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solvents and temperatures sufficient to overcome the forces that hold the polymer

together in the solid state. These forces include the polar attractions of the ionic
groups for one another. Polar solvents such as water and alcohol can solvate the

25  ionic groups of the polymer, weakening their interaction, and promoting
dissolution. Heat further weakens intermolecular attractions.

Liquid compositions are typically made by putting highly fluorinated
ion-exchange polymer that is in the sulfonic acid form, in alcohol, in water, or in
aqueous alcohol, and heating the combination to achieve the dissolution of the

30 polymer. The temperatures necessary are generally 220°C or higher. These
temperatures are above the boiling point of the solvent at atmospheric pressure
and therefore the dissolution is conducted in an autoclave. Higher temperatures
are necessary with water. Alcohol is a better solvent, and lower temperatures can
be used. However, the formation of side products such as ether and olefin through

35 the reaction of the alcohol with the strongly acid polymer contributes to the
development of pressure during dissolution. Water-alcohol, i.e. aqueous alcohol,

is effective at lower temperatures than are necessary with water alone, and also
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salts. The functional group is represented by the formula -SO;X where X is a
cation, also known as a “counterion”. X may be H, Li, Na, K or
N(RD(R2)(R3)(R4), and Ry, Ry, R3, and Ry are the same or different and are

25  preferably H, CHj; or C,Hs. More preferably, X is H, in which case the polymer is
said to be in the “acid form”. X may also be multivalent, as represented by such
jons as Ca™", and AI"™™. It is clear to the skilled artisan that in the case of
multivalent counterions, represented generally as M™, the number of sulfonate
functional groups per counterion will be equal to the valence “n”

30 Preferably, the polymer comprises a polymer backbone with recurring
side chains attached to the backbone, the side chains carrying cation exchange
groups. Polymers include homopolymers or copolymers of two or more
monomers. Copolymers are typically formed from a nonfunctional monomer and
a second monomer carrying the cation exchange group or its precursor, €.g., a

35  sulfonyl fluoride group (-SO,F), which can be subsequently hydrolyzed to a
sulfonate functional group. For example, copolymers of a first fluorinated vinyl
monomer together with a second fluorinated vinyl monomer having a sulfonyl

fluoride group (-SO,F) can be used. Possible first monomers include
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25  be multivalent.
The preferred polymers include, for example, polymers disclosed in

U.S. Patent No. 3,282,875 and in U.S. Patent Nos. 4,358,545 and 4,940,525. An
example of preferred polymer comprises a perfluorocarbon backbone and the side
chain represented by the formula

30 —0-CF,CF(CF3)-0-CF,CF,S03;X
where X is as defined above. Polymers of this type are disclosed in U.S. Patent
No. 3,282,875 and can be made by copolymerization of tetrafluoroethylene (TFE)
and the perfluorinated vinyl ether CF,=CF-O-CF,CF(CF3)-O-CF,CF,SO,F,
perfluoro(3,6-dioxa-4-methyl-7-octenesulfonyl fluoride) (PDMOF), followed by

35  conversion to sulfonate groups by hydrolysis of the sulfonyl fluoride groups and
ion exchanged as necessary to convert them to the desired ionic form. An
example of a preferred polymer of the type disclosed in U.S. Patent Nos.
4,358,545 and 4,940,525 has the side chain -O-CF,CF,S0O3X, wherein X is as
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Temperatures for use in the process can be within the range of about
150°C to about 300°C. It has been discovered that with aqueous tetrahydrofuran,
the dissolution of highly fluorinated ion-exchange polymer can be achieved at

30 lower temperature and pressure than with known solvents. It will be recognized
by those skilled in the art of making such liquid compositions, that the IXR of the
polymer affects the temperature required. The higher the IXR, the lower the
concentration of the ion-exchange groups in polymer, and the greater the
crystallinity due to the greater tetrafluoroethylene content. Other things being

35  equal, higher temperatures are necessary to achieve the dissolution of higher IXR
polymers. In the case of polymer of IXR = 14.3 in the acid form using aqueous
THEF solvent, temperatures of 160°C to 260°C are effective, temperatures of
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A further surprising aspect of this invention is that after heating to
achieve the dissolution of the polymer in aqueous THF, little or no ether, olefin, or
other organic product of the reaction of the THF with the acid polymer is found.
Because of the absence of these volatile side products, the pressures developed

30  during dissolution are much lower, which reduces the cost of the equipment used
in making the polymer liquid composition and makes for a more easily run
reaction. Because little or no side products form, the resulting polymer liquid
composition is preferably substantially free of side products. By “substantially
free” is meant that the polymer liquid composition contains less than about 3

35  weight %, preferably 1 weight % organic materials other than THF and those
associated with the polymer. The resulting polymer liquid composition need not
be further treated to remove the side products, which are impurities. As a result,

substantially all the solvent may be recovered and used again. THF recovery is
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THF: wat er at cnrbedepeatihigher eawperatyre, dfhéltss)lhsedsas samcsnt is atddephighert he | i qui d
conposi tiQns ?%fhdg @gﬁldl @*ﬁ?%lhg& arg%gc g{aﬁ}‘ erably about | to about 15 wt%

nore preferab 5 and nost preferably about 6 to
about 10 wt % As sol i dBe Hawd spmpetiiing qfﬁlwwg@tsoncambwwetlyanyg%elunt|| t he

i qunt d clorrpolslla(tjédqpr ihS p P@Eur{%@%ﬁc@@ﬁt@reﬁ@gt}fea&ﬁ rgtﬂretsfh@ecpﬁaaaﬁﬁ%b@r of ba gel . The
praC|ca SO S im IS e ne VI SCQS a can pe

tol erated. Tefpetufton &hempaisrea OE]FWSFH?%’%E B s FL?‘ﬁ%hﬁY%ﬁﬁr@s‘é’Bmosi tion
can be kept aﬁesﬁtag&eﬁudmnep@tvwceé by aickef aliolys Bh&hllﬁéﬁsﬁﬂoﬁ-ﬁbmiaﬁalﬂlﬁori s made,
hi gher ol | i g 0sitions,ar ce bl e. '

composi t e WiiPpsheiide SERIRGiMAnE hEREF SR 0L G TR if Pl hopisp (e
pressur es encbhuateffstnatimehdditenpeharavenss prstedretl o seclitethe tinghi medédit i on. The

maerial of coRsityetbea ff pLif ﬁﬁaﬁ%leo&hﬁ%dégﬁ‘é&ﬁnﬁ%ﬁy%é&ﬂmg ifRist ance,

such as is prOV| oys such as tion 15
will occur if XW@%@PU%WB?M‘?%%@ iisplé nyeferabbr byaHaking Qe sReKineHI F i s sinpl y

Pﬁat ?d for SAg%ﬁﬂlﬁlﬁmd Isﬂlefﬁfablyﬁ%éf @{nﬁéﬁ&‘s DOVEMEY be hditaRidah®i EHng% d ?dtlce

e tinme neede i ssol ution.o e gitation
my be acibmpTesHAving g Aefito Bt ot Pate P Peab b TR T pr of crabl y
by shaki ng or rocking. Alternativel yEgEiPpﬂﬁéer ably, the cont ent_s al one may

be agitated through use of a 20 ve g an agitator to stir or mx
t he pol ynmer and aqueolke fiedfinorimxesvienEschiinge peymerused iaNetion®n- exchange

rgﬁlpg e Cgfrgg ) éﬂ%dr%?&lgsulﬁﬁf faqu{dlﬁﬁérQHa&Lﬂyftﬂ@DﬁP@xﬁ'&nﬂ%w "Wiln{[RglEn PY the
elaware USg The equivalent weight of the polymer is 1060 (IXR = 14.3). The
25  polymer is available from Aldrich Chemical Co. Milwaukee Wisconsin USA.
The solvents, THF and methanol, are reagent grade. Distilled water is used.
The reactor used for dissolving the Nafion® resin in THF/water
solution is a 300 ml vertical stirred autoclave from Autoclave Engineers (Erie
Pennsylvania USA). The reactor is made of Hastelloy-C. It can be operated up to
30 3000 psi (20 MPa). Typically, it takes about 30 minutes to heat the autoclave

from room temperature to 180°C.

Example 1
The 300 ml autoclave is charged with 16 g perfluorinated ion-

exchange polymer pellets (approximately cylindrical, 1 mm x 1 mm), 92 g

35  distilled water and 92 g reagent grade THF. The charge consists of 8 wt%
polymer. The autoclave is heated to 190°C in 30 minutes with agitation speed set
at 1000 rpm. The pressure in the autoclave is 310 psi (2.1 MPa). After 4 hours

heating and agitation the autoclave is cooled to room temperature. The autoclave
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L6 hoat the afost egwgra%fr%om%m%??ﬁévéfmlﬁ%h&%%* B alEiCThe 300
aut ocl ave i s bbapgadusliqind témgopeoein ditbe pctﬂnlednatcﬂlwn@xclmngg@opmeyného pellets

(appr oxi mgj el XQFHéJi l#ﬁféﬂﬂgnd is sBEl, )furghemd ca@gn 3t ﬁé ‘Eﬂeﬁgﬂduk%ﬂe sa r and 92 g

reagent grade consists o ocl ave is
heated to 190famed. 3be ?fbsf@e?ee%f %ﬂllﬂﬁS@g‘iStﬂ&ﬁd&fﬁo@B%af %léﬂmb‘rneweldﬁtﬁi Bm The
pressure in tbhemplteocl ave is 3 10 psi (2.1 MPa). After 4 hours heating and
agitation the autoclave is cooled to roomtenperature. The autoclave 6 WO
03/ 006537 PCT/ US02/ 22188 pressure i sExanple2gauge), indicating no formation

of oLde products such 18 166 BT siadlye AlENAT sl FRERIYARGFGh! Soour e, over

and above that of the On drai ni ng,
t he aut ocl@veexchafgapdymer, Qbﬁtdaﬂtlrhled)magﬂr and PZaildlF. ghe mmlg@ﬁdusted teui d

conposi tion Oﬁoéd@af&’?%|rﬁiﬁﬁﬂe§‘§tttﬁ£'agx%ﬁoﬁéﬁé&a%%(w hre amcﬁvéggégaﬂe' ayer
of liquid is seen, é;t i ndi ¢ étlon side product. ethérs are

formed. The absPNgs! Mﬂ@ 8is20%h m@e?%ar@l%%q‘% ESGHmB"fuefiﬁ‘é‘ PFol ymer pel l ets
is conplete. a@iﬁ@mﬂehaufﬁhe\t%@o@ﬁn r@sth nepergutie@athclive s driingd

fl ted h ti 92 g THR
The mxture i & Bapdl FETAB30ERENI igud ﬁwpgie&&ﬁaﬁ@%wig&” 9% paed of
1500 r pm 1¥heecsakangd polgmper essure is 370 psi (2.6 MPa) at 200' C. Heating

and agitation is continued for an additional 4 hours. After cooling to
roomtenperature, the autoclave iGompatativg Examplé ound to contain a

homogenous i quid corrpemmpﬂlseﬁ &moﬁﬁaﬁhwém&% goneriRugKchange
pol ymer, Conparative Exanp For. “conpar i sonﬁaacgrfl uorinat ed |1 on- exchange

pol yner |iqui Homﬁmlﬁﬁaéiﬁ ap@rwﬁa&p &phepl BgHY - §ebtsiNG eachi ng of
U.S. Patent Naa4334823%addle 1E><1&1mh@>crhize 1sTdm@rgaammI1a7v pérBusi@t@eidnw th 17 g

gg{)f Iguglr ;? ][ Fg)aél\%g% el?ol}?r%(l{%rh?gg e!%ﬁan%r%o g n-pro algn?t %q%f) g C?lstllgid waRérOFi? 120| and

heated to 230°C and with mechanical agitation for 3 hours. The autoclave
pressure is 1000-1100 psi (6.9-7.6 MPa). After cooling to room temperature,
some pressure remains and is vented. The liquid obtained separates into two
layers. The upper layer, composed largely of ethers, is about 10% by volume of

25  the total amount of liquid. This example shows that, compared to the process of
this invention, the use of aqueous alcohol to achieve dissolution of perfluorinated
ion-exchange polymer generates 3-4 fold higher pressures and significant volumes
of solvent side products.
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si de product sion7eXiBuQe/O0GT3 Complising02/ 22188 WHAT IS CLAIMED IS 1. A

process fo L Mol i Ll i fluorinated i on-exchange
o] ”Eﬂd%%o@n%'f}&ﬁig%ﬁ%{%ﬁ?é%@& tg*lfre;/}ﬁ}g%%n dnid

pol ymer conprisi ! |Og_gq > p r Wi th agueous o
t et r ahydr of ur Bhheaing syyl pRlyarer iycabacy Wbl agreaus itgirabpdrofueen (g form dpuléaud
t et rahydr of ur ggmp&itie. m the Iiquid conposition. 2. The process of claiml

wherei n sai d aqueous tetrahydr of nis .conprised of water and .
tetrahydrofuran in a &ahrihf)p (fce%gb(llf aigigl yherely S&me%:teti ydpAurgaighe o 3.
The process otomprderhof wakeemed retiahydioAgarciausatie bf adopdt @POk@mbous 90:¢0nNpri sed
of water gnd gfggh@wdr ofuran in a ratio of about 45:55 to about 55:45

wei ght % 4. The process of claim| wherein said agueous tetrahydrofuran is
15 conprised of |ess Shdheatsgss GElami lghergintsaidragngatisdetahadof@an The process
of claiml whegghisehlhg wakl YR fet@BPRbIEASInARAMS oflaoRt 4289 abbar ¥eUght % of

t he conbi ned \A,el}ﬁ%hg of polymer and water and tetrahydrofuran. 6. The
process of cl &° 1”%herei n sai d polymer in contact with 20 aqueous
tetrahydrofuran i s heat qtiepeocass cohamalt wheedfsarloutouk3&rdbyti@fiaaaw  3000C.
7. The progcess of .clai.m | whetein.sai.d Rol r.ip contact with aqueous

t et rahydrgfur EV R Seﬁéﬁ?&éﬁﬂ?aﬁa o'ét[}too‘@?lgbftegt%gﬁwgﬁﬂ?rbcess of claim1 wherein
said highly fluorinat édThepr&gssexchamgewhatyrthe polsmencanymisag alobut drton sodi um
ion formor p k i . I i 9. The process
of claim!] m%‘gﬁzsﬁ%ﬂ%éﬁ%&?@%’??r@gggb? r}yﬁgrx%ﬁg&égaﬁlgl ymer is in the
acid form tetrahydrofuran.

6. The process of claim 1 wherein said polymer in contact with
20  aqueous tetrahydrofuran is heated to a temperature of about 150°C to about
300°C.
7. The process of claim 1 wherein said polymer in contact with
aqueous tetrahydrofuran is heated in a autoclave.
8. The process of claim 1 wherein said highly fluorinated ion-
25  exchange polymer is in the acid form, sodium ion form or potassium ion form, or
a combination thereof.
9. The process of claim 1 wherein said highly fluorinated ion-
exchange polymer is in the acid form. _
10. The process of claim 1 wherein said ion-exchange polymer is
30  perfluorinated.
11. The process of claim 1 wherein said ion-exchange polymer has an
ion-exchange ratio of about 3 to about 33.
12. The process of claim 1 wherein said ion-exchange polymer has an
ion-exchange ratio of about 8 to about 23.
35 13. The process of claim 1 wherein said composition is substantially
free of products from reactions of the solvent during preparation of said

composition.



10. The process of claiml wherein said ion-exchange polynmer is 30
perfluorinated. 11. The process of claim| wherein said ion-exchange

pol ymer hae 0a06s8pn- exchange ratio of about 3 to about 33PCTAISVFEHESPHroCess
of claiml| wherein said ion-exchange polymer has an ion-exchange ratio of
about 8 to about 23. d4. Pgliquiieoppestieersoidfighly Auminatedhionesixahange gobyoreposi ti on
i's substantlah{ylwguﬁﬁngﬁ(ﬁgﬂg&pts fron1react|ons of the solvent during
preparation of sald c Q6537 CT/U802/22188 14. A
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t et r ahydr of ur arahfdrofubineis!from abbut A0P0Adighn o ohtetkatahydrdfurhiefoeibout he aqueous

t et rahydr of ur I a |ght % wat er : t et rahydrof uran to about
5 90: 10 mélg%plvéﬁ%égg%tefy&%é%?gguran 16. The liquid composition of

clai m 14 wherein the dquéErigquid eompesjidorodfiplam idswheremthbaneods: 55 wei ght %

water:tetr ahygétﬁfl&ﬁr@ﬂlrﬁrplsefﬁﬁ&‘ﬁboéQS 45 Wb} wﬁe%tﬁﬁy&r@ﬁfrﬁh%dibgﬁﬁr an. 17.
The liquid con505|t|on 0 erein the ghly 10 fluorinated

i on- exchange P ﬁ?ﬁﬁ?gﬂgﬁ“ﬁ“¥ﬁﬁﬁﬁﬁ¢8%?@Fn1 18. The liquid conposition of
claim 14 wherein the hvgrrlhyllqﬁidmmm@hedofaammb@wmmelhygmf is about I to
about 15 ﬁ@ig 96§ﬂithe ﬁonbln meLths q% t he pol yner and aqueous

t et rahydr of ur affo 4B PHEXIHES §° D ai m 14 wherein sai d

i on-exchange 15 pol yrgr s Gl Bh S04 Theceld @ fygompost L on of

claim 14 wherein said 1on-ex I"0n-ex ge ratio of
about 3 to abdlyprigged pn: ewh@gmpqg’m tﬁcﬁbpbtsl to abubts weighhYolof thther ei n sai d

i on-exchange BAbYER RS GMhé PRYREF ebRltbafirodayt 8 to about 23. 20
22. The liquid conmposition of c¢claim14 erein said conposition is

substantially free of IPFDEBJHcﬁlﬁdﬁéxﬁgésﬁtﬂﬁpéﬂcﬂm& 1of whdreinseldientxchanpag
pr epar at i (P? of sai d ﬁ:ﬁ)OSI % 1,0Nn

polymer 1s pertluorinate

20. The liquid composition of claim 14 wherein said ion-exchange

polymer has an ion-exchange ratio of about 3 to about 33.

21. The liquid composition of claim 14 wherein said ion-exchange

polymer has an ion-exchange ratio of about 8 to about 23.

20 22. The liquid composition of claim 14 wherein said composition is
substantially free of products from reactions of the solvent during preparation of

said composition.



