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[ 0001] Fl uor oel ast oner Conpositions Havi ng Sel f-Bondi ng Characteristics and
Met hods oWwolbki/ngss®ane CROSS- REFERENCE TO RELATED APPLI @ATIUShE 16p®002] Thi s
pat ent application clainms the benefitiunder 35 U S.C. 119(e) of U. S
provi si onal patent application No. 61/318,770, filed March 29, 2010, the

di scl osure of which is incorporated herein by reference in its entirety.
BACKGROUND OF THE | NVENTI ON 10 FI ELD OF THE | NVENTI ON [ 0003] The i nventi on
relates to the field of bonding of fluoroelastomeric materials, including
perfl uoroel astomeric materials, to surfaces, including nmetallic surfaces
whi ch may be used in sem conductor manufacturing processes. DESCRI PTI ON OF
RELATED ART 15[ 0004] Senmi conduct or manufacturing involves the use of various
seal ed process chanbers, and may involve cl eanroom environnents designed to
avoi d contam nation and particul ation that can inpact the resulting
manuf act ured products (seni condUEildr OfiditEy BNRRNTEMNps) . Such process

equi prent [og@ijcal Fiyoidskkisdrs Cgmpesti@ndaig Sif-Bogling Shdrictarativeandddetbodswii ch
cl ose off the chanbers fromthe surroundi ng environnment. Such doors and
gates geneVlaKiPg SpRE| ude seal s, 20gaskets and o-rings. The materials used to
make such seals, gaskets and o-rings are usually foinmed of a

fl uoropol yneric or fl ugresdARESRRENCEES REINTERAPLICADIONS ases for highly

cont am_nat resi.stant seal.s.. are.fo [ Tl I te material.
Such dc?or slloger;\hd ga glg \2 aé’gir%%lﬁwﬁbnslse{:}ig\%g?%t Sggecrég gj) $g§§? %%%?Eljaﬁber s in

t he sem cogevisibail pardusipliyatihNoveng 18,070, apehMaghand2@ioptik digcobura of ivhithes .
25[ 0005] I n the semi conductqr industry, processes such as chem cal vapor
deposi t i onPCPPHatFa heePu tefssnce 8t EhictEnd the |ike are typical ly used.
Such processes require the use of vacuum chanbers and simlar reactors in
whi ch harsh chem cal s, hi gh-BAekgrROUNBEISTHEGNOABENTITIOBD! I 0Si ve naterial s
are used creating very harsh environnents. Plasnas are defined as a fourth

state of r disti f solid, liquid or gas and are present in stars
o fudl on L BB IR MG 3055 Somcr Uspote/ 35000 2 Gashs: becomt

pl asmas whgoo3jhey Thé Bvaeingelatedtd the BRIl Fbondink 05 Budbéladihigéric mhtedils,ons,

| eaving a highly electrified collection of nuclei_. and fﬁee | ectr.ons.

[ 0006] Seri iBelHeHIE PEiluproslislomese apséerisnior arfpgesoelyfing meilic epfagesephich may be
enV|ronneqkwgH“gnﬁgﬁﬂgéop&mhﬂ&%hg%ggggg&gg reaction and ot her chanbers

t hrough which chips, chip wafer other 5 substrates can nove or be noved
robot i cal INESURBITIODVORKEARIED ARd t hr ough such a series of chanbers, in
oper atjon, re are. al so. assocjated w i .RHE r
gates,tgndngﬁvalsgg@o%ﬁguggénufS%angQ%B/éguimgﬁf% vaP%@%ﬁﬁg?%%S%%gm%gde
typi cal | y &d n&s/ involhavieargode shiiteniensekbigngl toiangidichatmérasion esd patequaton

seal ing of openings to a reaction chapber. Such.sealing is i r.tan ue to
the har sh AR STBACt {1RaeTing HHR R hPRILYS CERIRBRICIOR Wafers "‘E&t&@pgfg‘ such
chem cal s 5884 Yqubrh&it iy GRATRE baE thd QIFE R, IsTPHHIVE dddss, Wheth st SERe t he
chanber from etﬂlng in‘during a reaction which could inpact the purity of
t he resul t¢hambeisdion ba sprretndateesyirofrogn7 Petcdrosaindsates wertraly Belugs shplsded

r eady u h rQvi di [ VA or
gasketﬂglr%§%§§%%xbﬁ§%£7§ﬁr@%§§§g%%?hiﬁ%ﬁé%%hg%ﬂ%g%%gg%%ﬁgéﬁkgggg%gﬁgiZed

t 0o 15r ecei wemal sfeaflyorg@skeéricos: Mrordehgtonferconatesyhomdiimgprshegees fonhifghlyi ng

engagenent. Thus, . the.dogrs or tes, can @e easily installe n.the process
equi prent . CRHBHMLISHE TR B> Beiaecd ¢f It ieaoct i miegiednaigtaly yphddory et
"seal ed" pgaaRerd YoriBoll)asdoRith 5oEEsBeEacHbA BRibetSR (R sethiAB Ut AGindgeR!t -
[ 0008] Fl uori ne-contai ni ng el astomers (known as FKMs), are used in such
seal s in valowdpgfor opening and closing of a chamber.
25  [0005] In the semiconductor industry, processes such as chemical vapor deposition, plasma
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.



environments requiring resistance to harsh chemcals. In the sem conductor
area, it is 20particularly comon to use perfluoroel astoners to exhibit
excel | entwoheniead3or esi st ance, sol vent resistance and heatr/usesilge®nee, and
t herefore such el astonmers are widely &sed for sealing materials when in

pl ace in the harshest of environnents. Perfluoroelastoneric materials are
known for their chem cal resistance, plasnma resistance, and when used in
conpositions having typical filler or reinforcing systens for acceptable
conpression set resistance | evels and 25nmechani cal properties. As such,

t hey have been applied for many uses, including for use as el astoneric
sealing materials in applications ere a.seal or gasket .w.l| be,subject to
hi ghly cor %@?@ﬁowﬁ@#PEQFg’8%8$8P“§§PF§HE“%§%?QFFH§e8ﬁﬁ%?&?%ﬁ@?&$ﬁal dr use
i n form nohipmb drerigidl talldchish offiRlS aRplbeeledtronk t hst andi ng def or mati on.

[ 0009] FFKMs are al so well known for use in the sem conductor manufacturing
i ndustry a808dseaPsmigonractar pgicessatrds genarHby acowha n éslatedfviPRaeRy in a series

resi stance,r: er] ' f i

rononer o, (AP BhAY I dorth ohiePlIch ok, RRARALAY AT 68 P
nmononers awubstpdsyae moxe dr bomboedwobotpailf| Wirh matved gbolityamdthraagh sugh elseriesaf e
WO 2011/12%%%$PCT/U82011/029906 %lsites froﬂ£ he cure fitekaﬁnoner&§) and
then cur edPEPHSSDOPHREG e f5ARC AFsOSIadBHL S AU RMERT VPRI (B E8St i ons
include a @Iy RENEZ BOnRRCH HEGHIARRdeE BRIt Alvd) ihedh AONMEs tyPically 014 tatievda t hat
reacts with the reactive cure site group on the cure site nononer, and any
desired filesilien} seafing ring tlead cpyesiadequsts ssakingnafoPeniRgLo A eaclipn ebambsT a8t dner i ¢
characterigt s, : : Ordi nd
ol atod seariigs s M, B EREL P Yo DR SR Rer s P i gh
purityl0 exweh tlemicalesifely avithén the chamlier apd tslresp iroheities dilogr asideothih ehanhler sh
environnments. Industries that. require eir e in such enyiraonnents

“hel ude s aRaE Do Seb a i Gl Hrhar B piily RIS A BB T s i s
recogni zedorbfluck@e art, different FFKM conpositions may include different 10
curing agents (curatives) depending on the type of cure site nononer (CSM
struct ure BAWIcor Pedgsraicayalsubs Prgvidrd Frady f3/usegiich ax Biopdle 3 By alﬁﬁngo%ﬂ%o
include a yal {8t Y sl of bdsk&rBreaNbin GRL bRR Q38 sQEh &4 ihlaGhr& moRicAGRIRY Bizb @t
mechani cal™ properties, conpression set or | nproved chem cal and pl asna

resi stdnceaccdioaveseal, gagkgeort @ ringeff correspemling shape in fepiepregigementudduys, ithe dogrnot
al ways easy to ho such. F and FFKM mat erj al s ] 1.ng
eady tor (S Ra Lo BY UM BT s PO URL TG Soled Bl BRI Bl S
pre-set thaiaiemodtypRidiin “scaledd pebpstlg to thedb& suffasd withqort i@roftadboudiag agent.n

repl acenent of prior gate or. door seals. Ther many i nstances, hawever,
when such B8ffled FRGEROETHEPE asiomers(kapwn 5%?KW&1“%%%9 irp s el p varous
sem conducdQiroAfeiisteYirin® r&idce W RirstIRREEADs. LR eh LRAAE i8NS, Aa,RAESh pl asma
and ot her gases and/or the range of tenperatures are not ideal for nost
bondi Y agemiaarymomearipluss perHpefRelagimpersae arlibit gxcellpntzbenisaldsyeencgoo C
apply in i i 0 1 0 I .

bl | cat i oawent S aREnl TR0 Rnce S Ehor S T SRR Qe SARH R for scaine
and or ganimatetids shtein phasmehedrarsditéief colismeats. Pesluwt@irs®neric naatgrial dae

physi cal rogp%tnﬁs of the seals. ﬁbmeverq t here iﬁ a b?Lance and agt‘

i nvol ved i RO fRCRFRGhUpicH tpsisinsiesPlang yeaistapcs, anq BhgLLe i EyPoS R paving
physi cal pypRErfticess ref@breiiodHitbing aittakdeptdBRAGINH &Blon eS8 SIe 08 ekind
25properties and not introduce unwanted contam nati on as seals erode due to
use over tIneRRANIEYPEORSEETSs ASsunh, sReyRRKRDEAPBIISHHiOE FiaRy B59si IgHPGINE & USE 4Rt to
har sh chem TP I i; gl iid, ca,

al um na, Hliﬁsgar%ep Casé%l:ix%:%mt I:'ilélrllL g{ma%g BPZ}%’? gwgl%l aos'? edril%nggngPg% Stallbl ﬂ(tgr}%éﬂl%ed in
sone FFKM @owpios chdénnings fpd/ osertieme ngeratiog caydpianszand dersuse mic fomaagftheldedpdrtast i ¢

filler particles fornmed.of I rafl uoroet hyl ene (PTFE) or
nEIt-prgcé@?ﬁﬁ?gmﬂ@?g?ﬁ%%ﬁﬁ%ﬁ%%ag%m%gﬁgiynersysuch gs co%olyners of
tetrafl uor[peed)y! eREKVERE alahdeh@xadh BROPIORY kemicotdde) maahferuried didusey 4s0
as FEP-type copolyners) or_ of TFE and_ perfl uoroal kyl vi nyl ethers (PAVEs)
(knowslas rmaRpeEnds fes (pribeisshenyenl apd plagpp yesistnpe N8 rAedYB ATV es
VD 2011/ 1223300 HSRAILLAZO9 N ndnb ACHBLARGRY RRAIEOGLTKMY ARG BEMeseal s,
-rings mhege 0 he

gaskets a or use in a part, nding Is desired, t

bondi ng nmanemdnadr. Ahel mohemsisrafapedymetizedita formuesperfludrératedgolmdrdrving thepure

affi xed to one another. Typical surfaces to which such materials are bonded
i ncl ude ot her fluoroel astoners, perfluoroelastoners or other fluoropolyners
(e.qg., in nmolding parts together, 5welding or splicing elastonmers, or
adhering fluoroel astoners to fluoropolyneric materials), netals, netal

al l oys, an/or other thernosetting or thernoplastic resins (such as resins

e N /R A o p—p— R A -



manual |y applied with brushes onto a substrate foll owed by nol di ng and
post-curing of the elastoner part. Wth standard bondi ng agents, for

exanpl e, wbasa/2sspl abl e from Lord Chemi cal, Cary, Nort rCcCarsediinaonader the
trade nane Chem ok(r), the resulting Bondi ng 20products face chall enges in
surviving at processing or other application tenperatures above 200C. Use
at up to about 300 C or sinply matching the application tenperature if over
200C i s not possible. Newer FFKM and ot her el astoner products cure at
tenperatures which are high. Use of traditional bonding agents can cause
bonded parts to del am nate during post-curing. Bonding agents which can

retain integrit t 200C+ and ticularl t ahout ..250C t o 25 t 300C
and hi ghersn}g#rf)%ﬁgee?ur%%l etrin%@gsé 81“%;1!‘6% ﬁ%%%?cﬁ%s Hﬁhj(eg@%? gon%earna%%s%%g&ar e very
much soughtypadal BFKMcdntisBiens tonde 6 holnfdeBstitsirysolimeius tibied abday a biugiy
tenperature service elastoners. [0016] U.S. Patent No. 6,194.504 di s.cldoses a
process f AESRIGHH SEASH WEh REEeACtEaEUre SIS RIBUR PR YE SHISSEC SPRAMER 4Rd pRagdgsire

acryl ate sglds ﬂ{e%ui‘éﬁ%rﬂlnf&%s%rﬁ‘é e§HiBft§HrP{c%f AL dGhaic 3QLRLAY. S. Patent
No. 5,217,807 teaches a reinforced natural or synthetic rubber or bl ended
rubber 5coniPdNt i oRFKWkiacchgdnacilly deews firfuse acQralgh endtelasedoerling merts Forrreghal | i ¢
fillers. 2011/ 123339PCT/ US2011/.029906 5 ass _.coat t .

Fei nf or certie e EATRI T Ry Rr o e el RRRSR SR IR o chimical
acryl at es g oftter AgiBie st nAIeoRD Lietustrie®hhBlebhite thBausih shich enkibAserdd hicBde

di scl oses perfl uoroel astonerjc conmpqgsitions which may be used for bondi ng
to a met al IMECOAVGole aeTosges cagmich a&é@ﬁ?@aﬁ%‘tw&- The conpositions 5 include
curabl e pe[gbiﬂor ORQk TS i bk GrtiiFrBretlt PREDYonRRS8EnCMEY RO1uAE &fFfePont

i ncl udi ng bi sam nophenol™ (BOAP), curing agents, and organic cyclic colorant
conmpoulfds auhiag agents (veratives) defendimgonttles tyat ef cur@gtegnenoger KadMp strygipriaedt i on
Publ i cation_No. 2009-0018275- Al &eaches L V. . i.ans
ol ud ng BTt R e har TGy SpE SRR R Hayeh Al P lhcl OISR A
10sol ut i oncontbiicdfions & fllkedioashibondigegmadgenical froperbies) domprepsdof detiariopodweder s

to surfaces, such as to other rfl uorqpol r surfaces, and a curable
sol vent cd‘;ﬂnﬁgﬁf@tﬁid%%%?aﬁeﬂﬁa’&‘ﬁggm@v% gg%Pﬂﬁl%ﬁﬁﬁﬁmcE%‘FgldﬁwF%ﬁt 58RI ng
to, for exawRlsteasPiodhdkhdhCrISMrfaterM QRELalsb Skl M%rnﬁh‘é)}eia@}a%]d—@é phlas WO

2009/ 121012 t eaches FKM and FFKM conpositions for use in_hars _
envi r dfnerfush apgatesi ealvesrang othsr defsnvhaieg ecalsque-seidhereip lonevagdngondsuch seals in

1o5Ubst 1 ateproD L HOLD R refmerl B Blordl RALNIRILCTHAR I, SMRShEARS, The

conposi tions ‘I nclude 'a cu opolynmer, silica and an -acryl at’e
conpound, hrwtvar ehet alchpoadgifiongel@sgemdr paifhere pot pteateescainghdwsuedindecdons

metal acrylates.or conbinations of differin cryl at.e conpound d/ or
metal acr yPOSEY 0 BYERHAY D Eg b Rdaons gﬁl?ea&%aﬁﬁs’%q ﬁ@r%}l?eétggsse,s aﬂ@?ﬁgg FR&t es,
di met hacr ydfatBsorathifek afsnoh &le@Sfor Ad8Y WWhdinglabaasr Bdrakespled Mot mpatiurawiap use
are those diacryl ates 20and methacryl ates of the heavy netals, zinc and
copper20 THe apeHsi30e at iaBply AbeaY s4rat2PBlidHoBbpounds are” known as commer ci al
products gygijjabl gofLom ?9& S0 Sopli SRIHOTEE 2158 knh RproDRB ARV ANER,
it e St Y EAIED! for deRflonli Qo AR, foliAlo R g e
SR634. Sudvtipimotiaoicsind oegades tr dltseplasisa sedthermbanicabresiateacs @lvery thoovsiashi | e
such conpounds..sh a contjnued j.npr.ovenment in the art. faor, increasingl
2ot ter BENTTG SarEes Heteser FeBamarRg sederaretin indbieel @ faP ety
However, naty adve t@pasiti@iniigast sHyichlRoScati®s, ndtighefitafOn thigicOsea Bdoniprensivantss,
there is a particular need for self-bondi n9 conpositions of high strength
1

that ae HEERSFUTFERGPOtinEedugsenPRAEd PORPBIAT BT R R e WG e & 16 RgEHme, cven
achi evabl hik QRLSL AN deRONHICA ArAGEY Sesistht B ILRIPAAEASS Noylich] eMBRIIE the
strong bonds which strive to be ineft or non-interfering inthe

sem conductroinclpdoeaben back, ilicawlynina, IDivornddstigs, berigo Isyliae ped oth¢radassigeri ¢ and
particularl.y to netal s es for. als in doors es. . nown
PR the senifanderb eoms ST Fome Gl WPl buf R Sun R R 1B MRUBE RN
strengt h. filDpaGitles 162333 YPEIINdn2 M db &R YSAE(PA FBRb EMmecBihddaiR bl OperfbbrindsbAENT! ON

[ 0022] The i nvention jncludes a sel f-bonding curable fluoroel astqner
composith | GRPOBBHEY e Ao haney %@P%ﬁgi%%‘?yqﬁ%{ﬁgg? Freg Wﬁgoaﬁefﬁee%?@ one
curabl e fluyRpoRekyd®ras FRPLyH c@om%{g,g gf st ard peahs ALK eI EAER (PANVSsST i NY

of alum num acryl ates, silicon acryl ) '
(known as PFA-type copolymers), particularly in nanomer-sized particles.



S5ammoni a acryl ates, and conbi nations thereof, wherein the self-bonding
curabl e fluoroel astoner conposition is able to bond directly to a

subst r at evo[200212338he curabl e fl uoropol yner in the conpofcriuseoinot®ds above
may have at |east two nononers and at4l east one curesite nononmer. The at

| east two nononers may conprise tetrafl uoroethylene and vinylidene
fluoride. The fluoroel astoner conposition may al so include 10at | east one
direct curing agent. At |east one of a co-curing agent and a cure

accel erator may al so be included depending on the cure system adopted. The
conposition may al so include | east two curable fluoropolynmers, such as, for

exanple, in f I uor opol . | e 024] | ne enbodi pent herein, .t he

f1 uor opol y ]coﬁlg‘c%?ﬂai”\ég% Ma@%@ﬁ%%ﬁrgﬁmg% 885 ViR a8 he

| east one yeHAiARkEdkirstD FIRINYAB At Bnd the SuERERMAGRI tudebEé@ bl 8therwise be
perfluoropolynmer. In that case, the curable perfluoroel astonmer conposition

may al so cémdite enagnotheasTypipd seifrdentp whjich such materialsare Repdedipdedea iy, t he
curable p i thyl

per 1'uor oa ot iRty RE.BRSAHRIS & &l B o R oldg parts ogether,

| east Bwo waldiabespieinklelstonen, prredtering flubeclasiedeisio flheropdypest matsnialssuch as
in a perfluoropolé] r blend. 20 0025%#& Iegét o?e.filler nﬁé QQ%anmbk

opt i onal | yRBESIRYH WS 68 °F AESLHRENEFFPS AT TETRPIBUC FHHE SUP SHTRE SYH85H
consi st i NGoPfselih HALIPHOPNH-EBEViRAWIEE Sn whic FKORObYFEIME Gl 0R Putigisserdasr-e- shel |
fluoropolynmer fillers, fluoropolyner nanopowders, cross-|inkable.

f 1 uor opl asemicopfyqterrBanugashsing, lmpééaé,steflﬂlaﬁwaghsamhmﬁl&ce@iqa} Rgnuiagtping, e

gl ass fibq&“mgggﬁgl%ggeres, fi berglass, calciumsulfate, asbestos, boron
fibers, ceramc fibers, aluminum hydr oxi de, barium sul fate, calcium

car boridt e, [0@Btagn®ilathedaeboatatesf flabrovias@mes (nviuding perflvdrodasteyaerais a

perlite, zinc.terephthalate, .silicon. carbid | at el et si].lco i.de
b sker s, TROFFHS Poah ¢l P FRriTiEERop AR g e Pl BT ripE R R
talc, m caarts ¥hBRAIMONARNAEMEES bodd2A26} Ti€acs Sluth Boindemiohiutodrged@sdinngres,
conposition of the above-noted enbodi nent |s pr ef erﬁbl i;)ra}bl e t%@b nd
directly t@hgscupdoert Besureetbdneinst tHe dghetiplocehsy stiriige-Br 'adoms Ronds;
30net al s, JBt Al mahl QYSFK SEIhEQ BAMEOk St spRth RAY YiiBkificy hRGhS Bbid wandivae in
fl uoroel astoner conposition iI's also preferably able to bond directly to

al um ra, shpphiitoemettdoon suf§icientoeniod oNDm2 b¢fbrel28BE0PCDIAISPENIYTIABI06 7

ger mani um eni ¢, antinpn telluri . I 2 angl .
yttrium CO[R@I ni ng’ pég)ﬁﬁlbtWgaaé)?neéﬁ%la?%éag%laﬁ%kﬁﬁl}*ﬁ]& rl(%ér?lgér?uﬁlb St T ereltslg st eel ,
and pol yt ehsrakilyesmiet iihesreshef 663 d]stibstaroboliewedbshadidirgndipesteduning bhithe

i nvention includes a_sel f-bondi ng. perfl uoroel ast oner conpasi.tio

conpr i si ngFlasiomes pady P ithottaar : NG SEHYE 05 Wn’éiﬁwg’l’%ﬁs? @'F ﬁl%’fneg%rfi one

cur abl e pefifdHoln el WiEEh CHRBAEIMEE HR Ble hAaSs thanRKeY &@bmltngwohamgopol ymer
conprises tetrafl uoroethyl ene, a perfluoroal kyl vinylether and at | east one
cur esi20e rmupdivt facdnhalienges isturvriag etpiopessiag enpthengnpliegtion tempsIeiyifa 284%ect ed
fromthe i St.i frnabs . o r : ammoni a
acryl at os JAG: ERNTRb AR pR L P PERKN R TR i FRTo A LA F8yerS

per f | uor oel083C dxmnt possipasNewvarFikKMahll etheoelboodeirpdietd qur¢ @ temparbgtes athéch

10[ 0028] I n t he above: not ed odiment, the at, |least one curi.n ent y be
a peroxi de¥® g‘§§eg’3‘éﬁﬁr?‘iﬂ§“ Eﬂ%}ndélnrﬁ]agteﬂté car Cﬁuéaé?“‘ﬁ@a‘%we{ﬁrwn%%ﬁ%%P 0%ul d
thus have @rhengbh@A@hgt:OMRch Baf retatn BaRaAB} & 200°CF QsiStartidl Ry dtlabdut LHEC to
per oxi de- base curlgégbggent. At | east one of a co-curing agent and a cHre

accel edat cbonedPOsF & $1rie [lQRESHCITNEEAUSE Ghig e digh tPR@cTatureseasY Ty Fae
per fl uorop glnﬁ] -t I aheRathRiEARRI yTer.
Furt her, ast%h%/ﬁe%gtflrﬁ?&%p%ggéordgg?@ ?)er 8%\(%8% ;Iﬁ%r%%g be provided such as
in a perfldoropst.yner bl end. [0029] At | east one filler may be optionally

i ncl uded, as fr t gr.ou onsi sting.of fluaropol r..powders,
f 1 uor opol y@éfg]m cpgﬁmaﬁg]?- g;ﬁ%eé-’oéh‘g’fcﬁosﬁ 18755 5%%‘3“}30%‘?@5% }’%gﬁﬁ%ﬂrgé%m yner
nanopowder &astdih&s suchithdt akta abdylias Qs asdused tHeldi®hsscotshrrbanie ack,
fluorographite, silica, silicates, bariumsulfate, cal cium carhonate,

magnesidum O8FBonaltleS: PatentiNped,2 bl 3iHi tRashe o rfnipicae Aty Ot HMBHS ARGt foes.

[ 0030] The f j : ( j i : t ed
cbodi ment e R L r o
the group consisting of ceramc, netals, netal alloys, sem conductors, and
polymers. [0031]Simlarly, the self-bonding perfluoroel astomer conposition
is preferably able to 25bond directly to alum na, sapphire, boron, silicon,
yttria, yttriumcontaining compounds,



germani um arsenic, antinony, tellurium polonium anodized al um num

al um num stainless steel, and pol ytetrafl uoroethylene. [0032]In a further
enbodi menwonheriei2e33ot he i nvention i ncludes a bonded strueCus201ao290é Si ng:

a) a substrate having a surface; and B) a fluoroel astoner bonded to the
surface of 30 the substrate, wherein the fluoroel astonmer conprises a
conpound sel ected fromthe group consisting of alum num acrylates, silicon
acryl ates, anmonia acryl ates, and conbi nations thereof, and wherein the
fluoroel astomer is bonded directly to the substrate. The substrate in WO
2011/ 123339PCT/ US2011/ 029906 8 the structure may be selected fromthe group

consi sting,of cer ne sem conduyc and_polyners
and t he f%&?socéﬂa g%ﬁi@rrel rc%ngﬁﬁ’écieflllﬁg}eye SIS OV #ﬁ%wégﬂénea m r(iu%t ure
can be a whéel aeaylhtegys@fadﬁésﬁmﬁluﬁ@&r and may be sel ected, for exarrpl e, from
the group consisting of a |am nated structure, a gate vaI ve,

seni condudP8t8lc haKpePagabNo. Lhld, Wodhotisdescs P?rlﬂuﬂ)r&Fl\?gomﬁP% Wltwbé"ﬂ“%t e
may be par a face,
oo the f 1P be 8 (g £ mbDREPILD SuCRA s B EATR, I Aicelt
substrat e. 1ntlnd$mhblapcxﬂseropbllymetsmm®¢h wtth dm&lm}ébtmyl chongragentsaimchidingd
structure havi.n oelasto nded. a | ayer. between . the surfaces
of the fi r@?angﬂ‘%g??‘glt(%b% THEese ?18“ ﬁf%f”tcﬁ?"élc Cfg%%ﬁgﬁn?ﬂun AR on al so
i ncl udes ampelbgetcahatsrngdi Ng a fl uoroel astonmer to a substrate, corrprl si ng

a) preparing a curable fluoropol yner conpasition by conbining at t one
curabl e fl[lqgﬁipol {re Patgnt Arplicabion Biligaue E%t@@ﬁpb%%’/tsh%l 6’?‘31?5“%9st %ﬁ\([ng of

al um num fQ bl RATRRY I AREY bl EfingA0thi ATEDIoMRLT Ons
t her eof ; aﬁ%&%ﬁfﬂﬁg&gﬂsuggtgg%le aV|1 g a su@f%ger and glg %eat nol di ng t he
curabl® fl sspbxt@pwlycrime gmdp@@pndmgl agemtst ﬂqebmﬁmﬂwomdhﬁn%mjmfaﬁ%ﬁs guch@s as
to at |least parti cure fluoro sitian

f I uor oel asPSHEF pféglﬁoltyo Olé’fnef %‘ggatcespﬁﬁ?gvrﬁgleﬁ%lr‘{gggﬁomﬁgl o OS“ % rﬂ)]t%o t he
surface offothiagst FFKNAEEating %Iﬂd’dﬂiﬂﬁhgb@I’fdﬁd(a&tplld,letrrwte&lmmtfang a

fl uoroel ast oner at | east g%utlally bonded to_the surfat%e g{[%th trate.
The subst ri8080]; n remaraoRbRrbggNG NEOLId L EY 24 bispehee F GTfie i sting
of ceram cyonRtRibRs fogﬁgxseaih h%%sh%ﬂﬁror&%ﬁ'tscﬁﬁq%&(\%ﬁﬁ dand- hBR:I YORIsS, thamdnd he

fl uoropol yner may be a 20perf | uoroel ast oner erein the bonded structure
has a ifer fubstrasesi axstudmr e.at meeeégmd mslvmpm ingrtiselidetgst She mnmamoa& wchfdephe
substrate. 34] The h r i t he
bonded st rc&%%g?feﬂl P?Olgmg g](\‘iilicuoro %t%é:%%s nﬁg%érﬁﬁﬁ?@m l%t'ltithggiJle
perfl uor oedoaﬁatem'e db&n]be@ﬁeﬂnaﬂal ey:rﬁalﬂas bmtahdtyons:uf@ﬁemgiaodjzlate&btnpomded to
t he surface th str n the nmeth further 25conprise
provi di ng &4 &éé‘%ﬁ’l@g ATy ﬁ"@mﬁlﬂﬁ ?’f@n%{’uéla‘?ﬁ%?:% ﬁg‘ ‘s})t‘aéff éet}?ﬁr Tfﬁ?fr conpri se
heat nol di fghettheryfaildsaiabryldtdt0sPa! (MPRErTABD O 6 RRiduthr bEears tdsagRc9fatdshe
first substrate and to the surface of the second substrate to form a bonded

st r ucta® e, andiresteachyletaeof the beayyonsiperzincsangcoprsss f hp ayklicaionnaiesibdduely t he
surfaces of, él%ﬂ&ﬁmﬁs' Jrék?&mag&ﬁ,ﬁgsqmgéﬁm\raﬁaﬁé fmgg osrt&t;an et had, dehe

bonded stru ure can forma I am nated structure. R EF SCRI PTI'ON OF THE
SEVERAL VI E\#6n, PeniTdiE aDRAVIh NG Shtef 0085 eTibe (tfadrmgoisnfyr sxammae, \SARBT&SR63Bend he

fol | owi ng ' Scripti nof ref iments.of the invention,
w11 he DetRRETEARETT St isdie s waleribed i Wit rOR B Tidhe Vo

2011/ 123339b4/ USKGLE/ sQ&Q&Q:@pcﬁm&@ﬂﬁ)W@brﬁhﬁéM iR@Sovel@ht nhke ﬁﬂf(@@lﬁc@edéfngly
illustrating the invention, the %Spl icatjon contajns draw ngs executed in

col or .25Cophedisr mding %eﬁéta@ﬁtse]&bo pe Aratesisls of ducrgasme stsnatie ablPBaveRi ok 2k ol or
draw ngs lvkmmerﬂg g@ggpy g&nﬂ%ﬂd Bor URAR ke BlereA0d pRAN IR heelffol 26

necessary ee erst oo however, that the invention is not
limted tdoqnﬂmgppempseomqungth tmdreﬁlemsy-m@mﬁteabnd hesimpheveripon the he

dr awi ngs: 3 hot 0 hi resent,ation o b

structure t%)é)gl ﬁ“gngﬁlg??ql?}’gﬁ%gf f%ﬂ‘garrgg%rh(f RS §uc}hlcornépq‘u8(risrr%3u@ceg1§@ Hiloh

an enbodi rMeds h@foﬁkﬁwe[t@@@?r]eﬁk@noﬂ—1ﬁt6rf&1ﬂ§lh&ﬂfﬂenﬁ&ﬁhﬂﬁ@bﬁ;}ﬁbt@s aﬁbzﬂ]iﬁ\emr at i on
of a structure having perfluoroel astonmer bonded ai)o %I re in Fi ga 1;
10[ 0038) Fi kpndingite Palyﬁﬁﬁfd‘é?sé%*ﬁrlf yod presalRily e Bitay purkpe ’1‘1 Pifr gates,
having a pgighJaHRE RESHAS QB Eeriefidd:ok Br(ﬁlséémgrh?ts%ﬁwgfllr&h%@m%rﬂﬁm?@géﬂﬁent

her ei n;

strength.



[0039]Fig. 4 is a further photographic representation of bonded structures
havi ng a perfl uoroel astoner bonded to alum na and a perfl uoroel ast oner
bonded t oweapphi2zezsoaccordi ng to enbodi nents herein; 15[ @040QjSE01g/029906 s a
greatly enl arged phot ographi c represefitati on of cross-sectional view of a
bonded structure having perfluoroel astonmer bonded to silicon according to
an enbodi nent herein; [0041]Fig. 6 is a greatly enl arged phot ographic
representation of bonded structures having silicone bonded to

fl uoroel astomer and to perfluoroel astonmer accordi ng to enbodi nents herein;
20[0042]Fig. 7 is a longitudinal cross-sectional side view of a standard
slit valve door taken al on E g 8 is an enlarged
portion of the slit valve 38§F¥éﬁﬁﬁﬁﬁﬂ£$Ch?B%§ &ggﬁ%é is a top plan view
of a stand@d2R]sl i Tfha/mlvmmodomiudmu|snl@band;eeburbldndedrowiasthmnr epngrositen, t her ei n.

25DETAI LED DESCRI PTI OF THE | NVENTI ON [.004 d
a heavy- nectog}pnﬁwgéi) ggﬂ}\}l% Saﬂlamteﬁcé({mwg}lo[géla{np%v?%as& %{“lb gu\a/rgbrléiﬂggﬁogﬁgﬁlep aRd B)V' €s

conmposi t i oNcciffolind Béctdd frdrb teeairbudevidistify éfalanumsicridites, sﬂhloxSﬁmylﬁt@ﬂduct or
applications many reaction chambers_include interi I 1s, rs and ot her
surfaces rmmeyp agylkafes) @d cambuiade Bereeh Wﬁﬁﬁemﬁéﬁ sl g%?f)tﬁg‘ f? Ofgﬁﬁtr?fﬁ‘ifnds
that, for ltlgn 1svﬁb§et}8%§)n§91ré ?'Ef@g'sﬁ&txla@ be I'im ting, when

'perfluoroe astomer conpositions function as a bondi ng enhancer to such

sur faces wi002Hut Ehemnéddﬂhmwpdxnermahebvmdwn@nmgeﬁm'OWSQEhh@@ﬁpb@ﬁﬁgo

partlcularl i f bas enab t

oot t 1 g R 4 PRt heRCRe! Fif S3ubr bl B 50006 10

substr at e. tefriflBsdthyg@npl @inytiean ﬂ\fonﬁé chieglfludroel sesuéraempodtivn ey elsastcbnter

conponent qlve us particles which are no%%heav netals, and will not form
g9

heavy ¥art éqaéfsoneud%eéaan%ég% Ablepst ong ghhRENTIEHHEHRE A SPCGESET ORI,
eval uatin ALibddd & m&gmﬁ ARR étefﬂ%@ B8t BRIUoRGRsifiok hd§alsefindetd tives
for quor%gﬁﬂ%?Oner co9 0S| |on§ct hat enable e seIf-bondfnS of§ ﬁ "

conposi t i drasbtwo alrshlbﬁlw@pelym[etsoa@pmefor Wmﬂq, imhe Praepeemenblardy bondi ng
conposi tio t hod f.or in. vari [ or harsh
envi ronnen OigsucllggnggﬁggﬁﬁlH%Fg¥ﬁlFgﬁg)sPngi%@gB§%§%ﬁ£s%oﬁg|ng of

f 1 uor oel aspepfi®irspdl pmattdaiposities avd thh daast dreeutsbl: foforeolyeneratoulbihds ognagent s

or priners, king them op tlonal or unnec r Thi s si Ilfles uction
pr ocr:)es]s?es B‘?rgll‘?fﬁp V’é‘ﬁ% I lat cpeuLRic Eﬁg Sﬁ/‘?‘?éoe arsfﬁmbelrtﬁ R HY! '8% Phg

agent s and.gpiy:ABLSleast Bn@é&ﬂﬂgqg&ltaﬁh SaIRS emﬁ&flﬁéntaﬂﬁg ciRbR pefMBtsoBMier may
process providing significant cost savings. Self-bonding conpositions

her ei n bongnanrise frilafluerecthylsae, rﬁé’teeﬂs}lofwélﬂé‘ﬁyylﬁ@énéil%©‘ Ipast et GUATSIIE BICAATAAL | on
of parts I e
ot ovi de oLt Laandy oBaBR R RIRAAR kP S uaTR IRRABO I Sudbips
additionalmhﬁmﬂbmgwageﬂM3iand good physi cal propertles The 15resul ting

conpos t|o vi de nded structur | ast omer . conponent
i s be @ﬁ%ﬁ 2‘6? affsoé‘e?ﬁeglelﬁﬁ' Elﬁﬂaﬁtﬂ:‘fn&ﬁy BE)BTOVbdgﬁ ﬁig co?ﬁ%ﬁ*‘l“ PSS can
i ncl ude patrr&rﬁ twgdup PorRisA6L5SMlnGoRIh & PRMlders| AFdrBH] @Ber mebmwaelrs Sire-sledllur es
having a surface with the el astomer conpositions bonded theret [0047LThe

i nvent i on fyrserpdeaerdiliesy, fluppralyimgr euoaprders) gessdidkalie HHepkd I3 B

20i ncl udi n@afk hhb’x%g&gﬂlltey TR Cs(ﬂmaf&'élésg Biber! BEisd ﬁ@fe@gmey &m%mtfdt@n

i ncludes at I eéas cura ? |'uoropol ymeér and a sel f- ndlng addi tive
conpound wsbestos, orat fibeasteromnie ﬁbﬁrsadtlummmnh)ah@yﬂetbelsum§ullfate,o>ﬁlcatm GaThemEe,

amoni g acryl at es, i nati.ons there used nt or
bl ios BrERoNE Harraea g Ui R ol e B8 LD e TRRe
conposi t i ogurbige plla{eeatst Qilie6im CarBlide &Glidkyrs| @oﬂas&iﬂi)tﬁtdaﬁﬁtﬁn te’m‘&ﬂﬂﬁhﬂ{ﬁé Thkkerens tabdse
fl uoropolyner in the conposition may be any suitable fluoropolyner,

i ncl udi ng Hegsae gales BIReeh RUFEEIUPFons whi ch are used in harsher

enviT OnMTENfoa@UCh RS LAl ARG O REAGESIRG iod DEE UERRLAN diioapal RET S
may be standard non-perfluorinated fluoropodlyners (FI(Ms) as are known in
the art orprpérafbﬂwdﬂepxﬁcyudrdelesﬂxtlﬁlialﬂvbstratWﬂl@tﬁdefmn ﬁieggoxmﬂwwsﬁmg efiseragre, and
are e co n n.seni conduct o [ OCeSS

305t artfar AR BoryHERS $oh R A R e e AR e mer
typically dmysidion |is€ﬁ§d prefabliP S8R ondaectdyf tovddirgina, sappliteobornatséitonand
preferably all of which are fluorinated to sonme degree, with at | east one
curesite nmononer for use in vulcanization. The at |east two nononmers WO
2011/ 123339PCT/ US2011/ 029906



11 generally include tetrafl uoroethylene and vinylidene fluoride, but may
include a wide variety of other nononmers. The fluoroel astoner conposition
may al so wochude3zsp | east one curing agent that is capalece/uskooe®ngoi ng a
crosslinking reaction with a functional group in the curesite nononmer(s). 5
[ 0049] A fl uoropol yner may be formed by pol ynerizing two or nore nononers,
preferably one of which is fluorinated or perfluorinated, such as, for
exanpl e tetrafl uoroethyl ene (TFE), vinylidene fluoride (VF2),

hexaf | uor opropyl ene (HFP), and at | east one nononers which is a cure site
nononer to permt curing, i.e. at |least one fluoropolyneric curesite
nmononer. A f| uoroel ast one on .as des rlb d. herein any
Tosul ¢ abl EERHR Rl AUIRTH HOPHT oSy SRR R P8R aRS e T i
capabl e ofanbéiz&baledin@sh, bRnfiRHN s@alﬁllsss@fdagIaﬁ@p@mtraﬂmdetbﬁaleor nmore curing
agents as described her ei n. Exa | es of suitable curablg FKM f | uor opol yners

i ncl ude t H88¥1sol B anadrer ef{lwlmﬁfﬁé‘éreﬁa%“%“@ﬁ@? Imshsles padizbonemey  p757,

P959/ 30M PdbropdlBbitomPbifsn SomRlsipr8 of
such mat erﬁ% Yﬂ&(gé?iesﬁ)bﬁa{r%?ﬁﬁ @ﬁ%ﬁgctorﬁﬁégmg’ 3 a%e Dy%peo}t}riﬁérMorr?nggs otna and ] ,%r
DuPont 5de Ipistrongr @irabie gerfDoorppalymern, Mdaerenﬂéb ak/\laase oneaeroalyge perflueropolgueh FKM

pol yners are not rinate kbo ey, my
al so i ncl lf&glpgs?fa{?tfad‘%mghy%nﬁ ae?eﬁ‘ésroadl Vm E%\h eﬂ(raaetherzlaSE ‘i’“r?c‘i%%& hg %%%% }sﬂ zed
f 1 uor opol ya®Iast onk QOHEY Axche bhd thar @ﬁi@&h@@é&ted&ﬁﬁorﬂ stecbrogy @in@lstm‘g’mf ahmmidefi ned
in the art, may be any substantially cured el astoneric erial deri fyed by

curing a FSPAER Filpe) Wﬁ‘tef RSP "i’f‘éﬂat?@)r?é‘fiéi”ﬁ mﬁ%‘?ﬂsrﬁ]@er%ﬂ ‘f" qen 16‘?1%?
curesite NpRGRELLRBK éﬁﬁlu%r&kg&ﬁnér'c%bé@tm%ﬁ@ﬁﬂe@@%mﬂﬁ% &)a fuBstRREM t cure
upon crosslinking reaction wth one or nore curing agent(s) or through
radi atlilon [8028t heln theiabavg- nmmmbomnmt,fthwﬂwmrwﬁwmg agenygiey bpe peropide; s
subst anti gl fl.uorinate referab &2

espect t &reetp Bt R e 20T REC BBVl ERTR: Flllnis RS s ARl P

wi Il be undgristapaslebhabssoRibghet tﬂupérohlyldma@drcunﬁg/amt p e &asttonk rof the 25
per fl uoropolymer in the funcilonal gr.ou q§,cgre site.nnﬁgner whi ch
oul o't herfurbape i &8 Se3e rROQPEeaST fe Beluf B By SUpRSITEONY c fijeghgne
presence QferfyAsR8RRerinlay AR lé‘abkrtﬁl%lo@a@érp&?&&saddl AWir Al @R QU PErthdd, & eEasOtuid
FFKM per f l'uor opol yners. "Perf | uor opol g or use in curable

per f | Udr opwrapheperBenrpiond ymers meryhemse id Wéha%mrawrﬁwm%ﬁmfrlhﬁﬂdoel ast oners.
[ 0051] The r
perfluorodbﬁﬁﬂgrsgpﬁgéégeﬁﬁégp |on$sjllt nal §£ﬁh }Hﬁgégﬁg%Mgggﬁﬁgggmmung
subj ect ed dfdluorapssdmem kowders, efhmtop@tgmarmlmpowdmstcam shall fldexpobenes tidlarst hat t he

material | et suff|0|entl hel t ended ation

2011/ 12333@}9 PRYPOYE55 ?LTQ g%fh’é?m@uarsﬂb flless] ‘ii‘e‘%"ﬁ‘%ﬁ%b%eﬁu%ﬂ%faph“e

per f | uor op@hdNBlicARMPRRInt s0AE, Bzﬁ61@fnrbaf%ﬁa@%hg}fé&hhycalrmuédﬂu@ddl ilu@iadm such
pol ymers in bl end- i ke conp05|t|ons or grafted/ copol ynerized conpositions.
Furt heX), tHeidgoingdparbopaandieRfés may include a variety of curesite nonomer(s)
al ong the [%ﬁfd]n te §e@fvl5(gﬁm%3%rfﬂfor5@§s?on%r ctn%?ggﬁorf gints h%@lno%%ﬂ%dfr&rnt is
crosslinking. The ositirons may al so inc e curing agents and
co-curing mgferaﬁaby aadnﬂodxonédaedﬂexrtatacsulssntatr salesied fronmthe lgeouprcosBsting ok cergmic,
reactions. %t %?fﬁ or nore urab e fl orospol ymers or perfluoroel astoners
may be pr LRl PHE ]é’y?fﬁﬁ‘BS:gP TG a&éé’a Hi&fein. Such polymers are

t hemsel ves|ob®rmedsinilapg] hesslf-Bomin@perflORotLsTBmEZddNghositien @y praferablyf dbioto nat ed
nononers. | n _perfluoropal yners, one or _pore 10 perfluorinated nono rs are
pol ymeddi zéwnfiélrﬁﬁkyrﬁptahwws?mre Respnslsopat ki &Hé%n RARSAITE T OTReY

(direct po%) ik Qfe, aBRAMbEY, ANuRRhY PEOhARL, h%l?éa%@ﬁm{lﬁleﬁuﬁlﬁ%p @iamless
initiated polynerization, |ateéx polyrrerlzatlon etc.) can be used to form
such pol yneeed anfl @O #tfafuersetiylens. ei n a perfluoropol ymer (which includes

co- pol ymer e a.n nber noner %{HSE

t et rapol yn@?gﬁang}i’{%g‘ elk%?b ément heﬁemrrerel e Og?ncg%({%gﬁgﬁ&%ﬁa cl udes a
curabl e pejoiprigingpa)l aysuBstrat Ohdvixeh absurfaed: yaie b) Z flngrotlastomier lﬁmrded paeuhé kurfack &t ed
nmononers, including at | easfrtlh‘ one perfluorinated nono s at | east

one f ¥t ithaatb Sﬁ?téu‘fﬁh‘irﬁnﬁlé‘? qm%mm?j coppgises aactompé?a%ge %??ée a% j §TgUP

nmonomer . [&géﬂ@ﬁﬁm&n%rafc}ﬂﬁéso&Qk&ﬂ%r?lafé@rhrﬂrﬂ&héjgﬁyltai’& 4 cORbMatbnsvari ous
perfluorinated co- polyners “of at | east one of which is fluorine- cont ai ni ng

et hyl eni cahtgofuashwheramghie flnoroeestomanis hededslirerily toghpabsiraier Thatubgrae & i n,
such as HFP, and a perfluoroal kyl vi nyl ether (PAVE) that include alkyl
grovi ps that are straight or branched and which include one or nore ether
| i nkages, such as perfluoro (nethyl vinyl ether), perfluoro (ethyl vinyl
ether), perfluoro (propyl vinyl ether) and simlar conmpounds. Suitable
exanples of PAVEs |nclude t hose descri bed |n for exanple Unlted St at es

~ 2 a2 NN A PN o VAN N NSNS Y n [T N 1 o ~r- 1 12 1 i



described in, for exanple, United States Patent Nos. 5,696,189 and
4,983,697, of which the disclosure that is related to types of PAVEs are
al so her ewo 2oniciasor at ed by reference. Suitabl e perfl uoropalsgomrnsonay be
those that neet the industry acceptedsdefinition of a perfluoroel astoner
listed as an FFKMin ASTM V- 1418-05 and, are nmay be, for exanple, 30
‘terpolyners or tetrapolyners of TFE, PAVE, and have one or nore
perfluorinated cure site nononers that each incorporate a functional group
to permt cross linking of the terpolymer, at WO

2011/ 123339PCT/ US2011/ 029906 13 | east one of which is a cure site capable

of being cured by the cure s used in the pract.ice nventlon

[ 0056] Per e, FPGPBT PAEPS Sqlm?dyi‘é‘? r%egr%‘g’e?fnisﬁt”?grl%foc\?m%dget% Frbm%laelrﬁllel nts of the

i nvention s'eﬁ%H&“%t&rE‘cﬁﬁ@ pblgﬁfersrﬁiﬁd tpeeﬂm%@amﬂerfrﬁme Jwﬂwf&rwt@neroamki n

| ndustries, Inc.;: Solva | exi s; %eon |. du Pont de Nenours, In

WL. Gore; bon:é@eqﬂaptu&@p@e@mﬂawwaw myefuges, andynay hesslsgieds fopetamnie &rogt the’
Synt hetic RBPEE L 93hAjna AL DL ARONNEYLILON dhiclARitRor chARRAldbD:, Lheh!
uncured or®" lrolf th uor oe &st oner conpositions of the invention
pr ef er abl yoonmzl dlid ealas. IAeas«bnctnmbstcamf magbapanodf thhattruqﬂgenalm@h ¢hecgkcandder goi ng

a crosslinkj reactl nvmthoeof t he f.ungct | east
one cure @%%’% agsy e BWOFIH%OTWLFP&S:I) ‘geldﬁ 5Sfa rt;i[/hecsl??(lgnﬁig agent
or conbin %hb@ﬁteo‘cln @ﬁUH IGhs@IBNbShde € Sntiré REy dgend &nﬁﬁﬁiéd)s[truetﬂlkehaﬁ(ﬁfgethe rators
may be used. As exanpl es, one magﬁuse functional _group .that E‘f cts wi.th a

per oxi de diHorasdps onded/asp layst BeiFpHtha geices of the HEst spbstale es6Pem or
a curing ageit.. that reacts with a cyano functional group in a

cyano-funct oneﬁ cure system depending on the end product and physical
char acitder i {9033}s d&lsd ineehtioh atshendlbdes p osdtiaslt o ﬁvendm@ aplugioclagnmenioragiunstrate,

F1 ot apol yREPYREY LBREATS ST kOt Ry RO SraRe LoRBanaP T e haf

presence ofucdRWme? With AQMPouRd selebi@l Borh %d@)ﬂﬁ]ﬁﬁj’r&sﬁﬁg’l@f mmumracmlmgr ent)
may be used if desired. [0058] When us a per oxi d? urec@%/ﬁs:tem subt abl e
curabl e pesilidon@eisyHBMENiARETyAIes, psl %ﬂ‘i‘%’r‘%a“@fls PAVERYidiRg-4,5ubsiraty jayung
descri bed strﬁrilgces and @)tl'?ea{ mgﬁngthQQ\;ral?lz%ugfoBGMQE&}ﬁﬁdilt%ﬂh@f}%'sﬁrﬂacﬂ: drehevant
part by re erenée? cure site nononers having a fluorinated structure
wi t h aSpersokitcits suasabhdedst patinlbnedre gredloropslioher asmpevoneivdei &, hal ogenat ed
al kyl and ot her deriva I I e t
hydr ocar b uoé?eéﬁgoyer[aﬁégbﬁ%ﬁ?as cﬁagfiobogura%f?m?époflwé%{? ts}% usg = e Sypy e to

f 1 uor opol yfaeh s boAdddudactifaseings ﬂuoroemesmruabmst ipartMIDy ea»icaswme sitffgergb dreat ed
herein by reference, or other simlar structuyres %%E%r | es includ

t et r af | uorGBHRAR- o e SUpYTalq dhometAg My By ong Higsted nﬁ’rsiﬁn%%fgondar y
cyano cur Uh&sls ! e PNRYE semiMdhlcasts, Ghnd polyfetd; 2l BOCSH b andhbenr
CF2= CFOCFg%kza‘(?néIQfB)%( (5F2§t %Shrgr Sui taSbI e (I:)orrygoeunds may g?%t%gg havi ng a
Mboney20vi spoiiar wlqm@uwb@remtthqb@@ed) aireetore BATE pRrilyorpplasmeyptteast ppsiaaly

Vi sconet er 5, and preferably of about 45 to about
65. Such maot dt%QHe Suré%eﬁpthg%gé%%%d 30i n conbi nati on with other curing
agents and[/()0$4]W| tmh@nnremoamladzroa‘hnhes compisea Q] ppstR8EBOMELURAGILLOR0I06 14

RPN AT (TN S XN R

f1 uoropol yagEd dndl dreB®f bdrded QP@L ¥iice dR fhetststﬁtH €n Seshenvd, Step bparagXindercur e
system [0061] Any curing agent (curative) or conbinatjon of curin agents

may be2Sus eebmpDise Prayidiegyercand sbsisee BRYIHR 2 Fa&ed apd ptep ) ATBFFREOMRYISHE®

per oxi declio g ROENLR. MGRLAR: CHERANLAIE MR honhesfeval oRed 0t he
art, such as organic an y perOX| es or other peroxides capabl e of
gener at i ngsurfack efahs sdvgndedsirag tafuimerigadéhgricrira vdreoss theithieiopglymea et 4t drast

vmththefunct nal, gra re5|t nmono flLuor yirer
chai n. 1%{ X O&P%f?ﬁ?)}ﬁ‘g%?%li?so‘gah? ] Tﬂﬂiet PP %&Eljt?u&ré}les- 8oesh %Iélgﬁlgh He

2, 5-di m%'t ha/olmzd&mhﬁ&eaﬂ@%mllmrn@eeu)sh@m@e, 10di cunyl peroxi de; di benzoyl
per oxi de; ditertbutyl per benzoate; and di-[1, 3-di net hyl- 3-

For extinl o, i nARIGY 195 QURA TR0 0 1H50Voakd BSOS PRAAGRY e T

rel evant p@0Bsiwi t The éspaitg summarghasoull asghafpinwingrletailefl dessnipion dapreferehg
agents for such ero de curin i ncl de i SO n s and
s?m | ar cofpNHE gmf R GPEnygr g‘ﬁﬁgﬁp fffeét‘%‘ger%ﬂ%‘! {XBW“ th*th élg%%r %@?g‘%

15curing agent to provide a useful cure, such as, for exanple, triallyl
cyanurate; triallyl isocyanurate; tri(nethalIyI)isocyanurate;
tris(diallylamne)-s-triazine; triallyl phosphite; N Ndiallyl acrylam de;
hexaaIIyI phosphoranlde N N N N -tetraalkyl tetraphthalanlde

v o o . oy ~ 4 0= = 3



20 isocyanurate (TAIC) which is sold under the trade name Dl AKO e.g. DI AKS
#7 and TAI CO. [0062] For the cyano-based systens, suitable primary curing
agent s i nwbaeda/mssseamnm di nes and nonoam doxi nes as descr iPhedrsas 11029806 Pat ent
Publ i cati on No. US-2004-0214956-Al1, the disclosure of which is incorporated
herein by reference in relevant part. [0063] The am di ne-based and

am doxi me- based material s i ncl ude nonoam di nes and 25nonoam doxi mes of the
following foimula (1) described further below. Preferred nonoam di nes and
nmonoam doxi mes may be represented by fornmula (1): Niz2(1) NERL wherein Y
may be a substituted al kyl, al koxy, aryl, aral kyl or aral koxy group or an

unsubstituted or, substituted full r. partially hal ogenat ed al kyl . . al koxy,
aryl , aral%?Fm%Fd“VWP§bf%7 §§§§§%?ﬁ9555ﬁT?gfﬁéﬁ%%f%gg?§ﬂ§%%§mé%8ﬁﬁwhaving
about 1 todralRidt exdRuediPeotCUkes of tHidyatélt 90 phientapplesafibuipuitdhtof with color

per fl uoroal koxy, perfluoroaryl, perfluoroaral kyl or perfluoroaral koxy group

of about 1drawighyil boproxided b thetftise Bponarepesst ardargarmaf thsrnesessaydes dal koxy
group of k i irhife a2 Pl preki CAHRA B AL Ehd
and R1 na?gggwﬁ%é%ggéﬁoﬁ?mgﬁgg?%%ﬁ?%ggggﬁ%ﬂghgggéﬁhted Hgmér 5 agiyl or

al koxy 5gr ongsungdntaiiesithovnt dn glealiawiBgear bon at oms, oxygen (such that NHRL is

a NCH grou r ap. am.no group.,.R2 may be | endent from any of the
groups Iis@éﬁaabosg'Hé?aﬂ%ﬁfgggpcgqﬁ §?%§v}&g§§3§?f$ﬂF 565%@3%5 for Y, R or
R2 i ncl udeperfidrbdikiorhérfohddd 10 Rapphat dgaiddtaecbréihkyd an gediahagasried al kyl ,

hal ogenat ed al koxy, perhal ogenated al koxy, thio, amne, imne, amde,

i m de, hal §83H, cﬁlrgbc;xw,ﬁlr&@r phrigErapig srpEssgtationRf asHEctyadBYIngt R1 and R2
are both K%ﬂﬁ deoRydr@yyl., such that there are two NOH
groups on%gﬁgﬁ%gﬁ%%%ﬁ%%?g ioE? ga% beéuéed), and in that case, fornula
(1) calV bel0p38Ind higdi3fis eghotograplio meroeiantetion efi aohdnded ftonctnug bavirg svhi ch t he

car bon aton1ﬁnd Hhs Y ro&%itoggther forman_in erven{H%d%ronatic ring and
in which tHe R G OUPS8PE PScat

ing,according 10 an embodimen
U SPING:" para- or neta-’to one anot her

on the rin@o3guchFis 4vik b Hurtheb pRarogHaphio Fepekisenthtion, of boadGdditnrdsdavinga (1), R2
may be hydroxyl, hydrogen or substituted Qr unsubstituted al kyl or al koxy
groups of Rebiprodasgigmerhendedsio abyas ang %Heéﬁu%&é“%‘iﬂ‘érf@rnéﬁfﬂ? SARRIYIS Agfording
hydrogen. RLmBY¥inRatshediggen, oxygen, amino or substituted or unsubstituted
| oner al kyl of about 1 to about 6 carbon atoms while R2 is hydrogen or

hydr oxil . [R94@nd Rz rbey alsoeHy selatepd pbefesraphvic pepyesbriagorpelrosssrgiwinrhyiew of a
perfl uoro X i L ut i ituted
o unsubst 1 QrLar RS B0 ShoHRSHBE PR Blobl, SHopURE bR o
above, partidrein) arly preferred are when Rl and R2 are both hydrogen and Y is
CF3(CF2)2 - i _e. en .the conmpound . is heptafluorobutyrlam dine or a.simlar
i doxi e D8HHounblE: TbaSxERLRariEeg PRUNGAHN B e gaseen o fiasd Snfurd vy
nonoanm doxdiR@mb 8s&tdes OB cREBRESarldN6 hbdRoRRIEloHRF 8abkdihaidl libd@Bnents herein;
aryl am di nes, perfluoroal kyl am doxi nes, aryl am doxi mes and

25per fA%or B84 Uy | akige 7ds 8 hengitudipplegrosssegesmaksideideyiaba perdardiditosbe dnaninkime,
hept af | uor yi am &i-pey. trifluoronet hyl benzam doxi ne, and

trifluoroﬁg J%%Hg%ggﬂ?gg§ine, wi t h hept afl uorobutyrl am di ne bei ng nost
pref erred.[004%) 20Fip B2833eRapedpativt ob0Re306val e @066 i@ ier curi ng agents

can includ [,sphenyl -.based curin nts .and their derivatives uch. as
bi Sam nopnBE 't ER SRaTg B icnsyt 2 e SIF ey stop B el Rae] S6BaES
(e.g. orgagtbevenBéem de such as dial kyl peroxides), or conbinations thereof.
O her suitable curing agents include oganonetallic conpounds and the
hydr oxj des, especially organotin _co i i -, propargyl -,
triphéﬁ&l- and al | enyl tP%%Agéﬁpﬁgﬁggﬁﬁggigéﬁ{gﬁ#ﬂﬂéggwﬁhgygroups such as
di ami nes al#4di aniTheinventbartgtes proyidek a Asavy-metal free compound that may be provided to
N, N -di ci nnanyl i dene- 1, 6-hexanedi am n trinmet hyl enedi am ne, cinpanylidene,
LF et hyl MU GomBp ey gk E Terpg P RHERE, dF fiafbihene
hexanet hyl| gpaeitas Arny RayedTEdhabeR eshlald inRricaw i ad@s ald sthérsurfaces of, for
aninocyclohexlé?nethane carbamat e, 1, 3-di am_nopr opane nonocarb?naai,t

s e, withou

et hyl enedi &amals, sediaed alatiaumt Applieana @abaicd fPmeows Birppexamp
bi sam ypt hih%ﬂ@ﬁg ) fe 1iﬁitﬁ%%ﬁ&¥b&ﬁ§oro@iggomer compositions function as a bonding enhancer

to such surfaces without the need for external bonding agents. Such compounds, particularly if

based on aluminum, enable the perfluoroelastomer composition to bond directly to such a



bi sam drazones. Mst preferably a peroxide cure system (including any
necessary co-agents) is used. [0067] Any curing agent(s) may be used al one,

i n conbi naDI20MY128839Wi t h secondary curing agents. Thus, POE/USaNi10YILy St em
does not require, but may also optiondl |y include, a variety of 15secondary
curing agents, such as bisphenyl-based curing agents and their derivatives,
tetrapheyltin, triazine, peroxide-based curing systens (e.g., organic

per oxi des such as dial kyl peroxides) if not used as a prinmary agent or if
used in a conbination or peroxides, or conbinations of these systens. O her
sui tabl e secondary curing agents include oganonetal lic conpounds and the

hydr oxi des thereof, especially organotin ca unds, .including ally-,

2bpr opar gyTPNTHT Biuy Al <L LRGN 1B R HRpran S SRUSPRTHE M no
groups suchhr@dleshvimth BR:0ARChy ¢ nffd1) @8d GAN RATBIEReav§ BaRICRS, instead being easily

N, N di ci nnanyl i dene-1 6-hexaned|an1ne,.trlnepgﬁienedlanlnei ci nnanyl i dene,
trinmet hyl eiveeiediom exbausheavss. i Al velpaineasaiialionponeniy applaaimdricaeined a
he.xarmt hyl ﬁgls%%'f?@al 1y€s f&%?o’i‘@élili’clrﬁé}%gfng&&&s%ﬂt RAM ?e’lf—lpdnﬁ{n%_of the composition
am nocycl ohexly) net hane car banmate, 1, -dlanlnopropane nonocar bamat €,

et hyl erfedi @rasobst2&car bamat e, tri net hyl enedi am ne carbamate, and

bi sam not hj enols..[0068] At .l east one .of a cur.i.n en 0-curing agent
and/or a c@ﬁg‘ﬂacciﬁ% : ?%tio“]rpégl"%‘?ssao‘_mﬁv(e)bqrﬁﬁglfag‘(?oﬂgﬁ‘gﬁ'gqgrﬂE)Ihg‘ﬁ%OtrIlilée ’é’uvrag()‘é%st em
adopt ed.  Tihigh-&RROMhrkiafd) ol By siRérSAohMEhtt tRich BainidoMduSbr BBtRsihh 0 efiIt Y MEr S
or perfluoropolyners, such as, for exanple, in a fluoropolyneric or |

per f | uor opngingdf Eluproglagtomeoy to sBTEca fhew thy ussof eugael bondingrageyih PEPIIRES be
used in t S| L i.n hacludi-agq, . ' .

o s ono R USATRRSY P 8" TS Bl R Y BRLG o ths,

f | uor pidl ynefibriishidgedy/ing dnd propstiygiemdimgrgpowdet srimes.oBpréoviddsableasien@fer and
2011/ 123339PCT/ US2011/ 029906 .17 fluoropl astic. fil car bon bl.ack, .

{1 uor ogr apRPES OISR PLOCRE P edines e AR s b B oatbosy Db gFitsss,
cal ci um supdndts@ongd§ RESTLOSateBERPY fFdBEIRS potefiaR dblaminabies 8 padsUTheRulting

hydr oxi de, barium sul fate, cal cium carbonate, nagnesi um carbonate, alum na,
al uni num nflestomeR copppEkonsyEhan oaded P peutiaseapptinarelont SprdipprEgiunde
platel ets, gialch %miﬁgcvhh&lﬁ b ﬁf%nal%hagtagéﬂtg fd &R SR bRIpERRL Mehat e,
full erene tubes, Hectorite, talc, mca, carbon nanotubes. Such'fillers may
be pr ekentresultingheonapositimh$ cagmpode borsled istucwmesimt whiol theslaswmeb cemp&@npar t s
B oot O AR A ER b APPSRt Bl e PR e
all such bgseestihyequip@bytn@misa)es] dhd diBerGatgoss hiving a fhiO lith thd-#bdtomer
conpositions, for use, faor exanple in sem conductor applications,
10preferréﬁmﬁﬁ§?@ﬂ%V”ﬂF@ﬂ€F?%) may optionally be fluoropol yner powders,
f1'uoropol yjg47m CrapawEaich inGRA& aSRBIHonfiind QfRBIYIBFocl dstonRE SompdsitnOpOl y mer
nanopowders, cross-|inkable fluoroplastic fillers, carbon bl ack,

f | uor olfr apiFluging gifluorapolygndricempesitiorh akleynosenotyancs compp BilQminelafesor sqagt one

magnesi um , ' : car. es.

S 1 oo ooy BRe B Spo PLUA s BB B Lt RSB AN RO 4

f | uor opol yateninwhcacoyees @il pn A&yare pomdernis aaythtes) asisohibieabhethédeol) nepl @ast i cs
bei ng nost preferred. Preferably no.heav t additive e ovi ded in
Commosi t1 OHEIh Bl P Suh SO DroELLOmigs Satie HEI B E071] As
not ed abové@mpobgios & dbidenbhnadirtdiyab aglssiaer conposition of the
above-noted enbodiment is preferably able to bond directly to a substrate.
Such sitbsti08¢8s ndbe pwebladuoronplypiealnsthe empegitionsnpshs ayesgitatle flyerepelyger,
struct ur es; angh, gt ds@ e@éjfe%scog%%ﬁm?sfwmhﬁ By 'nt}l%rsﬂéﬁ&v?rghxﬂér}tg Such as

sem conduct or processing chanber, or nay be substrates actually used to

f or m par t sseoficqudogesgbergsiegulhammtble flooropalampetsenay e s@niciomedyet Brorinated
processi ng, equi pnent er | 1s rocessi doars, et.c..).

st r at o rPRRERS S HRT B Rt B &Y SF SrEbuigiders I &by Ve s gtso
metal al | otRwnSeMLANSHAGEOMDre REhHDIoY IR 1§ sellic@h@ict@hrédeatd @pBiSations.

sem conduct or processi ng and other areas include ceram cs such as al um na,
sapphiile, Saerlast REM relnpiin oweidaasq with clagtemiceeniaenctatye treallyshaypgt least

met al | ol dst’wo &Q).n?e?s, 1885 8Pwhieh |i§ inafd! 'ﬂﬁ?r&@?ab@raﬁmvﬂlic@ﬁg B Y ated to some.
tellurium polonium yttria and yttriumcontalni'ng conpounds, and netallic
surfaces udegdej witbatleasippt cwatiiconsoher fpruse eswilengizahanbErest lehsioms aerdnide

| i ke such as anodi zed al um num al um num and stainl ess steel, and ot her
materials used in such equi pment such as pol ytetrafl uoroet hyl ene (PTFE)
seal, o-ring and gasket shielding materials. 30[0072] For other end
applications, it is possible to use the self-bonding conpositions herein to
bond to other surfaces such as netals, including, for exanple, beryllium

.



18 as, for exanple, titanium alloys and copper alloys, beryllium copper

all oys, nickel-silver alloys, nickel-titaniumalloys, chrom um all oys,
brass, amsiogbaimBmgs steel. Titanium alloys and ni ckel a&Cirags0118e99h6 as t he
austenitic nickel -based superall oys sdld under the tradenane | NCONEL(r) by
Speci al Metal Corporation, New Hartford, New York, United States of Anerica
may be Ssuitable as well. O her suitable polyneric substrates include PTFE,
pol yaryl ether ketones (PAEK) polyners, such as, for exanple,

pol yet her et her ket one ( PEEK), pol yet her ket oneket one (PEKK), polyetherketone
et her ket one ket one (PEKEKK), PEEK bl ended with thernopl astic polyi mde

(PEEK+TP-PI), and | yet her ket one ( PEK)...[ 0073] The. bondi.n onpound(.s
boerul as iy pubde RO OEnsEs bbb e b P B BRRAEH Rt ahe of
acryl at es, otBdrinhdiRmeaC Mie 3B focl BAITHRA L &n P tidndh &Fals iR lue O Mk abheddSing Agdne Of .
The acrylate portion of such alum numacrylates, silicon acryl ates and
amoni a achgiliacapsblewy upderggingie exppainking gpacipr it adpyatignal greppp ig the curesite
perfluori qﬁg&%&dswl acrylate. It is preferred that the acrylate in the
conpounds 1's one of a nonoacrylate, a diacrylate or a triacrylate, however,
chai n pol yife49]c adrfjdoaipedynnaynal tsdoipeeduisge]ymeroinged drmeore mnomeengt h does
not interferg \%%h i ncor or?ltion of 15the conpound igto t he, curabl e FKM or
FFKM  The RIRIE{PRE @08 Whidra FIUBITAE SREREuOiied Syt as - A8 SPRPE “and the I ke.
[ 0074] Mostiepificeseiigderel( TFRE sR1yasRAlRETe ($FB| hXafludropopylead @IHP mad akizawn as
alumnumtriacrylate, acrylic acid alumnumsalt, and triacrylic acid .

al um num sAETRONCMSTS3Y Il 5 axpyre SieYPIFCE IHBITBR AUERS I YHEaSheneHpiRPoRgneric?)
is preferr i : si zed
navi ng. chey Sar B R RTRRRRES o R A B R A1 I

avai | afl e sugable steidaud eurable flabroriastometie iflacropblymer(s)SEKMaep8de o Obreng restioct

PRO 4302, availabl e from Sartoner Conpany | nc. of t PA, and are

rva | abl e PrBmRRFR el TR BT B mer roobass Terrhed Dussine. ety

f 1 uor oel asduanBle terable FROS iffub@PpoRBérCiaciad thossyoldiindzt theafadé han@Dvanilon®
conponent s_di scussed above in varjed gr oporti Onifi’?j' rati os, and }E:errru atians.
I ndi vi dual @4&F PERTITST PIRE ONPravailable remSghiay SoktisnS Priyr kelye Rker syppliers o

relative r@tj Rcma aP@D@iMneIBQ&tﬁ&dJa%%;i[ﬁ)ﬁxegﬁmfhﬂéé&%; aRd Ehepgiestk BeNemours
characteristics of the end product, which in turn is inforned by the

appl i dét i ok GomtpenwHne hDelhwatsorment atberpofiedht FEKNM notynisss grsegt fully fluorinated on
[ 0076] Pr ef er abl b d gn 10 arts of . . ol.y e
al um num a@?? Cg %%e, (?@ge (?W(e:rognﬁgr yalyaag)seoslggﬁ(ﬁ%?&gt éﬁlgepsa%:srd%?e{ﬁ%é halrggld as a
bondi ng caonpading @psjo-sived ereaiposst i on are provided in anpbunt of about 1 to

about 20, preferabl bout | to about, 15, nore preferably aboyt 1 to about
10, and m)@‘t)gﬂdr ef r%%f?‘f?r RS> 35gisg B?IFmSaIH]aarst@ﬁ‘beéirmﬁlﬁﬁ%f”é‘Ey#’S Phe WO
2011/ 12333QRGTdH3 Qb4 QRO ril GNP AS el BY-culONR Y& Fluotoho ikl dBfned
understood that nore of |ess of the bondi ng conmpounds noted herein_may be
provi ddd sherdimrpving as ispst asie spesisampngsesidiakig s gresprerinkiag fgicsiond BrRwed and
preferably i e : ri i i; Vi

Bt Feot od. 10y S ETo RNl FARSH U LE LEPRPLLERLEE) TR et

t he anpuntothecessamygartso Hppflovioge yadegsated lewisg i§ obstah@allyi flreninitadenid onal
group(s), for exanpl i n,an _anpunt of abo 0.1 to abou rts r 100
parts bas epr?ﬁrel?gryoi?gf@ﬁﬁly ?Pf{lnﬁ%f"@&’éﬁfvcﬁtﬁgﬁ?c pos E{t)%m%g% e%ﬁa%gp? gP%‘Sr
hundred orpeafd@iépodyth€. abRUL beAurfdafstodd IRt sbil® eisRllalCiididd@n RGE e (pBdsentfin efeer abl y
such curing agents are part of a peroxide curing systemas noted el sewhere
her ei 25 | rPerieorerpdenerin ghefapgiianakerevn phige suestte mopyneviigy wagldibe redde i as
TAIC, are f . J : rts
per hundr e DA O A PR al s oL RO R e 2
parts per linkidygdugsas eetam FERY! paflisropdlymhss. Pasbiofdpetmagydoryuse i edratler ei n.
Optional ly t:Iéls nOfJEd el sewher e her.ei accedlt?)r at ogls or.59- %ysri ng agents can
be used i P EF Y ERCTLBIRE! ?nsflberrelgx‘gl?fﬁ'lcél,re o™ PHO U 8B6 T 8 “Par t s per
hundred bagesijon TROtcpas tinchedWer Wikabdd”, tdie tb @s6robblydiet i pefiof@blymdhiein

used wi th peroxide curing agents can _inprove curing speed and 15degree of
cr 0ss-30 nKGOHPOSHOTABT §1h, ‘B]é‘ﬁg D, nof pret bepiy goaretes<p Srassl §aOPHH gy
"sel f - bondi, Qg Agqi: i i ] required,
and t he T ey e e R e 1
surface ofapalisaiost rate during the curing process and/ or upon application of
heat and pressure. Typical tenperatures for curing/bonding for FKMs and
FFKMs are in the 20range, for exanple, of about 100C to about 180C, and
preferably about 149C to about 154C, with curing/bonding times of about 5
to about 10 m nutes, preferably about 8 to about 10 m nutes. However, one
skilled in the art would understand fromthis disclosure that the curing

e o - ey




WO 2011/ 123339PCT/ US2011/ 029906 20 conpound(s) noted above. The resulting
conbi ned uncured conposition (or gun) is then preferably fornmed into a

pr ef or m wienreimi2333be pref orm nay be formed by any neans pCirnustudiozggoeut ti ng,
clicking, extruding, nolding, etc. The preformnmay be partially cured
(e.g., sone crosslinking may have occurred, but not to the desired extent).
Preferably, however, the Spreformis contacted to the surface of the
substrate and cured in situ while nolding into a shape within a bonded
structure. For exanple, an extruded rope can be situated in a groove in a
bonded gate door and cured while being nolded into a seal in the groove (in
situ). Pre C be pl aced on the,surface.in either..in roove, ..hale,
or ot her SPFce Tha e Biche Rt i SithudPrayReSimatiosh frdh S RrytRY
surface f onclgd idignaPiueh poReeAR bkad A @ompbatiGRap geaftediopdlymtrizk@such FKMs
and FFKMs are typically used, including o-rings, gaskets, seals, coatings,

| ani nat es e@Posiians. j father, theriodypardackhongs [ay wClidep vangy obsuppieaionomer(s)

sem conduclgy, E O6£S 8 H10viREBhPIEAbre TR TN AR KIS hARed T O
fit wwthin a prepared groove In the door surface and the nolding process

wi | | erfabl @ntpesitibhuoapekasichde cutmgygesistand no-caritmagdnts and/heacselefagsetol assisthe
groove, Wwthout PUI%%%% aghesives or bondi ng agents on the pre-formor the
surface pri € ¢8> T {Onf‘0081]cxher prefornms include, for exanple, an
extruded opposijapednsbepbredfurdbiefledrapdlpmeds o perilasiotiagdmeldans) be, predehcih than be
pl aced on a surface, and optjonally between two surfaces in a _sandw ch-1ike
conf i gur at§OFPOSHANS Fer herey Svsh aelymer are gmeedesarmasth ParAKOgiZingth Rat ed
structure rplqlggzg S G GURES ially
bonds duesqoé%g%pl I ca%?%ﬁ%hﬁg%&%&%/ or p?e%sﬁt‘}@e&oggﬁ tl}ﬁ]téerég)?? grc@@fﬁ t he
subst rkt e peniliaineted snapmersare pelyierikddrig fpmobe edymendVetieusé¢chsiqpeemoparips by
at least partial.ly curing. .The bonds thus.continue to form.between the
conpositi otﬁe %gélf%epégﬁ%% ZRP% RGP P (())lxréllm%:aulro i r‘% 8%ttﬁeecr3n&clg?ﬁ§§1%%aé§d/ or
appropri atglpa&ization, ilagk pepaedidignosic.) b telwysd enferm and gohenaur e cycl e used
until substantially conpl ete and/ or 25conpl ete curing anpd bonding are

achi eved. 1P88H3] ci¥ ey hisssiouge? u%ﬂ@ﬁ%?%&%&&h&aﬁgtpapyﬁ@fﬂ %ﬁé@deian t he
art incl udifgheP8Bhofdh&s sEilR t¥olgRRl £ALPANMEE ahil B IREBEEA)polaedMc cure,

press cure, steamcure, a pressuré cure, an e-beam cure or cure by any
conbi nk i crenositien Ht instudes Pogeble pedlupropalymenfamed Py apkysepaing psp pegrory f

desired f I : 0oC
o about  JUTH0ETEHIEHEEL, GR)0RLER | ANOSE acl EIRELE HfRReHE 200ty
varyi ng tifiesiomsl groteed psrih cnesgéel atleast hee oue sighbioomokrng condi ti ons above,

and 201 1§80, P CLLEd SSRIAING, o LIBIEK Br CEIO SYELamAlessl oL e
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| nsert) cyano curable curesite monomers such as CFp=CFO(CF)30CF(CF3)CN, and/or

CF»=CFOCF7CF(CF3)O(CF2)2CN. Other suitable compounds may be those having a

Mooney viscosity (measured at 100°C on a TechPro® viscTECH TPD-1585 viscometer) of
about 45 to about 95, and preferably of about 45 to about 65. Such materials may also be used

30  in combination with other curing agents and/or with cure accelerators.
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[0060] A variety of such fluoropolymers and perfluoropolymers are available, however, in
accordance with a preferred embodiment herein, the fluoropolymer is a perfluoropolymer and
the cure system is a peroxide cure system.

[0061] Any curing agent (curative) or combination of curing agents may be used. Curing
agents for peroxide-based cure systems may be any peroxide curing agents and/or co-curing
agents known to be developed in the art, such as organic and dialkyl peroxides or other
peroxides capable of generating radicals by heating and engaging in a cross-linking reaction
with the functional group(s) of a curesite monomer on the fluoropolymer chain. Exemplary
dialkylperoxides include di-tertbutyl-peroxide, 2,5-dimethyl-2,5-di(tertbutylperoxy)hexane;
dicumyl peroxide; dibenzoyl peroxide; ditertbutyl perbenzoate; and di-[1,3-dimethyl-3-
(tertbutylperoxy) butyl]-carbonate. Other peroxidic systems are described, for example, in U.S.
Patents No. 4,530,971 and 5,153,272, incorporated in relevant part with respect to such curing
agents by reference. Co-curing agents for such peroxide curing agents typically include
isocyanurates and similar compounds that are polyunsaturated and work with the peroxide
curing agent to provide a useful cure, such as, for example, triallyl cyanurate; triallyl
isocyanurate; tri(methallyl)isocyanurate; tris(diallylamine)-s-triazine; triallyl phosphite; N,N-
diallyl acrylamide; hexaallyl phosphoramide; N,N,N',N'-tetraalkyl tetraphthalamide; N,N,N',N'-
tetraallyl malonamide; trivinyl isocyanurate; 2,4,6-trivinyl methyltrisiloxane; and tri(5-
norbornene-2-methylene)cyanurate. The most preferred is and well known in the art is triallyl
isocyanurate (TAIC) which is sold under the trade name DIAK®, e.g. DIAK® #7 and TAIC®.
[0062] For the cyano-based systems, suitable primary curing agents include 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.

[0063] The amidine-based and amidoxime-based materials include monoamidines and
monoamidoximes of the following formula (1) described further below. Preferred

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

e )

7
N\

NHR!

C

wherein Y may be a substituted alkyl, alkoxy, aryl, aralkyl or aralkoxy group or an

unsubstituted or substituted fully or partially halogenated alkyl, alkoxy, aryl, aralkyl or
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aralkoxy group having about 1 to about 22 carbon atoms. Y may also be a perfluoroalkyl,
perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy group of about 1 to about

22 carbon atoms or a perfluoroalkyl or perfluoroalkoxy group of about 1 to 12 carbon atoms, or

1 . .
about 1 to about 9 carbon atoms; and R may be hydrogen or substituted or unsubstituted lower
1
alkyl or alkoxy groups of about 1 to about 6 carbon atoms, oxygen (such that NHR  is a NOH
2
group) or an amino group. R~ may be independent from any of the groups listed above for R

1 2 ..
or a hydroxyl. Substituted groups for Y, R or R include, without limitation, halogenated
alkyl, perhalogenated alkyl, halogenated alkoxy, perhalogenated alkoxy, thio, amine, imine,
. . 1 2
amide, imide, halogen, carboxyl, sulfonyl, hydroxyl, and the like. If R and R™ are both

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
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.

2
[0064] 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.

1
R" may be hydrogen, oxygen, amino or substituted or unsubstituted lower alkyl of about 1 to

2 1 2
about 6 carbon atoms while R™ is hydrogen or hydroxyl. R and R may both be hydrogen. Y

may be a perfluoroalkyl, 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.

[0065] 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.
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[0066] 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
include oganometallic compounds and the hydroxides, especially organotin compounds,
including ally-, propargyl-, triphenyl- and allenyl tin, curing agents containing amino groups
such as diamines and diamine carbamates, such as N,N’-dicinnamylidene-1,6-hexanediamine,
trimethylenediamine, cinnamylidene, trimethylenediamine, cinnamylidene ethylenediamine,
and cinnamylidene hexamethylenediamine, hexamethylenediamine carbamate, bis(4-
aminocyclohexly)methane carbamate, 1,3-diaminopropane monocarbamate, ethylenediamine
carbamate, trimethylenediamine carbamate, bisaminothiophenols, bisamidoximes, and
bisamidrazones. Most preferably a peroxide cure system (including any necessary co-agents) is
used.

[0067] 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,
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
and diamines carbamates, such as N,N’dicinnamylidene-1,6-hexanediamine,
trimethylenediamine, cinnamylidene, trimethylenediamine, cinnamylidene ethylenediamine,
and cinnamylidene hexamethylenediamine, hexamethylenediamine carbamate, bis(4-
aminocyclohexly)methane carbamate, 1,3-diaminopropane monocarbamate, ethylenediamine
carbamate, trimethylenediamine carbamate, and bisaminothiophenols.

[0068] At least one of a curing agent, co-curing agent and/or a cure accelerator may also be
included depending on the cure system adopted. The composition may also include least two
curable fluoropolymers or perfluoropolymers, such as, for example, in a fluoropolymeric or
perfluoropolymeric blend.

[0069] Examples of optional fillers which may be used in the FKM compositions herein
including, for example, without limitation, fluoropolymer powders, fluoropolymer

micropowders, core-shell fluorpolymer fillers, fluoropolymer nanopowders, cross-linkable
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fluoroplastic fillers, carbon black, fluorographite, silica, silicates, glass fiber, glass spheres,
fiberglass, calcium sulfate, asbestos, boron fibers, ceramic fibers, aluminum hydroxide, barium
sulfate, calcium carbonate, magnesium carbonate, alumina, aluminum nitride, borax, perlite,
zinc terephthal'ate, silicon carbide platelets, silicon carbide whiskers, wollastonite, calcium

5  terephthalate, fullerene tubes, Hectorite, talc, mica, carbon nanotubes. Such fillers may be
present in the overall composition in amounts of up to about 50 parts per hundred per 100 parts
base fluoropolymer, preferably up to about 20 parts per hundred, wherein the 100 parts base
fluoropolymer would include all such base fluoropolymer(s) in the composition.
[0070] In FFKM compositions, for use, for example in semiconductor applications,

10  preferred optional filler(s) may optionally be fluoropolymer powders, fluoropolymer
micropowders, core-shell fluorpolymer fillers, fluoropolymer nanopowders, cross-linkable
fluoroplastic fillers, carbon black, fluorographite, silica, silicates, barium sulfate, calcium
carbonate, magnesium carbonate, alumina, aluminum nitride, and carbon nanotubes. Silica,
carbon black (such as a high purity thermal carbon black), fluoropolymer micropowders,

15  nanopowders and cross-linkable fluoroplastics being most preferred. Preferably no heavy metal
additives are provided in compositions herein used in semiconductor processing applications.
[0071] As noted above, the self-bonding fluoroelastomer composition of the above-noted
embodiment is preferably able to bond directly to a substrate. Such substrates may include
materials that are substrates for various structures and/or laminates, some of which may be used

20  inside a semiconductor processing chamber, or may be substrates actually used to form parts of
processing equipment, for example, in semiconductor processing equipment (chamber walls,
processing doors, gates, etc.). Substrates may include materials such as, for example, ceramic,
metals, metal alloys, semiconductors, and polymers. Preferred substrates in semiconductor
processing and other areas include ceramics such as alumina, sapphire, and other similar

25  materials, semiconducting metals and metalloids, such as boron, silicon, germanium, arsenic,
antimony, tellurium, polonium, yttria and yttrium-containing compounds, and metallic surfaces
used in such applications for processing chambers, doors and the like such as anodized
aluminum, aluminum and stainless steel, and other materials used in such equipment such as
polytetrafluoroethylene (PTFE) seal, o-ring and gasket shielding materials.

30 [0072] For other end applications, it is possible to use the self-bonding compositions herein
to bond to other surfaces such as metals, including, for example, beryllium, copper, silver,

aluminum, chromium, titanium, nickel, zinc and/or metal alloys or other metal mixtures, such
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as, for example, titanium alloys and copper alloys, beryllium-copper alloys, nickel-silver alloys,
nickel-titanium alloys, chromium alloys, brass, and stainless steel. Titanium alloys and nickel
alloys, such as the austenitic nickel-based superalloys sold under the tradename INCONEL® by
Special Metal Corporation, New Hartford, New York, United States of America may be
5  suitable as well. Other suitable polymeric substrates include PTFE, polyaryl ether ketones

(PAEK) polymers, such as, for example, polyetheretherketone (PEEK), polyetherketoneketone
(PEKK), polyetherketone etherketone ketone (PEKEKK), PEEK blended with thermoplastic
polyimide (PEEK+TP-PI), and polyetherketone (PEK).
[0073] The bonding compound(s) useful as additives in the compositions herein include

10  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 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

15  the compound into the curable FKM or FFKM. The acrylate is preferably a mono-, di-, tri-
acrylate and the like.
[0074] 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
20  compound synthesized having chemical formula AI(C=CHCOO)3. Exemplary commercial

compounds available for such use are aluminum triacrylate, sold as Sartomer Product PRO-

4302, available from Sartomer Company Inc. of Exton PA, and are available from Alfa Aesar

as Product 42003.

[0075] The above-discussed fluoroelastomeric composition may contain any or all of the
25  various components discussed above in varied proportions, ratios, and permutations.

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.

[0076] Preferably, based on 100 parts of the base fluoropolymer(s), the aluminum acrylates,
30 silicon acrylates and/or ammonia acrylates used as a bonding compound(s) in the composition

are provided in amount of about 1 to about 20, preferably about 1 to about 15, more preferably

about 1 to about 10, and most preferably about 1 to about 5 parts per hundred to the
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composition. However, it should be understood that more of less of the bonding compounds
noted herein may be provided so long as sufficient self-bonding properties are achieved and
preferably physical and other elastomeric properties are not materially affected.
[0077] Curing agent(s) are preferably used and may be present in the amount necessary to

5  provide adequate cure for the given functional group(s), for example, in an amount of about 0.1
to about 5 parts per 100 parts base fluoropolymer(s), preferably about 0.2 to about 3 parts per
hundred or about 2 to about 4 parts per hundred curing agent(s), preferably such curing agents
are part of a peroxide curing system as noted elsewhere herein. In the case of a peroxide curing
agents, co-curing agents, such as TAIC, are preferably added in amounts of about 1 parts to

10 about 10 parts per hundred based on 100 parts base fluoropolymers, and about 1 to about 5
parts per hundred based on 100 parts of the base fluoropolymer(s) herein. Optionally, as noted
elsewhere herein, accelerators or co-curing agents can be used in preferred amounts, for
example, of O to about 6 parts per hundred based on 100 parts by weight of the base
fluoropolymer(s). When used with peroxide curing agents can improve curing speed and

15  degree of cross-linking.

[0078] In bonding, the fluoroelastomer composition is “self-bonding” in that use of a
bonding agent is optional and not required, and the resulting composition while curing forms a
direct bond with a surface of a substrate during the curing process and/or upon application of
heat and pressure. Typical temperatures for curing/bonding for FKMs and FFKMs are in the

20  range, for example, of about 100°C to about 180°C, and preferably about 149°C to about
154°C, with curing/bonding times of about 5 to about 10 minutes, preferably about 8 to about
10 minutes. However, one skilled in the art would understand from this disclosure that the
curing times and temperatures will vary depending on the initial fluoroelastomer and
crosslinking system chosen.

25  [0079] Pressure to be applied may be from various sources, such as a hot press mold and
can range from about 200 psi to 3000 psi, depending again on the resulting structure to be
formed and the materials being used therein.

[0080] The invention includes methods of bonding the fluoroelastomer composition to the
surface of the substrate by contacting a curable FKM or FFKM composition (as described

30  above) to the substrate and curing it via any curing means known or developed in the art. Most
preferably, an FKM or FFKM composition is prepared by blending on a typical FKM or FFKM

mixer or blending apparatus, and combining any additive, curing agents and the self-bonding
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5  preform is contacted to the surface of the substrate and cured in situ while molding into a shape
within a bonded structure. For example, an extruded rope can be situated in a groove in a
bonded gate door and cured while 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 can be made into shapes for which

10 such FKMs and FFKMs are typically used, including o-rings, gaskets, seals, coatings, laminates
and the like. In the case of a gate door, for example, in semiconductor processing equipment, a
perform extrudate may be shaped to fit within a prepared groove in the door surface and the
molding process will enable the fluoroelastomer composition to bond to the surface in the
groove, without putting adhesives or bonding agents on the pre-form or the surface prior to

15 molding.

[0081] Other preforms include, for example, an extruded or shaped sheet of the elastomer
compositions herein, which can be placed on a surface, and optionally between two surfaces in
a sandwich-like configuration and then heat molded to form coated surfaces or laminated
structures.

20  [0082] The self-curing composition then at least partially bonds due to application of heat
and/or pressure to 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 substrate. Additional curing can continue and/or appropriate post-curing
depending on the elastomer and the cure cycle used until substantially complete and/or

25  complete curing and bonding are achieved.

[0083] 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-
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

30  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
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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.
[0084] A method of bonding a FKM or FFKM to a substrate is also described herein. In
preparing such a curable FKM or FFKM composition, as noted above, the components are
5  combined by blending, mixing and the like, as noted above. A substrate having a surface, such

as the substrates described above is then provided and the curable composition is heat molded
on the surface of the substrate with the curable FKM or 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

10 composition as it cures to the surface of the substrate thereby forming a bonded structure
having an at least partially cured fluoroelastomer or perfluoroelastomer at least partially bonded
to the surface of the substrate, and in the case of laminated structures, bonded two 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

15 achieved, and the structure is preferably substantially completely, or completely, crosslinked
and bonded.
[0085] The self-bonding perfluoroelastomer composition of the above-noted embodiment is
preferably able to bond directly to a substrate.
[0086] The resulting bonded structures have an FFKM or FKM elastomer bonded to the

20  surface of the substrate (or to a surface on a first substrate and a second substrate). The
fluoroelastomer or perfluoroelastomer thus bonded to the substrate(s) preferably includes a
bonding compound as set forth herein, such as the aluminum acrylates, silicon acrylates, and
ammonia acrylates described above. The substrates within such structures are also described
above. Bonded structures may be, for example, a structure selected from the group consisting

25  of a laminated structure, a gate valve, a semiconductor chamber door, and a bonded slit valve.
[0087] An example of a typical such substrate in the form of a slit valve can be seen in
Figs. 7 and 9. 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. 8.
In the applicants invention, the seal 16 is formed of a self-bonding composition as described

30  herein and bonds at surface 14 to the door 12 in a direct bond. While an optional bonding agent

can be provided, it is preferred that the compositions be directly bonded to the door.
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[0088] The invention will now be described with respect to the following non-limiting

example(s).

EXAMPLE 1
[0089] In this example various commercial perfluoropolymers were cured and bonded

5  using existing bonding agents used in the art to a surface and tested as control samples A (using
DP-1520 a formulation based on a commercial bonding agent), and B and C (each using
TruBond® 101 bonding agents). A further control D was prepared by simply direct molding a
standard FFKM to a surface without a bonding agent. Control sample E was prepared using a
prior art self-bonding composition noted in the background herein (including SR633® from

10  Sartomer which includes a heavy metal component) that was bonded and molded in situ to a
surface. The same perfluoropolymers were made into compositions (Samples 1-5) including a
bonding compound as described herein (Pro-4302 from Sartomer) which is aluminum acrylate,
and bonded by direct molding to a surface and tested.

[0090] Compound controls A, B and C as well as the Experimental Samples 1-5 were

15  formed using as the base polymer the peroxide-curable FFKM material commercially sold by
Daikin Industries, Japan, under the name GA-105®. However, the amounts of components
provided were varied, including the amounts of standard additives (silica Aerosil® R972 or
Thermal carbon black, Thermax® N990) and the bonding agents or compounds as noted above.
Peroxide curing agent and co-curing agent (Luperox® 101 and Diak® No. 7, respectively) were

20  also provided in the amounts noted in Table 1 below.

[0091] In the Examples herein, bonding of the FFKM samples was achieved by directly
molding the FFKM compositions onto a metallic substrate under a pressure of about 2,000 psi,
and a pressing temperature of about 149°C for about 8 minutes. The molding pressure was
varied to about 320 psi when directly bonding the FFKM sample to a brittle ceramic or silicon

25  substrate. All samples were subjected to post-curing processing in a stepwise manner up to
180°C in 7 hours. The bond formed by the inventive samples showed a bonding force at room
temperature (about 20° C) of at least about 800 pounds load (e.g., load at failure) to about 1800
Ibs for compound additive amounts of greater than 0 to about 5 parts per 100 parts base
perfluorpolymer, however, more or less strength can be achieved by varying the base

30  formulation and the amount of bonding compound.
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[0092] Some of the samples that remained after bond strength testing were also tested for
other various common properties and that data is shown in Tables 2, 3 and 4 below.
[0093] Sample 4 herein was also tested for peel strength of the cured FFKM elastomer to
the surface of the substrate using ASTM D6862-04. An Instron 3365 was used with a

5  crosshead speed of 10 in/minute, at a temperature of 77°F and a humidity of 22%. The

specimens were run for 8 min. at 300°F, 7 % step at 356°F air. The results were measured in
Ibg/in. A first sample showed 8.3 Ibg/in and a second showed 9.37 Ibg/in, with an average of

8.84 and were tested until peeling occurred.
[0094] As demonstrated, samples according to the invention provide high bonding strength
10  for use in difficult environments, while providing good physical properties and acting as self-

bonding, easy to mold compositions that do not readily delaminate.
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[0095] In this Example, an F available commerc1ally as Tecnoflon® P959 from Solvay

Solexis was used as a base curable fluoropolymer. Various additives were used in the
formulations, including silica and nano-clay filler (Aerosil® R-972 and Nanomer 1.30 PS,

5  respectively). Each of the formulations was peroxide curable using a peroxide curing agent
(Luperox® 101) and a co-curing agent (Diak® #7) in accordance with the amounts set forth in
Table 5. Control Samples with different filler systems were provided for comparison including
the use of no bonding compound (Controls F, H, and I), a prior art bonding compound
(Sartomer® SR633) (Control G). Controls F, H, and I were tested using an externally applied

10  commercial bonding agent (TruBond 101). Control G was tested with no external bonding
agent and with the TruBond 101 external bonding agent. The inventive examples 6 and 7 were
tested both with and without an external bonding agent to show the effect of the composition on
bonding force required to pull the bond to failure to show that the strength of the bond was
actually higher when bonded directly to the surface than when bonded through a commercial

15  bonding agent.

[0096] In the examples disclosed herein, bonding an FKM sample was achieved by directly
bonding it to a metal substrate surface under a pressure of about 2,000 psi and a press
temperature of about 154°C for about 10 minutes. The molding pressure of about 320 psi was
used to directly bond to brittle ceramic or silicon substrates. All samples were subject to post-

20  curing in a stepwise manner to 232°C at which the sample was held for 2 hours.

[0097] The various resulting bonding results are shown in Table 5 and physical properties
are and other elastomer properties are set forth in Tables 6-8.

[0098] The bond had a bonding force at room temperature of at least about 700 pounds load
(e.g., load at failure) to about 3,000 pounds for compound additive amounts of greater than zero

25  to about 5 parts per 100 parts base fluoroelastomer. This bond durability is measured using the
standard test method for rubber property adhesion to rigid substrates, ASTM D 429-03 (2006),
Method A, the contents of which are incorporated herein by reference. The method includes
molding a 3.2 +/- 1 mm cylinder of test rubber between two 1250 +/- 5 mm?’ metal or rigid
substrate plates. The plates are pulled at a uniform rate of 40 +/- .04 mm/s. The load (in

30  pounds) at which the bond fails is the “pounds load” unit indicating the strength of the bond.
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[0099] As demonstrated, samples according to the invention provide high bonding strength
for use in difficult environments, while providing good physical properties and acting as self-
bonding, easy to mold compositions that do not readily delaminate.
[0100] It will be appreciated by those skilled in the art that changes could be made to the

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

defined by the appended claims.
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CLAIMS
We claim:

1. A self-bonding curable fluoroelastomer composition, comprising
a) a fluoropolymer composition having at least one curable fluoropolymer; and
5 b) acompound selected from the group consisting of aluminum acrylates,
silicon acrylates, ammonia acrylates, and combinations thereof, wherein the self-bonding
curable fluoroelastomer composition is able to bond directly to a substrate.
2. The self-bonding curable fluoroelastomer composition according to claim 1, wherein the
curable fluoropolymer has at least two monomers and at least one curesite monomer, wherein
10 the at least two monomers comprise tetrafluoroethylene and vinylidene fluoride.
3. The self-bonding curable fluoroelastomer composition according to claim 2, wherein the
fluoroelastomer composition comprises at least one curing agent.
4. The self-bonding curable fluoroelastomer composition according to claim 3, further
comprising at least one of a curing agent, co-curing agent, and a cure accelerator.
15 5. The self-bonding curable fluoroelastomer composition according to claim 1, comprising
at least two curable fluoropolymers.
6. The self-bonding curable fluoroelastomer composition according to claim 5, wherein the
at least two curable fluoropolymers are in a blend.
7. The self-bonding curable fluoroelastomer composition according to claim 1, wherein the
20  fluoropolymer composition is a perfluoropolymer composition and the least one curable
fluoropolymer comprises a curable perfluoropolymer.
8. The self-bonding curable fluoroelastomer composition according to claim 7, wherein the
curable perfluoroelastomer composition comprises at least one curing agent.
9. The self-bonding curable fluoroelastomer composition according to claim 7, wherein the
25  curable perfluoropolymer comprises tetrafluoroethylene, a perfluoroalkylvinylether, and at least
one curesite monomer.
10. The self-bonding curable fluoroelastomer composition according to claim 7, comprising
at least two curable perfluoropolymers.
11. The self-bonding curable fluoroelastomer composition according to claim 10, wherein
30 the perfluoropolymers are in a blend.
12. The self-bonding curable fluoroelastomer composition according to claim 1, further

comprising at least one filler.
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13. The self-bonding curable fluoroelastomer composition according to claim 12, wherein
the filler is selected from the group consisting of fluoropolymer powders, fluoropolymer
micropowders, cross-linkable fluoroplastics, core-shell fluorpolymer fillers, fluoropolymer
nanopowders, carbon black, fluorographite, silica, silicates, glass fiber, glass spheres,

5  fiberglass, calcium sulfate, asbestos, boron fibers, ceramic fibers, aluminum hydroxide, barium
sulfate, calcium carbonate, magnesium carbonate, alumina, aluminum nitride, borax, perlite,
zinc terephthalate, silicon carbide platelets, silicon carbide whiskers, wollastonite, calcitum
terephthalate, fullerene tubes, Hectorite, talc, mica, carbon nanotubes.

14. The self-bonding fluoroelastomer composition according to claim 1, wherein the self-

10  bonding fluoroelastomer composition is able to bond directly to a substrate selected from the
group consisting of ceramic, metals, metal alloys, semiconductors, and polymers.

15. The self-bonding fluoroelastomer composition according to claim 1, wherein the self-
bonding fluoroelastomer composition is able to bond directly to alumina, sapphire, boron,
silicon, germanium, arsenic, antimony, tellurium, polonium, yttria, yttrium-containing

15  compounds, anodized aluminum, aluminum, stainless steel, and polytetrafluoroethylene.

16. The self-bonding fluoroelastomer 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.

17. The self-bonding fluoroelastomer composition according to claim 16, wherein the

20 compound is aluminum acrylate.

18. The self-bonding fluoroelastomer composition according to claim 1, wherein there are
about 1 to about 20 parts by weight of the compound based on 100 parts by weight of the at
least one curable fluoropolymer.

19. The self-bonding fluoroelastomer composition according to claim 18, wherein there are

25  about 1 to about 5 parts by weight of the compound based on 100 parts by weight of the at least
one curable fluoropolymer.

20. The self-bonding fluoroelastomer composition according to claim 1, wherein the
composition is heavy-metal free.

21. A self-bonding perfluoroelastomer composition comprising,

30 a) a perfluoropolymer composition comprising at least one curable
perfluoropolymer, wherein the at least one curable perfluoropolymer comprises

tetrafluoroethylene, a perfluoroalkylvinylether and at least one curesite monomer;
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curabl e fluoropolymer; and 5 b) a conpound selected fromthe group
consisting of alum num acryl ates, silicon acrylates, ammonia acryl ates, and
conbi nati ons thereof, wherein the self-bonding curable fluoroel astoner

conposition is able to bond directly to a substrate. 2. The

sel f-bondi ng curable fl uor oel ast omer conposition according to claim1,
wherein the curable fI oropol yner has at |east two nononers and at | east
one curesite nonomeP) 2uifast A fUiDE A& 2 least two nonomers conprise
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self-bonding perfluoroelastomer composition is able to bond directly to a substrate selected

from the group consisting of ceramic, metals, metal alloys, semiconductors, and polymers.
29. The self-bonding perfluoroelastomer composition according to claim 21, wherein the
25  self-bonding perfluoroelastomer composition is able to bond directly to alumina, sapphire,
boron, silicon, germanium, arsenic, antimony, tellurium, polonium, yttria, yttrium-containing
compounds, anodized aluminum, aluminum, stainless steel, and polytetrafluoroethylene.
30. A bonded structure, comprising:
a) a substrate having a surface; and
30 b) a fluoroelastomer bonded to the surface of the substrate, wherein the

fluoroelastomer comprises a compound selected from the group consisting of aluminum



zinc terephthalate, silicon carbide platelets, silicon carbide whiskers,
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conposition according to claim 1, whe¥ein the self-10bondi ng
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sel ected fromthe group consisting of ceramc, netals, netal alloys,

sem conductors, and pol ymers. 15. The sel f-bondi ng fl uoroel ast oner
conposition according to claim 1, wherein the self- bonding fluoroel astoner
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tellurium p%?’gﬁ% u%&hgf?{cgg?nﬁotcﬁa:}%%%gﬁ{hg?ﬁnﬁglsg%rnpounds, anodi zed

al um num al um num & pastruess tietteaticd sindtpeol yt et r af | uor oet hyl ene. 30. A
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WO 2011/ 123339PCT/ US2011/ 029906 35 acryl ates, silicon acrylates, amoni a
acryl ates, and conbi nations thereof, and wherein the fluoroelastoner is
bonded diweabiyi28339t he substrate. 31. The bonded struetcuris2@coeyds ng t o
claim 30, wherein the substrate is seleected fromthe group consisting of
ceramic, nmetals, netal alloys, sem conductors, and polynmers. 532. The
bonded structure according to claim30, wherein the fluoroelastoner is a
per fl uor oel ast oner. 33. The bonded structure according to claim 30,
wherein the bonded structure is selected fromthe group consisting of a

| am nated structure, a gate valve, a sem conductor chanber door, and a
bonded slit valve. 1034. The bonded_struct.ure acgcording to.claim3
further conpf9-sihsgoethadacser mgd?)glmra?@ ‘?ﬁlﬁ‘?‘ﬂ&‘efegﬁﬂr%e&@, OTNH &% Séﬁ%ﬁta?thagly

f1 uor oel asyQEmdidfedlySdnion@ate krrtbss ukinageof the second substrate.

35. The bonded struct'ure according to claim34, wherein the bonded
structure i s4h Thamiataadertcedingde alesn RewVirgeip Hiep p) (rstheetumrrisAERoOhdRged as a
| ayer between the surfaces he firs
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| east one curable fluoropolyner with a c ound selected from¢th r
cons!stipgmBﬁﬁﬁ?@H?ﬂ% %%ﬁ?FHF@BFjg ?P%ﬁﬁggﬁ?9V§W8§f§ ﬁﬁﬁ%?%ng‘ @FQ%QEP and
conbi nat i ops sirhREEH the BRPINAMOVILGhdLiRrHENSt rate having a surface; and

c) heat nolding the curable fluoropol yner conposition to the surface of the

substrate so4asTheanethod asgendingdp clagn By, whareinthebomdedsBisBIrg werlambiisdsi tion to
forma fl%%58e¥astoner and to at |east partially bond the fluoropolyner to
the surface of the substrate to forma bonded structure havi ng a

fluoroel astonmer at |east partially bonded to the surface of the

25substrat e. 37. The nethod according to claim 36, wherein the substrate
is selected fromthe group consisting of ceramic, nmetals, netal alloys,
sem conductors, and pol yners. 38. The nethod according to claim 36,

wherein the fluoropolymer is a perfluoroel astoner and the bonded structure
has a perfluoroel astoner at |east partially bonded to the surface of the
30substrate. 39. The nethod according to claim36, further conprising d)
post-curing the bonded structure. WD 2011/123339PCT/ US2011/029906 36

40. The nethod according to claim36, wherein the perfluoroel astomer is
substantially cured and directly bonded to the surface of the substrate.

41. The nethod according to claim 36, wherein step b) further conprises
provi ding a second substrate having a surface and step c) further conprises
heat nol ding the curable 5 fluoropol yner conposition to the surface of the
first substrate and to the surface of the second substrate to form a bonded
structure, wherein the fluoropolynmer is at |least partially bonded to the
surfaces of the first and the second substrates. 42. The net hod
according to claim4l, wherein the bonded structure is a | am nated
structure.



