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en the fluoropolymer has a perfluorinated backborne, a perfluoroelastomer results but also

polymers having a partially fluorinated backbone are used.
A commonly used process for the preparation of fluoropolymers is the aqueous emulsion
25 polymerization which offers an environmental advantage over polymerization in solvents.
Generally, the aqueous emulsion polymerization of fluorinated monomers is carried out in the
presence of a fluorinated surfactant although techniques have also been developed in which no
fluorinated surfactant is added to the polymerization.
Fluoroelastomers have been used successfully in a number of applications due to their
30 ability to withstand high temperatures and aggressive chemicals, as well as the ability of the
fluoroelastomer gum to be processed using standard elastomer processing equipment. Amongst
other, fluoroelastomers have been used in the semiconductor industry in the chip manufacturing
process where the fluoroelastomer may be used in seals of chip fabrication equipment. During

chip manufacturing, the fluoroelastomer can be exposed to high temperature and aggressive
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20 wherein the perfluoropolymer is essentially free of ionic end groups and wherein the total
amount of metal cations in the composition is not more than 10pg/g perfluoropolymer.

The perfluoroelastomers that can be obtained from curing the above identified
composition has a sufficient low amount of metal cations so as to make the fluoroelastomer
suitable for use in the semi-conductor industry. Furthermore, the perfluoropolymer constituent

25 of the composition can be produced through aqueous emulsion polymerization processes and
does not require special work-up procedures or extra steps to remove ions so as to achieve the
desired low amount of metal cations.

In another aspect, the invention thus also provides a cured perfluoroelastomer obtained
from curing the above defined composition and the use thereof in the manufacturing of

30 electronic components, in particular in the manufacturing of wafers and chips where the
perfluoroelastomer may be used as a sealing component of a chip or wafer manufacturing

equipment.
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25 monomers selected from perfluorinated monomers having one or more halogen atoms capable of
participating in a peroxide cure reaction or one or more nitrile groups, the perfluoropolymer
comprising perfluoroaliphatic end groups and/or CF,Cl end groups and being essentially free of
ionic end groups and the amount of metal ions contained in the perfluoropolymer being less than
10pg/g of perfluoropolymer.

30
4. Detailed description of the invention.

It was found in connection with the present invention that perfluoropolymers that are

essentially free of ionic end groups are particularly suitable for making fluoroelastomers for the
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taken as a measure of the residual content of ionic end groups in the polymer.
25 By the term ‘perfluoro’ or ‘perfluorinated’ in connection with this invention is meant that
the respective compound has all hydrogen atoms replaced by fluorine atoms without however
excluding the possibility that some of the hydrogen atoms have been replaced with chlorine,
bromine or iodine atoms. Specifically, the term ‘perfluoropolymer’ is intended to mean a
fluoropolymer that has a perfluorinated backbone, i.e. a backbone in which the hydrogen atoms
30 are replaced with fluorine atoms without excluding polymers wherein some of the hydrogen
atoms have been replaced with another halogen than fluorine such as for example chlorine as
may be the case if the fluoropolymer derives from a polymerisation involving

chlorotrifluoroethylene.
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The polymerization is initiated with an initiator system selected from a combination of a

fluoroaliphatic sulfinate and an oxidizing agent capable of oxidizing the sulfinate to a sulfonyl
radical and/or a combination of a free radical initiator and a chloride salt such that the resulting
25 perfluoropolymer is essentially free of ionic end groups.

Thus, according to one embodiment, the initiation system involves the use of a free
radical initiator, e.g. persulfates, permanganic acid or a salt thereof such as potassium
permanganate, and a chloride salt such as a chloride salt of the formula;

M*Cl,
30 wherein M? represents a mono- or multi-valent cation and n corresponds to the valence of the
cation. Suitable cations M" include organic and inorganic cations. Particularly useful cations

are ammonium and metal cations including mono-valent cations such as sodium and potassium
4
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f | uor oal i phatneltenativenegthodity phtaialal finowipblymenessadipliyniileet of idrieerddarbupsi ng

fornmul a; i . ] r epr.esent monoval ent fl uorgal.i phatic
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catbon avifinate aM aneqpridisiegdgentcapatds ofysididhoiine sulficas ioersultbiy radial &nce x, whi ch
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and potd 2elo |Se’3i Ak @tsl?%gﬁs(ﬁ%gu%ﬁé Oﬁgﬁzd%?ggﬂtf "fcf‘\%&?fﬂ?“ﬂiﬂ%? PEsHiti b s Rf s a
f 1 uori nametniuat pdpdudfatel MBE bf a Mdfoaliphaic sulfifat WiadaBrebitseh Yper)ihordAiphbec

strai ght (ghai n,. B}rggﬁpched chain, and, if sufficiently large, cyclic, or
corbi natPOHEURHB EHCrWIEMeLs al kyl cycl oal i phatic radicals. Generally, Rf

will have 1 The 2ébrogiphdRRulBEh&EBypidalE il @J@lleypoﬁdftcpthé!—%no@n%lfwnlldla:cont ain 40 to

83§\ei ght percent Breferably 50 to 78 wei ght percent uorine. The
preterred corrpoun%r§ 2Me« t hose in which the Rf group is fully or 25

subst anihglelyR GEIFReRls &lnonby 4k HRGHADhatiSradiBal b '

per fl uoroal kyl , CnF2n+1,Oanere n ig) a:1L t(a) 120. V@lgﬁ&%éé}%@%'?ﬁﬁlﬁzo t he

skel et aFarbomtamyireferablyd il Gersbanatome M representsst ydragyn apmadr eation vaithy gen,
hexaval oRknce ! fyhfch R 1 for2! Yl i€ e feibh Ol L Gy T S
bonded onlril.to _gar bon étor%s,ﬁte%ut ){)?g%%rn% ?W%@%ﬁggﬁ%ﬁ%ﬁ@{n&%&g gnr% are
pr esent potasseim edtiehet al chain does not 30 contain nore than one said hetero
atggn for ev - casiqgnal .carbaon- bonded .hydrogen
at'om i odi ng,f%b@%\’%%?ﬁglr@ m%ﬁ{é?? rna'eéllg?(%Frll%?‘%af@m%réat%d?ggbg%tl?e%%r}'@)lﬁ‘%/esent ,
however saturhied mwicty. dr cablby steaight pliadrs drenchedtchainy aady ifisuffidastyflage @velicyot Wo car bon

atons | Qorxrllnﬁatf%tﬂg{hgfeof, such as alkyl cycloaliphatic radicals. Generally, R¢ will have 1 to 20

carbon atoms, preferably 4 to 10, and will contain 40 to 83 weight percent, preferably 50 to 78
weight percent fluorine. The preferred compounds are those in which the Ry group is fully or

25 substantially completely fluorinated, as in the case where Ry is perfluoroalkyl, CFaqs1, where n
is 1 to 20.

With respect to Ry, the skeletal chain of carbon atoms can be interrupted by divalent
oxygen, hexavalent sulfur or trivalent nitrogen hetero atoms, each of which is bonded only to
carbon atoms, but preferably where such hetero atoms are present, such skeletal chain does not

30 contain more than one said hetero atom for every two carbon atoms. An occasional carbon-
bonded hydrogen atom, jodine, bromine, or chlorine atom may be present; where present,
however, they preferably are present not more than one for every two carbon atoms in the chain.

Where R is or contains a cyclic structure, such structure preferably has 6 ring member atoms, 1



Where Rf is or contains a cyclic structure, such structure preferably has 6
ring menber atons, 1 6 WO 2004/011510 PCT/ US2003/023530 or 2 of which can
be sai d hwDewer@aifos, e.g., oxygen and/or nitrogen. Examprdas2af3/03386i nat es
for wuse in this invention are disclosed in US 5,285,002 which is

i ncorporated herein by reference. The armunt of initiator enployed is
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separ at eniddel tieal Rt &affiadHibo Be d0ed RAhY BT I()jtztﬁ"é hagmeﬁfiﬂtxf hapal | y,re
generate I) ynmers with a | ow anount of 1onic en uor o

per est efttigigirap be addsd tethe pelymprizagios in mtlmqmeweus du;mgl the myrpﬂlzynmr unztrht i on
Pr ocess icm@RRE! @70 Yo §P5UEteokdl Ibdlte e %gcg@ryapf 0 er alﬁﬁatorspg Eh%rsgan %@f erred

pol ynmeri zation tenperatures are fpand a
pr essur &ngfinder ingpngOr separateiadditiomal pmbmdtﬁmgmebﬁlyhmhzaﬁbhe aqueous enul si on
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but Lors. and, “roqRnF ARl ohihs GPRI Sp i pilecfos naplifrs o

aqlfbousp@ﬁutrslcmrbe ped gsrrmtlama;tl on WI I I typically also include a fluorinated
surfactant s fl uor oal sul phoni c_or carb yI ic acid.

Typi cal |y, ﬁ %qgg a@r e%ﬁ%ﬁ)ﬁtpog' ef‘F%‘(S’PlpFI’&F%dS sPrplly popgpct Hj‘c} § ¢pmmenlY aqueous
enul si okngpal yamerer. ZRrtfened pcﬂytb&izﬁﬁ@ﬂteﬁpéra%é@)ﬁrevwltg hbocangreR¥apdysoreitght based

on the t of flug mar tQ tfe prodgced 20 In order to introduce

hal ogen§ é‘rPf%tF%ree I) BflnBaJP‘E‘I 6;58t? #-in the peroxide cure

reaction, al "DllihgaqtlIé‘tﬁns elalsion pbRefLRBh ¥R £a} ftﬁ’ﬂﬁercﬁcomtpﬁge ORS frat OGRS Of

t f1 uor.o I%/ carried out with a suitable fluorinated cure-site
omer 2y I%‘&% fl lifFI"sSt%‘Ia cemplexsformers or Kpain-tramsfer agents Slhe 4@ us g8Wsiomnd

4 214, 0 1BH46Bn GANDREABY al OARCHRE br ofro- o

i odo- ngI-IImaor oal k IWISII mTaIIauor ovi %%Oﬁgétgg%Jéf\%?tﬁﬁt%%%%?emII%I]aaIk(ag%

- O CF=CRUPRRIST @ zxyhg agid. bypigally ei@alampémtquﬂmrmteld)sulémnCQsed:imthe

opt i onajdus &Qﬂ{ﬁg(gﬂ mpl e:

B r2- o oM R g e p Bt L IR h e v o

CF3CFBr@FlEh‘®f(ﬁﬂﬁGPQIymameﬂ?@dmdde and (b) brono- or iodo perfl uorool efins

h h Z I,
SRIJZfé i 28 at pg? IOE%IIIJa I<(I gene @%@mha ?gagﬁgf ngpagbcﬁ?aﬁloﬂ nhtb BTII”EJ‘II? ﬁ‘ﬂe at omrs;

for reaction, along the cham the copolymerization of the basic monomers of the fluoropolymer is

carried out with a suitable fluorinated cure-site monomer (see for instance U.S. Pat. Nos.
4,745,165, 4,831,085, and 4,214,060). Such comonomer can be selected for instance from:
(a) bromo- or jodo- perfluoroalkyl-perfluorovinylethers having the formula:
25 Z-R¢ -O-CF=CF;
wherein Z is Br or I, Ry is a perfluoroalkylene C;-Cj,, optionally containing chlorine and/or ether
oxygen atoms; for example: BrCF,-O-CF=CF,, BrCF,CF,-0-CF=CF», BrCF,CF,CF,-O-
CF=CF,, CF5CFBrCF,-O-CF=CF,, and the like; and
(b) bromo- or iodo perfluoroolefins such as those having the formula:
30 Z’-R'+~CF=CF,
wherein Z’ is Br or L, Rt is a perfluoroalkylene C;-C15, optionally containing chlorine atoms; for

instance: bromotrifluoroethylene, 4-bromo-perfluorobutene-1, and the like; or



i nstance: bronotrifluoroethyl ene, 4-brono-perfluorobutene-1, and the |iKke;
or 7 WD 2004/011510 PCT/ US2003/ 023530 bronofl uorool efins such as

1- br ono- 2¥P-2diédd1utwoet hyl ene and 4- brono- 3, 3, 4, 4- t et r afPlCoarsemitoessae 1.
Alternatively or additionally, cure-site conponents in the fluoropol yner
may derive fromnitrile containing fluorinated nononmers. Exanpl es of

nitril e wanofionokgingSnbrae 1 shréhen, 2-Eiiset n'é%ﬁ&MiBﬁanc%@Q'lﬁ to one of the
i | as: . CF2=CF- CF2- O Rf - CN CF21CN CF2=CFO

fol l
[(()ZFZ(()Z\IIZM( E%g)f%f"}:{% YOCF(CF3) N CF2=CF] OCF20F( CF3)]kO( CF2) UCN 10 wherein, 1
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grosip. SRedehised R¥aHhE o &f o@kﬁerﬂ)llk%vﬁ jgi.ng liquid fluorinated nononers
i ncl ude perfluoro(8- % ano- Se nmet hyl - 1%?& 0>Q<§a | -octene), CF2=CFQ( CF2)5CN,

and CF2=CF(( leﬁz SEBREN 15 When the cure-site containing nonomer is a
liquid fluori nquggcmw it will be preferred to provide at |east part
t hereof as an achueous mcro-enul sion during the initial stages of the

enul si on pol ynérhZ@kPEH-CREF )] CESMCKIBIENar e st abl e, isotropic mixtures

of the liquid | ng a cure-site conponent, optionally
O R IR |

aliquid perfluorln onpound, water, and a fluorinated
sut9 act arhereigy reph:eemseamnfegq:mpmzdo 1% reysrednts an 2egeOoY 0D E k Bdpradbrt] bE v
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condi t i dh=lent peeﬂuoaietmlbigtmp RPCifnstadplosiss nliltrl&td@htaﬂﬁl%slﬁjﬁi@ﬂuo-ﬂﬂ@ted I

t t tact t
ot r e nd BPReR el R PR el SRR BBt Yt St Prigno) g PG sERand
terrperamgﬁl%(D(OFm&(bF(UF@)om cro-emul sion fornms, i.e. when a clear and

spar ent ﬁ’ﬁe is.obtained, is in the range 25 of 40C to 90C. Upon
ing, t he CHICrSEFSPTHAINIE SNoMBISS ¢ figid Haerérted mumemiet, itovillivat ed

s ur fact @fb&'erfeh% prédide Qﬂeé&ﬁ% therebf &Qﬁ%&ue%ﬁ%emm 4@ ﬁl!lr lt%lé]tnﬁlal stages

perfl uor nat ed al kane sul phonic or carboxylic aci
typi cal Pk/ h sPPlsign pebmetzption gHie mlﬂé@e@a}’swoharast@ws,,lscmoefcematmqus oBthedigbidn at ons.

Prefer ahhé(rmatéa%(fnbhiglrl'la’?/ﬂitgedd:u%@l{e%gﬁ‘l?gﬁe&f 8@50%&@5?%?&@% Qe 8r mul a: 30

(Y-Rr2)ri (1) wherein"Y represen resen a linear or
br anc heByCBWQ%@Pmﬁ@{DédWamkym Budraied guréactant. By the term ‘liquid® as used in

20 conjunction with the fluorinated monomer or the perfluorinated hydrocarbon is meant that the
respective components are liquid at ambient temperature and pressure conditions, i.e. at about
20°C and about 1 atm. pressure. The microemulsions typically form spontaneously upon contact
or gently stirring of the ingredients and optional heating. Generally, the temperature at which
the micro-emulsion forms, i.e. when a clear and transparent mixture is obtained, is in the range

25 0f 40°C to 90°C. Upon cooling, the mixture remains clear and transparent.

The fluorinated surfactant that can be used to prepare the microemulsion is a
perfluorinated alkane sulphonic or carboxylic acid or salt thereof typically having between 4 and

12 carbon atoms, preferably 8 carbon atoms. Preferably, the fluorinated surfactant corresponds

to the formula:

30 (Y-Rp-Z),-MP @
wherein Y represents Cl or F; Ry represents a linear or branched perfluorinated alkylene having 4
to 10 carbon atoms; Z represents COO™ or SOs” M represents a cation including monovalent and

multivalent cations, and n corresponds to the valence of M®. Examples of cations include

)



to 10 carbon atons; Z represents COO- or SO03_ M represents a cation

i ncl udi ng nonoval ent and nultivalent cations, and n corresponds to the
val ence oWONbo4/Ex30pl es of cations include 8 WO 2004/ 01P8X00S2003/023530

PCT/ US2003/ 023530 ammoni um al kali mnetal cations such as sodi um or

pot assium and earth al kaline netal cations such as calciumor nmagnesium

The i qmommm lalkeli infeadl edioRy flich a8l GYIRSHNA abd\@th GARlIREMLRIRHR Prepare
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perfl uorinated hydrocarbons include pertluori nat atu I hear
br anc he&mézﬁméyplcaélyépmerw peivaen tandgfselan stoms.atiefatably bobyeeh Giend 20t ed

linear, Bibanabadaff m&)y Gntdin erSatonfi&sk {e!:tgcﬁ) fr%l@?)?&i% auli:ﬂpgr ncftrc%%{ﬁrg (r)ltj Egn Z uch

as perfluorinated benzene, @Haper forina dro'p
It can §P§@1€lj@rﬂv%@ﬁiﬁd byshrpenslicas) ingludy perfimarineted sathrated lnaeqn,elﬂaﬂcharanﬂm ed 10

trial kyl rfl.uorina clic.aliphatic, such
as dec alc?/ﬁf;pag%c? tl%r el){a‘%{rll agﬁr}lwgg %gﬁ?%&é@%cﬁf] !l%eafailblranﬁlget i€ Xdﬁﬁgﬁﬂ%gcont ai ni ng
oxygen @erflvetfifated a'mmetth@om'pmg;d sseicds paﬂlupmaftddmanmna-or pertfybridagddr ahydr of uran.
Speci fi rfI orlnated h i ncl ude perf] uqro-
but yl t e'(tf rt%ﬁé%gigj d? haeﬁa peenF £ G RLEZ Pt o %%‘dib@g'i BHEL YRS @eitporinate
petd | uommﬂe/ﬂ yiineyie banhiathsre a paBlupeiaddegei(aliphaic: :ﬂcﬁ@i duehiry aﬁ@}@ﬁéﬁﬂﬁj)

r of | uoor ene,

perfl uor i met h dr ona ht hal ene, perfl uo

per f | uof ?@f’:’f%‘ﬁ@g@w& ﬁ?rﬁ?lglﬁ%)’xygﬁ‘éP‘f ﬁ“ﬁﬂ‘? 1Bitlas 1ings gich 9e perfluoro-2-
perf | UObﬁﬂyE(E@%ﬂl@ﬂtbﬁlramCt af | uor onapht hal ene, ol i goners of

pol y(chl or ot$| fl uor oet I enﬁ{g@ perfluoro(trial kyl am ne) such as
per f | uor o( t r PRSFGGYraRR! ‘)fpe Fipgiest hydiocarbersyndvderneyfluogy-2-

perfl uopk Ité’tﬂaﬁﬁﬂéﬁ(lfaﬁn})éiﬁﬂoro&'aﬂup?érﬁﬁérbﬁﬁétﬁ&l@éddﬁﬂ eperﬁ&%%étléfl%%%%%g >’ and

co rcial. 20 fluorinated sol ven such | uori nert FC- 84,

Fco77,  pesflugro(lpedimsthyfeyclpbexgpe), mw@qhyldm@dm@the®M Conpany. It will
further pQeuGhBRordne, &?@uo?(l)‘('teltlja&ga gﬂﬁl}en%f'gérﬂﬁoro rééogén% of

perfl uor| nat ed hydrocarbons can e m cto-enul sion. The
amount sP@ﬂ“@ﬂ@%ﬁ?ﬁo@@@ﬂt@rmth@emmllghmewﬁpmiy(emmmﬂlmr(wﬂg/lmyp| cally

sel eCt\?\gerﬁ or @‘?Al ANR; Q=R [ % % ht based on the
t ot al g ° he m ﬁgruo gsg‘{ %HJ &gg)ncﬁ%ﬁ ugma{% X%/g@‘ %}),
per f | uopes u%a@tl@eoa'ﬁdmngbl arcl cmtaﬂsmbtmﬂuam Glamﬂudrobdfnz&&l, ind doamendial bet ween O
angy 15%; ' uoQki nat e rﬁ € g % Epp}u%q 2[? g 5 and 30%
of i quﬁ%mﬂeggélgenng & h %i ere ]::;1 4 gpq’c‘?% ?:nglgg 48 e gﬂ’ﬁﬁg% are
bet weenFCG3 tnall B686ced by pleirEdnymnpalt h@lhﬁlﬂﬁafﬁé@%f fo®nekkifed AR UrGhaci d or salt
t her eof Q.?] ?‘ % of i erfluorinated hydrocar bon conpound
and bet JEHC V\/F%eﬁjauof@@? g y%ro&qdl?%ls ff r‘is?fia‘gé’lflepﬁ@ﬁ%%?"m -9pUNQYi ng a cure-site.
The amounts of the components making up the micro-emulsion are typically selected as
follows (all percentage expressed as % by weight based on the total weight of the micro-
25 emulsion): between 5 and 50% of perfluoroalkane carboxylic or sulphonic acid or salt thereof,
between 0 and 15% of liquid perfluorinated hydrocarbon compound and between 5 and 30% of
liquid fluorinated monomer having a cure-site. Preferred ranges are between 10 and 30% of
perfluoroalkane carboxylic or sulphonic acid or salt thereof, between 0.2 and 10% of liquid
perfluorinated hydrocarbon compound and between 8 and 20% of liquid fluorinated monomer
30 having a cure-site.
At the end of the aqueous emulsion polymerization process, an aqueous dispersion of the
fluoropolymer is obtained. Usually, the average particle diameter as determined by dynamic

light scattering methods is not more than 400nm, typically in the range of 10 to 400nm,



At the end of the aqueous emul sion pol ynerization process, an aqueous
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PCT/ US2003/ 023530 preferably 40 to 250nm The fl uoropol ynmer may be
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conponents nmay include cCatal ysts, curing agents and/or coag en the
f 1 uor op&rgrRelastemer thatewitls LFeobsiin @ Suerostpatemsérngcrnetl ofemeelastypab bempdsition

partici pahbfiehe thddorREIINK j OF r sigtion wll
typically Iisrn_(:.lgu%e ar{&g{rggér{%gd %gérgﬁéﬁ%ghlfg%spﬁ‘? f{a:gl% gmng glgﬁlﬁcm%%srt%&l?rdes are

t hose whbnsppsijioneraatbe cfired by papcioftled methedsdmowmtp thesepkitled inrtksart, Ahe daral Ky

pes®xi d . bi.st dial oxi.de) which onposes, at t enpet at ure above
B0rE ] S CoriosoR N e P LY hR oo Bl B RRR IR Breuiinr Bt o

di - t ert lisl yhueach oger tirerethe fdrantignghiee dineshibed etoarh Suclatampoatdtaghed t o per oxy
oxygen. eroxides of this type are

. t-h t ful
2, 5-di n{antéﬁlg?gaé?lgsﬁ%gﬁ?s%gra?‘fegtﬁgwﬁﬁf’?fg?tﬁxy) hexyne-3 and 2,5-dinethyl-2,5

When the fluoropolymer includes cure-sites comprising halogens capable of participating
in a peroxide cure reaction, the cure composition will typically include an organic peroxide.

25 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-

30 di(tertiarybutylperoxy)hexane. Other peroxides can be selected from such compounds as
dicumyl peroxide, dibenzoyl peroxide, tertiarybutyl perbenzoate, oo’ -bis(t-butylperoxy-
diisopropylbenzene), and di[ 1,3-dimethyl-3-(t-butylperoxy)-butyl]carbonate. Generally, about
1-3 parts of peroxide per 100 parts of fluoropolymer is used.

10



30 di(tertiarybutyl peroxy)hexane. O her peroxides can be selected from such
conpounds as dicunyl peroxide, dibenzoyl peroxide, tertiarybutyl

per benzoawe,20e/@E'1510i s(t - but yl peroxy- dii sopropyl benzenepCTarsd003/023530

di [ 1, 3-di met hyl - 3-(t-butyl peroxy)-butyl]carbonate. Generally, about 1-3
parts of peroxide per 100 parts of fluoropolyner is used. 10 WD 2004/ 011510
PCT/ US2003/ 038R436he M@SholyaRr o haECPAt M TESnidifg Hﬂ@§iteacoﬂfp5ﬁénlt,ec1,09ﬁg;sfi' ning
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conpoundSMARYNHANE L E-Pre YNEARISECREATING GOmpoysdsmAY be wreh b @bsawyrisgnpounds”

i ncl ude "R b i QUi Er@! . I 1. 0ns but that
gener at eﬁamm%]%e%aﬁggér C(g%}ﬁgl?% g%lslﬂglg J)d(r:l rélgs téutc cé‘%@ﬂ%‘ggwq‘%ge, for 5
exanpl e conditienybrhipiegeacrate emmeniaainderconditiprismf curdi Sychrrontpeuridd jnchade, for

metal - c Qi - Of formyl a. : where AWM is a
e i R T TR AR LSO L R S L s S
val ance obthe fermatlaret al cation; Y is a counterion, typically a halide,

sul f at e, nitratAe\#?\ﬁ%%t@Le or the like; and v 10 is an integer from1l to
about 7. Also useful”as ammoni a- generating conpounds are substituted and
unsubst wheteekl" tis 2 metahention @rch \aaCh’g,e@o%,L@d%’: T3 1RO & Of istdagalfr@methBceRNYNI HI

R wheregin R, sS.a rogen . or substituted aor unsubstituted al kyl, aryl,
or aral %? Imegterdocﬁ%orﬁ%id ﬁa%%mt?r}oaggy 1110'?1 aatffglf}?’ Sﬁlgat%a‘[‘ft%‘h a%Ftt"’é?r%".tg%E]éec'%‘P‘i ¥ ugef ul

t ritazi nés aldnteyatfionestd aboltde hexahydro-1, 3, 5-s- triazi ne and acet al dehyde
amoni a tri nﬁL‘ Amponi a- gener ati ng conpounds when used to effect curing of
a f1 uor opol yfHsP UREYH 33 §mFonier geRergfitt sowpownds afqsybeifyted andgwepbisiuied thgrent  of
0.1 to dddvapitdstsactp@rthdrdgmedorRalat s by wei ght (phr) of the fluoropol ymer to
cure the fluoropolynmer to an el astoner having desired physical and

mechani cal properties. 20 Anot her Ror Npyr t Rer conponent that can be used to
cure nitrile containing fluoropol yNe { ncl udes conpounds of the follow ng
formula: RL | R2-N - HAL R3 (I1) ein the group HA' is an inorganic
or organic acid, e.g., HO, HNGB, pff QgH. and

wherein R is a hydrogen or a substituted or unsubstituted alkyl, aryl, or aralkyl group having

15 from 1 to about 20 carbon atoms. Specific useful triazine derivatives include hexahydro-1,3,5-s-
triazine and acetaldehyde ammonia trimer. Ammonia-generating compounds when used to
effect curing of a fluoropolymer having nitrile groups, are typically used in an amount of 0.1 to
10 parts per hundred parts by weight (phr) of the fluoropolymer to cure the fluoropolymer to an
elastomer having desired physical and mechanical properties.

20 Another or further component that can be used to cure nitrile containing fluoropolymers
includes compounds of the following formula:

Ry

|
R,-N-HA!

I

: dn
wherein the group HA' is an inorganic or organic acid, e.g., HC1, HNO;, C;F15COOH, and

wherein R}, Ry, and R3 are each, independently, the same or different alkyl groups having from

25 1 to about 20 carbon atoms, which may be cyclic or heterocyclic, and one R group may instead
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wherein Rl, R2, and R3 are each, independently, the same or different alkyl
groups having from25 1 to about 20 carbon atons, which may be cyclic or
het er ocycwbDeooemdsione R group may instead 11 WO 2004/ 0PT3u(2003/023530

PCT/ US2003/ 023530 be a bond to another R group such that the nitrogen is
bonded to or part of an al kenyl, cycloal kenyl, or aromatic group. The
substi t beatbsndRyandtheOR BRup kikhitht the Btrdhen isBOAGd t8lbr antafk:p@lkyl amne
salts, an‘gcl ri ﬁl ne salts. Exanples of conpounds ol%_ above rmula (11)

i ncl ude @ 8%% @5 AGathEowRy r Phg| spbstityerisim)analsibe elefipio] e.g.( @), di, Bad | | A)
wher ei n 171’0 Anitned: j {l f s of, Formul a
(rrA corrp%ﬂnds irﬁlgsl’ S%dﬁ?ﬁgfgg%\%gk g?éle%t%%%ﬁgfﬁdgg%%ﬁ%fo‘? gfrgghﬁmﬁ@ﬂe and n=2.
Thi s i néPRaeds phthe &xmmsl e, salts of 1, 8-di azabicyclo [5,4,0] undec- 7-ene
(DBY) andcdx,pmdi azabicyclo [4,3,0] non-5-ene (DBN). These salts nay be
prepare:i{]/ for \(1:0: xagpl e, by reacting DBU or DBN with an organic or

i nor gani (\aCiM organi ¢ solvent such as nethanol or acetone, or they
may be pref§dt in situ. The acid can be organic or inorganic, for exanple
C7RL5CO0H, or any hydrocarbon or fl r'Pne cont ai ni ng carboni c acid,
sulfonic acid, etc., and inorganic acrds such as HCl, HNG3, etc., that

f or m st XhewWingy|apd n amnivdensndeptlnfletp28d conpound of Fornula I1A is pyridine

hydrochl ori dp..+{RAR éﬁgﬂ L@ r.(11A) may, 15 be .used [n an
amount of 0. OrSC_ to 18 ‘%ogkoﬁq{%ao oﬁ%l:pré?nfas bngce %%hé’ﬁﬁ h?ﬁ‘“&ﬁ%ﬂ’?ﬁﬂ?ﬁ% of 0.5
to 5 phend wherginuestiomd IngPreThis mchidess éorexample saits of 1)8idisdabieydo (8,80 Nindec-

fl uoropel | of it or eprent | d.formyla (I.1) or (11A) are
advant age%gg?%Ug%ﬁngg # glgfabb\c}”& ¢h T‘l?’%ﬂﬁjﬂ(fnég,gnq @%d iTL@e gﬁ@é%ag'i@\ﬂr??ﬁre@ " ornul a
Ralf ORbpxaniple, hpdeastihig BBU e DBOY withdresrgartRaor iafidarffbadihBepopganisbivefii@paesent, a
SUbStitgﬁirﬁgﬁhQ{OlUPSUPStit t ed C]ID- C20 g&)ref_eriﬁl .C1-C10, npre 20 preferably
Cl- C7) al Ry aryieeoar &f RyY May P Bipfed @s¢iio ?%}1“1 cag e CUEARIS A KSFgANICyr oup.

" Subst i forteralipl SOOMDS dnly Y & cMWorsitBBIbA i todiRhgr fere with
t he desired plz gcniﬁ%?. Exanpl gsslof ¢ S?JniS(?;b e %stﬁ) %;ﬁlln%g{}%%btoggiag@r %é@hﬁal ogen

(e.g., edid.otd, read ifdrganicianids sueh as g, INO4 iefe Yhat foyrl RRble BhIkO XAhothePP@fcpdll DOXY
groups. In aﬁgi jon, one or nore of the carbon atons may be substituted by
a het ePURRBA stermyle 15 pperidiae hydroehdgyide. Crmperndeef feryulb dlr éBA) mdy as
descr i begluded irldh antdist ofD05HB 1 Fbir ofRbropaBing) %ﬁ 960)s 65
12206¢c and J. O g. Chem, Vo .D?SQ, gggg&gﬁfwibi’g@ ,agn\/?ﬁ(ﬁ‘}]nc(ﬁ%grtggp\gei n

i ncor pofhiusgoneymes fepasrcaringabapitrie cantainise fludropptougs for Ra and Rb i ncl ude
Llegg: ?gle;y: hC%ﬁ;%TuhH@&Q@é Jfé/rtzmeﬁﬁ%@ﬁﬁlfnhlu?fl)ooﬁﬁkygrte gg\yangarggé{glsy bevdiea 2

with imidates, including those having the formula R*C(OR®)=NH, and salts thereof, where R®

b . .
and R” independently represent, a substituted or unsubstituted C1-Cyg (preferably C1-Cyg, more

20 preferably C;-C5) alkyl, aryl, aralkyl, alkenyl, cycloalkyl, or cycloalkenyl group. “Substituted”
means substituted by substituents that do not interfere with the desired product. Examples of
suitable substituents include halogen (e.g., chlorine, fluorine, bromine, iodine), cyano, alkoxy,
and carboxy groups. In addition, one or more of the carbon atoms may be substituted by a
heteroatom such as oxygen or nitrogen. Imidates may be prepared as described in Zh. Obs.

25 Khimii, vol. 36(5), pp. 862-71 (1966), CA 65 12206¢ and J. Org. Chem., Vol. 30, page 3724
(1965), which are herein incorporated by reference. Examples of useful groups for R® and R®
include fluoroalkyl, perfluoroalkyl, and perfluoro polyether groups (e.g., as described in U.S.

5,266,650). In addition, more than one imidate group may be included in a compound.
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5,266,650). In addition, nore than one imdate group may be included in a
conpound. 12 WD 2004/011510 PCT/ US2003/ 023530 Exanples of useful im dates,
i ncl ude fwo e0dapile, CF3Q( CF2),,, OCF( CF3) C( NH) OCH3 wher eCmius2en3an3ssnt eger
froml to 4, and C3F7(Q(CF3) CF2) " OCF(CF3) C(NH) OCH3 where n = 0 to 3. In yet
anot her enbodi ment to effect curing of the nitrile groups in a

fl a tive:
5 (RA 1) o) (o T Sl o e Tl O P PSR e o

havi ng fis aninfegerafrd 1 ced, hﬁd\C@R@(&:FﬁQFanO@F{G&)CQNH)@&H%%Eﬂé%“%/(b tdaving 3 to
20 carbon atons or aryl or al kar%qthaw ng from6 to 20 carbon atons and
\3

wherein Rd e @nqshgr telnﬁP‘FlV’e’é)trtofv‘ guring ed thematriledrenpe iog flvdrepadymerRd nay be

subst i t whRgowds Bf tha SolW&FoMBa Ry HD n atoms in the group is
repl aced w?th Br orhﬁq;oAdd?tl}(l)na‘lﬁéI%dgy%Edag]g may include one or nore

het2r oat ons suc{IR ‘45" 6QRR}MS or N, Exanpl es @) perfluorinated groups Rd

bor Fﬂﬁr‘”@%{}e@d Rt e AW RS eyt 6] 8 Y o o2 Shro B Rekvkg?, 57,

CB- C20 (5% ealmwhwmgg?rtoa@saramat@zs @20y mekﬁﬂyﬁﬁﬁvmlfkﬁnytom@m atofs S an

acid ani nion, .e. be

s BRSSP B B ke Sty hsGER P B iboiat aihe wher e

Rd i s aryWwhere oat ytheneyydrogenSBdRn t}ﬁ(g?id}dfﬂlgl%plaaéﬁizvt 1802%88@121? Acﬁiﬁd}ﬁlyé RY B
refera 0 st prefer COO,

gng(f 050%l &ﬂz‘%%e 091 Igorgijgte'gﬁa Ofrﬁé“%ﬁfq ﬁgé O@n%@rglg?s A pex OB’éﬂt‘Eﬂ/\gm‘éﬁs can be

a perfl nncﬂmib@drﬂybmumyla@odpssfmd fcbrnlu:ae@hp%twmem 125 9Y HeAdrddyQadllave one
of the _npeani s set v{/)hel ow I$§Fﬂ Re and a particular sel ectl on for R
KoM

may be FhePsy Borrmali el Co-Srpcerfiverapy! eripe and Greups nmay be
attachederﬂuorﬁdlkeﬁlgﬁoupshosphorous (P), sulfur (S), nitrogen (N), arsenic
(As), or antinmony (Sb), and k is the valence of Q Each Re is,

i ndependentl § Is #iyasicgion o n acid derivaliveanian, og., drreubs €00, 864, s EXDAIKY| |

al As used her ei n, ubstltut ed" neans
t| tg ﬁ%&ppﬁb@ﬁ%@s‘% ﬁ) 0§83 Qgn tcaﬁeﬁwéﬁrfs& & apylan aﬂﬂ’?!@r)d)am red

product Ekan'gl es of suitable substituents include hal ogen (e.qg. , F,

Br, 1),S RO Rangq SGrR unsreMbRIRID. e r IS€%g Rd from
hydr ogen or the al kali or alkaline gar h net al gH%%%égﬁ ﬁﬁ K, N4, and

NH4, ar eopipetierbl OG0, 50:08a QA R, can atvel one af b kichningd JFR bt fordBblow
fluori nat ed. or fl.uorj nated angl ogues thereof. |n addition, any pair of
sai d ReOGPBYHE pﬁ’&@“’ﬂ‘éﬁ@cﬁ‘iﬁ”r@@ﬁé@te b Tespert O(gtRhélPovéﬁléF‘ R e @vawoevtithe f or m a

het er ocyehiigsrstifarth BAowaRO88 2 PhrtiairQBR ) include
04319803 C%f:% OSOO 8 FEI). S af®a Parti ctRe Ao 10 nRDPY enef QMBI irfelehd
fro and one or more A groups may be attached to RY,

Q is phosphorous (P), sulfur (S), nitrogen (N), arsenic (As), or antimony (Sb), and k is
the valence of Q.

Each R° is, independently, hydrogen or a substituted or unsubstituted C1-Cyg alkyl, aryl,
aralkyl, or alkenyl group. As used herein, “substituted” means substituted by substituents that do
25 not interfere with the desired product. Examples of suitable substituents include halogen (e.g.,
Cl, F, Br, I), cyano, OR®, and COOR® groups wherein R® is a group selected from hydrogen or
the alkali or alkaline earth metals, of which H, K, Na, and NHy, are preferred, C; to Cyq alkyl,

aryl, aralkyl, alkenyl, and fluorinated or perfluorinated analogues thereof. In addition, any pair

of said R® groups may be connected to each other and the Q atom to form a heterocyclic ring.
30 Examples of anions RA in above formula (III) include C4F¢SO3, C3F7CO0, C7F;5CO0,
CsF17803, C4F9SO,NSO,C4Fg, CF3CF(CF3)CH,0 and CnF20+1CH0 wherein n is 2 to 100
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C8F17S0C3, CAF9SO2NSO2C4F9, CF3CF(CF3) CH20 and CnF2n+1CH20O wherein nis 2 to
100 13 WO 2004/ 011510 PCT/ US2003/ 023530 (preferably 2 to 20, and nore

pr ef er ablwo2o0e401181). Furt her anions include ani ons of tRreTgS2e3423536 or mul a:
Rx Phy-(-(CH2)n-D)m wherein Ph is phenyl, each RX is the sane or different
al kenyl or an alkyl of 1 to 10 carbon 5 atoms, which may be substituted or
unsubst i(hiekeably Xtol 8, ShdtiRore preferhisly 9 t&ro&l Furbhek 8nibnstifcldd® anBnk 8f the bhersl and D
is selected from COO, OSC3, SOB, and (when y is 1), provided that the sum
of x and%iaijs 6 or |ess. Useful anion exanples include Ph-COO Ph-O

CH3- (CH2) p- O SC3 whepn _pAey1lnt 0 10, and carboxyl ates of the general

formul a R-COOvareg?l?f’ (%(dl%)“a]?i{‘bnyl, an alkyl of 1 to 10 carbon atons,

€. 0., aciecpdiiePRls pRESRIBEAR Eis tR'sa@b oRdifibreR all@n}I®r 4R alkf d¥FaNo ab e4fBen MUl ti 10
carboxyl ates, multi-sulfates and nulti-sulfonates are also useful, e.g.,

(-) DOC- (atmm) phickhoey pe sybshiardof oFRbait@ar'iy 0 tefeydd horpl, ings Qta 19, m0is 1 &msl

Ph- (( CH2).p- - rei d re i ndependent | to 4. _.A preferred
epect 66 bR D SR TBAEF O55 PBoRy i i e ST RE Piog Mt i i R,

bl ends 0 r.e: i a r., RAA in
Formila (P B e P R RS hh bl ai -
tri-, and, andtcadhoxylitendeinegeneranfaphtlh R @0OvheioR dsdlkenglc emelkyl cdndo b6 sphenol s
of the fornula: (-)QOz-Ph-Gy-Ph- - wherein G is a bon t a difunctional
al i phat iCgr,boﬁ9@@8’%‘4‘%8?%@%@?103%&%&? gy 8{1‘%8;10 caon alogs, MMultkar hon at onms, or
a i o, cavbyxyleas, hanidulfatesbiid Myli-sutfonatdslateimoluséfatlegal , G and/or Ph are

opt i onal(%q)zo subst i t(gt_d wth at | ast one chlorine or fluorine ,atom vy is

an

0 or 1, 20pG-(EHig GO0 0N Gl mRRQ wherpig ibf ta Hb apsbPly ESYLYBRRRG | &

opt i onal i i t. .| gast e ataom of..chl ori ne fluorine, or
brom ne ‘g%gei#ggéd CL%% Engigé%n%%]rt@alnt og'i:% prfgfgglecgsé’lemfseqfé’ }’f{an‘?e&aﬁ”@‘%ﬁ&‘g aﬁ‘di% Hor a
Cl to C®xalid deid. ,In addjtionpblendsalf oad biythorg rcompiunds asadekaribed alshive adn bl uskd fof or

exanpl e, d%‘dtg 8 ﬁabggon atonms. In the above bisphenol fornula that the
oxygen ¢t bupLEy “attached in any position (other than 25 nunber one) in
ei ther ring. RBpresedaties arbm@tidq{olymyeorﬁptﬁiﬁdsli@glﬁdm%lq&ifaﬁtlt@dr&cﬁy%zéiﬁ:@,d- ﬁ
preferred cl] ass of erials jncludes e_bi sphenol's, such as those having
t he gené‘ra%t}diﬁ%’te?rﬁP%%r(@e)n@ _@E@g@%otfjﬂg royla wherein X is H O, or F
(e.g,. bisphenol AF). Wen myltifunctional acids are used, the nono-,

bis-, and nul ti-coRpPeteP@n be used. As is known in the art, an

or gano- Qnj.uem '“.Qﬂ- - W. S. base . .13 hosphi ne,

am ne, g@é@uﬁ? i %%%dggghcanﬁg%ﬁg %&ﬁgg ngll!yaﬁﬁglé%{ci %gar%lézi%ﬁqi%\c/ﬁd gplbgos@ with a
sui t abl earbah ktpmatar aghiagem; caftengl, sulfmylalr kyifonlbdadida, G randioyPh drabptttaplly esul ti ng

I Ny@n eﬁ%ﬁﬁl‘tc%nwia;at tleralls o\rllglc ro]rcmee ocl)’fﬂuorine atom, yis 0 or 1, zis 1 or 2, and any aromatic

ring of the polyoxy compound is optionally substituted with at least one atom of chlorine,
fluorine, or bromine atom, or carboxyl or an acyl radical (e.g., -COR, where R is H or a Cy to Cgq
alkyl, aryl or cycloalkyl group) or alkyl radical with, for example, 1 to 8 carbon atoms. In the
above bisphenol formula that the oxygen groups can be attached in any position (other than

25 number one) in either ring. Blends of two or more such compounds can also be used. A
preferred class of materials includes the bisphenols, such as those having the general formula:
©)0-Ph-C(CX3),-Ph-O", wherein X is H, Cl, or F (e.g,. bisphenol AF). When multifunctional
acids are used, the mono-, bis-, and multi-complexes can be used.

As is known in the art, an organo-onium is the conjugate acid of a Lewis base (e.g.,
30 phosphine, amine, and sulfide) and can be formed by reacting said Lewis base with a suitable

alkylating agent (e.g., an alkyl halide or acyl halide) resulting in an expansion of the valence of

14



14 WD 2004/ 011510 PCT/ US2003/ 023530 the electron donating atom of the

Lew s base and a positive charge on the organo-onium conpound. The

pr ef er r edworgesa1smi um conpounds for the conpounds of f @criisao3iok3spo cont ai n
at | east one heteroatom i.e., a non-carbon atomsuch as P, S, N, bonded to
organic noieties. One class of quaternary organo-oni um conpounds

par ti cultrd didctrids 8bnsinD bRAMSAMNELIONAE ba3Sind Ppdsfivathatd oh tROSIchhdsni@nd rel atively
negative ions wherein a phosphorus, sulfur, or nitrogen generally

conpr i s&SMPREdcdRe Prieriet GraaB-opiE ERpdy &ritktompaandsiel fnmylalil eoftait i s an
al kyl  orat et 6hORdideihtoRCi.dl A QArbbR SomB¥h QQI, Bagt B(ﬁlhé&’tofolr%gfecgﬂtﬁ%t%g: l.e., at

| east one hydrogen atomi's replaced wth fluorine, prov at at | east
one non- f | uoPhaelagidisiatemalysganseaivpl eompotnds pattiahlpdy preéd breedly cooppssands

when Qi i.ne: . ' .

i Butyl ST P IR e Rand (AEHY esshPe bEL K AL AL BB RE S Brnitcogen

di but y| diephallyydopipoisgsibnéentral ataneof thbprsitive hos pinbthe uegativd ioh unylk(yPemet hoxy)
propyl p i A | phosphoni u nd .

tetr aphggéﬁ%%gggﬁgﬂﬁoh%a?%ﬂéésga%%ﬁ'o@ﬁ %aﬁ?cgrlr'%" %Wg%asgoélewgf%%m,“ chlori des,
br om deggplakd with dessing hewiied dasat l@btone e flubrbteragah keyrlairghosphoni um

hydr oxi des apd tetraal k hosphoni um al koxi des, ar referred. 15 Anot her
cl ass of phogﬁﬂ‘gﬁ?%ﬁg%ﬁ%ﬁﬁﬁg of ﬁ%’ilﬂ?%&tvﬁﬁgég ‘3@%@?%‘(%“? gS he group

co 3@i f, t im%mfhymmombms,phanjylumlpmﬂﬁ)nMsaﬂﬂigu@ﬂ)zg;ylphbgﬂ#aﬁmlﬁ@,h_osphor ane), g
an osphorqus cont ai ni ng i m ni um conpounds. Ami no- phosphoni um conpounds
t hat lOc a,@%@(ﬁé&&ﬂpﬁeﬁp ?J‘Bumg ﬁ%&u@@g@pbgﬁﬁn% H‘l%“ﬂé(zarf‘?ﬂ,’g’fyér lOex anpl e, |mr:: U. S.
Pat .  No.propypaSphédut Ya8gienberyiphosp NS thaﬁ@teﬂﬁﬁh@%@Rgr{bspﬁggﬁmﬁr gher ed

positive_ion has the g}gneral formula is NRc4 or H wherein Ris as

descr i b@8ORBIIENS Redredyeiorides gelogdu: pmides, aboyider Phaipuides. eisefle as
Pr ecur s Qéraalk IrPRePReRiub R dHERIcP Wﬁefa[ﬂyﬂﬁ*ﬁyﬂoﬂmﬁ &H&is are preferred.

t et rapent yl amoni uns, tétrapropyl anmoni uns, tetrahexyl antoni uns,

t el ¥ ahept y| afefherpdass of rhoseheniuhydomprenss dnedude thase seddstedyfroamtho giouns,

Cribut vi _ . o . . |
t (ra!t r;pﬁgﬁgﬁgﬁ% ni unng@%%%%ﬂ}hé%%%w%% ."no%m%P%ﬁ%)’r%g%ﬂg%hmnl Tms

t r i phenygbisaining liraimirmm compounds. bemingiphdspBerdim zothpands thhtcad behsed -invhdieceni uns,
b | try i i h honj L l. dj I

phosphi i SsEi Bk BUATRCAN 8 Pu T4 R0 TR 88T des,

brom des, al Wk Q6 nitiBE) el pikefBrrediiositivdon hRESE gerR drin¥iR is KRSy or HNR®,

t et rabut yl anmoni um and t et raphenyl anmoni um are preferred. Wien Qis As or

Sb20 t he YWewemdr rieas grsariterl pboveo Repriesratativequataraap prapyd-eniwoniseful etpronire 30

and t et (5RARAN ALLBOMHIMEILRILHGonHE @ldbend Bfndothi@a! Kyl Phosphoni um

conpounds are nore preferre or the 'posrtive 1on of the conponent

r epr es efdt@propylafimoniving, tetrahiexylatnpniums detohemylgamonivons; wimuahpoundsuase al so

useful . tetrabutylammoniums, tributylbenzyl ammoniums, tributylallylammoniums,

tetrabenzylammoniums, tetraphenylammoniums, diphenyl diethylamino ammoniums,

25 triphenylbenzylammoniums, 8-benzyl-1,8-diazobicyclo[5.4.0]-7-undeceniums,
benzyltris(dimethylamino) phosphoniums, and bis(benzyldiphenyl phosphine)iminiums. These
ammoniums can be hydroxides, chlorides, bromides, alkoxides, phenoxides, etc. Of these
positive ions, tetrabutylammonium and tetraphenylammonium are preferred.

When Q is As or Sb, the preferred positive ions include tetraphenylarsonium chloride

30 and tetraphenylstibonium chloride. Overall, the tetraalkylphosphonium compounds are more

preferred for the positive ion of the component represented by formula (III). Mixtures of organo-

onium compounds are also useful.
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15 WD 2004/ 011510 PCT/ US2003/ 023530 The precursors descri bed above are
generally comrercially available (e.g., fromAldrich Chemcals, MIwaukee,
W) or nayobkeoqriepared by procedures described in the aPCI/USh@3aecisde or
salts of hydrocarbons useful in preparing the conponents of fornmula (I111)
typically have the general fornula RICOOM RISG3M RdOSG3M or RAOM In

t hese for mJ| The pleturbdis 8Gcrited ABS@ R eraldPYEnMétAl Hallht& e( ftokn ARRRRM 1S
hydr oge E I kaI i or alkaline earth netal. epresen ‘ive materials

are the ilyaukeg, Wigraray bs prepeisd be srocedyees grssribedindie afescri bed  above.
I n addi tyipe de@ér%@@s%f%fydlto\é&b&{s u@@?ﬁlqmgf%gﬁﬂjrr%gécdﬁgooﬁa{tm Brofulid élfl @?1091‘1?” | bed

above, which includes$ bl ends of re groups and WO “or nore
QR k gr dayssthe gmralbébrmsbd{ ‘CRCMRIBORN RIDINM, dRIQMt liethe@rfpotutdsROE af or mul a

(II n h ar e Sui 10 net ho For exarrple t he two
oneﬁf’sfngef Egiﬁ?fé‘ @dm) L‘@fs Bydragem L1 pn i‘lﬂﬁh oraliplipgearth meglnor at ed

separ at ﬂeyregéixta'&ﬂe fatedialR fareth& edrboxy €. 4 sulReA% I AREE lafd ﬁﬁeh&at%?h&&tﬂ?eq from

hydr ogen, or .al kal i or_al kal | ne earth netals, of which K, Na, and

NH4, ar @b?YFefIB P&@Hon Riradegityo or pawEcempoynds of fopniga (18 ag @eé?ﬁ@ﬁ ’abmfieo n, which

may be d , S The two
co%pone%hgﬁgg&nu(%ébleggiwgg{ g{e?{ gc%?tm é’?’( ﬂ/%rrrtgp Oﬁlgug:{es% 5F5) f/anore Bs%a 15

m xture. In Ahlomptmtldm)ﬂlcluﬂlhgt}ﬁ(cbmy@nd@dﬂﬁibﬂ%ula a1 wnrﬁaqbrdparea b endlstiitablg
contam pation_and the incl usion

heat
b Hiet areiedy E61 Gitele: g ruSimactinty SR P P00 oI o1 ot | ons
(e. 0. mwp@mwﬂl%p@ﬁtslb as bl &ci€ gaR X8, BTOUEeBR 301 B8eiE hXrBgen or

i ncorporatl on into the curable fluoroel ast omer conposition, and the
resul ti iy aalivs alkaline egrib utetals, plaviigh Haf e, end Wels.Helprofetreh ef @B he act i ve
complex is ingorporated into the curable 20 fl uoroel astaoner corrp05| tion.
O her sUHEEH ‘Sngglf’ 8‘31§°m\ﬁﬁlaE‘ﬁnadY}%°}erW‘F qreanigr ipgrganicy pecferaly ChBr, Qhed t o

pr epar e g, &RIP I ents of
t he cat(%algléi yosrt co%‘ggﬁ ?({)mrg & ﬂ{%l%?r?s%éde%l IT? Fég ﬂ(lzl g%@]gmrgersé' tﬁ Seé%i@ml&togg ggs uitable
S olIS/Fnt nfigwg. In tis méthad) dﬂe)actﬂm&fomp&xﬁn’ﬁﬂg@ﬂ w3t g@a@gﬁocﬁsshigﬁhdaﬂ@g, @ﬁd t he
resultin on can avoi de reacting the onium
conpone ﬁ‘lgﬂ%s Tiol‘?éf Xér‘f Péﬁ‘rnw{i?lb% igelusion ?Jtﬁ?%{‘i‘l KBS 8/810%1% BPICKEY FEpYtast
conponefir ctebn h}ii]ﬂlca&ina k@l@t sefIBRARtd) Ofle Cemplexes ERALE bo{FepgakdNetdraM t h RCOOH) .

The active lex %1 incorporated  into the curable fluorel astoner

conposi ¢ BWOWH EBW\? uﬂroﬁllaSt%‘B?r\FéﬁPo%‘Fona%ndéhﬁﬁﬁ‘éﬁngﬁ}ﬁ)(3@3Ghou}&h excess
of the &?ﬁkereea@masnéd & before theidkidddiylle:P ABheRkddTho SR Qfdole) or the free

acid (e.g., does not detrinmentally affect the properties of the

potY mer ﬂuors@a#mer@emeeﬁm Qyherpuifabie methads) Whighge knereeia thepraalsameyhe of 0. 1
to 10 phgeqed pre{xirb'@fe‘?;@f?xbb’%ﬁ of ﬂ%frﬁfl@(lﬁzl lerQ:xégf)lQ tﬁe@k‘) %ﬁox‘feﬂ’rﬁ% Yfeur' ng of the

f1 uoropol yner | uor oel ast oner aving desira ysi ca
mechani 83lyss cerprositionsf formula (I1T) can be dissolved into a suitable solvent (e.g., an alcohol)
before precipitating and filtering out the resulting salt, XZ. Salt formation can be avoided by
reacting the onium component as the onium-hydroxide or onjum-alkoxide with the acid
25 component of the catalyst composition (e.g., reacting BuyNOH with RCOOH). The active
complexes can be incorporated into the curable fluorelastomer composition when dissolved in a
solvent or as a dried compound. An excess of the QR material (e.g., tetraalkyl phosphonium
chloride) or the free acid (e.g., R'/AH) does not detrimentally affect the properties of the
polymer.
30 The compounds of formula (IIT) may be used in an amount of 0.1 to 10 phr of
fluoropolymer, preferably 0.5 to 5 phr to cause curing of the fluoropolymer to a ﬂuoroe'lastomer

having desirable physical and mechanical properties.
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16 WD 2004/ 011510 PCT/ US2003/ 023530 Conpounds of fornula (111) may be
advant ageousl y used in conbination with an optional al cohol having the
general fwomd£01RRAO0OH, wherein R2 is al kyl group havi ngPCrarsedo3toe3s3@0
carbon atons, nore preferably 6 to 12 carbon atons. R2 can be partially
fluorinated, e.g., Rf- CH2-OH or Rf-CH2CH2-OH wherein Rf is as

per f 1 uor i nat esm Pt cEHLRRAN Bl yl grOUD
Wil e the addi t?%ﬁl of al cohg{lpl:ﬂgy no@?@é%e??g}a%ﬁy éré)%/wrgﬁ%ﬁq] tﬁ1‘ah nodi fy
the vis @b%qn@ydlmhél leaying thihgenerel formwa R&OHH fwhetein Ris alhylegrtbdpjmwm(glfmt bmsr

conp05|>g b The alcohol hould typically be selected to be conpatible in
t he ovefaff %ﬂ‘b‘B&nﬂqrﬁﬂm y %‘Iocl@r?éllbon 31 B sansks padigy Auerinatedng-gt Bre of

fluorop mlli

oper at i g% n2 evﬁggﬁgrem ?ls hepg ﬂ‘bogélatﬁ‘ih}’(lr%fiagj@B@E‘?%ﬁj“%{’[asr‘?l gher

t enfper apm‘ﬂ&&maﬂeﬂ atltyt Bidgp PWhile the bEdiBRESAIdoRNSs ndDfHIREE & Ry RIRERNID Y
preferreogz%hgjghol S |ncI ude octanol and decanol. An effectl ve anount of

al cohol ™ JISeosityaad eyie charagtsriscsiog the cabls fypioglasiomer comppsition. ke by
sever al afcal Sculd 9251@!@1 %Qel%&&i Q%'of)ﬁgatfb?é ih %ecB(vel%hg&HﬁAsﬁoﬂ GRORRLRAS of

formul a (III) e particul ar al cohol chosen e mlling tenperature.
For exafhouid alse rmamdn 2 gixyte efiflugrapqlymesfwith th@mpomﬂsmf fymalaqBRcluriagd a

hi gher millihé BSbrdRAPSIEh &aprdet d+ B% ﬁéﬁ%t‘d LBg g’c&-ﬁ"%tep{emigra%ﬂum s in the
m|ling process. The particular evel Tor aselecte on’is

notdal [ furipg nesfrques opsfationu thxawplex plresertiit prefeund al@mbmdlm@e octanblsandrmount is in
the ran f I rts by weight al cohol
per hungfzglgglp%?%gfeggleja&ogﬁ%?m}%g%ug (ﬁgt% Q‘ﬁalve é’}]} p@’l’]sr %}X“blls nitrile
group ceéeieraiinadriy sevasd fantws niedisg ﬁteucﬂetlreﬂuattdtéraloomnwwmuhdmaifforﬁauta be used,

am cox A% Py RUELR aBabesiser R, IR P Lmal Sdiahgt (Bl |

00/ 09608jio of a lawetrabitisg alcdobard alngiep oliljing tempbmtkddilineadio MddidgreAt ai ni ng
ufse site %%ng%@ can al s be cure er?ﬂrng one or nor.e peroxide
ur Pati yEEOU lrlgé?r%‘i?f’sd he grrLieylerdey tededfompaston sapwmly@hose
l'i sted mbiref rdutin\edplrimuithtar GegerbiBg eiSiast RYn M8 ?L‘bf 0.60t0 10 (hdoge art that
t he curab bLy[(E?g) | ast oner égl nclude a nmixture of cure site conponents,

such asprﬁ °H tbaps by Weight aleghol pat hndred gasueveight dyoropelymar. e sit es
including a Ttﬁéf@@ﬁé’hrﬁgléﬂﬂ{rﬂe Q{)ulpé’dnftduﬁh@ﬁﬁdrﬂﬂ)lﬁﬂer@stﬁﬂgRPfér(igmg%}Hd? Hafact i on.

In the |atter case, f one or nmore co S sult or causi ng
curi ng Sanhe upgds cjuge é@’f’f*ﬁ@h@t‘ﬂs (HAd 5197 é&?)d@@nvﬁlﬂl $a1tgélﬁr§ré5¢§15lt% enpl oyed.

Aot herarfBRRRGDLS. W8 ) ) ndl SHEH drimdiliELaigls %&n@) (PETD0f 8@33%& diflebased on
e oo Sersbo &n&l&é&u& UG LN O

gent co 0 1 e
cooper gf r{égbn\é‘oP Hlofe[}fér&%e% | es. g %Jb?e\#cfg%& cura?wesutlg?t%ﬁ&ﬁlg)rog%%%@g? g@geent S can

be adde I'n an anpunt e ua
f | uor oplistadrabeye. gt wﬂbﬁu&tbfbrybe bmlewwmd t-de plati¢dsin pier arhthin difecgirgddy t s

fluor Op@d&&@gston%%h&?udg fat mixture of cure site components, such as a mixture of nitrile

25 containing cure sites and cure sites including a halogen capable of participating in a peroxide
cure reaction. In the latter case, a mixture of one or more compounds suitable for causing curing
the nitrile component and peroxides will generally be employed.

Another component which is usually included in a cure composition based on an organic
peroxide and/or nitrile containing cure site component, is a coagent composed of a

30 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 2-5 parts per hundred parts fluoropolymer. Examples of
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17 WO 2004/ 011510 PCT/ US2003/ 023530 wuseful coagents include triallyl
cyanurate; triallyl isocyanurate; triallyl trinellitate; tri(methylallyl)
i socyanurapepotiizpdi al | yl am ne)-s-triazine; triallyl pReTArs2003,023530

N, N-diallyl acrylam de; hexaallyl phosphoram de; N, N,N , N -tetraal kyl
tetraphthalamde; N, NN ,N - tetraallyl malonam de; trivinyl isocyanurate;

2, 4, 6- t usefilnybgemtitinothdertisliyl eyeami@ic; MallyriBcpadiRen AR ekinkghel n de;
di al |yl ‘gpt khal ate and tri (5:-norbornene-2-irethyl ene)cyanurate. Particularly
usef ul iPdmef yéﬁ“lys|lsq0¥3c9&%ﬁ%1H%Séﬁl@él.ﬂa@lﬂ@rs-tu@@ms priallgnperithite; NaV-diekdylt he

i $- 0l ehbhmid; $61a88adhofindiihidd; RMNIO4ehlao Fefafhufithi 004 Ay ad EPA 0 769

521 Al. The curabl e Tluoroel astonmer conposition may contain turther

addi ti végraallyl aplepamids; biginy! speverurats 2vbftiivieyl sethyltrisitoxeiez 86N -mt ubr i cant s,
f118er s phantbnDiQfasitdaali MR ol dil ol Rlhed b BEARG! Y ITET
conpoundi ng can be incorpordted Into the conmpositions o W™ Br esent

i nvent i &articularlyvsedid ds trihlds iseayapuatie Githdar @seftlaorgentsyndliate thdisisokfiznded servi ce
conditi = I i f su ropol ymers particles
may be gg?ilgs .d IEE?A?;%%%%IQE%%P f7?%g§%§ll r’%‘%i@f’ g@&&%?%f (PFA) deriving from
copol yrer i zi e dFblaficbreelgeonidr vansitionylayebinein fatiehadbitivepsntt asaamdon- pr opyl

vinyl e )t . PPVE) ._be . gdde fluorinated et hyl.ene/ propyl ene 15
copol yn%irag]f’l‘fﬁéﬁhzgé’rql%ﬁ%léﬂﬁ 1@6’58&9?@?& iPGrrestne téﬂﬁiﬁp‘lﬁg‘hé fbe added.
;I'lhli) cur ﬂlbblteptblb/mexr @eipasidiigdan ©0 m_ae@bfa'tdgriﬁto El’ﬁaycohlggﬁﬁ@@ QF &fd pRserfiiniieRGor |

uor opQ r cure co ition and other additives in conventiona
r ubber - BTSSR DI, £58 oG dsSFRYics FRIAAES RrelBiEl temics,
i nt er nalfillefs ¥edh<s fa6GPolABeBPABLIY mBY ¥&hdied ARG MAntHIAG RMorSRzy The curable
fl uor oel astlorrer con;)o,s,l tion is conveniently processed to a fl uoroel astoner

20 arti EPROERRRPRAY) Gegving figmsiogolymeniag Thk aismpesiludsy vigyt eleprikwabvas nol di ng

t echni qyasluamth-repy1Rshyt @[ﬁer% {Apy) ARl B3 hOJRor &R gt%ﬁte{hgfénp/%ﬁroﬁylghéam ing it to
heat and pressure.” Thereafter the article may be subjected’to a post cure
cybl e asonodynpas 6P )i dsrivinga genolymmigatian pd THEand HEFeamsbertdded.ned in thi s

i nvention aTeh I o I ! uct i ndustry
and in par }tAﬁ;ﬁ Jz;l( in ]}Og%%gtlogjlg& %@@gﬁﬁog{r%ﬁﬁe 3 éb&&ilagoyviﬁl en%%%ug?o@ ﬁ{yf)n eb

pr oduct Rewe cpmperiffan; apd bther, addhives ingoncetiamt oibvber praebssolgtegiripmdnth Sueh a very | ow

| evel o iy L. rein. Typicgally the total.amount .of netal

i ons i Sfa?dg@gé}{t hdgﬁﬂgﬁlﬁlg%ghg%%ﬂféﬁgar tr%lx%sérsu%%sﬁa‘l%?%y RN Q?CE‘B’W“%WN%FE t han

7,000 ppb. ATllsogurable flwesldsomedcdntymisitinh sreoavanznilypropaidd W arrRestRReinsr aci d
used.. the fluorinated emul sjfier. in the preparation of .

T oo B bl M AR e STl o isina flehd el lED e Y aterrine et 1

deconpofiedtoelastome compositghndly stibjectink i Gedt agd preRtres Tasted AR theHRiATMEY &

i nfl uenctf?s &B%reof on th? 3Q suitabili t%/Tglf the fl uoroel astoner for use in

it oas HEdS [

wef er nd UP PORG Ve R i et 194 flugroglastemers opteingd irthised wi t h
r ef er eniRertiontwiee folhd ©We BEitBIATPESS $n th¥isdhiesHductBONBNEY ahd & JaRi@lE 1PN to
limt the inventjon thereto. Al parts are by weight unless indicated
sealing of equipment used in wafer and chip production. In particular, the fluoroelastomers
25 obtained have a very low level of metal ions remaining therein. Typically the total amount of
metal jons is less than 10,000 ppb (parts per billion), preferably not more than 7,000 ppb. Also,
it was found that when ammonium perfluorooctanoic acid was used as the fluorinated emulsifier
in the preparation of fluoropolymer, any remainder thereof in the fluoropolymer sufficiently
decomposed during curing of the fluoroelastomer such that no adverse influences thereof on the
30 suitability of the fluoroelastomer for use in wafer manufacturing remained.
The invention is further illustrated with reference to the following examples, without

however the intention to limit the invention thereto. All parts are by weight unless indicated

otherwise.
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ot herw se. 18 WD 2004/ 011510 PCT/ US2003/ 023530 EXAMPLES Test net hods:
Determ nation of the IR absorbance ratio. 5 To quantify the anount of

car bonyl wocogvawfi®, a Fourier transforminfrared spect Pamus2003t0ns30

fl uoropol yner was made and t he absorbance ratio of the peak area (1840 cm'
- 1620 cm') versus the peak area (2740 cm1 - 2220 cm 1) was cal cul ated
fromthis spectrum Mooney viscosity 10 The Money viscosity val ues were
nmeasured according to ASTM D 1646. Melt flow index The nelt flow index
(MFI) wlSXAMPLES) out according to DIN 53735, 1SO 12086 or ASTM D- 1238 at
a supporfesmgdtahis: of 5.0 kg and a tenperature of 372C. The MFIs cited here
15 were obtained with a standardi zed extrusion die of 2.1 mmdi aneter and a
| engt h dPetgngnatian ofphe IR abserbance rafix- er i nati on The | atex particle size

det gr m nat i offowkantignhhd agiowet of parhenyh sndugroupy.rralinuciet tragisfors duftarest spagrumpft h a

Vel ver 1 ez inck 0B A BB AN 2 ol SRUPLS, 4332y 108 ) e 20

nmeasur enent s atexes as ol'ymerisSa S were
di | ut ed veistithe p@Hk_‘arearfbMG_cnKG 2226) cnt'f) ovas caltvdnterbfaen tesmpettrinenper at ure was 20C
in all cases. Exanple 1 A 40 liter kettle was charged with 25 L of water,
430 g of a 30% sol ution of ammonium 25 perfluorooctanoate (FX 1006, SM,
50 g of Mmrmmvismsugrfl uorobutylsulfinate (17%in water) and 40 g

m 80011 un i zape PoRra 0 BB Bt St aepk s SISO A ol el i ze -

250 nm . The oxygen free kettle was further charged with 520 g TFE and
1504 g P At 60C, 12 bar pressure 40 g of amonium persulfate (APS) was
fed to i fp‘é‘l"é“dteﬁe pol yneri zation. During 7.1 h 6.0 kg TFE, 5.0 kg PWE 30

and 0.45 kg Eh@m@l@ﬂb@'nﬁde&@\/ﬂﬁl’jﬁvé&%ﬁ@;e&Gﬂttdcéw&lH%{oVDﬁ\?Sjﬂﬁh‘SOrﬁ@% &d ng | atex
had an solid content of 31% particle size 65 run

coagul at'ed M E- A4S at g supnericvighs of -0 &a ard a mMperaty 0/%37?9%\/@“ MFs ﬁlfﬂd%?NVE and

6615 MO, t oney 10 +
1T g SR T T i R S S e M e

di sper sion was co-coagul ated with an aqueous PFA dispersion (solid

Particle size determination
The latex particle size determination was conducted by means of dynamic light scattering
with a Malvern Zetazizer 1000 HSA in accordance to ISO/DIS 13321. Prior to the
20 measurements, the polymer latexes as yielded from the polymerisations were diluted with 0.001

mol/L KCl-solution, the measurement temperature was 20°C in all cases.

Example 1
A 40 liter kettle was charged with 25 L of water, 430 g of a 30% solution of ammonium

25 perfluorooctanoate (FX 1006, 3M), 50 g of ammonium perfluorobutylsulfinate (17% in water)
and 40 g CF,=CF-O-(CF,)sCN (NVE; pre-emulsified using an Ultra-turrax and a microfluidizer
in 120 g water with 1.5 g FX 1006; average particle size ~ 250 nm). The oxygen free kettle was
further charged with 520 g TFE and 1504 g PMVE. At 60°C, 12 bar pressure 40 g of ammonium
persulfate (APS) was fed to initiate the polymerization. During 7.1 h 6.0 kg TFE, 5.0 kg PMVE

30 and 0.45 kg pre-emulsified NVE were continuously fed. The resulting latex had an solid content
of 31%, particle size 65 nm, pH = 2.8; the coagulated polymer had a composition of 32.2 mol%
PMVE, 1.3 mol% NVE and 66.5 mol% TFE; the IR-absorbance ratio was determined as 0.07;
Mooney 10 +1, 121°C = 50.
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content 24 ww% TFE = 96 wt% PPVE = 4 wt% M = 309C, MFl [5 kg/372C] = 2
g/10 mn) in aratio w = 80/20 by adding the blend into a 0.6%

MyC12- solwDi2oow/aam&Eér ri gorous agitation. The coagul at e¢Chlesaeh3wazs3nashed 6
times with hot water, and then dried at 110C for 16h. 5 Conparative Exanple
1 A150 liter kettle was charged with 105 L of water, 1740 g of 30%

sol uti on ammupd thid myrﬁé &@@h%@@é@o i &Q@tﬁ, 3 asmh@@ RPeml sified
NVE. The oxlé%en frr%e rlmb was a@ : eag e\nﬁef lslglarTFE(Sand 3600 ¢

PMWE. ACOH8RE 24 W7 4FE 5 69(9 "&%&Bgvﬁla‘s“ Wel ?\{rllb" ?&@9 AMELEY kg/ @%Cibo PSRzt i on.
Bur i ng 5n & rdfio 4f= Qo/KG by E(I}:dl dgzt‘l;]e gleﬁcgm%\@'f%%r}\qgéig Zﬁuﬂﬁ& d?l'figr rlg%mﬁls ﬁ%fa'tlglg NVE were

fed. The latex had a solid content of 30% particle size
conposi thhggoagplater blgse Wagaiasheriginmes mthbpwatwwr_d tBen CS'ledFFElOG@ far lﬁbl % l\/boney
visgosity 55; |IR-absorbance ratio = 0.25. A 80 : 20 PFA-bl end was prepared

follow ng the procedure from Exanple 1 and 15 coagul ated and washed as
descri bMﬂEﬂe—lExanpl e 2 An oxygen free 40 1 kettle was charged
with 35 1 watear 9 NTi erfl uoro.octanoat e
(FX 1006, 3 elsgilﬁe%etgeg’fﬁ‘s 9“%3 d f“i?‘(l}g? %ﬁ(gt@ %S,uﬁgéggfgdé}“ é@ﬁ“"“ SROBREE 9 150 g
PWE an@elimogqoctimmm(ﬁ‘xf 1|006),r3M)taln§i pe g@re(@’ﬁﬁﬁﬁed NVETEheCéxygefh ﬂmrketple emsure, the

pol yneriszat S .J Ni 5 ring 4.9 h
15.7 kg f&‘%‘& Hrest r“!éﬂzab L[?gtaf%% Eﬁ(%g@g (\% Wps &y 9nd BTFE
(0109 %nlmemefpeumeﬂimonrlewgtiﬂgm akgxmam el mkfﬁdm@cprrwgbreof 3% % bThe
i sol at ed n i ty 10 =_65; | R-absorbance
ratio Blggfég%\é]‘rﬁgaf?g&g%%%é @85 {f} cQntept ‘ﬁQOGé’dmrﬂée pRe7Y mpH 2Rt 0 40 1 of
a 0.6 megasaroa@kuielparymmem 181 G190 PSIVER 2L ATFR%6 .2 Tha Y% 8RS AL Rsifat er i al
was was svmth hot water and then dried at 120 C for 16 h. The

pyrol i zgg Wa‘ibéﬁ’r e e Sh2thet al content as shown in Table 1. 30 Metal ion

Anal ysi s Theapol: yo®Ea.- lﬂ&id&bd%%@ephx@d%%m ﬁeﬁro@élﬂrezfréﬁ'ﬁxé}ﬁﬂp@ﬁﬁéi ve exanpl e
1 were pyrolysed at 550 C and the residuals were submtted to | CP- M

ankl ysi §oagrkiedrnd pasticd gs fdeseiifeddn mmple lobt ai ned. 20 WO 2004/ 011510
PCT/ uszoos/ 023530 Metal ion O Ex 1 Ex 2 Al uninium (A) 320 70 43

Example 2
An oxygen free 40 | kettle was charged with 35 | water, 500 g of a 30 % solution of

ammonium perfluoro octanoate (FX 1006, 3M), 52 g ammonium perfluorobutylsulfinate, 350 g

20 TFE, 1150 g PMVE and 10 g bromotrifluoroethylene (BTFE). At 71 °C, 14 bar pressure, the
polymerization was initiated by adding 85 g APS over 30 min. During 4.9 h 15.7 kg of
monomers in a ration of TFE (50.8 %), PMVE (48.4 %) und BTFE (0.79 %) were fed. The
resulting latex had an solid content of 31 %. The isolated polymer had a Mooney viscosity 10 +
1/ 121 °C = 65; IR-absorbance ratio = 0.048.

25 The latex was coagulated by adding the latex into 40 ! of a 0.6 % MgCl,-solution under
vigorous agitation. The coagulated material was washed 6 times with hot water and then dried at
120 °C for 16 h.

The pyrolized material had an metal content as shown in Table 1.

30 Metal ion Analysis
The polymers obtained in examples 1 and 2 and comparative example 1 were pyrolysed
at 550 °C and the residuals were submitted to ICP-MS analysis. The following results were

obtained.
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Barium (Ba) 17 6 8 Beryllium(Be) 0 0 O Bismuth (Bi)

0 00 Cadnium (Cd)

500 Calcium(Ca) 1300 240 320 Cesium(Cs) 0 0 0 Chromium (Cr) 60 14 12
Cobal t (Gap 206/@1510 Copper (Cu) 26 13 35 @Gllium (Ga) @CE/UB2003me353m (1 n) O

00

Iron (Fe) 230 70 50 Lead (Pb) 470 210 100 Lithium (Li) 3 0 14

Magnesi um (My) 46000 1200 2300 Manganese (M) 6.1 3 70 Mol ybdenum (M) O

00 Nckel (N) 17 17 13 Potassium (K) 380 170 830 Rubidium (Rb) 0 O 6
Silver (Ag) Sodi um (Na) 480 200 240 Strontium (Sr) 1.8 0 19
Thorium (Th) 0 0 OMeTalﬁox(_Sn) 72 0 60 O tani um (E’i) D 0 0 Bemadium (V) 0 O
4145 21 W0 Ridnioptei sdona) 023%h0 o a I\/%Bal Acurable]
fl uor oel ast on C oBptan (BN conpri si ng7 8

Beryllium (Be) 0 0 0

Bismuth (Bi) 0 0 0

Cadmium (Cd) 5 0 0

Calcium (Ca) 1300 240 320

Cesium (Cs) 0 0 0

Chromium (Cr) 60 14 12

Cobalt (Co) 15 0 4

Copper (Cu) 26 13 35

Gallium (Ga) 0 0

Indium (In) 0 0

' Iron (Fe) 230 70 50

Lead (Pb) 470 210 100

Lithium (Li) 3 0 14

Magnesium (Mg) 46000 1200 2300

Manganese (Mn) 6.1 3 70

Molybdenum (Mo) 0 0 0

Nickel (Ni) 17 17 13

Potassium (K) 380 170 830

Rubidium (Rb) 0 0 6

Silver (Ag) 0 0 0

Sodium (Na) 480 200 240

Strontium (Sr) 1.8 0 19

Thorium (Th) 0 0 0

Tin (Sn) 72 0 60

Titanium (Ti) 0 0

Vanadium (V) 0 0 0

Zinc (Zn) 120 60 17

Zirconium (Zr) 16 0 0

Total amount 49538.9 2274 4143
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a perfluoropol ynmer having one or nore cure-sites selected froma hal ogen
capabl e of participating in peroxide cure reaction and/or nitrile groups; 5
- an or gawpcopkriexode and/ or a compound capabl e of ef f e@Cirngp2an3roe3sgo of t he
per fl uoropol ymer through said nitrile groups; and optionally a

pol yunsat urated coagent; characterized in that the perfluoropolyner is
essent i @AIMs ee of ionic end groups and wherein the total anpunt of netal
cations in the c;gpositi on is not nore than 10gfg perfluoropolyner. 10 2. A
curabl e fluotoel t"B‘i‘i‘]élte fk‘@ﬁ?ﬁ‘é@i’rﬂ?rﬁmﬁéﬁwl}ﬁ%@ﬂﬁ@gtl aim1 wherein said
perfluoropol yner conpriefioRpslyRler FRAf: dhdlol mofteuk8ds § lé%’f@d%roﬂ?é}ﬂlg%ﬁ' nat ed
olefin having nitrile groups or a perfluorinat ede vi nyl “et’her havimg one or
nmore nitrile groups. ¥apaple ok paticippfing ifi perokide urs rantion andivpoiiile gumupsiccor di ng
toglaim1l wherein theg Lk ' flonic.end .groups or
conprises ionic end gr Slﬁ’ggg‘ | h&ggﬂg%%ﬁf{%oh@ﬁﬁﬂfﬁg% %%?%Bt%cﬁgﬁ%gﬁgﬁti 0

det ermi ned by cal cul atperilyotohelyinat thrpugh eadd pigwdlk gionpgmsd ty wit hi n the range

of 1840 cm1 - 1620 cm - integrated peak intensity in the range
2740 cm1 - 2220 cm 1%thé‘fh?Eg(})t}?‘lmes?mfa?%ncgfi%er“% infrared spectrum of the

per f | uorloyasitarized in that theemesfitokpalythet is eR@ndallyArce o &loenil lottap o @ldasteadIR the
conposi tiqn _accor.di to claim1 wherejn the perfluoropolyner is a

perf | uo]FO(t) SWH@rOfBEggF'ﬂE’BS Pﬁﬂ‘%‘iﬁ’ﬁwogﬂo%ﬁﬁ‘@b‘?}greéhﬁli‘l 10pg/g ppdlugivepiymst.i on
prbtess. 25 5. A curable fluoroel astomer conposition according to claim1
wherein the 3 perfA ugsOPAlLYBBAt i : d i ts of .a f.luorinated
olefin sel ected fromthe grr ousp&ﬂ%gﬁgﬁgsﬁ?%gdggcg&bgﬁgg ulovﬁlgeé%lﬂﬁ?lgne and

chl or ot PérflpQrepdpnerydospeisesvde er mae ihitroderived fom mpadherinataied] et Iadinkr om

erfl uogi.k - £ . perfluorinated vinyl.ethers and m xtures
Ito her eof ﬁl%@g%gogp%caﬁ%é@"oﬁnhtgigg aeé oner Bt fel %bﬂ%%f??}?‘?g a curabl e

fluoroel astomer conposition as defined in any of clains 1 to 5. 22 WO

2004/ 011510 RCT/ US2aRié 083588 onter cbiBosifonticsdiiag tf diaRrophasah ager defined in
claimé6 IB t he manuyfacturing of electronic conponents. 8. Method of making

a per f | PRSHEPBOR]IHRST 1§ Hre Qfdenis end-groups Sp PR sghionis lead gronmsrin a8 apoynisedht i on as
def i nedthatthe Msoandd rfid&etdmir oS ' i
ofan tekmired By cﬁ&ﬂﬁfﬂg@h@%te%%%e&%al@ﬂ{éﬁﬂmﬁ{ﬂﬂuJch% r‘%{éﬁyl ene.

pol ymeri zation_ of a flyorinated nononmer sele romte 1 oro
chl or ot ?§ B emoet 199D eme taiha inigexated eesk intensiip in therange 2D wat e 2230 noifen a

sel ect efodrfePinsform infrared spectrum of the perfluoropolymer, is less than 0.1.
20

4. A curable fluoroelastomer composition according to claim 1 wherein the

perfluoropolymer is a perfluoropolymer obtained through an aqueous emulsion polymerization

process.

25 5. A curable fluoroelastomer composition according to claim 1 wherein the
perfluoropolymer comprises repeating units of a fluorinated olefin selected from the group
consisting of tetrafluoroethylene and chlorotrifluoroethylene and a perfluorinated monomer

selected from perfluorinated C5-Cy olefins, perfluorinated vinyl ethers and mixtures thereof,

30 6. A cured fluoroelastomer obtained by curing a curable fluoroelastomer

composition as defined in any of claims 1 to 5.
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perfluorinated C3-C8 olefins, perfluorinated vinyl ethers and m xtures

t hereof and one or nore fluorinated cure-site nononers selected from

per f | uor iwet2eai/oresiomer s having one or nore 10 hal ogen ataffse@3aRisa0 of
participating in a peroxide cure reaction or one or nore nitrile groups,
wher eby the polymerization is being initiated with an initiator system
selected froma Usydfiakadel @o@tladohbUuRERA ih RARH b HY Hahﬁ‘i%tﬁ:iinfi‘& an

oxi di zi ng a ent capabl e of oxidizing the sulfinate to a sulfonyl radical
and/ or & 8‘6‘%5‘??9&’?3%?1“&' a free radical initiator and a chloride salt such
that the resulting perfluoropolyner is essentially free of ionic end groups

and (ii) isokati olyner. fornmed fr the . resul ting

aq uef)us) di s pg'r si 2% y ﬁxgd &@%1ﬁ‘%4 é?g@%o(r%glorl%m?réorcqsglnrﬁ cgqukﬁ?gﬁ@lr ?fla%?mfr _

per¥ | uocoppdsitinaras defiried ¢ atyed chinom ﬁorﬁecom;ﬁslﬂglt(l) ﬂ@ftmmlﬁbﬁ per si Oln {ay f
i 0 I cient t of netal salt to cause coagulation o

? ﬂgl Bgr %Flg%lr%%%% If/%ﬁ% hllﬂ)ogirn%rég qu)ggl?‘{% ﬁeﬁgte‘gfrg'ﬁ‘é?tﬁﬂﬂ?ﬁoetﬁﬂeﬁ%. A per f | uor opol yner

obt ai nedhlbsotriftnoasptinduns ashilxsireth@edfy rfidraated @ibnamel seOBRFos NG uni ts

ived f .a_ fl i ed naner . sel ected fromtetrafl uoroethyl ene,
chi or ot PHTEORRS G e ReRE b Sy iieBam: Mo fereF e pehaey | ved

froma flierratedatfckit FRAOHES saQHQCHAH péF0oRRRL MdehER ALEHg 6 &gk ef i NS,
pe{ Iuobi nated vinyl ethers and m xtures 25 thereof and one or nore units
de

| vi nBRlPSBA AN T hiee articinabug e eriis Fieg casprbentaad of o nifpds grbumsr i nat ed
MONOMET &héaby M8 poeRfaitR (sbelidiNaRt] AR IR iniRA Rl Fard ladildlit i pat i ng 10 a

peroxide cure reaction or one or nore nitrile groups, the _pgarfl uor opol ymer
conpr i sFARPIFEeRf 3 Hrerarlinbafia sulfinateding po ovidizing dgot capRPICDS exidizipgsheps and bei ng

. oot ) o tal |
essent i @lifiyatd troﬁapsuﬁf)n}{cl l?aﬂic%l eﬁl'alfé)r a 9519%59%10%%? 2 e {aﬁggﬂﬁtxao I al%&&rﬁa%%t

contai ned in the perfluoropol ynmer being [eSs g
per f | uofusp&haj thepesulimg perfluoropolymer is essentially free of ionic end groups and (ii) isolating

15 the perfluoropolymer formed from the resulting aqueous dispersion.

9. Method according to claim 8 wherein said perfluoropolymer is isolated from the
resulting aqueous dispersion by adding thereto a sufficient amount of a metal salt to cause

coagulation of the perfluoropolymer particles in the dispersion.

20
10. A perfluoropolymer obtained by an aqueous emulsion polymerization and
comprising units derived from a fluorinated monomer selected from tetrafluoroethylene,
* chlorotrifluoroethylene and mixtures thereof, one or more units derived from a fluorinated
monomer selected from perfluorinated Cs-Cs olefins, perfluorinated vinyl ethers and mixtures
25 thereof and one or more units deriving from fluorinated cure-site monomers selected from

perfluorinated monomers having one or more halogen atoms capable of participating in a
peroxide cure reaction or one or more nitrile groups, the perfluoropolymer comprising
perfluoroaliphatic end groups and/or CF,Cl end groups and being essentially free of ionic end
groups and the amount of metal ions contained in the perfluoropolymer being less than 10 ug/g

30 of perfluoropolymer.
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