FLUOROPOLYMER FOR MAKI NG A FLUORCELASTOMER Field of the invention This
invention relates to anorphous fluoropolyners, i.e. anorphous pol yners

havi ng a wbuosdmsaiied backbone. The amnor phous fl uoropol yrerasasos/oesos@bl e and
can be cured to obtain a fluoroelastomer. In particular, the present
invention relates to such fluoropol yners having desirable processing
characteristics, FRUPROFOLYIRIER FOR MAKIDG A FLUORQELASTOMEBh as tubes and in
injection nmolding articles. Background of the invention Fluoropolyners have
been | ong known and have been used in a variety of applications because of
several desirable properties such as heat resistance, chem cal resistance,
weat her abi | i té, _UV-stability etc. .. The various applications of

LI u‘(])rop(ﬁlglﬁlrﬁf e&’?"é‘_ﬁf‘)@r exanpl e described in "Mdern Fluoropol yners", edited
y N 79 7 Dho Of © RRbWNBNsSpolyhsdrd Bl&idgamo and

co- pgsryn@?%ﬁ%%ﬁgn}%%%gag&fﬁﬂgﬁ%gt édlygllegf{ér)laguch afp t}gﬁrafl uﬂc%?oet hyl ene
(TFE), ~ dhiognased hackbame o Ehhgthemkous GrFBpolzmets eve ourahle and eeber querdrtp QREZIVDR) wi t h
one or nofe ¢ nomer s o HFP) or
per 1 uorBPET- PGy & ReBYE: &% srSEnERAHREE % pigaRopeRRtiE D D0 (g
and pr f)pieki%& I(rR)egsiﬂt_g charaoptibticsrrs in theil extmsive fiito prticlse suwhlab tibaywnd in

non- nel t - processi bl e | ymers. For exanple, polytetrafluoroethylene and
copol yne‘F‘JQeCtE?F’r’F@@‘P&f‘Ttg%F'oet hyl ene with snal | am);unt s (e.g. not ym)re t han
0.5%py weight) of a conpnoner are generally not nelt-processible wth
conventi onal equifprrent used for the processing of thernoplastic polyners

because BickgmeidofffhjrvemsioBcul ar wei ght and their high melt viscosity.

Accordi nﬂh&%)%%lﬁﬁerg H%%ﬁ&?ﬂhgg%(&ﬂf degﬁ% | bR udel 404 ORREYIRpSlicatiRRC al

processing I ques have vel oped to allow formng these
f | uor opobegame sf sentral dbsisibleptopartidsshehsas hpat resirignes chovpical 1eistIESsi bl e

t her nopl astic,flu pol yners a al.so ed from
var ov. CEMTRH ORCRBPRY H5r b DDl P BeAN RO AR ReeBaeI e
t hey ar eqdigivep i ad@sddrdFRoropolymers”, edited by John Scheirs, Wiley Science 1997.

Fluoropolymers include homo and co-polymers of a gaseous fluorinated olefin such as

tetrafluoroethylene (TFE), chlorotrifluoroethylene (CTFE) and/or vinylidene fluoride (VDF)
with one or more comonomers such as for example hexafluoropropylene (HFP) or
perfluorovinyl ethers (PVE) or non-fluorinated olefins such as ethylene (E) and propylene (P).
20
Fluoropolymers include melt-processible and non-melt-processible polymers. For example,
polytetrafluoroethylene and copolymers of tetrafluoroethylene with small amounts (e.g. not
more than 0.5% by weight) of a comonomer are generally not melt-processible with
conventional equipment used for the processing of thermoplastic polymers because of their
25 high molecular weight and their high melt viscosity. Accordingly, for these non-melt-
processible fluoropolymers, special processing techniques have been developed to allow

forming these fluoropolymers into desired articles and shapes.

Melt-processible thermoplastic fluoropolymers are also known and these can be obtained from
30  various combinations of fluorinated and/or non-fluorinated monomers. As they are melt-

processible, they can be processed with equipment typically used for the processing, of

thermoplastic polymers, such as e.g. molding or extrusion. Melt-processible thermoplastic

fluoropolymers include generally amorphous fluoropolymers and fluoropolymers that have
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they can be processed with equi pnent typically used for the processing, of
t hernopl astic polyners, such as e.g. nolding or extrusion. MlIlt-processible
t her nopl a®0I2006d3wI60pol ymrer s i ncl ude general | y anor phou®cfriusesospedogner s and
fl uoropol yners that havesubstantial crystallinity. Fluoropolyners that are

general ly anorphous are typically used to make fl ugroel astoners curing
or vul cani¥sigHal ﬁ’é/StP]IhBEY-o%‘BPE?P@W“N}{ah@Eéﬂ",erag } 8mEYP E?W%W@%Wﬁ‘grot i es

gener al | y 8k nekbaishRtkrdfy &hing Of 1&niARehd finsssRBReY "RItRouss afle Elasto@id Ng t he
fiuoroel astonmer are often also called fluoroelastoner. Melt-processible

t her nopl adtdpertits groeeilinty wbtained hiier chnge the fyetonelymers usgdyier mpkiingithey and t hat
accordi ngl e t NPLA- ARl d-RGpRQicNt are known
- the ar (e e B R ot

bet weers 1@MN6Gpaner3 2RO VE epsstatingrenlliniy pnd thatmornadingly ipesi déady.  Anor phous

fl uor opol yners may, be cured b rqviding cure-sites in th hous

f1 uor opol ﬂﬁrﬁ?t%?%f?r%lﬁwe’?tﬁ’éﬂ“%e&@g aﬁq?‘ﬂ‘ggﬁﬁh%?g %fr?ué) r%ﬁ%@ﬁ%ﬁ@%ﬁ the cure
conposi ti @ypidally PAveuinsttind Joit BerwdbdTEIDSE @ndd20eC dgending kh A@iriednonkk .

Typically, the cure-sites conprise a hal ogen such as brom ne or iodine that
i s capabl €OBPOHEMt i ci pating in a peroxide cure reaction or the cure-sites
may conprise a nitrile group that can also be cured with a peroxide or
other cure conponents. Alternatively, the anorphous fluoropolynmer can be
dehydr of | Vonémiztue flueropdlymers oy be siredly priveiding syrestiesin B ameudioved in a cure

reaction. Such anorphaus fJl uoropogl. I i i.e.
t hey cont R 3&5’8%- 1%?&1(1)1&%%1 rﬁ%cgg'étx :gﬁé ?rr@rggﬁ%%%@% L%It}]% ngé&ﬁﬁ%&% nité] t he
art as bi gphedeal thed dadnsiofidl upselittiyymhsork PEymoallglehe aredbites camprighous

fl uoropol yners have been disclosed.in a variety of .publications. For
exanpl o ESASGgZSIE g Wae 85 CgnP RS PBR LRt T dh A BEOSE ISR
cont i NUOUS,, Bt RLGEs RO} dMBrisE Rhit9e gtollp HHACcaR2BE BB 6@eOvith A pedideat eitler
conpound. The fluoropol ymer so produced contains at |east_ 0.1% by weight of

i odi nel5 Trraredoppprsplsl yWiierativaly. fzeamosphors Seosonobpess 4y deRydretlueaipertidtor oni ne

3\;? g ht hat f{,}}{f} cfTRRE hla%anl%ﬁé?lrgerfﬁvcjl%dtilb?(:\ﬂ@%ex%ﬁ. Eﬁc}pﬁﬁd&\ﬁ%s guéroﬁﬁﬁnélr% by

are partially fluorinated, i.e. they contain carbon-hydrogen bonds in the backbone, and are

known in the art as bisphenol curable fluoropolymers.

20  Peroxide curable amorphous fluoropolymers have been disclosed in a variety of publications.
For example EP 398241 discloses a fluoropolymer that can be obtained by continuous
emulsion polymerization in the presence of an iodinated compound. The fluoropolymer so
produced contains at least 0.1% by weight of jodine. The fluoropolymer further comprises
repeating units having bromine such that the amount of bromine in the polymer is between 0.1

25 and 1% by weight.

EP 171290 discloses a peroxide curable fluoropolymer that comprises repeating units of an
iodine containing monomer. The repeating units are contained in the polymer in an amount éf
0.1 to 2 mole %. It is taught that such fluoropolymers cure faster and have a better

30  compression set compared to analogues fluoropolymers having bromine containing repeating
units. It is also taught that the fluoropolymers have a lower viscosity than the bromine

containing analogues, which would present a processing advantage.



EP 171290 di scl oses a peroxi de curable fluoropolyner that conprises
repeating units of an iodine containing nononer. The repeating units are
cont ai nedworeoadmsizel yner in an anount of 0.1 to 2 nol e ®CTIUS2008/02MEaght t hat
such fluoropolynmers cure faster and have a better conpression set conpared

t o anal ogues fl uoropol ynmers hayi brom ne cont ai ni e ti units. It
is also thPé‘H’f‘e ‘ioﬁfi‘frg‘f rqxll%cﬁub%lﬂ cfpgg']ﬁ’ﬁffeareata?%wﬁg ﬁé]c‘@g?w{@]an t he
broni ne conbai Mkdaten BhiogSShes Wvetopeltibeithpy fBttes depRliapamits dgived from
advant age. Brom ne cont ai ni ng per oxi g

_ [ e curabl e 1l uoropol yners are_taught in
US 4214060 brprnatyd perflupmoyiny] mpeomesof be foymuka{F-Bedhed s G %Fa &5’6{9&6%% r gt hat
conpri ses I I dgrl yesh : 0P8Rk Quhiny! nononer
of the fog{ﬁ%ﬁgé%%gfﬁ%&i)%nlggog:@é o?mvﬁé%?&r?CRf is I{Je%%éi&%gt \gdl al kyl ene
and n bs Gamfer igenToishepbhyuie R-(F - Provbeed isd or Reltpt tevghn that bf usingstieh n

transfer ent of the fornula.R- 2Br) n i i aught
that by ugl%ﬂfbmglﬁ ﬁa%?ﬁtaihﬁ pf’?%ﬁ%?’é’?%ﬁ%ﬁig,dt eg{u‘ég%éflyﬁileﬁ %i/n %P bh?“?ﬁz |£ng of
t he fl uor ep@hynek cehpiral 1©thepBroképt cohtaintgrthain tramfasgeasrpar ed to ot her

bronmi ne containing chain transfer agents. The anorphous fluoropol yners are
typically used in nmaking a variety of elastoneric articles including for

exanpl e t 4He sm o HRRK AhSropSKibR dR t9isally SbdRh BRLiGE Bgaﬁéﬁﬁoﬂlkﬁ;&ﬁm mitllesr ticl e,
a curabl e el astomer conpoSition conprising the anorphous f| uoropol yner and

a cur eloc ompsbulingiforexample dben enskatic@Toes ¢toj BaredyaingHielagiomerig adiclee? st j | |
exists to | nmprov he. processi ; i mi?%l%é uor opol ymer
in extrusi‘Of 5n3§f)ﬁﬁer§§$1p|8éé§ naérogg)r?gi?l ?lééﬁ%ép#gﬁ%é‘%?ﬂ% or ex%Jrrr%:)l e, Bro%l ens
may ari se compdsitiohintag betxtirvded obinjdciion melfiel tA desirerstiltiexigs topmptove thear | y at hi gh
rates. Summary. of the invention It Jis desirable to inprove.the.processin
char act eripé‘th%ElggPhaéﬂ?B’F?mﬁ‘i@n?rpwgBﬁoy gIpRx glrofliaggfn PG ¢ usi on agd
i nj ecti on yiyBdidh Bldidg PePeiashpld) pivdlehiseityatisdia filaiof afelreold i infepi@ve t he
critical shear strength and nelt tension to inprove the processing in tube
ext r usiSon.moldipg, perticdany A figdratee desired that such inprovement of the |
processi ng properties does not adversely affect the curing of the
fluoropol ynmer to obtain a fiuoroelastoner and the resulting

Summary of the invention

It is desirable to improve the processing characteristics of amorphous fluoropolymers in
particular in extrusion and injection molding. It would in particular be desirable to improve
20 the critical shear strength and melt tension to improve the processing in tube extrusion.. It
would further be desired that such improvement of the processing properties does not
adversely affect the curing of the fluoropolymer to obtain a fluoroelastomer and the resulting
mechanical and physical properties of the fluoroelastomer obtained. It is generally also
desirable that the fluoropotymers can be produced in an easy and convenient way and in an

25  environmentally friendly way.

In accordance with one aspect of the invention, there is provided an amorphous fluoropolymer
wherein the amorphous fluoropolymer (i) has one or more cure site components, the cure site
components being contained in the amorphous fluoropolymer in an amount between 0.1 and
30 0.5 mole % based on the total amount of repeating units or (ii) is capable of being
dehydrofluorinated, wherein the amorphous fluoropolymer is derivable from a polymerization
of (a) one or more gaseous fluorinated monomers and (b) not more than 0.5% by weight based

on the total weight of monomers of one or more olefins having a bromine or iodine atom
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mechani cal and physical properties of the fiuoroelastonmer obtained. It is
generally al so desirable that the fluoropolyners can be produced in an easy
and convewpenas/osm3i6and in an environnental ly friendly wagr/useooaoesssadance

wi th one aspect of the invention, there is provided an anorphous

fl uoropol yner .wherein the amgrphaqus. fl uoropol. r (i as .one r
site conpgﬂgﬁ@g¥‘ ﬁ@neéaﬁdeﬁ@%g%ﬁﬁﬁéﬁéﬁﬁéig@P%ﬁgéﬁﬁ?QWH H“Pﬁofﬁia ?pﬁng
fl uoropol yyer in an anount between 0.1 and 0.5 nole % based on the total

anount  of fepeating units or (ii) is capable of being dehydrofluorinated,
wherei n the anor phous fluoropolynmer is derivable froma polynerization of

(2) one. of1PK&nAARRT ol OEH B S IRNATR Bty e BRIy Nan O, 5% by

wei ght based on the tota rs o ne or nore ol efins having
a br onk ne improvedgirovessixtgmiractoisics, in paridautdn gningsftidgneolding bhéetiusidnofort he ol ef i n

or (iii) has so onbipatign of .(i) and.(ij). |t _has.been f at the
annrphoyse??ﬂ%?g%&ﬁ?ﬁ@?g“ﬁ@?ﬁ?ﬂ?ﬂ'p%3@$ﬁ%&?k%%%F%%ﬁ%h%$5§?ﬁﬁ@gggagp
processi ngaciii@odgirinithd dxGSsion 6f theflidroptlgiier] RuiiRieat)iohasibériongd taithe
extrusion. For exanple, the fluoropol ynmers, have an inproved critical shear

rate, i.eamppboysfiuaropplypRisdrvegaof CF#@&%%IH#@’ISH&S&W S TRSULNS SIROPFES IB%C of ¢ he

fiuoropol YOBf medibhiitNek Itorddss been found that the anorphous
quoropoIéners(%ave gég%ﬁgﬁ?g(gﬁaracteristics and the resulting el astoners

have good mechani cal and physical properties. In a further aspect of the

present inveption od of . | I I KOF } :ovi ded. Th
et nod cobs 18 B REale el RLGHATS BRubESe Lo UUAARA MR Bi0 L ronoer o
and (b) netovited eThdwmeth6d SHaphigesyoiygittizing $0dnoor héve ghodwd flugeingbd of nononer s

of one or nore ol efins havi brom ne or iodin om.honded to a.carbon
of the dodbPETHaAN b SEHETS Mn Prr R BRrrAD TEapaLT PER Farops o

fi uor opol y,a®sr thére BRAGRSgYbrérhihe BOOMHE bioA Ho@deds a@MBoR6f HDdQIbYHSA0YE
fluorinated mononers in the presence of one or nore coggonents_conprising a

cure skt e thadiefimand arovates sepatdity o tee Lusmprohmier b tseirrg by pplymgrizing the
I ntroduci nge Q%X@%Qsegus]ﬂlg)ﬁgaggd RoRBhes f@ﬁe’sﬁ&eﬁ& drfe §:9h&E cAARHRALs Of

repeating unrts of cure
comprising a cure site, the total amount of said components being sufficient for introducing

between 0.1 and 0.5 mole % based on the total amount of repeating units of cure site
components in the amorphous fluoropolymer or (ii) selecting at least one partially fluorinated
20  gaseous monomer as said one or more gaseous fluorinated monomers or copolymerizing said
gaseous fluorinated monomers with one or more non-fluorinated comonomers or partially
fluorinated non-gaseous monomers so as to provide an amorphous fluoropolymer capable of

being dehydrofluorinated.

25 In a still further aspect, the invention provides a curable composition for making a
fluoroelastomer. The composition comprises an amorphous fluoropolymer as defined above
and a cure composition comprising one or more components for curing the amorphous
fluoropolymer. The invention also provides a method of making an elastomer article
comprising injection molding or extruding the curable composition and curing said curable

30  composition.

The term “copolymer” in connection with the present invention should generally be

understood to mean a polymer comprising repeating units derived from the recited monomers
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conponents in the anorphous fiuoropolyner or (ii) selecting at |east one
partially fluorinated gaseous nononer as said one or nore gaseous

fl uori natwo 20emBmEGS or copol yneri zi ng sai d gaseous f| uecrnsted/ ossvsoner s
with one or nore non-fluorinated conononers or partially fluorinated

non- gaseous_nononers so as to Pr ovi de an anor phous fi uoropol yner capabl e of
bei ng dehydket Ie%ﬂ%@éﬂpnanf’fa he fuptherrepeptingunis beipg I?re%eﬁbthﬁtrﬂ?é‘ﬁ"_? B provides
a curabl e ,geMRGRnddt Eiic ‘?&cﬁ‘t@d.%@dolo&?ﬁ%ﬁ IFASK B the t& COpEaSdrloron
conprises an anor phous tiuoropol ymer as defined above and ‘a cure

conposi t i sreneoepAiasi By inshelepbingrs pelymomebaand 8 2 aiell @aipolpmerns et Ba¥sr phous

fi uor 0Po!l YORE: m J1Gnc IMELE 00 A0 o QY IS, AIIEENRA,H! Maki ng an el astomer
article conprising 1 njection nolding or extruding e curabl e conposition
and cusing said curable conposition. The term "copolynmer" in connection
with the prese i nvention.shoul d generally be understood to nean a pol yner
conpri si ng’e@%&ﬁm&oﬁﬂ%%& WEiWed from t he recited nonomerswi t hout

excl udi ng Ahgdiaptd @8 pREendiiettiohUuhé AespheRERbIoPElyMa it GerB@bleGrop! esent t hat
derive fromother nononmers not explicitly recited, Accordingly, for exanple
the term PelgmerziRg(e) exe orarmapesseoua lupranatpd mopemgraad 0 mabporsdhanPei’s bf A and
B as wel | LIREAS R ahémfaBd: B such as
for examl@%@ﬁoﬁn@?gﬁﬁ&@&eﬁﬂ esﬁsroifg??%ﬁﬁ%gotﬁe |ar¥%nt iron AcE:ordi ng to
t he pr®\semidinersemborsiad ta hertamof fieclosblé bendrof felojefmr The oldén imazlbpast frerom

pol ymeri zi ng .(a) -one, or. nore, gaseous. f.|uorinated.nmpnoners _an not nore
t han O. 5%0313”&}@%85?11%%51@60%%1’%%03 f?ué)fl fitedd it Coggal%%%nr?e P 0t Q%%EG’Q or nore
ol ef i ns hawitialky Buddieei,ie. LindHthdeall ajdogdnantatatobedn egpldeedwith flidrinedoubl e
bond of the olefjn.

The ol efin_may apart from cantajning Br. and/or, | atons,
be non-f | @é¥neittegiolefm way b PeSHRERPRL FOTRRSEP, B RO hyﬁéfiﬂe‘bétoﬁ‘é?‘?‘fed%% _
f1 uori nat gg1ackd &ith B Rberi kdr tRMEFPREI lOIG: Biave been replaced with
fluorine atons, or the olefin nmay be a perfluorinated conpound in which all

hydrogeén atoms have been replaced with fluorine atoms except for those
repl aced WL Bar{icu%r eﬁ{b'odiment, the olefin corresponds to the general formula:

X,C=CXZ )]

wherein each X may be the same or different and is selected from the group consisting of

hydrogen, F, Cl, Br and I, with the proviso that at least one X represents Br or I, Z represents
20  hydrogen, F, Cl, Br, I, a perfluoroalkyl group, a perfluoroalkoxy group or a perfluoropolyether

group. Examples of perfluoroalkyl groups include linear or branched perfluoroalkyl groups

having between 1 and 8 carbon atoms, for example 1 to 5 carbon atoms. Examples of

perfluoroalkoxy groups include those that have between 1 and 8 carbon atoms, for example

between 1 and 5 carbon atoms in the alkyl group and whereby the alkyl group may be linear or
25  branched. Examples of perfluoropolyether groups include those corresponding to the formula:

-OR'{0)y (R4O)mR’s
wherein le and sz are each linear or branched perfluoroalkylene groups of 1 to 6 carbon

atoms, in particular 2 to 6 carbon atoms, m and n are independently 0 to 10 with m+n being at
least 1 and R3fiS a perfluoroalkyl group of 1 to 6 carbon atoms.

30
In a particular embodiment, olefins of formula (I) can be employed wherein X is selected from
hydrogen, F and Br with the proviso that at least one X represents Br and Z is hydrogen, F, Br,
a perfluoroalkyl group or a perfluoroalkoxy group. Specific examples of olefins that may
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haa particul ar enbodi nent, the olefin corresponds to the general fornula:
X2C=CXZ ( ) wherein each X may be the sane or different and is sel ected
from t he woau/smisi sting of hydrogen, F, O, Br and |, Pairtus2e08@2896@Vi SO
that at |east one X represents Br or |, Z represents hydrogen, F, O, Br,
|, a perfluoroal k group, a perfl uoroal kox or a per%}l{uor opol yet her
group. Exegaytreantly epﬁdflﬁlq}‘&edall’fRVP lefsZortipinorgs: ghy%&@ BrompetgflugspetByleitc hed

per fl uor Ogyg%nésd & m@g&% pgbdge# W%%@ﬁ&%@ 10885 R 191ERe addorbe¥enpl e 1 to

5 carbon | uor oal koxy ‘groups i nclfude those that have
bet ween 1233@3-8taflohepropinenSendraly raxfemgsiie bet ween 1 and 5 carbon atoms in

the al kyl . group, al | kyl group may be |inear or branched.
Exanpl es &%f%%‘f%’?[‘}ci roe}vg%ﬁgéﬁ%éi)ups i ncl ude those corresponding to the
formula: -O(R 1 )n (R2f0) mR3 f wherein Rf and R2f are each linear or
branched perfl ugroal kyl ene s of 1to0 carbo articular 2
to 6 carb e‘&f’@ﬁﬁm “an‘g]rqi B BITRHHER )}13(5“110 q’f ﬁﬁ‘?ﬂp%&% HERG at

| east 1 apd %eﬂ%b@c&ﬁé’ 4 hAHOHRA! St medt. @%@an@ﬁed:bolyﬁle@ Tid 16@d) oﬁ&@ﬁﬁungldﬂ a
particul ar errbodrrrent olefins of formula ( e enp rein Xis

sel ect ed hewlneayircagbnchapcterigedhrongh fhe {ae C%ﬁ*%wg@lﬁgf&@exaﬂ#cﬁgagﬂw if’?@l
represent 5 Br. da{?agm%ed 25 (%%em ‘ﬁﬁ{ SRS, 52 %fflé cfcpr?rlu%fllyl?ﬂ HF404R4EH 2

perfl uoroaimkoxy I'C ‘exanp és 0 | ns that mayconveniently b
e usedyi nrrgjglggje&Bel,bBeMBdﬁ @0@1)=ateardihgroriosigogtiosne, bronotri f | uoroet hyl ene

(referred as BTFE), (l/nyl brom de, 1, 1-di bronvethyl ene, 1, 2-di bronoet hyl ene
and 1-brono- 2, , 34 @t rdfl uoro-propene. Generally preferred is eq.1
| - brono- 2, 2- di ﬁﬂpylkene BDFE). The use of the aforenentioned olefin

in preparation of the anmorphous fluoropol yners causes the polyner to becone
a non-linear polynmer i.e. branched polyner. The |evel of branching or
non- | i near thy a@ve etmaﬁoﬁ,hmras:ﬁqerzémehbatViscrosigr(unitsé’alsmﬁthehlahrrheﬁranchi ng i ndex

ﬁ/g\C/ZrB || él S T%@C@mgramn%agﬁeg gf%ait{ﬂg]a%aturealsanq(ir?ﬁr is E)le 1ntnns1c v1scos1ty (ur%lr'sr 18f/£) 'of H
the branched fluoropolymer at a temperature T in a solvent in which the branched
15 fluoropolymer can be dissolved and a and k are constants. These constants are determined
from the following equation:

Moin =5 [1]ji. eq. 2
wherein 1 i and [, represent respectively the zero shear viscosity and intrinsic viscosity of
the corresponding linear fluoropolymer measured at the respective same temperatures T and
T’ and in the same solvent. Thus, the LCBI is independent of the selection of the

20  measurement temperatures and solvent chosen provided of course that the same solvent and
temperatures are used in equations 1 and 2. The zero shear viscosity and intrinsic viscosity are

typically determined on freeze coagulated fluoropolymers.

The values a and k along with the test conditions for some of the fluoropolymers that may be

25 used in the melt-processible polymer composition are set forth in the following table:

Polymer test condition a-value k-value
TFE39/HFP11/VDFso A 5.8 2.4 10°
TFEp4.5/HFP;3/VDFs 5 A 5.8 5510°
VDF75/HF Py, A 5.8 1510
polyvinylidene fluoride B 5.8 1210°%




(1999) & 34, 7362-7367 (2001) according to the equation: In the above
equation, hCor i s the zero shear viscosity (units Pa's) of the branched
fi uoropolwyoenoemsanared at a tenperature T and [h] br is trhe/isatosiozsbe
viscosity (units m/g) of the branched fiuoropolynmer at a tenperature T
in a solv -n—whi : ranched fiuoropnglywer—ean-b-e-dissptved—agnd a
and k ar e| eAdpdidens flugridsse constants are peferni ned from?tzhgofol | owi [ng
equation: wherein ho,finmand [hjijn represent respectively the zero shear
viscosity and intrinsic viscosity of the corresponding |inear fiuoropolyner
measur ed &t the hive bdpetht indexssdnthetremomenunits insthd pelsmeierTindigatel thepmopet of thee
solvent. Thus,. the .LCBl J s ind ndent of .ection of the neasurenent
terrperatufeégecg‘ﬁ%unslt()lp\r/neolrll /"c?ﬁgi}?ﬁgsgF%n\%?lggsdarg%%gg‘r%s'e that the sanme sol vent
and t enpenathsaescakiey 4126300 dadelgliatringo sisdosayih 2ethyl Ethel lzetone asBEE&r vi scosity

and intrinsic viscqosity are typically determne freeze gul at ed

f1 uor opol MP%?“*H@W#%&" aédﬁ'ﬁ’dmﬁm%{ ?Slﬁ‘é”&f ]tnﬁi%{“%@%o mkcéﬁaﬁqléons for sone
of the fl ¢oLQRROHWIBHS bERT M8 YhdinBins 9fcdsity inftemes) forpa@AtRSS 1 fabe. pol yner
conposition are set forth in the followng table:In the above table, the

i ndexes t &t canbe phyarpbfrom tha abovntablsdhaphe perstant fa@pregisdo be idgpepient obibe t he
respectiv [y 9 t.h : N nd\  Shear
N T S R L R bl
350C B: shesatonditiscosidt y at 2300C and the intrinsic viscosity in

di et h?/I forniam de at 230C C. shear viscosity at 2300C and the intrinsic
viscost%y in dinmethyl formanide at 1100C. It can be observed fromthe above
t abl e t hatryk heBCeNs: anérpho@FRERPSLyiner dag bt hfiepesdenthe ahtutdwad bnaitefol yner
tested whereas the k-value varies with conpositign of the fltﬁ%&gggol yrner

and test c¥ivsedoPengaly it 7kbe desiredio opiaim ampgphols HLorPRURrSH B Tan be
| nfl uencectd@g o?ﬁ%a@laé.wleor%!@ﬂ?ﬁgﬂﬁ Bhe QfiboRlngnt, heUSstis 47060¢ @b |i ahdthepi | | be
00

desired t tal n anor phous uoropol ynmers that have an LCBI _of at | east
0.1. For exdnpiment thall GBemesntron lqssinit and ithestilldBrther gmbediments the §.0B1 i5 a4 legsiot her

,? Hg 0 E IC§F n -tl § . ;t?ha‘% ggllge{aqg%egneobasérvlec? %%’E f011 a Si@é% Alaecﬂlleﬁ‘ R&ieiglht I)Hflé ﬁl%roﬁdmﬂgi {ent,

1's
critical shear rate improves with an increase in the LCBI. However, the LCBI should not be

too high as this may cause the fluoropolymer to have substantial amount of gel fractions which
may again impair the processing and/or ultimate properties of the fluoroelastomer. Typically,
the LCBI should be between 0.1 and 3. To generally achieve the desired LCBI, the olefin

20 having a bromine or iodine atom on the double bond should be used in amounts of not more
than 0.5% by weight based on the total weight of the monomers used to produce the
fluoropolymer. Typical amounts of the olefin are between 0.01% by weight and 0.4% by
weight. a particular embodiment, the amount is between 0.05 and 0.35% by weight.

25 The fluoropolymers can be obtained with any of the known polymerization techniques
including solution polymerization and suspension polymerization. The fluoropolymers are
generally made through an aqueous emulsion polymerization process, which can be conducted
in a known manner. The reactor vessel for use in the aqueous emulsion polymerization
process is typically a pressurizable vessel capable of withstanding the internal pressures

30  during the polymerization reaction. Typically, the reaction vessel will include a mechanical
agitator, which will produce thorough mixing of the reactor contents and heat exchange

system. Any quantity of the fluoromonomer(s) may be charged to the reactor vessel. The

-7



1.5. It has generally been observed that for a given nol ecul ar wei ght of
the fluoropolyner, the critical shear rate inproves with an increase in the
LCBI . Howsovengs/3na6LCBI shoul d not be too high as this may/usauws®2sobe
fluoropol yner to have substantial amount of gel fractions which may again
inpair the processing and/or ultimate properties, of the fluorogl astomer.
Typi cal | ymonomers g becohagpdibame RAEHCAYMUCHA B STMICPBUBRE AT GEFAT¥Ve the
desired L{Blinchi nRlafifthdt a%}{mwoﬁba@hemmﬁ‘e BbndnRe kR&hALAMoWE b1 doubl e bond
shoul d be used In anmpbunts of not nore than 0.5% by weight based on the
total weiding dfe cotmse efithopdymerizeten. t1he prdspndent rateatt whidh t%p BIOPPRBPLS 2Py pi call

anounts of,.t |.efi n_are bet 0 i Q meioght. In a
parti cul a?ddgégﬁg% lﬁe%tl}letvylﬁt %engr?\lé\ﬁl%% O?Ssu%eé%lg\gaé%@é%r%ﬁgn g?oéé%‘o &l‘ﬁﬁﬁe@ght . The
f | uor opol pwrdlyC the riie ofdddRion efimonduier avily eqfal thh eatkofmansupgtipmef ngedniasn

t echni ques i ncl udi ng sol uti,on F’)Ol meri zation and suspensi on pol yneri zation.
The fI uorohEPYREIE OLFanyRH&Na P de through an aqueous emnul sion

pol ymeri zati on process, which can be conducted in a known nanner. The
reactor vessel for use in the aqueous enul sion pol ynerization process is

t ypi cal | yThe reaciien betfly wishassdosigevaten fgmenrs ofwhip 15 Agt Ggictlhd oithd er nal
pressures i I i i ea@ ok ke fo¥i eaction
vessel w ?qc&lé‘{;dr?% ?ﬁ%gﬁe 5@1%@%:%3%1#?% agtgaidt at or ,hﬁ\g/\{/?ﬁ Scmhﬁ\%\ntﬁﬁ?ti éyiélr’c ?)ﬁ uceJnt hor ough

m Xi ngo of teldgenic Aawinated swifitcent. sThapdlymesitation otz alge be sastiedaut apthoujaddition y  of

the fluoro onmer be. charged .to.t he reactor .V T rs ma
be. char gell DERFCarBrtety T5E AERERache bR LA LS, St i Rapagr s ™
sem cont i BLOVIS, bE woREIH M/J‘@twéigml Siiitable fiyorifateld atnclremtsdficlideanyiinadmtedar e

charged to the vessel during_the course of the pol. i zati.on. .Th

i ndepende FrfapiERICOBNMORE] eﬁfplqyﬁ%mﬁﬂﬁ?ﬂ%‘éfs@mﬁ’t"é P&Qﬂ‘@’gzap\égﬁ?gmﬁ{?ﬂ? PERHA depend
on the Coﬁﬁ&ffgﬁhgﬁfe{c@%ﬁ af thb 28hdP B6rtdsFoHdas theRBRAR Forul) time. Preferably,
the rate of addition of monomer will equal the rate of consunption of
mr)]nomaz, I'ﬁ' convef-Bi-éMof nononer into polyner. The reaction kettle is
charged wi er. th .\l : It : agueous
phase t her eﬁmsnm%reeﬁjéers %’Itﬁeh)?%g%g%tczggfé’ﬁ‘{; %Pg‘gf X%g}lﬁér%g?eéhiéggﬁ%?gﬁngagypi cally a

nont el ogeaikglefid k®nigAad €0l cabed Aahg 7t repritents GO weSOZ atd Mrepmsentlasalks carri ed

out wi thout addition . . s .
metal 9011 or an ammonium ion. Most preferred fluorinated surfactants for use in this invention

are the ammonium salts of perfluorooctanoic acid and perfluorooctane sulphonic acid.

20  Mixtures of fluorinated surfactants can be used.

A chain transfer agent can be used in the polymerization to control the molecular weight of the
fluoropolymer. The chain transfer agent is typically charged to the reaction kettle prior to the
initiation of the polymerization. Useful chain transfer agents include C,-Cs hydrocarbons

25  such as ethane, alcohols, ethers, esters including aliphatic carboxylic acid esters and malonic
esters, ketones and halocarbons. Particularly useful chain transfer agents are dialkylethers
such as dimethyl ether and methyl tertiary butyl ether. Further additions of chain transfer
agent in a continuous or semi-continuous way during the polymerization may also be carried
out. For example, a fluoropolymer having a bimodal molecular weight distribution is

30  conveniently prepared by first polymerizing fluorinated monomer in the presence of an initial
amount of chain transfer agent and then adding at a later point in the polymerization further

chain transfer agent together with additional monomer.



of a fluorinated surfactant. The fluorinated surfactant when used, is
typically used in anmount of 0.01% by weight to 1% by weight. Suitable
fl uori natwo 28awdBaxabant s i ncl ude any fluorinated surfact 2otr/usensnes0go
enpl oyed i n aqueous enul sion polynerization. Particularly preferred

fluorinated surfactants are those that correspond to th eral formula:
Y- Rr Z- M wih 8% BelRnsrizaiesy is ampafly mpiaRdadieran ipgtialshagge o O?nggﬂ}’%g%f‘ | i near or

br anc hed B%Jt(lnuﬁ 'iﬂl%les%téln kyte Q&eb@s"ﬂhﬂ& ﬁorteSQarﬁ&e SaHRRLs BhOPBsed4s fePr esent s
CQOO or M repiesents an alkali netal Ton or an ammoni umion. Most

preferr ed rddllqabmitnmse dpepifict @emalﬁs Qf Hem?ﬂd?sl@lﬁﬁtﬁfstlmﬁhﬁiel deazen BHOEA® t he

anmoni um | Uog.o ggg 915 R%i ae, sul phoni c
acid. M xt{'iur:&eléerg ld#%ﬁsg%lr%s%ace sur act alr)#1 &Ee glge : }c aln transfer
agent gan divenasgparokideHeazqytcstpipeogide, idigtutbric awolderalidednd ditalrdperbzide,wed ght  of

t he fluor lymer. T chalntranfer cally charged to the
reaction %&%?%’atﬁ?ﬁoﬁ?etﬁ?pﬁﬁgs 404 eé??lBﬁng‘ltstt}f‘féeotéFbﬁ%P EAPER IR chai n
transfer %Qﬁ‘d}&s%luhfbﬁity@ia%‘le@ohg LO/IBRBS pEaBhic 85d. cifanes thapaabidlan et hers,
esters including aliphatic carboxylic acid esters and nalonic esters,

ket ones amduedlapEah B’éﬂq@(amﬂ'—‘lfﬁ theesaf @Pllug?e igghuiylnaeraiereiaie akktedr agents are
di al kyl et @g{y?peﬁ)'i vase A FREAY L1, &L ELH AN tABLAYE ubddratd Rtk BHbM az61 her .

Furt her chaintransfer agent in a continuous or
sem - cont |cnmpmmdw£3a1tdﬂ|¢ fedgg tyktemp ﬁiryamsllmaatpxs mlqlnaiﬁ ferl example acampingtoronft . For

exanpl e, aflu mol ec I h trpbution is
conveni enfPy*f %‘g&?%ﬁ;ﬁ?y&%‘a& %@It@%\g&o g)ﬁjﬁe 4 Puglrn ?trl%twéﬂ stulorr%ramlin t he
presence QkroRedisulptatedr awﬁumndhfof@aammmmaﬁfaﬁd hﬁ@z&'lhie Buithet inétiatadihang at a
| ater point in the polynerizatjon further a ansfer gent t oget her

with addi tPobrpsehareREonms 2isl 1%?“&%1{‘?1&? PIPS; PPHIPEACY after an

initial C'}ﬂngﬁl@;mm%ampymé’sd@hggm@ﬁht 'oPinﬁtia&;r@ﬁqu%&ed ] W@H?Bet&yé{m to the
aqueous phase. For exanp per oxi des can be used as free radical

i ni ti atsor sind Sfdén'lwfnght,e»t@f@pblé betgrepd bxiddds bniveighithsses anils iabweighiontdigen

3?@3?;?; 7 ia%ié'a 2L L ARS TRUER A8 usl RSN RSE 8 hd8a LB EARIPHY! Per oxi de,

polymenzatlon or the initiator can be added to the polymerization in a continuous way during

the polymerization until a conversion of 70 to 80%. One can also add part of the initiator at
the start and the remainder in one or separate additional portions during the polymerization.
20  Accelerators such as for example water-soluble salts of iron, copper and silver may preferably

also be added.

During the initiation of the polymerization reaction, the sealed reactor kettle and its contents
are conveniently pre-heated to the reaction temperature. Polymerization temperatures are from
25 20°C to 150°C, particularly from 30°C to 110°C and more specifically from 40°C to 100°C.
The polymerization pressure is typically between 4 and 30 bar, in particular 8 to 20 bar. The
aqueous emulsion polymerization system may further comprise auxiliaries, such as buffers

and complex-formers.

30  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.



di benzoyl per oxi de, benzoyl acetyl peroxi de, diglutaric acid peroxide and

di | auryl peroxide, and further water soluble per-acids and water sol uble
sal t s t heweabosustdicas e. g. amoni um sodi um or pot assi urcsalst@s/oesoanpl es of
per-acids include peracetic acid. Esters of the per acid can be used as
wel | and exanpl es thereof include tert.-buty acetate ?
tertbutylE@q@ﬁW£PW%de@ﬂFﬂb&ﬁ*%ﬁ@PPBFﬁ§§°%Wn$£F PQVHFEZﬁﬁﬁP TP E¥Used are

wat er sol g&b&s% er wHich ﬁﬁ& Be ﬁ&ﬁ@@hn%ﬁé%ﬁﬂa i?,%ml&@éi‘of%?abd@lﬁl ators
i ncl ude for exanple a co I nati on of peroxodi sul phate and en sul phite

or disul pﬂucurmateénm@nﬂumacludﬂte@afﬂumwﬂix]@mﬂ?fgﬁb Cblﬁtpt@@#%ml@lﬁi‘ﬂ %r a
combi nat | gorédcﬁﬁgﬁﬁﬁ et ulgrilé)l vm 1%901{:1%95Lﬁéa%]ﬁexaﬁ 5&8 yléﬂ%'(f{'ﬁ?)%or s that can

be used a ear persulfates,
per mangan Iﬂﬁorﬁfateﬁal‘lg&meﬁ; agiadloarar pafigainhied altyl ders Eh@ ﬂammmi volyl ¢thérs.immt or

enpl oyed is t plc en 0, 03 a d 2% ref erabl t ween
005 and PO REEGOES bebonsiEhas bET TR S bither, I8 B Al o

m xture. ﬁh&qﬁatéhl aRFRUAbn R er b frbAledd fuviypobencadder cagabldw start of the
pol ymeri zation or the initiator can be added .to the paly ITEI‘IZ&}'[IOI’I in a

cont i nuouselwdspflterinateg- Freexsoiplenelpy ﬁé’@ﬁ’éﬁa@hﬁ“ﬁblﬁ tQ:HH‘\’/IQ? a{lgororty®® t o 80%
One can al g %b %‘fl dc%xgﬁ{bﬂﬂgnrfaggn e gfs i c&nh& WRERfok cedntdiSatloRRRINAST 1N

one or sepePr I ona por lons during the polynmerization. Accelerators
such ag fcgaseeu@a‘hiphaatmbmemenmé nblnée mmlgaseons fliarmated @I@ppleﬁrsar?dﬂ‘sqm@@ﬁ may

pref o201 . 250,05, aueth D00, IS haLL AU Syl oot 2201 o

S contents are conveni ently

pr e- heat edubRndiddendRaets sabth isesydnatnd eopyRaky ferfluaipolymet expplde af ures are
from2Q0C to 1500C, particularly from 3Q0C to 1100C and. nore %gﬁ %l cally

f r om 400C delydidlyormativpés dssirsfimd PEERPHIIeh BRSO RO ASP RUNY Y5 4 and

30 bar, | r1:0 c;nlﬁ & R & i) TRSfnatedRE nAOHRAHSIE BIh:BYiaD fR@ley BT | Zat i on
system nay conprise auxiliaries, such as buffers and

conpl e)&faiehmh@luofimoanwhﬂlbo@f%ﬂwlmh ds that can be obtained at the
end of the polynerization is typically between 10% and 45% by wei ght,
preferably between 20% and 40% by wei ght and the

Examples of perfluorovinyl ethers that can be used in the process of the invention include

those that correspond to the formula:
CF,=CF-O-R¢
20  wherein Ry represents a perfluorinated aliphatic group that may contain one or more oxygen
atom. Particularly preferred perfluorinated vinyl ethers correspond to the formula:
CFy=CFO(R*{0); (R*fO)mR’s
wherein R*rand Rbf are different linear or branched perfluoroalkylene groups of 1 to 6 carbon

atoms, in particular 2 to 6 carbon atoms, m and n are independently 0 to 10 and R°ris a

25 perfluoroalkyl group of 1 to 6 carbon atoms. Specific examples of perfluorinated vinyl ethers
include perfluoro methyl vinyl ether (PMVE), perfluoro n-propyl vinyl ether (PPVE-1),
perfluoro-2-propoxypropylvinyl ether (PPVE-2), perfluoro-3 -methoxy-n-propylvinyl ether,
perfluoro-2-methoxy-ethylvinyl ether and
CF3-(CF2)2-O-CF(CF3)-CF,-O-CF(CF3)-CF,-O-CF=CF,. Some of the aforementioned

30  perfluorovinyl ethers will be liquid under the conditions of polymerization and are thus non-
gaseous fluorinated monomers. Suitable perfluoroalkyl vinyl monomers correspond to the

general formula:

CF,=CF-R% or  CH,=CH-R%

-10 -



average particle size of the resulting fluoropolynmer is typically between
50 ran and 500 nm The (aqueous enul sion) polynerization process conprises
t he pol ymwoizaetddmsicof one or nore gaseous fluorinated nmpoomseoosoesvko may be
perfluorinated or not. Exanples of a gaseous fluori nat ed m)norrer i ncl ude

tetrafluoroeth\f{Of ne (TFE), chlorotrlfluoroeth%/?érgeI g efluorlde

(VDF), pewhdrginROarmgseniy p pefluaioalmgreupafd o §& Prrisra Y& foF %IH%A( HFP)

f1uori nat gd Al 1RAY by bk P Rk ARbi PRI gRnal | yl ethers and

fl uori nat Q&c%ie%ﬁpletﬂﬁ%ﬂuér%%grt |5]cul ar eperfl uor 33?%’& net hers such as

perfl uororret hyl vinyl ether. The use of a partially fluorinated gaseous

nronomer ld fiuor xﬁa%ﬂzs'%%& O glelydre&btiar i nat ed.

For exarrp (@Tﬁuse‘?mach ti°Cu n‘aggf?é %%ﬁcggﬁ%dﬁ% provi dee a fluoropol yner capable

of dehydr edskel ﬁrpomtains onin acanon‘mmmuewsy ﬂﬁﬁtoletﬁamatvé)e desletd tifeqrolymensisatioRefday &t i on

wi th the gaseous fluorinated no i ncl e L.pat ed
Spagt pd s FOFRSE BB ANGTRUToha MK R IASERHT s Bl

nononer s, cond ns o

pol ymer i Zafoh&fer@ia8 bk Qsed th gt it oméfal&et}alpdlyﬁmnidtmmrinmnawnmwmm such as
et hyl ene and propylene. If a fluoropoly H%I%ga of . deh dr of |tUOI‘I nation
i s desi r efiroside iprpYIddGrIoAERaEE lﬁ%%ﬁg’nr?gﬁ’ﬁ p ooy 3%18 THER™t he

conmonorer ol 6, R5:BAGE oA &Bﬁnf &mmsnm&wﬂudmmea hieb%mét@'&x&tﬂ vﬂ@ohﬂh&)VI de for
t he dehydro uorination capability of the fluoropol yner.

per f | uor ovlefiy barettchdmixet afeed mhmolm@t!aﬁm infledeffugrindied 61Pﬁ‘i*9n%1°1i‘ ?F\Fe >0n
i nclude t aB%P?r uorgvm H‘%&C’sfﬁho SRgbR ?'vm@:aﬁg: O R f wherein Rf

represent uor i n alrp t|c group that may contain one or nore
oxygen atom Particularly preferred perfluorinated vinyl ethers correspond

to the fornmula: CE2=CFQ R .a )n f O) m.Rc £ are
di fferent B pleembogimept ]%erfé‘?ﬁgnﬁl&("ﬁb elférsoé%qof%s %luor%pd o%ﬁlsﬁﬂdfegg[gu&%e car bon
at oms, i N oBapdrehtt TRE cide kite &nﬁﬁbh&@ﬁs g’&hﬁﬁmyprmeﬁtndamaraomtlof\@épe(hdmwd% 0to 10

g?dpeR ? ;5| Lg%ogwg%f@l 5]?%2{‘(5([8{1' %é]lq@gél?n%nt the ar]ﬁount o? cu%ea gltgocrc])m%tog nEs be %%1'1 B 1§ atd’ anpl es

0.4 mole % or between 0.2 and 0.3 mole % based on the total amount of repeating units in the

fluoropolymer. To introduce a cure site component into the amorphous fluoropolymer, a
monomer comprising the particular cure-site may be used or the polymerization may be
conducted by using a chain transfer agent or initiator that is capable of introducing the cure

20  site at the terminal ends of the polymer chain.

For example, in order to introduce halogens, which are capable of participation in the peroxide
cure reaction, along the chain, the copolymerization of the basic monomers of the
fluoropolymer méy be carried out with a suitable fluorinated cure-site monomer. The cure-

25  site monomer is typically an ethylenically unsaturated monomer that does not have Br or I
atoms on the double bond. Examples of comonomers include those that correspond to the

formula:

CXy;=CX-Rp-Z
30  wherein each X independently represents H, F or Cl, Ry represents a perfluorinated aliphatic

group that may contain one or more oxygen atoms and Z represents Brorl

Further examples of comonomers can be selected for instance from:
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i nclude perfluoro nethyl vinyl ether (PWE), perfluoro n-propyl vinyl ether
(PPVE-1), perfluoro-2-propoxypropylvinyl ether (PPVE-2),

per f | uor owB-20®td303ag- n- pr opyl vi nyl et her, perfl uoro-2- nerhdig2@s093066 ny|

et her and CF3-(CF2)2-0O CF(CF 3)-CF2- O CF(CF3) - CF2- O CF=CF2. Sone of the

af orenmenti qned perfl uorovinyl ethers w.l be |iqgui nder the conditions of
pol yner i z4&% ibBW‘gHHIOQ?' ?rm¥??8ﬁ’s'ﬁg§5%rﬂ‘éln¥llst8%t? Fﬁvg?%tge #BWB rs. Suitable
per fl uoroal kyl vinyl nmononers correspond to the general formula: CF2=CF- Rd
f or CH2=GtRRd-dmfrgrei n Rdf represents a perfluoroal kyl group of 1 to 10,
preferably 1 to 5 carbon atons. A typical exanple of a perfluoroal kyl vinyl
nononer i s hexafl uoropropylene. The olefin used in_the inventign to

i nt r oduce vhewirchisdy OFrE)Rf (aeryuvreadkyiane Cpta Gesoptionlly spntiag hloTipe port i ons
or in ac i [ .. edrt ol yaEsd zati on from a
separ at e i%ﬁ(lfvg{]&lge?gﬁgtﬁég’?ﬁf%%ygﬁ %ng r?fgt ?EZélgilé,ﬂgF?n@x?%‘rﬁer’of the olefin
with a fl BCFCREE-OiFo0E;, (FagF B FuedF+CF,f ddha lie; ol efin to the

pol ynmeri zation. The latter nethod may provide i nproved honbgeneous

i ncorporation of the olefin into the pol yner, Iqﬂa&i ng.to a nore uniform

di st ri but i®rPrepoasipgodpraliomeleiianash asiipiedyyiae f1e ted mononers with

whi ch tdhe ol efin can be adm xed to feed to the polynerization include

fl uori nat E'Zd}ﬁfl-@ﬂdﬁ such as CTFE, HFP and perfluorovinyl ethers such as
perfl uoronethyl vinyl ether. In one enbodi nent of the invention, the

anor phous fl uoropolymer includes a cure site conponent. The cure site
conponent visrgends Bt byl, Bl sse(per) fluvraitkyteme Gnto G, optidnally contginimg cklotige Accor di ng

to a particul ar _enpodi nent, the anpunt of re_ si C IS {bet ween
0715 hnd. GUPAIERG HatReeh oI § o Hbates B EBIRINRH ) S une
of repeat i @phdaftiubAndtédl Brb@of dlefais@Rel a AEromd-0-butehs.oduce a cure site conponent

into the anorphous fluoropolynmer, a nononer conprising the particul ar
cure-site may be used or the polynerization may be

In replacement of or in addition to the cure site comonomer, 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.
20 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 RBry, wherein R¢is a x-

25  valent (per)fluoroalkyl radical C; to Ci,, optionally containing chlorine atoms, while x is 1 or
2. Examples include CF,Br,, Br(CF,),Br, Br(CF,)4Br, CF,CIBr, CF3;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
30  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-CF,-O-Rs-CN
35
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conducted by using a chain transfer agent or initiator that is capable of
introducing the cure site at the term nal ends of the polyner chain. For
exanpl e, wo 00613160 i nt roduce hal ogens, whi ch are capalplce/ustoosaesosei pati on
in the peroxide cure reaction, along the chain, the copolynerization of the
basi ¢ nononers of the fluoropolynmer-my be carried out with a suitable
fluorinated cure-siFEGHHERBECNThe curesite mononer is typically an

et hyl eni cal |y unsaturated nononer that does not have Br or | atonms on the
doubl e bond. Exanpl ;ﬁgj i % Rﬁ\?e that correspond to the
fornul a: CX2:CX-RrET: @&ﬁ@gﬁséﬁg@%@w g[éptﬁ y represents HI,o For d, Rf
represents a perfiuorinated aliphatic group that may contain one or nore

oxygen_at ons and Z@%%ﬁéﬁ?%(?ﬁ(%yﬁgﬁ?%ﬁwther exanpl es of comononers can

be sel 2cted for instanc or iodo-

(per) f | uotwbeak Ky tef@enck kathe abdva foretuterIs=2ha\ 2 g0 tthé K-d o] w0 tZ 6Rmd-uol GF=CF2
wherein Z is Br or 1, i S (per)fluoroal kyl eng, C1 to Ci 2 i gnal |y
cont ai ni n$ AT %?qrﬁ‘?r%?ﬁg'ﬁe@fa OE‘?PF& e%%ﬁglﬁmﬁ‘?‘gr%?upf (;i}epreef%{{r%ma@qvg © Xaﬁ?ﬂ%fqo CF=CF2,
Br CF2CF2- Qk £aT{dnemeBh @ Raflots( oo Ghaeth@RXHBr CFhdctehd)F=CF2, and the i ke;
(b) brono- or iodo i%per)fl uor ool efins_such as those having the fornul a:
Z'-R 1 CFECEFOMREDEM ad CRsCEO(GF)10CHAHCY: (per)fl uoroal kylene G to G 2,
opti oqgl |y containing chlorine atons; for instance:

4- brono- perfl uorobutene-1, or 4-brono-3, 3,4, 4-tetrafl uorobutene-|; (c)

non- f | uor Nitsiteegtoups amay-alsol tefinmedusercin the fucrppalypier at thgtterrunal epdsbyipiieddent of
or in addition to.the cupe sj cQppn , e.dat 5L LRI ¥ SRRasAtain a
cure si tet}teo neerhztag?nn? éhrenﬁ ljﬁéﬁgcep§g? t I?lgﬁg g(rjg;euf}li (\3/Q|fnnag ]?é)gm a le?t aball.eééghai n
transfer sgedle pitiils podue eshtdimng bedts ighokeitiorse fethaymticurifrilg giohe inpibe yaien of

preparatign, as descr.ibed in U. af . . 4,501, 869 or derived froma
sui t abl e iﬂfﬁSﬁﬁé’%dg‘?’.pa@ﬁ‘g%ﬁoggsl’(%‘?’[?stg‘? {?F“}N%-i tiators include
15 M-(X;-CN),

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
20  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.

Examples of fluoropolymers that may be produced with the process according to the invention

25 include a copolymer of tetrafluoroethylene and hexafluoropropylene, a copolymer of
tetrafluoroethylene and perfluorovinyl ether (e.g. PMVE, PPVE-1, PPVE-2 ora combination
of PPVE-1 and PPVE-2), a copolymer of vinylidene fluoride and hexafluoropropylene, a
copolymer of tetrafluoroethylene and vinylidene fluoride, a copolymer of
chlorotrifluoroethylene and vinylidene fluoride, a copolymer of tetrafluoroethylene and

30  ethylene, a copolymer of tetrafluoroethylene and propylene, a copolymer of vinylidene
fluoride and perfluorovinyl ether (e.g. PMVE, PPVE-1, PPVE-2 or a combination of PPVE-1
and PPVE-2), a terpolymer of tetrafluoroethylene, hexafluoropropylene and perfluorovinyl
ether (e.g. PMVE, PPVE-1, PPVE-2 or a combination of PPVE-1 and PPVE-2), a terpolymer
of tetrafluoroethylene, ethylene or propylene and perfluorovinyl ether (e.g. PMVE, PPVE-1,
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X(CF2) nSO2Na with n=l to 10 (where X is Br or I ) or an initiator

conposi tion conprising amoni um persul fate and potassi um brom de. Exanpl es
of chai n woansfmsi3iagent s i ncl ude those havi ng the fornulpaTRSBIos/ 0280h@r ei n Rf
is a xvalent (per)fluoroalkyl radical G to G 2 optionally cont ai ni ng

chlorine atons, while S Exa es in de. CF2Br 2, .Br( CF2) 2Br,
Br ( CF2) 4BPEV. %ﬁws%mblé(igépéi’&if@érandé’ﬁé(%rp%ea ‘F’IfPR %F:&?*F‘ﬁaé}m&? ?‘%s ZJf

sui table &Hflb& drpRpslet arﬁqﬁﬁéfﬁloﬁibﬁbp?leﬁ@ la@spsl ?ﬂh& HFRtA A :tBaéne,

Al ternati or additionally, the f uoroE mer nay conprise cure site

conponent sinyligne feride andhexaflacoRiPRylgne, aTierpo belﬁ}e@vl@mﬂwmi% | e cont ai ni ng
cure site r qu it 2 RBNBRBHonRY be
used in theg%qg?&ﬁgﬁ&ea ﬁérhﬁdrréﬁlé}gseﬁlgpﬁ one er gg?mﬁfvﬁge SI nitr |0Ine

gr oup- 6 ONbERENEY adePEVEm,andrmu@mr pfrctapdmei ofitetradlucrrthaiend, adyleneior i nat ed

ol efins and ni trél e-cont a &E@QT‘&%& gr 'rnatﬁ%th‘é'rmg. PWE‘?'P?VE%{??VE-SZ Slepi ct ed

bel ow. CFBY
CF2=CF( %&ﬁﬁﬁﬁﬁﬁb@m%ﬂﬂvﬁﬁﬁaﬁh@\bﬁaméwﬁmﬁfﬂ uCN wher e,

in reference to_the above formnul as: h =2.t0. 12, 9= 0.to 4; kzlﬁmhp % v=0 to
6; and u=Pdditinally eamtainga gurp sife GopPERRT HSHVERTRH & & Bl somnoRgr 308 88 her
group. Re?ﬁ BRERbALsE cﬁ)‘cﬂﬁﬁltﬁn%f&fag&iﬂﬁﬁde@cﬁ’ﬂé&m i ncl ude

per fl uoro(8-cyano-5- net hyl - 3, 6-di oxa-| -octene), CF2=CFQ(CF2)5CN, and

CF2=CRQ( CF2) 3OCCF(CF3)CN. Nitrile groups may al so be introduced in the

f1 uoropol yner .at : Ln the
br esence. S oL i e e g oA
nitrile gramunahmrﬂmtopb]ygqesaidtescuremolmpdsitiombs ellrmgahe anﬂuwppqlm@ group in

the anion _of the salt. and i rticular res f (X
L0 n wherDr Forkforipiebis Al oo e B oG RENEe bbb et
cation or cah bBrinded SndQvheSher SBncﬁ)ﬂlel‘ﬂluompb]&ﬁleﬁmvlaﬂdseuﬁ:fsﬂé) or 1 and n

corresponds to the val ence of the
components as well as the nature thereof

In case the fluoropolymer includes a cure site component such as a halogen or a nitrile, the
cure composition may comprise one or more peroxides. Suitable organic peroxides are those
which generate free radicals at curing temperatures. A dialkyl peroxide or a bis(dialkyl

20  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,

25 tertiarybutyl perbenzoate, o,0’-bis(t-butylperoxy-diisopropylbenzene), and di[1,3-dimethyl-3-
(t-butylperoxy)-butyl]carbonate. Generally, about 1 to 3 parts of peroxide per 100 parts of

fluoropolymer is used.

Another component which is usually included in a cure composition based on an organic

30  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-
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cation. Suitable cations Minclude organic (e.g. tetraal kyl anmoni um
cations) and inorganic cations. Particularly useful cations are ammoni um
and met alwoanicssdiencl udi ng nono-val ent cati ons such asPsodiSeonsazsbeo
pot assium as well as dival ent cations such as cal cium and magnesi um

Exanpl es of potassjum salts_include potassiu ni de ot IL4m cyanat e
and pot as%f ﬁ‘?;tt‘i‘ﬁigg’}?fﬁ%h“é’é ﬁ#‘h‘@laﬁﬁﬁflﬁm rE‘? %?¥§°S§%?m%eéﬁm@ cyani des
are gener alhacyptabSHth@snid AN 28- tikaallilugieHanlideneivenyl hatyanyte 4,6+ oduced
with the g_r ocess _according_to the invention Jn_cl_udg a copol m%g of

t et r af | uokEYhPPEREISHAPIRSNAY MrBReapeosamatramids; dalybplihelpte gpd til>-

tetrafluo en Fkrsh@r PY eI alsbaT is @819 is68YMRaratE PWEet useRIPVE- 2 or
a conbi na%?gél&%#e%g%%&?nﬁﬁﬁ PPVE- 2)1, arygf)spollﬁ rlgolfS Vi nr?ti deng 1;Sleuori de and

e
hexaf | sior opeepyinelnds the biswasing.fer ingnce.dhosadisclosregdr BYARS1 304 Ali B¥A Odene

fluoride, plxp%' 0, rotrifluoroethylene and vinylidene fluoride, a
copol yrrer7§BT&6taéAfolra |l?(€?’(§)%@f?yﬁeé]ﬁé and et hyl ene, a copol yner of

tetrafl uoroet hyl ene and propyl ene, a copol yner of vinylidene fluoride and

perfluoroyinyl .ether (e.g. PWE, PPVE-|,. PPVE- r .a conbi nati on.of. PPVE-|
bnd pRvE: Byriies if e Bisp Serpphece o Bt hy et s EPTsPaDr SR RERe. and
per f | uor oV nitBtchBmpbfonts caf b/ ised PR EximplERVER ditrllé cie camifisitiah in2ly of PPVE- |
and PPVE-2), a terpolyner of tetrafl uoroethylene, et hélr?%n,e or%ﬁrugﬁg{,l ene and
per f | U6r o9PTARKISe ERHAITM{TE A MOPRFAENCIBIBGEOTP - "rgponia-geeARE £oBRe PPVE- |

and PPVE- %’)cludgc#rﬁﬁo%ﬁasytﬁ?crar@golihﬁ i@fid HAEBRLNYneMEAs Kk M4t SRera@ anith&ipy | ene and
hexaf | uor opropyl ene, a terpolyner of tetrafluoroethyl ene, vinylidene

fluori de andtr hendionsiof wps civgh eerepounds inelydst, {prexangfle, heramethydane toamaie de,
tetrafl uoroet hyl.ene a f V] . . E 1 PPVE-1, PPVE-2 or
a conbi nat(‘fIBtﬁOP‘éUf)’ %ﬁ@ﬁ% Fang%iri aﬁ@@%‘?@%ﬁ% %ﬁ{g gpxgs% ?rt\%\lrIg %ﬂuéfcopol ymer of

t etrafl uor oet hyl eneA™ atliyS¥Enhe or propyl ene, hexafl uor opropyl ene and

perfluorovinyl gther (e.qg. PWE, BPVE- . BPVE- 2 28 _conbi nat.i PPVE- |
and PPVE- Qﬁh?’}éﬁhyl m?t%]ecaﬁ?rb?“gg%ﬁ o » E8pot Y PN hmy” ‘asﬁa‘.“’??’ot"ﬁgp?lg&é ontain
a cure sit@he U BAIY; WENRd ¥idiitetibm Aypicallylh Baltie] wifate)MinaERCtAD df te like;om an
initiation systemor chain transfer agent as descri bed above. A curable

f 1 uor oel agadhisenéBegsoEPMi1dA abePtdccor dance with the present invention
conprises the

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

20 derivatives such as those of the formula:

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-

25 1,3,5-s-triazine and acetaldehyde ammonia trimer.

Alternatively, or additionally, the amorphous fluoropolymer may be capable of
dehydrofluorination. When the fluoropolymer is capable of dehydrofluorination, the cure
composition will typically comprise a dehydrofluorinating agent. Examples of materials

30  useful as dehydrofluorinating agents include organo-oniums, such as those discussed in the
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anor phous fl uoropol ynmer and a cure conposition for curing the anorphous

fl uoropol ymer. The cure conposition will of course depend on whether or not
t he anor pWousodd3mwasopol ynmer can be dehydrof | uori nat ed amdTisetosmesoes not

t he fluoropol ymer includes cure site conmponents as well as the nature

t her eof . ase the fluoropalyner includes a cure site co nent such as a

hal ogen o&% Wh#PPPF&?3¥ﬁ%ugﬁﬂéggéﬁﬁ%ng%W%%ﬁﬁvaﬁb 51 28 égggor nor e

per oxi des.diazpfistabieycds @aidt-g-cpe(DBUN S Q5-Biakdbstlohd.Clhs-g6as, ADBN).r ee

radicals at curing tenperatures. A dial kyl peroxide or_a bis(dialk

per oxi de) RRHPEH dReBHveiaatingasent BRpYT EPA RS @Oggowlnl@_s@gﬂbl&&ﬁ?% _

pref err ed. i} HaniT®BYzyC ARRShdnfunt éhmga%f&h{ e§&tﬁ§ﬁy1@—xbm5§§)1ph§§pﬁgxﬂﬁﬁﬁ| per oxi de
g

having a tertiary carbon atom attached to peroxy oxygen. "Among the nost
usef ul percbleridewithbispieing! AN,pad BBY. Combipiigns R dehydyfluorinating agents may be

di(tertiag¥§ﬂ§&?gg&%§x)hexyne-3 and 2, 5-di net hyl -2, 5-
ybuty

di(tertiar peroxy) hexane. O her peroxi des can be sel ected from such
conpounds as di cunyl peroxide, dibenzoyl peroxide, tertiarybutyl

per benzoat a' -hi s(t-hutyl peroxy-dijsopr | benzene an

G LF - o dobn P Staeclobajiet e it b PR PR Pt R be ot 1 1o 3
parts of perOW @R hefludofbipad! Aneffedtvd amomnaloy s diofustsittng AiRef b etiredi@rponent
which is usualléﬁ%gcluded In a cure conposition based on an ogagnic

per oxi de, Hugropolygspis derugens sayths fluooRab s seRtosrdanddhisrstistnat W PEA i s

capabl e of,180R81a, | Wethit thdde bAIEmBEE Ol BBotive aRb Mol Bt dtédbitatifyignt ifhese
coagents can be added in an anount equal to 0.1 and 10 parts per hundred

e
parts fl| umeopellyier 0.0pte2@patsipyr dnethwedsed parts of he Hreropolpaer. Rigkuied ddditen s

f 1 uor opol vy . I f f agents include triallyl cyanurate;
triallyl ilé%isyaé%%g{aé%ts(r)"ualétﬁe%hl‘ﬂi‘dr’f?‘?re| litate: tri(methylallyl)

i socyanurate; tris(diallylamne)-striazine; triallyl phosphite; N, N-diallyl
acryl am de; hexaal | yI phosphor am.de; N - tetraal Kyl .

t et r apht haP EFeHE:2 ﬁ'ﬁ?lel\?,o%‘p? fyon ltnaﬂbl&%? F%%P?&H’&HP%%%“?‘W\HX%’WP%%%n urat e;
2, 4, 6- tripdliyhydrogeédmyound. Sinla0&ifioeio th pelyhyiiekesonmnad)its@iedofpdsition
diallyl-phthalate and tri (5- norbornene-2-nethyl ene)cyanurate. Particularly
usef ul is goRFrally 4}$0 GommpEises NIE At WOrCOLHIBY-OWEBRGFel T H A HRELTEMOINHE t he

bi s- ol ef i NgmpbHds OB BR présBRIRveitAlRSAY chbilaikR et BRIhAnidh, i.eEBA O

non-carbon atom such as N, P, S, O, bonded to organic or inorganic moieties and include for
20 example ammonium salts, phosphonium salts and iminium salts. One class of quaternary
organo-onium compounds useful in the present invention broadly comprises relatively positive
and relatively negative ions wherein a phosphorus, arsenic, antimony or nitrogen generally
comprises the central atom of the positive ion, and the negative ion may be an organic or
inorganic anion (e.g., halide, sulfate, acetate, phosphate, phosphonate, hydroxide, alkoxide,

25  phenoxide, bisphenoxide, etc.).

Many of the organo-onium compounds useful in this invention are described and known in the
art. See, for example, U.S. Pat. Nos. 4,233,421 (Worm), 4,912,171 (Grootaert et al.),
5,086,123 (Guenthner et al.), and 5,262,490 (Kolb et al.), US 5,929,169. Representative

30  examples include the following individually listed compounds and mixtures thereof:
triphenylbenzyl phosphonium chloride
tributylallyl phosphonium chloride
tributylbenzyl ammonium chloride

tetrabutyl ammonium bromide
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784 064 Al and EPA 0 769 521 Al. Further, if the cure site conponent
conprises a nitrile, any of the cure conposition suitable for curing
nitrile owopotwasideccan be used. For exanpl e, such nitrilPeTAISRE@5O280p@Si t i ON
may conprise one or nore anmoni a- generating conpounds. "Anmoni a- generating
conpounds" include conpounds that are solid or liquid at anmbient conditions
but that @erksudfosiugramids under conditions of cure. Such conmpounds include,
for exanpk: exal Ham LT, Qpi n), dicyan diam de, and
netal-con%gfn'nggg%%%%%ﬁggsgsﬁgﬁghggyggfg&h%aﬁ(NH3)VYwmhere AW+ is a neta
cati on subdnzggrisGlitethyl@oae) posphoni@uehlomded Ni 2+; w is equal to the val ence
of the netal tion:. YW..is cqunt er | typically a halide, sulfate,
nitrate, %%ﬁé@%h@ﬁmpﬁ@hﬁf @§m§%3QW&V%R§HGinteger from1l to about 7. Also
usef ul sas ammoni a- generati ng conpounds are substituted and unsubstituted

triazine derjvatives such as those of the fo | a; wherein Ris ydr ogen
or a subsPPHEE S%?fsﬁﬁ?fﬁﬁ%ﬂof%%‘a’a%ﬂ&‘}?‘g 13‘?‘5’/{6%00‘? VT % O FIOBT S %ﬂ&i ng from
1lto abounu&ﬁa@aamrgraipamene%age&iteirxcosmemuﬂudrmmaa bemdempvatdswes i ncl ude
hexahydro- 1, 3,5-s-triazine_and acetal dehyde anmonia trinmer. Alternatively,

or addi ti 8iselpsed by Cresia s JALS Pet D6r bpBt&ter may be capabl e of
dehydrof | uori nati on. When the fluoropolyner is capabl e of

dehydrof | yormatiqn, the cure c 0Siti 0 i A j j.
oo B PRl SRS RO R b LYPLSPL] X GORE Sfoon
dehydr of | yp4 iHodnrEgaAG@AtuS Addelbrdthe. Thegraoslindiriglagent nsaydbh aagofithase di scussed in

t hebel ow. Anot her cl ass .of useful dehydrofluorinating agents are.bases,

such as 1psygdsxxrcemrouss, ) L&E?r‘i”&é?: ¥’7‘-°%‘?{’ea,s BB nk&%(fggrﬁ b Bo-Glraiivé dor

|, 5- di azalp,6%ehQdflers-sBdir R1RRB E&?hydf&?%mﬁ)dﬁlh@é @kd16dd deRdPaf NeroB 8Ma654ng

agents include trlbu%¥l 2- met hoxy) - pr opyl phosponi_.um chl ori de, tri Benyl

benzyl phd®siizomk e GH et A8 orme) piPER@s g e o) ﬁ??}VIEYﬁIWtCH@RW-di)WB. foni um

chloride %%ghe%lfﬁigf}&wmﬁh &p,dang%k{ahﬁ%@bé}é&ﬂeg,r}ﬁpﬁﬁalekﬁb,yaqla ehthtagdregiat i ng
enpl oyed |

agent s may be desired.
and bisphenols of the following formula:

wherein A is a difunctional aliphatic, cycloaliphatic, or aromatic radical of 1 to 13 carbon
atoms, or a thio, oxy, carbonyl, sulfonyl, or sulfonyl radical, A is optionally substituted with at
20 least one chlorine or fluorine atom, x is 0 or 1, nis 1 or 2, and any aromatic ring of the
polyhydroxy compound is optionally substituted with at least one atom of chlorine, fluorine,
bromine, or with a carboxy! or an acyl radical (e.g., --COR where R is H or a C1 to C8 alkyl,
aryl, or cycloalkyl group) or alkyl radical with, for example, 1 to 8 carbon atoms. It will be
understood from the above bisphenol formula that the --OH groups can be attached in any

25 position (other than number one) in either ring. Blends of two or more of these compounds are

also used.
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I f the fluoropol yner |acks cure conmponents, the dehydrofluorinating agent
nmust be enpl oyed so as to cure the fluoropolyner. An effective anmount of
dehydr of Iwornesai3izlg agent to cure the fluoropol ynmer is aeparsdeso2gepon the
fl uor opol yner enpl oyed and the reactivity of the other additives used.
Wthin these paraneters, an effe&tl ve anount of dehydr of | uor| nat i ng agent

i s gener alP8p of fhgmast wefl andeynpansseleyed ARk n Belxefepals ok thg pbgvg dormula is

f1 uor opol W@Jhexaﬁﬁ&{){%%lﬁﬂylﬁgﬂ}l Bisﬂfénbleléﬁ)‘vﬁl 1@&6 c&ﬁﬁﬂh@ -ag-blﬁﬁheﬁom@’ trhe PEr
hundred. Génerally, a clre conposi tion includi }We drofl uorinating
pfdlglsp n@]%,

agent wi | |cogipemds 6ﬁp¢1h§b0?a'dﬁdiﬁ%§ldfoé§<§ﬂls@(kﬁ®% iend bA-t o t he
pol yhydr O)ﬁ¥opgoﬁa?ﬁ@e‘ﬁgldms€?1e 1$atdo%nb é)ﬁkﬁh!ez?di Ag%féearls%l \Mﬂelg'uﬁe lﬁgse idcS€s one or

nore organo- ra ors. gano- oni um co in the
present3 invention typically contain at I east one het eroatom i .e. , a

non- car bonialcemMcompbitash Biseddnd debydréfiosiedding agan ganifigther intlngs gakidc noi eti es
and include for exanple ammonium salts phoni um sal ts, and i rp ni_um

p
salts. OnecedPiEsAgd a&??ﬁfoésr AP SFEEI ST B]ﬁil(grﬂ%&?ﬁ%?&?r?ﬂ ofpapieuFExapples it present

i nvention jjrea4l é{:c&%@ icRRIS nfaBhRub Vi, RASLide Calginsh dxleaddlongh Yydegas,i ve
i ons wherein a phosphorus, arsenic, antinony or nitrogen general ly

conpri ses dﬂbﬁewd@dmhaiphm,@mC(@fﬂd?HC@l‘lE@ﬁIi?Pl%ﬂée pomtivadeydrofulerpalpimm ¢abensis. may be
an or g I Cet®lor r(%%gu%rag&%'to(fs &f)%ﬁge %ied s%dlﬁ'rﬁls{e te, : Sp%tngsmlﬁg%lgtg erpfhosphat e,

phosph hat e, roxi oXI| enoxi enoxi etc.). Many of
t he or ganOpreﬁarrwacuma:pmmd sreumgfmium wxnﬂehané calmuerttyidmxichr Ghelesgd adchgdrsgad known
in the art

Se .exa 33,421 (MWor.m , 171
(G oot aer t P%dF® Cgim%ly Orgnﬁ%ngf?\i?n( ?ﬂﬁé’ﬁ?f%ﬁ@?f VSt use«flm PIOURIE T gj?%fr % t%ltf)b et
al .), US 5253:38s p&900 Pamytesesii bf e flexapaiies. |ncI ude the foll ow ng
individually Iisted conmpounds and m xtures thereof: triphenyl benzyl

phosphoni um chloride tributylallyl phosphonium chloride tributylbenzyl
amoni Ym CRmes {he Budieps1dRstiy bapah BB ddh B RMn@In and Fdithed e JABLERLRY | de

cure site components, it will be clear that the cure composition may include both a
combination of cure components to cause dehydrofluorination and curing of the cure site

components.

20  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 adezluate 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

25 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
30  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 howevef the

intention to limit the invention thereto.
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8- benzyl -1, 8-di azabi cycl o [5, 4, 0] -7-undeceni um chl ori de benzyl
tris(dimethyl am no) phosphoni um chl ori de

benzyl ( diwohgeeasizie) di phenyl phosphoni um chl ori de Anot hercCtlms®sntsoasef ul

or gano- oni um conpounds i ncl ude those having one or nore pendent fluorinated
al kyl groups. Generally, the nost useful fluorinated onium conpounds are

di scl osed by Coggio et al. in U S. Pat. No. 5,591,804. The pol yhydroxy
conpound mayamerpgsed in its free or non-salt formor as the anionic portion
of a chosen organo-oni um accel erator. The crosslinking agent nmay be any of
t hose pol yhydroxy conpounds known in the art to function as a crosslinking

agent or sfsiFedtenY fefilas f | Uor oel astoners, such as those pol yhydr oxy
conpoundsq‘gﬁsc{eosedﬁllen ’S. Pat. Nos. 3,876,654 (Pattison), and 4,233,421

(Vor n .5 Replution misedsitiee ofidibmeadt riotynypo bahitioals wxse tymerbly detdsninetdnmd@ 164y one of

the follownng: di-., tri- d.tetr nzene n eg, and

ant hr acenés %ﬁ%‘)l‘gliog 5?131 r?gllyg’t *kefoﬁ%a?%ﬁf %@gﬁ@"f%’?%@@ﬁ? 9‘&2@%@&@ s a

di fgncti 0r@n;z@l—F@hBé—ﬁ@utin@Wk@ﬂﬁzét@gﬁﬁj gléhotq Il\/llaiﬂif zcz)@atnl 'aﬁy)rfaldi:llggllsiofDIS 31@s I13
carbon atons, or a thio, ox carbonyl, sulfanyl, or sulfonyl radical, Ais
optional | g s Das Livag wad B theanrapirghEtsy FidHerEbagl rFesBRe Hes BPTH x is 0
or 1, n i Srpl sQbb@Bine@Rdu@ANiRbRMBY E weleWInfited By MLIHNG QXbsEPHRAMUAE 1S
optionally substituted mnth at | east one atom of chlorine, fluorine,

brom ney  che Hirgginsaquatiobdmydl = byl +dmxariKc) araldi Fegging eonptant of3aR: WAerEheR is H or

ad toC8 alkyl, aryl, or _cycloal kyl .group) or alkyl radical with, for
oxampl o, _PUEEEviseeRI 480 e P e ra PR 4 PG s abible
bi sphenol formula that the -COH groups can be attached in any position

(ot her than nunber oneg in either ring. Blends of two or nore of these

conpounds A ptEingeEEo RER shegmeteref RigaperiysSstenliiayes usehivstryate thsizeiped

aromatic . R % L ropyl i denyl

bi sphenol I,OSﬂ %g&g&%?’%%zg%n%%aﬁgsp eaﬁlgkﬁ%%&ﬁe cggr}%) unegks?‘/%%Io

4, 4' - dichy deaxdediipfrequghcysulebp enpeliabsousuponis am pBradiplpdaio edB)etry muinidrogen-

: ?}OBIY’ g_g%/: Laglgg%ixergl %Behstra]l?nls ?el g&caﬁf;?wlqginagsﬁo% ?PO%@/(? lZefA\ shggr%is%l)s%t?esv%o gveelrey used
extrapolated using the 4 parameter Carreau fit function of the orchestrator software, the

correlation coefficient was usually r* > 0.998.

20 A melt flow index (MFI) instrument was used as constant stress theometer to assess the
extrusion properties of the polymers cited here. The melt flow indices (MFI), given in units of
g/10°, were obtained according to DIN 53735, ISO 12086 or ASTM D-1238 at a temperature
of 265°C and with a standardized extrusion die of 2.1 mm diameter and a length of 8.0 mm.
A variety of standardized support weights were applied (1.2, 2.16, 3.8, 5.0, 10.0 & 21.6 kg).

25  The support weight muvp can be converted into the apparent shear stress using the following
empirical relation: log[tap/Pa] = 1.03 x log[mvrrkg] + 3.88. Using a polymer density at
265°C of 1,50 g/cm®, the apparent shear rate ¥ app.» given in physical units of 1/s, were
calculated from the MFI by: v'4p. = 1.23 x MFL. The extruded MFI strands were visually
inspected in terms of melt fracture. The critical shear rates y° o, (the shear rate that marks the

30  onset of melt fracture) cited here refer to an interpolated critical wall stress of oy, = 1.31e5

Pa.
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The cure

i ncl ude an acid acceptor.
i nor gani cwandosaBgaEhi C.

conposi tion based on a dehydrofluorinating agent may further
Aci d acceptors can be inorganic or blends of

Exanpl es of inorgani c acceptors PoTiusd@smesyaesi um

oxi de, | ead oxide, cal cium oxide, calcium hydroxide, dibasic |ead
phosphite, zinc oxide, bariumcarbonate, strontium hydroxide, calcium
car bonat e, tlzéex T lifkniice deterapebimswasrondigted by serescol dyemip Helyseatieapewitand
magnesi Um %%eta;pgg* 122%{@ 1 B o Rhitle RO efrf@%‘ﬁ% waau%&@s and

calciun1hy

RI133
r oxi e use%[r I n combi nati on,

acceptors can Si ng

and prefeﬂbmm#wam@mﬂgedsNﬂmaﬁbhnmﬁwmahgﬁngﬁbemmaﬁéumi@ﬂhOOQBHpHLE%ﬂper 100

parts by Ve g

dehydr of |
it willsDb
of cure c
conmponent s
additives
fillers,

ﬂ?@ méa@gr ﬁ{q%xwge%?e{t% 111 afl case; | uor OpOl ymer s Capabl e of
uorlndtlon an I nc U es ‘onée or nore cure site conponent s,

e clear that the cure conposition may include both a conbi nati on

QIR S % P o O ol BRsart PO ity BORa? b Retner

7of%ldﬁéﬁil%%nqaﬁzg@@sﬂél:t?&!fopy%&&yli’dlhg %QﬁeSfou@Jvﬁg tp&&bc?tﬁé 350 kubmhgcant s,
and processing aids can be incorporated Into the conpositions,

pr ovi ded UmgﬁahﬂmﬁwaUEQEdwsﬂwﬂampﬂdﬂyZﬂ@ﬂﬁﬂh@ iChis eolrer ssdutionowas condi t i ons.
The conposi tions i XiN uor o
conposi ¢1 e GERLP EaRnEROLE i il (e SsRh 20 TR P

equi pment . TeShiioge GI-gHepin cbael (Lebas 750phemd 20 klas]250 mpra). e stokeimed such as

composi 11 U BBV ER R BB LR e TSRt et b SRIEth g, T one

conposi ti
GH TR speditd@n & Hieafd] farsb UOL006 kPSG00TER weRITBSAddIiRN64 Scafydfr uded

particul arp
and cured to obtain a fluoroelastoner article, for exanple a tube. In

anot her erdiepialdy 519 RETR ghesBrmacten qpeieting RSk GRS BoApBader NgASHay be used i n
i nj ection Jﬁﬂg&h&g c“m@' hsa&l@sg of e g&%mﬁmqpaajﬁg@% AR o Rk ERAoP el @nSUCh as

a gasket or ring. e I nvent | now be further illustrated by the
fol | owithg @Xxamif. est w»a hisot The wervpgsitiond apalyenefithgrawolata) smqtramé comdvetad i on

thereto. %an?elz‘a%s of partial least square (PLS) method of the Grams/32, Vers. 5.1a software. This

PLS method was calibrated using 41 individual TFE/HFP/VDF terpolymer standard samples
of different compositions ranging from 68.3 to 72.6% fluorine content (quantified by 'H/YF
cross integration NMR technique).
20
Cure Rheology Test were run on uncured, compounded admixtures using an Alpha
Technology Moving Die Rheometer (MDR) Model 2000 in accordance with ASTM D 5289-
95 at 177°C, no preheat, 12 minutes elapsed time (unless otherwise specified) and a 0.5 arc.
Minimum torque (M), Maximum torque (Mp), i.e., highest torque attained during specified
25  period of time when no plateau or maximum was obtained and difference in Torque (Mz-Mr)
were reported. Also reported were: t2 (time for torque to increase 2 units above My), t’50

(time for torque to reach My + 0,5[My-M.], and t°90 (time for torque to reach My, + 0,9[Mz-
Mc]).

30  Press-cured samples (150 x 150 x 2.0 mm sheets, unless otherwise noted) were prepared for
physical property determination by pressing at about 22 MPa for at 177°C for 10 minutes. Post
cure samples were prepared by placing a press-cured sample in a circulating air oven. The

oven was maintained at 232°C and the samples treated for 16 hours.
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Measur enent net hods Sol ution viscosities of diluted polyner solutions were
typically determned on a 0.16% pol yner solution in nethylethyl ket one (MEK)
at 350C iwoacwmondrnce to DI N 53726. A PCT/US2005/028060
Connon- Fenske- Rout i ne- Vi skosi neter(Fa.. Schott, Minz/Germany) fulfilling
SO DS 3105 and ASTM D 2515 was used for the neasurenents, the Hagenbach
correcture was applied. The so-obtained reduced viscosities hred. were
CO“"e”edI‘ &h@gﬁaﬁf}? LRSS AT b MURIRG L 0%, ik wgbiat | on

ed. = [h uggl né constant of 34. The intrinsic
V|5005|tydﬁh@nﬂﬂhmﬁ@éﬂk@ﬂﬁ@%@awnwb@smﬂymhl@dmléK@?W@pEHi§EdEhU%MV§¢cal

was usd FrolyHmae Temal PG b s Vegabe R Eg AR O gRleR 1 €

mechaniscalyifiatBpoi-1 Sieoré buenepel ymer were recorded in frequency sweep
experinments using a 25 nmparallel plate geonetry in nitrogen atnosphere.
The strains were typically ranging from1l to 20% Zero shear viscosities hO
wer e extrgRal@ied using the 4 parameter Carreau fit function of the
orchestrator Software, the correlation coefficient was usually r2 > 0.998.

Anelt fl Mqlmaqmwleum@@ﬁ@#@ﬁiu% 433 bepuipped BHE pimpelyr pgLloT SYlGhet er to
assess the lriar L0 2BI0qREH 1&&1%@%(17 Tg@ 78@5 ﬁ@%’k@tﬂ@ e BheBdafed up RE70VIahd T | oW

i ndi ces ( ven I n uni re obtained accordln%pto DI N
53735, 10l S@da%ﬁﬁﬁ;neysteﬁSWM dastm%@rpm ﬁaeﬂceﬁdpwa@harg@d vith 2gaCdapethylthen 1317

standardi z rusi t
vari ety of8 %F%@P@Pgl @B)pt(? Iatpr% ?]fﬁg %\/\%Err a3> ‘z’%ﬁ%{j‘? g}j 8?%%1@1@&@ (9.51 8, 5 0,
10. 0 & 21.(§DFPo-13Bhar sosplpeiahd Wih R g Mﬁiﬂuﬁﬁthyhﬁe @tmye)rlrSeSdoar msolutehmcaqnpar ent
shear stress using the follomnn% h%lca r.el 4g [ (ggd/P? 1. 03
x | og[ 7\WHF9sRE]- Thepolymerigation yast ’&aﬁng fheg E‘?“t‘? 2 a’é‘%’é’n & RFORIEYRE o m
the appar enps;: S(ﬁ%@lrvecf ﬁfoeIZG ml @P R r): AQiHERBactich 4 SthE Rthctioh idnfhe@iurd 6570°GBae
cal cul ated fromthe Ml by P = 1.23 x MFl. The extruded NEl_ strands
wer e viisuahdigtained and the reactlon pressure of 15.5 bar absolute was maintained by the feeding TFE,

VDF and HFP, into the gas phase with a feeding ratio HFP (kg)/VDF (kg) of 1.029 and a feeding

ratio TFE (kg)/VDF (kg) of 0.726. When a total feed of 2700 g VDF was reached in 105 min,

the feed of the monomers was interrupted by closing the monomer valves. Within 10 minutes,
the monomer gas phase was reacted down to a kettle pressure of 9.5 bar. Then the reactor was

20  vented and flushed with N; in three cycles.

The so-obtained 36.5 kg polymer dispersion having a solid content of 20.7% and a latex particles
having 485 nm in diameter according to dynamic light scattering was removed at the bottom of
the reactor.
25
5.0 1 of this polymer dispersion was freeze coagulated over night in a refrigerator. After thawing
the material, the so-obtained sponge-like raw polymer was washed five times with demineralised
water, the polymer was squeezed out and dried for 12 h in an oven at 130°C. The thus obtained
polymer has a composition of 22.8 mole % TFE, 22.9 mole % HFP and 54.3 mole % VDF and is
30  readily soluble in methylethyl ketone (MEK) and tetrahydrofuran (THF), it showed the physical
characteristics listed below:
- MFI(265/5): 12.2 g/10 min
- zero shear viscosity 1 at 265°C: 3.8e3 Pa-s
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inspected in terns of nelt fracture. The critical shear rates g* crit. (the
shear rate that marks the onset of nelt fracture) cited here refer to an

i nt er pol avedo@vasiileal wall stress of tcrti. = 1.3 1le5 PacCThms2e0atesosparticl e
size determ nation was conducted by neans of dynam c light scattering with
a Malvern Zetazizer 1000 HSA in accordance_to |SO DS 13321. Prior to the
measur ement s, tKeuEEViseasity (MER@ES GAs obt ai AREYEr om t he pol yneri sations were
diluted wi th 0.Q0Rs0ltdsi@mREEs4®N. the meagyrenment tenperature was 200C
in all cases. The nolar conpositions of TFE/ HFP/ VDF terpol yners cited here
wer e det er mi nedLBYL: means of transmission i AO0lared spectroscopy according to
the foll ow ng pérﬁﬁ%@ﬂéa?iat 50 + 10 ng puri fbgg,lraw gum were dissolved into 2
+ 0.2 m acetone. This polynmer solution was honbgeneously placed onto a KBr
press sintered plate (from Spectra-Tech.) using a Chernat Technol ogyKW 4A

1 s war doih e AP b PR it R S R R ARG BB h et

600C. The pabMiit wdsREtRisBel Spesh i drificd sBReftd @) AH0RrOhe A0 viscos#tPO |/ cm
were recorded in 164 scans of a Nicolet DX 510 FT-1R_spectroneter operating

in exti nctrioder the BeEzsHEBn/ \AVEs: tsqpotymegroBpherelatiqnis ag filloRpess of the pol yner
filmis adjustegd [t.o. i gsgg_f&ét i %jts;on in between 0.5 and 0.7 at 1194 |/cm
The conpositi ona¥Yé[ﬁali//S|'s ot Bt'le “Paw dat a spectra was conducted B84 keans
of partial |east square (PLS) nethod of the Grans/32, Vers 5.1a software.
This PLS nethod was calibrated using 4 1 individual TFE/ HFP/ VDF terpol ynmer
st andard sBespl @sthofactthititey isvestigaeddopplymersday cangistegtifllydine@8hanttepofaEy 6 %
fluorine conten tified by 1H\19F cross i.ntegratio ni que) .
Cur e Rheol@&@%@’% %ﬁl g Vfﬁ'ncqcz)s'ﬁ¥°uzrleé(i}ft§8,z ergghr?ﬁ@ﬁlﬁc&%l W E ﬁ%e%%&tﬁglpeng an

Al pha Techneheigyisdhity agollbws: Rneonet er (MDR) Mbdel 2000 in accordance with
ASTM D 5289- 95 at_HTC, nqQ.preheat, 12 mnutes el apsed tinme (unless

ot herwi se specifiedye-deidnh 0.5 arc. Mninumtorque (M,), Maxi mum ép2que
(MH), i.e., highest torque attained during specified

15  Synthesis of LCB fluoropolymers
Long chain branched fluoropolymers (TFEy3/HFP23/VDF,3 terpolymers) were made
essentially according to the procedure above. The dimethylether batch charge was varied in
each case. Further, small amounts of BDFE were additionally fed into the kettle during the
course of polymerization. The dimethylether batch charges as well as the total BDFE amounts
20 utilized are summarized in the following table together with the physical data of the test

sresults.
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period of tinme when no plateau or maxi num was obtained and difference in
Torque (MH+M) were reported. Al so reported were: ts2 (tinme for torque to
i ncr ease Wounddis1mbove M, t'50 (time for torque to rea®hTNS2008/02406+ M._] ,
and t'90 (tinme for torque to reach M+ 0,9[MHM ]). Press-cured sanples (150
x 150 x 2.0 mm sheets, unless otherw se noted) were prepared for physical

property detg_r_pq_n!at_! n‘nrb\/ pr@cci g bout 22 MPa for t1770C. for 10
m nutes. Posf cure sgnplles wefe preparjed |by pkagi ng aopress[\-cu:ge(;k danple in
a circulatingZair joven. [{Rhe oyen| was i Nt ai n§diat§23§20§amd the Sqnpl es
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The so-obtained 36.5 kg pol yner dispersion having a solid content of 20.7%
and a latex particles having 485 nmin dianmeter according to dynamc |ight
scatteri nyowas/mBe3mwved at the bottom of the reactor. 5. @cTafS2aosiossopol yer
di spersion was freeze coagul ated over night in a refrigerator. After
thawing the material, the so-obtained sponge-Ilike raw polynmer was washed
five times with denineralised wat er, the pol yner was squeezed out and dried

for 12 h in & Bbaisaf equbor], opgsan galryl ewﬁeal Herryer s )doBfposi ti on
of 22.8 nol e ¥ d&Endiglinta BldCopfiyiiel o AR sah RolBRE whAPFWalthd shsérbadi | y
soluble in nmethylethyl ketone (NMEK) and tetrahydrofuran (THF), it showed
t he physical welas ﬁelt(ér] ®tirdsi ﬂor the bmn@eﬂ dibupropcmfmélz&’é/fﬁwv ohiZb12) /g7cr]x(lhnﬁ qan-

zero shear vi sc i.ty.hoa 265 uced viscosity ( :
26 g o i nepenere MR LR A ekt e Y B e R IR ool

shear rates aamsareﬁnmmﬁzlaesmaaﬂaz simlarly prepared sarrpl es but with

di fferent anount of dinethylether, a correlation was established between
the critical shear rate (g* crit.) nd zero shear rate viscosity t]Jo for the
TFE23/ HFP23/ VE#bb2:t er pol ymers. This correlation is as follows: |ogtg
crit/s-1] 5.55 - log [hO/Pa s] eq Based on the fact that the

i nvesti gat ed rerpuol ndve an EbbEIIL marm to y_(note
that the LCBl i S ve?ré;;gl%:1 ose to zero) ! criy e ze lbdﬂﬁear Vi SCOSi 'Ei'y 0 can be
related to the I ntrLoBiFE Ivi scosity as foliapgws: ho= 5 5e-8 x [6pdh.8 eq. 2

Synt hesi s of _LCB_LI_ua:_%%el_),Lr.rers
LCB-FE 2 6.4 0.62

LCB-FE 3 2.8 0.39
LCB-FE 4 102.6 1.85
LCB-FE 5 . 36.8 1.59
LCB-FE 6 6.3 0.79

10  Itis observed that the fluoropolymers having a LCBI of 1 show a tenfold higher critical
shear rate compared to a prior art polymer with the same zero shear viscosity. The critical
shear rate is even increased by factor of 100 for a branched polymer with LCBI of 2. For the
polymers summarized in Table 2, this observation can be quantified with the following
empirical equation:

log[y erit. (br.)/y’ orit. (lin.)] ~ LCBI
* =0.99

equation 3

15
This improved processing behavior is beneficial in particular for tube extrusion and

injection molding applications.

Example 2

20  As described in the following, the comparative polymer of Example 1 and LCB-FE 3
polymer were press-cured using a Bisphenol cure package and various physical properties
were measured. In each case, 100 parts of the polymer were mixed on a two roll mill with the

following ingredients:
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Long chai n branched fl uoropol ymers (TFE23/ HFP23/ VDF23 terpol ynmers) were
made essentially according to the procedure above. The di nethyl ether batch
char ge wasovars/BW16n each case. Further, small anmounts @eCTROEESWES060
additionally fed into the kettle during the course of polynerization. The
di met hyl et her batch charges as well as the total BDFE anpunts utilized are
summari zed in the follow ng table to?ether wi th the physical data of the
test Aresults.| oo I*)1.38 mmpkeférrhery! bensephewphepivm glodde r uded MFI strandOn
t he basis of equatio | cpl ate the critical shear rate g*
Crit.(Kn.) for the cgrres%glﬁdﬁg@wﬁ?in‘g#ar fl uoropol yner of the sanme nol ecul ar
weight. Wth the obserygmangMﬁﬁoz@é(ﬂastblﬁiglmﬂoedm;d@dlnfemmzbhé) br anched

fl uoropol yner, the ratlo q* cri (br.) / g* crit.(m.) can be calcul ated
quantifying the fact®dr® Fa?lH‘Br}%%ﬁlﬂ?lt of the processing properties. These
val ues arg sumari zegd 361%3'%11%15%1((1(&@@96) 2: It is observed that the

fl uoropol yners having a of 1 show'a tenfold higher critical shear rate
conpared to ahpritwe cup comprsupdreverqiestpd anldeomypared tp @pch oflies S cyingabenlegy andrhe
critical sheay 100 for a branched

pol yrer i ¢ b e s AU IE BRRE e Mool BERTE 3, U 12018 2, this
observation can be quantified wth the follow ng enpiri cal equat ifon: log[g
cri,(br.)/ g"lcbllt (lin.)] " LCBI equation 3 r2 = 0.99

Example 1 LCB-FE 3
Curing properties (MDR, 0.5° 12°@177°C)
Minimum torque, ML [in/Ibs] 1.2 1.5
Maximum torque, MH [in/Ibs] 13.8 11.3
MH - ML [in/lbs] 12.7 9.8
Ts2 [minutes] 1.64 1.95
t’50 [minutes] 2.48 2.63
1’90 [minutes] 5.14 5.04
Physical properties of press cured sheet
Hardness (Durometer, shore A) 73 73
Tensile strength [MPa] 14.4 11.2:
Elogation [%] 319 391
100% Modulus [MPa] 3.2 2.8

10

Example 3

A long chain branched TFE,3/HFP,3/VDF,3 terpolymer was prepared essentially according

to the procedure of LCB-FE 3. The dimethylether batch charge was 5.0 g, the amount of
15 BDFE utilized was 10 g. Further, 66 g (0.4 mole % of monomer feed) of 4-bromo-3,3,4,4,-

tetrafluorobutene-1 (BTFB) cure site monomer was continuously fed during the course of

polymerization together with 10 g of BDFE. The polymerization took 275 min. The so-
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This inproved processing behavior is beneficial in particular for tube
extrusion and injection nolding applications. Exanple 2 As described in the
f ol | owi ngwothe/smstpar ati ve pol yner of Exanple 1 and LCBPEEUB2@sloysves wer e
press-cured using a Bi sphenol cure package and various physical properties
were neasured. In each case, 100 parts of the polyner were m xed on a two
roll mll with the followng ingredients: 1.285 mvol of triphenyl benzyl
phosphoni um ehipiae] diepersiorsbavingy Soidcapen Al 282% shoyeddnlrerartifissoxifigg’s nm m

(El astomag 1 QMR | 08 bhysital RYOFONkiBeloR J

car bon bl ackz?eri -6990).%' ggdg{%tﬁgﬂ%ﬁcg&?t%%%gﬁ%s wke?g%%?jested and conpared to
each other for curing rheology and nechani cal properties. The test results
are reported in T .+ fabl e 3 Exanple 3 A | in branched

TFE23/ HFP23/ VWZB%@%@S@%r was prepared esség?%/eallg:ﬁ@haccor ding to the
procedur e sof LCB-RHEFR265Th#s)di et hyl et her bat cR6.8lgdOgenwas 5.0 g, the anount
of BDFE utilized Further, 66 g (0.4_.m % of nononer feed) of

4- br ono- 3, 3,4, 4,%g%$5é:g§)uorobutene-l ( BTFB) Ségrlgng]ilte nononer was
continuously fed duripes/$ne course of pol ynerilgagiiomid oget her with 10 g of
BDFE. The polynerization took 275 mn. The sogbtai ned di spersion having a
solid content of 2WFH38%HBwed | at ex particl es 20 PROBEB ran in aver age

di amet er accordi ng ) @p@l c light scatterings; JNemMSiCBcidddiRedb
i sted bel ow - I\/PII\A%@G@L ): 11.2 g/10 min - I\/F??ZGS/%@lG) :c 26. Oeg/(?o mn
- MFI (265103. 8) : 54zegd dRamwisvosityMe b 266%7:5) : 106 6§£ADa-#ri n

- reduced viscosity (MEK@35°C): 40 ml/g
- intrinsic viscosity (MEK@35°C): 39 ml/g
-LCBL 0.41

- critical shear rate: » 640 s

15

The critical shear rate of this polymer example is improved by 25% compared to an

equivalent linear polymer.

20
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- MFI(265/10): 230 g/10 mn - M-I (265/21.6): 841 g/10 mn (nelt fracture
observed) - zero shear viscosity h at 2650C. 6.8e2 Pa-s - reduced viscosity
( MEK@5C)wo40/03¢316 i ntrinsic viscosity (MEK@5C): 39 n¥gTAUSRE@BI028060 41 -
critical shear rate: 640 s 1 The critical shear rate of this polyner
exanple is inproved by 25% conpared to an equival ent |inear polyner. CLAI M5
1. A conposition conprising an anorphous ;I% ropol yner wherein the

anor phous fl uoropolymer (i) has one or ure site conponents, said cure
site components being contained in said anorphous fluoropolyner in an
amount between 0.1 and 0.5 npol e %based on the total anount of repeating
units in the afofosHesiEon corertisEg 2y sperpgpusfuoyorplymenyheseia the anpsphpys

dehydr of | uor i gl gl 85 filsbnd 8t HloRTRIRAO S dnthRt, ARAIHRfie LoinglalA Blhe from
a polynerization of° (a) one or nore gaseous fluorinated nononers and (b)

not nore thancodiaBssl lirysaiddngirphdua dectopriyméren awtmdunpbétgbin Gf amigdhdmetes’obhsedne

or nore ol efins,haviing a.brom ne or.. i.odi ne at,om bhonded to a..carbon.of .t he
Soubte bong. o e Aol BE AT Mhird 8 delin AR RERASHAA R PN GffbiPbs )
2. An anor phouseidg dehydapidloyinmeied, adeeiriaiihn@piouailtordydignaiindaivable asin par t  of

said cure sites are conprised in end groups. of said anprphous

f 1 uor opol y_nerl?ﬁ@?efs&ﬁh%?@”@waa gr PSRN fi‘)’ﬁapata%@am%artd&ghmm@ha?_ 2
wherein sai d @598ySieih bedbd 1S ot WeaihP 88 RooaRAN RN br MedklldinP Atk i N a
peroxi de cure reaction. 4.An anorphous fluoropol ymer according to claim3

( p
wher ei n saf d ominesr jadinegian hended i carben péths dewbleemg pé thededinrog (iHyhasgomp e
formul a: CX2=(RlAion of (i) and (if).

2. An amorphous fluoropolymer according to claim 1 wherein at least part of said cure sites
are comprised in end groups of said amorphous fluoropolymer.

15
3. An amorphous fluoropolymer according to claim 1 or 2 wherein said cure sites comprise a

halogen capable of participating in a peroxide cure reaction.

4. An amorphous fluoropolymer according to claim 3 wherein said cure sites derive from a
20  cure site monomer according to the formula:

CX,=CX-Re-Z

wherein each X independently represents H, F or Cl, Rerepresents a perfluorinated aliphatic

group that may contain one or more oxygen atoms and Z represents Br or L

25 5. An amorphous fluoropolymer according to claim 1 wherein said cure sites comprise a

nitrile group.

6. An amorphous fluoropolymer accc;rding to claim 5 wherein said cure site derive from a
monomer having the formula:

30 CF=CF-R%+CN
wherein R% represents a perfluorinated aliphatic group that may contain one or more oxygen

atom.
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wherein each X i ndependently represents H F or G, Rf represents a
perfluorinated aliphatic group that may contain one or nbre oxygen atons
and Z repwvexers1Bs or | . 5. An anorphous fl uoropol ynercaamsesdiozspet 0 cl ai m
lwherein said cure sites conprise a nitrile group. 6. An anorphous

fl uoropol yner according to claim5 wherein said cure site derive froma
nononmer having the formul a: CF2=CF- RVCN wherein Ra f represents a
perfluorinated aliphatic group that may contain one or nore oxygen atom 7.

An anor phous 7 huamoghoysiorateiet adtgrdis}; 16 bR Whekel Aildastine beaSd gRBSs Of
sai d gaseousf{luoruﬁsted nmononer.s i s vinylidene fluoride. 8 An anorphous

f 1 uor opol ynerUSERSFUPARPHSS BIVEYHIepe ffeidsi n sai d anor phous fl uoropol yner is
a copol yner of tetrafl uoroethyl ene, hexafl uoropropyl ene and vinylidene
fluoride. 9. A curable conposition for making a fluoroel astoner, said
conposi ti on ConprmsImhguaincervhmes acsofdingde clsih ¥ méereirssatfisfnianpitbuis n cIaLn11 and
a cure conposi,t.i ri Sl onponents for.curi a

Amor phous 11 GaPaRarReR = Dp Y iR S HIRER Son B g Bt o
wher ei n sai d fhwddphous fl uor opol yner conprises cure sites and wherein said
cure conposition conprises an organic peroxide. 11. A curable conposition
according to claim9 wherein said anorphous fluoropolynmer is capabl e of

dehydr of | uor imatdutibleasaehpokigsLionmakingla EbBeIERARASdald DhpeSTP tt@ftisthg an
dehydrof l uori nati ng agent and a poléhydroxy conmpound. 12. Method of making

an el ast offer rReREleEPRARe Ay dsimp@Et Gl I dickty compesiten rormgsiag eng ebl e
conposi tion q&ngggh&ﬁgmg@thf%ggﬁ%dﬂw%ﬂgggh&gq§gﬁgﬁcurabIe conposi tion. 13.

Met hod of produci ng an anor phous fl uoropolynmer as defined in claim1, the
met hod

10. A curable composition according to claim 9 wherein said amorphous fluoropolymer
comprises cure sites and wherein said cure composition comprises an organic peroxide.

15
11. A curable composition according to claim 9 wherein said amorphous fluoropolymer is
capable of dehydrofluorination and wherein said cure composition comprises a

dehydrofluorinating agent and a polyhydroxy compound.

20 12. Method of making an elastomer article comprising injection molding or extruding a

curable composition as defined in claim 9 and curing said curable composition.

13. Method of producing an amorphous fluoropolymer as defined in claim 1, the method
comprising polymerizing (a) one or more gaseous fluorinated monomers and (b) not more

25 than 0.5% by weight based on the total weight of monomers of one or more olefins having a
bromine or iodine atom bonded to a carbon of the double bond of the olefin and providing
capability for the fluoropolymer to be cured by (i) polymerizing the one or more gaseous
fluorinated monomers in the presence of one or more components comprising a cure site, the
total amount of said components being sufficient for introducing between 0.1 and 0.5 mole

30 % of cure site components in the amorphous fluoropolymer or (ii) selecting at least one
partially fluorinated gaseous menomer as said one or more gaseous fluorinated monomers or

copolymerizing said gaseous fluorinated monomers with one or more non-fluorinated
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conprising polynerizing (a) one or nore gaseous fluorinated nononers and
(b) not nore than 0.5% by wei ght based on the total weight of nononers of
one or nowe 20é¢f3i31s havi ng a brom ne or iodi ne at om bonaed/useooa/oeasdon of
t he doubl e bond of the olefin and providing capability for the

fl uoropol yner to be cured by (i) polynerizing the one or nore gaseous
fluorinated nmononers in th resence of one or nore conponents conprising a
cure site, tRAMSIKIS ARAHH y Boriaied nERsEASEINE WOBENS 6 2% BPF PR aniagphous

i nt roduci ng @g&wﬁg?ngﬂgpamgﬂﬁmggaghgnﬁmgﬁmﬁgue site conponents in the
anor phous fl uoropolymer or (ii) selecting at |east one partially

fluori nated gaseous nononer as said one or nore gaseous fluorinated
nononers or copol ynerizng sai d gaseous fluorinated nononers with one or
nor e non-fluorinatedconononers or partially fluorinated non-gaseous
nononers so as to provide an anor phous fl uoropol ynmer capabl e of being
dehydr of | uori nat ed.
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