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having a surface with improved hydrophific characteristics, comprising a branched fluorocarbon

polymeric composition having hydrophilic functional groups or a crosslinked fluorocarbon
polymeric composition having hydrophilic functional groups wherein the functional groups
comprise sulfonyl methide, sulfonyl methane, amide, sulfonamide, imide or sulfonimide groups and
to a process for forming the substrate having the improved hydrophilic characteristics

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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mermbrane surface, Benezra et al, teaches avoiding the use of a fluid containing a soivent for the

medifying perfluorocarbon polymer composition on the membrane surface. Benezra et al. also
disclose that élcoho[ 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.



provi de a process for nodifying a surface of a porous nenbrane such as a
perfl uorocarbon nenbrane w th a bound perfl uorocarbon copo 4

conposi ti p §1xgéender the entire surface non-dewetting. Zedusiiifize004 WO
01/ 58577 PCT/ US01/ 03129 PCT application WO 99/38897 di scl oses crosslinked

sul fonat ed pol n oce for preparing them U.S. Patent
4,470, 859 t g Bgﬁ}é?e@g é&{b?is% &y i@%—*gé diselasecs groeess forovakingi angultityer,sur f aces
of mcr Oporcﬁmmsﬁei%fwﬁfdﬁﬁhr{aﬂ] w8 Phorgus! Hd@ga?éf,aéﬁgﬁﬂeﬁ }@Meﬁ%ga'oethy!ene

pol yt etraf | uor oet hyl ene, w a coating an uncro

per f I uor oc SHISYRtE bR Wnwrfacsampiied withoan Limvedssitikenigperfycib dphéxchangé paikdronal

groups co f . ' of t.he pefluyqrocarbon copol yner

conposi ti oﬁ%%dg?gnhdzwﬁdé@&ﬁ’)g%gC%quS'F%eC%HﬁWﬂ?’%ﬁé”"f?ﬁ?aét Rdtesy carteio abl e. The

per f | uor oc&Kxigssmadifiping sompositionHRMS ke aré §ou¢hle§§ffahe¥e%ﬁabieﬂeétre?ctd%9.aﬂeruls sol vent
Into the solution

t | ted t t e 1 nb th
e e e Bl T TR S en e S T Lhe solut fon
charber | haulu Ukt vpRaliy SORNOHIBLEATLMABE LRSS |,

mercury (absolute) to renpve alr fromw
pressur e witihg fifuptlianat figreslylene sultyo! baditly camebundn Sidlcd this plotass BRIk OhSheRisES S UT €.

This coati ' e 0 gnsure, .wh I.s described by Benezra
et al., coﬁgﬂ%@g@éﬁ&? ?@ﬁéﬁﬁgﬁi‘{&%‘{”f’%ﬁe Pﬁ¥r6ért'H%gi§'8¥"é% C@ﬁroltlhﬁémﬂ@}ﬂéf ane. By
pr oceedi ng weighttdisirbution ofige find e BRI ®mpsdi :he i nteri wal | s
defi ni ng tgfdgi nterstices vI\:Jt g%a;?@ rne*rﬂr)nrpgtgr*\*{(aﬂEI gﬁtgﬁgrgg%éd@\?\nn({eﬁ%%ﬁé%

per f | uor oc ATUBH e prwrere gkylsnpsulfopyllimidasiegnnohke apassinkety st ep, t he
sol vent is renoves! Pa¥nt 546800 B Dearidsi 5?9:!0@@535 Pf.&%.g% féﬁé’ﬁ‘?@%%{[’%{&@%ﬁﬂgm vat ed

- perfluorocarbon copol yner conposition IS prec tance in
whi ch the [FEafupigethyirngr BB adpoisylivaimide contaising Umsatuiztedehifrefil WBérdn tha1sol ubl e.

Th I b h |yt | ngl hal b il
per 11 vor oo ns) & WEREdh iR Bhisan. oot 1Fs st armoes, it

N- di net hy| Bcetlesratde . In Sdtitorg sieget thisprevest folidsnéh 1hBGse R ABE u%”v{e%ﬁfe’ Benezr a

et al, teachelfs_| %voi di ng@t_[me yse of a fluid containing a so?ven or the

modi fyi ng PEPETARS rA0amers,Ht Sk io eoiig) das mplegylap weightedistribution anfidhesfinalf ace,

Benezra et palmeri@échposifthSCcl ose that al cohol solutions for the

per fl uorocarbon polyner conposition should be avoided. U.S. Patent

4,902, 308 to Mt hasdieerepropgsed by Simabesrc d.i BiefomalpCRGE 258 (1998)[%514@—59{69 the .
rane with a

surface o -DaQr expanded pol ytetrafl uoroet hyl ene ne

per f | uor O-%%.%II[@% pgéﬂ@t?{%crqégn COBBEW%IEP'XWS@?H RN &y Npfion™¢ filis with fadia frequendye pol yner .

Vel | ouk ot plana. @hassinkinpainesldshiats aRAAThoR iR G AR fhsg membr ane
y u

with flui df:ro%sci'nt aining a solvent for the p mer al'so's EPS-avoi ded.

inking is effécted through a bond iinking 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.
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such as Najd0akigs fn]aﬁ hdslTR c%hi%uéiidn%&i as%rﬁbggae\ﬁdven 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.
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SUMVARY OF THE INVENTIC»J1T¢£%Aﬁmpey%@pﬁpmovides a porous or nex-porous
menbrane or article formed froma fliuorine-containing polyner Substrate
having its surface nodified with a crosslinked or branched fl uorocarbon,
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corrugated sheet, a conduit, beads, rods’or di nent,
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Z+is a proton or an organic or an inorganic cation and tcanbe Oor 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)



groups. These crosslinked perfluorocarbon polyneric conp05| | ons

chemcally stable in that they are perfluorinated and ar e lcibe<LL S‘?‘lked wth
perfl uori R@d gkssinki ng noieties, which are stable agai n?&Tﬁ'ﬁ@Vt@%t' on by
virtue of contact with highly reactive reagents such as [1quid conpositions
containing a base such as amoni um hydroxi de, an oxidizer such as hydrogen
per oxi de O¥eEhdné CandHaht rH ondRiRY" is Cpﬁzrglmea{t eyclia dretmanakmiufuo@alkyich as

speci al cl SCl used during the

manuf act urpo%éo?ﬂg 64'e@tgﬁo gﬁﬁcdﬂ 6&8%@@ ntg'ﬁﬁ%%%?rr%qﬁ OXygeTh LPgeIK FHRINBroi et i es

cont ai ni ng)hmharqwr liydwgeri m\ﬂtoesiﬂfmrmslaod/gmmabﬁmd?@s‘ml sreamal@gokRog cont act
m cal crosslinks are destfoyed so that

wi th thes nd .t.hes

t he crossfaish%gg% Stipﬁﬁ?coqt%@%gsﬁpﬁoggwwrﬁ% T, Zdgiaad ere definedehovaaler ng. 5 1
June 2004 WO 01/ 58577 PCT/ US01/ 03129 In one aspect of this invention a
surface is provided conprising a branched fl uorocarbon polyneric

conposi tion having hydrophilic furfdileWBIR/groups wherein at |egh) one
hydrophilic functional group is a sulfonyl or carbonyl-containing 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 groug+to a CY group of a fluorocarbon

pol ymeric conposition of the formRagTNf-RNr-[ CY2 Y- - (2) wh rcfin Ais a
pol ymeric group derived fromat |east one fluorine-containing polynerizable
nononer, n is an integer that can be 0, 1 or greater than 1; mis an

i nt eger Ofancﬁxﬁhldh@@ébrarﬁch%ﬂﬁde rbu% co@éﬂ ﬁcﬂed%ro@ﬁ h%%%pwg%%f ékeast one Y

is afluorine; Tis a carb ony rr]

| i near, cﬂ@,qchéf @fipqu@ﬁ@moﬂﬂouoﬂbalokwa pref erabl y perfluoroal kyl, group
optionaIIy 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 carbampcyegrgaini ng fluoropol yneric gp)up Z+ is
a proton or an organic or an |norgari|c cation and t can be O otr'1; L is C,

CH or NN Eis RIT- or Rerr]-; Gis Rerr]T- or R wherein Ris hydrogen
or " a subSidrh A%, 85 THRFYDE i h el Blvear vI - 9T 0P

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)
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and Rlerr] is (Jerr]-Clerr] linear, cyclic or branched quoroaI 2y
preferably perfluoroal kyl, radical optionally containing ond! Rbr e
oxygen, niwid@aaeeyy chl orine, phosphorous, hydrogen and/orpéﬂhgwo;;ggons

andl or one or nore sul fonyl or carbonyl groups, or a sulfonyl or '

car bonyl -contai ning fluoropol ymeric group. In another aspect of this

i nvent i onWAST8INFY g REIrRUSA B SuBsHEEdHr Wﬁ&?ﬁgW@d atkyl@o ey gEaupband To BlapdrBe are

conposi ti rein at
oast one Rypton? ARERRN o f ol HlcBRBLaISt A Bige & Bl o (- )

t -[Rf]t- TleaEtaerlcal)Qﬂ_U'S)ed mw:m)thﬁfcmmlhme 2004 V\D 01/ 58577 PCTI USO /03129
wherein L' is G or CH L" is Hor -TR'; Rf" is C4-C20 linear, cyclic or
branched fluoroal kyt, preferably perfluoroal kyl, group optionally

contai ning one or nore oxygen, nitrogen, chlorine, phosphorous, hydrogen
and/or sul fur atoms and/or one or gampmgr sul fonyl or carbonyl grayps, or a
sul fonyl or carbonyl -containing fl uoropol ymeric group; T, Z+, R err] and
are defined above, or -[Rf]Jr-T-N(R)Rf' (1 b) orz+ (1 C) -[RF]f- TN -T-R and
which is : I Vg gh the Rf group to a
CY group %’fhlé}é]ﬁlr]}'l(‘:IIQ tfgra g@%‘%ﬁ%ﬁf%@%b%r #"W%%%Eeg@?@%“ﬁ nd ﬁe formula: -- EAf

r CY2 CY- (W 2notheresspactiofAnis Mvenfin, tHE, sufRiceRlodifyink corposifion éﬁn@ﬁﬂngth@r e defined
above. ention, the surface-nodify

n(gl r aspect, of thlslné
conposi t i Bﬁ § fogﬂrﬁ’@ PplyBeric ERmaqsiioR Aavina yrenkilis fursfionglarappsesf ﬂ@"@’@ﬁ*ﬁ@m tion
havi ng hy@dr geared 1§ rfehﬁﬁﬁé 'aCﬂﬂ@rbca.":tfoﬁL|'J|BF\)§m@|f Spréc%_&gpogﬁqﬂn?r@)at d%%&e%n@an?“' foni m de

conposition of the fornula: Z+ }
substltuted or unsubstituted amide or sulfonamide group having the formula;

JRI-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+
R T-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
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i s prepar
| east one
-[RF]t-T-
or iodine
unsubstit

Rf - T- NRR  igveption id pivided B mm@&%g'e% d?@fdsb!ﬁﬁblh%é%alfdhﬂedr%afboﬂl- B

hydr ogen
Rlerr] ar
t he am de
formul a:

m Xt ur es

surface-nodi fyi ng conposition conprRedT
conposi tion having hydroph|I| nctlonal groups of this
barbon pol ymer precursor

pol yneric
i nvention
containin

ed by reacting a fluorocarbon polymer precursor co ai ni n

pendant sul fonyl or carbonyl halide group havi n Uhg 208 rrul a.

erein X is a halogen such as fluorine, .. brom ne
@égp@wjnd Rf are defined above, with a substifﬁ’g%dlgrﬁ”
uted am de or sul fonam de-containing reactant of the formula:

or substituted or uns stlthut ed al kyl or aryl groups and T, R and

Sonigiaipg Q{%@S&B@%ﬂ'vﬂmﬂ% RSt
Zl

Gasap, 'ﬂcyﬁe leqpémna perfiong plARGUMETE sal t of

dREi %UJ:H‘ '@:ﬁt& { Feactant can be used, having the
" @ ﬁior%%@?/:};ﬁ;dﬁ%@ﬁm_r R Rf' and Z* are defl ned above, or

of react ants (4) and (5). In 4&0(Zkr aspect of this invention, the

I's prepared by reacting a fI

’{Lh'b[Rf]tbr anched f1l uorocggbon

g at | east one pendant substltut ed or unsubstituted am de or

sul f onam de gr having the fornula: -[Rf]rT-NRR (6) wherein R t, T, R
and Rf' arCQVQ%"é‘ﬁY E@H%B’W@h the| Rreoravas Bacity @ @Y gskryaha duasecarben pgignere sal t  of
the amd Retybey group can be used, having the fornula: Z+
-[REIr T- N%I%&POSﬁleereW% T, Rf and Z[err] are defined above, or

m Xt ures

thereof, with a sw—Hfﬁri]y-lECtS:rC\bhfbonyl hal i de- contai ni @ react ant
of the formul a: Rf'-T- X (8)

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; mis an integer of atleast 1 and Y is
hydrogen or halogen wherein at least one Y is a fluorine; T is a carbony! or sulfony! group; Ry is
a Cr-Ca linear, cyclic or branched fluoroalkyl, preferably perfluoroalkyl, 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 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,
WmEmaMmeWa@maMM@monmmszwmmmmwmmw&mGSMWWm
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



wherein T, Rf' and X are defined above. The fl uorocarbon paql yner  precursor
cont ai ni ng pendant am de or sul fonam de groups can be prep1 2@§4reacti ng
the sulfo 01’(ng.l.g;ar bonyl halide groups of a fluorocarbgy-afdeyise Precursor
havi ng sultonyl "or carbonyl halide groups with anhydrous anmonia. In

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

f | uor ocar lsompositignsdhviegsthgplemfulaaor ocar bon, pol ymeri ¢ conposition having
hydrophilic functional groups of (%g s 8 tune 2004 WO 01/ 58577

PCT/ US01/ 03129 invention is p I V] ﬁéﬂ ecting bridges or
crosslinks having sul fonyl or'{ ‘lai'lrlb ﬂ;ﬁ}?"t )gﬁﬁﬁ"ng groups j oi ni%‘b pol ymeric
chai ns, which can include | oops joining portions of a polyneric chain,
such as conpositions having the fornula: (Z+)t (Z+)t -[RfjrT-1 i E- L
-T-[Re]r (Ot W@fﬁlﬂbggc‘@bcg,llémﬂcgf—ﬁ%i’rmda, e R{' e defined@bavporeach to a CY
group of a fluorocarbon polyneric conposition of the formula: -[-A }"-f
CY2-CY- (2) wherein Ais a polyneric group derived fromat |east one

fl uorine-containing pol ymeri z@pTeNRRINRAER)N i s an integer th@p) 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 Yis a fluorine; T is a carbonyl -or sulfonyl
group; Rf is a Cl-C2o0 lineapy cyclzac or bkkancheg.fluoroal kyl, preferably
per f | uoroal kyl gr gr oup optﬂg}gnﬁ,w_%n_qe_ _tl-qq'nn*f_'qgr_Rp_ﬁ_ NQF.JRT € oxygen, ni trogen,
chl ori ne, phosphorous, hydrogen and/or sul fur atons and/or one or nore

sul fonyl or carbonyl groups, or a sulfonyl or carbonyl -contai n{%)g

fluoropol yneric group, Z[err] is a proton or an organic or an inorganic
cation; t can be Oor 1; Lis C CHor N E is -TRi'T- or -Rf-; Gis R'T-
or R Rf coalhtydAddd theagh the Re frogpspeachteadyegtoiy eicd Matdeibon plyaieRs abl y

per fl uoroal kyl . r%di cal optionally containing one or nore oxygen,

ni t r ogen, SORfosHNREhe MU hor ous, hydrogen and/or sul fur atoms and/or one
or nore sul fonyl or carbonyl groups, or a sulfonyl or carbonyl- containing
fl uoropol yneric group; Re' is C-C20 linear, cyclic or branched

fluoroal kyl, preferably —fA-}n-[-CYz-(I?Y}m— (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:
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perfl uoroal kyl, group optionally containing one or nore oxyg@W 2@ arogen
chl orine, phosphorous, hydrogen and/or sulfur atons and/ or! ‘818 8P4 nor e

sul f onyl Qk)ﬁgggpnyl groups, or a sulfonyl or carbonyl - {199

fl uor opol ynmeric 'group, optionally connected to another chain of the

fl uorocarbon pol yneric conposition having hydrophilic functional groups and
R is hydrogen or a substituted or unsubstituted al kyl or aryl group. In
anot her aspect of this invenugﬁg, t he surface-nodifying conpos' ion
conprising a crosslinked flu ggrbon such as perfluorocarbo pol ymeric

conposi t i gherdi®R] ,Markd e péfinkd gbové, WS i reeeEht @hieing aléast ﬂ)o%ubéﬂtﬂ%ﬂfor on is
provi ded havrnﬁ connecti ng brrdges or crosslinks joinin pol yneri c chai ns,

whi ch canUsHestityigd am@éﬁésufmamdﬁgr%?&uphﬁﬁeman@ hadgybeeimulac hai n, such as 9 1
June 2004 WD 01/58577 conpositions having the formnul ae: PCT/ USOl/ 03129
(z+)t (Z+)t -[R]Jt-T-L"(L")-T-Re'-T-L' (L")-T-[Rf]t- (9a) wherein L' is C
or CH L" is Hor -TRf" and 4% Z+, &, Rf and Rf" are defined above, or
-[Ri ]rT- N(R) Rf " N( R) N(RRT-IRIRY 't -{N¢ BRy)"-T-N-T-R*T-kNMRR% or - [ Rf] (10}
-T-N--T-RF"-T- _N--T-Rf"' -T-N -T-Rf"-T-]nN--T-[Rf ]t (9c) coval ently bonded
t hrough the Rf groups each to a CY group of a fluorocarbon pol yrreri C
conposition of the fsormula: z+-f Azr[ CYxCY (2) wherein A Y, n,
Rlerr] and Rlerr] L RgNseRE.TN-TH t and can be a C err]
| i near, cyclic or %{R%ﬂ?ﬁe’gﬂﬂ uor oa T ﬂgﬁ@er ably perfluor oawj[ group
optronally cont ai ni ng one or nDre oxygen ni t rogen, chlorrne phosphorous

o oups. - oft ks PRttt insRPER BT RE SR 200 el ror ¢ o1 oup,

optionally connected to another chain of the fluor ocar bon pol yneric

conposition ha |n édro hilic functional groups; t, Rf and R are
defi ned above.Afeft 5‘@ FOCRER5B PPIYTBRT PEeRreor mer%ﬁastprf’eoe@ma@@whom fyi ng

conposi ti gicaRBAPhAIRE BBup Hifeactant (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.

D.

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+
4R{-T-NR {7

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:
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crosslinked fluorocarbon polyneric conposition having hydrop 2@
functi onal groups of formula (9c) such as a sul fonimde cd Pn of the
fornul a: G fksshT PCT/US01/03129

[Rf]tSOZN-SOZRf"SOZ[N-802Rr"802N-802Rf SOZ] NN-SQ2[ Rf]t (9d) s prepared
by reacting a fluorocarbon pol yner precursor containing at |east one
pendant sul fonyl or carbonyl H4lide gfoup having the formula: 10 1 June
2004 WD 01/58577 PCT/ USOT(XBBA2N-TFRI-TNFIRTPX wherein Rf , T 4l X are
defined above, with a reactant containing at |east tw substituted or
unsubstituted am de or sul fonam de groups such as reactants having the

formul a: Zwein N(FRF\’ R”'Tn X ancﬂZ'[zihb ddfinEd abovd.- Whe Tudibcarbdn bﬁl%ér@fécluédro) or: Z+

Z+ Z+ Z+(1@) %‘2 Qe [NN-T-Rf"" -T-N--T-Rf"-T-]n m Xt ures
t her eof , VIARIFBING, da'ﬁeam ORF“ffO”filféFde graups can fe pmre#vaea@ﬂraémer %’@r‘yla?fove
Al ternati \t@}b}:fny@héhhé@ﬁ%%?@ﬂurbr&g b?frf’ﬁdlyrr%l: ﬁ‘éwrs?:fﬁ vﬁ@r&hlﬂ:’np'o?%rﬁ&géllnlﬁ@%t rgggt ed

pendant sul f onyl car bonyl de group o ctan
with a fl m%wltmhymsymm@recursor contai ning at feast one pendant

am de or sul fo tant ned abave.. | n another
aspect of this I%‘s%@@ﬁ&ﬁwﬁg %['c%’%‘?ﬁgf@? rqé @Eﬂﬁ'tﬁ%’?“@%&% PRYIIE si ng t he

crossl i nkedmpdstion inwiag hairophitd fiERdnkigraupadi @fid ifventon Ravépaed by He apdlidaicn

functi onal ro§&% of this invention is prepared by reacting a fluorocarbon

pol yner pré TucspratphpaleRrequEsgsthisadipd e useof p@mg%apl@ Upsaiyraisd
unsubsti t %&lgmé’fg‘trﬂ?ar@ﬂlfﬁ%&ll' th QMH‘dﬂﬁg%oﬁHanQ ! Paddlibn, R iMdcBmodifyRg L~ T- NRR
(6) wherein R, t, are fined above or an organic or Fnorganic
salt of t rcemmsittdlecmpnsnmne wossinketblugiocanmnipalymeris compositionsrmating hydrephilic[ R4- T- N- R
functional groups of this invention are less swellable in solvents such as alcohols than are
uncrosslinked polymers which renders them useful as fuel cell membranes having ionic properiies
with substantially reduced undesirable mass transfer through the membrane while retaining

desirable ionic transfer through the membrane.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

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
funclional groups are prepared comprise polymer compositions known generally as

perfluorocarbon polymeric compositions such as those marketed by E. 1. Dupont de Nemours and
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(7) wherein Rerr] T, R Z+ and t are defined above, vvith L\Da%tﬁ
containing at |east two sulfonyl or carbonyl halide groups

conposi ti Barlggy jng the forrrul a: 11 1 June 2004 WO OIIS&%&kﬁf;ﬂylgSO/OSlZQ
z+ z* T( N-T-RE"'-T-N --T-R'-T-]1f X (12) wherein T, R’ Rr", n, X
and Z' are defi ned above. The fluorocarbon pol ymer precursor cont ai ni ng
pendant afiooipanyr ins uhdeotha nard@N@?iGN%er hy dwahh Blagr @aperd Linted edertthevgniehe

sul f onyl L %Ir@,bonyl hal i de groups of a fludrocarbon pol ynmer precursor

havi ng sul %‘H@ or carbonyl halide groups with anhydrous ammonia. The
surface- nodi f yTRgieRERBM dolyRBr FEIRbA 85<Ad :nttﬁt?préh’eﬁﬂ%ﬁtﬁm faFe‘H%Fr%%@ BN

pol ymeric conposition having hydrophilic functional groups of this

i nvent i on fasulgr epar ed by the nmodi fication of an existing fluorocarbon

pol ymer precursor while av Q%Béfl of pol ymeri zabl e unsat ur at ed
nmononers that are dlfflcult 0 durlng pol ymeri zation. In addition,

t he surface-nodifying corrp05| tion c[m]gprl sing the crosslinked f{3yorocarbon
pol ynmeri c conpositions having hydrophilic functional groups of this
invention are |l ess swellable in solvents such as al cohols than are

uncr ossl i nked pol yners which renders them useful as fuel cell nenbranes
having ionic properties wth substantially reduced undesirabl e mass
transfer twhereinglis anelymensgiorpdesvediom et leastoné ﬂtbﬁ‘g-cordahﬁigrpai&m@zabdmmmomeransf er

}?ggfgggnt Eﬁl U%%%?&*%%E%ﬂﬁ?@ﬁ i‘g‘ﬁ%ﬁﬂ Mlz}porqsngen? ‘'orm ng the

subfs]t rat esxmmbmﬂmmmﬁmnmrqakwvmglau@a m?dﬂydé@thmerﬁlel Uﬁkrmmbrﬁwﬂeﬁ?@cﬁ REFE) , I
erfluoro ated et ne- pr opyl ene copol yners
?FEP) %ﬁ&ﬁbc?ﬁbé &Eﬁ%ﬁ &ﬁ}@S @ @Wfﬁé#f@fqoéﬁﬁ)hygrogﬁ%wwn. 3 eng

{1 uor | de (Wit :eeglowghhsos flofind dnd Qe ﬁr@@néﬁﬁar%ﬂs R ugtiHeM js I uor i de
(PVF), et h%mene chl or ot df | uor oet hyl ene copol yner , or the |ike.

O her sui tslisng 0f¢ahwvlhehd@6mt@naigl{¢gp orraﬂrmwmchu:@ebmonvem:ed foox wilftmgl (ﬂhe
b
Flbor bor SRR SR S Db St P PRI AR P RIBR AR, 5o m o

the fl uor@emmmmm@mwmsaupmreummenkef mﬁnd@@%mherénhﬂegw@rfaﬂéhtﬁ‘anacmd form
sul f onam de for fonimde form sulfonyl methide form sulfonyl

met hane fd%aﬂmtssﬁraf@tba%tﬂn Riigqefieedrabove: or the | ke.

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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Exenpl ary fluorocarbon, preferably perfluorinated, polyner 2@0%8 r from
whi ch the surface-nodifying branched or crosslinked fl uor @ ] %ol ymeric
conposi ti gRsekaykNg hydrophilic functional .groups are ppepaiRdzgeNpPri se
pol ymer conpositions: known generally as perfluorocarbon polyneric
conpositions such as those marketed by E. 1. Dupont de Nenmours and 12 1
June 2004 WO 01/58577 PCT/ Usﬁkﬁ@@ﬁzé@%&ﬁmﬂ%soaﬁmder t he nane

NAFI ON[err] or by Asahi d ass Corrpany'C Li réFt ed under the name FLEM ON(r).
The fl uorocarbon pol yner precursors uSéful”'in the present invention are
defined by the fornula: -A-litCy2-CY.- [Ri]p (13) wherein Ais a polyneric
group derived fromat |east one €Fa6rGhae=2601t,@ahthi ng pol yneri zabl e nonomner
such as vinyl fluoride, hexafluoropropylene, vinylidene fluoride,
trifluoroethylene, trifluorostyirereocrgitberairidd,Fuoroet hyl ene. |
perfluoro(al kyl vinyl ether), tetrafluorioethyl ene, cyclic nonomers such as
CF=CF( OCF3) OCF20 or CF=CFOC(CF3) 20 andGht xtures thereof. Y is hydrogen or
hal ogen wherein at |east one Y is a flyorine and wherein it is preferred
that all Ys are fluorine. Bis a sulfgnyl or carbonyl halide functional
group or a group, which can be convert@#;to a sulfonyl or carbonyl halide
group such as s 4foni cid groups or salts thereof, am de or sul fonam de
groups, car box§ hpresu e&“@ﬁ%ﬁﬁ?ﬁ’é‘ RSYMETATRCYrSpIs @FERAIYMSTS GOPfaINRg RES OriNOthd p ar e
0, 1 or a”nioﬁHn%éckﬁhP%@Foﬁﬂ of &ibny hall¥e finBticR8 ofddpS B wiRth c8f be{)ﬁ@éﬁerj% R is
defined above. Useful fluorocarbon polynmer precursors can be polyners

cont ai ni ngingude stlfonytorcarbonybhelitecyrasipeheforedr aitan fpraing thepojyimef. |Suitabledrengmamips, whi ch

3 F1ac ey, Oils bt FBbpubRE, uloRERei iy 2t e echous of
preparation of Hedrddathon palyichprBcupls\hawg pénd‘&hfﬁlaﬂﬁahﬂb@é@fuﬁcﬂi@nﬁgbuﬁs@éﬁ hin US.

Pat. Nos. 3,041, %1_7; 2,393,967; 2,559,752 and 2,593, 583 ich are
i ncor por at B¢iPieeq i a9y Siible canyertional magner syrbas| i, @scarancs g dlo- \iskNoc
conposi ti oBg59BRF Fpbnesk gtsht E;gp'i?ééﬂéHNo.SQi 77 13B R ARRA ate HAGD ps.
Exanpl es of perfl uorpocar on polyneric (:(orrpic?g‘l1 ti onsa%mgrg?rﬁt?%geraﬁw
sul f onyl - basiasence orrpolyinesizad frongya earjsy! functiotkd! grolipeostdining a ploSimePderivedNmm 83, 282, 875,
G Mfony"lggrgl?\pom‘rﬁg%inarr]n%nyme%y aP %etho&l.l\ks)mh 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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3,718,627, which are incorporated herein by reference. Illus ratiég of
sui tabl e sul fonyl fluoride containing nononers are CF2=CF 78 F,
CF2=CFCCF, 2SQ2F, CF3 13 | June 2004 WD 01/58577 03129
GZzCF@F%@%E%gOCFZCFZSozF , | I CF3 CF3 CF :CFCF2CFP2(§8¥2H,§£§M
CF2=CFCC F2CFOC F2CF2S2F CF2 0 CF3 Oher suitable fluorocarbon pol yner
precursors are polyners containing one or nore nononers |acking suffonyl

or carbonyl halide functjonal groups, but which can be nodified to include
sul fonyl or car bony'lgreﬁﬁ?dqﬂ'g’o@ijg%‘ lqgéqoaprgergpclg& er forming the pol yner.

Sui tabl e nonomers of this type include trifluorostyrene,
trifluorostyrenesul fonic acid or the |like. Fluorocarbon pol ynmer precursors
havi ng pendant carbonyl - base®FGTOCF SIFRCF§iFeRYRCHzaand be prepared in any

sui tabl e conventional manner such asé#n accordance with U S. Pat. No.

4,151, 052 or Japanese patent applicatl%n No. 52(1977)38486 which are

I ncorporated herein by reference or polynerized froma carbonyl functional

group containing a nononer defi\ r | f onyl group containing
monomer by a method such as @2-?%5&1%29%&%‘3@% at. No. 4,151,051 which is
i ncorporated herein by reference. Ilfgstrative exanpl es of

car bonyl - cont ai ni ng nononers include: CF2=CFOCF2CF2COF ,
CF2=CFOCF2CFOCF2CF2COF , CF3 CF2=CFOCF2CFOCF2CFCOF, and

Particularly suitable fluorocarbon polymer precursors are copolymers  of

tetraftuoroethylene and a monomer having the formula:

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

15



| CF3 CF3 CF2=CFOCF2CFOCF2CF2CCF CF2 0 CF3 14 1 June 2004 WO %%58577
PCTI USO / 03129 Preferred carbonyl containing nononers incl daiune

CF2=CFOCFafeffsks2$F2000CH3 and CF3 CF2= @WZ@WZ%T,&E)§,Of%t|CUI arly
suitable fluor oc?r:bon pol ymer precursors are copol yners

tetraftuoroethyl ene and a nononer having the fornula: CF2=CFOCF2CF2SQ2F or
CF2=CFOCF 2tEcdprXeishistiie polgra opfognwlaf(63) idividedtiydhe totamumbertohiandtibnzbgrospar bon

pol ymer pn nlﬂa? converted to the sulfonyl or carbonyl halide form
of the flu oca(rﬂton pol'ymer precursor by a one step or two step process.

In the one stepnqneaspeasﬂmsineemmésuﬂac@c@@pnﬁndméﬂm%edmusmédmr Erﬁén’eon pol ymer
precursor can PCl[err] and POCl[err] to produce the

sul f onyl Eﬂrf”fﬂs'it'%h%v Be ﬁycﬁ?ph{hﬁgny opg) HuRs b BRRvigas| wheeain atpeastanedydroghiich as
descri bed fdnﬂhoHaI@rouﬁ%ta%ﬂlfonﬂ o?@a?boﬁﬁ%oﬁ’l‘%ﬁlﬁqb Hﬂ& 'f’rﬁlﬁé ated herein by

reference. Wen the sulfonyl fluor e5|red t he sul fonyl
chloride formis reacted with KF to produce the sulfonyl fluoride form of
t he fl uorocarbon pol yner precursor a second step. Both the sulfonyl
chloride and the sulfonyl quor| q%% be used in the process of this

I nvention as descri bed above. F rocar bon pol yner precurst used in

t he process of this invention to fq Gg]the branched or the crosslinked

f1 uorocarbon pol yneric conpositions having hydrophilic functional groups
need not be restricted to a particular equival ent weight, instead, any

pol ymer pBREMiGHH a brgﬁb}ﬁ 'opﬂqﬁé(ulp%g\}éieé@ 5oRded W58 the Brolfio a%@gmup spgrally the

equi val ent wei ght of
fluorocarbon polymenc composition of the formula:

—F Adrf- CYz-ClY-]ﬁ— 2)

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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ol ymer precursor is between about 150 and about 2000, nore ysuaglly between
gboﬁt 288 and about 1500. The equival ent wei ght of t?§8f§l gdié@@%gég/ 03125
ol yner r is the average 15 1 June 2004 WO 01 U

Pml gcul afaﬁ&e?ié tgﬁof the polynmer o-' fornula (13) divided é ﬁgﬁt ot al
nunber of functional groups B present in the polyner. In one aspect of
this invention a surface conprising the branched quorocarbgn polynerlf
conpositio ' ] phild L crd unati on [ [ OVi erein a
eact one. Rt CRAG R ST BGir A g BB v pnd 1 HERE

car bony! - céneegtysiicny bgnaepiufoakiierdferatmpesiuoroalky), group bffbialy bntaking Bndde) t (1)
and which is a bran(ih or @i.de Ig){rﬁougq coval ently bonded through the Rf group
to a CY gr B *B¥9eR NtpgeRaFoRDG. BRASPIoMUS,Mstrogen @ é@f”fi"@i?ﬁ@fjmf}f@of‘mf?u: a: ;-f
A-} - CY2- &fonvio j i ki B ‘om a eas
on}é fluorine- Cy(ijnrgcg?ogfiﬁ‘ﬂngblgig{b;éggl?gggf%}b\é%E%rﬁaerrﬂfgqﬂ Pwﬁﬁfﬂ?%er t hat can be
O, 1 or greater than 1; rn is an integer of at |least 1 and ;)/ is hydrogen
or hal ogen wherein at |east one Y i erine; T is a carbony r

sul fonylg group; Rf is a G-Cerr] '[ﬁ‘]‘ﬁé\gﬁrz)ﬁf cyclic or branched fhagr oal kyl ,
preferably perfluoroal kyl, group optionally containing one or nore oxygen,
ni trogen, chlorine, phosphorous, hydrogen and/or sulfur atoms and/or one
or nore sul fonyl or carbonyl groups, or=a sul fonyl or carbonyl-containing
f1 uoropol ymeric group, Z+ is a prdtém-NsT-Rén organic or an i nor fahi ¢
cation; t can be Oor 1; Lis C CHor N Eis WI- or Ri'-; Gis R'T- or
R Rr is Cl1-C20 linear, cyclic or branched fluoroal kyl, preferably

per f | uor oaWkgein T, RreRii B.a anittaraodefinddyabovent ai ni ng one or nore oxygen,

ni trogen, chlorj h hor qu LFB drogen .and/or sulfur. afoms and/or one
or nore sul fonyfﬂégcpm@gﬁ%@mﬁ%a@' gn,necgﬁ( "Bl FBRRAUNE OGS B heioRdnt ai ni ng
f1 uoropol ygeup R/SOHTAZENG (RFOC3.CRIZE Qa8 filirocarbSiBshiniet pre@ifsoPEontiihfighst i t ut ed
al kyl or aryl roup. Representative branched fl uorocarbon polymneric
y g p A ,

[gést Hggperqé %Wprybepﬁcpr,b@nyl halide group or by reacting a compound 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

conpositio

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+
[ReSO:N-SOzR{ (1d)
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functional groups of formula (1) include: P-)t -[Rf]rT-L’ (1(%?@202) (1 a) 16
1 June 2004 V\D 01/ 58577 PCT/ US01/03129 wherein L' is C or rs Hor
-TRf" an Ey , and Rf are defined above and Rr ° CriGioifed@s |1 near,
cyclic or rancﬂed fluoroal kyl, preferably perfluoroal kyT group opti onal I y
contai 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

2o | ey R Rehe GO Bl iedd R bl 05 Ci i YA boithea avove

The conpoupayndic tampoitian of he dmile f or med by reacting a conpound cont ai ni ng
the functional group (Rf'S02)2C 2(Z+2) or (R{CO2C2(Z+2) with a
fl uorocarbon pol yner precursor containing at |east one pendant sul fonyl or

carbonyl halide group or b ound of the formula
[Rf]tS)(SZC-Z(Z+2) %CJZRIrO or y[k‘; q&%gﬁ?ﬁ"b 2)CORr with a corrpoung)of t he
formula Rf' SO2X or R? CO]Xf The corrpoungézoR; forrml[gfe]gg(o)S(c):Z)z(zg- §§ Z+2),
Ri CO 2C S or - +2) CORf*
( %ﬁe;e@)-\ (rjrg F&!’tl hg %%gargg %Eéé%ﬁl ng bi s-

can be prepare sul fonyl nethanes or
car bonyl net hanR@re@eﬁtHwa@m&blb)Rf GRS fMiltide 11\@¢de€2 b;{oenep(m beﬁzcﬁs}scrl bed in

rated herein y ref erence.

whi ch
Suti aEf“ee2&q%ﬁﬁﬂﬁgfvafm%ﬁamhw%{ﬁeé%ﬁ?s%%éﬁéz@aue RAGpuRS oGk, O
Sui tabl b o o [0 bR O SO 1R COR, FacO0R of he®
(CF3CO) [ CF[E@WDCF@pBise]]t&DMQ 1m[Q¢\/gCBulfpn:miﬁE-Bmmer- RioRby@teric graups hng orgak]elor The
d tin uorocarbo
o eour sor *nraicSebe b iod & sUBRRE s a5 iy G he GrredioBollgRoRa | de
group wi t h(1g), ¢layardyta). Réprdshftath@suibbliaZ: gRupdNiRide 4 phbtasarEnal RER)ieNden  CF3NH2,

or the Iike. In another aspect of this invention a sur f ace conprising the

branched f PSPYERORSHUM r?éf@ﬁ'ﬁ?r Pran QAN eAten weh prAMMRGIURAT HisihRTReniYuNCt | onal
groups is po@sl gakwberein at | east one

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:

{RIET-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:
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hydrophi lic functional sulfonimde group of forrmula (1d)

_[Rf]r-S02N-SO2Rf' (1 d) 17 1 June 2004 WD 01/ 58577 PCT/ us§14‘{5‘§12£’84| s a
branch or oup coval ently bonded through the Rr gr dQnfia6Y group
of a fl uo?@:@%ﬁg’r’ pol ynmeric conposition of the formula: | R Cy2-?Y
(2) wherein A, Y, n, m R, Rf , t, and Z+ are defined above.
Representative suitable Rf groups include -[OCF2CF2] -

- [ OCF2CF( CF3) OCF2CF2] -, - [(CF2)4SOZ (Na+) SO2(CF2)4]- or the |ike.
Representative suitable Rr groups e -CF3, -C2F5, -C2F4H, -CAF9,
- C8F17, -[OCFZCF(CFS)O(CFZ)ZSOZI\I-( CF3] - CF2C0F, - OF2000H5br t he

like. Representative imde or sulfonimde-containing fluoropolyneric groups
or organic or . inorganic salts of the imde or sulfonimde groups can be
f or med froﬂl‘iquHbRan%@ﬂﬁerdéreéﬁfnﬁ@ﬂmfﬁ eramixtgref reactont (At (F)12) . Representative

ot faat ot 8 refeh i ol b banl elBor il Tk sl SuifdheBited 1 ety
amoni um gm?nqmsuifommldeh:enthmukgaeactmtcamhtttﬂwoi |ﬁ8ﬂé\r§ti tdﬁrogé%ﬁl\ﬁddai;{%g%drﬁ%gh t he
f d tjon co S e ranche uo
g 1R TR e
I nvention aﬂd&hd%nﬁd@dr%ﬁlfchéfnlﬂﬁg*’f@ﬁpb Bﬂmétarfuhélerr éﬁﬁ&%mfagoﬁﬁmﬁﬁﬁacga’n%%%r havi ng

containing at |east one pendant sulfonyl car e gro
the fornul lﬁ?eraﬂr[gm]ahdamnt@amg bipeadugt nA ori-ructeophéit bapers tgpially wsed fol suavengee,

f e th a
cubot 1ot e D e nOlelo R it feo el eRbinR i aeseedd it B FRGIOT 4 ane o
m xt ur es thrhreheﬂdlhororfarﬂohaolimnﬁuina}omﬁh ‘having™iRRoph{lid lunovbiel @rbups RTineactdn ar e

- hyd i tut n Ituted al kyl or ary roups and T and Rf'
a¥ergg$ Pnoéb%ﬁ@io Pfslf\&e?@P?%ra%iifj‘sﬁau@es'lownaﬁgﬁﬁlﬁéyw ’Pfﬁ@?‘iﬁé?lﬁé S%Pttﬂ%ﬁr the am de

or sul f onagnsgiRtituted amide or sulfonamide-containing reactant of formula (4);

Scheme 1

RQ*
[RETX+R-T-NRR +2Q  ——  {RJ-T-N-T-R/ + RQ* 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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cont ai ning reactant can be used, having the fornmula: 18 1 Ju‘gﬁ| 22%8;
01/ 58577 PCTI USO1l 03129 Z+ Rf'-T-NR (5) wherein R, Rf'

defi ned ate&y&lsgfmm xtures of reactants (4) and (5). The f"gﬂfﬁé‘?ﬂ?&f the

f1 uorocarbon”pol'ymer precursor with the substituted or un ed am de
or sul fonam de-contai ning reactant or salt thereof is believed to proceed
vi a a cond#@kyspyurlgines, oeibé ke §Ina foadtioveen be barrisiuduf in thelabsencesfralzolent utdet | de

groups of arbon rec and .t he am de or sul fonam de
groups of %oﬁghogwéqu egﬁpqu %qqﬁ'é’f@ cggﬁ%p@te‘a@%tbgw ONRSUENAP WNeN ber at i ng
a hal i de- chehaindi@philbastibins ade REMmTBChaeRio]. iChePamsbid r?andeYc:Bht‘a‘aﬁﬁd y used to
scavenge and bind the halide-containing byproduct so th at the reaction

can pr oceeRYPRgUdt pravangerainciugmiio MNaeGHs, Zpawdereef, or itl@r‘@caﬂeﬁdm psfigaiest i c
conposi ti oggbamh ﬁu@%ﬂélﬁbﬂﬁédc Eﬁl{nHé}%ﬁ lngﬁﬁhes%EQ%%\r}mag%&perﬁ@@% 6}@19 h%s bel i eved

to proceed accor Ing to oW n t he
subst i t ut eid awessel aresgldys béxtatia tedlperatumeetweensabdam 0 ariabolet 20000 pRsigmablypetveact ant  of

LR G utbopt 2B ol 25T shiahie st e rh Beeo FebA G281 SR ons |

derived fripmst fiferabibahikeh apgmi hdatf?and%%&ﬁZ@ﬁ&rsTThﬁEachﬁf can befiddted Rhigdnd t are
defined above. Reaction of the fluorocarbon polymer precursor having

sul fonyl JPXB&rbonyl halide groups with the substituted or unsubstituted

am de or sul f ongd, gR7G e pop?c{}ﬂ\efﬁ@c‘ﬁfs@rnstm Qcﬁuhgrg!tfﬁéﬁd?%&eggi}ﬂ? @gglgptﬂ.ﬁedca”i ed

out with the fluorocar recur sor
sol vent - swluhssbstifuted amide or suifoneridertontainingirdattant besalt precfundenthe comitieisast s in the

solid, Ii |d or S When the _fl uorocarbon pol precursor .is in
the solid @HH‘“’% gﬁ' rpgagﬂ‘f% iSoReavered. ag 3 sl siphias P’IB'@F'F"@HT’W&EJ@“W@SH@l tions by
cont act i ngsolventW Reprdsbiftativel Bitable UoREht® for YRS MRRdchibst ﬁéiyrﬁéf‘ ufbr inglude,

i's

sul fonam de-containing reactant or salt thereof In a vent t
non- r eact i \AOOGRafed golvents tsueh Bﬁ@owmtdn@fgelhmp,r for emarad \b"elocarhnnl“‘ahnlle sol vent's

i ncl ude ag?m r NE h.as acetonitrile,
t et rahydr ot ur éﬁ‘?‘a"@ﬁ?%?{%?a”g"ﬁe ﬁl}l?émﬂ E{ﬁﬂ' E’ﬁgl'r?at ed solvents such as
chlorof orm or i beotie kspect BhisriR@atiohafe sWfacafiddiffth composition comprising the
branched 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 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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out in the presence of an organi c non-nucl eophilic base in © der, Q%
scavenge the halide-containing byproduct of the react i on. R&‘ﬁ' &85t ati ve
sui tabl e - eophilic bases include al kyl am nes ¢ hyl am ne,
trinmet hylgﬁﬂhrllfeg?ﬁlér the |Iike, pyridines, alkyl pyridi nes aﬁs Mpll peri di nes,
N 19 1 June 2004 WO 01/58571 PCT/US01/ 03129 al kyl pyrrol I di nes, or the

| i ke. The reaction can be carried out in the absence of a soI vent under
conditions where there is enofgg]lg rr obility of the reacta to interact
wi th each ot her such as when )é non- nucl eophi | i ¢ base f ctlons as a
medi um for the reaction. O her suitable halide-containing byproduct

scavengers |ncI owder, CsF, or the like. Reaction is
effected undet %tﬁ‘ﬂ?d?fcﬂﬁNﬁ@tﬁﬁ?fteﬂaﬁy e.s [Rerfuerecaihon Be!yrash Piepissor catd®spher e such

as argon, pahdahiQeHRfa oPﬁquérﬁﬁtldE 8’6%{33 cbr?b@pré’p%%ﬁ 8} Ez%tr\r,t\gthggtﬁm l (35!‘5@%( H]teerrper ature

bet ween about 0 and about pr ef'erabl out about
125C. SU| tOEAYPS of @ Huargcgron D@lﬂ'&efax@ummweg]sdfowhbr Barbdnpitiialide groupsabithut 72

b of f ect N AR TRl oD oy BP BRSO ook i < T

sol ution, reactlonszan:bmtcmdﬁowd al\k tehpérbtGreelaeen ibsted8°dndwbsBEICt gliggieam de or
sul fonam de- cont ai ni 33 reactant or salt thereof under the conditions set

forth abor@idatengeastioniies are ketween aknut isecondand abeyt i ous preferably belyweenrabeitpi t at i on
or by renmgvdebshds BRY atd! ﬁqﬁlhuteﬁeﬁ\'é%ﬁ@rﬂéa?&ohEﬁi&rﬁétlctcﬁt%&ltlﬁrﬁ)t) CanideQdsr t he

fl uorocarbon pol yner precursor include enate olve S suc
pol ychl or gulfopamidegrows isyecsvased if the ammamiywh aaltﬁtam@ochmdndna fuether]comvietted fo the

ot hor adeboget fpentls A ed Wi BT e Biin phe GouBstbaron

conprisin gultohanldé)asraalbthadoffwithlmé e@aRDETT DOy ERdS-conBIRIRY RSbthrdt & takigy bui g
hydr ophi | roups of this invention is prepared by reacting a

ic, f nal
f1 uor ocar B¢ HT? tfoniﬁ dutnagpvecand PEaceRda dn @t analogais resneer s sasaibed iBubst i t ut ed

or unsubstsbﬁemeq_d am de or sul fonam de groups having the formul a:
-[Rf]r-T-NRR (6) whereint, R T, R and Rf are defined above.
Repr esent at i ve Insan aligivpiiye RmbertimdRt of this inuerdion iiwr ahgie fength @HBie FEakfonyi@2FHA,  or

LD s AR R R eV R b e
methods. In the first method, the fluorocarbon polymer precursor containing at least one pendant
sulfony! or carbonyl halide group of formula (3) is reacted 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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wherein T, t, R, Rf and Z+ are defined above, with a sulfo:m or, ggr bonyl
hal i de-contai ning reactant or m xtures thereof of the for uge 1 June
2004 WO O PCT/ US01/ 03129 Rf'-T-X (8) wherein T, ~1/86H re

defi ned al%(g@.%g%ﬁe fl uorocarbon pol yner precursor cont aﬁﬁ%g g‘éﬁgant am de
or sul fonam de groups can be prepared by reacting the sulfonyl or carbonyl
hal i de grgioypss atfainad.f Wher the produnicoptainy etermipal ulfonyg or catbawyl hgids glofimthyd  or

b | hal.id jth A ia. .Th hyd i
be. it he GGy Sefialeiatun B OIS B HRACETBR. can be conduct ed at
a tenperature llﬂhb‘@ﬁl%%eﬂbﬁﬂrtng'cmébsﬁiﬂﬂ caRisthg ﬁ@Qﬁanc@dilﬂuE@bé?bonaﬂayﬁ@ﬁd on

reaction tinmes are between about !second and about our, preferably
bet ween ab@mposition Savingydropil funstinne! areipaphihis dnyentiom eart he formed asherein tigol yrer i ¢

i : . ' ) . . b

rmn um o0t 86 PalacubOrNE difte3f QA8 o AE AR Bibrthodr®

sul f onam delymer predaysoc cant beqtartiallyt dr carmpletely Etrwenedde inidenorahifohintderg@supk in ng ami de
| f i salt th f w the sul f | b |

ol i de- corTTTHAGVHER rufrton o tested. e Staa B o REbu) e aves et f or th

above and @i@caesiforiaMide braapRbOHe Partial toReraS pdlARF bR cd 1. In an
al ternative enbodi mgn{ gfr Phi S i lr?véﬂ]?i on, th% chain ?ég?\dél??]neg@t%ﬁgr R err]

sul fonyl oHnctienal geHps BUCH G BWPRE AR groups PRl thereafi ¢ group of fornula (1 c) can
be controlled hy aﬂ&ﬁerQJsP%ﬁ:Y"Bfg thgﬁﬁ\{égﬁ!ﬁ' aIsﬂrfécgﬁ?gigﬁ?tco@ﬁés?@ﬂ;gp%%?inél uor ocar bon

pol ymer precursor contalnin ast one p a?rbonyl
hal i de gr owgssiked fiuoroairbon( 8)chias perlaaroeachonyi folymaricdtofrposition dag fiydreprieal kyl ene
am de or sul.fopam de,reagent of fo | ae (10) . or (11) whep n .is O to
fosutt 1 Eeehaties oo 8eHon Rase e b ibing brdged b ERaIiA R deor
sul f onam dgifgHr BarbdhPRohiginik inigt i hig@h i g ene

sul fonyl or ggr bonyl ﬂhal i c_Iefgg%%gﬁwgo??ly?g?r?ﬁ?g&%Tg{ﬁbﬁg&aéégéﬁsg?d{)@o resul t
in a ter niRpdions of gipplymsric cogin, suphiss AYMPoREING evingrifpmulehese reaction steps are
repeated until the desired chain length of the Wis attained. Wen the -
product contains a termnal sulfonyl or carbonyl halide group, this

sul fonyl or carbonyl halide group (ZnZe hydrol yzed in a conventional
manner. In the second nethod, RAG-I-EUO-{Rgar bon pol yner precur ggr
containing at |east one pendant amilde br sul fonam de group of fornulae (6)
or (7) is reacted with a difuncti offalt (34 uor oal kyl ene sul fonyl or carbonyl
hal i de reagent of formula (12) when nis O to result in a term nal

sul fonyl or carbonyl halide group. The
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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term nal sul fonyl or carbonyl halide group then is react ed F@B

di functional fluoroal kylene am de or sul fonam de reagent of lPS f’ae (10)
or (11) V‘@’Eﬂ] Otoresult in a termnal anm de or group.
These reactl 5B87 eps are repeated until the desired chal n engtﬂggof t he -Rf "
21 1 June 2004 WD 01/58577 PCT/ US01/ 03129 group is attai ned. When the
product cantRii; Bds &’T{MRTRshaIid Re'wwhrf ety saoe ocdlifémmaﬁd dambe 8l€1-0h triepr, cychui S

sul fonyi or,ca be h r a conventi onal
manner | TEOEGREReAR A Tehly peinpreletlarn o ﬂ%‘v ?@%gppﬁeorwmwe&

f1 uor ocar bwgdh EhisHRE, phosphEroIR0 Rjdkdgem adtfey sinkr Ak SHaldr bhCorfmure buitRér Or oups  of
this invention can be fornmed wherein the starting sulfonyl or “carbonyl

hal i de gr SaFenybirouphar apylfaryl @ficarsenykentainingifiorpelymssic aroup. hptionaliy conoectadbon

I d
C01 7 oni i dgaitsflnaf 3indfuoh it ashelt oo BRROR Y (FRGNRE hRchglelpis ™, N
r enai ni ng asdiRfisdhysiiogeror e aulisttoled ommkdbdtmtgfmmaqrgromﬁ de or suI fonam de

groups of the rtia con can be converted ot

functional gr O%gregeﬂ h g°§ﬁﬁ?‘5)ﬁ?%&3@¥'6 p@YWﬁsCO@POSg‘QFSt EaV!’HeWQFBPh‘“CI n anot her
aspect of firdiichal grougdfitetula 8) fklideaice- nodi fyi ng conposi tion conprising a
crosslinked fluorocarbon, such as perfluorocarbon, polyneric conposi tion
havi ng hydrophilic functi onal groups of this invention is provided having

connecting bridges or crossé ﬂl;s hav%j)g sul fonyl or carbonyl - contai ni ng

groups j oi ning polyneric ncl ude | oops j oi ni portions
of a polyneric chain, §$P Bﬁ%@ ﬁﬂg aV|ng the formula: “Y(Z*)t (Z+)t

-[Rt)t-T-L-E -L-T- [Rt]t I I (Ot (G)t (9) covalently bonded t hrough the
Rlerr] gr to.a CY gr of _a fluorocarbon polyneric conposition
of the for"‘#’g‘ie”dﬁ- 295\ H, b\"‘?”gﬁﬁﬁgﬁﬁ‘d(b)z R Bf 8Nt ke defingg 358Yeyper i ¢ gr oup

derived fromat |east one fluorine-containing polynerizable nononer, nis
an integer that can be 0, 1 or greater than 1; mis an integer of at |east

1 and Yis RirT-N{RJRN(R)-T-[Ril (9b)
zr zr Z: zZ+
or ARAT-N-T-RP-T-N-T-R("-T-N=~T-R¢"-T-JN-T-[Rql-
(9c)

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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hydr ogen or hal ogen wherein at |east one Y is a fluorine; %n % rbonyl
gﬁé

or sulfonyl group; Rf is a (err]-CJerr] linear, cyclic or
fl uoroal k erably perfluoroal kyl, group opt i onal | ‘%7(% one or
nor e oxygﬁlrQOIBéstq?ogen chl ori ne, phosphor ous, hydregen XP or su fur at ons

and/ or one or nore sul fonyl or carbonyl groups, or a sulfonyl or

car bony! - c o8O 15§ R1S0E %ﬁﬁﬁﬂ&]mﬁiﬂborg F[WD)C ZZGR'F'G(O&C iﬂOjR;}ariZZﬂ) cambeor ga ]n il_c , (2) r
. L.can _he err
T R A O TR

can be t hemsthsdedeatribed infl&8 exstenans 730,306 uﬂimﬂm%ﬁboh&dﬂﬂ@f&n Y eletefice. OF

branched f | kyl fer abl fl t ||
cont i ni ngSUARe Gme bR Gana HBOM SR SMHE0HE) (iHbepHer a0 hy dr ogen

d/ E ,
and/or sul dgeyc s@ﬁﬁ:zéﬁﬁl’F? Q?i".ﬁgpsﬂ)@ééz@%@dzé@dzCIf’srtngél?B@%@?(%nsg{ S, or a

sul fonyl or ca onyl -con uor opolyrmeric y connect ed
t o anot hercoptpainds off ﬁme‘OWﬂu[aoCG(GQRB}ﬂORﬂ'G(QJGﬁCDBr")C @nrpdndiden QEC(G)G-

unsubati ORI HOBFS MR B0 e BB TBlors al et N or ocar bon

pol yneric conpositions having hydrophilic functional groups of formula (9)

i nclude: (Z+)t 'ImZtﬁumpouﬁm farmilla (lekfcimé'dﬁfreacﬂ"ngLa f(ubroharﬂ'on p[olﬁn]alf précimpr wher ein
L' is G o are defined

above, or con‘g&'@ F“‘Ileqéik%? P&“dﬂi{t Féﬁo”li ler IQF"P?”YW“dE-QTOZﬂWW COB}POU”d of the formula
[Rf]L T- REFRNH(@B[I&H‘ESE‘]R&FzSN-IH-Z 'Nl-lid'l-‘zﬁf!z,cr-mel% T-[RE]f (9b) (9c) wherein

Z+ are defined above and Rf"' is a C-C20 |inear,
cycl i or br andhagother |lasRscloe!| thiy inventiens filker susee-modifiingumpadition Icompyising @

nycr ogen Sl Rlof GBS ol s Ry W SR el T r By

groups, orimentn hsf;mmdbd Imvmg wnbo:uﬁlsd bndgvshmrmnsim@ withadlessp@b Bifimide §loGssP
optionally. conn ct ed t he quorocarbon polymeric

conposi t i ofMAXRA Wbe”ﬁ?}'@l"@ fcﬁ cgn 'FW@? OWS‘P‘”%P%WB%O aPRlMBEHRIBINAYCIOFS f or nul a

(9a) is f%‘oﬁﬁgs,daﬁsﬁﬁﬁgwemm@a fogyor ocarbon pol ymer precursor containing at
| east one pendant sulfonyl or carbonyl halide group with a conpound

cont ai ni ng the

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)-,  -(CaFe)-, -
[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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functional group C 2(SO02Rf") SO2Rf " SQ2C- 2( S2Rf ") (2Z+2) or 2004
C2(CORF")CORF"C(O C2(CORr") (2Z+2) or by reacting a corrpo‘{ﬁqua 89 t he
formula - C 2SQ2Rf " SRC- 2SQ2[ Rf | f- (2Z+2) or -

[Ri]tc(O & '?C(O)CZ(I)[Rf]t- (2z+2) with a conmpound ofc YR8l a

Rf " S02X or Rf"COX, The conpounds of fornul ae

C 2( SO2Rr " relinkid fBORCrh $eRRErIc)corqbsiieh having Byda(pRiRiQtiéX @Rk ips o) thid ( CORF )
(2z+2) and_23.1.June 2004 VO 01/58577 PCT/ USOL/ 03129 .

S[Rf]t sozé!“?%‘@?ﬁfp’%’éﬁé i%ﬁﬁzﬁﬂ“‘-")”{"ﬁ%ﬁmf’ Y5per DIERRTY eqnégingBHeRst °rg O) - 2CO[ Rf ] r
(22+2) Carpeh@ntﬁﬂf@ﬁ?dr@ﬁ}b@tﬁlHaﬁiﬁ%du?ﬂa\ﬁﬂ'g‘%h&@fn’(u%.spc ndi ng sul fonyl nethanes
with an al kyl magnesi um hal'i de by the "nethod described in U S. paten: No.
2,732,398, which is incorporated herein by reference. Suitable conpounds
of the formula G 2(SQ2Rr") SO2Rf " SQ%@Z%QS Q2Rf") (22Z+2) include F3SQR2C
2S02( CF2) 6SQ2C- 2S02CF3 4Mgd -, CF3 -2502CF2SQ2C- 2SQ2CF3 4MgCt-, or the
i ke. Suitable conpounds of the fornula G2(CORF")CORr' C(O C2(CORr")

27+2) i ncl.ud - 2 6C(.0) G 2C( O) CF3. 4Myd -, _
o by . b e B 20 R GM Rt 2 ezt heiain Btlsapifiso sehsierer of
formul a (9mbubsRutb®Bmas obsmfér@%bigﬂﬂFsaorfrhM%Q%FeB%ciPQé Eﬁ??néﬁﬁﬁﬁgm%‘”

containing at |east one pendant “sul fonyl or carbonyl up with a
conpound dfMilde fornula N(R)HR?' "NH(R) such as NH2( CF2) 6NH2, NH2CF2NH2, or
the like. In another aspect of this invention, the surface-nodifying
conposition conprising a crosslinked fluorocarbon polyneric conposition
havi ng hydrophilic functional grodps of tZhis invention is provided having

connecting bridges or cr§RA)TRSTM-TIRAT-NLBRET-INRR s Ul f oni m de (gmyoups

"~ joining polyneric chains, which can include |oops joining portions of a
pol ymeri ¢ chai " such as conpositions having the formula (9d):

-[ RF]t SO2N- SO2Rr " SQ2[ N- S@RRF "' SOZN- SO2RE+ S02] nbk SO2[ Rf ] r (9d) coval ently

bonded t hrough the Rf gr Sp. R LRGN Tiron A NGY REFC f a fluorocarhgn
pol ymeric conposition o@l@ﬁe&fﬁ m]ﬂ%‘”‘!@”ﬁ?ﬁém 2-CY ii (2) (mer ein A

Y, m R, R', R", n t, and Z} are defined above, Representative suitable
I_QE 04223 ) !qrc')_'r :11i><'turr]é:sI tHquof,-%grg%)ﬁ R, ii’,(l'%;z, E;%Hn)n and Z*gr%': d%%égj %Eo?’ e eazggrftg](f()} an-d( CoF4) -
(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.

25



[ CF20CF2CF( OCF2SQ2F) CF2] -, -(CBF16)-, or the |ike. Represenlt‘ja\ Ié@ %m de or
sul foni m de- cont ai ni ng fI uor opol erEI’I C groups or organic or 4 8 ni c

salts of W?lfg%TQe or sul fonimde groups can be forned éﬁ{gﬂ’@ﬁ#omounds

of fornul ae (11) and (12). In another aspect .of -th t he
surface-nodi fying conposition conprising a 24 1 June 2004 WO 01/ 58577
PCT/ US01/ 03129 e cessfion ntdhdﬂtbtoumbmlylmrprmﬂsymm the r@é@féﬁﬂ@htblhiﬁ@ath@éét ng

I f, thi t repared by reacting a
f1 tior car BIR BTV P ieaiiHER Ml or 3FArerRedTouns s el isiop rhaienid i fonyl o
car bonyl haddeetevigh ostdentatitnhchdbn tebdeh fe sulfoRffibF %r%nfl%ll W@%gt X and

Rr are defjned above, with a reactant containing at u stltuted
or  unsubsiUPEATAA PalKeISrasHrsas and e amideler sgifooaipide groupsiokthel reastartt bataniig such as

E E%C; a_rll_t SR Jm\éét F‘%_ﬂ“ﬁp%& gu%fl%}ﬁ‘\?gr reppl? ﬁt"tgﬁpga degpniauatrlgd:)yprgqruc&ﬁ nop- .,
N (R) - T- anud@omlms bage IthypTcaITI]uBéd-tﬂ' sdafzénga' afdbihd (e ha(ldblc)ont@mtn@byp?ddﬁtﬁﬁo fheer eof
wherein T, + are defined above. Reagents(10) and

(11) wher e‘P%"eF‘F“P%"aﬁ P@&‘F?ﬁﬁ%fh? f?FFPéla" ercyqselinkad JuorpaagPon Relyresrie corenositinal
f1 uoroal kyHa® hﬁkﬂpﬁmmhc’t@ﬁal gRapL OTHE! redt b ﬁ?e@v@@% Jﬁ@dée& Q%CBQF@%W@O( 10) and

(11), when n |s 0, the process discl ose ton e ur nal of
Fl uori ne C@\'@Wﬁ”&tsﬁfiﬂm@o? wilggefereamstp, m@peacetﬁ-r:mtal,nmwrat derasti svoi subslitutedr axt ed

her ei n by T al kyl ene sui fonyl or carbonyl
hal i de caan%%Q%@'?eeﬁguj@gé@@rgﬁg gﬂnf%r[“ll"%ggoﬁ fluoroal kyl ene ami de or

sul f onam c&shmﬁe&‘eagents (10) and (11), when nis O, by reaction thereof

wi t h anhydrous amoni a under the condl ions set forth herein. Wien n.is 1

- oor reater t be forned by reacting a difunctional
19I uo?oal kyl ene%gﬁ’]‘f@ﬂﬂwé?ﬁ dHnVRf'"ﬂd‘th%' TAdNMRRA " di f uncti onal

fl uoroal kyl ene ami de or sqbfona.m_de_b;L_Lhﬁ process of U S. patent

5,874,616, which is incorporated herein by reference but with the

di functional fl uoroal kyl ene

RQ* z+ z RQ
RIT-N-T-RETAN-T-R{"-T-N=T-R{"T-|iN-T-[Ri}- + 2[R'Q* X]

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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am de or sulfonam de in excess so that the end groups corrp 28 ?gpgle or
sul fonam de groups. Alternatively a fluorocarbon pol yner pre cur

cont ai ni ngcAfiskeast one pendant sul fonyl or carbonyl hapetles@fogup of
reactant (3) can be reacted with a fluorocarbon pol ynmer precursor

cont ai ni n% at | east one_pendant am de or sul fonam de group of reactant (6)
or (7) de Vfwimﬂea@b glike. Hrigdeagtiop s be srrdedsit it heahsense of 4 salkentundergonddiensr bon

pol yneri ¢ yaoapeRi é]ﬁﬁbhhﬁ’dﬁlll?gf e @?&Q@%‘ t!) lnféchf“\fPlﬁ teéé%ﬂ"gr sugiﬁ Q%ngie &nl;” S

enbodi nent contain at’ | eas June 2004
WO 01/ 585 nicleephilic bse ncisnss aTiedium foathe reamhomfommmltéﬂlajmhdee;antm bpprbdamer

Cneubst 1 atrbgh Piei U ou e P O B ey Psion s oo o, ovea 1o

proceed Vicendiiosaochesssindar Qﬂtné@@h@dﬁhé@tl}%ﬁby\@ﬁ% ﬁli?d?jeﬁbﬂtﬁéjlmé{ |n aOJes&PJrlaonyl
hal i de groues of the fluorocarbon &recursor and the am de or

sul f onani §8¥&}0% 3htemperatie b?@%‘t@@ﬂw@%@tﬁpt@ g pr%ferablxeweeﬂ\abpuai?ﬁ and or
sul fonam g&@ga@%uﬁﬁﬁrr@a@%nhhpﬁr@ﬂégﬁ@n ool rhiﬁ{ﬁes%%%t%gﬁ%g*rﬁé% epa(gf'ﬁ(:t . A non-

nucleophlllc se Is typical used to scavenge an

formatlon of t (e | nked f1 uorocarbon ri c conposition having
hydr ophi i 6. f ulbed B ersA e §Suars |néﬁ'u'f°§“§§mn&9@§3%ﬂbihsrea@@gd

accor di ng cériainingeat tefaa bvo0bstgited G @RIBLsButed brhile 6r%ﬁ|%h9ﬁ1€@grb®sbl%%it§ aedrant

cont ai ni ng at | east two substituted or wunsubstituted am de or sul fonam de

groups of URGSF fig|canditiony set & @hvep The: crpssiinkeq plopgdt jsTecgverad. Representative

R g paisio e upgbedap ol el YRR hdogbonrts n 8
wher ei n on!;charah'(ﬂmrmﬂnjleeemtmh bs Haltraben™RRparcbréiamines suah bOFIgorif i ved from

t he non-ngﬁbgoop&igl.kc base and T, Rf, R', Rf", X R R, Z+, n andt are
defi ned abo\ 4% i on of the fluorocarbon poI yrrer precursor having

sul fonyl or cappemnk rdagtloh HewesrAPRioro¥drbdn Iphlgrﬁ? ant&ﬁl ﬁ'le%btrbﬂe at | east
two substituted or unsubstituted am de o onam e group or salts

t her eof caphdgel selfonyl progrbent halifle moupwéremt@bﬁbmﬁ@dhorp@rmwolymeemr being in
Okt ane - BB o B AL Pk il S T ARRARE o
reaction can be effected under the same conditions set forth above with reference to the reactant
containing at least two substituted or unsubstituted amide or sulfonamide groups or salts thereof,
In another aspect of this invention, the surface-modifying composition comprising a
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 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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When the fluorocarbon polynmer precursor is in the solid formunterb%oreacti on
is carried out under anhydrous conditions by contacting it Wth tﬁe

react ant q@yiakddbng at | east two substituted or unsubstpéptgdoabde or

sul fonam de groups or salts thereof in a solvent that is non-reactive with
the starting reactants. Representative suitable solvents include anhydrous

pol ar aprotic solvents such as acetonitrile, tetrahydrofuran, dioxane, or

the Iike, : S . form or th | i ke.  The
reaction w@%&@@?ﬁ@%&%&ﬁ:ﬂfﬁfﬂa%ﬂ@gn%ﬂ?gﬁoig@%%&é% OgP‘ fre Wgﬁgrﬁl&bw@%hi lic base
in order thougsthaRerme id HEY relip o @{lcaodaion poigndiy perpdsitdn dtheidmauigeact i on,

i ncluding al kyl am nes such as triethylamne, trinmethylamne, or the |ike,
pyri di nes, al kyl pyridines, alkyl piperidines, Nalkyl 26 1 June 2004 WO
01/ 58577 PCT/ USOI /03129 pyLL.Pthqj.ggszY a—the like. The reactiopcan be
carried out in the absence of a solvent under conditions wheré there is
enough nobility of the reactants to interact with each other such as when

t he non- . ! cl] a nmedium.faor the reaction. O her
sui t abl o MR o RRG o Brt e otk Uit Mk coriling i Resd s

Na[ er r ] CGhulforny] or catbonglhatitizrgroufisér.mixiures theredf blich as Ra@obitions hivingaid fé@iud under
anhydrous ~ conditions such as under an inert atnosphere such as argon,

nitrogen or the like in a vessel or a glove box at a tenperature between
about 0 and about 200C, preferably jetween.about 25 and about 125C.

Suitable reaction tinmes are ?_mw_qﬂ%_gq%uﬁ_@_z?f@%)@s and about ﬁ hour s,
ra holur s. i

preferably between about 1 h about The reactidn can be
effected while m xing. Wien the fluorocarbon polynmer precursor is in:

lution, jt.i f doMth th t t ai ni t | t
subst i ¢t Mo T BRI Bk RSt BeinaEatre e Mlomalites SyPaBecbendiite her eor
under t hereggenthif forrUks(12ekhekeRi 5 0 34N bedormddsy the (5debd dieRsEANy Blkdhtet lish r ecover ed.

Representative suitable solvents for the fluorocarbon polymer precursor

i ncl ude hAUBle Slueanes Ghagishy /ok §BH1993). PRI ORI which siinpwerisdtherinebe such as
Hal ocarb ' ] I ney C- 70, or
the Ii ke%f\?ﬁg‘?\d'tménr gﬁé&ﬁ Ptﬁe@gﬁ\%\%@%{ﬁt 22%?? Eé(;fogr{\:egof o'lr? p@# eﬁdeifér%%grngféur sor
cont ai ni niigoralkylena stifonyher cappenytizmiide with lafdfumgfionalfluaraalkylensyamidecdr isalfenaytigeup of

react ant nd t | yor n l.yner precursor .contaipning at |east
one pendaé?'t%%‘ﬁ?ﬁ@s %ﬁéﬁ%ﬁﬁé%%& ﬂﬁ‘gﬂ%mﬁﬂmo%é‘ﬁ@teéﬁlﬂ ng@?feeﬁe%ewthi ef f ect ed,
the reactiufifiorioRelkght eafoRflorea®eryl ke if BFBssGO R the BgrBs cdipridh above
with reference to the reactant containing at |east twd substituted or

unsubst i t tlfeny! s sarbrayidielidegrauhani de groups or salts thereof. In another
aspect of thispp Wo?dﬂ%&fbolyh&%re%b}gcrr%ﬁn'i’ﬁﬁ%ier{d%htggﬂdg 8@3@)?15%8&0@9 gprising a
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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crosslinked fluorocarbon polyneric conposition having hydr .mneleﬁ
functional groups of this invention is prepared by reactin dor ocar bon
pol ynmer paeGysssef containing at | east one pendant substprd-[mgg;}ogfg

unsubsti tut ed arri de or sul fonam de group having the fornula: -[Rf]f-T-N RR
(6) wherein T and Rf are defined above. Alternatively, an organic
or i nor gaHder t@%FCtﬂdIBQ“StSHbfomaﬁh%%ar&Pr@@ﬁéﬁhawwggus)mmeaas dascribeddh, havi ng
the formyegamesr -[REIT-T-N-R (7) 27 1 June 2004 WO 01158577 PCT/ US01/ 03129
wherein the groups of fornulae (6) and (7) conprise a branch or side group
coval ent |y boritlen altertrativeuerhbotiimentrf thisrioveptionptha ckidih ngthl pepadserded bmbizcag{bon

ol ymeri |t|on erein n, m
'FI)' é Cfo g‘ﬂg‘ﬁ%@ bg cgn ﬁ’&?ﬁéﬁ?@rﬂw‘\ﬂe& St%”lgﬁoﬁm?recaﬁt?‘a'ﬂé te%’@i?ﬁ' SYfamher at | east

t wo suI fcafb)zihyl IﬁHllde)gadlbﬁﬂw'a ph@rlner@@\tzﬂf rfgl!érﬁlfnélrammbﬁ HFGRmiO §HERI witHGR as
conposrtlons havr formula: Z+

T- (X) Rf* -thenrrgacied “ﬁgeaf:h -ofer tp fogn- ihmqsslmk%nazmg {he desiredhn TThertarting pﬂyr;:&rl 3, X and
C al i de
feagent d?@‘?@?%ﬁf*ﬁ”fﬁ“ﬁ?@%&%?@ halde ottt bRt T B BB oo
di scl osecbotuyrmmrazttlecast oe¢ pemtiant sulfonyiom cantshyl bélidé-yrowyr of foemuld(@Briosdan e Mﬁhe_d 60 (1993),
93 % V\@'ﬁ rﬂ lLncorporated herein ﬁiqa refer nce. Wien nis 1 or
great er, Paeailige E%ﬁ@%ﬁ’f"@@%%%“ﬁ@@or}?m% Ftge gen ?”It gHHeny] a5 parbonyl
1 uor oal Kialideryoup t fomnind (13)rwutﬁardm%%ha|fﬂ@dr¢éﬁ@reﬁ\é Arhdordbif %Hé%% ntof

fl uoroal kyl ene am de or sul fonam de by t process o S. patent
5, 874, 6160Myae A} ar §11) whea pisdi ta fesult imetemiingl mdercéﬁléfpmgmup Wettmmmare

d'funCt'OJﬁﬁ?deJrlsdﬁ&Yaﬂf?de YJUGH‘I@H Péar:t Wit iy ﬁJnQHM W) Rhd or€ SS SR
k. oot e

the end groups conpri suI or car onyI _
f | uor ocarhate rgagent nia‘ornplaé‘dr}rwlmnm rsibtnmulnm B Erryiga slafody! cﬁl&hrd&rymahdélgroﬁpnam de

roups ca be prepared b act i t fo r. carbon hal i de groups
gf apfl uof'beé%%%ﬁ“ 8?%&9?5%@&0?'éggs"eaﬁﬁ)@ﬂ@%‘ﬁ}){wﬁw lepgth, @S%I'SQF\X/'I' hal i de
groups Wi Sttameda i MmalReaeiinigwith Q@RI EMAstsalgRRO&iéhy SR Barbonyl halide
reagent of formula (12) when n is 0 to result in a termina! sulfonyl or carbonyl halide group. The

polymer containing terminal amide or sulfonamide groups can be the fluorocarbon polymer
precursor containing at least one pendant amide or sulfonamide group of formulae (6) or {7) or can
be formed in the same manner set forth above for the starting polymer containing terminal sulfony!
or carbonyl halide groups until a desired second portion of the chain length, defined by n, is
attained and the final reaction is with the difunctional fluoroalkylene 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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be in the gas or liquid phase. This am dation reaction can 1b‘?u gcgbg%ct ed at
a tenperature between about-78C and about 100C. Suitable am Jatq

reaction i e between about l1lsecond and about 1 ho_HE, ably
bet ween a (t)lgi;f’§ seconds and about 15 mi nutes. The fl uor ocar[%@%ﬁ;lg%lyrrer
precursor containing pendant am de or sul fonam de groups is recovered in
t he anmordnide orswlfanamide graaipgel oicthe pbrially otveded paymes chie ge tenvbiRR thoger ani de or

sul f onam . ntact with acid. The reaction of the resulting

f1 uor ocar@%ﬁgn%@%éP&ﬁra%%‘ies%P”'@@Wfdﬁigww?g”ré‘ﬂ‘{oﬂ@ﬁ%q 97eyRs opeAfteiAReot. substi t ut ed
or unsubst i t utfeesuat ingEdehb@ANIBRE ol RisCHvEN BN & b Rlnh&y Jnfhﬁfs%f?ef eWfthd) the

react ant ?nt%lvmtrqﬁ% at | east two sul fonyl or carbonyl hali c?e groups
represe ntsé’gs "als by BistARpIYng the fuorinpted pplymesdresirsor kathe suifasesf 2 pEYouARidMEG 857 7

PCT/ USOI / Ik § ; i d proceeds in an

anal ogousﬁrgr%%%eb? %Fa})géoggég@?@@g%n% h&%gﬁ@%@& %ICB F%B\ggoagqgf}@eé ﬂ&‘?tfa\geew' fbodi ment of
t hi s i nvesalutiansf the fusrivdtas polymenrmechrsordmpanespgropriate solverit flldwed b refabaoftiRc) can be

controll iLrst. forpng.a startin ol ymer containing term nal sulfonyl
or car bgs l)}’%“’f?&le’ldﬁ'g'n%&%ﬂe@g% o&mﬁr&nﬁ;ﬁ@& '%'ﬁ%wsdiﬂrﬁﬁwfemﬁswéace gifiede or

sul f onam sibstgieoblRwed \MA ic6dlind ke solili | ormthe
crossli nk@‘PFPEgiiﬂ ng'? h\gﬁgeslin?edsorll@h‘?’tﬂ%Iﬂmétt@?ﬁgw%égl@%{E}Soekgﬁ"& gitieg ter m nal

sul f onyl Wer DsurserelTo isupenomalic eoepenestsfdirecy oo drdosurfageodf yheer
precur sor "Nalele) ; |, or .carbqonyl halide
group of Sfugérﬁgrrﬁfogﬂ??hl%) A@%méggeﬁé@gmg? n@gﬂ @@%/rp?%k%&%’bb%m?h{‘@%?@’&%ﬁ%n pol ymer
pr ecur sorin yithhe flyoringcoataining pelymerrat the éimd afthe Borhdtiomyfl hedsubstatcaagyss byhal | de

group of a. (.13 with a difunctionaJ_fluoroal kylene anm de or :
- 2T onanmi R el Rat oo Bt e ca@ng prighes 1 B deul ¢ i
term nal sabstee opty exiilding ABBhAS 1@ MsHRated Mﬂe@ﬁr@&u&%}?ng ﬂqgrinQ-E?n?éﬂ'liﬂ;gonam de

y on

group then is reacted with a difunctiondl fluoroa ene su | or
car bonyl POHEPT 1RO &g §eetrate or tysinieringa mixtase ofithe flusinated Eiymer prewusot andn a

t erm nal o | J : These reactiqn, steps are

r epeat ed fﬁ%ﬂnﬁﬁagélﬂ&?dj@{(fpﬁﬂ ?Jéﬁdkbgosﬁrgﬁhdrgi g;ﬁgg%%a%ﬁ%féﬂnl & _ﬁr,atede ned by n,

i s attai redifiehelirfa¢eecan be esmpleteicoripartially snodiied) Rartal dbdiniastoh casd achibwedr oal kyl ene
sul f onyl banyl halide. reagent of forpula (12) when nis O to result
ina tgr ﬁ%hagsa@ﬁ%l;]mﬁ Mgk d@%ﬂgblg?lgﬂ’ph"??é{?q eféhegﬁiuaurﬁﬁe(dmlymerpmwew ord¥nt ai ni ng
term nal appijisethe RudmibdiémRetSe GO R seltive ARat Qfeihéo érdﬂgfjafé? arthﬂé‘%é’eoéfy”er

precursor containi nég at l'east one pendant am onam*e group of
f or nul ae ROBFitYSFthe modifisd pereus sublstsate eanibe contrelled bycostenfieg theamaent of forifaedt h above

for th ' | i inal . sul fonyl bonyl hal i d
or oups. ute PSR o R e Reh R SSlir RR e e hea by n. i s

porous or can have essentially the same porous structure as the unmodified substrate. Optionally,

a heat treatment step can be implemented aiter the fluorinated polymer precursor is applied fo 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 perﬂuoroioriomer

in the sulfonyl fluoride form having an equivalent weight of 980 was placed in a small stainless
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attained and the final reaction is wth the difunctional f'#%%%@x' ene

am de or sulfonam de reagent of fornulae (10) or (11) Wnen nirs

result inygdiRsgFynal am de or sul fonam de group. The st ﬂg;ymer

cont aining termnal -sulfonyl or carbonyl halide groups a so can be forned
reacti n% a fluorocarbon polyner precursor containing at |east one

pe ndant afifeHFessHreyedseloMbavegss! wa}re@aquatecﬂ tofamresmraﬂn dréaterditan (10)mToiTtidt aft

di f unct g b | fof |
(12 "ahen e  itiRe Rttty 8 Fenie s SEIRE et B0 DS BSAMIS | de or oup.
The surf a;msnrecmutewesagl rem:h@tm si. e Rl PaMfaingd mgomac@wmhyd?dﬁeamtnbmpc arbon

pol ymeric i.fi.on hayi ng hydrophjlic functional groups of thi
i nvent i orpoé'a ”E@ ﬁ% #E‘F%ﬁ"‘ﬁ”e’éj%ﬁqu'&mﬁ? foireps temperaurg. versed and iptypery | haI i de

groups OFWIh@%oﬁlfﬁtﬁi@ nﬁ’fute%u*rﬁeftﬂﬁ%g'@m&feﬂ B 118 leds By gé({tﬂwﬁﬁﬁéngg g%yrrpr

precursor can parti al ﬁi/ or conp ete y converte T4 ki ng

bri dges ilf ”'tfﬁéélémaﬁ@é thei Rhlntohﬁlesfraemmfanamldmfonﬂ f Thetdibn wasdfurtehgnsedwit ni ng

sul f onyl "8%3{%‘[ roMehgtﬁ' f.oups or 29 | June 2004 WO 01/58577
Pt i

PCT/ US01/ am de groups of the partially converted

pol ymer can béfheﬁim\appéaesttrbwgeﬂédﬂ%ﬁfferfhumtﬁé btariRy firer AkEAGatsH Bl f@ﬂ‘ec!aﬂﬁede or

sul f oni mdgre ps%g’ ?)Eﬁe nic acid groups or salts thereof

sur f ace mr%gsp A9b Bie i rryedd fhey pesgneerf sifanamide groupe  Nosigeiitanin t he
surface Qmohteof & mer
precursor to the g{ﬁ? %fgugﬁtﬁ df%ﬁgé %%%@l %&Q‘% @“h‘p %‘rmtan@ JOH@%%téraﬁegs%g L{%

convent i gHégnamigaiesn.known in the art such as by coating the substrate with a
solution of the fluorinated pol yner precursor in an appropriate sol vent

- followed by renoval of the solvent, by extruding the fluorinated pol yner

precursor in the nelt directly ontogxagglé rface of the substrate foll owed
by cooling to_solidify the fluorinated precursor, by formng the

fluorinated pdl™yfAM @&H@%P@?Sémrlcwye %’f—‘rﬁlfni i tf@cﬂtthﬁmﬁ@ﬁe@rdlfromct ly on the

surface Qahpet tosiﬂétﬁén'i:?éd%eﬁﬁ bl bbdﬁ@mmﬁé fgﬁﬁ natively, the fluorinated

pol ymer precursor can be mc? éle(r:] bl'en inwth the

fl uori ne-cont Mqﬁlﬂgg!ﬂﬂﬁﬁsfyﬁbanaﬂobtcmed anhgldronfcomdmené inagiave box uader bigen, subst rat e

such as t f fluorinated recursar and

f1uori neq%on al ﬁ.”ﬁ%ﬁlﬁ%ﬂ')ﬁ% ﬁ”i‘%‘iap?\o[?ﬁ&as@ﬂ@ g@taé"' fongontainiag 4eMing a bl end

of the f lpedudrabatansbulpny) Yuorde @ﬂ@ﬁtﬁnﬁ@fougm@lmﬁé?ﬁneffhH%éurp?es {teatemmg pol ymer

to formthe subst‘g}%te or by si nterlng a mxture of uor i nat ed pol ymer
P

pr ecur soreAI¥as Clogrsane eharasH wilh amerylo § ?nﬁhe \feéﬁel WMSWHMM@e@h amg, if
necessar )(werfé? 1600¢ FS} B@I‘F‘ou%u RRd {?eﬁge‘? w%sT fﬁove e%gerbaéﬁr @qﬁ\;%g \Pee&uﬂt}gﬂcorrpl etely

or partially nodi Parti a |ca €h as by

utilizinde @omemmre n'@tetpraesmpmreleased)fnormfneNémalfahdl%lvmbleﬂhsI@Qénbédfrer
precur sor,

unddr a%lent 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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appl ying the fluorinated polyner precursor on selective ar
substrate. The degree of porosity of the nodified porous gﬁiéﬁéﬁﬁé can be

controlle trolling the amount of fluorinated pol rsor
appl i ed tgvéqu‘}ésg%ﬂrmdified substrate. Thus the substrate %gﬁbg@os%gder ed
non- porous or can have essentially the sane porous structure as the

unnmodi fied substrate. Optionally, a Hxa@bleBreatment step can be inplemented

after the fluorjnated pol precursor 1s applied to the substrate in
order to inpr o&b‘s G*ﬂ"?p@r‘%fa{gﬁ%f‘mﬁﬁéf%élﬁm'@ﬂ tig film ictee suisnamisledorm fiomi s exanpl e

details ”éﬁarﬁﬂ@?@a%@ sﬁﬁbfnmﬁd%ﬂ:)ﬂ?aﬁéé ng a commercial ly avail abl e non-porous
Per f | uor oi ononer I'm made from a fluorocarbon polymer precursor having
sul fonyl fl uor |V‘@é<lrgruodapstncﬂst arlaerﬁmmdlammmamcdm:htibmlma gixé\(e;bomﬂer@fgon(ﬂmmr cially

de f. f t he
Ut omol ©sh Akt b o kol P R b SRR dle et 1 1 a
smal | St aipafiersiuafe-1 oGl S RETPe KFHRfeslealssdr essur e

vessel. Thg vessel was evacuated to a Eressure no greater than 100mrorr for

at | east BeyeSieiesclosedandshaged il arpen e CQpshohe vessehwasdpsed andplecsdinasd i nt o tge
el un e I’EITB.I ne

B cont act i o SRS T eleBfiat Rt fofARTREn 0 ftfled 1y e

al | owed t@ostfahmeiraﬁrratEhewsmmmsmmmﬁ-mum@essemdmdveaset \Masm;gaeu unidért h ar gon

for five mwas re sse d.in water and

exposed tr%)n ndg;I%CIThébew%WBy W %Vefﬂq"aﬁ%*egw@‘ legle ”gr-'.Yﬁ'P[S'F?&m de form

The fil m viass ffmlmt:d@lew thedenaerinddstand finalicentackadiitslfitiestidas cdn%ﬁ'ﬁﬂetﬁﬁfﬂ%ﬂ'ét ure. The
filmappears s rongl_er and stiffer than the starting film Attenuated-total

r ef | ect and8® a4 {Pia 1 Beyfi weg fudiseensedwitywaienandidrigd at jopm demperelyes. pr esence of
sul fonam de gr §4dfim a aﬁisﬂd?lhér'aﬁ@ﬁfﬁ r R in e sﬁl?ﬂ:ln%r%'%/ Hrrrf 48 llh@ﬁagg.r oups

remain on the filmindicating corrp ete conversion nam de form
Exanpl e 2 eqtilibsaieshiabqiing elianobandsdhetdegre ofcwellig Was messuredds b 308. tﬁlttenw‘atehm in the

' | he b fl but
23: ;gﬂm al} %érlycé@{nﬁ?eﬁé%ﬂﬁﬁ@P‘Ir%"tteﬁlﬂt@tﬂ?‘i?ei?ﬁggsrugﬂ"@ P;Q{W%g:\ﬁglggr%%mcondl tions
in a gl ovembens ofselienanidegpoups refnbif oflthi meinbréhd indidaffy c‘ﬁdéklmﬁbadmﬂ%mf g from

exanple 1 s. iymersed in a solution containing 0
sulfonimide linkages.

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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per fl uorobut anesul fonyl fluoride and 5nl anhydrous triet hyl1amngezob% a small
pressure vessel. The vessel was closed and charged with argon to 60 psi.
The vesseloWqsgsst 0sed and placed in an oven at 100C forpgudappdiss The
vessel was renoved fromthe oven and allowed to equilibrate to room
tenperature. The pressure was rel eased fromthe vessel and the vessel was
opened under anbient conditions. The filmwas renoved fromthe vessel and
rinsed with three tetrahydrofuran r'XnI% 5 foll owed by three water rinses
and finally contacted with nitric acs—é—-&g—' convert the filminto the free

acid form Thehis examplealstalsulid grsvess forieierting thé'coarl Mempragk frbi ¢xemgis 4 fooom
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refl ectance Igh‘g%og?t&?ﬁaémg@?@ﬁfel re@% é&te @apsﬁéﬂs/%tﬁ@ééso S r? grtr?am' de
groups. VRksels iTamiessebwasievanuatethtp @ pessugariofgeeatenthate] (fmderpier at leasib minofes.t he

menbr ane Lndi ' conpl ete ,conversion to th | fonimde form 31 1 June
2004 10 oGRFRE AR ARy Es 1 SSMELG D bRl R R BT 1o of ocess
for crossgtdchddigogsit Tie rdnbrank fendalned if bdntaetvatiialfdrbey amntonia for 2 Reu@ieml usi ng
sul foni m de |inkages. Wrking under strict I%/ anaer obi ¢ and anhydr ous
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condi t i orl@TReRtuE. Jingyasselwas Vet and pprgeswithargan forfive minuiesn Tha membrasawasonani de

form fromyBxagid o | ' ntaining 0.5m of
per f | uor obut ane-nit,héély |§ld§@F§gﬁﬁbdﬂaﬁ%ﬁ@£ﬂgh%§ﬁf anhydrous triethylam ne
in a smal | prdmssmissiondB sprctra of Theemenatsane|revealsheiressrd ohsudforcimadeggealips t h ar gon
to 60 psi e s .cl osed, and placed jn an ove t 100[err]C-for 63
hours. i S0 Ao ESubLER B HRERDCRIE in LA wRBpm SR SleoRln SBREE! bt ar e 1 o
room t enpemeisish @ thd Sidfoneisine was rel eased fromthe vessel and the vessel
was opened under anbient conditions. The filmwas renoved fromthe vessel
and rinsed with three tetrahydrofuran rinses, followed by three water
rinses and finally contacted with nigrtig.acid to convert the filminto the
free acid form The filmwas further Sed with water and dried at room
t enper at ur e. ThigexXamplndeiisdizr mocsssfongwerinyte ®eied membratedomterangld 5tn i n t he
sul fonam de form, The fil. s equilibrated jn i et hanol, and t he
degr ee of POl W?rﬁﬂafeﬁj@'%gé\é\%@@ T‘g’%ﬁ%‘”@ﬂ% brﬂcb%aﬁ?’%&%@@g%mm@ﬁ ectance IR
spectra qémtdﬂmeﬂmdrimté@mbrgrmrsg{esence of sulfoni mde groups. No
significant

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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anounts of sul fonani de groups remain on the nenbrane indi caItJup]gz?R4
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tenperature. The resulting coated nenbrane was then heated in an oven at
250C for 5 mnutes. A transm ssion IR spectrumof the coated nenbrane
shows the presence of the S(err]F gegupg7 32 1 June 2004 WO 01/58577

PCT/ USCL1/ 03129 Exanple 5 This exanpl® details the process for converting
the coated nmentbisgxaapledetals 81 amgssefonronvering:anerogs P TFEmembrdee ifto & nonepbrogsh e

pl aced | naptRe o i B LEERL perl B8 BT R o8 BB
evacuated to aA fines disk sample ofja PAFRpordus aembRAeThavifg 4 Admisd pdre digd ofD.1M nut es.

Gaseous anhydrous ni a s then introduced into the vessel until the
or easur e PO HEs GBI 2 Fopdlherer SEAIREI NG SHBIEIEMRIEIRENION cont ot

Wi th anhyﬂibﬁué,snaagagmm%cﬁwggﬁ wﬁigrgggog,_aeéor&@%egs&a]gﬁg@xngﬁr@eﬁ M igRsel was

vented and purged w gon Ive mnute nor ane was ~ renoved
fromthe ¥69dien cprignia6% byiweight ¢idbe copdigneraridersufapylfivenslecraups on diresmi ssi on | R

f | f 1 de,. . No
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I ndi cat i ngosesswilerdrgple ;onversion to the sul fonam de form Exanple 6

Working under strictly anaerobic and anhydrous conditions in a glove box under argon,
the dry membrane, in the sulfonamide form, was immersed in a solution containing 1ml
perfluorobutanesulfony! fluoride and 3ml anhydrous triethylamine in a small pressure vessel. The
vessel was closed and charged with argon to a pressure of 40 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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Thi s exanple details the process for converting the coatedqgﬁmgeﬁag from
exanple 5 a porous nembrane having its surfaces nodifie th the
branched T’VW)H %gf.,omat hane sul fonim de formof the fluorppaigscRabyner
precursor. I ng under strictly anaerobic and anhydrous condltlons in a
gl ove box under argon, the dry nenbrane, in the sulfonamde form from
exanple 5 was imersed in a solutlon_ﬁmmbﬁ ning 1 m anhydrous
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sul foni m de groups. No gni fi cant anounts of sul fonam de groups remain on

the menbr 3 EOMPAY caadi H%OGETBWVeqﬂe(O Bcepnien robtainad tiiomt the Halocarbori Riodestf orm  The
nb 00 58577
por Lot SBHRR nfAAA S Aenitafe b ERAREADEE wbuild "B TRMralt e BC vt 1 ng

with a |ispueeretganitlybeteeessmbath eoilers tsiemove anﬁ extbsyolutidn fayiesigate COE ai ni ng 25%
met hanol in water an . unno rane control did not wet

“with a |i QM WMHERQ'%%% L)giiytedt{ogwggwr e%{ﬂgﬂg‘e %at?ﬂij%@'kq"@ﬂ?@éﬂt(él ni ng 90%

met hanol N5 wituRs. Mahdniswh [R%pébﬁéofqﬁbsmém%etdanméd ik ResEeb Bf éﬁﬁérﬂgno' havi ng
a surface_tension of about 23 dms cm The nodified porous nenbrane had a

wat er per FHoEdS groupy. Subsgauesiy, thecsulionyl flupidde gsevpe o thegnembranatsample wefeace ar ea of
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copol yner ofgbriicétuihé-#abReLIM) anFic@n e ﬂﬁgd‘rédé%e%giamﬁbgﬁd’%l%ﬁﬁﬁagé fonyl

fluoride, having an eqU|vaIent wei ght o ccording tot process of
exanpl e 4hexsiedipt smadpreesurevesss). (The assebwastclobed and pladks inanweeengih 10003 fot He

copol yNMer po k& WS B refbidd b Tre B QHRR aflvell B5 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 sanple were then converted conpletely to sul fonam1d_ﬁmgr%|£)s
according to the process of exanple 5. Wrking under strictly anaerobic
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sul fonam’cpé(gcgg%%atéﬂp%%‘ﬂmﬂ di sk sanmpl e of a PTFE porous nenbrane, having a
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surface. élimed to equilibrate o 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 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 franslucent 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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menbrane was then allowed to dry at roomtenperature and fim@%;zﬁ ated in
an oven at 250C for 5 mnutes. Transm ssion |IR spectra of the menbrane

confi rmdw,sg gsence of sulfonyl fluoride groups. Subpefiyanlbite the
sul fonyl fluori Je 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 cofdamileotds in a gl ove box under argon,
the dry nenbrane, in the sulfonam de form was imrersed in a solution
containing 15 small drops of perfluorobutane-1, 4-bis-sulfonyl fluoride,

1m anhydr ous Thisierdnipld detdilthe procksd fok madifying theysrfate ohenxcamerous fidrisdied | pressure
vessel . The vessel was cl ose& &nglggl aced in an oven at 100C for 14 hours.
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acetonitril e dhesuriaersiof §47<mm disk sample ohani rongomesiimhering 2 itkress &fd wi t h

cet ! . . ind . he 1 g H
rerbr ane Miets SRREE A BN MR BT et Sl Pty r o, |
Tr ansni s duore) fRvisparcdquinalat weiie ofS00D Ty wating wag bpplidtEackir@sto R pricessul f oni mi de

gr oups. N? signi ficant anounts of _Sg{ly onam de or sul fonyl fluoride groups
remai n orP! BREPERSAXERHISING 3&PILIOR coianiAg s by wrighhel thecarplvsiea r Bbreayenty.mer i ¢
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perfluorinated crosslin Ia sulfonim rane remai ned
opaque argioupaaccpidig thesprongs o prampled. pr operti es as neasured by its conplete

wetting with r £ £an ad an air rmeability
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This exanp].e detajls, the process for conyerting a porous PTFE nenbrane into
a non- poreRR ”'M%@-%PWP@MWW“%’@ﬁ’B's@'l‘yprﬁWé'd‘eﬁé?'PP%@"@@&%”Gon

pol yner i MpRS/bds ' ' f I+ I.4Ng
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fluoride r?ups on the nenbrane sanple were then converted conpletely to
sul f onani 448 Iogp-olhg &mayras Byrther vinged with waler 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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process of exanple 5. Working under strictly anaerobic and anhyepoos
conditions in a glove box under argon,: thé dry nenbrane, in the

sul fonam de form was inmersed in a solution containing 10 small drops of
per fl uor obut ane- 1, 4- bi s-sal fonyl fluoride and 3mlL anhydrous triethyl am ne
in a small pressure vessel. The vessel was cl osed and charged with argon
to a pressure of 60 psi. The vessel was closed 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 vessel was opened under anbient conditions. The nenbrane was
renmoved fromthe vessel and rinsed with tetrahydrofuran foll owed by water.
The menbrane was then contacted with ni.tric acid to convert the

sul foni m de groups into the free acid form The nenbrane was further rinsed
with water .and dried at. roomtenperature. Transmi ssion IR spectra of the
menbr ane reveal the presence of sul foninide groups. No significant anmpunts
of sul fonam de or sulfonyl fluoride groups remain on the nenbrane
indicating that the perfluorocarbon POTHEEILAIRSCONPOSition present in the
menbr ane has been,cr.osslinked w.th perfluorinated crosslinks via

sul foni mi de |inkades. The nenbr and\lickiarmed ke psubsirate spraprisingeé i mpr oved
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o 3. ~ The arficle of Claim 1 Wherein the fluorinated crosslinking groups are

“fluorocarbon groups containing hydrophilic functional moieties.

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;
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Wor ki ng under strictly anaerobic and anhydrous conditions i fhJangR@d4de box
under argon, the dry film in the sulfonam de form was inmersed in a

sol ution 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 filmwas then contacted
wth 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 sulfonimde groups. No significant anounts of sul fonam de or

sul fonyl fl upkjsee 1 hedfi Lndl catd ng that the,
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crosslinked w#repesifien ofithedormubat ed crosslinks via sul fonimde |inkages. The
filmbecane slightly opaque and had inproved hydrophilic properties as _
nmeasured by-its conplete wetting with water whereby a continuous thin film
of -water covered the treated sucfagq e, tygfil mwhen exposed to water

even after shaking the filmto renove any excess water. In contrast, when
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dropl ets whi gh. i - e surface of the filmupon
. shaki ng thus gﬂ‘?ﬁ?’n@egh @?égélﬁﬁﬁﬂﬁﬁfr(ii@garé@q@ﬁﬁ - (¥ &t integerobatdeast rhe sur f ace
modi f i ed_nonambY islydrbgenror bilohen ahershatlegstbnesY RiflbiralT isRREMBAPLI i tY 1O
wat er. 37 1"]Lfl?)e 2004_3'N Hﬁ;zﬁLAl M5 An article forned froma substrate
conprising a 4 ' e
, Sulipiiyl gopp & B & izHingd): @elicprbiandhad fiyppallpiaraproptianeliyof ¢ h

subst rat e nmogdnkdi 1 | o ; nekLc conposition
whi ch is-crossl i-'ﬁ'ﬁbedge\rﬁh’{nﬁref% F@%ﬁ.‘i@?i’ﬁﬂ?@%ﬁ?ﬂﬁﬁ*ﬁgg ﬂ&@%@%’&"&ﬁi ch has
hydrophi | i ¢ flgie andlerane giroarp sulfond ai adrhonyd gwlipsy rasulfonyboreambieontdigy Mer i

conposition i : | nauncrosslinked fluorpcarbon polyneric
conposi ti on con§i a‘yﬁllg'ﬁldgﬁf gtfbf %133% @ﬁ 5’1 9GRS G é%‘ﬁ%ﬁ?’%orfdfféf?ﬂg kelis @ penign
consi sting obram ceganfo@nyn inorharid eition; Bcande DRI L 8! ¢196r N:aE BB -B{‘-ﬁ'-' can be
converted to.a a;.lj fo##é h I¢' de and a group that. can be converted'to a
carbonyl hal PdeR 0r Rl is{rwaplingateycly atibrnahediiuarealiyl raieal plisnallynat ed
. crossl i nki ngegt ' j iRk oups,, 3. .The article
R ot R
: : atoms and/or one or more sulfony! or carbonyl groups, or a sulfonyl or carbonyl-containing
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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fl uorocarbon groups contai ning hydrophilic functional noietildane 2004The
article of daim1 wherein the fluorinated crosslinking groups include at

| east one group selected fromthe group consisting of a sul fonyl nethide,
sul fonyl nethane, am de, sul fonam de, imde and sul fonim de group. 5. The
.article of Claim2 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 -[Ri]t-F-L-E -L=T- [Rt]t At A 38 1 June 2004 coval ently bonded t hr ough
the Rlerr]..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 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 Yis a
fluorine; T is a carbonyl or ?ﬁﬂﬁi&%ﬁYZ dhp* Rlerr] is a (err]-Cerr]
linear, cyclic or branched fluoroal kyl droup optionally containing one or
nore oxygen, nitrogen, chlorine, phosphorous, hydrogen- and/or sul fur

at oms and/ orwhereia Ads a pabrericgrupdervbd faam aﬂeaibmeyhorglmmling@olymemﬂef onyl or

bo. the” sans o bbbl BB bbbl R 1 &l ahask s gani ¢
cation; t caydbgen@r idogdi wHereint least éa YOS a fNoris; Tis & oﬂ_suﬁcfnﬁlﬂ%ﬁgﬁrsaG I's R

. T- or R R is Cl-C20_|inear, cyclic or branched fl tior oa 'adi cal

opti-onal Iy SsdmiBeamicHgc gheanched ﬂmm@kﬂwﬂmdwm@@m OHGMrlmm oxmen.phos phor ous,
hydr ogen an rbonyl
groups, or qﬁ%é?’?@r‘md;}/' rggé:hg @@ﬂfg ar@@ﬁq]ﬁkaﬁﬁ% ?’Eﬁfﬂ? 8'{)9 Fﬁ"fen oup
Rlerr]" is Gabangripseaa sulfwtdrcatbooylmtdmngmaub;i)lymab@ajuh%e@hmnf optionally
contai ni ng one or e iy n, chlorine, phosphorous, hydrogen
and/ or sul f ﬁmpﬁﬁﬁﬁ'ﬁ %&ﬁ'ﬁ‘?f@%&ﬁ aﬂ%ﬁ‘ @&eiﬂ}gﬁgmeg isAtsphean bgabups, or a
sul fonyl’ or GAMea b el oo & nall'y
connected to anot {Peﬁr chain of t ﬁé‘%“ﬁ%@gcé‘%ﬁ@@o ynrg}gﬁ'n%ré’%béﬂ
“nitrogen, chlorine, phosphorous, hydrogen and/or sulfur atoms and/or one or more sulfonyl or
carbonyl groups, or a sulfonyi or carbonyl-containing fluropolymieric group, opfionally connected
fo another chain of the flucrocarbon polymeric composition having hydrophilic functional groups;
Z+is a profon 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.
9" . .~ Thearicle of Claim 1 wherein the crosslinked

'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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' conposi tion having hydrophilic functional groups and R is hydn®ged or a
substituted or wunsubstituted al kyl or*aryl group. 7. The article of Claim
1 wherein the crosslinked fluorocarbon polyneric conposition having
hydrophilic functional groups has the formula: z+ z+ z+ z+ | | | |
[R]Jt-T N-T-Rt'"-T-[N-TRf "-T-N-T-Rt" -T-]nN -T-[ Rt]t covalently bonded
t hrough 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 polyneric group derived fromat |east one fluorine-containing
polynerlzable nononer, n is an integer that can be 0, 1 or greater than 1,
mis an integet.of at 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 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 sul fur atons and/or one or nore sulfonyl or carbonyl groups, or a
sul fonyl or carbonyl-containing fluoropolynmeric group, wherein the Rf
groups can bwherpis Ade@polymerigigtoup derived fim ateatt dﬁ're‘ﬂ'uormeleorhﬁmgﬁgol

Iuoroalkyl gr oup

different an or hranche
optional ly cg‘n@gﬁbﬁ'ﬁﬁa%ﬁ&gg{ﬂ%ﬁﬁ? §2§§ég{\éaterﬁﬁqu§@ﬁan integesiof aldeasthosphor ous,
hydriogen andaayY Slhydrugenairﬁ@@gbeﬁmﬂé@ﬁl 2PlR8stBhie YR uéﬁhbfﬁﬁﬂca,% 1 §AT bonyl

Vg

| -contai ning fluoropo roup,

roups, or a | f on
gpt i 8nal |y cﬁﬁﬁ@@g@ Ptfléa&&ﬁ@fafcwalwmrblranchedﬂlidmathylcgrwplmpﬂbnaw yneric
conposi tion i [,ou a proton or an
. or ggnl c or aﬁﬁrdﬁ@%g@ﬁ%mgﬂét H . "H@&{"d g@ﬁnrﬁgpl'ﬁsiglpfogs %gdePﬁé‘“‘i){P&ﬁU@Jf e of any
Slnﬁylof f ?: L g.r Irretoms endﬂfoﬁg::rg:gesuﬂfcnwomtb\??ﬂgﬁuﬁi ﬁ? %dlﬂtﬁ‘o'r t?g%@nﬁ-&i?.%duﬁﬁd ng of
trifluoroet h@ﬁ’g}%ﬁmg?ﬁ By thl'g%klfa%égrﬁg{qsgﬁ@be @@ﬁwwﬂﬁf@@hk?’rmﬂmpdtoret her),
‘and t et raf | ugrapakdmlconsn inSiganid @igt: H«ﬁ'b@ 1%;*3& %%'%FF%QW%E%'& ssl i nked
T 0 -

f1 uorocarbopn polyneric co osi t1on having roups

has the. for niHopakylsadical optlgn:aﬂly eoptaipingonRIcr MnorE-okYgen, FitiGgdn] etfring- T (Rr) r
phosphorous, hydrogen and/or sulfur atoms and/or one or more sutfonyl or carbonyl
-groups, or a sulfonyl or carbonyl-contammg fiuaropolymeric group and Ry" is C1-Ca linear,
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 -chlorotﬂﬂuomethylene perfluoro(alkylviny! ether), and tetrafluoroethylene.
1. " The article of Claim 1 wherein the crosslinked ﬂuorocarbon
polymenc composmon 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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coval ently bonded through the Rf groups each to a CY group oflure 2004

f1 uorocarbon polynmeric conposition of'the fornmula: “-- Ate- CY2-CY 1- 40 1
June 2004 wherein Ais a polyneric group derived fromat |east one
fluorine-containing polymerizable nmonomer, 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 Y is a fluorine; T is a carbonyl or sulfonyl
group; Rerr] is a Cl1-C20 linear, .cyclic or branched fl uoroal kyl group
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 carbonyl-containing fluoropolyneric group,
wherein the Rf groups can be the sanme or different; Z+ is a proton or -an
organic or an inorganic cation; t can be 0 or 1; R? is ¢ -C20 Ilinear,
cyclic or br anched quoroaIkyI radi cal optionally containing one or nore

oxygen, nit r RS8R A‘IquzI ﬁdIony roﬂﬁﬁérﬁgd)ﬁdﬁ'l‘gt Iea@%o&rsggn%n étﬁﬁq% urg:}b oms

and/ or one or nore su or' car bonyl
car bony!| - contianamend i$ Anintegerdhaf na biecd, gnpgraat@mldannf Rig dn inte§erf &Ndabt Cl e ]

| i near cyc ranch fl uoroal Q optionally contalning one or
nI)re oxyge% I"I’Iﬂﬁ&&ﬁ en 0&%%{\‘#@6@&@5@%&%@aﬂﬁg;hnpobga%ammm' SI.II ?ur at ors
and/ or one ogi grogg B Bl neRRRY bR AbrocA FOB SR 5" o anor ner

car bonyl -cont ai ni. ng fl uoropol yneri ¢ group, ona
chai n of t heCantainingde ebBere uygenERitiogen; dﬂq:rmelmosphomm( thﬂosjwdh&I@*squdrC

f I I f I df
o group  cARH Byt bre g/ GiioR G sProgi Soles o lvarpfasSoibamLoonianing | cone

fluori de, trﬂuorapomerl Supnehereis e B @bigsichi RS %3l kyl vinyl
et her), and t({]%,a.f dwel?h Ié?Ie Wﬁ@b I?g art?ggégyé&%%ereﬁﬁéiénmgogﬁn t he

crosslinked 1 Hear»pde 9%?@@9 edHomalkyligenup nptichally cm}tdnm@mel gc
coval ently bhouRed ﬁ?‘gﬁd@@“ o Prosmrefus bidodeandofSyit A ocpre or " " ' ©
f1 uor ocar bo nm0f96uliﬂﬁﬂr¢@arhammhgmps,ma suifonyl becatbenyhebriaining ﬁu&robonméﬁé? Cy'}m 41
1 June 2004 group, optionally-connected to another chain of the fluorocarbon polymeric composmon
having hydrophilic functional groups. |
12. . Thearticle of claim 11 wherein A is selected from the group
con3|st|ng of vinyl fluoride, hexafluoropropylene, vinylidene fiuoride, trifluoroethylene,
-chiorotrifluoroethylene, perﬂuoro(afkylvmyl ether), and tetrafluoroethylene.
13. . Ui An article formed from a substrate comprising a
fluorine-containing poiymer hawng its surface modified wuth a crosslinked fluorocarbon

-polymeric composition having hydrophilic functional groups has the fonnula:
Rl T-NRR{'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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.wherein Ais a polyneric group derived fromat |east one 1June2004

fl uorine-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,
hydr ogen andl or sul fur atonms 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; t can be 0 or 1 and
R?" 'is CG-C20 linear, cyclic or branched fluoroal kyl group optionally
contai ning one or nore oxygen, nitrogen, chlorine, phosphorous, hydrogen
and/or sul fur atonms and/or one or nore sulfonyl or carbonyl groups, or a
sul fonyl or carbonyl-containing fluoropolymeric .group, optionally

connect ed to anotwhiereit Ads Aipadimetibgrodid AREIQGRHPAR i &\(pgm ition
havi ng hydroF;)hi I i_.ca(&?unctioncg{ gr%upds. 12. The g?ﬂ‘%@"ﬁ%c allﬁqsll wherein A

i's sel ect ed HOYGIIZae menorsT. ndsAndateder gt asn be Driyar greateothan & m is an.integer

hexaf | uor opr ands | | triEluorget hyl ene,. .

chiorotrifl u‘g%%ﬁg|83%‘éMﬁ’g'gﬁﬁég‘%[@"k@?@ﬂ%|e£?4{’ﬁ%?33,‘ﬂiﬂﬂﬂ’e-T'Sa -

tetrafl uor oetaiongioesulfos grAm;Rus_a((:']lré?_zd‘llnear.&gicli:roﬂb?amhédlﬂlii)i'daﬂ@%r&@npr| sing a

fl uorine- cont ql nlunﬁgli)(])rlliﬁ/rrer havi ngﬁl ts. surface nodified wt crosslinked

LI uo[ gca][ boazdgrm X;&Fﬁi' gfﬁ'&ﬁ%?jgﬁwg@gfpg@s legmhpﬁm@roumhmr¢gsn?| tglr oups
as e for ' tbrhs drd 5 = i alently

. bonded t hrough t?lue Rf g? oups ea({h tou}if n&‘ﬁgr%%nal%r?d@’&Ifglshgopgﬁogr bon

polyneri c cdmiesyicpeiainigg flyorpolymeringreup, whereil the ROYAPY cin beliBe danlaire 2004

wherein A Sy I ' I | weqd from.at |east,one

fluori ne- comigﬁ%géﬁ%éo ?/'?Tléfg@ﬁ?g ﬁﬂﬂg cyclig of qa@'ﬁeqfﬂ'f’@@@)’i 9WRt can be 0,1
or greater tdplionally contaiingaune brwherg exygem itrdgen), eifksithe, phadplordud, Bydisgehogen or

hal ogen merenlgﬂnbsatl | east one Y is a fluorine; T is a - carbon or sul fonyl

group; R i@ OM$ Fnaior one.gr djoresulienylar § boreupscar @shifopyi agr oup

optional |y ceamofilbitgini ' , lLorine, .phosphorous,
hydrogen and/ orysul gﬂlﬁ@g%@r%@%@/@mb eongﬂ%]ﬁ%@d? %@H&fcwn%@}%onyl
groups, or diusiecarbenpolymeric camposition haviomhyarophifiecfufidtionl erogisy $er dressifkey P,

wherein the n_be th ame ,or ifferent; t can be 0 or 1; and'R
T o MorsgaPAtr e Kmpoffon B doived o an kiprosyinkastorocarbon

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

a sulfonyl halide, a carbonyl 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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optionally containing one or nore oxygen, nitrogen, chlorinéJuphaghorous,
hydr ogen and/or sul fur atons and/or dne 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

fl'uor ocar bon pol yneric conposition being derived froman uncrosslinked

fl uorocarbon pol yneric conposition containing a functional group sel ected
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. 14. The article of claim 13 wherein Ais
sel ected from.the group consisting of vinyl fluoride, hexafluoropropylene,
vinylidene fluoride, trifluoroethylene, chlorotrifluoroethylene,
perfluoro(al kyl vinyl ether), and tetrafluoroethylene. 15. - An article
formed froma substrate co rising a fluori-ne- containing polyner having
its surface nodif Waigh §revalent Ymoafiﬂéiﬂ@’ﬁumfhﬁﬁ@mpmhmgﬁgmupaﬂfa ng a branch

chai n of the up consisting of. I I. -[RI]f-T
NR R, - 40%?%!’“qdi@}e(ﬁs&@ib"%mﬁf%nﬂm 43 1 June 2004 which is
coval ently bonded through the RHAEP«P&-GYdgh-to a CY group of a

‘f1 uorocar’bon pol yneric conposition of tHe formula: -+A 1wf --CY2-CY}n, -
wherein Ais a polyneric group derived fromat |east one

fl-uori ne- cont ai ni ﬂﬁbre,pgllyéwynﬁ@b@umﬁ {*}éé%@? ﬂh&’@g%gﬁt@ﬁ H@t can be O,

1 or greater than 1. mis an I nt&ger drogen or
. hal ogen V\herE‘?Ym%'?amE?e'a@ﬂOW@hBI&ﬂnllstegermamﬂ‘llba@ 1d’rgreatathanelrl|n(w‘adlntegersul f onyl

Rf | kyl
g:)?rgnal I yI 20 Iaelgntn%&)gngeﬂ}g'r%b%oﬁé& ey%d@ﬁre' m@g@% '%‘?1 ll%%ﬁ‘%i's %ngphorous

hydr ogen ancﬁrhnnylsaubdlfunyl glbﬂm’ﬁtlal(m%u linBat, @bﬂcf@b@némb ﬁ&m«y rgpqmwpar bony! "
groups, or a .ulflg ﬁ .car bonyl - cont ai ni n | uor opol y C group,

wherein the $ "H%ﬂP“S@rWPF@ 0XYgR®, Nifogen ch $Tt§lﬁd)hp$phpmuadnydheg&n or 1; and
RE" is C - Czéhdldr@@%f atofy &ldidF ofd orMAS GG & F@p%éﬁéﬁ%ﬁ% apﬁﬂ'{@?rgﬁ@t onal | y

contai ning one or more oxygen, nitrogen, hydr ogen
and/ or “sul f ugarkanynentainig ﬂwormmlgmemc grm:pewbalélﬁ the R gronpsaan botelsage sUps, or a

igln];g(r:l%/la dO{ Odlﬁ&%@q"}ﬁ %{Q&t@ I?fhlg C1+-C20 Iiﬁgar e crolr braniched Huorgaﬁ{tyil g?gu%l 'y
optionally containing one or more oxygen, nitrogen, chlonne, 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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f1 uor ocarbon pol yneric conposition having hydrophilic functilo®dae 2§84ups,
said crosslinked branched fluorocarbon 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 ene of clains 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 aiticle claim8 wherein the substrate is porous and the
article is non-pgrous. 21. The article of claim8 wherein the substrate is
non- por ous porous 9. and. theﬂ@rﬂﬂlc@@ca'@"Wrﬁiferﬁbthoa@straels poroas and the beticlef any '
one of clarng 10 wherein the substrate is porous and the article is
por ous. Re article of any one of clains 9 or 10 wherein the substrate

I's porous and tha.artjcl eThesarliviereiano8 atisrein b substrhttds gorbisng tefarftiMs one of
claims 9 or 10 wherein the substrate is non- porous and the artrcle i's

non- por ous. MB-POIOUGhe article of any. one of clains 11, 12, or 14

wherein the subsirate is RS @QQT 351@19%1&&1%&3&%& Og%rgﬂ%&?% The

article of any one of clains 11, ereint eis
- porous and t37d therariicls ie nenspanasss- por ous.  27. The article of any one of clains

11, 12, 13 or 14 ereint rate d the article is
non- por ous. Aﬂqart icle a,ﬂﬁ%g)? %%FB gppﬁe‘a@ 'F‘?§lr'h§53t8'5 -
porous and the article is porous. '

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 article 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 article is non-porous,

28 .- T Anarticle formed from a substrate comprising a

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

crosstinked fluorocarbon polymeric composition which is crosstinked with flucrinated
crosslinking groups and which has hydrophilic functional groups, said crosslinked
fluorocarbon polymeric composition being derived from an uncrosslinked ﬂuprocarbon
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 perﬂuonnated crosslinking groups
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fl uori ne-contai ni ng pol ymer having a portion of the surface?dfng feo4
substrate nodified with a crosslinked fluorocarbon polyneric conposition:
which is crosslinked with-fluorinated crosslinking groups and which has
hydrophilic functional groups, said crosslinked fluorocarbon polyneric
conposi tion being derived froman uncrosslinked fluorocarbon polyneric
conposi tion 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. gr are _perfluorinated crosslinking groups. 45 | June
2004 30. - The ar@qocl e of dhgiaicle ofRisinel wherpia thelflucrinaled tressliokinprbupski ng

groups are ilic functional noieties.
31. The art |é&:{ewa@@bppﬂau‘%@%ﬁ@@ﬂ%@@&W%’ﬁ% FE@ crosslinking groups
include at |east 3ne groumertmetoedlafmZHMdF@nméﬂwﬁné’t@d‘&bﬁmmﬁtgﬂfu & S”' fonyl
.met hide, sulfo sul f onam de, i m de and P

group. 32. TH ud{%ra“eeﬁ @n%groncgsg[n éﬁomﬂ@r%@uﬁwmﬁ@hng@f@rsﬂwbneﬂudmssl i nk| ng.
a7 0ups 1 sl e SSRGS i S SRR O 0P, cOnSTSting o

sul fonyl nethide .imde and
sul foni ni de group¥ 33.1 Tthe adicksiot Cleaino28 \@iemmmaﬂuoﬁhﬁé@trﬁssluﬁ]@ug@f@:%' i nked

fl uorocarbo OSItIO hdro hitic functional groups has
t he formul aq"‘?@“"%@%‘f‘%’? ps Fel?(’te#ma% nsiting of sulfeny] methide, 5@@"3 (Gl)ot
coval ently bmethed, driide s@fonéige, %ld@am@ﬁom&@ groffs @ CY group of a o

- fl uorocarbon polyneric conposition of the forrru[a -+A H CY2-CYJU |

‘wherein Ais a potdymeric group derThesiticleraGlaim 28 whesein theerosslinked

0.3 o "ot o BloCY R PO 8Rbh TR il i omube hef BEomlal 2" °°

() (2
-[Rf]t—T-L-Ei-L-T- [I?f][-

@) (G)

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

—FA It CY2 Y

wherein A is a polymeric group derived from af jeast one ﬂuorine-éontaining palymerizable
mono:ﬁer, nis an integer that can be 0, 1 or greater than 1; mis 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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and Y is hydrogen or hal ogen wherein at least one Yis a flddunagdddr 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,

chl ori ne, phosphorous, hydrogen and/or sulfur atonms and/or one or nore

sul fonyl or carbonyl groups, or a suffonyl or carbonyl-contai ning

fl uoropol yneric group, wherein the R groups can be the sane or different;
Z+ is a proton or an organlc or an inorganic cation; t can be O or 1; L is
g CHor N, E is -TRfI"T- or -F;V-; 46 1 June 2004 Gis Refr]T- or R '
Rlerr] is G-C2o linear, cyclic or "branched f I uor oal kyl radical optionally

cont ai ni ng o@ds RIT- od & wqﬁﬂmeéﬂ I:chﬂﬁ'branél’@d@lﬁérﬁﬁk lﬁﬁeﬁegﬁ%ﬁ%ﬂw hydr ogen
and/ or sulfur . atons and/or one or nore sulfon 3’ carb groups, or a
sul fonyl - or %@W”%Hﬁ@fgphﬁgﬁ@ mthQmede@mbwfmphorogs,hymogeﬁ[aﬁdlﬁdsulfw

C20.. 1 I [ 1
Lot ai i ng. Sbieenaid8fis oDk sltbAGRLaHoY HRURS brd sy BaRRol-Guinigy dr ogen
and/ or - sul f uorapolgmericanalippR;’ B1GR-Cay o Gy dr bamed RorSAGIRops: O 2

sul fonyl or cam'wyl - cont ai ni ng f 1 uor opol yneri c group,
connect ed t oCCAKEYAFEINE CHEPIR OBge Wérosmshl@mamb@whproug‘mogen amifutrsuﬁjrtl on

havi ng hydr n or a su stltuted or
unsubst i t ut ce)fjt&gé Eﬁﬂrgﬁééaﬂrn@?@gp%w&@ﬁ Hﬂﬁ %s?{) r%ﬁ@g@f‘”&?@%'% W ei n t he
‘crossl i nked- flucropelymericrassip, qxxho:;alipcunneotedipamﬂterdmlmmeﬁﬂorbh’éiﬁdh%lyhbﬁc

f $ n%t i ? $al[ Nw@“&fh?g{ﬁgeh#?%ﬁ% ﬁtﬁ@ ﬁfoq&{@éﬁqs hgjrqggn,gq qgm[bﬁtgiut@ﬂﬁfded t hr dugh

~the Rerr]’ gurmttr@tuteﬂ@!k?lotgrypgr@)s group of a fluorocarbon polyneric
conposition of the formula: -- A],r f- CY2-CY'Imwherein Ais a polyneric

group derived froffi-at | east one fl Thﬁadﬁe@fﬁlalraﬁﬁwhgelpMe}amshnkabl e nononer,
nis an int L mis |nt er of at
| east 1 angﬂ'@fqérbﬂﬁ roggﬁ o”?poﬁ[&?ngj{’%ﬁé&%@“'&ﬁ’ﬁ&opﬂg@yp%ﬁ’@‘ ag f1uori ne;

T is a carbonyl or sulfonyl group; Rf is a Cf-C2o0 linear, cyclic or
branched fl uoroal kyl group optlsfnal |y _ contai_ning one or rmre oxygen,
nitrogen, chlorine, phosphorou hydro?en andfor sul Zuir atons and/or -one

or nmore sul fonyl or carbony &rlou a sul fonyl or[ car bonyl -.cont ai ni ng.
f 1 uor opol yneric group, r{%]b N'ﬁ&ﬁf["bﬁ "’§|\b5-rR velNHe[Rjane or different;
Rf' and RV'' can

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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be the sane or different and can be a G -C20 linear, cyclic!dundeifched
f1uoroal kyl group 47 1 June 2004 optionally contalnlng one or nore oxygen,
nitrogen, chlorine, phosphorous, hydrogen and/or sulfur atonms and/or one
or more 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 ymeric conposition 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 of clains 28, 29, 30, 31, 32, 33 or 34 wherein the substrate is
por ous and t%o‘ﬁlym%‘“ﬂg@nﬁﬁﬁnwepmsn nifrdgen, cfiftriae aphbsphbreus) b ydggenone of

2 25, bl i e W SR S
conpri si ng. a:arﬁohyl@ontaamgmmr@bnm@m: g@@lpyémibnduwdnaﬂctéa t@gﬁc}thtgehém‘ flifg> Surface

nodi fied wt branched = fl uorocar bon avin ranc chain of the

formul a sel %’83 HhAlMeES spneanepitiondwiisg b!df li!@illnctlprqu);mupsl Z{ iR&pibtdn'of L") (L"),
and 4Rf] . Em(d?%dﬁ%(*’ghﬁlg hﬁn&éﬁl‘ﬁémtc%%%@@{)‘ffd through the Rf group to a CY.
ocar

group of a flu neric on of the formula: --- 1 A*rr

1[[ CY2-CY Ju- | vaﬁereun ATtmmﬂctetﬂfymymnle@fﬂalmbIQBQemowﬂgi%%‘rﬁwite%ﬁt gneo
uor i ne- cory jonomer, n is an integer at can be

1 or greaterhgﬁ@ﬁgﬁe% ?Ggsaqulﬁ 'ﬁﬁ"éESPBrP“%t least 1 and Y i s hydrogen or

hal ogen wherei n a3g.| east - o-n%aﬁ,de%fgn\gdng&wﬁﬁszgébsagz;Sf:?é%gra&r&@{ﬁ?ﬁul fonyl

.group; L is G or CH L" iIs Ic or
" branched flt[]%@éifﬂkt?ls Pgfoysipnddhe srbickalsingn-paradsai ni ng one or more oxygen,

nitrogen, chloring 48 1,3406489% 0y ane of claims 28, 29, 30, 31, 32, 33 or 34 wherein
the substrate is non-porous and the arficle 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:

{Z)

[
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: |

—H At CY2 Y

“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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phosphor ous, hydrogen and/or sul fur atons, and/ or one or noréd Juoe00d/| or
carbonyl groups, or a sulfonyl or carbonyl contai ning fluoropolyneric
group; Rr" is C-C20 linear, cyclic or branched fluoroal kyl group
optionally containing one or nore oxygen, nitrogen, chlorine,

hydr ogen, - phosphorous and/ or sul fur atonms and/or one or nore sul fonyl or
carbonyl groups, or a sulfonyl or car bonyl - cont ai ni ng fl uoropol yneric
group; Z+ is‘a proton or an organic or an inorganic cation and t can be 0
or | and Ris hydrogen or a substituted or unsubstituted al kyl or aryl
group, said branched fluorocarbon pol ynmer being derived prior to being

covalently b m.a onposi tion containing a functional group
cel ected fr Oﬁt:ih%ﬁlgor Otyarogg}@fé tﬂ@r myangl(ar sy py more-aulfenyl orsarbembony!  hal i de,
a group that groaps, be: § rkgg A f gg Gh 0 t hat can be
converted to. aaicﬁzbar bon%qmyﬁgl e Wc@gﬂd{ rﬂt%]r%:S oyﬁ?ehé ‘fJFgE% Isac‘%z HP&EF ticle is -
non- por ous. @elic ordranc déluqargalhd)g'omﬂmmlly ddnézinirgyione biemaré ofigan, Midgervher ei n t he
substrate isy The artic i m 38 wherein the substrate
i's porous an %gqﬁqjﬁg btﬁbsetfoéo%@"@rﬁ"‘mr§g’“‘ﬁﬁ@ﬁ@ iORe pHBore gWiopylat e i s
‘non- por ous . acaibari_ylegrét@s, or a sulfonyl or carbonyl-containing fluoropolymeric group; Z+is a proton
: -Or &N 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
: functloryal group selected from the group consustmg of a sulfony! halide, a carbonyl halide,
a group 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
artic[e 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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