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WD 2006/ 068735PCT/ US2005/ 041490 FLUOROPOLYMER FOR

MAKI NG A FLUCRCELASTOMER 1. Field of the invention The
present invention relates to fluoropolynmer suitable for
R 200g/0687%3 uor oel astonmer. I n Sparticul ar, theP@részestod14%0
invention relates to an anDrpqous fl uor opol ynmer t hat
conprises one or nore cure sites and that conprises one
or nore repeating units deriving froma fluorinated

al |yl et helf .UQROEgm&@@ﬁﬁ@ Gi AVEHPROELASTOMER

t oFl uor oel astoners and in particul ar

perfl uoroel astoners such as those described in "Mdern

Fl u@icdped thermwvedtionedi t ed by John Scheirs, W/l ey Science
1997, offer excellent protection, against._ high, seryice

t ERFIPSSRIPERntign selafpsdo Alarpplimer 5t iy ek ek %{Oyo%qﬂomef- In
CHSLMR! th PREGR irVentlth YQE0S1AR! RusiforGSIMEhe! thit comprises one
divided intwo main classes, nanely those that are

berseore owre vitenani die eorfifrisoy dnger MyFRiepeatiae tuhitssisrivingtfraghoa
nﬁtocoega%ﬂayﬁz and are based on perfluoro 15vinyl

et &P&ecq trafl uoroethylene (TFE) and/ or

chl orotrifluoroethylene (CTFE). Fluoroel astoners based

on VF2 are disclosed in for exanple U S. Pat. No.
52.dpckerqud afjths inpeption.No, 5, 639, 838, U.S. Pat. No.

4 s
e e
eFlhemwpflpmenst, ediied mgloRDEthens, O¥ilasIames 9K avlifergxeelleniprdigetion

The. f].uar oel.ast oners having a.particularly | ow.Tg.are
iR SR e A RS Py R L o8 ey O i agemts
5PubRel8Qomerk afd gehlbtrh iy dividad B two ridif cluses, BAmall Zhdsé that are based on
fl uoroel astonmers_generally reduces the chem cal and

heaylideasihaaride €EFdrand Hiose b comaip VAR @nd Arepasad qupeefpaoro
Wk eﬁﬂe%?&%@ﬁi&%leﬁ@g}é@ aHEUBf‘ng&gh‘ﬁl‘ﬁﬁlole %n?"g?n:E).

S
brought n contact w't ni c solvents as
eRlaoptlesttthers basd on V2 ued disojaske m 2baapipledd Si Bat. NTHe96,216, U.S.

bRt B o O NP PR O SR R B T 7O

properties. US 5,891, 965 di scl oses fl uoropol yners of
VF2 and certain perfluorinated allyl ethers. The

f V86128677 distlasea flaoropehemens of N§2 andi BysHegieyinghpther for producing
SRS A0 T, SheBlanEas AL ARl By o Ty

5genamllpoltaioed with dighlfHes]s dfEF2] ey EGOftd Sbmoklastoivenstely, the
suf f romth ame di sadvant a s di scl.gsed above.

e 56 UE? SoBN T s e TS a5 pof the
20Q46 AR An@inSPhrGtuss,| saSefidrés LRy HEBY Be H@rt@ff@foi swWelBg when

fluorinated allyl ether repeating units. _I's taught
i provsght in conciomith przamic salvents as is fon exampbaibe sasq it fugbsyisisa ed

?gﬁ}ﬁ%)augﬁ.h?ﬁﬁ, %@@Pﬁ ger?g Z?Vg ‘SP% DRKG: Jchﬁ%d‘,)gﬁé %ﬂrg{i}?%et 8 Qécompanied

e cure omers throu
r esic & doreabqwicdtherplydidabproperties e gr oups. No properties of
such fluoroel astoners are discl osed however. Bar ney

et al (J. Poly. Sci. A1, 8, 1091-1098 (1970))

des g[8obesk &ibeosed dublopily@érs Kf YFRxnd driprpkiflioriagkd &3 ethers. The
pol yether oils to |ower Tg. However, these plasticizers

cRIPTeRSYEIETY 36 Cugd Hying p BisPREsAk irgeassropifipgand low Tg elastomers are

obtained. Typically, the amount of VF2 use in the copolymers is 50 mole % or more.

Thus, the low Tg fluoroelastomers suffer from the same disadvantages as disclosed above.
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U S. Pat. No. 4,50, 128 describes perfl uoro-terpol yners
consi sting of tetrafl uoroethyl ene, perfluoronethyl

vinyl ether and at least 3 nol % of certain |ong chain
viwytoeétmrs. The | ong-chain vinyl ether | owers phgsIf@s/n41490
significantly, however the incorporation is rather
15difficult. Therefore, one ha3d to run the

pol ynmeri zation i n perhal ogenated solvents (e.g. R 113)

or in aqueous ermul si on polynerization in the presence

Sy LB D36 D OGP 1y g Sty Q6 emesS e gprimcd

1581 etfer ﬁ’pr:ﬁﬁlg(h'hitst ITER k@Y EInttFS £54 6’5@%@ %tﬂic fﬁﬁ&ﬁ?il&éd
and the removal of the fluorinated alcohols is often

griggtgdsallyLigtherp eandg siged m@}aka@vomsolmS Ithah garelsperuted to 20
B Gt R ST M ROUEAE SRR o
hemafﬂmafempromydeemasmed n@wédeuor ovinyl ethers of the
formul a CF2=CFO-- (CF2CFX0) m -Rf wherein X is F or CF3,
mis 1 to 50 and Rf is a perfluoroal kyl group. Although

t e e f &0
N AR T St i N T S A
perﬁgolhdh}’]s?oé)@ﬁ’@r Eksaorpiveer Ty, Hnnkuen thesdplastichmrfan bt entiao@d by
@ve ye. S Simlarly, US. Pat. No. 5,891,974 describes
AHURSUE &l si on pol yneri zati on of
tetrafluoroethylene and certain perfluorovinylethers.

However thegfgggnerlzatlon process disclosed to nmake

t Nes &a% Ngot-o despeibes parBuoserrpolymers pensistitg pf tgkafRoroethylene,
h 5 0

p e Eorom, PHRACQRSAP Rt P UNa ol chdip SRl fhe

f longicheh amy ether h)wetsrthep”ﬁg ‘szgmtﬁbmﬂy ]nctwem:ruhdmba-pdﬁﬁmr ﬁbither

df ol hat ., can. be nanuf act ure
& Dbl TheretRlr oD T oG o B B b e o ents (o2 R
e @Ry oflthqGeuty eMiuRidh p¥lyRiefCARR DN plelerlch 8F ﬂﬁé‘rina&d Qfcohols. The
fluoroel astoner articles therefrom It would further be

ddisgdvariagen af thssq sgeraearasthe ﬁ@r@ perhalegdneisrhsslyents (e.g. R 113) is often
fit I - ani

hiRRORRY BRESRAKE oBRAt i RSP REh AR UGS 9 s is oen
chnnﬁﬁ&hmamdmheﬂmymﬁsssWemmgngmw low or no swelling

Wi th organi c solvents. Desirably, the fl uoropolyners

woul d al | ow produci ng fl uoroel astonmers having a | ow Tg

fOrS, BXaNP)] £76651 J0RcIB s tRIAHuE S efrfﬁ[sxcfn%lyn%fﬁ&t?dﬂ of
S@ lications in for exanple engi nes of "ai r pl anes.

cgilangcheppflerapranylene andipesBradeaimdetiprs iof thedormsipect
; {ZFZ—@Op r(?I5 @Ftho) f%HCQJin b 1@ ot ? iz 3 th %g é’l[rlél 5&5 aﬁaFr(glrlhoroalkyl

uor opol i Sing repéea units
ogreuro Altirough tgaeirsmjmssd ﬂhome]iartamad hareej‘lbwsrgauhar RetHod of ®Aking

ur e srt gs Lo hal ogen capabl e of
lgﬁp TRgat9R Tipes 8@@? Mggg?%ﬁ%eé {eglgﬁnéeng i 5
mmwurdcmr@geuﬁensﬁalsﬁnﬂdr 0D Plad/ BRY. 5 éw ST es GTP fre & &Qus
repeating units derive “fromone or nore fluorinated

aiPufsionpHEperizgion ¢fdetradiupinethy lear anduerian pyfluprarinyichers.
}’Yt}?ﬁgcsf}eﬂ g%% ggﬁﬁﬁﬁﬁhﬁar&cg %{fgéﬁ%{bdlg% tﬂﬁeesg hﬁgr%&taaomers Js again in

n-one
ctht edarof 30shpgen atons. 20 In accordance with a further
aspect, a curable fluoroel astoner conposition
conprising (i) a fluoropolyner as defined above and
(ii) a curing agent, is provided. The invention also
relates to fluoroelastoner articles obtained upon
curing the curable fluoroel astoner conposition. 25 In a
still further aspect, the invention provides a nethod
of making a fluoropol ynmer as
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defi ned above. The nethod conprises a copol yneri zati on

of one or nore gaseous fluorinated ol efins and one or
nore fluorinated ally] ethers according to formula (1).
VO 2006/ 068735PCT/ S2005/ 041490 4 fl uoropol yners can be
pPOHIVAE R ni gh tenperature without conproni BFHYSPE41490
properties of fluoroelastoners produced therefrom
Furthernmore, it has been found that |ow Tg

LB BEL R TS Bl SR R o

apariil @] iy wobhlddp AbdiaBleit® Asd ARG RIYAMs ttﬁmfb%tmbhﬁfaGMed in a cost
properties 5are required such for exanple in sealings

offfectivowae esirahly Biedheropolrmeryres casy ped qamvemrptis paesessaledn the

C f VF2
oARGHEPARINER bt LGS (ePRoBCROWOAN tiRhe RUTFWR, ot
fﬂlmoamltmdmnredes&myuchélmbipalymd Habagoddax exetiedtineHanical and
benefi.ci al Q w Tg,. an Qo sistance to
g%@/ﬂ%%?é%ﬁﬁ@% Eﬁﬁ&ﬁs %ﬁ? lept glwga?agawf eatispigiaptesand low
' &Qﬂo%@'sﬂﬂ%fﬁﬁ'o?ganﬁ%wa% "Dk&rably! ﬂi@ Hﬁ&loﬁéﬁzﬁﬁﬁ FroulEY10RE
produced IOthat™ have good or excellent base resistance.
4pr 0@@!@1 ﬂt@@e@et@cwmtame adow fTigdoriepamapit iap ma¥ herequired for fuel
cord| to th rresent invention is
SR BRURE RS AR b o ST aRRRE ™ it 1. e
fI uor opoI ymer typically does not have crystallinity or
has only 15a margi nal anobunt of crystallinity. Thus, an
#3598 eGP0l yner general |y does not display a
MR labd JAGnROWA o sg&? of’iﬂlﬂf)r TRERa! thﬁtre 1931‘691'{1&? %{ 86Bb&ymer
mel ting point. uoropo yner may have a fully
fdoumns:natrmatbvacllnb@d@vbdl fromeope ionmpeergasapub Snorenated dilafies tsd

e e P B o e SR (R e Shg08 B o PiiPesd

flettSddenrd Iﬁadhb@ ob@} K RDAR, groupy sawmm@d)lﬁ)l}aﬁerlfea@t c ﬁng
65% hy wei ght. The 20f| uoropol ynmer, accordi

n
rﬁRF@Hltla eﬁtseswudufe@%wee%é&qrp ﬂgormateéellﬁleqtbm q>fgghq= foanvla
fdtl0 et her the general fornula:
(Jﬂl*é EF%%%?Q% Rf (1) wheréin Z represents F or CF3 and
behetein Epemesenis § on OFs amd Rraprestntalakiporigated gk redupriat may contain
contain one or nore tenary oxygen atoms (i.e.
i’ EhAPHY &f@%‘éﬁ’%ﬁ% $:25 I n one enbodinent, Z in
formula (1) represents a fluorine atom Also, in a
particul ar enbodi ment, the group Rl is a fluorinated
(pasopydanereyithyp axﬁtbers%ewt,a@:wagk Teraelsisomer porpsitionceriprising (i)
r )
g.fﬂfépo %iyn%’-{?gs ie?&g%g@ove aﬁg i%)a cur(r%)q:o%t laslﬁr&ﬁ“? é] 'eI‘EQ r%vg?t%on also
Iélammtb ﬂh@roaﬂ:ismnpe affticles pbtainkd ylongndngthe tulable ﬂﬁomarakwmer
at ons . Qr an al kyl group of Ito 7 carbon atons. Exanples
SPOPESIGRn 2006/ 068735PCT/ US2005/ 041490 5 gr oups i ncl ude
perfluoroal |l cyl groups that may be |inear or branched
|nclud| for exanpl e perfluoronethyl, perfluoroethyl
dm siHd M&amssfm S/ Invetion peovidesa mgihof of meking p Syproselimenps
@leﬁﬂéd B pl“h%%cﬂ%off&h@ééla c%olfrﬁ@rﬂatl dA B 4da& Hl%pe E0F e
formula, n is typica mis
@lucninat@i olgfinsrandi oneésor more fluorinated allyl ethers accordmg to formula (I).

It has been found that the fluoropolymers can be readily and cost effectively be produced

even with fairly high levels of fluorinated allyl ether repeating units. In particular, the
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Specific exanples of fluorinated ally] ethers for use

in accordance with this invention include:

CF2=CF- CF2- 0- CF3 CF2=CF- CF2- 0- C3F7

1 Socleks7s42- 0- CF2- (0CF2) t - O- CF3

e e, (0CF2)t - O CF3 PCIIUS2005/041490
CF2=CF- CF2- 0- ( CF2) 340CF2VO CF3

CF2=CF- CF2- 0- ( CF03- ( OCF2CF( CF3M 0- CF3

gribords E@gﬁ%@%ﬁ%ﬁ%@&%'ﬁh@ﬁfc%ml,?’o%%ﬁgﬁie properties

OF%@FO&HE@H@FS(@EEI)D& ‘(h@ﬁﬁﬁl)l Oudhi3mnieeit dhnbeen feing thal Jow2Tg

AT R ol &%"E@v%%bg‘%dﬁ}f B iofiedgfartig futh
f fratR6d1 asdn@es aﬂlthmla fetah@risty Ee}?hmm«h@;fe 16ve Repetaibe bidptSics

der|V|ngfromthequor|nat al | ethers in the
f rasawped ke for |e§armi@ Irpmlmgé af @rhu;c ofiairplapes. dgherathe baw Tg
5§tcﬁge1 Ean e %e ?1 %Ecrdetgrl% 19 Pee/ ltsl E_%FJ) Br {veg without the
uor oe asto r su or exanp
f heigd If@léd’ RS tviihte. reﬁliﬁbﬂ‘t allubwalas‘lﬁinde mﬁ@dﬂe I@ﬂtaﬁlﬁd tHaehdvy pembined
fluo at ed al Iﬂg ,#her used,, an am)ugé repeat i ng
ubFine ci é’F‘?R?"e"&SP ™ F4 rgoptesigtange to pw IH%WQ%@a‘}eS\AF a%nt%t
t@orébﬁ@l’ol?e"—f@ IR Ao TaME %ﬁ%r@@uo%ela%ﬂﬁ%tm% ﬂ?@dueed
Tg the fluoroel astomer. Typi cal l'y, the anount of
rtégéaw gepdionixosllerd baseiregistdnceom f | uori nated al lyl ethers
according to fornmula (1) is between 2 and 30 nol e%
According to a particul ar enbodi ment, the anmobunt may be
beDweAIRd desamistiodaD iRl iedéndd according to a still further
enbodi nent, the apount nay be between 5 and 20 nol e%
ORg RS assoringng ﬂiesprﬁ&smé%qy@%m typlgaﬂvén amorphous

r t
SR, IS kRO 1y PRI LSS o o o
mangatahwwt ofcaryatalomityr: SThus, edl @mﬁiphou&)iﬂzuir@mb«mr tgamrftlbf does not

SR Oea SRR ARt T riaanet SRR S ls €lspe Rt D

t fieRopolifter nfa® havafilly ¢lub@iatddWaekoR@ButndfGn pArficular embodiments
art|cul ar enbodi ments, fl uoropol i/rrers Wltﬁ a Tg of-25C

(ﬂlsq haye a gartialfinosinated hackbens- B“é;p}@ﬁl vathediporopglymer W111 have at least
f f g
AT fnd H0,POEERRS MGty o, T
vﬁuwfpotgmy:r beopknd loube inpatien cmmprinaﬁ repEatmgmhx&.sdequg&smom S

%tggﬂngFﬁg s [ nré E:I_EIE;)’rot rifluoroethyl ene

c@’gb eLPITR()- O oet hyI ene, (Wi nyI fluoride, vinylidene
fluoride (VF2) andeerfI uor oal kyl vinyl nononers such

avéherin Zfreniesentd Fop {le Aed Rirempsents prluorinaied dlod [eyavprthatmay contain
f f
nolg%wﬁ{?{)erc?%g&ggg%%e%%ﬁgﬁr#e g Hg Bl%a%rf‘ )g%fg%%ﬂog@amr);)ren ol efins

10such as et hyl ene and propyl ene. The fl uoropol ymer

f.urt her, has e re.cure-sit Sui tabl e cure-sites
REMR RO Geh i Toanilp T regrkia Mo ipseiany A4 pEraRias
G{bRdInRAE tHeQRopURNs 5@1&0@&@;&@ thie¥ ﬁw@ﬁs fop ekddhle a
atom Further cure-sjtes inc &yc?g nli:g?}] e groups(ﬁ%
diweenaipd greumefheformglst ai ned in the 15end- groups of the

R d/ may be d| |but ed al ong the chain of

tE&e g"oq @F.@%enerally, %e amount of cure-sites in the
fWheoaiop o aprimegedr ©f béd Syee is or bn &tekeb ofrbteel Wind RO s Epeafipdrealkyl

0
%%uvl\:eo%q tcg) 7 %ar%grg atgmgglr & a{?cyl group of 1 to 7 carbon atoms. Examples of R*
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Particul ar exanples of fluoropolyners according to the
i nvention are copol yners of 20tetrafl uoroethyl ene and
vi nyl i dene fluoride, copolynmets of tetrafl uoroethyl ene
ane 26dchwsene or propyl ene, copol yners of PCT/US2005/041490
tetrafl uoroet hyl ene and hexaf | uor opropyl ene, copol yners
of tetrafluoroethyl ene, vinylisdene fluoride and
hexaf | uor opr opyl ene and copol yners of
t efoipd It O MYdr6ARy1 chRyShbUEORS IBRYY @heandRdd iBLINNHhE AR example
or propylene. |t is being understood that the
f P EpopBEYe e fluproatbyland gerfliorepropylpaeupgr Rpmay firthawyepresent an
c j ' Lyl s f :
¢ SRyt Sl R e . BRI BB TR T2 or 3 andmis
clorexsufle8,. 1,3 arparti cul ar enbodi nent of the
invention, a fluoropolyner is used that contains 45
mole % or less of VF2, for exanple not nore than 30

RYackaiPlbs SRR rintadalRY etfBls $3Pust th RcSlidrcl witthi §fvention
enbodi ment’, the fluoropolymer contains no VF2 or |ess
t imahids nol e% of VF2. 30FI uoropol yners with a | ow anmount
of-n V2, Gan~he, used to produce fluoroelastoners that WO
B o R o005, 041990 5 hbve o good base
r €Bj~&IFafic,e0-anf; have little or no swelling against
or.gani c.sol vent d fuels. The fluoropol yners can be
oggﬁ%ﬁéaiﬂbﬁﬁgé§§%5foﬁﬁé known pol yreri zati on
t@pﬁ@@qgga;@ﬁgqﬁng@g?§gkygion pol yneri zati on and

. A .

suspensi on polynerization. "The fluoropol yners are
gehsCEH TRe-OrdaE2)t-P Oy HO-6H3 aqueous emnul si on

p rd i i an be conducted in a
el PRGOSOk o mpod: et ¢ he

f tBeOrrE, a0l (eF )y (0@, 08(CH,p,-0r@y; ded to the

pol ynerization as a EreenuIS|on. That is, the

y
f@ﬁﬁiﬁﬁgﬁéécghﬂ¥%69ﬁ ﬂr@§xﬁrior to the polynerization

| Stef e dh i 3 S a fluorinated surfactant e.qg.
ggﬂaggéyﬁg%éegﬁggﬁg%?%%ggbso obt ai ned enul si on of the
awhsrtin éistied, 2,8, 4 ed. used for feeding the fluorinated
ally] ether to the polynerization reaction.
Alternatively the allylether can be preenulsified and
C’llﬂzfﬂi.ﬁ’)ﬂag@@n%r W9 lcBmpsiselaQhixBxesMmtfeat 85 &dits ROGVih D 1BR a mixture of
1,160, 258, The reactor vessel for use in the aqueous
ciisrisptehaliyd eiheesr iTha emevnt of weeading usits desiviag|fioyn the fluorinated allyl
Plifers A" ezﬁ’lmr of ec‘r% n&t%%&lﬂﬁrhp firn}Mi& Qﬁt dﬂe%iw Sceording to the
internal pressures during the polynmerization Feact) o
1dsFyqi pagderties it e fhemelastomenasls ed fonetampletht Tgef the

chani cal agitator, ich will prodyce thorp i Xin
oo iee: gt Atihaf i et Sy e Bty an
Cidtint ditebitifienifs|deRTATRACIBS{nSled ABY! Rl W aE? iR1d Aenay
reactor vessel. The nononers may be charged batchw se

clrepdy have o hstantiel dmpect ge e dard ihrubesockgtemer.. Taycally, the amount
R $ e ; |
S SR 0inal o b ety B ittt AL, B

of antdi€ mi2€¥op dicyording 1@4 paticuldthebodidepe itd enfountahgy bd between 3

whi t to t kettl ill d d

R el B AP g g s Dr ienec it Shiihb ey Dapatieen S

tanR0 nfdle3b.e Aalhts betheed Akl Bf malddi dsh Ny gdfe ARTXARY r¥dulth in a
i.e

equal the rate of consunption of nononer, i.e.
CBHeE 08 erpdiceongo Repaading ga hepantoprieet. thogiyhetheraised nshon the nature
' i K n of ,which.are
B bt B0 3Rl e te oA AT e g Ml
al so added the fluorinated surfactant, typically a non-
tel ogenic fluorinated surfactant. The pol ynmeri zati on
may al so be carried out without addition of a
fluorinated surfactant. The fluorinated surfactant when
used, is typically used in anpbunt of 0.01% by weight to
1% by weight. Suitable fluorinated surfactants include
30any fluorinated surfactant commonly enpl oyed in
aqueous emul si on polynerization. WD
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wherein Y represents hydrogen, G or F; Rf represents a

| i near or branched 5perf|uorinated al l cyl ene having 4

to 10 carbon atoms; Z represents COG' or SO and M

repr an alkali metal ion or an anmoni umjon, Nbst
p?@f@&?ﬂgéﬁ?l uorinated surfactants for use in PhI/ES2005/041490
invention are the ammoni um salg s of perfl uorooctanoic
acid and perfluorooctane sul phoni ¢ acid M xt ures of

0 at e ur Lanty n_be se nsfer
TR SR bl AR e G S
ﬂ&h&ﬁﬁhﬁfts,%bﬂipblyﬁferstvh&l 4 Tgior-Qpet yieds.or IBIECEJ)'}GIE:?Q can be obtained.
transfer agent is typically charged to the reaction

kettle prior to the initiation of the polynerization.

S
st orSigRinierof BT RARRLGH AR Gplees e b RRIHRY
aﬂquimaled mocuambmng1¢1Unaydmeqaeffhtoenaechmrdaonalﬁxmnpdeseﬁtgﬁesus

t ones .and hal oca rtlcularl ef ul
+ Plekeres PRapBnot N e P brestiue (CEHRY idbegioraiyeme (e,
eéﬂkﬁbtn@lﬂgromymié virSt i@, @H}‘I}den@ﬂﬁlﬁirde (RS A8 Derfluoroalkyl vinyl
additi ons of chain transfer agent in a conti.nuous or
separsshiichadbexallagroriopylens (HRE). pBieylverdpelymen mayfyrthat eppnprise
b r
oi pETag LS Bt g TGy AR e o iBRERUMTE L B, Jons
psuelp a aldylne dhid psdpyfead.yneri zi ng fl uori nated nmononer in
the presence of an initial anmpunt of chain transfer
agent and then adding at a 20l ater point in the
PRV poRimed PurtHef hA3®he 61BbR chfetited &uitBQ8 BlrelsREEHAGYe halogens
wi th additional nononmer. The polynerization is usually
i wmhls‘a@%@rtammng Hre panortidegureisadtign sech fanerempte aalgmmuon tpdine
n stemto the a
Al kb Birered MUY GUSHE TS Bt Do R G Bl s e
| emdtglrcaip@ bSthe §5p@mef i/ edyTbe @istrifutdqdetomy itekecHali dfitad Iﬂﬂ}&ner
u hy dro en peroxid dlacylperOX|des such
@ﬂw %?IBS“I étf CLye- E,\Feé‘brp %ﬁ uﬁ@p%lymgels etween (0.1 and 5 mole %, for
déxQbeDérb)éisz%ﬁ 08 3 nitibanzoy! per oxi de,
benzoyl acetyl peroxi de, diglutaric acid peroxide and
di I auryl peroxi de, and further mater sol ubl e per-acids

S S PP LR G g, AT

i tedud@e 39 ae asketihgidasd ﬂiuonESt(ﬁpﬁlyﬁifem bh@u@ﬂ&@@étﬂylﬁﬁr&n@ Ethylene
used as well and exanpl es thereof include

t B PEOPY l50% P PRREY B a&@%ﬂl@rmlwﬁfld beyatlyerperiopwleRs. gapolymers of
ActtdifabRethy eh@S$nyilled

A blaE e nB iercTlide Bldlltlordfhy1cPand copolymers of
st@traﬂbpr@eﬂnzbnwﬁmmmpﬂm arisl ashylend prmy}slbmemslt fsdeing sederstood

for g8k a i on of
Ao R de bt oSh S AR T R BB B aer 4
(‘ﬂlﬁﬁna‘léﬁ altyth ethérs tolf fommulagh) aﬁtffl.ﬁihdr d@ﬁfpﬁl@@he&ﬂ Infhatge-gitesa
conbi nati on of peroxodi sul phate and hydrazi ne. Further
initiators that can be used are anmonium al kali- 5or

qa b pArtidhIAdrhboABhdr? oPthe RRESIHN! @H@&%po@ﬁﬁémy%ﬁ' t @6ntains 45 mole

mangani ¢_acid or mangani ¢ acid he' anount
i Pt fesst o1V R fsir eyl Botiyqat than B motel et ModStham 0 Mokfhyin a

f I 0. 05 and b
18 ke QIR BEURRn OB SR Bl R
fRMolro;ﬁaimmi with all®W tulhédr® bf WBY cditbeadéling paddutd Busb@kdtorfdrs that
the polynerization or the initiator can be added to the

pol yneri zation in a continuous way during the

pol yneri zation until a toconversion of 70 to 80% One
can al so add part of the initiator at the start and the
remai nder in one or separate additional portions during
t he polynerization. Accelerators such as for exanple
wat er-sol ubl e salts of iron, copper and silver nmay
preferably al so be added. 15During the initiation of

t he polynerization reaction, the sealed reactor kettle
and its contents are conveniently pre-heated to the




10

15

20

25

30

AR A —— N

20conprise auxiliaries, such as buffers and
conplex-forners. It was found, that the fluorinated

allyl ethers can be beneficially copolynerized at high

t s (> 70C) producing fewer polar e
e‘sga%f@%or -COF, as conpared to a pol yner I"%g?l{i%ﬁd%ﬁmwo
under identical polynerization conditions but using a
fluorinated vinyl ether instead of a fluorinated allyl
Shie oﬁ%s&,reﬁﬁﬁfkg gmgﬁa\% e G50 APIAL 2 Lind® BleBhic $6\¥ents and
group I's generall 5un esi rabl e as such groups
fegdat i vel y i npact the processability of the

fl uoropol yner. The anmount of polyner solids that can be
obtained at the end of the polynerization is typically
ek WREfpd I Meindn BH06tAMcdRItE Bty of BietirRhaRloly itz e nechBifues
and 4096by wei ght and the average particle size of the
resdudieg w@utfqnlp@?y nxrgﬁm |ang guspgnSion apgyleaéatme Ahgfuqrppglymers are
30and,.50 P 4

SO Pt AURE SR e OO el
Eondudted 36l b &Bovn WbkTEr. srtntaenaammomhsndlmﬂtt,othe feoramsed [aﬂpllmher is

fl uoropol ynmer, a npnoner conpris articul ar o
@Wéd%i. tp ey sEAOBAS B PIERASKRY ¥ it 3 R g efether is prior
lﬁ%gﬁ&ﬁ%hdﬂ%hﬁ%ﬁd‘iﬂ Hafbr h§1§é‘§flﬁfrm@ﬁ@ RbrfRfiant B tds@eQkibed

capabl introducing the cure site at the
tbelom ride senbined ernhlsiop of {hertlylBtienisihenfused &x vging the fporinated
ntro duce .hal I
S0l 5o bSO B 5P Rl ASE IR Gy B i

Ghathargddns aﬁﬂmﬂ a Iim'rdxmpiedﬁscﬁf)ed in eEPb]aBﬁO;ZSISD’ﬁ]wmaimIOIEssel for
the fluoropol ymer may be carried out with a SUII

Wﬁ@rthﬁ%@auscqm"%s‘% ROy TR BRI Progess i§ Gypic Mﬁd’ﬁqsﬁ‘gﬁ?’ e YW@EI
€ a%lesdf{vﬁﬂ‘g?ﬂ&ﬂg fhe @B PEprERuB! M¥ing 'ﬂ'xecjﬁJl}l'rMeri’kﬁﬁtﬁ'I ﬂéﬁc@i‘bﬁ d

oner t responds to the fornmula. CX2=CX-Rl-Z
\Myprcalln theeare btk ivesdel p’eH deiedey rmeebame@é pgitatorAwhirh will @oduckf

e R e e R R ST

|ﬂubf1ﬂx§onﬂﬂl\ér E’ﬁnéyrbetcﬁﬁ.l@:mw th@fb&dtérl \KéélschI'hE Bfnomers may be charged
perfluorlnated al i phatic group or that may be_ on

daichyie 8t A QNEMGUS PISCRETORITIONS matsd By ?eﬁﬂﬁf)?@“@\lsdé preant that
F
LA, PXAER %g%ggng)%e%@mg@m%ewth@%eei &g thelcBlirse of the

rom
(pobm)efrizattomo Thdkiptlepprdent xater a wihivh |thet m@m;ndnaw addedhethe kettle will

fornmula:, Z-Rf -0-CYl = ere 2 apd.Y3.are
R PG H1e SR PR R LB P S DAy P e e
GEaddidon ORhordARE W] &RBE Bk RitdEF cefuliptiBe otmdhdhersited €nversion of
oxygen atons; for exanple: BrCF2-0- CF=CF2,

BROPZCFNQPUFREF2, Br CF2CF2CF2- 0- CF=CF2,

CF3CFBr CF2- 0- CF=CF2, and the like; 30(b) bronmo- or iodo
(per)fluoroolefins such as those having the formula:

Z'he REacORrCRde is VRrg@oeit0§ 87 S BREHoWS2 00 §hok 140®t dritical. To the

aqueous phase there is generally also added the fluorinated surfactant, typically a non-
telogenic fluorinated surfactant. The polymerization may also be carried out without
addition of a fluorinated surfactant. The fluorinated surfactant when used, is typically used
in amount of 0.01% by weight to 1% by weight. Suitable fluorinated surfactants include

any fluorinated surfactant commeonly employed in aqueous emulsion pelymerization,
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wherein Z' is Br or |, Rf is a (penfluoroalkylene
Cl-Cl12, optionally containing chlorine atons; for
i nstance: 4-brono-perfl uorobutene-1, or
Aoy RbPusd133, 4, 4-tetrafl uorobutene-1; (c) PCT/US2005/041490
(per)fluorinated olefins having a Br or I atomon the
ol efi n doubl e bond such as branotrifl uoroethyl ene
(BTFE); 5(d) non-fluorinated brono- ol efins such as
EQ{'ﬁQﬂi‘Qﬂ T pREHeA BuordhidiRRHALANRN thefe 184t doftespdfld ol tBNgdneral
e cure site conmononer, the fluoropolynmer can contain
aﬂnuwbis|te conponent in term nal position, deriving
froma s%}hagkﬁ]chain transfer agent introduced in the
reacti on ned during the polynmer preparation, as
descidaanl Yi iprédehks $yd1|3§én CiI\br F; R Epies@B9a hncw er brmecdied r om
a suitable initiator. | es. of usef I niti

i nclngefbioRpeirsstkyl SR l%caqurbat%&( e CQBisk s and M
) orE &n{s%ﬁg&@ Hetsf VHRRSH bk ABniGRTBA. 'l\ﬁbﬁ IreXAER Mubihated
pers ate and potassi um brom de. Exanples of chain
tr armffecttazﬂgﬁmhg ih tho$ imstention @séhdmmmmgumfselt# efrperflugroReiBryC acid
Rflx | / Brx

Cperepfpeduasprasn supiang oyt i 8RBy et srnbryes
chlorine atons, while x is 1 or 2. Exanples include
CF2Br2, Br &@ 2) 2Br, Br ( CF2 4Br, CF2Cl1Br, CF3CFBr CFZI?
anl chaie trpriskes agqat partheruses i RodyTesTIZation igtspaiTel figi olecular weight

r 411 Qo the reaction kettl
RSN YA O i e
C OpYjor iksthe uullzﬂnoa iof the @o}ypmnmmm Uha“ul dhaméraasfm ageits gnclude C-Cs

g%@%&g& Srl]lgﬁ icl)ﬁd ane. lfbo?lgﬁ,pﬁ'@l ! e%%:r;ﬁ) lﬂ% dgrigi]aglpg#{c%arsoo%ﬁxc acid
m&%dwo@@es%&@ GetoRestd8 hiledaytiont. Rativwlapisefubslin transfer
one enbodi nent useful njtrile gr oup- contai ni ng cure

s. agenisrerechiadiodethere pushas Ainathyl ebercind e griary B kdeesg Further

0 AR e g o

3 0 m@mqu@ﬁﬂ Cr SRR ] g (lOFE20)lyG(1eri3) @limodal

1kO( CF
ZGE@F%W&E @‘5 G844 %H%YQPTWF@WZQ first polymerizing fiyoginated
t hrﬁor%?ﬁ’éf ¢ e bR RS of dmiditihPamd@mOofthait Thneter ageht-204 tRAGIding ata

u=1- I s a perfluoroal kyl ene or a bival ent

pelntet n@n@eﬁh@olm@aglonﬁ@ﬁheé shain enses agsoh seiber with additipnal
nmononer i ncl ude

pePPtU_T o( 8- cyano- 5- net hy1- 3, 6- di oxaThoct ene),
CF2=CFQ(CF2) 5CN, and CF2=CFQ(CF2)30CF(CF3)CN. 5 Nitrile

groups nmay. al sq be jntroduced in the fluor.opo

P i BB )Y ST ar e el RS OBl feping a0
t hgiRIR SeRNERiRky R td the hueBisQbRseC PR sxhibRGefoRldes &in be used as
pseudohal ogen. Suitable nitrile group containing salts

. nﬁl:ttqréféwftl hl@t;@toqsr}%zecm@éaltlﬂ@? qf.pt:ziomdé ugpeieis inghudenay dxegeBn

F oo ey PRGN g u e BB RebliBe o,
nldlbmtyn;@mmdecdlbemyhpemkldd,l bmyaoalanay}abrogfﬂb; dghuteric agid peroxide
a.\va

R B T il e it A P s hereot

SubkRbBY €g Gttnh in, Mo 398N BRBULE. Kxdnthles of per-acids include
tetraalIcylarnnonlun1cat|ons) and i norganic cations,

Paperdogti¢ and.yEigsepilihe p,qwlén@ berusedarrnhl anghearaplprshercof include
cat | inc ng.l n C

G O Rlp BBl HOLRY ad FRDBNBL BRI G A B 51 BRI hat can
caIC|un1and magnesi um Exanples of potassiumsalts

i ncl ude potassi um cyani de, potassium cyanate and

pot assi um t hi ocyanate. The salts wherein Xis 0 or S

and the cyanides are generally preferred. 20In order to
cure the fluoropolyner a cure conposition can be used
that conprises one or nore peroxides. Suitable organic
per oxi des are those which generate free radicals at
curing tenperatures. A dialkyl peroxide or a
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25t he nost useful peroxides of this type are

2,5-di met hyl-2, 5-di (tertiarybutyl peroxy) hexyne- 3 and
2,5-dimethyl-2,5- di(tertiarybutyl peroxy)hexane. Q her
p@b%& esz£an be selected from such conpounds, $2005/041490
di'cunyl peroxi de, di benzoyl peroxide, tertiarybutyl

per benzoat e, 9

cc, a' -bis(t-butyl peroxy-diisopropyl benzene), and

di ' s (- f 5 r initi

R a B e S i
f linkdudefol exampleiacoBbistich of py@xodisulphate and hydrogen sulphite or

2006/ 068735PC1' 432005/ 041490 13 Anot.h vhi
R Ao TERoree i et ad Do aur el RSBty &

0@ RRtb S dnd By diaging FaARY @fitiat6@TRAS@befsedlare ammonium- alkali-
pol yunsat ur at ed congpund whi ch_is capabl e of

c o pasthealiatigaliy efipersuatpre pespRgaNicHT RaggaHEacid QrdBgnganie geids. The

Th S C oy i 4] : bl

ki RS SR FRAE defhaR oRIAUED 28 BlighpRicky

Pll‘befvﬁeﬂ bJ|0§! atetl We@nwﬁlghtcbaﬁzﬂ op atiet ts}abenei ghtufdﬂleq!bl)pmﬂl dzation mixture.
or.opol ynmer,. Exanpl es of, yseful coagents include e

¢ bR R R T P 5 0 g AL T8 PE mERFaOR g the niato

UrebiTBd Lddb@iofihe poIykBEIAM Rlal c‘éﬂﬁnﬂoﬁ_@ﬁrﬁfﬂ&ﬁr@ttﬁ‘é polymerization until a

tris(diallylamne)-s-triazine; triallyl phosphite;

N,cherdiradr of 7 0de BYtabaien alse addpdryof thhiosists ptiht sfart and the

N, N. NT, N1-tetraalkyl L raph k. de; \ -

LT PR 7 R SR bR AR Pl el Acceleraors

2, sfctPastfon exiunyple wasdrlylublkisalisl of kr@neiopper and silver may preferably also be

N, N - m phenyl enebi snal ei m de; 10di al | yl - pht hal ate and

tﬁﬁ@%#norbonene-z-nethylene)cyanurate. Particularly

useful is triallyl isocyanurate. O her useful coagents

include the bis-olefins disclosed in EPA O 661 304 Al,

ERArig 7ig4nitigdond! thewpplEmesizationggadtipn, the sealed reapior ketfle andhigs

cure site conponent I SES i tr] .

c oot o sRPRRRED b PP L3 hicFan 8 ¥ol il Ran

Cabmpdratred gre iarR0°Eas 1800@kferred trom 30PCtd 1 10°Cunémost preferred

conposi tion may _conpri se one or nore a i a- generati.ng,
OIS 10X B g&@l@ﬁ&“‘é‘fq wgssmwwg@? Qﬁtweq%u 430'cat in
gg:ﬁg.{%ﬁﬁij@tot TRar O Re RO eRblslonPolyindtibaftiRy 86Gh may further

t1ons but that generate armmoni a under conditions
ofcoupriee auSlietiess srvpas beféer and|caniplexflormass dnpasdound, that the

hexanet hyl ene. t et r am,ne {urotropin). di n, di am o
aniorstal SERFE R Bt aesar et YETdegias o o0
Aphbdubid) Yéwer gl@f & ps.Se. @ -0O0H oC@OR) Bs @uparedso £pdymerization
Co2+, Co3+, t and Ni2+, wis equal_to the val ence of

t aderddentical pplyarizagion gonddions Byt uspne aflysripaieq yinyl ether ingtead of a
_Sl‘ﬂdzoﬁhﬁec% :{H&A L@t Th@%ﬁ:%@ﬁ:@opar lal:éé%n{o'uhtedf ARFent drsufs generally
integer from1l to about 7. 25 Al so useful as

anmmdesitablg enach giongs egaiichndwasiitee nabessabilily elthe fgoropolymer.
unsubstituted triazine derivatives such as those of the
formula: WD 2006/ 068735PCT/ US2005/ 041490 14 R 1-1,R EN
NH Hahgioehtdf Pollyefsdiiyisl thaigan be bbtainsdi bisthé éndtof theqtolymerization is
unsubstituted al kyl, aryl, or aral kyl group havin rom

1 tygelsdeiosn | BB S AtY ﬁ@!g%fs@&f?fﬁ% beRepRA0% ARSI i?y weight
depnl vf?etawrg%e pghagde. hexabyae fucdodiyindrid 9BicE BRGeen 50 nm
acet al dehyde ammonia triner. The curabl é

f landSB@hmst omer conposition may contain further

addi tives, such as carbon bl ack, stabilizers,

pl asticizers, lubricants, fillers, and processing aids
can be incorporated into the conpositions, provided

t hey have adequate stability for the intended service
conditions. The conpositions may be prepared by m xing
the fluoropolynmer, a cure
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10conposi tion and other additives in conventional

rubber processing equi pnment. Such equi pnent includes

rubber mlls, internal mxers, such as Banbury m xers,

and Hhedcedsextruders. The curabl e fluoroel ast @ppkis2005/041490
conpositions can be used to provide a fluoroel astomer

upon 15curing. In one particullar enbodi nent, the

curabl e fl uoroel astoner conposition is extruded and

C Ut eintRpiRat AldkofollhtQhQ8dc3 8 @RIt sdhpoab®, ToQhr@NBIPLLe site

a tube. 1n another” enbodi nent, the curable )

f | epornoBend étte therameephousiludrenelyresy, HEoRASES CPRPIFfE B pafcular cure-

no). di r t ' .0 [ I :

TP B R0, ARSI U ostergen
Wi ¢rlinifignar thet if agaberef ntbdsdingthe curbyitd d éheftetninaliends of the polymer
exanpl es w thout however the intention to limt the

i 8t i on thereto. EXAMPLES 25Exanple 1 Preenul sion A

for precharge: WD 2006/ 068735PCT/ US2005/ 041490 15 169

g MA-1 fluorinated ally! ether nononer

( 4Fof egqmipe, iB ondsr teaRizminegieal ddens mbirdnestdapatie ofparticipation in the

CF2=CE; CF2- 0- CF2- CF2-0- CF2- Q- CF2-.0- CE2-.0- -0- CF3 S

e IS P I PR A e B R PTG e Rt s of
petht uabeaehanaat B afva Buthits a klitablBPl6Adated-@ire-Siftemonomer. In
emul sification an U traturrax stirrer was used first

f orne Emppiiment, she CUOTAIE BiPNGIMET Gag be ap ety enisally; wsatiggpted monomer
f b Liued BYatihuge pagses in a Mcrofluidizer high shear
honogeni Sator. This preenul sion had a turbid appearance
and was stable for at least 12 h. Preenulsion B for

feed: MA-1 nmononer and 7 g BFTB
( 1‘?@?&3‘%&'& nf | uor o- 1- br ono- but - 3-en, CH2=CH- CF2- CF2Br)
wegeré@ivdchix {repdntertl) Sepestfts O F9€ 41, M r&restig @ tpBETuothatdd

10 g 10 perfl uorooctanoate ammoni um salt (APFOA). For
t hAIDB#iGI EEQUD thEiMAyTFOBIAININE PRINGTEr Y 8L AtRBAndaEcPss@Ys Br or I that

fi f. . » Shi '
t oPbtee e paki e R pet MR ] ABha NG o i AR Sn
s hegon hmnogeng tha tperfluorfaged| aipkaticzadupon kettle with a
total volunme of 6.9 | equipped with an inpeller
agitator systemwas charged with 2140 g dei oni sed water
anthrieSexRRples Of &indnom8@ Can Th@ IR e fatihdihcd Bofiy St €m was
set to 320 rpmand in three follow ng cycles, the
vessel was degassed and subsequently charged with

ni (e mgen- erdods SperHlubtvalky bpdrilaorygeylethers hivermthe donowd .

The kettle was further charged with the preenul sion A,
Wth 77 vinyl4 denedi fluoride (VF2) and with 41 g
t&'ﬁ&ﬂ'@%ﬁﬁé{}%‘d ene (TFE) to 10.0 bar absol ute reaction
pressure. The polynerization was then initiated by 22 ¢
5 ARS8 O UioP Ao RS 9108 SULS R IARAS ¢ e
reaction started, the reaction pressuré of 10.0 bar
abepoibnally cwmteinire ol cing atl/ ¢ryethen exyase diomg; fFEExaande:\BECF- Gt 0
t Lth. a feeding ratio TEE (kg)/VF2 (kg) of
0!@%%%@2@&%6@ ?Jgﬁ‘"per ature of 80C was al so

ek P €W ;- OTOB=0F £ €MUFBrOR, -8- O R hiad gedikent o t he
kettle with a feeding ratio MA-1 preemnul sion B (kg)/VF2
(kg; of 4.16. Wen 320 g VF2 feed was conpleted after
436) bromot draodmipenBroredéinssugiessghesk badng theffermidat | e was
25 vented and flushed with N2 in three cycles. The so
oht,ai,ned polymer dispersion had a solid content of

2?2. g%@%@%l atex particle diameter was 177 rim
according to dynamc |light scattering. The polyner

di spersion was coagul ated by adding it drop-wi se to an
aqueous MCl2 solution, filtrated and washed four tines
wi th dei oni zed water (60-70C). The pol yner
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Owas dried overnight at 130C in an air circulating

oven. The pol yner shows no discernible nelting

t

(
1

ransition and a glass transition tenperature of -59 C

WodbRickdsyal ue) . The WD 2006/ 068735PCT/ US2085¢0hbdsAR1490

6 polynmer had a Mooney viscosity (M. 1+10) of 19 and a

MF1 (265/5) of 83'. The copol yner contai ned 20.4 nol %
TFE, 65.9 nmol % VF2, 13.2 nol % MA-1 and 0.5 nol % BTFB.

5
u

B 2 28R or 1, R A e IRor RN (B, Bp8ailip|cBntdindP chlorine

I
sing brono-trifluoro ethylene (BTFE) instead of BTFB

asgtomst B dnstaacerhbrame-nerfirovehuienerd, arebrapacwbh.4-tetrafluorobutene-1;

c
t

3RS o RRareP HMISLL A0 6 AP L ABR ST A1b o it 266 Yl 09

procedureas deScribed 1n the exanple

BrdmotéBudresth@lenedBFBR);i n precharge and duri ng

pol ynerj zati on., The conpositions of preenul sions,
16prestflpgaged %rﬂ@Op@F@rﬁesPF%Sﬁ-@ﬁmPé-@%?net he

pol yneri zation conditions and the anal ytical results
are listed in table |I. Table 1: . Exanple # 2 3 45

Etlheeplabfiment hAoin MidiBonvia-tle @iregingbmprgmes; the fluoropolymer can

contain a cure site component in terminal position, deriving from a suitable chain transfer
agent introduced in the reaction medium during the polymer preparation, as described in
U.S. Pat. No. 4,501,869 or derived from a suitable initiator. Examples of useful initiators
include X(CF;),SO;Na with n=1 to 10 (where X is Br or I ) or an initiator composition

comprising ammonium persulfate and potassium bromide.

Examples of chain transfer agents include those having the formula RiBr,, Ry or Rd/Bry,
wherein Ry is a x-valent (per)fluoroalky! radical Cy-Cis, optionally containing chlorine
atoms, while x is 1 or 2. Examples include CF;Br,, Br(CF;),Br, Br(CF,)4Br, CF,CIBr,
CF;CFBrCF,Br, and the like. Further examples of suitable chain transfer agents are
disclosed in US 4,000,356.

Alternatively, or additionally, the fluoropolymer may comprise cure site components that
have a nitrile group. To introduce such nitrile containing cure site components, a nitrile
group containing cure site monomer may be used in the polymerization process. In one
embodiment useful nitrile group-containing cure site monomers include nitrile-containing
fluorinated olefins and nitrile-containing fluorinated viny! ethers, such as depicted below:

CFo=CF-CF-O-R+CN
CFo=CFO(CF,).CN
CF,=CFO[CF,CF(CF3)0}4(CF,0),CF(CF5)CN

CF,=CF[OCF,CF(CF3)] O(CF),CN
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-‘ether (g) 200 200 215 200 - water (g) 470 470 387 470
- APFQA (30% (g) 20 20 20 20 Preenul sion B: -
ether (g) 680 675 505 670 - water (Q)

WO 2006/068735 PCT/0US2005/041490
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where, in reference to the above formulas: L=2-12; g=0-4; k=1-2; v=0-6; and u=1-4, Rfis
a perfluoroalkylene or a bivalent perfluoroether group, Representative examples of such a
monomet include pcrﬂuoro(S-cyano—5~methyl-3,6-dioxa-1-octene), CF;=CFO(CF2)sCN,
and CF,=CFO(CF,);OCF(CF3;)CN.

Nitrile groups may also be introduced in the fluoropolymer at the terminal ends by
initiating the polymerization in the presence of a nitrile group containing salt or
pseudohalogen. Suitable nitrile group containing salts include those that have the nitrile
group in the anion of the salt and in particular correspond to the formula:

M-(Xa-CN)n

wherein M represents a mono- or multi-valent cation including a metal cation or an
ammonium, X is O, S, Se or N, a has a value of 0 or 1 and n corresponds to the valence of
the cation. Suitable cations M include organic (e.g. tetraalkylammonium cations) and
inorganic cations. Particularly useful cations are ammonium and metal cations including
mono-valent cations such as sodium and potassium as well as divalent cations such as
calcium and magnesium, Examples of potassium salts include potassium cyanide,
potassium cyanate and potassium thiocyanate. The salts wherein X is O or S and the

cyanides are generally preferred.

In order to cure the fluoropolymer a cure composition can be used that comprises one or
more peroxides. Suitable organic peroxides are those which generate free radicals at
curing temperatures. A dialkyl peroxide or a bis(dialkyl peroxide) which decomposes at a
temperature above 50° C is especially preferred. In many cases it is preferred to use a di-
tertiarybutyl peroxide having a tertiary carbon atom attached to peroxy oxygen. Among
the most useful peroxides of this type are 2,5-dimethyl-2,5-di(tertiarybutylperoxy hexyne-
3 and 2,5-dimethyl-2,5- di(fertiarybutylperoxy)hexane. Other peroxides can be selected
from such compounds as dicumy] peroxide, dibenzoyl peroxide, tertiarybutyl perbenzoate,
o, -bis(t-butylperoxy-diisopropylbenzene), and di[1,3-dimethyl-3-(t-butylperoxy)-
butyl]carbonate, Generally, about 1-3 parts of peroxide per 100 parts of fluoropolymer is

used.



10

15

20

25

645 633 706 635 - APFOA (30% (g) 10 10 15 10

Prechar ge: - water (g) 1330 1380 1425 2070 - TFE
(g) 41 38 62 65 - VF2 (g) 77 72 -
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Another component which is usually included in a cure composition based on an organic
peroxide, is a coagent composed of a polyunsaturated compound which is capable of
cooperating with the peroxide to provide a useful cure. These coagents can be added in an
amount equal to 0.1 and 10 parts per hundred parts fluoropolymer, preferably between 2 to
5 parts per hundred parts fluoropolymer. Examples of useful coagents include triallyl
cyanurate; triallyl isocyanurate; triallyl trimellitate; tri{methylallyl} isocyanurate;
tris(diallylamine)-s-triazine; triallyl phosphite; N,N-dially] acrylamide; hexaallyl
phosphoramide; N,N,N',N'-tetraalkyl tetraphthalamide; N,N,N',N'™- tetraallyl malonamide;
triviny! isocyanurate; 2,4,6-trivinyl methylirisiloxane; N,N'-m-phenylenebismaleimide;
diallyl-phthalate and tri(5-norbomene-2-methylene)cyanurate. Particularly useful is triallyl
isocyanurate. Other useful coagents include the bis-olefins disclosed in EPA 0 661 304
Al, EPA 0784 064 Al and EPA 0 769 521 Al

Further, if the cure site component comprises a nitrile, any cure composition suitable for
curing nitrile components can also be used. For example, such nitrile cure composition
may comprise one Or more ammonia-generating compounds. "Ammonia-generating
compounds” inctude compounds that are solid or liquid at ambient conditions but that
generate ammonia under conditions of cure. Such compounds include, for example,
hexamethylene tetramine (urotropin), dicyan diamide, and metal-containing compounds of
the formula;
A (INHa), Y™

where A™ is a metal cation such as Cu?¥, Co?*, Co™, Cu’, and Ni*'; w is equal to the
valence of the metal cation; Y™ is a counterion, typically a halide, sulfate, nitrate, acetale

or the like; and v is an integer from 1 to about 7.

Also useful as ammonia-generating compounds are substituted and unsubstituted triazine

derivatives such as those of the formula:
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42 - BTFE (g) 2.4 1.9 2.3 2.1 - Preenulsion A AAA -
Initiator additive 3.0 (Rongalit) 3.0 (Rongalit) - -
Initiator (g) 640 620 460 (5% APS) 20 g WO
é@tg%g;g&zgsspﬂl US2005/ 041490 17 (0.3 % t- Butfid)s20d3/081490
bt -
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wherein R is a hydrogen or a substituted or unsubstituted alkyl, aryl, or aralkyl group
having from 1 to about 20 carbon atoms. Specific useful triazine derivatives include

hexahydro-1,3,5-s-triazine and acetaldehyde ammonta trimer.

The curable fluoroelastomer composition may contain further additives, such as carbon
black, stabilizers, plasticizers, lubricants, fillers, and processing aids can be incorporated
into the compositions, provided they have adequate stability for the intended service
conditions. The compositions may be prepared by mixing the fluoropolymer, a cure
composition and other additives in conventional rubber processing equipment. Such
equipment includes rubber mills, internal mixers, such as Banbury mixers, and mixing

extruders,

The curable fluoroelastomer compositions can be used to provide a fluoroelastomer upon
curing. In one particular embodiment, the curable fluoroelastomer composition is
extruded and cured to obtain a fluoroelastomer article, for example a tube. In another
embodiment, the curable fluoroelastomer composition may be used in injection molding

and cured to provide an injection molded article such as a gasket or O-ring.

The invention will now be further illustrated by the following examples without however

the intention to limit the invention thereto,
EXAMPLES
Example 1

Preemulsion A for precharge.
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BuQOH) (5% APS) Pol ynerization feed: - TFE (g) - VF2
(g) - BTFE (g) - preemulsion (g) 155 299 8.4 1320W 155
302 5.8 1280(B) 561 - 8.1 1180W 275 180 - 1315W

WEassensbar) 8 7 4 - 5 8 tenperature (C) 5S@C3UsBE/@P490
run time (mn)

15
169 g MA-1 fluorinated allyl ether monomer 4,7,9,1 1,13,15-hexaoxaperfluorohexadec-1-
en, CF;=CF-CF;-0-CF3-CF2-0-CF2-0-CF;-0-CFp-0-CF2-0-CF3) was emulsified in4l5g
deionised water together with 20 g perfluorooctanoate ammonium salt (APFOA). For the
emulsification an Ultraturrax stirrer was used first for 1 min at 24.000 rpm stirrer speed,
which was followed by three passes in a Microfluidizer high shear homogenisator. This
preemulsion had a turbid appearance and was stable for at least 12 h.
Preemulsion B for feed.
720 g MA-1 monomer and 7 g BFIB (1,1,2,2-tetrafluoro-1-bromo-but-3-en,
CH,=CH-CF,-CF»Br) were emulsified in 593 g deionised water together with 10 g
perfluorooctanoate ammonium salt (APFOA). For the emulsification an Ultraturrax stirrer
was used first for 1 min at 24.000 rpm stirrer speed, which was followed by three passes in
an Microfluidizer high shear homogenisator.
A polymerization kettle with a total volume of 6.9 1 equipped with an impeller agitator
system was charged with 2140 g deionised water and was heated up to 80°C. The agitation
system was set to 320 rpm and in three following cycles, the vessel was degassed and
subsequently charged with nitrogen to assure that all oxygen had been removed. The kettle
was further charged with the preemulsion A, with 77 g vinylidenedifluoride (VF2) and
with 41 g tetrafluoroethylene (TFE) to 10.0 bar absolute reaction pressure. The
polymerization was then initiated by 22 g 5 % APS solution (ammonium peroxodisulfate).
As the reaction started, the reaction pressure of 10.0 bar absolute was maintained by the
feeding TFE and VF2 into the gas phase with a feeding ratio TFE (kg)/VF2 (kg) of 0.52.
The reaction temperature of 80°C was also maintained. The preemulsion B was charged
into the kettle with a feeding ratio MA-1 preemulsion B (kg)/VF2 (kg) of 4.16. When 320
g VF2 feed was completed after 430 min the monomer valves were closed. The kettle was
vented and flushed with N, in three cycles. The so obtained polymer dispersion had a solid
content of 27.3%, the latex particle diameter was 177 nm according to dynamic light
scattering.
The polymer dispersion was coagulated by adding it drop-wise to an aqueous MgCly
solution, filtrated and washed four times with deionized water (60-70°C). The polymer
was dried overnight at 130°C in an air circulating oven. The polymer shows no discernible

melting transition and a glass transition temperature of —59 °C (midpoint value). The



380 290 418 330 Particle size (rim 189 148 Solid
content (9% 27.5 25.8 21.2 24.1 Moneyvi scosity(M 12
34 36 36 1+10) MFI (265/5kg) (g/10m) 56 - - 1.9
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polymer had a Mooney viscosity (ML 1+10) of 19 and a MFI (265/5) of 83°. The
copolymer contained 20.4 mol% TFE, 65.9 mol% VF2, 13.2 mol% MA-1 and 0.5 mol%
BTFB.

Example 2-5:

In the same manner as in example 1 but using bromo-trifluoro ethylene (BTFE) instead of
BTFR as cure site monomer and varying the monomer composition, polymerizations were
carried out according to the procedure as described in the example 2 - 5; BTFE was fed as
a gas in precharge and during polymerization. The compositions of preemulsions,
precharges, and polymerization feeds, the polymerization conditions and the analytical

results are listed in table 1.

Table 1.
Example # 2 3 4 5
Ether MA-2 MA-2 MA-3 MA-2
Preemulsion A

- ether (g) 200 200 215 200

- water (g) 470 470 387 470

- APFOA (30%) (g) 20 20 20 20
Preemulsion B:

- ether (g) 680 675 505 670

- water (g) 645 633 706 635

- APFOA (30%) (gy 10 10 15 10
Precharge:

- water (g) 1330 1380 1425 2070

- TFE (g} 41 38 62 65

- VF2 (g) 77 72 - 42

- BTFE (g) 2.4 1.9 2.3 2.1

- Preemulsion A A A A

- Initiator additive 3.0 (Rongalif) 3.0 (Rongalit) - -
Initiator (g) 640 620 460 (5% APS) 20g




Tg (O - 57 -61 -6 -41 Copol ymer conposition -TEE
(nmol %9 22.3 20.6 88.3 43.9 -VF2 (nol % 63.6 65.9 - 43.3
-Ether (mol% 13.6 13.1 11.2 12.3 -BTFE (nol% 0.5 0.4

v 200s/ms58MPOUNdI ng Rubber A PCT/US2005/041490
17
03%t- (0.3%t- (5% APS)
BuOOH) BuOOH)
Polymerization feed:

- TFE (g) 155 155 561 275

- VF2 (g) 299 302 - 180

- BTFE (g) 8.4 5.8 8.1 -

- preemulsion (g) 1320 (B) 1280 (B) 1180 (B) 1315 (B)
pressure (bar) 8 7 4-5 8
temperature (°C) 50 30 85 80
run time {(min) 380 290 418 330
Particle size (nm) - 189 148 —
Solid content (%) 27.5 25.8 212 24.1
Mooney viscosity (ML 12 34 36 36
1+10)

MFI(265/5kg) (g/10min) 56 - - 1.9
Ty (°C) - 57 - 61 -6 -41
Copolymer composition

- TFE (mol%) 22.3 20.6 88.3 43.9

- VF2 {mol%) 63.6 65.9 - 433 7

- Ether (mol%) 13.6 13.1 11.2 12.3

- BTFE (mol%) 0.5 0.4 0.5 0.5
Compounding Rubber A Rubber B

MA-2: 4,7,9,11,13-pentaoxaperfluorotetradec-1-en
(CF;=CF-CF;-0-CF;-CF2-0-CF;-0-CF>-0O-CF,-0-CF3)
MA-3: 4,7-dioxaperfluorooct-1-en
(CF;=CF-CF,-0-CF;-CF;- O-CF3)
-BuOQH : t-Butylhydroperoxid

Example6+7:
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Rubber- B MA-2:

4,7,9, 11, 13- pent aoxaper f |l uor ot et r adec- 1- en

( CF2=CF- CF2- 0- CF2- CF2- 0- CF2- 0- CF2- 0- CF2- 0- CF3) MA- 3:
dwhHisggper | uorooct - 1-en ( CF2=CF- CF2- 0- CF2- kdu52005/041490
0-CF3) 5t-BuQOH : t-Butyl hydroperoxid Exanple 6 + 7:

WD 2006/ 068735PCT/ US2005/ 041480 18 In the fol |l ow ng

exanpl es, the conpositions are based on 100 parts of :
I 4P RRT foll VB g CekbbleY Che aREhpOlitieds adhabid/66 180 epakts dfedbias. The
parts per hundred parts of rubber (phr). Percentage

apwatives ghd ohnaddistyes pife fised &S npris doer | yndsed rhprie @g riber (phr).
c C h1d ' ' was made by

cggﬁpg%hagaﬁ a%g'&ié%hé{ {"gﬁeg{/\?thg glhfr%gt ives and additives

i iexamplblbes cihalfle xammisitioR pf insemignavas wade by ¢onmpouhdiag the following

ent | _techni - 100 f rubber, A, 5 .
COME, Ll SO IES 190 G150 {45080 5 cpeniona
?%g%ﬂl.gs:(1%8@%%@065A95@%n@%f&%0§@0n Fhek,oUgréms of ZnO, 1.8

gy of the resulting curabl e conposition was i
eyaing af gAIE{88%hend s ptems f DBFRO8dThacurgpheelopy of the resulting
Resul.ts of physical per. i_no.:afit. ri :
oY RN S SRS L5010 B S 30 s
1p03&0Gedtiap afté praw karirgrof el samplei 8 1 21Ci for 10adinate® and post curing at
exarggl e 7, a curable cqnpﬁg&ir?tei on of the invention was -
mefECderd Sdparssag dep lisipdan r sinmilar to exanple 6 but

g %%Legcrgm B0 L BHIE REAPRL BN DY -theTiB?enftigﬁ Kb ﬁsaa@ﬁdgmglume@ in a manner

est results are also listed in table

Exienitpl © etaBplz GRos eing mbbe0B-(e:Rumitie ). Bhe formulation and the other test

results are also listed in table 2.

Example # 6 7
Rubber A 100 -
Rubber B - 100
N-990 Carbon Black (phr) 50 50
Zn0O (phr) 5 5
TAIC (phr) 1.8 1.8
DBPH-50 (phr) 25 2.5
MDR @177 °C, 0.5 ° Arc, 100 cpm

MDR total time (minutes) 12 12
My (in-1bs) 1.6 2.1
M (in-1bs) 11.3 14.7
My — M, (in-1bs) 9.7 12.6
1:2 (min) 0.5 0.5
£'50 (min) 0.8 0.8
90 (min) 2.7 2.7

physical properties after Post Cure
Tensile (psi) 850 1160




100 N-990 Carbon Bl ack (phr) 50 50 zZnO (phr) 5 5 TAIC
(phr) 1.8 1,8 DBPH50 (phr) 2.5 2.5 MDR @77 C, 0.5
Arc, 100 cpm MDR total time (mnutes) 12 12 (in-1bs)

1wb 2606hed¥Bs (I n-1bs) 11.3 14.7 - AeL (in-1bs) gerfushdosaiaso

19

Elongation (%0} 68 73
100 % Modulus (psi) ~ _
Shore A2 Hardness 80 74

Compression Set, Method B, O-rings
70 hrs @ 200°C (%) 24 22




ts2 (nmm 0.5 0.5 t'50 (mm 0.8°0.8 t'90 (mn) 2.7 2.7
physi cal properties after Post Cure Tensile (psi) 850
1160 WD 2006/ 068735 19 PCT/ US2005/ 041490 El ongati on
(%9 68 73 100 % Modul us (psi) - Shore A2 Hardness 80
74
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CLAIMS

1. Fluoropolymer comprising repeating units detived from one or more gaseous fluorinated
olefins and having one or more cure-sites comprising (a) bromine or iodine or (b) a nitrile
group, said fluoropolymer further comprising repeating units derived from one or more

fluorinated allyl ethers of the formula:

CF,=CF-CF(Z)-O-R¢ (D
wherein Z represents F or CF; and Ry Ry corresponds to the formula:
(CF3)n-(OCF2)n-OR* (IT)

wherein n is an integer of 1 to 5, m is 0 or an integer of 1 to 10 and R* is a perfluoroalkyl

group of 1 to 7 carbon atoms or an alkyl group of 1 to 7 carbon atoms.

2. Fluoropolymer according to claim 1 wherein Z in said formula represents F.

3. Fluoropolymer according to claim 1 or 2 wherein said fluoropolymer has a perfluorinated
backbone.

4. Fluoropolymer according to any of the previous claims wherein the amount of repeating

units derived from said one or more fluorinated allyl ether is between 2 and 30 mole%.

5. Fluoropolymer according to any of the previous claims wherein at least part of said cure-

sites are comprised in end groups of said fluoropolymer.

6. Fluoropolymer according to any of the previous claims wherein the amount of cure-sites in

said fluoropolymer is between 0.1 and 5 mole%s.



Conpression Set, Method B. 0O-rings 70 hrs @ 200C (%
24 22 510 15 20 CLAIMS 1. Fluoropol ynmer conprising
repeating units derived fromone or nore gaseous
fluorinated ol efi ns and having one or nore cure-sites
conprising (a) bromne or iodine or (b) a nitrite
group, said fluoropolyner further conprising repeating
units derived fromone or norejfluorinated ally! ethers
of the formula: CF2F-CF(Z)-0-Rf (1) wherein Z represents
F or CF3 and Rf Rf corresponds to the formul a:

0CF2), n-. ORa( 1) t f 1
& g: ?Roﬁygneé a ﬁofﬁ'l% @%tﬁh gr%%'q_aﬂst (‘éalla']g wglgqghpsa;ed%eageogs fluorinated

p@léﬁﬂsuﬁ{ RRLle Yﬂong;h@ Qxfé 71§’fzonllsﬁ1§g of taRNRGY ctﬁ?l@ﬂ@s clﬁBroﬁP’luoroethylene
car bon at ons. . uoropo

grou

216566&%%01% gena ‘ﬁﬁllfhdinevﬁﬂ@ﬂéﬁﬁmzl flyprigg Mﬁ Tityred thereof.
represents F. 3. Fluoropolynmer according to claim1l or

2 wherein said fluoropol ynmer has a perfluorinated

bh Ekusetpelymen accprdingrte pay praviow dime wheremmyiddfuotdpelymer further

RO S @l it B Froh/MhcRIFRLacf iigpeat | ng uni s

derived fromsaid one or nore uor 1 nat ed allyl ether
is between 2 and 30 nole% 5. Fluoropolyner accordlng

t C alns wh at | east. part of
S%Fﬁf&%’og?fémep Cé:glrdg etgg%rrpr HogsT o élﬁ’df pranatd ‘?ﬁ”s‘éi‘%wed from
fdthydane pod ynopylene. 6. Fl uor opol yner accordi ng to any of

the previous clains wherein the amount of cure-sites in
said fluoropolyner is between 0.1 and 5 nole% 21 7.

RlOUBlnarp pdlymET ac&&dmg & 4G of eheprdviddh clalh® WKLMh i$ ﬂﬁér@f)cﬂﬁner
wherein said us quorlnﬁted olefns are sel ected

BRI éepa?tﬁl@ vingifreg ynylidens Byande ity amauahes not more than 45
Qhﬂemotrlfluoroethylene, hexaf | uor opr opyl ene,

vinylidene fluoride, vinyl fluoride and m xtures

thereof 8. Fluoropolyner according to any of the

AN EMiGHSol frhéH a8EorfHE fing of e ‘E;refv OHQEI @Blmm fa fll.ho%polymer isa

conprises repeating units derived
eIy srércted dkoatithe Ewpup gonsisting of copolymers of tetrafluoroethylene and

vinylidene fluoride, copolymers of tetraflucroethylene and ethylene or propylene,

copolymers of tetraflucroethylene and hexafluoropropylene.

12. Fluoropolymer according to any of the previous claims wherein said fluoropolymer is a
polymer selected from the group consisting of copolymers of tetrafluoroethylene, vinylidene
fluoride and hexafluoropropylene and copolymers of tetrafluoroethylene,

hexafluoropropylene and ethylene or propylene.

13. Fluoropolymer according to any of the previous claims wherein part or all of the cure-

sites are derived from one or more monomers having a bromine, iodine, or a nitrile group.

14. Fluoropolymer according to any of the previous claims wherein said fluoropolymer has a

glass transition temperature of less than —25°C.
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9. Fluoropol yner according to claim8 wherein said

non-fluorinated olefin is selected from ethyl ene and

propyl ene.  10. Fl uoropol ymer according to any of the

I evi | ai m8 wherein said fluoropolyner c j

B’ gﬁmﬁﬁgunits deriving fromvinylidene f|uggpg§%ﬁ%“§ﬁ°

amount of not nore than 45 make% 11. Fl uoropol yner

according to any of the previous clainms wherein said

h§ l‘tﬂfrﬁﬂ@hﬁ(&g%la&&n& c&%é(ys%?crn RIS ?ﬁ) { ﬂQ&b%&]Fmglr é%lﬂ@ﬁned in any

consi sting of copol r's of TeLr uor oet ene and

vofthybredmuedfaimmﬂdm) aqopphgemer s of tetrafl uoroethyl ene

and et hyl ene or propyl ene, copolyners of

tetrafl uoroet hyl ene and hexafl uoropropyl ene. 12.

k! L@ﬁﬁﬂ@hw@aa@&ﬁ&rceﬂn]a@lﬁ@ a@&)tdﬁ:lé td &P ewheaeis seill dbiposition

wherein said fluoropo ol ymer selected from

turthergrompyiseomedagent h@'ll‘eﬁm@@ﬁ@l yerygally unsaturated groups.

tetrafl uoroet hyl ene, vinylidene fluoride and

hexaf | uor opr opyl ene and copol yners of

tletmaﬁdadklﬁ.‘rrﬁﬁmig/dz ﬂmo;ioﬂgemfak ldeﬂrraﬁ rogmy loé Shirmljtoeléﬂ'goh@;ising a

or pro ne 3. Fl uoropo acc ..hg t.o
FRODRGHGRTSOT, £spioms ORI SRROP o B SGPETBF aireld Huorinated ally

gg&§.3|tes are derived fromone or nore nononers having

a bromne, iodine, or a nitrile group. 14.

Fluoropolyner according to any of the previous clains

vtlgﬁbﬂgt y %;?Igr g*g tP gfégx’i) ?‘Lé/ﬁer_egg%% C%E@'Igg %Za{igr?ﬁsahtahgéaus emulsion
%@@ﬁkﬂﬁ&ZBSPCT/U820051041490 22 15. Curable

| uor oel ast oner conposition conprising (i) a
fl uoropol yner as defined in any of the previous clains
q\/[éthéc? ac%ox‘c‘i tB QlaBIENr 18 wherein #f-po é) (FlemBhtfon is carried out at a
uoroe asto conposition according to claim 15
WMEREMHebaM@mcﬁhpd§mﬁﬂbn 5further conprises a coagent
having two or nore ethylenically unsaturated groups.
17. Method of meking a fluoropolyner as defined in any

Q0. MtR6 S thilengl 4] 62 6aMsichhen grtizlecopPhiyii® tirttd cebdd  sai d
one or nore gasequs fluorjnated qlefins and said

finereplpsiemerromprsijiontsiistiaed ipgny efclaingd gH! ticcording to
claim17 wherein said copolynerization is an aqueous
emul si on pol yneri zati on. 19. Method according to
Gl A findrZelastorhi® anfiede elitrinabhebypthe wethod 2belkion20.s carri ed

out at a 15tenperature between 40 and 100C. 20. Method
of making a fluoroelastonmer article conprising curing a
curabl e fluoroel astoner conposition as defined in any
of clainms 15 or 16. 2021. A fluoroel astoner article
obt ai nabl e by the nethod of claim 20.



