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PCT/ US98/ 08118 SURFACE MODI FI ED POROUS MEMBRANE AND PROCESS
BACKGROUND OF THE | NVENTI ON 1. Field of
the I nventi OKO9%/50136 This jnvention relates to surface nodi FCEFSPHP§18

porous nenbranes, nodified with a perfluorocarbon polymeric conposition

and to a process fSURFACEMODEIEDPORTUS MEMBRANE AND PROCESS
2. Description of the Prior Art Porous nenbrane filters are

utilized in a wide variety of environnments to separate materials within a
fluid stream Menbranes are fornmed froma solid polyneric matri x and have
hi ghly precisely controlled and neasurabl e porosity, pore size and
thickness. In use, the nmenbrane filters generally are incorporated into a
device such as a cartridge which, in turn, is adapted to be inserted

within a fluid streamto ef BACKGROUND OF THEINVENBION M cr oor gani sns or a
solute fromliquids and gases. To be useful, nenbrane filters

must be resistant to the fluid bqi. Qefdigft%gé‘ gﬂ;eﬁ%q that it maintains its
strength, porosity, chemical intégrirty ness. For exanple, in
t he manufacturerof.m' croelectronic.circ jta enbrane filters ﬁrts used

extensively to LIBYPVERH HeitosHHackwodifih fainpgroys msrmhranssy, nvith ey om

causing circuit failures. Fluid filtration or purification is usually
carri ed owerfiyorpeasbompolymerip compesition anddtotaprocess formaking ther memabfankt er under
a differential pressure across the menbrane which creates a zone of higher
pressure on the upstream side of the nenbrane than on the downstream si de.
Thus, liquids being filtered in this fashion experience a pressure drop

across the menbrane 2. Description of the Prior Art
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. Fiuid
filtration or purification is usually carried out by passing the process fluid through the
membrane 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.

Thus, liquids being filtered in this fashion experience a pressure drop across the membrane



filter. This pressure differential also results in the liquid on the
upstream side having a higher |evel of dissolved gases than the liquid on
t he downstream side. This occurs because gases, such as air, have greater
sol ubility wodsisaiseds at hi gher pressures than in fluids atpdcTrvsss/ns1i8
pressures. As the |iquid passes fromthe upstream side of the nenbrane .
filter t he .downst r ea e | ssol ved gases..co out of salution in"the
rertbr ane HleBe 0 HESSOFE Sietsngl fsp SRl o P Jarid ot e Shucim Se BaVPB AL o can
al so occur spontaneously wthout a pressure differential as long as the

li quid cdvigher develipEdissolead grassabam i ltidwéd en the downskream sigle oFhje of@¥st he gases

to cone out of solution, such as nucleating sites on the surfaces of a

nmenbr ane pabaise gks, fehketfr, Bave drofte? f1ebilifyOuy. liditdsa hsgHes Fi‘és@&bﬂ&lah)iﬁi cally
used in the manufacture of sem conductors and microel ectronic devices

usual ly i ' It e | ents
such as ﬁ%ﬁ%ﬁg%ga%rg%?%ér@?%ilwaggesgig%@?%ﬁ;gs n‘g?%lnéli elgf;%? :&'i/e?%%glﬁ%/cal |y
active, such as concentrated and aqueous acids or bases which can contain
an oxi di Zdter tarfhedovaniedme gide, dissalyspegasesyenrars oyta spluion ip thesmerpprage
chemcally inert filter to prevent nenbrane degradati on. Menbrane

degr adat iresultinsgaiti ouggassing bfi ehedigmid. c Qutdassink dbaviqoid dahalsoeorbnnspontmepusdy ti on
usually results in extractable material which is released fromthe filter

during u (ot I I ¥ I 4 i f the
It d-ber Aol Preae ai-child of Mherihd Yanid Shsl!dakoRR gatct ¥l e 4
fluorine-containing polynmers such as _po] ytetrafl uorqethyl ene are co nly
Ut | i zed GPHIRGHESeS 5 O 42588 GRomeriOF SAISTIOB-UEh 45 ALCIERSITEARS R L8 SHEFASknown
for their chemcal inertness, or excellent resistance to chem cal attack.
One di sadfarmemybrapé wheteugas ipockat® camafoninregdgroy nedusgassingHiguidshgpicaliy used in
hydrophobi c and therefore nmenbranes made from such polynmers are difficult
to wet WhdnasuReuse bf dehicondictBishaid thickdelictiviicCdevitay Gsuatlylihd@tde vaHHigHs

greater than the surface energy of the nmenbrane. Another problem often
2

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 fluid 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-containing polymers is that they are hydrophobic and therefore membranes made
from such polymers are difficult to wet with aqueous fluids or other fluids which have

surface tensions greater than the surface energy of the membrane. Another problem often



encountered during the filtration of outgassing liquids with a hydrophobic
menbrane filter s that the nmenbrane provides nucleating sites for

di ssol ved gases to cone out of solution wunder the driving force of the
pressure di f VO8R4, during the filtration process. Gases XhIEFP3SHE out
of solution at these nucleating sites on the hydrophobic nmenbrane _
surfaces, dnocimeted dutihe thenfileation opoutgassing lRmaRs witttla hizérophkbbic infsmistane filter
geonetric surfaces, form gas pockets which adhere to the nenbrane. As

t hese gas ; g{esm I E O o | i Lp to
di spl ace |‘|§)gﬁ"i¥_ fr%%%ﬂ f)oé)rl%eg I%F E?L%‘% %%%é’la&n%% %ﬁ%ﬁa?}%sél %eeﬁg?ﬁgﬁg hg
effective filtration ea of,the nenmfyrane. . This, phengnenon is wusually
referred t‘{?da%ﬂ‘a@'ﬁgm&a{?&eo& the, Bressg gﬁ%‘e’m ot BHINg; ‘ﬁﬁ%quﬁéo"fﬂ’fﬂf’?fsv@ﬁs%ﬂ, or
fluid- filled portions of the nenbrane are gradually converted into

f 1 ui d- nonwéhick dome putyefssohitioneat theso nudleatmg sleswen thertyydodplmbicemembramecan al so
occur spontaneously when a wet nenbrane, such as a hydrophobi c nenbrane

wet with agrfeue tefdidgihg intbHoyite $64ade? afid §Sexs cﬁ?eoﬁie{ric éngda@s% fBRE"
req ent y an

found that this dewettlng phenonmenon occurs nore IS nore
pronounced in f.J uo rhon- based rregé%an S de fromfl uorine-containing
pol yners Ba5 RCks s%@ﬁ@?@%’&?‘? ﬁ’gr%%r{] %nz‘.s 4;?%3#%1’8{’??& g@@’nmf%n‘ﬁ"et[ﬂat t he
rate at which dewetting occurs is greater in small pore size nmenbranes
such as 0.contuedgnitgassing.hey begin o displacg euid fram ghespores plthismgnebran®uri ng a
filtration process the reduction of effective nmenbrane area available for

filtrati onldmetelyoredesigg thergfeofive filtratibf bfeat¥ the'meémbirdree ThikeplieGmeRstitst s in a
reduction of the overall filtration efficiency of the filter. This reduced

efficiency ' i d e Lon&n Liquid &l.ow rate rqugh the
it ter ac OB ffeitc old Ml of eeCRebIAR it o} APl of BT

gi ven fIOV\t/_ reate. .Thus, as the nenbrane filter dewets with tinme, the user
i's not abliBledPogiignsiaf ths memprage arg,gradushly casverted into Prisronwetiedyprigaseiillagh t
time as when the filter was newy installed and therefore conpletely wet.
Thi s r edugiortionsofDévwetting of a membrane can also occur spontaneously when a wet membrane,

overal | throughput capability of the filtration process results in an

increase igch B€a H§&opRobic 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 filtration 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 completely wet. This reduction of the



time and cost to purify a unit volunme of process liquid. Faced with a
t hroughput reduction, the user is often required to install newfilters in
the process and to discard the dewet filters. This premature filter

changeout dugolbgsseyetti ng and not necessarily due to the eypbenusbieniidf
the filter's dirt-holding capacity results in unschedul ed downtine and

i ncreases the_ user's overall cost. tionally, the user can coppensate-f or
the reducPYeAll iroughout E%P@ﬁﬂw Bgaﬁeﬁéﬁf DRIPERSE WF%IT%%“HICFF@F‘:E} §1SS of t he
filtration systemsuch as increasing the speed at which a punp forces

li quid thtimegindtchst tbiputiér 2 upitivalumeasfeprodess liguids Haced withia throughputt he
menbr ane, thus-nmaintaining a constant flow rate. These adjustnents al so

transl at erddibsor) iR 8der KOSHEH telBir&PPlifstIP he MtebSRIthé E%CE&%@Q@ Qﬁsc&ﬂﬁheas

potential for malfunction of the other elenents in the systemas we

t he potenti al r rocess |liquid spill. dye to the increased ogessi ng
pressur es&e%‘?{ﬁlﬁésr‘ a‘gB{‘%ip(Sﬂn?tSFe féiﬁe cggrég%outt%le &cﬂe‘%ﬁﬂéﬁaaef’ﬁn?ﬁer Y ¥&yeout
due to dewetting is to treat the filter to rewet the menbrane. The

t r eat ment theexhayption oh therfiliey ssliridwlding eapgcity wsulthinunsehednledidowntioe and be
renoved fromthe filtration systemresulting in unschedul ed downti ne and

can of t enincessdst the uferts@erdll ¢o3eluCptionnl| teaRbASENRMpensiRé foralle tedubliém e
rewetting process into the process liquid passing through the filter.

Typically . . ' ' . I ncl udi ng
al cohol s gfg% h°“§iv"? ﬁa%‘?’%%ﬁ‘gﬁ%@ﬁ ch:ﬁﬁ%i éeléxﬁ%ggrgfg&teemlx%%?s S H::?’?Giéttfchceguse
safety concerns. Prior to placing the fiJtration device back into service,
the end uliFeasingths speegat Hg’tﬁéta BumR forceg;lignid heough dbt Bltex 191 inergese thy a wat er
flush and then a flush with the process |iquid. Wile nmenbrane

manuf act upmssuredyophatresstthe membeare] tms hinthiaingl d cogisandflow rat i Tigselewet
filters, end users may not have the capabilities or the desire to perform

Z uch addh&jh&ﬂ@hts%‘?ﬁ%tﬂ%ﬁ%@ﬁfosﬁigfs% o?ﬁgar?izlg costs for Jh% user and incireases the

ranes ter1rzed by nom nal pore size which
Is directl '

L ST ect e ated G e e ans. = Dart e le Lete ol EDahass ey oo
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 handiing and
treating dewet filters, end users may not have the capabilities or the desire to perform such

additional costly processing steps.



particle retention is inversely proportional to flow rate through the
menbrane. It is desirable to nmaxi mze both particle retention and fl ow
rate. Significantly increasing one of these characteristics while

si gnfi cant | yWPS88136g t he other of these characteristics is THRHYSPHOHIE.
U S. Patent 4,470,859 to Benezra et al, discloses a process for nodifying

the surfaces dll Mefibammsus clutistniRtiasy dopinEichoré siae whichr 1 Airebiy relael tas
pol ytetrafl uoroet hylene, with a coating of a perfl uorocarbon copol yner from

a sol utiony, n{b? SphilGs RF gpdga

wat er Wetta%%ﬂ é)gﬁh?gﬁ%trt%@%é n%%%éa?yngpiu S géggP@y I'n a so vent at
el evated tenperature. .The nbrane, t hen | nmer s i.nto the sol ution

whi ch, i n Pafticle retentign s dpy e?:%fyop@pggwa]rﬁo Fe F}“°‘T§'éﬂ"ﬁrf%§§?ﬁaée*vmntﬁl n the
chanber then is reduced such as to approxinmately 150 mllinmeters of

mer cury ( alesipdbl¢ &) mapintiesrbeth particlé reventiontand flavheatd.i Bigaificalitly ircaédsing onehef
pressure within the chanber is quickly returned to atnospheric pressure.

Thi s coat ifhe cﬁﬁﬁ@@ﬁguésswﬁmﬁgq&ﬁ%ﬁp r&itHipahe WHRE of fheSleamridiaskRy iBenezr a

et al., corrpl ete solution penetration into the pores of the nenbrane. By
pr oceedi n {# s manner, the nenbrane surfaces and the interior walls
defi ni ng t stices vm'thin the nmenbrane are coated with the

per fl uorocar bon copolymer. Follow ng the coating step, the solvent is
renoved by evdpdr é‘@te@hmgﬂrﬁé%@@renm@l etvalc diselosesra piocess Spx modifying the
per fl uorocarbon copolyner is precipitated with a substance in which the
copol yner suffaédsfFGhicksploYousvabitktiesSformEE oS 9 KMbficarbotishidt Zed to formthe

sol ution include hal ocarbon oil, perfluorooctanoic acid, _

gﬁgg;gﬂg; ¢ gﬁ&?&ﬂﬂmo%ﬁgﬁy lvﬁfheli @Sgtﬁiﬁ 'of %%%rﬁliorocﬁ'b&? E&%lﬁﬁ&t f?gﬂgdaesolution of
nodi fying the menbrane surface, Benezra et al, teaches avoi d| n the use of
a fluid dBRERAYRE @ Tenierdhe syrfice of greHEmPTANG JNOTE SEREST 2D menbr ane

surface. Benezra et al.
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., 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 perfluorocarbon 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
utilized to form the solution include halocarbon oil, perfluorooctanoic acid,

decafiuorobiphenyl, N-butylacetamide, and N, N-dimethylacetamide. Subsequent to



al so di sclose that al cohol solutions of the copolyner should be avoi ded.

U S. Patents 4,433,082 and 4, 453,991 di sclose a process for formng
solutions of a perfluorinated ion exchange pol ynmer such as copol yners of
tetrafl uor oeflydsrpgsgand nmethyl perfluoro (4, 7-di oxa-5- met hylpchramgesnast e)
or perfluoro (3,6-di oxa-4-nethyl-7-octene sulfonyl fluoride) utilizing

sol vents which are relatively_ innocuous as conpared.to the solvents -
utilized Medifinedbememprinecubiace. dieneara et pl. 3644 2VeNNgBF Use6f # A4i%d i on
exchange polyners are dissolved in al coholic solvents such as isopropanol
at el evat edntaiminges silvent forathel mpdifyingroepolyiver solthet inembranb swifaced Benezrdi gt@l.osed
as being useful- in making and repairing filnms and non-porous nenbranes

used in ebggi#RIok iifat ch@ﬁ&%‘éﬁﬁioﬁyGﬁmé%oﬂ&slﬁx@#&o‘ﬁ%élmoim. oride _
el ectrolysis, ‘in coating substrates such as catal yst supports for use in

pronoting a ' riety,.af 5hem c actions, for coatin Or QUS

di aphragns t om@gﬁvé?%mf ﬁeﬂgr%?c?ng‘lﬁoﬁfsp%ﬁo@@%ﬁﬁ RpgEss gﬁ@ﬁ%}gﬁs&%@'&nﬁ r?é 4used
perfluorinated polyners having sulfonic acid or sulfonate functional
groups f operfngsiaated jore¢xshangs| ppiyraersoele aseepolymars Af teirafineroetwlenc Bd meslhyd
patents, extractables derived fromthe coated di aphragns are not a

subst ant i akrfluobe &, M-daod-5-mbtyH8gbaenoate) pO bedhubio (3, 6-tivkaomethy-odtedphr agm

i S uni nportant. Sol utions of sulfonyl fluoride-contalning
f | uor opol : i SGl ' , g vents
uti i zod PRI @Q‘;@ﬁ%ﬁ%@?@ﬁ?ﬁﬁgf@%%ﬁ%ﬁgﬁ?@i%f}%{l@%aﬁsﬁ%lpg%'aar ?r?lés

preferably having, at, | east one termnal sulfonyl fluoride pqlar group. The
sol ut i ons Salventy iugw@s@dhfago%@g REPCEEt forth ahoyes TWS|pé§ﬂuqslr\%§Hﬁwaﬁé@aﬂgﬂe
fromfluorinated polyners and for making ion exchange fil m menbranes,

di al ysi s pelymteas e, dissolvied af alcohalici soiveatsduoh as Bopropamd iabelevaedteapesaturénot her
di scl osed use for these solutions is

6 and Pré&sQak. mfe%ﬁxti%@ﬁé;ﬁﬁgd;?refdﬁcl@éfeg l%fx ga&gg %E%/fﬁf“in Hskih$ aRY repairing

contacting a diaphragmwth t ution evaporalting the
hal ogenat sol yent and then hydrolyzing the. coated diaphragmto convert
e Sl oS AndGor-aBRgs SRTDrS b B atebusi icarocesis shet & Sebus sbdfih

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
suifonate functional groups for reuse. In electrolytic processes, such as disclosed by these
patents, extractables derived from the coated diaphragms are not a substantial 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
polymers and for making ion exchange film membranes, dialysis membranes,

ultrafiltration and microfiltration membranes. Another disclosed use for these solutions is



U S. Patent 4,902,308 to Mallouk et al, also describes a process for
nodi fying the surface of a porous, expanded pol ytetrafl uoroethyl ene
menbrane with a perfluoro-cation exchange polynmer froma solution of the
pol ymer. Mal WRIRS/#i36| | al so teaches that contact of the sur PAIESAHRUE ed
menbrane with fluids containing a solvent for the polynmer also should be

avoi ded. to coat porUuéSdiaBﬂia@ﬂisfoﬂe@é@oc%@ﬁic@ﬂéhﬂ%,tﬁ%n&éﬁngh%l'fd hfthd Ng a |

porous nenbrane surface with a fluorinated polyier having carboxylic acid

salt groups, . i.sclosed for. controlling extractapl.es
From the M RUGHE By S aRFari e Baliumag wniio BRY R avifyity rd codie
nodi fyi ng conposition to the nmenbhrane surface. . U S. Patents

5, 183, 545 ¢ippfiragmda cgoverythe spifery! {lusride @zanps 4¢ thesdeicher seltnfiormi | ayer,
conposite, porous diaphragmfroma porous, nultilayer, expanded

pol yt et r af | uor oBtSyRatent 4,3020308 atMaleuk a1@l, diso ddseibesen prockésh ifEOmBdiFying the
perfluoro i on exchange pol ynmer conposition. The nodifying pol yner

conpositi o, ' T Lf vl

composi t1 onrES of 8RR, B Adipiatea AR o B YICEE el Pace T S petho thlh
addition, these patents. disclose a process fo oating a thick

pol yf | uor 0% ROLIRE Zomh 2 SolrH ng[‘? RPYISES g"é@?&‘héﬁ @1s0 teaghegthat contact
preferably between about 0.76 mm and about 5.0 mmwth a perfluoro ion
exchange pefl thesurfacEmediftedrinembeancuish flaids contaminge solventdbt the pokyrherddsh as i s
the use of perfluoro ion exchange pol ymer coatings having an equi val ent

wei ght  gr egiofild b 'abiddd00. _ _ , ,

7 Accordingly, it would be desirable to provide thin porous

Charact or i ot ca0-§ Pa $2an22b e el VD il gfininge Brisys demalisite o

menbrane which is resistant to chem cal attack, such as a
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 polytetrafiuoroethylene
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 about 0.76 mm and about 5.0
mm with a perfluoro ion exchange polymer. Thin membrane substrates are specifically
excluded as is the use of perfluoro ion exchange polymer coatings having an equivalent

weight greater than 1000.



porous nenbrane fornmed of a fluorine-containing polynmer. Furthernore, it
woul d be desirable to provide such a nenbrane whi-ch does not pronote

nucl eati on of gases on its surfaces when filtering outgassing |iquids such
that it doegdedsegsnet during use. Also, it would be desiraptgussagingvi de
such a menbrane having i nproved particle retention characteristics as '
conpared to an unnodified menbrane w thout significantly adversely- -
affecting the Ateprdinglys itcwenld deidesirable torprovide thinipegpusenambiases gyingizul arl y
with small pore size nenbranes, SUWVARY OF
THE | NVENhbé&ied surface wiibke iinpsenits ivestsbilityohapiceyistiess In gddiions it wauld beki ng a
thin porous polyner nenbrane substrate having its surfaces, including the-

interior BRI 1o ?&&&etsgugﬂ aEmbat S is rOSQIR S Lhemivhl AGES subRgPh et el Y

nodi fied W a deposi and bound perllsl uor ocasr on copol yrier conposition.

The perfl uorocarbon copol yner conpositign is  deposjted in a _nmann so that
it is bomov%mwér%fgmd %ﬁvﬁ%mg@glmrs BReIgS it Wwﬁ be

per fl uorocarbon copol ynmer conposition is contacted with the thin pol yner
subst r at edesixable taprdwidd suchrshembmhe wihichsddes mobpremote inkodeagioh wf gases on itsy
passi ng the solution through the substrate under pressure or by intruding

the nmenbraps ROoKReH ARG AiEASINEAiquiisSAtN HaP i dobSh& deRdt BEriALHR). NARGRY | Ses
a liquid conmposition which contains a conpletely dissolved and/or

partially_di.ssol ved .nerfl uorocarbon cqgpol . COMPQSi{l ! | vent,
di | uent OWO“@%%F%&? GRSV Su?ﬁé%e@grﬁﬁ%lﬁ%ﬁ%g 7 ff’ﬂ%itepagﬁglﬁéﬁtg?@oﬁls of an
undi ssol ved perfl uorocar bon ) ] L

8 chagasperisjiaeas comgased to amunmodified membsanstwitheyt signifiraethsedversebn
includes a liquid conposition which is a solvent, diluent or dispersant

medi um f oifrdchifg RRY fitit! iR ScEriR®ias 6PRR! reéBiing FRBRME! pAticiiily vit $nidl pore
conpletely wetsS the nenbrane substrate or, when it does not wet

size membranes.

SUMMARY 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 copolymer 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 by intruding the membrane pores under pressure. A solution
referred to herein comprises a liquid composition which contains a completely dissolved
and/or partially dissolved perfluorocarbon copolymer composition in a solvent, diluent or

dispersant medium. These solutions include suspensions of an undissolved perfluorocarbon



t he nenbrane substrate, the nenbrane is prewet so that the solution can
enter the nenbrane pores. It is a requirenent that the solution conpletely
enter the nenbrane pores. Wien the solution does not initially wet the
nmenbrane, t h¥&%Pke nodified nmenbrane subsequently is cont BeVESPHIBIR a
sol vent, diluent or dispersant which selectively renoves, such as by

sol vat i on @poRed chRBositibk R dispasdrt BRUAMAT AL s6RAGA WdeQQW@ﬁi {Itdsrﬂl,gbsit hile

avoi di ng renoval of perfluorocarbon copol ynmer conposition whi ound to

the nenbrane substrate..The subsequent step of contacti t he surface
rodi 1 od Engp kg SotfHeddilue £ o ARPETSaaF mediim For the BRRCEAcRidR OBABMEY can be
utilized when tthe copolynmer- containing solution wets the nmenbrane to
renpve ex OBPOSIHNEB YHCTE ST gompletely wetsthe membnanessubstrate onouhen ib dogsenrtirvegte
then is dried and heat treated to inprove the strength of binding between

t he menbr aheneuibsineadubstzae, thé enebibynt ip prdwdi @6 dieA HIROHLIGNOL Y. Bater the
conposition. The substrate surfaces of the nodified nmenbrane produced

t hereby ar. I oy ' e I on. |

Compoot t 1 aemBiAP p6tet it ateqiibéincthe e bsohilon R AGEN AR IR AMRTIe | |
surface conPI etely nodified wth a bound perfluorocarbon copol yner

conposi t | A9T%hi Mien & satyton does noy initially wes dresmembrage) the srfaes modifiedol vent s
or diluents which solvate and/or dilute the unbound sol vated

per f | uor oaesrbnane egtskqueatly cocmtectddi with a Bylveite dilesnnot disppiseitevhicheeledtively as
used herein is neant that the extent of surface nodification is such that

no dewett iggops, tshéh am%f‘%“ilgﬁ%fﬂﬁﬁﬁtg‘%‘ﬁpéﬁ@ﬁ@ﬁk?ﬁgﬂggﬁlg@gf j:oqxn%c%sition

contacted wth an outgadssing l[iqui ers al ned
wi th Methyl.epne BlLue dye 0. unst ai ne ortion of the, . L.

9 wiglitaRidite oritel Bt BT SREG 0B Ronaimer commisiion Waieh i ogusd do 685
copol yner conposition can be selectively renoved fromthe nodified

menbr ane wherhbrang sehstrate. okhediubsegnentfstap afteentaotitg thedurfece inodifisd andnibrane
copol ymer conposition w thout adversely affecting the conpletely nodified

menbrane syt 286lvedt) diekht bl 8i3perkdiR opHOHRNLaRBE tBREPHAEP R copolymer-

containing solution wets the membrane to remove excess unbound copolymer. 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 substrate surfaces of the modified membrane produced thereby are
completely modified with the perfluorocarbon copolymer composition.

The surface modified, heat-treated membrane has its surface completely modified
with 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 outgassing liquid and

that, when the surface is stained with Methylene Blue dye, no unstained portion of the



copol ymer conposition renoved fromthe nmenbrane is no | onger a possible
source of extractables which can be released in a fluid being passed

t hrough the surface nodified nenbrane. Thus, the surface nodified

heat - t r eat edwirsgioggges of this invention are substantially fpepusdsnsiis
extractabl es even when a liquid which is a solvent or diluent for unbound
sol vat ed perfl uor.ocarbon copol yner conposition contacts the nenbrane. It is
pr ef er r ed S3Re 1§ detectad ¢ Jdws.f3aPssias anheynst perfuorecarhor: copalymer sompusitipndan
nodified with the nodifying conposition so that the anmount of

per f | uor obastlectivehpremaved froomtiesnodified pembrangi witlas estvedt driRiuemdr @&e i S
substantially t+he sane over the entire surface of the nodified nenbrane.

The subseghisstindtgeeidrBetrbot édpofymis! QbRiposiBbn WilbE s aviRe i gafﬁ\é)g}ngﬁfees s unbound '

per fl uorocar bon copol yner composition pronotes substan niform and
conpl ete | fiLcati of the substrate rface wiih bouq% erfl uorocarbon
copol ynmer c%ﬁ%@f {niogﬁﬂed Thembran¢ f‘f%ar‘f?' :[Hé‘a T"a@@ “ﬂ%?ﬂqdyﬂ “‘QIBFP&BQN ion is
utilized in anmbunts and concentrations so that the porous nmenbrane

subst r at eCeROlyiBer engepasiion rampyedfromithel membpanegig ad longed atpessibleasdurdeyof
measuring an increase in pressure drop across the nmenbrane during

filtrati ogxiedctabidsi whickl caVBé fileasddfh IRHid Heith %ﬁﬁﬂ@rcﬁ%ﬁ%@&ﬁf@%%&}ﬁe@f this

i nvention has substantially the same pernea measur pressure

drop as t dify ed.no e substrate That ,.s, this pressure
drop does ngtwge%é e@hﬁag{éi sﬁllg{rdg%g’ggg%agﬂcﬁté?@e‘{ HERORGS B{smbso\%%ﬁt?d‘ {%6 t he
pressure drop across the unnodified porous nenbrane substrate with the

modi fi ed S%E@E}éﬂm{rﬁb phgirastabiasieyen whenailiguid which dy asdlyenttaridilupmtefosur e dr op
i ncrease does not exceed 10

by 15% andnbound tsojvarett @esfiorocatio@scoplynst eofpokitor Cofadts tHeQiBAb@de ! 3 fshe
pressure drop across the unnodified porous nenbrane substrate.

Menbr anes i 44 ' r | 1.9 j n ,have..th rticle
Fet ont T onPranel Fit B8 PRSI HANAS Henbriie 8 suONERANY Hnli ) B RE AR e
whi | e subst gnti al | mai ntaining the flux characteristics of the unnodified
substr at emo&&ypﬁé:pﬁigpg,tm% 8¢, that fhieamount of perfluorocarbon copolymer composition per

unit area of the membrane is substantially the same over the entire surface of the modified

membrane. The subsequent treatment with a solvent or diluent to remove excess unbound
perfluorocarbon copolymer composition promotes substantially uniform and complete
modification of the substrate surface with bound perﬂuorocérbon copolymer composition.
In addition, the surface modifying composition is utilized in amounts and 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

10



conposition effecting surface nodification of the nenbrane of this

i nvention is formed froma perfluorocarbon copol ynmer conposition, the

nodi fied surface is also highly resistant to chem cal attack. In addition,
t he perfl uor W&ABE8B6copol yner conposition does not pronote tHET/HEASOSHS on
of gases on the surfaces of the nenbrane when filtering an outgassing _
liquid. Thysszvhed thedt préfefBiyd Qo@Uid 3%&ded By! 109 bflcothpiRe® td ﬁﬁtﬂrzééiﬁ{é dropOf

the nmenbranes of this invention is significantl:y greater than the
effective ljfe.of | i fluorocar,bon nmenbranes which pronote the
nucl eat i of“X8FS Glgsuéngﬂbgﬁf?ﬁdw@eo?gussra?mgxggg SYOSERtE £ i I teri ng an outgassing liquid
resulting in dewetting of the nmenbrane. o ) )

BRI EF DESCRI PTMymigrnesHpodifiedmmssordance with ghig invention eanchavemhe particlee
geonetric surface of the nenbrane fornmed by the nethod of Exanple 1 and

taken at bete@fdr propértisngNunnedifiedmembranes of mitle snslis? Po?e §ie SEileQUibithially
second geonetric surface of the nenbrane of Exanple taken at 5,029 tines

ronr anc. SPiaming te furch@iberitio o 3 ARt RkRRE. TRhEARGe, WEXRE, | 0°,

is a plot of the results of the andard dewetting test of exanple 10.
Fi gure 5 FOMBOSiion eidgctipg gpxface ’H?‘ih?@tmrﬁfé’?e memprane of thig iRventien ijormed Test

of Exanple 11. Figure 6 is a drawing (4.3x) of the unstained
control ofroExapptifBiotetarbon copolynier gomnpositiomns tie nhodified guxfdce3xs aleé highty st ai ned
control of Exanple 14. Figure 8 is a drawing (4.3x) of the

nonpr evet rpi@Git R LRFIcAOMEE HRIRiGo thd ¥ MRbdcarBon ¢ Jﬁglg%f%m%?sitg(naﬁsgur e

9 is a drawing (4.3x) of the prewet precipitate coat

15, stained. . .
not promote the nucleation of gases on the surfaces of the membrane when filtering an

outgassing liquid. Thus, when filtering an outgassing liquid, the effective life of the
membranes of this invention is significantly greater than the effective life of unmodified
flucrocarbon membranes which promote the nucleation of gases on their surfaces when

filtering an outgassing liquid resulting in dewetting of the membrane.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an SEM of one geometric surface of the membrane formed by the

method of Example 1 and taken at 5,029 times magnification.

Figure 2 is an SEM of the second geometric surface of the membrane of Example 1

taken at 5,029 times magnification.

Figure 3 is an SEM of a cross-sectional view of the membrane of Example 1 taken

at 9,133 times magnification.

Figure 4 is a plot of the results of the standard dewetting test of example 10.

11



Figure 10 is a draw ng (4.3x) of the nonprewet vacuum coated sanpl e of

Exanpl e 14, stained. Figure 11 is a drawing (4.3x) of the prewet
coat ed sanpl e of Exanple 14, stained. Figure 12 is a drawi ng (4. 3x)
of a surfaceygwgkdited sanple of this invention described inppfagesesily.
st ai ned. Figure 13 is a drawing (4.3x) of a surface nodified sanple
of this invention described,.i le 18, stained. Figure 14 +s a
drawi ng (4. 3x) k:%%m%géﬁ?f)g’ggf %@i‘}f%?a’gp%ﬁwg@' %étg?ﬁaanﬁw Pﬁa‘&@g& phExample
Exanpl e 16, stai ned. DESCRI PTI ON OF THE SPECI FI C
EVBODI VENFH. The surface nodi fying conposition of the nenbrane of

this invention-conprises a polyner conposition known generally as

per f | uor ocar boFiguop6liy irdrawisig! ¢ 39oftthe afstaifigd k&iteAl o Exkmple 142upont  de
Nenours and Conpany, Inc. under the nanme NAFION' or by

12 : : ; T TUTE EET LE 26)
Asahi d ass CoFl Fﬁ/” 11? ﬁ{atwé%g &4ﬁ%ix rOft%%S%gcﬁﬁlﬁwé Wi ch is bound to
the nmenbrane gubst éat e. These perfluorocarbon copolyners are
general |y co- pSi8ies 4 dfraying (h3x) afithe nonprowel presipitate ooate ple of Fxample 15,
selected froma group of fluorine-containing nononmers such as vinyl
fl uori de, staimedf | uor opr opyl ene, vinylidene fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro(alkylvinyl ether), tetrafluoroethylene
and m xtures Figure 9 is a drawing (4.3x) of the prewet precipitate coated sample of Example 15,
stained.
Figure 10 is a drawing (4.3x) of the nonprewet vacuum coated sample of Example 14,
stained.
Figure 11 is a drawing (4.3x) of the prewet coated sample of Example 14, stained.
Figure 12 is a drawing (4.3x) of a surface modified sample of this invention described
in Example 17, stained.
Figure 13 is a drawing (4.3x) of a surface modified sample of this invention described
in Example 18, stained.

Figure 14 is a drawing (4.3x) of a surface-modified sample of the invention described in

Example 16, stained.

DESCRIPTION OF THE SPECIFIC EMBODIMENT
The surface modifying composition of the membrane of this invention comprises a
polymer composition known generally as perfluorocarbon copolymers such as those

marketed by E. I. Dupont de Nemours and Company, Inc. under the name NAFION® or by

12
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t her eof . The second nmononer is selected froma group of
fluorine-containing nononers containing functional groups which can be or
whi ch can be converted to (SJerr]F), (S&BM, (SJerr]R,

(SO er r] NRIE@S¥/5013¢ COF) , (OC2M), (CO2R) or (CONR[err]) gr ouRCHIFRBEBHEM | s
H, an alkali netal, an alkaline earth netal, or NR4 and each R separately
is H anp m 2 Cotipdty, B hnded 1R Rarfid FLEREORT, ewm&h isAdunf kb 11 or
derr] H[er y, optionally, contain other functional groups such
as hydroxyl, am ng et her or carbonyl groups or the like to form
substltu{DéH‘b&W?ySI“ Yate.substituted aryl groups. Exanples of such second
mononers can be generically represented by the fornmula CFlerr]=CFRl err] X.
Rl err] in theTheseqerfiudrocarbdracopolyamdrs nemgenerallyrapdiymiersinffat teatt twoal
perfluorinated radical conprising one to eight carbon atons of any suitable

Oor  CONVRRhbhMBA! witlo Bhd ﬁiéh@:hbpﬂcxhg %Ié@éd‘ &ohh@ %%uﬁ%tfﬁzbﬁh%o&hﬁﬂ% mbRkReRS
and which is attached to the vinyl radical group directly through a

car bon-carbon bo abl et Lin in the
Gener . Pishas Y g *Pﬁnﬁ?‘?@ 55%1}3 itk “Sé‘d&rt MR oerRiety. e
converted to an (SQerr]F), err]M Sqerr , (SO2NR2), (COF),

(CJ er r] shlorotrithapree yh}lemerﬂuq leiny] § grr)otma |0é plene iand pixaresal kal i
netal, an alkaline earth metal, or NR4 and each R separately is H an
al kyl gr fgpegpr an aryl group such as CHerr], Cerr]Herr] or
Cerr]Herr], or a substituted alkyl or substituted aryl group. One
restraint upo

13 ¢ Sihfe Al i slecied e E fupriee- i TUUBIREGOS | cast
one fluorine atomon the carbon atom adjacent the -

Typi cal | W@anmgs@a@mahmn%w@cb&aﬂépiemrmglnglupzﬂbbrywm’pﬁeﬁ F%&Q;deﬁ@zmi ch
can be converted to sulfonyl based ion exchange groups are set forth in

U.S. Pat (SO, (SO,282) STHF), 8COM),JCO,R3 0bGCOBHG) gupd 8:h6fkin WMhiscH, an alkali

i ncorporated herein by reference and nethods of preparation of

perfl uor b r r t , ;
D 303, 06 3ty @g@&%gé ot @e@ég’r?g% ft i Rscl f“ﬁ&%’f’%&? , PRy Petdhn ‘%% aryl
refer encgrou-ll;hs%ch as CH,;, C,Hs or C¢Hs, 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
by the formula CF,=CFR¢X. R, in the generic formula is a linear or branched
bifunctional perfluorinated radical comprising one to eight carbon atoms of any suitable or
conventional configuration including those containing ether linkages and which is attached
to the vinyl radical CF,=CF group directly through a carbon-carbon bond or preferably
through an ether linkage. X, in the generic formula is a functional group which can be or
which can be converted to an (SO,F), (SO;:M), (SO3R), (SO,NR,), (COF), (CO,M),

(CO,R) or a (CONR,;) group 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 such as CH;, C,H; or

CgHs, or a substituted alky! or substituted aryl group. One restraint upon the generic

13



per fluorocarbon copol yners generally have pendant SO err]F based functional
groups which can be converted to (SG3M groups. In one enbodi nent of this
invention, the surface nodifying conposition includes pendant carbonyl
based functi woeds/smrasups which can be converted to carbonyl besodsds@eiis
exchange groups. Per f I uorocar bon copol yners havi ng pendant car bonyl_

based i on gxchange functional roups can be prepared in any suitable -
convent i oré@%ﬁ%@ lgegqgglﬁeggquxp,erg&rotﬁagmg@nqﬁqfﬁt legstone poringgtory on the 052 or
Japanese patent application No. 52(1977)38486 which are incorporated
herei n by cAgfosaserB@digeenidhe/ megraupd from a carbonyl functional group

contai ning a nononer derived froma sul fonyl group containing nononer by a

met hod such asTypicatihQuid seforld ondtirs cOltainthglspifoRA Fudpide ?ln?}%rs: &f Bp & ed

herein by reference. Illustrative exanples of carbonyl e contal ning
rlrznorrer S 'cBﬁ{'t%%‘rarth sulfony! 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 perfluorocarbon 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 carbonyl based functional groups which can be
converted to carbonyl 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
incorporated herein by reference or polymerized from a carbony! functional group
containing a monomer derived from a sulfonyl group containing monomer by a method
such as is shown in U.S. Pat. No. 4,151,051 which is incorporated herein by reference.

Hlustrative examples of carbonyl fluoride containing monomers include

14



Preferred carbonyl containing nononers include [err] Preferred

perfl uorocarbon copolyners utilized in the present invention therefore

i nclude carbonyl and/or sul fonyl based functional groups re[l),r esent ed by

t he fornmul awa¥s0e36r | CF[err] X' and/ or CT/US98/08118

- OCF2CF2C-F[err] Y-B-YCF[err]CF[err] O wherein X is sulfonyl fluoride
(SJerr]F), carbonyl fluoride (COF) sulfonate nethyl ester

(Sgerr]CH err]), carboxylate nethyl ester (COGCH err]), ionic carboxylate

err] Zerr | Qul e (Sd.err f onyl SQ2
E)?Ogar bo]nyl [(CO%) gﬁ%@‘ﬁ?%@%ch(agéﬁdﬁ@$ﬁ0C§2@ nd d?/ anc(j )
poly am nes of "the form NH(CRlerr] R err])[err] NH wh ere Rlerr], Rerr] are

sel ected from short chain al kanes, al kenes, hydr &§&n, and am ne groups and
Z is hydrogen, an alkali netal such 1ithi um cesium rubidium potassium

and sodi um or ) =THFACFICFGe. {gom?t al such @F,=CFOCF,CFOCF,CFCOF ,
15 barfium beryllium mnmagnesium caf ci um gt ront’i um and

radiumor a quat er nary %TDI’]I um CF3 CF3

CF,=CFCF,CF,COF  and CF2=CFOCF2CIFOCF2CF2COF
T
0

I
CF,

Preferred carbonyl containing monomers include
CE,= CFOCFZTFOCF,_CF2COOCH3 and CF,= CFOCFz(‘I‘F OCF,COOCH, .

CF; CF;

Preferred perfluorocarbon copolymers utilized in the present invention therefore include
carbony! and/or sulfonyl based functional groups represented by the formula —OCF,CEX'
and/or —OCF,CF,C-F,Y—B—YCF,CF,0— wherein X' is sulfonyl fluoride (SO,F),
carbonyl fluoride (COF) sulfonate methyl ester (SO;CHj;), carboxylate methyl ester
(COOCHS,), ionic carboxylate (COO Z*) or ionic sulfonate (SO, Z%), Y is sulfonyl
(SO,) or carbonyl (CO), B is a linkage such as —O—, —0—0—, —S—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

lithium, cesium, rubidium, potassium and sodium or an alkaline earth metal such as
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ion. The sul fonyl formof the perfluorocarbon copolyner is
typically a polynmer having a fluorinate hydr ocar bon backbone chain to
whi ch are attached the functional groups or pendant side chains which,

turn, carry fvli’)ef)s{sU{}%ti onal groups. The pendant side chains cageekasig for
err

exanpl e, groups wherein R[err], is F, A, or a (Jerr] to
Cerr] perfluoroal kyl radical, and Wis F or d, preferably F. - -
Ordinarily, the functional group in the side chains of the polymer will be
present in termnal [err] groups which can be attached to the side
chain through an ether |inkage. Exanples of per fl uorocarbon copol yners
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. _ Addi tional] exanples can be represented by the .gfgner al
for mul a CF[ er bhes@R-bepydiun], magnesigmy Grgivm, JFop@nhant radium opg AUAHFERArHHamon:
fluorinated radical conprising 1 to 8 carbon atons, and k is 0 or 1.

Substituent atimms in T include fluorine, chlorine, or hydrogen. The nost
preferred perfluorocarbon copolyners are free of both hydrogen and chlorine
attached to car Bersulfonybform ohthy penflaongeartonicopalymeer ésdrypitally agpolysmerhaving a fluorinate
stability in harsh environnents. The T
16 r adiiydratartah tatkboreahain kawhibipare atahedohe fandtionsl goouan ot psddapt side chains which,
unbranched, i.e., straight-chain, and

turn, carry the functional groups. The pendant side chains can contain, for example,

—cpz—ch-sozw

R,

groups wherein R', is F, Cl, or a C, to C,q perfluoroalky! 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—CIFSOJ-'

R

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

carbon, i.e., they are perfluorinated, for greatest stability in harsh environments. The T
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have one or nore ether linkages. It is preferred that the vinyl radical in
this group of sulfonyl fluoride containing conononers be joined to the T

group through an ether |inkage, 1i.e., that the conmononer be of the fornula
CFlerr] =CF- O¥%8{0B6r]-Sq err]F. |llustrative of such sul f orRFTFPEERFTE
cont ai ni ng conononers are CFlerr] = —
CFOCF[ er r lrs&itdrdflif@ il dFabove can be either branched or unbrandhéd file., straight-chain, and
[err] The nost preferred sul fonyl fluori ge cont ai ni ng

[err]

comonorer v, e BEL b et Rl 2t is frefitdiharme ST eitla] B is blop'dede)
suifonyl. 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.
Ilustrative of such sulfonyl fluoride containing comonomers are
CF,=CFOCFE,CF,SO,F
CE,= CFOCF2(|2FOCF2CF2$02F
CE,
CF,= CFOCF2|CFOCF2C'FOCF2CFZS02F
CF, CF,
CF,=CFCF,CF,S0,F , and
CF,= CFOCFZ('JFOCECFZSOzF
T
o)

I
CF,

The most preferred sulfony! fluoride containing comonomer is perfluoro (3,6-dioxa-

4-methyl-7-octenesulfonyl fluoride),
CF,= CFOCFZCIZFOCFZCFstZF

CF,

17



The sul fonyl -cont ai ni ng nononers are disclosed in such references as U. S
Pat. No. 3,282,875, U S Pat. No. 3,041,317, U S. Pat. No. 3,718,627 and
U S Pat. No. 3,560,568 which are incorporated herein by reference.

A preferregvebaasaseof perfluorocarbon copol yners utilized i npCihasps/esient
invention is represented by polyners having the repeating units [err]

pi sO 1l or 2, the X''s taken together are four fluorines or three —
fluorines and one chlori ne, Yis For CF3, and Rlerr] is F, d or
a (Cerr] to %‘“@k per fl uoroal kyl radical. Any perfl uorocarbon
copol yner wh ARyrGentaining geppmers ase dissloyed Bosieh refpm@s #nH|S. dtabulNe. can

be used in the process of this invention including copolyners which
18 3,282,875, U.S. Pat. No. 3,041,317, U.S. Pat. No. 3,718,627 and U.S. Pat. No.

3,560,568 which are incorporated herein by reference.

A preferred class of perfluorocarbon copolymers utilized in the present invention is

represented by polymers having the repeating units

{—cx"z X", —jl——- CF-CF, —
h|

wherein
his3 1o 15,
jis 1to 10,
pis0,1o0r2,
the X'”’s taken together are four fluorines or three fluorines and one chiorine,
Y is F or CF;, and
'¢is ¥ Clora C, to Cyq perfluoroalky! radical.
Any perfluorocarbon copolymer which contains sulfonyl or carbonyl based

functional groups can be used in the process of this invention including copolymers which



contain both types of functional groups and m xtures of copol ynmers havi ng

different functional groups. The nost preferred sul fonyl containing

per fl uorocar bon copolymer is a copolynmer of tetrafluoroethyl ene and

perfluoro (3% E’é 4- et hyl - 7-oct enesul fonyl  fluoride), frBei/HB8O818he

sul fonic acid formor the salt form can be obtained. The nost preferred

carbonyl cofitagi ottg tﬂﬁﬁfdﬂlﬁfrﬁﬁaﬁélogtoﬁﬁp%ﬁ MRifxthres SofC I)Vrﬁﬁlr @JV]% d1fferen
nmet

tetrafl uoroet hyl ene and net hyI per | uoro (4, 7-di.oxa- 5- enoate

Lo v R 6 B S Ak S S 5

sul fonyl and . carbopy sed am de forms of the perfluorocarbon copol yner

re readi SPRIYMEES Pgdtefré RJRethylens st Pelneroyy(30-Aipda-érpethy!-7-catenesuifonylor
a

exanple, the salt formcan be obtained by treatnment with a strong al kali

such as NdlDeride)] ftdve velrichd teosubfoniznacid) §amb 6r den&ilefoRst din bd PBAIMEBNT TN hldst
acid such as HO . This conversion step can be carried out before or after

the menbr ypgesHPst %ﬁoﬁ pag xlﬁgi‘ﬁﬂa ie th the sulfon

car bonyl , %suiefonatce car ox;%lsa?e es dezrggﬂog’nd&é)my%eﬁylmanﬁ CQP#@HW t¥sed
am de for th erfI orgcar bo copal y. Per f | uor ocar bon
copol yner gsf{fgﬁ"ﬁ qeﬁ’ﬁﬂ’& ﬁS‘H @ H\“H‘Ps(“ T m~§wthﬁée&1n¢r@mm) framtwhich 8¢ t o
a particular equival ent weight, instead, any copol yner having any

equi val entcarbasylithacidrfyrmoer the ealf farm tamise etgaingéd.bi nds to the menbrane
substrate surfaces and it is not substantially renmoved by contact with a

l'iquid conposi Gepbra Qﬁférﬁfl,acﬁﬁ?%ﬂmsu%n dhd Lb%ﬂ%ox T ﬁ&%ow ’sul?&ly\faatnﬁd

copol ymer. Additionally, any per orocarbon co avin

equi val en sed revents de tt|n he resultlng

surface %@B@%&%@rﬂ%ﬁﬁﬁ UOTREATRPT FPRP XIH%T @'ﬁ d'P Iesanveredy o 1081
t he perfl uorocarbon copolyner S betmeen about 900 and about 1500, nore
usual |y bekehagge Spranst byl @duydeplysis reaction. For example, the salt form can be obtained by
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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 suifonyl and carbony! 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
substantially 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 preveﬁts dewetting of the resulting surface
modified membrane during use. Generally the equivalent weight of the perfluorocarbon

copolymer is between about 900 and about 1500, more usually- between about 1050 and
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about 1250. The equival ent wei ght of a perfluorocarbon copolyner is the
average weight of one repeat unit of the copolyner. The sol vent
utilized to formthe perfluorocarbon copol ymer solution fromwhich the
menbr ane sulwov&sE3scurface nodification is derived includes tPOI/ESIBORINS S
di sclosed by U S. Patent 4, 386, 987, V\/nich IS incorporated herein by

ref erenc S r

N akyl oo S0 ST %@%@?}eﬂ% S R pRARSR A corfBimer BiBe BLAREL Sl
sat ur at edth dr ocar bons I scl osed by u. S Pat ent 4, 348 310 Whl ch is

i ncor por & eH@P"é‘FH“’B? OPENEET- can be utilized. The preferred sol vents
are the alcoholic solvents disclosed by U S. Patents 4,433,082 and

4, 453, 991 whi chheasadvent ntibzgdaodorm thecpeefluoroyarbed espoiymer stihaical frafobhich the

sol vents include nethanol, ethanol, n- propanol, isopropanol, n-butanol,
2- but anol meAniRE @%&aﬁ‘és@ﬁ‘ﬂ@é moﬁifﬁ:’aﬁ@ﬂ(}é &Eﬂ@ﬁ'?ﬂd udet e &“\?e t&jh)! B%eddd[y'@tf'.yl
ether, ethylene glycol diethyl ether, diethylene glycol he

et et S i B S ol B B B v&aqrﬁgs B e of

wat er and a | ower al cohol such as |52§1ropanol The sol utions of the
per f | uor ddalpeashor Biile Py¥iivosoastanoicorihNrakylacstamidesand dasafieorabiphenylt ypi cal | y
180[err]C to 300[err]C, below the critical tenperature of the solvent and

el evat ed Al&natvely,ithe Ralohafed saeFaed hydides®osPdisdlbRd oyl ss. Patdnt ! R18v8 10)
sol vents or diluents for the per fl uorocarbon copol yners, such as

pert1 uor ariehdt HE8sradEhétbinty tebeider Eon %%ﬁéﬁi'?ﬁ?hﬁ (el bVl 15 e
conpletely enter the nenbrane he concentration of the
perfl uorc%%ﬂhﬁbﬁ selypBis selosed, by ﬁ’ess%?tERW 6ﬁ3§kﬂ§al%dﬁe45rﬁ%ﬂ WBIKBIE® to ef f ect

bi ndi ng of the copolymer to the menbrane substrate and to prevent
dewet t i ngincérporatedr keseinthyngfesenct a Fherababihblie dolvamnb irghuele rmthadod)vetha“rmu,gﬂ& to

prevent adverse

propanol, isopropanol, n-butanol, 2-butanol, 2-methoxy ethanol, 2-ethoxy ethanol, ethylene
glycol dimethy! 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.

The concentration of the perflucrocarbon copolymer in the solution should be high

enough to effect binding of the copolymer to the membrane substrate and to prevent

dewetting of the resuiting surface modified membrane, but low enough to prevent adverse
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reduction of the flux characteristics of the resulting surface nodified
menbrane. Typically, the concentration of the perfluorocarbon copolyner in
the solution_is between about 0.01 weight percent and about 10Q wei ght
percent, nor ¥Of8GE%3y bet ween about 0.1 weight percent and a%gwsgé%%é*sght
percent. The porous nenbrane substrate is a thin polyneric . -

m cr opor ogsduetion bf tirefflux chaticepistitesithe raultiignmefacd madified ynanbrane.o Mypiatly on
which is not solvated or degraded by the solvent for the perfluorocarbon

copol yner &?ef%ﬂ?@%&&dtﬂﬂof@d%#ﬁgo m@éﬁ@@&%& i thE Soliibn isBerdbdh A80G: bafge of

10 m crons m Ccrons. rane subStrate can have any conveni ent
geonetric configuration inc#ﬁdin a flat sheet, a_corrugated sheet, a

hol | ow f i BE1ght BETCEReand; 3baut 4 weignhBrrass, BIRFF waﬁnsﬁmagb@rt%wmed,

I sotropic or anisotropic, skinned or unskinned or can be a conposite
menbr ane. pgitentnandiabante’ selgt pacenthas a t hi ckness between about 5 mcrons
and about 250 m crons, preferably between about 10 m crons and about 200

mcrons. SinceTp ?Io QHh&RStahe subSirite if ﬁ WK YolyBher Hﬁg)ml&e&f \klﬂﬁf‘lﬁ%ﬁfeoﬁo n

copol ymer conposition is facilitated thereby.” Represeritative suita

and poly REPRMEBEE O hgpy BB SrEmoNeg Sy 6 46F sEaicy of Jriralicl B 1 1

pol yam de, fluorine- containing polynmers including i
pol yt et r afblyentder Hel pemBuordearben eepobimertdepipesitiopr diypicshmemboans! gare sizes are
et hyl ene-tetrafl uoroet hyl ene copol yner or a perfluoroal koxy polymer. The

pref er r ed wWigfP RSB0 Ri@onsoe0f afitreds.f TR nRemBrafy fubStrae thA havd sny
pol ymer, particularly polytetrafluoroethylene, fluorinated

oL 1 e SR SHA: bt AL SR R ARL g 3 e

Dupont de Nemours and Conpany, |nc. under the nanes Teflon[err] PTFE,

Tef | on[ er (°F teeikeg nihe membeave AR pe sppported or unsupported, isotropic or anisotropic,

21 The nmenbrane of this invention has its entire surface
conpl et el wkimned bt eskkivirieth 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 composition is facilitated thereby. Representative suitable
membrane substrates include polyolefins such as polyethylene, polypropylene and
polymethylpentene, polysulfone, polyethersulfone, polyimide, polyamide, fluorine-
confaining 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
polytetrafiuoroethylene, fluorinated ethylene-propylene copolymer or a perfluoroalkoxy
polymer such as the group of polymers generally known as fluorocarbons marketed by E. 1.
Dupont de Nemours and Company, Inc. under the names Teflon® PTEE, Teflon® FEP and

Teflon® PFA.
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bound perfl uorocarbon copol ymer conposition so that no exposed substrate
surface is present. It is preferred that the conpletely nodified surface
al so be substantially uniformy coated with the bound perfl uorocarbon
copol yrner cmof%on. Conpl ete surface nodification prevenicsrndesRiiigng
when filtering a [T quid. Uniformnodification pronotes uniformfiltration
through the filter. |n addition, the surface nodifying conposition:is —
utilized in anbihmsmyrage of this iventionoas itsentirpurfape Complstely medifiednwith
substrate is not substantially bl ocked or plugged as determ ned by

measur i ngboundipeciheaserbon qupelysmer eompoyitiomsy thatsnd Expossiubtatrate gurfacyis
filtration of purified water. The nodified porous nenbrane product of this

i nventio S Ir8d thét tR& PNy R re
rop. a5 TSR b Frached kit eBoRgIel) GRS sublak 50 BE TR uRIBRAN
drop does not. exceed an increase of greater than.25 % as, co red to the
o esuir o SHRG Wi HESWAR PeTRRETIOB FOPUY DGt ORI iate CUBBIEISRERF ¢ h ¢ he
nodi fi ed porous nmenbrane of this invention. Perferably, this pressure drop
i ncr ease wodificaidon preventsidepptdngawlien fibering pligdidr dbiiformduedifinationsproswties1 0% as
conpared to the pressure drop across the unnodified porous nmenbrane

subst r at eypiform filtratibf tHoE: HEHP ke e I addfitidd)itle Suifaee ricalfying coripoait@n®di f i ed
menbrane is forned having an average pore size of 0.2 mcron or |less. The

menbr ane |.s.fQr f ri.ne- NI I ubstrate,
pr ef er abl ‘i}ﬁgeg 6@&8%@%@8&% g&ﬁéﬁgﬁ E\? E%P g%rl‘?oﬁg‘%e'ggmgﬁé F‘g%@%e?’g 3139 F ene
copol yrrer%*%g%a@ﬁ&réll ;@réoalpg&xgﬂpoldéner_ ggbrane substrate having itqs
surfaces & o iOF iPEREERE A% CHCTRINSH O DICRRE R ABJINEIZATEGN PBPRTBES 40BN set
forth above. The bound surface nodifying conposition prevents dewetting of
t he nenbr guessdtie niegnbirdre during flimatidn éfepurifigd avadr Ul rodified ipbfous mdhisrang
f2|2I tration, nge “final" pressure drop across trglg A . . o

| Tenh . r rably
o gr eat o ke S ERARAE s suB RaReS il s Pl s P ™

; i . H :
:sl_g ;t aggt n&%lptqlqe gewnbp&gg p(?rséus r%%%%yz{ng%u s%rca?er. dJl"Rzg ig,othxls p?es%h?encgr%{) %og)se %\gtt ting

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 15% and, most
preferably, does not exceed 10% as compared to the pressufe drop across the unmodified
porous membrane substrate,

In one embodﬁnent of this invention, a surface modified membrane is formed having
an average pore size pf 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
surfaces completely modified with a bound surface modifying composition set forth above.
The bound surface modifying composition prevents dewetting of the membrane during its

use in filtering a liquid composition. During filtration, the “final” pressure drop across the
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The pressure drop of a filter is a nmeasure of the resistance of the filter
to liquid flow A high pressure drop indicates a high resistance, such as
when the filter is dewet or is plugged. A low pressure drop_indicates a

| ow resi st aft@I M as when the filter is new and conpl et ePFTHSP80§1A8 st
cases, pressure drop data should be considered relative to the same filter
under di frhetified membdadd ioms,gréaerathan hsout ftiret €imed prefegalsin il grydier ®an hbodthe
sanme filter prior to being surface nodified, as different types of filters

wi |1 havqugidh&! epthedriagath esﬂ?@@lﬁ?gié??s%%éiélfrfg‘éé AR REARER QLS Si 26,

surface area and configuration in ter. Pressure rops are neasured
i n kPa (= pounds per,. squaye.inch (psi) [err] 6.87) of differential pressure
across t%&syqegtaégorﬂ&g&a%ez,g@n rd(,ﬁ %%ﬁ?stﬁ?tcfeﬁza beloXy rate of 0.2263 nB/h
(1.0 gallon per mnute (gpm).During testing, pressure drop i s nost

pref erabl y medeherprdssuie dropofiaffileest isva tmeasuré fof thedtesintancd ofthe diltephaitigaidg, i f
any, of the nodified menbrane of this invention is set forth above.

The Standpywd [Renigh iprédGurtQitbp iRiichERh Mgh FesiBARE, HRhRE SHllenltnd ﬁﬁeldEQfe%f 8f
dewetting or non-dewetting performance of a filter during an actua
filtratiqQn application. The test. .. uses.water as the. |liquid pei filtered.
This test® B@‘@Eﬁ%eg‘ fc??’h%rf’ssblfﬁé ilgﬁjle%fe%avl?‘%tr%s‘%l‘fﬁcﬂ‘@ as%(j*epég? ?ﬂg{]{‘f‘ﬁwg’s due
to viscosity differences in the liquid or due to increased resistance to

f1 ow caud@d CBPiiely iwall AR &St eases gdessursrArop dataishoild batronsidersd reletiverts the
trapped on the menbrane surfaces. To conduct the test, a filter is wet

Wi t h 100%ais diitee pader diffefent camitions] fowiethed Filter 6f 8 Gaik apmdor 10 tBe Sdris Rl
apparatus where it is flushed with water by passing wat er t hrough the

filter fQr: LAyt t £l r n  nyte or m_At the
end of 1 rict o SeRl BT mBeinel. % ditichl orbeRBL G A P Hiferdr e
nmeasured. The filter then ) o

23 dreps Biedo <litferentmembrang pors ¥ige, SBHasetras andiconfigummtion indhefilieti ng
drying of the filter and replaced in the flushing apparatus where the
filter i Prédsushddpsvatememtred intpoOndAfEs sqiiare idohNpéi) of differetial prashee atxbsai n
#1" pressure drop is neasured. Care is taken to vent bulk air fromthe
upst r eamih@fiter MAdrndalied it 4 &nslHf ii b b ADI éPQrW.t h
the filter. Three additional |€ileldri1‘?(|i?§l% ig?éa?fnﬁgrgggglgg?%@hgﬁ%i epealtb%

fol I owed tg intg,h Sre%s rré gggg,og%glsg

p;e%r%lr} rﬁga’surdeciaviviﬁx ff\?riﬁed water. The extent of pore
plugging, if any, of the modified membrane of this invention 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
membrane surfaces. To conduct the test, a filter is wet with 100% isopropanol, drained
without drying and placed in a flushing apparatus where it is flushed with water by passing
water through the filter for 10 minutes at a flow rate of 1 gallon per minute or gpm. At the

end of this flush period, the “initial” pressure drop of the filter is measured. The filter then
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and drain #4" pressure drops. After the "drain #4" pressure drop, the
filter is renmoved fromthe flushing apparatus, drained while avoiding
drying of the filter and replaced in the flushing apparatus where the
filter is prg&?wg ;@d with air on the upstream side to creat ep@Er/HsRBSUEE
differential o éz? 5 kPa (5 psi) across the filter. The filter then is
flushed with water at 0.2263 mi[err]h (1gpm  ._and _the "drain #5, 34:35 kPa
(5 psi) ailsrempyadfiom the Sushing sppazatse drainegh whilei2yqiding dryiag of theilteg i
procedures with the 34.35 kPa (5 psi) air pressure step are repeated

fol | owed hneplahed inothe Esining iapparatisl whemreitte fikdr B¥hdskPad with veitdr anil rgprawdiile theai n
#7, 34.35 kPa (5 psi) air" pressure drops. The last pressure drop datum

cor r espondédigint A "thi8ssufd dop i¢easdfed3 SCiRas takeR % Ve ibulk AF BVAIHE vPsiPdhm S
nornally referred to as the "final" pressure drop. The bound

b
surface nodifyin onposi ti.on al so prevents wet i f the nepbr.an
dur i ng. ex it PLOE EERBSRu P dndaich BLEHEF phu iR Monlt | it BENIGET
menbrane is not exposed for a period of tine sufficiently long to cause
dryi ng of idemtioabdtaimproceduyes 3¢ reprated foliowed by theaorisspondingeskainifie drain #3r
can be exposed to air under small pressure differentials across the

filter sucinhdodrafiid NEresSufe@lops.criet tef“driia #4” prbsduairdg, the Ifief Btemoved
It has been found that a water bubble point pressure test can al so be used

to predict t 4 . ' ko £ [ e
to air. TromsHE MRS Spfiu s LT AnPREHER drfal o e Ber sl iaRHR 188
hi gher the_potential for dewetting upon exposure to air. Conversely, the
hi gher t hefling anparsisevhrse the filterds pressurized withsair pp thertinsieam gide to create a

24 dewetting. The water bubble point pressure of the nmenbrane
product s ofressuee giffesamtial of 51panictoss ther filteyt Theafiterahenis fSBédgwitlawater at 1 gpm
preferably at |east about 100 % greater, than the water bubble point

pressure Ofnd {Rg “URARY5! 5 EQ APREQNR: SdPIS Ikh&ire STV AAM RN erlt o8] drdR €F

bubbl e point pressure test net'hod. The water bubble point pressure test

Tothod | TeRSHL RS DG BB O S L2 9088 Albubib SR O 2

“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
in a filtration 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.

It has been found that a water bubble point pressure test can also be used to predict
the degree of dewetting observed in a filter during exposure to air. The lower the water
bubble point pressure of a membrane, the higher the potential for dewetting upon exposure

to air. Conversely, the higher the water bubble point pressure, the less potential for
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were previously filled wiwth water. The bubble point of the nenbrane is
nmeasured fromthe pressure required to displace water froma water-wet
menbrane. A fluid-wet nenbrane wll allowair to pass through_ it when the
appl i ed air WPa¥W8UE exceeds the capillary attraction of th&FYPH# 8¢ he
pore. The relation between the size of a fluid-wet cylindrical pore and
the air pisesting Mhewatsthubbleeyuiitypredsuferdf thd mehibbirieeprpdwss of e fppesenhat
cylindrical pore) is: : =

: D
4[ err] cos; ' | t , r '
cont act aﬁ%ﬁ%ﬁda[{nfe[aerri%@uéﬁ%ogﬁ?%l?g? %fg%g%ar% lo [9%12 lgg?’tér%%&f’i%%?gl.e When
measur ed bubbl e, pressure cané)ge enpi rij, allymiorrel ted to the size of real
menbr ane PateESublbie POy PErssute oA dha YyarmeditiechBlgmbLine pETatg rasupasured by BE r eal |
noncyl indrical pores. One enpirical method used to correl ate bubble
pressur e wateh bublee ppint @ressureesh imethiel. "Exbwatee bubifle phins prassiera tesd meitodt o
determ ne the snmallest particles that are retained by the nenbranes. The

MeMorane hRafhdl he @)g&?%x‘g rduifddo Tofce Al Brdifghn!1fé Bired 8Rd Snerfitind, ihi piek O

of beads retal ne ane 1's neas f substantially all (>90%

of the beads are, retagined .hy the rane, the_.larges ores are spaller
Chan T ho® ot arsgioudly T Sritt whitf T5E hBRE ot of i AGHbrabe i Pedfe B BF
that a surface nodified nenbrane nmade in accordance with this invention
t ypi cal | ypteasure reguiteddadisplace wates\femin pavatérewet membrane.od Buidpeetinersbrage
conpared to 25 t he

menbr ane g4paliowtag BPasNGraizhUin Wheh tHeapplied hiGResRBrerdaeds ek dipiltaryodi fi ed
SEMATECH particle re?eént [ oﬂfgmat hod dee?g)%)i bed ﬁjr?l M I1ipore Coﬁ?orat i on

Techni cal ' ' . [ o d,
Vi Ush aRERTLRE e T8 kBl CEhE cOAR el SR RN bR cylittcat £
particle retention properties of the surface nodified nenbranes are
subst ant i &PTe\andrihe Ay EcssuredsayERdsa empty He(Pu theoibbiecpressusmior dbas cylindricakt e
wi t hout significantly decreasing the flux characteristics of the

pore) is:

D = 4ycos 6P

where D is the diameter of the pore, € is the contact angle and y is the surface tension of
the wetting liguid. 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 (>50%)
of the beads are retained by the membrane, the largest pores are' smaller than the average
diameters of the latex beads.

1t has been found that a surface modified membrane made in accordance with this

invention typically has significantly improved particle retention properties as compared to
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menbrane as neasured by pressure drop. The nenbrane is fornmed froma
fluorine- containing polyner nenbrane substrate, preferably a
pol ytetrafl uoroet hyl ene, fluorinated etiylene-propylene copolynmer or

per fl uor oal %@%@/mar menbrane substrate having its surfageriBsbidsiRd
wi th a bound surtace nodifying conposition set forth above. The

surface nodified nenbrane of this invention is fornmed by contacting the
entire suhemembyhng subsisate hasingenpmmedifiedtsuriaes 3 meashired byod modifiedof t he
perfl uorocarbon copol ynmer conposition described above under conditions

wher ei n t$EMANEBCH daftic I ftanion metBod d@tribéd i MiBpsrelCorp&ation TecHnicaui d
solution can inherently wet the nenbrane substrate surfaces or the

ot hanol , DRCRLAMEADAT, BERTIE fon bR ortblaol, IR MATERh Vs

solution or the solution can be intruyded into the pores under pressure
when t he Bevmperased hereindiysterences Susprisingly, theipatticla retantign prepesusstofithat  does
not wet the nenbrane. Contact of the nenbrane substrate with the solution
can be efsfefacethddyfiednavembranes are saystpaially igptdved aotkothparad tdthe wgimodified
menbrane under a pressure differential or by intrusion. The perfl uorocarbon

copol YMer e BPRASishb @R RATRSIRARAGY Qedofifs B Al BankicfRGQflRe cOMPI etel y

nodi fy the contacted substrate surfaces.

26 The nmepbrane substra i s renoved fr contact. with the
2ol uti on AEOTS a5 TReaRE BY FREssRAIRAL S The el tofted TR A e e

sol uti on does not wet the nenbrane, the nenbrane is contacted with a

li qui d cotansaining pelymmsrgnembrane swistraiet prefirably et padytewailipsoathylene, flvorinatedss or
unbound sol vat ed perfl uorocarbon copol ynmer conposition such as

| sopr opanghylefd-pesp9lenc ¥BhdIMEL or %&haém_@ncokja folyitee meirri&édécﬁuﬁgzﬁdﬁ KAHAL $ts
S

t hereof which does not cause substantial precipitation of the

perfluor Oﬁﬁ{‘a%Q %o(ﬂ%)&f Witk toBH® gﬁljficie%odig?ﬁta“ﬂposiﬁon 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 perfluorccarbon
copolymer composition described above under conditions wherein the substrate surfaces are
wet with the solution. The liquid solution can inherently wet the membrane 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 when the solution is formed of a
solvent, diluent or dispersant that does not wet the membrane. 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 composition becomes bound to the substrate surfaces to completely modify the

contacted substrate surfaces.
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this liquid conposition is also conpletely mscible with the sol vent,

di luent or dispersant used to nmake the solution of the perfluorocarbon
copol ymer conposition. Water can be wutilized when it is mscible with the
sol vent, di | WEH8/58136di spersant for the perfluorocarbon copolBGHpS98/08118
conposition used in the substrate surface nodification step, such as an_

al cohol . Pr ef eftehhymbiahe shbistttieds eanmedifidrm boRavittsge sbiiof @nd eitanised to
make the solution of the perfluorocarbon copol yner composition such as

| sopropan ’R'E#‘F e | lgui d
conpositi g}ﬁlp?g%?gg%mss%%ggﬁ %i/ [ (th[' S@xﬁngﬁ*ﬁoﬁ{? o#o\g%%‘?%ﬁ?éﬁ]g%eééﬁs,}g%%’ e
unbound perfl uorocarbon 80 0l {ger conposi.tion, This renoval of the unbound
conposi t | GRERRIANT BLopBred Y B & Hgwid comppatipn duchos aselvant, diluentar disressaphi ch
could contaminate a fluid being filtered during use of the surface

modi fi ed rfenercasseor Witpornd solisated)perfiuoxicarbon fcopalyunexr comppsition swhfasce nodifi ed
menbrane with a solvent, diluent or dispersant optionally can be effected

when t he S@ipdbpaaol, @8ianel, Molthnbl) w6 érl tHE 1iRE, AORMIng GIRAIrY BEreo® WARH ddedn
initially wets the nmenbrane. This subsequent cont §Ct| ng step provides a

nmeans for n | ] {he nt t he perfl uorocar.bon copol yrer

composi 1 &t Ciref sutePhu e fRARln & b BEeRBrocatt R RGPV RG0SR, Yoally o
conposi tion does not renove bound perfl uorocarbon copol ynmer conposition so
that the duisfiquid easenositioatis also cemplstely miseile wfith the sadvensddibient ondispersantt h
the Iiquid conposition. Optionally, the surface nodified

27 ~ usednipeienheisslutibe of denjepfticdcatbémcopalydiierlcompositive. Wigtet bl
conposition when the liquid conposition is not water. The surface

nodi fied ngppb A8 :dri : e [ e el Ol [ tion
and heat trea%‘ggﬂ%%ﬁilgr&rl %\?}gé ?J ﬁ%ﬁ@?%@ﬁé{?#x&%ﬁmﬁ{irﬂ I%&gg%@%% ﬁg’%g%%gﬁaé n
per fl uorocarbon copol yner conposition and the nenbrane substrate. This

dryi ng an@OReymer F&BB‘{%“SGQWH@ supsteate ayrface modifiagipa stepepichiasan aleahgli ng
is effected at a tenperature which does not degrade the nenbrane substrate
or the surfrefembiypdhé liguwd comppsiton camprigee tier sullvent used to make the solution of the

perfluorocarbon copolymer composition such as isopropanol, ethanol, water or mixtures
thereof. In this step, the liquid composition removes, such as by dilution and/or solvation,
excess or unbound perfluorocarbon copolymer composition. This removal of the unbound
composition reduces pore blockage and removes potential extractables which could
contaminate a fluid being filtered during use of the surface modified membrane. This
subsequent step of contacting the surface modified membrane with a solvent, diluent or
dispersant optionally can be effected when the solution containing the perfluorocarbon
copolymer composition initially wets the membrane. This subsequent contacting step
provides a means for controlling the amount of the perfluorocarbon copolymer composition
deposited on the membrane surface. Surprisingly, the liquid composition does not remove
bound perfluorocarbon copolymer composition so that the surface modification is not

adversely affected by contact with the liquid composition. Optionally, the surface modified
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heat treating is conducted at a tenperature between about 50[err]C and
about 180[err]C, nore usually between about 80[err]C and about 140[err]C
for a period of tinme between about 5 minutes and about 72 hours, nore

usual |y bet wpgBgsdi94t 15 m nutes and about 24 hours. pthrusBn§as e
nodi fi ed nenbrane of this invention is particularly useful for filtering

out gassing |iquids reventing dewetting of the nmenbragne durin se due
to the Sugwg@gan%a}?%yf%&cgeg,ﬁgggw%pp YR theslignd sempesitipa “f?é%‘?%ﬁ%‘“d
substrate. Thus, the menbranes of this invention are particularly useful
for filteromposithemisowt ateacti ve outgassing |iquids such as acids or bases
that can contatn an oxidi zer when utilizing a fluorocarbon polyner as a

substrate, suciThasufffleMhedified hispibplehy H8BE to An{dve hd Gate8r the liquid
et hyl ene- propyl ene copol yner or a perfluoroal koxy polyner. In"these

I nst ances, _both.t he ubstrate and the..sutface nodpfyin

conposi ti SHURPSAIGH ﬂ%%égﬁgq g?n AR ﬁg ts{}gﬁl&‘ﬁ\og B}“%Hgg‘i’ 5t gﬁW?e t he
resulting surface nodified menbrane is not dewet by gases. I n one
enmbodi menpeRorasREPONPPRAIYMEH COMPRSitiAy dndcthe membranessubBinaE a it dryingandoheat
with water or the process fluid to be filtered either directly, with or

wi t hout peressishecar be éffudioddntal singMisiep Meahedtiigtis affectéd asd tengper@biramvhighan
al cohol such as isopropanol. In the latter case, the al cohol is replaced

by i ntrodygi it ti I "

25 " O UG o tBR Bhe M intbiae SGRAR or A2 R BEE BB compositon, Genepaly.
filtered. A water-containi filtration device ingluding a LL- wet
surface. mBERTCEPgARdRRGR 1 yEppraByE YR ROTIOID" Ct ek ARoh B G B0
within a container together with additional water, if desired, and heated
such as byswstlydetwtearabbutz&Q°Coandt aboun B CVat @ peripd wf timeoregaedrsatout b enigites
For exanple, the process disclosed in U S. Patent 4,727,705, which is

| ncor por abfdl Bt §2holids, D€ HARNG befirRn MBSutSCRlirutes! 2 BoBui'Bd Rburdet
filtration device which can be Shipped to an end user who then can use the

];rle lmt:); Z;;?C\e? ,? :/ ;lg\g sgéf%%gttgéa/lﬁ\eﬂé }nré?nll')tranteho% s ?r(xjvefngtrm seﬁJﬁéuTar’i? 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 when utilizing a fluorocarbon polymer as
a substrate, such as polytetrafluoroethylene, a fluorinated ethylene-propylene copolymer or
a perfluoroalkoxy polymer. In these instances, both the membrane substrate and the
surface modifying composition are highly resistant against chemical degradation while the
resulting surface modified membrane is not dewet by gases.

In one embodiment of this invention, the surface modified membrane can be wet
with water or the process fluid to be filtered either directly, with or without pressure or
indirectly wherein the membrane first is wet with an alcohol such as isopropanol. In the

latter case, the alcohol is replaced by introducing water until the alcohol has been removed
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The follow ng exanples illustrate the present invention and are not
intended to limt the sane

Exanmple 1 A solution containing 0.5 wei ght percent Nafi ongerr
perfluorocar BEM¥IPW ymer in a nixture of lower aliphatic al BERISES/es

wat er was prepared by making a 10:1 dilution of a comercially available 5.
wei ght perandnepladd with eratdr folowdd oy therbess f0idb\beEtltessed. UAI Wiet-BorfainfHgkt ur e
of | ower aliphatic al cohols and water obtained from Al drich Chem cal

Conpany, fh&Etion MiiverkRRingy waﬁé’}e-wgg F itfd E dRydific & Bl'ane-g??t%)%gég@ F@%P%

perfl uorocarbon copolynmer 1'n t on was I n the su

and had an, average egui val.ent weight of 1,6100. . . A 25.4 cm (10 inch)
pl eat ed f ihetLand sealbd iascpﬂamgr Rgethes vah additiong) waler, (ibdesived, Aadrbeated
having a pore size of 0.1 [err]m (micron) was slowy immersed in a

cont ai ner shelvanly steam stirilizadors tol imadtivateciny akctoorgasrhs therefh.uBop egdrvsls, the
copol yner from above, until the |level of the solution on the upstream
side, or Qub&dsélQisGlosdd ' WIS, PatentATRY F08! WhiRYS IR ErdorRed BRI retil
preventi ngﬂt he solution fromentering the %ownst r?é’?n S‘ﬁg@_ or 1 nsi hlég’ocfant he
H)lr t ﬂ]é g 3 eu“t%lg% F]oofogﬁra %%p-%e?ﬁ?t?ﬁont e{rf?:lé'%rqﬁct:hhgan?e S ripapréﬁ'to-zll-xllré%d\{\:%esr %%ﬁd
permeate through the menbrane so as to fill the core of the filter, on the
downst r earfBugethe filfretion deviecodiractly withprb Hietrged forrperfoming 4 memhbranekwetting
solution, a pressure differential across the nenbrane was created by

appl yi ng gprogssium of 2.54 cm (1 inch) of mercury on the downstream side of
the filter so that the solution begins to flow through the nenbrane and out

of the core of | f 1Lt er L.n_addition to the
downst r eam vol S 1oV jrs Erampics Tkt e BhesEl ik aBa alf bl BleHAY pusimk
filter at E slow flowrate, dictated by the small difference in pressure
across th ane. The filter was then renoved fromthe solution and
drai ned of excess solution while being careful to avoid drying of the
filter and placed in a second contai Beampiadi ng 100% i sopropanol to renove
excess perfluorocarbon copol yner

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
mixture of lower aliphatic alcohols and water obtained from Aldrich Chemical Company,
Inc., Milwaukee, WI, with isopropyl alcohol. The Nafion® perfluorocarbon copolymer in
the solution was in the sulfonic acid form and had an average equivalent weight of 1,100.
A 10 inch pleated filter device comprising a polytetrafluoroethylene (PTFE)
membrane having a pore size of 0.1 micron was slowly immersed in a container having the
dilute solution of Nafion® perfluorocarbon copolymer from above, until the level of the
solution on the upstream side, or outside of the filter completely covered the membrane
while preventing the solution from entering the downstream side, or inside of the filter, by

any other means except through the membrane. Time was allowed for the solution to
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fromthe menbrane. A total of 2 liters, in addition to the downstream
volunme of the fiiter. of isopropanol were passed through the filter, under
identical differential pressure conditions as described above. The

I sopr opanol waees/dotdst er was then renoved fromthe i soprocanopcTAdsss/osesd

wi t hout drying and placed in a flushing apparatus where it was flushed

wi t h wat ' filteg .f 20 m.hutfes at a f] ow
rate of gﬁﬁgﬁgﬁ@%ﬂﬁvﬁgﬁgﬁaﬁ?éﬁgg&ﬁﬁ'%cn‘ﬁﬂr%f%fh(? 15 ¢ R ermge%fﬁfl e,

remai ni ng FLigboun? perfl uorogcarbon copol ymer and/or isopropanol. The

wat er - f | u¥HB ARG sqlytign. [When tierpsewas Gied withahe solutions apressurmdiffesentiahactoss
Mol ar hydrochloric acid for 16 hours to further clean the filter. The

filter wathemmmivert why ceatet by hpplyinghl vacuGmasti Idinch b fREbudy bR NG8SKnsiRdm
further flushed with water for 30 mnutes as descri bed above. The drai ned,

watler - welsidd bt @i TR <6 RA0URBRA bPeRl O HER ANeRIRORERLAR Al Bl B he

120[err]C for 16 hours to dry t er an 0~1 nmprove
bi ndi ng et n e un I .ocar.bon. copol yner and the nenbrane
subst 1 a &2or OF B A1d% R38R oP Pl lRhiE oo WA AT yojime of the

| sopropanol / 40% water and tested for integrity by a bubble point
pressur e filer: ofrgaiuiion wanepabset hrougly thet filter e 8 skow fbwirhe, HickAtat byvds small
30 nmeasured to be 288.54 kPa (42 psi), indicating that the filter

was i nt egdifferendd i pretsufts actBes thdRRmbRineW THe G045 RAPFARARE \frong iR é&ﬁﬂio?ﬁd
installed in the flushing apparatus where water was flushed through the

filter fof,9¢03 at.e.of 0. 3 nlerrl]/h | 1 on r..
minut o) (o grEPAbEScRls 1B ik careutRladhd et e Hiie 354 e s
measured to be 20 kPa[err] errJmh)[err] (0O.66 psi/gHrr). The pressure
drop of ahSasARDEPTHRIAE thgd%@ {sopropanaifto removeaensessypeailverocarboms copdymer  be
19.7 kPa (merr]/h)[err] (0.65 psi/gpm, under the sanme conditions.

Exanpl e2 from the mebeamet 1A tnalsofI28livgish) ihddhenito RO d4@nstdakdPollineq’thd ARk, Of
a PTFE nmenbrane having a pore size of 0.1 [err]m (mcron) was surface

passi ng. 1 RLRrRR AL et B o A B e PR i s RS e g

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
minute to further remove any remaining unbound perfluorocarbon copolymer and/or
isopropanol. The water-flushed filter was removed from the apparatus and immersed in 2
Molar hydrochloric acid for 16 hours to further clean the filter. The filter was removed
from the hydrochloric acid, rinsed with water and further flushed with w.ater for 30 minutes
as described above. The drained, water-wet filter was then placed in an oven and exposed
to heat at 120°C for 16 hours to dry the filter and to improve the strength of binding
between the bound perfluorocarbon copolymer and the membrane substrate.

The dry, modified filter was wet with 60% isopropanol/40% water and tested for

integrity by a bubble point pressure test method. The bubble point pressure of the filter was
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percent Nafion perfluorocarbon copolynmer of exanple 1, at a speed of 0.0254
ms (5 feet per mnute) for a total contact tinme of about 2 mnutes. The

menbrane was then directed into a second bath containing water to renove
excess sol uM@#$Um t he nenbrane. The conact time of the mEFEEFEN
water in this bath was about 5 mi nutes. The nenbrane was then directed_

into a thineskubed fo Be2vi Cldiches thaRHRITilWRA WwaS RARYRY TBETH@RP Way dih W&tewith
menbrane to further clean the nenbrane. The contact tinme of the nenbrane

wi th wat efadqn ;L ; t ' difi
menbr ane j\;\%js%] tl%?g kgpﬁ gglts g aﬁﬁ%‘ daerfd %gtfiﬁéﬁ)}lﬁ [thg ﬂ%@ﬂé ? ﬁ%af%@Wﬁ%ﬁ”g@ﬁ &4 ?G‘Shed
menbrane was then wound up onto itself to forma roll. The roll of

nodi fi ed WEMMENARe filiexfos Spimtesat aflaw; eate af 1 galbpreper) minugs tordisplansr et o

i mprove the strength of binding between the bound perfl uorocarbon

copol yreriseprdpirvd. Thoipresseresirbp of diecfilier was measurtdao derf.66 psifgpeh.fTHed
menbrane was used to nake 10.16 cm (4 inch) pleated filter devices by

heat seal 'x‘ragsufé H&g@@%ﬁ@%ﬂﬁ&dﬂwﬁﬁ?ﬁ'%@?%@é@ﬁ? hﬁ%gﬂﬁéﬁ&?&i EoT&eO.ss

devi ces oun I ntegral as tes ol nt” pressure

net hod. ThegBress rethdrorg of the
31 pSl/ m, under the same condaitions. AVENDED SHEET

filters was neasured to be 45.5 kPa[err](nferr]/h)[err] (1.5 psi/gpm. The
pressure drop of a filter device of EtamplaPe type, except conprising an
unnodi fi ed wet PTFE nenbrane, was neasured to be 45.5

kPa[ err] (nf err A/dahtifiduk (ength BEAURIPTG 1iHERF Fhet 0 IPERE nfefitithtd RAtng a pore

size of 0.1 micron was surface modified with Nafion® perfluorocarbon 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
directed into a third bath in which fresh water was sprayed constantly on the membrane to
further clean the membrane. The contact time of the membrane with water in this bath was
also about 5 minutes. The wet, modified membrane was then passed under hot air to dry
the membrane. The dry membrane was then wound up onto itself to form a roll. The roll
of modified membrane was placed in an oven at 100°C for 16 hours to improve the strength
of binding between the bound perfluorocarbon copolymer and the membrane substrate.

The surface modified membrane was used to make 4 inch pieated filter devices by
heat sealing the membrane to a perfluoroalkoxy polymer housing. The devices were found

to be integral as tested by the bubble point pressure method. The pressure drop of the

B
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filters was measured to be 1.5 psi/gpm. The pressure drop of a filter device of the same
type, except comprising an unmodified wet PTFE membrane, was measured to be 1.5

psi/gpm, under the same conditions.
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Exampl e 3 A 47 mllinmeter dianmeter disk of PTFE nenbrane having a
pore size of 0.1 mcron was imersed in the 5 weight percent Naflon[err]
per fl uorocarbon copol yner solution from exanple 1, for 2 mnutes. The
nmenbr ane di 30 E13€noved fromthe solution and drained of E%EESBAYRYti on
whil e being careful not to dry it. The wet nmenbrane was then imersed in

10 miIliliters of 100% i sopropanol for 5 mnutes to renbve excess

per fl uorocarbon copolyner, followed by three water rinses to displace the
i sopropanol. The water- wet nenbrane 1 baced in an oven and dried at
120[err]C for 2 hours. The surface no menbr ane was found to have a

3.7 % weight increase, based on the weight of the initial menbrane .
substrate, dueh 6 FAGIRAE SRpeer disk ok BTHE membiese bAEBS 2 OSpotiger 0.1 micron

The 10 mlliliters of 100% i sopropanol used to renove excess copol ymer from
the nodi fvaetnmerded dn cheid meigho pereaitr Ndfih ®tperflusrotdrbor éopolyayerasohpionafkomn and
anal yzed by Fourier TransformInfrared Spectroscopy (FTIR). The FTIR
spectrum c .1 a . P, f 8 .
copol ymor CKmile 1 MEFREBRLE T dauRbtahe Bk oS 206l eifiche WAL Baipes
fromthe nenbrane by solvation and/or dilution. The FTIR spectrum of an

i sopr opan8f exfeshrolaBRRbile Beipg carshi obio Gryrit.| 185 SeChMSBIPIas¥as,thep immersed
Exanpl e 4 The dry, surface nodified nenbrane from exanple 3 was

i mrer sed w10 ehiltilitdrs lof 160 % isefrofAidYfor Somirmipestolremove Excesspurfisorotabbowed by
three water rinses to displace the isopropanol and dried at 120[err]C in

an oven f I | 1§ ggépa ' S und to
be identi gg‘ﬁ*@%h@“ﬁ%ﬂ o?é]%vﬁgi rrr%%rtanepgdec? gtrlee € pggw'eq;hgm#gz[ﬁegpanol
in this exanple (the weight of the nodified | rane of _exanmple 3).. .This
33 e anonas PrhBanen 2ok aie et T T fRE 2ines: 1he sutbrss qaodified

per fl uorocarbon copol ynmer remains on the nmenbrane surfaces even after

cont act ofmendbramoperas found e hivveand. 7% weight swreaset based on the weight of the initial

-

membrane substrate, due to the deposited, bound perfluorocarbon copolymer.

The 10 milliliters of 100% isopropanol used to remove excess copolymer from the
modified membrane were concentrated to 1 milliliter by evaporation and analyzed by
Fourier Transform Infrared Spectroscopy (FTIR). The FTIR spectrum of the concentrate
showed the presence of perfluorocarbon copolymer, demonstrating the removal of unbound
perfluorocarbon copolymer from the membrane by solvation and/or dilution. The FTIR
spectrum of an isopropanol blank showed no evidence of perfluorccarbon copolymer.

Example 4

The dry, surface modified membrane from example 3 was immersed in 10 milliliters
of 100% isopropanol for 5 minutes, followed by three water rinses to displace the
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

isopropanotl in this example (the weight of the modified membrane of example 3). This
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di luent for sol vated unbound perfl uorocarbon copol ynmer when the nmenbrane is
heat treated during or after the drying step in exanple 3.

(Conparative) Exanple 5 A 47 mllinmeter dianeter disk of PTFE

menbr ane havydsaoepr € Size of 0.1 micron was surface nodifiRerdoblosiis
Nafion[err] perfluorocarbon copol ynmer according to the nethod of exanple
3, except that,the nenbrane s.not . exposed tqg heat durjng the drying, step.
| nst ead, tfﬁ‘éﬂ%%"r’a%[}b&% rt}sz \F‘ﬁ\ﬁég’%@aﬁ@aﬁ%w BarReArben FepolgReI TeHginss .
The surface nodified nmenbrane was found to have a 4.1 % wei ght increase,
based on taveth@aneyhirans surfases ¢ventaftet consaddofithe modified aembraheewitin a tsbivent or
deposi ted, bound perfluorocarbon copol yner. The dry, surface

modi fi ed réilBhEfoe seivatet Iaﬁaodxﬂrwﬁmoé@barpcdﬁolyrﬁériv&&h&hefneﬁ%g%e_ is HeR RO

for 5 mnutes, followed by three water rinses to displace the isopropanol

and al |l oved: mer at for 2 hours. The nenbrane di sk was
found to ‘r@gxgtg%r%s r%i%ﬂﬁgs#%gﬁ%é%%?"correspondi ng to 7.4% based on the

wei ght of the deposited, bound perfluorocarbon copolyner present before
exposure of the dry nodified nenficemparative)iBxamplefanol . This exanpl e
denonstrates that although nost of the deposited, bound perfluorocarbon

copol yner r enai Ag7anilliheendiahern disk Wf PARESmahbRine Gavihg Glpodé sizk 8f 0Q0n{dres
menbrane with a solvent or diluent for unbound sol vated perfl uorocarbon

) i @ i .
f?gg't Bége(rj Jar/zf%nsgﬁgr@é g}ogigrﬁﬁivﬁg{‘Ngﬁéi} ngerfgﬁ@ﬁgo%gﬂbl)t'rggr %%ggﬂ{% & niilod &

34 Exanpl e 6
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.

The dry, surface modified membrane was then immersed in 10 milliliters of 100%
isopropanol for 5 minutes, followed by three water rinses to displace the isopropanol and
allowed to dry at room temperature for 2 hours. The membrane disk was found to have
lost weight in an amount corresponding to 7.4% based on the weight of the deposited,
bound perfluorocarbon copolymer present before exposure of the dry modified membrane
to isopropanol. This example demonstrates that although most of the deposited, bound
perfluorocarbon copolymer remains on the membrane surfaces after contact of the modified
membrane with a solvent or diluent for unbound solvated perfluorocarbon copolymer, a

small fraction can be removed when the membrane is not heat treated during or after the

drying step.
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A 10.16 cm (10 inch) pleated filter device conprising a PTFE nenbrane
having a pore size of 0.1 [err]m (mcron) was nodified with Nafion[err]
per fl uorocar bon copol yner according to the procedure of ex .
simlar filf’@%ﬁ?h%risi ng a 0.05 [err]m (micron) menbrane vvaggg)lug%sjl“sé@rface
nodified in the sane 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 hg_%_gﬁﬁgﬁfore the filters were renoved
fromt-he bags to rreasure the pressure drops. The 0.1 [err]m (m cron)

o the 0 08 L& Wee%@ﬁ er%‘AY‘F%FU“ FFicg RIFE herhiaB maying s oy size'0r
kPa[err](n{err]/h)[err] [ Thetvvo fllters wer e
then wet QiltMicCIoDWas B196Hise mﬁaﬁanf peréerpcasbon copelmer according t et he
pressure drops after the revetting procedure. The 0.1 [err]m (m cron)

filter hagrogediire®$ ekAnple10PA @imil#- fitel Romprikihg Al0205 hidibh %d&ﬂbrﬁl% 8ap§1sé gpm

and the 0.05 [err]m(mcron) filter had a pressure drop of

k2 ' he

non- deviet tfise ! e Sae Rl Ay Wi SO ErL Y LA Tr—
hi ghly outga55|ng I|qU|d condltlons

(Cnpar at i &Y filtgme Jrase seafed within a bag/copaiRing water sud srercieriizadunder putpelaviagyi ce
conpring a 0.1 [err]m (m cron) pore size PTFE nmenbrane, sealed within a

bag cont agdriditfonsatEie bags conthiaingetle fwed MitBlRl were alfow@Dioaddod for Hokdurtbéfose NY.
Simlarly, a water-wet U ti-Chemnert[err] filter device conprising a

0.05 [err ! I i t abdle f Pal |
Cor porat i lgir?él gw&&% ﬁe%vg?\#oﬁ% Es engrgrpzfesﬁ %@%S@ r? V\oatl%i ?it erﬁlgpa
rectived" Y\B measured | mmgl atedl y after renoving the filters fromthe
cor r esponfiiteighasdhg Bresspse depp1otd). ¢ pay gnm apd e 0.05 micrga jilies hadha PeessweEeR B dr op
of 42.5 kPa (nferr]/h)[err] (1.4 psi/gpm and the 0.05 [err]m (m cron)

devi ce hadl.Cepspigpssure drop of 191.3 kPa[err](nferr]/h)[err] (6.3 psi/gpn.
The two filters were then wet with 100% i sopropanol and flushed with water
to measure t hgnhpkRe LR Wi RRerAhénkith @@o%qyﬁﬁéﬂa&i& AOGRAEA Yith WeDrol
[err]m(mcron) device had a pressure drop of 21.3 kPa[err](rr[err]/h)
[err] (C

L 5h S ehlis BR et 4608 frdkinh Sbddind BRRERN. £ 15uidRh A3 S 97 OP

pressure drop of 0.8 psi/gpm and the 0.05 micron filter had a pressure drop of 1.0 psi/gpm.

s
Yo

n

This example illustrates the non-dewetting properties of the products of the present
invention under highly outgassing liquid conditions.
(Comparative) Example 7

A water-wet Super-Cheminert  filter device comprising a 0.1 micron pore size
PTFE membrane, sealed within a bag containing water was obtained from Pall
Corporation, East Hills, NY. Similarly, a water-wet Ulti-Cheminert™ filter device
comprising a 0.05 micron pore size PTFE membrane was also obtained from Pall
Corporation, East Hills, NY. The pressure drops of the two filters “as received” were

measured immediately after removing the filters from the corresponding bags. The 0.1
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psi/gpm. This exanple illustrates the dewerting phenonmenon observed in
products of the prior art in the presence of outgassing |liquids such as
wat er . Exanpl e 8 A 47
m | limeter o gy@isy di sk of an ultrahigh nol ecul ar wei ght petyaisby/éserse
menbrane having a pore size of 0.1 [err]m(mcron) was imersed in the 5

wei ght per ' o . J: rom exanpl e
1 Por DHiiER el bRTk BiisureMbn b £ 4 aR e ARE b S hicR et S M0,
drai ned of excess solutign, while being careful not to dry it. The wet
menbr anePRESIE FESP ?%ﬁrpé%apmn 10 milliliters of 100% i sopropanol for 5

m nutes to remove excess perfluorocarbon copol yner, followed by three water
rinses to di Tptawe filtbrs were ghapweovith THe%visopropamel and fibshedevitawaet &axed i n
an oven and dried at 90[err]C for 2 hours. The surface nodified nenbrane

was foungehirb Mkeprassarddfop¥/aftéthe r&ﬁ&ﬁﬁ%éﬁ‘oce&ﬂ%?%@ﬁ.l hiteoNBeHEL had?d the

I nitial nmenbrane substrate, due to the posited, bound perfluorocarbon

copol yner. The .pres e of perfluc arborn. copql yner on the surface of
Uhe i di Prestuthgren S6Q 7 hstart ap ey U5 ynicron-davice ol A prpsstire drop 01 0.9'

Exampl e 9 A 25.4 [err]m (10 inch) stacked disk filter device
conpri si pgi/gpreTFHisraxamplenidusizaiesige deyoiting pheromeson@®bserved in prodnsts cbH¥E was
nodi fied with Nafion[err] perfluorocarbon copol yner as described in

exanpl e prior ¢ iR fregsicd bf iRtgang ligakdsadcRas¥akng to the nodified

SEMATECH particle Tretention nethod referred to above and was found to have

a Log Reduction Value (LRV) of 4.5 %)?9 %9%%retention) with 0.05 [err]m

(mcron) particles. The pressure dr filter was nmeasured to be
23.4 kPa[err](merr]l/h)[err] (0.77 gsi/ pm . An unnodi fi ed control
filter of thedskhmillipyster\iametesdisk ok anylteabegh wplsepleyweight 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
displace the isopropanol. The water-wet membrane was placed in an oven and dried at
90°C for 2 hours. The surface modified membrane was found to have a 2.8% weight
increase, based on the weight of the initial membrane substrate, due to the deposited, bound
perfluorocarbon copolymer. The presence of perfluorocarbon copolymer on the surface of
the modified membrane was confirmed by an FTIR analysis.

- I
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nodi fi ed SEMATECH parzicle retention nethod and was found to have a Log
Reduction Value (LRV) of 1.0 (90.0% retention) with 0.05 [err]m (m cron)
particles. The pressure drop of the filter was nmeasured to b .

kpa[err] (] SY@P#80&rr] (0. 74 psi /gpm) . This exanpl e i||ustr"§£rgg59?’9?fés

I nproved particle retention characteristics of the products of the. present
I nventi on. Exanpl e 10 The
following filters were tested according to the standard dewetting test set

forth above: (1) a 25.4 cm (10 inchﬁxgﬁ?@g;ed filter device conprising a

PTFE nmenbrane having a pore size O errlm(mcron) and having its
surfaces nodifie erfI uor ocar copol r , according
to exanple 1, (42?0 H’r?h Ff"f\f%‘?# &F%@'\?\%@e é‘ifrﬁomﬂﬂsf’}ﬂ%E'?ngm?rﬁgraé‘gﬁév%?@or?ype
and (3) an Uti-Chemnert[err fllter device conprising a 0.05 [err]m
(micron) piaeof §i Zmicemrwagmodi ith dafian perfizotnearbon| copolyper as ileseribed én
Hlls. NY. The results of the test are presented in figure 5 which

represent gy ﬁEq 'g{ &P Y Titer wdt BReSiccdAlgith 'tﬁ‘m@ﬁxﬂﬁ%ﬂgm{ artitfe

nmodi fi ed f| ter owed a 64% 1 ncrease iIn pressure uri n

AVENDED SHERIOR s reon B e 0 ntiduadavise og}q&n%m“?a@%)@%“%d

initial pressure drop, respectively. Al the filters were then rewet with
100% i sopropF9Sdh tetentiomatidr0.85 oreron garicigss Ther pressuradropgdithe fiserswaed.
After the rewerting procedure, all the pressure drops were substantially

the sane agablied kdbd 0T ﬂ@f/??rﬁure drops, indicating that the increase in
pressure drop or |oss of ux characteristics observed during the test

Eamolo 11 At Surh6difld Bbyeo e B ﬁ‘hﬁ%ﬁ&” ri#%%rfw“ﬁ’e R prepdive do i

conprising a PTFE having a pore size of [err]m (m cron)was m)dlfled
Wit h Naf i ddéfied S %Mﬁ'ﬂﬁig‘rl @é&}cifowt%%mmd aalsi Wassforng kyhavig 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 iflustrates 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)
an Ulti-Cheminert " filter device comprising a 0.05 micron pore size PTFE membrane
obtained from Pall Corporation, East Hills, NY.

The results of the test are presented in figure 5 which represents a plot of pressure
drop Vs. condition or drain number. The modified filter (1) showed a 64% increase in

pressure drop during filtration from an initial pressure drop while filters (2) and (3) showed
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exanple 1. The filter was then tested according to the "Standard SC2 Drain
Tes" nethod as follows. The filter was wet with 100% i sopr opanol and
flushed with water to replac the alcohol. The filer was then installed in
the filter bilhsof a filtration systemof a recircuting pagisssdsiiat h
systemused to purity a bath of liquid utilized to clean silicon waters

during the I cat i af integrat circuits. .This licuid, known as. SC2,
o " gniypo0% b 360 neraieitiie Hgion Ko il prestii fio AgppecTreny « 5
of 37% hydrochicric acid (HO), 1 part of 30% hydrogen peroxide

(H err] O &di fhe filtess werstthemppwer withz10% isopropapelrang theaweter preshge deogsewetteur e
of the liquid in the bath is maintained at 80[err]C During the

filtratiogncd ddalin Aehfifed)’ ABBSthe réwB BBk prot@dstes M SRR urd&HRs werdised to
push the liquid through the filter device thus creating pressure drop

across the filteh. -Sin ILLect.. ressure dro at f,a. filter in use are
QT oult Setumaly i g ﬂ%ﬂ%%gmaé PRTSER Jir RS inicapl Bt oo gk reahin piEssiRs (P)
is nonitored as wel| as the liquid flowrate through the filter (Q. It is
comon i ndfapeos leguek Hyx eharapieristinpobsgrved dyringike ghloveresiug selebetodepetideg by
the flowrate (PQ as an indication of the total systemresistance to

fl ow. Si nderihf eheofilirdtiompioceds. the filtration systemthat can
potentially change with tinme is the filter resistance to flow due to
particul ate renoval or due to dewettg P/fQratio is a direct neasure
of the filter's resistance to |I|iqui (ﬁé&%’é’ﬁhe PfQratio is a nore
sensitive neasure of a filter's resistance tqQ flow since it changes nore
dramatical |y tHat0 dichileated, disk filiep devigs comprigpg 2 P1EE membranshaying opeigs

per square inch (psi) of differential pressure and Qis neasured in gallons
per m nut size (o PrhS. mRrEd ivas trivdifietionich Nafien® perfipsiotagbon chpoliyinepreddSoribed at i on
Techni cal Docunent MA0O59, available fromMIIlipore Corporation, Bedford.

o TS SRR ol RIS g G e SRR T i
fil [ he SC2 |iqui, . 0 C h h
o BT B A S S 0T SR e

clean SC2 liquid was used and no wafers were processed to avoid ot her
pot ent i al alebhelct Thenfiitertwasethen ssulled imthefilree hslddr ofa filitationesystem| ofcpui d f | ow,
such as retention of

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
(HCI), 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.

During the filtration process, a positive displacement pump is used to push the
liquid through the filter device thus creating a pressure drop across the filter. Since direct
pressure drop data of a filter in use are difficult to obtain, the pressure on the upstream side
of the filter (P) is monitored as well as the liquid flow rate through the filter (Q). It is
common in the industry to use the ratio of the above pressure divided by the flow rate (P/Q)

as an indication of the total system resistance to flow. Since the only part of the filtration
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particles, thus isolating the dewetting phenonenor. The filter hol der was
drained of the Iliquid through a drain valve and a vent valve the entire
volunme of liquid in the bath was also drained fromthe bath and fromthe
pi pi ng, i ncMRAPHYPIIhe punp, using the punp to push air throfGH Y088t em
i ncluding through the filter hol der. After this first drain cycle the
bath was syster thdtichn boratiaiffChabgelwitt tanglishBaFiRer £e0isBAtLtd fisw Wik s th&mda@

liquid through the filter. The "drain#l" P and Q val ues were neasure

after the I, 1} S € ' err]C. . Thi

i - cyc[aRERE R HHd f & ey (I rqoFR Lt R HeFolEE of e UGS s Reig e oo
val ues wer.e neasur gﬁgjber .each drain cycle. This exanple was repeated

usi ng an E}ﬂ qvf'ei {QIBHR f5c MOFq $eRpitive geasureohg flten sgssistanse to flqwrisincen)
PTFE menbrane filter 2, and an Uti-Chemnert[err] filter conprising a

0. 05 [ err jtrehangesmaory dpamatically thanRhEhgesin FoalameonQaldnee P iy measiedd in pounds
Corporation, East Hills. NY. filter 3, for conparision

AVENDED uare i i ; ; el d ted in
floure 5 bp e ach (osh of TERBIARFHE drgts SRR afoftl by REE O
The results_sh h the nodified, nenb e filter prepared according to
the pres ekﬁp“?%nw é 13%31?%‘? geFR Pﬂé@@-n%ﬂm&‘e@m@% cabBecumenth| v
chem cal I&a%ess‘i ve and hi ghly outgassing conditions as seen by the
const ant Aij? ; aviilabley/emt Mitbpere ChrpomtionBetfordyMA e USAewhithuis ifcoggbrisett er
(fliter 2) and the Uti- Cheminert[err] (filter 3) dewet as seen by the

| ncr easi nPerBindy A¥férence, explains this process in more detail. Exanpl e 12
A . 25.4 cm (10 inch) stacked disk filter conprising a PTFE nmenbrane having a

pore size of . I m ny . di f.i.ed.w t.n Nafion[er ..
per f | uor ocar bog‘hghc%lgcﬁ 6'1;9 Ir%[&r 31%{3@8%(‘:? ?{}‘%36{@% ofg;paﬁlﬁqago& SySteB. hel i(le; ligpid afet
with 100%i sopropanol and flushed with water to replace the alcohol. A
sinmilar $97G sas passpd thypugh ke filier and thepinitiaHePriand RewereRBessurdd: alnthisavi ng a
pore size of

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 flow, 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
the filter. The “drain #1” P and Q values were measured after the temperature of the liquid
was established at 80°C. This drain cycle was repeated 5 additional times and the
corresponding P and Q values were measured after each drain cycle. This example was
repeated using an unmodified wet contro! filter, comprising a 0.05 micron PTFE
membrane, filter 2, and an Ulti-Cheminert™ filter comprising a 0.05 micron pore-size

PTFE membrane obtained from Pall Corporation, East Hills, NY; filter 3, for comparison.
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0. 05 [err]m(mcron) was wet in the sane manner. The two water-wet filters
were installed in a bubble point pressure test apparatus and the water
bubbl e point pressure of the filters were neasured. The water bubble

poi nt pressures of unnodified wet control filters were also in
the sane fad¥R 30136 The wat er bubbl e point pressure o?cfﬁm\gg&
nodified filters were greater than 274.8 kPa (40 psi), whereas the bubbl e
poi nt pressure'liilﬁrp-ﬂlétsg‘mm&il?n exaanple areqpresentsd an Kigure § which¢p®senitea pl® ofsi ) ,
Exanpl e 13 Several sanple of 0.1 [err]m (m cron) pore sixe PTFE nenbranes

nodi fi ed e PAREARWVErdrhin nuifdef.| TE Raltd SHove QRO TBEdifEd GieflibRghe! flterhe
met hods of exanples 1 and 3 were wet with 100% i soprosanol and rinsed

the 1 of | oRFIR AP &BRRSPH fovehiii VPAS ) s SERUEE everlfiele WEREL 717, "

aC|d at 150[e rrllﬁwpor 100 hours.

[bb; {ieasgessive and Righly entgaseing copditips asig5en by the constaay PAQ 494
tet r anet hyI anmoni um hydroxi de at 50[err]C for 100 hours. (d) A SCl
sol uti on catid averitime 4r ¢raint manbepnwhile thedmmodifted(fater Yhiltéra2)lardahe Ulydr ogen
peroxide (30% to 5 parts water, at 80[err]C for 3 hours. (e) A SC2

sol ution tad D I 1 part hydrogen

per oxi de %%%’éﬂ Qgﬁerp?tdsewgm%ﬁérewh?%&flerr?%é ?7@§;(ﬁours (f) A piranha
solution containing 7 parts sulfuric acid (97% and 1 part Herr]Jerr]
(30% at 135 C for 168 hours. Example ¥°1" and SC2 sol utions were
replaced every 30 mnutes with fresh solution at tenperature to nmaintain
an effective | ev&0 imdh stackell disk filtaridéviiee qumprisiz sBTBEimembyase hayihga @dre every
24 hours with fresh solution. The sanples from(c) and (d) were further

treated wigh of I@)yij 'rﬁ&lah Qals ‘in&l?ﬁéa With Rafibh® ptERibrdcrteA TepSlyidabs bdcriBdR es

were in the acid formafter

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.

Example 13

Several samples of 0.1 micron pore size PTFE membranes modified with Nafion®
perfluorocarbon copolymer according to the methods of examples 1 and 3 were wet with
100% isopropanol and rinsed with water to replace the alcohol. The water-wet samples
were immersed in the following chemicals under the following conditions:

{(2) 97 % sulfuric acid at 150°C for 100 hours.
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test. After exposure to these highly aggressive chemcals, the
sanpl es were thoroughly rinsed with water and were subsequently anal yzed
by FTIR along with control sanples which were not exposed

cheni cal s. W‘ﬂgslf;“ﬁ’ﬁ spectra of all the samples, including thé[%(}?ﬁ?sr% s,
were identical indicating that no changes in chem cal conposition of t-he
nmodi fi ed(E9% hrdogem peosisgrat 80°C fordl Q0 owas.| y, quantitative analysis of the
FTIR spectra determ ned that no changes in the anount of the nodifying

per f | uor @f @ PBNecAPBFIatrintohiurh M dAKEIY £ S8°C for 100 hours.
(Conparative) Exanple 14 This exanple illustrates a process of the

prior ar riped i : n . . | results
bt a1 nod Vi S olFRn' Buplrive TR Hmm by dfebidf a0 Bl hy B

41 of or oys menbr ane bstrate with a perfluorocarbon copol yner
corrposi-tP@ﬁX\Qﬁs@O%&t‘%gWﬁ%H’%' G‘yioqg@ifﬁih%‘f%ith the procedure set forth
bel ow. A solution of Nafion 117 perfl uorocarbon copol yner was nade
by first(e)uk SCBgohmion@ontaiiingy paf hydrdehloricracif (3M)itorl gathydrogenperoxide by 2
inch filmpieces. Nafion 117 is the sulfonic acid formof Nafion copol yner

film havb%%%gﬁghse%%ﬁ?ﬂgoe@ %trhx?gf 0.91 neq/g and an equi val ent

wei ght o s iTmpieces were then converted to the

lithiumsul fonate fqrmof the. ¢opoly by | i ng .them.i ueous
sol ut i on{tbfAPikghesalyesn copainine i bavss SHivEe AgH (1% and darchisty BRI upon
the wei ght of the solution. The solution was heated to 50[err]C for four
hours and3iherorb@l kelirso room t enperature. The fil m pieces were renoved
fromthe solution and rinsed in deionized water for one hour three times.

The film pieggg S\(‘ﬁraﬁ‘ldcﬁza#dﬁt&ﬁﬁ et CPIRI 2Fely ™0 RififukdsUPHP HREPHluGAPa! Y Ter

in the lithium sulfonate form

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 subsequently 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
modified membranes had occurred. Additionally, quantitative analysis of the FTIR spectra
determined that no changes in the amount of the modifying perfluorocarbon composition
had occurred.

(Comparative) Example 14
This example illustrates a process of the prior art, described in U.S. Patent

4,470,859 and the undesirable results obtained thereby. The extent of surface modification
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Fifteen grans of the lithiumnodified film pieces were placed in a round
bottom flask with 285 m tetranethyl ene sul fone (Sul fol ane) sol vent and
heated to 240[err] for 4 hours while stirring under a nitrogen bl anket.
Thereafter, Wwhossehsiti on was cooled to 25-30[err] Cto formparrsdesiris

wei ght sol ution of the copolynmer which was diluted to forma 1% by wei ght

sol ution ' | ane . Eol |l owi.ng th rocedure, of U-S. -
ot ont 4, 38 PR dneitbrefe AlReae it o perBiotoSHRaR cORGHRET SRRSO e 106
sol ution which did not wet the nmenbrane. A container for the solution and
menbr ane HEETIRIngd by dys sERRing Witk the: Brasedurg set forthjbelowed to a vacuum of 150
nmm Hg absolute-for 2 mnutes followed by quick venting to the atnosphere.

The vacuum and spluién sfENafion® WE pérflReadcathon Topol§ et v Phads bg irglictBgtannet
t he menbr ane. 4

The menbr 1< r h alution.a | aced i n_o . at
1307 er ] c® st BE I SR SRERAioAeP T 2 2 Speh 02 2R s RS0 aongd i
roomtenperature and immersed in isopropanol (I1PA) to wet the nenbrane.
The wet nifieruifienictasichfommsof Nafion@seapolymer filmihavingopncion exshaingt capacity of 0.91
Met hyl ene Bl ue dye until staining of the nenbrane surface was effected.

The nenbrmq/gtmary\aﬁ,im%@@gpqmd_al ly in water, |PA and water while
being agitated to renove excess dye fromthe nenbrane. The draw ng

of Figure 10 s tethe surface nodifyi C Siti i nconpl etely
nodi fied the rre%ng? Ia{’%g&s%l&rf ﬁlgéesavgerg mwgt?%odggﬁ&%ﬁts@?o OF’F’dﬁté‘e
background conprises the unnodified menbrane substrate. The controls of

Fi gure 6 CoRAAmeLbPImmEersingihemd) an aguaong selution oS mE % Ti@Hs aud L wt0%1 %
aqueous Methylene Blue followed by rinsing) shows that the PTFE nenbrane

subst r at edinsethyltsutfyzide (DMBOYsabad @ thBwessht of the solutibhe THeQ6RSion s sur f ace
nodi fying a 0.2 mcron PTFE porous nenbrane of U S. Patent 4,470,859 was

repeat ed gxf&Pto S0 fok BourMblfs ARMREADSIH RSTobA! EmPATnRE, SWaE ﬁ%tpri]eccs 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 2 nitrogen blanket. Thereafter, the solution was cooled to 25-30° C to
form a 5% by weight solution of the copolymer which was diluted to form a 1% by weight
solution by adding Sulfolane.

Following the procedure of U.S. Patent 4,470,859, a 2 micron PTFE membrane
was then immersed in-the 1% solution which did not wet the membrane. A container for
the solution and membrane was placed in a vacuum chamber and subjected to a vacuum of
150 mm Hg absolute for 2 minutes followed by quick venting to the atmosphere. The

vacuum and quick venting was repeated. The solution still did not wet the membrane.

4



| PA for about 10 seconds prior to contact with the Sul fol ane sol ution of
the surface nodifying copol yner described above in this exanple. |PA

i nstantly VLS ob/ 3PTFE substrate. In addition, contact was H&glté‘ég%{ﬂgﬁ%gd

by vacuum and venting since the nmenbrane was prewet. The pur

prewetting step s to,determ ne wheth It inprqved e surface nodjfylng
result shown in ﬁ?eg%:@b&a@; then was re"ﬂf'?‘gﬁmg’etf‘ﬁgaﬁp%@?‘i %ﬂ?‘ﬁ‘sﬁnﬁ& OVeRat e
menbrane was i mersed in Sulfolane for 5 mnutes to replace IPAin the
menbr ane wifoh6 Sebifsol Timemefbeangovds remevedefromithdo®u, Codled et ravhetempamtirmapdsed
in the 1 % Sul fol ane sol ution of the perfluorocarbon copol ynmer conposition

for 5 m nutiggnersddinTopRoFme! (IPAY 10VAEt the inditade, OThd Wer ebEdne thetWas
43 SUBSTI TUTE SHEET (RULE 26)

i mrersed in sh .19 |_ytel f per.f b opol ymer

conpositi Orm%%efgée llg a%‘%%’%iﬁb@&mﬁ% n L{#ﬁ\g&ﬁ@ﬁ%‘% Eﬁlg @rﬁé]hﬂpwé@%% fromthe

solution and oven dried at 130 C for 6 hours. The surface nodified

menbr ane t HBgMbyABe syrfzcssvrs\aticpteds (i maarebrane them svag siashedeguensigBy dn Water i s

exanpl e. The surface nodified nmenbrane is shown in the Figure 11 draw ng.

As shown i APAI andrweatér] whild beilf REitavadhioreneve sxdescdygfremahy membraee nodi fi ed.

(Conpar ative) Exanple 15 This exanple illustrates that the process

of the prior artrydefawingest Fifurt! 18 shbRt Bt theluffill RSiAERL cHinbbdiAbd'd 2

copol ymer precipitation techhique for surface nodifying a nbr ane

produces unsatisfactory..results. A 0.2 mcron, PTEE nmeghr

st rat o JBOTRIFED BNiARE RitshSabras pusfaceds St PO P e 1B 10 g

subj ected to a vacuum and &ui ck venting in two cycles as described in
background comprises the unmodified membrane substrate. The controls of Figure 6

(undyed PTFE membrane) and Figure 7 (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
modifying copolymer described above in this example. IPA instantly wets the PTFE
substrate. In addition, contact was not effected by vacuum and venting since the membrane
was prewet. The purpose of the prewetting step was to determine whether it improved the
surface modifying resuit shown in Figure 10.

After being prewet with IPA, the membrane was immersed in Sulfolane for 5
minutés to replace IPA in the membrane with Sulfolane. The membrane wet with Sulfolane
then was immersed in the 1% Sulfolane solution of the perfluorocarbon copolymer
composition for 5 minutes. The membrane then was removed from the solution and
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Exanpl e 14, the solution did not wet the nenbrane. The nenbrane was renoved
fromthe solution and imrersed in toluene for 15 seconds to effect
precipitation of the perfluorocarbon copolyner conposition. The nmenbrane

t hen was remnpgesisfisom the toluene and placed in an oven at IpgOiesdsletrigor 6
hours. The nenbrane was renoved fromthe oven, cooled and stained with

Met hyl ene Bk t; hifof Fém -
resul t ant rrehﬁ;in%rFa %ﬁg %gtﬁsﬁggﬁgﬁgolgﬁ%\%lhl n Fi; tg% e .8 t%gr%?’?sc og?}?’?glc.: ggxﬁﬁosmon

i nconpl etel¥ ig)di.f | ed. The process for surface nmodifying a 0.2

m cron PTFE (Efo B ¥Shbr ane of U S.  Patent 4,470, 859 was repeated except

that the PTFE nenbrane substrate was prewet with |PA by imersion of the

menbrane in | PA {The oambyate (hen was memevads fsomtke sobution and oyen dnied at 130° C for 6

44 surface nodifying copol yner descri bed above in this exanple. In

addi tion, chodr8ciThaaarfaed modifiedGhaisbraye afi Wil sAREIEN Methyléne Blus Bedescribed
menbrane was prewet. The purpose of the prewetting step was to determ ne

e ol bRV s REmBH] ARSPREL fablitfla itk SNAUIN 1d e EigeSt 1 Yyraping.

After being prewet w he ‘menbrane was 1 nmefsed |

mnutes to replace, lIPAin .th rane with Sul fol ane. The nmenbrane wet
with Sul fol éﬁélm‘f’ﬂé%l;@%'éeilin@?gﬁ memhgang isincomplstely, gurtace modifiedon t he
per fl uorocarbon copol ynmer conposition of Exanple 14 for 5 m nutes. The

menbrane then was renoved from t héCompanative)rExample Hirersed in a fresh 1 %
Sul f ol ane sol ution of the perfluorocarbon copolymer conposition of Exanple

14 for 15 m nut eThis BxemPRGARRes MBSt the PRocRSk JiTtREpEibeart abittibed in BTN PaR" Sed
in toluene for 15 seconds to effect precipitation of the perfluorocarbon

oven tri ed a70R30 sE pfife REFREAEr pPET, e LEIRASE o Rl BodPrHER", 0

cooled and stained with Methylene Blue as described in Exanple 14. The
surface nodMEMPERTGITARUCRS BNsatigiagipry results.

A 0.2 micron PTFE membrane substrate was immersed in the 1% Sulfolane solution
of Example 14 and subjected to a vacuum and 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
toluene and placed in an oven at 130° C for 6 hours. The membrane was removed from the
oven, cooled and stained with Methylene Blue by the procedure described in Example 14.

The resultant membrane obtained and shown in Figure 8 has its surface incompletely
modified.

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 by immersion of the membrane in IPA to contact with the Sulfolane solution of the

<HRSTITUTE SHEET (RULE 26)



Figure 9. Wiile the nenbrane has nore of its surface nodified wth the
copolynmer as conpared to the nenbrane shown in Figure 8, its surface is
undesirably inconpletely nodified.

Exanpl e 16 WO98/50136Thi s” exanpl e il lustrates the process of tRFYUSTRAAIY on
when utilizing a perfluorocarbon copolyner solution formed of a sol veat

whi ch wet surfdte middibyisgeopolymer describel aB5verinahivrexihple. Manddition, véiadt WaRmed
for 1 mnute at roomtenperature in a 1 wt. %:solution of Nafion

perfl uoro J I Ak e0: Sl | | ' ' r | ower
Bl conol s SRSCRd P AEHRRY el b Bebflle i BrBhis e bl e

45 M1 waukee, W . The perfl uorocarbon copol yner had an equi val ent
wei ght of PIERSHNETHer Was Hydetsraine vaetheisit Amprayed the yglagemodifying results showhe
menbrane was renoved fromthe solution and imediately inrersed in | PA for
one m nut @ Bigureo®m t enperature. The | PA wet the nenbrane. The nenbrane then
was renoved fromthe IPA and imediately imersed in water for 2 m nutes

whil e being — SSlerbefly pFlfet TEPIFN B SR 68 (U BB grls vas oven

dried at 120[ e hour s. Dprane was renove romthe
oven, cooled to roomt ergture and i d in,l PA The nenbrane S
emoved {FERHERE TEPACE I i iHe REERge Wifthualsne , The MEmRTERs Sewith GPUSIRE | on
of Met hyl ene Bl ue while being agitated. The nenbrane was then
washed t othearwasemenersssisinivhe hl Suifoldieselutionwattbe perfihotdcarped copolymar f ol | owed
by water imrersion. The menbrane then was dried at room tenperature. The

resul tant cg fdtFofl BxAamawn4 ifer §imfintites. 1TheViemBraid Shid wisifehitied floaiilect el y
nodi fied with the surface nodi fyi ng conposition.

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 the perfluorocarbon
copolymer composition. The membrane then was removed from the toluene and oven dried
at 130° C for 6 hours. The surface modified membrane then was cooled and stained with
Methylene Blue as described in Example 14. The surface modified membrane is shown in
Figure 9. While the membrane has more of its surface modified with the copolymer as
compared to the membrane shown in Figure 8, its surface is undesirably incompletely
modified.
Example 16

This example illustrates the process of this invention when utilizing a
perfluorocarbon copolymer solution formed of a solvent which wets the membrane.

A 0.05 micron PTFE membrane was immersed for 1 minute at room temperature in
a 1 wt. % solution of Nafion® perfluorocarbon copolymer in the sulfonic acid form in a

mixture of lower alcohols and water obtained from Aldrich Chemical Company,
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Exampl e 17 This exanple illustrates that the nenbrane of this

I nvention can be produced with a perfluorocarbon copol yner sol ution which
does not wet the nmenbrane when contact with the solution is followed by
contact wit @9@&!1 £nt which renopves unbound perfl uorocar bonpcgarsosyses and
whi ch wets the nenbrane. A 0.05 mcron PTFE nenbrane was prewet

with | PA by the pr tting procedure described in EX | e, 15. i ane
t hen was »ﬁ%mef m kI PEFBIOTac AT FRPOERET; had %Pma&g‘gwlelﬁ}’t gf H}ﬁ:{xt €to
replace IPA in the nenbrane with Sul fol ane. The nenbrane, wet with

Sul f ol ane menfiteranavarstsiinstantlyad thensodutichh sol uti on of t he perfl uorocarbon

copol yner - sol ution

46
described in E&g;enh&n%é @hs renfgved m@%b@h&%&%lﬁﬁ%ﬁéﬁéﬁ@ﬂ om

the solution and imrersed 1n a fresh 1 % |'ane sol ution of
per fl uorocarbon . copol yner, _conposition Ex le 14 for,15 mnutes.

Phe monbr SeOtBIGE TORIVERTRRE THE Toh "R A mERbiaRse T BHRAIDF jion was
imrersed in IPAfor 2 minutes to renove excess surface nodifying
conposi t i semovesniremdhe B anthnmediatelynimmeraedein siaier &r&/@mms(mgdmbemm and

I medi ately inmersed in water for 2 mnutes. The nmenbrane was renoved from
the water a%ﬂﬂed\!aa‘h@mﬁiﬂe&ﬂasaien@% &iofd e fvadterldnd WadUdven dried at 120°T0Eor 2
menbrane then was stained with Met hyl ene Blue by the procedure described in
Exanpl e 14. The resultant nenbrane is shown in Figure 12. The nenbrane
surface i c'mE,sorrpI etely nodified with the perfluorocarbon copol yner
conposition as shown by conplete surface staining.

Exanpl e 18 The merphrgnewanfsneovied [fipm theravent mlecgtog@pm tegperpturg and

per fl uorocarbon copol yner conposition which wets a thin porous nenbrane
substr at e ig@ierded iHIPAI ZB@ rhembandivas dnvoveddrdm théPA 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 then was dried at room
temperature. The resultant membrane is shown in Figure 14 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
the solution is followed by contact with a solvent which removes unbound perfluorocarbon
copolymer and which wets the membrane.

A 0.05 micron PTFE membrane was prewet with IPA by the prewetting procedure
described in Example 15. The membrane then was removed from the IPA and immersed in
Sulfolane for 5 minutes to replace IPA in the membrane with Sulfolane. The membrane,

wet with Sulfolane, then was immersed in a 1% solution of the perfluorocarbon copolymer

46



menbrane surface with the copol ymer conposition. A 0.1 mcron PTFE
menbrane was imersed in the al cohol solution of perfluorocarbon copol yner

conposition described in Exanple 16 for 15 seconds. The sol ution was
observed to WRAHSM3&| y wet the nenbrane. The menbr and TSP ERY8 ed
fromthe solution and placed directly into an oven at 120[err] C for 2_

hours. Theoh#iohdesteibedin Erampled 4ffop SnhinatedVv Dhe aidinbwane tefiwiedeitiovéd from
Met hyl ene Bl ue by the procedure of Exanple 14.

ol yner e solition anpn%@ggg@ééﬁrm%nme%smgwmé Ptttk N the
copoly;ner composition of Example 14 for 15 minutes.

the membrane then was removed from the solution and was immediately immersed
in IPA for 2 minutes to remove excess surface modifying composition from the membrane.
The membrane was removed from the IPA and immediately immersed in water for 2
minutes. The membrane was removed from the water and was oven dried at 120°C for 16
hours.

The membrane then was stained with Methylene Blue by the procedure described in
Example 14. The resultant membrane is shown in Figure 12. The membrane surface is
completely modified with the perfluorocarbon copolymer composition as shown by
complete surface staining.

Example 18

This example illustrates that a solution of a perfluorocarbon copolymer composition
which wets a thin porous membrane substrate can be utilized to completely modify the
membrane surface with the copolymer composition.

A 0.1 micron PTFE, membrane was immersed in the alcohol solution of
perfluorocarbon copolymer composition described in Example 16 for 15 seconds. The
solution was observed to completely wet the membrane.

The membrane was removed from the solution and placed directly into an oven at

120° C for 2 hours. The membrane was removed from the oven and was stained with

Methylene Blue by the procedure of Example 14.
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48 CLAI V5 1.
A nodi fi ed porous nenbrane product conprising a thin porous polyneric
substrate having its surface conpletely nodified with a bound

per f | uor ocarpggskgipp! ynmer conposition, said bound perfluoroFéfkgﬂmm,w
copol ymer conposition being substantially insoluble in a solvent or

di luent for solyated .unbot erfl uoroc conposi tion and-
sai d nodified Jufn ‘?é%‘“éﬁ'@g B’PB&B‘EP*EW%(/ a*fgea% %C&P?lbjmﬁh@wm
perneability as the porous polyner substrate. 2 The porous
nmenbr ane Figded8. of Claim 1, wherein said copolymer conposition is
substantially uniformy deposited over the entire surface area of said
substrate. 3. The nenbrane product of Caim1l conprising a flat
sheet .
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4. The nenbrane product of Caiml conprising a corrugated sheet.

5. The nmenbrane product of Caiml1 conprising a hollow fiber. 6.
The nenbrane product of Caim2 conprising a flat sheet. 7. The
menbr ane pr oMEHI36C ai m 2 conprising a corrugated sheet. PCT/USS§08118
The menbrane product of Claim2 conprising a hollow fiber. 9.

The nmenbrane product of any one of Clains 1, 2, 3, 4, 5 6, 7 or 8 wherein
sai d perfluorocarbon copol yner composition contains at |east one of the
follow ng groups (SOerr]F), (Sderr]M, (SOerr]R, (S2NR2), (COF),
(Cx2M, (COerr]R or (CONRerr]), wherein Mis H, an alkali netal, an

al kaline earth“netal, or NR4 and each R seEarater is H an al kyl group or
an aryl group, or a substituted al kyl tituted aryl group.

10. The menbrane product of any one of Clainms 1 or 2 wherein said
substrate is a Lfl ucAimedifiehparons mgmpring pesduct comprisingld thin pdiegs pelyhietioe
product of C aim 10, wherein said fluorine-containing polyner

I's
pol yt et r af ] i 0
Mherein oardnyiE b YRERE suface complebdy modiild VRIP R iiBichafin Shp bt
13. The nmenbr ane product of C aim 10 wherein said fluorine-containing
pol yner  i©mpPosiigyy ?ﬁ‘&?@@dé{eﬁgm%ﬁ@rb?fb%ﬂwfmoyﬁ@n.bemg substantiglly A
surface nodified porous nenbrane product of any one of Clainms | or 2

conpr i si ngnsdlubledsa selnentpe dilhemn forsatvattdoambposd pérfiiotorxibog c@pc\EAlIZﬂleﬂ ewetting
surface as neasured by a water bubble point pressure test, erein the

than t he w0 afd SR il pdehs MERBEAE rghe Bl R e BRI R sl o'

15. A surface .podi fied poroys nenbrane conprising at |east one
perfl uori iAFEg2 ‘g&rﬁﬁ&‘m%\‘? PRAVIREISURSHER®- dewet ti ng surface as defined by
the Standard Dewetting Test

2. The porous membrane product of Claim 1, wherein said copolymer

composition is substantially uniformly deposited over the entire surface area of said substrate.

3. The membrane product of Claim 1 comprising a flat sheet.

4, The membrane product of Claim 1 comprising a corrugated sheet.

5. The membrane product of Claim 1 comprising a hollow fiber,

6. The membrane product of Claim 2 comprising a flat sheet.

7. The membrane product of Claim 2 comprising a corrugated sheet.

8. The membrane product of Cléim 2 comprising a hollow fiber.

9. The membrane product of any one of Claims 1, 2, 3, 4, S, 6, 7 or 8 wherein

said perfluorocarbon copolymer composition contains at least one of the following groups
(SO;F), (SO;M), (SO4R), (SO,NRy), (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.

.



wherein a final pressure drop across the nmenbrane is no greater than about
three tines of the initial pressure drop across the nenbrane.

16. The process for form ng a porous nmenbrane product conprising a thin
porous  polH&degssSUbSt rate having deposited thereon over igcynEsitiosns
surface a perf(uorocarbon copol ymer conposition, said perfluorocarbon

CoPOLYIer ORGP R SRR e R, Lot A0k s

50 conposi tion and wherein said porous nenbrane product has
essent i aflpgrinenconizine PRWMEEabi | ity as the porous pol ynmeric substrate which
conpri ses: - a) contacting a solution containing a

perfl uorocar bbdh coffht yembrane pogaiust ¢fl Claim 0,wiredinl s4iod Flyomitie-somaihingtpelsirger
ef fect depositi on and bi ndi ng of said perfluorocarbon copol yner

conposi tisﬁfélﬁ ﬁ{eyrrer substrate. b) contacting
sai d pol yrer strat aV|ng bound and unbound perfl uorocarbon copol yner

conposition f sol vent | uent . dj spersant for
unbound perfl rociﬁg&%"%’ %&F?W Fres i e ROPIAIRG BUY ™SR hound
per fl uorocarbon cg&ol ymer corrp05| tion fromsaid pol yner substrate while

subst ant isa peyfluere dxmlmmval of bound perfl uorocarbon copol ymer
conposition fromsaid polymer substrate and c) heat

treating sai dipol yTRE memdedne PrAIREYT Clgins 30 d/h@@ﬁi‘#i@micfridé%ﬁ&%ﬁﬁ@ﬂol mer
copol ymer conposition on said surface. . The process of Caim

16 wher e{S a ﬁ\%rgua%% je e-prxgq eCcof)&grsr}elt ate Is a f l at

14. A surface modified porous membrane product of any one of Claims 1 or 2
comprising at least one perfluorinated composition having a non-dewetting surface as
measured by a water bubble point pressure test, wherein the water bubble point pressure of
the membrane is at least about 50% greater than the water bubble point pressure of the

unmodified substrate.

1S. A surface modified porous membrane comprising at least one perfluorinated
composition having a non-dewetting surface as defined by the Standard Dewetting Test

wherein a final pressure drop across the membrane is no greater than about three times of the

initial pressure drop across the membrane.

16.  The process for forming a porous membrane product comprising a thin porous
polymeric substrate having deposited thereon over its entire surface a perfluorocarbon
copolymer composition, said perfluorocarbon copolymer composition being substantially

insoluble in a solvent or diluent for solvated unbound perﬂuorocarbon copolymer

e e e e e

AR R Illl
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sheet . 18. The process of Claim 16 wherein said porous polyneric
substrate is a corrugated sheet. 19. The process of Caim 16
wherein said porous polyneric substrate is a hollow fiber. 20.
The processWsI 98#36one of Clainms 16, 17, 18 or 19 wherein sal/BST¥MES ¢

substrate is a fluorine-containing polyner. 21. The _
process oforfipasition2hdwitearein said piotbuls menrbrase mroduch has esgenpially thersaime

pol yt etraf | uor oet hyl ene. 22. The proeess of Caim20 wherein

sai d fl uopd BRaGHR} & thé BSroR®bYFRierit SuldirakRSikibhSdmaiseexy pol ymer . 23.
The procegs o? Clwai m Zg V\he?e?ﬁ{gai d flauori ne- cdél)llslljti alning polyner is a
fluorinat ed et’hyl ene-propyl ene copol yner. 24. The process of any

one of Clains 16, 17, 18 or 19 wherein said. perfluorocarbon gopol yner
conposi tion contai n® at F‘@ﬁ%ctjﬁngﬁemé’%of’ﬁ8‘%’f%\??b“%°8ﬁ§? c?%ﬁi"g’lﬂr] F),
(Sqerr]M, (SJerr]R, (S@2NR2), (COF), (CX2M, (CXRR or (CONR2), wherein
Mis H, eomposiin wittesaid polymenswbsitaiedo etfeqtidepasitzan andrbindiag dach R
separately is H an alkyl group or an aryl group, or a substituted al kyl

or substi %%i‘hﬁgr&&ﬂb'ong:bﬁélhner comFositiqr?&to said PElyHePG@3fael C ai m 24 wherein
said polyheric substrate’is a fluorine- containing polymer. 26.

The process of Caim 25 wherein said fluorine-containing polyner is

pol'ytetrafl uoroet hy{))ene. contacting said polymer substrate having bound and unbound

perfluorocarbon copolymer composition from step (a) with a solvent, diluent or dispersant
for unbound perfluorocarbon copolymer composition to selectively remove unbound
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 polymer substrate having said bound p_erﬂuorocarbbn
copolymer composition on said surface.
17.  The process of Claim 16 wherein said porous polymeric substrate is a flat
sheet.
18.  The process of Claim 16 wherein said porous polymeric substrate is a

corrugated sheet.

19.  The process of Claim 16 wherein said porous polymeric substrate is a hollow

fiber.

20.  The process of any one of Claims 16, 17, 18 or 19 wherein said polymeric

substrate is a fluorine-containing polymer.

cmmee g
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27. The process of O aim25 wherein said fluorine-containing polymer is a
per fl uor oal koxy pol yner. 28. The process of Caim 25 wherein said
fluorine-containing polymer is a fluorinated ethyl ene-propyl ene copol yner,

29. The pr@efamsefs any one of Cains 16, 17, 18, 19, 21, 22p@fusedoehigrei n
said solution i ?"a | ower al cohol solution containing a perfluorocarbon

copol yner conposj tion, . .. . .. . - 52

30. The pr oc%’ls s o?hed’rgfer?? 95 Claira 29; whesein gaid dlugringsrontaining RokaRerds ¢ ohol

solution containing a perfluorocarbon copol ynmer conposition.
polytetrafluoroethylene.

22.  The process of Claim 20 wherein said fluorine-containing polymer is a
perfluoroalkoxy polymer.

23.  The process of Claim 20 wherein said fluorine-containing polymer is a
fluorinated ethylene-propylene copolymer.

24.  The process of any one of Claims 16, 17, 18 or 19 wherein said
perfluorocarbon copolymer composition contains at least one of the following groups
(8O,F), (§0: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 each R separately is H, an alkyl

group or an aryl group, or a substituted alkyl or substituted aryl group.

25.  The process of Claim 24 wherein said polymeric substrate is a fluorine-

containing polymer.

26.  The process of Claim 25 wherein said fluorine-containing polymer is

polytetrafluoroethylene.

27.  The process of Claim 25 wherein said fluorine-containing polymer is a

perfluoroalkoxy polymer.

28.  The process of Claim 25 wherein said fluorine-containing polymer is a

fluorinated ethylene-propylene copolymer.
29.  The process of any one of Claims 16, 17, 18, 19, 21, 22 or 23 wherein said

solution is a lower alcohol solution containing a perfluorocarbon copolymer composition.
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30.  The process of Claim 20 wherein said solution is a lower alcohol soluti;m

containing a perfluorocarbon copolymer composition.

————e e o
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