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P S. - 1 DESCRI PTION CROSSLI NKABLE ELASTOVER
COVPCSI TION AND MOLDED ARTI CLE COVPRI SI NG THE

CROSSLI NKABLE 5 ELASTOVER COWPOSI TI ON  TECHNI CAL FI ELD
The present invention relates to a crosslinkable

el astomer conposition, which has small decrease in
weight to all plasma 10 treatnent of NF3 plasma
treatment, 2 plasma treatnent and fluorine plasnma
treatnment in a sem condu@BSCRIPTIE@BL uri ng process and
significant plasma resistance, and a nolded article
conprising the crosslinkable el astoner conposition,
specifically sealing material. 15 BACKGROUND ART Pl asma

equi prentCROSSEINKABLEEERASTOMER COMPASITION ANDal
vapor deposition (CVD) steps of a sem conductor

manuf acMOLDED ARHCLE COMPRISINGHTHEOROSSLINKABILLE C
sealing material is used to seal various connecting

and novabl e parts. HLASTOMEREGOMBOMTHDNal s are

required not only to have sealing properties, but also

to be able to withstand harsh plasma treat nent

conditions of high-density (1012 to 1013/cnB), as

sem conductors are bec@BEQHNIGAILr BEEDDI ¢ and substrate
wafers are becom ng large, and to not contam nate the

sem conducThe, preseniti inivemtiore relateprteca srosshicdkeablselastomer
is required. As an elastoneric material of sealing
neompiositiohat widoh hesdlsmallcldedeeaselsin aweighlet ital &lh plasma
whi ch an organic or inorganic filler is conpounded to
alreptmsin Fe plasma treaginento @y plasmadaeafment and fluorine
plasma treatment in a semiconductor manufacturing process and
significant plasma resistance, and a molded article comprising the

crosslinkable elastomer composition, specifically sealing material.

BACKGROUND ART

Plasma equipment is used in the etching, ashing and
chemical wvapor deposition (CVD) steps of a semiconductor
manufacturing process. In plasma equipment, elastome_ric sealing
material is used to seal various connecting and movable pafts. These
sealing materials are required not only to have sealing properties, but
also to be able to withstand harsh plasma treatment conditions of
high-density (10 to 10¥/cm®, as semiconductors are becoming
microscopic and substrate wafers are becoming large, and to not
contaminate the semiconductor, in which extremely precise processing
is required. As an elastomeric material of sealing material that can
handle such demands, a material in which an organic or inorganic filler

is compounded to a crosslinkable fluroine elastomer is used.
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In order to clean the chanber of CVD equi pnent after

the thin filmformng process by CVD, cleaning is

conducted by high-density F radical using NF3 renote
plasma. Also, in the etching and ashing steps of a

sem conduct or manuf acturing precess, 02 plasm

treatnent 5 and fluorine plasna treatnent are

conducted. Consequently, the sealing naterial is

requi red tin bader testleaantse chashbepiof E¥Dpeguiment after the
treatnment, 02 plasma treatnent and fluorine plasm

titsatfiten formhitvepedcesshby QD cleaning ¢s eondlickéd by hight-density
are conventionally wused or suggested are used, such as
cRradicdl asing NFj cemdterplesamp! eAlsal tins ¢he Jetghireg eand ashing
Patent No. 2783576 and Japanese Patent No. 2658198)
pstepkadfr @ fsemicoadndten endRlifddtupimgl process, abj plasmadtreatment
powder, clay, talc and bariumsulfate, the naterial

caamdh ofluloasiree spifabira ereatmenst ane ecomdacted. of Odibsqujueeattly, the
treatnment, 02 plasma treatnent and fluorine plasm

tsexdimge mhaterbalAds arefquiitert tohhave sresistaneet bo NHB ¢fl Nd¥yaplasma
treatment, 02 plasma treatnment and fluorine plasm
ttreatmment, Oglplasmm treatmerntranid fRhidrime plasma treatment.
suggested (for exanple, see WO 00/64980, WD 01/32782).

Al um na haHoweyeagdirnatragéenél whersinafilers thabate 6@nventionally
plasma and fluorine plasm. However, there is the

pasid en suiggested mneauaed e buchtas catbor drladks isilicaffox example,
fluorine el astoner under NF3 renote plasma. On the
osdeeJapandse dPatemtd¥of 27835 7Ex aindl Japexcet | Ratent No. 2658198)
resi stance under NF3 renote plasma, but |acks

r pelytetrafiworaethylone {PAER) possiare dilenivisn oxdespewdsreelay, talc
conmposi tion having resistance to all of NF3 plasna
tandthanam sulfptesthe matarisd canned aveosullicipntisesistace to all

treatnment is not yet known. s 3 - DI SCLOSURE OF .
| ofvN¥5 plasma treatment, O, plasma treatment and fluorine plasma

treatment.

As a filler that is stable to NF, plasma treatment, O, plasma
treatment and fluorine plasma treatment, alumina and an imide filler
have been suggested (for example, see WO 00/64980, WO 01/32782).
Alumina has the advantage of resistance to both O, plasma and fluorine
plasma. However, there is the problem that alumina accelerates
degradation of a fluorine elastomer under NF; remote plasma. On the
other hand, an imide filler exhibits excellent resistance under NF,
remote plasma, but lacks resistance under O, plasma.

Consequently, an elastomer composition having resistance to
all of NF; plasma treatment, O, plasma treatment and fluorine plasma

treatment is not yet known.
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The present invention ainms to provide a crosslinkable

el ast onmer conposition, which has snmall decrease in

weight to all plasnma treatnment of NF3 pl asna

treatment, 02 plasma treatnent and 5 fluorine plasma
treatnent which are conducted gn_a seni conduct or

manuf acturing process and significant plasna

resi stance, and a nolded article conprising the

crossl i nkabl e el asDIBELOSWURESOF INVENTION s, the

present invention relates to a crosslinkable elastoner
conposi t i dhhé opresersninpentions aionprtesi prppvde a  crosslinkable
crosslinkable 10 elastonmer and a carbon fluoride
felastomeTheompursitionk awhéck| has ospralt abqomyeaseom cseight to all
contain a silicic conmpound inorganic filler and/or a
fplalsena ¢ocatrnenh @f NEy plasmactreatsnest, haplagma treatment and
thermally and chenically stable aromatic ring in the
rililorinehplasmastrdadmantt wdiich pot ywosduetednin a semiconductor
thermally and chemically stable aromatic ring in the
naanufbsturing (prefoesabbanda signifiecant plalsynar resistangearand a
am de bond or an imde bond in the main chain. The

gnpilded agdinlo wednpnisingthe ¢iddsdinkablecelalstgmesrscomposition.
average particle size of at nost 0.5 pm 20 The filler
conpri si ngThéat isyrtheepresent \imvenijion mglates Keor antrasslinkable
and chemcally stable aromatic ring in the nmain chain
pHlastamer corapositiagl for plasmac pragess epmprisisgsa orasslinkable
m /g. The carbon fluoride filler is preferably heat
tqlagtarnenamgba qagbossbapridedtlemce. 25 The

crosslinkabl e elastonmer is preferably a perfluoro L
el ast oner . Thgcrasslikabletglasinrase sempraiionsian epatain a silicic
to a nolded 4 article and a sealing material for
framsraundinorganie filles angl /onea filler comprising a synthetic polymer

having a thermally and chemically stable aromatic ring in the main
chain.

The synthetic polymer having a thermally and chemically
stable aromatic ring in the main chain is preferably a synthetic polymer
having an amide bond or an imide bond in the main chain.

The silicic compound inorganic filler preferably has average
particle size of at most 0.5 pm.

The filler comprising the synthetic polymer having a
thermally and chemically stable aromatic ring in the main chain
preferably has specific surface area of at least 0.5 m?/g.

The carbon fluoride filler is preferably heat treated at 300 to
550°C in advance.

The crosslinkable elastomer is preferably a perfluoro
elastomer.

Furthermore, the present invention relates to a molded
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crosslinkabl e el astomer conposition. BEST MODE FOR

CARRYI NG OUT THE | NVENTI ON 5 The crosslinkabl e

el astomer conposition of the present invention

contains a crosslinkable el astomer and a carbon

fluoride filler. The carbon fhuoride filler used in

the present invention has poly(carbon nonofl uoride) as

the main conponent and is preferably prepared by

fdrtivle nahdnG Seedirizomaréfal dor WpldsrhhU Probe€sgacompisifig the
the carbon material, carbon black is suitable. As the

aroelinkhdlk elatoiraddithpysitisn | abl e products can be
used, such as furnace black (Asahi #5 available from
Asahi Carbon Co., Ltd.), channel black (Raven 7000
avai | abl e from Col unbi a Carbon), thermal bl ack

( Cebacar BENT- MODEVROROARRYING@ IXINDHE (NVBENTICN

acetyl ene black 15 (Denka Bl ack avail abl e from Denki

Kagaku KodPke Kctogslinktable aebastoineror¢atapositivii abfiethdypresent
contacting the carbon material with fluorine gas

Anekativn gortaidd @ ¢rosslikableelagionfaratd v cad®or fluoride filler.

500C. When the tenperature is |ower than 200C, probl ens
occur, suchhesarbonrflaetride fillet hisetll irothegiresent dagention has
is slow, the 20 fluorination degree has difficulty

rpaly (carbon nhenofiliosidepids tthei mainnsofdpanentt andhés prederably
tenperature i s higher than 600C, thermal deconposition
tpregmred e Buworimating @ garkdah niateni=l obithi fhecrinargam

fluoride beconmes |ow. Also, at tines, thernal

deconposi tAsrtheegarbon maderiat, cavhiem| hlackeislisaygtable. As the
expl osion, and therefore, attention nust be 25

cearbom blaglk, donEnerdihllyr availajple pseducts chn beausedn such as
can be diluted with inert gas such as nitrogen, argon,
Hairnaee blackd{Asahi #6t avdilakleifitemaAgahi €arben-Cs.,-Ltdays channel
contai n_hydrogen fluoride. .

black (Raven 7000 available from Columbia Carbon), thermal black
(Cebacarbo MT-C1 available from Columbia Carbon) and acetylene black
(Denka Black available from Denki Kagaku Kogyo K.K.).

The carbon fluoride is obtained by contacting the carbon
material with fluorine gas preferably at 200 to 600°C, more preferably
300 to S00°C. When the temperature is lower than 200°C, problems
occur, such as progression of the fluorination reaction is slow, the
fluorination degree has difficulty rising and thermal stability is
insufficient. When the temperature is higher than 600°C, thermal
decomposition tends to occur and the yield of the obtained carbon
fluoride becomes low. Also, at times, thermal decomposition reaction
occurs suddenly, leading to explosion, and therefore, attention must be
carefully paid.

The fluorine gas used in the reaction can be diluted with inert

gas such as nitrogen, argon, helium and carbon tetrafluoride and also,
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The fluorination reaction can be conducted under nor nal
pressure and al so under reduced pressure or applied
pressure. The conditions such as fluorination reaction

time and fluorine gas flowrate 5 can be adj usted

accordi ngly depending on the_ rgactivity of the carbon
material, which is the raw material, and fluorine and

the desired atomic ratio of fluorine atons to carbon
aiﬂiTth&ﬁhehydf-d n fleboeideed to as F/C). The F/ C of the
carbon fluoride filler used in the present invention

i s preferdthy fahotigasionO réactioheca eherciiduéell t@drderZnormal
Wien 10 F/Cis less than 0.1, plasma resistance, which
ipreasupdjard albothiader aeduicednpeessine, o sapslied pressure. The
exhi bited. However, in the present invention, carbon
fdomditidersf sitle s flavringtit redaction Kirhecand fRaonine gaanflow rate
used and in such a case, a carbon fluoride filler

hean e &djuisted| ascordinglyOdépendinie on thesl reactitity afatoearbon
fluoride filler having F/C of at |east 0.1 and used. 15
Imatdérdal)rvehimht is theerdwanatéridl, eind Avorind andrtheedésiredatomic
is measured in the manner nentioned bel ow. A carbon

friatiy ofiflupairte atemissobearhbec atdrhsdhensinaftarareferredrtovas F/C).
Na2®2 and a polyethylene filmin a flask filled with

oxgen, andrhegdhgCabfdhkydadysm flhoridedflles wdbsbribethe opresent
wat er. An anount of 20 generated hydrogen fluoride is
nexsnten s puefengbly &t deastd.1,omaretprefedbdii ANALYAER. When
901 available from Orion Corporation). F/C that is the

& Haiis lesst than0. 1) plasme resishance; whrdivis an objectsof the present
cal culated fromthe obtained value, as all the

risyedtion, ié netr exnibitedr i Howieverairbtihe phesent invemtion, carbon
consi dered as the F/C of carbon fluoride. 25 The nunber
dhaoride fillarsihgwingidiffergnt FACxarbbe mixeck 4xd usead and in such a

used in the present invention is preferably 0.01 to 50

rRases e caphen dhaorige diller having By 6. ofless than fuAbean be mixed

average particle size is less t 6
with a carbon fluoride filler having F/C of at least 0.1 and used.

In the present invention, F/C of carbon fluoride filler is
measured in the manner mentioned below.

A carbon fluoride particle is burned with a combustion
improver Na,0, and a polyethylene film in a flask filled with oxgen, and
generated hydrogen fluoride is absorbed to water. An amount of
generated hydrogen fluoride is measured by using a fluoride ion meter
(ION ANALYZER 901 available from Orion Corporation). F/C that is the
atomic ratio of fluorine atoms to carbon atoms is calculated from the
obtained value, as all the residual of carbon fluoride is carbon. This
value is considered as the F/C of carbon fluoride.

The number average particle size of the carbon fluoride filler
used in the present invention is preferably 0.01 to 50 um, more

preferably 0.01 to 20 um. When the number average particle size is less



10

15

20

25

than 0.01 Inn, secondary aggloneration tends to occur

and uniformy dispersing in the crosslinkable '

el ast omer conposition when using tends to becone

difficult. Wien the nunber average particle size is

| arger than 50 m dispersibilgty tends to becone poor.

5 Exanpl es of the carbon fluoride filler used in the

present invention are poly(carbon nonofl uoride) and

pblay( 0.0 &rrap secondalry cigglemerhtiohhterpd® sendsccauny antd aniformly
the carbon fluoride filler is preferably heat treated
idispeysingdn threeémysshinkatle 2lstbmérSOsinposition ¥hen using tends
preferably 350 to 500C, and then used. Wen heat

ttoebeommie difficait.c oWthett ¢he aumibbeduatverchget photiele sizanis larger
300C, the inpure gas in the carbon fluoride is not

rthvamy 5O emg dispersibility tgadstterbecdmedeprade t he

resi stance to plasna of the carbon fluoride. Wen

thermal trEzgamplesicf thonsorbbedflavriadd dijeer ased einhithhepresent
t han 550C, thermal deconposition 15 reaction tends to
doventiofss t hee f i [pody(carbonddi miomofhuwride) caabdn poly(dicarbon
fluoride filler, the «crosslinkable elastoner

coppofiudride)of the present invention can contain a

nmet al conpound inorganic filler and/or an organic

pol ynmer - denpthmdpfésdrdr .ingenticappithe cfarbhn flneride filler is
compound inorganic filler are netal oxides such as
sprefexablyxheias treateddim adyanicea pretergbdy sat 800ate HH0°C, more
oxi de and al um num oxi de; metal sulfates such as .
teneferabdyl 350 ¢o 200 uaAndsthemusedhd Whem heat duedtment is not
met al carbonates such as cal cium carbonate; netal .
ceanshaeteds ot eanduactedc ah loweni dan aQ0%st the Aimpugegassin the
such as _silicon nitride and alumnumnitride. O these,
prantion flupride isgnetieemoved mnsk the jmpune gap terds to degrade the
silicon, which are silicon conmpound ingrganic fillers,

diesiypacstgmplasman! the corap fuarideat When thegnabtreatment is
conducted at a temperature higher than 550°C, thermal decomposition

reaction tends to occur.

As the filler, in addition to the carbon fluoride filler, the
crosslinkable elastomer composition of the present invention can
contain a metal compound inorganic filler and/or an organic polymer
compound filler. |

Examples of the metal compound inorganic filler are metal
oxides such as silicon oxides including silica and glass, titanium oxide
and aluminum oxide; metal sulfates such as barium sulfate, calcium
sulfate and aluminum sulfate; metal carbonates such as calcium
carbonate; metal carbides such as silicon carbide; and metal nitrides
such as silicon nitride and aluminum nitride. Of these, particularly,
oxides, carbides and nitrides of silicon, which are silicon compound

inorganic fillers, are preferable from the viewpoint that these do not
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7 _ largely degrade resistance to NF3 renote pl asna.

From the viewpoint of inhibiting devel opnent of foreign
matter (particles) in plasnma treatnment, the average

particle of the silicon conmpound inorganic filler is
preferably at nost 0.5 run, noye_preferably 5 0.005 to

0.1 m As the organic polyner conpound filler, an

organi ¢ polyner conpound havi ng heat resistance
(laigelyadegreide regipwinte, togNES Tehictegplasmm. tenperature

or tenperature at which wei ght decreases 5 %9 at 200C

or hi gherFromr ¢hpr efewpding of 2iMiBitinghdghelopment of foreign
preferably used for the 10 reason that sufficient

cwadter (paytickss) in plabireyvtréavinent) tee averdgegparticle of the silicon
tenperatures as sealing material in a high tenperature
tdompeund ireartgamitc fHlepds gireferabiymtimestD. 5 ipen prganei preferably
pol ymer conpound filler having heat resistance at 200C
od.00ybe 0. hpena resin having a repeating unit 15

containing at |east one structural unit X and a resin

cont ai ni ngAstthleeargariopalyuterotorapospsh filley, ani erganic rpplymer
at | east one structural unit X and a repeating unit
heompguatd hexing heet sesistance(crysial nveltigppint gldss transition
structural unit X are carbon single rings such as 20 \
ateinpératarsar teonperatagte Etrybicluvieight degreasescle) & 200°C or
het er ononocycl es such as R N -

higher, more preferably at 220°C or higher, is preferably used for the

reason that sufficient durability can be achieved when used in high
temperatures as sealing material in a high temperature thermal
treatment apparatus.

Examples of the organic polymer compound filler having heat
resistance at 200°C or higher are a resin having a repeating unit
containing at least one structural unit X and a resin containing at least
one each of a repeating unit having at least one structural unit X and a
repeating unit having at least one structural unit Y.

Examples of the structural unit X are carbon single rings

such as

)
N

carbon condensed rings such as
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F7 -17NY, ~ 1 Y~ /N1 LANY 10 HKF FT O O and 0- 15
and condensed heterocycles such as NNN 201 H OOO

ull Il ¢/ c/ ¢ -NVINN25CCC Il Il 1l pop
and Oa 9 Exanples of the structural unit Y are
nonconj ugated functional groupg -such as -O,-S, -f
cH, -G, -s®@-, -GCO1 1111500 -i -N, -C(CR)2

, -C(CF3)2 , -CHH, 00 -(-CF2-)-, -CH2- i H- (Ris

an al ii| oup COCK
and s

heteromonocycles such as

T T ) 1Y
e e Y

H 3 ) ) 3

and condensed heterocycles such as

T Q0

| ’
H

O 0] O
i ] [
C C C
! N N\
-N N-— N—
\ ’ /
C C C



10

15

20

25

10 and conjugated functional groups such as -CH = CH,
-C- G, -N=N, -CH=N. 15 Specifically, resin
having the followi ng repeating units are preferable:
-CFZ CF2- FF C- CnCFZ-CFZ}m 20 OO O C F3CCF3
CF2-CF2 OCF - CF-O 25 10 --@9-C/ \ OCFCFO CF,
CF2-CF2 n OO s N ao--CYN=N 00n OO10 NNn O
Omand 0 ONXA/ ~ N

Examples of the structural unit Y are nonconjugated functional groups

such as
—0—,—8—, +CHjz —C—, —80,~, —C—0—,
O 0
—C—N—, —C(CH;);~ —C(CF;);— —CH—CH—,
“ H 372 al2 \ /
0

—CFs}-, —CH2--(I3H — (R 1is an alkyl group),
COOR

and conjugated functional groups such as

—CH=CH—, — C=C—, —N=N—, —CH = N—.

Specifically, resin having the following repeating units are

preferable:

F

|

~C

I

O

~

rd

C

CF CF2
O—CF CF O

n

——CF2
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15 ~~-0B 00n (wherein Ais a single bond, -0- or
-C(=0-; Bis a single bond, -0-, -5-, -C(=0-, -CH2
or -C(CF,)2 1 mand n are an integer of at least 1). O
20 these, 00 Il II C/ /I CA/ 25INl CN-C ~Cu
u 0On- 11 is preferable ag plasm resistance is
excel l ent. Exanples of such fillers are imde fillers
having an imde structure such as polyim de,

pol y(am de |m?ﬁg and poly(ether imde) and organic
fillfer s—rade of éngipee ing pl astic such

pol ya Y 5 oI po&(et her sul fone),

poTh ' t one and
pol at 4. O‘ e, fror’nthe!w ewpo/ nt of heat
resi | ogpyet al  cont ent Cie-CPyv ou?'-mas,
properties, an imde filler having an im de bond is
prefferable. 10 Al so, as the abganic polymg c ound
fillfer [

pol P

po NFE) ,

t et Oet hyl enex er)

copal

tetr

ymer (PFA),
f 1 uor oet hyl ene- hexaf | uor@pr opyl ene c&aol y

(FEP), tetrafluoroethyl ene-ethyl ene copol yner (ETFE)
pol ygvigyl i dene flugyi

flugridg) (PV

anofg of gan

(wherein A is a single bond, -O- or -C(=0}-; B is a single bond, -O-, -S-,

-C(=0)-, -CH2 or -C(CF;),-, m and n are an integer of at least 1).

these,

a C,f <“> I
C C
\C C ’
S 5 y,

Of
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fillers, a filler conpfising a synthetic polyner having

a thermally and chemcally stable aromatic ring in the

main chain is preferably used, fromthe viewpoint that

resi stance to various kinds of plasma is 20 excellent.

The specific surface area of. tjhe _organi c pol ymer

conpound filler is preferably at least 0.5 n2/g, nore

preferably at least 2 n2/g, further preferably at

lisquicféralflé s pema besispeidd i€ ctotliane area is |ess

than 0.5 nR/g, reinforcing properties are poor and

strengt h digariples wfgstichnfilérdagakiriiyl flllerd CRAGREES an imide

nore than when a filler is not used at all. The shape _

acitrubbuer gachcapopylyimiderpolyjdrdide! mnide) aod polifether imide)

particularly limted and not only spherical fillers but

arsd crganicffilless smadenobengireeriieplddiic fsudleras polyalylate,

spherical, a nolded article having |low anisotropy is

qulysudneppgoly{etharhsulfohe)e poly(pheziyfena smifide)] polyétties ether

havi ng reinforcing properties in a specific direction

ileetobeaamd grolyofiienzmatec! e si ze of the organi c pol yner

compound filler is preferably at nost 4 pm nore

pr ef er abl yOfitthese; fivmm théheewpaintpaf hiealt eresiigtarice, low metal

| arger than 4 pm reinforcing properties are poor and

sondayt Aanshibve butiegats proprirtisseak ineids fillex baviras annmide bond

than when a filler is not used at all. Wen the filler

iis preferablefiller, the diameter is 10 preferably 0.05

to 4 pm nore preferably at nost 2 m The thickness is

pr ef er abl yAlsopmas ¢he nrgamice pohwher atompoosl tiller, flugroresin

present, the particle size of organic polynmer conpound

fsugleras ¢ pelychleraivifivaroethylgngy lIPCIFEY, pelytetsafvonocthylene

the specific surface area is quite small. Wen using

i(RTFE, jetradlorogthylengrpetfhtoro(alleilvimylethes) wopolymer (PFA),

pul veri zed to increase the specific surface area.
trafluarogthyl¢ae-hexafluoropropylene copolymer (FEP},

tetrafluoroethylene-cthylene copolymer (ETFE), poly(vinylidene fluoride)
(PVDF) and poly(vinyl fluoride) (PVF) can be used.

In the present invention, among organic polymer compound
fillers, a filler comprising a synthetic polymer having a thermally and
chemically stable aromatic ring in the main chain is preferably used,
from the viewpoint that resistance to various kinds of plasma is
excellent.

The specific surface area of the organic polymer compound
filler is preferably at least 0.5 m?/g, more preferably at least 2 m?/g,
further preferably at least 5 m?/g. When the specific surface area is
less than 0.5 m?/g, reinforcing properties are poor and strength and
elongation at break tend to decrease more than when a filler is not used
at all.

The shape of the organic polymer compound filler is not



10

15

20

25

‘met hod for pulverizing. are jet mll pulverizing (dry

pul veri zation) and the nethod of preparing a slurry by
addi ng a di spersion nedium such as water or an organic
sol vent, applying pressure to the beads m Il and
l'iquid and spraying froma noagle to counter collide
(wet pul verization). 20 To obtain a filler having |arge
specific surface area, pulverization is preferably
qartigatladyblinterb mivich ot conlyf spleripal fidlers dubalsmdcdlyy fillers
pul verization (jet mll). To the crosslinkable
sleas berased.onPtwin ithe fillert isesphesieal, a imolded articlehkaving low
metal conpound inorganic filler or the-organic pol ymer
ZRisotnepnis fabitained andovhenpihn ddltraisosealy, a apelded article
Exanpl es_of the crosslinkabl e elastomer used in the
hravjegireinforeing properies in acpecifie dirsotion iobtained.
silicone el astomer. 13 The fluorine elastoner that can
sui tably Pkhe, particle sige obrtbeearganicepolysner comypound filler is
particularly limted, as long as it is an el astoner
torgienabl Jc@tvmstoﬂamry ne prefesably ay meser2 glm. When the
partjcularly seal [ n%b material for sem conductor

15429 Ay langepiban. 4 Bxaspleisiosting tHroperties iare poor and
el astoper are fluorine rubber (a), thernoplastic

Strengthe and glangation atdoreak e teodporsaseomore than when a
C{%rlsmgthesefluorlne r ubbers. | es of . )
filllex isyaot uped at al aﬂ&lmﬁbérﬁil@o#soafsogzv iﬁlﬂ@r thekiameter is
% nd _perfluoro fluorine rubber (a-2
tFHs '?ﬁ?g!‘!égt% te Ausm, Brore prferably atgnost sluan ® The thickness is
el ast ric _to fluorine-containin ol yner chain
fﬁe’ﬁﬁ 0d03 tRch ErBTIAFE BreteTahln 0. 85 oh pam i ng
poI ymer cg)‘l n segnent and ex&n‘pl es are fluyorine-
cont ai ni n trrBF‘F?Q%teg‘&@nP@HUE ter of prganie, poiymeragompound
| east % by nol of the sfr ctural unlts of bot h t he
Sifees shat ee Ppaameﬁ@aélarﬁwiﬁﬁs argQopTes agk §E§¢F§ﬁtsurface
and the nonel azf‘o c fl.uor,ine-containin Iﬂ%
BTERS G Whichareig it Brossertingea s the fdler must
'EZL,' tp|1.11v1=:1-lzed to increase the specific surface area. Examples of the
method for pulverizing are jet mill pulverizing (dry pulverization) and the
method of preparing a slurry by adding a dispersion medium such as
water or an organic solvent, applying pressure to the beads mill and
liquid and spraying from a nozzle to counter collide {(wet pulverization).
To obtain a filler having large specific surface area, pulverization is
preferably conducted by a combination of wet pulverization and dry
pulverization (jet mill).

To the crosslinkable elastomer composition of the present
invention, the metal compound inorganic filler or the organic polymer
compound filler can be compounded alone or together.

Examples of the crosslinkable elastomer used in the present

invention are a fluorine elastomer or a silicone elastomer.
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segnented polynmer (b-2) in which at |east 90 % by nol

of the structural units of the elastoneric

fluori ne-contai ning polyner chain segnent are perhalo

ol efin and the nonel astoneric fluorine-containing

pol ynmer chain segnent containg l-ess than 90 % by nol

of perhalo olefin as structural 20 units and

fluorine-containing nmulti-segmented polymer (b-3) in

whi ch t heTl¢ aluorimei elddtomemdahabntam nswigabhyt weerused in the

chain segnent contains less than 90 % by nol of

mreiseht inverition ds not particudarlydimitedpdsdong emssit i9 @rtelastomer

by mol of the structural units of the elastoneric

f risneovyantionally usedyfrr schling swferial, paativmladyosealing

olefin or the nonel astoneric 25 fluorine-containing

popjenial domisensisgmeictonmmamfarbadnghequiiimenby BEmsmples of

of perhalo olefin as structural units. Exanples of the

ithepBuoring elastosnemare ullberingarupber da),4thermeplastie fluorine

fluoride (VdF) fluorine rubber, tetrafluoroethylene

(reiberdbp gyideasutihesrdampeaition comprisinig idraset finbsime rubbers.

(TFE)/ propyl ene/ vi nyl i dene fl uori de@SVdF) fluorine

rubber, xngies afx Huorme apibhiey Gjearermnperfbudree fluorine

rubber, 5 ethyl ene/ hexaf | uoropropyl ene (HFP)/vinylidene

mkherda- thvanyl perflaiaradlueripsanibber (a-2).

et hyl ene/ hexaf | uor opr opyl ene (HFP)/tetrafl uoroethyl ene )

(TFE) f I Joh¢ Heermpplastic fluerise miklberdb) contains anishastomeric

d fluorophosphazene fluorine rubber. These can be .

BEwentgining, pelymer ¢haitansrgmenbrbngdata onongdastomeric

| ong .as the effects, of the present invention are not .

Ifgagringrontaminge Relymnen chadn segment andpesamples arei Buorine-

a fluprine- containin | ast omeri c _copol yner conprisin
pontgiyng tln%ﬁglapngvf ﬁyfxreeh 1) dprvhichnat least 90 %%y mol

% by, nol of at |east ong other nonomer copolynerizable |
Rt K‘Wi strucheral yniss | ok bothetbeaslastemernie  flperine-containing
coritainin%elastorrericcpo ymer risilgg 0to 80 % .

2

C .
RPIFBICT o Chipan | SeRIMERE nBNF (BFi BENSIRPISING uorime-gentaining
of .at | east. one ot her npbno

polymer chain segment are pgﬁ{alo olefin, fluorine-containing multi-
segmented polymer (b-2) in which at least 90 % by mol of the structural
units of the elastomeric fluorine-containing polymer chain segment are
perhalo olefin and the nonelastomeric fluorine-containing polymer chain
segment contains less than 90 % by mol of perhalo olefin as structural
units and fluorine-containing multi-segmented polymer (b-3) in which
the elastomeric fluorine-containing polymer chain segment contains less
than 90 % by mol of perhalo olefin as structural units and at least 90 %
by mol of the structural units of the elastomeric fluorine-containing
polymer chain segment are perhalo olefin or the nonelastomeric
fluorine-containing polymer chain segment contains less than 90 % by
mol of perhalo olefin as structural units.

Examples of the nonperfluoro fluorine rubber (a-1) are
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“copol yneri zable with vinylidene fluoride. Exanples of
the at | east one other nononer copolynerizable wth

vi nyl i dene fluoride are fluorine-containing nononers
such as tetrafluoroethylene (TFE),
chlorotrifluoroethylene (CTEEj4 20 trifl uoroethyl ene,

hexaf | uor opropyl ene (HFP), trifl uoropropyl ene,

tetrafl uoropropyl ene, pentafl uoropropyl ene,
tvinylidenebufkroside t efVdF) udiluosnkut amsbberer f tetrafii@rsgthylene
vinyl ether) (PAVE) and vinyl fluoride and
{SRE) [ipropienent ai ni figonimeoner s subbens et hytetrafluoroethylene
propyl ene and al kyl vinyl ether. These can be used
d’ﬂ‘B‘%/ propienef wimdidemedom fluetideat | WidF) O flbesine  rubber,
tetrafl uoroet hyl ene, hexafl uoropropyl ene and
séhylens/dezatiioreepyopylener ) ar {HFRf er abl fuosing. rubber,
Speci fic_exanpl es of rubber are VdF- HFP rubber, VdF-HFP
ﬁhymm/hmEAOWMMq (B8} / wingilidene drapritec(VdF) fluorine
rubber. Tetrafl uoroethyl ene/ propyl ene fluorine rubber

» teghylene \hnxaihuoroprapylens $HER) [ tetrafbavsonthylene (TFE)
conprising 45 to 70 % by nmo|l of tetrafluoroethylene,
daring guhbsr, fhrorgrsilicens fhierian rubber and, fypomephosphazene
of a. nononer that gives a crosslinking site. Exanples
druanige mhhar:  (Thasegransbe usess slonmk ongcan the ased in random
iodige-containing nononers such as

sermpinatins 8sdeRg@sothe: eleetsf ieapresentdngnsion are not lost.
perfl uoro(5-10do-3-qxa-| -pentene) described in JP- )

B- 5- 63482(‘396(?1#1‘7&- Hlupride sflugring falkban sefensg to a fluorine-
nonongr,s 10, descri bed i n_ JP-A-4-505341 and nononers

&8 elastomeaic) CORPLYmSH oRRMPrISIRgaftAi ty 85 % by mol of

SPRL e B BRI B0 L0 PG, B csother monomer
caPeiyiastisnble, e By icene. uaFidter HOG/RPINn 2 fluorine-
]?:)Iéa Jrﬁg%f e aesrtgrln%?{co Jolp%?}rrrinré? tr:gr?i%?{si E' §b Itc? go % by mol of
vinylidene fluoride and 50 to 20 % by mol of at least one other monomer
copolymerizable with vinylidene fluoride.

Examples of the at least one other monomer copolymerizable
with vinylidene fluoride are ﬂuorine-containihg monomers such as
tetrafluoroethylene (TFE), chlorotrifluoroethylene (CTFE),
trifluoroethylene, hexafluoropropylene (HFP), trifluoropropylene,
tetrafluoropropylene, pentafluoropropylene, trifluorobutene,
tetrafluoroisobutene, perfluoro{alkyl vinyl ether) (PAVE) and vinyl
fluoride and nonfluorinc-coﬁtaining monomers such as ethylene,
propylene and alkyl vinyl ether, These can be used alone or used in
random combinations. of these, tetrafluoroethylene,

hexafluoropropylene and perfluoro(alkyl vinyl ether) are preferably used.
Specific examples of rubber are VAF-HFP rubber, VdF-HFP-
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DL S S

contai ning el astic copol yner conpri sing

tetrafl uoroet hyl ene/ perfl uoro(al kyl vinyl

et her)/ nononmer that gives a crosslinking site. The
conposition thereof is preferably 45 to 90/ 10 to 50/0
to 5 (%by nol), nore preferalky_45 to 80/20 to 50/0 to
5, further 20 preferably 53 to 70/30 to 45/0 to 2. Wen
the conposition is out of this range, properties of a

MRD eubblets VdF -OTRE aabbed sindVd Fi-CTRE-OFE Fabber! end
to becone closer to those of resin. Exanples of the

per f | uor o(Bdtkadluvtosthydéiefpropyléme sflassigear@bber refers to a
perfluoro(methyl vinyl ether) and perfl uoro(propyl

fhuotineiduerthinifigesiasti25copolyheerusempmising 45 t0aR0%% by mol of

used in random conbi nations as long as the effects of
ttatrafheresthylenenSisoto 30t malif. priopyiahe and Ottbe5 % by mol
nononer that gives a crosslinking site are 16

wif iy tricdeoraef Ithat igilees arcrosslimking siteoni ne- cont ai ni ng

nmononer represented by forrmula (1): CX 2 =

CX' - Rf' CHEx@mples of thehmomomet that givds arcrod8linRing isite are
a fluoroal kyl ene group, a perfluoroal kyl ene group, a
fibdirespohtainmyng kyanmengreoupach as perfluoro(6,6-dihydro-6-iodo-3-
per fl uor opol yoxyal kyl ene group, R is Hor CH3, X2 is

ioxai- hehexernn) oandeperfmaraodSriodor@roxae prpewten®)l dgscribed in JP-
formula (2): 10 CF2 = CFQ( CF2CF(CF3) Q n(CF2) n X3 (2)
BPeb8iB82 n and anJPrh<tr&16534) t bromime-containing gemariomers
1to 3, X3 is a cyano %roup, a carboxyl group, an

Slesexibesh o lR-Agftob@534 1 samd omonemersupyntaining e syapangroup
be used al one or _can be used in random conbi nati ons.
PRPRPTArSr contaming & eanboxyl( grour Fndfmpabmernsodontaining an
and X3 of formula (2) is referably a cyano group.
alkoxycarbonyl group describec? in JP-A-4-505345 and JP-A-5-500070.

These nonperfluoro fluorine rubbers (a-1) can be prepared by
the usual method.

An example of perfluoro fluorine rubber (a-2) is a fluorine-
containing elastic copolymer comprising
tetrafluoroethylene/ perfluoro{alkyl vinyl ether)/monomer that gives a
crosslinking site. The composition thereof is preferably 45 to 90/10 to
50/0to 5 (% b;V mol), more preferably 45 to 80/20 to 50/0 to 5, further
preferably 53 to 70/30 to 45/0 to 2. When the composition is out of
this range, properties of a rubber elastic body are lost and the properties
tend to become closer to those of resin.

Examples of the perfluoro{alkyl vinyl ether) in this case are
perfluoro(methyl vinyl ether) and perfluoro(propyl vinyl ether). These
can be used alone or can be used in random combinations as long as the
effects of the present invention are not lost.

Examples of the monomer that gives a crosslinking site are
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The iodi ne, the cyano group, the carboxyl group, the

al koxycarbonyl group and the brom ne group can function

as the 20 crosslinking site. The perfluoro fluorine

rubber (a-2) can be prepared by the wusual nmethod.

Specific exanples of the perflijgoro fluorine rubber

(a-2) are fluorine rubbers described in WO 97/24381,

JP-B-61-57324, JP-B-4- 25 81608 and JP-B-5-13961. The

fiinplidene c dimarideng arnul todFsgnent ebrgminereonthirlihg monomer

which is thernoplastic fluorine rubber (b) is described

repoeserited bindoenada ¢hleri ¢ f1 uori ne-cont ai ni ng pol ymer

chain segnent is described. The el astomeric

fluorine-containing polyner chain segnent inparts

flexibility to the polynmer and has a glass transition

t enper at ur@GXbf = EXWRICHRBEX preferably at nost QL.

Exanpl es of the 5 perhalo olefin that constitute at

| east 90 % by nol of the structural units thereof are

tetrafluoroethylene chlorotrlfluoroeth | ene,

HWcuanprapyll'hneF' aot K33, B 0vs npl divieroallplarsengeniip, a

by f or mul = CFQ(CF2CFYO p (CF2CF2CF20 q Rf2
a@rflugre gnﬂ Ygrcsup, ora CHnorpolyexyalkyléneorgedigyl or a

group havi ng 1 to 5 carbon atons, p s an integer of O

merBuogopelyoxyalkdgae group, (R B H axGih) ¥ mﬂodgree or bromine)

structural units other than perhalo ol efin that
pimgnemeerepreseated by foromvdlani@)cont ai ni ng pol yner

chain 15 segnent are fluorine-containing nononers such

as vinylidene fluoride, trifluoroethyl ene,

trifl I tetrafl I
pent af | Uoreh SIS ONEFC PR Il

(2)
tetrafl uoroi sobutene and vinyl fluoride. and
nonf | uori ne-cont ai ni ng nononer such as ethyl ene,

(wherein m is an integer of O to 5, n is an integer of 1 to 3, X® is a cyano
group, a carboxyl group, an alkoxycarbonyl group or a bromine group).
These can be used alone or can be used in random combinations.
Particularly, X? of formula (1) is preferably iodine and X® of formula (2) is
preferably a cyano group.

The -iodine, the cyano group, the carboxyl group, the
alkoxycarbonyl group and the bromine group can function as the
crosslinking site.

The perfluoro fluorine rubber (a-2) can be prepared by the
usual method.

Specific examples of the perfluoro fluorine rubber (a-2) are
fluorine rubbers described in WO 97/24381, JP-B-61-57324, JP-B-4-
81608 and JP-B-5-13961.

The fluorine-containing multi-segmented polymer (b-1)

which is thermoplastic fluorine rubber (b) is described below.



10

15

20

25

propyl ene and al kyl vinyl ether. 20 A preferable

exanpl e of the elastomeric fluorine-containing polymer
chain segnent is an elastic polyner chain conprising

tetrafl uoroet hyl ene/ perfluoro(al kyl vinyl

et her)/nononmer that gives a. qposslinking site. The
conposition thereof is preferably 50 to 85/50 to 15/0

to 5 (%by nol). 25 Exanpl es of the nononer that gives

a crossl i ikieglastoemernie fluoripkicartaifing polianet ahiain ssgment
brom ne-contai ni ng nononers represented by fornula (1)

ds desonbed: cdthei alasgomerianflugrinescontainiegt pdlymer chain
18 - formula (2) wherein X3 is a cyano group. The

issgment bogairts flaxibilitynto gheupslymer andchasna gglassetransition

crosslinking site. The nonel astoneric

ftempéanagure of atimogt @S°Cormrefdrably a megtBAC. | £xamples of the

descri bed bel ow. Exanples of the perhalo olefin that

®srbale glefimthatesnsiuty apleast 96(%:t e mwlroftherstruatitad units

of the nonelastoneric fluorine-containing polyner

dherepfsegnemrear e ptatnafluoresthylene,such ablorotrifluoroethylene,

t et r-af | uoroet hyl ene, chlorotrlfluoroethylene
rQPaORyY perfluprovingiethenseppesmytediy formula (3):

conmpound 10 represent ed by formula (4): CF2 =

CF(CF2), X4 (4) (whereinr is an integer of 1 to 10, X4

is F or and 1Qerfl uor o- 2- butene. 15 Exa | es of the

struct ural FnrtG @(@EﬁCFKQ)p PeFHaF LBIQK R tha(3)

constitute the nonel astoneric fluorine-containing
pol ymer chain segnent are the sane as those of the

uct.ur | other than perhalo _olefin that
zwi@f ‘?éStLiﬂQr Q%st%{r@ra@ef uerenkkyl greuphagngol $as carbon
chain segne rabl e exanple of the

nt r ef
aems, R llgteg%a' ﬁ q 1s an integer of O to 5).
Examples of the structural units other than perhalo olefin

that constitute the elastomeric fluorine-containing polymer chain
segment are fluorine-containing monomers such as vinylidene fluoride,
trifluoroethylene, trifluoropropylene, tetrafluoropropylene,
pentafluoropropylene, trifluorobutene, tetrafluoroisobutene and vinyl
fluoride. and nonfluorine-containing monomer such as ethylene,
propylexie and alkyl vinyl ether.

A preferable example of the elastomeric fluorine-containing
polymer chain segment is an elastic polymer chain comprising
tetrafluoroethylene/perfluoro(alkyl vinyl ether)/monomer that gives a
crosslinking site. The composition thereof is preferably 50 to 85/50 to
15/0 to 5 (% by mol).

Examples of the monomer that gives a crosslinking site are
vinylidene fluoride, iodine or bromine-containing monomers represented

by formula (1) or a monomer containing a cyano group represented by
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cont ai ni ng pol ymer chain segnment is a nonel astoneric

pol ymer chain conprising 85 to 100 % by nol of

tetrafl uoroethylene and 0 to 15 % by nol of a compound

represented by formula (5): 25 CF2 = -CF-W (5) (wherein

Rf3 is Rf or -ON Rf4 is a pengl uoroal kyl group having

1to5 19 - carbon atons). The fluorine-contai ni ng

mul ti - segnented pol yner (b-2) is described below The

dbamtula®R) whérein MXiciscooyahoigroupo! ynmer chai n segment

5 thereof is the same as that given for

fl uori ne- cBime¢ aodingy brdrhine seghephnd gaupecatbfidnction as the

Exanpl es of the structural units of the nonel astomeric

fdrosslinkingsitei ni ng pol ymer chain segnent are

vinylidene fluoride, vinyl fluoride,

trifluorockigl etmelaSMnmncndﬂuepumeonminhnygf qnmlymcr chain

(6): 10 CH2 = CXS-(CF2),-X5 (6) (wherein X5 is Hor F,

segmennt jint dgecnbf:dlbclpwm Exampdes | of |thef Ipevhalmtaléfin that

ol efins such as CH2 = C(CF3)2. 15 Al so, nononers that

oonstipde yabr leassl 0y ¥%on hyhemwl pbnther stothrak units of the

et hyl ene, propyl ene, vinyl chloride, vinyl ether, vinyl

d&?ﬂﬁlﬂ?t@ﬂ@n& ering-tontaining mljb'aensﬁxmassagment are perhalo

copol ynmeri zati on conponent. The fluorine-containing

alefinssegsuehed psly nﬁﬁtraﬁueyoct&xylme Jdes chlomtrifbiearwethylene,

The el astaoneric fluorine-containing polymer chain

s&f‘gﬂé\wo(adkﬂ hevinylior¢Wherhonthaexaflngrapropylesgiena edcompound
(b-3) is a_polymer chain having a glass

tfPHﬁ§$intGﬁb1§|f®'§'ﬂ§ﬂ%|( tof at most 25C, preferably

CF, = CF(CF,)X* (4)

(wherein r is an integer of 1 to 10, X* is F or Cl) and perfluoro-2-butene.

Examples of the structural units other than perhalo olefin
that constitute the nonelastomeric fluorine-containing polymer chain
segment are the same as those of the structural units other than perhalo
olefin that constitute the elastomeric fluorine-containing polymer chain
segment. | |

A preferable example of the nonelastomeric fluorine-
containing polymer chain segment is a nonelastomeric polymer chain
comprising 85 to 100 % by mol of tetrafluoroethylene and 0 to 15 % by

mol of a compound represented by formula (5):
CF, =CF-R} (5)

(wherein R?® is R? or -OR{, R/ is a perfluoroalkyl group having 1 to 5
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-at nost 0C. 25 The el astomeric fluorine-containing

pol ynmer chain segnent contains |ess than 90 % by nol

of perhalo olefin as structural units. Exanples of the

structural units other than perhalo olefin are the sane

y 3AVYi 3: b~ 20 structural _uggts as those given for

the fluorine-containing nulti- segnmented polyner (b-1).

The nonel astoneric fluorine-containing polyner chain

segient atmimshe fl uorine-containing nulti-segnmented

pol ynmer (b-3) is the 5 sanme as the nonelastoneric

fl uori ne- cbiint dilnorigepodrytaining) anuldesrgnentdd t pslymer Jb-Q) is

fluorine-containing multi-segnmented polynmers (b-1) an

(deseyibedobelosv.abl y t he sane as the nonel astoneric

fluorine-containing polynmer chain segnent in (b-2).

The fl uor iThe ctastomenig fludtine segrtainieg polymer dinifl) segment

10 preferably conprises 40 to 95 % by wei ght of the

dheveafrdsi ¢hel samecascdahabi given piory fhrorihedcortaiming multi-

and 5 to 60 % by weight of the nonelastoneric

fsegmentedcpolyaner (hy 1pol ymer chain segnent. It is

i nportant that the thernoplastic fluorine rubber (b) is

a fluori fxamples ndih dheulstiucteyad ntsitsp«ify tlee , nonelastomeric

which the elastoneric 15 fluorine-containing polyner

dhuninewpmainiagipelymenckains segment are vinylidene fluoride, vinyl

fl uorine-containi ng polyner chain segnent are bonded by
umkdmtmﬂuomeﬂwfcrrge,i sncompoumd gcpreserrtedrby flermula (6):

vi ewpoi nt of heat resistance of the obtained

t hernopl astic fluorine rubber (b), the crystal nelting

point of the 20 nonelastoneric fluorine-containing

pol yner cHefln=segndmFa)esXpreferably at |east 160C,

nore preferably 200 to 360C. For the process for

preparing the thernoplastic fluorine

(wherein X°® is H or F, s is an integer of 1 to 10) and partially fluorinated
olefins such as CH, = C(CF,),.

Also, monomers that are copolymerizable with these
monomers such as ethylene, propylene, vinyl chloride, vinyl ether, vinyl
carboxylate and acrylic acid can be used as a copolymerization
component.

The fluorine-containing multi-segmented polymer (b-3) is
described below.

The elastomeric fluorine-containing polymer chain segment
of the fluorine-containing multi-segmented polymer (b-3) is a polymer
chain having a glass transition temperature of at most 25°C, preferably
at most 0°C.

The elastomeric fluorine-containing polymer chain segment
contains less than 90 % by mol of perhalo olefin as structural units.

Examples of the structural units other than perhalo olefin are the same




10

15

20

25

" rubber (b), various known nethods can be enployed to

obtain a fluorine-containing nmulti-segnented pol yner

by connecting the 25 el astoneric segnent and the

nonel astoneri c segnent by bl ocking or grafting.
Particularly, the process fqrogreparing a block-type
fluorine- containing nulti-segnented pol yner descri bed

in JP-B-58-4728 and the 21 process for preparing a
wtahittunale unitragetltsyy aivengfor!| the FhgoEAkesbntRGhME multi-
described in JP-A-62-34324 are preferably enpl oyed.
Respmenteal pylyrhep (b4il)e vi ewpoi nt that a honpgeneous and
regul ar segnented pol yner having hi gh segnmentation

rati o (bl e r aidmglastoragricbeflabiiisredntainthgr apbl§gmer chain
t he bl ock-type fluorine-containing nulti- segnented

megynent of thd Asioraie-byntdimingdnnititsegnséreted polymer (b-3) is the
pol ymeri zation nethod described in JP-B-58-4728 and
aBhibi3id tHeOhBhkBtdtomkmia flewrinksconshimihg Rsilyrer deaignsegment
and Technol ogy (Vol. 49, No. 10, 1992). 10 In the case
tdfathe flumornerodntainivlg anuli-ssgomented polyanerse-(b-1} and (b-2),
cont ai ni ng pol ymer and a nonel astoneric

fpreferabdy chet sameras phé yrarelastomerid, flusrialetgontaining polymer
mechani cal properties (particularly in high

tohainrsegmen) in db<2)i nsuf fi ci ent and abrasi on

resistance, flexibility and durability decrease,

al t hough tThe effhamtine-gionftainiage omiiltigs¢gmended y polymer  (b-3)
m xing 15 properties and conpatibility of the polyners
tpreferabdy omaprisen 4héo @& Hyaweighty opthealastpmeric fluorine-
mul ti-segmented pol ymer by bonding the el astoneric
foptamingn polyrmenoehdins segmeant aodndntob§0 ¥ dygkiwejgbt of the
grafting, heat resistance_and nechani cal properties
menelpsiomerig fluoringrcantapeing pebanen chaimsegmanti. n
conparison to a 20 nere m xture of an elastoneric i

f1 uor i ne- déas amportapbilakthe faermoplastia fuering tubber (b) is a
fl uorine-contajning pol ymer. The el astoneric, .
flugringeardaining mplos¢emented polymesn imevhich the elastomeric

fluorine-containing polymer chain segment and the nonelastomeric
fluorine-containing polymer chain segment are bonded by blocking or
grafting in each molecule.

From the viewpoint of heat resistance of the obtained
thermoplastic fluorine rubber (b), the crystal melting point of the
nonelastomeric fluorine-containing polymer chain segment is preferably
at least 150°C, more preferably 200 to 360°C.

For the process for preparing the thermoplastic fluorine
rubber (b}, various known methods can be employed to obtain a
fluorine-containing multi-segmented polymer by connecting the
elastomeric segment and the nonelastomeric segment by blocking or
grafting. Particularly, the process for preparing a block-type fluorine-
containing multi-segmented polymer described in JP-B-58-4728 and the
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| f'-prepared by the iodine transfer polynerization method,

which is known as a process for preparing fluorine
rubber. An exanple is the nmethod of 25 enul sion
pol yneri zi ng perhal o ol efin and when necessary, a
nmonomer that gives a crosslLipking site in the presence
of an iodi ne conpound, preferably a diiodine conpound,
i n an aqueous nedi um under pressure 22 while stirring
iprocess [foe proparitig a gradi-epbe ifhidriné PoritAirfing multi-segmented
substantially oxygen-free atnosphere. Typical exanples
golymerdiesutibved @0 FOARE2-34824 iase l{ﬁ%@cr&‘tﬂ?' employed.
1, 3-di i odoperfl uoropropane, 1, 4-diiodoperfl uorobutane,
1, 3- di i od@artithilarlypeirbinahepvigpepeint 1tKatdia tdemadgénéous and
di chl oroperfl uoropentane, 1,6-diiodoperfl uorohexane,
Tegulali segiueatéd polymer draving high segmentation ratio (block ratio)
1, 12-di i odoper fl uorododecane, 1, 16-
diainobe pbrthined oprofadslens, thti bludderef e fie1oxivie-containing multi-
1, 2-di i odoet hane. These conpounds nmay be used al one or
isegowgnitieda polymer tsyrdhesizedobiethe Radiriec hemdfgr polymerization
1, 4-di i odoperfl uorobutane is preferable. The 10 anount
ahethnxl ddesciiibed c anpdBRB-58-4¥28 andl KOBUUNSHIhRONBUINSHU
on the total weight of the elastoneric
Japanase- Journahoh fohohgnmscienes andsFgobnologhhfVoladi;aNo. 10,
pol ynmeri zation initiator used for preparing the

Jomeric segnent in the present invention can be an
initiator that has 15 been conventionally used for
pol yrrer i zdni the easa thiaixn imereemixtuneof @ glastomerfic fluorine-
such jnitiators are organic and inorgani c peroxi des and
soptaguRgdnlmergnd eanonelastemeris Buorine-comtaining polymer is
carbonat e Peroxides_ and ester peroxides and a

usiadly, fnechesical prapeshes (Padicdariy ia higiegympapatures)
can be used al one or can_be used in conbination with .
2ge, sasdifiienyeand alupsion stgsstancean flexibility cand tdurability
The emul sifier used for enul sjon polynerization can be _

easy althaughy e efisgts pdiflerr gererding dapthet tygre, mixing
inhibiting the chaip ..
properties and compatibility of the polymers that are mixed.

On the other hand, by preparing a multi-segmented polymer
by bonding the elastomeric segment and the nonelastomeric segment by
blocking or grafting, heat resistance and mechanical properties
(particularly in high temperatures) are improved in comparison to a
mere mixture of an elastomeric fluorine-containing polymer and a
nonelastomeric fluorine-containing polymer.

The elastomeric fluorine-containing polymer segment can be
prepared by the iodine transfer polymerization method, which is known
as a process for preparing fluorine rubber. An example is the method of
emulsion polymerizing perhalo olefin and when necessary, a monomer
that gives a crosslinking site in the presence of an iodine compound,

preferably a diiodine compound, in an aqueous medium under pressure



transfer reaction to the enulsifier nolecul es that
occurs during polynerization, salts of carboxylic acid
having a fluorocarbon chain or a 25 fl uoropol yet her
i chain are preferable. The anobunt of the ermulsifier is
preferably about 0.05 to 2 % lap weight, nore preferably
0.2to 1.5 %by weight of the anmount of water that is
added. 23 The nononmer m xed gas used in the present
iwhietstirring inexhé quiesencasofdasradiball ihitidtorHn Kakhbstantially
al., in Advances in Chem stry Series, 129, 13 (1973),
axygenefretoatmospbemm| yhgpicahtexamplesi of thesdiibdine compound
desi gned so that sparks, which becone the ignition
dbat ae usedearei ,& djiodeperidoroprdpayid, h#-diiodopetftuorobutane,
pol yneri zation pressure is preferably kept as |ow as
plo3sdidodo-2rechloxsiperftioraprapame,essur e can be varl,Sediiodo-2,4-
a wide range and is usually within the range of 0.5 to
5 sligkloropedluogppentane, pol ynidj6-thiddoperflassohexanef he  1,8-
hi gher the polynerization rate and 10 therefore, from
o orpootaneaipr ovengd2-diiogoperfiuondidodecane, 1,16-
pol ymeri zation pressure is preferably at |east 0.8 Ma.
phexadecanee- chmdomethame| yard cHz2+diiodoethane.
segnent obtained in this way preferably has nunber
compeandsr may e wied :looe po irbocaObination with one
particularly 20,000 to 400,000, fromthe viewoint of
Bnqthgsy t iRartiodarly; | 1.dydiiedaperftuosobitanes dhapreferable. The
properties to the entire fluorine-containing.
10 neunt o thsiditpdige gamponnd is® @ Inte 15% byaveight based on the
el astonmeric segnent obtained in this way is a .
fataa weight e ofnhe aslagtomssic efluppime-pontaiping e polymer chain
initiation point for block copolynerization of the
S8 oneri ¢ segnent. 20 Subsequently, bl ock
copol ynerization, of the nonel astoneric segnent to the
el ast omer i"é“f radicalcpelymeenizatign peitiater asedn fere preparing the

GO Do Ganducted subgeduent Lo el i on PRLYIer1Zat o i has
15 been conventionally used for polymerization of a fluorine elastomer.

Examples of such initiators are organic and inorganic peroxides and azo

compounds., Typical initiators are persulfates, carbonate peroxides

and ester peroxides and a preferable initiator is ammonium persulfate

(APS). APS can be used alone or can be used in combination with
20 reducing agents such as sulfites and sulfite salts.

The emulsifier used for emulsion polymerization can be
selected from a wide range but from the viewpoint of inhibiting the chain
transfer reaction to the emulsifier molecules that occurs during
polymerization, salts of carboxylic acid having a fluorocarbon chain or a

25 fluoropolyether chain are preferable. The amount of the emulsifier is
preferably about 0.05 to 2 % by weight, more preferably 0.2 to 1.5 % by

weight of the amount of water that is added.
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el astomeric fluorine-containing polyner chain segnent
by changing the nononer to those for a nonel astoneric
segnent. 25 The nunber average nol ecul ar wei ght of the
obt ai ned nonel astoneric segnment can be adjusted wthin
a wde range of 1,000 to 1,208,000, preferably 3,000
to 600,000. r 24 The thernoplastic fluorine rubber (b)
obtained in this way is conposed nainly of polyner
mol ecul es The whonlonmem ehixetiogas i used |inothaepresenadi itivesition is
pol ymer chain segments are bonded to both sides of the
explosive; ias desanbedd-byok. &l nKadbpetl ghp in ddvamcesgire @hemistry
and polyner 5 nolecules in which a nonel astoneric
Sarees,n22,0h3 {1 873} aoud yherefohe,i the pelymetizatiohatewkice houst be
one side of the elastoneric fluorine-containing
slesjgned csmithat esparks, whichiieeoumef thelign#iomscerekeare not
conprising _elastoneric segnents only, to which
igeneratacdbmeln dighdgek this, athe polymboization psessuresis meferably
% by weight, preferably at nost 10 % by weight, 10
@Anlowigs pessiblanount of pol yner nol ecul es and
segnents in the_ fluorine-containing nulti-segmented
pol yner . |Fhe polymesizatiom presswre cancbexagied én a wide range
t%ggfr_i sing the fluorine rubber ;)a%l and the
dbpugually within ther range qfbD.Getx G MBa. abhe bigher the
be used, is The first fluorine rubber conposition
e3izatiameprafsiyser is Udico higheri the rptggmex(mauqnanate and
t he %l@uori ne-containing multi- segnmented pol ymer (b-1)
sreferentizpmedthsy viewppint ref Amprevemanto inf preduesivity, the
rubber (a-1) and the fl uori ne-containing
RAYMeIZRHN paesydre iscpreferably at lgagt S8 MPan or in
any ratio dry bl endi wi,th an 20 open roll. Also,
in order tid§ ﬁb%/%ivalw GQRgOapag pelympe chain segment

obtained in this way preferably has number average molecular weight of
5,000 to 750,000, particularly 20,000 to 400,000, from the viewpoint of
imparting flexibility, elasticity and mechanical properties to the entire
fluorine-containing multi-segmented polymer.

The terminal of the elastomeric segment obtained in this way
is a perhalo-type and has an iodine atom that is the initiation point for
block copolymerization of the nonelastomeric segment.

Subsequently, block copolymerization of the nonelastomeric
segment to the elastomeric fluorine-containing polymer chain segment
can be conducted subsequent to emulsion polymerization of the
elastomeric fluorine-containing polymer chain segment by changing the
monomer to those for a nonelastomeric segment.

The number average molecular weight of the obtained
nonelastomeric segment can be adjusted within a wide range of 1,000 to

1,200,000, preferably 3,000 to 600,000.



nol di ng, additives such as an internal nold rel ease
agent can be added accordingly as long as the effects
of the present invention are not lost. A crosslinking
agent can be added depending on the type of the 25
crosslinking nethod descri bedofjel.ow. The second
fluorine rubber conposition conprising the
nonperfluoro fluorine rubber (a-1) and the
f1 uori ne- chin¢ ahermgplastic fiRfrirse gabbee (bpebidived(ir flis way is
the third fluorine rubber conposition conprising the
panipased mhaimly nefr pbhanef an2jleenies hig f Which N@ronelastomeric
containing multi-segnented polynmer (b-3), the fourth
flluarineeontaiming polymer thain segmeints rgetiunded td both sides of
fluorine rubber (a-2) and the 5 fluorine-containing
rthietélastaymenicdtuprihg e taliniz)g polyméechain sefinenmtiared polymer
rubber conposition conprising the perfluoro fluorine
5 mblesul¢sin)which atrumdlastrnededbmornecontaining polymer chain
nulti-segnented(golyner (b-1) can be obtained in the
segmeni i bandedchdof onetside vl the elastremerionflosririestontaining
The above additives can be added accordingly as long as
ahigiacsegroent .heThe essnounit ofgulymeranslentlesastmprising
and a crosslinking agent can be added depending on the
ejastopaeripsegments aklyngtorsttiol veseclastenieriesegmeRdshare not
the perfluoro fluorine rubber (a-2) and the fluorine-
MC&% Isatmast-2Q §erdint weight, \preferably atamespddr % by weight,
crosslinking 15 efficiency by radiation and
10 hasedapni the joledramoupsd of pelyimex enolegulesiiamd segments in the
Therefore, to crosslink the fifth fluorine rubber
g1Gostainingamadti-segmagted pelymenni ch per oxi de
crosslinking, for exanple, is nmade possible nmust be
i ntroducedni thg Presenktinygation,t Ae compesitiomd eamprising the
osslinking is conducted. 20 As the_ fluorine rubber in

Quing | (@hiand, the tthermoplastie dlieerine arubberr (b)edescribed
r%%ber, [ T')eV\m ch iodine or bromne is introduced
above can be used.
15 The first fluorine rubber composition comprising the

nonperfluoro fluorine rubber (a-1) and the fluorine-containing multi-

segmented polymer (b-1) can be obtained by mixing the nonperfluoro

fluorine rubber (a-1) and the fluorine-containing multi-segmented

polymer (b-1) as a dispersion or in any ratio by dry blending with an
20 open roll.

Also, in order to improve mold release properties when
molding, additives such as an internal mold release agent can be added
accordingly as long as the effects of the present invention are not lost.
A crosslinking agent can be added depending on the type of the

25 crosslinking method described below.
The second fluorine rubber composition comprising the

nonperfluoro fluorine rubber (a-1) and the fluorine-containing multi-
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into the polynmer termnal, is suitable. This fluorine

rubber is obtained by introducing a conpound

represented by fornula (7): 25 R1"Bry (7) (wherein x

and y are respectively an integer of 0 to 2 and satisfy
l1sx+y 26 s 2, R is a.saggurated or unsaturated

f1 uorohydrocarbon group or chlorofl uorohydrocarbon

group having 1 to 16 carbon atons or a hydrocarbon
gregmpetrted ngolyrher 3(l8-@) pothet ehird Whaoriplee paibiNg: D¥omposition
pol yneri zation. The iodine or bromne that is

icumprisireg thet pesflueyo Huorited | pulsbes @-2) oagd ndH# ofluorine-
site. Exanpl es of conmpounds represented by formula (7)
aontaigingl maltbgegemiedppolyaner (b-3), the fourth fluorine rubber
1, 3-di i odo- 2- chl or operf | uor opropane, 1, 4-

diompositidnl umwmpnisimg , the perfluoro fluorine rubber (a-2) and the
1, 5-dii odo- 2, 4-di chl oroper fl uoropent ane, 1, 6-

dluerinesrdr tainivigemadti-sdgraeditéd popymer {b+2)camd ke fiftA Aluorine
10 dii odoperfl uor ododecane,

rubbedi compositiom wovhprisiteg dhe, perfiiicrdoflabhimecrubber (a-2) and
1, 2-dii odoet hane, 1, 3-diiodo-n-propane, CF2Br2,
Bherhappibe-carzirhCHEREIt] -sEEMeRted Prlghtar(t-B) can be obtained
CFBr C1CFC18Br , Br CF2CF2CF2Br

inhensame maoyarfas theo first Azorinerobbes composition.

i odoper f 1 uor opropane, 1-brono-4-iodoperfl uorobutane,

2- br onp- 3 Tiee abovpadditivesisarahe added accordingly as long as the
3- br ono- 4-i odoper f| uor obut ene-1, 2-brono-4-

iefteshe of the prssenthinventiom ase awdtoavandrm ceosslinkingsagent can
benzene, diiodonmonobronp-substituted benzene and

(e added: dgpgnding on- the typetaiythe crosslinkingdmethedndescribed
Al so, a conpound such as Br CF2CFBr OCF3 can be used. 20
d&releWese, fromthe vi ewpoi nts of pol ynerization

reactivity crosslinking reactivity and availability,

1, 4-diiod ther petfluero dhprine i Bifben fard) and the fluorine-

r ef er abl used. The anmpbunt of the conpound represented
%pqtg}qm% n(u;ftl-isggrnented polymer (b-l)npare poor pin crosslinking

efficiency by radiation and substantially cannot be crosslinked by
radiation. Therefore, to crosslink the fifth fluorine rubber composition,
a crosslinking site by which peroxide crosslinking, for example, is made
possible must be introduced into at least one of the rubber and then
crosslinki;lg is conducted.

As the fluorine rubber in which a crosslinking site is
introduced, a fluorine rubber, in which iodine or bromine is introduced
into the polymer terminal, is suitable. This fluorine rubber is obtained

by introducing a compound represented by formula (7):
R’ Br, (7)

(wherein x and y are respectively an integer of 0 to 2 and satisfy 1 sx+y
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0.0001 to 5 % by weight, preferably 0.01 to 1 % by

wei ght of the total 25 weight of the obtained fluorine

rubber. An exanpl e of another method for introducing

the crosslinking site is the nmethod of copol yneri zi ng

a small amount of a 27 nonomgr .that gives a

crosslinking site. As the nononer that gives a

crosslinking site, the sane nononers as those given

abde Rais be serutatedxanpinsatfratéd fubrsliydralaabbangroup or

are silicone rubber and fluorosilicone rubber. 5 In

tehdopeflyernhydrosarbon, geonpr hlavinig El st Diecailson atoms or a

preferably used as the crosslinkable elastoner from

thydrpicanponngraiip Heavingr dsts thrmarboas atomis) avhenf preparing by

el astomer, perfluoro fluorine rubber (a-2) is

Rolymarization.pr Theriadime drnbtdmaine dhak iis kalttedwtes innthis way

conposition of the present 10 invention, the anount of

tiaactionsoas fal crosstiaking|site.i s preferably 1 to 50 parts

by weight, nore preferably 1 to 20 parts by wei ght

based on gamples of cpmpoyhds geprésentedsby ifokmbila (7) are 1,3-

el astoner.. \Wen the amount of the carbon fluoride

fdiljqdaparfluasgprepamne,l pa;3-diipdeeRethlobaperluorof@opamet s 1,4-

%_ wei ght of the crosslinkable elastoner, the effect
iodaperflasvorpbutaney y 1 5-délodionRi4-dichivroperflaoropantame, 1,6-

is, npre than 50 parts by weight, the conposition has

dijgdaparflugrgherangness  t hal Stdidodepedluartosictane, 1,12-

e).ast omer. conposi tion of the present invention is
lm'-@mdpdg%n% a seal i ngl,Afrdiipdpperfhaorchexadecane,
ta] compound inaorganic filler and/or an organic 20

ﬁ}%ﬁiﬂwﬁ@%undlﬂ-an@dor?&%@%pouh&dwdorn@mpane. CF,Br,,
%%&iﬁki kabl e el astoner conposition of the present
BRI, G GRREBr, (GEGIBral BreieRGuT, neFRIGISFCIBY,
filler r organj ¢ polyner conpaund filler is
;ﬁfé@%@r&a ho 30 bhremen-ipdopariluaspethare.er abl \l-bromo-3-

to.15 rts b
10dopemuoropr¥)pane, 1-bromo-4-iodoperfluorobutane, 2-bromo-3-

iodoperfluorobutane, 3-bromo-4-iodoperfluorobutene-1, 2-bromo-4-
iodoperfluorobutene-1, monoiodomonobromo-substituted benzene,
diiodomonobromo-substituted benzene and (2-iodoethyl) and (2-
bromoethyl} substituted benzene,
| Also, a compound such as BrCF,CFBrOCF, can be used.

Of these, from the viewpoints of polymerization reactivity,
crosslinking reactivity and availability, 1,4-diiodoperfluorobutane and
diiodomethane are preferably used.

The amount of the compound represented by formula (7) is
0.0001 to 5 % by weight, preferably 0.01 to 1 % by weight of the total
weight of the obtained fluorine rubber.

An example of another method for introducing the

crosslinking site is the method of copolymerizing a small amount of a
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wei ght, nore preferably 5 to 15 parts by wei ght, based
on 100 parts by 25 wei ght of the crosslinkable
el astoner. Wen the anmount of the filler is wthin the
above range, a nolded article can be obtained, which
has smaller change in weight g7n .any of high
concentration F radical 28 irradiation, 02 plasma
irradiation and F plasma irradiation than in the
dqoonemen that gikest Aammssinkingsied As thelmohawmdagthat gives a
better mechanical strength can be obtained. To the
«crosslinking siteethe same nuonpuers asrthoketgdivep abssotcarbbe used.
i nvention, a crosslinking agent can be added when
necessar y. Examples sd| thek siliroage alasthateri are silpmmeedbber and
the crosslinkable elastomer conposition of the present
ifhierasikicorefubbersel ect ed accordingly dependi ng on the
type of crosslinkable groups (cure sites) of the

5 crossl i nkdB the paesenemvertidmea parfkidrokelagtomer tis preferably
can pe conducted in a peroxide crosslinking system
giefb| agr the | cragslinkahlec elastonyemi fronr thes | viekipajnt of heat

system triazine crosslinking system oxazole
JESHIANAR| ndss§uchng perflunreoeiastomer) iperfluproyfitionine rubber
thi azol e crossljnking systemand radiation
davddis paditigilayin prefenablene crosslinking agent used in
peroxide crosslinking is an organic peroxide that can
easily prdauthe p%rpéﬁﬁnka@il% Alastompe qempesition off theitpresent
Qr an .oxidjzation-reduction system Exanples are
10 inyempien, thg amppatyéthescarbmn fluanids fdles isipseferably 1 to 50
2, 5- di. et hyl hexane- 2, 5- di hydr oper oxi de, ]
qarts fY: yeighto mngee prefssaplse drig g6r partscby meight based on 100
di c | per.oxi de, ,
:l’,aatf%}/’&‘}’@'sﬁt;ﬂ?ﬁ@? sx9sslinkableslasiymeenz Bhen the amount of the
di net hyl -2,.5-di.(t-.bytyl peroxy) hexane, .
SagBytibagijde hillris dpds BRag Y bAck by Sreighhbased on 100 parts by
benzoyl oxi de, 1.-butyl peroxybenzene, 2, 5- )
bt 5 ropalinkablc Eamimen e affestigs sofdley is hardly
15 rtraax.lh‘ia'gftgdae{]rgd tvirhen the amount is more than 50 parts by weight, the
composition has extremely high hardness that the crosslinkable
elastomer composition of the present invention is unfavorable for use as
a sealing material.
When a metal compound inorganic filler and/or an organic
20 polymer compound filler is compounded to the crosslinkable elastomer
composition of the present invention, the amount of the metal
compound inorganic filler and/or organic polymer compound filler is
preferably 1 to 30 parts by weight, more preferably 1 to 15 parts by
weight, more preferably 5 to 15 parts by weight, based on 100 parts by
25 weight of the crosslinkable elastomer. When the amount of the filler is
within the above range, a molded article can be obtained, which has

smaller change in weight in any of high concentration F radical
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but yl per oxyi sopropyl carbonate. O these dial kyl types

are preferable. 25 Furthernore,

2,5-di methyl -2, 5-di (t-butyl peroxy) hexane is

particularly preferable. Usually, the type and anount

of the organic peroxide is _selgected in consideration

of the anount of active -0-0- and 29 - deconposition
tenperature. The crosslinking aid that can be used in
tieadibtioam, Qspldsma ircadiation atitbF plasni€ éatddiation than in the
activity to peroxy radical and polymer radical.
Bammendwrmale Munthérmore paahohded antidle havimgbetter mechanical
functional 5 group such as CH2 = CH, CH2 = CHCH2- and
Gteengitrcandprobtainedexanpl es are triallyl cyanurate,
triallyl isocyanurate (TAIC), triacrylformal, triallyl
trimellitdfe,thy, srosslinekhleeclelstomer ecomngesition of the present
di propargyl terephthal ate, diallyl phthalate,

tigvenbiony la exrasshinking tagemtdan beisxdded witers peatssary.

bi smal eim de, 10 fluorinated triallyl isocyanurate

(1, 3, 5-t riBe, Tresslinkingr agenpr oifeaty| s compounded to the
1,3,5-triazine-2,4,6-trione),

torpsskinkabla glastomes: compositiont of dhey pregénis phv¢mtion can be
N, N-di al | yl acryl anm de and

selectediaspordinglydapsnsling ancthekypppEerasslirttieable groups (cure
crosslinking agent used for polyol crosslinking are

sateppof dbpponslinkable elastomemenol A and bi sphenol 15

AF. Exanpl es of the crosslinking agent used for

pol yani ne The sgepslinking seactionycanche conduacteshinuadgeroxide
such as . hexanet hyl enedi anm ne car bamat e,

Qresslinking, systeracpelyel srosslinliag simtem,pelyamine crosslinking
4,4' -bi s(am nocycl ohexyl ) met hane carbamate. 20 Exanpl es
S'stera. cFgazmen quﬁgslagﬁng uS¥Stedr Q¥8zgle nerosslinking system,

AR AR e, RIS UL B ytem and
Tadistion crods g Sysiem " Oxazel e

The crosslinking agent used in peroxide crosslinking is an
organic peroxide that can easily produce peroxy radical in the presence
of heat or an oxidization-reduction system. Examples are 1,1-bis(t-
butylperoxy)-3,5,5-trimethylcyclohexane, 2,5-dimethylhexane-2,5-
dihydroperoxide, di-t-butylperoxide, t-butylcumylperoxide,
dicumylperoxide, a,a-bis(t-butylperoxy)-p-diisopropylbenzene, 2,5-
dimethyl-2,5-di(t-butylperoxyjhexane, 2,5-dimethyl-2,5-di(t-
butylperoxy)-hexyne-3, benzoylperoxide, t-butylperoxybenzene, 2,5-
dimethyl-2,5-di(benzoylperoxy)hexane, t-butylperoxy maleate and t-
butylperoxyisopropyl carbonate. Of these dialkyl types are preferable.
Furthermore, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane is particularly
preferable. Usually, the type and amount of the organic peroxide is

selected in consideration of the amount of active -0-O- and
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crosslinking, imdazole crosslinking and thiazole
crosslinking are. a 25 bisdi am nophenyl crosslinking
agent, a bi sam nophenol crosslinking agent, a
bi sam not hi ophenol crosslinking agent, represented by
formula (8): s 30 - R Ra -RgR3 R5 (8) 5 (wherein R3
is -S02 1 -0-, -CO, an alkylene group having 1 to 6
carbon atons, a perfluoroal kyl ene group having 1 to 10
algdemmpaesition temperaturgl. e bond, one of R4 and R5 is
-NH2 and the other is -NH2, -OH or -SH, preferably
bot h R4 arth®eresslinkidp) aidithat eaandveansed itr thss labokiengase is a
agent represented by fornmula (9): 10 R6 / \ R3 R6 (9)
WemPPHNAS that thves seastion alctivetyatd peroxy rédicdiHand polymer
NHNH2 15 or _C O, NOH " NH2 and a bi sam doxi ne ]
dadieali niExampiemare spakifamosivrial dompotadsivavimg a functional
(11): NHNH 20 11 Il H2NHN - C - R13 - G NHNH2 (10) .
EREpe sHckr assCllper EHorGH, ky| CHEH-oapdh &F.ng CR-o Bpecific
carbon atons), NH2 NH2 25 1 1 HON = C -(CF2-)n C = NOH
ekamples are triallyl cyanurate, triallyl isocyanurate (TAIC),
triacrylformal, triallyl trimellitate, N,N’-n-phenylenebismaleimide,
dipropargyl terephthalate, diallyl phthalate,
tetraallylterephthalateamide, triallyl phosphate, bismaleimide,
fluorinated triallyl isocyanurate (1,3,5-tris(2,3,3-trifluoro-2-propenyl)-
1,3,5-triazine-2,4,6-trione), tris(diallylamine)-S-triazine, triallyl
phosphite, N,N-diallylacrylamide and 1,6-divinyldodecafluorohexane.
Examples of the crosslinking agent used for polyol

crosslinking are polyol compounds such as bisphenol A and bisphenol
AF.

Examples of the crosslinking agent used for polyamine
crosslinking are polyvalent amine compounds such as
hexamethylenediamine carbamate, N,N’-dicinnamylidene-1,6-
hexanediamine and 4,4’-bis(aminocyclohexyl)methane cari:amate.

Examples of the crosslinking agent used for triazine
crosslinking are organic tin compounds such as tetraphenyl tin and
triphenyl tin.

Examples of the crosslinking agent used for oxazole
crosslinking, imidazole crosslinking and thiazole crosslinking are a
bisdiaminophenyl crosslinking agent, a bisaminophenol crosslinking

agent, a bisaminothiophenol crosslinking agent, represented by formula

(8):
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(wherein nis an integer of 1 to 10). These

bi sam nophenol crosslinking 31 agents,

bi sam not hi ophenol crosslinking agents and

bi sdi am nophenyl crosslinking agents have
conventionally been used in crgpsslinking systens
wherein the crosslinking site is a cyano group, but

al so react w th a carboxyl group and an al koxycar bonyl
group ang+form an oxazole 5 ri thi azole ring and an

I m dazol e rg-~l 0 give a grosglinked article.

Partiﬁﬁlar/& phaf erahly V/ 3]\ nki ng agents are

conpotind havi By & ] -Rﬂ-hydroxyphqu)
iimar

groups, 3-8 4- mer gnyl groups and

3, 4-di am nophenyl groups represented by the formula

(12): 10 A R4 rVR3 (12) R5 RS (wherein R3, R4 and R5

are the sane as above) and specific exanples are 15
dwhesein R s 504, hQdr SR Pshanyalkyderd guouprhayiagel to 6 carbon
(generic nane: bis(am nophenol ) AF), 2, 2-bi s(3-am no-4-
radpsasit 8pprerfingraadkulenco gopupphaving dt taahd ncirbwremtpms or a
bi_ s- 3, 4- di am nophenyl net hane,

wisgle hondaeneoBhahdtReis NH, aral the otBenis -NH,, -OH or -SH,
di am nophenyl ) hexaf | uor opr opane. 20 In the above

dreéerably ihoth BY endnR® aseiaNHy), a bisamidrazooke ¢rosslinking agent
crosslinking agent is 0.05 to 10 parts by weight,

gepresemied by dermula(®k by wei ght, based on 100 parts

by wei ght of the crosslinkable elastoner. Wen the

anount is less than 0.05 part by weight, the

crossl i nkal el ast oner A¥® ot be crosslinked
suf figbken d mhﬁ@ t

parts by We the prop

article tapd—1/0 becone ponxa

t 1,8 25 nore than 10
of the crossliR¢d

wherein R® is the same as above and R® is -C# NH
NOH “~NHNH,
or -C% }
“NNH,

and a bisamidoxime crosslinking agent represented by formula (10) or

{11):

NH NH

Il il
H,NHN — C — R? — C— NHNH, (10)

(wherein R is a perfluoroalkylene group having 1 to 10 carbon atoms),

NH, NH,
I I
HON = C —{CF;}zC = NOH (11)

(wherein n is an integer of 1 to 10}. These bisaminophenol crosslinking
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For uses in which non-contam nating properties are

strongly 32 desired such as sem conduct or

manuf act uri ng equi prment, high energy crosslinking is
preferably conducted wi thout adding a crosslinking

agent. Wen crosslinking by .ragiation, as a conpoundi ng
agent for 5 crosslinking by radiation, the sane

conmpounds as those used for a crosslinking aid in

peegendisgl disardin bt hibiphg nod rtrbﬁskiﬁhﬁi% agefits iRl bis@idMhiridphenyl
preferably 0.1 to 10 parts by weight, nore preferably
résslinkingaagentsy huwiegrdorbastibraallyl Ofedrar isedyinet@i¥slinking
of the polymer. In crosslinking by radiation, the
csystemsniwihereire the tarosslinking eiteois 4l @amogreip| baitaalso react
crosslinkable el astomer and a carbon fluoride filler

avidhra cdeboxyltgrouipeadd sin atkostymaebaeng] phenpaficform an oxazole
irradi ated by ionizing radiation which has sufficient

hiigg, tiazgle ringpandeat emidazole ring o gied aarrossliakeduatticle.

as X-rays, a-rays, n-rays, y-rays, electron beans,

prot on bedfasticidarly prefeapblyandosslinking lagentaysre compounds
Irradiati on can be 15 conducted in the presence of air,
rhaviogen, sewegah o3-aotingat chydroxyphemyl Fgrompshe 3-amino-4-
vi ewpoi nt _of preventing oxidizati on and degradation of
tmercaptophenyd figrolpsnanded, dadidmirophenpldgedups represented by
preferably conducted under nitrogen, argon or helium
viecloremalai (@) gases, nore preferably in vacuum 20

As the ionizing radiation machi ne, those conventionally

used can be used. Wien the crosslinkabl e el astoner
conmposi ti onR3f jhea FavenRfon is used as a

coating materi g 3\CrQssl i :\ d such as a

nul ti functiond : dgent can al@@be used.
Exanpl es of Cehul t i f undtTTI g co- cr ossl i nki ng

agent are t same conpounds as those used for a
crosslinking aid in peroxide crosslinking.

(wherein R®, R* and R® are the same as above) and specific examples are

2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane (generic name:

_ bis(aminophenol)AF), 2,2-bis(3-amino-4-

mercaptophenyl)hexafluoropropane, tetraaminobenzene, bis-3,4-
diaminophenylmethane, bis-3,4-diaminophenylether and 2,2-bis-(3,4-
diaminophexiyl)hexaﬂuorbpropane.

In the above crosslinkling system, usually, the amount of the
crosslinking agent is 0.05 to 10 parts by weight, preferably 1 to 5 parts
by weight, based on 100 parts by weight of the crosslinkable elastomer.
When the amount is less than 0.05 part by weight, the crosslinkable
elastomer may not be crosslinked sufficiently and when the amount is
more than 10 parts by weight, the properties of the crosslinked article
tend to become poor.

For uses in which non-contaminating properties are strongly
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The anmount of the crosslinking aid is usually 0.1 to 10
parts 33 by weight, preferably 0.5 to 5 parts by

wei ght based on 100 parts by weight of the

crosslinkabl e el astoner. \Wen the content of the
crosslinking aid is Iless thangg. 1 part by weight, the
crosslinkable elastonmer nmay not sufficiently be

crosslinked and when the anmount is 5 nore than 10 parts
Wdesired)sucheds sgaticondoictdh manafsdtuniegd eguipplent] BiEs energy
to decrease. In the present invention, in fields in
wiroshlihkiphg pisr iprgferatly noonducteadniwidhong Rddivgs ta esrovstinking
not particularly required, additives that are usually
cagepdunded in a crosslinkabl e el astonmer conposition, 10

such as a filler, a processing aid, a plasticizer and a

col or ant, Waenberosstimongdsdradiatiors ces aarompétindiagtagent for
one tﬁge of a commonly used crosslinking agent and a
srosslinking dyirddidation dithé esatfeocondprmmdsiass thbed used for a
above may al so be conpounded. The crosslinkable

girasskinking aidoin tperoxide tdrosplinking carb benwenhpounded. The
be prepared by m xi ng the above conponents such as the
amount ik gyeferably Oobto Ihpacty bywdighty imbrefprefaratin®.3 to 5
al so, when necessary, the metal conpound inorganic

fparnte byaweight basgcthoo 10 yeasts byowpightcofi the polyaner.t he
crosslinking agent using the usual el astoner

processi ndnnﬁnsﬁmlsmgwqas radiation, ridid craess8inkbaje elastomer
m xer and a 20 kneader. The conposition can also be
[FOZRRe BifioE) containing adcussslinkaple slastomemandrd carbemdluoride
the nmet hod of co-coagulating froman enulsion mXxture.
ﬁ%brcmgnpmgbu@twtg@t dnsiredoahapttand tdfereafiepriesadiated by
i.nvention is useful as nolding material for various

denizing Fadiatien whickshassuffigienidhight energy topemmeate into the
elaﬁﬁfnerLc nol ded articles. Particularly, the

dneldad artisles stk asrirraysasosays.ob-réys: Narayse edegtron beams,

i nvention is used ) )
proton beams, deuteron rays and ultraviolet rays. Irradiation can be

conducted in the presence of air, nitrogen, argon or helium or in vacuum.
From the viewpoint of prevchting oxidization and degradation of the
surface of the molded article, irradiation is preferably conducted under
nitrogen, argon or helium, which are inert gases, more preferably in
vacuum.

As the ionizing radiation machine, those conventionally used
can be used.

When the crosslinkable elastomer composition of the present
invention is used as a coating material, a crosslinking aid such as a
multifunctional co-crosslinking agent can also be used. Examples of
the multifunctional co-crosslinking agent are the same compounds as
those used for a crosslinking aid in peroxide crosslinking.

The amount of the crosslinking aid is usually 0.1 to 10 parts
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for nolded articles for plasma process in sem conductor
manuf acturing 34 - processes. The nethod for obtaining

a pre-nolded article using the crosslinkable el astomner
conposition of the present invention can be the usual

met hod and known net hods such3ds -t he net hod of heat 5
conpressing in a netal die, the nethod of injecting

into a heated netal die and the nethod of extruding

Wit weightixpreféeablyaf. hdoebpartscby woightidebedr odut08 parts by
such_as a hose and electric wire can maintain its form
aveightef r the oprosslinkablef clastomier. exWhekdtipe econtattd of the
article can be used as it is without using a

«resslinking pidgdntless Hran ndl kepartobsr weiglet,uthegcrosslinkable
crosslinking agent and subjected to heat crosslinking
tf:;lasar@m& mtsyflicierdy beacresslinkadandawherhtiie amount is
mai nt aj ni ng. the shape of a nolded article such as an
anprehan 1 parteuby weight, elangationiofitbe erosslinketltanticle tends

nol d-rel easing, the article can maintain the shape by
U8iFRFT&aBee- nol ded article that is crosslinked in
advance using a crosslinking agent. is Wwen conducting

peroxi de dPobR¢ PARseRt iRveniionnia figldadnswhich hight purity and
under the usua,l crosslinking conditions of a
ABTEPRtREENating pEpBARcs PdF BRbMATEICWREYsTequired, additives
ossl i nkl i s condu (g by pl aC| the _elastoner in _
:I-“ﬁétaaf? LV &omcaﬂraé, AB Cﬂiﬁﬁ ble elastamer composition,
200C f 1 to 60 m,nutes. an subsequen ly, oven
mﬁm.fﬁk% # PEOkeRng: o 1y Plerdrider nch bolarant, can be

120 to 2 O to 48 hours,.to obtain a crossllnked
&P&?B?Bn eW BnHEE?*’rﬁ?ngoxa‘\ztole@S&%|tm¢<.qua (fommonly used

RSB g Thn o S5s bRy B Bl ifer rom . those
%{ﬁsssl | rét ﬁ%Yconm ti nE’FOf a_cro sld|r gkgglnguglt gzt E;rer
1y S 9 L P
invention can be prepared by mixing the above components such as the
crosslinkable elastomer and carbon fluoride filler and also, when
necessary, the metal compound inorganic filler and/or organic polymer
compound filler and the crosslinking agent using the usual elastomer
processing machine such as an open roll, a Banbury mixer and a
kneader. The composition can also be prepared by the method of using
an internal mixer and the method of co-coagulating from an emulsion
mixture.

The crosslinkable elastomer composition of the present
invention is useful as molding material for various molded articles or as
coating material for various elastomeric molded articles. Particularly,
the crosslinkable elastomer composition of the present invention is used

for molded articles for plasma process in semiconductor manufacturing
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m nut es and subsequently, oven crosslinking is

conducted by holding in - 35 an oven of 120 to 320C

for O to 48 hours, to obtain a crosslinked article.

Al so, for exanple, bis(am nophenol)AF can be used

toget her by adding in conpqurds .of known crosslinking

nmet hods of crosslinkable elastoners such as pol yam ne
crosslinking, polyol crosslinking and peroxide 5

proeeksesi ng. | m dazol e crosslinking wherein a carboxyl
group is crosslinked with a bisdi am nophenyl

cr ossl i nkiTige apethod sforosbtairiihgbhepré-eniokled article using the
car boxyl - cont ai ni ng pol ymer, which has a carboxyl group
iaroaslinkable clastonterawmpesitivmbfithe presemt itdemtion can be the
crosslinked article having 10 favorable properties at a
rasual veethedwandodaidwii methedsersatalr ead f tie methpde of heat
150 to 230C, preferably 170 to 200C). For uses in which

oM pIeRsANgE ihta myetad dies the methodsof mjgttingdeto reetieated metal
as sem conductor manufacturing equi pment, high-energy
ehesand nthiengnéethqel of exxtiolgling witht ad extrinder ces rige @mployed.

~crosslinking agent. 15 As the crosslinking source,

Extmpudedapregdactsnsughsas ya hage, antd eglectnic wiransan pmaimtain its
beanms, deuteron rays and ultraviolet rays are used. In
Joem aftensxtrusgieniand dherifore athriaxtriuded pfemobldedatticle can
to 50 Mad. The jrradiatjion tenperature is preferably
T usedoes. it is awithensrusing e cresslinkinglaganthe A pre-molded
presence of air, nitrogen, argon or heliumor in

smg ey erasshiaking agsnttand spbjectedi tegheat drosslinking by
and degradation of the surface of the nolded article,
iSteam can aise bepraadr Jbisp, imthe casd that onaintaining-the shape of
argoca or, helium which are inert_gases, nore preferably
ignmalded articlp suchoas rnRaring is| diffioalsincumpuwnosslinked state

the nol ding. 25 material of the present_invention can
ﬁgtq{rWQSqiTrﬁlfeﬂflﬁgd% patigle ean gpamntain therhapel biresiogea pre-

%ofcpe% glr't?g]%ntﬁnait ?g ?:?cgsi:.solglrikel:ciJ ;1!1 Qﬁﬂrgﬁﬁzg’uéﬁg a crosslinkiﬁg agent.

When conducting peroxide crosslinking, crosslinking can be
conducted under the usual crosslinking conditions of a crosslinkable
elastomer. For example, press crosslinking is conducted by placing the
elastomer in a metal die and holding under applied pressure at 120 to
200°C for 1 to 60 minutes. and subsequently, oven crosslinking is
conducted by holding in an oven of 120 to 250°C for O to 48 hours, to
obtain a crosslinked article.

When conducting oxazole crosslinking using a crosslinking
agent such as bisaminophenol, crosslinking can be conducted under the
usual crosslinking conditions of a crosslinkable elastomer. For
example, press crosslinking is conducted by placing the elastomer in a
metal die and holding under applied pressure at 120 to 250°C for 1 to 60

minutes and subsequently, oven crosslinking is conducted by holding in
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el astoneric nolded article can be coated with the above
coating material 36 wusing the crosslinkable el astoner
conposition of the present invention and then
crosslinked to obtain a coated nolded article. As the
el astonmeric nolded article thakg i.s to be coated,
articles nmade of various elastoneric materials can be
used and fromthe 5 viewpoint of heat resistance,

fdniovenofdl2toBROSC 30 0ol 48 bivvire!| 66 bBtEIhSa cAb$slinked article.
preferably used. The nolded articles and coated nol ded

Jlsbe forsexaimple; hisapiiophéYsIAF @andbe udeditoketiter by addmg in
various nolded articles in the fields shown bel ow

Tishpeuhdiscof3kndwr cpsslinkdngmethéds @f croyslinkéble @lastomers
m t6 ~pgC cr Ovi 00 b CC+~y at P4 HE O Qy ai

auch as poljamiihe Ocrosslinking, polyol crosslinking and peroxide
crosslinking.

Imidazole crosslinking wherein a carboxyl group is
crosslinked with a bisdiaminophenyl crosslinking agent is most suitable
for a carboxyl-containing polymer, which has a carboxyl group in an
area other than the terminal, and gives a crosslinked article having
favorable properties at a relatively low crosslinking temperature (for
example 150 to 230°C, preferably 170 to 200°C).

For uses in which non-contaminating properties are strongly
desired such as semiconductor manufacturing equipment, high-energy
crosslinking is preferably conducted without using a crosslinking agent.
As the crosslinking source, X-rays, a-rays, B-rays, y-rays, electron
beams, proton beams, deuteron rays and ultraviolet rays are used. In
such a case, the irradiation amount is preferably 0.1 to 50 Mrad. The
irradiation temperature is preferably 20 to 100°C. Irradiation can be
conducted in the presence of air, nitrogen, argon or helium or in vacuum.
From the viewpoint of preventing oxidization and degradation of the
surface of the molded article, irradiation is preferably conducted under
nitrogen, argon or helium, which are inert gases, more preferably in
vacuum.

The crosslinkable elastomer composition and the molding
material of the present invention can be crosslinked and molded to
obtain the molded article of the present invention. Furthermore, the

elastomeric molded article can be coated with the above coating material
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using the crosslinkable elastomer composition of the present invention
and then crosslinked to obtain a coated molded article.
As the elastomeric molded article that is to be coated, articles
made of various elastomeric materials can be used and from the
5 viewpoint of heat resistance, fluorine elastomers and silicone elastomers
are preferably used.
The molded articles and coated molded articles of the present
invention are useful as various molded articles in the fields shown below

in Tables 1 to 3.
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Specifically, the molded articles can be used in the following
semiconductor manufacturing equipment. |
(1) Etching system
Dry etching equipment
Plasma etching machine
Reactive ion etching machine
Reactive ion beam etching machine
Sputter etching machine
Ion beam etching machine
Wet etching equipment
Ashing equipment
(2) Cleaning system
Dry etching cleaning equipment
UV/O; cleaning machine
Ion beam cleaning machine
Laser beam cleaning machine
Plasma cleaning machine
Gas etching cleaning machine
Extractive cleaning equipment
Soxhlet extractive cleaning machine
High temperature high pressure extractive cleaning machine
Microwave extractive cleaning machine
Supercritical extractive cleaning machine
(3) Exposing system
Stepper
Coater and developer

(4) Polishing system
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the nolded articles can be used in the follow ng
sem conductor nmanufacturing equi prent. (1) Etching
system Dry etching equi pment. g4Pl.asma et chi ng machi ne
Reactive ion etching machine Reactive ion beam etching
machi ne Sputter etching machine |on beam etching
nmachiGMP équighhent chi ng equi prent Ashing equi pnent  (2)
Gl eani ng system Dry etchi ng cl eani ng equi prent W03
dbp Falimn Jormimg sgsieml on beam cl eani ng machi ne Laser
beam cl eani ng machine Pl asma cl eani ng machi ne Gas
et chi@C¥De¢@aipmentrachi ne Extractive cl eani ng equi pnent
20 Soxhl et extractive cl eaning nmachi ne Hi gh tenperature
hi gh Sputtening equipaoente cl eani ng machi ne M crowave
extractive cl eani ng machi ne
(6) Diffusion and ion implantation system
Oxidation and diffusion equipment
Ion implantation equipment
The present invention exhibits excellent properties as sealing
material for equipment in which plasma treatment, such as NF, plasma
treatment, O, plasma treatment and fluorine plasma treatment, is
conducted, including CVD equipment, plasma etching machines,
reactive ion etching machines, ashing equipment and excimer laser
exposing machines.
Hereinafter, the present invention is explained based on
Examples and Comparative Examples, but the present invention is not

limited thereto.

REFERENCE EXAMPLE 1
(Preparation process of carbon fluoride)

A monel box reaction vessel was evenly lined with 200 g of
acetylene black (available from Denki Kagaku Kogyo K.K., number
average particle size: 0.04 um) and while flowing nitrogen gas, was
heated to 400°C. Fluorine gas was flowed at 400 ml/min and nitrogen
gas was flowed at 3600 ml/min for 10 hours to react and immediately
after the reaction, the inside of the reaction vessel was replaced with
nitrogen gas. While flowing nitrogen gas, the temperature was cooled to

room temperature and the reactant was retrieved. Polycarbon
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Supercritical extractive cleaning machine (3) Exposing
system 25 Stepper Coater and devel oper (4) Polishing
system 44 - CWP equiprment (5) Filmform ng system CVD
equi pnent  Sputtering equipnent 5 (6) Diffusion and ion
i npl antation system Oxidationgzand diffusion equi pment
lon inplantation equi pment The present invention

exhi bits excellent properties as sealing naterial for

SidrdTRIVrid® helvish FY@eFa .0 vl BBBlinedych as NF3 pl asma
10 treatnment, 02 plasma treatnent and fluorine plasm
treatnent, is conducted, including CVD equipnent,

pl asma et chi ng machi nes, reactive ion etching

machi nes, ashi ng equi prentEX@AMEMCiIMer | aser exposing
machi nes. Hereinafter, the present invention is

expl ai ned Aasetﬂeﬁﬁﬂubﬁo&mﬂﬁhef?éﬂm&qﬂﬁiﬁth&we vinyl ether)

Exanpl es, but the present invention is not "limte

t cegpelymerREFEREDCIM 6D VELY moFiarahitth wilife a8 ¢ trodfuced into
carbon fluoride) 20 A nonel box reaction vessel was

etbenitgrrhimelgl Pérhiex200. 3Bofavadiadly Ifetr DI@FKCofyStdtadh)e triallyl
from Denki Kagaku Kogyo K. K., nunber average particle

sispeyafiubdte (MAIC) (hvalildisde ffrom Nippoir ¥eei @hemiésl Co., Ltd.)
heated to 400C. Fluorine gas was flowed at 400 m/mn
camid nialsr agfiller, the polycarbon monofluoride obtained in Reference
Example 1 were mixed in a weight ratio of 100/1/2/15 and then
kneaded by an open roll to obtain a crosslinkable fluorine elastomer
composition.
The obtained fluorine elastomer composition was crosslinked
for 10 minutes at 160°C and then subjected to oven crosslinking for 4
hours in a 180°C air oven, to obtain an AS-568-214 size molded article.
The obtained molded article was subjected to plasma
irradiation treatment under the following conditions and the weight
before and after irradiation was measured to find the change in weight.
The results are shown in Table 4.
(1) Test of resistance to ‘high-density F radical cleaning
Plasma irradiation device: ASTRON fluorine atom generator (made by
ASTEX)
Si0O, etching rate: SiO, etching rate is 1590 A/min under NF,/Ar 500
SSCM, pressure of 5 Torr and temperature of 100°C.
Irradiation conditions:
NF,;/Ar: 1SLM/1SML
Pressure: 5 Torr

Irradiation temperature: 200°C
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gas was flowed at 3600 mM/mn for 10 hours to react and

i mredi ately 25 after the reaction, the inside of the

reacti on vessel was replaced with nitrogen gas. Wile

flowi ng nitrogen gas, the tenperature was cooled to
roomtenperature and the reactgnt. was retrieved.

Pol ycarbon 45 - nonofl uoride having F/C of 1.0 was

obt ai ned. EXAMPLE 1 A

t et Ierddiatiost fiyhen®/l@tifd uoro(net hyl vinyl ether) 5
copolynmer (67 %by nol/33 % by nol) in which iodine is

| Weiglhitnrd suptmerith Méiuriensént WashwrlicteB to2y. @1l 4y @sing an
from NOF Corporation), triallyl isocyanurate (TALC)
(clzatroalt anfalysisNqale 2006 MPEhaadedby Sertoridds \GMBHW .and the
as a filler, the polycarbon nonofl uoride obtained in

ReOdr rigceolumianphs rounelee offxed in a weight ratio of
100/1/2/15 and then 10 kneaded by an open roll to

obtai n a cThesd sakpies of leachi kidewesé used andthesdavdrage value
The obtai ned fluorine el astoner conposition was
mfanteiofldmtrease il veighutvess ealcifiatedind t hen subj ect ed

to oven crosslinking for 4 hours in a 180C air oven,

t(@) thighi dersitAS Slas il resiseanee dest article. 15 The

obt ai ned nol ded article was subjected to plasm

i Plastan tiTadiatient device uH@Brhighedénbityvwlagnta mdathims (made by
and the weight before and after irradiation was
reamgeodmtemadtiodallhe change in weight. The results are
shown in Table 4. (1) Test of resistance to

Hrradiagion cgnditions:cal cl eaning 20 Plasma irradiation

devi ce: ASTRON fl uori ne atom generator (nmade by ASTEX)

S 09,etl6nBG§Mate: S 02 etching rate is 1590 A/min

under NF3/Ar 500 SSCM pressure of 5 Ton and

t enPeesswnes 20 mDOXT. | rradi ati on conditions:

Power: 800 W
Irradiation time: 30 minutes
(3) High density CF4 plasma resistance test
Plasma irradiation device: ICP high density plasma machine {made by
Samco International)
Irradiation conditions:
CF,: 16 SCCM
Pressure: 20 mTorr
Power: 800 W

Irradiation time: 30 minutes

EXAMPLE 2
The experiment was conducted in the same manner as in
Example 1, except that the polycarbon monofluoride of Example 1 was

thermally treated in advance at 350°C for 2 hours.
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25 NF3/ Ar: 1SLM 1SM. Pressure: 5 Ton Irradiation
tenperature: 200C 46 - Irradiation tinme: 2 hours Wi ght
nmeasur enent: Measurenent was conducted to 0.01 ng using

an electronic analysis scale 2006 MPE nmade by

Sertorious GVBH and the 0.Q1 4% colum was rounded

off. 5 Three sanples of each kind were used and the

average value of rate of decrease in weight was

cal cul ated. (2) Hi gh densiBXAMPLHE @snma resi stance test
Plasma irradiation device: |ICP high density plasm

machi ne (rEde dxperfment wasecoradiicteal in lthd sant ahaAfer as in
conditions: 02: 16 SCCM Pressure: 20 nmTorr Power:
dogamvpler ddiexdept thate:a Istrifludresthylens) peirfliosemethyl vinyl
CF4 plasma resistance test Plasma irradiation devi ce:

|athen] goppdymicry (BT a%nebyraniol /23 ( #adey bmoljSant evhich iodine is
International) Irradiation conditions: CF4: 16 SCCM 20
Rngeadiaeed 2intoTdthe  teomdnal 8(Merhiekar RI6R | (vailaible ffHM NOF
m nutes EXAMPLE 2 25 The experinment was conducted in
tGerpanation] nitoiallyd isecyanurate (TAIC) (available from Nippon Kasei

Chemical Co., Ltd.), polycarbon monofluoride (thermally treated in
advance at 350°C for 2 hours) as a filler and a scaly resin having the

following structure (specific surface area 2 m?/g) were mixed in a weight

ratio of 100/1/2/10/5.

& . D
C C

/ \

\ ’
{7 %
\_ O %)

EXAMPLE 4

The experiment was conducted in the same manner as in
Example 3, except that silica (available from Cabot, CAB-O-SIL M-7D:

average particle size 0.02 um) was used instead of the resin filler.

COMPARATIVE EXAMPLE 1
The experiment was conducted in the same manner as in
Example 1, except that 8-alumina (available from Sumitomo Chemical

Co., Ltd., AKP-G0OO08) was used instead of polycarbon monofluoride.
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Exanpl e 1, except that the pol ycarbon nonofl uoride of
Exanple 1 was thermally treated in advance at 350C for

2 hours. 47 - EXAMPLE 3 The experinent was conducted in

the sane manner as in Exanple 1, except that a

tetrafl uoroet hyl ene/ perfl uor.oggethyl vinyl ether)

copol ynmer (67 % by nol/33 % by nol) in which iodine is

5 introduced into the ternmi nal, Perhexa 2.5B (avail abl e
from NOF Cor por at i ©@O@MPARATIVE EXAMPBREUR at e ( TALC)

(avail abl e from N ppon Kasei Chemical Co., Ltd.),

pol ycar borTherexfperanicdd wakaroredhiytedd ¢attided samedvanner as in
at 350C for 2 hours) as a filler and a scaly resin
tExampleh8, éxtéptithptsthectesin (mvingf tlee sstrhieterargtown in
2 mM/g) were mxed in a weight 10 ratio of

Hxmple Bowas Gead instradNE polycartiorCanbndflGofide. O n

EXAMPLE 4 The experinent was conducted in the sane

manner as in 20 Exanple 3, except that silica

(avail able from Cabot, CAB-O-SIL M7D. average

particle size 0.02 COMRARATEIVE BXAMBLBf3t he resin

filler. COVPARATI VE EXAMPLE 1 The experinment was

conduct ed The erpesimentawase canducted in Bhengdmel manner as in
except that O-alum na (available from Sum tono Chemi cal
d&xample 1, exceptibey siliea (aeailahls fremn Gahot, EABORSIL M-7D:
nmonof | uori de. (48 = COVPARATI VE EXAMPLE 2

average particle size 0.02 pm) was used instead of polycarbon

monofluoride.

COMPARATIVE EXAMPLE 4
The experiment was conducted in the same manner as in
Example 1, except that carbon black (available from Cancarb Limited,

N-990) was used instead of polycarbon monofluoride.

TABLE 4

Rate of weight change after plasma irradiation (% by weight)

ngl:a%;g:ity Oz plasma CF; plasma
Ex. 1 0.23 1.56 ‘ 1.88
Ex. 2 0.21 1.35 1.69
Ex. 3 0.22 1.69 2.28
Ex. 4 0.23 1.55 2.88
Com. Ex. 1 6.89 0.92 1.08
Com. Ex. 2 0.23 2.59 2.88
Com. Ex. 3 0.52 1.68 4.95

Com. Ex. 4 0.27 3.63 2.88
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The experinent was conducted in the sanme manner as in

Exanpl e 3, except that the resin having the structure

shown in Exanple 3 was used instead of polycarbon

nonof | uori de. 5 COVPARATI VE EXAMPLE 3 The experi nent

was conducted in the same manmer -as in Exanple 1,

except that silica (available from Cabot, CAB-O SIL

M 7D: average particle size 0.02 n) was used instead .

of pol yder ieytderny framoflainde i 4ie th€OwREHT |dderExdeliBrdely in a

The experinent was conducted in the same manner as in

Beanpeaition eppépining aluszinsoas sl fitlkr (Gom patativef Erample 1) by

Cancarb Limted, 15 N-990) was used instead of _

guBhcdensity b retlicar irdadiatnsi,Eint sRebmpdsitiongbontdiaig only a

after plasma irradiation (%by weight) H gh density 02

rﬂeﬁlﬂmf%@M (Spmparativea Fxaanplex 2) 1bp. 03 plaitnd . B8adiatior®, in a

0.21 1.35 1.69 Ex. 3 0.22 1.69 2.28 Ex. 4 0.23 1.55

Fogapogitign gentaingngoomnlyoe silics fillksn{Campazative Egample 3) by
88, Co Ex. 3 0.52 1.68 4.95 Com Ex. 4 0.27 3.63
lugrine splasma eiradiation gndrdbl @ sompesitienglcontaining carbon

ely_in a_conposition containing alumna
gﬁgr eﬂ&%‘;’:&g{ '\f%@p:amm]@ ﬁxngmg}zdalg)sm irradiatign. On the other

hand, the crosslinkable elastomer composition of the present invention
has extremely small weight decrease in all of high-density F radical
irradiation, O, plasma irradiation and fluorine plasma irradiation and

exhibits excellent plasma resistance.

INDUSTRIAL APPLICABILITY
According to the present invention, a crosslinkable elastomer
composition can be obtained, in which the change in weight in all of
high-density F radical irradiation, O, plasma irradiation and fluorine
plasma irradiation is small. Consequently, the crosslinkable elastomer
composition of the present invention is used as a molded article such as
a sealing material for sealing in semiconductof manufacturing

equipment in which an extremely large variety of plasma treatments are

conducted.
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hi gh-density F radical irradiation, in a conposition
containing only a resin filler (Conparative Exanple 2)
by O2 plasma irradiation, in a 5 conposition containing
¢ only a silica filler (Conparative Exanple 3) by
fluorine plasma irradiation_agg i.n a conposition
contai ning carbon black (Conparative Exanple 4) by Q2
plasma irradiation. On the other hand, the
crosslinkabl e el ast omer con@balMSn of the present
invention has extrenely small wei ght decrease in all
of high-density F radical 10 irradiation, 02 plasna
irradiation and fluorine plasm irradiation and
exhi bi t s ekckldresslinkableaclagsosicrmanpbiifldsy Rirblasma process
APPLI CABI LI TY According to the present invention, a
©ousptising bl erosshinkaive elasionmrmmsd td cartsan flupride filler.
obtai ned, in which the change in weight in all of
5 high-density F radical irradiation, 02 plasnma
irradiation and fluorine plasma irradiation is small.
Consequent2.yThe hrosslvdsitilalcdis toreéneompersitionmfd@liaimoh, which
of the present invention is used as a nolded article
dusthers comprses ry silicier campaund emidrggnia filler and/or a filler
sem conduct or manufacturing 20 equi pnment in which an
EPMPHSING | aurggnthetice pplymepl hewing reedthermailyrand chemically
conducted. f 50 - CLAIMS 1. A crosslinkable el astomer
séablesaromaticoringlinsthe masnedwivonpri sing a
crosslinkabl e el astonmer and a carbon fluoride filler.
10 5 2. The crosslinkable el astoner conposition of Claim
1, which further conprises a silicic conmpound
i nor gani ¢ i (Mhey qﬁaggnkabh |¢lastormmenpeoripagition of Claim 2,

Haeean s ey hEhetin gotyiven BaTnE adiermally and chemically stable
aromatic ring in the main chain is a synthetic polymer having an amide
bond or an imide bond in the main chain.
15
4. The crosslinkable elastomer composition of Claim 2,
wherein said silicic compound inorganic filler has average particle size of

at most 0.5 um.

20 5. The crosslinkable elastomer composition of Claim 2,
wherein said filler comprising a synthetic polymer having a thermally
and chemically stable aromatic ring in the main chain has specific

surface area of at least 0.5 m?/g.

25 6. The crosslinkable elastomer composition of Claim 1, 2, 3, 4
or 5, wherein said carbon fluoride filler is heat treated at 300 to 550°C in

advance.



10 3. The crosslinkabl e el astonmer conposi-tion of Caim
2, wherein said synthetic polynmer having a thermally
and chemcally stable aromatic ring in the nmain chain

is a synthetic polynmer having an am de bond or an

i mde bond in the main chain. s> 4. The crosslinkabl e

el astoner conposition of Claim2, wherein said silicic
conpound inorganic filler has average particle size of

at nost 0. 3. The c20s8linkabled1a86drnBk eBhhRiAShWRElaim 1, 2, 3, 4
conposition of Claim2, wherein said filler conprising’
& oyré,hwheeceipotyitperosalinkable elastbidris 2perfllerh hdtbmer.
stable aromatic ring in the main chain has specific

surface area of at least 0.5 nR/g. 25 6. The

crosslinkabl e el astoner conposition of Claim1, 2, 3, 4

or 5, wher&i m smaldedr boticld Uori ptasmhbl Yrotés§eddbmprising the
treated at 300 to 550C in advance. y y~ 51 7. The
arrosslinkiabld elastaniernmrmepositisi of Glaith 1] 2 8] 4, 52.6 8r 7.

4, 5 or 6, wherein said crosslinkable elastonmer is a
perfluoro elastoner. 8. A nolded article for plasm

process conprising the 5 crosslinkable el astoner

conposi ti dh & selading makridl, fér HasfnerprbceSs fomprising the
sealing material for plasma process conprising the
«resslinkrbls elastomterraampositios bf Qlaivh XJ2) 8) 4, 526 &r 7.

4, 5, 6 or 7.
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