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FLUOROPOL YMERCOAGULATI ONVETHODANDCOWPOSI TI ON Techni ca

Field This invention relates to coagul ati on of
waé basinepes yners and coagul at ed conposi tions. BecRgsmash39oie

Aqueous emul si on pol yneri zation can be used to produce

an aqueous | atex of curable conpositions of parti al

| y-fluorinated copol yners. Coagul ating and isol ating

or separating an elastic copolyner of vinylidene

f | uor Fleoro®odly MER €0 AGKLATION METHED AND {GCOMPOSITION

aqueous latex by first adding a salt of a

pol y- hydr oxyl conpound oOfechnigdidi@dnary conpound

m xture containi ng the poly-hydroxyl conpound and

ei t g invbitioageiteOfo dolmddrion bHflsoropdlyedens aidrgagdarpdeuartositions.

and second, adding an acid for coagul ation, has also

been described. It is kndiaskgwundnpve netal ions from

fluoroplastics via acid washi ng, however, such

sol Agyesnsemlyion pelymesigaipn ¢anbe usgdita rodpce an aqueous latex of curable
copp AL IR TloARALE opt s CORBRAL AR o R iRk Ping an
elagtiozcopoipmer dftvénylidehedluositid andiatisast oné Seorinatgd dlefin from an aqueous latex

fl | . i cond i nd fi such . .
b)’ﬁéstil gﬁd?&gméﬂ%g?tpplgﬂﬁgfog C(éfoﬁlgg%]%trog%ﬂ{éage usrtx,'%lpgcl)ug\g%&tldge containing

thel FOVERYdrX1 donhoRh@HRIYitherhiLdHeR bEpHdspHRIst $61MEFiRE cémponents and
sol'ution’to provide perfluoroel astonmers essentially

sedondadding aeacid fos abagylation) hagals beppAesoritdi ef |y, the
Pr €z nlEno'w%%? gegrlno% 2 Ydrd Bdmh DQKsQfia w%gﬁ&gynge@such

per hal 6gena el’ast’omer conprising coagul atin
sohfémayaeqet with ogre pindsyofinorpeladtorsdre sndisilingt the efficagyrar destroy the

A S ST A0 B AR P

BB MmeAD e B&HiBHIASB RN Ry GAIDRORRE (S onapdticdlarly@@désirable.
one Cure site nononer, wherein the coagulation is

performed essentially free of netal ions and net al
salts. In another aspdummaryefinxeation on provides a

met hod of nmanufacturing a perhal ogenated el astoner,
suc hapresenpventons havs dissprsied a soluiop iq RKge B?TQWr@Flﬁijoréers

es%,gl';i%eelo?t et Mlt% Igrad I%Etgflglqg %ﬁ?&ﬁgpég&ht Svtiof Bfovitles a method of

e per'hal ogenat ed or perfluorinated conononer (s)

mirgetunag a pérhhlogdnaed phbtgmer dompdsing téagulefinga lalea zempusieg polymer
cure site nmpnomer, coagul ati ﬁ t he | atex, usi ng..an st

Pagtiles HF1pg %@HH’G,COWH%‘F’& a G%G ng a}ge@t, ﬁ@ pgkygpgp%,‘g@es consisting

es\%zlgﬁﬂldf"illjltglgolfyﬁl%ﬁzélafunﬂﬁ&ladne loPRSredRhalBtrdktedTBMmbofiomer(s) and at least

I'ng the Coagul ate atex, and optionally drying .
ortelveresamohernedwhereiathe dopgudation a%q«;ef@medtqs@nnﬁ{y‘sfxee@é Hicgb ions and

rovj ded by polynerizing one or nore perhal ogenated or

“‘@ﬁ hﬁorinatedconnnoner(s) together with at | east one
CUr dn §hdter BEPROITHE invidntioh ponidss wsnetiedi of manifabiugng a perhalogenated

elastomer, such as a perfluoroelastomer, comprising providing a polymer latex with
interpolymerized units of one or more perhalogenated or perfluorinated comonomer(s) together
with interpolymerized units of at least one cure site monomer, coagulating the latex using an
onium compound, wherein coagulating is preformed essentially free of metal ions and metal
salts, washing the coagulated latex, and optionally drying the coagulated latex. In one aspect, the

latex can be provided by polymerizing one or more perhalogenated or perfluorinated
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fluorinated enulsifier and an initiator. In another

aspect, the present invention provides an el astoneric
W@ 0008064218 on conpri sing a curabl e perhal ogenat BCT/US2004/043916

pol ymer, such as a perfluoropol ymer, conprising

i nterpolynerized units derived froma nitrogen- or

nitrile-containing cure site nononer, wherein the
conmhaé&@) td%th%o@gl%ﬁ&%god@' chf Sk m%HérHéP i me@&g, méffh with a

wherein t olynmer is capabl curing w thout

ﬂuoamdﬁdlgmﬂlsuﬁletmd apampysient s and vvher ein the conposition

anox{] %1?0%‘? tr Ia%@leétythg Pﬁe@enﬁnv’gﬁtio@l rév%le% axq nl%stglggr%! ?Oﬁg)gglﬁ?n !:(ﬂnpnsmg

er as I'nven provi des’a
a cuiatite mhaﬂbg‘ehamf ehohatneach emmﬁudmmﬂynm,rqompﬁsmg mterpolymenzed

.pr.ovi a .curabl e .per hal ogenat ed, pol such
i e SO s O P F AiE PSRRI Ut Bolomer s
coa@Ritkd ®fh bl SiTuA cﬁhhg@unﬂl A1) WIRFSITEAE poMHeF 18 ichpablR®f P@tingEithout
I's coagul ated with an oni um conpound; curing the

adding, fyrther corapanprihand \yharFip s remaeRIiqRys £PRALY fr%ﬂfbafﬁ@ﬁ?rss and
metd\Gfi€i N the conposition is essentially free of netal

lons and netal salts; curing the conposition, such as

VI dn hexther aspoct, tho tiventadn proyidesta noathddraf naihmg@rﬂuhemplngr ng
comé)osmol% con%pr%shng% ?Vécilleo I ?r%l%/l% h%haﬁﬁge?gg@&lggg gfch Q¢
perﬂmﬁ@bﬂ)&ﬂidr (Imm’pﬁhlhg thtdrpaljmerized mnIs&Enmd fedrh mcmats&Smbimmar wherein

i ntroductio tal .ions. advant age
the BASTRGR CorgBBlst o Anai GRiRO I RO TS 2 isRalhy withou
addfrgRHIRE Qb FBHentS CHRASH ﬂk@ﬂmﬁ&&ﬁiﬂtlé &kdntially R€ FHmdiRGHs and metal

i ons and essentlallg free of netal salts. It is an
saltgPyEng he eomposiiont ek andp beat apd optipmallyRasheurigy apgor heat aging the
mng{g*{ggualself curabl e fluoropol ymer conposition. In

& the fluoropolyners of the invention
gerensah lagfvahageoﬁ cnp raspeettbf cthﬁmessptewnamdtm pugvideeeehagwationtmethod

saf ety nown f | t ens.
R R e AR ea s ARl PR M s P BA R prousgaspec
of thPPREMRIBH td provide b eurhBlk favwopdytetdimpedtichessantigity fose odinetal ions

t he |nvent|on and the clains. The above su ry of .
andpqs$eﬁeqll§| ofmefalsaltg; & dg My@ta}gg of,gother fl@ﬁﬁg)gq'iednventlon to

pro@h@@ GLdIRGuRAE huérhﬁd!ﬁﬁér%%ﬁ?os@tmo ¢ ARAonOthe BViBoPolymers of the
| ementati on of the present di scl osure. The detail ed

mvgkwe eensrdllyhayeiatprovsi ceraspded andhimprensd seaschygfesy as compared to
kn&ﬁgﬁmﬁ#ﬁgkt éﬁﬁp|lfy certain preferred enbodi nents

r|nC|pIes di scl osed herein. Detail ed
De s@therfeatoes Mid ddvihiegepoftbe mtventmz evill boappasent férh diet fol@ving

a nt .of an. oni um.co g e used to co
et PO B 60 7 GAE (G ADHF RSP 1) PUppIEs of th
dis@¥Rkdtk A6k ihldfdddé 8o dabil@étratdd&mbodiment or every implementation of
the present disclosure. The detailed description that follows is intended to more particularly

exemplify certain preferred embodiments using the principles disclosed herein.

Detailed Description

With the present invention, an effective amount of an onium compound can be used to
coagulate perfluoropolymer compositions, thus minimizing or avoiding the introduction of the
metal ions and metal salts typically used in prior methods. Thus, in one aspect of the present

invention provides a method of manufacturing a perfluoropolymer comprising polymerizing one

-
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nmetal ions and netal salts typically used in prior
nmet hods. Thus, in one aspect of the present invention
w@e@siosrss a net hod of manufacturing a perfl uorpEDUFIB4/043916
conpri sing pol ynmerizing oneor nore perfluorinated
conononer (s) together with at | east one cure site
nononer (e.g., a nitrogen-containing cure site
or 1{1@@ P&ﬁﬁ&nﬂa&d@ﬂm@ﬂdﬁ%f{é?toﬁ&ﬁér%h% {estdnt LM@ El'tmstﬁgner (e.g.,a
firer and an initiator to forma I atex
mtrb@n@nnmmmgw@rﬁ sito apobmeR ¢h anquenyh mediimyich oflugrinated emulsifier and
ef f u n tQ
an mma orf )J“Th(i)sf.llﬁl X 153%%@?@#%%%%%% edof an efffegfvg]amount
of aatbl’gaﬁw-edlum doh1pmlmi maﬂonned)ahlated egexa I”ﬂﬂllsmhgilatmlob&atldrt is achieved

erall. erre avoi d roducti on
with Byl A el Mpefnt ores Sty S Ueme R MERRA AR and apittustion of
metAf ibRY and YRl lsAltsivith thé Pieseapmgettioh e a fibidoruliton)As BRGuRRE latex is
or nore tines, and the washed | atex can be dri ed when

washed piee mothiimesyarchthe yashedaescan e died Wheadetiredg This gypshing
rerx{ob«% aﬂghyﬁﬂgﬁ%ﬁbﬂ%ﬂd) i a%tlolnrbr@cré%t hﬁﬁno@l@@ﬁ#b%ﬁ%mt tthg fatex can

atex can repare ove except via a system
be wefasddan tab<adeleycefpt e a@fstdnh enbstantzally dree nﬂﬂmrfnafed emUlsiier. i Fhat is, in

a syﬁgnﬁlav% o*geaI out'bg_ﬁD %y)rggr%i’lerabs% belt%w aﬁouw h& 1o sometimes more
preferabiyeieiivt gbobe(b dwtald hliﬂu&:lrﬁtedite%ﬂsiﬁﬁ Sllldh@tr slyﬂah @thy have even less

emul sifier ven | ess
uGE s PSS i S AT G Eltw et od B o b 0981 gheven 2o
aboalf effbclive A8duAYORREMb-RiBDIompRinEN/BidalBh&ans A'Ibvel of onium that
ef fective amount of organo-oni um conpound typi cal Y
coagdatassthe per@yetopelymerip the depirpd péquﬁLgoagggnst far example, a lower amount
malﬂ_gciagélg(tg bl lgrgFéFﬁélé?lt B nglgiﬁfié ?qu% tgrgé; 4 gfeg%eg Qggtkr& %lg@ ﬁrgé goagulate
butedafyiadd emtecdsyary expengei on gpaprogselt fn arm,rﬂ@r‘gxoémmee ﬁhaacmcﬁrwithout

B T

at leddeibbiton@ 2 mmbrpedd 05 gdies dﬁi}éblpﬁeﬂ (RGle R $ee §Iefzmly A (east about
character. Cenerall an effective anount is at |east
3.5 gl oTEVEBAteatAbOR! %%mtloolng)mﬁgspa?t§» a8 affmF awﬁwr“)preferably at
leaé'{gﬁ(ﬁlt @Erﬁfllﬁrt@%dﬁt @Bmll}ﬁ"aﬁ otRRAsect3; 2 MEtve a%ouﬁ‘*i@ﬂreﬁ?ably below
| east about 8. . In other aspects, an effective
aboatriﬁmtnhr,anm e@@r@m lgﬁltm abogbt mabout 4 nmmhr to about 6

héercg 851{:&{ of i) gste[cft iagéa%%éo%}%lggsga %?%o eé% ;o%)é}ix%e\;v

cor;qhmﬂg nflrﬁrprﬂj?hmrlze'ﬂhﬁlts: derped frbmarcucs site Immpunens élite composition is

i nventio ri se abl e rfl uoropo
esstrgHY e St e PRl p e R OB of et
invéntiof cHRPERE R selLO@a1® pRASIrbpNIndreoMpSanY intkpotyrhidred @fits derived

netal ions and netal salts. In another aspect,
from@rAdiergenicoHaiBME CHIE SEP BSBITRET; S¥olbfR 4 %Wl%éfmﬁ%‘?@% gurg site- monomer.

I

In @ﬁtaépregtgfh@ ﬁugegg%ﬁ?{ %ﬂ%&%%@o{aﬁ?&fﬂﬂd&%onal materials, optionally
incmdtngcagemlw attidugh thg perfluerapplymenwitlonwer witlgowe inddarsg aacuratlve

th ell;llfj e&r%sggtf,lgxlé%lpglﬁg},nlflabgnf?lg)ropog%%gsqﬁ%%%é nr{te%q:c]) ysmaeasgcfe onﬁt’s Ider1ved
frofifat @t stk SonOfAk aihﬁﬁirb&rab]yc:itl]ﬁlsﬂg'o@nﬁupﬁtmanemeﬁl Ehmupjbs of

the perfluaro ymer will cure w thout adde ng a vl
suifable gfn}d\ygltes for the prmmpal monomer include perhalooletins (e.g, tetra uoroethylene




10

15

20

25

In the present invention, suitable fluoropolyners

i nclude interpolynerized units derived froma cure
wardos/oennoner and, preferably, at |east two prPeTUpEN4/043916

nononers. Exanpl es of suitable candidates for the

princi pal nmononer include perhal oolefins (e.g.,

tetrafl uoroet hyl ene(TFE) and hexaf | uor opropyl ene

(TFIEI'IErI?I)I)exafﬁI&I@IréHyIénE km)p%mbwtﬁﬂn@)r&e%l%@ é CPE), and

erfl uoroal kenéet hers (e.qg., perfluoro(alkyi vin I?
per oh@rl@n@qu)@rgt Ipgtluerosd I'odfqnyv ueﬁLmS)anépﬁ perp(alkpp vinyl) ethers).

per]IIII pgr%%% ngi%fifdgﬁxgﬁglpﬂg%/ iggIefér&hPﬁe?ﬁ\ﬁIrﬂlQ %Ie élgtlt ofgn c?ntams at

dorin n contal ns at
leash %amoﬁ(Empkerpee:nnt (fnob?o) of itsifterpolyment ek ynits verbred fioch TFH, ICIFE, or a

ti th
corrgngx{a]hB?] efe}g %Pﬁg)ggmﬁgu&fﬁ@Pbgﬂg I%Igncl(gf% III’? ér?t(rer%olfymerlze% units of
the péﬂﬂﬁmﬁi /g/rrfar(ua es0unbIts) @mptie opebf hoke rpeﬂmbwmrny( fbr$)@nd a cure
rises one or nore perfluoro %r@ %)é
sueé%l@mglj (aaﬂ%fcgbe@lhe@WQI fhe %mﬁél?oneﬁlgr Bakss up Pl to about
5 mEh% (ﬁfafeepréfeiaslmmt BKLHoH hb0%) @I%Hy%olgnélr to about

Yo (nore "preferably from about o about 2 nol

% Sorﬁtaltlheerﬂmnynmd virglptherb inslude thobe efrthaieraelayi ny |
th I he f I CF2=CFQ( R2f O
I(BRSeI?) I)CII'LEQZIII‘CIC? 2&7{1@ &I) 4Ref gI] Raf are t hg same) gr
wh&gig RdI antI %tIIe si&6r aq dlI?iI‘e%HPIIIh%SIr dpﬁ%;ant:%%rp%ﬂIlISYcIaﬁ&Ene groups of

on a
1 6Icm&9§c8ﬂ§‘*r§4n}d’b aQe %deﬁéhdbrmye@&r an 1ﬁt@é@r¥rohpl b0ro; mﬁlsf
is a perfluoroal Kyl group of 1-6 carbon atoms. One

perfluabadkyl grbup lbofi 5% cafbopetofrsu One)()lafekrydi classrofipyrleditoéailgyl vinyl) ethers

. jncludes conp |t|on of the formula: CF2=CFQ( CF
‘nCIEEﬁl‘)‘E@S“B??AI’O"(SIO;I‘ fn Xis For CF3; dis 0-5 and R

f is a perI? (ﬁabl%(lq)%{ up of SID6 carbon atons. More

a;eferre f udro xlnyl et hers are those

F 34
g S L Sad A RSSO b b, e s v
e Bl Pt G B Sh B RSB TR Ty 0
FoﬁIIuII)y :H%j d@gc {B5Ed ab%% fd i¥8% §’I c{l@éIzh Riéfinﬁj )angtli'AI E?ntzﬁﬁkdl -3 carbon atoms.

oro( propyl “vi nyl r use

Exa@x?ﬂlésI of @ﬁdh@?fﬁl@nﬁﬁé@éfﬁé@ incR§é pdBudrb@tnyt 9 RS p&flu&rh@thyl
f or mul a: CF2)e(CFZ)thR4 (I) ereln Rf is
Vmal) pler IW&HIOWPYOQY oupyDrs#er-ng 1-6 carbon atons, e is
th& lIS pﬁ?ﬂuth d %oﬁom@r@ ﬂncédk fhoE %%is dF E&f%ﬁgg
fis ,

ers O ass are those

e is 1 QF,2cF8 (CF;;_)O(C(P"Z) LR haip 1. Addltl onal
per fl uoro(al ky I IIer m)nomers useful in the

wherem%fls perfﬂl%rolélﬁ(?d érhl?psﬁav%g 1t (IIgarlIO%ra%IIlsae is 1-5, gis 0-5, his 0-5, and Z

is F or CF3. Preferred members of this class are those in which R4fiS C3F7,eislor2,gis0or

1,and his 1. Additional perfluoro(alky! vinyl) ether monomers useful in the invention include

those of the formula:
CF=CFO[(CFCF(CF3)0)k(CF2)p0(CF2)q]CiFar+1 Iv)

wherein k is 0-10, p is 1-6, q is 0-3, and r is 1-5. Preferred members of this class include

compounds where k is 0 or I,pis1-5,qisOorl,andris 1.
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CF2=CFJ (CF2CF(CF3) O k(CF2)p(CF2)q JCOrF2r+ i (1V)

wherein k is 0-10, pis 1-6, gis 0-3, and r is 1-5.
wee@sosaesl menbers of this class include conpoPETES2004/043916

where k is O or 1, pis 1-5 qis Oor 1, and r is

1. Useful perfluoro(al koxy vinyl) ethers include those

of the formula: CF2=CFQ( CF2

)¢ Il ARG BRK nclild RS EhOobmig, -3, U TS

and x is 1-5, preferably 1. Specific,
r epr esepir)EMECFS) AR Qj‘ cEs®{ulFRe{ f | poy o(al koxy
vi nyl ) etgierps@(l Rl (ki e 2CF2CF3,
whéedin FQECX;EZMSW iS-2 o QCF 5 2)rafexably, 1. eﬂpelmfﬁ.‘:'—,&e]ﬁEﬁ]Etlve, examples
2CF20CF 3 . Conbinations of erfluor é gyIFV|ny )
By

ofue@fnlgxesﬂt@rmalb@ml@d}%beﬁ welklfgie F:erFPC@tz E» mayl bg

=)

CrrRBera e o h et st ok F ORI R Tbe n R 1 e
f L@ﬁﬁ%tlgﬁs g@ﬁfu“d(‘eﬁfc}q Qf“ﬂﬁleth@fs ahd E&ﬂgorogﬁ&)&? K RR]) ¥thdrs also

to 3, carbon One exanpl e of a use
nmjbm@m@polyner i s conposed of principal nonomer units

I]zerfﬂ ! ?ofok g.%r& gfeetﬂll'mn %@?nx%ﬁtﬁonQBcl{x&Qﬁése QPfhe foxrnula

per copolyners, the
copol ymep zgﬁgﬁprfluoqvgated ether units constitute
from about” 10 to about 50 nmol % (nmore preferably 15 to

whgt@in B} is Huohe dralpRHIVSRIANTESS 1UDi8] Srefef28BEING 3| Carbdieatoms.
pol ynmer. The perfl uoropol ynmer preferably conpri ses
f r aoneah@mpleQf 4 uteduldhottpoymebis cOmpdsedoff peinsiphlemorameretits of

th fl | b t
ORI PR G0) S HBOA PR B In SHFOROROFy te
coﬁgﬁ{lﬂk&%eﬁﬂ%mhﬁ:@&hw vnls @h9EtR froRf atBhETNth ABoUR SVRRI S, (@lore

lets.” In addition, one or nore other fluoro olyners
pre(‘wvﬂnl)c}ﬁ tmd§ moh 84)0f total monemeninite PreEIoIn AePAlymern

perggc?rg do }?}%e\’}ﬁ)ptr{fergﬂﬁ c&l'lﬁr?%eg ﬂol:n)égt‘ﬁft O(IVYQ h&!?lt Kol W%&&‘?te $honomer.

ymerized units derived from
a NOhe (ﬁgﬁﬁe othat Mdmmgfnmmrma)sbdlacqn}mnaﬁbmto tBe Bhoropdimner described

ab ({Vlﬁ,(liélg&g vtl%lggréis u%‘%ﬁzlflti:)hwﬂlh ano, efor 1%2 r(L&oProw O{%Olné eIEs In addition
onédtGndz® BREYARESpoBRARY (whildhGndylifclndatons Qﬂxh;siﬂé&bpdjaderd)’miﬁbe blended
ment i oned above as well as partlallyfluorlnated

withdhe- fluorrpel vt Eehishiay GomRrse R FOPQYMSH); e¥ing %?W%wﬁ‘b’feé units
r?%h %ﬁlt{ rﬂtrl)éég I Bt MENR B ToRImAN Gubldther fluoropolymers useful in a

tetrafl uoroet hyl ene-perfluoro(al kyl vinyl) ether) are
bleud add/dr cofdipnertindudefthese kopwo inriks 41t }nch@ylgﬂ)@m@polymers and

co;? m%r%gq@%%g ng{erﬁoo! 9%?d 1\9/12% n#eﬁ%d%%% all():OSI? lés well as partially-
flubMMQARE néiHlidrnated intetpolymdezad @aitd. | Roe exsampds pali'wpaﬂubw@h)éene
(P’ISFeEl) ?ncl:é I(?IQA (tetrafluoroethylene-perfluoro(alkyl vinyl) ether) are useful. The other
fluoropolymer(s) may be a perfluoroelastomer or not, and it may lack interpolymerized units
derived from a cure site monomer and/or may include reactive sites adapted to a selected
curative system. For example, two different fluoropolymers, each having interpolymerized units
derived from a cure site monomer, such as a nitrogen-containing cure site monomer which may
comprise a nitrile group, may be blended to provide the fluoropolymer for the present invention.

Another fluoropolymer may be included with the fluoropolymer of the present invention

along with a suitable curative, such as described below, to provide selected properties. For

-5-
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curative system For exanple, two different
fluoropol ynmers, each having interpolynerized units
walesoswest1s rom a cure site nononmer, such as a PCT/US2004/043916
nitrogen-containing cure site nononmer which nmay
conprise a nitrile group, may be bl ended to provide
the fluoropolyner for the present invention. Another
CoUGE N Sdd 4 Rfoxid £ included
exal% 8‘90%% nt giﬁﬁa\? gﬁﬁ Igen&&?”on{:;ﬁ[l\éwl&t h Ig sﬁleuégﬁﬁgg Hé% metde
to mpmaé d:hceucais stdhlnas Sdeschleisiedn be bswl/to baiaqgc theithiemsleitabilitednd the
oS B AT P U1 B LR P AT Bn il BBl G
curdtived 18adayl K isbPlo@ue: aeHd of @hoﬁb(aimném hy\zmﬁlﬁ&hgcﬁu dblnﬁhﬁing cure
can be used to bal ance the_thernal ? 'F\bl ity and th
site spBpMEs WidPBishe peed tyinclpgee funropobapgr laskiag g m “‘8?‘%““1% cure
Sltemoﬁglow de economi c benefits. Qther curatives also
e used to cure a blend of fluoropol ynmers having
ni ﬂiho genflugronelaingi(f) daving eurs piteenonomstatefeiablymenke up grough of the
ive fl 1 that
ot b B35, ek BRT, MBI AL By nuropolymc
lack3elief doufpbmpmi yfithe pnesenhmvexmgn clinie apping isrgenerally a least 25 weight

pertspELR: TR CaD ehERIEY E bt 1 (P By PGB pasiton

of thd MO&f@RR! ymer that |acks the conposition of the
present invention. This anount is generally at | east
25 Theipgrfluorneplyaits of fire ipgentiofaremadeia kagsyryrolites. edst fe5o
CXC%IOI{Q Rr e&eﬁﬁplé AhA ol rh RGP YT cah Be EfBe L AIBY FebkAAitaDf
e I nvention.” The perfluoropolymers of the invention
polaneizateteofithammueans Fscutagesounsmylsian pelyynenaatipn Pisg sogen
t he pol yn [iz [
polwer?z?lécéd inag o Plch vf/nr%e ?\{'hzeg ?lflgrﬁ&%%%%hbqgﬁs Qr% rg%és}x;ed aegrefgi’gble route
of i€HiERAL TNkt Gigh blepdihy MR flus@polgmeniati@s uﬂhs Gﬂldzdtedcrﬂltlo followed by
olymsrlzatlonln an organi c.sol vent fied
coagvlamw& piikg Witk AgPresrd ysrlignethe °3aga}a&?‘é9%€6?t@“r‘%‘e}?%‘ lec as

deselflgegq,glregpr ation is through bl ending the fl uoropol yner
atices In the selected ratio, followed by coagul ation
andl }@rtytunfgand\phq ehnqqnéoquné SEYPS Qrﬁp@tﬁlflﬁl@ﬂ to thig guccess in curing the
0 Red,bess
noREBRLRS ERSERLhCRs! ApARE: 04 yte deesied ekchin
gerefatddlbgzah atnenohiven paudfae APS) /csutf'tmxylttatoe s¥stenm 0o the potyoreemgy

corgan %‘B?) %)\é%g(}:l{gg ggnebagr qul)a%flgngﬁg}mgWr sv»ol n?n%ﬁ'] fgug)E%eu on}%r can have
“neu™iBknd grousf & & Sthiokd dehérhed by ihsuggaf fubrdsti€ingte btydﬁ’gdimdfrﬁefomde
contain end roups generated by, an @PS i nitiat
iniGaFSaIFTT QRN FAMSIST RS SY BTRIneER SRFGemyaerhiea fhe mippger of end
0?Fsoups e.g., those generated by the use of
uorosul finate or organic peroxide initiator systens.
ChaTle qureasmtsfcempta’geh pscupd sitgagonemar aldews ae dhpure Q’QIPFIQVOTOPOIYIHCT
t he nun‘%er of

of {he present mventlon one emb%ﬁ%ent, at least one cure site component of at least one

G

fluoropolymer comprises a nitrogen-containing group. Examples of nitrogen-containing groups
useful in the cure site monomers of the present invention include nitrile, imidate, amidine,
amide, imide, and amine-oxide groups. Useful nitrogen-containing cure site monomers include

nitrile-containing fluorinated olefins and nitrile-containing fluorinated vinyl ethers, such as

CF,=CFO(CF,)  CN, CF,=CFO[CF,CF(CF3)0],(CF,0),CF(CF3)CN,
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groups. The cure site conponent, or cure site nononer,
all ows one to cure the perfluoropolynmer of the present
WO poosnsdzes. | n one enbodi ment, at | east one cuUPET/B51084/043916
conponent of at |east one fluoropol yner conprises a
ni trogen-contai ni ng group. Exanpl es of
ni trogen-contai ning groups useful in the cure site

iRvERt A ' ni ile.:
Cr R RO R o CRYESIORE OEHID Al rtrenc
thedd [f&idas, ILJSZ%flg |q=()1-i41 =Qoge p—@e,rtt=a4'4mnalgl=aw EReia'tds@atz[fﬁ/B @R&Ehdes of
i ncl ude nitriIe-containin%agluorlnated ol efi ns and

suchpuyre piteemensmiead inflde EF a6 F O 28N ChyTCIER (68 OCE({dh) @Y, and

per @%f@é%ﬁ%‘@%? GBS or( cF3) ON, CF2=CF[ OCF2CF( CF

3) %Arﬁ}@i:a))ﬁaﬁlhl cr}t&l’sde Wﬂu@ﬂ)lm%&)mﬂtldﬂ'he aeluoiopolymer

reference to these forpulas, L=2-1

or e ocporse: e\ Copg R kDl AP E B i
per%?bg&é&ﬁe%&%?é&%&%if m'af‘Eé M@t il or5lyafeNchain and/or in a
terpiaglipositietd (Bypigphin THy bmsmeﬁ iiehine | Copglymeriggtion is preferred to
lntTOAﬂl%E h]% haﬁ)gért 1%@1' p%s@igrq Soft % % Rudt Rhailf Sﬁlftfﬁls rdn{t]e tclrgglectlon of the

present vention uor opol yner or fluori nated

ﬂucmmmmmr comp@rena Irneotmted |ah¢wgr@mhﬂvirmg evithtatsattablesflgaimated eure site

of participation i i de cure reaction. _Such
mome@géwmowew@é@m?g L g erp E’ofF‘B‘b em 1P RO,

CF= Zb‘fvé?ﬁelﬂ f i§ Pr Ig%ﬁglé a%ﬁsn{&t{;{' | Gt un. %ﬁ%ﬁf‘tgatﬁd& h&oﬁ%ﬁe e, which

may B‘é Pkt Ralkd @n(hﬁll%ﬂllﬂ Shedr ROTI dthe? BxHleR Bﬁmﬂ andx is 0 or 1.

fl uoropol ymer chain hi this route, a sel ection of the

Exaniplesros hs|byerae- o indio flearingtesrelefinpinelide Benprodifuorocdivisnpe d
bromomu&o%fﬁgfea% Lo ﬂﬁ‘afdegf'ﬁeﬁé* 199#6:80- 512t L ROGHREne, a?‘h‘lq]bréTno—

nononer can ecte or exarrpie omthe genera
3,3 fidtaud fuoBbRfen©X - an@ﬁm@ﬁ@ aswredlrag bronjo- josioBe- fyorgvinyRethers sech as:

B GHPC-y eIt OEor ROt Ry i (IR ¥ Gpor—cry

the FRE e RD NRh-RENGE 5%@{;5 n@cfe,do?é fg g Q{nyllbroﬁmgn{a 8%5rdfio-1-

brono- or 10 ori nat ed ins 1nclu
bmbmoamdnﬁ$wbroethylene bronDtrlquoroetherne

a5 05 BH4 ol B B Sy OF BSOS mer
genbtaklﬁ froﬁSabwﬁg:OZS?IS:E&fclg gﬂrol oF C(gtzcgﬂgeoféf:dbmm onyb 2 etdien)s

such as: Br Br =

Br GHIECRIEGHS EYRROEDt WW}@Q@WS@HW # fuotopglymer

chaf. S@lamnt%stfe} é:é%ﬁﬂs %’F‘fnﬁgitcm O ud th RHRuR! RS hdlSzen $n Hterminal
vinyl brom de and 4-brono-|butene, can be used. The

positionu fieneyhllys a seitabletchaio Glapderagent isrintsodyefiin dhearesrtign glediupyluring
po@%er&tﬁeepg&lﬁgf?ro&ﬁg %H‘?Jon{as u%%lg n%a%éé from about 0.05 to

nor e Yera rom0.1 to 2 nol 9.
Theg:Gip@es HF bR i ORI ﬁﬁ[ﬁfer HQe)ﬁtsah(SﬁHeQB&sld haviflg the €orir@la R Aalvherein

posi tion of a fluoropolyner
Ry is a substituted or unsubstituted C,-Cy; fluoroalkyl radical, which may be perfluorinated, Z is
Bror], and x is 1 or 2. Specific examples involving bromide include: CF,Br;, Br(CF;),Br,
Br(CF,)4Br, CF,(C1)Br, CF3CF(Br)CF;Br, and the like.
The perfluoropolymer compositions of the present invention are coagulated, at least in

part, using an organo-onium composition. Useful onium compounds include those previously
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chain. Chain transfer agents or initiators can be used

to introduce the halogen in a termnal position.
w@emsned2liy/, a suitable chain transfer agent i SPCT/US2004/043916

i ntroduced in the reaction nedi um during pol yner

preparation, or derived froma suitable initiator

Exanples of useful chain transfer agents include those

desc u‘ﬁs uzbs%ta{ap'gtts é)g El%ytll\%aﬁg%ﬁ j @Jrgél#lt(d%fer e SmpostibAs! Mt‘l'lttﬁedprgient

uor oa radi cal, which
1nvehﬁorp guchlonomi cxatpedndszré mclBdedon the, comudiatwn |09er_a,_thg1|; yex this leaves the

matgpf el Ie%g?n)i( aegf %\@% l Vrégg%eb rcsggaﬁlue ! g%r_s%g%)\ﬁ%égﬁ&ntaéeously

with th@px'ebéﬁe}nvéﬁiﬁnpﬁétﬁll gdmsr eﬁﬂ@ﬂlejﬂﬁij’ns @mumﬂsdetSam'fer m‘agulmn This also
present |nvent|on are coagul ated, at ast i n pa
ene g ERGERFG SONEL RIS RS (T B el 8N G BRL- Ofcourse, no

metﬁ%@%ﬁeg ShehiGleHd e HOR&eRE WII@H $b YRE$CAre herdas

sts or tcuratives use in fluoroel ast oner
co mpm dmh@dgnenwlnerpmth@“pmé&le% psefud jmthe pEssent ElYERIGgipgivdes 2

(mnvggg@ﬁggéﬁﬁg n&nf%HQﬁg in the coagul ati on operati on,

e material uncured and sel f-curable
when a RibFdgen- qemyai ning cure site is used.
Advant ageously with the present invention, netal salts

andn Fefnalla VINQ isptesphorums €R)ssulfyr d’SCb,rnlta:mg GNRBiseric (A% of antimony

al so enabl es rfluoropaql r h it e
L5, SO0 YISt ) RIS,
or a‘ﬁ?&hﬁ%%dpq{avﬂg %ﬁl ORNOcalbbY ateme. MEMaRiISA IR/ caltteRubkituted or

are included. In one enbodi nent, the onium
mmd@ﬁ@@@nﬂwn§@ﬁdﬂﬁmﬁ“ﬁH@“%¥ ent |nvent|on i ncl udes a

ound havi . .
For |a30{}.1n%| s p OSp 53?4 Cigg] Su’l {dﬁvjh@remR 1sa(C

foué ni trogen

Cmtaf'%}i ’?tgez‘l?lg)l @%)ay be Etflﬁ%{e%["yns(l@@l}utecﬁ ﬂdoﬂﬁ'lalteﬂ oPRenflddfifated. In

Each Ris |ndependently, an
oneddspett, :the@fr@'fhrred?a’lﬁids ylfe hydlrox@bsk enjzd)xy@pt@uapldl'a@mxn@s from1
to 20 carban atopﬁ ddi.t
mglude f

or Rrr&UBLeTIME PR B g0 i Rt e
Th%ﬁﬁ Cblﬁp(%ﬁ[dﬁléhﬁbé/blﬁcmd Biprep a@%biﬂﬁ@npwﬂ'nm or

wherein Rlis a C Gioal kyl.. The alkylaprou nag F
subAs isknewelinghe arh oD IoERAPQ-QRIBE, is the GRvai asifl Qfya Lewis base (e.g.,

phos?}mu%,l lﬂgﬁﬂen% lﬁdlef]a N&n B RRfLa byt @ﬁ:tlﬂ% ﬁfe@e&%a@@hﬂﬁ& suitable

oxI des, carboxyl at es, oxi des. Preferred
alkplmmgngentr(agu dlealkﬂd‘@hdam@pyd |hm11drq) resulypg @Ca{n@ggpafnp@mogthﬁ yplence of

theﬁfﬁp %xé%o&gp 1& th R négx é,gpves A a%@a%gm\?eséh%%g %nxs?erbr 0- onlum

own nea own
coxhﬁbu‘hﬂ eThd ﬁrefeﬂred Oﬁg@ﬂﬂ@mﬁﬁ Icui’rp(luadst foethe cprqsctg artventzm qdmtafn o least

Lewi s base . phos e, ul fide
R R eoPhIe P8 Ao G At
sui f)ﬁﬁ!:]?ss%lf KdhAd- bﬁ]gmégﬁ%un(i@ngﬁeulﬁl’jf wabflin thepresdt i@vention

acy resulting in an expansion of the val ence
braaflly comprises relatlvely positive and relatively negative ions wherein a phosphorus, sulfur,

or nitrogen generally comprises the central atom of the positive ion, and the negative ion is an
alkyl or cycloalkyl acid anion that may be non-fluorinated, partially fluorinated, i.e., at least one
hydrogen atom is replaced with fluorine, provided that at least one hydrogen atom remains, or
perfluorinated.

Examplés of suitable phosphorous compounds include tetramethylphosphoniums,

tributylallylphosphoniums, tributylbenzylphosphoniums, dibutyldiphenylphosphoniums,
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the el ectron donating atomof the Lew s base and a

positive charge on the organo-oni um conpound. The
w@r@sesa2egl or gano- oni um conpounds for the prespOr/uS2004/043916

i nvention contain at |east one heteroatom i.e., a

non-carbon atom such as P, S, or N, bonded to organic

noi eti es. One class of organo-oni um conpounds

tetrzﬁﬁ%ﬂh% h%mués Utﬁﬁxfltg{(z Rl pRISBRBLbAYAAT | on broadly

es r positive and rel atively negative
mphmmemymhemhomuph@sfb retrapienylphdsphgniunesy: Thieserphgephoniums can be

S Sl PR AR SEH Aae S 8 AR

hydﬁﬁdldis | t@ﬁadll@@bhd’fpb/onhﬁn flRoxidds aoy préﬁtrﬁﬁ part ially
fluorinated, i st oneﬂ dro en ato n%l 1
r epiuafe@amwowdaaﬁfﬂén ﬁwavin&g'a af Rl ope sl g fonically

ass AL OGRN PR 4n@ ¥B alshily 85nde@ tdf thiee Hgﬁﬂf‘c @ibietleX AUPbESeaE of
sui t abl e phosphorous conpounds_ i nclude

Carltcetﬂubfweqowpmtb@s@h JhesgreEganicrnaigtioy can beytheysagesti diffegsns, The
R e S s WS TS

(CEPL—,D}SH* 04&?%“"(@6@39 ¥01-, RO BYd mﬁbsdhi’ﬂb‘ﬁlsurfﬁn covalent bonds may be between
enzyl os honi uns, and

thep@bmam@ﬁ of qoﬁwgﬁérﬁauwowmegeﬂﬁﬁb@ﬁwm ¥ be g fetgrgatom in a
Cycn%g;u% des, chlorides, brondes, alkoxides,
enoxi des, etc. The tetraal kyl phosphoni um hydroxi des
andA tisy of. ahllfgdlurp baspivodd usefubinkbxprasest inventipn efesalisdiving the
f u]ﬁfonl um.conpounds useful in this invention have at
Ofid4st one sul fur atomionically associated with an
ani on and coval ently 4”RInded to three organic noieties
(R) by neans of carboh-sul fur coval ent bonds. These
organi c noieties c{ali‘a2 be} the san&Vid) different. The
sul f oni um conpounds maly have nore than one relatively
positive sulfur atom . g., [(C6HB)2S+ (CH2)4S+
whér@@é@hz}}\ cAlbe the A Jr\WiTfeRdnt, tpaided k0 B 1844t dnérof fs‘ﬁbhéﬂr@@% is

bonds nay be between the carbon atons_ of a dival ent
aropratieaand sueb igequps cdn, b selegtpfblianp Crbo ﬁ?@hﬁlqﬁa%%(eas ibsituted and

unéﬂggtl%t cﬁéj}% lI ik ICX&i fu n§l§ BifCE UES alidt GhidRS Phe SN f*é?lma}é%clude
nds usetur "in t present_invention are salts
suusmuted glktyhedxﬁ:ds ey mubszmedts $uch Roha®gen, (hy)kowFalllsoxmryl) Z is selected
V\’h d " )
ol BB S0P P SRS, Shefli RSN s B

ber%o;qu&é) Cdacgrblgﬁ tégirg&ltlﬁ)(dea{ngm CA-C20 aromatic radicals

~CR*R’- where R* andtRUtafe selected from hydrogen, C;-C4 alkyl radicals, and C,-C, alkenyl
radicals. Preferably, the sulfonium compounds include at least one aryl group.

When Q is nitrogen, the preferred positive ion has the general formula is [NR']" or
[HNR3]+, wherein R is as described above for Formula VII. Representative quaternary organo-
oniums useful as precursor compounds include phenyltrimethylammoniums,
tetrapentylammoniums, tetrapropylammoniums, tetrahexylammoniums, tetraheptylammoniums,
tetramethylammoniums, tetrabutylammoniums, tributylbenzyl ammoniums,
tributylallylammoniums, tetrabenzylammoniums, tetraphenylammoniums, diphenyl

diethylamino ammoniums, triphenylbenzylammoniums, 8-benzyl-1,8-diazabicyclo[5.4.0Jundec-
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unsubstituted phenyl, thienyl, and furanyl) and Cl-C20
al kyl radicals. The al kyl radicals include substituted
wa@bdéoglocaagli cal s (e.g., substitutents such as hedDYSI004/043916
hydr oxy, al koxy, aryl). Z is selected from oxygen;
sul fur; >5=0 >C=0, - S2- ; - NR'- , where R' is aryl
or acyl (such as acetyl benzoyl, etc.); a
7-efiAhE 8P R FRAN AR phasp &Rﬁ%sb [dpHayiand RS
“are” se;%ctgd f?§h1h rogenom%:- m iﬁﬁfﬁalcals and
pho@u@nmlkmmyThqsaernmamsms F!melffeéwé@kgdes chierides| bromides alkoxides,
phefi] °§egcgso Gt ioh s AR R ALK v%aﬂgﬁlggwgrogﬁm
prefeedrul a is [NRV] + or [HNR3] : vvherel n Ris as
descrlbed above for Forg&la V.. Re ent a

T B O S BB AT BB oo B G gl florid and

tetrapREhyiBoR BARYoidé.met hyl anmoni urs,
tetrapentylannnnluns tetraprop IannDnluns

t etQverdix e éﬁﬁ%lﬂwlﬁh%sP QIETR SETBRAVYSATR BN }'ebmgferred for the positive ion of
megﬁhggnethylannonluns t et rabut yl ammoni uns,
utyl benzyl anmoni uns, tributylallyl anmoni uns,
teﬂﬂabeazybannmnnmnsmnmemwa@n@hymaﬁMdnMdﬁmvmumphenyl

Theg)lr%ctélh%g)sﬁd[n cr% (g %1'%{)3(8 Bie ﬁhﬁral[y,\:)c% rrt?}/megle a%i"[“ ﬁs Wik Aldrich

Chdngieady) IMilv ke, W) hmha;rmerméparﬂa@s khownh pmassedusersd
bi s(benzyl di phenyl uns. These. amo

uns .
carih Bane BB he i BB ey gl BE et HFRbien del curng in tha

no RRARRANI cHRBivestesd bgddﬁ@ﬁﬁlQh@l%‘iﬂﬁdrUﬁ)b‘nﬁH? €an be cured through heating.
t et rabut yl anmoni um and tetraphenyl anmoni um are

In spme ﬁ@b@fb@enwwp@m@ow ma) be shECUBnfYet Ut VsH A pilded to effect
dlffegpts uhﬁ% l:ﬁé?s f Iﬁ'b%{]s?ﬁ%/?gﬁ Hﬁey g/t'ﬁg gﬁ?érﬁ@%@mge cured elastomers.
t etT}mallrlkc;dtlph usphﬁlhinmn&pannmﬁumnwlmee compasitpnsfsechrasd f or

itive ion of st. M xtures. of
ﬂ“%?fg%sgf’é"% R | B%’ﬁg rgelsﬁt%%erﬁ%‘gf’?ﬁ““’“ﬁ irﬁ j Quoropolymer
conhpdYiEiBhd ¢The ihtiéhtioh B WERatiSly des 6f mbaikaRdMdendildons. Such materials
commercial |y avail abl e from

%ﬁgﬁ;allé é@i éldrlch
litypn thediglded hlgW[)urlgzrﬂq%cgpo ¢h F}gﬁ]ﬁ?tws or RABRJS: in the
senﬂéd?ﬁ&qw 23 whéle SRIBiBIRRVLNRBI & beldBRinR@tal.| UOr Opol yrer
he present invention is self curing in that no
ad dEi)lm easviaid advardagey efshis dnvdntine asgitethieralieptrated by the following
exal] f | W) rtl?eo o'rtyc ular m%%?l}g? Gnd :H{\(ﬁ.ﬁnts tﬁérgd‘fg& IE(? ﬁ”hf;k% exAnQplec'so HEwell as
Fent s, e pertluoropol yner e se curin
othyxeionmtibra;tanu GStaasr shoatttked bé constriedad umﬂull}f lémie kitis muernitiog.
characteristics and/or effect changes in the
properties of the cured elExamplkgrs. This invention is

useful, i.n preparing fl yor.opol osj tion
as Ihe indicated results were obtalilned ugmg ¥hn‘?fjc;llow1n test metgod% un?ess otherwise

noted. The test results appear in the tables below.
Test Methods

Cure rheology: Tests were run on uncured, compounded samples using a Monsanto Moving
Die Rheometer (MDR) Model 2000 in accordance with ASTM D 5289-93a at 177°C, no pre-

heat, 30 minute elapsed time (unless 12 minutes was noted), and a 0.5 degree arc. Both the

minimum torque (My) and highest torque attained during a specified period of time when no
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fl uoroel ast omer conpositions, and perfiuoroel ast omer
conpositions. The fl uoropol yner conpositions of the
WO pospba2es are essentially free of netal sal t sPemnuds2004/043916
metal ions. Such materials find particular utility in
the field of high-purity fluoropol yner applications,
for exanple, in the sem conductor field where netal
Pl s e P T oo U g were e ime
for Y {otrg\ﬁ {)ﬂlckeg | NGhiR%BERINES (T tﬁ@t‘?m@ﬁﬁttﬂectHJq@E to reach a value equal
S an anmounts thereof recited in these
%ﬂam@h@ﬁ (YRI5h)2gndakdmne RP Iditbriqan® redet Miet aio(dy — My)
ould not be construed to unduly limt this
Cﬂh%Wkntlon Exanples The indicated results were
n -
Pref i emP Ty M S A30n 2 mER AR Rp IR Pyl roperty
detd?@irauon ﬂ_}e;‘ir&ssMgtahﬁmﬁt €0 Mgt PesohliP2) fhess mimeesart t THComless
uncured, conpounded sanpl es using a Mnsanto Myving
othqpse RAEGEt er (MDR) Model 2000 in accordance with ASTM

Pos? §9P1%g§acu"f’éd sk éf; shébgs Wer€ Eygﬁged 13 HedTuhdtr 8ir €] AP HSB040) T he

ess 12 m nutes was not and a 0.5 degree arc.
sanipbes lwetdhretumied |tmmnbltlmtqnn®r€(ﬂm)96fameﬂﬁms hest torque

e LB, R SRS D Bl A e o

EloRR:AdH Weft. deferﬁﬁne‘ﬂTEﬁﬁgJAS'dMIBnPZ 9hen iam]ﬂiesfcorfrddn életpmfss]-uure or post-
to increase 2 units above M &%TSZ" , the time for the
cure ghegfath &S TR Dy Wnis aes erpiigf MIG- ML + 0. 5(MH - M)

Hafd n-E%éN%a}nplég r\‘@ré ﬁ@asﬁﬂeﬁﬁs&lzlgﬁxsiﬁ‘pﬂ) boroaseMetod Aagih Mrype A-2 Shore

ress-Cure: Sanple sheets
Dum@urUu@ ﬂ@@pomﬁbnmmtswnﬁm ShereA seadpar ed for physi cal

opert erm a -
CoBREREH Yotp Ll ARl Ao Ri T B 0N RINEDRI sPEMERS The O
ring3Qia@ d croPesdcti€ial thickRese 9£0.¢36 imd(3sSanml)e Rehds awe regrted as.a percentage

expos heat under air (16 h at 2500C). The sanpl es
OfW%P%@ngﬁﬁﬁganto anbi ent tenperature before testing.

Nlpqxﬁ'cal Properties: Tensile Strength at Break,
P gatlon at Break, and Modul us at 100@6Elongation

VT £11 G5tk RTvRRck diSh Gl SEMIDIAGn Wdrh GRRFRaES0 SMilwaukee, W1
fromthe press-cure or postcure sheet with ASTM Di e D.
unlepsiothereiseindispiedt ed MPa. Hardness: Sanples were

weasured usi ng ASTM D 2240-85 Method A with a Type A-2
Examples 1 3ur oneter. Units are reported in points on the

oSSR B N CEAS R OB B e 0 v
added to 500 mL deionized (DI) water. To this mix, a quantity of 600 g of latex (an aqueous
latex containing 30wt% of a copolymer of 65.4 mole percent (mol%) tetrafluoroethylene, 33.3
mol% perfluoromethylvinylether, and 1.3 mol% CF,=CFO(CF;)sCN, made via aqueous
emulsion polymerization (hereinafter "Latex A")) was added dropwise while stirring. The
glassware was rinsed with an additional 30mL DI water. The blend was filtered through
cheesecloth and excess water was removed by squeezing the resulting crumb. The crumb was
washed four times by adding it to 1600 mL warm DI water (50-55°C), stirring for about 10
minutes, then filtering through cheesecloth. The resulting coagulum was dried for 6 h in an oven

at 105°C and then run MDR rheometer traces were carried out at 177°C (12 min.), 160°C (30
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had a cross-sectional thickness of 0.139 in. (3.5

mm). Results are reported as.a percentage of the
woregioo2lis def | ection. Materials Al nmaterial s PeT/€S2004/043916

commercially available fromAl drich Chem cal Co.,

M | waukee, W unl ess otherw se indicated. Exanples 1-7

A quantity of 15 g of 40%tetrabutyl phosphoni um

: S
mie 0 X 0] BTt b CR Rt S S E R 2 Pyl guio
Exapfpld hivgk tl(eamoaqwdﬂiﬁ’QPhﬂ@xed@e nhca‘fmmtig: BOltdaw. All samples had an

0ok _65.4 nole percent (nol%
Off'wg‘ﬂr 8‘}/1 gtreB% Hﬂ%l ene, 33.3 nol %

per f 1 uoronet hyl vi riyahgd N@loagitiibrl& IvaRigg CF2=CFQ( CF

2)5CN, nade vi a aqueous errul si on pol rrerl zation
(henei mfah?[ :"Latex A") p was ;mddedqdriopw s¢ vhile 7
he

stinring agllassy was rinded wiith anladditlional

30m.DI TRBOHKE) The 15l endl@as 1§ | teréd thr5ou h 4 2
chee becirtﬁ{ni&l and %&7&-5'5 ly‘vgt e VS v\j gtgu ezing
[ she :

thelresulting cnu The crunb wa fodr tii Nes
by addi ng |tpHbel\@@1Qn@1vat‘éﬁdfm Ezlagmaﬁ(ﬁfan(i%ﬁﬁg 00),
stirn ut 10 mnu th ltering throug

cheese@?%tlhmm'h Ayl t3hg céQgLI Grﬁ was2-dr il ed-3 or %2 h

in MmOy, and; theny L. 1 h tary tr 5
%1[ S T . ;
vvergl carrl e OTW gt% 1771)6C—:n 1% m n.gi. 16%§C (? m n.aff
and 14(1);6“(365) min.4)8 t o £¥al uabe |cdrd ng pdopertd es.4.6
Exar 7 werHe -car Lad ot o LN v annl. 1 wlth t

oo T T 1T LNCOTPT O L Ve TIr__oiTe

amod nt %ﬂ“WPE?PO—I al4t7er edt4s | sfidwn it t he*Fat

] el oW
Al [samplessiad [an OF F- ki Te,0T1[07y At eg.sdryl ng.[ 1aple
1. doagulation & WAshi ng Exanpld: 1 2034 % 6 7 TBPOH
(g) 15 10 8 6 54 2 nmmol Waights(dh4.5 11.6 8.7 7.2 5.8
2. 9 pH-eof—washirg—water—alHer—eqagul-aten—and—washi-ng
CoagulPSiretn®e9 (3.4 3/ 0 2.8 2.7 (2.3 2/ 2 1s{ wash 4.6
4.0 3. gqgeéie@ 413281 3} 233nd ymsh) 448 A4.3224./018 9 48D
4.0 th vash 4.7 U4 4 412 4 23 4 2 4 6 419 4th was

4

3
4.8 | daredtofinurtt (4135 -| 53 YELGUS 491 174 | 133 | g7

Table 2. Curing Characteristics (12 min.)

Example: 1 2 3 4 5 6 7
M (Nm) 0.14 0.13 0.12 0.12 0.12 0.12 0.11
My (Nm) 0.99 0.99 0.97 0.94 0.95 0.72 0.48

Mup-M, (Nm) | 085 | 087 | 085 | 082 | 0.8 | 061 | 037
Tand@M | 0720 | 0793 | 0.800 | 0796 | 0817 | 0.824 | 0.842
Tand @My | 0.031 | 0.034 | 0.031 | 0.036 | 0.036 | 0.074 | 0.158
Ts2 (min.) 2.1 22 2.5 3.0 32 49 8.7
Tc50 (min.) 3.0 3.1 35 39 a1 | 56 8.1
Tc90 (min.) 6.4 6.4 6.9 7.5 7.7 9.4 10.9
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before drying (squeezed) 251 230 235 245 232 181 87

dried coagulum 179 177 176 175 174 133 87 Table 2.
w@Ewosngs2@ar acteristics (12 min.) Exanple: 1 2p@r/us®oH043916

7 ML(Nm 0.14 0.13 0.12 0.12 0.12 0.12 0.11 MH (Nm

0.99 0.99 0.97 0.94 0.95 0.72 0.48 M+M. (Nm 0.85

0.87 0.85 0.82 0.83 0.61 0.37 Tan d @M. 0.720 0.793
Exﬂn@@@ 0.796 0.817 0.824 0.842 Tan d @M 0.031 0.034

.031 0.036 0.036 0.074 0.158 Ts2 (min.) 2.1 2.2 2.5

3. Ex3mpleB Waskarfied0bas(iMEranmpld1 Excdptltha the aindindofITERGEH was 33.3

8.1 Tc9Q 1.5 7.7 9.4 10.
o a0t o0 T atieind 2000e G s abipe. ¥hgeded
drofi\bﬁe @Hﬁ’éj frrift. %%M&aﬁﬁt&e&chéﬁ@c% vas wasdeds ﬁlCExamplel

wat er, and 2000 g Latex descrl bed above,
excméh%fd@l@luweﬁhmwpg@nvmwse@ﬁ@c} rTh@gesuhtws cpaguiym wps qyied overnight

in afnlolvg lie?cf%t(eﬁ?‘gﬁ ! ﬁp%%ﬁth@%tl%ﬁ@ %(id %térﬁl x@ﬁ'@% ar’qu_ﬁle results are |

excep shing operation was Om 116
showasutheTable belagul um was dri ed overni ght in an oven held

at 1050C. Sanples of the initial and aged nateri al
Copenrative Examplen i 2t(GE T CEQD) ar e shovvn in the Table

o R CARAN Y § ot B Bre R mtortes Br et Tael mrBLeer. To

thid c@mlaﬁﬁ&om qDlntW&fEZ'OOO § QaileRias d&sontEdNBEVEY Was Rldadiafdbivisy while
of 2000 g Latex A, descri bed above, was added dropw se

stirgipg. | Ehegesulting mptermhwas Wit Washedwandedried|as ifelexampie & gnples of the
initf¥f ed ﬂlggnglr»{/eﬁgteééd hdy tﬁéﬁ%ls%r@sho@ﬁ RPIhE TaBE bEIBE.

Initral and aged material were tested and the results
ar eCl“s R owam preparehby addirige’ e bﬁ@mal@EAZ)r@msedms dpweribel hpjow to 94 g of

CEG} ?ty%olmr &O cga\&t?e?e %g't%(il 83 iR n%q e‘r’\%squ St rs{hg\gg uptﬁg g}%le

I UOF 0 yner.” Sanp es were
belb\n IfEl“ablea&’J ﬁlghfhemlich@htbh(htuafs ef Sﬁ%\m‘latlvl& huinédifjabteembemnperature
In &}% e 3, high humdity conditions of 95% rel ative
(abpf tNPreysedoom t enperat ure (about 220C) were used.

Cat @duigdt AwaahlendIreo dvt%fpp%ol MK RaflablSfdnt HyR¥a) Mathl 28 wtv
from Dyneon) with 20 w %
tetrabutylphosphonium perfluoroadipate, which can be prepared as follows. A 2 L round bottom

flask is equipped with magnetic stirring, a temperature probe, and connection to a nitrogen
bubbler. The flask is charged with 188 g (0.65 mole) perfluoroadipic acid (made from
octafluoroadipoyl fluoride available from SynQuest Laboratories, Inc., Alachua, FL) and 488 g
of distilled water. While stirring, 898 g (1.3 mole) of a 40 wt% aqueous solution of tetrabutyl
ammonium hydroxide (available from Aldrich) is added over 1 h and a slight exothermic
reaction is observed. The mixture is stirred for another hour at room temperature (around 23°C).
The flask is heated to 65°C under a reduced pressure of 15 torr (2 kPa) to remove water and
expected to give 523 g (0.65 mole) of (C4Hg)sPOOC(CF,)sCOOP(C4Hy)4 in quantitative yield.
The bis-(tetrabutyl phosphonium)-perfluoroadipate has a melting point of 123°C and FNMR
confirms the structure and 2 to 1 molar ratio. Then, a mixture of 80 wt% of the fluoropolymer
was blended usihg a two-roll mill with 20 wt% of the bis-tetrabutyl phosphonium perfluoro
adipate to prepare Catalyst A.
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t et rabut yl phosphoni um perfl uor oadi pate, which can be

prepared as follows. A 2 L round bottomflask is
weouspeReds W t h magnetic stirring, a tenperatureCpUsSipe4/043916

and connection to a nitrogen bubbler. The flask is

charged with 188 g (0.65 nole) perfluoroadipic acid

(made from oct af | uor oadi poyl fluoride available from

SynQuest Labor aita‘Bié?%urlﬂé@harﬂt@ﬁﬁi&@(w%)and 488 g of
distilled water. Wile stirring, 898 g (1.3 nole) of a

40 wt % aquequs Spiathplen of| tegr bl.(t}yh hnQpnl ym
hydr oxi de (auailable from!Aldrich) is added gver 1 h

and a slight| exothernic react ijfiali s obser ved.| The

m xture is st —for—anqt+ hout; gt T |

t enrper at ur e Ndr@bmﬁd 2300) . 8 £ aistI i § ﬁggted to 650C
under a redusgdNmessure df olg t oCUREZ| kB3p tjo renove
wat er and ex 523 gt (065l e)of

( CAH9) 4POOC( &) &3P CAHY) H7% quant i { aPi%8e yi el d.

The bis-(tetf [y phosphon, @y F per f I poroadi|pat e has
a nelting pai ?1%)%?‘6)1230 and %ﬁll\/R conf i rrss(')'i hg
structure an@c® (dn.i nol ar| raki o, Then, algi Xture of
80 wt % of t he—fHuereopelyrer—ywas—pblendeg—using a
two-rol | il [T @20 wi %|of $€he| bi s- t et P2Burlyl
phosphoni um perflgar ReLieh htnRCRBLEe Cat al yst

A Table 3. Quri nqA hgygégéser$lgtpc Fg[) r?lg%.) ixanpl e 8
CE | CE 2 InjiMi@mM. (Nm [0.0® NO BICDS MBLOGNT) 0. 85

CURE 0.93 M H—6—75-10-88—F52 {29 8.3 Tc50
(nin.) 3.6 11‘4}55‘%90 (min.|) &% 2§UE{EAHQI9§3 weeks in
hi gh huni di tfgE (ﬁgﬁ VL ((Ng 7 . “O7VH (Nm)
082 CURE 0. DY MU 073087Ts>4m'n)2.97.8
Tc50 (mn.) [3sZ (mb)5 T090 (n2A.)| 8.1 19. 5/.&ftler 10
weeks In hi g Tty storags 105

Tc90 (min.) 8.1 19.5

After 10 weeks in high humidity storage

M (Nm) 0.09 NO 0.05
My (Nm) 0.76 | CURE | 0.84
My-Mp (Nm) 0.67 0.79
Ts2 (min.) 3.0 8.2
Tc50 (min.) 3.7 10.4
Tc90 (min.) 7.8 18.5

This aspect of the present invention demonstrated that no added curative is required, for
the fluoropolymer was self-curing. In addition, traditional routes of fluoropolymer coagulation
did not result in a fluoropolymer that would self-cure. Further, this embodiment of the invention
provided a self-curing fluoropolymer with excellent shelf life and improved curing properties.

Example 9
A combination of 100 parts per hundred rubber (phr) fluoropolymer of Example 4 was

compounded with 40 phr barium sulfate, and 5 phr titanium dioxide.
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M. (Nm) 0.09 NO 0.05 MH (Nm) 0.76 CURE 0.84 MH M (Nm
0.67 0.79 Ts2 (mn.) 3.0 8.2 Tc50 (mn.) 3.7 10.4 Tc90
W@ 2005/0§6278 8 18.5 Thi s aspect of the present i nPENUSDNG043916
denonstrated that no added curative is required, for

the fluoropolynmer was self-curing. In addition,
traditional routes of fluoropolyner coagulation did

Cmﬂﬁ&rah@éﬂﬁmﬁ]@3in~:|3ly0r opol ymer that woul d sel f-cure.
Further, this enbodi nent of the invention provided a

s el Thigowidsi pagpafeld ue inDIpQImpreE, eWephhaxneeﬂdcﬁdsﬁolﬁm hfas PFEES1 TX

d d t Ex
(DY ATEL-§ B Hrs TG 58 PO g AR . 28 BT iy Parsippans,
NJ)f b R QRBAYMSheATE- AP LA ¢ 5 WRSHimOMPIOUTSRAvM: hdted GinRBdition to

barium sulfate, and 5 phr titani um di oxi de. Conparative
the g phrdiagurg splée Fd STphr sitapaen dipsidek ed as i n Exanpl e 9,
exce% that the fluoropol yner was PFEl 31 TX (Dyneon)
5 phr silica filler (available as Aerosil R 972

R N e R

phr &#H D50 icarbavdbliatk. on t o t he 40 phr barl um sul fate and 5
phr titanium dioxide). Exanple 10 A conbination of 100
COWhFrWeEH@PHe&dP&ﬂ)I ymer of Exanple 4 was conpounded

RESR gt R T TR R

(te&abatylpilo@hénlﬁataaétafcé tordpafetiQt dcsbriiedIbploas plaonddediaaedifiéeto the 20
prepared as described bel ow) was added (in addition to
phrtchfé’owblai}ﬁr carbon bl ack). Catalyst B can be prepared

US| Bfa1fkt B oth YE u?;frec?&-uﬁﬁd HixQre 8f BV I39! \Ht’/é Q)‘i‘utioﬁ 113 water of

wat er og tetra osphoni um hydroxide (0.1
tetrathitdpliosphesiviy latdrcm@ (Dd4%1m@t)0 This if lll@agkhmi i @)0811@ ﬂe$k with 8.6 g

of a%%tlect z}c1dée|§n 17‘% J{ugg') 79{?1?%5&&% S SW e% %%Htr ?xﬁkn%%% g%ﬁ k’%f fngfcates a

paper ‘i'ndicates a p
pHio$9). exaeis réntovad frbm the mixtire udisd Otady e\apamipr Qv@pPgy) atmg a bath

to bat h t f
e N, S R B o Rt LB f e o Gask and

the s!)lﬁﬁ& i¢ Qt‘fllpped on the rotovap until no more condensation occurs. Another 100 mL of
ethanol is added to the solution, following by stripping on the rotovap until no more
condensation océurs. This yields about 60 g of clear, slightly viscous oil. NMR analysis reveals
that this oil contains 19% ethanol. Karl-Fisher titration reveals that this oil contained 1.8 wi%
water, along with the desired tetrabutylphosphonium acetate.

Cure theology tests were run on the uncured, compounded samples of Examples 9 and 10
as well as CE 3 and CE 4. A sheet of the compounded admixture of each was pressed cured and
tested and subsequently post-cured. The post-cured samples were tested for compression set.

All test results are included in the tables below.
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the solution is stripped on the rotovap until no nore

condensati on occurs. Another 100 nL of ethanol is
w@odasded2e8 t he sol ution, follow ng by strippi ngponukive4/043916

rotovap until no nore condensation occurs. This yields

about 60 g of clear, slightly viscous oil. NWR

analysis reveals that this oil contains 19% et hano

Kar| - Fi sher ti tratT%‘{%ﬁ]gsCﬂg}gae,tlm@ oi | contai ned
1.8 wt% water, along with the desired

tetrabqityl phosphonEym]pﬁet atge. |Cwme3rhealoogy CEA S

were ryun_on the uncured .lconpounded npleslof

Exanpl (=32911ar(@E150N@§518WéDI as CH 3 and} CE 4. |A shegt of

t he conpound mxtureof h OT egd—<ured and
tested|and S:—M%ZN éntly rog'tl-cu 00&63 ds]bggst-cnyurped

sanpl es were MBgkgg for comanLeSS|1mgsat0.90&II trg@t
results _are included in the t | ow._Tabl e 4.

Cur i ng | Char XE-8H; @imk s Exaﬁ1§I7b:l d-268 B OR2CE 4/mD |nin.
CE 3 1 . f N
g). 824 g 3280181\’@(@5\/{# M hﬁgf%lﬁ%q?ggglldfgg 2/( md‘l.X?Z(Z m m

Tan d @ M. raQ%% MR50 O 88844/ moTsH 310@6“4 0.nl#4
0. 064 (Q-169 n/m Ts2 (mhAH)2-1B-7-6-6+hm «Nubmn )

2.7 5.% 7.7 AFdn(migo (min.)%é.6 1876 10.%° n/|m™p

9 CE 3[10 | NTy— /[T RF M 0. 5&2 U478 VH [NM| n/ m
n/m1.192 1. Z%(S)YMVL (Nm n7 n/m8.9 8.3 Tan d @M

n/ mn/ m 0. 888cW.(afid) Tan d @M n/lﬁ@/ m 00.8 12 ¥m12?2
Ts2 (mn\ -m-plm-6-—6-3 13- Te50+( A-FA—H—-9- 6. 4

14 L\VEVAV} \IIIII LRV L I

Tco0 (n3Pminn/ mn/m 19. 1 [20.%Tabl €€ 8. | Phifsi dafCE 4
Proper tTes ExgiRigy) 9 CF 3 i F fim | 0.182 | 0478

MH (Nm) n/m wm | 1.192 | 1.420
MH-ML (Nm) n/m n/m 8.9 8.3
Tand @ ML n/m n/m 0.888 | 0.551
Tand @ MH n/m n/m 0.112 | 0.122
Ts2 (min.) n/m n/m 6.6 33
Tc50 (min.) n/m n/m 9.0 6.4
Tc90 (min.) n/m n/m 19.1 20.4
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Press and Post Cured Hardness Shore A-2 70 70 74 78
Modul us 100% (MPa) 3.5 4.5 8.1 10.3 Tensile (MPa) 7.3

WO 285046298 12. 9 El ongati on % 304 198 197 137 CopQr/esmoeo3916
Set 9 CE 3 10 CE 4 70 h at 2300C 48 37 29 n/m 70 h at
2900C 59 47 45 n/m Exanple 11 A quantity of 33.3 g of
40% t et r abut yl phosphoni um hydroxi de i n water (TBPOH
40% was added to 1f4ne STLP%%thFPFo‘i)grt(epl) water. To

this mx, a quantity of 2000 | atex (an aqueous

| at ex dontai ning 30 wt %pgh _ogol yogrs of 162 ol e
percent_(ml % tetrafl uoraoe hyI end_ 369 nol ¢

perf | udl’mmyl’qstﬁyr@t her, and 0.6 nol %
br onot ri-ftuor lII e, rade—wi ot SeulSiogr

pol yrrerH%rgP‘?sts)ﬁ é‘i‘t%x B)) was adlidd Z(?Jopvmwée vvh7|gl e
stirri rmodmb§1du°/eodpaoas filterlesistihrosgh gheesscd ot h
and washed three tines with DIl watler  The resulti

coagul yksnids(\foed over ni ght in7&n ol&n |dt*21055¢ agd
t hen Mﬁlo};l%v%gs and—otfer test|i{y] o T Fw as
ca

shown b Tabl e 6. For curing and physi

pr oper t|Congatdsivp,Sed conbi nati gn %of|{ CHRB pands| (Ek 4
hundr e rubher (J:\hr\ i ||nrr\pn| ver oft s exanpt was

con‘pouna‘éﬁ;\;’ﬁpf‘ﬁm ohr carbon |bP&ck FMr N28op mm
avai | au7 5@ gregussa AG), 2.5 r e Q¥ g€ - P
(ﬁ' tIr [ Isabl e_as

phr tri I socyanurate (av Per kal I n

301-50D from N ppon Kasei Chemical Co., Ltd.), 1.35

phr peroxide curative (Trigonox 101-50D from Akzo
ExMNople[11Cheni cal s, described as

t hy
2 B3 ol S BRI BB Bom o
waf addbael 1865 M’E d%zgnzegl @I§I§ WaREAT@thiAniki Q&ﬁa}itlﬁ}/%‘fQ@OU ¢ éft1gex (an

wat er free hi gh- nol ecul ar wei ght, aliphatic,
aqnfeawlgfte}a@qrmm@gg é@ yt%maa eenobiates af 2ohmplegisertdmolohi | abl e

e R By R B R T v

broagitEfthotcethy 06 nmde i agnéone dmidlEioh pmlamelrizatim (LtakeixB)hrivas adaled

drogg%g&/lh&%/ Btgtfwié g?%lﬁ?ngg\}/q%?ﬁ‘ﬁerﬁg %r%.\}gg\e esec Lan ‘%Jgsih?@eaﬁsée times

with T agh. Theesetdobgtund Mﬂm%hﬁ@mntanlmSn w0 1I()I§°CDlmd then MDR
wat er. The resulti coag I um d_oyer n|

e P e R S betiig *Hsamng and physial

property testing, a combination of 150 parts per hundred rubber (phr) fluoropolymer of this

example was compounded with 20 phr carbon black (MT N-990 available from Degussa AG),
2.5 phr zinc oxide, 3.5 phr triallyl isocyanurate (available as Perkalink 301-50D from Nippon
Kasei Chemical Co., Ltd.), 1.35 phr peroxide curative (Trigonox 101-50D from Akzo Nobel
Chemicals, described as 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, powder, 50% with inert
fillers) and 1 phr processing aid (Struktol WB-222, described as a highly concentrated, water
free blend of high- molecular weight, aliphatic, fatty acid esters and condensation products,

available from Struktol Company of America).
Comparative Example 5 (CE 5)

A quantity of 9 g of magnesium chloride was added to 1500 mL deionized (DI) water.
To this mix, a quantity of 2000 g of Latex B (see Example 11) was added dropwise while
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testing was carried out as shown below in Table 6. For
curing and physical property testing, 150 parts per
whovdnest1s ubber (phr) fluoropol ymer of this coPQPBUSI0Y@3916
exanpl e material replaced the fiuoropolynmer in the
conpoundi ng materials description of Exanple 11 and
the other five materials were used as per Exanple 11.
stm{r%b I §e glen@vu'aé Aferd At RGh @ﬁéeﬁclo@rﬁamgpédqmeé gim@gwﬁh MI- water. The
40 MH (Nm) 12.20 17.00 M. (Nm)
resmmgi@agnghzn @vm; fArigd qyemight & aneyen QtrhOﬁ°(§ ang, thnlM@krtgag@s and other

s bR R S5, ROPTRE o .

partb péathugd&ed fbberT{ak) ﬂu&opcﬂh}l@n of dlis Emypentive e&nﬁk@mmbﬂal rdplaced the

CE 5 Press and Post Cured rdnes ore A2 7
AuRAITFS 1 BB SATORAEE 5 Taictgs SpERGT & Epls 17 and B ofer ive
mats @k uedd KopdOixatnpe ﬁorrpreSS| on Set 70 h at 2000C 29

4 11t is apparent to those skilled in the art from

t he above descri ptTable 6.HairinggChaasteristibsf i cati ons can
be made without departing fromthe scope a

princi pl es of | t hExampleent|i on,1land |t §ﬁdﬁ|d be
under st ood t hat—this—tnvents Tot belundul y
limted to t heMitratijve E\}FBodl rrentzs set [forth
her ei nabove. Al Myllcatlonglgﬁd pat enge are herein
i ncor porated hy rpfprpnr‘p to the shme exten{ as if

each i ndi vi dugMupdbNngat i jon H}Wbatentlﬁﬂ% specifically
and i ndi vi duakfy—jndicated—tope—pcorpprated by
ref erence. W& ¢154i WD) X4 63

Tc50 (min.) 1.2 1.2
Tc90 (min.) 3.7 3.1

The samples of Example 11 and CE 5 were press cured 10 min at 170 °Claim and were

post cured 16 h at 230 °C.

Table 5. Physical Properties

Example: 11 CES
Press and Post Cured
Hardness Shore A-2 78 79
Modulus 100% (MPa) 52 13.1
Tensile (MPa) 7.5 16.6
Elongation % 195 125

Compression Set

70 h at 200°C 29 41

It is apparent to those skilled in the art from the above description that various
modifications can be made without departing from the scope and principles of this invention,
and it should be understood that this invention is not to be unduly limited to the illustrative
embodiments set forth hereinabove. All publications and patents are herein incorporated by
reference to the same extent as if each individual publication or patent was specifically and

individually indicated to be incorporated by reference.
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1. A nethod of manufacturing a perhal ogenated pol ymer
conprising coagulating a | atex conprising pol yner
w@anosioed2e® usi ng an oni um conpound as a coagul PCT/I§2004/043916
agent, the polyner particles consisting essentially of
i nterpolynerized units of one or nore perhal ogenat ed
conononer (s) and at | east one cure site nononer,
“kggg&ein the coagulation is performed essentially free
of metal ions or netal salts, optionally wherein the
1. hahehod o npheRaues: 4 ﬁbr@al@geﬁzttmmamtcampmhg g()aglﬂﬁtﬁng:flatex
fluorinated emulsifier. 2. The nmethopd of c
PUPRIIENG POBSF PATIPIGS Wnﬁgl%@nwawﬁw coawtwgtag%ﬁéb? Rplymer
?M&l&gcomau@(ys%ﬂﬁmy o3 mtéEE&yﬂsMa@ %i@%ﬂbb@b%&re%ﬁa&%g&ated
he oni um conpound the formula: wherein each Ris,
conemer(®ran yt lesn) eneryensismaezomat whereintheicaggulation is performed
gsrggn 8ﬁ§ Ege%fqﬂft éorg‘éq n‘%salf X:Jétg o%'il}thafllygﬁlg}eﬁtlrhg la%]:l 19%)1%%9&5 ina
v;ateﬁﬂmbstmitlalbr franoff ﬂ(xomatéﬂ—bmlleﬁeICI HCOO, R COO or OR
0.al k .wWhich.may b . .
2. IS5 ehha b, PSP it o AR B8 el i
;mwm&reln t he oni um conmpound is selected from
amoni uns, phosphoni uns, and sul foniupns, 5. The net hod
3. Ghe mepdphiclyipek \é‘h‘ﬂel{lﬁ@ WHTCABROMAO TPS omBWRect ed from
a tetraal i um hydroxi de, a tetraal kyl oni um
alkoxidek a tetraalkyloniun1carboxy|ate and a

f&elﬁ?)lg %ztu%l T aaﬁ“ﬂ%ii}%gr% m 0?2 'n g%e?L enﬁf&gn@eg& 8 20 alkyl,

6ary1T£161k9Ebm9en9f grebRQTs N, BB RG] Sb; k ioreaii thas tHervakasead Q; and
by polyner|2|ng one or nore perfluorlnated
c¥noRdnBr, C5HGRQRKEO o QI vaherdimBSis aén eCio alkyl, yihich may be
nﬁnoner wth a flu rlnated ermul sifier and an
QHHQF%Prn%HRW?ﬂ? Iy wherein the initiator conprises
annDn|u31P§rsu f 7. The netho of Cl@hn]6 wher ei n
fsbed of dgim s v SIS PrRATE SoTFPoAR H’cfﬁ‘é% A T

ﬁh&;ﬂaﬁﬁﬁﬂaﬁdgﬁ&amﬂkl wherein cure site nonomer is
Sel ected from a ni trogen-containing cure site nononer,

5. ahBidettol 8f QR RivAEBHR thdiurs cérBpdiRd A electe®Fro a tetraalkylonium
hal ogenated cure site nononer. 9. The nmethod of claim

by@m@ﬂjeuaﬁettqqucyl@@m@komMﬁs@%yl@mwmcﬁr@@@ﬂ%@ﬁ@ ai ni ng
&é@{aﬁ%tzlkhgsnggg? ?rt@%ﬁge tv&h%reﬁpéa}fﬁrmcyl'ﬁ%oﬁ)Elf? %lt&ragfkyfbﬁfuh{‘i@

er conponents he net hod of

dhdapenddntiynCt@er conpri sing drying the polyner, and
shapi ng the polyner, and optionally curing the dried,
6. dha ptethoﬂ of yiniar | whpreinahalatey isyremaeidrbyphbpienging ongyer more

pel%uormateds comonomer(s) together with at least one cure site monomer with a fluorinated

emulsifier and an initiator, optionally wherein the initiator comprises ammonium persulfate.
7. The method of claim 6 wherein polymerizing is carried out in an aqueous medium.

8. The method of claim 1 wherein cure site monomer is selected from a nitrogen-containing
cure site monomer, a nitrile-containing cure site monomer, or a halogenated cure site

monomer.

9. The method of claim 1 wherein the polymer comprises a nitrogen-containing cure site

monomer and the polymer is capable of curing without adding further components.
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gasket, or Oring. 11. The nethod of claim 10 further
conprising blending a curative with the
weenbhbeaiopol ymer, optionally wherein the curaedmes1084/043916
sel ected from am di ne salts, peroxides, anmmoni um
salts, ammoni a-generati ng conpounds, substituted
triazine derivatives, unsubstituted triazine
10. qlﬁé n¥@bé M?@ampﬁfu‘&lﬁé@%ﬁmnghgd@m PRSI Sand shapm_ﬁjthe polymer, and
bi s-am dooxi nes, and or ganoti n conpounds
aptidnally @¥ring e dried, shired @plymeh epmhaangemhmhgof@hymsrheet hose,
udes_hbel ow about 10,000 parts per billion netal
g%’?}(ét %ﬁ‘zr‘g tal salts. 13. The nethod of claiml
e |
11. \?‘é %%hg%égcqaﬂl d;ﬁl&g%%gﬁ#ﬁg n eﬁ/c{{'r% a éu?a& vg q'(?tzl tﬁgeées’ﬁ‘ﬂ’mropolymer
sptidnally ﬁzﬂerefﬁhl& auedtive ik sofected &bim ahx&xhcexaﬁs Jpetdréles, urrmcmutnesalts

en%g’ggj%&leﬁsf af@%%@ﬁ%gd Sglt%g%fd L r&bvgé%; uns bstltuzela trlazme

@Erdratlinde] $Irelids Ghish il dphendle) Bis-minfdodifadk, and organotin compounds.
CF2=CF[ OCF2CF( CF3) ] r O( CF2) t CN; wherein L = 2-12; q =

12. Ghé method oflcldim Vwherbm&he ﬁerhaldkeﬂate?’b@r&er cRrdes beddWl about 10,000
perfl uoro(8-cyano-5- neth i oxa- 1l-octene) .
Pmsmfblllm‘@?fﬁlrlp@ 3@6ﬁ°ﬁé‘éﬁf’c1‘ison conprising a curable

per hal ogenat ed el astoner conprisin m erpol yneri zed
13. th: msthge of laign | vbereia the Rerhdpeanat iyludgy kelay plout 1000 parts

gﬁg}qﬂgﬁn@&@ll&gg\&}%@éﬁ% W th an onium conpound wher ei n

el'astoner 1's capa e of curing without adding

14. 4L H@Fﬁ ﬁf&?@ﬁ?%@r A ee&é'n'ibn’o&gr &9%&@&% ?gleét%d from:

essen ree of netal 1ons an
'ﬂF‘é‘:@FID(WgLCNO(IF?fCRU(@Fmd@F(@H@)(BI, CF+HEFO(CF,)sCN;

perfl uoroel astoner includes |ess than about 1000 parts
ﬁlﬁ—wﬂ)[IGFQGF(@BE]q(CBf&)y@F\(@FH)éIﬁ\hICFS%ﬂJIf[QCFin(CFh)érO(CFz)zCN

cqonposj tion of aim erei m c0 u has
SRR i 15 ROGH R BT 0 Obiae hAFe e R H B Sano-S-
%q{ypg%m@[a_laoég}{g) 2Qal kyl, aryl, ar aI kyl, or al kenyl
group; Qis N, S, As, Sb kis one rmrethanthe

vaIenceonandX|sO-| Br, R COO or OR
15. ireslastomeric CPRpesitionComPysiag wrablwﬁrwog?avecb@astomer comprising

1ﬁt§?51‘yfﬁ@ﬁfeq uRlts AARED HEMi NG Sn-cditainihB Bure @W&%h&ﬁ&@n@éoagulated

m 15 wherein the oni um conpound 1's sel ected from
ammmoumm coprrouirh oviiexsitsthe elastomerlis eapplleef quoing Without adding further

?qgglféln% ﬁgr] g?ﬂ’r]értel%l tﬁé %Unfp%ﬁ%tﬁ{s%g ntliahlg ﬁ%E oy%tgplgpsoéﬂaqnétaﬁ salts.

osp oni ydr oxi
16. }a L@n@%;%s%lo{lg? er 1%Q}1et x nflfuuorrn s{om%{’J tanudPJ]&% FE}E‘a%%&H‘ 1000

Q)@ﬂéb[bdﬁ Bﬂllcﬁnnéthlabﬁﬁfnd metal salts.
17. The composition of claim 15 wherein the onium compound has the formula:
RkQ(+)X(-)
wherein each R is, independently, hydrogen or a C,-Cy alkyl, aryl, aralkyl, or alkenyl group;

QisN, P, S, As, Sb; k is one more than the valence of Q; and X is OH, Br, Cl, HCOO,
R'COO or OR' wherein R' is a C;-Cy alkyl, which may be fluorinated or nonfluorinated.

18. The composition of claim 15 wherein the onium compound is selected from ammoniums,

phosphoniums, and sulfoniums.
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20. The nethod of claim15 wherein the oni um conpound
is selected froma tetral kyl onium a tetraal kyl oni um
whyasosiae, a tetraal kyl oni um al koxi de, a PCT/US2004/043916
t et raal kyl oni um car boxyl ate, and a
t et rabut yl phosphoni um hydr oxi de, or a conbi nation
t hereof, wherein each al kyl group in the
19. 7768 EARJSHLRBE 4R B5 W AJERBIREBR donfdousd R selédted B tetrabutyl
conposition of claim15 wherein the
phasplogérm bydhoxiln iteigbetik rhosrihpriuppmaespter telgadmpl pesghapium chloride,

BesbiotpEh ALY P BB o Rt e e T
n SR AN P LT G R SR R o

Fet@alitylofiium hldidxidy, atefaalkyldnivm dlkékidentbttaalkyldniam aartdxylate, and a
per fl uoy o( 8- gyano- 5-  net hyl - 3, 6- di_oxa-.| -octene). 22. .
bR RS haT R PR G CF Sen PN et S BT g A1 iroup n the
Gtk ¥ BumaPlidenakdnly @iergi n the curative is selected
fromam dine salts, peroxides, anmoniumsalts,

21. 3O PG HRASE Ahin 5 %RIRIA URdStrogthlsthihik @relslté MBhdRer comprises a
derivatives, unsubstituted triazine derivatives,
périlecontemingohemnien opti@nty sslectsid SroaniCFoel Q) saNd
organotin conpounds. 23. The cogggsition of claim15
WeTEF X CFeCN; GBrSF8N RO s Ses i nt er pol yneri zed

units derived from (i f ] uor get , N
St i rsed i Bt B GE Rt bl
ERiPELhl Yo QW-J‘,X'#-EF}T éo-?,sz: 1.4, FRt1osl60fnd R Iu3Eh(Rcyano-5-
fl uoropolyner comprisinig: (a) providing a conposition
acthyt-di6rdjoxael -adteriepn 15; and (b) curing the conposition
and optionally further conprising (c) shaping the
t i ..
2 ATRABLLA R £ gy TR Bpof, A e
celapabirdr amidigf attg perekidag pamophivorsalts, prvwivaraegeneratieg compounds,

curative .is selected fromone or. mgre of am di.ne ..
Sifited ripdng GEEatERHBRPOMIE rgine dratiafiver BRwENGR: i
GEIFPHEGS, bisubsddokimes thntl bi@rdtiheot@bindat i ves,
unsubstituted triazine derivatives, peroxides,

232[%1%&%&?@%2% gllalsfr’l 1? leslc?rgiln(%l?eot)l(do%%%lymae? gorggr%%sn %%elrglolymerized units

derived from (i) tetrafluoroethylene, and (ii) a perfluorinated comonomer, and optionally (iii)

one or more perfluorovinylethers.

24. A method of making a fluoropolymer comprising:
(a) providing a composition according to claim 15; and

(b) curing the composition, and optionally further comprising
(c) shaping the composition before curing.

25. The method of claim 24 further comprising mixing a curative into the composition before
curing, optionally wherein the curative is selected from one or more of amidine salts,
peroxides, ammonium salts, ammonia-generating compounds, substituted triazine

derivatives, unsubstituted triazine derivatives, peroxides, bis-aminophenols, bis-

amidooximes, and organotin compounds.
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