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This invention relates to an article of manufacture incorporating a

menbr ane havi ng Its _surface nodified wiwth a perfl uorocarbon pol yneric
conposition, to a prARTICLERFMANIFACTRRE INCLUDING AeSURFAGE ¢ and to a
filtration process utilizing the article of manufacture.

2. Description of Prior ArMODIFIED MEMBRANEEAND®PROUHESSrs are utilized
in a wde variety of environnents to separate materials within a fluid
stream Menbranes are forned froma solid polyneric matrix and have

hi ghly precisely controlled and neasurabl e porosity, pore size and

t hi ckness. In use, the ne ne filters oenerall are_incorporated into a
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be resistant to the fluid being filtered so that it maintains its
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carried out by passing the process fluid through the menbr ane fllter

under a di fhcctigle;of| masutastire endico adiltration proeess arilizing iherarticle of swnufagure of

hi gher pressure on the upstream side of the nenbrane than on the downstream
si de.

2. Description of 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, chemiéal integrity and cleanliness. For example, in the
manufacture of microelectronic circuits, membrane filters are used extensively to purify
various process fluids to prevent contaminants from causing circuit failures. Fluid
filtration or purification is usually carried out by passing the process fluid through the
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, fluids being filtered in this fashion experience a pressure drop
across the nenbrane filter. This pressure differential also results in the
fluid on the upstream side having a higher |evel of dissol t han

t he fIuid‘699@ﬁ%nﬂomnstrean1side. This occurs because gasggﬁﬂgﬁgﬁﬁgg air,
have greater solubiity in liquids at higher pressures than in |liquids at

| ower pressures. As the |iquid passes fromthe upstream side of the
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or other fluids which have i ) . . )
2 manufacture of semiconductors and microelectronic devices usually include very high

purity water, ozonated water, organic solvents such as alcohols, and others which are ﬁ
generally significantly chemically active, such as concentrated and agueous acids or bases
which can contain an oxidizer. These chemically active fluids 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 extr.actable
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 polytetraflucroethylene 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 nenbrane. Another
probl em often encountered during the filtration of outgassing fluids with
a hydroph%& g@gprane filter is that the nenbrane provi dggtaysdbesszs Ng
sites for ¥8Pita gases to conme out of solution wunder the driving force
of the pressure dlfferentlal during the filtration process. Gases which
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referred to as dewetting of the nenbrane filter since the fluid-wetted, or
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found that this dewetting phenonenon occurs nore frequently and is nore
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polymers such as polytetrafluoroethylene. It has also been found that the
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time filled portions of the membrane are gradually converted into flufdl-nonwetted, or gas-filled
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portions. Dewetting of 2 membrane can also occur spontaneously when a wet membrane,
such as a hydrophobic membrane wet with an aqueous fluid, is exposed to a gas such as
air. It has been found that this dewetting phenomenon occurs more frequently and is more
pronounced in fluorocarbon-based membranes made from fluorine-containing polymers
such as polytetrafluoroethylene. It has also been found that the rate at which dewetting
occurs is greater in small pore size membranes such as 0.2 microns or less, than in larger
pore size membranes. During a filtration process the reduction of effective membrane area
available for filtration due to dewetting of the xr.xembrane in a filter device results ina
reduction of the overall filtration efficiency of the filter. This reduced efficiency manifests
itself in a reduction in fluid 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 fluid per unit time



as when the filter was newly installed and therefore conpletely wet. This
reduction of the overall throughput capability of the filtration process
results in an increase in the user's tinme and cost to purifg&& QEH3% vol une
of procesVOPHUY2T Faced with a throughput reduction, the & PH9%3¢4 en
required to install new filters in the process and to discard the dewet
filters. This premature filter changeout due to dewetting and not

necessari | gs when the filter was deailis instatiedind therefork icempletaly miet.n Thisi radpctiap af itey
results in unschedul ed downtime and increases the user's overall cost.
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i ncreasing,.the speed at _which.a pu forces.fluid through . the filter to
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other elenments in the systemas well as the potential for a process fluid
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passing through the filter. Typically, a |ow surface tension rewetting
agent may b#iciencydy makingisdjnsiments ot other elembnta of iheofiitratiom systemsicbiasar e
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adjustments also translate into higher operating costs for the user and increases the
potential for malfunction of the other elements in the system as well as the potential for a
process fluid 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 resuit
in the introduction of contaminants derived from the rewetting process into the process
fluid 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 fluid. While membrane manufacturers may have the expertise for handling and



treating dewet filters, end users may not have the capabilities or the
desire to performsuch additional costly processing steps. Al
menbranes are characterized by nom nal pore size which is gj | at ed
to the mNDP¥PE2% particle retention characteristics. Porgbgllﬁg’%éﬂ?sgﬁe
directly proportional and particle retention is inversely proportional to
flow rate through the nenbrane. It is desirable to maxim ze both particle
retenti on teafingldewet filters, Sadyusets may nbyhdve dnecaphbitjtiener thé deditedserform such
characteristics while significantly reducing the other of these

charact er i gddi§énal Sostly H#85dsEiR sfeps. U.S. Patent 4,470,859, to Benezra
et al., discloses a process Tor nodifying the surfaces of m croporous
substrates for of fluorocarbon such as. polytetratl uoroethyl ene, with
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proceeding in this manner, the nenbrane surfaces and the interior walls
defi ni ng t heddsitablesti ces within the nmenbrane are coated with the

per fl uorocar bon -copol ynmer. Followi ng the coating step, the solvent is
renoved by evappsapieht 4/470)959188 Beatlda ¥RAY Wikciddes & PRoced fephRAifying the

perfl uorocarbon copolyner is precipitated with a substance in which the
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polytetrafluoroethylene, with a coating of a perfluorocarbon copolymer from a solution of
the copolymer to render the surface of the membrane more water wettable. The
perfluorocarbon copolymer is dissolved in a solvent at elevated temperature. The
membrane then is immersed into the solution which, in turn, is placed into a vacuum
chamber. The pressure within the chamber then is reduced such as to approximately 150
millimeters of mercury (absoiute) 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 describe 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 perfinorocarbon copolymer is

precipitated with a substance in which the copolymer is effectively insoluble. The solvents



utilized to formthe solution include hal ocarbon oil, perfl uorooctanoic
acid, decafluorobi phenyl, N-butylacetam de, and N, N-dinethylacetam de.
Subsequent _t o di fying the nenbrane surface, Benezra et aj Bﬁa
avoi di ng t WO W f afluid containing a solvent for the %‘BIT’P%%&

copol ynmer on the nenbrane surface. Benezra et al. also discloses that
al cohol solutions of the polyner should be avoi ded. U S Patents

4,433,082 anilizéd tbforadie sblstdminelude halocabon bid! pdridtob@ardit wdidons of a
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sol vents which.are.rel atively pnnacuous as, conpared_ o the solvents
utilized in™¢ @“&%Q‘Fi"ﬁf‘tﬁ‘"{ﬁ%i’é C%»géef%‘iat%abﬁ?ﬁgg?s aeidingthe|use of Adluidy i on
exchange polyners are dissolved in alcoholic solvents such as isopropanol
at el evat efon@iieg aseivent fanthe prastifyingcopdlymes onuhé membrane surfect. aBenediasatlabsed
as being useful in making and repairing filnms and non-porous mnenbranes
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groups for B !ﬂa{eﬁ ign gxchange palymer Bich 98 sepolymern of teteaflyerosthylpng and methyl
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polymers are dissolved in alcoholic solvents such as isopropanol at elevated temperature

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

Solutions of sulfonyl 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



pol ymers and for naking ion exchange film nmenbranes, dialysis rrenbrane
ultrafiltration and mcrofiltration nmenbranes. Anot her disclosed use foy
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should be avoided.

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

U.S. Patents 5,183,545 and 5,094,895 disclose a process for making a multilayer,
composite, porous diaphragm from a porous, multilayer, expanded polytetrafluorcethylene
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_goating 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 are the use of perfluoro ion exchange coatings having an

equi val ent wei ght greater than 1000. Attenpts to produce a device
utilizing surface nodified fluorocarbon nenbranes, together w ousi ng
seal ed to MR98¥4§P¥7ace nodified nenbrane have net with pr obl%‘ﬁ’ﬁlgﬁgﬁﬁe
adhesi ves used for sealing conprise a source of extractables, their use is.
avoi ded. Thus, sealing nethods which utilize nolten portions of a housing
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used. The heat derived fromthe nolten portion of the housing avail abl e by
convent i onagregeptia@do0gt hods sometimes degrades a portion of the nodifying
conposition of the surface nodified nenbrane which discolors at the seal
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menbrane which is resistant to chemi cal attack, such as a porous nenbrane
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desirable to provide such a nmenbrane which does not pronote nucl eation of
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characteristics of the resulting nenbrane, particularly with small pore
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substantially free of undesirabl e extractables.

8 the seal with the housing and which can provide a source of undesirable extractables.

Accordingly, it would be desirable to provide porous membranes having a
modified surface which improves its wettability characteristics. In addition, it would be
desirable to provide such a membrane which is resistant to chemical attack, such as a
porous membrane formed of a fluorine-containing polymer. Furthermore, it would be
desirable to provide such a membrane which does not promote nucleation of gases on its
surfaces when filtering outgassing fluids such that it does not dewet during use, Also, it
would be desirable to provide such a membrane having improved particle retention
characteristics as compared to an unmodified membrane without significantly adversely
affecting the flux characteristics of the resulting membrane, particularly with small pore
size membranes. Moreover, it would be desirable to provide an article of manufacture for
filtering a fluid which comprises a chemically inert, surface modified porous membrane

sealed to a housing, which is substantially free of undesirable extractables.



SUMMARY OF THE | NVENTI ON The present invention provides an artijcle
of manufacture useful for filtering a flu and which includes a thin pofous
pol ymer i e substrate having its surfaces, includpggnisbgei nteri g
pore surfaces and the exterior, geometric surfaces, conpletely nodified
wi th a deposited and bound perfl uorocarbon copol ynmer conposition. The

per fl uorocarbon copol yner conposition is deoosites In_a manner so that i§
is bound to the substrate sggﬂ&@ﬂﬁégﬁggﬁﬂﬁai per fl uorocarbon 1
copol ynmer conposition is contacted wth the polyner substrate such as byj
i mver si on of t The prassitriatention prdvddesanidriicls o6 mahyfacpeesesefig fonfiltaridgud flon “
t hrough the substrate under pressure or by intruding the nmenbrane pores
under pre : | Vihetis niERRR TPy holed whi ch
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copol yner . c osj.ti.on.in a solvent di l uent medi.um .These sol utions *
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conposition in a dispersant nedium The solution includes a liquid
conposi t i owdifiadcwith @ dapesited and boutid pesflucropartion pepolymer qeEPosiioRorfhehe
perfl uorocarbon copolyner conposition which either conpletely wets the

nmenbr ane  pefiof@atbodlcopliyfiar cobmpkisn Raiepudited i@ numnEr sondatsiv issbovat go tiehe
menbrane I1s prewet so that the solution can enter the nenbrane pores. It 1

s a requi t t ' G S.
The. sur fasioiual o, ASoRAot of B RTRbSHEkn Kofmd MrRTRNA Ao eqia
solvent, diluent_ or dispersant which sel ectjyely renoves, such as, by

sol vat i on gt GF Pabymss subsias sugh aﬁ@?fﬂ‘%ﬁi@hi’{) § ?fb"@m’?éﬁeﬁ HEJSPE Pn whi | e
avoi di ng renoval of perfluorocarbon copolyner conposition which is bound
to the mnepbssingethe sbiutiomthrough thersnbstravetinder pressurs or by dutrurding fheguembrate ane
substrate can be subjected to a nechanical force to selectively renobve

excess UnbgrRdinaef presiRtLC BY RABIARAMCYIR s ﬁ@iﬂé@ﬂiqhi@ébxgﬂlﬂidoﬂ wlish Eortatheal t

over

completely dissolved and/or partially dissolved perfluorocarbon copolymer composition in a
solvent or diluent medium. These solutions include suspensions of an undissolved
perfluorocarbon copolymer composition in a dispersant medium. The solution includes a
liquid composition which is a solvent, diluent or dispersant medium for the perfluorocarbon
copolymer composition which either completely wets the membrane substrate or, when it
does not wet the membrane substrate, the membrane is prewet so that the solution can enter
the membrane pores. It is a requirement that the solution completely enter the membrane
pores. The surface modified membrane substrate then can be contacted with a solvent,
diluent or dispersant which selectively removes, such as by solvation or dilution, unbound
perfluorocarbon copolymer composition while avoiding removal of perfluorocarbon
copolymer composition which is bound to the membrane substrate. Alternatively, the
surface modified membrane substrate can be subjected to a mechanical force to selectively

remove excess unbound perfluorocarbon copolymer composition and to distribute it over



the surface of the substrate. The resultant surface nodified nmenbrane then
Is dried and heat treated to inprove the strength of binding between the
menbrane substrate and the bound perfl uorocarbon copol yner cong }) on.
The heat - t WOI848%ur f ace nodifi ed nenbrane has its surface BoHY %?dg%f
nodified wth a conmposition conprising a bound perfluorocarbon copol ynmer
conposition which, surprisingly, is not substantially soluble in solvents
or di | uent sthetsnefacesef] the substratg/ Skhediesultant surface mulifieddnembrant @ is dried and
per fl uorocarbon copol ymer conposition. By the term"conpletely nodified"

as used her hdan tresied@ithprobdthelsiengil b Bindils Sedwidthe MRMHraAhibeRatk Snd di)
that dewetting of the nenbrane can be detected when the nenbrane is

contacted w ' lguid and..t hat, when the nmenbrane is stained
with Met hy&%@dgigtﬂ%%éé?é%{o%ﬁwgﬁgicﬁglaoﬁg??’i on of the nenbrane surface is
det ect ed. Excess,.or, unbound perfl uorocarbon copolyner conposition can be
sel ectively renoVRuleH-Geates sunizrgimedificd,membrane has ith surface somplately ynogified i ng
t he nodi fi ed nmenbrane surface. In addition, since the unbound

per f | uor ocawitha cappdsitinarcomprisingi 2 baundiperflrroasisbrf dopolyniee compbsicioe whidh, i s
no | onger a possible source of extractables which can be released in a

fluid bei ngsuppssfgly! Rrie glhbsia:cﬂﬁall}s SHIABIE S §A0drdd SC0aRAR GiRER sﬂ%@ ?PBIE)? dilute

surface nodi fied menbranes of the Invention are substantia ee o
extractabl e i e liguid which is.a solvent,.or diluent for nbound
so vat ed_pel B RN ek derti it o Liest GpoR. Sy, e SrmnirommEteRy s
preferred that the surface nodified menbrane is substantially uniformy
nodi fi ed wi MAdified” anusedrherein icmagns dhat ithmexsent of surfadeanedificationgs such that

per fl uorocarbon copol ynmer conposition per wunit area of the nenbrane is

subst ant i al dewdtting st nientirade @net deteetedUsienae fenibhthe B dbhta&ted wiBar ane.
The subsequent treatnent with a solvent or diluent to renove excess unbound

perfluoro COROlXRNiRMRAShE WheR U RESErAY SLBAL %tk*/l%ﬁeﬁ% ﬁ'h%n(ﬂ'e? qgpl ete

nodi fi cati on

unstained portion of the membrane surface is detected. Excess or unbound perflucrocarbon
copolymer composition can be selectively removed from the modified membrane without
adversely affecting the modified membrane surface. In addition, since the unbound
perfluorocarbon copolymer composition is removed from the membrane, it is no longer a
possible source of extractables which can be released in a fluid being passed through the
surface modified membrane. Thus, the surface modified membranes of the invention are
substantially free of extractables even when a liquid which is a solvent or diluent for
unbound solvated perfluorocarbon copolymer composition contacts the membrane. It is
preferred that the surface modified membrane is substantially uniformly modified with the
modifying composition so that the amount 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

perfluoro copolymer composition promotes substantially uniform and complete modification
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of the substrate surface with bound perfluorocarbon copol yner conposition.
In addition, the surface nodifying conposition is utilized in anmounts and
concentrat‘*, QE{ 5‘927that the porous nenbrane substrate is nglicpyddsisnsi al |y
bl ocked or §I 69 d as determ ned by measuring an increase in pressure drop
across the nmenbrane during filtration of purified water. The nodified
porous nmenbrane product of this invention has substantially the_sane,

per meabi | i ©f esSuptzate surdacsywigh beund periraspcasion ¢ppolymes sempesition & addidemr ane
substrate. That is, this pressure drop does not exceed an increase of
great er t hale fae andifgingasosmpokition ismtilized 415 mnhoumnts apd eanceomtsations soithav dief | ed
porous nenbrane substrate with the nodified porous nenbrane of this

i nvention. ' I; W&k Sxfifslyy 15%
and, nost grggug%ﬁ@r#%%@gﬁﬁgtlggéﬁgﬁ%&yas cg&r:%gpglgsét\‘do&%eé pr essJ’re drop
across the unnodified porous nmenbrane substrate, . The ar%i CI'F ({’f
manuf act ur SMGEFUITHE A0 InGiFash ’i”cﬁqugrep‘ir&? RERogs theimembrang fycing filization of puydte
nodi fi ed nenbrane to render the nmenbrane useful in many conventi onal
filtrati on wagrrocBwsmedifitd porus membranedprodect ofithib inveatiorshascabssantially the)same
housi ng which prevents fluid feed to be filtered frommxing with

filtrate. ‘pefm¢olity @R nthsurb® byprednatArsiea @6 uhMolliTRd PAedISidnbrandfibsgased
to the fluid feed and the exposed, non-seal ed portion of the nenbrane is

surface nodifj £d.4 r [ QS sl

The arti ol o et St bRslf sRHdalRoP BcRt th BRRRLe ELrelRFRAR 25 08k compared fo
of the nenprane in _a manner so that fluid feed contacting_ the expaosed
portion of BhBreRMEe Aropaacressithepnmedifed petons Membrans swbstiate With she medHied,i ned
by the nenbrane thereby to prevent bypass of the fluid around the

menbr ane. Iporasenantrane oftiis mvertivns Penfeeatily othis prossurendrop imurease dbed nattezceed
sealed in position prior to having its surface nodified with a

Ei” | uor ocayisign Bnk GREV: YPEErabRTRBS fidt BReeed O % 1P CGRSLrEE IPhE Preshfte (dréacroty | €

the unmodified porous membrane substrate.

The article of manufacture of this invention is provided which utilizes the surface
modified membrane to render the membrane useful in many conventional filtration
processes. The surface modified membrane is sealed within a housing which prevents fluid
feed to be filtered from mixing with filtrate. The portion of the membrane sealed to the
housing is unexposed to the fluid feed and the exposed, non-sealed portion of the membrane
is surface modified with the perfluorocarbon copolymer composition.

The article of manufacture of this invention is formed by sealing a portion of the
membrane in a manner so that fluid feed contacting the exposed portion of the membrane
either passes through the membrane or is retained by the membrane thereby to prevent
bypass of the fluid around the membrane. In one embodiment of this invention, the
membrane substrate is sealed in position prior to having its surface modified with a

perfluorocarbon copolymer composition. The exposed membrane portion, while
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supported, is contacted on one of its surfaces with a solution of the

perfl uorocarbon copol ynmer conposition. The exposed portion of the nenbrane
then is subjec to a differential pressure between the t he
menbr ane ﬂéﬁs’%ﬁgﬁ a zone of high pressure is effected at igzie@gn‘ﬁ%?‘gne
surface in contact wwth the solution. The nmenbrane can be supported on a.
porous support during the tine it is subjected to the differenti al

pressur e t#ppoved] iscomsaciedoon ope of its surfacesswith aisoltion of shaspaifluenoougbnt he

menbr ane under conditions to effect deposition and binding of the

per f 1 uor ocggpadyinérQRaipvsEion C THE @%pdse® Portidnic? thd@embidnethen Risubjecededrlr ane.
The retention and flux characteristics of the resultant nenbrane can be

controll ed, ' thi 0SJ I .k he
reror ane. (sl bt ek, ‘i SRERofhe binHERORIch S SHRE P, |
controllin%@the .concentration of the solution, the volune of _the solution
passed t hr BiF§TPIe HecliRciagras e membraps surfacs in Feptactgyith fhe sobyion; dreJaerRbrage

t hrough the nmenbrane during the deposition step. In another enbodi nent of
t hi s i nventambg supperterdcoi a porous shpporaduringsthé timetit dembiecteddo thecdifforential t h a
per fl uorocarbon copol ymer conposition. It is then sealed to a housing in

the mannepres@ire i@hVdid AlkgtPan Yubfrdl Thé'salhfich R'PASRH tRrodbh temerbiane Gnder
nodi fi ed menbrane to excess heat. The nodified nenbrane utilized

in the present..i nventd qn, can.have t.h acticles r | on. properties. of
unmod f1 e Comnia 8 8t Bt wpdinBRE teleeToydritarbed AR iapdRictdh
mai ntaining the flux characteristics of the unnodified substrate.

Fur t her mor entoghe surfacas of the membranenThe ratention gnd fluk sharagisaistiescafithe resultanthe
menbrane is formed froma perfluorocarbon copol ynmer conposition, the

nodi fi ed sufehfbetne Gindeonioldd by casiofiingthe titickrebeot aldepdsitad kayet on @ekdi t i on,
t he perfl uorocarbon copol yner conposition does not pronote the nucleation

ﬂ qgf‘;es O ety TRCERIALss'dP tnd EFBLRAGa YR Th fubd i€ 'E:Bﬁt‘&il?a B fiirg%he

concentration of the solution, the volume of the solution passed through the membrane and
the flow rate of the solution passing through the membrane during the deposition step. In
another embodiment of this invention, the membrane substrate is first deposited thereon
with a perfluorocarbon copolymer composition. It is then sealed to a housing in the
manner set forth above while minimizing exposure of the surface modified membrane to
excess heat.

The modified membrane utilized in the present invention can have the particle
retention properties of unmodified membranes of much smaller pore size while substantially
maintaining the flux characteristics of the unmodified substrate. Furthermore, since the
composition effecting surface modification of the membrane is formed from a
perfluorocarbon copolymer composition, the modified surface is also highly resistant to
chemical attack. In addition, the perfluorocarbon copolymer composition does not promote

the nucleation of gases on the surfaces of the membrane when filtering an outgassing liquid.
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Thus, when filtering an outgassing liquid, the effective life of the
menbranes is significantly greater than the effective life of unnodified
f I uor ocar bowomgakszanes whi ch pronote the nucl eati on of gase i
surfaces when filtering an outgassing liquid resulting in d’z@pﬁsﬁ%’%’f t he
menbr ane. BRI EF 'DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view, in partial cross section of an article of

manuf acture of ,.the i,nventi.on. view of a
portion of the aTPWSCN@eBﬁ%BHaPaeW%f%ﬁM%ﬁW elife 5 Pd}gl‘é‘ﬁﬁ“ rages is o
plot of the results of the standard dewetting test of Exanple 10.

Fi gure 4 i ssignificamlycgremeghes thecefctive lifebafrunnfodified fiosonacbon BSmboanas whithst

of Exanple 11. Figure 5 is a drawing (4.3x) of the undyed control
of Exanpl e prémote the nuclehiich/éFgdied &n tetH AfabG \Gﬁknﬁﬁﬁe ahlRghsiflg tighidr ol  of
Exanpl e 14. Fi gure 7 Is a draw ng (4.3x) of e nonpr ewet
precipitate & ﬁhg%ﬂ “@@% st ai ned. Figure 8 is a
dr awi ng (4 @ e pr pre ate coat ed sanpl e of Exanple 15,
st ai ned. Figure 9 is a dravm ng of the nonprewet coated

D | QF THE DRAWINLSS

sanpl e of Exanple 14, stai ned.B g RS (4.3x) of
the prewet coated sarrpl e of Exarrpl e 14, stai ned.

13 Figure 1 is a perspective view, in partial cross section of an article of manufacture

of
the invention.

Figure 2 is as top view of a portion of the article of manufacture of Figure 1.

Figure 3 is a plot of the results of the standard dewetting .tcst of Example 10.

Figure 4 is a plot of P/Q Vs. drain number of the Standard SC2 Drain Test of
Example 11.

Figure 5 is a drawing (4.3X) of the undyed control of Example 14.

Figure 6 is a drawing (4.3x) of the dyed control of Example 14.

Figure 7 is a drawing (4.3x) of the nonprewet precipitate coated sample of Example
15, stained.

Figure 8 is a drawing (4.3x) of the prewet precipitate coated sample of Example 15,
stained.

Figure 9 is a drawing (4.3x) of the nonprewet coated sample of Example 14,
stained.

Figure 10 is a drawing (4.3x) of the prewet coated sample of Example 14, stained.
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Figure 11 is a drawng (4.3x) of a surface nodified sanple utilized in the
present invention described in Exanple 17, stained. Figure 12 is a
drawing (4.3x) of a surface nodified nmenbrane utilized in the

i nvention E@%%F&Héd in Exanpl e 18, stai ned. Fi gure Egnﬁéﬁéﬁ%%amdng
(4.3x) of a surface nodified sanple of this invention described in Exanple
16, stained. Figure 14 is a drawing (4.3x) of a surface nodified

nenbrane utilized i.n.the presen Lnyention desgtrjbed.,in.. I

st ai ned. igpreqll i 3W§‘gag4c§";\ﬂl¥ Hé“ifiqcﬁﬁds’ﬁ?d sampp piEec i’g ent
menbrane utilized in the present invention described in Exanple 20,

stai ned. invention described in Example 17D888RAPTI ON OF THE SPECI FI C EMBODI MENTS
The surface nodi fying conposition of the nenbrane of this invention

conprises a PORFHRY 12 RTP@BGANOR. 1) 88 sEEECY mbdified meptbrirenailized i dre present
copolynmers such as those marketed by E. 1. Dupont de Nemours and Conpany,

I nc. under, . NAKI . ly G ass Conpany, Limted under the
name FLEM&P&W%&%@@*%@’?@%WM% substrate. These
e RGeS e RPAHET ol o Sl

fl uori ne-contai ni ng nononers such as vinyl fluoride, hexafl uoropropyl ene,

vi nyl i deneddsttibed theExampié I 6pstaiaediy| ene, chlorotrifluoroethyl ene,
perfluoro(al kyl vinyl ether), tetrafl uoroethyl ene and m xtures t her eof .

14 Figure 14 is a drawing (4.3x) of a surface modified membrane utilized in the present

invention described in Example 19, stained.
Figure 15 is a drawing (4.3x) of a surface modified membrane utilized in the present

invention described in Example 20, stained.

DESC 0] SPECIFIC EMBOD S

The surface modifying compositicn 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
Asahi Glass Company, Limited under the name FLEMION", which is bound to the
membrane substrate.

. These perfluorocarbon copolymers are generally co-polymers of at least two
monomers with one monomer being selected from 2 group of fluorine-containing monomers
such as vinyl fluoride, hexafluoropropylene, vinylidene fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro(alkyltvinyl ether), tetrafluoroethylene and mixtures

thereof.

14
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The second nononer is selected froma group of fluorine-containing nononers
contai ning functional groups which can be or which can be converted to

(S err] F) wo sigdsos7 IM . (SOlerr]R), (SOlerr]NRlerr]), (COPpcridssbessniM
(CJerr]R or (CONRerr]) groups wherein Mis H an alkali netal, an

al kaline earth netal, or NRerr] and each R separately is H, an al kyl group
or an aryl gro such as CH er.r riH err r err]Herr], which my,
optionally, conﬁg}eﬁef)ﬂqa o ?t‘F%ﬂﬁ%‘ﬁE’B%b%gr%gfﬂgﬂé‘gWﬂ}’ggW'} BARGTESTS ot her
or carbonyl groups or the like to formsubstituted al kyl or substituted
aryl group$oniningfunstional graups sdueneanrherermshich cambo eonysried kx 80.F), (SO,M),
represented by the formula CFlerr]=CFRlerr]X. Rerr] in the generic

formul a i s (S8OIR)NEBO,NR,)P(@OB) €0, 0] wm;amqqu% :gmpts Retefsn MG Bahn alkali

conprising one to eight carbon atons of any suitable or conventional

configurati [ {s Otageh N | e lch is

att ac%ed tngéa%lhgﬁ éﬁ?@?ﬁﬁf@%ﬂﬁcﬁ[ er %“R‘g‘@ﬁﬁg‘? %egp age%if gscﬁl’ g‘qgmwﬁwé’f an aryl
car bon- car bon bong or ri r abl t hrough an ether |inkage. X in the
generic f orPfiRiPaSuct a3 q}fm ﬁoﬁé sids SUHCHRaY noptignally, eantain pthen fungtional groups
converted to an (SOerr]F), (SJerr]M, (SOerr]R, (SJerr]NRerr]),
(COF), (COpsuelr 3s\yydroxytOhmme] Bhenor carb@@NRE@ups Joy tigr kikeptovioan aubstivhted afidyl an

al kali metal, an alkaline earth netal, or NR4 and each R separately is H,

an al kyl grsgbsineed ary] Feotlps O EampRdOF saéh Sdcbid frlonoﬁgﬁrcfa}llﬂe?eﬁéri&[lx r%@nté&r

a substituted al kyl "or substituted aryl group. One restraint upo

generic f |.Sq.8~gen egui.renent for th resence of at |east one
fluorine atc'.% g%%ﬁot:?ﬁ%a C@H%&(‘o Y PEEEAET G h)é'm“feé ar or ri"ng}“:dTypi cally
said second nononers containing sulfonyl fluoride groups which can be
converted tHuBtHonahperilyaraated mdicak eomprising oot foseightecathan ftoms bf any swiBblerat .
Nos. 3,282,875; 3,041,317; 3,560,568; 3,718,627 which are incorporated
herein by refentona canfiguratibw itrluddig hosperntdihiap etier Piakidey ah® wMiddOB attached
copolynmers are set forth in U'S. Pat. Nos. 3,041,317; 2,393,967; 2,559,752

i‘gd 2, 593, 38 the\ithiradicsl CREOERY:BhS HirdlelySthibubY of GHEIneThon JIHSSH 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), (SOsM), (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
CeHs, or a substituted alkyl or substituted aryl group. One restraint upon the generic
formula is a general requirement for the presence of at least one fluorine atom on the
carbon atom adjacent the -X group.

Typically said second monomers containing sulfonyl fluoride groups which can be
converted to 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
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per fl uorocarbon copol ynmers generally have pendant SO err] F based functional
groups which can be converted to (SO err]groups. In one enbodi nent of this
i nvention, the surface nodifying conposition includes pen yl
based fun®Y® &¥482%r oups which can be converted to car bonyﬂ’qﬁ‘z‘é:ée§ iggﬁ
exchange groups. Per fl uorocar bon copol yners havi ng pendant carbonyl
based i on exchange functional groups can be prepared in any suitable
convent i onpérflzaragarbon gopolymersrgencraliy dave pendentnSO,F. msedPfunctitnal gaoups widge or
Japanese patent application No. 52(1977) 38486 which are incorporated .

herein by effwy sipvered D@D gré. (ThUnk 2nfbedRny bf fHi kiveRivl, tiy Qitfice
contai ning a nononer deriveéd froma sul fonyl group containing nononer by a

met hod su : | € ' [,Se | r ted
ner oi n by fiopEyisk SeRSiflon Tehlass pe@laps Clivortn basku st gholds WERIRRE 07
nononers i ncl ude ) CF[err] =CFOCF[ err] CF[ err] CCF, CFlerr]
=CFOCF[ er r FU¥ERe] & $rbenyd baseddpn exchange groups.

CF3 CF[ err] =CFOCF[ err ] CFOCF[ er r ] COF, CF[err]

=CFOCF[ er r | CFOCPgrluntdcaflon, copolymers having pendant carbonyl biseé ior exchange functional .
CFlerr] CF3 : CFlerr] = CFCF[err] CF[err] COF and

g% :; ; } = GFRbE LSS bd prephiehiSh ahy-Elifibid ventional manner such as in accordance with

O

crierr] PPefet¥eloc4r3d MR e Japaness PricHhaRBliaon N, a9 77)38486 whighprs | =

CFOCF[err] CFOCF[err]CFlerr] COOCH err] and-CF[err] = .
CFOCF[ er r ] @rcoxparated heyemcpy eaferpnce or polymerized from a carbonyl fugrtienal group
CFlerr] 16

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.
Illustrative examples of carbonyl fluoride containing monomers include
CF,=CFOCF,CF,COF , CF2=CF0CF2(|JFOCF2CF2C0F '
CF;
CF,=CF OCFz?FOCFZCOF , CF, =CF0CF2(|ZFOCF2C|FCOF ,
CF, CF, CF,
CF,=CFCF,CF,COF  and CF2=CF0CF2C|FOCF20FZCOF
3
O
|
CF;
Preferred carbonyl containing monomers include

CFZ=CFOCF2$FOCF2CF2COOCH3 and CF2=CFOCF2(fFOCF2CGOCH3.

CF3 CF 3
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Preferred perfluorocarbon copolyners utilized in the present invention
therefore include carbonyl and/or sulfonyl based functional groups
repr esent formula -OCF[err] CF[err] X and/or PCT/US98/08324
-G:F[err]%t)?rxﬂ? -?F[err]Y-B-YCF[err]CF[err]O wherein X is sulfonyl
fluoride (Sgerr]F), carbonyl fluoride (COF) sulfonate nethyl ester

(S err] CHer cal boxyl.ate netf hyl ester . (COOCH err]), ionic carhoxylate
(coqerr] Zf %*IF#? Psﬁf‘ﬁ%#ﬁbw%wgéés piejiged,ip Mféﬁn} mveRtions therafors ipglude
(Sgerr]) or carbonyl (CO, Bis a linkage such as -0, -O0O, -S-S, and
di and polcgroanyland/arfsuifonylftased fiaC@RRiat grqul ceprésehted byhe ¥orenda RIQCFCE,X'

Rl err] are selected fromshort chain al kanes, al kenes, hydrogen, and am ne
groups and afd/of -PYEFACREC-F alkafi L rid B i i di um
pot assi um and sodi um% anza{alll_kal?gle:z%%rk?h %&?{}P%diﬂllg@&l gg‘?tjildﬂsdﬁggyl i um
magnesi um cal ci Str Lum.and radi ymor a ternary ammoni um ion.

The sul fonﬁ?’%&ﬁ%ﬂd%ﬁg% ﬁﬁfm%egaai ﬁs%bm%}’ casboxylatecmethyl esteso| yner
having a fluorinated hydrocarbon backbone chain to which are attached the
funct i onal (gPOGH:)oioniqrankhxylats (@Q@OChAT her isniccsulfonate (SO, ZERY ys suifonyl
functional groups. The pendant side chains can contain, for exanple,

- CF[ err] - GG8Gfldercatbbhyl (CQ), B is a linkage sych as —O—, —0—0— _ :
Rerr] g'r(%u& whorel R[)érrf’,a llmskage sygh as —-0- ’C[grr? N —eSrr]anddland

perfl uoroal kyl. radic and ' or...Cl eferably F.. Odipari|ly, the
f unct i onal paﬁ'ommﬁoﬁll}g f%ﬁﬁfﬁ%‘lﬁ?xgﬁ ‘f’h"é’eg{)r re ﬁqc;edlféomﬁﬂg éh%/mi n
term nal -CF[err]-CFSO err] F
Rerr] alkanes, alkenes, hydrogen, and amine groups and Z is hydrogen, ardalkali metal such

lithium, cesium, rubidium, potassium and sodium or an alkaline earth metal such as
barium, beryllium, magnesium, calcium, strontium and radium or a quaternary ammonium
ion.

The sulfony! form of the perfluorocarbon copolymer is typicaily a polymer having
a fluorinated hydrocarbon backbone chain to which are attached the functional groups or
pendant side chains which, in turn, carry the functional groups. The pendant side chains
can contain, for example,

—CFz-—CIF-SOZW

R

groups wherein R'y, 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—ClFSOzF

R’



groups which can be attached to the side chain through an ether |inkage.
Exanpl es of perfluorocarbon copolyners of this kind are disclosed in U S
Pat. No. 3,282 , U S Pat. No. 3,560,568 and U.S. Pat. 627
whi ch are V@c@(%@at ed herein by reference. Additiglﬁyl"%ge&zé%b es
can be represented by the general fornmula CF[err]=CF-T[err]- CF2SQ2F
wherein T is a bifunctional fluorinated radical conprising 1 to 8 carbon
atons, an8roupp vhivhoeanibe asiabhad; toubeside chais throughi ametherkinkage.o Fxamples lof or i ne,
or hydrogen. The nost preferred perfluorocarbon copolyners are free of

bot h hydr ogerfluarstartionWopslmats SRR KikdPareCHICARBd in USS. PdthRY. 8/282.875, U.S.
perfluorinated, for greatest stability in harsh environnents. The T

radi cal of V, ' ranched. or unbranche i.e.,

st rai ght - Cﬁétf‘%kf%%ﬂd,ﬁ%@ 0 .e§.g{lt.gg?.g,ﬂﬁg?ﬂvmaﬁg&comor tg&‘g?’@}‘b ¥ ed that
the vinyl radical in this group of sulfonyl fluoride containing conononers
be joi ned FOS¥RE-T group through an ether linkage, i.e., that the
conmononer be of the fornmula CHerr]=CF-OT-CFerr]-SOerr]F. Illustrative

of such sul f onylAdfiitionai ekamplestcan b Peprespmedbyethe garietal formula CF,=CF—T,—
CFlerr] = CFOCF[err]CF[err]SOerr]F

g% :; ; } =CFOFESOLF Whérelrd T6¢ & bifth@lonhiFddiraled radical comprising 1 to 8 carbon atoms,

ICF[ err] TCF%\dE{c §¢ H &F lo.cgllt%rtiﬂe%:%}:ng Sn rlJ 1%('::1[1&2 Kﬂltgx%ee, rcMo'?ine cpihydrogess The most
CF[err] :CF%Merr CFlerr]SOerr]F, and

CF[ er r | =CFoxetgsed periuoycraibon chpalympS@ire freg Bf both hydrogen and chlorine attached to
CFlerr] ' O
CFlerr] carbon, i.e., they are perfluorinated, for greatest stability in harsh environments. The T

radical of the formula above can be either branched or unbranched, i.e., straight-chain, and
have one or more ether linkages. It is preferred that the vinyl radical in this group of
sulfony! fluoride containing comonomers be joined to the T group through an ether linkage,
i.e., that the comonomer be of the formula CF,=CF—O—T—CF,—SO,F.
Illustrative of such sulfonyl fluoride containing comonomers are
CF,=CFOCF,CF,SO,F
CF2=CFOCF2([3FOCF2CF2302F
CF,
CE,= CFOCFz(llFOCFZClSFOCcmFZSOJ"
CF; CF;
CF,=CFCF,CF,S0,F , and
CF2=CFOCF2CIJFOCF2CFZSOZF
Ik
O
|

CF,
18



(3,6-dio 4-nmethyl-7-octenesul fonyl fluoride),

CF[err] :%%k%r] CFOCF[err] CF[err] S err] F _ PCT/US98/0 _
CFlerr] The sul fonyl -contai ni ng nononers are di sclosed 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 hereinfby

r ef er ence. A preferred class of perfluofocarbon copolyners utili ﬁ-
in the present invention is represented by polynmers having the repeatingy
units The most preferred sulfonyl fluoride rcohtaining comonomer is perfluoreh@;@dio \
his 3 to 15, j is 1 to 10, pis 0, 1 or 2, |
19 4-methyl-7-octenesuifony! fluoride),

CF,

The sulfony!l-containing monomers 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 preferred class of perfluorocarbon copolymers utilized in the present invention is

represented by polymers having the repeating units

{—cx"2 -cx", —il—-- CF-CF, —-
O L

CF-R;

SO,F

wherein
his 3to 15,
jis 1to 10,

pis0, 1 or2,
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the X''s taken together are four fluorines or three fluorines and one

chl ori ne, Yis F or CF3, and Rlerr] is F, d or a (Jerr] to (err]
per fl uor oal radi cal . Any perfl uorocarbon copoly |
cont ai ns sWdW?”or carbonyl based functional groups cannﬁé@@gﬁgﬁzﬁ t he

process of this invention including copolyners which contain both types of
functional groups and m xtures of copolyners having different functional
groups. The nibetX'Ps taken tagéthen kfeofout fluanineaionithrge fleorihesand ome ishlorigepol yner is
a copol ymer of tetrafl uor oet hyl ene and perfluoro .
(3, 6-di oxa4- netifH gricpclaggesul fonyl  fluoride), fromwhich the sulfonic
acid formor the salt form can be obtained. The nost preferred carbonyl

cont ai ni ng rfl car fy 0 S.. copol yner  of

t et raf | uor oet W‘s ﬁoélg ﬁeﬁh? 1%5#"?/ relkd r@‘ﬁ“‘% di oxa- 5- net hyl - 8- nonenoat e) ,
fromwhich the carboxylic acid formor the salt form can be obtained.
CGeneral |y, sul f &y pecBudsocarbon saopblymetr e which contbims y sulfenydsoercaromyl based
sul fonyl and carbonyl based am de forns of the perfluorocarbon copol yner

are readi| Yumstionsr %@dp§ €anl B use@46 MBS BRCER dTSthiRYinfenfofl i EhE coPGIFIERNWhiER'
exanple, the salt formcan be obtained by treatnment with a strong al kali

such as Na Qb R t

acid such as bB{thg)%%:g%ff/g@lg% sérggl%can %gﬂg%e?sﬁ dp%ml%e?g l{l@ﬂ% wﬁe%@f
t he menbrane substrate has been surface nodified wth the sulfonyl

car bonyl , qtional groups, o Tae mnsk prefaresdselfopy containipg PEWM%EPO&GOB@]HWCT Baded
am de for nms of the perfluorocarbon copolyner. Per f | uor ocar bon
copol yner s copelgimien bfietepafiemosthplent hamd | parfindrioon(3 jGedidxndimdiiryl-T-ecénesulfenyl t o
a particular equivalent weight, instead, any copolyner having any

equi val ent fuaeide))trd@%viién ‘&r%egxlfoﬂ& LR GorfS of thePdatdformcan e SEAAERNThe most
substrate surfaces and It Is not

20

st )

preferred carbonyl containing perfluorocarbon copolymer is a copolymer of
tetrafluoroethylene and methyl perfluoro (4,7-dioxa-5-methyl-8-nonenoate), from which the
carboxylic acid form or the salt form can be obtained.

Generally, sulfonyl, carbonyl, suifonate and carboxylate esters and sulfonyl and
carbonyl based amide forms of the perfluorocarbon copolymer are readily converted to ion
exchange forms by a hydrolysis reaction. For example, the salt form can be obtained by
treatment with a strong alkali such as NaOH and the acid form can then be generated by
treatment with acid such as HCl. This conversion step can be carried out before or after
the membrane substrate has been surface modified with the sulfonyl, carbonyl, sulfonate
and carboxylate esters and sulfonyl and 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
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substantially renoved by contact with a liquid conposition which is a
solvent or a diluent for unbound, solvated copolyner. Additionally, any
per f | uor oggplgiasga9pol yner having any equival ent wei ght maypdgy. gsowhi ch
prevents dewetting of the resulting surface nodified nmenbrane during use.
General ly the equival ent wei ght of the perfluorocarbon copolyner is
bet ween abgut . 900, and abqut 1500, nore usual ly between about 1050 and
about 1250.8‘5{’?%‘%3% ir%?@ﬁ‘t%ww With 3 liguid ¢amposition YAHCR: & sglvent orsa dilgent
average weight of one repeat unit of the copolyner. The sol vent
utilized t &7 enbpunde splaated wopolymebonAddigiohatlyg rang ierfliorocarbammcogulyhert heving
menbrane substrate surface nodification is derived includes the solvents
di scl osed bhyy dqGivaleRiawiht imdp bedfided wﬁi&h%ﬂe%dgqeweﬁ: t&fdataeféahnmgysurf e
C on I, ctano a]c

ref erence. These solvents include Halocar perT| uor oo c ol

N-akyl acet gy robi phenyl ternativel.y. t hal ggenat ed

sat ur at ed W%@a&%ﬁlﬁgﬁgﬁdgﬁgs&% ' b@%&/@.ly Is%I SRV ?@4%?’%21'09%18!&1?‘3%18?@"“ on
i ncorporated herein by reference, can be utilized. The preferred sol vents
are the af PIc 15 BEtwesh abait J000zndyabaut (1580, mareonsuslly bepecenssboahd050 and
4,453,991 which are incorporated herein by reference. The al coholic

sol vent's i aleguidadS6et Fenerujvatdnn aveight of-a paflap@osrbon copilyaNAaohe alerapd despht
2- but anol, 2-nmethoxy ethanol, 2-ethoxy ethanol, ethylene glycol dinethyl

et her, et hyf eRerepesantic sHiad E’?ﬁolﬁh@.r’ di et hyl ene gl ycol dinethyl ether,
di et hyl ene glycol diethyl ether, dioxane and acetonitrile and m xtures

thereof with or w thout ter. The nost preferred sol vent is a m xture of
vater and a | owdf® 5?]38%&‘&%3&? form the pprfigrRcarbon-AROIKMET sqlutian Gpmywhich the
perfl uorocarbon copol yners are forned at el evated tenperature, typically
180 C to 30@mbransefubsirate surfacetmedificationyie derivedeincifidastke saivemndiscloskd byl € \&t ed
pressure in a closed vessel. These solutions are mscible with solvents or
di l uents Patent 4,386,987, which is incorporated herein by reference. These golvents include
Halocarbon Oil, perfluorooctanoic oil, N-akylacetamides and decafluorobiphenyl.
Alternatively, the halogenated saturated hydrocarbons disclosed by U.S. Patent 4,348,310,
which is incorporated herein by reference, can be utilized. The preferred solvents are the
alcoholic solvents disclosed by U.S. Patents 4,433,082 and 4,453,991 which are
incorporated herein by reference. The alcoholic solvents include methanol, ethanol, n-
propanol, isopropanol, n-butanol, 2-butanol, 2-methoxy ethanol, 2-ethoxy ethanol, ethylene
giycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, dioxane and acetonitrile and mixtures thereof with or
without water. The most preferred solvent is a mixture of water and a lower alcohol such
as isopropanol. The solutions of the perfiuorocarbon 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
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for the perfluorocarbon copol yners, such as isopropanol, ethanol, water or
the like, wthout precipitating the perfluorocarbon copol yner. The

ﬁ?gﬁent r at w?szjsg#he per fl uorocarbon copol ynmer in the sol ut*gﬂgggg}gé be

enou fect binding of the copolyner to the nenb rate
and to prevent dewetting of the resulting surface nodified nenbrane, but |,
| ow enough to prevent adverse reduction of the flux characteristics of the
resul ting sfﬂfftg% perfygrdcarhen copdiymers, sWhpisdsoprgpanol, lethaool) saterroattheolikepf t he
perfl uorocarbon copolynmer in the solution is between about 0.01 weight

percent andwadhout préfipitRingthe perfiR6ficarboR cBpsifimar.| Y bet ween about 0.1 wei ght
percent and about 5 wei ght percent. The porous nenbrane substrate

is a thin pol ymegd ] 0 ltrafiltrati.on neabrane fqr of.

ol yreri ¢ cormooi b STRGRERR YIS bertlyblelbivon 585 er HEHE 50 B uchieh o
t he perfl uorocarbon_copol yner conposition. Typical nenbrane pore sizes are
within the FBOWSE tpeffee bindingatthe sopalymar to the snembnanchsubstraie and topreverte can

have any convenient geonetric configuration including a flat sheet, a

corrugat ed démerting af thel resultinig Sieface atodiffed mertbrand, it (GvenAIE 16 preveat adverse
supported or unsupported, isotropic or anisotropic, skinned or unskinned

or can be arGRERGSbHE fe'R %@terilﬁlﬁ{)ogﬂﬁfe@ﬁlﬁné Hﬁ%&#%@éﬁ@ég‘g{n&ﬁw ‘T@gﬁc@l{,o

bet ween about 5 m crons and about 2 crons; prefer ween a

m crons and,ab 00 m erons. . Since the nbrane is thin, renoval of
excess per ucg’ﬁé%’i{‘g% °g %&W"%‘?ﬁi’o@‘?ﬁyﬁri‘% %?eaﬁé’?qt’t"f‘a{f befwer phayy 0-01
Representative suitable nmenbrane substrates include polyolefins such as
pol yet hyl en®eigh psiseriand abeutalioweight peneant, mprsrisually, beswesnsabionbfd, weight

pol yet her sul fone, polyi m de, polyam de, fluorine- containing polyners

i ncl udi ng ppéreerttandfaboer Dekight percentf | uori nat ed et hyl ene- propyl ene

copol yner, ethylene-tetrafl uoroethyl ene copol ynmer or a perfl uoroal koxy

pol ymer. The The porous membrane substrate is a thin polymeric microporoug %r ultrafiltration
membrane formed of a polymeric composition which is not solvated or degraded by the
solvent for the perfluorocarbon copolymer composition. Typical membrane pore sizes are
within the range of 10 microns to .01 microns. The membrane substrate can have any
convenient geometric configuration including a flat sheet, a corrugated sheet, a hollow fiber
or the like. The membrane can be supported or unsupported, isotropic or anisotropic,
skinned or unskinned or can be a composite membrane. The membrane substrate has a
thickness between about 5 microns and about 250 microns, preferably between about 10
microns and about 200 microns. Since the membrane is thin, removal of excess
perfluorocarbon copolymer composition is facilitated thereby. Representative suitable
membrane substrates include polyolefins such as polyethylene, polypropylene and
polymethylpentene, polysulfone, polyethersuifone, polyimide, polyamide, fluorine-
containing polymers including polytetrafluoroethylene, fluorinated ethylene-propylene

copolymer, ethylene-tetrafluoroethylene copolymer or a perfluoroalkoxy polymer. The
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preferred menbrane substrates are forned froma fluorine-containing
pol ymer, particularly polytetrafluoroethylene, fluorinated

et hyl ene- copol ymer or a perfluoroal koxy polyner e
group of B%’R%gg?gener ally known as fluorocarbons marketed by SEg%)I%?:hbDupont
de Nenours and Conpany, Inc. under the nanes Teflon[err] PTFE, Teflon[err]
FEP and TeronHarr] PFA. The nmenbrane has its entire surface

conpl et el y PROGATSd Bmbirane sybsrales 3e fonmed feom afinqrisesontgining polyper ipartisulasly
that no exposed substrate surface is present. It is preferred that the
conpl et el y polythtfaflndroetinfleee flabrinatiibethylend-probyhé vopulymer ofl 4/ perfiasregikoky h

t he bound perfl uorocarbon conposition. Conplete surface nodification

o 11 cat | Do m e e Skgroth W iRl BERGC Bl for Db BNEERRT 8. 1,
odi 11 cat i Sn pr omo m P EPSeT o Phr Bl
concent r at ARGt NASo SRR Ay o Hads G tageds Sedonc PUEE. Teflon’ BRP aas

bl ocked or pl ug@ed as determ ned by nmeasuring an increase in pressure drop
across theTeBabr BFA.during filtration of purified water. The nodified
porous nenbrane product of this invention has substantially the sane
perneability as qﬁéh? e or ous

menbr ane substrgrtﬁg. T %u@é@ﬁﬁﬂ%ﬁg@%ggmggg%yglgggﬁ%ﬁﬂg@;cnged an

i ncrease of iy eat er t han 25 % as ccmgare to the &[e sure dr&p .across the
unmodi f i ed PFOMSICaFRaR PR IEH (5OMPRSIHOR, 5q iat RR. CXRASES SUGLrals SHEface s Rissalte 161
this invention. Perferably, this pressure drop increase does not exceed
15% and, nisprefasress @atbe gompletaly modifiedcerfaceld1s¢ be substaptialdutiformhecqatadswith e
drop across the unnodi fied porous nenbrane substrate. I n one

ermbodi ment tigf bdudidpeirfvibtdrbohn canositions eCoBpledel sartatembaAidnSprewinied havi ng
an average pore size of 0.2 mcron or |less. The nenbrane is fornmed froma

fluorine-  membrane dewetting when filtering a liquid. Uniform surface modffitation promotes

uniform filtration through the filter. 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 15% and, most
preferably, does not exceed 10% as compared to the pressure drop across the unmodified
porous membrane substrate.

In one embodiment of this invention, a surface modified membrane is formed having

an average pore size of 0.2 micron or less. The membrane is formed from a fluorine-
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cont ai ni ng pol ynmer nenbrane substrate, preferably a

pol ytetrafl uoroet hyl ene, fluorinated ethylene-propylene copolyner or a
per f 1 uor oal kox ol ymer menbrane substrate having its surf LfJ ed
with a bouwg%‘?sg%l"ce nodi fyi ng conposition set forth above.ggﬁgs%%‘rane
substrate has its surfaces conpletely nodified by the bound surface

nodi fyi ng conposition. The bound surface nodifying conposition prevents
dewet ti ng ofontdifing polvixier Meentbiane @ibktrate Usreferdbly hipbiytdtagiudrdettyiend, fluorinated
conposition. During filtration, the "final"™ pressure drop across the

nodi fied ne 24 ' :
areat er t naeRpacplcylle SRk br PRerGbIL Y Byl EEmbcie Subkaly Hoviy i
surface nodified rane as neasured ac¢garding to.the standard wetting
test. S“&WEE@Q o HPW@P’*IBCQ‘ p ’éfmg 50'81’%%5?%& 1 é{e'r& st ance
of the filter to liquid flow. A high pressure drop indicates a high

r esi st ance, msmbianasubdtrte hasdtsfsutthess compibtels tnodifiedi by the bgymdisurface awdifyingsur e
drop indicates a | ow resi stance, such as when the filter is new and

conpl et el y YithpositonTOe KRR Suriieaidiving bdtRpdifticn ERMIUchRaERT Her o

relative to the same filter under different conditions, to another filter
of the sane_type or.to the samg filter .prior to being surface dified, as
i trerent t ppBrase e o Bsd B Rrsring s fipuif EbBhedifort Dlifa M8, Héc ma™

di fferent nmenbrane pore size, surface area_and configuration in the filter.
Pressure drBi§§suse erapeagkess dke impdifindaembrane igmgisaten tan @paut)these tiRest er ent i al
pressure across the filter nornmalized at a constant liquid flow rate of
1.0 gal | on preferablpuioegrégy@nthan Bbout Bgo titres| ofithe “mitdd’s pressute dpop scrossshe surface
preferably nmeasured with purified water. The extent of pore plugging, if

any, of therriﬁﬁfﬁeﬁirﬁé?n@ﬁﬁ@ﬁ%@ash?&dsd?tmfdﬂ{gd@C@@%xgdaé% dewetting te fie Standard

Dewetting Test IS used as a neans to pr gree of dewetting or
non- dewet ti ng performance of fplter durin actual filtration . .
Bopicart on  The ThE Biessite e Gha bkerds ahrestit e Teiges o1 the Ala Briguid o
excl udes other potential flow rate reducing _

24 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 low resistance, such as when the filter is new
and completely wet. In most cases, pressure drop data should be considered relative to the
same filter under different conditions, to another filter of the same type or to the same filter
prior to being surface modified, as different types of filters will have different pressure
drops due to different membrane pore size, surface area and configuration in the filter.
Pressure drops are measured in pounds per square inch (psi) of differential pressure across
the filter normalized at a constant liquid flow rate of 1.0 gallon per minute (gpm). During
testing, pressure drop is most preferably measured with purified water. The extent of pore
plugging, if any, of the modified membrane is set forth above.

The Standard Dewetting Test is used as a means to predict the degree of dewetting
or non-dewetting performance of a filter during an actual filtration application. The test

uses water as the liquid being filtered. This test excludes other potential flow rate reducing
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effects such as due to viscosity differences in the liquid or due to
I ncreased resistance to flow caused by particul ates renoved fromthe

l'iquid vvhiﬁ)aggﬂggﬁecoma trapped on the nenbrane surfaces. J@r/pedrehgsds t he
test, afilter s wet with 100% i sopropanol, drained wthout drying and
pl aced in a flushing apparatus where it is flushed with water by passing
wat er through the filter for 10 mnutes at a flow rate of 1 gallon per

m nute or @§HEsts Auch ascduede yisgesityrditferencesHn the ligud of dee o] inerepsed registance tpe
drop of the filter is nmeasured. The filter then 1is renoved fromthe

fl ushi ng afloar cdused byl parioeidtesérhéved oo itioliqliiy whithadan bbsorhe trigpeddncthe
replaced in the flushing apparatus where the filter is flushed with water
at 1 gpm whj . [ . e ‘ol : 1;S nto
vent bul k%%&?%%ﬁrﬁagéﬁpg? irgéléldr‘ﬁl[a E g}%ﬁgg[’o? ﬂ!t elsf\?ﬁt?g@%rﬁ 1r158 gmjiﬂhfl{a?ﬁ;%ai on
of water flqw through the filter, Three additioonal , jdentical drajn .

pr ocedur es “AMOUt gyl and plaged ina flushingrpparais dheTmE i‘sngus Ytk water by p3s§ings
and drain #4" pressure drops. After the "drain #4" pressure drop, the
filter is reatervbrpughthefiliércfor 10 shinuigs ahdp Bewirate, of drgallon gernvninute ox/gpmi g the
drying of the filter and replaced in the flushing apparatus where the

filter is pheosdis A8sh Péridd, @Me “iARtial Nrebydvé ARPOfIheifiitérds Gie@ired.a The FRSE thef
differential of 5 psi across the filter. The filter then is flushed with

water at 1. ! | PSL.: Al il J ' d.
Two additi cl)%g%&?‘%ggf%a ¢ @‘!Sg#d% ﬁg?‘ég’éda#aé‘gédv&’ tf'ﬁe ﬁﬁ@@%&,‘f%@%?@?ﬁ#‘ﬁ step
are repeated fol |l owed by the corresgondi n? "drai n #6, Sg'%si air" and
"drain #7, replaced igjthe ﬂﬁ%mﬂﬂ%ﬂ erethiefterdis flyshed with-watepat | gpm kiile the
corresponding to the "drain #7, 5 psi air" pressure drop is normally
referred td'dasin #lNheréssunealrtp s measured. dCarp .is taken to vent Hilk abrofiom theinpsiream

nodi fyi ng conposition also prevents dewetting of the nenbrane during

exposur e Ofgidelgr tﬁ@ﬁh&ﬁ&kﬁix&@h@%ﬁﬁ&t&o&é&c&a@éﬂ&brﬂuﬁﬁh RS Thid: JRERmane i s
not exposed for a period o | ong to cause drying of the

_ I time sufficiently
menbr ane. [%Héx{t{tl:gl éjrsal% procedures are repeated followed by the corresponding “drain #2, drainz%

and drain #4” pressure drops. After the “drain #4” pressure drop, the filter is removed
from the flushing apparatus, drained while avoiding drying of the filter and replaced in the
flushing apparatus where the filter is pressurized with air on the upstream side fo create a
pressure differential of 5 psi across the filter. The filter then is flushed with water at 1 gpm
and the “drain #5, 5 psi air” pressure drop is measured. Two additional identical drain
procedures with the 5 psi air pressure step are repeated followed by the corresponding
“drain #6, 5 psi air” and “drain #7, 5 psi air” pressure drops. The last pressure drop
datum, corresponding to the “drain #7, 5 psi air” pressure drop is normally referred to as
the “final” pressure drop.

The bound surface modifying composition also prevents dewetting of the membrane
during exposure of the membrane to gases, such as air, as long as the membrane is not

exposed for a period of time sufficiently long to cause drying of the membrane. During use
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ina filtration process, the filter can be exposed to air under snal
pressure differentials across the filter such as during a repl acenent of

the |iquid_hbei iltered. It has been found that bl e
poi nt pr es@??rggn?%gt can al so be used to predict the degr e?ﬁﬁ%@gﬁi ng
observed in a filter during exposure to air. The |ower the water bubble

poi nt pressure of a nenbrane, the higher the potential for dewetting upon .
exposure tin adilirati@oproeess cthe filteh eambeyéreposdédd aipindder smbl peespure diffgremiasir e,
the |l ess potential for dewetting. The water bubble point pressure of the .

menbr ane pragebss tie Mitertsien BY Qs a répﬁ%@ﬂéﬂt%ﬂ?erlﬁ%ﬁ& bkigg Hiteplaout 50% greater,

preferably at |east about 100% greater, than t wat €r bubbl e poi nt

pressure of the iLfi.ed rane trate, as asur e th wat.er
bubbl e poi nt pr elgg“[l}?%e{’ 5%‘{“‘*55?%‘6&&&@’%?‘8?“ !E‘fﬁfff}F"gEB‘o‘iaHta?S&%s‘?G&é° prsdict
met hod measures the pressure required to force air through the pores of a
menbr ane, g é%r%e%%ewmgeot;spwgam ifijter ferirgiexposurevaairy . WL il wateni nt
of the nmenbrane is neasured fromthe pressure required to displace water

from a wat cubbletpoin poeéssme. of A heéribiingyahe Fiphby @B Potentisll for ibwitiag GpéweRbsere
through it when the applied air pressure exceeds the capillary attraction

of the fl uigd a0 ¢ ) | LZ | t
cylindri cal apor e&gﬁé&gﬁ’léh eailﬁ h%ftgéslgvhfrég b?@%l%‘??@ab{égs@é t?l?/(i’%sts ?’f’ {g,ha%lﬁgy\ﬁubbl e
pressure foy that | indrical qQre) is:

D Sy cos. evefiis. UiraPetFitots BanGhresmdic.of Br membrans:Rrodyess of the presear
contact angle and [err] is the surface tension of the wetting |liquid. Wen
measur ed bUuBBINGop aesatueast about 56 %egrpater, quelesablyvatrledst alowitt 100 ohgreater, zbarmther eal
menbrane pores it provides readily obtained estinates of the sizes of real,

noncyl i ndr iwatér RuUbbRSpoifd st SUR 6f e nfBaified méstaresubfirdi] AltiReddtedl by the
pressure with the pore sizes of the nenbranes of this invention is to

ggt erm ne t\pﬁetsmﬂbieeﬁ&imp&%&sm 5 hitfSe. 2T water bubble point pressure test method

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

D = 4ycos G/P
where D is the diameter of the pore, & is the contact angle and ¥y is the surface tension of
the wetting liquid. When measured bubble pressure can be empirically correlated to the
size of real membrane pores it provides readily obtained estimates of the sizes of real,
noncylindrical pores. One empirical method used to correlate bubble pressure with the

pore sizes of the membranes of this invention is to determine the smallest particles that are
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retai ned by the nenbranes. The nenbrane is challenged with sub-m cron
| atex be and the fraction of beads retained by the nenbrane is neasured

| f subst gusésMsbdy all (>90) of the beads are retained by powusssistane, t
| argest pores are smaller than the average dianeters of the | atex beadsy

this invepti typically has.,significantly,.i ticle retrention
properti e%&éie(ac%gr%gtx%e&lv 5t e By nlr»rgﬂeéwsc&%g?&g@ gxﬁlgi‘/lp%g‘tcg)ﬁl %n’ﬁ%ﬁ(ﬁ%d
surface as neasured by a nodified SEMATECH particle retention nethod
descr i becndrthefuartiqroeicbeads pizingd by teanembrang is measwiedntIf subsentially,all (00 e
fromMIIlipore Corporation, Bedford, MA, USA and which is incorporated

her ei n bypfrthé BERINGEe revained by tHeGhdmbrah€ tRelarkt foreS bR ¥mAMRr H28RRY dvepsgeOf th
surface nodified nmenbranes are substantially inproved as conpared to the '

unnodi fie b, bstrate w thout significantly decreasing the fl ux -
char acter‘?‘gﬁnlgggs %tfalﬂgll'azé'x rane as neasured by pressure drop. The nenbrane }
is formed froma fluorine- containing _polymer nmenbrane substrate . \
preferably a pbibgs Beandfopnd thakp syatassanodifiehmemarang madeny pesosdance, withdhis
copol ymer or perfluoroal koxy polynmer nmenbrane substrate having its surface
nmodi fi ed invertion tppicallly bas fignificantiyiifprovgd partisiesteteantion peapeftiestah coinpared to 4
The surface nodified nenbrane is formed by contacting the entire surface of

the porogs rﬁ@?ﬂﬁﬁﬁ&ﬁxb%&@t%tﬂa%g aidnbhodliffed! suifa@NashedsiRdR 4 mugifiegar bon
copol ymer conposition described above under conditions wherein the

substrate f are wet with the sol ution.,. the |l4aquid. ' can

I nherent| @%ﬁ%ﬁg Pﬁé‘h‘i&? I “3&62?‘&%9 éesg{, $§d§8%118?°rf hcl’.eogﬁ%[g 1(?%}%&'11%3})5,[ rate
surfaces can be prewet with a wetting agent such as, nethanol, ethanol, .

i sopr opanbrcuraent MAObheavailable fiom Millipere: Gerpotation, Befordy MA; R Aznd;wiich is
solution can be intruded into the pores under pressure. Contact of the

nenbr ane migbsiorateheveinbyt feference. Surprisingly, the particle retention properties of the
27

surface modified membranes are substantially improved as compared to the unmodified
membrane substrate without significantly decreasing the flux characteristics of the
membrane as measured by pressure drop. The membrane is formed from a fluorine-
containing polymer membrane substrate, preferably a polytetrafluoroethylene, fluorinated
ethylene-propylene copolymer or perfluoroalkoxy polymer membrane substrate having its
surface modified with a bound surface modifying composition set forth above.

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

intruded into the pores under pressure. Contact of the membrane substrate with the
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solution can be effected by i mersion or by passing the solution through
the nmenbrane under a pressure differential or by intrusion. The

perfl uoro @ro§§%§igpol ymer conposition becomes bound tos'ltjrfe%%ﬁﬁggm%ﬁ

surfaces t tely nodify the contacted substrate
The nmenbrane substrate is renoved fromcontact with the solution and, in an
| nportant process step in this invention, when the solution does not wet

t he menbr arselutionecan e effectad by &nﬁﬁfﬁcﬁpéﬂsy pdstifig e dofiitioh BEIIpAThd iRthbydtiech i S
a solvent, diluent or dispersant for excess or unbound solvated

per f 1 uor ocajraena peRRlY Eﬁfﬁg&ﬁﬁ?% P% i SRIC "riSperhid Eé}Bﬁﬁ' Véﬁolgrh%a&%&osmon

met hanol , wat er or the I NC g m xtures thereo cause
substantlal reC| n o the rquoroc rbon copol osi ti on.
et T ¢ pieBOmEt Bodudeh A Sbstkels shficks HoC B g on e OB E R SRS

sol vent, diluent or dlspersant used to nmake the solution of the

perfl uorocaﬁubﬁaﬁﬁscopol ymer conposition. Water can be utilized when it is
m scible with the solvent, diluent or dispersant for the perfluorocarbon

copol ymer conposTiid membiaas sibiraiRSs SR eHFEdn SURhAGAHTRR hikidhiaAl, AP, Such
as an alcohol. Preferably, the liquid conposition conprlses t he’ sol vent

Such a5 | sanPenanaotst B B iy ety Wigh REPIRRRERE pH Th SRR e o

liquid conp05|£|on renoves, such as by dilution and/or solvation, excess
and unbound™FBPTANG & GRRCKEWillhp 899%“@8%8% WHIChS aTsR}vent, clilyors orgtispersant

unbound conposition reduces pore bl ockage and renpbves potenti al
ext ract abl efer ekdeshorunbound suimitedrperfluerczafonicdpdigmeagcémpositicdsudhas ng use of
the surface nodi fied nenbrane. This subsequent step of contacting the

surface MOGséPr6Fan®hEMAABE ifdthdhol Wby 6Nhe 18k ﬁt@ﬂhx AirePfle e it a&ft&' ly

can be effected when t he 'sol ution contalnlng r uor ocar copol yner
ggnpom t Onca'ugg gdb?tan@falvﬁ%cﬁpt tlonm?rt]% perﬁuorocar o go%s ﬁggnéoxfp%gllu%%t Il?s%aﬁy s

liquid composition is also completely miscible with the solvent, diluent or dispersant used
to make the solution of the perfluorocarbon copolymer composition. Water can be utilized
when it is miscible with the solvent, diluent or dispersant for the perfluorocarbon
copolymer composition used in the substrate surface modification step, such as an alcohol.
Preferably, the liquid composition comprises the solvent used to make the solution of the
perfluorocarbon copolymer composition such as isopropanol, ethanol, water or mixtures
thereof. In this step, the liquid composition removes, such as by dilution and/or solvation,
excess and 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
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provi des a nmeans for controlling the anount of perfl uorocarbon copol yner
conposition deposited on the nenbrane surface. Alternatively, the
menbr ane syksbgabs containing the perfluorocarbon sol ution ipgrnsdsbhbgsied to
a nmechanical force to renove excess nodi fying conposition fromthe
substrate and to effect nodification on the entire substrate surface.
Subsequent to contact with the  sol ution, the penbrane can be treated
directly orPTONIES 8 R9aPs fRF Goptrelligg the, gmaunt|of prflugrqcarion qopplyEtes CORBOSIHAR f i ed
menbrane and a source of nechanical force or the nenbrane can be

posi ti oned depositasinon the menhranesiafaeel yneric filns to forma sandw ch.

Mechani cal force can be suitably applied with a single roller contacted to

: ‘ : . : i & o
one surface of tRRermBHUIRANRe %emb?@t@é’t‘fb@%a}te glrﬁ]‘ﬁmgxfﬂrgj tEél ??xfef{“?lrogadéﬂnd?i M\Eldnhﬁ oug

whi ch t he nmenbrane or sandw ch 1's passe octor knife, a

scraper, an rhent or th i ke. Surprisingly,..t.he |iquid onposi t.ion
doea not + oIS X mBhab il olnéipuaolb HiePHBbdSiRG combotion GORTEE st
surface nodifjcatjion is not adversely affected by contact with the l[iquid
conposi t i onand toffeshmpdificationcons thefeatite substrate surfznentSubsegquest toreontacbwithdhed
with water to renove the |iquid conposition when the liquid conposition is

not water. solution, thelinembtant 26k bendated diretBNdY MARedty BY intpbsing & TRXidId fikn
water or the liquid conposition and heat treated to inprove the strength

of binding BaEUELhe HGiRAHREmbREE H%rs%ﬁf’cretb?%e%ﬂﬂﬁ%ﬂ 'orce 'oF %ﬁ@é@b@@e?gﬂ gEhe

menbrane substrate. This drying and heat " treatnent can be
single step. Heat .treating is effected at, t enper at ur e whi c does t
Georade t hebITDEA T EsE PP FOBDGTPUS PvEaTie SUS RO 1G0T et sasteal force
Generally, heat treating is conducted at a tenperature between about

50[ er r] C anehnisoswitabigGipplied with arsimgie rolten @bhtgctbed toremensuafaoce bf 8@ memb@ne od
about 140[err]C for a period of tinme between about 5 m nutes and about 72

ggur S, MDOr egan@wadh, Ywd @411 e forali'h nipPthitbphl WRicR B BBAbtand dr B#dch is passed, an

air knife, a doctor knife, a scraper, an absorbent or the like. 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 membrane is then contacted with water to remove the
liquid composition when the liquid composition is not water.

The surface modified membrane is dried to remove the water or the liquid
composition and heat treated to improve the strength of binding between the bound
perfluorocarbon copolymer composition and the membrane substrate. This drying and heat
treatment can be effected in a single step. Heat treating is effected at a temperature which
does not degrade the membrane substrate or the surface modifying composition. Generally,
heat treating is conducted at a temperature between about 50°C and about 180° C, more
usually between about 80°C and about 140°C for a period of time between about 5 minutes

and about 72 hours, more usually between about 15 minutes and about 24 hours.
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The article of manufacture on this invention is provided which incorporates
the nmenbrane descri bed above. The article of manufacture conprises a
surface nogjfi menbrane positioned with respect to and s

housi ng st Lé:%szdg%”t hereby to forman exposed portion of thgéhé'%t%é/gsﬁgd and
an unexposed portion of the nenbrane. The unexposed portion of the i
menbrane i s that portion which contacts the housing within the seal forned
by the housi ng. Thecartigleads enhnpfacture on diis inventimnisrroeided whitht inperposates thdi ch
is in contact with fluid being filtered through the nenbrane during use of
the articl anghbrafi®aedciibbd hove | MPneS2HOE OF nlitachite 9§m?rﬂ;&s FEPa e Mol U S
surfaces nodified with bound perfluorocarbon copolyher conposition as
descri bed The .unexposed portion, of . the .nmenbrane can be free of the
surface rm?ﬁ?’éﬁrﬁ eggﬁﬁ%qﬁtvlv respect 1o,and, Sraied; 10 adqusing structpsiherely tofom A und
per fl uorocarbon copol yner conposition. A representative article of
manuf act ur eXppsedpostiomokthe ingambrang 4nd an weexposed poriiaqpuoftbe membane2. Thef erri ng
to Figures 1 and 2, the article of manufacture 10 includes a cylindrical

housi ng 12,urkckposed pbetivn oTaBke friefbrafRI1H tid fortbnOASHEH cOHRECIARRMRDUSFAL AP iHaUS
support 13 for the nenbrane 14. The housing 12 is fornmed from two housing

sections 1 ' | ' .
por ous suptr}g?l?&fég? Rﬂeﬁ%bs“g{é‘g tsﬁger%gg%éa en %8%&2?@9%%%%&%@1 %&Br‘%ne
14 includes._an_expos t.ion, 20 ich .is surface nodified as descyribed
above and aft c&ﬂ‘éﬁ‘ﬁ%&@%‘“ﬁﬁ%‘%ﬁ“ﬁdg@%% thergempeane JURRE Yse °fg‘f‘e i“ﬁE’? rane
sealed to the housing 12. The unexposed portion 22 can have its surfaces

unnodi fi ed manufaatungavihe axposedrifoatiens ofiiniénaisranes hatdsscsurfaces mbdified with bound | n
use, fluid to be filtered is directed into housing 12 as indicated by arrow

24 to pr o?egﬂu@oédsbbﬂ abpolyifier cuMpoRitidfl 28 estribel aBSve TR uikxPoRa Pofibr & Be'9h

t he expose ortion 30

membrane can be free of the surface modifying composition or can have its surfaces
modified with bound perfiuorocarbon copolymer composition.

A representative article of manufacture of this invention is illustrated in Figures 1
and 2. Referring to Figures 1 and 2, the article of manufacture 10 .includes a cylindrical
housing 12 , the surface modified membrane 14 described above and a porous support 13
for the membrane 14. The housing 12 is formed from two housing sections 16 and 18
which are sealed together with the membrane 14 and porous support 13 interposed
therebetween and sealed thereto. The membrane 14 includes an exposed portion 20 which
is surface modified as described above and an unexposed portion 22 comprising that portion
of the membrane sealed to the housing 12. The unexposed portion 22 can have its surfaces
unmodified or can have its surfaces modified as described above.

In use, fluid to be filtered is directed into housing 12 as indicated by arrow 24 to

produce a filtrate as indicated by arrow 26 which has passed through the exposed portion
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20 of nmenbrane 14 and porous support 13. Any retentate forned is retained
on the nenbrane 14, at or near the top surface of nenbrane 20 in contact
with feed 4 Wiile the article of manufacture of tgggudosrssasi on
has been escrﬁ%ed above with reference to a cylindrical housing, it is to
be understood that the housing can have any configuration so |ong as the
menbrane is sealed in a manner which ernlts fluid filtration wthout

adni xt ur e 2rofzmembrane dé apd pArasisupportl3.| Mny rewatte formed isgetainedonghe

manuf acture or with a retentate fornmed during use of the article of

manuf act urmgernbrade 4] dvdatrieantherop ewface lof mesnbrh020 irocdueactmdihrfedéd24l t hat t he
menbr ane need not be configured as a fl at sheet Any nenbr ane

configuration i Db t ity
o i nt ai ned.  WAAE B feptf o MaoREERES bt B BREMER B2 PR Bc@fbld Such il 1Y
pl eat ed shet or aho w fiber. or fhe I ke. The arti.cle of
Panuf act urELEGRICE i 2 & NN BREaE bls 1 oF r\l&gersgpt’fi ithat theBosie s g ve pRY
porous menbrane substrate on a porous or vented support and then seal ed,
such as byconfigeratior ab long asrthe membsanegs se¢died inba mannerovhickpermits dbud! filtoationon
of the menbrane and an unexposed portion of the nenbrane. The exposed

portion of witheut ABAM GRS N ERrateSwith @ikt Baid \Rdd ol the afRle bl MilnuFicnireer with
per fl uor ocar bon copol ynmer conposition set forth above. A differential

pressure can, lhen be ap t th
the aid ofaaa vé'vuum or (R%g‘%sllsgg%gfes lggem{%g&r%g{;ggﬂ?%@&%&% egtrrlgt lrs}‘tyI
menbrane surface contacting the soI ution is adjacent to the zone of hi
pressure wWeitedindgestondsbay the megbsans Reed nokhe FonfiEutss asA Hat sheet; ARyememp

zone of |lower pressure. The differential pressure across the nenbrane
causes t heconfigutation is osefiel inalssprdsériimegtion belomgrasiarimegrity is maintsinpgho Thus,
whi | e the perfluorocarbon copol ynmer conposition is deposited and becones

bound ont oyt ReedRIRE eltfosy HbOGHRS:, a/?\.'uh%rm&étvsbyeatéd@ﬁe&wqmowﬁer% td the

nmenbr ane

-

like.

The article of manufacture of this invention can be formed by first positicning the
porous membrane substrate on a porous or vented support and then sealed, such as by heat
sealing in a housing, thereby to form an exposed portion of the membrane and an
unexposed portion of the membrane. The exposed portion of the membrane then is
contacted with the solution of the perfluorocarbon copolymer composition set forth above.
A differential pressure can then be applied across the membrane such as by gravity or with
the aid of a vacuum or positive displacement device so that the geometric membrane
surface contacting the solution is adjacent to the zone of high pressure while the opposing
geometric membrane surface is adjacent to the zone of lower pressure. The differential
pressure across the membrane causes the solution to be passed through the membrane and
its support while the perfluorocarbon copolymer composition is deposited and becomes

bound onto the membrane surfaces. Alternatively, the exposed portion of the membrane

31



can be contacted with the solution of the perfluorocarbon copol yner
conposition without applying a pressure differential across the nenbrane

such as by _soaking the exposed portion of the nenbrane in
cont ai ni ngMA¥ B ution for a tinme long enough to effect @F?ﬁﬁg“’%@“ he

menbr ane surfaces and deposition and binding of the perfluorocarbon

copol yner conposition onto the nmenbrane surfaces. Thereafter,
excess unbmandepmniacied withathb salution of sheeperfluorpembdrn copolysnereompesition midmouthe
menbrane by contacting the surface nodified nenbrane with a liquid

CONpPOSi t i ONppBifig a Peeskiiie REBRBAR acis BAGhembahe Suchlas By sollkifis theBpBRE. O

ef fect renoval, such as by dilution and/or solvation, of the excess

unbound perf| rb copol r, Conpositijon et forth above.

ot onal |y, Parieh 8F P BEmahe i ERnGRRRREe 1 ofiBen 15n P A ABEY I eect
renove the |iquid _conposition. The resultant surface nodified nmenhrane then
is dried t ovetHBgeY theymembrane surfaces gad deppsitionaadbinging ofthe perfveracarhogat ed t o
strengthen the bond between the nmenbrane substrate and the perfl uorocarbon
copol yner ceanppbsndricompesitisre bnfocthé meatbeare surfaces. I n one enbodi ment of this
I nvention, the nmenbrane substrate can be surface nodified in the manner

t forth ab ' ' ' ' L f
onut oot ur o C oahereifieh Coet\ DR 56 hyBrotaibt 2oiflyinet LB kirfidved ©

manuf act ur e. Ing o e housi ng cted in a
manner whigch minimzes exposure of, the_surf nodi fied r rane to excess
ont - Thi's, SO e MeGF ey A g i TGS FBLFGTIRTETBRE MU I ATORPSion
melted prior to joining the housing sections to formthe seal ed housing.

Al t er nat i vesugh as éspprongnoli ethanolh suatar oy mixterescthereaf do effegt remowdlf sushad biyy
ultrasonic wel ding wherein the energy supplied to effect sealing can be

accuratel y gituntionGindast solvation, of thd Bfressidbdugd pediubiarbea topatpmeptorhpdsition as
I nvention is particularly useful for filtering outgassing |iquids by

gr2event N9 Ge¥EA hieOfopdbnally BE 30 Uhbaifed FRmke i tell%ofitibkd Hith water to

remove the liquid composition. The resultant surface modified membrane then is dried to
remove the water or the liquid composition and heat treated to strengthen the bond between
the membrane substrate and the perfluorocarbon copolymer composition as set forth above.

In one embodiment of this invention, the membrane substrate can be surface
modified in the manner set forth above prior to being sealed in a housing to form an article
of manufacture. Sealing of the housing and membrane should be effected in 2 manner
which minimizes exposure of the surface modified membrane to excess heat. This can be
effected by minimizing the volume of housing which is melted prior to joining the housing
sections to form the sealed housing. Alternatively, sealing of the housing and membrane
can be effected by ultrasonic welding wherein the energy supplied to effect sealing can be
accurately controlled.

The surface modified membrane of this invention is particularly useful for filtering

outgassing liquids by preventing dewetting of the membrane during use due to the surface
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nmodi fyi ng conposition which is bound to the nenbrane substrate. Thus, the
menbranes of this invention are particularly useful for filtering

chem cal | yyw@dgls¥e7out gassing liquids such as acids or basepctfigbs/s3iy
contain an oxidizer when utilizing a fluorocarbon polyner as a substrate,

such as pol ytetrafluoroethylene, a fluorinated ethyl ene-propyl ene copol yner
or a perfluqgroal koxy paol r... ] n these instances, both e nmenbrane
substrate gﬁ’aﬂ?ﬁ'@ co, %é%ﬂ} FM@E&%M Tahe %ﬂbé“ﬁFg[ﬁd}st tisimembranes
agai nst chem cal degradation while the resulting surface nodified menbrane

i s not dewef this/inyantion are particularlyrusefud femfiltatingehemicilly active outgassingriiquidse
surface nodi fi ed nenbrane can be wet wth water or the process fluid to be

filtered ekidheds RidsartHaVeshititafcollalRbxiBESw Hérfutflizing @ﬁhbﬁ)lﬁ:ﬁ}lﬁ%n‘ﬂgﬁfexﬁ‘ér%

the menbrane first is wet with an al cohol such as i1sopropanol. In

nas. been r SRMvRe A Py el ARYRERRy e, PPt ironPlsoe P o

be filtered. wat er - cont ai ni n filtration device conprising a water-wet
surface no@PETiBtpraakeypriyser.  Hethgsecipstances; btb the membraan sebstrateandethe ed
within a container together with additional water, if desired, and heated

such as by swifEemedifying campasition are ihighty resistant againstichemiealodepradition RaYieithe

For exanple, the process disclosed in U S Patent 4,727,705, which is

1t ot o don iRy ol e R B RSl #Btiger who then can use the

merbr ane-vet {1 ndh B EBbHhel of (S inverRiany B SuiiRSRTORA R FERE I P et he
present invention and are not intended to limt the sane.

33 with water or the process fluid to be filtered eithe; 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
and replaced with water followed by the process fluid to be filtered. A water-containing
filtration device comprising a water-wet surface modified membrane of the present
invention then can be sealed.within a container together with additional water, if desired,
and heated such as by steam sterilization to inactivate any microorganisms therein. For
example, the process disclosed in U.S. Patent 4,727,705, which is incorporated herein by
reference, can be used to form a water-wet filtration device which can be shipped to an end

user who then can use the filtration device directly without the need for performing a -

membrane-wetting process.

The following examples illustrate the present invention and are not intended to limit

the same.
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Exanmple 1 A solution containing 0.5 weight percent Nafion[err]
perfl uorocarbon copolyner in a mxture of |ower aliphatic al cohols and

wat er vvasgfr by making a 10:1 dilution of a comrerci M@)ﬁ%lableS
oA ssbildl

wei ght per ion[err] perfluorocarbon copolyner solution'riia mxture
of lower aliphatic alcohols and water obtained fromAl drich Chem cal
Conpany, Inc., MIwaukee, W, with isopropyl alcohol. The Nafion[err]

per fl uorocarbon copolynmer in the solution was in the sulfonic acid form
and had an average equi val ent weight of 1, 100. A 10 inch pleated .
filter device conprising a polytetraf 'M%yl ene (PTFE) nenbrane havi ng
a pore size of 0.1 mcron was slowy imersed in a container having the

dilute solution [ . . r.hr . until
the I ovel of ¢ n oulRh Bty oRSHENUALAL KaBof BRNUBRLao BhARS: i,
conpletely covered the pnenprane while gr eventing the solution from
entering t WG IeVenstinhate alcghols Ard watepwas peeperad; hyrmalkipg ad@il dilusien of@ans

except through the nenbrane. Tinme was allowed for the solution to perneate
t hrough t heommengiallycavaidabis StweiglitiperceheNafior® perfludrecdrbon espolymertsotution in a
downstream side, wth the solution. Wien the core was filled with the

soluthon, RpRhRIbEeLMiphafieHebbls 86d 9air obRhedHUM ARGriclENhEA'Ciloiity,

appl yi ng a vacuum of 1 I'nc mer cury on ream s

filter so fhat,, the solutjon_begins tq flow_thr hg t he menbrane and ouf of
the core BE-(Miwa ee'r%f'AV ifh,isgprogy! °ﬁ1’ iri‘? Pﬁ%‘g’r‘si’“ﬁﬁo’éﬂ%‘i@f‘&ﬂp‘tlﬂ“%@

downstream volune of the filter, of solution were passed through the
filter at thesbhaiofiivay in gheesulfnict aidfbrinyanditad amaverage equiiealemaoreigin of 1 49Sur e
across the nmenbrane. The filter was then renoved fromthe solution and

drai ned of exceasi(Rth fgidﬁf&d"ﬁ']i&r QePiet BSmpAiRg 4 'polyterifabibethylnB P PEES Ne

filter and placed in second cont ai ner havi ng "100% i sopropanol to renove

gzcess per Inle}ﬁ%;ﬁl%a}{ag%% acfa) ¥ lsﬁem%rf 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
permeate through the membrane so as to fill the core of the filter, on the downstream side,
with the solution. When the core was filled with the solution, a pressure differential across
the membrane was created by applying a vacuum of 1 inch of mercury on the downstream
side of the filter so that the solution begins to flow through the membrane and out of the
core of the filter. A total of 240 milliliters, in addition to the downstream volume of the
filter, of solution were passed through the filter at a slow flow rate, dictated by the small
difference in pressure across the membrane. The filter was then removed from the solution
and drained of excess solution while being careful to avoid drying of the filter and placed in

a second container having 100% isopropanol to remove excess perfluorocarbon copolymer
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fromthe menbrane. A total of 2 liters, in addition to the downstream
volunme of the filter, of isopropanol were passed through the filter, under
identical ial pressure conditions as described ab

I sopr opanoﬁ%ﬁgéﬁter was then renoved fromthe isopr opang’lw,%/U }gﬁsr?é%i

wi t hout drying and placed in a flushing apparatus where it was flushed
with water by passing water through the filter for 20 mnutes at a flow
rate of 1 gfrbmcthe paembranenuAdotabof 2 litens;rinaddition teathg dowmatireanm yolumsminke filter,
per fl uorocarbon copol ynmer and/or isopropanol. The water-flushed filter was

renoved fr osf jsGisropaiohiwake! pased]thir GHERItBE Hilter) vAderMabmicahditfefeniihOpressugsi d f or
16 hours to further clean the filter. The filter was renoved fromthe

hydr ochl ori G i ] . ' or 30
it oo as ot st gRaERel bk il 1 Atnartaf gt YR Vi Mol o
In an oven and expgosed, to heat at 120[err]C for 16 hours to dry the filter
and to i npr §9RropaRolsdraied: withot gryes ng plaeadip & flusRRE FEDaMS slerd, i s flushed
copol ymer and t he nenbrane substrate. The dry, nodified filter was
wet w t h 60%ithseuerdpepasking Goatevachrough sk filkextforl20 atinutenitepfiow yatbyf 4 dailobper
poi nt pressure test nethod. The bubble point pressure of the filter was
measured to Iher kdHekh ' ' ' aigod 11 ter
was t hen m{rﬁ\;ﬁdtgﬁo R’?‘é‘gﬁﬁ@%ﬁfﬁ%ﬁﬁ%‘?{“ﬁ%%ﬁ%ﬁd g%lrgﬁ?l\#g?rglbﬁggﬁinﬂhtﬂhe fIrLshi ng
appar at us where wat.er.was fl Hushe through the filter for 5 m.nutes at.
o rate ofohropiia TsFarks-HiHEd feriids Fendy¥f om e pppBnR b M ded,
drop of the filter was neasured to be 0.66 psi/gpm The pressure drop of
an unnodi f i Mplagdiydrouhiorig aqid forof6 haves toafurther/gleansihe fittens The filten wae ranesd
psi/gpm under the same conditions.

Exanpl e 2 from the hydroeRlvricrid@l) Sinsed @ith vikteralng $urtddilusheteith vedr fof 3@ ndfrhitks
menbrane having a pore size of 0.1 mcron was surface nodified with

ygf lonferr] aP&ésuiU&{ %%b Oﬂlec&mlﬁ,r@ﬁtep%et 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
measured to be 42 psi, indicating that the filter was integral. The filter was then wet with
100% isopropanol, drained and installed in the flushing apparatus where water was flushed
through the filter for 5 minutes at a flow rate of 1 gallon per minute to displace the
isopropanol, The pressure drop of the filter was measured to be 0.66 psi/gpm. The
pressure drop of an unmodified wet PTFE filter of the same type was measured to be 0.65
psi/gpm, under the same conditions.

Example 2
A continuous length of about 100 linear feet of a PTFE membrane having a pore

size of 0.1 micron was surface modified with Nafion® perfluorocarbon copolymer by
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continuously passing the nenbrane into a bath having the sol ution
containing 5 weight percent Nafion[err] perfluorocarbon copol ynmer of
exanple 1, _at eed of 5 feet per mnute for a total cog% %k' of
about 2 m %@$§$he menbrane was then directed into a sec ‘%85 a@%ﬁ4
.containing water to renove excess solution fromthe nenbrane. The contact .
time of the nenbrane with water in this bath was about 5 m nutes. The

menbr ane waentiineuslybassing e rdthirafe irlid b Gathtiabingitheiletor é@%ﬁﬂ@ﬁaﬁei%}ﬁs
sprayed constantly on the nmenbrane to further clean the nenbrane. The

contact ti ' ' | t I .

i nut o, | Theraa NS RASScbl citfher o dilsBle S oV s SR of e e,
the menbrane. The dry nenbrane was then wound up onto itself to forma
roll. The &81?‘°‘éf°%g‘a$¥lin§@f AROHS raminuigss Thedaembrane Was Bhon dirgeted owp aseqoads or
16 hours to inprove the strength of binding between the bound

per f | uor oc drthocontaiping ywater tamembvecexvesstsohnionStons theahembrane. The cdritsct Sinid Gice
nodi fi ed nenbrane was used to make 4 inch pleated filter devices by heat

seal i ng t heneTRERbRAIR it Fadf i WHOBARIWEQUORO Hifffesh BB b TPwACHR oS wer @

found to be integral as teste y the bubbl e point pressure ne The
pressure dr of. .the _filters S sured to be 1.5 psi/gpm The pressure
rop of a ATeFE IO ird Bpihy ipaviich, fresh aier vag seraved.ompARtY b thermemraas 19 cd
wet PTFE nenbrane, was neasured to be 1.5 psi/gpm under the sane

condi t i ons.further clean the membrane. The contact time of the membrangwithpyaser3in this bath was 47
mllimeter dianmeter disk of PTFE nenbrane having a pore size of 0.1 mcron

was i mrer sefko abotih$ nfinwes. 9The PRt GRGifibdineMbae Was fBifn fasedamdeonst aa0BAry Mer
solution from exanple 1, for 2 mnutes. The nenbrane di sk was renoved from

1 The wertieRh. TR oof mRRRc wag ath i o i elto 95T by, The ke °1 Y

i sopr opanol .for,. i nutes to renbve excess rfluorocarbon
36 prop of modlgeJn membrane was placed G1'\n an oven atpl%0° 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 pleated 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
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.

Example 3

A 47 millimeter diameter disk of PTFE membrane having a pore size of 0.1 micron
was immersed in the 5 weight percent 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
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copolynmer, followed by three water rinses to displace the isopropanol. The
wat er - t nmenbrane was placed in an oven and dried at 120[err]C for 2

we
hour s. Theg,@tgs;ggzq nodi fied nmenbrane was found to have a 3pdr/sosmsspat
I ncrease, aseé on the weight of the initial nenbrane substrate, due to

t he deposited, bound perfluorocarbon copol yner. The 10 mlliliters

of 100% i sopropanol used. {o renove excess gopolynmer fromth nodi fi ed
menbrane. wePBOWBHEeRIIPHE kY f5ea viater Finses @ UNRCE IrSPRIPPEI - e YRR FEU by
Fourier Transform Infrared Spectroscopy (FTIR). The FTIR spectrum of the
concent r at gnemsbrange was placed insamexsnaind gisied lati 3205 Eafob 3rhovosp ol hersurface modified
denonstrating the renoval of unbound perfluorocarbon copolynmer fromthe

nenbrane byméabrané wWas faund/tehavt 4 317 % Weight Sncrdds& baSRESH thervélghtadT the Bidtisipanol
bl ank showed no evi dence of perfl uorocarbon copol yner.

Exampl e 4 y r h il r fr l e 3 was

I mrer sed | r{n%br%n? g‘l“?‘%ltrg%r gugﬁf&%@gpéﬁ?@b@gﬁﬁﬁﬂoﬁgﬁr@nﬂﬁgx ,. foll owed by
three water rinses to displace the isopropanol and dried at 120[err]C in
an oven for 2 hotheslO mikilitges of100% isopeopaneliusedtp remoNe £Xeess eppalymersiremihel t o
be identical to the weight of the nenbrane before exposure to isopropanol
in this exanpdified heenbrsriegidre ebndenerard do fiimeidlilivemiyr evaporation andrphalyZef. byThi s
exanpl e denonstrates that all of the deposited, bound perfl uorocarbon

copol yner r?d?ﬁie?%‘rm&fbxﬂhﬁxfﬁféﬁfﬁéﬁ&o&% f@gg%).e ROFRIE gsec&a&t&f%e ebndefiRate

nodi fi ed nenbrane with a sol ve or tor sol vat ed unbounpl
D O OGP GIetdTR ok e b1 TB 205 ik B Bhtahifg U rensoved SfurBouna
(Conparative) Exanple 5 A 47 mllinmeter dianeter disk of PTFE

menbr ane haperilgpracasber cepotymest from thermembrane byesolvation ardéondiditione dThei FRIR
Nafion[err] perfluorocarbon copol yner according to the nethod of

37 spectrum of an isopropanol blank showed no evidence of perfluorocarbon 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
isopropanol in this example (the weight of the modified membrane of example 3). This
example demonstrates that all of the deposited, bound perfluorocarbon copolymer remains
on the membrane surfaces even after contact of the modified membrane with a solvent or
diluent for solvated unbound perfluorocarbon copolymer when the membrane is heat treated
during or after the drying step in example 3.

(Comparative) Example 5
A 47 millimeter diameter disk of PTFE membrane having a pore size of 0.1 micron

was surface modified with Nafion® perfluorocarbon copolymer according to the method of
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exanpl e 3, except that the nenbrane was not exposed to heat during the
drying step. Instead, the nenbrane was allowed to dry at roomtenperature
for 2 hours. The surface nodified menbrane was found to h % wei ght
i ncrease, BRWII the weight of the initial menbrane subgﬁyﬂgg,%@{fé‘ to

t he deposited, bound perfluorocarbon copol yner. The dry, surface
nodi fi ed nenbrane was then imersed in 10 mlliliters of 100% i sopropanol
for 5 ninut exammieB| exespt that themambraneowas ot ezposed talheat iduring thealryingsteppanol
and allowed to dry at roomtenperature for 2 hours. The nenbrane di sk was

found to halgteal o8 niémistahe Was allovaddDid Hry GOfdofiSRAMDEaRGe fr 7 hdds baheQuacd he
wei ght of the deposited, bound perfl uorocarbon copol yner present before

denonst 1 at cToRee raBahe ik SR Rl 0 i b HOERRRRe PN R P B s e
copol ymer renmai.ns on the nenbrane surfaces after_ contact of the nodified
menbr ane wi {13} membrapg syhstrate; dusto the denasites; hauad perAvREPCADPR COPAYEES- hon

copolymer, a small fraction can be renoved when the nmenbrane is not heat
treated duri ng ofhafitwgrsurfase modified gnestbrane was then irnmersed in 10 milliliters of 100%
Exampl e 6 A 10 inch pleated filter device conprising a PTFE

menbrane hawopfbpandlGbe 5 Thibted follBwdd B Hrod wies riﬁ?%i th id?%%a‘éé e iHﬁJerqua/g hid

per fl uorocar bon copol yner according to the procedure exanp

simlar filtgr c i sing a. 0.05 mcrop,menbrane was_ al so, surface dified
" the. sams® REHFHEID St &0 spoRgiscion LB e LOGERDTRE Sk WasdopkioRave
wet filters were sealed within a bag containing water and were sterilized

under aut ocletweight ibaniampentsorresponting 4o dotfh basedrp the aveight of thetdspesitedr e
allowed to cool for 24 hours before the filters were renoved fromthe bags

gg nmeasur e bbendoperfiaooear®baREpolyier fredenfbéfoflexposure 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.
Example 6

A 10 inch pleated filter device comprising a PTFE membrane having a pore size of
0.1 micron was modified with Nafion® perfluorocarbon copolymer according to the
procedure of example 1. A similar filter comprising a 0.05 ;nicron membrane was also
surface modified in the same manner. After wetting both filters with water, the two water-
wet filters were sealed within a bag containing water and were sterilized under autoclaving

conditions. The bags containing the wet filters were allowed to cool for 24 hours before

the filters were removed from the bags to measure the pressure drops. The 0.1 micron
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filter had a pressure drop of 0.8 psi/gpmand the 0.05 mcron filter !
pressure drop 1.0 psi/gpm The two filters were then wet with 1%
isopropan% g9 | ushed with water to neasure the pressurgcgigorasafter 6
rewetting procedure. The 0.1 micron filter had a pressure drop of 0.8
psi/gpmand the 0.05 micron filter had a pressure drop of 1.0 psi/gpm
This exanple illustrates the_non-dewettin roperties of é odu ts of
the presedtiter had apresswre drar of B8/ wa@:gaﬁes& Q8 THCERD; fi‘tewﬁ AT drop
(Conparative) Exanple 7 A wat er - wet Super - Chem nert[err] filter
devi ce corip@ipsi‘gmn.a 0.1 mcron pore size PTFE nenbrane, sealed within a

bag contai ning water was obtained fromPall Corporation, East Hlls, NY.
Simlarly, a wapil meefidd weréhﬁmw&%ﬁm%o% fsbpropanotiand Bashed GARY watePth a O. 05 A
m cron pore SI ze PTFE nenbrane was al so obtained fromPall Corporation, -

East Hills ress I ' . were i
measur ed |rﬂ?ﬁ§8’fe %&P Sﬁ‘FF ogseq%g %P?gr%(vﬁémgl &% é‘jef f’rg‘%nat @5%‘??2%%@% %
bags. The 0.1 micron device had a pressure drop of 1.4 psi/gpm.and the
0.05 m cr qpressurd droptod . &psifgpos and e @ Wpmisromsfilterphad/agprgssure drop of 1.G-pe/gpm
filters were then wet with 100% i sopropanol and flushed with water to

neasur e t Mphip eRGAPIE QlEaRS thd hei-déwatingeprepértiag opthe pestiucs. of thepfesént cr on
device had a pressure drop of 0.7 psi/gpmand the 0.05 m cron device had

a pressure O%tm%nq_{ Qrﬁghl,yp%iéﬁqm%}ﬁ@ﬁ%ﬁmm e illustrates the dewetting

phenonenon =rve prior art in the presence of

outgassing |liquids such as water.

39 (Comparative) Example 7

A water-wet Super-ChemirmertTM 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
micron device had a pressure drop of 1.4 psi/gpm and the 0.05 micron device had a
pressure drop of 6.3 psi/gpm.

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

prior art in the presence of outgassing liquids such as water.
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Exampl e 8 A 47 mllineter dianmeter disk of an ultrahigh nol ecul ar
wei ght pol yet hyl ene nenbrane having a pore size of 0.1 mcron was i mersed
in the 5 weight percent Nafion[err] perfluorocarbon copoly t]on
from exarrpl‘%gﬁ"£67r 2 mnutes. The nenbrane disk was remvg‘é&@g ook

“The
solution and drained of excess solution while being careful not to dry it.
The wet nenbrane was then imersed in 10 mlliliters of 100% i sopropanol
for 5 mnutes to renove excess perfluorocarbon’ copol yner, followed by
three water rinses to displace the isopropanol. The water-wet nenbrane was
pl aced in an oven and dried at 90[err]§@h%[eg hours. The surface nodified
menbrane was found to have a 2. 8% wei gh ease, based on the wei ght of
the initial menbr bstrate, due.to th eposi t ed, bound

per f | uor ocar bon £0Hd Fefaﬁgie&fé’g%‘n%feandﬂf%eghm B%W&%‘EB‘(YSWW@P on the
surface of the nodified nmenbrane was confirnmed by an FTIR anal ysis.

Exanpl e 9 membraneavingianone sizeok0d micsen was immensed inctbe Somgightsiencent NRAGHE.
menbrane having a pore size of 0.1 mcron was nodified with Nafion[err]

per f | uor oc apdreiioRRBBLHN &Bﬁolﬁﬁeﬂ@%ﬁ[dnbﬁéhieﬂmE%QU%ﬁz finuté THR Ghérhtiénd J'iihogr

was tested according to the nodi fied SEVAT particle retention net

referred to f t \ R tion..Val ue (L f 4.5
(99. 995% reﬁ%ﬁ@ﬁ@%%@%@gﬁ :@?ar}g‘?f?fjéﬁq‘g%s.s %%Jf@"‘b Hhig beib 5“%‘}‘{)09°?1‘?1e
filter was _neasyred to be 0.77 psi/gpm . _An unnodi fied control
filter of tPR &arbeWepmepbsans was thes iamersed iy 1) miflilitsts o1 00% isoprapandHonf ECH
particle retention nethod and was found to have a Log Reduction Val ue
(LRV) of 1. i 0xemeveencessperflidrocdibon copolymer, fuilotved|bythretheat@r gmses! te
drop of 40

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.
Example 9

- A 10 inch stacked disk filter device comprising a PTFE membrane having a pore
size of 0.1 micron was modified with Nafion® perfluorocarbon copolymer as described in
example 1. The modified filter was tested according to the modified SEMATECH particle
retention method referred to above and was found to have a Log Reduction Value (LRV) of
4.5 (99.995% retention) with 0.05 micron particles. The pressure drop of the filter was
measured to be 0.77 psi/gpm.

An unmodified control filter of the same type was also tested according to the

modified SEMATECH particle retention method and was found to have a Log Reduction

Value (LRV) of 1.0 (90.0% retention) with 0.05 micron particles. The pressure drop of
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the filter was neasured to be 0.74 psi/gpm This exanple illustrates the

I nproved particle retention characteristics of the products of the present
| nvent i on. wq 9g/4ga7 _ Exampl e p@rmsosiossze The
following filters were tested according to the standard dewetting test set
forth above: (1) a 10 inch pleated filter device conprising a PTFE

menbr ane h%\f/ﬁirﬁﬁﬁ'a ore size of 0. 05 mcron and having its surfaces
modi fied wi Wesmeaspredsa e Q. i p/gpEL nThis sxampie illusirates thy improvedspartiglec
1, (2) an unnodified wet control filter of the same PTFE type and (3) an
Ul t r a- Chenirgfentiorf ¢Harasterigtios aftthe prgaiuctsiofigheapr@sedb inventican por e si ze PTFE
menbrane obtained fromPall Corporation, East H Ils, NY. The
results of the test are presented in fg & fp Which represents a plot of
pressure drop Vs. condition or drain nunber. The nodified filter (1)

showed a 64%in i N essure dr durin iltratiqn froman injtjal
pressure drop mﬁhfggg‘??‘?’% ;‘@{efszglergﬁssg CCQ‘F#(’S%;% J‘%“ﬁ@%@é gﬁﬂe@ngé@t 961 tjr'%‘bease
during filtration froman initial pressure drop, respectively. Al the
filters werBOYeheld) adfiincipleated Giltes devigs: eomaprisingsmBTFR enembirane having aperedsizes
were once again neasured. After the rewetting procedure, all the pressure

drops wer eof S1Sshivaén and Yavileits auffacasmbdhifiel With NAfid qResiictotdrBHE copolymer
indicating that the increase in pressure drop or loss of flux

ot o bacfing 15 Btfitte 1. 10)Mh ol wél Uofiect ek Ve the s PTEE e )
Exampl e 11 A 10+ nch pleated, disk filter device corrE_ri sing a PTFE
menbr ane h&RiH24L-sBHRETt S filter ¢nvias comprising A0 (8 micreaiporetizePT FENBSmbIang er r |
per fl uorocarbon copol yner as described in exanple 1. The filter was then

tested accobained fromtHal Covperacied,dEaSCRiI, NY. Test” nmethod as follows. The
filter was wet with 100% i sopropanol and flushed wth water to repl ace the

41

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
a 600% and a 300% increase during filtration from an initial pressure drop, respectively.
All the filters were then rewet with 100% isopropanol and the water pressure drops were
once again measured. After the rewetting procedure, all the pressure drops were
substantially the same as the initial pressure drops, indicating that the increase in pressure
drop or loss of flux characteristics observed during the test were due solely to dewetting
during the filtration process.

Example 11

A 10 inch pleated, disk filter device comprising 2 PTFE membrane having a pore
size of 0.05 micron was modified with Nafion® perfluorocarbon copolymer as described in
example 1. The filter was then tested according to the “Standard SC2 Drain Test” method

as follows. The filter was wet with 100% isopropanol and flushed with water to replace the

4]



al cohol. The filter was then installed in the filter holder of a filtration
systemof a recirculating chem cal bath systemused to purify a bath of
liquid utily clean silicon wafers during the fabricapg 4

i nt egr at oWt ! oo liquid, known as SC2, is a hi gh|y§¢§’9?§fé°§?i ng and
chemcally active liquid conprising 0.2 parts of 37% hydrochloric acid
(Ha), 1 part of 30% hydrogen peroxide (Herr]Jerr]), as a stron

oxi di zer, aephsl.pahe Sltgpwas thenipstalled in liarholder of a filirgfiandsystem ¢fc2 bat h i s
mai nt ai ned at 80[err]C. During the filtration process, a positive -
di spl acenenecipuigtingschoricl bathpysbmtused td putify & Bakh ofliduid beliZdd! tb eleatl @iticos
thus creating a pressure drop across the filter. Since direct pressure
drop data fd Mthd : i ff ; ERsat r .
Upstr eam si Gaers Jiog thg POERIGHST Hleblaldd bk, T Ghia, AR SNH, e £ Biehll”
rate through.the filte [ lt.iS. comon, | n e ind y to e.the ratio
of the abog‘gﬂw&% ﬁ?‘i cﬁ?’éﬁ%@da‘ﬁveﬁ‘ﬂgmf@&?r}s&ge&glﬁﬁﬁ OPSi%alﬁ'dF‘??ﬁQﬁftﬂc% of
the total systemresistance to flow. Since the only part of the filtration
syst em t hat(dh lppareaf 3Q%| hydeogengeraxiden(H,Ogk 2k a stropg biidizer, ands5 partsneatet. o
flow due to particulate renoval or due to dewetting, the PPQratio is a

direct measThetembetahifte fof kiieSliquid rPfhi DB S Mdiainkd GUsCPd, | ow. The P/Qratio is
a nore sensitive neasure of a filter's resistance to flow since it changes

nore dramati cal Iy, & | n. P al OFf. | one. P i.s sured.,in
pounds. per  squaraitbibeBANEPotcess) £ o0HRYEFirwa el e iCuB R Rt
(gpm. P/Qis.therefore given in psi/gpm MIIlipore Corporation_Technical
Docunent Mﬁl%'g& ouah the Tty deyice thus crepbng a oxspire sropacrossahe Siter. Nince dipet
which is incorporated herein by reference, explains this process in nore
detail . pressureiroh datacofveefiltéri intuse aserdiffivultad obmir, ke freksbee onthet dpstream side
filtration system the SC2 liquid at 80[err]C was passed through the
filter and dtftfe td (Al moRiad dOWUR HEAGHAMw 1o iy ¥ BIERY Q). ORY

clean SC2 |liquid was used and no wafers e processe 0 avol d ¢t her
42 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
system that can potentially change with time is the filter resistance to flow due to particulate
removal or due to dewetting, the P/Q ratio is a direct measure of the filter’s resistance to
liquid flow. The P/Q ratio is a more sensitive measure of a filter’s resistance to flow since
it changes more dramatically than changes in P alone or Q alone. P is measured in pounds
per square inch (psi) and Q is measured in gallons per minute (gpm). P/Q is therefore
given in psi/gpm. Millipore Corporation Technical Document MAO59, available from
Millipore Corporation, Bedford, MA, USA which is incorporated herein by reference,
explains this process in more detail.

With the wet filter installed in the holder of the filtration system, the SC2 liquid at
80°C was passed through the filter and the “initial” P and Q were measured. In this

example, only clean SC2 liquid was used and no wafers were processed to avoid other
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potential effects which may result in increased resistance to liquid flow,
such as retention of particles, thus isolating the dewetting phenonenon.

The fil ter%s%gmwas drained of the Iliquid through a draipc¥risysoesdtd a
vent val ve, e entire volune of liquid in the bath was also drained from

the bath and fromthe piping, including the punp, using the punp to push
air through the system _includi nrq_through the filter holder. After this
first drai BowTnidalgtfects yehighamay vrsultin inceessed resiskpesty liguid flow, sechaseteationaft o
80[err]C while flowwng liquid through the filter. The "drain #1" P and Q
val ues wer pamiekesutheslisafatiag tiedevietinepirhomendl Tiefiltércholder wasdrainkd bf tikhed
at 80[err]C. This drain cycle was repeated 5 additional tines and the

corr espondi; M3 Thi
exarp! o oL dog InAgh 2t vaReURH 8 VERCTING L SRER SRR BVBERAS

0.05 m cron PTFE nbrane, filter 2, and an U.ti-Cheminertferr] filter
Comr 1 51 noaso Graaed FARGRE Bishend i e ipng eiding B BUPRCAiRs B to
Corporation, East Hills, Ny, filter 3, for conparison. The results
fromthis exgnair threugh the eysiemencluding through sheiitertholdesr eAftartthis irpd drainodycle, he
P/Qratio Vs. drain nunber. The results show that the nodified nenbrane

filter prepaa@dwas f0edivg fiadhiST2 IRfuRs St hdafedeBtgoeq wiild ﬂ&?in%)liqdﬁ?ﬁxré@h
dewet even under these highly chem cally aggressive and highly outgassing

conSL | o1 AR ETR' 5L R o bR e T e Pl

(filter 3) dewet as seen by the increasing P/Qratio, . .

Exanpl e 12 Was establishednaty 30 Gy c Fhistdseir syclgiver repaated S aidigional emeppndtheg a PTFE
menbrane having a pore size of 0.1 mcron was nodified with Nafion[err]
per f | uor oc aotresponding [PyandrQ aalude serd iegured afiex amghl draih cy€lee Thib trample waset
with 100% i sopropanol and flushed with water to replace the alcohol. A

Zi3m' lar fikéRhied WG udehiffEINE Dbl Tfker TBSRp AR R0 RicRoR PTEES| Ze Of
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.

The results from this example are presented in figure 5 which represents a plot of
the P/Q ratio Vs. drain number. The results show that the modified membrane filter
prepared according to the present invention (filter 1) does not dewet even under these
highly chemically aggressive and highly outgassing conditions as seen by the constant P/Q
ratio over time or drain number, while the unmodified filter (filter 2) and the Ulti-
Cheminert™ (filter 3) dewet as seen by the increasing P/Q ratio.

Example 12

A 10 inch stacked disk filter device comprising a PTFE membrane having a pore
size of 0.1 micron was modified with Nafion® perfluorocarbon copolymer as described in
example 1. The filter was wet with 100% isopropanol and flushed with water to replace

the alcoho!. A similar filter comprising a modified PTFE membrane having a pore size of
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0.05 mcron was wet in the same manner. The two water-wet filters were
installed in a bubble point pressure test apparatus and the water bubble
poi nt pressure the filters were nmeasured. The water bub |
pressures B0 ified wet control filters were al so rreasgﬁ%‘gl%r{%ﬁ‘e samne
fashi on. The wat er bubbl e point pressures of the two nodified -
filters were greater than 40 psi, whereas the bubble point pressures of

t he unnodi 0i@dmidron gas wetinethe eame maanes Phe two water-wet filters were installed in a
Exanpl e 13 Several sanples of 0.1 mcron pore size PTFE nenbranes

nodi fi ed Wibiabblbigbin® Predburt tesP 8ppdratas @ad Heoraterdiudblepintgressiudt 6fahé Gltetewere
nmet hods of exanples 1 and 3 were wet with 100% i sopropanol and rinsed with

water to r t I The water - ' [ [ he
Fol | oui ng. dneaed; dfe Yl ket Rl uRADBES we ot HIBES Bl s, 7
at 150[err]C for 100 hours. _(b) 30% hydrogen peroxide at 50[err]C for 100
hours. (c)ymeasursd ithesameH3abignoni um hydr oxi de at 50[err]C for 100 hours.
(d) A SCl1 solution containing 1 part anmoni um hydroxide (28% to 1 part
hydrogen per oxiThe wa3€%ubble poimepresuresiofthe wio Modified Fillefsowerd goeatersthan 4@) A
SC2 solution containing 1 part hydrochloric acid (37 %9 to 1 part hydrogen
per oxi de 0 : jir anha
sol ution cﬁga(? hrﬁr %5%§%%sﬂ§%ﬁﬁ?ﬁes§%tgé {(ﬂs'a’%)g‘ﬁgﬁ“?’g%eﬁf leﬁ[ﬁ fél%arn]PS éelr r]
(30% at 135[err] C for 168 hours. I he SC1 and SC2 sol utions were
repl aced every 30 mnutes with fresh m—at tenperature to maintain
an effective level of oxidizer and the piranha solution was replaced g
every 24 hours \feveral samtiessefl i ingigronToge sigeBTEE merpbrapes) magified ith,Nafion
further treated with . 44

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:
(a) 97% sulfuric acid at 150°C for 100 hours.
(b) 30% hydrogen peroxide at 50°C for 100 hours.
(c) 2.4% tetramethylammonium hydroxide at 50°C for 100 hours.
(d) A SC1 solution containing 1 part ammonium hydroxide (28%) to 1 part hydrogen
peroxide (30%) to 5 parts water, at 80°C for 3 hours.
(e) A SC2 solution containing 1 part hydrochloric acid (37%) to 1 part hydrogen peroxide
(30%) to S parts water, at 80°C for 3 hours.
(f) A piranha solution containing 7 parts sulfuric acid (97 %) and 1 part H,0, (30%) at
135° C for 168 hours.

The SC1 and SC2 solutions were replaced every 30 minutes with fresh solution at
temperature to maintain an effective level of oxidizer and the piranha solution was replaced

every 24 hours with fresh solution. The samples from (c) and (d) were further treated with
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hydrochloric acid after the test to ensure that all sanples were in the
acid formafter the test. After exposure to these highly

aggressi vewgagsal S, the sanples were thoroughly rinsed weihngadeez2and
wer e subsequently anal yzed by FTIR along with control sanples which were
not exposed to the chemcals. The FTIR spectra of all the sanples,
including .the contro]ls, were identical indicating that no changes in

cheni cal  cOHFRoShiorisacik after the tegsdp epatre thatsH samBlen Hereicihe aeid foma after theal | v,
guantitative analysis of the FTIR spectra determ ned that no changes in

t he anmount test. t he nodi fyi ng perfl uorocarbon conposition had occurred.
(Conmpar ative) Exanple 14 This exanple illustrates a process of the

prior art, descritRe@xposuks o thg)étrﬁﬁﬁl¥ gégéggv@r?%nﬁ%,%@sﬂﬁﬂgss%éﬁ%&du ts

obt ai ned thereby. The extent of sur e nodification of "a porous mnerprane

substrate . fluar.ocarban copal yner c 1 Ji.on was determned by
dye stai ni \r%'1E év%ﬁi 9?18'?#1%&%@& b Isgbsggtfeonﬂg Fﬁyﬁmﬁh{ along wi %06’&9 FW%?
Nafion 117 perfluorocarbon copol yner was made by first cutting an 8 inch
by 10 i nch “hi¢hwere neiexpased toythershemitalsn cFhebfTIR $pectna of alirihei sampies, including 117
Is the sulfonic acid formof Nafion copolymer filmhaving an ion exchange

capaci ty ofthedcdhtrolsymvpre identcad indicHting aha Ho ch@hgbBtin @ﬁqnii&ﬂ(bomfposition of e
smal l er filmpieces were then converted to the lithiumsulfonate form of

t he copol i s Dy G N . u | f; Yorbl nd
Ve o6 i R meRBRLSL Bk dolRflch . RRAUAD TaBfatibe fiiiss gt AR spbberd
The sol utign was eated. to S%err]c for four hours and then cool ed to room
t enper at ur &SteRined thatng;changes jg the amount, OF themediing-PerBIOROL#ROR SOMPPFHeR | n

dei oni zed water for one hour three tines. The
45 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
of a porous membrane substrate with a perfluorocarbon copolymer composition was
determined by dye staining with the procedure set forth below.

A solution of Nafion® 117 perfluorocarbon copolymer was made by first cuiting an
8 inch by 10 inch film of Nafion® 117 into 2 inch by 2 inch film pieces. Nafion® 117 is
the sulfonic acid form of Nafion® copolymer film having an ion exchange capacity of 0.91
meq/g and an equivalent weight of 1100.

The smaller film pieces were then converted to the lithium sulfonate form of the
copolymer by immersing them in an aqueous solution of 3 wt % LiOH, and 1 wt %
dimethyl sulfoxide (DMSO) based upon the weight of the solution. The solution was
heated to 50°C for four hours and then cooled to room temperature. The film pieces were

removed from the solution and rinsed in deionized water for one hour three times. The
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filmpieces were determ ned to conprise the perfluorocarbon copolyner in
the lithium sulfonate form Fifteen grans of the |ithium nodified

film pieces | aced in a round bottom flask with 285 4hyl ene
os3ieaRe) bR,

sul fone (SYY sol vent and heated to 240 for 4 hours stirring
under a nitrogen bl anket. Thereafter, the solution was cooled to 25-30[err]
Cto forma 5 %by weight solution of the copolynmer which was djluted to
forma 1 ofilsy pigeesgiere detarminedrtoispmprise the perfluaspeaskon copolymer ipdhq Uy ( he
procedure of U S. Patent 4,470,859, a 2 mcron PTFE nenbrane was then

I mrer sed i sulfongte¥oeraol uti on which did not wet the menbrane. A container for
the solution and nenbrane was placed in a vacuum chanber and subjected to a

vacuum of ' 130 FiRcb PIROLHhE Liffimndifitd ﬁﬁngmcééwé payceagi_xsl&mym \tfdn t O

t he at nosphere. vacuum and qui ck venting was repeate The sol ution

The sol ut| BFGHER B3 UcEFROSR v mligne (SHBRUA] Soverlapd deflgh FR240HTRY £ Bamisone

was renoved fromthe oven, cooled at roomtenperature and imrersed in
i sopr opanoivhilé Biyririgaindet a niteogen ivkankete . THéreaftoe thesolution avas icooledvtas 2530 €Ertoed
ina 0. 1 %aqueous solution of Methylene Blue dye until staining of the

e S el I8 AR A oA i 1

wat er , to renove excess dye fromthe
menbr ane. . e drawi ng of Figure 9 shows that the surface nodifying
corrpositioﬁolmﬁ%%i“g}@g“ﬁmﬁﬁ%ified the menbrane surface as shown by the
dark spots. The |ight background Co i ses the unnodified nenbrane
substrate. The Egh@wimgs:h@prqce@up@f@@gﬁm&,ﬁﬂ:&59, ad migran ST FEaembiagee 6
(PTFE imrersed in 0.1 % aqueous Methyl ene Bl ue foll owed by

46 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.

The membrane then was removed from the solution and placed in an oven at 130° C
for 6 hours. The membrane was removed from the oven, cooled at room temperature and
immersed in isopropanol (IPA) to wet the membrane. The wet membrane then was
immersed in a 0.1% aqueous solution of Methylene Blue dye until staining of the
membrane surface was effected. The membrane then was washed sequentially in water,
IPA and water while being agitated to remove excess dye from the membrane.

The drawing of Figure 9 shows that the surface modifying composition incompletely
modified the membrane surface as shown by the dark spots. The light background
comprises the unmodified membrane substrate. The controls of Figure 5 (undyed PTFE

membrane) and Figure 6 (PTFE immersed in 0.1% aqueous Methylene Blue followed by
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rinsing) shows that the PTFE nenbrane substrate is not dyed wth Methyl ene
Bl ue. The process for surface nodifying a 0.2 m cron PTFE porous
menbr ane QJV \gge27Pat €Nt 4,470, 859 was repeat ed except thatp¢hessildshs
menbr ane suBs?rate was prewet with |PA for about 10 seconds prior to
contact with the Sul fol ane solution of the surface nodifying copolyner
descri bed above in this_e e. ILPAinstantly wets .th FE. S rate. In
addi ti on, %%?&33 °‘<Xé5’a681‘= SiembraRy Wgﬁtﬁiﬁf%‘mﬁ %ﬂ&ﬁtwﬁb%“}?&%ﬂﬁlﬁ@gmm ane
was prewet. The purpose of the prewetting step was to determ ne whether it
i nproved the s qa@éessch:swfaﬁgm%ﬁmg%&@

vpicron PTEE peras membrane of\Pp @y
being prewet with I PA the nenbrane was i mersed in Sul folane for 5

m nut es t op4tentl4g470, 85 wasrdpbtedrexdepaniat el inembrane subtimtervab prevet weith
with Sulfolane then was immersed in the 1 % Sul fol ane sol uti on of the

fl i $ i ) th
Ponoved fr A i SB88P1Y WEbnasOBRAG cidlt il o8 SPHBUE Syl oF BIEAALE | oD TS
of the perfluagrocarbaon copol yner .conposi.tion fo 5 m nut es. The
rrerrbrang t el SCP%‘S‘EHE?SP%/}PEQ‘F\@V%W? grample; MWQEC}V%W@for 6

hours. The surface nodified nenbrane then was stained with Methylene Bl ue
as descri baibstratbo\r additiohj contactmab aot éffested byl veceummadd fventingsintsr the endngbranown
in the Figure 10 drawing. As shown in Figure 10, the PTFE nenbrane is

i49c0rrp| et elys prWelC ThEPHigos€f the prewetting step was to determine whether it improved the

surface modifying result shown in Figure 9.

After being prewet with IPA, the membrane was immersed in Sulfolane for 5
minutes to replace IPA in the membrane with Sulfolane. The membrane wet with Sulfolane
then was immersed in the 1% Sulfolane solution of the perfluorocarbon copolymer
composition for 5 minutes. The membrane then was removed from the solution and
immersed in a fresh 1% Sulfolane solution of the perfluorocarbon copolymer composition
for 15 minutes.

The membrane then was removed from the solution and oven dried at 130° C for 6
hours. The surface modified membrane then was stained with Methylene Blue as described
above in this example. The surface modified membrane is shown in the Figure 10 drawing.

As shown in Figure 10, the PTFE membrane is incompletely surface modified.
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(Conpar ative) Exanple 15 This exanple illustrates that the process
of the prior art described in U S. Patent 4,470,859 and utilizing a

copol ymer precipitation technique for surface nodifying a
produces uﬁ? %42#2§ct ory results. A 0.2 mcron PTFE P%@m‘
substrate was imersed in the 1 % Sul fol ane solution of Exanple 14 and
subjected to a vacuum and quick venting in tw cycles as described in
Exanpl e 14, the solution did not wet the nmenbrane. The nenbrane was renoved
fromthe solution and imersed in toluene for 15 seconds to effect

precipitation of the perfl uoroca@ﬁh‘ap@mj ERBAple @§POsi tion. The menbrane
then was renoved fromthe toluene and placed rn an oven at 130[err] C for
6 hours. The nmemfrapne was.renpyve om t he en, . cool .Straian ith
Vet yl ene Bt ue. Eoyis e HuSARE fhal I8 BsbiiS oP i riok 3R SR i G STpte!
resul tant nenbrane obtained and_shown in Figure 7 has its surface

i nconpl et el447hEf andaytilizing a copolymer preeipisationy tsehniquerfat surfasgimagdifying2 0. 2

m cron PTFE porous nenbrane of U S. Patent 4,470,859 was repeated except
that the Prhémbranbprodaecssusitisiictorpassyisewet with | PA by imersion of the
menbrane in I PA to contact wth the Sul fol ane solution of the surface

modi fyi ng copol y/gBrz 568 b‘?ﬁ*ﬁnxggggﬁpé Qubdtiafe ‘9%%%6%% B89 519?01a&%_§xﬁ§;he

was not expecte by vacuum a I Ng SInce rane was prewet

pur pose of t eyetting.step was to determ ne whether it inprove he
B Pace modifigemEls LE and SRiskisifio S pciuigang Gpick Ventiie In Wy distes FR O B
with I PA, the nenbrane was immersed in Sulfolane for 5 mnutes to repl ace

| PA i n t he Eramplebd the soludon didl not avet Tireemanmshtangn dhegacmbrane was famneyed from the
48

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 7 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
surface modifying copolymer described above in this example. In addition, contact was not
expected by vacuum and venting since the membrane was prewet. The purpose of the
prewetting step was to determine whether it improved the surface modifying results shown
in Figure 7.

After being prewet with IPA, the membrane was immersed in Sulfolane for 5

minutes to replace IPA in the membrane with Sulfolane. The membrane wet with Sulfolane
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then was inmmersed in the 1 % Sul fol ane solution on the perfl uorocarbon
copol ymer conposition of Exanple 14 for 5 mnutes. the menbrane then was
renoved fr@i9dsfgez7sol ution and imersed in a fresh 1 % Sul f ecansosyodsnd i on
of the pertluorocarbon copolymer conposition of Exanple 14 for 15 m nutes.
The menbrane was renoved fromthe solution and imersed in toluene for 15
seconds to effect [ ec tfl uo 0
conpost t i offenrrgs st 6% SRR sien HCh SRR Rocaf R R obBimer .,
oven at 130[err]C for_6 hours. The surface nodified nenbrane then was
cool ed andcemppsiden ofnﬁmnmtllmeﬁémma& the mersbrane then; wasemeoyed from the e
surface nodified nenbrane is shown in Figure 8. Wile the nenbrane has
more of it sgolatioh ane immeiskd éla ekl 1 hSulfelameodofitivh afthe penflavmdatbontdopolymer
menbrane shown in Figure 8, its surface is undesirably inconpletely

modi fi ed. composition of Example 14 for 15 miputes.. The membrintAWR fembPed from the soltitfon
exanple illustrates e process 0O 'S |nvent|on when util1zing

erfl uoroc f I t t
Penbr anc. . and SmeRad N fiuere iob A5 Sacopts i o Bresipgatomas e %w Mite at

roomtenperature in a 1 w. %solution of Naf i on perfluorocarbon copol ynmer
in the sul topsiymar compesition. n"The meinbranecvasfremowed framcbe toluengrrnd\plaagrin an
obtained from Al drich Chem cal Conmpany, M I|waukee, W. The perfl uorocarbon .

copol yner haen 201390 féabadurs/eTEO urfice hiddifiedMembine icanPas/eoted difll stdihéd/ | N
t he sol utlon The nmenbrane was renpved fromthe solution and

wet 1 he e UEMEUSARRE Hlat s dsreribHL b enmie 18 cne SR FERGEAraid's |

i nmedi ately imersed in water for 2 mnutes while being
49 shown in Figure 8. While the membrane has more of its surface modified with the

54O

'y

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,
Milwaukee, WI. The perfluorocarbon copolymer had an equivalent weight of 1100. The
membrane wets instantly in the solution.

The membrane was removed from the solution and immediately immersed in IPA
for one minute at room temperature, The IPA wet the membrane. The membrane then was

removed from the TPA and immediately immersed in water for 2 minutes while being
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agitated. The rrenbrane was renoved fromthe water and was oven dried at

120[err] C for hours. The nmenbrane was renoved fromthe oven,
cool ed to g&gperature and immersed in | PA. The menbrapgr)yassdssiioved
fromthe I mredi ately i mMmersed in an aqueous 0.1 % solution of

Met hyl ene Bl ue whi | e being agitated. The menbrane was then washed .

to renobve excess Methylene Blue in water, followed by IPA followed by

wat er | rmeegitited. The nieshsanmwas resoved Srom thewater andowas qvendried at120° Crfm 2
resultant menmbrane is shown in Figure 13 which has it surface conpletely -
nodi fi ed whblirst he surface nodifying conposition.

Exanple 17 This exanple illustrates that the nenbrane of this

i nvention can b r ] fl uor rbo whi ch
does mot et t ha Teaiit SRl ek RerBoroh Bhom W e R RBOTERuS B 4L D,
contact with a sqlvent which renmoves unbound perfluorocarbon copol yner and
whi ch wet s Ifersed i IBAe The membrang was gemaved fsom thetP Avandhimpediately in
with I PA by the prewetting procedure described in Exanple 15. The nenbrane
then was r anaqeebusCoh%t sotution/of MethyleneBhrdvhile betng dgitassde for 5 minutes to
replace IPA in the menbrane with Sul folane. The nenbrane, wet with

Sul fol ane, then MasmddibBhS 3As kifkn %Ealsheéﬁoé @x&fssm @r[efthﬁ'irPQQtE on

copol ymer solution described In r ane

t hen was I & ved, fr e sol uti nand I.mre ed afre % Sul f ol ane
soiuton ookt A ialEuBE LN wald B, éilﬁam"frawﬁnmﬂsr@ Shipohpr 15
m nut es. the menbrane then was renoved fromthe sol ution and was

i mmedi at el yemparatused The resultam mespbrangrishliows in Figuserd§ evhiclchasdt sufarace

nodi fyi ng conposition fromthe nenbrane.

50 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 cbpolymer
solution described in Example 14 for 5 minutes. The membrane then was removed from
the solution and immersed in a fresh 1% Sulfolane solution of the perfluorocarbon
copolymer composition of Example 14 for 15 minutes.

the membrane then was removed from the solution and was immediately immersed

in IPA for 2 minutes to remove excess surface modifying composition from the membrane.
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The nenbrane was renoved fromthe I PA and inmediately imersed in water for
2 mnutes. The nenbrane was renoved fromthe water and was oven dried at
120[ err] C {v@rosi4@927hour s. The nmenbrane t hen was st ai peTiushs/08324

Met hyl ene Bl ue by the procedure described in Exanple 14. The resultant
menbrane is shown in Figure 11. The nenbrane surface is conpletely

nodi fied w | ugrocarhon ¢o . CO | t.ion_as .sho

conpl et e ‘é\”l}‘?xp éﬁccgr?bsr?rg{ &Psh@e_movedl%rom ﬁxe%l&' ind immmedia sly imBiersed in Wttt fgé&anpl e
18 This exanple illustrates that a solution of a perfl uorocarbon
copol ymer SuR¥eS| The memiyanenwascresmayed firom e veater andwasaven drisd ey B2ACcigr 16e
utilized to conpletely nodify the nenbrane surface with the copol yner
conposi t i ohours. A 0.1 mcron PTFE menbrane was i mersed in the al cohol
solution of perfluorocarbon copolynmer conposition described in Exanple 16

The menbrane. wad T puitati (BR RIS RARISHEE RS e UBbedr?F oPRRBEFBE.
at _120[e_r:E‘]}F C for, 2_hours. The menbrane was renoved fromthe oven and was
stai ned wi amnlﬁ {ﬁn Theraspliant membyans,is shawn in Figurek hndihe membrane surface ¢

menbr ane surface was conpletely nodified wth the copolyner as shown in
Fi gure 12. completely modified with the perfluorocarbon copolymer doxmpopgition 19 shown by  Thi s

exanple illustrates the process of this invention when utilizing a
per f | uor ocaphprtcanRficy JRinig! ution formed of a solvent which wets the
menbr ane. 51

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.

The membrane surface was completely modified with the copolymer as shown in
Figure 12.

Example 19
This example illustrates the process of this invention when utilizing a

perfluorocarbon copolymer solution formed of a solvent which wets the membrane.
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A 0.05 mcron PTFE nenbrane was imersed for 1 mnute at roomtenperature
in alw. %solution of Nafion perfluorocarbon copolyner in the sulfonic
acid formyn @, gLxture of |ower alcohols and water obtai negef{g¥ofdd" i ch
Chem cal npany, M I waukee, W. The perfl uorocarbon copol yner had an

equi val ent wei ght of 1100. The nenbrane wets instantly in the solution.
The menbrane was renoved fromthe solution and placed between two thin
nonpor ous pol ye#h(08 meicenadZFEE mentbrane, wassimmarrsesifop b spinute ae coam temperaare in
surface. A pressurized roller was rolled across the exposed surface of the

sandwi ch t @ le#t. g soluksiDofaiafichk® pefRSfocafiod icopolytoi the sulfsiicl¥éid forml fiea
menbrane was renoved fromthe sandwi ch and was oven dried at 120[err]C for

2 hours. . S I ved fr ; oled to room

t enper at ur guétﬁﬁg ogﬁﬁgﬁ%ﬂﬁg%&g&fﬁhﬁﬁ%ﬁg@é@ %%@%!?W the I PA and
| mredi atel y | rsed in_an aqueous 0. 1 %solution of Methylene Blue while
bei ng agi t&%‘ﬂ%ﬂ ee, WL Theiperfioresasben capobimes hadas sawivalent weighteold18@s Jhe

Met hyl ene Blue in water, followed by IPA followed by water inmersion. The
menbr ane t imembzare wets enktantlyrindm sdhetiqgyer at ure. The resultant nenbrane is
shown in Figure 14 which has it surface conpletely nodified with the

surface modi fyi e Grimghd wa'removed from the solution and placed between two thi
Exanpl e 20 Thi s exarrpfeqll?ustrat es that the nenbrane of this

toes. ot waPuR e BT EREnY herts 1o B ¢ SHRLTICH PSR OB AURSURS | Dued by

subj ecting the nenbrane to a nechanical force which renders the
concent r at iPEasswizedgallerwasgrolledrpeross therexpesed surfacef Mpsandwichite effeetrremoval
surf ace. 52

of excess solution from the sandwich. The membrane was removed from the sandwich and
was oven dried at 120°C for 2 hours.

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

The membrane was then washed to remove excess Methylene Blue in water,
followed by IPA, followed by water immersion. The membrane 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 20

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 subjecting the membrane to a mechanical force which renders

the concentration of modifying composition more uniform on the membrane surface.
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A 0.05 mcron PTFE nenbrane was prewet with | PA by the prewetting procedure
descri bed in Exanple 15. The nenbrane then was renoved fromthe | PA and

I mer sed ia,ﬂ]gg%#%ﬁl ane for 5 mnutes to replace IPAin the g@g@gw&ﬂth

Sul f ol ane. mbrane, wet with Sul folane, then was i mers ma 1l %
solution of the perfluorocarbon copolynmer solution described in Exanple 14
for 5 mnutes. The nenbrane then was renoved from the solution and

i mersed in a frA805micen PEFEmembrane wahprsivet with JBAfHyutbe prewetting proogdirg ner
conposition of Exanple 14 for 15 m nutes. The nenbrane then was

renoved fr dssdrived 4o Bxh:in?l& BN dThemeibaime dhdiek 2ol ¥ frofn the IPARRA iMkfRrsed in
pol yet hyl ene sheets to torma sandw ch positioned on a flat surface. A

O foct 1 omyp e forsh uhes SicBREC R b BeaRnRl: Pith SURaSE  F RIS 1
renoved fromth qvm ch and oven dried at 120[err]C for 2 hours. The
nmenbr ane wa¥t W@ﬁb@g& e MheneaspEnersed | ackf splutipn g thedepiliparpearbomegpolymer

inmersed in IPA to wet the menbrane. The nenbrane then was stai ned
wi t h Met hylselntiosldescribpd il Expmplecduioe 5 dsinutes b &He membramerthée wad renidved from
resul tant menbrane is shown in Figure 15. The nenbrane surface is

g grml et el y thosbliticitant fdinérb& U frédhe1 AEHIfolane So1686P 8B ihk 'pRFfiucrocarbon

copolymer composition of Example 14 for 15 minutes.

The membrane then was removed from the solution and was placed between two
thin nonporous polyethylene sheets to-form a sandwich positioned on a flat surface. A
pressurized roller was rolled across the exposed surface of the sandwich to effect removal
of excess solution from ihe sandwich. The membrane was removed from the sandwich and
oven dried at 120°C for 2 hours. The membrane was removed from the oven, cooled to
room temperature and immersed in IPA to wet the membrane.

The membrane then was stained with Methylene Blue by the procedure described in

Example 14. The resultant membrane is shown in Figure 15. The membrane surface is

completely modified with the surface modifying composition.
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CLAI M5 1. An article of manufacture for filtering a fluid
whi ch conpri ses: a porous nenbrane conprising a porous
pol ymeric substrate having an exposed portion and an unexp i.on;
sai d expos®® P on havi ng deposited thereon a bound perfl éﬁg%ﬁﬂggﬁ
copol ymer conposition to conpletely nodify the surface of the exposed

portion of the porous polyneric substrate; sai d exposed
portion having substantially the sanmre GEAIMiI ity as said porous
pol ymeri c substrate; sai d bound perfluorocarbon copol yner .

conposition being substantially insoluble in a solvent or diluent for
sol vat ed unbound perfl uorocarbon copol ynmer conposition;

sai d unexposed porti 2 I Wi L Y Le. €0 Ltion

surroundi ng sai g exp%@eag‘?ééggfﬁgﬁ'}fg&mfor%l%g%aﬁ%g&g} t.%%ggéosf manuf act ur e
of Caim1l wherein the unexposed portion is free of deposited .

per f 1 uor ocar bon copof PATOUS BisaRsaetoBpTising a porous polymerig subsipate; hayiag gp

manuf acture of Claim 1 wherein the unexposed portion has deposited thereon
a bound peefposed partiohend ampdxposed poctignosi ti on. 4, The article of
manuf acture of any one of Clains 1, 2 or 3 wherein said porous nenbrane is

flat sheet. : s it rﬁv{&* f
?:I ai ﬁs i eg or 3, V\hgaflgi%)r%p%sg? é-&%g?%‘lgﬁé g%p%%lrt aneyﬂlcegﬁg%é%}ﬁega egéus?ﬁoergt.
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copolymer composition to completely modify the surface of the exposed portion of the
porous polymeric substrate;
said exposed portion having substantially the same permeability as said porous
polymeric substrate;
said bound perflucrocarbon copolymer composition being substantially
insoluble in a solvent or diluent for solvated unbound perfluorocarbon copolymer
composition,;
said unexposed portion being sealed with a polymeric composition
surrounding said exposed portion.
2. The article of manufacture of Claim 1 wherein the unexposed portion is free of
deposited perfluorocarbon copolymer composition.
3. The article of manufacture of Claim 1 wherein the unexposed portion has
deposited thereon a bound perfluorocarbon copolymer composition.
4. The article of manufacture of any one of Claims 1, 2 or 3 wherein said porous
membrane is a flat sheet.
5. The article of manufacture of any one of Claims 1, 2 or 3, wherein said porous

membrane is a corrugated sheet,

R O



6. The article of manufacture of any one of Clainms 1, 2 or 3 wherein

sai d porous nenbrane conprises at |east one hollow fi ber 7.

The articl u@bss@ppf acture of any one of Clains 1, 2 or 3 W?é’i‘@]'sﬁ’s/&%iﬂ

pol yneric substrate is a fluorine-containing polymner.

article of manufacture of daim?7 wherei n said fluorine-containing polyner
is polytetraflu éoeth | ene. The article of manufacture of
Caim7, wherein®saidhg %PlPﬁéﬂ@B%ﬁamﬁ ofgny pag 9ffeleims 1,2 qrér whereinsaidkwrgus
pol yner. 10. The article of manufacture of Claim7, wherein said
f 1 uor i ne- comembranagompnses meleastona hbllate fibaat ed et hyl ene- propyl ene copol yner.
11. The article of manufacture of Claim 4 wherein said polyneric

substrate is a fluorfnesg Qtof‘hﬁhﬁ'ﬂctgpéf neofCIa%ms £%or3 Jﬁ'&fi‘ex 'shi Cl e of

manuf acture of Claim 11 er el n sal I ne-cont al ii'ng ~ po
pol ytetrafl ojroeth The article of manufacture of Cla| m

11 wher ei n BAYHRY é@ﬁ&ﬁ&‘%ﬁ)ﬂ?‘é’f%‘ﬁ’@twﬁﬁgmeﬁ' s a perfluoroal koxy pol yner.

14. The article of manufacture of Claim1ll, wherein said

f1uori ne-contai n$ng Best artidle of manufktumrofiClaien? henglresaid fuaringlcenmimingol yrer .
15. The article of manufacture of Claimb5 wherein said polyneric
substrat e ipolgmer is polytetaflaoretyitneg pol yner. 16. The article of

manuf acture of Claim 15 wherein said fluorine-containing polynmer is
pol ytetrafluoroeg hyl efyg article of manufacture of Claim 7, wherein said fluorine-containing
polymer is a perfluoroalkoxy polymer.
10.  The article of manufacture of Claim 7, wherein said fluorine-containing
polymer is a fluorinated ethylene-propylene copolymer.
11. The article of manufacture of Claim 4 wherein said polymeric substrate is a
fluorine-containing polymer.
12. The article of manufacture of Claim 11 wherein said fluorine-containing
polymer is polytetrafluoroethylene.
13.  The article of manufacture of Claim 11 wherein said fluorine-containing
polymer is a perfluoroalkoxy polymer.
14, The article of manufacture of Claim 11, wherein said fluorine-containing
polymer is a fluorinated ethylene-propylene copolymer.
15, The article of manufacture of Claim 5 wherein said polymeric substrate is a
fluorine-containing polymer.
16.  The article of manufacture of Claim 15 wherein said fluorine-containing

polymer is polytetrafluoroethylene.

s
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17. The article of manufacture of Cl aim 15 wherein said
fluorine-containing polyner is a perfluoroal koxy pol yner. 18.
The article of manufacture of Cl aim 15, wherein said fluoring- L hi ng
pol ymer i SV@I8/48987 i nat ed et hyl ene- propyl ene copol yner. 5%%AEQQ@§5P The
article of manufacture of Claim6 wherein said polyneric substrate is a

fl uori ne-contai ni ng pol yner. 20. The article of manufacture of

Cl ai m 19 wher ei 1. saikhefarticle ofmamdactaterof f3aimpls| whesein said fluorine-containing

pol yt etraf | uor oet hyl ene. 21. The article of manufacture of C aim

19 wher ei rpobahét ib b perflubRalieRy bRmed. pol yner is a perfluoroal koxy pol yner.
22. Therpart icle gf manuf ac?gtr)e of Caim19, wherein said

fl uori ne-cont aiqyp ng | Al 35 P"¥ e»@ﬁij 8“' . ¢copol ymer .
23. The arti cllryé ofT}{r%g’% aéf%‘rﬁ%‘ﬁé‘%l‘%% d(g%%“efo%f ainms ﬁ“ orC%g&vﬁﬁl? ein the
polymeric c osition . is | uori ne-cont ai ni ng pol yner. 24. The

article ofm?ﬁgh?‘éff‘éétﬂHP’én%?daQé’%}P%'E@Pmé? BONOYMEZ. | uori ne- containing pol ymer
i s pol ytetrafl uoroethyl ene. 25. The article of manufacture of

C ai m 23 wher ei 19. t heTlel anticle ofmeamufhctinrei af §laipod whereini saidpobyanéria smbstedtk may

pol ymer . 26 The article of manufacture of Claim 23 wherein the

fluorine- %ﬁ@%ﬂﬁiniwlyﬁgﬂ is a fluorinated ethyl ene-propyl ene
copol ymer. 27. The article of manufacture of any one of C ains

1, 2 or 3 wherejn t rfluor rbo ol r._co I tion cont.al ns at
Feast “one of ¢ St ol Ttk o BAREEARY CRRR LY Wt EPERE Rl R
(Serr]NRerr]), (COF), ( err]M, (CJerr]R) or (CONRerr]), wherein M
i s polymer is polytetrafluoroethylene. 56

21.  The article of manufacture of Claim 19 wherein said fluorine-containing
polymer is a perfluoroalkoxy polymer.

22.  The article of manufacture of Claim 19, whereig said fluorine-containing
polymer is a fluorinated ethylene-propylene copolymer.

23.  The article of manufacture of any one of Claims 1, 2 or 3 wherein the
polymeric composition is a fluorine-containing polymer.

24.  The article of manufacture of Claim 23 wherein the fluorine-containing
polymer is polytetrafluoroethylene.

25.  The article of manufacture of Claim 23 wherein the fluorine-containing
polymer is a perfluoroatkoxy polymer.

26 The article of manufacture of Claim 23 wherein the fluorine-containing
polymer is a fluorinated ethylene-propylene copolymer.

27.  The article of manufacture of any one of Claims 1, 2 or 3 wherein the
perfluorocarbon copolymer composition contains at least one of the following groups

(SO,F), (SO;M), (SO;R), (SO,NR;), (COF), (CO,M), (CO,R) or (CONR,), wherein M is

e s R T
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H, an alkali netal, an alkaline earth netal, or NR4 and each R separately
Is H an alkyl group or an aryl group, or a substituted al kyl or

substi tut eg, 0958)’#! £ oup. 28. The article of manuf apét€egaisstd ai m 4
wherein the per ?uor ocar bon copol yner conposition contains at |east one of

thefollovmng groups (Sgerr]F), (Sqerr]M (SABR), (SMZNR2), (CO:)

car h et aft SR BRe. S aUala Aok kil o yarlesfh R iy S, i 5

aryl group, or a substituted al kyl or substituted aryl group.
The arti cl grasp oreamarplcgronp, erfa ibstitted alityd oe substituwtedoasyt greBpocar bon copol yrrer
conposition contains at |east one of the follow ng groups (SO err]F),

(Sqerr]M, (SCperr] Rhe articRAehidubidh@é bf Claith @hherei Hel gk Midvbearbéitepolyrr or

(CONR[err]), wherein Mis H, an alkali netal, an alkaline earth neta or

?iiif%uf‘Q%orgwiv“ﬁl@%?oe BhCkie b BB ol BV RO BN (R 0L 7

manuf act ur e of m 6 wherein the perfluorocarbon _copol.ymer conposition

cont ai ns afS (Dé’ﬂ%x) @QF)OKCQ’M)A‘ @Qz&MOnQC@N&bsz(e&l{lM iy H) an alka}igpetalhpn
(Sgerr]R, (SOerr]NRerr]), (COF), (CCIerr]I\/p (CJerr]R) or

( CONRY[ er r ] hlkalifieearttnmbial, SortNR pindodak IR s ey isdd, arpalkgll groep ef ki Arylgialp, odr
NR4 and each R separately is H, an alkyl group or an aryl group, or a

substi t ut eqasrait)%i%\lm&”é@w?g [ostitutdd a??ly m%i; oup. 31. The process for

form ng an manu actur Ttering a fluid conprising a
por ous nenbrane gonpri sin oro ol i ¢ substrate paving,an ex osed
portion and an &gexpaJ %E)er?ﬁp Lé%ﬁtfgeQgﬁlﬂﬁe‘%mgéhw{ivgﬁc%??ﬁﬁo

with a polyneric conposition sur r oundi ng sai d exposed portion, sai d
exposed porcbmpaositia comaide poisadt @de ohthedoliowing gooups SOLF)] (2OM) e(SOgRl),

copol ynmer conposition to conpletely nodify the surface of the
57 (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.
30.  The article of manufacture of Claim 6 wherein the perfluorocarbon copolymer
composition contains at least one of the following groups (SO,F), (SO;M), (SO;R),
(SO,NR,), (COF), (CO,M), (CO,R) or (CONR;,), wherein M is H, an alkali metal, an
alkaline earth metal, or NR, and each R separately is H, an alkyl group or an aryl group, or
a substituted alkyl or substituted aryl group.
31.  The process for forming an article of manufacture for filtering a fluid
comprising a porous membrane comprising a porous polymeric substrate having an exposed
portion and an unexposed portion; and said unexposed portion being sealed with a polymeric

composition surrounding said exposed portion, said exposed portion having deposited thereon

a bound perfluorocarbon copolymer composition to completely modify the surface of the

RN A
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exposed portion and said exposed portion having substantially the sane
pernmeability as said porous polyneric substrate, which conprises:
positioning said porous polymeric substrate on a porous sup eal i ng
a periphe 89868?2§| on of said porous polymeric substrate WRD#’{’@%B yneric
conposition to form a said exposed portion and a said unexposed portion,
contacting a solution containing a perfluorocarbon copol ynmer conposition
with the eefposebpqrion amhsaid expoiset otiaiisaving snbetantial lythes sans germeabifityeas said
deposition and binding of said perfluorocarbon copolymer conposition onto.
sai d exposggtoRPpdlyRBric substrate, which com tacting said exposed portion having
bound and unbound’ perfl uorocarbon gpo yrrer conposition with a solvent or
di | uent for unbound gerfluoro rbon cQ f %a/ osi tion fro ﬂ
exposed portion to sBPRLNRE$AA PARESRAYH WM&"E@PPM‘&F‘&P& sealing 2
copol ymer conposition from said exposed portion while substantially

avoi di ng r peripRaral pertiop e seid perous polymstic Behstrats yoihythe polysiepis spmpositiomiecform

heat treating said bound perfl uorocarbon copol ynmer conposition. 32.
The procesas4il ekpasedrpodiontand @isaid inexpobed goitioR0! ymer substrate is a flat
sheet . 33. The process of Caim 31 wherein said porous pol yner

st rate S oo Uk Ene S Rkion conainin s Yhrivort b QRN ing coRligpH

wherein said porous PG
The process, of any one of Claips 31, 32, 33 or 34 wherein said

substrate Mithihe ¢xpepsdpartiometsaifl pRIowsIojyrasric substrate to effpgt depoqlﬁen Bﬂ%g’@g@%f
Claim 35 wherein said fluorine-containing polyner is

pol yt et r af bfieidpérfiubeiarbon copolymer composition onto said exposed portion, 58
37. The process of Caim35 wherein said fluorine-containing polyner is a

contacting said exposed portion having bound and unbound perfluorocarbon
copolymer composition with a solvent or diluent for unbound perfluorocarbon copolymer
composition from said exposed portion to selectively remove the unbound perfluorocarbon
copolymer composition from said exposed portion while substantially avoiding removal of
bound perfluorocarbon copolymer composition, and
heat treating said bound perfluorocarbon copolymer composition.
32.  The process of Claim 31 wherein said porous polymer substrate is a flat sheet.

33.  The process of Claim 31 wherein said porous polymer substrate is a corrugated
sheet.

34.  The process of Claim 31 wherein said porous polymer substrate is a hollow
fiber.

35.  The process of any one of Claims 31, 32, 33 or 34 wherein said polymer
substrate is a fluorine-containing polymer.

36.  The process of Claim 35 wherein said fluorine-containing polymer is

polytetrafluoroethylene.

R
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per fl uoroal koxy pol yner. 38. The process of Caim35 wherein said
fluorine-containing polyner is a fluorinated ethyl ene-propyl ene copol yner.

39. The pro of any one of Cains 31, 32, 33 or 34 Whef@i-fﬁsmsdz‘;
pol ymeric W(?ogﬁg‘gizﬂt ion is a fluorine-containing polyner. The

process of C aim 39 wherein said fI uor i ne cont ai ni ng poI ynmer is

pol ytetrafl uoroet hyl ene %cess of aim f,9 wherein said
f1 uorine-cont ai ng B@ﬁgrﬁe&rssvgcbwméémwgaaqi BQ?“%)?H%%\“EPO ymerisa o

The process of Caim39 wherein said fluorine-containing polyner is a

f 1 uori nat eperfitibrphloey polpmet.ene copol ymer. 43. The process of any
one of Clains 31, 32, 33 or 34 wherein said perfluorocarbon copol yner

t f - F
comee o Cone oo e s s g e
CON M kal t al | kal th t al
§\IR[ erRE]er;]n%]ﬁ%rértaﬁgd%@yéﬁ?:'%f’BY ?a%r}’pﬂlyn%ﬁl alml:iyile g?gug o? :izea(ra;llr grgﬁpa orO;

substituted al k¥ or substituted aryl &ﬂ The article of
manuf act ure for39.i | t Ehe prgcess fof amyloneif, mw@ér3%é§ 0&360\‘*&@1 s3id pplymesic
substrate having its surface conpletely nodified with a perfluorocarbon

copol yner eanpssdtidnds b flubfindtentaiaingdelypidri ng surface as defined by the
Standard Dewetting Test wherein a final pressure drop across the nmenbrane

I's no greater than appulh bl idifiPsd wireift Raili Hubliflt-c it ERRHY" ;%I)q'ﬁ&ﬁs acr 0ss

t he nmenbr ane.

45. An artjicle nuf acture for filtering a fluid Wmch co rlsesa
housi ng anaog[tetraﬂuoroe ylene. g np

41.  The process of Claim 39 wherein said fluorine-containing polymer is a
perfluoroalkoxy polymer.
42.  The process of Claim 39 wherein said fluorine-containing polymer is a

fluorinated ethylene-propylene copolymer.

43.  The process of any one of Claims 31, 32, 33 or 34 wherein said
perfluorocarbon copolymer composition contains at least one of the following groups
(SO,F), (SO;M), (SO4R), (SO,NR,), (COF), (CO,M), (CO,R) or (CONR;), wherein M is
H, an alkali metal, an alkaline earth metal, or NR, and each R separately is H, an alkyl

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

44,  The article of manufacture for filtering a fluid which comprises a porous
membrane substrate having its surface completely modified with a perfluorocarbon
copolymer composite to form 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 an initial pressure drop across the membrane.

e et
R
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por ous nenbrane substrate positioned within the housing, said porous

menbr ane substrate having its surface conpletely nodified with a

perfl uorocarb pol ymer conopsition to forma non-dewett] as
defi ned bng%%g bubbl e point pressure test, wherein the b%@éﬁi%l e
poi nt pressure of the nenbrane is at |east about 50% greater than the water
bubbl e point pressure of the porous nenbrane substrate having its surface
unnodi fi ed. 5. Angrticle of mpnufactuse Sor filtesingacfivid whinhrqomprises ahousingmdd ng
i mpure |iquid which conprises passing said outgassing inpure |iquid .
t hrough t hpopas membranelzubstatepositivied withitl the Bbusingh Ball pofous menibraysubsttatof
Clains 1, 2, 3, 44 or 45, and recovering a purified liquid. 47.

The proces ' ] ' i d Loy g Lo qui d.

15, " Tho hrihe I8 Sefcf Pofeely Modficl ik bnlbintod S NSRDRLAN T
of about Q.2 mcron or |ess. 49. The process of C ai.m 47

oher oi -t hETHRA B Iruetine el s define by aiater JROBIS RO Dot fesh HPeEsn s s
50. The process of any one of Clains 31, 32, 33, 34, 36, 37 or 38 wherein
sai d sol uwaten bubble ppinthpresaure off the mepibratieas atdeast abawt 50%cgreaserf tharothe oxatdson
copol ynmer conposition. 51. The process of Caim35 wherein said
sol ution i Bulsblé purat prabsued\§ff the porats ARRmbeaNRsabstiattchadinpatsisutfdengmiddified.

copol ymer conposition.

60

46. A filtration process for purifying an outgassing impure liquid which comprises
passing said outgassing impure liquid through the porous membrane of the article of

manufacture of any one of Claims 1, 2, 3, 44 or 45, and recovering a purified liquid.
47.  The process of Claim 46 wherein said impure liquid is an aqueous liquid.

48.  The process of Claim 46 wherein the porous membrane has a pore size of

about 0.2 micron or less.

49,  The process of Claim 47 wherein the porous membrane has a pore size of

about 0.2 micron or less.

50.  The process of any one of Claims 31, 32, 33, 34, 36, 37 or 38 wherein said

solution is a lower alcohol solution containing a perfluorocarbon copolymer composition.

51.  The process of Claim 35 wherein said solution is a lower alcohol solution

containing a perfluorocarbon copolymer composition.

Ll
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