WD 2004/ 060944 PCT/ US2003/ 038104 FLUOROPLASTI C POLYMERS HAVI NG
NI TROGEN- CONTAI NI NG CURE SI TES TECHN CAL FIELD This invention relates to

“f 1 uor opol yn%bsﬁgPﬁoﬁﬁ%G?wND Fl uor opol yners are a Comrq’kﬁlb}eséodiﬁﬁglﬂl cl asrs

of materials. uoropol yners include, for exanple, crossli

fl uoroel astonmers, uncrosslinked anorphous fl uoroel astoner guns, and

sem -crystalline plastics. Fluoroelastoners often include cure-sites to
facilitate curing in the presence of a catalyst. Crosslinked (cured)

f I uor oel ast oneFEUGROPDASTIE BOLYMERs HAVING NITROCEN-TH N giniie et Sures and
harsh chem cal environnents. They are particularly well-adapted for use as
seal s, gaskets, and other nolded parts in systens that are exposed to

el evated tenperatures and/or har sRESHEVRCA} BIEI®ch parts are widely used in

the autonotive, ﬁﬁﬁ%&ﬁbn%ﬁ%%@ﬁpolﬁgp conductor, aerospace, and
petrol eumindustries, anong others. 1 UMMARY In general, the invention

features fluoroplastics that include a nitrogen-containing cure site and

units d,{:ri ved fromat |east one fl U%Aeﬁbﬂbﬁqﬁom&r. The ni trogen-contai ni ng
cure site, in turn, may be derived Tromany known met hod. Exanpl es include

the use of a ni tFlogepplymani@iaromgneeinlly uséfblelasoofmeeriald eFluyapilpats ditudef end
N e e L R T A T A L e
and/ or gr af téntigrfallite plo@en Kastbelishinigs ofteheidheR.cufesiied afhdiRate cOfing Mehabove
further | n UGS h: GRSSIARGUCHE) BB R DY HEET NS Racs cof
Accor dikg'g t Righ BeapeResk A8 Rhrch bivild BRAiRRMARS. | The Rt RPN WeBChdBMed for use

pol ynerizing at. 25 | east 60% b%ﬁwel ght of a total 'polynmer mass froma first

| yner i zabPeseplbgadsist sudrpthen moldef patts ja swtamidhat pisrporat dveltrd fenparsutgs
reactor. Th%or?zaﬁ??ﬁéﬁﬁf@@'%@ﬁf)hﬁaﬁé idERWRQSh e tdniotivadfiedical priak iy, at

| east 70% by we includes a nitrogen-containing cure site noner. The
f | uor opl ast paniermgudier, greppiageehd petrolqem insinstriest amengothgyar ti cl es. Preferably,
the average size of the particles ranges fromabout 10 to about 500 nm The
particles can have a core-shell 30 structure in which units derived from
the fluworinated nononmer formthe coreSEHMMARY nitrogen- containing cure
sites are found Iin%exge?ﬁ, tﬁg 1en|v£:ﬁtioh jfeati.u"es fluoroplastics that include a nifrogen-containing cure
site and units derived from at least one fluorinated monomer. The nitrogen-containing cure site,
in turn, may be derived from any known method. Examples include the use of a nitrogen-
confaining cure site monomer, derivatizations of end or pendant reactive groups (e.g., amide or
20 acid functional groups to nitrile groups), the use of nitrogen-containing chain transfer agents,
and/or grafting of nitrogen containing moieties. Combinations of the above routes are also
within the scope of the invention. The fluoroplastic may further include bromine atoms, iodine
(- atoms, and combinations thereof.
According to one embodiment, the fluoroplastic may be prepared by polymerizing at
25 least 60% by weight of a total polymer tmass from a first polymerizable composition that
includes the fluorinated monomer in a reactor. Then, a second polymerizable composition is
added of which at least 70% by weight inclndes a nitrogen-containing cure site monomer.
The fluoroplastic may be provided in the form of latex particles. Preferably, the average
size of the particles ranges from about 10 to about 500 nm. The particles can have a core-shell
30 structure in which units derived from the fluorinated monomer form the core and the nitrogen-

containing cure sites are found in the shell.



WD 2004/ 060944 PCTI US2003/ 038104 , The invention further features curable
bl ends in which the fluoroplastic (e.g., inthe formof a latex) is conbined,
with an f 1 uor oel ast oner gum(eg, in the for as
wel | as M@ﬁ'ﬁ%ﬁg f)ed articles prepared fromthe bl ends%%sﬁgkﬂ%ﬁpl cal
fluoroplastics, which lack cure sites, fluoroplastics according to the

i nvention can participate in the crossl inking s reaction with the anorphous
fl uoroel astonmer gum during cure. The resulting cured bl ends have i nproved
properties, i nBieudiengon ﬁdh@échtmemnrdé:sblmdsﬁewmph tl'elfhrb'ropéisﬂia)(elgl énths qurnepar ed
using fl cur es for the nds

o-rings, gggsﬁ%k ):ﬁ E{’rﬁﬁme@, AROTS Oug |§r%?’alaslt{i§rfm§fl P{ge- a e ?fgrf&?’é’ras
exanpl e, Wb aautiaiyshapedarticles ]ﬁeparmmdmﬁiedﬂendmdmﬂﬂce Itﬁﬁcal ﬂ[hﬁoﬁlattm hashriohif one or
nor e enbodi nts of ,the_ inventi re set forth in.the, descripti.on

bel ow. " Cr Sk Cfte Sy Biorongshescreoratia b GaFirmtsgees BruyHe FUSHOPDRKOR | | be
appar ent tdaobntwith thélghaiphd flSfRTakBhbORNARMink O tthereahiahgBured ¥1ddik bk

DESCRI PTI ON The present, i nyention provides a flugroplastic conprising

ni t r ogen- EBPFONPIORGTUsS-Gupding rpducgg F‘é‘ﬁpféﬁ?nﬁéﬁs’tfﬂé“ﬁa‘?éﬂ@ﬁs RrERAIPASEEact i on.
The 1 uor GRbghies 1otk il sifesNtUsk:aBOMe BRRIThMAD-EH: Coashd RitAilardloliS
derived fromat |east one fluorinated nononer. I nventi on so provides a
ni t r ogen- dotrEsationsrelated 4o, dpr exemple, tb@ﬁmm@ﬁwgméseﬂmmdu@bmd@m mat ri x

i ncor porating r f I ni ng
fl uoropl asti c. ﬁ%ﬁ&?dfl?ag%ptrggoﬁén%gh rs or me 1}{?‘&8{)1'1 hﬁget%ﬁm e e? 8-@%811

t et r a¢| uobelewh itlen éapudsy ohaects, bed amant@@s abibe inventipnlvell [be RErerent frmn lthe%
com)nomer)dt% oJe nﬁ%{)afl uyor o t%lene copolymers with one or nore nononers
(at | east 8 3 #Hecomd rrﬁl containing at | east one ethyl ene o
unsaturation in amunts varying fromO0.001 nol %to 15 nol % preferably ‘!

0.01-10 nol % The fluoropl asy] i j ange from about 100-325C,
preferably about 200-320C, msbh&ﬁ*“é%ﬁ%a&oc 25 Exanpl es of usef ul
fluorinat ed NOTRRESNI iRedntiRpReIdtd AmiReatit Bemrdig: nitrodelcbRhiningRRblY | ene,
hexaf | uor opropyl ene), perfluorovinyl ethers of the fornula

CF2=Cf( OCRINSBCexpariifipate tyzooure teactiop. ThihHpazonisiicyjnglude p nitrogen-coptaiping cultng R | s
a G -0 pept Lﬂd%ﬁ@hé%d EBﬂ%Plea§Bﬁ&ﬂﬁdr&at%&ﬁi6ﬁ&ﬁ& e iveRiRGIb HAsRER hyl Vi nyl
et her (PWE; m=0, n=0 Rf CF3), perfluoronethylvinyl ether-31 (M3
1; meO, nﬂsrogprtgonmmg thnappla@@ cg@prﬂﬂmaﬁ @mr@é%sromenmamm@rpqmt(rmﬂmm =0,

n:2,pl, I (PPVE-2; nFl, n=2, p=1,
Rf = CF3), anl(ﬁl_e F£I na (ggr%islﬁ%t if GBEXﬁté ﬂlljlglio EF oxyV| nyl ethers

The fluoroplastic can be fonned of shghtly modified tetrafluoroethylene polymer (below

20 about 5 mole percent (mol %) comonomer) or of tetrafluoroethylene copolymers with one or
more monomers (at least about 5 mol % comonomer) containing at least one ethylene
unsaturation in amounts varying from 0.001 mol % to 15 mol %, preferably 0.01-10 mol %. The
fluoroplastic meling points range from about 100-325°C, preferably about 200-320°C, most
preferably 260-320°C.

25 Examples of useful fluorinated monomers include perfluoroolefins (e.g.,
tetrafluoroethylene, hexafluoropropylene), perfluorovinyl ethers of the formula
CF;=CF(OCF,CF(CF3))m(O(CF2));ORs, where m = 0-2, n = 0-6, p=0-6, and Rris a C;-Cq
perfluoroalkyl group. Specific examples include perfluoromethylvinyl ether (PMVE; m=0, n=0,
p=1, R¢= CF3), perfluoromethylvinyl ether-31 (MV31; m=0, n=3, p=1, Ry= CF3),

30 perfluoropropylvinyl ether-1 (PPVE-1; m=0, n=2, p=1, R¢= CF3), perfluoropropylvinyl ether-2
(PPVE-2; m=1, n=2, p=1, Ry= CF;), and combinations thereof. Perfluoroalkoxyvinyl ethers

may also be included, alone or in combination with other fluorinated monomers.



may al so be included, alone or in conbination with other fluorinated
nmononers. -2 WD 2004/ 060944 PCT/ US2003/ 038104 The fl uoropl astics of the

i nvention are nodified with nitrogen-containing groups. This can be achi eved
in several Wey20H/Pe9bne enbodi nent, the cure site is deri VEF/¥y28¥3/ 8104
nitrogen- containing cure site nononer, for exanple by incorporating a

ni trogen-contai ning conononer into the polynmer backbone. 5 Usef ul
nitrogen-containing cure site nononmers include nitrile-containing

o) Lrogen conta | il tnelt e such
s CCRpoCrOl Ry TR et S SRR P Ao 4 B Bl e BIAEE s U
CF2=CF[ OCF2 G erehipy«d(icFeverabiaysa il oneGmhoBin@neR) curdXiE (gl eNromh eritedgan-

L=2-12; g=0-4., .r=1-2: y¥=0-6: t=1-4 =2-6. .. Bepresent at.j.ve anpl es of
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cyano- 5- net lmtb thg p6lydieokakberect ene), and CF2=CFQ(CF2) 5CN. An effective anount
of cure_site no r. .s used .i.n. the fluoroplastic,to achieve the .desired

5 R miEogeR EpriaiBing Oy SHSRYISTUE BEHAT M priping ftorinated

results? This a

f1 uoroel ast QuEihs AlAGhitkH-SontAiR Morinied GG Suciab (f,2epblamy aab.ast i ¢
nodi fication. The amount of cure site nononer in the fluoroplastic

preferabl y CEoefERO[CFgDF(EF ;)08 ASTGRCFICH] CRBICHOCRICHCP)ROCBRCY; atd | east
about 15 0.1 nmol % The ampunt of cure site nononer in the fluoroplastic
pref erabl y (Crgf@OEFoaPEE(FnCh ydareinlor2a13); q99-4rmi €2; preder-atdt yndoei2dw about 5

mol % Examples include nitrile-contai ninfr:],? nonomers as_wel | as
cor r espondi MGPEHFEIHempRs §f shsh seperacrs ngjuds L8z CROCH0sOCHGd  Mhhdritiupro(8-

salts.  The fl}{aglg_r%gtﬁ@g g—ﬁio%fa-lIo@t%n%?a‘ﬁé?ﬁé%?%@@%ﬁﬁﬁrOduced by incorporating

t he conbnong nagenously, 0 materials where at | east

apout 60 ol % ofn bie:tive ERAGHt bf afle it mdeh¥IR isaqd thafridplasionehistans ant i al
arounts of the nitrogen-containing nmononer(s). One useful polynerization

met hod for rR&eE Feseifso Jibisamaunt is insregssd toaiﬁ""réﬁfiﬂb@P@Hg with thefworoskestomat 3nd iR ch,
initially, ahohRaSldRSd WehHithizP 8h&EMAstE ModPhcaidd &fteABhM oRburt S&Sthorhen X9

of the fluorinated nonomer-containing conposition is introduced into a
pol yrer i zat ithsrilupropiasi prefemblyf reeges i ahleast abag 801 po!l (. mpyrg prefefablya lepstaboyteast

05 wi % of iy i L e o e .
ntrodubed arehMEsiRRl & Qe ki o e G AL AHLATRANCL FOl R | |
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i whi ch
from the f1 JSPPRET & s Ao oo

% fRldines, ami tes, amides, and amm
salts.
The fluoroplastics of the invention can be produced by incorporating the comonomers
20 homogenously, or as core-shell materials where at least about 60 mol % of the composition is

polymerized before adding substantial amounts of the nitrogen-containing monomer(s).
One useful polymerization method for the fluoroplastic involves an emulsion
( polymerization in which, initially, at least 60 weight percent (wt %) (preferably at least 70 wt %)

of the fluorinated monomer-containing composition is introduced into a polymerization reactor,

25 after which at least 70 wt % (preferably at least 95 wt %) of a nitrogen-containing cure site-
containing composition is mtroduced into the reactor. The cure site material copolymerizes with
the fluorinated monomer. The net result is a fluoroplastic that may have a core-shell structure in
which the core predominantly contains units derived from the fluorinated monomer and the shell
contains the nitrogen-containing cure sites.

30 The process for preparing a fluoroplastic comprises introducing a first polymerizable
composition comprising at least one fluorinated monomer into a polymerization reactor;

polymerizing said composition in said reactor to form an at least partially polymerized



contains the nitrogen-containing cure sites. 30 The process for preparing a
fluoroplastic conprises introducing a first polynerizable conposition
conprising at |east one fluorinated nononmer into a polymnerization reactor;
pol ymer i zWQRHE@Eonposition in said reactor to form a®CIURRBYPB8IPArtial |y
pol ynmeri zed -3 WD 2004/ 060944 PCT/ US2003/ 038104 conposition; introducing up
to 40 wt (based on the total weight of conpositions introduced to the
reactor) of a second pol ynerizabl e conposition into the reactor, said
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fluoroplastic by using, for exanple, nitrogen group contai ni ng chain

transfer #geisEiEatiop ofthe njitagrpyontaiping cye st ein! Hhesesondpalanirizable 6, 166, 157) .

Furt her norggy, &lﬁdnqgﬁﬂeﬁﬁwa&u% Re8f BHRBOCH] 08 Sor bl 94d@ds 1 n the fluoroplastic
by reacting, for exanpl e reactive en roups (e.g., COF fornmed during

pol ymer i zat i onAleinptivelinenmi cambiphigon w@aﬂm nu@gWmetwm@monome@ 0001-5 nol
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shoul d be re than 10 endgr.oups per o n_a
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[nhl l'ion cadxbﬁp‘l?aéaoum egéﬁdhﬁsl(&@@bby fbrhﬁdﬂﬁﬂéngmﬂﬁﬂﬁizu béﬁl\llmge?ﬁ Sr?b?gfgorrgialct Sdzionzo
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Nov- 02) i fEdeH¥s )éi"HB c?}'g@ﬁbscpn @Qﬁ gd@ﬂ%éﬁéqfﬁﬁgygﬁgh E /gi’g‘lﬂfﬁﬂfﬁ? fh5d cyanat e

ani ong. Thﬁdﬁrbﬁt%r Sugh 85drhids oRdnBh&HdR katbedyRitd) Qn/RIctezRfhedYy ARMSABetREU| Si ON

polynerlzatlon in the presence of non-tel eogenic fluorine containing

sur f act antsych aprigfigged spaeffospenyt Peprdiag Sadhis neasigerent the sudeion coniem shoid bE00- 500
m after Hﬂér)fﬁﬁﬁ'lé% r%?ﬁ? s PRSI CIBbA Z8Hnb O dﬁ@@m’BSdl eht! ih@gndg;gdﬁ? chfte@s

aqueous m croenul sio using perfluoropolyoxyalky ene to in smaller
parti cl es.masthphabey &0 erfergyas p¢r@15109 icarbon 3tping afdditionglly the pelymerizationcat1 0 nm

more pref §l.al) ¥k il 8 ples@ROBE cyaRaf Wions (as described in USSN 60/427,768, filed 20-

20 Nov-02) including the pseudo halogen analogs such as thiocyanate and cyanate anions.

The fluoroplastics preferably are polymerized by aqueous emulsion polymerization in
the presence of non-teleogenic fluorine containing surfactants. The polymer particle size is
normally in the range of 100-500 nm after polymerization. The polymerization can be carried
out in an aqueous microemulsion by using perfluoropolyoxyalkylene to obtain smaller particles.

25 The average particle size typically is at least about 10 nm, more preferably at least about 50 nm,
and even more preferably at least about 60 nm. The average particle size typically is below
about 500 nm, more preferably below about 300 nm, and even more preferably below about 250
mm.
The comonomers, especially the nitrogen containing ones, are almost insoluble in water.
30 It is therefore preferred to feed from a preemulsion (as described in USSN 60/399,245, filed 29-
Tuiy-02).
The inventive composition of a flucroplastic and fluoroelastomer is preferably obtained

by mixing latices. Alternatively, the composition can be obtained by polymerizing in two steps,

4.



and even nore preferably at |east about 60 nu. The average particle size
typically is below about 500 nm nore preferably bel ow about 300 nm and
-even nore preferablg/ bel ow about 250 nm The conononers, ecially the

ni trogen coWPL4§>Ynes, are al nost insoluble in water. §6p512°q3€“3¥1ﬂér efore
preferred to feed froma preenul sion (as described in USSN 60/ 399, 245, filed
29- July-02). The inventive conposition of a fluoroplastic and

fluoroel astonmer is preferably obtained by nmixing latices. Aternatively,
the conposi tWhdh ce@Be BAriODERINBE sdi¥e RAIHTRY & BlsDEed e bR EEMRE fluordpc is

2004/ 060944 PCT/ US2003/ 038104 which_can be carried out "in the sane reactor.
In a first SPERonrd @ahithedesird narticle $eumddp hesesand step thedluprrsiastomariswi th t he
desired parthgh@risigze) and in the second step the fluoroelastomer is

pol yneri zed. nitrogen-containing cure site also may be introduced in the
fl uoropl asti c byAmizzensentsiniggsurssitpysenty broinireducediinthn@unsendasiit bnreacting

ni trogeq- contalh g tﬁﬁgﬁd@eéﬁ&{bﬁ %’ mﬁ%ﬂl&o e];moﬁtaﬂln Cc%iﬁ t[ia{:l&gllgg&ﬁ ITH] rocess.

ni t rogen- cont ar ni ng end groups rom ne a I nati ons
t her eof rrayrgshltmlmmgemcmmmmgend\gmumshe fI uoropl astlc e.g., through
reaction during Qm.ne e-,cant hai n

| t.i
transfer agent. ggoéﬁ/l tﬂﬁzng’em‘glﬁe w?%ﬁloﬁ(éong{nb%nsp%r\?? BRETE ?2&3 d(r:}gﬁpé(ﬁesl tes
on the 10 f Ifluorplktast lg(; thrdiuph rédcli@xf mningﬁbmcﬂmobemﬁarﬁmmd- oMiddinescontaining

fl uoroel ast oper gu [ osition forma curabl e blend. The
amount of 1 0P OIS AR K Hemeanii R AR ed A CHBEE S8 A Bt 50

wei ght 1percefmbm{3m§nc% The anpunt of fluoroplastic in the blend preferably
is at | east about w % and in sone aspects nore preferably at | east about
10 wt % The 15 M\*ﬂwﬂfmmwrbslspra@p%w%a fwarodpsioreer grwraad aBrtplysts beI ow

apout 30 W YapARebn TR ESm Kk SAhnd. Th@hﬁ%rﬁgpﬂﬁorg,ﬂas% m/ﬂle Ei%ﬁd a?ne bt d The

fluoroplastic in the blend is based upon the total

f1 uor oel ast ghet 1dushopt & weight mrqenum%ésmwma@ﬁﬂt@mp}ﬁs%me bendanefesblynor e
fluorinated, %ﬁ‘é&ﬁ% bSutBH BNAh sdY a%a&iérﬂ?oré Plte‘fehw&ri@istsaboﬁr@ﬁ) &ﬂg(eﬁé[ te

nmononers facilitate 20 subsequent curin e ‘conposi tion anpl es of
sui t abl1e curasmositiof finonoplasticsn ﬂwdilud@rdiath}gsrtatoambmr&m%,, ang mpre prvfeabiynat ed

MONONErs S u%hlo% bg&t Ztarv&wpt ﬂg :er&mP gft ﬁ]\%l’o%ﬂgﬁc 1‘;31 ﬂ% b‘lenﬂi is based upon the total weight of
the blend.

The fluoroelastomer gum preferably includes the reaction product of one or more
fiuorinated monomers and one or more cure sitc monomers. The cure site monomers facilitate
20 subsequent curing of the composition. Examples of suitable cure site monomers include
halogenated monomers, e.g., brominated monomers such as of bromotrifluoroethylene, 3,3,4,4-
tetrafluoro-4-bromo-1-butene, bromo-containing perflnorovinyl ethers, nitrile-containing vinyl
ethers, imidate-containing vinyl ethers, amidine-containing vinyl ethers, amidine salt-containing
viny! ethers, and combinations thereof. The amount of cure site monomer preferably ranges
25 from 0.1 to 5 mol %, more preferably from 0.3 to 2 mol %. Examples of useful fluorinated
monomers include perfluoroolefins (e.g., tetrafluoroethylene), perfluorovinyl ethers (as
described above in the case of the fluoroplastic), hydrogen-containing fluorinated monomers
(e.g., vinylidene fluoride), and combinations thereof. The fluoroelastomer may further include
units derived from non-fluorinated monomers such as ethylene, propylene, and combinations
30 thereof.
Bimodal or multimodal molecular weight fluoroelastomer gums may be used, for
example to enhance processability. Such gums may be prepared by latex blending different

molecular weight latices, or by broadening the molecular weight distribution during

-5.



tetrafl uoro-4-brono-1-butene, brono-containing perfluorovinyl ethers,
nitrile-containing vinyl C ethers, imdate-containing vinyl ethers,

am di ne-containing vinyl ethers, am dine salt-containing vinyl ethers, and
conbi nat i WALGHEIEST . The anount of cure site nmonomer pPEFESHEPYHEhges 25
fromO0.1 to 5 mol % nore preferably fromO0.3 to 2 nol % Exanples of useful
fluorinated nononers include perfluoroolefins (e.g, tetrafl uoroethyl ene),
perfluorovinyl ethers (as described above in the case of the

f1 uor opl agbiymerizald Q08P u6aH iidfeRlBvdld HRLAN A B TRARIER Btferb@ athount¥ Py | dene
fluoride), .and conbi nations thereof. The fluoroelastonmer may further include
units der MR dyinRgianconrsgof thaz2edeononer s such as et hyl ene, propyl ene, and
conbi nati ons  GQaliRGLARS c@ldafg&gkidgi Tﬂé&édaﬂ%gﬁéedri‘}% Ao Wi Phim salts.
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et YR e A S A bl N R
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mal onam de; tr |Sl\1/1|taﬁwlyel Onis%%a;tg%rﬁr%gstcrel?{edg%? 0- 1 4 Pt ﬁyrg g’%%%lyﬂ'\ér’i‘%l?tﬁg’?@;& and

t ri (95 nor Béenes, Andretd Bl46H 676, eachntiwaick is ibtorpahibébprefaencs.aEan@esdncledcr i bed,

for example,, in U S 4,233 421 U S. 4912 171: U S. .. 15 5.262 490, and U. S
6. 465, 576 AP e seROR o A AT PP EPR BIorRe HBRELSRRY e
tri phenyl bepdylunpétosmizpBirabinyt hhohide, bréhidbuin kriaafligtonhogpdie) um chl oride,

tri butyl benzyl a nium chj ori de,, tetrabutyl mroni um hrom de, and
triar y?/sul fon?éﬁ?%%? se {onium saltstis represente% by%ne foﬂowing ormula:

gl |9
I n(-)
w-gz| (%) f
R3
n

20 wherein Q is nitrogen or phosphorus; Z is a hydrogen atom or is a substituted or unsubstituted,
cyclic or acyclic alkyl group having from 4 to about 20 carbon atoms that is terminated with a
group of the formula ~COQA where A is a hydrogen atom orisa NH," cation or Z is a group of
the formula CY,-COOR’ where Y is a hydrogen or halogen atom, or is a substituted or
unsubstituted alkyl or aryl group having from 1 to about 6 carbon atoms that may optionally

25 contain one or more catenary heteroatoms and where R’ is a hydrogen atom, 2 NH," cation, an
alkyl group, or is an acyclic anhydride, e.g., a group of the formula -COR where R is an alkyl
group or 1s a group that itself contains organo-onium (i.e., giving a bis-organo-onium);
preferably R’ is hydregen; Z may also be a substituted or unsubstituted, cyclic or acyclic alkyl
group having from 4 to about 20 carbon atoms that is terminated with a group of the formula ~

30 COOA where A is 2 hydrogen atom or is a NH;" cation; Ry, Ry, and Ry are each, independently,
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Anot her cl ass of useful oniumsalts is represented by the follow ng fornula:
Rl RR-Q-Z (X) R3 20 wherein Qis nitrogen or phosphorus; Z is a hydrogen
-atomor is a substituted or unsubstituted, cyclic or acy oup
havi ng fronV® 208/%p¥dt 20 carbon atoms that is terninat ed(bvm ﬁ%ﬁbd&)ﬁgﬂg

the fornmula -COOA where Ais a hydrogen atomor is a NWcation or Z S a
group of the fomm a CY2-COOR where Y is a hydrogen or hal ogen atom or is
a substituted or unsubstituted al kyl or aryl group having from1l to about 6
car bon at ons hydragenrmgym opin kxd] dryl, almyl orm}gicnmbimeﬁ@fthémﬁ@ emmanm ynd R3 can

het er oat ons €. |S. a drogen.at o - group,
or is an acycf’%”"mﬁ%ﬁcgj@?n%.fgﬁéme gr@?’&?pcyg}’ % Rg fBr @ﬁ@ @ﬁffgvnésrae °'s an
gl kyl gr Ouﬂzooﬂkyl Sardl, :gﬁmyl]poxtdméﬁny] ﬁlﬁﬁh‘l% paiO6H thé R$,21Q[ @ﬂ'mlg%\ipgmdhe@nnecgaldw ng a
i S- organo- o er i S rogen; may al s e . a Substitute

or unsubsti t"d ég“)ho&ﬁg Wﬁﬁgaty;%rp’iacheéﬂr FIC TR, 0P ‘Hé’i‘ﬂr?l@ ‘gPBmeF s Rayggomps 20

carbon gt oMenal ARG bé & ghoRp BT e Fehuld 2 Whele Eﬁ%@eﬂﬁe&d&@vé %ﬁuhargaﬁeoﬁﬁ%amere A
i s a hydrogen atom or. is a NH4+ cation; each,

i ndependent pyion (e.% haliie gwliate aordate pb@h%@bmhm bndraxlﬁga e%k@g'éﬁ PRERHRIdss otan
al kyl, aryl yisphdsgnudy, i @axum&%m&d BOvHORE 6Pfhe ofiBk %k R, R2, and R3 can

be substltuted w th 'chlorine, fluorine, brom ne, cyano, CR or -COCR'
where R |s a C Suitable Sm@n%fOkVIIOSShakly% the a:t@gwycontmmmm pijes inchrdg, anyxapaple, of

the RI, .ed . W t ' 0O to
forma het ef %C&O&??@ (S%%gj éc))?l 3?}%?geﬁgl#l&g-ﬁ%%%uﬁ%méﬁdm%s’gﬂrbg’ua\pmslﬁ%ugr?nay

al so beoa grduiscoll.3.15e56051 B hramdniatgenceatidg cempaindefseaid . 61381,2%6))ands an
organi c or nor ani c Segg(gz §(§§ 245) hal i de, sul fate, acetate, phosphate,
phosphonat e "SHYHPETEG S 89P8EP ) phenoxi de, or  bi sphenoxide); and n is a

n@ mber equal t 0 tThecurable bled ein dlddendhitiedilles to Mujirbedtheplpyihieidpekifss of both the

crosslinkin en-c i ni ure sites.include, for exanple
organotin cg%{biﬁ ﬁ’éés'ﬁ‘ ‘g@gh}e@] @‘ Eagﬂ %‘)‘tablf)ﬁﬁ%fﬁfrﬁ A EPeEAgEnts (e

4,525, 539), t@eﬁmwwbarwn Bladis Br h&ERadl. p&]ne%xs‘}@ale'él&pmtarﬂmmak ﬂﬂf&{a@édulg
corrpounds (see U. S 281, 296), and bi sam doxi nes gsee 621, 145). The

cur abl €5 bl ef#rthe BErium %farenﬁma@ oxade) wpllastopite, Ans copbima @nsﬁh‘;rgt?fc Qtfle;s ingpedatites of
both the ¢ waaahfb@me& Bane wﬂxsﬁb@ @Qme @ﬁ%@ﬁm@sn with Sirendid ﬁh&g 91ndh£l§é' ude

rei nforcing agents g., hermal ‘grade carbon bl acks or non-b
pi gnents), diriekaaple, gal«'ﬁbmqré lumcal}ts retering aghnty Pieaeseing 8ids, pigments, and

combinations thereof,

One preferred method of preparing the curable blend involves preparing the
20  fluoroelastomer gum and fluoroplastic in the form of latices, combining the two latices, and then
optionally coagulating the resulting combination to form a blend. Latex blending is preferred
because it produces a substantially homogeneous blend in which the fluoroelastomer gum and
fluoroplastic are intimately and uniformly mixed.
The fluoroelastomer gum and fluoroplastic latices may be prepared prepared using
25 aqueous-based emulsion polymerization techniques. Suitable polymerization initiators for this
purpose include permanganate initiators, with potassium permanganate being par'ticularly
preferred, and persulfate initiators, with ammonium and potassium persulfates being particularly
preferred. Sulfinates may also be used as part of the initiating system, as described m U.S. Pat.
Nos. 5,285,002 and 5,378,782). The fluoroplastic latex preferably is cation-exchanged to
30 replace cations with hydrogen ions prior to combining this latex with the fluoroelastomer gum
latex.
Once combined, the fluoroelastomer gum and fluoroplastic latices can be coagulated

using a high-pressure homogenizer, and high shear coagulation in the presence of dissolved gas
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15 earth, bariumsulfate, titanium oxide, wollastonite, and conbi nations
thereof. Other ingredients that may be added to the conposition, alone or
in conbination with one or nore fillers, include, for exanple,

pl asti ci zZ®0s2004/4$8¥tcant s, retardi ng agents, processing 5‘!‘38“5?52 3¢fBAts, and
conbi nati ons thereof. One preferred nethod of preparing the curable blend

I nvol ves preparing the 20 fluoroel astonmer gum and fluoroplastic in the form
of latices, conbining the two |latices, and then optionally coagul ating the
resul ting ceOpisBddd Wil 1B gh-BreMufe Qla@Nftionkehe¥ud SRS Audrdpihiepbedsinpecause
it produces_a substantlafgl y _honogeneous blend in which the fl UQI‘OET astoner
gum and fechuaes ast Ve BatentiNe: 548382 Hrgeoeml, hishpropsure herdogemzatiundnvolves

f1 uoroel agh@nREs L | 'rcg%ﬁu’ : - prepared using
25 aqueous- bgigisg%ggglasi (r)Jr? %%f‘%ﬂn‘!é@g’?? }ia%)tﬁﬁl% ec nﬁ%ﬁ%ﬁ%u%a?%ﬁ%mgﬁoﬁmri zation
i ni tiat or dhrpegh atseries of gmelh oprmings td fore 2 peagmiareg diratl e The daipelbted blenduistvhasipdt assi um
per mapgan i riicul red, and persulfate . jnitiators, with
ammnlgum %%%d%glt ggg ?aglﬁ%sﬁgér{g u'{; lf’ée/lfoeagﬁ lgt%?{ﬁlgﬁ%rgf ?riwc?ﬁtﬁ)oélra f‘yaysﬁlrl%fbéfrardgl(ﬁlfm%l finates
may al so Iseitabieesdlt aslutams suchfas trfagnésitint ¢hidridagplayiatnennlfas adieielikd) e mathbldsS.  Pat .
Nos. 5,285,002 and 5,378, 782). .The f] uoroplastic |atex preferably is

cat i on- ex PR SHFEEEHAOBETekIgVY céth(??ftsikgiﬁg]%g?f‘ﬁ'hydrogen ions prior to conbining

this |atex W t iThé biendslcbobO@apehedBY standard theth®@ (e. R 0@ ESvevEl e
fl uor oel ast orr&s,r um and fluorgplastic latices can be coagul ated using a

hi gh- pr esstil geknore that g fraghogpicn g sparebiay of te matsripls osqyes. ek fepce  of
di ssopved Gasilatiod méBod0BEhEEIDAL Rﬁ?&xﬁ@%@%%@é’g%?aﬁﬂn) fePreRErelisStoBy el | .

S u .
Hi gh-pressure coagul ation techniques are known uor opl asti c processi ng
t echni quesviea thg end upegs squaicepcipioappBcaiess. 021) . I n general , hi gh-pressure

homngeni zat | onpLAYOLYES, nERARASSS hcARLuIREIRE X3itheh Ui ldinfog! ast oner

gunt fl uoroplastic late nation throu a series of small opénings to
form a coaueferablyby piiking theinelyciveided salidsdntol thaghm stocka dterdve, ether adnvemtionalhe

| atices c . t | DEE. canvent| I : ) di tion of
sui t bl o SOV DRHAERE A SRl RER- OB ERHRR TS T PRI & 0" P
| i ke.15The ‘wetr¢hgtthe teafpembire oftbagintat oo theawill shoubdumt trise 4hvos ebaski2’@d i n t he

art. The bl ends, can. be cqaqul at ed by standard net hods ) salt addition),
novever one. s BhY RBLHE A AR SN R s FRtec e e it B fesBRdt | on b
t he mat er ishh® 206 theh auto8alifg dtt@BperdtitecBAgeInaALE aid 1880 0dsre pRAUTRIIE BétRedn
ul trasonic, frff’fog ctoaigoul ati ,onze are preferred, sp?ci al | ){ )

150 an C) for 10-120 minufes (typically 30-60 minutes). Alternatively, articles can be

prepared by compression molding the compounded blend in a mold e.g., a cavity or a transfer

20 mold, followed by oven curing. Compression molding of the compounded blend (press cure) is
typically conducted at a temperature between about 95°C and about 230°C, preferably between
about 150°C and about 205° C, for a period of from 5 minutes to about 5 hours, usually from 10
minutes to 60 minutes. A pressure of between about 500 kPa and about 15,000 kPa, preferably
between about 4,000 kPa and about 8,000 kPa, is imposed on the compounded mixture in the

25 mold. The molded vulcanizate is then usually post cured (oven cured) at a temperature between
about 150°C and about 260°C, usually at about 232°C, for a period of from about 2 hours to 30
hours or more depending on the cross-sectional thickness of the sample. For thick sections, the
temperature during the post cure is usually raised gradually from the lower limit of the range to
the desired maximum temperature selected. For thinner cross-sections, e.g., less than 5 mm, the

30 vulcanizate or cured sheet section may be put into the oven at the desired maximum temperature.
The maximum temperature used is preferably about 260°C and is held at this value for about 4
hours or more.

The invention will now be described further by way of the following examples.
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when the end use is sem conductor applications. Before curing, the

coagul ated and dried curable blend is conbined with a curative, preferably
by mlling the finely divided solids into the gumstock. However, other
convent i onalVo 2004158+ ni xi ng devi ces, such as Banbury mi xePSIUPLEOBIH e
used. To avoid premature curing or 15 "scorch,” the tenperature of the

m xture on the mll| should not rise above about 120C. The nol ding and curing
process typically involves extruding the blend into the desired shape and

t hen autoclaving at tenperatures between 125 and 180C (nore preferably
between 150 and 170C) for 10-120 m nutes %t gl cally 30-60 m nutes).
Alternatively, articles can be prepa npr essi on nol di ng-t he
conmpounded blend_in a nold e.g., a cavity or a transfer 20 nold, followed by
oven curing. Conpie@dicgsd ’E?é‘f‘léﬁ“i*?@e %‘?talfl?ijélsé’éﬁ]ﬁofeﬂ‘a@é}g tasemethedsy wess ofieyisq s
typically c%fgglcmeﬁt,esaltg??grq@%rt@,lg)&qdwen about 95C and about 230C,
preferably between about 0C and about 205 C, for a period of from5

m nut esst o dssMethodours, usually from10 mnutes to 60 mnutes. A pressure
of between about ¢ MRERsAhout
4,000 kPa and abogltoeoréJé giggﬁ geS%q?égé f&ﬁ%ggg%rgd;@? ?g%p%ﬁlh%eagﬁé xtur ea%:&)n t he
25 ol d. ThéMovpigdeid Rhedroeten MR Mede BeN9 in secatdageepuitt ASTIVIE ST89vda at Bif0elt) at a

t enperature L 0] ut 150 6 usual | abaout 232C for a
e od of 1 (e Tere 31 Bufes AR afitL P Ui 0dt e B i R BT e
Cross-sect i qRR} ardhighkfiesguaittailRe a5 DecifiQ pekibll 6KtiHe FhéPmSplatbdior maximum
tenperature during the post cure is usually raised gradually fromthe |ower
limt ab t heorm&n\gﬁ obtainet] il @stermeaisurak | Alsomtaned matathe time fadhedrqueer t hi nner
Cross-sections, | ess than 5 mm the 30 vul cani zate or cured sheet

séction may Iwaﬁﬁﬁ milﬁtabo‘teﬁ‘éL 6331, the timedontbe foraug t?rﬁﬁ?hﬂ@ﬂeéﬂp@ﬁ‘amo 5(Mihe

t d f bl 26 | t thi |
for anout - 4™ Mgty Sne Srobles e O SR+ RSMBS W04 B0Beq f urt her by
way of the foll opiR@ca¥@ Pnfile sheats miRuaRPH060R4% . 6’% Hﬁ@%fgg%@e}@ﬂm ared

EXAMPLES The i ndicated results were obtai ned usi ngd foll owng
met hods, unlferebyseahpropertedetermination hpressingtat phoy .9 %EB@%EF] (MPa) fw; 19 alwrécs

bel ow. Test ogy: Tests were run on uncured, conpounded
sanpl esgu5| ?ldg %%’? &E%m%%d D e Rheoneter (MDR) Model 2000 in

accordance with P&‘s’fMdBe5E&95-&ﬁai @inpl/Ali€ets and O-rings were exposed to heat in air using the
following four stages of conditions: 16 h at 175°C; 4 h at 200°C; 4 h at 250°C; and 8 h at 275°C.

The samples were returned to ambient temperature before testing.
- Physical Properties: Tensile Strength at Break, Elongation at Break, and Modulus at
20 100% Elongation were determined using ASTM D 412-92 on samples cut from the press- and
post-cured sheet with ASTM Die D. Units are reported MPa.
( Hardnpess: Samples were measured using ASTM D 2240-85 Method A with a Type A-2
Shore Durometer. Units are reported in points on the Shore A scale.
Compression Set: O-ring samples were measured using ASTM 395-89 Method B, 70 h
25 at various temperatures and 25% deflection. The O-rings had a cross-sectional thickness of
0.139 in. (3.5 mm). Results are reported as a percentage of the original deflection.
Materials
Fluoroelastomer A: A fluoropolymer prepared by aqueous emulsion polymerization
having interpolymerized units of 65.8 mole percent tetrafluoroethylene (mol % TFE), 33.34 mol
30 % perfluoromethyl vinyl ether (PMVE), and 0.90 mol % of a nitrogen group-containing cure site
monomet, CF,;=CFO(CF,)sCN (MV5-CN).



(188C), no pre-heat, 12 mnutes elapsed tine, and a 0.5 degree arc. Both the
m ni mumtorque (M) and highest torque attained during a specified period
of tinme when no plateau or nmaxi mum 10 torque was obtai ned (MH) were

measur ed.wéhkee/Hneasured were the time for the torque toP¢T/URWPERSBEOD units
above ML ("t52"), the tinme for the torque to reach a value equal to M. +
0.5(MH | - M) ("t'50"), and the tine for the torque to reach M. + 0.9(MH -
M) ("t'90"). Press-Cure: Sanple sheets neasuring 150 x 150 x 2.0 nm and

about 6. 0 Negd RERZfbmek B ARG e AR o R0 Bl By BT 2™
not ed. Poba‘vir@mterpo]?mﬁsedauntedf Seihpbles SHECT B0 mod‘Vo(IlMVHmdvl/éhﬁole% pbsed to beat

inair M;g(r;g foll owing four stages of conditions: 16 h at 175C, 4 h at
200C, 4 h 0C, and 8 h at 275C. The sanples were returned to anbi ent

t enper at ur e bdflas@plastié Cng. 408%&&&&@%5@&@61&&&&: equiiet] weth st aigh ki aBr eak,
El ongatl op.at. Br ea% BCﬁnd I\/bd [ u t 41 0% El ongati on, were determ ned
usi ng® AST %’H‘l?"a@ 1 V\‘alteéﬁ? Y prgaeiug pariugiogetappte (Planeet

Wi th ASTMditRnD. Atdide sﬁﬁgftlfe@%?éni qsérlé@@orvéﬂah@m&%ﬁ@m QBandF8 measured
usi ng ASTM D 2240-85 NMethod A with a Type A-2 Shore Durometer. Units are

reported MFofsehioresh O Hebastpliawved by é]éﬁl”%ﬂg 2 PRYE{lo TFEayes tradperg te #9p| es
were measyy ?\9: Wil Qgreﬁé\éfqgfba@@as'\@%ﬁ% 1B Zpthg'gol%ﬁnx‘i‘%au&ﬂfnﬁ i Apperatur es

and 25% de ection. The O-rings h a Cross-se ness of 0.139
in. (3.5 disjolverds i mbwalier waspbnodusdd tegnitiats@olysstizafion o he pressoreuvgswkapt
deflectio A [ I r y
aquedis crgietey Bl TN Y ASARE OFPE 1 a e SRIRAY, YRhe RAPRASIONEY s 11
per cent t empaift bfi®B be T armmulaal of%H'EEW -S53N 841 1l ABFD %hpmnf(m%}wmt hyl

el U SR R Tl RS R RHLS B ' 1
FI uor oel aghentke paméliahowwe@@ctppm: rancpma pAatRtlwhyveatid and dischatges] 831 of a
o e | 23 o Do 0 LB TBEZED AL F B S B G S0 0 o
steehsr eaemmct@ﬁmsp%ehg%mc@ s&E DO Kl m¥¥BhKpdist AT C; MBRQ72vCrs Keywas filled
with 29L dei onized water and_ 150 anmoni um per fl ugro octanoate ( 30%
PPVE-1 content 3.9 wt % and MV-5 CN content of 0.8 wt % (by FTIR).
Fluoreplastic D: A fluoropolymer prepared by aqueous emulsion polymerization (as in
Fluoroplastic C except that no MV-5 CN was used. |
Catalyst Preparation: A 2 L round bottom flask was equipped with magnetic stirring, a
20 temperature probe, and connection to a nitrogen bubbler. The flask was charge& with 188 g
(0.65 mole) perfluoroadipic acid {(made from octafluoroadipoyl fluoride available from
SynQuest Laboratories, Inc., Alachua, FL) and 488 g of distilled water. While stirring, 898 g
(1.3 mole) of a 40 wt% aqueous solution of tetrabutyl ammonium hydroxide (available from f
Aldrich) was added over 1 h. A slight exothermic reaction was observed. The mixture was
25 stirred for another hour at room temperature (around 23°C). The flask was heated to 65°C under
a reduced pressure of 15 torr (2 kPa) to remove water to give 523g (0.65 mole) of
(C4Hg)sPOOC(CF7)4COOP(C4Hs)4 in quantitative yield. The bis-(tetrabutyl phosphomium)-
perfluoroadipate had a melting point of 123°C. FNMR confirmed the structure and 2:1 molar
ratio.
30 Catalyst Masterbatch: A mixture of 80 wt % of Fluoroelastomer B was blended using
a two-roll mill with 20 wt % of Catalyst.
All other materials were commercially available from Aldrich Chemical Co., Milwaukee,

WI unless otherwise indicated.
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solution). After degassing the system the reactor was heated to 63C, and
et hane was introduced to reach 0.11 bar, followed by chargi ng 200 g PPVE- 1.
-+ TFE was introduced to the reactor until a pressure of 13 ched.
1.2 g of t HOZBHPAYf zation initiator APS, dissolved in ggﬂkfmv\g{ﬂes?& was
introduced to initiate polynerization. The pressure was kept 10 constant by
feeding TFE and additional PPVE-1 in a ratio of 1:0.041. Having reached a
total anount of 6.3 kg TFE, an erul sion of 116 g MWW-5 CNin 116 g APFO

sol ution (3@mples! amd@ed. The pol ynerization was continued until a total
amount of 6.85 e XW i zat to d, and
the reactor was K@Eﬁ?‘g’aw@ﬂa‘g@?‘gg@ rgeIAQqu@%pEeg aP% épe@sjlogﬁ 0\7\,1 fﬂﬁ%m@ (BJT%ICdS
content of U8 Thedapaxbledoitves tieeal. coﬂ'gniatqdpwwmd ahlthdhetdh@élfpbi dfottads blpnd Wras

o 2oc" ! PR AR 0L 51 0 o (Bt s e (BT

-Fl uor op4 ast ll@p@rﬁ»ﬁnemsﬂﬁﬁ QR ellabieis AN R Ed foyh Bégmeﬁuan@mlpmgﬁtaml ymerization
(as in Fl uoro Ias£| eixce pt that nqo MW-5 ELﬁed Cat alﬁ/
Pr epar at i onMag fi’a'i_ E{Eﬁi’éP HoMeHAEPIreks lﬂg’éal@a%ﬂ ﬁ&éﬂt VRCIANREE WasHstdri ng, a

20 tenperat gg@ IQJ\QJS%@ rpRdd GRIMIRE] QR CEO-B THERUS BreBatiRIc8 in thyf%lefs bask. was
charged with 1% 0. 65 nole) perfluoroadipic acid (nmade from

oct af | uoroa&iomi’?ratﬂ’le rpmgles daaid 26l addGE-25ynQuest Laboratories, Inc.
Al achua, FL) andrfl§8.9 opﬁ‘lu@oﬁﬁtﬂ%&x&q& lﬁéndeyglt h@w@tﬁ} Sl Q@W/%%?Fgomgl]ast?b ol e)

of a 40 wtl o aqueous solution of tetra ni um hydr oxi
from APdri ¢h)Thadatexdddetslovasleqn cbagylaten], Whﬂhgﬂhtanéﬂmm%thOﬁtba@hnéWaWas

b d T
Caround 2acs St BRFR QT ileB o B0 o ket Fhe RO OSIRIAARN" ¢
&r (2 kPa).stphr fuered vBicavGitveilables giewsil B253 ot Bégusm). a)ld @5 phr Catalyst
H9) 4PCQ00 4% ti |.d bi t rabutyl
éhos p%loni un@gé@ﬂc u ? S)a’é?Pé*‘fﬁ%‘%a né%%f(::e\égﬂ é?)rsfﬁlfl St% er &'IEZSS (I?/Rr 2oﬁf %/r med
the structure an(duIB rHeoltply adsts wedd 1u.on 3 vnadred, ysmpdvindédyahmplec fThe@esiIltsttrelr e of 80

Cat al ydo | APEOQRRBTEPlr ApeeRLHE CoLRARI PR 0F Peh Grid, BRENRY | ch

Chemi cal Co. subsé(%lle cured/ I THERDL R TTreQ AR B&e tebdil ElcBfpressiéh 30t 20060944
PCT/ US2003/ 038104 les | and 2
temperatures and ange In properties on heat aging. The test results are included in the table.
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The | atex of Fluoroelastomer A was blended (at 80 wt %9 with 20 wt % of

Fl uoroplastic C. The |l atex blend was then coagul ated, washed, and dried. 94
phr of this blend was conpounded with 4 phr Ti 02 (aval tone A 110
from SakNO MMM s, osaka, Japan), 5 1.5 phr funed S|Aﬁa@é§2{)§’\/ﬁé‘goébl e as
Aerosil R 972 from Degussa), and 7.5 phr'Catal yst WMasterbatch. Exanple 2
was prepared as in Exanple 1 except Fluoroel astoner B was used. Sanples

were prepared and tested as in CE-1-2. The results are included in the

t abl es bel ow. Oorrpar ative ExanpTsisie1: ’amIRZsu(l@E-l and CE-2) The | atex of
Fl uor Oel ﬂﬂ%ﬂll WaS ”]%pded /:\f QCL \A#QA \A ‘_TI 20 \'A‘i{%_{}fr F| llnrn_rﬂ ast | Cc 10
D. The | ‘?end was t hen coagul at ed, @Jﬁ and dr i ed.| 94C h71' off this
bl end vvaEc“ﬁmgmqfed wth 4 phr TrOZ §avail abl e as Ti tong A/ TI0U Trom Sakai
Chem cals,—Osaka, Japan), C 1.5 phr fumed silical(availablle as Aerqsil R 972
from Degussa) MGy, 5 phr Cafal Y2l  Mist ePBAt ch| CHELY was prépared|as in
CE-1 eXxCEPt Fipyo, g\?gl—olbtumﬂ Wet sed: uullsrl trep cf eStis—weTR—um on t he
uncur ed, |_conpotth anple. The resultg areée ncI udled iin thé tablle. A
sheet of the Mprp My ®ied) adm x} ur d.48as press.SQurej, test ed,| and.40subgequent |y
post - cur pd—7Fhe es)t cured—sa !es wer-e—t-ested-f6r em‘j,fe“'nfi set—at
vari ous terrpé?& es and change %0 pr per?igés on he]ag agin ’I7ﬁe t est
results pre TRgbyday i n the thbl .28 C {11 Wog20047 069944 CT/ W54003/1038104
Table 1:|Test. Results Exanplel 1 CE-1 2 !CE-2 Curée Rheologyl M (N-m) 10. 21
0.20 0.17 0. 15906mml|\Lm) 1.64/ 1. %274, 61 1.5853 M| - MOUN) 1649 1.32 1.44
1.40 t,g B3I 76— t750(m ) 6728588258 274"
t'90(mn 0&% § %fyégﬁ?ﬁgﬁﬂeg A0 Oiginal Physical Propertiies Tensilie
strengt h| ( Mladsilé 4r@@thiBIFLD 11} 72142338 | El thyati on dl.7Break (99.3810 {345 2(40_
240 Flongation at break (%) 310 345 240 240
100% modulus (MPa) 4.17 3.98 438 4.27
~ Hardness (Shore A) 79 77 78 77
Heat Aged 70 h @ 290°C per
ASTM D573
Tensile strength (MPa) 16.25 16.18
Elongation at break (%) 380 415
100% modulus (Mpa)
Hardness (Shore A) 76 74
Compression Set
70 h, 315°C 54.1 67.8 56 64
70 h, 325°C n/a n/a 40 46 ,

10

The results in Table 1 demonstrate that incorporating a nitrogen-containing cure site into

a fluoroplastic results in fluoroplastic/fluoroelastomer blends having improved properties. In

particular, the cured blends exhibit improved compression set values relative to blends in which

the fluoroplastic lacks the nitrogen-containing cure site.

A number of embodiments of the invention have been described. Nevertheless, it will be

understood that varions modifications may be made without departing from the spirit and scope

of the invention. Accordingly, other embodiments are within the scope of the following claims.

All publications and patents cited herein are incorporated by reference to the same extent as if

each mdividual publication or patent was specifically and individually indicated to be

incorporated by reference.
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100% nodul us (MPa) 4.17 3.98 4.38 4.27 Hardness (Shore A) 79 77 78 77 Heat
Aged 70 h @290C per ASTM D573 Tensile strength (MPa) 16.25 16.18

El ongation at break (%9 380 415 100% nodul us (Mpa) Hardness (Shore A) 76 74
Conmpression Set 70 h, 315C 54.1 67.8 56 64 70 h, 325C n/a n/a 40 46 The
results in Table 1 denonstrate that incorporating a nitrogen-containing cure
siteinto a fluoroplastic results in fluoroplastic/fluoroel astoner bl ends
havi ng i nproved properties. In particular, the cured bl ends exhibit

i mproved conpression set val ues rel&t ) to blends in which 5 the
fluoroplastic | acks the nitrogen-cé%%%ﬁﬁ?ng cure site. A nunber of

enbodi nents of the invention have been described. Nevertheless, it wll be
under st oqd t hat variloLi!s nmodi.f.i cations ng]i/ be nmade.w t hout %g{)arhi ng fromthe
spirit ald scopluorgplagiceOompiding A girosRpEaTtantRg qyre SERnd LB IHVALFPD ar e

wi t hi n t helustinged flondher, Whklemhe gurelsié ¥ielectbd Fropddl dnfidink @Rsupaiiskipat ent s
cited herein are incorporated by reference to the sane extent as if 10 each

i ndi vi dudhergatindcambyiations thereaht was specifically and individually indicated
to be incorporated by reference. -12 CLAIMS 1. A fluoroplastic conprising a
ni trogen-containing cure site and units derived from a fluorinated nononer,
wher ei n tZhe curdugoplasticacewlling tedaim b mharirssidnitreggrouminiag saktsite tsher eof
and conbi nati QoS thetr eof . é? A fluoropl astic according to claiml wherein
sai d ni t SSYLT-IIHN A ARGy CRIpRINg QU SIE MU o 1 om a ni t r ogen- cont ai ni ng
cure site nmononmer. 3. A fluoroplastic according to claim21 wherein said
fluorinated nmononer is selected fromthe group consisting of

perfl uorool efins, perfluorovinyl ethers, and conbi nati ons thereof.

3. A fluoroplastic according to claim 1 wherein said fluorinated monomer is selected
from the group consisting of perfluoroolefins, perfluorovinyl ethers, and combinations

thereof.

4, A fluoroplastic according to claim 3 wherein said perfluoroolefin comprises

tetrafluoroethylene.
5. A fluoroplastic according to claim 3 wherein said perfluorovinyl ether is selected
from the group consisting of perfluoroalkylvinyl ethers, perfluoroalkoxyvinyl ethers, and

combinations thereof.

6. A fluoroplastic according to claim 1 comprising units derived from (a) a nitrogen-

containing cure site monomer, (b) tetrafluoroethylene, and (c) a perfluorcalkylvinyl ether.

7. A fluoroplastic according to claim 1 wherein said nitrogen-containing cure site is

derived from a nitrogen-containing chain transfer agent.

8. A fluoroplastic according to claim 1 wherein said fluoroplastic further comprises

bromine atoms, iodine atoms, and combinations thereof.
9, A fluoroplastic according to claim 1 wherein said fluoroplastic is in the form of a
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4. A fluoroplastic according to claim3 wherein said perfluoroolefin
conprises tetrafluoroethylene. 5. A fluoroplastic according to claim3
wherein said perfluorovinyl ether is selected fromthe group consisting of
per fl uoroal kyl vi nyl ethers, perfluoroal koxyvinyl ethers, and conbi nations
thereof. 6. A fluoroplastic according to claim 1l conprising units derived
from(a) a nitrogen- containing cure site nononer, (b) tetrafl uoroethylene,
and (c) a perfluoroal kylvinyl ether. 7. A fluoroplastic according to claim
| wher e noRalifd Bl SRR QrdCorfbtises SifsieliVed MR INCMITAMA

ni t rogen-cont ai ni g chain trans{er agent. 8. AT uoropl astic according to

cl ai m | wherosien asdihg shéllormapisasthe itfogen-wentaiomgpuiesets. broni ne at ons, i odi ne
atons, and conbinations thereof. 9. A fluoroplastic according to claim!]
wherein said fluoroplastic is in the formof a - 13 core-shell polynmer in
whi ch t hel(cor e\ esxoneising fluofopliatic particibs thm inbladé & niogaat@tainimgrorer and t he
shel | conpri Sées the nitrogen:containing cu;@ site. 10. A latex conprising

f1 uor opl a¥ERed paitsderived irom 2 flqoriaptsd mogomes, phgiein the sgisHs Hpelegied frog) t e and
uni ts derdnvaddiht @oud, 4 LahiRat Sl I RIons WRRLEI N the cure site is selected
from an am dine group, a salt thereof, and conbinations thereof. 11. A

| atex according to claim 10 wherein said particles have a particle size

i f . bl | end i Si ng:
200 OM 0 ko SR 3N byl PSRBT 1O (2

conpri si NigorA aliuit 10geibon0fMEHM] Ng cure site and units derived froma
fluorinated nmononmer. 13. A curable blend according to claim12 wherein said
nitrogencontaining cure site is derived froma nitrogen-containing cure

site nmonofer . Afurable ‘B}é'haQbﬁl{)h&iﬁQQa)a@ﬁ&frgﬁlQﬂictaﬁd thd fotceish&iginsai d
nitrogen-containing cure site nonomer is selected fromthe group consisting
of ni tri tseiddorerlastin gompriging i ngrogemoentaining cureisge ard umtﬂ@tlmedwgom@r e site
nononer s t?u%ginsal ts txtfl@nIIGOf’ i m datecontaining cure site nononmers, and
conbi nati ons ?tﬁ%r E8P"*M5. A curabl e bl end accor di ng to claim 14 wherein said
nitrogen-containing cure site nononer conprises a nitrile-containing cure
site nononer. . . L . L.

13. A curable blend according to claim 12 wherein said nitrogencontaining cure site is

derived from a nitrogen-containing cure site monomer.

14. A curable blend according to claim 13 wherein said nitrogen-containing cure site
monomer is selected from the group consisting of nitrite-containing cure site monomers,
amidine-containing cure site monomers and salts thereof, imidatecontaining cure site

monomers, and combinations thereof.

15. A curable blend according to claim 14 wherein said nitrogen-containing cure site

monomer comprises a nitrile-containing cure site monomer.
16. A curable blend according to claim 12 wherein said fluorinated monomer is
selected from the group consisting of perfluoroolefins, perfluorovinyl ethers, and

combinations thereof.

17. A curable blend according to claim 12 wherein said nitrogen-containing cure site

is derived from a nitrogen-containing chain transfer agent.
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16. A curable blend according to claim12 wherein said fluorinated nonomner
is selected fromthe group consisting of perfluorool efins, perfluorovinyl
ethers, and conbinations thereof. 17. A curable blend according to claim 12
wherein said nitrogen-containing cure site is derived froma

ni trogen-containing chain transfer agent. -14 18. A curable bl end according
to claim12 wherein said fluoroplastic further conprises brom ne atons,

i odi ne atonms, and conbi nati ons thereof. 19. A curable blend according to
claim12 m’”er Al Sirdd Blchd BRI SR dIfm! 12 Wﬂbrélﬂgalfi@lﬁlm ?fastl@fm&e shel | pol ymer
in which the core conprises units derived fromthe fluorinated nononer and
t he shel Icomprijssibsuming Roms; odingatpneso mdgomineptions dergiof.e. 20. A curabl e bl end
according to claim 12 conprising fromabout 1-70% by wei ght of said
fluoroplastic. 21. A cured, shaped article conprising: (a) a fluoroplastic
and (b) a9f | uerairsdsblendaccording © ddimo2opiensih baid Cloogoplasiin imthe form of

ni trogen-cont ing cure and units deri ved from fluorinated nononer.
22. A cufé& re'@‘ﬁﬂ g’”&f"ﬂ Wﬁ’éﬁgteé'ﬂfecﬁqli‘&risﬁs witsidegived fmalﬁiqi-‘oé‘&?tﬂ darticle has a
conpr essighoff axﬂﬁhgElfé@%%’inph@@ﬂh@l?%?enzébﬁtﬁﬁﬁ\xg'E:ur%@n@our s at 315C. 23. A
cured, shaped article according to claim2l1 wherein said nitrogen-containing
cure site is derived froma mtrogen containing cure site nmononer. 24. A
cured, shgped ,alfigl Eleﬁ:f&cocoﬂd oc‘?al 1%' %ﬁsm’g‘%{oﬁl ﬁ{"i %?' ty Q&gR-cFont al ning
cure sité nmononer 1S se ecte rom onsi s

ni trite- caidtforuphgticure site rmnorrers am d| ne- cont al n| ng cure site nononers
and salts thereof, imdate- containing cure site nononers, and conbi nations
thereof. 25. A cured, shaped article according to claim?24 wherein said

ni trogen-ogont @Jdiirél%sha%ﬂ ﬁrtﬂet&n%@fﬁ@e(ra)ﬁﬂ[f&‘bbﬁ@t& a%dflb}iﬂh&o&gﬂ&ﬁbﬂ“ ng cure
site nononer. 26 cured, shaped article according to claim21 wherein said
f1 uor i natseid flwereplastic camprisingsnigragdn-enntaining eure site anshiiits deveddtom a

per fl uor | uorovi nyl ethers, and conbinations thereof. -15 27.
A cur ed, % lg'tb"let mo{?ﬂ%%%e according to claim 21 wherein said

ni t r ogen- cont ai ni ng

22. A cured, shaped article according to claim 21 wherein said article has a

compression set no greater than about 70% after 70 hours at 315°C.,

23. A cured, shaped article according to claim 21 wherein said nitrogen-containing

cure site is derived from a nitrogen-containing cure site monomer.

24. A cured, shaped article according to claim 23 wherein said nitrogen-containing
cure site monomer is selected from the group consisting of nitrile-containing
cure site monomers, amidine-containing cure site monomers and salts thereof, imidate-

containing cure site monomers, and combinations thereof.

25. A cured, shaped article according to claim 24 wherein said nitrogen-containing

cure site monomer comprises a nitrile-containing cure site monomer.

26. A cured, shaped article according to claim 21 wherein said fluorinated monomer
is selected from the group consisting of perfluoroolefins, perfluorovinyl ethers, and

combinations thereof.
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cure site is derived froma nitrogen-containing chain transfer agent. 28. A
cured, shaped article according to claim 21 wherein said fluoroplastic
further conprises brom ne atons, iodine atonms, and conbi nati ons thereof.

29. A cured, shaped article according to claim?21 wherein said fluoroplastic
isinthe formof a core-shell polyner in which the core conprises units
derived fromthe fluorinated nononer and the shell conprises the

ni trogen-containing cure site. 30. A blend conprising (a) a |atex conprising

fluoroplagiic p @ﬁxteﬂ thﬁedad?gclé Bdcofdibo®taimCA Widraih B8d hitHREREbAShHEET gum

particles, said fluoroplastic partitles conprising a nitrogen-caontaining
cure si tecmsitmmdclsvedefrqnvedltlfqgmaltalhmgrchmattledsfmmer 31. A blend
according to claim 30 wherein said fluoroplastic particles have a particle
size ranging fromabout 10 to about 500 nm 32. A process for preparing a

fl uoropl az8.i ¢ &eimed) shapdl arli€lg atdotdindtocildig 2 Whdisih saif Glupfipldsd@hireconposi ti on
conprising at, |east one fluyorinated mynoner into a ol ynerization reactor
(b) pol ynE¥mpFisapbreming Aenh dading ¥pmp,and gpmbinatiensdhereef- f orm an at | east
partially polynerized conmposition; (c) introducing up to 40 wei ght percent
(based on the total weight of conpositions introduced to the reactor) of a
second po?%nera zmbﬁ,eshapﬂdmm@lé a¢cordingtocslaime? 1rvgeertinsaid ébzbd)pbmi@bsiil theon

| f i
component e £ seeR st GleY i iEF Blico®eorPobent R aRRE Tl Mure S T °

conponent flvdrinkted aidthofnletiaid ﬂhatsleeail dﬁiﬁfp@l@ﬁrthé Ritfo@ént dtdihiug h@@l sastic. 33. A
process according to claim32 conprising introducing up to about 20 wei ght
percent of said second pol ynerizabl e conposition. 34. A process according to

claim 32 gpnpri %le‘ﬂg chibfiQAY &) 'agatl‘:';pcc;ngpr%h%ﬁuo%léfﬁb IBkicleRhE B 18Ex Sai d

second pol yrmeri zabl e conpositio
comprising fluoroelastomer gum particles, said fluoroplastic particles comprising a

nitrogen-containing cure site and units derived from a fluorinated monomer.

31. A blend according to claim 30 wherein said fluoroplastic particles have a particle

size ranging from about 10 to about 500 nm.

32. A process for preparing a fluoroplastic comprising: (a) introducing a first
polymerizable composition comprising at least one fluorinated monomer into a
polymerization reactor; (b) polymerizing said composition in said reactor to form an at
least partially polymerized composition; (c) introducing up to 40 weight percent (based
on the total weight of compositions introduced to the reactor) of a second polymerizable
composition into the reactor, said composition comprising at least 70 weight percent of
nitrogen-containing cure site component; and (d) copolymerizing said nitrogen-

containing cure site component with said fluorinated monomer to form a fluoroplastic.

33. A process according to claim 32 comprising introducing up to about 20 weight

percent of said second polymerizable composition.

34. A process according to claim 32 comprising introducing up to about 10 weight

percent of said second polymerizable composition.
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