WO 2004/069900 PCT/US2004/002584 TITLE OF THE INVENTION
[0001] Bisaminophenyl-Based Curatives And Amidine-Based Curatives
and Cure Accelerators For Perfluoroelastomeric Compositions
WOROEFHREFERENCE TO RELATED APPLICATIONS [000@11Tthimno4/002584
application claims the benefit under 35 U.S.C. 119(e) of U.S. Provisional
Application No. 60/443,718, filed January 29, 2003. BACKGROUND OF

THE INVENTION [OOOﬁﬁEgﬁge{?%%%ﬁﬁ%?MOre particularly,

perfluoroelastomers are materia high levels of chemical
[0001] resBisawwophesiBresistanadysictapiablsliesriosed Slorraees padiSinitce
Acceler L SSSRAIBY MBS hARISAHRIRRGIRSs Fluoroelastomers have thus found

use as seals, gaskets and linings. When high temperature or aggressive
or harsh environments, such as corrosive fluids, solvents, lubricants, and

oxidizing o reskiRgREREiiopsTe R Fplicated.PPEIfUudnEaiesstomers are

the materials of choice. Flugroelastomers ade by various_ routes
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Applicaiinipestiuas kg diladdasmer 25imHaging a perfluorinated curesite

monomer, polymerizing the monomers and curing (cross-linking) the
composition using a curing agent which reacts with the incorporated

curesite monome}igtlgégr@k@)ﬁﬁﬁgﬁ} WE:WQ}@Wstomeric

properties. Suitable curesite monomers include, among others, those
[0003] havifigreyelascaresiad tExaRpics Ty rpRERy) Rt yepsHvRigmaterials known

for theiFHIPERMAINIAAUAL RIS MRROPIAIS QKON HR8IE. dbisphaliRed:
thatin curesite monomers_having cyano curesites, certain curing agents

resistangeABf saHactA e e R CHEE ORI jdi eEoRRNRER ABE TRROPEAETSRAS
seals, gasiibig-ngenia IoCdRIDEgANempalliccompatitsanchtiehRydimritests, such as
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curing RISRENAREIS R SohipamiBRINARNEARS ARk RISAMIA RZQD A3 RiIBAHEHpHRAted
curesitet )élggnsog:e?ilgl?(%m a material which exhibits elastomeric properties. Suitable curesite
monomers include, among others, those having cyano curesites. Examples of primary and
secondary cyano-containing curesite monomers are known in the a;rt §t is believed that in
curesite monomers having cyano curesites, certain curing agents trimerize the cyano cure sites
which join to form triazines.

[0004]) Known curing agents include organometallic compounds and the hydroxides
thereof, especially organotin compounds, including allyl-, propargyl-, triphenyl- and allenyl tin
and the hydroxides. The tetraalkyltin compounds or tetraaryltin compounds, for example
tetraphenyltin, are common. However, these curing agents provide a relatively slow rate of
cure, are toxic and can introduce metallic contaminants to resulting elastomers.

[0005] Curing agents containing amino groups have also been employed.
Bisaminophenols, bisaminothiophenols and bisamidrazones are additional types of curing

agents. Those having a diphenyl structure having substitutions on each pheny! ring of amino



agents. Those having a diphenyl structure having substitutions on each
phenyl ring of amino 1 WO 2004/069900 PCT/US2004/002584 and
hydroxyl, diamine, and amino and thio are generally known in the art as

e imgidonviected by structures including: -S02-, -0-, -CO-, abica/geoeqaweiss
1-6 carbon atoms, and a carbon- carbon double bond. While perfluoroalkyl

and hyBFOXRS Ahdidd) cRINANRIGAIS NS YE:RRRAI0936IYwHeseHbEd A8 5l connected

synthesis and use of such compounds as curatives have not been
by strglemenstiateck: TRGse dipheyl, siiudtureshye matenieds wbigk afe ituden-
and have known syntheses, are primarily compounds which have three

carboncdpula gt GiGrilssaritrpoaliidrersRpschy Pgrobps deeratachestadaprsly
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known curative of this type is 2,2-bis[3-amino-4-hydroxyphenyl]
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s not very co tible wit rfluoroglastomers, is, difficult to disperse
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also ké&ﬁ%@?scrﬁ%%ig %6951%5959% . ether bisaminophenols as monomers
or making fluorocarbon ether-bibenzoxazole polymers. Evers outlined a

[0006ky ntR&XiPristertst iodsdibwabomelfieg bisaionePbisXMiCa BOAP is not
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Husted, Reilly & Brown in JACS 78:6032 (1956), Grigas ‘and Taurins,
perfluereglagompisnand i gy arelatively Jow 1CtEICOE3& and A. Taurins, Can.

(00079 Clrem. peks3P, Phibdn/ 84 (18630:deseridg PreyiRLShin kBT rRvtaedisn ether

. routes for formation of amidir_les.E[OOOS] With respect to ways to speed u
bisamigephenihes RYSINECELOR e EE ABoRRIE & B brRaARIGR e R B f/ers
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. erfluorgoctanoate, annnonium perflugroacetat ium thiocyanate
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and Gxg @Mﬁuﬂoﬂlﬁ%ﬁE%%J T’fﬂ:&ﬁf’x‘?&z’o@ W9¥lp @%9518&'%%%%9{5?&}! known

enzyltriphenylphosphonium bromide, benzyltriphenylphosphonium
synthepi apiefi &b fopmp e snpdinggabutylammonium hydrogen sulfate, and

[ooosfetrafidiy| RRPRARI R RIIHBA up slow curing agents, such as BOAP, there are also
traditional accelerators used in the art including organic or inorganic ammonium salts, e.g.
perfluorooctanoate, ammonium perfluoroacetate, ammonium thiocyanate, and ammonium
sulfamate; urea; t-buty] carbamate; acetaldehyde ammonia; tetraalkylphosphonium salts,
tetraalkylammonium salts, and trialkylsulfonium salts, such as benzyltriphenylphosphonium
chloride, benzyltriphenylphosphonium bromide, benzyliriphenylphosphonium phenolate of
bisphenol AF, tetrabutylammonium hydrogen sulfate, and tetrabutylammoniom bromide.
However, such compounds tend to have side reactions that can result in undesirable byproducts.
[0009]  Accordingly, there remains a need in the art for an improved curing agent capable of
more easily dispersing in and more quickly curing perfluoroelastomers, particularly cyano
curable perfluoroelastomers. There is further a need in the art for a cure accelerator for
perfluoroelastomer curatives which accelerate the cure rate of and maintain the beneficial

properties of perfluoroelastomers,



However, such compounds tend to have side reactions that can result in
undesirable byproducts. [0009] Accordingly, there remains a need in the
art for an improved curing agent capable of more easily dispersing in and
more quickly curing perfluoroelastomers, particularly cyano curable
BRIEF SUMMARBrogld3tenidrs ENBKeNs further a need in the art for a cure
10010] a ?s!%l%asta%[ fl%'i’ﬁpnegll*gor{no%lgasﬁolmg r—%ﬁgggvﬁﬁwéﬁg ﬁ%gﬁ?@l}ﬂgf ldﬁ?atives, co-
raté of and maintain the beneficial properties of perfluoroelastomers. 2 _
curatives anBRIEF SUIUMARY IOFEHEINYENTIONC[ 0010 dDiselusdd Refain agpect. there 1s
provided a c?@é\%?@'ﬂépﬁ%%%ggsm&@ QQ&?HS@QME&QQ@%@H{%Y&E’ co- curatives

ure accelerators for perfluotoelastomeric compositions. In a first
aspect, there is provided a chitativefor perfluoroelastomeric compositions
having formula (1): / (I) /NRY-C NHR wherein Y is selected frgm the
group consisting Qj substituted alkyl, alkoxy, aryl, aralkyl or aralkoxy
groups of from 1 to about 22 carbon atoms; substituted or unsubstituted
halogenated alkyl, alkoxg/}&ryl, aralkyl or aralkoxy groups of from about 1
to about 22 carbon atoms, andHperfluoroalkyl, perfluoroalkoxy,
perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of from 1 to
wherein Y 8PQMESRLABAN MoBR aNdRiia Ay doaanssbstitited orupsubatilteshikyl or
lower alkyl or alkoxy groups of from 1 to about 6 carbon atoms; and an
aralkoxy groypiid §eowg; BritPRY %ﬁ&fmwaﬁyﬁ%m%fgﬁﬁr&%&%@p@éewd alkyl,
alkoxy, arylS RIgNideda gk Aecelertar tor priiureriasiomeriBoGOMPOsHIBRS atoms, and
having formula (1): / NR2 (1) Y-C \NI-IRI Wq%rein Y ig selected from the ‘
perfluoroally s AR o PECDNCRSH RSNV, ZEIRPE APLIRGyEFouDS of from

1 to about 2aresps0hfsam: lieiabout RAkarboR domscdubstitytedtateadubstitited.or alkoxy

hal lkyl, alk [ lk lk
groups of fr?glﬁb‘el% tegcgfg)éﬁpagtgﬁéigar ’Bagrr%m)é}%%y;o ;%Q}{ny ﬁlogrfil%}&ts’z?”t 1

[0010a] In a second aspect, there 1s provided a clre accelerator for perfluoroelastomeric
compositions having formula (I): NRY
4 a
Y—C )
NHR'

wherein Y is selected from the group consisting of substituted alkyl, alkoxy, aryl, aralky or aralkoxy
groups of from 1 to about 22 carbon atoms; substituted or unsubstituted halogenated alkyl, alkoxy,
aryl, aralky or aralkoxy groups of from about 1 to about 22 carbon atoms, and perfluoroalkyl,
perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of from 1 to about 22
carbon atoms; and R' is hydrogen; substituted or unsubstituted lower alkyl or alkoxy groups of from
1 to about 6 carbon atoms; and an animo group; and R”is R' or hydroxyl.

[0011] In a third aspect, there is provided a bisamidine-based cure accelerator for

perfluoroelastomeric compositions as represented by formula (11):

RIN NR!

Vi (I
C e C
REHN/ \NHR2

wherein D is selected from the group consisting of unsubstituted or substituted halogenated alkyl,
alkoxy, aryl, aralkyl or aralkoxy groups having from about 1 fo about 22 carbon atoms; and
perfluoroalkyl, perfluoroatkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of
from 1 to about 22 carbon atoms; and R' and R* are each independently selected to be hydrogen;
substituted or unsubstituted lower alkyl or alkoxy groups of from 1 to about 6 carbon atoms and an

amino group.



perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups
[0011a] of from foigthberyte2R dmrboi atemisicdnal Riisbhy drodlentsdinstititeid eomposition,
e bstituted lower alkyl or alko roups of from | to about 6 carbon
comprising: 0 L PRSI OTE) FepBuae @ cvano
functional gagpedh itiaeleais previdedoarhidamitinedbasethoonm aicotterdiosctbicurative, wherein
‘ | ic;:compgositions as represented by formula (1): R1IN
e ot east o B R R RS
unsubstituted or substituted halogenated alkyl, alkoxy, aryl, aralkyl or
aralkoxy grogps having from about 1 to about 22 carbon atoms; and
perfluoroaiKyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or
peﬂr[ﬂlwu_o([ aralkoxy groups of from 1 to aboutﬁ carbon atoms; and R1 and
2 are'each independently selected to be hydrogen; substituted or
unsubstitited lower alkyl or alkoxy groups of from 1 to about 6 carbon
atoms and aritiEmino group. 3 [0011 a] In a fourth aspect, there is
provided a curable perfluoroelastomeric composition, comprising: (a) a
perfluoropolymer having at least one curesite monomer comprising a

wherein Y s splgcterhdfiomallis oupupn) wresdee el mdsiawndirdkphseldary. aryl, aralkyl or
aralkoxy groRORMIAPXIMeRAReD cHraliN e WheraiB e al (23R ituted halogenated atkyl,

monoamidine-based or monoarnidoxime-based curative has formula (1):

alkoxy. arylyparalky ofpekpEresYIS SElcERA fRORYING grouprbr¥istagben atoms, and
perfluoroalk§URRETUIER Al alkPRGREYLyRT Bl TR aFAKAXY: QRS BRI @oups of from

~.about 22 carbon atoms; substituted or unsubstituted halogenated alkyl,
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(001 Tb] or perflu ﬁ%aralkoxy roups of from |. to about 22 carbon atoms; and R' is

hydtoBelt; Sufitithed'6uts BBt EREd ToTER Al PBT KERI IR gromposition,
comprising: fi@mal ferabotidicatbphatimsitaiidanasine aiey pehid? ¢5Rh@ing a cyano

) hydroxyl. [0011.h] In a fifth aspect, there s provided a.curable )
functional. 0 065 b AR L BB COR PR Ea) B PR RS bettheratve. and
further comjhiaiving histeagtiondsutbsiie rosdemercomprising a cyano



functional group; (b) at least one monoamidine-based or
monoamidoxime-based curative, and further compising a
bisamidine-based cure accelerator. 3a [0012] Disclosed herein is a
curable perfluoroelastomeric composition, comprising: (a) a
001 pe I havi sﬁg )Ae curesite_monomer comprising a . . o
0012 S SR i rsine: @ o
perfluoropoliyfepohavidexieabased curstivenf08133 A curpiie perfivoroefasttivrerigroup; and
(0) et Teast o HRASHRNGRASO A SEIAREA AR SN Complines (@A
perfluoropolymer having at least one curesite monomer comprising a
[0013] cyaho ctakiforisl fronps) (sicanknictiopraipestidiphisnyilsasdigdosedivéeamd  which
comprises () 3 QUIARRERIRAISE %skﬁﬁgeddtfrf%%th&greu%w%%&&f LIAREANE . cyano
m

] onoamidine-based cure accelerator, at least one
functional gpaBRoHMiY SRS IHsEd dipbaioddiaredorertizastohéchisamidinectiguser selected

from the gRHS BGREERAITRNG rombinationsihereah.2referred . QUrakl8eragor, at least one

.. perfluoroelastomeric compositions may also be included herein in which-
monoamidoyyagiieatnaliFe ReAPKERGLbat el irative R Tifinaraaing: 2utH2cqatepator and

combinationR 3HRrkd¥. (e N @eimb s ARk &R R RReh ARGy also be included

o independently selected from the group consisting of a carbon atom;
herein in Wl’éﬁb%ﬁﬁéf’é‘&“ﬁ?ﬁﬁﬁ%ﬁﬁ&ﬁﬂﬁ@&%ﬁé BrEmRsdrafRTstsGHE thain carbon
groups of from about 2 to about 22 carbon atoms selected from the group
consisting of alkyl grogps, halogenated alkyl groups, and perfluorinated
alkyl groups, each of which groups may be interrupted by at least one
oxygen atom; each [
of an amino, merca
independentlyjselectegd tob/ef rmula (IY): 4
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P e 1,
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NH,

whereinrisOor 1; _

R’ and R* are each independently selected from the group consisting of a carbon atom; substituted
and unsubstituted and branched and straight chain carbon groups of from about 2 to about 22 carbon
atoms selected from the group consisting of alkyl groups, halogenated alkyl groups, and
perfluorinated alkyl groups, each of which groups may be interrupted by at least one oxygen atom;
each Z is independently selected from the group consisting of an amino, mercapto, sulfhydryl, or
hydroxyl group;

each J is independently selected to be formula (IV):



nsisti

z o¥A}-and each A is independently selected from the group
of formula (1V); a fluorine atom; and unsubstituted and
bstituted and branched and straight'chain carbon-based groups which
ted from group consisting of alkyl, halogenated alkyl, and
a

u
s
p e&n Ikyl groups of from 1 to about 22 carbon atoms; each of which
groups may be interrupted by at least one oxygen atom; wherein when r

is 0 and R3 is a carbon atom, at least one of J and each. A is not formula
or Az and  (IV). [0014] Further disclosed herein is a curative for a

_ . perfluoroelastomeric composition, in which the curative has formula (I11)

each A is ln%@ﬁaégataba@}@@tﬁsﬂoﬁ@}ﬂm%agg@eprfé}%?ﬁﬁ% elifafR oty ); @ Huorine atom; and
- unsubstitutePefoialasioMens cemMRAsHIRJCOMPEISinghainfunelonatized croups which are

diphenyl-based curative which has a sufficiently high molecular weight so
selected frongngho cﬂ?é}ﬁ%@gp%ﬁaﬁﬁwlngﬁpe%&faﬁfﬂaﬂ%oﬁ BB COSEGHINH B o Fom 1 1o
about 22 capkgfeiesLrohodinetiisis o greatery thamabowie306. JO0LE] bha skgben atom;

. aspect, there is provided a methpd for using a compound having farmyl
wherein wheg INRa K Py ATRESRERS 4 [ESbREEA T8 T graa B RHAg Bp
[0014] supstituwie diathytecdlkexsinatyl aacalieyler faratkpxyrkouplaobfior | dcongledion, in
. 22 carpon.atoms; ﬁébstitute ogunsubstituted halogenated alkyl, allcoxy,
which the cué?%}l‘,/eapéﬁ%ﬂrg}%?é xa)f él%ﬁpg Ot from about 1 to about 22 carbon atoms,
[0015] andigeésfizidheatkylispe luatioal Koxy, ppeffluoradeyto perftucroarxaitdmrcomprising a
. . rflucroaralkoxy groups of from 1 to about 22 caron atoms: and R' is
fanctionalizg g S Pt e Ty Nt il So hat e
melting poirfrosmnd torabeuthéreabbon 240M€; and ancanvino grdepedrthRAinRIitondno greater
than about 2%giﬁoxyl, and wherein the compound is used as a curative for a
perfluoroelastomeric composition. [0017] In a seventh aspect, there is
[0016] prévidediatmathod, fheouringravpéadl vonsshastdneritncorpopition! having formula

@O comprisi%using a mixture of (i) at least one compound selected from the
' gl‘Oly
Y“%-—C/ h
NHR!

wherein Y is selected from the group consisting of substituted alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups of from 1 to about 22 carbon atoms; substituted or unsubstituted halogenated alkyl,
alkoxy, aryl, araikyl or aralkoxy groups of from about 1 to about 22 carbon atoms, and
perfluorcalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of from
1 to about 22 carbon atoms; and R' is hydrogen; substituted or unsubstituted lower alkyl or alkoxy

groups of from 1 to about 6 carbon atoms; and an amino group; and R*isR'or



consisting of monoamidine-based compounds, monoamidoxime-based
compounds, and mixtures thereof and (ii) at least one bisamidine-based
compound as co-curatives for the perfluoroelastomeric composition.
[0018] In an eighth aspect, there is provided a method for accelerating

hydroxyl, anBUWRGGh 3 PESHHRIARIaSIRTELE LOPRRIIGP LOMMIISIHL MR AW R position.

accelerator for a curative, wherein the cure accelerator is selected from ,
[0017]  thdngrotRy eethsrsmael-ofsih éhaEmvidRte basthodofAp SUABg e perfluoroelastomeric

compositionMENARRNARX IR aseckeamROUNd @ IRisamidingipseicomBRUNG @AGhe group
o combinations thereof. [0019] Also disclosed herein'is a method for curing |
consisting of POHRASPARERSTHSriETBRABBLRI JRORBFPASTHE Erdify A FIRBIAIz@gd mixtures

thereof and GipheRYkhazes Gurative bavingarpstlicientbohighimeleriaie waithd St tomeric

.. that the melting point is no greater than about 240 C as a curative for the
compositionyefiyoroelastomeric composition, and in certain preferred embodiments is

[0018] thermekinghppinkisao weeates thasvrieauh 23QehdO0R0] Adselshaalesedring of a
herein.is a method for making a curative. The method comprises (31 herein th
perfluoroclasiamerey CoPHIHIRY iR Wi APSatcBHG BaF S Wik cstar é)w erein the
cure acceler@actiogsthecalfiylrestethyitiroammooniadadosh amalkyleardioxyaudecdg)pound, a
., _reacting the alkylcarboxyamide with a dehydrating agent to form an alk
monoenidof A (P RALHIG O A AT WP Sh 0p GRS
[0019] anﬁrbmt@lifmﬂmalchu&tiﬂeisvm efetinoth é&u«:at'mg is @ﬂﬁ&htggeraswm@riorcomposition
comprising gg%%i%%ﬁéggaé%ﬁ %éﬁ%gﬂt%%%ea%‘ e %%cg%ogg@gh%%?iﬂéﬂ molecular

e above m e disclosure InCludes a me
weight suclméikingle hisiiningpfisndt-baseatcueatihan ThatuncHod fays convprigive(ar the

perﬂuoroelag?oa I(‘:lgplg a0 }():eor%ﬂotrjt? %%ﬁl ifrl%ggéll'ga%ngllle fp otg Sesﬂl%rgdfilugﬂgel tq}{g.rr&lneﬁing point is no
potassium alcoholate reaction produc ]ff)e) reacting the potassium
greater than alsolda@éleaction product with a perfluoroallylfluorosulfate to form a

perfluoroal ; .reacting t f I ] | izl ]
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reacting an etgveriovidh dimdinfh ehidridecinte fluorinaediisdoltaenthn fewiiegige aikyl ester with

ammonia toeﬁgﬁd&gﬁﬂ%qc% ﬁﬁf(ﬁ%‘,o{&g%&qmge@ﬂgqﬁcﬁgﬁ 'aﬁ%)dg:e@&&pg 1if%ydrating
ketone group with phenol in the presence of hydrogen fluoride to form a

agent to forpigphalfsl-base eodnpsbuaeetmeivenbylonitidenisivhahstashgpel of ammonia or an
amine to foRAMPAHALVO H¥EB RGN EARhEROIDaseRICOMRANAE: SNEONBHHEURR Chre of a
the bisnitrophenol-based compound to form a bisaminophenol curative, 6

perfluoroelastomeric composition.

[0021] In addition to the above method, the disclosure includes a method for making a
bisaminophenol-based curative. That method may comprise: (a) reacting an perfluoroacyl fluoride
with potassium fluoride to form a potassium alcoholate reaction product; (b) reacting the potassium
alcoholate reaction product with a perfluoroallylfluorosulfate to form a perfluoroallyl ether; (c)
reacting the perfluoroallyl ether with an oxidizing agent to form a perfluoroglycidyl ether; (d)
reacting the perfluoroglycidyl ether with aluminum chloride in a fluorinated solvent to isomerize an
epoxide group on the perfluoroglyicdyl! ether to a ketone; (e) reacting the ketone group with phenol
in the presence of hydrogen fluoride to form a bisphenol-based compound;

(f) nitration of the bisphenol-based compound to give a bisnitrophenol-based compound; and

(g)reduction of the bisnitrophenol-based compound to form a bisaminophenol curative,



wherein the hisaminophenol-based curative is capable of curing a
perfluoroelastomeric composition. [0022] A substituted
bisaminophenyl-based curative for perfluoroelastomers having
cyano-group containing curesite monomers is disclosed herein. The
isami - rative isa s ' ' ] enyl: -
e e o i Rl A D e F g lastomerc
compegtsen atom.; Z is an amino, sulfhydryl, or hydroxyl group; J is formula

[OOZZ?V): NH2 @bétﬁuﬁ%ﬂ%éﬁﬁ%‘dﬁﬁ&%%ﬁ%ﬁ"3&5%9 ?&n?‘iﬁﬁﬁgﬁglamomem having

unsubstituted and substituted and branched and straight chain
cyanociih deasttigeotipssiitharensmessc iy sbreloasé dgicinpd ke b seiaereatfeanirbased
curatitRG GIQUR-AARSISHNG AT ReHLoraakyl andResfiurraalkoRrauURsiQf from 1
to about 22 carbon atoms. [0023] Further disclosed herein is a
perfluorgelastomeric composition comprising a bisaminophenyl-based
curativeifor perfluoroelastomers having cyano-group containing curesite
monoml,[s, wherein the curative is a substituted bid@iiainophenyl-based
Ghrativé which hés formula (1ll): 7 WO 2004/069900 PCTIUS2004/002584
CF3 R3IA W NH2 wherein'R3 is a carbon atom; Z is an amino, sulfhydryl,
roup; J is formula (IV): NH2 (N) Z

wherein R® is a carbon atom; Z is an'amino, sulfhydryl, or hydroxyl group; J is formula
(IVy:
NH,

Q ”

Z

and A is selected from the group consisting of unsubstituted and substituted and branched
and straight chain carbon-based groups, wherein the carbon-based groups are selected from
the group consisting of perfluoroalkyl and perfluoroalkoxy groups of from 1 to about 22
carbon atoms.

[0023] Further disclosed herein is a perfluoroelastomeric composition comprising a
bisanminophenyl-based curative for perfluoroelastomers having cyano-group containing
curesite monomers, wherein the curative is a substituted bisaminophenyl-based curative

which has formula (IH):



and A is selected from the group consisting of unsubstituted and
substituted and branched and straight chain carbon-based groups,
wherein the carbon-based groups are selected from the group consisting
vob perfloeealkyl and perfluoroalkoxy groups of from 1 to ab®qiTI2@seamxmn 84
atoms. DETAILED DESCRIPTION OF THE INVENTION [0024] The
present invention is directed to low melting diphenyl-based, preferably
diaminophenyl-based ahd more preferably perfluorinated
diaminophenoI-B sed curatives %nd co-curatives for perfluoroelaggameric
compositions and hovel methods ‘of synthesis of preferred functionalized
diphenyl-based curing agents. The invention is further directed to amidine-
based cure accelerators, 8ytatives and co-curatives for
perfluoroelastomenr§. The cufing agents and co-curing agents of the
invention show ipxgrove p ing with perfluoroelastomeric compositions
and the curatives, co® ives and accelerators further demonstrate
faster cure rates comparqqlggith conventional curing agents such as
BOAP. Additionally, the amidine- based curatives and accelerators
provide faster cures. [0025] As used herein, a perfluoroelastomer may be
any xured elastomeric material, derived by curing a perfluoroelastomeric
Wherels B B RSHP AR Inéds S st kKl sty dgrab rr iy dis formula (IV):
2004(069900IQ}QIZT/USZOO4/002584 perfluoropolymer having a functional
ar mit cure. A perfluoroelastomer is substantially completely
fldorinated\vith respect to the carbgﬁr\gtoms of the perfluoropolymer. By
ant that as would be understood, based on this disclosure, that
o) dual hydrogen may exist in the functional crosslinking group in
some pekfluoroelastomeric compositions according to the present
disclosurezThe perfluoropolymers, used in perfluoroelastomeric
ositi tq,form perfluoroelastomers upon. cure, are formed
o A R S MR S R Banched nd
straighreffeimbiyticasbasgskgfronpinatedouiiesite toohesé ghaingraskiaatio fiaim the
groupgﬁ?}léﬁﬁﬂ%oﬁf B@H%f@&k!}@%@]pé%ﬁ‘&%%l?&?' %B%r{ %85%?'%%83?3?% carbon
composition’is a polymeéric composition including a curable ,
atomsperfluoropolymer. The perfluoropolymer as noted above is formed by
polymerizing two or more perfluorinated monomers, plus at least one
perfluorinated monomer
DETAILED DESCRIPTION OF THE INVENTION

[0024]  The present invention is directed to low melting diphenyl-based, preferably

diaminophenyl-based and more preferably perfluorinated diaminophenol-based curatives and
co-curatives for perflucroelastomeric compositions and novel methods of synthesis of preferred
functionalized diphenyl-based curing agents. The invention is further directed to amidine-
based cure accelerators, curatives and co-curatives for perﬂuoroé} astomers. The curing agents
and co-curing agents of the invention show improved mixing with perfluoroelastomeric
compositions and the curatives, co-curatives and accelerators further demonstrate faster cure
rates compared with conventional curing agents such as BOAP. Additionally, the amidine-
based curatives and accelerators provide faster cures.

[0025] As used herein, a perfluoroelastomer may be any cured elastomeric material, derived

by curing a perfluoroelastomeric composition (as defined herein) which includes a curable



which has at least one functional group to permit curing, i.e. at least one
perfluoropolymeric curesite monomer. Such materials are also referred to
general as FFKMs (perfluoroelastomers) in accordance with the
WAnRedtasr®ociety for Testing and Materials (ASTM) definiti®¢TASINA002584
D-1418-01a), incorporated herein fully by reference and are also

perfhRSSsibae: ke Qﬁfﬁéﬁoﬂ]eﬁ{%ﬂim' &9{9\4@?%9@%&&%@&%&0%'%%tomef

is a perfluorinated rubber of the polymethylene type having all fluoro,
S“bS*ﬂéﬁﬁVo%‘gﬁéﬁF?b’r%&*ﬂuﬁﬁéawwmémméﬁﬁtjmﬁ@raﬁ eheppiyfusropolymer.

By thhiaib ne s 63GHen ObNRee - SaDs 0% £ It nctionaity e residual
facilitate vulcanE%%on._The perfluoroelastomer composition may include

hydroge, WAk SIS Bl PAbIBSEAIAL FERSIHEE SRR AT E AR B ElRG Eifred
comptaifams a@edihorodlagieet dabone AHNPEEILIRGBIRMSAS in

esGIi rein. [0027] Su erfluproelastomeric compositions may,
S S e B et S AR
polymerisamadiooniaes porftaimingistmydenivally unesstwibtdcrafanbménssuch as

: - a perfluari i has. .
pemﬁ%%ﬁ%?ﬁ%&%ﬁ&:ﬁéﬂ g%%%ﬁ%’%ﬁk%@%@?ﬁ \er (PAVE) which

(0026} c|ude iRy PejRomFsPeTAvarectasimetio compesHEy inelwhicteincloesitn
includh FRYE-ARYIMSBBSTHED 85c PRHIHGK NI RREDREFIHALE by

(ethyl vinyl ether), perfluoro(propyl vinyl ether) and similar compounds.

polymerizing R0 5F Brafe Rt ISRUES MERRIEThalasH: deash ebeipcrflgommstes meaomer

whictbh@01s 24 anel nMEhA0/RRP16 passireraied Berew el BEaMeS o diNaleric
cures: gitable PAV sharetde cribed, foréxa{?ple, in U.S. Patent No. 5,696f189
and 4 985 607186 LS5t AR HEFE ' g s i oMy &perfluoroelastomers),

in accpODAOEYFODPETAISRIDMROLHES T {002 ah P Mdteerks RAISITBIORIHHSIYASTM-
RYL: L rapolymers of TFE, PAVE, and.at_least.on .
e e T e T

definifeprarevédes Sl mgrottheciespoignien pafbasirobsl oftbhich ibapclyesife/lene
type HeRRRIA BEOGINA GG PYANG: tﬁ%&f@?ﬂl&@@ QQBQH{&EX??SL#Q %ﬂQﬁ%ﬁgg’%’m
._In one embodiment, the curesite monomer(s) provide curesites which

chainyfSppfb iEasRp RiheTtEPRe FRefrE R (rackienakimir frnikitels volrenivation.
The poiflyroteieHAIVRPAME MY theseons ohikerMeati b RHLWHICR A& (s)
(FFK&?%%M logé?javm%an étac(r:‘(elerated cure when acted on by the cure

M) capaple of beng LB'F J8APTR A RgidRoroelastomer, and one’or more curing agents as
described herein.
[0027]  Such perfluoroelastomeric compositions may preferably include two or more of
various perfluorinated copolymers of at least one fluorine-containing ethylenically unsaturated
monomer, such as tetrafluoroethylene (TFE); a perfluorinated olefin, such as
hexafluoropropylene (HFP); and a perflucroalkylvinyl ether (PAVE) which include alkyl
groups that are straight or branched and which include one or more ether liﬁkages, such as
perfluoro(methyl vinyl ether), perfluoro (ethyl vinyl ether), periluoro(propyl vinyl ether) and
similar compounds. Examples of preferred PAVES include those described in U.S. Patent No.
5,001,278 and in WO 00/08076, incorporated herein by reference. Other suitable PAVEs are
described, for example, in U.S. Paient No. 5,696,189 and 4,983,697, also incorporated herein

by reference.



[0029] Most preferred curesite monomers include those having cyano
curesites, regardless of the location of the cyano group, e.g., primary and
secondary cyano group curesite monomers. Examples of cyano curesite
woanoersiare described in detail herein, and may be foundriaTos2004/602584
example, U.S. Patent No. 4,281,092. Such cyano group containing cure

[0028PI1C IPRAGIBE[R Aoy ROV RN AR el UPRIRIINNR QL OPG-AE PR nd ar

these curesite monomers with each other or with other well known

least QUG RSTNOHBHEM TS FASy ORI WEER WRATRIFCS AJPRCHPR% STRVR MIBF ™It

crosslfﬁxeagbﬂmefulrmm&m jsia rRNGTHaIsH ﬁwwﬂeﬂu@ dagdel erafins:anekd by the
fluorinated vi s each hav roup of which the tollowjng
curati e e o S Pl 01 Tt Sl eGP e S B L

provide mmiﬁfhmhdimﬁterahk}d ﬁﬁhlﬂtﬁdﬂtméﬁthﬁl%ﬁﬂﬁﬁe(ar inventive co-

CR2-GR(GES GE2;CE(CER)-CN fro .about 4
A S A Db IR0 B R e o
havmg\m@trﬁlmtgdfﬁ@m whennstas abduttie, camelasdslératorapbiie prosaicutehtion.
[0029;:3%%}9& eed Cheie nbidiE: %@1‘6‘@&"@8@%&@ U%o%ﬁ?e@#&u}e%ardless

1] Specific examples include primary curesite monomers such as
of the dqeotionmtthi-OY2RPErIND € £-2 DR X A6 ROG R 86V JOHB PR R BUETIY/BRpnomers.

Exam@l&@l @Qg@ﬂ@@ﬁ&ﬁ&%ﬂﬁom@a@s@cﬁwl@ ASdetail herein, and may be found in, for
CF2=CE-O[CF2]3-O-CF[CF3]-CN. Such curesite monomers may be used

examplp, TES, PRicBbNBif o B s pRtslIfy R AR SR BB RS RSB BToagrasitaTe
well KIONOMES a8 sjaﬁwmheiay\bmébmm@@bm&rss argerlrepityRekiceach

h foll 1.0 WO 2004/069900 PCTI 004/ 02 84 -[CF2
other %ﬁ%ﬂt 8%§£V¥F@?W?ﬁBF§SItE?BnGEEI&?BéIz—i PBe thL_ scope of the
invention.

10030} Useful cyano cure site monomers include fluorinated olefins and fluorinated vinyl

ethers, each having a cyano group of which the following are general examples:

CFy=CF—O0— [CF2]y—CN, wherein n is from about 2 to about 12, and preferably
about 2 to about 6;

CFy=CF—0- [CFp—CF(CF3)—O0]—CF7—CFCF3)}—CN, wherein n is from 0 to
about 4, preferably from 0 to about 2;

CFy=CF—[OCFCF(CF3)]jy;~~0-- [CF2];;—CN, wherein m is from about 1 to about
2,andnis from about 1 to about 4; and

CFp=CF—0— [CF7]y0-—CF(CF3)}—CN, wherein n is from 2 to about 4.
10031}  Specific examples include primary curesite monomers such as

CFo=CFOCFCF(CF3)OCF2CF2CN (referred to generally as 8-CNVE) and secondary curesite

monomers such as CFp=CE—0{CF3]3—0—CF[CF3]}-—-CN. Such curesite monomers may be

used alone or in combination. Especially preferred is a combination of curesite monomers as

shown below in a fluoropolymeric or perfluoropolymeric chain as follows:

10



C F2 CN wherein p represents a secondary curesite monomer present in
a fluoropolymer or perfluoropolymers in an amount from about 0.1 to
about 12 mol%, preferably about | to about 4 mol%, and a represents a
Vpoinvagyauesite monomer present in an amount from about g t/is26da@0t 584
12 mol% and preferably from about 1 to about 7 mol%. It is preferred that
the molar ratio of the primary ¢ sn'e[@}ong to_:the secondary curesite
monomer in the copolymier fs from about 1:1 jo about 10:1, preferably 9:1.
[0032] It will be understood basgd on this diseosure that additional types
of cure site '‘monomers which céntain cyano droups as curesites and
those which do not contain cyd 5 groups maythe used in addition to or, in
certain cases, in place of the preferred curesi onomers noted above,
provided that the curesite mongmers are capgble of being cured by the
preferred curatives and co-cur%ja@@ and/or capable of experiencing an
accelerated curing reaction when using the calfﬁe accelerators of the
invention as described herein. @bmmon exa s of other types of
curesite monomers include olefins, including gattially or fully halogenated
olefins, such as ethylene, vinylidene fluoride, \hnyl fluoride,
trifluoroethylene, bromotetrafluorobutene, bro%trlfluoroethylene

where}n@vx@ &%H@Q‘é@é@@&&ﬂ%iﬁe@ﬁ@rﬁoﬁ&fﬂé@ﬁ@@&ﬂﬂWﬁ%&fé@ﬂ@n&ﬂ@h

add |t|onal cure site monomer(s resent in noted
Perﬂ“ﬁﬁﬁ\?é%é?é%?é‘?@%@%é o 9?3&%‘%% ROMhaRiFIE SPABBN ] Lo
4 molshQuti 2 PBplescARI 6 QR F@W@@ﬁ@&lyrﬁbqu{e&ﬂi in abaubRub frnlebout 0.1 to
percent, a st rabl t 0.3 t 1 moI O
aboutd g fmpldk 88‘1‘%@'§%§i¥§§ B ﬁ% |v%§b?:ur|ng glgléten &3 acce erg%ttrts;l%o]%
ratio dhee ﬁiﬁrﬁﬁa‘yaftﬁfeeﬂpmnmmmﬂwn¢qmlube3m@8&mmdﬂmmrandlm@nkb’mﬂ is

ay.al ot be in d_as.0 I components of the perfluoroelastomeric
from %n:b)rﬁtizltlog% i?ﬁi?ir?vgfrﬁ%g rg ch additives include fillers such as

{OGSerapﬂani&amdﬁm&d brapd sitidbis disstaguereriberapeiyamalicy parbEapsgsite
mono%s]%hwpcggtgz*{g?%%) g E@I@sj g dadORZPBb:£X¥ARRIEs A&tEeontain cyano

homopolymer and copolymer micropowders), barium sulfate, siljca,

ETOURNENHIRS HRSIHEISIENCIptB ST AR S e R RRET ST e FERRS Gresite
mondRRYAEeRIdERRISaMGheas e buresite monomers are capable of being cured by the

preferred curatives and co-curatives and/or capable of experiencing an accelerated curing
reaction when using the cure accelerators of the invention as described herein. Common
examples of other types of curesite monomers include olefins, including partially or fully
halogenated olefins, such as ethylene, vinylidene fluoride, viny! fluoride, trifluoroethylene,
bromotetrafluorobutene, bromotrifluoroethylene, 1-hydropentafluoropropene and 2-
hydropentafluoropropene. Such additional cure site monomer(s) may be present in ranges as
noted above and are preferably are generally present in amounts of about 0.1 to about 5 mole
percent, more preferably about 0.1 to about 2.5 mole percent, and most preferably about 0.3 to
about 1.5 mole percent. _ |
[0033] Other additives, such as co-curatives, curing agents or accelerators, other than those
of the present invention; processing aids; fillers and the like may also be included as optional |
components of the perfluoroelastomeric compositions of the invention. Such additives include

fillers such as graphite, carbon black, clay, silicon dioxide, fluoropolymeric particulates (for

11



other curing agents and/or plasticizers or other additives known or to be
developed in the fluoroelastomeric art and perfluoroelastomeric art.
Preferred perfluoropolymers/perfluoroelastomers include Simriz(r),
vevailadesiom Freudenberg of Germany, Dyneon(r), availalverfingsmos/002584
Minnesota Mining & Manufacturing in Minnesota, Daiel- Perfluor(r),
yai from Daikin Industries, Ltd.. of Osafra Japan. Similar materials .
e S S ORI TSR ) AR B T HE e bk g
diox i aeid Errpifssisars Adcclehods \clnstiibtes 0hSyiphetici Riible siRu s ar,
other@gﬁfg aDgE%@ gr‘fcﬁ‘o? %@&Y e?sncgr (léﬂigrljgg&\fﬁ%sf Phées & ttg %":f ﬁ%eg)?gesde h ntthe

fluoroelastomeric or perfluoroelastomeric compositions o

fluorgglastoresiia et s WiniedirstamsriupttiSielizesd diphenyl compounds
perflodhighlinsduge- pranebpdiohsialghchainaly haloaeraigdralMnbers of

G perhalogenated alkyl, and preferably perfluoroalkyl %Ee compounds that
SRy Sy FRAhat ARk BRe dimrsne BxyyEReAoMarafRF WS MYiPBesRlayDaicl-
Perflia@)ensilbblittiad Daid Rk hrye . 935t rapainophemy gheiss are also

. preferably two aminophengl groups, b hich have a, sufficiently high
svai SRR B on e A28 SRS Al B e B teably
Lebedwy Ipntiatter ah8yntistoRAAOE, imRissreferably no greater than about 230C,
[00343nd rg Qéﬁfgt{l%g%goan%t%: ué gt?x(f:eﬁt ?og'hues%epr%heenﬁggr%%acgénrﬁ ar}}:bé'l][ty and

provide fast curing reactions of perfluoroelastomeric cCOmpositions,

perflysapaltasiapyin s prefsited pefrthropustas ioneetiohavinbossyahisitypdwleresite

n - r . 3 d e
e e

alkyl psobatnssnrsed i riiand oodros earfvespatkih (P comRERDES Ghet majpr may not
have Wi i bxighetdm S AadsRi draraRAeRsnde i seiecied, 1981ch have at

carbon atgm or branched or straight chain carbon-based groups (which
least M&fﬁ@“ﬂ&’ﬁﬂ&? groups, preferably tWo aminopheno} groups, but which have a

sufficiently high molecular weight (extended chains) so that the melting point is preferably no
greater than about 240°C, more preferably no greater than about 230°C, and most preferably to
about 225°C to thereby enhance compatibility and provide fast curing reactions of
perfluoroelastomeric compositions, particularly the preferred perfluoroelastomers having
cyano-type curesite monomers,

[0035] Such curing agents are preferably diphenyl-based curatives of formuia (IIT):

ey




substituted or unsubstituted) of from about 2 to about 22 carbon atoms in
any of such chains (whether straight or branched), more preferably such
chains are from 10 to 22 carbon atoms, and which groups are selected
wimmothesdaiiowing exemplary groups: alkyl groups, fully or prertialbgeos/c02584

halogenated alkyl groups, and preferably perfluorinated alkyl groups, each
of which groups may be interrupted by at least one oxygen atom, and in
which branching chains may include such grou{fs as, for example,

In foliRIQaNH, f W,g{gﬁ"@&aﬂdﬁ{ 'lféalﬂx%ﬁgl(iﬁ’ll) mtﬂ_ Qg E@fbgi%g%ﬁﬁgéﬁ{ﬁ?s@ected
formula (III) and other formulae described herein as containing

to be substitutalole oroupshnchidingdhe prefesrechibused|ains (Wrcaandanedurther

with_formula (1] scribed below, may b e same. as noted herein far .
subst o e B G A e P DA T S qhgins
(wheihogistengitiingreeaiatinodrisypetietsdllyuan daimareferoapiap Miphdnolatoms,

Y iR R e e A R ey
partiallyealogsmmtesidkal traybs rdapeisainy padreisdshabiharains efoRfnvhich
groupgOFMYIR: (U 1QpRA IRy R ulastiMie B,3%ER0A6R, 3HHTn  HHARS BB <B5ifs may

) branched or straight chain (substituted or unsubstituted) carbon-based
includs sRgh wowRs R skieetamienh drafrio finneratod padanthiriratkybathnltarions
accephdble Iﬂ@kﬂgﬁ(ﬁﬂi@%l al K)(ll[l}ff aﬂ@%@'ﬁﬁkﬁb 148 %Eéé@ﬁb? QK eRE %@ﬁ&aﬁﬂéﬁﬁﬁn Fg,
erflyoroalkyl, groyp, of from_one to about 22 ¢carbon atoms; each o
subst [ S5ERS Rg E A RSIEE  BSat e SRyGBIat Tt (D
describbidieloraehins chammemaynhmelligecsn i gsovupkasad) mgd @laofileextent such
suvsiRRl Tyorpaliod and fuoroalio, When 515 0 8R4 RS 153 RB00, o,
a‘fom, At feast one of J and each AaSR6E rormLTaty 155' IEE 1S Within e
thipheud peBhydeylrovdrytork sbierampAveito dipe tay eoXotrenoizp (e p g isost efefesddhat
(0036} MRISHRN ORI ARSI NI B3 Al QiRpyla (11D, such thatif ris O
and J is formula (1V) above, it is preferred that neither A group is formula
02D82/069900 PCT/US2004/002584 (0037) Preferred
hen r = 0 in formula (IM gnd J meets formula IV above,
ude stryctures where R3 is a ca atom and those in which R3 is a
ght ranched

Z
. . 3. :
or the same as A, and A may be independently selected on either side of R in formula (III) to

be formula (IV), a hydrogen atom, a fluorine atom, or a branched or straight chain (substituted
or unsubstituted) carbon-based group which is selected from the following groups: an alkyl, a
partially or fully halogenated atkyl, or perfluoroalkyl groups, more preferably a perfluoroatkyl
group, of from one to about 22 carbon atoms; each of which -groups may be interrupted by at

least one oxygen atom, and in which branching chains may include such groups as, for
3 _
example, haloalkyl, fluoroalkyl and trifluoroalkyl. Whenris O and R is a carbon atom, at

Jeast one of J and each A is not formula (IV). While it is within the scope of the invention for
an A group to be formula (IV), it is preferred that only two such groups appear in curatives of
formula (IHf), such that if r is 0 and J is formula (IV) above, it is preferred that neither A group
is formula (IV}.
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alkyl or perfluorinated alkyl group which may or may not contain oxygen.

Further preferred are structures in which when ris 0, R3 is a carbon

atom, J is formula (1V), one A is trifluoromethyl and the other A is selected
wimmahese@up consisting of linear and branched chain perfigaroabiopkasmss

perfluoroalkylether groups of from 2 to 22 carbon atoms. [0038] Preferred

08 S R R R o
- 3 / I o
mc]u&@@gﬁéﬂgﬁget}% ﬁ’ Eoﬂ%%r&%(gg‘l%g@{%@fntmﬁ @%Sgéwgg%gﬂ%anched

scope of the invention. H NH2 - (V) HO- OH F2

alkyl GFZA10cHBaikA WQ1 2004/ 06990RRGT S 204002584y iR GhdiNHgreferred
Nn'HO-\1OH [2°0 (IF2)3, O CF3 and H2N CF3 NH2 - (VII)

© are structures in which when ris 0, R is a carbon atom, J is formula (IV), one A is

tnifluoromethyl and the other A is selected from the group consisting of linear and branched

chain perfluoroalkyl and perfluoroalkylether groups of from 2 to 22 carbon atoms.
_ 3
16038} Preferred structures where ris 0, J meets formula IV and R 1s a carbon atorn

include the following structures (V) through (VII) in which g preferably ranges from 0 to 6,

however q being greater than 6 1s also within the scope of the invention.

H

2N . CF3 NHZ
-
HO— i: OH
T
O
l

(ICFz)z

0

CF, | q

O

CF,
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HO-\ OH IjJF2 COF2 g 0 CF3 [0039] Further preferred examples of
formula Ill when r is 0, R3 is a carbon atom, A is CF3 on one side of R3
and A is a chain of varied length on the other side of R3 include the
viadoswimggvaterials as set forth in Table 1 below in accordaneewiitizdtigoo2534
structure of the chain represented by the A group opposite the A which is
CF3. n be seen from Table 1, the preferred compounds are similar

in color 5n%appearan(§§but differ in NElting point, providing a wider

range of options_for culLatlves in terms of compatlblllty and curing speed in
fluoroelastq

\C dRH.Appearance Melting Point (
C) CF3OCF2 reamy powder 210
CF30CF2CF2CF20CER,White to creamy powder 175
CF30(CF20)2CF2CF20CF2 White to creamy powder 142
CF30(CF20)3CF2CF20CF2 White to creamy powder 100
CF30(CF20)4CF2CF20CF2 White to creamy powder 75 CF30CF2
White to creamy pow 235 CF30CF20CF2 White to Creamy powder
190 CF30(CF20)2CE2 White to Creamy powder 155 CF30(CF20)3CF2
White to Creamy powdgr 120 CF30CF2CF2CF20CF2 White to Creamy
powder 220 [0040] Pr red exemplary structures when r is 0 in formula
(1), J is as in formula IV *above and R3 is a straight or branched chain

and group such as alkyl, halogenated alkyl, and preferably a perfluorinated
alkyl gﬁgt}@ which may or may not contaln oxygen, include

—OTG- T

[0039)] Further preferred examples of formula III when ris 0, R3 is a carbon atom, A is CF3

. 3 . . . . .
on one side of R™ and A is a chain of varied length on the other side of R3 include the
following materials as set forth in Table 1 below in accordance with the structure of the chain
represented by the A group opposite the A which is CF3. As can be seen from Table 1, the

preferred compounds are similar in color and appearance but differ in melting point, providing
a wider range of options for curatives in terms of compatibility and curing speed in
fluoroelastomeric and perflucroelastomeric compositions.

Table 1

i3



structures such as (VIII) and (IX) below in which the biaminophenyl groups
are not in the bis position as are the structures shown above, but are in
terminal positions separated by a chain providing a molecular weight
wighiehyisswificient to provide a melting point of no greater thapralkestddikss
C, more preferably no greater than about 230C, and most preferably no
greater than about 225 C. In such struc

ures. A may be as described

above AVhile it is wit

in the segpe of the

 InyeREARdor

AEGIPBBiRP PT)

Torm Itis pret
CF3OQF(QQ éﬁ&l@ar in_cur

PR R RN TS

tives of formula (Il

1] WHJ&@ (Vv),
\gaénd that it is

onty tWo,$HTh
preferred in such

c}:?)osl]agcjpjes?jhmlﬂyelther

N’@%W‘FQW’W)

HBRFRRA2 (VI

) HO-01EF2 -

2)X

~

CF30

CF30(¢16/0)a (et aDIyDe 4

R AUy 2
d.to be from Q0to.a

QlgWddgTein X

out 20, ntpfp

y and z;gte each
ahl\/ from Q_t0 10,

White {8i5ieaB mor

ePfP]‘%iﬁeébout Y,

0, and p]r@(?erably

crsOl Rt Io g

T AT I

CF30PET/US2004/002584

ARG 4R ST Y Ky

&9 freferabl

JBBwaarogen

such as Thrine,

Y perfluo?ﬁ?ated

Cﬁ()@f%nrciﬂ rhethylA furt

ch as trifluord

er examnle ineclud

mgthykonapsinyefq

radhyddris fluo

o M- NH2 . H

ine or 190
0-\ /- CE2- (CF2)L

\‘Bﬁftﬁ streiﬁﬁérel

TTCTUTT

TN 11

ﬁ?v@ef are as

3 deflned] g%ove bu

yiwdOto a

)out 10, ij

CF3O(CF*,L@E¢ZE)Z CF2-\{
pF C'C'““ﬁéd

d)z p4e each inde amdentbyq%aﬁqrab
'Ff\rﬁl‘\l TTOTCTaaT uhuut 20,
CF30§IFQ@19@§2Q§2£11 20. IF sﬁ*éﬁlgo l?éeﬂﬂgerthSB’ At strudtures in

accordance with Formula (III) where ris 0 and R3 is straight or branched

Ikyl erfI orinated aIk roup hich [rm ntaln X ,
, 00407 clug)ree\%ﬁat%r?s ? aerVIII endr &r@ fﬁ{erelnuzgéfﬁrz érsnisncr%ﬁ%)gegw
above%h*aﬁﬂ%%@s%fgﬁ{ dr B?@ﬁ/ch@dt&ﬁ%}? &%ﬁ?&@&&éﬁ?ﬂ!ﬂ&%&%@é SR Bnd
below, for example in formulae X- 2NH2 O

preferably a perfluorinated alkyl group, which may or may not contain oxygen, include
structures such as (VIII) and (IX) below in which the biaminophenyl groups are not in the bis
position as are the structures shown above, but are in terminal positions separated by a chain
providing a molecular weight which is sufficient to provide a melting point of no greater than
about 240° C, more preferably no greater than about 230°C, and most preferably no greater
than about 225° C. In such structures, A may be as described above. While it is within the
scope of the invention for an A group to be formula (IV), it is preferred that when J is formula
(IV), only two such groups appear in curatives of formula (JII) and that it is preferred in such
stractures that neither A is formula (IV):

HN NH,

(VH)

HO--—@—- CF,— (CE)y— 0 —(CFp)y, ~ (CFLCF,0)z ~ CFH ™~ \ / OH

wherein x, y and z are each independently selected to be from 0 to about 20, preferably from 0
0 10, wherein preferably x + y + z total no more than about 20, and preferably from about 9 to

about 20 and L is hydrogen, halogen such as fluorine, chlorine, bromine and iodine, alkyl,
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CF2 (CF2)[ (I FCF20), (CFLCF20)z-CF2_0OH (X) 00 1(cF2)2 CF2q
0 C CF3 17 WO 2004/069900 PCT/US2004/002584 HZ\ NI -12' HO-\/ -
CF2 - (CF2)x (fFCFzO)s -(CFLCF20), - CF2J\/-OH (XI) "F2 (IF2)3 O 1
w0 andgded 2N\ NI-12 HO-0- CF2 - (CF2)X ~20)8 - (CCF2Q@-£d0Mto02584
(XM z O CF2q O CF3 wherein s is preferably Ito about 6, and x, s and

are as pr iou ef| WJth X it z_preferahly totali 0 more
o R R A S R A B ey
L is flu@ine or tmﬂuoromethyl A further example includes:

T 0.9
HO_®~ CF,~ (CFp™ (CALCF,0)z ~CR, T\ / OH

wherein L, X, z are as defined above, but x and z are each independently preferably from 0 to -
about 10, and wherein X + y totals preferably no more than about 20, preferably from about 9 to

about 20. It should be understood that structures in accordance with Formula (IIT) where ris O
and R3 is straight or branched alkyl or perfluorinated alky! group which may or may not

contain oxygen, include variations of formulae VIII and IX wherein flnorine atoms may be
substituted and/or L may be branched into longer structures as shown below, for example i
formulae X-XII:

\ : . NH,

?F"‘

I

(CFy)s

O

ol

0O

CF,
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[0041] When r is not O in formula (1), structures are included within the
scope of the invention which have at least two aminophenyl groups, but
wherein the aminophenyl groups are not in the his position and/or

WeGeESaledN a terminal position. In such structures, at leasp@igs2064/002584
aminophenyl group is located on R3 and R4 at any location along each of
their chains, with J and A being as defined above, but in preferred

embodiments, only two such aminophenyl groups are present in the

%ound as a whole such that when two such groups 18 WO Ny,
200%/069900 PCT/US2004/002584 are already are present it ig preferred
that 0\ A are not formula (IV), even though such compoun

Ho—m‘e pte mp{mdmb?@wlmm@)pﬁﬁ@ﬁ O xp
y

Exemplaly such bisaminophenol structures are as follows; ever it
should be understand thatj/ariations of such structures are also included
within the invention in accgtdance with formula (111): NH2 HO\~~ CF CF
- - CLCF O - (CFZ)X CF - €F (XM 3 (CFLCF20)Z z 2's NH2 OH For
example, in formula XIII a@gvzgg both A groups are CF3, R3is - C -
(CFLCF20)z -, R4 is - CCF20 - (CF2)x-CF2-, the J group on R3 is F and
the J group on R4 is L, an®x and z are as described below. Further
examples include: NH2 HO \~{WV) CF3 - (CFLCF20),- CF - CF - (CF2);
CF2 - C173r-NH2 OH 1$¥¥0 2004/069900 PCT/US2004/002584

and

I‘IQN NI _{2

Ho—m@m CE,— (CFy),~ ((}:PCFQO)C(CFLCF:&O)Z TCRT\ /" am
P
O
|
CR | 4

O

l

CF,

wherein s is preferably 1 to about 6, and x, s and z are as previously defined, withx +s +2
preferably totaling no more than about 20, and more preferably at a minimum, sis 1 and x and z
are Q. _
[0041]  Whenris not 0 in formula (III), structures are included within the scope of the
invention which have at least two aminophenyl groups, but wherein the aminopheny! groups

are not in the bis position and/or necessarily in a terminal position. In such structures, at least
. . 3 4 . . .
one aminophenyl group is Jocated on R™ and R at any location along each of their chains,

with J and A being as defined above, but in preferred embodiments, only two such

aminophenyl groups are present in the compound as a whole such that when two such groups

- 18



NH2 HO~K CF3 - (CFLCF20)Z- CFLCF20 - (CF2)X CFLCF20 - CF2 - CF3
(XV) (?NH2 OH and NH2 HO NH2 (XVI) CF3 - (CFLCF20)2 CFLCF20
-(CF2) XCF2-\/OH wherein L, x and z are as described above,
weneyeEsdasformula XIH, X1V, XV and XVI, it is preferred thagapddtaalonsss
and z total no more than 19. It is also preferred that in all of the formula

noted above, L is fluoro, perfluoroalkyl or perfluoroalkoxy. [0042] Other
e s o R R h 9 TR Tl e 2 oB R
compaads a8 4ldadecthutringaRissshemgpaittatoin anchRdbtselastedisrorEtbgplary
isti f linear and ,branched chain perflyoroalkylene and = .
s s R RIS RO Panartoions
of suchstsHEes arealsotinbodeibw itbithtitanyanadic arsorpetameot RUFOOWE] (1TD):
Varioggsynthetic routes exist and/or may be developed for making the
varioufs preferred curing agents according to formula (l11). The curing
s are within the scope of the invention regardless of which chemical
rc{meeis sed to obtain them. Existing routes are described for making
someg ef the compounds according to formula Il as described in It. C.
Evers‘, J. Polym. Sci. 16, 2833-2848 (1978), incorporated herein ‘t?g&%
Crgferélice: doyttherof)e-preiseridnveniby) matydes Geyeral novel s for
preparing preferred comppunds in accordance with formula (P. One route
involves using epoxide<ketage reactions as described 20 WO
2004/069900 PCT/USR0O0 2584 further below and another involves an
organomagnesium ro bed further herein.

%«5 deXEh

OH

HO

{
For example, in formula X1t above, both A groups are CF3, R3 15 - £ — (CFLCFp0)z -, R4 is

3.
- CCF0 - (CF2)x-CF2-, the J group on R™ is F and the J group on R4 isL, and x and z are as
[

described below. Fuorther examples include:

H0\<:j

CF,~ (CFLCF,0),— CF — CF —(CF);~CE,— CF, (XIV)
\/}'\NHZ

OH
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However, while novel methods are presented herein, it should be
understood that any synthesis method may be used to make the novel
curatives and co-curatives of the invention and that the invention of

v islinendumctionalized dippenyl-based curatives and co-cupgativeS:¥ilisiissa
have molecular weights sufficiently high to provide a melting point of no
greater than ahout 240 C, more preferably no greater than about 230C, or
most preferably n@ greater than about 225 C are encompassed within the
[ [ %é those having formula (lll) regardless of their methods

of synthesig~[0044] Preferred reactions include reacting a

cid-halide, preferably a perfluoroalkyl acid fluoride, i.e., an

acyl-group con‘]pound, preferably a perfluoroacyl fluoride with potassium

_flygride.t hal Lthe ipitial compound ~The pot SYum
CFs aﬁ%ﬂ?o ﬁ%fm%%’ducﬁﬁfhegﬁggged Wi%%gerfﬁgoallyl fluorosulfate

to form the perfluoroallylether of that material. [0045] This perfluoroallyl
ether reactant product is then furtheryeacted with an oxidizing agent, i.e.,
oxidized, wherein the oxidizinglagent;t erably oxygen but is not
limited thereto, to form a perflu ycidyl ether. The perfluoroglycidyl
ether, which is then reacted with aluminum chloride in a fluorinated
solvent, isomerizes the epoxide grétih on the perfluoroglycidyl ether to a
ketone. The ketone compound is then reacted with a phenyl having
functional group Z (preferably where Z is OH and the phenyl is phenol) in
the presence of hydrogen fluoride to form a bisphenyl-based compound,
preferably a biggHgnol compound. [0046] Such a bisphenyl- or
bisphgpol-based compound is then nitrated with nitric acid (or a similar
useful nitratt ofhpound) to provide an NO2 group on each phenyl group
and form a Igﬂsqnit phenyl-based or bisnitrophenogased compound. This
compound is reduced using a suitable reduCing agent to form the
desired compouind having bisaminopheny; preferably bisamin@pmnol
i nol groups) of
roelastomeric composition.
wherei[rp Pf; ]a§d|"9 Ig.rggse(i%%(?}fﬂ@& %@y@,l}?o%\ggr? E(ra: %hﬁ%ﬁ %P RYGI %%\é%%\?lnﬂ is
co-curatives according the invéntion may be illustrated with reference td
preferrgttieatived Sath Fofmaimia oanerabant sifhiks!eo mpbumed shatierallonidha in

formufOFRIHIRHYS, GF3 R3S R SRMBRAIPH plif gy and ris 0, includes

the following basic reaction scheme wherein R’ refers to a portion of the
[0042] Other preferred formula include formula (111 ), wherein when r is 1, each A and each

an

3 4 . -
J are fluorine, R is a carbon atom and R is selected from the group consisting of linear and
branched chain perfluoroalkylene and perfluoroalkylether groups of from 2 to 22 carbon atoms,
4
wherein one A and one J are both bonded to the terminal carbon atom of R .

[00431  Various synthetic routes exist and/or may be developed for making the various
preferred curing agents according to formula (IID). The curing agents are within the scope of
the invention regardless of which chemical route is used to obtain them. Existing routes are
described for making some of the compounds according to formula ITI as described in R. C.
Evers, J. Polym. Sci. 16, 2833-2848 (1978), incorporated herein by reference. Further, the
present invention includes several novel routes for preparing preferred compounds in

accordance with formula (IIf). One route involves using epoxide-ketone reactions as described
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chain that is part of the A group (CF2-O-CF2-R') extending opposite the A
which is CF3: 21 WO 2004/069900 PCT/US2004/002584 R + KF
R-CF20K + CF2=CFCF20SO2F --~ F 02 AIC13 R'CF20CF2CF=CF2 fir.

WSGH2MGERCF - CF 0 CF3 R'CF20CF2C - CF3 -----e-—- e WENW Ao T —
&OH Fz HNO3 O 1 CF2 R' NO2 CF302 HO ffp\/OH 2 Oduction)

ﬁﬁhe%?oqud%rﬁgt}baginﬂo %és/ zfn\ c/nr(g)aﬁon-l;alzgzne(s)ms%‘] %’1:1%3 also described further herein.
However, while nove] methods are presented herein, it should be understood that any synthesis
method may be used to make the novel curatives and co-curatives of the invention and that the
invention of providing functionalized diphenyl-based curatives and co-curatives which have
molecular weights sufficiently high to provide a melting point of no greater than about 240° C,
more preferably no greater than about 230°C, or most preferably no greater than about 225° C
are encompassed within the invention including those having formula (III) regardless of their
methods of synthesis.

[0044]  Preferred reactions include reacting a perfluoroalkylacid halide, preferably a
perfluoroalkyl acid fluoride, i.e., an acyl-group compound, preferably a perfluoroacyl fluoride
with potassium fluoride to form an alcoholate of the initial compound. The potassium
alcoholate reaction product, is then reacted with perfluoroallyl fluorosulfate to form the
perﬂuoroaily]ethcr of that material.

[0045]  This pérfluoroallyl ether reactant product is then further reacted with an oxidizing
agent, 1.e., oxidized, wherein the oxidizing agent is preferably oxygen but is not limited thereto,
to form a perfiuoroglycidyl ether. The perfluoroglycidy! ether, which is then reacted with
aluminum chloride in a fluorinated solvent, isomerizes the epoxide group on the
perflucroglycidyl ether to a ketone. The ketone compound is then reacted with a phenyl having
functional group Z (preferably where Z is OH and the phenyl is phenol) in the presence of
hydrogen fluoride to form a bisphenyl-based compound, preferably a bisphenol compound.

[0646]  Such a bisphenyl- or bisphencl-based compound is then nitrated with nitric acid (or
a similar useful nitrating compound) to provide an NO7 group on each phenyl group and form a

bisnitrophenyl-based or bisnitrophenol-based compound. This compound is then reduced using
a suitabh? reducing agent to form the desired compound having bisaminophenyl, preferably
bisaminophenol groups each having the Z radical (preferably bisaminophenol groups) of
Formula IV which is capable of curing a perfluoroelastomeric composition.

[0047]  Such an exemplary synthesis route for forming novel curatives and co-curatives

according the invention may be illustrated with reference to structures such formulae V and V1
- . . 3. .

and similar compounds where one A in formula II1 is CFg, R is a carbon atom, J is formula IV

andris 0, includes the following basic reaction scheme wherein R’ refers to a portion of the

chain that is part of the A group (CFy-O-CFy-R”) extending opposite the A which is CF3:

pa!



0 R' 22 WO 2004/069900 PCT/US2004/002584 [0048] A further
exemplary reaction scheme for forming compounds according to formula
(1) when R 3 is a carbon atom, r is 0,J is formula (W), one A group is CF3

Bhdhe.gsher A group (referred to in the mechanism below g8s-Adsios/002584
CF30(CF20)gCF2 such as compounds in formula (VII) and similar
compounds jpgludes a method using organomagnesium compounds. In
this syp Is route, an alkylmagnesium halide, halogenated alkyl
magnesiym halfde KFa peruordalifaRagndsirCRaleSant prefembly a
perfluoroma neS|um iodide such as trifluoromethylmagnesium iodide is
reacted W|t an alkyl, halogenated alkyl or perfluorinated acyl halide
(such as an A chain in formula (III)) wherein the acyl halide in es a
halogenated ketone group. The Pesultin compound releases magnesium
halide to R&¥e{TetdmCEroup orre a@ﬁﬁ?&f@%& i&Ketonei™hen
further reacted with a substituted phenyl compoundyhaving a Z functional
group (preferably hydroxyl) to form a bisphenyl funcfibnal group
(preferably bisphenol) at the ketone site, which is then nitrated and
subsequently reduced in the manner noted above. A samplErf such
mechanism is as shown below: 23 WO 2004/069900 1

2C

/0 584 0.0 CF3Mgl + CF30(CF26 "IMP
ng(%%@ég FFMaOH Cl CFH(D‘HO" C@—QH
CF2(OCF2) OCF3 |mon | NH2 C:0 0L MH2 Ho- i
I
o)

CF,

RY

HNO,

Ry s

\ (reduction)
2
NH, CF,
Hombf o

T
Q

}

CF,

R!

HO—

%wo——%——n ————

”ia—-—
&



CF2(OCF2)gOCF3 [0049] Alternatively, each of the two phenyl groups
may be provided to R 3 or R 4 at different locations and/or terminal
locations by using known chemical substitution techniques and routes to
vashisyesvagious other formulae in accordance with formula @d)s/@p60s06ks4
substitution route is shown in Evers, noted above herein, which obtains
fluorocarbon bisaminophenols (some of which are represented by formula
(1) by reacting diiodoperfluoroalkane intermediates with iodophenyl
acetate, hydrolyzing the product to obtain a bisphenol, nitrating and then
[06048Fedugitarihe ehriiiphishbRARH-ARAITR RisaninQRhanRls ResRNaS B rmula
possihle to employ other curing agents or more than one curing agent
(1) wdepdhding @rbtieatime iSitd M anfament: giésanic sugvasiaCBigadite other A
peroxide, an organometallic compound such as an organotin, diamines,
groupdrefelin@so G MeRenali tisaanmephaNalsEndc isyrathiaphanelspsteds in
or mixtures thereof. In addition, perfluoropolymers may be cured using
formuta fidiiband shindetechnoionys aschniassist o tbusine ofecmagesiiesimompounds.
‘ LAt curative the i ) .
I B P 30 L P oA S el gice or o
perfluprialtivbroneasstumifglidgetndpresreibly eopasEunieminssivmideditromiehize
triflucdSREENRAMEBEFRASHRR PRIBIZR SRR ed BIRRFHIRS.AHING BHEthrinated

fluoroelastomer or perflugroelastomer (including its resistance to chemical
acyl haldg-(Sueh as e Actbagdn Ay 6aR) rdssimite 16 dlpieaindase halogenated
ketondlgiiial MedutuRilgabsisendtheRascnassmpriniialiiel hc-amewnt uses on
¢ CV\{iﬂ (il%pquggoglgtthe de"c%éee f I‘OSS”ﬂkH‘Ig. esired, the type and number of
® ACELPR Sltes 1850 RIFl B A R R SO TR Rl ftsaY bicotRarwd having
a Z fusitésntd freuppeddoybbthedeurdlive sonatatitsibeing soeperaf theupyeationly
bisphe%%%ge?h%lf{r&o&%[ i%e\swlﬁ?c% fg‘ t}Pe%e:tS{rra ddam g&'{)tsgfé:eu rt?tl\r/eedtlasée ia%ﬂé’ lajnrg[ asr
much as equivalent to an amount in s‘ilgﬁ? excesS Bt théeaneunt requir
noted ghesachvwirmplostsuchestduipsasérsishthenrkrdoselastomeric or
perfluoroelastomeric composition which are capable of reacting with the .
curatives and co- curatives of the invention. Preferably, about 0.1 to about
10 parts by weight of the curing agent per about 100 parts of
fluoropolymer or perfluoropolymer is used, more preferably about | to
about 4 parts by weight. When used as a co-curative, the amount is
preferably less, since other

B



cure reactions are occurring, however, that too depends on the number of
sites and other parameters noted above. [0052] The invention includes
amidine-based or amidoxime-based curatives which may function as
WababMeS %R Co-curatives, and also as cure accelerators, angdpaysRR4/602584
employed either alone or with the biphenyl-based curatives and
co-curatives of the invention.as described herein or with other curatives
not within the invention%u ed to further accelerate?he rate of/feure §
the biphenyl-based curatives and co-curatives of the linvention/or othe
CFsMgl jtafivaS Sdiditle Dhthe_invermi®m witfisOsehi@eEssidimetic
compositions. [0053] Suitqble amidine and amidoxime curative
accelerators include mona@midines, monoamidoximes and bisamidines
- as described herein. Other cure accelerators known in thej art such as
organic or inorganic ammoniums salts, e.g. perfluorocton
ammonium perfluoroggetate, ammonium thiocyanate, and ammonium
sulfamate; urea; t-butyl Carbamate; acetaldehyde ammoni
tetraalkylphgsph niur# salts et i

) henylphosphonium chloride,
piosphpniumy nzyltriphenyl-phosphonium
bisphenol AF, tetrabutylammonium hydrogen sulfate, and
tetrabutylammonium beghifelefinsy@fso be used in conjunction with the
novel biphenyl-based curatives and co-curatives of the invention if

biphenyl-based cyirativ | co- gtcjﬂr]atives of the inventiorp, it is prefepred
that the amidine- Lnd ;giﬁgmesbased cure 25 W0O004/069900
PCT/US2004/002584 accelerators dekgpibet- et
accelerate the cure of the biphenyl-based curati
the invention. [0054] The preferred accelerators for the bip En&ggge(g@
curatives and co-curatives of the present invention are ami Ff{e- gd 3
and amidoxime-based cure accelerators, which also may themselves
function as independent curatives or co-curatives in perfluoroelastomeric
compositions. These amidine-based and amidoxime-based material
[eo49inclusrernancanigise st ardwgieamigoximespbtherdelindindgformBlaatl)
and bisamidines of formula (Il) described further below. The )
differamdnoaividimed aricmionldanalime hcsinelrse Feprmisaterbsiirsiondrspyaues

and routes to achieve various other formulae in accordance with formula (III). One such

substitution route is shown in Evers, noted above herein, which obtains fluorocarbon
bisaminophenols (some of which are represented by formula (III)) by reacting
diiodoperfluoroalkane intermediates with iodophenyl acetate, hydrolyzing the product to obtain
a bisphenol, nitrating and then reducing the dinitrobisphenol to obtain a bisaminophenol.
[0050] It also possible to employ other curing agents or more than one curing agent
depending on the cure site monomers present, such as an organic peroxide, an organometaliic
compound such as an organotin, diamines, amidines, conventional bisaminophenols and/or
bisaminothiophenols, etc. or mixtures thereof. In addition, perfluoropolymers may be cured
using radiation curing technology as an assist or to cure other curesites not cured by the

curatives and co-curatives of the invention.
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IN R2 Y-C/ \NHR' wherein Y may be a substituted alkyl, alkoxy, aryl,
aralkyl or aralkoxy group or an unsubstituted or substituted fully or
partially halogenated alkyl, alkoxy, aryl, aralkyl or aralkoxy group having

wEPRoalagysh to about 22 carbon atoms. Y may also be, and pegietahiyoiSsss
a perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or

perfluoroaralkoxy, group,. of from | to about 22 carbon atoms and more
(0053) oS B DR OF BT SR ot P AR TS
which shloold H2usatsboukidmshesad MOpgﬁxpfm‘ehaldI@sﬁzﬂmﬂow@cfaohﬁdm atoeds; 1
ﬂuoroe?ni onF\; e@&%@&@ AT %HQ@&H%Q&E%%‘QﬁH&%t HI%%!BXY %h?él&}’k Weific

(?l OXy groups O from one to a_out on atoms, or an amino group.
elongatiem-aidyask. irdisprandeneymmyssibinielgfipml sy lapover fsrergiBr hardness and

the likéjhy ?@%&HP&EH%&%}% g fare B %Bﬁéﬁ&@%ﬁig@&%&dlrﬂi@&@e and

alogenated alkyl, perhalogenated alkyl, halogenated alkoxy )

numbeyyek Ale SR ARSARY Mo PRI TR SSriaE RheRC R SHre sites to be
cured HASRXYLraRNYb: Rk aogdbetikes Regfeiadd Zhembodinmeiatsed. A

. include those in which R is hydroxyl, gydro en pr substituted or, tich
preferr QRN AL 5 BRBRY B DB ERP 1157 b o Atani bl gees
of the Ppreferablyinyditoxyianhydnage rurédses prefestea thecflembeidinoentscior

which RI is hydrogen, amino,or a substituted or. 2 t]
Bt T TR Mo AL B FyChS e
corative6oiie: 20841060 IefRaTIS200a/068268ut 2mete by dvarehbaibesdmrargggent
) i teincl el

o 10 8 RO R R e e i S

about 4jpetipby arrisbib¥Yiareesest arsthsHteise K GHunatds RIpfegRin s halnpgyother
cure reREGRAIR SRS Q%W&%@L WP V6: HPorlsremplaniauan divechrsed

and monoamidoxime-based curatives according to
parameters noted above.

[0652] The invention includes amidine-based or amidoxime-based curatives which may
function as curatives or co-curatives, and also as cure accelerators, and may be employed either
alone or with the biphenyl-based curatives and co-curatives of the invention as described herein
or with other curatives not within the invention, or used to further accelerate the rate of cure of
the biphenyl-based curatives and co-curatives of the invention nor other curatives outside of the
invention within perfluoroelastomeric compositions.

[0053] Suitable amidine and amidoxime curatives and accelerators include monoamidines,
monoamidoximes and bisamidines as described herein. Other cure accelerators known in the
art such as organic or inorganic ammoniums salts, e.g. perfluoroctonaoate, ammonium
perfluoroacetate, ammonium thiocyanate, and ammonium sulfamate; urea; t-buty! carbamate;
acetaldehyde ammonia; tctraalkylphosphoniﬁm salts, tetraalkylammonium salts, and
trialkylsulfonium salts, such as benzyltriphenylphosphonium chioride,
benzyltriphenylphosphonium bromide, benzyltriphenyl-phosphonium phenolate of bisphenol
APF, tetrabutylammonium hydrogen sulfate, and tetrabutylammonium bromide may also be used
in conjunction with the novel biphenyl-based curatives and co-curatives of the invention if
desired. However, of accelerators are desired for the novel biphenyl-based curatives and co-

curatives of the invention, it is preferred that the amidine- and amidoxime-based cure



formula (I) include perfluoroalkylamidines, arylamidines,

perfluoroalkylamidoximes, arylamidoximes and

perfluoroalkylamidrazones. Specific examples include
wssivpsenetanamidine, heptafluorobutyrylamidine, benzamigifgys2004/002384

trifluoromethylbenzamidoxime, and trifluoromethoxylbenzamidoxime.

Curatives as noted according to formula (I) may be used alone or in

accelSHMBifRTORS] BERPnds soratmatistias thecterdh o d'ekembaspd coratives and

co-cuCMpIagsiHR9B6), The curatives according to formula (1) are preferably
0054&1@ e of curing perfluoroelastomeric ¢ m%%sitionsﬂ articularly those
L ith at ToASI BT AgeiTAare L PRRBAEY PP Copitiasad cormiiyitss of the
preserformveieit) ¢ theiditeseneihxehiniiartnaldassdenaemidinedbaseizhdiso may
themsGIMORMIAINE based. ours aceleralors Whioh /6 0ARARIG Ol e i
accelerating the cufe of perflucroelastomeric compositions Comprising at
compisggmen elbysmumistineditsath ond perd anriabesedoreferabiynodedp ositiomsidines
and m‘ﬁfn&%ﬂéﬂﬁg&l Hﬁﬁ)g !thSvaf %ﬁgﬂg Wﬁiéh‘%‘&’iﬁ&%ﬁﬁr&%‘{? tII) described

diphenyl-based curatives of the invention), such as bisaminophenol and
furtheg belapy diRfegonpataigiacs e PIEBBRHHSTBRRH RIS FRitRsenihy faranRksD
and perfluoroalkyl amidings,Particularly suitable examples are
perfluorooctanamidirée?ﬁ perfluoroheptanamidine. [0057] The invention
also includes hisamidjrfe-based curative and cure accelergfprs for
fluoroelastome¥ic ar perfluoroelastomeric compositions represented by
formula (II): RIN NR' G<D-C/ R211 NHR2 wherein D may be unsubstituted
or substituted fully or partigiir halogenated alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups having from about 1 to about 22 carbon atoms, or more
preferably perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl,

wheregn Yerfiydroasabaotyielt ating, atkfnomatytoaaibyt @2ucdrbon mtespsramd more

s T S PRy TR ARl e TG
aralkoxpycE R bagtnd éfime dhalvbdambevespeabmn atoms. Y may also be, and preferably
is, a perfluoroalkyl, perfluoroalkoxy, perflnoroaryl, perfluoroaralky! or perfluoroaralkoxy group

of from 1 to about 22 carbon atoms and more preferably a perfluoroalkyl or perflucroalkoxy

group of from about 1 to about 12 carbon atoms, and more preferably from 1 to 9 carbon atoms;

1
and R may be hydrogen or substituted or unsubstituted lower alkyl or alkoxy groups of from
: 2 :
one to about 6 carbon atoms, or an amino group. R may be independently any of the groups

. 1 . 2 .
listed above for R or hydroxyl. Substituted groups for Y, R1 or R include, without

limitation, halogenated alkyl, perhalogenated alkyl, halogenated alkoxy, perhalogenated alkoxy,

thio, amine, imine, amide, imide, halogen, carboxyl, sulfonyi, hydroxyl, and the like. Preferred
. 2

embodiments include those in which R is hydroxyl, hydrogen or substituted or unsubstituted

alkyl or alkoxy groups of from 1 to 6 carbon atoms, more preferably hydroxyl or hydrogen.

1
Also preferred are embodiments in which R is hydrogen, amino or a substituted or

2
unsubstituted lower alkyl of from 1 to 6 carbon atoms while R is hydrogen or hydroxyl. Most

26



formula (1), however, in formula (Il), R 2 is not hydroxyl, it is independently
selected to be the 1 1 same as R noted above. Further, D, R and R 2
may each be substituted by one of more of the 1 groups noted above
withhdesares to formula (). Most preferably herein in formulaphrRe8RBo2254
and R are hydrogen. [0058] Oxygen atoms are preferably included in the
form of ether linkages in Y, Rl and R2. While it is preferred that Y is
preferRiiaightRsdanchedni-isralsonyithipdherseare ptthenventiannihaticiude
could be a cyclic or aromatic structure, which is capable of being
those BUPBIHMIE G @S fiatedaaboyer 062 Rk sesprelthoihembibamieinsyDEroups
d ormutla?g)g, it i?)f?refer bI]e that D, is 3 fluorin EEeol, I %r% reJera Ig ted
and syOSUARIS T RAEEC TP LSO AR SRR R TS Fowe ver T Fogsie fa iRl
abovethat the carbon atoms adjacent the amidine groups each have two
ydregen substituents fo stabili 'gu 8 glrp ). natoms.i ’
005 e R SR s B o

formuisy@iqhelodoparityssatindmmidinsiso mmdnisepethyecoiylenleriss that
arylanRdS: B RSlIR Yo ASRRGHE, MFHENR IS DR Be.fhstbersHixstituted.

Particularly suitable examples of such bisamidines include

perflugeadpiznasibesasRIr R ARBU BTt BRRERZAMEIHE: Suitable
triflucRefdipRalicvhMRRAaE) D ASARREAISaDIYIBeS, aAIBRIRIrChaset i Roted
fﬁ/nQ est Llaii(ﬁ:atorles, In¢. of Alachua, Florida. Such materials are fih
accor %%@E?&W 018 SRS PSRIP RN, BittbpAgaigngtions of the
foregdiepecdanplasfitsemiuBynthetic Rubber in Russia. [0060) The bisamidines

ooseP’ e iavention scé‘c%obrﬁiHS?c‘? o Eiljccee'%?t%&g% &%‘@8 c%%?%era“”g
he curé o perfiuoroelastomers, particularty wnen he per luoroeidstomeric
perflnoniipsisitiendroinpestanie pstiondadydhescwithite Inasimom ey aRy eferesasd

mono%ﬁ?ﬂ@%gm Li%%‘?&iu%%%ﬂgz !icflﬁh@f mgzﬁéﬁﬁtim%ﬁ)n are also

perfluorosuberamidine and pertluorosebacamidine. [0061] It is understood

monogradipprdasidardBacmidramshnsedivtes srerderalerashigeeragapable of
accelRRSEIAIRIBNR RoSMRKA RichRSR Sidphha RRsethpRAndREIRRkIS Y ano

erfiuoroelastomer chosen, the curatives and/or co-curatives chosen and

curesifp mgnamen %‘Eﬁ’é’lﬁfﬁ B’&%@%@%ﬁ&’ﬁ’g@#ﬁ@fﬁﬁﬁ’éﬁ(’h also include diphenyl-based

curatives (including the novel diphenyl-based curatives of the invention), such as
bisaminopheno! and its derivatives. Suitable examples of monoamidines include benzamidinés
and perfluoroalkyl amidines. Particularly suitable examples are perfluorooctanamidine and
perfluoroheptanamidine.

[0057] The invention also includes bisamidine-based curative and cure accelerators for

fluoroelastomeric and perfluoroelastomeric compositions represented by formula (I):

RIN NR'
4 ‘ m
C——D——1C
4 N
REN NHRE

wherein D may be unsubstituted or substituted fully or partially halogenated alkyl, alkoxy, aryl,
aralkyl or aralkoxy groups having from about 1 to about 22 carbon atoms, or more preferably
perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl, or perfluoroaralkoxy groups of

from 1 to about 22 carbon atoms and more preferably a perfluoroalkyl or perfluoroalkoxy group
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necessary to develop a minimum specified Mooney viscosity, the ability of
the composition to 28 WO 2004/069900 PCT/US2004/002584 resist
deformation, and a maximum specified torque measured by a moving die

WRERINGIgeoitable amounts include about 0.1 to about 5 Pakts A, 464/002384
accelerator per about 100 parts of perfluoropolymer. [0062] In preparing
monoamidines, monoamidoximes;and bisamidines, the invention is not

of froniesintechwiibuiespeshta apmpaRicular Bynthesideivethoobferwithkimgdttose
compounds. Any chemical sigthesis and/or use of commercially available
maQuoeamidines, mongamiddme [ idi r

rorm e o o e e
desgribed herein. With respegt to preparing monoamidines useful within

same ahB  inviedtibayanfayadiRi.endR orpintedichs stshiEed basperyiacss pf the

containing compound), halogenated alkyl acid and preferably a

eroupPfifldofinatedalidRelddsdiatramy eries hcrithie néasm By Gamhigngboth R
the alkyl acid (or similar compound as noted) with an alcohol, such as an
alkanol, e.g. methanol or ethanol in the presence of an inorganic acid

and R s 4¢hhy€r98Rlic acid. The mixture is boiled, washed with water and dried,
preferably using an suitable material such as MgSO4. The resulting )

[6058brodQeyEsmatatiy lester raldy erdldddiyhe Sean e philotomsiresidt andR .

_which is then reacted with a nitrogen containing reactant such . X

Whiledhihigpherst e ably Sttt gaehed b &LtA %%WS&%&’BF%%E%H’WF&%‘O“

that YGMboh b lieastiashiarmpetature, iohiypduesslcatlakypmidarstedctunered

aboveSUCh as an alkylcarboxyamide. This reaction product is then combined

with a dehydrating agent, such as, for example, phosphorus pentaoxide,
[0039IixetWahdagiuxedhebitermidiateoidtheyadiict is pmivetiedhs Brisdkyl
.nitrile, such as cvano-fupctional al . Includ] ah KMGYRR0 1 it
moor R GG RIS B LAY Towevsr s
preferpohthguhe derbiosrataddeditsaat Sraipidickariyes fhelwihtaoBidshe

substiiEAYES SARAINRY GS&BH%%”%M% asmisierably REamineCYMPAKTEAT of
ammonia in liquid or gas form,lﬁr_eferqbly in liquid form. It is preferred t,he?l
cther RO BRI ATFRGESH BB INE SHEIP TR et sy Siedoe
scopelEigrablaRauh A Nd eygess: withiaspeattedheraddad pliytunligiubstitated.
. (preferably cyano-fuy nctiona&qtﬁ)frg#] und, A[t::-g{ adgé'llli]onogéggr% Igllg%lenailgciie
Particilary SBHEPLS SR RISS iR e HitF ST coRtanmg compotind,
perflib@dermpanadine iSuishchapfitarality! monoamidines and bisamidines can be
purchased from SynQuest Laboratories, Inc. of Alachua, Florida. Such materials are
commercially available from Pederal State Unitary Enterprise S.V. Lebedev Institute of
Synthetic Rubber in Russia.
(006061 The bisamidines of the invention can be used as cure accelerators capable of
accelerating the cure of perfluoroelastorers, particularly when the perfluoroelastomeric
composition includes at least one cyano curesite monomer. Preferred exemplary bisamidines
according to the invention include perfluorosuberamidine and perfluorosebacamidine.
[0061] It is understood that when the above amidine, amidoxime materials are used as
accelerators, the amount is chosen may be based upon the particular perfluoroelastomer chosen,

the curatives and/or co-curatives chosen and the desired cure properties, such as the time

necessary to develop a minimum specified Mooney viscosity, the ability of the composition to
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slowly, to about ambient temperature and excess nitrogen containing
compound (such as ammonia) is removed. Solid white product is typically
the resulting compound which is an alkyl, halogenated alkyl or

wReSHihasiasied alkyl group having a monoamidine structure. Y¥hileo theos2ss4
foregoing represents a preferred synthesis route for making

. monoamidines according to the invention, an thod known. or.to be
rosist dRLNBIGR S-SR ECTITH AT SR DS B I IS TS
Suitably smoneaincodinabsunDthed avantiopaus thibadcdlepactingfabnuth0seoeodf

the 2]9 WO 2004/069900 PCTIUS2004/002584 invention. The resulting
perﬂu%cng(]) nier.

midines and monoamidoximes of the invention are useful as
[0062kcurativesparth areccapabiines, copingrotdasvetsranihbistinidings .ghe invention is not

restricRfd" '%%‘%%3&9818{% %9&%98?%@&% RRiRsh 3BOVBI REIRIe B CmPRINdS,y
rding to tlli)e abov

made acc ethod include perfiuoroheptanamidine.

e .
chemipgbBBfhERl pRIfIcISIASERMETE b SR IS A/Ed BF b IRAURENIHER Ky and

bisamffiiBE AP pAMILIES LY AN S PRUEAIANG A8 ¥BEsAh RS EATbSel BElUag
with two-roll mills and internal mixers. For example, the composition may

methor)a JER R BTG T LRSI PSR B R RS LU e
inventitaMuBaARPLEY: QI Br aflenielciostitinae disari ok HeidkensaalagNempound),
Jers d frgm Morijama of Farmingdale, New Y.qrk. Preferably, the . .
balog TR D SRS TS e T eIy SCHGH e Capacrted K il
form l@omgﬁﬁaiogstlﬁﬁ tliiey mhhtmraiaﬂ@addapbomd:esakbm‘dlhétbmealhmgcé,oﬁm_it@s an
alkancgee?.g;r%e ﬁ?an%llenrdc anr(l)?\ll\rllef}égr r'tsghge%? elry&rg%g%g% gﬁ%}:%eﬁﬁlfg% Wid. The
which such materials are provided is not limitirig the scope of the
mixtuipieboidel. Maehedraile vetrmpusitisaspivasyablbmbe procetshlg matprial such as
cured/crosslinked by application of heat and/or. pressure to form an

MgSQya dibsweridinsrbredios wan drdesirdilosmaidsdial ARig R IR crealkab ester

. .to enhance physical properties.and is ithi e 0 .
e e e E D IR By amoni
gas. Aurectionéiaidovresd Whitkepdayidlsonolddbeasatiientionnstivarsyoproduce a

carbo%%@%éﬁ)r@,r & LQQH%HII%@&MB{?refﬂ:?%e@&%xﬁ%cﬁﬁ?c@?%en combined

drogen and the compounds are categorized by the composition of Y in

H
with afévfamislratia; aBtVes Sl 1CCD OtHTOED SDOSPOTIE B2 tA g BE4d and refluxed

under heat and the product is converted to an alkyl nitrile, such as cyano-functional alkyls
including an alkylcyano, halogenated cyano or perfluoroalkyl cyano compounds. The alkyl
nitrile compound is then added to a reaction chamber filled with at least one nitrogen containing
compound, such as preferably an amine compound or ammonia in liquid or gas form,
preferably in liquid form. It is preferred that the nitrogen-containing compound such as
ammonia is present in excess, preferably about 10 fold excess, with respect to the added alkyl
nitrile (preferably cyano-functional) compound. After addition of the alkyl nitrile compéund to
the chamber including the nitrogen containing compound, the temperature is raised, preferably
slowly, to about ambient temperature aﬁd excess nitrogen containing compound {(such as
amnrnonia) is removed. Solid white product is typically the resulting compound which is an
alkyl, halogenated alkyl or perfluorinated alkyl group having a monocamidine structure. While
the foregoing represents a preferred synthesis route for making monoamidines according to the
invention, any method known or to be developed may be employed in making the bisamidines,

monoamidines or monoamidoximes of the invention without departing from the scope of the
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Table 2 Y Color Appearance Melting Point UV Spectrum (nm) C -CF3
White to liquid Tboiling = 40-44 212 creamy (14 mm Hg) C2F5 White to
powder 50 212 creamy C3F7 White to powder 52 212 creamy -C4F9

wihiig iR gegyvder 58 212 creamy _CS5F11 White to powder 68232, 6%
-C6F13 White to powder 75 212 creamy -C7F15 White to powder 87 212

) creamy -C8F17 White to powder 98 212 cream T{? 1719 White to
imven ORIt 118518 TRORSRHY T05 BT RBIRBI TSNl 0 0 R e it e

curatiteferahae tapiitdfoliowing nordinititiog exarnpies. feX (MBI hiiliie61 A
comp R S e A0 R A U R AT R
includepratixerdhitpls 828)616,6,8,8,10,10,12,12,12-hexadecafluorododecane)

[0063#;6‘5 %%%@%FBXYQP&E '%oqng%%g% t%&{'c’fsiigrgvlél-@e@ @‘EH%M%ﬁﬁeinove

rmula ,one Alis -CF3 an e other Al

additiveFROOF OO PG H 2y2a0 08 2EREH SriNcluing wHbWNcatsalails and internal
mixerSHESERIANNE A BRI MEY bel BIPFBRAHNASMEh £2MPREG sch as those
comm%?cqelllljlgrrellggiﬁglg ?rlgl?lt%?tgbury, C.W. Bradender Instruments, Inc. of Hackensack, New
Jersey and from Morijama of Farmingdale, New Yérk. Preferably, the curative(s) and co-

- curative(s) of the invention and/or the cure accelerators of the invention are added once all of
the other ingredients desired are blended, however, it should be understood that the order in
which such materials are provided is not limiting the scope of the invention. The curable
compositions may then be processed and cured/crosslinked by application of heat and/or
pressure to form an elastomeric part, such as a seal. After curing, postcuring may be desirable

to enhance physical properties and is also within the scope of the invention.

[0064]  Additional specific examples of preferred monoamidine core accelerators, which

may also be used as direct curative(s) or co-curative(s) are as found in Table 2, wherein RI and

2
R are both hydrogen and the compounds are categorized by the composition of Y in formula

() above.
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ketone was first formed in accordance with an epoxide-ketone route as
described herein. A flask protected by a continuous flow of dry nitrogen
gas was charged with potassium fluoride in an amount of 11.6 g (0.2
wiePlglsashdP0 ml Diglyme that had already been dried by diggilatien, fihis,
CaH2. The mixture was stirred for 15 minutes. To this mixture was added
at room temperature with good stirring 60 g (0.19 mole) of
3,5,7-trioxa-2,2,4,4,6,6,8,8,8- nonaﬂh]@r%octanoyl fluoride were added for

¥ 10 LH HOUiSg Rk roomj TempagrRAlERaNd Withiadeg et STTNG ARErum (nm)
addition was completedl, the mixture was stirred aigzadditional 2 hours 31

" WO 200470/ 9GP C T{US 200412584 - Unfalispe potagsium fluoride
“(Wés dissolvegdprming the potassium alcoholgte sall, He)

SO(CF2@hife @ CFZOK. ThevR@sence of the adgoholate|and 2172
) goﬁnpletion efdhigyreactjon was confirmed|by the disappearance of the

_c2g\d fldoridenbaadoat 1890 cmpdwadhe infrared speairum. The line 1899
m 1 correspeaaly to: 0] C F The reactionjdescribed abovelis

“Ccé%arac eriz&thhy the followingo®de® Diglyme CF3®(CF20)2CF2 + KRz
O(CF2@ya2 CFZ0K \F (PotassiumiAlcoholate) [0067] Following

. 9rr£ation oMheealeoholate ahaweddhe flask contaiféng the above 212
olt ssium atcznfate splution was cooledito 10 C and a drdpping funnel

cH¥as attachédhi®esfluorpallylfipovasulfate ih an améunt of 48 g (0.21 #ial)
was thén addedstowlyi(dropwise) through a dropping funnel with a

-cigmperpturd¥fit0do 15 C beipgwreintaingd. After&h additional two Héurs
stirfing| two ¢$kgeiavlayers formed. the layers were separated|and the upper

-Cg‘sﬁr was di¥fiiitedat a fempereatideiof 60 ¢ under $8vacuun of 0.5 m#A2
g. The distiigd®Yvas combined with the bottom layer. Thelcrude product

-cyrgs washedWhithiwater| to renfoVedthe KOSO2F Sdif, separhted and #é
upper aquedEBYer discarded. The lowen layer was dried Ry distillation

from P205 to obtain crude perfluoroallyl ether (4,7,9,11-tetraoxa-
[0065]  The invention will now be described by reference to the following non-limiting

examples:

EXAMPLE 1
[0066] A bisaminophenol derivative according to formula (III) (2,2-bis[3-amino-4-
hydroxyphenyl}4,7,9,11 tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-hexadecafluorododecane)

was prepared in which R~ is a carbon atom, r is 0, J is a structure as in formula (IV), one A is

-CF3 and the other A is -CFpOCFCFy(OCF2)20OCF3. Such structure is shown above in

representative form in formula (V). In preparing such compound, a perfluorinated polyether
ketone was first formed in accordance with an epoxide-ketone route as described herein. A
flask protected by a continuous flow of dry nitrogen gas was charged with potassium fluoride in

an amount of 11.6 g (0.2 mole) and 100 mi Diglyme that had already been dried by distillation
from CaHp. The mixture was stirred for 15 minutes. To this mixture was added at room

temperature with good stirring 60 g (0.19 mole) of 3,5,7-trioxa-2,2,4,4,6,6,8,8,8-
nonafluorooctanoyl fluoride were added for 1 to 1.5 hours, at room temperatore and with

adequate stirring. After addition was completed, the mixture was stirred an additional 2 hours
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1,1,2,3,3,5,5,8,8,10,10,12,12,12-hexadecafluorododecene) in 95% yield.
The crude perfluoroallyl ether was fractionally distilled and a fraction
boiling at 88 C was collected and identified by F19 NMR, IR spectroscopy

W&ggm (pand at 1795 cm 1 corresponding to - CF:CFZ)rFélgﬁg%]ﬂ?@h-

analysis. The elemental analysis is as follows: calculated fo
.. 20.68%; F, 65.51 % experimentally found: C, 20.24%; F, 65.63%. The
until s ABtGR RSEERBRE Igsovasidisinbved feppinethmnivelsibelsloohsh/alt,

P RTS8 TR 80| AT orS GemRGpm e sacton s

K(OS02)F [0068] The above perfluoroallyl ether was oxidized in a
confispehl Byitatsts aPhiar aeneds atidMveddedummig 183060 viathednfiosdgpectrum.

for 12 hourg at a temperature of 80 to 120 C and an oxygen pressure of
The lipe I8 %ocarm garegeafB0cto 300 psig). The reaction mixture was distilled at
90 C and a pressure of 100 mm Hg to Esield the perfluoroglycidylether

(4,7,9,11-tetraoxa-
1,1,2,3,3,5,5,6,6,8,8,10,10,12,12@1//hexadecaﬂuorododecane-l,2-oxirane)
in 85% yield. The structure was o{firmed by F19 NMR, the presence of
an IR band at 1530 cm 1 (epoxide) ~CF-CF2- \ corresponding to epoxide

0 and the absence of an IR band at 795 cm (absence of-CF=CF2-). The

The régagdivBepeioddadbave is FhnvRres esantativeiyihgiow:
CF30(CF20)2CF2CF20CF2CF=CF? + 02

CFso(Con)chlg/ra@OCcm:F LEEPH [0069] A flask was charged with

CH OB 0r AICT3 and,10 gk Freon PT3 andRje(@ioyeFasGlrred at
room temperature\for 40 minutes. Most of the I(:{;eon 113‘£¥Yashr?rpe ved at
r

. . OEaSSIUIn .
reduced pressure daving a pasty residual. Tothiswas a wise

ith stiming. f the abqgve rfluoroglycidyl ether over. a period.of 10
o0 e B e e R T e
potasggpr sécoaliécisonimnzatveralad todhit6rant mydnipireniowed tvescolayhdhe

Pcrﬂt%?%ﬁ?ﬁ%ﬂ@%mﬁfa@ﬁoaﬁ Wrbf231 2BIREEYRINSKE RS RADE BT BBwise)
through a dropping funnel with a temperature of 10 to 15° C being maintained. After an

additional two hours stirring, two liquid layers formed. the layers were separated and the upper
layer was distilled at a temperature of 60° C under a vacuum of 0.5 mm Hg. The distillate was

combined with the bottom layer. The crude product was washed with water to remove the

KOSO9F salt, separated and tht_a upper aqueous layer discarded. The lower layer was dried by

distillation from P05 to obtain crude perfluorcallyl ether (4,7.9,11-tetraoxa-

1,1,2,3,3,5,5,8,8,10,10,12,12,12-hexadecafluorododecene) in 95% vield. The crude

perfluorcallyl ether was fractionally distilled and a fraction boiling at 88° C was collected and

s 19 : -
identified by F'~ NMR, IR spectroscopy (absorption band at 1795 cm 1 corresponding to -
CF=CF2) and elemental analysis. The elemental analysis is as follows:

calculated for CgF1404: C, 20.68%; F, 65.51%

experimentally found: C, 20.24%; F, 65.63%.

The reaction described above is shown representatively below:
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perfluoroketone was isolated in 90% yield by distillation at 60 C and 100
mm Hg. The pure perfluoroketone
(4,7,9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-
wisxadeeafiyorododecan-2-one) was obtained by fractional gigifaiignmabasss
b.p. of 114 C. Its identity was confirmed by F1I9NMR and its purity by
as-liquid chromatography. The final reaction to form the perfluoroketone
CF@&W@&F@%%maﬁvﬁ?y SEWEARRE 2004/069900
PCT/US2004/002584 CRK30O(CF20)2CF2CF20CF2CF - CF2)P.
CF30(CF20)2CF2CFZOT:F2CF - CF3 AIC13 1l 00 [0070] A metal

ampoule was charged with-S4»-ophenci;, 840 B,afFpediyorkemneandk(0SO,)F
100 g of hydrogen fluoride, sealed and heated for 10 hours at a

_ temperature of 95 C. The hydrogen flugride was remaved by distillation
[0068hn thiee sGRIRSTEHETGI WALhsT e UG RS ScamiZARBAIFoRT torsER san gtee!
reactoghIDRefRERI e el stasuptse 1isphanala(@aRiskre of 80 to 120° C and an

hydoxyphenyl]4,7.9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12.12 12-
o R U A ANt B P PO ComeR ATy E T ORI T o
90° C[RaVd padaue-obtiflaskifeas fittddthdatpediagighyor] viether Ghhdeistetyaoxa-

tppRINg. f, I mete |uiti 39,2 Q. .

T T e e T e W
s&uct@f@@%%@ﬂﬁm@df%sié Wihthensolution-maiatainagiat 4040 6n? aplutian)

of nitric acid and 20 ml glacial acetic acid was added. When the addition

was completed the-re@EtiorCmixture was heated for 2 hours at a

temperature of 60 C, th‘en/or 3 hours at a temperature of 80 C. Water

corresp@saaridedpnddae yellow-red oil thatiesaliechveast separatehtdmsdied
in toluene and dried over MgSO4. Toluene solvent was distilled off at

(absern@R08HIATEIG, PiERSHEEHARI NG EIWRISE IS RMPrepRRJRRIAMA) below:

bisaminophenol product (2,2-

CR;OREEacrERyocmyphenyll4. .90 ]-tewaoma- ICEDRCEHOROEFRIFICL CF

2,12,12- hexadecafluorododecane) was obtained in an amount of 54.7 g\ / _
for a 81.1% yield. [0072] A four-neck flask was fitted with an agitator, o
reflux condenser, dropping funnel and thermometer. A solution of the

isam) | D000 reginther st #dmixture.
o SRS i 00 PO B e st e

was stye0g8Bom temperatare for 40 minutes. Most of the Freon 113 was removed at reduced
pressure leaving a pasty residual. To this was added dropwise with stirring 30 g of the above
perfluoroglycidyl ether over a period of 10 to 15 minutes. The mixture was then stirred at 50°

C for 2 hours. The course of the isomerization was monitored by infrared spectroscopy. The
- -1
epoxide band at 1530 cm ! was replaced by the ketone band at 1796 cm . Crude

perfluoroketone was isolated in 90% yield by distillation at 60° C and 100 mm Hg. The pure
perfluoroketone (4,7,9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-
hexadecafluorododecan-2-one) was obtained by fractional distillation at b.p. of 114° C. Tis

identity was confirmed by FIQNMR and its purity by gas-liquid chromatography. The final

reaction to form the perfluoroketone is shown representatively below:
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peroxide was added and the mixture was refluxed for 4 hours. The mixture
was cooled filtered to remove the catalyst and diluted with three volumes
of water. The aqueous mixture was acidified with acetic acid to a pH

“R%%\!‘ /9(1 _-Eﬁbe precipitated product was collected by filtration%@l[@gg&g /@(ﬂﬁs ‘

recrystallized from ethyl acetate. Pure bisaminophenol (2,2- amino-

roxyphenyll4.7,9, |
cr O ACEE £5Fs 5 50 T TR E R QAGT ooanc)
product melting at 142 € was obtalned in 91.0% yield (45.7 g). ﬂ'he
structure was confirme@d by F19 NMR. 34 WO 2004/069900 ¢

- CT/US2004/002584 EXAMPLE 2 [0073] In making the same
0070 e ARG AL BR A s L S o syt and
100 ¢ widlsythkgentfhprédgredhd peltoardkietolEhosingior ganginagaesiosh C. The

esis which_involves condensation. of trifluqromethyl magnesiu
QLR hish R CE e Rt S U
recryspiipiGincineis ¢olugns. apd PRI ires A he Fgldrymur e Fispghol dibthyisether

hydoxiBédl MultAsk Foataming 28.8 9 3dsang @6 Wocr Zﬁtﬁ'ﬁ%%@&%?odﬁdecane)

eated with stirring to 60C until thé iodine color disappeared. The flas

at 89%vasteaplechit: ﬂomaﬁjﬁ@@ﬁajy@]gquo ml of diethyl ether were added.
The flask cooled to -40 C and 19.0 g of CF3I were slowly added dropwise

[0071bver 4 fsaviodadf Bablowes fotpdouiticencagittiometionterniivgs8r8dgopiifg fretd) and
of CF3Mgl. The temperature was raised to 30 C, and '

thermenmgterridxeplntion of 68 BeBhichaNesiRERrIdyPert kW adali@ain 130 mi
. over a perjod of one hour while stirging. After.an additional 7 hours_gtirring
s s o o ol Pt 7L
soluti@ bﬁgﬁf&&@ﬂ@ﬁ@g,@lcgidé@aiwﬁmmwas%ﬂed.mfé@éﬁCﬁl&tediditjpn was
compﬂiéﬂ'lﬁé'?éh&%(?%&ﬁﬂ&&%ﬁ&ﬁ%a%Pz%fo <t EmPAR0) EOE SIHCIUE 5
was confirmed using FI9NMR. This perﬁuoroketopne can be converted via

hours g [sEppeHrEsCdSSC ibel ArExanigiied endohn wellowand wigheiretulted was

o R e R e TS S5 008

200-300 mm Hg pressure using a water-jet pumnp. The residual bisaminophenol product (2,2-
bis[3-nitro-4-hydroxyphenyll4,7.9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-
hexadecafluorododecane) was obtained in an amount of 54.7 g for a 81.1% yield.

[0072] A four-neck flask was fitted with an agitator, reflux condenser, dropping funnel and
thermometer. A solution of the bisaminophenol above in 100 mi ethanecl was prepared in the
flask and 1.5 g catalyst was added (5% Pt on carbon). With agitation, 12 g of 100% hydrogen
peroxide was added and the mixture was refluxed for 4 hours. The mixture was cooled filtered
to remove the catalyst and diluted with three volumes of water. The aqueous mixture was
acidified with acetic acid to a pH below 6. The precipitated product was collected by filiration,
air-dried and recrystallized from ethyl acetate. Pure bisaminophenol (2,2-bis{3-amino-4-
hydroxyphenylj4,7,9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-hexadecafluorododecane)

product melting at 142° C was obtained in 91.0% yield (45.7 g). The structure was confirmed

by F'2 NMR.
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[00751 Monoamidines were synthesized in accordance with the method of
the invention as follows. In a four-neck flask, provided with a mixer,
thermometer, back-flow condenser and a dropping funnel, 41.1 g (0.01

‘gﬁ%@g&gg{% C7F15COOH were added and blended with 32&9@%%5%@%84

ml of concentrated H2S0O4. The mixture was boiled for ours,

then washed with water and gy th=:MgSO4. The product, an ester,
was distilled (Thoiling of 158 Q. O 2004/069900

[0073] PCTHUIBROGAIB0RSEBAbiTiei ol voh Y0989  J iRl phoBRaFE e
route Wa3 t%E r?élot\:ﬁit‘ Drihs {)D %‘"&Qtoge%%%%@gm ndBRtPUmRRGkK Hasks

provide mixer, ﬁermometer, condenser and the tube for id
involvippeenssive P ailaragbyamesstoedids At sas i aralionah aphae-

The sy 616 Bdded-Additionally cammaniagasvasprgvisiad, and ice was used
as necessary to cool the flask. The completion of the reaction was

checked by gaFiyuidMbromatadiadig) by noting the absence of
C7F15COOCHS3 in theirthgresgdution. The ether was distilled off, and the
solid product was dried in air. 37.0 g of C7TF15CONH2 were obtained (a

yield of 97.9%) and t raduct had.a_Thoili AR taMRng t
mﬂm]ﬂaslé é‘?%&%})aﬁf’?ﬁ 2%% ?B}a r%%%i%i;%ﬂg%f%%gﬁround into a ne o
60°C i thewedareanibt 3igppode@ CBhandrek e oRdd rinpstigmpeerare and 300 mi

thoroughly mixed, and a reflux condenser was placed on the flasls

of G an 700900 PSRN Aok CRIAL EBRID T A GBS
of 30.1 g (ayiel 85%), and, had iling of 90 C Y o

aropn i S RO ABVE HBEORE LGt Be Ak Bt L Cos

cp@g%@fp%%%%@ldmaQZﬁze%%\ﬁ&‘é!%nhlk@ﬁdmmtgma,@,egmsczx P

NH2 Such cyano terminal compound was then converted to

nonaIMPRQARISING ford:havingiactsmy lap&iol LEGH: tisingvailestinigge Afichaas

that used in Example 4 below. EXAMPLE .
additional 7ul?ours staTing a& room temperature the pertélluoroketone product, 4,6,8-trioxa-

1,1,1,3,3,5,5,7,7.9.9,9-dodecafluorononan-2one, was isolated by distillation at reduced pressure
| 19 .
(b.p. of 1° C at 15 mm Hg). The structure was confirmed using F "NMR, This

perfluoroketone can be converted via the procedures described in Example 1 to form a
bisaminophenol (2.2-bis[3-amino-4-hydroxyphenyl}4,6,8-tetraoxa-1 ,1,1,3,3,5,5,7,7,9.9,9-
dodecafluorononane) with melting point 115° C.

EXAMPLE 3
[0075] Monoamidines were synthesized in accordance with the method of the invention as

follows. In a four-neck flask, provided with a mixer, thermometer, back-flow condenser and a

dropping funnel, 41.1 g (0.01 mole) of dry C7F15COOH were added and blended with 32.0 g
methanol and 19. m1 of concentrated HpSO4. The mixture was boiled for 6 hours, then washed

with water and dried with MgSO4. The product, an ester, was distilled (Tbojling Of 158° C).
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[0076] A ten-fold excess, fifty (50) ml, of anhydrous ammonia gas were
condensed into a four-neck flask fitted with an agitator, reflux condenser,
dropping funnel, thermometer, and a drying tube (filled with solid KOH)
ich h een cooled in a dry ice/ethanol bath. The ammagnia\
“)(’:%1%5 éﬁ?ggﬁnto the flask via the drying tube. With good agitggg%lbyé?no #/002584
cooling, 60 36 WO 2004/069900 PCT/US2004/002584 g of a reaction
The yigitodarc(su@tuhgptaitanitriionahue 4 dsscibdd e & \WitRleet Rohhitite] 16
descrioad| Ple 8- 10 Conversion pl.a,Beliuoatith e, a e whe for
(195I)hgr{/?ng}%ﬁg%t]rﬁﬁ:%%bpr@g%%gt v%%?é added slowly. After ad{jition Wag °
introducDIIPLRIE, 56 lemRerBlLteoMRS Allawaddon SioniyIisgaoRmbie.
e uaIE?owing%e‘flhe exct%ss amriw%onia to évaporate. The resulting white solid
Additisian chwanRibeyiedtonyield £ eohnetisareheptasamidedavingltte The

followjng formula (a yield of 98.5% with a m.p. at 75-76 Q. ~NH C5F13C
complaRn 1 G EASIRR AR PSEREHY FEHSH S %@g%ra%ﬁe%ﬁ%?@ab e @53&% ey of

2.1 for the.. NH ; NG ici =
1 O e e et s
., .compgsition e ed using, as a base perfi lastomer
o s R T S TR R e

as desg:ribed in detail in WO _00/08076, incarporated herein by re erenlcjec.i
Tooilisgtd Mohomer&mrethboaiepbiiitie ot iddriatpbitoRfbrtiyletmol) that had becn

perfluoromethylvinyl ether and two curesite monomers, a secondary

groundtiyame Gurgsitalenend fief, OF P2OF G(CREBOCHICTeiaRlandratimmahly
. .cyan curesite monomer, CF2=CFOCF2CF(CF3)O(CF2)2CN. .
rmxedwa@/m@ﬂfétf&ﬁgm%weﬁﬁhﬁ%@éaﬁ%ﬂaaﬁaaép&g)aéﬁ%%&éﬁﬂ@éﬁ%té%ni?%‘@e product
1.1.2-trichloro-1,2 2-trifluorqge using_.am ium e qr 0
N R L T T S oot e on PR T s of 00"

The reRUHI&IRGILded AAMARIL! Hbﬁ&&ﬁu%@a&ﬁﬁm@%M:ammonium
e

perfluorononanoate. The buifer used was dipotassium phosphate.

Tetrapolyfpersivergdsplated by co%@tion with

C,F,sCOOH » C,F,sC
OCH,
NH,, diethyl ether '
C7F}5C  — C-;FISCN
NH,

Such eyano terminal compound was then converted to monoamidine form having a formula

C7¥15CN using a technique such as that used in Example 4 below.

EXAMPLE 4
[0076] A ten-fold excess, fifty (50) ml, of anhydrous ammonia gas were condensed into a
four-neck flask fitted with an agitator, reflux condenser, dropping funnel, thermometer, and a
drying tube (filled with solid KOH) which had been cooled in a dry ice/ethano] bath. The

ammmonia was condensed into the flask via the drying tube. With good agitation and cooling, 60
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magnesium chloride, washed with hot water and alcohol and dried at 60
C. The composition was determined by F1I9NMR and elemental analysis
for carbon and fluorine. Mooney viscosity was measured at 100 C on a
TechPr%%ér VisSCTECH TPD-1585 viscometer. The following four 37 WO
W PCTIUS2004/002584 tetrapolymers made in BEEOrRAIAHAI2584
with the foregoing method and having the foregoing composition were
g of 2 [RaEHaR RIRSYG RarEtereh rntato it Elcbarddn EaptendRe v hilbntePltigner
descrifddRORAPIL 442 NGPNSY WSS Y RBNIRT B AR Ia¥RAN RR&Yre
viscosity Polymer C: non-redox, 64 Mooney viscosity Polymer D:
CeF130Dhwedaided3Wionneyndsaasity o073 ohtpltied) tigmeipcnaind *koM®wed to
used in these compositions, were added various curatives and
slowlyddip Eriatfoprt efleviagvbs chechsdimgqpétiu ovopelsia afiie ineulting white solid
produd? %Q@QWW@&%%.@%%@&M?%W&n@%M@Hﬁ %H?&Ho%%ﬂ%fé%ma (a

Laboratories, Inc., Alachua, Florida, and perfluorosuberamidine an

yield §f Qo G SRt Anfdlie’ Whioh were obtained from Federal State Unitary

Enterprise S.V. Lebedev Institute of thetic Rubber in Russia.
Perfluorocarbon ether oil was als ed in various compositions as an
0

additive, and is available fromt BuRont Specialty Chemicals, Wilmington,
Delaware. Standard BOAP (2,2-bis[S<amino-
4-hydroxyphenol]hexafluoropropane) wa8zurchased from TCI America,

U]trav%‘fgttl@é@tﬁ'@!ﬁ%ﬁg@hoﬁf@%@‘ﬂ}@c@ﬁm@ ARREROLI MBS HSE S B, for the

composition uratives A and B were obtained from Federal State
Unitary yfeaﬂse S.V. Lebedev Institute of Synthetic Rubber in Russia.
CuratiyeS A and B each had the structure:
(2,2,-bisT8%amino-4-hydroxylphenol]R). In Curative A, R was -
CF2(OCF2 3. Curative A had g melting point of 120 C and a
EMOUP molecular wz?gﬁhft%}dg%bea%{ﬂﬁ‘i\%? i ﬂﬁjﬁﬂ%é? BB as
CF20CF2CF2(0OCF2)20CF3 and Curative B had a melting point of about
142 to 145 C and a molecularwegj % 0 daltons. Also used in the
exemplary compositions herein’is carbonblack, specifically Carbon Black
[0077INootn oo PR}mpls: spaeimeesivaene! pmeehy srixpogitomtrapolpmprehusing as a
base piRBueHaHVSHIS, fREm R PR OIS OMEHS G RORIIRR ARG dRR ous
carbon black to that composition, using a
emulsion as described in detail in WG 00/08076, incorporated herein by reference. The

monomers in the terpolymer included tetraflnoroethyiene, perfluoromethylvinyl ether and two

curesite monomers, a secondary cyano curesite monomer, CFy=CFO(CF2)30CF(CF3)CN and

a primary ¢yano curesite monomer, CFo=CFOCF2CF{CF;)O(CF2),CN. Polymerizations were

conducted in an aqueous emuision containing 1,1,2-trichloro-1,2,2-triflucroethane using
ammonium persulfate or ammonium persulfate/sodium sulfite redox intiation. The surfactant
mixture included ammonium perfluoroheptanoate and ammonium perfluorononanoate. The
buffer used was dipotassium phosphate. Tetrapolymers were isolated by coagulation with

magnesium chloride, washed with hot water and alcohol and dried at 60° C. The composition
. 19 . . .
was determined by F' " NMR and elemental analysis for carbon and fluorine. Mooney viscosity

was measured at 100° C on a TechPro® viscTECH TPD-1585 viscometer. The following four
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Brabender 100 g or 600 g internal mixer. The compounds, upon mixing,
were shaped into O- ring preforms, molded to cure the performs into seals
and then postcured into Size 214 O-rings in accordance with the cure and

ditions noted in the Tables below. The rings w <
v?égnas%g&p%?gggrties using ASTM-D-412, Method B, and the fo gﬁ%ﬁ? ‘%1/695384

arameters were recorded: TB (fensile at break in MPa); (elongation
tetrap Ao IS T B TGO ey Densa e
© compdshinprassiordet HE Exing samplesiwasadatelmited ih thecovdainos 38 WO

2004/06190%5%916?%H%%}%%&%Z%%ngg%é&TM-D_395’ Method B. Cure

charactéristics were me using a Monsanto MDR 2000 under the
following' durditdnseivieding EidVireneeREyesB667 Hz Oscillation

ampIituq%i%]d@%gﬁggﬁp%r%%@%@gww in Tables herein Sample
size: disks of 1.6 inch diameter, thickness of 0.17 inch and 9.5 g weight

Duratior8¥feet I oenimeries [GOBEITREYSMBMihg cure parameters were
[00781ECOrEs thelblimaxipmairosiedey el iddp ésnpoN v \iletenidifad narious

torque level in unites of Nm); ts2 'nugeség 0.23 {j\lm rs abovf!e ML);
curatiyes ARAFPRRIAHELS B! SHALS PR C O BE | PRRTS O?a%%f%]%-écrﬁg es Nos.
perflubrdjraiendlieeteeioishioh neve FomathaseClrmti $ys QdeantiaBoatmits, Inc.,

use of novel amidines and bisamidines as,cur . :
Al R e A A A B LTSRS {fchORes cbtained
from BaéB Stered aiaydonmarateVshehsieJestipls NoS mthetihBubber in Russia.

Perﬂ%o%ﬁﬁfﬁ i%&%ﬁ%ﬁ'%@ ALS AR NSRS AHEINELS A addinCRRRNs available
acC

90 and Fluorogard PCA. In Table 4, the cure characteristics )
from [uReptSasaite Sheamirel MY RMireien 18elay arapiiendird R4 Rr{d.2-bis[3-amino-

4-hyd§%®bﬂ@ﬂ&%m1&%ﬁ£ﬁ@ywgseﬁﬁlaﬁagé&ardﬁhf@ﬂA%m%@ﬁ@fmulﬁﬂmgm.
Table 5 includes data showing the effects of use of bisamidipes and
Both pidhodiiaebearhiaraventisn 25t romRRs (S8 SEEISS .%%t’i‘aé% "ERth

obtaifidhese RIRROSkionmisbasetgnReyWneebddantstniudesSibeog Rubber in
Russiz.céu?aqge% ?1{385' g!a%%h L\Ia%% easstrggt%ir%\:/?fz;?,lpb]es?ﬁgn?{ngélm}gflc%%%y%ﬁhenol}l{). In
Curative A, R was — CFp(OCF3)30CF3, Curative A had a melting point of 120° Cand a
molecular weight of 630 daltons. In Curative B, R was

~CF30CF3CF2(OCF2)20CF3 and Curative B had a melting point of about 14210 145°Cand a

molecular weight of 680 daltons. Also used in the exemplary compositions herein is carbon
black, specifically Carbon Black N990.

[0079]  Test specimens were made by mixing a tetrapolymer and the curatives.to forma
perfluoroelastomeric composition, and adding carbon black to that composition, using a
Brabender 100 g or 600 g internal mixer. The compounds, upon mixing, were shaped inte O-
ring preforms, molded to cure the performs into seals and then postcured into Size 214 O-rings
in accordance with the cure and postcure conditions noted in the Tables below. The rings were

tested for tensile properties using ASTM-D-412, Method B, and the following parameters were
recorded: Tp (tensile at break in MPa); Ep (elongation at break in %); and M100 (modulus at

100% elongation in MPa). Compression set of O-ring samples was determined in accordance
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19, 100 phr of Polymer A were mixed with 25 phr carbon black and 1.5 phr
Fluorogard PCA. The varying amounts of curatives are shown in Table 5
along with the resulting data for each perfluoroelastomeric composition.

In Table 5, when the post cure sequence G is used, it represents

WRALE5H e temperature from 25 C to 94 C over 1.5 h and 41482584

. r e post cure is then held.at 149 C for 0.5 h and then furth
wit (ST S ME T Ao RS Eo TSR AP SIDR
2000 threfeinicy éelbedng 26@iGoager | h and held at that temperature for 18 h.

The posth;l;(%ed%s tg n cooled to 25 pé%\égr h. [0082] Tables 6 and 7

. 3] . . .
include compl) ﬂfonge%ec? %vata, respectively, directed to the effect of

bisamidifssidattbnronpidmidines asthdematelerators for BOAP containing

perfluoropém%@g compositions, /g, sampies Negc32:30, Polymers A,
B. and D compositions each including 100 39 WO 2004/069900

PCT/USS602/862584 phr of the pdigkie b8 pish diarmdarBhickneeygd 0113 inch

- and phr Fluorogard PCA and varying amgunj&;ghtBOAP are cured with the
amidines as indicated. The data demonstrate the acceleration affect of

the amij%'gmqi&%ierators of th&4MIBHIRSH. 40 WO 2004/069900

CT/US2004/002584 NVvGnOnN ON.O N N.OOoNetN .
{008(& 0 )':l’rl? oW ((:)Uﬁkﬁ?lr%n?_%rs gof:rﬁ rgccr)]r 8({7 I\Q}? (’I\]I”ngmum torquel}levei in units

of Nm); My, (minimum torque level in unites of Nm); th (minutes to 0.23 Nm rise above My );

and 1,90 (minutes to 90% of My.

[0081] Tables 3 and 4 (Samples Nos. 1-12) are directed to use of novel curatives, Curatives
A and B, and to vse of novel amidines and bisamidines as cure accelerators for those novel
curatives as well as for standard BOAP, and includes the use of BOAP alone as a comparative
sample (Sample No. 11). The compositions include a tetrapolymer, one of Polymers A - D,
Carbon Black N990 and Fluorogard PCA. In Table 4, the cure characteristics (except as noted)
were MDR, 1h@160° C. Table 3 includes the formulations and Table 4 includes the data
related to those formulations.

Table 5 includes data showing the effects of useuof bisamidines and monoamidines of the
invention as curatives (Samples Nos. 13-19). Each of these compositions is based on Polymer
A, and includes Fluorogard PCA and Carbon Black N990 as additives. In each of Samples 13-
19, 100 phr of Polymer A were mixed with 25 phr carbon black and 1.5 phr Fluorogard PCA.
The varying amounts of curatives are shown in Table 5 along with the resulting data for each
pertluoroelastomeric composition. In Table 5, when the post cure sequence G is used, it
represents increasing the temperature from 25° C to 94° C over 1.5 h and then to 149° C over 1
h. The post cure is then held at 149° C for 0.5 h and then further heated to 204° C over 1 h and
held at 204° C for 18 h. The temperature is then increased to 260° C over 1 h and held at that
temperature for 18 h. The post cure is then cooled to 25° Cover 2 h.

{0082]  Tables 6 and 7 include compositions and data, respectively, directed to the effect of
bisamidines and monoamidines as cure accelerators for BOAP containing perfluoroelastomeric

compositions. In Samples Nos. 20-30, Polymers A, B and D compositions each including 100
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voonvivY NCOON-r,-s tiNoW -N YSWN - ,-aNCqC3 <Cu~0
za<aaniJjifl N2Hc,.cLdizorycvO0O UNMCV **4azs 41 WO
2004/069900 PCT/US2004/002584 N mot. 00 ~o NV ,-iOtI' NN --~rn

“MB}{M/&(BQE)DOO a.-i~TNMOOOONCIknMV)r-..-+NC ¥z'}:‘~/88%90702584

phr of the polymer, 25 phr Carbon Black N990, 1.5 phr Fluorogard PCA and varying amounts
- of BOAP are cured with the amidines as indicated. The data demonstraie the acceleration

affect of the amidine cure accelerators of the invention.
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144 ax v.oaWS U~oPa> NN~"CLNOON 45 WO 2004/069900
PCT/US2004/002584 [0083] As can be seen from the data, the novel
curatives of the Example provide comparable physical properties to

e of BOAP, but due to the low melting points ang jggﬁy'i)4/oozss4
@%gﬁ%ﬁ% of the Curatives A and B and the fast acting am%?ne :

uratives,a ccelerators, the, curati rators of the invention
[0083£rovide fas?egr,s%%rlg%ah aeﬁgt?:’l? ﬁ%& gg%%%%ppégr?ﬁj%ﬁi‘go%mné?qfaoptrg rvrlllEj the

compgiabluBhpErab mareriexXaNRiE Ge0sH PORN Janielde Insrenstipapsents and
highe SR AMMINESS NAVIRGANE SARE BIAROMERRI MDA RIe,Bs and

however, the polymers in this Example were mixtures of two different

accelepaiiER (I IR FR AR B ER EenHBB P defatt sl frbable curing
of the fsMbAISNSAEL STOMTIR Jableidpaiawed he polymers were polymerized

in the same manner and Mooney viscosity was measured at 100 Con a
TechPro(r)O viscTECH TPD-1585 viscometer. To the polymers noted
above, used in these compositidXis, MRILE added heptafluorobutyrylamidine

s agurative and as a cure accelerator, The heptafluorobutyrylamidine
(00847, < EHCH S AEbples & Cre prepaid it Bty W e St mQOaras used
in Exagtipbr Tdmporrents:adyascussdlisdiraiple i xeiniples 5 [0685f Pastt molecular
weighPREGHEPRRMErS MRCS MY @_&&}&%@%@%ﬁ%@ﬁ&%\s@aﬁtﬂl PLRe 5

a perfluoroelastomeric composition, and adding carbon black to that
belowe okhp SShiBIerUSHE ROIBREDErdiET Trrsams makaer ThRMemsyuhwesiipdes

measuRIKIRG00elENAPSA PG QEPEHIATPDS1 SRR IR CHrer R PRHONBS noted
into seals and then postcured into Size 214 O-rings in accordance with

aboveypsed it SRRSO ARG R PRI BARHI A ES gu ddFend as 2
cure atestegitar EhsHepipMPRBIESYEINGIANS s DididedMathosyBQand thBoratories,

followi ded: TB (tensil break in MPa); EB
., A P L o5 AOHO1S 0 G GHTIEk Det” SHBRGOH i
[GOSSM_Pa)l‘mmmmwaenﬁﬁé)bﬁngimpleewg@@qmemﬁinmd:maahm rtdafpna a
perﬂu%@l&%&M{P&S’@ﬁg%%m%ﬂﬁad%%ﬂ"gec%rh@oﬁ?%i%iﬂ%?&XY%%‘(%%%‘{?QS&% 9

a Monsanto MD
Brabender internal mixer. The compounds, upon mixing, were shaped into O-ring preforins,

molded to cure the performs into seals and then postcured into Size 214 O-rings in accordance

with the cure and postcure conditions noted in Table 9 below. The rings were tested for tensile

properties using ASTM-D-412, Method B, and the following parameters were recorded: Tg

(tensile at break in MPa); Eg (clongation at break in %); and M1gg (modulus at 100%

elongation in MPa). Compression set of O-ring samples was determined in accordance with
ASTM-D-395, Method B. Cure characteristics were measured using a2 Monsanto MDR 2000

under the following conditions:

Moving die frequency: 1.6667 Hz

Oscillation amplitude: 0.5 deg arc

Temperature: as indicated in Tables herein

Sample size: disks of 1.6 inch diameter, thickness of 0.17 inch
and ‘ 9.5 g weight

Duration of test: 60 minutes
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under the following conditions: Moving die frequency: 1.6667 Hz
Oscillation amplitude: 0.5 deg are Temperature: as indicated in Tables
herein Sample size: disks of 1.6 inch diameter, thickness of 0.17 inch and

eight Duration of test: 60 minutes 46 WO 2004/069
@%%4/00%84 (0086] Table 9 includes the data direc 3O/int%z({?]4éonzss4

ffe the monoamidjne noted as a_cugative for a petfluargelastomeric
10086 AR PR T Q1 BTa R o b PARTATH e roted & &
curatipdidtuopodastorimeticneam@ositoitidn SdmplesiNescdEr84r theaRiker B
.C i1j included 100 ph I ng.25, phr. Garbon Black
con BB O P O N B n

compagitielerarddnitd ehd Whidiné pudyimgicand @5 The Gerlerariakickh NPIibd BAAP 25
noted |RAEREE IhRANRRELUNNEL, R30BIe AL JARGEeNRIPE SORECkdR. The

. Table 9, in compression set data, the percentage measurement indicates
informgiifteid gl R AECHsic iR hp S dandrete Ay iRltSs B EtP brifjsgrgntrol. In
Table U EosamRles: JNadatmdsmentiimsewativadnteageriarateusitethbn

d hof he amidine cure accelerators of the invention. TABLE 8 Sample 31* 32
and the Py IRETBIPHA & RASEhED B GRERO SR B E1y MRS B S5 RABEHEG 125
curatiRoad RbeMistas iR ol ireaii dibd-Me aneyerford of Tha/iseasity). Carbon

Black N990 25 25 25 25 He tafluorobutyrylamidine 1.54 0.64 0.64 BOAP

1515
TABLE 8
Sample 31* 32 33 34
Polymer B (110 Mooney 75
Viscosity)
Polymer B (24 Mooney 25 25 25 25
Viscosity) .
Polymer B (114 Mooney 75 75 75
Viscosity)
Carbon Black N990 25 25 25 23
Heptafluorobutyrylamidine 1.54 0.64 0.64
BOAP 1.5 1.5

*Control
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*Control 47 WO 2004/069900 PCT/US2004/002584 TABLE 9 Sample 31*
3233 34 meq amidine/ 0 7.26 3.03 3.03 100g polymer ML (Ib-in) 0.80
3.051.65 1.22 Mn (Ib-in) 15.85 13.97 16.76 8.76 ts2 (min) 5.68 0.50 0.69
7 .94 4.08 11.23 6.02 Mold cure cond. 30/177 15241%7{%/%
vg%f%}‘%g("r%?r’]/ C) Post cure cond. (h/ 24/288/N2 24/288/N2 24 Gdnasss
24/288/N2 Clatm) Tb (si) 3171 2p03,3345 1756 Eb(%) 122 121 117 225

M100 (psi) 2393 1427 1924 625 Hardness 84 78 84 78 Durometer M
Sampieompression|Set 18130 7.69 12.00 32.00 204 C/70hPBR% Compressidd
meq yEE9Y9 8.33|18.57 28.57 204 C/70RZ5% Cofnpressidid Set 12.00 3.6403
100g pobyimes 00_280C/70h/18% Gompression Set {11 42 8 33 857 34.28 230
My (Ib5Dh/2504 *Conted?-80 3.05 1.65 1.22
My (Ib-in) 15.85 13.97 16.76 8.76
ts2 (min) 5.68 0.50 0.69 0.76
.90 25.94 4.08 11.23 6.02
Mold cure cond. 30/177 15/177 15/177 15/Y77
{min/® C) ,
3’:;‘;” cond. (W° | 54188/N, 24/288/Ny 24/288/N7 24/288/Ny
T (psi) 3171 2003 2375 1756
Ep(%) 122 121 117 225
Moo (psi) 2393 1427 1924 65"
Hardness 84 78 84 78
Durometer M
Compression Set 10.00 7.69 12.00 32.00
-204° C/700/18%

Compression Set 9.99 8.33 8.57 28.57
204° C/700/25%

Compression Set 12.00 3.84 8.00 36.00
230° C/70h/18%

Compression Set 11.42 8.33 8.57 34.28
230° C/700/25%

*Control

[0087] It will be appreciated by those skilled in the art that changes could be made to the

embodiments described above without departing from the broad inventive concept thereof. Tt is
understood, therefore, that this invention is not limited to the particular embodiments disclosed,
but it is intended to cover modifications within the spirit and scope of the present invention as

defined by the appended claims.
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[0087] It will be appreciated by those skilled in the art that changes could
be made to the embodiments described above without departing from the
broad inventive concept thereof. It is understood, therefore, that this
invention is not limited to the particular embodiments disclosed, but it is
intended to cover modifications within the spirit and scope of the present
invention as defined by the appended claims. 48 CLAIMS We claim: I- A
curative for perfluoroelastomer"c]"&[ﬁqﬁositions having formula (I): NR2
We claimY-C: ~NFIR" wherein Y is selected from the group consisting of
substituted alkyl, alkoxy, aryl, aralkyl or aralkoxy groups of from | to about
22 caybop atoms; substi ubstif hal ted. |, alkoxy,
i st 20 &bt Siorne

and perfluoroalkyl, perffadroalkoxy, per[luoroaryl, perfluoroaralkyl or
perfluoroaralkoxy grgtps of | from | to about 22 carbon atoms; and R is

hydrogen; spbstitited or unsubstituted lower alkyl 2 | offalkoxy groups of
from | to about 6 carbon atoms; and an amino group; and R is R or
hydroxyl 2. The cu%ﬁ\ve ach:ording to claim 1, wherein Y is a
perfluorinated alkyl grd¥t!Fhaving about | to about 9 carbon atoms 3. | he

wherein YW aliveaeerding E?(&l?i%Asz%g@ﬁXblﬁiﬁﬁ.@F%ﬂ%@(ﬂﬂ?,QE?HQiI‘ex.Ikyl or
consstmg@of pertluoroalkyl, perfiuoroalkoxy, substituted aryl groups and

aralkoxy gGHBHRIEG AN ASOHSHTLIEE Parsgenateer S Greupe L THE el ratigg nated
alkyl, alkASCAFing 16: claim Lywhersipthessurativa,is.selected fiom L, Grens, and
consisting of perfluorooctanamidine, heptafluorobutyrylamidine

perfluoroatia gttt aridbmanthimsol ety A argeroups of

combinations thereof. RS ) _
from 1 to about 22 carbon atoms, and R 15 hydrogen; substituted or unsubsttuted lower alkyl

or alkoxy groups of fron | to about 6 carbon atoms; and an amino group; and R s R oo
hydroxyl.

2. 'The curative according to claim 1, wherein Y 1§ a perlluoninated alkyl group
having about { to aboul 9 carbon atoms.

3. The curatve accordmg to elaim |, wherein Y is selected from the group
consisting of perfluoroalikyl, perfhioroatkoxy, substituted aryl groups and
substitated and unsubstituted halogenated aryl groups.

4. The curative according to claim 1, wherein the curative 1s selected from the
group consisting of perfluorooctanamidine, heptafluorobutyrylamidine,
trifluoromethylbenzamidoxime, trifluoromethox ylbenzamidoxime, and combinations thereot,

5. The curative according to claim 1, wherein the curative s capable of curing
perfluoroelastomeric composttions comprising at least one cyano curesite monomer.

6. The curative according to claim 1, wherein R is hydroxyl, hydrogen or a
substituted or unsubstituted alk yl group of from [ to about 6 carbou atoms.

2
7. The curative according to claim 6, wherein R 1s hydroxyl or hydrogen.
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5. The curative according to claim 1, wherein the curative is capable of
curing perfluoroelastomeric compositions comprising at least one eyano
curesite monomer. 2 6. The curative according to claim 1, wherein R is
hydroxyl, hydrogen or a substituted or unsubstituted alkyl group of from |
to about 6 carbon atoms. ,) 7- The curative according to claim 6, wherein
R is hydroxyl or hydrogen. 49 | 8. The curative arcording to claim 1,
whergin R idrsgein o i sipstitutel ¥hérandtibstifutdessner alkypsttated
group of from | to about 6 carbon atoms and R is hydroxyl or, hydrogen 9-
or unsubstinRQURRAINQRGEQFHNOMOEIRAIM 8, WhereinRyisiYdregeNL RI0is H@rox vyl or
curative according to claim 1, wherein the curative is a
hydrogenperfluoroalkylamidine. 11. The curative according to claim 1, wherein the
curative is an arylamidine_ 12. The curative accqrding to claim 1, wherein
the curative ds-anarytamidoxindail 3, Algutearcalersiaiion.
perfluoroelastomet is compositions having formula (1): NR2 NHR1
wherBinids-selected foodrthe>gioup comsistingtbd subsikutecalkyl,
le\k%% Cﬁrr%[, aralkyl or aralkoxy groups of from | to about 22 carbon
atoms; substituted or unsubstituted halogenated alkyl, alkoxy, aryl, aralkyl
or arblkdky graups of frotinabout4ito Abebt22ncarbomatemss, @ ylamidine.
perfiysroglkyl. Rerfueroalisoxy, ParIHProAN . RSHIMOIOABIN A1 arviamidoxime.
perfluoroaralkoxy groups of” from | to about 22 carbon atoms; and R 1is
hydrbyeh cebstirl el or onsabdtitatethiower kgl 2rbsoratkbryigrolups ot (1:
from i to about 6 carb%atoms; and an amino group; and R is R or

hydroxyl.
/ (1

Y—C

perfluoro:

NHR!
wherein Y 15 selected from the group consisting of substtuted alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups of from 1 to about 22 carbon atoms; substituted or unsubstituted halogenated
alkyl, alkoxy, aryl, aralkyl or araltkoxy groups of from about 1 o about 22 carben atoms, and

perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perflucroaralkoxy groups of

from 1 to about 22 carbon atoms; and R ! 15 hydrogen; substituted or unsubstituted lower alk v
2

or alkoxy groups of from I to about 6 carbon atoms; and an amino group; and R s R or
hydroxyl.

14. The cure accelerator according to claim 13, wherein Y is a perfluorinated
alkyl group having about | to abeut 9 carbon atoms.

15. The cure accelerator according (o claim 13, wherein the cure accelerator 1s
selected froin the group consisting of perflucrooctanamidine, heptafluorobutyrylamidine,

mifluoromethylbenzamidoxime, trifluoromethoxylbenzamidoxime, and

combinations thereof.
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14 The cure accelerator according to claim 13, wherein Y is a

perlluorinated alkyl group having about | to about 9 carbon atoms. 15.

The cure accelerator according to claim 13, wherein the cure accelerator

is selected from the group consisting of perfluorooctanamidine,
heptafluorobutyrylamidine, trifluoromethylbenzamidoxime, _
triffuckBenEthBRYIEHLaRRIGXITHES APREIeBIRbIASHBAE théredIRinD ik, Wherein the

cure W@WQ%@%@@&Uééc%ﬁﬁ%{%@t@fea&&%@f‘9&@8[%%1%0%@@63&1%%ons

cure accelerator is capable of accelerating the cure o
COMPIHHEPA BrEERA ST EAROCBHRIESITIHY Boimprising at least one cyano curesite

MENOMEembhodARINOBARIdNR-hased clye AceriBratos ae8eFding Onerein the
claim 13, wherein the cure accelerator is capable of accelerating the cure

cure HepSFIIBrEeEaPHTRE ERHIFELInG B RG BIERFRSHHBHT Saerpesitions
compAaHyaivasirkphénbisainiginrbages cure accelerator for
perfluoroelastomeric compositions as represented by formula (11): R' Np.'

NS 2AND FHRSRGRAS S SERUTERITFOIT tRE RSP ISTRITG Gimpositions as

represefgdsiitaied:or ghbstituted halogenated alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups having from;about 1 to about 22 carbon atoms; and

perfluBréalkyl, perfluoro;?t E{Xy, perfluoroaryl, perfluoroaralkyl or
perfluoroatkox ups@éf from 1 to about 22 carbon atoms; &hd R' and R2

are each independent yxselected to be hydrogen; substituted or
unsuﬁs@ﬁd lower alkyl pfi.alkoxy groups of from | to about 6 carbon
atoms and an amino group. 19. The bisamidine-based cure accelerator

wher ?x(f(i?ri%m etoté:(iaflrmn% %ﬂewgg{ielgoas?s%% Ro 0§ %%Qu@’éj %r) G ét%gte%hr}qeaiogenated
isamidine-based cure acceierator according to claim 18, wherein the
alkyl calieacceleiatorisyt apabialafaceeteratihgviing dure oftperflldmoelastodizsirbon
comprising at, least.one cyang curegite monomer. 21. Tge -
s bbb e e b
perflicurellacoeleratps isfsélerted frorbdné glovgeonsigting ofnd R and R™ are each

indepgx?&gll‘f&{fo&l@&@médgéeh%gogen; substituted or unsubstituted lower alkyl or alkoxy

groups of from 1 to about 6 carbon atoms and an amino group.

19. The bisamidine-based cure accelerator according to claim 18, wherein R’ and R
are both hydrogen.

20. The bisamidine-based cure accelerator according to claim 18, wherein the
cure accelerator is capable of accelerating the cure of perfluoroelastomers comprising at
least one cyano curesite monomer.

21. The bisamidine-based cure accelerator according to claim 18, wherein the cure

accelerator is selected from the group consisting of perfluorosuberamidine and

perfluorosebacamidine.
22, A curable perfluoroelastomeric composition, comprising:
(a) a perfluoropolymer having at least one curesite monomer
comprising a cyano functional group;
(b) at least one monoamidine-based or monoamidoxime-based

curative,
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perfluorosebecamidine. 22. A curable perfluoroelastomeric composition,
comprising: (a) a perfluoropolymer having at least one curesite monomer
comprising a cyano functional group; (b) at least one monoamidine-based
or monoamidoxime-based curative, 51 wherein the at least one
monoamidine-based or monoamidoxime-based curative has formula (1):
2 ~~1Rhepgn( o Reapheneimyrigaseidictet fsoncgrowps onkisiing-bised curative

has fonﬁgggféputed alkyl, alkoxy, aryl, aralkyl or aralkoxy groups of from 1 to
about 22 carbo_p atoms; substituted or unsubstituted halogenated alkyl,
alkoxy, aryl, ﬁ%/l or aralkoxy groups of from about | to about 22 carbon
atoms, and.p erfluoroalkyl, perfluoroalkoxy, perflugroaryl, perfluoroaralkyl
or pérfluofoaralkoxy groups of form 1. to about 2%carbon atoms; and R’
is hydrogerT,\stubstituted or unsubstituted lower alkyl or alkoxy groups of
from | to abou ﬁiﬁarbon atoms; and an amino group; and RZ is Rl or
hydroxyl. 52 23. The curable perhnoroelastomeric composition according
to claim 22, wherein Be perfluoropolymer is a Ictrapolymer of

wherein tefrafucrRetby|enen Peidiuey Qﬂﬁﬁ%ﬁﬁgegﬂ%uﬁsﬁfmrﬁ%nﬁm%sgﬁd, aralkyl or
e

monomer and a secondary cyano curesite monomer. 24. A curak
aralkoxy, BrauBR RIAL0EMEAR RBAHH IR EoHBRS N e Al BRSPRTH halogenated

alkyl, alhaﬂjﬂgu@ﬂJeﬁﬂﬂ@herC&twﬁﬂﬁy”g@WfoCﬁm@rﬁj@ﬁlq QM%@%‘QQ“@Q‘BEH atoms, and
AuorJIRY ;ébéﬂt I.eaﬁt one mopoamidine-based or monoamidoxime-based
perfiuoTei ity E P TR

&Y cBRBHEMG S bR R B el e v Teiorspdksryogroups of
form 1 3 héaurzbleperfHoreejasto RNt compasitionsacaeating e iaimi2d lower alkyl or

further comprising bisgnunpphenol and its derivatives.
alkoxy groups of Fone E%o oul carggn atoms; andt an am\{no group; and R? is R or hydroxyl.
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26, A method for using a compound having formula (1): ~NIzY -C (l)
NI:IR' wherein Y is selected from the group consisting of substituted alkyl,
- alkoxy, aryl, aralkyl or aralkoxy groups of from | to about 22 carbon

atoms; substituted.or unsubstitated hplogenated, aliyl alkexy 2arylharalkyhe

or aralkoxy groups_ of from about | to about 22 carbon atoms, and perf .
bcrﬂucwwb&p&lz’s )gfﬂb‘cﬁ%ﬁllk‘dx?/, %Bfﬁhb?d%‘}}],ybéf’ﬂﬂfbi’ga?&i | "Hlymyldhci‘, & primary
cyano cipetfluoreanalkoxyigrotps ofrldyem Lo akeuhaZ.earbon atoms; and R is

fyarogen; substitedonunsuhsituied Iguer i, 2,4 oralkoxy groups of

omltoa carbon atoms; and'an amirio group; and R is R or
(a) a pehysiaxpd whenein the.compoundisdisednashanurativepforiag a cyano functional
group, &?ql(ul%g?{:!)aﬂ%t%ﬁ%lgkﬁ g}‘ -%%gé%”orz%om%:rﬂﬁ%@?%&%%fé’ég I&Qa@v%@ﬁ% %g’i‘her
wherein the perfluoroelastomeric™ composition’comprises a
comprisperflidropolyménhaving at.tebstone cyano-group containing curesite VT)
er. 2 g, A method for. curing a perflugroelastomeric composition ,
B B e R el i e
comprisgrobiponsisting bfmondamidinesbased compounds, n
tonoamidoxinre-based compounds, and mixtures thereof and (ii) at least
dhe bisarmaed sy ssmsoumPaaESairairaaTor (he
perfluoroelastomeric cogposition 29 A method for accelerating curing of a
perfluoroelastomeric ggmposition, comprising using a cure accelerator for
a curative, wherein#he cure accelerator is selected from ¢he group
consisting o?'é“ﬁ&()aamidine-based compound, a
~r~onoamidoxime-based compound, bisamidine-based compound and
combinations thereof. 53!

wherein Y is selected from the group consisting of substituted alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups of from 1 1o about 22 carbon atorns; substituted or unsubsttuted halogenated
alkyt, alkoxy, aryl, aralkyl or aralkoxy groups of from aboul | to about 22 carbon atoms, and

perfluoroalkyl, perfluorcalkoxy, perfluoroaryl, perfluoroaralicyl or perfluorcaralkoxy groups of

1 . .
from 1 to about 22 carbon atoms; and R Is hydrogen; substituled or unsubstitaied lower alkyl

or alkoxy groups of from 1 to about 6 carlion atoms; and an amino group; and R 15 R or

hydroxyl, wherein the compound is used as a curative for a perflucroclastomenc comMposition.

27, The method according (o claim 26, wherein the per fluoroelastomeric
composition comprises a perfluoropolymer having at least one Cyano-group containing curcsie
MONOINCT. _

28. A method for curing a perfluoroelastomeric composiion Comprising using a
mixtare of (i) at least one compound sclected from the group consisting of monaamidine-based
compounds, monoamidoxime-based compounds, and mixtures thereof and (1) at feast one
hisamidine-based compound as co-curatives for the perfluoroelastomeric composiion.

29, A method for accelerating curing of a perfluoroelastomenc composition,
comprising using a cure accelerator for a curalive, wherein the cuge accelerator is selected from
the group consisting of a monoamidine-based compound, 2 monoamidoxime-based compound,

bisamidine-based compound and combinations thereof.
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