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CATALYSTFOR MAKI NG FLUORCELASTOMVER COWVPCSI TI ONS AND
METHODS OF USI NG THE SAME BACKGROUND FIl uor oel ast oner

W@ oimposistd ons are particul arly useful as seal SPCT/US2006/032796
gaskets, and nol ded parts in systens that are exposed
to el evated tenperatures and/or corrosive materials.
For sealing applications that require resistance to
the nost extreme conditions, perfluorinated el astoners
are used. Such parts are used in applications such as
aut onotive, chem cal processing, sem conductor,

aer 05 PESETATY STPFORMA KING FLUOROPKASTOMER

Cur abl e conpositions used to na uor oel ast orrer

COMOMPOSTIPIONS ANDWNVEETHODS OP USENG THE SAME

nonomer units having a nitrogen-containing cure site
to facilitate cure in the presence of a curative. One
cl ass of useful cure-site conmponents used in

f£r02I iié oners includes nitrogen-containing groups

B r exanple, nitriles and i m dates.
Fl U@rmﬁba%t&ﬁarcoﬁ%&%hs hi@artRuRrkRERRhd seaR! BRAREEhrdmolded
conbi ning a fluoropol ymer resin of gum (sonetr nes

parteinerysiehsttisatiare expescario cleyatgd femprraiutesand/ior comeniye mpterials. For

{ i
s PRIRRGS B Bbit FolePr Lo ol SlieieChTERERL lnyprinated
elabidalereate ube. t iRh paftabre&isedIPplitativns windh ds aﬁ.lhﬁ‘ﬂdfi&i ¢tehical
physi cal properties are achieved. During m xing of the

DresaPsas, VRNEPIEREOT RqIeTaps RyfBetroledn andwﬁﬁ% anengRiBefsent
han @u'r%g? g%dig(g%ﬁoqls 0% t%%él&%\?ft&tfast&rﬁ& &H{ Qllu%nybffédﬁ'h@lude a

may un prenature curing (soneti nes
flubgsfpelynes comptising Immmrrter asitd leviny enitrogen-cog)iningature site to

faqul:tg%?g?eollt hlem@ gyeé%glﬁ gf g% aﬁ%%): Qﬁggglﬁsl;éf&%gﬁ ﬁgr%-ssite components used

in hﬁ&'ogﬁkﬂoﬁle?sclﬁel%@:fﬁlﬁggé?lyccﬁ&té{hlﬁg Q¥ shélf%{seﬂﬁ %xarﬁﬁl@ hﬁrlles and
referred to in the elastomer curing art as "scorch

imidapiscal | y, scorch is r epor ted with reference t 0

! l\/b%ﬂe ?511 qrchr 0v\,hloghl 1S4 IQ%B; ereof Ee | & | )i ent

cur TP eRaT AL ositiongp e SHER B esed BRI  ne
flubRABMN St ir6HH BEE@H (soMrdings ree@ed tb inghé ¥ip ks afuyroelastomer gum)

determ ned according to a standard test nethod
with one or more curatives to form a curable composition, shaping the curable mixture
into a desired shape, and then curing the curable composition until the desired physical
properties are achieved. During mixing of the curative(s) and fluoropolymer resin, and in
subsequent handling prior to the curing step, the curable mixture may undergo a degree of
premature curing (sometimes referred to in the art as incipient curing) that renders the
curable composition difficult or impossible to shape. This premature curing is typically
accompanied by a viscosity increase, and is referred to in the elastomer curing art as
"scorch". Typically, scorch is reported with reference to "Mooney scorch" which is a
measure of the incipient curing characteristics of a rubber compound using the Mooney
viscometer. Mooney scorch is typically determined according to a standard test method

such as, for example, ASTM D1646-04 "Standard Test Methods for Rubber—Viscosity,

Stress Relaxation, and Pre-Vulcanization Characteristics (Mooney Viscometer)".
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such as, for exanple, ASTM D1646-04 " Standard Test
Met hods for Rubber-Viscosity, Stress Rel axation, and
w@e@7Nedseani zat i on Characteristics (Money PCT/US2006/032796
Vi sconeter)”.In general, the | ower the degree of
observed scorch, the greater will be the processing
wi ndow duri ng manufacture of shaped fl uoroel ast oner
ar t i ¢h gener@ NahGwer the de@reasﬁcxﬂxsenved beorgh, esegtcatenwihbé the
rovi des tho of .makin fl roe ast oner
PresHp0S Wﬂ?%ﬁ’{ HHE TRTHRAYES %P§F‘ gﬁﬁ@mqréﬁﬁ’ﬁs (a)
provi ding a reaction product of first and second

conmposi tions, wherein the first conposition conprises
M&Eﬁs conponent represented by Formula | : CF2R

T NN T —

compbsiton, thanktisdicodppicindeeddeytislgpr esents H, hal ogen, a
hydrocarbyl roup or, a halogenated hydr ocar byl . gr oup,
n dEOYigng reprdion prostt et fanst aeﬁ@qﬁpammawwwhereln the

I é&%o t pre
ﬁr%ecggﬁ)ggi? élrlrlv;E sgfigéég? gﬁcf s hEM(SE}gI %Ijg g?l repr esent s H,

a hydrocar byl group, AR hal ogenat ed hydr ocar byl

group, wherein at | east one garbon atom of the

hydr ocar byl group dﬁy—@eq uRt her substitutedwith one

or nore heteroatons s zﬁged fromN, Oand S; or any

two of R and Rlnay tog er forma divalent

drocar byl ene group, wherein at |east one carbon atom
}5¥el’9he hydr ocar byl ene group nmay be further substituted

r d S

s AR SR IOl 6

orgranpomenium egfiomsent ed by Fornula 11: wherein

each R independently represents H, halogen, a hydrocarbyl group or a halogenated

hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S;

R’ represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S;

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

the second composition comprises a second component represented by Formula II:

I:N = CCFR"‘JI— Z (ID
b

each R" independently represents F or CF3;

wherein

b represents any positive integer;

Z represents a b-valent organic moiety free of interfering groups; and
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each R' independently represents F or CF3; b

represents any positive integer; Z represents a
wh200a024869 or gani ¢ noi ety free of interfering grOUPS2006/032796

and(b) conbining the reaction product fromstep (a)

with at | east one conponent conprising a fluoropol ynmer

to forma curable conposition, the fluoropol yner

CoNb) Si N@ndinih@ @t reQldNIPARICPRMNEREY (4P Ovithin B ond Rbinponent

havi ng a_nitrogen-containing cure sjte; and (c). at ..
compaisingseituarepqlymer foifagn o garaplerpmesitighpibs fuprpolyser gpppprising
ot Fe e Aed AfTpod M ARE 168 nARRES bindOf-BBRAL e site and

(a) () r stat kst peedadlydcurimgplonaraise canpesiti@at foon afhwdetdstomer.

t hereof , wherein the first conponent is represented by

For rHGIRRoMheT S5ppos hRPIRsc iRyeriioR Degsages LI CoRpoiap
Coﬁﬁﬁli-siﬂ’gt. erfering organophosphoni um organosul fonium or

organocanmoni um cati on; each R independently represents

H, Ha) ogdirst andrepemslccantppinens.cu g reactian paddvgethareed wherein the first

hydrocar byl gr.o wher.ein at | east one carbon atom of
Cof%émﬁ?c}d?% 5ngVFaJ§¥gB ‘ﬁlﬁ; be further substituted with

one or nore heteroato lected fromN, Oand S; R

represents H, a hydroggr%yl group, or a hal ogenat ed

hydr ocar byl group, RikeCei® Qt | east one carb@n at om of

t he hydrocar byl groupnglgé?ebe further substituted with

one or nore heteroato lected fromN, Oand S; or

any two of Rand R may together forma dival ent
whegtly ocar byl ene group, wherein at |east one carbon atom

T A
orgdtbammonium cation;

each R independently represents H, halogen, a hydrocarbyl group or a halogenated
hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S;

R' represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S;

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

the second component is represented by Formula II:
|:N = CCFR’}— Z n
b

each R" independently represents F or CF3;

wherein

b represents any positive integer;

Z represents a b-valent organic moiety free of interfering groups, and

-3-
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the second conponent is represented by Forrmula I1:
wherein each R' independently represents F or CF3; b
WO e@ressnd S any positive integer; Z represent SPEAI/US2006/032796
b-val ent organic noiety free of interfering groups,
andwherein neither of the first and second conponents
are fluoropol yners that conprise an interpolynerized
wirseio meitherrof thenfirst angl sacoridt congmnents ateafluviroypl gnies thdticemprise an

TR T R
ni t (eYen-LOMdahdlimer Comiistigd ﬁ-ledsﬂoﬁéﬁhte?ﬁlﬂ%ﬂ@ﬁzeﬁsfﬂ@rﬁﬁner unit

the present invention provides catalyst conmposition
hagingpeniipgen-enptaiviag cussitef conponents conprising: (a) a

L 5 BN TSRO TRy P8 s ©

prqragm@bymmpﬁ@ﬂéﬂnmp@hggm&lnbﬁgﬂg:um or oL'gaﬂolammm um
catiaon, each R independently represents H, hal ogen, a
hydr@car w‘?%mwnsm rgpssandRgEhyk @eanwidr ocar byl group,
wherein at | east one carbon atom of the hydrocar byl
group may be further ituted with one or nore
het er oat ons sel ect gdfeapNy*O and S, R re Qesents H,
a hydrocarbyl group, or a hal ogenated hydrocdr byl
group, - wherein at |edsl2Rone carbon atom of the
hydr ocar byl group nmay be further substituted with one
whereinor e het eroatons selected fromN, O and S, or any

two of. R and R _may together forma dival ent
hyd ﬁ%’é@ﬂ&ﬂné‘ﬁ@r@ﬂﬁé preafpiiosphpniym, raanosplfenivmy glon at om

orgdholfigoRyAK eaRnby! ene group may be further substituted
each R independently represents H, halogen, a hydrocarbyl group or a halogenated

hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S,

R represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S,

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

(b) a second component represented by Formula II:
[N_—__-CCFR’EI— Z 1D
b

each R" independently represents F or CF3;

wherein

b represents any positive integer, and

Z represents a b-valent organic moiety free of interfering groups; and
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by one or nore heteroatons selected fromN, O and S;
and (b) a second conponent represented by Fornmula I1:

wob@reaseeach R' i ndependently represents F orPCFBS2006/032796

represents any positive integer, and Z represents a
b-val ent organic noiety free of interfering groups;
andwherein the first and second conpositions are

wkgsianhé st ¥nd seeendEorapusitidny aferedntialty fiee 6P anysilugopslymer
i nt erpol yneri zed nononer unit_ havin

CORRISBIREHLIBISHROAY TP denmonsT it haying %tn?wf-?@maa_&bﬁeewr,e site.
the H'yep %{H‘thé(r;é?ﬁ%&, '(’:Eg%]%liggéﬁy ot }I‘J‘TtH(fﬂlQé & c&ﬁm%ﬁéﬂo%?}on

conpri’si ng: yst conposition preparab
congastrigon of conponents conprising a first conponent

repr esent ed Formul.a | : CF2R. R -C-O 1) CE2R ..

wher @ n GheadVst REROH AR PicBRAR 'S BaRGBSSHRBARGHR comprising 2
fi@f EhdReht epietdhte Dby Pé@RAPRMMDONI UM cation, each R

i ndependently represents H, hal ogen, a hydrocar byl

group or a hal ogenat edchymrocar byl group, wherein at

| east one carbon atom of the_,hydrocarbyl group may be

further substitutedwémr@®n® or nore heteroatlbns

selected fromN, O andof,r R represents H, a

hydr ocar byl group, or a %alogenated hydr ocar byl group,

wherein at | east one carbon atom of the hydrocar byl
WS nay be further substituted with one or nore

het e%@@; O0En-5RreG 1B bridnephMNphélisRd oBansulehunt, @ of R
and may together form a dival ent hydrocarbyl ene

OrginPapMaiiER SAHOmt | east one carbon at om of the
hyd F R i{k%hgﬂ%ﬁd&{tﬁl%pmg)ﬁ, ﬁalf('; éelﬁ% h§&%§§rb§lugtr81% or a halogenated

hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S,

R' represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S,

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

(b) a second component represented by Formula II:
[:NECCFR”EI—- z D
b

each R" independently represents F or CF3;

wherein

b represents any positive integer;
Z represents a b-valent organic moiety free of interfering groups, and
wherein the first and second compositions are essentially free of any fluoropolymer

comprising an interpolymerized monomer unit having a nitrogen-containing cure site; and
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by one or nore heteroatons selected fromN, O and S;

and (b) a second conponent represented by Fornmula I1:
wob@reaseeach R' i ndependently represents F orPCFBS2006/032796

represents any positive integer; Z represents a

b-val ent organic noiety free of interfering groups,

and wherein the first and second conpositions are

esserfe) ala ffudropaymir emypridinpatdemst ymentapoipmied zetgmaomer unit
hi nt er Igmsri ed. nononer unit having a

arlfi“}graolglgrﬂ %ﬁ%"i?‘ﬂ’inﬁg“{ﬁﬁﬂg- site; and(c) a fluoropol ymer

Conplhiyet Adtidr abRRS thOR@sdnd LRSI HBYIdEe S RN makid a

having a nitrogen-contai ning cure site. In yet another
ﬂ%ﬁ%ﬁ%}ﬂl@fﬁ@%@m the meghnd eomppisingi cdedininget hod of

maki a ition, .the nethod
comHt si F%ﬁ%gﬁ%@%éf@%ﬁ@ngﬁiﬁimgﬂo-an(eln; o
represente ormu ' - C-

mhgrein Qt isya non-iﬁftﬂ%erhng or ganophosphoni um
or ganosul foni um orR'er@ar®@a@Qroni um cation; e@ch R

i ndependently represen f‘ﬁ}g hal ogen, a hydrocar byl

group or a hal ogenate rocar byl group, wherein at

| east one carbon atom of the hydrocarbyl group may be
Whei#iiher substituted with one or nmore heteroat oms

; {
hycrBearby b oreeop s A Skt sa ey P o1 oup.
orgdenmimonatm bd@ast one carbon at om of the hydrocar byl

rou e further substituted with one or nore
het SPEhRURREDERIantly SEPrFTeat My hotoeanch ydrasarhyl grquporghafpgenated

hy@fildafByl £V WREEREE 18 dRe Rambod Bl br Y B BfRAMY £M3%p may be
furtlge?rl'slul’astituted with one or more heteroatoms selected from N, O and S;

R’ represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S;

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S;

(b) a second component represented by Formula II:

[NECCFR'}—Z ()
b

each R" independently represents F or CF3;

wherein

b represents any positive integer;
Z represents a b-valent organic moiety free of interfering groups, and
wherein neither of the first and second components are fluoropolymers that comprise an

interpolymerized monomer unit having a nitrogen-containing cure site; and
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wherein at | east one carbon atom of the hydrocarbyl ene

group may be further substituted by one or nore
whedenasasons sel ected fromN, O and S; (b) a sSECDOR006/032796

conponent represented by Fornmula Il: wherein each R

i ndependently represents F or CF3; b represents any

positive integer; Z represents a b-valent organic

moi ey f refuabpolpmer écﬁﬁlbﬂ@nglitdmﬁone’iiﬁiqu?h%l?l&leﬁibdlﬁﬁbﬁdiﬁér unit

of the first and second conmponents are uor opol ymers
hay g2 B REFH-CWtARng shis Sis therehy Pemingmarehle GWFIPO%%MQ Aad

a ni (gpg Rl D e Sirb N .

(&P IR 1&8M W i‘ﬁg tg? éﬁ\:&’tﬁe c@ﬁiﬁ&ﬁﬁo@to fogP 3 rPeuoroela tomer,

fl uoropol yner ‘conpri sin east ohe interp rize
monoviethodnof mbking Agomelastoneg eompaositiaisracogydingrte thed fresent

. thel f ' .a curabl e osition; and (d) at

inydfiof Wit AR U o ASERER b bOBBL R i reeshods e

utﬁizékh&ﬁx@ﬁé@%dhmraloﬂ\{ét hods of maki ng fl uoroel ast oner
conpositions according to the present invention

t ypi Caplysts asaording toathe pigsarigrention ascuset immethodp af making
f : ] i .conponent
ﬂl{a %‘%geg.t&%%@ g ?1 zioggb]%%roﬁ%{otzt ge %)%ger% rné‘ze'(ielﬁ Yi nventi on
ar e Asededlhetein, niettends of naking fl uoroel ast oner

composi ti.ons. accqrding to the present invention. As
s o0 REPHAR, feRd '(TBe TR caBlaEg r Yt pacpepent birgigight of

Cont'@hBidpRlynRs Srdfia b 2PSIyRRE hshe R¥IuNERI NGt of at least 30 percent
ymer a po y%e fF e

“fl uor opol " refers’t r having a uorin
bycueighinbassfl ontthd teted weiht pEthedhiordpplymérght , based on t he

t ot g, i ght.,of .t he fl uoropol . "hydrocat byl

ot erudBEHR rst 8 acmiAIRE P bim e R e bydrogen atom
frdiy dm9aRRadbeM f rom a hydrocar bon; "hydrocar byl ene”

refers to a divalent group forned by renoving two

hydr'dyéiecarbpiesc’ieons @ mditplontarpemiormpd by FeROvag Btie hg@rogen
By 0, IR RN PRI MRt o

t her'amynomer" refers to a molecule that can undergo polymerization thereby
contributing constitutional units to the essential structure of an oligomer or polymer, or a
substance composed of such molecules;

"monomer unit" refers to the largest constitutional unit contributed by a single
monomer molecule to the structure of a polymer;

"nitrogen-containing cure site" refers to a nitrogen-containing group capable of
participating in a cure. This can include cure by self-condensation into a triazine structure
or curing through the use of curatives such as bis-aminophenols, or via free radical cure
mechanisms; and

"polymer" refers to a macromolecule formed by the chemical union of at least ten

identical combining units called monomers, or a substance composed of such

macromolecules.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a process flow diagram showing an exemplary method for making a

shaped fluoroelastomer composition.
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contributing constitutional units to the essentia

structure of an oligonmer or polyner, or a substance
weewpossd of such nol ecul es; "nmononer unit" rePEr/BS1006/032796

the largest constitutional unit contributed by a

singl e nononer nol ecule to the structure of a pol yner;

"nitrogen-containing cure site" refers to a

nitrogen-contai ning group capable of participating in

DéTX ﬁﬁ3lﬁﬂkﬁﬂﬁ%ﬂﬂhnC|Ude cure by sel f-condensati on

A0 Faztne—structure or curing through the use of

cur g MesnpisgRndpdRhdt aNbegReeRthSentdn iy bidbvid @Fig. 1, which
radi cal cure nechani sms; and "polynmer" refers to a

depigtsrroetbp@ &0 Eormapkinecr BippechBuemelssionter ermpnsitism. dp prastise of
i SRS SOTEL 19 s G LR TPIRI i  orm

reddBESRBEATCED0. QReabtitn PRAWNNG, Ribich chnipsises pealalgstsisithaveombined
il Gepvirio e nus B o aoBb el b tom bl
colpaSiRbi 5b Cufibl ESmTRIsRion 58 %hrsﬁ@;hedgs féﬁ?slﬂ{a@cﬁ@tﬁgblioo

Invention is shown 1n Fig. 1, whi epi cts netho
cofrpositiai i60g Sharsdapedld ¢ompositioasildsthencd lepsigiattiadly. curqd to form
ractice of nethod, 100,. first conposjtion 10.iS

e At GOPROSHER A iR B be GRUBEA PP | xyogfoured
fluRkdsEIm&QonipRsitibh 80. product 30, which conprises a

catal yst, is'then conbined with fluoropol yner 40

havi Ty bt qompesition sPRPHPesE fénst conapomeniigpiservdest &y Feymula It

form curabl e conposition 50. Curable conposition 50 is

t hen shaped to form sHab2d curabl e conmposition 60.

Shaped curabl e conpEsi @i ® is then at le

partially cured to form fluoroel astonmer conposition

70, which may be opti odBiRy post-cured to form

post-cured fluoroel astomer conposition 80. The first

(l;gr lgst'%19&1—%@%%5&@%?ga%of)ﬁc{sﬁflorﬁﬁﬁpg&gﬂésuﬁgfﬁhﬁf gpted by
organoammonium cation. By the term "non-interfering" it is meant that choices of Q+,

which either react with the anionic portion of the first component or interfere with the
curing process are excluded. Examples of Q+ include tetrahydrocarbylammonium such as
for example, tributylbenzylammonium, tetrabutylammonium, and
dibutyldiphenylammonium; tetrahydrocarbylphosphonium such as, for example,
triphenylbenzylphosphonium, tetrabutylphosphonium, and tributylallylphosphonium;
tributyl-2-methoxypropylphosphonium; trihydrocarbylsulfonium such as for example,
triphenylsulfonium and tritolylsulfonium; and heteroatom substituted organophosphonium,
organosulfonium, or organoammonium cations such as, for example, benzyl
tris(dimethylamino)phosphonium or benzyl(diethylamino)diphenylphosphonium.

Each R independently represents H, halogen, a hydrocarbyl group or a halogenated
hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S.

For example, R may be H, F, Cl, Br, I, C1-C19 alkyl (for example, methyl, ethyl,
hexyl, isooctyl, and isopropyl), Cg-C14 aryl (for example, phenyl, naphthyl, biphenylyl,

-8-
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+ RCOQ(I) CF2R Q+ is a non-interfering
or ganophosphoni um organosul f oni um or or ganoanmoni um

W@ 2007024868y the term "non-interfering” it is nNRENUS100&032796

choi ces of Q+, which either react with the anionic
portion of the first conponent or interfere with the
curing process are excluded. Exanples of Q+ include

arldghe Deakiry||gaimeai (460 sx@Pled ol is6dediphenyl, and

tributyl benzyl anmoni um tetrabutylammoni um and
isaprbpytlpheatiy ph€my@ raralivy Lidor dxetnpbe phknytaethyl, phasyiydundm

such as, for exanple, triphenyl benzyl phosphoni um
pheaylpedpyl)y Cot s ppredoallgmgreupd (for example adyclphpkid spirberinylypnd

tributyl -2-net hoxypropyl phosphoni um
[26%:3hipefloecty by Fadd 1@&%&%&@@%@0%@@%}@ aseihgxyaethyl, methoxypropyl)

et BroakoR gL SR8 msSrsaamed, Hokvethoryetbyl, and

m@ﬂa@@w&»&y&mi)m—%h&&e PEHTBRAIHG, ?)9¥iﬂi92§ afd pPradyl), and

for exanpl e, tris(di met hyl am no) phosphoni um or
pablB\r (pai faidinbedidedy stivek efadyndfahefeedding. Each R

i ndependent |y represents H, hal ogen, a hydrocarby]
gr od§ Semegmbgﬁ%%#@ EORgPERtS EheIAR alfgylo%rpf,{ alliser egralkyl, or
C .
oL P P B e WAL BhIn 5 BFdhe Brbon
atgeb sy bd shbstitmttd bhetroha®msFeleceddimph &, CORandi§. be H, F,

e erasple Bi man el Cagsr Gyl TR exemilly b Atn3 . eyl
SRR RS CLCEPABY o BRSSP ighensiv, and
pli(eﬁﬂﬂﬁ%%l, ?‘Bfﬁe‘& alkﬁ?fjﬁfb Ry k&ﬁﬁp%héﬁcyggﬁﬁlgaﬂ i@b¥bylphenyl),

for éxa phenyl nmet hyl', "phenet

C b Gohetry Bhetiay] kptlenBthOU BB A&y 1BSHIPI®;-C
?}t}g?%hdgf(}sﬁfdr)%?rg%lreﬁ% , yanég&t 21.51126.112] gi cycFoogtp;I w o Cs

cychalRyPgmhikofyndtayipld, fcgeloresaitpoehornss ek hidyclooctanyl), Co-
met hoxypropyl ) and al koxyal koxyl al kyl (for exanpl e,

leh@wﬁ@i ﬁéy gy metboxyogilatl hogthexyyrbpybhantl alkoxyalkoxylalkyl
nmet hoxyet hoxyet hyl ), C4-C6 heteroaryl (for exanple,

(fgﬂa@pﬁymﬁth@ﬁmmsﬁ%&mﬁtm Pthaﬁwtwypﬁamyd srethoxyethoxyethyl), C4-

B A e A BT R  al ] FARSRG
de?ikfgtweg Iof aﬂ 8‘1L 1Jﬁ¥ %Oreg(;ing.

In some embodiments, or any two of R and R' may together form a divalent
hydrocarbylene group, wherein at least one carbon atom of the hydrocarbylene group may
be further substituted by one or more heteroatoms selected from N, O, and S. For
example, any two of the R and R' groups may together form a divalent alkylene (for
example, ethylene, propylene, or butylene), arylene, alkarylene, aralkylene or
cycloalkylene group wherein a portion of the carbon atoms may be substituted by
heteroatoms selected from N, O and S.

In some embodiments, each R is F and R’ is selected from H, phenyl,
methoxyphenyl, toluyl, phenoxy, fluorophenyl, trifluoromethylphenyl, and CFs.

Specific examples of the first component include tetra-alkylammonium 2-phenyl-

1,1,1,3,3,3-hexafluoroisopropanoate, tetra-alkylammonium 1,1,1,3,3,3-
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cycl oal kyl group, or a hal ogenated derivative thereof,
wherein a portion of the carbon atons nay be
wGaaim3ne4sed ed by heteroatons sel ected from N, PCEHOS2086/032796
For exanple, R may be H CQ -Cg al kyl (for exanple,
met hyl, ethyl, hexyl, isooctyl, and isopropyl), Cg-C 4
aryl (for exanple, phenyl, naphthyl, biphenylyl, and
hepmmmwme ‘Eeﬁjab}ltﬁllphmphbm(uﬁvl-phwmlel 3pd-uyl,

he((zf.fgqoe%lﬁ%{ﬁﬁp a%h@ﬁ%%]%ﬁ ;}Flgﬁ]ﬁlghgi{ﬂgﬁ 3 g:gﬁéai%ao%lgop%panoate

tetPAHRRY mfsgmﬂlam 2Gﬁeﬁgx%hﬂai h<,>1l3 %@ﬁﬁldofr&éo;ﬁéiﬁe[ﬁ@bt@énd

cycl'ohexyl, norbornyl’ %3 b| cycl ooctanyl)

tet@}bgt}éphawlmlw 2 I(-tqiuylelx hﬂqsl, -hesaivorgjsrpronsnoate:
et W toq%}ﬂgo rr%ﬂ a{i‘ %kg){(%rgc)&(e?gxﬁ%ejﬁré{ % rﬂgpo%{tmglxiﬁ Q}HI form such as,

&, Qb b@adyext axyd s)olut%oﬂfge hst %mpdmht ditswlveedianpbBent. If in

inyl, and azi nyl and partially or
Sog'@mf fhegoiveat @&ug’ﬁﬁ i ) rigg (t&gwol:t dpgsenct Baslwith e frgt or

t
e oL ah T @*‘%ﬁ%ﬁiﬁzﬁéﬁg?%g@eﬁ B Teas

ﬂmumehsmﬂmmmoamoﬁﬁmm the hydr ocar byl ene group may be
furt St e one or re h
So1 Metaty PErekinedhe it SRt Bl Simrar AER s drscribg for

 exBmpRdidRy. Dﬁop'lﬂi)Nd Q9 heu2 t@fd&@ncetw md BéKY6ET®4. The

(for exanple, ethylene, propylene, or but | ene)

seeqng| aOMwOsiHPR SPPESRS 2 sac@d@mméemrrewsﬂ haylfcerﬁ@ oup
wherein a portion of the carbon atons nay be
substituted by heterfoatons s€l ected fromN, O and S.
I n sone enbodinents,Nﬁ;ﬂ@ﬂk@%_Ezand R is s@hected
fromH, phenyl, nethoxyphenyll, toluyl, phenoxy,
fluorophenyl, trifluoronethylp enyl and CF3. Specific

Wl%ee)é(?alfqg Egﬁwflgﬁﬁﬁﬁﬁnﬁ%eéﬁg%?ﬁnﬁ rcl)ii CT represents any positive integer,
ang% 1%&1%&9‘%5%% hexa?f}%gﬁ’i%%(ﬂgt?"ﬁe% oftn%lrféhr?é SULATTRMNE R "free of

or 0i sopr opanoat e,
inteeferind ptoyp g Hois pixeant that Shaddes oy IZ-thds, 1ﬂteﬂfe® WitlBthe reaction of the first

hexaf | uar,oi sopr opanoat e, tetra ut vl honium 1,1
componeny St F PFOPS COBRY Rk M RET e@&lﬁa@a?w%wﬁi%nﬁa gicluded.
2- B ReY PBBYiends, bid 1,3 0333~ hexaf | uor oi sopr opanoat e,

and t et rabut yl phosphoni’um 2- p-t ol uyl - |
1, 1,18 sem8 embrdifnents; §iis @q}ec@ghﬁ@@t}ydrocarbyl halogenated hydrocarbyl,

|
hydrocarbylene, halogenated hydrocarbylene, -O-, —N—, -S-, and combinations thereof.

For example, Z may be perfluorinated hydrocarbyl, perfluorinated hydrocarbylene, -O-,

|
—N—, -S-, and combinations thereof. For example, Z may be C1-C12 alkyl (for example,

methyl, ethyl, hexyl, isooctyl, and isopropyl), Cg-C14 aryl (for example, phenyl, naphthyl,
biphenylyl, and phenanthryl), C7-C1 g alkaryl (for example, toluyl, isodecylphenyl, and
isopropylphenyl), C7-C1g aralkyl (for example, phenylmethyl, phenethyl, and
phenylpropyl), Cg-Cg cycloalkyl groups (for example, cyclohexyl, norbornyl, and
[2.2.2]bicyclooctanyl), Co-C1o alkoxyalkyl (for example, methoxymethyl,
methoxypropyl) and alkoxyalkoxylalkyl (for example, methoxymethoxymethyl,
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The first conponent can be provided in the first

conposition in any formsuch as, for exanple, as a
wa200v/0p186as a sol ution of the first conponent PUBHESN0E2796

in a solvent. If in solvent, the solvent should be

non-interfering (that is, it does not react with the

first or second conponents, their reaction product, or
eﬂtldasryefhlosagaerﬂc'pjao:lmmmEthqux@zetfh@l)m[:gqu1 dtet0agB(fasE:@MIle, pyridinyl,

conposition). Methods f naklng e first conponent
anﬁlpymmn}a), erla phitialty dEperﬂﬂemMatderbmﬂye bdoanyenf ainpfoeggoing.

11 o o 1o minBiOMe srRunCCRHOR R o1 h et 4 pahd

co?np%ﬁ&%‘ that ﬁfﬁ@%heiﬂéluﬁé‘cpfnecﬁ@ B&:861eR¥ 8L YA fh Jn‘der W‘a‘éhi%i/é‘a desired
each R' independently represents F or CF3 gresents
t

le*miybf pmg; ﬂm\secqndtcegleonermmblzd typiradls dntseleetcd su@l aftthe equivalent

B T R S

m&f blebd 1t 500,100 618 véh 1d3s tHa@ 256 FedrhOper@buivBRnt. | r St
conponent wt 'h the secand conponent, or interfere wth

t he Hhfrtengjionmsedistof the &irgand seroad comperinis BAY beiprepated by other

sy theﬁc u & al‘a{%.lgp tﬁe{}nﬁtﬂ% d@@g% ﬂE/'%;rvgc ap’éy(iafiy I%l?el £641%6kect method.

rom rocar ogenat e
Fdryedamphrdnﬁt%smmdsaéprg@n&ﬁéﬁf thy tromder byl ene, -O, -N-,

-S-, and conbi nati ons there&t’g. For exanple, Z may be

perfl uori nated hydrocar byl , &Rl uori nat ed

hydr ocar byl ene, -O, | -R-C-59; pgnd conbi nati ons

t hereof. For exanple, Z rmylbe C -Cg al kyl (for

exanpl e, rret hyl , et hyI hexW:z i sooctyl, and

I sopro , C- C ary (for exanpl e, henyl napht hyl ,

wlgﬁrgm 1§, |an alkal ngﬁ’q@ﬁgh@m(fyr gxanple, d;t](yum, Rgﬂ;lym Qxfpgtassmm) or an

I
SEARERAR AR o LSO RILRORI 808 AGPLABATRSI e o
prévidugd defyedt apd/thy sedogd Compytdnd aldyye adloved o fehot followed by ion
exanpl e, cycl ohexyl, norbornyl and

expme@}med;ayhdsmmr@igde)l\d +eaithdd?. al koxyal kyl (for

lef(l o eﬁeﬁ hox;éw,nt(%eg)r beeggggjg{?é by grp}y %o)rm sugh as, for example, as a
ligfiRd Sioasy el vRTEId Wb ol ehOdiysdRelin a@80Kent. If in solvent, the

sog;;l{] 5{%&{ l?eor)l(o%?ltn{]e);tl"e)rmg %télllat is, 1? ggeesrn%? ?e)gct \gvft}? “Eheele(rgtncﬁl sgcond
components, their reaction product, or the fluoropolymer used to form the fluoroelastomer
composition). A wide variety of nitriles are available commercially or known in the
chemical literature. In the case of fluorinated nitriles, which may be desirable in many
instances, they may be prepared from the corresponding acid fluorides via subsequent
conversion through esters and then amides. The acid fluorides may be prepared by direct
fluorination or electrochemical fluorination. For secondary nitriles the acid fluorides may
be prepared via hexafluoropropylene (HFPO) coupling. The acid fluorides may be
converted to esters via reaction with an appropriate alcohol (such as methanol). The esters
may be subsequently converted to the amides via reaction with ammonia. The amides
may be dehydrated to the nitriles in an appropriate solvent (such as DMF) with pyridine
and trifluoroacetic anhydride. Alternatively the amides may be dehydrated with other

reagents such as P2O5 or PCl3.
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and pyrazinyl), or a partially or perfluorinated
derivative of any of the foregoing. In order to
WOorRev7/24869 t he anmount of reaction product of theCT/USED6/032796
and second conmponents that nust be included in the
curabl e conposition in order to achieve a desired
| evel of cure, the second conponent should typically
be sWithotterisking o bdﬂbdiun‘dhﬁ'l tﬁétity,\éiaisefeliwﬁ: tﬁ&ttcohﬁ)_inilﬁ% thefﬁrst and
relatively | ow., For exa , .the equi val ent weight o i
sef el ComASHERSJHRISR M Tifoas oped thasbey, Wamalpeeac aesullg n formation of
I ; : Lval ) j
T oo D P B ain o AL CEbL A, bu
meyedypicaly doptainsemixyretdfeoinponant sesies ahat mmyghcltitkeat least one of

d ' ' ical |y the post direct
1 e BB gs of wetPy S Bmpbutnt dyffodi eead sgmponent,
redpaetifedy. NAllditiofdtBRodndBasaiopMtiubis of 42 sebsdRiompWhiertSn® also be

al kali metal cation (for example, lithium sodium or
Prg8itassi um) or an al kaline earth cation (for exanple,

mag [ ' ' . re_as

e Ao ko S 8 BB AR e e
rekesenveeichyt the ferantla: f ol | owed by i on exchange or

metathesis to replace Mwith Q. The second conponent

may be provided in yQ&ormsuch as, for exanple, as a
liquid or as a sol ution of the segcond component

dissolved in a Z;gyeﬁtcpkm_Ln R'd=bR spl vent

shoul d be non-ingérfering (that i5 1t does—pt react
with the firgtyor second conponents, theirTreaction
product, or tlhg fluoropolyner used to formithe

f1 uor oel ast one¥~co osi tion) A wde rietly of
nitril sFa% e avaiqx%'l‘é—c%rrrrqlit@%ﬁilq;& known in the
cherﬁ',g —ld ature. In the case of fluBt g;ed
nitriles, which may be desirable in many instances,
t hey ndyFfRe prepared fromthe correspondi ng acid

flyorides via subsequent
wherein y is any integer greater than or equal to 0 (for example, 0, 1, 2, or 3), and R, R/,

R", QT, b, and Z are as previously defined.

The first and second components may spontaneously react, for example, as
evidenced by an exotherm, or a degree of heating may be necessary in order to induce
reaction. Accordingly, in some embodiments, the first and second components may be
reacted to form a reaction product and then combined with a fluoropolymer having
nitrogen-containing cure sites. In other embodiments such as, for example, those
embodiments wherein the first and second components do not react at ambient
temperatures, the first and second components and a fluoropolymer having nitrogen-
containing cure sites may be combined to form a curable composition that, upon heating,
forms a reaction product of the first and second components at a temperature below that
wherein significant curing takes place. In such embodiments, the reaction product may
then effect curing upon further heating to the curing temperature.

In either case, the reaction between the first and second components involves

conversion of at least one cyano group of the second component to another chemical form
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conversion through esters and then am des. The acid

fluorides may be prepared by direct fluorination or
web@ecneasehem cal fluorination. For secondary nPeT/UEm®86/032796

the acid fluorides nay be prepared via _

hexaf | uor opr opyl ene (HFPO) coupling. The acid _

fluorides may be converted to esters via reaction with
asghis gbparvgst hyaiméragddephatostenycthatathe mptnbamoly) banlihie tiesihfaed

L R RER T R N

refid¥dn oif thel firgSardseddhdaoipapendt € sol vent (such as DVF)
with pyridine and trifluoroacetic anhydride.

Al t dpsaig gabpdimeats i raessbadasirplele depnndrod thecequiviafenb tatiorof
: r ¥t hout wi shing. t e .
i i LR R G L LR N
nifrile Siat @mdombined dnaydreo st 51, 2I00R1, LONHiekbPREh& §hough other
that t ey mut ual 'y react, results in formation of a
rat&%stlﬁ?%gf E%H??gsi tion. The catal yst composition may

cont @i frdér B JeetvREPONER of tRUEsUIRAEhUR &bt (that is, catalyst
of s

contains a mxture conponent speci es

compesitige), tre firstand sopmmdafonpoditiods Bay be Bssemlialbivfbad% dfiagher
f the first co nent wth th econ

AR Eer oo s PORRIGNG PR S1rSy Whe R SRt groups, end
graupsgordiosh. dfortdr@mpRE HRAISIME QBN BBYo&tiSEs Gy BE @%@ﬂt‘iauy free of

For exanpl e, adducts of the first conponent Wth the
ang g‘t‘:’@fﬁ’ﬂo’é’ e SHBRTISIRE g Biterpelymesiaed monpmer gt lﬁewlnrlgjdt m;t)rogen-

Y 4+ S any integer greater than or equal to

colpltig g st 0 1 2 or3) . and R R, R, Q, b,

and ¥ dasieedathepeactionysdductief thaéiest ald secohd S6mpanE6NBe

nent s, ma ont aneous|y react, for exanple, as '
CO%gﬂ%g Wd@cﬁ %?Préwﬁ £ sliﬁ nl&%g@-a@ﬁ%@g@mm@ﬁ,i theyebm{orming a
cuRBlcREPHSSALY. | N order to induce reaction. Accordingly,
in sone enbodi nents, the first and second conponents
may Shidable yeregolymerohaning migragdr-cumtgining wate sitesltyipheily comprise

. ' ' | h .. .
inGBORERE e hofiel W R ol e snureiuing ererisonomer
and tidbasadne, ire PACHly et 16168, ATRGSH] FRIMbH %}%ﬁr}g)ilc%s@ suitable

first and second conponents do not react at a
Pripgig anopomessinclude peifhuorodefinsd e snemplsnstaBwirsethpléna(TFE) and

heddMBIPRYyVTE r(Hh?)ﬁi, B0 RIEAS Qltlea&dlf.' FH), perfluorovinyl ethers (for

example, perfluoroalkyl vinyl ethers and perfluoroalkoxy vinyl ethers), and optionally,

hydrogen-containing monomers such as olefins (for example, ethylene, propylene), and
vinylidene fluoride (VDF). Such fluoropolymers include, for example, those referred to in
the art as "fluoroelastomer gums" and "perfluoroelastomer gums".

In some embodiments, the fluoropolymer comprises interpolymerized monomer

units derived from tetrafluoroethylene (TFE), chlorotrifluoroethylene (CTFE), and/or one
or more ethylenically-unsaturated monomers represented by the formulas CF2=CF-Rf1,
CF,=CF -O-sz, and CH,=CR3,, wherein Rf1 is a perfluoroalkyl; sz is a perfluoroalkyl, or
a perfluoroalkoxy; and each R3 is independently selected from H, F, Cl, Br, I, or an

aliphatic group. In some embodiments, the perfluoroalkyl, perfluoroalkoxy, and aliphatic

groups have F, Br, I, and/or or Cl substituents.
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cure sites may be conbined to forma curable

conposition that, upon heating, forns a reaction
w@eedoz4eof the first and second conponents atP@EI/US2006/032796

tenperature bel ow that wherein significant curing

takes place. In such enbodi nents, the reaction product

may then effect curing upon further heating to the

cur i gohRn@shodimiées, thafledrbpelymenseamprides ar leaxt two interpolymerized
bet ween the first and secoHd co ongnts i nvol ve

mogemeerBitreriyed fom eaafuasprdaneidat st e Qfipepeclugipgted alky!
Vin&g E@rﬂgl:? gg[tﬂubﬂnﬁg@ Elﬂgﬁgla@m i bthe R peBRiokihated akBARINAA eﬁiér, or

spectroscopy t'hat 't he cyano group band in the
peifhibrinsted akkprylkanyl ainyl ehet rgspectivellyl y di sappear s
(de di on, the.reaction stoi.chi onetry) 0
etk P UroPE TS i 54t PaHEpoLES G Bamoanam SRR o 9y faote percent
of RS RRdLIBMesized hoi@MethidQRiivaPlem! TFE; QIR bnd/BEHFP, from 5 to 90
equi val ént ratio of alkoxide to nitrile that are

majeptricerd@f itFdnterprlymsiiaed meaomgLnits dsrived fpmoV BF, ethylene, and/or

al koxide, to nitri . i
AT B TR ol et
viffyRbihe af@Yroad 6.0 tH6 nistefercént (for drample, Homed 102 trive grEotent) of a

l'ife of the resultant reaction product (that is,
nifEQACAICORRIBRHHHES ST BRNOMEhe first and second

]E:.onﬁﬁ’ §6ﬁ1{a Qﬂlﬁoﬁmﬁéngeth%?‘fﬁl%mlﬂoﬁlrhéf bofBeis&f inRBYolymerized monomer

i uor opol ymer conpfising nitrogen-containing cure .
unité t@sespudutihder fliaringted daertomprobgpdng thedogmaa OF,=GF-Reovherein Re

. For .example, the first and,second ¢ 0sitign e
is g%rgmqra@yc? partiugroalkyl i B?Sﬁ?r8§?ﬂ'§}?¥g?%‘@§l1dﬁf¢%‘iﬁﬁ§g%Pi"q“"h have
less PRI AN SRS hy @6 HRAGHE subldituted @ith Afodne, for example less than one-
n|trogencontaln|ng cure site. If desired, the reaction

foprtloelitbe hpdrogereatbin subssifeted it Anosiaprpbriomesepeagdinents, the non-
conmbi ned ~.w.th a fiuoropol ymer having
ﬂHﬁPP?ﬁ%@%ﬁgdﬁgﬁfﬁgng cure sites, thereby forning a
cur ghkeme enmpodintentnthe Fick @il mérl coatadyzalt Yt 30 dalei preeeent of its
. nitrogen-containing cure sites_typicall onpri se . .
inferRObMRIZPHERIILEHT Hetrotraed E%TE% o6 CEF Engiionally including
HEP, L QEER ér‘ﬁg&ﬁiﬁfeﬂtsn@le %Hfaﬁcec‘bit the EYR&‘BH?& A28 RonbS@SHnits of the
orie, nore typically at Teast two, principal nononers.
flusxepupgreer (90 te50 tabd Eergminis typdallydheonasieaipi afona de more perfluoro
Vil{’ﬁ{g%eysaq%@or ooal r%{ri)ggn-éofn%{ini%)é %Hi%l s(1et’e (I‘o?tegcgrfqlollé,o T r%&@ééh%ri‘ae
copolymerization of a cyano group-containing vinyl ether, or by post treatment of pf -CN

cure sites after the polymerization by reacting the polymer with alcohols thereby
transforming the -CN cure sites into C-alkoxycarbonimidoyl (that is, -C(=NH)—OR5

wherein RS = alkyl) cure sites). The cure site monomer typically makes up from 0.1 to
5 mole percenf (more typically from 0.3 to 2 mole percent) of the fluoropolymer.

Hydrogen-containing olefins useful in the invention include those of the formula

CX,=CX-RO, wherein each X is, independently, hydrogen or fluorine or chlorine, RO is
hydrogen, fluorine, or a C;-C2 alkyl. Useful olefins include, for example, partially-
fluorinated monomers (for example, vinylidene fluoride) or hydrogen-containing
monomers such as olefins including a-olefins (for example, ethylene, propylene, butene,

pentene, or hexane). Combinations of the above-mentioned materials are also useful.
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hexaf | uor opropyl ene (HFP)), chlorotrifl uoroethyl ene
(CTFE), perfluorovinyl ethers (for exanple,

w@enoessoal kyl vinyl ethers and perfl uoroal korRgT/US2996/032796
ethers), and optionally, hydrogen-containing nononers
such as olefins (for exanple, ethylene, propyl ene),
and vinylidene fluoride (VDF). Such fl uoropolyners

| ncligitne érabodinaie) the flubrpelyhes esmprlsdsdnterpolymeriret namomer
"fl uoroel ast omer guns” and_"perfl uoroel aston$r un}:l
umntsndegwé f@ﬁb@&ﬁﬂwpgthym@ afﬂq%maﬁéws?wepmeshﬁ? glétgon y one or
fi
o EpEIRRONIRL bR, TR TR inEL Lotk ey BEected from
pelﬁlﬁiﬁﬁﬁleﬁmnpﬂmallyoﬂeomratedmlahst hon- ﬁnomqu/olaﬁs%tvmyélﬂe@ fluoride,
an A nrg‘%gert%rks ﬁ)errgoc{[ﬁ 35 Sﬁﬁlﬂ :péﬁ h%né&%@ %yﬁetﬁ?rs-lgg': de, for’ exezlmple2 those

de&ﬁbé& HOt708 Py 1N osRb, 258,536 REd 6 L9PB2A(Witm epil.)@Examples include
| uor oal koxy; and each R is independently sel ected

per
CF&=F©F@GIF3, EF,eCF-BCF240-CEp, Gh=8Fr QI @-Fr6lp CHRCEGMECF2-0-

cfﬁ?%ﬂ%{‘ﬁﬁt 3‘;(&(2@ 6&%“?1’ i-‘(?SbF%lcﬁﬁfz%?@@E,gla‘é%lye)cﬁz@i?zcm,
CF5+0B10 UF@@F@:mposng m%@m@mﬂcmmmt:ﬁmmp@m -0-CF,CF;-

0GB Prits-Pr ol 88 T LER ST P BRI F G TR of °a
per fI\hHgéeL -%)tn‘?ﬂm‘ﬁ% K¥le SYeO¥habfd e tH@ﬂﬁ&ngélZHﬂF fform the

al koxya vi nyF et her, perfluorinated enyl vinyl
fluetdetstonger cpmpbd;ltlom | Emmdemﬂ«nmgmhwe ngrmpmsmg/mt@gh@pontalnlng
resgecttvel he f uor o

erdyR Breiol aYisene FofREg YT BT B B gmGopginipe cure site

1n&1%e%ra@fc§%éol‘yﬁfeﬁ&@&é Wik, 4R EdA8) SRTindsNarhRled @fidesfand
fromT and/ or HFP, from5 to 90 nol e per cent

ampfie-pxided. nt er pol yneri zed nononer units derived from

ngF.' p‘e%}m%ﬁggﬁl ndc{ \Qm%lp Y hec‘lpﬁave ttrséze 4(%11%’11&{?% Bﬁﬂ'e%ﬁ% include,

nonormner

forvd mg)lceb@ﬁfuorcﬁ@-@gﬁﬂ@mn%tﬂyﬂ%-aldﬁﬁl130@@{69%F2=(CTEQI(CF2)LCN

exa fromO nol e percent) of
whekdifi Dge an tmedeaima remge of fomi 2 © IPpnwiwsive; | n sone
enbodi nents, the fluoropol yner conprises

CHACEOGSF YrREF U G rvhessin uris aa indeger axpiangs Afrew 2 to 6, inclusive;
| d =CF-

C%é%@[ﬁ%@el*@?ﬁ M0 N wadistrg Pucriaizers o rapgg of from
Xl] ]mc Rt iﬁa%&ge% 152 Bl R Front LS 19@}}\@}(% &8s than

the n-atons substituted wt uori ne,

cH,eCreserpt R drs O OFICRRAedin b s 1 or 2, and t is an integer in a range of
from 1 to 4, inclusive; and derivatives and combinations of the foregoing.

The amount of nitrogen-containing cure sites in a side chain position of the
fluoropolymer generally is from 0.05 to 5 mole percent (more preferably from 0.1 to 2
mole percent).

Generally, the effective amount of curative, which may include more than one
composition, is at least 0.1 parts curative per hundred parts of the curable composition on
a weight basis, more typically at least 0.5 parts curative per hundred parts of the curable
composition. On a weight basis, the effective amount of curative is typically below 10

parts curative per hundred parts of the curable composition, more typically below 5 parts
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of the hydrogen atonms substituted with fluorine. In
sonme enbodi nents, the nonfluorinated olefin is absent.
wo poogozseenbodi ments, the fluoropol ymer cont ai PGI/ES2006/032796
| east 50 nole percent of its interpolymnerized nononer
units derived from TFE and/or CTFE, optionally
i ncluding HFP. I n such enbodi nents, the bal ance of the
cutafive beraunarRdi paes off tHR@RbldcUrhsosiifon] Alehdulsh bighpohndiemvef amounts
10 to 50 nple percent) is typically be made up of one
of gyrafiwe mapelse bg&sesl-vi nyl ethers and a

ni t rﬁlg%gfa%%o%.ztwsﬁﬁn%ﬂlﬁiﬁ%ﬁia&%oﬁlfaﬁf adNRIMR] Quratiek rs&qpé%,elfbr

via copolynmerization o cyano group-containing viny
exanhlel thosy kriwyvipiashe ant atoweing flobrogfasto@ir gume, aidtvdsclashoatd

t.he pol rizati by, reactin he polymer.with .
BiFRBHR Sl S g ol R el dmoas) the Py prggerfipy of the
cufab® dpPOSRIRO MxAMPRY lof blidhaldditRnal i atVE)indiREe MbanehdphBhols

= al k lLl) cure sites). The cure site nononer typical I7y
cormvloemils forfexampB, seetld $ PabNospar €A+ (e ak)asidcal 10,872

rom 0. 2 o r I
Vet o D DR e RSP Rbu s el QR R, o 4,281,092
(Breagtdlelp, Hinanrlookinidygfdrekample, X2-CXPR Non@Lej145 €saito eXal.)),

an{rgérﬁi?, Eg@g@%%%%w&%&%ﬁ%p r sf@: ﬁgﬂg’?@f I\?({ﬁg}ih ?2r9i6 rZE/IacEetchlan
j [ f lre, i I I i
et %gﬁeﬁ@giﬁ bt for REmBRARIE.S PR ﬁ\Ioﬁ'S,%B,SLIQI(SOe{iﬁi &4dl1.), and

or exanpl e, Vvinylidene fluoride)
anfigieofenexampigises HgS nRetdNerG846,880 (Exoahet etral.)), petoxitiengnd
a-ol efns (for exanple, ethylene, propyl ene, butene,
COpgene, or hexane). Conbinations of the

aboVGnd i ére A8gi RIS fol Fh & s Blaybelpaibiled! Witls @EEluoropolymer
enbodi nents, the fluoropolyner conprises

haivingdnterplojsmestized enanomsnunitudrived dion § arogeyRentaining cure site

t et r af kuor oet. ' .
P R T —
cufd 81tk and tiedudoi® BafRrarPR etreibsé hewieeshd inohnding homopolymers and

perfluorool efns, partially-fluorinated ol efjns
copelymers fommRisingdhe fs Ay meyizeg mopeer WitigRsrioncdahpve.

conty ' : g i VW]
ComoBaH A1 €l o LB B Y e
cyRad or iNddate §ra2ip}, @68 GnpnptiGial 8ddit@al (woroppkymes(s) that may be

LG M e G B i
ex%élﬁé%ﬁr%?ad?&f B8 meBizattdnloTe ot Gk detucdus ©maridrnOCH

polymerization or as a solution polymerization in an organic solvent. Emulsion

polymerization typically involves polymerizing monomers in an aqueous medium in the
presence of an inorganic free-radical initiator system, such as ammonium persulfate or
potassium permanganate, and a surfactant or suspending agent.

Solvent polymerization is typically done in non-telogenic organic solvents, for
example, haloperfluoro or perfluoro liquids. Any soluble radical initiator can be used, for

example AIBN and bis(perfluoroacyl) peroxides. The polymerization is typically run at a

temperature in the range of 25-80 ©C and at a pressure in the range of 2-15 bar (0.3 - 1.5
MPa).
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CF2=CF- O CF2CF( CF3) - O CF3, CF2=CFCCF 2CF(CF 3) CCF

2CF2CF3, CF2=CF- O CF2CF2- 0-CF 2-O CF2-0O CF3, and
WEERHQEBEF 2CH( CF 3) OCF 2CF(CF 3) OCF 2CF2CF3. PCT/US2006/032796

Ni trogen-containing cure sites enable curing the

fl uoropolymer to formthe fiuoroel astonmer conposition.

Exanpl es of mononmers conprising nitrogen-containing

gr OUﬁsan@s@bmbs (thet oy, e@ISTY cangty pichlly BORITBEE t h bééé{gd hain

cure S|te include free-radically
% ?‘Fti gg‘? L,(affl =é1§ byjusing fees-radieppaiemerization gsqcess can also
anm ne- oxi des,, Usef perflu

e d_vi nyl
4 %%@?@0%11 e R SR AN
thg 2\?1) Pgég?%l% formtes {_E’an 11ﬁce$er§“rog1 419 19, mors g%ﬁa&y 1 to 6, and wherein

Gm&aammgm aMltebealatiorl mﬂamalemte&qarorlm a range of
from2.to c usi (}?(Fﬁl CF2) UOCF( CF3
wher gHfaty gfgupa OF ﬁi‘%@@ﬁ H)Q’\%}EY%\‘H%’ rbﬁrﬁltzo uge@by converting

cyiaﬁ@ lokbioY @i se@c?ea%@&@ Gofeb hRitd %r()vg):% 9%’ %%@)og?oute of cyano

erelnqls aninteger 1n ara rom
SPvR-Ceripiping imdopolymera mvohvesdler reactian ofariigiesdh the @e3eBtOof an

a1c60ho Qéilh}génegg anéiﬁadbatcs:e': %gnqg %teaé'élpe Bt)ﬁérg%rgwé%t oﬁlk?faﬁéﬁhgls having
frdim 140 10eatbes iatens, Whﬂ:h@ﬁﬁy ¥hArvigIPy ARG HAD bﬁ@&drﬁﬁﬁat‘ﬁ{ns of more

the f or egoi ng The amount o ni t’r ogen- cont ai ni ng

thay enessuch Hb“@laéi earchrapsed persthe ﬁ]@ﬁh@fcotﬂlv@n&itu"ﬂmxmteymrdmg salt(s)

rcent
Oﬁfﬂﬁéﬁéﬁ%}&’fﬁ“ﬁ 28}1?1 %g’re%ﬁ’ ?é@%)g rtlgelhais? CO gl |F>1,u’1h?rﬁigtalls
mayf heetorng: efoawmm;ﬂe afi UC 8 Bati Me, 6,806,625 (mhtzbfl@d Algle nore
ition, js at Ieast 0. arts curative

ng‘qﬁﬁwﬁl '%iifff‘%f °8fnp€ﬁlélg@1§ beash Qned ragrigRd gRpngmer unit
hawieGMitr&@sl SontdiRhE chitRitE t@gxlng??ets é% org 125tRRELE hen at least one

curative per hundred par cur abr e conmpositi
sweHing agentghay braadded tq the pehyfnear(s) pEonivmuihg oSudustﬁlhﬂgageSlt(s)

18 5 PSS Bk Y5 B RSB o e

avgiitablswidenthievitadp desibnitidhe BNMNOVE ENGENEER P 18 UID HFE-7100"
al t hough h| her and | ower anopunts o

or f 3%&%{}} I q?rgy D Hife-7200"fora 306 (Epnmianjf)onr any other
flubHhd BchtAR%oARMIAISH 3 %f é)&%le G ALLYER SUel 8% tadt %emgnatlon
"3M FLUORINERT LIQUID FC-75" from 3M. The conversion of the polymer pendant
Cyano groups is typically performed at room temperature or at a slightly higher

temperature. In general, any fluorine containing inert liquid or any fluorine containing

alkanol with a boiling point of at least 40 C, typically at least 50 ©C may be used.

In the case of non-perfluorinated elastomers, a swelling agent also may be used.
Exemplary swelling agents include alcohols, inert hydrocarbon solvents, and fluorinated
compounds. The necessary bases are preferably selected from alkoxides or organic
amines, for example, sodium methylate or ethylate, trialkylamines, aryl-containing
trialkylamines, and pyridine. The amount of base necessary to convert the nitrites is
typically from 0.05 - 10 weight percent based on the weight of polymer, more typically 0.1

- 5 weight percent.
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exanpl e, those known in the art for curing
fluoroel astoner guns, and which should typically be

W@ 2002486 so that they do not negatively i npaceCT/g2006/032796
curing properties of the curable conposition. Exanples
of such additional curative include bis-am nophenols
conpounds (for exanple, see U S. Pat. Nos. 5,767,204
( I Wdf Blendd of) flunchdyri&8 abe/@s{ryd rmombsefuktouts of)ilcorporation is

ORISR N RS e b

cog Mland$RGiny: S Pat. No. 5,621,145 (Saito et al.)),
nia eneratl ng conpounds (for exanple, see U S

Pat Ackbtwes SR a2 68 exhmpleacitbembleck, stabjlizersamiasticizars dnbricants,

sl o P oropB it st sl B PR gR /R P
(p&fI88Ra B3Ry &Y, afd proéssitly alds typieslpxutilesd niifldoropolymer
coagents. One or nore additional f|uoropolyners naﬁ
coppRBIdiBg MAY e IRINEPITPIGE iIp éhwpqsﬁmmﬁgﬂowded that they hav
ad%:{ﬂ.ia% ﬁ%lﬁ ﬁl%qnféﬂgl&f %Rl@%c}nﬁltgﬁg by § go %1{)1 %antlallg interfere
a|n|ng cure Site nononer. e
with uﬂhxgr:ﬂﬂymatrsblaaympmumy n ot co npr i se
ni trogen- cont ai ni n ure SI , and clude the entire
arr ﬁi § ‘Efé’aip%btg—%can eLRf?I??ﬁe P& ARt S AR

%%W%ﬂ%%%%M%%%%%W%%Wm

(1frdeslg@@eandwm toshiemiadiyvents 61 désined) mmoném‘ampale‘ub ryetessiog
i m d ti ddi,t
el b TRTEL P S Chag bR hagPESpisp BB gthep comntionsl

adfibiianielof ifpREMeRs tArObb addByY e RULPRS @EhPoyitivalah@ é&imately admixed
I ncludi ng, for exanple, free-radical polynerization of
orcpmpawBisaaharewith i emwm&awmﬂ the wyaboibheranixing doces such as
t g
1n%§na?gﬁ)géﬁy éfq‘% réxﬁ?x% 1¥: &@3% %/ng%kg%?r fo?f‘llzlﬁ{/sb §/ SRIr¢SH¥enient mixing
depizky Mhe ltemmammmfrrbar mlxtﬁlreahllrlal tieomximepliouess itypitdlly is kept safely

nce of an inor ic free-radical initiator
belgpethepuring R R TATpRASEiAnY S ghe Frgns e ypically should
no@ﬁ[%é%lﬁ/@rl@b@c PRAin n%%fnﬁgaﬁ?@ﬁgralw lssctéﬁpﬁmﬂortgstﬁg@tetme

Sol vent polynerlza ion 1's typicdlly done in
conponergs mgbadjuvmggmfounboﬂhmhgut the gurex arrpl e,

ngi e{gulfql#) 9; ?Cgfl)]{))qs tg:OéHS rnﬁglgl%? ogrsexamlgl% by exl{rusmn (for example,

into the shape of a film, tube, or hose) or by molding (for example, in the form of sheet,

gasket, or an O-ring). The shaped article is then typically heated to at least cure the
fluoropolymer composition and form a useful article.

Surprisingly, it is discovered that curable compositions according to the present
invention typically have an enhanced processing window as compared to corresponding
compositions that use equimolar quantities of the corresponding organoonium alkoxide
that has not been reacted with a nitrile. This is observed, for example in Mooney scorch
times as determined by ASTM D1646-04 "Standard Test Methods for Rubber—Viscosity,
Stress Relaxation, and Pre-Vulcanization Characteristics (Mooney Viscometer)". For
example, curable compositions according to the present invention may have a Mooney
Scorch Time (t1g) of at least 15 minutes according to ASTM D1646-04.
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exanpl e Al BN and bi s(perfluoroacyl) peroxides. The

pol ynerization is typically run at a tenperature in
wao b@7oaisge of 25-80 0C and at a pressure in theCT/ase6/032796

of 2-15 bar (0.3 - 1.5 MPa).Cyano groups (that is,

-CN) can typically be introduced through sel ected

chain transfer agents like I (CF2)dCN, or by using a

fr eMdSlgﬂlngﬁ lpre3® lc%ﬂﬁm’ ofztht comblmisass isagpicallseordeacted at a

carried qut, in the presence of, a perfluorosulfinate
term BRI 39 ety MRHEIRdn AT (T UAE AGHTIFRIS pressure.

| i . h :

G el 2 PR 230 K BBl S Bl B E0s2C, for o
pediad bbfiomi It thinnd enidehavis, Lypically frand deineteg todpsiififtes: A pressure

Ofggﬁ%‘(ggla ? Pﬁgﬁgy@g,g‘#@%@m Irraé(aé ﬁg{p?)t%e:&lo(glgﬁ%g ?i%r?lﬁoviuhdteg mixture in a
mblfl ¢at BroldsQHDFbe FREcEHAENRIE b 9¢ledse Ubent@hd ylado

grOﬁ?-contaln[ng fl uoropolyners invol ves the _reaction
of ihemglded inixtuteeor prassehied agticlamay thash apticrghphsgivst-cured (for

and. _a. bas i . . .
o8P 0BRSS o U i
usbﬁlyﬁwﬁvé@ﬂ 1|5Y)h°C| aiﬂrjopafie@pioalgﬁ at:Z:ﬁﬁg’iC}j &dri a};ﬁiod}‘of lﬁtmnFZ hours to 50

than one such material can_be .
houEs RS G SN gTREY @aﬁr?aé@@o‘ﬁ@? g Cg%gtes%)o%%]r ttht gsg:gfg%t gficle. For
thidk SQHiBhs, Yhe t%tﬂlp?ﬁaglrl@ 198riRE BesIokeelirt ‘Pé'ush'&lg’y RaRA gradually from the

conmponent. F detalls ‘'may be found, for "exanpl e,
lower lumit 8f theatngeNo th&dB08d aRBinfuh tmparatyte. dlhe)maxifumHemperature

fl uor opo d [,Si . t i nt eri.zed
st RPN 100 o PR USS FAtes el 0t 4 Bairson g, CHaTPRrciie st
geﬁéiﬁ]l’* b&ifiplefes QY drbitolifeh@SAdOMBY alsd Reensatesic@@biolatiles from the
swelling agent may be added to the polyner(s) prior to

cugadrdompositignh Binelly, ithrpaaigarr ©ehyneshlp asebient seppgraiurg such as by
sh[\{tiﬁg%iffr{ﬁé Sgencgéggoynd such as a hydrof| uoroether (HFE),
OoF "exanpl e, avail abl e under the trade designations
"3M viElaRE D fRhidlihy ehltibn @ie@OttharillistBdddNMBEfollowing

ENG NEERED FLUI D HFE- 7200" from 3M Conpany), Of any,.
nogy HRng LXFRPlSS bél&ﬁieaaaﬁm‘fgﬂ m%ﬁlﬁ wr@@,ty 4184601@3?&\%1 i these
exhi jf&%aa\é %E_}_lagl RhtRARditibREadd adgilde8haaabi R bondMied to unduly limit
- I'N LIQUI D FC 75" from 3M The conversion of
thisheveptiby.mer pendant cyano groups is typically
performed at roomtenperature or at a slightly higher
tenperature. In general, any fluorine containing inert
EXAMPIESOr any fluorine containing

Unless otherwise noted, all parts, percentages, ratios, etc. in the examples and the

=

rest of the specification are by weight, and all reagents used in the examples were
obtained, or are available, from general chemical suppliers such as, for example, Sigma-
Aldrich Company, Saint Louis, Missouri, or may be synthesized by conventional methods.

These abbreviations are used in the following examples: g = grams, min = minutes,
mol = mole; mmol = millimole, phr = parts per hundred parts of rubber, hr = hour, °C =
degrees Celsius, mL = milliliter, L = liter, psi = pounds per square inch, MPa =

megapascals, FTIR = Fourier transform infrared spectroscopy, and N-m = Newton-meter.

The following abbreviations are used throughout the Examples:
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al kanol with a boiling point of at |east 40 0C

typically at |least 50 OC may be used. In the case of
woew7pa4869 uori nated el astoners, a swelling agePCT/HEX06/032796

may be used. Exenplary swelling agents include

al cohol s, inert hydrocarbon solvents, and fluorinated

conpounds. The necessary bases are preferably sel ected

from al koxi des or organi c am nes, for exanple, sodium

met hyl ate or ethyl ate, trlalkylan1nes aryl - cont ai ni ng
ABBREMIATHONes, léﬁﬂﬂﬁ&ﬂﬂ@ﬁhe. The anmpunt of base
,gﬁ%essary to coq&g&hlkﬂﬁnp&krltes is typically from

- 10 wei ght ereent based on the wei ght of
MaivgYer, nore txﬁﬂhn&éan&hﬂAmnﬁemeﬂght percent. | f

blends of fluoraq re.desired, one useful route
orporatloﬁﬁ%b%?ggﬁg}ﬂgﬁuhrough bl endi ng t he
or opol yner | ce ect I 1 owed
'bjiﬁjcoagul ation g"h{? “8? 1)21;1 rlid%%h% fguosré gé#rggaﬂ‘o

BX¥PIRE e, car bon tedafikylplsdsphodib@aer@-tohlylist,l di% &8s,
| ubricants, fillers including silica and fluoropol yner

fillers (for exdwptfuoraremonsddor PFA

OB 7 gl 1S R e

ilize r conpoéundi ng
i ncor.por at ed i ntRMViEeanddnpo®ie pedeent Wi@Nuﬁm;ﬂetvhaa&qwhw
have adequate stability for the intended service

condi tions and d@“ﬂﬁPHEBBEFgﬁﬂﬁglly interfere with

§ifni ng of the cuiiphl RGP eRde: HRNradtiRsighAtRIN "AEROSIL R972"
conposition can typically be prepared by m xi ng one or
more fl uoropol yrfecrr(@egusshe\(&,di)@ﬂsqldorf @(ﬂ}’na@éfl ect ed

B9 L L S AN AU AR ARG o0

conventional rulbgh qabeg Bestongvaskdeizens . The desired
anmount s of compoundi ng i ngredi ents and ot her

conventional adjuvants or ingredients can be added to
t he curable conposition and intimtely adm xed or
conpounded therewith by enpl oying any of the usua
rubber m xi ng devices such as internal mxers, (for
exanpl e, Banbury mxers), roll mlls, or any other
conveni ent m xi ng device. The tenperature of the

m xture during the m xing process typically is kept
safely below the curing tenperature of the
conposition. Thus, the tenperature typically should

=20 -



10

15

20

25

30

not rise above 120 OC. During mxing, it generally is
desirable to distribute the conponents and adjuvants
W@ 07024869 t hr oughout the gum The curabl e conpOBUS$10061032796
is then shaped, for exanple, by extrusion (for
exanple, into the shape of a film tube, or hose) or
by nolding (for exanple, in the formof sheet, gasket,
NIPRIBNPREPARNTION® shaped article is then typically
heated to at Teast cure the fluoropol yner conposition
and forma useful article. Surprisingly, it is

peeRR B et plilr oL ABCR SRR IO RY RECRI RGN 0 the
pr oges$j logndvbatchon3 arck flaykaequibpied vdtra §85Cnaindenser and
conposi tions that use equjJol ar quanti ti of. t he .
e MG SUREN N SREBouie AW L Rosedeolat e Hhopdaeuoride.

- i ¢ &escribed
(SRl Pon MBS (PTG Kol oSt rcrio
in Esarapld draf Uhés Paivibioh 6482039 (Rubise et ali) swasiddpd tethedlagk at -20 °C.

Rel axati on, and Pre- Vul izat i on ragteri stics
THE By POF LEOHER wped Wi P00 e dnd DB S 1400 g of
meIBB0gifluofiSctBEERESHifhtd for bive vpyiekelter fravtuHation ABliter round
have a Mooney Scorch Time (t ) of _at |least 15 m nutes

botiedask aguippedastive DieckaBead stinen ar fiy Cosondeniss apd,pddigionfunnel
Wa% g:ﬁ%r%‘% a}ftjhel 485 LSt -3t-%mu8?clnlle%fh% 106tk ﬁitmal) and 940 g of

rature sufficient to cure ture tn
dilehiif@thanite Thdmixtaresvdststiibeé aproesstemperaGeaendll2y g of ammonia

this is b 95 0C and 230.0C, ferably bet
(7 450 o eS8 ore e SHoJa aPte oYk RBh e St idand

% pyfidiRk ¢ 8. | th & Siktre3PhsBopiEaS -14¥C and 1493 g of
Hgg gigyéalgl?%%e? mﬁlé)fé)ﬁl&%goagld%awgﬁdlﬁl,eoog kPa is usua?rlli[ . S0
g0

triflmgroscetic anhydrige ¢ dipoelhvesladdedt vvfter pddiiommiag complstagpl

may be f.irst, coate i th rel ease_a d
Rt i S8 S By DA B RR S BE 165 ot
hefiatl6/08d -néthdk§pidPienatile CF O OF, EX@MPves obtainad afisredigtilBition.

a tenperature and for a tine sufficient to conplete

the curing, usually between 150 0C and 300 OC,

R ] b IR AT M EN i RCr O
cr osﬁwseﬁtmlemwbrdmepdtmg&e?ilﬁab elemrr]m:)e«t iretthe Bovcethmedtr
t t t L urin e -Cur S
O GG o bt Gramatbs CTAp ey Thpis CoPEeRD.
cﬁﬁaﬂ@civ%ccﬁzgﬁweﬂ)(:@ﬁ, HRX F OO0, E T fhd/4Ed fITHEIB¥rawAde by

t'enpérat ur _
direct fluorination or electrochemical fluorination of the corresponding hydrocarbon

analogs as described in U. S. Pat. No. 6,255,536 (Worm et al.).

ALCOHOL PREPARATION

Hexafluoro-2-arylisopropanols were prepared generally according to the procedure

for making hexafluoro-2-arylisopropanols was followed as described in “Perhalo Ketones.
V.1 The Reaction of Perhaloacetones with Aromatic Hydrocarbons”, by B. S. Farah et al.,
Journal of Organic Chemistry (1965), vol. 30, pp. 998-1001.
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used is preferably 300 OC, and this value is held for

4 hours or nore. This post-cure step generally
w@owpheses t he cross-1inking and may al so rel eBGEUS2006/032796

residual volatiles fromthe cured conpositions.

Finally, the parts are returned to anbient tenperature

such as by shutting off the oven heat. (bjects and

Pre@&uﬁ@ﬁ 8EE$p-efludiiil gl 1,58 Shdxafluabisobtoptuve ( THI), (8t #e{ CF3),OH

the foll |
parts Q%ergL P%rggqtgqo‘gasdh@"ﬁetéhﬁﬁhf & oh o (P ol apgippd from
Flugg %?xg ?6 g 3P to\i\gelélle é@gm%bh &eQ%%rtWé%rk%aﬁﬁ%d and 203 g of

etal not onstrue to unuy [imt this
he)daﬂuem‘ad:@dine (EmuESbﬂaiﬂeéﬁsmsmmstsbahmtedes 1d.) yasradged over

TG 0 o o R i DS T

rlsélcﬁ?fé) A9 s (R10BABNPITBS oAbt ch WX Gnfiéted Bfteraii }@uﬂlab@hhpamed by a
from general chéem cal suppliers such as, for exanp

droBiig tempetétars apd mmn yThe Saedvet mistiis, wagiveashed twwwnhé?() ml of
Wa%{; biﬁ%&?ﬁﬁ@ag@r a lege‘i{f‘fﬁl’l ?rﬁ@)dgﬂﬁ %1% fll—%g Hand distilled at 174-

17@6@{“65_gwgb? tes, nmol = nole; =mlli m)I e
par uUndr ed parts of rubber, hr = hour, 0OC
degr ees CeIS|us, mL = mlliliter, L =1liter, psi =

poun_ds per square inch, MPa = megapascals, FTIR =
ORGANOONIUM PREFARATIONE ed spectroscopy, and N-m =

I\kra]wt onhrret er. The foll ow ng abbreviations are used

t hrou t :
Prapara 190u the | 2= (ﬁ?l X Icr]c}i TFlji:S xide

%@%@ﬁﬁ@@h@%&tmﬁt 2 (p-toluy 1)- 1,11

Xat I uoror sopropanol TBPTHI
t et Pafif- mmphuscbh@mrm sk qquinnsd oithya stir bar wagcharged with 51 g of

Tfﬁgb( gfnﬁ@? ci)%f g é)ﬁ?g X! %t g%%gﬁt%eglmgth&@QWh%%o% 2 mol) was

ercen

‘added and heated to a slight methanol reflux. The ﬂask was cooled to room temperature,

and a solution of 66 g of tetrabutylphosphonium bromide (0.2 mol) in 66 g of methanol
was added. The mixture was heated slightly and stirred for 0.5 hours. The solvent was
vacuum stripped and the solid mass was extracted with diethy] ether and the sodium
bromide was filtered out. TBPTHI (101 g) was obtained after vacuum stripping the

solvent.

CATALYST PREPARATIONS

Catalyst A
TBPTHI (3.87 g, 7.5 mmol) was placed in a glass vial. To this viscous, colorless

oil was added 0.945 g of NCCF,CF,CF2CF2CN (perfluoroadipoyl dinitrile, 3.75 mmol)
via pipette. The vial was swirled gently at room temperature, and a slight exothermic
reaction was observed, with the formation of a yellow viscous oil, which solidified upon
standing. The obtained reaction product was dissolved in 5 g of methanol to produce a

clear yellow solution. FTIR of Catalyst A (neat sample on KBr plate), compared to the
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PWE and 1.3 nol e percent MV5CN nmade via aqueous
enmul sion polynerization. SILI silica avail abl e under

w0 b@7oeeee desi gnation "AERCSI L R972" from DegPGHHSAG/032796
Dssel dorf, Germany FILlI carbon bl ack avail abl e under
the trade designation "N-990" from Cabot, Boston,
Massachusett sNI TRI LE PREPARATI ONS Preparati on of

stmlfiﬁgﬁ%fplwﬂr SGroRBRhORDMRROPENERivW Ehdnical GoRPotid 2FMENoMplete
round bottom 3-neck flask equi pped with a -8 0C

losgofitie FEX ereuns duniog the reagtios(abseres alé Aol SRt Ph 1025
g of nethanol and 300 g of sodiumfluoride.
3-Trifl uoromet hoxyt etrafl uoropropi onyl fluoride (1561
caghﬁﬁgf nDI) prepared as described in Exanmple 1 of U

Che PPAEH (a8 gggg@%;sag@s plsked e frsatil, 16708 RER e fproress
oil Wa% Ed(fe(a%gé{lfy\?%‘f‘ EgZyp GeFIAFHONYT7VEmAMBIOvig pipette. The vial

oplonate for a 91%y |eId

wa%&vﬁredf geAG h@r@@ﬁﬂ t@xﬁ epauée |’Dh%@ésu[tﬁigﬂﬂndﬁﬁbmmdi§sals'kd in 5 gof

equi pped Wwth a mecﬁanl cal stirrer, a -78 0C cgndenser
methadola ¥t nidination Ahe reaghen §Haemy dempFrRNTe WaRokseHIe

met hyl - 3-tri fl uoronet hoxypropi onate (6 nol) and 940 ¢

of dinmethylformam de. The m xture was stirred at room
CataBpBpat ure and 125 g of ammonia (7.4 nol) was added

o gl w5005t S o I R S g o o
TB}H’?—H {5‘{%% g(rggg 1%%%1?5% theé n?a% %el_r%l ax?{' xgo Wélé%g‘ggn 8f a re ctlon at room

terRbPdthleGRas\ibSer 8P TRS ¢l wis then Béatydites0 %sﬂﬂdgm tha dapld
t'he product began to refl ux on the condenser. A total

forpfation e6a fright YedowWaarRREs elog vk ]élﬁé’lﬁ pp@lluég to room

telweé%{: A @%ﬁﬁgp@& oé?ftl?ﬁ% Ebﬁ%n"f’sf 51%5%?&1? {d 4 {i8td nocl}érz (Y,FHOW orange

su%(:é?@ﬂlt&hal?@doﬂﬁ&néﬁm&tﬁm peuct (KBl (hsgc) wveompared to the starting

epared gener IIy descrjhed in.th dure for

@EI}W 2@3‘@"53 QF\CP%tc\%etcf?I’m%%te@&%%%{ondi ng
acid fluoride, C7Fi 5COF, CF30CF 2CF2CF2CCF( CF 3) COF,
and FCOCAF8COF. The acid fluorides were nade by

Catalyst C
TBPTHI (3.87 g, 7.5 mmol) was placed in a glass vial. To this viscous, colorless

oil was added 2.96 g of CF3(CF2)6CN (7.5 mmol) via pipette. The vial was swirled gently

at room temperature, and a slight exothermic reaction was observed, with the formation of
a deep yellow viscous oil, which solidified upon standing. The resulting mixture was

dissolved in 5 g of methanol.
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direct fluorination or electrochem cal fluorination of

t he correspondi ng hydrocarbon anal ogs as described in
wOR2005024864 . No. 6, 255,536 (Wrmet al.). ALCOHZLT/US2006/032796

PREPARATI ON Hexaf | uoro- 2-aryl i sopropanol s were

prepared generally according to the procedure for
meki ng hexaf | uoro-2-aryli sopropanols was fol |l owed as

%g@i bed in "Perhal o Ketones. V.| The Reacti on of
rhal oacetones with Aromati c Hydrocarbons”

, Db . .S,
Far BAPBLT G15.6 £ mimal) i etgedre.a CAGISoMH bofthgssiask cquipped
.vol ,. 30, .1.998- . ' 0
with Ssis Piap Bty Fou s 0B R P sk S Bboled to 5 apd 7.6 (oD
of HeptI0EF3 b Apalfaneditrfawes adidtairat vace. | Hachetiompedurred at 10
. g OA A3 (0.09 nol, obtained fro%{;l UK@E«?em 5?}%{ (g@)droom
C Bya change te ayekes cplgTes G3eamy MipgULCe J S ROGHEE WaY XEHRY
d 203 f .h fl t 22 '

et R NBLBLL S RCES R 2R b AR o

to WarmMo' 8ot tbipérathralt AlRNEWCeHRBI FisteRoduln 24 g obasancovered.
exotherned to 45 OC with a pressure rise up to 49 psi

(340 kPa). The reaction was conpleted after one hour,
CalR8 anied by a drop in tenperature and pressure. The
ct mxture was washed twice with 600 m of water.
The CataBanEevas rotBes disdribad dbrt datzdyst {rlexvept thyStme molar ratio of

filtered and gistill,ed at 174- 6}8}%togiv 228,49 of
PRAYOR i

heptlucRGARESBRK NP PARERMHE 79 E548DwY pRaTludfo-2

i | -thP1t D. Th ] ts used
oD o1 b Tt s et v

20 G{rfobl ONTERICHHNd 44 15001 of heptafhidradmashexyprenenetilpped
with a stir bar was charged with 51 g of TH (0.2 nol)
and 42 g of 25 weight percent sodi um nmethoxide in

pxXmtparol (0.2 nol) was added and heated to a slight
met hanol reflux. The flask was cooled to room. .
t empiércaonalpmerah 300 Sovar qompogdasiepnge gro roll mill with the addition of

t rabutyl ph j ' ) ' . i
CoBiA oA BUTTLER ML 5, TRyl B8 s v s
curkd Gt $77 ‘(rj(l' ﬁﬁlo}s QhinOteS. Babyeguenilyehsmbided teshalseetseend Prrings were

stripped and the solid Ss was extrac i th . diethyl
pogirqvesd I Yia SEosh P GRPECRaETarY f'oé@ﬂ"% o 45 g ouda
200 3T hff"?eﬁnﬁ){%t 22ty ik 86 iN afdiyaR Slorcril DGr,trh@p to 300 °C over
30 min and hold at 300 °C for 4 hr).

After press-cure and post-cure, physical properties were measured with dumbbells

cut from a post-cured test slab.

EXAMPLES 2 - 6 and COMPARATIVE EXAMPLE A

Example 1 was repeated with the substitution of Catalyst B1 (Example 2), B2
(Example 3), C (Example 4) and D (Example 5) and E (Example 6) for Catalyst A as
indicated in Table 1 (Below). Comparative Example A used TBPTHI as the catalyst.
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sol vent. CATALYST PREPARATI ONS Cat al yst A TBPTH (3. 87

g, 7.5 mmol) was placed in a glass vial. To this
wo@coese9 col orl ess oil was added 0.945 g of PCT/US2006/032796

NCCF2CF2CF2CF2CN (perfl uoroadi poyl dinitrile, 3.75

nmol ) via pipette. The vial was swirled gently at room

tenperature, and a slight exotherm c reaction was

observed, with the formatiTABDOE la yel | ow vi scous oil,
which in idified—-upon cf ndi AG: The t ai-ned-reacti-on

A"A A= IR R A" | TTCTUACT

N O

on KBr pl ate) bared to thestartilng TBPTH , sho

Flineopadymet Aon of a|new chem cal conpound apd the
conpl ete 1 oss 300t helO@N| gtHUps ngl@he|red®dion 100
(abs&fite of peak af -2260 cm 1) . Cat al yst | Bl TBPTHI

($BETHE phf - © [MPT ) [Wag placed | glasg vial.gTo fhisi3

n @
viscous,” colaorless|oil was added 2.45 g of | CF3q
v

Capdy2 by CF( GR8) ON 07. 5 o a [pi pette. The vial O

wAacoc o od dontl ! At ryromm +t ondnor ot P Y “oe

(=, xo e n \V | E"’" —y (o} \WAVARN] CITPoTT C III., TCoUIT T Ilg
{y@ﬂé |s ol e&'g n|s f tm;no? NO 0 0
Cg[glg& agr eact pon|ap _{f oomg ENPET@L UF € Vigs 0

0 ved. aI yst |[B2 Asiwith catalylst Bl, |2 45 g of

Clati}y CE2 G5O u=2q CF(CB3) EN @nd| 2.3 g of TBPTH) vere 0

rbi-n A—a—v-abHrA-the—rReat—Formand iadi-catton
gfét%ysrtpad? i aP roomotempe at ur €’ wais E lved The O
d o

I;Hner hgated gt 60 QT respltinggl n thessap
forrrgtl oﬁ of |a bright yellow orange icolor which uppn

shﬁlk]i,hgphand coddl ng t3 r oordlt errpéf)at ur 80t r dnsf3@!' rred 30

ha Aanti vrn ant ont a ~Af +tha vy Al + A ol g oy

oanta nf +ha 1 o A
S%L\/—pll.?fange sbst ancse. F'th anlﬂ ysi slé‘{ th : lﬁe 1.5

reactl on product (KBr disc), conpared to the starting
mat eri al s used, indicated the -CN function to be
conpletely reacted. Catalyst C TBPTH (3.87 g, 7.5
%l was placed in a glass vial. To this viscous,
ess

Rheology, physical properties, compression set and scorch are shown in Tables 2-

Cure rheology tests were carried out using uncured, compounded samples using a
rheometer marketed under the trade designation Monsanto Moving Die Rheometer (MDR)
Model 2000 by Monsanto Company, Saint Louis, Missouri, in accordance with ASTM D
5289-93a at 177 °C, no pre-heat, 30 minute elapsed time, and a 0.5 degree arc. Both the
minimum torque (My) and highest torque attained during a specified period of time when
no plateau or maximum torque was obtained (My) were measured. Also measured were

the time for the torque to increase 2 units above My, (ts2), the time for the torque to reach a

value equal to My, + 0.5(My - My), (t'50), and the time for the torque to reach My +
0.9(My - ML), ('90). Results are reported in Table 2 (below).

-25-




10

15

20

oi |
pi pette.
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The vi al
re,

was added 2.96 g O CF (CF )OCN (7.5 nmol ) via
was swirled gently at
and a slight exotherm c reacti onP@EES2006/032796

room

observed, with the formation of a deep yell ow vi scous

oi l,

m xture was dissolved in 5 g of nethanol

36 nmol ) waaBtar ged to a 250-m
ped with a stir bar and a dry ice

TBPTHI

hot-t
OTU

(1

m-flask

8.6 g,

equi

. Cat al yst

whi ch solidified upon standing. The resulting
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Qnysum heat
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het 't ha
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4.35

t'90; atial
TBPT!

y$0.5

H___an
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Thgo agt
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useg wergeps20
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- hertafl uoro- 3- et hoxypr opanenitrile.
FI' msesped ghierscarch880 g) was conpounded on a two rol |

mil

with the addition of Catalyst A SILI,

EXAMPLE 1

and FI LI

as indicated in Table 1. The conpounded m'xture was

pr ePaessredeedathedid (1 G0 15Pmi 2 91068m) SRR

nol ded test sheets and O-rings were
Prepagedsn dyaplrsda éltdf@omp@r@ﬁvq xqreplaty reecapo whe 1ﬁd3carede in Tables

3 a%lg cﬁﬁém

OSt cu

e edforsBesipit ot ers Rlermiin b piignge &

lr'h%:l;g é&fnﬁdgﬁions

égssure of 6.9

MRBDamd avtearpdratat df 477 I0CrAG hidr MeRruredNhbak V&Eeeﬁét ‘éh!lreﬁ by

cure,

xRIE B et +F B
were fenitfel S AAGH WnYFer it fMdtbreAesting.

Physical Properties

i cal

properties were neasured

w th

g thsqupgram dstpiled dn thel expmplexAkl pecimens

Tensile strength at break, elongation at break, and modulus at 100% elongation

were determined according to ASTM D 412-92 using samples cut from the corresponding

specimen using

ASTM Die D.

Hardness was measured using ASTM D 2240-85 Method A with a Type A-2 Shore

Durometer.

Table 3 (below) reports physical properties of the press-cured and post-cured

sheets of the curable compositions of Examples 1 — 6 and Comparative Example A, except

where indicated.
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Exanple 1 was repeated with the substitution of

Catal yst Bl (Exanple 2), B2 (Exanple 3), C (Exanple 4)
wapea7m4gExanpl e 5) and E (Exanple 6) for Catal pSL/US086032796

indicated in Table 1 (Below). Conparative Exanple A

used TBPTHI as the catal yst. TABLE 1 RESULTS Rheol ogy,

physi cal properties, conpression set and scorch are

shown in Tables 2- 5. CurerABEBI30gy tests were carried

ut using uncured conpounded sanples using-a

F heonet er maf K& éd BXder| EXe3 f rBlet X gnath%r6 [COMP. EX. A
Norsanto—Noving—Dbre—Rhregreter— (VDR Mdet 120001y
ﬁ%@%?ge@pa@y@ Sgi¢ |[Loui s, M §soufip in accardange
Wit BrARIMPR 5289- 98a”at |174,0C¢, "no pr e-'%eat g0 |m nute

el apsed ti e} (1800) a(183®) (degr ee (H980) | B2AI0) { he m )i muAV70)

t or quesi) ML) mnd hilghest |torque attained dyring a
ci-f+ed pe rod—of —t+me—whenmo ptateau—or—meximum
 or'qhertiRgS obt?&ned M| vigne |megsur edog Al sqreadsur egyg
wer grdateyf i ne Tor fhe tdgrque tjo 1nciease 2 unitsg above
(ts2), the tinme for the torjque t@ reach a valiue

eﬁﬁiﬁﬁMdﬂum, + 6,55(r|\]/R8.2 NL%ﬁn;(t' 508, |ah@d0t he ting for8.9
+ O M <\ ' .
o MPRT o DB B o o T Khgoothare 5 | (1300

measypppdaafter scofch test Prgss-cuned sheets (150 mm

X 150 mm x 2| 080m) | oBOt he wmur gbl & conmisi i ams 80
pr eplardegss n Exanpl s 1-6 and Qonpar ative FExanpl g A,
except—wheretndrecated—+n—Tabtes—S3—and4,—were

prepar f.or . physicgl property determ nation by
pr e%iﬁgleﬁ{égﬁ%eg@uﬂ%&ﬂ? %O.té‘y ®@nd a tenperature of
177 OC for 15 mn. Press-cured sheets were post-cured

by exposure to heat under air using the program '
det &Srieeitngns of He caxaigpéawepositidns opEsamplas 1 (Ganpar e

ST TEE T AT T
Okingakaviagd crizgdutdtion akickiYo£0.08Y aich @R S wehR Cledmessionedt of O-

~according to ASTM D 412-92 usi n% sarr}tl)l es cut fromthe .
ringoipeeigssn Hiap greasured using ASTM 395-89 Method B. Results are reported in

Table 4 (below) as a percentage of permanent set, and were measured at 25% deflection.

TABLE 4
EX.1 | EX.2 | EX.3 | EX.4 | EX.5 | EX.6 | COMP.EX. A
Compression
set after
51.1 52.8 nm 45.8 31.9 nm 39.8
72 hr at 316
°C, %

In Table 4 (above) "nm" means "not measured".
Mooney Scorch measurements were made at 121°C, following the procedure

described in ASTM D 1646-96. The procedure used employed a one minute preheat, the

small rotor size and additionally measured the t1( value.
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speci men usi ng ASTM Di e D. Hardness was neasured using
ASTM D 2240-85 Method A with a Type A-2 Shore
woenoonesey . Table 3 (bel ow) reports physical prOPES100€632796
of the press-cured and post-cured sheets of the
curabl e conpositions of Exanples 1- 6 and Conparative
Exanpl e A, except where indicated. TABLE 3 In Table 3
(abagygle 5 Gﬂ)@lbvﬂ&é’ﬁb?ts'm%neg;é@&'éh esht redpiecforemabRicoldpdsitions of
cur abl e conpositions of anpl es 1-6 and Conparative
Exmsoales|le- AaneemperaifieEsampldi‘cat ed in Table 4, were

press-cured - j '

O T TS U B 8y G A i v
subjecmd estieologs edstsaft 107 POgwhioh didiesns] exasllent aster(eeb Tebla2). This
WO NN T T R
ml@%%Z{ﬁ@Eé%r@fso %ﬁx(.%(%ﬁfth@&?lh%%mdl% Bodtcli¥ehatideSf Efaliplle 6Xusing

_ npression set after
Cafelyst B va8 distindtvelly @itfegent fioBOE Tl firas drshawed a@eryslight initial

BTN O T e
tedd! PRESUY 6 RS Tdr BEmble FREM A ¢aTHEeachBe 1118 @EEZIHTIRutes, but

used enpl oyed a one mnute preheat, the smal| rotor
thes meas asteady ticrdasn i toyauasius tr aed9d affienthg spereh feshihe sgecimen
be r rt corch test results for curable
Ve S%If)e%\g?n icgﬁ@né) b eg‘qn"g?‘%&é 1-6 and Conparative Exanple
A. In the case of Exanple 6, after the scorch test was
conpl eted, the sanple was TABLE 5

EX.1 | EX.2 | EX.3 | EX.4 | EX.5 | EX.6 |COMP.EX. A
Minimum
viscosity 89.9 90.6 77.4 87.9 78.4 77.7 94.1
units
t-3 (min) 5.22 3.94 11.69 | 5.75 10.48 12.63 431
t-10 (min) | 14.4 11.55 | 17.79 | 11.71 | 16.58 >60 8.99
t-18 (min) | 26.5 16.37 | 3031 | 17.62 22 >60 12.1

Various modifications and alterations of this invention may be made by those
skilled in the art without departing from the scope and spirit of this invention, and it
should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth herein.
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subjected to rheology tests at 177 C, which indicated
excel lent cure (see Table 2). This | ast rheol ogy test

w0 padi7o2a8¢d t hat the catal yst was still functi op@l/uszede/032796

active after the 61- m nute exposure to 121 Cin the
conpound. The scorch behavi or of Exanple 6 (using
Catal yst E) was distinctively different from Exanple 5

Wit istclsedvad a very slight initial rise of 3 points,
but then remained flat and even cane down a bit during

t he whol e scorch test. The scorch curve for Exanple 5

[ . -18 at 2 i,autes, .but .
1 hor 5 e EbdabH o BRI e e iof b e od weisae
segh¢mdiallyhe scorch test the speci men was cured and coul d

not @g rerml%;ed. TABLE 5 Various nodifications _and _
al t efPht i oPfSVIHNG MHeactNRIALYS AT Fisy anbsaennd cappesitiens, wherein the

fsldchRbiloR doBBeAE o sk DO AEPRRIsBed hOTLERA, FooPe

and spirit of ‘this 1nvent

understood that this i@\F?@ti on is not to be unduly
limted to the illustrative enbodi nents set forth

herein. Wat is claiRedCrsO” @ A nmethod of maf) ng a

fl uor oel ast oner conpos't':%ilgn, t he met hod conpri sing

sequential ly: (a) providfng a reaction product of

first and second conpositions, wherein the first
WRBHPositi on conprises a first conponent represented by

For ryt- & d non-fdRifRg-orfanGphdephédi | s a
non%tefferi ng (grggﬁ%%hggsﬁonr?lﬁrﬁfcg%%%géﬁw%%um or
organgamoEnicaiacat i on; each R i ndependently represents

R T A T WK R —
hytiheatbytipeap) Widreli 0 Wast @i cBfbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S;

R' represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S;

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

the second composition comprises a second component represented by Formula II;

[NECCFR’El—iz )
b

each R" independently represents F or CF3;

wherein

b represents any positive integer;

Z represents a b-valent organic moiety free of interfering groups; and
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further substituted with one or nore heteroatons
selected fromN, Oand S; R represents H a
whyarozgsdyl group, or a hal ogenat ed hydr ocar bR¢T/Usm0§032796
wherein at | east one carbon atom of the hydrocar byl
group may be further substituted with one or nore
het eroatons selected fromN, Oand S; or any two of R
and%)g( aﬁﬂnﬁiﬁﬂl%ttﬂ@feaf:ﬁ’(fﬂr@dﬁ!t Yidhe&bp (1) WidCa 1l @fecomponent
group, erein at |east ‘'one carbon atom of the .
corythingaflbyropolymgr touformeacupadld eomprsition, tstfiuoreralyBer corprising
or . nore, heteroato sel ect f " the.
ot it G eI Bl e el B bl At uciiin® B! 78, and
I ep{c§s enkiefash partial jotuéng the cifableciompesitibn K form a fluoroelastomer.
i ndependently represents F or CF3; b represents any
positive integer; Z represents a b-valent organic
oI et g e . : - "
2 ¥ e tehbe SecrarhGECEt | A BB s E RLoRPIRhRUsNbns o
essemiplgfesRtof anynflubmipolyneer tbmprisipg by meerpolynfevized mopomabint
conposition, the fluorgpolynmer conprising at |east one
hayipg & pPEEREPRERPSBEB LT unit having a
nitrogen-containing cure site; and (c) at | east
partially curing the curable conposition to forma
3. f | udrroethed henveding 2o clainmbs wWateinat tnasti ang of sheclingt o second

wher ej[ n the lf iCLst ?ned second conpositions are
corgReAsi 15 A1sFoLy s S9FVeBhy 1 uor opol ymer conpri si ng an
i nterpol yneri zed nononer unit having a

4. Ni t NQHERALE SEoRAiRE RdCIGH €, Whdréin the sebofiEtdiaporRaCRdstineguivalent
to claim1l, wheréin at | east one of the first or

weight ofl¢scihap oneqiab td 300grems peresdivivialeddl vent . 4. A net hod
according to claim1, wherein the second conponent has
an equi val ent weight of I ess than or equal to 500

5. Or apEmelod aciordiak enélaind 1, whereintrbpasents dibagldnd godupi selected
1, wherein Z represents a_ b-yal ent grou el ect ro

frohy a1 el DGR FatRa Ry U ary Tient PalGear by PRt ylene,
hal pgenat ed hydr ocar byl ene, |

-O-, ~N—, -S-, and combinations thereof.

6. A method according to claim 1, wherein Z represents a b-valent group selected

|
from perfluorinated hydrocarbyl, perfluorinated hydrocarbylene, -O-, =N —, -S-, and

combinations thereof.

7. A method according to claim 1, wherein QT is selected from the group consisting
of tetrahydrocarbylammonium, tetrahydrocarbylphosphonium, and

trihydrocarbylsulfonium.

8. A method according to claim 1, wherein each R is F and R’ is selected from H,

phenyl, methoxyphenyl, toluyl, phenoxy, fluorophenyl, trifluoromethylphenyl, and CFs.
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-0, -N, -S-, and conbinations thereof. 6. A nethod

according to claim| 5wherein Z represents a b-val ent
wQ@e@ap24sed ected | from perfluorinated hydrocarbgl/S2006/032796

perfluorinated hydrocarbylene, -O, -N, -S-, and

conbi nations thereof. 7. A nethod according to claim

1, wherein Qt is selected fromthe group consisting of

9. t et raR¥e6e a8ERYIna RTBRIM M) whﬁ’éi’n&ﬁé/ cicoR@ EoYbHkRS BheRctemfrom the
and trihydrocarbyl sul fonium 8. A nethod accordin to

graipadonsistimyiaN e CH CEp GF FCF 2C, Gﬁ&p@ 2¢&(%1%2%E<&f 3P
met hoxyphenyl ,
C%KGE%E%%H%OQF@ RGP aﬁ%ism{naﬁwrf,ers CF.9. A
nmet hod according to claim1l, wherein the second
conponent is selected fromthe group consisting of
10NCCR et §adsdrdiablto Efain POwhérelahat (dadt £pdtiGh oBthe@re sites
CF3(CF2) 6CN, CF3 2 CF2 CN, and conbi nations thereof.
comprispgreyanoradtor ding to claim 1, wherein at |east a
portion of the cure sites conprise a cyano group. 11.
Amet hod according to claim1l1l, wherein the
11f | uox mpthoy recordingne chés 1) whereinothy fieorope e comprisesni t s
. derlvedfromtetraflu roeéﬁylene nd af uor| at.ed. d
intggebRsTIZed FRARORLT BNt 5 ge Hosbisia ?ﬁrﬂat ¢ P%a% % uorjugte
coﬁoﬁgﬁlgpﬁavﬁga@ﬁ@ﬂo@&l -béhthinflgBuldlsiteher ei n the
uor I nat conononer haV| ng a nitrogen-containing
cure site conprlses a perfluorlnated vinyl ether. 13.

per f“f* ﬂ} ﬂ%g‘g% 39 F%gpr}z,r\% Tﬁ"nﬁgormatec{1 Somonomer having a
nltggé&dggfa%%ﬁm Rt 501ﬂE1t 8 |a-p3rfﬁxo<ﬂin@%a'v|1nﬂ eitene) ; CF

wher ei n is an integer in a range of
from2 to 12, inclusive; CF2=CFQ(CF2) UCCF( CF3) CN

wher | « [ ] . .
e SRyl e EB5h RS LAy s comprses
peYR &8 ydnd-5-Aethy 3 8GRSxal Nodtehd)NOB,<CFO(CTE)EN &vhérein L is an

inclusive, and r is an integer I1n a range of fromO to

inger i @lrbisdes; frod 2 to 12, inclusive; CF,=CFO(CF3),OCF(CF3)CN wherein u is

an integer in a range of from 2 to 6, inclusive;
CF,=CFO[CF,CF(CF3)O]q(CF,0),CF(CF3)CN wherein q is an integer in a range of from
0to 4, inclusive; and 1 is an integer in a range of from 0 to 6, inclusive; or
CF,=CF[OCF,CF(CF3)];O(CF2)CN whereinr is 1 or 2, and t is an integer in a range of

from 1 to 4, inclusive.

14. A method according to claim 13, wherein the fluoropolymers comprises
interpolymerized monomer units selected from perfluoroolefins, partially-fluorinated

olefins, non-fluorinated olefins, vinylidene fluoride, and combinations thereof.
15. A method according to claim 1, wherein the fluoropolymer comprises at least two

interpolymerized monomer units derived from tetrafluoroethylene and a perfluorinated

vinyl ether, respectively.
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CF2=CF[ OCF2CF(CF3) ] rQ(CF2)t CN wherein r is 1 or 2, and

t is an integer in a range of from1l to 4, inclusive.
wazeo7624%4 hod according to claim 13, wherein tPEI/US2006/032796

fl uoropol yners conprises interpolynerized nononer

units sel ected from perfluorool efins,

partially-fluorinated ol efins, non-fluorinated
160! efAl Asthod béh\bkdiﬁ'? feclhint 01 Witkeein AN G ABTE cORpbAHISn has a Mooney

thereof. 15. Amethod according to claim 1 wherein the
sccrehutme fig)) et leasw o misuies agcording fo AWEM RLAG8 -y ner i zed

nmononer units derived fromtetrafl uoroethylene and a

perfluorinated vinyl ether, respectively.16. Anethod
178CC N {EMFd bQordifh B dainMDSKEdrBintRErcatl FObr8dER TP AR firkihd

has a Money scofch tinme (tl g) of at l'east 15 minutes,
secand opmpogtiersASTIvrsEs @v@ldodt. of bRe mulesutef the Syt @pmgonast with two

Cﬁ‘l‘&i‘lm% wherej n t he rteacti on product of the first and
m AT s e OO & hpr i ses an adduct of one

nol ecul e of the first conponent with two nol ecul es of

t he second conmponent. 18. Amethod ,according.to claimnt,
18¢ ur e thodApIOTEed ShiEp. e R EOBAR ABE ShRsHpBS CHTAbTF

19 . haped fl uoroel astoner prepared according to the
Coﬁé?ﬁggﬁof claim18. 20. Amethod according to claim,

further conprising post-curing the fluoroel astoner

conpositiop. 21. Anethod accordi.ng, to cl aj whergin
19; e atapebgiorgrlasteBRpREHed FOeriBs 't B tbbosoiREle
22. Anet hod according to claim 20, wherein the filler
conprises at |east one of fluoropolynmer filler,
20si | iAmethod acardiop thtlamk], fadher smeptising postoruding ghe Buoroelastomer
cIaLF1 wherein the reaction product conprises at
copRYfothe conponent that is a condensation product of
one nol ecul e of the first conponent and two nol ecul es

of the second conponent. 24. Anmethod according to
21¢| ajAmethad aperding fhe clamabwhsweip thsct deast npromapogentfurther

copfisds MRS

22. A method according to claim 20, wherein the filler comprises at least one of

fluoropolymer filler, silica, or carbon black.

23. A method according to claim1, wherein the reaction product comprises at least one
component that is a condensation product of one molecule of the first component and two

molecules of the second component.

24. A method according to claim1, wherein the reaction product comprises at least one
component that is a condensation product of one molecule of the first component and at
least three molecules of the second component. *

25. A fluoroelastomer prepared according to the method of claim 1.

26. A curable composition comprising:
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conponent that is a condensation product of one

nol ecul e of the first conponent and at |east three
woredogoedses of the second conponent. 25. PCT/US2006/032796

Af | uor oel ast oner prepared according to the nmethod of

claim1. 26. A curable conposition conprising:(a)

first and second conponents, or a reaction product

t hergpf ﬂe&%a'secdna%oﬁipbﬁémg %&ra%h%agn bﬁ)dﬁ@ﬁh&%@ﬁ%ﬁféré‘i’ﬂthe first

Fornmul a I: oOQ+ (I wherein Q+ i$ a
conmmnmmn$m@8$ungibyﬁanmﬁhbsphonlun1 or ganosul f oni um or

or ganoanmoni um cati on; each R i ndependently represents

H, hal ogen, a hydrocar Rgroup or a hal ogenat ed

hydr ocar byl group, ﬁM1 t | east one car at om of

t he hydrocar byl group nay b further substituted with

one or nore heteroaton®Fgel ected fromN, Oand S; R

represents H, a hydrocarbyl group, or a hal ogenated
whil¥gr ocar byl group, wherein at |east one carbon atom of

the hydrocarbyl group may be further substituted with

one @t isroxcs-interfsrina orgreoplaispherdemf eiganagplionismdos; or

of R.and R may together form a dival ent

‘HHV%?@85’8§?8ﬁ5’group, wherein at |east one carbon atom
of tdaeh R)fdependdly eeare D, intopgehea ﬁjctfrbMBylfghi@qi (brtalli@@‘fgenated

one or nore heteroatons selected fromN,

hyématbbrbgr@eao\ﬁher@@raﬁ daslrneicgrhon giem eﬁtlv@dlysgpcm&af}r&qoap may be
fu%& Sfbdlinfas wﬁ’ on'e e %@99&%&&%@@@&8%&& O andfs: b

resents ositive I nt represents a
b v d{' eepregeng&m a:hydmcmrbyl fgrc&@ of a halbmib@dlhygr@axbgrb sroup, wherein

at ?egl(sjt one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S;

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

the second component is represented by Formula II:
[NECCFR’E}-—Z an
b

each R" independently represents F or CF3;

wherein

b represents any positive integer;
Z represents a b-valent organic moiety free of interfering groups, and

wherein neither of the first and second components are fluoropolymers that comprise an
interpolymerized monomer unit having a nitrogen-containing cure site; and
(b)  atluoropolymer comprising at least one interpolymerized monomer unit

having a nitrogen-containing cure site.
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wherein neither of the first and second conponents are

fluoropol ynmers that conprise an interpolynerized
worenBts6uni t havi ng a nitrogen-contai ni ng curBCHEUSHN6/032796

and (b) a fluoropolyner conprising at |east one

i nterpol ynerized nononer unit having a

nitrogen-containing cure site.27. A curable

27 COMROGHAH1O Bordp6sttish a@oidhgCioaldiin2s, whbRieihe stdimdseapotent is

c onent is selected fromthe group consisting of
sel R@gﬁmg@@@mmm@@ﬂf Qﬁzﬁf) FoEN.cF 3 )CN, CF3

ciagChEap PRy ol BT iRl Saf Sosnaions

th greln the reaction product conprises an adduct of
Oe" nol ecul e of the first conmponent with two nol ecul es
of the second conponent. 29. A curable conposition

according to claim 26, wherein the reaction product
28¢onpk w@lge sempesiien nserdipmiosam: 26, mherein thy redction product

co&gﬂg QN8 ahheR 8&’ gﬁgfﬁ%ﬁecﬂfe e fRL f‘tg{g%cﬁ'leﬁf W%tﬂ B bdodcules of the

onent "an east t ree no es of the second

secmﬁmom@nﬁentso. A catal yst composition preparable by
reacti on of conponents conprising: (a) a first

conponent represented by Formula | : CF2R R1-C-O Qt

29( 1) ARZEL1MREMBH i G adcBrdingd 1A 29, b@letd the reaction product
or ganophosphoni um or ganosul foni um or or ganoanmmoni um

comatisesat le@memom}v@mmrﬁb%m 3 wndém’aégé prosiupt ofipare s pculgof the
hyd | ,
fihegp o ing S8R oRee Dol ROET B er MLRRERRE: PLy1

group may be further substituted with one or nore
het er oat ons sel ected from N and represents H,

308 hydeadastspmpgpisap preperalets r@@@mﬂg &Oﬁlye?%%l?%plpﬂsmg
gro l{ﬁ’) WA ddbmponent represented by Formula I:

R—C—0 Q" 0

wherein

Q+ is a non-interfering organophosphonium, organosulfonium, or
organoammonium cation,

each R independently represents H, halogen, a hydrocarbyl group or a halogenated
hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S,

R' represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S,

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted
by one or more heteroatoms selected from N, O and S; and

(b)  asecond component represented by Formula II:
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at | east one carbon atom of the hydrocarbyl group may

be further substituted with one or nore heteroatons
waedogossdd from N, O and S, or any two of R andP@®/USZY6/032796

toget her forma dival ent hydrocarbyl ene group, wherein

at | east one carbon atom of the hydrocarbyl ene group

may be further substituted by one or nore heteroatons

sel ected fronN50 an S and fb) a second conponent

represented by For CE\M} relg each R’
i ndependent |y represents or| CF3; b represenl)s any

positive integer, and Z repr e@ents a b-val ent organic
noi ety free of interfering groups; and wherein the
whereist and second conpositions are essenti ally free of

20 shiflRf ARSI RIRILAL B 35 01 o POl yrer 2o

nonomner uni rogen- bnt al ning cure site.

31. AchRlHy st fRRshitb&aaccording to claim 1,
wher eleﬁ% ﬁ{e c tlgdg st co%posntl on i s preparable from

one Zempresaitenfo \@tﬁentt hrgaficrmseietydqsorfdrierfemal gipgps; and

b B SRS RS P e
coﬁfpﬁ@ﬁh@%ﬁ'u@teﬁ%l}frﬁ@%d @kbnomef ARPRMENE 5 nitogphiicehtathisg cure site.

flrst conmponent represented by Formula | : CFR2R R-CO
(1) CF2RV\here|nQ+|sanonlnterferlng

319rgaf Qﬁglgs;gﬁg@ogﬁ'ﬁgg Sk g&eﬁﬁg Wl S10m0 ¥ rQVh&EmOchQ @%ﬁ?mﬂ{ﬁé@tlon is

cati‘on ntl'y represents ogen,

prépagibde BoMydnegyoivalent ofthd fiks gemadrentt yditvacaubyalergs oflthe second
wherein at | east one carbon atom of the hydrocar byl

Cogwsttmay be

32. A curable composition comprising:
(a) a catalyst composition preparable by reaction of components comprising a

first component represented by Formula I:

(IJFQR
R—C—0" Q’ M
CF,R
wherein

Q+ is a non-interfering organophosphonium, organosulfonium, or
organoammonium cation,

each R independently represents H, halogen, a hydrocarbyl group or a halogenated
hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be
further substituted with one or more heteroatoms selected from N, O and S,

R' represents H, a hydrocarbyl group, or a halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S,

or any two of R and R' may together form a divalent hydrocarbylene group,
wherein at least one carbon atom of the hydrocarbylene group may be further substituted

by one or more heteroatoms selected from N, O and S; and
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further substituted with one or nore heteroatons
selected fromN, Oand S, Rrepresents H, a
whyarozgsdyl group, or a hal ogenat ed hydr ocar bR¢T/Usm0§032796
wherein at | east one carbon atom of the hydrocar byl
group may be further substituted with one or nore
het eroatons selected fromN, Oand S, or any two of R
and Uyl ey sé@gecb@pofiar Rpacsdited b Formyldlhcar byl ene
group, wherein at |east one carbon atom of the
hydr ocar byl ene group- may be -fiurt her substituted by one

or nore heteroatons ﬁeiee?gd frog N, O and ﬁl and(b) a
second conponent represented|py Forrmula I1: m%erein

each R' independently represents F or CF3; b ‘
represents any positive integer; Z represents a
whrejim| ent organic noiety free of interfering groups,

2nd kel fdielly epres0fl BEFORY, COmPOST ti ons ar e

esse al ree ny fiuoropol ymer conprising an

| Nt @Rk IRRY dng 9 sHRE RifBgeruni t having a _
ni trogen-containing cure site; and (c) a fiuoropolyner
confriepiesentsa bivekent ongaeic immuiety fisephireriainggravieArdini t

havi ni t.,r ogen- cont ai.nj . Si
whegsih, ﬂ%i t?rﬁtoaﬁldg &8 61:351% NG %1 O{é%q ar %y%gfla%@?eeﬁhny /hhé& S gRfer
cofﬁ?ﬁﬁhﬁ&h ifteppBaidiizedmogopeendr kbl 4 nivvgemeodainingaduentite; and
of the first conmponent and t equi val enis of Ehe .
secoffd c @rﬁs@ﬁmﬂym@;@mrlﬁ@gwﬁ@aﬁfoqﬁww nerized monomer unit

Lyar t Enif gjifion, the method conprising
ha{l:%?r%i@?%ﬁ "?gﬁ“ né g?ﬁr&gt conponent represented by
Formula | : CF2R RCO" Qt (I) CF2R wherein
33. A curable composition according to claim 32, wherein the catalyst composition is
preparable from one equivalent of the first component and two equivalents of the second

component.

34. A method of making a fluoroelastomer composition, the method comprising
combining:

(a) a first component represented by Formula I:

(|3F2R
R—C-0"Q" O
CF,R
wherein
Q+ is a non-interfering organophosphonium, organosulfonium, or
organoammonium cation;
each R independently represents H, halogen, a hydrocarbyl group or a halogenated

hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group may be

further substituted with one or more heteroatoms selected from N, O and S;
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Q+ is a non-interfering organophosphoni um
or ganosul foni um or organoammoni um cation; each R

w0 nabepeisdent |y represents H, hal ogen, a hydr oce€byk2006/032796
group or a hal ogenated hydrocarbyl group, wherein at
| east one carbon atom of the hydrocarbyl group may be
further substituted with one or nore heteroatons

sel get@rlesbrtom, b hy@r@ﬁﬂbyﬁﬁﬁup,r & hatefthy@rocarbyl group, wherein
hydr ocar byl grou or a hal ogenat hydrocarbyl

at lghgsronE garkpn a@afs@fp the by drartbrl %t%mﬁ@f/ be harthey gl tﬁfilwﬂﬁ one or

rqt uted with one or nore
mc%egeroa rrJgS%lse(g diﬂﬁ{ﬁl\ﬁromd@ Oand S; or any two of R
a n d oR'anYTWb iRy ehd B mhp tdge&led foral edivaleyidryaicaradyil@reroup,
wherei n, at | eas e cargﬁn at om of

5 WiKyR BLSFHIPRFAEDEH BAE HiyS BEIPEHPYIERS %raagmayﬂaﬂz“aﬁw SPhituted
by Ve TP hRrdRHELABHREBIERH FoheN, Orpd O and S, (b) a

secon component represented by Formula I1: wherein
eaclpR' iarsdeperrdepohyntrepressntadiby FormuladiEs; b
represents any positive integer; Z represents a
b-val ent organic noifety freejof interfering groups,
and wherei n neither |af=ideggirst zand second @ynponent s
are fluoropol yners that coanﬁ§e an interpolynerized
nmonomer unit having a nitrogen-containing cure site;
and (c) a fluoropolyner conprising at |east one
WHEESIRr pol yrreri zed nononer unit having a

10 ni t r:Q8ER" GBHHdIBhINIErepttsents Fioe (dMer eby forming a
curabl e conposition; and (d) at |least partially curing
t he tegp@bdrts m@rmxsﬂivteunxngérp forma fiuoroel astoner.

Z represents a b-valent organic moiety free of interfering groups, and
wherein neither of the first and second components are fluoropolymers that comprise an
interpolymerized monomer unit having a nitrogen-containing cure site; and
15 (c) a fluoropolymer comprising at least one interpolymerized monomer unit
having a nitrogen-containing cure site thereby forming a curable composition; and

(d) atleast partially curing the curable composition to form a fluoroelastomer.

20
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