MEMBRANE AND ASSOCI ATED METHOD BACKGROUND Techni cal
Field The invention includes enbodi nents that may
relate to a nenbrane. The invention includes -
enbodi nents that may relate to nmethod of making the
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menbrane. Discussion of Related Art. Menbranes with a
hi gh porosity, wetability, and chem cal resistance

BACB&@ROiﬁ\TDsef ul in, for exanple, liquid size exclusion
filtration applications. Polytetrafl uoroethyl ene '

T P IIZ._E may be desirable for its chem cal resistance,
= anded PTFE (ePTFE) may be desirable for both
chem cal resistance and por osi ty However, due to the
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is problematic and may require treatmen
includay indyedimengs that i rd@ﬂcsteqmﬂtoﬂyofbmkmgphtlmembm;xe The

mventé%ggbc?geg?%g)tpgjdﬂe&% nte&!:gfﬁgelge gJ%r gor}gpos tion Por use with the
membir@ier af | uor oet hyl ene/ vi nyl al cohol copol yner. Such an
approach | everages the chemcal affinity of the
. perfluoropolynmer in the coating material to the
Discussaon of RolatsdWier of the ePTFE. However, the affinity

may be sufficiently | ow that hydrophilicity i s of an

i -abl . | I
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in, forotxhetple, rm]yudos}zdf exclasied ﬁmyaifdepﬁxtald@y Q’@P}&ét?ﬁhbf&thylene

rrbr ne interior with a m xture of
(PTFR) Idesirabls forsity Fhremisst reaﬁ@n@p,rﬂyér@:pnndqdc?ﬁﬁ (¢PTFE)
e r oach
may b%%%%g?@ig@%h%%a# 1%% F@ﬂ&% a&Eépms SARE N the

hydropimibid properyobfyPFEFE, liquid faaten fﬁtrhm is@h‘@lﬂe@ﬁﬁé 8 mbi require
anot her approach, hydrophilicity of PTFE nenbrane may

treatmRt. oy oduced by irradiation treatnent of the PTFE
powdered resin. The resin may be processed with a

"HydroBRilieHe, nax@”@oﬁéh%ﬁénﬂypﬂiggerﬂﬁmﬁtyt %a@eﬂzd %p%ted to an ePTFE

m cr opor ous PTFE nenbr ane
membrane by, for example, impregnation using a tetraﬂuoroethylene/vmyl alcohol

copolymer. Such an approach leverages the chemical affinity of the perfluoropolymer
in the coating material to the perflucropolymer of the ePTFE. However, the affinity
may be sufficiently low that hydrophilicity is of an undesifably short duration. A
porous ﬂuOropolyméric.mémbrane having continuous pores for oné Sidé to the other
may be rendered hydrophilic by coating the membrane interior with a mixture of a
fluoroaliphatic surfactant and a hydrophilic .bﬁt water insoluble polyurethane. Such
an approach may leverage the chemical affinity between the perﬂubropolymers 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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Wth reference to the above-discl osed nethods, there
are commercially available hydrophilic ePTFE
menbranes used for liquid water filtration. In
addition to the problematic production

consi derations, these nenbranes may be prewetted by
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menbrane nay dewet (dry). The drying of the
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the like. It may.be desirable to have a nenbrane wth
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enbodi nent, a nenbrane including coatin The

It may dag ﬂﬁ‘gra:bkc tudexe & membrngnpathhappegies teatsdiffar fmre tb@se

0
e W Gag b S gl k) Bt TP el ocrane
produeslipr 4 fethodftha dﬁﬁérmﬁlom 1hbsd kod¢ Gngdntly avditibid. n " p”
is an integer in a range of from1l to about 21, and

Eég I S an |nteger ina range of froml to about 10;
BRIE e separately hydrogen or a short chain
al kyl ; and "m' is an integer greater than 1, "n" is

The umnh@ﬁ %Q&de&f eRlRE diRbRYG %eﬁgrﬁQQHéluﬂﬁg 3%he. aPhe

an 1 nteger greater than about e i nvention
amnngnummﬂﬂatmpobnexéabogﬂnennxmaenﬁﬁmmahdn ncl ude a
coating. The coating including the reaction product
of a fluorine substituted acrylate or a fluorine
substituted nethacryl ate; an unsaturated anhydri de;
and an al kyl acrylateoor(ﬁﬂ aIkyI
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whérein R1 comprises an alkyl radical; R2 comprises of a formula CF3(CFz)p(CHz)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 ihteger 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 acrj’late or a fluorine:
substituted methacrylate; an unsaturated anhydride; and an alkyl acrylate or an alkyl
methacrylate. |



met hacrylate. 2 The invention provides in one
enbodi nent, a nethod that includes coating a
menbrane with the reaction product of a fluorine
substituted acrylate or a fluorine substituted
met hacryl ate; an unsaturated anhydride; an al kyl
" The agvertiah eprovided il d¢l embBdiRRST, YA ah@hodREatahcluded |REGRg a
in a solvent. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
membrang vath Rerreeciionrrradudt of asneire substifsted mcryigretne flaerine
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methhbriVR; apeat mittaiefina sob@posi tion in accordance with an
enbodi rent of the invention. DETAI LED DESCRI PTI ON .

invention incl s enbodi nents that nmay relate to
Bm}%ﬁ@%@éo&%mﬁﬁ*g’ 9§rrp03| tion. The invention
i ncl udes enbodi ments that nmay relate to nethod of ,
Fig. TRK OnA00 rQIctibS sOfn|d BlubR Rl NHe ﬁméonﬁoﬁnfaﬂ_faﬁsse in a
menbrane. Approxi mating | anguage as used herein
coatinghimgggdrdencetwith aipgobddimant afithamstemticri ms, may be
applied to nodify any quantitative representation

ermss var. W|tho resultin
Fig. 2 hdENNR RE R B2 ptmition Psoiireareriit & Rlpidhufn of
the inf&@fndi ngI y, a value nodified by a termor terns,
. such as "about", is not to be linted to the precise
val ue ecifi ed. In sone inst ances, the approxi mating
DET&WQ& YU respond to the precision of an
instrunent for neasuring the value. Simlarly,
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I NSuU antra er, or a race anou
compﬁdmd)ﬂ Bten@gvettivg dehelds fenetodirherth chanagiyf relghetor methdd of

. sition according tqQ an enbodi nent of the
makmgr?ggﬁ)nuaﬁg sy cOaERE GPIROALAR Al g TRcbrae. | nel ude a

terpol ymer. Suitable terpolyners may include a

Apprcthxﬂ%ﬂg{‘ﬁn?}égé LdstAb8 Heret AIQIBROUCHO St UABE hid 83, may

["uor 'substituted ollgonerlc or polyneric
be appledeto npadifyi acy upilenmthaver eqotientatipn ablatc¢oudd parrhissiblyi very

substi.t ut ed acr e.or. fluarine hstitu
witho R BRI o Ak T LS i ion " nkiaT s asiilef Agpordingly,
a vahR! #¥HiiRe ¥ At&np rqr abiW such as “about”, is not to be limited to the

precise value specified. In some instances, the approximating 1_anguage 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 ﬂﬁorine substituted
oligomeric or polymeric ester. The fluorine substituted oligomeric or polymeric ester
may include the reaction product of a fluorine substituted acrylate of fluorine
substituted methacrylate; an unsubstituted anhydride; and an alkyl acrylate or alky!

methacrylate,



nmet hacryl ate. 3 Suitable fluorine substituted
acrylate or fluorine substituted nethacrylate nmay
have a fluorine substituted aliphatic or aromatic
radi cal. In one enbodinent, the fluorine substituted
acrylate may consi st essentially of

Suita%legﬂéurﬂ'xe%ugstﬁm@d berflaBe & BudinkGub&itd@d methacrylate may have a

ept adecafi uorodecyl acryiate. in one enbodinment, the
fluortrdeumbistitsted Labiphatia o aromatip radieal. nayonseerpbedimpnt, ithe Hyorine

' mpunt i.n a range.qf great.er t ;
substiERtery B e e oA G o b e T L8R £ 010 -
heptadebABikRicoyisatbrhic! Uh efte RiH0dIrhel®, B )uoti6t YaRtianel afrylate

both of itaconic _a hydride or .maleic anhydride. In,
may b Bresers bl pheneunt iha rangs ob Stoaten thag akawh2dnole pewast of &n an
amos %?%c!u?%ljilno?g ér%fangoni c anhydride. In one enbodi nent,

e Unsubsti ed anhydri de consists essentially of

, mal ei ¢ anhydride. In one enbodi nent, the
Suitzblrsubabititutbé dnhpdiidp dniyg ésohele e @r ekt itacomio aahpdmde or

.In a range of greatey fhan about 20 pol ercent, ofr.
malejen aghydgadgy ntI%Pnﬁb%‘H{’oé@e%l g“’*p@? ﬁfft?teﬁna‘%fyémge consists
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. tadical, R2 may.include a.fluorine. substjtuted ,
anhydgiepiiay e Hﬁée&}/ i ORI F) Tangn §F REFIE (iR Ay Hemole
perceR€ BRIP40t bR §bout 0¥ HASB& Q. @ short chain al kyl,

such as nethyl. The term™nf may be an integer :
greater than 1, or in a range of from1 to about
In ond embodimenty theneoyniwsition ma kayem sgpetaress defingchindormaplai(h:
a range of from about 2 to about 20,000, and "o0" may
be an integer greater th@ﬂ,z,- or in a range of from
one

about 2 to about g2Q, 0 odi rent, R2 may be
represented by %kzj@‘gg €H2) g- wherein
"p" is an integer] gr g{‘;t - 1, ol N a range of
from1l to aborto2Tp and "q". i @n i nteger greater
~than 1, or in a range of frofM 1 to about 10. The term
‘pol yner may include a réaction product of
pol yneri zation; the
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 lbe an integer
greater than 1, or in a range of from 1 to about 10,000, “n” may be an iﬂteger 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 niaiy include a reaction product of polymerization; the

polymerization product may include all chemical reaction products comprising one or
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pol yneri zation product may include all chem ca
reacti on products conprising one or 4 nore repeated
units derived froma reactive substrate that is |ower
in nmolecular weight than the reaction product.
Exanpl es of pol ynerization products may include one

mor Fep@%@ Wikts MRADAP |fﬂb‘f‘1? S reabBlL 5RPhX BESis fo@v%g QH‘ molecular
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polyrpmSyfmdrthq k¢ ol angi embodiment Ahi péegtip produitonty be produced by
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azo-baﬁeda&edra&w plenaititRinitigon | inear array of atons.
. Aliphatic radicals -nay include heteroatoms such as

ni.trogen, sulfur, silican, _selenjiumand, oxygen or :
Aliphatic radical opppplipttie xapigh v@qcpchange@h% Sevahel aﬁy@nge@e rradical
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di en roups, al cohol 0 roups,
selenigm éﬁ%gyg% b Sha3k BF GHETEL 65 ugel JFareomand; hydrogen.
Alip h%@i‘éﬁﬁ:ﬁl AGY inclSHPHRSa LRke %ﬁg@tll(ﬁlal d%@ﬁp@%'aﬁ afi&h %roups

derivatives such as esters and am am neé
alkengrgmmﬁ, al}aynylcgrgupm ﬂlaloaeﬂkiylt g'reupbs, Icmjug'amsd éneayipgreupi lhk:-ohol
ent

4- radi c e tic
groups, o e@%#‘g ZEOURS( ?n%sfeaas f@{% M)é‘i BYH FPwRRp acyl
' groupp?fo'ﬂ @x Splfeu Bé}%b}@ﬁﬁ:] acid'deHPativel isGdh, g?&st@@ A0 Al arnme

group. Simlarly, the 4-nitrobut-1-yl group may
groupomitra piophaid theddiec éror@@appiesthagi meﬂmytpent-g-wb_nqmcaﬂ _l'rEiy be

a Cs affbiR gl pofritthech tthe] ERPoiE ki erap Foind B aencioaal
group,OFhitR iy R BGEH ] RS @TSSimiaHe hhgamego&heyxsg%&?p Bky be a C,

dlfferent Hal ogen at ons i ncl ude, for exanpl e
aliphati¢ gash¢ah €OmpHFIBE| anBitrohgrowp.nide nifnel Srag treing ;Alﬁnmmnalcgroup

A R AR LB G RO, T BUSRBISIR: Bore hogen

atoms,bwhithdhiy bereereimylor diffbledrt. oGialddenreomBd MBlude, for example;
hexafluor0|sopropylldene chl or onet hyl ,

fluoring; fchlesipey brymingedad iogdingc hAipbatt ﬁgdlcals having one or more
haloge? a‘?&iﬁ? hﬁ‘i@ dﬁ@%ﬁ%tt%kypﬁ%%g E‘)ﬂl{orté'ngﬁgng{ Ex'mm? X h%}lagbsyl,
: chlorodlﬂuafdnfﬂﬂajﬂ; thekafi@ralsspropyliddie] uddoromethyl, d1ﬂuorov1ny11dene,
trichloromethyl, bromedichloromethyl, bromoethyl, 2-bromotrimethylene (e.g., -
CH;CHBrCH;-), and the like. Further examples of aliphatic radicals may include
allyl, aminocarbonyl (<CONH,), carbonyl, dicyanoisopropylidene -CH,C(CN),CH>-),
methyl (-CHj;), methylene (—CH,-), ethyl, ethylene, formyl (-CHO), hexyl,
hexamethylene, hydroxymethyl (-CH,OH), mercaptomethyi (—CHZSH), methylthio (-
SCH3), methylthiomethyl (—CHzSCH3), methoxy, methoxycarbonyl (CH;0CO-) ,
nitromethyl (-CHZNO;)_),'thjocarbonyI, trimethylsilyl ((CH3);Si-), t-butyldimethylsilyl,
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allyl, am nocarbonyl (-CONH2), carbonyl,

di cyanoi sopropyl i dene - CH2C(CN) 2CH2-)-, net hyl
(-CH3), methylene (-CH2-), ethyl, ethylene, fornyl
(-CHO, hexyl, hexanethyl ene, hydroxynethyl

( CH2OH), nercaptonethyl (-CH2SH), nethylthio (-

B P RS Bl St eeid isnghe like. By

waytdf fbﬁhérb@d’ami ple, tar 1‘®1’EL ey, il Fﬂzitlc(&@ilé@) 3Bhrains at Ieast one but no
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radictahan 30 carbon atonms. A nethyl group (CH3-) may be an

exanple of a G aliphatic radical. A decyl group
npl e of ClO aliphatic
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moreaﬁoglgg;ﬁhg '08 %lltgghﬁghat I ' adl &géma e@ngrggpe(gﬁﬁ18Hz -)
may &Y Gl @&WEFE&%&&I QUHcK %@%ﬁgﬁge hc R'QF% cfgq ithg (the array of

cycl oal i phatic radi'cal, which may i

atom&y‘em@h &yl ber ¢yieljc (buhwhighr myy ot beaamnmnc)mldcm meghylde group

e FEL Sl B ), AL 00
as mtr@@h,cﬁilflﬁ%éldnﬂﬁil Uiie bl B b Br 4§ be c%%lﬂ&'sécf %&@ﬁkwely of

sul fur, selenium. silicon and oxygén, or
_ Carboeoﬁ%dyéa)g@%cw@wlealwlmc r@fiipﬁcnajamlddydmeg:ennoné functional

a di_gal de ,one or
i L WL -,
conjugatedj pEenyd| deyupsl alioBUP $roups) @th@f @’du r@ld@ﬁyde groups, ketone

ug aied di enyl groups, al cohol rou et Rer
groupé,r lﬁg(y 1&3@@@9@% @gﬂrgoup(se&f@m@( OX)dla;rami(SH:rNatlves
r car boxylic a
such %gérslfé\r/%%lfﬁl\jaggrdeguﬁhl& Sg(}@éﬁ{u% g eth ﬁf;e nF %r examp e
4-methylopgepentiltyloragicalipsayang & hes lcyédeahp“ﬁﬁtﬁc Q&cﬁﬂﬂ' Gompiing a

t hy clopent-1-y| radical may be a C6
et U WA TS Einec o ASISRORNobraupsbi may bagsn alkyl
" group! miel tlhe QLAHBCREAEE- 18y 1T HACh] r
group} Bl a oa)gz‘? ‘tﬂﬂ— a¥ {:ﬂl Ly I‘ﬂ%@lbeg &ucgrclovéﬂpﬁal%lc Bdical
comprsipg ammxy giombuﬁ}elm’grb glr@lj:l 'lmhg aa”yndmenﬂ géup. A cycloaliphatic
radwam{-i% oal |cg%hat$| C radllgz conpr i SI nlg a ni Jitro group, t he

¥ 611%9 18 gl "h‘?)‘n%tlw it ba the same or different,
Halogé&y Cdt@@k | i@lﬁﬁl‘&ibc 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) (-
CeH1o0C(CF3),CsHyg-); 2- chloro methyl cyclohex -1- yi' 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. CHsCHBrCH,CsHio-); and the like. Further examples of cycloaliphatic
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radi cal may include one or nore hal ogen atons, which
may be the sane or different. Hal ogen atons incl ude,
for exanple, fluorine, chlorine, bromne, and iodine.
Cycl oal i phatic radicals having one or nore hal ogen
atonms may include 2- trifluoro nethyl cyclohex -1-
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(4—H%N-I|£Cﬁ:5)ﬂm Jmerdapta oethyl gxtylo hcycll-ojr’]iei)’&—HS_CHﬂGH;g’Z) ;2 methyl
vio GeBYAR0 LETRIEBYEEEES P AfELohe i M9 Gy
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— Csg mﬁﬁlﬁylllphatlh mh@a} |mﬁmmlud¢-cyyloa{ phatipizatiess sohtaining at least

o 0N e, S A e
furany(E)(QLHy(lereprkserﬁé a CM?@b@(ﬁﬁﬂxaT)ldxcﬁ Thé l%?élb)lﬂlex?l hydthyl

éﬁ%l hex -1- -t- butyl dinethyl cyclo

radicaly uCiHrMepre&entﬁ a.%v#@i&vpl@iﬁpwdl@alhw cycl o hex -1-
yl (e.g. (CH30O 3Si CH2CH2C6H10-); 4- VI nyl cycl 0

CAp I

An arHETae of arodb VRN Syblchal bl P 1 ) an B s

havingayalemel of deleastcineahid ;hlmhg rat leagtiona Iasommmt@mrp MBusinay

. I t hr ee, but, no nor 30 carbon atons. The N
mcludege‘ie{?&mr%%lehes PEEAZER S é’é" IR sghcop ﬁﬂ‘gﬂwge{n@rm@z be

- compds@@éﬁ:%f‘s‘i‘\;e?y 8f GAb&Y &ﬂd’l?)l’dr@ t'SQmﬁ@I‘é'aF(ﬁhan 08y fﬂa?

hexyl nmethyl radi cal -) represents a
include pheényd| riypldpl lfmran}ﬂdﬁmziiyl n&phﬁllyb lphen)dcneaahd:hbhmyl radlcais

The arg{ngﬁg érloclzlp rrrnoayebey a cvcrllitces{rﬁgtgp R0 Q’ 4n+r£a¥iep %a%%d eleg1 e
where “n” may be an integer equal o1 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 aléo may
include'nonnaromatic components. For example, a benzyl group may be an aromatic -
radical, which may include a phenyl ring (the aromatic group) and a xﬁethylene group
(the non-aromatic component). Similarly a tetrahydro naphthyl radical may be an
aromatic radical comprising an aromatic group (Cg¢H3) fused to a non-aromatic

component ~(CHz)4-. An aromatic radical may include one or more functional
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havi ng a val ence of at |east one and having at | east
one aromatic group. This may include heteroatons
such as nitrogen, sulfur, selenium silicon and
oxygen, or may be conposed exclusively of carbon and
hydrogen Sui tabl e aronatic radi cals may include

grou[gJ.h1 @% ere. t’fq%‘b%l %P%lj ou% .kgpgll grox%%@ﬁ%?%ﬂ% giroupsi, oup

halodreiategdupy Comj ﬁoatad drehylr @oxﬁ;ﬁ;/aia@hdl @rcRipS,ditthed @aduba ed
el ectrons where "n" may _be an i nteger equal to | or

aldehyie grQups, kglong |r RISy %ﬁrwysy aﬁlﬁéﬁwsgwhg@uw or expynple
car bc}ngll E Ild dgﬁ%ﬂ%s gl?b ersfeinld !ies? rﬂ‘.ﬁHRé U{Oﬂps 1'111.}0 %oups

groups eny gr ofips
and thmtﬂms aEc&myhmgleoﬂxas@-(rmﬂwlﬁh)enﬁnaﬁltdi endyi Heea Cfl'zi:ex*mﬁna)rtdiqaé
r adi cal de nqQn:-aro th n nt.s.
compeinecsimngy Lerow (N YE S4B P ichmay be

an alk A&, ’Siffﬁlhﬁfﬂ tHBY-ifGPHA @oRNay be 5Ioggrcﬁﬁﬁi% radical

aromatic group) and a methylene group (the
compmmEar oTa grapc tepoine gtoup beingid anttional gretqp ah;xumnc radicals

ncto BRI et ARl B Sy AR S35 R begatioro
1sopr&§5ﬂrd%ﬁ@ﬁi§g %heﬁormﬂaﬁﬂt(@@ﬁt@ﬂ;jzph @m@f%emyr Acking ! 3-

i ncl ude one or nore functional such as

rou
mﬂu@nokxynylgmmyi it lashjorogaishath 3 3&’8@34 (3- bromo

prop g el o B R CHRCHAT SR e eC e RS RE L

arom@iciabiae n§ydHElede kRé @fh@oﬂar siup &Hyl@ﬁj'f p@ewiu ExRC- ammo phen
acyl groups (for exa carboxylic acid
1 yIEaNORD: Seaminn enbaay LB & ANBFRRORES) 4. b PaPoUbS:

= h

dicyall 1oBreH iR s PRPREA1- Wil COPRCICRIRE:), 5 eyl ghen -
1- yl; Tyl Big (;ﬂmeﬁeuhylbxg)" (Om@hCHth(maI hywthg Iphetp 1bet; phenyl

fractional an alk¥ ar Cg
cthensf & foarm)2- EHEMD: 1 #PGbHEAYFNER BB e heCBis (Bhen -

t t

vloxyf OBAEE %P%%?En% &%@Bﬁ%@ﬂ oo Re 01O
mercapie hlﬂﬂ'@'l pbérog eyhtéleHSﬁ)ihBh-t); & maﬁylahiosplmnl eh ya$4-CH;SPh-);
3- met rclgtfyl(p grr19 n}f: ny tghen%rb?n_y fozips %g)e;r%%l &3 gcrj:f : 2-
- henyl t Ls
nitro lgareg@#%e?b@% %PHCH%IgE)H_ g 9&%&@1&% 1%1511_ fu }qnav t b§fyl

dimethylosidy! phemop- v 4- yin)yl ph@"ﬂ-liyy IJH()’Bﬂ@t@@HQﬁdﬁﬂh; a)lFI thenbke.

The t§rHTA . GBI TTD PG BE e T atuateds cfRatigfde
least tﬁf@enﬁt 94(51 ﬁﬂ;.re thhn 3§ol cafttdaNThng A%mtam @g aﬁﬂ[eﬁ?@ @ydlcznh@y

yl 4- benzoyl phen
1nclude l-lmldazolyi (C3H2N2 ). The benzyl radlcal (CsH7-) 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 CHCI; reference standard is indicated by reference
number 100. A fluorinated carbon chain (-OCHz-) is indicated by reference number
102; a butyl moiety (-OCH,-) is indicated by reference number 104; a portion (-CH>-)

of an itaconic anhydride is indicated by reference number 106; protons in the
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di cyano isopropylidene his (4- phen -1- yloxy)

(- OPhC(CN) 2PhO-), 3- methyl phen - 1- yl: methyl ene
his (phen -4- yloxy) (-OPhCH2PhO ), 2- ethyl phen -1-
yl; phenyl ethenyl; 3- fornyl -2- thienyl; 2- hexyl
-5- furanyl; hexanethylene -1,6- his (phen -4- yl oxy)

terpol&wep&&é%)ﬁa ch] %)fhe ?cé%gg%ro ?%ffl}n?g}n%gﬁle&l an@fl ¥nethyl group
(—CHgg‘ﬂ)‘f E@Qﬁl@ Bhuid i 1s 1ﬁd109ﬁ3 ) |reﬁ:ﬂz‘n@e phgker-1to. vl (4-CH3SPh-); -

hoxy phen -1-y 2- nethoxy car bonyl phen -1-
onxy (e.q. nethyl sallgy - nitro nmethyl -phen
The telpol)ymar(mq;h :mglt ggp[fteéﬂ Morm;gﬁ lnjcedyﬂn ane .

embodlinengu&lg lterﬁglwnn%téh &y, h‘?’é lc%)&%)gﬂer{z)ed m}% pﬂlé"'eyh\élf( gﬁﬁde,rﬁuc as
ﬂwInMgﬁmwhawﬁ3nﬁnﬁﬁ@agnonat|c radi cal " may include
aromatic radicals containing at |east three but no
nore than 30 carbon atons. A suitable C3 aronmatic
radi cal ndy include 1- i mi dazol | (C3H2N2 ). The
benzyl .rddi cal (C7H7- [

radi cal .

of a terpQ gr di

i nventi on. ref er éhce

ref erenge 100. A flud?inate

(-OCHE) li s indicated by referenc® 02; a
but yl ety (-OCH2-) is indicated by r ference

nunber 104; a portion (-CH2-) of an

anhydride is indicated by reference nunb ;

protons iR the 8 terpolynmer are indicated $y the

bracket ~of reference nunber 108; and a methyl group

(- CHB) of a butyl chain(l)s indicated by reference

I I t her

thl-e%?lunctl na||ze§§m3§§ 9 &ﬁé%gp%FQ%?%%§ linked. In one

enbodi nent, the terpolyner may be copol ynerized with
In oneaaqahnidgmtﬂttethelrmaﬂmn suditt af thet dopolyateeizatiin mhpbe répresented -

by the sgucture as sho?vn by fOrm\Naan)O Os

e o
A N}}ﬁ@ O
' O
t
(IIT)



s

(I'1) wherein "s" nay be an integer that is equal to
or greater than 1. In one:enbodinment, the reaction
product of the copol ymerization may be represented
by the structure as shown by forrmula (I111): ORS

-~ CZOC-CZ -C O 0Z 0820,0 M OXo o~ NO O
[11) 9 wherein "t" is an integer that

Wher?%'&_‘}uﬁ’gis s fegig—f 8rmgay ageayal i gn grater tannlayZBenagrbe an ether
2AtBRF linoe AMISSEEH igéﬂgg% ng "X }’1 be a h%drogen
N & ?fl, or- 8’ %’i_l%‘ﬁ’.aﬂrﬂg SRR OF g gation.

atom an al kyl "gro _
functionality of the terpolynmer may be reacted wth,

Thetaihydsidgrinstionalite of thegteaménter Sui et ith O fRA8AD e, a
: e Ea'i;“r‘ anhydride noiety to cross link. In one
Cu“@%%‘%‘?‘ngﬁ’t, ?%@‘%érﬁ%ﬂﬁsi% GreBibe Frydedomeiaty w«cxfwstlmlg In
on 61310990, Cth & gn lyRIek: | 5 1 [ ent . .
ei?ﬁfjﬁo, a rruCtIh?i functi og(rlzglllp ?ugl%ﬁ%gag]gﬁpwnéf g?fg%%pﬁwtrﬁacgmn
site G hg| GuEipg zcmin hEHRS, o niii Bk Gl rcorin® AgeAr mAPheact with a
I fgeg,p@d YRS Sal Q. _r@_s_s,:rl ink_the anhé% iide moiety and
P rease rhe pOTyHEr THE) QE‘EIIOérmREi% qimﬁﬁstfﬁbf@ss ink the
anhyduide nictgand Bicraye ihe rihfiGcdi@d @l 1 nitiators,
}‘gati gg)i cgi niti atgrs, %g%?lgeni c initiators, and metal
sts. Suitable free radical initiators my
ASFYS g1y aglade eq wicakivitiaters, qetiomir ynitiators, anionic

. y - OX] .al kvl per oxi des,
i e A —
Peroxsaesiasi peratydhtionates, iydeopRed AR AIEAbEORIdeS léhﬂ?é}hfides azo

- Vo or’ nore orgdnic basés,

curin ts_may jnclude one c Jorgani ¢ >

compggpfl% %-}’1@: a%j{icgi fg{ SationicANE qriagipnimpadymerization, 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—ani-sidine, 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., phenol, cresol, xylenol, resorcinol, phloroglucin, or the like), carboxylic
acids, anhydrides, or the like. Suitable tmidazoles 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- éyanoethyl -2- ethyl -4- methylimidazole, 1-

cyanoethyl -2- undecylimidazole, 1- cyanoethyl -1- guanaminoethyl -2-

methylimidazole, 2 -n- heptadecy] -4- methylimidazole, phenjzlimidazoi,
benzylimidazole, 2- methyl -4,5- diphenylimidazole, 2,3,5- triphenylimidazole, 2-
styrylimidazole, 1- (dodecyl benzyl) -2- methylimidazole, 2- (2- hydroxyl -4- .
butylphgnyl) -4,5- diphenylimidazole, 2- (2- methoxyphenyl) -4,5-

-diphenylimidazole, 2- (3- hydroxypheny!) -4,5- diphenylimidazole, 2- (p- dimethyl

Ay s
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catal ysts, organic acids, and the |ike can be

enpl oyed. Exenpl ary organi c bases may include one or-
nore tertiary anmines (e.g., N N-dinethyl aniline,

N, N-di net hyl tol uidine, N, Ndinethyl-p-anisidine,

p- hal ogeno -N, N di net hyl anilines, 2-N-ethyl

aniline ethanol, tri-n-butyl am ne, pyridine,

amingphany))i-hé; dinhergtlinyilazobe, ph- ihydmepHdngt)haBol am ne, or
or the li Organi c aci ds nay

diphqngBidsSie Lﬂiiefg]é??zr—?ﬁén& 2 \mid#elo) benisae ! 1. 42yh@ﬁﬂlyl 4.5-
GiphengBREGLIOL . ALILOOLBY Bk | Gl CRERSTALLS, o1

aci ds, anhydri
2- phpmg} 4, ﬁcdzhE@ogymeﬂwhmniaeokaf In bsoimbaladehea sdtabEEkiNole
yl i m dazol e, 2, 4-

' denv%tm rﬂ/ylp EEB?IEYJC Bﬁ‘éy ﬁpﬁ;ﬁﬂg gglp@orggmc ﬁ@zg@ at@j;b@rgﬁxgalc bases

are discrssdlELANS HotdB9b®, 2- undecenyl i mi dazol e, 1- vinyl
- 2- undecyl i m dazol e, 2- heptadecylim dazole, 2-
-2- methylimdazole, 1-

- pE nyl i m dazole, |- benzyl

Exempja 9q1t1qng; ca@lyﬁymm tehskenelor mguarmﬁrh)&hhs dodonium salis,
h I oet h t hyl

sulf()nﬁ'iﬁﬁ é’a{lt& LH3AON e 1 1_E gé’f w%{al cata alysts ¥nay include titanium,

nldazole

zucomum,df(ﬁmulm nesth ~ziod, e, matﬁgahé’sjc ni’e‘kelg %ﬁ;bé}”w&ﬁt e Bre.
i m dazol e, 2 -n- heptadec
Smtabﬁ@ﬁél Fatalysts say berm &g formi of axbel, ate becmpybr tiie didz 0 ERamples
I
of suchBhdil ca )’c/zﬁ%'s? cggfygpﬁ&yxéay]n?c 5 rinFﬁaﬁgczegF%of titam(u&b &'ér&%num

: tri phen
or hafiisng yd:aﬁ na@hﬂﬁﬁmhyldamscamé ezm@naﬁh%ienﬁﬁé%hﬂ’(@l’éate Hibdts1 tin

butyl phenyl ) -4, 5- di_phenyl i ni dazol e
maleat ry%%ﬁ%?é?ﬁ?hsheﬂaf%cqhaaﬁéﬁmhmﬁt@dm salt, of resin acid, of Betal
hi dt%é S henyl .) -4,5-
chlonid ( Eﬁ)é‘}Zr.l(?gz,’$r’&@lgo¥g? 3j§(?rthehkteliyl 10 ani nophenyl )

5 di phenyl i m dazole, 2- (2- hydroxyphenyl) -4,5-

Other @umbémyqumgdagmme may ibdpBe @irphety| acids uthdaZ Aighatic
4, 5- di phenylim dazole, |-

dlcarbog(gpc gﬁugs , £y blﬁéﬁl?ﬂﬂﬁi% %%%ygc aeids pand aromatic d1ca;rboxyhc acids.

The mdrmmmxw&wrdflm@méaﬂﬁkﬂ Rid n?a
dlhydroxynethylln1dazoq% ' 3”%“%%%% §h3t3001nalange

of fromsahopp BPRia hout 269, efrordelbputaiﬂ()m abayt wm)l, belgreater than about
ani ¢ _aci ds and

1000. s B AgbE 8% frnpeRulidents, induienerernbs sads, and

gani c asés

eqmvaI&)tEEﬁﬁlcﬁlbyixﬂai h&185, Cha RIAWE bS niRY ﬁhr;b%

0 m salts, |odon|uréﬁsalts n#ﬁﬁﬁ@%ﬁypgnm % of
groups f’*ﬁ’éc peréornpkikpriaabaxyhistatidsc it edaysdms withyglyoels ugd diols in
forming }Botff’égjce%n These equivalents may include esters and ester—formmg 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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zirconium hafnium I|ead, zinc, tin, manganese,
ni ckel , copper, cobalt or the like. Suitable netal
catal ysts may be in the formof a-chelate, a soap, or
the |ike. Exanples of such netal catalyst conpounds
may i nclude netall ocenes of titanium zirconium or
haf ni um | ead napht henate, |ead stearate, zinc
systagap Rt seirdtnecessamy thitekatl fumtitionalydartiixy] grombe at eftached to the
napht henate, cobalt naphthenate, |ead salt
smn%@%?@@?ﬁg%cid’ or netal chlorides (such as zZnCl 2
SnCi 4 or AIC13), or the like. O her suitable curing
Otheageintbée oming fehtsdeayCiRay wlibkatR s and YetoM$phatic acids. In

‘ aI%gEatic .dicarboxylic acids, cycloaliphatic .
- one gpbodimenty plirhate perds angavaeaiphttiicaddscoaahmeiide onaor dxre of

‘ I ' e_djcatbo ic_acid.may,.be .
T Ol 1 S SR G 2
adipialaoidt phfidtic fdidnsuebiait add)Ooxatic abidy tin&ORd, Aoyt dRkele-1,2- -

. than about. 100Q. . sed herein, the term )
dic‘"“g‘é’a’r“boxyl“i"@’ aci %S@ﬁf?sn‘ig?%es #adbox iFFrangbylgecciipd  acid,
cycloPethN R G yAE B DYl dro Y 'n-h% £ TRIE 4 41

ycq?unctiénal ggrboxyl grdﬁggﬁg%gaﬂﬁggﬁﬁégw |cﬁ?%%f?€Tﬁ%4

bicyclghienylc dicooyylic aacd, decalydreast haphtivildnd gkbybokgicanedd, 4.4
ol.s in, form ng pol yesters.. These equjval ents_ may
me*hﬂﬁ*&"rb&%ﬁ%y%%ﬁeé?%e oG 2oty &r“ﬁgﬂ%aﬂewwyhc acid, or 1,1-

cycloB@the @ichibBRylicSated) as acid halides and anhydrides. The
nol ecul ar wei ght preference nentioned above pertains
. to the acid rather than the equival ent ester or '
Suitallg taspmatisr dicapoxyiia peids maysinciaiée phator cate ofndrephthile acid;
i.dsy.r-ef er, t0 cakrboxylic. aci.ds, hayving two car hoxyl
phtbal¢ o%%% S, SGE° Bi¥onzSic” By bt s 2reoxyphenyDgmethane;
oxybig abdy@bicatatidy dthylehe Q-DOR H-OEbkRM £t 18- naphthalene
car boxyl group Is attached is Saturated and is I'n a

- dicarboyplic agidfe 24c inaphibalepe Idsarhqutnlic iaeid; 2Ak-naphtiaiene dicarboxylic
3. di | ' refer._t0 dicarb i.c acjds, havi

acid; PhERBRE bitaBOl e WL anliBpctt MM kE Biheher Sulfohy

dibenzdc boit; adrdmhilo and iGblaedkel, Aused HENEGNide Bbstikkion

. system It i$ not necessary that both functiona
dema@ﬁ{%ﬁs@wfg rHOUBeXh 8Cids tsHethadl bt Getehdydmamethorainbeneoic acid

may bk S inColRhcSM HARE Aot . may i ncl ude
> al i phlgti cﬁggi%{s%gﬁgﬁgf/ﬁ%%ﬁ%%gﬁ@cggﬁds. In one
. enbodi nent, aliphatic acids and cycl oal i phatic acids

Suitablgguringcdgeuts roae irstudegrody fohctisebanines, aothlas diamines. In one
embodéﬁh%%t? % {e(o 15%%%5 p'gli,yc ?nrc%) ey lc)}le(:: oarC{)cgﬂl (}f %:ZQ-yd(gﬂr;}?l)ér?en edioxy)
dicthylamine or hexamethyiene dianliﬁé; 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- phenyiene diamine, or N.N'- 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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adi pic acid, glutaric acid, succinic acid, oxalic
acid, diner acid, 4-cyclohexene-1,2- dicarboxylic
acid, 2-ethysuberic acid, tetranethyisuccinic acid,
cycl opent anedi car boxyl i c acid, decahydro-1,5
naphthalene di carboxylic acid, 4,4'- bicyclohexyl

ar box ci:d.. de [ e
d‘ma | E:aarego’g? % d dd 1a1£1 %’adqﬁr% {?r %u%g %?g [}M@(loﬂ’gx élhammo
dlpheﬁj?ll‘ Eﬁl‘kﬂx?’ c4ac ldﬁa)rmnS dibrnlyl aguctiag dlrhadsy -@,4acdiginor

- cycl obut ane di car boxylic acid, Sui t abl e aronatlc

dlpheaylccardaﬁs&%y 4 Aacdiengingediphent; defe- %W@l@rdll?h?ﬂél @hper; 3,4
diami 8 Igflﬁael‘ﬂe? 439 &: gl%*%ﬂ?égg?%ﬁﬁ)hg 3 ﬁic;ﬁ?rh a{%g?ic' d;

nzo ¢ aci’d oxyphéen
sulfon:ex ‘,’lb{l —dlahﬁﬂd bd:r&o@hﬁhﬂne €t 3ydignimo-bknZyphbhanepl, Bxbﬂb €hzohito

; - napht hal ene _ di carboxyli ¢ aci d;
phen%abh%q%ame fed-dicdr s@%}ﬂ phengy)penzeng: LAnkE fh 3€H%° phenoxy)

b r c
sonaell SR i DIRABLY S o BN AP
- sulforett B,éhzbcm (et— ok aﬁﬁnapheﬂmlv})plmng‘l)(ﬁlemﬁ h]l-klyk (4 &44@1)(1}719

and ar ring substitut t.
 Phenogy ip )ab@?c uagy A &'?? E’é%‘g &3?1'8%3 g&lge?)enyﬂ
propak8 2RI @CIAL 4iRY pRENJIPEhdrBI g%&am% bRIpaid; - Bk (4- (4-

aromati c dlcarboxyllc acid. "Suitable curing agents
aminorrlly trnﬂm:lrmdethpkxbl;pﬁmxm)tpmmn hewrflwew prepais; A3- bIIISﬁn(ﬁes

- th i i ncl
aming ;3 Flfjor et oY e th BRYHCoR BPRgear RS G- Stino
phenyDeRERIGY b %1:%119»' BP0 B8 (3- 'aﬁnﬁ@ QYD ARRYro Pdfgﬁnéj Daiyie
|nclu € one or nore of |s- (2- butyl) -p-

may
(3- ammae Hy lhedeoxptplaanyl) hesaflap perase ?42 17(15(3 amtite44- - 2-

metny BRI} b uRE PR et 06 iyt iaghrg Rshouon

2.2"- bR @Ah@ Sadth @ViRagin®diphbhyl; D5 Sdiathind EenzaEbyidy; By | )

-0- phenyl ene di am ne, O'her suitable polyflnttloqal
diamingmbaengs tifyorides B dadiviidlugro methey] oh4'1digming kinheryl; 3,3~ bis

| Nt hi
el BB [ oL A NEIHO e TR 12
d1pherty®| Bie(Rioridatzd alityd)i4po-diohine Iﬂl@heﬂylé‘- dldlhlaﬂjl 4491 »Wérﬁfme
4 12 diam ng durene

dlphexaf?l isHboynas-4,4 dipmipo %lph%xylhfﬂlg E/fhmmateé @3«’.%54 s %ﬁ@ﬁ’gﬂ
v Yl ARSI s, AT s
tetraflwbirp bemyene; 444-bis (@i anminweﬂaﬁlhﬁn phembr}eoctaﬁmodrb 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)
dimethylsilaﬁe, or 1,3- bis (4- amino phenoxy) tetramethyl disiloxane. In one
embodiment, the polyfunctional curing agent may include a polyfunctional azo
compound. In one embodiment, the curing agent masr consist essentially of 2,2'-
(ethylene dioxy) diethylamine. In one embodiment, the curing agent may consist

essentially of hexamethylene diamine.
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di ani no di phenyl ether; 4,4'-dianino diphenyl :
- sulfone; 3,3 -diam no di phenyl sulfone; 4,4'-diam no
benzophenone; 3, 3'-diam no benzophenone; 1,3- his (3-
am no phenoxy) benzene€; 1,3- bis'(4- am no phenoxy)
benzene 1,4- his (4- am no phenoxy) benzene; 4,4'-

his (4- am no phenoxy) biphenyl; his (4- (4- amnQ
yivdetpbabic) sheetmnab he rerpleped refgtiye 4mofesbydipptibe by a

treathErﬁn oxy% gqu(% :%é: or i e?n'rbgla é-ﬁeng éEth%Z}n%e%Hbr? ZThe( §heet

may aﬂpmm,%ﬁ@xw)xc}pﬁ@fﬂ }bé }efer}ﬁeﬁcbmei bade drenlbrane( 4As @Bed herein,
am ngo phenoxy). phenyl) hexafl uoro propane; 2,2- his

a basp guerpbyaneyiph BIEro aprpeoaiest BREORPE: ww&q@mmﬁ genyalyierm of

memPE58 plaf R B R0t dat Mrfiodls op St oPtne invention,

unles® lﬂrguhg@or(odaﬂteamnﬂmatep btepdise.hexaf | uor o propane; 2, 2-
hi s (3 am no phenyl) hexafl uoro propane; 2, 2- his
o £3- 0 -4- h drg; ben | ) hexafl uoro
The e SEO5HF doat 4 RELHDT BRERADTE REXR| TPl po giratating

tretcﬁlr%, exghﬁlﬁ%‘ blﬂfﬂllﬁ@ Bf‘ %ﬁﬁMngoﬁ{eauiééofrﬁn}%aﬁﬁe%/ﬂ example

% rifluoro methyl) diam no di phenyl; 3,
Suitablicamiihodd eh netking Ithfomcmé:ral@ &so dnayminalidp dnaroing, sklvmg or

t fI | t.h
castingt b i iy Frier i b p Lot B i pemirage may
be foﬂmmm%veheaﬁbm-\»}mnﬁbémfl uoro nethyl) -4,4"-

di ami no diphenyl; his (fluorinated alkyl)

_ -4, 4" -di am no dlphenyls dichloro -4,4"- diamno
In ong ﬁpﬁedment,diosﬁwsmm mayibeRodycad phaable: porgsity may be in

a ran%uf%géat%%ﬁgﬁb%f gé é%ﬁcﬁ% ?ﬁ pﬁgélﬁﬁbcﬂ%cﬂld 'ﬂ‘[%ﬂ:)%%@ ti marﬁ beina

rangebé'tﬂ‘o&f hbtmt @0 phﬁﬁﬂb@)aboﬁtelor;&frd:dmrfﬂnb ebae e peﬁ:ﬁﬂt to-abbﬁt 30
- am_no tetrafl uoro phenoxy) octaf] uoro biphe
perceqt, ﬁom %hoﬁhé% pmﬁntatmaheﬂ 48 percengyifeam abpub 4R PEIFEI; tﬂé‘bo‘é‘r 50

perccﬁlt ﬁ'o 0 %@g?&%t% Kbt 6@%@5?1 J'hﬁiﬁ Sbout &b %Efceﬁt"’tbtaﬁgll.l?m

uncti on am nes may e one or
percera;rfmnsauoukm peroent ta nbmﬂﬁOl mrce:m,sﬁ:mﬂn alasit 80 Perchintsto @Bout 90
am no pro aneth S|onane

pefcclg}r gr gratep bBHt é? })ercg_nti rg -angd I"H y}e spec1ﬁcat10?i1 and
claunéj' l%héco )ffi‘i'ﬁ?anoﬂé $ndy be %ﬂﬁlﬁpﬁ aapsy Xnte&hﬁfgteﬁy bth! ABes are

(4- dm no phenoxy) tetraneth
ldentlﬂf:ci aﬂltbmhele alirtho web-rangbe dontemed thehein poleysf a;mrtetxt onidnguage

ur i ent may include a polyfunctional azo
indicafes %ﬁﬂg I n one enmbodi nent, the curing agent may

conS|st essentially of 2,2'- (ethylene dioxy)
Pore dhRERY i HReunifoim0O BE ne NepedettM@ind! phthgn. 2 SRAbIEWOTE

consi st essentially hexanet hyl ene di am ne.
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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13 An ot herw se hydrophobi c sheet may be rendered
relatively nore hydrophilic by a treatnment with a
conposition according to an enbodi nent of the
i nvention. The sheet nay be porous, and as such may
be referred to as a base nenbrane. As used herein, a
base menbrane may refer to an uncoated ngnbrane, .
aboulfi ]| BicrefRetREr dngEReraodiBeth B 2VREAD PaTfediAmgier S1aybY B 2
rang@of BOH 806 d.f‘ﬂ:lficréiﬁﬂﬁéfé R8Pofh. 6 ReGLERL of the
I nvention, unless language or context 1 ndicates
otherw se. The base nenbrane may be rendered
In onpenriwdirhent e base membne nofy hper thoreadimegsiona tmatix lor hgye a
. expandj ng, bubpbling,. or. extracting the base nmemjrane,
latticf Y gifgive, Moo RGO D HERFIRE L Y e of
fibrildl SQurffYs bPGhd!d8ddsORNM TBrilSIday | inera pRASIY NG fd"r)fs ®h the
the suitable materials. In alternate enbodi ments, the
membmanbr dhe simyof HEbfibthatbas beem atdeash pantiaby ningssece may be in a
ranod &A38LS L0 jone embodi ment, continuous, pores may be .
I Lu‘.gvp\f_L gl é-18u U §Lﬂ 4 B5F \éuibtﬁlroolg Iat)“yuxﬁh.y e u1uﬁ|.cx aaulrl.aﬂ!jcétglblr—mcn ina
direc@6:£ adiMal th @k BRSHIdiAD REME BNhe RO MTcBBAHE ¥ Fhoe 4B of
porosity may be in a range of from about 10 percent

the peroua pRbraE pay bene 2 mpghrhiour abpot Pegewnmeies poogram of

AN 0 r 1 t 40 .
membidne BN e o e s e B i nfnBhe Baeriah,
from about 50 percent to about 60 percent, from about

Surfabé} ¢farodenind fibisandy définepRIm@bis intdreofinatitngt pof€s that extend
percent to ahout 80 percent, from about_ 80 percent to
througly thet mombrage hebeen enpogite sapr Sdfafraselio atorpouegrth In
N O . D : | -
one elfBbEAAE b eck0F pRAEN SGRIN B PrombtleThay be in
the micdoaretdramged, Auslitabkngesage effectihenpofei side dorl pors| idehe
all the ;ub_—ranges copt ai ne thgdgi:n unl ess contagét
membgang May,RGeln. Anfngat 85 TReARAS L Ubdpiramelst & apayt 0.1
microRfetdt8i HF8HMabBht gﬁy AR rdfe@rsPiLABLES B [Pxﬁlgrdﬂ?,t QR0 about 5
Suitable pore dianmeters nay be l'ess than about 50 .

microrrictarpetbent] 0 nicrometeesylpo graaten thanabosvkdr migeometerse
di aneter may be in a range of from about 50

In ond LEhGHEEEF Ing SR HREARe MY T dRs S AP BUR Pt fine
. powddF fai@d18 81dSlubAcaR0 Uthe 268triiAE QIBeglditly HAMb@EAHde2d. The

mcroneters to about 10 microneters, from about 10
calenderes extedatesmey babsupandedy or stretched i Ao pe mead deeiams, 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 ndéy be heated or
“sintered” to reduce a\nd minimize residual stress in the membrane material by
changing portions of the material 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

fluidly communicate with environments adjacent to the opposite facing major sides of
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t he average pore dianeter may be | ess than about 1
mcronmeter, in a range of from about 1 mcroneter to
about 0.5 microneters, fromabout 0.5 micronmeters to
about 0.25 mcroneters, from about 0.25 mcroneters
to about 0.1 mcroneters, or |less than 14 about 0.1

mcroneters. In qne odi ment, . the average pore ..
the bRt [haPransnpily of B;Iéafﬁ@féﬂglf 0#\516@%166{18 & permit a liquid

] JeRROIE LRI Su

mate K BRbR bR sARaNS 1 EleBiO T WEL i dnd [2R8thiough pores

" may bhegeededransfunntddn offdnei ot noore penpertgs. The piopertiey pey include
structure ipgludin lurality of nodes jnt.erconnected
the SEfage SieGP hy TBPMOPREy ESOriaeR FRS08 Bint HEUHoHBer ahdbe
relatiVé Rbhth& AR wledbdiethe pRwtiAdrttie RfenPRiRSnHAhd §uid material,
' menbrane. “The size of a fibril that has been at | east
the siparariedferyvesilow eredohpyreh endrthe compatgaliyfofftho magdstaliof the
'§.05F§§§§ d %_c1g;d__ _. Tuerviiaewan to about
memasang FUAR BRIt T Leter taken in a direction
normal to the |ongitudinal extent of the fibril. The

MembBR@es fidceoitiof a6eembedinhts tdfe tHOHPuHL R MBaANRavER i fering

. in arange of fromabout 9 square neters per gram of
dimensionss spwE nglestedapith ebmense tpl@ﬁﬁafaqresn%ﬁgr@tﬁ% diafne
emboﬁfm&g,n@xre @H&n%ee Ha lh‘av §%{cﬂﬁ§s§ i fthé’]ﬁge%ﬁof’il%ﬁ ﬂtftﬁ&)ﬁyvsl a
, nmay def i ne nuner ou |n?erconnect|ng pores that ex ena

rangetdftledsghar dtRutreirbiaometees. WReamothp embbéinteaf, Qliec Met®rane may
surfaces .in a tortuous _path. I.n one enbodi nent, fhe

have g\farckgess dn ithe droeigpopiefiid, Rowin forapge iof 2reer fapbabow 10

microﬁ?%fe&efdr Nxalbf, T %r;%ggé oF gl%outA‘H;; %mgjg@erév@ LAGS 100
eftective pofe’size r pores in the nenbrane may be
microimetars, froge abdutf IEMpabouietds O abont dmatilinsetéro fadm utbout 1

.. 0.1 icroneters, fromabout 0.1 mcraonmeters to about
millinagtgs o AR, S T Bele 6F EBah Bt BBl Ut 10
m croneters, or greater than about 10 mcroneters. In

PerpefdRuBF RO dhd 8REetidnN6f PRRE ATRIRRAREIBHnD Sraf Bt e BY width of
extruding a m xture of fine powder particCles and

greatefr than gt .10TiBlimeterudan ene ghdedinesit, §ie magmlirane may have a

... cal ender Th cal ender ed ext.ru e. be ; ,
width 18 p SRR G Frorp aBowCRLRI R Rttt B RulfiesdS romaboyt, s
milliche@é {0 RbbhtS 500aIBEGARE, TRMESabodt OB inilirBeters to about 10

_three-dinensional matrix or lattice type of
centimqtergc figpme abouty i prnsiareters da sabspt 0@ iserfitpegisn érophabout 100

ceninfy 53 b S0 S RE TSl S0c PSRBT o
greateR €@iheMoot 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

1 3 et 1ot Arues BT T
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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"sintered" to reduce and m nimze residual stress in
the nmenbrane material by changing portions of the
material froma crystalline state to an anorphous
state. In one enbodi nent, the nmenbrane may be
unsintered or partially sintered as is appropriate

the contenpl ated end use of the nbr ane. In one -
sbou, TSR OF RPEh LNl Le Iy et | o GRaR Javer Ty be
unifdrftie HGOIRRES be thap BhESa tidinesd th Hli¥rs GRAAEL &AL W t h
-~ environnments adjacent to the opposite facing ngjor

sides of 15 the nenbrane. The propensity of the
A membrans arep@ﬁdtaqeofdgmaﬁ@q@p@s of theainvempgngnay have one or

| |
oo o B! Sy T s T B o
wetahiiRCbf @nirpfhipped eieniBuge, B MRSl @&hn% BBth Oflefrino €S polar

may i nclude the surface ener gy of nbrane, the
liquids gF peluBon. dipsy 6 ngR-agHeous; ligwid oprgelakipm| ﬂow ﬁ@dfor @Pwmmce

undmc QQJ} ?Elt ’Qlag;{}e‘ bﬁ& ‘(}ea%gjxfrt}%ngm Ceﬁrué %.Iﬁu& ulg eCf’I i e qOW

“and the TTqui e sl ze or
- and/oarlmlnaﬁermerasrooﬁndemﬁﬁ?aﬁmﬂm@hﬁlhbhs,tﬂO\Ofardet& ﬁmrfaher&ie at
of the nenbrang.and the liquid material. Menbranes
clevaiedc SRCFRUE o RIS B/ OF HRETPRDENRE | Ynclrigied ayessures,
transebdef | Snerdly TB D AR R WASUBRLGE WPk RO S MiBustic

energiyher Bmmrtafme cnmj/yth:amtealal hi Pkmessndenrcfdre tal |thieeatblhqn obfthe
owin a ran%e of | ess .than abogt 10

fluid.
coating %Ff&ﬁé‘l[ torigainian SISHIRR AN @ AOBHPHRR fIaNpFe IFA¥BIR
than 1h@asforqn&elmrkﬁéscyb§ I %@L 5@61%6;1@ %@Mom lugme? a

range of greater "t
exanple, in a range of from about 10 m crometers to

A pregisoptofl@0leasti encogmbedinent rroay aldude 4 06sistueotve teamperatowe
t 1 | | t f b Lom ] t t

o L oy LSRR ) TS,

for exEQpRE B Aind @pé’rﬁﬁ‘oﬁ' r@;ﬁidn@ﬂ‘y Qhe fehdperhnirk @¥eursibe may be

nenbrane nay have a wi d of greater than about
~atan ﬁﬁvatfi:dmneé&use rellatn@raénfeﬁlﬁo dn Pap embpdienenb ﬁtﬂimeﬁmﬂtrﬁa\y@let

V) o P FROEFUELg AR AR e B B b
Of n@BOst ahOalldrhdtiveetefibddirhdr@Nina haith @oﬁlﬁdkmgetoe‘r thel @oating
about 10 centineters, fromabout 10 centinmeters to

compegiian map be catiterhor dealitateddn emestre 1oen eediationestonrcs, sach
asa LﬁPQé{{rcé %eg@@tv MRERLY m£§ eomphe %th5t99 HEND TR B st ons,

if present.

ore

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, fiuid or liquid. A suitable vapor tranémission 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/m?*day to about 1560 o/m’/day, from about .ISOG g/m?*/day to about 2000
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greater than about 1 nmeter. The width may be a

di aneter of a circular area, or may be +the distance

to the nearest peripheral edge of a pol ygonal area.

In one enbodi ment, the nenbrane may be rectangul ar,

having a width in the nmeter range and an

%ndetern1nate I ength. That, is, the nmenbrane may
o/m¥daymetl Sraates thany diont dPAheiordaye dgtane cahodimemicte krg)embrane

el e r
may it M SRR AR oy MBS sChAEheCRARBIRET, tiquid or
ﬂukﬁnbodlnent the coating forns a Iayer havi ng an
. average thickness in a range of fromabout 1
nangneter to about 500 nanoqeters om-about 500

ﬁaﬁweemgy be usefigofHisy vatern; EPB%@SP‘EMGW SR WrisF mayaflow
ﬁmli’otﬁo Hb&&@%ti%w r;[ eheORL %lﬁsxct%r aHRY 5%1@{11 LR a

ness ave a ness that ers
presfur® dnf&remﬂal of Zﬁ mahféh e pbroanetepipeppaure diterc Hbwei/dry dyoles. In
. iments of *the invention nay haye one Qr
one p‘:‘T‘ng‘t*é'r‘m He FBFopar t1uE gt U BB A nHOYi rﬁ% g s

grcat@f‘ ¢hadl bR & n‘ﬂf/nﬂn Hehap P}és&%e affreferdifay of D7 RRGMs H % at about
nbrane, a wet/dry cycling abilit filtering

100 qbe;gr@s Cdlslmfgbr Ao veasidoy exsdes. flhone o n@meaq mka)weter rrqlun fdow

toror G R s s bl i e (R OB AR T BB o at a

pressufgliffetedfist of 70Mich3Hi¢ 8f roe WBHeAERe afterl MDWet/dry cycles. In
- tenperature conditions, flow and/or permanence at

one embodiment. tthenyeaten wee fhoon dhropghndhe megiransdatoflow rate that is

manence evat e r.
aread PR A1 bafd Dy S RS Aot PERZ IO K, 100
degre6 I aft@NBY R6t/dBY cF@POLt ohe® %nﬁaﬁlﬁ{eht,ltﬁe Neii@riay . flow
Per manence refers to the ability of the coating

throughtthe meambrenaval Hewi et thet ts grealen thane abayt A% mé/minherar at a

- [ e,r ~H0 ¢ t
presstdl i REAIRAIT A7 hplR e o {08 bl ofiBY ) WA fles. In
one dinftydiaert] Yheotvagdr menSlovo teroegth de menﬂ)myatl fiew ude fﬂlat is
reS|stance to te erature excu on a ran (0]
greater than abRti20mob/ Da’é‘gql‘% a3 pEyssTE LG %ﬁb@@ﬁ 3 3nchss gfge%fsabﬂut

100 }e‘i‘é @é* }usfa%f]g hsile cyiciks@4h Bht B%bHEnRRE p[l?et WRES ermay flow

I ona @ture excursion may be
through ehem:mhmmﬁs auflew edteltthatelsagtbaternthanl abouné mL/mm-crn at a

enbodi nent, .res ance to ultraviolet - radi at]
e s pdi e atPo Grarhes afe A el e
ne enodiRintP HRPGA V;c/'(ﬁ y fidw RALEH PhelPeflbtBENAL IR rate that is

enbodi ment in cr 0SS- 11 nkl ng of the coating
greater than about 5 mL./mm—cm at a pressure differential of 27 inches Hg at 100

degrees Celstus 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.l 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 em‘oodiment, the water may flow
through the membrane at flow rate that is greater than about 20 mlL/min-cm at a

pressure differential of 27 inches Hg at room temperature after 50 wet/dry cycles.
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conposition may be initiated or facilitated by
exposure to an irradiation source, such as a UV
source, where WY initiators may conpete with W
absorbing conpositions, if present. Flowrate of
fluid through the nmenbrane may be dependent on one or
nore factors. The factors may. include one or

of
In ong gEmbgaiasEahe W@@%W@bﬁb@aqbsora%pém BSWET fnhEOdﬂY fluid
absorDEBTP mgrbehpﬁaf’[i llnﬁglr}]lgf ztaxﬁgb?ﬁlcﬂgg (’gf A6d Infiux and outflow

VI Scosi ty, sol ut e, envi ronnment a
whenpnempmimng$q(uélbgmn ’w&h'pfﬂaidﬁtr envipimessitlr dfovedvdr, teh)eorbent is

| i the |ike. one enhodi nent, the npe
 distingy e, gﬁlealﬁgesw fapofiovahlhel K AFINSH o RO ot Pahid
or fluldto ﬁé)\!v”fﬂm% flrb i e ﬁf&}gottﬁp RSB arkd ARSCeBS O face.

wher e present e ina range of less than
Thus, ahcnm emlﬁ(alngcranﬁlepacmbmuammyn’m epergide tal ayve( g liqRiddaryfipid

from about 1000. g/ day to ,about
flow {HrGRRtE Bt SR g ) sy el PAORETmsd iy The
motivefoftleGahf 'betcﬁﬁfbn@m}%cﬁ%o o8/iR/ g8¥irivkR b9n(§1€: or more of a
enbodi nrent, the nenbrane  may be sel ectively

concentrpiomr@adient, pressap gradienkitreparetuzs gadigntoer e dikt.e t o
liquid or fluid. The menbrane may be used to filter

ne e t
The nfSi5has by % TR SR b R TR b iy S0
as, or 51fféﬂ&ltfﬁ—cﬁﬂ1 cath 8theR BSGi¢ 8 éﬂtfdrﬁrcﬁlﬁﬁdrahuwfay@ﬂmhil Hehfle an
roon1tenperature after 10 wet/dry_cycles. In
embownbmg inwsAtion.twhilegaother fylayerauay prosidgis nreeerty such as,

for ex%ﬁﬁ, ggg%?%etrﬁénw\érefeegég? gﬂgﬁ% ‘;f}eéxgtg;ﬁgﬁt, glg,\fpta% @lo %roﬁgand

the likat about 100 degrees Cel sius after 10 met/dry
cycl es. In one enbodi ment, the water may flow

rough the menbyape at flowratethat ter
mer{l ¢ 3¢56tg & %ﬁ?ﬁiwee%oghedmweegwebwsp ar.ao ?X&mple
a prot&fl %Zhdn@& %H&l@%ﬁh&?fﬁ E%Be(fcﬂt wtﬁerasfuh%le %Ppl‘f@i‘hé)g{ ¥nay
cyc .-In one e he wat er ow :
include Hiqudy Ml dtnmpobrianbaset q“f)leum:al &Bmﬂimjs ::]sctrcgjys’at Ertteries

than.about 10 nlL/mn-cmat a pressure differentia
pervapoyIZptiQr, £as |SEPAFtiony (ial iy, sehece Gﬂema? fleptrq evaé%%wh

as chl&%&hﬁ%rod&ﬂ&?&@%%dﬁ@ﬂoal EHScHBSR! sRY adill @Walysts, or use
through the nmenbrane at flowrate tﬁat is greater

asaﬂmﬁﬁnlmbmuﬂneunmmMﬂnﬁtmlat a pressure differential of °
27 inches Hg at roomtenperature after 10 wet/dry

In onecééncll)oedslfnerlxtna hydrophilic porous expanded polytetrafluoroethylene (ePTFE)
membrane may be prepared by treating a virgin ¢PTFE membrane with a hydrophilic
' precursor acrylate terpolymer. After the treatment, the terpolymer may be cross-
linked using a diamine. Such cross-linking may mechanicaliy 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 generatiﬁg carboxylic acid

groups and inter- and intra-molecular ion pairs. Consequently, the coated ePTFE
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one enbodi nent, the water may flow through the
menbrane at flow rate that is greater than about 20
m./nmin-cmat a pressure differential of 27 inches Hg
at about 100 degrees Celsius after 10 wet/dry
cycles. In one enbodiment, the water may flow

t hrough t he nenbrane at flow rate that is greater

memprR BEOhE rsrderedhiiquidnivaer etabiliys dhe venabilay eft i ceted
ePTl%E7 mlef}r%%? n]fgr @tre{aﬁﬁggpﬁeﬂg ?&{e@{lm C \cl:\g{)%§f tprégle}qﬁ%évl\}%r y

one e
through the nmenbrane at flowrate that is greater

EXAMBIE®bout 5 nL/mn-cmat a pressure dill rential of
27 inches Hg at 100 degrees Celsius after 20 wet/dry

e R R a5 B i

the 1hb’é‘lﬂoﬁ,b9ﬁﬂ d@)ondftfrﬂﬂo@e QimigdtioRls UPbRSBAaiftk! f ohRR 'sﬁémﬁed
of 27 inches Hyg at" roomtenperature after 20 wet/

othergwsst el . mgrﬁdle@rseare mbm;rmmnkly améabreafrem sh dononon chermcal

- suppligts 85 Aot ReFF TRE VWl ity VYKol Sty oMt Grogpny

(St. Ltis, Mif®grijan@thelil@. degrees Celsius after 20 wet/dry
: cycl es. in one enbodiment, the water may flow

t hrough t he nenbrane at flow rate that is greater
Example, h—alenaration ohtorpelymerPompesition: essure differenti al
of 27 inches Hg at roomtenperature after 50 wet/dry

S~+18 4l _
A SEELE o 193,0 S ST SO T RIRLARRA I Dyt
(4.04 A\lpsond &)t 718a1yu1hnm[lasd(enmn13) graccﬁruc anhydmbL(nt8§'5cg‘ T8 tmmiiol)
b o B *azar}a@\;@ﬁr&r&%r@&ra AEBN
_ | ISt | '
0.08 gﬁ?\}\; ?ﬁgltudes an abctlllgt%s/ 13 1 qui d fI ul 8&’?%6 ?Plhhter
(mL) fGremgless i Aisfrees titfeac #he Isolutigh it egasserb barfeeaaqbumptthaw Q3

ec urfac Thus one. odi rent, the .

cycleglIRAPAPTORED The dRGS TS e e b OB, tegregs Gelsius

for 24 heis tH)r QU8 Readtioh BRRIcHs RESILE &rddin Fﬁ?ﬁr@%h@brécfbléted
redeterm ned direction. The notive force nmay be

from i(E5GmL)upderntgorows staginge driven by one or nore
of a concentration gradient, pressure gr adi ent

' t t L
- The r%a%ﬂpr? gl%tdp{ltﬁ% ?rt%gblgrﬁn ﬁ%‘i fnag E‘Fléé 5 01 12%/) e mar%
=2 astshmb&dri‘ﬂ a ragdord loridhfation.eantd 4o Wag%&ﬁble&llﬁkeﬁrelghﬂ(Mﬁ@ in a
pec one or nore sub |ayer nay include an
range S33081

Ot ARt 3100t tRebPH 2. 9%h, Aviheraatisrief the reastipn seheape is
iflustrSRY bRORY | FiR RrpoT e ﬁ;%oﬁlﬂmnaasmoderately polar solvent such as as

acetone, but is relatively imsoluble 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.
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for exanple, reinforcenent, selective filtering,
flexibility, support, flow control, and the like. A
menbr ane accordi ng to enbodi nents of the invention
may be used as, for exanple, a proton exchange
menbrane (PEM in a fuel cell. Other suitable
applications may include liquid filtration,

pol arity-based chem cal separations, electrolysis,
batteries, pervaporization, gas separation, dialysis
separation, industrial electrochem stry such as

chl or al kal iy production and el ectrochem ca

appllggi?pn , super acid catalysts, or use as a
C%Fﬁ@ﬂhﬂn1|n enzynme iABMDI | i zation. In oney e iment, a

hyds ophi | i c| por ousTHExpanded pol yt etyr &l % glem@

nmenbr ane 6f&Y be prepare CCar
\L‘ E%ePTF menbrane W t'h-g r@/qdyg%nc pre'&;%?? ¢
acr yI te tefpolymer. After fHe“tteatnent, theg
te | ymer y be cross- linked using a diam ne. Such
gﬁgsﬁkblnkl g may nechanically interlock the coating
-ont% frori and nodes of the ePTFE porous networKk.
During cross-linking, the hydrophilicity of the
hydrophi lic precursor acrylate terpolyner may be
activated by a reaction between itaconic anhydride
units on the terpol yner backbone with the curing
ExamgfeDt- Prepaedtionof dergblamieh Comphisiti@ct i vati on may incl ude
generating carboxylic acid groups and inter- and
nt,ra- mpl ecul ar. i on _pairs. Consequentl|y, the coated

S%‘PﬁTFﬂE 01 93 Fehhp anfeb:7elS-BE, %%b%%%enta%a@qm@e@w acrylate
(40830 17 8 AR LAY Rlonk Nty 0 BT PRTIE mimor)
butyl ulb?rlam (ﬂbg,ahﬁ mrﬁEgAWL-E&bTﬁé-rﬁahﬂpmp[tgntﬁiear(méBN) oo ms g,

t t t t
0.08 et} e Er BT AR (g DL § Wb SHAIh At eqeaa%%‘&gmga
(mL) T Bass %&e&s uﬁi&ec'rhb %gmti%mg rcwg&s%ed 3l ﬁé&g gﬁﬂi%

are comerciall'y available fro
cyclenumdbs mitrogears  Ahpllagakeshsqlutiontis ;(dl'ykncimddldt ,60 degrees Celsms

ssa . Si -Aldri Conpa St. Louis,
for 24 SRS T e ihtion o ke el B hmetaiir 40 Gpecipitated
from h@%t@@é XIW mCLg Rt ouﬁstﬁ%gt 1oRnvat anal sis indxcates that a
: 6,7,7,8,8,9,9,10, 10, 10- hep adecaf | uor od
: relatl@bylar%ylyldatfethe isolated composmon 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 precsztated

product. The Itacomc anhydrlde remains in the methanol/acetone solution.
I ;n...._l 3 — Preparatio _
CEampIc TCparation o erpolymer COmPpOositon.

A solution of 3,3,4,4,5,5,6,6,7,7.8,8,9,9,10,10,10-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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(4.043 grans (g), 7.8 mllinoles (mml)), itaconic
anhydride (0.875 g; 7.8 mmol ), butyl acrylate (2 g; -
15.6 mmol ), 2,2'-azobis(2-nethylpropionitrile) (AIBN) -
(0.0138 g, 0.08 mmmol), and tetrahydrofuran (10 g,
138.7 mol ) are placed in a 250 mlliliter (mnL)
Chengl ass Airfree tube. The solution is degassed by

(mL¥ Faemglapy dyprfteh awbg. 3 leymlétg)n sndkgassail thyoGeere-primp-thaw (3

cycle%ﬁ ﬁg&esfglqtn? g(;elpugf})%ﬂde@?%sp % ﬁ;éln%ﬁnﬁ ised g%?g% ag%gd%gees Celsius
for 26 ®oLRAh}. OTEORMRHRTREE ! W Eotdto RESE dthpeitBft antil@ipitated

hept ane (150 nlL) under vigorous stirring, The
fromyheptane di SP melduerder sigoroey plaripee rHH4R miysxﬁamélcates that a

relaﬁqgl:y%r&g 3{1&18’ o?ftl%eaitscﬂat]ed CB gltlogqsdltzfcomc rfaélbg%ﬁ A vveiﬂgﬁﬁ%lon

orien an aver age

of telﬁ)M/y):nelr prédentl &ﬂ‘l@@r@flpﬁaﬁt@ m dibotited Sn Q(Elﬁoﬂechnd bepttcipitated from
A schematic of the reaction schene is

methary q&%ﬁ Al hia BAWdeThe terpol ymer is soluble in a
nmoderately pol ar solvent such as as acetone, but is

 Analj &l o AR Y RROL A Pp el RSBl 2 Y RifbolyRUE M The
fe P bEeH

as net hano . Unreac |tac anh
itacomio| arihlydridé merb@inh imcbe cme;hamﬂ/améoﬂfamﬂhmmf t"ﬁre yield amount
ol.ar | vent ol ar. sol vent

indicRE€ M| (iRt T B JuPRoTons, HostrBe ams Rt iR el
Furth@ﬁrs%?zﬁlt Sl‘i’an%@shydj "thedgropagl&g ha@':ll%%_"gl%'acﬁbﬁﬁlgd@ﬂn&her '

meth@BFﬂfb@ngﬁ& levg of Gumrected @cEia apiyeride is Pruspanatiable feed
0 sition. A solutio
rae 18 g0 L r G EERER oRiingf S Y o tioBrahes dan 1.6pg ot
proce§ey! acrylate (4.043 grans (g), 7.8 mllinoles
(nmmol )), itaconic anhydride (1.747 g; 15.6 mol),
but yl acrylate (I g, 7.8 nmol),
Examplext - ghrgpimepbohmemyprageopi onitrile) (Al BN) (0. 0136 g,
0.08 mmol ), and tetrahydrofuran (13.3 L, 184.4 mol)

Elght}{lf%ﬂ? lg %ﬁg&i E]Jo%te fluptae ajléﬁee(eggﬁgjg)sng@%gégg AbS treated with
the soluterfemubpmmifiaw ahd 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 flmétionality relaﬁve to the anhydride moiety. The coated membranes are
heated to cross-link the ferpolymer 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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cycl es) under nitrogen. The degassed solution is

pol ynmeri zed at 60 degrees Celsius for 24 hours (h).

The reaction product is cooled to roomtenperature

and precipitated from heptane (150 nlL) under .

vigorous stirring. H NVWR anal ysis indicates that a

relatively large yield of the isqglated conposition is
obseryedaclo¥i Howrmiearmege Fpen! anbrinicen 0of3 oely/por-ymerat 27 Hg

. The precipitate is dissolved in acetone and

pﬁmm@%g@@%]%ﬁ ated from nethanol to afford a white

powder. Analysis indicates that the terpolyner is a

The emjodimanypandind lafreih hee seogic @reaippiitiate dtrugmed gystems
The jtaconi ¢ anhydride remaing in the .. . . .

and ekl o PRI SUTSPPATE ta i anarts obfhejayeatiopegfed

in thel@4iRRA! erMér%}ﬁ%H'm@ SR heR Gfordinary skill in the art to
3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10, 10- hept adecaf | uor od

make @0yl luse emblodingenty Hnfe3algeramtive( gyments ghatilikicivins| asrespond to

the el%) ag‘?%%rgf%%?cl(rgregiqg gi'ir 16‘1%?&‘1%%:)37 '?h, ;scojf)%'o% TS u!\)ehtion thus

includés ZorpéSabad 2tiiBtRy] B-eRhORtd Hetidts (i BY) ndt0iiB6&osh the

. 0.08 nunol), and tetrahydrofitran (17.8 g, 246.8

literal apgagaref Pleadeiths, and f2Bbenirciudes togher rctuags) systems and

emml ass Al r.fr tube.. The, sl ution i s assed by, -
methayly G AT os A B S L e HE SR Wmile
only éte@as fReirsPha eABodindA®) MRS beeadillatud deddefsibed herein,
Celsius for 24 hours (h). The reaction product is

many ﬁﬁ@ﬁ%@ﬁp@s aslothangaspearaRastietoens qoedingyiskilbia the reigwant art.
150 ' LEping. H NMVR
e apl SRR el B AR R B e P h B S, o )11 0 o

the isolated conposition is itaconic anhydride with a
portion of terpolymer present. The precipitate is

di ssol ved in acetone and reprecipitated from

nmet hanol to afford a white powder. Analysis indicates
that the .-second precipitated product is largely the
terpolynmer. The itaconic anhydride remains in the
nmet hanol / acet one sol ution. The yield anount

i ndicates that varying the relative proportions of
starting ingredients inpacts yield. Further, small
‘changes in the proportions have a large inpact on -
yield. Another nmethod of reducing the |evel of
unreacted itaconic anhydride is to use a variable
feed rate to introduce the correspondi ng nononer
into the reaction, rather than a one pot process.
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Exanpl e 4 - Treatnent of nenbrane Eight virgin
expanded pol ytetrafl uoroet hyl ene (ePTFE) nenbranes
are treated with the solution fromExanple 1 and a
curing agent solution. The curing agent solution
i ncludes 2, 2'-(ethyl enedi oxy) diethylam ne and
hexanet hyl enedi am ne. The curing agent is added in
WHATRRUNA S Fjsci ent to have a 1:1 stoichionmetrically
bal anced ratio based on functionality relative to
t he anhydri de noiety. The coated nenbranes are
eated to cross-link the.terpolyner from Exanple 1,
1 AT RGeS efn @RSk e b R TR YR he 1 eat e
a tepENRA Gavikp 4QS steRARE ¥BfohAdla (Dhe treat ed menbranes
sanples readily wet out when contacted wth |iquid
water. The initial water flowrate is evaluated. Four
of the sanples are subjected to five wevdry cl es
using water at 22 dggreesrCel sius. The sanpl es al
conti nued to ¥l ow wat there through after the
cycling. An Hheﬁhﬁoud of He sdnpl es wrd subjected to
wet/ dry cyCclés iSRG Wt ér 7at (P “gegages” Cel si us.
The sanple;agggfinue ta flow water { ere’ t hr ough
after at ggdst™g3 hot "water test cycles at 1
liter per cycle. Various sub&quent flow rates are
22 observed. The flow rates range from|l ni/mn-cnR
to 23 nL/mn-cn2 at 27 Hg pressure differential. The
wherdbo Bil menipsischemcalky eaditady B? nompssexdagbmsula CF:(CF,)p(CHy)q
C 0si ti.ons, structures, ste a nmet hads havi ng.
— SRR 6% iuSisb it et bt S8 el L. 67 P an edd ina
ranigB b RbhPNtd &out €6 RI Mhd RE 2! @paFately N dPo Ml drta@Rort chain alkyl;
escription nmay enable those of ordinary skill in the
anrt to make and use enbodi nents having alternative

« 6kements that |ikew se,correspond to . the e ts
i R Pt BBt ORI AT, R RESERARAS iy BBl ERER e .00,
and 1€ i BN @Rt Rrédiaishad oS conposi tions, structures,

systens and net hods that do not differ fromthe
literal |anguage of the clains, and further includes

> PROSEPAUSLHE G BXBAETE A0 RS0 VL g o
Clabd abdne (Lloadarmn d¥ns.e only certain features and

enbodi nents have been illustrated and descri bed
herein, many nodifications and changes may occur to

3. PEmOhbRE O BEfinch lclaih, WiGdieRE SRR T -

4. The membrane as defined in claim 1, wherein R2 is fully substituted with fluorine.

5. The membrane as defined in claim 1, wherein R2 is an alkyl radical having from

C1 to about C10 carbon atoms.

6. The membrane as defined in claim 5, wherein R2 is an alkyl chain having more

than about C5 carbon atoms.
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The appended cl ai ns cover all such nodifications and
changes. 23 WHAT IS CLAIMED I'S: 1. A nenbrane
conprising a coating, the coating conprising: a
terpol ynmer having the structure of fornmula (1) (1) O
OR R3 1112 112 H2 CO-CCGCCGCO /~ R4 R0 OO
wherein RI conprises an al kyl radical; R2 conprises

7. Tief mémbaneud defed (ATRIH (1 CWhd@in RIMES Bidar chdin.i S an
integer in a range of froml to about 21, and "q" is

an integer in a range of from1 to about 10; R3 and

8. T}géﬁrg%%aﬁg Q@&&{n%h% Qi’éﬂ'ﬁ qg%ﬂ 2n FS hﬁ:l; tan& hS“" H:g?éslélw rhole

an | nteger rea er thdan 7,

pmmbﬂkﬁgﬁfl@ﬁﬁﬁﬁ&bﬁﬁﬁgﬂ about 2 to about 20,000, and
"0" is an integer greater than about 2. 2. The
menbrane as defined in claim1, wherein R is an

T@Irha&hbfaamﬁéﬁnlaa\r Bilirh 19%he d;gﬁth@c@m mg ) fola .

at ons rane as ned 1 n-cl ai

curin@lagest. butyl . 4. The nenbrane as defined in cIa|n11,
wherein R2 is fully substituted with fluorine. 5.
The menbrane as defined in claiml1l, wherein R2 is an

10. Thk @émﬂrﬁ% &Qieﬁﬂ@&' i @afk 9/ WhérdinliRe RRGHE 15@1’95@%&8@0 form a

atons. 6. The nmenbrane as defined in ¢laimb, wherein
hydrmnh%ccmmdanmybra@hm n having nore than about C5
carbon atons. 24 7. The nmenbrane as defined in claim

1, wherein R2 is a |linear chain.
11. The membrane as defined in claim 10, wherein the coated membrane is re-

wettable in the absence of alcohol after at least one wet/dry cycle.

12. The membrane as defined in claim 10, 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.

13. The membrane as defined in claim 1, wherein the membrane comprises one or

both of polyvinylidene fluoride or polytetrafiuoroethylene.

14. The membrane as defined in claim 1, wherein the base membrane comprises one
or more of polyethylene, polyolefin, polyamide, polyester, polysulfone, polyether,
polyacrylic, polymethacrylic, polystyrene, polyurethane, polypropylene,
polyphenélene sulfone, polyphenylene oxide, or cellulosic polymer.

15. 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 comprising itaconic anhydride or maleic anhydride; and
an alkyl acrylate or an alkyl methacrylate.



8. The nenbrane as defined in claim1, wherein "nf

"n", and "o0" represent nole proportions of 1:2:2
respectively. 9. The nmenbrane as defined in claim1,
wherein the coating further conprises a curing
agent. 10. The nenbrane as defined in claim9,
wherein the coating is cross-linked to forma

16. Thedhaphiahé &s ddiee dn ol 1 Sneherdih théfteonzrhgdrideds present in
defined in claim10, wherein the coated nenbrane is

an amguntja peageof greatan bt BPlcCESRbl after at | east
one wet/dry cycle. 12. The nenbrane as defined in
clai m 10, wherein the coated nenbrane has a fl ow

17. Ttetrecrabran@sedefinedin claing i &avereinhbnfladroetsubstiviedacrybate is

at .27 inches ressure differenti after 10 :
PTGS%W%WBWP%Q%%F%@P SFﬁafeéﬁ‘B'é’rag’Pﬂfr ' M9le PEYTBRL renbr ane
as defined in claim1, wherein the nmenbrane conprises

one or both of polyvinylidene fluoride or
18. Tielmp¢rebrsd dudefimed frytleime 15, 1eherdin éharBwdringrsebsisutdd aenykage

comp Sy AR9CEL B0 S IFIRAA SO L850

pol yester, polysul fone, polyether, polyacrylic,
pol ystyrene, pol yurethane,

ol ymet hacrylic, ¢ | o .
19. Tgmuwnb;pw adefineg in clpine hé) whpseig the garenicyshydriderdy prsent in
aoxi de [ ] ylosi.c polynmer. 15. A nenbrane
mlm@%ﬁ%ﬁ#%@ﬁgagn%%ggﬂkéﬁ'mherein the coating conprises a
reaction product of. a fluorine substituted acryl ate
or a fluorine substituted nethacryl ate;

an . .
20. Thesnembranees dafmpd i daing rpvharindhd Huerais substitped prylate is
- ' [-de; al kyl acrylate or an

P“*@#ﬁgﬁi§%§ﬁ§§?¥ﬁ§¥23“%39§€? he menbrane as defined in

claim 15, wherein the itaconic anhydride is present

n an anmount Jn.a ran of  gr.eat er,. than, about 20 .
21. s ime TR defipgd iy R suop BRI 40 eyl EAAIE 15 RIpS§Pfin an
amoum in ¥EHe8 of ofdfer IlMObbRes SHBRIJdthed acrylate is

present i n an anount in a range of greater than about
20 nol e percent. 18. The nenbrane as defined in claim

22. "I:h% 'metnbrate a8 (le?i%eg. Iiri'I U Sl,svlﬁll?esfgihttﬁg glgylaa%lr'ﬂa!ltggsepresem in an

amount of about 50 mole percent.

23. The membrane as defined in claim 15, wherein the alkyl acrylate comprises butyl

acrylate.

24. The membrane as defined in claim 15, further comprising residual amounts of an

azo-based free radical polymerization initiator.

25. The membrane as defined in claim 15, wherein the coating further comprises a

polyfunctional cross-linking agent.

26. The membrane as defined in claim 25, wherein the cross-linking agent comprises

a polyfunctional amine.
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conpri ses , :

3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10, 10- hept adecaf | uoro

ecyl acrylate. 19. The nenbrane as defined in claim

17, wherein the itaconic anhydride is present in an

anmount of about 25 nole percent. 20. The nenbrane as

defined in claim17, wherein the fluorine substituted
27. ‘BRiéraband 5 dgfin@a emtlaind 26 wigdeid ke pdlyRiacidnal smirel e

~percent. 21. The menmbrane as defined in claiml1l5,

comppsep pe ok prsh of Rafi-(clleylgnedioxy) dieydasinge of n an  anount

' Egﬁ-g greater than about 35 nple percent. 22.
h@xﬂﬂﬁﬁﬁ%ﬁ% anéias defined in claim2l, wherein the

al kyl acrylate is present in an anount of about 50

| e percent 3. .The, nepbrane as defined in claim
28. ﬁ'g,m%}érﬁ%‘? # ‘ieﬁélegpkglﬁln&t[??wlﬁr@ﬂbo.npr i ses butyl
the f@%ﬁiﬁ AltRtitutét ac?ﬂﬁte%ﬁagtg@%eﬁtﬁagg'?ﬂ ned in claiml5,

urther conprising residual andunts of an azo-based
3,344, 86,6607 88,9 §dI0yIfelI-keptiadepafluvrodeayloacryl@®; The

R R e e e
the aBYEMrylatbeoniBR AR Bf BityiREy1aed i n cl ai m 25,

wherein the cross-1inking agent conprises a
pol yfuncti onal am ne. 26 27. The nenbrane as defi ned

En claim?26, erei n.th | yf. ianctignal am ne .
29. o Risrrdne ydeltopd HlpmfsSbsrci 5 craligls fytinked with the
polyflihefidhal aidbPBnltihg af@ dRiryd eaedi ashb@ne.28. The
menbrane as defined in claim?27, wherein: the
fluorine substituted acrylate consists essentially of
, . 718 8,9, 0:
N R R T s
rate afm}mthﬂl i yreafer itHaacabouicl ﬁ:lﬁlli‘tlylﬂr—d:r? a’ito Z’ahfd:hesi he lpﬂalski;tb
... acr. te. consists essentia 0 ut acrylate. 29.
differepidl adion 1 G MEU L G qsr%ep%tea?%&muﬁs, Ywherein the
coating is cross-linked wth the polyfunctiona
cross-linking agent to forma coated nenbrane.
31. A method, comprising:

reacting a fluorine substituted acrylate or a fluorine substituted methacrylate; an
unsaturated anhydride comprising itaconic anhydride or maleic 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.

32. The method as defined in claim 31, further comprising wherein the cross-linking
agent comprises one or both of 2,2'-(ethylenedioxy)diethylamine or

hexamethylenediamine.

33. The method as defined in claim 31, wherein reacting comprises curing the

terpolymer to form a cross-linked hydrophilic coating.

N
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30. The nenbrane as defined in claim29, wherein the

coated nmenbrane has a flow rate of water that is

greater than about 1 nL/mn-cmat 27 inches Hg

pressure differential after 10 wet/dry cycles at

roomtenperature. 31. A nmethod, conprising: reacting

a fluorine substituted acryl ate or a quorine

34. THDeitiollo8 AR AR L0 whBRdin gééﬂ%%ge

mprising itaconic anhydri e or Ie|c ri an

net‘mrkwf hydreplyilia fiencionality sidtyds qastoxalic wlmgmupmu an
| mtefr@gta%nl%ﬁneg o BmhoP Bl S S 7 b it Brophey.

cross-linking agent to forma coating on a menbrane.
The met hod as defined -i-n claim31, further

35. eihed agdelinedan slath S 1c whersin the kiempratege miater pemndabks
one or both of 2,2'-(ethyl enedi oxy)di et hyl am ne or
hexamet hyl enedi am ne. 33. The nmethod as defined in
claim 31, wherein reacting conprises curing the
terpolymer to forma cross-1inked hydrophilic
coating. 27 34. The nethod as defined in claim 33,
wherein curing conprises generating a network of
hydrophilic functionality such as carboxylic acid
groups and inter/intranol ecul ar anmoni um car boxyl ate
ion pairs to inpart hydrophilicity. 35. The nethod as
defined in claim31l, wherein the nmenbrane is water
perneabl e. 28
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