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SCORCH SAFE FLUOROPOLYMERCOWPOSI TI ONS TECHNI CAL Fl ELD
This invention relates to fluoropol ynmer conpositions
WORER/0atTidi ne- cont ai ni ng curative conpounds, CRCHDE®07/073211
conpositions that resist scorching, and a nethod for
maki ng scorch resistant fluoropol ymer conpositions.
BACKGROUND Fl uor opol yners i nclude, for exanple,
crosslinked fluoroel astonmers, curable fluoroel astoner
gurs, SEOREH SANE tELUOROMQLYMERSG@MPOSITIONS
Fl uoroel astonmers generally are tolerant to high
tenperatures and harsh chem cal environnents. Thus,

they are particul arl yTEC#fNICAE FSERDs, gaskets, and
nol ded parts in systens that are exposed to el evated
t enfférsatumgisn acldeoto Toropdymer chgmist®hs witBuohdipaicbstaining

ar.e used i t he aut onpti ve, .chemn cal r.ocessi ng, )
cwigliss COReRErcr s PR On ! Fot SoBUING AL & T for making
scBPRGis@hbRESropbiyHRef aghpsisBr s of ten include a

cure-site conponent to facilitate cure in the presence

of a cure catalyst. The sel ection of specific cure
catal ysts is often depdhdeKGRAUNR type of cure-site

co nents included in the fluoroe| asfoner.
ConbbiFRAEners mfiu%afoa|eg;%rﬂgleoﬁfrpésm%cﬁﬁuqrﬂ%laﬁ%@ﬂseﬂﬂable
ﬂubl%t%ﬁ:stoﬂ{er QHI%QJ a‘ﬁg%el‘ﬁP-E{yrsﬁhi lﬂlftogg)l&ﬁ@& eFRbATtasioeRs generally are

catal ysts~are generall'y selec to ensure proper
tolenant tadnighutempgratures avall hapshohesséah gnmofoninteats. Thus, they are

fl uor oel oner. The cure c lyst, if selected
paricRER AT eyl B S ang TS YT B e pasrd o
cleR¥tel R cPdthRg afd/88&dridikictBehiRQlst 3Rk byrtdatt uial HRRE MRbmotive,
processi ng, thereby increasing the viscosity of the

chenoigplapedssing, stmecandegterageroppace. ad psirolgumagdustrsesi amergothers.
undesirabl e scorghin f the f.] uoroel astoner.in the
or ok Bt TufiF e bl vl Gl OLERAR TR chf¥in he

pro’dee R aichict dabdlyDNTHE @O @ioR of geciEMLO EatSIGOE ¢ v g d@¥éndent on
may al so adversely effect subsequent nol ding and._ the

thepiges o lcqre-piopErRqrests dudwleddn esnibrasedadomeretCas crtipgal cure

cat%%k}%&&eﬁ?atck%eede%ﬂgd Ie&ef @’ﬁrg&flb EMrof BT Iggés?l%ga Cure catalysts

n one aspec nvention re
arccgenpraliy selocted tvadnsureqiroigte sudnd Hwargothetnydiprocessing of the

fluoroelastomer. The cure catalyst, if selected improperly, may adversely affect the
fluoroelastomer by initiating crosslinking too rapidly during thermal processing, thereby
increasing the viscosity of the composition. The increase in viscosity results in the
undesirable scorching of the fluoroelastomer in the processing equipment. Cure catalyst
selected with weaker initiation strength can prevent scorching but may also adversely
effect subsequent molding and the physical properties such as compression set of the

molded article due to insufficient crosslinking.

SUMMARY

In one aspect, the invention relates to a composition that includes a fluoropolymer
having interpolymerized units derived from a nitrogen-containing cure site monomer and a

cure catalyst derived from a mono-amidine and an acid having a pKa value of about -1 to
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havi ng i nterpol ynerized units derived froma
ni trogen-containing cure site nononer and a cure
W@ 2008/0y819 deri ved from a nono-ani di ne and an aRCTUS2007/073211
havi ng a pKa val ue of about - 1 toabout 4. The
conposition is essentially scorch safe during
conventional thermal processing. Scorch safe is a term
abautid iThegompositien fs qseangallnscosrhetals during Gopvensionalthermad
prc}cQ?s‘in . INSecoPc(ﬂ]rgB?euigq 1Y utﬂ?zezi ﬂ?fhﬁdeﬁoe@isfﬁ%ﬁ&%ﬁ sﬁ'gr to indiﬁate that
convent1 onal tenperature ranges throughout e"article
thef coniponad prag de siseriddally erovassad ai ¢unmgntidnal @bipktatyre tamges throughout
crosslink into a desirable . finished article.. In :
theigielp é?mg%gf@@,esstvaﬁéi RYBRHIRHI AP cfass Ak ilh desirable
fintsAPd Q¥R the scorch resistance of a curable
conposition. The scorch resistance of the curable
conmposidthanspest, shancgwnbylatrsxe mgtlmddor enpraviag yletscorch
derived from a nono-.am.di ne is-am dine, trisamdin .
restyAne Bf 4 AP A DA HO NP 0T R 0pfie YA Rspbobfon s
enldROst by mixih® a 3R Watadystiéved fidn @ el anieincCRRRRRdihE,QAfls-
The fl'uoropol ymer conposition includes '
amjidingor adrayareidineagd gniacid hdemigvarKe yadwa ef about dgesbout 4 with a

i ning cure si . i.t i onal. s
B R B o PR SR PO OO GRS iz
uni€OdRvied €Sni ®hitioRen SorthiXingl@rofiteame@mesi ti on i ncl udi ng

a fluoropol ymer having interpol ig}eri zed units derived
fr of &0 pditiongbpsneeintheimsthed fomeking flyRsppehmensrmppsition

: : i - ine-
o T SR NG L TG e
intapoYnivaizedgniss qeikacd &bmea witroghsadntainihgteareadi@uhondmer and a cure
s@aﬁpi n tI}ae %nﬁ‘éﬁ(ft ure, curing.the shaped nmi xture, and .
catgle] AT TR oD RPN B TRBF s PR S e pgidine
and@h$ i@ hVihge %I@Wﬁhf’cl of %R&?crlﬁ 7 ?&Jlﬁg 4t hepty rtl%’llnﬁctl%re, Qifndhe

conposi tions such as sheets, filnms, hosés, gaskets,
shaped mixturaagsd offtnallnheattaigory the cyrad niigtutear |y desirabl e
for articles wth %}?ﬂod 1jg%hgsi catl. ro ertigf and | ow "
compPESBICBIOL O BOVHICY AR SAP Aiine e clPIceT5Er g ompositions
sudhl BRHEHUE STMns, HseL YRkets! ANBOARZOL Thé thvéh®dils atticBlakly desirable
The inventive conpositions retain the advantages o
fortaigcleswith goed plhysirehpropertias #idhlgweepmepression sy dunaly igmperatures,

(€aQ. . Nidrile I DI hg.cUte site nononers)
Whglg é) gmgsfra? %ﬁel&%?it’gqﬁr%tg %ﬁ%g?sg g fﬂ{é @dpglrg]gjgeﬁﬁ% r%‘c e properties.

At  tThe irs@fkvd ¢oilpositivas ERmpalsd ddvaniag@dfithd lisclofpitedpea-containing

properties, such_as scorch resistance. ]
cure site monomers (e.g., nitrile group containing cure site monomers) such as the high
temperature performance properties. At the same time, the compositions exhibit improved
properties, such as scorch resistance.

The details of embodiments of the invention are set forth in the description below.

Other features, objects, and advantages of the invention will be apparent from the

description and from the claims below.
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The details of enbodi nents of the invention are set

forth in the description below. Oher features,
woR)eO1419 and advant ages of the invention w | |P&BUS2007/073211

apparent fromthe description and fromthe clains

bel ow. DETAI LED DESCRI PTI ON The conposition of the

present invention includes a fluoro ol%msr havi ng
i nter poI yneri zed UHE@H@DMQM

nit .
ot IRCEFERIAGLE A0p RS R B THRREEL o nvin
intmpnkyﬂ&mzeld ueitsadetiivad frami dnivay¢mgoraaipiig cved site ménoaimund a cure
out 4. The nove osition.is %sentl

1to |
catalysfy &ﬁﬂescgfeeca&wﬁ@ Lbie é‘i‘?ﬂngﬁlé?l‘ﬂotaﬁé?hﬁﬁﬁn phagd giﬂﬂ g apKa
vallB8f LR er 18 ReA t Thé)IfIOV%F Qérﬁ]gbsﬁt%nQ§ %?s@ﬁﬂla@iyl Folgf hfg%nng
as prenature cross-11 nk I Ng corch occurs when an
conmrotiomsd tltﬁmmlrpkmncbslsmgorres cross-1|i nked dur i ng

pro SSIn u terfering with
b per B8 P PETe bR it CPEr I GIeTAg py B propglinking
Sc&eh BECUTRAUEREA WiGeled RIRI0RAd OGRS Hnked d¥findprocessing, thus
specific material are often defined by the "scorch
interifering wikth die foeping speraton md essensiatlp rongigtthofinal article being
ma\rﬁyel%a?@lge'edrz] tégsco?ﬁ%l c%{ara%te%%tlés ec1?g R r 1%‘123% dftﬁld dgglféed by the
sdasedlﬁimal which agpte@hisanc tlmawcebﬂs‘eumevuladﬁezawb@ aeyparticular
Viscosity test described in ASTM Standard D 1646 is
ter@ﬂwhreus% drepEsserds terimreaviapabls dorrancastiag daarpgliat gnpgiven
81%” aqgd 1\5&?@9"\@5&  Rer &E%Eﬁbedtlﬁ%éi*l\ﬁ%ta{n%% H8€4 R often
conpoun 0 scorc I'n a process at
usddetmnleteahumehe snorcthsdhamtmmﬁ@wfmemuumtbdu&bbeg Fhuehetrﬁlore the time

val EEQ;TOL t he ney t The t5 value is the tine
reqyuEd &y t %FOT{lIPﬂél O AEY© 5’1%@013??5 PhR BIRER EEfRe{asuns gt PPPét commonly

me%&&?uilﬁ% ’[h%éc{ %:blteﬂé 5 EHc MM PEQE %% I NEH IR %tlﬁl@ ﬁ@ecfeﬁ §or the

scorch Til 'onger than the maxi num heat history
Mamdy vilre tameteasd avesgebiotar Smge pirie cEs L g/helapm@ns,smgmbber that the

e NMth. al § h t
st i) & Resr g c e i e en o S kPl fecugine
prd%%ssmﬁgc Qlc6Mpb@fd WitRBlonges “RofATRAIM e t HRIngEaD PR e A
t hroughout the form ng process, at t he glven

compewslrthatiis eensidgred “Seerch safe” ablseorch r@ﬁ@t@rt &g qampieagd that can be
usééire]tkrlo n lsl&ﬁ%%)%o?‘m tﬂrgée%s, aﬂh% (f\%n Gt@%@@tggﬁ&g I%d §’tﬂ lye ablg’?otbe

SCOf C
crds@lipk@riassa asabielaktichs Thmmap@rdn@ ts Voluaeiae ﬂd:ﬁﬂes aT‘I@uﬁrch safe”
those of ordinary skill in the art are capable of

comppEKhm %V%é@m pl@c%ﬁsé‘% BEOSEHGS Sehldas o ga erial to material. Thus

those of ordinary skill in the art are capable of selecting specific processing conditions,
materials, and amounts of materials to achieve a desirable scorch safe compound.

Due to their relatively high viscosities and high specific gravities, fluoropolymers
are generally processed at higher temperatures than normally used for other rubber
materials. Typical processing temperatures range from about 50 °C to as high as about
150 °C, nominally 100 °C. For purposes of the invention, a curable fluoropolymer
compound to be considered “scorch safe”, generally it should have a long enough ts value
in that processing temperature range. Most preferably, a ts value of greater than 10

minutes at 80 °C to 110 °C could be considered “scorch safe”.
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materials, and anpbunts of materials to achieve a
desirabl e scorch safe conpound. Due to their
WO 200a014u& y hi gh viscosities and hi gh speci fi cPCT/US2007/073211
gravities, fluoropolymers are generally processed at
hi gher tenperatures than normally used for other
rubber materials. Typical processing tenperatures
r ang8¢ PresaRtapesiion playbepgplignbly igisnbanciizdte seseh o

chaﬁ%ﬁrﬂﬁq’cg ¥f %g'%é‘glgl coﬁ@%sﬁb’ﬁ p?ﬁeeges(i)rfed %&b“?cﬂ NS dA gc%ltlcgl is

cura r conpoun € COonsi

accospdishddl thedugh thcgc&naroaﬂ df}& mixtiwbofih dulkaualyat d@hgddroougmono-
t..val ue i n.that ocessm erature r

amjipg, .lsamﬁmeatrts- idine, arfte%ﬁ idpe pphp %3‘ H?\ﬁﬁ% égﬁatva%@ of

ab8lfe-1 @ abbit 9 Qlﬁ%&rg‘@olgrg@ﬁéo‘iiﬁf&glons B %ﬁoﬁ%?m&%@m osition

present invention nma applicable in enh
inchips otierspil pmetizdawite destdddsonf nitregen abheinconpus snta mnnomer.

The de d scorch fe co on acco li.sh
Thg s R g FELeRER tored U Loh AL S R GV e
amilhé YRApdsitRIR d TROSAThAD bscdiicht RRAHIxNE; the kilBwaRlkH ne,

or tetra-am dine and an acid having a pKa val ue of

flugtppatymer momposamtAhemﬁtmlsa the asat apbihy sevdiso agropeunidanay be

adr-Irlpxt%dfnll Sar RR ﬁ/enﬁ d)ré%o joit rljgﬂdosgllg)gé:\%lgem § gurﬁ cfalta C},St capable of creating

asG&Bﬁ@debﬁ@p@Sﬂiﬁ@h site nmonomer. The cure catal yst nay
preferably be adm xed by either first formng a salt
with the anmidine con‘pomgi@nc—aéﬂé{s—t he acid and

subgqg Ul?]{%gclﬁ%l)ﬁpg\}e e %s&tﬁqnée%ltlhn\m 4 &Jﬁ agfd UgT.aRal éﬁ‘ﬂ@r

conposi t vely, e acl "he “am di ne
compampmiualmd amayidoeitlaal specett pia shamctewistlbs t Hiee ddnionaioal of ey

still rowd cure cata able of creat
Sp%l e FRta %Wl&%@ﬁ%&ﬁompawm%a L% ”@%tné @%@Wﬁé@(ﬁ%ﬁl@ dofi¥ed from
a n?t?dg%h¥§ﬁtaﬁ?1ﬁn§ ake E)i'Ee%%ﬁBméﬂbYﬁ!% 'u%rdv%d %e%ﬂ%rB@etshlﬁ%onhe
an ‘am di ne conmpound and an acid with a specific pKa

comhesig@tser i sti cs. The conbi nation of the specific cure

cat St wi he f ner s ha ing ... . . L
"t aPb ot e bRy o el Hridingyaf-amidine,or etra-
amidIRg, dir BisHIP o E4HyEOfhds8. MPRTEGN, @BABIALbMIVTANAE thdheIndRimidine
q?/r ocessi ng of the conpositions. The cure catal yst rrg‘y;
an Ta,

pcidéncasatisapbansadi Masferbly, amaiorpanidine andanpgiprefe
n{) g%g{oﬂg Qfind 1§ﬁ{ﬁze‘&f any of these. In addition,
I'na

I ons ‘of an one am di ne
In another embodiment, the amidine comprises a compound having the general

formula X-Y(-Z),. In this formula, X is a moiety of Formula I:

RoN

\C
=z

RN )
wherein each R is, independently, H, an optionally substituted alkyl, alkenyl, aryl, alkaryl,
or alkenylaryl group, Y is a bond or a linking group, Z is H or a moiety according to
Formula I, which may be the same or different than X, and n is an integer from 1 to 3. In

addition, the amidine-containing curative can comprise a salt of an XYZ, material or the

precursors of a salt of an XYZ, material can be provided separately or as a mixture.



10

15

20

25

30

and/or am dine salt can be used. Preferably, a

nmono- am di ne, and nost preferably a perfluorinated
worewsoattidi ne, is utilized. In another enbodi NREE/USI00E073211

am di ne conpri ses a conpound havi ng the genera

formula X-Y(-Z)n. In this fornula, X is a noiety of

Formula | @ wherein each Ris, inde endentl H an

opt i ORIl Breans @gtaﬂlphﬁt@dlyérwrbonﬂr%m@ﬁt mgy Vf negr Repranched
ha@ﬁg ﬁloEl\echJ aﬁ)r&’ljt 19%39“&1 atdm 1n%089% b34i % fl{g V\ég)% ﬁf(?&lﬂbon

S or a noiety accor ormul a

atoes. t"Beanshed® rocand itHat eneot mbfeanwxr alhy]lcgrnupsSuahn ad mthgk rethyl or

from1 t . In addition, the am di ne-containing
proguf e echedio ¢ onprriade’l 1 ghany { Loy eraospRandastizat togbout 6
catbBR aRHRGH HROHRir0 (Vh?chstﬁé}t bOfinAP OP(IXI%HCHE%,‘: qrhle % kﬁ\gg uB $nay be

provi ded separafely or ‘as a m xture. ns an
aﬂahhphhhyQndgnhmucéahnmmgsGUQOMhatonayﬂ@ﬁkﬁnhgmmpmr

bran haV|n fro t 15 carbon.atons, in

s orre H? an 4l1 Tﬁ%%E}%?FPC%EgO% EOYB GONFRE @ carbon-carbon
doutfse @Bl‘fd]ﬁﬂf WHﬁ@E ﬂﬁlytﬂé%tra%ﬂﬁor%raﬁ@l%@ hh@We D tahbdilt 191cObBE atoms in

such as nethyl, éthyl, ropyl are attached to a

tha qhﬁ@a rPreficegd akkh@ylrgrounm 5 &0 ¥aut 19rearhen h@msng the ghgin, and
rnore %%ergbl ) &8 91%)] 6%t60 ﬁrrgbqn aténqg 1n tﬂg Ic dbn WnIL% Sefrn?y gle‘ rxléela?lgﬁ to about

€ su
4 c@fboﬁmfcﬁnsfhm tb)e ataﬁlﬂﬁlhldh)tﬁd}aﬁd dﬁ)ahght of baychedalThe raudenyl group may be
groups. " " means an al i phatic hydrocarbon group

Sub:samt%d By wge %r fB%fF ale- aé%i%&ﬁd@éléf&sl o1 psher! kg mu% may

b nQr
at onsY o 8 Che et ARGEFRPRRY o pf i FREFAC A8 RALERYr g3 v

ab(abdﬂtcaﬂaﬁn(aamhm rERtIq}hai'y Icmclbdiikylaﬁtegsnnclwnjcymmpentyl cyclohexyl and
refera ut 6 C n.ato in the chajn
cydlobgpiy ﬁl:h%@ ﬂ‘éP Bay g @@Htut SO TS B 030
meffiaddd, i ICByJI@Mkﬁehe?&‘béﬂr t,ar‘a[kylp,ﬁl%ﬂ%h@ﬂk%l-r&%l 8t K&¥hryl.

group nay be substituted y oné or nore hal 6 atons,
"Hetgrd"ondaay bxygen, mytog@abk euii]“tlr 1@ pbuq@ef otieQygh@ralckipoh atrezns
a ng stem

2 bot iAo KB iR g ettty fhfots @b bR E T Bk,

corithing d éh@ﬂ)diﬁ@drﬁd’rpdi&ib@d"ﬁdﬂd, an@)h@lfl(ﬁ@ Q.3 t8RGout 10 carbon atoms.
cycl ohept The cycl oal kyl group may be substituted

Thpgydadkeny ﬁtﬂu@ gyl by sabsftied Mg tong loe mere l@ﬁlwtoms or methylene,

Y LB e SEOEUEN BLRLHLY T SRRl

heans

S ul f Ayl ﬁle@ﬁs&G@rOﬁlat@@éarB(ﬁcyﬂﬁdf fadﬁxat &ﬁﬂalﬁﬁlgmbout 6 to about 12
Cycl oal kenyl " neans a non-aromati c nonocyclic 0
carﬁgp f{o8pe IElxémﬁ)Wﬁj a@& gtaups include phenyl or naphthyl optlonally 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,
heteroaralkenyl, heteroaralkynyl, hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy,
carboxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl,
aralkoxycarbonyl, acylamino, aroylamino, alkylsulfonyl, arylsulfonyl, and other known

groups.
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contai ni ng a carbon-carbon doubl e bond and havi ng

about 3 to about 10 carbon atons. The cycl oal kenyl
wQ@e@ap141ey be substituted by one or nore hal o BEADES2000073211

met hyl ene, al kyl, cycl oal kyl, heterocyclyl, aralkyl,

het eroaral kyl, aryl, or heteroaryl groups. "Aryl"

means an aromatic carbocycllc radi cal containi ng about

6 t oAlwslt meenscaHy Bphalkylo ﬁ%oupE& siphethg atyd pnd gkplasg as previously
dV "
G ER RO SRR ORL S LLHASH, JhCh
as@@mmuﬁycﬂmﬁﬁedent where "aryl group substituent”

i des h . | oal k ti

e R AR MRSt e
des%h?{lgﬁls arc ﬁBﬁh{%ﬁﬂé’d to ARLAIHD YL oe Q@trﬁeraﬁ ﬁlr al kyl,

het er oar al kenyl , het er oar al kyng XY,

hyd ﬂmﬂlﬁ@eky’al foahkaY(aZc)y,I\bxm bea bd)rktmw, lirkamgbgnoyp R', which may

|, halo, njt b .

be ZtsyBh Aoty Tof i Savablngitor SRR apihgecn end th
lik&CYh@nhiRg Eﬁﬁl@)ﬂ AtdyR, analllM | a‘-’tk@nfyp AV, oradl]ya{@l%rf)@ﬁ]bﬁvmg from 1

and ot her known groups. Alkar means an aryl -al kyl -
to gfraptipS carbompiemst fhich rnwy tainlﬁleat qxryhralmhed,aeéldmleell way by non-
k s._an._aryl.- e
ﬂugrﬁﬁa&%ﬁi, ?ﬁl%{lﬂaétA(l%rO?/ %fﬁlg}ﬁg?tﬁ &ny eg rn elS ES‘Y 6Sf e\b ({1 gr O § Qg%walent
R' gespr Waed.n isRethabikectiens Bal og4 awral@lem:gmpp | mfename 3, the
known in the field and t hese descriptions are no

linkig gFenads Mo’ ehaigevilpe Besep &Y mwa gsbstlﬁwtﬁdtqwnsubsﬂtuted
melg(%%{lﬁ% lgfrf%uwpln%tﬁ%n%ro%h IThus tl?eaéhrg)[?\ieﬁ)(:f P@%&V&{tloﬂ may be a bis-
mnhhh@nn&amuhmsuchna&mmdy@en sul fur, phosphorous,

or
QIL e@?ﬂ@ﬂ@ﬁeﬁt hel.ﬂ';?% %c?r)lahf A YS‘?%Q?%%%\WWY@PW@??%

Foﬁﬁulg l? (Wltucﬁ- ﬁw?%re msa%%ff%hﬁham be |inear or
branched, and whi ch may be nonfl uori nat ed,

fInwoe |enrlvbémen© rthepent kcatalystiasedcted\frem cratrbcscymte dlts of an amidine,
bond qr O 2. th
Whﬂﬁ%ﬂ e GraBy sfiloficgpifd C%”?R@O%W@%% o e B ) s

3, the I|nk|ng grou or.a tetraval ent
gr oin‘ba prefe W%@%ﬂ@%@lﬁ UGG ngheb e Pt Bicompound of
FoffRGIRYI). methylene, or nethine group. Thus, the
curatlve of the invention may be a blsan1d|ne
tris-amdine, RON tetra-amidine. In the general formula
X-Y(-2) n, Z can\gg hydrogen or a noiety according to

4
RN (ID),

wherein R' is H, or an optionally substituted alkyl, alkenyl, aryl, alkaryl, or alkenylaryl
group, which may be non-fluorinated, partially-fluorinated, or perfluorinated. Particular
examples of R' include those of the formula CF3(CF;)x and CF30(CF,)x, wherein k is 0-10.
One subset of these materials includes those where each R is hydrogen. More particular
examples include materials wherein R' has the formula CF;, CF;CF,, CF;CF,CF,,
CF;0CF,CF,, C3F7 and C3F7-O-CF(CF3).In a most preferred embodiment, the cure

catalyst is a
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Formula I, which may be the sanme or different than X
I n one enbodi nent, the cure catalyst is selected from
W@ 200B0xMhat e salts of an am di ne, whi ch am di neECEHE82007/073211
salt optionally can be fluorinated or perfluorinated.
In a preferred enbodi ment, the cure cat al yst includes
an am di ne conpound of Forrrula (Il R2N m (I D,
pojfeararRicdone-gmidgie sak dgysdotiem aypesilnsinpted regnogiigine and a

eﬁfuﬁﬁﬁé’tgd cﬁf)%f)%yhcadchiar p%s oqls ﬁf%lltﬁt%llucgrﬁu% whi ch

non uor i nat ed partia uor | nated, or
CP@@F{G(HNH)NH; E0C Orz: aME;OdXF&@b@&Mﬂ)I\Rh |O(CIDOE£F20CF3
those of the formula CF3(CF2)k and CFsQ(CF ) J ,

whemnebt énbsdifedGhe QRRliSLIESRIINBE poReso MBS alrt ahtalysts useful in

i ncludes those where each Ris hydrogen Mor e
thegygesentinventioniagipdesshe pempeiadpaf deifamdilgher ein R has

the formula CF3, CF3CF2, CF3CF2CF2, CF30CF2CF2, C3F7

and C3F7-(}C|:&?ilSf ).In a moXNRypreferred enbodi ment, the

cure catalyst i s%(rpgrgl__ i nat ed nono-am di ne salt

derived froma p | uori ed nono-am di ne and a

per fl uroi nat edkygéar boxyl i ¢ aéRd. Exanpl gﬁI)Of such salts

i ncl ude CF3- OCF2CF2CC= NH) NH 3 +OCOCF and

CF3- O-.CF2CF2C( =NH) NH3+ 2CF2QCF3,
WHSIRIL B e K Tl B OO Fg- g e B St ROCKeor
(cxgtm)y&héretpsl@fluﬂ chéh Xheindegeapitly HYENHri@NedcAR MaREpbmintly
Selgﬁj{n(gounds of the formula: wherein Yis a linki ng gr oup

@Q@H,baegl-ﬂﬁoa‘}]éyl @kg‘lyl 33@6-@)@@@{2211 %r@ gnd wherein
R 1&%X§(§1%@guw&ﬁgﬁpln ce:rt}nél asggcg% %?%ﬁ f{ nlagqe%ggrﬂ steie\lélted from H, a

C1Gl6 Q&ybbdkylkenyhlake Rydptloﬁalﬁﬁrs @ﬁﬁstm[tydl Ind)ak@dydr,entodiments, each R
al kenaryl, and wherein Ris optionally substituted. In
Iéerta| n aspects, each R is independently selected from

I
subst It ut eddadlIIﬁXIIlt g{tthle E‘Fﬁ%{l fg gl nen’{)hlléjggllcl: le?é?:{s H

I'n tAmelc&hlhmnhgmpKa valic bfiel tgeh eradbrablyr-ints & iX¥dted to thesantidine of
theapr}gse%t {n%eélon The acid may be combined with the selected amidine compound to

form a salt thereof or mixed with the acid in situ with the fluoropolymer composition.

In a preferred embodiment the acid is an organic acid and most preferably a
perfluorinated organic acid. A non-limiting example of a perfluorinated acid includes
compounds of the following formula:

HO
// C—R
(V).
For example, those composition of Formula IV having formula CF;O(CF,)xCOOH,
wherein k is 1-10 are useful in the present invention. Also useful are the composition
wherein the carboxyl compound has the formula CF;(CF,);COOH, wherein j is 0-15,
preferably 0-8, and in certain embodiments more preferably 0-3. Preferred acids for the
mono-amidine salts include trifluoroacetic acid, perfluoro-3-methoxypropionic acid,

perfluoropropanoic acid and perfluorobutanoic acid.
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An acid having a pKa value of - 1 to 4, preferably - 1
to 1, is added to the am di ne of the present
WO paostat41on. The acid may be conbined with the BEl/E8100T073211
am di ne conpound to forma salt thereof or mxed with
the acid in situ with the fluoropol ymer conposition.
In a preferred enbodinent the acid is an organic acid

and o moprietispgpramprlc phimidina-aaidews caelyattiaccaiging.fo the present
t ed d | ud
C0eddolihdif AR BB IO A Ty ¢ For e

exanpl e, those cg ition of ﬁq}]athawng

formul a CF3Q( CF2) kCOOH, wherein 1-10 are useful

in the pCeSeni'?nvent i, 6 YA- use# WiCiarenit he

conposi tion wherei e car box i\] conpound has the

formul a CF3(CF2)j , wherein j is 0-15, preferably

0-8, and in certain enbodi rrents nore preferably 0-3.
whPereix parrdddraage €emf bto dbloet ymas &nd 6) e salcbaibedabonde cach X is

. frif]uor eti .peflu - 3- met hax opL.onic

indsbindenBL P Fritn G dnsh e caet e e Rt Bone S ek

alk%ﬁﬂzld B60Ors drlMafaRA, GABRAS 1, And HHFRR- 1§‘6bt§’01féﬂ51§ubstltuted and
catal ysts according to the present invention include

A ig enpoignd Siroflartries-lfroiting caamplhe meiude manee tis- ampistrivr @fitha above
tgfabouﬁt 12, nis 1 to 5 Y is as described above, each

noted;tarmy ablependently H F, or d, each Ris

i nd entl eI ected from. H, C1- C8 aI en
c%ﬁéaqge 31?19 5|ﬂl&ﬁu§}? catgfystan¢l knozw oté fz%’?ts
deﬁ%én%‘l@’l alfﬁéctstﬁp QbdifeHr&its ARG AahPld ﬂleadﬁﬁ&fban%erﬁlnla@fd anion or an

non-limting exanples include nmono-, tris-, and tetra-
acidfdetingivaboics, fromen drganiubrninoanicaiolde Raniiower ckamplehef the anion
cure catalyst include any known ani on that does not

: |
. detr ntal 1y a d | §O,NR'
indl' TPor0e 8050 kG GRRRSH CONERs Gl LR S
ani on, froma organi ¢ or inorganic acid. Particuldr
SOeN§ﬁ’pRe§n@50tz ESQBROEre’f&%I%G mHﬁﬁ% S@@,SQQ&%NR and in
PCB, CFROPCB, (CH20) %%
solﬁeaﬁimaienanﬂossg%@a%@@oms@graab)lqsog. Oo , 06H40,
SO3, OSC3, or S 0 2NR and in sone enbodi nents nost
preferably COO SO03, and OSCS.

Fluoropolymer Compositions

Suitable fluoropolymers include interpolymerized units derived from a nitrogen-
containing monomer and, preferably, at least two principal monomers. Examples of
suitable candidates for the principal monomer include perfluoroolefins (e.g.,
tetrafluoroethylene (TFE) and hexafluoropropylene (HFP)), chlorotrifluorocthylene
(CTFE), perfluorovinyl ethers (e.g., perfluoroalkyl vinyl ethers and perfluoroalkoxy vinyl
ethers), and optionally, hydrogen-containing monomers such as olefins (e.g., ethylene,
propylene, and the like), and vinylidene fluoride (VDF). Such fluoropolymers include, for
example, fluoroelastomer gums and semi-crystalline fluoroplastics.

When the fluoropolymer is perhalogenated, preferably perfluorinated, it contains at
least 50 mole percent (mol%) of its interpolymerized units derived from TFE and/or
CTFE, optionally including HFP. The balance of the interpolymerized units of the

fluoropolymer (10 to 50 mol%) is made up of one or more perfluoro vinyl ethers and a
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FI uor opol ymer Conpositions Suitable fluoropol yners

i nclude interpolynerized units derived froma
woRasoOgancont ai ni ng nononmer and, preferably, apCT/E82D7/073211

two principal nononmers. Exanples of suitable

candi dates for the principal nonomer include
_perfluoroolefins (e.g. , tetrafluoroethylene (TFE) and,
NitFRAQBCPRBIE I GG PENBOLYM) (7.8 SHILEBHG eI RN HE oL Preiean imidate

- u | ny. . f r 0

coliiblre vipREhE 350 thidkhe HoaBes bfkup ARL YRRl Hqut 5 mol%
(moyatprofieeblyy fromyatomged tccdua? maly ) odthe nssonsuc fhamvention is

olefins (e.g., ethylene, propylene, and the |ike), and
usifplrmrﬁl%ﬁg Rty pe%@wygp%u%ﬂs #v%&ﬁbfﬁwgsw crs.
| nclyadg, thé ﬁﬁori%ée'ﬂ;ﬂle? is ot PQ{rle_%hﬁ‘ﬁE@ B onS#Brr&Adbout 5 to about 90

sem -crystall uor opfastics. Wen the
mdfl Youdtits patespobmdrized entsadaged dtoed TFBr €T EE aoldyor HEP, from about 5 to

o ePgy e G ematy B Reis o ST S B e
prcfbﬁﬂa’n_@,rupc% Rboutftt heMRbT is inf&pdlgmaazddrfits Tbevarphe G8/iffl cther,

e interpolynerized units of the fluoropolynmer (10 to
angGomoibat -4 torabiat dpnalto @rmsc preferably finar b O tpishgut 2 mol%) of
a ISR 2RO APLIE Q9ERLAQALAI Ning cure site monomer

eﬁ%. , a N rT &S eon al ning vinylether or an imdate

contrak flubelaistoylce thapdsitidiRef ey iav&ition iRl fisakes up
fromabout 0.1 to about 5 nol % (npre preferably from

intgpplyimenized pejtspdlyoripates mppopers e a4 Bepupfing this dormula
CP‘ZQ@E’I%,' Wikrdi Rﬁseﬁl%ritf%%rta' @1%9}?%1‘?111&)1%31?&9%10% B9th hydrogen-
perfl Uoropol ymers such as perfluoroel astongrs. e
coithiairfg) Ge€oplofiysyerhicishavoticsp ehrdnl hatfrafniad ledirogan at@ng ibestuted with
from about 5 to about 90 | % of 1ts interpol rized.
flugrpe snge prafRally femnigeronedeEh oLy ﬁlasafogﬁp?to | éﬁﬁ%ﬁ? with
flub@n@RRY WhAD FOhA-Aliodited AARRRIBIAERY MRbing HfoliMRGits, the
from VDF, ethyl ene, and/or propylene, up to about 40
nomrbludsindted olefinmt ahspl yneri zed units derived froma

vin ether, and from about .0,.1.to about .5 | % r

or ot St epp G ORI 575 4P s berOR HlepgtedRos of T Brmu
CXYECIKOR ERh &Rt ALINIXNG, I8 RnEdntIS, IRREEMIor fllBANE or chlorine, R is

fl uoroel astonmer_ conpositions of the invention are
hydregens doring or ia k1 e pairgieeably o Carfilled. Brefenredbelchiag imglude

r b - t =CF-R.
e EIPTRR o DTS  SNL0R A1 Ry e
morbaRe soch Bs by fhogendongt abRiing(£L2; éRylohe bidpslenafbutthe, pentene,
have | ess than half of the hydrogen_atons substituted

hexgnepand the like). Combinations of the above-mentioned materials are also useful.

Perfluorinated vinyl ethers also are suitable as comonomers in the present
invention. Such perfluorovinylethers include, for example, CF,=CFOCEFs3,
CFQZCFOCFQCFQOCFg, CFQZCFOCFQCFQCFQOCFg, CFQZCFOCFQCFQCFg,
CF,=CFOCF,CF(CF3)OCF,CF,CF3, and
CF,=CFOCF,CF(CF3)OCF,CF(CF3)OCF,CF,CFs.

One example of a useful fluoropolymer is composed of principal monomer units of
tetrafluoroethylene and at least one perfluoroalkyl vinyl ether. In such copolymers, the

copolymerized perfluorinated ether units constitute from about 1 to about 60 mol% (more

preferably 10 to 40 mol%) of total monomer units present in the polymer.
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fluorine, nore preferably |ess than one-fourth of the

hydr ogen atons substituted with fluorine, and which
w@e@smonid | uori nated in other enbodi nents. | n BGIES2007/073211

enbodi nents, the non-fluorinated olefin is absent.

Hydr ogen-contai ning ol efins useful in the invention

i ncl ude those of the fornmula CX =CX-R, wherein each X

i s, Ong@E prvIamer Quorﬁp@w@@@ﬁn@f bef me@tpplf@éeddﬂmdhp Hupregolyrer

hav1ﬁ% W%g&ﬁgrmgd difived froﬂl %%%Pf gm(gt%mcj:r In

erre i'Rs I ncl e par uori nate
addmomrmae or (mrgother ﬂ‘lll(rtyj)(blyhaaﬁ (fzvlhwdlrrnaieﬁlcknde one or more copolymers)
h% gen- cont H nDno rs. such as ol efins |nch d|n
m tg uQy;

dﬁsi, with, H?rll‘y%]ﬁ WINER BPY SRRPTIRG # eQROLY TR %Y’r’é
int 687%12@([‘%&5%&\7[35 Bbm Qﬁ%?&?g&&%ﬁﬁgcuw’s%e monomer. Such other

above-nentioned materials a ['s
flupepbdlyowrs wsefiddn vibtepl asd/loerepadyser iacledsihictcabticaaray described

B PO g ey B R PR 1B SPs Som: nedsierebiperived
R SO e G S S & D Gk BOLSEES “and
(tem:mmmde@@x{r@po@mteﬂmﬁqr@ms@yb@llez@m@@mpmer(s) may lack
1nt§rp?ﬁ%e%z?é uI%tsudc’e%Vg(li f N Ué) ﬁ1?1‘8§ r%/ oer%s?ﬁs %qonorner an(il/or may

Aoner ene and

indliRRStaddive s&rddapted &3.41 k&)léctéki cmthtn&:t é@@i’em |For Sidzﬁhple two different
copol yners, the copol ynerized perfluorlnated et her
flugrgpplymesn speht having intsrnolseiized ungs derdvad feam ABitggCRTseRtaining

culd’siE %{o%Bh%r ]sﬁcﬁ N 80%@1&91{&)&3%3&! nﬂﬂg g{[ﬁ'b, fﬁ% b& blended to

resent I'n’the po ymer re ot
pnﬁhMmmeﬁnbymab@umﬁmwbemm&mmmp&na@ed into the

flu nmer havin |nte r|ze units derijved
fr o% ﬁﬁr %ﬁ%@aﬂyeﬁﬁ Ve E%d @}&%E%Ifﬂsﬁwuratwe such as
de@ﬁ%& bQBw, ot PRSI p%bexfntey om&%amr $ ﬂ(l%p%ﬂlrﬁ@)éultable

I ncl ude onhe or nore copol yners) may be bl ended wi't
forteeoxidamrimgaing merqm @matrmyna}obﬁpmclsldechtoaammmﬁmlcal stability.

suflrt pBgeh PRI R oo ly v A abiEiee! Bt rosutan

blehl Ugidainel rﬁﬁ@ep&vu@%yﬂoﬂm bendHteNThaB GRE ceaRRsHIR may be used to
include the entire array descri bed above, and

cusierpchlgrh ngu@mm&m@rﬁémna PHIQZEEPYAEIRE QUERPitd IPRQMerR avithout the
ne%d&ﬁ%ﬁ%ég 1 E%@g&yﬁ% eaﬁlé E{ggﬂ%]g%ﬂ %B%ﬁng EQL s AT Ger.

(t eﬂhafflhumpogffrﬁeydsynafupgﬁi&ﬂogat-e(yntmyﬂ@tdnﬁer diteanenansef pileferably
rnapg %p %}ul;]uegrh offltllljeo tro(t)arf (f)‘llu)(;g)%t)l(y%zer r‘an%)/lrolviadcekincreased thermal stability over a
comparative fluoropolymer that lacks the composition of the present invention. This
amount is generally at least 25 weight percent (wt %), more preferably at least 50 wt %, of
the total fluoropolymer in the invention. In some embodiments, the fluoropolymer
component is comprised entirely of fluoropolymer(s) with nitrogen-containing
interpolymerized units.

The useful fluoropolymers may be prepared by known methods. For example, the
polymerization process can be carried out by free-radical polymerization of the monomers

as an aqueous emulsion polymerization or as a solution polymerization in an organic

solvent. When fluoropolymer blends are desired, a preferable route of incorporation is
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i nterpolynerized units derived froma

ni trogen-contai ning cure site nononer and/or nay
WO p@BOUA1Y eacti ve sites adapted to a sel ect ed PCF/HS100B073211

system For exanple, two different fluoropol ynmers,

each having interpolynerized units derived from a

ni t rogen- contalnln? cure site nmonomer, such as
thrargsiobiandiag s usrenglamet letiges én te selsctedriafion ®1Wﬁ%@0@@1aﬂon
an. ]g,yr}%de the fluoropolynmer for the present invention.

er fluoropolyner may be included along with
anoflhe natoty atdi the ameum-h)f asd desips alkeenbt bl@ﬂl(ﬂthO tho flapmel ad®mers of

parti cul es For exa or opol yner
th eslamnélepe%%? aa@f HGROIEBET ¢ 2R masﬁa %ﬁ' goupy gSheTalRd by an
AP'S%H{% s{aGhusied. %&yfn@p %oﬁtgﬁr@@@[ ) &H%%dﬁs?@neéﬂéﬁ IBg%n APS

bl end bal ances the’th er stability and the chemc
1msztttab$}istetny01dhe tﬂherqeblsmmea mtn hivendsuteatderal goupmy. gprtioosie generated
co nom ben .These 9t her curatives. als

OB AR GG SRy BBE e P ORI nghaTh hanFer agents

of amt kin@ e Genitidhitiyngdedé!tRe ﬁﬁ&@errﬂf@ﬁ@gfo‘hpw trtRuiked B&h as for
need to include a fluoropolyner | ing a

impiioy e p@acssgt dicmiesgnenafetrong polavensrarpupseh as 805" can be
mlIllll’Illjl(Z)e(P a%%' 1}{ nﬁ:"réa& f' é%bm or otflerr%%gtaf) %iag%%nulé)rs] gth? glinguf?t cag be

era make Uup enou

redub@toﬁl@cnrglhmieﬁvntp@su&mﬁhdﬁs (erg;rdhas@dxylbﬁdsﬁ@bstsﬂ@ﬁinlan@m
over a conparative fluoropolynmer that |acks the
conp8s PricsHe 6pmperenp plkavetienc thvaret the HuorpRplymsso lihg cyrg site

cor%?@fe&? e!b%eaﬂaatrdmﬁggstfa@%ﬁﬁi)&%t cngAt e tog%[\'&fr(g‘)slte E&hfonent of at

leab anerfbpodpoigneri contphiged awienpérpeontdining @reupe ribxadipiendfsijtrogen-

t he.fl uor opol r conmponent is c i sed entirel {
coqtplgg}gogrgepgﬁﬁ,gpw %ech erﬁltF P@Qﬂleftso‘?r?o G pﬁeﬁqjlt mvention include nitrile,
imidatce arﬁfdlwﬁﬁﬁ@ee qnfael i anI h@ 0% fgrbupt] méﬂpﬁﬁ%g&{ SofBiMing cure

be preparéd by known met hods. For exanpl e,

sitpwbyomets izt udemipyil ocewsinorlisgineed ol dths and nbl;lle containing
free-radi cal] polynerization of the nononers as an

fluggpader snghsihes.onchay et E AN LEN: as a sol ution
leu ép@ﬁ@t@?%g(éﬁs@]érpga@bgpf(géﬁ%&t pr \é\?gPabl e route
O PR R P D Eores T 2 P P e A R

1284 Y y=F ke N3l Wne 2%, LS r&TRMATe 9>farf?1ﬂéjs (ﬁfsﬁé{pﬁlonorners
are not critical to the fluoroel astoners of

indlueeTH,FOFO(EB5); @K BRI 9CNt el pofl ydre(s- q&noégﬂnbtaym,scalemll-
octgelrlé))yps generated by an

Another suitable cure site component useful in the present invention is a
fluoropolymer or fluorinated monomer material containing a halogen that is capable of
participation in a peroxide cure reaction. Such a halogen may be present along a
fluoropolymer chain and/or in a terminal position. Typically the halogen is bromine or
iodine. Copolymerization is preferred to introduce the halogen in a position along a
fluoropolymer chain. In this route, a selection of the fluoropolymer components

mentioned above are combined with a suitable fluorinated cure site monomer. Examples

of the bromo- or iodo- fluorolefins include: bromodifluoroethylene,
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APS/ sul fite system or the polyner may contain COO end
groups generated by an APS initiator systemor the

wWo bwsoaliast omer can have "neutral " end gr oupsPCEUSR007/073211
those generated by the use of fluorosulf nate
initiator systens or organic peroxides. Chain transfer

agents of any kind can significantly reduce the nunber
brogpote Hrorgeiduilsas, ipdottiBupioeldrylcagchbigsar de-difhrectigene, and 4-

bro‘?ﬁc? 545/-'1 ragl%gl%be{e é?”&?d @k iRk ra%ﬁ%x@rﬁ{al%%oﬂﬂg b%rﬁé‘ﬂ%ﬂ -

suc e mnimzed an e case O
ﬂu@fovﬁiy'ﬂ @tfheférlﬁéla&l% BrePSOOFSUPS BrEFSCRIDMWHCIan be

reduced through known post treatnents (e.g.,
BrdBa&r 0B QCatECoR, CIROF B CEedCRaCFQnd theléec Ui @dditibg, non-

conponent allows one to cure the fluoropolyner. The
fluprinaseds brogoe enissaenlelitn . coevind bromideying d-trginpyl -butene, can be
uSfdluorlnated At | east one cure site conmponent of at
9%ast one fl uoropol ynmer conprises a

ni t MagemotMufaur si¢ cofimPuilent Bx a8t eBaiffosition of the ﬂuoropolyrner is
nitghgencontalnlng groups useful in the cure

genpsbhEeR abputiHY orabert Mok émeroprefereily gem 4 i g101%)

i m qqL %urLém? g{)lﬂﬁ@néﬁmnqg ’alerHCglﬁ’ n AN AR, Y gpogﬁ od®fa

gr oups. eful hitrogen-containing cure site nononers
flubropblyder ohdin Dhamaramﬁen agegltsfdrumunafa)&t &d usddetbiimsodared the halogen

. nitrile-containin Iuorln d.vinyl ethers, ch as;
in t}_ermgg& 1(3n e%al y, a suitable cﬁlam tra sfer agent 18 1ntr03uced in the

reag:%r%@f&%: Z@r%gogtgrgrga%%déﬁg{ g-g; Fve@Nom a suitable initiator.

CF2 E@E%EEBI UWKQEH (cBRA)tfals fewieoned includ® thod@havimDthd formula ReZ,
r=l-2; y=0-6; t=l-4; and u=2-6. Representative

whercan Bl B substgutet oﬂnnﬂnlbstitsteﬁlﬁhl-(ﬁlﬂéluoroalkyl radical, which may be
CFZ;CF% CF2) 30CF(CF3)CN, and

peré]@pﬂn%} % lsl’cryﬁﬁ(ﬁnel Xm%tlr%ﬂz $pecific sxanples invabyng gatidreinclude:

et AP Bl Fafo bR Rl BFSrHtslhel da bR e
TR 6411 P QAo L 9O HRRICH £ RRLE NN pror 1. and

ation erOX| cur
1-Tal ogen nay be present al ong a fluoropol yner chain

and/or in a termnal position. Typically the hal ogen

i s Bheameentaf clesdiitseompepelt yine farnatal pesiiien prtbe Bnetegolyger is

oo QUIPHHESLENS BAOBEN, § R AR AORAI B8Ry 1 02 otz

r opol ion 0

flu Qroamaymg oCaip Sl&ﬁctﬁrﬁpdﬂi%ﬂts laBoae: @eaM én ticereeftinngdion. For
wth a_suitable fluorlnated cure site nmononer.
exqmplfr Beorgpolymer pngrping grhajogaw thet [ rspaile pheartisipptionein 2

pm{& Qfef ﬂe&'&foﬂ%ﬂy %1?(9@011*?{19 g‘ﬁ'i&méeg%gfl%ﬁﬂ[% &ﬁ@ @rt% g/(fné%oenent such as

rlfluoroet ene, bro or oet
a nantb gtoup containing cure site component. Generally, from about 0.1 to about 5

mol% (more preferably from about 0.3 to about 2 mol%) of the total cure site component
is incorporated into the fluoropolymer.

An effective amount of the curative is used to crosslink the fluoropolymer. When
the amount of curative is too low, the fluoropolymer may not crosslink sufficiently to
develop the desired physical properties and/or may crosslink more slowly than desired.
When the amount of curative is too high, the fluoropolymer may crosslink into a material

that is less compliant than desired and/or may crosslink too rapidly for the desired process
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brono- 3, 3, 4, 4-tetrafl uorobutene-1, and the |i ke, and
exanpl es of the brono- or iodofl uorovinyl ethers
WO p@BAUB19 Br CF20CF=CF2, Br CF2CF20CF=CF2, PCT/US2007/073211
Br CF2CF2CF20CF=CF2, CF3CF(Br) CF20CF=CF2, and the i ke.
In addi ti on, nonfluorinated bronp- or iodo- ol efins,
., vinyl brom de and 4-brono-|-butene, can be used

comda%orﬁm}%ﬁtseléﬁtlwféh%p%r@cublmﬁéﬁ £ COMPASIEPR L #ECchthe amount of
0
cuBfe bRap ot Bniole/ I RE: LS Ao BEfiferstich g A gtk or
acqubdréfp curlinerotative tsh tsmﬂ}m,rbm Iﬂﬁfiﬂed‘;ﬂymﬁbﬁﬁom cequiringnart dppropriate
termnal osition of .a fl uoropol r chaji.n, . Chai.n
adjuptyieat gyt g@%‘ﬂ%‘%t cWafir'g fhaf BrQORPE0 e hlf hod m%s diGlde
theha IcQﬁig@srh(gh & the ﬂﬁbﬂ@)ﬂ)lggﬁf bish foectgﬁﬁ%ulni’of ﬁle or more

sui tabl e chain transfter a I's Introduced in th
curagaest iFon exaniplomwinrd bigngof Wmle@r@mcmtalmng ﬂopro@elrymﬁe dnd
a suitable initiator. anpe sef ul ch
angtp uRufiy R Setif e ShinoTi® RAURH P ol T B s
scl¥éted @urbtive cdnSpoand Pkl taiéeeklak thkﬂﬁﬁtﬁ@lfgcbl&ﬁ%ﬁl@hv@ig Cl12
fluoroal kyl radical, which may be perfluorinated, Z is

intgjpolymerize nmt&dqugeci frgm Ppnitrdp @cmfpr@néwaﬁg nén@omnvmgvﬁhnlgwnh an

ef%{ &griogn 0 %gzog:e?e%%guratgvg:z g{HPd %segig:zr)ossq nk the gf)ther

ﬂuUﬁ)@f)l;ﬂmelr Nirhé atspasd bdtohd ctde ANaRD{GRE i), hawd &fe&;hﬂl&ér defferent

Br or I, and n is 1-10. The ampunt of cure site
CO@B%%‘HE nthat i, githes ofe ABPOthseleeted Rurativestaay funelieshiel oyerstink cither
about 0.05 to about 5 nol % (nore
On(i:c)?% er%@dp%ﬂ 1 to 2 nol % . Conbinations of cure

sit é}enenaﬁp,rthm bﬁfecaivs amauet efsetative) which enagriededd more than one
I nvention. For exapple, fl uorop tai ni
CORAPRYIh 't b Tea aﬁ@%ﬁ%lﬁp%wm‘f%{?fnfwﬁﬁﬁ Sp%fn
wetdht %aéi@?ﬁl b @RDrOPLELRY 00PRtANHY). @ Ni trogen-contai ni ng
cure site conmponent such as a nltrlle gr oup- cont ai ni ng

cur Onsiof ehecolvpatagastof tleepreseatl Inyentfanosttebgus switabletfor forming an
nmor e

0
S S T SR
blacRCRERES @i, @dstl Mdotht Mike EAdHAd BN A AR whN colfoRAdinY ehe
anmount of the curative is used to crosslink the

flupropelystss 0§ therinvaptien to ensure that the clarity is not compromised by

contaminants.

The fluoropolymer composition curing can also be modified by using other types
of curatives along with the catalyst of the present invention. Examples of such curatives
are known and include bis-aminophenols (e.g., U.S. Pat. No.5,767,204 and U.S. Pat. No.
5,700,879), bis-amidooximes (e.g., U.S. Pat. No. 5,621,145), and ammonium salts (e.g.,
U.S. Pat. No. 5,565,512). In addition, organometallic compounds of arsenic, antimony,
and tin can be used (e.g., U.S. Pat. No. 4,281,092, and U.S. Pat. No. 5,554,680). Particular
examples include allyl-, propargyl-, triphenyl- allenyl-, and tetraphenyltin and triphenyltin
hydroxide.

The fluoroelastomer compositions of the invention can be cured using one or more
ammonia-generating compounds along with the curatives described above. "Ammonia-

generating compounds” include compounds that are solid or liquid at ambient conditions
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t he anmbunt of curative is too |low, the fluoropol ynmer
may not crosslink sufficiently to devel op the desired
w@kooslocal9 properti es and/ or may crosslink nor ePGI/081097/073211
than desired. Wen the anount of curative is too high,
the fluoropolymer may crosslink into a material that
is less conpliant than desired and/or may crosslink
but 9 geapiatn ymmeniauRdergeditiens p GEe sSedrremnospds inglyde, for
Lo I
ex #18%&9 gleBQt%tr% (ﬁ%‘n%P Zaogéesgaf% dé%@ﬁ%’taﬁ ?Htaﬁl%{“g

ount - Of curat or exa
Coﬁlb@uﬂdg e th%rfﬁﬁﬂdﬂa ar’fﬁmm)fngf iWhk®in A8T RGE rﬁ@ranaayloﬁ gha@l £ Cu™,
or accelerate guring re tive to a simlar, but
Cotinidd’T, ey, a@IRBS; W isdual ©ahi valﬂgbeaiﬁﬂ&npét@pranaheY isa
adjustnent in the amount of curative that is known to
coyrfieraan, &ipidally @ hatide, multate anitratenstatotbe Like:gnd gfis pmenteger from 1

togg&ﬁiopolyner al so affects the anount of one or nore
curatives. For exanple, when a blend of a

ni t AldcLusgfiddp amaidha-gindetihl KOMPE@] dy Ry subbiitutd b @hsubstituted
fluoropolymer lacking nitrile cure sites is used, an

triggfrcederivyiaves Feins thescofthe rmylgt ect ed curati ve conpound
is used to crogsling the fluoropolyner having
i nterpolyneriz N rived froma nitrile
gr oup- cont ai ni ng |nonorer together with an effective
amount of a sec®MNl seNdgtted curative conmpound used to
crosslink the otheryt!luoropolyner. The first and
second sel ected curgtives may have the sane or
di fferen onposi tion. That is, her n r both
whewginRrisa e oaeT deg Qhysubtiibter o upssbesiedafioh aarly etk eroup
ha&lﬁg fi®h PRS dbokit 2{9529’98{ é(tgﬁlr S8 %ﬁ@ﬁ@fﬁlﬁnaﬁﬂ@d&f\faﬁ%é iMElude
anount of curative, ngy I ncl ude nore than one
hemﬁmﬂmelBﬁeﬁuwzmewndahmﬂddn@eanmnmmaﬂnmﬂlo parts

curatiwve e hundred parts t

Conit Y elasBare aRp eSS of i Tin gl adR ng ffioken-
coRenai ABesitcOhohdiferRiogtalhg ﬂﬁ&r%?bl'yﬁfér hioné,Rah bk tuled using one or

suitable for formng an optically clear

rnorfr: pgpBEE &Elta@ﬁ@r along wih klcutive padiseriped abgve c Suitabde peroxide
cura 1veﬁe%r %r%g ﬁ e‘r’lv(fltﬁ(c)}rl1 gne 32(1:[ mﬁg% {raedr31 Cc'a(les at carm% ge?xﬁaeratureg such as

tho‘sb deyceiped mnwo 9ﬁ/4$9”39 the\d@atdsm df@vlﬁasis herdihiicotpdeated by
Clarlbéﬁls not conprom sed by caontam nants. The

referepes: dpglkyhaerosidhpad thKCBﬂkzmeir%d@awca@ avhrfél deeemppssy at a
tcnkrc)%/ctré{ﬁfcgai%o% Ek?’;]CétaYeDc% cc(?%ll%clﬁ{/ %%]Iltelﬁgﬁn %ﬁgy gas soﬁtggcrrcﬁ to use a di-
terGat/Biith V@Soxide having a tertiary carbon atom attached to peroxy oxygen atom.
Among the most useful peroxides of this type are 2,5-dimethyl-2,5-
di(tertiarybutylperoxy)hexyne-3 and 2,5-dimethyl-2,5-di(tertiarybutylperoxy)hexane.
Other peroxides can be selected from such compounds as dicumyl peroxide, dibenzoyl
peroxide, tertiarybutyl perbenzoate, a,a’-bis(¢-butylperoxy-diisopropylbenzene), and

di[ 1,3-dimethyl-3-(z-butylperoxy)-butyl|carbonate. Generally, about 1 to 3 parts of
peroxide per 100 parts of perfluoroelastomer is used.

Another curative useful in the present invention has the general formula

CH,=CHR{CH=CH),, wherein one or more H atoms may be replaced with halogen atoms,
such as F, and Ry is a C;-Cg linear or branched and at least partially fluorinated alkylene,

-14 -



are known and i nclude bis-am nophenols (e.g., US.

Pat. No.5,767,204 and U. S. Pat. No. 5,700, 879),
whe@samidooxi nres (e.g., U S. Pat. No. 5,621, 14B0T/Us2907/073211

ammonium salts (e.g., U S. Pat. No. 5,565,512). In

addi tion, organonetallic conpounds of arsenic,

antinony, and tin can be used (e.g., U S Pat. No.
cydogiylend pr oxypdkylens. Spapilarlygolysnoss aomgoing poadant grtugp of

PR 5B P BRSO PSR v
dedWBE@ b AGampe if LUPPaehas 538 1460nPosi tions of the

invention can be cured using one or nore
amdhe aegbmetiat dhgirgoro ingsicalllydpmabdut 08 toabattilPesol%

describ bove. " i agenerat i o) unds"”, incl ude
(e FgeSay CBTheibs A G bhs i CpaRpoty &S artGihe

condgit ifBRpBlynidd 3bmPeHes Rl @n MY ﬁy%@%’adﬁlﬁﬁﬂ{stdoﬁﬁ%nly

of cure. Such conmpounds include, for exanple, ,
cmipboyadnit tyldp Suerapalyinee framrdationpi Ryt cxdmpieanae avsictiel oferd
w2 Ao ST Se B T o G SpfMSigptttn

(sometimed Ao Mefeiredvtd & LeP@lrative) th@pyRdafia §obfuntdieratddicdmpound
cation; Yw ~ is a caounterion, typically a halide
thag iy qepptde ohpqapsrading Addtthe Bergxide urativg to Prawige e usefubgpre. These

co%%@ pefrfi&ﬂhli){ LQrAlR %mgingt%ﬁ%itﬂ %S%g{%xi?ea%ura ive. él"he coagent(s)

ni a- generati ng conpounds are s [ ed an
carugsiehltyi Heutdded inrdnaemhauat daral welidtvesn Glahd 48 pailtosagodt per
HN NH R where a_hydr.ogen atorPor

the formul a: [ IS a
hugged P?If{@éﬁomlymﬁfs@g@t Pl (Rl EF‘W’PI} 1@93 P Pl Exgraplgypf coagents
usdhiOYRh hﬁ‘ﬂr@agl_ot(ﬁf?ﬁﬁl %p&%o@&?&ftth@&&@ft mnﬁ&@ﬁﬁludg@ﬁ&lﬁ Ic

useful triazine derivatives include o ' o
cydnaxadiytdalbyllis®ySusate r trigmithglabpll isocparairatetyisdiadiytaonihe)-s-triazine;

trimer.. Th or. ael ast oner, co sitions of 't
iy B TS Y Nt Gl A SOHTE R heF G DN CORPPPTILE: RV Y plgraaly!
tetPPROBARAT O N, RININOtetrh M8/ dRGSNaRBAC; @RS is6aniRete MU trivinyl
usi ng one or nore peroxide curatives along wth a '
meghyitigisilexangsandd 56 neybamgborgdenctiylcnapy aaupés. obdrdenlarly useful is

trieﬁﬁ/{ ?SE)E VoA tira g nﬁ{h%% 1'1% rcgeééetﬁ SSISCI\{\lﬁé ﬁllg bgse-gl%fiﬁ%ﬁisél(r)&% in
Fadical’s at curi ng tenperatures, such as ose
EPJesi04 ae dEPOT MO D01, 49938952112 , ahd USa=tiMeo. 3f586k40h i s

her %ihn i ncor por at ed b%( , , ,
us, a particular composifion of the present invention may include two or more
fluoropolymer(s) (provided that at least one fluoropolymer includes interpolymerized units
derived from a nitrogen-containing cure site monomer), an amidine curative, a peroxide
curative selected to crosslink one or more than one of the fluoropolymer(s), and optionally
a coagent such as triallyl isocyanurate.

Additives such as carbon black, stabilizers, plasticizers, lubricants, fillers including
fluoropolymer fillers, and processing aids typically utilized in fluoropolymer
compounding can be incorporated into the compositions, provided that they have adequate
stability for the intended service conditions. In some embodiments, additives that
detrimentally affect the clarity of the composition are avoided. In particular, low

temperature performance can be enhanced by incorporation of perfluoropolyethers. See,

e.g., U.S. Pat No. 5,268,405,
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reference. Dial kyl peroxide and bis(dial kyl peroxide),

each of which deconposes at a tenperature above 500C,
w@e@sesperi ally preferred. In many cases it i SPCT/US2007/073211

preferred to use a ditertiarybutyl peroxide having a

tertiary carbon atom attached to peroxy oxygen atom

Arm?jg the nost useful peroxides of this type are

2,5

Fhentthgak filoss cayiberused fobalange Propsrtisr pyeessyAedusy fgsile
o RN, o, Bt ALY LR QR SHA R QLR or v
codlpaditiofs. [Saitae degmplebmoiady M Pblaokd @e;didre tharanhtidadkyldesignated

r 0 a, a - - but yl peroxy- di i sopr opyl pbenzene)
N-83; ?\ﬁ%(?ﬁ\@?%&@? %Péé-%%-%ﬁ@ if@?lasgﬁ)pﬁﬁfﬁeyﬁff‘cg%ﬁ ks
WHBNERls] % pa®RAUMIadk & AR, RRE T8 p@its REEDEE B8 RES pA0Tyoropolymer

parts of igerfl uor oel ast oner | g used. "Anot her Iéur ative
(phus sfgeherally suf@cgnesent i nventi on has the general

fornula CH =CHR CH=CH , wherein, .0on r .nore H at
ey B8 OF ISt 265 PIHAMGHRHD AL fo B firuletiond, Hghep e
whiefe the presérivelof Be@dctablec REANN@HRIHIAE uh8ashbRachak for

fl uori nated al kyl ene, cycl oal kyl ene, or oxyal kyl ene.
sergicandugtaryppplicstiphBithe esmfanaanic priddeteptogy ghopkd f m@timized, and
e T T e
oxids, ddlchumMgtiroxR, cdlciBcafisbhate hageG M BRide Milich dioxide (silica),

curative(s) is generally fromabout 0.01 to about 10
etendihgs sARROUBH e @ERY IS issthiBistuagorplymerfpgnglatonie ygd any

yiTelc - f

IR R a3 Mo O R o b b R0 KT b
en@npteoydedliring cnringbleps 1 atolicopolpyrmarred whenaltlat filworspoliraers are

: ex(ggpl , Qne material often blended with a
Inten rt‘bg‘Bﬂcﬁ}ﬂ%r conposition as a part of a curative

SYSHaEIAbR fRRASINm&IVIRLLBSs & RO ilveh&sd £9y hiRo B8 cBmbined
co-curative) composed of a pol yunsat urated conpound
withhalericsrabéptinirepaymenameraaitions swehtas petoxideesusadilel 8uoropolymer

curative.to provide a ef,ul cure. These.coagents are
cogpdionty bRy iRl S PreaD b it ST RO BAE A eriploy
smeM babliMe of T8 sROABABIER)as aadnABREAl diitabR REASE rhéhoifers are
anount equal to between 0.1 and 10 parts coagent per .
ggeaecppagen

thaye midrichid when cembingditb @l aprestve (plrs f persredes pad Ipyetprab
- 5 S nts i

with R Al cor ARG Farr PRl e e s e ghisest

oné halalgkotp (eyanwraine or b icalol grbug)socyanur at e;
tri(methylallyl) isocyanurate;
tris(diallylamne)-s-triazine;

Method of making a Curable Composition

2

The curable fluoropolymer compositions can be prepared by mixing one or more
fluoropolymer(s), the cure catalyst, any selected additive or additives, any additional
curatives (if desired), and any other adjuvants (if desired) in conventional rubber
processing equipment. The desired amounts of compounding ingredients and other
conventional adjuvants or ingredients can be added to the unvulcanized fluorocarbon gum
stock and intimately admixed or compounded therewith by employing any of the usual
rubber mixing devices such as internal mixers, (e.g., Banbury mixers), roll mills, or any

other convenient mixing device. The temperature of the mixture during the mixing
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triallyl phosphite; N N-diallyl acrylam de; hexaallyl
phosphoram de; N, N, N , N -tetraal kyl tetraphthal am de;
WORMNBMI41IN - tetraal |yl mal onanmi de; trivinyl PCT/US2007/073211
i socyanurate; 2,4,6-trivinyl nethyltrisiloxane; and
tri (5-norbornene-2-net hyl ene)cyanurate. Particularly
useful is triallyl isocyanurate. O her useful coagents
pracass| thipiealishehoulst nstt ise abasisl abgetdl 10HC EPUE84 B0%iAL, it is preferable to
. ERP0784064A1, EPO769521A1, a at . 1.5, 585, 449.
s S pon i SR R R e NG R P
| NVEREcOR caRYyst BethpiiRnisWlaydte BTerdRd fWitiothe PRbiFBInEr composition
_ (provided that at |east one fluoropolymer includes
in $eyekat B@p};m}" he aeid apd pmadigeeerorQnentsgpayabe combined to form a salt. The
sal el B0 SACHRY Qe HlGobol BB o, A Ao amidine
andadd oomporcats dfahe ane cahlystm@ay beblengeal asriedi¢&lual @nthonents into
optionally a coagent such as triallyl isocyanurate.
the,&glaqr?pq}@gers@g}pogglogar bon bl ack, stabilizers,
pl aghi Gliz@FSis tllléﬁt}{rbé‘é's‘wdsan fshhde@r Such§ by di@ion (e.g., into the
fluoropol ymer fillers, and processing aids typically
shapeiolf ia Aehah, tube fdrbos@polby meeldiog iip gu mdibadorwaof theet or an O-ring). The
i ngor.por at int.o e conppesi.tions rovi ded.t hat, t he
shintg ar ifecircfiet & Sislatio FORDRE PhrSpatv e EumEgT o (ot curcd
art@ndi tions. I n sonme enbodi ments, additives that

detrinmentally affect the clarity of the conposition
ar e Thy eigddivan¢erpiphe pricsant apventiowstreatized it the ghermal processing and

er f nce can be .enhanced by .incorporation of . . Lo
shaflis 85 505 SPmapuiogeIC Qg Cal BTGB piesent invention i

sc1Bet@bth H8menCaddacindb bk chitablcadosnposifiohe Prig&dblyOsdaadhasafior scorch
properties such as nodul us, tensile strength, )
resgteaNe sharaFieriviigp Areeppreckinddyi B adus oftgsenées than 10 minutes

cGRRALET ASTIY D RS RAGERIA0! ol dn@l of RECARTREDEL | OnS
bl aSkbsedesit gradiag oNp@9d curg3Fdhe dérARMindahiktOO TsudBHs
550; and | arge ticle size furnace hl acks, Wen.
0011%&9&9 ag p i%n%%%%ﬁedﬁgé%%& cyrg thesaprturg 1p g degred finpesduration under a
ol PR CHRMICIRR el 90aR gyl LR AL, ety

betdlcsn absut dd0atatdatidne26 5 Crdratjceing of Howeabaut 1 whieutetd hehours,
presence of extractable netallic conpounds is

tyPiadly ST ane b Intinyts o3 (Rpiruges. SepicervIRChadVcapbortH idtwsand about
21 P8, BLab R0 6, B ACGERAN OO oty o
maydedoated dvithcrepher szechnaldidéed.f or exanpl e, zinc

The molded mixture or press-cured article is then usually post-cured (e.g., in an
oven) at a temperature and for a time sufficient to complete the curing, usually between
about 150 °C and about 300 °C, typically at about 230 °C, for a period of from about 2
hours to 50 hours or more, generally increasing with the cross-sectional thickness of the
article. For thick sections, the temperature during the post cure is usually raised gradually
from the lower limit of the range to the desired maximum temperature. The maximum
temperature used is preferably about 300 °C, and this value is held for about 4 hours or
more. This post-cure step generally completes the cross-linking and may also release

residual volatiles from the cured compositions. One example of a suitable post-cure cycle
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oxi de, cal ci um hydroxi de, cal ci um carbonate, magnesi um
oxide, silicon dioxide (silica), etc. These conpounds
w@emsnadlly are used in the fluoropol ynmer fornuPGE/US2001/673211
bind any HF or other acids that m ght be generated at
the high tenperatures such as nmay be encountered
_during curing steps or at the tenperatures where the
111‘10I1‘{§?é ﬁzﬁwmameléie@\p@“ﬁs inthepidagder HrpgeiEen Busighex sigeginieonditions.
F1r HR t(%@?erx er 1sq cro%sﬁd ‘ﬁ'o%nfS 20‘i)h’% cl)vr%}/ h%)ul%nthngﬁleapaﬁg are held

er cura f Fuorop
at mﬁirt%(hﬂﬁrssz%‘é? vacHofhe @é?hﬁ&atﬁicér i m&eafsédlﬁl’)MOXHQBO °C over 2
conpositions. These additional curable fluoropol yner
hogrsnibsi theqxasts amyhcld @ 561101 foy 8 bowis] afeenwiinthstho fenaperaure is
conoponer . Suitable cure

m%'ff%e 8 23040 BABLE oWFf 1 urih bR BR R C ébo"c for 16 hours.
Fuféﬂhaﬁlb }SOVI %e Beturnd @@5195feﬂ%n1?91qtur9 E}?ths 5 1}}@1{1 QAR bven

a cured conposition. Prefer ese
heﬁure S|te nmononer s i ncl ude at Ieast one hal o group

an i odo oup od of makin
o %on’rsﬁeéaﬂﬁag?ﬁyawn%e%ﬁ@mp@ PGS gﬁpyﬁﬁwn i nfinbically
ca&%mfahhﬁﬁﬁn @@ctﬁﬁnﬁn@ﬁ@fa%@atf%}i ifthe Vﬂegfe%gth%n%@([&respondmg
| uor opol , the cure catalyst, any Sel ected
to *alsrdmlq lughé (mpr@dmlateiw&) -8@(hyanaddiars)o hiakoroe) mabq)dm@n‘(Si the

MuGEROLAT SIERS SR 3R fhmrabREC RS el o4 1o

sp Rt 5o i e£t0,ReH BB G 5V BEUETHVS oRNEhtRAABE transmitted through
conventi onal adjuvants or ingredients can be added to

they pedyraery Jihesmianeds in¢lude olé levplomn Befiicen Biekk cad dointt. i Avamerglight is
|
blot%Eéﬂ, Elges%]]?orrrﬁ%g@?y&g%%n(fg?%g)\%}wgge Erm?%uc%ﬂp Iglyso{%% gg%éts (If the present

invehit@t, she flgorgpolyBanimsrayhant ketsgf, betaw hbaiit 50%, pedtengyid clarity of
ot her conveni ent m xi ng device. The tenperature of the
gregiek thanebawrdoe t he mi xi ngpr ocess t ypi cal Iy shoul d not

ris h@ggl?(%l ?gﬁgfne's_lo gm\l;@f‘lhl'vgﬂugﬂ bRherd $an(}1%a casured usmg a

prerera I stribute e conp nts an j uvant s
"harmidaot pluy' light ovwetdrdiecm B - giurdneﬂ'hTSAc S[leertﬁprmlgyMD or a Lambda 20

onents, nay be b r
UGS T S o phetp e RE G KigE et Welalty I AnB i M ypmethods.
FuﬁRéFF%&'Ik?aﬂEélsrf&Nncﬁ% A9 DLQGSS OsthRda %ﬁ%éthodr ke 183k hind

be bl ended with the fl uoropol ymer

Lunmmv@ i r@nsanttamzthé Tresparentyp lastiapathh 8T NeDAORB-AZ d
| ng‘[%?}f: glh\giopg l;ﬂ,% ﬁgﬁgéﬁ 1(?ﬂasta%e Xsetful n %rot()i%ctlon ofd argcles such as O-

rings, gaskets, tubing, and seals, especially when a clear perfluoroelastomer article is

desired. Such articles are produced by molding a compounded formulation of the
fluoropolymer composition with various additives under pressure, curing the article, and
then subjecting it to a post-cure cycle. The curable compositions formulated without
inorganic acid acceptors are particularly well suited for applications such as seals and
gaskets for manufacturing semiconductor devices, and in seals for high temperature
automotive uses.

The invention will now be described further by way of the following examples.
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the fluoropol yner conposition. The m xture is then

processed and shaped, such as by extrusion (e.g., into
we b@ssheape of a film tube, or hose) or by nol BEHES2007/073211

(e.g. , inthe formof sheet or an Oring). The shaped

article can then be heated to cure the fluoropolyner

conposition and forma cured article. The significance

of the present inventionEXAMBEESzed in the thernal

proce d shapi t he curabl e conmpositjon. The

f
cure c lelﬁ?w{?ﬂm%el oydal ettt aerﬁ%t%%% iRy i fipfheicgemples and
theS@4t&F HRGp E&ﬁ@ﬁtﬁ)ﬁeﬁ@ b% GRISHR! aﬁfreé RtsGHERRI the examples were
COﬁpOSItIOﬂ Pr ef er a Y, scorch safe or scorch
obfrawdsttram@ evadlhblcaftomrgeseiabehearienl appniecs sickds,Bgr exandple, Sigma-

A ECRbartt SREELatitloer Piah e S50 & H iRy OBk methoas.

Subseqnasé ambdamlsca&e edSs tHeWol16@ingfexhMBles ONP @rimeke ¢hin =
n1xture usually is conducted at a tenperature

migyjes, el ermoleomanel & miblémedexplyrepdris ner Berdredpprtsi qfgubber, hr =

[ n under .a suyitab pressure. Cenerglly, this
Owe?ae ga%&& |50 e i P it Zé@ﬁCpSlprIé‘?“é‘a%\B?ryqu%rF\A%cé’nMPa_
me%%@ié&alé%%‘@l Aandrabaut.2R50C, for a period of from

out

I mnute to 15 hours, typically from5 nminutes
t o 3bepKaubhss asﬁrepoﬁahmrsenmfof tteet anveenpl abyoant oF@GeR P@nahChem.

Sofy BEARP R 3 KT oS HHE FemTRR Pty BN charLg L A were

reprte§ h &8 &liR8EMiorAHhsRAK A orghiR dRisded difutsehioflof
press-cured article is then usually post-cured (e.g.,

tetli’anhlarprmib@)e dlor punpespsef ﬁmn@mﬁ\m, 15lhg pKa \1a1u|¢e aws flefarminedtby
Iet t he CU{

rneasu&erng ]666 vbaéer e;t/r%c%%l TOTS éltnx " é)az a]gese (?f orgmary skill in

theRef 40 @a;]ﬁalblef SRl calftiin %)ﬂil@pﬁa?ee $civéld bEled upo® thelBIudility of the
generally increasing with the cross-sectiona

chexsp@kifess of the article. For thick sections, the
tenperature during the post cure is usually raised
gradually fromthe lower imt of the range to the
desi red maxi num tenperature. The maxi mum tenperature
used is preferably about 300 OC, and this value is
hel d for about 4 hours or nore. This post-cure step
generally conpletes the cross-linking and may al so
rel ease residual volatiles fromthe cured
conpositions. One exanple of a suitable post-cure
cycl ei nvol ves exposing nol ded parts to heat under
nitrogen or air using six stages of conditions.
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First, the tenperature is increased from25 to 200 0C
over 6 hours, then the parts are held at 200 OC for 16
whowws®141ed t er which the tenperature is increaskdl/i8290a7/073211
200 to 250 OC over 2 hours. Then the parts are held at

250 0OC for 8 hours, after which the tenperature is
i ncreased from 250 to 300 OC over 2 hours. Then the
parts are held at 3000C for 16 hours. Finally, the
par e &lwikd bbiedatiensatdiRdithlog e dolEanglksh as by
shutting off the oven heat. A preferred optically

transparent fluoro olef/msr of the invention is
ABBREVIALIQY) | y%%gfp TGN transnmi tt | ng el ectromagnetic

adiation in the vel engt h range corresponding to
TFGisible 1ight % 693%3?’@ y 390- 800 nanoneters). In

pMmsare enmbodi nerdesfludrb@ndthHiRpeterer bl ocks some |i ght
while transmtting f@ém}gboﬁg 259&0 about 95% In

MVS6E¢i fi ¢ embodPrpsE(GFpdsMbout 35% t o about 75% of
light can be trapsmtted through the polyner. These
MA anges i ncl udd ailyorpByapthoxyprapy\ AEHHNE hei r end poi nts.
fmRre light psabl8skednok 14BT @Rk tP€

Catﬁ@écri bed as trezns rggentgtj Olﬂﬁg%}he é@pgcﬁ@{ﬁ%ﬁ?&?ﬁe@
Catplyss@nt i nventhisferfliveof3lmothopyirgp anhdise ppdnflueohdpat

of bel ow about_ 50% rcent, and clarit reater
CatfhsiChbout Sooker s arE Bty ey Sriias efluof:
inventive flughQR@iyESienst@n be nmeasured using a

"haze-gard plus" li'ght” meter from BYK-Gardner USA,
Catglyst@r  Spr i ng, Pewibyoror3-methanydapd aniiNing/hState

spect rophot onet ex from Per ki nEl mer | | esl ey, MA
CafBE knoan matTaeo R BT R A oo 11 AsTM
Catby$083- St andaffférﬂ_@ﬁrb%mbﬂh@ﬁyﬂr@?yldﬂﬁ@in@ﬂﬂﬂdd#@ﬂl@ﬁhdﬁesulfonate

Transmttance of Transparent Plastics and ASTM

Flupyppolyngp A The §e-pelysisopl/der mabaprysint (Ioks 330 anqle pergentiFMVE
production of arti ' , .
t ubi ng, and sé%ﬁgff%§%Q%¥§ f@ﬁﬁﬁgﬁﬂgﬁgwggih%&%enuﬂmon
per f | uor oel astppigherddatioel e is desired. Such articles
are produced by nolding a conmpounded fornul ati on of
the fluoropol yner conmposition with various additives
AMISIRIE PREFARMSIOKUI i ng the article, and then
subjecting It to a post-cure cycle. The curable
conmposi tions fornulated w thout inorganic acid
PSR O R b S A el S e e crcentg,

A sample of perfluoro-3-methoxypropionyl fluoride, CF;OCF,CF,COF

(1561g, 6.7 mol) (obtained from the electrochemical fluorination described in U.S. Pat.
No. 2,713,593 and WO 98/50603 of CH30OCF,CF,COOCH; prepared as in U.S. Pat. No.
5,235,094) was reacted with excess methanol. Methyl perfluoro-3-methoxypropionate,
CF;0CF,CF,COOCH; (1463g, 6.0 mol) was isolated by addition of water followed by
distillation of the lower fluorochemical product phase. A five-liter (L) flask equipped with
a mechanical stirrer charged methyl perfluoro-3-methoxypropionate (1463g, 6.0 mol) in
dimethylformamide was reacted with an excess of ammonia (125g, 7.4 mol) and vacuum
stripped out methanol. To the solution of perfluoro-3-methoxypropyl amide in

dimethylformamide was reacted at —10°C first with pyridine (1160g, 14.7 mol) followed
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gaskets for manufacturing sem conductor devices, and
in seals for high tenperature autonotive uses. The
WO paosfat41on wi Il now be described further by waRCDiS1008073211
foll owi ng exanpl es. EXAMPLES Unl ess ot herw se not ed,
all parts, percentages, ratios, etc. in the exan‘pl es
and the rest of the specification are by weig and

by #iflugragcgtin prhydside (1493gnel ér%&hwaé@blﬁéﬁoal 65%@%%1%@#(% WL
reB YA ot ERATTRR ST GAh AR D o

isoMizd oy distaljation faym tmesamed niytueo n&@nﬂhﬂmiL) fredkhogdpped with a
These abbre ations, are_used in the follown L
meghapipl sdrrergeharggd prgluopq-d-methoxypony ! nigdie D6 e dicthy!
cth@} Md Wi 1%act9cb5t T 0P@RYifh Rfhomy ’@fgge@ 9%61:) fo gfve ?&@R@fo-}h r
= hour, O0C = degrees Cel sius, [Tter, L =
mdthdxgpxoppham:dlwc(mﬁ@g Ogﬁemob qliar mcunmrd,rymg’zhav:ing a melting point of
scal vvton pKa val ues as
1 BB RE SR s 3REr a8 e Nk drelis KM, i ned 1 rom 3
. Chem Soc, Perkin Trans. 2, 699 (1989) and J . Chem
Soc, Perkin Trans. 2, 521 (1990) and were reported as
CATHeL P ELBEPARARIQWMst ant s of or ganic acids in a
dilute solution of tetrachl oronethane. For purposes of
the invention, the pKa val ues are determ ned by
Catiys Ar -en@filiorbrB-gicthbey Ipvedlyeimidigd thidlablcatanet hane, or
pyri di ne Those of ordinary skill in the art are

capabl @ 18f-mld]ask eqwpprethvip prwsreta wirss chared paseeroubon
mettlgi%?zgt%i[pgpérhldmé 6 f gt ) 64(11 qb@s@%}éﬁgd oot %mfégfvleg FH ﬁllgthanol and

t1ons arecuse out the
titrABBREM tA'ﬂh@’da&EﬁB@Rld:(ﬂl 1@NO Dﬁﬁot)mvaﬂiﬂlmﬁbm%hmbmrm(ﬂwﬁz

fl th CE
r ?T%% (PPS’P@/% &%qrg@g{c?aa%/tg% @ipg}%y)g/as&sgla eg after
Vac%%m 4RO ﬁlersﬁmgz@/mmflhnﬁ@a g Hﬁoﬁﬁé afﬂd%‘&t%ﬁ SaURt e

Cat al yst™ B bi s- [perfluoro-3-nethoxypropyl am di ne]
perfl uoroadi pate Catal yst C Perfl uoro-3-net hoxypropyl

Cataali';lfsg iBn-eB ig ?perhllilgrrogj-rsrfethoxvpropvl amidine] perfluoroadipate

A 100-ml flask equipped with a magnetic stirrer charged perfluoro-3-
methoxypropyl amidine (20g, 0.09 mol) prepared above dissolved in methanol and titrated
with perfluoroadipic acid (12.7g, 0.05mol) prepared by direct fluorination of dimethyl
adipate as described in U.S. Pat. No. 5,488,142 and isolated perfluoroadipic acid after
water hydrolysis. Bis-[perfluoro-3-methoxypropyl amidine] perfluoroadipate (24g,
0.03mol) was isolated after vacuum drying. The structure was confirmed by fluorine and

proton NMR.

Catalyst C - Perfluoro-3-methoxypropyl amidine perfluoro-3-methoxypropionate

A 100-ml flask equipped with a magnetic stirrer charged perfluoro-3-
methoxypropyl amidine (20g, 0.09 mol) prepared above dissolved in methanol and titrated
with perfluoro-3-methoxypropionic acid (20.2g, 0.09mol) made from perfluoro-3-

methoxypropionyl fluoride prepared above and hydrolyzed with water. Perfluoro-3-
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met hoxypr opi onate Catal yst D Perfl uoro- 3-nmet hoxypropyl

am di ne acetate Catal yst E perfluoroadiponitrile
whe@anidine di acetate Catal yst F PCT/US2007/073211

Per f | uor o- 3- met hoxypr opyl am di ne

trifluoronmethanesul fonate Fl uoropol ynmer A Co-pol ymer

of 65.7 nole percent TFE, 33.0 nole percent PMWE and
methoxypigpsl Feiddererfngser-nabexxirepiaeie ke, BAYme]ares isolated after

Va&l%:gyg& ﬂl% afﬂe%ﬂuctﬁﬁéo\gé%ggw Whﬂ& mhﬁ\m{of VA

CrNFQNH? A sanpl e of perfl uoro-3-nmet hoxypropi onyl
quorlde, CF30 2 ZCIF Q156 g, 6.7 nol) (obtained

CatalystD: i : 358480 described in
U s. F’&tlool}ﬁlﬂa%k% e%ﬁwﬁl'ilg ¥R/ RO é%l'h fluoro-3-
30CF2CE2 COOLHS pri‘ag‘?ed as in U S *Pat % 238 094)
meftasypeagt @ulidwict(h0gXcEsmohwtdpanol abomdlhgdlved in methanol and titrated

wift ety 2o @61 2D BT Bomy AR i 87w apuoro-3-

ctif) | fideHeSdcktat . BmdINRal RUREed IRPVRGNAASGRH. Th
" prgl(}jlﬁm?yphalse A fale\zj(g [ tern[1 T) afl aske equi pped WIT?h ga ©

stragsetigarissahfigngd hyefluaringragd @rqtem PMIR.

per fl uor o- 3- met hoxypropi onate (1463g, 6.0 nol) in

di met hyl formam de was reacted with an excess of
Catilf50 Bi-Petthdfr@adipondtril®bisarfidchcvdedstiid St ri pped out

met hanol. To the solution of perfluoro-3-nmethoxypropyl

ani de M 0@inkeftanly pawPRRhY e 2 WeRgneticagi ey chargedi ppyBiugropdiponitrile

T T B Ny g
dedcribad Al UIS. hy, NM b %&&K@and/i&olat%drpfefﬂlmﬁmdﬁamiﬁmmhimpw&s
ile ( 1165¢g with an_180C hoi

tr 5 [ ) in oi nt. )
follgyeedtyghe e fJ}F’HH?tEX %ﬂ?@é@rﬂbﬁq PpPEHIor REPREAE ﬁm&ﬁnep ind dissolved in
meﬂlaﬁ%ﬁoﬁow@d 9? %hlah(t)rﬂ;vltﬁ ladetfd a‘fﬁd(??g uh. PRRSY) WIJJ%E frorn Alldrlch

mechani cal irrer charged | Gor o- 3- net OXYypr o
pKai=t 4.76.eP¢rila@padipositmio Ib)sarmdlde diabgthtc€63m 0. 1t )nass isolated after

dat. -1 th [ 69, 0.9 I [
o3P 10D SR OB Sy eP i Y R roshs BT '
after vacuum dryi ng having a nelting point of 310C and

the structure confirmed by fluorine and proton NVR
CatalyphF Y RerfbrrmAmpagthopy®ropyl amidine trifluoromethanesulfonate

A 100-ml flask equipped with a magnetic stirrer charged perfluoro-3-
methoxypropyl amidine (10g, 0.04 mol) prepared above dissolved in methanol and titrated
with trifluoromethane sulfonic acid (6.6g, 0.04mol) available from the 3M Company, St.
Paul. MN, Hammett acidity function, H,= -13.8. Those skilled in the art recognize that a
Hammett Acidity Function of —13.8 would have a corresponding pKa of <-1. Perfluoro-
3-methoxypropyl amidine trifluoromethane sulfonate (15.2g, 0.04mol) was isolated after

vacuum drying. The structure was confirmed by fluorine and proton NMR.

EXAMPLE 1
Fluoropolymer A (300 g) was banded on a 6 two-roll mill and allowed to mix
for 2 to 3 minutes at a mill gap setting that allows the polymer to form an adequate rubber

bank. A quantity of Catalyst A, as indicated in Table 1, was slowly added to the rubber
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Catal yst A - Perfluoro-3-nethoxyl propyl am di ne
trifluoroacetate A 100-m flask equi pped with a
Wore@aet41e9 sti rrer charged perfluoro-3- met hoxypetDpy1007/073211
am dine (8.1g, 0.04 nol) prepared above dissolved in
met hanol and titrated wth trifluoroacetic acid (4. 1q,
0. 04nol ) avail able from Al drich, pKa = 0.
baipeeyar agriodohhonbR pRrepy | Siy FTREPFHES Wfstefmwr(é gaeh sde over the
=Tel
colrpea DL IRL bR AR AR AL (RTHUTGHE ML B ol o gop s
to ﬂiatt@h’gesit seBing. Bihs-cppeolindwaothda pﬁﬂsb}d}ﬁy@rghnyé maliretthe éiphtest

oro di pat 100-m f|ask equipped wth a
Setﬁa@ ottt Bindhs forch gRCHEK B FeP gﬁﬁﬁ@t%%lﬂ&&w The
co%g?)lgidr\gas(c%% agfln @ﬁ(e%kf)thé’ hitiPahé& Qllcﬁp&ivt% HbBRPk Y@ ‘in h{"nutes prior
hanol and |trate wth perfluoroadi pic acid
to fégting). 05nol ) prepared by direct fluorination of
di met hyl adi pate as described in U S. Pat. No.
5,488,142 and isol ated perfluoroadi pic acid after

EXwVIel ERYds ohd/SOMPAR ATIVE TEIXAMPQES -A%$ hoxypr opy|
am di ne] perfluoroadi pate (24g, 0.03nol) was isol at ed

af t Examplsuuwasdicpeaied with thesubststiioreoifaaialys (Bxeploy), C

(E}Sl Cf{: Eg E)o@%néatr% af)?yr]ipxraglgyei ggt]i?‘gé/orﬁepa%twe Example B), and F

(Copapirbtiar Bxainpre Chaxindicapddn dableA (BRbwi ddnaskatB@Hxapptt D used
with a magnetic stirrer charged perfl uoro- 3-

hmﬁ@ﬁﬂ@%?ﬁh@ﬁyl am di ne (20Qg, 0.09 nol) prepared above
di ssolved in nmethanol and titrated wth
per fl uoro- 3- met hoxyprop ionic acid (20.2g, 0.09nvol)
made from perfluoro-3- nefldddpidopi onyl fluoride
prepared above and hydrolyzed with water

r O- th ro m [gFPMP. COMP. COMP. COMP.
COMIBONENPT 01 %X;rnﬁf %y% nEi}ﬁr{(ﬁgf o Body |EB Bl )| BRE EX.D

Fﬁ@ﬁ@%ﬂﬂrdf6er vagpum d ur

eqﬂﬁirned By fluqﬁlne aﬁé protéﬁehiélHéaggfyggﬁD - 100

Ib UOT 07 .@-uetubxypl oYy —am Ud e aggt ate A 10’)0-||| 0.60
sk pmn nnpd wWith a n nnptlr‘ stirrler r‘harglerl

6@?11’3!‘66% 895 net|Hoxypr ddyl aniti ne ([5og, 0. 22 nol) 0
paapapedr above diiswol véd in mathanol(and titfrated w tlh
acetie—actd—{( 4ot O r24wot ) —avarhapte—from-A-drich;
Sﬁ%“%tﬁ%%‘ﬁ Per £l lor o- 3 ﬁi%e hd&voro 3] anidi&é acet at/é
Caqst DO | Brol ) [Was i sqlat ed [@%%r Vdcuum driyi ng. Thd ©
BLEWEEWBRE [Was canf i rned by TTUpri ne [ajgd protjan NVR 0
Catalyst F, phr | 0 0 0 0 0 1.00 0
RESULTS

Rheology and scorch are shown in Tables 2 and 3 respectively.

Cure rheology tests were carried out using about 9 g uncured, compounded sample
using a rheometer marketed under the trade designation Monsanto Moving Die Rheometer
(MDR) Model 2000 by Monsanto Company, Saint Louis, MO, in accordance with ASTM
D 5289-93a at 160 °C, 10 minute elapsed time, and a 0.5 degree arc. Both the minimum
torque (Mp) 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
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Catal yst E -

Perfl uoroadi ponitrile bisam di ne

di acetate A 100-m flask equi pped with a magnetic
waispoer1char ged perfl uoroadi ponitrile bi sam dPCEUSHOH)73211
0.17 nol) prepared by direct fluorination of dinethyl

adi pate as described in U S Pat.
i sol ated perfl uoroadi pate after

met han

ol

No. 5, 488,142 and
ysis foll owed

theorqup éo HigrRaschanitsihoye ¥y Gedche B fanibe &orfes togeeghar Yadee cqual

am di n
to e ooy
oA ¢

sam di

i

and

[

o%q%g waR Ko
ne di ace

i ssol v

i h |
o B0 30T thadiner fopd o

foll

518 foresh

owed b

MUt P 26Y1e - M),
=4 7 f. ' itril .
segyblg SEPAbRIIS AT by sy

tory@COMHM A8t Vi h@ st tdh@c attdided diirth WspeCidietl ipefiddloDymé wheh ind §latcau

and.

proton NMR Cat al
Or B [ArA YT Vappkineeh

b

t F -

equi pped with a nagnetic stirrer charged perfl uoro- 3-
met hoxypropyl amidine (1Cgaf].94 nol) prepared above

di ssol ved i n net hanol

and titrated with

Per f Tuor o- 3- met hoxypr opyl
ek Berdarercronebinn ablg 3 6xclow).

trifluofonet hane sulfohi c aci d|omeax. |[@oddPER. ) comp. EX. | cCOMP. EX.
avai | ab] e®¥fom t H& 3M ConPady, |St., Paul . %/N Hampst t b
acidi ty functilon HO= 113 8  Those skifll inlthe art
M. infbacogni ge !that a Hinmett Aéidity Ebhct|i on"8f { 13!%3 1.87
(N-m)woul d havel3@d gor respondi ngl3pKa | of0.23)1.| RepF) upr ¢-133) (0.211)
My, inds MEL NOXYREPPYT  ajdsdi ne Thi{ T Uor ofgf hane (3ul fpnat g 4.66
15. 2q, nol i sol d aft vacu rying..The
(N'm)gtruc?u 20'9)65 czjf?:‘y?lﬁrre b(@!i6 u ri((ﬁsél)a d _@'?38?01 Rﬁ%lsg) (0.326)
Delta TogaNPIEE| 128 ugr opbllynmer AZ2¢300|g) 2Mas |bartdéd on @3l6" 279
(N-m)t wo-r ol | (miek) |and3al)| oyedoto) m x o8 2 t@6B) m nutes at (0315
> o o gap _setrting—that—at towsTthe dJUi ymer _tojfornrar
> adequat e PUbber baik. A qdahtidy of° catal'v8t A as 202
50, miondi cat ed2kn Tabl &28l, was 231 owlly asded ta.7the 533 1.36
’ I UDUCT UAall ovygl cl T PPU I daputl LLLLLLYAS . LIRAS
(0 M8 osscut s er & male (3] eadh si de) *Buerl t K colir s&%lof >

about 3 to 4 m nutes.

the * @.OrlnI ra%gedSat hl% ng‘(l? a

el

taking approximately 2 to 3 m nutes.
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&
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pdiddfeq
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The conpound was then taken off
t[el c§§% gnltd va[h a BQ% Torque

for 6 or 7 tines
The conpound was

onc &lagay Scérak ercaqfrémeite wittd dardetow lusigadotlitd 0gooi cufal;

5to 10 mnutes prior to testin
TS EXARPIEEPIACtey under the

CO

T4

%r'ad

EXAMPLES 2-3 and
¢ designation Monsanto Mooney

MYV 2000 by Monsanto Company, Saint Louis, MO, in accordance with ASTM D 1646-04

Part C at 100 °C, a one-minute preheat, a 30 minute test time, and using the large rotor

15

size. The minimum viscosity attained during the test, reported in Mooney Units (MU) was

measured. Also measured were the time for the viscosity to increase 5 (MU) above the

minimum viscosity (ts), and the time for the viscosity to increase 10 (MU) above the

minimum viscosity (tio).

Table 3 (below) reports Mooney scorch test results for Examples 1 — 3 and

20

Comparative Examples A - D.
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Exanple 1 was repeated with the substitution of

Catal yst B (Exanple 2), C (Exanple 3), D (Conparative
wExwspia1y)), E (Conparative Exanpl e B), and F PCT/US2007/073211

(Conparative Exanple C) as indicated in Table 1

(Bel ow). Conparative Exanple D used MA as the

catal yst. TABLE | RESULTS Rheol ogy and scorch are

shown in Tables 2 and 3 respjé/éBLgéI y. Cure rheol ogy

esSts Wer T T ut g m
conmpounde }E%Zlnpllggué;i ngﬁg‘ ?hegﬁg}tﬁér %E‘et%ﬁﬁndeﬁ:o%%
trade designati on Monsganto Migkng DEX. Bhedmeter ([MORD
Model 2000 hy Monsant o (‘nrrpn v/ Sailnt louils MO lin

adigBrdance w t h |ASTM D [5289-93a at (160 0OC| 10 minute

alsapsed tiee; and2a O. Si2degr ees7@r C. 188t h tihes m ni|mam
t@\h%ue (ML) and [hi ghest| torque attajl ned during a
spe
1

ified| period of time when no pllateau or nmaxi num
toimglue wasg 30bt aiflied (IVH) 3ower e-deasup-étl. Alps®® neastbed

e e fugst ety E tPoJ TCTEISE 2 i tS dhpve
Mf[(rgl?)lSZ) the tilme for [the tor?que t|o§‘9r$each> a val e§)7v
equal to M+ 0.5(MH - M), (f 50), and the tine for

t he t ar que reach + 0. 9( - . M), (t'90). t

Tor J4EefSoieh TS ailpifrationy R ighisbay P gy b hose
skiled WEBB aft REtHBuNE P AT St e S¥bpe AkphitQITeist idv@hEBIE and it

attained during a specified period of tine when no
shqyilhbe nrdesstoerbthphthiin invngae 1w tobe gy lipel to thraluptiagve

or. [ ble 2 (below). TABLE 2 * Conparative

en%é%ﬁl{eg ée{g)gthél%eur?my texture after the 10-m nute cycle

and Awiniribed oPebadiftehus theeigseritivamate D&nfdekcréded. Nt efilicgess, it

and purposes is considered uncured. Money Scorch

wikkhg spdearaed thalusrious madifigtignt may ba grade wiithoufglegarting from the

: S S r t he
s e e ARt e A BB Bk BR et o
incogrypaed by Sdemhcdouhssandxtém andeacidamdoedual phblASHdA & patent

1646-04 Part.C.a 0Q 0C, one- m nute preheat, a 30
wap P apd trﬁﬁeau%%n i‘tﬁ@t‘t I?Felnpwa@tqdﬁ%yofﬁf%?%. The
m ni mum vi scosity attained during the test, reported
in Mooney Units (MJ) was neasured. Al so neasured were

the tinme for the viscosity to increase 5 (MJ) above
t he
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m ni mum vi scosity (ts), and the tinme for the viscosity
to increase 10 (MJ) above the m ninmum viscosity (t10)

WO 200801418 (bel ow) reports Money scorch test PEBUS1087/073211

for Exanples 1 - 3 and Conparative Exanples A -
D. TABLE 3 Various nodifications and alterations of
this invention my be made by those skilled in the art

\Vmﬁﬂﬁﬁﬁﬁwéé%artlng fromthe scope and spirit of this

invention, and it should be understood that this
invention is not to be unduly limted to the
i 1.1 Usduralile vempoditish coemirsirpet forth herein. A nunber of

enbodl nts of the invention have been d scrip
Never tHbFGEES CaFaﬁYS\‘i\PFfFVGG IO A AUWCFEH g 4 @EPFISE’:?“H% apKa
nDdlflcagmgggfgﬁxnbpﬁﬂﬁggtMMﬁﬁout departing fromthe
spirit and scope of the Invention. Al publications
and pabgatslosippbundiepmiprisiag énterpdyporiztdaity erefderence
to the sa exte t.as if ea ch individual publication
or pat enf"{{&§ ﬁﬁ%?#ﬁ%%???‘ﬁﬂ@“PﬁﬁlVldualIy i ndi cat ed
to be incorporated by reference. Wat is clained is: 1.
A curabl e conposition conprising; (a) a cure catalyst
der Avadalile epmpositinoacapidiiae chra lamhatsintheaurable eompcaition is
%%&%>a fs&ﬁ %ﬁé 1 to about 4; and (b) a fluoropol yner

i nter-polynerized unlts derived froma
nltrogen contalnlng cure site nmonomer. 2. A curable
conp05|t|on according to claiml1, wherein the curable

chnpodirdhle AOMROsHAAAeC PN g toshnmclh whgren thg cupablq goapqsition has a
GOURAS b gr%Qte ﬁﬁﬁﬁ@'nﬂgu Qa&lo?dg%guAMﬁf? 4%5%‘%&%@%%@ of
on eater than

COMpOSI t as a ue o

aangy ofi 0§ Ctto 1ASTE) D 1646 at a tenperature of range of

80 0OCto HQOC. 4. A curable conposition according to

claim1l, wherein the acid has a pKa val ue of about - 1

tp %b&iﬂﬁblé-corﬁpoﬁl&%c%@d% BERLSI 1T, i\x/q{ér&?ﬂl‘%ra_@id%sta%Ka value of
claim1, wherein the acid is an organic acid.

about -1 to about 1.
5. A curable composition according to claim 1, wherein the acid is an organic acid.

6. A curable composition according to claim 5, wherein the organic acid is a

perfluorinated carboxylic acid.

7. A curable composition according to claim 6, wherein the organic acid is selected
from trifluoroacetic acid, perfluoro-3-methoxypropionic acid, perfluoropropanoic acid

and perfluorobutanoic acid.
8. A curable composition according to claim 1, wherein the mono-amidine is selected

from CFgC(:NH)NHz, CFg-O-CFzCFzC(:NH)NHz, C7F15C(:NH)NH2,
CstC(:NH)NHz, C3F7C(:NH)NH2 and C3F7-O-CF(CF3)C(:NH)NH2.
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6. A curable conposition according to claim5, wherein
the organic acid is a perfluorinated carboxylic acid.

wQ@2008/0cutabl e conposition according to clai m 6PCIg07/073211

the organic acid is selected fromtrifluoroacetic
aci d, perfluoro-3-nethoxyprop ionic acid,
perfluoropropan0|c acid_ and erfluorobutan0|c acid. 8.

c dr asPlde eoRpRtian aRoBlER NG b ovherean fhe Turgypgait s in the

t m dine is selected from CF3C(=NH) NH2,
(@g“g?%g%%:zq =NH) NH2, C7Fi 5C(=NH) NH2, C2F5Q=NH) NH 2,
C3F7Q=ENH)NH 2 and C3F7- O CF(CF3) C(= NH) NH2. 9 A curabl e
co 05|t|on according to Cla m 1, ﬁpereln re .

Gpeeble compositinn 44 P%“Eﬁ‘toa? &4 b whegsin ghe éﬂtﬂo mer1s

idatc@n according to claim1, wherein the

fluoropolynmer is perfluorinated. 11.A curable
conposition according to claim1, conprising a

fl.uqro havi n 0 rized.units, deri

thlof ABt B b ol Reh o RRHRT . 6ERBHHES » JuoRroliEier having
Agtetpod thiridddu@ith BaiRd MRe hidhemeRaRtcktcd @Fdnh pér@oroolefins,

ol efins, vinylidene fluoride, perfluorovinyl ethers,

awajtlailynﬂ)mqrmatedméeftrtsemcébﬂuormtedﬁolef@nSamnyhé@mfb@nﬂﬁ,on

rding to, clai d cure site nononer
éxgﬁ(ng%@ylghm§zmﬂkog%h goﬁuﬁmeﬁgnoner 13. A curable

conposi tion according to cIa|n112 wherein said cure
S|te nDnoner i s.a conpound of the fornula
W-oomesniticrreendaedneiaiindrphesyionid cure site monomer

(d ég %§1 %? CF(CF3)CN;, or
g@éu%gﬁ%%ﬁ%gg gE I§1 %%N wherein L = 2-12; q =
r =1-2; y = 0- = 1-4, and u = 2-6; and
perfluoro(8 cyano- 5 nethyl 3, 6-di oxa-1-octene). 14 A

SO R L a——
4ne SRS TR e gt R ot ?ﬁN
ler e e, CRTY, )61, (A, ®), @Y jana), curative.
CF,=CF[OCF,CF(CF3)];O(CF»),{CN; wherein L =2-12; q=0-4; r=1-2; y=0-6; t =
1-4, and u = 2-6; and perfluoro(8-cyano-5-methyl-3,6-dioxa-1-octene).

14. A curable composition according to claim 1, further comprising a filler, optionally

selected from fluoropolymer filler, carbon black, and combinations thereof.

15. A curable composition according to claim 1, further comprising an additional

curative.

16. A curable composition according to claim 15, wherein the additional curative is
selected from ammonia-generating compounds, substituted triazine derivatives,
unsubstituted triazine derivatives, peroxides, bis-aminophenols, bis-amidooximes, and

organotin compounds.

_27 -



10

15

20

25

30

16. A curable conposition according to claim 15,
wherein the additional curative is selected from

wapaesMi€digener ati ng conmpounds, substituted triBZi/Hg2007/073211

derivatives, unsubstituted triazine derivatives,

per oxi des, bis-am nophenol s, bis-am dooxi nes, and
organoti n conpounds.17. A nethod conprising inproving
the scorch resistance of a curable conposition by

mX An&et@oﬁ U&(ﬁ{)ﬁﬁhg f Vglgrthé/ &9 dil QB @ndD c‘cﬁ%bgé E'(ﬁnposmon by

bi's-am rrs=a or tetra-am dine an
amxﬁhg‘mwm gatalypﬂ(&rmadi tienod rmboumidiné, ‘tﬁs;ammmt, trfls- atmtdltnea or

fl uorop isin nter-p ner units
def- 9@&@?%1 6‘}?{ ?L%@%g Eiéﬁ talug PE @'X Jet"se} dt Tyibrier
Efg,lr%rg% ] On&ﬁ%ﬁﬁtﬂ@h{e}{ ﬁ§§ﬁgeglggc?§ﬁ1€s (féﬁRf@éP h%rn a nitrogen containing

ding to claim17,
whm¢@knmommn@uOébhemt@wpnaﬂqund@wﬁbbwmbbamne$m90mnce
to scorch as indicted by a t5 value of greater than 10
m nutes according to ASTM D 1646 at a tenperature of

I 81 9em6tho8 Ac¥edih® tdl dIRind €7, WiRreif tish@rsle @(Bﬂlp(s‘shtﬁ)nz%(mb/&cs a

conprising the curable conp05|t|on of claiml .
gksiplenccdp st anmditai b tSovaducaofrargagerthan Hymanugésgiceording to

098 B B Vel T Dl S 45 505 “asss - o0%

and 95% 21. A nmethod of nmking a fluoropol ymer
conp05|t|on conprising: (a) formng.a mxture

clohpr shapstharticle spRPESing |ﬂv‘s<fur%lé? ForEpOs iRl HBnbani di ne,

bi sam di ne, tris-am dine, or tetra-amdine and an acid
having a pKa value of about - 1 to about 4 with a

f20udr ppdd/areiclcaoapdingitoglaimtl @ hapiap ywimviNiblz éightnarismission selected

S B B 8 Sl L

nyn%q&gg5@nd optionally (d) heat aging the cured
m xt'ure. 22. A nmethod according to claim21l, wherein

the cure catalyst is a nono-am di ne selected from

%3%(51%%3' '5? ﬁlalglrzlg_a uoropC!l:yn%r Ntl;!Pp H%bn %grlrzlpgs g: 7NH) N2,

(a) forming a mixture comprising a cure catalyst derived from a mono-

amidine, bis-
amidine, tris-amidine, or tetra-amidine and an acid having a pKa value of
about -1 to about 4 with a fluoropolymer comprising inter-polymerized
units derived from a nitrogen containing cure site monomer;

(b) shaping the mixture;

(¢) curing the shaped mixture; and optionally

(d) heat aging the cured mixture.
22. A method according to claim 21, wherein the cure catalyst is a mono-amidine

selected from CF3C(:NH)NH2, CFg-O-CFQCFQC(:NH)NHz, C7F15C(:NH)NH2,
CstC(:NH)NHz, C3F7C(:NH)NH2 and C3F7-O-CF(CF3)C(:NH)NH2.
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C2F5C( =NH) NH2, C3F7Q=NH)NH 2 and
C3F7- O CF(CF3) C(=NH) NH2. 23. A net hod according to

w@kasMm419 wherein the nono-am di ne, bis-ani di PEE/US2007/073211

trisam dine, or tetra-am dine and the acid are
conbined prior to step (a) to create a salt. 24. A
cure catal yst conprisi ng][ a perfl uorinated nono-ani di ne

e s melhpd aepordiBenaciper ¥ 1. odicrsiathsomprmamigin g biearaidincatris-
A PSR BN Lt oy GO SFRAAL R o

mono-am dine salt is selected from
CF3- O CF2CF2C(=NH) NH3 +0OCOCF 3, and CF3- OCF2CF2

Q= NWHuiNEBat X p2i6ing @ gefuorinated mono-amidine salt derived from a

perfluorinated mono-amidine and a perfluroinated carboxylic acid.

25. A cure catalyst according to claim 24, wherein the perfluorinated mono-amidine
salt is selected from CF;-O-CFZCFZC(=NH)NH3+'OCOCF3, and CF;-O-
CF,CF,C(=NH)NH; "OCOCF,CF,0CF;.
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