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WD 2004/ 074363 PCT/ US2003/ 038886 FLUCRCELASTOMER

COMPCSI TI ONS Technical Field This invention relates to
woaopassisons of fl uoropol yners having PCT/US2003/038886

ni trogen-containing cure sites and am no substituted

aromatic curative conpounds, making and/or curing such

5 conpositions, and articles conprising such

conposi tions. Background Fluoropolyners are

comer ci al | y usFLUDROEIASTOMER COMPOSITIORS! S i ncl ude,

for exanple, crosslinked fluoroel astoners, and

uncr ossl i nked fl uoroel astQRicaidtje@. Certain

fl uoroel astoners are tol'érant of high tenperatures and

har Bliis tiventionatlatemto qoomprwtitis of Anctopdiyaers hévifyg Ritrogen-containing cure

. particul arl y eful as seals, gaskets, 6 and.other
st A e Sl g o oo ol O B s
corhpupiohg atid Asiclaneindrishalsiéh ©RPBLiEalsS. Such parts are

wi dely used in the autonotive, chem cal processing,

sem conduct or, aerospace,Bahgronatir ol eum i ndustri es,

among others. Summary of the Invention Briefly, the

pr eBlBerePe e eresampeaipllyassetyl matapadls i Klperapelparprs insludg, for

i Si [ ' uni t s .

o R K ol SRR, Shd ok AR AR 1 i B e
flugmelasiomers axie hlersuityd thighiterepbratnesmad larshwhahicyleene omasnig and thus

i at ast _pne bstituent other than hydrogen,
o et Ao R PaRe ¢ b ettt ooy st g enposed o
eleedt@litmpdtatuict B/ enMafl, chétiRals.US @hipdfs ard bdedy A iR ¥ tomotive,
ahoyt 12, the conpound may contain one or nore
Ch%‘faiP@ﬁ?Sélﬁg’s?fmtﬁOB B PeFsRice: a0 PREeleye idysivien. pmeng gthers.
bonded to a hydrogensi s in ttha Posi&i on ortho to the
mary of the Inven

am no group, and one>ZBM3FY-YSLEMNEBEM t yent s may

t OUBLNRY f Bfelirfbink 68 al oo B DR
may iJr??F udg one Vlg1|r?t%r1r10ﬁ|ﬁg‘}1ﬁetaecf)og(t)orrvs(s .p%f%ggﬁigt&f@?gmer
corppypastintetphlymeriesiamits denred fioore pitrogenaestamingatubodte @fonomer, and an

K] | uor.opol yner co si.tigQn conprisi. (
ol SN e RE R TR SomuR R Rt s b b By o
hydiegeh swhetkeh ihe@et éffeordfahd dubstRGRRs)GO At irbe with@wiig! Be curative
nolgﬁo%%r, %)b) provi di ng an am no-substituted 25 .
haszg PYe Qi the ceRRpBY RRYISaVRIENE pT Matdetegpngom(s) provided that
R&IRSAthh BBty Poh&Ld th AAYIY i ' ' f
" not i ncl udi ggJOa het er galltaggn{lg?ﬁgg?ﬁi%oor@ggﬁhlgtdgl% ér&)p and one
or 1hord swgtitvents maki éoggthst form r rimgt Widch tng minebearpmatigandumy include one
or WS HELR atoh& SEet effect of the substituent(s) is not
el'ectron w { idrawi ng, the curative has a pKa above
abdutandiBer atjeet, dmlm&kid mdnveagoiCiovidésn 1gétﬁod)d5f Hi3Nligg a fluoropolymer
het eroat ons(s),. and, ., one, or npre substjtuents may .
001%@13_% 89m1?f&§rr&) @ PPHginsluerPpPiymgT cRmprsRe AReRalymetizgdgmits
derfVRY frbi Gl HiESye 3 LoRBRIR cufBRie nﬁﬁ&rﬁ&?ﬁt) Eﬂﬁl{xﬁﬂg arPifino-substituted
e

bl endi ng the fluoropolymer wth curati ve.
aromatic curative compound having at least one substituent other than hydrogen, said

substituent(s) not including a heteroatom directly bonded to a hydrogen in the position ortho to
the amino group, wherein the net effect of the substituent(s) is not electron withdrawing, the
curative has a pKa above about 12, the compound may contain one or more heteroatoms(s), and
one or more substituents may together form a ring, which ring may be aromatic and may include

one or more heteroatoms(s), and blending the fluoropolymer with the curative.
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-1 WD 2004/ 074363 PCT/ US2003/ 038886 The invention

al so provides articles containing the curable or cured
woanpas#sons such as sheets, filnms, hoses, gaBKes2003/038886

seals, and Orings. The invention is particularly

desirable for articles with good physical properties

and | ow conpression set at high tenperatures. The

[ nvg[glh%n&@§l Igpldgse el &3 | st befter than

ani nophenol S(gﬂ) per oxl (ggsgcog{aénﬁ%% alfq'ﬁ%‘i Tedeqopygsitions such as
Shefﬁr@m:th?ﬁ@> gagkéts gyalsp andOaings. a’SIialﬁV@hGﬁj 1s\/jda¥tlhularly desirable for

nds. Oher features and
o B G BT B Sanpiesie s ebriemprones nghe
invéngioh dm\a }n@ techptraturedsisieside(bétlel Bn %m()ﬂl?enbpa\ﬁg rﬂ)‘é#ogipin 2agscl!ems)
t%}i ‘%ﬁ? The apove summary of principles o
Wi & remallire, g Lprablgeg asspciefed with b@m@am‘generatmg compounds
1w 0GR oAl S RS NERLGL R0 o U

resent dlsclosure
detaé]ﬁii psetiption) of theiayaptiph gndctbe tlains. ﬂ\he figve edinih@ry of principles of the

n i scl osed herein.
SRR S AL 0 R D 6 e ionor
the fntesmt distlosmtco rithe detaﬂQDﬂhSt follew moﬁ";ba‘ihdu[h‘fl‘ylégé@rﬁplﬁy certam preferred
i nterpol ynerized uni

mer, co S|n
mm%g Eﬂg#g Fothe Tt W g@%ﬂﬂﬁﬁﬁlng cure site nnnoner
and an am no- substltuﬁf fr tic,curative conpound.
The curative conpound-cgﬁ—gggggﬂgﬂg |y be described as
haviihg grefdnt hﬁrélﬁion%@ﬂ@éé Qt%&lo{o%ﬁgt%{ng{ %1?1 ’gﬁ/l% %g%%gs a

and the net effect
fluoggpalymep ?Pmﬁrtsmgrlmﬂb’meazmlta derined ﬁbﬁuat mﬁagentdbﬁtalnm g cure site
nor e het er oat onq

mm%?fgg ?g&]%m ano s&l%ﬁ TG earr%rg%[bcrﬁqlﬁtly%ﬁqlgpul}% n"&lgocupglvg compound can

gendwlb)rwghscribsd as lrraving @t feass ohd QBstandnp @th%&h&rfﬁdfﬁfﬁeﬁ Oinfl ”dﬂe%t effect
orma

I, .nor e substjtuents may t oget her
of tid sgbsﬁig.}pmz el‘gg on withdravang, A oYgabpuida, thqe:ompotmdrrmy
thialoRE OB OREER ' !
Conused in thlg gggﬁg%ﬁ?§g§gﬁgg§@Pf%ﬁ%%%gﬁﬁ%ﬁ%ﬁ%xﬁgg g a hydrogen s
in the pesikon erthorte thejagtinn gravl andenseordese subpliti@nsmay ®gethér form a ring,
t.ed nmeanin
AR A R RS SRR o

nmedhsclemBhl Gotp dstyitivni asehyﬂmwﬁﬁém af¥ RERibED ﬁélo&m{d are
ched, and in sonme enbodi nents

b
kn0\91§1n the n%qr R t}ggegaeéf{&jlons e 2plntepdad to plrange aggpepted mgwemgs

“Anﬁtid(gdbstgﬁtedmﬁeﬁﬁ B, a8 bty | “Al@}tl’hﬁﬁleans q'c lpg P@é’l} hitiéh drocarbon
attached 1o a 25 linear alkyl ‘chain. NEANs
group-thaf gay, B |inearoribranchesd andyinspme stobgdigents 614b @huiut Cl1a.0¢ Branched”

meal%gcﬂat'oﬂe Olﬁggﬁ EO\ﬁé}‘gﬁ% %%E}%sﬁsugg %uné&félghﬁ?kgﬁblrﬁa)%il grg at?acgec} toa

lineag blcghama“bﬂqqnxj’émbars alCihich abowt A i(BbrerpRferaBly €12 18 laBdl CQ0, and in
y one

othe%{nﬂ%@?@e%ﬁ I?[-Il-ohrg i%g%gbq}llj @g & 6b(ﬂu‘k€%y al@baﬁg%&xggzl}rt u;gtgupbcontamlng a
carb@r-aiis. dotile $bnd davHckambsPbd s‘i’ralgﬁp&lﬂranghédz ﬁ%&r}:ﬁ&éﬁ also mmay be

cyclic rad|cal containi ng. Exenplary a
SUbSﬁltHEeB E?ﬂ Bne,QFdAQFP hglp atoms, cycloalkyl, or cycloalkenyl groups. “Aryl” means aCé6to

about C12 aromatic carbocyclic radical containing. Exemplary aryl groups include phenyl or

naphthyl optionally substituted with one or more aryl group substituents which may be the same
or different, where “aryl group substituent” includes hydrogen, alkyl, cycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl, aralkyl, aralkenyl, aralkynyl, heteroaralkyl,
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30 naphthyl optionally substituted with one or nore

aryl group substituents which may be the sane or
wdibd4arews, where "aryl group substituent” i ncPQu@$s2003/038886

hydr ogen, al kyl, cycloal kyl, optionally substituted

aryl, optionally substituted heteroaryl, aralkyl,

ar al kenyl , aralkynyl heteroaral kyl, -2 WO
hete oar al
hetﬁrg%gf}(gt?‘f’gﬁ‘% )g)r%ﬁ(% kO)ésf > B %;( ag?lg?)sy 9cy1 aroyl, halo, nitro,

Cyaa%ﬁvﬂm@arboaﬂyaryloamlyﬁonylh ﬁ’alkl)toxﬁrlﬁ)bﬁyl e}czmm argylamlmo and other
0X can on oxycar bon ar al koxycar bon
R P o JIeBR G135 RroB @ o REBPh P ISoF rore carbon
anHetero neans oxygen nitrogen, or sulfur in place of
one_or nore carbon atons. 5 Conbinations of these
gr defyebingtionspidthesg geaugs are plsp uesflmp Prexatplecayaloklidy” means a C3 to

abolB@{Bnch-frombtR mGRO ! mﬁin%?cg@ gi%% ?%s?éﬁ?t E)?err%?qr}i ﬂc?oallﬂé gings include

mul ticyclic ring system
cycmemtmld @’Clqtlywlmné nygld)heptyy C tohbzl}cbnyl ameians wcl3ab ebrtuﬂ |C1 O non-
t o about C1l0_non
o XSRS, RGO B 200 AR TN o
“Alk«myﬁmﬁbaﬁﬁirbﬁﬂ Aieibireupi@Rehich thMPand laiky B8RS prePiously described.
« &Walkyl- group_in which the aryl and al kyl are” as
AIE‘F%’ 3169‘15&@§E>?1a5<6%|>’1- srewp mAYhiehihe ayland afieayisreass previously
des@ibehi- @hdse 4
. Shke iy 950U AU bt oS0 ST o,
cyclgg}kg]b h@tgp@dzl}@,)araj]mé, I@termlbylfmjdooﬂtetﬂm;’yl (groulpet hyI ene,

ﬁ\!rtogg?lé;ﬁ\{ck ﬁ?gus}éﬁll n, f e%,n%rﬁeg;? ﬁygﬁp&la %Lfrom one or more

ﬂudﬁnamad mham&()a)ﬁﬁdﬁoplﬁ)ﬁilw onk dr fbfe r%&ﬁﬁﬂhaté&é&iﬂnb&@r@r ﬁong with
erived 4ron1one or nore._ fluorinated nononer(s) and

intefg YRRZPY Yrisertvd Tk e nifdg-contaiame satesile BORDRGET (S)
al ong fibidblastdRer MRoRALN R HlARFNHN 418 dgrﬁxre'd\ﬁ%% &Ec%lﬂ‘nerized

nitrile- contalnlng cure site nononer.
units pf Buestated monemens svahos |thqscuh@1r@‘ the fremila@tCHReawlerein X is H, F,

d rpo unlt of fluorina
cr 8 HER AU CCLYARELASS RVl bh RS Froen
contaimangeCACxoleBnsHywhieh haveAass tl@lh h@l‘ﬂ3f ththydlrSgdcrﬂ didthd fidstiite@ with

o T RSO L P TEO 08 o 65 PHECESD AIoER My tocbigh fuorine,
and twhidh déhdn-Blorfnbed BYSRQIRBo@HRAR. SHRDId dxHinf s E\%ﬁﬁbﬁgﬁd

fluorine, nore preferably |ess than one- fourt
monppsFogelndeiebHioReiene. egaflograptopylens and ehlorotrrfwomﬂwtene

ar q{%ﬁ%glfx I(c)«'f){ﬂé nﬁgtoﬁﬂn% ﬁ]sgﬁltl ﬂletlhe ﬁf}}@&%n%? nLtu% those o% ﬁ‘le formula

exa rna nononer s |nC
CX1€6%-Bf WhaeioetdiyX enmdevadaily ydmgeomyflueriae oedhibrine, R is hydrogen,

hl ifl th | - |
ool 317 e RETRIE oI h ol SRR SR BFodeidplbrponated
morfoREQE gRvidhi@dne fofds br ﬁSfd't@genJc&ﬂﬁﬁﬁlE deRbin¥es s QUSRS

or. fluorine or chlorine, Ri1s hydrogen, 25 fluorine,
inclgingo-clefipy (.- mﬂéﬁ@paﬁp@ylmr@@neamemne hexest canel dlap like).

Con%n@c{tiof@of tﬂgél#ygg nﬁggéﬂealnl erl slﬁ% dl&)alfsg 1 TONOMer' s (e.g.

Vi ny I dene uor i rogen-con alnlng nnnoners
s udhheashoflefrpaisstomer is not perﬂuonnated it contains from about 5 to about 90

mol% of its interpolymerized units derived from TFE, CTFE, and/or HFP, from about 5 to about

90 mol% of its interpolymerized units derived from VDF, ethylene, and/or propylene, up to
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including u.-olefins (e.g., ethylene, propylene,

but ene, pentene, hexene, and the like). Conbinations
wofhodheszmbove- nenti oned material s are al so usePai/UuSYen3ssse

the fluoroelastonmer is not perfluorinated, it contains

fromabout 5 to about 90 30 nol % of its

i nterpolynerized units derived from TFE, CTFE, and/or

g | % of jt
boIHE ?Oe : gi(‘_)}l?gf nfg%)llﬁirzégpg it ?}zgcp Lglé{S dvlé‘éedfrlqg O3 %Bﬂl et}Zelr hg?rgﬁ%roelastomers

alsqurd fusafulgn dpyrese, inveptiorn FidsdAGht2fdd/ 074363

| % of
T .
Sudawefﬂu@wv@@naﬁammwe féH R AnAE 8 rFrﬂS@ﬁ@tFJ BrIRGRICER '&LCFP

| uor I nat ed V|nyI

d; These material s
CF?&]%@ Pt EE Gl PR FOSHS b EES SFiTCRE,GF €FeICE,CF,CF;, and

CFJ=0YeiE, O CF,) O f | ethers include, for
iex anpl e(?FtCFg :@@§F3)§§§%2 CF20CF3, 5
Cr2agrpampler? erxOiEBorEhRisieICe &Rl 3f principal monomer units of

BT e 3 e s o iesiendn s opbampl e

copofyneeripsitfertluckihatod ebérasitOemRktitie FRIPRIE Ijtooalcboﬁ’tr d0E1PAmore

f tetrafl t hyl d at t
prefSERR{ e delieS o gl menavese umis prdssehin daystymsr ot he
C O PIHe)s iR sité 88npriehd MRk b 8@& n%%uﬁ%%%% élﬂ&lfgﬁ%t&é{a% ok‘ g}e 1anBt10n The

fromabout 1 to about 6
curg gtes/Qmiprphel) canfbetpattially orobbyrnorimatetls Apteest@nt ciird sitd’k&)mponent of at

.Site..co . 1s involve curing
lead? Eﬁé’ @Forro ()}l;}x?er% sre§ a 81Frog?r]}£con§\}8pﬁ $TERP- g;hﬁ@p?%@&l glt@g@t@
contaum;@g‘reu]is el hehqxaltd digmonomersiofl tHeyprdstitGhiveRBE LRIl nitrile,

cure sife conponent of at |east one

lml‘%’ﬁ%% 8?% OURE PIPSRIEICE et £UTR SifRoRamIE BNt ageadastomer of the

1nv@l§aﬁiﬂicﬁﬂe ﬁftrll@lcbﬁtﬁﬁﬁ{g cufé%ﬂ& HoRbh&ks ITRAP TcHRIE hittlitel 3 ttanﬁeng
cure site nononmers of the present i1nvention |nclug

fluopipnated b]eﬁnsleﬁldmnmhhatoatanmrgjﬂmdbm einglr ethéps; suchQBBCF,=CF O(CFZ) LCN;
preferred cure site nononers in the fluoroel astoner of

t h&FaraiRKHI6R(GHIWEE @), EF (R} @R GF IR Ry OF €CRs) H@(CF,)CN;
T de nitrile-containing
and ﬁ?@@%@%ﬁq&@ﬁm@ Pri-l 1% 958k &7 1n2s aﬁofq tir-4;aad vd2-6.

R"P}éﬁ%*%ﬂ%e%%@ﬁ%%g%}w i g@% G EQICE30CR(CR)ICN, perfluoro(s-
cy%é%@%ﬁ%ﬁ%@@t&ﬁeﬁgfﬁ}%écﬁﬁ GgF2=CF(CF2) "

| ereln r=1-2; y=0-6;
t =Andffeativg anrdntof cdf? siBe posGRAtiaided ¢ B ﬂﬂ@ﬂo@l%st@ﬁqelstH Gbhieve the
onFrs |ncluq§ CF2=CFQ( CF2) 30CF( CF3) CN, perfl uoro(8-
des%@gw t tem;pp & this amgy i mg@qsgﬁgbmcrgzﬁg crosslink density of a cured
artic{d- 2Pt oo r S sité\hoREh & Gh th\é?lumk\%mglf rgféfa%hlsﬂa{lé frem at least
mononer i s used in the fluoroel astoner o ac Re
abo OO @pl P smire Breferacbﬁy a8 Jeastplbeyt 0tHi ol T arheunk ofcueasied
mongﬂrrlgt %ftﬁé% oéﬁs?o%ijt gpelrfreg%ag nfc’antg rfr)cir%gel S Equ& é Ogt)é miqre pre?erably
beloprabbetr3albl%r anges from at I east

The fluoroelastomers may be prepared by methods known in the art. For example, the
polymerization process can be carried out by free-radical polymerization of the monomers alone
or as solutions, emulsions, or dispersions in an organic solvent or water. Polymerization in an
aqueous emulsion or suspension often is preferred because of the rapid and nearly complete

conversion of monomers, easy removal of the heat of polymerization, and ready isolation of the
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and gRmpRiym persy

25 about 0.001 nol % nore preferably at |east about

0.01 nol % The anmount of cure site nononer in the
wohoariaedsast omer preferably ranges from bel ow abomiS2@3/038886

nmol % nore preferably below about 3 mol % The

fl uoroel astonmers nmay be prepared by nmethods known in

the art. For exanple, the polynerization process can

i i free-radical polymerization of the )
po ?rlgﬁlfo: %n'éﬂéﬁglr %ﬁsgsxgéﬁgn o?oqygge%flm Iiyglﬁgl?ly lgmj’yegipg}yggen@ng monomers in
an juspemeddamns ini the pmsent e HinGnd SAniERde-1@licMatifktor system, such as
aml%?l ; r‘r’erel % ttl ?‘&?é n an aqueous enul si on. or suspensi on )
of ten Beg ﬁ‘? g )é’_Ei PRfatsHE RerpengaRate,aap i quidarthnh emgukpending agent.
COMRduRbes enﬁwmﬁyﬂ&iﬁﬁoﬂ'@g BECLTied &ﬁ%%(ntfn%ggs\f}al n#%% %ttear}i_%ﬁtate

ﬂa%'at of polynerization, and ready 1solationo

CONRNH DR A1 Gty 56 X Pupie, WSZ00R!O BRES SurfistntsriarfferEnnt GitdystQie fod
SHSREINSS 9 Kl [ ion typically involves .. .

o o ha ko b B hoe e e somitns whilethe

resydtingsemdsionér suspension janhevet! cosinuawblys Aee, di. 1 VAL 91789,489. An

h i | f at APS) or
BT R BB Kinae it
stired egabtor A0 WIgaHH & roftt ROJ ééﬂﬁl;r{péﬁﬁﬁ‘@far ggﬂr%a?@d (fe%rg{h: o?]‘%me or by

h out _coné,i nuous|y under steady-state 5 I on
Chatgmedngreqigpts %‘ili‘ﬁ reactopgnddaeding thevaoaemerdunip flect@ndrao maintain a
con@htfpBdsSure B 2CRLIARK .continuously to a
sti rpr eSd r? eactaor lunéglpﬁrgg)gf?%grﬁrsg%nsnﬁ ‘e and tenperature
corldie ficonstisshpdlpnerivation mecdst tanguserbe lcsiioM oftiin HETRABKIQR 2

j onti.nuously. See, e.g., U S 5, 789,6489. An
Periig.ﬁbtrgesrﬁfr}%%{l%%g& 1.0; lé]lliZI&E 8g(¥1§ todﬁ{PE‘}Ye 61?6 @W%ﬁ]ﬂl&h{)f the resulting
fluopuplojyrer campdstionbySicheidivgng 4pents BV 8BkB1eiaRd 9&3@213 tof converting

stirred reactor and allowing themto react at

the subfisé tatausniorfybmoietys (ithe ipfddackd sarfgiyi radfcat i BBlicved RYelibfnate SO,
charging ingredients into the reactor and feeding the
and fsEghitorinated radivel thatditiates the polyimatizition af the eth§leaidilly unsaturated

i esi,r ed ampunt . of pol r.i.s forned.
morBh BT AL Rt bl BB oBE B frubBditbi G obrame 5.285.002
and 6 489,BE RepresemativeexfnlsestGecofsefl oﬂ@i"zfnlgldg&ﬁsgéﬂa fs&{i‘lﬁ‘{x,)e}aotassium,

and an oxidizi ng agent to inprove the processabili
%’ie% %erpg?syb%teﬁ@ Bt orates. dsTeponatesobrom@tes chlorates, and

hypeskiofites] 0GheR SIS KRB dNLEE 1SRldY PLE, ?@H%&ﬁg%u%@g The

converti n&h15 the sulTinate to a su €

(NHpe e NOol- dhe sroenpt of exddizial agent iwetl ey dependingromat @arGcRlar
. AP ' rradical that initiates th
oS LA ARSI, R ol A R 55040 B on
amopmrod s fisate)As maedh _Eerﬂﬁtﬁrosm%ﬁaﬂés u@éﬁllgibgtélgs%él 4 @In‘éléﬁé those described
: a t o .S, Patents 5, , an
m U?g%mégf;%g’gfg%“@sﬁ?gg??ve exanpl es of such useful
OX MbsZdoRn2d ARt dinbyRd HIBGHoPOymPOlRR b %emsqg%l‘?ﬁgﬁ@%sg@roxides,

. _persulfates, perphosphates,  perborates, perca

dinugleephilics §e.g.chirphenelsandgrradiati. Srpadivh bystantsased Witheitrile cure
el @i &0, j.nel ude, Ceri um conpounds such

o as (aNFIﬁ%%gejd( NOE) 85 meé%dr?gﬁln - 407 2BRPYR %?1}?83%‘35 SOpPQrEdy as well

as nigggencantpingepmnidoptilicmntpoendsandh B Wisdminophenols),

bis(aminothiophenols), heterocyclic secondary amines, and guanidines, among others.

This invention uses curative systems based on amino-substituted aromatic compounds
having at least one substituent other than hydrogen. The substituent may or may not be

aromatic. These compounds may also be part of a dual curative system. It is preferred to use

-5-
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15

oxi di zi ng agent and sul finate enpl oyed. Typically an

equi nol ar anount or |ess (based on the anount of
weoeuabdsinatee) i s used. Perfluorosul finates usefuPCrmiS2003/038886

this purpose include those described in U S Patents

5,285,002 and 5, 378, 782. 25 Most commercially enpl oyed

fl uoropol yner curative systenB i nvol ve nitriles

hili bIS henol s), an

cofhll Ve e Al AR b A S it HeR e B substinted

arogy¢ ensponadsssuiptisinglyetiptoat hg@ bginy bﬂi)bcfi'ltleﬂilﬁlpﬁﬁ ?Qﬂ gaBlat break.
en conpounds, as_we as nitrogen

cgnﬁ&ﬁ aﬁ %geﬁﬂﬁgﬁs%g}m inplade elepiion A deping seups on the aromatic moiety
or, Hrs{1apTe RORMBBAY Sob inclfled (t%l@ﬁ%a!ﬂlqu B%Qaln@vcrall non-electron

heteroc¥cllc secondary am nes, d guani di nes, anong
withdrawing etfeqy orffheqmipg rifipgenn Elestren dcmaang snéstsy@meare pﬁﬁa&d The

1 whsh ounds
oo b L B Bl TR fi, SRR B 5t o mumber o
ma@ugig mchqglembuhmy lipritedrtnybemadned aapthztlélféa,tmlﬂlracEﬁEQ§@ndlnes

art of a dual curative system

onpo may al.so. be
P}’T]H{ﬂ ngs, B}flgaflgp%ie%ulliwgma% gtpra@ RiEPlsth 943791 es.amridazoles, thiophenes, triazines,

azuRGdY, U&&ﬁﬂaéz@&ﬁ%@ coRBRBRMHR Afer ¥R CE k& AW AR chhHPIRRS beyond
is electron dense. These el ectron dense am ho

benzengerg identitigd belpwnapsice heexemmisaLaveposndssen be w@ﬁt}tuiedpr wisebstituted, R
c e LD
T B, B AL P SR Iy Do 0N of Befhindl £0%.
"zhdramnngP@boups on the aromat ingg,moi ety or, i
ul tipl e su stltuents argincluded it is prefera Fé to
dn 5 drawi ng eff Qn

N oge ctron d ng substitu are
oref-rred I c My KEY™9 ?%& /l\
substi tuted aronatlc conpound may be sé€ ec frim a®
I\Eyrrber of naterlals |nclud|ng but not limted to

énzenes, na | ene 2anth enes, pyrldlnes

S m

dlne nela qui ﬁ' fura yroles
es, ||m azolp thlophene |aZ|E§
S, azi m and coma nati o othere%f
' Ies of aromatic conpounds beyond 10 benzene are
identified bel ow. Such exenplary co nds can be
su §%ituted or unsubstitukNggd, R can , for exanple,
cycloalky , aryl, or *al karyl, as
e§. rlbed Eﬁ&g H2 NH2 MNI\FN 0000
N H NNN NH2 NH2 NN
H N~ “OR

One way of characterizing electron withdrawing and donating effect on aromatics and
pKa values can be found, for example, in “Advanced Organic Chemistry, Reactions,
Mechanisms and Structures”, J. March, 2nd ed., 1977, McGraw-Hill, Chapters 8 and 9.
Substituents can affect reactivity of the amine nitrogen by way of electrical (field or resonance)
effects. The net result of all these effects is that the electron density distribution is modified.

For example, some groups considered to have an electron withdrawing effect may include NO,,
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N OOl \'\ o\~ CNH2 NONHOONH2 NH2 NH2 N N\

N'l~N NH2 I \ O NHNHS RONo OR NH2 NH2 CE\ H2N
wOl2004074363 One way of characterizing electron PCT/US2003/038886

wi t hdrawi ng and donating effect on aromatics and pKa

val ues can be found, for exanple, in "Advanced Organic

Chem stry, Reactions, 15 Mechani sns and Structures”,

. nd ed., 1977 GawH |1, apters 8 and
o) and BEED w8 Gril confiieied g Sep EuAeicleoap festingp it mey
indide NEEREIORL, 6Reo! b el (Frleatahri dsRRE .y
" effg\gtﬁs. Thém;;cé:tm?zesul’t9 gllflcp(gili? 1tzﬁﬁr?ese efttf eq?ts i’g)%tq%/}a(f) opisat
atterhpet tefesatifyche efastsi of yulniisienti diffiatts omatomatiesd iThe edvaluefare numbers that

exanmpl one. graups .consi dered. t ve an el.ectron
solf B M il A PR RS e o8 "B B o o6 5F s o b
podtfidi. LB Q) Sfr€balii8 bxpebidl totiiile tHelRtosiipaét d@rtBU@Sentive curing agents. A
considered to have a resonance el ectron donatin

pogitiyesvaluepig indippies aeloninpn withiTaming BYogpEyda nmivwa?m electron

okl 1, VAR BB el et P an B S s

thadroogethiledthose Tisd as sladtivasiondting AbdWRRESheld@kero SHBotR ekdbBdiments, it
total electrical effects of a group when attached to a

is efesehie hayagsmmoke Nelvactfictsdes fiag apey 0o Bre prferably less than about
0. 255 EGE nFEpEXRERIES tl@ Jnave the nost inpact on the

inventive curing agents. A positive value of a
i ndBeades davng &bwt bf wm-el¢diton demating effectn [ imalsb desitedythtt theamino

5B S5 50 SRR R o e B
un@dstail@ tnhibii aiire O ThatWd) inloge 4116 ehakdctek €h tRSolRTa@ell dt @%en sought in
donati ng above are hel ow zero, In sone enbodi nents, 1t
applicaions MaFFeSHTinBPIRERFES & BedRsed micparile v pihetyysioms gkthe invention
lesfsj Q%I@ic gﬁ%ﬁgéevrg% éﬁun%ltrffg iSs Blge?efn%% iﬁﬁ't ‘lbﬁe i) ?Iﬁﬁ '{‘iﬁgh@&%@ﬂt_toé' middiple pKa
.9, prererably I eSS an . eS| aes
vahgs) iofithe susngageht be@reatsr en pbout dyrtatlilovgpwbéreutesin nast §ystems. For
exa?rlnﬁclg, Igr%ﬁ Irlaes% pKa }n vgaqg"r a?%c%? of 8-11 while ArO" has a pKa of >37. Similarly,
A1CO,H has a pKa of about 4 while ArCHj3 has a pKa of about 35. Generally, it is believed that
the amino group will increase the pKa relative to the compound lacking the amino group,
although the increase may be insignificant. In some cases the pKa increases less than 3 units.

In another embodiment, the curative compound contains a heteroatom directly bonded to
an R group in the position ortho to the amino group. The R is an alkyl such as C1-C5 alkyls,
aryl, arylalkyl, cycloalkyl, and the like, and the R group may contain a heteroatom.

In another aspect, the curative compound has a heteroatom of oxygen, sulfur, or nitrogen,
in one or both position(s) ortho to the amino group. When the heteroatom is nitrogen, it is
bonded to two R groups. The composition of claim 5 wherein the R group is a C1-C5 alkyl and
the heteroatom is oxygen.

Examples of useful curatives include methoxy-substituted mono- and bis-amino-
substituted aromatic compounds, alkoxy-substituted mono- and bis- amino-substituted aromatic
compounds, dialkyl amino-substituted mono- and bis- amino-substituted aromatic compounds,

thioalkoxy-substituted mono- and bis- amino-substituted aromatic compounds, and

combinations thereof,
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substituted aromati c conpound curing agent not be

acidic to the extent that this character wundesirably
wonbi4wras3cure. That is, nore acidi c character PCauSh®3/038886

tolerated or even sought in applications where curing

proceeds at the desired rates, while in other systens

of the invention 15 |less acidic character is sought.

It l\/ﬁ)ref)éé)@élﬁé 5}&% [lel%tf ugej%@ Cfuﬁléves 1$c}f%d§(oa%né5ﬁ 11%% ?%%CB%FH anisidine,
4”,ﬂﬁ’a(he>aﬁomplsQﬂppylmlead)lfbmm-ph@pﬁyanﬂiné)e44pﬁerm&§atml$ﬁés3 8135

e n water at 25C) of 8-11
mr\%ﬁﬁ?xé’ a’ﬂﬁ%n 52 §Qg ampg?nyl) f&}ioFﬂpF‘%PFP‘ir ad-amingdif-has a
dlomléaopqaénoahmuhlt énmmﬁnﬁfo@}b@leféaﬁ a pKa of about 35.

E_ally it is believed that the am no group wll
i ncradEEsspeh g51earbe Plaek. stabiligers tpdastieinge amhncms,mlwgs intleding
fl
uBpmEH e, akhrBick ol s bBRa1E15RE R MIBYop8mer pogmpounding can
be ingeupordted it the compasitonse In mn‘amrhbm&mtentst litbues afat dfrimentally affect
e e BB B o tho Lo 1 he ai o group. The

R i Garbon th@/ﬁllesy@h basisddlio Gilae If)de‘értles ok las nf'%ﬁMh@ltclﬁéﬁe strength,
and the like, and thé R group may cont ai n

|
elo&ﬁi‘@?ﬁ?ﬁ%ﬁnﬁ brasipngpsistence, cqBdsEvity, epdpreeassabilife of heparapagitions.
Suftdk &aﬁiﬁfe@frﬁﬁﬁ@Mlolgla%xl?gcglum%)eﬁﬁlwblac Ld&%ﬁt@@ﬁ%m K990, N-908,

in one or both positio
and WSR7 IHF N‘éﬁ@:f@éﬂ&lm pastiale $1ze0fyampe blacksSWhéxDla@d;lzh (paltti‘ﬁlé black is

Slt n of clai m5 wherei
uscd Sl s A oSN o R o e ey Siigon,
Exa@mri (ﬁsmcﬂé atld aéddbtoﬁbuﬁﬂblsw BSaddeg tovde formulations. In some applications,
thox -substi t ut nmong- and bi s-am no- substltuteg

WhEEE SRR le Tt tl% goraRplads i adsgirahimnG.g. - apmicondyictor
indadty) B Dbt ihdrghad acéM %@ﬁtbl% sho?h@d GORRRHDES oL oﬁﬂegyb%mmonly used

am no-substituted nono- and bis- am no-substitut
acid pespiptets dncduseplon erdeaple, bring akidewlcsmbks}tdlrmdee caleiomaarbanate,

magﬁeﬁ%l cliegsnlfsi&)tl?‘h&éé)}é% (esﬁlw%r %b%%f%ﬁ%%%@ generaﬁy are used in the

ﬂu@@ﬁ'dljaﬁé}ﬁﬁlﬁﬁﬂb?oﬁﬁ 8&binl/biieacsBEQich e HEX@RhiREt K ge& bl bt the high

ety tive nclqge o- ani sj di ne, p-ani sidi ne,
CIPCTALITES, SYC may e encountered dunng curing or at the temperatures where the

ﬂu&opcﬁymsré hexabAMaEORSORROPY! | dene) - bi s( 4- phenoxyani | i ne

), phenoxyanlllne 3,4,5- trinmethoxyaniline,
2, 2Lhsifhiorelagio m@pmmsytmh@aafob nmmpd bpmmxang aselectati ﬂwr@lastomer
gulﬁ Wétﬂlta%{t}é(gé&; 4 Eeﬁ )910% edC a%?‘tg e ! I o§ aajuvan?(o)f @Gf any) in

coyk@nalguter ﬁr,océssnhg Bqlﬁplhmt T[‘hé dle@iirai anlitmlntssdjf B@mpounding ingredients

fill ||
an{ﬂtl%ljor S Vg£1¥ rrgif' E}dﬂflbvﬂﬂtg [9? 1e8 y oclg?ﬂ?l:dpfgtoégdl?nv{g gﬁl%gd ﬂl}/orocarbon
gurh BIGEK prAlAkBAely BERixed 6r aadel RSyt ft 1
enbodi nent s, del ti ves&?ﬁt o?et ri nelnttgll Iy af?ge%ltyo }ﬁ o

rubb@n@f(mgfle\(lmg smé@pmpbnlxgﬁse(ea\; Sagledy mixers), roll mills, or any other

convenient mixing device. To avoid premature curing or “scorch,” the temperature during
mixing should not rise above the safe mixing temperature of the curative selected, e.g., mixing
below about 120°C. During mixing, it is preferable to distribute the components uniformly

throughout the gum.
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Carbon black fillers can be used to bal ance properties

such as nodulus, tensile strength, 10 el ongati on,
woandness3 abrasi on resistance, conductivity, BAQ@/US2003/038886

processability of the conpositions. Suitable exanples

i nclude MI bl acks (medium thermal black) designated

N-991, N-990, N-908, and N-907; FEF N-550; and | arge

par t ' hl acks. . Wen large size parti.cl
b1 adh bt SRS o B, e bY S fostin b e e Bome of
filf] wbe, opbdsy)ym@rby(mpsiding (sg. gia:ml&rfagﬁ yf ﬁlgéﬂ:;{)ir (=) @Q‘I:l]ng) OnBe §Maped article
re i d acceptors can al so be added to the _
co B Siefeg S S e PReT eEROSHHEn andl“tsm%m&ﬁ@dtaﬁ@le-
pr e sRidife 6 prés lidkd GithEcotohdell eris@FRRINSs Eshducted at a
undesirable (e.g., sem conductor industry) the use of

teRegriYs AHECigR| ta clie dhgynixiuge Strolesigeddinandwatisnaderor suitable pressure.

j . i rnclude, for ...
o e s PTR g5 B A SSEEEL R LG 150
abeE 2DERGafe 2 periedyoffson Aboux i denutSiol i5Ghotrsdiypshltletdrd 5 niigaps to 30

etc. These conpounds generally are used in the
Iy, %B@F%‘&@T’EBY% portt 80P 1eh el AbpuAAl OYLRedls paglninapsed on the
cotbdundEbnixtire M 2 RB1d0 e it @ir@tmdyHe cBitewiR a release agent and baked.

tenperatures such as may be encountered during curing

or &he pplded ayirduteor pressscuaprbarticle fsehenfusualyqost gpmst (€. gadrean oven) at
' functian. The fluor.oel astoner..conpositi o

o AL By DR T Nl B 85 S SSES shof Tc nd

ab@u B0, typRaBLhtebbed 308, dr\aSierio®bOdn Whdulb2 ABrs 55 EKRuebr more,
addj tive(s) and/or adjuvanﬂ%sgn(if any) in _ _

SRBHV R TASHEI VI B eesspyesiaakifiivhnestof thaistiele. Frrethiph spations, the

terRPERIRE BuPig ROPRQ URd i uhIRAL R ﬁ'ﬁﬁuﬁllf RoRANEe @(N@xelr' it of the range to
conventional adjuvants or 1ngredients can be added t 6

the desiradrmraxiemiterapbrithngo The auakiomm tguperstuocisediscpreferably about 300°C,

L ptimat el m xe r _conpounded therewith b
anl B e el Pt oS SRTROr ko S i ety coruglegs te
crads-linkth@adahayndlseseBase(residial vdRaiddU¥om the ¥6fe8 tomp&¥itions. One example
mlls, or any other_ convenient m xing device. To

of 3 5 iaBle pPeateyEleduyol s crosmg aoldod perts thdictaimgemiireges using six
r : [ s
s arapiint! PR e el LAfr Bt 3% 20-C ofkld iy, then the
pattedroheld bidP0°Q 26C.6 Hoursj aftgr which tig, terhperatsreps @t ensed font 200 to 250°C
distribute the conmponents uniformy throughout the
ovifinfounss Mg B gatoRA SO SHEsH ez 08 ot hohes frmepaine is
i & p
s B R S g B0 Phen B AR 14 RGBS BT pous.
Fimply,dhepprts eregeturried to mebibwrtemmiatsd eath as by almtithg offithe ovaihleeat.
shaped,article can then be ted to.cure the .
£ o BB BBbA e s BBa O A e St e sughees O-rines,
gadWelsdubigg,Qind peatss 8spetitlilynghedfa ddaa-2ppdariog fdadelndtarhet agticle is desired.
usual ly is condgfted %t,a 5 tenmperature sufficient to

The gyrable RempRsiions rmulated qudiHdRoTEimieAciA FoseRTen atfrRagiculrly well

suifddi thb BeaPbRSER 8s sealFaREERkdLY for iﬁﬁhﬁaéﬁd%ﬁ%ﬁd@c@&%ﬁces, and
95C and about 230C, preferably between about 150C and
in high-temperature automotive seals.

Objects and advantages of this invention are further illustrated by the following
examples, wherein the particular materials and amounts recited, as well as other conditions and

details, should not be construed to unduly limit this invention.
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about 205C, for a period of fromabout 1 mnute to 15

hours, typically from5 mnutes to 30 mnutes. A
wonresidasds3 of bet ween about 700 kPa and about 2pCO@S200Ba38886

is usually inposed on the conpounded m xture in a

nol d. The nolds first may be coated with a rel ease

agent and baked. 10 The nol ded m xture or press-cured

article is then usually pqst-cured (e.g., in an oven)

at a tenperature and forag@gW%g sufficient to

conpl ete tqe cyring, usually between about 150C and

aboUt® BY8Is pseh Wer vpilable fxg ddrizB Gthemicgl Co, MilwiapkeeoW1, unless
oth_fafvﬁﬁ@ s@&_ﬁﬂéd. 2r HAGMiSatddQestiths Gf@féro%taﬂ{ed WOhLE the fgl%%%lﬁ%‘kels‘%/ ethods

increasing with the cross-sectional thickness hegnods,
unlggsothervise mofed. t Hiedhst saselts appesr irt the tabtedepav. at ur e duri ng
Te%@@gﬁo t cure is usually raised gradually fromthe

i °init of the range to 15 the desired maxi mum

u ximum tenperature used is :
Cub ARSI OB I SREL A iRl g ovig
DicaRimometer (DRI Mifdea00@ in akodidaree $ith ARV $3 139980 ek dhddds times and
conpletes the «cross-linking and may al so rel ease
tenlpé’g‘B’&‘i?a?Pd\?& Sdqeres g Boith th mivimuadorues) anddvahest@raue attained
st-cure cycle involves

dmﬁ?gf}ag%'?ﬁg?ﬁﬁﬂgg i f s B W TR g v
oSS e o 9y e FTRELSENER U5t v,
(“t .08 e titleFoBE thritle t6 RAH £ OJluelr-%uE‘l%' W+ ggg\%& —-\g@\/@g‘t‘lgbﬂ?md the

tenperature is increased from 200 to
timh Gatrtise tortue o feheh Mar09(REze- Mg) @rar).250C for 8 hours,

after which the tenperature is increased from250 to
PrespyGareample sheets sneaspiiag 1§t 1 Hkx 2.8 nam.enfl €)-tngstw30MGlded from the

: I.hal t ts_are returned to anbj ent
mireg e eomponR ot o Red BelseB Syl S na S e B orae
indchigd mothe bxamgriesconposi ti ons are useful in production of

icl h : 5 kets, tubing, d

Pos?—rea;al{rg:’ ﬁ%g%glg?%%?‘r&p ql\ﬁrlillg%g %ldc(i)-ég%s?\g‘%ﬁ ggquiszt% }1Ieer1]tg111 ai? ?or various times
andf tbifdr@8leR S TRIRIpMs twetd RBtukied §CSh b8 tempd?Rue W Rsting,

CQﬁEOSItIQnS formul ated wi thout inorganic acid
PhysicabBroperties; depsile StrengtinetiBreakeFlongation etBreflorand Modulus at 100%

EloﬁEaQilo%x GRte R miidd Iasi %ﬁgﬁgf{ D 4%192 gf’i‘lge}%%lgsn%@ﬁlorﬁ the press- and post-

nanuf acturing semc or ‘dévi ces,
curgrl shhettvatip®$ BYIUPie Daut onot i ve seal s. bj ects and

vantages of this inventi f r illusirated
R SR S urd e no L RA b Moo st & B A2 st
DuiBic®t.i Bhiss 26 thpaiBLinpsinksefithe€Shor@a swé.! as ot her
conditigns and details, should not be construed to

Compiratign PetiviQ-ring samples et metsured9spASIDA57ABBsthod B at various
tlmg)%é%gﬁ)gsj 91?118%%? 81?% 'a'%]e%ﬁoﬁr legl.{o%d'\ﬂaea'wg/ﬁ)z gﬂw—ﬁngs had a

aval | abl e from en c
croggriceiogal thickimasswe139pe.qB Hingd). Reselts aneliepattaichsngsttkiitsge of the
Saﬂgﬁ i ned using the follow ng test nethods,
ess Ot herw se noted. The test results appear in the

Hedtatyieg: b&$ DV D573, with time and temperature indicated in the examples.

orighfil
T
Examples 1-8

Perfluoroelastomer A was prepared by aqueous emulsion polymerization having

interpolymerized units of.66.2 mole percent (mol%) tetrafluoroethylene (TFE), 33.0 mol%

-10-
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5 Test Methods Cure rheol ogy: Tests were run on

uncur ed, conpounded sanples using a Mnsanto Myving
woievsRiewset er (MDR) Model 2000 in accordance RCTHSEBINBSSS6

D 5289-93a at various tines and tenperatures and a

0.5 degree arc. Both the mininumtorque (M) and

hi ghest torque attained during a specified gterl ongf

0 s_.obt ain

P e g S T e BnRe o R mgpomer,
CF %Q@F%@Nt(bﬁ\fmease 2 in-1b (0.2 Nn) above M

ach a valu
éqLl;«%ﬂlloroWoﬁ%r%\(%ﬁﬁlmh@)pr?pa{ 5'1621 gaJ gﬁgaqlwéenztsql Pitsfod 6.8
moi%é"FEoﬂqumot%Pl\/E\&?;knd::ALz hol6 (N, I\/L)lsg t ggo) 5 0
- : I ts nmeasurin X X
o R ec e ot et P bt e mlftedodoir @tonally
sﬂlanﬂ'rltw (REtSsi 1B RIVT2 98 DleBithsd) WEIS $hef Glided! T‘ﬁﬁrv!/aglfél}otv\'ieg%y the addition
ftg%d Ienperatures as 15 indicated in the exa
0

pingrsh ﬁ“ﬁ?%@@é‘%ﬁ%ﬂt@am@usﬂ;m@lmbamm snifste (6.6 00 from
Sal@xORaeh1! GsaRE %Etr%dnf]arﬂl' tft?Jlﬁﬁ A de Xsl lp :frén)g?%aé(g]gﬁbtﬁngfﬂl Osaka,

tenperatures es were etu

J ap@l@r?pb@&@ eareontd fickrveere ﬂ:sn adigd wRhyisbtabhixRpaRRs 6 18%6 g\% Ic?m Sample

| t B k
sheff B3] O Singh bE0GEboRi, LS IS b Rl os e o At
curdl. s 912d post sainglcesditiats vhrfi Qs tOIRWRYF ex8mpROEL 49)96?%/\%reng:ured at

c sheet with ASTM Di e D. Hardness: Sanples
18836 6 g’moé‘a‘nn?éﬁdrpgstﬂsmtéoﬁﬁ@r 36 h\Braraplc Awas presscifadue LA for 30

minoNy post Bg%g %e}l)ﬂ]o& 0(%1? a%& ?‘f %d& gg%ﬂn eli t]%gtihgﬂi at 200°C

Shore A sc npr essi on "o

for helagbenedmped 10Q0AIFTOACIAS-18 thelVintin ach fe@ trora, 'tﬁé‘ﬁsramf)édrf@ $50-300
and 25%ori gi nal deflection (unless

°C {%?‘5 %%Hé%\i}e%t 30§pefo) ¢ brferelsaeling to 2®m temperature over 2 h.
Exaﬁfp%S@wﬁ‘selﬁgésgﬁl%h al {]7'7’3& B&30 nft L a%d ﬁ’f’sg cgreglag ?EWZC I}‘%)]]G& fF¥pmple 7

Results are report ted as a perc
wasdhet nelded oo ﬁiﬂelmd pads; mlg)vasAlSSBl\tb B&ﬁansmettﬁhtb iciEngdd\Eliring effect was

di cate th | es Exa les 1-8
prosp T R il i G ol oioE s g bl eimsnsistion
donqimig)pﬂmﬁdxi’cﬁtshwfb pravildghe n&ésdaﬂlﬁhﬁgbﬁféﬁr 'ﬂ%%dl'&gdtsﬁ efsere used

| e percent (nmol % ‘tetrafl uoroethyl ene ? ‘Eﬁ
for @%Dee Iﬂé}lf% bells yssfion sastiag By n @ahmmm@@/mswglz) and the heat
I
PGS QRPN MEH T Btaed POl D o b gion
set tegtaps @N)Asﬁérm%dﬁ@edda&t Bieresulls wgsnalideid liathe YabidsepRive d

ang, fia golio%l?g tl%)lI ,y aﬁgﬁvzeeAdls lﬁm Lf’ . (ﬁexaguoro isopropylidene)

bis(4-phenoxyaniline), Curative B is 4-phenoxyaniline, Curative C is 3,4,5-trimethoxyaniline,
Curative D is p-anisidine, Curative E is 2,2-bis(4-aminophenyl) hexafluoropropene (from
Central Glass Co., Ltd., Saitama, Japan), and Curative F is 4-amino-2, 6-dichlorophenoxide
sodium salt (prepared by reacting equi-molar amounts of 4-amino-2, 6-dichlorophenol and

NaOCHj in methanol at room temperature).

-11-
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nmol % TFE, 32.0 nol % PWE and 1.2 nol % W5CN. 5 The

perfl uoroel astoner was nmasticated on a two roll ml|
woban4h743832 nmin. Optionally silica filler (AePOSiuS£iy/038886

R-972, from Degussa) was then added. This was foll owed

by the addition of the am no-substituted aromatic

curative conpound. Opti onal I y barium sulfate (No. 100

from Sakai Chenical, % and titanium

di oxide (A-_110 from a<a| Eﬂem ca Gsaka, Japan) or

N99d car borEXsmm& wer e | hen|adddd 3 fhaaltatal &1 X Ag

ti Mg B b oo ﬁ{?F]Auu. Satpt-¢—316—shepts—and Q-rings

Wer g DreDared e sanp| es \were |t

enl testled flor0&{ir e

r heglPetfluoanethspresB cur edoo Priess ROGT ®UTT NI [ 100
condi++ i 5 ples 144 were press
cur eIV £88C for 20 nj B:8 and post cured|at 200C for

24 NCubfREW € 5 Was press curggjat—r7eHor—36—m

= )

and |past _curi ng ranped fromiroom t enperatjure to
200CCywative€ h, then helld at | 200¢ 1.6or 16[h, t/hen
ranped—to Re 2060-250C+n—2h—thentheldlat 250CIHfor 8 h
t hen Tanped to 250-300 [15 C{for |2 h afd {i%hl|ly held

I
at 3QueativeE 16 h beforg cool Thg [T0 Tloom [eNperg,pule
ovel 6 was press qured at 177C|for B0

—2-h.——Exanple

mi n| YREVEEst cured at [250C]| f or 16% Examplg 7 WasS
not MRIARR-$FH O finisted garts tped—t
dempnstrate that a curiné’ga Cll'.lsl‘l ]:_:15 ?801

pres éiQBOBTdaks |Ilustrat ed the efffect Cover {5ng the

phett —CE—3—+ el ectrgn rhnming

pheni%?lg'éméqut‘deto provildé' t he*necdsslard turing 4

ef f eBhsum bgate0l ded sheeqg Wefe UsFd 4§ [Or trhre—5 =T

dunbbells used in testiing the physidal properties| (pe

ASTM D412) and the heat aging properties (per ASTM
59 nm Orings were used for

D573).. h | d
C"‘B%?‘FB}%%‘-E‘FF%H%%&% -+ 0&EAg per ASTM D395 Method B. The
d i In th
r e%"é}fh%ro%fa toH&? 13 W&% maltstfnc\? é:g At a?wgrxo 1 r&ﬁ‘]! fgr E H’e%(n’g‘fl}‘f@f éerosﬂ R-
972|V@s pheo;a;hﬂaddﬁm«ayved by thé M@Mﬂﬁ)a)baﬂhé AR withoh fol inMinBtiln of 15 to

I Cu
20 I%lnp QE e?s;( %ﬁg# thsyevgqﬂa p{eﬁ%!a&l a@ges@ﬁra&tup the eppmples above. None of the
Conﬂ)aﬂdmlvs Edifigles Sl Ed #8y SoulBnot be mlglcﬁ& Aht@m:e@lﬁ Bﬁﬁp Y ormulations and

exaf | uoropropene (from Central G ass
test ﬁ?lf%mc\}‘éﬁbﬁ)the tables @igvat i ve F is 4- am no- 2,
6- di chl or ophenoxi de di R Bl gpar ed by reacting

ral
U

equi-nol ar anounts o am no- @ chl or ophenol and
Na@CH3 i n mnet Exaoipleat room t enpe]]aal r e:)?,z -TERP| CE-4
2004074363 PCTFUS2003/ 038886 | Tabl 1. _Farmul atli ons
Ex ARSTROPBSOmg B 6 7 porf | udr oast oer |A W80 100
Pern aﬁﬁﬁ@@b&ﬁ@lﬂ&@ﬁheﬁolloo 100100, 3097100 100
Ethyl 2-aminobenzoate 0.6
Ethyl 4-aminobenzoate 0.6
3,5-bis(trifluoromethyl)-aniline 1.3
Acerosil R-972 1.5 1.5 1.5 1.5
Titanium dioxide 4 4 4
Barium sulfate 40 40 40
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Curative A 0,8 Curative B 0.5 Curative C 1.0 Curative
DO0.50.4 Curative E 2.0 Curative F 0.5 Aerosil
wWe2004207436% 1.5 1.5 1.5 1.5 N990 Bl ack 20 15 PCTAS20087038886
dioxide 4 4 4 4 4 Bariumsulfate 40 40 40 40 40
Conparative Exanples CE-1 to CE-4 Perfl uoroel astoner B
was masticated on a two roll m

By o oo IR B R0 e SRl P e raanapoc

indjcgtes ghat the matenial &R eetreaand Orl ngs were prepared and
tested as in the exa

arative Exanpl esngﬂﬁ&oﬂ“ %hr?g

Co

Il for

ne of the

g¥oul d not be

1to 2 m'nutes

Fohsmpataiuas) < SEx d&P | @8TE188 CEI72
Per(éd;)uor oeliast oner |B 100 100 1/00 100
Et Hyl 23- am hober

E:kaihplentj usefal parts Fosr mu

ingluded in ThC‘ ta

[t

| es

B A

Eéﬂ-4

mno-2, 6-di ¢hl of ophenol | 0. 5

TE-

3A7CE- W7 | 177

177

hzoat

177

e

0. MLE@rnylb 49.411|0)0 amt3310.180/0.

Hluoron fh\l \-Fl Lliin

084
e 1

0.249| N/C | N/C
3 lAerosil

Q-N 592

N/C

'50-&3.&9-77ﬁ<>c8&ﬁ OB IS8R

481]2.390| AV/CBaNI Q|

A7 A2a17°

MN/C

N/C

ool ozane T PR f

0

gt 4BVEs| NG

N/C

N/C

/
|50em thek | 782 propest s 18,0
1

b A& agdr
cure

naot

S ek

AREc Ve

eates—thatlthel mater| did
90 (min) |17.8]16.4|17.9 14.43'L10.17

11

17.9| N/C | N/C

N/C

N/C

In the following table, N/M indicates that the property was not measured, TS means

Tensile Strength at Break and EB means Elongation at Break.
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Table 3. Cure Rheology Exanple 1 2 F3 4 5 6 7 CE-1
CE-2 CE-3 CE-4 Tenperature 188 188 188 188 177 177

WQ 200407436377 177 177

0.381 0.140 0.084 0.249 NCNCNCNC M (N m
0.938 0.776 0.803 0.858 0.585 0.581 0.390 NC NC N C

N C
NCNCNC t'50 (Fpame

2.7

t2(rTin)9129821125125797.01--

NCNCNCNC

10.

4 Shfslgal ??ol;i_'/e}tée%

17 11 17E191nl#l€ N C N/(

at Ao+t hat

e BT CREaL *Tone,

fhn

Cl/54n

the f

I S VARG
)y

(O M. (N m 0.419 0.419r0T2%3003/038886

N C
5.47 5.73 7.41
16.4 17.9 14. 4

nmeg

Ex 4

|l e St

alaialal
PP

r engt

h at

ol4 oW ng

vas—nat

6

Br eak

and

EB

ngsE@agati on at Break. ;344
PCT,LUS2003/038886__Tabl e

4, P

’18%‘

q9%5 i%f 1839

wvsi cal  Prg

per

mEBd%) 2 3 4 5 6 Pres

slé&ng

Q 20

| Zagst

1C N1

T 4

Rl(OA

15.03

*dlS[B

(NEa) 217

14./8

190

T B P00 o

Pt | (h

(MPa

J

| -y
hep .

4165 2( 0
4 37565 414

9. 4
Corn

SHarddéss 4Shbfe Afar dness
ressi-on—Set IOA (oY h

( $501

200

e 7hk)
S N M

735
N/ M I

D 1y

N/ M N/

067

45 /Gompeession SeEAHIN' M N M

NI M |

oY=l oY

N M N/

an 1 0L

M 53.

230C

57

47
67

o3 B ™ M?OIK, a0

W /

S

1 70
'

(SH

Heat ofge@do°270C, 70 h TS| (Nhe) N/fr 2Q/AL | AoV L k1 15398
NMNM_EB (% 205 245 255 220 NMNM Har dness
of®h,RPOTZ 72 71 73 NM WIM BRat Aged, 5290C2270 NyM
70 h, 250°C, 15% initial defl. 57 67 84 72 | N/M | N/M
70 h, 316°C NM | NM|NM|NM| 38 | NM
Heat Aged, 270°C, 70 h
TS (MPa) 13.20 | 1148 | 11.27 | 12.58 | N/M | N/M
EB (%) 205 | 245 | 255 | 220 | N/M | NM
Hardness (Shore A) 73 72 71 73 | N'M | N/M
Heat Aged, 290°C, 70 h
TS (MPa) 12.00 | N/M | 11.00 | 11.38 | 14.18 | 14.22
EB (%) 220 | N/M | 285 | 250 | 200 | 258
100% modulus (MPa) NM | NM | NM | NM | 436 | 2.76
Hardness (Shore A) 73 | N/M | 74 73 66 65

Various modifications and alterations of this invention will become apparent to those
skilled in the art without departing from the scope and principles of this invention, and it should
be understood that this invention is not to be unduly limited to the illustrative embodiments set
forth hereinabove. All publications and patents are herein incorporated by reference to the same

extent as if each individual publication or patent was specifically and individually indicated to be

incorporated by reference.
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TS (MPa) 12.00 M 11.00 11.38 14.18 14.22 EB (% 220

N M 285 250 200 258 100% nodulus (MPa) NMNMNM
wol2M4h78832. 76 Hardness (Shore A) 73 N M 74 7BCBAISE®3/038886

Various nodifications and alterations of this

invention wll- beconme apparent to those skilled in

the art w thout departing fromthe scope and

j i - of this invention, and it should 5 be
W}%ﬁ g%g?%dglg" that this invention is not to be unduly

1. 11 M teedpds@tidaRBmblitifst rati ve enbodi ments set forth
her ei na%ove. Al'T publications and patents are herein
i nc@} pordiietbrblymeet@nmisig iherpblymeszstinmite dérdRl fidg 4 fitrogen-
0 Lndivi HFI ubl,i cati on or patent was specifically
Congﬁ%ﬁ‘%% ?%/llyécfga yep’iaﬁlgi cated to be incorporated by
r ef®) enes aminbdudiiitR6ddoAEdS63atRECToHFARADLP3S ?ﬁ)@ast Wedibstituent
a

i s, clai.med is: 1. A conposition conprising: (a
Oth?rlstlﬁiﬁlrhé'sag%er conpri sing interpol ynerized units
deriedn the @81 ¥febi SHIRARBsttEARERL RSN \%gﬁdrrg\?llnggtﬂg O%thtive has a

and 5 (b) an am no-substituted aronmatic

c o ARitAEOYRadhoHigl Zathe|compeund meaysahisini dng entoredtetuesatdr@)provided
hy Gh2 96 RetedIBLEL effect of .the substituent(s) .
i's not el ect rgﬁdlf/éﬁc? ﬁrﬂg\%l5 tog IProgeni5m, e@’gslﬁ%\‘%o@o g the dino
pl exowbavieonalbouorels@ibstitieatsanaypogatittr Fay: a0y, #hith @RME nBY be

nor, ato rovi ded. that no_heteroatom
di rae%r{%%[%gﬁl&%a%f")ge §n‘?1‘§7d}1%r§ Q?f‘e‘i"%tomﬁ(%}he position ortho
to the am no 10 group, and one or nore substituents

, M together forma ring, which ring mybe aromatic

* and BREYMPSEI B AECBHBE By L5ty lewheseia thsafluorapolyyner ompifses
C OepblymeAzcAGn R ; .
fluor op%llhl;e/rrer coﬂp%rﬁg‘é?%mﬁh? ée@éé?%n@?l?}iég éﬁ‘puﬁl.) ¢ §1 uorinated
derrPRrarpirst gid eptionally (i) bneor owrdpdrBueoviayldiheisi ) a
fluorinated 15 compnoner, and optionally (iii) one or
nore perfluorovinyl ethers. 3. The conposition of

3. cl dherdmpdsiionioficthinel Whm@hﬂb@ﬂydf&;ﬁolﬁﬁer@ﬁ%d‘rﬂ&&fniaﬁéﬁ ed.
4. The conposition of claim1l wherein the
fl uoropol ynmer conprises interpolynerized units

20
4. defMihy eshpdsiich betihmd | WaERRhY hehRepol ORErQE ; : :
per.fl uqrovi n%/ilq ethers. 5. The cgprgp}gg?tci oﬁn%fg H@%@Hniﬂmdums
i

wh &F7&ied fiopeteRatluogstiylesprind ons ergnere perflprogingiaicmer i s a

nitrile cure site nmononer.

5. The composition of claim 1 wherein the nitro gen-containing cure site monomer is a

nitrile cure site monomer.

6. The composition of claim 1 wherein the fluoropolymer is derived from interpolymerized
units consisting essentially of one or more perfluorolefin(s), one or more

perfluorovinylether(s), and a nitrile-containing cure site monomer.

7. The composition of claim 1 wherein the curative compound contains a heteroatom
directly bonded to an R group in the position ortho to the amino group, wherein R is an
alkyl, alkenyl, aryl, or combination thereof, which may be cyclic, and which may contain

a heteroatom.
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25 6. The conposition of claim1l wherein the
fluoropolynmer is derived frominterpolynerized wunits
woaonsistieng essentially of one or nore PCT/US2003/038886
perfluorolefin(s), one or nore
perfl uorovinylether(s), and a nitrile-containing cure
site nononer. 7. The conposition of claim1 wherein
the curative conpound contains a heteroatom 30
directly bonded to an R group in the position ortho to
8. t heThmsompogjtioupf claimet whereiRthesheterpataat lsyitrogah Jeatiiyhh is bonded to two
aryg, (§% conbi nation thereof, which maybe cyclic, and
whi ci contain a heteroatom -15 WD 2004/ 074363
PCT/U82003/038886 8. The conposition of claim?7
9 fﬁl% t he hepgﬁoat n%;s nitrogen, which is bonded to
' THOGPSTRYT oleslam Tryherein Hisds PR ad1-€p allof andubrlressrentom is
t heo;&gg{ oup is a C1-C5 al kyl and the heteroatomis
oxygen. 10. The conposition of claim7 wherein the
heteroatomis nitrogen, which nitrogen is bonded to
10t Sagh al k 10 .
11, T o G R AR Bl e A i
sel kandeditoftvo B gredrsocagh Ruilrdsperdantiych Craoatkyaind bi s-
am no-substituted aromati ¢ conpounds,
al koxy-substituted nono- and bis- am no-substituted

11.ar ofietdompogtigosfiutiim 10kiRdrdd the@Batife § Wa18dtd H6:8 thdMRRsubstituted
and bi s- no-substituted aromati ¢ conpounds,

t hi BHI% 89S D& ASURS-PHhs it rRsuatia Gempeusnds, aHionp-substituted mono- and
su %ﬁ-'a%@ﬁb%%@ﬁfo&aﬁ@ Wﬁﬁ&s dﬁ } %nﬂi%p V\E@S‘ﬁ'ﬂﬂ&ﬁ%’lﬂno- and bis-

thereof. 12. The conposition of erern
cu rmlnvéuhsgtuteélamaé@ Cﬁmpwndmtmgallwkysmbsttmtaﬂmono- and bis- amino-

na%ﬁﬁuﬁ@@ﬁom% {Hﬁﬁ) GhgS andpc\émlblnaﬁes’ﬂaqo %rl m di nes,

nmel am nes, qui no furans ; oxazoles
|n1dazoles thlophenes triazi nes, azul enes,

h f. 13. The
2 T G TR Bl b e
selagthelnds| Sifhrtcensl, pireiing, pyﬁmlﬁﬁéssingfaﬂﬁles r&u"ﬁmhﬁééj
4" 4" - (hexafluor0|sopropylldene)-b s(4- phenoxyani |ne

pyIrolsh Sxasalesnimidiazeles,3hiaplenes; tripaingm uxtderics, beazimidazoles, and

2 ZoRibidsRmhdqghenyl ) hexafl uoropropene, a 4 25
am no-2, 6-dichlorophenoxide salt, and conbi nations

thereof. 14. The reaction product of parts (a) and

13. ( b)Th%fco *)(gslrl]tlonfof cfagn Aq%e?eqrg gcﬁagx%npgélgclte%%rgrr? g anisidine, p-

conp03|
anisidine, m-anisidine, 4”,4™- ~(hexafluoroisopropylidene)-bis(4-phenoxyaniline), 4-

phenoxyaniline, 3,4,5-trimethoxyaniline, 2,2-bis(4-aminophenyl) hexafluoropropene, a 4-
amino-2, 6-dichlorophenoxide salt, and combinations thereof.
14. The reaction product of parts (a) and (b) of claim 1.

15, An article comprising the composition of claim 1.

16. A method of making a fluoropolymer composition comprising:
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15

30 16. A method of making a fluoropol ynmer conposition

conprising: -16 WO 2004/074363 PCT/ US2003/ 038886 (a)
weonroewiodezsg a fl uoropol yner conpri sing interpol poOemMISZ®A/038886

units derived froma nitrile cure site nononer; (b)

provi ding an am no-substituted aromatic curative

conpound having at | east one substituent other than

hy ge ' ituent (s). .not .including a. )
et e S bro A o SORHULME o blishE bnerRHE A s drmived fram a
nittilg cyrp eitepmendman ortho to the amino group, wherein the
net . ef f .of the substituent(s).is not electron
i 186 autroriiig e Fn P ybiteass el vamarp baving at last one
substiteert otipothad hydtegenCAM AbAinRARs)Hot HER8in %.th%%e%&ﬁpﬁl(ltsg directly
er forma ring,

ngd one .or npre substituents may toget
bm&ﬁ‘? Wq}yﬂ’f?@e n (e psigpmerithe tathe amiye Smep. dereimibe oet effortef the
subbieth @H@P Q8B Swon FHhdfasi . l r
e SRGRL Ao g BB 02 B SN e compomn
may gRniaye Precy mATe Betprgatomals), agd etver mioxd smbetjtuemdmayitopethertfbign a ring,
od of claim17 further

] T. th
whiEh R thay B biohiafe aflna MnAFSRF mils P erbema i, " he
15 (cur e dlemiling tieefluordpdlymer with the curative.

17. The method of claim 16 further comprising shaping the mixture; and curing the shaped

mixture.

18.  The method of claim 17 further comprising post-curing and optionally heat aging the

cured mixture.
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