WO 2008/094758KT/1152008/051120 TITLE OF THE INVENTION [0001]Method of Bonding
Perfluoroelastomeric Materials to a Surface CROSS REFERENCE TO RELATED APPLICATIONS
[0002]This application claims priority to United States Provisional Patent Application Nos,
560/897,660, filed January 26, 2007 and 60/897,651, filed January 26, 2007, the contents of each of
which are mcor%%% t;{%%m by reference. BACKGROUND OF THE INVENTION
[0003]Perfluoroelastomers have readily been used to form various types SFOF3%87EhIs. Such
seals are commonly manufactured by first producing a complete mold for the seal 10in the desired
seal configuration and then compression molding a compound that includes perfluoropolymers along
with curing agents to form a completely clitgdfpertuarRiFsEmienseal or other part. However, with the
ever-increasing need for Iarger and Iarger seals or unusual conf urations, molding complete parts
becomes moré% moré e BeAEBsHD Mrsa Fé%ﬁc@'aﬁf?%l' his is because to form
such parts requires not onIy them@%@m%%&%mg@mﬁm handle the large or
unusnnlly size é@ ds, i cludl %%(%sae%an;do% %m%a%tg A9 r&l/dsligga?p rat&({%%fg%(?é?gyne

approach dev ed to address this nee &b 0 produce seals fréom 16 fice the two
rod stock énd@@ tHET fo AR PGPS ansi A8/8L65 T il Srvaksplici ABCfe Shmiciesefrechot proven

very successfukwithpadiuesopiasioners -Splsieg-with an 20adhesive provides a weak point in the
seal that is prone to attack because adhesives developed in the past generally do not match the

chemical resistance of perfluoroelastMer$sz ornD OF THE INVENTION
[0083]  Perfluoroelsstoroers have readily been used to form various types of QO-rings or

seals. Such seals are commonly manufactured by first producing a complete mold for the seal
10 in the desired seal configuration and then compression zﬁoldﬁng a compound that includes

perfiucropolymers along with curing agents to form a completely cured perfiuoroelasiomer seal
or other part. Howaver, with the ever-increasing need for kérger and larger seals or vnusual
configurations, molding complete parts becomes more and more expensive and less of an
economical practicality. This is because o form such parts requires not only the moids but also

15 an infrastructiwe sufficient to haﬂdie the large or unusually sized molds, including presses an&
pumps related o moiamg operations,
[6604] One approach developed to address this need has been fo produce seals from rod
stock and splice the two rod stock ends together fo form the required size seal. Tradifional
sphicing techniques have not proven very successful with perfluoroelastomers. Splicing with an

20 adhesive provides a weak point in the seal that is prone to atiack because adhesives developed
in the past generally do not match the chemical resistance of perfiuoroslastomers.
[0005]  Methods of bonding a cured perflucroelastomer 1o itself using a thermoplastic
pertluoropolymer bonding agent have been disclosed. However, such processes result in fosing
of the perfiuoroelastomer ends lsading to an intermedinte fusing layer i.c., a layer of fused

25 perfluoropolymer. This provides a non-homogenous section within the perfluoroelastomer part
ie., the fused perfluoropoiymer layer. Thus, the fused perfiuoropoiymer conld resultin a
“weak” point due to increased suscepiibility to chemical or physical attack, increased
compression set and reduced low temperatiure compliance than the vest of the
perfluoroelastomer seal material. There is, therefore, & need in the art for an Improved method

30 of bonding and/or welding perflucroelastomers and parts formed from them that is simple and

wl-



[0005]Methods Of bonding a cured perfluoroelastomer to itself using a thermoplastic perfiuoropoiymer
bonding agent have been disclosed. However; such processes result in fusing of the
perfluoroelastoraer ends leading to an intermediate fusing layer i.e., a layer of fused
25perfluoropolymer. This provides a non-homogenous section within the perfluoroelastomer part i.e.,
the fused perfluoroTPoI mer layer. Thus, the fused perfiuoropolymer could result in a "weak" point due
to increased susCeptbiite/ to chemical or physical attack, increased compPES&SHEMSE reduced low

temperature complisieetdaftid:y @stOidhegendneHitneaciasiamensaalimateriak ikefedgytherefore, a
need in the ar&tgrs @diﬁ}@srge\éedﬁycncethod 30 of bonding and/or welding perfluoroelastomers and parts
formed from them that is smrgl!e and WO 2008/094758PCT/US2008/051120 economical and provides
for a homoge A ¥inisHeeiibrmtivdhe clsdlenmsanysrelapdsviiel sirsa giribormoselivfinistagpidce. [0006]In
addition to theschalienges-ansasipteshwithpining perfluprasiastomer &iésiéﬁe(?pééa that

red an

perfluoro@ast%rfggrg, bX ¥irtu§ of th§ anner in which they are typically cu \d 5 formed as noted
above, anid thelr unique vuieanizate r%rgﬁ%%%%ﬁg FOGHS BIRPSIEST SR SELIR préerties) have not,
however, beeﬁpéﬁ%}é@mﬁﬁiaﬂ@pv@_d%mm usesuardsaphlisitonision avhitintheimdhemical
resistance anghglasiemericRIORSEILRNAUIC. QIBERNISRe AtVRNIAYEAS. SHSh D SHrface

passivation or gther coating use. [0009]Whereas attempts have been made to dissolve curable
perfluoropoly Ae e e TOHUBHR A1 &0 UERAE RS SRR FBITTSHARIE PP C-40, FC-75 and FC-77 to try to
prepare coatif@ifithe réduitingtoatingsarechrpicallyndtsesistantioiowenjorgesaim solvents,
because;iie Gaalngs VBIG-AOLAASS Inked Aampts E@%%@@%‘%ﬁ%igegm%%%%&h grganic

peroxides with associated co-curatives; such as, Many! isocyanurate re Unsutcessful due to
the poor solulSifitF BT eRe e HARGEE B RS R BvE ST oAy Py At isatat S6ivents
15needed to dissiohrentire nncredierd|ustepply meficddikenisaxRisahenyl-RaseacUsativess such as
bisaminophengk(BOAP) typically.also exhibi ility. | highly fluorin solvents needed
to dissolve perfluoropq?y?neg){é;%yﬁlé@é?’eswﬁﬂ%%Q&q_gﬁs%%%%gxﬁ%@ wit ‘?:%xgn){lgé%cﬁ%%%%?éitﬁiﬁ% curesite
monomers. [(ESBITHTIACR seh BYamnEPes coreirigh THatveniatndight diremesefiviovepolymers in

I5  needed to dissolve the uncured perfluoropolymer. Likewise, bisphenyi-baséd curatives, such as
bisaminophenct (BOAP) typically also exhibit poor solubility in such highly fiuorinated

solvents needed to dissolve perfiluoropolymers curable with BOAP such as those with cyano-
group containing curesite menomers. ' ‘ '
1060GE] This Jack of the ability to cure high molecular weight curable perfluoropotymers in
20-  solution has restricted the use of perflucroelastomer coatings to non-critical applications where
"flow" of the vncured material is acceptable.
0009} Attempts have been made to form perflucroelastomer coatings in the past, however,
the uses gnd particular perfluoropolymer systems formed into coatings are imited, 1.8, Patent
MNo. 6,523,650 provides one example of use of a perfluoroelasiomer coating on an electrostatic
25  piinting component as an outer coating. The patent describes dissolving an slastomeric DuPont
Kalrez® parﬂuoroclastgmer, derived from 3-phenoxypropylvinyl ether and at least one
fluorine-containing ethylenically unsaturated monomer, in solvent and applying it as a coating,
However, the paient does not describe whether the perfluoroelastomer is in a cured state upon
dissolution and/or how the cure system is affected by dissolution.
30 106103 U.S. Patent No. 5,268,002 teaches coating of pellicles for photomask apphications
with a coating formed of a low molecular perfluoroeiastomer polymer that acts as an

antireflective coat for the pellicies. Such pellicles have a core layer of a polymer, such as
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20solution has restricted the use of perfiuoroelastomer coatings to non-critical applications where
"flow" of the yncured material is accepjable. [0009]Attempts have been made to fo

perfluoroela®t %8%%%%%%‘3%%%#& 5??%%‘%%8 é’%ﬁlaeﬁsasf?f‘f ] ﬁ%%%%‘ﬁ%er systems
formed into (B ge-Anetintitddingl Shd oS B and 528666 proviteswhespadiupte-

perfluoroclastoy co8(e,0n. BRaRIYes/S 20y pilbg COTRENERLARAR AHifTApatng. The patent

describes dissolvihg an elasiomeric DuPont Kalrez1 perfluoroelastomer, derived from
3-phenoxyp DSFATORIALPERE RUGRR EES AR SR R Sre I8 st FF R monomer, in
solvent and @pphipe a8l thepatingvinone wer iitpalenidgesaphaasc ibewhetiesdhent

perfluoroelast %gslr !ej'%?ﬁé@’rﬁg %@?tﬁ g%%g%? lJTIgOGQ ﬁ@g{%&%\ﬁ?g&c% S s&FKrSn ig ngafglec:ted by

dissolution. atent No teaches coating of icles for p é%omas&esapplications
with a coatirfbeforiiabp taciolintielceniing arigorbeiadonned ip shame et dees2is.dh‘afti@fective coat

for the pellicigs.sSuehypellicles have a core layer of a polymer, such as nitrocellulose, among others.
The perfluorgelastomer polymeys include tetrafluoroethylene (TEE), perfluoroalkylvinyi ether (PAVE)
and a curesie Monomar &g égﬁrﬁé?fﬁj%ﬁ%%@?‘éﬁﬁﬁ%%ﬂ%geﬁ%fffg%%%g&éﬁﬁ%%‘i%%{%%ﬁ VE). The
patent uses isocippelyhersitecfagem (Gasimuleti tariveighibpertubosiat dmersdsed/ing Wigse
components by pyiQlvzing:the &lesiamelineiadahe verand dher-dissobing the-lowmelesuiar weight

polymer-.in a fluorocarbon solvent such orinerto FC-40, Fluorine FC-75 or Fluorinert(r) FC-77.
The pyrolysEeEHISER R RERE SOTRIRES B REbI e P aRTAY S SHR TE AR EE #5518 ating form. See

also, U.S. Pmmg&ﬁ@g@%@mlmm@mmm dheigrisnbané e lik¢hed pforsanfeasy-to-form

surface coatj incor 53,51 rfluar. ic. coating (as
%E%\%\/H t%&o%%]s%%&' PG A dL %El%%gg %Hﬁn%%%ﬂk%%gggs%em and final

opposed to ular weight coating), ineallowi
cured perfluBrEIdStbRSEROErRISTOMEIAtRBE CE SHiSIER Pisteed Dgf5s, while maintaining desired coating
properties suitable for use on process equipment and the like 1. a process for preparing the same. The
invention disclosed herein addresSeRItHiSHeBdARY tHelhgelNioial ithod of perfluoroelastomer
joining or spligipg.discloseq ahgye,BRIERSUMMORKOF ldtisd MVENFIQN JQaldatasadiest aspect,
there is provided a method, of bondin%%_perfluoro$lastofm<?r mipm%?ratoe%ggrg‘glgs%&%mlgg}j%g]g: (@)
contacting a™RFEtEt it SRS AR BT DA T b ar With & bonding agent comprising: a curable

perfluoropolyriter, andiagagsnigrageniting pslashigrird usomdingagE tyonn 2espidel IHeg $&cond

surface; andyg),euring thaRending.aasit iosiesha arariusreeipsiamanvsifbgiwesndiierdirst and
second surface, wherein upon curin%the p%rglu roelagtomer weld.c es essentially the same
r

ompyis
pertiuoroeladSHEF S e Herftir SEIAERMEF it ba! 15510t na%e’sé%%ﬁ%nagg%%t%ﬁggeqlgseprovided
a method of pofidinglasperfiuorsidastompissealascatipiéind teomprisingeplaenripaoBsndity dbfent

comprising %&w&p@lgﬁgﬂgpmgfymer and curing agent within gaps formed between a
perfluoroelastomer seal and a glangd; and curing the bg herein u curiggmgé?

ndin nt:
perfluoropolyfi&t ¥hrms ed8enifai)1HEPEHnT e‘bGerSflﬁibOr‘geei(gs g’%aﬂg?%agft OélﬁrelgfﬁJBErlgg astomer seal.
10012]Includest withiftiie seveishemlbodimcnivithecpreeapidhsccsiddasaiivearel B oAding a
perfluoroelagipine Bégﬁtt%itﬂlﬁ%igssif&lﬂé@%tmhiQ@%ﬁ&o@@smn&@ firghsyrfacewnith meonding

agent comprising a curable perfluoropolymer and a curing agent; an DI((g)%hcurin .the tﬁ%n ing.agent to
form a perfluVSEEsFLr MARHRl RSP isBoHded to ?ﬁléﬂf%g%gs&uvr ace. T eesa?aé%lne 0 s%cxll%method,
the bonding agéntmdysbaa sohdipniwepdesdhy disbolving the curable perfluoroelastomer and the

curing agentjiggpolvent. {p.anecraRerinehemssinneastenesmacialionmesdmsiep (b) is a
coating layer or, alternatively, the first surface is.a sur]}gggt%al %I%gég_Oé?ela§tomer ember and the

perfluoroelatoHiBE tBFE AT P6HSTRG S BASER 1B IoSI SSIG e Pive contacting a Jist suriace

with a bonding agent comprising a curable perfluoropolymer and a curing agent; and (b) curing
the bonding agent to form a perfluoroelastomer material that is bonded to the first surface. In the
practice of such method, the bonding agent may be a solution prepared by dissolving the curable
perflucroelastomer and the curing agent in a solvent. In one embodiment, the perfluoroelastomer
material formed in step (b) is a coating layer or, alternatively, the first surface is a surface of a
perfluoroelastomer member and the perfluoroelastomer material formed is a perfluoroelastomer

Cweld.



[0013]in one embodiment of the method, the first surface is a surface of a perfluoroelastomer member,
the bonding agent is also contacted to a second surface and step (c) further includes curing the
bonding agent to form a perfluoroelastomer weld between the first surface and the second surface.
Upon curing, the perfluoroelastomer weld includes essentially the same perfluoroelastomer as the
perfluoroelastomer member. 100141An embodiment also includes method of forming a
perfluoroelasto oating that includes: (a) dissplving a curable perfluoropolymer and a WC
2008/094758 P@%ﬁszooa %1i%°4fmibl?ﬁ§n“g?e’§‘gé’§t¥*ﬁeaf§% v"e‘%t {%f it SUHtERIdR, o sRplyitly the
solution to a suFEBETapEs R EUFIAG e Ddibre petyirie el fomceduretsperfiuordelastdmesic coating
on the surface, Adsitionallys cantedis bsiains insluding a cupedipsHingsiasiemer cealing.apglied on
at least one surnago or éQg substra;l%arg %Iso within %Ee scope oI the present disclosure. 10015iin

another embodiment a method af bore g R periucrosIaSTomar HEmIsEr i arslifar esietinbidéed. The
method include¥#5tPEdHtaRp aeirat Seacbopeaserittoroelastomer member with a bonding agent
coinprising a cigpsdie rerfitiorabeiyreshandBcuiRaag8ALAL): PlBcInGthe Landing.agen! alsg,in
contact with a iﬁa&g&%ﬁggj&%ﬁi@&gigng {:tlpreb@or%giiﬂlt g%e t to forTh, a. pernuorociastomerbetween the
first and second 10surface, ereinroclasfornar welc Olﬁﬂlgﬁrﬁﬁﬁstomer as the perfinoroeiastomer
member. [00161in another embodiment, a method of bonding: a. perfiuoroeinstomec seal to a gland is
disclosed and. includes placing a bonding agent comprising a curable nerfluoropojwner and curing
agent within gaps- formed between a perfluoroelastomer seal and a gland; and curing the 15bonding
agent; wherein upon curing, the perftuoropoiymer forms essentially the same
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perfiuoroelastomer as the perfluorociastomer seal, BREF DESCPUPLION OF THE SEVERAL vrEws

OF THE DRAWNQS 10017/Fig. | is a flowchart of a method embodiment of forming a
perfluoroelastorner coating; 20100181Fig. 2 is an enlarged perspective for crosssectionai view of a
perfiuoroeiastomer coating made in accordance with an embodini-nt of the present invention;

100191Fig. 3g,ang,30.3/& perspective views of a conventional rod stock material; 100201Fig. 4 is a
perspective view of an embodiment of a splicing fixture of the present infeRtiGRYEEOZLIFIg. 4a is a

partial, enlar§EFeagsmE et Sivene relpaticrralwiow @4 thelvod: steckimmatexial snig: 2@:(400221Fig. 4b is
a partia CrOSsﬂsﬁgﬁﬁﬂﬁrﬂtﬁm}%ﬁb@&%ﬂf@;ﬁ%@@&%ﬁﬂﬂ&@;ﬂwﬁ%g’%%g along line 4b‘-4¢:m I-:ig' 4
10023]F|g._ 5 Aﬁ(ﬁtﬁ%lﬁ%ﬂ }{leixgtgcg a gerfglgroclasltagnlelr seal W!thlnea g an(fi;%é _ %i‘ﬁf@%a is a
cross-sectional view of the pertwormeiastorter SEaT P {icse 1 B0Rs1 Figli6sisraiflowehartaf a method
of bonding a‘PeffilistoeidkstonerpiWe 20081004758RETIE2008/051420,,[0026]Fig. 7 is a flowchart of
a metho¢l of enging a pe_rrﬂQ%%@%QSB%&?QM&}%@@%MW a perfluoroelastomer
member 1 & strface is disclosed. The method incimdes {a} contacting a first swrface of g
perfivoroelastomer member with 2 bomding agent comprising: 2 cwrabie perfluoronoivmer. and
& curing agent. (b) placing the bonding agent alsc in comtact with 2 second byt e a:mi {c)
curing the bonding agent to form o perfluorosiastomer weld between the first and s;a:c:@mii\
[0 susface, whersin upon curing the perfioorosiastomer wald comprises assentially the same
perfluorosiastomer as the perfiuorosiastomer member.
[bais} In another embodiment, a method of bonding e perfluorosiastomer seal to & cland is
disclosed and includes placing a bonding agent comprising a curabis perfiuoropolymer ;md
suring agent within gape formed between 2 periluorosiagtomer seal and o gland; and curing the
.IS bonding agent; wherein upon curmg, the perflucropolymer forms essentially the same

perfiuorceiasiomer as the perfluorosiastomer seal.

BRIEF DESCRIPTION OF THE SEVERAL VIE WS OF THE DRAWINGS
- Y - R}
0017 Fig. 11 lowe £ bodi t of formi
i 1 Hig. | 1s z flowchart of & method embodiment of rorming a perfluoroeiastomer
coating;
20 0038 Fig 2is i perspective for ional vi '
{ I F1g. 215 an enlarged perspeciive for cross-sections! view of g perflucroelastomer
coating made in accordance with an embodiment of the present mvention;
g1 e Fie. 32 and o Hve vi - |
8019 iz, se and 3b are perspective views of a conventiona) rod stock material;
f0820] Fig. 4 is  perspective vi : bodi of icing fi |
f 1 g perspestive view of an embodiment of & spiicing fixtture of the present
mveniion;
250 fo6zI] Fig. 4a is a partial, enlarged, exploded side elevational visw of the 1od stocl;
material in Fig. 3a;
Q6221 Fig. 4b 1 tial -sectional vi ; ] tal i
] i & 4D 15 a parlial cross-sectional view of the rod stock material in Fig. 4a taken
aiong Ime 46-4b in Fig. 4:
7 5 L = . - - ~
100231 F1g. v 18 2 plan view of & perfluoroelasiomer seal within 2 olang:
30 jog24) Fig,

S48 & .,]{}SS*S&CE!UHEE VIEW (] t.t]\. VL}EJ[J.OIO\;‘&SE’””&V‘ 584 Ol ¢ .!C .:
= B
i@ﬂﬁ:’z .f.‘i],.,“. 6

is 2 flowchart of & meathod of bonding a perflucrosizsiomer:
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and [0027]Fig. 8 is large perfluoroelastomer seal made in accordance with an embodiment of the
present invention. 5DETAILED DESCRIPTION OF THE INVENTION [00281Described herein are
methods of bonding a perfluoroelastomer material to first surface and, optionally, a second surface.
Also included are articles, such as seals and coated substrates that are made using the methods. A
perfluoroelasto%%rz% /%g?alg as used herein, may be any cured elastomeric material derived by curing
a perfluoroelastomer ?as defined herein) 10 that includes a curable perflubfafoisiiHaYing a
crosslinking gidfpflo peFinit durdlovpertiobr osfhstoribmidng bptaitiativi Auniinaselty andhpteferably
completely fluggipated with respect to the carbon atoms on the backbone of the perfluoropolymer. It
will be underspg%g hatiiome,r sidual hydrogen may be present in perfluoroelastomers within the
crosslinks due'to lise o ﬁ%@rﬁggﬁm}éﬁﬁﬂ? BT SRRk GGRR I Elhie peiflisratiistomer
formulations. lficlBgeneiatspirfluoroelastomers, once cured are used, for example, as cross-linked
polymeric formed articles such as seals. [00291The perfluoropolymers used to form
perfluoroefastomer material upopEke @e themsatvesdasmedLRalymgsizing one or more
perfluorinated pipBpmeIs;0ne.Oh bk HIelRl P AR TOHNAIRA SUIRSIE ManprRe: having a

functional groy }o é)egnit uri@ . 20[0030]As used herein, a perfluoroelastomer is a polymeric
composition that ReltiTe PR R R & B E SBTB oI R IS PSS B et et Forre
perfluorinatedswhshenidbs; irciwrdingsatzidestaneipetfivofinateBmoromesthob asdatdeashape
functional grous dayRerenit cHrA Gnafikiasl0DRCUIESIC MORAME, BHCh @&5@5&4&%&%&“ can

include two oLrFﬁnOJe of various perfluorinated copolymers of at least one fluorine-containi

ethylenically @fﬁ#ﬁ?@%ﬁ?ﬁ%ﬁ%ﬁ%@ﬁ%@%ﬁﬁ@%ﬁ%@{%E)Paﬂpéﬁl%rihated olefin, such
as hexafluoroptdpyles(RER)s sridtanpaifl docoabydyinyletherh AMElshighdnchudegalkyl groups that
are straight or, ef.and which | ne or e ether linkages, such as perfluorg(merhyl vinyl
ether), perfluorroéethyj vin)él etheﬁ%%%%%%&%&?l%ﬁlpg ‘el?f?ﬁﬁ%ﬁﬁﬁn%ﬁé%%p‘%ﬁ%@?g@éfu|
examples of PARVEEHER (&G BedTHt pefipapshisiisea ovBgothoresshind ivaV080/08076, of
which the discifspiegaelatee tadipes abRAVERS aapRreininsomamiad s efersnes,Oter suitable
PAVES a1 desgihed JarSsampifel0 e Haien WO 20081094 728RCT/52008/051120

formed articles such as seals,

10029]  The perfluoropolymers used to form perfluorcelasiomer material upon cure are
themselves formed by poiymez;’zing one or mors perfluorinated monomers, one of which is
preferabiy a perfiuorinated curesite monomer having a functional group to permit curing.

20 [onap As used herein, a perfluoroslastomer is a polymeric compesition thet inciudes a
curabie perfluoropolymer formed by polym erizing two or more perfluorinated monomers,
inclading at least one perﬂusri;ia‘ted monomer that has at least one functional éroup to permit
curing i.e., at least one curesite monomer. Such perfluorosiastomer can inciude two or more of
va,riqus perfluorinated copolymers of at least one fluorine-containing ethylenically unsanurated

25  monomer, such as tetrafluoroethylene (TFE), a perfluorinated olefin, such as 7
hexafluoropropylene (HFP), and a perfluoroalkyivinyl ether (PAVE) whick includes alkyl
groups that are straight or branched and which include one or more ether linkages, such as
pesfiuoro(methyl vinyl ether), perfluoro(ethyl viny! ether), perfluoro(propy! viny! ether} and
similar compounds. Useful examples of PAVEs include those described in U.S. Patent No,

30 5,001,278, and in WO 00/08076, of which the disclosures related to ‘types of PAVEs are herein
incorporated by reference. Other suitable PAVES are described, for éxample, in U.S. Patent



No. 5,696,189 and 4,983,697, of which the disclosures related to types of PAVES are also herein
incorporated by reference. [00311Preferred perfinoropolymers are those which meet the industry
accepted definition of a perfluoroelastorner listed as an FFIC.M in ASTM Di 418-05 and, are also
preferably 5 terpolymers or tetrapolyiners of TFE, PAVE, and at least one perfluorinated cure site
monomer which i es a functional group to permit crosslinldng of the terpolymer, at least one of
which is a curﬁ%ﬁgﬁé of being cured by the curatives described herpe%{"[ﬁg Bidterred -
perfluoroelastdméifailfherd 4533568 Tnothehpicthemsriventioniere sitlrecscdPiiSeiadwiavailable as

curable perflugrppivmsks.Qliake-kaayn. to be manufactured and/or 10sold by Daildn Industries, Inc.,
neon, Ed, Du Pont de Nemours, Inc., Federal State Unitary Enterprise S.V.

Solvay Solexiswt%/ F te

L ebedev Instiite bt SYFHREHE REBEmARSsRT Bre NipgbRwvderorrHossasioesy
embodiment, ¢he pesfentishinciedésperfiuorbElsstonianamaterislethat ase gerfugsaslastomer coatings,
and methods g menulaciuiNA-IAD.C0PHAGS 208 LaPRtt gs%ort%gs DELEsElaR L are elds
acting to connect or splice a first' surface to a second surface. mbodiments including these are
formed, in pafti5y EiSFEPSPE bR ISR ER R Gisgiaigen ol tre femddrene 3 irskige Curable
systems as welligisicyanesouiabligisystems \itoiegard-da-pe mide=auabie systems, preferred
polymers incl rp ers.of TFE, PAVESs 20such as those described in US, Patent No. 5,001,278
(incorporatedﬁfgé%% n iﬁ% gr\i/i%% %ﬁa{%tolifg }éars’\éé?]néaér)?ga A curesie m%}ﬁrgrsﬁ%tr%ée\?i%%l g %%1 tiorinated
structure with“a"pafsis iarable furietion abgheuprirziting adse kndws ortuibaueeidped in the art,
such as fialogenreiedalky hang:athandesivalivescandpastiallys anfully:halogsnated. hygragarbon
groups. [00351Regarding ¢ ano-cura le systems, most preferred are perfluoropolymers as
25described i %%§8§¥§?rfﬁ%orpb% 3%‘% g}gftﬁ%ﬁfg%@%léﬁgﬁfﬁfg&?ﬁﬁa Bifes. The
monomers inlifEterapBiEher of WO 00/08076 include tetrafmoroethylene, perfluoromethylvinyl ether
and two cures4igs pionOMA! xR RRGRAC Y SYARBCHERRIS JNANNNEE stomer materials thet are

perfluoroelastomer coatings, and methods of manufacturing such coatings, and

15 perfluorcelastomer materials that are welds acting to connect or splice g first surface to g
second surface, _
{0034]  Embodiments including thess are fﬁrméd, in part, by cure of a parﬂucroelastomez by
a curing agent. Preferred are peroxide-curable systems as well as cvano-curable systems. With
regard to peroxide-curable systems, preferred polymers include terpolymers of TFE, PAVEs

20 such as those described in U.S. Patent No. 5,001,278 (incorporated herein in relevant part
reference), and a curesite monomer having a perfinorinated structure with a peroxide~curable
funetional group including those known or to be developed in the art, such as halogenated alkyl
and other derivatives, and partially- or fully-halogenated hydrocarbon groups. '
{6035] Regarding cyénwcu:able systems, most preferred are perfluoropolymers as

25 described in WO 00/08076, incorporated herein by reference or other similar structures. The
monomers in the tetrapolymer-of WO 00/08076 include tetrafiuoroethylens,

perfluoromethytvingl sther and two curesite monomers, a secondary cyanc curestte monomer,

CFy=CFO(CF)30CF(CF3)CN and 2 primary ¢yano curesite monormer,

CFo=CFOCFCF(CF3)G(CFp)aCN, Preferred compounds are those having a Mooney

30 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,
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CF2=CFO(CF2)30CF(CF3)CN and a primary cyano curesite monometr,
OF2=-CFOCF2CF(CF3)0(CF2)2CN. Preferred compounds are those having a Mooney 30 viscosity
(measured at 100 Con a TechPro(r) viscTECH TPD-1585 viscometer) of about 45 to about 95, and
preferably of about 45 to about 65. WO 2008/094758PCT/US2008/051120 [0036]Primary curing
agents for are peroxide-based clue systems may be any known peroxide curing and co-curing agents
known or to be'deVetopedtin the art, such as organic and &alkyl peroxidé’g?f—‘@%‘:t??é“@%%o-based
polymers, prefessefl primiyr¢ting agemniSinel e naneaai dinesyane saanoamideximes as described
as U.S. Pate icatl US-2004- 50214956-Al,.the disclosure of which is incorporated herein
by reference %%%%%%%%%W. ‘éé’s’ﬁc?ﬁ%‘%%%%wrf*ﬁafr‘%%gaa%&%‘% %%%r%ﬁ%i?ﬁ%%aér%’ﬁ@ ed as

potential cureﬁ?ﬁ%ﬂléﬁﬁt@@%}%%@W@W@WW&@!@fﬁMﬁWn@M@M%@@@re preferably

used as prim@mm@gmwﬁgﬁ%&%e@gﬂ?&ﬁ&@@aﬁ%m%@%%%ﬁ@&g&ﬁ@%@%gls inclufde .
monoamidines.an aonoamidoximes of the following formula (1) described further below. Preferre
monoam%ine@gﬁ%%ﬁ%?feﬁg%laéﬁf%%grﬁ@ﬁ%? %%@Q@F%%HQWW%SW’W REERL 838 1wherein Y
may be a sub¥titiitetichlinpnekisingsanyd ravadkylidexdmal coxgegniied or arenths thstfudeansebstituted
fully or partiall falpaenalad eyl ARl UR PAVIRG 19T, Ahout 1 to
about 22 carbon atoms. Y mgé albéfg be, aﬁd preferablg IS, a per Iuorggaflﬁg%@p%rgi)ﬁ%%é% ox§/,
perfiuoroaryl,aﬁg?fﬁ:loroaralkyl or perfluoroaralkoxy group of from 1 to about 22 carbon atoms and more
preferably a gé#fitibroaliog sorifiesfiusedaticexydpronp-af-tlomahdnidinabeukd.casbomatoms, and
more prelerabludiamddo.cabnal: AN RLRRINAIRNEN g balljed or unsubetuted

lower alkyl or alkoxy groups of from 20 one to about 6 carbon atoms, oxygen (such that NHR." is a
NOH group) Gi%#f & GROTRP RIS BES ge pe Hraswersly Srmdagidups listed above for R or
hydroxyl. Substituted groups for Y, Rl or RZgselude, without limitation, halogenated alkyl,

perhalogenated alkyl, halogenatgd alkexy, perhalogenated alkoxy, thio, amjine, imine, amide, imide,
halogen, carboxyl, sulfonyl, hydroxyl, wd the like. If Rl and R2 are both selected as oxygen and
S el

{0038} wherein Y may be a substituted azk.yl, alkoxy, aryl, aralkyl or aralkoxy group or an
. unsubstituted or substituied fully or partially halogenated alkyl, alkoxy, aryl, arallcyl or
15 aralkoxy group having from about 1 to about 22 carbon atoms. Y may also be, and preferably
is, a perfluorcalkyl, perfluoroalkoxy, perfiuorcaryl, perfiuoroaralkyl or perfinoroaralkoxy group
of from 1 to about 22 carbon atoms and more preferably a perfluoroalkyl or perflucroalkoxy

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

I B
and R may be hydrogen or substituted or unsubstituted lower alky! or alkoxy groups of from

20 onetoabout6 carbdn atoms, oxygen {(such that NI{RE is & NOH group) or an amino group. Rz
may be independently any of the groups listed above for R1 or hiydroxyl. Substituted groups
forv, RI or R2 inchude, without limitation, balogenated alkyl, perhaldgenate& alkyl,
halogenated alkoxy, perhalogenated alkoxy, thic, amine, imine, amide, imide, halogen,
carboxyl, sulfonyl, hydroxyl, and the like. If R,l and Rz are both selected as oxygen and

25  hydroxyl, such that there are two NOH groups on the compound (a dioxime can be used), and
in that case, formula (I) can be further 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

-



25 hydroxyl, such that there are two NOH groups on the compound (a dioxime can be used), and in
that case, formula (I) can be further 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 WO
20081094758PCINS2008/051120 NOH groups are located ortho-, para- or meta- to one another on
the ring, such as with pbenzoquinonedicodme. [00391Preferred embodiments include those according
to formula (1) in"WHIER'ES’ hydroxyl, hydrogen or substituted or =substit&ed &AIF85&Roxy groups of
from 1 to 6 catsoh gropadorhsastabreipreferably hydroxyner:hytleogeheAlsg preferrerhare embodiments
in which R hydragen..axygen. amino or a substituted or =substituted lower alkyl of from 1 to 6 carbon
ydrogen or hydroxyl. Most preferred are embodiments where Rl and R2 are both

.2 1atoms while R s h
hydrogen. Fufitssprefamsehemhastinenis ncluderthesednmhich fY-snaruoseakleff ;perfluoroalkoxy,
substituted or =substituted aryl groups and substituted or =substituted 10halogenated aryl groups

having the chaiIgRgHEERE At quhpbvEd sarmeubaiipafisrioy siferyBonmR & igR 2 tarechidtiz hydrogen

and Y is CF3(CE2)2 - (i.e., whepn the compound is heptafluorobutyrlamictipe) or a similar amidoxime
compoun%. [O%%%]%E?(g%?] ﬁ%fg}g&%%%‘é%g%ﬁﬁlé@g%a%g “3%%%%@%5%%@%@5 EUPSIRbes &tcording to
formula (1) inclygie periuerealkvamisines seriarsidinessperupralvian &names; daagylamidoximes

and perfluoroallcylamidrazones. Specific examples include perfluorooctanatnidine, 5

heptafluorobutiasgpariidkie, dmdwrsd mdy oo drvetpydbeniamidoxiesandhers R and R

trifluoromethoxylbenzamidoxime, with heptalluorobutyrlamidine being most preferred. Curatives as
noted accordi?% c{)}t(f}o%1 ?’r%fgeﬁ) %grﬁfg S%a‘?m%dbé‘??ﬂ%’rﬁﬁﬂ%é‘?&?ﬁé? &fiiak §s§“’tr§€‘é’§ﬁ%{ﬁ§ﬁ§®ns of

preferred andieriaxesmiplary substituted or unsubstituted aryl groups and substifted or unsubstituied
10 halogenated aryl groups having the chain lengths as noted above, particulardy preferred are

7

H Z
when R and R are both hydrogen and ¥ is CF3(CFa)g - (i.e., when the compound is

heptafluorobutyriamidine) or e similar amidoxime compound.
{00401  Exemplary monoamidine-based and monoamidoxime-based curatives gecording to
formula (I) include perfluoroalkylamidines, arylamidines, perfluorcalkylamidoximes,
15+ arylamidoximes and perfiuoroalkylamidrazones. Specific examples include
perflucrooctanamidine, hepiafinorobutyrylamidine, benzamidine,
trifluoromethylbenyamidoxime, and triflucromethoxylbenzamidoxime, with
heptafivorobutyriamidine being most preferred. Curatives as noted according to formula (T}
may be used alone or in combinations, such as in combinations of preferred and/or exemplary
20 compounds noted hereinabove or with secondary curatives.
[0041] The curatives according to formula (I) are preferably capable of curing
perflnoroclastomeric compositions, particularly those with at least one cyano curesite
monocmer.
100421 Other curative (curing agents) may include perfluoroelastomer formulations can
25  include bisphenols and their derivatives, tetraphenyliin, triazine, peroxide-based curing systems
(e.g., organic peroxides such as dialkyl peroxides), or combinations thereof, Other suitable
curing agents include oganometallic compounds and the hydroxides thereof, especially
organotin corepounds, including ally-, propargyl-, triphenyl- and alleny! tin, curing agents
containing amino groups such as diamines and diamine carbamates, such as N,N"

30 dicinnamylidene-1,6-hexanediamine, trimethylenediemine, cinnamylidene
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20 compounds noted hereinabove or with secondary curatives. 100411The curatives according to
formula (I) are preferably capable of curing perfiuoroelastomeric compositions, particularly those with
at least one cyano curesite monomer, 1004210ther curative (curing agents) may include
perfluoroelastomer formulations can 25include bisphenols and their derivatives, tetraphenyltin, triazine,
peroxide-base Hng sysiems (e.g., organic peroxides such as dialkyl perOX|de or combinations
thereof. Other mag%e%rggg agents include oganometallic compounds ahd tHe éﬁsﬁ%&es thereof,
especially org%ﬁﬁ}é@f@@mscmmmwhy@mm atpipiremylyideallenyl tin, curing agents
containing ammmauﬂgg@a%&% Giarnines enddiami e&%%%&@%@ﬂ&@&%ﬂé&i}‘;&%}m

dicinnamylidene-1,6-hex ilamine, trlethylenedlamlne cmnamy |dene
2008/094758{5’@ dgiég

@nedlamlne and

A R PSR A e S Gt iR oSt
retidenediarvinej<h bixanisttjlehedianinedarbiamated bisamidrazones.

bis(4- amlrgoc 3%0%9 " %—gé%# h%%no ogo%]agbs mate., ethylenediainine

carbamate, trimethylenediamine carbamate, bisami |sa |mes "and

bisamidrazond@s Most P& EBEs% %%@%W@ﬁﬂﬁﬁ%ﬁ@%ﬁﬁé@éwﬁwﬁgens) is

used. 100431Fhendarngusiiste mdoesinpheagibresduimay: alsareptivnaliwincludsamanety of

secondary cu uratl\ées and their der. vatly etra It|n triazine,
s S e DB R (L O R R e

peroxide-based curing systems (e.g p asGita PEero 1Used asa
primary agent’6f ?F?.fis%?ba|ﬁ@éﬁ?ﬁ%ﬁﬁ%ﬂ%ﬁ%¥%@%ﬁ@@%ﬁ@@ﬁﬂ§mm@@ﬁ@mﬂm‘e@@hb@syﬁm Other

suitable $econgascudngageiis m&d@e@@ﬁ@rﬁgﬁﬂﬁ @&@&BB%@@M 1he.ydrexidesthereof,
especially or ounds |n a ropargyl-, I-and a enyl tin, curing agents
g@b%’zﬂdc QHERNNGS &81&61 m égnon}/xé g) % ‘%ﬁﬁﬁ%’ sﬁf(?ﬁaé%y  triphenyi- an%

containing amino groups suc and
N,N' d|C|nnanﬂlﬁaﬁiﬁghl@@lﬁé%mﬁﬁﬁﬁ@ﬁﬁmmm@mhﬂméiammamﬁltﬁmmammhw&ned|am|ne

CInnamyllden@wﬂwlwd@mmﬁia@n@mm{amgﬁ&éé hexamesvdsnediaming, videne
hexamethyle e I%{Fﬁ arbama.te bIS aml }?ﬁﬁgﬁ)heﬂ )m thane carbamate, 1,3- -diaminopropane
monocarbamate, e FeneagJl arﬁlne Car amate fifrEedfsaate, and

bisamin éﬁqmé}q@ﬁ@pghylenedxamme, hexamsthyienedzamms carbamate, bis(4-aminocyclohexlyymethane

carbamate, 1,3-diaminopropans monocarbamate, sthylenediamine carbamate,
trimethylenediamine carbamate, and bisaminothiophenols,

[0044] Gther optional additives for use with the various perfluorosiasiomer formulations
can include the é,ddition of fillers such as graphite, carbon black, clay, silicon dioxide,

20 polymeric graphite, fluoropolymeric particuiétes {e.g., TFE homopolymer and copolymer
micropowders), barium sulfate, silice, tianium dioxide, acid acceptors, cure accelerators, glass
fibers, or polyaramid fiber such as Keviar®, piasﬁcilzers, ot other additives known or to be
developed in the perfivoroelastomeric art. However, it is preferred for coating compositions
used in semiconductor and other particulate-sensitive applications, that such optional fillers not

25 be used, or that clean fillers (silica, bariem sulfate or fluoropolymer particulates) be used.
[6045] The bonding agent, which bonds to the first and/or to the second surface
{particularly for forming a weld-type connection), inciudes 2 cuzable perfluoropolymer and 2
curing agent. The components of the bonding agent may be individually dissclved and then
combined followed by an in sitw curing cycle. However, it is also within the scope of the

30 invention to first compound the components and then dissolve the compound in a solvent,
Methods of 'compaunding bonding agent éompon@nts may be according to any known

technique in the art or any to be developed and a detailed explanation of the compounding and
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[004410ther optional additives for use with the various perfluoroeiastomer formulations can include
the addition of fillers such as graphite, carbon black, clay, silicon dioxide, 20 polymeric graphite,
fluoropolymeric particulates (e.g., TFE homopolymer and copolymer micropowders), barium sulfate,
silica, titanium dioxide, acid acceptors, cure accelerators, glass fibers, or polyaramid fiber such as
Kevlar(r), plast'g%{éf%{r}gg yels %tgler additives known or to be developed in the perfluoroelastomeric art.
However, it is pre aed 1or coating compositions used in semiconductor rqu’gﬁ%qgﬁéﬂﬁf’uIate-sensitive
applications, thetestithe optionialafitlers mot2Shdousedupicthatdieandiie kf (silieeschaiiventsulfate or

quoropolyrnermgﬁgﬂ@:@)%ﬁ{m.ﬂ’g&g@@ggmm%e&%cm?%mgﬁgngq%g@% and/or to the
second surface (partlcquJI% for forming a Weld-tggwe connection), includes a curable per fuoropolymer

and a curing dgENCFle’c otiding aErniy BelraR e ny aisssived and then

combined follcuwibel dwilansipsitite aringebyele dHavey el Aitdsalse) withinthesseogerof the 30 invention to

frst compoundilyg companenis,anddsn sissslve ds. compaund, 2 solvent, Methods.of o
compounding bon mEiEagent components may be according to"any known technique AR At or any

to be develop&if SHiab ASEARFGRXNGH SioRusTatvv e Hpbinbing difolves least the curable
2008/094758RETHIS 0B 23:420:pH0casSiINE: Methods, ars ﬁ%&%msm{@%%%@.
nding are

understanding,of the present invention. For example, conventional methods of compgu
described in %%%ﬁ%%gﬁgﬁg’%%ﬁg? a%éﬁaé’é ,éﬁ?sd%ﬁﬁ}%wl gla%%ﬁﬁi ,%{.’%%e#%l.oﬁ%?ﬁe\?gﬁgﬁ’is preferred
that the primafriRthVidual Eempentiptsanrd eashfirstillissoiledeifransti ent (s)yphoidoscembination.

5[0046]Inwissahdiag:ie semponanis-asdemuiation, thenafered.solventfordisselution, gt the curable
perfluoropolymer Ive at least the curable perfluoropolymer

s Gksigg}!l%orogrolv%nt that is Cg%%to dis§§ ‘ < ]
component, and more prateranly HAt @ abIe 0S¥ UreloNE WS dratrrpei s i8iiehaving the
desired charapteffistienodirakrasd mifahblntcndiic adéoF hoiner(y - HEp8#nE@:- 84, FC-75, FC-77
and/or PC-43 cgapumeke alavalakls-em-aM-a0d @ny:similar.salyents. 10Heweyer. it should be

understood th§t while such fISJorinated s%)lv,ents are preferred, any solvent which is known or to be

developed, thaPTs BRI RISTL S R TGP HRE B E St 86 Rl BB fE 58 fiuoropolymer, and preferably the
curative &hd/dP#d prinfagizrebim fiorietatsrimihect erhvpoiin e dspé il dorasiastanassdiarseaitation (i.e., the

perfluoropolyweganch e utaibie 911010 kAR MALREHIEMINR Big.caps ol this

invention. 15[0047]?Preferab_ly the total amount of solvent to'be used is about 70% to about 95% by

weight, more BIETerABY ABBEE IR S5 b IRER Aand most preferably about 94% to about
95% by weigH&tithe fillshathisolptidnopriaiiocus er{B048] Thecatitablénpatt yokapaliyaer is preferably

present in a figished.8elHON AN 259 by weight, more preferably about 1% to about 10% by weight,
20 and most preferably about 1% 1o about 5% by weight, based on the total weight of the finished

solution. The curing agent is preferably present in an amount of about 0.61% to about 5%,
more preferably about 0.01% to about 1.5%, and most preferably about 0.25% to about 1%
based upon total weight of the finished solution prior to cure. It is preferred that the weight '
perceniage ratio of perflucropolymer to- curing in the finished solution be about 30:! to about
25 10:1, and more preferably about 20:1. |
[0049]  inmaking the finished solution, the bonding agent may be initially compounded to
form a compounded bonding agent and then dissolved in solvent in accordance with the abave
preferred percentages. In such a method, the compounded flouropolymer might first be formed
fito small pieces by, for example, a clicker die, although any other die cutter, knife, scissor, or
30 similar cutﬁng apparatus suitable for the intended use can be used. Preferably the pleces range
from about 0.010 inches to about 0.250 inches in size and more preferably about 6.030 inches

on average. The pieces can optionally be ground into finer sized pieces. Preferably, the pieces
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amount about 1% to about 25% by weight, more preferably about 1% to about 10% by weight, 20 and
most preferably about 1% to about 5% by weight, based on the total weight of the finished solution.
The curing agent is preferably present in an amount of about 0.01% to about 5%, more preferably
about 0,01% to about 1.5%, and most preferably about 0.25% to about 1% based upon total weight of
the finished so %fzﬂg% r,?tg cure. It is preferred that the weight percentage ratio of perfluoropolymer to
curing in the finished solution be about 30:1 to about 2510:1, and more preferaRIP4BYEE 20:1. [0049]In
making the firishigensokision atheveonslivigaagent mayibednitiaty sompeuieed iafania serpounded
bonding agengﬁgg%g&@mlgﬁga% %@%ﬁ&ﬁg&%ﬁ%‘]ﬁﬁ%ﬁ? g&tﬁé@& (?]%)n %@%@E{{&feggg é)ercentages. In

such a method, the compounded flouropolymer might first be forme 0 smaﬂnpleces by, for example,
a clicker die, RHBEEIP LRy Sifemaie enine, hamdvadissor, or 30 similar cutting apparatus suitable for

thehintended dB&sepNn byiumqﬁez?ﬂi@@,ra&dyﬁhm RS 3ngs-Hem mh@&@gg&@gsﬁ@tabo“t 05250
inches in gsize ably about 0.030 inches an e. The pieces can pptionally be
ground in{?o fiﬁ%gr% %%g%gdgg %‘E?éég{ F%éf’gra%i?}, "ég’éigfcsgé"%\‘ﬁ&“ ?ﬁ%@%% BSPEHPISIBOERIS 120 are then
added to a soREkle 86 RREE THEHtGREEHE Foverariitivé soamixt. ik 1 %He pigghss in the
presence of acanivienk:iRbaRmple, aba balmily faeiieies thedissalution atheperiygpepolymer
formulation irg)o ‘tvp%%%venmﬁ?% ore, %efgra%[%%é eai:h 01?t the1 primary co%%onentﬁlgg t??g bonding
agent is first SAisSOved 15 SOVBNE Th STER 8 MSHSLEA TIPS LofhAR SN RO Red by
combining thésueatte pertiudre polywerswith wibelventinianamountodialo 0024aahout 50% by weight
curable perfluampalygi nat eleray %%&Q%@;ﬁd&&%@@&%&&{%f%%%m 396 by

0 ra IS

weight basedbon &het tal weight of the first solution. A separate solution (solution ormed by

combining the Care %ééﬁ??%ﬁ?ﬁ%ﬂs RS E S PHE Nt SFHBo Y O0B96 10 EhBEET0a8 Y, more

preferably abmm@%%@@@mﬁﬁ%m padstiueterablyabitnng haddesabeutiz%:-haged on the total

weight of the seeaingkseluioRrlie Bediua. Seldians At sLbsaaHERIEe IRIRed by, faiing equal
esire of th able

parts of each solutign and combining them to achieve the 'ed percentage e cure
perfluoropoly R PERdRAIrEiv EsTarriHe fmsHedrestritHiarsiienss BréuSaighvhaywien e added in
either oftthe teveomitiak suthtiohsotidinidhadimighed solution in 15accordance with this particular method.

005111n an qrpleaimentuntiese Hie.Lodion,ads0kis ARAIELID e, shifags,of g perfiuoroelastomer
on

member, the ing agzent of the present embodiment is made using fhe same or substantially the

same pengudtBEIeSEIET IS tHHtEH SO TRERE RERF oY e R ThendRsER Y iereintinedive welded. In
the present esmbodimenttidip drding: agehbenininehid e any b2 s the Compakrdad-pesiiseroelastomer

formulations W?ﬁg @Q@g@e&’ %&érﬁg&% &n%%ﬁ%&%g@w bonding agent can include any of

20 the compounded perflucroelastomer formulations as described above, which include a

curative(s). .
fe0s2] In an embodiment, the invention inciudes a method of bonding a perfluoroelastomer
material to a first surface by contacting & first surface with a bonding agent comprising &
curable perfluoropolymer and 2 curing agent and curing the agent to form a perfluoroeiastomer
25 material that is bonded to the first suwrface such that the perfluorcelastomer material formed is 2
coating layer. In such embodiments, the bonding agent may be 2 solution that can be applied to
a surface of a substrate by any number of conventional means such as spray coating, dip
coating, brushing, layering, and the like. With reference to Fig. Z, a coated substrate, gencrally
referred to as 10, is formed by applying the finished solution fo an uncoated substrate 12. Onee
30 the bonding agent solution is applied, it is cured in situ to form a coating 14. Once the substrate
is coated a heat cycle is applied. The heat cycle will vary depending upon the specific

perfluoroelastomer formulation used for the curing agent, however the heat ovcle can be
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[0052]In an embodiment, the invention includes a method of bonding a perfluoroelastorner material to
a first surface by contacting a first surface with a bonding agent comprising a curable perfluoropolymer
and a curing agent and curing the agent to form a perfluoroelastomer 25material that is bonded to the
first surface such that the perfluoroelastomer material formed is a coating layer. In such embodiments,
the bonding ag‘%ntz%g 9b%ga solution that can be applied to a surface of a substrate by any number of
conventional maane SUch As spray coating, dip coating, brushing, layerin§C HHEHROFkEOWith reference
to Fig. 2, a coatedpubbisaieyge netdllyivefenadtorassd &ris fafived: byapphingdhedinished solution to

an uncoated %g@é&gg%é%%@%%@%@&gﬁégg@%&ggss;géig%gxéd,%%g"&%&&4;(@%@% 0 gifio foun a

coating 14. Once t e IS coate ycle 1s appli eat cycle will vary 8repending
upon the specRE§EFERscTESoM 67 Tl hiaRitional seorfareraeuriglagenerisiwe verddeddat cycle can
be WO 2008/Q941¢58RGH} 52008/0541:20: corfiguresipprovidena.sulficient ameyns of heat for a
sufficient gmog,%ntfof t&jme to %ffe.ctiyg/ely}gure the bondin% %ggent Alter%ative uring can be used including
ultraviolet, infrared G StheE atiiatce & T FridhR SHECE S HRAHLTS SHO A, Sﬁﬁw@ﬁwme the
invention shoudigenetiseirestrictat:teahyspeeifict oore i tewetyeoislitisprdienddihat heat is used at
about 149 C (308,pRLfR-AbRULAIGN iR HHAweYehdhecwing femperaiye wilvary depending
upon the type of pe fg'qa%o%r?ll mer andocurlr%%a‘gent used in tI e§§rﬂuorqelasto_mer formulation. Such
curing temper Féas% ¥ gg froft"SbbLEFE8E 1280518 Abotirt P7E 4%y Blamipigmsilbly about
149 C (300 Fytoiabput LE7-CxB50dm oD nerpdidiranynskitvinethesadtinil busidetstandthatgiring
conditionsg, varyith glastomer sysiems,andhat sHen WmRerAars 1anges0are polniended to be

limiting with respect to the scofpe of the invention, since a variety of perfluoroelastomer formulations
v

can be used. [EE5SIRHAIHEL EERMNE S SERERMGMay optionally, but not necessarily be applied at
about 180 C (BB6F) orathekauitable, pastatiie tempeatatuie tar abkqutaemin to gightthowsswor other

suitable cure cygle-times: ing..on the resuylti "] ' additional cool 15down
time of one h§§ ? gﬁsﬁeﬂ%ﬁ%ﬁh%?ﬁ [ggeﬁg%g#e%ﬁ(%%%%{ﬁﬁ%o&g% %g %?eggé%h%%?n%%) llgrﬁie"r}l%ﬁras been
described for ¥8EFHSHER EFstcadine Britaesme rmes s dubgtoboridiiossesitrates
togetherigs ari@ahisiyerondonges:layebpiionally be applied.

[0654]  Although the present embodiment has been described for coating a single substrate,

the process may also be used to bond two substrates together as an adhesive or bonded layer
formed in situ between two opposing surfaces (not shown) such as in & laminated or other
multi-layered structure. It may also be used to bond on three-dimensional, non-planar surfaces.

20 JO035]  The application of the present embodiment is not limited to any particular substrate
surface type, but instead can be used to form a perfivoroelastomer coating on any type of solid
srface. Such perfiuoroelastomer coatings can be used fo coat foamed materials, metals, metal
alloys, glass, elastomers, plastics, composites and the like. As a result of the uniguely
elastomeric and inert character of such coatings, they bave application in  wide variety of

23 areas, including, semiconductor processing parts, doors, and equipment; surface passivation;
handling or mechanical tools; medical equipment and devices; automotive and aerospace paris
and surfaces, equipment subject to high corresion (e.g., oil field and catalytic process
equipment) and the like. In addition, the coatings as formed are highly chemically inert and
inscluble,

3¢ [0056]  The coatings may also be used to affect a seal in applications in which the features
are too small for conventional molded seal parts, such as in “lab-on-s-chip” applications in

which a very thin silica or plastic layer must be sealed with 2 heat- and chemicaﬂy~resi$tant
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formed in situ between two opposing surfaces (not shown) such as in a laminated or other
multi-layered structure. It may also be used to bond on three-dimensional, non-planar surfaces.
20[0055]The application of the present embodiment is not limited to any particular substrate surface
type, but instead can be used to foini a perfluoroelastomer coating on any type of solid surface. Such
perfiuoroelastomer coatings can be used to coat foamed materials, metals, metal alloys, glass,
elastomers, plavgt?czsﬁfwé%grﬁ’g%sites and the like As a result of the uniquely faSBEREARE inert
character of stéetolativigsyiteeiyl kastingppligatiorbinsdvidelatieth ef 25 36eR6:5 R eilBhse i
semiconductogiRiRResSing-RALSA R0l AE: SIUIRIIRNG,SUAGSpAssivation; handling or mechanical
tools; medical ?quipment and devices; automotive and aerospace par?s ancf'!suﬁaces, equipment
subject to high FSPFERTRY LB Hattsindaedigine psmsss@ghipmam)@nd the like. In addition, the
coatings as foiftig) areighly-ehemicalyripestancinsal uble300086]FheicnalingsdnayRlso be used
to affect a;seal | icatl I ich the features are toq.small for conventional molded seal parts,
such as i% "|a%§ﬁ%%t%%%ﬁ%§%%%n%ﬁé ‘gli/ersﬁ/e%ﬁi’n%g?&cg%’r%Fggﬁ%%ﬁwtrﬁ%‘tgﬁjg sealed with a

heat- and chePRISHAg-ReAiErA RS/ Ct obertoly BBRCTY B8 200851120 switenkl. Miveematerial coatings

may also be L@@uggmeﬁlam @3‘&1&3@@ @am@@s}&uﬂb@msﬁﬂ;@m%&%%@@&iQger;%aofé%ég]efe

in-service use_conditions.exceed the te rature range for gQther elastomers such as nitriles or
GG R

standard fluoroelastomers suct &8 or temperatures exceed the
capabilities oflffidal efistorpletisesdsd St ecatiomumentaisessiivovipgrmetaldo meigiseals.

Howevergthesgseals &ﬁﬁhﬁ%i@&ﬁiﬁmﬂﬁagga@s@Eﬁ%@é@ﬁ%sl%@&k%%%ﬁ%%"e){a&%é%ﬁa% S the cost of

forming suchg%%g!%, Honevgr, application of a thin coating as described herein on such a substrate can
affect a seal Betwaen Metarpan Iﬁ%‘?ﬁgfhﬁ FEE ShemB R ARy idesaundivd (radiarsiridee. [0058]Such
solutions andiGgrecbrodtimgs:ean Bisoobestsed ((FRIPEN oratherstesuifacestatloexpensive
perfluoroelasteresspeldadiRak I gy, like)..[0059]In an
embodiment, the pr sené:i!'%%/ n%ﬁ%?gﬁs{‘ﬁgfsﬁgﬁl?gg(g%ﬁﬁggg%%% Sﬁaggrﬁéaﬁfnolfl%%ding
perfluoroelastormer (Fr %Fﬁ@%ﬁéﬁ%@W&%@?&rﬁ‘?ﬁ?é@%ﬁ@@%@%@%?@ﬁ?ﬁlar shaped
seal) outof rouestsokaRetvestekm "rod stock" as used herein means any preformed stock material,

regardless ofighgne orﬁ%-%&i@ﬂeggp&ggm@tgg@ §Qﬁ&&@£&%§%§§%§ atgyrgoan%gn O%E?I.

molding process such as extrusion or compression molding. Suchmolding processes are well

known in the art and a detailed explanation of them is not necessary for a complete
understanding of the present invention. During the pre-form process, whick is typically
20 extrusion, some heat applied to the mold at Ieast partially cures the compounded
perfiuoroelastomer formulation transforming the perfiuoropolymer into at least “paz‘tialé}f cured
periluoroelastomer. The remaining curing typically ocours during post pre-form processes,
such as press-molding or oven post-cure.
[0061] With reference to Figs, 3a and 3b, the perfiuoroelastomer pre-form or rod stock 11,
25 20 {as illustrated in Figs. 3a.and 3b) is initially formed from a2 compounded perfluoroelastomer
formulation. Preferably the perfiunoroelastomer rod stock 11, 20 is at least about 25% to about
95% cured. Methods of compounding perfluoroelastomer formulations may be according to
any known techuigne in the art or any to be developed and a detailed explanation of the
compounding and processing methods are not necessary for a complete understanding of the
30 present invention. For example, conventional methods of compounding are deseribed in
International Plastics Handbool, 3™ Rdition, Saechtling, p. 54-55, the contents of which are

incorporated herein,
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[0060]The rod stock 11, 20 (Figure 3a and 3b) is pre-formed using any conventional molding process
such as extrusion or compression molding. Such-molding processes are well known in the art and a
detailed explanation of them is not necessary for a complete understanding of the present invention.
During the pre-form process, which is typically 20extrusion, some heat applied to the mold at least
partially cures t@% %%n)(%%ggded perfluoroelastomer formulation transforming the perfluoropolyrner into
at least partially' cured pérfiuoroelastomer. The remaining curing typically ettt bost pre-form
processes, sUbfit@$ preBsmolsding bi imgerfipostd tte RO Mt efersneddmdgsc3d amad 3b, the
perfluoroclasiamer e IR IR 1nPaed B llysinled i fids AR anf. 3p) fpitally formed
from a compounded perfluomelastomer formulation. Preferably the perfluoroelastomer rod stock 11,
20 is at least HEBECIEGH T 26 hoBHneut 8t MetRdESBresthpoURtRg perilioldelablomdr
formulations maykhe ascasdingdonanukrmwnitechpigueiniheateranyo.be.developag.and a
detailed %xpl%ﬂgtg)n of the compounding and processing methods are not necessary for a complete
understanding of the 30 present invention. For example, conventional methods of compounding are
described in [{atiord Pradesits B dbookyadd £ dition i Saestitimgopp 84 -85 jehéngargehts of which
are incorporalgdsheieie R A0S SARAMI200HUIBI 20 (AAGAIF e ARGl d L figs a frst end
13a with a pr%ferre%cr.oi?segtior%al E rface 15 in a shape which is general gﬁgir‘cular. he
cross-sectional ShApe Car anema ?55658 ' ef ﬁé%ﬁﬁgg‘i’é’ﬁﬁﬁﬁfﬁr HieRt¥Etse such as
an oval, squaresirettaniyte copabiogikelzFiraorbel wialtk 14 disddndmagecohdvend. iChwithba

cross-segfiongkauiiaseidss Mith.e geperRii.elelaashane,1906 s used Neteln, the term "weld" is
meant to broa%(ll%/ encg%j ass an%/#omm%%ogether of two surfaces through use of a bonding agent
N

therebetweerr“WHEHTE R ARG GHFE S SRt M RIHOTO i FRISRETRF dre Brdtef 26K g L #able chemical
crosslinking amditr bmgdinbehetivebniativiehths bwadp pesing isurfaces toduevieltiag-and the bonding

agent, howengygbshoul e AQAnRISIORs 1k 05, WO, ARASING SUIIRGES NSE gk Jormed of the

same material. The first end 13a of the rod stock 11 can be welded to the secon b of rod stock

11 to form a CHEUSFARG Ristdtbbn s dbeiirrs s imsadnefqeeiisa detord 1eitragtk 20
having éfds 22an2abfamsigwn inphiggajwehick eahobedesthectiranhtheoadmesparfluoroelastomer

formulation afypagh stoclk . 1Ae. W&%f&@&im%%%ﬁg%gg (pﬁ@gé%%g_l%gtomer rod stock 15is
formed by coating or applying at'least one end of the rod stock with a bonding agent.
perfinoroelastomer formulation to form a solid “plug” or in the form of a solution of the
compounded perfluoroelastomer formulation is employed. As a solution, it is epplied to the
surface of the rod stock 11. The bonding agent is then contscted with at least one of the

26 swfaces to be welded. It can be applied in Hquid form as a coating to 2 single surface such as
13a, or both opposing surfaces, such as 132, 13b or 22a, 22b, that are to be welded together. As
a solid “plug,” it can be merely inserted between two surfaces to be welded in 2 manner such
that the piug will contact the surfaces upon later enring and processing. As a plug, the preform
is situated next to, for example, a rod stock 11 surface, preferably contacting the surface.

25 [8065) Tn operation, when using a bonding agent in solution to weld two ends of
perfluorosiasiomer rod stock together, for example to form an O-ring, at least one surface of
one of the ends e.g., 13a is initially coated with the bonding agent. The coating can ﬁe applied
by any number of conventional means such as spray coating, dip coating, brushing, layering,
and the like. The second end 13b of the rod stock 11 may aiso optionally be coated with the

30 bonding agent when welding two ends. of the same rod stock. The two ends of the coated rod
stock 13 are then placed in 2 fixture 30 (e.g., 2 splicing fixture as shown ini Figure 4) to secure

one end 13a adjacent to or in contact with the second end 13b of the rod stock 10 (as shown in
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[0064]The bonding agent, either in the form of an extruded preform of the perfluoroelastomer
formulation to form a solid "plug"” or in the form of a solution of the compounded perfluoroelastomer
formulation is employed. As a solution, it is applied to the surface of the rod stock 11. The bonding
agent is then contacted with at least one of the 20surfaces to be welded. It can be applied in liquid
form as a coati%tzoﬂg sin%le surface such as 13a, or both opposing surfaces, such as 13a, 13b or 22a,
22b, that are to'be walded fogether. As a solid "plug,” it can be merely ind&riEEHEHEH two surfaces
to be welded iFig. Hraniiee SuthetBatah beplidigite¢ ontaeithe sisfheesiupon later eleing;and processing.
As a plug, the BIE(RIU 5.9aie0 NEKLIR-(OLEXATRIS 00 SRc ko L syrtace prelerably contacting

a bo S

the surface. 25[0065]In operation, when using nding agent in solution to weld two e of

perfluoroelastSHEr5a G5k 8gdlidratcrd varmie 1 rsrerdly Duwinigd & leprsseievdiridbe of one of the

ends e g., 13afistinitialiyceaatesdvite:the bundbguegentad heicaaking:¢an-be applied.Dy.anynumber of
conventiogal %%;&%(ﬁgégf%gtspray coating, dip coating, brushing, layering, and the like The second
end 13b of the rod.stoc may also optionally be coated with the 30 bonding agent when welding
two ends. of tHB%&me rébedtseke Thindiisenbeiontheréuntddudn tspaekitd 2¢e Thetvpldcad in a fixture

30 (e.g., a splihn@fixtuipe-a5:shanadRHRIaHEE:4), 95 8GUERRNRR %%A%@@%@&Béﬁ&étéﬁgg%mﬂ with
the second enﬁlimggf the rpqhst?ckﬁo shown in WO 2008/094758PCT/US2008/051120 Fig. 4a).
The fixture 30 can be configured i acéai%mﬁ;fg’&vg& HOHPBE ‘St e BF ars d APy EAtEand to allow
heat and presgegéotelise &xérrerhbbetive dtsiook 1 thahotd thedtin place within the fixture 30. The
heat and;presgirgrpre ganeralsURPled YA Q&%ﬁ%oﬁ&WJ%@%@M%M@@HElst@%%%%ﬁg%erated-

The fixture 30,can ogirtionall ‘act to apply a heat cure cycle to 5 the bonding agent. e fixture 30

includes a bottSMBSHHo: d & HH perto R B AP THENE1 158 WRa Bo SRS Fdestr st channels
36a, 36b resputivésifonsedingtherahstot honateritk Kehingt: 38:cennetistiadenddeand bottom 32
portions 1o allgibedixinie-20-e aran andlaseand o-alandhedon and.holiom perions,of Ine

re 30,

channel 36a, 36b. 10[0067]After placing the coated rod stock 10 In the'fixtu efiture 30 is
closed and a HREFEGNEYSESHRaa RRReHTA e iBAIrvAPdblsan dirytisnsswse specific
perfluordélastprisroioriasitatiorusiec fyrditentiring agen:hevexesibe hea). cysleaambegeanfigured to
provide a suffigignt.a: piofiheatstor icient ' > fectively cure.the ding agent.
An effectively cﬁlsaréd %Qﬁ? agent is ﬁ@%ﬁ‘ﬁ%’s%ﬁ%ﬁéﬁ?iﬁﬁ%ﬁﬁ’ﬁ%ﬁﬁ L%%hf)neeﬁﬁ%%oelastomer
(preferably on&SWATEH fLedebredahom AARITGT 7w Y Bbidmy wadht fdpicailyrewed about
75% to about @386 hestupcle wilout B&entiherprese e sipedimenithehent cyslednetides heat of
about 300 F 191 abguliiluis RS HEk.E 00 PIBSIAS Liie heplcyels will vary
dependlr?(g upon the type of perfluoroporymer and curing agent used in the perfluoroelastonaer
formulatidn afBPER%S SRR RS gtar %Yé%%ﬁ&i%ﬁ%@%&ﬁ?ﬁ@%ﬁ%@@ﬁm. @iie of ordinary
skill in the artwitih tinclenstognd:thataaringscondiionaanvith Slastormersy s eamand: that such
temperature 120ges AigNoLIRRNEEA 10,05, IMINg. With respest Io e scope of g invenon, since a

variety of perfluodroelastomer formulations can be used:
used.,

f0068] This beat cycle coniributes to substantially if not fully compicting the cure reaction

e
Lh

of the perfiucropolymer and curing agent(s) within the bonding agent that subsequenily results
in the same or substantially the same perfluoroelastomer as the perfinoroeiastomer of the rod
stock, After the heat cycle, the spliced ends can be post cured at about 180 °C (356 °F) or other
suitable pest-cure temperature for about seven to eight hours or other suitable cure cycle times.
An: additional cool down time of one hour can then optionally be appﬁcd, Preferably the

30  bonding agent forming the perfluoroelastomer splice is cured to about 95% as noted sbove. In
addition to heat cure cycles, it is also within the scope of the invention to use infrared, UV, or

other radiative curing techniques.
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[0068]This heat cycle contributes to substantially if not fully completing the cure reaction 950f the
perfluoropolymer and curing agent(s) within the bonding agent that subsequently results in the same
or substantially the same perfluoroelastomer as the perfiuoroeiastomer of the rod stock. After the heat
cycle, the spliced ends can be post cured at about 180 C (356 F) or other suitable post-cure
temperature for about seven to eight hours or other suitable cure cycle times. An additional cool down
time of one hodf C&N theH Bptionally be applied. Preferably the 30 bondingFAGEAFHHHMAY the
perfluoroelastd®ielsplicEris weiring ke e smiinbied abeyefindadditiontoltigatatyecycles, it is
also within thesseppe-Qfthednventi seciniraned r @%ﬁ%ﬂk&g Clj hnigues. WO
2008/094758%%%%2%/05112ﬁg%g%%ﬁms \%%%1 %%{?S%_e%?can e ag%ie%%%aé%%”ﬁe“t%%& rods
having miultipl& BHASEs For i AR &H W 6 §%"§Iﬁ@”ﬁﬁ§}§%6w 788 hSFRSER T BN figurations.
The resulting sealszrwhick:danvbdlydnniaigedn:sizgidavemdtised dadistinguishable, and homogenous
weld(s) compaged jg sealsholly farmed, %&%@%&%{%&5 E%‘éé%%%%&%é%?@a% haLis, the.2

perfiuoroelastomer weld has the same or substantially theé same chemical co pSosfﬁlo%% 3’5 the
perfluoroelast8feIFOaIETarIE: 194 starlvatitisgewiragerastssniria be at# dong thessapigdighly resistant
chemical compssitiancioiugheipdEhiss, thergmare mRweakneints wwekied sadsithalargmore
vulnerable to ¢hemical and/or physical attack than the rod stock bulk sea| material. [0070]Although the
present embo%%m%%% has %g%egﬁq gé%gn ce?'}jr (;(%fk rgﬁﬁiiﬁa? vtvgi‘j“%% 5 oee i“S"%ﬁ%"* LT8G &ock or two

different pieced®i%od stetwigathe posrivabetiepdridorockastbnidh: trepresentinientidn is not

limited tol bondiegasuchmaerials.eniythe niesentinuention.canalseheHspgdo.weld iy different
pieces of rod %tlock matdﬂelvfroam diﬁer%i%%rgl%or%elastog;ers, such as any of the perfluoroelastomers

described above  FUrther, the INVERtion can be (eat t5 bBRE SHIBN Var st SHHBrsimas bt
perfluoroelast®fidrs weffaced hvtdiiBusfo meccin Shidetdts forn fmoldi&d-formriaminatoméarm and

various other siangsj0S%d |&ﬁﬁ@%&§§éﬂ£&@i&§&%&@§o%?%%P&uéﬂ‘éﬁ@ﬂ%@zﬁ%%‘@%eﬁ%@t@ethOd of
n

potting a perfiggggela%%n(er, seal 40 as illu%stra ed in Figures 5 and 7 using a bonding agent as
described in amy o the ABEYE 2 MBS RIS ML AL oS REEIR e SHRh IR iy 5 an fhEterm "potting”
means filing Fwt.gapded Zon spadesibefeondvedatdfanchapgeal gland 44 The seal gland 44 20is

typically formegbirm matariale: ak aimDighly Rsisiantdp chetbieak.aiack sHoh Asalyminum and
stainless steel. % this ?mbodlment the bonding agent is placed within the gaps 4 efiveen the seal

> n A : ‘
40 and the sefal ;fg}ﬁ%eﬁt.gﬁffé‘iﬂﬁodtﬁﬁﬁiﬂ?émﬁ@ﬂ JHGEMIAL Bitw e beind aienens fisedbad 40, seal
gland 44, andipettedt Bending agentinisteatedsto abeint:14 910300 ) far mbet ejghtdwinutes. The
heat cures the;banding aentandsas Agesuidones A RPUDIPFIBSIOMALAS handbetwegn the seal 40
a s

and the %8al gland 4} . An advantage of the present embodiment is that the perfluoroelastomer seal 40
then is securdly BERIS¥S tH SBAPgRIS PG ARG U0 GaRrisH etach Arebaraivnivrelegradation
of the primaryséshngematafial-die totivdiment, the bonding agent is placed within the gaps 42 between

the seal 40 and the seal gland 44, ABer potting the bonding agent, the enfire consiruct .., the

seal 40, seal gland 44, and potted bonding agent, is heated to about 149 °C {300 °F) for about

eight minutes. The heat cures the bonding agent and as 2 result forms perflucroelastomsr
25 bond between the seal 40 and the seal gland 44. 4n advantage of the present embodiment is
that the perfluoroelastomer seal 40 then is securely bonded to the seal gland 44 which
advantageously lowers particulation or degradation of the primary sealing material due to the
~additional perfluoroelastomer from the weld and because there is then minimized gapping
between the seal 40 and the gland through which particulation may migrate. In addition, the
30 bond eliminates the relative motion and hence abrasion, between the seal and gland, further

contributing to lower particulation.
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additional perfluoroelastomer from the weld and because there is then minimized gapping between the
seal 40 and the gland through which particulation may migrate. In addition, the 30bond eliminates the
relative motion and hence abrasion, between the seal and gland, further contributing to lower
particulation. WO 2008/094758PCT/US2008/051120 [0072]The application of the present embodiment
is not limited to potting such as seal against a glan having any particular composition, but instead can
be used to pot %é??%‘g%%ﬁastomer seal on a variety of gland surfaces, b g?ﬂ?ﬁ@?}ﬂﬁ%ed of metals,
metal alloys, plé@&tids, cdmpoplicsiondfthe fikesiiowbvimeanidtallicianitdne talinadmh sustates are 5most
Wpically encoupigied a5 eh.ARAISARRS AL Usercitich BAIAASES BAQAE Hagdn various bonded

gland applications, including, serpiconduptor doors, gates, and other pre-bonded surface sealing
applications, S EAECHEREETE R REHIPARL AL SN sppreadbrearis iiasdeimgiisorddion such as
semiconductoriingn piacitsingrporiditionsthE Kam plewk- %0 QBRI tiisexamley alarge are
perfluoroelastomer, sealwas g@%@ 5] lded subsections which had been cured, but
not post-cured. Qn@gec{?on ?Nas ré‘gﬁé‘%ﬁ%ﬁgg 50%%8 |gu?r_gst’i%n§uv%/ %?%%?ﬁtﬁsgsr%ﬁ%ﬁgﬁee(g%d rounded
corners. Two GiiePEhedes dandsrdiotraspinsiudes. strisradtanyivarsettprmwatstivuduaidversely
across the longrsideespgariionsieiithe lectanglaubfienrcuting-huoshalrestangy sfqngRigses were
formed. The cﬂ%ﬂlgr section§h1a5 were t%@tsliced 1 80 as to for{i‘qua rod, and shortened to the appropriate

OTFOSION SiX 3 seftico OF FRan COIL 118 :
length to form two stralg% sections or &eswedﬂfeng%ﬁ.'ilﬁ% {eSUttant two rectangular end pieces were

joined to the two straight sections using a bonding agent and a splicing fixture to form a resultant part
having the shﬁ shown in Fig. 8. [0074]The bon%ﬁﬁ‘ fént used was prepared by first compounding a

0
perfluoroblastBtEH 201 ﬁﬁ@ﬁﬂg%\?i s TineRAle eRronal antaneds neted e pams pylddight:
[0087]After camipetidinghidichedrepotures diofoulationnaseutdmoSmalpiaces:  in approximately

0.25 inches in g ' ‘tﬂ%l St imension using a die cutter. The pieces were 25 then added to a jar
having Fluorin%rtt F%-’?’?%%%enngtl.ef %%g%gﬁyﬁg%%%c?e %o as c()%rﬁ% gg\éﬁpar {RRgons were
20081094 758PEPMESS 2 58RI 800 92U b sbekine srnectesialastlenibn lopacidadwesitheol flaced on a

jar mill and continugiusiyfelled:ta), atontfoeeight barseie: e e bondingiadeRbections
15  were then sliced so as to form a rod, and shortened to the appropriate Iengih to form two
straight sections of desired length. The resultant two rectangular end pieces were joined fo the
two straight sections using a bonding agent and a splicing fixture to form a resultant part having
the shape shown in Fig, 8. _ |
[0G74]  The bonding agent used was prepared by first compounding a perfluoroelastomer
20 formulation having the following constituents, as noted in parts by weight:

[0675]  Components [6076]  Parts by Weight
(0077 Curable Perfluoropoiymer 1 [ee7s 100

[0678]  Silica ' [0686] ©

{0081]  Peroxide-Based Curing Agent 100821 15

[0083] Peroxide-Based Cure System Co- | [0084] 4

Agent

f0085]  Barium Suffate l [0688] 32

[0087]  After compounding, the compounded formulation was cut into smali pleces,
- approximately 0.25 inches in size in the largest dimension using a die cutter. The pieces were

25  then added to a jar having Fiuorinert® FC-77 solvent. The solvent was added so as to make-up
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[O0flJThe bonding agent was coated on one end of a first rod stock member and placed within a
sealing fixture such as that shown in Fig. 4, to be welded to a second rod stock 5 member. The second
rod stock member was also coated and placed so that its end was pressed against the coated end of
the first rod stock member. The sealing fixture was then closed and heated to about 149 C (300 F) for
about eight miQWutezgagog%rse the bonding agent. This welding process was performed four times at each
desired weld to 1ofm the finished part and to create the welds to form a 1ArgeSied 84!, The overall
rectangular difffériaidiriest ehén onivlistlstopahedasivaniian Figsdowejer apprnd matzyolsly meters long X
0.17 in wide wmﬁﬂmw%ﬁmimi@gﬁggﬁ&g?}%generally circular in tiansverse

configuration) é)ég%gout .6.cm_(the shape formed at the weld was not perfectly round, but was very
close). The part was thely BESTRaPEETLY TRERENS5B 55 foF P 5 b ard IORbvisa bRy #6 A Ur cool down
period. 15Exawiple 2:{0b8ofkiperiivbrodlastbonver ioFigirig twas wake by fermihgastisgt solution
(Solution ). ssalban PrgsdRrmad ik dissabing. 198 pars buupightela aable,syang:gurable

perfluoropolymer prepared in accordance with WO 00/08076 (a perfluoroelastomer g n%slgwavmg a

primary and SHeOHHSH FRYAREENEERETTH YR A RSBy velgh s BHRTETHE @Y e dgsitiend0 solvent
from 3M. A séeaind isalutivn4Stlytion B) nabmadghbydissotvingbipadsdns weightofs
heptafluorobutyrlamidi | i SRy wej fthe same.solvent used to form
Solution A. Solu%ﬁéﬁ él%??c?gs v%%%gtﬁ%egn?@g%%gé%%&eg%% Gpé%?l%/%%&ﬁ%%?%%ﬁﬁﬁ%d coating
solution. The iFtéhEE weldtifeB I wWRS P Red Sir & el iferaubis dracseidacel d15d subjected to a
heat curing cyelshef 00 £ (R k) for. abey fpurdowsiThe Abteswiing:cured; perfluareelastomer
coating was imilar coatin ere also.prepared on glass, plastic and synthetic rybber.
CLAIMS We %ﬁ%ﬁ%&%ﬁ%&g{% 05% Eoiﬁzgianegf Per %%@eg%%}tré%’rﬁ&erﬁ?ngéﬁfﬁ%éﬁs t5% %ﬁ%@é{g é%mprising:
(a) contacting’2P W StSstiriibe Bres Fampbrobraselhier aspsEelsithab dnding wgero&Eomprising:

part was then post-cured at 180 °C (356 °F) for 7.25 hours followed by a one hour cool down

period.

15 Exampie 2
{0089} 4 perfiuoroelastomer coating was made by forming a fizst solution {Sclution A).

Solution A was formed by dissdiving 100 parts by weight of a curable cyano-curable
perflucropolymer prepared in accordance with WO 00/08076 (2 perfivoroclastomer gum having
a primary and secondary cyano curesife) in 900 parts by ‘weight of Fluorinert® FC-43 fluid

20 solvent from 3M. A second solution (Solution B) was made by dissolving 3 parts by weight of
heptafiuorobutyriamidine as a curing agent in 995 parts by weight of the same solvent used to
form Solution A. Solutions A and B were then combined in equal parts by weight to form a
finished coating solution. The finished coating sclution was applied on a metallic substrate
surface and subjected fo a heat curing cycle of 100 °C (212 °F) for about four hours. The

25 resulting cured perfluoroelasiomer coating was clear. Similar coatings were also prepared on

glass, plastic and synthetic rubber.
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a curable perfluoropolymer, and a curing agent; (b) placing the bonding agent also in contact
with a second surface; and (c) curing the bonding agent to form a perfluoroelastomer weld
between the first and second surface, wherein upon curing the perfluoroelastomer weld comprises
essentially the same perfluoroelastomer as the p lastomer member. 2.The method of claim 1,
further comprigiig post-curing the perfluoroelastomer weld. 3. 5The method of claim 2, wherein the
perfluoroelastorner weld is about 95% cured. 4. The method of claim 2, wherein the

perfluoroelastom@rPEBEr BRAMHE &BRITTBARYHSHSH B Rt hB A IRt e CRBIPTISES post-curing
the part. 5. The methachohglaim:4 whereintheadrisRisend nhasnethadof slaink4owherein the
part is homogeneous. 10 7. The method of claim 2, wherein the perfluoroelastomer weld is
homoéen%ﬁﬁ)\ﬁfﬁgfhe perfluoroelastomer member. 8. The method of claim 2, wherein the first and
second surfaces are on:tbesamppeiiereRlasiomer member. 9. The method of claim 2, wherein
in step (a) the perfluoroelastomer member is about 15 75% to about 95% cured. 10. The method of
claim 1, wherein step () fitheedhprises: placing the first surface and the second surface within a
fixture; and  posifinring thedirstsirtace: theberding.agent ansthe segand swiface within the
fixture, such that the first surface, the bonding agent and the second surface are in contact. 20 11.The
method of claim 1, wherein step (c) further comprises heating the bonding agent for a sufficient period
of time to effectively cure the bonding agent. 12. The method of claim 1, wherein step (c) further
comprises heating the
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perfluoroelastomer bonding agent to about 149 C (300 F). 13. The method of claim 1, wherein the
bonding agent further comprises a solvent and the 25 bonding agent is contacted with the first surface
by coating the fir&/surf.ace with the bondingg aﬁ?ent. 14. The i%ethodoof laim 13, w e.rfejn‘ the solvent
is a fluorinated sBIVERE S & CT BT U LI AR DINEPERTEHE O g Sl R S S4B & a
bisphenolsecandetivatvestheranfpotetiaphemdtier Guriazingoand ageraxigehased-aueng system.

3016.The methodﬁf clai(gn 1, where{*n the ondiert]g agent is produced by the steps comprising:
compoundfiy & PSR et S AT A B 16 FSPRT R B6MBdund; and dissolving the compound in
a solvent fo formTsalution, vfhenein] thtderding agent isoscntatiedhwitbrinefirsksufasedydicaating

the first surface with the bonding agent and the bonding agent is contacted with the second surface by
coatingg the seco\%hes g%?% \%ﬁﬁ%ﬁg %o?%?ﬁ%l%géen?? é%%?ﬁ%%s}ﬁg?ﬁ%a’%fié?a%‘i%%é%ﬁgThe step of
dissolvingicompridesntanming thecompaenshinte piefies;adding-abauinT@Yetal about=95%hyaveight

solvent to the pieces of the ¢ ound, and dispersin th_e particulates of the pieces while dissolving
the piece%‘j %lﬁ %‘%5 crfrﬁiﬁ.%ggd {%@'%ﬁec Mathod &F éia‘fﬁ%@%} Fdin the solvent is added in an amount of

about 90%.to 10EomtSb¥dd\y wieight whihersdluthan.i19.sAamethod of bonding a perfluoroelastome_r
sealto  gand. RIS Hab 8 Sopdg aoscomping  uabe peruoropobmer and g
bondifig agerits whdteinolpbrircUringictiee:peefirofbpobaerioems edsehtiatyethethe samehe
perfluoroegeaﬁ_lig@ggﬁ%grhee }%ré‘lmugégelastomer seat.
8, The method of claim 2, wherein the first and second surfaces are on the same
perfluoroelastomer member.
9. The method of claim 2, wherein in step (a) the perfluoroelastomer member is about
15 75% to about 95% cured.
10. The method of claim 1, wherein step (b) further comprises:
placing the first surface and the second surface within a fixture; and
positioning the first surface, the bonding agent and the second surface within the fixture,
such that the first surface, the bonding agent and the second surface are in contact.
20 11, The method of claim 1, wherein step (c) further comprises heating the bonding agent for
a sufficient period of time to effectively cure the bonding agent.
12. The method of claim 1, wherein step (¢) further comprises heating the
perfluoroelastomer bonding agent to about 149 °C (300 °F).

13. The method of claim 1, wherein the bonding agent further comprises a solvent and the

25  bonding agent is contacied with the first surface by coating the first surface with the bonding

agent.
14, The method of claim 13, wherein the solvent is a finorinated solvent.
15. The method of claim 1, wherein the curing agent is at least one of a bisphenol or a

derivative thereof, a tetraphenyltin, a triazine, and a peroxide-based curing system.
30 16, The method of claim 1, wherein the bonding agent 1s produced by the steps comprising:

compounding a perfluoroelastomer formulation to form a compound; and
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dissolving the compound in a solvent to form a solution, wherein the bonding agent is
contacted with the first surface by coating the first surface with the bonding agent and the
bonding agent is contacted with the second surface by coating the second surface with the
bonding agent.
17. The method of claim 16, wherein the step of dissolving comprises:

forming the compound into pieces;

adding about 70% to about 95% by weight solvent to the pieces of the compound, and

dispersing the particulates of the pieces while dissolving the pieces on a ball mill.
18. The method of claim 16, wherein the solvent is added in an amount of about 90% to
about 95% by weight of the solution.
19. A method of bonding a perfluoroelastomer seal fo a gland, comprising:

placing a bonding agent comprising a curable perfluoropolymer and curing agent within
gaps formed between a perfluoroelastomer seal and a gland; and

curing the bonding agent; wherein upon curing, the perfluorepolymer forms essentially

the same perfluoroelastomer as the perfluoroelastomer seal.
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