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SF-1363 1 DESCRI PTI ON RUBBER COWVPOSI TI ON AND SEALI NG
MATERI AL FOR PLASVA TREATMENT DEVI CE 5 TECHNI CAL
SErtB®A30F THE | NVENTI ON [0001] The present invention
relates to a reactivity-having rubber conposition
before curing and to a sealing material for 10 plasma
treatnment devices. Mire specifically, it relates to a
reacti ve un-vul cani zed rubber conposition before
curing, which conposi tPRFCRART pPEpare seal i ng
materials for plasma treatnent devices at a | ow cost,
particularly in sem conductor production processes,
hardly has generation of tackiness or 15 adhesion with

counter faces eveRushrR! chfipe@Ririrpmonsiyy used at a
hi gh tenperature for a |long period of tinme and has no

gener a S n I n
Ornen CEERRISh BRERRPAEOroR AR YRR beac
treatment devices, which nmaterials are obtainable by
vulcanization nmol di ng the 20 conposition. TECHN CAL

CKGROUND OF THE | NVENTI ON éOOOZ I n sem conduct or
T%EQNEE%%05I$¥%I%§ TRE pBFYENBEGN el astoner (FFKM has
been conventionally used as an el astonmer SF-1363 2

[GRAEti al having excel l ent plasma resistance.

The present invention relates to a reactivity-having

. rubber composition before curing and to a sealing material for

plasma treatment devices. More specifically, it relates to

a reactive un-vulcanized rubber composition before curing,

- which composition can prepare sealing materials for plasma

treatment deviceé at a low cost, particularly in semiconductor
p;oduction processes, hardly has generation of tackiness or
adhesion with counter faces even if it is continuously used
at a high temperature for a long period of time and has no

generation of particles, and also the present invention relates

“to sealing materials for plasma treatment devices, which

- materials are obtainable by vulcanization molding the

composition.
TECHNICAL BACKGROUND OF THE INVENTION
[0002]
In semiconductor production fields, a perfluoro

elastomer (FFKM) has been conventionalily used aé an elastomer
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The perfluoro el astoner, however, is very expensive.
Therefore, a nore inexpensive fluoro el astoner (FKM
SHrds’%een frequently used i # place of the perfluoro
el astomer (FEKM. 5 [0003] However, the tendency of
m ni aturizing sem conductors has been enhanced
recently so that in sem conductor production
processes, a dry etching method such that etching
nategdtte MAVing excsldensutriasme ges ifias€y pl asma is
mai nly enployed in 10 fining processes of
sem Fbedpetrdl umenherls s Hamerhe ldmweyprmpceiss, véle expensive.
envi ronnent of using a sealing nenber made of a
THd e 5l astiOren ndd9nsiwhitclors &DEOFPREAt @KM) Ras been
sem conduct or production devices, has been severe. The ,
frléa%ergcﬁ]y? 'ﬁ%eﬁe%' Bgfa%f b¥ rRdepalrrkM-bBas astomer (FERM).
possibil'ities of affecting 15 on sem conduct or
[O@&%ﬂuction processes such that sealing parts nade of
are plasma-etched and thereby be deteriorated to
cause |l oweri-ng of sealing properties, or fillers
bl endYESVRT gEesEﬁPfiﬁﬁcé{aP?smhﬁH%t‘dFlFKII'\‘)F P R BRPdRGtors
and left out to cause generation of particles and
hashpeenyenhanasghbecedt et htdaante sepd coaduggogageeduction
- [ 0004] Furthernore, when fluoro elastoner (FKM nol ded
praxcteiscless aadeycenthdnguskyhoseduch thet settkhbnguctestment
preparation field where plasma resistance and the
isl tkeraeq gesiied, ghackhresshohpladds 3s hadhes emplbfed in
generated on the surfaces of the fluoro el astoner

£ifRhded RAlsGles 034 1% e RAY O RRnpe adhere to mating

In the dry process, the environment of using a sealing
member made of a fluoro elastomer (FKM), which is incorporated
in semiconductor production devices, has been severe. The use
of the sealing parts made of FKM has possibilities of affecting
on semiconductor production processes such that sealing parts
made of FKM are plasma-etched and thereby be deteriorated to
cause lowering of sealing properties, or fillers blended in
the sealing parts made of FKM are exposed and left out to cause
generation of particles and thereby the number of maintenance

is increased.

[0004]

Furthermore,whenflﬁoroelastomer(FKM}moldedarticles

-are continuously used in the semiconductor preparation field

where plasma resistance and the like are desired, tackiness
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materials. This phenonenon is easily induced in
particularly sem conductor production processes at a
Shryhedenperature. 5 Consequéently, for exanple, when
the fluoro el astoner sealing nmaterial is used as a
sealing material for an open close part such as a
gate val ve set on gates of various treatnent devices
used in various sem conductor production processes,
(adipe ¢l otop & & RN @At of o e slirtfhecgai £ thal ¥u@reelastomer
hi ndered to cause 10 probl ens such that opening and
neldsid ngrafi cd egat andalsieear eccdeliayad 197 4dges8alidOmating
material is detached. [0005] Conventionally, toward

mBYEF Lo Ng Thhe ﬁﬁ@ﬂ@méﬁ@ﬂﬁk@%es&@ §ﬁ@u£§§5§fggg%igﬂ§arly
I de C y

been endowed on a resulting no 15 arti

£ ] erfluoro el astoner, (FFKM _or
S%Wuoréﬂgﬁﬁﬁ%gégggﬁéﬁe?gmffﬁCSSFFSOP%'enggf%ﬂng%ERﬁft?re‘
ch§ reﬁﬁ!tig% nol ded. article, however, has a problem
U W hd P pFEERR PesTREANRE il Yo edRgkCEG  8Baling
much because in the nolded article, the fluoro
maieksitidnd® BAEdpR? 3 Feed ididarrsrei al FErM)are®@man fleseopart
silicone rubber are blended to form segnents, so the
syqhueso2 aladst vadrepaet angthesnof ded-iasdd elreaswehacei sces
preferentially radical -deconposed. [0006] In
usgeEat ticubarioasr seherorauetba! JrduRltaYR JF &M OB, rapid
SF- 1363 4 devices, which is obtainable by
opéﬂ'%@nb%@tbQPsE%bdb%gtﬁebﬁﬁe lvgﬁv@ é%#pﬁgnggééggg§rcause

and a high plasma resistant uoro siliconeru
pr\Mbtllém% @%rc:%x't%eatc ro%se%ilnrbkla% acgleonst i’nglf Sof a gate valve are

delayed or the sealing material is detached.

"[0005]

Conventionally, toward overcoming the above troubles,
plasma resistance has been endowed on a resulting molded
article by blending an expensive perfluoro elastomer (FFKM)
or flﬁoro silicone rubber with a fluoro elastomer {FKM). The
resulting molded article, however, has a problem such that the
plasma resistance is not enhanced too much because in the molded
article, the fluoro elastomer and perfluoreo elastomer (FFKM)
or fluoro silicone rubber are blended to form segments, so the
fluoro elastomer part on the molded article surface is
preferentially radical-decomposed.

[0006]

In particular, a rubber material for plasma freatment
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di scl osed in JP-A-2001- 348462 (Patent Docunent 1). The
rubber 5 material has good tensile strength and

SEtbhgation, but the fluoro &ilicone material used
herein (KE and FE series) contains |arge anmounts of
fillers so that the fillers are etched wth plasma to
cause a problem of contam nating a sem conduct or
production process as particles. Furthernmore, in order

devladsi miviove ishebpk asall ¢ ést stdkreeaizabowh B30 bYg 2 blend
weight of a filler 1is added to prepare a rubber

o oapddibiron dntsiditerd UBRET a CAMIPSHId Ok | Sesistant fluoro
vul cani zati on nol ded using a peroxide crosslinking

s A0EHnd O e uhbe ry.al | .
resistangﬂ%ﬁggingﬁgﬁdggi?gggkiﬁg rﬁ%%é?f%gggﬁ?aﬁ“%rgﬁ 18
{ . probl |0t rticle erived om t he

djfhalaclﬁlCgsréslééﬁe‘?pg}gn@eé%_e%%é?ﬁgagggif c%%i&du&}@ gubber
E%poalbeéf-A-zoqg-183402 (Patent docunment 2) discloses

ey o 23r97F et &bt A habt ESBYthupRAne2anPBRiABI dPRE the
a curable 20 conposition as described in

flpre 141110008 - 1e6684alPatestt dotehent (BE gmd FE series)
JP- A-H11(1999)-116685 (Patent docunent 4) as it is.

cavbred rspieifie ealdunt sIPF Ai20@3s183403+(1Ped €t 1d@sW®NEt ched
2) discloses a plasnma resistant fluoro el astoner

wiseabl Agma Rt €518k LPEabNaR! & BYneERSak LDk )
el astoner, which SF-1363 5 has g bivalegtbgg???5%§§&QCtor

privRh-eliker ﬂq&gélsaﬁ;péﬂg\%f+ij@§ o @Alkyl eﬂrzofc’t,r ugt ur g4l o to

the main chain an east two “a nyT’ groups

; I f_additi . ti i t drosilyl
<oEaRl e, g A4 L0 LSRRI D RIS SR LKL NP

isl%%ﬁed to prepare a rubber composition and the rubber
coﬁposition .is vulcanization ﬁolded using a peroxide
crosslinking agent to prepare e rubber material for plasma
resistant treatment devices. The rubber material also has a
problem in that particles derived from the fillers are
generated in the use for semiconductors.

[0007]

JP-A-2003~183402 (Patent document 2) discloses a molded
article obtainable by vulcanization molding a curable
composition as described in JP-A~H11(19998)-116684 ({Patent
document 3) or JP-A-H11(1999)-116685 (Patent document 4) as

it is. More specifically, JP-A-2003~183402 (Patent document

.2) discloses a plasma resistant fluoro elastomer sealing

material obtainable by crosslinking a fluoro elastomer, which
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5 two hydrosilyl groups in the nol ecule and capabl e of
addition reacting with the al kenyl groups descri bed
SEbdve3 It discloses the seabing material has oxygen
pl asma resi stance and no adhesion to quartz. It also
di scl oses in the production of the sealing material,
a raw material rubber, which is a 10 fluoro el astoner
represented by the fornmula (1) CH2 = CH - (X) p - (K
has Qpa biRflent XpepfluGro=pCH¥ etitidre aef bavtilentt hereafuoro
is omtted), a specific crosslinking polynmer , a
athyhbyst s¢pecexirée ihy ek naflith ackOrer 958! haki pg a%%tt two
are kneaded in an open roll to 15 prepare a compound

amgnym;mw%%ame%f@d "fé‘ﬂ 1% dQPgﬁr%ilg)%%%glyl

to prepare the nol ded artlc

d ratjve Exanpl e 10). ] 0008
gﬂoﬁgj§lF%%neggﬁggqﬁé%%8h8%npan€%J?EplgyéﬁihﬁY?B% Yg Least
0 nt docunent, 2, it discloses a conventional

e Gorf D DB AR+ ot il ARer ADADLF 146 6REL tLon
rubber or EPDM but they are disclosed as a

rRIFFHERY s ot tahd ther t AbkePul ergroleruinsins X idesks above. It
di scl ose a techni que of inproving adhesion or the like

digfcleseesiie i srpnivlgledk tartiial eassiong ddie plawnmiresiakance
rubber of SF-1363 6 the fornmula (1) at all. [0009]

arlkheossdihé Sigoimaloeshatt descrd Bedoidy fat&ds daceRb-cduction
has good properties at an original state (hardness,

Coft &ed | $ea1 08! RRGRL] 91 agdr&QOM%téPQaEOEEESé§'0&h§8£ is a

but has inferior
fluoro elastomer represented by'thé formula (1)

CHy = CH - (X)p - (Re = Q) - Re = (X)p - CH = CH
(the definition thereof is omitted),
a specific crosslinking polymer , a catalyst (peroxide type)
and a co-crosslinking agent are kneaded in an open roll to
prepare a compound and the compound_is primary cured and
secondary cured to prepare the molded articles (disclosed in
Examples 1 to 5, and Comparative Examples 1 to 10).
{0008]

However, in consequence of particular examination of the
patent document 2, it discloses a conventional fluoro elastomer,
a perfluororelastomer, a silicone rubber or EPDM, but they are

disclosed as a comparison and further Patent document 2 dces

- not disclose a technique of improving adhesion or the like of

a resulting molded article using the raw material rubber of
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pl asma resi stance (radical resistance) and further,

has a room for inproving adhesion (referred to
Stokp@fative Exanple 2 in Table 1 of the present

speci fication). JP-A-2002-220486 (Patent docunment 5)

di scloses a fluoro 10 el astonmer nolded article having

a surface |ayer of a hydroxyl group nodified silicone

and havi ng both of plasnma resistance and no adhesion,
thdi Eprmantac(® izt obthinable by allowing a hydroxyl

group nodified silicone having a specific hydroxyl
[@P@%p containing group to contact with a article

prepared after 15 contacting. It also discloses the

si|i cone saadihBenbt 40r 91 £l AstONBY i 8aPeRdedoLROMID nas
a -RO group (provided that R is a hydrocar%on group :

Ldie nded _qr 1ndi : bo hr ough_anot her .
TSP ST Shnt  reT S PFEaGHE Inat i hat e P00 d0) 25511
| . Tl uor toner nol ded article disclosed in ,
e%éhiégi%%ﬁﬁ ré%éﬁ)t%%dsﬁ?TBESSFFQQtﬁﬁﬁt BHtahpgsénferior

material , is nerely carried out and the treatnent
Plaswrregdesanee ik repds tanasigapdfivsd-hefr t hae.a room

The nol ded article has a problem in that the treated
fqpaproyigac sfpesédnbyrpfasmadand Geatamndi GF-FE36GD12 2 in

thereby is taken away. Therefore, an excellent sealing

Tatelteerl alf Hene ngreammre spenel f et hmsm resi stance than
that of the fluoro elastomer (FKM, which material is

Che VriBrShapadtios (ouepaconleabn st ettt ey pore
efgsty%é%’%ggaé§4§é§§cle having a surface layer of a hydroxyl
group modified silicone and having both of plasma resistance
and no adhesion, which article is obtainable by allowing a
hydroxyl group modified silicone having a specific hydroxyl
group containing group to contact with a article prepared after
contacting. It also discloses the silicone and the fluoro
elastomer are bonded through a -R-0- group (provided that R
is a hydrocarbon group directly bonded or indirectly bonded
through another atom or group to the silicone main chain.
[0010]

In the fluorc elastomer molded article disclosed in

Patent document 5, the surface treatment of a base material

ismerely carried out and the treatment effect does not continue

for a long period of time. The molded article has a problem

~in that the treated layer is decomposed by plasma and heat and
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Pat ent docunent 2: JP-A-2003-183402 Patent docunent
3: JP-A-H11(1999)-116684 Patent docunent 4:

SHALPOH11(1999) - 116685 10 Patent docunment 5:
JP- A- 2002- 220486 DI SCLOSURE OF THE | NVENTI ON OBJECT
TO BE SCLVED BY THE | NVENTI ON [0011] The present
invention is intended to solve the problens 15
associated with the above prior .art, it is an object

thgrehie iprieseen awaention to provide a o
reactivity-having vul cani zabl e rubber conposition

bef orfeawfiorg, capabte: Diemt epasl g amatealhNOhaving more
material for plasma treatnent devices at a | ow cost,

e IChe LR Lisdla P@§19EQH@étﬂ}?§n% bhaly evan o'rfo ]ia'sﬁomer

20 continuously used.at a high tenperature o

duct
P e, PRy O W S BB 6 R h%%%f?ggt s

d I tion not induced. It
AP o D BE (ot At ot SeovIaRd 5 d

seallgg)naterlal for plasna treatnment SF-1363 8

GMAISEH: et ef5 -4 Iobi4l 4fbl e by vul cani zati on
nol di ng the conposition. MEANS FOR SOLVI NG THE OBJECT

Ptor2|dosultes tr lobelP-Gorfidsi-tlisaw 0of t he present
i nvention conprises: (a) a crosslinkable fluoro

Paglemst @ivefument 3: JP-A-H11(1999)-116684
Patent document 4: JP-A-H11{1999)-116685
Patent document 5: JP~A-2002-220486
DISCLOSURE OF THE INVENTION

OBJECT TO BE SOLVED BY THE INVENTION
[0011]

The present invention is intended to solve the problems
associated with the azbove prior art, it is an object of the
present inventicw1tc>prb§ide a.reactivity—ha#ing'vulcanizable
rubber composition before curing, capable of preparing a
sealing material for plasma treatment devices at a low cost,
which material has properties such that even if it is

continuously used at a high temperature for a long period of

time in semiconductor production processes, tackiness or

adhesion with counter faces is hardly generated and particle
generation is not induced. It is another object of the

invention to provide a sealing material for plasma treatment
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(b) a reactive fluorine conmpound (excluding the
crosslinkable fluoro elastoner (a)) having a bival ent
SHOL3eF f | uor opol yet her structdure or a bival ent
perfl uoroal kyl ene structure and, in the end or the
side chain, at |east two al kenyl groups capabl e of
addition reacting with a hydrosilyl group in the
foll owi ng organosilicon conpound (c), (c) a reactive
deyt e sibllichoma tenpalinds bavktgagl el eastul cbhit2a@ion molding
hydrosilyl groups in the nol ecul e and capabl e of
treddtdmpssittieaet i ng with an al kenyl group in the
reactive fluorine conmpound (b) wherein the total
MEHIRYHOR s GIENEPRAUNSSHd) and () is from1 to 10
parts by wei ght based on 100 parts by weight of the
[@dqﬁslinkable fluoro elastoner, and further conprises
2&'(d) a vul cani zing agent (d-1), and optionally a
co-c ssliﬂ?hn% agent (d-2). [0013] In the present ‘
i nventionTYRETr e 5OPPELEERBr i RE cOBRBouRBSSERY ah@veRkion

reactive organosilicon conpound (c) need to be SF-1363

CAPHLIFATF conpounds and be able to gel by reaction in
the presence of a catalyst. In the present invention,
t he drodssl cmabllénkbbaeo flabast erastomer¢onpri ses (i)
a fluorovinylidene type 5 crosslinkable fluoro

eIaSKBmEFa(FK@hcﬁﬁﬂ€|Yflﬁérﬁﬁgprﬁ§ﬁ$o&ﬁ&) (@fcluding the
crosslinkable FKM and a snmall amount of a = .
cr%%%iiHHQﬁyg-eflﬁ%&Blu@ﬁQs%BﬁéEonﬁg)gFFKQ%inéOO§4]bivalent
perfluoropolyether structure or a bivalent perfluorocalkylene
structure and, in the end or the side chain, at least two alkenyl
groups capable of addition reacting with a hydrosilyl group
in the following organosilicon compound {(c), |

(c) a reactive organosilicon compound having at least
two hydrosilyl groups in the molecule and capable of addition
reacting with an alkenyl group in the reactive fluorine
compound (b} wherein the total amount of the compounds (b) and
(c) is from 1 to 10 parts by weight based on 100 parts by weilght
of the crosslinkable fiuoro elastomer, and further compriées

(d) a wvulcanizing agent (d-1}, and optionally a
co-crosslinking agent (d-2).
[0013)

In the present invention, the reactive fluorine compound

(b) and the reactive organosilicon compound (c} need to be
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In the rubber conposition according to the present 10
invention, it is preferred that the total anount of
SEhk3¢dactive fluorine conpound (b) and the reactive
organosi licon conpound (c) be 1 to 10 parts by
wei ght, the anount of the vul canizing agent (d-1) be
0.5 to 2.5 parts by weight and the anount of the
co-crosslinking agent (d-2) be 3 to 6 parts by weight
1 ineedl coBponntiG0apdttesabyevied gietl bf tdwetdraos $hittkaplresence
fluoro elastoner (a). The sealing material for plasm
of reatatentystevi ces according to the present invention
is obtainable by primary vul canization nolding any

one afn t fge aRPLR HR- Vi $0E 264, T L&*Plkéefc12c95§ﬂ%9§ﬁé O!ﬁuoro

and t hen subjectlng to secondafy vul cani zation

el £MGE AL Ur‘?an % 1§g to goc prgier ragld%%%gldene type

280C at atnosphe c pressur under
ressur f or..exanp at a de ree of _vacuum of
S %&@31 f&PSF&%%ﬁ%&P% uﬁﬁn%%noeﬁowww
degree of vacuum as above). SF-1363 10 EFFECT OF THE
EHNENR N TPIS] Fiite amde e pmaldy émouon prowi dessalinkable
vul cani zabl e rubber conposition capabl e of preparing
pex Ko Iesttamiead fREKMil.asma 5 treat ment devices at
a low cost which material has nore excellent plasna
[Qesli]st ance as conpared with conventional fluoro
el astomer (FKM), and properties such that even if it

i's caont 'ﬂ}i@u§ﬁh§bé§e%oﬂ¥pdglﬂgrﬁn§§6@{'&'{§ ftgr acﬂepngresent

time period of tinme in sem conductor ducti on

inRIPGa3ES £ ‘Té' p?lkéflgﬁ?‘e@@gxat the total amount of the reactive

fluorine compound (b) and the reactive organosilicon compound

__(c) be 1 to 10 parts by weight, the amount of the vulcani'zing
agent (d-1} be 0.5 to 2.5 parts by weight and the améunt of
the co—crosslinkiné agent (d-2) be 3 to 6 parts by weight based
on 100 parts by weight of the crosslinkable fluoro elastomer
{a).

The sealing material for plasma treatment devices
according to the present invention is obtainéble by primary

vulcanizationmolding any one of the above un-vulcanized rubber

compositions and then subjecting to secondary vulcanization

at a temperature of from 150 to 300°C, preferably 200 to 280°C
at atmospheric pressure or under reduced pressure (for example,
at a degree of vacuum of 0.01 to 500 Pa), preferably by a vacuum

oven (at the same degree of wvacuum as above) .
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10 adhesion to mating materials are hardly generated
and eneration of particles is not induced.

SE@%%@%ing to the present in¥éntion, the conposition is
primary vul cani zati on nol ded and then subjected to
secondary vulcanization at a tenperature of from 150
to 300C, preferably 15 200 to 280C at at nospheric

ressure or under reduced pressure, preferably in a

Bl RBVEE TNE¥VREpa¥ e a sealing material having the
various properties for plasma treatnent devices.

[J@QOAB] After the primary vul cani zation nol ding of the
rubber 20 conposition, when the secondary
vul camiez dedierts GafdnertboUbroWdes EheudBa¥€zable rubber
conditions, particularly under the preferable

o 44 e ' er.f al. nos
R o h e B R T TR PSP Yor praome

anponent is very.small and even if. the ruhber

trgon'poe;}]1 i%%v% STsEF for 18¥alFHRf n’ﬁ?é??al‘f@t@ﬂf&?aﬂ more
for plasma treatnent devices, the sealing materials

e RBeFiat reAlsFapset i@ exomraRed rebthr ganventional
stickiness or adhesion to counter faces and have

flaveee ledrits tealean d@M ,prowe pricpe rsiels sashpltastaeven if it
resi stance and the like. 5 Furthernore, the

isvabohinzan s by uselddet haghi tdmse r 4 ©PF €S €Btred 1B} gtthene period
sealing materials for plasma treatnent devices

ofagERedimg e coheuRieTeptohN¥EDbh Qb NaVes £XCQltli @M Qs and
adhesion to counter faces and good nold rel easing

materials for Fea dévice
g e%%q: a%%fo%l %r b ¥) al}%ti cqreess S:l satn o) li%\gu ced.

adMeRRet | es. mggfggagﬁ%e%ﬁy? ?reagr}ié)r RIS S: l :ng?SEFij and

According to the present invention, the composition is
prirﬁary vulcanizétion molded and then subjected to secon_dary
vulcanization at a temperature_vof from 150 to 300°C, preferably
200 to 280°C at atmospheric pressure or under reduced pressure,
preferably in a vacuum oven, to prepare a sealing material
having the various properties for plasma treatment devices.
{0016]

After the primary vulcanization molding of the rubber
composition; when the secondary vulcanizaticﬁn is carried out
under th_e abm}e conditions, particularly under the preferable
conditions, the reactions can be performed almost perfectly.
In result, the amount of unreacted components is very small

and even if the rubber composition is used for sealing materials
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coat. BRI EF DESCRI PTION OF DRAWNG [0017] Figure 1 is

an illustrative view of showng a jig for 15 adhesion
SEekibdherein 0-rings are nouhted on a flange and a

test nethod. Fig. 2 is a schematic view of show ng a

particle test device for nmeasuring the particle

anount by nounting Orings on a flange. 20

Expl anation for nuneral [0018] 20 Particle test :
fore i lgsmap It repeimend] eleydumtser t22 sekilliner mSEet363s1Bave no

23 Head 24 Bellows 25 Driving device 26 Sinulation
gaotmrdieiion bf2garSeal espunid g aerben SESTk MIE E@Radhesion

CARRYI NG QUT THE | NVENTI ON [0019] The rubber

tEespaskli ff-of atﬂaﬁhQGg%{HelilWUaﬁﬁnctehg? g&%}'ﬁ%&gf such

materials for plasna treatnment devices o
asl%lvéén&a%ezﬁtétoihc@'a‘i'tcﬂgcr}eh%i‘ﬁé’e”.pos'“ on and the

preparation process ereof "are descri bed i n detai

bel ow

Wﬁrthermore, the vulcanization molded articles

represented by the sealing materials for plasma treatment
devices according to the present invention have excellent no
adhesion to counter faces and good mold releasing properties.

Therefore, they can prepare sealing materials for plasma

treatment devices efficiently and safely by hot press at a low

coat.

'BRIEF DESCRIPTION OF DRAWING

[0017]

Figure 1 is an illustrative view of showing a jig for
adhesion test wherein O-rings are mounted on a flange and a
test method.

Fig. 2 is a schematic view of showing a particle test
device for measuring the particle amount by mounting O-rings
cn a flange.

Explanation for numeral

f0018]
20 +-- Particle test device
21 --- Particle counter

22 +++ Filter
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Rubber conposition The rubber conposition of the
present invention is a reactive vul canizabl e rubber

Skohpositi on before curing amd 15 conprises a
crosslinkable fluororesin (a), a specific reactive
fluorine conpound (b), a specific reactive
organosilicon conpound (c), a vulcanizing agent (d-1)
and optionally a co-crosslinking agent (d-2). [0020)

2320 Herkeaxdfter, each of the conponents contained in
the un-vul cani zed rubber conposition is described

24 ivst Iyl &Fwssl i nkable fluoro el astonmer (a) Rel ating
the object of the present invention, the

oxrosslppkabl e flyoro el astoner (a) is desirably a
rubber SF-1363 13 %aterial capabl e of preparing

eal | ng. rials .havin resi stance to plasnma used
2?Sor v%%ﬁ%a %%sc%q‘“&seé]?ﬁ conductor dry processes
2%;y'qsqg?etching treatnent) and as the base rubber
meter i3 SHOWHHIS dSBRRWIN f1 uoro el ast omers havi ng
excel lent 5 plasnma resistance are general ly used.
BES30 MOPEAF A CARPOSING fREDIBE | INFRNTEI@Et omer (&) in
the present invention, (i) a vinylidene fluoride type

[0drl@gsl i nkabl e fluoro elastomer 10 (FKM may be used
singly or (ii) a crosslinkable perfluoro el astoner

(FPRhemayshe i seoosieel s WS SHELIOSBI AR, the
sealing materials for plasma treatment devices obtainable by
vulcanization molding the composition and the preparation

process thereof are described in detail below.

Rubber composition

The rubber éomposition of the present invention is a
reactive vulcanizable rubber éomposition before curing and
comprises a crosslinkable fluororesin (a}, a specific reactive
fiuorine compound (b), a specific reactive organosilicon
compound (c), a vulcanizing agent (d-1) and optionally a
co~crosslinking agent (d~2).

[0020]

Hereinafter, each of the components contained in the

| un-vulcanized rubber composition is described firstly.

Crosslinkable fluoro elastomer {a)

Relating the object of the present invention, the

crosslinkable fluoro elastomer (a) is desirably é rubber
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As the crosslinkable fluoro elastoner (a), it is

possible to use, for exanple, those as described in
STabB€31 on page 64 15 "Developnent of fluorine

mat eri al s" (published by CMC Co., in 1997 edited by
Yamabe and Matsuo) Specific exanples thereof are: (1)
general vinylidene fluoride fluoro elastoner (FKM in
which there is hydrogen directly bonded to a part of
mgaeboad (Gpal2le caist ptreplattgng MBeB1EAEI MLBEPDN s having
(C-carbon (C) bond and thereby there 1s a main chain
real boante) to i Hgemd rBendasyehs @sndl r@{%errki'_cugﬁsductor

vi nyl i dene fluoride (VDF) /hexafl uoropropyl ene
de OHBsdF tetaf ne {IF
/%?ﬁ%yleﬁ% F%%%g@%Eﬁﬁﬁﬁf%fg%§§9@$%§fﬁgbngsE%ﬁ%p?ﬁ%xubber
SF-1363, 14 exaf | uor opropyl ene )
mEFER) 1 ot at PUBE 56t R Ehe R CTRSRORg B b excel lens
ietrafluoro et hyl ene (TFE)/__propyl ene/ vi nyl i dene
P1EBT i B8S t VBE)CR opbt yrereFabbEr usgd. vi nyl i dene
fluoride (VDF)/ tetrafluoride ethylene 5
[QQ?ij/perfluoronethylvinylether copol yrmer rubber; (2)
FFKM in which all of hydrogen atons directly bonded to
car bares the€)coensl i ki Iy fa ulione LASE Am&ANRONin the present
(C-carbon (C) bond are substituted with fluorine
irteiidd) and thereby there is no main chain carbon
(© -hydrogen (H) , such as tetra fluoro 10 ethyl ene

drieet el et L R e
K | .
(E((X%E) ap‘é?% L}%)s?%‘zgﬁwuﬁf‘lhﬁe%ﬁesr/ eggpm ymer rubber; and

(i1) a crosslinkable perfluoro elastomer (FFKM) may be used

. together with the crosslinkable FKM.

As the crosslinkable fluoro elastomer {a), it is possible
to use, for example, those as described in Table 1 on page 64
“Development of fluorine materials” (published by CMC Co., in
19'97 edited by Yamabe and Matsuo). Specific examples thereof
are:;
(1) general vinylidene fluoride fluoro elastomer (FKM} inwhich
there is hydrogen directly bonded to a part of carbons (C)
constituting a main chain carbon (C) —carboﬁ {C) bond and
thereby there is a main chain carbon (C)-hydrogen (H) bond such

as binary vinylidene fluoride (VDF) /hexafluoropropylene (HFP)

copolymer (FKM). or tetrafluoro ethylene (TFE)/propylene

rubber, and  ternary vinylidene fluoride (VDF) /
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(3) a fluorine type thernopl astic el astoner capabl e of

15 extrusion nolding. [0022] O these crosslinkable
SFFuded el astoners (a), it i94 possible to use, as the
crosslinkable FKM any one of comercially avail able

VI TON (DuPont Co., Ltd.), DAI-EL&02, 20 P12 (Daikin

I ndustries Ltd.), M RAFLON (Asahi Kasei Co., Ltd.),
FLUOCREL (3M Co., Ltd.) and TECNOFLON ( Sol vay Sol exi s
hérgfluordprobel present  |HEEN i ka£Nessdd drkgldres f | uor@rg)
el astoners, which conprise nore inexpensive FKM singly

cOpolgnsPri serbkMeas an essend#al,Lpmpon as I
anmount of SF?1363 {5 FFKM are ué%d esseﬁ?%gﬁﬁgeas ?ﬁgFE)/

) m Vi e i of _plasnma
p?@%%‘%ﬁ‘%@@?“f ed%gg o#lh‘f%rel cr \gggllDi% kaﬁ?goﬁgﬁﬁfﬂ Gfpber or
vPLepaL e, frost ﬁxceLhent sealing materials at a high
cot 4R or dF AGPYT9En t N W lesent tERTRRLRBRIdEhe ERRYlene
which 5 1s inexpensive and universally applicable, is
(TSRl Rer Bl yprene Haybohent ethed ¢ero himenarwlleést ance
and adhesion are inproved so as to prepare a sealing
(2 LbBEFM ren ewh th havl ngf shyfirogent atdmsabiikrety 1f0bonsed to
as sem conductor sealing materials at a low cost. 10
c4d 0028 (0} tdemsrigseiing RV erRlirORhafi FOMalrBRnViewreLrboafl ()
remar kably i nproving the plasma resistance of the FKM

e e T e P A ALY oo
i@‘ﬁ%drﬁgiﬂ %hrgiinncgggioﬂ ?@fpﬁ))r;drogen (H), such as tetra fluoro

ethylene (TFE}/perfluoroalkyl {alkyl group haviné preferably

Cl to C3, particularly Cl) vinylether copolymer rubber (FFKM)

and tetrafluoride ethylene (TFE) /perfluorocalkylvinylether

copolymer rubber; and

(3) a fluorine type thermoplastic elastomer capable of

extrusion molding.

[0022]

Of these crosslinkable fluoro elastomers (a), it is
possible to use, as the crosslinkable FKM, any one of
commercially available VITON (DuPont Co., Ltd.}, DAI-ELG902Z,
G912(DaikinIndustriesLtd.),MIRAFLON(AsahiKaseiCo.,Ltd.),
FLUOREL (3M Co., Ltd.) and TECNOFLON (Solvay Solexis Inc.).

In the present invention, crossiinkable fluoro

elastomers, which comprise more inexpensive FKM singly or

comprise FKM as an essential component and a small amount of
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15 atons are conpletely substituted with fluorine

atons or the crosslinkable fluorine thernoplastic
Sktia¥iomer may be mixed in &Ssmall anount (for

exanpl e, respectively not nore than 20 parts by

wei ght, preferably about 10 to 1 parts by wei ght based

on 100 parts by weight of the crosslinkable FKM

within the 20 limt of not mssing the effect of the

- FEiegart userertdsmmtiRdactdsvefd bersenecubdrpounrd .( bFréda the

the reactive fluorine conpound (b), a reactive

v ifdwgariinte ofoppaesnd bayisgaicd] vehenisPey kuar epetyeiMREple
structure or a bivalent perfluoroal kyl ene structure,

FrM B %%@%a%@ M %&ceﬂﬁeﬁ%es%EQ19r &g gﬁggscgé'g’high
at | east two al kenyl groups capab d

ct o)
- g&ganggﬁP?%%ﬂ g 9£ %ﬁ% used“"%ﬁgiﬁ1v§P§nEKM which
erfl uoropol yet her struct re or the bjvalent 5

g éPFF‘BSPS&lVﬁyFEH u@%VﬁE?ﬁr%Yc%E’EH%We%r e 286t piga base
reaction. [0024] As the reactive fluorine compound

comprnent i andddsi bllasmporasles tamse asidnadesieon are improved
fluorine el astoner described on paragraphs [0016] to

SO 8622% prepd@ré-20033:1188Aa2bMRat matetq alonatrenly AMf Bicient
a perfluoro conpound described JP-A-11(1999)-116684

_du@Ehﬁ&ﬁtydﬂ@ﬂﬁBﬂia@)s@mléwhdﬁﬁﬁﬁw@ﬂﬁﬁjjkpﬁgéérl?lgQﬁ%ﬁ]low

in JP-A-11(1999)-116685 (Patent Docunent 4)
cokle reactive fluorine conmpound (b) is specifically 15
- represented by the fO||OMAng fornula (1) as descri bed

[0bB3]

In the present invention, from the viewpoint of
remarkably improving the plasma resistance of the FKM (referred
to Example 5), the crosslinkable perfluoro elastomer (FFKM)
in which hydrogen atoms directly bonded to main chain carbon
atoms are completely substituted with fluorine atoms or the
crosslinkable fluorine thermoplastic elastomer may be mixed
in a small amount (for example, respectively not more than 20
parts by weight, preferably about 10 to 1 parts by weight based
on 100 parts by weight of the crosslinkable FKM) within the
limit of not missing the effect of the present invention.

Reactive fluorine compound (b)

As the reactive fluorine compound (b)), a reactive

fluorine compound having a bivalent perfluoropolyether

structure or a bivalent perfluoroalkylene structure, and
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JP- A- 2003- 183402 (Patent Docunment 2). CH2 = CH - (X) p
(Rf - Qa - RF - (X) p- CH=CH2 (1) In the fornula
S{1336Xs are independently -TB2-, -CH20-, -CH20CH2-,
-Y-NR S02- or -YNR -CO wherein Yis -CH2- or 20 -Si
(CH3) 2-Ph- (Ph: phenylene group), R is hydrogen or a
substituted or unsubstituted unival ent hydrocarbon
group, Rf is a bivalent perfluoroal kyl ene group or
h%ﬂ%&@eﬁﬂijéﬁﬁﬁuvTbbeﬁwﬂdmmagnouﬂ;l@asstmndﬁhendﬁhgkyups
Oor 1, ais an integer of O or nore. Qis
capepyles et eddiy: ifdhe réaeaiiba \(1.21);21 éﬁrﬁdiaﬁslh&l GZhu (=8i-H)
(4). [0026] Oi O CNR3 -NC(2) - (X
o fOHZEZ BAGHREHA 14 oX) R N 5 13, (
[0027] In the formnul g:som Os)nd é%g)s( d%ea%lnd Rﬁ%réxvﬁlent

é/&epe | Ss%rﬁ%‘ﬂﬁt itut ed ar nftILf}bSt itu f’L alent

b| va ent drocar bon group R4 is 8 substituted
ubstl i val ent dr ocar bon group wherein at
P] e%? U’iﬁ% SoF UfrbHEe %4/ nRIYehe aftoht MrirggeRaction.
at.om SI licon atom and sul fur atom
[0024]
As the reactive fluorine compound (b), it is possible

to use those similar to a fluorine elastomer described on

paragraphs [0016} to [0022] in JP~-A-2003-183402 (Patent

‘Document 2) and a perfluoro compound described

JP-A~11(1999)-116684 (Patent document 3) or on paragraphs

[0006] to [0014] in JP-A-11(1999)~116685 (Patent Document 4).

- [0025]

The reactive fluorine chpound (b) 1is specificaliy
represented by the following formula (1) as described in
JP-A-2003-183402 (Patent Document 2).

CHz = CH ~ (X)p {(Re = Q)a = Re = (X)p — CH = CHp -+ (1)

| In the formula (1), Xs are independently -CH;~, —-CH,0-,
-CH20CH,—, =-Y-NR'SO;- or -YNR'-CO- wherein Y is ~-CHy- or
~81{CH3) 2-Ph~ (Ph: phenylene group), R! is hydrogen or a
substituted or unsubstituted univalent hydrocarbon group, R:
is a bivalent perfluoroalkylene group or bivalent
perfluoropolyether group, p is independently 0 or 1, a is an

integer of 0 or more. Q is represented by the formula (2),




10

15

are present in the bonding, or a functional group
represented by the following fornmula (5) or (6).
SHO0X8] RS RS16 S R SRE1I5R... (5) RSR5
I~RIl Si Si \ R6/ (6) SF-1363 18 [0029] In the
formulas (5) and (6), R5 is a substituted or
unsubstituted unival ent hydrocarbon group and R6 is a
group containing at |east one or two or nore of
(Pardon{4tom oxygen 5 atom nitrogen atom silicon
atom and sul fur atomin the main chain structure.
[@ovaierci al |y avai |l abl e exanpl es of the reactive
fluorine conmpound (b) may include "SI FEL"
(manuf ackured by Shin-Etsy Chemical Co., Ltd). 10
ReqctiviLorganosili$on cojjpound (c) The reactive

—Or ganosi gonpopynd_(cy used hereinis a conpound
havi ng at Ieagt t wo hydr05|lyl groups (=Si-H)"1n{z)
~— (X)p — CH,CH,R'CH,CH, — (X)p — 3
0 R3 0
I ~7 T I
— C—N N C
3 7
(4)

. [0027]

In the formulas (2) to {4), X, p and R! are the same as

above, R’ is a substituted or unsubstituted bivalent

hydrocarbon group. R! is a substituted or unsubstituted
bivalent hydrocarbon group wherein at least one or two or more
of oxygen atom, ﬁitrogen atom, silicon atom and sulfur atom
are present in the bonding, or a functional group represented
by the following formula (5) or (6).

[0028]
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the nol ecul e and capabl e of addition reaction with an
al kenyl group of the reactive fluorine conpound (b).
SH5139D30] Preferable exanpl 88 of the reactive
organosilicon conpound (c) may include a crosslinking
pol ymer as described in paragraphs [0023] to [0027]
of JP- A-2003-183402 (Patent Docunent 2) and
or ganosi |l i con conpounds as described in 20
[QEN H11(1999)-116684 (Patent document 3) or in
par agr aphs [0021] to[0035] of JP-A-H11(1999)-116685
(Pat @n wlocufentu¥as (EPO03bH Tie ,regctisves fhu@Et DEuted or
conmpound (b) has at |east two hydrosilyl groups in

u 16 S0 8 £ BN d 158 G5/ dgéljészgzo?’%/) Ca;?atz)al @? 18 a group

react ive or gan03| ['1con co

4 e n_wth an al ken Cros I|nk|n
i A:ﬁ-;b Ex%g PesCorf Cflﬁe el ﬁnéléeg?éaf%céﬁqq E%r‘? XYgen
npound % are organohydrogen pol ysil oxanes havi ng

Ay&E68F ?‘wta%u’bﬂs 1%0%@&%% aPPySthfes ¥romdmethe main
hydr03|lyl groups. Exanpl es of the organohydrogen

CQﬁﬂ%ﬁﬁﬂQﬂ@%ﬂ?@Way i ncl ude organohydrogen pol ysil oxanes
conventionally used in addition reaction-curable
si | i €onmerbbel lgnponsldh bnexaaplepref enallaactife fluorine
foll ow ng conpounds represented by the fornmulas (7)
caapbunt) (68) mad i602GHE “6XFRIR (méXhPacChREHPhy hRi-Etsu
(0P -CHEGHD = 7(8) In the formilas (3 and 1885

crand & e, thegame as

Reactive organosilicon compound (c)

The reactive organosilicon compound (c) used herein is
a compound having at least two hydrosilyl groups (=Si-H) in
the molecule and capable of addition reaction with an aikenyl
group of the reactive fluorine cempound fb).
[0030]

Preferable examples of the reactive organosilicon
compound (c) may include a crosslinking polymer as described
in paragraphs [0023] to [0027] of JP-A-2003-183402 (Patent

Document 2) and organosilicon compounds as described in

-JP—A—H11(1999)—116684 {Patent document 3) or in paragraphs

[0021] to[0035] of JP-A-H11(1999)-116685 (Patent document 4) .
[0031]
The reactive fluorine compound (b) has at least two

hydrosilyl groups in the molecule and is crosslinked by the
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above. Z is represented by the following formula (9)

or (10) 15 [0032] CH3 23 b (HSSOb - S CH3 ... (9
SCHB3823 b | CH3 (HSIOb - 8 - O-Si - CH3 CH3 ...

(10) [0033] SF-1363 20 R2 is a substituted or

unsubstituted unival ent hydrocarbon group, and b is

1, 2 or 3in Z of the conpound (9) and bis 2 or 3 1in

Z of the conpound (10). R2 is preferably an unival ent
ré¢ielr vear bagagesug ivavi ngompoindo @ )cachpabatonsf agddition

speci fic exanples thereof are al kyl groups such as
redttiydn et , apr opYken i SORFERMD biitd’sjslld]é‘?@t)éblymer .

tert-butyl, pentyl neopentyl, hexyl, heptyl
E)@eﬁﬁp’les C)é?' Oﬁll&ylregﬁ‘e R SC?%E Cl}’fé@rﬁ)e@b %ﬁund (c) are

cycl ohexyl and cycl ohepty aryl ‘groups su

X 10 aral kyl suc S
%ﬁnﬁ*}y oéé’l*heﬁ@f%%%i%xa% SroveY oipanwappainyl sroups,
su ut| a part or all of hydrogen atons in these
?ﬁ?ﬁth FYe MR OMY F P L FY LFEHRS chl or i ne or -

bron1ne such as chl oronet hyl group, bronoethyl group,
chl oESEFeRFS §f ot orsrhPbydopgepybobysibosane iy include
3,3,4,4,5,5, 6, 6, 6-nonaf | uorohexyl group.

organohydrogen polysiloxanes conventionally used in addition

reaction-curable silicon rubber compositions, and preferably

the following compounds represented by the formulas (7) and

{8).
Z —CH,CH, —X)p—Rf —(X)p —CH,CH, — Z ()
Rf_(X)p _CH2CH2 ""Z - . S (8)

In the formulas (7) and (8), X, p and R¢ are the same as

above. Z is represented by the following formula (9) or (10).

[0032]
CH, R,

(H|Sl;i0)b — |Si
CH, ()
CH; R%, CH;

(H!SiO)b— |Si —o0 é—'Si —
(I3H3 (LH3 (10)

[0033]
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[0034] A conmercially avail abl e exanple of the
reactive organosilicon conmpound (c) may include
SPSl¥ crosslinking agent &P-2" manufactured by
Shi n-Etsu Chem cal Co., Ltd. 20 Catal yst for gel
curing reaction of reactive fluorine conpound (b)
Wi th reactive organosilicon conpound (c) In the
present invention, the reactive fluorine compound (b)
and tfe reacta veslmégalrtostldd copr conpeubndt{thtade univalent
reacted in the presence of a catalyst to be gelled.
hybradverloai @Jrystp , SEnli363 21 ,f ar okhe igekabf oihd eagiboomd (9)
it is preferred to use a platlnun1 compound. [0035] It

anics WPossibler tp usez & e CH@bysd {os) gelation 5
reaction, an addition reaction catalyst such as a

pl at izau scrlbed n. .
o ag aph ﬁ%@%ﬁ%&"’%ﬂqﬂﬂ‘%&@% Z%fceﬁatogngroup héving
crgr? q;é) ti num, taI EL handt
(& S¢S AR FRO) BPRCHEECL S9STD f66§ erepht 8ae alkyl
Docunent 3) or aragraph [ 0036] of
GISPIER H:‘LPE@%%B T%Bsé ( Rfthent, DeeaR¥At 41)80pr0pyl butyl,
Non-limting exanples of the platinum conpound
isedtdiist temy-ey pelrantonl r eactpomt pI, thexgbpoagnys and
(b) and (c) are platinumchloride, a conplex of
oglydt;i eymloblonildgrvubs aich olefdytiventas ethyhsnexya and
conpl ex of platinumchloride with 15 al cohol ~or Vi nyl

cy@lloredts 13N th B Aty PWE S| LLER: a8 WHAR 107 t&l%rlb%d xylyl;

-aralkyl groups such as benzyl and phenylethyl; and those

obtainable by substituting a part or all of hydrogen atoms in

these groups with halogen atoms e.g. fluorine, chlorine or

.bromine, such as chloromethyl group, bromoethyl group,

- chloropropyl group, trifluoropropyl group and

3,3,4,4,5,5,6,6,6~nonafluorohexyl group.
[0034]

A commercially available  example' of the reactive
organcosilicon compound (¢) may include “SIFEL crosslinking

agent CP-2” manufactured by Shin-Etsu Chemical Co., Ltd.

| Catalyst for_ gel curing reaction of reactive fluorine compound

(b) with reactive organosilicon compound (c)

In the present invention, the reactive fluorine compound

(b) and the reactive organosilicon compound (c) are reacted

in the presence of a catalyst to be gelled. As the catalyst
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[ 0036] Exanples of the platinumnetal conpounds ot her
than the platinum conpounds are rhodi um ruthenium
SFridfam and 20 pal | adi um c&ipounds. The anmpunts of

these catal ysts used are not particularly Ilimted.

When they are used in a catalytic anmount, a desired
curing rate can be obtained. From an econom ca

standpoint or for preparing good cured products, the
TentEhy sielamiot rdactSErl,363 22 peemsroédptatiswie platinum
metal) is preferably 0.1 to 1000 ppm nore preferably
cabpotn®. 1 to 500 ppm based on the total anmount of the
reactive fluorine conpound (b) (conmponent (b)) and the
[0@3asfive organosilicon conpound (c) (conponent (c)). 5
[0037] An exanple of the catalyst for gelation o

r eact4,0on; of . active fluorine conpound (h) and ,

t he r%gc%gvggggb%%%sgpiggﬁ’ ohp d%dc%E?E%ﬁchor gelation
catal yst is contajned in the reactive fluorine

t .
L Srpotht D) A0 HheP r BSREFYBRoFahAdYEFEi BBAN cBRpEURd atdnuR
(c).is "SIFEL POTTI NG GEL (SI FEL8070A/B)" nanufact ured
ngiAl gonpeng) agseheal 1€e. 2s Ldelscribed ior esumett ade [0028]
reactive fluorine conpound (b) and the reactive
o gaRoiN0i0Serl 88dPRoYRdt ény Boeutere gdantitd plhestitmetal
in the presence of a catalyst for gel curing reaction
caltta lsueth aamd phad 1AW BBt dleseoBRENG napd-hba1hikeoot 0116684
prepare a gelled product (gelatinous cured

( HHQAHCT ) (RJumdt th?&{fOUroquglgebﬁ&%ggaﬁgaCt%8%361 of

mechani smthat an a tion
JP-A-H11(1999)-116685 (Patent Document 4).

Non-limiting examples of the platinum compound catalyst

for the gelation reaction of the components (b) and (c) are

platinum chloride, a complex of platinum chloride with an
olefin such as ethylene, a complex of platinum chloride with
alcohol or vinyl siloxane and platinum/silica, alumina or
carbon.

[0036]

Examples of the platinum metal compounds other than the
platinum compounds are rhodium, ruthenium, iridium and
palladium compounds.

The amounts of these catalysts used are not particularly

limited. When they are used in a catalytic amount, a desired

curing rate can be obtained. From an economical standpoint

or for preparing goed cured products, the catalyst amount (in
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reaction is caused in the presence of a platinum
catal yst of a hydrosilyl group and al kenyl group. 20
SFOD38F In the present inventkon, the SIFEL POTTI NG GEL
(SI FEL8070A/ B) manuf actured by Shin-Etsu Chem cal Co.,
Ltd. preferably used as the conponents (b) and (c)
contains the reactive fluorine conpound (b), the
reactive organosilicon SF-1363 23 conpound (c) and
tehms caf alyestirfuor ngedadt)i A peackiraply Thered or@0 e, more
SI FEL POTTI NG GEL ( SI FEL8070A/ B) before curing,

phafetyblhearanents GAb %ﬁﬁ‘l bBLedndn tiee Clﬁ:;taélysatmou?lt of
the SIFEL before curing (before gelation) is blend e

MétPeééﬁﬁéeCfPééfngaQBﬁgg¥H8r'BZ AHPBE?HQE% &%}9 the

used in the present 1nv I on er 't

zation a and nally the
e EA SRR et ety 81 nErheteRR (st a
[§§$ ed shape Thereafter the resulting nol ded
le is vul cani zation nol ded so that the fluorine

rubber 10 conponents are crosslinked and al so addition

r eactAroAx8MPL Reof comp ordiatly (tAf oange [ 8) 1 consta ¢ uiomet the

the SIFEL 8070A/B is forwarded to gel (cure) the
readiicre fandrtiher ebypaunol ded aadt t €4 @ cdc iPreBah8osilicon

Vul cani zation agent (d-1) and Co-crosslinking agent

cdﬁbéﬁnd15CTh@h§6Hde¥HE¥§£rHQb%Enﬁgﬁﬁga't ni o thEctive

present I nventi on CO[TpI'I ses, as the cr OSS I ng

fIUHH%Q&?%Sm%gLnd QE ?léﬁetfg%c %.Cagkéa 21 139E (aoayound

1) and optiona CO- CT 0SS i'ng - agent
(Pr efser‘aﬁ’ﬁ‘Eﬁ%BT%NtGh%EL (SIFEL8070A/B) ” manufactured by

~Shin-Etsu Chemical Co., Ltd.

It is presumed the reactive fluorine compound (b) and
the reactive organosilicon compound (c) are reacted with
heating in the presence of a catalyst for gel curing reaction
such as platinum metal compound and the like, to prepare a
gelled product {gelatinous cured product) (bc), by the
following gelation reaction mechanism that an addition
reaction is caused in the presence of a platinum catalyst of
a hydrosilyl group and alkenyl group.

[0038]

In the present invention, the SIFEL POTTING GEL
(SIFEL8070A/B) manufactured by Shin-Etsu Chemical Co., Ltd.
preferably used as the components (b) and (c) contains the

reactive fluorine compound (b), the reactive organosilicon
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vul cani zati on agent and the co-crosslinking agent. 20
[0039] As the vul canizing agent (d-1) and the
SEolesdssl i nking agent (d-223 conventionally known
agents can be w dely enpl oyed. The vul cani zi ng agent
(d-1) is variously selected in accordance wth the
ki nd of the crosslinkable fluorine rubber (a) in the
SF- 1363 24 un-vul cani zed rubber conposition.
cempedwrdbl eclexaampd esthd  tdaera Idtcarficzat igenafebhodrEgttion.
FKM ar e pol yam ne vul cani zati on, pol yol
ThetheBn ZALHRNS T PEL OviTde Netaniszaten 76@?9%@&re curing,
vul cani zation) and triazine vul cani zati on,

né}%ﬂ%hﬂ% SoMpbfa ‘céa{p! OQnHS BL %dp#?é %fa%%' g ”?ﬂ%the SIFEL

hem The per oxi vu canlzatlon as no
cles are n roduced uring the he,
bresJ%tlng se %|Ig% ﬁ%f%rlg?l%g%%ﬁ e if #i Hﬁﬁ@ce@%%?y the
t()%ﬁx,the un-vul cani zed rubber conp05|t|on with an

YV hgURGARE SHRRAT (8) d Spar-EikM) g épathingresent

source, 10 such as nagnesi um oxi de and cal ci um
ﬂﬂﬁﬁ%wﬁue ango4oirtihert Kehpevokcdeivattani zakngn, (d+1)i sand
preferred to use the peroxide crosslinking agent as

ordeisoreEi ligd tihe tdve-qrarsagriaping QLS qfd—é;l? A=3808hdR5382ded
filed by the present applicant. As 15 the

i@ i osRlditdNgsREat (drdvedfitd:S, PPRSI ki'e%&l%fﬁ?ﬁ hded

crosslinking assistant used for peroxide crossli ki ng
ar%ﬁtgzlll%sg.t%lr gﬁq‘%d[ng‘&flﬁgOéi&%qlrd%@hokogﬁgl:pgégig gltf):?ng rubber
céﬁﬂ%ﬁ% %kln% agggglg% gdagn giso addition reaction of the
components (A) and (B) constituting the SIFEL 8070A/B iS
forwarded to gel (cure) the article and thereby amolded article

is prepared.

Vulcanization agent (d-1) and Co-crosslinking agent (d-2)

The unvulcanized rubber composition of the present

invention comprises, as the crosslinking component (d},

generally the vulcanization agent (d-1) and optionally the
co-crosslinking agent (d-2), preferably both of the
vulcanization agent and the co-crosslinking agent.
[0039]

As the vulcanizing agent (d-1) and the co-crosslinking
agent{d~2),conventionallyknownagentscanbevddelyemployed.
Thevulcanizingagent(d-l)isvariouslyselectadinaccordance

with the kind of the crosslinkable fluorine rubber (a) in the
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20 vul cani zati on agent (d-1) may. include
2,5-dinethyl-2,5-di (t-butyl peroxy)hexane ( PERHEXA 25B
Skah8fact ured by NOF CORPORAZHQON), di cunyl peroxide
(PERCUMYL D manufactured by NOF CORPORATI QN),
2, 4-di chl orobenzoyl peroxide, di-t-butyl peroxide,
t - but yl di cunyl peroxi de SF-1363 25 (PERCUMYL D
manuf act ured by NOF CORPORATI ON), benzoyl per oxi de,
uRT U HE et hyd - Bdin topid y1 pLonxi de)dexyHiet B ekBRBHEXYNE t he
25B manufactured by NOF CORPORATI ON), 2,5-dinethyl -2,
volt4benzoyopenexyiphexane FkM are polyamine vulcanization,
a,a‘-bls(t-butylperoxy-n}lsopropyF)benzene, ( PERBUTYL

&Ly SBNUFact sk ed, by NOF | Qg canizats ]
paq%f-bis(t-buty?pe?o&y-%%?%%%ﬁ%pgp% gﬁ?éﬁgFlon (peroxide

' | b t hl b I ,
LB 1 1 SO ODU S S2EROTL G PRLEENL D! OO e

. 4-di ch] orobenzoyl peroxide, dicunyl peroxide ,
V%%ﬁ%&iﬁ%&?%?nbﬁu?%%?ugﬁﬁf%§aP%F EORPEORATEEN) | Thenpeypxide
peroxj de (NYPER B manufactured by NOF CORPCRATI ON)
vilcpnigatiopykys npefory- mhisdopapyddenzene (PERBUGYLCced
P manufactured by NOF 15 CORPORATION) are preferably
dwsiey theessearodsdlhenkiesglagent Sea0dhgbeatisedasi pekyuee it
in conbination with two or nore. [0043] Although the

ispennstdesaFoxs hDKicRE B08AL1 ABY1 Ded $LBBLY okl 8Si dh§:ith

above vul cani zation agent in the present invention,

arlchl FScPPSHhHlageh@ Wléﬁrﬁ%llaypéﬁs@iéfg generating source,
co-crosslinki ng agent _
such as magnesium oxide and calcium hydroxide.
[0040]
In the peroxide vulcanization, it is preferred to use
the peroxide crosslinking agent as described in the paragraph

[0018] of JP-A-2003-155382 filed by the present applicant. As

the co-crosslinking agent (d-2), it is possible to use the

crosslinking assistant used for peroxide crosslinking as

described in the paragraph [0019} of the above publication.

- [0041]

Examples of the peroxide crosslinking agent used as the

vulcanization agent (d-1) may include

2,5—dimethyl—2,5~di(t~butylperoxy)hexane (PERBEXA 25B
manufactured by NOF CORPORATION), dicumylperoxide (PERCUMYL
D manufactured by NOF CORPORATION), 2,4-dichlorobenzoyl

peroxide, di-t-butylperoxide, t-butyldicumylperoxide
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(d-2) (sonetinmes referred to the crosslinking

assistant for peroxide crosslinking) together with
SFhé3peroxi de crosslinking a&jent (d-1). Exanpl es of

the co-crosslinking agent (d-2) may include SF-1363 26
conmpounds capabl e of radical co-crosslinking such as
triallyl isocyanurate (TAI C manufactured by N ppon

Kasei Chem cal Co., Ltd.), triallyl cyanurate (TAQC),
(PERGVMYL O menefytateed By NOIMEPREORAERDEN b] BRlzeiyiTipdeoxide,
di propagyl terephthalate, 5 diallylphthalate,
ZIBt»diam@thyIL—E%@ﬂhﬁl@ht%Hb@?ox@&@éh@ﬁ?ne—S (PERHEXYNE 25B

gl ycol / di net hacryl ate (San-Ester EG nanufactured by

méﬁ@§§é€urgafﬂ%g@6Fl@@Q%?ﬁﬂ%l i met hyol propane

trimethacryl a (San-Ester "manuf act ured by
nshi p, Cheni cal . |,ndustr ol yfuncti ona
2§§t%2%?%?%?%5h%ﬁ%h%?n??Yiﬁ%gggK}ﬁﬁﬁﬁ?%otured 10 by
Sei ko Chenical Co., Ltd.), polyvalent alcoho
Ot HakE (T apety hper ey yihat 80panbya) henagnsal ( PBRBUTYL P
nmet hacrylic acid. These co-crosslinking agents can be

naRletRr et weRy lay NOF CORRORATHON) with two or nore.
[0044] 15 O these co-crosslinking agents, preferred

ol @’ Hﬁi@kt%utﬁp@mw@-t@s@%ybﬁgl exegbégal reactivity
and capable of inproving the heat resistance of a

t A0St 1o 5L d P¥h dYRt BAIrBbn a t€O PO 19 SRS iza%ﬁ_loxide

The rubber conposition of the present invention
e R PR AE uorine rubber (sol 1d Sonponent)
[dé@g}the
Of these, 2,4-dichlorobenzoyl peroxide, dicumylperoxide
(PERCUMYLI3manufacturedknrNOFCORPORATION),benzoylperoxide
{(NYPER B manufactured by NOF CORPORATION), o,o’ —-bis(t-butyl

peroxy-m-isopropyl}benzene (PERBUTYL P manufactured by NOF

- CORPORATION) are preferably used. These crosslinking agents

can be used singly or in combination with two or more.
[0043]

Although the peroxide crosslinking agent may be singly
used as the above vulcanization agent in the present invention,

it is possible to opticnally use the co-crosslinking agent

(d-2) (sometimes referred to the crosslinking assistant for

. peroxide crosslinking) together with the peroxide

crosslinking agent (d-1).

Examples of the co-crosslinking agent (d-2) may include
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reactive fluorine conpound (b) and the reactive
organosi licon conpound (c) in a total anount of
Skrsld$3y from1l to 10 parts 2By weight, preferably 2 to
6 parts by weight, the vul canizing SF-1363 27 agent
(crosslinking agent) (d-1) in an anmount of usually 0.5
to 2.5 parts by weight, preferably 0.5 to 2.0 parts by
wei ght, and optionally the co-crosslinking agent
crp)nds capabieunf raficslal-yrdstdiakpant suby awcghtllyl
preferably 4 to 6 parts by 5 weight. [0045] Wen the
i@t wdnaraiant( TACR) mant eddt 0FcliN®, KeppbhVRa §L VAHR cal Co.,
conpound (b) and the reactive organosilicon conpound
L&)y [ S tdi ha ahqve nt 10 €, resul ti
) 4 S tdie3s yhhan. ghﬁl (ﬁggﬂéy ?%ggg%ﬁg @%thkggate,

sealing materi al as ate
I pr-0O\ Qn plasma .resi.stance.i s not confir
Vet s, P RS o subEanaay s ahgeebhEpalate,
Cyhﬁﬁf%é%ﬁgg ncy that kneadin o€eration thereof is ver¥
T 13 t RETARDAAL Yef PRESRRFRahi AMHgleagefthylene

(crosslinking 15 agent) (d-1) is less than the above

- glgifuntdimatdac mia te r(EselEskiaty ECemeniudactengsl by Benshin

insufficient. Wien the anpunt is over the above
Cramougatl r dinginstirhe) 1 eact 1oat lpyor eegdbopin® fas8imboheaUGRate
a tendency that it is difficult to prepare a conplete

(SaingEdesid abire il ded-aitdel.y éﬁhiﬂ@%a&h¥MEBaiP@ndustry),

anmount of the co-crosslinking agent (d-2) is ess

pdﬂ%@ﬁﬂé?%o%%qvﬁe%ﬁ%%g&l%%%gEbngggrcQHEéEEgéiﬂngSHQQCESred

by Seiko Chemical Co., Ltd.), polyvalent alcohol methacrylate
and acrylate, and a metal salt of methacrylic acid. These
co-crosslinking agents can be used singly or in combination
with two or more.
[0044]

Oof thgse co-crosslinking agents,.preferred is triallyl
isocyanurate having excellent reactivity and capable of
improving the heat resistance of a resulting sealing material.

Compounding composition

The rubber composition of the present invention

- preferably comprises, based on 100 parts by weight of the

crosslinkable fluorine rubber (solid component)(a), the

reactive fluorine compound (b) and the reactive organosilicon
qompound {c) in a total amount of usﬁally from 1 to 10 parts

by weight, preferably 2 to 6 parts by weight, the vulcanizing
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be insufficient. Wien the anmount is over the above

anount range, the crosslinking density is too high
SErd3dms an i nverse SF-1363 28 influence on the

properties such as elongation or the like, in using a

resulting sealing material as a sealing material for

pl asma treatnent devices, and further the sealing

material tends to have breakage at a high tenperature
agant nl camplessiiony Sgehhe neachi ve h umidune: caTReUWAd1y 0.5

(b) and the reactive organ03|llcon conmpound (c) are
tasyal éirt@%jylw@ltg@ﬁ E%?érﬁﬁﬂ? 0 AQUNE  oWBL B by weight,

ratio but they e used in a melght ratlo g

) ) 47] T un- vul ¢ n|z r ubbe
ar(c? g'g"lotnlag% ma}: he cn‘%S%tifi:%ﬁ{ac % argecpel g)aégnfma gount
%l%hg ne ess g Aci,d-recei ving ag

a0|& gélvFﬂg afen ﬁFéﬁ@FabP§e§§éab o ﬁdF&éhPﬁéts by

vul cani zati on and ponoI vul cani zati on. Exanpl es of
wqdfht 15 acid-receiving agent are magnesi um oxi de and

cal ci um hydroxi de. When the acid-receiving agent is
[&Anlai ned in the conposition, particles are liable to

be caused during the use of a resulting sealing

mat eWhah. t Hhebeharamoiurtt i(gbiesi ke dhahethe ®8ald ABuorine

material do not contain the filler, which generates
copydund %) %Qdakhe EBaE@%v@rS§§Qhob@!§ﬁbhogaﬂkgﬁha (c)

desired to enpl oy peroxi de cani zation

le\élél Eﬁ‘é‘h Zt_ﬁHé QBO'{F@ g&? WIEIHEI% t heré"s?’t?ltlng tsl?aallng materlal

.aci d-recel vi ng agen

has a tendency that the improvement on plasma resistance is

not confirmed. When the amount is over the above amount range,
it_has a tendency that kneading operation thereof is very
difficult.

When the amount of the vulcanizing agent (crosslinking
agent) (d-1) 1is less than the above amount range, the .
crossiinking reaction tends to be insufficient. When the

amount is over the above amount range, the reaction proceeds

too fast to cause a tendency that it is difficult to prepare

a complete and desirable molded article.
[0046]
When the amount of the co-crosslinking agent (d-2) is

less than the above amount range, the crosslinking tends to

be insufficient. When the amount is over the above amount range,

~ the crosslinking density is too high and has an inverse



10

15

20

In the present invention, it is desired that the
filler SF-1363 29 be not used as possi ble. However,
SEHE3®&ZAri ous organic or inok8anic fillers can be used
in accordance with the necessity, for exanple, in
order to inprove the properties, within the limt of
not m ssing the object and effect of the present 5
i nvention. [0048] Exanples of the inorganic fillers

i leiermedomn btlae kpromidtiices sharh um stlldmfae,ich banikue like,

oxi de and al um num oxi de. Exanples of the organic
id iddiatg aneeshol polyteiaafddalaalMydeng HeseBling material
pol yet hyl ene resin and polyimde resin. These 0rganic
£ AN 1LRALOARL SrhLhE &% iR P | F i
co%bianatai on Wltt% t wo &r wérgfla[sjggﬁ%ié}g\iéel%ﬁlhlglg material
ers are not limted

t,. inventiqn, usable.fjll J on,
tRERE T SR P anRE S Fivharaivqisure or in compression.
pol ytetrafl uoroethylene resin is preferable. The .
seal iIT§ et artaye chbht@r ifgceR@ound (b) and the reactive
pol ytetrafl uoroethylene resin as a filler has a nerit

OGP 3 hkatcn qgewenad on) Gfrepastipdlgsusedinatseallimgt same
material can be prevented to the utnost and even if
amchentr Ubkedrgtoompadent sbot tHdwe nepakbiengseat & izAlvedgdt ratio
etched, particles, which have an inverse influence on
oft i@ )semaconduct or preparati on processes, are
relatively hardly generat ed.

[0047]
The above un-vulcanized rubber composition may comprise
an acid receiving agent and a filler if necessary.

Acid-receiving agent

The acid-receiving agent is preferably used in polyamine
vulcanization and polyol vulcanization. Examples of the
acid-receiving agent are magnesium oxide and calcium hydroxide.

When the acid-receiving agent is contained in the composition,

| particles are liable to be caused during the use of a resulting

sealing material. Therefore, if is desired that the sealing
material do not contain the filler, which generates particles,
all. In the present invention, it isdesired to employ peroxide
vulcanization, which is a vulcanization method without the use

of the acid-receiving agent.

Filler

In the present invention, it is desired that the filler
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SF-1363 30 Preparation of un-vul cani zed rubber
conposition In the preparation process of the rubber
SEodP6ésSi tion according to ti® present invention, the
reactive fluorine conpound (b), the reactive
organosi |l i con conpound (c), the 5 crosslinkable fluoro
elastonmer (a), the vulcanizing agent (d-1) and
optionally the co-crosslinking agent (d-2) are m xed
bei tiptaddied oasi poshébabovelcanmdist,s t}0e Prepasest Beganic or
un-vul cani zed rubber conposition. The addition order

inbryhese TOMEONEBLS be(dseliad dhchs t
not particularly I|mtede 10 8058§ﬁ$é§h§g¥%ﬁ€g¥éé%581ty’

f@gdégbﬁ rkeaghi V, quor| e compound,
(b) andﬁt he ?%a(gﬁlé\};e %?Slarﬁr%os ‘?% c%he o ounq;ciL e the
num_cat S add m xed into

platl

fﬁ ngng f TH§E G (ﬂﬂ%ﬁ?%ﬁ ?% (ﬁff%9ta°ﬁeﬁﬁ§ngﬁsent
$reV|oust 15 addi ng the addition reaction catal yst

RERCAAY- one of the reactive fluorine conpound (b)

and the reactive organosilicon conpound (c) in
[%P&&Hi ng the reactive fluorine conpound (b), the
reacti ve organosilicon conpound (c) and the

crossiiankalne of | ubei deorghbarc (A)114% [§851LafSon black,
described later, the reactive fluorlne conpound (b)

s BN Neps LAGH | éﬁﬁﬁtg@n%i&éﬁ% B%anﬁ C1 hoxide.
t he pr esent invention are in a C]UI tate aVI ng

ol S e L, Yk e
polytetrafluorcethylene resin, polyethylene resin and
polyimide resin.

These organic and inorganic fillers may be used singly
or in combination with two or more.

[0049]

In the present invention, usable fillers are not limited
on these fillers.

Of these fillers, the polytetrafluoroethylene resin is
preferable.' The sealing material containing the
polytetrafluorcethylene resin as a filler has a merit such that
generation of particles from a sealing material can be
prevented to the utmost and even if the rubber components of
the sealing material are etched, particlés, which have an

inverse influence on the semiconductor preparation processes,

are relatively hardly generated.
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(b) and the conponent (c) are packed separately and
the platinum catalyst which is one kind of the
SEatabysts for addition readbion accelerating of the
conmponents (b) and (c) is previously added and m xed
in the conponent (b) or (c). An 5 exanple thereof is
SIFEL POTTI NG GEL (SIFEL 8070A/B) manufactured by
Shi n-Etsu Chemi cal Co., Ltd. These bl ending
Preppotiens @ airkricabiesn Useagriediee adenpcssichias open
roll mxer by a conventionally known nethod to
pr epdire tiee pirepettLadbiz efiroteidbes £ CORPOsubbBR. cdBposition
[0052] Sealing material for plasma treatnent devices

adberseal 1 /g tREepirdls@r RlASE 1 eati@ntdevi ges luorlne

accordlng to the present |nvent|on i s obtal nabl e

Zgty o e _above
U 2R o T oberSs B9 S8 gafosbnEoRR toppane .6821
[ to th | cani zati on nol din
P i B9 o CBRed et | 1 Rs S Lehn being agent
sealing materials and the |like have excellent plasm
(&b épgmwmra@h@@r@ﬁosblh@fem @gernthédel brage i xed
IS possible to prepare sealing 20 materials used for a
wigitnsddit i entimebhhe mlovessmbnnsenticpndusterthepuapanatannzed
processes, particularly, excellent sealing materials
rifldre drdotipng ipdrdrs. | Takuddag tdaheoyakyes fUsBEskNcomponent s
openlng parts of plasma treatnment chanber units.

4)00%3] d$F1133@%b%3:1|a&§; he dols MRS ST iU NG r 8P 1imited.

un vulcanlzed r ubber
[0050]

The catalyst for addition reaction of the reactive
fluorine compound (b).and the reactive organosilicon compound
(c), for example, platinum catalyét, is addéd and mixed into
the blend of the components (a) to (d) by a method of previously
adding the addition reaction catalyst into any one of the

reactive fluorine compound (b) and the reactive organosilicon

compound (c} in kneading the reactive fluorine compound (b),

the reéctive organosilicon compound {c) and the crosslinkable
fluorine rubber (a).
{0051}

As described later, the reactive fluorine compound (b)
and the reactive organosilicon compound (c) used in the present
invention are in a liquid state having fluidity. In fact, the

catalyst is used in the following manner that the component
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conposition (rubber compound) is filled in a nold and
heat ed wunder a pressure, for exanple, at a nold
Shrxfstre of 1 to 250 kgf/cBR, at a tenperature of
from150 to 180C for about 5 to 5 20 mn to perform
vul cani zation (primary vul cani zation), simlar to
conventi onal rubber vul cani zation. Successively, in
order to react conponents (conponents (b) and (c) )
(Blefafride asmpanantriedcs ed pprcdaucsepar d el princerhe platinum
vul cani zati on conpletely, the conposition is heated
carsilnptanyh1d dse wfe viath®usfoters @ft AN gl A&F Yaddition
pressure or under reduced pressure, preferably using a
reibn O¥eBedbratiggPes At uhe Of ondsRERdSs0 &g 399@ (c) is
preferably 200 to 280C for 1 to 24 hours to perform
pRRAAAANY AL AR QlLq 1} WhE SCEQUHALE. ) or (c). an

vul cani Zation at a relative y 'l ower “tenmper

I b R S, b LovBE 9B A30C 8890,
CcO

: onents cannot be conpleted sufficiently and
mat”r‘x’én?nia@&;}-‘ré% E’r&’ysgﬁpgﬁttsa:%aﬁml@@l e reddiced Thespoheanding

is occasionally remained. In results, the un-reacted
coOFmppemat ararkndided atsdchgas kixdagar tsuclhessospen roll mixer

liberated gas fromsealing materials in sem conduct or
bype eparatn ohopd Dre Seesiramnd t hbar by Aditir & emeCRANIGE @5n1i zed

preparati on processes are occasionally contani nated.
rulbbesUch 8%.icsecondary vul cani zation is carried out

at a high tenperature, for exanple, not |ower than
(09523363 33 200C and not higher than 300C, preferably

not "I ower than 200C and not hi gher than 280C, and

'Se%EEBSb%a¥%&E%ﬂSf%%a%hﬁ%%% %%%atment devices

The sealing material for plasma treatment devices
according to the present invention is obtainable by
vulcanizationmolding any one of the above un-vulcanized rubber
compositions in a prescribed mold.

According to the vulcahization molding, the resulting
vulcanization molded articles such as sealing materials and
the like have excellent plasma resistance and non-adhesion
properties. Therefore, it is poésible to prepare sealing
materials used for a plasma treatment process in semiconductor
preparation processes, particularly, excellent sealing
materials for driving parts including gate valves used in
opening parts of plasma treatment chamber units.

[0053]
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be conpleted. As a result, un-reacted conponents are

not present. Therefore, it is preferred to carry out
S¥he3sécondary 5 vul cani zati 88. As an oven used for the

secondary vul cani zation, a vacuumoven is preferable

or the vul canization may be carried out in the

conbi ned use of the vacuum oven with an oven of

anot her nethod. [0054] 10 As descri bed above, the

vul cali z&leprioatucpsest trimel dinuy ablke composltdwized rubber

according to the present invention can prepare .
compeant zed hsed: Adrpehes)Suehras18gal hng KBl LHn Seated

havi ng excel l ent plasma resistance, non-adhesion and

ROV DG B Pr QBEr l?iéo"‘él@‘és'ino%lngﬁ:éé'sﬂge oL 1 ko 250

properties). 15 I esent inventl exa
tﬁrl I ontaln ng t onents (h)._and (c
(ffncff ude at. §I g%’ﬂ@?ﬁ %e ﬁaﬁﬁﬂr@&iﬂéﬁ é)?)osq:nfrPrEtaQ?u‘: 5 to
iﬂ Ltd.) and "SI FEL3701A/ B" for LIM
PaPngto | PeF Eoﬁ%céfélé&aylltztﬁt&@él t RREEMaFy qypdcanization),

materials having fluidity. The rubber conposition is
st kit pe edPBYE kareh hgrittiee © onpbremt zatidn and (c) i n
aliquid state with the rubber conponent (a) and then

vul caniczatssdrve iyl dedotdetf ot on e datbhempenasitisc (abip6hent s
(sealing material). [0055] Although the accurate

(easan (£$ ) NPEm&X oM ,ad LnCaA- PSaéEea3$§o§ﬂctQﬁ?%%@eﬂrlmary
t hat an excellent bl end condition h the fluoro

AR ot L S L] 18 HURSE: s o
cnﬁ;@%evgkﬂoﬁg 8$egssk?5%)ord1nary pressure or under reduced
pressure, preferably using a vacuum oven at a temperature of
from 150 to 300°C, preferably 200 to 280°C for 1 to 24 hours
to perform secondary vulcanization. In the secondary
vulcahization at a relatively lower temperature, for example,
a temperature of not lower than 150°C and lower than 200°C, the
reaction of un-reacted components cannot be completed
sufficiently and thereby a very slight amount of un-reacted
components is occasionally remained.

In results, the un-reacted eomponents are liberated as
particles or a liberated gas from sealing materials in
semiconductor preparation processes and thereby the
semiconductor preparation processes are occasionally

contaminatedi In such cases, secondary vulcanization is

carried out at a high temperature, for example, not lower than
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with the fluoro el astoner and thereby the sealing
materials 5 having particularly excellent plasm
SFed¢B&Bance and non-adhesi orBXan be prepared. Mre
specifically, it is considered that in blending

bet ween general fluoro elastoners, dispersion of both

of the conponents are not perfornmed conpletely and

they nostly beconme 10 in a certain phase structure
208¥aansl mod hdgheet tiie) sadc, pheref e, n@@tfdvbé)f ahkAmoo°c
sel ectively proceeds fron1parts weak in plasma in

bbet {
aﬁgnpon;ﬁ?¥M?%?§gﬁgQQ§ﬁb ?Eﬁﬁ:g?%ge?# deb&% éq%oggacan

é'@@ﬁﬁl@k@étoﬂgra(ﬁésﬁ ed LA Eggctgﬁe§SHﬁon$ﬂgnL%gge%?t

the kneading is carrle out ‘sufficren

une that th uff |ent kneadi n
%%%%gr merlg1 e 16t Fig Jf%lp QAT SBF %rsécondary
v f meak region of the quorlne rubber is
B %?%%%%Bl% 26 PEPFROAIRIDEPEt e Shaondgrpvadeanization,
- resistance or perfluoroal kyl ene parts in the
3 YSrEHeRT el BS. Pﬂ'ﬁﬁerﬁbéﬁtqmﬁhasvmbcsma.i)aetdmmmelyeoe carried
patent docunment 2 is simlar to the present invention
outhinHéipobnbinéditse of & hefvadShfrBl'enmmiid agtowe@to P¥not her
Shi n- Et su Chem cal Co., Ltd. The SF-1363 35 "SI FEL"
matgesdj n t he docunent 2 conprises "SI FEL5701 which is
a material for nmold form ng (solid conpound type) and
[0 FEL3701" which is a material for LIM nolding. They
are any of commercially available nmaterials for

rubber, Is rticle
&ls Qé@gff%e abbdve, the vulcanized products of the
curable composition according to the present invention can

prepare vulcanized molded articles such as sealing materials

having excellent plasma resistance, non-adhesion and low

particle properties (low dust generating properties).

In the present invention, examples of a material
containing the components {b) and (c) may include
“SIFEL8O70A/B” (manufactured by Shin~Etsu Chemical Co., Ltd.)
and“SIFELB?OlA/B”forLIMnmlding.Itisnecessarytousethese

liquid materials having fluidity. The rubber composition is

prepared by blending the components (b) and (c) in a iiquid

state with the rubber component (a) and then vulcanization
molded to form a rubber elastic article {sealing material).
[0055]

Although the accurate reason is not known, it can be
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5 nol ding and they are used, as they are, to prepare a
sealing material. Therefore, this patent is largely
SEr¥3e¥ent fromthe present3énvention. [0057] In
particul ar, "SIFEL8070A/ B" used as a conponent for 10
the conponents (b) and (c) in the present invention is
intrinsically a material for gel formng (the
conmponent (a) is not blended) . Even if the
Pr&}j R @oAas Bin jexaskient rglgndintbndid ded witta tPreopEruoro
met hod, it beconmes a gel body. The present invention
eisstudrenctar izad ba tdwliZ&l R 8OVOA Bg ssHd endedbdiS ent
to the rubber blend containing the conponents (a) and
£ Wit phviny eanbaathes irFPladPﬂ:;uitcP r
el astic seayg%g ﬁaterial. [ 0058] IﬁE?Eg1§%%$§gﬁ'&EFg?te)
witielihe 1A o3 KRQWL ARG Lhey (20, denetali on ot o 1 overials
particles exerts bad I nfluénce on the '~ s8mt condult or
[ ratjon, -Therefore,. a sealing materjial havin
n L R A P S5 AT G ianss o
articles even if it undergoes plasma deterioration
X qﬁ'@eﬂ“ﬂ&?&hd@d.?qqpadﬁfgr to decrease the
generation of particles SF-1363 36 caused by plasma
det eMogeaspenifiomld ysedlti ng meneridalred thiat in blending
necessary to prepare a sealing material not containing
begwddr generahi €hubsoconsstieneds | o par S &F 8bthh8f the
generation of particles fromthe sealing material.

colfpriese Ohre SldtEbe PER FDG c%n%'—eifegﬂ)r '%Ihﬁogl'pé% st1% become

nost desirable. Tn a material for L
in a certain phase structure (sea-island structure) and,

n

therefore, deterioration selectively'préceeds from parts weak
in‘plasma in rubber polymers.
[0056]

Meanwhile, in the blend of the components (b) and (c¢)
having fluidity with the fluoro elastomer (a) used in the
present invention, the kneading is carried out sufficiently.

The present inventors presume that the sufficient kneading is

" performed due to the formation of such a structure that the

weak region of the fluorine rubber is protected by

- perfluoropolyether having plasma resistance or

perfluoroalkylene parts in the component (b).
The invention as described in the patent document 2 is
similar to the present invention in the point of the use of

“SIFEL” manufactured by Shin-Etsu Chemical Co., Ltd. The
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formng (SIFEL370A/B), a filler has been bl ended
Previously. Since SIFEL8070A/B is a material for ge
SFot#bhg and dose not contaBh a filler, it can respond
to such a requirenent. Furthernore, SIFEL8070A/ B has
nore excellent fluidity because 10 of containing no
filler and further it is nore desirable from the
vi ewpoi nt of blend dispersibility. [0059] The present
“§ AR wied flar ther dohameat p? opemppt o Y8 RERLS7Xhehich is
conmponents (b) and (c) are not conpletely gelled only
a ya t 51 a/l| e et d ofio el 1t s Gt t de@tishyn@r€ype) and
occasionally remai ned as an un-reacted conponent.
“FIFEIET (DT Gih 1WA st Baya &8 £ A6t r L@Mtxansidﬂlﬁt. epryfern.o any
pl asma conditions at a high tenperature, they are
[ j Len., ln ord to sol.ve the.
e e e et g D R he ST
vacu ogven_at a tenperature of from 150 to
m‘g%%%}g Rk hs 8F&ol§°9007% 0“2 FOr TP F PRI R, Sealing
nore preferably 3 to 24 hr after the primry

- MRARICE 2 SPPERECKEK di S PRTERE bP deamie lndeRtpoant Tirem the

secondary vul cani zati on can deconpose and evaporate

PRAESTEadcireterddigonent s to prepare SF-1363 37 a sealing
materi al having | ow generation of a |iberated gas.

[J@08[0] The vul cani zed nol ded articles, which are
typified by the sealing materials for plasnma

treatﬁEphr6@&h93§,a®@@@ﬁt@g70@9b"5ugggggﬁagrSéﬁﬁénent for

i nvention, have remarkably i nproved
the components (b) and (¢} in the present invention is

intrinsically a material for gel forming (the component (a)
is not blended). Even if the “SIFELB070A/B” is used singly and
molded by a proper method, it becomes a gel body. The present
invention is characterized in that ;SIFEL807OA/B is blended

to the rubber blend containing the components (a) and (d), and

vulcanization molded, to form a rubber elastic sealing

material.
[0058]

In the semiconductor field, it is known that the
generation of particles exerts bad influence on the
semiconductor preparation. Therefore, a sealing material
having plasma resistance and also the low generation of
particles even if it undergoes plasma deterioration has been

demanded. In order to decrease the generation of particles
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resi stance and non-adhesi on as conpared wth

conventional ones. Therefore, they are unnecessary to
Skomt%in a filler (the filleBé content in a conposition

or a vulcanization nolded article: 0 % by weight) and

further even if they contain a filler, the 10 filler

content can be depressed to be very slight anmounts

(for exanple about 1.0 to 10.0 % by wei ght). Thus,
cauRed fycRAREBE deibtdkeralf i¢w|farrhavecekiny ette mifflactit is

that particles are not generated even if they are
nametasy doseaipawy auterliialg hetepladmot tor8kIRDhg a filler,

devices. Additionally, the gelation reaction is 15
whoienplied elohSaidiad Qilhd N tdhRLSeE BWane \GH L wZidld o

using a vacuum oven and thereby un-react'ed conponents
paaﬁrte.Lcl%@?&éﬂt%}?ébg¥aY§138rn{azt%%ia-IZ—Lh.e.r %Bgafs% SONARNALLPR NG

ali e uct or

caused by er at gas I n sem con
r rati eMj.Ges _can _be. decrease Fur t her nor.e
GEﬁhgggealisg)g]O%’%{\tﬁ ri élssm%g %%ﬂﬁ%?qﬁ%ng}‘r%_@ Tpherael for LIM
flyoro el astaners anpl e The preferred

FKM . Ex
EORTI SR LT OPHE) oy Bt 3 B AP ADILEnGE Dreviously.

described in nore detail with reference to the

- Simgle ARG 0dRAMBl &8 deladwrimdt foleget ebmmiinqieent dose not

should not be limted SF-1363 38 by the exanpl es.
colsasur enmefit] leandiitd aas HRisyRIneAlt OrORer @ e dul @hent .
original state> The physical properties in an original

Fustakenau@) 83FERgDAAPES s hERSIdfcsl 1MW Auidity because
el ongati on and 100% nodul us were neasured in

ofAEEREHRAT AL e 12 K21 £ARENKD2P8 5 s more desirable from
the viewpoint of blend dispersibility.
[0059]

The present invention, further, has a proper problem that
the components (b) and (c)} are not completely gelled only by

vulcanization molding and thereby are occasionally remained

a5 an un-reacted component. Furthermore, when they are used

in this state under plasma conditions at a high temperature,
they are liable to cause gas liberation.

In order to solve the problem, the secondary
vulcanization is carried out by a vacuum oven at a temperature
of from 150 to 300°C, more preferably 200 to 280°C for 1 to 24
hr, more preferably 3 to 24 hr after the primary vulcanization
molding in the present invention. The secondary'vulcanizafioﬁ

can decompose and evaporate un-reacted components to prepare
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<Conpression set (%> The neasurenent was carried out
at 200C for 70 hours at a conpressibility of 25%in

Skceéeébdance with JI S-K6262. BO <Adhesion test (N)> An
O-ring having a size of AS568A-330 was prepared using
an O-ring nol dable nold. The Oring was nounted on
flanges as shown in Figure 1 and the flanges were
bolted to be touched each other netallically.

: aTﬁ%@bgmgeﬁatenla&a$aWeamedoatgané&amebhabﬁ & elstberated gas.

tenperature of 180C for 72 hours in an electric
[PO6Dhce. After the elapse of 72 hours, the flange was
taken out fromthe electric furnace and left for

cool imge UAtidard fiteq tﬁmﬂc@tég&ém SQlhharale ttgﬁi Hied by

tenperature (25C). Then i's wer'e etac
ange, ate_of 20, 300 1N, .
t%%lue d%?%ﬁ%@yq%y su Pra% ?ﬁ@atgﬁe?EW%%F[H%ﬁﬁces atording
t f%%e S _own melght fromthe maxi mum val ue of the
? 0 TePRRt BTt has"? BReh BT kAP AheRPEAVed plasma
- <Pl asma resi stance> As described in the publication of
ropl ot 2o Angyees; adhsH A3e3 Gomparad widghneeeyént iwasl ones.
set in the followng way. Using a parallel flat
Thewe fenpetaewr 2rouaseaeissbadi ab icontappas #ilSer (the filler
(el ectrode diameter: $300 mm distance of el ectrodes:
caftem) ,immn eanidbs idide et W%a@ﬁ@a%ﬁ@?d&d%@iu%l(ﬁ%lcle
were placed so that they 5 were facing each other.

0 Lh%ye@éﬁahﬁ d&n&'ﬁﬂﬁ}%@gv%é% 'tﬂgg OBLELI Rl \éﬁsiler the

pl aced aS a speci nen, t he source si

flsnjg%ﬁa%g’ﬁlg tthgaﬁ%em rz}evs\%%dspo 'ed%%rﬁ’;ysflé’HPCa%o” ts (for

example about 1.0 to 10.0 % by weight). Thus, the vulcanized

molded articles have excellent effect that particles are'not
generated even if they are used as a sealing material for plasma
treatment devices. Additionally, the gelation reaction is

completely carried out in the secondary vulcanization using

. a vacuum oven and thereby un-reacted components are

substantially vaporized. Therefore, contamination caused by
a liberated gas in semiconductor preparation devices can be
decreased. Furthermore, the sealing materials are
inexpensive similar to fluoro elastomers (FKM) ,
Example .

The preferred embodiments of the present invention will
be described in more detail with reference to the following

examples below, but the present invention should not be limited
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further the surface was shi el ded by a steel wool so
that the sealing material was unaffected by ions due
SEolPhhsma 10 irradiation and8it was affected only by

radicals. [0061] Subsequently, a plasma irradiation
test was carried out at an output RF of 500Wfor a
plasma irradiation tinme of 3 hours, 1in a gas mxing

ratio 02/ CF4 of 180/20 (cc/mn, flowrate (volunme 15
by diho)9xamples gas total amount of 150 sccmand at a

degree of vacuum of 80 Pa. After and before the test,
Madmi eyt (ambi)i@isthe sealing material was

nmeasured. The mass before the test was taken as x (gQ)

< i maspaiti’ls the {edrpsndakanas. vy (g9) 20 and

then the mass | oss rate was cal cul ated by the

ol g 9L 8 d00L T seRllng el Moy oo

nore exc | resistance wt

s loss rate (o). SF-1363.40 Mass loss rate (% =
R F R8s Shiaibrb, 10 T0nan EroR 1 RAN e ES were

el astonmer "Dai el 12" which is a ternary fluorine
MEEHHSGhER dgFaRcansie subjlectinh a2 5 et &628s -

vul cani zati on and conprises vinylidene fluoride
<(eope@iEipn Isetaf{®ior opr opyl ene (CF3-CF = CF2) and

tetrafl uoroet hyl ene (CF2=CF2) and has a fluorine

cont Rt MéaFldemdyt NRSS ARG 12 VBaReY: Viggeestdy M-Lsl0s at
(100C) of 76, manufactured
a compressibility of 25% in accordance with JIS-K6262.
<Adhesion test (N}>
An O-ring having a size of AS568A-330 was prepared using
an O-ring moldable mold. The O-ring was mounted on flanges as
shown in Figure 1 and the flanges were bolted to be touched

each other metallically. Thereafter, it was heated at a

certain test temperature of 180°C for 72 hours in an electric

furnace. After the elapse of 72 hours, the flange was taken

out from the electric furnace and left for cooling until the
temperature thereof became to room temperature (25°C). Then,
bolts were detached and the flange was torn off at a rate of
300 mm/min. The value obtained by subtracting the force under
flange’s own weight from the maximum value of the force at the
tearing was taken as an adhesion.

<Plasma resistance>

As described in the publication of JP—A—ZOO4—134665, a
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by Dai ki n Kogyo Co., Ltd, a reactive fluorine conpound
éhﬁ 10 having a blvalent per fl uoropol yet her structure
S ¥ Dival ent perfluoroal k§fene structure and at
| east two al kenyl groups capable of addition reacting
with a hydrosilyl group at the end or the side chain,
a reactive organosilicon conpound (c) having at |east
two hydrosilyl groups in the nolecule and 15 capable
Sl igmetrenipdaets s twh e khanfal keming gequplsing a parallel
"SI FEL8070A/ B" manuf actured by Shin-Etsu Chem cal Co.,
fliatd low-wkinpk redntral paampl iat i adin o awpd reaial ystect rode
used for addition reaction of the conponents (b) and

dileetad \Yioh rean dli%t%%'c'ee@f QXeEPS? BSQCt Eg”n&ﬁ‘ﬁthaﬁhgarth

Conponents (b) and > "a Crosslinking
eera@&%%%%
5-di methyl - % S@%y?é@?ggy exaé%ggﬁa g0 that they

- I|nk|n ent "TAI C tr al | |soc rate
we?rf.%nﬁ% g t%%prpoﬂn&ee. g5 s e deceealing
qug The wer e kneaded u3|ng an open roII at 60C
&r R ﬁo}a%a@,?dl%%@ Apecipepy epad £he PABISER source side
conpound [0063] The rubber conpound was filled in a

" supdipgeand thesspenkiney wag Fhisdldiaty byas pancheédgonétdy and

heating at 165C for 15 mnutes with 5 application of
fugthpeessbeesoft £80ekgh s coR{ o1 demrnyy \Wis¢arilzabbdNso that the
nmol di ng). Next, the primary vul cani zed nol ded article

sewas nbakameraul fwra@muh*a%f@élt@da% heakeduRy 3 e
oven (degree of vacuum
irradiation and it was affected only by radicals.
[0061]
Subsequently, a plasma irradiation test was carried out

at an output RF of 500W for a plasma irradiation time of 3 hours,

jjlagasndxingratio(h/CquflSO/ZO(cc/min,flowrate(volume

ratio)), at a gas total amount of 150 scem and at a degree of

" vacuum of 80 Pa.

After and before the test, the weight (mass) of the
sealing material was measured. The mass before the test was
taken as x (g) and the mass after the test was taken as y (g)
and then the mass loss rate was Caléﬁlated by the following
formula.

[0062]
The sealing material has more excellent plasma

resistance with decreasing the mass loss rate (%).
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30Pa) under reduced pressure at 200C for 12 hours
%gecondary 10 vul cani zation). Regarding the resulting
Sholded article, the physical0 properties in an
original state, conpression pernmanent set (9%,
adhesion test (N) and plasma resistance (weight |oss
rate (% under a condition of shielding for 3 hours)
as shown in Table 15 1 were neasured under the above
test condi ¥RrREAs1CPE0BATETHE) resll(ksyaraslsKohAlin Fig.
1. Exanples 2 to 5 In each exanple, the procedure of
Efsmpbt el 1 was repeated 20 except that the bl end
conposition and the |Iike are changed as shown in

Tabl erdl 4 @ Rnarad 1wWIrded @ 168 onRegaindi;Rd ¢lod 2thghi ch
resulting nolded article, the physical properties in

i@y Of d £ Ha yele) ' ntcs N s
hee R a0 B SErh o SRR im0
. L9 -1363 42 under a condition, of shiel dj for
pe A el Tor T Lo REre® NSl P deT e
€$Q¥Elsesg conditions. [0065] The results are shown in
(g he) » BeERAiPPECRr YREL BRBCEHEReCH - t®&2)pEinsary and
secondary vul cani zation nol ding according to Exanpl e

tert Rl yaprestiindl ene dpF2t®Et) #hd hasee fid@ryine content of 71 %
vul cani zation conditions at 200C for 12 hours are

byhangethd e Mdwneprdstbens yatr,180C1 d0vc)18rhmyir faBSfactured
shown in

by Daikin Kogyo Co., Ltd, a reactive fluorine compound (b)
having a bivalent perfluoropolyether structure or a bivalent
perfluoroalkylene structure and at least two alkenyl groups
capable of addition reacting with a hydrosilyl group at the
end or the side chain,.a reactive organosilicon compound (c)
having at least two hydrosilyl groups in the molecule and

capable of addition reacting with an alkenyl group,

“SIFEL8070A/B” manufactured by Shin-Etsu Chemical Co., Ltd.,

‘which contains a platinum compound catalyst used for addition
] reaction of the components (b) and (c) and which can be gelled

by the reaction with the components (b) and (¢), a crosslinking

agent “Perhexa?253” manuféctured‘by NOF Co., Ltd.,
2,5-dimethyl-2,5~di (t-butylperoxy)hexane and a
co-crosslinking agent “TAIC” triallyl isocyanurate
manufactured by Nippon Kasei Co., Ltd., were added (blended) .

They were kneaded using an open roll at 60°C for 1.0 hour
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10 Table 1 to prepare a nolded article. [0066]

Re ardlng to the resulting nolded article, the

hﬁ properties in an édiginal state, conpression

pernanent set (a), adhesion test (N) and plasnma

resi stance were neasured under 15 the above test

conditions. The results are shown in Fig. 1. In

Exanple 6, as shown in Table 1, un-reacted conmponents

Lt ECRR B et TUBRAT t¢RmpeAt t her eof was very sli ght.
The basic physical properties in an original state,

[ @09 essi on 20 permanent set (%, adhesion and plasnma
resi stance were good w thout problens. Wen the

pr esemie $8BbéAGIRYRIBNabSEfi1d®dn HLRPHAGRS cPLBEM inking
than a chanber and neighbors in wafer treatnent such

mcﬁ.lsdiﬁjuﬁiw%%gr ngigg oldlé(gﬁxllxéa frrl]%bec[ Eggglé ?éé:n g(g?/lr}fees with
F-1363 43
R S0l OEr Ry S e POonp (TG T dRFAG FYAY B# AR 8L on

be sufficiently used in a chanber and nei ghbors
mGeEehs . Conparative Exanple 1 5 The procedure of

Exanpl e 1 was repeated except that "SIFEL8070A/ B"

manufgetur &debpréhipnyErsd candmiedamolded brtlicleaganotaken

bl ended as shown in the blend conposition of Table 1
outof ppeparenaltmetdeatedcbe .2 $806UH ovkd Regardé g t8cuum:

the resulting nolded article, the physica

30Pa} under reduced pressure at 200°C for 12 hours {secondary

S

vulcanization).

Regarding the resulting molded article, the physical
properties inanoriginal state, compression permanent set (%),
adhesion test (N) and plasma resistance (weight loss rate (%)
under a condition of shielding for 3 hours) as shown in Table
1 were measured under the above test conditions.

[0064]
The results are shown in Fig. 1.

Examples 2 to 5

In each example, the procedure of Example 1 was repeated
except thét the blend composition and the like are changed as
shown in Table 1 to prepare a molded article.

Regarding to the resulting molded article, the physical
propertiesjjlanoriginalstate,compressionpermanentset(%),

adhesion test (N) and plasma resistance (weight loss rate (%)
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properties in an original state, conpression pernmanent
set (%9, adhesion test (N) and plasma resistance as
Sk in Table 1 were neas#i£ed under the above test
conditions. The results are showmn in Fig. 1. 15
Conparative Exanple 2 The procedure of Exanple 1 was
repeated except that "SIFEL3701A/B" containing a
ecial crosslinking agent and filler, which are not
’&?%raoﬁpaélthﬁﬁufpﬁc?szebﬂbw Sfvim 3Ehsurs Chesri tadwrCan, Table
Ltd. was used in accordance with its use nmethod 20 as
1 strven riga stitheedh etk i ariposikidwan tofs tTakded ik 1 drs pr epar e
a nolded article by LIMnolding. [0068] The
[dfar at i ve exanpl e 2 corresponds to Exanple 4 in
JP- A- 2003- 183402 (Patent Docunent 2) (rim nolding type
SF-1363 445uSkEELY) Brgardiing sig the resulting mol ded

article, the physical properti S in an original

r 16, conpression permanent set (%, adhesion test
—xé@;aﬁdé pl asma resistance as shown in Table 1 5 were
meas;iﬁed under the above test conditions. The results

are SREWT I5PHIES 12 th OEETR rVabhé SECPrElagndingcanization

amount: Ex |le part b weight 1 2 3 4 Blending
Hm@éﬁﬁ@m@ﬁpgrdlng to Example 1 was repeated except that the

secondary vulcanization conditions at 200°C for 12 hours are
changed to the conditions at 180°C for-12 hours as shown in
Table 1 to prepare a molded article.

[0066]

Regarding to the resulting molded article, the physical
propertiesjjlanoriginaIState,compressionpermanentset(%),
adhesion test (N) and plasma resistance were measured under
the above test conditions.

The results are shown in Fig. 1.

In Example 6, as shown in Table 1, un-reacted components

were present, but the amount thereof was very slight. The basic

physical properties in an original state, compression

permanent set (%), adhesion and plasma resistance were good
without pfoblems. When the present sealing material is fitted
on places other than a chamber and neighbors in wafer treatment
such as piping and the like, it can be used entirely without

problems. In Example 6, the present of the un-reacted
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Co onent (a):Di el @12 100 100 100 100 Conponent (a):

erfluoro el astonmer *2 Conponents (b)+(c)+catal yst: 2
SB-43P3 S| FEL 8070A/ B ConponeABs (b)+(c)+catal yst: 11

SI FEL 3701A/ B peroxide crosslinking agent 1 1 11

(erhexa25B) Co-crosslinking agent (TAIC) 4 4 4 4

Filler Primary vul cani zation (nold 50 50 50 50 press

re kgf/cnmR) Primary vul cani zati on 165x15 165x15 165x15
CABEIENt § wWasaguyery QL gt @monntSeodnideeyeby the resulting

vul cani zati on vacuum vacuum vacuum vacuum el ectric
s¢akimer endidegrale odn iae und £ 30Ra) t Secosdlarin a chamber and

vul cani zati on 200x12 200x12 200x12 200x12 t erature

ndighbody (tAdYed¥ O erties in an original state Hardness
(Shore A, degree) 60 61 60 61 Tensile (MPa) 12.3 14.3

kb Brak3i vk é%éﬁpfgipg (%9 260% 265% 260% 250% 100M

(WPa) 1.3 1. C2n2r essi on permanent set [%
30 2%h%1p%%cedure of Example 1 was repeated except that

“"SIFEL8070A/B” manufactured by Shin-Etsu Chemical Co., Ltd.

was not blended as shown in the blend composition of Table 1
to prepare a molded article.
[0067]

Regarding to the resulting molded article, the physical
propertiesjjlanoriginalstate,compressionpermanentset(%),
adhesion test (N) and plasma resistance as shown in Table 1
were measured under the above test conditions.

The results are shown in Fig. 1.

Comparative Example 2

The procedure of Example 1l was repeated except that
“SIFEL3701A/B” containing a special croéslinking agent and
filler, which are not a peroxide, manufactured by Shin-Etsu
Chemical Co., Ltd. was used in accordance with its use method
as shown in the blend composition of Table 1, to prepare amolded
article by LIM molding.

[0068]
The comparative example 2 corresponds to Example 4 in

JP-A-2003-183402 (Patent Document 2) (rim molding type



Adhesi on test (N) 600 450 400 500 Present or absence

of unreacted absence absence absence absence

cC

SHnkh€3 02/ CF4 pl asma resi stédhdce 0.72 0.56 0.37 0.55

Vi ght

| oss proportion [9% (condition;

3h shi el d)

SF-1363 45 *1: The crosslinking agent and filler are

contained in 100 parts by weight of

*2: "TECNCOFLON PFR-94"

"SI FEL 3701A/ B".
per oxi de vul cani zati on type

"k akt ured by Solvey Co., Ltd. 5 Table 1-2 Bl ending

anount :

Exanpl e Conparative

part by weight Ex le 5 6

1 2 Wending d:onplwemtml(ﬁmmmemjeﬁaér&@i@]t%elﬁﬁysmal

100 Conponent (a):

p ¥eareenesd s n(dy cbfﬁ?iﬁal alpesls, éo

Conponent s (b)+(c

Co-cross I hg agen

+cat al yst:

PRI 1ol T g At e G

perfluoro 100 el astoner *2

rééﬂ%n
SIFE

%Q g@/nqut set (%)

xa25B

O

own 1% Table 1

were measured under the above test conditions.

The results are shown

[0069]

in Fig.

Table 1-1

1.

Blending amount:

part by weight

Blending components

Component (a):DielG912

100

100

| Component (a): perfluoro
elastomer *2

Components (b)+(c)+catalyst:
SIFEL 8070A/R

Components (b}+({c)+catalyst:

STFEL 3701A/B

11

peroxide crosslinking
(perhexa?bB)

agent

Co-crosslinking agent {TAIC)

4

4

Filler

Primary vulcanization (mold

pressure kgf/cm?)

50

50

50

50

Primary vulcanization
temperature (°C) x hr(min)

165x15

1e5x15

le5x15

165x15

Secondary vulcanization
| electric furnace (degree of
vacuum: 30Pa)

vacuum

vacuum

vacuum

vacuum

Secondary vulcanization
temperature (°C) x hr(min)

200x12

200x12

200x12

200x12

Properties in an original state

Hardness (Shore A, degree)

60

6l

60

61

Tensile (MPa)

12.3

14.3

12.8

13.4

Elongation (%)

260%

265%

260%

250%

100M. (MPa)

1.3

1.6

1.3

1.7

Compression permanent set [%)

30

29

31

28

Adhesion test (N)

600

450

400

500

Present or absence of unreacted
campoeonents

absence

absence

absence

absence

0,/CF, plasma resistance
Weight loss proportion [%]
{condition; 3h shield)

0.72

0.56

0.37

0.55




Filler *1 Primary vul cani zation (nmold 50 50 50 50
ressure k f/cn2) Primary vul cani zati on 165x15 165x15
S%G@ﬁﬁ@ 150x10 tenperature @& x hr(mn) Secondary
vul cani zati on vacuum vacuum vacuum vacuum el ectric
furnace (degree of vacuum 30Pa) Secondary
vul cani zati on 200x12 180x12 200x12 200x4 t erature
. C x hr(mn) Properties in an original state Hardness
£~Sho“%fé9 ARy ehimp Blerg0 69 Tehnisit edVRant2inkdl 42 100
14.3 11.8 Elongation (% 250% 265% 280% 300% | OOM
P&rPa) b8 debgBt- oC2NPIEELI BNOPRYBENENt set [%4 40 28 24
26 Adhesion test (N) 550 450 850 750 Present or

*:abseHCECCNOEEUI‘E&C?P@@—@QQGnC%eEBE%@QCe vuIc&Ps L0 type
02/ CF4 pl asma resistance 0.01 0.56 1.02 0.73 Weight
mi 0882 BERPOATL ”slaf‘f'e cogditippn; 3h shield) [0070]
SF- 1363 46 artic e§test’A%9§-ring was formed in the
same manner as the nDld%%ble 1-2
Blending amount: Example Comparative
part by weight Example
_ 5 | 6 1 | 2
Blending components
Component (a):DielG912 100 100
.| Component (a): perfluoro 100
elastomer *2 :
Components (b)+(c)+catalyst: 6 6
SIFEL 8070A/B
Components (b)+(c)+catalyst: -100*1
SIFEL 3701A/B
peroxide crosslinking agent 1 1 1 *1
(perhexa?5B)
Co—crosslinking agent (TAIC) 4 4 4 *1
Filler *1
Primary wvulcanization (mold 50 50 50 50
ressure kgf/cm?)
Primary vulcanization| 165x15 165x15 165x15 | 150x10
tamperature (°C) x hr(min)
Secondary vulcanization| wvacuum vacuum vacuum | vacuum
electric furnace (degree of
vacuum: 30Pa)
Secondary vulcanization| 200x12 180x12 200x12 200x4
temperature (°C) x hr{min)
Properties in an original state
‘ Hardpess (Shore A, degree) 65 6l &0 69
Ten51ie'(MPa) 2.1 14.2 14.3 11.8
Elongation (%) 250% 265% 280% 300%
100M (MPa) 3 1.6 2 -
Comprgssion permanent set [$%] 40 28 24 26
Adhesion test (N) 550 450 850 750
Present or absence of unreacted | absence presence - -
_components
0:/CFy plasma resistance 0.01 - 0.56 1.02 0.73
Weight loss proportion [%]
(condition; 3h shield)

[0070]



10 -

15

20

article prepared in Exanple 1, and nounted on a
seal i hg nounting groove (not shown) fornmed on an A
f: in a particle anount48 neasuring apparatus 20
as schematically shown in Table 2. Then, abutting and
separation of a head 23 which goes forward and
backward by a driving apparatus 25 with a fluid
cylinder (corresponding to opening and closing of a
= carried out prescribed tinmes and then the
nunber of particles generated 10 was neasured (N=3).
[ 0078 Onmesultes, fcreenuriberthef spakt mehee rgeserdteflclded
was 4.5 particles per 100 cycles after the open and
axd iasle: ppepateann kRbhpak 1t,i ABS rlclPR VSh @SsddSinhbBhting
mounting), it was 0.6 15 particle per 100 cycles after

ghdrONGlAL isHBvir%giBﬁ el atr{]%uﬁ%ﬂgeg %Sy giatrtt\#i%rite)?aﬁount

particle per cycles after t oper at1 on

; i It s 0..7 rticle r 100 ,.cycles
e b IR spb ! BR 4% it PReuR A Rb TR Then,
0.3, particle per 100 cycles after the operation one
a%F%de?d 26 SEEFEATI A Fs 2 BEechésnyhécht Beeg- £payard and
having the sanme size as the above size was prepared
backwars ame drindmasarrratoldetd aritifclest Lwist aiyidchdear
Exanples 2 to 6 and subjected to the particle test
(cvare sponatiovet oloperekuy baid ¢heshughef aofapast iwelreScarried
generated SF-1363 47 was several particles per 100

| oweystescaibed thife 0pea taRG €heTRMHRLS YR iidlidd fhnerated

times (100 cycles just after nounting) "and it was not
waBPhRalsharql (Rarticle per 100 cycles after the

[0071]

- In results, the number of particles generated was 4.5
particles per 100 cycles after the open and close operation
initial'times (100 cycles just after mounting), it was 0.6
particle per 100 cycles after the operation several ten
thousand times, it was 0.2 particle per 100 cycles after the
operation thirty thousand times, it was 0.7 particle per 100
cycles after the operation fifty thousand times and it was 0.3
particle per 100 cycles after the operation one hundred
thousand times.

Furthermore, the O-ring having the same size as the above
size was prepared in the same manner as the molded articles
obtained in Examples 2 to 6 and subjected to the particle test

same as above. In results, the number of particles generated



operation fromten thousand tinmes to fifty thousand
times. 5 Therefore, the anmount of particles generated
SEwis38ery slight. SF-1363 4847CLAIMS 1. A rubber
conposition conprising: (a) a crosslinkable fluoro
el astoner, 5 (b) a reactive fluorine conpound
(excluding the crosslinkable fluoro elastoner (a))
having a bival ent perfluoropolyether structure or a
WS vaverelpeprtieneal kyt i cyiclest afeeanthe iaparhenendlose
or the side chain, at |east two al kenyl groups
oreggedtilce ofvigddilt tamesedt00 ngy@led epsdt wiffthramounting) and
hydrosilyl 10 group in the follow ng organosilicon
itcopouwt (se (hard I QAL A OREAN0SId | KRN LOMPAW the
having at |least tw hydrosilyl groups i'n the nolecule

op@}%t%%t?ﬁtﬁr%npfte‘?p dﬂhﬂélﬂhnc{ et%.%ejfsrg:oatfll %t‘th\lgl}shad'ﬁ{] bt)imes .

al kenyl group 1 n the reactive uor i'ne “corpoun

rejin t total amount of the conpound b) and 15,
TR, SR i D P g e GRECBaLed 'GiF 70 vpartant-

by wei ght of the crosslinkable fluoro elastoner (a),
and further conprising (d) a vul canizing agent (d-1),
and optionally a co-crosslinking agent (d-2). 20 2.
The rubber conposition according to claim1 wherein
the reactive fluorine conpound (b) and the reactive
organosi |l i con conpound (c) are |liquid conpounds and
can gel by reaction in the presence of a catalyst.
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SF-1363 49 3. The rubber conposition according to
claim1 or 2 wherein the crosslinkable fluoro
Sktlad®dmer (a) conprises: (#% a fluorovinylidene type
crosslinkable fluoro 5 elastoner (FKM singly, or
(ii) the crosslinkable FKM and a crosslinkabl e
perfluoro elastonmer (FFKM . 4. The rubber conposition
according to any one of claims 10 1 to 3 wherein the
total anount of the react¢¥®IFBuorine conpound (b)
and the reactive organosilicon conmpound (c) is 1 to
10 parts by weight, the anpbunt of the vul cani zing
agent (d-1) is 0.5to 2.5 parts by weight and the
amount. of rtube rC@otpRsS i %n%&q@id&- 2) is 3to6
parts by weight, based 15 on 100 parts by wei ght of
the q%@s%lb@%%@h%n&b%ﬁ%ofﬁk@ﬁkp%ﬂkstgﬁ%ﬁ?S' A sealing

mat erial for plasma treatnent device ch materi al

maerial 1o _ f devices Wirch material
ubba CoRpobP B R RS ELACKL S nCRYOBRE of “ERbALaY the

to 4 .and . then subjecting to secondary vul cani zation at
| cré’ﬁsé‘?‘ﬁg'raﬁ}llﬁ e fié’i‘;rﬂ' oL ESG e 300@)dt  AeBEFheri cbivalent

pressure or under reduced pressure.
perfluoropolyether structure or a bivalent perfluoroalkylene

structureand,intheeauiorthesidechain,atleasttwoalkenyl
groups capable of addition reacting at least with a hydrosilyl
group in the following organosilicon compound (c),

(¢c) a reactive organosilicon compound having at least
two hydrosilyl groups in the molecule and capable of addition
reacting at least with an alkenyl group in the reactive fluorine
compound (b) wherein the total amount of the compounds (b) and
(¢c) is from 1 to 10 parts by weight based on 100 parts by weight
of the crosslinkable fluoro elastomer (a), and further
comprising

{(d) a wvulcanizing agent (d-1), and opticnally a

co-crosslinking agent (d-2).

2. The rubber composition according to claim 1 wherein
the reactive fluorine compound (b) and the reactive
organosilicon compound (c) are liquid compounds and can gel

by reaction in the presence of a catalyst.
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SF-1363 49

3. The rubber composition according to claim 1 or 2
wherein the crosslinkable fluoro elastomer (a) comprises:

(i) a fluorovinylidene type crosslinkable fluoro
elastomer (FKM) singly, or

(ii) the crosslinkable FKM and a crosslinkable perfluoro

elastomer (FFKM}.

4. The rubber composition according to any one of claims
1 to 3 wherein the total amount of the reactive fluorine
compound (b) and the reactive organosilicon compound (¢} is
1 to 10 parts by weight, the amount of the vulcanizing agent
(d-1) is 0.5 to 2.5 parts by weight and the amount of the
co-crosslinking agent (d-2) is 3 to 6 parts by weight, based
on 100 parts by weight of the crosslinkable fluoro elastomer

(a).

5. A sealing material for plasma treatment devices which
material is obtainable by primary vulcanization molding a
rubber composition as claimed in any one of claims 1 to 4 and
then subjecting to secondary vulcanization at a temperature
of from 150 to 300°C at atmospheric pressure or under reduced

pressure.



