MEMBRANE AND ASSOCIATED METHOD BACKGROUND Technical
Field The invention includes embodiments that may relate to a membrane.
The invention includes embodiments that may relate to method of making
the membrane. The invention includes embodiments that may relate to a
composition fonuserpith lire ARemxsaciRiseyssigneidislated Art.
Membranes with a high porosity, wetability, and chemical resistance may
. be useful in, for example, liquid size exclusion filtration applications.
P %&fﬂ@oethylene (PTFE) may be desirable for its-chemical
BIlsxrce(?étl)(sjgtance, and expanded PTFE (ePTFE) may be desirable for both
chemical resistance and porosity. However, due to the hydrophobic
Teghwisal&idddpTEE, liquid water filtration is problematic and may require
treatment. Hydrophilicity, and consequently biocompatibility, may be
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e afluoroeé?%lene/ inyl alcohi)l copolymer, Such an approach leverages
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lowv that hydrophilicity is of an undesirably short duration. A porous
meﬂl%?@ﬁolymeric membrane having continuous pores for one side to the
other may be rendered hydrophilic by coating the membrane interior with
Disausiituref ®edatfid drdaliphatic surfactant and a hydrophilic but water
insoluble polyurethane. Such an approach may leverage the chemical
fall lyqro, to. fo SWPO- system..In
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_ erence to the above-dis
maynbeheesrahlerdaarbotbrabserisilllyesistitaisiend porosity. However, due to the

hydrophobic property of PTFE, liquid water filtration is problematic and may require

treatment.

Hydrophilicity, and consequently biocompatibility, may be imparted to an ePTFE
membrane by, for example, impregnation using a tetrafluoroethylene/vinyl alcohol
copolymer. Such an approach leverages the chemical affmity of the perfluoropolymer
in the coating material to the perfluoropolymer of the ePTFE. However, the affinity
may be sufficiently low that hydrophilicity is of an undesirably short duration. A
porous fluoropolymeric membrane having continuous pores for one side to the other
may be rendered hydrophilic by coating the membrane interior with a mixture of a
fluoroaliphatic surfactant and a hydrophilic but water insoluble polyurethane. Such
an approach may leverage the chemical affinity between the perfluoropolymers to

form a two-layer system,

In another approach, hydrophilicity of PTFE membrane may be produced by
irradiation treatment of the PTFE powdered resin. The resin may be processed with a

porogen and virgin PTFE powder to render a microporous PTFE membrane.
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hydrophilic ePTFE membranes used for liquid water filtration. In addition

to the problematic production considerations, these membranes may be

prewetted by membrane manufacturers and shipped wet to end-users.

Such a membrane may dewet (dry). The drying of the membrane may
Wi&?r}g%rétrf weifs “éea%ggre%?syc:ﬁ%ﬁeﬂ{étf}?(g?gx%%edlrlémge%sil{l%zbcl?aﬁhI%%qpable

considerations. Other undesirable aspects’may Iinclude economic
hydgopkitlerefi6FE suehasrieandiiug fehippind watchfilantane Hreaddimay tae the

irable ave a membrang with properties that differ from those
P Ao B e el PR e st b
memignais avaufrccues dusl/ shippethectthatoifessrfrofuthosaembtizod snay dewet
rreqtlyavailable, BRIEF, DESCRIPTION The invention provides, in one
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{ C-CZWCC Of * mno R20,~0 O () wherein, Rl comprises an
eco}éky%?a |I(1:SaI ;e ‘%%SmSB‘r’?ééé%f“%*r‘g %@E 8&%&%?%%(@%%83%%erein "p"is

an integer in a range of from 1 to about 21, and "q" is an integer in a
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reater than about 2 to about 20,000, and "0" is an Integer greater than
progugsst by ¥mecthod iligigievdesiihase wethodsrmenent naeailshdae include
a coating. The coating including the reaction product of a fluorine
BRSEPIvttses gerytate or a fluorine substituted methacrylate; an unsaturated
anhydride; and an alkyl acrylate or an alkyl methacrylate.

The invention provides, in one embodiment, a membrane including coating. The

coating includes a terpolymer having the structure of formula (I)
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wherein R1 comprises an alkyl radical; R2 comprises of a formula CF3(CF2)p(CHa)g-
wherein “p” is an integer in a range of from 1 to about 21, and “q” is an integer in a
range of from 1 to about 10; R3 and R4 are separately hydrogen or a short chain alkyl;
and “m” is an integer greater than 1, “n” is an integer greater than about 2 to about

20,000, and “0” is an integer greater than about 2.

The invention provides in one embodiment, a membrane include a coating. The
coating including the reaction product of a fluorine substituted acrylate or a fluorine
substituted methacrylate; an unsaturated anhydride; and an alkyl acrylate or an alkyl
methacrylate.



2 The invention provides in one embodiment, a method that includes
coating a membrane with the reaction product of a fluorine substituted
acrylate or a fluorine substituted methacrylate; an unsaturated anhydride;
an alkyl acrylate or an alkyl methacrylate; and an initiator in a solvent.

THBRIFEHEP GRIGION O HRBAWINGS Figy, L is t%é%h?&‘{{i Lreaction: a
scheme illustrating the use of a composifion foruse in'a coating'in
megabsRa MGt vWith macsion oot todf th@uenentichstfige ismaiatd-diMRuorine
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*invention. DETAILED DE_SCRIP%ﬁggmﬁ]@én%r%%u%glm o an alkyl
methabodiise ansl trainitiaiorétatesebventnembrane coated with a composition.

The invention includes embodiments that may relate to method of making-

Bramy QSR e GRAY R egIRRAIIONess the membrane. Approximating
language, as used herein throughout the specification and claims, may be

. applied to modify any, quantitative representation that could permissibly
Fig S RO FRSIRA T A P B B M U o FPIBRAMAPPERE USe in a

cosilatén adasdminglyithanatubotiegifiedyeatesmienterms, such as
"about", is not to be limited to the precise value specified. In some

- instanc roximating language may correspond.ip the precjsion
Fid S RGERAG0 AR . )
oy R Tor Tems LG RE A 0, ERTaFRRics Suih o pgodiment of
thecmvbihied with a term; and, may include an insubstantial number, or a

trace amount, while still being considered free of the modified term. A
DIELAPESHIPR QERIEANE0 an embodiment of the invention for use with a

membrane may include a terpolymer. Suitable terpolymers may include a
fluorine substituted oligomeric or polymeric ester. The fluorine substituted

The s Antioe SryBfAnsmPedi@rns dhah e dacti e proianetconted with a
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unsubstituted anhydride; and an alkyl acrylate or alkyl ‘methacrylate. 3

making and/or using the coating composition on the membrane.

Approximating language, as used herein throughout the specification and claims, may
be applied to modify any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which it is related. Accordingly,
a value modified by a term or terms, such as “about”, is not to be limited to the
precise value specified. In some instances, the approximating language may
correspond to the precision of an instrument for measuring the value. Similarly,
“free” may be combined with a term; and, may include an insubstantial number, or a

trace amount, while still being considered free of the modified term.

A composition according to an embodiment of the invention for use with a membrane
may include a terpolymer. Suitable terpolymers may include a fluorine substituted
oligomeric or polymeric ester. The fluorine substituted oligomeric or polymeric ester
may include the reaction product of a fluorine substituted acrylate or fluorine
substituted methacrylate; an unsubstituted anhydride; and an alkyl acrylate or alkyl
methacrylate.



Suitable fluorine substituted acrylate or fluorine substituted methacrylate
may have a fluorine substituted aliphatic or aromatic radical. In one
embodiment, the fluorine substituted acrylate may consist essentially of
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10 - heptadecafluorodecyl acrylate. In
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embodiment, the unsubstitute e consists ésseérntially’of taconic

heptasparideomvend aentetimbnonherbedibstitttéu: shivytrideibsongisisacrylate
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anhydride may be present in anmamount in a range of greater ﬁan about

anpp olealsaicenmeleipeageimount of about 25 mole percent. In one
embodiment, the composition may have a structure as defined in formula
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may include an aliphatic or aromatic radical, R2 may include a fluorine

mdeKstAtediiphati® oPaofaPRYRERG, hAd Yesubsititadmaghydride  consists
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term "m" may be an integer greater than 1, or in a range of from | to about
CORYTIDESANAAY 98 MrlRteganyfEster tafiE SMmhodiame Brerrsnsutstiated
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of from about 2 to about 20,000. In one embodiment, R2 may be
PeFERte Q&R B ST AR CE JEE PBESHE7)g- wherein "p" is an integer
greater than 1, or in a range of from 1 to about 21, and "q" is an integer
In geeairbifEmdntothe engnrgRioh ke Hate abeutte: Ihefied polymanMmay:
include a reaction product of polymerization; the polymerization product
may include all chemical reaction pr%qzqcts comprising one or
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wherein R1 may include an aliphatic or aromatic radical, R2 may include a fluorine
substituted aliphatic or aromatic radical, and R3 and R4 may be separately either
hydrogen or a short chain alkyl, such as methyl. The term “m™ may be an integer
greater than 1, or in a range of from 1 to about 10,000, “n” may be an ihteger greater
than 2, or in a range of from about 2 to about 20,000, and “0” may be an integer

~ greater than 2, or in a range of from about 2 to about 20,000.

In one embodiment, R2 may be represented by the formula CF3(CF)p(CHz)g-

wherein “p” is an integer greater than 1, or in a range of from 1 to about 21, and “q” is

an integer greater than 1, or in a range of from 1 to about 10.

The term polymer may include a reaction product of polymerization; the

polymerization product may include all chemical reaction products comprising one or

4



4 more repeated units derived from a reactive substrate that is lower in
molecular weight than the reaction product. Examples of polymerization
products may include one or more of homopolymers, heteropolymers,
random copolymers, interpolymers, terpolymers, block copolymers, graft

mot px%el%/rg%ﬁﬁ%?&@ "gaf0gCaRAlneLs. dd i&i?é},tﬁ?éyg%&r 3 3 e s

one odiment, the reaction product may be produced by reaction in
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ur, silicon, selenium and.. oxygen or may be composed exclusively of
reaggidion drphgagrsgert. anliphiatic fadidationayAngiifdble widetonnyge ofclude an

az%%%@ﬁ??%eqfﬂf@ EH%QEQEXB%M& alkenyl groups, alkynyl groups,

kyl groups, ‘cohjugated dienyl groups, alcohol groups, ether
groups, aldehyde groups, ketone groups, carboxylic acid groups, acyl

Aligietiiss Tadicalamplihelifh Sy adriderAERAbY s UBAYa R sl rarapp¢ radical

ha AEH0R 3@ DHE: FHRHRSoMIEOVAISRIRSRAE a8t iR Arr B%amPle)ifR8r array of
' 4-methlylper]t-l'-yl radical may be a C6 aliphatic radical pomprisin&; »
atomsth RS, REGRISIRMGIBHB ISR LHMBaSHAD 8FdUBoaamichHy HEcon,

selBMHKYAGT QHR: e AR FNBA R pAH - Yk ARSI aY REA Gt aRlPRAHIG gen.
radical comprising a nitro group, the nitro group being a functional group.

Alighaticrdiral g arsiade serd e igioisbional sayshensieoalkYgreroups,
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include, for example; fluorine, chlorine, bromine, and iodine. Aliphatic

SraRfiC T ATRIP OSSN T IS T TONG RO RRSy SARINNE thSdk g ptRl cacy!
gr&ﬁ&wg{mﬂﬁﬂbl@,@m%@mrg&@%ﬁmﬁw@mi'ﬂm@oea%t}@yand amides), amine

hexafluoroisopropylidene, chloromethyl, difluorovinylidene,

ErapRhIBHSERRRS BrshibtiktkforSATarAmRFo e e By tethonihiadigabmay be
a (SaliptabrEidGidh o s ARG hR e R er CxRMples Al ABBRANE functional

radicals may include _allyl, aminocarbonyl (-CONHZ2), carbonyl,

TRy WRISR SR B e Rl Y (Crysispy- he PRty srtpynsyde a Cs
aliptetitZridRAyboatpyians fonmy| drédd Qheg group being a functional group.

An aliphatic radical may be a haloalkyl group that may include one or more halogen
atoms, which may be the same or different. Halogen atoms include, for exampie;
fluorine, chlorine, bromine, and iodine. Aliphatic radicals having one or more
halogen atoms may include the alkyl halides: trifluoromethyl, bromodiflueromethyl,
chlorodifluoromethyl, hexafluoroisopropylidene, chloromethyl, difluorovinylidene,
trichloromethyl, bromodichloromethyl, bromoethyl, 2-bromotrimethylene (e.g., -
CH,CHBrCH;-), and the like. Further examples of aliphatic radicals may include
allyl, ammocarbonyl (-CONHa;), carbonyl, dicyanoisopropylidene -CH,C(CN),CH,-~),
methyl (-CH;), methylene (—CHj-), ethyl, ethylene, formyl (-CHO), hexyl,
hexamethylene, hydroxymethyl (-CH>OH), mercaptomethyl (~CH,SH), methylthio (—
SCHj;), methylthiomethyl (—CH>SCHj), methoxy, methoxycarbonyl (CH30CO-) ,
nitromethyl (-CH;NO,), thiocarbonyl, trimethylsilyl ((CH3);8i-), t-butyldimethylsilyl,
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hexamethylene, hydroxymethyl (-CH20H), mercaptomethyl (-CH2SH),
methylthio (- SCH3), methylthiomethyl (-CH2SCH3), methoxy,
methoxycarbonyl (CH30CO-) nitromethyl (-CH2NO2), thiocarbonyl,
trimethylsilyl ((CH3)3Si-), t-butyldimethylsilyl, 5 trimethoxysilylpropyl (
,(C%SO)B_SiCHZCHZCHZ- vinyl, vinylidene, and the like. By way of
i ERer S RpeY L € @%ﬁiyﬁagﬁé%réawlebht&m&hé@@a@péﬁb%uk% By
wiRQE thaieBQ,eaBR) ate)s- A eliph Ao wRI(CHSchmay.be aB.examnifiPho
a C, aliphatic radical. A decyl grou (CH3£%—§2)9-) mag be an example of
Mg FBRD fh SRR GHORSA c"yé&%msﬁgfmipa idalOrByrIBaIh e TRdety, 2 Ci
alipharihaageably, dayi Recap eaucHIAdiGakhang UARNCS 0] at leasihatic
1‘aaj(rf}e{)and having an array of atoms, which may be cyclic but which may

fbe aromatic. A cycloaliphatic radical may include one or more
non-cyclic components. For example, a cyclohexylmethyl group
A (@6ld2rGkR- Yatdieyl be eydyealiptiphatioikadicatewhiclsuisly,inedide an organic

clahexyl ring (the array pf atoms, wdl-%gh:ma be cycli¢ but which may
ro R B e B TE MR ke Py be
cycliclbatiptiatl ragicabtnbayainatatde. hatesedtaliphsichadisaifraganchidéusne or
selenium con and ox or may, be co

im, sili g9 sed exclusivel ogﬁgﬁrb
B A 2o IR e FIGHE Aol
mgy dups, sebinbishatiy Irgdiuahsyalicnylhgrinsbsd akyoyel sreupsihalalaliartay of

roups,: conjugated dienyl grqups, alcohal.groups, ether groups, aldehyde
o I MR B g il bt
(theamboxyticcarich peniva}ivdhestictioali gater satickhmideis)] adei hetgupss such
nitro grou nd the .like. Eor example, the 4-methylcyclopent:I-yl radical
o R L TR A6 o S ORORTS BN AR of
cagronprisking @ functidnaldeeliphatiichdioalyrbeyandlidd @roup nireilaidytional
e 2-nitrocycl ?u -1-yl radical may be a C4 cycloaliphatic radica

By AR QPO T LD by o ACTERa B eroups
coojugetiipdatiy! radicas meydhelugegne etharoreduplgasideiiniasgviich Ridyne
grgﬁ?gh%asfgn}ei%gcigfr?n& Hg(l:o egoatomts}ncludeifor xample, fgo ine, .

CHiGHnG, Bromine. A odns CytdRiHREFEIRRICHERIGA S SErhGyves
supla logestestentsamaie Mcindeerwifisordtro groups and the like. For example, the
4-methylcyclopent-1-yl radical may be a Cg cycloaliphatic radical comprising a
methyl group, the methyl group being a functional group, which may be an alkyl
group. Similarly, the 2-nitrocyclobut-1-yl radical may be a Cq4 cycloaliphatic radical
comprising a nitro group, the nitro group being a functional group. A cycloaliphatic
radical may include one or more halogen atoms, which may be the same or different.
Halogen atoms include, for example, fluorine, chlorine, bromine, and iodine.
Cycloaliphatic radicals having one or more halogen atoms may include 2- trifluoro
methyl cyclohex -1- yl; 4- bromo difluoromethyleyclooct-1-yl; 2- chloro difluoro
methyl cyclohex -1- yl; hexafluoro isopropylidene -2,2- bis (cyclohex -4- yl) (-
CeH10C(CF3)CsHyp-); 2- chloro methyl cyclohex -1- yl; 3- difluoro methylene
cyclohex -1- yl; 4- trichloro methyl cyclo hex -1- yloxy; 4- bromo dichloro methyl
cyclohex -1- yl thio; 2- bromo ethyl cyclo pent -1- yl; 2- bromo propyl cyclo hex -1-
yloxy (e.g. CH;CHBrCH;CeHyo-); and the like. Further examples of cycloaliphatic
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methyl cyclohex -I- yl; 4- bromo difluoromethylcyclooct-I-yl; 2- chloro

difluoro methyl cyclohex -1- yl; hexafluoro isopropylidene -2,2- his

(cyclohex -4- yl) (- C6H,0C(CF3)2C6Hio-); 2- chloro methyl cyclohex -1-

yl; 3- difluoro methylene cyclohex -1- yl; 4- trichloro methyl cyclo hex -1-

(}yjloxy; 4- bromo dichloro methyl cyclohex -I- yl thio; 2- bromo ethyl cyclo
ra

ewe- 103y, mobidend-prppuycley blex bexyloky f@ig4- amino cyclohex -1- yl
HGHSRHPECH2GRHO APy BlDr UalseSEaidoalongllc

radicals may include 4- allyloxy cyclo hex -1-"yl; 4- amino cycldhex -I-

cYEPPRIC6H -0-Y14- hfnindiexponyiayeppatina - HisNfagdaesHE-); gloxy) (-

t hexyr 13 Yk, 2ad Al isopropyli ' I v AL
°S o) B o A g o SRt e, 4
Yigig) dyibkboCH oy =D A sKbBH2CIHIB0 Y, Metydleyetopytitethepyl: 3-
fe&xgicz;nr%mms@M&M%mpéxﬁzset{eﬁw&é%axy@f}a&% g 1.6+ bis

tetrahydro furanyl; hexamethyléne -1,6- his (cyclohex -4-
(cs@m@zdme@ayw@wm@ammm dydiydaexy-mephy! cyclo hex -1- yl
6Hi9:hnds loyh X o4l
LR EIe R TN QeSO Catey et
thig &rrdqyhesictd hask (=GB Cakbthbixg- caslmmyl eyelo mex -1 yibix@- methoxy
5 t - A- Bt hex -1-: iQ-); 3-
i cyCio b 1 T o el S ey At o
(Nfrlrfeéd zsi)ygetﬁynés}wb Hiek cyclgifiexg (OHIDBHEH 2tbmangHipL K yclo
Minyl.cy LRyl s (e ' ke :
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4- pad gciohexming-atliedny lidgeee tis(eis imbra YhasrgOlalibon AterenT e Cs
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cycloaliphatic radical. The cyclo hexyl methyf radical (C6Hi
thrgspbesdmanpe 7ty Sdlipihte rigmal. Abaryeiaalphalicatascalomtatitahy dro

fudYERG jntRschangeally. may ke anApiay:of algms hﬁyéngﬁlxjggg? Syl

least one and having at least orie aromatic group. This may in
radigabbatbntd kudsrisssivgén, uialiskagnitadicellicon and oxygen, or

may be composed exclusively of carbon and hydrogen. Suitable aromatic
Arl agtigadt dpadici SRR YhoRyE Ol dtiamyle 4018 Wa B0 B ih-RhE YGRS
ha\%rr]lcgl att) i\Ff)a grrilgel (r)%gicigllss.t one and having at least one aromatic group. This may
include heteroatoms such as nitrogen, sulfur, selenium, silicon and oxygen, or may be
~ composed exclusively of carbon and hydrogen. Suitable aromatic radicals may
include phenyl, pyridyl, furanyl, thienyl, naphthyl, phenylene, and biphenyl radicals.
‘The aromatic group may be a cyclic structure having 4n+2 “delocalized” electrons
where “n” may be an integer equal to 1 or greater, as illustrated by phenyl groups (n =
1), thieny! groups (n = 1), furanyl groups (n = 1), naphthy! groups (n = 2), azulenyl
groups (n = 2}, anthracenyl groups (n = 3) and the like. The aromatic radical also may
include nop-aromatic components. For example, a benzyl group may be an aromatic
radical, which may include a phenyl ring (the aromatic group) and a methylene group
(the non-aromatic component). Similarly a tetrahydro naphthyl radical may be an

aromatic radical comprising an aromatic group (C¢Hjs) fused to a non-aromatic

component —(CHa)s-. An aromatic radical may include one or more functional
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The aromatic group may be a cyclic structure having 4n+2 "delocalized"
electrons where "n" may be an integer equal to 1 or greater, as illustrated
by phenyl groups (n = 1), thienyl groups (n = 1), furanyl groups (n = 1),
naphthyl groups (n = 2), azulenyl groups (n = 2), anthracenyl groups (n =
3) and the like. The aromatic radical also may include non-aromatic

SreRTpoHenas atioil émmfpléi,kar_bérgzyumoﬂbm_ndygwaﬁ batoalbiit gradisal,
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group (the non-aromatic componeht). Similarly atetr phthyl

algghicl sreNphekaigna Mt Jadioar ko asptisiagrinassd ERUDYO0PNTEHE)
cARSG1R A ROAAIRMALS LER TR LHEHRME AL AR @%%@égﬂggg%%s,

include one or more functional 7 groups, such as alkyl'gro
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ketone groups,carboxylic acid groups, acyl groups (for example
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_ be a C7 aromatic radlcal comprising a methyl group, the methyl group
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group, the nitro group being a functional group. Aromatic radicals Include
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phenyl; 3- trifluoro vinyl -2- thienyl; 3- trichloro methyl phen -1-
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e e O AT U8 T
digypesAmaRridess bisHsabmh=)- 210enidy)PhReaN1L:RIOtidyanehy! phen -
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- 1- I;ﬂmethylene bis (phen -4-"yloxy) (-OthC 2P ethyl ph
etbﬁﬂp(iiemﬁowér%;t@ﬁw}h%ﬂhgxth niranyhebsramethylang - 1,6- bis (phen -4-
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methylphen -1-'yl (4-H ; 4- mercapto methyl phen -I-'y
mezcapsCngbRLphen nethi4iiS ohbRh): W-@athyb Spmphen - 1- yl (4-CH;SPh-);
3- methoxy phen -1- yl; 2- methoxy carbonyl phen -1- yloxy (e.g., methyl salicyl); 2-

nitro methyl phen -1- yl (-PhCH>NO>); 3- trimethyl silyl phen -1- yl; 4 -t- butyl

dimethy] silyl phen -1- yl; 4- vinyl phen -1- yl; vinylidene bis (phenyl); and the like.
The term “a C; — C;p aromatic radical™ may include aromatic radicals containing at
least three but no more than 30 carbon atoms. A suitable C; aromatic radical may
include 1-imidazolyl (C3HoN2-). The benzyl radical (C;sH;-) represents a C; aromatic

radical.

Fig. 2 is a graph showing a H-NMR spectrum of a terpolymer according to one
embodiment of the invention. A CHCl; reference standard is indicated by reference
number 100. A fluorinated carbon chain (-OCH»-) is indicated by reference number
102; a butyl moiety (-OCH,-) is indicated by reference number 104; a portion (-CHs-)

of an itaconic anhydride is indicated by reference number 106; protons in the

8



3- methoxy phen -1- yl; 2- methoxy carbonyl phen -1- yloxy (e.g., methyl

salicyl); 2- nitro methyl phen -1- yl (-PhCH2NO2); 3- trimethyl silyl phen

-1-yl; 4 -t- butyl dimethyl silyl phen -1- yl; 4- vinyl phen -I- yl; vinylidene

his (phenyl) and the Iike The term "a C3 - C30 aromatic radical” may

e arom tic [adl Ieast three b ore t an

e B R B R P A S R o
(- CE@BBmmsﬁlecfmelbemmduathé@M@?dﬂ%gterapre‘aenté(a C7 aromatic radical.

Fig. 2 is a graph showing a H-NMR spectrum of a terpolymer according to

Thé’[@p@%@fd&?ﬂb@fﬁﬂﬁlgﬁvﬁ%ﬂﬂnﬁ&tﬂ%ﬁ@cﬁe%& e m gre

indicatéd by rence number 100. A fiudrinatéd carbon chain (-OCH2

embofienericlih i rRabyBIRESTRNBB oD PmaTIRY Wi stp plixdp inigle, such as

the RAiCARARNVEIRRASRAYMper 104; a portion (-CH2-) of an itaconic
anhydride is indicated by reference number 106; protons in the 8
terpolymer are indicated by the bracket of reference number 108; and a
methyl group (—CHB) of a butyl chain is |nd|cated by reference number
110. The terpolymer may be fuysther funcnallzed grafted,and/or
Cross- Imked ' e u ay be c polymerlzed

ORS

an

may be an integer that is equal to or greater than 1.

“ o

wherein

In one embodiment, the reaction product of the copolymerization may be represented

by the structure as shown by formula (1iI):



HH Z\II/R20'0mR4700X OOOO NO ONIlo~J t (lll) 9 wherein
"t" is an integer that may be equal to or greater than 1, "Z" may be an
ether or an ester linkage, and "X" may be a hydrogen atom, an alkyl
group, or a cation. The anhydride functionality of the terpolymer may be
Wéeacted with, for example, a curing agent. Suitable curing agents may

P tie SithHHEETIBRGMY BFRERRIC AT Sivalenbtiment, 1 be an ether
oramesisidmBiosAIENCTRSS ke Wilbragearsesnondingyleaetignosite.maihe

curing agent. Thus, a multifunctional curing agent may react with a
lurality, of, anhydride moieties from pne or more terpolymets to.cross link
R S e R R R Wi ampe. a
cuBinitatgencufingahirenismayntd ey foperr ddicallipiitdoraobationieross link. In
o RIS R0I0IYE. INIBIRTS: ARGl SRR S e s adiod reac
Inifiators mayinclu e0one orrmore pgroxy 2stefs, r%f)?%g?g%?\ fiss! 1on
sifeydrofieraxides, alkylpeiidwides, mnfifferoxisied, aztngompounds, :@act theth a
..like, For cationic.and/or. gnionic polymerization, suitable curing agenfs ., .
¥ ﬁ%}{n&hc?é‘g ril%%ek Aore Grganic bases” cAtighic ERIATEE ttr%n%f? pttnK the
animetalcataibtstsndigaricadid podnddhedikedana gmployed. Exemplary
organic bases may include one or more tertiary amines (e.g.,

sd}’tdﬂxé'%Hﬁﬁg\’%\géﬂ{!&%awiﬁbﬂﬁ@_%f@é"ra@lﬂ%ﬁa%x‘!'.9&@&@!&%}%@%%% ic
p-halogeno -N,N- dimethyl anilines, 2-N-ethyl gnﬂlne ethanol, tri-n-buty
mginiers; pydiaae] qumstie SniaRleyeeroditad ling]atwisthranoreinieoms thenore
ol el e, SRS O T BN s
compounds, and the like. For cationic and/or anionic polymerization, suitable curing
agents may include one or more organic bases, cationic catalysts, transition metal
catalysts, organic acids, and the like can be employed. Exemplary organic bases may
include one or more tertiary amines (e.g., N,N-dimethyl aniline, N,N-dimethyl
toluidine, N,N~dimethyl-p-anisidine, p-halogeno -N N- dimethyl anilines, 2-N-ethyl
aniline ethanol, tri-n-butyl amine, pyridine, quinoline, N-methyl morpholine,
triethanolamine, or the like); imidazoles; or the like. Organic acids may include
phenols (e.g., phénoi, cresol, xylenol, resorcinol, phloroglucin, or the like), carboxylic
acids, anhydrides, or the like. Suitable imidazoles may include one or more of
isoimidazole, 2- methyl imidazole, 2- ethyl -4- methylimidazole, 2,4-
dimethylimidazole, butylimidazole, 2- heptadecenyl -4- methylimidazole, 2-
undecenylimidazole, 1- vinyl -2- undecylimidazole, 2- heptadecylimidazole, 2-
phenylimidazole, 1- benzyl -2- methylimidazole, 1- propyl -2- methylimidazole, 1-
cyanoethyl -2- methylimidazole, 1- cyanoethyl -2- ethyl -4- methylimidazole, 1-
cyanoethyl -2- undecylimidazole, 1- cyanoethyl -1- guanaminoethyl -2-
methylimidazole, 2 -n- heptadecyl -4- methylimidazole, phenylimidazol,
benzylimidazole, 2- methyl -4,5- diphenylimidazole, 2,3,5- triphenylimidazole, 2-
styrylimidazole, 1- (dodecyl benzyl) -2- fnethyiimidazole, 2- (2- hydroxy] -4- t-
butylphenyl) -4,5- diphenylimidazole, 2- (2- methoxyphenyl) -4,5-

diphenylimidazole, 2- (3- hydroxyphenyl) -4,5- diphenylimidazole, 2- (p- dimethy!l
10



acids, anhydrides, or the like. Suitable imidazoles may include one or
more of isoimidazole, 2- methyl imidazole, 2- ethyl -4- methylimidazole,
2,4- dimethylimidazole, butylimidazole, 2- heptadecenyl -4-
methylimidazole, 2- undecenylimidazole, | - vinyl -2- undecylimidazole, 2-
heptadecylimidazole, 2- phenylimidazole, 1- benzyl -2- methylimidazole,

amiheytremy) —Bgiﬂéﬂmbﬂmidam&; M@H(hﬁthykﬁg}hme’ﬂhyﬁﬁﬂd azole, 1- _
dip}? Er(%fgfg%t %’zlol%_ 8 EX IS-.4_’%%ngllml.gr%@%lgqlt%f%e%%%% rﬂl’gé 2; éjprfé%?ﬁ YHS‘-

cyanoethyi -1 guanaminoethyl 2- m zole

dipheptadebylole; métmyinidezotby bisdaditidazl reéregliigliztdzle, or
methy! ~4,5:.diphenylimidazole, 2.3,5¢ triphenvlimidazole, 2-
2 B S 1 R AR iz

- methylimidazole, roxy
derivbtitvdompptphelngh) wingeldiptenglividakbtieizer @-gaetroxdphehgiadis bases
iphenylimidazole, 2-{3r hydroxyphenyl) -4,5- diphenylimidazole, 2- (p-

are g%r%%?ﬁ%#%qarﬁ?#g% %lgr%l; V%/'4,5- diphenylimidazole, 2- (2- hydroxyphenyl)
-4,5- diphenylimidazole, di (4,5- dialpihenyl -2- imidazole) benzene -1,4,2-
Exerrp i falnBicops YR lam ABRUdRE. ik 2y I tneifigiintltiz drsopiys saits,
sul SRR USHVMIHRZAIE, O EReARERY! et AR REINRZ Olerdfie,
idizo

~ one embodiment, a suitable imi e derivative may include trimellitic
zircgaigns Jitdblabtieddorgianictii dBRIeR affekshsedpnsie epbelisgedhe like.

Suififh %é&ﬁ@%ﬁé@&%@‘&éﬂﬁ'ﬁ{é’ RRHORIG CREALYSTS K33y, BCHEIAN e amples

~_ more onium sdlts, iodoniurn salts, sulfonium salts, or the like. Exemplary
of sirdtanetal oty shag MRIUES taYibRs 1 ude sapiRifRCenehRINIAE D Z TS oMM,

or INERGANESE: RighRhefORPHFARAILA thedikeranitahle Mmelpl fald¥RIS 1 tin

may be in the form of a chelate, a soap, or the like. Examples of such

malpsétamasaysse sanbeimal neabai ik haetgidead salbptitapimiacid, or metal
chIGVERYU, RrARMURJgad Raehiheralesilgad stearate, zinc naphthenate,

tin oleate, dibutyl tin maleate, manganese naphthenate, cobalt
naphthenate, lead salt of resin acid, or metal chlorides (such as ZnC12,

Otheg SYlaBlea REIBE ALFESIKB2D S WAt ETYIY 6&ts TR fitigighatic
dicBERNYik RIS Soalb AR PRt disadaiy/ihacitmayewalialic acids.

dicarboxylic acids, and aromatic dicarboxylic aclids. )
The molecular weight of the dicarboxylic acid may be less than about 300, in a range
of from about 300 to about 500, from about 500 to about 1000, or greater than about
1000. As used herein, the term “carboxylic acids’ includes carboxylic acids, and
equivalents of carboxylic acids, having two or more functional carboxyl groups, or
groups which perform like carboxylic acids in reaction with glycols and diols in
forming polyesters. These equivalents may include esters and ester-forming reactive
derivatives, such as acid halides and anhydrides. The molecular weight preference

mentioned above pertains to the acid rather than the equivalent ester or ester-forming

derivatives.

Aliphatic dicarboxylic acids refer to carboxylic acids having two carboxyl groups
each of which is attached to a saturated carbon atom. If the carbon atom to which the
carboxyl group is attached is saturated and is in a ring, the acid is cycloaliphatic.
Aromatic dicarboxylic acids refer to dicarboxylic acids having two carboxyl groups

each of which is attached to a carbon atom in an isolated or fused benzene ring
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The molecular weight of the dicarboxylic acid may be less than about 300,
in a range of from about 300 to about 500, from about 500 to about 1000,
or greater than about 1000. As used herein, the term 'carboxylic acids'
includes carboxylic acids, and equivalents of carboxylic acids, having two
or more functional carboxyl groups, or groups which perform like
sysarboxiylic acidsdceseastivntvitthofiaoibreldediblsdn dasmindoalisebiRrso the

SaTQ%%g eaq}Jci\{{ar!ents may include esters and ester-forming reactive
erlvaﬁ]ves, 8lfeh as acid halides and anhydrides. The molecular weight

preference mentioned above pertains to the acid rather than the
Otbguivatebic evrén o pesstisrrfepmindudieriiphivies aditiphat e ditealiphatic aditls In

el ARG AR HaY! - r AR AN IS ore of
Onatta_lchepl to a’sarﬁ r%‘%\iegdﬁ ?ﬁ%@éﬁ%&%ﬁﬁ%%%ﬁgﬁoﬁa rﬁg%uvéﬁi%%etﬂlémorc of
scbagisossigrodmsisiahestneddssdenplicceaidd isircectigyxine doidrtxylic acid,

d glg@{'&gf@ﬂ& -Argmatic di lic.acids referto dicarboxylic acids .

a. ellving two ca?bpxy g’;roucps?l %Z‘%ﬁ’o? w ﬁlécjr%ﬁ%éét?é% Sed Ctléaa%c?rg%ﬁleéi%nrﬁ ilri2
diegibiesyaied or foskd beRzshesubyicll systahn. It isehotrdndssarnihat bathid,

fy Q%&@gg%égllg{ow b ] e aromatic ring. Other, ,,
C?Slﬁi%ble curing agents m%/ f%c%hc?g %?i(gP%Zt%%}é%%sﬁgﬁdcﬁ%ﬁo%}ﬁ}g%%t% 14,744
bigyalehieny! ofieashapstimend, adiptabnidracids aaphtydioaliphetibaoits mag, 4.4

' HQEEQ lch:EEn%f &q.p itf-glc;;l . 1L, 2CYC xane dicarboxylic,acid, ,
m 1, -cycloﬂg;gne diparbpxyl@éid, gég?big’ggg, g u%cr%cr% a&?gu%%ﬁficoéciéil
cyekiniaagidicanhreniiciacid-cyclohexene-1,2- dicarhoxylic acid,

2-ethysuberic acid, tetramethyisuccinic acid, cyclopentanedicarboxylic

Sud@isle decafvdraidambRPthRlRR IS aHRNINIGACIEY dfre RiEYEIRPEXMYic acid;

dicarboxylic acid, decahydro-2,6 naphthalene dicarboxylic acid, 4,4
Phifieecy Rsiboiseahohisxatid: chithsapricarsi: dis-Arasahaxpdemd)asiathane;
ox¥bls Chelebidlapgdicaspaylic acid. HIitaNIs arMANS diGarbPYicacRalene
. may include one or more of terephthalic acid; phthalic acid; isophthalic
dicgrhoxpiip i 2 fidantdhplena Bisahselig pridinansaiipiensefisarboxylic
ac@@i%@Hﬁ)ﬁﬁf@xelaﬁc&ﬁ)ﬁyﬂéygﬁﬁ?%ﬁ%@&1Qii&ﬂ'B%ﬁl?@L%id; 4,4'- sulfonyl

dibenzoic acid; and halo and C1-C12 alkyl, alkoxy, and aryl ring substitution
derivatives thereof. Hydroxy acids such as p (beta- hydroxy ethoxy) benzoic acid

may be used in conjunction with an aromatic dicarboxylic acid.

Suitable curing agents may include polyfunctional amines, such as diamines. In one
embodiment, the diamine may include one or both of 2,2- (ethylene dioxy)
diethylamine or hexamethylene diamine. In one embodiment, the diamine may
include one or more of N,N'- bis- (2- butyl) -p- methylene dianiline; N,N'- bis -4~ (5-
methyl -2- butyl) -p- phenylene diamine; NN'- bis -4- (2- butyl) -p- phenylene
diamine; N- 2- pentyl -N'- phenyl -p- phenylene diamine, or NN'- bis -4- (2-
methylpropyl) -o- phenylene diamine.

Other suitable polyfunctional amines may include one or more of 4,4'-diamino
diphenylmethane; o-, m-, or p-phenylene diamine; bis (4- (3- amino phenoxy) phenyl)

sulfone; 2,4~ diamino toluene; 2,5- diamino toluene; 2,4- diamino xylene; 2,4~
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dicarboxylic acid; 2,6- naphthalene dicarboxylic acid; 2,7-naphthalene
dicarboxylic acid; phenanthrene dicarboxylic acid; anthracene
dicarboxylic acid; 4,4'- sulfonyl dibenzoic acid; and halo and C1-C12
alkyl, alkoxy, and aryl ring substitution derivatives thereof. Hydroxy acids
such as p (beta- hydroxy ethoxy) benzoic acid may be used in

di@é’@iﬁ‘j@l detione ik lan #dm difardiced ndveplitsagieh Ssiidébishol I‘ﬂh@ 'agiam'mm ay
f t th
diffciysiesnaidnctionalamines; O@éﬁ@%@f@ﬁq@%&uﬁ% oy diment, the

diarhine may inclide one or b amlne or

dlmﬁh%wréﬁéym%n@mhlméleh@bw|%nﬂ1ﬂw!dba1mh@maﬁlﬂnduﬂe
GiBRBOHHAR PLNN 2 Biegrityly ghenm{ﬁs a%xgﬁ, dbphenﬁ -4- (5-

methyl -2- butyl) -p- phenylene diamine; N,N'
subbpregiyichdiaaneibensephensngtyd Ndlpmgrwqumieﬂmé Giabiird; amino

h%x?ﬁ'ﬁerﬁe@ ITBEtBYJR&O%QnQ HW?H&QE%@' (B §§r{n sd%%%'%henoxy)

polyfunctional amines may |ncIu e on€ or more of

be@ﬁﬁ%rﬁ;ﬁné@ﬁéﬁeaﬁmﬂphmﬁpﬁﬂi@ﬁb@wé Hiakdinet- mm(m pbemyr)qvhenyi)
sul@&?éﬂ%) Bheayhssulfane; @eﬂomg% 019 gf%desn@ 5d ﬁ%@%@'&%’}%

4- diamino xylene; 2,4 1 diami lalkyl -4,4'-"diamino

ph@i@ﬁéhmns@chﬁ&gfhnﬂﬁ@mmm 2 diabisri4- thplaenyh phahosy phetiyl)
préﬂaqe'rpzd'&@%my Lasushas s A ndiaming, %&%ﬁﬁg&! ! ?5%%'18X>(4-

-4.4'- diamino diphenyl; 4, dlaml dlpﬁeny | ether; 1amino
aﬂ’éﬁﬁh@nﬂlﬂﬁ@é@mﬂ%ﬂmmﬂphémw dalfefieod Brepansinb Hipldyl3-
arrSHfo E&Q&% . is

(3- a?n?ﬁ?%)f%l%é({f}ylbenzeneﬁﬁﬂgﬁﬁ) ﬁ&-a g%c:% ox;%ab %"fhelmi ﬂ%

phenglihexaiinerpmesrnng benbisré; aminnmheny briveibirenoxgpdiphadybis
(3-Nimis (4: rapase;;ynr ROMARAARM ﬁ&ﬁ%@ 22 bl Pl N0

phenoxy)p enyl) ‘propane; 2,2- his {4- (4- anmino p enoxy) phenyl)

measlah aspﬂﬁ@mznmmise(&#tébmmmwménytﬁmpmﬁxﬁzh
zh'wam@fe'ﬁ% %rmmf;@a%d}#;gﬁ@féu ARIPPRRT AR AL:
amino -2- trifluorométhyl phenoxy) phenyl) exa uoro propane; 2,2

diamingbetrarisl ImotiH Grd nidshgiPhesiaorgiyhehy) Haxahodrpragans; 2tis
iR RMIACS Bhemﬁaﬁﬁm%ﬂ%?l%%&ﬁﬁu&% Higy AmingRAsny!

hexafluoro ropane; 2
diphenyl; bis (fluorinated alkyl) —4 .4'-diamino diphenyls; dichloro -4,4'- diamino

diphenyl; dibromo -4.4'- diamino diphenyl; bis (fluorinated alkoxy) -4,4'- diamino
diphenyls; diphenyl -4,4'- diamino diphenyl; 4,4'- bis (4-amino tetrafluoro phenoxy)
tetrafluoro benzene; 4,4' -bis (4- amino tetrafluoro phenoxy) octafluoro biphenyl; 4,4'-
binaphthyl amine; 4,4'- diamino benzanilide; or 4,4'- diamino (N-alkyl) benzanilides.
Other suitable polyfunctional amines may include one or more aminosiloxane or
aminosilane, such as 1,3- bis (3- amino propyl) -1,1,2,2- tetramethyl disiloxane, 1,3-
bis (3- amino butyl) -1,1,2,2- tetramethyl disiloxane, bis (4- amino phenoxy)
dimethylsilane, or 1,3- bis (4- amino phenoxy) tetramethy! disiloxane. In one
embodiment, the polyfunctional curing agent may include a polyfunctional azo
compound. In one embodiment, the curing agent may consist essentially of 2,2'-
(ethylene dioxy) diethylamine. In one embodiment, the curing agent may consist

essentially of hexamethylene diamine,
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(3- amino -4- hydroxyphenyl) hexafluoro propane; 2,2- his (3- amino -4-
methylphenyl) hexafluoro propane; 4,4'- bis (4- amino phenoxy) octafluoro
biphenyl; 2,2'- his (trifluoro methyl) diamino diphenyl; 3,5- diamino
benzotrifluoride; 2,5- diamino benzo trifluoride; 3,3'- his trifluoro methyl
-4,4'- diamino biphenyl; 3,3'- his trifluoro methyl -5,5'- diamino biphenyl;
Apiethsmist S rdsrynbis, shegtaman Pershdepd nrdagdrinacse udghphilic by a
tredhAciaming Qiphesisn (&@dﬁﬂf&dg%%n%%ﬁ%%%? i RIRDR -4k -sheet
diamino diphenyl; his (fluorinated alkoxy) -4,4'- diamino diphenyls;
MgfePCus Andiah s dstdimaeleed i quaabansonembiansro pakesyerein,
a beteaeamrheNRenee o Risdfeamine dafsafiuo @mmﬂe%x@fgéﬁ%@[ Qerm of
biphenyl; 4,4'- binaphthyl amine; 4,4'- diamino benzanilide; or 4,4'- _ _
MEFRHIAG WRYIRIAY KohsaFnerese bateramtissapstythednemi oiiads peijon,

unlREUERAEQSr MR -amHaRaIGRERis@minosilane, such as 1,3- his (3-
amino propyl) -1,1,2,2- tetramethyl disiloxane, 1,3- bis (3- amino butyl)

-1,1,2,2- tetramethyl disiloxane, his (4- amino phenoxy) dimethylsilane, or
T 456 THTLID BHensSy Bk BREHG 2 s B B RRATALINE

stithehpody fenediating clnibylagentmayrinelbgelfepBiiIREERRALRZOfor example.

[ ound. In one embodiment, the curing agent may consist essentially
S“éﬁ%gl,g-ﬁt%%%%n‘)ge &R %iﬁ%ﬂm £ e BbeRf Ehi QR Bgrifkving or

castiyentinyayf chasisitabhsentiatiylof hexdmeatylend dinming, 43 Mimbrane may
b qlhemﬁe hydrophobic sheet ma(l;y be rendered relatively more hydrophilic
€ 101N I

By R e ARk W LRSS P e ording to an embodiment of the
invention. The sheet may be porous, and as such may be referred to as a

In lgasecmbgrimani costinsodsprain maybas protkroditaseimble nefersioyanay be in
ggkeé mempran ije the more general term of membrane ma .
S R R TR B Ay be in
ranggleddiemgbage [6rmontektirndioatds ptnamyjstoihedngd mecehraneboaty30
R%I{tqu%e% r I%lp[y one o re of perforating, . stretching, .
peexpa’ndlng, u bg;?)r? “or ex%?za%ﬁ?ﬁ% %?%Oé) %rggré%,mﬁeom ?E%“et,%térp&%ﬁﬁpﬁ%?bom >0
peBaitadlermathudslgfarzking dheuhéihbraretafsomubyinddgerteaminghout 70
pefiéiinaah SRS 30YA P AR FORKS o B W SERRPL TSR 00
the membrane ma
percent, or greater than about 90 percent. Here and throughout the specification and
claims, range limitations may be combined and/or interchanged, such ranges are
identified and include all the sub-ranges contained therein unless context or language

indicates otherwise.

Pore diameter may be uniform, or may be in a predetermined pattern. Suitable pore
diameters may be less than about 50 micrometers. In one embodiment, an average
pore diameter may be in a range of from about 50 micrometers to about 40 .
micrometers, from about .40 micrometers to about 30 micrometers, from about 30
micrometers to about 20 micrometers, from about 20 micrometers to about 10
micrometers, from about 10 micrometers to about 1 micrometer. In one embodiment,
the average pore diameter may be less than about 1 micrometer, in a range of from
about 1 micrometer to about 0.5 micrometers, from about 0.5 micrometers to about

0.25 micrometers, from about 0.25 micrometers to about 0.1 micrometers, or less than
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be formed from woven or non-woven fibers. In one embodiment,
continuous pores may be produced. Suitable porosity may be in a range
of greater than about 10 percent. In one embodiment, the porosity may be
in a range of from about 10 percent to about 20 percent, from about 20
percent to about 30 percent, from about 30 percent to about 40 percent,

abpphd dbeitram gersent BRasbolinpate dit, Averagatisue Stapricemap be in a
raRROYE ROREHCRTD. T ARAUERAPREGENG 19 3RRY A RErcent, from about

percent to about 80 percent. from about 80 percent to about 90
percent, or. greater than about 90 percent. Here and throughout the

In gRe SRR il hadRe MERGERH BRIo Bl b& EmBRTeY BAdROr have a
laifiéerefiangetostcinangies FRritieptifesand ingdalkine SHhraRgssy of

contained therein unless context or language indicates otherwise. Pore

fibgikim e RHTRGES 198 (RrRACD ARty BB BaY et rAirlerpEefh. RSRR ARe the

méateasianaters,may Palessibananehal MIGIRRIRNS. IRRRAY may be in a
emb Qimenh an {Q\fgage pore diameter may be in a range of from about,

aklaref 3 <

TR ACHOMAETE tb BBt AT e histsis) oM apBECR T BiHstdr ¢ in @
dirOuh 30 mAkIremBteIsH HomalaR dnigeomatiersrie-apestCurface area of
micrometers, from abo%t 20 micrometers to about 10 micrometers, from

the, BRTRUS IR PEE A tBealoftanRh QDT ADPRb e aHaRORIRR Pefhgram of

mEMBfagerRase Siameiar MY Jadesm ias phouhd rcrermiatale inadange of
from about 1 micrometer to about 0.5 micrometers, from about 0.5

'crom?terg to ag t .?.25 mié:r meters, from,about 0.25 micrometers to

SUEBSTR O HRE e AT PR SGHAR PRS0 B FARKRBREPSITA Bife xtend

I 'microme
thendio dimentnthrereverage:p arepdidin etejomsddeurfaesdnge widion about In
Ong.éLm ié:lonflgg%e{g tgvaepout 1tmicrometers. n one.er'ﬂ‘bodim nt, the ba%e .
membrane niay be a thee-dimendionar iatrix O hf &' TsHeEpay be 1n
thestrocioredizel udinng. plukalititablrodesripte reffantbeiepoby sipdufatityefs in the
fibrils. Surfaces of the nodes and fibrils may define a.plurality of pores in
m?ﬁ]e{) rARembr r(laéé.a Te 78 a?:%jrﬁ?hnét%é)gﬁoegegqaﬁlé Qflb%%/fi%ll sﬁ?@%do‘i
mimaynbierns) dxangebolfraini abdui@RAE " essiddad dhanicivs diemeteiout 5
gction normal to the

mi'fqb%{iq;;{ rﬁiia rrt‘lltc i%mié?cr)fﬁgé}iel?l'i%)rm%g{ tath?uq i%cﬁltd .ir icrometers.
ongitudinal extent of the Tibril. The spécific surface ar

In one embodiment, the base membrane may be made by .extruding a mixture of fine
powder particles and lubricant. The extrudate subsequently may be calendered. The
calendered extrudate may be “expanded” or stretched in one or more directions, to
form fibrils connecting nodes to define a three-dimensional matrix or lattice type of
structure. “Expanded” means stretched beyond the elastic limit of the material to
introduce permanent set or elongation to fibrils. The membrane méy be heated or
“sintered” to reduce and minimize residual stress in the membrane material by
changing portions of the materjal from a crystalline state to an amorphous state, In
one embodiment, the membrane may be unsintered or partially sintered as is

appropriate for the contemplated end use of the membrane.

In one embodiment, the base membrane may define many interconnected pores that

flmdly communicate with environments adjacent to the opposite facing major sides of
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the porous membrane may be in a range of from about 9 square meters

per gram of membrane material to about 110 square meters per gram of

membrane material. Surfaces of nodes and fibrils may define numerous

interconnecting pores that extend through the membrane between

opposite major side surfaces in a tortuous path. In one embodiment, the
theaesaeaatiecthe porstiits of porandtetiad ofdinbracrebmay be parthea liquid

Mamstestanae. £ Ylabls AYEIAYR.LMRSIYe PG 3126 JOr,ROMES I Ahe
mmembranexmay be%] z:érange c}é from% out 0(.%1 m?c”?o%rﬁce{tg?gst({ﬁ{a%u&tft BoL®
maiibrorRRtetsedipsh Aibeuenof premmErsrsrpativst I mipropstigomayboutude
(e STISTQTBRLEES (6 3RO AAPAISLOME! Bl OF RIS AR erigl the

micrometers. Tn one embodiment, the base membrane may be made
relatie givigastranglerbastiine troweisrisheafcies mmubricand. thhdiextdudaterial,

ihSYbzegueRty Ay ke &@E%@?&%sﬂ}% ﬁ(fe'%% %%ﬁﬁ%ﬁoliﬁ‘gn%ﬁgwge%% of the

"expanded" or stretched in one or more directions, to
meB ety Hesdeautd aefirieh three-dimensional matrix or lattice type of
structure. "Expanded" means stretched beyond the elastic limit of the

MeneiiRk o dedtatiscaPesmenaniars obelengalirriadib sy Neve differing
.membrane may be heated or "sintered" to reduce and minimize residual

dingeRUOnS, (RYBREIFIFLTE Tt 5) 8 HANBRG O REGHIR Higtigrial D one

enftRairdHy SRl e AR AN RSP ANURRIAIE, e AR ABRAFIMEALHRS in a
membprane may be unsintered or partially sintered as is appropriate for

range ehifs AR Untd FRis oAl The FsAReT 18 hedinambdie sPeMbe RSy

hatRenfiieRemaY defingcoasy biterernneqtad Rorasthat JWidlY than about 10
communicate with environments adjacent to the opposite facing major

MIGTABEETS S0 E¥RBRIrith&. TP RIpEARIF Rt dristereameetndo about 100

midiemberie fiomermite igoidnnataEabsfa exasnpe. ANRALePUS it idhout 1
imaterial, to wet out and pass throuth &ores magsbe expressed as a
m h

RElehoLBAY ormibras B arrssat P h R S5 esiIFIETSde the

surface energy of the membrane, the surface tension of the liquid
Perpeteiialiather ndlativeatniact dhgle iekyekrn thenibalesiahef themembmRcot

and the liquid erial, the size or effective flow area of pores, and the
e o S rS  cHb oB RIS ETeRG T Tl by bave 2

)9 Of the'ha
width in a range of from about 10 millimeters to about 45 millimeters, from about 45

millimeters to about 50 millimeters, from about 50 millimeters to about 10
centimeters, from about 10 centimeters to about 100 centimeters, from about 100
centimeters fo about 500 centimeters, from about 500 centimeters to about 1 meter, or
greater than about 1 meter. The width may be a diameter of a circular area, or may be
the distance to the nearest peripheral edge of a polygonal area. In one embodiment,
the membrane may be rectangular, having a width in the meter range and an
indeterminate length. That is, the membrane may be formed into a roll with the length
determined by cutting the membrane at predetermined distances during a continuous

formation operation.

In one embodiment, the coating forms a layer having an average thickness in a range -

of from about 1 nanometer to about 500 nanometers, from about 500 nanometers to
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Membranes according to embodiments of the invention may have differing
dimensions, some selected with reference to application-specific criteria.
In one embodiment, the membrane may have a thickness in the direction
of fluid flow in a range of less than about 10 micrometers. In another
embodiment, the membrane may have a thickness in the direction of fluid
abffpiv imnacramgteniogreweettban sdbout 10mmioroaetershéorcaxampleeimay be
-of, oyt icrometers to ut. 100 micrometers, from
Lt B ST FIEL TS GR BT it o
about 5 millimeters, or greater than about 5 millimeters. Perpendicular to
A TReraiYERs gH BrRMARARIdiInE thembrditecriap h e iavaidiononayrdatksr enanor

m&LOMABRHImAIeIR PR eRgdiment{ine MEMBIANE MaY RAVRA. of a

width in a range of from about 10 millimeters to about 45 millimeters, from

wesHulitus! miffsiippd assuisocmilirRsters, dreknatsbilitso Mitrnstefsnolar
ligRRPYF 101 &RAIMBTETS H&%@%{Elﬁc@?@%@@&?ﬁﬁéﬁ,mtﬁ%r permanence

centimeters, from about 100 centimeters to about 500 centimetets, from
naHolits Gblcentiiinets 6 MisBE(oF mererneRcgreader iah aboswlitiessr. low
and/B¢ WisHLMAY e AR lsk R AGECUMRTBAs CTIAY NG/ NS ASIANGR O a1

the nearest peripheral edge of a polygonal area. In one embodiment, the

eleyptidh iSAR TRy B ecrarisiog bl aP avaving arvhemmaneRecn pitalesaigé amepsures,
traliggteraynaie deagin. Jhatds. i emRrana Mayd %F%EB%%AQ!&P & rqgoustic

with the length determined by cutting the membrane at predetérmine

CEhgYar e WERRIMJY Cottnin matsishatidirBperetRIafeon dhsodiliternl the
coMia £aBHRG 0N AdaYe RRYIDY ANAVGIBSaLRIkIESS IfR £2R061 0 OMore

about 1 nanometer to about 500 nanometers, from about 500 nanometers
thag, 1 twBbBOTeHdRotRE @cle (Yrsisian hosselBobieh/aw i enst tergke).

coating layer may be uniform in thickness, or may have a thickness that

A giff@estirosd arciedq e eMboemiRiangBrepareskascRtNede o temperature
embodiments of th have one or more predetermine

fotjnvention magv] .
CXQPSHERIASE STET S PRy THifeae bhe!skmoreberal welssifiey Gelsivs,
fordiyasipRp el anenbvancomwaliy OyelinaiaRititg, (BRI eE Btk gAY be
solytion, flow of non-ialqueou liquid or solution, flow and/or permanence.
at an eievated pressure relative ambient. In one embodiment, resistance to ultraviolet
(UV) radiation may allow for sterilization of the membrane without loss of properties.
Of note is an alternative embodiment in which cross-linking of the coating.
composition may be initiated or facilitated by exposure to an irradiation source, such
as a UV source, where UV initiators may compete with UV absorbing compositions,

if present.

Flow rate of fluid through the membrane may be dependent on one or more factors.
The factors may include one or more of the physical and/or chemical properties of the
membrane, the properties of the fluid (e.g., viscosity, pH, solute, and the like),
environmental properties (e.g., temperature, pressure, and the like), and the like. In
one embodiment, the membrane may be permeable to vapor rather than, or in addition
to, fluid or liquid. A suitable vapor transmission rate, where present, may be in a
range of less than about 1000 grams per square meter per day (g/m®/day), from about
1000 g/mzlday to about 1560 g/mzlday, from about 1500 g/mz/day to about 2000
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under low pH conditions, flow and/or permanence under high pH

conditions, flow and/or permanence at room temperature conditions, flow

and/or permanence at elevated temperature conditions, flow and/or

permanence at elevated pressures, transparency to energy of

przedetermined wavelengths, transparency to acoustic energy, or support
o/for/daralytieranste fiasn PEMaHEK e/ refislay to ineebitinbofiment dhtingembrane

R G

fladd the like). A property of at least one embodiment may include a
resistance to temperature excursions in a range of from about 100

THEHa8E: RIS I akeytd Zndegsess GeLINSmINEXRAPIS: Water may flow

autoclaving operations. Optionally, the temperature excursion may be "at

thegpghe i SUSPEERM At IRH S A Big 3 | §T6Rs e Hiid dibREh e redidincemoat a
prediadaietedAMarradiatigneay alievolon statiization gtdhe MemBraScles. In

without loss qf properties. Of note i::‘: an alternative embodiment in which
O SERDRNKIRG o f e WBKEHGEL dHp0 SHBREm Ao immbaies o dHentante Hpt is
creXROSHIR IBAR BradiAlaN o WCe pPuGlraJidrtiM 8UIFE MABKRUYs at about

initiators may compete with UV absorbing compasitions, if present. Flow

193 Regrenti oSt BREtE MEHTEY A HE iay B OnfepfoRadnGI: b witenaray flow

thfaGHr SheThHeRGIRES MAbcdane Ot alihephYSIERANMSE-cm at a
chemicalfproperties of the membrane, the properties of the fluid (e.g.,

Prnses R IrRti ofe? ainghreliRgy, ramitempreAtaIoBpeifey edgy, cycles. In
o€ RBEwen DraESWaeAshih e dkelhand i dkaciiane ampodimeatahe is

membrane may be permeable to vapor rather than, or in addition to, fluid

TR AR AR HaHlewhpBinneR Sniserseshatedilirerdistdehl, mrlppllmag 100

deabae odilgss Hrap AR orRS ReLAAURRBIIRIRRDahEAYater may flow
. (g/m2/day), from about 1000 g/m2/day to about 1500 g/m2/day, from

hewsth E0B NIt dlan R 18 2Ry dhgn GParé A mamEtt at 2
prélQR @iFie/caval BfOTE RERBOAMA b herdnRaliaRca iRy PasaReiNelYs. In

impermeable to vapor, while remaining permeable to liquid or fluid. The

onhEMBPABHayie tigkd tBaItdPwatEioaho s SRAseRIMEN! Hevvatks Hhay is

gréQ¥¢ than about 20 mL/min-cm at a pressure differential of 27 inches Hg at about
100 degrees Celsius after 10 wet/dry cycles. In one embodiment, the water may flow
through the membrane at flow rate that is greater than about 5 mL/min-cm at a
pressure differential of 27 inches Hg at room temperature after 20 wet/dry cycles. In
one embodiment, the water may flow through the membrane at flow rate that is
greater than about 5 mL/min-cm at a pressure differential of 27 inches Hg at 100
degrees Celsius after 20 wet/dry cycles. In one embodiment, the water may flow
through the membrane at flow rate that is greater than about 10 mL/min-cm at a
pressure differential of 27 inches Hg at room temperature after 20 wet/dry cycles. In
one embodiment, the water may flow through the membrane at flow rate that is
greater than about 10 mL/min-cm at a pressure differential of 27 inches Hg at 100
degrees Celsius after 20 wet/dry cycles. In one embodiment, the water may flow
through the membrane at flow rate that is greater than about 20 mL/min-cm at a

pressure differential of 27 inches Hg at room temperature after 50 wet/dry cycles.
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through the membrane at flow rate that is greater than about 5 mL/min-cm
at a pressure differential of 27 inches Hg at room temperature after 10
wet/dry cycles. In one embodiment, the water may flow through the
membrane at flow rate that is greater than about 5 mL/min-cm at a
pressure differential of 27 inches Hgﬁat about 100 degrees Celsius after

In gueviERniByele shinesiabemp o estabieririte sredyet ovrteneubpdibe fluid
abdBBRransatflaw e thahis HeRiakhan ARGMI L AFHMINAR 3ha ouiflow

pressure differential of 27 inches Hg at room temperature after 10 wet/dry
whepcraainfaingpe etvBdimBntIthevilisiGrRIy frommBrbugHane viete rRltRerherdt is

disﬁ%%ﬁﬂ@b‘i@,am gresignthan RERUTLARREM @r&miﬂélﬂd%fseéﬁlé@gy of liquid
|

differential of 27 inches Hg at 100 degrees Celsius after 10 wet/dfy
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differential of 27 inches Hg at room temperature after 10 wet/dry cycles. In

foynhemgbdintest thearigsrhayensrtemaughatusteripriasd direliprateThe
mdfi iRreraatsr tansakeit 80 MLERIN-6MALR PEegavEs dfferantial QbR of a

inches Hg at about 100 degrees Celsius affer 10 wet/dry cycles. In one
congRBBiATeHaRE RIS R g ABIR AR TANE HERiISFA - Bhalberate that

is greater than about 5 mL/min-cm at a pressure differential of 27 inches

Thtlghemtoats mRperadu o R QMNeHBORyexCIEBhdnuBNe RMLAdMethdR8me
Waéiifr{fm% flow throulégh the membrane at flow rate that is greater than
HEAHE

as, 9§ = SAFAC Bre dB R GRRSRLNIIAT OF BYPIR HRLMIE Mavpipelude an
embegdiieest GEtBlmadieio?) wetdhiarsiesb hpaeePBasitae AlptbE-WAIRIch as,

may flow thrqugh the membrane_at flow rate that is greater than about 10
for R¥ImplCery %Cﬁ?éegguFEIE?FF@FeﬁEST‘E}gQﬂ%%E@%F&%R%oﬁPféﬁfﬁﬂé%a‘tu?éld

thedites, 20 wet/dry cycles. In one embodiment, the water may flow through
the membrane at flow rate that is greater than about 10 mL/min-cm at a
ressure differential of 27 inches Hg at 100 degrees %elsiu after 20
A e 0 R e LT o TP o e cample,
a prosmbracieratd owrmdteribdPENjdaterfiivhreadboDth2 mithbia appliskfons may
. pressure. differential of 27.inches HQ at room temperature aftey 50 wet/dr
e B B S e e P e e
perwagterizationdipadleigharation, dialysis separation, industrial electrochemistry such
as chloralkali production and electrochemical applications, super acid catalysts, or use

as a medium in enzyme immobilization.

In one embodiment, a hydrophilic porous expanded polytetrafluoroethylene (ePTFE)
membrane may be prepared by treating a virgin ePTFE membrane with a hydrophilic
precursor acrylate terpolymer. Afier the treatment, the terpolymer may be cross-
linked using a diamine. Such cross-linking may mechanically interlock the coating
onto fibrils and nodes of the ePTFE porous network. During cross-linking, the
hydrophilicity of the hydrophilic precursor acrylate terpolymer may be activated by a
reaction between itaconic anhydride units on the terpolymer backbone with the curing
agent, such as a diamine. The activation may include generating carboxylic acid

groups and inter- and intra-molecular ion pairs. Consequently, the coated ePTFE
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absorbent. Absorbent may include insignificant amounts of fluid influx and
outflow when maintaining equilibrium with a fluidic environment. However,
absorbent is distinguishable, and distinguished from, flowable. Flow
includes an ability of liquid or fluid to flow from a first surface through the
membrane and out a second surface. Thus, in one embodiment, the
mendnmapranemby badpedabipid have avighidior. fllid Hewtigugh thideasited
rtion of the material in a predetermined direction. .The motive force
Sl AT SRR P
concentration gradient, pressure gradient, temperature gradient, or the
1 embrane may have a plurality of sub layers. The sub layers
may be the same as, or different from, each other. In one aspect, one or

THOGsB SR dayehipRY HitludRiarae MU eRHAREdINERNYGR MM ance with

another sub layer may provide a property such as, for exam
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as, for example, a proton exchange membrane (PEM) in a fuel cell. Other

supphiersIasH A Enias iNddktuiatiashure syl e s e Someapny

(SsapansliPnseleshalygis,ipatteries, pervaporization, gas separation,
dialysis separation, industrial electrochemistry such as chloralkali
£ Xpaggdfécltigri,l%nd gtlectr them'cal applications, super acid catalysts, or use
B hedimrn ef'lozny(r)neef%%rBﬁTz% O Bhre embodiment, a hydrophilic
porous expanded polytetrafluoroethylene (ePTFE) membrane may be
A propatied byftrehbireiad\irgio, BPIRED Métbidiehaftadredaftiropditiyl  acrylate
4 BCUISQL acrylat r he treatment te, er be
S R R AL o,
bupitentadiith@ eodtirfgmoned) fibalscanti s(@destlof imere S Fep CAOBI N EAWOAR g,
o.d2uting, srogsrlinking, e d jligi . f raphilic precur Crens,
acrylatg) ferpolym%ma%%a@ﬁ%e%? aﬁt}r%éié%ﬁ Blatcvsgelr? [ a?:gélién iHkiliter

(mdnhybieidelagsitd bfreh dubepoVheesatikbanedagtis st buriepzagembpsthaly (3

y8R9 diRTne. I actiyatiop.may sluds generaing carboxylic.adid, oo
ygro%ps and inteé% anﬂtragﬁolecﬁarﬁgﬁ %a rgl.r grl?szgglférét%! f??ﬁée%%gt%i s
forepirimra ). The reaction product is cooled to room temperature and precipitated

from heptane (150 mL) under vigorous stirring.

The reaction product is a terpolymer that may have a molar ratioofa=1,b=2, and z
= 2 assembled in a random orientation, and an average molecular weight (Mw) in a
range of from about 5,000 to about 200,000. A schematic of the reaction scheme is
illustrated below. The terpolymer is soluble in a moderately polar solvent such as as
acetone, but is relatively insoluble in a polar-protic solvent, such as methanol.
Unreacted itaconic anhydride is soluble in both acetone and methanol. After
precipitation in a non-polar solvent, a polar solvent wash allows for recovery of the

terpolymer without unreacted anhydride.

20



membrane may be rendered liquid water wetability. The wetability of this
coated ePTFE membrane may be retained during wet/dry cycling of the
membrane. EXAMPLES The following examples only illustrate methods
and embodiments in accordance with the invention, and do not impose
limitations upon the claims. Unless specified otherwise, all ingredients are
commercially available from such common chemical suppliers as Alpha
Aesar, Inc. (Ward Hill, Massachusetts), Sigma-Aldrich Company (St.
Louis, Missouri), and the like. Example 1 - Preparation of terpolymer
compositign. A solution of
3 3,4,4,5&@7, ,8,8,9,9,10,10,10-heptadecafluorodecyl acrylate (4.043
Cefra ), 7.8 mil imolesn%%Hol)), itaconic anhydridﬂe (%“7.8 mmol),
butyl &rylate (2 g¢; 15.6 , 2,2'-a7obis(2-m propian B .
(()?Q;SJ-Q B0.08 n; oB,—&ﬁd—tQ%Fahydrofuran (Ige@q 13@. mmoﬁgﬁ&éﬂﬁt
placed in a 250 niilliliter (mL) Chemgfags-Aitfee tithe. The solutign-

dega by freeze-pump-thaw (3 cycles) under nitrogen. The%legassed
S%Iga\on/'g olymerized at 60 degrees Celsius for 24 hours (h). The
reactiéh product is cooled to room temperature and precipitated from
heptane (150 mL) under vigorous stirring. The reaction product is a
terpolymer that may have a molar ratioofa=1,b=2,andz =2
assembled in a random orientation, and an average molecular weight
(Mw) in a _range of from about 5,000 to about 200,000. A schematic of the
ExagmpifohsBrasieteniff srasdynsaisommstittpolymer is soluble in a
moderately polar solvent such as as acetone, but is relatively insoluble in
A agudialoprotit sylven, seesasnecsinoab, ldnveasirsiitaconicoarbydrige {Sate
4 @glé./lble in both_acetone and methanol, After precipitation in a non-p

|
SRS Ok SRR IES BRI 1 e 8Bt aRb ki et B0 gy 6 mmob)

butylthorll ateraagienisamRysifide 2 200 b{sBlhétidon MBNGORIBNT ke ¢,
I—&jZ\ H2 H2 . irgeqs
0.08 mmol), and tetrahydrofuran (13.3 mL, 184.4 mmo}) are placed in a 250 milliliter

(mL) Chemglass Airfree tube. The solution is degassed by freeze-pump-thaw (3
cycles) under nitrogen. The degassed solution is polymerized at 60 degrees Celsius
for 24 hours (h). The reaction product is cooled to room temperature and precipitated
from heptane (150 mlL) under vigorous stirring. H-NMR analysis indicates that a
relatively large yield of the isolated composition is itaconic anhydride with a portion
of terpolymer present. The precipitate is dissolved in acetone and reprecipitated from

methanol to afford a white powder.

Analysis indicates that the terpolymer is a major component of the second precipitated

product. The itaconic anhydride remains in the methanol/acetone solution.
Example 3 — Preparation of terpolymer composition.

A solution of 3,3,4,4,55,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl acrylate

(4.043 grams (g), 7.8 millimoles (mmol)), itaconic anhydride (1.75 g; 15.6 mmol),

butyl acrylate (2 g; 15.6 mmol), 2,2°-azobis(2-methylpropionitrile) (AIBN) (0.0068 g,

0.08 mmol), and tetrahydrofuran (17.8 g, 246.8 mmol) are placed in a 250 milliliter
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Preparation of terpolymer composition. A solution of

3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,1 0-heptadecafluorodecyl acrylate (4.043

grams (g), 7.8 millimoles (mmol)), itaconic anhydride (1.747 g; 15.6

mmol), butyl acrylate (1 g; 7.8 mmol), 2,2'-azobis(2-methylpropionitrile)
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degassed by freeze-pump-t cycle nltrogen egasse
raigoiutioiadysel{imexzedranéhgegreemGdldiushdor2etibourslit) tHdiea one pot
pngg@é:st_ion product is cooled to room temperature and precipitated

Example 4 -~ Treatment of membrane

Bight virgin expanded polytetrafluoroethylene (ePTFE) membranes are treated with
the solution from Example 1 and a curing agent solution. The curing agent solution
includes 2,2'-(ethylenedioxy) diethylamine and hexamethylenediamine. The curing
agent is added in an amount sufficient to have a 1:1 stoichiometrically balanced ratio
based on functionality relative to the anhydride moiety. The coated membranes are
heated to cross-link the ierpolymer from Example 1, and to form an interlocking

coating on the treated membrane.

Under observation, the treated membranes samples readily wet out when contacted
with liquid water. The initial water flow rate is evaluated. Four of the samples are
subjected to five wet/dry cycles using water at 22 degrees Celsius. The samples all

continued to flow water there through after the cycling.

Another four of the samples are subjected to wet/dry cycles using water at 100
degrees Celsius. The samples continue to flow water there through after at least 3 hot

water wet/dry test cycles at 1 liter per cycle. Various subsequent flow rates are
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from heptane (150 mL) under vigorous stirring. H-NMR analysis indicates

that a relatively large yield of the isolated composition is itaconie

anhydride with a portion of terpolymer present. The precipitate is

dissolved in acetone and reprecipitated from methanol to afford a white

powder. Analysis indicates that the second precipitated product is largely
obstryedrpbipnilrw Theesiteogridranhyd ide menrains in e migthano@cetdie He

lution.-The yield amount indicates that varying the relative proportions

pre?)?%ﬂ%?t%far?%%eﬁ%ients impacts yield. Further, small changes in the

proportions have a large impact on yield. Another method of reducing the
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_ pot process. Example 4 - Treatment of membrane Eight virgin expande
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anhydride moiety. The coated membranes are heated to cross-link the
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readily wet out when contacted with liquid water. The'initial water tflow

onkpeeréapy Apatess. msuppbadimemsphayakeesy Bjastetetb 2k deserdrgdchersin,
maH$IREbURISEBHS 2 QRS GRS s dNg §ﬁ9@f%§cﬂﬂa1§pﬂgnliﬁ%@rg@{yam art.

water there through after the cycling. Another four of the samples are

The gppeswded Waay apy gydisschsmgdiigaticnsod dwgasss Celsius. The
samples continue to flow water there through after at least 3 hot water
wet/dry test cycles at 1 liter per cycle. Various subsequent flow rates are
22 observed. The flow rates range from 1 mL/min-cm2 to 23 mL/min-cm2
at 27 Hg pressure differential.
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The embodiments described herein are examples of compositions,
structures, systems and methods having elements corresponding to the
elements of the invention recited in the claims. This written description
may enable those of ordinary skill in the art to make and use
embodiments having alternative elements that likewise correspond to the
wnralgmerts ofithenyention recited in the claims. The scope of the invention
thus includes compositions, structures, systems and methods that do not
differ from the literal language of the claims, and further includes other

L strRiesbERa SHTERRP SActPrsRewiis foetiB&ENERIGR&rences from the
literal language of the claims. While only certain features and

a tegyvigacimentis havasheandlustaiedladl described herein, many
modifications and changes may occur to one of ordinary skill in the
relevant art. The appended claims cover all such modifications and
changes. 23 WHAT IS CLAIMED IS: 1. A membrane comprising a
coating, the coating comprigipg: sb@pmli?mer having the structure of
formula (1) R3 OyOR i H2; I 212\ ny i oH kO R4Q O (I) wherein RI
comprises an alkyl radical; fcﬁ%ﬁg& gf X _%CFB(CFZ)p(CHZ)q-
wherein "p" is an integer#ragange & from | out 21, and "q" is an
integer in a range of from | to about 10; R3and R4 are separately
hydrogen or a short chain alkyl; anglj'm" is an integer greater than 1, "n"
IS an integer greater than about 2 to about 20,000, and "o0" is an integer
greater than about 2. 2. The membrane as defined in claim 1, wherein the

wh2ed &sMRiaRe as 19 cal; R2 comprises of a formula CFy(CF,)p(CHa)q-

(199} [19) ]

wherein “p” is an integer in a range of from 1 to about 21, and “q” is an integer in a
range of from 1 to about 10; R3 and R4 are separately hydrogen or a short chain alkyi;

and

“m” is an integer greater than 1, “n” is an integer greater than about 2 to about 20,000,

and “0” is an integer greater than about 2.

2. The membrane as defined in claim 1, wherein the coated membrane has a flow
rate of water that is greater than about 1 mlL/min-cm at 27 inches Hg pressure

differential after 10 wet/dry cycles at room temperature.

3. A membrane comprising a coating, wherein the coating comprises a reaction

product of:

a fluorine substituted acrylate or a fluorine substituted methacrylate;
an unsaturated anhydnde; and

an alky! acrylate or an alkyl methacrylate.

4, The membrane as defined in claim 3, wherein the unsaturated anhydride

comprises itaconic anhydride or maleic anhydride.
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rate of water that is greater than about 1 mL/min-cm at 27 inches Hg
pressure differential after 10 wet/dry cycles at room temperature. 3. A
membrane comprising a coating, wherein the coating comprises a
reaction product of: a fluorine substituted acrylate or a fluorine substituted
methacrylate; an unsaturated anhydride; and an alkyl acrylate or an alkyl
methacrylate, 4. The membrane as, defined jn claim.3, wherein.the .
3. unsgﬁﬁéwamﬂfdﬁﬁéleégﬁgp?%éa?@cgn% én alé’ot\g?n%i}g’l’&%nﬁwl&%’fed
acrgdte. Thaupesabrang asadehiyses] o7 @#m,3 1o, 40 Wherein Hepthdiarifi@orodecyl
substituted acrylate comprises 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10 -
acr1’51151‘E5=’tadecafluorodecyl acrylate. 6. The membrane as defined in any one of
claims 3 to 5, wherein the alkyl acrylate comprises butyl acrylate. 7. The
6. merfibkaneaboefingd defared oneaofctaime 3 dridosvherei, thbaeatite alkyl
ac flfg{herglom erSisPeU£ q_igl)%lgﬁgetional cross-linking agent. 8. The membrane
&Getmedincha , wheréin the coating is cross-linked with the
polyfunctional cross-linking agent to form a coated membrane. 9. The
7. membaneaydstreddeideimganhersiviré o ddimbnibraréthias goating
rurfiRPCRISREVRIRT a5 AR RRARoKE dmUmin-cm at 27 inches Hg

pressure differential after 10 wet/dry cycles at room temperature. 10. A
method, comprising: reacting a fluorine substjtuted acrylate or a fluorine .
ﬁg&e&wﬁh

8. subStRGtEHEIECH IAtEnSH 10 SRl St iy PRS0 UM I 28
the%?‘ﬁﬂldﬁ‘&ﬁﬁ?&%@lﬁhﬁﬁg areiftitiarorin Acsabenidadame. a terpolymer;
and rea

cting the terpolymer and a polyfunctional cross-linking agent to
9. formI%é: ?l‘laétrln ra(ijnne z%, @%Q{Eaiﬂ%h%?n 8, wherein the coated membrane has a flow
rate of water that is greater than about 1 ml/min-cm at 27 inches Hg pressure

differential after 10 wet/dry cycles at room temperature.
10. A method, comprising:

reacting a fluorine substituted acrylate or a fluorine substituted methacrylate; an
unsaturated anhydride; an alkyl acrylate or an alkyl methacrylate; and an initiator in a

solvent to form a terpolymer; and

reacting the terpolymer and a polyfunctional cross-linking agent to form a coating on

a membrane.
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