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FLUOROPOLYMER FOR MAKI NG A FLUORCELASTOMVER 1. Field of

the invention The present invention relates to
wohouwroegesyner suitable for making a fl uoroel aBtomsR005/041490

In particular, the present invention relates to an

amor phous fl uoropol yner that &tonprises one or nore

cure sites and that conprises one or nore repeating

uni ts derjUOROPOLYMER fHOPMARDNSd AF YOROELASPOMER

Background of the invention. Fluoroelastoners and in

particul ar perfluoroelastoners such as those descri bed

n_Fl oropol ymers", edited by John Scheirs,
1V\ﬁ1%‘gogﬁ1€éﬂ%eé‘ 897, offer excel | ent protection agai nst

Thé pRscne Iﬁ&z'eﬁﬁ‘oﬁ RIIREY B iMbRSpoRRteranfatle Sdrihaiig 4 Budrodiaé®mer. In
variety of chem cal reagents. Fluoroel astonmers are

p@renldmathqprcﬁem wention r@kﬂtcs i@ A amload@ésﬂuwan@lwlet thaé gomprises one
are .pas on VI i dene fluor é % Qse
of e i 515 SEB AR poRies® BRGOrPetfsbiting gL ff\ins O35
fMbiedeliRdiBor. @and tetrafl uoroethyl ene (TFE) and/ or
chlorotrifl uoroethylene (CTFE). Fluoroel astoners based
on VF2 are disclosed in for exanple U S. Pat. No.
223%%6 21 S. Pat. No. 5,639,838, US. Pat. No.
gloyBg LMY BV BUoBat . No. 4, 619, 983. US 6, 294, 627

Fﬁioﬁ&llﬁﬁ)%?eﬁ SRS o0l 'b%rfﬁforééﬁ’st&ﬂ&s Sudhels ftl'ldb@ rd@%(drﬂ))é!i in "Modern
et her for producing fl uoroel astonmers havi ng | ow Tg.

Fllioeopblyumars's kdis¢dobpe fobn akdirsg “élqya&cnqmq 1297, yfﬂeowc‘ﬁ@emrpeotectlon

I ..
B e e e S S e,
ﬁl.lowa@ﬁyln?eﬁ %Fg’eﬁe@ f@i"v?deldﬁn 'i\%l 'rk%?clﬁgb@s , 5B CiRbseA8k are based on
eat resistance he fl uoropol ymer and in
vipglidéne dluaride GME?J) efridulncrse eheasibmmcmtmaw H3eandrapmbased on perfluoro

rou n anl C .sol
vl srbers cnddsmiprootenel1EE) g esh bR i Be ).
FIUYG 1 as Pl PO AR WA Vark gi'é'clBQ%cPﬁ% aﬂ?‘é BVE b, tNJB $,696,216, U.S.
advantage Is acconpanied wth a rease of other
PathSI 5;639 pIZAL Rt PzasNo UHA B, B&lareid3. SdPstcNos43619 983.
fluoropol ymers of VF2 and certain perfluorinated allyl
ethers. The fluoropol yners are cured using a bispheno

USYW, S045697PASA164e0 B oy T 8F CEASAPHBESIuBoRiny! ether for producing
fluoroelastomers having a low Tg. The fluoroelastomers having a particularly low Tg are
generally obtained with highly levels of VF2, e.g. of 50 to 80 mole%. Unfortunately, the
use of VF2 in fluoroelastomers generally reduces the chemical and heat resistance of the
fluoropolymer and in particular, such fluoroelastomers may be prone to swelling when
brought in contact with organic solvents as is for example the case in fuel system
application. Thus, although a very low Tg can be achieved, this advantage is accompanied

with a decrease of other physical properties.

US 5,891,965 discloses fluoropolymers of VF2 and certain perfluorinated allyl ethers. The
fluoropolymers are cured using a bisphenol cure composition and 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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obt ai ned. Typically, the anmount of VF2 use in the

copolynmers is 50 nole % or nore. Thus, the | ow Tg
wohowroegizast omers suffer fromthe sane di sadvaRCags3008841490

di scl osed above. US 4, 349, 650 and JP 2004/ 244504 al so

di scl ose fluoropol yners conpr?sing fluorinated allyl

ether repeating units. It is taught in US 4,349, 650

that nitrile functionalized fluorinated allyl ethers

can be used to make fluoropolynmers that can be cured
Ugd, 3f419tﬁ§9@éﬂa{8t28%%45toﬁr%iﬁgfﬁSCAOS@J}L@TQI@M‘% gompyigng flggrinated

a1¥ | gth@f I !:é ﬁq glin(?’t%l pﬁ s {élgl ?ﬁ% El'3§§ 696 th%yﬁl@‘lle functloPah%ed

{
uoroer as

flGokinatidl A1yl S®krs cén be uszd té 68ke maﬁ)pbllyﬁﬂeﬁé ﬁhad@ﬂﬁd dQedl tbhe
addi tion of Krytox (tm perfluoroalkyl pol yether oils
ﬂweﬁasﬁemersghrorqéhveme regaien enysileisg thei nigile groyps.po properties of

solven er time. U S Pat. No.
mﬁﬁ?%g to %%?iggg‘ﬁ%???ﬁ%%%lterpolyners consi sting
of tetrafl uoroethyl ene, perfluoronethyl vinylether and
at least 3 nol % of certain |ong chain vinylethers.

Bamey Pl gL Bk i Pl et ARE-1098E9Z0Y) ldesm@e@ rtmdﬁmoamfmtox ™
pfiary LSRR B Fiob Bl e Wagelty g be extractad by
sdemipdrReganart ed sol vents (e.g. R 113) or in aqueous

enul si on polynerization in the presence of fluorinated

al cohol s. The disadvantages of these systens are: the

. 0. R 11 [ f
U Pl D Aol 3 28 SRR RR RTINSkl Srsiihe pl P fgrnviene
pé?flu&laﬁmfﬂy‘l‘ QfdyNate® dndhClela |3%nd>15% Qf t&thiry Rin¥ cﬂhﬁlf\hl@}iléthers The
because they act as swellin ents. U S, Pat

logig- Z‘B@lnml@hsmlbwsle she hg S@q @@u ¥ .awegérghe 1nc0rporat103f1 is rather

nol ' f tetrafl t.h
BTk Bhr P ST REPE R wapern s o R
1190 &5@?&5@"1@%0%@1‘@1% ¥ e ﬁfeﬁ’éﬂ%e ¥f fiofinded &chols. The
n1|s 1 0 and i's a perfluoroal kyl grou
dishdviantages dfftbesdisgt¢rnsad: fhewse oépabalogmm@dhsalmna (k@R T43) is often

cr&FcaLguetntgtegggﬂ@{}? i(((’Iggge B % qﬁ aignﬁﬁiﬁéﬁu%hgg L{¥8i%ols is often
vérR AutiRGlE HEda &% 5@5‘&%& ¥@ellimbAbbA! Yy, U.S. Pat. No.

57891, 974 descri’bes the aqueous enul sion
polynerlzatlon of tetrafluoroethylene and certain

R B8 BB s e RO A ATk 7
teB8fhStobtBylene, hexafluoropropylene and perﬂuorovmylethers of the formula
CF,=CFO--(CF,CFXO)y--Rs wherein X is F or CF3, mis 1 to 50 and Ry s a perfluoroalkyl
group. Although the disclosed fluoroelastomers have a low Tg, their method of making
involves polymerization times of up to 28 hours (see Example 1), making their
manufacturing exlaensive. Similarly, U.S. Pat. No. 5,891,974 describes the aqueous
emulsion polymerization of tetrafluoroethylene and certain perfluorovinylethers.

However, the polymerization process disclosed to make these fluoroelastomers, is again in

the order of 30 hours.
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the order of 30 hours.It would now be desirable to
find further fluoropolyners for naking
wohowroegizast omers. In particular, it would be #esiusabe41490
to find fluoropolynmers that can be manufactured in a
cost effective way. Desirably3the fl uoropol yners are
easy and conveniently processable in the maki ng of

It fouRy @el 86 teirableas fin€ ifeshdr MRbRpbBMerd for\makig Mlubrbéladtomers. In
be desired that fluoroel astoners made from such

amWoqun&ﬁbbede@bleg@ﬁad dnowpelymeanthahesHerimauifacirgd in a cost
efﬁeﬁgﬁé gvgilv L ﬁsdpaﬁ[ {h%?luolron o %ﬁlérg gre % S {gi)llvgmgﬁ([ ;%m(ﬁ%tsable in the

resi ce” and oW of no s
miih§ oOFlgadtlasts Py afficks theestdnabitYvodld furfHell BE 8@3aty s S
woul d al | ow produci ng fluoroel astoners having a | ow Tg
ﬂucmpelgstgmpnsemdg fromy s ﬂ@(qcppquguers baveg gggd QyeRE t mechanical and

Pl@gﬁﬂg}‘at L on s? H%??‘{H@%Fﬂ?iégﬁgplg ﬁxg{% 88f‘§’§ %gﬂ ?hé"ag ﬁe;mstance and low

oraﬁrweumcg wih6rgahR S8 RlentsN YRBFAKN thé AE6@pbSnREO¥bElgdllaw
fluoro ymer conprising repeating units derived from

Produ@mg ﬂnmloelaxjamersd@VfrIgLeolanEg fod exanaplie ps may e egriiteg fomnidel
re.g * es co ngﬁ¥§h a_hal ogen capabl e of
SYBE&F{ ey lﬁﬁtﬂnﬁé‘l 9 c3pR &‘8%’&‘85 F&&ction or (b) a
nitrile group, said fluoropolyner further conprising
repeating units derived fromone or nore fluorinated

. Swihingty @ttheingegfont he fornul a: CF2=CF-CF(2)-O-Rf (1)

wherein Z represents or CF3
Ingac E‘!f‘ﬁlF&t“é‘Hl S&FPeY PBEB Regpt lﬁgn PBn%’Feﬁs 8He 1‘%5 a???;‘}oéop"lymer
corrRNR pOing %Hlt@@léﬁ%d ﬂcﬁ‘n BREST rgéirécg%sé%uts Mudrihdtéd BRfins and
aspect, a curable fluoroel astoner conposition

hawmgnnesorngoré cyreaites crompprdhy @ halogeetapable diparieipatiog in a

d Th I .
oo bl S S B G BB e
regea&mggm 40 Berfb RIS ohd HPMOR! ARERNRE aAPRRSE b B8 foﬂnml@

turther aspect, the invention provides a nethod
Ch~=GrRaKFi)-@Ri1 uor opol ymsﬂ) as defined above. The nethod

conprises a cgpol t f .
R B P S A ree 3PP RS LEBRE T gy oo
ot GhSre REERES bsaggénoat&ag.rml a (1).

In accordance with a further aspect, a curable fluoroelastomer composition comprising (i)
a fluoropolymer as defined above and (ii) a curing agent, is provided. The invention also
relates to fluoroelastomer articles obtained upon curing the curable fluoroelastomer

composition.

In a still further aspect, the invention provides a method of making a fluoropolymer as
defined above. The method comprises a copolymerization of one or more gaseous

fluorinated olefins and one or more fluorinated allyl ethers according to formula ().

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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It has been found that the fluoropol yners can be

readily and cost effectively be produced even with
woéabwlogstas gh | evel s of fluorinated allyl ether PCT/US2005/041490

repeating units. In particular, thefluoropolynmers can

be produced at high tenperatute w thout conpronising

the properties of fluoroel astoners produced therefrom

ﬂf&&ﬁ&?&% lc8n bk brd?ﬁ%cpﬁ%l% % aﬁﬁ@‘bvﬂh@‘dt cbéhpromising the properties
| uor oel ast oner s | ower can be readily

Oﬂfhlqmei@mme@s pmallupwgﬂmﬁfﬂmnf | Emhcen@as;t ibhes bees dpunshibhat pwrTg

ri et wh t
et e oA L ST I hE PR g
ﬂlﬁroélgit&h&‘é‘ sﬁlftab?é flaangRty d‘f“‘ébf)l'i't%ﬁoﬁ Wﬁeﬂeqwf Tegnperature propertles
el astonmers can be pr oduced W t hout the need for high

art eacplired suich\fﬁﬂemnrdv ensealingsaaftturbine of egglaney. ReFther,ihe low Tg

the resul th t uo oel asto ined th
CIHATBIS b P B deb BB g e B e P S T S Bt the
nde@ SV RS Qz@i[ﬂ e §¥§|ht| thﬁg‘ldﬁtf@e'ihsfgn?&g fha "\é%e%@fbﬁrﬁﬁtthé&"htabe combined

organi ¢ solvents, including fuels. Furthernore
bdnleﬁaabmbpatwsrrﬁlsw?ﬁg/aﬂmgqmdaehnstmetm aWelluag evhgopthced in contact

excel |l ent base, r nce. 4. Detai escrl t|o
with ST RDOBR. mﬁﬁldm&@ﬁlépgmh%moa% t §Be Broduced
B EREMbod BVERLIGH th: kiRGal Ly an anor phous

uor opol ymer I'S e fluoropol ymer typically
does not have crystalllnlty or has only a margina
amount of cry St2||lnlt Thus, an anor phous

4.ipetgicdglspsyiptiong H@rlél"?%;lo&oes not display a melting
|
R e
fiiaopdlomer. blHat iy yhel ﬂluqaapdlymeﬂ tgplcelﬂljbdchsrrmn ha;zea:hmbalhai%eoahas only
parti aI ly fl uorl nat.ed backbone. Typ

@ PRTERE) JBIOYRAT G R IRED o 54, FBAEPTPBYS g}or&yvé?lzjlﬁﬁr generally does not
[ I r
MBS IEE ey ©RIR ighchihy e e
fladrepslyimenmep ifpvd s fdlyrfapeiaticd ackbohs bdianayllnrrgtrtimﬂnn embodiments
fI uor 1 nat ed aI |yl et her of the general for

srhaer rariatly- ityammated)bagihang hypicalbp ﬂgg%mrgprgi}’@pr vitkhave at least
4@2%Pf%5eléh%%%?lﬁgﬁﬁe§mathg Ib%’%bﬂ@tf&dexgl‘rﬁy atqgagyfb 61}@% WP Xveight. The

enary ox

flidropblgngr Qcyakig ®t thebyventich Qﬂ@rmmm unltZ dBlﬂVll‘lg from a
formula (1) represents a fluorine atom Also, in a

flyeyineied Ally} ether of the general formula:
CF,=CF-CF(Z)-O-R¢ @

wherein Z represents F or CF; and Ry represents a fluorinated alkyl group that may contain

one or more catenary oxygen atoms (i.e. in-chain oxygen atoms).

In one embodiment, Z in formula (I) represents a fluorine atom. Also, in a particular
embodiment, the group Ry is a fluorinated (poly)ether group such as for example a
fluorinated group of the formula:

~(CF2)s~(OCFp)m-OR® an

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. Examples of R*
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enbodi nent, the group Rf is a fluorinated (poly)ether

group such as for exanple a fluorinated group of the
woanwsiesr3s- (CF2) n- (OCF2) mORa (11) wherei n n i BCaMWS2005/041490

integer of 1 to 5 mis O or an integer of 1 to 10 and

Ra is a perfluoroal kyl group &f 1 to 7 carbon atons or

an al kyl group of 1 to 7 carbon atons. Exanples of

gidags RURde pogludetl _rgfddip@ tHaahsy be ¢inoats bidhahedviyludéng for example
i near or branched i ncluding for exanple

pgrdupromsthyeeniiporogihylfand peisoraprorf @roes £ Rumey Sy irepresent an
o35PYB R TN U HERERE0E b SRR R 5w

for¥RaBEAL0Y1,12, 3%rar,. 3 and mis for exanple O, 1, 2, 3 or
4. Specitfic exanples of fluorinated allyl ethers for
use in accordance with this invention include:

T TSR S S E S Qg

:314gE2=CF- CF 2- O (CF 2MOCF 2VO- CF 3 CF2=CF- CF 2-O (CF
2)3- (OCF 2CF(CF 3))G O CF 3
CEECICEFEERCE ( CF2) 3- (OCF2CF( CF3) ) r O C3F7 CF2=CF- CF

- 2. -(OCF 2VO-CH 3 CF2=CF-CF 2-O (CF 2) -(OCF
C%Vg%ﬁtp%'o% 'eint is O 1, 2, 3, 4, or 5. The

chlAar-epQoLo®s-(OBY,)CO0PF] se a m xture of repeating
units deriving froma mxture of fluorinated allyl

CEtHI-EF2-TheFakibar{OClt)-OepEat i ng units deriving from
he orj d I ers in the fluoropolyner is
CE@TC%QF%'pC@S%'ﬁ#%'Q&QaUd may be varied according
CF&*‘:éﬂ‘léFgfﬁ((fl%%-?B@F{?F‘(CFﬁ)tJGICFFe fl uoroel astomer such
I'é the Tg of

as for exanp the fluoroel ast omer.
CBet(el-aF}-P- i) deperdifitgFor-Q-kel't ype of fl uori nated

B L B BPERRES (o) -0-CH,
CF,=CF-CF3-O-(CF,)3-(OCF,)-O-CH;
whereintis 0, 1, 2, 3, 4, or 5.

The fluoropolymer may comprise a mixture of repeating units deriving from a mixture of
fluorinated allyl ethers. The amount of repeating units deriving from the fluorinated allyl
ethers in the fluoropolymer is not particularly limited and may be varied according to the
desired properties in the fluoroelastomer such as for example the Tg of the
fluoroelastomer. Generally and depending on the type of fluorinated allyl ether used, an
amount of repeating units derived from fluorinated allyl ethers as low as 2 mole % may
already have a substantial impact on the Tg of the fluoroelastomer. Typically, the amount
of repeating units deriving from fluorinated allyl ethers according to formula (I) is between
2 and 30 mole%. According to a particular embodiment, the amount may be between 3
and 25 mole% and according to a still further embodiment, the amount may be between 5
and 20 mole%. Amounts between 4 and 15 mole% usually give satisfactory results in a
variety of applications. Depending on the amount of the allyl ether used and on the nature

of comonomers used, fluoropolymers can be obtained that having a glass transition
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anmount of repeating units derived fromfluorinated

allyl ethers as low as 2 nole % may al ready have a
weubstoastssal i npact on the Tg of the fl uoroel aBCoOMSLA05/041490

Typically, the amobunt of repeating units deriving from

fluorinated allyl ethers accotding to formula (1) is

between 2 and 30 nol e% According to a particular

te@PB@tiréBNhot thée (RADLINEC MRY elenple hwaasreIhand (PE. malpafticular
and according to a still further enbodinent, the

erabrngimentrfjucerdunos aviths: B af 25 Folr defs OANBRiG of lses sae bA obtained.
4 and 15 nol e% usually give satisfactory results in a
vari ety of applications. Depending on the anount of

TR uRbpolymet bthe Presscht aieénAon ﬁﬁ&eﬂ@drﬁ;ﬁr&ke@f)n@ NP EIsSous

used, fluoropol ¥l.rrers can be obtained that having a
flugirimgtedmpeneshars piichmper ke parBuginatastor wot Exarames allzag@us

for anmpl e not re,.fhangs-20 | i culLar
g ot fus RS Shlep A acinetient 1o PREL b brocylene (17E)
cHrotrIRer@thy18%S vERNIRG RO VR N8éhe flUBEIdE (VPR Pl peflior®dlkyl vinyl
the present invention further conprises one or nore '
mgagees sudhl asdrexafuadprapylonedE RhiTah flvesppplymer may further comprise

B LA DB Bou L PRSP oBAg PR el St i
su%ﬁﬁg&h#,}éﬁégﬁd%?]’éﬁe.( TFE), chlorotrifl uoroethyl ene,
vinyl tluoride, Vinylidene fluoride (VF2) and

per fl uoroal kyl vinyl nononmers such as

T RO B e B SBET RGeSt Hor R CHISGHes nclude halogens
cBMle bF PRt Hatisd i PPRHLARE Ere SeeoRSudhdbr St & bbrfihk BSiodine
such as ethyl ene and propyl ene. The fl uoropol yner

atbmr Foethehase-sites includmnierile grawsi ToscurSsitesimpayp be contained in the
cure-sites include hal ogens.capabl.e. of parti.ci patin

endrgrqupSedlts BRIVEISE e Bt Br S BN glong B epain of e e

GHerdIRA GRS Of EHE LA inGhY ﬁﬁ&bfxﬁ?mbﬁﬁ IbeElReeRidh T b5 mole %, for

groups. The cure-sites may be contained in the

examphigvedwpsn 02 anth8 mak Yorer and/ or may be distributed
al ong the chain of the polyner. Generally, the anount
of cure-sites in the fluoropolymer is between 0.1 and

P i&ﬁéteeﬁ%gnlpﬁé%rof ?Pﬁ%g?bgrn%!é X&%fﬂil@% % 18O thvantiod %e%bpolymterﬁ eof

articu exanpl f fluoropolyners according to
tetrafuendéthylene enccuipylidene flmondle, tcepolpbn of tedtalilybrethydand and ethylene

or\éai[qggyléifr%? E&é;%ggsb?%ﬁggge%g%g |a§ %}%\ E}s}tolplrjggy eer}et]ggp%g?ners of
te{gg%% éﬁgﬂéﬂ%;\%lﬁeﬁe ARk e e Y AT RRIREY180Eand copolymers of
tetrafluoroethylene, hexafluoropropylene and ethylene or propylene. It is being understood
that the fluoropolymers enumerated in this paragraph further contain one or more

fluorinated allyl ethers of formula (T) and further comprise one or more cure-sites.

In a particular embodiment of the invention, a fluoropolymer is used that contains 45 mole
% or less of VF2, for example not more than 30 mole% or not more than 20 mole%. Ina
still further embodiment, the fluoropolymer contains no VF2 or less than 5 mole% of VF2.

Fluoropolymers with a low amount of VF2 can be used to produce fluoroelastomers that
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tetrafl uoroet hyl ene, vinylidene fluoride and
hexaf | uor opr opyl ene and copol yners of
woebwaksssr oet hyl ene, hexaf | uoropropyl ene and eChiSze/041490
or propylene. It is being understood that the
fl uoropol ynmers enunmerated in’this paragraph further
contain one or nore fluorinated allyl ethers of
hat®4 BUdBbdsk restitshct Hhd Reve 10GBBF hSSwellifg agaii@ioéganic solvents and
cure-sites. In a particul ar enbodi nent of the
fuglpivent i on, a fluoropol ymer is used that contains 45
nmol e %or |ess of VF2, for exanple not nore than 30

nol e% or not nore than 20 nole% In a still further
Th% rﬂi@% ers CRELS HBISNOP MthHRY of BRU@bAG p’wyd{&i’zaﬁbn teeBsiques
han nmol e% of VF2. Fl uoropolyners with | ow anount

mcdladlvgzol@‘aﬂn pelymsdzation apd stspersifn H@W@@Flé%tt%éﬂ@ fluoropolymers are

ectstaly firge Dudior Rrgatamaoro By ety pbish ol cdibe
cohd M ORI IS ARRr. DB HPirabNAGnWdinanytheflubigatkN W ether is
pol yneri zati on techni ques including sol ution

prcpmdgdmrthq polyomrizationsg gpnmmdmom oleartewlz%xﬂu@matedwélylether is prior

quoro ner s a ner thr uequ
to B R BR00) FelsSie B irotisgd gt drATaR e & escribed
befo e &Foitindd KROMONTTRRRES1ly] Et'ﬂelals @Hént usellf@ feeding the fluorinated
enbodi nent, the fluorinated aI |yl ether is provided to

allyhehgabyhepolxlatmmoaseae:tlpne‘éltmm%ivcly. thy pHylether canthe preemulsified
fl pori nated Iether ri.or,.to _th riza

and iterd Fea A { e AP T R op ek LRl fle ¢ aRior Yol for

us€ hrgthe %ﬁu?ﬁé chulesh e %ﬁ@fudfﬁﬁ pRfe ik @}Qﬁ@ﬂlyee%ijeﬁhﬁfhbﬁ vessel

ther I1s then used for fe t he
capdhl@ of wahﬂahchmg thee imteinat plteasurdselupog ylmeml}zmtmmon reaction.

A .r?%é\'atar? el ondeides PecanGiol Stk paoduce
th&%ﬁglge aq O?th%?eéktdlrQQn‘%ﬁﬁ ana_‘ﬁgatreﬁé‘l%%é syﬁéﬁelj&n}t QhiantBEof the

eous enul sion polynerization process is
fluoy@icmirhat() npy descheiged bd thevestelvessah zmxleen@fomers may be charged
wi.t hstanding the internal pressures

ba Eféwmr. 13 P oRACt SR Co By er, e st igppus is meant that
a HEEHE) of ot BFIUGRBnflR SRANGEH 1 AMHHRLQA duith 6Brd of the

orou m xi ng o react or contents and
polaagrizaxioh. dﬁ@enéqpshm rade gt whialn thetr;lomfmd:rh are added to the kettle will
f 1 uor onononer ( s) 6%6 char to the r.

| .
deperd %ﬂ@ﬁ@@%&?nﬁ@e ébegl@aﬂ ¥ EHICGER oY g PréSTaby, the rat

SR HMUQES £ BB RYr onversion of
SRRt A RO pgps o
Jnﬁﬁmﬁ&ﬁnmnmmﬁﬁﬂ.are charged to the vessel during the

course of the

The reaction kettle is charged with water, the amounts of which are not critical. 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 commonly employed in aqueous emulsion polymerization.
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pol yneri zation. The independent rate at which the
nmononers are added to the kettle will depend on the

woanswepisson rate of the particul ar nononmer w POTHISEMS/041490

Preferably, the rate of addition of nononer wll equal

the rate of consunption of nohomer, i.e. conversion of

nmonomer into polynmer. The reaction kettle is charged
PaMitl fn"eferreﬁ %oﬁﬁ@t’é& 8rfhantdure 'Eho%é e @brr&spbhd Athe gdiferal

t he aqueous phase there is generally al so added the
fofthular i nat ed surfactant, typically a nontel ogenic

fluori S?ng urfact ant. The pol ynerization nay al so be

carried 0t W t hout addition of a fluorinated

S wﬁeﬁgﬁ q%prelé?ﬁs fhyd#9FdnD &l &dF YLEREIAN 2 MR oS Esbhell S

typical 'y used in anbunt of '0.01% by wei ght to 1% by

weeghtoringed alkl,szileae hhviog hrial @ darbom Btwotsadtrspriesantsd@OaeySO;” and M

fluorinated, surfact.ant
e RUATESeBIY aa&ﬂs%ﬁém SLOR G 3@5}%&%% %ﬁiﬁg?@?eﬂ@gtfﬁmmated
f lsHl%dteE}ﬁé ﬁﬁi u§éJf tﬁ&tlﬁ‘\'?gn%oﬁ‘ﬁl% thO @S ehdnfidh sARF JrPeRRPELIcBnoic acid

the general fornula: Y-RrZ-Mwherein Y repreéesents

hywdd pgdiuproGetane siphdific a@m MExtotes od flubrieaed eurfastaatsodande used.
perfluorinated al kyl ene having 4 to 10 carbon atons; Z
represents COO or S3 and M represents an al kali netal

@frar%@er%g% r%hﬁ' B L@ inMRSfol PhEfi2hiva %o E&ﬂ%ﬂﬂ kRahSRcular weight

sur Fact ant s use In this invention are the amoni um
o$ det fuoodpahendrl Ihe@beindremsfer agentlisappicplér (Havgaddo theanaction kettle

PR e SN & PV PR UHEIh Rt R SR (1 5
h??xlo\é%% Hech Qg‘et%]gn toﬁ@ll dilies %we%qﬂbﬁﬂm‘é@l ?Ha{tlcQ:farﬂoQﬂlc acid

uor opo yner aln transfer agent ypi cal
eStoRr«@dndlonit bﬂelfs,elémmne@ rané dalbéaebgrst (Pfarﬁcrmla:r}yerefmil then l:ramsfer

of the palynerization., Useful chain nsfer ngs
g pRgeliasy atbylethersyuehpudimsiy! %emmglsm%tﬁiﬁﬁ%la%w%ﬁ%}ﬁ%ﬁ Further

agéiiﬁggli of %ﬁlethﬁxsfe? ﬁééiﬁl g c@ﬂt{( nBBR biCsefifl! a;gﬁt)ﬁ?dohg w%g 'deing the

onic-esters etones an ocarb

Blgil’nhérizuh@{ Inyy bisebulcaciediont. Fbﬁﬂsafnq:rle agibudrspadymer having a bimodal
di al kyl ethers such as dinmeth et her _an
mcéwul%rr\yelﬁmdwn@ttw&w cqmiepisR y BRPRer R SIrgpo g%?f%lng fluorinated

TR 3y 0 B PP i
lzﬁ&aﬂ%ﬁhﬁn tlee ﬁdlymé@mllon rferthdp avdin granstbi apededogether with additional

monomer.

The polymerization is usually initiated after an initial charge of monomer by adding an
initiator or initiator system to the aqueous phase. For example peroxides can be used as
free radical initiators. Specific examples of peroxide initiators include, hydrogen
peroxide, diacylperoxides such as diacetylperoxide, dipropionylperoxide,
dibutyrylperoxide, dibenzoylperoxide, benzoylacetylperoxide, diglutaric acid peroxide
and dilaurylperoxide, and further water soluble per-acids and water soluble salts thereof
such as e.g. ammonium, sodium or potassium salts. Examples of per-acids include
peracetic acid. Esters of the peracid can be used as well and examples thereof include

tert.-butylperoxyacetate and tert.-butylperoxypivalate. A further class of initiators that can
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nol ecul ar wei ght distribution is conveniently prepared

by first polynerizing fluorinated nononmer in the
wonres®igBsof an initial anount of chain transfeCTAgeNs/041490

and then adding at a later point in the polynerization

further chain transfer agent %ogether with additiona

nmononer. The polynerization is usually initiated after
baRsddré waler 6HlabRQIZOIcOMPOGINE! SllyabRORIOE syRtems ot L@t Briniators

initiator systemto the agueous phase. For exanple
insdudsxiptiesmpdna bembinedorsel ﬁer@@drseﬂgﬂw anidiyeifoge pwlphite or

dﬁ“@‘ﬁ%ﬁ}éﬁ”@éﬁ@ioﬁgﬁgﬁogﬁé}?%%%g&é%‘é%‘i)@%}‘ ! Sageisor}cal c%(rjneﬂination of
pelo6@kupRAS axd BRiragh® FaRh&MItR&I9 a8 €an be used are ammonium- alkali-

di butyryl peroxide, dibenzoyl peroxide, = o
obearttoalkalsalty lop perswlifates, petimghganie pr mapgahipenidgy genganie acids. The

oippy P sar o wa e hepear L G0 SEL4 % B Sl et
beRteH 0108ranB LRSS Wil @hicdl: onfka iathieseight dTeke Sl Merization mixture.
i ncl ude peracetic acid. Esters of the peracid can be

Ths éal] arsoumsloff irdtidoexaype eddedrae theotftari attha gelymerization or the initiator

c%lgfm% adcga{tcﬁlggo 3 %?%ﬁ?%ﬁeaépo%tqlﬂ?Q%\g?y dyring the polymerization until a
cbitdrdigt OF 70 {ohb/, (RGN YRE Ada hart WRHRY inftdd Bt @ start and the

azo- conpounds. Suitable redox systens for use as
rémaihdatiopse omehate fdditioaxlgrpliensalwwmgiiheypalymearizftion. Accelerators

r oxodi sul phat e and rogen sul phite.ar disul phit
SR ST P SR BB Gl e R AP G A% SlieS TRgaR By also be
a8d&pEnbi nati on of peroxodi sul phate and hydrazi ne.

Further initiators that can be used are amoni um
al kalior earth alkali salts of persulfates,

ke Briaianof S Bhg ey uarrei e e ie) THetaen Fndds
BNt ard c@ﬁv%ﬁélﬁw %reﬂlreﬁ&? ’lfoatﬁb ¥e§%ﬁ5ﬂ"}féﬁ'ibhegat9%i PRI Non

wel ght based on “the total weight of the polynerization
terhpdratoees afehfeorh RI0PC aonb$07C, pleférmidt fran 30° Gy 1 KE Caidedosh preferred

the start the pqolyneri.zation or the injtiator c .
Fir 4016l 108G rEeoB BT UGR PR IR IS YEGALY IRIYGS g 0 bar, n
: O ; g ;
LA i
ceingrite anxdlidrize, suehras buffors aml ameplex-foepas. &t veasaddnd, ithaidhe

ortions during the polynerizatjon.,K Accelerators suc o
thaeripged el e st e Hegefl eccpahyraerigied at g te@aifﬁaélﬂeazﬁ 70°C)

p?éciu%ﬁqrg ORr Igﬂ’lﬁfe%fii%%s,aé.g.o—&%ﬂqge-@OF, as compared to a polymerization

under identical polymerization conditions but using a fluorinated vinyl ether instead of a

o0

fluorinated allyl ether. The presence of a large amount of polar end groups is generally

undesirable as such groups negatively impact the processability of the fluoropolymer.

The amount of polymer solids that can be obtained at the end of the polymerization is
typically between 10% and 45% by weight, preferably between 20% and 40% by weight
and the average particle size of the resulting fluoropolymer is typically between 50 nm

and 500 nm.
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During the initiation of the polynerization reaction,

the sealed reactor kettle and its contents are
woams®asBat |y pre-heated to the reaction tenpeParmiszn05/041490

Pol ynmeri zation tenperatures are from 20C to 15Q0C,

preferred from30C to 1100C dfd nost preferred from

400C to 1000C. The polynerization pressure is

The ﬁhﬁ?iﬂoﬁs BabMRe Ytk ARthdRO akafe sifetopPbidrt UiTaintBodude 20ure site

bar. The aqueous enul sion pol yneri zati on system nmay

compenrat ingo theramserphaig iﬂupmpoggpers@m@namebmmssn&ﬁ@ particular cure-

ompl ex-f o s. |t was. found, that t fl.uori nat ed
s Py B inl B8 poblrelBion GDs (o Rbpbt Srir e b finghreent
ot BARAGAhB 18 Safable/ FQftroddc & Q8ref @81 the @draing REds of the polymer
roups, e.g. -COOH or - , as conpared to a
chahyneri zati on under identical polynerization
conditions but using a fluorinated vinyl ether instead
of a fluorinated allyl ether. The presence of a |arge
FRMBAp1&fin BRlcR o RIAEdEcHaRehS vaRaLARIchYAbINSIB S @PAtRNAS the
such groups negatively inpact the processability of
petesidelcuns patioparelong theehaimp thetcopblypstigation of dhe¢ biasia mampomers of

S L BRL LR cortog a4 B BRI e e g B s Bgrgomer. In
oREEMBEN 2R RNl 4016 Il%nelﬁﬁélg&h RN &H}@erﬁw&%g?tp%d b omer

size of the resulting fluoropolyner “is typically

tee coweesposds rthafimB@0 nm The anor phous fl uor opol yner
includes a cure site conponent. To introduce a cure

site conponent into the anorphous fl uoropolyner, a
dWpeRERgoNPri sing the particular curesite nay be used

or the polynerization nmay be conducted by using a
vdieedimedoha sfdeperadyetly represemts H, &t arCli Rbtepiesenta p pbifhioghated
Zgﬁrpducin the cure site at the terpinal ??ds of tge Ith
ab AiSr OPHEATMAEEINtAR SRR PRMOTHON R ALOMS Anfl e k5atrEnts Bror I that

I 1R9E RSmidM ig%Eﬁti@ﬁ 6f @ @@H}Lﬁﬁa&teﬁ Aliphdic %%I%pgaef tht thi}ebe on a

péroxi de cure reaction, along the chain,

cabpo bipmealong thegperiforinhted bhghationgnamer s of t he
fluoropol ymer may be carried out with a suitable
fluorinated cure-site nononer. In one enbodi nent, the

S [ aturat ed
Fokth& e%hﬁl?he@%%%%n&ﬁé}s Bgh 8Ost dd SRt Bhby frgigli R

nononer at corresponds to the fornmula: C

(a) bromo- or iodo- (per)fluoroalkyl-perfluorovinylethers having the formula:
Z-R;-0-CY'=CY*Y?

wherein YI, Y?and Y3 are F or H, Z is Br or I, Ry is a (per)fluoroalkylene C;-Cia,
optionally containing chlorine and/or ether oxygen atoms; for example: BrCF,-O-
CF=CF,, BrCF,CF»-O-CF=CF,,

BrCF,CF,CF,-O-CF=CF,, CF3CFBrCF,-O-CF=CF,, and the like;

(b) bromo- or iodo (per)fluoroolefins such as those having the formula:

Z’-R'+~CF=CF,
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wherei n each X i ndependently represents H F or d, K
represents a perfluorinated aliphatic group that may
woanmicicsr3sne or nore oxygen atonms and Z repr esearaSBo5/041490
or | that may be in term nal position of the
perfluorinated aliphatic grodp or that may be on a
carbon atom al ong the perfluorinated aliphatic group.
whefei 2T isBes] l@'?ls Qf(}g@Qﬂﬁm@éﬂkﬂ%n@ enche opb@glyadnfaliing chlorine
i nstance from (a) brono- or iodo-
atopst Jor [ingdansal %;hrorpem%rﬂlmr@bmﬂ}ﬂl—btoh drbzomad. h, %m@aﬂuorobu‘fene 1

O, CYA d, Y.
S BiD SR S 1058 P e Bo i vl A6F
bfdmddiflderotiblyicapaTyEEONt ai ni ng chl orine and/or ether
oxygen atons; for exanple Br CF2- OCF= CF 2, BrCF

(D OPR-MogiFater brymBraFiRGReiDEe d-Orare-trbueneCF3CFBr CF
2-O-CF=CF 2, and the like; (b) brono- or iodo
(per)fluorool efms such as those having the fornul a:

IrepBcethe FGTOT i YMURHAI 10 tBe chr® sFE c&ﬁoﬂomé% #he fRioropolymer can
(per)fl uoroal kylene G -Cl2 , optionally containing

carithiora quee siteosmsypohent in pertramad @osition, deriving from a suitable chain transfer
or obut ene-.|

ageng Ergl%gluge 1n4ﬁ%reg%tprﬁg%tﬁﬁpgﬁ]ée polylengs preparation, as described in
:T»’qfa)c NS §NAOG: ‘ateﬁ(/écf‘ﬁ'oﬁaa@uﬁgblé iBfiatef. ExAH08 SMistfinitiators

ef i n doubl & bond such bronotri fl uoroet hyl ene
incBIHe(CH i P Oadmwith ol itn dﬂ e‘:d/hbmdﬁm -Brairéf)ionsn snit#tomemposition

4- br.ano-| - butene. I n repl acenent , of in addition to
COTHBIYDS @mg}qngmagﬁrgwgq;gpgé Pﬂtéssﬂ‘frﬁgFoélﬂngner can contain

a cure site conponent in termnal position, derivi ng

froma itable.chain tr ent
B3RS of ey e e Bsr g A R Br Rl SR u/B,
wheRsH R Fﬁ% A Qalleht%erﬁﬁiorom?rl 4diefl G, 8@? Sptionsny ¥&daihingFhRorine
suitable initiator es of use initiators

afonts|, wiide X(CF2y AI0@Nepled nnhludc CFtlbrz,lBJr(CMeBle Bx(G1g)4Br, GF.ClBr,

et ERIG 2R bR SSRTRP Bl R Bl S g e

dlstRR&T &ruggembsssncl ude those having the formula
REBrx, RfIx or Rfl/Brx wherein Rf is a x-valent

( per ) £l uor oal kyl radical C -G 2, optionally containing
A‘itematlve y, 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 vinyl ethers, such as depicted below:

CF,=CF-CF2-O-Rs-CN
CF2=CFO(CF2)LCN
CF,=CFO[CF,CF(CF3)0]4(CF,0),CF(CF3)CN

CF,=CF[OCF,CF(CF3)]xO(CF,).CN
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atons, while x is 1 or 2. Exanples include CF2Br2,
Br(CF2)2Br, Br(CF2)4Br, CF2C Br, CF3CFBr CF2Br, and the
woOibws/ 06835t her exanpl es of suitabl e chain tranBCeUS2005/041490
agents are disclosed in US 4,000,356. Alternatively,
or additionally, the fluoropdfyner nmay conprise cure
site conponents that have a nitrile group. To
whidtd, 0#88ertt G tHe dbblé Corfs i 41-18 S IS4 1LR v=0-6; and u=1-4, Rf is
components, a nitrile group containing cure site
arporfnoeoallragnelre aldeaentpetfhwrqrttiey geavipz eliqpmelpiﬁ@‘cee@@mpﬂw of such a

19 t I
OB e S HEN S o P B SRR UG za L DUCECN,
aﬁ&@ﬁ%ﬁ§p@@ﬁ: étp et ai ni ng quorlnated vi nyl
et hers, such epi'cted bel ow. CF2=CF-CF2-0O Rf-CN

CF2= CFCXCFZ)LCN CF2=CF([ CF 2CF(CF 3)Q (CF 20)VCF(CF

N oL S SR LA Lo 0

1ﬁﬁ§1ﬂg‘ﬂhe oltyﬁq‘erlk&uﬁl B8RS hledreabiy hrir g%u@cdﬁ'ta\ﬁﬁh BAlt or
per fl"uor oet her group. Representative exanples of such

pseudohaingem iSucthlold e1itrile group containing salts include those that have the nitrile

B A P B el

igzupﬁ;\{)rmy al so be i ntroduced in the fluoropol yner at
e'termnal ends by initiating the polymerization in
WHeanp Mamresentma nEonok br inubi- galcnl paﬁmninaludiim wetiat cafion or an

pseudohal ogen ui tabl e n|t Qup .cont ai ni
PaTB. K HOGeS 1 Fhsr ek e o O ?Saddhmeﬁp%*ﬁg 1§ fhegRtence of

LT S S DS 03, SR, ) o

imatgarie ttzaioﬁmt Parat:ulaﬂy usefliLditings ae anmzrlnmratand)metaﬂ catipns including
ammnlum is‘ﬂ'ng Se or. N, a has a e of 0 .or

Y- Y1 £8P 8 o5 SRR L% B G, catiShs such as
PR SR SR ORI Sl Sl noyigm eyenide
pBausiludeyaxlidteyamB}ﬁtftaE]51mthlmyanaie ertersabnivhercansl in®@toalS and the

cations includi ng nono-val ent cations such as sodi um
CEHHASGE eI CIRERE: as dival ent cations such as

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(tertiarybutylperoxy)hexane. Other peroxides can be selected
from such compounds as dicumyl 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.
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cal ci um and magnesi um Exanpl es of potassiumsalts

i ncl ude pot assi um cyani de, potassi um cyanate and
woab@ass13m t hi ocyanate. The salts wherein X i sPOTIS2085/041490

and the cyani des are generallg preferred. In order to

cure the fluoropolymer a curéd3conposition can be used

that conprises one or nore peroxides. Suitable organic
ARShexXdodgdnadteviibio seuswhllyCiclige®ingd euré b@xﬁp@sﬂﬁbrﬂ&is&d ah an organic

curing tenperatures. A dialkyl peroxide or
pqsp&l(i@u 131 ReAgepletampRased Ofmp@hmtﬁé%ﬁ%g@ap@mdawhlch is capable of
conggﬁ f%r a%vutgl%h abe%\é%de é: olviS %Stﬁgﬁlll @mjey é[%ts S t%?%e%?socalrnr‘?e added in an

cases I rre to use a

arRSR e @t lalﬁﬂ 1@ ﬁaﬁﬁ béuindedrpass ﬂabwpb@me@gheﬁrdwy between 2 to
per oxy oxygen. Anong the nost useful peroxides of this
5 pgnpepeghandred parts ﬂuoropolymer Examples of useful coagents include triallyl

exangief VR 08Bt by Bt MBS HYRRAY B S,
tr@@ﬁ&@lﬂﬁﬁep@m&ﬁles aiaelsyt ﬁl%sf)ﬁlwnwucdiamq DY W e;afexaallyl

di cunyl peroxi de, benzo eroxide, terti arybut I
p}py@pb@ﬁmmlat E N,N' N'-tetraalkyl tetraphthalam1de N,N,N',N*- tetraallyl malonamide;

o s B R ERR R SO e BRspigmateimice
dlg':ﬂﬂep’lﬁﬁahésfe aPRIS- n%rt?orﬁ@{etzsm@t Fy]&%}waﬂea@ eParﬁQQlaﬂ?ﬁ;E@ful is triallyl

f1 uoropol yner i s used. Anot her co nent which
1schauﬂa§e |Otb¢:mﬁeﬁll icnagentsingudsothp bes-ale @%@é@@d@mEBA 0661 304

AL P B A DA RT O < Capabl o of

cooperating with the peroxide to provide a useful
cure. These coagents can be added in an anpunt equa
Furthed, if tlancird Gitpappopart chmpdsasdh manlﬁsalm o opobgsrien suitable for
refer between 2 to 5 ndr
iR B omEre S?pr‘lé% bg B ol St eh i<, fwe compositon
m"a§' @Hnllp)ﬂse CHRNYF Ghére a)%enbfaﬁﬁg aduRfulds. T 1 Rnliohia-generating
trimellitate; tri(methylallyl) isocyanurate;
campands”ainkipidardomeousds fiagarensnlict e Hiphigl at mrrdsqm‘tl ¢aaditions but that
N, N-di al lyl. acrylam de; hexaally hos hor
e AreRp o RSN Rt Shofiifal SHTHEOERENAR, e, for example,
' i larhia0 AR AL Bint ds of
héé&%{eg@]légl}é \’Eelztir:]%nﬂﬁe %%Pﬁsrg?m? dléygxane i ntaining compounds o
thil fofmuta:phenyl enebi smal ei m de; di al |l yl - pht hal at e and

tri(5-nor£9&$§£%§gﬁnethylene)cyanurate. Particularly
useful is ! I socyanurate. O her useful coagents

| poethe b $a@liebidisadiee] eged doft BRA ShRI* 3QAisAlqual to th
B A e e S e BT o ' e e e
valence of the metal cation; Y™ is a counterion, typlcally a halide, sulfate, nitrate, acetate

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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Further, if the cure site conponent conprises a

nitrile, any cure conposition suitable for curing
wai2bteiteg73somponent s can al so be used. For exanpCeUSswskh41490

nitrile cure conposition may conprise one or nore

amoni a- gener ati ng conpounds}4"AnnDnia-generating

conpounds” include conpounds that are solid or liquid

it abbi en; conditions but that generate ammonia under

CDEGP*' s of cure. Such compounds include, for

exanpl e/ _hexanet hyl ene tetram ne (urotropin), dicyan

i dé&NHand net al - cont ai ni ng conpounds of the

formjl a: AWH( NH3) VYWhhere Aw+ is a netal cation such

as Cg2+, Co2+, Co3+, Cu+, and Ni 2+; wis equal to the

val ence of the netal cation; Ywis a counterion,

typically a halide, sulfate, nitrate, acetate or the
whérkia; R dnd hydreganoi atsebituttd emibstistiabalinlkyl, syl @r aralkyl group

useful as anmoni a- generating conp%ynds re, substituted .
hegfg (AU <01 A0GHb 0 TATRR: HEMBer SRISHIC B 1Y 14748 depigaves include

f20 - j i ra

heg(u sd (I?_tl &f%glgé?zl%@n@u sc?ﬁaﬁﬁ#%%?aag%gflﬁg%% ", or aral kyl

group having from1l to about 20 carbon atoms. Specific

useful triazjne derivatives include .
TheesusabeiHBonockastomer £ompositind may cotap Ayughsr pAditiyphshihas carbon

4. The : . i

bl Do G AL PALE o BH0 SRS, R Erck OERA% 4 O WPcorporated
infd A0 tdihp&isonsph@Sided itigimive hddyubranibiity fod the irendeddervice

processing aids_can be incorporated . into the
conditionsi Thoermpesitinasdey beruspased /by mirdeg thedluorepnlymer, a cure

for the | .S el V] | i .tion
collpsiat shd B B P e G BB P B TR St
edquiTRDS idchaiRs altthep gy, idetehlt ik ss, kiiche® BaaBbinyaniXers! tlib@ixing

processi ng equi pnent. Such equi prent i ncl udes rubber
eXfuders. internal mxers, such as Banbury mixers, and

m xi ng extruders. The curabl e fluoroel astoner

conpositions can be used to provide a fluoroel astoner
Thdb@Rate fluei@elakidnen Bopdsitichdlcan be ibadb PRsvide 4 feo@elagidier upon

fl uoroel astonmer conposition is extruded and cured to,
cusizgailmone partienlartrakadinent, hetcprable flyaseelasiemen @mposiiien is

exltrrl]ldeacp gr{dq Sifred 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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enbodi nent, the curable fluoroel astoner conposition

may be used in injection nolding and cured to provide
wanoieregssi on nol ded article such as a gasket BCT/US2005/041490

Oring. The invention will now be further illustrated

by the followi ng exanpl es wit!hout however the

intention to limt the invention thereto. EXAMPLES

168xaN @ fludrimealsi aﬁeﬁh@ﬁ@ﬁac(marsgm lﬁ@S@leMb)daperﬂuorohexadec 1-
fluorinated allyl ether nononer (4,7,9,1 1,1 3,

en5Cﬁex@\B£§pé3ﬂFu&Fo+Qsﬁd&QFe1@ C@F@-@Ez—@i@s)@/@ﬁnzﬂ@ﬁed in4l15g
de QﬁnsE%Fw%er %)gglil]‘llersxéfgﬁjz\%gt %Perﬁgarooqearrloa\’,t\% \rlrvg)s i I%I(M)lggA) For the

enR@SifibaRmOAC Uanaakax sfifeiviimusal first( OPF Ghin at"_QWO(IOh@m stirrer speed,
enul sification an Utraturrax stirrer was used first

vitioh wiesrfoHowed 2y 1006 egies & iar Misyofbidieer, highisbenepsmogenisator. This

f ol |.one t hree passes i.n a M fIidi r. hi gh
PR PP R oy BB A R 12 oy b o
PrRERERIAE forgekd. was stable for at least 12 h.

Preemul si'on" Bfor feed: 720 g MA-1 nononer and 7 g BFTB

7201 , ¢, MA-t emroabimgor and - Br agro BFIB- 3(leh2,2aeRaitigrgr -bromo-but-3-en,

gtk aF B 5% bbb oot ST S S i 10

peb TRV tanda@s mﬁﬁ%nﬁﬂ‘l@aﬁ' (APF A P RoPie Shiul A dHtioRan Wikrahi@Fax stirrer
was used first for 1 mn at Z4.000 rpmstirrer s eed,

washiseth fingiorf biinaedh. M mphy Serepapssdswhichayas followed by three passes in
M crofl.yjdize [ shear. honogeni sator. A

anr%ficfi?é”f g?%(f 1§h E@?F?rgogﬁqw% total volume of 6.9 1

A %wrﬁa&%l% iR RMwiRablaBhoRGd 8 €9 1SRiHEH Weish aﬂ %%%%r agitator

O g deionised water and was heated up t
sy§1hm xa@ ¢Imtgadmx$ly214é)rg deisniset whiter 8RI0wapimataddin to 0R€ eEhe agitation

Sygtg’}é’g‘(?@v&m% St %%ﬁﬁ% i e oG <8 ieae L, Botoh ates gegassed and
sugﬁ%l %é?ieﬁltﬁ fﬁ%ﬁ@ﬂjto 2B&ekRlttall %xyﬁge':n Rddr g removed. The kettle
rge h 7

preemul sion A, wt g
wasi fuythied ehamged twathr thel @r@éﬁﬁﬂwoan‘ﬁ, with 774g Yinylidenedifluoride (VF2) and

wtlgf,jl ]?lf glbg(e){ggﬁ é@tglgqqgl%gép 2[892{3?1% lr,g & Soe![ Eé&ﬁ:tlon pressure. The
pdl}ﬂhéﬁ v{ﬂa}é tﬂé} BitRtc® D § 8l APE s o{ #TB M Bnium peroxodisulfate).

peroxo
As the reactlon 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 MgCl,
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
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As the reaction started, the reaction pressure of 10.0

bar absol ute was mai ntai ned by the feeding TFE and VF2
wOonvw/bémsgas phase with a feeding rati o TFE ( RQY/USE®S/041490

(kg) of 0.52. The reaction tenperature of 80C was al so

mai nt ai ned. The preenul sion Bbwas charged into the

kettle with a feeding ratio MA-I preenul sion B

pdif@r! WEE A Kidoned wiscbbity \WAN 1320) 6f YB2adEadMMasS(265/5) of 83’. The

conpl eted after 430 n1n t he nononer val ves were
copobyseat. comainedé20t4 moliasT Kidrfisetimalid ¥F2slded mal%enMK21 pd 0.5 mol%
BiEgee cycles. The so obtai ned pol yner dispersion had a
id content of 27.3% the latex particle dianeter
was 177 nm according to dynamc |ight scattering. The
pol ymer di spersion was coagul ated by adding it
Exampled-8 to an aqueous Myd 2 solution, filtrated and

shed four tinmes wth omzdvvate
5 D5 TR A B SR HER) it o
B‘PFB%'élcﬁl;é $H AYRer HRE v@ﬂﬁ %'ﬁé nSheWRr @Qmﬁbﬁﬁ&{ rf)‘oE}'nﬁ‘@:rlzatlons were
melting transition and a gl ass transition tenperature

canfied 8@ aCcqndinggoithet proeddued as ddsepedyintlre ¢xadhpde RoMmBITE was fed as

Vi Sc Slt of 19 an MFL_. (265/5) .of 83
a8 Eob %@F St ckriRg OB e, T , CEBPEIgISopl pscemulsions,
préchaggdlD |ar{8 % 1ym&tih Ffeé@?l %e%ﬁnel@(a%%ﬁl Snditdns |aHd tthe analytical
same manner as i n exanpl e 1 but® using brono-trifluoro
IeaﬂhyteﬁedeTEEkllnstead of BTFB as cure site nmononer
and varying the nononmer conposition, polynerizations
were carried out according to the procedure as
Tdgsgribed in the exanple 2 - 5; BTFE was fed as a gas
I N precharge and during polyvnerization. The

E€anples tions of preemul sions, @echarges, aad 5
polvnerizatiogn feeds.  the polvinerization canditions

Ewed the anal ytical Masults are Midss2ed in tablAe3l. MA-2

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




- ether (g) 200 200 215 200 - water (g) 470 470 387

470 - APFQA (30%9 (g) 20 20 20 20 Preenul sion B: -
wethwroc§ygy 680 675 505 670 - water (g) 645 633PTOASEHBS/041490

- APFQA (309% (g) 10 10 15 10 Precharge: - water (gQ)

1330 1380 1425 2070 - TFE (g)!74 1 38 62 65 - VF2 (9)

77 72 - 42 - BTFE (g) 2.4 1.9 2.3 2.1 - Preenulsion A

A'AA- Initiator addi¢3vet-3. 0 (Romgakbit) 3.0 (5% APS)
(Rongalit) - - Initiator ) 640 620 460 (5% APS) 20
OgboH)

g(0.3 %t- (0.3 %- (BWOALR) BuCOBR

| 180 - BTFE (g) 8.4 5.8 8.1 - -

preepmlgion (g) 13235(B) 1280 (B 1180 (B) 4315 (B) 275
pressure (bar) 8 7 4 - 5 8 tenperature (0C) 50 30 85

80 YEA @) ne (min) %9 290 418 3WA Particle size (nm -180

189+ (2) 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 21.2 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%) 223 20.6 88.3 43.9

- VF2 (mol%) 63.6 65.9 - 433

- 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;-CF>-0-CF>-0-CF3-0-CF,-0-CF3)
MA-3: 4,7-dioxaperfluorooct-1-en
(CF,=CF-CF;-0-CF,-CF,- O-CF3)
t-BuOOH : -Butylhydroperoxid

Example 6 + 7 :
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Solid content (% 27.5 25.8 21.2 24.1 Mooney vi scosity

(M. 12 34 36 36 1+10) Ml (265/5kg) (g/10m n) 56 - -
W 28060p6§0E) - 57 - 6 1 - 6 - 4 1 Copol yner conpOsiUuS2mE/041490

- TFE (nmol %9 22.3 20.6 88.3 43.9 - VF2 (nol %) 63.6

65.9 - 43.3 - Ether (nmol% 1386 13.1 11.2 12.3 - BTFE

(nml% 0.5 0.4 0.5 0.5 Conpoundi ng Rubber A Rubber B
Inmezfollo%mé:gxarﬂ(gleﬂ 3th &Jd APAas fard! Magidebl al@QC}%arﬂS' 8N rubber. The

CF 2=CF CF 2-CF 2-O-CF 2-OCF 2-O-CF 3)
cm\@s and 70tlien Rdgisives atsr dﬂ@t@d bs @Artg mraz&@pdl@#zp@scpf rubber (phr).

- But yl hydr oper oxi d Exanple 6
Peice?ltagls%at?ﬁ‘éelékl}l&%l 0t %{‘ﬁ?ﬁ% C[]t he conpositions are

InQ@&ﬁ?leQin a %Qﬁb&adcﬁﬁpo@ftloﬁ P hﬁfentla_ﬁ"ﬁla§ Hhad by @&nﬁ(ﬂﬂldﬁighﬁé following
ives are |listed as parts per hundred parts of

curaibige And p@dlylvesnatmmbb@rgéiemr@plﬂé) @hing % et todlsmill and conventional

er w not ed le 6 abl,e it
ey AL HREADYD SORPAl oD Cen PR o of 210, 1.
grfimE F ITVEE %%)a‘aﬂdi t’?'SV £@ansN$ODBPPRSY. Thel Q¥8FRER0g) of the resulting
usi ng a two-rofl and conventional techniques: 100

cwalﬂmomposutubbwas wahﬁi@bdgandrthe ofsuls @8Qistsdrib dable R aB&sults of physical

raps O 1.8 of TAIC (
PPt BRne G ok AL L& 401 BEPIGR L Hot oLl e dpering
23%)@@‘991316%&&% WaseMatddah ebiand the results are |isted

in table 2 . Results of physical property testing

Inzika@pleph; essrable cogpwitionh thamykstiat wasmede ol evbluated in a manner

nut es an st curi a .
smnllllar to example 8 ut using rubber 53 (example 3). The 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
ZnO (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
M, (in-lbs) 1.6 2.1
My (in-1bs) 11.3 14.7
My — M, (in-1bs) 9.7 12.6
ts2 (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
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15

2300C for 16 hours are also listed in table 2. In

exanple 7, a curable conposition of the invention was
wordw/casmdseval uated in a mamer simlar to exaRpraS8005/041490

but using rubber B (exanple 3). The formulation and

the other test results are all8o listed in table 2.

Exanple # 6 7 Rubber A 100 - Rubber B - 100 N-990

fﬂ@@g@@ﬁgﬁback (phr) 50 50 ZnO (ptg) 5 5 TAIC (phar) 1.8
1.8 DBPH 50

(phr) 2.5 2.5 MDR (31177 OC. 0.5 Arc, 100
109raModuRis @sidl time (minutes) 12 12 M. (in-1bs) 1.6

> 1 M(in-1bs) 11.3 14.7 H M {in-1bs) 9.7 12,6 ts2
Sl’t"ﬁ"iﬁy}g’f@mﬁ?g)fso (nin) 0.8 0. 684 5o (fn')n) 5 7S

ChabyeiS SR ORBIHIED-Ahber Post Cure Tensile (psi) 850
IT60El ongati1on (% 68 73 100 % Modul us (psi) Shore A2
T0Has @28¥*(BG0)4 Conpression Set,24kthod B O-rigs 70

TV
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1. Fluoropol ymer conprising repeating units derived
fromone or nore gaseous fluorinated ol efins and
whavierigsae or nore cure-sites conprising (a) BChAIS®EN41490
capabl e of participating in a peroxide cure reaction

or (b) a nitrile group, said?2luoropolynmer further
conprising repeating units derived fromone or nore
flaivt ed allyl ethers of the fornul a:

CF2=CF-CF(Z2)-ORf (lI) wherein Z represents F or CF3

and Rf represents a fluorinated al kyl group that nmay

1 C ntaoi n.one or nore catgnaﬁ%i SZ{E}Y}?% at ons. r2.0r s

-F UBFBEBIAEP MRENBE APRTG R U < (RS B Pr Ziqrnedsspes
iR 1 EBR 88 BBYViRg bnd B meResd-Bitd3fcobRhisBERANASaldgent dABable of
fornmul a: -(CF2)n-(%I)F2)m(Pa (11 mg@éi ﬁl%ﬁ IS angb P
partitipaténg infa peraxedescurerrdastion ar(bamnitriteegyeup, said flupropolymeerdurther

R NENRE A N A

fofhH@r opol ymer according to claim1l or 2 wherein said
fluoropol ynmer has a perfluorinated backbone. 4.
CHEAH-0pOL)y0: accordi ng (I any of the previous clains

wRelel BB AS Gt a0 FAEEEtre R Py LoBRAER o< iophd me contan

o e VR oRyedr H@hQPOl yner according to any of the
previ ous clains Wherein at | east part of said

cure-sites are conprised in end groups of said
fl uoro

olymer. 6. Fluaropolyner_accordi ng.to any o .
2 (S BRaLAeiiae Har bRHAERY Shoth oI GPERaN band wherein
R'J&é@ﬁ&#k@ﬁg@&%ﬂgﬂ is between 0.1 and 5 nole% 7.
' uoropol yner according to any of the previous clains

-(GREy-€00F9ai@Rgaseous fl udhi nated ol efins are sel ected

romthe group nsi_sti.ng of . .
WI‘%YF’nnaIf B8 @s&%yﬁiﬁ%%m i8D 68 AR 1tesst 964 fi £ @ frad R” is a perfluoroalkyl

8F | 407 CREAPYoRRGr alal¥h bASPSL 1 14 OTchon aYdnfy!

gl?%or:lde and mé{xtur es taﬂﬁgo?? 8. Fl lj:or 08& yner
according to any of the previous clains wherein said
fl I

3. Flg(%ggglg)rm%rnaecrcording 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%.

7. Fluoropolymer according to any of the previous claims wherein said gaseous fluorinated

olefins are selected from the group consisting of tetrafluoroethylene,
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further conprises repeating units derived froma
non-fluorinated olefin. 9. Fluoropolyner according to
wobheierne®73dher ei n sai d non-fluori nated ol efi n i BCT/US2005/041490
sel ected from ethyl ene and propyl ene. 10.
Fl uor opol ymer according to amd} of the previous clainms
wherein said fluoropol yner conprises repeating units
cldeforifludgodthylend, heyifiudesigodyllerel Viglidéeheduoit®uniyldfuofide and
nore than 45 nole% 11. Fl uoropol ynmer according to any
mgftukeh heprodyi ous cl ai s wherein said fluoropolyner is a
pol yner selected fromthe group consisting of
copol ymers of tetrafluoroethylene and vinylidene
8 fEluGHop6I®meE @cﬂ:@kd{ﬁ? tsaryf ofttled }Imefrilou@ tlaihdyhesid saitdfluoropolymer
et hyl ene or propylene, copolyners of
furder edmprised PR enitslgrireddadmagroapilepippied elefin
FI uor opol yner according to any of the previous clains
wherein said fluoropolynmer is a polynmer selected from
9.tm601@F&9ﬁleﬁ afdtdihg fcl@in & QPEIHTRSS ndih-fluorinated olefin is selected from
tetrafl uoroet hyl ene, vinylidene fluoride and
ethibeas andopropylepss| ene and copol yners of
tetrafl uoroet hyl ene, hexafl uoropropyl ene and et hyl ene
or propylene. 13. Fluoropolynmer according to any of
1@.@u&b$ﬂyﬁ€§a&bﬁiiﬁ@t rogiie favibudElamhd witdreihR@id fluoropolymer
curesites are derived fromone or nore nononers having
cempiides (ppnatingpabisaleiingdran gingldénegfluatidg ipar arped of wpemore than
4éeag%;on or anitrile group. 14. Fl uoropol ynmer
BO0+%i ng to any of the previous clains wherein said
fl uoropol ynmer has a glass transition tenperature of
| ess than -25 0C. 15. Curable fluoroel astoner i
1 b dilpospalymar awsopsting torany (of theaprevigus elpishsmieareinsaideiuonenrplymer is a

i.,n any.of the evious clains_.and.(ii urd n nt .
palRmeE AT s HoP Sobare b ot bt ot b iRs ARGk ana
vtk BlidRe HoWHE Bbblysfiso aeiiRDdl ddigNedd drdRely | GRMR h iR SerR,

cbagent having two or nore ethylenically unsaturated
capobymes ofl Zirafleeroothylshe pekhexgflaofoprapytgnel yner as

defined in any of clainms 1 to 14 conprising a

copol yneri zati on of said one or nore gaseous

13 I1e5bpaY 8er Aesldins 1P ot dichiblivas biarkedhabinshiddlessolymer 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 halogen capable of participating in

a peroxide cure reaction 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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18. Method according to claim17 wherein said
copol yneri zation is an agueous enul si on

weoabosroesizzat i on. 19. Met hod accordi ng to cl ai nPAT/US2003841490
wherein the polynerization is carried out at a
tenperature between 40 and 1G80C. 20. Method of making
a fluoroelastoner article conprising curing a curable

15, IQueabdellasioereiomee ogasositicdncoaspridefy (Dedflidropslymef as defined in any
clainms, 15 or 16. 21. A fluoroelastonmer article
ofghe BrcHions slagmps epb(inecHERS 8408 ai m 20.

16. Curable fluoroelastomer composition according to claim 15 wherein said composition

further comprises a coagent having two or more ethylenically unsaturated groups.
17. Method of making a fluoropolymer as defined in any of claims 1 to 14 comprising a
copolymerization of said one or more gaseous fluorinated olefins and said fluorinated allyl

ethers.

18. Method according to claim 17 wherein said copolymerization is an aqueous emulsion

polymerization,

19. Method according to claim 17 or 18 wherein the polymerization is carried out at a

temperature between 40 and 100°C.

20. Method of making a fluoroelastomer article comprising curing a curable

fluoroelastomer composition as defined in any of claims 15 or 16.

21. A fluoroelastomer article obtainable by the method of claim 20.



