CURI NG COVPCOSI TI ONS FOR FLUOROPOLYMERS TECHNI CALFI ELD Thi s i nvention
relates to a curative conposition as well as curable and cured
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(upt@ 0 2QQEpsive materials. For sealing applications that require resistance to the most extreme
conditions, perfluorinated elastomers are used. Such parts are used in applications such as
automotive, chemical processing, semiconductor, aerospace, and petroleum industries,
among others.
Fluoroelastomers often include a cure-site component to facilitate cure in the
15 presence of a curative or catalyst. One class of useful cure-site components used in
perfluoroelastomers includes nitrile group-containing monomers, for which organotin
catalysts have been used as curing components. However, such catalysts can leave
undesirable extractable metal residues in the cured product and are undesirable for
environmental reasons. Ammonia-generating compounds have also been used as a cure
20 system component in fluoroelastomers, but these cure systems lack the desired level of
rheology control during processing. In addition, most known fluoroelastomers are cured
into colored or opaque materials. A few fluoroelastomers or perfluoroelastomers have
been described as colorless and/or transparent, yet can be cloudy or milky in appearance,

and have rather high compression set when made into seals, even when measured at

25 relatively low temperatures (up to 200°C).

SUMMARY

In one aspect, the invention relates to a curative composition comprising a cation

and an anion of Formula I:

AT Q™ 0y



SUMMARY | n one aspect, the invention relates to a curative conposition
conprising a cation and an anion of Forrmula | : QP mt (Dwherein m n, p,
and g ar ewpasediieyB4i nt egers, wherein m* p = n * g, whePerTUSGHs/0BE1@N
organo onium andAq is an anion, and provided that at |east one Ais
selected fromFornmula Il: where, in this Formula I, each R independently
is H halo, alkyl, aryl, aral kyl, or cycloal kyl, and whi ch al so may be
hal ogenat ethefretlmmr, n,r}aamdjq al@mogevéilltﬁgcm;mheednnvam”‘rq twheredr QTfois en of R and

R groups t oget her rma r| n ej ch R grge |nde endently may
contai n oné’ éafnor?ﬁ Han ﬁ@‘%@ d\m%‘fl%idﬁﬂ%f@ﬁﬁqﬁ’éelf‘hég? R with the
provi so t hat,Rlhgganot be haI 0. In anot her aspect, the invention relates to
a curative conposition suitable for fluoroelastonmers conprising an ani on of
Formula 111: where, in this FormdpeLRII each Rf independently is R CF2 or
a perfluoroal kyl group havi n% fr ml to 8 carbon atons, wherein Ris H,

hal o, al kyl, aryl, or cycl |ng up to 8 carbon atons and whi ch

al so may be hal ogenated, fluori nq@ed or perfluori gt ed, and which nmay
contain a heteroatom wherein X is a non-fluorinat

partialkly-fl uorinat |l uor.i na i-nki ng roh and _wherein nis a
posi tive i ntkgem i S?f%gﬂ'gflﬂg &%@getpenéqqﬁy ?Srﬁ’g‘ﬂ{;" 61%3'1 %&ai“@g(yﬂ 8Ta net hod of
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conpri sing providi n% cation and an anion, wherein the anion is prepared

by reacting™8 pEPEA Reand it groups may togstherdorn o spg, derein %ﬂchgaﬂ'fk‘&ﬂ phosphonl um
or anmmoni unhdupeRHiFRay &dhta%'i‘@ﬁehﬁrm&é Ha%atoﬁm vaﬁ&é;@RC ko><| deds‘; EUER,

reacting a parent al cohol with a netal hydrOX| de or suc
sodi um met Heif Beproxise thatiBi sagnaide blpum hal i de, such as an oni um chl or| de, in

a sol ygnt, such

If'@nother aspect, the invention relates to a curative composition suitable for

fluoroelastomers comprising an anion of Formula III:
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where, in this Formula III, each R¢ independently is R-CF; or a perfluoroalkyl group
having from 1 to 8 carbon atoms, wherein R is H, halo, alkyl, aryl, or cycloalkyl, having
15 up to 8 carbon atoms and which also may be halogenated, fluorinated, or perfluorinated,
and which may contain a heteroatom, wherein X is a non-fluorinated, partially-fluorinated,
or perfluorinated linking group, and wherein n is a positive integer.
In another aspect, the invention relates to a method of making a curative
composition such as described above, the method comprising providing a cation and an
20 anion, wherein the anion is prepared by reacting a parent alcohol with a base, such as a
tetraalkyl phosphonium or ammonium hydroxide. In another aspect, the anion can be
derived by reacting a parent alcohol with a metal hydroxide or alkoxide, such as sodium
methoxide, and adding an onium halide, such as an onium chloride, in a solvent, such as
methanol, and optionally precipitating the resulting halide salt.
25 In another aspect, the invention relates to a fluoroelastomer composition
comprising a fluoroelastomer comprising nitrogen-containing cure sites; and a cation and

an anion of Formula I:



met hanol , and optionally precipitating the resulting halide salt. In
anot her aspect, the invention relates to a fluoroel astonmer conposition
conpri si ngoaoddassszael ast onmer conpri sing nitrogen-cont ai pcwgseas3gild es; and

a cation and an anion of Formula | :Ang- Q@ m+ (1) wherein m n, p, and ¢
are positive integers, wherein m* p = n q, wherein Qis Hor a Goup | or
Goup Il metal or Qmt is an organo onium andAq ~ is an anion, provided
that at | east oneAq is sel ectyedf®mom Forrmula 11: wh , in Fornmula Il, each

Rlindepengenaly is H halo, al’kyP, aryl, aralkyl, or cycloal kyl, and which
al so may al ggenat e fluot.i 4 JOr| : inn,two or
Tore of R AR Briodpe PR b e Rk Qe pOR R e QR o O

i ndependentiolp MBYGRAP IBh&a IR € Oks Aiginb ehim) aidA{ #)an antoal @bvidé thetan be t he
same as R With the proviso that R cannot be halo. In another aspect, the
i nvent i on leet onees™ tseleeikd Fgmdormyailopol ynmer conposition conprising forning
a mxture of a curative conposition as descri bed above, including a

fl uoroel ast omer having interpolynegfz%d units of a nitrogen-containing cure
site nononer, and which fl uoRoek r may or may not be perfluorinated.
The invention relates to making a |'uoropol ymer .article conprising shaping
a m xtsure of a fluoropol yner conpogltion as descri bg@l)above, curing the
shaped m xture to forman article, and optionally post curing the article.

The i nvte Nt Rdte,3h ﬁ@mﬁﬂ@%j B Raific_te})sﬂdeﬁt%y:i@ I, o) aligy L tangl, avalkplbbecyoloaliyl; ed
conpositions such _as sheets, fi , hoses, kets,.and Orings. T
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enbodi ments, the inventive materials are translucent, or even transparent,
to |ight, euntdinens orineireheferopighs), whereinRecanbe disi samaesR, vk thspeavisethatnvent i on

Proviges CRY&habt v neh!

In another aspect, the invention relates to making a fluoropolymer composition

comprising forming a mixture of a curative composition as described above, including a
fluoroelastomer having interpolymerized units of a nitrogen-containing cure site
monomer, and which fluoroelastomer may or may not be perfluorinated. The invention
15 relates to making a fluoropolymer article comprising shaping a mixture of a fluoropolymer
composition as described above, curing the shaped mixture to form an article, and
optionally post curing the article.
The invention also provides articles containing the curable or cured compositions
such as sheets, films, hoses, gaskets, and O-rings. The invention is particularly desirable
20 for articles with good physical properties and low compression set at high temperatures.
In some embodiments, the inventive materials are translucent, or even transparent, to light,
such as visible light. In some embodiments, the present invention provides crystal clear
perfluoroelastomers with low compression set and other desirable physical properties.
The inventive curative compositions are, for example, suitable for curing polymers,
25 especially fluoroelastomers. These curative compositions typically provide several
advantages for curing fluoroelastomers, especially perfluoroelastomers, having nitrogen-
containing cure site monomers, such as the high temperature performance properties
sought when selecting organotin compounds, ammonia-generating compounds, or even

perfluoroadipates as the curative or catalyst system with such fluoroelastomers. In
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perfl uoroel astonmers with | ow conpression set and ot her desirable physical
properties. The inventive curative conpositions are, for exanple, suitable
for curi ngopodeymsssss, especially fluoroel astonmers. Thesepcunateos@37110
conpositions typically provide several advantages for curing

fluoroel astoners, especially perfluoroel astoners, having nitrogencontai ning
cure site nononers, such as the high tenperature perfornmance properties
sought  wWheghrseleGhidif a95aR S tehréesoipRieitie pravitdst ifclgdywedlask oNgutalgspounds, or

even perfl uor oadi pates as the curative or catal yst systemwth such
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provi de Orcaitd’l‘fs't.Ude a class of catalysts that generate triazine crosslinks
o€

in perfluor astoners nore effectively than any known catal yst. The

i nventive fl uorldelinvsenibyefiuosenistpsier pamrosiiencgeariplly mainiainfhg adyiatages, ant ages

i nvol wed w L iud R RIBLSin Atdaen-BbdiiR9E BuS AL RlbRbds,cure site
m)norrérs, %&@K@I%%A%gﬁ%nperat ulrr% pe(%‘g%r rmnlcegplrloperti es t§/pi cally
achi eved wheh asthg higb témperatwp perfeimange rasnepiies Aypigate peli¢ved vhonpeawd® are used
as the catal yst system wt c i t he

i nventive ?ql%}’c‘))}l%dsesloéé"t": Ter %8%%%% %ﬁﬂg’ﬁgﬁrsrtgge dggcﬂ%bqﬁ% %ﬂﬁo@e?%ﬁ%é‘%ﬁi es,
such as beturesiteansmpress iGuncwently gheimsentive fiparpeastomerrampoditidns mmpde usi ng t he

known organqti.n co unds,. or ot her known cure catalysts, e j.nventive
Conpost ¢ | oRBOrERERT BRP st sl bruss PP e T AR R b P Remp P

t enpercat ur ga@papuhekmRal@ganbtn sémgduads, oedthe kposn e astelysxpect ed. I n sone
enbodi nents, the inventive conpositio proyvi.de. a pristj.ne ar.ance
commensur at e wi 1h5 TRysafive somppesiy Wai?tw&{‘]? yﬁ’fed}r‘?mfﬁ?ﬁﬂ IPPK/’PII%@SH&@Q:’%@ of
enbodi Ment gnbratifCepb@Okiddt HafsR cB@hicdl@kfdiure Ard dxPedials Qhsgrhé on bel ow. Ot her
features, jects, and advantages  of the invention will be apparent from

ob | ady ;
the descri prbestimenis theByaniiNecoiRosHgNy AP s 2 PHSHAP FIRSMBRASERMBEEI P he
curative comRARiMig ety idahigf 8GR 1 nvention involves a cation and an

ani on.
15 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.

DETAILED DESCRIPTION

The curative composition of the present invention involves a cation and an anion.

20 More particularly, the curative comprises a composition an anion of Formula I:
Q" ®.
In this Formula, m, n, p, and q are positive integers, and m * p =n * g, such that the
charge balances. Additionally, Q™ is an organo onium, and AY is an anion. At least one
AY is selected from Formula II:
CF,-R
R-CF; 0]
25 R )
where, in this Formula II, each R independently is H, halo, alkyl, aryl, aralkyl, or

cycloalkyl, and which also may be halogenated, fluorinated, or perfluorinated, wherein

two or more of R and R' groups may together form a ring, wherein each R group
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More particularly, the curative conprises a conposition an anion of Formula
Il : An g-Qom+ (I). In this Formula, m n, p, and q are positive integers,
and m* pwe 2006fo6s334such that the charge bal ances. Addi t ipomalskyos/o®Quoto i s an
organo onium and Ag~ is an anion. At |east one AQ" is selected from
Formula 1l: where, in this Fornmula Il, each R independently is H, halo,

al kyl, aryl, aralkyl, or cycloal kyl, and which also may be hal ogenat ed,

I | uo { Ih nat feleldelﬁﬁdeaﬁy fﬂay %ﬂtﬂﬁbﬁdor ére meuemfomps)mhmn &' (')Tn R thednifbgRoUPS Ay
ogether forma ring erein. e endent ntain one or
nore het er il @W&VISOM&?W?@@S‘HQbM g?g fw@%@fﬁ}e % %o t hat

R cannot 1Q%e1m5@thamowgrmo bed Bdo E&Uﬁﬁbo@hﬂ HRRSUR # béibg atpellbEray, it is

believed that allowng R to be a _halo group woul d be result in it _being
expel | ed alplide pripn with sitisesyent copvastig eldhepare alkorfe fnfm2 earbenybeqyapodpd-

al koxisde 1nto a.¢arhofy k. FATRARE sugf?fha?ﬁi@@a?lltﬁl caBR¥mhdf eGalbnlEbdndsdieh t hat

t he central carbon of the anion is bonded to two perfluoromethyl groups. In
addi ti on, ﬁ?o peeﬁuokmnfsbyll grnupd Ihradditiom R’ gmdnq@ebgm@ fromi thgygrofp eonsishieged |

met hoxyph t.ol u f.l uor ophen t nyl, and
Gra. Nor e Papierme P eRG Wty o phean: Daotistyt kiR L

Exanpl es i@gej ude tetra-al kyl ammoni um 2- phenyl -1, 1,1,3,3,3

hexaf | uor oi sopr.gpanoat e, ra al k 1 1 3 .

hexaf | uor oi soprlﬁg@%’éﬂtclélaﬂi” & AR §7 bﬁgé%ﬁ‘a h%ﬁ@ﬁ?ﬁ 3]1:"“1“”131‘? inglude
hexafijguor Oteﬁ‘ﬁ)-@ﬂ@ﬁﬁﬂ%hﬁl 23pBédyR DUty BB ‘B&)&h’lﬁ&‘oi&@r&palmi‘te Setfa-dlkylammonium

hexaf | uor oi sopr opanoat e,  tet rabutyl phos honi um 2- net hoxlglghenyl -1, 1,1,3,3,3

hexaf | uor ol 44 pphsrairaoisepepaneste.detabyiyhebARAR RN L bld?3 | 1,1, 3, 3, 3
hexaf | uor o}, SQRERBRGRE Soatt, Qet@a@%ibﬁf)spﬁmgﬂ'm@ﬂﬁ 3 3t RafluRKRRpE ANV des 2

curative conposi tion sult table for I"'uor oel ast'oners conpri sing an ani on of
For mul a | | tetralpeftylpiosphonium 2-methoxyphenyl—1,1,1 3,3,3 hexafluoroisopropanoate, and

tetrabutylphosphonium 2-p-toluyl-1,1,1,3,3,3 hexafluoroisopropanoate.
15 In another embodiment, the invention provides a curative composition suitable for

fluoroelastomers comprising an anion of Formula III:

Rf Rf
Tilol,

where, in this Formula III, each Rrindependently is R-CF, or a perfluoroalkyl group
having from 1 to 8 carbon atoms, wherein R is H, halo, alkyl, aryl, or cycloalkyl, having
20 up to 8 carbon atoms and which also may be halogenated, fluorinated, or perfluorinated,
and which may contain a heteroatom, wherein X is a non- fluorinated, partially-
fluorinated, or perfluorinated linking group, and wherein n is a positive integer. The
linking group can be aryl, lower alkylene (e.g., C1-C10), and may contain a heteroatom.
The linking group may be substituted with halo, lower alkyl (having from 1 to about 10
25 carbon atoms). With this curative, one or more cation(s) can be used to balance the
charge. Any suitable cation(s) can be used, as described below.
In another embodiment, the invention provides a curative composition suitable for

fluoroelastomers comprising a cation and an anion of Formula IV:



Rf cff Rf -01 J11 where, in this Formula Il1l, each Rf independently is
R-CF2 or a perfluoroal kyl group having from1l to 8 carbon atons, wherein R
i s H halwoadédwpbszsaryl, or cycloal kyl, having up to 8 earhspooatsmse and

whi ch al so may be hal ogenated, fluorinated, or perfluorinated, and which
may contain a heteroatom wherein X is a non- fluorinated,

partiall yfluorinated, or perfluorinated |inking group, and wherein nis a
positive integer. The | igki ng group can be aryl, |ower alkylene (e.qg.,

C-d 0O, and may contai n~a fnet er oggfom The |inking group may be substituted
wi th hal o, |ower alkyl @(favy {rom 1 to about 10 carbon atons). Wth this
curative, one or nore cati O canObe used to bal ance the charge. Any
suitabl e cation(s) can be usedy agfdescribed bel ow. m anot her enbodi nent,
the invention provides a curative corrp03| tion sui talS for fluoroel astoners

conpri si ng cat and n. F r e ormula 1V,
each Rf i nﬁgeﬁ%ﬁ%g“st gaal& %Ef}ﬁf)mg%?engr b%% (k):a %ﬁe?i;l%olﬁoallﬁnﬁ g from1l to 8
car bon at op#vingAto®®O1 kd8 tahbﬁl dansnAlsy ml?ms Forhulh & ie H, dtlbﬁlkyl,auryll Qr or

cycl oal kyl, hayi up to 8 c on ato d.whic | so enat ed,
1 tor nat etrclea o SR ok eRn A RO A P QP Rear: BSRes n

addi tison, §fRrfioYihated, QHP whiRY e conthia tailetétathm. elngddmm i aayltgam»m&wr al kyl
(e.g., d-dQ, and it contain a hetergatom ecuratlve co 05|t|on

al so may f pbstiated @cﬂwwlr%?él\{% losw e ahve e Glnbt afmddt Ay eentayg heterpafp

conposi tion of FReuRKes Eithpdsiiée Asb By GRthePEMRITRY hilGakid o BBk bAkE, for
exanpl e, the cation and/or the anion can be nade in situ, such as by
reacting ofks owativp cempesitionaf thstrarseriventiguepdy prvided i Wit 9B1% fase i n an
overall co d Hhdre MO, and
o nat | o pice IRl EPH AEREa AR st At O R e e T rer
proviled i freealephpl mmmﬂsywﬁh a smtabbshasq inan ovardhcanpesitipheSuitablgtbiases

include, for example, Ca(OH),, MgO, and combinations thereof. Further, the precursors

to the curative may be provided into a fluoropolymer composition, such that the curative
forms in situ and/or such that the effective components of the curative arise during typical
fluoropolymer operations such as milling a fluoroelastomer. More particularly, the
15 precursor materials leading to the curative composition can be combined by adding the
cation component(s) and/or the anion component(s) separately into a fluoropolymer
composition.
These inventive curative compositions can be used, for example, to cure or
crosslink fluoropolymers, such as those described below. Thus, these curatives can be
20 mixed with fluoroelastomers or perfluoroelastomers.
In another embodiment, the present invention provides a fluoroelastomer
composition comprising a fluoroelastomer having interpolymerized units derived from a
nitrogen-containing cure site monomer along with a curative as will now be described.
This curative comprises a cation and an anion of Formula I (above) wherein m, n, p, and q
25 are positive integers, wherein m * p =n * q, wherein Q is H or a Group I or Group II metal
jon, or Q™" is an organo onium, and A" is an anion, provided that at least one AT is
selected from Formula II (above) wherein each R independently is H, halo, alkyl, aryl,
aralkyl, or cycloalkyl, and which also may be halogenated, fluorinated, or perfluorinated,

wherein two or more of R and R' groups may together form a ring, wherein each R group
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forms in situ and/or such that the effective conponents of the curative
arise during typical fluoropolynmer operations such as mlling a

f 1 uor oel aspao®woss3gr e particul arly, the precursor materipgrausb@adsngoto the
curative conposition can be conbi ned by adding the cation conponent(s)
and/ or the anion conponent(s) separately into a fluoropol yner conposition.
These inventive curative conpositions can be used, for exanple, to cure or

crosslink frhaRh@RAY WIB tontais ek ofBorle MoRMataf O Whaein Re bavbe théisine dsfRese
curatives can be m xed with fluoroel astomers or perfluoroel astoners. In

anot her entyilithewrvisotthas Rypannehie Halvent i on provi des a fl uoroel ast oner
corposi tion C0rﬂ?5{1@&Hﬁ’ocﬁmgﬁt%?fh%ﬁa'regéﬂt%ﬁticﬂacydcﬂ%fis'@f%.r gf’éﬁ()'ﬁ%f' zed units

derived froma nitrogéen-containing cure si te nononer ong with a curative
as W || noemtxeliroes of ihb eckserT riventoam Qtis Hen Eempitalses a cation and an ani on of

Formula | (abov er el , L1 | rein m*
p =n S*a q, V\her‘@ynég%m? ﬁ’aﬁk%% n(gt S@%aﬁlgiglﬁy %Fe?fr@% (ygliphst}’% hér/rsgr'f3 %Fetsﬁgﬁa,rn%g ru% s an
or lgano gn} BmexaﬂﬂeAFe catiof cabadrizatic oin@yanie dAd dxampks, ih eant eobrelivdents; i S

sel ecte rom Fornmula 11, (above) wherein each R independently is, H_ hal o,
al kyl , ar yfhe cafjoRiggn orggpc é%ﬂno?ﬂ) tk?x?afﬁo’éﬁée\%ﬁf"gﬁ"lalﬂ%eogr C%éls?@.lﬁ 053363‘3’[ ed,

f 1 uori nat egandGroRivhetA bR AHethingdehePetiotwTable offheElehenR) Alibtfikr gr oups may
together forma ring, wherein each R groupi ndependently nmay contain one or
more het er eabsknEnts, PrgseRkyipRelRTed.cafonsdnglys sedifm. SRSV, chlfiu, %ﬁ@leﬁlﬂlﬁ\’/i so t hat

R capgot he Dalomhatib tRGE€ T Qhd @ifodents e BARREONcIdcRARE bioRTle afach Rf is
CF . In another enbodi nent of the present invention, Qis Hin Formula I

Any cat i oncyrhiie faroewhitoar alass elasiemett |y interfere with the desired result
xamples, i sonsTSeRRnSamERE (LR OB AR e e o o7 The
cation is $urpdymetided onitt deeived o tawlisersethylenedTFES, obloratrifyrdoctndang 11 net al
embodt ment TRt P GRAbE R bRt PuRinl A ARy ER Bhreech RSV BR ) i i
magnesd uUm formulas CF2=CF-Rf1, CF2=CF-O-Rf2, and CH,=CR;, wherein Rfl is a perfluoroalkyl; sz
is a perfluoroalkyl, or a perfluoroalkoxy; and each R is independently selected from H, F,
Br, I, Cl, or a aliphatic group. In some embodiments, the perfluoroalkyl, perfluoroalkoxy,
and aliphatic groups may have F, Br, I, or Cl substituents. In some embodiments, the
fluoropolymer composition may include interpolymerized units derived from perfluoro
20 alkyl vinyl ether(s), perfluoro alkoxy vinyl ether(s), perfluoro alkene ether(s), and/or
perfluoro alkoxy alkene ether(s).
Suitable fluoropolymers include interpolymerized units derived from a nitrogen-
containing cure site monomer and, preferably, at least two principal monomers. Examples
of suitable candidates for the principal monomer include perfluoroolefins (e.g.,
25 tetrafluoroethylene (TFE) and hexafluoropropylene (HFP)), chlorotrifluoroethylene
(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 perfluoroelastomer gums.
30 When the fluoropolymer is halogenated, 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
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and conbi nations thereof. In some enbodi ments, the cation is selected to
provide a curative for a white or a clear elastoner. In sone enbodi nents,

t he fl uorwpabysmssszaonposition may include interpol yneri red/uspecss3des i ved
fromtetrafl uoroethylene (TFE), chlorotrifluoroethylene (CTFE), and/or one
or nore ethylenically-unsaturated nononers represented by the fornul as
CF2=CF-Rf 1, CF2=CF-ORf 2, and CH2=CR2, wherein Rf 1 is a perfluoroal kyl;
Rf 2 is a ferbolaieal kil5o n1%qispeadelup of omd deaors pafldore airyl &hérs andwlependent | y
selected fromH, F, Br, r a ali ' sone_enhodi nent s,

N I, A, o p.ailc roup.. I.n

Che. per f | GSRBEMIGPRiETE o7 I GAPRBSY © B P T DREETE ViPUEihe: Sty THERE £ by
I, or G Sétﬂﬁﬁﬂiﬁg'ﬁﬂ%laheé.ﬂmme SfsacHofR Minskestup €rofd AHOGONDtYABBIL TAOPESi ti on
may include interpolynerized units derived from perfluoro al kyl, vinyl

ether (s), {meare pighrabliafremghous 0Ryp aqydmal¥o) oifhs elasiomer dibk BENHOPASY (s,
and/ ors pef&éeﬂ@g%ﬁmlm g%d&ﬁﬂfp&ﬂﬁ@aﬁme@wcha@b&ﬂﬁé,fdaa@&ﬁéryﬂer_s i ncl ude

I nterpol yneri z uni t's derived froma nit r;)fgencont aining cure_site nononer
and, pref er abl yWhen tht 8aerppalywerip nefaiephioringierh Hanay comrinfine abayt 5 &300ub| e
candi dat es [0 *.':c ol B?e'-i ] Ueer '

tetrafl uor%éel?lﬂlyf’gﬁéﬁ%T b} and Eexaf Igrﬁ%e?g%r opyﬁlzglgﬁ%%%%}?ﬁp’ Boud okl 5

chl or ot ri f toubo@e0 hyd1 % it§ ERFERYlympezetlunisy devived from VA, sthyteng.and/eer f | uor oal kyl|

vinyl ethers and perfluoroal koXy..vi. . ; ' .

hydr ogen- thr?PgF%e’ ﬁ%{o ﬂ%tr@ r%&%u%ﬁt\é é@g%?lg%?ﬁ%e%}’gtg&?wg?E}éﬁe% ?lde"ll}x Btrhgrﬁyl ene,
and tiee |i k&) fromalsbuy 0.0y atsbane miol% Gmoderdfdably frofurbout (. 2ierabput 2mels of ncl ude,
for exanple, fluoroelastoner., guns and perfl uoroel astoner guns. \Wen the

f1 uor opol yABHOBE - ARIATHRS AR MO abl y perfluorinated, it contains at

The fluoroelastomer compositions of the invention are derived from

interpolymerized units of fluorinated monomers such as those having the formula
CF,=CF-R, wherein Ry is fluorine or a C;-Cg perfluoroalkyl, along with hydrogen-

15 containing C,-Cy olefins, which have less than half of the hydrogen atoms substituted with
fluorine, more preferably less than one-fourth of the hydrogen atoms substituted with
fluorine, and which are non-fluorinated in other embodiments. In some embodiments, the
non-fluorinated olefin is absent.

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

20 CX,=CX-R, wherein each X is, independently, hydrogen or fluorine or chlorine, R is
hydrogen, fluorine, or a C1-Cia, preferably Ci-C;, alkyl. Preferred olefins include
partially-fluorinated monomers (e.g., vinylidene fluoride) or hydrogen-containing
monomers such as olefins including a-olefins (e.g., ethylene, propylene, butene, pentene,
hexene, and the like). Combinations of the above-mentioned materials are also useful.

25 Perfluorinated vinyl ethers also are suitable as comonomers in the present
invention. These include, for example, monomers described in U.S. Patent Nos. 6,255,536
and 6,294,627 (Worm, et al.) which includes perfluorinated vinyl ethers such as
CF,=CF(CF2)-[O(CF2),]n-ORy, including vinyl formals such as R{OCF,OCF=CF, where
R¢can contain oxygen, wherein Rsis a linear or branched perfluorinated aliphatic group

30 that may contain oxygen atoms thereby forming additional ether linkages, and wherein m

is 0-4, n is 0-6, and p is 1-3, provided that m and n are not both 0.



| east 50 nole percent (nol% of its interpolynerized units derived from TFE
and/ or CTFE, optionally including HFP. The bal ance of the interpol ynerized
units of wbebéewsszspol yner (10 to 50 nol % is nade up of POWAISEEOSABTIRO
perfluoro vinyl ethers and a nitrogen-containing cure site nononer (e.g., a
nitrile-containing vinylether or an imdate containing vinylether). The
cure site nononer nmakes up fromabout 0.1 to about 5 nol % (nore preferably

from about 0.3 $ueh@b@lbroRinyRtgs ifdludel for examgile CF=CROEE;| OF£OFIOCH©-usef ul

When ¢ he. T oS8yt d-GlacrpbPraaPmaarocha st diie g ibanou s

to about 9@*5%@'5%@%01‘?2@% Ok cpze@m@rmzi%dw UJFE%N@KEF&@@@F&(DL@EE CTFE,

and/ or HFP rom about about 90 nmol % of its mtgjézp rrerlzed units

derived fr 6ﬁz=@@CFe@HQFQ@§FZ%§FBpFW%9r% 2 (pCHaO A9 2Rdl % of its
i nt er pol yn@g/l_@@d]m@ TF? b @Ftcﬂ)@@F%?FﬁCF&" ether, and fromabout 0.1 to
ra

about 5 nol % (nore pre fromabout 0.3 to about 2 nmol %9 of a
ni t r ogen- cont ailniadditionrtlee ﬁmqr@qlﬁmmﬁ@frthe mrention gy dralulsiwppPlYESHERSSi ti ons of

the inventjon axe %‘?Qlké{rﬁedeﬂ{e@%%%ﬂ{ fé’ wiiHg &59%@ %Fs’c!%édsin@fs bR hat ed

nmononers such as 0sS€e havi wherein Rf is fluorine
or a G -C8588t, 96Wmaidnjdl(3uea’a)m1gm8tﬂatemﬂiod@ﬁ,@@’hﬁﬁ (lSp]mgz,@Eal(IgSmhefl ns,

whi ch have | t hal f of the.h

mor 6 or of omaingers delapriat oty SR GRS RR R RRS bt HhEe M g huori ne,
f |ml;01’j e, aﬂnﬂwh\dildnﬁ Re a][alamammfbkamg]ﬁddlr;ﬂ?fhdrdalkymhh giouge thaoalhyrimciude O)tygeﬁ; one

e odi nent S, uo te (0)

ol o 1 ne us aloms tepots famiG iRl st ket RuCRRaRh ReEoun e | cs e, n

wher ei n ea?féf@faﬂlﬁfroin”ld@ﬂ@ "Uiﬂjb‘h'aibmshﬂ tHe@gEdbond, ahd WhErtIAR -als0 ﬁﬁly@bmtﬁlﬁ, R I's
hydr ogen, fluorine, or -G preferably G -C3, alkyl. Preferred

ol efins i né‘li(hﬂl@abfﬁff{“in@{ yngatyatios ﬁ%&t%@@?@ﬁé‘?@?‘l@n@ guch OXygﬁnri\}‘PnilstPéﬁe f1uori de)

or hydr ogeReeGantiah i dFBRRIEI 25O nbASnd @ﬁk}ﬁd&ﬂg fRbRAINS (e. ..
et hyl ene, propylteneb bltljtene pe}r(l}fgelﬁgb Ejésxene anr p@f Oor?b:?lnatlons

of th&S abovtherssenresenied byrthedpimula; CRreCExCEnOtRyewhre Rf 1S deﬁned above in this

paragraph. Exemplary perfluoroalkeneether compounds include those selected from the

group consisting of CF,=CFCF,-0-CF3, CFy=CFCF;-0-CF,-O-CF3;, CF,=CFCF,-O-

CF,CF;-0-CF;, CF,=CFCF,-0O-CF,CF,-0-CF,-0-CF,CF3, CF,=CFCF,-O-CF,CF;-0O-

CF,CF,CF;-0-CF3, CFy=CFCF,-0-CF,CF,-0-CF,CF;-0-CF;-0-CF3, CF,=CFCF,CF,-O-
20 CF,CF,CFs.

One example of a useful fluoropolymer is composed of principal monomer units of

o

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.

25 One or more other fluoropolymers may be incorporated into the fluoropolymer
having interpolymerized units derived from a nitrogen-containing cure site monomer. In
addition, one or more other fluoropolymers (which may include one or more copolymers)
may be blended with the fluoropolymer (which may comprise a copolymer) having
interpolymerized units derived from a nitrogen-containing cure site monomer. Such other

30 fluoropolymers useful in a blend and/or copolymer include the entire array described
above, and including homopolymers and copolymers comprising the interpolymerized

units mentioned above. For example, polytetrafluoroethylene (PTFE) and PFA
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Perfluorinated vinyl ethers also are suitable as conmononmers in the present
i nvention. These include, for exanple, nononers described in U S Patent
Nos. 6, 2580%86/mma346, 294, 627 (Wrm et al.) which incl uges/ysesdslosmne nat ed
vinyl ethers such as CF2=CF(CF2) m [ ( CF2) p] n-ORf, including vinyl formals
such as Rf OCF20CF=CF2, where Rfcan contain oxygen, wherein Rf is a |inear
or branched perfluorinated aliphatic group that may contai n oxygen atons

t her eby f%éﬂaﬂﬂor@&ﬂyléﬂe%@ﬂu&&ﬁﬁﬂethérmKragﬁ’ul anel otvbefleirspoym@(sPmédy lack i s 0- 6,
and p is 1- rovided that mand n_are not . hoth 0..Such

per f | uor ovlm?gﬂo ad pritsidgrived frosm a BUTQRG-containe (g e monepsLapd/ AIYs>_ ooF 3,

CF2=CF- O G &%%%tes%ét%@s@%ct@d Sarfiive 3%0: Bor esehmipleiWoldiffdetnd OCF 3,
CF2=CFOCF 2CF2CF OCF 2CF2CF3, CFR2=CF-O CF( CF3) - O CF3,

CF2=CFOCF ﬂm@mwhmmemm&wd@@ﬂmﬁ@l@m@g@mm@m@g@ 3, and
Cr2=CROCF afEGfh 03:%)}%&: st ds Aot fleF cc%%:r%l&gﬁmthﬂ: RO, tafBe bleli&ed to

quoroponners of i nvention nay | e |nterpolyner|zed units of
fluoro (al t&ewde‘éxbrﬂam)opnlymnﬁnﬂleprwemtmen@It hose described in U S. Patent

No. 5,891, 965 (W)r m.g - S (Schul z,

et al.). Such néhr?ér gorlo 0 ?mgr% ﬁnggggﬁr%?%f%?@ﬁ%g’%ﬁﬁé}gMer ein mis
an i nt eger ddserited below, t,pravide pdmcru&lr rprq%ﬁrtlﬁs Ror kxanerde, adtuompalyoteeshitable

perfl uoroalkyl en roup ude .oxyge tons t hereb .4 N

D t§ ona TabHERds PiiREged B ARPEre R SRR Aigl oS i

pr ef ergabl ysﬁdhéﬁ(rjﬂléhdﬂﬁla%&,s tigath&reial aﬂﬁm@ anchthb hEenhlaailstabﬂmy ofathelresdianei n Rf al so
may contain additional term nal unsatu sites r oups, con ni n
such oxygehle%fjc ahrsalsg may ppgide QEP“PB“Ca'%ﬁnF)‘[E ?8%?@%’?(8%% gys?ﬁp‘?eé%sef uIg
nononers i aﬁé h'gl%n& BETRRS |:xéoll}'ﬂiﬁ?efr§)ch{v|1ﬁg| mt‘i‘é%ﬁfcﬁntélﬁﬁrg%ﬁl%rﬁteﬁloh&mét’@Q/lﬁl@titmw a:
CF2=CF- CF2- O wher e defi ned ove in this paragraph. Exenplary

per f | uor oan¢ed ﬁ‘é’é‘@h@? 2 SuorppRlaer lpgiang AydiregrasentaBINg UESIE MRPPRe gr oup

o .
(3) ?]s: i g t |C'r;g CFgﬁlfcfléQFd% gn{ég(%) ha%&ﬁ%&%écéﬁé%ﬁ%ﬁ%@:ﬁe m@E&n&EéiF?eré%FZ CF2

2 CF2- B3CF2 Crakerip enougtrof3hétoat furapmptymerty provierr@sathoppbsiahiliy oyerd CF 3 5
CF2=CFCF 2 %:rgﬁa%e 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
20 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

25 through blending the fluoropolymer latices in the selected ratio, followed by coagulation
and drying.

The nature and the amount of end groups in the fluoroelastomers of the invention
can vary. For example, the polymer can contain SO;" end groups generated by an
APS/sulfite system, or the polymer may contain COO" end groups generated by an APS

30 initiator system or the fluoroelastomer can have “neutral”, non-ionic end groups, e.g.,
those generated by the use of fluorosulfinate initiator systems (see U.S. Patent Nos.

5,378,782 and 5,285,002) or organic peroxides. Chain transfer agents of any kind can
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2CF2CF3. One exanple of a useful fiuoropolyner is conposed of principal
nononmer units of tetrafluoroethylene and at | east one perfluoroal kyl vinyl
et her. | nweuods/ss3al yners, the copol yneri zed perfl uori natedsedsms7iumi t s
constitute fromabout 1 to about 60 nol % (nore preferably 10 to 40 nol %9 of
total nononer units present in the polyner. One or nore other

fl uoropol ynmers may be incorporated into the fiuoropolynmer having

i nt er pol ylrﬁiig‘rﬁ%cﬁdﬂmiiﬁc& thlemdnmdofibnimoapmihltandgmup&:drﬁﬁcjineﬁ,rsgclcwfer site
nononer n addition nore. ot her .f1 uoro [S may i ncl ude
one or nDHEWEBB%PVﬁ§$@§ ﬁ% eg@w%vgﬁ@g§pQHWﬁq cﬁp%¥ﬂ§?%%§?yﬁ%$m(m%|ch may
conpri se ammeRiRéyaRIin tﬂaauseng OOU(ébmhe)tmﬁsta‘tﬂedmdg‘noups, tle amved cfir em a

ni trogen- contalnlng cure site non

her flu ol rs useful in
a bl end arfafused BEsEhareyn P?F&Frﬁﬁ’éw‘i‘tﬁ %- ef’*’rr oxgﬁatnéﬁ}’ p&ét"@ r%@tb‘}/“ggove and
i ncl udi ng hommo%g%l[ﬁn@@@hﬁ@ﬁ%mmlm ARGieSite GorhRentHvBicRehaber i zed units
menti oned above. For "exanpl e, polytetrafl uoroethyl.ene (Piﬁﬁ%)and

PFA( t et r af quise Betiivpropalrse r?helf(b‘i‘%%‘ie FYPaeTaryn aF parfj rietydy
f1 uor opol YRBE{$ Ind BYe élﬁ%lﬂmb&{eﬁf 0k AR ohe ﬁﬁjorb'ﬁUlﬁer@ FMQQ afnitegeR

ni trogen-containing cure site nononer and/or i nclude reactive sites
adapt ed t ocontairingegroen) Towpelss PENEpEEtANtAIIRG @Rw%ful inghe @S §ior ent

f 1 uor opol YIB! SnerE8GHe DaWhP@yddtibR iR RldY BRfileZGHM hinfifle YR dindif Q Bh

ni trogen-containing cure site nononer, such as a nononer conprising a
nitrille grouips-oxidy giveph| b dittogepraidiniag ewve sitd meomssy ipehsde Risflet he pr esent
i nvention. othe

cur ati vo, SO BopilBn BRA BRI R B A Pl R e

propertles For

exanpl e, acﬁiawm@pj)zmrcswam({:ﬂz)q;@wmgm de curing and a peroxi de
curative may be included to inprove chem cal stabilit Such a bl end

bal ances tﬁEﬁGFé@GEdCK@E@]rO(@Ea)t@NdCFiﬂSFQﬁGEn(Eé@Fﬂ@hﬂﬂgﬂyﬁEﬁCFz)ﬁ@ resul t ant

bl end, and al s % fit t t I
may be useffd EﬁWéF§4%P8n 4 Ogl¢8 an%FﬁrﬁaV|f%“%mgﬁge%%&%%ﬁ¥§?n?nzo
cure gite wﬁﬂ{sﬁaﬁe&hﬁcﬁlﬂubmb@m@%b@ﬂmbm@eﬁlubkdegxrcwﬁtyﬂiemyi geking a

nit rogen-contal ning cure site nbnomner
dioxa-1-octene), and CF)=CFO(CF3)sCN (MVSCN).

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

20 fluoropolymer chain and/or in a terminal position. Typically the halogen is bromine or
jodine. 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,

25 bromotrifluoroethylene, iodotrifluoroethylene, 1-bromo-2,2-difluoroethylene, and 4-

bromo-3,3,4,4-tetrafluorobutene-1, and the like, and examples of the bromo- or iodo-
fluorovinyl ethers include: BrCFoOCF=CF,, BrCF,CF,OCF=CF3,
BrCF,CF,CF,0CF=CF,, CF3CF(Br)CF,OCF=CF, and the like. In addition, non-

fluorinated bromo- or iodo- olefins, e.g., vinyl bromide and 4-bromo-1-butene, can be

30 used.
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The fl uoropol yner(s) having nitrogen-containing cure site nononers
preferably make up enough of the total fl uoropolyner to provide increased
t her mal swehwiéddsyssaver a conparative fluoropol yner that pcaalssooshgriio
conposi tion of the present invention. This ampunt is generally at |east 25
wei ght percent (w %, nore preferably at |least 50 wt % of the total
fluoropolynmer in the invention. In sone enbodi nents, the fluoropol yner
conmponent i S Camphinsed ofir Eied donpbndnt inor Gdrodhyimgrogitipn of thé fluoropolymer

be. pr opar 3SR HhotHUst St SRR RREABH G PR PG boese can
be carried out ThY chk@Re EdslioBadt nidgla)otduz ad the kerminal fsitishOaer s as an aqueous

emul sion pol ynerization or .as a_solution polynerizati.on jn an. arganic
sol vent . VIHISFPPOIYIHSE SRt rRan B%@#agge&ﬁéfa@gﬁ“?%afe w5 dntendags B¢ Ped o
i ncor gor atsj, QRerkndnal PoDstN deh&any, AGukdves dhbiaGiasrer apeRYis Indbiwes i the t he sel ect ed
rati o, followed by coagul ati on and dryi ng, The nature_ and the anount of end

groups i n TEREOR PgdiElUERE HRRYST BFFPAHION ohASHYS PR & fUitphleymitiFSF- exanpl e, the
pol ymer can COrﬁx@ﬁm%{eiﬁus@c&ﬁ@ﬁﬂqﬁ&?%ﬁ{s%c%hew%@&l/ %8 bl pystem or

1
t he pol yner may CcoO end groups generate an APS I nitiator system

or the fl ugrdgh®sisABbstHas HamsubsARIIRIC,, fiG0alkPthdica\ehith Mupbs €. 7.,
t hose generated by the use of fluorosulfinate initiator systens (see U S

Pat ent Nosperfiycdingied,g2isBdr b 2288 is0o®)2. Specifigensimples drvokiiegbrom@dedndude; ansf er
agent s of kin ansignifica d er..of..ionic or polar end
gr f)up@. ljf ¥ bé&fﬁgﬁtﬁ@é“%ﬁr&ﬂﬁéqlﬁegﬁ%m%gggﬁg@dtt %mf)er' esence of strong
pol ar end grou Ak §{{.’)§1 IOl ' 01 or

ot her unst abl eﬁgsr?ghlgr (l)%%g t dg’%%%gﬂg%%%rh g%glcjégk %I}r}?éﬁﬁlﬁ%ﬁﬁg\%ﬂ@cﬁost

t [1 eat nent s {e. gThe adooardfoxiglsis canponpast a fermamel poaition i) the Bhoropapoéyiser s of
the invention jncglud cure site c onent ' e | &S I ng the

f I uor opol y?’Fé‘Fr.ahf’fﬁgméP‘%‘ Os(jidjtrtg aﬁ?ﬂﬁg%@%ﬁ“@ﬁ?ﬁ%@%@ﬁ?ﬂ%ﬁﬁ% grm O%J’f'l yg
fluorinated. AtCdn@iadtioasel by site SbinporRNRRARO arttusefiil iatthd @eseht iaventibh.uBsropol yer

conprjses a nitrogencontaining, . . C
P 15 example, a fluoropolymer cont%mmg a halogen that is capable of participation in a

peroxide cure reaction may also contain a nitrogen-containing cure site component such as
a nitrile group-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.

20 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

25 conditions. The selection of the particular parts of a composition can affect the amount of
curative desired. For example, the type and/or amount of filler selected may retard or
accelerate curing relative to a similar, but unfilled, composition, requiring an appropriate
adjustment in the amount of curative that is known to those skilled in the field.

The composition of the fluoropolymer also affects the desired amount of one or

30 more curatives. For example, when a blend of a fluoropolymer with interpolymerized

units of a nitrogen-containing cure site monomer and another fluoropolymer lacking
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group. Exanpl es of nitrogen-containing groups useful in the cure site
monomers of the present invention include nitrile, imdate, amdine, am de,
i mde, amsoameneszxi de groups. Useful nitrogen-contai ni pgTASL@®5HB11€0
nmononers include nitrilecontaining fluorinated ol efins and
nitrile-containing fluorinated vinyl ethers, such as: CF2=CFQ(CF2) LCN,
CF2=CFQ( CF2) UOCCF( CF3) CN; CF2=CF[ OCF2CF(CF3)]rQ(CF2)t CN

CF2=CF( ChafedperkanttihioChrtitkyShtddrad) ENptivermounbhaiachirst skle@ted 2yratiy=0- 4, r=| - 2;

L205rl apsniniesiayer SEBmiP b SRR R R e IR, 00 0,
?Rg ;C)Jr:g :gﬁ{gﬁﬁd\%ﬁﬁy g}&%ﬁbﬁl}l}t?iﬁigrggme :’sité;mbﬁcaﬂiﬁr?)gethl’epw'ﬁh mgémrm@munt usef ul | n
Cont a1 i nePfa PRGBS CEABABR AN BRFUPE R ARG A P RPAVDES Mide cur e
reactison. Suchddeddah Q9sRdRYaties REEESS theahn or dffblebiionipobiiia®r THabij n and/ or
in atermnal position. Typically the hal ogen i s brom ne ar i odine.

Copol yner i sithel ang o Bothselpeipd @atives maY PEeirndo croeslmk Bz ans ar 2thosi ti on al ong
a quoropoﬁMQﬁﬁﬂ in. In this route, a selection of the fluoropol yner
conponent s nenti-oned above are conbined with a suitable fluorinated cure
Ei te :jm P ? ner. BSeamplinshosifachee smembof @rative Jduckkmgbingluds mere than ahge:

ronmodi f | uQr : , i ' ' I :

" brom- 2. SRR TO el SR b ARl e R PR o b bR | and
the litke, @hr), exzppifesblyfat lehe abous A5 -pho r THesdostiva smevntpficuativregesciaig isude:

Br GZ@F:%:%G%%&I%F?%F%%% %ferﬁlggéﬁgé%@%g@& CF3CF( Br) CF20CF=CF2, and

the Iike. uorin rono- or iodo- olefins, e.g., vinyl
bromi de and 4- brerfimotopblyten eompaitiob eunirgedn Thebamodified by using etheyityres conponent

D Sl OBl Ry IR RSBl S ot O 0
conponent g ¥n@bs ehddseitide hisainhphaaoBi(@g| Uisos,767,20¢ okl 1&S. 5,700,879), bis-
15 amidooximes (e.g., U.S. 5,621,145), and ammonium salts (e.g., U.S. 5,565,512). In
addition, organometallic compounds of arsenic, antimony, and tin can be used (e.g., U.S.
4,281,092, and U.S. 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
20 ammonia-generating compounds along with the curatives described above. "Ammonia-
generating compounds" include compounds that are solid or liquid at ambient conditions
but that generate ammonia under conditions of cure. Such compounds include, for

example, hexamethylenetetramine (urotropin), dicyandiamide, and metal-containing
compounds of the formula AW+(NH3)XYW', wherein A" is a metal cation such as Cu2+,
25 C02+, Co3+, Cu+, and Ni2+; w is equal to the valance of the metal cation; YW isa

counterion, typically a halide, sulfate, nitrate, acetate or the like; and x is an integer from 1

to about 7.

Also useful as ammonia-generating compounds are substituted and unsubstituted

triazine derivatives such as those of the formula:
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fluoropol yner chain. Chain transfer agents or initiators are used to

i ntroduce the halogen in a termnal position. Generally, a suitable chain

t ransf er wgends/ieés33unt roduced in the reacti on nedi um dur POg/USROFNBTI10
preparation, or derived froma suitable initiator. Exanples of useful chain
transfer agents include those having the fornmula RfZx wherein Rf is a
substituted or unsubstituted Cl1-C 2 fhioroal kyl radical, which nay be

perfluorinated, Zis Br |, Hand % is 1 or 2. Specific exanples involving
brom de incl ude: CF2Br2, r, Br(CF2)4Br, CF2(d)Br, CF3CF(Br)CF2Br,
and the like. Useful initigfors _include, e.g., NaR2S(CF2)nX, wherein X is
Br or I, and nis 1-10. T of cure site conponent in a term nal

position in the fluoropolymer |[is generally fromabout 0.05 to about 5 nol %
(nore preferably from0.1 to X nol % . Combinations of cure site conponents
al so are uskdreih Riisahidrogeaned@n or & sbstittried nr usubstibsedaiid, arg, o1 adkd gstupner
containing a.halo hat,+ S e . kel L QL. : i de cure
reaction %%@yl%ffjgogg gg’n%bg?%nZdacaﬁb%ﬁ %"gles h-Sgocrll %S%#zgﬁg%l% gélgatﬁ gésclgﬁ%do%ﬁent such as
a nitril e wxakyoredASa-thiazige andraeetaldtleyde emponritimeGener al |y, from about 0.1

to abqut 5 nol % re preferably foromabout 0. 3. 0 % of the
t ot al %_cure si téfh(%gﬁﬁ%?ﬁg‘ﬁtf’mle%col O8RS n‘l’eﬁlg 3t Cgu(ﬁ)%tgl% 8%8 yher. An
\e/\;] fect Ihve eorditihg ?fre tikameionai-cotainig fisewpdlpmer daw] canlbetcheedfuking oopal yner .
en the anmount of curative is too |low, the flyoropol . may .not crosslink
suf fi ci ent Wf@tﬂﬁf%&?é}‘f&mswi%é@ LY &% EQQFH%HG%%‘% iségaatﬁ%‘?%’f‘d%ay
crosslink pRE®es k&l‘é’faﬂyrafbatﬁoéé%idlﬁ%per%%e tdiaR D e Ing A mSdidtailes,\s8cH & t 00
hi gh, the fl uoroppla/mar may crosslink into a mater] a{ﬂthaéﬁi s less
conpl.i ant theearesaibe EUWM//‘&%?ra?la@WéB%rP’Pﬂ?(a‘ldpﬁS(&%%V eoxdR: PALMesi r ed
procegs copfich 'd%ﬁﬁ)ogggpat 8 &hpelahRBadve 56°€, RBLEeiIlPpreRel S Ithardy AGIMOSI ti on
can affect the anpunt of curative desired, For exanple, the type and/or
anount of fsipréfercdde nescr Ecertiarybrat parexidn haying altetiany Sarbgn piog Flarlediive to a
similar, byt unfickledsnCAIROSitd Mokt ulehf Bhiokides Giihis BRE QR 3, Slifnddiiast ment in
t he anount B&P%ur”%trﬁv%mt %at ggs Known t o%t hose skill Igg)g in'the eft%liq;yel d.
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
15 peroxide, tertiarybutyl perbenzoate, a,a'-bis(-butylperoxy-diisopropylbenzene), and
di[1,3-dimethyl-3-(¢-butylperoxy)-butyl]carbonate. Generally, about 1 to 3 parts of
peroxide per 100 parts of perfluoroelastomer is used.
Another combination curative useful in the present invention has the general

formula CH,=CHR;CH=CH,, wherein one or more H atoms may be replaced with

20 halogen atoms, such as F, and Ry is a C;-Cg linear or branched and at least partially
fluorinated alkylene, cycloalkylene, or oxyalkylene. Similarly, polymers containing
pendant groups of CH;=CHRy~ are also useful as curatives in the present invention. Such
curatives are described, for example, in U.S. 5,585,449.

The combination of curative(s) is generally from about 0.01 to about 10 mol%

25 (more preferably from about 0.1 to about 5 mol%) of the total fluoropolymer amount.

The fluoropolymer compositions can include any of the adjuvants commonly
employed in curable fluoropolymer formulations. For example, one material often
blended with a fluoropolymer composition as a part of a curative system is a coagent

(sometimes also referred to as a co-curative) composed of a polyunsaturated compound
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The conposition of the fluoropolyner also affects the desired anount of one
or nore curatives. For exanple, when a blend of a fluoropolymer wth

i nt er pol ywenbaads3smi t s of a nitrogen-containing cure sierroso@ses7iand

anot her fl uoropol ymer |ackingnitrogen-containing cure sites is used, an
effective anmount of a first selected curative conpound can be used to
crosslink the fluoropolyner having interpolynerized units derived froma

ni t r ogen- GRAYAaPIYIPodbberatidgayifinhe paoxitiogeitiveto motnlde aIusefﬁIfoamt |'Rheseam)unt of

a second sel ected curative conpound. used to cros
f 1 uor opol yRBEeNts pERPartiquigt yé‘ﬁ%f”‘gig(%‘ﬁ ngtéqne"&ﬂ’éadpeéﬁ?ieﬁ vaglsvehih nt(tS%e sane or
different GRORQARI 'b%ddelihﬁan brﬁourﬁb&pﬁﬁfo HRefienD. 1@t ho gaksama@ﬂtpcur atives nay
function to crosslink either one or glfluoro rall t he
ef f ect : ve lanér@dma@rﬂl@mp&lmﬁé@%%#@gﬁy SHWEgRU PR %&%ﬁm B c%a(gﬁ%%y tion,
is atc<l ea

5 RPQUE 1l plesB@lide ﬁéHﬁ&lh&eem 1 ciuHRENS SidligT s6cyah on a wei ght
basi s (phrﬁ%em)re E)ré)#era Y | east 21?57;039%8 5 ha?@ hg@e%r%mdy:i}e am)ugt of

curative gdfraethylaliyl) ISOCMJFWsetb%(éltallyll@nﬁ‘ﬁ}"s‘“(aﬁ’&?énﬂ}yéPE?SQB‘Itey Yhbout 5
phr). The JM@ﬁﬁgqlexmglsﬁggmmla@mw N1GEARy U iBpnBRaRA| KNexky usi ng

ot her types -of curativ with’the catal yst of the present I nventi on.
Exanpl es d&traadlgzhndunmld%@swwleswmﬂt%ﬁd G-y inybeethylbisilaxanspdiiBlos (e. g.

U.S. 5,767 %gif%ﬁaﬁt@(i %étﬁ%leéé)@%ﬂ&%géggpgwgﬁﬁi(s' Ell ﬁ%cﬁlrnuralﬂ‘,L Dthet: 621, 145)

and ammnl I"tion, ganorret allic
conpaonds wbfihccgaiteinchnié thebiyglefinsdisclosedon FPHEs 1884, @802‘;840 AL, 4,281, 092,

and U. S. ) exanpl es include allyl-, propargyl-,

tri phenyl 2?1?0333{)2%% aﬂ}ﬁla(ﬁ% 55% ‘{egnyl tin and triphenyltin hydrogl dgy The

f1 uor oel ast orrerTlm@mgﬁsticma@mpﬁsniohefthmpmaentmemnlmfmdné;fdtmszrng)r@ne or
nor e amon] enerating conpoyn | on Wlt r ab

" Ammoni age ‘éqrgﬁoi Wrégﬁ’g%ﬂﬁﬁstﬁé{iaﬂ%fl%%e ounds aes?qcﬁ;ategglﬁe\égsgﬂg%% Iup]l‘?s‘:jqw gv:t

anbi ent copgived 86 atlﬂﬁrogehabntgi@ﬁ@rcatee;ita masﬁmner) landﬂmdln@crwattvemmrmﬁdec: ure. Such

conpounds i ncl ud f '
di (r:rE afdi anélg@tlv%é%actﬁi{oﬁgsa loglielq? ﬁ'é% an ne o Efllturor%rppofgrrenex((%r Ot 1on;}ll’y

a coagent such as triallyl isocyanurate.

Additives such as carbon black, stabilizers, plasticizers, lubricants, fillers including
silica and fluoropolymer fillers (e.g., PTFE and/or PFA (perfluoroalkoxy) fillers), and
processing aids typically utilized in fluoropolymer compounding can be incorporated into

20 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, as described above.

Fillers such as silica and/or carbon black fillers can be used to balance properties

25 such as modulus, tensile strength, elongation, hardness, abrasion resistance, conductivity,
and processability of the compositions. Suitable examples include Aerosil® fumed silica
from Degussa AG, and carbon blacks such as MT blacks (medium thermal black)
designated N-991, N-990, N-908, and N-907; FEF N-550; and large particle size furnace
blacks. When carbon black is used, 1 to 70 parts filler per hundred parts fluoropolymer

30 (phr) generally is sufficient.

One of the advantages of selected embodiments of the present invention is a clear

fluoroelastomer or perfluoroelastomer. Of course, in this version, grease, oil, dust, fillers
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conpounds of the formula Aw (NH3) XYW-, wherein Awis a netal cation such as
Cu, Co, Co, Cu, and N ; wis equal to the valance of the netal cation;
Yw~ i s a wounisrsssn, typically a halide, sulfate, nitrarermseasasaior the
like; and x is an integer from1l to about 7. Al so useful as

anmoni a- generati ng conpounds are substituted and unsubstituted triazine
derivatives such as those of the fornula:wherein Ris a hydrogen atomor a
subst i t ut eflcloss dartou bRick tantl @k like kgeherally ark pndesirgil@when cogrpounplitigathe ng from 1 to

about 20 carbon,  atons. Specific,useful triazi.ne.derivatives include
s ahy ar o iFogas ey fy s iih gt s B Pt AR R Eh PRl B® 11
f1 uor oel ast oMeHR RS 4diditSedrs taitaliobeaddddan thel fomhulationg Hbwever,

ni t rogencont ai ni ng cure_site nonmer - containi.ng fl.u 0 r al one, can be
cured usi nyhesde BFeseRSP &f ?i%?&tﬁﬁg@eﬁpaﬁop’\?@éndéllso ewaﬁ{eﬂguché%i ve as
descrisbed ah@bgduciitapmiiaBomRPiheXbel6r idtflid AaBacgepiar add be rathémikét aed shi ch
generate free radicals at curing tenperatures, ch as those described in

WD 99/ 489 3y0ides! altaggther, Cramemendy i aﬁﬁéﬁfﬁpfézrswmlu‘iﬁoafm’éel?a ZAEOKSs  whi ch

deconposes; ghuRhiGIREE, hud APRYSie Tekbresidh 8xids RakbAlloxide@hie)eed. | n many
cases it is preferred’to use a di-tertiarybutyl peroxide having a tertiary
c?r bﬁn at oFheae ecaenounds gsnpralnsg uepdynthe fapropelymepisgmuladon g bind seg £ ot per oxi des
of this ty SUIEE Sk rafed 3t thell | RinBYUch REREY ¥ R 8

and2, 5-di n@?ﬁ%ﬁ%%?ﬁ%ggr%grr%guwﬁ pl(eg?g%%%ehexane. a hg%(u%ergzriﬁﬁgs can be
sel epltoedbfdtmrlmgsunmtg e erfhis tezpergiusasof flugrepdyanerend #8denzoyl per oxi de,
tertiarybuty r - N = G L . ), and

i 11 3 o ety g SRS R SrorBniber sdiipehiibis SROHIGEL 1P ROy MERARIEL 10 3
parts of peithatheecudie igfogpdymes cofipsiiont sivh aeberstidereyrablg fluerepolymetot her

conbi nation curative.useful.in th Lovent i e ral
Formul a o ee: s e ¢ 8Rs TRl Oh AR H0RBROZ S i 1
hal ogen at gnal ansaits o sure sitaumdndhers & aaco@ibnGnéi Seaablocurb siknodmthesarde at | east
artial | ; o
B ol ;I r Sy C%%Jegvgrllﬂf?ﬁ%v%%n (?:Icl)nl%yllngi| v?/ith 2(1: X&Lt?vael(le(.gl, gggrbxi%) a(r)ﬁi,ypar!e116(3Ma.lbieynaec'oagSe!nQ1 larly,
will provide a cured composition. Preferably these cure site monomers include at least

one halo group (e.g., a bromo or an iodo group).
The curable fluoropolymer compositions can be prepared by mixing one or more
fluoropolymer(s), the catalyst, any selected additive or additives, any additional curatives
20 (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
25 convenient mixing device. The temperature of the mixture during the mixing process
typically is kept safely below the curing temperature of the composition. Thus, the
temperature typically should not rise above about 120 °C. During mixing, it generally is
preferable to distribute the components and adjuvants uniformly throughout the gum.
The mixture is then processed and shaped, such as by extrusion (e.g., into the
30 shape of a film, tube, or hose) or by molding (e.g., in the form of sheet or an O-ring). The
shaped article can then be heated to cure the fluoropolymer composition and form a cured

article.

-16 -



pendant groups O CH2=CHRf - are also useful as curatives in the present

I nvention. Such curatives are described, for exanple, in U S. 5,585, 449.
The conbiwetnesmesds4curative(s) is generally from about @c@ustesabnud 10

nmol % (nore preferably fromabout 0.1 to about 5 nol% of the total

f1 uoropol yner anmount. The fluoropol yner conpositions can include any of the
adj uvants comonly enpl oyed in curable fluoropolynmer fornulations. For
exanpl e, one MM@dih@br gtdseiriby entlecbmyiotiled ni1k1mmtspdlmmnduombw tion as a

part of a curative systemis | so 1 ef to a

co- cur at | VERPEHHISSUEIFeHt toa?uf?otﬁ‘ilﬁlﬁggr? H}%\(ﬁeéﬁé?%lﬂ% AT @ssqlcl:%ﬁgbl e ofS :

ggg per ?t | Nesdhrb. h?EmTIBBF@m @@t]yv@bﬁ ot/ “Canp Bbout dmo o« peetidrably between These
gents are particular use i n.conhi nati on Wit roxi de rative.

The coagerﬁb()%t)15ea¢la'@4s#@f‘%$qsycb r 4 HErRY r}E‘ Wtr;]u‘?ﬂnugecfﬁa}s%f’ ngué(n 0.1 and

10 pakts C@&H?%mﬁé‘sr tohUIiiHﬁlﬁQs %Plte%ufd JOBIRREL YR 700 P )and aus@t e1,000 kPabet ween

1 and 5 phr. Exanples of coagents useful with the pr sent b? ven@%ﬂ i ncl ude

triallyl ciyaswaHaineposed omihp ppmpaymdsimibxiuag &2 1ol hg ’I‘i‘? ds ay| urate;

trls(dlallwme%g rﬁ%ﬂaﬁlh%ﬁﬁ@% triallyl phosphite; N N-diallyl acrylam de;
hexaal | yl phosphora NSN N , N -tetraal kyl tetraphthal am de; N N5N 5N -

tetraallyl nal dlhamqll@d nirfuys eryiress-swied amigieds Ben psuallypesi-ryred (4 2. in an
methyl tri S+Jeﬁﬁ @e?zﬂuﬁe Lhé fqr aQfﬁ{etﬁgfﬂ&ﬁeﬂfato%ofﬁﬁfe@@h@é\ﬁ%‘n%}’@ﬂh‘lﬁ}aﬁ&ween

Parti cul ar Is trra | socyanur at e. her useful "coagents include
t he tiol efmumSQCC@aéabqumm&CpB@HM abgrb@.‘?@%éefqrmeneﬁ@f@g@zmw and US
5,585, 449., Th articul o ma

Tnel ude t B0 a8 PeRE PhESI B RRTRERbhe Bt AR REARFA SR Y

f1 uor opol yarle. mlthndbsectmmwhacbérwmatmm duringth¢ postierp sausllyonised gradually

ni t rogen-cont cure.site

Cur at e, SBPBardim gt 868 et Bt S e i gt i Franfinfi 01 €
f1 uor opol y@Bié@ure @od isqRéfeabB dbyutd00 o @adthiswle iakeld farabouti4 hostscoyanur at e.
Addi tives such_as carbon bl ack, stabi.l.i stici,zers ricants,

FE 11 b P TG PSP B ae S PO B Sor PR P sorieg 7 o
PFA( per f | ugkfaadikemides ol tBE Sured eddgpositions. One example of a suitable post-cure cycle

involves exposing molded parts to heat under nitrogen using six stages of conditions.

et

First, the temperature is increased from 25 to 200 °C over 6 hours, then the parts are held
at 200 °C for 16 hours, after which the temperature is increased from 200 to 250 °C over 2
20 hours. Then the parts are held at 250 °C for 8 hours, after which the temperature is
increased from 250 to 300 °C over 2 hours. Then the parts are held at 300 °C for 16 hours.
Finally, the parts are returned to ambient temperature such as by shutting off the oven
heat.
An optically transparent fluoropolymer of the invention is intrinsically capable of
25 allowing transmission of electromagnetic radiation in the wavelength range corresponding
to visible light (approximately 390-800 nanometers). In some embodiments, the
fluoropolymer blocks some light while transmitting at least about 25%, 35%, or even more
light. In some embodiments, the fluoropolymer blocks below about 95%, below about
75%, or even less light. In specific embodiments, from about 35% to about 75% of light
30 can be transmitted through the polymer. These ranges include all levels between their end

points. As more light is blocked, the fluoropolymer can be described as translucent. In
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processing aids typically utilized in fluoropolymer conpoundi ng can be

i ncorporated into the conpositions, provided that they have adequate

st abi | i t ywbanogidasszisnt ended service conditions. In sonme eciwagkemsnsaio
additives that detrinmentally affect the clarity of the conposition are
avoided. In particular, |ow tenperature performance can be enhanced by

i ncor poration of perfluoropol yethers, as described above. Fillers such as
si | i ca andéone sspedioor thd present invémios, thafludrepolyent hioa heerk davekofibelopeabbites such
as nodul us ensi |l e strengt el gngat j on rdness,.,abrasi on resistance,
conduct i vi f 9/(% pgrr?amp?’"gicglgg%t??ﬁﬂ?yﬁ% ?ﬁ%‘eaé%rﬁ%%isﬁb 1|1t§lr? * Suitabl e exanpl es

i ncl ude Aer osi | The) opticaigptorettics oftht inventDe flusspolifiersand be mekhuredhsiagis such

Ml bl ack di I desi d N-991,. N-990 9
andN007: P REage Bt el gl A G C3a PUFR SEE HORE o LARRA 2 bon
bl ack § s usRUVISlspebropBofietes fibin Hetin BRfier ishdkacwpaletinds. | Riethepalidares (phr)
generally is, sufficjient. One of the advant of fl ect ed_enbadi nents of
the presents PHERASIM D5l 033« Plagdard F%P’é%oﬁg‘% Fa’i‘ff HRRPR FAREHAnCe rer . Of

course, i NofMlafispdRaEPIAgics BEEASEM ioh3-9gust, fillerssuch as carbon bl ack,
and the like, general|y are undesirabl e when conpoundi ng the fl uoropol yner
to ensure that Trfle yarigus aspests offhe yeHopdhs @E*W)P_"E’BH%%?HWS. One or nore
aci d acceplahforeAB tRkee Heh AdACbR, LRGIEAEIM|rédu® BSeliniRNE YG imeMiET € t he
presence of extractable netallic conpounds is undesirable (such as for
senm cthduceBectsipthy degirgdmgles and usese of i norganic aci d acceptors can be
mnimzed, and ¢f &Y I : ) i/dH&ﬁﬁ‘z ARG s i ncl ude,
for exanple, zi nce oxXI| ﬁ@%ﬂlc&ﬁg%@g?ﬁm ge, %a(i clum car })e%glgczl%gfagnesi um
oxi de, si | riogn gthkeir, tuleing,infl seads) especidly Wivngeleopptiuerddagjemeragidleisar e used in
t he fl uoropol QE‘[;@.II- i J ﬁgy i hat m ght be
gener at ed gggl%ﬁgglﬁcﬁlg t%%%ﬁa%c(rg%g&%gé aaséj%ggﬁ%&e%gﬁﬂéngz%togr%g “duri ng curing
st eps or atflubtopolymppemosities with viiians nddiotey mader predsuns eurifightbe enickjdnd
fl uoropol yoer conposi.tions of the inventi.on nmay .also.be combined with other
cur abfe 1! QoS REs e SRfudhe Ofle TR e Ral hertFuBRE M REE, opol yrer
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 fluoropolymer compositions of the present invention provide improved

20 (lower) compression set than known fluoropolymer described commercially as optically
clear. For example, in some embodiments, the inventive fluoroelastomer compositions
provide clear, or even crystal clear, materials having a compression set below about 50%
when tested at extreme conditions such as 300 °C. In comparison, known commercial
optically clear fluoroelastomers have poor compression set resistance, with some

25 approaching 90% when tested at lower temperatures, such as up to 250 °C.

The invention will now be described further by way of the following examples.

EXAMPLES

Test Methods

In the following examples, indicated results were obtained using the following test

30 methods, unless otherwise noted. The test results appear in the tables below.
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conpositions. These additional curable fluoropolyner conpositions may al so
enpl oy small anobunts of cure site nononers as a conononer. Suitable cure

si t e nonowensoassssthose whi ch, when conbined with a cur @CTas2408/087110 a
peroxi de) and, preferably a coagent, will provide a cured conposition.
Preferably these cure site nononmers include at |east one halo group (e.g.,
abrono or an iodo group). The curabl e fluoropol ynmer conpositions can be
prepared by m urg ridviogyr Camnkeoldgy destpadry marohsingured eompowidgd samplasy sel ect ed

additive or,additives, an j.tional Ui if desir ; ny ot her

adj uvant s {58 ad\é%’?sf"étaquﬁy%lg%%ﬁ?m%ﬁra@%@gggﬁ%(r)(édclgsa gcu"ﬁ%ang%ft%?r‘ggpf The

desired anpypgEoRnfat ¢PNEDEEIEHeRGure Ralestiml e asted)phdyere-heany@Eminu@nal adj uvant s

or ingredients can be added to tEe g]?vul cani %ed fmro ar bopt %um stock and
h M i

i nti mat el yelapird e 281 2 0 orERSH A% d SR (P 120 SF % he usual

rubber m Xxjfithed @WikpESspEMER Fegiol BE 8B dlhehXflaBau dramgkimuidasque ywasm xers), roll
mlls, or any other convenient m Xing gevi Cﬁ. .Thg tlclan@erat ure of _the
m xture dudbt#ped (e Wess Repsyes AJssmessired ayers the timg Kopthelorque o WERAR % he curi ng

t enper at ur g,;QtL5RMCAIP A thhfdr thERbiGue foh€ach @ WRIRE 844l & N1y piocsaMyy Mihoul d not
rise above about 120 0C. Duri ng mxing, it %nera |§9IS preferable to

di st ri but e(tt®eanithptime ferdhetorivady weehiYls +OAMar My, €BMoughout the gum The
m xture is then, progcess SR 1S) g., into the
shape of a fil nr}%l%fsu%gl,se' gérbxzéﬁs;(ez) or %g%/ets?r‘g{rgP%Ba‘?%fog)ﬁwﬁi%l}l%ﬂée& orm of sheet
or ang0- ri égdrminkkien bppessihgrat bbait 6.90decpaPirerls BdPH)dat wdiovtimesamdt he

a cured article.Molding or press curing

fl uoropol yner conposi,ti.on .and for
of the confBRAGE Sr?isg?tﬁ]?eg lﬁﬁm"?‘?ﬂ"% conducted at a tenperature sufficient
to cure the nm Xpdst-Cuird) Peesclesicd enpilé sheetd wicst dxposed hdlesat endsuait edingseperalssur e.
Generally, this is bet vve%!r}:a.%g:ouﬁ&1 95 0C a abOlfts 230 e%%;ﬂ P %f ra |y between
about 150 GECHRLPrOEAEE 2oFrilsen the pxamnies, {1hg sHPPlss THY FHBH © it e to 15
hours, typicampbtaird b&toheTesthglut es to 30 minutes. A pressure of between about
700 kPa and about 21,000 kPa is usually i ngo%?d on t h% c%rq)%twdde(ii m xture
in atold. The Hpisisal StEgpaths TopsileStrepgip airoak, Elongation at Break, dnd Modilus
at 100% Elongation were determined using ASTM D 412-92 on samples cut from the
press-cure or post-cure sheet with ASTM Die D. Results were recorded in pounds per
square inch (psi) and converted to the reported MPa values.
Heat Aging: Press-cured and post-cured sample sheets were cut into dumbbells
20 which were exposed to heat in air for 70 hours at 300 °C and then returned to ambient
temperature before testing according to ASTM D 573-99.
Hardness: Samples were measured using ASTM D 2240-85 Method A with a
Type A-2 Shore Durometer. Units are reported in points on the Shore A scale.
Compression set: O-ring samples were measured using ASTM 395-89 Method B.
25 The O-rings had a cross-section thickness of 0.139 in. (3.5 mm.). Results are reported as a
percentage of permanent set.
Fluid Aging: Press- and post-cured O-rings (or commercially-available
comparative O-rings) were exposed to hydraulic fluid (HIJET IVA-PLUS from
ExxonMobil, Irving, TX) for 70 h at 125 °C and then returned to ambient temperature
30 before volume swell testing according to ASTM D 471-98.
Unless otherwise noted, all parts, percentages, ratios, etc. in the examples and the

rest of the specification are by weight, and all reagents used in the examples were
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with a rel ease agent and baked. The nol ded mi xture or press-cured article
is then usually post-cured (e.g., in an oven) at a tenperature and for a

ti me suf fwoizessosssz4conpl ete the curing, usually betweenprelbaistooss8719C and
about 300 OC, typically at about 230 0C, for a period of from about 2 hours
to 50 hours or nore, generally increasing with the cross-secti onal

t hi ckness of the article. For thick sections, the tenperature during the
post cure dotainedyéd drdyavadhil€drogs getienal hemicabsuppliers buwhves, foi examplef Sighe- r ange t o

t he desired Xi.mum t epper.ature. Th X te rat ur.e i.s\preferably
about 300 @‘é“?‘ﬁhﬁﬁwwé%ﬁﬁ? i Missept AHCRERp ST ﬁ\éﬁvrvé“kc??%n%?"eﬂ?ﬁ’%’hi s

post - cur e [HHENBIEREERIthelabd) NG elyd® syithesized b khowikinaiodsnd may al so rel ease
residual volatiles fromthe cured conpositions. One exanple of a suitable

post-cure cycle involves exposing nolded parts to heat under nitrogen using
Si x stages of conditions. First, the tenperature is increased from25 to
200 OC over 6 hours, then the parts are held at 200 OC for 16 hours, after
which the tenperature is increased from 200 to 250 OC over 2 hours. Then
the parts are held at 250 OC for 8 hours, after which the tenperature is

i ncreased from 250 to 300 OC over 2 hours. Then the parts are held at 300
OC for 16 hours. Finally, the parts are returned to anbient tenperature
such as by shutting off the oven heat. An optically transparent

fluoropol yner of the invention is intrinsically capable of allow ng

transm ssion of electromagnetic radiation in the wavel ength range
corresponding to visible |ight (approximately 390-800 nanoneters). In sone
enbodi ments, the fluoropol yner blocks sonme light while transmtting at

| east about 25% 35% or even nore light. In sonme enbodi nents, the

fl uoropol yner bl ocks bel ow about 95% bel ow about 75% or even less |ight.
In specific enbodi nents, from about 35%to about 75% of |ight can be
transmtted through the polyner. These ranges include all |evels between
their end points. As nore light is blocked, the fluoropolynmer can be
descri bed as translucent. |Insone aspects of the present invention, the
fluoropol yner has a haze | evel of bel ow about
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50% percent, and, independently, clarity of greater than about 25% The
optical properties of the inventive fluoropolynmers can be neasured using a
"haze- garwopbeasmissizsght nmeter from BYK- Gardner USA, SilvecTt8preos®37id, or a
Lanbda 20 UV-VI S spectrophotoneter from Perkin El ner, using known nethods.
Further guidance is found in ASTM D-1033- St andard Test Method for Haze and
Lum nous Transm ttance of Transparent Pl astics and ASTM D1003-92. In the
vari ous aspect sTheffolldveing abteeriations art lneeddu thetbxemplesnposi t i on and/ or
conponents thereof, such as the cations, are selected to reduce or
elimnate rinmental e .1Nn the desired articles and uses. The
quoropon%&r"% Bsitig%ggirghuseful in production of articles such as

Orings, gagkets, tubingTegmllos®Byfencespeci ally when a clear
perfl uoroel astomer article is desired, Such articles are produced by
mol di ng a BMYounded f oPgiluarm@efhyrvinyhethen) yor opol ymer conposition with

various adgi\idones under g SSENICE,),ENring the article, and then subjecting
it to a post-cure cycle. The cur &bl e co ositions formul ated wi t hout

i norgani c BB d accept or -rhewylgah.t.p.3Ihgratiporgisopropaialed for applications such
as seal s agggpaskets fo%o&ﬂ&%%ﬁ&hﬂﬁﬂﬂﬂ §quﬁﬁﬂQHﬁ&@&nﬂﬁ&%&es, and in seals
i'Ve

3
for high tenperature autonot uses. "The quorqgo ymer conpositions of the
present i nTMARHN provi deramegryiamsgoniyn dehynyddiph 3.3 bexafweroisoprgnaneatswn

f 1 uor opol ylfgi)l)ﬁgscri bed tgtpaﬁgl}}s,{ eiog:hhﬁ‘lu@&-p%@ 193 1 36 H%%ﬂuo'r:&éﬁopg&rbﬁﬁ%gpg’ c: 2 ar

sonme enbodi nmen t he inven uor oél astonér °'coipositi ons oVvi
or even cr{BPHI clear, natabniyfhsspheniiing,lzl,s,83herafbioomsopetpaipaicow about 50%

when teste t extreme condi t.i ch as 300 OC. |n conparison, known
connercialgggtically C|ggluwﬂu§ﬂ§8§§§§%ﬁgygﬁ’g@gmg%br conpr essi on set
resi stancefgiw t h some appr,03g3 HegafBReisvhmpaicdst ed at | ower tenperat ures,

such as upTﬁgcgigngfgsTng%ggﬁﬂkh%gmﬁ%%hbgﬁg/be descri bed further by way of

the foll ow

TPBPC triphenylbenzylphosphonium chloride

Fluoropolymer A Perfluoroelastomer of 65.6 mole % (mol%) tetrafluoroethylene
(TFE), 32.2 mol% PMVE and 2.2 mol% MV5CN made via aqueous
emulsion polymerization.

Fluoropolymer B Perfluoroelastomer of 65.7 mol% TFE, 33.0 mol% PMVE and 1.3
mol% MV5CN made via aqueous emulsion polymerization.

Aerosil® R972  Silica available from Degussa AG, Diisseldorf, Germany

N-990 Carbon black available from Cabot, Boston, MA

Preparation of Onium Salts Used in the Examples:
A desired amount (in millimoles) of a parent alcohol was dissolved to 50 weight
5 percent (wi%) in reagent grade methanol (Aldrich) in a vial and titrated with an equal
molar amount of sodium methoxide (25 wt% in Methanol; Aldrich) and left to stand for
10-30 minutes. An equal molar amount of the onium chloride was dissolved to 50 wt% in
reagent grade methanol and added to the above solution of the sodium alkoxide under
shaking of the vial. Sodium chloride precipitated out during this step. The entire
10 solution/slurry was added as such to the fluoroelastomer on a two roll mill during

compounding.
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EXAMPLES Test Methods In the follow ng exanples, indicated results were
obt ai ned using the foll ow ng test nethods, unless otherw se noted. The test
resul ts appeass/dessssthe tabl es bel ow. Cure rheol ogy: Cure rpoealso@yobrasé s were
run on uncured, conpounded sanples using a Monsanto Movi ng D e Rheoneter
(MDR) Mbdel 2000 in accordance with ASTM D 5289-93a at 177 OC (tenperature
unl ess otherw se noted), no pre-heat, 30 mnute elapsed tinme, and a 0.5
degr ee ?r %ﬁtmdmmh@lmﬁﬂmﬂmumhwgre@mﬁmand hi ghest torque attained during
a Spec' ! €5 r @8 Mol VBB £ BRCEFH, 6 PP balt TR KA £ g3 Mas obt ai ned
ms@% o kfnsoegﬁgasgred dePZ)E eué)larre c?r t he torque to increase
2 un| ts ?tiwdluvm th@yyl 2tph@anolr@4f)@r0QW@H@@{M@@G@M&S%@W@W&% equal to
M.+ 0.5(M 0 b 9l b BE whAGH R M- +
0.9(MH - M &lhﬂoiw@%?)l ré’gg)s dﬁﬂldm%ﬁ%%ﬁ%@% g nm she%ts %%é{ehr%éepgr ed for
]E)hy5| sal pompanmly, Aldtieh) maaaddedrdrcmmm @sgwmg?naleraabgumdﬁ @wnileyyrifwgohl s (MPa)
or varlou and ture I} t-Cure:
Pr ess. cur e S SOl ot Tyl b bk R ARBLRSwalRE
di ffer ent tprstagd&ﬁﬂoaﬁmd@t(mmEdtmomtdm@emmaﬁplnwepﬁuev%meéstyhere retur ned

to anmbi ent tenperatyre. b Sic . St th
A e AR 85 O R B S BhSh PO e B e
det te rmn e dso!#ﬁio? @aéﬁi'r?vgggro%%&e%% andes a\mﬁlh@&o ehetsofutionof ﬂhe ajove psepatsde or
post-cure sheet wt ..D. Results.were re d

i nch Opsi ) sodiven Akenids: tAe}ffh’ct‘?)S(ﬁ]ﬁé’“’rcé’b%?eflgﬂr‘W 15\?‘5%3&6 h’f‘ ﬁ g, o Sanare

Press- cur eghn@ifinP@s tet@bi @pbh%%fmhﬁnﬁﬂmt@ , MEIGing e prébﬁpitafbd%blhﬁl +V5s whi ch were
exposed to heat |n air for hours at 300 OC and then returned to anbi ent

t enper at ur esepay Bickandagdedhdropwiss ffiha gerilBoradateperEraL O WAAPHMESs:  Sanpl es

wer e ms\asu&ggl1 g;satlg E§\:§£p eI%2240 85 Method A with a

Fluoropolymer B (100 grams (g)) was compounded on a two roll mill with the
15 addition of a methanol solution of 1.86 mmol of bis-tetrabutylphosphonium
perfluoroadipate in methanol (1.5 phr). 1.5 phr of “AEROSIL R-972” silica and 15 phr
“N-990” carbon black were also compounded in to the mix.
At a 1.86 mmol per hundred parts gum (mmbhr) level, the described compound was
molded at 188 °C for 15 minutes in a 2-214 O-ring mold. The O-ring parts were then post
20 cured under forced air in a programmed oven. The oven program was room temperature
to 175 °C over 45 min., hold at 175 °C for 16 h then ramp to 200 °C over 30 min., hold at
200 °C for 4 h, then ramp to 250 °C over 30 min., hold at 250 °C for 4 h, then ramp to 270
°C over 30 min., hold at 270 °C for 8 h.
The compression set was measured on O-rings and was 48 %. Some of the O-rings

25 were also tested under Fluid Aging for Volume Swell.

Comparative Example B
Fluoropolymer B (100 g) was compounded on a two-roll mill with the addition of
PHI (2.5 g), TBPC (2.5 g), “N-990” carbon black (30 g) and “AEROSIL R972” silica (1.5

g).
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Type A-2 Shore Duroneter. Units are reported in points on the Shore A

scal e. Conpression set: Oring sanples were neasured using ASTM 395-89

Met hod B.woheodbes3sngs had a cross-section thickness of ®ctA%2008/0311305 nm ).
Results are reported as a percentage of permanent set. Fluid Aging: Press-

and post-cured Orings (or commercially-avail able conparative Orings) were
exposed to hydraulic fluid (HIET I VA-PLUS from ExxonMbil, Irving, TX) for
70 h at 126oiparatidle CommeicihlExamtpléso anbi ent tenperature before vol une swell
testing according to ASTM D 471-98. Unl ess otherw se noted, all parts,

per cent ages, r éﬁhe(f%llové@&datar1ﬁt%kl%ﬁéﬁ‘&‘i‘ﬁ?@@@ﬁ@@%éatﬁégﬁetsc?ﬂdfsr@e@bééef i cation
are by wei @?fresen g% 8t Aorﬂh?@&ﬁ%ﬁ}d&ﬁﬁﬁsﬂoﬁl& SeEnRéaRL&S. vehReRI.ALNed, or are

avai |l abl e, om general chem'cal suppliers such as, for exanple, Signma-

Al drich Coavpilahje QSingrietalvengireportid BdeWir i ), Al drich Chenicals (M| waukee,
W sconsin), Fluka (Buchs Wi tzerl and), or may be synthesized by known
met hods. ThEOPBM ﬁéa‘&lﬁﬁ viations are used in the Exanples: Abbreviation

Doscr i L1 on TFig iy Ao Rt e BME: RerLluny Qhrehiuing bay| et her)

MV5CN CF2=CFQ( - 1,1,1,3, 3,3 hexafl uoroi sopropanol SPHI
sodi um 2- pOemphrakive Exdmpled 3 hexaf | uor oi sopr opanoate TMAPHI

t et ranmet hyl ammoni um 2-phenyl - 1,1, 1,3 , 3,3 hexafl uoroi sopropanoate TBPPHI
t et r abut yl phos geofiionenladtoptse HALREZ BAHAR A 8471 éRulfang ol dininggimeBlhoat e TBPHI

tetrabutyl ghospho_ni uml, 1,1, 3, 3,3 hexafl uoroi sopropanoate SH sodi um
1,1, 1, 3, 3, sompaafive EramBlsdt opanoate H 1, 1,1, 3, 3, 3 hexaf | uor oi sopr opanol

TBPC jpet r abut yl @ROSANORI it GR6 /086 SRR ATREAAIY BSiT6Y, MARSRBGRT UM

chl ori de
DE)

Comparative Example F
Perfluoroelastomer "COMPOUND FF-200-75" (Parker, Lexington, KY)
Example 1

15 Fluoropolymer A (100 g) was compounded on a two roll mill with the addition of a
methanol solution of 2 millimoles of SPHI, prepared by neutralizing 2 mmol of PHI with
25% sodium methoxide in methanol in a 10 mL vial.

At a 2 mmbhr level, the described compound was press-cured at 190 °C for 15
minutes (min.). After a step postcure in air'(room temperature to 175 °C over 45 min.,

20 hold at 175 °C for 16 h then ramp to 300 °C over 2 h and hold at 300 °C for 6 h) the
compound clearly developed triazine cross-links, as evidenced by FT-IR at 1556 em™.
Physical properties were measured with dumbbells cut from a press and postcured test
slab. The compression sets were measured at 25% deflection. The O-rings were crystal

clear.
25 Example 2

Fluoropolymer A was used with the same procedure as Example 1, except that the
curative salt used was SHI. The same press and post cure programs were used as in
Example 1. A strong triazine signal at 1556 cm’ was evident after post curing. The

“triazine ratio” is defined as the ratio of triazine peak area at 1556 cm™ to area under the
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Fl uor opol ynmer A Perfl uoroel astoner of 65.6 nole % (nol %
tetrafl uoroethylene (TFE), 32.2 nol % PWE and 2.2 nol % M/5CN nade vi a
aqueous ewol2sésesal yneri zati on. Fl uoropol yner B Perf | uecwalsassosano of 65. 7
nmol % TFE, 33.0 nol % PWE and 1.3 nol % M5CN nade via aqueous emnul si on
pol yneri zation. Aerosil(r) R972 Silica avail able from Degussa AG
Dussel dorf, Germany N-990 Carbon bl ack avail able from Cabot, Boston, MA
Pr epar at i op-Fafve@icbatvazh 2300570d cint milépliedayies : Tha ‘timinceaicimas 60.4( i n
nillinnlesﬁﬁpf akparent ﬁ?cghol was di ssolved to 50 wei ght percent (W% in
reagent gr A HBENFIGPUCAY §°fch) in a vial and titrated with an equal nol ar
anount of Eﬁﬂh@gbnethoxide (25 wt% in Methanol; Aldrich) and left to stand
for 10-30 mnutes. An equal nolar anmount of the oniumchloride was
di ssol ved t o S5@Fiwérdpdlyindreagaiised it therseinb prootduddas Exdmbeid 1t excéfichaathey e
solution of the sodium quéfde,un%%r aha i ng of. t& vi al . Sodi um chl ori de
preciéitat%ﬁmﬁﬁﬁﬂﬁﬁﬁﬂhﬂﬁWﬁ? YR 2R TeRRREC S CPRWME 4 ﬁ%ﬁ¥§¥Q| YWalas added as
such to t hgefdrdisI6HAR TERIOQN nAndlV83T Ol wasRivkdieddt 1 inigoashaionthllogedet ai | ed
Exanpl e of an Onjum Salt Preparation To prepare 2 ml]]jpnoles (mmpl) of
PhC( CF3) 2 ypBopwise pddition of RER Q-p@m’ol, 9;4:9, gj_., gfi%e,ﬂ@lu‘uon was visible and the flask
hexaf | uor o 2xRh SRy AndEBRE ARk LD TS BirryOwRQRmEBlRied bh eixGH) mimas #i ssol ved
in 0.5 g nethanol "in a 10 nL vial. Sodi um nethoxjide (0.432 g of a 25 wt%
sol uti on i Bxamplhhwith 1092 obthe foproclagipraey gum of fixgmalede A hg sypawrses andpostoom
t enpemnat ur i L nch.Qf 3l P 1,ght exot herm
The relgsul t(ﬁﬁ%wsa Entsg’%% %S?d tﬁ%’]‘fg ég%@?lg% éf%@%@zﬁs{%ﬂgﬁ Il?soaacélt%a‘h?f or 10
m nut es ( névident after theqostt caripgreginanenf Example d e Fhe saneple/vay very sightly peliow
phosphoni chl. ok g; 0.002 nole; Fluka) was dissolved in 0.6
nethanol.ugﬁfga?g ﬁ%?%%mags added dropwi se and under swirling to the )
sol ution ofyihgle@bove prepared sodi um al koxide. A white solid precipitated
during this step. The resulting vial

Fluoropolymer B (100 g) was compounded on a two roll mill with the addition of a

15 methanol solution of 2 mmol of TMAPHI. No filler was added. The TMAPHI was
prepared by dissolving 2 mmol of PHI in 50 wt% methanol in a 10 mL vial and titrating

with an equal molar amount of sodium methoxide (50 wt% in methanol) and allowing to
stand for 10 min. To this SPHI salt was added 2 mmo] of tetramethyl ammonium chloride
(available from Alfa Aesar, Ward Hill, MA) in 50% methanol and the vial was shaken.

20 Sodium chloride precipitated but the entire slurry was added as such to the two roll mill.
The sample was amber-brown after running rheology tests.
Examples SA-5C

Fluoropolymer A (100 g) was compounded with curative catalyst as in Example 4

except that the curative catalyst was TBPPHI. The catalyst was made similarly to

25 Example 4 except that tetrabutylphosphonium chloride (Fluka, Buchs, Switzerland) was
used instead of tetramethyl ammonium chloride. “N990” carbon black filler (30 phr) was
compounded in all 3 samples. Example 5A was made with 2 mmol catalyst while 5B used

2.5 mmol catalyst and 5C used 3 mmol catalyst.
Example 6

30 Fluoropolymer A (100 g) was compounded with 2 mmol curative catalyst as in
Example 5 except that the curative catalyst was TBPHI. The catalyst was made similarly
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contai ning the tetrabutyl phosphoni um al koxi de, including the precipitated
solids, was used as such and added dropw se to the perfluoroel astoner gum
on a two-wol2boemick3z4 Conpar ative Exanple A Fl uoropol yrmer pBT(Us2@s98A08 (g))
was conpounded on a two roll mll with the addition of a nethanol solution
of 1.86 mml of bis-tetrabutyl phosphoni um perfl uoroadi pate in nmethanol (1.5
phr). 1.5 phr of "AERCSIL R-972" silica and 15 phr "N-990" carbon bl ack
were al so wEmaApRGatcs tHaOHI tves wsed insidhd of PHIS @hewahplp ens iublbeavpafter s gum
(mrhr) | evel,, tH% gescri bed conmpound was nol ded at 188 OC for 15 mnutes in
a 2-214 0-TPHYS P8y 858 O ring parts were then post cured under forced air
in a progrﬁﬁﬁé qven. The oven programwas roomtenperature to 175 0C over
45 mn., ho £7175 oC for 16 h then ranp to 200 OC over 30 min., hold at
200 0OC for 4 h,FidiepolyasiB 100 £pPadéonpeetided@s i Exampledd ekcayit tib@ va& for 4 h,

then ranp to 270 0C qver. 3Q min.. hald at. 270 fq 1. The npr essi on
set was rre%‘%ﬂoéﬁde@r‘r“@’-*Ph’i@gﬂ‘&ﬁﬁta‘%@%&‘éa@@h é&ﬂ@ggf’hrt {Il\{ég%élr"l"“-rgﬁ’é bg?glf e al so
tested undggiorf sirfhe ARERYCIfrO vayBbrid i1 S3€ lFdr.10 GEAP Thdpdsy QurEpRdpRhewE a

Fl uor opol yner B (100 g) was conmpounded on, a_two-r i with the addition

_ L. il
of PH (2. Bmy)fronrmpw Emperaggye to2RGoyer 454080 hols) %89?0 1% 79{7’ T3fR) TOmEROS) L
RO72" sili s@ye€ lop258ic GRBAKAL] Ndd HORRT ok b, f¥dHRINeS5070 & S0Pt ovir3g data is

taken fromcurrént conmercial data sheets and is nmeant to be representative
of conmer cinil., hekd #t3081CHer 45t wabdovadapeass temparaties ever Ehnmer ci al |y avai | abl e
Ori Ma}_ﬁ was, reported bel ow. Conparative Exanple C Perfl uoroel astoner

" CHE 598Ple 85 cene Tweed, Cul psville, PA) Conparative Exanple D

Fluoropolymer B (100 g) was compounded as in Example 6 except that it was
compounded with 1.2 phr of the catalyst of Example 6 and 30 phr “N-990” carbon black.
Press and post cure were done as in Example 7.

Example 9

15 Fluoropolymer B (100 g) was compounded as in Comparative Example B except
that it was compounded with an additional 6 g Ca(OH),.

Example 10

Fluoropolymer B (100 g) was compounded as in Example 9 except that it was
compounded with an additional 3 g MgO.

20
Example 11
Fluoropolymer B (100 g) was compounded as in Example 10 except that TBPC
onium chloride was replaced with TPBPC onium chloride and no fillers were used.
Example 12
25 Fluoropolymer B (100 g) was compounded as in Example 10 except that fillers

were added. The fillers used were “N-990” carbon black (30 g) and “AEROSIL R-972”
silica (1.5 g).
Example 13

Fluoropolymer B (100 g) was compounded on a two roll mill with the addition of a
30 methanol solution of 2.5 mmol of TMAPHI and fillers. The fillers used were “N-990”
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Perfl uoroel ast onmer "KALREZ SAHARA 8475" (DuPont, WI m ngton, DE)
Conparative Exanple E Carbon black filled perfluoroel astonmer "KALREZ 4079"
(DuPont, wol2mengssa, DE) Conparative Exanpl e F Perfl uor eefrastasms71iCOVPOUND
FF- 200- 75" (Parker, Lexington, KY) Exanple 1 Fluoropolyner A (100 g) was
conpounded on a two roll mll with the addition of a nmethanol solution of 2
mllinoles of SPH , prepared by neutralizing 2 mol of PH wth 25% sodi um
met hoxi de darborrdldeR(BH g)iand SAEROSIIL R silicat(14 g2 Timh FMAPYE iwas triade afggcr i bed

conpound S press-cured at 190 ) m nyt es in ). After tep

post cur e ;,E‘agpﬁe ‘?f%S?ﬁcP@r’?ﬁaér‘éPﬁ?tg% go @5%55168' Qt/hg P oﬁgmr%pﬁggfarﬁ c‘)x%agaéatqn 175 0C
for 16 h t{an rdoedMRniperadOto00wy eer 25 hirartdldwRdo°atfoBDB, Bfip fiom BOPY taphe
conmpound cl early devel oped triazine. cross:|links eyi denced by .ET-1R at
1556 ot 2By erce ) THRopa £1 SO & bR RNy € RS e 0 e Mo o
press sand RasECULESNnI BT codl @bvn thheort eiperast oversét S were neasured at 25%
deflection. The Orings were crystal clear. Exanple 2 Fluoropol yner A was
used with the sane procedure as Exanple 1, except that the curative salt
used was SHI. The sane press and post cure prograns were used as in Exanple
1. Astrong triazine signal at 1556 cm 1 was evident after post curing. The
"triazine ratio" is defined as the ratio of triazine peak area at 1556 cm 1
to area under theC-F overtone between 2200-2700 cm'1l rmultiplied by 1000.
The "triazine ratio” was 60.4. The sanple was optically clear. Exanple 3

Fl uor opol yner A was used with the sane procedure as Exanple 1 except that

t he
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curative salt used had the sodiumion replaced with cesiumion. The cesium
salt was prepared as follows. Cs2CO (1 mmol, 0.33 g) was slurried in 1nL of
met hanol wWol2b@vwssk3by dr opwi se addition of PH (2 nmmol, @®c425sg)05/08a30

evol ution was visible and the flask warnmed slightly indicating reaction.
This slurry was conmpounded on the 2 roll mll as in Exanple 1 with 100 g of
the fluoroel astonmer gum of Exanple 1. The sane press and post cure prograns
were used as in Exanple 1. A strong triazine signal at 1556 cm 1 was
evident after the post curing regi nen of Exanple 1. The sanple was very

slightly yellow but optically transparent. Exanple 4 Fl uoropolyner B (100
g) was conpounded on a two roll mll with the addition of a nethanol

sol ution of 2—mmof ol TNAPHIT. i1 gvas added. The TMAPHI was prepar ed
by di ssol ving mnﬂ@lﬁbePﬁ@Jin 0| wt rna:1anol ina 10 nL vial and
titrating wilth @n|@q&aljsmstar afount Sof Zsedi um net hoxi de (50 wt % i n

met hanol ) and alJd bw gy |[Lo Stjand_for 10|gn. To this SPH salt was added 2
mmol of tetrjanedhy: amybnid chEO'i d& (&vailable from Al fa Aesar, Ward
Hll, M) in_50% (fet fanol Bnd the|vial |was shaken. Sodi um chl ori de
precipitated but tHesend re slugj_ was |@lded as such to the two roll mll.
The sanpl e was %n1 r<bridwneaf t eg funrs ng rheol ogy tests. Exanpl es 5A-5C

Fl uor opol ymer—A—( 100 g)was Ade

D
3

A—(1D0 g was—Eerpotn
4 except that tHRe|lguiqtlivelcpt allyst &S
simlarly to|l Exgnple o jexcgpl thal teir
Buchs, Switz liauﬁ% WAy _used[instead of
"N990" car bon bEa:ﬁ 2 I|ferS(Bo ghi) was
Exanpl e 5A was madge Witk 2Znmol “tat alys
and 5C used B mapl Examl e $
— Te! ™~

h curative catalyst as in Exanple
BPPHI . The cat al yst was nade

it yl phosphoni um chl ori de (Fl uka,

't r amet hyl amoni um chl ori de.
npounded in all 3 sanpl es.

Vi | e 5B used 2.5 nmmol cat al yst

(=l

=< OO

(%))

(Ib-in.) |(3.59)] (5.9) [(4.57)|(2.5D)|(3.97)|(4.45)|(4.17)|(4.28)((8.42)((7-03)\(6.85) (1037

1.68 | 7643~ 399

Table 1: Cure Rheology

Ex
Exl |Ex2|Ex3|Ex4| 5A [Ex5BEx5C Ex6|Ex7 Ex8!Ex9| Ex

M. N m [0.116[0.132 [0.060]0.199]0.768|0.168[0.240{0.0780.160/0.124/0.132| 0.147
i 42)|(1.10)|(1.17)] (1.3
(b-in.) [(1.03)|(1.17)](0.53)|(1.76)|(0.68)|(1.49)(2.12)|(0.69)|(1-42) (1.10)|(1.17)| ( (%

Mg N m [0.406]0.667|0.516|0.284|0.449|0.503|0.471 0.484(0.951|0.794(0.773| 1.16]

12.121 942 1 13.4 | N/A | 2.73 | 2.24 | 3.28 | 4.54 | 1.53 | 2.38 | 0.56 | O
9.15 [10.49! 13.6 | 2.34 | 2.24 | 1.65 | 1.14 | 4.07 | 2.31 {3.26 | 0.65| O

t'90 (min)|13.55]21.26| 26.3 | 6.58 | 6.15 | 4.54 | 2.38 9.23|7.05{8.19|1.48
Examples 1-4 were carried out at 190 °C rather than 177 °C.

1;2 (min)
t'50 (min)
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Fl uor opol ymer A (100 g) was conmpounded with 2 nmol curative catalyst as in
Exanpl e 5 except that the curative catal yst was TBPH . The catal yst was
made si miwenbymwsBExanpl e 5 except that H was used i nst ead/ustooBldbz110rhe
sanpl e was anber-brown after running rheology tests. Exanple 7

Fl uor opol ymer B (100 g) was conmpounded as in Exanple 5 except that it was
conpounded with 1 phr of the catalyst of Exanple 5 and 30 phr "N-990"
carbon bl ack prior to curin Press cure was done at 1880C for 10 mn. The
post cure programwas a ré]‘@glql-o?ﬁeﬁ%ﬁﬂrﬂbﬁﬁ}b?aﬁttﬁ@rqdo 2000C over 45 nin.
hol d at 2000C for 2 h, ra ffn..QOuCV ﬁ; 2500C—over—30—mhR——holdat

2500C for 2 h, ranp from 25E0¢& {BX 38qd% B ekx 86 rrEﬁ.7, H?d‘l% X %)@@‘%r 4

h, | CQTE "y FyATET 7B A(]100
9) \?vgg cuﬁp% l%gé[ Lﬁgt :tﬁ”llé: %g?re é&ééﬁe%% hg’iga lf‘2_§i3 ,orrpZup}c?é '1920(. 2
phr of tharekivpby gSIpf EXcgpM@) 6(1ag@b S4B (1384)S @mvsya(qbos\) m@m; (1Bveyss and

post cur were done as in Examl e 9 EFluorobolvner B Q0 n\ was

conpounded@langation adirpals €6) va6Ex arasile Bzé&Eepwtramt N oriﬁbmdb’tﬂwith

A WaYal

ddi th OH2—FExanpt H—-uo et Was
ggrrgoulnc Eb@§ﬁ?l ) @Ieot&?’ﬁetqsg NZGSU Cq n§z98n e%g%:n gﬁ lga attt tli onal
3 g o @@1 le H FI uoropc@ly '(@0@10@59)) m)fgm%% 3@9(45)3%11@) E(q@qgj e 10

except tlhat TBPC onium chlioridelwas rlepl ace oniium chll ori
no fill gr ShoerseHasbdss Exanpl¥ 12 BDuagr dpfol yn&9 B (00| gB2was Tonmpodfided as

I n Exanple—10—except—that—H1efrs

Table 3: Compression Set (%)

Example Comparative Example

1 5A | 5B | 5C 7 8 13 A C D E F

72 h at204°C | nm nm nm nm nm nm | nm nm 17 23 25 37

72 hat230°C| 17 nm nm nm nm nm | nm nm nm nm nm nm

72hat250°C| nm | nm nm nm nm | nm | nm | nm nm 30 41 41

72hat300°C| 53 nm | nm | nm | 22 31 41 48 44 45 45 45

72hat316°C{ nm 49 40 44 nm nm | nm nm nm nm nm nm

5 In Table 3, “nm” indicates that the sample was not measured, and compression sets
were done on 214 O-rings unless indicated otherwise in the specific examples. The
Comparative Example C-F data was taken from current commercial data sheets and is

believed to be representative of commercial perfluoroelastomer compression set levels.

Table 4: Heat Aged
Ex 7 Ex 8
Tensile Strength at Break (MPa) 9.27 (1345 PSI) | 8.38 (1215 PSI)
& (change) (-28%) (-24%)
Elongation at Break (%) & (change) 260 (11%) 260 (9%)
Shore A Hardness & (change) 75 (-6) 76 (-6)
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were added. The fillers used were "N-990" carbon black (30 g) and "AERCSIL
R-972" silica (1.5 g). Exanple 13 Fl uoropolyner B (100 g) was conpounded on
a two rolwormddosssssh t he addition of a methanol sol uti orcwfus2005/06mmé of
TMAPHI and fillers. The fillers used were "N-990"carbon black (30 g) and
"AEROSI L R-972" silica (1.5 g). The TMAPH was nmade as in Exanple 4. Press
cure was done at 1770C for 15 mn. The post cure programwas a ranp from
roomtenperature to 2000C over 1 0. 010l d at 2000C for 2 h, ranp from
2000C top 2500C over 30 mn., héﬁ@ﬁgglggﬁgé r 2 h, ranp from2500C to
3000C over 30 mn., hold at 3000C for 4# OP {~0QRW malelely
tenperature over 1 h.Table 1. Cure Rhe)l%ég/ el%? bz]a:‘qg E%—4 were carried
out at 190 OC rpther t\gRmt Sivdfedabl e 2333r nsggojreﬂ;@nld 1Rast}- Cured I n
Table 3, "nnt iphdicates that the sanpl not _measured, and Iconpr essi on
sets were doﬁAammrﬁdrdlad)Qnmmgwamﬂedierﬂusdﬁstmged ot herwi se in the specific
exanpl es. The Conparative Exanple CF data was taken from current

comercial data sheets and is believed to be representative of conmmerci al
per f1 uor oel a?ﬁ@feaﬁumaﬂ%r@&aﬂeqm%e b&MehsSpregaald esidg thdedifoxABraifabitalyst
Fluid Aged Ex 7 Ex CE- A CE-E* Fune Swell (9%.3.8 3.3.17.0 15,6 *A
cofmer ceﬁnblos1g1u@gam&as§m1§eﬂedfmppqrtw%relaé1§@ fhepMATHibive 6SRIMCECIaPmPOSItiane ot hat
COMposi i t I i€ )

ot oni 1 PP RlRTh GRS e Rt s MG B0, S Middec o

ConMposi I:atélPﬁs exmbﬁed:amsmﬁuallwb‘eﬁtepaewaﬂ) @8myfdssign adt vatliep ah@ subistaptisléyt Riwest .

Most not ab t he al koxj de-cured catal ysts exhi bited substantially better

@ omer)V%]BWﬁrséf§Hll’éhY%réF i¢Hnides and substantially |ower volunme sweil in
hydraulic flui

rglmber of embodiments of the invention have been described. Nevertheless, it will
10 be understood that various modifications may be made without departing from the spirit and

scope of the invention.
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Anunber of enbodi nents of the invention have been described. Neverthel ess,
it wll be understood that various nodifications nay be made w t hout
departi ngwbroswdskss4spi rit and scope of the invention. W pclraispeosbhs37ido
curative conmposition conprising a cation and an anion of Fornula I

wherein m n, p, and q are positive integers, wherein m* p =n * q,

wherein Qm is an organo onium and Aq ~ is an anion, provided that at
| east 09\? Ag~ is selected fromFornula Il: wherein each R independently is
H hal o Vel aryl, aralkyl, or cycloalkyl, and which also may be

hal ogenat e fl.uorinated. or rfl uqr.i [ e4 or nore of R and
R gr oug's ‘Q&Va{’%eg%%cf'sﬁ*d&c ngjorfs}%gl‘l,c%bﬂlgr%téf%i eacﬁoﬁtgﬁ%upli ndependent |y may
contain one or nore heteroator'ﬁ(%mmherei n Rlcan _be the same as R, with the
provi so that R cannot be hafo. Q. The corrpositig}l of claim 1l wherein each
Ris Fand R is selected fromH, phenyl, nethoxyphenyl, toluyl, phenoxy,

f | uor ophenyliereitm, i, poashe titeyrlogttize jritegeas svheredn nB* p & rctigawhereinc@fipissit i on
according to claim1 self(;t ed fromtetra-al kyl ammonj

2 -
phény| - 1, 1rgang omiwnad4 | (oAb PEYAFRIShY at e@ﬁtrcal-eaﬁg sghetsdiftpmn Formulas 3 3

hexaf | uor ;[,sopr opanoat e, tetrabutyl phosphoni um 2-phenyl-1,1,1,3,3,3

hexaf | uor oi'sopr opanoat e, tetrabutyl phosphonium1,1,1,3,3,3

hexaf | uor oi sopropanoate, tetrab IbEPhosphoni um 2- net hoxyphenyl -1, 1,1,3,3,3
ut yl phosphoni um 2-p-toluyl-1, 1,1,3,3,3

hexaf | uor oi sopropanoate. R- {0 ve conposition suitable for

fl uoroel astoners conprising an ion of Fornmula IIl:wherein each Rf

i ndependently is R CF2 or a perftuoroal kyl group h@i)ng from1l to 8 carbon
atons, wherein Ris H halo, alkyl, aryl, or cycloal kyl, having up to 8
carbon at apEersil@a¥RGHdeDetert®)s Hehdl) MeENaYE dralk1 U6 dyoRaBE1, 288 which
perfluorinated, and which may contain a _heteroatom wherein X is a |linking
group, anchlsghapebahalopenatedp dsptinajed, pnpaduerinaed, Fhsrain fpe of mpenoidt aed Bi m 4

Wnl%r en eaé:rgup%fmeltys to(g:gt%rer form a ring, wherein each R group independently may contain one or

hexaf | uor oi sopr opanoate, and tet‘ a

more heteroatom(s), wherein R' can be the same as R, with the proviso that R' cannot be
halo.

2. The composition of claim 1 wherein each R is F and R’ is selected from H, phenyl,

methoxyphenyl, toluyl, phenoxy, fluorophenyl, trifluoromethylphenyl, and CFs.

15 3. A curative composition according to claim 1 selected from tetra-alkylammonium 2-
phenyl-1,1,1,3,3,3 hexafluoroisopropanoate, tetra-alkylammonium 1,1,1,3,3,3
hexafluoroisopropanoate, tetrabutylphosphonium 2-phenyl-1,1,1,3,3,3
hexafluoroisopropanoate, tetrabutylphosphonium 1,1,1,3,3,3 hexafluoroisopropanoate,
tetrabutylphosphonium 2-methoxyphenyl-1,1,1,3,3,3 hexafluoroisopropanoate, and

20 tetrabutylphosphonium 2-p-toluyl-1,1,1,3,3,3 hexafluoroisopropanoate.

4. A curative composition suitable for fluoroelastomers comprising an anion of Formula III:

Rf Rf
X

o——x-t-ol,
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6. A fluoropolymer conprising the conposition of claiml1l. 7. A
fl uoroel ast onmer conposition conprising: a fluoroelastonmer conprising

ni t rogen-wonb@&/0ss33g cure sites; and a cation and an ani egTafS2éeeneuh@ | : An
g Q@ m (1) wherein m n, p, and g are positive integers, wherein m* p =n
* q, wherein Qis Hor a Goup | or Goup Il metal or Qmt i s an organo
onium and Ag ~ is an anion, provided that at | east one Ag ~ is selected

fromFornmula I.: ein _each R i endentd y_ i hal.o. . al ky]| yl,

aral kyl , o‘?’ﬁe&@@leaéﬁ]%fqdeg‘?@%m bsﬁg'gﬁgé}r %thér%gﬁ})gggoﬁlgth%&ngfl%%%gitﬁgt ed, or
per fl uori naRe, atig v dfeih WOisH, HaRy, 1kef, afyl astdyRoalkiyh basingaiy tb @gattearaidray m a
ring, wherein each R group independent_l y may contajin qne or nore )

het er oat orgng)whiclhalse may e halagepdied, Hosas#ad, 05 preflugrinpted pndsylich B3y cRBlRInR

cannot be . > e ! | p tdhe .cation is
sel ected erl@ér%&f) ﬁtgmgyc%%f)eq%gﬁgi%s}tl n%%%u@%?hgreﬁﬁﬁg%%&ﬁﬁ%g%gl ions. 9.
The. composj.tion of. cl ai.m7 erein the,gcation is selected from sodi um
ces) ummgca RS EmPosH n%@%@%ﬂf‘%&“?ﬂél‘% gsition of claim7 wherein Qis
H, and gptiqgnal |y further comprising an organi ¢ or inorganic base. 11. The
conposi © o%%HPro@PE/FYFﬁr?OWﬂ?QF’é‘gﬁhep?%%ﬂ%ﬁg’@P@g?‘é‘Pi al to the cation conponent
and/ or the anion conponent is provided to the conposition. 12. The
conposi t/i ofy flypraglagiomer copppEtian £HBPEHRG on and/or the anion is made in situ,
optionally by reacting the free alcohol precursor(s) with a suitable base
in the conposifluoteelasignesteiomprismgbusesensoppiniag e pitesaadt ed from Ca( OH)
and/ or MO

a cation and an anion of Formula I:

10 At Q™ @

wherein m, n, p, and q are positive integers, whereinm * p=n * q, wherein Qis Hor a
Group I or Group IT metal or Q™ is an organo onium, and A% is an anion, provided that at

least one AY is selected from Formula IT:

CF,-R
R-CF; o
R @
15 wherein each R independently is H, halo, alkyl, aryl, aralkyl, or cycloalkyl, and which

also may be halogenated, fluorinated, or perfluorinated, wherein two or more of R and R’
groups may together form a ring, wherein each R group independently may contain one or
more heteroatom(s), wherein R’ can be the same as R, with the proviso that R’ cannot be

halo.

20 8. The composition of claim 7 wherein the cation is selected from the group consisting of
Group I and Group II metal ions.
9. The composition of claim 7 wherein the cation is selected from sodium, cesium, calcium,

and magnesium.
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13. A fluoroel astoner conposition conprising the curative conposition of
claim1l and a fluoroel astoner, which nmay be perfluorinated, having

i nt er pol ywenrbaadsisai ts of a nitrogen-containing cure siterrosp@sesiiinhi ch
may be a nitrile-containing cure site nononer. 14. The fl uoroel ast oner
conposition of claim 13 wherein the fluoroel astoner further conprising a
filler, optionally wherein the filler is selected from PTFE and/ or

perfl uo K ox PEA) . . TLhe fl.uoro it '
ther el n CEERETBPUP Al SREP TCBrsrIobS Tt b Bory S RERY doRibringf et
t et raf | uorgetdiydigobasend a perfl uoroal kyl vi nyl et her,

per fl uor oal koxyvi nyl et her, perfl uoroal keneether, and/or

per fl poﬂMWR@ﬁé@f Rlerm 7 pgherqin recyrsob Blaterightodhe srtipngpmnengntand{or the
erein the. : ' it erpol yneri zed units derived from
tetrafl uo:]agne({nh%/&?ﬁ %@%@E?fﬁ?@ﬁgﬁéﬁ?@’%ﬁgﬁm, and optionally one or nore
]Pfrsf | uoﬂﬂvfjmwonqiobieibﬁof tlaimA winrpiashd ¢ation and/or theragidnas oladie in $i61, whéomwilly t he
uorinated conpnoper, is, selected fyromperf] uagrool efins . .
par 1 al - RSP oo PP PalPToqERer(E) Wb Arsatee BRisrn S CopmeyitiopaRherein
uoride, and cophi.nat i . pp%gjtion according to claim13
wher ei n saﬁag%sﬁrle éﬁlcﬁlghﬁgglgér%&h?’gg%@g@?%&&o a conpound of '?he formul a
CF2=CFQ( CF2) LCN; . CF2=CF(Q( CF2).UCCF( CE3) CN, . " .
CF2=CF%M@P(”@F@?W 68(?1@? eﬁi&?@\%‘g OF cepesiveepppesiion efelsint bped3) t o
wherein L @uo%ééigs'to@erfw(ﬂicﬁ 1}15}:/)’56 perfiuotinated hvink irferpofymedREd Unifs o ;
per fl uoro(8-cyano-5-"methyl -3, 6-dioxa-|-octene), and CF2=CFQ(CF2) CN. 19. A
co{moi‘l Ei [ ](cxmrage;rlltacrcuﬁtaiginlg@urfl siifemllcljrs)rrian,rwlhieh e g ringiriercenthiningsure ¢fst i onal | y
sel ecte rom fl uoropolyner filler, carbon black, and conbi nations thereof.
20. The coRPB¥RE on of claim 13 further conprising an additional curative,
optionally wherein the additional rative is selected from

anmoni a-lgehes ﬂ‘ﬂqfﬂ@aﬁﬁmﬁmﬂws“%@fﬁl@t]éd’_"hqr?lai]?e_n uQrarlastapey fugther
unsubst i t Uéo%%ﬁsﬁdgaazﬁﬂ& G55 dMAY W Rein BRI feRiecRiaSi AT PTRRRAARE S

bi sam dooxi nEs,
perfluoroalkoxy (PFA).

15 15. The fluoroelastomer composition of claim 13 wherein the fluoroelastomer comprises
interpolymerized units of tetrafluoroethylene and a perfluoroalkylvinylether,

perfluoroalkoxyvinylether, perfluoroalkeneether, and/or perfluoroalkoxyalkeneether.

16. The composition according to claim 13 wherein the fluoroelastomer comprises
interpolymerized units derived from tetrafluoroethylene, a fluorinated comonomer, and

20 optionally one or more perfluorovinyl ethers.

17. A composition according to claim 16 wherein the fluorinated comonomer is selected from
perfluoroolefins, partially-fluorinated olefins, non-fluorinated olefins, vinylidene fluoride,

and combinations thereof.

18. A composition according to claim 13 wherein said cure site monomer is selected from a
25 compound of the formula CF;=CFO(CF2)L.CN; CF,=CFO(CF2),OCF(CF3)CN;
CF,=CFO[CF,CF(CF3)O]4(CF20),CF(CF3)CN; or CF,=CF[OCF,CF(CF3)]:O(CF2){CN;
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an organotin conpound, or an am dine, bis-amdine, tris-amdine, or
tetraamdine, or a salt thereof. 21. Ashaped article conprising the

f | uor opolwoanoseesgesi tion of claim7. 22. A shaped arti ece/usespnsaing t he
fl uoropol yner composition of claim13. 23. The article of claim 22 having a
visible light transm ssion selected fromat |east about 35% 40% 45% 50%
55% 60% 65% 70% 75% 80% 85% 90% and 95% 24. The article of claim

22 havi ng re on t val af 7 QULS 230

sel ected fY Wg'l %Slgb&u B59%, 1%% é%ﬁ/t gozganﬂg% OPfrﬁé‘g (gﬁgﬁl 05504 and
20% or a [ H&q at 300C or higher, selected
from bel owrﬁg[gglu:t?g?é% g%e}{@g% éﬁ (0@ and "40% 25. The conposi tion of

claim1l rt her ris a qu I havi ng.,i nt er units
et ved 1PrBAPREENE! eogR Be toient ﬁ%ﬁ?ﬁ ! SRR PRIR)Y S ol

per f 1 uor oofpgfrbptsiymBefillératdribor b6k, Iaﬁ@b@ﬁbmh@énsrtﬁere@pn fluorinated ol efins,
vi nyl i dene fl uori de, perfluoroalkeneethers and conbi nati ons thereof. 26.

The; conmpgsy é&%&fsnfah%fma%ﬁ 1BUEHRE o PRIk ShREdR ARt RkdtAk, SRAGHE W hEfam
amioni um'sal ts, ammoni a- generati ng conpounds, substituted triazine
derivati vethe adnhhumltcutatweds seldctei froen dmmionse- gwsatmg@pmppde@ @‘}hstl’@htﬁﬂ I y WI th

a coagent,, bi.s heno am doqx an o ot

ami dine, | BYSLERAGIT o e s ERgE TR en e O S P Rhdor
and wher ei anfdta@xlﬁféa,%rﬁrgmiﬁn%aiﬂound or §& heediss bid-@dikd, @id-Hhideya BEcRbL;
triallyl isocyanurate; ftri grret hyl al 'yl ) isocyanurate;

tris(dial |gmlalm6nel)aseylt1ﬂ1ptea ine;, triallyl phosphite; N N-diallyl acrylam de;
hexaal | yl phosphoram de; N,N,N ,N -tetraal kyl tetraphthalamde; N,N,N 6N -
t et(r aal 12y Arshipﬂadanﬁdepompﬂsihglﬂie fluvoeppdymoeraospogitian £ tlaimi7ny |

met hyltrisil oxane; and tri(5-norbornene-2-nethyl ene)cyanurate. 27. Anet hod

of maki 17g. A shipedraotxdé yomprisingtirsivorapolaneponposigion bfclimd3a m xt ure
conprising a curative conposition according to claim1l and a

fl uor oelze,STmlcmwcmm T RR AR AVIEbicARMt tandngssibn Seldvitéd RGAt Gagtiaboli Ng cure
site nononer, whic g/ be
35%, 0%, 5%, 0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, and 95%.

24. The article of claim 22 having a compression set value after 70 hours at 230°C or higher,
15 selected from below about 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, and 20%,
or a compression set value after 70 hours at 300°C or higher, selected from below about

65%, 60%, 55%, 50%, 45%, and 40%.

25. The composition of claim 13 further comprising a fluoropolymer having interpolymerized
units derived from monomers selected from the group consisting of perfluoroolefins,
20 partially-fluorinated olefins, non-fluorinated olefins, vinylidene fluoride,

perfluoroalkeneethers, and combinations thereof.

26. The composition of claim 25 further comprising a material selected from ammonium sals,
ammonia-generating compounds, substituted triazine derivatives, unsubstituted triazine
derivatives, peroxides optionally with a coagent, bis-aminophenols, bis-amidooximes, an

25 organotin compound, or an amidine, bis-amidine, tris-amidine, or tetra-amidine, or a salt
thereof; and wherein the coagent optionally is selected from triallyl cyanurate; triallyl

isocyanurate; tri(methylallyl) isocyanurate; tris(diallylamine)-s-triazine; triallyl phosphite;
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perfluorinated. 28. Amethod of meking a fluoropolyner article conprising:
(a) providing the mxture of claim?27, (b) shaping the m xture; (c) curing
t he shapewormodiassms4t o forman article; and optionally pestrAaszeisngriihe
article. 29. The nethod of claim 28 wherein precursors to the curative are
added to the m xture. 30. Anethod of making a fluoropol ymer conposition
conprising: formng a mxture corrpri sing a conposition according to claim

7. 31. A na fl u al rt | ng a
i xtur o oA eRiso bre D it er SR [ apRngri o

m xture; (M)N,NUNLfgrdallg] ShRpSEidY Hivite 1s‘oeyaf1ﬁratbam46rthvmly9memyﬁngmaﬁ@al ly
post -curing the article. 32. Amethod of mnaki ng the curative of claimi1l,
conpri si n@ErB(5-BerhgEne- ey gRAICYUENF-on, wherein the anion is prepared
by: (i) reacting a parent alcohol with a base the base optionally being
sel ect ed7mmnﬂa)dtcaftmd<an$? tﬂupmg}ymn pmwtlmwmimng denixiwe (i)

re ting a parent alcoho a_ et al r jonally
Rected reBitels R stinssiate g C bR An8 3 o P inst e i o,

Opt i onal | ﬁnﬁa@;&&ﬁheﬂze‘drmms@ma@ﬁtmgmzbht@rmmgecurame mphome@whycmh@yzwl tating a

salt. 33. Anethod of meking the curative of claim4, conprising providing a

cation and’eéﬂufa’maﬁﬁﬁl; wherein the anion is prepared by (i) reacting a

par ent c bei ng selected froma

tetraal %k R olép %ﬁr%?%%g gﬂuﬁ%&%ﬁﬂgﬁiﬂ?ﬂﬁ kl4}d/gr (ii) reacting a parent

al cohol vm@a)l provediak tﬁmﬂrmdﬁclaimawom de, optionally selected from sodi um

nmet hoxi de, _.and in a_solvent, adding an onium halide, optionally sel ected
frifm an onﬁbﬁnﬁ}&*}ﬂ”’t‘ﬁﬁhaémx%ﬁ optionally precipitating a salt.

(¢) curing the shaped mixture to form an article; and optionally post-curing the article.

29. The method of claim 28 wherein precursors to the curative are added to the mixture.

30. A method of making a fluoropolymer composition comprising: forming a mixture
comprising a composition according to claim 7.
15 31. A method of making a fluoropolymer article comprising:
(a) forming a mixture comprising a composition according to claim 30;
(b) shaping the mixture;
(¢) curing the shaped mixture to form an article; and optionally post-curing the article.
32. Amethod of making the curative of claim 1, comprising providing a cation and an anion,
20 wherein the anion is prepared by:
(i) reacting a parent alcohol with a base, the base optionally being selected from a
tetraalkyl phosphonium or ammonium hydroxide; or
(ii) reacting a parent alcohol with a metal hydroxide or alkoxide, optionally
selected from sodium methoxide, and in a solvent, adding an onium halide, optionally
25 selected from an onium chloride, and optionally precipitating a salt.
33. Amethod of making the curative of claim 4, comprising providing a cation and an anion,
wherein the anion is prepared by:
(i) reacting a parent alcohol with a base, the base optionally being selected from a

tetraalkyl phosphonium or ammonium hydroxide; or
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(ii) reacting a parent alcohol with a metal hydroxide or alkoxide, optionally
selected from sodium methoxide, and in a solvent, adding an onium halide, optionally

selected froni an onium chloride, and optionally precipitating a salt.
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