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[ 0001] Fl uor oel ast oner Bondi ng Conpositions Suitable for H gh-Tenperature
Appl i cat iwo2REES85 REFERENCE TO RELATED APPLI CATI ONS 5[ @0@ajséi1®s57016
application clains the benefit under 35 U . S.C. 119(e) to U S. Provisional
Pat ent Application No. 61/405,102, filed COctober 20, 2010, the entire

di scl osure of which is incorporated herein by reference.

BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 10[ 0003] The i nventi on
relates to the field of bonding of fluoroelastomeric materials, including

perfl uoroel astonmeric materials r including netallic surfaces
whi ch may be used in sem conduc‘,r{tlroEﬁ&n{ﬁgﬁyﬁlﬂ@oﬁocgsses. DESCRI PTI ON OF
RELATED A09D1] 000H}:SeriastonduBpodingloufpasitions Sigtabie/ ok Viegh-Termpergerof vari ous
seal ed process. chanbers, 15and may invol ve cl eanroom envi ronnments desi gned
to avoi d@?@ﬁfﬁ’rﬁnﬁati on and particulation that can inpact the resulting

manuf act ured products (sem conductor wafers and chips). Such process
equi pnent typical ly | GRQSBRREFARENGITOMBLATED. APRLISIATIONY ve doors, which
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gates ge e se gaskets and o-rings. e materials used to
make suclPaseahppligaskdlos6&A6S,002,ifiegbOatoben1aN 1§ todntirerdigclosurg of which is
quoropog%/neric g;} fl uoroel astonmeric material, and in some cases for highly
cont am nAtOHPHES PEFUN y’?geé?%c,e' are formed of perfluoroel astoneric material.
Such doors and gates are commonly used wth process reaction chanbers in

t he sem conductor i ndustry BACEBMIRQUNDr OBI@iE RgVENAIONosi ng of a chanber.

[ 0005] I n yhen e Qfdqdustry, processes such as chemical vapor
deposi tion, plasnma 25deposition, etching and the |ike are typically used.

Such1pr o¢esse¢s rEplinventidnerelass tofhevaddianbaidargeihioaredassimndricanateaalet ors i n

whi ch ‘har.sh ¢chem cal s, . hi gh-ener |l asnas and,ot.her LrQsSkve terj.al
are used’ crhécﬁ?g Ry TvarslasioreRic V%{%gﬁ%?ﬁr dcepinclidins grega éfe?lllrﬁge \g@tcg@agl}jr%t h
state of & heemiiontilidiet mbhm@mteahd prockdséli d or gas and are present in stars
and fusion reactors. Gases becone plasnmas when they are heated until the

atoms | oREMIRIPIRANOBRELAGHS AR%eavi ng a 30highly el ectrified collection
of nucl e'[O(ﬁﬁlﬁ] f r§§n1‘3£§&fc'{&r?§anufacturing involves the use of various sealed process chambers,

15 and may involve cleanroom environments designed to avoid contamination and particulation
that can impact the resulting manufactured products (semiconductor wafers and chips). Such
process equipment typically includes gates and doors, €.g., slit valve doors, which close off the
chambers from the surrounding environment. Such doors and gates generally include seals,
gaskets and o-rings. The materials used to make such seals, gaskets and o-rings are usually

20 formed of a fluoropolymeric or fluoroelastomeric material, and in some cases for highly
contamination resistant seals, are formed of perfluoroelastomeric material. Such doors and
gates are commonly used with process reaction chambers in the semiconductor industry
allowing for opening and closing of a chamber.

[0005] In the semiconductor industry, processes such as chemical vapor deposition, plasma

25  deposition, etching and the like are typically used. Such processes require the use of vacuum
chambers and similar reactors in which harsh chemicals, high-energy plasmas and other
corrosive materials are used creating very harsh environments. Plasmas are defined as a fourth
state of matter distinct from solid, liquid or gas and are present in stars and fusion reactors.
Gases become plasmas when they are heated until the atoms lose all their electrons, leaving a

30  highly electrified collection of nuclei and free electrons.



WO 2012/ 054685PCT/ US2011/ 057016 [ 0006] Sem conduct or process steps generally
occur in an isolated environnent in a series of interconnecting reaction
and ot herwohamsuesst hr ough whi ch chi ps, chip waf ers andprPorhiseoisobnie at es
can nove or be .noved robotically. Wen noving about and through such a
series of chanbers, in operation, there are also associated with this

equi pnent various doors, gates, 5 and/or valves. One such door includes a
slit valve, which are made typically so as to have a resilient sealing ring

t hat ensures adequate sealing of openings to a react] g chanber. . Such.
seal i ng (4006 ﬂrpor$@ﬁf501éfh’étqr Hreases Wﬂ?nﬁaklh?‘éméfn %Ih’édla@ CRYEPENGHt Th? Ftie e

chanber, i ercoﬁn%cilfr?%e a hangh)?ﬁ@r %ﬂrﬁbé@th‘% YohNvhiBh @hlﬁ)@ Q:hwg'ﬂ@%r ardfhdr0 keep

i mpuriti €s Trom out chanber from get ing in during a reaction which
coul d i npalestratek @apuoie yrbémtohed robsti¢alliyn Vheramovion ab.@ﬁrﬂb@ld&@‘{él)suctl@@@?qssﬁch
parts can, al so bhe provi ready to us royi di t | ve
door 65?18€W’t1ﬂ0 Crauep %gefre 6?3%5&&5%331%%%9’% nhhlp %lplgment Vaﬁgusg%ozorré g%égh as in

a pres molaﬂ@/@r QA10QY Y sugh b6k istlaesh 4 it elve] Wiich aaahde gpiskibt soods tGhavng of
correspondi ng shape in facing engagenment. Thus t he doors or tes_c n be

easi |y . mestlagnt seplisg ringdhas ﬁB%%%adéa‘ﬁﬁt%?Fé‘HPg obpRapings 4 & reagHomnehhsge g
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use of a |ng agent f-bondi ng conpositions have been
devel opeducH ﬂ@ﬁﬁc}dﬁ sadely Nethmnﬂteg;illamnhg a4 kerpempu(ikpofipmaststavby chamkerused

|0 such Seal s YALLOUS, i LONTELS.A SO LG LESL ERARSSIa IALSR

per f hyor gedast@rers (known as FFKMs) to exhi b|t excel | ent 20chemi cal
resi stance, solvent resistance and_heat resistance, and therefore such

el ast omed@00fl e wPerbiRprigsamalse be geovidedgeatyiie PF%ISEC}V\W&HOW}”‘&I ik VpIN e figr o

har shest ggte iy h 6O g}:’g&sﬁet Jﬁ%ﬁﬁy HO519&! SthOuBS:, SudkBk 8k h BSmBIdRd kRWAB of gland
their mca resi stance, plasma resistance, and when used in conpositions

havi ng tysmedaxi»rebmlvt- escdr gasketrolr 6r-vhggf scysqsemhmmhaae@”e%male@g@@mbs@%n set
resi ?t ang% l evel S nd % eg‘sr}!yc1§|ta19 d? I ?ocesspg e Lﬁ[%}l’t EQ&ysegﬂ\éﬁn nggnded

appl i ed inc ise as oneric sealing materials
in appli Qﬁig)la@asguv\@@rr@t eyp&&ab/ “@dralegiasak@ierlwmb Ithebibos suh]fa&em&muhmsgkdfyl b@ndmg3| ve

chem cal s and/or extr perating.conditjons, or use in formng

mol ded p&eew ¢l %H&’Pg}é?"é%%%?\%‘éowo%({nﬁ%’?&% R¢ e?ﬂéf’% tion. [0009] FFKMs are
vel | knowgods)r UBRotifle-tHRaRBID &M&E QndVRINUfFACIYY, laftdiskd eGich ¥edS inS@@lounNg
materials dué to their chem cal and El asnma resi stance. Such naterials are

typi cal | ynsmomn@ﬁaregdlrfntgdmlﬁémeltgbﬁlis shemicplsn dniesemicoaiydoireatt Feast one
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perfluorl e cure si omthe cure site nononer(s)
and t©ben chein@dl (e@fs@ﬁ@e Isolvkﬁztd)asmtandemnm}mmt resistst@rend thekpfdre such elastomers are
2012/ 054685PCT/ US2011/ 057016 cal EFKM c ositjons include a

pol yrer i 284elyaise éap%@g%?mg&hgq E’cplﬁ??d%ge f%tﬁsf ?1tn IVITONMEHES-

Perfluoroelastomeric materials are known for their chemical resistance, plasma resistance, and
when used in compositions having typical filler or reinforcing systems for acceptable
compression set resistance levels and mechanical properties. As such, they have been applied
25  for many uses, including for use as elastomeric sealing materials in applications where a seal or
gasket will be subject to highly corrosive chemicals and/or extreme operating conditions, and
for use in forming molded parts that are capable of withstanding deformation.
[0009] FFKMs are well known for use in the semiconductor manufacturing industry as
sealing materials due to their chemical and plasma resistance. Such materials are typically
30  prepared from perfluorinated monomers, including at least one perfluorinated cure site
monomer. The monomers are polymerized to form a perfluorinated polymer having the cure

sites from the cure site monomer(s) and then cured (cross-linked) to form an elastomer.

2



agent that reacts with the reactive cure site group on the cure site
nmononmer, and any desired fillers. The cured perfl uoroel astoner exhibits
typi cal ewex0tmsuéss characteristics. [0010] FFKMs are gememaiskeitjosmae f or
use as 0-rings and related sealing parts for high- 5end sealing
applications due to their high purity, excellent resistance to heat,

pl asma, chem cals and other harsh environnents. Industries that require
their use in such environnments include sem conductor, aerospace, chem ca
and pharmaceutical. [0011]As is recognized in the art, different FFKM.
conposi t TonisahBK Mrompgsitigns mehudg p@fb@weé@@ﬁ@wp@wﬁ% éesed&gwé%ai%@n%n
the type agérg%%}r% Peadts LG TRB ARy S EMies Efoldg toﬂgﬁe and silOGeh &880 AANOd&HEA NT
chem stry” Such conpositions nmay also include a variety of fillérs and
conbi nat ifidlass. dthefcutddgresfitopodadtoreseexhinitgéypica chatomsalk charepieristicss,

conpr essi et i mproved chem cal. and plasnma resi nce..  Ho . due to
Chonr 1 ar g} i e R AR TRETaFE oy 1 RRFEA Ry R A e WS el e
and FEKMcpat&lihahsplicatisay firae shdithigh plifilynexdeRad Yedifaniseo pedt] Hasies bhasicals
gates, valves and ot her doors having seal s pre-set .therein, or evenr&ﬁé)d&bond
oor

ng

such sealsd pthenBarsh enviiongientso ldustrise thay reouiye Ahcdisstn spchvgprgspta !

seal s. Tg%ﬁoﬂ&&t&a%o%?@éé ANGEER A1 ARVEMBhace¥fi&. such bonded fl uoroel ast omer
t 2 i b3

parts are put Tnto service In tﬁe sem conductor industry in particular
wher ei n 00 1¢ ondiss isonsognizetiam 8ie aol, d8fracrd FEKM hemporsers madinelude Hefareiige of
tenperatures are not i.deal, for,. nost, bondi agents. For |

t enper at GFeR8 ?%eé‘ﬁ{gwé‘%?s dggendipe @ i Hie Oggbre 1te JOongmEl] F@@gytnrgcr%r%zﬂ% h
appl iigat icepsspodihp caeREHunghry. esRaraiipositidfopeay alsb dmSudeanuirieiynef flEas and
performance as high as 380C, bonding agents do not all maintain their
bondi ng sePmbigtpns @féwr%wamhlﬁwatmwcg%mca%@rqpe&t%t CHIFRAQUY 5 OO Sd0C,

such thatlp SIRNALRG N, 9869 SR Bue 3P Bfeirah okl yRREM EQRRASIahireNBisdioe
devel opegkélﬁlscg}t) nesﬂg noreglgtg?mn i ng go’nélieti ons dltég’vey::lo and FFKI\E}I crherr%sstry
wnfgr

devel ops atwayseety tolhend ewdnidKM 4l B mejeage it surfse dgpningread éqrasediarts o

tinue tq allow f h FK FEKM . i L QUS. -
Gemanai nd e 40 15 B0 B R BEN g =Sk e B HER R aT b Rsh e g

t enpesat e pribatosie 60 thiepladdm @it @€ pHSELSatt 8r doot Radls. eTigee afe(0dR] ihstas@ae
processes V\/ﬁere very high te a%ures are used .and/ or. where speci Itto}/

er
PFKMG ar Gopesd; Vot Hicadon L auna HEmar PATHET PEIRPSREYIg M the semicondue

tetrafl u‘?ﬁ(ﬁﬁ%rp)ﬁll ﬁﬁﬁc&ly: Fhere BMBE cMEHORNYE hEAR pldshd add BBl LhRk ah @6t ik asget O
t he heat, the bonding agent nust also be able to 30 withstand the increased

non- st i clof gmbdrateres peswt pleshfr miass baridingageriev Hoaoraep ki 5HeRPyravEtsgessh TFE
In-acon é\;selise&t u(y>2€§%9§1§t'308\hb| §s gc%tu{sgll 'I%%%%}EQQ}%Q{P&E’ wﬁH%Qm@ 1éhh91§1 erdfhire

gates and sone rs-are expos t enperatures, the need still
exi st f @pelationk rquitigentd paforharae @s high a2 0327 H68HPETLNUSLQ hdy A5T@LEIN

L?gﬂi #%quqggg%ﬁng;sg]&yg& iiggnr ;[tgr?dsa% lglf:KK/?srciag lflr?eltFaﬁtéI:\r%peier%l*elecgvgxg3(}(Jge,s gchtl%an in
more demanding processing, specialty FFKM compositions are developed. As these more
demanding conditions develop and FFKM chemistry develops to meet the demand, the bonding
agent technology must develop to continue to allow for such FKM and FFKM parts to be used

25  in various demanding end applications. Finding bonding agents that can perform in high
temperature, harsh condition processes is a challenge.
[0012] In some processes where very high temperatures are used and/or where specialty
FFKMs are used, such as those having a higher content of tetrafluoroethylene (TFE), even
when one can find a material resistant to the heat, the bonding agent must also be able to

30  withstand the increased non-stick and inertness properties of an FFKM having higher levels of
TFE in a consistent manner. While not all bonding agents, such as those on gates and some

doors are exposed to the high temperatures, the need still exists for bonding agents which are
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i n devel opi ng bondi ng agents that, even at roomtenperature, providing
enhanced bondi ng strength. [00131ln preparing FKM and FFKM seal s, gaskets
and O-ri ny® 2005w i n a part, where 5bondi ng i s desire@CTiuseolbosmieng
material and the surface material nust adhere or otherw se be affixed to
one another. Typical surfaces to which such materials are bonded include

ot her fluoroel astoners, perfluoroelastoners or other fluoropolyners (e.g.,
in nolding parts together, welding or splicing elastoners, or adhering
fluoroel astoners to fluoropolyneric materials net al s netal aIIo anp/ or

ot her t hesadiy bondably torthe inertnesp pﬁwmwsﬁ@mglw@m tagser‘@éli‘ highdiitt ¢ e@t :‘L for
use in har éfpvei)o dﬁ%va{#{i tei, h % %bﬁm@%r@ é:)r f !ﬂ}{% HBMhcRE bBMling Nt O
ucto steri

service - Sem & acturi ng, I zat1 on use,
phar maceytrérgat. rranuf acturi ng, and downhol e t ool use) [00141V\h| | e the |nert

nature of fl| uoroel astoner erflu st one is a
har sh and®Yd r SINATFRANHE ﬁng%@gﬁﬁ% gaske 8§|C?§‘/mg§1 of H Pabid |r§§{t%|%{)en of
the b9nd%gncillﬁg?sr desirtth) %@o&nﬂ&g@h@t@ﬁﬂ%ﬂ theSSL@ﬁﬁélﬁﬂtetrl@l ausiidhaeer ofieehisabei n
sem conduct or “processi ng gates, valves, and doors, Because of its

i nert nes@fﬁxieﬂ t9 snefprfotheryTypical wehresie v wieh magerlsae apde Baﬂaée obfch as
met al - { O3 EKMARRNAS:, pRlmSddfifl oPUhENHIdoAlltmET@BL b bl dif@bartsBediRcHd

Wil surV|ve I'n ERvironnent period of tine before
requi ri ngveldipg acqﬂkmg edastanegayi or adHdring idréélawdereso Hueropplymeric aragetials),

bondi ng and consi stently hol di od bopd when .using, 20, FFKM par

formed frgMERRSRL Aoy aﬁ{oéﬁ&hﬂg%g%%ﬁtﬂ%?” HECBFS AR gl&%}%@? fer?br%sshl%:t%olparts
to high & mReifhaseoPHReessitshmdnddihSitich BKMst&rm:r[(Msxhgmbqoat inehsavide bondi ng
processes, bondi ng agents are known which are nanual |y plied wi.th brushes

onto a sgggtqoad@tqrgnqirgmrmg msdgrhygeraliratipp ¥te, @h?Wﬁe‘HPa ‘Hénlgﬁ‘é‘gFWPdpart
St andarddg%ggblggﬁggl? i nclude, for exanple, those available fromLord 25
Chem cal "Carolina under the trade name Chenl ok0. The resulti ng
bondi ng moml@lt]lct sWhile ehecinatt netugest ﬂuvredaszomemginamdptgmﬁeﬂmrﬂ@ammwh@ra

applicati tures above 200C. 380C
or hi gherbe’f“iﬁt ”gg ﬁ%‘i)ﬂ“(‘f‘ﬁflv%?fmf‘ & Rip ifflg ug erggg%béﬁ%gorﬁgf{hsgég

Newer s FFigRs ainereah elastemasis®daledotuetase, @U&Iﬁasah stafgprdwtatescoaking gam e

hi gh. Usé of traditional bonding agents use honded_parts to

del ani natvalvgerapd gopiss BeEEHSE R its B&?ﬁ&?sﬁgltéﬁg‘g |a‘6}HeYFast’1“§a ti8- ﬁlaFtﬁFlgﬁ}P‘i“{C&? at

200C+ a”gua%stxh&ui AL #%ﬁb&ﬁ%ﬁ%ﬁﬁ%ﬁ% 5nd3&QQ)1ﬁ hhd 188 86nd Hill QRGE in
continued use at sustained high WO 2012/ 054685PCT/ US2011/ 057016

t enper at uhesnvaroemest fpr muefficiouptriodadiitine beforerequiting caplasgrrcnl oraaprindHES ve
e S D SRS LR TRl ARNE Syl Mo
20  FFKM parts formed from FFKMs Wlth higher TFE content and/or when subjecting such parts
to high temperature processes.
[0015] In elastomer vulcanization and bonding processes, bonding agents are known which
are manually applied with brushes onto a substrate followed by molding and post-curing of the
elastomer part. Standard bonding agents, include, for example, those available from Lord
25  Chemical, Cary, North Carolina under the trade name Chemlok®. The resulting bonding
products face challenges in surviving at processing or other application temperatures above
200°C. Use at up to about 300 °C or even 380°C or higher for some application temperatures
of over 200°C is not possible. Newer FFKMs and other elastomer products cure at
temperatures which are high. Use of traditional bonding agents can cause bonded parts to

30  delaminate during post-curing. Bonding agents which can retain integrity at 200°C+ and

particularly at about 250°C to about 300°C and higher in longer continued use at sustained high



el astonmers such that netal acrylate salts are used therein as scorch
retarders. 5[0017]U.S. Patent No. 5,217,807 teaches a reinforced natural or
synt het i cwoubt2ars465 bl ended rubber conposition, which i RCITO$RE11/057016

sul fur-curable elastomers with netallic fillers. Brass coated netal

rei nforcenent blended in the elastonmer is provided which may include netal
acryl ates as an adhesion pronoter. [0018]U. S. Patent No. 7,514,506 B2

di scl oses perfl uoroel astoneric conpositions which 10 may be used for
bonding to a netallic surface, such as in a gate valve, The conposjtions
i ncl ude dwrpeibitarep aref Yauy PP FuabE afterin & Sémmnﬂu%rpbﬁwh-eﬂ&%@&ug‘gfi? ’F?Q igh

agents, | I: 1 h9phenol (BOAP), curing agents, and organic cyclic
col orant lté(%&negou% S tlﬁﬁﬁggre netallic-free materials. [0019] U. S. Patent

Appl i cat i[@16Publ USaPatent Na.6, PBICH4004SEES a Arocessafoh esmpamdofe EEkMalis 5139 vent
formul ati ons including both curable perfluoropolyners an uring agents in
a sol ven?ﬁété’m?fsi %*ﬁgmggﬁt PEY %Eahﬁ@peb%sﬁgilﬁheéelgg&%%%osm’f %e?argg%'di ng

per f | sior gAYy Mers.d Past N&CES)7,8070ackss b geinfolax aaiilldieyahedymbbersur f aces,
and a curabl e solvent coating conposition capabhle of form ngyanl,UFéll(M
coating blndebrdbercomenostion, whighpndudes speragurakle glastpmers Wity stlig igllers.

FupL | Cat ik WBatcd BRI At ftn il gfreﬁgédflglﬁhgé%taﬁer Eigarpeeh hiagnsclhes 20use

in harsh environnents, partic own- hol e 'tool use, that bond to
subst r at estaliangllatel asgan adhegion pehwiterand pol yneric i nert substrates. The

conpositi i nc a r o] yner. . ~sili,ca an n £yl .
conpound [8@%&1 pr {J;ég ?Qﬁﬂc/ﬁ%‘a-}é%ﬁ’ %dgé-l]g% gﬁf f.ogelsrpg T%‘éorr?ffké%%rgera% gor?i@%(l:t ?qngggugls

met al o ackydyalease® for&RABINEaS h atalBE sitdct iuchgs B ydtatdve oMpotorasosaivas or

nmetal acrylates. Exenplary conpounds listed are, di ;cr yl at es acryl ates,

di met hacigdledeeirabieperflaeropplymsss curkle srith dehaytbyracwans %’F&fso?frl% 18 cul ar
use are E‘F %ﬁﬁncg{h%%l)(bétAEiﬁ,o %&g{&%&ﬁ&qnﬁ@ﬁﬁﬁc Ofclit RE10RER ¥YmPBERls $hat 2td1C and

copper. e publicatilon S at 'such conpounds are known as commer ci al
pr oduct s natalit-diek endterotly. f or exanple, Cray Valley (formerly from Sartoner)

of Exton, nsyl.vani nited States..of j ofr ikl e,
SARETO S Tandbéigé%gt gﬁ%‘?fgoglﬁjgl}ahcrag S F‘ﬁn‘gg@%}&gzg%ﬁgﬁﬁ% odi u({:ft S are
descnkbedoRsnsihhulbond ingudRpbberdudige péfiddipAlynedhasi aeingraigenss icospositt i on
is described in U_S. Publication No. %%/8,1431%]8 Al Eor ugg ip bondihna%
FFKM nat 8PiuEPs whechearg yprsh as poadinggenss DAREREE IO VR YRTP HuBETAGS: Gty

2012/ 954%5{}1@1 éyﬁg%}%@%@%&f&%, 80t cuabldl A drY BoARG cBMpBHAYH dﬁ)abQSan. The
curative selected is el'ther capable of curing the FFKM conmpound (whi ch has

a cure sifomniapdn FFEM seatingdpnboreifestivo, b cxaplieys metablic SWidAet he curative does
not cur & hhify £ ABRUIN Nd1S0hb 530G TROAGhL BRAWAARE FRKEE BSiRhdSHd R dor

agent or tal yst "for ‘curing the epoxide resin.
20  use in harsh environments, particularly for down-hole tool use, that bond to substrates,

including, e.g., metal and polymeric inert substrates. The compositions include a curable
fluoropolymer, silica and an acrylate compound, and preferably a curing agent. The acrylates
are described as metal acrylates or combinations of differing acrylate compounds and/or metal
acrylates. Exemplary compounds listed are diacrylates, methacrylates, dimethacrylates,

25 triacrylates, and/or tetraacrylates, and of particular use are those diacrylates and methacrylates
of the heavy metals, zinc and copper. The publication notes that such compounds are known as
commercial products available from, for example, Cray Valley (formerly from Sartomer) of
Exton, Pennsylvania, United States of America (tradenames, for example, SARET® SR633 and
SARET® SR634. Such resulting FKM and FFKM products are described as self-bonding

30  materials.

[0021] An adhesive primer composition is described in U.S. Publication No. 2011/0143138

Al for use in bonding FFKM materials to a substrate. The primer composition includes a
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5[ 0022] Whi | e various prior art compounds show a continued inprovenent in
the art for increasingly better bonding agents, however, not all

envi r onmewo0ers468Re sanme. I n sem conduct or envi r onnment $CTIUSRN1G/0FB1G
particul ar need for conpositions of high bonding strength that are
heavy-nmetal free and that inprove upon the bond strength achievable from
st andard bondi ng agents and wherein such bondi ng can be nai ntai ned and
perfoini effectively 10 and consistently in high tenperature and in harsh
environments, while maintaining good bonding strength even jn the face of

t he i ner solpertus eurefiver and apERIsIde Eeib clhg qllyatfﬁeg*ﬁl-e?"iﬂé1%%%&?1‘%?3}2@}9\%9“%%5 ﬁ’ﬁ

devel ope I }éssghe g N&bLEensthe ong
bonds m?gﬁ%%%g@npgwﬁg‘%gﬁ%s ea?ﬁg?{&%@ﬁ%%%ﬁfgfﬁgyﬁg in the

sem conduohtive gres nessuratic B My obrgroubdritié REKMbcqpupomdindudes|agsesshwlfing and
particularly to netal.surfaces for . nmetals in 15doors, gates, and val ves
known i naW)élOE%ﬁ‘i‘qglé!ﬁtof%f‘mngptﬁ?)%%ﬁi%gwgrts, while still exhibiting durable
bond straabh t owhNekhridBipeiok att Sompui@Shewiangntelddiinpadvearnoin thehit forg i n
hi gh tenmperatures of 150C, 200C, 300C or hjgher. BRI EF SUMVARY OF THE

| NVENT| Orecpapingbajetrebondirgagests, prwveicaawt all FRyinst e Hy s3g&nt™ conposi ti on
which is gaej?aq,{ ; i ingvetal lic
and ot he?%ﬁ%@“ﬁg‘{?e@gﬁ an ér{s?ﬂ ittll'(t;éégfse orlall%réqeigﬁ f‘%?%g“ggggg;ﬁ?ﬁhégrgﬁ@ angg end
product s steenptiothetlare hediygmetab frpe pat hreingmoy plrpsrthe bond yusngdrachicvahle Fors

t hose encountered..in sem conductor processi nd., [ 0024] The in i I, des
a bondi n§® M%Q?CPP%ﬁg%Sr arglwhETRYG S&%E‘?%%f%c%ﬁ[rﬂ%lptgga 4&pd gf?g‘té’%%%‘!&% ﬂ|y(L;n
t 0 ajgubghd adRistislyRg hxhReaperatiid NG PMAEHSBYiroRARt, SVl Minairdogpeauind

selected fromthe group consisting of alum nymacryl ates, .sjlico
acryl at eb?n@n&ﬁmr@gﬁ%‘fewlafl@s@%aﬁforgemﬁqI}?&trF Shihet: Bfésp%)aﬂé(d“éaﬁggﬁ%‘em

conpoundipRRgy l?e%in%adé\%lo:g)%ﬁtf r 0% LR RARESE VG SUPAHNHIBM dgblRRGoRE NOr e

of epoxys, acrylates, drethanes, silicones, cyanoesters and conbi nations

t her eof . bEpbxwkicksuive yathoestleesbainert wo son-prieffeinsdd thagnigergupios pecpsdnd
enbodi nen thereis only one aof the.c u it ' -

acryl at e?hgwg?rl @gHELR rp)?ryéli‘eél,c’ Olla Stgrrrlle%(ﬁfgrrg&; %ﬂg%lfg@?}aot%?{ag%%ﬁﬁgegg}%ﬁﬂymt he
conposind db&rs adAidH, ARV A cEsyinata. in (MBeANddI064 6 BIlREskIndS26 1 WhDSADN &chibitibger , it
is preferred that a ratio, of thgrﬁ%orrlg) und .t o t he. adhesive in .tge

conposi t dBfiblesbogdstrengsh fo psrtppatealy pudtesisiing delapgipagian Q‘_h?le]é’r’?gén 18} basis,
and nor e pref.anabley 1 3BeUbdS J00°@BPHghd: 1 parts by weight. [0026]1n one
enbodi ment,” the conposition conprises about 20 to about 90 percent by 5

wei ght sol vent, preferably about 50 to about 90 percent by wei gh sol vent;

about 0.04 to about 54 parts by weight of the conpound, preferably about
1.5 to about 40 percent bysRigbtMAARREOFAMPOUNGENATNANTOSt preferably

about 1.5 to about 25 percent, b% Y,\Bl g t ﬂ%f t he conpound; ﬁng .about O3 to
about0 78 ¥t ent Thymuenigmeprayidetal qu dondiae g Sof osifigf} whisPds ¥¥4HI about
3 to abogirkf pREERMen YIRS BdHd BTt e FRANE $hatalie enPetBtsubatisedyRsd suitable
preferably about 3 to about 42 o
for use in bonded applications and end products employed in high temperature and plasma
environments, such as those encountered in semiconductor processing.
[0024] The invention includes a bonding composition for bonding a curable
25  fluoroelastomer composition to a substrate during a heat curing process, comprising a) a
compound selected from the group consisting of aluminum acrylates, silicon acrylates,
ammonia acrylates, and combinations thereof, b) an adhesive compound; and c) a solvent.
[0025] The adhesive compound may be one or more of epoxys, acrylates, urethanes,
silicones, cyanoesters and combinations thereof. Epoxys and cyanoesters are most preferred.

30 In a preferred embodiment, there is only one of the compound and it is an aluminum acrylate, a

silicon acrylate, or an ammonia acrylate, and preferably the compound is aluminum acrylate.



10 percent by weight of the adhesive conpound. [0027] The conposition is
preferably heavy-netal free. It is preferred that the solvent be conpatible
wi t h t he worpounsdssand t he adhesi ve. [0028] The sol vent me¢ThS2&100®1€©r NOr e
of the follow ng: acetone, nethyl ethyl ketone, nethyl isobutyl ketone,

met hanol , et hanol, propanol, fluorosolvents and the |ike, preferably a 15
solvent that will sufficiently dissolve the alumnuminto the bondi ng agent
solution, and other simlar materials, wherein preferably the solvent is
vapori zabl e at tenperatures of no greater than ahout 120C. %\0029 I n f
further &ntben Hanereleried thas gdppRocBRseRPeHo e adhssiye & Ge © Hﬂ%“ﬁ%j“éa out

f 1 uoroel gstoymy al‘f\mgséaté‘%% V&?%ﬁ &%P%gélilﬁ 238 it BELEHPINabb@ 185 dbout 1:1

consi sting of ceramrc, ta nmet a oys, sem conductors, polyners,
and conbipaat bpmsighher eof . |1 n anot her enbodi nent, the bondi ng conposition is

f bl b f d a.f | ast L b 1.08,
Capph r o 38 on, InriengRomad RERT DR TR OTRETL Bh Ry 7 BBt oy

pol onk umycasRdbiRest, glelsmblyabolS0m abeut 98 traicehitsswsigheblvent; about 0.04 to about
pol ytetrafl uoroet hyl ene, and conbi n%ti ons thergof. 25 OBOJé{Il Wet a further
embodi meRt parthBy Bk Athe sApperRd. orelrrablyA5an b3 &t ahsuhaY RECE OV IET SR A Mo mer

conposi t icBﬂgF&éﬂ? laﬁ(!i’ RRLr IﬁfEfcra‘%% 8538, 5ftb AR LNS REQUPLE RBEhSbf thE cOthp&SEHdaBhE ,

netal s, net oys, sem conductors, polyners and conbi nations thereof.
The f| uorbeltdstoairent arepasi by wwight ef e abhgsiemepriosed more prefprably about 3 to

fl uoroel ast oner that, has. ast, two non ) A
mononer , ARHGTEIAT L AL caBbet FE R R TR R RsPbrsf ATy e 2HaFak LS
and vpnylpegenenyf Weighi sfahe IdiRsfivkdompelmist omer conposition further preferably
al so conprises at | east one curing agent, and_optjonall t. | east .one, of a
second cuP947d ag&hg comapasyioay s Pf?ﬁeré'@]ﬁ%le?"yaw&tagﬁ@gr I%Br(‘?g”?gé]?%ghe Sf’ﬁveen?be
f1uoroel %ﬁ&gaﬁﬂ;leﬁmﬂl B é&ng&mranaeh@&dﬂeﬁa@.t two curable WO

2012/ 054685PCT/ US2011/ 057016 fl uoropol yners, wherein the at |east two

cur abl e fl0e2# opoThererlventmpythe 4 mezr mapdf theelldwvinsr anstingnmaethylbsipddictansn i s
pr ef er abl perf r opol [ GO Pt r

P B R P R FORRL B0 A S BAT SR R 01 Bkoly «
per f l180r gpBkyn@at wllnafliéitgndbdoyweahe hlpasturo o cherbamgiregpernt, solutioonand other

enbodi ment, . the curabl e perfl uoropol r 5conpr.i ses tetrafluorqgethylene, a
per f | uor GHPUF| n{ﬁtﬁrﬂl%t"ﬁé?gn BFer lﬁgﬁg‘frﬁﬂﬁ & Y:%?PB%?S*?% a%WBﬁr@hresa(ﬁgloi % ‘Y

W thin thg,saRpe1Rject he invention further to include at |east two curable
per fl uoropol ymers, which such perfluoropolyners may be combined in a blend.
[ 0031] Perlf9288r opbi 3 frether empersiment ths hondgemprpioan pesPadlrel beustipg f se a

B

at | east maelscouetal dldye, sewiemeuctotshpolystersahhdiormogniydng teergef. In another
embodiment, the bonding composition is preferably capable of bond a fluoroelastomer
composition to alumina, sapphire, boron, silicon, germanium, arsenic, antimony, tellurium,
polonium, anodized aluminum, aluminum, stainless steel, polytetrafluoroethylene, and
combinations thereof.

25  [0030] In yet a further embodiment, the bonding composition is capable of bonding a
fluoroelastomer composition to a substrate selected from the group consisting of ceramic,
metals, metal alloys, semiconductors, polymers and combinations thereof. The fluoroelastomer
composition preferably comprises a curable fluoroelastomer that has at least two monomers and
at least one curesite monomer, wherein the at least two monomers comprise tetrafluoroethylene

30  and vinylidene fluoride. The fluoroelastomer composition further preferably also comprises at

least one curing agent, and optionally at least one of a second curing agent, a co-curing agent,

and a cure accelerator. The fluoroelastomer may also comprise at least two curable
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present in the first curable perfluoropolyner in an anount of at |east
about 60 nol e percent; a second curable perfluoropol yner conprising
tetraf | uowoanteyisesse, a second perfl uoroal kyl vi nyl et her pamdSat11loemwsé¢ one
second cure site nmononer having at |east one cure site, wherein the second
curabl e perfl uoropol yner conprises fluoroplastic particles therein, and a
curing agent. 15The first curable perfluoropol yner preferably conprises at
| east 60 to 95 nol e percent tetrafl uoroethylene. [0032] The invention
further includes a nethod of bonding a fluoroel astonmer conpositj to a
subst r at 8uorepalyriess, ngiere) theraglaagh tig carably Aprarelymrsdpay Y @%%Ft i on
conpri si CUr; ; i feh&loRe
pre-for mﬂgg\?}' ﬁgﬂ%ak%ﬁp (gsrl &651{11? é%g{ab%)g %g{rl%lg?%lﬂ?lge} g&ggdt%t??l a%?lg tﬁéavi ng a
bondi ng sumbkdBiordpetyener; fudherqueferably cmprsasat loase onf caalje peifyarapblynie, ant er
surface of .the article pre-formand at | east ortion of I ng

sur f ace 8Pt‘?rf?§y§{1%§?tr°§? SUTTRY RERL o B S oS tﬁ i 8‘%&@8 %Ir‘f}]}salp%é)l?}gam%]ormound
sel ect ed chpiids h@ragluotiRiSMme] 5 béigomhllaiwnyledss, asd yi laisne surksitanonomer,
acryl ates, ammonia acryl ates, .and conbi nati ons thereof; an %1 hesi ve
conpoundéndids withis thesiope ef thegprasion hythente wotude a%{?F‘Srté\‘!% ‘Bfathe article
pre- 25 7 1dHg. conposi tion
cont actspg@qﬁ%ﬁgﬁgﬁﬁ?%%&g%%{ e %%?gp%&%#aﬂgfoﬁgﬁ%ﬁgﬁgﬁi_cl e pre-form
and the $03d1 r at RerSuorbpelemennanposstithjsée sichgmbodiments wiap gpapfies ailshenreble

bstrate to h d ing.the, fl I Wi d
The ar (1 BPgREopsRh-pBr AR dtgPi BRER LR p R A uRgnd & 280

conpogi t bR fisdukerennbrrRIRisE sllcisibee hav kitg vehefdit dreaetrafhioorehylbanded t o
the substrate. 30[0033]In the nethod, the fl uor ggl storTEé C}@HBOSi tion is
pr ef er abPiesgntpe i firsh Gerbie potiuprapehisd it FRAMOPH eI 4] PRY 2RRY MEPEERE Aer

conpri se i e, a second perfluoroalkylvinyl
2012/ 0548%3%%3%3%%57%?@%03 ]%SE%%& %?ﬂlg(?m?dr{]ge?rét hod may further
conpri se efirenmidiitiepshomeont eubsite mprohenhayieat derst erecusntita whetegpth heat
nol di ng the gurabl e fluoropolynmer ¢ It . 1 : f..L A]
subst r ot £-2n PEBles AP BE YT S E PR RS PP PlSFQ R uHAE afh
st r ucs ur Ghe\fharcaiabld freflfidrupsiomet yrobirablyg camplisast lgpsrali tald9yndepdedntt o t he
surfaces of the first and the second substrates. 5 The bonded structure
formed ofct&iEArosHYERSodi nent nmay be a | aminated structure. [0036] The

I nventi 0'?063‘2? t hetpd RGEMHARSUARRARAGEEsSE MBGHE b LoD f1861d8last@incAcSHPSdAL e
having a surface; and b) a fluoroel astomer bonded thereto, wherein the

subst r at ¢o amebstriie, ¢dmprisyes, a3 prvidingp euisblsdbrenp AN SREIDRE LIEB FPBEBTIENS AL

acryl at edtsCor RA, SEpATHEE K IRINED B R e I H B afbu MY
t her eof ; paovididpesiveracomyingboraintg surfot tendon; @ efatngbl lgast one hf gportion of
erbod rrergﬁe, o&tgresu];#ageocr)fotﬁl: grs‘[}c?enl?rre—fjéx*sm gn gtrlgalls'ijgrpg {o%sotf %%Elgdnding surface of the
substrate with a bonding composition comprising a compound selected from the group
consisting of aluminum acrylates, silicon acrylates, ammonia acrylates, and combinations
thereof; an adhesive compound; and a solvent; €) contacting the outer surface of the article pre-
25  form and the substrate surface such that the bonding composition contacts at least a portion of
the outer surface of the article pre-form and the substrate surface; and f) subjecting the article-
pre-form and the substrate to heat and curing the fluoropolymer composition so as to bond the
article pre-form to the substrate surface by way of the bonding composition and form a bonded
structure having a fluoroelastomer bonded to the substrate.
30 [0033] In the method, the fluoroelastomer composition is preferably a perfluoroelastomer
composition.

[0034] The method may further comprise g) post-curing the bonded structure.
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BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NE S) [0037] The
foregoing summary, as well as the follow ng detail ed description of

pref erredvertbodiswasst s of the invention, will be better woaarsseoosroven read
in conjunction with the 15appended draw ngs. For the purpose of
illustrating the invention, there is shown in the draw ngs enbodimerits
which are presently preferred. It should be understood, however, that the
invention is not limted to the precise arrangenents and instrunmentalities

shown. In the drawings: [0038]Fig. 1 is a longitudinal cross-sectional side
\[/i ew of #036hnda¥tep b) ¢fithe mlethoddpey furhREFPIIDHE PrY finAE sacond spbytfaly haying a
0039]Fig. 2 is.an i t i Fi ; d
{00401 i §riGeiede I EFbHARHoRA & Bubic Aot aRIY (O the e o R el
bonded wiikdiisobsaragr ddve thetsarfatcaof thEFAlohEBuBESERD FTHIOND Ol T IHEu¢ INENTIEGN the

25[ 0041] The i nvention herein provid heavy- | f £
2 e csmarsa mineT ey Sata, BeliRNG TPLE i G BETEpYT gy itks ™
condi § i 0Rge bhERIRISHARAN Brh6@ BT §IRARA Aibét Bn @ Aty the@amiratddatsbuand
hi gh-tenperature environments, even for highly inert fJuoroelgﬁ%éqp% .
#1§ "PHEB ude

conposi t (6] | nTlseinyesisgfertor iagpdesceang SUrGRRHG GOBHEISISh2kh

interior walds [ f f i zed
aIuninunﬁS?ﬁ%x%gﬁgﬁﬁgﬂggggﬁ%ggff?%%%gﬁgig?ﬁvh%?%&ﬁﬁgﬁghgfFgﬂggtond to a
subst r at €lustiefanend: are fdnded behdshdine compGi RO IS IHESPOTNRISR BeleosH dipe:

conposi tions capabl e of t hst andi har.sh ' ts._and,high
t enper at (e PHR EYSELES Og\é\fé‘ﬁnm ACTHECS F‘Ej‘%?rbgﬁr}g {eg’rr:ag’i%gﬂ%% %gry g}% Mg

cont gt . LRBARLTREMERYE AR ia8ResHbndRENE dhdW d30Rdi. NBrefaaplgsh tiioambodmert, hod
for use in various high-tenperature and/or harsh environnments (such as

seni condtiest deorpelagesst ing)per apRlpitemSexcel | ent bondi ng strength of
fluoroel astoners, including perfluoroel astoners, to substrates and

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[0037] The foregoing summary, as well as the following detailed description of preferred

embodiments of the invention, will be better understood when read in conjunction with the
15  appended drawings. For the purpose of illustrating the invention, there is shown in the
drawings embodiments which are presently preferred. It should be understood, however, that
the invention is not limited to the precise arrangements and instrumentalities shown. In the
drawings:
[0038] Fig. 1 is a longitudinal cross-sectional side view of a standard slit valve door taken
20  along line A-A of Fig. 3;
[0039] Fig. 2 is an enlarged portion of the slit valve door of Fig. 1; and
[0040] Fig. 3 is a top plan view of a standard slit valve door having a seal bonded within a

groove therein.

DETAILED DESCRIPTION OF THE INVENTION
25  [0041] The invention herein provides a heavy-metal free compound that may be used for

bonding fluoroelastomers to substrates in a variety of conditions from standard room
temperature conditions to harsh and high-temperature environments, even for highly inert
fluoroelastomer compositions. In semiconductor applications, many reaction chambers include
interior walls, doors and other surfaces of, for example, anodized aluminum. The bonding

30  compositions herein, provide a strong bond to a substrate surface for fluoroelastomer



in a predictable manner. The resulting fluoroel astoner conpositions when
bonded to a surface by the bondi ng agents herein denonstrate excell ent
bondi ng swoenptds4@nd form a bond during curing of a cur&brastémosopel yrer
and retain good physical properties. The resulting conmpositions can provide
bonded structures in which the el astoner conponent is benign 10enough for
use in sem conductor applications, wherein such structures can include
parts used in processing equi pnment, |am nates, and other structures having
a surface with the el astoner conpositions bonded thereto. [0043] The

i nvent i oroppesiticesapatils glivdhssenidnaprapaniroaspEsnd Pien IWRPEATSPIGSETS: S
FKM angvhlgggwMoggqus&(%g&qggg%%}yﬁg@cwm_ to other FKMs, FFKMs, netallic
substrates, an able fo

and ot her sul r use in bonded applications and end
pr oduct s [G0ap| Oy eThd invdiitiph pt@riperataw eoraling @inagrsiioarmnid mmtireinios usesio ¢hrigws

t hose encountered in sem conductor processing. [0044] The invention.includes
a bondi nglggléﬁﬁ‘Bgria{“ir%ﬁn‘?Brrh% ﬂvﬁﬁnlgg’&tﬁg%ﬁés ??rﬂ%%‘gc Osrtp(rjorrcg?snégg}tréﬁggalbth?on to
a subst r gt &1dHoAEInR sheRkth GY LB RELARES inchitlthdigdrigoroalstameapoubsiraed act ed
fromthe group consisting of alum num acrzl ates, silicon acryl ates,

20anmoni i aprefictabismanrl. dbabisHEmEdheradnskaRs copwpsiipnuibrasiapdet Bnbatifge
and (C) 8, 301 ¥fe 0B ALEALIBANAIE KCRAVBRH e (iRthet AL THmRAROYRI duSAS Ul

as ad e “conpositions herein I nclude alumnum acryl ates, silicon
acryl at esyrisgofnéuaatsde flybapelymeandd ctabignad ploysscal hepenifes. TheregeltipEat e

portion of such alum nu crylates, silicpn acrylates and ammpia.acryl ates
may be aﬁo‘ﬁe?iﬂl‘%ﬁsé,anQFP"E%%IP&S&VI‘C&WS? =0 d lﬁhgiéer%i?%%rp?rncé)fn é)&nggﬁg%&é%? yl at e.
It i $0Pr eh&ighedr & ih Rathicohudde apbRtRiohs WHigeis eiROMUNPRIréscanigclade @arts used in
nonoacryl ate, a diacrylate or a triacrylate, however, chai,ﬂ ol yneric

acryl at esrosassing epineenislapinaggsogidiethen fracures hiving g fagH WL Mt S 1ASIRBFY er e

wth inc ] npound into the curable FKM or FFKM The
acryl at e%{)IEIBB%{l%xﬁem}Oglgf%/&gre?%no-, di-, tri-acrylate and the |ike. Such

product s [@t3] be Tisedventthingiravidéd ligrid bondingbgmatPonesiti@owhiob 46334 on FKM
preferred se .conpoun IS al.um pu I . 1.num
triacryl &’E‘g?Fg’@/fwoidlfdg%%ergl?ﬁ‘ﬁs%&ﬁﬁg Sﬁeﬁgﬁ)&y LF r?%g/(lzsl(’ y e?aghé;%l 4 U%B%]ttgn{%sé alt;

CAS 3357434 2@itabld @Y usindonBéEsppliastioneiaghend prodbow empth3ed #) hiigh tqmefranreethdand
may be a commercial conpound or WD 2012/ 054685PCT/ US2011/ 057016 conpound
synt hesi PESTRHRVigRBeREMSEch a5 GPFRANSOMIETENPL BqUEs DY BICOEREST Y commer ci al

conpound i | aby & i Rl GRFMohthAsddidt Leursb d as Cray
Val | ey(r?oﬁﬁiducﬂ%até%é%gﬁaggc;ﬁ%{)l 1e ron% gy Val | eyr%tCor%any I nc. of

Ext on” PA fluanlatcencavainpaitien fo osmbalrita dadsar heat crripgperces2oobding(a) 8 al so
v ) SobGEERLEP  D0e GL AR P e Stbensypotpounds
wel | 20N sHehorda 6@YRAS] driduonithyatioas teess, (b) av hdiedivo engipmgnds tné (r) alsobvedt.
perfol rmrf(():()e45?r © %lllje]: g(i)ncdiir?gnécln){poru?lhgss ?a%,d noted above, useful as additives in the compositions
herein include aluminum acrylates, silicon acrylates, ammonia acrylates, and combinations
thereof. The acrylate portion of such aluminum acrylates, silicon acrylates and ammonia
acrylates may be an acrylate, an alkyl acrylate, or a perfluorinated alkyl acrylate. It is preferred
25  that the acrylate in the compounds is one of a monoacrylate, a diacrylate or a triacrylate,
however, chain polymeric acrylates may also be used, provided the chain length does not
interfere with incorporation of the compound into the curable FKM or FFKM. The acrylate is
- preferably a mono-, di-, tri-acrylate and the like. Such products can be used individually or in
combinations.
30 [0046] Most preferred of these compounds is aluminum acrylate (also known as aluminum

triacrylate, acrylic acid aluminum salt, and triacrylic acid aluminum salt; CAS 315743-20-1

having a molecular weight of about 243.17) is preferred and may be a commercial compound or
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100471The adhesive conmpound (b) may be any suitable adhesive that is
capabl e of el astoner bonding. There are a wde variety of such materials
avai | abl ewaerrdi20smeser ci al |y sold 10 in industry as el ast @cgnsesiosber
adhesives and can be any one of a nunber of materials, including one or
nore of epoxys, acryl ates, urethanes, silicones, cyanoesters and

conbi nations thereof. The materials may be used as a standal one adhesi ve
polymeric material to be incorporated into a solvent-based fornulation to
whi ch the compound (a) is added, or may be purchased as a sol vent-based

formul at i.RpERIBhHedrédnANR Eibligal fornfil PAGEH LEHODO) 3.t Brxemplaly chmnidiéial
conpound (aB) may be incorporated. Preferably, such adhesive conpound

mat eri al ch@pkiaayAlabHempBsdh @k ek dembentapablige abldertiayyaflby®Pealast oner s
or perfluoroel astonmers or fluoroplastics. Suitable adhesjve cogﬁgufndség%e
M ASF4A

avai | abl ERO-8#2Dprslshie Bun Corp Yrdey eompa eedldidon binawt! RavH

and Dyna%%"s;%sﬁgoégcﬁg%b%-.m?isla ta%ﬁil?%%’rﬂgﬁ Sed B 2%l ARLE dchy1REeRaiRd

sol vent - base ormmul ati1 ons, and 1 nclude other polyneric hardener '
20addbt i vese teupdurds apheafeiicd, phérymeesals of y signiac claonipdlappirg dlay perfamaell ithe

i ke) and formul ation addjtives as. | (other solvent i am ' he
like for SPHEEFURASING M 1és[efibﬁ>rpy1£l\§ﬂ>8%¥m%§ Eneh 985" %gg%\llcgtairé]%,%ﬁ%\@ﬂﬂ};

pr ot ecti Q&ainkdneol ogy or viscosity nodification as is known in the art).
100481The conpound (a) and the adhesi ve conpaound (b) .ar referably used in
a ratio d9047he cBrepasthseive sompeunddhbary 8¢ PRy ?‘HB‘bgbﬁ?gﬁgYT &GEISSPW&’E%%g 0.1:25
to about g i ' 00 QRS SrateRR TR 1 PLRI @ndhltiaBh eyl
1:5to ago?aafm%?%&g%r%(’s)ﬁﬁ?ga% %ﬁ’?ﬁ %8%%90{:% %ﬁhi ng aagent conposi trign,? t he
mat enDal sn axdestpy &f @asadrhgr axddielobr sdhashvat andeansted anarneiod agbober ometerialbout 90

percent b i ght of the conposition, an ref.erably abo t 0
per cent b’éﬁl‘\\’;@flgﬂ?e SimPPL B s?c[r?/lgﬂe's, ufﬁtg‘aceosrrsplolﬁ%n 5% aﬁ?egﬁeér%glc% a %%%ong' 04
t o about tadedTarmhs niterivdd SAY be WBdEaspr iRl Ydiabdutpolymiericanabtaitto 46 per cent
by wei ght, and nost preferably 30 about 1. ‘510 about 25 Qe.r cggt b}/ weibght.
The adhedpaperaaiapaiing sPLeprased fsmylatiordewpichihe fompgynd (a) is added, of may

2012/ 0 54%%?‘%@9&"@%@%?\{6951?&%@ f@r%%fop%%nﬁ&p&é{%ll?’ ab £1a8RAH % pf&aRAroARAL tobyhich

wei ght o e conposition, nore preferably about 3 to about 67 percent by
wei ght, amdcampstung(@®frexabd incatporatedd Rrofezabdyitsudpadhspive apmpyungengfpial is known
[ 0050] The sol vent be_a.one..or .nor I iqng. met hyl
et hyl ket%ﬁ%r,no?r@]faﬁe&quibg 86%%1% APeRE ﬁur?%%%%s?]%?%rgg% ﬁ%@%ﬁfoeg‘%?%%% " or ot her
simlar gr@aiilatissl wenblamihesivatempdinde peiavaipaleé &oabDyndoh &3 8lol arpntatips),
vapori zahl e at tenperatures_of no greater t 120C te that, the
sol vent (d@gesorp, é‘ﬁﬁ??dﬁ?rﬁ?ffl% Eh%]rsélg‘ﬁ aﬁﬁ@ yﬁ‘éméggllqgﬁg ?%T'ot%_ﬁ‘g ilat%:lg RTRARIS AT f
sol vent s., Gl 140s RS9LYRA So1UBY-baliGoRBuIHESHE, SiCRcRTe bihdppolpatadhaatyent s,
such as, Fluorinerte FC-40, FC 75 and FC- 77, provi ded such_sol vents are

used 2Pn  addtives(sutings phennloe polmaes: styfraiqs Ylrgardpetry At the bikehendslorpulghpe h
they are a%ﬁf?gfleg % \fl%‘lgg\(g%%]sljﬁfreg ,e&igpl!iﬁés ahﬁﬁaeﬁﬁJerSP}%reEé?% L ediSpaiiizafbent to

provi de a Tigui e corr%om tion, however, the solvent may be kept |ow
for vari auiscibgagaokatingl UVierateripasitcbmgy worscadfityanphftaionenss lgtoancip the art).

desired. The solvent may be about 2Q to about 9 ercen over.al | wei ght
of "the cdMUBNT <1 RC corPaiel Brbibr hastseosa s dhatn Patrty Becs Byt Ot
[0052] Thg. canpAsits @it dddeRvEihabbipieadyofmoal 0.1 26eto dbbut B1 pas By tveikht hat
the sol vent be 15 conpatible with the conmpound and the adhesive. Additives

may B proma dedasie andendyemeingblibaut beipakailonparishy tRigtg st andard FFKM
or [FKM aqpgsve P&@@{&an%%ﬁmo”r%gosmo@l,eﬁ]fem%wsr.egﬂ%ﬁablsﬁe%ddé@sé ROIRSoRAEDN
d eri y oI

additive 0 not ma act performance in a negative manner, such
as, for axappite) teohpl DO gergartsyeigbiheshoromppaitiine psd peitraily sbeut S0ue abouies,
co- 90 percent by weight of the composition. The compound is preferably about 0.04 to about 54
parts by weight, more preferably about 1.5 to about 40 percent by weight, and most preferably

30  about 1.5 to about 25 percent by weight. The adhesive compound is preferably present in an
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curtives, cure accelerators, thixotropic or rheol ogical additives,
addi ti onal bondi ng agents, 20silanes, including al koxy silanes and
derivati Wwee 20ipd5ef, as are known in the art and/or sol e#cCrars2us®swité h such
conpounds (see U.S. Publication No. 2011/0143138 Al, incorporated by
reference in relevant part herein), or may include further additives
suitable for use in FFKM or FKM conpositions, including those listed in
this disclosure below Preferably such additives conprise no greater than
about 30 percent by weight of the bondi n? a%ent con,Position, ZS&rXefber bly
no great emonniaf ahp tozbowe] Syprrogee by 8steht ahidre seBPOHHE eRAB Py LeiBBlabau o
about 10 i . I L i osition
Ty Do ar Lo PR BB A T T R B e os
whi ch ar ¢0050¢d | Thehmi whemag beiaroomonentsofsthe follsvisgrmcetond undtby! gthrd &etose.ng.

The curabl e fl uoroppl yners be standard .non-,perfl.uorinate .

f1 uor opo 450 EWE/E?‘%%% rﬁﬁjﬁﬁ%h nPﬁpfquém%}rotr oo per Sfﬁag}p)coﬁ%‘%egtr gae EEI%\/B) ,
whi chsar g1Rles9plefQublyitie dohendistvapizablecat M8 Ser£AFWIA nb @Featts ¢hdnmbout 120°C.

sem conduct or processing applications, Standard FKM pal yners in accofr dance

with el adtosnihet heselvertased & cralqsiimgnts 9erﬁma§épe pblead o er combination o
2012/ 054Q8RECI/ g@%\%%@é&% A1 JRRQ IRl o ARG Wivehs | Bl kueniated, and

preferably a rch are“fluorinated to sone degree, wWith at |east one
cur esi t e Ftb#HEr-75 and BES 7, provided an¢lred yeots ard heedain alwasts thaislomohbaracsthe
general ly include tet raifl uor og} %ene |%ndd.vi nyl i dene fluoride, but may

i ncl ude RSHUGEPROSNEPIFES bt K HBRofE e

e f1 uor oel ast oner conposition

may abso [§¢E1l] udepRterhiifsthe 810k bntRE: i3 gefficieht toajrovide a digatd fovafblainder goi ng a
crosslinking reaction with a functional %gup in the curesite rmnoms.rgs).
[ 0054] SuEAMBEYHPh GoBEHFoLICtPbITat BRRDT kers KT EFoBS e AL teggmposiio

f1uoroel gﬁ%r? eL 8%‘?@&%&&&99 ?fsiegﬁéd | Tyed slbqj@engﬂlra?l% Gbbiltwore B@éﬂﬁ %rp%rcteﬁta&y cure

to form uor astoners. a fluoroel astoner conposition typically
i ncl udes oserallvadigte of theoroomokiivey motegirefeeablnabaue 48 to abaut 9O pereerdbervecigiid at

unct i ond03 oup Ee RBRRTI R P Rege Py heFnGHea] bhE TR PR o SRARLKE

function oup 0SS- I vvoero € nononers are
pr ef esabloympetiblaflithahe eshydeiiend i adheyibée.dadéitiivbimey de prdvidedad trerbdngiigcal

nononers may be used in addition tqQ _these or. form,hg a variety of
fluor opolaﬁ%@m&’ﬁ%}ﬁﬂnaiIHCIP‘iiu‘@géYanla“f‘ﬁgkl\ﬁﬁéF g\é\fa eﬁﬁlﬁg’oe 8§?Ifti°6ﬂ&r?gy be
radi ati oRafRRSldatkRPLS1E o8 rch‘hSAddnK@g 16 nbEMERARBY irkBHcOBEH b rARACSHMEnBNSTEM

wherein a curing agent(s) is/are added that is capable of reacting with a

f unct i onahangen gpch 3, fiexeuplestaveling aganis, adigstongrampiers, setalysEsqurgheso- a
second curing agent Q- CHUr - A LUl 2. LdS)s, may be
enpl oyed CHEIVE e alci%gl%alg%r(%’rtggoggP%qrfg?ﬁeé)(l)%%g ?éqlg}’]&n%(gdlﬁg@gbgﬁ%%g% e S(’:ur abl e
f | uonopolsyames, Meludingaiitixyailaods aafl dativdtoas thetaud, asurakievi inutbe apehd/mesadd famn

the formof, for exanple, r bl en sition or,alloy.
20[ 0055] e MG SHeED GQIHE‘%H“&H ?segﬂ.%?&bgsg&n%?%@ﬁ} Oﬁ 23 ﬁ%%ﬁdﬁ%ﬂ%%treg b

per f | uor QPRIALE [iSrel dVafQPPARIdih P BS a9 indhed foithér ddagiveoBeliaby: fagest ia HR&ion,
whi ch have not yet been subjected to crosslinki n%ﬁéeactl ons_in an

subst ant iFMdegesitisns inalting these Hetedin this disclogyre rlews tﬁ%‘@ff?réblé{r‘ﬂl?}yg%‘ii‘éfd for
B T S -,
opt i asal Ipyeferblyuttegradtei thao nhbutloleigiulpgrrens andmokeprdterdbikgabout 0 to about 10
weight percent.
[0053] The curable fluoropolymer in the composition may be any suitable fluoropolymer,
including those preferred compositions which are used in harsher environments such as
semiconductor processing. The curable fluoropolymers may be standard non-perfluorinated
30  fluoropolymers (FKMs) as are known in the art or perfluoropolymers (FFKMs), which are also

known in the art and are more common for use in semiconductor processing applications.

Standard FKM polymers in accordance with elastomer nomenclature, typically have at least
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conpositions or grafted/copol ynerized conpositions as noted above. Further,
t he pol yner backbones may include a variety of curesite nononer(s) along

t he chai rwoaoprisyésde one or nore different functional gPOUAS2610/057016
crosslinking. The conpositions may al so include curing agents and co-curing
agents and/ or accelerators to assist in the cross-linking reactions. 30

[ 0057] One or nore curable fluoropol ynmers or perfluoroel astoners may be
present in such conpositions. Such polynmers are thensel ves foined by

pol ymeri zi ng or co-polynerizing one or npre_fluorinated nmononers. In
per f | uor bpeipremsTs, erroiorhigh %WWGOW%F@&P%%H@Y’EICh\?\B fucrinated to some

2012/ 054%@&1@%1%%&%9&7 cgﬁgseﬁrxﬁorfb;ﬁ{% Us€ S vi1Cari #Th ! T8 ROINITRR o MGRDIHRHS

t echni ques®knrown e art irec ol ymeri zation, enulsion polymerjzation
and/ or f geecralhginchide itatiafuatoethyjrme yne virghderenludrise éhut polyyingdpile avienyaristyeof)

can be used to form such, pol rs. [0058].In the cas f d

f | uor opolPH e PONPRE St FIS’B:}B’[S’B‘? PO ml;r)’85418? Hed aE)Sf/) ! (ﬁ%%i %/tﬁeear%% gj{l]encgﬁltql\%g egt

nor e ﬁvn@mﬁssaap%@foeﬁﬁdﬁrg/oiﬁ?e cfssIMkiigdrehStidnl widli b Aaiceiond rerqeyrihlthwoeiresteed,
such as , for exanple tetrafluoroethylene (TFE), vinylidene fluoride (VF2),
hexaf | uomspespYisene (HFP), and at | east one nonomers which is a cure site

monomner t[@éfgiﬁ” m éuﬁ(l;ngo'nﬁgl dorBosiBbnd £83teRRQ 5 HLRNABPLNARE Kifofel280hiee

nonomner . uor oel astomer conposition as described herein may include any
sui t abl e cemansitions thatriatibée ¢uralge debapobmears thaf ¢ure tofeohyniiyqreglastgmeskfyich a

capabl e being cured tao.forma.fluoropel ast nd. on i.ng

agent s aglfuﬂé%e ?“6%6& CREPE§IHOR ES?&%BVé%C?% esgtﬁufaggie %uoégl?og & tlé%\%ag}?%%? %ggv:{)yrrer s

i ncl yge thaoencsPid 4ner odehRrdsitadenoaine Wieesinflanbes{P4ohoned bk a RAGTe

P959/ 30M avail abl e from Sol vay. Sol exis, S.p.A Italy. O her s gl i ers of

such mat dwciiosalgreuiDig nermitcrssdinkings Atlegshio WH%BWPO%SW %P‘i‘féerrg@' on),

M nnesot %étr%ﬁgfé%tﬂ IT%QQ/tin ReNCARHER, ButdiR M Peal hrﬁﬁlomegeﬂn@%@é 8sedafong 15
pyo ac

ot hers. Suc ynmers dre not ful [y fluorinated on the kbone of the
pol yner . adbigipnnmshess o fonddrudeg a varety ef flueopslynieesy lnoas: igdke#t-bdg herei n,

i ncl udi ng, nano- si zed fl uar.opol rs, [l 005! I hj Lgatd
"perf uoglﬁ‘é?f%g SEIRYCOBIPosIEY glc'ilg’%ge rr??lﬂ%?nocé?;és?ﬁ%éri’gggr %ﬁ?stggiégo(%?ﬁ%%%g@éh%ﬂgh
i ndi qat ed, cukd§ylstigieshaRih courag doketids)deh@siddetthiacis rapabid af reartingoniposi ti on

that is fornmed by curing curable fluoropol y@;raﬁjg whi ¢ arenﬁurabl e
per f | uor dpeAtipral JreyP i8R CHESEHBOBIR a@iﬁ%’nﬁ of B?td’ﬁl&ogﬁé?%o U RR 28R bl e
per Tl uorqglasihe qg&{(t,carﬁi%m%iré 5&@1%@1&%9%&3% Q851618 as[ WK O flobédt@mer

e

per f 1 uor opol yner sonetinmes referr toin the art as a

" per f | uorcoeipasitioneray have memaleagmatdp flieropplymsr ope pembisnig ot first tWQUIPLE hat
may be used to.form.a.cu ef fl I I : rial
1% SRR SRR REF] SR SRLOT st el apaliRe

that is y conplete I's preferably '
conphet eljgogmr f | The ictat Edncned’ts “pakykEriter batkdopaymets oazipetflupeopolymers in

25under st ood, based on thjs disclosure, .that so resi dual. _hydrogen, may be
present icﬁng’Gﬁ’é‘OB%%F IuEFbY"Hl% s C@%ﬁ]’gsag\ﬂ“ts (e H@“@?%%Vg Irﬁoﬂ%% b8?1¥ flh%%ged o

mat eri al g g4BnkiAg HeLtids iH)éﬂ{f] QQRMnES] Rafde NEh hal tRGhiteNAls S5t0s hiffikiendy
group. Cured materials, such as perfluoroel astoners are cross-Iinked

pol ymer i custd fiee theristond¢domplitatiea. cur abl e perfluoropol yners that are used in
the {1 uor 4ol @St OFRL LG, CRTBRS! I ANS:or DU ARG REREHEET or e with th

perfl uor o[ astonmeric conpositions to ured perfluoroel astoners upon
cur e 25ar echdingegeiy hpeinymey baicglighelode additenpesuch polyimeat wdlenshbker s, one
g:c t \g“ chf.‘:osg}p%;igifogsr ?ﬁ%ft%ﬁ%{oﬁ%ﬁ%ﬁ;’gﬁ%&%&ﬂﬁs z?sir}o?ed%%ggge ﬁurrt]%\rl,i 19 pglym%w €
backbones may include a variety of curesite monomer(s) along the chain to provide one or more
different functional groups for crosslinking. The compositions may also include curing agents
and co-curing agents and/or accelerators to assist in the cross-linking reactions.
30  [0057] One or more curable fluoropolymers or perfluoroelastomers may be present in such
compositions. Such polymers are themselves formed by polymerizing or co-polymerizing one

or more fluorinated monomers. In perfluoropolymers, one or more perfluorinated monomers
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WO 2012/ 054685PCT/ US2011/ 057016 to permt curing, wherein the functional
group includes a reactive group that nmay not be perfluorinated. Two or nore
per f | uor opolzgmassessand preferably at | east one curati vePCTIS2og/oament ), are
conbi ned herein in a conposition that is then cured formng the resulting
crosslinked, cured fluoroelastoneric conpositions, and preferably

per fl uoroel astoneri c 5conpositions as described herein. [0062] As used
herein, the curable fluorine-containing elastoneric conpositions may be
perfluoroelastonerlc conpositjons which are bIe ded an

conposi t PERPLYBeIESE 9 FUM tf‘@vB"W%oVé“%‘&f‘rtﬁﬂlméqhﬁé PHBID rn(r&rgc each of
which is %ﬁ'{éﬁ at!?c}ﬁ Qﬂhlé%rﬂ&yrﬂglia%n Qhd/BPfE Ralchi MQfa’tdW&ﬁnMﬂB’ﬁrlﬁtex
e

|nclud|n ast one perfluorinated nononer which has at |east one
10funct|pnhhmgmmmplé@dn@nbcue%“@ébmmwudmm%wn@ﬁg, i.e. there is at |east one

cure sit Such urable ridy r
referr ed?ngggeﬁéﬁ y 89 ?ﬁ%ﬁgarflﬁﬁgf:o o%ﬁ) C%X%%W%wé&%aﬁlb%afﬁng‘% aridar di zed
Testi pg ﬁ@lyﬁﬁﬁﬁn(gt‘i&ﬂﬂr nfdra pdas ace prefarbiig onelef whichiiofisoraratedas pdefborinked,

e

further rein 0063 referred odi ne ei,n e f I uor opol yner
conposi t B¢ 353 ?)rr%‘ia L@oqegra%quﬁgy FIP% oV engglﬁﬁ{jg? havi ng at | east

one cura 2]3)?'&91%?5 %QW Fand 3P fa@Rink ANFHomerihilcB 364 138 €it€ thohBfleP@Rtmitl N
one enbodi nent curab e perfluoropolymer is formed so as to include

t et r af | uonceg, iyl edmst anqofélrdrbmdmaﬂlkyllrvﬁmemmr Apfierraelastamer CIPROSHINES| t e
nmononer .

d
above, s &SWHQS‘E Pﬁregl rBflgl:{lgRlde ag Pul Yot s%) aYMrgblgﬁMmQ)@la'sﬂaﬁ%hQ%@I’d:pglﬁer@?t €

oral nposi t
20[ 0064] RekM)wapapobyveriig aﬁemmsﬂ‘ohn&rfmdraselmheremhbmcrmnmge nmyng:@gqntsr aee a

first curable perfl uoropolyne r|s g%%%¥£ﬁafl roeth¥le%% 4] L der

perfluoré%%%@?@?ﬁ?FleFﬁ%?P%ﬁﬂ %Em' lesupa ‘§F°B yResipey %%ﬁ%¥) Ai%hg
at | east yane, fUlafeStdcRoIMIE (12157, P, 1Pe57 afdsypeetRyilMe b Iasesdletis) t he
first curable perfluoropolymer in an anount of at | east about 60 nple

per cent ; Sep-8edwhd @tlmeampehprerotf sudymperiglrere Raikipy Indusies: &nras Prsogethd | ene,
a second Rerd | o Oﬁ Vs Wla 2P IR E'xt B0 Abuls 8@ ThnfHARy, IBE Oﬁgla%fee adbhg

nonomner ha&?%g ohe cure si wherein the second’ curab
per f llsor epary mchmrpOWGrﬁ hteatod ﬁllasﬁmcmqawdtqndhebaqkhemmﬁthe aﬂldn@r clihésng

agent. The first c rable erf.l uor opol . prefer conpr. 60
R oo05 moMe Rt aoPary ob ARy e eab R e et SETR SRR pdiRa
cont enpl gh@sbias Wk LdIntRS afFIRRBOR " Eﬂlﬁlofd@%@fﬂnh@ﬂoﬁ‘ﬂﬂrd&lﬁiﬂlthomblbhom&é’

bondi ng conposrtlon herei n. 30[ 0065] As used herei n, erfluoro y mel i
(whi ch i nolagelethenpispiidinstedsinghideneny (agdbl ‘aorﬁeﬂﬁﬁerle’a?ﬂwgﬁﬁ r Qo éﬁ ogdhatis

| o S al
terpo yn%éﬁnedtb?b{lﬂﬂ% 'iesﬂ@cﬂg?('ﬂ%}grer( )k\%mh %reacu%ﬂlé’ H@'ﬁh@r ?)QW § SRR ok At O

i ncl udes "a cur uor opol y orne pol ynerizing two or nore
2012&054&8&8@15@&2@%«51@5@&116 theqirihlo pﬁnﬁhlpmlasmm@ﬁmr@mnoﬁﬂélpmﬁl%grﬂéﬁd heaeint

one per | oy nat ed. moporer(hat has 2l Least, RRE G @G ovp to permi

curing,
“perfluoroelastomer” or more appropriately a “perfluoroelastomer gum”) that may be used to

form a cured perfluoroelastomer is a fluoropolymer material that is substantially completely
fluorinated, which is preferably completely perfluorinated on its polymeric backbone. It will be
25  understood, based on this disclosure, that some residual hydrogen may be present in some
perfluoroelastomers within the crosslinks of those materials due to use of hydrogen as part of a
functional crosslinking group. Cured materials, such as perfluoroelastomers are cross-linked
polymeric structures.
[0061] The curable perfluoropolymers that are used in the fluoroelastomeric compositions,
30  such as the preferred perfluoroelastomeric compositions to form cured perfluoroelastomers
upon cure, are formed by polymerizing one or more perfluorinated monomers, one of which is

preferably a perfluorinated cure site monomer having a “cure site,” which is a functional group

14



[ 0066] Such perfl uoroel astoneric conpositions preferably include two or nore
curabl e perfluoropol yners, preferably perfluoro-copolyners, at |east one of
whi ch perwburorxsadsgner s 5has a hi gh content of tetrafl uecoashylionmi¢ TFE)
for high tenmperature use. Qher suitable co- nononmers may include other

et hyl eni cal |y unsaturated fluoronononers. Wile both polyners preferably
have TFE or another simlar perfluorinated ol efin nononer, at |east one is
a high- TFE perfluoropol yner. Each polynmer also preferably has one or nore
perfl uoroal kyl vinyl ethers (PAVEs), which include alkyl or al koxy_ groups
that nay tdperstirairgst whereiyrthn Bmetdonsh grovp inglpdes arsgetyr SeouPTbtyBYY RURE!

| i nkages er.ei.n,preferre e, ik , a
pert 1 o BALRYTEThyt Ferh Rt By obBlmlRE SAERRIAUIDE G ane BiraBICIER R
per f | uor ags@p utevdombinet Heegin (PPYEpposdde thaois dat ducedyfermiplg tiet feewltiapd ot her

simlar conpounds, w Lh especi all referred PAVEsS, bei ng PWE, PEVE and
PPVE, anﬁr%ﬂ&kegﬂr“é‘tr?\gr é“é‘HO‘H orge Wfi‘tb“r?spar"g\ﬂrﬁtggabg'x%eéﬁ\’%rg%{aﬁgrgﬁ%%i cal
strengt h tQ,b884stdsBs@bkd Gk, fom ed fromcuring 15 the curable
conpositions herein. The PAVEsS nmay be used al one or in_conbinations of the

above- no62PAVEAS yrdsherdin.fihncurhele dupBpE-6OaINII RIPBIARATP OAIETF FaY KE
e onet & R Bl IRl 0R0 R AN EAhAR dif S olrBikTSHBbG ibnioblled fiEm
"Hed Kerern. |0 ]E:u b f

i nventi oR“as destr re site mononers may be of a variety
of types twbbhmorefietblegedlbepelngss, ratied! WhickiinforRedbe polytheviging typ topgore

preferably are thgse havin ni trogen-containin rou h ver, 20 ot her
cure sit éveg}ugﬁlﬁgteg RONORETSH %@g atggagh%%e, peéﬁl&?ﬂr@gﬁdg‘g?ﬁffmeérwgﬁ%g’ﬁasoag 1?east one
hal ogg natﬁ@tﬁﬁﬁ‘%&ﬂ"@ﬁf&@t’e) & [brmiticQfhE.cOtheRy i@t REst@Be BBlelsitasnddbher. Sunhe
sites known in the art nmay also be used, particularly since additional

cur abl e perablagsrdpubyotEmsr m@WﬁH afhdsq qu@feda{ﬁ(geggelé}ﬁep EE s Ms|ig accordance w.ith
per 1 Uor GROLYITRE S N4, 0d PUHEAaliodd Qshdaked GRS RQHERTOhY and'ky | €

;
the di scl'OsUre herern %I scusses~a vari rekt%y of " preferred curatives (al so
r ef err ed described éirtheadeeimossl i nki ng agents, 25curing agents), when

addi ti ona re sites.kngwn.in. the art are,used,. other curati.y are
capabl e 6%0 ri ng SRIEHT 8t681bﬁ§1t“i‘?}’gh8’ﬁ%%§ fEzopdiymg) O Ogltll?;slésds Isef—et(g%a
exanpke, JRffaRbgol REEVEnIRsHdE Bdviay halehit@fe an@bRetlifabpol pacirayd bsticnakylawi t h
hal ogenat ed functional cure site groups. It is st preferretd that both the
first andeashensagwgdsper i geg @Bmcgw% therrarabdePHP P ™MEs it 'AIRThY BdPe

sites 30]; - | t RRLrdAREmohbBer.

i ndustry lgégg(gépt?ggﬁﬂgé)%ﬁ? %aédr?%%mgg%%@f/%g%ﬁgﬁdoaﬁe@%(% sted as an FFKM i n
ASTM V- 148> 65maredural@perilyotioeelyfrers maahpinsormosstpdismasedaboves sch ap 3/ mer s
of TFE, PAVE, aa%%%havlf one or.nore perfluorinated cure site WO

2012/ 0545%%5(:‘%? 814950 HRoner s that each incorporate a functional

groupot o [peg4yi t  PE@mSrdpohRkiddomboditiendiarspdl stnesdimants hegsonmpnise afirscbchld s a
cure site capable of being cured by the cure systens d. i he practice
of the i MPEHISRPIYIOUEIOEHTE tﬁ%@%@é@?ﬂé@?&% at ﬂ?ﬁ@*"ﬁ%ﬁgﬁgﬁﬂwrﬁhﬁﬁé‘%\i‘i dus
embodi menf,s /Mt LiEsileNEM @ RavinBal MEE hBesR sitBakndren thet-abllasoetlylenom for
exanpl e, Daikin Industries, Inc.; Solvay Sol exis; neon (3M Cor poration);

E.|. du Roetntie thefisursableperfluopgolyreria an papanad! atiesieabori ¢mplamrenpr se
R
i ncl gde tdugseand bsle@d one second cure site monomer having at least one cure site, wherein the
second curable perfluoropolymer comprises fluoroplastic particles therein, and a curing agent.
The first curable perfluoropolymer preferably comprises at least 60 to 95 mole percent
tetrafluoroethylene. However, various blends are contemplated as within the scope of the
invention and useful with the bonding composition herein.
30 [0065] As used herein, a perfluoropolymer (which includes co-polymers and may have a

number of monomers such as terpolymers, tetrapolymers and the like) is a polymeric

composition that includes a curable perfluoropolymer formed by polymerizing two or more
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10 bel ow, mpst of which are PAVE-based in structure and have a reactive
site. Although the polyners may vary, preferred structures are those having
the fol | owongiztsuasst ure (A): CF2=CFQ( CF2CF( CF3) 0) r n( CF2PoTXB2(IADSWher ei N m
is 0 or an integer from1l to 5 nis an integer froml to 5 and X1 is a

ni trogen-containing group, such as nitrile or cyano. However, carboxyl
groups, al koxycarbonyl groups 15 or hal ogenated end groups nay al so be used
as X . Most preferably the cure site nononer in either or both of the first
and the second curabl e perfluoropolyners in_the conpositions herein is in

accor daneerieriRatehmonerets. HsBIAES ABFEPIF RA LBl dI Pt ghat Ji*ﬁ%atifﬁstaoré? tes
or funct 'fﬁﬂ?it)nzgigt?flﬂgz:toé%nﬁf?tc Orrlé:' 8LehMead ofle curBishit @RBmELNt ai ni ng groups,

i nclude the rea tes crosslinking when reacted with a curative.
Conpoun Iol $0066¢ m(; r dburd) peofldapeetartemény) canegos®ng peaderabialinredeiwol oF meie icuiggle
optional, | nations thereof. .From a crossljnki | | §od
preferr e@e’&ﬁlgf ORP eif?’(f’gféfllgfaﬁ?ﬁf PR OPEN BT %015 Bt ?ge g?ﬁlﬁﬁﬁg}&%ﬂ#%éo i E%ﬁlér:]rls ng

groups phes £hahlpnenhbf teirdfRo0gs@hdend QFE] fdrufighempexanplues Othec suiebkidoe
nononers according to formula

A) .include f I 1) th h 7) . bel ow
25 CY2=CWOPReH: )y {nejude sy _érh(aﬂgwqaély Hg%ﬂmfpt,%a “iogosr%\éf@fﬁlﬁ% 5\3);{%? Péﬂ?ﬁ Qflﬁfrgefgw
about 8 re%:x%lgwg IﬁJE'O?r(% thbr é’?ﬁ%\%ﬁ)é}ﬂ&ﬁ&té& SHER) BronomeR &Fdddionaich lﬂghs 0
or an integer from1l to aBout 5 2012/ 054685PCT/ US2011/ 057016

CF2=CFCFARBGH{ DFSpBHat. OBHAGRRORE)aksoCHRierdl i s3pewharss nerfipproatiybindn
0L LA o Rtk R B By SLALOR BTl
i nt eger fwia¢A thal alsaRelideRtha gk fgds Swheroin pRefeirad B9@fEsdbr fisedrereln tohaloofor 5 5
about 5, caably PO YR o (SHVER Brdtrge g bingt sl FETE) O & 10
perfluoropropylvinyl ether (PPVE), perfluoromethoxyvinyl ether and other similar compounds,
with especially preferred PAVEs being PMVE, PEVE and PPVE, and most preferred being
PMVE which provides excellent mechanical strength to resulting articles formed from curing
15  the curable compositions herein. The PAVEs may be used alone or in combinations of the
above-noted PAVE types within the curable perfluoropolymers and in the ultimate curable
compositions so long as the use is consistent with the invention as described herein.
[0067] Cure site monomers may be of a variety of types with preferred cure sites noted
herein. Preferred cure sites preferably are those having a nitrogen-containing group, however,
20  other cure site groups such as carboxyl groups, alkylcarbonyl groups, or halogenated groups
having, e.g., iodine or bromine as well as other cure sites known in the art may also be used,
particularly since additional curable perfluoropolymers beyond the first and second curable
perfluoropolymers may be provided to the composition. Consequently, while the disclosure
herein discusses a variety of preferred curatives (also referred to herein as crosslinking agents,
25  curing agents), when additional cure sites known in the art are used, other curatives that are
capable of curing such alternative cure sites may also be used. For example, organic peroxide-
based curatives and co-curatives may be used with halogenated functional cure site groups. It
is most preferred that both the first and the second perfluoropolymers include nitrogen-
containing cure sites
30  [0068] Suitable perfluoropolymers may be those that meet the industry accepted definition
of a perfluoroelastomer listed as an FFKM in ASTM V-1418-05 and, are may be, for example,

terpolymers or tetrapolymers of TFE, PAVE, and have one or more perfluorinated cure site

16



CF2=CF( OCF2CF(CF3) )m X2(6) wherein mis an integer from1 to about 5
CF2=CFOCF2( CF( CF3) OCF2) nCF(- X2) CF3(7) 10 wherein nis an integer froml to
about 4 CGFO2CROGER2) NOCF(CF3) - X2(8) wherein n is an integemusediifosmm 2 to
about 5 CF2=CFQ(CF2)n- (C6H4) - X2(9) wherein n is an integer from1l to about
6 15 CF2=CF( OCF2CF(CF3) )nOC F2CF(CF3)- X 2(10) wherein n is an integer from
1 to about 2 CH2=CFCF20( CF( CF3) CF20) nCF(CF3) - X2 wherein n is 0 or an
integer from1l to about 5 CF2=CFQ( CF2CF(CF3) 0) m( CF2) n=X2(12) 20 wherein m

is O or an integer from1 to about 4 and n is an_integer. of to apout 5
CH2 =CFCF2BCRer3h g GREICIBY IRt 8 urstioaet e PurCeHS Ry C5ep %af}mg of the terpgTbymer, at

Cr2=CFQ( ¢F QR 236 SPDeib 8Bl By Td Sird@BystdtiE0ed ifihetRkict han
0 25 _C:FZ:C?%%% é—ﬁgg( ) h- XE%%G) %%@20%/ 654é685§P S/ USZO%%/1 057016 °
wher ei n pfile iaventinheger that is at |east 1

CF2=CFOCE20CF2CF( CE3) ) 0CF2- X2( 17 erei,n X2 can be Lve site
subuni t %Ma; éier F%‘)PP? ém(elsé?ﬁ?t,f}%‘g?%%wm fﬁeéi&“ﬁ)l ° erﬁﬁogﬁgg@ggggﬁéﬁ%group
(- COCBb S% liﬁél\ﬂr_e&hdt%e?ﬁaﬂ:ﬁa@“ef cf’dtiﬁﬁ!:d ﬁb@g ﬂ)rQ&ar%plltepDailkﬁuIndﬂlQriearIﬂnD;rScﬂtsz/rml&/iAin ch
may be uorinated or perfluorinated), a halogen _or al kylate al ogen grou
(1 or Br Dyvoppn CM&ormpsatiqmief.1 fly Ppat I&?‘é?tfrédnﬁhg‘f'Lngfeﬁ EB‘gqrfﬂa{%@a?g’btﬁﬁgundg
havi ng n%n%&%o.;q}eg%v' Hstitute of Synthetic Rubber in Russia; and Nippon Mektron in

Japan.
[0070] In yet further embodiments, exemplary cure site monomers include those listed
10 below, most of which are PAVE-based in structure and have a reactive site. Although the

polymers may vary, preferred structures are those having the following structure (A):

CF2=CFO(CF2CF(CF3)O)m(CFz)n-X1 (A)

wherein m is O or an integer from 1 to 5, n is an integer from 1 to 5 and X' is a nitrogen-
containing group, such as nitrile or cyano. However, carboxyl groups, alkoxycarbonyl groups
1 . .
15  or halogenated end groups may also be used as X . Most preferably the cure site monomer in

either or both of the first and the second curable perfluoropolymers in the compositions herein

is in accordance with (A) noted above, wherein m is 0 and n is 5. The cure sites or functional
groups X noted herein, e.g., nitrogen-containing groups, include the reactive sites for

crosslinking when reacted with a curative. Compounds according to formula (A) may be used
20  alone or in various, optional, combinations thereof. From a crosslinking perspective, it is
preferred that the crosslinking functional group is a nitrogen-containing group, preferably a

nitrile group.

[0071] Further examples of cure site monomers according to formula (A) include formulas
(1) through (17) below:
2
25  CYp=CY(CF2)p-X (1)

wherein Y is H or F, n is an integer from 1 to about 8

2.2
CFp=CFCFyRf -X 2)

2
wherein Ry is (-CF2)n-, -(OCF2)q- and n is 0 or an integer from 1 to about 5

17



that portion of the backbone of the cure site nononer that will lie in the
pol ymer backbone chain are used if excellent heat resistance is desired for
t he perflworoelmsdssner resulting fromcuring the perfluecopskeymesmias wel |
as for preventing decrease in nolecular weight due to 10chain transfer when
synt hesi zi ng the perfl uoroel astoner by pol ynerization reaction. Further,
conpounds having a CF2=CF0O- structure are preferred fromthe vi ewoi nt of
provi di ng excel l ent polynerization reactivity with TFE. [0072] Suitabl e cure
site nonomers preferably include those having nitrggen-containing cure

si tes sueir,a8Fairh (0 RCHS)CYARROCH,E S TSR, 0dIICH-Ef erred cr®sslinking
reactivity.” However, 15Cure sites (having multiple and varied backbones in

addi ti on 1RSI 0P LA BRI \RIM RREl athai isREd @as boxh intéddk o froar bonybs, 5 COOH
and other simlar cure sites known in the art and tp be devel oped may al so

be used. cHye ' OCFeyrheryseCalcesp-30t i n varied
cH C@Fggg?@ggg%< FeYF PEFYRECETHP e

conbi nat i ofs. 3] nding agents are suited for high tenperature use,

so a prefgkfss s 9ty b Entgé)erﬂﬁfnfl h uRrBp& 3/ ABE nHBY oben 1se@r bfifrém 1 to about 5
per fl uoropol ymer conposition as d;gcribed herein. Such a perfl uoropol yner

pr ef ek ablag,h C ggFH% f TFE in the perfl uoropgbynmer conpound

t hat ?s gfélggg?cg%%ﬁ{fggynn e %grcent, nore preferably abgﬁ¥ 60 nol e
percent, wRadin A ®loesrahlive@qtm 70mber PRhE ang ainteper of frad twofabaldut 60
nol e percent to about 95 nol e percent is acceptable herein for a variety of
usef ul hicgh=FrO0es¢F I rs. A nost preferred 25 nongger content is
TFE/PAVEfg%re g?teﬁna%gﬁgggmhich is 69.4:30.2:0.43, although the precise
nononer Q@Qkﬁ@hlggﬁimg% ffoh 146 bbgient uses and effects. A variety of PAVEs
may be used in the high-TFE, and thf cure site nononer is preferably
CF2=CFQ( LoEN ISt ) thaeropol yners are commer@j al ly avail abl e
fron1DaiEF% |ndu§??Fg§%%ﬁ?d_§§ﬁg¢aré dgscribed in US. Patents Nos.

6, 518 366yhchoiB A8s A7 iterRd St tdUWoLit shed Pat ent Application No. WO

2012/ 054685PCT/ US2011/ 057016 ,2008-0287627, which are each i ncorporated
herein i TmeleRror, @an@¢§px?espect to the high-TFE perfl u8yopol yners
descri bed therein. [0074]1f the perfluoropolyner is in a bl ended

conposi t iviereih R8s 8eEAEr PEfbUDoapoLyser used herein nay be the sane or
different than that noted abpve for use as the high-TFE first 5

per fl uor boresCERYL(@Eg-xdot have a high content of TFE. (Pyeferably the
second perfluoropolyner is one in which fluoroplastic materi al has been

bl ended iwHegeih has polireRE frondl exiwusowi t hi n the pol ymer in particulate form
which particulate foiil). is preferably a mcro- or nano-particulate form
howevsr, (BRHIROEFSCEECIP)Y,OCF)CHEPendi ng on the manuf actur(fp process
used. The particles may be provided in a variety of forns and using a

vari ety aGihek€s s gu@seger from 1 to about 2

2
CHy=CFCFyO(CF(CF3)CF0),CF(CF3)-X (1)
wherein n is 0 or an integer from 1 to about 5

2
CFy=CFO(CF2CF(CF3)O)n(CF2)n=X (12)
20  wherein m is O or an integer from 1 to about 4 and n is an integer of 1 to about 5
2
CH»=CFCFOCF(CF3)OCF(CF3)-X (13)
2
CH»=CFCF,OCH,CF2-X (14)

2

CFy=CFO(CF2CF(CF3)0)CFCF(CF3)-X (15)

wherein m is an integer greater than 0

2
25  CFy=CFOCF(CF3)CFyO(CF2)y-X (16)
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10 Fluoropl astics such as TFE, and nelt-processible co-pol yners thereof
(FEP and PFA type polyners), core-shell polynmers in a variety of sizes

(m croparwDehe®s4esanoparticl es and the |ike) may be i ncecparsatiedsioné o t he
mat eri al by nmechani cal nmeans or chem cal processing and/or polynerization.
Preferably, the fluoroparticles are mcro-or nano-particle sized and/or are
i ncorporated into the second perfluoropol ynmer using nelt blending or |atex
pol ymeri zati on 15techni ques. Melt bl ending techni ques may be enpl oyed, such
as those described in U S. Patents Nos. 4,713,418 and 7,476,711 (each of

whi ch i s wharedt pat an iatpehethal i ablgastdf erence with respect to such melt-process
technol ogy). Latex polynerization techniques are al so useful_and are nost
pr ef er r e€FRoEFORFaPs31EF G HPEERSpl astics into the second{plrfl uoropol ymer
herein. A suitable process and resulting perfluoropolynmer incorporating

cor e- shelgh.and X0t hg be R@kdroslc® SeadBRaMicUbEAE Quchids @SitiCECNYratirctyl GCOCHE
particles as well is described in U S. Patent No. 7,019,083, also

i ted herei f &6 wth t h er f
nai ng 1 PhaRSRr et BAEir GORG MR HEas ol ey irs ‘e ARPOE Tre o
th - _cont d_conbi nat | f, nateri | |

S t 2Bl VGRS by i s ETBHIGr ER Ry ST bR PR e P B

Co ti f St. ., M ta. 25[0073] Ex | f ot :
por 1 uor GG FRAHE 1ih FASBRTTHY B1 aerBREPah 67T PRI<E e e b S hroess tomedn

site nononers such as those noted above may be al .be fo i 29479
Al , i ncotBbPaied qzlékfe:l?aﬁ[g‘i’?{‘ero RS/ AHE S %Wn#?rhtg?tevg%@é lntt%e éﬁ%eﬁbmg&g
per f | uor QrhiaStONRA 5 excBRdnt heQRtRAinRNLdSRED BaisheperlakiosRstoher sanking from

Reference is also nmade to U S. Patents Nos. 6,518, 366, ,878,7;§and uU. S.
Publ i shegupag ByserBsrorody e anwellzo damyowpsng dggedisip melecpfagwepglit dug tong

307, 949, B3, tx[agﬁépﬁrﬁgﬁ g;ln%sﬁﬂ-% téggéﬁlut)ﬂfeldéﬁ)?nér@ytp@%/n%fmﬁ&{ teh&ish. fRirther,

bonding using t ondi'‘ng age escribed herein nay be synthesized using

any kno Y 215 S ] g ' : 1t of providi
2012/ o5228%&&%%%%6‘%%%%%@gé%%%é%%ér}g%ﬁp%h? T oor hescont ai ni ng
el ast oMot g g RALYIIRLR AL 0Ny Widichdi ng, for exanpl e, enul i on

pol ymeri zation,” latex polynerization, chain initiated polynerization, batch
pol yrreri 468720n afdtabihens sitPmeneneispyefetahly ipghgarthope bavigniiregemed 4a®én so
that reactive cure sites are |ocat eict | ' ; Aot @i gl ends
of the pSPVrPé‘FS E)‘écill?ﬁélﬁtg QndPEr° a‘%rg%gesd Ig)ﬁgﬁ%ﬁeﬁgd ? Jro:s)%lﬁic hn%rrﬁg(?%ngb 3? mee r’
backhene .cuf087 [Karergnasisipkl @dratibodadkbonakih additine tghloyameotsd abwoieldekhavadi cal

pol ymeri zation using an initiator such as.those kngwn in the art, faor
pol ymer i £&tOSH: BOKYE nﬂg% Ggﬁ}lg?ﬁ$ﬂ%‘e’é?lﬁ’él%ﬂﬁf’ SUESoTIgR B ﬂberarﬁ?‘lrbdi'tﬁaﬁi c
per oxi de R0 AEPmEPIROYEHSA. TheRluFAditdl btdrddr® iy de@s@rslond bieihQaried
per car bonates, peresters and the like, with preferred initiators being

i ncl ude safnbsnatibnpersul furic 10 acid, oxidizing carbonates and esters, and

amroni um ul f j. . nr r j j i f
(Apg) THREET | FhepatibEadfs DS RIG! BEh St (AR, AETRN HOIRRIRIGH BEE,
sul f kbes parthosopdlither may bsusedan aPkAluwirei®!yaer @inpositioe sl Hsicfibed kertior Such a

01 d havitRg TR BRSO R gt AT FUBFCol Jerhr PR R daapRbd °
that is at least about 50 mole percent, more preferably about 60 mole percent, most preferably
about 70 mole percent or more. Use of about 60 mole percent to about 95 mole percent is
acceptable herein for a variety of useful high-TFE perfluoropolymers. A most preferred

25  monomer content is TFE/PAVE/Cure site monomer which is 69.4:30.2:0.43, although the

precise monomer content may vary for different uses and effects. A variety of PAVEs may be
used in the high-TFE, and the cure site monomer is preferably CFp=CFO(CF2)5CN. Suitable

such perfluoropolymers are commercially available from Daikin Industries, Ltd. and are

described in U.S. Patents Nos. 6,518,366, 6,878,778 and U.S. Published Patent Application No.
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15chain transfer reactions to the enulsifier nolecules that occur during
pol yneri zation. The anmount of enulsifier is generally used in anmounts of
about 0. OBOt2012205¥&85ght percent, and preferably 0.2 to 1PETWsS2ghioses cent
based on the added water. It is noted that a special arrangenents should be
used to avoid an ignition source, such as sparks, near the polynerization
equi pnent. See, G H Kalb, Advanced Chem stry Series, 129, 12 (1973).

20[ 0079] Pol yneri zation pressure may vary, and can generally be in the range
0.5 to 7 MPa. The higj‘ger t he pol ynerization pressure is, the higher. Itxng

pol yrer i 2808-8287637 ehich pragach comom el hgreinfin selewant pavy e résr?ﬁ‘ét%g}f‘ffelﬁg JIdE
desired, I i L ure is preferably at least 0.7 MPa. Latex
pol ymer i f%ﬁgﬁ%f)éﬁ# g%g{slgghr@%a so described in U S. Patent No. 7,019, 083,
whi ch is[el7dd i niddrepmrfe@dpdiemer is iy blaafled emueositim, therre¢adtngriiungor@¥Ren ques
25descri bed therein. [0080] Standard. pol rization proce AN i n the
art may BESAREEgn may be tﬁ? far‘%eg%rncﬂ%grgm ‘ﬁf‘%%%g“%tre %ﬁfﬁ?vesfgaﬁsefg%eﬁﬁfggl e oruls{(;yano,

a car hoxykrBofiHRlyn@dr, it nabk Axotaas A cogteaupf TBEL Brdd@rablyeltk denotiche cur abl e
perfl uoropolynmers herein, it may be jncluded in the pol

) ner b
copol ynepFEivEpPalyaIds ercoiayhind Huoreplapi MAGT e heas Ok BIPHE RE ti¢ pglymer and
containi QQIS{S! }913&%19 E}%Hﬁ'lyﬂaﬁnggﬂﬁ;u&%' Rth EwARAQIRIcullRY (RS i8PReFa19d micro- or
rze en preparing the |

copol yre v uorine-containing el astoner. A further
met hod f ean@pavicderdosudtovevgr, partictesizemeapvdry tependingyyn the bjasefactyging process

| i zat ] dyct t id.t f. t .
ot A1 11 ¢ oge TSP TP OB CRODL b G40 180 KA oh Saf S Hfyee @

car bogy! iFfuoR6H16k1e0 Bl RATFH, And heltARbysEbiezoat podymps dskwedf (FBP and 8F Aaxyd

group. Exanples of a suitable acid tre t,rren{ met hod are washi E’g V\gth .

hydr ochl @plyenes®i epreshelt pelyiessdn @, vappw ol s1zge (i cEPapislisnbrORPFGIES endtiediks? by
decr easi st Po P ¥Rt @f hRhnd e nBRlMIBloL&Bin@Rdloeact i on
to 3 or lﬁ%géoe@%é&@ﬂé%d?&tg gét;}é?\é{;eel-rlﬁg%}fi oned aci ds[.l 5 Anot h[e?rr(?mat hlgd fgr

i nt r oducipaneervatidoxBrefegabdyphé Sudrppaoickts 2iengiczo-er votnankddbiechsidereare havi ng
i odi ne and_ brom ne ith fumng nitric aci. cuyr ot

per f | uor OFSTEAEFY Hg?inecsgﬁ%%d&?rg (fry?p%l?/“aﬂ g%fd‘%m[eﬁ%g udi Cgl%g)F P ?I&'Bnregéeg Vher s
sol d1by RwhaRfes{ IMeCoIgdingtttamiquebaiaglbeRerdidyedr Qichnd tlatshdescsibed 1ndd.S.

pol yners, available fromDaikin_|ndusiries, Ltd. of Osaka,. Japap. O hef
sui t abl e PigtsnErNes: §a7é?€1§6%D€5i41798 & (egel gt Wi&%lﬁmC@%raéS‘fg?{F@Jﬁyﬁefef%F? w ith
Federal $tabs (YohdBhYitBRIREPELRIcyY. LRIk nEdil idtithi@les Byulitetidetul Rabber
of Petersburg, Russia, Asahi G ass, Japan, and WL. Gore. [0082]In their

uncured ere wostattferrsd fréncorprratingdroeplagicsine borrsend prrargropgePisr hiieth A
bondi ng asgl%ggles rcc))fce tsh%d Ir{g\l/lﬁﬂlt | QLS o‘?{zﬂ@x‘ Mc?r?gtaﬂqg cé‘lte-s!h@ﬁ%}ld Biker fattitied
i Bapasnl und sl'tnkin

agent tha S %0 rgol ng a Ccros reaction wth one of the
f unctdonahvigpeupssies inchepoadted das thegaaiodesra vailltie déssmbed el S. PateseNe. on t he

f | uor opol r(s).. Any curing agent or conbi.pnation of curi agent s .
co-curin igl%eéésalé‘i’lﬂ%B’fpo&%}?‘gh%fg@ YIPUTYICE VY R LISY® B%r?lg%t’%ﬁ{}énse:rs WSy
use functrRRMabE PuRicldahd RIS U hhikiag BRY s@iict@d Galy ige aganbndand/cofitents
co-curing agent in a peroxide curgds:%gtem or a curing agent that reacts

c

with a cyafdsombinetibmrelimgesip dpser Fron-FuHelle el PUURES YL B ENdi ng
on the end.Phadhsh SRR % CaboNBAAG!SR! Ak MimdgRAr ed Of the
25  [0075] Examples of other perfluoropolymers and resulting elastomers formed therefrom
using cure site monomers such as those noted above may be also be found in WO 00/29479 Al,
incorporated herein in relevant part with respect to such perfluoroelastomers, their content and
methods of making the same. Reference is also made to U.S. Patents Nos. 6,518,366,
6,878,778 and U.S. Published Patent Application No. 2008-0287627 as well as U.S. Patent No.
30 7,019,083.

[0076] Perfluoropolymers for use in the compositions for bonding using the bonding agents

described herein may be synthesized using any known or to be developed polymerization

20



20 conpositions herein. Regardless of the cure systemor conbination of
systens enpl oyed, the fluoropolyner may contain at | east one cure site
nononer, Wbhoughesshe presence of about 2 to about 20 cwece/Uskai@/oFONONEr S
(the sane or different) may be used if desired. [0083]Wen using a
peroxi de cure system suitable curable perfluoropolyners include polyners
of TFE, PAVEs such as those described in U S. Patent No. 5,001, 278

(i ncorporated 25herein in relevant part by reference), and cure site
mononers having a fluorinated structure with a peroxi de-curab{é,fu ctional
group, steshnigse for dermina fpane-peiiepEsSlastr Rk YIS A YBCHE e eiP4ingy BE  and
partial | y- f - : i i7ati ch
Cyano- cubBae e e A it ion, ba
descri begolyme xR MAQTGrs.i Pretargdy ahepolyaesizationyis medestaberce thatrreattivecure

simlar structures. 30Exanples include. tetrafl.uoroethyl.en

per f | uor SHEEARS0FRAS F‘t}éﬁrﬁé‘g?&‘%‘?f bﬁ’ﬁ? WHP&}ME?IH%S?@ ggrpd’iﬁ}grcbf gﬁboong Grasr &re
curesit ed%ﬂ@@rﬁ)ﬁ wehmas pehRreh@li®har 30CF( CF3) CN, and/ or

CF2=CFOCF2CF( CF3) 0( CF2) ZCI{)I. O her suitabl e conmpounds rr(gy be those having a
Mooney WIO0IGL2/ BHRET wePod of oekngehspdypsistyclpdisdadiFd doMmeratien win

TechPro(r) in\{Iri ag%gg\% agg‘l%ts% ﬁg%xé% %nst‘gg gﬁg{%ol%eﬁ%%h of ﬁu&x@néﬁ&ﬁfﬂﬁinﬁ% 1elagf€!>?}]ers

pr ef erablay 0 materials may al so be use
combi nat {@ganit bhinotdeaic wueiidgamabentommodidy. Riypihaldoitietcatere persulfees.

[ 0085] Any curing agent (curafi ar, copbi nat.j.on qf . curin n e
used. Cu PFrﬁ@erQ%E% g’gl eFtB‘éS 36’&3%‘?( iig‘%e bR eESE glléggfsgb%n%f/lug%gag%f tféglrgg%’%e
curing aggatl SxidRHeQVareRaeh hhdst@e.emt SinthéiiimtperdEa@dewih dpadodt préfeedbding
such as organic and di al kéIﬁ per oxi des or other peroxi des capabl e of

gener at | AEMadiTe aPwuligic KARE). nhhesn NBHEEGNYPS Hod Atons 8§ MIth FRTUTH & A85RET BiSh

with the I 0 s) of a curesite nononer on the fluoropolyner
chai n. Efgé%ﬁ%rsggglglgﬂey%gér oxi des include di-tertbutyl-peroxide,

2, 5- di mef0nyB] 2, SAdiide earidoybfépelisticy foe xanbsion@dywenaatiop epoks eked, it perioEed

eroxide; ditertbutyl perbenzoate, and di-[,1, 3-diaethyl- .

E)t ert but ¥ ep*é‘ﬁ%?éﬁar%%iy)}]g ¢ @gl’aﬁg’r%aa[ fluorpgagn ([phg B corg§(é¥§¥lresr D VBB,
for exanphfin tiaRsfek SactRak @ntle dNlsifetdbledinlds tatdodnil&djidlymadatipor &hed in
rel evant part with respect to such curing agents %ﬁ r§f er.e}gce. Co-c(fri ng
agents f @MospcHf pulelipids senstplhgu Sé?\f‘%‘OI:‘VE)Pg%tP(IU;‘rOi 4P ad& $ L FEFSAFY es and
simi lar GmAbRAR AL it DOHLHN AN bARCaARA R 1 hbiel e Repaxdlde

15curing agent "to provide a useful cure, such as, for exanple, triallyl
cyanur at errahgenzdntsdhopkideymad tarwwid an ighitwnisaitop] Juck e srasks: aga;the

tris(diallylamne)-s-triazi : i I i ;. jal {1l m de;
hex agil I ylpoé'ﬁlbegﬁﬁ%%%?ﬂué%r?e Zt, %g%éﬁ jytag%’/ fA éigpr%% @h%ﬁlgglhﬁgeg’ain%bﬂé?@\lgﬁ,'N' , N -
t et L a,lal I )[a(_)'/}wl O NPty ah egzdtroin\p'émhrei rﬁba))cyaayl,w;xdtcen ﬁa?dalfy be invtheyange O._? hto 7 MPa.
met trisiloxane; and tri(5- norbonene-2-net ne) cyanur gt e.. e nost

pr ef )ér r ed B dugsH RO RALRHOT RFESFHES Ky ﬁ‘eihégkfef F@R@Ym%ﬁ)yalg%é QWi BFe (TAI O
whi ch i s SQhRlidg eprbdiR b [t dRh MR BRekdli N\NiLdire; tHe pOlly sz #tToraitehsA i pkeferably at
100861For the cyano-based systens, suitable primary curing agents include
t hose nendtast®ddPrerlitex nelywestiration tedméres dicresy daseribadria Y- as

descri bed &%) Jd3S,nfRGEM 8L 'o?aﬂ%& g&ﬁi}ﬁg ryég(%{%%?%%%?éa&glmﬁxh&ues
di scl osur'e 6t Wwhi ch i's T hCOr por at e erein by reference 1nTelevant part.
25  described therein.
[0080] Standard polymerization procedures known in the art may be used. If a nitrogen-
containing group, such as nitrile or cyano, a carboxyl group, or an alkoxycarbonyl group is to
be used in the curable perfluoropolymers herein, it may be included in the polymer by
copolymerizing an additional monomer having the crosslinking site containing that group. The
30  cure-site monomer may be added and copolymerized when preparing the fluorine-containing

elastomer. A further method for providing such a group to the polymer is by subjecting a

polymerization product to an acid treatment to convert a group such as a metallic salt or
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25100871The am di ne-based and am doxi nme-based material s include
nonoam di nes and nonoam doxi nes of the following forrmula (1) descri bed
further beDawm2/Be@sSerred nonoanm di nes and nonoamn doxi me@Cras24d1e/06Pé esent ed
by formula (I): NR2(1) NHRI WD 2012/ 054685PCT/ US2011/ 057016 wherein Y nmay
be a substituted al kyl, al koxy, aryl, aral kyl or aral koxy group or an
unsubstituted or substituted fully or partially hal ogenated al kyl, al koxy,
aryl, aral kyl or aral koxy group having about 1 to about 22 carbon atons. Y
may al so be a perfluoroal kyl, perfluoroal koxy, perfluoroaryl,
per f | uor GEYHNRYR sgf oh FaPeolis LKl Jea5ansgrB iy RALYEEHR 07 pf(’(aﬁluﬁtst Gt°@93Yk ar bon
atoms or %@?fﬂfaﬂfﬁﬁég%f‘éxhit%e REA LM ARMEMEY a8 QL wiAk QYdrodnibAc dddcar bon
at ons, of about 1'to about 9 carbon atons; and Rl may be hydrogen or
subst i t utseldurdr acidsutbis taciduir demingmetfust kel oo by dekessingg pid yslusfof abBntura t o
about 6 carbon_.atons, K oxygen (such that NHRL is. _qgm- 1 8M No
group. RIVSEY aBtSrﬁlﬁc?gbgh%%ﬁ?oq?eg?ﬁogﬁ?%o%rl}l?ﬁgébyélg%%ﬁs :Iog'l[é e alf))g%/dean((i)srr?l Rl or
a hyds oxWnotHed Bt ddUoe tht@dadpg a karboXyl droumisB? dxiditinge crasslidkable dolymdrat i on,
hal ogenat ed 10al kyl , perhal ogenat ed al kyl , , hal ogenat ed al koxy,
per hal ogdABNEOENKHILIOPI MIRHNEE 1HR!d -ani de, imide, hal ogen, carboxyl,
sul fonyl 306%1?”% cur@d exrﬂtJGrolpbiS@neré fre RO H2 arfabetiRcmelingct ed as oxygen
Xyl

and hydr such that there are two NOH groups on the compound (a dioxinme

t
can be uyed)uorgmdyrhers stidtbydagson (Bylfidrporatiyn)c RaichBerlyaridl apdaiber gmilap

accommodat e a di oxi ormul.a. i-n,whi.ch:th ho 0 : .

Foget ner PPBPRTSr 1 % UEmUR Pl e LR Bt o AR Syl Rl
arg I1ocatae§ilabneé ey froﬁa&ﬂvayo&imm ]icirltetl?,l l@ﬂd?raamtd”l@ﬁitajpl Ehlttﬁpnciisierﬂgyl. Belgddeas with
p- benzoqui nonedi oxi me. [0088]In formula (1), e hydr .~ hydrogen
or subst ilRsinag o PYRASHR PR PEHetgISRYE: BPS%\% K‘\ﬁ%‘ fg%ug@aafa“&%’?}r Cior%/'o about
6 carbon (GO PhEir Rh&T8d 8Plratly dafX e MiordBIsER8G RonBsiiBYs BRANYEmOgen,
oxygen, am no or substituted or unsubstituted |ower al kyl of about 1 to 20

about 6 dendiog agermsrsf thhiihwenfon prefirghly depdwdent lepyidms epring rgend Hept Capalie Bbt h
be hydrogen. Y. may be..a .perfl uor L, r i :
unsubsti t &B%‘&O‘é%gy Cr(ésrsgﬂlﬁgg 56518%@111%@% il%ﬁtogg”‘%orﬁéd%é glg%r!? %%fé%yﬁg%%ggé\e:{{gg&éer yl
groups havdérgndrhpresdndion theegirbsolaneriot ady aboveagepaot doanination qicefieg peitsar e
when Rl and R2 are bot({g hydrogen and Y is CF%(%;ZQZ - i.e. when éﬂe onal
conpound PLURBEAEFIEBIBHAYT FETICHINS T&Y B8 Weti 125 X3Pl e LoRisd i on

25[ 0089] EXQihal dadPRAaR fkHeddasd 206k atmrw@mcdﬁx% AEenD &5£ FerGxide REreag&Bing

i ncl ude perfluoroal kyl am di nes, aryl am di nes, perfluoroal kyl ani doxi nes,
aryl ani doxiareesngagend et reaseis oty £ yamp dractioRalerown Wey CyeraipIcEienslirurqaystem,

P 1o SR AL 0% DS USRI St o e o
hept abl uavoipotiyibhalnreinn® cpaidtegs nhhe cpresfystement.combination of systems employed, the
fluoropolymer may contain at least one cure site monomer, although the presence of about 2 to
about 20 cure site monomers (the same or different) may be used if desired.
[0083] When using a peroxide cure system, suitable curable perfluoropolymers include
polymers of TFE, PAVEs such as those described in U.S. Patent No. 5,001,278 (incorporated
25 hérein in relevant part by reference), and cure site monomers having a fluorinated structure with
a peroxide-curable functional group, such as, for example, halogenated alkyl and other
derivatives, and partially- or fully-halogenated hydrocarbon groups.
[0084] If a cyano-curable system is used, suitable fluoropolymers include these as
described in WO 00/08076, incorporated herein by reference, or other similar structures.
30  Examples include tetrafluoroethylene, perfluoromethylvinyl ether, and primary and secondary

cyano curable curesite monomers such as CF,=CFO(CF,);OCF(CF;)CN, and/or
CF,=CFOCF,CF(CF3;)O(CF,),CN. Other suitable compounds may be those having a Mooney
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30[ 0090] Ot her curing agents can include bi sphenyl-based curing agents and
their derivatives, such as bi sam nophenol, tetraphenyltin, triazine,

per oxi de-wazet/susssng systens (e.g. organi c peroxi de suebTas2dilabioyé

per oxi des), or conbinations thereof. O her suitable curing agents WO
2012/ 054685PCT/ US2011/ 057016 i ncl ude oganonetal | i ¢ conpounds and the
hydr oxi des, especially organotin conpounds, including ally-, propargyl-,
triphenyl- and allenyl tin, curing agents containing am no groups such as
di am nes and di am ne car banmat es, such as. .

N, N' - di civisResiy (meavteed atgl00eaneaiT sl re® viseTREFhIT a8 yisroraeteniof abon i d@ne,
trimet hyla?&ﬁ@S%d%efe?%W@f%ohg@ﬁ% HbolybenadhafdBgals gﬁgglsﬁ'b@'ﬂ@éﬂ/ﬂn' dene
hexanet hyl enedi am'ne, hexanet hyl enedi am ne carbanat e, bis(4-

am nocy c kenbilatiymeith atieer carnmagents, and/@ vdibagvirnagselsprers. nonocar banat e,

et hyl enedi ami ne car bamat e i et hyl enedi. ami n 3 , .
bisanino?%ﬁ%%hen P%SH%W%%ﬁ?Q%%gﬁﬁg%néﬁ %IF@%H&&%%?%%%§£§f%agffﬁﬁdacﬁ?a%-TFE
cont ept pe&dtd f0HeRAldemsealio dii@ng mandé any ptreride chengafentsamdiuseotving h t he
bondi ng agents herein, the preferred curatives f

[ gr. uch hi%g-te erature
bl end coRpeys H%ﬁktod?e depgloprbuidhe a‘it’rﬁ‘/‘é]ﬁf‘f phgadcan ABlIGE PEtoxfiss 8r ¢hFe sites
descri be%iel%%cﬁzk RagaBf ofBeReaBRERIR aRf b CHtatiRgakd eﬁgin@@@@@f@s—ﬂhﬁﬁ@@@aﬂibﬂ ki ng)

or otherw se undergoing a curing reaction with e cure sites or functional
groups ofwithhibe functosil tgeouptsi o cispitomopomer e the fluarapebmescheins Exgealasy

perf | uor lyners..in. t onpositions.to,formerossl | .

her ei nab E?M%ﬂaxﬁﬁ%gﬁg‘FgrR%%Bbi gpfgi’%%é£%$%lg??nlﬂﬁgnggp%%%'nsxggénts
are fhosdidufiall pbekitet didssdoynisokidat diteabaryd yabet@atet mddidll 8-dinriiddsel e, or a
triazine rings, conpounds as wel | as_other curgtivgs i.ncl udi

Such )
ani doxi meSTOYEIReERi RES IBE oRaicd DY REOAHAS St st drssTbed dRsXamng iU

the preseRt. i e 439H71Ghdlshe3e2721 Hc8360k&BinadtR v Bhe Widthetgect fdatich curing
crosslinked article providing excellent nechanical strength, heat
resi st anegents henifershce: eSosueng egensofod sedspesexae euning gone ARGl ipclude

o oot Hoctaftrfll S SRHLCLS G oot BhRAASHART 46K ok Gith il bbotiBeP et

to heat roSTEEHRE G resi st ance. ni t rogen-contai ning cure
si tess5 oftcheng agonatd presids uakefas clot syhk ay lfobasetls wiadtyl vesuane tdeltylvat i ves

AD) | bi SATCHUT e S an B I B e S N h PSP R ERAGRG1 € i 1
nmay be ugediyl 3R e xafilyBphdsphb8mEdd: ALNWE N N8/ {eddpBthalb@lides XQINN'eY™- i N

U S. Patents Nos. 7,521,51. 2, 7,247,749 B2 and 7,514,506 B2, each of
whi ch i s trreByporlaneaidserreinyl isecyamevert - parving pahyBdplexens gng Fr i sting
of vari oyg qﬁo&'ﬁe%te'- ‘!ﬁx%thf R OB G 0! PHPREQATEeREA S RAVIUHRROhYRBL S s thifllyl
addi ti on, the per uonpo ynmers may Pe cure usi ng radi ation-curing
t echaol odgsocyai0a8 (NBIE) whieh ér soddiuatee thyytemio-ngmoup AdSH; @ M HIK B b7 end IS ®.
cured w t[808c6']l rat i:c\)/ret e E:Qz?r;[o-laaztrsgd systems, suitable primary curing agents include those
mentioned herein as well as monoamidines and monoamidoximes as described as U.S. Patent
Publication No. US-2004-0214956-A1, the disclosure of which is incorporated herein by
reference in relevant part.
25  [0087] The amidine-based and amidoxime-based materials include monoamidines and
monoamidoximes of the following formula (I) described further below. Preferred

monoamidines and monoamidoximes may be represented by formula (I):
NR? ®

C

NHR!
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30aromati c am nes having at | east two crosslinkable groups as in fonml as
() and (11) below, or a conbination thereof, which form benzoi m dazol e
cross- | i mkDreg12g5Ha86t ur es upon cure. These WO 2012/ 0546@86PTBLAISA8DI6 057016
curatives are known in the art and discussed in relevant part and with
specific exanples in U S. Patents Nos. 6,878,778 and US 6, 855, 774, which
are incorporated herein in their entirety. NH, 1 wherein Ris the sane
or different in each group according to fornula (11) and may be NH2, NHR2,
OH, SH or a nonoval ent qQrganic grougoor ot her _organi.c group such as al kyl,

al koxy, TS Y maRx POk FsErREIAKY o 5 ANk AY! B4k HBWRPT A t 0 about 10
car bon agfm fiRAT & ibkiGrel A REYdartiil AP Ml,%ﬁ(&ﬁ%@@ﬁll@ﬂ ot rai ght
su or and R2 may be -NH2, -

chai n an stituted unsubstitute N OH -SH or a
nmonoval eatalkexyerdgr hayirgeatioot §toahpus i barben atamgl Yphay rlso hy dipsdhobdkydr oup, a

phenyl group ang?a benzyl grou or al.kvil | kO ngx I
and ar al Rf/rltﬁ&va Oéﬁ’p%?rﬁ%%gg'gﬁﬁ’% Iéﬂélé) Oaéarllgﬁlpdripgrf#(uro)é(#llr%lgéﬁ grfﬁ{) %)qta oiﬂth‘igw%
carbof aberEboaRnel 9t alfetieoroslkylar perfluspeallgixgupsupaiiabbet broaréuelbrostoms, or
strai ght chain and substituted or ynsubstituted. Prefer r(ﬁd nonoval g{gto or

ot her or gatHtd igrabers, cashnorntenes: AR\ mavdPeAdEo8FN 8 FUBSEFH L ISR GL %D ns

t her eof) { 11000y Lorb Qo o fERBRONAHHBIBG cABEh RbRESS Y8 Afukh tHaY REIRINON PRI €
phenyl aﬁg&ggnzy@%%rog%s. Exanptloes the?eof inclhdey%-c%y ECZFS, -1CH§?,1

- CH2CF3  grouphRgr&Esinogrple R may baindependentAidm gry afthe groups preAybovsrfopBnzy|
71 tor i ne oa¢ B oetlors Rettisdeount S AR AT T dRae MR IB PSS AL ALY
substot ubRel, pertaldgdhared Wikl halokehatsd dkdsy perhweperpedd dlkioryo alik yimige, omps, or,
DI, Ot o ShTRS L el G PSR 8-S SR o Y
selected as oxygen and hydroxyl, such that there are two NOH groups on the compound (a
dioxime can be used), and in that case, formula (I) can be found modified to accommodate a
dioxime formula in which the carbon atom and the Y group together form an intervening

15  aromatic ring and in which the NOH groups are located ortho-, para- or meta- to one another on
the ring, such as with p-benzoquinonedioxime.

[0088] In formula (I), R* may be hydroxyl, hydrogen or substituted or unsubstituted alkyl
or alkoxy groups of about 1 to about 6 carbon atoms, more preferably hydroxyl or hydrogen.
R' may be hydrogen, oxygen, amino or substituted or unsubstituted lower alkyl of about 1 to

20  about 6 carbon atoms while R? is hydrogen or hydroxyl. R'and R? may both be hydrogen. Y
may be a perﬂuoroalkﬂ, perfluoroalkoxy, substituted or unsubstituted aryl groups and
substituted or unsubstituted halogenated aryl groups having the chain lengths as noted above,
particularly preferred are when R! and R? are both hydrogen and Y is CF3(CF,); - i.e. when the
compound is heptafluorobutyrlamidine or a similar amidoxime compound.

25  [0089] Exemplary monoamidine-based and monoamidoxime-based curing agents include
perfluoroalkylamidines, arylamidines, perfluoroalkylamidoximes, arylamidoximes and
perfluoroalkylamidrazones. Other examples include perfluorooctanamidine,
heptafluorobutyrylamidine, trifluoromethylbenzamidoxime, and
trifluoromethoxybenzamidoxime, with heptafluorobutyrlamidine being most preferred.

30  [0090] Other curing agents can include bisphenyl-based curing agents and their derivatives,
such as bisaminophenol, tetraphenyltin, triazine, peroxide-based curing systems (e.g. organic

peroxide such as dialkyl peroxides), or combinations thereof. Other suitable curing agents
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C6H5_n(CF3)n, -CH2C6H5 n(CF3)n (wherein nis from1l to about 5). Hydrogen
atons may be further substituted with phenyl or benzyl groups. However, a
phenyl grwopomx346853 are preferred as providi ng superi oPCha®RoInMSI03¢ ance,
good cross-linking reactivity and rel atively easy synthesis. 5[ 0094] A
structure having formula (1) or (Il) incorporated in an organic am ne
should include at |east two such groups of formula (1) or (Il) such that at
| east two cross-1linking reactive groups are provi ded [0095] Al so usef ul
herein are curatives having formulas (1| shown bel ow.

RA() R3(\ imRudz opgnqipeiplic ﬁoﬂp%ndéraéfi él?ealmdyows espé?la]éj@’@an%ml HRRAES or
al kyl ene; YLRﬁn%glg“ proéé&% - ﬁéhﬁ' A?Mlalleﬁyl I@le &mr@' a)glents@f)ﬁtlaﬁﬁﬁg Shindgblpaxy

group of ‘tfrom Bon “at oms or peffluorinated versions of such
groups, keohi asglidmines arbbhamuwe:atharraimsuwcm@s 26N bdivirmamivkiderentiohekangdisrants hed

oo o A SO0 L O IR 2 0, RN Sl L, o
pr ef es ablayd ginh&aghdne hek AectBylondlifhiad, rsahbBgRnedimithiariamaiebau- NH C
NFRF “or amll\lrg_clyz:l-olhe-:x-l;/)methane carbamate, 1,3-diaminopropane monocarbamate, ethylenediamine
carbamate, trimethylenediamine carbamate, bisaminothiophenols, bisamidoximes, and
bisamidrazones.
[0091] In a high-TFE content perfluoropolymer embodiment and/or blend thereof for use

10  with the bonding agents herein, the preferred curatives for such high-temperature blend
compositions of the present invention are one of various cure sites described herein that are
capable of curing (i.e., capable of crosslinking) or otherwise undergoing a curing reaction with
the cure sites or functional groups of the cure site monomer(s) or cure site in the various
uncured perfluoropolymers in the compositions to form crosslinks as noted hereinabove, and

15  especially preferred are crosslinking or curing agents are those that form crosslinks that have
oxazole, thiazole, imidazole, or a triazine rings. Such compounds as well as other curatives
including amidoximes, tetraamines and amidrazones may be used for cross-linking in the
present invention. Of these, imidazoles are preferred in that crosslinked article providing
excellent mechanical strength, heat resistance, chemical resistance, cold resistance is

20  achievable, particularly a cured article which is balanced and excellent with respect to heat
resistance and cold resistance. _

[0092] For nitrogen-containing cure sites, other curatives such as bisphenyl-based curatives
and derivatives thereof, including bisaminophenol and its salts (such as bisaminophenol AF),
bisaminothiphenols, parabenzoquinone dioxime (PBQD) and tetraphenyltin may be used.

25  Examples of suitable curatives may be found, for example, in U.S. Patents Nos. 7,521,510 B2,
7,247,749 BZ and 7,514,506 B2, each of which is incorporated herein in relevant part with
respect to the listing of various curatives for cyano-group containing perfluoropolymers. In
addition, the perfluoropolymers may be cured using radiation-curing technology.

[0093] Most preferred are cyano-group containing cure sites cured with curatives that are

30  aromatic amines having at least two crosslinkable groups as in formulas (I) and (II) below, or a

combination thereof, which form benzoimidazole cross-linking structures upon cure. These
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NHNH H2NHNC Rf | CNHNH2(1V) 20 wherein Rfl is a perfluoroal kyl or

per fl uoroal koxy group of fromabout 1 to about 10 carbon atons that may be
a strai ghwoan12nsassshed chain group and/ or saturated or ®BaoFAtSeeians®iand/ or
substituted or unsubstituted; and WD 2012/ 054685PCT/ US2011/ 057016 NH2

curatives are known in the art and discussed in relevant part and with specific examples in U.S.

Patents Nos. 6,878,778 and US 6,855,774, which are incorporated herein in their entirety.

NH,
N @
BN/
5
NH,
;S
, a
/ i
R

1. . . .
wherein R is the same or different in each group according to formula (II) and may be NHp,

NHR”, OH, SH or a monovalent organic group or other organic group such as alkyl, alkoxy,
10 aryl, aryloxy, aralkyl and aralkyloxy of from about 1 to about 10 carbon atoms, wherein the

non-aryl type groups may be branched or straight chain and substituted or unsubstituted and R

may be -NHy, -OH, -SH or a monovalent or other organic group such as an aliphatic

hydrocarbon group, a phenyl group and a benzyl group, or alkyl, alkoxy, aryl, aryloxy, aralkyl

and aralkyloxy groups, wherein each group is from about 1 to about 10 carbon atoms, wherein
15  the non-aryl type groups may be branched or straight chain and substituted or unsubstituted.

Preferred monovalent or other organic groups, such as alkyl and alkoxy (or perfluorinated

versions thereof) are from 1 to 6 carbon atoms, and preferred aryl type groups are phenyl and
benzyl groups. Examples thereof include -CF3, -CyFs, -CHoF, -CHpCF3 or -CH2CoF5, a
phenyl group, a benzyl group; or a phenyl or benzyl group wherein 1 to about 5 of the hydrogen

20  atoms are substituted by fluorine atoms such as -CgFs, -CHpCgCF5, wherein groups may be
further substituted, including with -CF3 or other lower perfluoroalkyl groups, or, phenyl or

benzyl groups in which 1 to 5 hydrogen atoms are substituted by CF3 such as for example

26



NH2 HONC- (CF2)"CNOH wherein n is an integer of about 1 to about 10.

[ 0096] Conbi nati ons of all of the curatives herein are within the scope of

t he i nverwODan1264@50ng as there are conpani on functi onalPCEaISeslilog7om®noner
groups with which the curatives may react on the curable polynmers in the
conpositions, and each of such conpositions nmay be bonded using the bondi ng
agents herein. Wth respect to heat resistance, oxazol e-, imdazole-,

t hi azol e- and triazine-ring form ng crosslinking agents are preferred and
can include the founula conpounds |isted bel ow and di scussed further bel ow
with res OFRRI sH 4 ) (CE), IwhekBitld 1 )sord | ¥ atine 5Y. Viydregea atdnmciahby be
formul a FI%H;S I&he?&fn Ié@ :ul%re 3|s)1lzla¥re or different and egchy |(§gé- NH2, -*\IHRZ
-OH or noval ent organic gro refera not

hydr ogenisurfh(‘f’r" S&“’(‘Tﬁd‘m@‘rye? %yf%mu Cowe 9 grg%la (ﬂ%{ﬁ 8he gr oup
of 1 to abqut 6 carhqn atons erf uoroa ou

carbon af %asé’rgﬁ”ﬁ‘é‘lgéu%?ﬂ?& CRAARCG g?% 838 8{1%% ’begfuwty 8rnr3‘rlraj1 Velf{' FW
wherein tﬁaﬁ;perfluoroalkylene group of 1 to about 10 15carbon atons, and
formul a ?@@ wherein n is an integer of 1 to about 10. O such conp? nds,

t hoseS of 19&94hul aA(SYYP9m1§shaﬁ6{gefH“ﬂ‘graéDrﬁ’rélrlbmﬁ?@?@“?de‘& aﬂ&rg%%mrnééh@{é

whi ch is; & w&ﬂtqu% sufh gxto‘agé é{f Fedh b2 1dr (i guﬁlrtﬁﬂaatt L Gst tWRASoR Ik Ing

crossllnkrng respec inthe formula (I1), it is preferred al so
to use - NHRZvagroRfs arsipnoedain N-R2 bond (wherein R2 is a nonoval ent organic

207 0097] E¥Bbuna8lnaor HEh S -Easr ks ot GRS T o RE L VT rrghpigbtene
preferred and ha
R \ R3 / \ R4 (111)

nce,

3 .
10  wherein R is preferably SO, O or CO or an organic or alkylene type group, such as an alkyl,

alkoxy, aryl, aralkyl or aralkoxy group of from one to six carbon atoms or perfluorinated
versions of such groups, having from about one to about 10 carbon atoms, and being branched

or straight chain, saturated or unsaturated, and branched or straight chain (with respect to the
. 4. .
non-aryl type groups) or a single bond. R is preferably a reactive side group such as those set

15  forth below:

NH NOH
or

/
—C

\
NHNH, NH,

—C

/\

2

NH NH

H,NHN (ll R/ llj NHNH, (IV)

1
20  wherein Ry is a perfluoroalkyl or perfluoroalkoxy group of from about 1 to about 10 carbon

atoms that may be a straight or branched chain group and/or saturated or unsaturated and/or

substituted or unsubstituted; and
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to 3 crosslinkable reactive groups thereon, nore preferably having 2
crosslinkabl e groups. [0098] Exenplary curatives based on the above

pr ef err edwbanrisaessi ncl ude at | east two functional groupsT/tsach/0a®1¢ he
followi ng structures fornmula (M), (VIl) or (VMII1): WO

2012/ 054685PCT/ US2011/ 057016 wherein RS represents a saturated or
unsat urated, branched or straight chain, substituted or 5Sunsubstituted
group such as al kyl, al koxy, aryl, SO 0, CO or simlar groups which are
perfluorinated with respect to the carbon atons and which is preferably
about 1 to about 10 carbon atons; wherein Rl is as defined el sewhere
herein and R6 Hbe 0, SO2yy$O or an organic group 15which may be
perfluorinated, jsuth as al ky 2 al koxy, aryl, aryloxy, aral kyl and

ar al kyl oxy of frlom about 1 ho about 10 carbon Z%ons, wherein the non-aryl
type gr oupsNreyr(he—HCapched 5 SOt ght chain b substituted or
unsubstituted, or a single or alkylene bond. 100991Fromthe view of easy
synt hesi shersireh &y anadtegeiosisibonk] wpbageHls are conpounds havi ng two

bt ow | n1BGPLr mur oYV R iy S S RO s B s b o SRR Rl

R1 i s5 as 1@ ehaa dreRonipaniob@nctiofal, curéSPe mamongt kydupswithrvdugh b clrativesabeut 6
carbon at ons, %ﬁpe{%“%?r oal kyl ene %ou.ﬁﬁof l.to 1 uth 10 carbon at QIE, a
singl e b&WAt Yt ths <y ol ¥mets 40 SO MBg S RaRS, a{lﬁl ggch ot suc compositions may be

bonded using the bonding agents herein. With respect to heat resistance, oxazole-, imidazole-,

thiazole- and triazine-ring forming crosslinking agents are preferred and can include the

formula compounds listed below and discussed further below with respect to Formulae (I), (1D),

1 .
10 (IID), (V) and (V), specifically, formula (II) wherein R is the same or different and each is -
2 .2, )
NH», -NHR", -OH or -SH, wherein R is a monovalent organic group, preferably not
’ 3
hydrogen; formula (IIT) wherein R™ is -SO2-, -O-, -CO-, and alkylene group of 1 to about 6
carbon atoms, a perfluoroalkylene group of 1 to about 10 carbon atoms or a single bond and R

1
is as noted below; formula (IV) wherein Ry is a perfluoroalkylene group of 1 to about 10

15  carbon atoms, and formula (V) wherein n is an integer of 1 to about 10. Of such compounds,

those of formula (II) as noted herein are preferred for heat resistance, which is enhanced due to

stabilization of the aromatic rings after crosslinking. With respect to R in the formula (II), it is

2 1 2 2. .
preferred also to use -NHR ™ as R, since an N-R" bond (wherein R" is a monovalent organic

group and not hydrogen) is higher in oxidation resistance than an N-H bond,

20 [0097] Compounds having at least two groups as in formula (II) are preferred and having 2
to 3 crosslinkable reactive groups thereon, more preferably having 2 crosslinkable groups.
[0098] Exemplary curatives based on the above preferred formulae include at least two

functional groups, such as the following structures formula (VI), (VII) or (VIII):
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S5wherein this fornmula provides an easier the synthesis. Preferred exanpl es
of al kyl ene groups of from1 to about 6 carbon atons are nethyl ene,

et hyl ene,wpnropyisesse, butyl ene, pentyl ene, hexyl ene and ®Phe/useke/osmianpl es
of perfluoroal kyl ene groups of 1 to about 10 carbon atons are CF3 1 C |

CF3 and the |ike. These conpounds are known as exanpl es of
bi sam nophenyl conpounds. 10Preferred conpounds according to this structure
i ncl ude those of foinmula (X): wherein R7 is the same or different in

each instance and each R7 is hydrogen, an _al kyl group of 1 to about 10
carbon atons; a parfpally fluorinated orf2ler fl uorinated al kyl group of 1 to
10 carbon atons; 2 phényl group; a benzyl or a phenyl or benzyl
group in whj to about 155 hydrogen at onp—have been replaced by fluorine

or a | ower or perfluoroal kyl group su#h as\CF3. [0100] Non-limted
exanpl es esNpT Lude- R5-2-biNg{-24-</di ami nopheny| k¥Raf | uor opr opane,
2, 2-bi s[ 3- 4- ( N- met hyl am no) phenyl ] hexaf | uofopr opane,

2, 2- bi s[ 3- apino=/4- (N- et hyl am no) phenyl ] hexaf#wef opr opane, 2,2-bis[3- WO
2012/ 054685PCT/ US2011/ 057016 ami no- 4- ( N- propyl am no) phenyl ]
hexafluoropropage,
2, 2-bi s[ 3ram nE-4- yl.am . bstituted
2. 2 bi oL VPETS. AH R o St er i SR RRGARAR Sha, sustired o

2- bk s[ 37 ML % ! P BIARABRup @Al 41t | ar
conpo%nd§?&%§@§ﬁé§%§m%%@E%%g@k?gggQggﬁk%?ﬁég% heat res?gtaﬁce broperties,
2, 2- bi s[ Berdlmbrifatdd Nith respect to the carbon atoms and which is preferably about 1 to about 10

carbon atoms;

H,N NH,

R6 (VID)

1 NHR!
10 R!HN

6 .
wherein R1 is as defined elsewhere herein and R may be O, SO9, CO or an organic group

15  which may be perfluorinated, such as alkyl, alkoxy, aryl, aryloxy, aralkyl and aralkyloxy of
from about 1 to about 10 carbon atoms, wherein the non-aryl type groups may be branched or
straight chain and substituted or unsubstituted, or a single or alkylene bond.

[0099] From the view of easy synthesis, preferred crosslinking agents are compounds
having two crosslinkable reactive groups as represented by formula (II) are shown below in

20  formula (VIII).
H,N NH,

l (VIID)
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met hyl am no) phenyl Thexaf | uor opr opane,

2, 2- bi s[ 3- am no- 4- ( Net hyl am no) phenyl ] hexaf | uor opr opane,

2, 2- bi s[ wvarhreas468§ Npr opy| am no) phenyl ] hexaf | uor opr opan@Carn$2011/057016

2, 2- bi s[ 3-am no- 4- ( Nphenyl am no) phenyl ] hexaf | uor opr opane are preferred.

Al so preferred for heat resistant 1Oproperties is tetra-am nes such as

4,4 -12,2,2-Trifluoro-1-(trifluoronethyl) ethylidene]bis[N -
phenyl- 1, 2- benzenedi am ne] or
2,2-bis[3-anino-4-(N—phenyIaginophenyV%exafIuoropropane is preferred.

[ 0101] O heeresm Rt abhseaboue ahid Ress 1S, ude -O0azol adleylerendrdaz of Bto, abichi @zaben , and
triazine-ring formng curatives, am doxi me and am drazone crossl i nki ng
agents, attdnqoalpe]tfmwmu}yerﬁg@omm hoeptbenol Gearbis@ningot dinglp hembbisg group as
blsanldlnes bi OXI S, bisam drazones, nonoam di nes, nonoam doxi mes
and nmonodhPHR gy 8%1 nown in the art or to be developed, exanpl es of

whi ch are set forth, for exanple in g5 Patents Nos. 7,247,749 and

7,521, 510, |ncorporated he i n relevant by reference, including the
curatives and co-curative ratof/s thexein. I mdazol es_are usefu
in that they can cantrj ani cakst pength, healX esi stance,
chem cal resistance, and eraagge y, as well as a good

bal ance of crosslinking pr hi g | ow t enperature properties.
The bi sanm doxi e, bisam drazone, bisa i’nophenol , bi sami not hi ophenol or

bi sdi am naphenyl t r yl
oS 8RR B TR RS Al B A SHRIA LRURAC RO
perfluor6&%&$h@ﬂﬁmt6maﬁehmeﬂhsmeaﬁﬂnﬂeﬁbaﬂyhn@qsqheﬁe;hng&hawwngdaw oxazol e
ring, hi zoIe r n imdazple.rin or a triazjne.ring as, crosslinks
n'the r bgut wrengRpd debt B SPrriri eSS okt ﬁr@u%ﬂ‘f%gq Pesh RO o

t he bondi ng nts herein. 101021l n one enbodi nent herein, a curative
conmpound can bé used including at |east two chem cal groups with
cross-linking reactive groups as in Formula (I) or (Il) in order to

i ncrease -heaC resi stance and to stabilize an aromatic ring system For
groups such gs in (1) or (I1), having 30two to three such groups, it is
preferred togﬂeve at least two in each group (lI) or (Il1), as having a

| esser nunber—éf groups may not provi de adequate cross-linking. WO

2012/ 054@%@@4&5%%;4 ?&K&%ﬁdé%%w&m egﬁmﬂewwl@d}ﬁnemefn@r@&ﬁ oARE bl ends
havi ng t he st curab pertl uoropol yner and the second Curab

per f 10or Gpafeyradcomporads atdopding tathtrstrRBire mChﬁemanWBffm‘heﬂqo@@eent to about
75 to about 25 nole percent, prefer$gly about 40 t bout 60 nol e percent

to about 60 to aboud2MQ_nol e rcen t e ePab!y about 50 to about

in an anopunt (&) about 0.01
to about 10 nol e percent vidually in each of the first
curabl e perfl uoropol an second € | e erfluoropolyner The at

| east one curative Réﬁpreferably pre§ent in an andWt of about 0.01 to
about 5 parts by weight per 100 parts by weight oflthe perfluoropolyners in
t he conposition,

7.
wherein R is the same or different in each instance and each R is hydrogen, an alkyl group of

1 to about 10 carbon atoms; a partially fluorinated or perfluorinated alkyl group of 1 to 10
carbon atoms; a phenyl group; a benzyl group; or a phenyl or benzyl group in which 1 to about

15 5 hydrogen atoms have been replaced by fluorine or a lower alkyl or perfluoroalkyl group such

as CF3.

[0100] Non-limited examples of curatives include 2,2-bis(2,4-
diaminophenylhexafluoropropane, 2,2-bis[3-amino-4-(N-methylamino)phenyl]
hexafluoropropane, 2,2-bis[3-amino-4-(N-ethylamino)phenyl] hexafluoropropane, 2,2-bis[3-
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10 and nore preferably about 0.01 to about 2 parts by weight per 100 parts
by wei ght of the perfluoropolyners in the conposition. [0105] The at one
cure sitewOnrotds4es | east one cure site nonomer in eithecTars2éowb7ooé t he
first and second curable perfluoropolynmers is preferably a

ni trogen-containing cure site. The at |east one cure site in the at |east
one cure site nmononer in the first curable perfluoropolyner may be

15sel ected fromthe group consisting of cyano, carboxyl, carbonyl,

al koxycar bonyl , and comnbi nat reof, and pref ly is a cyano
gr oup. léﬂéﬁtfﬂel@PPYé%@%”gﬁ@yﬁiWﬁgﬁV@xﬁﬂ§mﬁi ggﬁi he foll ow ng
sui tabl e ﬁeﬁﬁlxrilm%ﬁ)h‘éh&lﬁﬁé%aﬂﬁ@ro gk, oh- Elg[@ -dniyentnen: f | UOFI nat ed

i m doyl am di'nes; bi sam no heno bi sam di nes: bi sam doxi mes;

bi sam dr aozdhesophmyi@mmoaphvey}]hmﬂeenwmnw@sz “bisGnoamodtdzones:

20Dbi hi,oph
20! o e BRNF RS T BLPRRE T S LA AR, MRk g ar e

NH, wher ekeelRht laeraere@rsensaﬁmpemedrz‘Zbrsezntrmara)dar(eech is -NH2, -NHR2, -OH or
-SH, R2 is a nonov ani c rou oun represented by t he
formul a @9ty am”\%’ ‘@‘8 838 %6?1%?@5%118 Z\r\ﬁ\erei n R3is -Sx@-, -0-,
-CO-, an e%ywlﬁaﬁh%oﬁ%xmydrgﬁoﬁaﬂeo2§ -wmgsheinguqne, a perfluoroal kyl ene

group having 1 carbon atoms or a single bond and R4 is NOH or% C

NH2 : compeiaising mbeed fexeldudsgprepaneng 2(3-00st3 - agappe-4-(N-

phenylamino)phenylhexafluoropropane are preferred. Also preferred for heat resistant

10  properties is tetra-amines such as 4,4°-[2,2,2-Trifluoro-1-(trifluoromethyl) ethylidene]bis[N1-
phenyl-1,2-benzenediamine] or 2,2-bis[3-amino-4-(N-phenylaminophenyl) hexafluoropropane
is preferred.
[0101] Other suitable curatives include oxazole-, imidazole-, thiazole-, and triazine-ring
forming curatives, amidoxime and amidrazone crosslinking agents, and particularly

15  bisaminophenols, bisaminothiophenols, bisamidines, bisamidoximes, bisamidrazones,
monoamidines, monoamidoximes and monoamidrazones as known in the art or to be
developed, examples of which are set forth, for example in U.S. Patents Nos. 7,247,749 and
7,521,510, incorporated herein in relevant part by reference, including the curatives and co-
curatives and accelerators therein. Imidazoles are useful in that they can contribute to good

20  mechanical strength, heat resistance, chemical resistance, and low temperature capacity, as well
as a good balance of crosslinking properties and high and low temperature properties. The
bisamidoxime, bisamidrazone, bisaminophenol, bisaminothiophenol or bisdiaminophenyl
curatives can react with nitrile or cyano groups, carboxyl groups, and/or alkoxycarbonyl groups
in the perfluoropolymer to form a perfluoroelastomer preferred in some embodiments herein

25  having an oxazole ring, a thiazole ring, an imidazole ring, or a triazine ring as crosslinks in the
resulting cured articles formed from the compositions useful with the bonding agents herein.
[0102] In one embodiment herein, a curative compound can be used including at least two
chemical groups with cross-linking reactive groups as in Formula (I) or (II) in order to increase
heat resistance and to stabilize an aromatic ring system. For groups such as in (I) or (II), having

30  two to three such groups, it is preferred to have at least two in each group (I) or (II), as having a

lesser number of groups may not provide adequate cross-linking.
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1 i wherein Rf s a perfluoroal kyl ene group having 1 to 10 carbon atons;
conpounds represented by the fornmula (V): in which nis an integer of 1
to 10; amwlocorismessi ons t hereof, wherein the at | east cecatise@ios7ol®capabl e
of reacting with the | east one cure site in the at |east one first

perfl uoropol ymer and the at |east one cure site in the second

perfl uoropolyner to crosslink the at | east one perfluoropol yner and the at

| east one second perfluoropolymer in the conposition. [0107] The at | east

one curative may_ further he an arqomati ¢. amni ne havi at | east .two

crossl i nkHPE gr%{?g§ofné’_6?l_8%‘ésrﬁr8’(afr%§]ry i‘rﬁgﬂﬁf"(rﬁgls '8 f}}elnf?’,“ %@ﬁ%pqﬂﬁgmpglypﬁﬁm;
f1 uori natgdntILsindQukAM sirEsropHlySRMIWRIABRITLBout 286 st Batdlopacéties eof .
[0108] I n one enbodi ment,” the curabl e fluorine-containing el astoner

conposi t Pesnt (86 abouki26 malheerberidbratyraiye Abant Hete phput AL BeEH tbqup§eto one
curative_as o ' ' 9%% t m ne conpound wi thin
the scopgg%%tapﬁlgégggg%gr%\g%ﬂﬁfd‘goﬁye g oa%léw§%gha%%g@rr5pogunds may be used al one
or inscopdiodapt i oRachMistie filekesreatire dtgpoomasert or cach of thercaiablaserfi@oropolytievse s

h . . . NS .
AR A AT R NG NER
4, 4' [ 2, 2griJinbdilyuare@cH of thé kdt e@faBBIchfildropolymer and the second curable

et hyl i deneThi s[ Nl - phenyl - 1, 2- benzenedi am ne "Nph- AF"). WO

201f2{ 054@srsm@rwplgsgmer1 s 7DiE6StAnO EWAH v pisaTrelierably Rigseat Ina amynggeabout 0.01 to
per fl uor g m 1.di n th I i i .
LT 00 SPED GRS b SRR, (B siag 1o

2008-OQ3§ cor nce herein th respect t
f ol | 00 ngne orvpOprRerabig abouriOl Grto abogAupkts . byGnaghtrpef $00 pattsdympaghichf thd so

descri bed DPI A- 65 is_shown herei nbel ow.
pertluoropolymers in the composition.
[0105] The at one cure site in the at least one cure site monomer in either or both of the first
and second curable perfluoropolymers is preferably a nitrogen-containing cure site. The at least
one cure site in the at least one cure site monomer in the first curable perfluoropolymer may be

15  selected from the group consisting of cyano, carboxyl, carbonyl, alkoxycarbonyl, and

combinations thereof, and most preferably is a cyano group.
[0106] The at least one curative may also be one of the following suitable curatives within
the scope of the invention: fluorinated imidoylamidines; bisaminophenols; bisamidines;
bisamidoximes; bisamidrazones; monoamidines; monoamidoximes; monoamidrazones;

20  biasminothiophenols; bisdiaminophenyls; tetra-amines and aromatic amines having at least two

crosslinkable groups represented by the formula (II):
(1)

1 2 2
wherein R~ are the same or different and each is -NH>, -NHR , -OH or -SH; R is a

monovalent organic group;

25 compounds represented by the formula (III):

o 7\ R 7\ R? ()
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CF3(CF2) 5 NHNH2 NH2 NH (CF2)6)1 (" CF 2,5 3 Q her
preferred conpounds are bi sam nophenol, bi sam nophenol AF, and conbi nations
10t her eofwO[2008}ds8 yet further enbodi ments, the conposipCirars2e13/0proes er abl y
a perfluoroel astonmer conposition and the at | east one curative includes use
of Nph- AF WD 2012/ 054685PCT/ US2011/ 057016 [0110] Thi s conpound may be used
al one or with another curative(s), such as in conbination with

bi sam nophenol or bi sam nophenol AF and/or in conmbination with or as an
alternative thereto, wherein the at |east one curative may further conprise
t he DPI Awd8reilbRCE380R2)8-NCO-(amringpnersienmhaving { o pabon gtons, a

perfluoroalkylene group having 1 to 10 carbon atoms or a single bond and R*is

NH -
= = NO

—_C or

—C
™ NHNH, AN

compounds represented by Formula (IV):
NH NH
c— R/'—c

H,NHN NHNH, (V)

1. .
wherein Ry is a perfluoroalkylene group having 1 to 10 carbon atoms; compounds represented

by the formula (V):
NH, NH,
ll |

HON==C— (CF,);— C==NOH V)

in which n is an integer of 1 to 10; and combinations thereof, wherein the at least curative is

10  capable of reacting with the least one cure site in the at least one first perfluoropolymer and the
at least one cure site in the second perfluoropolymer to crosslink the at least one
perfluoropolymer and the at least one second perfluoropolymer in the composition.

[0107] The at least one curative may further be an aromatic amine having at least two
1 2
crosslinkable groups represented by the formula (II), wherein R is -NHR ; fluorinated

15  imidoylamidines; bisaminophenols; and combinations thereof.
[0108] In one embodiment, the curable fluorine-containing elastomer composition useful
with the bonding agents herein includes the at least one curative as a compound which is
preferably a tetra-amine compound within the scope of those compounds noted above. Such

compounds may be used alone or in combination. Most preferred compounds for use herein as
. . . N 2 2.
20  curatives are those in accordance with formula (II) wherein R is -NHR  and R is an aryl

group. Such compound is also known as is 4,4’-[2,2,2-Trifluoro-I-(trifluoromethyl)
ethylidene]bis[N1-phenyl-1,2-benzenediamine] (“Nph-AF”).
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[0111] The bondi ng agent is preferably used with a curable

per fl uoroel ast onmer conposition conprising a first curable perfluoropol yner
conpri si yoetrvmwshdsaor oet hyl ene, a first perfluoroal kyl viPayluseathes7oaend at

| east one first cure site nonomer having at | east one cure site, wherein
the tetrafluoroethylene is present in the first curable perfluoropolynmer in
an anount of 10at |east about 50 nole percent; a second curable

per fl uoropol ymer conprising tetrafl uoroethylene, a second

per f 1 uoroal kyl vi nyl ether nd at | east one second cure site nononer having
at | east one cure site, ein the second curable perflgﬁ%opolyner
conprises fluoroplastic par icles therein; and at |east Zcurative the at
| east one curative is selectt g of: at |east one

curative the at |east one cura=va is sel yomt\ie group 15consisting
of: WD 2012/054685PCT/U820 6 CF 3£C F2) 5 £$ 2)6 NH2 NH |
(nc )3 5bi sam nopherddN . ' AE, i gations 't her eof,
wherein at |east one o re g te nongmer i i ﬂurable

per fl uoropol ymer and the cure monomeCFi n t he second curjabl e

perfl uoropolymer is CF~ =CFQ(CF2) 5CN, and wherein the seco rabl e

fl uoropol ynmer conpr4 uoroplastlc particles as a res bl endi ng
during | atex polyng the fluoroplastic particles conprl ing a

exanpl es only and e 'olng agents her ei n may be used w 5 mnde vari ety
of fluoro- and perfl uorfoel astonmer conpositions. [0113] Any curing agent(s)
may be used al one, in conbination, or with secondary curing

Another preferred curative includes perfluoroimidoylamidines such as those found in U.S.
Patent Publication No. 2008-0035883 A1, incorporated by reference herein with respect to the
5  following compound and similar compounds. One preferred compound, also described as

DPIA-65 is shown hereinbelow.

NH, NH;
CFg(CF2)5‘—JJ\ )_— (CFZ)(S_L )l—(CFz)sCFg

Other preferred compounds are bisaminophenol, bisaminophenol AF, and combinations
10 thereof.

[0109] In yet further embodiments, the composition is preferably a perfluoroelastomer

>

composition and the at least one curative includes use of Nph-AF

34



agents. Thus, the curing system does not require, but may also optionally
include, a variety of secondary curing agents, such as bisphenyl -based
curing ageobpe12Asgsshei r derivatives, 15tetrapheyltin, tPCIAISA@]1/057016

per oxi de- based curing systens (e.g., organic peroxides such as dial kyl
peroxides) if not used as a primary agent or if used in a conbination or
peroxi des, or conbinations of these systens. O her suitable secondary
curing agents include oganonetallic conpounds and the hydroxi des thereof,
especi al ly organotin conpounds, including ally-, propargyl-, triphenyl- and
allenyl tin, cu ﬁ%g agents contai ning am no grﬁgﬁs such as di am nes 20and
di am nes carbanmatgs, such as N, N di ci nnanyl i dene-4, 6- hexanedi am ne, WO
2012/ 054685PCT/ US2Q11/ 057016 trththernediy i ne, cinnanylidene,

trimet hyl enedi am ne; '~nany|idfne et hytenmedi am ne, and ci nnanyl i dene
hexanet hyl enedi ammne, heXxanet hyl enedi am , bis(4-

ami nocycl oH&Xty T8 3 opro e nonocar bamat e,

et hyl enedi a , R ¥ ne caribanmate, and

bi sam not hi ophenol s: 0114] At Ceast one of a curi|ng agent, co-curing agent
and/or a cure_accelerator may al so be included dependi ng on the cure system
adopt ed. Fhe congposition nmay al so include | eas ur abl e fl uoropol yners
or perfl Wmers, such as, for exanple, inja fludtopolyneric or
per fl uor opol ynmerli ¢ bl end. [0115] Exanpl es of opty fillers which may be
used in the M conposi tions herein 10i ncl udi ng, exanpl e, w t hout
limtation, fluoropolynmer powders, fluoropolyner m cropowders, core-shel

f1 uor pol yggp) f i 11188 SompbuHRIARPbY HRE 2R P MEMSihef ERESvd(H)NKAAIE in
fluoroplastic fillers, carbon black, fluorographite, silica, silicates,

gl ass fi bembingtierwith pirameropheneler Gisamanophanal iAfnsnskiorfip cembishes it or gyedn
fibers, %ﬁér‘?‘lg@i&e th%x%{aor, Whe lir!ij{ﬂtendlt' fga]gyo%%ﬁfaﬁ@ HB, rﬂn‘fﬁ@r%&nﬁ%‘é@thg@ﬁl@—w .

car bonat €, “magnesi um carbonate, alumna, aluninumnitride, borax, perlite,
15zinc terephthalateprsilic ar bi de pl | ets, ngirl i con carbi de whi skers,
wol | astonite, calciuN erepﬁ?ﬂgﬁate, fulﬁqﬁgne tbﬁgs, Hectorite, talc,

m ca, carbon nanot ub Suchifillers may pe pres¢gnt in the overal

conposi t i olf3(@F of 6 ts_per ek BeCher 100 parts
base fluoropol yner, preféfably up to about 20N parts per hundred, wherein
the 180 parts base fluoropol ymer would include all such base

f1 uoropol ?ﬁqﬁ ( S)Tﬁ@b&ﬁﬁlg‘:&gﬂpﬁ 'p?éf@x@bly%gg@gv;tﬁ]al drdotdPb aa5ReRkbIRA Somps¥itidise,
for exanﬁ e in sem conductor applications, preferred optional filler(s) may
opt i onal leympssihp adirspoapieperfooteslymef teropupes (ereflueroeihglseadeliist cor e- shel |
fl uor pol fillers,, fluor r r = | :

F1 tior opl JeRie TRy A ABERT e PP S B RS e P R AL RRUpe e st
bar i um swHeadi€ theaatrafluom eyl Bonia tpesserrag resti e abl b perditueropal yumdr @ an afnowmtredm
nitride, apd carbon na@otubes. Silica, 5cahbon | ack ésuch as a high

puri 6§ t Rbleashiabedr IRl PEEaRRs afSF‘EPé‘flGBEﬁbffrW PO BRHETBP ¥ hopowder s and
cross- | i nkalh@rdelNrRPh §bhe peMROLABINYRG LIRS @hd 8dieadtorE S5caRY YumGitbeavy
metal additives are provided in conpositions herein used in sem conductor
processi meprappt heding enisast pod ¢ FHe velirosia i sseorbanalle perberapobwpss cogmprises

composi t ile%ro%e}/stig %Qxltl%le@ in 0 £ndaalt lleagﬁc odeWrative the at least one curative is selected from

the group consisting of: at least one curative the at least one curative is selected from the group

15  consisting of:
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vari ous conponents di scussed above in varied proportions, ratios, and
permutati ons. 30Individuals of skill in the art will recognize such

i ngredi enwe 2ardsuesbat i ve rati os may be altered and vari edTdsp@anasTge on t he
desired characteristics of the end product, which in turn is informed by
the application into which the bonded conponent is to be used. WO

2012/ 054685PCT/ US2011/ 057016 101181Preferably, based on 100 parts of a base
fluoropol yner(s), curing agent(s) are present in the anount necessary to
provi de adequate cure for_the given functional group(s), for exanple, in an
anount of about 0.1 to abbalN 5 parts per 100 parts base f] uoropol yner(s),
preferably about 0.2 to abont 3 parts per hundred or abg Ha to about 4
parts per hundred curing 5aggnt(s). |If t hegcuring agept” is part of a
peroxi de curing system co-curiag—agents, guth as/FAS, are preferably added
in amounts of about 1 parts #
parts base fl uoropol yidSrs—34

3 ndred based
5 r(s)lherein onal |y, as noted
el sewhere herein, accelerator co-curi gg,agents can be used in preferred
anounts, for exanple, of O to about 6 parts per hundred 10 prased on 100
parts by wei ght of the€ base fluoropolyner(s). 101191Such
fl uoroel astoner, and preferably perfluoroel astoner, conpg¢sitiong fotnmed
fromcurabl e fluorqel astomer, and preferably perfl uoroel ast onerlc,
conposi tions havi ng~Nxurabte fluoro- and per- fluoropol yner S noted her ei n
may be cured and shaped so as to forma nolded article(s). Cenerally, the
nol ded articles will be fornmed as sealing nenbers 15such as O-rings, seals,
gaskets, inserts and the |ike, but other shapes and uses known or to be
devel oped in the art are contenpl ated herein. 101201The nol ded article may
be bonded to a surface by way of the bondi ng conpositions herein for
form ng, for exanpl e, NHondedDMldal s. Such Nbhded $¥dl s may be used, for
exanple for form ng e- bonddd doors, gatés, and|plit valve doors for use,

e.g., ggﬂK unLﬂiéEO pL urfac pruch nol ded
artlcles s&‘% g% seal be boLde@6inclu :B >

Iynerlc arfaces as well as
metal and netal all oy surfaces. In one enbodi‘ment, the invention, |ncludes a

gate or slit valve door forned of, e.g., stalnless steel _or alunlnu

whi ch5an bmsannncr@eg@lablswﬁmhw% ¢F éncbccrlé@ég%oris sharerd, Wheeinc heasyeneet ﬂFf‘o?ufe
recel Vi NGl ikl in AR Q%ﬂx%f% SR8 Ynct HOMGBuldIie BlorbRr RORELAGNG

conposi tion ace of the seal 25and/or t he

SubSL T at &, s ?ﬁP%résg&ﬁ%}%m%lb%d&Fi?gﬂ%@%nh'v@@r 5 Y SE A bEPa @ of

bondi ng a I co sition,”and preferably a perfluoroelastoner

conmposi tifn ﬁ RS [ s -@Q@;ﬁgmg &S Wi thin

t he scope ofl} |nve tF%ﬁﬁfﬁgwgﬁgﬁ%%§§ﬁ¥%§ﬁgﬁgtg?s ) al %ys,

sem condyotyonajzapaot, yn@ﬂsqroa]rashq:mclnatompmlmm@net@gen-ﬁrmalbcmumgSltednp@?smri on
may 3l.so Ocapabl e of ¢ essfull ndi quor ition
to aﬁ r{gﬁzjappﬁﬁ?sg ar%’éllte Al Ef’?‘ainylé/s (?r?? 411%6%8?%1 i g tgﬁérggﬁr:{lc},; Qé;ﬁsg ﬁm) ny,

telluri urmt}ps)lwdu ety ARl 6 Cardl péﬂﬂﬁb#ﬂélas'iblﬁeﬂ diposiioas.nl ess steel ,

polytetrafluoroethylene and conbi nations thereof. The
[0113] Any curing agent(s) may be used alone, in combination, or with secondary curing

agents. Thus, the curing system does not require, but may also optionally include, a variety of
secondary curing agents, such as bisphenyl-based curing agents and their derivatives,

15  tetrapheyltin, triazine, peroxide-based curing systems (e.g., organic peroxides such as dialkyl
peroxides) if not used as a primary agent or if used in a combination or peroxides, or
combinations of these systems. Other suitable secondary curing agents include oganometallic
compounds and the hydroxides thereof, especially organotin compounds, including ally-,
propargyl-, triphenyl- and allenyl tin, curing agents containing amino groups such as diamines

20  and diamines carbamates, such as N,N’dicinnamylidene-1,6-hexanediamine,
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WO 2012/ 054685PCT/ US2011/ 057016 fl uoroel astoners may be bonded using the
bondi ng agent to other fluoroelastoners or perfluoroelastoners. [0122] Such
substr at esOrma2/ismessude naterial s that are substrates foPCYAIS2@u®5BU6 uct ur es
and/ or | am nates, some of which nay be used inside a sem conductor
processing chanber, or 5may be substrates actually used to formparts of
processi ng equipnent for exanple, in sem conductor processing equi pnent
(chamber wal I's, processing doors, gates, etc.). Substrates may include
mat eri al s _such as, for exanpl cer.am.c ng@als et a

<G

| .
seni condtiéngihylensdigming Girpaneylidspefemety] TR §’§mf“ﬁy]§‘z Oﬁmﬁﬁ‘@fh&mne

processi pgy éﬂgarﬁ%fltft?ehe %E%thﬁ%éﬂ@ﬁmﬁ@r&%lﬁ&hﬁl&ﬁ@dl%ﬁﬁ%ﬁfﬂaﬁﬁte sapphire, and
other siml ar erials, sem conducting netals and netal | oi ds 10such as

bor on, saﬁmmm&?lob@dymmthﬂmi catbgmates |, 3ah@mmngppat1@mlomqa€hﬁm%%le enefliagier
et al l I C SEérfngfﬁzg rlme%%éene 1a‘?’nL5CQ c?x‘ggmat%aéddgrflgarﬁlggthpd’ ﬂgr?o"\!?' ng chanbers, doors

and the [ nodi ze um num st ai nl ess steel and

ot hers maf@4al s W3 &dsi dhesifalrueiay iaperendo-Quitlg agsntpakior etcnafdcudem&trlmydyeam) be
(PTFE) seal o ri rgd and asket shi el di ng teri als. [0123] For oqu tf
appl i cat inshidedidepending,ansg SICBIet%StGE’eadPH@ 8CRGPRBHYLRAY PERL I LFH "50 15

bond FKMg,@b1eRR Mol ok Q?beﬁ'ﬁﬁf@@%e‘iy%hc}ﬁ% it teRbiSiplel 3] GebirBgblyihefic or

exanpl e, beryllium ‘copper, silver,” alum num chromum ti tanl um ni ckel,
zi nc and/potrﬂunmmlyn@ﬁriCdy@ler other metal nixtures, such as, for exanpl e,

titani um ?fclégys ﬁ)famrpcloso 0 pltl(a)'l’lélll%F s QRICK nlle{a/"{ifpfsg(@ R)btrhe %&dl\ﬁ%é p8§1ﬁ4§rﬁl HeSdih Ver

al | oys, | -t rum-a rom um rass, staln ess
steell0 Thdchditgnfed éx@ﬁﬁol@ﬂ&dthbuc]lﬁﬁitat&id cﬁl)as:opslmker@ewﬂére ﬂmsbpmiymmc

ni ckel - based superal | oys nder 0 tr denarre I NC(S]\IEL&% b% eci al
Met al CoPBSRPVEFS %wlﬁélrf? YEPYYIRE @fé’r iﬂ@&r HNGpRYLAL rhi‘%% gray be
sui tabl e ﬂ@l@rdﬁﬁl bie ﬁ@el@e&aﬁéﬂ biadd, @lu@ﬁJgYéﬁl’it'eCs1§é53§11116§t%§%lds@ﬁbé&dglaﬁﬁdfﬁeres

pol yaryl et her ket ones ( PAE émers such for exanpl e,

pol yet herﬁ@pzrgéasmram@n(swﬁm)as @ﬂ@érﬁb@t%ﬁ@k@!%ﬁ@“{ PMyumﬁaﬁw%Pkr&ane
et her ket ket K Ly iaide
(PEEK+TP§3‘I?J?2}te CaPC mglf;% Fzﬁ lﬁe%?g‘%@&() Rt E’[ E)I?% ]*A%nmgmgl frﬁlg Hggrrpoa tion
hereilf i smaltsmpﬁthalhabtlhcdmarbusle pmselas,psnlucrmrcar}:om)whlskﬂemcbllﬁstomse, dafeigbher
adhesive a s _and/ or t h. ot her adhes r for gr as an
adhesi ve ?fg@ﬁ?ﬁat? erege Jbes.{1sF éorgﬁ’c}h]ﬁplﬂ?l“i %rhga ﬁu%(?%aﬁwﬂ Nand i m nat e
appl i cat i,aRénds thederfl cdn@fostiR ih AmddRE oI O &/ @du® 86 pamd Sdrihahéretl @eal 00 parts
substr at e In the polynerization of FEKM these emul sifi erﬁl@f ree of PFOA

are nost bpseeffuspralymgd pofaspiyie Behentng rigeReshirgyed & hagst hed OF Hafipase
substr at %P@C ([}91;(1& Wi ﬁltc}ﬁdgfalltsﬁglgﬁésg lfﬁl%rop%ﬂrrﬁ’éf § ¥t REBmpBEiHSH coati ng,

di pping ro I ng or any suit e applicdtion technique, with brushing
and 2fr ay0laét i nbp Bd{Mgopresitiongdor bse, thorgimple in kenitpniictse lenBlicatiens,

t 4685PCT/ US2011/ 057016 bond t of th
R R A A e R T

curabl e frhibpeRaby ®ire-selBlpapblyaRr GfletshBusupslimat Ranopbedes, rbrssmmkableal | of
the surfaces may be bonded. As the fluqgropalymner. cur

f1 uor oel AspEstic {iHersseatber black dhwremirriig iHea sdicaeh SaHPmOSP &t %ﬁ?lFlﬁ‘g

process angQlic URDShRRR] 58580 a&ﬁnﬁ@%ﬁurﬁi‘ﬁ%ﬂﬁﬁ%uérﬁi catyd fe@btuBes. Silica,
t enperatures for curing/bonding f FKMs and FFIéMs are in the range, f or

exanmpbe, cafboalbback (100@s adigheutty ﬂ&@l@al canebrpbla¢lar Asirgpal Foer midawdstabout
Lo S DAL 8 PR, B sl S
under st anddikitednarke Ipt@vmhdslﬁ|c©ﬁ1lpbﬁtlbii]ﬂﬁeré1hels€djrrl wrei¢dndesoapcctssimgepplicatioss. wi | |
[0117] The above-discussed fluoroelastomeric composition may contain any or all of the
various components discussed above in varied proportions, ratios, and permutations.
30 Individuals of skill in the art will recognize such ingredients and relative ratios may be altered
and varied depending on the desired characteristics of the end product, which in turn is

informed by the application into which the bonded component is to be used.
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vary depending on the initial fluoroelastonmer and crosslinking system
chosen. 10[ 0126] Pressure to be applied may be from vari ous sources, such as
a hot preseald4@ad can range from about 200 psi to 3000Tas2)1148Pendi Ng
again on the resulting structure to be formed and the naterials being used
therein. [0127] The invention includes nethods of bonding the

fl uoroel astonmer conposition to the surface of the substrate by contacting a
curabl e FKM or FFKM corrposi tion (as described 15herein) to the substrate

either fully along or part alongth ur ceadcrln it vi curing
means kan/H%br ﬁ?@F%%d’aF‘?ﬁiy‘t%@ Hts 0%/82’ epf?‘étr%l? BRgr(s)g ﬁ%l\?lgS?t?

conposi t hoRediSy ﬁfe%ﬁftﬁgn&ﬁéss%}eﬁdﬂrgﬁdg Qd@luﬁﬁémui;@-for ﬁlél\él@én faféddnal éx@ﬁp{@)’ for

bl endi ng apparatus, and conbi'ning any additive, curing agents and/or

addi t i onakangpledoranineest oftalppet At cettmuad @rnss merdl 09myprts baseduorapolyreeréd. her ei n.
The result I ?{%l%ly é’lggl[}tgf to a {? dangs ne? Inctlre8 QQJut%‘tH%b&ﬁ 4£pqﬁ§t P 'y ﬂnﬁ?e%béuﬁng

formed 28 or M wher orm ma y any nmean

i ncl usli ngg&iuls).| Hahe Elringkig,is @%ﬁt bﬂﬂpé}gmdﬂnhﬂng]gyst@ﬂim ciirgeadearspacth at he
pre-formsurface and/or th substrate to whi ¢ g"% is to be bonded are

coat ed wltCt #e P ﬁ‘@bh’ga‘déié APeynghot 2prat ]OB?'fEﬁtﬁ QWP pengigd BasEhaP ¢ he

entire syphpeshdse AR6rIFBLRErOLn®Mbdht 3119880 R3 farRipet MARICdBHERSE $00 pd2k23] The
pre-form and substrate are then subjected to the curing process so that the

pre- 25f trerhass ﬂa@ropelagter(phhqrmal |th1@nalésd ag potgd elsswhere bewds EeekiragrRiFohave
occurred, but no xten P ef e I, rneform
s conta ((lgtuélbg ?%:nt s, can be ufse(fj 10 pr? e{rﬁg 1%18 IE'[% rfg <Eéxaa é@%f Bro QQ(Y& %%’arts S'D\Eﬁet‘lmgldt de

he surface e su ‘cured in
bondi®g agedioni 190datts uah&tg}ﬁbdtttehﬁs@ﬂ@arﬁmlmﬁ(s)rml ded into a shape within a
bonded structure For ex an eﬁr&{ e rope can gﬁ si tuat ed rn a groove
in a bond¥d%%at eSlt“}&?Preﬁ]atgw‘ i‘s}‘l‘én?fo gty Pe tomeh £ THOR AR

extruded f(grﬁf?:@ ﬁ%ntl Qu@@@@d&%&&t&%nand%]@f&ahﬂy ?é@l%hfo@la@toﬁfeﬁc SathiRelREs t 0
curing while the gre- ormis being 0 a seal in the groove (in

situ). Plhe‘flog aurablgrluseo-pind wett fbquméyrg@rs faae@teri hewsin may be purgd gpdehaped beiise

cur ace. 5l B kEEuHIEOf RuGRthe SRrerBen PO o Bo R Rln B Roe

i nt o15hapesh dsad- rmfgs Ghals,umbkdH, (Mdsrtamod Hekie, anetlicy phapas hyd weednowmot edieng

o-rings, kets, seals, coa | am nates and the like. In the case of a
gate dooriqui‘aﬁedé&&rrqu&afe CHH@EWF%W%‘PW processi ng equi prent, a perform

ext rudat gy be ThBaR#dd Lriflk nayideiondéd R £RRf66bYHA0GE tHelbohbRgdonipositibhiace
and the nolding process will enable the fluoroel astoner 5Sconposition to

bond to hhwisier fererng,fox sremgple derdaisealay Sueh berded serds mgy &96#%13 fqrjegample for
[0129] O b&tpg Elfeotgdﬁcﬂ H&])rgd%’tesf Mq &t @'g}% %oo%rfoxeﬁ(ster ygeﬁq Qmishianed: sheet of

t he el astoner-conposi tions’ herein, mhlc can be pla on a surface, and
opt i @Mal Ipyocbsstings €Thet smofasesrth adesh sutrhanqiaﬁrdmtldhs Isuﬂeawnklwlmhqmde@mhtdhen
heat nol ded to. fogm coat ed surf

m na eds ruct ur.e L £ WO
per f or s PREGPDS SHoAEEE® S(&t ALt? &Eﬁ rtfb‘c“tft‘l bW di TG alg%nr?teng)ngl%%rrte ?b ex%%rf I
to form @Rk aRafetd slif CdidOiddigomesd d e EQpalies stee DefdEhinua) tcwhieh aar t he
bondi ng agent then at | east
ring seal conforming to a recess in the door configured for receiving the seal. The bonding may
occur through use of the bonding composition herein which is applied to the surface of the seal
25  and/or the substrate surface.
[0121] The bonding composition is preferably capable of bonding a fluoroelastomer
composition, and preferably a perfluoroelastomer composition, to a substrate. Substrates which
are contemplated as within the scope of the invention include ceramics, metals, metal alloys,
semiconductors, polymers, and combinations thereof. The bonding composition may also be
30  capable of successfully bonding a fluoroelastomer composition to alumina, sapphire, boron,

yttria, silicon, germanium, arsenic, antimony, tellurium, polonium, anodized aluminum,

aluminum, stainless steel, polytetrafluoroethylene, and combinations thereof. The
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partially bonds to the substrate due to application of heat and/or pressure
to the pre-formand the surface of the substrate while el astoner

cross- | i mkonrgipseséeds and the el astonmer forns by at | east/ysaoittiosfoly
curing. The bonds thus continue to form between the conposition and the 15
substrate. Additional curing can continue and/or appropriate post-curing
dependi ng on the elastoner and the cure cycle used until substantially
conpl ete and/or conplete curing and bondi ng are achi eved. [0131] Curing may
be by any nmet hod known or to be developed in the art inclydin heat cure,
cure by Hpeporlestomsrs ey b bendsdasigg thahending aesnt (9,0 ﬂBBW@,aS?Fg‘aé cure, a
pressure - .20 beam cure or cure by any conbi nation of neans, etc.
Post-curggﬁpggfﬁgﬁﬁgiﬁay also be applied, if desired for conplete cure. As
not ed ab{ide?] t erfuehathatets sughindsdatvetetials0l arosubborits 8g@lowmiupEBer abl y

about 120C to about 160C . pe used for varying ti '

respect tRYe% émérlflt‘?snﬁq“ﬂ)%ﬁg\?’%ﬁgm e ‘ggma 56vE™ gﬁ&%éﬁﬁ?&%éﬁqueﬂq@% Ted
depensli Ngha0BetshisstiatoVattuafy-K8ddsy Séamatagehocebdigg equipmentsis tramplbosen and
the end application. Optional 25 post-curing may he gg{ﬁl ied, an g\n%l d

pr ef er abpgmisendysta PiRFEPsIRA ST RIPEH {Chaieh i 2BR PP BRH AT HE GBEsShidt SBEEsi n

the pri nﬁ{aﬁ Qs Iﬁgt/elglﬂg DG &Y F(Jr%xarilgl%,?’ge]r;;ﬁﬁ, AP LR ATEND R sdlbhductors, and

conposi tion, as noted above, "Is prepared by conbining the conposition
conponenpslyherh| Rraftined subwinaien gn samgicorvictor pencessingatdedhetnesse inchude fsEanpigs e
having a surface,. such as th ubstr.at es. descri bed ve | St hded.
At | east SHHRSSGHUREEP2BRTTC: ?’Pfgo@ﬁrr Sl Xaiehak; %r%ﬁor}dﬁgt?%m? t(%)lllsné’lPl g?n ézgglgo\r{%gf orm
and/ of t Behsdboidab@ichs, Leaadiftm( akéhieranpaibhy akliyrian, wooitef @ldpetailich t he
bondi ng conposition described herein. The curabl e conpqgsitjon pre-formi.s
heat ol dedicenuscHan suslt aRpECETone Ker REDISHRAEEATIReTh JORE AR abiEF kR Ao PIods

2012/ 054 Q@%ﬁgﬂu%ﬁy& AP Bin KNG 0RO hdri Alerid18 S5 AR S M fushrhdie ssdbrdsace
of the substrate, so as to at |least partially cure the FKM or FFKM

conposi t ipolytatafli:omorthaldnk (BFOB) sk, orrere and gaslef shicldond msieomer and to at | east
parti al l d the EKM or FEKM.composition i t . f
{Q]&?E t hlgq_r e%]?/erfegﬁj %Pl?%bc%éo%sgﬁ S géssﬁnle %Susetthﬁiwnﬂﬁg c%rr}p%?iui%g% lfé%}&ﬂ 8

t he subs structure having an a

partial | posdFENS drUmroah aséhemdurfatessel s terabe irmbidimg foratxampkes berylivmi,al | y
bonded to the surface of the substrat.e, anﬁl in thed/case gfl | am n@\tﬁgdeml

st r uct ur 68PPBoHAER 2BV PR HAIURTORY dufpaay OviEl fipye Ret\o™

sur f aces TRy, QeciciGs SBFEx I idhiu@laldis ART &ppenBIsE, ik Aliuelopper A, _
bondi ng can continue until "an adequate | evel of crosslinking and bonding is
achi eved pickabsitvee abeysurickel dithiupradipes. sbromigmpdloymthrass) %PWY’%F%%%?@ or

conpl et el crossl i nked. : € LG PB0L&Ad under th
structur gfaﬂlél\rfleago Sﬁ?‘ﬁﬂ%@%ﬁ%ﬁ%‘s?*ﬁ%%@%ﬁgggﬁ%{ %eét:aﬁ‘lé&g rf acg of F rﬁeer ©
substoat éraf @faniedNCGNEL @cey Special MataltCapirstioatNevaHdrtiord fdond ogkiBtited tSgtepy

way of the bondi ng conposition herein. Bgonded str.uctures nma r

exanpl e, OgAélferrlfétnﬁ?ry e@f%@? ayve oﬂﬂlﬁﬁéu‘é&gﬁB&é’gﬁgf §¥?Sﬁr§§68fm%uq%gpr%¢%t ed
structur %OB@?@ aliRr ¥&b¥& (PAEXOPoTRACH BN & Hardamplty olycairtbtiterbaoate@ESIK)T
val ve. 15[ 0134] An exanple of a typical such substrate in_the formg&f aslit

val ve camobethsdetorichetpngPERK), pobrethsrksatone ajbgrieionrostone PREEEERY i ¢ door
12 and a,seal [ Lt i d fipkke door 12.
The seal b?eg%g%#ﬁt&hﬂ%%m%aéﬁ% rl aclge@lgﬁa%p? e}j Igé%lg? O%ﬁ%\%ﬁ& For?glgg ?2. In the
i nvensi ooz ei nTh¢ bendsimadonfositenfhereie i dfo aitebledbt esepe pfprinmt spoPyFEen HF

Do o e e RS S PR R AP S o ANE dRaRARHRE o ke O the

adhesive layer. Thus is may have end applications in coating and laminate applications as well
or for use in adhering various materials to a substrate. In the polymerization of FFKM, these
emulsifiers free of PFOA are most preferred.

30 [0125] The bonding agents may be applied to the substrates using a variety of techniques,
spray coating, brush coating, dipping roll coating or any suitable application technique, with

brushing and spray coating being preferred. In bonding, the fluoroelastomer composition is
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2014 to the door 12. [0135] The invention will now be described with respect
to the following non-limting exanple(s). EXAMPLE 1 [0136] A bondi ng Control
Exanpl e Aveasizynseqsar ed usi ng a conmer ci al adhesi ve bondiPog/tR201a0)81916

avai |l abl e from Dyneone (3M Corporation) as E-20524A. The conpound used was
a sol vent-based conmpound with a nethyl ethyl ketone base solvent (present
in an anount of about 80-90 wei ght percent of the conpound), about 5-10
wei ght percent epoxy hardening additive, along with about 5-10 wei ght

percent additive polyners, and other additives: |less than. 1 wei ght percent
1- Pr opan&fidrs, as RrestliRt therpaidiAanacyl Fumns) o8- 2f f‘éfteoﬁg?laskiqr‘g Pftvﬁ’lze*?’% pé’ﬁtg‘?nocl’fESO
M BK/ Ket iy B@able ﬁﬁox@ﬂﬁl@ﬁf&/% PONELREr BYEHDstALD MR MRS sARPS BIof tHe Surfdbdimay

coating to a nmetal subStrate (alum num on one side. A simlar coating was

made usi hgbandzdndisribe Soomopslytrico nupD 1@ Garay 984ERSRETINES 2T W BsToEdauesg dieng

to the invention (Exanple 1). The conposition [ i jjng 0. 128

g of Pro™ #3028 ft I g\?é?%eéi/?’}c?or(“\ﬂ% ERP 1i]lcsa%z(i \é\?‘lﬁ%ag%&g@{e%%é%g}; %gg% g 5 g of

t he Dynemplgeeite&i;v@ d%ﬁﬂgﬂbﬂgdiﬁggcmFI(Msegd FFKMsﬁdrun}tthm@erﬁolrakmpéWa,sofaaddmd in

an amount of 5.12 parts per 1 parts Mei ght o e neon esive

bondi ng A8€i 1. abgut ¥§S’t°€daréitia9%,rabﬂmb%§/ﬁ%%ﬁ3 DAREY; kﬁét"tsj» %{%aﬁlrﬁbﬂ@ EYBRY in

this Exagpl &@9&%3%§n§@§,\ﬁ%rabw 59%% @91"550@92@-9@15@(6& A1dwiak, Bt skilledg of
anpl e

the Dyneon bondi ng agent from Controal A was used. Each of the
bondi ng ¢otpaesi wewdsndarstendinmrtbis disckospiesha thebringdimepaadiiemperEuzsprid 1 was

bonded to_an, al um num,subst s at e direct |.din . [0137] Bot h

t he Cont 8l d@ﬁﬁlﬁﬁ]‘il%o%ha?ﬁ@ﬂ]@u?rﬁ%ésﬁ ]in\%ar’l‘—_jxcggrrsﬁﬁgkl g\%s?%r}lggé%gbn the same 10
per f foor pei2apt onNBessuedMdRi dpbled mih e Gorpasious ssurvas swwhlak amdt pfess mvold and

per fl uoroel ast onrers devel oped by the applijcants herein for high-tenperature
and pl asf# 188¢ SeRMbopE Uk F%%}a.loqﬂfiﬁ]’elﬂﬁi‘é“gp%gaﬂ %%é?saiﬁtwg%w ition

i ncl uded gfWR.aGHE 3R BaRBLEHERLARA) RREs. The first perfluoropolynmer was a
fl uoropl astic-contai ning curable perfluoropolynmer, Dyneon0 PFE 133 TBX

avai | abl ¢0¥27dm D¥ireiomentiondnclpdiv nosherdsraftbonding Manfhecsetlastompr mpositipgde the
wi t hout 15 .PFQOA.. Such i.hclu | |

O AR ALY TRl P BN MDA 5B e

per f I sior bpeinyne thersabstiaxe etk Gdiyngomg mepdily aloog dieysuefacd ael andinggt VikEny RAVE

and a cyano-cont ai ni cure.site oner 139] S n erfl.uoropol yner
was a curasnekenyg ?rtfger%BlﬁBF He'® £fto OEfa‘?rﬁfeHlb? > an le%? ﬂ%&@c PPEHURSi | abl e
as GA- S0QRBarddns Bighdgls Ji-EhfPMMERRI 81 BFK &1 ARQD BB blehdi R0, AaRLmbied
69. 4 TFE? é?(%r ZFBS}Ierf |d3l%’ onmet’hyl vi nyl ret her ( PMVE) ean(rjlggbgdéacure si.te 1

mononer , anhedditive, chENg pgentssIndéorRgAiBBALCOr I EIES [FHFS/ RSP A0S eRG 2BY BHYS fRis
CF2=CF(( P j ] b ak ' are
doscr i bed Sa e, e ey SpERoma T LAt I EThbR T Cf By e TR
each20f wibatpréfor mdergoriae paidrer @y bbjormefl by eng eneans, indledipg crttinpalickin g,

2o e ) PO S e S8 RF i Biel BE Rl TR ARG b sl S WhickAPis

et hyl i depreB&bsddVlaphedayeh- it tHeayvaging doapbsiabn.( TNoBorimg adetommaiddk pai dlong
I ndustries, Ltd. having the follow ng structure:
the entire surfaces to be mated or only along part of those surfaces.
[0128] The pre-form and substrate are then subjected to the curing process so that the pre-
25  form is at least partially cured (e.g., some crosslinking may have occurred, but not to the
desired extent). Preferably, however, the preform is contacted to the surface of the substrate
and cured in situ while the bonding agent is activated and the pre-form is molded into a shape
within a bonded structure. For example, an extruded rope can be situated in a groove in a
bonded gate door having the bonding agent thereon, and then the extruded rope with bonding
30  agent and the substrate are subjected to curing while the pre-form is being molded into a seal in

the groove (in situ). Preforms can be placed on the surface in either in a groove, hole, or other

surface feature or directly on a flat, curved or pre-configured surface for molding. Preforms
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WO 2012/ 054685PCT/ US2011/ 057016 101411l n the sanples, Sanple A included 50
parts per hundred parts base pol yner of GA500 PR, 50 parts per hundred
parts of waseizshesser of PFE 133 TZ and 1.6 parts per 1@00Tameaig/obwisei ght
of base polynmer of NPh-AF. No other additives were-incorporated in the 5
perfl uoropol ymer blend. The bl end was conpounded and forned into an
extruded pre-form The adhesive was brushed onto a netal substrate

(al um num plate) on one surface and allowed to dry. Then the FFKM sl abs

were direct]y | ded to bond the pre-formit e al umi num syrf . Th
mol di ng #1404 ’é‘g&f Y fh?é?%@f Wé%ﬁ@%ﬁ%@ﬁ@ﬁﬁ%%@ﬁy %S?gr’ing’i‘ m§t°éﬁdar d
Testing MRLNQdseASIMs, BEAGRIULBMat3RBE tid B! I 1ATEM B28ite db&, ReRAimgleggent

was 10 actrvated and the F Kl\_/l bl ended conpositions were cured by subjected
t he pre- fonisendistaripeocssbhing eqtipmentoa polfelimextidaiemay Yershapedrte feviiboat 2, 000

psi, and_a pressing . r e 0 '

ol oo RePR sy S A FREoE ki dhe bt Ol yR Qi e oS en e
bond $ or vedpdyitiéihe bond entHewarfaanipltke stoowebly hiaglérhebondinggosipogrigt.n at al |

t enperat ure and sust ai ned hopndi.ng force at high t erature ndi n
force waé@té& eagQ‘Fr Ris 955%“1“8 e %teﬁi?@p%a%ﬁffmfgd@ sﬁ{%e# %Peleh?%.he ﬁa’ﬁ@toinggul ts
are showgohPostadts@eleiR8l10¥h can¥l K0ded/ FIOARBRES bhlUogRdnbl 10D éalLn ThBlsErfdcein

----. Sanpl e/ Bondi ng Force (Ib, Al Bonding insert oom Tenper at ure
Bondi ng Stsprstygielrlike befignratipn and g hpat molded to form coated surfaces or laminated

structures. Similarly two performs may be bonded together using the bonding agent and cured

10 locally to form larger parts.
[0130] The perfluoropolymer composition cures and the bonding agent then at least
partially bonds to the substrate due to application of heat and/or pressure to the pre-form and
the surface of the substrate while elastomer cross-linking proceeds and the elastomer forms by
at least partially curing. The bonds thus continue to form between the composition and the

15  substrate. Additional curing can continue and/or appropriate post-curing depending on the
elastomer and the cure cycle used until substantially complete and/or complete curing and
bonding are achieved.
[0131] Curing may be by any method known or to be developed in the art including heat
cure, cure by application of high energy, heat cure, press cure, steam cure, a pressure cure, an e-

20  beam cure or cure by any combination of means, etc. Post-cure treatments may also be applied,
if desired for complete cure. As noted above, temperatures such as about 100°C to about
180°C, and preferably about 120°C to about 160°C may be used for varying times as noted with
respect to the curing/bonding conditions above, and again, can be varied depending on the
FKM or FFKM system chosen, the curing system chosen and the end application. Optional

25  post-curing may be applied, and would preferably be used when sufficient curing and/or
bonding does not occur in the primary bonding/curing cycle.
[0132] The curable FKM or FFKM composition, as noted above, is prepared by combining
the composition components by blending, mixing and the like, as noted above. A substrate
having a surface, such as the substrates described above is then provided. At least one or both

30  of the curable composition in the form of a pre-form and/or the substrate is coated (either
partially or completely) with the bonding composition described herein. The curable

composition pre-form is heat molded on the surface of the substrate with the curable FKM or
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FFKM composition thus bonding to the surface of the substrate, so as to at least partially cure
the FKM or FFKM composition to form a fluoroelastomer or perfluoroelastomer and to at least
partially bond the FKM or FFKM composition as it cures to the surface of the substrate thereby
forming a bonded structure having an at least partially cured fluoroelastomer or

5  perfluoroelastomer at least partially bonded to the surface of the substrate, and in the case of
laminated structures, bonded to a first and a second surface, wherein the two surfaces may be
the same material or different materials. Curing and bonding can continue until an adequate
level of crosslinking and bonding is achieved, and the structure is preferably substantially
completely, or completely, crosslinked and bonded.

10 [0133] The resulting bonded structures have an FFKM or FKM elastomer bonded to the
surface of the substrate (or to a surface on a first substrate and a second substrate) by way of the
bonding composition herein. Bonded structures may be, for example, a structure selected from
the group consisting of a laminated structure, a gate valve, a semiconductor chamber door, and
a bonded slit valve.

15 [0134] An example of a typical such substrate in the form of a slit valve can be seen in
Figs. 1 to 3. A slit valve door 10 has a metallic door 12 and a seal 16 that fits within a groove
in the surface of the door 12. The seal is bonded to the surface 14 at the point shown in Fig. 2.
In the invention herein, the seal 16 is formed of a curable perfluoropolymer or fluoropolymer
composition as described herein and is bonded by way of the bonding composition at surface

20 14 to the door 12.

[0135] The invention will now be described with respect to the following non-limiting
example(s).

EXAMPLE 1
[0136] A bonding Control Example A was prepared using a commercial adhesive bonding

25  agent available from Dyneon® (3M Corporation) as E-20524A. The compound used was a
solvent-based compound with a methyl ethyl ketone base solvent (present in an amount of
about 80-90 weight percent of the compound), about 5-10 weight percent epoxy hardening
additive, along with about 5-10 weight percent additive polymers, and other additives: less than
1 weight percent 1-Propanamine, N-(1,3-Dimethylbutylidene)-3-(triethylsilyl)-DETA and/or

30 MIBK/Ketimine. The adhesive bonding agent alone was applied in a thin coating to a metal

substrate (aluminum) on one side. A similar coating was made using a bonding composition

42



259.1 Trial 3 66.0 268.9 Trial 4 154.1 248.9 Average 93.4 260.4 Standard
Deviation 42.3 8.7 Bonding Strength after Heat Aging in oven of 150C for
h and t eswOrg12zt5448om Tenperature Trial 1 571.5 Trial 2CTABM10571éal 3

10

15

20

25

according to the invention (Example 1). The composition was prepared including 0.128 g of
Pro-4302 from Cray Valley® (which is aluminum acrylate) and 2.5 g of the Dyneon adhesive
bonding agent. (i.e., the aluminum acrylate was added in an amount of 5.12 parts per 100 parts
by weight of the Dyneon adhesive bonding agent). As noted above, the Dyneon adhesive
bonding agent used in this Example includes MEK solvent in the bonding agent. A total of 2.5
g of the Dyneon bonding agent from Control Example A was used. Each of the bonding
compositions, the Control Example A and the inventive Example 1 was bonded to an aluminum
substrate by direct molding and tested.

[0137] Both the Control Example A and the inventive Example 1 were used on the same
perfluoroelastomer composition. The composition was a blend of two perfluoroelastomers
developed by the applicants herein for high-temperature and plasma-resistant processing.
[0138] The perfluoroelastomer composition included two curable perfluoropolymers. The
first perfluoropolymer was a fluoroplastic-containing curable perfluoropolymer, Dyneon® PFE
133 TBX available from Dyneon, LLC, (3M Corporation) Minnesota, which is made without
PFOA. Such polymer includes a cyano- functionalized PFA perfluoroplastic in an amount of
about 20% within a curable perfluoropolymer matrix including a perfluoropolymer including
TFE, PAVE and a cyano-containing cure site monomer.

[0139] The second perfluoropolymer was a curable perfluoropolymer from Daikin
Industries, Ltd. available as GA-500PR, including TFE/PMVE/Cure Site monomer in molar
amounts of 69.4 TFE, 30.2 perfluoromethyl vinyl ether (PMVE) and 0.43 cure site monomer,

wherein the cure site monomers in the polymers in the blend was CFp=CFO(CF2)5CN.

Polymers and similar materials like those of Polymer B are described and made set forth in U.S.

Patents Nos. 6,518,366 and 6,878,778, each of which is incorporated herein by reference with
respect thereto.

[0140] The curative used for both perfluoropolymers in the blend was 4,4°-[2,2,2-Trifluoro-
1-(trifluoromethyl) ethylidene]bis[N1-phenyl-1,2-benzenediamine] (“Nph-AF”) from Daikin

Industries, Ltd. having the following structure:
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[0141] In the samples, Sample A included 50 parts per hundred parts base polymer of
GAS500 PR, 50 parts per hundred parts of base polymer of PFE 133 TZ and 1.6 parts per 100
parts by weight of base polymer of NPh-AF. No other additives were incorporated in the
perfluoropolymer blend. The blend was compounded and formed into an extruded pre-form.
The adhesive was brushed onto a metal substrate (aluminum plate) on one surface and allowed
to dry. Then the FFKM/slabs were directly molded to bond the pre-form to the aluminum
surface. The molding and testing thereof were done in accordance with American Standard
Testing Method (ASTM) procedures, specifically ASTM-D429. The bonding agent was
activated and the FFKM blended compositions were cured by subjected the pre-forms on the
substrates to molding under a pressure of about 2,000 psi, and a pressing temperature of about
360°F for about 30 minutes. The samples were subjected to post-curing processing AT 450°F
for 24 hours. The bond formed by the inventive sample showed higher bonding strength at all
temperatures, and sustained bonding force at high temperatures. Bonding force was tested at

room temperature (about 20° C) to failure. The results are shown in Table 1 below.
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196.7 [0142] The inventive exanple performed significantly better and
provided | ess variability I n performance both at room tenperature and
as tenperwoune/ismsseased. The control 5conposition had &CTamady1d&tods i or at ed
too nuch at 150C to test under heat aging. [0143] The Exanpl e denonstrates
that the invention provides high bonding strength for use in applications
which are difficult, such as high-tenperature environnents. [0144]1t w |
be appreciated by those skilled in the art that changes could be rmade to

t he enmbodi nents descri bed above w thout departing fromthe broad inventive
concept thereof. It is 10understood, fore, that this invention is not
limted to the particular enbodlnents ﬁﬁi ﬂosed but it is intended to
cover modi f i|Gaipdaisiowi thin the spirit and scope of t he presént invention as
defined by t|hearAnoendedsForieib, AlWOndkah@HP685PCT/ US2011/ 057016 CLA] M5 Ve
claim 1. Aponding conmposition for bopding a curable fluoroel astonef

conposi tion QgﬁgﬁgH&k&ﬁmQB%H&h@%n%n@ﬁ%ﬁm?“r'ng process, conprising pa) a

conmpound sel Flgq fromthe group Consi tlru;¢g§4a|un1 un1acq¥3p@es S| licon
acryl ates, Hohia—acrytates—and—<conb Hatlﬁgﬁaoucletl, 1gﬁzdane5|ue
conpound; c)—gﬁﬁglven — 2. Thebonding-conpo oR—ageordifg ctaim 1
wherein the | | | ctedY$$%g1the “rounlgka —st1g o%
epoxys, acry|Btd<d urethanes, silicones, cya9dsters and_ - 1507.0

Average 1104.6 1403.75

Standard Deviation 500.1 112.8

Bonding Strength @ 150°C/302°F

Trial 1 90.7 264.7

Trial 2 62.8 259.1

Trial 3 66.0 268.9

Trial 4 154.1 248.9

Average 93.4 260.4

Standard Deviation 423 8.7

Bonding Strength after Heat Aging in oven of 150°C for 70 h and testing at
Room Temperature

Trial 1 571.5
Trial 2 1197.0
Trial 3 758.4
Trial 4 865.5
Trial 5 698.5
Trial 6 836.5
Trial 7 637.0
Trial 8 934.0
Average 812.3
Standard Deviation 196.7
[0142] The inventive example performed significantly better and provided less variability

in performance both at room temperature and as temperature increased. The control
5  composition had already deteriorated too much at 150°C to test under heat aging.

[0143] The Example demonstrates that the invention provides high bonding strength for use
in applications which are difficult, such as high-temperature environments.
[0144] 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. Itis

10  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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combi nati ons thereof. 3. The bondi ng conposition according to claim1,
wherein there is only one of the conpound and it is an alumnumacrylate, a
silicon awopbetws4686r an anmonia acrylate. 4. The bondi ngCTarsp@ios oo
according to claim 3, wherein the conpound is al um num 15acryl ate. 5.
The bondi ng conposition according to claim11, wherein a ratio of the
conpound to the adhesive conpound in the conposition is about 0.1:25 to
about 2:1 parts by weight on a dry basis. 6. The bonding conposition
according to claim5, wherein the ratio of the conpound to 20 t he adhesive
conpound in the conposition is about %g%xgg%about 1:1 parts by weight on a
dry basis. 7. The bondi ng conpositi I ording to claim1, conprising
about 20Weoclaimaut 90 percent by wei ght solvent; about 0.4 to about 54 parts

by wei ght O{T’D gnhlhcam%o lf'l?pﬂﬁ%%% gﬁ{joou%hn%of} gurgbqo tuor7o%la8 cgﬁﬂ LOf the

adhesive ¢ nposition accor clarm 1,

wher ei N theueRIMHE bl dusinB@roiesdrebabritinge. 9. The bondl ng corrposi tion
according to claiml, wherein the solvent is conpatib 4 with the co pun
a I'Tg COI’l

and the adhesive céhpeeRBounielerisd HB%HW&@OE%ﬂﬁE§PF$8 HOLBY PSS
wher ein taﬁ%' ﬁ&%éx&%niasacﬂalit@ga‘ﬁg CI)[nB{HaﬂB‘I?s #©ERyp 30consisting of acetone,

nmet hyl tone i sobutyl ketone, methanol, ethanol and
propanol. WD 2012bmam@8&9®$hos@cmxi057016 11. The bondi ng conposition
according to claim mg/ in the solvent is vaporizable at tenperatures of
no greater than abo t 12. The bondi ng conposition according to
claim1l, wherqihg bbﬂﬁnge&dpmn@zomeﬁdlﬁg' @itliig Gapadndia tief adhesicé cgmpound is

f u0r18 ¢l %gl%gtgc? rfrofnotrlrrlg%?cilfpl c%?lsét(l)ngaofselfl)g%fsr g}:r?/la%egl Srce"[[h%gesf r51 1g]orge2e03%¥18éjs?ers and
combinations thereof.

3. The bonding composition according to claim 1, wherein there is only one of the
compound and it is an aluminum acrylate, a silicon acrylate, or an ammonia acrylate.

4. The bonding composition according to claim 3, wherein the compound is aluminum

15  acrylate.

5. The bonding composition according to claim 1, wherein a ratio of the compound to the
adhesive compound in the composition is about 0.1:25 to about 2:1 parts by weight on a dry
basis.

6. The bonding composition according to claim 5, wherein the ratio of the compound to

20  the adhesive compound in the composition is about 1:5 to about 1:1 parts by weight on a dry
basis.

7. The bonding composition according to claim 1, comprising about 20 to about 90 percent
by weight solvent; about 0.4 to about 54 parts by weight of the compound and about 3 to about
78 parts by weight of the adhesive compound.

25 8. The bonding composition according to claim 1, wherein the composition is heavy-metal
free.

9. The bonding composition according to claim 1, wherein the solvent is compatible with
the compound and the adhesive compound.

10. The bonding composition according to 9, wherein the solvent is selected from the group

30  consisting of acetone, methyl ethyl ketone, methyl isobutyl ketone, methanol, ethanol and

propanol.
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5consisting of ceramc, netals, netal alloys, sem conductors, polyners, and
conbi nati ons thereof. 13. The bondi ng conposition according to claim1,
wher ei n twe 2bdiesg conposition is capabl e of bondi ng aprCruscaeloaniener
conposition to alum na, sapphire, boron, yttria, silicon, germanium
arsenic, antinony, tellurium polonium anodized alum num alum num

stai nl ess 10steel, polytetrafl uoroethylene, and conbi nations thereof.

14. The bondi ng conposition according to claim1, wherein the bonding

conposition is capabl e of bonding g fl UO{ oel ast onmer . co ] osi.tion I%r%la
substrate set &be bendingeATERRSIINGGEOTEMSLP StaiRd - Bhetedt Bisely ifdt XIRoT 4P &t
al | oys, e CANAUGE QF SrcaldPiMABhSutaREocombi nati ons thereof. 1515. The

bondi ng %g%om tlygn a cgrdi ng to claim14, wherein the fl uoroel astoner
conposi t i onl2cThpbirsiesg corsprsibinactdrdmede cksmdrsthersimtbe haadigg cpmReHIPRS

t. | t it '
monomer sctastroetaEe s R PrE G RaMBORIEE o I GhE hpReB oAt bedu®

The bondiagistiapposirkin®) neeaQnbitalglibes, stmicondimtorahergherstdnd coinboradehast oner
20conposition conprises at | east one curing agent. 17. The bondi ng
conpositﬂ@ﬁmépcording to claim 16, wherein the fluoroelastomer conposition
further conpy 'Tﬁ?ﬁox‘?cfiné ERfposHM &Eoﬁir@?%wmqq kHREERERMondidg COmpUsilimgisagent ,
and a cure accel erator. 18. The bondi ng conposition according to
cl ai m 14¢apshkeradibanding afflugoredastamersapositm i alamins sapphEgRoreriay e ar Aiio8:

fl uor opol yners. 19. The b in i t1op ' I 0,8

whor el EHEVRIT RSPy A TBPA o oe Saary Pl F EAREhDS bl Rakflss )
The bpndite, polFRAaIEd0BhaRAE M RGMbMadba terbdf. wherein the fluoropol yrmer
conposition Is a perfluoropolymer conposition and.the.least one curable

{1 Uor opol y i THOEGRIRE SHDGUqTLepr o TR & HE [T BlRk REPOTHON 5 * e

bondi ng E%{EB%SAﬁﬂoﬁ@in@%qgfo%@&t&ﬁex‘\c'oﬁi&kia@n 1R litkBtetsBRcet fidil e group
per f | uor o€l ast oner conposition conprises at | east one curing agent. WO

2012/ 054 685RONE VS AMIQBROAlE metal@dloysisemisondnaigrscRtyost stang ORBBBHARN gto
claim 20 V\,h«%r ein the curabl e perfluoropol ymer conprises

tetrafl ugf’%%ot hyl ene, a perfluoroal kyl vinylether, and at |east one curesite
mononer . 123 he Pbedihg neinpesittenpesidingio dwoord iwigrdimthel thioneeZBtoreenpr i si ng

at | east two curable perfl uorpopol rs. 524. The bondi ng conposi tii

accor di n§OPBOTT FABHISCHA éP‘@%’% fﬁ}%ﬁ%ﬁ?ﬁlff&%ﬁ&ﬁ %g?'srs% q‘é{? gﬂolnﬁ Ir{;Iagrstﬂnc(al nag .?eaSt 25.
The bondi,pg &RERATIAIRY, FhERIhBE: lefst GlvainiBndthers e @iso téthilupeietiylmicapdl ymer
conposition conprises a first curable perfluoropol yner conprising

t et r af | uoiodidend fyssidea first perfluoroal kyl vinyl ether and at |east one
first cure g Lofaydi £a5To ARG £ heidih e RMNSIRdRert he
tetrafl uoroﬁ%‘ﬁ%ﬁggg(ﬂggcﬁr és{%ﬁ(?ﬂ ?Ctﬁo#%gg#oi rst cdrat?l é pgrfl uor opol 63:/mer in an
anmoupd oftompodisastompiuet ablBastohe cpergagent. a second curabl e perfl uoropol yner
conpri sing af | uar oet hyl ene, a second .perflugroal kylyi and at

| east one sfeﬂgg{rﬁﬂfb{?ﬁ&Eg&?\éo%%?‘%Pr 1?;\‘('(’/Oncdglg}{é’g‘r??el%ﬁ}efeﬁédtf?%élassﬁrgg wher ei n
the secongmebsiabh Birder Edpriepat kaRone 0NMPEEDAS clfinwagt,asiorairipgryémn) @s! a

therein, and a curing agent.
cure accelerator.

18. The bonding composition according to claim 14, wherein the fluoroelastomer comprises

25  at least two curable fluoropolymers.

19. The bonding composition according to claim 18, wherein the at least two curable
fluoropolymers are in a blend.

20. The bonding composition according to claim 14, wherein the fluoropolymer
composition is a perfluoropolymer composition and the least one curable fluoropolymer

30 comprises at least one curable perfluoropolymer.

21. The bonding composition according to claim 20, wherein the curable perfluoroelastomer

composition comprises at least one curing agent.
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1526. The bondi ng conposition according to claim?20, wherein the
perfl uoropol yner conprises at | east 60 to 95 nol e percent
tetrafl uowoenteyisesse. 27. A nmet hod of bondi ng a fl uoroel 26Tarsee11.08TPOSI ti on

to a substrate, conprising, a) providing a curable

fl uoropol yner conposition conprising at | east one curable fluoropolyner;
20b) formng an article pre-formhaving an outer surface; b)
provi ding a substrate having a bondi ng surface thereon; c)

coating at | east one of a portion of the outer surface of , fhe article
pre-f or m ard- dfe PRlpe SOPRIH GrrcePT e 55, 2§g Wz‘ﬁﬁﬁf”a@g CB‘fab{erﬁfr@%%QOrlngr
with a bondlags ¢arPRsdeliene ONPEHSHREIG G ANBRLN n S &l 164:kt 66 Euresictriehagicoup
consisting of alum num acrylates, silicon acrylates, 25anmonia acryl at es,

and conbi nat3. hs bomding ofmpaesitieriveeiding to staye AV coraprising aidpasbRye curable

d) contacti ng thfz out er surface of the article pre-fouli and the substrate
surface gﬁré]ﬁl W3 tHhE bondi ng conposition contacts at |east a portion of

t he osit er sur. fraeBoiding b@npasiti@l fcprdind wrchaiarit, tvhercsuths tpeetuoranotfrage areand

e) subjecting the article-pre-formand the substrate to heat and curing the
30f|uorobkﬂ“9frer conposition so as to bond the article pre-formto the

substrate sy fREBoRYin¥BYmPdsitidialOREid G SLMPIIS kheh AR BefRiofpRladaded

structure having a fluoroel astoner bonded to the substrate. WO
2012/ 054685PGIVUIS0UI0S 7§16 curabirgerfiupsoprlymeticoerising ihatlepresthylgne  first

wherein the fluaroel astoner LL ' f it
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wherein step b) further cogf;l)ri ses provi gé‘l ng,a se(ﬁond substrate having a

surface &hKagEBYNtOP QIR PREFTT 35TE SUARERT I AP HY Fhe TIRIFAH e
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surface of the second substrate to forma bonded structure, wherein the
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bonded structure am nated stru 32. A bonded structure,
conpnssi ng: 26. The bonding composition according to claim 20, wherein the perfluoropolymer

comprises at least 60 to 95 mole percent tetrafluoroethylene.
27. A method of bonding a fluoroelastomer composition to a substrate, comprising,

a) providing a curable fluoropolymer composition comprising at least one
curable fluoropolymer;

20 b) forming an article pre-form having an outer surface;

b) providing a substrate having a bonding surface thereon;

¢) coating at least one of a portion of the outer surface of the article pre-form and
at least a portion of the bonding surface of the substrate with a bonding composition comprising
a compound selected from the group consisting of aluminum acrylates, silicon acrylates,

25  ammonia acrylates, and combinations thereof; an adhesive compound; and a solvent;

d) contacting the outer surface of the article pre-form and the substrate surface
such that the bonding composition contacts at least a portion of the outer surface of the article
pre-form and the substrate surface; and

¢) subjecting the article-pre-form and the substrate to heat and curing the

30  fluoropolymer composition so as to bond the article pre-form to the substrate surface by way of
the bonding composition and form a bonded structure having a fluoroelastomer bonded to the

substrate.
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a) a substrate having a surface; and b) a fluoroel astoner bonded thereto,
wherein the substrate and the fluoroelastomer 15 are bonded by a bonding
conposi t iwo 20sKREssi ng a conpound sel ected from the groepTasasiiesiong of

al um num acryl ates, silicon acryl ates, ammoni a acryl ates, and conbi nati ons
t hereof ; an adhesi ve conpound; and a sol vent. 33. The bonded structure
according to claim32, wherein the fluoroelastoner is a perfluoroel astoner.

28. The method according to claim 27, wherein the fluoroelastomer composition is a
perfluoroelastomer composition.
29. The method according to claim 27, further comprising
f) post-curing the bonded structure.

5 30. The method according to claim 27, wherein step b) further comprises providing a
second substrate having a surface and step €) further comprises heat molding the curable
fluoropolymer composition to the surface of the first substrate and to the surface of the second
substrate to form a bonded structure, wherein the fluoropolymer is at least partially bonded to
the surfaces of the first and the second substrates.

10 31. The method according to claim 30, wherein the bonded structure is a laminated
structure.
32. A bonded structure, comprising:
a) a substrate having a surface; and
b) a fluoroelastomer bonded thereto, wherein the substrate and the fluoroelastomer
15  are bonded by a bonding composition comprising a compound selected from the group
consisting of aluminum acrylates, silicon acrylates, ammonia acrylates, and combinations
thereof; an adhesive compound; and a solvent.
33. The bonded structure according to claim 32, wherein the fluoroelastomer is a

perfluoroelastomer.
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