‘ |°h§‘§é‘§§r bon 26
WD 98/ 51403 PCT/ US98/ 08480
copoly “@W@F?ﬁ-on whi ch may be present after application of nechani cal
force. This further renoval of the unbound conposition further reduces pore
bl ockage andbeun¢rhenane eubstrate isatmovédafromycpnact with g sehition anduindarcont ani nat e
a fluid being filtered during use of the surface nodified nenbrane.

Sur pri ghpéiteant précss sepiof 69 RRBHN, U8 st)eRed 'Rl mEFRYR PR oReMmolsI0r Ocar bon
copol ymer conposition so that the surface nodification is not adversely

ool 11 S5ears AP cotbacliodrpia e SR e Pl SRBERR0b Ye el o

conposition when the |iquid conposition is not water. The surface nodified
menbr aSebstEAtGYrEage s Subgiayent orrontast withithe splytioay ihedpe@‘i”@f}% Fambg redteth t he
nodi fication step after the nmechanical force or optionally, the water or

t he | i direckly ommustetilyby ifterposingin flexdble fim beswdeaahe modifieddnémbranpand/ e t he
‘strength of binding between the bound perfl uorocarbon copol ymer conposition

and_t NeoffeB T Akn bRk r bl e HMAHRAR!bobi Rl RNtonpafbube e fect ed

in a single step. Heat treati'ng is ef ted at a tenperature which does not
degr ade_t he mepbrane. substrate.or e surface di fvi [o30) sition.
Goner apo e TR ToPH "ot Ml AT Y sBPRERI s Shere
50[err] C and about 180[err] C, nore usually between about 80[err l C and
about TRlgIesqmactadopnder HEISSHE tefong swagscafteemembrane o6 sprdwich SwaTelaisout 72
hours, nore usually between about 15 m nutes and
forming a nip through which the membrane or sandwich is passed, an air knife, a doctor
knife, a scraper, contact with an absorbent or the like. In an alternative embodiment of this
invention, the membrane subjected to mechanical force is further contacted with a liquid
composition which is a solvent, diluent or dispersant for excess or unbound solvated
perfluorocarbon copolymer composition such as isopropanol, ethanol, methanol,
isopropanol, water or the like, including mixtures thereof. Usually this liquid composition
is also completely miscible with the solvent used to make the solution of the
perfluorocarbon copolymer composition. Water can be utilized when it is miscible with the
solvent for the perfluorocarbon copolymer composition used in the substrate surface
modification step, such as an alcohol. Preferably, the liquid composition comprises the
—  solvent used to make the solution of the perfluorocarbon copolymer composition such as

isopropanol, ethanol, water or mixtures thereof. In this step, the liquid composition further

removes, such as by dilution and/or solvation, excess or unbound perfluorocarbon
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about 24 hours. The surface nodified nmenbrane produced by the process of
this i nypHsAuess particularly useful for filtering outgassi/ogssiosege ds by
preventing dewetting of the nenbrane during use due to the surface

- nmodi fying conposition which is bound to the nenbrane substrate. Thus, the
menbr anepolginet kompositien tihich mape bp prdsemudfer hpplicatdbnbf fnechdridal €6iceg This
chem cally active outgassing |iquids such as acids or bases that can

tai L)
contal ggﬁg%%@v £ B¢ unbodfd &ﬁﬂﬁﬂ% furth%r reducef )?ore blocka esalﬂxgsf;[n;ﬂé?re, such

PCT/ US en utilrzing a uorocarbon pol yner as

as polytetrafl uoroethyle a. fluorjnated ethylene-propylene copolyner or a
or L usFBay SoRgIeHE sRrctaties Phustop i Ctabimbice b AT bRioeHHrE ABE e ot o
and the surface nodi fying conposition are highly resistant agai nst chem cal
degr addh¢ surfadeirhedifind mesthrang. n§urprisinglye theoliquid campesitiomdees otmemovewet by
gases. In one enbodi ment of this invention, the surface nodified nenbrane

can be puahd \Metfluoteé@borPEo & enisoiitionodhitahd surfice tiddiicfidnli®hodi rect |y
such as with or without under pressure or indirectly wherein the nenbrane

first i | . . [ ol e t he
al Gonol oy ERbIyleieli by diitt wiBtHAR 1ARid GRMiGRRAR Oprdtaliy T Ypbrite 030 o0
and replaced wi,th water fqllowed by process fluid to be filtered, A

wat er - CBFRRTARF g then cOpRFieg Fitlbwates to Heanale the liguigecogpogitionsyhendbe ligwidi i ed
menbrane of the present invention then can be sealed within a container

t oget hesompoasitiondsiinbt watek. water, if desired, and heated such as by steam
sterilization to inactivate any m croorgani sns therein. For exanple, the

process di sCRSQdfice hbdified Hefibrarth i§ Afied 05 reibVeCiie sSIvERC QIIRE: ¥f kpBRAR N DY

reference, can be used to forma water-wet filtration device which can be

St poedste AR iERUSEh A0Sl §0haHRE OMEe b blothing e S orthé bk

r'm ng

composition. The membrane then is heat treated to improve the strength of binding
between the bound perfluorocarbon copolymer composition and the membrane substrate.
This drying and heat treatment can be effected in a single step. Heat treating is effected at
a temperature which does not degrade the membrane substrate or the surface modifying
composition. Generally, heat treating is conducted at a temperature between about 50°C
and about 180° C, more usually between about 80°C and about 140°C for a period of time
between about S minutes and about 72 hours, more usually' between about 15 minutes and
about 24 hours.

The surface modified membrane produced by the process of this invention is
particularly useful for filtering outgassing liquids by preventing dewetting of the membrane

— during use due to the surface modifying composition which is bound to the membrane

substrate. Thus, the membranes of this invention are particularly useful for filtering

chemically active outgassing liquids such as acids or bases that can contain an oxidizer
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menbr ane-wetting process. The follow ng exanples illustrate the present
I nventi re not intended to limt the sane. Exanpl I on
cont ai n%g)gg_sggg%i ght percent Nafion[err] perfluorocar bogci.%%% @Hg& in a
m xture of lower aliphatic alcohols and water was prepared by making a 10:1
di | uti QeRhutifizin@HBEGTo8drbdn BYRleR Al § sbostfate] Eﬁclpfsr;gﬂﬂhrﬂﬂfdr@é’iﬁﬁéﬁé, a
I a 28 WD 987 51403

per fl uorocarbon copol yner soldtion in

PCT/ USQ8/ 0848 L Xt ur ower i phatic.al ¢ I wat e bt ai ned from
Al drich® 1%9%5%&%?2% ,le+en%§’? hﬁ’l’ rv@&k@éguwgi}%fﬂg}?@gpr gﬂo@fe&al cohol . The
Nafion[err] perfluorocarbon copolyner in the solution was_in the, sulfonic
aci d f &istAnsey betythemembrang sulsiiaic, anddhe syidacgrmodifying agmposikiongre Righly| eat ed
filter device conprising a polytetrafluoroethyl ene (PTFE) nenbrane having a
por e siresistart agaihstehentical wiegradhioord whilertherreadting suaface micslifiesk membrang is het
dilute solution of Nafion[err] perfluorocarbon copolynmer from above, until
the | eyglveOhy ph@ssol ution on the upstream side, or outside of the filter
conpl etely covered the nenbrane while preventing the solution fromentering
t he downstream side, .or inside.of the filter, by.any other neaps_except

thr ough & he TS ESpd et 87 (S iyemtighs iha sk axGufeY mEmbEDe 81 REaEh ¢ hr ough
the menbrane so as to fill the core of the filter, on the downstream side,
wi th t Fathswrigr b the piesesstfiid twbe filiersd eitheredirestly iugthes wish gt Maoutungeessur e
‘differential across the nenbrane was created by applying a vacuumof 1 inch

of mer puesgwenor indireiynwhereanths imbentrhnd first 19 Wétewitis an hleelkioltsheh 80l uti on begi ns
to flow through the nenbrane and out of the core of the filter. A total of

240 m 'iédplr&éﬁbﬁ, It algqgﬁé%a&gﬁ qxggkpg?ﬂewﬁae%g}iggvéﬂzgxﬁa&mtgithé er, of

sol uti on "were passe ter Tat a ate, dictated by
the s rr%lléohol has been removed and replaced with water followed by process fluid to be filtered.

A water-containing filtration device including a water-wet surface modified membrane of
the present invention then can be sealed within a container together with additional water, if
desired, and heated such as by steam sterilization to inactivate any microorganisms therein.
For example, the process disclosed in U.S. Patent 4,727,705, which is incorporated herein
by reference, can be used to form a water-wet filtration device which can be shipped to an
end user who then can use the filtration device directly without the need for performing a
membrane-wetting process.
The following examples illustrate the present invention and are not intended
to limit the same.
Example 1

- A solution containing 0.5 weight percent Naﬁon_® perfluorocarbon copolymer in a

mixture of lower aliphatic alcohols and water was prepared by making a 10:1 dilution of a

commercially available 5 weight percent Nafion® perfluorocarbon copolymer solution in a
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difference in pressure across the nenbrane. The filter was then renoved
fromthewa%}gi' Qn and drai ned of excess solution while beptigrussggiigsl to
avoid dryrng of the filter and placed in a second container having 100%
i sopropanol to renove excess perfluorocarbon copolynmer fromthe nenbrane. A

total ohivtutel df8bMer afiplRidi diddholst Mdtwierdsbiiadd fom XRFATHMi¢NTdmpang! , Of

| sopropanol were passed through the filter, under identical differential

pressurg c AR 1l be ) | r | - | s t hen
Fermvedi o RBRTE 8T RER SRt AR, TR R i Bn bl et
flushi ng apparatus where it was flushed with water by passing water through
t he fi | thesohgionawasninihe selfenic acif|foum ppd badban avegage egnivsient »eight of\d, 199 51403
PCT/ US98/ 08480 minute to further renove any renai ni ng unbound

per f | uor ocar por0 eRhQivdEd fikexdevicel daprisfROpolytEheflu@bethylehe! SPEFEf i | t er was
renoved fromthe apparatus and i mersed in 2 Ml ar hydrochloric acid for 16

hours el kol il PaRoLNGE bt 6 & mickiEwhd bl MRSk AITNE il g the

hydr ochloric aci ed w wat er an ed wt
m nut es .as descri be boge. The drained, water-wet filte s th | aced
in an of Weéﬁﬁlt\é’?pﬁf 1% Red ’t‘°f8t>af§%f"§?‘%‘3]@rf%?mfg°¥ﬁad¥“§{f*{9 BY‘?a ‘l?ﬁ?eépfi | ter
and to inprove the strength of binding between the bound perfl uorocarbon
copol yneolutorn oh hize upstizannside idystutsidecof the €iltdr pomplewly covdrdd the ezermbranevet wit h
60% i sopropanol / 40% wat er and tested for integrity by a bubble point
pressur gpiie i;re\reahag e Jdiﬁti&%’ﬁ@hﬁﬂi?&idkt th UBRAMFAnPSidd 8 ihdibd BF meadirdreay ur ed
to be 42 psi, indi€ating that the filter was integral. The filter was then
wet with 100% i sopropanol., dr.ajned and installed.in e flushi.ng apparatus
Wher o vARBPOGSEISAT SKEg HirpSAlb e e iR ehing grssctlgiet A g OB 48 Tt o of
1 gallon per mnute to di s&l ace the isopropanol. The pressure drop of the

filter ReEneAHEPegh the ipAINDrage s as 1oyfilivthersase of thedfiltes, o the downstremdisiei f i ed
wet PTFE filter of the same type was neasured to be 0.65

with the solution. When the core was filled with the solution, a pressure differential across

the membrane was created by applying a vacuum of 1 inch of mercury on the downstream
side of the filter so that the solution begins to flow through the membrane and out of the
core of the filter. A total of 240 milliliters, in addition to the downstream volume of the
filter, of solution were passed through the filter at a slow flow rate, dictated by the small

~ difference in pressure across the membrane. The filter was then removed from the solution
and drained of excess solution while being careful to avoid drying of the filter and placed in
a second container having 100% isopropanol to remove excess perfluorocarbon copolymer
from the membrane. A total of 2 liters, in addition to the downstream volume of the filter,
of isopropanol were passed through the filter, under identical differential pressure

— conditions as described above. The isopropanol-wet filter was then removed from the

isopropanol, drained without drying and placed in a flushing apparatus where it was flushed

with water by passing water through the filter for 20 minutes at a flow rate of 1 gallon per
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psi/gpm under the sanme conditions. Exanple 2 A continuous |ength of about
100 linear feet of a PTFE nenbrane having a pore size Ofﬁg ,b '/&r@n was
surfaceHWHMEd with Nafion[err] perfluorocarbon copoly ¥ 853 B8P i nuousl y
passi ng the nenbrane into a bath having the solution containing 5 weight-
percent .Nafi o rr rfl uorocar.bon copaql r of exanple 1  at. a speed of 5
f eet pgwll\lﬁ? ﬁ%%&%ergg OtH f%“h?ﬁ%%‘“‘?ﬂ%@ %?ﬁ%%‘iﬂboé‘ %ﬁﬁ'f‘é?mﬂ% menbr ane
was then directed into a second bath containing water to renpbve excess

sol ut i BAPYAPERRL: hEhewaAlSF-Alshedriiltcrawsirgmoved ffemotge APRATAEHBAG HBMERSEh It er i n
this bath was about 5 m nutes. The nmenbrane was then 30 WD 98/ 51403

PCT/ USBg&d1atkatochilode heid fonl® henrfsho fukther icleah thefilierh ThecRlterwadsceremonsd spr ayed
constantly on the nmenbrane to further clean the nenbrane. The contact tine
of the ik Ve 8 i ' cﬁﬁﬁ’th% ' . wet ,
nodifie m&%ﬁ%”ﬁ?’%&“ﬁ%é‘@?ﬁ?@%?“ ot a% ?lﬁ%lgﬁgﬁt/h ?’ﬁg} %ﬂﬁ %‘#\%‘E&The
dry nmenbr,ane,was, t hen.wound up onto itself tqg forma.roll. The roll of

modi 11 BUIRETBFARORas THE dRainedy waler-Vyss SR, wes Bispaiaced it 80 ofen HL PPty

i nprove the strength of binding between the bound perfl uorocarbon copol yner
and t héo heatist 42@° (s farsta hawss toriey ta filigr enditedintpireve e sirength ofidindinged to nmake
4 inch pleated filter devices by heat sealing the nenbrane to a

per f | ubemaleli abey baaidypeefludrotsbon copdlgmeeaidche muitadeosuberite. be i ntegral as
‘tested by the bubble point pressure nmethod. The pressure drop of the

filters was fRary! elafalicl whsRidk VBTB0A NGO BRSHAGE A A8 Bl Buld bhe!

device of the sa ype, except conprising 1fie nmenbr ane,
Vas MEaSUISY ty’a Pooble Pofds pretBile ¥ Senod Tns SBbiE POt préiare ot Bl was

measured to be 42 psi, indicating that the filter was integral. The filter was then wet with

100% isopropanol, drained and installed in the flushing apparatus where water was flushed
through the filter for 5 minutes at a flow rate of 1 gallon per minute to displace the
isopropanol. The pressure drop of the filter was measured to be 0.66 psi/gpm. The
pressure drop of an unmodified wet PTEE filter of the same type was measured to be 0.65
psi/gpm, under the same conditions.
Example 2

A continuous length of about 100 linear feet of a PTFE membrane having a pore
size of 0.1 micron was surface modified with I\IIaﬁon® perﬂuorocarl?on copolymer by
continuously passing the membrane into a bath having the solution containing 5 weight
percent Nafion® perfluorocarbon copolymer of example 1, at a speed of 5 feet per minute
for a total contact time of about 2 minutes. The membrane was then directed into a second
bath containing water to remove excess solution from the membrane. The contact time of

the membrane with water in this bath was about 5 minutes. The membrane was then
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Ad7 m I i rreter di aneter di sk of PTFE nmenbrane having a pore size of 0.1
m cron sed in the 5 weight percent Nafion[err] peritasenssar bon
copol yrrer so ution fromexanple 1, for 2 mnutes. The nmenbrane di sk was
renoved fromthe solution and drained of excess solution while being

car ef Ulir&Qéd iro drtifird tathliewMRh fFERA W28} SyalaprayBe® BorstaRely Siht Rnekbrahd td | i ters
of 100% i sopropanol for 5 mnutes to renove éxcess perfluorocarbon

copoly S The
vat or Figer siiap R Eheibrball. "Bt Bhher aflo o RefPie 3oy WG PP %9@%
hours. The surfage rmdlfled rrenbrane was found to have a_ 3. 7% wei ght

i ncr eadiso abautel miRntes, o The MWkt Madified anembrancayas\oam passed yndarthosalr 0dEe to t he
deposi ted, bound perfl uorocarbon copol yner. 31 WO 98/ 51403

PCTI USa/ xﬁBxﬁSﬂmEh €I'HeOdnyi thémbrane veas ahenl Woshd wogmito a¢ibto foxrada tall.r Thevell excess
copolymer fromthe nodified nmenbrane were concentrated to 1 mlliliter by

evapor gg h%ﬂé@méﬁﬁ*a)hé%sbﬁla@%ﬁ' 8loveh a{'ﬁi@@g}% rreﬁfs%%ﬂ@?weotﬁ gt T R) -

The FTIR spectrum of the concentrate showed e presence pertluorocarbon

copoly stra t m)va of _unbound fl uorocarhb opol yner
Fobo Y R bind Beti e tiefhyind ek AR s St PO an e iR EREBReAe o
| sopropanol bl ank showed no evi dence ofg&erfl uorocar bon co Olé@

4 The dry, shhersasfacermadifiedomaming wasfsetiosaaket inch pigas ies hylo

‘mlliliters of 100% i sopropanol for 5 mnutes, foIIovved by three water

ri nses hest sthbipg E:reanéxhbramem@aqnﬂﬁmdroﬂn@qupolmexalﬁoukﬁﬁ[ €Thd devides avere¥aundf or 2
hours. The weight of the nodified menbrane di sk was found to be identical

toth pq{g;b&, f
egarrplee t heE%\l/eeli %Ekgte heé%%g{?l? &cfﬁr?e%%lr?%#fe’&g é)exangfe%%@%%afsﬁlg;impl e
?:gginzt ltaetrse \Swag r1{1aeta.su6{'|e O{)e HhSEpSI?g%OS I’I‘hee pressgyengmg %E’];lf‘i g\?ii:g 8P th Ol yrrer

type, except comprising an unmodified wet PTFE membrane, was measured to be 1.5

psi/gpm, under the same conditions.
Example 3
A 47 millimeter diameter disk of PTFE membrane having a pore size of 0.1 micron

was immersed in the 5 weight percent N. afion® perfluorocarbon copolymer solution from
example 1, for 2 minutes. The membrane disk was removed from the solution and drained
of excess solution while being careﬂl not to dry it. The wet membrane was then immersed
in 10 milliliters of 100% isopropanol for 5 minutes to remove excess perflucrocarbon
copolymer, followed by three water rinses to displace the isopropanol. The water- wet
membrane was placed in an oven and dried at 120°C for 2 hours. The surface modified

- membrane was found to have a 3.7% weight increase, based on the weight of the initial

membrane substrate, due to the deposited, bound perfluorocarbon copolymer.
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on the menbrane surfaces even after contact of the nodified nenbrane with a

sol vent_or diluent for solvated unbound perfl uorocarbon FEPRLYMRhs0 Wnen t he

menbr an¥O %8543t treated duri ng or after the drying step In exanple

(Conpar ative) Exanple 5 A 47 nmillinmeter dianeter disk of PTFE rrerrbrane :

having a p | At -
Gi"l‘% X ﬁﬂhﬁfer@olll(ﬂj% 1§an' oPide QS?&J éxlc?sq é@gﬁ%{% gi' except ¢ hat

per fl uorocarbon copol yner accor to the net
t he nmenb not exposed to he t the d n te stead, the
ooy SO AEL DS vER GPsensated 5 rh pdlier By SPRFHODARARY 24HRE <urt ace
nodi fi ed nenbrane was found to have a 4.1 % wei ght increase, based on the
wei ghtFaufier Agansfiorm hifravedBpestroscapy(FTiR)e Thé e TRespettoum of dhe candentiaseind

per fl uorocarbon copol yner. 32 WO 98/ 51403

PCT/ US38#e8 #0presencelof p eﬁl&'bf&ﬁﬂ)dﬁ%bglyﬁiir ”&T@drﬁﬁﬁnﬂ@ﬁxetréﬁlﬁvalrﬁﬁfn%s&d n 10

mlliliters of® 100% i sopr opanol for m nut es, | owed by three water
rlnse 0, Y. o t erature
for %ﬁl}%&)é&b&?%ﬁrﬂk?ﬂﬁfn @@% oun%l %oqy'\%ave gdsrtdlg\%méhﬁrﬂ © anount
correspondl ng to,7.4% based on the weight of the deposited, bound

perf| Lﬁypﬁwwéﬁn&ﬁmmf ShetedRg pidency 95 pEFbIOR cargn OPPIYRREI £ i ed
menbrane to i sopropanol . Thi s exanpl e denonstrates that although nost of
t he deposited, bound perfl uorocar gxammed! yner remai ns on the nenbrane
"surfaces after contact of the nodified nmenbrane with a sol vent or dil uent

for unboundrrOlMAiseEfadtemblifiel Afcitian: fFORAUMIRIe 3 ¥as Wtderded 38 10 lIAREsPE
renoved when the nenbrane is not heat treated during or after the drying

st e SR Gooprdhahd o SmiMuFR! fshobich'sy sl s ARURES Blscf R TFE merbr ane

havi n

isopropanol and dried at 120°C in an oven for 2 hours. The weight of the modified
membrane disk was found to be identical to the weight of the membrane before exposure to
~ isopropanol in this example (the weight of the modified membrane of example 3). This
example demonstrates that all of the deposited, bound perfluorocarbon copolymer remains
on the membrane surfaces even after contact of the modified membrane with a solvent or
diluent for solvated unbound perfluorocarbon copolymer when the membrane is heat treated
during or after the drying step in example 3.
(Comparative) Example 5
A 47 millimeter diameter disk of PTFE membrane having a pore size of 0.1 micron

was surface modified with Nafion® perfluorocarbon copolymer according to the method of
example 3, except that the membrane was not exposed to heat during the drying step.

—  Instead, the membrane was allowed to dry at room temperature for 2 hours. The surface
modified membrane was found to have a 4.1% weight increase, based on the weight of the

initial membrane substrate, due to the deposited, bound perfluorocarbon copolymer.
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0.1 micron was nodified with Nafion[err] perfluorocarbon copol yner

accor di Rgob§sidge procedure of exanple 1. A simlar filterpciougdsiosisog a 0. 05
m cron nenbrane was al so surface nodified in the sane manner. After wetting
both filters with water, the two water- wet filters were sealed within a
bag cont ai niThe dwyt eurfagedmodified sembiranezwas tanldmmarseddn a0 mibiliseradftl00fs. The
bags containing the wet filters were allowed to cool for 24 hours before

the filifepropaidl €or' $ imass, foRowed By Bies water RSSO RlidphRe e ioptiopattlapg. The
0.1 micron filter had a pressure drop of 0.8 psi/gpmand the 0.05 mcron

filter r ron of 1. | T fi.lters n wet
with 1(?3@&‘3@5% rdgggwéﬂ%"g IR I“'Jnsl%etgr Wﬂoﬁ%ﬁ H{ggﬁ)}(rf%gsd lxj%kﬁ{aqu\'iﬁ(ﬁ g%é%’r%e dr ops
after the rewetting procedure. The 0.1 micron filter had a pressure drop of
0.8 psilpgpreightoin: ancamoums casresnonding te dr4 fhased on tsvpight of the daposites, psi / gpm
33 WD 98/ 51403

PCT/ US3iufig 4petflddrocarbomogiotymed pretenabeford Bxposore-afaledtyl modified peentbrase of t he
products of the present invention under highly outgassing |iquid _
condi t i gNSoprbfARISPArIALs a&hﬁa&m&&r&m@_mtﬁm@; mSH R theAepBLina bbasd | filter
device conprising a 0.1 mcron pore size PTFE nenbrane, Sealed wthin a bag
cont ai ni_ng. . wat en s obtained.fr Pal | rporation. FEas i , 4

S 1 e g EboR TRttt Petaiak PR Ui pemprioE RhtieS duer @atast b PRarhPs o, o5
m cron pore size PTFE menbrane was al so obtained from Pall Corporation,

East Hilembrage witha splventsor dilugpbfes ugboundesolvated parflugrocarhan eepalYmey'a wer e
nmeasured i medi ately after renoving the filters fromthe correspondi ng
bags. TédmalDfractiorceambelewmoved wdgnahpmesmbuarne is hopheat tréatdd geridgprmisercheé he 0. 05
m cron device had a pressure drop of 6.3 psi/gpm

drying step.

Example 6

A 10 inch pleated filter device comprising a PTFE membrane having a pore size of

0.1 micron was modified with Nafion® perfluorocarbon copolymer according to the
procedure of example 1. A similar filter comprising a 0.05 micron membrane was also
surface modified in the same manner. After wetting both filters with water, the two water-
wet filters were sealed within a bag containing water and were sterilized under autoclaving
conditions. The bags containing the wet filters were allowed to cool for 24 hours before
the filters were removed from the bags to measure the pressure drops. The 0.1 micron
filter had a pressure drop of 0.8 psi/gpm and the 0.05 micron filter had a pressure drop of
1.0 psi/gpm.

- The two filters were then wet with 100% isopropanol and flushed with water to
measure_ the pressure drops after the rewetting procedure. The 0.1 micron filter had a

pressure drop of 0.8 psi/gpm and the 0.05 micron filter had a pressure drop of 1.0 psi/gpm.
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The two filters were then wet with 100% i sopropanol and flushed with water

to nmeasure the pressure drops after the rewetting proced 1 mcron
devi ce H‘éﬁig%ﬂﬂ? ssure drop of 0.7 psi/gpmand the 0.05 mi*(E::?/OUnSIQES\ﬂQ%e had a

pressure. drop of 0.9 psi/gpm This exanple illustrates the dewetting

pheno I | [¢ t .10 ' e of :
Ut gas s RG LR YESchds BE AU S eing ppRLIGSE B brodet ML BREBET D0 4 o
of an ul trahigh | ecul ar wei ght pol yet hyl ene nmenbrane having a pore size
of 0. 1“H’FE?%‘?%%;¥%?&P§'§&SSF% g‘lﬂﬁﬁ"%ﬁ'@'ﬁt percent Nafion[err]

per fluorocarbon copol yner solution fromexanple 1, for 2 mnutes. The

menbr ane di sk was renoved fr of@onparatplelExamplel dr ai ned of excess sol ution
vv_hil_e _bei ng car ef ul not to dry it. The wet nenbrane was then imersed in 10
mlliliters A0k Wé 'Sﬁﬁé}fgmﬂkrﬁ' Fitep dEYiE e ditprising £ 0DV R %A Pofe size

per fl uorocarbon copol yner, followed by three water rinses to 34

98/ 514 s . . / US98/ 08480
di spl a%g.Fan@e@fﬁ?FofﬁﬂFgl within 2 bagcontajpips ﬁ@%r“ﬁ‘ﬁé’bmdpflr%efg in an oven and
dried at 90[err]C for 2 hours. The surface nodified ngpbrane was found to
have aCorpoxatien.géast Hilly, db¥e Simiadyl awatehwenbilgiiheninern efilter davige nenbr ane
substrate, due to the deposited, bound perfluorocarbon copol yner. The

pr esengemptisigral 0.09 nEcRdnRe §i20 PTFEhe@brahé &vas disbabaaifdd f6& Padi f i ed
menbrane was confirnmed by an FTIR anal ysis. Exanple 9 A 10 i nch stacked

ook | RGN, 8%, SOPINY] MhEIE ARIPLeAS BN SueBuarogel O L
SENRT O BB AN For RN RIeEs R0 i COBOPRRAA BABS FBRNd to- have
a Log Reduction Value (LRV) of
micron device had a pressure drop of 1.4 psi/gpm and the 0.05 micron device had a
pressure drop of 6.3 psi/gpm.

The two filters were then wet with 100% isopropanol and flushed with water to
measure the pressure drops after the rewetting procedure. The 0.1 micron device had a
pressure drop of 0.7 psi/gpm and the 0.05 micron device had a pressure drop of 0.9
psi/gpm. This example illustrates the dewetting phenomenon observed in products of the
prior art in the presence of outgassing liquids such as water.

Example 8

A 47 millimeter diameter disk of an ultrahigh molecular weight polyethylene
membrane having a pore size of 0.1 micron was immersed in the 5 weight percent Nafion®
perfluorocarbon copolymer solution from example 1, for 2 minutes. The membrane disk
was removed from the solution and drained of excess solution while being careful not to

dry it. The wet membrane was then immersed in 10 milliliters of 100% isopropanol for 5

minutes to remove excess perfluorocarbon copolymer, followed by three water rinses to
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4.5 (99.995% retention) with 0.05 mcron particles. The pressure drop of
the fil{Ryogagosmeasured to be 0.77 psi/gpm An unnodifi edcanrsos/odsssi | ter of
the sane type was al so tested according to the nodi fied SEMATECH particle
retention nmethod and was found to have a Log Reduction Value (LRV) of 1.0
(190. 0%ispihenthie dshpropdnol .0 The watarwet inanbrant aas pldeed i & swereardt dyledddt t he
filter was neasured to be 0.74 psi/gpm This exanple illustrates the

| mpr ov. t4 r ' t.er i et : pr esent
mvent oy M2 fofts! HRMEARe RAIRG Bhklane S ol S ekl O e
standard dewetti test set rt.h .above: (1) 10 inch pleated filter

e coEEAS e O U eieft ot R e ALt suPucits, 486 Jo B dapSfesc biviiehg
having its surfaces nodified with Nafion[err] perfluorocarbon copol yner
accor dperfluprocashompdopolymet 2) Therpresemoei of perfluaxsncarbonicopolyfier betheosurface of ane
PTFE type and (3) 35 WO 98/ 51403

PCT/ USBR/ H84i8ed aiemirhne ¢aeBdrfaiiedey dn FTIR gfalgkey/i ce conprising a 0.05

m cron pore size PTFE nenbrane obtained fromPall Corporation, East Hlls,
NY. The results of the test are pr in figure 5 which represents a
pl ot of pressure drop Vs. conditio%mn—rrhgggai n nunber. The nodified filter
(1) showed a 64% i ncrease, i ressure drqp durli filtration from an
initial pre$s @car%kaﬂhﬁ}sgr}?lfqr@éwge copprsigs @31k, Birmbrancginyinesnors 300%
increase during filtration froman i ni®ti al pressure drop, respectively. All
t he fi bizeof Oviemicroh avasmaedifiequwith Nafton | peofiuapearbon eepblymer ssdescritmdaasur e
drops were once again neasured. After the rewetting procedure, all of the

PressuegaipIens THE RoatRal Mt vids wstwscc%gargg?&ufehﬁ?diﬂéa hgh@ﬁgéﬁ%a%ﬁdéops,

indicating that the increase in pressur op or loss o _
char act SLhid S8 6feed o8 4bbiadd ad ftha Y5 hSve k' Eof ReBhotichVASLBRVSr

4.5 (99.995% retention) with 0.05 micron particles. The pressure drop of the filter was

measured to be 0.77 psi/gpm.

An unmodified control filter of the same type was also tested according to the
modified SEMATECH particle retention method and was found to have a Log Reduction
Value (LRV) of 1.0 (90.0% retention) with 0.05 micron particles. The pressure drop of
the filter was measured to be 0.74 psi/gpm. This example illustrates the improved particle
retention characteristics of the products of the present invention.

Example 10

The following filters were tested according to the standard dewetting test set forth

above: (1) a 10 inch pleated filter device comprising a PTFE membrane having a pore size
—  of 0.05 micron and having its surfaces modified with Nafion® perfluorocarbon copolymer

according to example 1, (2) an unmodified wet control filter of the same PTFE type and (3)
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only during the filtration process. Exanple 11 A 10 inch pleated filter
devi ce Lsi.ng a PTFE nmenbrane having a pore size of Eousdshs was
nmodi fi eéggm}a?/h?“lﬂgf ion[err] perfluorocarbon copol yner as dgpscr | %Beg) ‘lqu exanpl e
1. The filter was then tested according to the "Standard SC2 Drain Test"
met hod s agitiatheiBert T ek idebiRE csﬂPrmﬁT%aqééﬁm%&&?( b&%@i@ﬁ?ﬁﬂ'm@iﬂ&aﬁé ushed -

. e S

with water to replace the al coho Ilter hen installed In the
filter holder. of filtration em a recirculating chem cal bath

syst emoggaéIEF f5°‘BL%"f<}°’3’°B§i°f‘?’ ﬁl&ﬁ%lﬁa’l @fyuti lized to clean silicon wafers
during the fabrication of integrated circuits. This liquid, known as SC2,

i s a hi ghl y Thetigstles efcthe test arecpreseatedyin figure % whichdepresentp aipdotra poessursar t s of
37% hydrochloric acid (HO), 1 part of 30% hydrogen peroxide

(H err Jdebe™s] tondifioof B GuBbérdi IRy modigie® fikef t% shewed a 6iopircesmeimt ure of
the liquid in the bath is maintained at 80[err]C. 36 WO 98/ 51403

PCT/ US 8 ' L1 I 0n: Lt ' punp
s uscdrpatis aep e dlifucd kbhOl ARaLbRSHRE arch HRAL RS L RRL E6 Rk
pressure c%{?)p across the filter. Since direct pressure drop data of a
filter 46PUf%andpSU9% mczease dugng Hitation foma ap iibial PressyFe 8100, [HSEEF AN - si de of
the filter (P) is nonitored as well as the liquid flow rate through the
filter Alhe filters svero timmremet with 100 Guisoprppamm] asé thewatenpressupé drdps vedreve
pressure divided by the flowrate (P/Q as an indication of the total

syst emdiRe iagiiariﬁ&sﬁ&dt | ARter e ReRettiRe pRREMrBAdll oPthelpi&sshiel drbps wefe system
that can potentially change with tine is the filter resistance to fl ow due

reabur Pl B4R o8 PRl ReSHE Rl i gk S fesale B el R,

sensitive neasure of a filter's resistance to flow since it changes nore

dr amat | 8P|y lossaf fhixashagactsristies abssrved siuring sheotest werejdye spledyfosdew unds

only during the filtration process.
Example 11

A 10 inch pleated filter device comprising a PTFE. rmaembrane having a pore size of
0.05 micron was modified with Nafion® perfluorocarbon copolymer as described in
example 1. The filter was then tested according to the “Standard SC2 Drain Test” method
as follows. The filter was wet with 100% isopropanol and flushed with water to replace the
alcohol. The filter was then installed in the filter holder of a filtration system of a
recirculating chemical bath system used to purify a bath of liquid utilized to clean silicon
wafers during the fabrication of integrated circuits. This liquid, known as SC2, is a highly
outgassing and chemically active liquid comprising 0.2 parts of 37% hydrochloric acid
(HCD, 1. part of 30% hydrogen peroxide (H,0,), as a strong oxidizer and 5 parts water.

The temperature of the liquid in the bath is maintained at 80°C.
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per square inch (psi) and Qis neasured in gallons per mnute (gpm. P/ Qis
theref oo g8 1 N psi/gpm M lipore Corporation Techni eadrnidessssat MAOS9,
avai lable fromM I Ilipore Corporation, Bedford, MA USA which is

i ncorporated herein by reference, explains this process in nore detail.
Wth the weDutingtthe filtrsioalpreckss,ra pdsitiveodisisiacenfent pempiid tsedttogusis st em t he
SC2 liquid at 80[err]C was passed through the filter and the "initial" P

and Q n@ga A H&ﬁéiﬁﬁmév*iﬂesm&mzﬁéggg agfésyurﬁld‘fé?ﬂe‘?c?sgs the %iﬂ WhRe difedy and no

waf er s re processed to avoid ot potentia ects ch may result in
I ncreased resjstance.tq. liquid flo sych as.retention of particles, thus
| Sol at PSSR AreR. fRIA OF AdUISH U5k 5 IR ¢ oPiain The prrswivs, Q8 B UPSHEATANR ne
liquid through a drain valve and a vent valve, the entire volume of liquid
i n t heobtherfikgadPhisswonitared asl wel st Bquid iflovarate throueh the filiep{QYy, Iiacl udi ng
the punp, using the punp to push air through the system including through

the fi coramondhdes inddétieto hidel the katisdf e abovecpressare divideddyhthwdidw ratd GUIQM t h
fresh SC2 liquid and heated to 80[err]C while flowing |iquid through 37

WO 98/ - - : -
bor UsAB D Mlicgtion of he total sysiem resjstance to flow, Singe the only part of the filtration

after the tenperature.of the |iquid was established at 80[err]C. This drain
Syol e s 3B caR oty Hes It Srog e T retitiie 30 AP GHedo SR BI os
were neasured after each drain cycle. This exanple was repeated using an
unnodi Té¢reevaler due e dewetting t e P/Quiatie isa digeet meagdrerfche filtex! s Fesistanse ave,
filter 2, and an Uti-Chemnert[err] filter conprising a 0.05 mcron pore

si ze PTigkid@ed! de B Akivds amicestiditiveCpeforabl OfilteFasdsistdnkct $o fIOI, sifidel t er
3, for conmparison. The results fromthis exanple are presented in figure 2

that t Aeetagr g uelhRliodly &lf cldded B bRk ork dighe W Hhcanlil f patihds® S
| nvent ipgp scglfairelz %n%ix (%gi) gx(ljde a irs] %eagl?re tin %Xl?c;]nsup%g %imtltg e(gpem). P/Q is therefore

given in psi/gpm. Millipore Corporation Technical Document MAQ59, available from

Millipore Corporation, Bedford, MA, USA which is incorporated herein by reference,

explains this process in more detail.

With the wet filter installed in the holder of the filtration system, the SC2 liquid at
80°C was passed through the filter and the “initial” P and Q were measured. In this
example, only clean SC2 liquid was used and no wafers were processed to avoid other
potential effects which may result in increased resistance to liquid ﬂgw, such as retention of
particles, thus isolating the dewetting phenomenon. The filter holder was drained of the
liquid through a drain valve and a vent valve, the entire volume of liquid in the bath was

—  also drained from the bath and from the piping, including the pump, using the pump to

push air through the system, including through the filter holder. After this first drain cycle,

the bath was filled with fresh SC2 liquid and heated to 80°C while flowing liquid through
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hi ghly chem cal ly aggressive and hi ghly outgassing conditions as seen by
the con sig3Q ratio over time or drain nunmber, while phgydogsdsd i ed
filter (filter 2) and the Uti- Chemnert (filter 3) dewet as seen by the
increasing P/Qratio. Exanple 12 A 10 inch stacked disk filter device
conpr g Flted E‘HEEdmﬁa@eadaa%w@ﬁxeéwe Hesufd ffer %éteﬁig@fé?&e%ﬁh@ﬂﬁiﬁ' ed

with Nafion[err] pertluorocarbon copolyner as described 1n exanple™. The

filter_was t, wth-100%..sapr.opanol and f hed.wi t h..water .t,0 repl ace the
al coho!'® e,ﬂ?ta\s%?’rwélga?t%q t eTﬁléggﬁiPi%ﬁgﬁdv 2 fﬁafa{eafsefi‘%ﬁﬁﬁépﬂg’ﬁw% “having a pore
size of 0.05 mcron was wet in the sane manner. The two water-wet filters
wer e igesresponsdng B and K malues weremegspredafiee eachgiraigmyaleat This gempleavagat er

bubbl e point pressure of the filters were neasured. The water bubbl e point

pr essuepéated usingran nhinedifiwdtwer@ohtrol filtdr| tanhprishy € 0a05SmicreRPIRE] i n the sane
fashi on. The water bubble point pressures of the two nodified filters were

gr eat 4 b, 3 o T1Y) pai.nt.: . nodi fi ed
1 1t or heinbfdhe U)oVl BRRChYGiRHAHR g Rhils B0 85 Sicfin 18 o2

PCT/ US 08480 Exanple 13 Several sanples of_ 0.1 micron pore size PTFE
o R ST TR R OV e SA( arporghon. (East Billss Oh BB IREFOBERHOR ng t o
the nmet hods of exanples 1 and 3 were wet with 100% i sopropanol and rinsed
with water Tbe respltafront this edampiohre presentedtie figuret 2 whighl represente aiphoteofsed i n
the follow ng chemicals under the follow ng conditions: (a) 97%sulfuric
aci d aihe ¥70( 1@fib VG, idedin HMbBOAUThe réshits K% MuadiRARGHIAE tenfiRard fikd err] C for

100 hours. (c) 2.4%tetranet hyl ammoni um hydroxi de at 50[err] C for 100
hours.

prepared according to the present invention (filter 1) does not dewet even under these
highly chemically aggressive and highly outgassing conditions as seen by the constant P/Q
ratio over time or drain number, while the unmodified filter (filter 2) and the Ulti-
Cheminert™ (filter 3) dewet as seen by the increasing P/Q ratio.
Example 12

A 10 inch stacked disk filter device comprising a PTFE membrane having a pore
size of 0.1 micron was modified with Nafion® perfluorocarbon copolymer as described in
example 1. The filter was wet with 100% isopropanol and flushed with water to replace
the alcohol. A similar filter comprising a modified PTFE membrane having a pore size of
0.05 micron was wet in the same manner. The two water-wet filters were installed in a
bubble point pressure test apparatus and the water bubble point pressure of the filters were
measured. The water bubble point pressures of unmodified wet control filters were also
measured in the same fashion.

The water bubble point pressures of the two modified filters were greater than 40

psi, whereas the bubble point pressures of the unmodified filters were less than 5 psi.
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(d) A SC1 solution containing 1 part anmoni um hydroxide (28% to 1 part
hydr ogeqgpsfxisde (30%9 to 5 parts water, at 80[err]C forrcisdsyansdse(e) A
SC2 solution containing 1 part hydrochloric acid (37% to 1 part hydrogen
peroxide (30%9 to 5 parts water, at 80[err]C for 3 hours. (f) a piranha
solution containing 7 parts sul furkxanfte 3(97% and 1 part Herr]gerr]
(309% at 135[err]C for 168 hours. The SCl1 and SC2 sol utions were replaced

every 30 m ' f t] . ' ' ®
o feoti ve | s siuplbs rRE ntlo dopkedt prEFfEAbS: R RalSel | o,
hours with fresh solution. The sanpl es from{c) and (d) were further

t r eat ePETHUPTPCAIRIRSORPIYMCE ageqrdingrtp dhe mathode et exagplesshiprd B yuare et Wnpl es
were in the acid formafter the test. After exposure to these highly

aggr es$0¥%® iedpropaml and tihsedswith vaservie repladeathe ulgbhgl. r Thxs edienividy savaples and
wer e subsquently analyzed by FTIR along with control sanples which were not

expos egetedirhiErsed S FoBowibdchbhidalSRRtet ik BiloRidg doRRitkAIP! €s, 1 ncluding
the controls, were identical indicating that no changes in chem cal

gg?%%@}%%ﬁg@%%?%?@ﬁ1%%&1@&%@5&ocur red. Aditionally, duant itative

anal ysis of the FTIR spectra determned that no changes in the anount of
the mo@r3A% gygeagen peroxideras P0C6riend P@ hewrshad ocurred. (Conparative) Exanple

14 This exanple illustrates a process of the prior art, described in U S
Pat ent (&), 244 %, Bh8mathyldnironinneisydratitie ar 3370 for 100thwursed t her eby. The extent
of surface nodification of a porous nenbrane substrate with a
per f | Ugdy & FAOHIGRRPL N ing APRE kbR Rydroxide (28%) to 1 part hydrogen
peroxide (30%) to S parts water, at 80°C for 3 hours.
(e) A SC2 s’oluéion containing 1 part hydrochloric acid (37%) to 1 part hydrogen peroxide
(30%) to 5 parts water, at 80°C for 3 hours.
(f) a piranha solution containing 7 parts sulfuric acid (97%) and 1 part H;0, (30%) at
135°C for 168 hours.

The SC1 and SC2 solutions were replaced every 30 minutes with fresh solution at
temperature to maintain an effective level of oxidizer and the piranha solution was replaced
every 24 hours with fresh solution. The samples from (c) and (d) were further treated with
hydrochloric acid after the test to ensure that all samples were in the acid form after the
test.

After exposure to these highly aggressive chemicals, the samples were thoroughly

—  rinsed with water and were subsquently analyzed by FTIR along with control samples

which were not exposed to the chemicals. The FTIR spectra of all the samples, including

the controls, were identical indicating that no changes in chemical composition of the
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determ ned by dye staining with the procedure set forth below. A solution
of Naf'@?[(f%[sil 117 perfluorocarbon copol yner was nmade bypfifigbseedéd i ng an 8
i nch by |nc filmof Nafion 117 into 2 inch by 2 inch fil m pieces.

Nafion 117 is the sulfonic acid formof Nafion copolyner film having an ion
exchang@iified aehibraits HAdbbuifed/ Adichafly, Geinkivative ﬁhalﬁﬁs ahtheF TIRl ectrdhe

snmal ler filmpieces were then converted to the Iit umsulfonate form of

t he copol.y and
1 e e sl hTRRLBEC ol e B eIyt osRPuekh Splostiblnell, T
sol ution S heated to 50[err]C for four hours and then cooled to room
terrper%‘EPEﬁ\gg The film pieces were renoved fromthe solution and rinsed in
dei oni zed water for one hour three tinmes. The film pieces were determ ned

to conprise the perfl uorocar {Gomparative)Exaniple 14e it hi um sul fonate form

Fifteen grans of the lithiumnodified film pieces were placed in a round

bot t om 1 astnyiekhmgfRSilBtirdal & prEebivdranepiod et ial5e Pagat vent  and
heated to 240 for 4 hours e stlrrlng under a nitrogen bl anket .

Ther ea

pCT! o 818 00 B Sid SRl eile okl el Tt Bt ot o e ogiitBonas
diluted to forma 1% by wei ght soI ution by addi ng Sul fol ane. Foll ow ng the
proc edtzfraepetoumemhﬁateembsm&mﬂesyerfhwgocmwp PET GRMBPHHRN WAS t hen

i mMmersed in the 1% sol uti on which did not wet the nmenbrane. A container for
t he sodleitiminedibyl dye stairng withsthe peocedire seforthdigtow.chanber and subjected to a
vacuum of 150 nm Hg absolute for 2 mnutes followed by quick venting to the

at mospher e. AT UTAASHD 447 PEritRRicartbn@Polyait? 38 nadEy 3t tidifg afi d not

wet the menbrane.
8 inch by 10 inch film of Nafion® 117 into 2 inch by 2 inch film pieces. Nafion® 117 is

the sulfonic acid form of Nafion® copolymer film having an ion exchange capacity of 0.91
meq/g and an equivalent weight of 1100. |

The smaller film pieces were then converted to the lithium sulfonate form of the
copolymer by immersing them in an aqueous solution of 3 wt % LiOH, and 1 wt %
dimethy! sulfoxide (DMSO) based upon the weight of the solution. The solution was
heated to 50°C for four hours and then cooled to room temperature. The film pieces were
removed from the solution and rinsed in deionized water for one hour three times. The
film pieces were determined to comprise the perfluorocarbon copolymer in the lithium
sulfonate form.

Fifteen grams of the lithium modified film pieces were placed in a round bottom

flask with_ 285 ml tetramethylene sulfone (Sulfolane) solvent and heated to 240° for 4 hours

while stirring under a nitrogen blanket. Thereafter, the solution was cooled to 25-30° C to
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The menbrane then was renoved fromthe solution and placed in an oven at
130 C fewossidiaes s. The nenbrane was renmoved from t he overpCTiURISM848At room
tenmperature and i mrersed in isopropanol (IPA) to wet the nenbrane. The wet
menbrane then was i mMmersed in a 0.1% aqueous sol uti on of Methyl ene Bl ue dye
unt il formian$ fagbyoweight sehanien efde sopdlymer whichawdsabituted toTlosnrehBrsnweighen was
washed sequentially in water, |IPA and water while being agitated to renove
excesssofithonf yoaddine SiEsian@ne. The nenbrane then was dyed. The phot ograph of
Figure 7 shows that the surface nodifying conposition inconpletely nodified

t he menbr an ] t S, i ac und
conpri ses tﬁ%ﬁéj%frrrlggiﬁ? E ltsao&%rr%}én%rf g%g' g%ﬁ%ﬁ’éz(z.g%rhaez g;g%to?g?@ 5 ":#%E‘gee 3
(undyed PTFE nenbrane) and Figure 4 (PTFE imersed in 0.1 % aqueous

Met hy| Wakthep jamegsadondhe bye saluaan.which didiaot welthe memprang. nd PoRIRer Jobst r at e
I's not dyed with Methyl ene Blue. The process for surface nodifying a 0.2
m cr onthBEbhtiparand snemivdanamwas plactd I a Patuam chimbéd afibfubieted wpevdondmeaft ept
that the PTFE nmenbrane substrate was prewet with I PA for about 10 seconds

rior 1 1 1 WO
88} 514%530 £ HRCAbsBiutd for Pem kit dsGb RGeS BY YhicR VeRting ahe uﬁﬁ@sgggr%sg%? 050

nodi fyj ng..co r .describe overl N _t.hi.s ampl e, ..l PA instantly wets
.PTFE s{'ﬁf’g a?@l. a‘gﬁ( SHHE; %?f ’%%ﬂ?dac?h%é%m%‘! gﬁr‘ﬁ&eébh%%?e‘&g%&m and venting
since the nenbrane was prewet. The purpose of the prewetting step was to
det er mi ne wh&e meambrang tasp aNas dempvedsizpmabe solpter gadplagessial an eveavad 180° £ gur e
7. After being prewet with I PA the nenbrane was i mrersed in Sul fol ane for
5 {n nyfoﬁ% héurs eRGRehb@Ant RAs réméd fiGAhaoeenMcbbledut foond igrpefdittre@isbr ane
wet wi

immersed in isopropanol (IPA) to wet the membrane. The wet membrane then was

-

immersed in a 0.1% aqueous solution of Methylene Blue dye until staining of the
membrane surface was effected. The membrane then was washed sequentially in water,
IPA and water while being agitated to remove excess dye from the membrane. The
membrane then was dyed.

The photograph of Figure 7 shows that the surface modifying composition
incompletely modified the membrane surface as shown by the dark spots. The light
background comprises the unmodified membrane substrate. The controls of Figure 3
(undyed PTFE membrane) and Figure 4 (PTFE immersed in 0.1% aqueous Methylene Blue
followed by rinsing) shows that the PTFE membrane substrate is not dyed with Methylene
Blue.

- The process for surface modifying a 0.2 micron PTFE porous membrane of U.S.
Patent 4,470,859 was repeated except that the PTFE membrane substrate was prewet with

IPA for about 10 seconds prior to contact with the Sulfolane solution of the surface
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Sul fol ane then was imrersed in the 1 % Sul fol ane sol ution of the _
perfl uowggﬁg copol ymer conposition for 5 mnutes. The g@giixogagssh hen was
renoved fromthe solution and inmersed in a fresh 1 % Sul fol ane sol ution of
t he perfd uor ocar bon copol ynmer conposition for 15 mnutes. The nmenbrane then

was T Qﬁ@dﬁ?ﬂn% E6pBIyMer 8&ctibéPIbdvadn MS exaihpied: IPA 191&915@ wetsPTRE sébshaty s. The
surface nodified nenbrane then was stai ned wi th Methyl ene Bl ue as descri bed

above nodi fi _ the Figure
5 phot BBl igﬂg”ﬁwrroﬂ i 35 36000 T ATt PR b o1y
surface nodified. aratlve anple 15 This exanple illustrates that
the priye¥st Ehe pw&om ggﬂlemwmgg Siepevpsith d@}esmmavmemt improgedthend
utilizing a copolyner precipitation technique for surface nodifying a

menbr asuefape abdifymguresdt stsdvar iroFiguresdul ts. A 0.2 m cron PTFE nenbr ane
substrate was imersed in the 1 % Sul fol ane sol uti on of Exanple 14 and

subj ected tgfar vaeg PR AR QiEH TP memenmaﬁeﬁwwﬁmﬁmé@ﬁx Sﬂféiﬁxﬁ-;cfdr@ed in
Exanpl e 14. The solution did not wet the menbrane. rane was renoved

fromthe 3|Ut| n . ahd tolu 15 econs e

pr eci pﬁnfl}ﬂ%ﬁ oR a?%@‘eégm?&e&} ’g{sg}l{f ﬁ?ﬁ dq ?{gﬁﬁenbrane
then was renoved fromthe 42 VO 98/51403 )

PCT/ USBulfalgursiier giag dmmensed ip(the £@ SWiddanesplusionrof thipperfiugrocartiopur s. The
‘menbrane was renoved fromthe oven, cooled and stained with Mthyl ene Bl ue
by t hecgpobyretwoempdeiioni foed minufex a Ml anckibraid theh ecas| removedriiohy thegolkibai ned
and shown in Figure 5 has its surface inconpletely nodified. The process

for SupdPffmBRREd (Vh BsR 1% Sulfdiahesbiitido e BESSRSEAF R Cpblyrhe?

composition for 15 minutes.

The membrane then was removed from the solution and oven dried at 130° C for 6
hours. The surface modified membrane then was stained with Methylene Blue as described
above in this example. The surface modified membrane is shown in the Figure 8
photograph. As shown in Figure 8, the PTFE membrane is incompletely surface modified.

(Comparative) Example 15

This example illustrates that the process of the prior art described in U.S. Patent
4,470,859 and utilizing a copolymer precipitation technique for surface modifying a
membrane produces unsatisfactory results.

A 0.2 micron PTFE membrane substrate was immersed in the 1% Sulfolane solution
of Example 14 and subjected to a vacuum aﬁd quick venting in two cycles as described in

—  Example 14. The solution did not wet the membrane. The membrane was removed from
the solution and immersed in toluene for 15 seconds to effect precipitation of the

perfluorocarbon copolymer composition. The membrane then was removed from the
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Pat ent 4,470,859 was repeated except that the PTFE nenbrane substrate was
prewet wid bssAidds by | mrersion of the nenbrane in | PA for 1PGR/HSASW84R0I or to
contact with the Sul fol ane solution of the surface nodifyi ng copol yner
descri bed above in this exanple. |In addition, contact was not effected by
vacuuntoliete vad plased &1 aevernat FAO76r fond hawss. pEhevmembrine was poeevediiromadhe
prewetting step was to determi ne whether it inproved the surface nodifying

resul t gvenhevbled Ands@ied With MdigyleReBINg b RV ErocHdurd dbRfibed i FXRRpIeANE Was

imersed in Sulfolane for 5 mnutes to replace IPA in the nenbrane with

Sul f ol ane. Nl . | N %

Sul f ol ane sgpﬁf@%@?ﬁ%&%%f%ﬁ%&%ﬁé%g%ﬂflé,\ng?m%:g?r%%%?% RS ﬁgl}érrpl e

14 for 5 rP lautes t he menbrane then was renoved fromthe solution and

i mrer sB@9da fresh 1 % Sul fol ane sol ution of the per fl uorocarbon copol yner
conposition of Exanple 14 for 15 m nutes. The nenbrane was renoved fromthe
sol uti on an@he praxesefbrisnrfacd meddyihgrn A% niaooRIFE pomht ewxmirase opUt St | on of

t he perfl uorocarbon copol yner conposition. The nmenbrane was renoved from

the t omeﬂm,avd,ssy%s%b&@e@éx&%&ﬂm& PEFrEGhefibaad kSbstrafieway pfedse widi f i ed

menbrane then was stained with hyl ene Bl ue as described in Exanple 14.

The su e .nodi f.i ed nbr ane is in.Figure 6. ile th rane has
more ofPR5S eiiod St M R Bl aaein PRI LR dritn B ottt B SRR o ane
shown in Figure 5, its surface is undesirably inconpletely nodified. 43

WO 98/ salutien of the surface modifying copolymer described above in this example. Incaddisgyg;/ 08480
Exanple 16 This exanple illustrates the process of this invention when

utili zcogacr wasridt effecred byoracaanany ventirpodinde the) nfeqibrat whs persek.vahe whi ch
wets the nenbrane. A 0.05 micron PTFE nenbrane was i mersed for 1 mnute at

room t eRR@bE e préwetting step was to determine whether it improved the surface modifying

results shown in Figure 5.

After being prewet with IPA, the membrane was immersed in Sulfolane for 5
minutes to replace IPA in the membrane with Sulfolane. The membrane wet with Sulfolane
then was immersed in the 1% Sulfolane solution on the perfluorocarbon copolymer
composition of Example 14 for 5 minutes. the membrane then was removed from the
solution and immersed in a fresh 1% Sulfolane solution of the perfluorocarbon copolymer
composition of Example 14 for 15 minutes. The membrane was removed from the solution
and immersed in toluene for 15 seconds to effect precipitation of thg perfluorocarbon
copolymer composition. The membrane was removed from the toluene and oven dried at
130° C for 6 hours. The surface modified membrane then was stained with Methylene.Blue

—  as described in Example 14. The surface modified membrane is shown in Figure 6. While
the memt;rane has more of its surface modified with the copolymer as compared to the

membrane shown in Figure 5, its surface is undesirably incompletely modified.
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alw %solution of Nafion perfluorocarbon copolyner in the sulfonic acid
formin I2hdgsr € of | ower alcohol and water obtained frqppNseigdae Chem cal
Conpany, - (vvaukee, W . The solution instantly wet the nenbrane. The

per fl uorocarbon copol yner had an equi val ent wei ght of 1100. The nenbrane
was renoved fromthe sol ution andBxamgrdidget ween two thin nonporous

pol yet hyl ene sheets to forma sandw ch positioned on a flat surface. A

br essur | ZedpgiglekhpaRuiiflibetle BRARSof R IRVARRARM (il the sanduich to

ef fect renova xcess solution fromthe san nbrane was
renoved fromthe sandw ch alnd S ogeg dr'hled ab. éZO‘{ eh{g Crlngor 2 hours. The
nmenbr affé CHEAB CRECY FSHS Y RBORD IR OF 8158 P WAKSNY T MFTPERGF ™ and i nrer sed
in | PA. The nenbrane was renoved fromthe I PA and imediately i mersed in
an aqueous 8. 003 mietontRTFE grembrane wamisBtused fori | mimue ayrong tempstaturehis
menbrane was then washed to renove excess Methylene Blue in water, followed
by | PAa 1fval %asohudidnyof\ddfion® pmusf&arboﬁiwﬁmmﬁmmet dutfonivesidiforgtlined r oom
tenperature. The resultant nmenbrane is shown in Figure 9 which has it
surfacg,; [+ 1 i . f : | £ Vi CONNOS iy anpl e
17" oy GRG0y pEBCL Ao il budifs Rl ARG et CARERO Mt Gl

r oduc i th erfl uorocarhon copol yner solution which does not wet the
_ﬁenbr aﬁ&- Mo@gfﬂwmmly weythe me agé/ d’hg perfluorocarbon copolymer had an

PCT/ US98/ 08480 the solution is foll owed by subjecting the nenbrane to a
mec haneqavalémrwaghtnfcdiOfender s t he concentration of nodifying conposition
nore uni formon the nenbrane surface. A 0.05 m cron PTFE nenbrane was

prewet w t hThPmeRibrhfewns faedviel TeorR HRC&Mtich and placed between two thin

nonporous polyethylene sheets to form a sandwich positioned on a flat surface. A
pressurized roller was rolled across the exposed surface of the sandwich to effect removal
of excess solution from the sandwich. The membrane was removed from the sandwich and
was oven dried at 120° C for 2 hours.

The membrane was removed from the oven, cooled to room temperature and
immersed in IPA. The membrane was removed from the IPA and immediately immersed in
an aqueous 0.1% solution of Methylene Blue while being agitated.

The membrane was then washed to remove excess Methylene Blue in water,
followed by IPA, followed by water immersion. The membrane thgn was dried at room
temperature. The resultant membrane is shown in Figure 9 which has it surface completely
modified with the surface modifying composition.

- : Example 17
This example illustrates that the membrane of this invention can be produced with a

perfluorocarbon copolymer solution which does not wet the membrane when contact with
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described in Exanple 15. The nmenbrane then was renoved fromthe | PA and

i mrer sedoiogysf0b f ol ane for 5 mnutes to replace | PA in t heRCHUSBARB480 wi t h

Sul f ol arie. - The nmenbrane, wet with Sul folane, then was inmersed in a 1%

sol ution of the perfluorocarbon copol yner solution described in Exanple 14
f or Stheisobsties.is Télwedntdyr subgecting thenmsmbeaneted rhechanitd fosoel whichremdeds | nrer sed
ina fresh 1 % Sul folane solution of the perfluorocarbon copol yner

CONP Ok IcbAferfatibl JT AR fgl afmﬁo‘éumnrm&&a;mﬁm JFRAD hivfbrifesureae. r enoved
fromthe solution and was placed between two thin nonporous polyet hyI ene

sheets to f,0 S

roll er msAr%quﬁlﬁgdﬁd%ggﬁtngeg%é}ﬁ%ggg pge&v e?&ééﬁ?f“ W]Ql%gﬁﬁ%ﬁ'@ﬁﬁ ect
renmoval of excess solution fromthe sandwi ch. The nenbrane was rem)ved from
the s@eratiPed iEsampler Sdr Themsmbrang then wes removed fram e HPdeand ipmarsed ins
removed fromthe oven, cooled to roomtenperature and inmersed in IPAto
wet t Belfolendfarfemimhes wwerepiaes I A e theviembiant wath SulfolarvbtThe membiinee by the
procedure described in Exanple 14. The resultant nenbrane is shown in

1 QUE Gred Qrich ISHFOTRIED BRAY SHEIAGSed B £ P SoRlrfinof TR bérifiy d@ambntéb%og%érace

rmdlfylng corrp05|t|on CLAIMS 1 he process or formng a thin

non- de nenb r-odu risi a.thin porous neric
subst sOIROR Beke R FRRARS TR sontibles: TEonnbitpd diedyReatiyze Bl )

per fl uorocarbon copol yner conp05|t|on cont ai nin hydrophlllc functi onal

gr oup#ie soltipnoands Imypersechingd fregio b1 JutEniansasebsiontal ke prrflngrosathonant i al |y

i nsoluble in a solvent or diluent for sol vated unbound perfl uorocarbon
copol yoplysenpaapésiton anBxarisie d4ifos 3 thig@eous nenbrane product has
substantially the same perneability as the porous polyneric substrate which

COMPri S€S: The membrane then was removed from the solution and was placed between two

thin nonporous polyethylene sheets to form a sandwich positioned on a flat surface. A
pressurized roller was rolled across the exposed surface of the sandwich to effect removal
of excess solution from the sandwich. The membrane was removed from the sandwich and
oven dried at 120°C for 2 hours. The membrane was removed from the oven, cooled to

room temperature and immersed in IPA to wet the membrane.

The membrane then was stained with Methylene Blue by the procedure described in
Example 14. The resultant membrane is shown in Figure 10. The membrane surface is

completely modified with the surface modifying composition.
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a) contacting a solution containing a perfluorocarbon copol ynmer conposition

W th sai r substrate having a thickness between ab ' ns and
N ving . abpetRedldsas

about 25 mgcrons and a pore size between about 0.01 mcrons and about 10

m crons-t-0 ef f-ect —deposition and binding of said perfluorocarbon copol yner

conposi ti | d.p0l ynmer substrate. b) subjecting said polyner .
substiﬂbﬂmﬂ m Hﬂf B and unbound perfl uorocarbon copol ynmer conposition
from SEEPY hani cal force to selectively renove excess '

per fl uorocarbon copol ynmer conpositi m sai d pol yner substrate while
substantially avoi di ng renoval of rfluorocarbon copol yner

conposition fromsaid polyner substrate, c) heat treating said polyneric

substrate having_sai d bound _per.fluqr.ocarbon cqpol ymer conposition on said
surface, and-d) rOEBURSEFGT EIPHng p thin pefeus SwRERTAPIRENS Gempasipge thin
substrate having deposited thereon over its entire exposed surface a

per f | upoamapblymetiesabstises havigdpokited thereah dvardtsidnticy S fich apeefsrbodiBon
conposition being substantially insoluble in a solvent of diluent for

sol vat . I | g d i . said
por ous CoRSLPREE BB or Q58 PBHRRRARRR SR pE CRERLLATNARE iRl T
or ous ., po ric substrate. 46 2. The ocess of claiml|l wherein a
_Em yner"?‘“\?hég’é‘tar ¥enh o @%&fﬁ'@ﬁewsé@ab@# PesIWGRAEER ERPQIVTAT SOTRRASHGN
di luent or dispersant for unbound perfl uorocarbon copol yner conposition

prior tapdydieteimemd poross tiempraneguodit has sublstanpaltycthe saroé permyeability @b thel ai ns 1
or 2 wherein said polyner substrate is a fluorine-containing polyner.

porous polymeric substrate which comprises:

a) contacting a solution containing a perfluorocarbon copolymer
composition with said polymer substrate to effect deposition and binding of said

perfluorocarbon copolymer composition onto said polymer substrate.

b) subjecting said polymer substrate having bound and unbound
perfluorocarbon copolymer composition from step (a) to a mechanical force to selectively
remove excess perfluorocarbon copolymer composition from said polymer substrate while

substantially avoiding removal of bound perfluorocarbon copolymer composition from said

polymer substrate and

c) heat treating said polymeric substrate having said bound

perfluorocarbon copolymer composition on said surface.

46 o e e e e T e e memem e ST -
et Has Been Replacec

i




4. The process of ummwl'ﬁmﬂmﬁ aid fluorine-containing polynmer is
pol yt ety ghkrppset hyl ”m ocess of claim3 wheeghgesiesash

fl uori ne-cont al ni ng po yert i & asperfluoroal koxy polyner. 6. The process
of claim3 wherein said fl uor| ne-contai ning polyner is a fluorinated

et hyl ene- pe.opy!| Fhe peosepss of®laim 1.whereid A@oyhagiRSabatfat@oltained fwim skepi(bys 1 or 2
wherei n said perfluorocarbon copol ynmer conposition contains at | east one of

'It\lgfef gl #BW%%O:VQHP% érﬁcﬁhﬁ@nl of %&eﬁ‘ﬁg fdr u%xl(::%a\lnd Iﬁee?ﬂl Er\lxﬁéﬁ% g?;gﬁﬁ‘ni@ﬁs r L an

al kal i __net al. kal,i.ne ear.t h tal, or NR[err] and each R separately is
H, an*¥PRYY “Qﬂ 8tsa‘§r4‘e (" an&%ﬁ% or a substituted al kyl or substituted
aryl group. 8. The process of claim3 wherein said perfluorocarbon

copol ymer conposition contains at | east one of the follow ng groups
(SOlerr] FP; (SBheprqeesy of angamerof Clagns L@ wherpinnpidepalymer teiyeg err]
M, (CJerr] R or (CONRerr]), wherein Mis H an alkali netal, an

al kal flaerigsedmaintigadolyer. NR[ err] and each R separately is H, an al kyl group
or an aryl group, or a substituted al kyl or substituted aryl group. 9.

The process of claim4 wherein said perfluorocarbon copol yner

conposi tionR cont err] F),

_(sq err] l\/pa 31% ?ﬁ?&g bf‘??ﬁ.ﬁ err gﬁﬁ[%gi?rt}&}n?%ﬂ%ﬁ%%%ﬂgﬁe]sgl\o (C®2 R or
R&?f !gw in Mis H an alkali netal, an alkaline earth netal, or

NR4 aRgvs gﬁ?’ﬁtely Is H an alkyl group or an aryl group, or a

substituted al kyl or substituted aryl group. 10. The process of claimb

wherei n sai d perfl uorocarbon _copol yner conposition_contains at |east one of

the foll owiSng gridgmsogesepeigimp) whereigisaidr fluapine-cogtainipg polymer is a

perfluoroalkoxy polymer.

6. The process of Claim 3 wherein said fluorine-containing polymerisa
fluorinated ethylene-propylene copolymer.

7. The process of any one of Claims 1 or 2 wherein said perfluorocarbon

| copolymer composition contains at least one of the following groups (SO,F), (SO;M),
(SO4R), (SO,NR,), (COF), (CO,M), (CO,R) or (CONR,), wherein M is H, an alkali metal,
an alkaline earth metal, or NR, and éach .Rwseparately is H, an alkyl group or an aryl
group, or a substituted alkyl or substituted aryl group.

8. The process of Claim 3 wherein said perfluorocarbon copolymer composition
contains at least one of the following groups (SO,F), (SO;M), (SO3R), (SO,NR,), (COF),
(CO,M), (CO,R) or (CONR;), wherein M is H, an alkali metal, an alkaline earth metal, or
NR, and each R separately is H, an alkyl group or an aryl group, or a substituted alkyl or

substituted aryl group.
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R, (S N , R CON '
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separ at an al groupt ors arf aryl group, or a subs aI kyl or
substituted aryl group. 11. The process of claim®6 wherein said :
perfl uorocay bon ﬂ%%% F '
Fol | ow ng 3{ Oup é’él@ fﬁ%ﬂﬂ%ér&ﬂ]s%’ﬁe?{]@ao@ﬁrb ﬁ&?{aol?@gf %mFQq %y,

(COF), (Cde rrl or E%Dd é an al kal i
met al coaﬁlrmsé«rasmnf‘eafrmﬁ fw&wg gévumF@O (& M),F(S%Ba,r @%N}lz) SGPFan al kyl
group or an aryl group, or a substituted al kyl or substituted aryl group.

12. (CosM); (COsR) of (CONRonevhefein Miis'H, dn alkalidnetal, @n abkalinereatth nseald or
solution is a | ower al cohol solution containing a perfluorocarbon copol yner

CONDOSYR} £ eath R se EP&texwfpsa Ayl Gréi W gg{)ﬁgs%&q seBbcithie@nkyd R | gwer

al cohol sol ution contalnlng perfluorocar I'ymer conposi ti‘on.
substituted aryl group.

10.  The process of Claim 5 wherein said perfluorocarbon copolymer composition
contains at least one of the following groups (SO,F), (SO;M), (SO4R), (SO,NR;), (COF),
(COZM), (CO,R) or (CONR;), wherein M is H, an alkali metal, an alkaline earth_ metal, or
NR, and each R separately is H, an alkyl group or an aryl group, or a substituted alkyl or
substituted aryl group.

11.  The process of Claim 6 wherein said perfluorocarbon copolymer composition
contains at least one of the following groups (SO,F), (SO;:M), (SO;R), (SO,NR,), (COF),
(CO,M), (CO,R) or (CONR,), wherein M is H, an alkali metal, an alkaline earth metal, or
NR, and each R separately is H, an alkyl group or an aryl group, or a substituted alkyl or
substituted aryl group.

12.  The process of any one of Claims 1, 2, 4, 5 or 6 wherein said solution is a
lower alcohol solution containing a perfluorocarbon copolymer composition.

13.  The process of Claim 3 wherein said solution is a lower alcohol solution

containing a perfluorocarbon copolymer composition.
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