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2. Description of the Prior Art

Articles made of a fluorine-containing polymer including a polyperfluorocarbon substrate
are usefut in & wide variety of environments due to the chemical inertness of the substrate. By the
term “polyperfluorocarbon” as used herein is meant a polymer comprising one or more
perfluorocarbon monomers including homopolymers, copolymers, terpolymers, polymer blends
or the like. Examples of polyperfluorocarbons include polytetrafluoroethylene, fluorinated
ethylene-propylene copolymer (FEP) and perfluoroalkoxy polymer (PFA). These substrates are
formed into & variety of shapes including non-porous films, beads, tubes, woven fibers, non-woven
fibers, porous membranes, or the like.

Porous membrane filters are utilized in a wide variety of environments to separate
materials within a fluid stream., Membranes are formed from a solid polymeric matrix and have
highly precisely controlled and measurable porosity, pore size and thickness. In use, the

membrane filters generally are incorporated info a device such as a cartridge, which in turn, is
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When modifying a porous membrane surface for filtration applications, it is essential that

the surface modification to impart improved hydrophilic characteristics be effected while
maintaining desired fluid flow properties through the modified membrane. Thus, the membrane
having its surface modified should retain sufficient porosity to permit its use as a filtration member.
Accordingly the amount of surface modifying composition applied to the membrane surface must
be controlled in order to retain porosity of the modified membrane. In contrast, when modifying
a porous membrane for non-filtrafion applications such as in ion-exchange applications including
electrodialysis, electrodeionization or the like, complete blockage of the membrane pores with the
surface modifying composition is not a problem.

Ithas been proposed and U.S. Patent 5,928,792 which is incorporated herein by reference to
provide a process for modifying a surface of a porous membrane such as a perfluorocarbon membrane

with a bound perfluorocarbon copolymer composition to render the entire surface non-dewetfing.
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o e O3 SR e b G P B e
medifying perfluorocarbon polymer composition on the membrane surface. Benezra et al. also
disclose that alcohot solutions for the perfluorocarbon polymer composition should be avoided.

U.S. Patent 4,902,308 to Mallouk et al, also describes a process for modifying the surface
of a porous, expanded polytetraflucroethylene membrane with a perflucro-cation exchange
polymer from an organic solution of the polymer. Mallouk et al, also teaches that contact of the
surface modified membrane with fluids containing a solvent for the polymer also should be
avoided.

U.S. Patents 4,259,226 and 4,327,010 disclose modifying a porous membrane surface
with a fluorinated polymer having carboxyiic acid salt groups. Na process steps are disclosed for
controlling extractables from the membrane or for controfling the extent of binding of the modifying

composition to the membrane surface.
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plasma. Crosslinking with a plasma is effected without the introduction of crosslinking groups.
Crosslinking is effected through a bond linking two polymer chains. Unfortunately, ionizing
radiation such as plasma degrades the perfluorocarbon copolymer composition.
It has been proposed by Greso et al in POLYMER vol. 38 No. 6 (1997), pp. 1345-1356

to crosslink a perfiucrocarbon copolymer composition such as Nafion™ films via Si-0-Si bridges.

This process is undesirable since the product contains a bound inorganic phase, which is
chemically unstable,

It has been proposed by Covitch et al in Polymer Science and Technology Vol. 16, pp.
257-267 (1982) to crosslink a perfiuorocarbon copolymer composition such as Nafion™ films with

ethylenediamine and heat. This process is undesirable since the product contains a non-
fluorinated ethylene portion, which is chemically unstable.



This process is undesirable since the product contains a bound inorganic
phase, which is chemcally unstable. It has been proposed byHer0tch et al
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| SUMMARY Chrockbing I%%g%%%ﬁeéﬁﬁﬁ& L 8 5f9ﬁ'é%ﬁ?cga porous or non-porous

menbr ane or art’i roma uor i ni ng polynmer substrate
having its surface nodified with a crosslinked or branched fl uorocarbon,
preferably perfluorinated, pOWMNM havi ng hydrophilic

functional gr ' t iLlic
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this invention EFOVIdes a surface conprising a crosslinke | uor ocar bon

pol yrer i cSUHRIo Shafluerine-contaids ppiymes pebisisde aak bela pireus membrha.s carrtmtaendn—
crossl i nkigfgis article in any desired configuration such as a fiber, a woven or non-woven fabric formed

from fibers, a mesh, a tube a flat sheet, a corrugated sheet, a conduit, beads, rods or the like.

In one embodiment, this invention provides a surface comprising a crosslinked
perfluorocarbon polymeric composition, which is crossiinked with perfluorinated crosslinking
groups. These crosslinked perflucrocarbon polymeric compositions are chemically stable in that
they are perfluorinated and are crossfinked with perfluorinated linking moieties, which are stable
against degradation by virtue of contact with highly reactive reagents such as fiquid compaositions
containing a base such as ammonium hydroxide, an oxidizer such as hydrogen peroxide or ozone
and water, having a pH greater than about 9 such as special cleaning (SC) solutions, for example
SC1 used during the manufacture of electronic components. In contrast, crosslinking moieties
containing non-perfluorinated organic groups become degraded upon contact with these reagents
and these chemical crosslinks are destroyed so that the crosslinked polymer loses its original ‘
degree of crosslinking.



groups. These crosslinked perfluorocarbon polyneric conpositions are
chemcally stable in that they are perfluorinated and ar e 'of¥€4%hked with
perfluori i nking noieties, which are stable agains e tion by
virtue on@%ﬁﬂﬁ%% with highly reactive reagents such as T%%ﬁ%é?hggﬁpositions
contai ning a base such as ammoni um hydr oxi de, an oxi di zer such as hydrogen
per oxi de or 0zdmehe aged: SMlsaTventibey suieceds ;mbbi@a@@fﬁéﬁfemg ABEnchEbroSariMCh as

speci al cIaning é@@%,s%lutions,_for exanpl e Cl used during the

manuf act urf@YBEICHORRPII9R NavirgdomdeRRi fanclions! grawns whstein & dasskonerdwiiraphilivoi et i es
cont ai nin l At are .degraded upon cont act
wtht hesgur’ragﬁgatbﬁug Ié}éz:a%l]]g lﬁi?ﬂé%ﬂ%ﬁ%ﬁt@gﬁd@?@)}ép\?n S Ezi'ir e destroyed so that
the crosslinked polynmer loses its original degree of crosslinking. 51
June 2004 WO 01/58577 PCT/US01/03129,1n one aspect of this invention a
surface is provided conprising ﬁﬁPt ﬁghed fl uorocarbon polyneric

conposi tion having hydrophilic fictTonal groups wherein at | ed8t one
hydrophilic functional group is a ﬁlfonyl or carbonyl -contai ning group of
the formula: (Z*)t -[Rf]rT-L-E At (1) and which is a branch or side group
coval ently bonded through the Rf group to a CY group of a fluorocarbon

pol yneri c , ; e i r- Y2 Y- = ( wherein Ais a
pol ymeri c agg)gﬁgﬁ'éé?’@@"ehg’fr? I?%ﬁ?@t ofgé’ég@[ bogtrjleed%#nf%rﬂlgén%g?%%ﬁ(ﬁgiq{%“p[%f’yneri zabl e
mononer , fudrecaehon polynesgie contpositionoéthe foemilla: 1 or greater than 1; mis an
integer of at least | and Y is hydrogen or hal ogen wherein at |east one Y
is a fluorine; T is a carbonyl or sulfonyl group; Rf is a Cl-CJerr]

| i near, cyclic or branched -f—LH@}.’-.-OEiUﬁyd:Y-}ﬁPI ef erably perfluoroal kyl, group
optionally containing one or nore oxlygen, nitrogen, chlorine, phosphorous,
hydrogen and/or sul fur atons and/or one or nore sul fonyl or -carbonyl

groups, OfyngreRul fsoé]#lyn%'ﬁc ﬁ@pﬁﬁé}%d ﬁ‘&'ﬁtaf“ieQ% e “Itllo'ﬁgéfo%%l H%éiy%e%%ﬂ%p’ Z+ s

a proton or an orgahitc or nofgani ¢ cati on an ;. Lis C
CH, or N, nenorserf i an iokegdrhat gah be 0,3 or greBbrethan] Tm iscen ifgerdiat ledsh1 Bdivss hydr ogen
or a SUbSthiy&rgg}eﬁgr r?arloggrp 3[%?9?% ziatﬁelégt%(rjle l|skay f’uor%; 'Ialg%lcar rgn?/luopr) sulfonyl group; Ry is
a C1-Cap linear, cyclic or branched fiuoroalkyl, preferably perflucroalkyl, group optionally containing
one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen and/for sulfur atoms and/or one
or more sulfony} or carbonyl groups, or a sulfony! or carbonyl-containing fluoropolymeric group,
Z*is a proton or an organic or an inorganic cation and tcanbe O or 1; Lis C, CH, or N: E is R{T-
or Ri-; G is RiT- or R, wherein R is hydrogen or a substituted or unsubstituted alkyl or aryl group
and Ry is C+-Ca linear, cyclic or branched fluoroalkyl, preferably perfluoroatkyt, radical optionally
containing one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen and/or sulfur atoms
and/or one or more sulfonyl or carbonyl groups, or a sulfonyl or carbonyl-containing
fluoropolymeric group.
In another aspect of this invention a surface comprising a branched fluorocarbon
polymeric composition having hydrophilic functional groups is provided wherein at least one

hydrophilic functional group is provided of the formulae:

(L)
R T-L'(L"} (L") (1a)



and Rlerr] is (Jerr]-Clerr] linear, cyclic or branched fl uaropal II%I
preferably perfluoroal kyl, radical optionally containing Jreing %re

oxygen, niydegasy chl orine, phosphorous, hydrogen and/ or ‘s_wUFqu%oms
andl or one or nore sul fonyl or carbonyl groups, or a sul Fony or

car bonyl - cont ai ni n(g fl uoropol yneric group. In another aspect of this
i nvent i on YAER{l iicle & Sk Bithg -ARBrRihisHB A inearr oyckr trdmancial fuomeiky,

conposi ti j o cti roups is proyided wherein at

| east One%ﬁ%@fﬂowup?bglkﬁ,%%{pio@%%m?]i}gcﬁoh@ﬁﬁé gﬁep?r F%IB’E}’Q%F "Xl{rﬂ%e"f gHeae: (z-1)
t -[Rf]t - Phespharoys( hydiogeriandjor Sulfilr akumsan@bihe m&a&@@cﬁm BlodhygehdsOs129
wherein L' siu@o g of, OC|—||, EFIF s Hor -TR'; Rf" is -C20 li'near, cyclic or
branched fASHSIEST ey opyaining lupiopolymerie araen: bed iyt angyere defineetosmar | y
cont ai ni ng one or nore oxygen, nitrogen, chlorine, phosphorous, hydrogen
and/or sulfur atons and/or one or nore sul fonyl or carbonyl groups, or a
sul fonyl or carbonyl -containing fHRdTeYBIR/neric group; T, Z+, (ib)Rlerr] and
are defined above, or -[Rf]r-T-N(RRf' (1 b) orZz+ (1 C -[Rf]f-T-N-T-Ri and
which is a branch or side group covalently bonded through the Rf group to a
CY group of a fluorocarbon polynericzeonposition of the fornula: -- EAf
r[ -CY2-C¥- - 62) wherein A Y, RiRTNRReRerr], Z, n, mand hc)are defi ned
above. In another aspect of this invention, the surface-nodifylng
conposition conprising the branched fluorocarbon polyneric conposition

havi ng hydrd@idhlid §brbatRet é:%ug%ﬁ&té&%b@@%@ﬁr@gb&eﬁ%@kupﬁ%ﬁ’ droup B 5 ul foni m de

conposition of the formula:™ Z
fluorocarbon polymeric composition of the formula:

—fAin{-CYz-CllYim— (2)

wherein A, Y, Ry, T, R, R{, Z, n, m and t are defined above.
In another aspect of this invention, the surface-modifying composition comprising the

branched fluorocarbon polymeric composition having hydrophilic functional groups of formuta (1¢)
such as a sulfonimide composition of the formula:

Z+
-[R:SO2N-SOR¢ (1d)

is prepared by reacting a fluorocarbon polymer precursor containing at least one pendant sulfonyl
or carbonyl halide group having the formula:

[ReT-X (3)

wherein X is a halogen such as fluoring, chiorine, bromine or iodine and T and R are defined

above, with a substituted or unsubstituted amide or suffonamide-containing reactant of the
formula:

Rf-T-NRR’ (4)

7



is prepared by reacting a fluorocarbon pol ynmer precursor containing at

| east one pendant sul fonyl or carbonyl halide group havi ng1 {45 298¢ nul a:
-[Ri]t-T-wdelsseperein X is a hal ogen such as fluorine, gélosiingzebrom ne
or iodine and T and Rf are defined above, with a substituted or '
unsubstituted am de or sul fonam de-containing reactant of the formula:

Rf - T- NRR Wpargin ' ig hyriegien oiorykstintydemr prsgiestiptepetiyl osary/oompoendih Brasd R & i s

hydr ogen i t i : I I r . T, R and
Rler ] ar CoELRle, HEREN, o BE A oltaiCedbolife aftle Sbo¥ion SR <oy G

t he ani deregetarfger beusad, devingdng fairmiang  react ant can be used, having the
formula: ZI. Rf'-T-NR (5) wherein T, R Rf' and Z* are defined above, or
m xtures of reactants (4) and (5). In another aspect of this invention, the
surface-nodi fyi ng conposition conprisisng the branched fl uorocarbon

pol ymeric conposition having hydrephiNgc functional groups of {fiis
invention is prepared by reacting a fluorocarbon pol yner prec )sor
containing at | east one pendant substituted or unsubstituted am de or

sul f onam i { f |l a: . - r.T-.NR beWherein R t, T, R
and Rf' agrgergé? ;’%5&%&%‘%&&@ etd%?n t?@éﬁti{}giwgﬁ"&%} %‘%éﬁ) i norganic salt of
the anide or hunbthercaspateofgiiio mpentien theasutksteshodifyiy icoBpdsiien Eipiitgthe Z+
-[RerT-N-R&?% wherein R t, T, Rf and Z%r,] are defined_ above, or

m xt ures PRENEGIUCOGEAR Palyrisdc EomRositiop haing hierlYic functignalaroupsent this invemign r eact ant
of the fofsMgaredly redcting &Fiorocarbon polymer precursor containing at least one pendant

substituted or unsubstituted amide or sulfonamide group having the formula;
-[R-T-NRR’ (6)

wherein R, {, T, R and Ry are defined above; alteratively, an organic or inorganic salt of the

amide or sulfonamide group can be used, having the formuia:

Z+
RIT-NR (7)

wherein R, 1, T, Re and Z+are defined above, or mixtures thereof, with a sulfonyt or carbonyi halide-
containing reactant of the formula:

R-T-X (8)

wherein T, Ry and X are defined above. The fluorocarbon polymer precursor containing pendant
amide or sulfonamide groups can be prepared by reacting the sulfonyl or carbonyt halide groups
of a fluorocarben polymer precursor having sulfony! or carbonyl halide groups with anhydrous
ammonia.

In another aspect of this invention, the surface comprising a crosslinked fluorocarbon,

such as perfluorocarbon, polymeric composition having hydrophilic functional groups of this

8



wherein T, Rf' and X are defined above. The fl uorocarbon pal F\{ recursor
cont ai ni ng pendant am de or sul fonam de groups can be pre 4reacti ng

the sulfo arbonyl halide groups of a fluorocarbo precursor
havi ng sul%%ﬁ@{ssﬁr carbonyl halide groups w th anhydr ouspcp’gﬁg‘% 139

anot her aspect of this invention, the surface conprising a crossllnked

fl uorocar hmntlonsm@mwda:l h@/mgldameoﬂn@rtimgm P Qroseipkd Baving BRIt drodarbdaN- Ng
hydr ophi li ¢ funct i onal apﬁ(ﬂ)ﬂ"%&:%@‘"a is 8 1 June 2004 WD 01/ 58577

PCT/ US01/ (FSR138NG GOHPS o @@IC’P\%'WBG%W@&W Refiane PlepRolymeric

crossli nkSchBiﬁ\éhﬂgas%Hrh%&Wﬂsr@ﬁinﬁﬁéﬁﬁﬁh‘{é containing groups joining polyneric
chai ns, which can include | oops joining portions of a polyneric chain,

such as conpositions having the formul ) (Zk)t (Z+)t -[RfjrT-1 i E- L
-T-[R]r (Ot (Gt (9) covalently b[&ﬂldd.eE{Lh'l"r[at}gh the Rf groups (®ach to a CcY
group of a fluorocarbon polyneric n‘:f5|é|on of the formula: -[-A }"-f
CY2-CY- (2) wherein Ais a polyneric g [5 terived from at | east one

fl uori ne-cont ai ni ng pol ymeri zable nrnonomer, n is an integer that can be O,

1 or greater tﬂ , mis an integer of at least 1 and Y is hydrogen or
hal ogen wHSYa8n Vﬁqnd%ﬁ'ﬂ”g%ﬁ'@ RYQF%IP%@MTJ@@ e growp ok a Juasenatbomypblymerics ul f ony|

group; Rf dofinosftioferttedOmiulanear, cyclic or branched fluoroal kyl, preferably
perfluoroalkgl group optlonally containing one or nore oxygen, nitrogen,

chl orine, phosphorous, hydroteéir&8d)-0ffmsul fur atonms and/or one(2or nore
sul fonyl or carbonyl groups, or a sul fonyl or carbonyl-contai ning
fluoropolyneric group, Z[err] is a proton or an organic or an inorganic

cation; t wherinb® isOa pelyndaric lgroup dérve@homrat Mastfone iBormd-BntaltingOfolymigfizable G 1s Rf " T-
or R Rf is C -C20 ljinear, cyclic or branched fluoroal kyl, "preferably

per f | uor odl9RGTEr. N i ghyinteger tf@b@an@ﬁ 81197 geeaiat thamt; Aigs avitegsr ofipbleast drybéin,
ni trogen, rﬁﬁ}b&h of‘ﬁalog@ﬁ‘ﬂ@e? ﬁt%é%bon@¥%’%8%e Na{g%/cgrrb r@%r ston)ﬁé  gd/ or one
ony or car n

or nore sulfonhyl or “car groups, or a su "Ront ai ni ng
f 1 uor opol yafarGadinesr, @mbt; orImhcl'neéﬂlﬁi'oa!mq»reh‘eirahty@erﬂuwgatkyu gmupbptbn&lmaimaﬂhmg

f1uor oal kylne ofh eré gfy&en X]trogen chlorine, phosphorous, hydrogen and/or sulfur atoms and/or one
or more sulfonyl or carbonyl groups, or a sulfony! or carbonyl-containing fluoropolymeric group,
Z+ s a proton or an organic or an inorganic cation; t can be O or 1; Lis C, CHor N; E’ is -TR{'T-
or -Ri-; Gis RfT- or R; Rf is C1-Cao linear, cyclic or branched flucroalkyl, preferably perfluoroalkyl,
radical optionally containing one or more oxygen, nitrogen, chioring, phosphorous, hydrogen
andfor sulfur atoms and/for one or more sulfonyl or carbonyl groups, or a sulfony! or carbonyl-
containing fluoropolymeric group; Ry" is C+-Cao linear, cyclic or branched fluoroalkyl, preferably
perfluoroatkyl, group optionally containing one or more oxygen, nitrogen, chiorine, phosphorous,
hydrogen and/or sulfur atoms and/or one or more sulfonyl or carbony! groups, or a sulfony! or
carbonyl-containing fluoropolymeric group, optionally connected to another chain of the
flucrocarbon potymeric composition having hydrophilic functional groups and R is hydrogen or a
substituted or unsubstituted alkyl or aryl group.
In another aspect of this invention, the surface-modifying composition comprising a
crosslinked fluorocarbon, such as perfluorocarbon, polymeric composition having hydrophilic
functional groups of this invention is provided having cbnnecting bridges or crosslinks joining

polymeric chains, which can include loops joining portions of a polymeric chain, such as



perfl uoroal kyl, group optionally containing one or nore oxngﬁ, niarogen,
chl orine, phosphorous, hydrogen and/or sulfur atons and/ or! 6178 8P4 nor e

sul f onyl Wotﬁ%ﬁs@?nyl groups, or a sulfonyl or carbonyl -g£aRyi/fHi150

fl uoropol ynmeric group, optionally connected to another chain of the

fl uorocarbon pol yneric conposition having hydrophilic functional groups and
R i s hydr cgmpesiiensaavirgthasfoimulaeed or unsubstituted al kyl or aryl group. In
anot her aspect of this invention,.the surface-nodifying conposition
conprising a crosslinked flug{ogg&gqqy,(ét _P per fl uorocarbon, polyneric
conposi tion havi ng hydrophili’ delrihdt Rk 5 of this inveffion is
provi ded havi ng connecting bridges or crosslinks joining polyneric chains,
whi ch can include | oops joining portions of a polymeric chain, such as 9 1
June 2004 WO OWhe&giB s Corpddi” isitbersTRV2and AgZ 1hr ahd Rrialealefinep@iuovei301/ 03129
(zv)t (Zz+)t -[Rr]t-T-L'(L")-T-Rr"-T-L'(L")-T-[Rf]t- (9a) wherein L' is C
or CH L" is Hor -TRf" and T, Z+, t, Rf and Rf" are defined above, or
-[RIrT-N(RRE"N(R) - T- [ Rf | t - -[RMDNRIRENR)-TAR]z+ or - [ Rf] (9
-T-N--T-RfF"-T-[N-T-Rf""-T-N -T-Rf"-T-]nN--T-[Rf ]t (9c) coval ently bonded
through the Rf groups, each to a CY group of a fluorocarbon polyneric
conposition of the formula: zr-f Azor[ CYz-CY (2p+wherein A Y, n, m
Rlerr] and R egr] can be SERETN-THA T REER TARATS be a C -(err]

| i near, cyclicbgr brancﬁggﬁ¥luorg Ey',fgfggégiﬂfyﬁﬁgrfluoroalkyI, gr oup
optionally containing one or nore oxygen, nitrogen, chlorine, {9hosphorous,
hydr ogen and/ or sul fur atons and/or one or nore sulfonyl or carbonyl
groups, or a sulfonyi or carbonyl-containing fluoropolymneric group,

opti onal | yowalentlyetmhesd thioaghathe® Rhgroupshedeh t©h OYhgodp 6ff MBRcROsh PamenBr i ¢
conposition hayinq hﬁgroghilic functional groups; T, t, Rf and R are

defi ned aBERISTNPTEIMMUR aspect of this invention, the surface-nodifying
conposition conprising the

—HARECYCY (2

wherein A, Y, n, m, R and R(" can be the same or different and can be a C+-Cy finear, cyclic or
branched fluoroalkyi, preferably perfluoroalkyl, group optienally containing one or more oxygen,
nitrogen, chiorine, phosphorous, hydrogen andfor sulfur atoms andfor one or more suffonyl or
carbonyl groups, or a sulfonyt or carbonyl-containing flucropolymeric group, optionally connected
to another chain of the fluorocarbon polymeric composition having hydrophilic functionat groups;
T, t, Rrand R are defined above.

In another aspect of this invention, the surface-modifying composition comprising the
crosslinked fluorocarbon polymeric composition having hydrophilic functional groups of formula

(Sc) such as a sulfonimide composition of the formula:

Z* VAl VAl Zr
-[R{:SON-SOZR"SO2[N-SO:R¢"SO2N-SO2R{" S O2aN-SOR ]

(9d)
is prepared by reacting a fluorocarbon polymer precursor containing at least one pendant sulfonyl

or carbonyl halide group having the formula:

10



crosslinked fluorocarbon polyneric conposition having hydr op 2@
functi onal groups of formula (9c) such as a sul fonimde cd Pdn of the

formul a: PCT/US01/03129
-[Rf-]tsozﬁ-oﬁﬁ% Soz[N-802Rr"802N- SQ2Rf ' 802] nN-SQ2[Rf]t (9d) is prepared
by reacting a fluorocarbon pol yner precursor containing at |east one
pendant sul fonyl or carbonyl halide group having the formula: 10 1 June
2004 WO 01/58577 PCT/ US01/ 03 ~JRE]rT-X (3) wherein Rf d X are
defined above, with a react a#ﬁ?‘gg%wt aining at |east two substi t@?ed or

unsubst i t wheeln R TUgdKt aré Uéﬁn@cﬁlﬁiﬁvé‘@wtﬁ lé@éaéﬁanﬁd@ﬁthmlﬁ afl I@a%@fw@%hﬁstliﬂ% iohg the

formula: Z+ Z+ N d) T-RfF"-T-[N-T-Rt "' - T-]1nN (RR) (10) or:Z+
Z+ 7+ z+ pnsybstivged gini B?rwfmamldpmoun&wha&rqa%ntstawg'tberfown (R or mixtures
thereof, wherein T, R, R Rf , Rf', Rf ', n and Z+ are defined above.

Alternatively a fluorocarbon polynmer precursor containing at |east one
pendant sul fonyl or carbonyEZ* hali d& group of reactant (3) can be reacted
wi th a fl uorocar borN({BBY)-J#ReT-[NBRUFTSIIT-RIEDRANERNI ng at feast one(1Pendant

am de or sul fonam de group of reactant (6) or (7) defined above. In another
aspect of this%invention, the surface-nodifying conposition conprising the
crosslinked fl uorocarbon pol gneric gsonposizi on having hydrophilic

functional groups qﬁ.(R?mgfnTlmyﬁqtn TIR-PLefRGr €d by reacting aqf) uorocarbon
pol ymer precursor cohtaining at |east one pendant substituted o)

unsubstituted am de or sul fonam de group having the fornula: -[Rt1-T-NRR

Saltor ¢ REeethes M R R R A TS e i e el 2 TR N

Alternatively a fluorocarbon polymer precursor containing at least one pendant sulfonyl
or carbonyl halide group of reactant (3) can be reacted with a fluorocarbon polymer precursor
containing at least one pendant amide or sulfonamide group of reactant (6) or (7} defined above.

In another aspect of this invention, the surface-modifying composition comprising the
crosslinked fluorocarbon polymeric composition having hydrophilic functional groups of this
invention is prepared by reacting a fluorocarbon polymer precursor containing at least one pendant

substituted or unsubstituted amide or sulfonamide group having the formula:
R T-NRR' (6)

wherein R, t, R' and R/ are defined above or an organic or inorganic salt of the amide or

sulfonamide group having the formula:

Z+
JRI-T-NR )

wherein Ry, T, R, Z* and t are defined above, with a reactant containing at least two sulfonyl or

carbony! halide groups such as compositions having the formula:

11



(7) wherein Rerr] T, R Z+ and t are defined above, with @a%toﬁ
containing at |east two sulfonyl or carbonyl halide groups
corrpomhmlp_‘@yﬁng t he forrrul a: 11 1 June 2004 WO 0I/58{5&ﬂm§§@'ﬁ£1§50/03129
z+ z* T(X)-Rr* JN--T-RfF""-T-N--T-Rr"-T-]fX (12) wherein T, RR* , R", n, X
and Z' are defined above. The fluorocarbon pol ymer precursor containing
pendant ani de or sul fonam de gr8ups c&h be prepared by reacting the

sul fonyl or carbonyl haT(P(&:IBf"-@ﬂl‘dep%"'ﬁ*ﬂ\! -&Rf'Tdet ocar bon pol ymer dt®cur sor
havi ng sul fonyl or carbonyl halide groups wth anhydrous ammoni a. The
surface-nodi fyi ng conposition conprising the branched fl uorocarbon

pol ymeri c whempDR/t | Rirl, ma¥ amioZ Tereldeninbd bbave.f The fitorsvatbol belyst prdcuisdri S
i nvention i s prepared b}a the nodification of an existi ng fl uor ocar bon

pol ymer prodRiapiag Pendpt paids vp pUpRFRIderlEoURS Bandie RiRRalpddY irastngdne idiamvlerat ed
moNOMer's  {oabnyRiidelirbis @k fudk RabEhdiyer AR ARSI %R bartaihy aftieddl L1 01,

t he surface-nodi fyihg conposition conprising t cro or ocar bon
pol ymer i ¢ Gapwidi anhysknys aambsigy hydrophilic functi onal groups of this

i nvention are | | vent s ..such,as ohol n_are

uncr ossl i nked ﬁ‘?glll@?%%@?@ﬁc?@?g@ NSCORASRY, %P@pcrgg?lpﬂgqasbgglpp Y% or anes
havi ng i ordompgsttiopieaving Ralrophilic fimcBanBiraupd of &id ivvenhie QRshated BEHE madificationas s
transfer through the nenbrane while retaini % de5| rabl e ionic transfer

t hrough t HEaHRXfriNeAHEocapRrRghmenregwseywhig-froidipghe psecf palymeriiakieNnsaturated
Repr esent ghdndifers !Haf #0 bifticdid tb'%dtrﬂl‘?fu‘?@ﬁioﬁh&?zﬁ%npm bry tﬂé%%ﬁ:%éb nfo&fyg@or mng the
e po en

substrates of this 1 nvention Inc ytetra oroeth
per f | uor o@mmsytorpcﬂnwnmgsthe{ fFRFSSI)nJ(E*Cfﬂuultocarbmmelmertstchy;bcsmmsmamm/ﬂyémmlIcopoI yners

- (FEP h Ie ET oI nyl i dene

1 or | de. (HORE Seleh 3L NP BFiohare B, STlgHe Haofrtsr e aBRY ¥l Y1 ort ce
(PVF), etdnprbsmm@mlymemwﬂh ne@demhdmymsemsmn@h maﬁnSrar(eEﬁHomg)omc@ropérﬁe@ li ke.
O her suitable fluaorine-containing polymers useful for formng

t he
subst r at eV fsufeatﬁnga?ly FRAERT; WAesrARlG (aws tfanﬁertth@la\@ h@@&ﬂ}@@nw@nlesm@wwa as

f1 uorocar %Qraﬁl@ho\‘lﬁ?rﬁns%?rﬁdﬁ SRE Shehbrakdrei r original formor any ionic form of
the fluorocarbon pol yner grecursor for exanple the sulfonic acid form

sul fonam de form sulfonimde form sulfonyl nmethide form sulfonyl

met hane form ani de formbE [ S I ODIMENTS

Representative suitable fluorine-containing polymers useful for forming the substrates of
this invention include polytetrafiuoroethylene {(PTFE), perflucroalkoxy polymers (PFA), fluorinated
ethylene-propylene copolymers (FEP), ethylene-tetrafluoroethylene copolymers (ETFE),
polyvinylidene fluoride (PVDF), polychlorotrifluoroethylene {(PCTFE), polyvinyl fluoride (PVF),
ethylene-chiorotriflucroethylene copolymer (ECTFE), or the like. Other suitable fluorine-containing
polymers useful for forming the substrates of this invention include functionalized polymers such
as fluorocarbon polymer precursors in their original form or any ionic form of the flucrocarbon
polymer precursor, for example the sulfonic acid form, sulfonamide form, sulfonimide form, sulfonyl
methide form, sulfonyl methane form, amide form, imide form or the like.

Exemplary flucrocarbon, preferably perfluorinated, polymer precursor from which the
surface-modifying branched or crosslinked fluorocarbon polymeric compositions having hydrophilic
functional groups are prepared comprise polymer compositions known generally as

perfluorocarbon polymeric compositions such as those marketed by E. 1. Dupont de Nemours and

12



Exenpl ary fl uorocarbon, preferably perfluorinated, pol yrrer cura r from
whi ch the surface-nodifying branched or crosslinked f1 uord %olyneric
conposi t'\98§ ﬂ ng hydrophilic functional.groups are qfcqﬂ%ﬂgglg)nprl se
pol yrer corrp05| I ons known generally as perfluorocarbon polyneric
conpositions such as those nmarketed by E. 1. Dupont de Nenmours and 12 1
June 2004 CodpaYy/ 168 hider REMAMISRATIONE ady GsahpGlags Cdmpeny, Limilet uridbrehavame

NAFI C]\l[errL 'ﬁ@ y Asahi d ass Conpany, Limted under the nane FLEM ON(r).
The fl uor &EH “pol ynmer precursors useful in the present invention are
defined by theThofugibkabon pﬁiy’nbﬁfé@rs&é’usefﬂl Bftﬂnébrés%ﬁf)m\?éﬁ%h%Perheﬁ‘héd%%ﬁlepm ymeric
group derived fromat |east one fluorine-containing polymerizable nononer
such as vifempulas | uori de, hexafl uoropropyl ene, vinylidene fluoride,
trifluoroethyl ene, trlfluor hl orotrifl uoroethyl ene. |

perfl uoro(al kyl vi nyl et her) 'Era d]l”oet hyl ene, cyclic nononmers such as
CF=CF( OCF3) OCF20 or CF=CFO( CF3) 20 z{mp m xtures thereof. Y is Igairogen or
hal ogen wherein at |east one Y is %fluorine and wherein it is preferred
that all Ys are fluorine. Bis a sWfonyl or carbonyl halide functional
group or a group, which can be converted to a sulfonyl or carbonyl halide
group such as sulfonic acid groups or salts thereof, am de or sul fonam de
groups, o@eBDRAYE 4 polyaericgroge deaysd from atdesstiose fuanesorftaining polpreerizétieanonomaind p are

det i nea anb0e BLAEEtEhridhyie. Tande Al oBP R Bend ¥ er < ' °

cont ai ni ngnmﬁﬂuomﬂmpemqmvmylcsmt)aie:raﬂmgoesyibrfeomchc inbripiersdsucgragups, which

3. 715, 627 SR QR IOE PrBoP ORIk Robl mps Hsfes oY B0ycrmisnis ot

prepar at i %el‘éfn di’%ét'oH@f{%Cé‘ﬂlBﬂﬁb PANERiGs gr’éﬁl?&ﬁthét'aﬂ?% af fooRfel Bi@sth in U S.
Pat. Nos. 3, 967; 2,559, 75 nd 2,593, 583, ich are

i ncor por atSélﬁlﬂYi oF @rbonwahdeﬁmt@nai GroUT PreEgEoUp piichl cam beenavdried tosmswiorst drc

Ecanp! es SPERHRRRo R S BERAR ol S s BB e S bR b P
sul f onyl - kawedlid aidgtoupsdkalts he@ofas thalie; lamipl apsEd of dn itteger grBgtér.thad; m3, 282, 875,

U.S. Pat. No. 3,560,568 and U.S. Pat. No.
is an integer of at Ieast 1. Ryis defined above.

Useful fluorocarbon polymer precursors can be polymers containing one or more
monomers containing sulfonyl fluoride groups, which are set forth in U.S. Pat. Nos. 3,282,875;
3,041,317, 3,560,568; 3,718,627, which are incorporated herein by reference. Methods of
preparation of perfluorocarbon polymeric compositions are set forth in U.S. Pat. Nos. 3,041,317;
2,393,967; 2,659,752 and 2,593,583, which are incorporated herein by reference. These
perfluorocarbon polymeric compositions generally have pendant SO2F based functional groups.

Examples of perflucrocarbon polymeric compositions containing sulfonyl-based functional
groups are disclosed in U.S. Pat. No. 3,282,875, U.S. Pat. No. 3,560,568 and U.S. Pat. No.
3,718,627, which are incorporated herein by reference.

Hlustrative of suitable sulfonyl flucride containing monomers are
CF2=CFOCF,CF250,F ,

CFFCFOCFz?FOCFzCFzSOzF ,
CF;3
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3,718,627, which are incorporated herein by reference. Igszratl g of
sui tabl e sul fonyl fluoride containing nononers are CF2= CF F,

CFZZWQF%WZSOZF CF3 13 | June 2004 WO 01/ 5857 7pFfaidddasidé 03129
CF2=CFCOCF 2CFOCF2CF2SQ2F , | | CF3 CF3 CF =CFCF2CF2S02F , and

CF2=CFCC F2CFOC F2CF2S2F CF2 0 CF3 Oher suitable fluorocarbon pol yner
precursors are polyners cont éiﬁmGF@CﬁefEQﬁszﬁQCézCﬁMners | acki ng suffonyl
or carbonyl halide functional groups, ich can be nodified to include
sul fonyl or carbonyl halide groups beq 8re of after fornming the pol yner.

Sui tabl e nmononmers of this type include trifluorostyrene,
trifluorostyrenesul fonic acid orCkerGhkeSOH @d ocar bon pol yner precursors
havi ng pendant carbonyl - based functional groups can be prepared in any

sui tabl e conventional manner Slgp%mcizmpggpgy@pe with U S Pat. No.
4,151, 052 or Japanese patent applicatidn No. 52(1977)38486 which are

i ncorporated herein by reference or p&Fynerized froma carbonyl functional
group contai ning a nononer derived fromga sulfonyl group containing
nononer by a nethod such as is shown irf U S. Pat. No. 4,151,051 which is

i ncorporated herein by reference. Illugfgative exanpl es of

CF 2= OO 2 G Cr DR AUAP, Lot orpp Y GiseS oI AGHOS, OBAEng one or mor
monomers lacking suifonyl or carbony! hafide functional groups, but which can be modified to
include sulfonyl or carbony! halide groups before or after forming the polymer. Suitable monomers
of this type include trifluorostyrene, triflucrostyrenesulfonic acid or the like.

Fluorocarbon polymer precursors having pendant carbonyl-based functional groups can
be prepared in any suitable conventional manner such as in accordance with U.S. Pat. No.
4,151,052 or Japanese patent application No. 52(1977)38486 which are incorporated herein by
reference or polymerized from a carbeny! functional group containing a monomer derived from a
sutfonyl group containing monomer by a method such as is shown in U.S. Pat. No. 4,151,051
which is incorporated herein by reference. lustrative examples of carbonyl-containing monomers
include:

CF2=CFOCF2CF2COF ,

CF2=CFOCF2?FOCF2CF2COF ,
CFs

CFFCFOCFzFFOCFz(I:FCOF , and
CF; CFs

CFFCFOCFz?FOCFzCFzCOF

§
i

CF4
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| CF3 CF3 CF2=CFOCF2CFOCF2CF2CCF CF2 0 CF3 14 1 June 20040@0 02%/58577
PCTI USO / 03129 Preferred carbonyl containing nononers incl dgaine 200

CF2=CFCCF, 2000CH3 and CF3 CF2=CFOCF2CFOCF2C00CHS ticularly
sui tabl e %ﬂ&%%frzbon pol ymer precursors are copol yners Oc;m%f}?mﬁ%

tetraftuoroethyl ene and a nononer having the fornula: CF2=CFOCF2CF2SQ2F or
CF2=CFOCF2CFOCF2CF2SQ2F CF3 A sulfonic acid formof the fl uorocarbon

pol ynmer precursor can. be converted.to the sulfonyl or carbonyl halide form
of the fluorocarbon rB%FW%OW?%@%‘WF"OBW%{SBHEJ%tep or two step process.

In the one step process, the sulfonic acid formof the fluorocarbon pol yner
precursor can be reacted with PCl %’gzrgrg and POCl[err] to produce the

sul fonyl chloride form of th&FGEE! PEbIeFQGHerandpr ecur sor such as
described in U S. patent 4,209, 367 kch is incorporated herein by
reference. Wen the sulfonyl fluoride®formis desired, the sulfonyl
chloride formis reacted with KF to produce the sulfonyl fluoride form of

the fluorocarbon polymer precgursQr . step. Both the sul fonyl
chloride and the sulfonyl fI@gﬁ%ﬁQcE 3E§%@@ai n the process of this
invention as described above. The flgpyocarbon pol ynmer precursor used in

the process of this invention to formthe branched or the crosslinked
fl uorocarbon pol yneric conpositions having hydrophilic functional groups

need not be regiltd dg,t; I ar (Y t weight, jnstead, any
pol ymer pr ecurg%rgdUEhng'}r'\tgblgn@%%éawﬂél Bﬂfﬂ%*’g‘lﬁﬁ"gﬂﬁy % E@Qh’fﬂeréer‘? rally the
equi val entetrafeiprybthylerfe anthe mbhomer baving kherormula:

CFz=CFOCF:CF2S0:F
or
CFz=CFOCF2|CFOCF2CF2802F
CFs

A suifonic acid form of the fluoracarbon polymer precursor can be converted to the
sulfonyl or carbonyi halide form of the fluorocarbon polymer precursor by a one step or two step
process. In the one step process, the sulfonic acid form of the flucrocarbon polymer precursor can
be reacted with PCls and POCl; o produce the sulfonyl chloride form of the fluorocarbon polymer
precursor such as described in U.S. patent 4,209,367 which is incorporated herein by reference.

When the sulfonyl fluaride form is desired, the sulfonyt chloride form is reacted with KF to produce
the sulfonyi fluoride form of the fluorocarbon polymer precursor in a second step. Both the sutfonyl
chioride and the suffonyl fluoride can be used in the process of this invention as described above.

The fluorocarbon polymer precursor used in the process of this invention to form the
branched or the crosslinked fiuorocarbon polymeric compositions having hydrophilic functional
groups need not be restricted to a particular equivalent weight, instead, any polymer precursor
having any equivalent weight may be used. Generally the equivalent weight of the fluorocarbon
polymer precursor is between about 150 and about 2000, more usually between about 280 and

about 1500. The equivalent weight of the fluorocarbon polymer precursor is the average
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pol ymer precursor is between about 150 and about 2000, nor eo_b{%lu;:ol% bet ween
about 280 and about 1500. The equival ent wei ght of the f 1 JofBE£CBBn

pol ymer puRfdfeay IS the average 15 1 June 2004 WO 01/ 53&%17 01/ 03129
nol ecul ar wei ght of the polymer o-' formula (13) divide ;Uétaoﬁgﬁ%%t al -

nunber of functional gr@oups B present in the polynmer. In one aspect of
t hi s i nverfideswaraveighiaf fegolyoensr fomiutag13) disidért yrinhiot! fumberobiomdtibeingrpesy mer i ¢

conposi ti Is philic functional groups is provided wherein at
| east one%&ﬂ%‘r@%‘ﬂ?ﬁ%{ﬂﬁeﬁuncti onal group is a sulfonyl or

car bony! - cont ainminagspgetotiis dlertitrea dusoaabravrisifigthe branchbdfublocalbon lpolyrﬁ%riﬁ: ot (1)
and which is a..brl%nch Yof{S @i'df %roup coval ently bonded through”the Rf group
to a CY gFBURPSHen Having hygsorhiic fugeyianah groypsds provi gqin atdeesognethydrophlicnul a: - - f

A} - CY24Rbional ofolh ise iy rbohy RS BRads of Mk Rifiyger | ved rom at |east

one fluorine-contalning polyneriza nN'1s an integer that can be
O, 1 or greater than 1; rn is an integer of at least 1 and Y is hydrogen
or hal ogen wherein at |east one Y u?+a fluorine; T is a carbonyl or

sul fonyl group; Rf is a G -C[erﬁ @gear, cyclic or branched fl uoroal kyl,
preferably perfluoroal kyl, grouftsptifonal Iy containing one or{%ore oxygen,
ni trogen, -chlorine, phosphorous, hygjogen and/or sulfur atons and/or one

or nore sul fonyl or carbonyl groups, or a sulfonyl or carbonyl-containing
fluoropolyneric group, Z+ is a proton or an organic or an inorganic

cation; t a5Phidhes &b ¢ side d , ' sor R Gis R'T- or
R Rr is Cil- C210 [ nrgljicrh f!:r %“?/ec r?ﬂg@g\.}a #%E#gﬁqgﬁéh\ré\@éwgw t,o a&rqur%‘Pé?tﬁ y
per f | uor oduasearbon paltiede¢omppsiionntihé fpmadent ai ni ng one or nore oxygen,

ni trogen, chlorine, phosphorous, hydrogen and/or sulfur atons and/or one
or nore sul fonyl or carbonyl groups, or a sulfonyl or carbonyl- containing

fl uoropol yneri c group and R_l.[sq.}p[y@lypgg.ﬂi_or a substituted or un hﬂ;sti tuted
al kyl or aryl group. Representativelbranched fl uorocarbon pol@ ric

conposi ti ons having hydrophilic

wherein A is a polymeric group derived from at least one fiuorine-containing polymerizable
monomer, n is an integer that can be 0, 1 or greater than 1; m is an integer of at least 1 and Y is
hydrogen or halogen wherein at least one Y is a fluorine; T is a carbony! or sulfonyl group; Ry is
a C1-Ca linear, cyclic or branched fluoroalkyl, preferably perflucroalkyl, group optionally containing
one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen and/or sulfur atoms and/or one
or more sulfonyl or carbonyl groups, or a sulfonyl or carbonyl-containing fluoropolymeric group,
Z* is a proton or an organic or an inorganic cation; t can be O or 1; Lis C, CH or N; Eis RfT-or
Ri- G is RiT- or R; Ry is C4-Cy linear, cyclic or branched fluoroalkyl, preferably perfluoroalkyl,
radical optionally containing one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen
andfor sulfur atoms and/or one or more sulfony! or carbonyl groups, or a sulfonyt or carbonyl-
containing fluoropolymeric group and R is hydrogen or a substituted or unsubstituted alkyl or aryl
group.

Representative branched fluorocarbon polymeric compositions having hydrophilic
functional groups of formula (1) include:

(Z*h
ARAT-LLNL) (1a)
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functional groups of formula (1) include: P-)t -[Rf]rT-L’ (1(%?@20% (1 a) 16
1 June 2004 V\D 01/ 58577 PCT/ US01/03129 wherein L' is C or I's H or
-TRf" and and Rf are defined above and Rr ° erfokofese | i near,
cyclic or rancf]ed fluoroal kyl, preferably perfl uoroal kyr group opti onal I y
contai ning one or nore oxygen, nitrogen, chlorine, phosphorous, hydrogen
and/or sul fur atoms and/or one or nore sulfonyl or carbonyl groups, or a

2 Ol rYnRER R AL Riphoth Sl PO bRl e phRlE AEtbiaba above
The conpou hdeaof:ycﬁcmr bnahcme&( ﬂuom)alkyf SpréfmmmmyroailleﬁgIou;ﬁlgan@naﬂzmzmﬂmmg ﬁﬁé)ﬁt ai ni ng
+2) W a

t he functi onal Rf' 802%) ﬁ%{ gF\gCO 2C- 2

f 1 uor ocar bBRESE S EIAAIas, Phoseioross.ivdrepea gn /qfé'é{@fa‘@ﬂ?ﬁ”ﬂ &Rt MBIl f onyl or
car bonyl hadifp or%fbti | ;

[Rf]tsozc-z(zﬁ}g) soeRr'p' @ﬁuﬁyorﬁﬁ?ﬁgl%%@fﬁg%mm ew%ﬁa‘pﬂound of the
formula Rf'SO02X or R?' COX. The conpounds of formul ae (R, 802)2C-2(Z+2)

(R CO2C2(Z+2) and -[Rr]fS02C (ﬁgjﬁ% or -[Rf]tC(O)C—Z(ﬁgﬁ

can be prepared by reacting the corr ng bis- sulfonyl es or
carbonyl nethanes w th an al kyl magnesi um halide by the nethod described in
U S. patent No. 2,732,398, which is |ncorporat ed herein by reference.

Sui t abl e corrpounds of the formula éjr} 07%20-2(2+2) i ncl ude

( CF3S02) [ CF3( CF2) 3s21C-2 2MmyC] -, (I C2 2mgd -, or the {lcke.

Sui t abl e conmpounds of the fornmula (Rf' CO) 2C 2(Z+2) include
(CF3CO[CF3(CF2)3Cg G2 2myd -, (CF3CO 2C-2 2MyCl-, or the like. The
conpound owherein el R andst afeodefined abgver eact i ng a f 1 uor ocar bon poI yer.

B oup with o consaanereB o A RIRERR i L Bra HeBleBo lasee cranre,
or the |ikermoup tR/SOMCHE) @%H@CJ).QCG(Z 4 Rits a ﬂlﬁbf@@:bb@;ﬁblﬁneﬁﬁ'@&?éé?c&i%%@' §' ng the

branched f rocar on fp i c _composition havin hilic functional
ﬁggptﬂd[&y 30h e grpyhorggrbp:yh@qldqm@p or by reacting a cornpound of the formula -

[RSO2C2AZ+3)SORY or -[RAC(O)CHZ*2COR with a compound of the formula R{SO:X or
RFCOX. The compounds of formulae  (R’S022C4Z+3), (RfCO).C2Z*) and {RSO:L-
HZ7SORY or  -[RHC(O)CHZ*)CORY can be prepared by reacting the corresponding bis-

sulfonyl methanes or carbonyl methanes with an alkyimagnesium halide by the method described

groups is

in U.S. patent No. 2,732,398, which is incorporated herein by reference. Suitable compounds of
the formuta (R{S02)2C4(Z+2) include (CF3SO3)[CF3(CF2)s802)C2 2MgCl, (CF3S02)2C-2 2MgCt,
or the like. Suitable compounds of the formula (R/CO)2C%(Z+2) include {CFsCO)[CF3{CF2):CO|C2
2MgCl, (CF3CO)2C2 2MgCl, or the like.

The compound of formula {1b) is formed by reacting a fluorocarbon polymer precursor
containing at least one pendant sulfonyl or carbonyl halide group with a compound of the formula
R/NHR such as CFa{CF3)sNHz, CFaNHy, or the like.

In another aspect of this invention a surface comprising the branched fluorocarbon
polymeric composition having hydrophilic functional groups is provided wherein at least one
hydrophilic functional sulfonimide group of formula (1d):

Z+
R SON-SOR? (1d)
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hydrophilic functional sulfonimde group of forrmula (1d): 5
_[RF]r-S02N-SO2RE' (1 d) 17 1 June 2004 WD 01/ 58577 PCT/ USOLB8E98%i s a
branch orygjdRed oup coval ently bonded through the R gr §0q,0§12§2Y group
of a fl uorocar%o pol ynmeric conposition of the formula: - CY2-7?Y
(2) wherein A, Y, n, m R, R , t, and Z+ are defined above
Representative suitable Rf groups include -[OCF2CF2] -

- [ OCF2CK( +), ] | i ke.

Repr esont ab LU ST CasPRP Tt b %w Sp%égroup SlaIBREa s o

- C8F17, - [ QXBra@E Coohpddifin@Fdp Boeld- ( H+) SO2CF3], - CF2COF, - CF2000H or the

like. Representative i mde or sulfoninide-containing fl uoropol yneri c groups

or organic or inorganic salts of the imde or sulfonimde groups can be

formed fromthe conpounds of qgmyl ng) (11) and (12). Reppgsentative

sui t abl e Z+groups include a prot‘on, a% kali nmetal ion such as$’sodium

potassium or the like, or an organic cation such as amoni um or tri ethyl
her aspect of this invention, the

ammoni um JJike.

surface- rmgﬁé? 'lr')%ng Fggﬁ’ttl?iﬁzcarﬁﬂ % tfj"’? branched fl uorocar bon

pol yreri c corrpoaemesematha\sumnem{cyr@p@mbme f[@mt:aqqu)cecpc@:lpaoe?zcrtp S

i nvention - Q{S §é§§ﬁa+ E% react |I ng a fluorocarbon polyner precursor

cont ai ni ng ora(Cadp the kg ReppRpniative sulisblp Bo@prsmluﬂftl-@':gr(bﬁp havi ng
the 1or mul apinl Ry Tooke CRICHBRERIAIOR)SBARHIBLAZAN oLl 35, 604061 e

chlorine, brom ne or are ove, Wth a
subst i t ut etkeor Reprasemafive tiride dr amtﬁcmimldeporsaitirig)ﬂmmpdgnmrgrcajpmon@rgamamt ant or

m Xtures g%l ket 2 tlce o b ey B o e e ¥ e
are defi necm)atmym (15) t RepRaBEitatiod SitalZ-QFipd Thdlude ' phdfup! &HodMak me] ibn £Eh t he ami de
or sulf °”a£“s SOﬁIUITI potassium, or the like, or an organic cation such as ammonium or triethylammonium
groups, or the fike.

In another aspect of this invention, the surface-modifying composition comprising the
branched fluorocarbon polymeric composition having hydrophilic functional groups of this invention
is prepared by reacting a fiuorocarbon polymer precursor containing at least one pendant sulfonyl

or carbonyl halide group having the formula:
-RileT-X (3)

wherein X is a halogen such as fluorine, chiorine, bromine or iodine and T, t and Ry are defined
above, with a substituted or unsubstituted amide or sulfonamide-containing reactant or mixtures
thereof of the formula:

Rf-T-NRR’ (4)

wherein R and R’ are hydrogen or substituted or unsubstituted alkyl or ary! groups and T and Ry
are defined above. Altemafively, an organic or inorganic salt of the amide or sulfonamide-

containing reactant can be used, having the formula:

18



~the solid f

contai ning reactant can be used, having the fornula: 18 1 Jqﬁﬁ %%Bg WO
01/58577 PCTI US01l1 03129 Z+ Rf'-T-NR (5) wherein R Rf', T re
defined a m xtures of reactants (4) and (5). The ' f the
quorocargg*ﬁ€g7§ner-precursor with the substituted or u%su %?@?ﬁ ed am de
or sul fonam de-contai ning reactant or salt thereof is believed to proceed
via a condensation nechani sm between the sul fonyl or carbonyl halide
groups of the fluorocarbon polyner preggursor and the am de or sul fonam de
groups of the am de or sul fonam de-¢ a ai ni ng reactant thereby |iberating
a hal i de-contai ni ng byproduct. A noritHiicl eophilic base is typic@)ly used to
scavenge and bind the halide-containing byproduct so th at the reaction
can proceed to the formation of the branched fluorocarbon polyneric
conposi t i owerRiviR MRy, hyndrZspmidefined shome erintxtures ¢frengiests (47hmd (Bleacti on i s bel i eved

t d I DG ] i th.reference to, the

Subst Lt uted or T reichr b fuolcParbebt Dl ARORER vin rESHEL ARSI  Ane o

1; orR mJQI+aX( \All\%mid& hdfomaniide-comihing r§ac|)énﬂor 214 theTeoglREélievbc@r@ged@@*&conde@di?nfr- N--T-Rf
erei.n O.is a ngn-nucl eophiljc base an are cations

derived fr QORI Wfﬁ%@ﬁ@@%?ﬁcﬁr 0’@{}5 QNS of thefiyorogaibon Poiymerpreqursoland t ar e

def i ned abgidehe digeCdris@dnsthidd dqtéups bHRE SRAE Q@ﬁlf&@h@%t%tﬂ'[i@ﬁb’é f thglgté’ ng

sul fonyl or car bor%lm hal i de groups wth the substit or unsubstituted
ani de or sliperingahaile-coniainiag bipraguct e seramicleophilis base it tyicatyodsed lrscavergecar ri ed

t ith t . . bej ' lid f.
ool vent - svalfPod e ARRB IR RRTE: BN R Erietdt S Be bR s 0 che
sol i d, |i quanthaifugrasariph psipmeritseipositon hafiguedroshiic RecoRPYYEPR! THY@&KGSOr -is in
form tthe regction I s, carried out under anhydrous conditions by
cont act i nd® PeiiYgcig prpsead asenidi fo fveallowing sehere d Wilueieianca s the S@stituted or

sul f onam dgrs@efiied Shibdor siftAsHBaEonRiningfedctahtdffoRlia 4 @ sol vent that is
non-reactive with the starting reactants. Representative suitable solvents

i ncl ude an¥dp@M®lis pol ar aprotic sol vents such as acetonitrile,
tetrahydrofuran, dioxane, or the like, hal oge%%pd sol vents such as

chloroform or M&kh'ﬁﬁm‘é&% sgact ion is car_[hhr TR + RO X

wherein Q is a non-nucleophilic base, RQ* and R'Q* are cations derived from the non-nucleophilic
baseand T, Ry, R/, X, R, R’ and t are defined above.

Reaction of the fluorocarbon polymer precursor having sulfonyl or carbonyl halide groups
with the substituted or. unsubstituted amide or sulfonamide-containing reactant or salt thereof can
be carried out with the fluorocarbon polymer precursor being in solid form, solvent-swollen form
or in solution with the appropriate reactants in the solid, liquid or gas phase. When the
fluorocarbon polymer precursor is in the solid form, the reaction is carried out under anhydrous
conditions by contacting it with the substituted or unsubstituted amide or sulfonamide-containing
reactant or salt thereof in a solvent that is non-reactive with the starting reactants. Representative
suitable solvents include anhydrous polar aprotic soivents such as acetonitrile, tetrahydrofuran,
dioxane, or the like, halogenated solvents such as chloroform, or the like. The reaction is carried
out in the presence of an organic non-nucleophilic base in order to scavenge the halide-containing
byproduct of the reaction. Representative suitable non-nucieophilic bases include alkylamines

such as triethylamine, trimethylamine, or the like, pyridines, alkyl pyridines, alkyl piperidines, N-
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out in the presence of an organi c non-nucl eophilic base in L der bg
scavenge the halide-containing byproduct of the reaction. RLHS' OBt ati ve

sui tabl e eophilic bases include al kyl am nes suc hyl am ne,
trinmet hyl gﬁ?%gd%r the Iike, pyridines, alkyl pyridines, pcfrﬁ!sﬁlyol%lﬁ%e“ di nes,
N 19 1 June 2004 WO 01/58571 PCT/ US01/ 03129 al kyl pyrrol i di nes, or the

| i ke. The #lkyhpyoldines; anthdlikec Fing eariomnesn be partidieutib the bsencd ofa ssloénl/@rmter under

condi tions r th e is enou rr ob|I| of the reactants to interact
with each %’W@P&g %E%’S&PPé‘ﬁh &ﬂ'goﬁ@ﬁmﬁﬂ %%BIWF‘W@“B%FS@E‘PWH@W%’H%" as a
medi um f orthé f- riuﬁaiphiidbﬁse fGACRE aSalinbdRlM fBr thebacliSr m& ﬁhtéﬂléwande%ﬂélﬂﬁbu
scavengers, i ncl ude Na2CO3, Zn powder, CsF, t he ke. Reaction is

effected RIR@EYct %ﬁ??‘ﬁﬂﬂ?féﬂ@[u%lﬁ%lf‘{aﬁ sLsRAKeraGshy ﬁtl@e litegn Fieﬁcilotl iseeffeatedbher e such
as argon, enper at ur e
bet ween ab%%rr gﬂ’@ﬁﬁ%l%oﬁ&ﬁ S %%% “”Eé} aﬁ‘ g%‘rg%@@p B&% ?’/\5@(‘3%4 g@\ o] foﬁg?éréh%&ﬁ Sbout
125C. Sui tinb M@sei erecgldve hoxtat aemperatere lbethabomb endtabbut 200Cyipesferablydbeivbeut 72

h , fe d _about 24 h Th t
be- o1 1 cot ctolizePl SRLERD. SHRER bR ima o caN o B SRS BN s in
sol ution, fdurs| sreferably Betlef abbuit N hdup BncSabbR i hothe the r@éctub'rﬂédd%bfféctég% jgam de or

sul fonam de-containing reactant or salt thereof under the conditions set
forth abovBXN%he product is recovered as a solid such as by precipitation
or by renoving for the

fl uorocar bon po%ﬁéhre %gdrrdécg@énsor I W%ﬁggﬁé'hg%oh&glrt\%t gr‘éfcgeg%liﬁ?%u%gtw@

pol ychl or oaringubsiitited emidy blesumnarhldmmiemmg mcthia bmammbmﬂ‘[mdsrlhe@oddxtlons set

perfl uoro lL.am nes, for .exanmpl rin err C-70, or the like. In
anot her a?ﬁ@?b%‘?‘ nﬁ'ﬁipéodpﬁ\ﬁe’ﬁ?qn%ﬁgai f801d i a”é‘ y H@LI'P'\‘%P?%@' by ey ®a theon
conpri si ngsolve®.  Represemiaile fslilaBle QRRERS for AR WiFRIchBort BIRAS frécARo Jh@bﬂjdég

hydrophlllc functional groups of this invention 1S prepare y reacting a

f 1 uor ocar btAPIptHednsoiveRss sl 89 Molyehiorelifiuoroeihyiene, asxarpike Hobralont™ o ubst i t ut ed

bst |, f the f I
TR T T BRI, e e AR FER e B G i nod above.
Represent ati ve is Hrhdﬂ@bh@e&oﬂmti ifdention Gha 6 FfattAdd@R compbaitdn corpmRing $eFH4, or
the like. AIterﬁatlveI , .an_organic or inorganic salt of the amde or

sul f onam dEAghegHpPrReaRObROIEEFoMPREiPMIgviRgydmRiiiefyngional greuns ofitbisinvenfon)

is prepared by reacting a fluorocarbon polymer precursor containing at least one pendant

substituted or unsubstituted amide or sulfonamide groups having the formula:
+RiT-NRR' {6)
whereint, R, T, R’ and Ryare defined above. Representative suitable R and R' include hydrogen,

CHs, CoHs, CoFHa, or the like. Alfernatively, an organic or inorganic salt of the amide or
sulfonamide group can be used, having the formula:

Z+
{RIT-NR 7)

wherein T, 1, R, Rrand Z*are defined above, with a sulfonyl or carbonyl halide-containing reactant

or mixtures thereof of the formula:
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wherein T, t, R, Rf and Z+ are defined above, with a sulfom ar, é&\r bonyl
hal i de-contai ning reactant or m xtures thereof of the for upe 1 June

2004 WO Oﬁ/oﬁﬁﬂs% PCT/ US01/ 03129 Rf' -T-X (8) .wherein T, Ricpgdidost:ere
defi-ned above. ?1e fl uorocarbon pol yner precursor containing pendant am de

or sul fonam de groups can be prepared by reacting the sulfonyl or carbonyl
hal i de groups of a fluorocarbon polyner precursor having sul fonyl or
carbonyl halide groups with nhydrous amoni a. The anhydrgus amoni a can
be in the gas or liquid phase' This amidation reaction c be conducted at
a tenperature between about -78C and about 100C. Suitable am dation
reaction tinmes are, B.%V\/egg abo% I second and about 1 hour, preferably

bet ween about WBETEIBd o FEd 43 detined bove. Hhefueracarbor pelymer pBeusRoASINARINGOl yirer i ¢

conposi ti eBndaardig ofEl | E@ﬂ;@ ' | t.he
anmoni um ?a?t forsmogﬁlnggﬁgﬁégg%éﬁf er ﬂg%g%%t%i@rﬁg ﬂth%SL{”ﬁ@P&E é@%yg@l e or
sul f onani @upHeing Byoreseryom pelyndr tprecarsdrchaviith eulfomé ot casbongif halideegmesudithi ng ami de

na i do- conr e gt g s afirbilac e M e indie o8 dRE eBie et 1 or th

above and rgctimeanibe condattedanatengediareemRET alagt -FeTdndesit tonecseligse 1. I n an
alternative, egnbodi pent of this invention, the chain Ier;)gth of the R err]

sul fonyl @MidatoRresaind imesse batween goou tseroaphadyeRe | Boug pisippblybelugeralipd (1 c) can
be cont r olsl @ebnBY atSooRf 15! Mﬁuteﬁﬁ@%&oca}%n tpggm%'icrc%pdgﬁwﬂﬂiqgu?rﬁdef&uor ocar bon
pol ymer precursor containing at |east one péndant ' sulfonyF ‘or carbonyl

hal i de gr sulfpnaide greups isaeco®yred is the emmorien sdlttfdrmandicanbe drthernatvefiddiotheal kyl ene

i d or ] t. of fornmula 10 r en n.is 0 to
fosur t 1 n 1€ pRR LR IER! oy tombd Wb A T beon S1E8 bl alicksie: e or
sul f onami defogamidgortshibtheresf witehe b@idniorichrbanybhdidsshiamng eacthtisabgiad kil ene
sul fonyl or c%{bon hal i de reagent of fornmula (12) when nis O to result

il . ( O
in a termAdr es‘i?f‘%&?ﬁweté?dh(ﬂ?‘@d’}wIp‘qq%ﬂdﬁd{ba'b?r@lﬁ’ﬁ‘?us'ﬂlli?@%f asdgeribeshinst eps are
repeat ed Wpdek 1t he desired chain length of the Wis attained. Wen the
product contains a termnal sulfonyl or carbonyl halide group, this
sul fonyl or calbamaiemhtiveiedbodimentipf thisumvérdion itk ahbip Zemgthi ofi the Ry sokaapitar onal
manner. | ond . et hod.. the fluoropcarbon pol r, precursor
cont ai ni nga@&ﬂ'@ﬁ@v“”&%"rﬁ%’ F50G 98 gje%@w%s@?)fcéﬂi’ﬁicﬂéwﬁ?fr E‘Uﬂ‘eo?f %8r mul ae (6)
or (7) is niethads. e:dthwﬁréthheﬂ]od.itﬁelﬂnﬁbdaﬂﬁﬁlbolyfrﬂeﬂ@é@%kdbhtﬁiﬁiﬁ? SUa5nY pen@gnt car bonyl
hal i de rgﬁ%ent of fornmula (12) when nis O to result in a termnal

sul f onyl BAPIFGIGMY! halidy aup g fernyla (Spfisgeacted with a difunctional fluoroalkylene amide
or sulfonamide reagent of formulae (10} or (11) when n is 0 fo result in a terminal amide or

sulfonamide group. The terminal amide or sulfonamide group then is reacted with a difunctional
fluoroalkylene sulfonyl or carbony! halide reagent of formula (12} when nis 0 to resultin a terminal
sulfonyl or carbonyl halide group. These reaction steps are repeated until the desired chain length
of the Ry is attained. When the product contains a terminal sutfonyt or carbonyl halide group, this
sulfonyl or carbony! halide group can be hydrolyzed in a conventional manner. In the second
method, the fiucrocarbon polymer precursor containing at least one pendant amide or sulfonamide
group of formulae (6) or {7} is reacted with a difunctional fluoroalkylene sulfonyl or carbonyl halide
reagent of formula (12} when n is 0 to result in a terminal sulfonyl or carbony! halide group. The
terminal sulfonyl or carbony! halide group then is reacted with a difunctional fluoroalkylene amide
or sulfonamide reagent of formulae (10) or (11} when n is 0 to resuit in a terminal amide or

sulfonamide group. These reaction steps are repeated until the desired chain length of the Ry
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term nal sul fonyl or carbonyl halide group then is react ed @9

di functional fluoroal kylene am de or sul fonam de reagent Ung 2 ilae (10)
or (11) Otoresult in a termnal anm de or é.PB o group.
These reac (gﬁ@sés"t%eps are repeated until the desired cha| n T engt ﬁﬁof the Rf'

21 1 June 2004 WD 01/58577 PCT/ US01/ 03129 group is attai ned. When the
product cogrouiinattaaed.eWhenthd preduicf wnigins atermiaalistlionyl ohasttiotl hgide gioup, i s

sul fonyi or ca baon e gro can be.hydrol yzed in a conventi onal
manner THUIH o SRt g e RS E PR S SR GR e br anched

f1 uorocarbon pathg %ﬁﬁéc@-moﬁlﬁ}mg%médsﬁﬂn Benvdrisiag thebrahehdd ﬂuﬁroédﬂﬁHﬁtﬂoﬂlH@hc groups of
this invention can be formed wherein the starting sulfonyl or carbonyl

hal i de gr ot@pRosHion hadngfydraehilisiunstionpldareunrs gtethgrlrtyewgn 64n hetfermed ubereipdireoon
| d
Do Y er At Slond LB A oo SRL SHGINABRIS Pk, o

remai ni ng rplyimeopredursor cancbelpartially dmbrhpielelgcmmaﬁeddm wmc&umrdelfonimmtgrdupsl&m de
groups of the parti nve yner_can _be converted to ot her

functi onal® 69%%‘5 @halb'ﬁ%%{%“?'%l #é%IT%PBEr%i"@FWEU"&rO‘@%{PQ@ '\aﬁp@rgé%’f’s ol n anot her
aspect of dnfideSor Suk&HRAMIde Jrouds émhé eﬁmazvaGh\feMémgoimﬁeaﬁbé tVerfed Whinél Ng @

crosslinked fluorocarbon, such per fluorocarbon, polymeric conposition
havi ng hydkessenal greupsmhessubfﬁwa@wmwgomlt&thwgoh nvention is provided having
connecting bri | | nt ai ni ng
groups j oi ni ngq%§ﬁ°‘%ra§@&§§a{lhﬁ§f‘"eﬂﬁ% tﬁ%gré%@inﬁglﬁrﬁhec%fngmﬂ:gn %gﬁ‘é{]sﬁ@ portions
of a pol yneessinkerhfuorocarsan buchsas perfipmsdatbion, siymand sompbditen havimuhydtopli® )t (Z+) t

-Rtt-T E.-L-T- t, t. | ent | b dth h th
o] o TGRSt s Ryelion s Brofded havGcBERnE HOgsE O, OIS MeBaost ¢ | o
of the f orgitdngor crbef@:cokih %n&oubd"ﬂnrﬁr@po?ﬂg@rfc%hélnﬁwhl& @n ﬁa@lhé@i@éds??otﬁi{gwp I

derived fromat |east one fluorine-confaining polynerizable
an int egerpo!'lﬁ&‘iOféaﬁiyfb@TC@halmSk*ﬂh ag eerenositions hauing1he famule: an i nt eger of at Ieast
1 and Y is

I

(Zh (Zh
-[Rr]rT-II_-E’-LI-T- [Ri- (9)

{Gk (Gk

covalently bonded through the Ry groups each to a CY group of a fluorocarbon polymeric

composition of the formula;

—F At CYz—(IJY}m—" (2)

wherein A is a polymeric group derived from at least one fluorine-containing polymerizable
monomer, N is an integer that can be 0, 1 or greater than 1; m is an integer of atleast 1 and Y is
hydrogen or halogen wherein af least ane Y is a fluoring; T is a carbonyl or sulfonyt group; Ryis
a C+-Cas linear, cyclic or branched fluoroalkyt, preferably perfiuoroalkyl, group optionally containing
one or more oxygen, nitragen, chiorine, phosphorous, hydrogen and/or sulfur atoms and/or one
or more sulfonyl or carbonyl groups, or a sulfonyl or carbonyl-containing fluoropolymeric group,

Z*is a proton or an organic or an inorganic cation; tcanbe O or 1;Lis C, CHor N; E'is -TR("T-
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hydr ogen or hal ogen wherein at |east one Y is a fluorine; \H_I % ﬁgr bonyl
or sulfonyl group; Rf is a (err]-CJerr] linear, cyclic or 3 8

fl uor oal kéJOM ;erabl y perfluoroal kyl, group optl onal | Yp F g one or
nore oxyg rogen chl ori ne, phosphorous hydr ogen an or sultfur atons
and/ or one or nore sulfonyl or carbonyl groups, or a sulfonyl or

car bony! - coftralris Rig- driRuBf and & 'yanebd the gamewpdiffereht-andssam b 004 lieér, glicor gani ¢ or
an inorganjig_catjon: ca O.or 1. Lis C CHor N; E |s-TR[err]T22
2" sune. S0k bt Rlisah: RRRGgt Rivski o Soiggalt corigining ot pie QYIeRf ' and Rf'
can be t hentgere ciidringli phbsphetbis, ﬁn}&bg@:%dhﬁs@fu@torﬁ?%dl/dr eﬁe%r,mdié’&hfbrfyl oro'
branched fl uoroal kyl referably erfluoroal kyl, group option

cont ai ni nGAGAY BPUPRHF éSWQ'}N@@WEWOWE@F@glémﬂuofﬂmlm&ﬂﬂGTOUFphﬁ@pﬂbﬁmn@ledhydrogen
and/ or sul I yps, or a
Sl onyl o HHoLB e PR BlccdBin MmR! Bl oo dlcr BRI Sonnect ed
t o anot herand Rad hydofentdne stﬁhstﬂoted)mammmzttped arkyecrrlaql gmmposi tion having

hydr ophilic fugﬁ%tion L group ﬁ Ris Qé’hﬁ or, a substituted or
unsubsti t ut ed Rr§§en VeRFrOTS @P‘b ?9’0"?@5'}8 "étqo%osc'f’%%Eﬁ"*l”‘ﬂkré’emphﬂlﬁor ocar bon

pol ymeri c fgenaaidu Q@f%rmay(gyg,c[byédr ophilic functional groups of formula (9)
i nclude: (Z+)t (Z+§) -[Rd t TL(L) T-Rf " TL(L) T- [Rf]r (9a) wherein
L' is G or CH L" is Hor -TRf' and T, Z+, and t are defined
above, or [Rf]rT- N(R) Rf " N( T-[RfE, z+ Z+ Z+ z+ or

&

-[RFJL-T-N--T-RfF"-T-[ N- N-T-[RfF]f (9b wher ei
TF R]f Rf", R ,[and-ﬁ%ﬁl& Le)-EI&l'E gﬂgéfe and [Rf ] |g a) Cﬁ@O Iiehgiap,

cyclic or branched quoroaIkyI pref erably perfluoroal kyl, group

optional ly contaij on re oxygen_ nitrogen, chlorine, phosphorous,
hydr ogen a\‘ﬁ‘ﬁ/e@rl- ' IQF&H 'at'% r gﬁdﬁ'&f“ é%@h By’ apdbiase dainedabove. ¢ car bony!

groups, or a sulfonyl or carbonyl-containing fluoropolyneric group,
optionally connected to another chain of the fluorocarbon polyneric
conposi tion having hydrophi | i {R{FUNEIRIMEHT-Boups. The conpound (@} fornul a
(9a) is formed by reacting a fluorocarbon polymer precursor containing at
| east one pendant sul fonyl or carbonyl halide group with a conpound
cont ai ni ng the Z* Z+ Z+ 7+

or R T-N~T-R{"-T-[N~T-R¢"-T-N-~T-R¢"-T-JoN-T-[R{]-

(8c)

wherein T, Ry, Rf", R, n, t, and Z* are defined above and R" is a C+-Can linear, cyclic or branched
fluoroalkyi, preferably perfluoroalkyl, group optionally containing one or more oxygen, nitrogen, - -
chlorine, phosphorous, hydrogen andfor sulfur atoms and/or one or more sulfony! or carbonyl
groups, or a sulfonyl or carbonyl-containing fiuoropolymeric group, optionafly connected fo another
chain of the fluorocarbon polymeric compaosition having hydrophilic functional groups.

The compound of formula (9a) is formed by reacting a fluorocarbon polymer precursor
containing at least one pendant sulfony! or carbonyl! halide group with a compound containing the
functional group C(SOR{")SO2R"S0:CHSORy") (22+2) or C2(COR{")COR{"C(0)CHCOR")
{2Z*?) or by reacting a compound of the formula -[R:S02C250:R"S02C280,[R e (22 or -
[RIC(O)C2COR{"C{O)C2CORYr (22*2) with a compound of the formula R{’SO2X or R'COX. The
compounds of formulae

CHSOR")SOR{"SOLCASO:R") (2Z+2) or  C2{COR{"YCOR{"C(O)CHCORY") (2Z*2) and
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functional group C 2(SO02Rf") S2Rf " SQ2C- 2( S2Rf ") (2Z+2) or 2004
C2(CORF")CORF"C(O C2(CORr") (2Z+2) or by reacting a corrpo‘{ﬂqa 304 ¢ he
formula - C 2SQ2Rf " SQRC- 2SC2[ Rf ] f- (2Z+2) or -

(RGO -é’@?&gqqczoo[mt- (22+2) with a conpound of the tormul a
Rf "S02X or Rf"COX, The conpounds of fornul ae

G 2( SO2Rr " ) ROSAIC SSORSDLGISTER ) (27270r 2 ) REG{OIC2ZORORO) §-TORR]-(22%) €2r( 1R0RF )

B ) concoraish ity MaBisa s Coghiing S hetine S A scmeshimpaioeddiic. 2oy R 1

(2Z+2) canmétrod deserbed . SyPateﬂaN@ lmztagea wmﬁ ﬁsﬁﬁ@?pofiﬁhdﬂﬁreﬁﬂtbyf @félvé'ncémt hanes
with an aI nesi um hal i bed at en: .
D 2 D05, Sl sorreuiin e bt ORI BSOS ERgH) £7°) B B0 mmounds

IR g éc%@ifvg@@*%%.?%%@%%%%%ﬁz%@%@k e
|'i ke. Sui tedipeunds aofplberfasultafl CREOR!KIORICH)CALORORI2ZACARIUGE( CLRBCRF)CORr ' )

crac 0 C L eI Bies ShigblC EGP AR R ot o

formula (9b) is forned by reacting a fluorocarbon pol yner precursor
cont ai ni ng at Ihasbmpmad aidomdaln (9b%is fdnned/ By redctimed fluonydrbdndloiymer [gécarer Wi th a

d of the h NH2( CF2) 6NH2,  NH2CF2NH2,
Cher |1 Ko, “ToRERS FHE c28 pEem SophorGaPAYLIRGESHID M esals ol ng
conposi ti QQ(RQWNH(@ISM;;@NHS(CPMH wwzmzugrtmﬂé bon pol ymeric corrp05| tion

havi ng hydrophilic functional gyou ps I nvention is provided having
connect i ng bri dy@sotisr agpesiefIthis kgentipn, Hh&asuﬁat@amdlfwr\gocosmba‘it@n|cnmpm£ng rAoups

ol yner o S LERRAE oS SARSIAIADE phAORTC B RAS G B © °
- [ Rf ] t SO2NmBaRis' ;ﬁﬁﬂb&hdﬁ@&nneﬁﬁbﬂiﬂd@@ﬂﬁmsﬁ&?ﬂ mNaﬂéﬁ[ﬁb]slﬁlfoﬁlﬁnﬂb gs@mém ently

bonded throu h the. Lgl[) ch[ o a, CY group of a fluorocarbon
pol yneric ! ef‘? Bf‘" chgari Wﬁ 0gps Jofning\pasffon @\@owemc aipBuchdser ei n A,

Y, m Rr, dﬁhpes,{Bﬁshangthbfonﬁmg(ga} are defined above, Representative suitable
R and R" include -(CF -(C2F3H) -, -[CF2CF(CF3) OCF2CF2] -, -(C2F4)-
-(CAF8) -, -

Z+ Z+ Z Z+
-[RSON-SO2R("SON-SO2R{"SON-SOR"SO2}iN-SO[Re]-

(9d)

covalently bonded through the Rr groups, each to a CY group of a fluorocarbon polymeric
composition of the formula:

—H At OV CY 2)

wherein A, Y, m, R, Rf", Rf", n, , and Z* are defined above. Representative suitable R” and Ry
include  -(CFz)-, -(CoFaH)-,  -[CF:CF(CF3)OCF:CFa}-,  -(CoFa)-,  -(CaFs)-,
[CF20CF.CF(OCF2SOF)CFy)-, -(CsFss)-, or the like. Representative imide or sulfonimide-
containing fluoropolymeric groups or organic or inorganic salts of the imide or sulfonimide groups
can be formed from the compounds of formulae (10), {11) and (12).

In another aspect of this invention, the surface-modifying composition comprising a
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[ CF20CF2CF( OCF2SQ2F) CF2] -, -(CBF16)-, or the like. Represenitj;\tié?J l, m de or
sul foni m de- containing fluoropol yneric groups or organic or 5 8$ni C
salts of e ipl.de or sulfonimde groups can be forned onpounds
of fornmul e(tl%%’? (11) and (12). In another aspect of thllt(ssﬁ?%?yg%ﬁ;on, t he
surface-nodi fying conposition conprising a 24 1 June 2004 WD 01/ 58577

PCT/ US01/ 0@ds2kext fuerstarbuoedlyhéricaompmsititrovaving hydmphilicfusxticnadgbips fthisavi ng

hydr ophi li.c f@nctional ' invention is prepared by reacting a

f th
fi uor ocar HBYF" 8#%}%%‘1“89’85&%&55P%%%@S%PW%PE%%Fonéﬂwg ag]é?ﬁﬂa'iﬂ sul fonyl or

carbonyl hethigiesul6QHa ity alidePoub REVRg e fomduf3 1 1 T- X (3) wherein T, t, X and
Rr are defined above, with a reactant containing at |east two substituted
or unsubstituted am de or sul fonam de groups or m xtures thereof such as
reactants having the fornula: z- -fF{] \,, -

(RR)-T-R{"-T-[N--T-Rf "' - T-N- - T- Rf -“'TJ[\?(nN (RR) or: (10) z+ z* @k 7+
N(R-T-RF"-T-[N-T-Rf "-T-N--T-Rf"-T-]nN-(R) (11) or m xtures thereof,
wherein T, are define ove. Rea&ents(lO) and

R . R d ed
(11) wher ewf}?f%ﬁsé @ﬂm afs sefingt ﬁ@ﬁeﬁxz}tﬁﬁir?a&an&@ntﬁmgﬁw twp subs iU ofal
f1 uor oal kyjlnemstiteted eigy br gﬂfonaﬁ\ﬂiélgfﬁwé o kthr@gtﬂgfeﬁf:é%ﬁ% re%ﬁarftéal?&ﬁﬁtﬂ% (10) and

(11), when n is 0, by the process disclose y Burton et al Jour nal of
Fl uori ne da@astry Vol. 60 (1993), pp. 93-100, which is incorporated
herein by reference. The difunctional fluoroal kyl ene suifonyl or carbonyl
hal i de can be converted to the difunctional fluoroal kyl ene am de or

sul fonam de of reagents (10) and @i1), wi¥en n is O, by reaction thereof

wi th anhydrous ammoni a URRR)-TLRET-PEFR-T-NEBREGLNRRY h herein. \{dm;n n-is 1
or greater reagents (10) and (11) can be forned by reacting a difunctional
fl uoroal kyl ene “sul fonyl or carbonyl halide with a difunctional

fluoroal kyl ene am de or gul fonanmae by the progess of U S. patent

e UL ¢ AR R D
or mixtures thereof, wherein T, R, R, R, R/, n and Z*are defined above. Reagents (10} and
(11) wherein n is 0 can be formed by first forming the difunctional fluoroalkylene sulfonyl or
carbonyl halide precursor fo reagents (10) and (11), when n is 0, by the process disclosed by

* Burton et al in Journal of Fluorine Chemistry Vol. 60 (1993}, pp. 93-100, which is incorporated
herein by reference. The difunctional fluoroalkylene sulfonyl or carbonyl halide can be converted
to the difunctional fluoroalkylene amide or sulfonamide of reagents (10) and (11), when nis 0, by
reaction thereof with anhydrous ammonia under the conditions set forth herein. Whennis 1 or
greater reagents (10) and (11) can be formed by reacting a difunctional fluoroalkylene suifonyl or
carbony! halide with a difunctional fluoroalkylene amide or sulfonamide by the process of U.S.
patent 5,874,616, which is incorporated herein by reference but with the difunctional fluoroalkylene
amide or sulfonamide in excess so that the end groups comprise amide or sulfonamide groups.

Alternatively a fluorocarbon polymer precursor containing at least one pendant sulfonyl
or carbonyl halide group of reactant (3} can be reacted with a fluorocarbon polymer precursor
containing at least one pendant amide or sulfonamide group of reactant (6) or (7) defined above.
The crosslinks of the crosslinked flucrocarbon polymeric compasition having hydrophilic functional

groups of this embodiment contain at least one imide or sulfonimide group.
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am de or sulfonam de in excess so that the end groups corrpr1i‘§% ?@‘Pge or
sul fonam de groups. Alternatively a fluorocar bonbpol Iyrrﬁr precLhF f

cont ai ni n st one pendant sul fonyl or carbony a% o]

react ant ?’éf‘{‘é“‘ %ﬁbe reacted with a fluorocarbon polymer ¢ﬂ§ﬂ’?@%ﬁg

contai ning at |east one pendant amide or sulfonam de group of reactant (6)
or (7) defined Tabeaaetion offtheflurooarsdn polymegfrecuiser with Gsbdcrisedntbhmg biagzar bon

i i tion having hydrophilic functional s of this
Erbo rent 8 Lt B urbalit iy MG 2P Gulonanids Touse hvsels terest s bedesed kyune 2004
WO 01/ 585 TpkodB6d idSdnldek@MA meaRanishaeiiean th@stlfoHﬁ to‘F éaltr%ﬁﬂm@g@fb#gsféefgﬁ%

precursor with the reactant containing at eas Wo' su . 2d
unsubst i t JUEHCaReN Ralyser PERGUrses dathine amide erspifonamide aibups of the reacténtcantdirérig eved t o

proceed vi ' [ n . the sul.f.onyl or carbonyl

hal i de g_roaa{?%tgp% tﬁe%ﬁéqf@gpgggﬁra%r& %P@%@ﬁ%&@@%ﬁg'ﬂ?@%p@ﬁg g}ﬂoﬂ'e or

Sul f onarm ducembliptesols kemoatio ool er ot g wmAg ol o

sul f onam rQups ther erat i a hq - | C . -

nucl eophi ﬂﬁ’%@a@g@cww‘é?%@? foymﬂ%ef iPgraselnkedigerocrian pelyaene pamposition i

hal i de- cortagihd) hydgophlifuashived 81%9pst. NPe reddiSh E%Feﬁuéd)& &%e@%&ﬁﬁiﬁg th the! N€.

formation of the crosslinked fluorocarbon polyneric conposi Fon havi ng

hydr ophi | i fellowing sehenigad, with gefgrenceTioethe e@clantoumnﬁa?mpeat |I&avteulo:ar1:b$immde;ﬁd t

accordin ] ' eference to e reactan _

cont ai ni ggdng%bglf@%%%n%%\e@fégasﬁgﬁg@agg?rmu%zjs bstituted am de or sul fonam de

groups of Jcoemal? a (10): Schene 2 zZ+ zZ+ 2{-[Rf]rT-X} + _

R N T RO TN T R T TR T N T R C + 2[ R Qo]
wherein Qis azﬁ@t{r‘?ﬁd’lmggﬁ?ﬂ U-INaB - TROTRI - RIE@R3r e cations derived from

the non-nucl eophilic basggand T, Rf. Ry Rf", X, R R, Z+ nandt are

defined above. Reaction of the fluorocarbon polynmer precursor having

sul fonyl or carbonyl halide groups wth the reactant containing at |east

two substituted oermsubsﬁltut edgham de @r sul fonam de groups or salts

' " y ; r bon pal ecursor being in
Lgfir SO; o(r:ﬁln biﬁ&r@m?gﬁﬁf r "h‘(%’f' E ‘%@%ﬁﬁoﬁi Kn?Lep;ppr opri ate

Sar
reactants in the solid, liquid or gas phase.
wherein Qis a non-nucleophilic base, RQ* and R'Q* are cations derived from the non-nucleophilic
base and T, Ry, Rf", Rf", X, R, R, Z*, n and t are defined above.

Reaction of the fluorecarbon polymer precursor having suifony! or carbonyl halide groups
with the reactant containing at least two substituted or unsubstituted amide or sulfonamide groups
or sals thereof can be carried out with the fluorocarbon polymer precursor being in solid form,
solvent-swollen form or in soluion with the appropriate reactants in the solid, liquid or gas phase.

When the fluorocarben potymer precursor is in the solid form, the reaction is caried out under
anhydrous conditions by contacting it with the reactant containing at least two substituted or
unsubstituted amide or suffonamide groups or salts thereof in a solvent that is non-reactive with the
starting reactants. Representative suitable solvents include anhydrous polar aprotic solvents such
as acetonitrile, tetrahydrofuran, dioxane, or the like, halogenated solvents such as chloroform, or the
like. The reaction is caried out in the presence of an organic non-nucleophilic base in order to
scavenge the halide-containing byproduct of the reaction, including alkylamines such as

triethylamine, trimethylamine, or the fike, pyridines, alkyl pyridines, alky! piperidines, N-alkyl
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When the fluorocarbon polynmer precursor is in the solid form}dt%% {}]eacti on
is carried out under anhydrous conditions by contacting it P e

react ant ¢@iagshng at | east two substituted or unsubst pépiigsesdde or
sul fonam de groups or salts thereof in a solvent that is non-reactive with

the startin reacéants Representative suitable solvents include anhydrous
pol ar apr BY'T ings|olapkke. Hadenction sandestrtadiontn theabsense efaspienbindersanditioisoxane, or

e ) e whitk BRI RSN Bf Be RUAHAS BRI O DinePLuch Aunch s on. 1

reaction is carrie resence organi ¢ non-nuc hilic base
in order tn@ﬁleoghﬂab@a@mcmhaaashaiedsdmfocthateau:tlm @hebgqmabmdmdemritalmr’fg&)ypjr@ﬁcttl on,

oyri i nog bR M IBKEIEC0S 2 pepherioRsr PR Redclon R rtted gt sty b | ke
01/ 58577 B@ﬁﬂlﬂbﬂﬁ&hélﬁéhﬂ&rQﬁ’hérﬂétﬂné’dpﬁ@ésuc@és é:ﬁ@ hitrdgBn orthelike %%G\Iebééfbr%a” be

carried out in the absence of a solvent under conditions where there is
enough nodie¥g §oy kA teF’H%fatF@Q@ttV%@O‘ﬂ@ anchaheptz80 Crireferaldnistiwasn lakqut 2 as when

t he non- g?.& ?gm"'@ufta%let?&%ﬁ%nflnld&céré %é\l?eeﬁéboﬁt IR Thd %FF%Z]OIF{%%%H‘&%Q Q her

suitable h cont al ning byprod scavengers 1 nc
Na[ er r ] CObetwegn, abmmpmmwaboﬁtﬂ:hotm Théneadtirkean bRefiacﬁed wlﬁlaiwﬁxingf fected under
such as under an .npert at h as argon,

hyd ' h
i 17 0gen_ or ¢ nanen BE bR TR Gheuor i Rsohuch i GAnzis w0 wedAs et ween
about O apehtanoitt ldf 8o substitiealioritsibsReky\afite #RRshamSe so?é&@éjtﬁerétﬁSC

Sui t abl e reactl on tines are between about 5 m nutes and about 72 hours,
pr ef er abl yndeh e fardiioph ek forth akeygr Tae arosshieled P@dU%CSUE@VGWmeR?m@SGBTBtUﬁ can be

ef fected whiahig smre?ﬁlsr?&the Gfac%rﬁb‘ﬁtquighi@ep? smﬁ}luﬂg h%fgq%at&f &@?ﬁtgg ? |n

solution, 1t IS contacte con ni-ng

substi t ut edyahforatrrﬂwdmrtyiehelmeﬂ aaHmlobarbomTMmlpbmmfl@Em@é@&mﬁ aSJFFIucﬁlﬁérF@ t her eof
under the ﬁo,@ E ﬁps set forth above. The crosslinked product is recovered.
Representg e el apl e sol vents for the fl uorocarbon pol ymer precursor

| ncl ude hal ogennbetle kAR BkiedHf NuBBcarithlpy b prelrsdrcbhianinl ik epe such as

Hal ocarbon[err] oil, perfluoroal kyl am ne as Fluori C- 70, or
the |ike. Pewsien stifsayl pecatonhalidegroupsohreadiant {3) @I‘dﬁhﬁdlavrb@mWoblmprewrmur sor

Fenct ant | (P B e LA or i e o b o BN o A Re oot

one pendamacibnicatebemffoctad uhdun drisaae @mmuuns St fortie atl@with réferendetto the' Beaét@t ef fected,
the reacti effe und e sane conditions set forth above

b
with refef %réngtaqrgle@ﬁ %@%WE&W ”“é'g’ﬁti“é{?qﬁ"?\‘& op gulfpragide gfopps & galis theteat ed or
unsubsti tut ed ﬁl”érféﬁ’\eloésgédflof ﬁ&%ﬁﬂeﬁ@n%% Fnotﬁ 1hé§orﬁﬁb§ﬁlﬁpéomp ifhg@not her

aspect of this inventi surtace- y|n osition comprising a
crosslinked fluorocarbon polymeric composition hawng hydrophilic funcuonal groups of this
invention is prepared by reacting a fluorocarbon polymer precursor containing at least one pendant

substituted or unsubstituted amide or sulfonamide group having the formula:
-R-T-NRR’ (6)

wherein T, R, t, R’ and Ry are defined above. Alternatively, an organic or inorganic salt of the

amide or sulfonamide group can be used, having the formula:

Z+
ARI-T-NR 7)
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crosslinked fluorocarbon pol yneric conposition having hyd_rcxlp‘mnlei%%O
functional groups of this invention is prepared by reacting af u‘cd)rocar bon

pol ymer pgRfdfsgf% containing at |east one pendant substpépigH 9o
unsubstituted am de or sul fonam de group having the formula: -[Rf]f-T-N RR

(6) wherein T, R t, R and Rf are defined above. Alternatively, an organic
or inorganic salt of the am de or sulfonam de group can be used, having

uner i n 1 oreiffe e ot B g By YBEn Pt Goll PR R e o1 oup

coval ent | frobgirtteR graup toaighgroliyeof Biflugodatbon pelyneriCorgositidh od thedorbigtor ocar bon
pol ynmeric conposition of the formula: - Ain-F CY2 Y (2) wherein A, Y, n, m
T, R R#, t and Z+ are defined above, with a reactant containing at | east

two ’sulfonyl or carbonyl hatirdg gypepg—or mixtures thereof sugh as
conposi tions having the fornula: Z+ £+

T-(X) R -T-[N-T-RE"-T-N--T-Rf ' -T-) X (12) wherein T, R'", Rf ", n, X and

ZZ are def ve. f [ sul.fonyl._or carbonyl .halide

r eagent o% or%fua\{?g' ’fz%’,hﬁ\/\tﬁéygiaﬁg#ﬁf{éﬂe%%%eame%re%%t?'ﬁr@ﬂﬁ%"ﬁngt%ieaﬂ%%ess

di scl osedsuliynyBir carbonylertalidalgrdups orditresthered sﬂh@@bénﬁ}ﬁsi%@ﬁéﬁ%b{e fi@luia; 60 (1993),
pp. 93-100, which is incorporated herein by reference. en nis 1 or

greater, reagent (12) can be formed by reacting a difunctional
fl uoroal kyl ene sul fonyl or carbonylzhalide.with a difunctional

f1 uoroal kyl ene ami de or sul f?'@g?’ﬁ'N"T%""Ermefﬁ'%ﬁs of U S. pa@ﬁgt

5,874,616, which is incorporat rein by erence but with
di functional fluoroal kyl ene sul fonyl or carbonyl halide in excess so-that

th d QI i | f ony!l ,qr carbonyl halid roups. . Th

fl ﬁoregcarg‘%kgeﬁ&}?%ﬁﬂ/@r’ n;’?@@?@@&%‘%%ﬁ%%ﬁﬁlﬁéﬁ‘ﬁgﬂ}e SH'E’P’E@W? D%M’geham de
groups ca@agehmffmnﬂ.waﬂwﬁémiﬁuﬁgobamférh\@d BLthd SEaebs dicloSenly BlNdn Alid de gr oups
of a fluorocarbaon pol ymer precursor having sul fonyl or carbonyl halide

groups Wi %ma'nq’imoan&é%ﬁmm iVal. 6FHE993) IR AW, whisholsiirsomarated herein by
reference. When n is 1 or greater, reagent (12) can be formed by reacting a difunctional
fluoroalkylene sulfonyl or carbony! halide with a difunctional flucroalkylene amide or sulfonamide
by the process of U.S. patent 5,874,616, which is incorporated herein by reference but with the
difunctional fluoroalkylene sulfonyl or carbonyl halide in excess so that the end groups comprise
sulfonyt or carbonyl halide groups.

The fluorocarbon polymer precursor containing pendant amide or sulfonamide groups can
be prepared by reacting the sulfonyl or carbonyl halide groups of a fluorocarbon polymer precursor
having sulfonyl or carbonyl halide groups with anhydrous ammonia. The anhydrous ammonia can
be in the gas or liquid phase. This amidation reaction can be conducted at a temperature between
about -78°C and about 100°C. Suitable amidation reaction fimes are between about 1second and
about 1 hour, preferably between about 5 seconds and about 15 minutes. The fluorccarbon
polymer precursor confaining pendant amide or sutfonamide groups is recovered in the ammonium
salt form and can be further converted to the free amide or sulfonamide form by contact with acid.

The reaction of the resulling fluorocarbon polymer precursor containing at least one pendant
substituted or unsubstituted amide or sulfonamide group or salts thereof with the reactant

containing at least two sulfonyl or carbony! halide groups represented in formula (12) is carried out
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be in the gas or liquid phase. This am dation reaction can b‘ﬁm%%ghlct ed at
a tenperature between about-78C and about 100C. Suitable amdation
reacti on Hbpesssaf € bet ween about 1second and about 1 hggruseiefisy ably
between about 5 seconds and about 15 minutes. The fluorocarbon polyner
precursor containing pendant am de or sulfonam de groups is recovered in

t he ammorindeh e eanditigng sed farfyakoxs anskpreqgedstie n @prleasrs BaNNebag describedd ani de or
sul f onam dg.f05 m by contact with acid. The reaction of the resulting

fl uorocarbon polyrrer precursor containing at |east one pendant substituted
or unsubsti t utiedn aferitiveosmtmdimeatrod thisdavegiionyiihe ahairs hgts répmsérﬁaf by bh t he

r eact ant S .sulfo. | or carbon hal i de gr oups
represe ntfgrglu ar‘% 8?"[}%68”1(0&9}@&? QTG 1P r@ﬁpo&@erfogtatﬂlg enel W@%‘”%E? 7
PCT/ USOI / cﬁﬂ)ﬂ;l%@hdﬂdmupé é]ﬂ anéWﬂértcbrﬁéﬁngftﬁhfnﬁl%Fn’id@ o%%ﬁ%mﬁ@&roﬁﬁs%ﬁc‘ﬁ%% in an

anal ogous, manner as in scheme 2. In an altefnative enbodi nent of

this i nvefgn fé@?*edt%eeqwherﬂomm qrqspim@sl@mm@t!leldgsmd of Thefofaringlpalyi@c) can be

troll I | I
oo™ Cor baanind orital SR B earBoriinB el KETE nisa ol FLDRE, 51 T O™
sul f onam mmtaigmg)atﬂmst ommm:ntiarmﬁonyltdneamnﬂaaﬂtiegtow dffmrrﬁ.ﬂn:(m @t & be fofmddor m t he
crosslinks havi

n. Testartln Contalnlng term nal
ST oyt e A PRS0 st e obs BRI BESPybir
precur S0fha!tdbcyi’duﬁloﬂfomﬂjlaa(ﬂ3)'%&@%%&9{6&%@%@@"&!9%‘&&9@&& suﬂn?rﬁﬁé l%%g%'t %2‘;’]" ngleyrrer

group of fornula ( 13} or can be formed by reactin uor o

pr ecur sorfoayie dPkar fid) when ndsde reguitdn @@mmhqm:@gr ﬁuifnsamldergrauar Bergrminathal i de
f r‘ail‘{'?ﬁ)e d -
glrjf)]y gngm {qﬁd r eglggnt OfgWu g‘? '?ruis aEtb'ﬁ&-)a(?ﬂ@rlc ‘ﬂﬁ%ﬂ{ﬂéﬁé @ﬂorw%%ar&ogg ult in a

t er mi nal halidedeagent oﬁomliﬂar(\‘eimwimha nmammsulfrmetemnmuﬁaiy! oraarbehg! hakdegtoup.onam de
group the d| func fl u roa k%leene sul fonyl or

car bonyl ﬂ#ﬁ? fea@%ﬁ tétggfeaﬁ? epta qdd'PtHﬂ Bﬁs‘rﬁ‘%%l ,thelcgal pgh.dege bY iun a

t ermi nal isatainedatd i finGlasdefiAYd wniﬂ%ie'dﬂ@cﬁlfnﬂ‘ﬂ@oroaf@féﬁ@ﬁﬂférﬁ?&Eérﬁﬁhyi S are
repeated until a desired first portion of the’'chain I'engt I'ned by n,

i s attai feagephofformua (12)nken nis da el in astewflal‘ﬁlltfm!Oﬂtﬁrlumgimaltdagtoum IIher oal kyl ene
sul f onyl ( when S O0toresult
T o or AU PR R Siod 60 gl Wb i bt BB g e 21 i mo
term nal matine cmtalrmgl at Ieawmeqbendgmtemlds orcsafonéreidd dieupfof fumiure @) BqT) opghy mer
pr ecur sor On%cf at | east R %nlﬂant am de or sul fonam de qroup of
f or nul ae t{ega [F, mangey setdorth abavpopthe plarfingpoympreonaRipiemigtsufasyt h above
for the Sdr@érbérﬂgia‘m' QRS u BBl etk PRIAON B 1 hiiP Yl @Lneﬁ%&?oﬂyl hali de
groups until a desired second portion of the chain [ned by n, is

attained and the final reaction is with the difunctional flucroalkylene amide or sulfonamide reagent

of formulae (10) or {11) when n is 0 to result in & terminal amide or sulfonamide group. The

starting polymer containing terminat sulfonyl or carbonyl halide groups also can be formed by

reacting a flucrocarbon polymer precursor containing at least one pendant amide or sulfonamide

group of formulae (6) or (7) with a difunctional fluoroatkylene suifonyl or carbonyl halide reagent

of formuta (12) when n is 0 to result in a terminal sutfonyi or carbonyl halide group.

The surface-modifying composition comprising a crosslinked fluorocarbon polymeric

composition having_ hydrophilic functional groups of this invention can be formed wherein the

starting sulfonyl or carbony! halide groups or the amide or sulfonamide groups of the fluorinated

polymer precursor can be partially or completely converted to the crosslinking bridges in

accordance with this invention. If desired, the remaining sulfony! or carbonyl halide groups or
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attained and the final reaction is wth the difunctional Pyrn%?ogxl ene

am de or sul fonam de reagent of fornulae (10) or (11) when N1

result i } nal am de or sul fonam de group. The yner

cont ai ni g‘gatdie/rggr?\%nal sul fonyl or carbonyl halide groups ]I%ltébc mﬁ%&e f or med
reacti n%eg fl uorocarbon pol yner precursor containing at |east one

pendant aamidteorailfapamide igeoupsief the pertialy abnvededpdiyger €6) be torlvétedVib IdheR
hal i de reagent of fornula

di f unct | | |
(12) "whereipiel S8 Siti4h 6 of lofkinafine & anloh pud Gpurear SR GFeHal | e or oup

The surface- mfdeéurrammmmmbmanmmnm@mmcﬁ b@?dﬁﬁﬁdn%%‘dﬁéchpﬂﬁﬁcar bon
pol ymeric I tion having hydrophilic function groups o

i nvent i or?UEsgfﬁfe fcﬂpﬂhéeg %@P@iﬁtﬁdwﬁ@mefﬁe&ﬁ”ﬁ@fﬁgﬁh%w@wB prewouslyrfdzimM hal i de
groups Orsubii@te%?’aﬁfcdﬁ{}enﬁcw rﬂgﬁg\(%ng{ tﬂ{e’ B% sh ok Bf" (éo&h gun Etﬁq&’eo@@o' ymer

precursor can bé partia y conver 18 nki ng

bri dges is9luticaofbe ﬂmn@edmolymertﬂmcsrsommﬁppmmatds‘olvaﬁ&jilcﬁ\@db tefRvdl 6 ni ng
2004 V\O 01/ 58577

pcri Usby/ BV B BF et ahiPas smsene ol siecly e Rasizce oier  oc

pol yner ceabstiale folomee by @6olh@ tOERETy thé Wikha RS gde or
sul f oni m de nggegu ps orysul f%nl C argl d grouptg@gé]y@g I'ts [[s Efﬁmqqﬂ

sur f ace- iy REIYTBRI RBRsYRsen s itsomononesc W@mﬂntscdrrezﬂarmnm Jufaceed tten t he

surface t fluorin mer

o ecur sor P o e AR, bk ihndBRlol R reclorcet BLodBedérfite]

convent i dhith theﬁumnmmtmung rpohyrha ahthe fime ofth@formwfios ofdhd Pstiakesus@syr ate with a
sol ution 0 recursQr in an appropriate solvent

~ fol | owed %Eﬂégﬁb&éﬁe @P"’? (y/%rﬁﬁw 059"%*5913‘3“%’?%‘”*['%80'?’!‘%6? foathed pol yner

precur Sorsubstratbbﬁbyl’airddm@lafbléﬁd 6%@06@3&@&)1%!‘ ﬁr@&l?sopénd%‘?luorﬁé'-g&ﬁdérﬁfye fol | oned

by cooli Fgato solidify the fluorinated pol yner precursor m ng the

fi uori natPFEYMBdP ipﬁ’éﬂ‘eﬁ'#té‘lf@}? 8y sinfeging 4 mlstumﬁtbﬁﬁmmated)qumeemwrsdr andct |y on the
rface nat ed
T i i s i, B B e

pol ymer precursor ca
f 1 uor i ne-recsifecsuriaceccap be wmpietei)t ortpariallyimeifief. Raktial m@rﬂmtoh @ih 18f achiBRdsubstrate

h t. the, flu t ed | d
71 tor | ne- BRI S o aumichs vt s BomaRiaobmero@iRor sidiing a bl end
of the flappigihgiire CbribRed/FRIePHERIOBET schBfle bhGs bf thlé’%u‘b&ﬁﬂ Gf'ﬂ[eﬂéq?éé](?e dp0| yner

to formthe substrate or by sintering a mxture o l'uor pol ymer
pr ecur sorPORE of e werified poreusisubsirate ey be conyehed b}fuohttoﬁmgaﬂ:le amoustaf fodiatedg, | f

or par 1 Pl e SR A e BBl hloRlol B BBt B by

utilizi ngpomusmsm b esaentidiip the agme poras $taEture bs e Bnriddiled subsibie dORBhAfTET
precur sor

a ekt tregtment step can be implemented after the fiuorinated potymer precursor is applied to the
substrate in order to improve uniformity of the modified surface.

Example 1

This example details the process for converting a commercially available non-porous

perflucroionamer film made from a fluorocarbon polymer precursor having suifonyi fluoride groups
to the suifonamide form.

A piece of commercially available Nafion® NE-105F film made from a perﬂuoroionomer

in the sulfonyl fluoride form having an equivalent weight of 980 was placed in a small stainless
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applying the fluorinated polymer precursor on selective ar e[a%m fzot)ﬁ'e
substrate. The degree of porosity of the nodified porous subs e can be

control | eghduissg@nt rolling the amount of fluorinated pol rsor
applied to the unnodified substrate. Thus the substrate gﬁﬁ%@%ﬁgﬁder ed

non- porous or can have essentially the sane porous structure as the
unnodi fi edeebprpsstifexessel. Thr vessphwasevacuatethivatprassiabogredterstian 0tmaTortie ot npl ement ed

after th i nat ed. r rsor._i,s applied.to the substrate in
or der toq?%p?%dgﬁg'n{%g%e?’% %’@F?%FQ %W&Y@it@a "2{‘)}9?0&8@&0 R 3Rsseldng thehi s exanpl e
details tpmesswe ndesessebreached B0t ThefilA rehRiMB@R bradd: WithAiAjdrdds h@mBR P Or Ous
Per f1 uor oj ononer. fi | mad? froma flugrocarbon pol ynmer precursor having
QT A0 CorTBR el v

sul f onyl s APl B Flipyeed o gapiBiialp iodeont teparatise pyersedand purgesimrer ci al | y
avai | abl eyifafdq i - 15 & - ] r.,in the
sul f onyl fil _u_c?r(J ﬁgﬁgm}%cq‘]rmrlﬁmﬁévi ngm gjﬂé %@%gg?'ﬁe%h? %\Asg?lg@% édd#%@t)%@\g&s{’%ﬁdaced in a
smal | st dP fifre ged popved thediinpib@4he/i@e b8BT foRCTTHESE WATHARr StseRithor essur e

vessel . T, ed to a pressure no greater than 100nTorr for
Wfer P34 1B BT

at | east hhydr ous ammoni a was then introduced into the

vessel until tThefim@appsmestrengenaridRifer hashb st B dARRuREd totallBfRctahdem r enai ned
i n cont act, w’tﬁhanh%dr?ﬁ_é mmonia for 30 hours at 60C. The vessel was
BirasiR)

al | oned t'®' SBPR &' fije, veal dhepsesencer o suoaamidel geamis. pdie giguificati t h ar gon
for 11 ve diioDits Beeulich)PIubide oS eIt finGfBicalih SbFRRRL conleh R e Water and

exposed to nitric Aaci convert the filmi e free ?Hﬁamde form

The fil msyéppamidefoRer rinsed with water and dried at roomtenperature. The
filmappears stronger and stiffer than the starting film Attenuated total

reflectance Infrared (IR) spectra of the filmreveal the presence of

sul fonani de groups. No significant mampeps of sul fonyl fluoride groups

remain on the_filmi egcatin% conpl ete conversion to the sulfonam de form

Exanpl e 2 Thi JI‘iéf? elils the Pcess dor gpryerdiagsthe i in deveeiianamige fave fbml m i n t he

sul f onamgsigndi®©1 ﬁ‘tﬁéﬁ?&ﬁché%@m%& ; ched perfl uorobutane
sul f oni m de q‘or m  Wor ki ng uncierdag%%flfélp'ﬁg?g@gerobi ¢ and anhydrous conditions

in a glove bo¥Woiingendessijdiy anaerdbie add snhiydrbus comditiohesin 2 glof@aningte ager, m f r om
exanpl e jthe"@fﬁl% ey s%ﬁ%arinfae Bt *?clurhJ &ga%gle (i ?vgg Eer}lim%irsgg in%'sglgtiton containing 0.5mi
perfluorobutanesulfony! fluoride and 5ml anhydrous triethylamine in a small pressure vessel, The
vessel was closed and charged with argon to 60 psi. The vessel was closed and placed in an
oven at 100°C for 63 hours. The vessel was removed from the oven and allowed o equilibrate
to room femperature. The pressure was released from the vessel and the vessel was opened
under ambient conditions. The film was removed from the vessel and rinsed with three
tetrahydrofuran rinses, followed by three water rinses and finally contacted with nitric acid to
convert the film into the free acid form. The film was further rinsed with water and dried at room
temperature.
The film appears to have softer mechanical properties than the film in the sulfonamide
form. The film was equilibrated in boiling ethanol and the degree of swelling was measured to be
64%. Attenuated total reflectance IR spectra of the film reveal the presence of sulfonimide groups.

No significant amounts of sulfonamide groups remain on the membrane indicating complete
conversion to the sulfonimide form.
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per fl uorobut anesul fonyl fluoride and 5nl anhydrous triet hyl1ajn ne, 0n a small
pressure vessel. The vessel was closed and charged with argo (9 %0 psi .

The vesse osed and placed in an oven at 100C for The
vessel wa O}A@%ﬁ%d fromthe oven and all owed to equili brgggmgﬁg’gigo
tenperature. The pressure was rel eased fromthe vessel and the vessel was
opened under anbi ent condi ti ons. Thq; xbipleBwas renoved fromthe vessel and

rinsed with th,t{ﬁ eVglaaﬁsdrofuran rinses, followed by three water rinses
and finally co ‘58’63@"&’ ejals 1 piopess i prasslinking dhsfilne inthe siforamideformifomt he f r ee

aci d fOrmexé'rﬁb?efhdxd@smmﬂdérlzh&ﬁés rinsed with water and dried at room
tenperature. The fi'lm appears'to have softer nechanical properties than the

filmin the suIwodﬁmwﬂttﬁestﬂdlmrmmbmmdfamhydmmsncﬁqmm|a@mmﬂae)ctmt:leratgen ltheng et hanol

and the d ed to _be ..64%, Attepnuat ot al
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was opened under I ent I't1ons. I'mwas renove he vessel
and ri nse@quilibratedinmbaiisg E’daant)ha\wldfwdeyead swellingsies mebsurdddodesc30By Attiuated Wat er

rinses an ct |tr|c ac 0.convert thefllmlntothe
free aci dq?t%lrr%g&ﬁ%ﬁﬁp‘?pfgﬁﬁa\ﬁg@ %N?"ﬁ e RIGSENES °ﬂﬁ“ﬁf Eoups i gnifisentat r oom
t enper at uramountd e stifohamideypRips Bmsih bOhe Membragk |ﬁdidaf|ﬁg%fos§mﬂi'ib dr B8 fifnd dslﬁb' n the
sul fonam de, form_ The filmwas equilibrated in boiling ethanol and the

degree of S{pBiideligkagess neasured to be 30% Attenuated total reflectance IR
spectra of the filmreveal the presence of sulfonimde groups. No
significant

Example 4

This example details the process for coafing the surfaces of a porous PTFE membrane
with a fiuorinated polymer precursor in the sulfonyl fluoride form.

A 2% by weight solufion of a copolymer of ftetraflucroethylene and
perfluorovinyloxyethanesulfonyl fluoride, having an equivalent weight of 500, was prepared by
dissolving the polymer in a one to one mixture of Fluorinert™ FC-75, obtained from the 3M
company and Halocarbon™ oil (0.8 series), obtained from the Halocarbon Praducts Corporation.
A 47mm disk sample of a PTFE porous membrane, having a nominal pore size of 1.0 micron, was
restrained in an annular metal frame. The exposed area of the membrane was coated with the
copolymer by applying a total of 15 small drops of the above copolymer solution to each side of
the membrane in a uniform fashion followed by evaporation of the solvents af room temperature.
The resulting coated membrane was then heated in an oven at 250°C for 5 minutes. A

transmission IR spectrum of the coated membrane shows the presence of the SO2F groups.
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anounts of sul fonam de groups remain on the nenbrane i ndi caltjdp]% 4
crosslinking of the filmusing sulfonimde |inkages. Exanple ZPIQH S
exanmpl e dghahkssy3 he process for coating the surfaces of @pedopus2P TFE
menbrane wth a fluorinated polyner precursor in the sulfonyl fluoride
form A 2% by wei ght solution of a copolyner of tetrafl uoroethyl ene and
per fl uorovi nyl oxyet hanesul fonyl fluoride, having an equival ent wei ght of
500, was prepared by dissolving thWr in a one to one m xture of
Fluorinert[err] FC-75, obtained fro M conpany and Hal ocarbon[err]

oi | (0.8 seri &hi} exanipleaienikdhd pravassitreotvatingbs faRd MeMBrded fomEXemss afoi on. A
47mm di sk sappl e, of a PTFE porous nenbrane, having a nom nal pore size of

1.0 i cr J SujRamide e phiheylugrinated PRIYESNACHEOTet al frame. The exposed area of
t he nenbrane ] PR 4 of 15 small
drops of the gﬁ%@%@%ﬁ%ﬁ%?"@% LrIT%pI on étg!eg%ﬂ)éss‘iaﬁgk%lblggt%g @%%grreane in a
uni f or m fvasshlii dre Yeasel wasstladpgtedio apressurd rorgraafer thirel olurdtat leadt 5 miotes.

t enper at use, esul ting coated nenbrane was then heated in an oven at
250C f or égsﬁ?uﬁlgﬁ@g{ouszammqn?%@ﬁﬁggP@Qr‘?”?eg?“éﬁﬁ%‘feﬁ?ﬁf"wmtHﬁeé‘s'{f%'a d*¥HEnbr ane
shows t haegehaisensieTio ménbranSfdhined ir cahtaeLiith antijdrods aliaidfia &P Aoudt BdM58577
PCT/ USOL1/ 03129 Exanple 5 This exanple details the &ocess for converting

the coat d¥MRPENHR dhe vaseel wasieaihand Purgechwith @rgen UAve Bikies. dde msmhiens washe

fluori natréﬁovg@*r?ﬁlﬁ'ﬁ[ev&rsél%fdég fovell uﬁd?e%rg&w tB’Eéggr e formexanple 4 was
placed in a small stainless Steel presstre vessel. The vessel was

evacuat ed to drapsmaissanBs spastrgofdiz reembrénameviBloheTmesendear stdfondmidesgrouds.mi nut es.
Gaseous a K nia,was. t hen i ntroduced intp the.vessel until the

o essur o RS EHEAT BGR SuBR bRyl ERIHET e Bt Pt i8R cont act
wi t h anhygiversin &thesiiienanide felmhour s at room tenperature. The vessel was
vented and purged with argon for five mnutes. The nenbrane was renoved
fromthe vessel inside a glove box under argon to keep dry. Transmission IR
spectra of the nenbrane reveal the Fﬁ'iﬁ@-&ge of sul fonam de groups. No

significant anmounts of sulfonyl fluor roups remai n on the nenbrane
i ndi cati ng corpik examplecetailsdhegirmasstior corivertisg the catadimedmbrbnerfrom exnapipite 6

a porous membrane having its surfaces madified with the branched trifluoromethane sulfonimide

form of the fluorinated polymer precursor.

Working under strictly anaerobic and anhydrous conditions in a glove box under argon, the dry
membrane, in the sulfonamide form, from example 5 was immersed in a soluion containing 1ml
anhydrous triethytamine and 6ml anhydrous n-hexane in a small pressure vessel. The vessel was
closed and charged with gaseous trifluoromethanesulfonyl flucride to a pressure of 60 psi. The vessel
was closed and placed in an oven at 100°C for 16 hours. The vessel was removed from the oven and
allowed to equilibrate to room temperature. The pressure was released from the vessel and the vessel
was opened under ambient conditions. The membrane was removed from the vessel and rinsed with
tetrahydrofuran followed by acetonitrile and finaly water. The membrane was then contacted with nitric
acid to convert the sulfonimide groups info the free acid form. The membrane was further rinsed with
water and dried at room temperature.

Transmission IR spectra of the membrane reveal the presence of sulfonimide groups. No
significant amounts of sulfonamide groups remain on the membrane indicating compiete

conversion to the sulfonimide form. The membrane remained opaque and had improved
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Thi s exanple details the process for converting the coated, 2@@2 from
exanple 5 a porous nenbrane having its surfaces nDdlfle t he

branched w%u%%onet hane sul fonim de formof the fl uorbg,@%&gmgl Lymar

precur sor g under strictly anaerobic and anhydrous ons in a
gl ove box under argon, the dry nenbrane, in the sulfonam de form from
exanpl e ShWhlﬁorpmemeﬂasmeawraﬁiyms tompletonetting withgliqhid WhvingardoMake ®&asion

triethyla n- hexane in a snall pressure vessel. The
vessel rg?ag%qt g@%’&e{;‘%‘ﬂc@ é‘ g%? me{!‘uﬁnobgg@tg[,gn £onirEslian NB’H@Q‘WQ Aembiareny |
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oven at 100C for 16 hours. The 'vessel was renoved romt
al | owed t Belgealip watﬁhqltéougbltweswhsereeéﬁ@wawh eureméwami ba;mgraGSUMS tansibreased from

t he vesse S n The

rombr ane. WEe Ziclskr Y oo E B o 2 DY e LD Pioed U an

fol | owed mcm%cmfrmﬂaﬂsnrfdcearamdniambmhb yndepd excuum diferengiaiof 2062 Hgas then cont act ed
with nitric acid to convert the sulfonimde groups into the free acid
form The nenbrane was further rinsed with water and dried at room
tenperature. Transm ssion IR spectragp@fpkhe menbrane reveal the presence of
sul foni m de groups. No significant anmounts of sul fonam de groups renmain on
t he nmenbrane i Wgiesapledgals Sepioeassior convaringraionns PEEmembrand iftoanonipdeus orm  The

nmenbr ane U 4 \WWD 01/ 58577

PCT/ U501/ %ﬁ%@ﬁ&éé :o'pétﬁl ?I C pr%@ﬁ%@esﬁ@ﬁﬁgﬁiﬁﬂwéﬁ IWE%WB:I Bf'e wett i ng
with a Iiquid méxmnngslasamptefoaaPTEEEptmlmmenmfan@,bﬂw:ﬁg #Ronfly= Bsvé Sive @M ai ni ng 25%
nmet hanol in wat n.contrast, an unnodi fied nenbrane control did not wet

" with a ||BHF°BWH%%3W5W$“§&9PP’5%’ of %H@'P?IﬁetwﬁenaB%ﬁeﬁbem!iwﬂ%%tW%lmb| ni ng 90%
met hanol  fiudridsefiig arhédmanwt-' ntmo% ﬁg%i b Brolt ?f\@x%ﬁuéw&ﬁeﬁé.%m' havi ng
no por ou ne

a surface tenS|on of about 23 ynes rane had a
wat er per #relion icenjaigng @’ﬁ%meigbfe@diﬂﬁjcopplwﬂercrfl[hersuﬁonyifﬂumdergnalps sotfeace area of

etai 1o 12 Eneat@E R et bab il Bup by Slaoretbe B BhEna 1% non- por ous

menbr ane proctsd ofexbmyletd) t he branched perfl uorobutane sul fonim de formof a

fl uori nated pq&' rlH@r ecursor. A 47mm di sk sanple of a PTFE porous
nenbr ane, havi é‘[@] &iSiighy qasrebicsand @nhygrows eongitins Bra dlpye beomdwr@raant h a

{1 tor | do. Mt AbGaie, o e Miorane RO, S} et h 2 ST BRI O T o of
exanpl e @@M@@Manasﬂfml flugride end Anil anhydroustireihwiamige B%shmgll M;essg’evessél Tiee
copol yrer Vesseli]\ﬁas cwsgd)%lchgrée%%th argorgtro a p?essure ofI 4'6 psi. The vessel was closed and
placed in an oven at 100°C for 16 hours. The vessel was removed from the oven and allowed to
equilibrate to room temperature. The pressure was released from the vessel and the vessel was
opened under ambient conditions. The membrane was removed from the vessel and rinsed with
tetrahydrofuran followed by water. The membrane was then contacted with hydrochloric acid to
convert the sulfonimide groups into the free acid form. The membrane was further rinsed with
water and dried at room temperature.

Transmission IR spectra of the membrane reveal the presence of sulfonimide groups. No
significant amounts of sulfonamide or sulfony! fluoride groups remain on the membrane indicating
complete conversion to the sulfonimide form. The membrane became translucent and had
improved hydrophilic properties as measured by its complete wetting with water. The membrane

did not have any measurable water permeability under a vacuum differential of 27.5" Hg.
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menbrane sanple were then converted conpletely to sulfonan”d ng&@ggs
according to the process of exanple 5. Wrking under strictly anaerobic
and anhydwﬂyﬁﬁﬁgﬁditions in a glove box under argon, thgcﬂﬁgﬁﬁﬁﬁprane, in
the sulfonamde form was inmmersed in a solution containing 1

per fl uor obut anesul fonyl fluoride and 3nil anhydrous triethylamne in a snal
pressure vessel. The vessel was cl oExamplelfd charged with argon to a

pressure of 4 ' I - and | i n_.an oven at 100C
For 16 hours. ThornbsetiE e, ek8H B PRBrERcrostlsr R EriBectifre
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and the vessel. was opened under anbient conditions. The nenbrane was
removed fWHAIPHRIGMSsel and rinsed with tetrahydrofuran fol l owed by water.
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menbr ane a - f I | rou No, . signi fi cant amounts
o st oniyahand o PAARERBiolor U8, THRsEng SRR by YBeS mEReresl

i ndi cat i ng5%calutioh eftle epolyterSh 80nd to ofd Rixtere bf FNbrindrohe FE.95 BbtaildiaroRBREDr ane
becane translucent and had inproved hydrophilic properties as neasured by

its conpl &Y CORRIY; ang Hialacarbordt ail. (0Bneeres) rabtainad fromi @e ritalocarbare Peodyctareasur abl e
wat er per LotV ' ' . " .34 1 June 2004
WO 01/ 585?@6@%%I &W@%‘E@m@%ﬁ%g@%ﬁ?@%?ﬁ%ﬁ)&e @éf"&{’ﬁbfgg? K lB‘?“ocess for
nmodi f yi ngsqueqzed gendly BEFEnsm0tih aofiers Wi reinove ang exesss! soltiedropaifsutee oTier bon

pol ymeri c_caonposi tion havi rflyorinated crasslinks containing :

sul f onani '6!8“‘*3?%?“%3@’7’%{531(%%%@ RET e%{‘d%’r&Eﬁ%‘?dd%” WNerBrERE having a
nom nal pfor & miues. Plandishion M Sfelifa oMASmERRERGOMINhES fe GRENCY TR uFGH! .
tetrafl uoroet hyl ene and perfl uorovi nyl oxyet hanesul f onyl | uori1 de, having

an equi vallusride §reupghSubseawsty, thersiferglfupridg areuss en thecmentbrang sappleyerey an excess
f 5% ' ' ' f
o s Bl AR R R R IS, v o

(0.8 series) oNtreingwderstrintip anberobitadrd@aindonos donditiine insa gldve beOaérnagen, uni form y
to the nmepbrane to ensure corryl ete wetti n%._ The nmenbrane was then squeezed

gent Iy belGE¥RCpERS: 1 teshlioaarude fgm, wasjpwersgiin asautiencoataining 15vmall fraps i t s

surface. diperfiuorobutane-1,4-bis-sulfonyl fluoride, 1ml anhydrous triethylamine and 4ml anhydrous n-

hexane in a small pressure vessel. The vesse! was closed and placed in an oven at 100¢C for 14
hours. The vessel was removed from the oven and allowed to equilibrate to room temperature
before opening under ambient conditions. The membrane was removed from the vessel and
rinsed with tetrahydrofuran followed by acetonitrile and finally water. The membrane was then
contacted with nitric acid to convert the sulfonimide groups into the free acid form. The membrane
was further rinsed with water and dried at room temperature.

Transmission R spectra of the membrane reveal the presence of sulfonimide groups. No
significant amounts of sulfonamide or sulfonyi fiuoride groups remain on the membrane indicating
that the perfluorocarbon polymeric composition on the surface of the membrane has been
crosslinked with perfluorinated crosslinks via sulfonimide finkages. The membrane remained
opaque and had improved hydrophilic properties as measured by its complete wetting with water.

The modified porous membrane had an air permeability of 1.0 standard cm? per psi of back

pressure per mm? of membrane frontal surface area.
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menbrane was then allowed to dry at roomtenperature and fhn hg&OB ated in
an oven at 250C for 5 mnutes. Transm ssion IR spectra of the menbrane
confirned?&nﬁﬁgﬁgsence of sulfonyl fluoride groups. SubseguRibiiye the

sul fonyl ftluoride groups on the nenbrane sanple were converted conpletely
to sul fonam de groups according to the process of exanple 5. Wrking under
strictly anaerobic and anhydrous conditions in a glove box under argon,

the dry nenbrane, in the sulfonanidqag%iﬁb was i mersed in a solution
containing 15 small drops of perfl uort ane-1, 4- bi s-sul fonyl fluoride,

1m anhydrous triethyl am ne and 4nil anhydrous n- hexane in a small pressure

vessel . The vessel s.cl.osed and, placed in an at 100C for 14 hours.
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rerbr ane. s LG SR of b PR e R e L b B U
Transni s siicnon wéd ]Eagedwmaa cdpolyrher ometrdﬂua?ahweav_ezd pdrﬂnﬁroﬁi}i}?tﬁ(ml ?a:uffor@p:jf oni m de
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Conposi t i HBolfibn thiftaif RIPBI A ' with
per fl uori nat eidncr os!slilglr é\qgg?#fghtts(ﬂﬁ oni myﬂgelmﬁg@gmu%ﬁg%n@%?gﬁg remai ned
opaque arfBersane; sappleete hHgnieasperied icompietelp & sulfenamide gieips @easlingyto ithes conpl et e
wetting vw&%squgg IeSThe nodi fi ed porous nmenbrane had an air perneability
ndar cr%per

of 1.0 sta ] per psi of back pressure per nmmferr] of nenbrane

frontal surfadéoringader3fictly ahtmebicZnd 4ndo0slcbhditons inRGve BN kABn,Exanpl e 9
Thi s exarrEI detail s, h.lhe @r oc&as for .converting a porous, PTFE nenbrane into
a non- pdPHHsMFERRIER designamidedon; was mmerpeddng sollien Fopaiping smakdipmson

pol yner i Pofﬁéﬁﬁl%btbh@ﬂﬁ@é&lfﬁ%ﬂ RRdd dnt 8l difshis Gle@FBMine InS: FRMNpALSINT
sul f oni m de ?roups. A 47mm di sk sanpl e of " a PTFE porous nenbrane, having a
nom nal p&psel Jing yeses! was dosedrbnshobargedevath @rgar toch préssiie af 68 opio Mhanessebsas

fl L oyl . i | f | | i de, havi
e o o By AT BEA O BIE HE AR T2
using a dlokadtts equilibrartcioon kgnpsituky Thepradttire®fas fdeasadidpmithem@ssel ahtithesul f onyl

fluoride groups on the mbr ane. sanT'pI e were thén converted conpletely to
sul f onarri \G&se Q§@B@eggqfi@pqﬂl t qopditiops The membrane was removed from the vessel and

rinsed with tetrahydrofuran followed by water. The membrane was then contacted with nittic acid

to convert the sulfonimide groups into the free acid form. The membrane was further rinsed with
water and dried at room femperature.

Transmission IR spectra of the membrane reveal the presence of sulfonimide groups. No
significant amounts of sulfonamide or sulfonyl flucride groups remain on the membrane indicating
that the perfluorocarbon polymeric composition present in the membrane has been crosslinked
with perfluorinated crosslinks via sulfonimide linkages. The membrane became translucent and
had improved hydrophilic properties as measured by its complete wetting with water. The
membrane did not have any measurable water permeability under a vacuum differential of 27.5
Ha.
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process of exanple 5. Wrking under strictly anaerobic and abp%%ggs
conditions in a glove box under argon, the dry nenbrane,

sul fonam ¢, f;R84% Was imersed in a solution containing ﬂ@r,ggmjnkuglrops of
per fl uorobut ane-1, 4-bis-sal fonyl fluoride and 3ml anhydrous triethyl am ne
in a small pressure vessel. The vessel was closed and charged with argon
to a pressure of 60 psi. The vessel EBxgmple tl osed and placed in an oven at
100C for 15 hours. The vessel was removed fromthe oven and allowed to
equilibrate to roomtenperature. The pressure was rel eased fromthe vessel

and the vessdhisessnplgiztaiicihe pdedss &nhbﬁfyhg thensdifice ehenonPapustbhiade Was
r enoved frogl t he qessel and Ehn@ th t et rarz%drofuran fol |l owed by water.
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with water driéd at room tenperatur&. Transm ssion IR spectra of the
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hydr ophi Iq using & spfiion Gpndaing, o Pycweiabhef thercapalyaner.i Sihsaaeriymat er . The
menbr ane MRAs vacuum

T oo 180 ShrEHoR e BB RARHARD! ig R RF: RSIRARIollok o/ iGartey 5 Exanpl e
10 This eubphesordiag toithasprodees giexpopiesS. f or nodi fying the surface of a

non- porous fl aopol FEP) filmwth-a
crossl i nked pﬁm gg %%W@@E*F@P% @@X&%ﬁﬂ%i'"ﬁgﬁ’ﬁégndﬁbgrgﬂ@rﬂﬁd[yor| nat ed
crossl i nkin, indetsationdmiu fem| waeMimeisetin gsontigontdiig 26 sl degsof pémudrokhitaen di sk

sanpl e of thickness of ' 5 mls, were coated

fil h
with a co b@ﬁﬁﬁgF‘W@’P d[ég{ S“PYQE?F%“H‘;‘\{‘@%%@’HW”W@P?SI“d@’#aﬁ‘?/'ﬂﬁW@ﬁSﬁé"@ﬁanes uf f onyl
f1uori de,yeliayvRGeas u@%sy@éngascemﬂwen Ah00RORk 16 h0is. GRENLR0uoRRP! | e

according to the process exanpl e 4 except using a sol ution containing
5% by \Nelf@h‘itthe@fientaﬁéallwmeglﬂﬂérate ieonosteropesaturd before opdniag snibrfabight cdndifoms.i de gr oups

ggcz)?gl ﬁ;ﬂ{e‘ﬁf é%fr r%;oglgdei vea gﬁﬁgs\égwﬂhetgmﬁyﬂdr%falo% [ (3),! acs;etfomtn? '&1 de groups
finally water. The film was then contacted with nitric acid to convert the sulfonimide groups into the free
acid form. The film was further rinsed with water and dried at room temperature.

Attenuated total reflectance IR spectra of the film’s surface reveal the presence of
sulfonimide groups. No significant amounts of sulfonamide or suffonyl flucride groups remain on
the film indicating that the perflucrocarbon polymeric composition on the surface of the film has
been crosslinked with perfluorinated crosslinks via sulfonimide linkages. The film became slightly
opaque and had improved hydrophilic properties as measured by its complete wetting with water
whereby a continuous thin film of water covered the treated surface of the film when exposed to
water even after shaking the film to remove any excess water. In contrast, when an untreated
FEP film control is exposed to water, the water beads up into droplets which are easily removed
from the surface of the film upon shaking thus leaving a dry film surface with no water present.

The surface modified non-porous film did not show any significant permeability to water.
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Wor ki ng under strictly anaerobic and anhydrous conditions in Jangboyge box
under argon, the dry film in the sulfonarfide form was imersed in a
solution containing 20 small drops of perfluorobutane- 1, 4-bis-sulfonyl
fluoride, 0.5ml anhydrous triethylam ne and 6nml anhydrous n-hexane in a
smal | pressure vessel. The vessel was closed and placed in an oven at 100C
for 16 hours. The vessel was renoved fromthe oven and allowed to
equilibrate to roomtenperature before opening under anbient conditions.

The filmwas renoved fromthe vessel and rinsed with tetrahydrofuran

foll owed by acetonitrile and finally water. The fil mwas then contacted
with nitric acid to convert the sulfonimde groups into the free acid

form The filmwas further rinsed with.water and dried at roomtenperature.
Attenuated total reflectance IR spectra of the films surface reveal the
presence of . sul fonim de groups. No significant anpunts of sul fonani de or
sul fonyl fluoride groups remain on the filmindicating that the

per fl uorocarbon pol yneric conposition on the surface of the filmhas been
crosslinked with perfluorinated crossiN THBCMIKSsul foni m de |inkages. The

fil mbecame slightly opaque and.had inproved hydrophilic properties as
measured by its conplete . wetting vittaiickdermed from asubsirats cempnsing@ous thin film
of water covfy Editaidi ] ' ) e ter
ven af ter s COfetiel s Riting BeButce o o e BB R St il ™ Shen
an untreat edﬂuqngaﬁ)pn polyreasia ceropositien whighois edsdlinkedatiefluorindted ofodsikingeads up into

dropl-ets whi i YA fomthe syrface of the filmupon
. shaki ng thusﬁﬁg@{/ﬁggﬁ@hh%’v{yﬁ EBWE%W#’%{@E’WP%S Cfﬂﬁﬁlﬁﬁdﬂq%ﬂlpﬂ The surface
modi fi ed nonpgiymericsompdsiionbaing dekivealiow dnicrsdsiiked H&fdbﬁrﬁ?ﬁg cl ity to
orned fronfa

water. 37 1 June @004 | N THE CLAIMS An article f “Substrate
conpri si ng aCoMROSEPN soptaiBRdineliong! genseleetethiam the group censisfingoaf astifonyie

substrat e nogigii ' G T ' A r YNeri c_conposition
which is cr ogégilaih’ﬁélzcg}c?c}ﬁ th Id? 1 (r'ilwr%g%fg% %er%é%ﬂéﬁ@%gﬁ&éﬂ%%sangﬁ@r%i ch ‘has
hydr ophi | i ¢ thahesnibe earivetgdda psarborgbhiatidecr ossl i nked fl uorocarbon pol yneric
conposi tion being,derived-froman yncrosslinked fluorocarbon polyneric .
conposi tion cont aPni ng a:f ﬂé?‘?lﬁﬂfﬁia‘@ﬂ refidhe kuoarated cinslinkisg groupgare

consi sting operfluchinatedaydslinkihglgtolgs. @ carbonyl halide, a group that can be
converted to a sulfonyl hall 3e_ and a group that can be converted to a
carbonyl halide. 8. The arhheeartigle6f Clgmal whereimbe fisdrinatedh erosslinkingigraups dre

crossl inki NggerdR4Bsh i Gl i nking groups. 3. The article
of Caim1l V\ﬂer eln tsﬁt&e@? F@%ﬁdﬁg&%&ﬁ@é@&éﬁaﬁﬁﬁﬁﬁpgr oups are
: 4, The article of Claim 1 wherein the fiuorinated crosslinking groups

include at least one group selected from the group consisting of a sulfonyl methide, sutfonyl
methane, amide, sulfonamide, imide and sulfonimide group.

5, The article of Claim 2 wherein the perfluorinated crosslinking groups
include at least two groups selected from the group cionsisﬁ(ig of sulfonyl methide, sulfonyl
methane, amide, suffonamide, imide and sulfonimide groups.

6. -7 The article of Claim 1 wherein the crossfinked
fluorocarbon polymeric composition having hydrophitic funbﬁonai groups has the formula;

(22

RITLELT- Rie
(é)t (é)
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fl uorocarbon groups containing hydrophilic functional noietil&sne2004The
article of daim1l wherein the fluorinated crosslinking groups include at
| east one group selected fromthe group consisting of a sulfonyl nethide,
sul fonyl nethane, am de, sul fonam de, imde and sul fonim de group. 5. The
article of daim2 wherein the perfluorinated crosslinking groups include
at least two groups selected fromthe group consisting of sulfonyl nethide,
sul fonyl nethane, am de, sul fonam de, im de and sul foni m de groups. 6. The
article of Claim1l1 wherein the crosslinked fluorocarbon polyneric
conposi tion having hydrophilic functional groups has the formula: (i)t . (I
)t -[R.]Jt-T-L-E' -L-T- [Rt]Jt At A 38 1 June 2004 coval ently bonded t hrough
the R err] groups each to a CY group of -a fluorocarbon. polyneric
conposition of the formula: ---~ A3r[- CY2-CY jmwherein Ais a polyneric
group derived fromat |east one fluorine-containing polynerizable nononer,
nis an inte : £ a0 1S, an integer of at
least 1 ang e tendeatBlonhe fh qRup SRR of Bl dianltand bobireric
fluorine; T femposifien eftheformula: sul fonyl group; Rerr] is a Jerr]-derr]

| i near,; - cyclic or branched fluoroal kyl group optionally containing one or
nor e oxygen,; nitrogen, chlorine, phosphorous, hydrogen- and/or sulfur

atonms and/or one or nore sulfo groups, or a sulfonyl or

car bonyl - cont ai nj ng fIuorppolSﬁtﬁﬁg_g?%ggﬂ¥therein the Rl err] groups can
be -t he same WherainAiea aplymeriggroup detived baroal least onafuaringaoitzining palymerizsblgani ¢

cation; 't cap i ' r N Eais. -TR T or -Rf -:- Gis Rf
. T- or R Ri ﬁ‘gh@l&’&g aﬂ‘“ﬁggﬂrtﬁat%ncﬁéc?8‘:&%}{%{%2‘6!"#'? Aortegsrelatleast cal
optional |y sy iihydmgenmnkalegen wherein@khEgit bne Y\istarmm@-Tﬁfalcg%ﬁWm phosphor ous,
hydr ogen and/ v ul fur, . at and/ or one or nore suffonyl or’ car bonyl
groups, - or as'@BFﬁg'ﬁ‘yﬁ Reis aéﬁﬂﬁ?%@ﬁlmpfﬁmﬁ'@d flyaraadvigsesipyoptionally gr oup:
Rlerr]" .is Ctonfalind o %)(ﬁie i ‘ . tionally
cont ai ni'ng  one or drmnr@?glgg?gen, h’ﬁ‘.’*@?%’ﬁéﬂ%@'ﬁ%‘ﬁ“ﬁ@@g‘k&éﬁeﬂ%b@@%“&ﬁydr ogen
and/or sulfu s Byl grolifsnoryd sulfonybaern -caht , or a
d/ I'f uploma earHer oap a7 aere sullonydor aarhonyl grolifsy ond sulfonybarcibonyl-cakamRS

onnoct ed- t oNRRBOREEREREPR Mgy B BRI B s §rilerent 2 s 3 poton

Or an organic or an inorganic cation; t can be 0 or 1; Lis C, CH or N; E' is -TR{'T- or -R¢-:
Gis RiT-or R; R'is C1-Cao linear, cyclic or branched fluoroalkyl radical opﬁdnally
containing ane or more oxygen, nitrogen, chlorine, phosphorous, hydrogen and/for sulfur
atoms and/or one or more sulfony! or carbonyl groups, or a sulfonyl or carbonyl-oontaining'
fluoropolymeric group; Rf" is C4-Cyp linear, cyclic or branched fluoroalkyl group opfionally

| containing one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen and/or sulfur

: ‘.'atoms and/or one or more sulfonyl or carbonyl groups, or a sulfonyl or carbonyl-containing |
fluoropolymeric group, optionally connected to another chain of the flusrocarbon polymeric

‘composition having hydrophilic functional groups and R is hydrogen or a substituted or
unsubstituted alkyl or aryl group.

7. | .77 The article of Claim 1 wherein the crosslinked
- fluorocarbon polymeric composition having hydrophilic functional groups has the formula:
Z* Zr Z* Z+

I I | - I
R T- N-T-Re*-T{N~T-R"-T-N-T-R{"“TJ:N-T-{ R

covalently bonded through the Ry groups, each to a CY group of a fluorocarbon polymeric
composition of the formula:
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' conposi tion having hydrophilic functional groups and R is hydnog@i or a
substituted or wunsubstituted. alkyl or*aryll group. 7. The article of daim
1 wherein the crosslinked fluorocarbon polyneric conposition having
hydrophilic functional groups has the formula: z+ z+ z+ z+ | | | |
JRJt-T N-T-Rt'-T-[N-TRf "-T-N-T-Rt" -T-]nN-T-[ Rt]t coval ently bonded
through the Rt groups, each to a CY group of a fluorocarbon polyneric
conposition of the formula: 39 .! - - A-{- CY2-CY rE 1 June 2004 wherein A
is a polynmeric group derived fromat |east one fluorine-containing

pol ynmeri zabl e nononmer, n is an integer that can be 0, 1 or greater than 1;
mis an integer of at least 1 and Y is hydrogen or hal ogen wherein at

| east one Y.is a fl-uorine; T is a carbonyl or sulfonyl group; Rf is a
Clerr]-Cerr] linear, cyclic or branched fluoroal kyl group optionally
cont ai ni ng one or nore oxygen, nitrogen, chlorine, phosphorous, hydrogen
and/ or sulfur atons and/or one or nore sulfonyl or carbonyl groups, or a
sul fonyl or carbonyl-containing f]uoropolyneric group, wherein the Rf
groups can be the sane or diff 2 r'' can be the sanme or
different and can be a Cf- C20 linear, cyclic or branched fl uoroal kyl group
optionally containing one or nore oxygen, nitrogen, chlorine, phosphorous,
hydrogen andthereindyis & polymeticgreupaerivedironoat eash onefhonﬂe-smﬂtaimng)pblymnzahﬁear bonyl

Sottonal Ty o 8o RatAtte ¢ SRR bty mis B B A |
conposi ti on H?&Mgdﬂ@rﬁﬂt{éémreinlaﬂeés%}féhﬂ|9£‘ﬂﬁbnrﬁrﬂ§8§arbonﬁ’ﬁréu§%r§|g ?| PBg0r an

_organic or-an jnorgani.c cation and t can & of any .
one -of cl ai -G I@earmy%@nb@nwed\ﬂm@al&éﬂr@mcmpnaﬂv@mtalm Ongblmqm axygesj sting of

VY dor oot (1R BRRIG HRSABRLKIRAS Mo GRS ahetBiS o s suntar et e )
and tetrafl Lmrbom dmoups ea swonyrﬂnmrtmnylcmtakurgmudﬁm rﬂcgroun%@rmnmblﬂ@ crosslinked
MG T T AR S G I R
- Ca linear, cyclic or branched fluoroalkyl group ophonally containing one or more oxygen,
'Ritrogen, chlorine, phospharous, hydrogen and/or sulfur atoms and/or one or more suffonyl or
carbonyi groups, or a sulfonyi or carbonyl-containing fluropolymieric group, opfionally connected
to another chain of the fluorocarbon polymeric composition having hydrophilic functional groups;
Z+is a proton or an organic or an inorganic cation and tcan be 0 or 1.
8. . The arficle of any one of claims 6 or 7 wherein A is selected from the
group consisting of vinyt fluotide, hexafluoropropylene, vinylidene fluoride,
trifluoroethylene,chlorotrifluoroethylene, perfiuoro{alkylvinyl ether), and tetrafiuoroethylene.
g T ...~ . Thearticle of Claim 1 wherein the crossfinked
'ﬂuorocarbon polymenc composmon having hydrophilic functional groups has the formula:

Z-I- Z+

| I
A -[ReT-C-(T-R{")-T-Rf"-T-CAT-R")-T-{Ri}-
covalently bonded through the Ry groups each fo a CY group of a flucrocarbon polymeric
‘composition of the formula:

—{Adet-CY2CY fr—
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coval ently bonded through the Rf groups each to a CY group ®fluse 2004
fluorocarbon polyneric conposition of 'the fornmula: -- Ate- CY2-CY 1- 40 1
June 2004 wherein Ais a polyneric group derived fromat |east one

fl uori ne-contai ning pol ynerizable nononer, n is an integer that can be O,
1 or greater than 1; mis an integer of at least 1 and Y is hydrogen or
hal ogen wherein at least one Yis a fluorine; T is a carbonyl or sulfonyl
group; Rerr] is a C1-C20 linear, cyclic or branched fl uoroal kyl group
optionally containing one or nore oxygen, nitrogen, chlorine, phosphorous,
hydrogen and/or sul fur atons and/or one or nore sul fonyl or carbonyl
groups, or a sulfonyl or-.carbonyl-containing fluoropolyneric group,
wherein the Rf groups can be the sane or different; Z+ i.s.a proton or an
organic or an inorganic cation; t can be 0 or 1; R? is (-C20 linear,
cyclic or branched fluoroalkyl radical optionally containing one or nore
oxygen, nitrogen, chlorine,  phosphorous, hydrogen and/or sulfur atons
and/ or one or nore sul fonyl or carbonyl groups, or a sulfonyl or

ooyl Con R e R drl et et Raneinsigbamdu e ]

more oxygen, Eﬁ?ﬁ'g@%?ﬁﬁ@ﬁ%#q[ﬁ@ b%ﬁé’bwg?t@ﬂg@“ ﬁiftﬁ dyiBlederefiatdeaskul fur at ons
and/‘or one oandisdydrogehnan kil hwh@@h%@l@&étoﬁé‘?ié%smorﬁhfé- ﬁisi%&%&’r or

car bonyl - cont aj ni ng -fl uor opol yneri ¢ group, optionally o ed to anot her

chain of t heSYiPHdoQuR M5 Grdza fingan eyckeamprasehed Suordetkyi gnguptoptishalyhi | i ¢
f ti. | g L Cl im.9 in Al lected f
the oroup oot chdlor h0f oBigeh. i, cfioe Bnashaks biksaen andorsaliey | i cene

fluoride, tr&tbinaendierohy bemare sulioiwl owcamohilbmps;emw@ﬂger cﬁﬁ&@ﬂﬁmﬁf@ kyl vinyl
alm erern

| uor oet hyl ene 1. The article o t he

gﬁ ggg? i n?gg ﬁtﬁp{;}?{g@gqc&ggpp, Rt iRearenmsar be the samesariditigrenty at is piprdtonc
el et st MRl It o et Ty oo Bl it ' °1 1 ©
f I uor ocar bonfluogslkyfadicatoptienglpeantaining ane: ot inerefomygemyIniroger], etlorihe- - CY2- CY' }m 41
1. June 2004 phosphorous, hydrogen andior sulfur atoms andfor one or more sutfonyl or carbonyl
-groups, or a sulfonyl or cérbonyl-containing fluoropolymeric group and Ry” is C1-Cap Iinéar,
cyclic or branched ﬂuoroalkyl group optionally containing one or more oxygen, nitrogen,
chiorine, phosphorous, hydrogen and/or sulfur atoms andfor one or more sulfonyl or
carbonyl groups, or a sulfonyl or carbonyl-containing fluoropolymeric group, optionally
- connected to another chain of the fluorocarbon polymeric composition having hydrophilic
functional groups. '
10. " The article of claim 9 wherein A s selected from the group
consisting of vinyl fluoride, hexafiuoropropylene, vinylidene fluoride, trifluoroethylene,
'7 -chlorotrifiuoroethylene, perfluoro(alkylviny! ether), and tefrafluoroethylene.
| 1.~ " The article of Claim 1 wherein the crosslinked fluorocarbon
polymeric composition having hydrophitic functional groups has the formula; |
-[ReT-CHz-T-R{"-T-CH>-T-[Ri}-

which is covalently bonded through the Ry groups each to a CY group of a flucracarbon

polymeric composition of the formula:

ARV CY i
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.wherein Ais a polymeric group derived fromat |east one 1June 2004

f1 uori ne-containing polynerizable nononer, n is an integer that can be 0,
1 or greater than 1; mis an integer of at least 1 and Y is hydrogen or
hal ogen wherein at least one Y is a fluorine; T is a carbonyl or sulfonyl
group; Rf is a G-C20 linear, cyclic or branched fluoroal kyl group
optionally containing one or nore oxygen, nitrogen, chlorine, phosphorous,
hydrogen andl or sul fur atons and/or one or nore sulfonyl or carbonyl
groups, or a sulfonyl or carbonyl-containing fluoropolyneric group,
wherein the Rf groups can be the sane or different; t can be 0 or 1 and
R? is G-C20 linear, cyclic or branched fl uoroal kyl group optionally
cont ai ning one or nore oxygen, nitrogen, chlorine, phosphorous, hydrogen
and/ or sul fur atons and/or one or nore sulfonyl or carbonyl groups, or a
sul fonyl or carbonyl -containing fluoropolyneric .group, optionally

connect ed t - Meri.c ¢ osut
havi ng hydrggﬁél?ﬁflg%;% |é(§“r31 Oug?‘%ﬁ%&s. gﬁ@#ﬁ@@gﬁ@% t%?’"%ﬁ’oghpmﬁniaf%erel n A
i s selected Meramerigs gn integer thad nari Iwt0, hgr gréataritiem!1; ilisqr lhlégbr of at least 1

ene,

hexaf | i.d f de, trjfl th
chi or ot i 1 UBRBLERresRa ™ bt q%ﬁﬁlaaersﬁ%{ R3S oner b adiarsey | s Areabonyl o
t et raf | uor oegulfghypgreup; (ﬁ%,s aky)- Cﬁﬂfnbﬁ" @’\,c, oQF Hl%ﬁ(}hraa Mﬁlﬁa‘h owoﬁﬁlfonpr ising a

fluorine-containing p haV|ng Its surface no Ya crossl i nked
f 1 uor ocar bonconalingARE Dbm@féﬂpmsh,tnltmgemd\lmrmg, physphormiss, hyd;og‘eu RARYbIGRIr gr oups

h he f R T- | ent |
DS e o b asddEohd o Bkt M Bt o il o ooy
pol yireri ¢ ¢ oﬂqmnmolymaib gebupt Wiserdiw the W groups t4n be the gé\ﬂ?ecb\F dﬂﬁfereﬂt2 t danhddor $004

wherein Ais I ric derived fromat |eas

f1 uori ne- con’f‘@iFﬁ %Mpﬁﬁﬂgébhfé“%%wlkyhﬂfqub OBlf@nallylce@emmg txm:xcan be 0,1
or greater t 9 is h en or

hal ogen wherllglg'% oﬁgeﬁ‘edét?tgégglélm\#él @fogpf@fog%‘w&rggaeﬁfn&g@ﬂur}m&q P %ul f onyl
group; Rr i smeregplfopper carbasylrgroups,ar a sulfonyl blremmhﬂdorftélnlﬁ%m}dphﬂ‘ymﬂicoul)

nyar ogen  araiP s 0ty BaheSl Biing 3REr o hotosabatadineg commostomony

groups, or aharmbmmryﬂhllmﬁuncmmlg@jwé contai ni ng fluoropol yneric group,
wherein the Rf gr 2ups can be the sane or different; t can be 0 or 1; and R

is C-C20 lineafé cycl.ichsariglegishiayl frwheminoisisslecter fompthe group
consisting of vinyl fluoride, hexafiuoropropylene, vinylidene fiucride, trifluoroethylene,

-chiorotrifluoroethylene, perﬂuoro(afkylvinyl ether), and tetrafluoroethylene.
13. . T 2 An article formed from a substrate comprising a
fluorine-containing poiymer hawng its surface modified wuth a crosslinked fluorocarbon
- polymeric composition having hydrophific functional groups has the formula:

-[Rile T-NR)R'N{R)-T-[Rile,

which is cova[ent!y bonded through the Ry groups each to a CY group of a
_ ﬂuorocarbon polymeric composition of the formula:

— A =Yz CY
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optionally containing one or nore oxygen, nitrogen, chlorinéjunhdddhor ous,
hydrogen and/or sul fur atons and/or one or nore sul fonyl or carbonyl
groups, or a sulfonyl or carbonyl-containing fluoropol yneric group,
optionally connected to another chain of the fluorocarbon polyneric
conposi tion having hydrophilic functional groups, said crosslinked

f Fuorocarbon pol yneric conposition being derived from an uncrossl.i nked
fluorocarbon polymeric conposition containing a functional group selected
-fromthe group consisting.-of a sulfonyl halide, a carbonyl halide, a group
t hat can be converted to a sulfonyl halide and a group that can be
converted to a carbonyl halide. 14. The article of claim13 wherein Ais
sel ected fromthe group consisting of vinyl fluoride, hexafl uoropropyl ene,
vinylidene fluoride, trifluoroethylene, chlorotrifluoroethylene,
perfluoro(al kyl vinyl ether), and tetrafluoroethylene. 15. - An article

formed from a sub.smerranQimﬁwfrﬂeﬁég\ﬁupﬁdé‘ﬁkréﬁfoird“éﬁea%ﬁéﬁ(?dﬁhégmﬁa%ﬁ r having
o) avimg

its surface‘r&di fi wi th a branched fl uorocarbon polyner a branch
chai n of t hePHYTIEHEALS TBRNOEEE 8¢ anreger Miat agn b B, towgesater tha 1o is an iteger [ Ri 1 f - T
N(R) Rr, -[Rfjst - } 3 =No - T RE 1,,JuU 2004 . which is
coval ently bd(;r%%?jd}l? ﬁﬁ%ﬁsh@? ﬂgewgé%ﬁp%g er-egglgﬁlle?%%ge EF yiuatie: ilfs )

f 1 uor ocar borcagwnyheesulfonyt gropm & is 8 & Caylintdrecytiioombrarched fubrobify grousY2- CYIn, -
wherein Ais i rﬁ;ﬁl mFr.i.c roup derived fromat |east one
f1 uori ne- contPAP %éon"ﬂm Pf 1BYB PYYIR MERESN, chioring, phpspherous; bydregeat can be 0,

A o PY! : ) L
or gr eat eraridlorsulfli atbhs SndRR ohd UredRy sfullfﬂfglrclﬁﬁﬁaeﬂ;b&ﬁ#rgﬁpg?&% S %d&ﬁmlgy rogen or

- hal ogen wherein at |least one Y is a car or sul fonyl
group; R i staghonghrontaiping flypsapelymenocgroup, wihverdin the Rhgroups icarobatab kathe @ oup

optionally .13 0 F.e .0 n, nitrogen | orj ne, phosphorous,
hydrogen ~and/ or t’gu E&§t1oér'}s n'gFb'p%gﬁ%dr’c?ydlﬁﬂﬁga@ﬂ?‘ﬁﬂ'ﬂgﬂa{kgrgrc&’ﬂr bony!|
groups, or eopienallpconkaining one ar here wkygem Mieien, ﬂﬂ)ﬂhé,%é@ﬁ&bygjﬁwgggegr oup,
wherein the Rf O?Iﬁ@ﬁfsi can be the sane or different; 't can or 1; and
R is c -cAY atorps, A11dfqr ong or Boga ket ar carbenybareups, agasulfonylmpt i onal | y

andl or | su't (s OB MOyt Ao e S E ARG s o1
sul fonyl or " flugwearbenpolymeric campositionhiaving ydmphilicfunationst Goms, Skt éreRfkey :
connect ed t qyanal G po%féirigco%ftpogiao% being derived from an uncrosslinked fluorocarbon

polymeric composition containing a functional group selected from the group consisting of

a sulfonyl halide, a c‘arbpnyi halide, a group that can be converted to a sulfony! halide and

agroup that can be converted to a carbony! halide.

14. The article of claim 13 wherein A is selected from the group
.consisting of vinyl fluoride, hexafluoropropylene, vinylidene fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro(alkylvinyl ether), and tetrafluoroethylene. |
13. \ ‘ - Anarticle formed from a substrate compn'sing a fluorine-
containing polymer having its surface modified with a branched fluorocarbon polymer having
a branch chain of the formula selected from the group consisting of:

() Z+

I , |
RIT-NRR!,  {RITN-T-Rfand  [R§:T-N-T-RY
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f1 uorocarbon pol ymeric conposition having hydrophilic functidwz 2¢oups,
sai d crosslinked branched fluorocarbdn polyneric conposition being derived
from an uncrosslinked fluorocarbon polyneric conposition containing a
functional group selected fromthe group consisting of a sulfonyl halide,
a carbonyl halide, a group that can be converted to a sulfonyl halide and
a‘group that can be converted to a carbonyl halide. 16. The article of any
one of clainms 1, 2, 3, 4, 5, 6, or 7 wherein the substrate is porous and
the article is porous. 17. The article of any one of clains 1, 2, 3, 4, 5,
6, or 7.wherein the substrate is porous and the article is non-porous. 18.
The article of any one of clainms 1, 2, 3, 4, 5 6, or 7 wherein the
substrate is-non-porous and the article is non-porous. 44 | June 2004 19.
The article of claim8 wherein the substrate is porous and the article is
porous. 20. The article claim8 wherein the substrate is porous and the
article is non- pogous 21. The arti.cle of claim8 wherein the substrate is
non- por ous’ por ousW¥ lﬁHICQVH@n@rhOquéth@hﬁhﬂﬂ@mupmachI{Qa CYgmupota cl e of any
one of clai e is porous and the article is
por ous. 23. T %cg@?é%lmﬁﬁ%n@o&;ﬁ@e&gﬁﬁﬁ@fﬂm 9 or 10 wherein the substrate
is porous and the article is repARPrOULYH4- ' The article of any one of
‘'claims 97 or 10 wherein the substrate is | non-porous and the article is |
non- porous. 25. ' The article of any. one of clains 11, 12, or 14
wherein the subsy [ The
article. of any oneheg%'ﬁéllszé: wmléﬁégn%g@d@b@d ﬁ;{rilét agtdnﬁ ﬂﬁ)%gg&gﬂ@&rate S

. porous and tP@YWﬁ@Nﬁ'@OHOmehOﬂﬁqmmtegﬁsmam b# et mgreabdrmanﬂ @iyandntegep cl ai ns

ren-por e, ARSIV BT AR Bt 1

carbonyl or sulfonyl group; Ryis a C+-Cas linear, cydlic or branched fluoroalkyl group '
' optionally containing one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen

andfor sulfur atoms and/or one or more sulfonyl or carbonyl groups, 61' a sulfonyl or
carbony!—containing fiuoropolymeric group, wherein the Ry groups can be the same 6r :
different; tcan be 0 or 1; and Ry" is C+-Cay linear, cyclic or branched fluoroalkyt group
optionally containing one or more oxygen, nitrogen, chloring, phosphorous, hydrogen

and/or sulfur atoms and/or one or more sulfony! or carbonyl groups, or a sulfonyl or
carbonyl-containing fluoropolymeric group, optionally connected to another chain of the
ﬂuor9carbon polymeric composition having hydrophilic functional groups, said erosslinked

' .branched fluorocarbon polymeric composition being derived from an uncrosslinked

: ﬂuorocarbon polymeric composition containing a functional group selected from the group
consisting of a sulfony! halide, a carbonyl halide, a group that can be converted to a

SUIfor{yI halide and a group that can be converted to a catbonyl halide.

16.  Thearlicle of any one of claims 1, 2, 3, 4, 5, 6, or 7 wherein the
'. subétraie is porous and the article is porous.

17. The arlicle of any one of claims 1, 2, 3, 4, 5, 6, or 7 wherein the
substrate is porous and the article is non-porous.

_18. C The article of any one of claims 1, 2, 3, 4, 5, 6, or 7 wherein the
substrate is non-porous and the article is non-porous.
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fluorine-containing polymer having a portion of the surfaceTotneReo4
substrate nodified with a crosslinked fluorocarbon pol yneric conposition
which is crosslinked with fluorinated crosslinking groups and which has
hydrophilic functional groups, said crosslinked fluorocarbon polyneric
conposi tion being derived from an uncrosslinked fluorocarbon polyneric
conposition containing a functional group selected fromthe group
consisting of a sulfonyl halide, a carbonyl halide, a group that can be
converted to a sulfonyl halide and a group that can be converted to a
carbonyl halide. 29. The article of Claiml wherein the fluorinated
crosslinking. groups: are perfluorinated crosslinking groups. 45 | June
2004 30. - The-article of daiml wherein the fluorinated crosslinking
groups are fluorocarbon groups containing hydrophilic functional noieties.
31. The article of Taim28 wherein the fluorinated crosslinking groups
include at |east pne group_selected fromthe group consisting of a sulfonyl
met hi de, sul fonyfg- et hanelheaRiclef claim &whesain e subisiratelis parods sud he adticle de
group. 32. ﬁ?goﬁﬁéiC|e of Claim 28 wherein the fluorinated crosslinking
groups -include at |east two groups selected fromthe group consisting of
sul fonyl net hi de, 26sul f ony| Theraticleatsim 8 aherdin theubstaRasheisus dniitderfrd

sul foni m de groups. 33.1 The article of Claim28 wherein the cross?inked
fluorocarboﬂ%ﬁﬁp ric conposition having hydrophilic functional groups has
the formula: (Z-"g9t (Z+)tThel - hoter ol B Lo - t (Ot
covalently bondedmg_ hr ough Pr?é““%%ﬁ%h’&%?& 'fle%%b-gféat%@nlabgaﬂgu%ﬁ@s _

- f 1 uor ocar bonanddhe ariicle ig norcpaigussi ti on of the formula: -+A H CY2-CYJU |

wherein Ais a neric .derived fromat | east on )
f1 uori ne- cont ai Pnoén% pol yngth%%ﬁﬁggjfawgﬂwqmﬁb pgﬁﬁeﬁetq Iﬁ? ggstrateifat can be

0, 1 or gregiosoustahdithe rticknisroas, | nt eger of at | east |

A 23. " The article of any ane of claims 9 or 10 wherein the substrate.-is
porous and the article is non-porous.
24, - " The article of any one of claims 9 or 10 wherein the substrate is
non-porous and the article is non-porous. _
' 25, The article of any one of claims 11, 12, 13, or 14 wherein the
substrate is porous and the article is porous.

26. .. The aricle of any one of claims 11, 12, 13 or 14 wherein the
substrate is porous and the article is non-porous. '

27. * The article of any one of claims 11, 12, 13 or 14 wherein the
substrate is non-porous and the arficle is non-porous.

28, " e A article formed from a substrate comprising a

 fluorine-containing polymer having a portion of the surface of the substrate modified with a

crosslinked fluorocarbon polymeric composition which is crosslinked with flucrinated
crosslinking groups and which has hydrophilic functional groups, said crosslinked -
fluorocarbon polymeric composition being derived from an uncrosslinked ﬂUOrocafbon
polymetic composition containing a functional group selected from the group consisting of
a sulfonyl halide, a carbony! halide, a group that can be converted to a sulfony! halide and
a group that can be converted fo a carbonyl halide.

29. " The article of Claim 1 wherein the fluorinated crosslinking-groups
are perfluorinated crosslinking groups.
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and Y is hydrogen or hal ogen wherein at least one Y is a fl&dung@904T is a
carbonyl or sulfonyl group; Rf is a CG-C20 linear, cyclic or branched '
fluoroal kyl group optionally containing one or nobre oxygen, nitrogen,
chl ori ne, phosphorous, hydrogen and/or sulfur atons and/or one or nore
sul fonyl or carbonyl groups,:- or a suffonyl or carbonyl -containing
f1 uoropol yneri c group,-wherein the R groups can be the sane or different;
Z+ is a proton or an'organic or an inorganic cation; t can be O or 1; L is
g CHor NN E is -TRf"T- or -F;V-; 46 1 June 2004 Gis Rerr]T- or R
Rlerr] is CG-C20 linear, cyclic or branched fluoroal kyl radical optionally
cont ai ni ng one or, nore oxyan, nitrogen, chlorine, phosphorous, hydrogen
and/or sulfur at¥hs and/ or Thrpeliclsrof frigine 1 whereio thelfluerinated closstiykingograupes, or a
sul fonyl  or - jnbag. fl | ic.aroup; Rlerr] is
Sehhnrcbaluof pf&ﬁﬁé dahlg@m% é%oz@fhﬁﬁ Elgﬁgjﬁf'il Wreﬂ

Clerr]-C2o linear, cycFic or a %t oup optionally

- cont ai ni ng one o31.nore oxHgarticlernf ClBYZSwhetdin méﬂlﬁt@inat@ci‘éﬁmr@?&)u dydrogen
ony rons, or a

.and/ or- sul fur t and/ or ope or nore sulfonyl or carb

sul fonyl ‘or !8%9‘%&ﬂ@5t86¢13r8@9ﬁ9 ted from degrappaesisiing of asulionylopstiidemal | v
connected tog i l : ric conposition

havi ng hydrogﬁ?ﬂ@%ﬂ%gﬁlgﬁigﬁlfog%g%éﬂgégﬁ%uﬁ@ﬂwg‘%%@gn or a substituted or
unsubstituted al k32 or ar yThegrioleof Clai 28Thieerek thi Alicringtéd Gbiinking@romper ei n the

crosslinked ; on_pol rjc c osition having hydrophilic
fu nitS i Ional g P%%Jdégﬁ @g&@ﬁoeqr?tgp ﬁ%ﬁ?& fEom ‘8?8@3[" QSPS‘StI“Q I°¥$Ulf8“y| g}?tmd?,rs.luliclmm
-T-Ri'-T-[N méﬂ(ﬁé’,’émﬂe,&llfoﬁarﬁﬂé,i:ﬂ'id&&Nsutf&rirﬁiﬁ@#]rbuds_s ‘coval ently bonded t hrough

-the Rlerr] groups, each to a CY group of a flTuorocarbon polyneric
conposition of thformula: -- A ]The aticleofSlapy28 whertietheicrosgiinkad a pol yreri ¢

0 P an' 1 nt aacCf oA or Sy A ARG Ah b R e Tor o

least 1 and Y is hydrogen or hal ogen wherein at |east one Y is a fluorine;
T is a carbonyl or sulfonyl group; Rf . igs a Cf-C2o linear, cyclic or
branched fl uoroal kyl group opti-onall @h Wt ai ni ng one or nore oxygen,
nitrogen, chlorine, phosphorous, h drl) eh_and/or sulfur atons and/or one
or nore sul fonyl or carbonyl grou[BétT'lag"laT's[Bﬂrf onyl or carbonyl - cont ai ni ng.
fl uoropol yneric group, wherein the Rf g oup:i can be the sane or different;
Rf' and RV'' can Gk (G)

covalently bonded through the Ry groups each-to a CY group of a flucrocarbon polymeric
composition of the formuta:

—FA It CY2 Y

wheréjn Ais a polymeric group derived from af jeast one ﬂuorine-éontaining palymerizable
monomer, R is an integer that can be 0, 1 or greater than 1; m is an integer of at least 1
and Y is hydrogen or haiogen wherein at least one Y is a fluorine; Tis a carbonyl or
sutfonyl group; Rris a C1-Cap linear, cyclic or branched fluoroalky! group optionally
containing one or more oxygen, nitrogen, chiorine, phosphorous, hydrogen and/or sulfur

' , -atoms andfor one or more sulfonyl or carbonyl groups, or a sulfonyl or carbonyl-containing
fluoropolymeric group, wherein the Ry groups can be the same or diferent; Z+ s a proton
or an organic or an inorganic cation; tcan be 0 or ; Lis C, CH or N; E' is -TR{'T- or -R{-;
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be the sane or different and can be a G -C20 linear, cyclicldungradthed
fluoroal kyl group 47 1 June 2004 optionally containing one or nbre oxygen,
nitrogen, chlorine, phosphorous, hydrogen and/or sulfur atonms and/or one
or nore sul fonyl or carbonyl groups, or a sulfonyl or carbonyl -containing
fl uoropol yneric group, optionally connected to another chain of the

fl uorocarbon: pol ynerirc conposi tion having hydrophilic functional groups;
Z[err] is a proton or an .organic or an inorganic cation.and t can be 0 or
1. 35. The article of any one of clains 28, 29, 30, 31, 32,'33 or 34
wherein the substrate is porous and the article is porous. 36. The article

of any one oG ishid oR; BB i i ' ™ e substrate is
y SRy Ris Gy ar, Syblic é’r%;a{na%dfﬂl;gor g ﬁ%@@b@t{méﬂ

porous and the article is non-porous. . _ The y one of
claims 28, 2@niating 0B Or 13gre ogygen mittpgenuplderisiephosphomsud) hydragen andlomsaifurpor ous and

the article j icle formed froma substrate

conpri si ng af'??ﬁ@‘wé?@] rggﬁ"%"@é@ﬁﬂSTOH%RyPrrﬂﬁuhof}jggﬁtcﬁ%ﬂﬂ%fonﬁj@gsur face .-
modi fi ed wi t fuosopblymenchysalip; R 8@ OahbacyeR ' in of the
formula selected.fromt hle) fr ou1 ,ué‘gnsf syl?i %B%PCH@?S%%I@5§§%EP"%I (L")y(L"),
and 4Rf] T?Q('qu*@g %PUﬂor?gWSBEé‘Ft@EQHr ghiesivacbasphaious: ydreges aRiforgutiurp to a CY

group of a fias 9w | |t formula: ~-- 1 A*rr
[- CY2-CY Ju- | V\herrgﬁorzmirés(&gfb%?g/cﬁer | @a*é’ﬁ‘%sggr %Jéj}fé'{;ﬁ%fc?rtbfﬁ'?ﬁl‘%ﬂ"tq'%t one
f 1 uor i ne- confugrappliimersaruprentiondly eonnendedctorenathen clidin dithei Mbro&SHontpdFhefi@an be O,
1 or greater, 1 ' n.d.nteger of at legst 1 and Y is hydrogen or
hal ogen Mer%ﬁagy&\hgg@ ﬁxglﬁoghlhcﬁjg&ana}{ PeUrS WQ%‘%’AW@QQ" ek Bbptiutedor  sul fonyl
- group; L' i sunSubstitute@tdikyllot afySgrétper TV, Rf is a G -C2o0 linear, cyclic or
branched fluoroalkyl group optionally containi'ng one or nore oxygen,
nitrogen, chloring 48 1 June 2004 The arficle of Claim 28 wherein the crosslinked

fluorocarbon polymeric composition having hydrophilic functional groups of the formula:

Z'l: Z-(- Z+ Z..,

_ I |
AR TN-T-R{-T-[N~T-R¢"“-T-N-T-Re“T-|:N~T-{Rele

is covalently bonded through the Ry groups, each to a CY group of a flucrocarbon
‘polymeric composition of the formula:

—F A OY20Y r—

wherein A is a polymeric group derived from at least one fluorine-containing polymerizable
mononier, nis an integer that can be 0, 1 or greater than 1 » m is an integer of at least 1
and Y is hydrogen or halogen wherein at least one Y is a flucrine; T is a carbonyl or
'sulfqnyl group; Ryis a C+-Cx linear, cyclic or branched fiuoroalkyl group optionally
@:Ontaining one or more oxygen, nitrogen, chlorine, phosphorous, hydrogen and/or sulfur
atoms and/or one or more sutfonyl or carbonyl groups, or a sulfonyl or carbonyl-containing
fluoropolymeric group, wherein the R¢ groups can be the same or different: R{" and Rf"™ can
be the same or different and can be a C4-Cag linear, cyclic or branched fluoroalkyl group
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phosphorous, hydrogen and/or sul fur atons and/or one or noré&Jgng 2¢Hy| or
carbonyl groups, or a sulfonyl or carbonyl-containing fluoropol ymeric
group; Rr" is CI-C20 linear, cyclic or branched fluoroalkyl group
optional ly containing one or nore oxygen, nitrogen, chlorine,

hydr ogen, - phosphor ous and/or sul fur atonms and/or one or nore sul fonyl or
carbonyl groups, or a sulfonyl or carbonyl-containing fluoropolyneric
group; Z+ is a proton -or an organic or an inorganic cation and t can be O
or | and Ris hydrogen or a substituted or unsubstituted al kyl or aryl
group, said branched fluorocarbon polynmer being derived prior to being
covalently bonded froma pol ymer conposition containing a functional group
sel ect ed fr diplienaly eanéainindcna of mere viggen, narogen Chdorink, fhasphdeus, aydr@gehonyl hal i de,

h lf O hal ide and a oup that can be
' ago%\r/glrjlto eél ? f)ang%gs@@o%@ﬁgfﬁ{d O?glée&@éésé{g?q P%chrbpryl goRsuF asuligpylorarticle is i
non- por ous. eﬁaﬂbonylabntamh@ﬂumpﬂqmelﬂfg'r@lﬁseptﬂﬁﬂy%nhb&é&g%éaﬁﬂgrﬁﬁam ffhe"mere' n the

s por ous - arHORREBONH i ForIReSan g Py phiiencionsl logpes s it G?Zb“ e
‘non- por ous. aé?ﬁbrﬁé?l?c ot 2n inorganic cation and t can be 0 or 1.
35. The article of any one of claims 28, 29, 30, 31, 32, 33 or 34 wherein
the substrate is porous and the article is porous.
36. - The arlicle of any one of claims 28, 29, 30, 31, 32, 33 or 34 Whérein
the substrate is porous and the article is non-porous.
37. '} The article of any one of claims 28, 29, 30, 31, 32, 33 or 34 wherein

the substrate is non-porous and the arlicle is non-porous.

38, An article formed from a substrate comprising a
fluorine-containing polymer having a portion of its surface modified with a branched

fluorocarbon polymer having a branch chain of the formula selected from the group
consisting of:

(L

[
ART-L(L")(L"), and {RICT-N(R)R!

which is covalently bonded through the Ry group to a CY group of a fiuorocarbon polymenc
composition of the formula: |

—f A% CYz-(;JY —

“wherein Ais a polymeric group derived from at least one fluorine-containing polymerizable
monomer, it is an integer that can be 0, 1 or greater than 1; m is an integer of af least 1
and Y is hydrogen or halogen wherein at least one Yis a fluorine; T is a carbonyl or

 sulfonyl group; L'is G- or CH, L" is H or -TRy"; Ryis a C1-Ca linear, cyclic or branched -
flucroalkyl group optionally containing one or more oxygen, nitrogen, chlorine,
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1 June 2004

phosphorous, hydrogen and/or sulfur atoms andfor one or more sulfonyl or carbonyl
groups, or a sulfony! or carbonyl-containing flucropolymeric group; R{" is C4-Ca linear,
cyclic or branched fluoroalky! group optionally containing one or more oxygen, nifrogen,
chiorine, hydrogen, phosphorous and/or sulfur atoms andfor one or more sulfonyl or
. carbonyl groups, or a sulfonyl or carbonyl-containing flucropolymeric group; Z+is a proton
-oran organic or.an inorganic cation and t can be 0 or 1 and Ris hydrogen or a
substituted or unsubstituted alky! or ary! group, said branched fluorocarbon polymer bemg
- derived prior o being covalently bonded from a polymer composition containing a

- functional group selected from the group consustmg of a sulfony! halide, a carbonyl halide,
a grouo that can be converted to a sulfonyl halide and a group that can be converted to a
carbony! halide. |

| 039 The article of Claim 38 wherein the substrate is porous and the

arficle is porous.

' 40. . The article of Claim 38 wherein the substrate is porous and the
article is non-porous, '

41, ) | . The article of Claim 38 wherein the substrate is non-porous and thé
article is non-porous.
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