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known in the art as suitable cations for the above cited ionomers.

25 It will be appreciated by one of skill in the art that the higher the
concentration of ionically conductive moieties in said membranes or gels (that is,
the lower the equivalent weight, EW, of the associated ionomer) the higher the
conductivity of the membrane, and the better the electrochemical performance of
the cell in which it is incorporated.

30 In the art of direct methanol fuel cells (DMFCs) it is found that the
membranes are highly susceptible to “methanol crossover” -- diffusion of
methanol across the membrane into the oxygen-rich section -- which degrades cell
performance. It is further recognized in the art that within a given family of
ionomers, methanol crossover is worst for low EW membranes — the very

35 membranes which are desired for highest conductivity.

One approach to the problem has been to fabricate layered membrane
structures, alternating between high and low EW membranes in an attempt to
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Wat anabe et di scl gses a Nafion
per f | uor osul £oFhaREacTHe ﬁ‘é%‘?rﬁh’é thegrapplicdto © WP LT %Sc?rﬂ“&P‘Pﬁt?ﬁjga%t h a
catal yst sucka@syspl ati num and up to 50% but in practice, only 5% by

wei ght 055 In Harmer et al, Chem. Commun., 1997, pp. 1803f, the hydrolyzed silane
sulfonate of Beckerbauer, op.cit., is co-condensed with a tetralkoxysilane in a
sol-gel process to form a functionalized silica network. One, two and three-
dimensional networks formed by sol-gel processes from alkoxysilanes
co-condensed with organically modifed alkoxy silanes are known in the art. See,
30 for example, Li et al., Adv.Mater. 11, 730-734, (1999), a review paper by Clark
and Macquarrie, Chem. Commun. 1998, 853-860, and Harmer et al., Chem.
Comm. 1997, 1803-1804. Harmer, in particular, provides a method for
synthesizing (OC,H);Si(CH;)3(CF,),0(CF5),SO,F, hydrolyzing and co-
condensing with a solution of hydrolyzed tetramethylsiloxane to form a form a
35  fluorosulfonic acid functionalized silica network useful in catalysis.
Watanabe et al., U.S. Patent 5,766,787, discloses a Nafion®
perfluorosulfonic acid membrane formed as a composite containing both a

catalyst such as platinum, and up to 50%, but in practice, only 5%, by weight of
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25 wherein a=1 to b, b=1 to 3, R! is a non-hydrolyzable group independently
selected from the group consisting of alkyl, cycloalkyl, aryl and aralkyl, X is an
alkali metal or hydrogen, R? is a bidentate alkylene radical either unsubstituted or
substituted by one or more ether oxygen atoms with the proviso that R? has at
least two carbon atoms linearly disposed between Si and R¢2, and R¢2 is a

30 perfluoroalkylene ether radical either unsubstituted or substituted by one or more
ether oxygen atoms.

Further provided is a composition comprising an organic polymer and
0.5-40% by weight of the composition of a silane, the organic polymer having a
fluorinated backbone and 3-20 mole % of pendant groups represented by the

35  formula (III)

—0,—[CFR¢!)CF—Oy],—CF,CF,S0sM (IIT)

wherein Ryris F or a perfluoroalkyl radical having 1-10 carbon atoms either
40 unsubstituted or substituted by one or more ether oxygen atoms, m=0 or 1, n=0 to



3, p=0 or 1, and Mis an alkali netal; the silane conprising two or nore
groups which need not be the sane represented by the formula (1V) (YO bSi
R13- bRRRWEBMO2HA9%646/) 5 wherein b=1 to 3, Rl is a non-hydr ®Cyasbl/es6os oup

i ndependent |y sel ected fromthe group consisting of alkyl, cycl oaI kyI ,

aryl and aral K Y: iS4 i

bi dent at e al 3/ eon%rlraa fitl:\g ?kgﬁ%ﬁ%’qgé@at ute hé{lhgmg fﬁ’{o tgé y one or
nmore et her owm@mbwlmmmnéemﬁmte§<b3'tth%1formzlarﬁ¥) at 10 | east two carbon
atons |inearly disposed between Si and R?, R? is a perfluoroal kyl ene et her

radi cal either unsubstitut Si IKZR Ay one or nore etheqypxygen
atonms, angl Zis F or O\/Ivmqgrcgqufng an glt i et aI The present invention

further provides (ot BEFES iﬁRo’P&é}?Pg’Yggqug‘e Gpeh B HIGET the
pol ynmer havi m@nathefgrw ¢omatstnlg bbakdoogrleaildyl pdrgliand3r A8yt s 1§/amdlke;ii3ndant
groups represenhed aﬁ%'l ra}d?c ffgjlgldlb?de%ka)te %lﬁ%leﬁ’é #Qdﬁ;gfg Itﬁ/e?% eas ! e?rb pPol ymer

conposi tion havi ng concen by wei ght
of the co rrposubstlbﬁed by aneet mare ethdr @xpganpaiens wath the PWVHSOSf,hatMélaS étforma

bl end, thg sj Vi}%ob&ﬁ B atéfs LiRREBSERI0RE Q%WE&?SI‘ aﬁfdrR' apfliyy. DETAILED
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it prOV|des a sol ution to the methanol 25 cross-over OV|d|ng
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t he i ncor por ptdoess @inmisingthe swbs yf:conductive silica therewithin. In one

enbodi neqg of the 15&&?%%{“5(}%2&5 pEme Wit lar lyellE Snd SorlB nifld 2. |2

provi ded an i oni c& rverc oSl anic pol ymer
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pol ymer havi @%ﬁnﬁhlﬁ‘{ﬂtﬂ%ﬁ@a@@l‘é&ﬁ%ﬁ%ll@:@ &sitterPha @Nendl OUPS
represented by the formula (1) ft% CFZCFZ X (1) 35

wherei n Rf1 @ngenfiatign %@bp}lh%}rlﬁaﬂ ﬁ\f’lbyr‘ﬁ Sllol’@ car bonat ons
el t her unsubsti t utceﬂta@uingssamseorhpﬁsﬁdmbymom silde toforen £blead, thx yigme baingns, N0
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DETAILED DESCRIPTION
While the present invention has utility in numerous electrochemical

applications such as batteries, electrolysis cells, and fuel cells, it has particular
utility in direct methanol fuel cells where it provides a solution to the methanol
25  cross-over problem by providing compositions of high EW ionomers with
enhanced conductivity derived from the incorporation of an ionically conductive
silica therewithin.
In one embodiment of the present invention, suitable for use in fuel cells,
is provided an ionically conductive composition comprising an organic polymer
30  and 0.5-40% by weight of the composition of a siloxane, the organic polymer
having a fluorinated backbone and 3-20 mole % of pendant groups represented by

the formula (I)
—O ———[CF(Rfl)CF —O];—CF7CF,S05X @
35
wherein R¢! is F or a perfluoroalkyl radical having 1-10 carbonatoms
either unsubstituted or substituted by one or more ether oxygen atoms, m=0 or 1,
n=0 to 3, p=0 or 1, and X is H or an alkali metal; the silane being represented by
the formula (IT)
40
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by formula (g o@&%eﬁg{e}ﬁ}@\}h@aﬂh 'l@frﬁil{z %‘é%@fﬁﬂ&o@ﬁ?@eﬁ@ ethtPraiflalUiir

-OSi(OH4-i, prefera ere i =4. anic polfyners preferred for the
conposi ti on &PSubFEtsdEFEbEHulgH By ope pY BSEhetBEr QXY Sehalomsy #d % 15 For an

- (CF2CF2) c( CHRODLI2)G( CQR2 CQR)- 20 1 Op-[CF(Rf1)CF-Omri CF2CF2SCBX (V)
wher ec ,d _ Cand4. (c+d) 5199, and ar, H RE1 isFor 0
per f | uor_ygl kyl rag’ir%%{a%}ya&?fiﬁ@n@%o%% eﬁéw’@?%BFefﬂﬁ@ﬁﬂgﬁ%@PXd or 25
substidt ut ed bo;eigimefdres:mbkimeetﬂieﬁefabkyyge]nlﬁii:sﬁﬁﬂuagr:e&eﬂrylM=n:%=:%or B, p=0 or
1, an Xis H,qr_ a i bal . I d§ - , p=1, n¥l,
n=1, and X i gtg’&f_ggéfl%éﬁg%?@’?ﬁés p_eél%a(’ﬁztz%aﬁl%i_sy%@;%égn "at a P
concentration of 3aaguntidrepboimamehpsibfane st entsodensate congrising the d >_ 0,
and @ is F, leiﬁéh %ﬁ&all?éareﬁféégﬁt&?g& ?&Hm?apggraﬂu A% ohPorkidRall SiBEAH W IO

al., US 875. |

Connol 'y et Pat ent 3, 28 n anot her preferred

embodi mehd, &rmula 5OSGH)ay prpfeteblyvheted=¢ 1, n=1, and X is H, which
may be synthesi zedragsio Qiyﬁﬁzré?’(efdii@dtf&atﬁhicﬂﬁﬁoﬁfioﬁﬁftm@mdjeﬂﬁo@ﬂ@ ication
serial nunmber 60/10 ,665. Sti t her enbodi ments may be synthesized
accor di ng t o rEHeSehiediby fae Qués in Drysdale et al., WD 9831716(Al), and
co-pending US applications Choi et al., 35 WD 99/52954(Al1), and

60/ 176, 881. Accor gi-(gFiGF,)J(6eHpeR HptCmE@t)i-on, the sil oxane network is
inti mateb? bl ended with the ionome[). This is achieved according to the
process of the invention by infusion of the precursor silane intog t

he
sol vent swol | en pol ymer, 5 WO 02/ 09846 QiR QeboaCF £ 8%y el¥) fil1ing

the voi ds between the swol |l en pol yner chains, followed by
where ¢ >0,d>0and 4 <(c+d)<199,Ql and Q2 are For H, R{! isF or

a perfluoroalkyl radical having 1-10 carbon atoms either unsubstituted or
25  substituted by one or more ether oxygen atoms, m=0 or 1, n=0 to 3, p=0 or 1, and
X is H or an alkali metal. More preferably Rl is —CF3, p=1, m=1, n=1, and X is
H. Preferably the pendant group is present at a concentration of 3-10 mol-%.
In one preferred embodiment, Q! is H, d > 0, and Q2 is F, which may be
synthesized according to the teachings of Connolly et al., U.S. Patent 3,282,875.
30  In another preferred embodiment, Q! is H, Q2 is H, p=0, R¢! is F, m=1, n=1, and
X is H, which may be synthesized according to the teachings of co-pending
application serial number 60/105,662. Still other embodiments may be
synthesized according to the various teachings in Drysdale et al.,
WO 9831716(A1), and co-pending US applications Choi et al.,
35 WO 99/52954(Al), and 60/176,881.
According to the present invention, the siloxane network is intimately
blended with the ionomer. This is achieved according to the process of the

invention by infusion of the precursor silane into the solvent swollen polymer,



in situ formation of the siloxane network or gel. In a first step in one
enbodi nent of the process of the invention, an iononmer (V), preferably in
t he for mwD oavo9lekén or nenbrane, is contacted with a 5 polpamr/usptr/otede
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thereof. Sui %ﬁ@&@v&@hnﬁrgttﬁe r&a& y&e«eemte@%%n &tyﬁéperhamdo FORARRI by
tetrahydrofuran, acet oni { r| wat er. Pr ef érred is a approxr mat el y

50/ 50 mi xt ur & Ffu {Ramationatth eﬁ'g?’%?&ﬁ&??twoﬂﬁﬁ?r gdrm of contacting will resuit in
swlel ling of th]g* lm@rf&itgtegmwvembodmrsfﬁng idtes%aghémvenﬂimlanan excess of
solvent is preferr i t shou e.ava e.t 0 cause
The. monbr ane TR GER FeTBL Ae ey s Rle B, of 'The
dry wei gh$ ofpolaheprnterinleent suchPisefiahabipylar ether, metniy, anwater, dr aabigturb at | east
80% of sol Ve'i]ljierg G5B EIVRAS ﬁlﬁ&udgnﬁ%{ha{??legtﬁaﬁ&l pro 1Ja90% of

sol vent. The rane may be soa gomterrp rature, but a
15 tenperatu ﬁe@omlﬁe@d Ww@ein Rrefeped aaarmr@zﬁalaé@éw@&ﬂ mK@rsoigpater 4dor ef er r ed

in order tomé@l%e@sgny%rhl Mh%nia@ﬁﬁ%wﬂﬂééﬁ]@‘in mlﬁﬁgo%e idd¥merat e of upt ake.
Soaking tinmes rang 1151&1% g\rla1 es to ap ro teI$/ gqre\anurs have been
found to be "SHFYE+ §He éa@HBtPtaé‘reXP ¢Y B th the higher
t ﬁrrper at lu_ml’) es Sufﬁbl@ﬂtfsehi@ﬂﬂshstllﬂﬂ)el aNailld‘lﬂe w@ﬁeesme mgen]tclﬁrene m\tia&t upoah  t he

t hus-swol | en i ong Wi nodi.f.i sila It is
preferred th&?loPﬂgEf;sSévoePB%adlaggﬁ i‘ éj)l/‘i&fﬁbeeﬁy ﬂ} %onorrer prior
to this stepUPrafbmbly, tlermeefibipe gl abdorlqaﬁldastm‘éroﬂsolvgnmn mblsgme bagd$,cal and Z
Is F, the al lﬁ%yﬁ ekégﬁg'gréa%}% flagges bEgdatm and s preferred. Any form
of contactin e i ntusion of the silane V) into the

sol vent - swollen i dheraembrppeagE pe spaked én palvgnd pt wwem i§mp edUhe sol vent 25

swol | en iono I%érﬁlthfbs%t\ﬁé%‘ﬁ%&n@émﬁé}@uﬂd aqrala;i, ﬁd)dnﬁﬂt%ly W@ﬂsbfé‘ferﬁéd' igne (1V)
is in the salt t al goa is -OM where

S a
Mis an al kaloqurré‘? grcreaﬁﬁéoth}%@;@ipelgeqtérﬁ@?@@pﬁ gﬁ‘ef? &Prﬁke t first be
di ssol ved i n times @hrvgmg fmm anmtalt«sapmmmatmlpllé heutsthatéiBednofivaiieto. be Sui t abl e
solvents are S as 30
her ei nabove c‘{itf&%&gr'?lheﬁ% ik s@@ﬁ rgﬁigesr%égoceat&%ddﬁ%ﬁ !tﬂe ﬁlgtﬁer té}ne}g%g 1e§ St ep of the
process of the iduvemstéad Stﬂwntﬂ@ pracashef ﬂang‘een@fm,atbptmrswmlem png@et o t he
boi L1 ng_ Bo! Nt Sfntddié with b3S sﬂah@g@a)swlfs gf@éﬁecﬁtﬁhttthé%ébfrﬁéarhoh)éﬁwever

20-60C is preferred I's sati sfact erformthe si]ane absorption

step at roonrlpbbﬁp@rr&w&riéroneeerlwomr Pnsmqtam stenr grhersHang,¥o i e kawWd t he

i nvention ar th%hsiofsmnl 2yl lreiied] sn@F. is F meelko@ﬁmme@hfomm&brﬁ%féﬁ%am wei ght
of the total . osrtlon eferr.e referred

These absor pt‘sl %rﬁ qr@\‘}el%nyaﬁogné?gﬁ‘?%%cgi?g "?’é)ﬁFs&!ﬁ ngh"r‘ ]r'??"lsﬁoél %%'% E"?lgt( hutes to

four hours. Adodhgsriesnswolléreionbiner. | BoweeverhieisGpryorod tdantdse PEFOLIVSHL/ 15604
25  swollen ionomer into an excess of the liquid silane.

When the silane (IV) is in the salt form, that is, when Y is an alkali metal
and Z is —OM where M is an alkali metal, the oxyalkalisilane sulfonate form, it
must first be dissolved in a solvent which is also compatible with the ionomer.
Suitable solvents are the same as those employed to swell the ionomer, as

30  hereinabove cited.

The temperature for conducting the second step of the process of the
invention may be in the range of approximately 0°C to the boiling point of the
silane or silane sulfonate salt solution. However 20-60°C is preferred.

It is satisfactory to perform the silane absorption step at room temperature

35 inair. Suitable for the practice of the invention are absorption levels of silane
ranging from 0.5%-40% by weight of the total composition, with 5-20%
preferred, and 10-15% most preferred. These absorption levels are achieved
typically in the within 5 minutes to four hours. As a general rule, the lower the



EW of an iononer characterized by particul ar backbone and pendant group,
the nore rapid and nore extensive the uptake of silane. However, it is
pref erredwD@2/op6act i ce the present invention with rel ati veCy/usogseEN
iononers in order to provide high resistance to nethanol pernmeability. It

is also founda\y%ffaﬂ@orwiﬁ&tch%ctén% ﬁmﬂlaﬂﬁ%b%netahabeﬁmt bengfthe! al

effects there are_nost pronounced {1 fQne enbodi nent
of the proceddorgfarifand RPENExtgIIVethe HPtP "eo %WB%’EHOF’W@TP%“ RIRteHERA? i et al

-- that is, tﬂﬂ@tlb@ﬂwp%selnsmaeﬁwnfmmf@atﬁzalymgh BEW Ebrﬁ)nféﬂé)mcﬂrdm‘ﬂb t he

product so forne sta d| at th | I ane

sul fonyl 10 ﬁ’ff%vdg‘? h‘@hcg?sﬁtﬂbceg?&“fﬁ %ﬁqngﬁbéfg'm¥ ZO ° (gmtath $%nat e

i ononer iA armflﬁ[erlaaﬁttmui thlat‘madbcndfmadmﬁ’ed:tethemdf(ach mesttprafounbed lprhmmss of the
i nvention, ch[; iononer (V) is hydrogen -- that is, the ionomer is a

sul fonic aC| hi s enbodi ment, the al koxysil ane sulfonyl fluoride or
oxyal kal i si | ane sdnp@ﬁamboqhgle@bﬁﬁ/tbﬁ pegesspitthreinysntinne Xdndle ionompe(Mdbd t o

:1 hg hydr 0X|y8lah%n&1ﬁ14étmtmy1£at iét WIbll(cﬁﬁn&‘rls lerfmesmanﬁthﬁ %B@dtmﬁfénﬁ%ed hThe
ydroxy silane conpositions ornmed w acc e achi ngs
of the art, PROECRIBERRA FeEhlREHEmCtAS %?p%%%ﬁﬁaﬁ@@%wfﬁﬂe&w&w einsitu
to form agsi Ifieede ontHewyklkhlidilan@idfonatd anddhesul fonbiedoncaneie n aceadted ng t o

t he present bﬂv ntion. 20 Wil e spontaneous condensation will occur at room

tenperature i presence of the iononer sulfonic acid, it is preferred
to heat the corrpoﬁntahoiheltﬂnbodimemtpértlmInmeessbfﬂwinmnliﬁﬁ,O(iimﬂmlidmmdro achi eve

conpl ete CO”Q?EW&%&Q-&?&H@E% ihf élhghtsﬁlﬁorﬁglé&lﬁd?ré Biis & §f1t”1h!ea” Y

particularly se relativer nt wel i ononers, it
i s preferred aloxysitmgsulfend fluergoer QXY@H(aWI Fne 38l fonsds isiconvarte élil thet o ensure

conpl ete 1§0n\p%és§hémofttﬁe 5&1@ t@mrh%ﬁbx&gmb ah1£6181 FubMas ¥r h;lawa@ﬂarfeat es than
woul d be achieved wth gr |t|on of. amgjgé;l[rlfluo oace .c acidis

suitabl e for SEHpwe B&‘fdp hydroxy st %Herfé’P’Pé?tS]tt’BH@ edwlly prgo to ®the
sul fonyl fl uagdclmgh of theait, ihthe atid@xamenmeaitydrtker s;iontaSeomsmnbémet o enpl oy

h | f - "t h
hvaror yoe 1 ndn S RLABE o foffettudf hmily thbeolr Sl BE Rrofier hordlf 1"t e

t eachi ngs of thetweaﬁmubg@ntwreat ment vvlth a strong base such as a
met hanol hpater s n%e{)ﬂg}oﬁheﬂsgﬁ{ﬂ %'ﬁm@cﬁlﬁﬁﬂbgm t@ﬁ%@[ahfr@hﬁh@r eat nent,

both the i1 onomer an e Si ane W ein ate salt form
sui t abl e for PyENGEO |tb?|1®?€ﬁéﬁ§@m“r ¥ kls Prefaesbio hegbthg cempplionierd on t o

fuel cells, t&fpdremd Mli}gtoCI@Um&i biidentoVeHictle a&npiamolﬁaaﬁaﬁ@a fae treated with
additional stro

f d
render the c6ﬁlﬁ€€‘?li’ F%W?E??‘%‘%% Ogt%NQi% ﬁrl?a%{é r{]ﬂ%gf ]Ingﬁe g °§¥e?§‘3‘%bian| n the
art will apprhigh efuivddémiweight iaosecs ithk petféromistoabntabithe texppositier with out | i ned

may be p%gf Oraﬁﬁﬁ‘ibnﬁ%cic?%%r@ ’cmtnBEtJ ¢diRbrsioib fﬂ?é.'lllﬁr@f}‘ R %k fgla%ively
higher rates than would be achieved without the addition of acid. Trifluoroacetic
acid is suitable for this purpose as are other strong acids.
In the case of the sulfonyl fluoride form of the siloxane network, it is
possible to employ the resultant membrane in a fuel cell, but it is preferred to
30 further hydrolyze the sulfonyl fluoride moiety by treatment according to the
teachings of the art by treatment with a strong base such as a methanol/water
solution of KOH at room temperature. After this treatment, both the ionomer and
the siloxane will be in the sulfonate salt form, suitable for use as ion exchange
resins. However, before application to fuel cells, the resulting composition would
35 thenneed to be treated with additional strong acid, such as HNO; to perform an
acid exchange and render the composition suitable for use in fuel cells.
One of skill in the art will appreciate that various combinations of the steps
herein outlined may be performed. For example, the final, sulfonic acid form



WO 02/ 092646 PCT/ US01/ 15604 conposition produced according to the process
of the invention which is nost preferred for enploynent in a fuel cell my
be arri veaoar/iome4d i rst form ng the stable internedi ate heceiusaboises

descri bed wherein the al koxysilane sulfonyl fluoride is conbined with the

sul fonat e iosmg(;sm&h@edﬁaeaaakt&sl 16 1R AOLRs o iR LAARGA S EnTO o] med with a

strong base t onvert the al ony ein
conposi tion P% ferrrd fox graployment llfla*‘r@GISQﬂ fiamalearnived ptdweidrsblprminedherent  of the

conposi tion wable ideitedife GORURHbVE mcmmqvmelh%é ﬂﬁo;?fsilﬁiné Qilfehyand the
oxyalkaI|5|Iﬂ ulfontetott?l hlﬁ aIkaI|S|Ianes foncaC|d whi ch
then spont aft8 cag H“Sﬂg‘ggh 65¢ B%ﬁreﬂ%eﬁltfedﬂ?% éfad’ But it is also

possible %o ﬁ:ﬁerhiedmte gorfeaned ithal slnongbadeadeomeh'n‘thay]kokymhne stdforiyt h a strong

base to Convﬂﬁdndetlnttg édﬁ?%osﬁﬁlatl)lf%&@ah&pglﬁﬁls{l A fgﬁdv%dl; tre ggggl ni ng

with the iononer sul ane an i ofioner  ar
aI ready in sef ﬂlefc@mnmlbonmthmaaldste@gn‘cbr@hamr@merm@praemhfatm, Z\Mdlthﬁh need only

be treated WoidnatifadeQulBha i@ hiyidky aﬁﬂmahé étﬁfbnﬁzf acid b&dﬂ&ﬂ&@ss of the

invention. Oher variations in treatrrent order may al so be 15 _perforned
such as are ROMABAPEHY conlenses toyHersilexangsubipmie jagigs iBwh It 15 Alsa ppysile i ed

enbgd } nery , ﬁrs}t &b@ttthélﬂk&xﬂilgﬂfe @ﬂml nym!l@mde\mﬂgmtrdml B&to conVert itho S8 f oni c
aci orm pre i val ent val ent centration
of the pendafit’ 3?3‘6‘6’13&5“ Hauate pgifo \A’?%‘ﬁlég Wltﬂg‘lff WOOYR" ﬂﬁfonla@ hF‘Flg}‘?

mol - % i s sweldnennd ronamee acaembidedaalreed narsalt/fomb &r fosml adctanl sgtds ed to a 20

tenperature g ARRL ?%Hi%{i ﬁleé(d giﬁgﬁ% ?re §9Jn'% a%HP{o%hH% S ﬁ/al %Qrg{)/?)s%fo y&# ght of

sol vent with respec ng SWol | en
conposi tion ths mmss ofthe myewtiom @theex«m?élgn@fn tmanentWthm@m beane sul f onyl

fluorideydi %erfbrﬁfedaﬁafmrg‘e&ﬁlemeﬁ% th® ﬁ‘ﬁbﬁl@x\’ﬁgﬁ?aﬁ’cﬁ{ ake of 10-15% by

wei ght silane with regspect to e wei t of .t otal conposition. The
resul ting 25 conp ?Plie??r‘ﬁdsen&?ﬁ%fﬁ%’cte%r tltVﬁlydﬂgthﬂiﬁYﬁleIHqulghtﬂq’W"éacet| c

acid and hea@\e)dntsﬁlforapacla%ﬂmt@éﬁrabgﬂ@ equmrl@hweigm Blllﬁgalbﬁt&o ai | oxane
sul fonyl flugri d resu i zed wat er

|t d
and then treat &g Wt]toﬁ ogﬂéetl?e&}%ﬁtr%% 8383%%@?0 {na E@H%HWF]F %fg‘?‘? de to
t he sul f onat 2nodi¥6l is ewelben inantekyess Dﬁeme$‘twh1bbwatcr saliriion logatedeto at o t he

o orea) ! ARGy o FSRLTROY S0, SOt B FRGHSPL”,

to formthe fi caC| nposi tion |nvent erred for
enpl oynent |~°rP Iyent wath respept to@l%wélfgh‘skﬁ the iqnemere The tespiting S&’pBﬂém ate that the

proc etSE her eidiahRition i G inBRAscABY aﬁ%xée@@@fﬁﬁe%ﬂ?ﬁﬁé&ﬁé@sﬂ&ﬂéﬁ&onﬁe Eendl ng
upon e particu (S encl es e a I catl O or
eg anpl e, p (?ﬂd(?al “é‘i;a %QPFOé‘FIR%tQB’sqthEﬁ% a&ﬁ?"%@ ‘B?—f'rl?ﬂ %dge]ds%}\?\}’i’ reighy

condense d vm ihang wathsesglebien thoweight of tha tbtalverngokitiohn The essdiinged to a
o o e B RicHIIRARdE BRA A0 Arind & RSl RGN Ol (7 o 2

op.cit. The co be“once agarn su Qo swelli ng
(of the |onoamvromma@ﬂyy)O(hﬁdthembwrfennmammb@dlwm%nﬂ@lmef dhyl -fl uoride

modi fi ed resulting composition is washed in de-ionized water and then treated with a strong
base to convert the sulfonyl fluoride to the sulfonate (and concomitantly, the
sulfonic acid ionomer to the sulfonate) followed by treatment with strong acid
30  such as aqueous HNOj to form the final sulfonic acid composition of the
invention preferred for employment in a fuel cell.

One of skill in the art will appreciate that the process hereinabove
described may be repeated several times, depending upon the particular exigencies
of the application in question. For example, an unmodified tetralkoxysilane may

35  be blended with and condensed within a swollen ionomer, and therewithin
condensed to a siloxane to form a composite according to the teachings of Mauritz
et al., op.cit. The composite so formed may then be once again subject to swelling
(of the ionomer moiety) and further contacted with the sulfonyl-fluoride modified



8 WD 02/ 092646 PCT/US01/15604 silane of Beckerbauer et al., op.cit., US
5, 958,822, according to the teachings of the present invention. The
nodi fi ed woloangem@ay be neat or in a mxture with an unno@CiEsd1/15604
tetraal koxysilane. Qther such conbinations and pernutations of the process

steps of the gjgnd WBQIERAnIRY oAl zpeU'Sag@SS %%é\'\g:lrﬁﬁmglte tﬁ@ﬁaé}ﬁﬁ W ng

exanpl es Nafion(r) per f 1 uor ol ono ranes. were enployed. Nafion(r) is
avai | abl e frdhs Plf?éeWﬁPmCo \ﬂge’rlﬁ nbe piaf or I HMEFERSEItHIN Naf | on(r)

wer e used, Tymoliﬁledllfetrgahkm@sﬂanlaSOO equi vaI ent weight 10 fil m approxi mately
25.4 mcroneters in,thi anesgi“ﬁf@?s ppg 105,.whi ¢ ui val ent

wei ght film approx? it i) 093 uﬁaﬂo?%?tjé{kﬁg?ges%geé’éf’
appr oxi nabel ynntidh nsayrdsoebe(thadem x 5 cm) were enpl oyed as descri bed bel ow.

Fol | owi ng the teachi ngs of Beckerbauer gt glpyp-cit., U S. 5,958,822,
(CH3O) 3Si CH2CH2CF2CF2OCF2CF2SQ2F m;ﬁ;ﬁg&;‘%s foll ovvs To a sti rred 15
m xture of 85 g ( Gnzhenipllipwists examplys oppenEEBembiangsverfe  Shanghai
'(?;.Sié 'o§ gts e Caf: K g rl@fﬁ)ﬁ@% E\Yaélgﬁéefﬂﬁﬁﬁie’D@Brﬁ@o &i&ﬂﬁuﬁ%%?@ ﬁg’% ;ﬂ;l I) of

i [
peroxi de (Al %’Y%&)ﬁ 1@%@6,%%%%3?,5%% mg‘lqhééﬁll§p(?1§q‘%ﬁ’9<lﬁlﬁr"§é61%s stirred
atcI 9ﬁC legr @mppmmateﬁmsmgn?mﬁmfrsh b thicinés, 48 Hoseﬁlﬁmﬁmm?e added
and the m Xt U S. ed for s.nore, an n cuated to
remove excess qgivﬁfefl?\%ﬁlgﬁirﬁ{%?Ii’pJP’élmaA‘?IY 82 FH%”WWW&&XEEGS&@P%%‘HF’&S room
tte_rrper gt u[ e, aﬁﬁrogpmzﬁtely(MHgs)qﬁEral-ﬂS\msx §Imeeé!adMQ?bw«gh[di ddmenhmd(beﬂo‘g Wasf
stirred at room g g o
liquid (CH3O) 3Si g@%@fﬁ%%&%@%&wﬁ? ijec T‘?};S/ 5?% §£e)zeit er than

99% 25 and deHa@@a%@HaCPbCF%EI@CM%OzEWSmwa@g@ﬁjp Hows [T@a glrred F) |

N E/ZR_ 63( ggs(i%ﬂlxtm%fés %g@ 2%&)1) ofI@:‘ﬁCFE) @FZ@ Z%DOZF%Qﬂzblé ‘ﬁonﬂﬁ%\%h%}}[aﬁg) 1H
t eachi ngs of 1@%@&*@@6@5&@% %nns g ha@gbalnbh}ns,ar@% 5 m

Cl2CH3Si C::|28 I CHFIERA &m&ﬂl@ﬁezrmbﬁmrﬁpshgiwaﬂa(ﬂdﬂdmﬂ\@og Eézhlzﬁth : ; r e]Ei
m xt ur 5 no 0]
(080 55 o aﬁ%"% o <800 s e B HERE i Yt R0, &
each of benz@pfPCferdkintartest Amadsitiaat0.6fz hensoykiparoxats, wasrmdded il thenal
m xture vgs $hikhir&d a8kttt ol PhotRRhO% B tikdYevd té&)[Urremg@te ot was

of 73%8nH was

then evacuated to.renove excess starting mater
35 then sl owwat%léﬁi%dAﬁﬁﬂth?ﬁ@XW&W% @qk%gt%wmrt@rap%r@tur%é &Qafrrperat ure

over ni ght an C Shihed sldﬂvlg |a&&(ﬁé¥1d]th@n@itufblw& dtirf¢tliaflroom temperature
Cl2GBSI G Clg%erméz t an dlsglz edS to glve 6(? B g o‘?fquuldmrHg
(CH30)3S1CH,CH,CF,CF,OCF,CF,SO,F having a purity of greater than 99%
25  and boiling point of 55°C/3 mm Hg. 19F NMR(CDCly): +44.9 (s, 1F), -82.6 (m,
2F), -87.4 (m, 2F), -112.6 (s, 2F), -120.7 (t, J=15 Hz, 2F), lH NMR: 3.60 (s, 9H),
2.10 (m, 2H), 0.70 (m, 2H).
Further following the teachings of Beckerbauer et al, op.cit.,
U.S. 5,958,822, C1,CH3SiCH,CH,CF,CF,OCF,CF,SO,F was prepared as
30 follows: To a stirred mixture of 85 g (0.2 mol) of ICF,CF,OCF,CF,SO,F and
30 g (0.212 mol) of (CH30)3S1CH=CH), heated to 90-95°C in N, were added
three aliquots 0.5 g each of benzoyl peroxide at intervals of 30-45 minutes, and
the final mixture was stirred at 95°C for approximately one hour. The mixture
was then evacuated to remove excess starting materials. 57 g of (C4Hg)3SnH was
35 then slowly added and the mixture was stirred at room temperature overnight and
distilled to give 33.1 g of pure liquid Cl,CH3SiCH,CH,CF,CF,OCF,CF,SO,F,
bp 63°C/3 mmHg.



9 WD 02/ 092646 PCT/ USO01/ 15604 Conductivity of the subject nmenbrane was
determ ned by i npedance spectroscopy by which is neasured the ohmc (real)
and capacwOio@Ix6iéragi nary) conponents of the nmenbrane i mpedarsor1s6dfpedance
was determ ned using the nodel EI'S 900 |Inpedance Anal yzer having a

frequency range 1Q:dﬂ%1uét‘?m%ﬂ§tff¥s1ﬁ &Y RlehithR \Izésoc{Bt&%‘ﬁﬁe)ﬂ Hﬂﬁ{;{eﬂﬁﬁ@t s, Inc.,

Warm nster, PA utilizi ng a cond uctl vity cell having a.cell constant of
202.09, as d&BEGUOBERPYi by Whichismeasprrdihe oli@mﬁreaé)imd C@B%@tﬂaf‘n@nagaw%m e from

Fuel Cell ;re%bﬂl@bﬁ)@i@&fthé\hiaﬁgﬂmdm@edﬁﬂwg Bhpédang@whflaet@@lﬁlda@hslﬁ

neasur enen a Ol el o ed wat er n ur ri OI‘
(o tosting.  FrtL B A Ran el haige 8 HshBredTurde 10 R T 158" ©
during thé exapaidbiefiom Ghery Inpadasts Incpe%numsm_ﬁ’m,ettﬁuzmgraaﬂbnﬂuﬁmwo Hz to
105 Hz at 0 YD iav1ﬁ§§c1‘ﬁ%oﬁ9fan(tr?§@2 &asﬁg&ﬂ%%&‘ nd'/’nggacﬂﬁe%t 1 §§rresp°”ded

to the highest {;j g% was_det’ér h red.
Conduct i vi t y 604 a@@awlahké@mﬁuemqib whoelogisa: Albsqesaer NMy i ty = cel |

constant / [(real Pﬂw%‘&ﬁi&%%ﬁducu(zfty M&&&b&@%& felnbr &AMy EXAMPLES 1

AND 2 The conductlwtles were determ ned, for_unnodified fion(r) filnms of
vari ous EW s delpusmgiter fer Qo PHOTRGFRINg: 18548 qﬁv}tyﬂﬁwa for various

T000EW 0. 11 01 35S e - LI00EW 0, 1. Qe LSODEW 0. 04S) XAV 1 25 1
- cm m n

this exanple, NafiGiF¢PP Q%’feis%\é\h@a‘? errﬂnedoi!rzw oA B H AT oE,

(CH4O) 3Si GiZ@ﬂ@QW(%EQEEZS@EeEdumﬁ%nGE that Gorresgondedtio (e hightestdast

speci nens of nﬁ'\%a{tiv%frﬁt%%ﬂ%grlilﬁkédﬁﬁcéQfaszéée&i'n re imersed in CHACH (50 ml )

at 60C for i were renoved from the CH4OH and then were
i mrersed at 60C f érongdoctinityiwasscajaylajedirgmdhe gration:
(GHO) 35 $H2CHo CF 2GR R ACEZ SR Bnitis R e nﬁﬁed’&@ ‘
fromthe solution and placed on drops o CF3CO2H
were evenly applied over tM ‘ e filnms were kept at
room t enper at ur e |1Theaiond1i@1mt&@w&mwéta$nmémﬂﬂ upjmdﬁtédwufmn%ﬁmmm in an oven
at 60C over n| ht W] %Ee%é Sts{h J ﬁl \Cllacuum in the oven, heated to 100C
for 35 4 hour" % e ﬂgﬁl% Sce rinsed with CH4OH and i nmer sed
in 10% Conduct1v1ty data for various EW Nafion® films.

20

(f'mlechfckhégg) were renoved

TABLE 1
Conductivity of Commercial Nafion® Films
1000EW 0.11 -0.12 S/cm
1100EW 0.1S/cm
1500EW 0.04S/cm

EXAMPLE 1
25 In this example, Nafion® 151 is treated with
(CH4O)3S1CH2CH2CF2CF20CF2CF2802F at 60°C.
Two 2 x 2 inch (5 x 5 cm) specimens of Nafion® 151 films (0.235 g) were
immersed in CH4,OH (50 ml) at 60°C for 2 hours. The films were removed from
the CH4OH and then were immersed at 60°C for 30 minutes in 4.0 g of
30 (CH40)53SiCH,CH,CF,CF,0OCF,CF,SO,F prepared as above. The films were

removed from the solution and placed on a Teflon sheet. Three drops of
CF3CO,H were evenly applied over the surface of the films. The films were kept

at room temperature in air for 30 minutes, then placed under vacuum in an oven at
60°C overnight, and then, still under vacuum in the oven, heated to 100°C for
35 4 hours. The films were then surface rinsed with CH4OH and immersed in 10%

KOH in CH4,OH/H,0/CH;-S(=0)-CHj (5/4/1) at room temperature overnight in
air. The films were then surface rinsed with water and then the films were
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KOH in CHAOH H20/ CH3-S(=0 -CH3 (5/4/1) at roomtenperature overnight in
air. The filnms were then surface rinsed with water and then the filns were
10 WO 02/W0s4%6RCT/ USO01/ 15604 i nmersed an excess of | 0% PRCAISat/1B0LC f or
1.5 hours in-each of two aliquots, and then surface washed wi th dei oni zed
wat er foll O\A/a'mnteysekimhleixn@s ionﬁl(l%ifm‘(bgaclsom&bﬁr 5 hotrs in badhaafit®o aGquuelsict i vity

was 0.055 S/ gy qXANRLE Rashed WAt dBSHizf wief 5098&]@& b% Blilietin delomzed

(CH4O) 3Si CH2 CFq?](,% W ng the general procedures
of Exanpl e 1%9_}8%1:%%}5% ?@Eﬂ speci nens of Nafion(r) 151 film
(0.281 g) were immersed in CHACH SCEm’_él_\P E260C for 30 nminutes. The filns
were thensi mersed in 10 (%@rgwgﬁMQmﬁﬁFZSOZF (4.8 g) at 60C
for 20 m nutes. The fi whi ch was kept at
60C on a hot plate in £ﬁ4q%@ﬁ@ﬂzgﬁﬁggzé%$§%§£ hours in a vacuum
oven. The fi Hebowiteshggencsel progeduresif Exemple 1 At 2 Eedineh (LH%ROIH i n

CHAOH H20/ CH3p&(ime)s @Hsaf{®4151) filat (0:28drg) tvesrp emmetsed inGBy OFHylO mpst er bei ng
washed Wt h \wtefor 30@irdutdsMhe HimWegs thERRhA8Fed th 10% HNGB and then washed

EAVLE ggTr b%@‘é?gcpl? éz ﬁSb"F‘g 3 QR 00 yt%tzcmsow
Fol | owi ng th W@F%P ‘éz“é? é‘?‘Fg asi ep% 9\50602 nzazl?qji@ RE Y 5 oy

20 speci nmens 81f F") 0psg for; 14m UReVEn; dhe filtasiwess ashe at room
t enper at ure oXiBY @H anfgminesigeed B0 onlﬁf@ AQH/HL0/ CH3-S(—O) CH;

(CH0O 3Si CH2 @ﬂﬁﬁ%ﬁiﬁ%ﬂ@émlﬁvéﬁug&tghf@f béing Matlesdpeitiatvites, thofilndd

m nut es. 13he vdré ﬁ”ﬁm‘é@é@lﬂ ﬁi‘%\l—mb]f; BRIMhER & 2SI dUnd BRiledBSEshivdd Wate 4OH for 1

to 2 seconds leflaon. s eet The sheet was kept at 100C for
25 7 hours w?é‘ﬁuaéé ve(’rai:)“7 ﬁﬁlgl? Iarﬁs were washed with CHAOH and i nmersed
in 10% KOH in CI-l4C]—l/H20/CI-13 S(=0) - CHXAMPLES at roomterrperature

overni ght. Aft efrehgiRdoMREMG® Wlt\k}ltﬂ"?@ﬁrc))ggf@ﬂ ('Jﬂ-I ' 2 10%

HNO3 and t hen was

0.0513 s/emin wa'?@ﬁo %%&t@t%ﬂj (%%{n%

( CH4O) 3P 2@%&?%@ 2soeF
Fol | owi ng t hdemgpsratued oysia gbfdfnlb)svedfbymmuenm t wo 2 X 2 inch (5 x 5 cm
speci nens of (NEfOMNCH,CHICF)CRQQF Za5 SO F (82 @) atmvenstenhperatuct@H at r oom
35 tenper at ung HihARE TRERRhAWEFEEMbOEd R5S tﬂ@éﬁluﬁ&rh%vaﬁhéd@ﬁﬂ‘@?ﬁdﬁ%’?

| mersed in 1 to 2 seconds and placed on a Teflon sheet. The sheet was kept at 100°C for
25 7 hours in an vacuum oven. The films were washed with CH4OH and immersed

in 10% KOH in CH4OH/H,0/CH3-S(=0)-CHj;
(5/4/1) at room temperature overnight. After being washed with water, the films
were immersed in 10% HNO; and then washed and boiled in deionized water.

Conductivity was 0.0513 s/cm in water.

30 EXAMPLE 4

Treatment of Nafion® 151 with (CH40);SiCH,CH,CF,CF,0CF,CF,SO,F
and Cl,CH4SiCH,CH,CF,CF,0OCF,CF,SO,F

Following the general procedures of Example 1, two 2 X 2 inch (5 x 5 cm)
specimens of Nafion® 151 film (0.268 g) were immersed in CH,OH at room

35 temperature (room temperature) for one hour, the films were then immersed in
Cl,CH4SiCH,CH,CF,CF,OCF,CF,SO5F (2.5 g) at room temperature for 1 hour.
The films were removed from the solution, washed with CH4OH for 1 to

2 seconds and placed on a Teflon sheet. The sheet was kept at 100°C for 7 hours
40 inavacuum oven. The films were washed with CH4OH and immersed in 10%

KOH in CH4OH/H,0/CH3-S(=0)-CHj (5/4/1) at room temperature overnight.
After being washed with water, the films were immersed in 10% HNO; and then
washed and boiled in deionized. Conductivity was 0.0513 s/cm in water.
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(CH4O) 3Si CH2CH2CF2CF20CF2CF2SQ2F (0.3 g) and

Cl2CHASI CH2CH2CF2CF20CF2CF2SQ2F (2.5 g) at roomtenperature for 1 hour.
The fil mswaermzreesroved from the sol uti on, washed w th CHA@dATfus01/15600 2
seconds and placed on a Teflon sheet. The sheet was kept at 100C for 7
hours 40 in a vacuumoven. The fil npxWwRfE| pvashed with CHAOH and i nmer sed

i 10% KOH CHAOH H20/ CHS- t t
overnight - At B! NadHE & A whwaﬁe@gsma%z@w%"m DRS00 i n 10%

HNO3 and then washesluitul oD@ %ﬂ% O)F Y2 #amd0. 0513 s/cm
in water. 11 2646 PCT/ L eat nent Naf i on(r)
105 wi t h (CHJ%?%S&@& é?l‘é?:‘ﬁ"z 96 ;ﬁ yps Brepired by

(CH40O 3sSi wzeﬁﬁﬁmamﬁmsmﬁofshzug) FatldwingGhe génddalgprodedures wf xt ur e of
CHAOH (10 mM )g.a h 5 | erature
for 2 I(‘IOUI‘S 6 lﬁ%ﬁ\g\@%eneraﬂ{n%g%é{?&ﬁl%eg 5?%@‘9%6%?{39%@& fion(r)
105 films (2w@onﬁ@med@twwmpwr@fpmﬁmmé@smdnﬁéatéamﬁfoasn so formed

at room te”p@ﬁlfi!l’fc% fﬂer@eﬁ’ﬁ%ﬁsﬁ& #0d 495 ed, ale fﬂlﬁﬁgvafs%eé afgueceer After
bei ng washed Wlt 4% H .ms was_ dried at.  100C fo 0 m nutes and

t hen i mrer sed GAMPiFs aadf W%eé.lﬂﬂ}eoﬁo %wﬁlaaalpefeﬁmlw?%é FPeIND dried at
éOOCdf or 1gogdﬂi¢aas 100°efof B hﬁﬁuﬂéﬁ ltee ﬁunscw&ne qﬂﬁﬁ:hedas&deﬂ Rvid P4 %O Clesgainn Hﬁreg

rre at | oV, ver ni L. V\BI’ e at
S0C T or 2" hodd e SVER o ah Ny brsrdibfe s bRl Siia bie %ﬁwﬂ%’ﬁﬁfﬁ%d ot
f or one hour .at FaYuEiri2ueiuys, @adpﬁdedltlpdaemec( Wé]é) aihldilesliis dsioowed watemt t he
film contai 0 ﬁ&rg, TRV NV : EXAMPLE 6
Treat nent of rl%oh:b v mfﬁ)lg gﬁ%%ﬁg%@%%ﬁ&g@%&%@@@% and
C12CH4SI CH2 Ciepiaeg zwmi gonggfiuityorasdy. 13 S/cm.
(CH40) 38|1§I-|2CJ-|2CJ:2CJ:20CJ:2CJ:2802F ( 1. 09x gMrEnss C12

CHASI CH2CH2CF2 OCF2CF Sl 521:(1 E 12 nl)
and H20 (8 m) %tmﬁflbﬁ 1%‘?"’% @3 Q3 ﬁﬁ@ﬁ%&%@ﬁ%ﬁagg 1§‘hour

Fol | owi ng the general pr Qﬁédllj(ﬁ%SiCH%@H@ﬁFﬁE;_O@MHﬁSﬁzﬁn( r) 105 film

speC| mens (2 %oldtib6NEH, D), SlC’é_H@H ohg asglcyt i on so formed

soI L??(Tn N@&E%Fﬁo&%@%%& E%ggz)ééréiﬁnvg@éf ngg gﬁleéfl Lgesheet was

kept at @@oc (1> mlpakigdzQ (3ml) Wasprgptred by stieing atront fampsrafeiedonhboid wi t h
CHACH and | Mmis&ehd te EOeralkdebtddiresids BrbhiBR/ 1ICHR: Nafioh® CoB fifa/spéclhed room
tenperat ure qy&rNinghds; 5 x/Sf dgy whel 'n'ﬁﬂae\“@ﬁ hi%Qhé"é&lﬂldﬁ@éoefonnéd‘% b Were

i mrersed in Jt&x{%é?&ﬁ?’e rd &H%i} g}_ﬂ@ e vARdrRRived Groh &b RIBbA SebatRNGn fOr 2
hours. Oonducéﬁ d ¥ éﬁ?dsplﬁc&i éHQn hBet"FhE Sheet was kept at 100°C for 5 hours

25 inavacuum oven. The films were washed with CH,OH and immersed in 10%
KOH in CH4OH/H,0/CH;-S(=0)-CHjz (5/4/1) at room temperature overnight.
After being washed with water, the films were immersed in 10% HNO5 and then

washed and boiled in deionized water for 2 hours. Conductivity was 0.131 S/cm
in water.

30 EXAMPLE 7

Treatment of Nafion® 105 with (CH,0)3SiCH,CH,CF,CF,0CF,CF,SO,F

Following the general procedures of Example 1, two specimens of Nafion® 105
film (2 x 2 inches, 5 x 5 cm, 1.288 g) were immersed in (C,H40)4Si and CH,OH

(5 ml) for 10 minutes. and then immersed for 20 minutes in a solution of

35 (KO)3S8iCH,CH,CF,CF,0CF,CF,SO3K, prepared by reaction of
(CH40)3S1CH,CH,CF,CF,OCF,CF,SO,F (5.2 g) with KOH (5.0 g) in CH,OH
(10 ml) and H,O (8 ml) at room temperature for 2 hours. The films were removed

from the solution and briefly dried at 80°C in air, then treated with 4% HCI, and
kept at 80°C for 5 h in a vacuum oven. The films were immersed in 10% KOH in
40 CH4OH/H,0/CH;3-S(=0)-CHjz (5/4/1) at room temperature overnight. After

being washed with water, the films were immersed in 10% HNO;3 and then

_.|_)
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30 EXAMPLE 7 Treatnent of Nafion(r) 105 with

(CH40) 3Si CH2CH2CF2CF20CF2CF2SQ2F  Fol | ow ng the general procedures of
Exanpl e Iwotewompeci nens of Nafion(r) 105 film (2 x 2 i nee&aSob15606 cm
1.288 g) were imersed in (C2H40)4Si and CH4OH (5 m ) for 10 m nutes. and
t hen i nmrer sedvdshed 241 tailedtie deionized. saten fordhhafrs. 3BCP analysis indicated that the

(KO 3Si CH2 CHATZEo BARFAALERSCRICon p Oppauiceith Was ©ak07 Sicrofin water.

(CH40) 3Si CH2CH2CF2CF20CF2CF2SQ2F (5. 55321# gh KOH (5.0 g) in CHAOH (10 nl)
and H20 (8 m) at roomtenperature s. The filns were renoved

fromthe sol ut i Eratedt bf NefionP 03 wdhéQMOB&GHéCHchi@EnQG%ﬁFQSOQFth 4%
HC , and 5kemollabvn@tﬁefgener5l procadumsmmmmmtwhmwo’lhez fichspeairaes (Smrer sed i n

e K'O_lhit " i]gst Vféé t hI'Sa§ 0 OO %Iﬁt oy ed 10%
over ni . er wat er e fi sed in %
oS a1 he&emaeza&% ??3?9%%8&% E‘Efr? Sy et s AR SicHi T B

dei oni zed. watlérminges ané gigngvashepwith A1HH fomidiocatesendsiaad hepfed af 79°ﬁ%

cont ai ned 0. 28P4 siihuten MThelAducdre Midnyimmeessdd.id207 S/cmin water. EXAMPLE 8
Tr eat nentjpof (Naf 093{&1(31{2@;@50@5@ ACHAD, 85, EH2 mm&e@

Fol Low ng | g;%?;@ it %“?HW fgg;ﬁ& speci mens (S
t t d %tsa” n pa 4 f
Lomperature fgEREIIARES che A e s el 4 o

for 4 m nut est robnetenpenstummevertighen Afrenbeisg avasihedlwith water, the films were
(CH40) 3Si1eH2 (ﬂﬂﬂﬁfsibﬁﬁﬁ WZ!GZHZ@%E tledn washad hedpsitedtin keiohired 30ated fout es.  The

filnms were rqnp%&g, &c'ﬁ%t?Wak”O'd@@S/&?ﬁ%b@/gteWth CHAOH for 1 to 2 seconds

and kept at 120 ours in a vacuum oven under partial vacuum The
filnms were i mrersed |n 10% KOH i n CHASAMIIE &13- S(=0)- CH3 (5/4/1) at room

t enper at ure overmitgitnt o ANLRINDEINGitWESHED &@HQ@HE@ dZCFjﬂ]EFzUFHSO yere 15

imersed in 10% H and t hen shed .and ei oni.zed ter for

1.5 hours. ConductiVPYng ke EEnGePresdnts e le IE%AWE B ¥at nent  of
Naf i on(  2010MNafion 10GHAR) ASIOtH) GHREERERREDIPTRYEERB of K31 il mweiveagene al

d f f i eRs . af i ¥ . 398
Do mmer sod O AP nurs! Affr BRGE GTRAS G papl (VL O fillys'Pete iphiiged. 509 ©)
After being drPéd of ((HLEARBICHSRECE £ HeOEF ) GE MeaFeiniainterBredar was 5.0 g of

(CHAO) 3Si CH2 %@6&%&%@%@&9&& Sraftirdfor 30R8INLRE. MRS filmeALRIABMed Ot at ed

2ol Ut on and g hege ppand B ?ﬁw B0 R LT EPESSPeiang 25
then in asvachemneveRuund@en pader pattial agouum 068 hdulzo W fter béingevashel wighwashed
with CH4OH, the films were kept at 100°C for 4 hours in the vacuum oven to give
2.808 g of films (17.1% weight increase). Two of the films were immersed in 5%
K,CO; in 1 to 2 ratio of CH4OH and water at room temperature for 5 hours.
After being washed with water, the films were immersed in 10% HNO3 and then
30  washed and boiled in deionized water for 1.5 hours. Conductivity was 0.121 S/cm
in water.
EXAMPLE 10
Treatment of Nafion® 117 with
(CH40)5SiCH,CH,CF,CF5OCF,CF,SO,F
35 Following the general procedures of Example 1, three specimens of
Nafion® 105 film (2.56 g) were immersed in 5 to 1 ratio of CH4OH and water at
room temperature overnight. After being dried with paper towel, the films were
immersed in 5.0 g of (CH40);SiCH,CH,,CF,CF,OCF,CF,SO,F in a jar. The jar
was sealed and rotated at room temperature for 30 minutes. The films were

40  removed from the solution and kept in a vacuum oven under partial vacuum for
6 hours. After being washed with CH4OH and 10% HNO3, the films were kept at
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CH4OH, the filnms were kept at 100C for 4 hours in the vacuum oven to give
2.808 g of films (17.1% weight increase). Two of the filnms were imrersed in
5% K2C03wprm2a926a6 2 rati o of CHAOH and water at room t enp@catusoe1foos 5
hours. After being washed with water, the filnms were immersed in 10% HNC3

gggdhgtelnw ?S 1%?@%&@1%&@91#@%&@&6&&% pr\@éz? of%néég%zh/%lfef Naf| on(r)
117 with ( CHREFase) é%’z%%{ &%&?&’iﬁ%‘é@%ﬂ%ﬁ; lgn HE)
procedur es Ofof@[@ﬁhﬁsﬁv&m tﬁehfeﬁ@wﬂpm% NG, aif 50°Batbt B(Mfrﬁﬁuté@ﬁzaﬁhédmnﬁ?- 56 Q)

d
over ni gnt. AT BRI A AR b o7 Sk PR o S 1 1
5.0 g of GMMQHM@Q@QWQS@QB ratio af @H,OFhand) water alasonseal ed and
rotated at qgﬁﬂg&gﬁ?«% ﬁt f Rfer i \%Llh@ rlfm?atfef lﬂf?‘flﬂ%rv?eré?eﬁt@ ved from

the sol ution vacuum oven un vacuum hour s.

After being Wéh omﬂsm@ﬁas ﬂwandﬁbenww wethedgiepe water 13 WO
02/ 092646 PCHLYBEA6A RER4onid W TSt FhHREr Eohudtity WS BUIREKRM 1P 0i ve 3. 488
g of films (36.2% weight increase). IR indicated that the filns contai ned
SO2F groups OT%@% cml). Two of the filnms were treated with 10% HNO3 at
50C for 30 mnutes, washed with water and boiled in deionized water.
Conductivity was 0.0763 S/cm Another 5 filmwas i mersed in 5% K2C03 in 1
to 2 ratio of CH4OH and water at room tenperature overnight. After being
washed with water, the filns were treated wth 10% HNO3 at 60C for 1.5
hours twi ce and then washed with deionic water and boiled in deionic water
for 1.5 hours. Conductivity was 0.0936 S/cmin water. 10 14 WO 02/ 092646
PCT/ USO01/ 15604 WHAT IS CLAIMED: 1. A conposition conprising an organic

pol ynmer and 0.5-40 % by weight of the conposition of a siloxane, the
organi ¢ polyner having a fluorinated backbone and 3-20 nol - % of pendant
groups represented by the formula (1) 5 -Op [CF(R?)CF-QOm n CF2CF2SGBEX (1)
wherein Rf is F or a perfluoroal kyl radical having 1-10 carbon atons either
unsubstituted or substituted by one or nore ether oxygen atons, m=0 or 1,
n=0 to 10 3, p=0 or 1, and X is Hor an alkali netal; the sil oxane
conprising two or nore
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groups which need not be the sanme represented by the fornmula (11)

-aSi (OH) b-aR13- bR2R f2SBX (I'1) 15 wherein a= 1 to b, b=1to 3, RLis a
non- hydr ovpaalbdzms4gr oup i ndependently selected fromthe grexSounssti ng of
al kyl, cycloal kyl, aryl and aralkyl, X is is an alkali metal or hydrogen,
R2 is a bidenygiser i &yheogs-adi cal either unsubstituted or substituted by
at | east one ether, oxygen atomw th the proviso that R2 has at |least two
carbon atonms |inear KW@B%%WRK@W@“&%CRPW%HW RPAG% by 20

loerfl uor oal kwr/]fﬁglﬁ o@&ﬁhedonﬁlﬁﬁitmlzofaiTsﬂbﬁneyﬂha @b@&ﬁdpﬁlfﬁdgﬂ[gv&igbﬁl fidriagd by at
east one e r. oxy to : onposition o i rising
10-15% by wePGRK oG 50 d-2UaP b @cndzt FHRDR SR er 8% tt eradPL wher oi n
p=1, Rill Ps trifluoromet hyl, msl, 25 n=0 or 1, a=3, b=3, R2 is ethenyl,
Rf2 is -CF2CF20 CF2CF2-, -afl—X{GRRH)CAE—hk—eCHgdSiSO:8n of d ainflL furt her
conprising units of -G Si(OH)4-i, wherei is 1to 4. 5. The conposition of
Claim1l wherein t : I i : : LR : 0

- (CF2CF2) c( CH2 %e?ééﬁé{%lﬁéfhég%&%%w%%ﬁﬁﬁﬁ% 120580 v e ere o
> 0, d > 0 vasepshiuted eusypstituted oy onexpr gige ethergxyeen afoms, mpPor lsngdtor g
per fl uor qal k¥, p£@di Caindaw Mer in Atak aideAthe kREFane ichbhPtisiip s8& 6 bk ed or

substituted by one .or, nore her oxygen at , or.1..n=0to 3, p=0 or
1, and X is &PHF \%mclhpcfggmo?h%ﬁmsgn%?epmg:nﬁe%&g%:?qrgwlao@l)g aim5 wherein
Rfl is -CF3, p=1, nrl, n=1, 40 and X is H 15 WD 02/092646 PCT/US01/ 15604
7. The conposition of C-a,H(OHHRBYRMBIEIZEXH, d> 0, and @ is RID8. The
conposition of Caimb5 wherein QQ is H @ is H p=0, R is F, m-I,
n7--1, ang X1 HyiRreidhe G8H2RS td PR1E a Goifiuto1¥ABIE) '

pol ymer conpri sesw5 e?}- 10 nol - /o_O% t’he gn gn gr%%gse%%ﬁgﬁgﬁg%m osition
of O ai m5 wheleekrd fiorbthsiggenm conpstingrel alkdnprdelisyl, ayhadpsikyh Sfis ism pendant
gr puEtS- 1 f1 t ﬁu@gmm drit3ArcpRAPR? BiataddHiate AFHNE raRtl BRReransutdtiftcise by

wei g o] e

{ t f I , th i I h
oo o ETARER) WP Ghtasl LS 00 SRS RO MR S
the fornula (tvblchrbon @sIR{dRF Y IGEPe @R benEAGI260RM, @hd R)? is a

20  perfluoroalkylene ether radical either unsubstituted or substituted by at least one

ether oxygen atom.

2. The composition of Claim 1 comprising 10-15% by weight of the
siloxane.

3. The composition of Claim 1 wherein p=1, R¢l is trifluoromethyl, m=1,

25 n=0or 1, a=3, b=3, R? is ethenyl, RZ is —CF,CF,0 CF,CF,—, and X is H.

4. The composition of Claim 1 further comprising units of -O;Si(OH)4-i,
where 1is 1 to 4.

5. The composition of Claim 1 wherein the organic polymer is
represented by the formula

30
—(CF,CF)(CH,CQ15)4(CQ?%, CQH)—
|
Op'—‘[CF(Rfl)CF—Om 1—CF,CF,S03X (V)
35 where ¢ >0,d >0and 4 < (c+d) <199, Q! and Q? are F or H, R¢! is F or
a perfluoroalkyl radical having 1-10 carbon atoms either unsubstituted or
substituted by one or more ether oxygen atoms, m=0 or 1, n=0 to 3, p=0 or 1, and
X is H or an alkali metal.
6. The composition of Claim 5 wherein R¢l is —CF3, p=1, m=1, n=1,
40 and Xis H.
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wherein Rf is F or a perfluoroal kyl radical having 1-10 carbon atons either
15 unsubstituted or substituted by one or nore ether oxygen atons, m=0 or
1, n=0 towB,02peB40r 1, and Mis an alkali netal; the sil ameTasopriesd ng two
or nore groups which need not be the same represented by the fornula (1V)
(YO bSi R13-bR2Rf 27, S%Johl\{;bsm%ﬁomlﬁmwﬁa%ﬁ@l%H%Lol %@Q!m:hydr ol yzabl e

group i ndependent | | ect ed roup. con Si_st
cycl oal kyl, aryl d éﬁOE?PSItl?nPg]Cﬁaémaﬁ Whergin Q lsr%t(gllstﬁ I%TIOK%‘I isgdi cal, R

is a bi dent atre=hne]| emkEXraHi cal either unsubstituted or substituted by one
or nore ether oxyggen ons. W has.,at 25 | east two
carbon atons |i negfl ﬁﬁ CSB%’S%IE}OB@? @%W%Wﬁ%{ﬁlal Eé?%rgaﬁrcé’oﬂ}én%lf COMPIISCS

per f | uor oal kyd-thmoéthef the adidrat gwupher unsubstituted or substituted by one
or nore ether oxygennatg fﬂgosﬁ&qoz—deﬁm’% \gﬁ%relg\ﬂl ﬁlcﬁgo'l éin:oﬂgnlfﬁé metal .
12. A process for formn osition roc rersin e steps
of contacting- b@mn@ﬂ@{aﬁf@emm%ﬁgrmmh a pol ar solvent to forma sol vent
swol I en 30 pol yner. coang d)éiﬂl&fbdih%sﬂggﬁl Jar\ﬁ@ Blyﬁﬁ%ﬁd['()rsatm‘v% %1%4& | east
5% by wei ght Q%f the co S|t|§ the p % uorln % ackbone
AR By SIS AR et I PR P RS siﬁa‘fl g 2 flypapsd @97( ongy

[ CF( Rf 1) @B- Odndi3-T0-20F2S6Bénant graipswhsesntedBiyitheé forluly (TH):per f | uor oal kyl
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al kyl, cyclo i s an al al or al

r adi cal , %spa Br ge%ld&ﬁés @Plém?}‘arla@F é%%neéaoméﬁlnaﬁye%mrﬁgmpér 5
substi t ut ed byhiel néedamt bo e saneepresengrlbyathe famdild (TVh he provi so that R2 has
at |east two carbon atons Iinearly di sposed between Si and R, Re is a
per fl uoroal kyl ene et her stituted or substit d by at

| east ong,et her oxygen at g@:sd)%él fi'IFggi%J OM where Mis an a I
netal. 1 The process of C ai m 12 vvherel n the organic polyner is

represented 10 byvhesenbod feBaR! sormorpceelpebiarys idiependeqty selgcted
from the group consisting of alkyl, cycloalkyl, aryl and aralkyl, Y is is an alkali

metal or alkyl radical, R? is a bidentate alkylene radical either unsubstituted or
substituted by one or more ether oxygen atoms with the proviso that R2 has at
25  least two carbon atoms linearly disposed between Si and RZ, RZ is a
perfluoroalkylene ether radical either unsubstituted or substituted by one or more
ether oxygen atoms, and Z is F or —OM where M is an alkali metal.
12. A process for forming a composition, the process comprising the steps
of contacting an organic polymer with a polar solvent to form a solvent swollen
30  polymer composition having a solvent concentration of at least 5% by weight of
the composition, the polymer having a fluorinated backbone and 3-20 mol-% of
pendant groups represented by the formula (I);

—O0 '—[CF(Rfl)CF_O 1i—CF,CF,S03X @
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wherein R is F or a perfluoroalkyl radical having 1-10 carbon atoms
either unsubstituted or substituted by at least one ether oxygen atoms, m=0 or 1,
n=0 to 3, p=0 or 1, and X is H or an alkali metal contacting said composition with
a silane to form a blend, the silane being represented by the formula (IV);
40

(YO),Si Rl ,R2R2 SO,Z )
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15 O [CF(R?)CF-Onjri CF2CF2SGB3X (V) where ¢ > 0, d > 0 and 45 (c+d) 5199,
QL and 2 are For H Reis For a perfluoroal kyl radical having 1-10
carbon atwom2e9zeher unsubstituted or substituted by one @cTmspei1®dher
oxygen atons, nm=O or 1, n=0 to 3, p=0 or 1, and X is Hor an alkali netal.
20 14. The process of Claim 13 wherein wherein R11 is -CF3, p=1, n¥l, n=1,

and X is H 15. T%ei%pseﬁﬁ) @le%aheh.’l@dymﬂi 281 Qipin%eﬁ*énd@nﬁlapselé%% @ 'S F.
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where ¢ 20,d > 0 and 4 < (c+d)<199, Ql and Q2 are For H, Rl is For a
perfluoroalkyl radical having 1-10 carbon atoms either unsubstituted or
substituted by one or more ether oxygen atoms, m=0 or 1, n=0 to 3, p=0 or 1, and
X is H or an alkali metal.
20 14. The process of Claim 13 wherein wherein R¢! is —CF;, p=1, m=1,

n=1, and X is H.
15. The process of Claim 14 wherein Q! is H, d>0, and Q2 is F.
16. The process of Claim 13 wherein Q1 is H, Q2 is H, p=0, R¢! is F,
m=1, n=1, and X is H.
25 17. 'The process of Claim 12 wherein Y is an alkyl radical and Z is F.
18. The process of Claim 17 wherein X is M.
19. The process of Claim 17 further comprising the step of contacting the
blend with a base having the formula MOH wherein M is an alkali metal.
20. The process of Claim 12 further comprising the step of contacting the
30  blend with an acid.
21. The process of Claim 19 further comprising the step of contacting the
blend with an acid.
22. The process of Claim 12 wherein the organic polymer comprises
3-10 mol-% of the pendant group.
35 23. The process of Claim 13 wherein the organic polymer comprises
3-10 mol-% of the pendant group.
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