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Field This invention relates to conpositions of fluoropolyners having
_hitrogen-containing cure sites and amino substituted aromatic curative
conpounds, maki ng and/or curing such 5 conpositions, and articles conprising
such comp¥& 39444363 Background Fl uoropol yners are comm@CdERP4 03886 |
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ami no group, ARGroBARYIISTS a5 comypearciailuselul materials Elporopglameesingledenfos i ng, whi ch
ring may [ | . t S). In
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substituent (s) not including a heteroatomdirectly bonded to a hydrogen in
t he posi toherpicdipravessitg, septieongnston agespags, anstrelewmn iniustaies, apfopg others? t he

substituent(s) is not electron wthdrawmng, the curative has a pKa above
about 12, the conpound nay conmmim&%et eroatons(s), and one .or
rrrrg; ei ﬁg?ﬁggt u %%gﬁy, ntl?ypré 2 Ei;[npe% 01]; I(J)rro%dgs ar(i:o%ﬂ:'osi 01i1 go@nﬁ&sﬂ% ar@%ro%%ly%{e(r) matic and
15 comprising interpolymerized units derived from a nitrogen-containing cure site monomer, and an
amino-substituted aromatic curative compound having at least one substituent other than
hydrogen, wherein tile net effect of the substituent(s) is not electron withdrawing, the curative
has a pKa above about 12, the compound may contain one or more heteroatom(s) provided that
no heteroatom directly bonded to a hydrogen is in the position ortho to the amino group, and one
20 or more substituents may together form a ring, which ring may be aromatic and may include one
( or more heteroatoms(s).
In another aspect, the present invention provides a method of making a fluoropolymer
composition comprising (a) providing a fluoropolymer comprising interpolymerized units
derived from a nitrogen-containing cure site monomer, (b) providing an amino-substituted
25 aromatic curative compound having at least one substitnent other than hydrogen, said
substitnent(s) not including a heteroatom directly bonded to a hydrogen in the position ortho to
the amino group, wherein the net effect of the substituent(s) is not eleciron withdrawing, the
curative has a pKa above about 12, the compound may contain one or more heteroatoms(s), and
one or more substituents may together form a ring, which ring may be aromatic and may include

30 one or more heteroatoms(s), and blending the fluoropolymer with the curative.



30 one or nore heteroatons(s), and blending the fluoropolyner with the
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in the position ortho to the amino group, and one or more substituents may together form a ring,

which ring may be aromatic and may include one or more heteroatoms(s).

20 The chemical group descriptions used in this document are described below and are
known in the field, and these descriptions are not intended to change accepted meanings.
“Amino-substituted” means NH;-substituted. “Alkyl” means a C1-C135 aliphatic hydrocarbon
group that may be linear or branched, and in some embodiments C1 to about C10. “Branched”
means that one or more lower alkyl groups such as methyl, ethyl, or propyl are attached to a

25 linear alkyl chain. “Alkenyl” means a C2 to about C15 (more preferably C2 to about C10, and in
other embodiments more preferably C2 to about C6) aliphatic hydrocarbon group containing a
carbon-carbon double bond and which may be straight or branched. These groups also may be
substituted by one or more halo atoms, cycloaikyl, or cycloalkenyl groups. “Aryl” means a C6 to
about C12 aromatic carbocyclic radical containing. Exemplary aryl groups include phenyl or

30 naphthyl optionally substituted with one or more aryl group substituents which may be the same
or different, where “aryl group substitvent” includes hydrogen, alkyl, cycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl, aralkyl, aralkenyl, aralkynyl, heteroaralkyl,
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substituted by one or nore hal o atonms, cycloal kyl, or cycl oal kenyl groups.
"Aryl" nmeans a C6 to about Cl2 aromatic carbocyclic radical containing.

"Exenpl ary aryl groups include phenyl or 30 naphthyl optionally substituted
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cycl Sheptyl . "ydtingdipkscaifiese grouprsaraal@susefil. abwekarle, ‘epeleallsyldmedrsa Gonocycl i ¢
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nononers such as those "havi ng"the f or'mul a CF2=CX-Ré, Wherein X is H F,
CF3, or CH3, HMiudreeisstomsrs ysefubin the Bese@binténtion aczlidexived i@ pumneatimaremononer s

i ncl ude hydrogen- cont aini C2- ol efins, ich have | ess than half of the.
hydr ogen ‘E%’ﬁg‘e@ H’Bg?rP?’@ 3‘6‘{' %@WJ‘&%@ PLBPE ﬁg?%?%a%ﬂé’fné) P%IBT”S(/SS’I Qe i,
one-fisour t ftegiolyniei-Ey shiR derived tiRaba SitHls bortathiag civk e mbhdhdzne, and which are
non-fluorinated in other enbodi nents. Suitable exanples of fluorinated C_

mononer s i ncl ukhe fiueroelartpmer copsifiensef thednentionate ferbisd iomcintegpplymerized
Cnvent i ony o Al Ao MRS Hob PRl e BB CEICTHIE Wk X PR, 7,
CF3, or CHs, Ry is fluorine or a Cy-Cg fluoroalkyl. Optional comonomers include hydrogen-
containing Cy-Cy olefins, which have less than half of the hydrogen atoms substituted with
20 fluorine, more preferably less than one-fourth of the hydrogen atoms substituted with fluorine,
and which are non-fluorinated in other embodiments. Suitable examples of fluorinated
( monomers include tetraflucroethylene, hexafluoropropylene, and chlorotriftuoroethylene.
Hydrogen-containing olefins useful in the invention include those of the formula
CX=CX-R, wherein each X is, independently, hydrogen or fluorine or chlorine, R is hydrogen,
25 fluorine, or a C;-Cz, preferably C;-Cs, alkyl. Preferred olefins include partialty-fluorinated
monomers (e.g., vinylidene fluoride) or ydrogen-containing monomers such as olefins
including a-olefins (e.g., ethylene, propylene, butene, pentens, hexene, and the like).
Combinations of the above-mentioned materials are also useful.
When the fluoroelastomer is not perfluorinated, it contains from about 5 to about 90
30 mol% of its interpolymerized units derived from TFE, CTFE, and/or HFP, from about 5 to about

90 mol% of its interpolymerized units derived from VDF, ethylene, and/or propylene, up to



CX2=CX-R, wherein each X is, independently, hydrogen or fluorine or
chlorine, Ris hydrogen, 25 fluorine, or a Cl-Cl2, preferably C1-C3, alkyl.
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fluorinated olefins and nitrile-containing ﬂuonnated vmyl ethers, such as: CF;=CFO(CF;) L CN;

CF=CFO[CF,CF(CF3)0](CF,0),CF(CF3)CN; CF;~CF[OCF,CF(CF3)];O(CF2)CN;
and CF,=CFO(CF,),OCF(CF;)CN, wherein L=2-12; q=0-4; r=1-2; y=0-6; t=1-4; and u=2-6.

20 Representative examples of such monomers include CF;=CFO(CF,);0OCF(CF3)CN, perfluoro(8-
cyano-5-methyl-3,6-dioxa-1-octene), and CF,=CFO(CF3)sCN.

An effective amount of cure site monomer is used in the fluoroelastomer to achieve the
desired resnlts. For example, this amount is increased to increase crosslink density of a cured
article. The amount of cure site monomer in the fluoroelastomer preferably ranges from at least

25 about 0.001 mol %, more preferably at least about 0.01 mol %. The amount of cure site
monomer in the fluoroelastomer preferably ranges from below about 5 mol %, more preferably
below about 3 mol %.

The fluoroelastomers may be prepared by methods known in the art. For example, the
polymerization process can be carried out by free-radical polymerization of the monomers alone

30 or as solutions, emulsions, or dispersions in an organic solvent or water. Polymerization in an
aqueous emulsion or suspension often is preferred because of the rapid and nearly complete

conversion of monomers, easy removal of the heat of polymerization, and ready isolation of the
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free-radical polynerizatjon process,can also be carried out in the presence
of a perf\“%"mﬂ"}i@ﬂ fFepRpsiion PSugh 06‘,@?1’&982"18?!55 %F@é‘ﬁf“ﬁ@“‘?lﬁﬂ%%al?lﬁgfmm’ g

processability of the resulfin f |l uor gpo, r .co sition. Such i di zi ng
agedfs arlbe Fiiinate to g1 iSPET mAtC e Brosuesd wﬁﬁwﬁcaﬁg befiepRolimmes2 (o o
sul fonyl i.ety. .The produc sul.fonyl radical. is.believed fto elimnate SO2
and fof m e el PRl r s Y poPpaBtion ot G rmeRral St o
et hyl eni cabdoed) SR hHBr 8fuseful oxidizing agents are known as taught in U.S. Patents 5,285,002

and 5,639,837. Representative examples of such useful oxidizing agents are sodium, potassium,

_and ammonium persulfates, perphosphates, perborates, percarbonates, bromates, chlorates, and

20 hypochlorites. Other useful oxidizing agents include Cerium compounds such as
(NH,);Ce(NO3)s. The amount of oxidizing agent used can vary depending on the particular

(_ oxidizing agent and sulfinate employed. Typicaily an equimolar amount or less (based on the
amount of sulfinate) is used. Perfluorosulfinates useful for this purpose include those described
in U.S. Patents 5,285,002 and 5,378,782.

25 Most commerciaily employed fluoropolymer curative systems involve nitriles, peroxides,
dinucleophilics (e.g., bisphenols), and irradiation. Curative systems used with nitrile cure
systems have included tetraphenyltin, ammonium, and ammenia generating compounds, as well
as nitrogen containing nucleophilic compounds such as bis(aminophenols),
bis(aminothiophenols), heterocyclic secondary amines, and guanidines, among others.

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

aromatic. These compounds may also be part of a dual curative system. It is preferred to use
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pyri m di |) A yrol es, .‘~ﬂ.s , 1 mdazol es,

t hi ophen yiazi , and capbi/ati ons thereof.
Exanpl es of aromatic conpound§ beyongﬂ‘lo b nzeﬁ@bar RaNden®N'f i Rzbel ow. Such

exenpl ary conpounds can be substituted or unsubstituted, R can be, for
exanpl e, 3Hkyl, al kenylg,cycl ogighcyl, aryl, or alkaryl, as described above.

NH2 NH2 ~]z ~ z BN N N
3\ N
OO G T G

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

For example, some groups considered to have an electron withdrawing effect may include NOy,
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15 Mechani sns and Structures”, J March, 2nd ed., 1977, MG awHi ||, Chapters

8 and 9.

Substituents can affect reactivity of the am ne nitrogen by way of

el ectrical (field or resonance) effects. The net result of all these

effects i
sone grou

NO2,

-consi dere

hat _the el ectron density distribution is nodified. For exanple,
;’@@M&&ﬁ PR sUsiderpddp havergpronfnch glestipn ipnatingafiect i3y i ncl ude

e B R e S T A L U T

NHCH3, N( aikddip to qulntifiptheauffdctbBsubIitentiaffitet dn A26tictics. OThe & 9aluéddrkhimmalerd Gan
attenpt to quantify the effects of substituent effects on aromatics. The a

-val ues ar 8 uphe tataledegiricalstisets of ¢ moup when atierked e p benzens singing refta of RFoUp when

att ached
expect ed

bifonD 08 AT U ek Ay e R IR i B oS5 S 21

I'nventive curin positive

val ue of gositidiveRt eso aficatesar Eloctrot Wiﬂﬁfa&hﬂlg'%oﬁi adp rpgtiva vaRe ah béeronal ue an

el ectron

donating group. Values of a for the groups listed as el ectron

wi t hdr awi Aepatibpgrevsyr ¥alugs|of grierthe grouptlistedas Sleoinin withdraysing hbaye erp allgresitazct r on

donat i ng
a sum of

about

- 10

15

20

25

SR 5 Rl Bl 3B F0° B SEGN 2op J slePBebi

10isQre¥erraitg @it hRfefeah le¥s th@Ssholh @5, hore ?ﬁéﬂﬁﬁ le@ttibigbodt Sum of
non-el ectron donating effects, it is also desi red that t

he am no
0.3, and even more preferably less than 0.

Besides having a sum of non-electron donating effects, it is also desired that the amino
substituted aromatic compound curing agent not be acidic to the extent that this character
undesirably inhibits cure. That is, more acidic character can be tolerated or even sought in
applications where curing proceeds at the desired rates, while in other systems of the invention
less acidic character is sought. It is preferred that the first pKa (in the event of multiple pKa
values) of the curing agent be greater than about 12, to allow proper cure in most systems. For
example, ArOH has a pKa (in water at 25°C) of 8-11 while ArO” has a pKa of >37. Similarly,
ArCO;H has a pKa of about 4 while ArCH; has a pKa of about 35. Generally, it is believed that
the amino group will increase the pKa relative to the compound lacking the amino group,
although the increase may be insignificant. In some cases the pKa increases less than 3 units.

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

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

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

combinations thereof.
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2 a0 ! Chaseln) P srabBligs Perdrat: SorBRemEIgRe ity sufisihoxyani | i ne.
3,4,5- trinet hoxy/@thdre BEd accepioRti cif ds@Be AR R W¢ forbeMaddsU Of RBeQppR@tion,
4-am no-2, 6- dichlorophenoxide salt, and conbinations thereof. 5 Additives.
suchlls  cabiethetiresshee o exbicableanetallip pompquads/is padesirabl (e @asericondquptoer s .
el udi NGy fy | HPHARRL Y Rbeshdil b3l RocefiA AR EERlAthoB Savbith CObnhotth bldazed 11
f I uor opol yner “conpoun |n§ can e 1ncorporated 1nto the corrp03|?| ns. In
sone enbodiideikeporsdtibidel foe 8xdniidé, zihe okidepatchin kydadfide talciileaboha, of t he

conposition are avoi ded. ) .
P magnesium oxide, silicon dioxide (silica), etc. These compounds generally are used in the

fluoropolymer formulation to bind any acids (such as HF) that might be generated at the high
20 temperatures such as may be encountered during curing or at the temperatures where the
fluoropolymers are intended to function.

The fluoroelastomer compositions can be prepared by mixing a selected fluoroelastomer
gum with a selected catalyst, along with any selected additive(s) and/or adjuvani(s) (if any) in
conventional rubber processing equipment. The desired amounts of compounding ingredients

25 and other conventional adjuvants or ingredients can be added to the unvulcanized fluorocarbon
gum stock and intimately admixed or compounded therewith by employing any of the usual
rubber mixing devices such as internal mixers, (e.g., Banbury mixers}, roll mills, or any other
convenient mixing device. To avoid premature curing or “scorch,” the temperature during
mixing should not rise above the safe mixing temperature of the curative selected, e.g., mixing

30 below about 120°C. During mixing, it is preferable to distribute the components uniformly

throughout the gum.



Carbon black fillers can be used to bal ance properties such as nodul us,
tensile strength, 10 elongation, hardness, abrasion resistance;
conductivity, and processability of the conmpositions. Suitable exanples

i ncl ude MWORBH%4363Iredi um t hermal bl ack) desi gnat ed N 99RCT/BEROH)3IZBEEO08,
and N-907; FEF N-550; and large particle size furnace bl acks. Wen | arge
size particle black is wused, | to 70 parts filler per hundred parts

fl uoropol yner (phr) is generally sufficient. One or nore acid acceptors can
al so be added r ' : ' I..on 1 re the
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(e-g., Banbury mxers), roll mlls, or any other convenient m Xi ng devi ce.
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of a suitable post-cure cycle involves exposing molded parts to heat under nitrogen using six

stages of conditions. First, the temperature is increased from 25 to 200°C over 6 hours, then the
20 parts are held at 200°C for 16 hours, after which the temperature is increased from 200 to 250°C
over 2 hours. Then the parts are held at 250°C for 8 hours, after which the temperature is
(7 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.
The fluoropolymer compositions are useful in production of articles such as O-rings,

25 gaskets, tubing, and seals, especially when a clean-appearing fluoroelastomer article is desired.
The curable compositions formulated without inorganic acid acceptors are particularly well
suited for applications such as seals and gaskets for manufacturing semiconductor devices, and
in high-temperature automotive seals.

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

details, should not be construed to unduly limit this invention.



Generally, this is between about 95C and about 230C, preferably between
about 150C and about 205C, for a period of fromabout 1 mnute to 15 hours,
typically from5 mnutes to 30 mnutes. A pressure of between about 700 kPa
and abo¥0 2004/613363Pa i s usual |y i nposed on the conpold&d2M308e%e in a

nol d. The nolds first nmay be coated with a rel ease agent and baked. 10 The
nol ded m xture or press-cured article is then usually post-cured (e.g., in
an oven) at C a tenperature and for a tinme sufficient to conplete the
curing, usually between about 150Cgafdnlegtbout 300C, typically at about 230C,
for a period of from about 2 hours‘tT‘%U‘ hours or nore, generally
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co%gosi . e exanple of a suitable post-cure cycle involves exposing
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Post-Cure: Press-cured sample sheets and O-rings were exposed to heat in air for various times
and temperatures. The samples were returned to ambient temperature before testing.

Physical Properties: Tensile Strength at Break, Elongation at Break, and Modulus at 100%

Elongation were determined using ASTM D 412-92 on samples cut from the press- and post-
20 cured sheet with ASTM Die D.

Hardness: Samples were measured using ASTM D 2240-85 Method A with a Type A-2 Shore

Durometer. Units are reported in poinis on the Shore A scale.

Compression Set: O-ring samples were measured using ASTM 395-89 Method B at various

times, temperatures, and 25% original deflection (unless noted otherwise). The O-rings had a
25 cross-sectional thickness of 0.139 in. (3.5 mm). Results are reported as a percentage of the

original deflection.

Heat Aging: ASTM D573, with time and temperature indicated in the examples.

Examples 1-8

Perfluoroelastomer A was prepared by aqueous emulsion polymerization having

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

-10-



ot herw se specified. The indicated results were obtained using the foll ow ng
test nethods, unless otherwi se noted. The test results appear in the table
bel ow. 5 Test Methods Cure rheol ogy: Tests were run on uncured, conpounded
sanpl es using a Monsanto Moving Die Rheoneter (MDR) Model 2000 in
accordance with ASTM D 5289-93a at various tinmes and tenperatures and a 0.5
degree arc., Both the. m ni M) ~apd highest, torque_attai ned during
. a speci fipggluﬁgjﬁr‘egﬁ’?g'flﬁﬁ%mﬁs %gle%é QPE/&BP "b?"q’rg'ﬁ‘i’%ﬁﬁngﬁ'l‘rﬁlﬁée RABOBHt ai ned
(MH)  wer eCFRECREaSHy):EW (MY SeN)yreasured were the time for the torque to
increase 2 in-lbh (0.2 N m_above M. ("ts2"), the time for the torque to
“reach a val uePedugioelagomer B was simijprly prrpayed and hadinjerpolyraenizied units of6/8or  t he
torque t qg@%b- Y ress-Cure: Sanple sheets
measur i ng“‘_gfg’gﬁ?’%(%%&% mnan%/iﬁ%ng{g%‘gsscﬁiere nol ded fromthe mi xed
uncuf ed conpoihelperflsirngastonine atae thapticasd os ettwatolvmaill forstotd MkS GpiidnilBnper at ur es

as 15 indicated in the e | e Post - Cure: Pr - d I heet d
O ri ngs AR FLR 8688 S H Da om Pegpoor v el T ol ayfperddtires,  The
sanpl es vgpR Mﬁ&iﬂﬂ%&@aﬁﬂﬁﬁ@&hﬁ&%ﬁ@ﬁdf@pﬁwﬁarﬁxﬁ?&xﬁfgﬁ-(gﬁm% s ot

Properties: Tensile Strength at Break, El ongation at Break,
100% El dhalgitGhomioak Peakdelapantiand ttanigimrjoddSTN- D 04%din §gkapGheaingd] ©sakeut from t he

press- a Stvracn0. . GUT heet, wit SIM Di e D.. rdn - Sanpl es re
measur ed r}dfr%aglgar IX%%I\?F‘%OQ 5%51? ggrcl\%wggedﬁw'&] 1 %mg"ﬂ;ﬁ)ﬁ%l_ﬁlﬂ‘? Qfﬁt&zg mq&sﬁ‘ﬂé\l?er .
Uni 168 ar ehétpaidiCengsiv@prapied MTHeRemSBOWere MhenGested. foArhesissymdIRdss O ri ng
sanpl es were neasured usi,ng ASTM 395-89 Method B at various tines,

t enper at yEsd; Prsyandawstouriag epaditions yasied potellovisi| Bwmpigstlctiveremegspewed at The
Ori o . _ ' obhi of 1. in. (3, | t
011 1as Mt Con s AR OREHOP UG LEHIE S P oS B

D573, W tifiint dndgogtiriieRiaanped Lo RsbntRinperatufe th200€xX@iPb Bsthen Ii@niHoo=C 1- 8
Per fl uor oel ast oner A was g({,f ared by aqueous emnul si on pol ynmeri zati on having

30 i nt er fot Yl ithenarmppdite 30025666 in2 hothen indd #&A0°Q fop P 4y thewramprd tro? Wetly | ene
(TF % ’ B&gﬂfpg? ll(«)a/%d firk Pr'ﬁglﬁfak %wrc;@%rtr‘rle@rﬂ beYrd X(Loli%é ?oerr()orgﬁ%/r@ratt?r%%vgf Fy ol %of a

nitrile-c nirng cur-e - si
Example 6 was press cured at 177°C for 30 min. and post cured at 250°C for 16 h. Example 7

was not molded into finished parts; it was used to demonstrate that a curing a curing effect was

present. This illustrated the effect of converting the phenol group in CE-1 into an electron

donating phenoxide salt to provide the necessary curing effects. The molded sheets were used
20 for the Die D dumbbells used in testing the physical properties {(per ASTM D412) and the heat

aging properties (per ASTM D573). The moldcd'3 .59 mm O-rings were used for compression

set testing per ASTM D395 Method B. The results are included in the tables below.

In the following table, Curative A is 4”, 4”’- (hexafluoro isopropylidene)

bis(4-phenoxyaniline), Curative B is 4-phenoxyaniline, Curative C is 3,4,5-trimethoxyaniline,
25 Curativ.e D is p-anisidine, Curative E is 2,2-bis(4-aminophenyl) hexafluoropropane (from

Central Glass Co., Ltd., Saitama, Japan), and Curative F is 4-amino-2, 6-dichlorophenoxide

sodium salt (prepared by reacting equi-molar amounts of 4-amino-2, 6-dichlorophenol and

NaOCHj3 in methanol at room temperature).

-11-



CF2=CFQ( CF2) 5CN (M/5CN). Perfl uoroel astoner B was simlarly prepared and had
i nterpol ynerized units of 66.8 nol % TFE, 32.0 nol % PMWE and 1.2 nol % MV5CN.
5 The perfl uoroel astoner was nasticated on a two roll mll for I to 2 min. °
Opt i onawoyeosdmsasa filler (Aerosil(r) R-972, from Deg®6&F4S2003438388€n added.
This was followed by the addition of the am no-substituted aronmatic
curative conpound. Optionally bariumsulfate (No. 100 from Sakai Chem cal,
OCsaka, Japan) and titani um di oxi de (A-110 from Sakai Chem cal, Osaka,

Japan) or N990 carbon bl ack wepgyt hefraffigda th a total mxing time of 15
to 20 min. S e 10 _sheets _and O-rings re prepared. The_sanples were then
tested for clire rheEK%igpleand pressl cU2 el. 3Prjeds anﬁ post |curihg conditions

varied as fo 1 wetr-erpress—egred—at—3483CHfor—p20 m n. and
post cured at 12)%%@,0 or?‘?ﬁmﬁg Exanrpl e b wag press clured alpb]??C for 30 mn.
and post curl Pgfluasciagsmad f rom[rpan iepasvativigd [ 9o2P0C qvglp p h, then hel d

at 200C for|16-hthen ramped tio 2 260C in 2 h, then hgld af 250C for 8
h, then ranpnﬁ:“%aﬁ‘@éo 300 15 -Clf®8 2 h 11nd flinally held gt 30pC for 16 h
before coolifr @ufa’tié omtenperatyre—oper—2—h—1bExappter6—wis—prpss cured at
177C for 30 mn. post cured |at ZSBémr 16 h.j Exagpl e {7 was not nol ded
into fini shejcnﬁth It was used to denohsig gte that curling p curing
ef fect was esent_.This illus ted the efflect of converiti nglthe phenol
group in CE- L1ChrtigeBn el ectron [donalti ng|pherjo&BdeOsallt tq proyide the
tH20-for—the Die D

necessary cu EHJ{ gects: Thenygtdedr—sheets—were—us ot
dunbbel I s use %esti ng the phHysical pfoper|ties| (pef Zi:%'IJM D4L2) and the
heat aging pCepgivéFes (per ASTM D578). The nolded 3.3%9 nm §sr|ngs were used
for conpression—set testing perd ASTM D395 t hodl.B . The rlesults are g

i ncluded in { ASTOSUBrER bel ow. |11 Lhe id [ oW glBabl e, |Curdt tve| A is 4", ‘4
(hexafl uoro i rdene)—big(#=pjrenoxyanitme) 5Cyrpt tive 8| i s
4- phenoxyani | ?q(r%gd,ig%ir(atl ve Cis |3,4,b-triinet Hoxyani 0i ne?g 25 Chrative Dis
p- ani si di ne, G:naraﬁmﬂﬁ)xﬁﬁel s 2, 2-hi A 4} a#n hoghdny )| hexaf | udr opr ppane (from

14

Central d ass$—Ca- Saitan Japan-—and j FEis4-am no- 2,
6- di chl or oph¢ M%é“]f%dl um sal t| (Prpfdr ediby ABarting equi 4ol ar amounts of
4- am no- 2, 6-diThrorophenor and NaCOCH3 T mettanot—at—Toonr tenperat ure).

-11 WO 2004/ 074363 PCT/ US2003/ 038886 Table 1. Formnul ati ons
Comparative Examples CE-1 to CE-4

Perfluoroelastomer B was masticated on a two roll mill for 1 to 2 minutes. Aerosil R-

5 972 was then added, followed by the addition of a curing agent with a total mixing time of 15 to
20 min. Sheets and O-rings were prepared and'tested as in the examples above. None of the
Comparative Examples cured, so they could not be molded into useful parts. Formulations and
test results are included in the tables below.

Table 2. CE Formulations

Example CE-1 | CE-2 | CE-3 | CE4
Perfluoroelastomer B 100 100 100 100
4-amino-2,6-dichlorophenol 0.5
Ethyl 2-aminobenzoate 0.6
Ethyl 4-aminobenzoate 0.6
3,5-bis(trifluoromethyl)-aniline 1.3
Aerosil R-972 1.5 1.5 1.5 1.5
Titanium dioxide 4 4 4
Barium sulfate 40 40 40

10
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Exanple 1 2 3 45 6 7 Perfluoroelastonmer A 100 Perfluoroelastoner B 100
100 100 100 100 100 Curative A 0.8 Curative B 0.5 Curative C 1.0 Curative
DO0.50.4 Curative E2.0 Curative F 0.5 Aerosil R972 1.5 1.51.51.51.5
N990 Bl agko 26h4h24363i t ani um di oxide 4 4 4 4 4 Bari um suPEHUB200803868640 40 40
Conparative Exanples CE-1 to CE-4 Perfl uoroel astoner B was nasticated on a
two roll mll for 1 to 2 mnutes. Aerosil R5 972 was then added, followed
by the addition of a curing agent with a total mxing tine of 15 to 20 mn.

Sheets and O-if)o8 1 el ggr ve. None
of the Conpar atlveg\%?g Feggﬁ}(i:\’g?ie Qfés t% @éﬁf‘gastn%?% rTé%ilt’g%ldﬁi nto usef ul
parts. Fmdmieathauﬂlsnatedaldlésmtcnmsul ts are included in the tables bel ow.
Tabl e 2. CE Fornul ati ons Exanpl 3 CE-4 Perfluoroel astoner B
100 100 100 100 4-am no-2, 6- d.f#h%é%&ﬁ%‘ﬁ“qg Et hyl 2-am nobenzoate 0.6
Et hyl 4-am nmﬂéﬂpt 9. 23 sit UQSVC”?”&@-IFE—&' £ 4perosil
R972 1.5 1. 1 1 T?t an um e arium su atec?o 40 40 10
Temperature| 188 | 188 | 188 188 1773177 V1774 177 | 177 | 177 | 177
°C)
My (Nm) }0.419/0.419}0.313|0.381(0.140]0.084/0.249| N/C | N/C | N/C { N/C
My (Nm) (0.93810.776|0.803{0.858{0.585(0.581|0.390] N/C | N/C | N/C | N/C

t:2 (min) 9.1219.82|11.215.12]5.79|7.01| — | N/C | N/C | N/C | N/C

t’50 (min) |10.217.52|11.7]547|5.73|7.41(2.77| N/C { N/C | N/C | N/C

( t'90 (min) |[17.8|164}17.9{14.410.17{ 11 [17.9f N/C | N/C | N/C | N/C
5 In the following table, N/M indicates that the property was not measured, TS means

Tensile Strength at Break and EB means Elongation at Break.
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-12 WD 2004/ 074363 PCT/ US2003/038886 1In the followi ng tables, N Mindicates
that the property was not neasured, and NV C indicates that the material did
not cure. Table 3. Cure Rheol ogy Exarrple 1234567 CE1CE2CE3CE4
Terrper 88 188 188 177 J-NC 177 177 177 (C 419 0.419°
0.313 0 ?@6‘1’@3 NCNCNC M (Nm 0.938 0.776 o.?f}%&@%@?ﬁ%% NC N C
NC t52 (mn) 9.12 9.82 11.2 5.12 5. 79 NCNCNC t'50 (mn) 10.2 7.52
11.7 5.47 5. 73 NCNCNC 17.8 16.4 17.9 14.4 10.17 NCNCNC 5 1In the

following table, NNMindicates that the property was not neasured, TS neans
Tensile Strength at Break aﬁﬁwrﬁamsalmromﬂgaes on at Break. C-13 WO

2004/ 074363 F’b‘l’/UbéE &IJlSSSS‘L Tat —Phystcal—Preperties—bExgnple 1 2 3 4
5 6 Press and Post  CurBd TS (I1viPal 14.89° (16731 1%. 465 %5.{70618. 39 15.03 EB
(0/,) 165 2(pPest9Rd P8GR Gilded 217 ~I00% Mgdul us (MPd) 10,148 8.127 7..58 9.45 5.05
4.14 Hardness {Shore A) 75 75 75 75 69 67 | Congressijon Seat (%] 96 h, 200C
NMNMNM N SI\M@/I 45. 3 96 h, 23BN/ IG.IV|M3NMS5SV U7 |N/8M95315103 [70 h, 230C 47
99 70 58 22 el ot 2506 5% i mhpiet gy £ g BATEA- oM
100% Modulus (MPa) 1048 | 827 | 758 | 945 | 505 | 4.14
Hardness (Shore A) 75 75 75 75 69 67
Compression Set (%)
96 h, 200°C NM|NM | NM|NM|NM]| 453
96 h, 230°C NM|NM|NM | NM | NM | 53.1
70k, 230°C 47 | 59 | 70 | 58 | 22 | N Y
70 h, 250°C, 15% initial defl. 57 67 84 72 | NNM { NM
70 h, 316°C ‘N/M NM|NMI|NM| 38 | NM
Heat Aged, 270°C, 70 h
TS (MPa) 13201148 | 1127 | 12.58 | N/'M | N'M
EB (%) 205 | 245 | 255 | 220 | N/M | N'M
Hardness (Shore A) 73 72 71 73 | N'M | N/M
Heat Aged, 290°C, 70 h
TS (MPa) 12.00 | N/M | 11.00 1 11.38 | 14.18 | 14.22
EB (%) 220 | N/M | 285 | 250 | 200 | 258
100% modulus (MPa) NM|NMi{NM|NM| 436 | 2.76 O
Hardness (Shore A) 73 | NM | 74 73 66 65

Various modifications and alterations of this invention will become apparent to those
skilled in the art without departing from the scope and principles of this invention, and it shonld
5 be understood that this invention is not to be unduly limited to the illnstrative embodiments set
forth hereinabove. All publications and patents are herein incorporated by reference to the same
extent as if each individual publication or patent was specifically and individually indicated to be

incorporated by reference.
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-70 h, 316C NMNMNMNM38 NNM eat Aged, 270C, 70 It TS (MPa) 13.20
11.48 11.27 12.58 NMNM EB (% 205 245 255 220 NNM N M Hardness (Shore
A 73 72 71 73 NMN M Heat Aged, 290C, 70 h TS (MPa) 12.00 NVM 11.00 11. 38
"14.18 14.22 EB (% 220 NM 285 250 200 258 100%modul us(MPa) NM N M N M
NM4.36 2.76 Hardness (Shore A) 73 NNM 74 73 66 65 Various nodifications
and alterations of this invention will become apparent to those skilled in
the art W%ﬂ@aﬂb‘ﬁartl ng fromthe scope and principles of this invention,
and it shpul d, 5. be understood that this invention is not to be unduly

u

l[imted to théqur?pogitﬁlpgf?%l I MM¥hodi ments set forth herei nabove.

‘publications gid patiesicpolgmer deipgisig iﬂ%&@&mﬁ&%@quesvdemé@ﬁ&ﬁﬁgj&o he e
extent as if, each individual publication or patent was specific

i ndi vi dua‘1°F?‘W1?fcﬁ“6"a%1@dn‘%D8mﬁbaﬂ4 ncorporated by reference. -14 \Wat | s CI ai m
is: & A conmegti oool rco risin .

i nt er pol yner | @d u%?%lgﬂlgg P‘l’s\?le arré%hé:%ﬁhtluy%éoe ?vél?grﬁ Stonp g“bﬁﬂwent
NONONeEr ; tahmlt}ﬁn(bbc)rogen,am no- subst i tut ed aromatic curative conpound havi ng at
| east one subs tue@ %er t han h en, wherein the net effect of the
subst i t uent (s )VACEILBE nehe Gtof fhepesHends Aot eletranyyighdrardng sl cusetivichasabove
about 12, the BHRChHBRY 2CAB E&hFbhuas rovi.ded that
no heteroatom&1 irectly bonded to fg}mhyglr gg%ﬂ@ﬁgn?%tlﬁigﬁ%%@@ngﬁ PEH t“ﬂeg to the
anmno 10 gr ouII)hat a%bet@fn@tomrdlmﬁbebogd@btmaﬂwﬁngm isrythe popiticheitthd € thie amirong, Whi ch
ring,may be n ude one re heterogaton(s). 2. The ‘
com%om tion a co ldm res g{gﬂtgpgyﬁoggﬁgrtgo}rﬁapago FREDEBRNPS ses

i nt er pol ynenzmhaunaﬁcsmdﬁrnbmedoﬁmmo&éBetér@atm{sb uor oet hyl ene, and (ii) a_
fluorinated

2. The composition according to claim 1 wherein the fluoropolymer comprises

interpolymerized units derived from (i) tetrafluoroethylene, and (ii) a fluorinated

15 comonomer, and optionally (iii) one or more perflucrovinyl ethers.

3. The composition of claim 1 wherein the fluoropolymer is perfluorinated.

4. The composition of claim 1 wherein the fluoropolymer comprises interpolymerized units
2Q derived from tetrafluoroethylene, and one or more perfluorovinyl ethers.

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

nitrile cure site monomer.

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

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

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

a heteroatom.

-15-



15 conononer, and optionally (iii) one or nore perfluorovinyl ethers. 3. The
conposition of claim1 wherein the fluoropolyner is perfluorinated. 4. The
conposition of claiml| wherein the fluoropol yner conprises interpolynerized
units 20 derived fromtetrafluoroethyl ene, and one or nore perfluorovinyl
ethers. 5. The conposition of claim1l wherein the nitrogen-containing cure
site mononer is-a nitrile cure site mononer. 25 6. The conposition of claim
-1 wherein the fluoropolyner is derived frominterpolynerized wunits

consi sting esgpgtompdsiticaliof eRfin 9 wheRIAhOBEELMORGE BirbSdnS Which WboRliedBtFo
perfluorovinylether(s), and a nitrile-containing cure site nononer. 7. The
-conposi ti on ofR EPEISM 1 wherein the curative conpound contains a heteroatom
30 directly bonded to an R group in the position ortho to the am no group,
wherein Ris an alkyl, alkenyl, aryl, or conbination thereof, which may be
cycl ¢, amd whithe bompositionnif alafin 7 avheeinth©Righdtp is 46185 allig asdDip f&kdohtem i9f cl ai m
7 wherein the heteroatomis nitrogen, which is bonded to two R groups. 5 9.
The conpositi O%Y&P claim 7 wherein the Rgroup is a C-C5 alkyl and the
heteroatomis oxygen. 10. The conposition of claim7 wherein the heteroatom
is nitrogen, which nitrogen is bonded to two R groups, each R independently
a Cl1-C5 alkyl .The@orhosititnef claim @ silereortho heterbatbmmis niwhgmeihich isrogen &t i ve i s

sel ected from e Xy-sybstitut .hono-,_and hi S; i no-substituted aromatic
.conpounds, alwﬂw%ggﬂé@fkﬁﬂwﬁﬁe p‘ﬁﬁﬂdmﬁW§- éﬁ%ﬂ@g;ubstituted aromati c
conpgunds, dial kyl am no-substituted nono- and bis- am no-substituted

aromati c conpounds, thioal koxy-substituted nono- and bis- _ amno- 15

substitut Bd arldgaempositinmndglats | whersintberpirpiitteiipselected doapmethaxpy-subpiguted

conposi i o Of, flo2) i ic WAGK ELMseiEs BISERLL ¥ndRnChEGH S mono- and

ani no- subst i t Ut ed nap%ha enes, anthracenes, pyT% I NES, pyrlnlalnes,

mel am nes, quibis amir@ssnbstitatad sromathy congloasds, dixkrylindsg-substitdtd @loas; arditisphenes,

triazines, azul enes, benzi m dazoles, and. 20 conbi.natj ons ther.eof ..
amemo-su’bshtu aromatic compounds, Sam::&l(oxy-sxrnﬁ)s'mtuted mono- ande bis- amino-

15 substituted aromatic compounds, and combinations thereof,

12.  The composition of claim 1 wherein the curative is selected from amino-substituted
napthalenes, anthracenes, pyridines, pyrimidines, melamines, quinolines, furans,
pyrroles, oxazoles, imidazoles, thiophenes, triazines, azulenes, benzimidazoles, and

20 * ‘combinations thereof.

13.  The composition of claim 1 wherein the curative is selected from o-anisidine, p-
anisidine, m-anisidine, 4”,4™-(hexafluoroisopropylidene)-bis(4-phenoxyaniline), 4-
phenoxyaniline, 3,4,5-trimethoxyaniline, 2,2-bis(4-aminophenyl) hexafluoropropane, a 4-

25 . amino-2, 6-dichlorophelib}iide salt, and combinations thereof.
14,  The reaction product of parts (a) and (b) of claim 1.
15.  An article comprising the composition of claim 1.

30 : :
16. A method of making a flucropolymer composition comprising:
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13. The conposition of claim1l wherein the curative is selected from

o- ani si di ne, p- anisidine, manisidine,

4" 4"' - (hexaf | uor oi sopropyl i dene) - bi s(4- phenoxyaniline), 4- phenoxyanili ne,
3,4,5-trimethoxyaniline, 2,2-bis(4-am nophenyl) hexafl uoropropane, a 4 25
am no- 2, 6-dichl orophenoxide salt, and conbinations thereof. 14. The
reacti on product of p,a,rtslffa) and (b) of claim1. 15. An article conprising
the conpositi & of Preyidingaflucropglymer compsising dnergelymenized ynifs darived Spaiay ner
conposi t inQA1eCoARtk foAbmer;- 16 (@) providing a fluoropolymer conprising
“interpolynerized units derived froma nitrile cure site nmononer; (b)

-provi di ng an & noprevidgian amé-ibsiteted aromaticturative conpomd Havtisyatiepstonel east

one subst. t.uent .ot her .t han hydrogen i d.substituyent of. i,ncluding a
het er oat 5?}?#1 gt qﬂgerg?apg‘g&f’%en’ éal‘iﬁ'%atétae’ﬁ@ not Fﬂ?gﬂ%@& ef%‘;ﬂia{" Eﬁé‘s Sgg?ttjj’i on ortho
to tyie ambidedds &HRIroMMAY Bithe pdaRiodRkthe i BEAmBD gfdip, WheRsiHh tHe WENdffest ofite NOL

el ectron withdraw ng, the curative has a pKa above about 12, the conpound

may cont ahbstiBgel(D s neb plectrey withdmvong dhe cugatizie bise rika abpyeabapi'ds the gempenday

t oget her r s 1] j i gg@&' i or
nor e het ééag{acg%él s*‘?g%%‘ﬂm@éf‘;p”@?déﬂg’r @to %orfarf] uor oﬂﬁgﬁu%g?n%%lghtﬂ&hfg&gﬁ?g i ve.
10 17. Thehidharinganayie acdmaativiané nfay iiche oaoormidrs hetgrostiva@);ngnd he m xture; and

curing the shaped , m xture. 18. The nethod of claim 17 further conprising
post-curing ald opblf %ﬂHQQPOI%FTn‘g‘E{‘g%C‘“i@’Ccur ed mxture. -17

10
17.  The method of claim 16 further comprising shaping the mixture; and curing the shaped
mixture.
18.  The method of claim 17 further comprising post-curing and optionally heat aging the
15 cured mixture.
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