WD 2011/ 071984PCT/ US2010/ 059405 PERFLUCROELASTOVER BONDI NG The present
di sclosure relates to prinmer conpositions and nmethods of bondi ng

per fl uor oBDastimeIs4conposi ti ons to substrates during thectmsselionddhg
process. SUMVARY 5l n one aspect, the present disclosure provides a priner
conposition conprising a curative, a solvent and an epoxide resin, wherein
the curative is capable of reacting the epoxide resin; and further wherein;
(a) the curative is capabhpRIfuORONOASTIN ERUWBONSIRZE oner conpound havi ng
at least one cure site and a crosslinking agent or catalyst; or (b) when
the curative is not capable of curing the perfluoroel astoner 10conpound,
t he perfl uoroel db¢ present disglosisaslates ¢ pERET eriinvgitige and methods ef jondingapabl e
ST curing t &SGR )élag{%n{e? §6rﬂgositi?ns to Sl%#Sﬁ&f%Q 8{1&% ‘ih%scpoesg];[inkir%%ﬁlgeés%.s ent

i scl osure provides a process of bonding a perfluoroelas r—~Conmpound to a
substrate conprising: (a) coating the substrate with a priner conposition
conprising a curative, a solvent, SldviddARFoOXxi de resin; wherein the
1509£ative is Cﬁgable ofdﬁurin? t he eBoxide resin; and further wherein; (i)
the Turative i s tHFASPEIC BIFFFHGICISISAT?Y 0T RISt GRAOSHOMSBTRESAEYi ng at
| east oneuedf@, $idCr@BRld & SFRIR! lefik! WBerdBaRt cRhti¢ak dhpadlo ofdbadiinkthavhen the
curative is not capable of curing the perfluoroel astomer compound, the

per f | uor cwbaidt oessr; 206 fpthics adicrein (asthe cwkiivgisagpattc of cusimgal yst capabl e of
curing the oxi.de resin: (b).covering,the coated substrate with the

20per f | ué’r%filp"é%?l Ik Hﬂ%’g‘ﬂ% havipga 18?“ RBREYRGY st ?)%TP?ﬁI\B‘%B‘& B85 Rer
conpound GaVREeH (BUPBIT @E Gulavéls doeagiabkIeutifg flRMiflucesdatoragtd bonded
perfl uoroel astomer article. In yet another aspect, the present disclosure
pr ol des @mpored.|thyperflapropleptemebeginpiaich g cepssliidng ageat orcalysisapablyadr and a
curabl e Q%&L% roelastoner layer; wherein the primer layer is derived from
a conposition conprising a curative, a solvent and an 25epoxi de resin;
wherein the curgtive,is ca |l e of .curing the .epoxide resin; . .and further
Wher i n: (=)t nb elinipr Rt Sl R B P 6 bR B e
conpound geayigigel dtorhEB®impNRd €14 SubSirk® c@ﬁ@riﬁn@fﬁ@? SdaltinkK G uBGLAE woth a
catalyst; or (b) when the curative is not capable of curing the

per f | uor d6BE COMPPSIHOMPOUNESING hEUlIEYY. |apolveal. asd vhenoxédsrigsinswhergin the
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each enbadpiadf afridghke peréiaemntlastoventorpountiitavibgtaaidast cdk conssi@randar e
enbodi ments of the invention are_also set forth in the description bel ow.
Ot her f ed¥QsHBKING AEeAE PECatalpel; Aifviamthal 8t rativisds nehreptbloal wiring the appar ent
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term"ep resin’ e In nmeans I nterp nononer s
and/ or epetajysotamblrarfsuriigthetepornd? eox Yb r @sintig ts casted sitstreierwittethas t he
epoxide resin and a curing agent. The.term "perfluoro” or "perfl uorjnated"
2 ted HEFUIHOTRAREST SomPuR 206 @5atns T reBIHsOY RIORSECOMMOR] 665%h at oms
repl aced fysifddiRrdt Maset @ tMdrROurEPNRMSInded perfluoroelastomer article.

In yet another aspect, the present disclosure provides a multilayer article
comprising a substrate, a primer layer and a curable perfluoroclastomer layer; wherein the
primer layer is derived from a composition comprising a curative, a solvent and an

25 epoxide resin; wherein the curative is capable of curing the epoxide resin; and further
wherein; (a) the curative is capable of curing a perfluoroelastomer compound having at
least one cure site and a crosslinking agent or catalyst; or (b) when the curative is not
capable of curing the perfluoroelastomer compound, the perfluoroelastomer comprises a

crosslinking agent or catalyst capable of curing the epoxide resin.



excluding the possibility that some of the hydrogen atons have been
replaced with chlorine, bromne or iodine atons. Specifically, the term
"perfl uorwpabymeids4i s i ntended to nean a fl uoropol ynmer PORUSRES/089405
perfluorinated backbone, i.e. a backbone in which the hydrogen atons are
replaced with fluorine atonms w thout excluding polyners wherein 15sone of

t he hydrogen atons have been replaced with a hal ogen other than fl uorine,
such as for exHippbevesemppyeofdke prayenbdiselaire aseotiiftended to dessribp sa6hmer
derives f dﬁn&{??%rﬂrés%h{ A0er RO &&aiﬁﬂf%@%? Wr O, B3R &E th

Pol ymers of thi's discl'osure conprise pertluoroel astonmers guns and cur ed
per f | uor devasivomer dso it fetlf inul dakasticoneriow SOthepenfurespobjoas,eadr ubber of the
pol ynet hyl ene 20t ype having all fluoro,. perfluoroal kyl, .or perfl uoroal koxy
subst | tumargﬁgﬁﬁﬁi%}?ﬁw%wgawbr‘?@@peaﬁsmrffor%%%ﬁ?ﬂmwa&flfiérﬁnb CCHESE gr oups
may contain functionality to facilitate crosslinking As used herein, the
terns "perfluoroel astonmer”, " parfAeireEssReFEIONONMPOSI tions" and
"perfluoroel astomer gunt are used interchangeably and refer to anorphous
per f | uor ocar bon Thsltgreraporidatcsan easqisphbereingnednes imgrpehoasiZehRRAKY t her eby
25gener at,, n?e?%}gﬂ&f&r o’y Bﬁgorﬁéé.sﬁfeni%ﬁﬁ“e %&9%@4&’“&%‘3&8&’%& ugLagl@st omer
guns are | nterchangeably’referred to heréin’as "cured perfluoroelastoners”.
The t er méppeidt resit el asirmgaigestonpound” as used herein means a conpounded
m xture conprising the perfluoroel astomer gum and any additives or
processing ai ds Thpé@atdeyledrb? bz qlrilubrinhkéar apedoMBieit MIRAUAGI tRg. Such
additives include those known in 30the art. Exenplary additives include:
st abi | i zaespeciyeenmpoune has alphyfhegrnstomy mplasah by fluarer 4tpmp sridopshmrevas

f | uor opol r.fi aaGar | i r , i |4 con di oxi de
v 2011/ o aeinscty BeStiF (B8 RoBe BE fe SRl oIRGB GBRLEMATER 567 ne
oxi de, calhtdriha) brpetinxordedinaatnsa@pesifigangxictelm “perfluoropolydict! iyadtegdedst oner s

are perfluoropolynmers that are resistant to high tenperature, plasm and
cheni cal temaepgrdlhernelyrpea thathas o epliesRed berkhers. i £ ohkackpenqigarhish Bis

seal i ng | i I ) i 1 ch: . plasma or
2gar cosi v TOREh T e ARG SR S L §U Gk SR FERL Y e
appli cat isons daffied hydieogenratorgshavelbeageepbeed sithpaekigeg stheg dskdtuerinpsoph

di aphragns,. pl unger seals, door seals,. .lip and face seals as delivery
plate se_aassf?lp GBI @ﬁ(ﬁfﬁ&ﬂs RRapshe paerbihe Foé’_,OYYé?Fd erigey roed These
appl i cat i FndAHbRURBIVIRY eh¥RbhiBlcto@hylbmdustri es such as chem cal
processi ng,” sem conduct or, aerospace, 10autonotive, petroleum and the
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perfl uoroel ast omer’ conpositions to ot strates I'ng the crosslinking
or nol di ngriccdssomemsAlpeifhgrodiastoncanpa perfleoandted tubbeBe¢hel palyokcthyhme

chem cal i nertnes f perfluoroel astoners, obtaining strong bondi ng between
per 1 uor d@l_’ea]%a[Vc‘J‘Fﬁe?ﬁ_l ﬁks?ﬁéo%ir Fhelkyhar Bt aproalkgsy p Segleﬁ%\%m the _
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bet ween perfl uoroel ast onmer conpositions and ot her substrates when subjected
t o el evataebstiglmperiat wsed deregu e tagny ‘Grerfincapgbgomenippcdtuoredaseosre 200C.
There are known

th f bondj fl | t fl | t
T opat oty P Bl R el pkiie L e hET bR R PR T ovt 2o Some
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substrates, there still exists a need for inproved bondi ng between

per 21 uor asherstingreerilueioserdpr cloptomerid (Gupdinked peyfluoroclastomer gums are

interchangeably referred to herein as "cured perfluoroelastomers".

The term “perfluoroclastomer compound” as used herein means a compounded
mixture comprising the perfluoroelastomer gum and any additives or processing aids
typically utilized in fluoropolymer compounding. Such additives include those known in

30 the art. Exemplary additives include: stabilizers, plasticizers, pigments, lubricants, and

fillers (such as fluoropolymer fillers, carbon black, calcium carbonate, and silicon dioxide

.



The present disclosure provides surprisingly strong bondi ng between a
perfl uoroel astonmer conposition and a substrate that is coated with the
primer coNpasiti’es4of the present disclosure. 25A pri nePCrasarionsvhg t hat
is applied to a substrate to prepare the surface of the substrate for
subsequent nodification, for exanple, addition layers. The priner
conposition of the present disclosure conprises an epoxide resin, a
cur at i ve,(SiEifd)andgrigergecptors (such as zinc oxidepeteine hydi , BBEMERNGSHIN he present
di scl osurg;ahe any organi c conpounds 30having at |east one oxirane ring,
that is, 2011/ 071984PCT/ US2010/ 059405 polynerizable by a ring opening
reaction. Such i;a r{roaeﬁat belirsoa?irglé%r aolrl e(ij m rs g re'r 51 tl{dﬁl %qt y r{rD One“ ¢
and polyneric ep8 3G N alf ?ﬁ%ﬁ LEsr 8 § e, E% &BEr %atlc
aromat i c,planth ﬁﬁrﬁhbﬂﬁﬁial @rﬁ&rohﬁi%ﬁ@ofPerﬂH@ﬁ)él&@ﬁné?Qoﬁlpb!;ﬂUthare asesmll dsd;ealﬁfg
5bl ends thereof bl ends being useful in providing tacky m xtures prior to
cured TheBucaapu anplicaingn yBisd i vripdremperaiyre, pema s pagessive dhamisal onal ity
greater t a c are al so
Doh Wuts hre%pcqlﬁtterkéf S5ml BPHERO 9&%&&9 o‘ﬂgie a[mhgsé?ihlg%ﬁ%ﬁs

cal | ed "pol yepoxi des ynmeric epo des 1 Ret
havi ng t grankingd, gemxsypgmpldm)h(afgm @lmagmlseals alodt gﬂa}schplyhd &tcbeéalsgfgaﬁ

pol yoxyal kyl ene pol yners aV|n skel e e un (for
exanpl e, J%Vw @’ﬁéefﬁBPRPéb%?ﬁr o s ama %:J ?er@p %@@ﬁ ff%epoxy
groups ( ffgﬁnchﬁaarmdlrf%ty ﬁf iHaYRHL TR é]f%ﬁﬁé’a!l @{-&e&@[{%\/ g@rﬁlceﬁd&%%e}f&?@e The
nmol ecul ar weil ght of e epoxide resin be at 1east /5, 100, 500, 1000,

20000 40COfonaotivey peirdbOM) agdalmsl/ikml e; at m)st 4000, 6000, 8000, 100000, or
even 15000 grans/nole. In one enbodi nent the nol ecul ar wei ght of the
epoxi de resin i Bonmusy dhaeselpPliQbidngitanddsirable to botdtbt perfRpaddeniesi ns

i ncl ude those which contajn cyc] ohexene oxide grou such as the .
epoxycycw@ﬁ@%lﬁen%@r%%w}l%ﬁﬁ@ées duying fheecaoq.-wnl@a OBpY %g]eqoe?féxwﬂa%w@ 3, 4-
epoxycycl fREPBULARE 8f the chemical inertness of perfluoroelast t
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et her nononers of the fornula: R (OCH2-CHCH2)n \ / where R is aliphatic,

for exanpkmperatukes suchras heit dxempledempriatéseabose Y00°Cor conblnatlons 25t her eof ,
and nis an integer of 1 to 6. Exanples are the glycidyl ethers of
pol yhydri ¢ phenthsresucknoas mbthods of yonidohgl fluetdedastafers and perﬂuoroelastorners
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20 adhesion between perfluoroelastomer compositions and substrates, there still exists a need

for improved bonding between perfluoroelastomer compositions and substrates.

The present disclosure provides surprisingly strong bonding between a
perfluoroclastomer composition and a substrate that is coated with the primer composition

of the present disclosure.

25 A primer is a coating that is applied to a substrate to prepare the surface of the
substrate for subsequent modification, for example, addition layers. The primer
composition of the present disclosure comprises an epoxide resin, a curative, and a

solvent.

Epoxide resins useful in the present disclosure are any organic compounds

30 having at least one oxirane ring, that is,



WO 2011/ 071984PCT/ US2010/ 059405 exanpl es of epoxides of this type which can
be used in the practice of this disclosure are described in U S. Patent No.
3,018, 26270 2011/071984There are a host of comrerci al | y avaiPCahlSeoiepsodntie
resins that can be used in the present disclosure. In particular, epoxides
which are readily avail abl e include styrene 5oxi de, vinylcyclohexene oxide,
gl ycidol, glycidyl nmethacrylate, diglycidyl ether of Bisphenol A (for
exanpl e, thoFe aviai | abl e under the trade designations "EPON 828", "EPON
1004F and_ ¢ 1001F" from Hexi on Specialty Chem cals, Colunbus, OH and
DER-332 and\ PER- 334", from Dow Chenical Co., Mdland, M), diglycidyl
ether of Bi sph@nol F (for exanpl e, those under the trade designations
"ARALDI TE GY281" 10from G ba- Gei gy Corp. Tarrytomm NY, and ' EPCN 862" from

Hexi on Spe i alt em cal s, vinylcycl ghexan oxi d exa havi ng
the tr addeuiiaS IS fRrfreniibacibh, SIER Aeri e el SRR on T
3, 4- epox)iaaiobsK YhonaRichy knd pét nﬁﬁ@ég&&i@é@ﬁﬁk@ﬂﬁe @H}BM&YH&&BC}(&I@V exanpl e,
havi ng the trade designation ' ERL from Uni on Car bi de Cor

2- (3, 4- epygipelRhabisesrgmatc,5nd spmbingtignsdherrgfh HWICéhb?arlﬂﬁuldwﬁ@!(EQF oxane (for

exanpl e, V. de Corp.),
bis( , 4- éﬁ%&%?@%‘gﬁ%%ﬁ§%%%l pagg?ﬁ#@&Kgﬁg%péégéﬁg%gﬁgb%@eﬁg?gﬁggée3|gnatlon
" ERL- 429 Epokiklo me sy gencr@Hy hiavke oﬁ:dtqmv)eragdj Pphintenealidi geatdethbh owo,axamapleast

having the trade deS|gnat|on "ERL-4269" from Union Carbide Corp,),
epoxi d| zé&’o;?@%/ﬁb&fto&a? B anqlegile andapirko calsd g erexidead h&@@b@%‘é{@. on " OXI RON

2001" i si ns
(for exangp ey SRR tintlfoBArP i ine €hiRfth ol TS LR Ay ERONERIE
bi sphenoletligy péa@pbmx@kylem giyenlhipbb}imhees havomg Mtiﬂwhﬁwﬂmi@df@r example
b t anedi ol c d et her r.e a havi ng the trade_.desi tion
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Speci al tyn@wleemtdeasgﬁ ana, B, yes,e QIQAI40@9,MI‘€V@11 SQQO@r@ms/mlw d@h‘y‘ﬂl@onovol ak

(for exarn % he tra esign 0 from
bow cheme: 1458y 1oteb e BRSPS anFRbiihep PP ancRiblal et

di scl osurcﬁ“twépomde rBdig s ﬁleﬂ:épeﬁatw(mos%raﬂamndw, i.e., does not deconpose at
tenperatures of at |east 200C. Typically, 30epoxide resins that conprise

phep5)l ic noieti Q?sehﬁ%ﬁoﬂﬂ&&sin@rmﬁ&ttﬁés% ﬁﬁlél?béﬂt&lﬂ cyaﬁhéééhé’ﬂﬁhb %rcﬁi%@x' de
resins are also contenplated in the present discloSure because of their

ant i ci patsedh b h cpermszelabenage sarhpilitey typifid by 3 4 o1 984 ROTKIBROTDAF59405

| _
ExCehl o TR et Aok Male d enRk T RN R et b sy 2
Novol ak/ hha nihe;éaneeraﬂﬁ)hym@ Biydibik (3, L Be3gL6- hemyvdydﬁmmameﬂ}yl)%dmase 2,3

epoxypropyl p fl uorene, bisphenol AF/ epichlorohydrin,

Novol ak/ B%/%@H@?’féldefﬁ#ed Hivtof sopfsl shexidshef thircrabse, iakrenss mdydicansdedo RES: | * i n
thezﬁpOXI Xﬁ&e%l %(g@notes a conpound conprising both el enments. For exanple
bi sphenol eplé 'orohydrin is a diglycidyl ether of Bisphenol A

ok g i th 1 e BpEoREe AR B et S ERRR AT pidfe Ro B Vs

i ncl ude, hamtiox AR glyHed %tlvdﬂlrﬂ‘dhoﬁfe%dfaﬂ@ﬁfrﬁlhwe sensitive (e.g., react
10at roomtenperature or are heat-activated), are photolytically actlve

and conblﬁququi_CHe———CHim
AN O/

where R' is aliphatic, for example, alkyl; aromatic, for example, aryl; or combinations

25 thereof, and n is an integer of 1 to 6. Examples are the glycidyl ethers of polyhydric
phenols such as the diglycidyl ether of 2,2-bis-(4-hydroxyphenol)propane (Bisphenol A)
and copolymers of (chloromethyl)oxirane and 4,4’-(1-methylethylidene)bisphenol. Further
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t hereof Room tenperature curatives and heat-activated curatives can

i nclude, for exanple, blends of epoxy honopol ynerization type curatives and
addi ti on wopellgIisti ves. The curatives may react at tenpeTAIS010859@D5 at

| east room tenperature, 30C, 40C, 50C, 60C, 80C, 100C, or even 110C, at
nost 50C, 60C, 80C, 100C, 120C, 150C, 180C, 15200C, 220C, 250C, or even
300C. Exanpl es of suitable curatives_ include pol ybasic acids and
their anWﬁmpEéé’f cpastides,ed HpF Bpeavhich ganibe wapdiimihg Rectieapibisyiscosttd @8 such

as oxalic i phthalic acid, succinic acid, maleic
acid, al kdy?(‘cr 8119 ké;ﬁya eﬁgﬁ%sgptl%t%eida succi ni c aci ds tartari c acid, and

anhydrldes for hthalic a ri SUc |n|c nalelc 20
anhydride, nadic n y rih((;fgt Ofﬁammfm%@%l?vatﬂa@egﬁ?lm ms poI n%? }lszegb]i1 e
unsat ur atgescacdiddosur®r Ingaiqalle, cfoRRe whiit &b Rdadly atallae&shclih@e a@fcgen atons,
for exanpl e, dodecendioic acid, 10,12-ejcosadi endioic acid;, and nercaptans.
Exandl es Wideovigicysionesne exidgr slysidels leﬁ@Wha@thqplfyﬂaé@éimglﬁ@ﬁﬂaﬂthﬂr@é conpounds,

for exan%lg%heggpﬁg%og gﬁ%@gl ABLRi1AR0 EM&&%@@ade%eP%ﬂét%@ytPéw e,

nel am ne razi des, and aronmti cC such as o-, m,
and p- phéTE}PI(HﬂéO@ﬁFa’mmE‘EBONIOOE ’aﬁmmcwapimeﬁpzblaﬁyl(]hemmals Colurnbus OH

2 2 g: :gn QdIE%hg% anige fonggﬁg %ngpgw] mlffﬂé%phgﬁeﬂ@r MI) dﬂgﬂ?mdyl cther
4, 4" - di argepqdliRRaNY ol Bl ’thojse %n@érct’li’@ﬂ?é‘&@ dyﬂgﬁaﬁi ~AR OB ANZE§t

fI uor ene-contai ni ng am nes (for exanple b1 s(4- am nophenyl )?I uor ene,
9, 91bi s ( Frare iyt GeigifiampSFreryydwi, Il‘ﬁé;mdéEP@I‘@S@Z”slirﬁnSiexmn Specialty

Sogi g?i- ? %ﬁi}%t@i ?%%%yﬁhé}ﬂ Te %%pg)rl'% having the trade designation “ERL-

9, 9-bi s( ?4256dﬁbﬁﬂ9ﬁ1@{?3c3ar&d@0’bﬂ9l}ﬂ'&[&bﬁrﬁ ffbi?of %ﬁ@xy% @loﬁex%diﬂleﬂ(ﬁﬂciﬂ oro-4- WO
2011/ 071984PCT/ US2010/ 059405 am nophenyl )l uor ene

1, 4- bi s| @pQ&Y@mthw@PxﬂaMfmémhw ]ubem@néradqdmma@pa“ﬁu -4Rilho- 3

et iyt pitEHy e § B GO AR BTGBy A3y vclobipantne, 11

- bi D$1€ny|m&ad13xane (ﬂjrréﬁﬁ ﬁbéyhaﬁmﬂg the tdd@designatién FERD-4231 0%k Uflios @aebide 13
-di ami ne, and di am nonapht hal enes. . 5Exanpl es of ot her SUI table aliphatic

ni t r ogen-CBAVIHP geRoy exclehesyh ﬁélﬂ’afﬁéf%@F‘WElleh@V}ngaﬁhF fHade deplgnafien nes (f or
exanpl e, ‘ﬁﬁyhﬁfi 3 %n érﬁfde%;mﬁgydl &‘H&%‘dﬂé %léen e%sémgfﬁ%rtra%a”p' e,

2-et hyl - 4-net azo , CycC Pam ne, riam
triethyl eia:eﬁgeatkmarﬁme42@7’cfr@héjmdndemdm:orp e)tefpammjwlpplmtaamnaefor

1 2. di amoemc. itk Ry apataiion IR M1 ek GREGomma Hadeiphia,

2, 3r6li amploy, FrRd k- PP Eﬁtﬁ@de RGs @foflexa%lﬁénhﬁgln% tRs Qédéetfegﬂgh%@ H$ER-

Exanples of " sui tabl e phenolic curatives i nclude pol yhydric phenols, for
exanpl e, Y oclroadtugdd bls@molctlyp@bpoxtrd,ailemq@wm@’m@ framPDovd Chymircek§di) phény|

o hyedio SR YD R Viaufie Bt B Gpsiznation, TARALRUTE BRsny

met hyl metafsn Clh#Geidh 0P OXIW IBNEINTbrpt YabaReraRe NH, datyBidDyShr&Xof-
3, 3" -di nmet hyl di henyil%bldl met hyl net hanerpC , 4" - di hydr ojz d%ghegyl sul fone, and

tris-(4- me%%@wh?nﬁéﬁhbﬁﬁéd emmdegregnb(f§( ﬂxﬁﬂ}{dﬁf dwywaélmfwradef | uor ene and
t b d.
e S RN G SRS B BB AT .

and tit arghenol-fraildes dainghblakl (ot ety Matmg thd ttadodeRightitidis CMENe 43 Doamen
trifluoride, antinony pentafluoride, titaniumtetrafluoride, and the |ike.

It is al s@@%ﬁ‘ﬁg abipe Rew CGhewdcal RQY)- t hese Lewi s aci ds be bl ocked.

Representative of bl ocked Lewi s acids are BF3-nonoet hyl am ne, and the
adducts of SbF5k oneenpadement, ¢ppxaleiasingéhe preyent dsclogrrcihibihighh R1 i s t he
ive

resi due | [Q I C aI | nil i el yaj
t her eof , O[ B%rgf;l‘%er iﬁh@h{y’ fi gUd% ?eco ¢ 5}36%8%3 0f§u abzlog éﬁj)hallp oﬁa IY’i cally
act3yat ed:p@mlrdatmsv@&hatrb@htpd@e pm@lbhemimiee havoigh tdﬂﬂipeaﬁdre stability.

Polyaromatic epoxide resins are also contemplated in the present disclosure because of

their anticipated high temperature stability.
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sul foniumsalts of antinony and cobalt, and bis(arene) iron conpounds, and
ot her phot ogenerated aci ds or bases. Exanpl es of commercially
avai | abl evoupati7vsss sui table for use in the epoxi des 30iPagiuseeonsas: sol d
under the trade nanes "EPI-CURE 8535- W50" and "EPI - CURE 8537- WY-60"

(avai l abl e from Hexi on Specialty Chem cals), HY 955 (available from C ba
WO 2011/ 071984PCT/ US2010/ 059405 Specialty Chem cals Corp.), "AM CURE

CG 1400", " ANCARKMEPlanaepoxidereyrEnciudoradgsol/Nayelak, CUREZOL” PHZ- S (avai | abl e

fromAir . i fi.c oA 1.cal . o 1o /] 3502"
(avai | abl65{@%ﬁ%&“ﬁgﬁé@ﬁe@gﬁpﬁ{%ﬁgﬁ%ﬁé{ ep@“&i‘"ﬁfﬁ@ﬁd@ﬁ B%%lagkﬁgb%@%w
(av ai | abl e@}dﬁﬁjﬂhﬁrﬂ@eﬁ]ﬂ@ﬁ@i}*@@lﬁgl@@ef,%?%%pxyﬁrx)éylphgngl ﬂuzreAEfx,éﬁmhanqlh I
curatives clude is aly [ r e i cyandi am de , 4- ~am nopheny
di sul fi deéﬁ/&@&ﬁﬁp%@?@aﬁgaﬂ%%}sp@@?@ AR Eﬁr%‘a}ylatmthr?ﬁfnéSdﬁ%ﬁ?rginng a
condens at 0 e feldyBide fohieh 6RO ieaitboih on AR ABMn k! SRR | ane
and net hyl | sobutyl ketone, anilines (e.g., paranethoxy aniline), o-DbiIs

am nophero$phaigl Axnpichloodiydiimat 4 dighycidyéetbof of Bisphenol Ahe curative may be
present in an anmount of about 0.01 to 70 percent by wei ght based on the
epoxi de resin. Wheouhtiec muhaptimer c@npostniox ybmpowael that is cgpabdiel adireeting
phenol , an a hydri.ge, or a primary or secondary am ne, the curative may be
present iWihBEEPOYISTEY! tQIsyiR the ORI E ent s of acid, anhydride, or anine

per equival ent of epoxide group. Wien 15the curative is an anhydride or a
phenol , accel er &vstigeyigluge. fadersannley thopsuriieh o tepRAIRIUE TRSiHHe EHULad. 0
per cent .ghty of | ' - t 0 be
Cactl " Exarnron BT A Bl aRRAK GRS AP ERERRLE R FoBhaOR P2
such as heazyf. dooet Rypesnimeenragines and lbazadt®ated watutiass can include, for

2- et hyl - 4- net Py%f@m’ dazole. Lewi s acids may be used in unts of hetween
about ~ 0. FXaRalcablsnds of spexy BamopglyRetigtion SR e Ard aiaRmiy e gHYSSof t he

epoxi de IRl drysi & (ERPXhAFes &S Ra@NHokYEAbdrY 58 S,

Ui abl & ol e B e L ot o

requi r emgif's, §03€, BMI°Ghod avey | 1@ aptomasti SOPC, redX€s§0°€] bW°Out20°CeldrC nig0°C,
propgerti o ro el G, . Preferably, the solvent is capable of dissolving the
epoxi de ?23) i(r?r%?rﬂoc,’%ﬁﬁé?’é’trﬁﬁ?ry?&}ﬁe curative. In one enbodinent, a blend of
solvents is used, 25Exenplary sol vents include:. ketones such as. acetone,
met hyl et hyl ketioRBPlonod pyifabis By lnsélfctﬁrwffyt}%éwﬂds @%@B}egﬁw@g@é ' and
ethyl is Ket.one; > : but:yl acet at e;

al cohol s%gl%@?qyelég#’ﬁ&elt g%g%ﬁ%ﬁﬁbeﬁgﬁgﬁas %hcp%ﬁ(%r?ggﬁc;%g(ﬁ pgl{shqglplar:%l%ihyl sul f one;
sul f oxi desrephibhli@zcidlisretitiglacisluiiexd abéd, atityy end alétid ssbssinabd asciihadidne

| ycol nmonohexyl , et her, and di.et hyl ene col nonet hyl. ether:, gl ycol ether
PO AR A AT I S R AT A SR B
gl yse! rmopap@idy hadit Biydriae ghd ﬁrbnféilﬁﬁtalﬂn&&ﬁémﬁﬂyﬁﬁﬁzﬂﬂ& ﬁﬁ’d’é}iﬂlétl% WEas);

fluorinat ed” al cohol s such as perfluoro isopropanol and partially
f | uor i natfedeypemlaridse candingegdsilerst | Geasbehatomes foT preanpde.fdodesendicasacader

catalyt . operrraanisaBE b PS BBRERTEY The Bresent df scl osure. exni bi
g[ 32%;;2 2 f: © ets ? e %(,Sa%lp?egeo?‘loﬁlaelr Sdita%yeccqlrﬁfvegﬁllc?usde n?tlr(g(gaelnlcggt%inh];guceolrﬁpolﬁ%hg nes,
for example, benzyldimethylamine, benzylamine, N,N-diethyl aniline, melamine, pyridine,
25 hydrazides, and aromatic polyamines, such as o-, m-, and p-phenylene diamine, 4,4'-
diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, and 4,4'-diaminodiphenyl sulfide,
4,4'-diaminodiphenyl ketone, 4,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl methane,
1,3-propanediol-bis(4-aminobenzoate), fluorene-containing amines (for example, 9,9-
bis(4-aminophenyl)fluorene, 9,9-bis(3-methyl-4-aminophenyl)fluorene, 9,9-bis(3,5-
30 dimethyl-4-methylaminophenyl)fluorene, 9,9-bis(3,5-dimethyl-4-aminophenyl)fluorene,
9,9-bis(3,5-diisopropyl-4-aminophenyl)fluorene, and 9,9-bis(3-chloro-4-
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al cohol s and ami nes. The presently disclosed perfluoroel astoners al so
exhi bit good processability, scorch resistance and de-noldability al ong
wi t h excewbent1/qgisgi cal properties, such as conpressi onPSEUSR@ESI0SI48Mce over
a broad tenperature range. Exenpl ary perfl uoroel astoners
conprise interpol ynerized nDnoners of 10tetraf|uoroethy|ene (TFE) and
perfluoroal kyl vinyl ethers (e.g. perfluoronethyl Vlnﬁ@ et her)

n

In
order t o dsEnephcaplBuorped)s | éﬁﬁ&i@’r(ésﬂtfmml@nb@ -or-mgthykatiyl %ﬁélﬁabﬂxblfﬁé@t (éonpound

COITpI‘I se cure.,s ese.cure sit n ad 1 on. t S

coent or eSS SERRE P ne Pt Bhl FRp R Gl eRhufiohe
conpound.q, | 0B R 1- @mbsaﬁh&ﬁ?w -bfgisd) rlq Ja'ﬁﬂieh?l 3@“@1@%&1%)(?34/4’13@iamme

nonfl uori nated, partiall | uorinated (e.d., vinylidene uori de or

pent af | uodrb;b%qwm@)decme I&Bidwmlh@scamdrdmdonaphthalenes In one enbodi nent, the

curative reacts with both the epoxide resin and the perfluoroelastoner. In
t hi s5 enbodi ment Exahplgef biheoswebbsdphetic mangﬁucrﬁltainﬂmgrchsaﬁi%smcludast one

cure site d. a.crosslinki ent or,a,catalyst. 20In an di nent
R M R O AR R DL e A
thi s embqgdiiq®bles (FoP@xaﬁﬁkSlb r@aﬁgﬁm&n lﬁﬁﬁiaﬁélkfl'cy@lbhéx@zlénﬂﬁe perf | uor oeI ast oner

conpound reacts with both the epoxide resin and the perfl’uoroel astomer. As
used her dliethylangriasgici withylenatptraammef Qr@he@yldlanuhedtttmetﬂfmdplpc@npw,t of the

crovst | mongd BB Ty P nE i E e M bR AP R PRS2 s i ki ng

reagd i on, m&HY1-propaiRt 2 Bafidmdib-1-hethyesiddel 13- dmhmaezr meth§TRafhE,Had 2,4- The
quoropoLﬁners o? the di sclosure may include a cure site conponent whi ch

enabl es cligming-2odirestbylestarti ng) of the fluoroel astoner. Exenplary cure
sites include a 30nitrogen, a bromne, a chlorine or an iodine containing
cure site, or arExempldsof Sﬂ'yqbila:lahelnyhc WOt O:b I QTd oA AGTHOPROWS, 369405 cure

site nononers, conprising the .cur ites are | or por t he

71 uor opolReRearRryE Ty oo oo f S AEPaRSHEhERy BifiuhPei4i

ni t r ogen-diytratyiipt@ngr AtiethyUashatle, 413'-Bihg @k 38" fdhrﬁ@thgallaqih)éﬁﬁrrﬁetﬁafépn 4sing a
ni trogen-containing cure site i ncl ude free-radicall ymeri zabl e

ni t 13 | es, dibydrepstdéghenamethileecthang ﬁésdlhjfdfpébéhpheaﬁhc ¥ﬁh¢éane56,>‘&| -gidgdroxy-

Useful ni eg 4 I

perfl uor 032’ cyang%élgh% nl[(ﬂ%fﬁ]%[rﬁetg%l%xgétl 81%(\,’ gshpﬁ%ggé%g%e%tﬂﬁ\ﬁ\/\her ein L
is an i ntl@@ﬁfxybhﬁf}ﬂl)&eﬂ&néﬁnd@:@%@Eﬂlﬁﬁaiy{ﬂﬁﬁylﬁﬁ%@b wheoehasubstisitaln | nt eger
from2 to 6; CF2=CEJ CF2CF(CF3) 0] 1( CF20) yCF(CF3)CN wherein g is an i nteger
from 0 t gnalognihcreafs 10an i nt eger fromO to 6; or

CF2= CF[OCFZCF(CF3£]rO(CF2)tCN whereinr is 1 or 2, and t is an integer from
1 to 4 and deriQhet weBl awativesrnelnde shiere-.drompe and flegiorangtaiming Lewis

per ) uor ogf A3 tf%f*%h SlSorSS%% ,aglld ftén%%%ucﬁ%?“fdn%%{u m{(hll&fl qgen

func¢| onal™ groups can actn a or Cross ng teactions. In

one e nbochlmmhm ttnbﬁ)rmldé Jgentrifuiltidt, I’lilnfigloflyl @eﬁtaﬂmidegﬁmumm &trafluoride,
nitrile-containi ngtgroup Nitrile group be 15i ntroduced by use of a

ni tril e- BAtRE Windt Bl detedlpaiianeythay th%se Leﬁm%aﬂﬂ& bg b eclﬁﬁomre&%aﬂve
' “t r Oducgﬁb'l&fké?d LQ@ISF%\% KR BAUL] PSetg@h% h&@&g%ﬂd ORI X fht\k)@khﬁ@ hods

i ntroduction are also conterrp i'scl osure. es o
n| tril e- contleden] 1@H.car-ORdi it evhidnR iresrthe ramiua@éaﬁl&‘pi@ﬁ@@lz&(o@ﬁﬁ)na@léﬁﬂ\l

CF22: CU:Z 1neC(|):r32 c(i)egli%tcl:\lfez t el;reo? ras %ggc?{bgg 8’%3 Ptatrégtr I%o.f 4,503,211.

Suitable photolytically activated curatives include, for example, iodonium and
sulfonium salts of antimony and cobalt, and bis(arene) iron compounds, and other

photogenerated acids or bases.

Examples of commercially available curatives suitable for use in the epoxides
30 include those sold under the trade names “EPI-CURE 8535-W-50" and “EPI-CURE 8537-
WY-60" (available from Hexion Specialty Chemicals), HY 955 (available from Ciba
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20The anount of nitrogen-containing cure sites in a side chain position of
the fluoropolyner generally is fromabout 0.05 to about 5 nole percent or
even fromv0.201t05184nol e percent. The fl uoroel asPORAIS2g089408y al so
contai n hal ogen containing material that is capable of participation in a
peroxi de cure reaction. Typically the halogen is brom ne or 25iodine.
Suitable cure site conponents include terninallﬁ unsat ur at ed nonool efi ns of

2 to 4 canseltaldamicalictoras, HrYHeHRE eridedhy "MANERBBY 1 GOIRIABY | ene,
d i odotyd t. yﬁ;ﬁ% [ 3 - - d
?1? br g?ro?gﬂé‘wgfaﬁgeter a uoLr gggﬁ%ﬁ%@ﬁdb%ﬁ%%?%gggédﬂg%%#gfgﬂg?éﬁrchur e site

conponentGhenticdlpdBent&k2 FCEOCERIBHZBE 3 5 R 2CHABI Ch2 CRBin Sgaechity
CF2=CFOCF2CF2CF20CF2CF2Br . _ 30Pref erahly, all. or. essentiall) | of these
corrponent@ea@l‘éal%tﬁwgﬁ% 9H>ya&sif1 DA SV Iofon @Wg@ﬁ@@éﬂ&% 10/ 059405
MDNOJTET S.pakffQMEx gTbodi ments, the brom ne and/or iodine atomnmay be an
endgroup of the fluoroel astonmer gum Anot her suitable cure site
conponent usef ul, ] QI RN IEg\Y; i g i | e, pendant
component el Uk Aok RSB SRR 0 PLALL DR EOIBRor & penday
gros. ;558k5_¢ﬁ4ﬁ01(h%h321$d1$13ﬁéé, g?hnlﬁlntamdrbﬁﬁﬁe,gﬁéaé ([l':ﬁbalt&ﬁJ a:ISGtEI]tcuflabor)l]lpnsmg a t
osslinking agents or catalysts are added .to perfl ugrel asoner gumto
crosslin m&%&@%&%ﬁ& ?t‘?yle%fﬁiéarr_%.mﬁ §r gtaﬁgn%r?@ﬁttw ORftBE NG
composi 1 1 RE o B e e G R P A AT 0 o e
conpbsi t icombomtiansierof. basi s, nore typically at |east about 100.5 parts
per hundred parts of the curable conmposition. On a weight basis, the
i](‘) fect |t ve armﬁ ntrgehamﬁ@ssltslhy b? b?ﬁﬁ@lﬁ@l@ﬁlﬂi El}nbumaifabm;tto_.(ilstotmmemltnt by b/eilg;hw gbIOUt
parts per hundred parts Q curabl e conposition, nore typically bel ow
abgu]t 5 gRpedkopde eﬁ%gi’ @alnpgzp%n @E CHREVE ﬁ%‘g\ﬁ’%’&ﬁﬁ%‘gi& ? Wgédlaz;?{g%?’ hi gher
and | ower : : : can
i ncl ude fﬁ%@gy H%Vgpgﬂﬁkﬁﬁlarfaﬁﬁh Jﬁ%ﬁg& %Spe?%?@ eg,§¥$la£§ne g?&?ng
curi ng agéntt 1.hequivaicaapbhedfanhpinndg, ouammg pageqntyaléye ot opaddd gofipr Wheg

cur agent, adipates, and acetates, organonetalli onpounds,. oni.um sal t
o a IR bl B A ERb B of & P s BRIE Mk BegGo CRB TR PPHA &
tri (met hyy 0 Bdd Abbui SOPYRBMTAL& &nTﬂH@\I\x@%]ht% 184 REHS ActhgSors hRA§ 2lsorbei NY
agents and catal ysts may be used by thenselves or in conbination. 20l n one

enbodi mentsed.t hransplosel surtkbla goesdpraornmgluearogiatie tasdary raonmesrsuglz ihe f or mi ng

cure networks... Such crosslinking.,agents Lnglude: an.organotin co unds
(such " as "PEDAPRYRN SHR7 S0 AT ARIAE Ropgfitt as ARURIGRNC LREERE: Rary)
tin curatrhMes used iiMmbanty 6NBEtALENgh om0 0P AU ABotS. hreens BE weighBbasRaton tiNO.
6, 281, 296) ; anmonium salts, such as anmoni um perfl uorooctanoate (e.g., see
U 2 pattotahyeight afghe spgnide 8@ ani di nes (e.g., see 25U. S. Pat. No.
6, 846,880); imdates (e.g., see U S Pat. No. 6,657,013), netal an ne
conpl exes (e.g. Theepoxulegesipand chgtiveagsTixed ) a swiablerpticot Hhoselyenias t s
(e.g., see U Pat . . 794 457) . roxi des nma | s be utilized
e o ossrelriongeiton Dol ik astaly e YA B fanBoiutt r ee
radi cal s lafelial iprdt@ri@ B adtelr PsefeAbl, elckiplveReER @upabee Off digsobiisy #(cgbatky!
per oxi de), which deconposes at a tenperature above 50C is especially
pr ef er r edesip Andrayigferahlye thej quratyepnegne cpb@dingentsicblanciot sobentsap yandt y1  per oxi de
having a tertiary carbon

25 Exemplary solvents include: ketones such as acetone, methyl ethyl ketone,

methyl isobutyl ketone, methyl isopropyl ketone, and ethyl isopropyl ketone; esters such
as cthyl acetate and butyl acetate; alcohols such as methanol and ethanol; sulfones such as
dimethyl sulfone; sulfoxides such as dimethyl sulfoxide; glycol ethers such as ethylene
glycol monohexyl ether and diethylene glycol monomethyl ether; glycol ether esters such

30 as cthylene glycol monobutyl ether acetate and dipropylene glycol monomethyl ether



WO 2011/ 071984PCT/ US2010/ 059405 atom attached to peroxy oxygen. Peroxides
sel ected may include: 2,5-dinmethyl-2,5- di(tertiarybutyl peroxy) 3-hexyne,
and 2, 5- dvoebtyora®45-di (terti arybutyl peroxy) hexane, di cREFIUSRE0OXI40E,

di benzoyl peroxide, tertiarybutyl perbenzoate,

a, a' -bis(t-butyl peroxydiisopropyl benzene), and

di[1, 3-di nmet hyl-3-(t-butyl eroxx)-butyl]canbonate. Ceneral ly 5about 1-3
parts of asefatsk ri@%eﬂ@éfor&@mlcg‘amt@ pirofead:| flyeriseied slcghelp sy aggsefluoro I'n

anot her i . GRSk be cured using one
or nore g%3%5#%5p%%?%?%%@?“%ﬁgﬁgaé%ﬁﬁﬁékg annnﬁ%%gggggﬁgging catal ysts. The
catal yst may co 5i%%>fprleé%ﬁquh alfi%%{rcgmggn nt aadoaesgg nd conponent
wherein the first 8 r’rfjl8r?§n 'S F%pp%%éincted)]ﬁys lw=r 86r ere Q' is
a non-i ntesdsehking aé&@bﬂ@dlﬂ?kt@?@ffﬁiﬁiréﬁﬁstcﬁﬁ@@ﬁ@&w if @Y pHIkcnOHiselbgan eRIBRNI UM
cation; each R independently represents H, hal ogen, a hydrocarbyl group or
a hat ogeratigandgsyie mashehopicas. sueh asgsidsenlialates) fughk ketgpes, aldehysies.astms. of t he
hydr ocar b : It i er oat ons
e R e

hal ogenatpdcdsyatilag ascbich repinare anbde-encidiilifyehsis witecxatibaphaticah of t he

hydr ocar byl group 15may be further substituted with one or nore heteroatons
sel ect ed FEPRIIN, SErhay FOBPrasyion §5f resigianse oxcht bigad HRIIPTHWEITRRIC- f or m a

di val ent hydrocar byl ene group, wherein at |east one carbon atom of the

hydr ocar byl ene §reuplapagerBeorpelasth@erssepprise intergolyincored @pnemes oket er oat ons

sel ect ed N t d by
[ [crr pES el Rie A R T Berh o B RGR Il CARBINEE e ik SREAFEINSE
repr esentesherp)y 20positive integer; and Z represents a b-valent organic
noiety free of interfering groups. See e.g., U S. Pat. No. 7,294, 677.
Exanpl es i ncl udi ordef ®aetdutibld hedhietocistdaiosd FBAEhaENotdtthstomer compound
tetrabutylphosphoniun12-(p-to|uyl)-l,lhl,S,S,S-hexafluoroiso%ropoxide; a
react i on qoPiise eLISHitCFIDorrorRiNs drdddisipn ibhthepresshangipgent or the catalyst
2. (Pt 0 UNA ) d cdusSlik e pAKBIICHOLALE QBNBRMN fEi0ntn SRARLARL O ! NeT eof
25A catal yst conprising oRe or avore. ammn a- generati hg conpounds nay be
usets t 0 wite endrionepemby boneelsinare, parhiiyoihicinged€e.at, vinglidergfuonds or ncl ude
conpounds that are solid or |ljquid at anbient conditions but that generate
ammoni a dﬁ&@ﬂu€6ﬁﬂﬂﬁp%hgrﬁhwéhpgﬁmggch conpounds i ncl ude, for exanple,
hexanet hyl ene tetraam ne (urotropin), dicyan diamd, and netal -containing
conpounds of t h# ¢usrerpbagiment( heysasiye reaghyeyith gth thosepaxlo repen and gt i on such
as Cu2', ' ' . 0 | 2 [ I .1 met al
cation: | viesodSanse B o lmetmend s SRR ol Rpt PO B GlE 08 08 31
or the |ilksiomnelry sitsardin ¢rotdigkingfagennot atcataBout 7. WO
2011/ 071984PCT/ US2010/ 059405 Al so useful as ammoni a- generati ng
conppunds are supsiotiidtepboaimtbny MBS itk @6t daphRZ oheuder thyat i ves such as
those of the formrula: HRNRY Y HNNH I R where R is a hydrogen or a
subst i t utnseflusroggdemser Jompogad. dnklis cmipdiment theguaingyaserfros tlte ¢ty sigh &fr om 1
to about c o) Speci fjc .usef triazine. j yatives include:
nexanydr der 0o ingRE s bRl i SRR L

perfluoroelastomer.

As used herein, a crosslinking agent refers to a molecule that is part of the
25 polymeric crosslink after the crosslinking reaction, whereas a crosslinking catalyst is a
molecule, which participates in the crosslinking reaction, but is not part of the resulting

polymeric crosslink.

The fluoropolymers of the disclosure may include a cure site component, which
enables curing (or crosslinking) of the fluoroelastomer. Exemplary cure sites include a

30 nitrogen, a bromine, a chlorine or an iodine containing cure site, or an olefin. Typically
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where Ais SO, 0, CO alkyl of 1-6 carbon atons, perfluoroal kyl of 1-10
carbon atons, or a carbon-carbon bond linking the two aromatic rings, such
as those wWp=0l105e&94in U. S. Pat. No. 6,114,452, Useful crosalspekiosggongent s
may i ncl ude bis(am nophenol s), such as 2, 2-bi s[3- 15am no-4- hydr oxyphenyl ]
hexaf | uor opropane (e.g., see U S. Pat. Nos. 5,767,204 and 5, 700, 879);
tetraphenyl tin; bis(am nothiophenols), such as 4,4'-sulfonyl bis(2-

ani nopherfér9 SitePAIRArE CYRPIHBLE BRFEIMTISS agiacarerpted Mtadle fluqrepolygen 3

di am nob i di.ne- . ' ' i ; g ,

2011/ 071954 Be P Bsd ey ypmiet of WL AR R RE RN Sonatths grougs oy

2, 2- bi s( 4scluhimeypieidordtahén comprisipg neitbigeariodtadnnaire aitdinbiudam doxi nmes
(e.g., see U S Pat. No. 5, 621,145) . al so be used.to crosslink the

per f | uor d&Icafls P%‘BW]SB@S%? nutrﬁeah%fﬁgerys, RIS rAACS, IPKISS I AMARMMREcat al yst s

(or precysqys thereof) of the S5following formula may be used: {R(A)} (-11)
{ QVLi(" } " wherein Ris a Cl-C20 al kyl or alkenyl, C3-C20 cycl oal kyl or

cycl oal kenyl, o . ar - Whj i d,

partially fl uorpﬁ%Ie@?'%%%{ %Aenrtﬁlﬁlgrclﬁ}neg%%fn%%%og?’{a'#ﬁle’gp% g@ldoggqugig{ﬁ(?gn or an

aci d der imahylva6aidxanl-octens; CRe=GROMER); ON wh@t@aUups anrintefe feom One 18] 1 S

10phosphor.ou sul fu i.trogen, arsenic, or antipony, each R is,

i ndepend 2F§%}:Oﬁ§5?)eéjgﬁ{]q}:r3)(§gé‘3'8§q“? P&%@Hm%ﬁgeh eSO G uted C1_C20 al kyl,

aryl, aratkyCropErRIHERYO1JCeY0), CRIOM)ERD iiah (&R iR de? iBh § RAEMAND the
rin the Conpos I

only fluoropoly itron'consists ‘essentially of a terpol yner
of t@t r afdnuotegetfingrh Orte 6; ar PEIRIOCEHYCHYIFeI K CF. )i wenepen f [suloorddsiang t &t her

cure site nohonmer c risi antrile oup not.every R is H and k is
one. gr eat@rTCRIATITA 144y AiEdkedafyes@nd Cogibmabops of (i Krtgalhe. Ry 6. 890, 998)
An exanpl e includes hjstetrabutyl phosphoni um perfl uor og%if_gat e. i In
anot her enbodi meAE Peiiiggros E’g}qrﬁ}%ishﬁ’n@é]ﬂéls}} ’tClql?ﬁQu%’élW 1 9%%%‘8“59“’( he
foll ow n ; { QM' R al kyl or
al kenyl 5{)/59[%31{ %tﬁg%g%%u%eosgé%g}ég#sglt oﬁ,ﬁgﬁéﬁgéﬁkﬁé%@ gg%&ﬁ%’atﬁgenyl havi ng
from 3 t ou2genaroncmniag retiomal gavupl is emitealdkamydining group. Nitoha Goties 180y bar bon

atopns. R.can,contain |.eqst one.heteroatom i.e., ngn- car bon at om such
2o B by 1aoglRhT i Sl e pRAGimer e Sheaohetivh s AARETE BRI ror e
hydr ogen jat&dRed thtd AR [HIRHE duSink 9BlyReeBatibd. FH& eveBloth@mdthodd dfs an acid
anion or an acid derivative anion, e.g,, A can be 25C00, S(O8, SO2, SOZNH,
P03, CH20POGucfioHE)adR0Rntcagrod bp 8ogdisdogure Exaepdessd @ nifrilevrontainingre R i s

hydrogen, ary], or al kylarvl), _ ' 2R , and SO 2RSO 2R, R 1Is
defined a: rﬁ?é{{earﬁ%l%})ége,rs éﬁgldéci)opéréggﬁé(r&ég%& ton for R may be the sane or
di f f er entCH,FOPOARCR GH:H@CRATE,CH; Ar c@fibin@iiéhsQherd® € A groups may be
attached to R, Qis phosphorous (P), sulfur (S), nitrogen (N), arsenic

(As)q or anti nDRYe biABnt @aﬁrdgeh%oﬁﬂaﬁliﬂ%%&@ GieesQh aQde(cRER polRiod of tHd- S.  Pat .
No. 6,844,388). Exanples may 1nclude: tetrabutyl phosphoni um acetate and
fluoropolymer generally is from about 0.05 to about 5 mole percent or even from 0.1 to 2

mole percent.

The fluoroelastomer gums may also contain halogen containing material that is
capable of participation in a peroxide cure reaction. Typically the halogen is bromine or
25 iodine. Suitable cure site components include terminally unsaturated monoolefins of 2 to 4
carbon atoms such as bromodifluoroethylene, bromotrifluoroethylene, and
iodotrifluoroethylene, 4-iodo-3,3,4,4 tetrafluorobutene-1, and 4-bromo-3,3,4,4-
tetrafluorobutene-1. Examples of other suitable cure site components include:
CF,=CFOCF,CF,Br, CF,=CFOCF,CF,CF,Br, and CF,=CFOCF,CF,CF,0CF,CF,Br.

30 Preferably, all or essentially all of these components are ethylenically unsaturated
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tetrabutyl phosphoni um benzoate. WD 2011/ 071984PCT/ US2010/ 059405

Dependi ng on the cure site conponents present, it is also possible to use a
dual cur ewveystignmiskor exanpl e, perfl uoroel astonmers havi RGTASP@YsENG zed
units of nitrilecontaining cure site nononers can be cured using a curing
agent conprising a mxture of a peroxi de in conbination with organotin
curative and a co-agent. 5A co-agent (sone tinmes referred to as a

co- cur at ipomgy Ipsome ﬁ@@@@ﬁle@ﬁ CPEPIINGREEOn FinEReB I LRTENIRdETPUPp Of
capabl e th the peroxide to provide a useful cure. These
co- agent gﬂ%gﬁ&g’gl agfing ]}Mﬁ an anount equal to 0.1 and 10 phr (parts per
hundr ed rubberj% . 1§bq vxgegol anned emmth e cht a? nq 1bﬁnone or
nore of the fo vﬁr% ShRE PPt kﬁ l%:yam?rpa?g fri'al goc§lanurate

tri (et hytalekyrbple, @nammnu Toedupis dbﬁ'vai(%mlfluxbhﬁmaeﬂso&ﬁhg asaddsél%edtlﬁ itasl yl
phos hate N, N-di a %acr | am de; hexaal | phosphor an de;

N, NN, N Bat Blos 8P g raptiingtad) and SU285T ( &19Saﬁmléte 2,4, 6- trivinyl

met hyl trisil oxane; and tri (5-norbornene-2-nethyl ene)cyanurate. Particularly
useful is trial CWSShlsl@ng/agﬁmsaar@atalysts are added to ti@ presfluarslesamergunaigent s

i ncl ude the FI S: fins g I l%hS. HDat. Nos.t5 585 ng 15and 5, 902, 857.
Organonetcé?ﬁs ks 8&??&’%‘/%?1“ SFEERIY e S ARy TRNE! O FORMLR MR AR BET Used, for
exanpl e agt Gwmbledla?z Mdihde. métatthanNgfe- cothpdSilioR 92 aeldgkt ab&h 4. 16&(3&5 Rarticul ar
exanpl es include all %p @Er opargyl -, triphenyl- allenyl-, and

t et r apheriypngied paﬁaOE SHERRIA GOMPORIIEN ORiackSigiHOrapistRerepyRiseht atdeastabositir e, the
mul {4 | ay t a

subld r 2t S-SR PP Bl TPRL 3 BuRbi TBpbSHEE. O WIRBEb IS AU ARLIDE

nul ti | ayemesinaot ¢ro$mnkmgragapair eatalyyt 1'S In@lqsuﬂ@dnekﬁv abanic [l 0 pads 1hmlh0ndred

The pri mer c Slt nis applledtoafgstra e. As used e({]i%'in, the term
" subst r atRg¥ts sRRERas|tion. wgrs typically BilowsrartyPart nsekyndies Bt oner s.

Substr at gg I ﬁll f ah TTBALS oh r exanpl e,
al um num o? g@?@?rﬁ?eggms}&{eeﬁ? %o]ﬁérféér sﬂ?d{ﬁch as %on%%bo%é%sae?ed and

fluorinated, plas : r h as
gl ass) and conbl 6Sts ﬁ@%@@ ?%ezlrsgao F%%%\Secag%gg& t%%%lt%wn if ﬂ?erqrrrtgﬁlcéﬁg] ‘rates
i ncliide peloxidssstriabat fedheing tadigeagent, bm@mldaealstfoﬂaﬁﬁg:purh?gs@enz00 C, 250 C
300 C or .even 350C and include for exarrpl e, perfluorinated and partially

f1 uor i natReHZEORYIE JORBHAE CWHIEAgeN Y adipalst.@nd phglates i RganORS YIS SRRy be
appl i ed t &Iﬂgammﬁ%mh? yﬂ&o%éa%&gﬁé a&agm kﬁhlﬂyhﬁowahumw@m@:?ng for

exanpl e, di ppi ng, oatin
substr at etn(rsethjynleaﬂyrh oot yoede (/TMAI@) [amohg udrema Thsteamesslitlang egands arthe
be in the.formof a film crunb, cord,

conmpounded, per f | uoy oel
prgForm 8];2‘5663/68%3{ ¢ gi’ﬁéﬁemﬁ&%&ra%‘fmpa%ound covered substrate

(perfl uoroel ast oner SConpound/prl rrer/substrat e) is then heated to at |east
100¢Y 130C, 1408 onesERbOdyBERE; th £800; linkingasst DO be selectpdp EPmitGaeine 160C, 180C,

200C, 22 g%}e ﬁw@r‘k?@m%ﬁ%%s& ‘hﬁ%&ﬁ&é laHQ)E %heatke 6u1ﬁl@r(‘§?1%}-\'”d The

per fl uoroel astoner conpoun covere strate may Inanmldto
forma ch@dopmrgylbmqﬂ&dylpend hilorybetetratloplerandrttit@bey] tif herahiees); amgnodiat he

per fl uoroel ast.onmer co nd co ur es the

D oper T UGBS Eraroma (e 2 N prRL A9 b B o sty 8158 % oget her t o
form a b%@rﬁ@mﬂh&'ﬁe&ﬂhﬁ%@é&&oﬁf d(b%' 8ee U. S PdPOSH - %4565 5“1@)%&‘1 alﬁﬁdi‘ﬁ@@(% g Oscburt her
cure the article. In one enbodi ment, the cured and bonded

per 2§ uor dél adPabir. 6846i880k lmaiﬂtdsée gosete Gir Bet. And6.6640 1 Homdtadhnioct he
substr at e at a .l ?engesre%tlygeP qu 6, %% 1t2) %%ydrocﬁg)riczs ﬁ’s (e. gorseg\{fé]. IzaQ.OC; at

nost 250C
No. 6,794,457).
Peroxides may also be utilized as crosslinking catalyst. Useful peroxides are
those which generate free radicals at curing temperatures. A dialkyl peroxide or a bis
30 (dialkyl peroxide), which decomposes at a temperature above 50°C is especially preferred.

In many cases it is preferred to use a di-tertiarybutyl peroxide having a tertiary carbon
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15300C, 325C, 350C, or even 375C The prinmer conposition of the
present disclosure between the perfluoroel astoner conpositions and ot her
substr at e80 20h1eMT18tposed t o el evat ed tenperatures, suchPa3/user1omzanpl e
tenperatures of at |east 200C, 215C, 230C, 250C, 275C, or even 300C,
mai nt ai ns adhesive integrity. 20Exanpl es The conpl ete di scl osures of
the patents, patent docunents, and publications cited herein are

i ncor por aed & E@cheéﬁ%p@ﬁéﬁéomeph%ﬁir@méﬁﬁ jekestogd ragy inpludeichSWerehyindibvi dual | y

t t |1
bocore_ apiiea Bl HEIAThLLIE RS BB S e aTmy i T SahitaRt | PR W
scope andliapnyliperaxide, Hibenziyi pmentdeptnrﬂakybmﬁquhd:nhma; radﬂﬂﬁs(obdtytﬁeaixyt hi s
i nvention.js not_intended e. un limted by the i]Jlustrativ
enbodi merfllSORRBYBRIATRE e%nds%flf ﬂé?l'é“ﬂlt}élﬁamf‘ﬁiw gﬁf%L cagrallyg
enbogi menf,s,@y.§ geﬁgé%@ﬁd%m ﬁa{'ts SXerRLiSroRlbmth Iflskle scope of the

I nvention intended to be ted only by the clains set forth hereln as

follows. Table IPJmo‘M?etr b%hﬁneﬁ‘? RO BE3 GhinRE éo‘?zl'?kfdél: g%lg %%nzl%fﬂx %&J&]ﬁéﬂfl

nitrile contalnlng per uoroe oner conmerci a rom Dyneon
LLC, CakdﬁkennkﬁkEEEQGECABB&QGMﬂ@ﬂNMHﬁﬁhﬂﬁmﬁﬂmgawnﬁmgcmmnhhMWheehm§MOner

comercially avail abl e neon LLC, kdale MN PFE 01C Addi t
availablén?W%ﬁW%Ve%Vﬁﬁﬁ %L@ st SQREPENt ARl Sesjord GOmPRRRN gy &ﬁfﬁgble from
Bt 1B P D R O o PR MR L0dar, 25
part& by ongat@phoﬁﬁémuﬁumgneduﬂfoemparoab@ayoa:rmmnmmm @itioy; eehiRl iatdenflenin
Hexi on Sprgf):rlegeln JH Cﬁla (Tge%aa Islydrocargﬂb group (g_éll halogenated hydrocarbyl group, wherein
at least one carbon atom of the hydrocarbyl group may be further substituted with one or
more heteroatoms selected from N, O and S; R’ represents H, a hydrocarbyl group or a
halogenated hydrocarbyl group, wherein at least one carbon atom of the hydrocarbyl group
15 may be further substituted with one or more heteroatoms selected from N, O and S; or any
two of R or R” may together form a divalent hydrocarbylene group, wherein at least one
carbon atom of the hydrocarbylene group may be further substituted by one or more
heteroatoms selected from N, O, and S, and the second component is represented by
[N=CCFR”],Z, wherein each R” independently represents F or CF3; b represents any
20 positive integer; and Z represents a b-valent organic moiety free of interfering groups. See
e.g., U.S. Pat. No. 7,294,677. Examples include: a reaction product of CF;0CF,CF,CN
and tetrabutylphosphonium 2-(p-toluyl)-1,1,1,3,3,3-hexafluoroisopropoxide; a reaction
product of CF;0CF,CF,CN and tetrabutylammonium 2-(p-toluyl)-1,1,1,3,3,3-

hexafluoroisopropoxide; and combinations thereof.

25 A catalyst comprising one or more ammonia-generating compounds may be used
to cure the perfluoroelastomer. Ammonia-generating compounds include compounds that
are solid or liquid at ambient conditions but that generate ammonia under conditions of
cure. Such compounds include, for example, hexamethylene tetraamine (urotropin), dicyan
diamid, and metal-containing compounds of the formula: A" (NH;),Y"", where A" is a

30 metal cation such as Cu*’, Co*", Co’", Cu”, or Ni*"; w is equal to the valence of the metal
cation; Y is a counterion, typically a halide, sulfate, nitrate, acetate or the like; and v is

an integer from 1 to about 7.
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ARALDI TE ECN 1280 A creosol Novol ak epoxide resin conmercially avail abl e
from Hunt sman, The Wodl ands, TX. Functionality of 5.1 and epoxy equi val ent
wei ght ofw@lBt12B®8g/ eq (gram equi val ents). EPON 828 A diPCuAsSRI10/059405

bi sphenol A/ epi chl orohydrin derived |iquid epoxide resin with epoxy

equi val ent wei ght of 185-192 g/ eq avail able from Hexi on Specialty

Chem cal s, Col unbus, OH EPON 1004F A solid epoxide resin derived from

bi sphenol A andAdisi usaiubpoHYEONI-SANERtIAG CAMBPWGS atstsubstButsd gne pavubsijtutedr oups
per nole ps. Epoxy equival ent wei ght of
800- 950 éﬁhﬁn@ %/{gvuaﬁlbgﬁ %u‘@%’%%% Ghe (gg@g?ual ty Chenicals, Columbus, OH. EPON
SU2 .5 A Novol ak bi sphenol Alpoxide resin with epoxy equivalent wei ght of
187-207 g/eq and a functR N 2.5, available from Hexion Specialty
Chem cal s, Col unmbus, OH ERON 1031 An epi chl orohydrin/tetraphenyl ol ethane
epoxide resin with epoxy Hiu vaNent wei ght of 195-230 g/ equilvalent and a
functionality of greater thany3, available from Hexi on Specialty Chem cals,
Col umbus, OH. DEN 438 A sem -golid reaction product of epichlorohydrin and
phenol - f or mal dehyde wi th equival ent wei ght of 176-181 g/equilvalent and a
functi onalfidy RAE a ByBrogERTEEHsButd (ﬁ‘\(ﬁhd@ﬁiu@edf a[lE’;FI‘ Q?Wo%ﬂ%y‘l" aloup Ma@”n@”d

M. HPT 1079 9, 9 gls 2, 3 epoxypropyl phenyl] - fluoréene polyners with
funciionéhhnﬁtoﬁbQHQO@mWQbmenmr69@&@&u@ﬁhmpemn@dmywﬁh@wndad@lw@ﬂbwnbus OH

CHEMLOK 3- anlno thox sil.ane, vinyltrinmethoxysilane and
benzyltr?%ﬁg PﬁﬁBgﬁ(gﬁgﬁﬂé nwﬂyg}rable fromLord Corp., Cary, NC

CURL 0.053 ¢ |s htha di hydr azi ~avai | abl e fr Ch,‘St.
Louis, M) pl us T “@}X%iﬂf& @F&Fﬁs BR/APLBEE OE e%tﬂi %@n&tﬁ%g& 94§ gnat i on
" AM CURE ﬁﬂh1400" fronlA!FiProducts and Chem cals, Allentown, PA) plus

abl e from Hexi on Specialty Chemcals, Colunbus,
di sulfide available from Al drich, M| waukee, W

, and

H,N :©/A\®[N H,

10 H,N NH,
where A is SO,, O, CO, alkyl of 1-6 carbon atoms, perfluoroalkyl of 1-10 carbon atoms, or

a carbon-carbon bond linking the two aromatic rings, such as those disclosed in U.S. Pat.

No. 6,114,452,

Useful crosslinking agents may include bis(aminophenols), such as 2,2-bis[3-
15 amino-4-hydroxyphenyl] hexafluoropropane (e.g., see U.S. Pat. Nos. 5,767,204 and
5,700,879); tetraphenyltin; bis(aminothiophenols), such as 4,4’-sulfonylbis(2-
aminophenol); aromatic amino compounds; and tetraamines, such as 3,3’

diaminobenzidine; and 3,3’, 4,4’-tetraaminobenzophenone.
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Descri pti on CUR3 Guani di ne carbonate (H2NC(=NH) (NH2).2H2CCO3 avail able from
Al drich, M| waukee, W CUR4 Thi ourea available from Al drich, M| waukee, W

CURS Di cysifamidg1482- cyanoguani di ne) (avail abl e from A r PPTABCAH5ENTI

Chem cals, Allentown, PAin MEK) CUR6 2 wt % sol ution of ketim ne of

et hyl enedi am ne and net hyl i sobutyl ket one avail abl e under the trade

desi gnation "EPI KURE 3502" from Hexion Specialty Chem cals, Colunbus, OH).

CUR7 M xture of Bpsmidiggancspompodndsyfer @@@Hﬂ%\&%h@g‘based pol yepoxi de resin,

havi ng a ' j i ) > equi

avai | abi & RaEp iR BALYBORRIoMEL BthRa i ubRediRe Ol AR I B
Advanced N&tsesalalds) g raisods, us¢dio. créisbms therperfiNidrocl dst@dendontpodnd.y andi am de
(1- cyanoguani di ne) avail abl e under the trade designation "AM CURE CG 1400"

from Air Productsardttr SRt @adng, créstinkify il or Jrésurdbry thedor)%6f the
i sopht hal yl di hydr azi de, available fromSigm A drich, St. Louis, MO 15.0
wt 98 cor dpHewing fpryde maydgius¢dr sol d under the trade designation

" EXL-2691@{(A?%(-Rma;}d Haas, Phil adel phia, PA; and 3 wt % of a powdered
pol ysul f one er hoplfasti ¢ pol ymer sold under the trade designatjon "UDEL

P1800" byWlssrip &y1s adviabwadiober ykend, Cr-La cysloplkt et gvsloatisnylper GscCarary\QROX

DBPH- 50" T \{ﬁ%d&r i : : : " - A roially
avai | abl eafrglirgg?m%la%hr ochem Ar%?“%%é%@ﬁgtha} I%OE@%I%F&%I%&%QE@ @ggg%n bl ack
avai | abl as furt acid @olou b kaaciChiermyvaalesiniddr azd the nAMBRGSMIA Br@PR irHhd mophoQiic
siljca availagble fr Evoni kK I ndustries, Mbile B AL. ample 1:
0. 148 gr AleSTRrescuHt; R} EOR R refd 2BTLQBY FEE Rnls,f@dg}eaﬂ@?tkw%&peﬁ@ Yr am of
ARALDI TE E(bstkaR0 o%ﬁs%k%ﬁ@d‘(ﬁ@tzb Qlk?l, ARANEa MK or JiREnBRP0H, provRRlVEAt and
curative in solvent were mxed 1:1 fo producée the primer conposition. 594
parts by whingdis wfroRnti3hTodyiaerapolmmarnc €6 compasitinn comsidts essértialytohal0
parts by wei ght ASIM desi gnated N-990 MI. car.bon hQl ac manuf.act ured by
Cancar b, t%PBg’ﬁeé,°§Eéfrﬁ‘ﬁH%5°, th§f688’rat %erﬁg»ormnaﬁfheéﬁﬁﬁéﬁe@%&w “b§""Vei ght of
ég?' L Rit8 fidonotheP 86rhprifig WaitaRtorofp Riteved R 'aH, 2nbk Rank Srdd¥erRinaht of PFE
15 valence of Q. (See, ¢.g., U.S. Pat. No. 6,890,995). An example includes

bistetrabutylphosphonium perfluoroadipate.

In another embodiment, the crosslinking catalyst may be represented by the
following formula:
RAJO{Qr
20 wherein R is hydrogen or an alkyl or alkenyl having from 1 to 20 carbon atoms, cycloalkyl
or cycloalkenyl having from 3 to 20 carbon atoms, or aryl or alkaryl having from 6 to 20
carbon atoms. R can contain at least one heteroatom, i.¢., a non-carbon atom such as O, P,
S, or N. R can also be substituted, such as where one or more hydrogen atoms in the group
is replaced with CI, Br, or I. A is an acid anion or an acid derivative anion, ¢.g., A can be
25 COO0, SO, SO,, SO,NH, PO;, CH,0PO;, (CH,0),P0,, C¢H40, OSO3, O (in the cases

|, | , ,
where R is hydrogen, aryl, or alkylaryl), SO,NR , SO,NSO,R , and SO2&RSO2R; R'is

defined as R (above), and a particular selection for R' may be the same or different from

the R attached to A, and one or more A groups may be attached to R; Q is phosphorous

(P), sulfur (S), nitrogen (N), arsenic (As), or antimony (Sb), and k is the valence of Q. (See
30 e.g., U.S. Pat. No. 6,844,388). Examples may include: tetrabutyl phosphonium acetate and

tetrabutyl phosphonium benzoate.
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The primer conposition was tested for adhesion according to ASTM D 4896- 01
10w th the followi ng nodifications. A um num (6061 type) coupons (2.54 cm X
6. 35 cm xw0.208/00m984 ( obt ai ned from Loftech Prototype Man®CadaiSariomg40i L C. ,

St. Paul, MN) were grit blasted with 60 grit al um num oxide, rinsed in cold
wat er, cleaned with an al um num cl eaner (avail able under the trade

desi gnation "Qakite Al um num C eaner 164" from WD )

2011/ 071984 PCTPWs2Eing posbugne SkIBPIMEBY PEISSNY Has alsppogblelp usppghtls, NJ) |

deoxi di z i i : ﬁ?% ignatkon . " Cakite
Deoxi di zgcg‘rfh@;} fF?) (F)?n lf’t%\é?qglrogg%}%st@ﬂgﬁg@{,nnggﬁe eggﬁg%ﬁ? é?ﬁiﬁﬂ{e rinsed in
col d wat efontaidng@turedite¢ exbnorhbrsean e oped abing heuciug agént esmpesieg appkivedof o one
2.54 cmx 1.27 cm ench.ar.ea of each of two %rit bl ast ed and cl eaned al um num
coupons drRFTEAfT By inatignyvith organotipuraiiviejaad a CBrgERInded uncur ed

perfl uoroel astomer was cut to about a 2.54 cmx 1.27 cmfilm (about 1.3
grand) and | aidl copeent4ig timeprefurrediip as 4 copuativergas be eorappsed obneolyt t he
prinmed a i i q T L . nol ded
Po the prinaltft Aitns Dhid PpaRol RO RTL SRR M BRaLRER, O
testing hBcfutcoedlinge to-apGEM D B8Aded In mpam@ent Equaied0.drant He pho(pded peoupons

i mredi ately after plication of the perf]uoroel astoner. Adhesion testing
accor di ngUHETASTRISH: RBOENPENERD Lgnds Dy T{.‘ﬁ FRIEETH MaK &° pBF 8&8108‘0‘9}38?13 after

16 hours @f1oR@Bnpburd@Of l?'yanuﬁ?es,ttr'iﬁw isBQQanﬁfa'ge;]tﬁ{ﬂ?&Hﬂ;ﬁllﬁj agi ng at 232C
(i.e., post curgl ng). Result or all three adhesion tests are sunmarized in
Tabl@ 1. idcsFmanpiepsis@liallylahiae ps-tmezinec omblyspliasphaedéNediatigecariamaldhesi on

testes re forned as . i Je 1 byt using,the materials sh in for
Eanm! e Ih pRcRer s AR -Fugui et et S Bt et o 1.
Exanpl es Bvihii mahgltﬂgﬂdmﬁe;gamyﬁdrmem-ﬁlem@d@leﬁwahwengaﬁ&aﬁﬂ&e 2.1in

U S. Publ. No. 20060182949 (Salnikov et al.) and is described in the Table
of Mat er ivak®l adri2ihEPRXYanwsid. CUR7. The sane primer composition was used in
all four of these exanples, but the solvent was varied. The priner

conposi ti on wedthasedidtob¥enty insbidghibe bis-oddfins sSdeveemnt §.5e Rete plos B a8 9,

whi f% i ncl agegg) %%)Z% by wei ght of prinmer conposition. Adhesion tests were
per tor mred"és” 7 anple 1 and results are summari zed in Table 1. Exanple

12: The prinmer _conposition and perfl uoroel astonmer used was identical 25to
that of Exanpl@SRNOMEakis&PMPPHYSOAdrssRic AR At 06@936%@%#@ substrat e

T i oL

CARBON FI BER ar t ster-Carr

El mhur st ,in¢lhde allihe poapapxysd, trephieayd- bhenybaamd diragesybinsnd sripheaylinum num
coupons uh[s d i.n Exanple 1. The adhesion test was perfornmed as in Exanple 1
and resulP§"&¥ summari zed in Table 2. WD 2011/ 071984PCT/ US2010/ 059405

Exanpl e 13: 0.186 grans of a curative (CUR%L}? was di ssolved in 10 grams MeEK
meE@r am of ARAUDIIREPTERER! disgosuigdheimakipxese 3rHclg cgmpRECSMERIMtHaYEpoxy i n
sol vent ' ] t r ' c '

eiﬁ@m&%[ InYeetih 2 SQHER aﬁltﬁ% O@r%@%gﬁt_gﬁh%’ l\%géﬂl. £ dRenfolilBnt, the

conposi tion. .6 parts by weig S conpounded on a two
rol I m | Imukitayerbd abode tspreparatehygtht podce ST ed belowpart s by wei ght of
AERCSIL R-972, 3 parts by weight of PFE 01C, 1 part of tetraallylsilane

(obtained from 3Mekbitier 86hpoitién BabpBedio dwbstedtal Ak tigsd Hortin 2he (ot ai ned
from Ki suma Chenicals, Japan), 1.5 parts of TAIC and 1 part of peroxide
(obt ai ned SPPS#oR Meaya prpempicrial sudabladpidondg to perfluoroclastomern fybstraies t est i ng

wasyper f apiRge, #5r dAmpHA TR Gus @R (L8R YL fot REGpRUNTRG AL Sr LlinkRT abhiE 2-

polymers (such as non-fluorinated and fluorinated, plastics and elastomers), carbon fibers,
ceramics (such as glass) and combinations thereof. In one embodiment, the polymer
substrates include polymers that are stable up to at least 150°C, 175°C, 200 °C, 250 °C, 300
°C or even 350°C and include for example, perfluorinated and partially fluorinated

30 polymers, polyimides, etc. The primer composition may be applied to the substrate by

techniques known in the art, including for example, dipping, spray coating, pouring, etc.
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Exanpl e 14: The primer conposition consisted of 10 grans of 10% EPDXY1 by
weight ina 1.7: 1.0 mxture of MBK:MEK and 1 gram of 10% CUR2 by wei ght
i n met harD.20Adhession testing was performed as i n ExanplPeTUSanmd/osastl ts are
sumari zed in Table 2. 15Exanple 15: The primer conposition consisted of 5
granms of 10 wt % ARALDI TE ECN 1280 in MEK and 1 gram of 10 wt % CUR3 in MEK
Adhesi on testi n&bwas performed as in Exanple 1 and results are summari zed

in Tabl e 2. Exahpf eoatgl suppisatp is they cbigieskyith 8 pedbiosecdastamasicompgpadd hef 10

wt % ARALD) ﬁ%z % K.
Adhe5| on te tolmrlldec1 s &@%P%Qgé% ?ﬁﬂgx énﬁj%sdgﬁgéaﬂr)%l S%Emrarl zed
i n Tabl e pdwder. Exarrpl e 17: The prinmer corrposi tion consisted of 5 grans

of 10 wt % ARALDI TE ECN 1280 in MEK and 1 gramof 2 w % CURS in MEK

Adhesi on t est i@ peaBudreslhsmBcboasound-cyasrpd subbirad @pd’rﬁﬁ(blbbl%st@ﬁ@r summari zed
in Table 2. Exanple 18: The prinmer caonposition consisted of 10

W % 5z5ARmemvan<Emn@zwstr@fe}vE@Wa¥dQQ ahhcatt 1609686 130Eh éé‘i)"&“n lﬁ%gt i16QCaa
per f or meq @5% d%ggéﬂ?% e, . Ao 15@@'1@@@%%5@@? g%*c' 5015§b{n§e\%8 275°C

Exanple 1 grans’ of "a curatfi |ssb grams MEK.
One gr amtéikddeDhd perfiGdiot RSGmMwasodpesl Vit perfludrg @smmdviddmpdhmed- ecpx&xe;d in

sol vent and curati e |n ol ven re m xe produce the pri
conposi tisaﬂstrate fay be hyes? 1@&%@%9 mgﬁweg@nibé@ ﬁ&oemﬁ% on a
two roll %ﬁrtﬂé %&B%ebaxto\fﬁér%ﬁlgé\%%c%ﬁéd%ﬂﬁ&e@e N @9 M carbon bl ack

(obt ai ned un a e nanme "THE manuf act ured by Cancar b,

Al b&d t a, Ieaﬁlm:dae)last&n@laamisthdwpomiegmm@hd bomtbs thelagrers (thskhett 1o fprmdebapidedi ned

from Horse Pittsburgh, PA), 2.5 parts of 5TAIC, and 1.5 part of
PEROXI DEmgﬁﬁé@%ﬁptfe%tl ng was performed as in Exanple 1 and results are

summari zed in Table. 2. Ex le 20: 0.186 grans, of a curatijve R1) was
di ssol ved i n TPSyFuing meKt g%f@tarf%eéﬁuw ¢ ptrete- E@m@z@md@v&%md §61169ed ino9

grans M
S A iy S g A

corrpoundeiﬂ ademperbtwe ofcit leapt ]ISIO°(§2vi 73°A,R00aT tcs chgn WHI°Ghat nASTRACIES 2G5TaL ed N- 990

rbo l L b ight of STATEX, 5 parts by weight of zinc
OXI Oﬁ 8;’&3&3 3%§t§§ eﬂrﬁ}éﬂlvfﬁ}rsg% Hor sehead Corp., Pittsburgh, PA), 3.5
parts of TAI C,__and 1 2 parts of PEROXI DE Adhesi on testing was
per f or rred as .?heef%ﬁﬂcemroeﬂan pEg presenfrdisclopyrabsty ey tha Pesstgelastomer

Exanpl e r r@gﬁﬁ) ans MEK
One gram 01’9[1 p% Tﬁﬁﬁ%&%ﬁ:ﬁﬁé&ﬁ%ﬁ%ﬁ’%ﬁg ve %lér?ﬁged% ﬁr%at\l\{}E% éKIFRJeag)g%){{)xy in
sol vent aaxdmplﬁrtampmetdrass ol ieesttzoﬂ/é@,eZIrﬁO@eZBOIC;Lth(BCpﬁbﬁ’Gc er ¢vea 3007 Cer

conposi tion. 100 arts. by weight of PFE 131T Z was conpounded on a two roll
mo T wi t FABRBERdRENVLPEEDGht ASTM desi gnated N-990 MT, 8 parts by wei ght

of STATEX, 3.5 parts of TAIC, and 1. 2 parts of PEROXI DE.
20 Examples

The complete disclosures of the patents, patent documents, and publications
cited herein are incorporated by reference in their entirety as if each were individually
incorporated. Various modifications and alterations to this invention will become
apparent to those skilled in the art without departing from the scope and spirit of this

25 invention. It should be understood that this invention is not intended to be unduly limited
by the illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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Adhesi on testing was perfornmed as in Exanple 1 and results are sunmari zed
in Table 2. Exanpl es 22-23: The prinmer conpositions were nade and adhesi on
tests werw02bpar7isanmed as in Exanple 1 but using carbonPsTaskoiamnsv48s ai nl ess

st eel

Conpar ati ve Exanple 1: The
to that of Exanple 1 but w thout any epox

coupons respectively as the substrates instead of al um num Adhesion
results are also shown in Table 2.
conposi tion was identical

pri mer
I de

resin. A ¢ shMagenialhy was perforned as in Fxanple 1 and results are
summar i zedcrenyfabl ¢ Deschili®011/ 071984PCT/ US2010/ 059405 Conpar ati ve
Exanpl e 2: ﬁé?m | metn wenpdsiitril©contdnsig peethoodel dstdingroamnedrcitPXY1 di ssol ved
in 9.0 gf g Wi| ahaind ] ARl O EbRLLEBakddhiegNon testing was perfornmed as
i n Exanpl'epEognd T et fRuRld®rSMtRbhAGHEn erﬁﬁ@ﬂo@la@tonfé@ H&ﬁﬁ@%dlé{% Exappl e 3:
The primer clorrp03| tl a%ha%?é"'ﬁb If'ﬁ el LEUE@ | ane based resin.
Thi S_ mat EPRE 1P c“ArgfdltiIV% & ffé‘t}igfro bCYDi’,IllJe:QQ Licjhé“kcall”, IIUI ng—netal t O_
partiall y HorHhat-ed—erastopers F B cohposttPenwas—dissotved in
50 Wt % mafﬁﬁmﬁ AdHditEe %Valiéhlﬁﬁo Iﬁ}gt}qogr% Qakdale, Mlgrml e 1 and{results
are sunmaMERd in Tasteyl ethyThefoac 1 Epoxi de Resin and Solvent Variat|ons Ex
Epoxi de R®NIR Cur at idiectbol foenimidei ti al Adhesi on, PSI (kPa)l- Adhesi pn after
16 hrs at 200C, PSI 1(5¢hads thHdrashtarP@Ues, 16 pii By aleigh8 2BON"H04F<Pa) (CE1 NONE
CURL MEK| 820066P) parts by weight EPON SU2.5 all separately commercially available
from Hexion Specialty Chemicals, Columbus, OH.
ARALDITE A creosol Novolak epoxide resin comrn‘ercia!ly available from
ECN 1280 Huqtsrnan, Thf: Woodlands, TX. Functlonah‘Fy of 5.1 and epoxy
equivalent weight of 212-233 g/eq (gram/equivalents).
A difunctional bisphenol A/epichlorohydrin derived liquid epoxide
EPON 828 | resin with epoxy equivalent weight of 185-192 g/eq available from
Hexion Specialty Chemicals, Columbus, OH.
A solid epoxide resin derived from bisphenol A and epichlorohydrin
EPON with an average of 4.5-5.0 hydroxyl groups per molecule plus the
1004F terminal epoxy groups. Epoxy equivalent weight of 800-950 g/eq.
Available from Hexion Specialty Chemicals, Columbus, OH.
EPON A Novolak bisphenol A epoxide resin with epoxy equivalent weight of
SU2.5 187-207 g/eq and a functionality of 2.5, available from Hexion
' Specialty Chemicals, Columbus, OH.
An epichlorohydrin/tetraphenylol ethane epoxide resin with epoxy
EPON 1031 equivalent weight of 195-230 g/ equilvalent and a functionality of
greater than 3, available from Hexion Specialty Chemicals, Columbus,
OH.
A semi-solid reaction product of epichlorohydrin and phenol-
DEN 438 formaldehyde with equivalent weight of 176-181 g/equilvalent and a
functionality of 3.6, commercially available from Dow Chemical,
Midland, MI.
9, 9 bis-2,3 epoxypropylphenyl]- fluorene polymers with a
HPT 1079 functionality of 2 available from Hexion Specialty Chemicals,
Columbus, OH.
CHEMLOK 3-aminopropyltriethoxysilane, vinyltrimethoxysilane and
benzyltriphenylphosphonium chloride. Available from Lord Corp.,
5150
Cary, NC.
0.053 g isophthalyl dihydrazide (available from Sigma Aldrich, St.
Louis, MO) plus 0.08 g dicyandiamide (available under the trade
CURI designation "AMICURE CG 1400" from Air Products and Chemicals,
Allentown, PA) plus 0.053 g EPIKURE 3502(available from Hexion
Specialty Chemicals, Columbus, OH)
CUR2 4,4'-aminophenyl disulfide available from Aldrich, Milwaukee, W1
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ND1 ND1 CE2 EPDXY1 NONE MEK O ND1 ND1 CE3 Chenl ok 5150* NONE net hanol 162
(1116) 297 (2046) ND1 1 ARALDI TE ECN 1280 CURL MEK 1222 (8420) 1294 (8916)
944 (6504y020D/E1944 438 PCT/US2010/059405

Acronym Description
CUR3 Guanidine carbonate (H,NC(=NH)(NH,)'2H,COs available from
Aldrich, Milwaukee, WI
CURA4 Thiourea available from Aldrich, Milwaukee, WI
CURS Dicyanamide (2-cyanoguanidine) (available from Air Products and
Chemicals, Allentown, PA in MEK)
2 wt% solution of ketimine of ethylenediamine and
CURG6 methylisobutylketone available under the trade designation
“EPIKURE 3502 from Hexion Specialty Chemicals, Columbus, OH).
Mixture of 25.0 wt% of a dicyclopendadiene-based polyepoxide resin,
having an epoxide equivalent weight of from 245 to 265 g/equivalent,
available under the trade designation “TACTIX 756 resin from
Huntsman Advanced Materials Americas, Inc. Brewster, NY); 4.04 wt
% dicyandiamide (1-cyanoguanidine) available under the trade
designation “AMICURE CG-1400” from Air Products and Chemicals,
Inc. Allentown, PA; 4.73 wt % isophthalyldihydrazide, available from
Sigma Aldrich, St. Louis, MO; 15.0 wt % core/shell impact modifier
sold under the trade designation “EXL-2691A” by Rohm and Haas,
Philadelphia, PA; and 3 wt % of a powdered polysulfone
thermoplastic polymer sold under the trade designation “UDEL
P1800” by Solvay Advanced Polymers, LLC. Alpharetta, GA.
Peroxide “VAROX DBPH-50" from R.T.Vanderbilt, Norwalk, CT)

"TAIC DLC-A" commercially available from Natrochem Inc.
TAIC
Savannah, GA.
STATEX N-550 FEF carbon black available from Columbian Chemicals, Brazil.
AEROSIL
R-972

CUR7

Hydrophobic silica available from Evonik Industries, Mobile, AL.

Example 1: 0.186 grams of a curative (CUR1) was dissolved in 10 grams MEK.
One gram of ARALDITE ECN 1280 was dissolved in 9 grams MEK. The epoxy in

solvent and curative in solvent were mixed 1:1 to produce the primer composition.

5 94 parts by weight of PFE 131T Z was compounded on a two roll mill with 10
parts by weight ASTM designated N-990 MT carbon black (manufactured by Cancarb,
Alberta, Canada), 8 parts by weight STATEX, 1.5 parts by weight of AEROSIL R-972, 6
parts by weight of PFE 01C and 2.5 parts by weight of PFE 02C.

The primer composition was tested for adhesion according to ASTM D-4896-01
10 with the following modifications. Aluminum (6061 type) coupons (2.54 cm x 6.35 cm X
0.15 cm) (obtained from Loftech Prototype Manufacturing, LLC., St. Paul, MN) were grit
blasted with 60 grit aluminum oxide, rinsed in cold water, cleaned with an aluminum

cleaner (available under the trade designation “Oakite Aluminum Cleaner 164" from
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CURL MEK 1092 (7524) 835 (5753) 485 (3342) 3 HPT 1079 CURL MEK 1011 (6966)
535 (3686) 576 (3969) 4 EPON 1031 CURL MEK 662 (4561) 681 (4692) 498 (3431)
5 EPON 8280CuR1V7MBK 880 (6063) 378 (2604) PCT/US2010/059405

Oakite Products Inc., Berkeley Heights, NJ), deoxidized with a product available under the
trade designation “Oakite Deoxidizer LNC”) from Oakite Products Inc., Berkeley Heights,
NJ, rinsed in cold water and air dried. Three drops of the curatives were applied to one

2.54 cm x 1.27 cm end area of each of two grit blasted and cleaned aluminum coupons and

5 allowed to dry.

The milled compounded uncured perfluoroelastomer was cut to about a 2.54 cm x

1.27 cm film (about 1.3 grams) and laid over about a 2.54 cm x 1.27 cm end section of one
of the primed and dried aluminum coupons. The perfluoroclastomer was then molded to
the primed aluminum coupon for 10 minutes at 177°C (350°F). Adhesion testing

10 according to ASTM D-4896-01 was performed on the molded coupons immediately after
application of the perfluoroclastomer. Adhesion testing according to ASTM D-4896-01
was also performed on the molded coupons after 16 hours of aging at 200°C (i.e., post-
curing) and 16 hours of aging at 232°C (i.c., post curing). Results for all three adhesion

tests are summarized in Table 1.

15 Examples 2-7: The primer compositions were made and adhesion testes were
performed as in Example 1 but using the materials shown in for Examples 2-7 in Table 1.

Adhesion results are also summarized in Table 1.

Examples 8-11: The primer compositions were made following Example 2 in U.S.
Publ. No. 20060182949 (Salnikov et al.) and is described in the Table of Materials as
20 EPOXY1 and CUR7. The same primer composition was used in all four of these
examples, but the solvent was varied. The primer composition was used at 5% by weight
in all solvents except Example 9, which included 20 % by weight of primer composition.

Adhesion tests were performed as in Example 1 and results are summarized in Table 1.

Example 12: The primer composition and perfluoroelastomer used was identical
25 to that of Example 1. However, instead of using aluminum coupons the substrate was a
carbon fiber composite (available under the trade designation “RIGID CARBON FIBER
BARS?”, Part Number 8194K 12 from McMaster-Carr Supply Co., Elmhurst, IL). The
composite had the same dimensions as the aluminum coupons used in Example 1. The

adhesion test was performed as in Example 1 and results are summarized in Table 2.
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418 (2880) 6 EPON 1004F CURL MEK 956 (6587) 430 (2963) 410 (2825) 7 EPON
5U2. 5 CURL MEK 1071 (7379) 803 (5533) 408 (2811) 8 EPDXY1l CUR7 MEK 904
(6229) NDYONDW/@1MPDXY1 CUR7 PCT/US2010/059405

Example 13: 0.186 grams of a curative (CUR1) was dissolved in 10 grams MEK.
One gram of ARALDITE ECN 1280 was dissolved in 9 grams MEK. The epoxy in

solvent and curative in solvent were mixed to produce the primer composition.

97.6 parts by weight of PFE 131T Z was compounded on a two roll mill with10
5 parts by weight of STATEX, 1.5 parts by weight of AEROSIL R-972, 3 parts by weight of
PFE 01C, 1 part of tetraallylsilane (obtained from 3M ESPE AG), 0.5 parts of
hydrotalcite, DHT-2A (obtained from Kisuma Chemicals, Japan), 1.5 parts of TAIC, and 1
part of peroxide (obtained from R.T.Vanderbilt, Norwalk, CT).

Adhesion testing was performed as in Example 1 and results are summarized in

10 Table 2.

Example 14: The primer composition consisted of 10 grams of 10% EPOXY 1 by
weight in a 1.7: 1.0 mixture of MIBK:MEK and 1 gram of 10% CUR2 by weight in
methanol. Adhesion testing was performed as in Example 1 and results are summarized in

Table 2.

15 Example 15: The primer composition consisted of 5 grams of 10 wt%
ARALDITE ECN 1280 in MEK and 1 gram of 10 wt% CUR3 in MEK. Adhesion testing

was performed as in Example 1 and results are summarized in Table 2.

Example 16: The primer composition consisted of 5 grams of 10 wt% ARALDITE
ECN 1280 in MEK and 1 gram of 10 wt% CUR4 in MEK. Adhesion testing was

20 performed as in Example 1 and results are summarized in Table 2.

Example 17: The primer composition consisted of 5 grams of 10 wt%
ARALDITE ECN 1280 in MEK and 1 gram of 2 wt% CURS5 in MEK. Adhesion testing

was performed as in Example 1 and results are summarized in Table 2.

Example 18: The primer composition consisted of 5 grams of 10 wt%
25 ARALDITE ECN 1280 in MEK and 1 gram of CUR6. Adhesion testing was performed

as in Example 1 and results are summarized in Table 2.

Example 19: 0.186 grams of a curative (CUR1) was dissolved in 10 grams MEK.
One gram ARALDITE ECN 1280 was dissolved in 9 grams MEK. The epoxy in solvent

and curative in solvent were mixed 1:1 to produce the primer composition.
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Hexaf | uoro i sopropanol 1056 (7276) ND1 ND1 10 EPDXY1 CUR7 DMF 556 (3831)
ND1 ND1 11 EPDXY1l CUR7 HCAF8CH2OH 94 (648) NDL1 ND1 101- PSI = pounds per
square i neB20kRa98ki | 0 Pascal s * Chenl ok 5150 i s not anPEpasRele/ssss n 1=

not done

WO 2011/ 071984PCT/ US2010/ 059405 Table 2 Curative and Substrate

Vari ati ons

10

15

20

25

100 parts by weight of PFE 90 Z was compounded on a two roll mill with 15 parts
by weight ASTM designated N-990 MT carbon black (obtained under the trade name
"THERMAX N990" manufactured by Cancarb, Alberta, Canada), 5 parts by weight of
zinc oxide (USP #1 grade obtained from Horsehead Corp., Pittsburgh, PA), 2.5 parts of
TAIC, and 1.5 part of PEROXIDE. Adhesion testing was performed as in Example 1 and

results are summarized in Table 2.

Example 20: 0.186 grams of a curative (CUR1) was dissolved in 10 grams MEK.
One gram of ARALDITE ECN 1280 was dissolved in 9 grams MEK. The epoxy in

solvent and curative in solvent were mixed to produce the primer composition.

100 parts by weight of PFE 131T Z was compounded on a two roll mill with 10
parts by weight ASTM designated N-990 MT carbon black, 8 parts by weight of
STATEX, 5 parts by weight of zinc oxide USP #1 grade (obtained from Horsehead Corp.,
Pittsburgh, PA), 3.5 parts of TAIC, and 1.2 parts of PEROXIDE.

Adhesion testing was performed as in Example 1 and results are summarized in

Table 2.

Example 21: 0.186 grams of a curative (CUR1) was dissolved in 10 grams MEK.
One gram of ARALDITE ECN 1280 was dissolved in 9 grams MEK. The epoxy in

solvent and curative in solvent were mixed 1:1 to produce the primer composition.

100 parts by weight of PFE 131T Z was compounded on a two roll mill with 10
parts by weight ASTM designated N-990 MT, 8 parts by weight of STATEX, 3.5 parts of
TAIC, and 1.2 parts of PEROXIDE.

Adhesion testing was performed as in Example 1 and results are summarized in

Table 2.

Examples 22-23: The primer compositions were made and adhesion tests were
performed as in Example 1 but using carbon steel and stainless steel coupons respectively

as the substrates instead of aluminum. Adhesion results are also shown in Table 2.

Comparative Example 1: The primer composition was identical to that of Example
1 but without any epoxide resin. Adhesion testing was performed as in Example 1 and

results are summarized in Table 1.
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Ex Epoxy Curative Sol vent

at 200C, PSI (kPa) Adhesion after

Initial

Adhesi on,
16 hrs at 232C PSI

PSI

(kPa) Adhesion after
(kPa) 122 ARALDI TE ECN
1280 CURIWOEKI136898¢5987) ND1 ND1 13 ARALDI TE ECN 1280 CBRI/USEK0MD69405 (11510)
934 (6435) 264 (1819) 14 EPDXY1l CUR2 MEK/ net hanol

Comparative Example 2: The primer composition consisted of 1.0 gram of

EPOXY1 dissolved in 9.0 grams MEK with no added curatives. Adhesion testing was

performed as in Example 1 and results are summarized in Table 1.

5 silane based resin. This material contains no epoxy resin, but is used for bonding metal to

Comparative Example 3: The primer composition consisted of CHEMLOK 5150, a

partially fluorinated elastomers. The primer composition was dissolved in 50 wt%

methanol. Adhesion testing was performed as in Example 1 and results are summarized in

Table 1.

Table 1 Epoxide Resin and Solvent Variations

Ex Epoxide Resin | Curative | Solvent Initial Adhesion Adhesion
Adhesion, after 16 hrs at | after 16 hrs at
PSI (kPa)t | 200°C, PSI | 232°C, PSI

(kPa) (kPa)

CEl | NONE CURI MEK 82 (565) ND! ND!

CE2 | EPOXY1 NONE MEK 0 ND' ND'

CE3 | Chemlok 5150* | NONE | methanol 162 (1116) | 297 (2046) ND'

1 ARALDITE CURI MEK 1222 (8420) | 1294 (8916) | 944 (6504)

ECN 1280

2 D.EN. 438 CURI MEK 1092 (7524) | 835 (5753) 485 (3342)

3 HPT 1079 CURI MEK 1011 (6966) | 535 (3686) 576 (3969)

4 EPON 1031 CURI MEK 662 (4561) | 681 (4692) 498 (3431)

5 EPON 828 CURI MEK 880 (6063) | 378 (2604) 418 (2880)

6 EPON 1004F CURI MEK 956 (6587) | 430 (2963) 410 (2825)

7 EPON SU2.5 CURI MEK 1071 (7379) | 803 (5533) 408 (2811)

8 EPOXY1 CUR7 MEK 904 (6229) | ND' ND'

9 EPOXY1 CUR7 Hexafluoro 1056 (7276) | ND' ND'

isopropanol
10 EPOXY1 CUR7 DMF 556 (3831) | ND' ND'
11 EPOXY1 CUR7 HC,FsCH,OH | 94 (648) ND' ND'
10 1 PSI= pounds per square inch, kPa= kilo Pascals

* Chemlok 5150 is not an epoxide resin

1=not done
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256 (1764) 325 (2239) 345 (2377) 15 ARALDI TE ECN 1280 CUR3 MEK 730 (5030)
494 (3404) 322 (2219) 16 ARALDI TE ECN 1280 CUR4 MEK/ met hanol 860 (5925)
1234 (850&P 26897(98403) 17 ARALDI TE ECN 1280 CURS MEK 11PBT(IB26)s895 ( 6849)
677 (4665) 18

Table 2 Curative and Substrate Variations

10

Ex Epoxy Curative | Solvent Initial Adhesion Adhesion after
Adhesion, after 16 hrs 16 hrs at 232°(
PSI (kPa) at 200°C, PSI (kPa)
PSI (kPa)

12° ARALDITE | CURI MEK 868 (5987) ND' ND'
ECN 1280

13 ARALDITE | CURI MEK 1670 (11510) | 934 (6435) | 264 (1819)
ECN 1280

14 EPOXY1 CUR2 MEK/methanol | 256 (1764) 325(2239) | 345 (2377)

15 ARALDITE | CUR3 MEK 730 (5030) 494 (3404) | 322 (2219)
ECN 1280

16 ARALDITE | CUR4 MEK /methanol | 860 (5925) 1234 (8502) | 639 (4403)
ECN 1280

17 ARALDITE | CUR5 MEK 1178 (8116) | 994 (6849) | 677 (4665)
ECN 1280

18 ARALDITE | CUR6 MEK 821 (5657) 265 (1826) | ND'
ECN 1280

19° ARALDITE | CURI MEK 1234 (8502) | 831(5726) | 539 (3714)
ECN 1280

20 ARALDITE | CURI MEK 1550 (10680) | 1393 (9598) | 744 (5126)
ECN 1280

21 ARALDITE | CURI MEK 1075 (7407) | 1205 (8302) | 710 (4892)
ECN 1280

22* ARALDITE | CURI MEK 857 (5905) ND' ND'
ECN 1280

23° ARALDITE | CURI MEK 921 (6346) 1024 (7055) | ND'
ECN 1280

1= not done

2= bonded to carbon fiber composite instead of aluminum; aluminum used in all other

examples

3= perfluoroelastomer used was PFE90XZ; PFE131TZ used in all other examples

4= bonded to type 1018 mild steel (carbon steel) coupons from Classic Manufacturing Co.,

Oakdale, MN: aluminum used in all other samples unless otherwise noted.

5= bonded to type 304 stainless steel coupons from Classic Manufacturing Co., Oakdale,

MN; aluminum used in all other examples unless otherwise noted.
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ARALDI TE ECN 1280 CUR6 MEK 821 (5657) 265 (1826) NDL 193 ARALDI TE ECN 1280
CURL MEK 1234 (8502) 831 (5726) 539 (3714) 20 ARALDI TE ECN 1280 CURL MEK
1550 (1008020130898¢9598) 744 (5126) 21 ARALDI TE ECN 1280CTWR20INVERI40D75
(7407)

What is claimed is:

1. A primer composition comprising a curative, a solvent and an epoxide resin;
wherein the curative is capable of reacting the epoxide resin; and further wherein;

(a) the curative is capable of curing a perfluoroelastomer compound having at least one
cure site and a crosslinking agent or catalyst; or

(b) when the curative is not capable of curing the perfluoroelastomer compound, the
perfluoroelastomer comprises a crosslinking agent or catalyst capable of curing the

epoxide resin.

2. The composition of claim 1 wherein the epoxide resin contains a phenolic moiety.
3. The composition of claim 1 wherein the epoxide resin has a functionality greater
than 2.

4. The composition of claim 1 wherein the curative is selected from a isophthalyl

dihydrazide, a dicyandiamide, a 4,4-aminophenyl disulfide, a guanidine carbonate, a
thiourea, a ketimine comprising a condensation product of ethylenediamine or a 3-
aminopropyl tricthoxysilane and methylisobutylketone, a polyaromatic polyamine, an

aminophenol-containing compound, o-bis aminophenol AF,, and combinations thereof.

5. The composition of claim 1 wherein the solvent is selected from a ketone, an
alcohol, a sulfone, a sulfoxide, an ether, a glycol ether, an amide, and combinations

thereof.

6. The composition of claim 5 wherein the solvent is a fluorine-containing alcohol.

7. The composition of claim 1 wherein the crosslinking agent or catalyst is selected
from an ammonia generating compound, an organometallic compound, an onium salt

compound, a perfluorocarboxylic acid salt, a peroxide, a triallyl isocyanurate, a

tri(methyl)allyl isocyanurate, and combinations thereof.
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1205 (8302) 710 (4892) 224 ARALDI TE ECN 1280 CURL MEK 857 (5905) ND1 ND1
235 ARALDI TE ECN 1280 CURL MEK 921 (6346) 1024 (7055) ND1 1= not done 2=
bonded t ovoaptiarTi98eber conposite instead of al um num alPaFEiUsaMMOOSEAs i n al
ot her exanpl es 53= perfl uoroel astoner used was PFE9OXZ; PFE131TZ used in
all other exanples 4= bonded to type 1018 mld steel (carbon steel) coupons
fromd assic Manufacturing Co,, Oakdale, MN. alum numused in all other
sanpl es uhl esslhstaeamgpisien gbeladn 15vhorcin derurdsitaipscloged Foy pmpigesensteel

f i . uring.:G oAl um ' |1
e TR SR A B o M

9. The composition of claim § wherein the nitrogen containing cure site is a nitrile

containing cure site.

10.  The composition of claim 1 wherein the epoxide resin is selected from creosol
Novolak, epichlorohydrin/tetraphenylol ethane, bisphenol A/epichlorohydrin,
Novolak/bisphenol A, epichlorohydrin/phenol-formaldehyde, 9,9-bis-2,3-
epoxypropylphenyl fluorene, bisphenol AF/ epichlorohydrin, Novolak/bisphenol AF, and

combinations thereof.

11. A process of bonding a perfluoroelastomer compound to a substrate comprising:

(a) coating the substrate with a primer composition comprising a curative, a solvent
and an epoxide resin; wherein the curative is capable of curing the epoxide
resin; and further wherein;

(i) the curative is capable of curing the perfluoroelastomer compound having at
least one cure site and a crosslinking agent or catalyst; or

(i1) when the curative is not capable of curing the perfluoroelastomer
compound, the perfluoroelastomer comprises a crosslinking agent or
catalyst capable of curing the epoxide resin;

(b) covering the coated substrate with the perfluoroelastomer compound;

(d) heating the perfluroelastomer compound covered substrate to at least 150°C in a

mold to form a cured and bonded perfluoroelastomer article.

12.  The process of claim 11 further comprising post curing the cured and bonded

perfluoroelastomer article at a temperature ranging from 175 °C to 300 °C.

13. A multilayer article comprising a substrate, a primer layer and a curable
perfluoroelastomer layer; wherein the primer layer is derived from a composition
comprising a curative, a solvent and an epoxide resin; and wherein the curative is capable

of curing the epoxide resin; and further wherein;
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1. A prinmer conposition conprising a curative, a solvent and an epoxi de
resin;, wherein the curative is capable of reacting the epoxide resin; and
further wsereiwn7i98¢a) the curative is capable of curingPaT/US2010/059405

per fl uoroel ast omer conpound having at | east one cure site and a
crosslinking agent or catalyst; or (b) when the curative is not capable of
curing the perfluoroel astoner conpound, the perfluoroel astoner conprises a
crosslinki ng dabthe carativaisgapalle ehpamee rerflerpelagompecappund bayigg phleag The
conposi tion of clai ' ' resiji.contains a phenolic

noi ety. 3. The coh%%gkgfﬁgﬁgﬁi@P%?ﬁ$§@3%ggggﬁ%? enggoxide resin has a
functionality (gyeatethetchauntiv2 is wbt Thgabtosfrosing itlenpcofluarbdastorhemdvaniundt he
curative is selected froma isophthal yl dihydrazide, a difyandiggkge, a

4, 4- ani nopheny! HieFYRCIastorg et %‘&Pb%wgtné,agﬁmt%%@ Yeheary i mne
conprising a congdgnsaht aRoRioYmt of ethyl enediam ne or a 3- am nopropyl
triethoxysil ane and neth@?isobutylketone, a polyaromatic pol yam ne, an

am nophenol - cont ai ni ng conpound, o-bis am nophenol AF" and conbi nati ons

t her eof AThe ogﬁq%'tion.of %Igin1$ er.ei n tge soLvenh i S. selected froma
ket one, “al ¢ ultilayer griglg©T CL | PEETAR CPQTdRteRBy S 4 2 8F§@o| ether, an
am de, and conbi nations thereof 6. The conposition of claimb5 wherein the
solvent is a fluorine-containing al cohol. 7.The conposition of claim1l
wherei n tHe cribwsniltildyatartiglersf cmdatveliopen cpexidercsinthad afurnionslits grshira
generatiqgmggnpound, an organonetal | i ¢ compound, an onium salt conpound, a
perfl uorocarboxylic acid salt, a peroxide, a triallyl isocyanurate, a
tri(nmethyl)allyl isocyanurate, and conbi nations thereof WO

2011/ 071984PCT/ US2010/ 059405 8. The comnposition of claim 1l wherein the cure
site is st ectdy mulghvar #ticke oy slaimd 3pyhsisinhe sabstrte s slected frogna mstalkie

cont ai ni N, il SlalcirboAhal &l dcPumi BN ORI ARbhORSLRer eof . 9. The -
conposition of C aim 8 wherein the nitrogen containing cure site is a
nitrile containing cure site. 10. The conposition of claim1 wherein the
epoxide resin js selected fro reqsol Navol ak, . .

epi chl or orydr i Byl H%WF]GPT@ aﬁaﬁz,wlﬁr%ﬁgawatmw&ﬂt%%w&%,

Novol ak/ higphenaldifydrends Bic%rmmfdb,rd,mﬁﬁmph&@ﬂrmwﬁwgﬁani&ng-calbéﬁ&e,?»-
epoxypropyl phenyl f1luorene, “bi sphenol AF/ epi chl orohydrin,

Novol ak/ bhepteenald sktingind coophsim@at comdsnsdton goddutiofcthyl onessnio obeddi ng a

fl |.ast . dt b L1 Sing: ti th
Cbst 1 ot AVl OHOR gr REr Uaipbe TrBH ORI Re g ik Aop 2o SPEUen: and an

epoxi de r@sibmativhefetdaoft he curative is capable of curing the epoxide resin;
and further wherein; (i) the curative is capable of curing the
per fl uor oel ast omer conpound having at |east one cure site and a

crossli nkliSr.]g aﬂl%%ul%[ay(é\la&rﬁ!:%%tf;cla?r{l 13 wherein the solvent is selected from a ketone, an

alcohol, a sulfone, a sulfoxide, an ether, a glycol ether, an amide, and combinations

thereof.

19.  The multilayer article of claim 13 wherein the epoxide resin is selected from
creosol Novolak, epichlorohydrin/tetraphenylol ethane, bisphenol A/epichlorohydrin,
Novolak/bisphenol A, epichlorohydrin/phenol-formaldehyde, 9, 9-bis-2,3-
epoxypropylphenyl fluorine, epoxypropylphenyl fluorene, bisphenol AF/ epichlorohydrin,

Novolak/bisphenol AF, and combinations thereof.

20. The multilayer article of claim 13 wherein the crosslinking agent or catalyst is selected

from an ammonia generating compound, an organometallic compound, an onium salt
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(i1) when the curative is not capable of curing the perfluoroel astoner
conpound, the perfluoroel astoner conprises a crosslinking agent or catal yst
capabl e ovocorwvaigesthe epoxi de resin; (b) covering the coara$261008M40Hte with
t he perfl uoroel astoner conmpound; (d) heating the perfluroel astoner conpound
covered substrate to at least 150C in a nold to forma cured and bonded
perfl uoroel astoner article. 12. The process of claim11 further conprising
post cur i 9§ rored @urcEluapcrbriYHE dCig Splt AR g st byl ispcy prrede o trigmethyl)
tenperatqﬁglﬁgaﬂ&ﬂgl LML BinGidQ 1390,C 13. A nul tilayer article conprising
a substrate, a“priner Tayer and a curabl e perfluoroel astonmer |ayer; wherein
the primer layer is derived froma conposition conprising a curative, a

sol vent and an epoxide resin; and wherein the curative is capable of curing
t he epoxide resin; and further wherein; (a) the curative is capable of
curing a perfluoroel astonmer conpound having at | east one cure site and a
crosslinking agent or catalyst; or (b) when the curative is not capable of
curing the perfluoroel astonmer conpound, the perfluoroel astonmer conprises a
crosslinking agent or catal yst capable of curing the epoxide resin. 14.
The multilayer article of claim 13 wherein epoxide resin is a phenolic.

15. The nmultilayer article of claim 13 wherein epoxide resin has a
functionality greater than 2. 16. The nultilayer article of claim 13
wherein the substrate is selected froma netallic, a polyneric, a carbon
fiber, a ceramc, and conbinations thereof. 17. The nultilayer article of
claim 13 wherein the curative is selected fromfrom i sophthal yl

di hydr azi de, dicyandi am de, 4, 4-am nophenyl disul fide, guanidine carbonate,
thiourea, and a ketim ne conprising a condensation product of

et hyl enedi ami ne or a 3- am nopropyl triethoxysilane and

nmet hyl i sobut yl ket one, o-bis am nophenol AF, and conbi nations thereof 18.
The nultilayer article of claim 13 wherein the solvent is selected froma
ket one, an al cohol, a sulfone, a sulfoxide, an ether, a glycol ether, an
am de, and conbi nations thereof 19. The nultilayer article of claim 13
wherein the epoxide resin is selected fromcreosol Novol ak,

epi chl or ohydri n/tetraphenyl ol ethane, bisphenol A/ epichlorohydrin,
Novol ak/ bi sphenol A, epichl orohydrin/ phenol -formal dehyde, 9, 9-bis-2, 3-
epoxypropyl phenyl fluorine, epoxypropyl phenyl fluorene, bisphenol AF/

epi chl or ohydri n, Novol ak/ bi sphenol AF, and conbi nati ons thereof 20. The
mul tilayer article of claim 13 wherein the crosslinking agent or catal yst
is selected froman anmoni a generating conmpound, an organonetallic
conpound, an onium salt conpound, a perfluorocarboxylic acid salt, a
peroxide, a triallyl isocyanurate, a tri(nethyl) allyl isocyanurate, and
conbi nati ons thereof.
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