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SF-1363 1 DESCRIPTION RUBBER COMPOSITION AND SEALING
MATERIAL FOR PLASMA TREATMENT DEVICE 5 TECHNICAL FIELD

SF%%'%EIE INVENTION [0001] The prejsbent invention relates to a
reactivity-having rubber composition before curing and to a sealing
material for 10 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 devices
at a low cost, particularly in seyaigasductarproduction processes, hardly
has generation of tackiness or 15 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 pkishia Reatve slevices, which materials are
obtainable by vulcanization molding the 20 composition. TECHNICAL
BACKGROLNIT O THEIINYENTRICN.Z0002]1REEIMENTIUTLarI CE
production fields, a perfluoro elastomer (FFKM) has been conventionally
used as an elastomer SF-1363 2 material having excellent plasma
resistance.

TECHNICAL FIELD OF THE INVENTION
(coc1yl

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 devices at a low cost, particularly in semiconductor
production processes, hardly has generation of tackiness or
adhesion with counter faces even if it is continucusly used
at a high temperature for.a long period of time and has no

generationof 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
[00CZ]
In semiconductor production fields, a perfluoro

elastomer (FFKM) has been conventionally used as an elastomer



The perfluoro elastomer, however, is very expensive. Therefore, a more
inexpensive fluoro elastomer (FKM) has been frequently used in place of
the perfluoro elastomer (FFKM). [0003] However, the tendency of
miniaturizing semiconductors has been enhanced recently so that in
SF-sehfigonductor production processeé, a dry etching method such that
etching treatment is carried out in a gas phase by plasma is mainly
employed in fining processes of semiconductor members. In the dry

ma HEPGESS, he environment of Lsing a sealing. member made of a fluoro

elastomer (FKM), which is incorporated in semiconductor production

devices. hag been sexere: The yse -of thesealing pars made of FKM bag. |

possibilities of affecting on semiconductor production processes such that

ThSEAHRgPANS made ohEKM ats plasmazsichedand thereby ey has been

deteriorated to cause lowering of sealing properties, or fillers blended in

£ ré@%éﬁ@_ﬁ@zg pady r_'i%d%a of KM are- gxposedr-angd, left QLIOCANSE (FFKM) .
generation of particles and thereby the number of maintenance is

rodacreased. [0004] Furthermore, when fluoro elastomer (FKM) molded
articles are continuously used in the semiconductor preparation field

whergplasma resigtance andrihe like are desired; fackiness-9k 43633 cors

(adhesion) is generated on the surfaces of the fluoro elastomer molded
hadrticles andhthey-occasienallyadheret®malingemi conductor production
processes, a dry etching method such that etching treatment
is carried out in a gas phase by plasma is mainly employed in
fining processes of semiconductor members.

In the dry process, the environment of using a sealing
member made of a fluore eiastom@r (FKM), which is incorporated
in semiconductor production devices, has been severe. The use
of the sealing parts made of FEM has possibilities of affécting
on semiconductor production processes such that sealing parts
made of FKM are plasma-etched and thereby be deteriorated to
cause loﬁering 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, when fluorc elastomer (FEM) molded articles

are continuously used in the semiconductor preparation field

where plasma resistance and the like are desired, tackiness
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materials. This phenomenon is easily induced in particularly
semiconductor production processes at a high temperature. 5
SF(—:S?Q %quently, for example, when the fluoro elastomer sealing material is
used as a sealing material for an open close part such as a gate valve set
on gates of various treatment devices used in various semiconductor
production processes, rapid opening and closing of the gate valve are
hindered to cause 10 problems such that opening and closing of a gate
(avialve ave ) deyedtherthestaling imateriat is-detacheth d000%b ro elastomer
Conventionally, toward overcoming the above troubles, plasma

mofiedistanee thasbeen endowedon atesulingmolded iGmsicle byo mating

blending an expensive perfluoro elastomer (FFKM) or fluoro silicone
ma fuashiss ith afluoeo plestomen KMy =Bk Tresuliingdealded peticle.cularly
however, has a problem such that the plasma resistance is not enhanced
setobomndh decauserindhe niclded article sthe fluaroelastemeranterature.
perfluoro elastomer (FFKM) 20 or fluoro silicone rubber are blended to
Coforrusegrhénts, $othe <fugrd elastomeryiest 60 the melded adicte syEfate ng
is preferentially radical-decomposed. [0006) In particular, a rubber
ma frraterdal fors plestnh e atment SH§363 e dévites pwhioh ispebtainiadde:byart
vulcanization molding a blend of a fluoro elastomer and a high plasma
suggsigrarst figdre sHicuge albbenwitita perdxidecrossiinkirg agentt isievices

used in various semiconductor production processes, rapid
opening and closing of the gate valve are hindered to cause
problems such that opening and closing of 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 flucro silicone rubber with a fluoro elastomer (FEM). The
resulting molded article, however, has a problem such that the
plasma resistance is not enhanced toc much because in the molded
article, the fluoro elastomer and perflucro elastomer (FFKM)
or fluoro silicone rubber are blended to form segments, so the
fluorc elastomer part on the molded article surface is
preferentially radical-decomposed.

[000€]

In particular, a rubber material for plasma treatment
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disclosed in JP-A-2001-348462 (Patent Document 1). The rubber 5-
material has good tensile strength and elongation, but the fluoro silicone
opl q}tﬁgal used herein (KE and FE series) contains large amounts of fillers
sothat the fillers are etched with plaosma to cause a problem of
contaminating a semiconductor production process as patrticles.
Furthermore, in order to 10 improve the plasma resistance, about 30% by
weight of a filler is added to prepare a rubber composition and the rubber

decooyosition isvulsanizetion malded wsing aferodde grasshinking agenteng
to prepare a rubber material for plasma resistant treatment devices. The

of rubbel materiat alsothasa 15 problen inthatnartigles derved-kam the o ro
fillers are generated in the use for semiconductors. [0007]

51 UPeAR003-183402 (Ratent docyrentd)ddiscleses armealdedqartidden:, is
obtainable by vulcanization molding a curable 20 composition as

di gleborkediin JP-AHI(1999)4 L6684 KRatent decom@M 8)19r.  The rubber
JP-A-HII(1999)-116685 (Patent document 4) as it is. More specifically,
ma t;PeA2008:18 3402 Patent fibeument r2) thsciose s« plagaairssistanit the
fluoro elastomer sealing material obtainable by crosslinking a fluoro
£ Ledastorned, whicte Skd 863 hasa bivaleat-parfiuoroymlygther pr bivalent s )
perfluoro alkylene structure in the main chain and has at least two
corgtikenys draups capabie:of af difion ceactnguiitt achydrasilyk gsospdrethehed
end or side chain, with a polymer having at least _
withplasma to cause a problem of contaminating a semiconductor
production process as particles. Furthermore, in order to
improve the plasma resistance, about 30% by weight of a filler
is added to prepare a rubber composition and the rubber
composition 1is vulcanization molded using a peroxide
crosslinking agent to prepare a rubber material for plasma
resistant treatment devices. The rubber material also has a
prokblem 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
compesition as described in JP-A-H11(1999)-116684 (Patent
document 3) or JP-A-H11(1999)-116685 (Patent document £) as
it is. More specifically, JP-B-2003-183402 (Patent document

2) discloses a plasma resistant fluorc elastomer sealing

material obtainable by crosslinking a fluoro elastomer, which
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5 two hydrosilyl groups in the molecule and capable of addition reacting
with the alkenyl groups described above. It discloses the sealing material

SFhﬁ xygen plasma resistance and no adhesion to quartz. It also
discloses in the production of the seéling material, a raw material rubber,
which is a 10 fluoro elastomer represented by the formula (1) CH2 = CH -
X)p-(Rf-Q)a-Rf-(X)p-CH=CH2 (the definition thereof is omitted),
a specific crosslinking polymer , a catalyst (peroxide type) and a

ha so-arosslinkinghagept atel kigasled i a8 oper rallfo LIS Rrepare &erriuoro
compound and the compound is primary cured and secondary cured to

a1l prdpate thecmoldadrarticles {disclasedhincEXamplesd tabs aRd 1east two
Comparative Examples 1 to 10). [0008] However, in consequence of

alparticularexarainadpalof ée 20 patent SocHment 2n# diselasesfydrosilyl
conventional fluoro elastomer, a perfluoro elastomer, a silicone rubber or

gr &RDR bt ¢hey:dre rdisclosedhasia comipatisonand futherRatent at 1east
document 2 does not disclose a technique of improving adhesion or the

twiike i ra resuiting molged arficla ¢ising thewbw gratedalbyabber 0FSFi4363 on
6 the formula (1) at all. [0009] The sealing material described in Patent

regotiment 2ihds good propeetiesiat ajroiigisal state-thasdaess.tensile, 5 1+
elongation and 100M) and compression set, but has inferior

discloses the sealing material has oxygen plasma resistance

and no adhesicn to quartz. It alsodiscloses in the production

of the sealing material, a raw material rubber, which is a

fluore elastomer representéd by'the formula (1)

CH; = CH - (X)p - {Re = Q)q - R: - (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

Exampies 1 to 5, and Comparétive Examples 1 to 10j.

[0008]

However, in consequence of particular examination of the
patent document 2, itdiscloseseaconventionalfluoreelastomer,
a perfluoro elastomer, a silicone rubber or EPDM, but they are
disclosed as a comparison and further Patent document 2 does

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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plasma resistance (radical resistance) and further, has a room for
improving adhesion (referred to Comparative Example 2 in Table 1 of the
present specification). JP-A-2002-220486 (Patent document 5) discloses

SE3¥RGro 10 elastomer molded article%aving 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

thé&omtaekwith aarficlerprgpared after 15 contacting. It also discloses the
silicone and the fluoro elastomer are bonded through a -R-O- group

[ 0proyided that R is a hydrocarbon group directly bonded or indirectly
bonded through another atom or group to the silicone main chain. [0010]

20 Inthe fhioso plastames malded agticls disglasedin: BMe Rt AQGHMRNDS), 4

the surface treatment of a base material is merely carried out and the

godieaipesiefectdoasmnobeontinye ifar a longnesiod pf time. The malded 1 |
article has a problem in that the treated layer is decomposed by plasma

elangdhieaband SF-136%Y therehyds takensaway. Jherefgrg; an-exceflent ;o r
sealing material having more excellent plasma resistance than that of the

pléluneo stastemen(EKMh awhigh materiad is-easilyspremarediat A Iowes 60ab o

as 5 compared with the fluoro elastomer has been desired. Patent
fodotument 1ndPal2001s38A62ferred to Comparative Example 2 in
Table 1 of the present specification).

JP-A~2002-220486 (Patent document 5) disclosés a fluocro
elastomer moided.article having a surface layer of a hydroxyl
group modified silicone and having both of plaéma 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 flucro
elastomer are bonded through a -R~O~ 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 flucoro 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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Patent document 2: JP-A-2003-183402 Patent document 3: _
JP-A-HII(1999)-116684 Patent document 4: JP-A-H11(1999)-116685 10
Patent document 5: JP-A-2002-220486 DISCLOSURE OF THE
SFRAENTION OBJECT TO BE SOLVED BY THE INVENTION [0011] The
present invention is intended to solve the problems 15 associated with
the above prior art, it is an object of the present invention to provide a
reactivity-having vulcanizable rubber composition before curing, capable

thefrepaning 8, gealingJaaterial for plasma treatment devices at a low
cost, which material has properties such that even if it is 20 continuously

used aha highstenperatus. for mlong pedad of fime insemicopdudtar, o

production processes, tackiness or adhesion with counter faces is hardly

exgenerated pnd pagticle sgeneratiands, pat fueeds Itig another.abject of gmer

the invention to provide a sealing material for plasma treatment SF-136

(Fdeyices whickmateral is obtainahle pypulcanizatiopimalding,dhe - v 4
composition. MEANS FOR SOLVING THE OBJECT [0012] 5 The rubber

cospmpesition ohthenpresenidnyentions comprses:{a)agrossligkablg fluoro
elastomer,

Patent document 1: JP~A-2001-348462

Patent document 2: JP-~-A~-2003-183402

Fatent document 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 above prior art, it is an object of the
presentinventiontxyprbvidea,reactivitywhavingvulcanizable
rubber composition before curing, capable of preparing a
sealing material for plasma treatmenﬁ devices at a low cost,
which material has properties such that even 1if it is
continucusly used at a high temperature for a long period of
time in semiconductor production processes, tackiness or
adhesion with countef 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 compound (excluding the crosslinkable fluoro
elastomer (a)) having a bivalent 10 perfluoropolyether structure or a
bjvalent perfluoroalkylene structure and, in the end or the side chain, at
SF1d4d3wo alkenyl groups capable of fddition reacting with a hydrosilyl
group in the following organosilicon compound (c), (c) a reactive
organosilicon compound having at least 15 two hydrosilyl groups in the
molecule and capable of addition reacting with an alkenyl group in the

deveaelvesHuenng capaund {by whereinithe total amount of the, molding
compounds (b) and (c) is from 1 to 10 parts by weight based on 100 parts

thebyaweight 0f tha,crosslinkable fluoro elastomer, and further comprises 20
(d) a vulcanizing agent (d-1), and optionally a co-crosslinking agent (d-2).

MEHAR813]dn the present invenyengibe reactive fluorine compound (b) and
the reactive organosilicon compound (c) need to be SF-1363 9 liquid

{ 0coimpounds and be able to gel by reaction in the presence of a catalyst.
In the present invention, the crosslinkable fluoro elastomer (a) comprises

(i) a finerovinyidene typemSsrosslinkablefluore elasteraae KM} sipgls 1 on |
or comprises (ii) the crosslinkable FKM and a small amount of a
congsesslimkable perfluoro elastomer (FFKM). [0014]

{a} a crosslinkable fluoro elastomer,

(b) a reactive fluorine compound (excluding the
crosslinkable fluorc elastomer (a)) having a bivalent
perfiuoropelyether structure or a bivalent perfluorcalkylene
structureand,intheeauiorthesidechain,atleasttwoalkenyl
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 weight
cf the crosslinkable fiuoro elastomer, and further compriées

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

[0013]
In the present invention, the reactive fluorine compound

(b} and the reactive organosilicen compound (c) need to be
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In the rubber composition according to the present 10 invention, it is
preferred that the total amount of the reactive fluorine compound (b) and
SF_ttilg Eg%active organosilicon compound, (c) be 1 to 10 parts by weight, the
amount of the vulcanizing agent (d-1) be 0.5 to 2.5 parts by weight and
the amount of the co-crosslinking agent (d-2) be 3 to 6 parts by weight
based 15 on 100 parts by weight of the crosslinkable fluoro elastomer (a)
The sealing material for plasma treatment devices according to the
1icprésentinventions is nbtaiaaite bytpsimaty bwulcanization malding 3HeeRe ce
of the above un-vulcanized rubber 20 compositions and then subjecting to
of secoadaryywattcanization at a temperature of from 150 to 300C, preferably
200 to 280C at atmospheric pressure or under reduced pressure (for
exanple,thea gegreerdf vacuaemofi@o] toc5R0 Ra)q greferakly by afluoro
vacuum oven (at the same degree of vacuum as above). SF-1363 10
elaERPEET OF ZHE INMENTION[0015]) Thespresantidmentioniprowdes atype
vulcanizable rubber composition capable of preparing a sealing material
crofer plasieb baréatment dévisesata [0RECOstaihich ymateriakgasmese (1i)
excellent plasma resistance as compared with conventional fluoro
theelastoarer {EKM) LandProperties sasotz that @veniftit d< cantinuouslyiuses ] e
at high temperatures for a long time period of time in semiconductor
perdrodactioreprostegas; stigkikdss and

(0014}

In the rubber composition according to the present
invention, it is preferred that 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 amount of
the co-crosslinking 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 obtain.able by primary
vulcanizationmolding any one of the above un-vulcanized rubber
compositions and then subjecting to secondary vulcanization
at a temperature of from 150 tQ 300°C, preferably 200 to 280°C
at atmospheric pressure or under reduced pressure (for example,
at a degree of vacuum of G.Oi to 500 Pa), preferably by a vacuum

oven (at the same degree of vacuum as above).
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10 adhesion to mating materials are hardly generated and generation of
particles is not induced. . According to the present invention, the
composition is primary vulcanization molded and then subjected to

SF'é]eégi‘?idary vulcanization at a tempérgture of from 150 to 300C, preferably
15 200 to 280C 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

= Fyvatcanizatiopanaldingef the rubber 20 composition, when the secondary
vulcanization is carried out under the above conditions, particularly under

[0 8he preferable conditions, the reactions can be performed almost
perfectly. In result, the amount of unreacted components is very small
and even if thesetbbet gampeositan jsruseddfor sealingraterials-3k-1368be r
11 for plasma treatment devices, the sealing materials have no

comgensiatiornot paticles, afesfree foimstiekiness Of a@esion 4Q CoMAtBN asma
faces and have excellent balance in properties such as plasma resistance

t r candntbe tikei &vEurthermoreathe aulcanizationrelsechaticles: representesk-«
by the sealing materials for plasma treatment devices according to the

exqeédenttnvehtionhave exedllentno adhesinpde eaunier tacesandgoodnal
mold releasing properties. Therefore, they can prepare sealing materials

f 1 donplasinast®treatméemieyiceseificienthrand sataly-hy tiokpresgeaat aif it
low

is continuously used at high temperatures for a long time period

of time in semiconductor production processes, stickiness and

adhesion to mating materials are hardly generated and
generation of particles is not induced.

According to the present invention, the composition is
priﬁary vulcanization molded and then subiected to secogdary
vulcanizationeﬂ:a.temperaturewof.fron1150 to 300°C, preferably
200 to 280°C at atmospheric pressure or under reduced pressure,
preferably in a vacuum coven, to prepare a sealing material
having the various properties for plasma treatment devices.
[C016]

After the primary vulcanization molding of the rubber
composition; when the secondary vulcanizatién is carried out
under the aboﬁe conditions, particularly under the preferable
conditions, the reactions can be performed almest perfectly.
In result, the amount of unreacted components is very small

and even 1f the rubber composition is used for sealingmaterials
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coat. BRIEF DESCRIPTION OF DRAWING [0017] Figure 1 is an
illustrative view of showing a jig for 15 adhesion test wherein 0-rings are
ted on a flange and a test method. Fig. 2 is a schematic view of
SF"&%%%ng a particle test device for n?elasuring the particle amount by
mounting 0-rings on a flange. 20 Explanation for numeral [0018] 20 ..
Particle test device 21 ... Particle counter 22 Filter SF-1363 12 23 Head
24 ... Bellows 25 Driving device 26 Simulation chamber 5 27 ... Seal

formpuating merekerBiST MODERORGARRYINGQUITHEINVENTKIN

[0019] The rubber composition of the present invention, the sea_ling_
gernraaterialsfer Plasmatressment devicescobtainahble by k10 vylcanizalig sion

molding the composition and the preparation process thereof are
to deseribed ifndetaildeionave excellent balance in properties such
as plasma resistance and the like.

Furthermore, the wvulcanization 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
tést method.

Fig. 2 is a schematic view of showing a particle test
device for méasuring the particle amount by mounting O-rings
on a fiange.

Explanation for numeral

[0018]
20 +++« Particle test device
21 - Particle counter

22 -+« Filter
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Rubber composition The rubber composition of the present invention is a
reactive vulcanizable rubber composition before curing and 15 comprises
a crosslinkable fluororesin (a), a specific reactive fluorine compound (b) ,
SF-3 %Bécific reactive organosilicon c&rﬁpound (c) , a vulcanizing agent (d-1)
and optionally a co-crosslinking agent (d-2). [0020] 20 Hereinafter, each
of the components contained in the un-vulcanized rubber composition is
described firstly. Crosslinkable fluoro elastomer (a) Relating the object of
23 the.prgsent invention, the crosslinkable fluoro elastomer (a) is desirably a
rubber SF-1363 13 material capable of preparing sealing materials having
24 resistapceteplasma used for various kinds of semiconductor dry
processes (plasma etching treatment) and as the base rubber material

25 (@), puklicknewndlupre glastomers having excellent 5 plasma resistance
are generally used. [0021) As the crosslinkable fluoro elastomer (a) in the

26 presenti tnveaton.{i)cnuimplidene fluoride type crosslinkable fluoro
elastomer 10 (FKM) may be used singly or (ii) a crosslinkable perfluoro

27 elastomer(FnKi)1nay ba4ised rtogether with the crosslinkable FKM.
BEST MODE FOR CARRYING OUT THE INVENTION
[0019]

The rubber cocmposition of the present invention, the
sealing materials for plasma treatment devices obtainable by
vulcanization molding the composition and the preparation

process therecf are described in detail below.

Rubber composition

The rubber ﬁomposition of the present invention is a
reéctive vulcanizable rubber composition before curing and
comprises a crosslinkable fluororesin {(a), a specific reactive
fluorine compound (b), a specific reactive organosilicon
compound {¢), a vulcanizing agent (d-1) and optionally a
co-crosslinking agent {d-2).

{00201

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 a rubber
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As the crosslinkable fluoro elastomer (a), it is possible to use, for
example, those as described in Table 1 on page 64 15 "Development of
fluorine materials" (published by CMC Co., in 1997 edited by Yamabe and
SFratiid) Specific examples thereof dré: (1) general vinylidene fluoride f
luoro elastomer (FKM) in which there is hydrogen directly bonded to a
part of carbons (C) 20 constituting a main chain carbon (C)-carbon (C)
bond and thereby there is a main chain carbon (C) -hydrogen (H) bond
ma BUa1L 25 DipgpoymYiene TWOUE I exaluagnamiene HEP) peving
copolymer (FKM) or tetrafluoro ethylené (TFE) /propylene rubber, and
ry,vinylidene: flugri - hexafluoropropylene
e I(ﬁlE g)é/[t%(t&%‘ I{l%grrc%t#ﬁé f{?(%’/%)fg){) ci% é r%:ie%rﬁusb bge)ir?lf%%? a%% (;)??)é/ﬁh@?enn%u ctor

drf(TEEMcQEQRﬂe@ WMHQ%JM‘Q%Q@%%%%Q—P%V%& %’?tﬁ{eogase rubber

vinylidene fluoride (VDF)/ tetrafluoride ethylene

ma CExR)ARerfpromethivinylether eapplyger yubher () FEKMinwhich all, . -

of hydrogen atoms directly bonded to carbons (C) constituting & main

plshkain caskon (Ghearbar £C) hond-are substifyted with fluorine atoms (F)
and thereby there is no main chain carbon (C) -hydrogen (H) , such as

[otetrayfluoro 10 ethylene (TFE) /perfluoroalkyl (alkyl group having
preferably Clto C3, particularly Cl) vinylether copolymer rubber (FFKM)

anéibtﬁ@aﬂlal@f@@c%@ﬂQH@;&EE%) merfluerealigdvipylether, copoIYmET, o sent
rupper; an

invention,
(i} a vinylidene fluoride type crosslinkable fluoro elastomer
(FKM) may be used singly or”

(1i) 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
1997 edited by Yamabe and Matsuo). Specific examples thereof
are:
(1) general vinylidene fluoride fluorc elastomer {FKM) in which
there is hydrogen directly bonded to a part of carbons (C)
constituting a main chain carbon {C)—-.carbon {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. (VDE} /
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(3) a fluorine type thermoplastic elastomer capable of 15 extrusion
molding. [0022) Of these crosslinkable fluoro elastomers (a), it is possible
to use, as the crosslinkable FKM, any one of commercially available
SEVIPON (DuPont Co., Ltd.), DAI-ELG962, 20 G912 (DaikinIndustries Ltd.),
MIRAFLON (Asahi Kasei Co., Ltd.), FLUOREL (3M Co., Ltd.) and
TECNOFLON (Solvay Solexis Inc.). In the present invention,
crosslinkable fluoro elastomers, which comprise more inexpensive FKM

he§@§i¥1@rﬁ:%ﬁfg}£€f5 as a ﬁ%%%n}@%%@?gg%%%% small amount; ...,

of SF-136 KM are used essentially as t ase rubber (a). From

co%y&%@oint of plgsma resistag@grgﬁql%ergf the C%ﬁéﬁ%l@?ée FFK FE) /

can prepare most excellent sealing materials at a high cost. Accordingly,

pripiheduesentipyention. th%f@h\&@ch@%ﬁg?eﬁ%&%@%U%%B%'iv or

applicable, is used as a base component, and its plasma resistance and

viAghesiopare imnrgued £0 as 1 penare a sealing pibher mpaterial having, o

sufficient durability for use as semiconductor sealing materials at a low

(T20est/ 30400231 Intherresant Jvantion, Eﬂ&}&bﬁﬂé@ﬂ%%@fx remarkably
re

improving the plasma resistance of the FK erred to Example 5), the

(2 prossitukable pgifiore, @@SWQ[&&%&@NWBMQ hygrogemaiomsnded to
directly bonded to main chain carbon

carbons (C) constituting a main chain carbon (C)~-carbon (C}

bond are substituted with fluorine atoms (F) and thereby there

is no main chain carbon {(C)-hydrogen (H), such as tetra fluoro

ethylene (TFE)/perfluorcalkyl (alkyi group haviné preferably

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

and tetrafluoride ethylene (TFE)/perfluoroalkylvinylether

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-ELG902,
G912 (Daikin Industries Ltd.), MIRAFLON (Asahi Kasei Co., Ltd.),
FLUOREL (3M Co., Ltd.) and TECNOFLON (Solvay Solexis Inc&.).

In . the present dinvention, crosslinkable 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 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,
SEpréfetably about 10 to 1 parts by welight based on 100 parts by weight of
the crosslinkable FKM) within the 20 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

rrHeriyQropalygther sstpuciure;of a.ivalent pediuooalkylens §§ruct%oﬂm he
SF-1363 16 having, in the end or the side chain, at least two alkenyl

vi<iBeRs: capabla otadditian reactionwith achydrasiy graup (z9iH) 10fithe 1 o

organosilicon compound (c) is used. The bivalent perfluoropolyether

Fridiruciireor dhe bivalent rperfiugroalieng stiycturecentrbytes tg.a guring v,

reaction. [0024] As the reactive fluorine compound (b), it is possible. to

codise thosesimilardo @ fluerine glasteraer deserinad:-an, paragaphad0046k cn
to [0022] in JP-A-2003-183402 (Patent Document 2) and a perfluoro

15 compeuikdescribed IR-Ard16E999)- LISEBA(Ratant document A0:0B 2 se
paragraphs [0006] to [0014] in JP-A-11(1999)-116685 (Patent Document

corfolQOrB] Thedeactive uaring sampernd bl issshesificaly, repeeseed ved
by the following formula (1) as described in

50 as to prepare a sealing rubber material having sufficient

dufabiiity for use as semiconductor sealing materials at a low

cost.

[0023]

In the present invention, from the viewpoint of
remarkabiyimprovingtheplasmaresistanmaoftheFKM(referred
to Example 5), the crosslinkable perfluoro elastomer (FEKM)
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 aboﬁt 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 flucrine compound (b)

As the reactive fluorine compound (b}, a reactive
flucrine compound having a bivalent perflucropolyether

structure or a bivalent perfluorcalkylene structure, and



JP-A-2003-183402 (Patent Document 2). CH2 = CH - (X)0 (Rf - Q)a - Rf -
(X)r, - CH =CH2 (1) In the formula (1), X is independently -CHZ ,
-CH20-, - CH20CH2-1 -Y-NR 1S02- or -YNR1-CO- wherein Y is -CHZ- or
-Si (CH3)2-Ph- (Ph: phenylene group), R1 is hydrogen or a substituted or
SEuhgaBstituted univalent hydrocarbon%?oup, Rf is a bivalent
perfluoroalkylene group or bivalent perfluoropolyether group, p is
independently O or 1, ais an integer of O or more. Q is represented by the

A0SR0 ) B AN D e
{35 pelosuns QUL x Bave ammsene m o nEe.

of SYhsituted o Lnspbstitifed 19 hixaient hydrocatbon graup whereial, 1 on

least one or two or more of oxygen atom, nitrogen atom, silicon atom and
pe%@ﬂﬁ@gwﬁolyether structure or the bivalent
perfluoroalkylene structure contributes to a curing reaction.
[C024]

As the reactive fluorine compound (b), 1t is possible
to use those similar te a fluorine elastomer described on
paragraphs [0016] te [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(1989)-116685 (Patent Document 4)
00251

The reactive fluorine compoﬁnd (b) 1s specifically
represented by the following formula (1) as described in
JP-A-2003-183402 {(Patent Document 2).

CHy = CH - (X)p (Re = Q)a = Re = (X)p =~ CH =CH, *e¢(1)

In the formula (1), X is independently =CHp=-, ~CH,0=, -
CH,OCH,—, =-Y-NR’S0,~ or -YNR'-CO~- wherein Y is -CH,~ or -8i
{CH3),-Ph~ (Ph: phenylene group), R' is hydrcgen or a
substituted or unsubstituted univalent hydrocarbon group, Rs
is a Dbivalent perfluorcalkylene group or Dbivalent
perfluoropolyether group, p is independently 0 or 1, a is an

integer of 0 or more. ¢ 1s represented by the formuia (2},
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are present in the bonding, or a functional group represented by the
following formula (5) or (6). [0028] R5 RS 1Si-R-1 15I15RS (5) R5R5
R\ I Si Si R6 SF-1363 18 [0029] In the formulas (5) and (6) , R5 is a

SFshBétituted or unsubstituted univaleht hydrocarbon group and R6 is a
group containing at least one or two or more of carbon atom, oxygen 5
atom, nitrogen atom, silicon atom and sulfur atom in the main chain
structure. Commercially available examples of the reactive fluorine

(3 rompound (b) may include "SIFEL" (manufactured by Shin-Etsu
Chemical Co., Ltd). 10 Reactive organosilicon compound (c) The reactive

[ o@pganosilicon compound (c) used herein is a compound having at least
two hydrosilyl groups (=Si-H) in the molecule and capable of addition

regction with an alkenyl 1’11 0
I

l

I
C N Rr3 N C ce(2)

— (X)p — CH,CHR*CH,CH, — (X)p — 3
0 R3 0
I ~7 T I
~C—N N C
~. ~
R3 ) (4}
[0027]

In the formulas (2) to {4), X, p and R! are the same as
above, R® is & 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, silicen atom and sulfur atom
are present in the bonding, or a functional group represented
by the following formula (3) or (6).

[0028]

R’ R’

Si RS T

5
R (5)
R® R’
RG
i T
TSI Si T
6 ~
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group of the reactive fluorine compound (b). 15 [00301 Preferable
examples of the reactive organosilicon compound (c) may include a
crosslinking polymer as described in paragraphs [0023] to [0027) of
SF-3p1A32003-183402 (Patent Documéfit 2) and organosilicon compounds
as described in 20 JP-A-H11(1999)-116684 (Patent document 3) or in
paragraphs [0021] to[0035] of JP-A-HII (1999) -116685 (Patent document
4). [0031] The reactive fluorine compound (b) has at least two hydrosilyl
[ o cgroyps in the molecule and is crosslinked by the SF-1363 19 reactive
organosilicon compound (c) capable of addition reaction with an alkenyl
group{cregglinking-polyaer) s Fxamples of thexreactive,organasiicoit eq o
compound (c) are organohydrogen polysiloxanes having two hydrosilyl

un iBERS. uREierahl-thNes-or Moke-BYdresih 95euRs. Examntes of the group

organohydrogen polysiloxane may include organohydrogen polysiloxanes

corfORNVaRtQNally usadin addition eaction-alyable silican BPe-om, oxygen
compositions, and preferably the following compounds represented by

“atdhe famawagdh) and:l0 68)1 Z-GHZEHR 4XD-Ri100P -GH2CHR +ZRfmin

(X)P -CH2CH2 - Z ... (8) In the formulas (7) and (8), X, p and Rf are the
chameasualaves Z is represented by the following formula (9) or (10)

Commercially available examples of the reactive fluorine
compound (b) may include “SIFEL” (manufacturéd by Shin-Etsu
Chemical Co., Ltd).

Reactive organcsilicon compound (c)

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

Preferable examples of the reactive organosilicon
compound (c).may include a crosslinking polymer as described
in paragraphs [0023} to [0027] of JP-RA-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 crossiinked by the
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15[0032] 3z 3U (HSIO)b - Si CH3 ... (9) CH3 R23 -b CH3 (H-SiO)b- Si
-0 -Si - CH3 CH3 .. (10) [0033] SF-1363 20 R2 is a substituted or
unsubstituted univalent hydrocarbon group, and b is 1, 2 or 3 in Z of the
SF-chifpound (9) and b is 2 or 3 in Z of the compound (10). R2 is preferably
an univalent hydrocarbon group having 5 1 to 8 carbon atoms and
specific examples thereof are alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl and

re ot eycloalkylaroups such asgyclopentyl, cyclohexyl and cyelohaptyl:, .,

aryl groups such as phenyl, tolyl and xylyl; 10 aralkyl groups such as

reRanzyhang phenylethyl; and those pbtaipabley substityting a parh onall )

of hydrogen atoms in these groups with'halogen atoms e.g. fluorine,

Ex&ﬁ{ﬁr@f@ 0§ foramine, ,siich @schloromethyl groLp, RrOmMORVL FPUR: ) are
chloropropyl group, trifluoropropyl group and 15
or a3y ar86:0-penafiorehaxyt gravpy Q34 wo nydrosilyl groups,
preferably three or more hydrosilyl groups.

Examples of the organohydrogen polyéiloxane may include
organohydrogen polysiloxanes conventionally used in addition

reaction-curable silicon rubber compositions, and preferably

the follewing compounds repres'ented by the formulas (7} and

(8).
Z ".""'CHQCHZ —(X)p— Rf —X)p -—CH,CH, """' Z <o (7)
Rf —(X)p “—CH,CH, — Z ' <. . (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;4 R,

(H’SiO)b — ISi
b N
CH, R, CHy

(H!SiO)bw |Si—~—o —8i —
n b

[CC33]
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A commercially available example of the reactive organosilicon
compound (c) may include "SIFEL crosslinking agent CP-2"
manufactured by Shin-Etsu Chemical Co., Ltd. 20 Catalyst for gel curing

F&a&bon of reactive fluorine compou%?j (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 SF-1363 21 for the gelation

reactidn, itis preferrediie use@dlatinum compound: 00351 is possitlecn -
to use, as the catalyst for gelation 5 reaction, an addition reaction catalyst

hydtich astoplagingtp metad germpound andrthe like asdesaibeddfpound (9)
paragraph [0028] of JP-A-20003-183402 (Patent Document 2) and a

andplatinugn mesal catalyst apd the like-aggeseribechin
JP-A-HII(1999)-116684 (Patent Document 3) or in paragraph [0036] of 10

JP-ARFIII{ 0 9D Eb6E851(P adentbocument4)n Nordraiting examplgs aktheng
platinum compound catalyst for the gelation reaction of the components

1 4b) and4ckane platinumehiorge.c camplex-ofplatinun chlodde yith an 1y
olefin such as ethylene, a complex of platinum chloride with 15 alcohol or
groimy siloxahe ard phatiupn/siliess ljuming e saihon.i[9886bpyl, butyl,
isobutyl, tert-butyl, pentyl, necpentyl, hexyl, heptyl and
octyl; cycloalkyl groups such as cyclopentyl, cyclohexyl and
cyclcheptyl; aryl groups such as phenyl, tolyl and xylyl;
aralkyl groups such as benzyl and phenylethyl; and those
obtainable by substituting a part of all of hydrégen atoms in
these groups with halogen atoms e.g. fluorine, chlorine or
bromine, such as chloromethyl group, bromoethyl group,
chloropropyl group, trifivoropropyl group and

3,3,4,4,5,5,6,6, 6~nonafluorchexyl group.
[0034]
A commercially available example of the reactive

organosilicon compound (c¢) 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 (¢} are reacted

in the presence of a catalyst to be gelled. As the catalyst
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Examples of the platinum metal compounds other than the platinum

compounds are rhodium, ruthenium, iridium and 20 palladium

compounds. The amounts of these catalysts used are not particularly
SFﬁr’H?tg&. When they are used in a catélytic amount, a desired curing rate
can be obtained. From an economical standpoint or for preparing good
cured products, the catalyst amount (in SF-1363 22 terms of platinum
metal) is preferably 0.1 to 1000 ppm, more preferably about 0.1 to 500

£oPPRHRAsSRMA QR E%tqtéh%%%oﬁ the Ee%l_ig% dpedne compound (B) . ; 0

(component (b)) and the reactive organosilicon compound (c) (component
cok@hUPe37] An example of the catalyst for gelation reaction of the
reactive fluorine compound (b) and the reactive organosilicon compound
[ 033 yyhich catalyst is contained in the reactive fluorine compound (b) or the
reactive organosilicon compound (c) is "SIFEL POTTING GEL

(SIFELS0{OAR)s saanuagiured y, Shin-Eise Chemia) £o. Add. ILiS 4t 1 on

presumed the reactive fluorine compound (b) and the reactive

regtganesilican canpound (C)-areseactgd withs heatingsinthe presence of 8.,
catalyst for gel curing reaction such as platinum metal compound and the

metika, teqrepare Gelled-rodugk(gelatinaus,cused produch)-(he) by they o2 |
following gelation reaction mechanism that an additional reaction’is

of capsgd futhepresence of aplalinumcatal¥ston) and a platinum metal

catalyst and the like as described in JP—A—H11(1§99)M116684

(Patent Document 3) or in paragraph [0036] of

JP-A~H11(1299)-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
pailadium 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 cbtained. From an economical standpoint

or for preparing good cured products, the catalyst amount (in



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
SESHEAEB3 23 compound (c) and the catalyst for gelation reaction.
Therefore, the SIFEL POTTING GEL (SIFEL8070A/B) before curing,
namely the components (A) and (B) and the catalyst in the SIFEL before

-8 losaelgfon e iended ib e S el e the.
- d i lly th - linki -2 d th
R T B BB Snie o1 EBRe PR oLt TG aiRiE Of

vulcanization m(%aljtrjed so that the fluorine {#éober 10 compone

T o Lt b 2 A1 BA TR FERSIHo! 1. e by B g the

- £O0SHluing the SICEL SO70MB Is. forwarded to el (eure) the aricle and
EDtﬁerelby a motded article” s prepa?eéil. ulcanization agen ItE-I) and
[cfd’a"%r sslinking agent (d-2) 15 The unvulcanized rubber composition of

he present invention comprises, as the crosslinking component (d),

18 N A S B e
rééEEE$§”%@Hgfﬁﬁgubompound (b} and the reactive organcsilicon
compound {c¢) which catalyst is contained in the reactive
fluorine compound (b) or the reactive organosilicon compound
(c) is "SIFEL POTTING GEL (SIFEL8070A/R)"™ manufactured by
Shin-Etsu Chemical Co., Ltd.

It 1s 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) (be), by the
following gelation reaction mechanism that an additional
reaction is caused in the presence of a platinum catalyst of
a hydrosilyl group and alkenvyl group.

[0038]

In the present inventicn, the SIFEL POTTING GEL

(SIFEL8C70A/R) manufactured by Shin-Etsu Chemical Co., Ltd.

preferably used as the components (b)) and {(c) contains the

reactive flucorine compound (b), the reactive organosilicon
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20 [0039) As the vulcanizing agent (d-1) and the co-crosslinking agent
(d-2), conventionally known agents can be widely employed. The
vulcanizing agent (d-1) is variously selected in accordance with the kind
SF-of 366 crosslinkable fluorine rubber @Y in the SF-1363 24 un-vulcanized
rubber composition. Preferable examples of the vulcanization method for
FKM are polyamine vulcanization, polyol vulcanization, peroxide
vulcanization (peroxide vulcanization) and triazine vulcanization, and
oxide 5 vulcanization,is mor ferable g .he peroxide . _
Conﬁg can%ati(()#ha;g r?ltz)ﬁ er%I %gt p%?%rc%eg %trge nagtre)grodg%eefgt} L%%g tﬁé(é%secelg
rndig sesHlling sealingmalerial peeause 1t I RNAEORSANL MK cuying,
un-vulcanized rubber composition with ‘an acid receiving agent which is a
pariclegenerating source, »10.5uch s magnegium oxide and CAIGHM ¢ 1y,
na hyd%xig%é%ocx%% In the p(g,rgfxide vuﬁcgnization, it is prefetrred 'Elo use the
be ASFAXide crosslinking,agentas described i the;paragraph; [0018],0f 1 pe
JP-A-2003-155382 tiled by the present applicant. As 15 the
cr&9:953IKiNg 2gent(t-2).hisassible te use e crasslinking assistant .
used for peroxide crosslinking as described in the paragraph [0019] of the
1nABOVe pblicatian. A0PAiLExamples,ofiths peraxide qrosglinking @gent  ang

used as the 20 vuicanization agent (d-1) may include

optionally the co-crogslinking agent (d-2}, and then molded
into a desired shape. Thereafter, the resulting molded
article is vulcanization molded so that the flucrine rubber
components are crosslinked and alsc 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. B

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

The unvulcanized rubber composition of the present
invention comprises, as the crbsslinking 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), conventionally known agents can be widely employed.
The vulcanizing agent (d~1) is variously selected in accordance

with the kind of the crosslinkable fluorine rubber (a) in the
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2,5-dimethyl-2,5-di(t-butylperoxy)hexane (PERHEXA 25B manufactured
by NOF CORPORATION), dicumylperoxide (PERCUMYL D
manufactured by NOF CORPORATION), 2,4-dichlorobenzoyl peroxide,

SE-didtbitylperoxide, t-butyldicumylperd%ide SF-1363 25 (PERCUMYL D
manufactured by NOF CORPORATION), benzoylperoxide,
2,5-dimethyl-2,5di(t-butylperoxide)hexyne-3 (PERHEXYNE 25B
manufactured by NOF CORPORATION), 2,5-dimethyl-2,

un-24i Qxylhexane, 5 a,a-bis(t-butylperaxy-m-isopropylhenze

R R R R by KO CORRORATION, - e 12 e € ene

vu 182 7his(t Peroxy-msisoprop enzene, t-butyl erox isu propyl .
ii%%ﬁgr?%ﬁyp%ac %?r% Cé*lnz%c?y pgjg)g?(id%rgnc}j ﬁb&%p%?berﬁo%%eﬁ%%@&?ﬁ !

po1Qbese, 2 c%ﬁggalg{;qb%%gggg%ggsgga di%@x'&%%xzi%%iPﬁ%%g%xfide

manufactured by NOF , benzoyl peroxide

vu f@éﬂlif?gtﬂi%%?y NQE CQ&%QB@J 'Obll’l%@'ri?i%tﬁ%}é' q 6{/1?{' OEelrsoxide

peroxy-m-isopropyl)benzene (PERBUTYL P manufacture

vulcegﬁf%wN)sarwsf%%%@ﬁg%@ea%ﬁo%ﬁ%ggéﬁ%mg agﬁ{‘és CANDE 4o

used singly or in combination with two or more. Although the

vulRe/Xide crosslinking agentmay @ﬁé@gyayﬁq%ﬂaéh%%ggvgot rodyced

vulcanization agent in the present invention, 20 it Is possible to optionally

durusehe;co-crosslinking, ageat(ehd)(sgmetimesgiered to;the qrasslipking; .
assistant for

is unnecessary tomix the un~vulcanized rubber composition with

an acid‘receiving agent which is a particle generating source,

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
fhe 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
Z;5-dimethyl-2,5-di(t-butylperoxy)hexane (PERHEXA 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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peroxide crosslinking) together with the peroxide crosslinking agent (d-1).
Examples of the co-crosslinking agent (d-2) may include SF-1363 26
compounds capable of radical co-crosslinking such as triallyl
SF-36&mnurate (TAIC manufactured ByNippon Kasei Chemical Co., Ltd.),
triallyl cyanurate (TAC), triallyl trimerytate, N,N'-m-phenylene
bismaleimide, dipropagyl terephthalate, 5 diallylphthalate, tetra-allyl
terephthal amide, ethylene glycol/dimethacrylate (San-Ester EG

S S, SR A DR LBOPRS s
2, 4430, pednclngl pefinendate panomer (ross W mgpacur ot
narfL81S 214 DS SAUARABEEDIG 250 e cocrosinng
2, Sl iossiiaseens peeugh LAl Sooanuat havng

resulting seali aterial. Compoundin pasition The
o, g By TR TR O e

narts a@%rﬁsr%vﬁépm@ﬁt%ﬁ%ﬂ@mg fluorine rubber (solid component)
fluorine compou

(@), the reactiv n anhd the reactive organosilicon

a, o ~bis{t~butylperoxy-m~isopropyl)benzene,

'tubutylperoxyisopropylcarbonate,parachlorobenzoylperoxide

and t~bﬁtylperbenzoate.
[0042]

Of these, 2,4~dichlorobenzoyl peroxide, dicumylperoxide
(PERCUMYL D manufactured by NOF CORPORATION), benzoyl peroxide
(NYPER B manufactured by NOF CORPORATION), a,a’-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 cross;inking agent may be singly
usedeustheabovevulcanizationagentjjzthepresentinvention,
it is possible to opticnally use the co-crosslinking agent

(d~2) (scmetimes referred to the crosslinking assistant for

. percxide crosslinking) together with  the peroxide

crosslinking agent (d-1}.

Examplies ¢f the co-crosslinking agent {d-2) may include
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compound (c) in a total amount of usually from 1 to 10 parts by weight,
preferably 2 to 6 parts by weight, the vulcanizing SF-1363 27 agent
(crosslinking agent) (d-1) in an amount of usually 0.5 to 2.5 parts by
SF-weiht, preferably 0. 5 to 2.0 parts BPweight, and optionally the
co-crosslinking agent (d-2) in an amount of usually 3 to 6 parts by weight,
preferably 4 to 6 parts by 5 weight. [0045) When the total amount ((b) +
(c)) of the reactive fluorine compound (b) and the reactive organosilicon

conf9MpRHNd (6).15 Jless than e aboye amount fange, aresuling sealing, |

material 10 has a tendency that the improvement on pfasma resistance 1s

1 sy genfinmed. %f@m%g%uwe{%y?ﬁv yxﬁ_%@ggqt Eﬁr{&ﬁ gigﬁaéoa.,

tendency that kneading operation thereof is difficult. When't

1t Amount.af;the yylcanizing agent{crosslipking &@gﬁﬁgbid-lmkﬁé%m%,

the above amount range, the crosslinking reaction tends to be insufficient.

N, WWhgn the rameunt isioverthe.aboveamoyntange the re@éﬁ%ﬂ%&%&'&,

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

di Ldesyraple-moldedarticle. 20{0046) Whenthe ameunt offhe g | ethylene

co-crosslinking agent (d-2) is less than the above amount range, the

g1ykessinkinatends (o pednsuffipient Whep ihe amesntis.ques the abover:
amount range, _

Chemical Industry), trimethyol propane trimethacrylate
(San—Ester TMP manufactured by Sanshin Chemical Industry),
polyfunctional methacrylate monomer {Hicross M manufactured
by Seiko Chemical Co., Ltd.}, polyvalent alcohol methacrylate
and acrylate, and a metal salt of methacrylic acid. These
co-croesslinking agents can be used singly or.in compination
with two or more.
(0044}

Of these 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 flucrine compound fb) and the reactive corganosilicon
compound (¢} in a total amount of usually from 1 to 10 parts

by weight, preferably 2 to 6 parts by weight, the vulcanizing
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the crosslinking density is too high and has an inverse SF-1363 28
influence on the properties such as elongation or the like, in using a
resulting sealing material as a sealing material for plasma treatment
sF-dewdees, and further the sealing maérial tends to have breakage at a high
temperature or in compression. 5 The reactive fluorine compound (b) and
the reactive organosilicon compound (c) are usually used in the almost
same amount (weight ratio), but they may be used in a weight ratio of

b)>(c). [0047] 10.The above un-vulcanized rubber composition may.
e KA SE A B et S e F nTEaEany ACTE TRving 5
gent The acid-receiving agent is preferahly used in polyamine .
£ RO A bR o IR TATER  EXAMPIES o e T8 AEiTelSiaT
agent are nesium oxide and calcium hydroxide. When the
S AGEHT 1 A EaA i BSmpaaion, Badloled Rl igie s
e ca

b ed%luring he use of a resulting sealin mat$ ial. Therefore, it.is
of B L SR ST ER RIS OBl by
Jparticles, 20 all. In the present invention, it is desired to employ peroxide
wel %' . . . . . . . .
canization, which is a vulcanization method without the use of the

{OO%]QI:JD'(i-receiving agent. Filler In the present invention, it is desired that the
fille '

When the total amount {({(b) + ()} of the reactive fluorine
compound {b) and the reactive organosilicon compound {c¢} is
léss than the above amount range, a resulting sealing material
hés 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 1is very
difficult.

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

amount 1s 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 crossiinking tends to

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

- the crosslinking density is too high and has an inverse
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SF-1363 29 be not used as possible. However, the various organic or
inorganic fillers can be used in accordance with the necessity, for
example, in order to improve the properties, within the limit of not missing
SFthé dbject and effect of the present Sinvention. [0048] Examples of the
inorganic fillers are carbon black, silica, barium sulfate, titanium oxide and
aluminum oxide. Examples of the organic fillers are 10
polytetrafluoroethylene resin, polyethylene resin and polyimide resin.

insiNEssganicand igarganic fllers may e used singly. o5 in gambjpation, .

with two or more. [0049] 15 In the present invention, usable fillers are not

in limitgcy on these fillera 0L hese fillers, the palytefearluogaathylenexesin,is ,

preferable. The sealing material containing the polytetrafluoroethylene

foresinaga fller hagameritsyuch that, 20 generation of particles fom-a o ria1

sealing material can be prevented to the utmost and even if the rubber

t erRIMNPONERLR0L the sealing matgriahare.atched (particles swhichhavean on .
inverse influence on the semiconductor preparation processes, are
relativgly h?é‘ﬂ)é@ﬁ@@raﬁ%&frﬁé6%%%pound {b) and the reactive

organosilicon compound (¢) are usually used in the almost same

amount (weight ratio), but they may be used in a weight ratio
of (b)>{c).

[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 wvulcanization. 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, it is desired that the sealing
material do not contain the filler, which generates particles,
aill. Inthepresent invention, it isdesired toemploy perdxide
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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Preparation of un-vulcanized rubber composition In the preparation
process of the rubber composition according to the present invention, the
reactive fluorine compound (b), the reactive organosilicon compound (c),
SFtAe& 6 Trosslinkable fluoro elastomer44), the vulcanizing agent (d-1) and
optionally the co-crosslinking agent (d-2) are mixed with addition in the
above amounts to prepare the un-vulcanized rubber composition. The
addition order of these components (a) to (d) is arbitrary and is not

o PACUaULImied. 10 100501 The eatalyst for addion seaction of he

W e rious o
reactive fluorine c mpoun anCC)I the redctive organosmcon COFﬁpOUﬂ

incg}%)g’ fgae@mpﬂ%r@aé@gf')gec%@%ﬁ dsgg%‘%agggﬁgtiﬂt %g%%!:eggsafty,

the components (a) to (d) by a me previou addi

fo@d@lﬁ%wgﬁéeﬂ%ce% it any.ane of ﬂeﬁgf(egﬁigve flugrne compound, |,

(b) and the reactive organosilicon” compoun n}‘:ﬁ]eaéiensg’the Feactive
11 dipering corypoynd (), the fracfiya grganosilican-campo and the

crosslinkable quoriner}ébber (). 2% [0051] As gaesc%%lgd %a%cér(,c e present
inveagtivgfluorine compound (b) and the reactive organosilicon compound

(c) used in the present invention are in a liquid state having fluidity. In
[odaet; the catalyst is used in the following manner that the component

SF-1363 31 (b) and the component (c) are packed separately and the
pbﬂ@%ﬁmples of the inorganic fillers are carbon black,

silica, barium sulfate, titanium oxide and aluminum oxide.

Examples of  the organic fillers are
polytetraflucroethylene 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
polytetraflucroethylene resinas 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, particles, which have an
inverse influence on the semiconductor preparation processes,

are relatively hardly generated.
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catalyst which is one kind of the catalysts for addition reaction
accelerating of the components (b) and (c) is previously added and mixed
in the component (b) or (c). An 5 example thereof is SIFEL POTTING GEL
SF(SIEL 8070A/B) manufactured by $hin-Etsu Chemical Co., Ltd. These
blending components are kneaded using a kneader such as open roll
mixer by a conventionally known method to prepare the un-vulcanized
rubber composition. 10 [0052] Sealing material for plasma treatment

prdigvices The sealing material for plasma ireatment devices gecording to
o ny one of

the ahoven-yileanized rubber, 15 compogitions, in a.prasctibed mold.: ¢ 5 o,

According to the vulcanization molding, the resulting vulcanization

acdBolded articles spch assealing materials apd the like haye excellent, orine

plasma resistance and non-adhesion p_roperfies. Therefore, it is possible

cori@ PrgRAresealing 20 materigls usgd for A plasmarealment BIRFESS N the

semiconductor preparation processes, particularly, excellent sealing

crSRALIiRlSfON driving pads eluding.gate valves psed ip, ORERAG NS Ofe ¢
plasma treatment chamber units. [0053] SF-1363 32 In the hot press

(a-M9lding, apinsyganized Jubber compositionsubbereomposnd) i flede 4
~inamold and heated

with addition in the above amounts to prepare the un-vulcanized
rubber composition. The addition order of these components
(a) to (d) is arbitrary and is not particularly limited.
{0050}

The catalyst for addition reaction of the reactive
fluorine cqmpound,(b).and,the reactive organosilicon compound
(c), for example, platinum catalyst, is added and mixed into
the blend of the components (a) to {d) by a method of previcusly
adding the addition reaction catalyst into any one of the
reactive filuorine compound {b} and the reactive organosilicon
compound {c) in kneading the reactive flucrine compound (b},
the reactive organcsilicon compound (c) and the crosslinkable
fluorine rubber (a).

[0051]

As described later, the reactive fluorine compound (b)

and the reactive organocsilicon compound (c¢) used in the present

invention are in a liquid state having fluidity. 1In fact, the

catalyst is used in the following manner that the component
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under a pressure, for example, at a mold pressure of 1 to 250 kgf/cm2, at

a temperature of from 150 to 180C for about 5 to 20 min to perform

vulcanization: (primary vulcanization), similar to conventional rubber
SFALkdahization. Successively, in ordeBlo react components (components

-(b) and (c)) remained as an un-reacted product in the primary

vulcanization completely, the composition is heated using any one of

various ovens at an ordinary pressure or under reduced pressure,

preferably using a vacuum oven at a temperature of from ﬁg 0 300G, .
o IRl 500 BP0 101 10 B4 R g RO SotGHiRry P ot
e vlcpnizalion. I the.secondary vulcanizajion L [elalively LoweLqy; ¢ o

temperature, for example, a temperature of not lower than 1 an
reé%‘%rcitxl?a” 200G the, reaction.of up-reacied Conrg%%%em&%%a“%‘%@e (c) is

completed sufficiently and thereby a very g\%%t amount of ‘un-reacted
pre@%oé‘fgtsa'&?%aquaaﬂx [ermaingd A3 agg%ﬁ'&&c?%é‘”‘z@?%%d (C). An

iberate

components are d as particles or a liberated gas froim sealing

 exdR@ipralsip semigonductor preparatpn pracesses.and fhergby the o5 /5,

semiconductor preparation processes are occasionally contaminated. In

marfUED CAFES Peconaary valcanization is. carded out ata hi%?xées{?pgliaé%@ing
for example, not lower than SF-1363 33 200C and not higher than 300C,

conﬁSgﬁ'%%tmé rﬁéOWﬁEg@degggn@ng r?{?xtég%ezr g@hzggcoﬁgg tf'@ﬂ%b%ixer

various reactions can

by a conventionally known method to prepare the un-vulcanized

rubber composition.
{00521

Sealing material for plasma treatment deviges

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 vulcanization 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]



be completed. As a result, un-reacted components are not present.
Therefore, it is preferred to carry out the secondary vulcanization. As an
oven used for the secondary vulcanization, a vacuum oven is preferable
or the vulcanization, may be carried out in the combined use of the
SEralcteiin oven with an oven of anothegZmethod. [0054] As described
above, the vulcanized products of the curable composition according to
the present invention can prepare vulcanized molded articles such as
sealing ma{%rialshh%vin excellent Eé?lsma resistance, no -adhesiog a;@dbb
low paﬁicle p?opeﬁles oW dust ¢ ébenergtﬁfg pEFopeH%sYLin e %rzeesent Hoper

inventign, examples of a material containi e components, (b) and (.
e B e P R e M ) 30 Blatea
Lid.) and "SIFEL3701A/B" for liguid injection molding (LIM). . It is
o e e o A CMcl B 1 o 250
compesition is prepared by blending_.the c onent nd (c)in a
iy K ke b to et e o IS
260 form atrubbere stic article a(sealin .materEaI%. .[I(%OSSJ Although the .
i Henlin R R U G b 963 B4 R damdartat Gh 22t ton)

excellent blend condi;cion Witf the.fluoro elzistomer %).can be realized by
S]brill &lr 1{_]’(]) COI‘.LV@I} 10nNa rubber vuicaniz 1Chn.
ending these excellent

Successively, in order to react components (components
_(b) and {(c)) remained as an un-reacted product in the primary
vulcanization completely, the composition 1s heated using any
one of various ovens at an ordinary 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 wvulcanization. 1In the secondary
vulcanization 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 compqnents cannot be completed
sufficiently and thereby a very slight amcunt of un-reacted
components is occasionally remained.

As a result, the un-reacted components are liberated as
particles or a liberated gas from sealing materials in
semiconductor preparation processes and  thereby  the
semiconductor preparation processes are occasionally
contaminated. In such cases, secondary wvulcanization 1s

carried out at a high temperature, for example, not lower than



fluidity-having components in a liquid state (in an oily state) with the fluoro
elastomer and thereby the sealing materials 5 having particularly excellent
plasma resistance and non-adhesion can be prepared. More specifically,
it sidered that in blending between general fluoro elastomers,
dispersion of both of the components are not performed completely and
they mostly become 10 in a certain pﬁése structure (sea-island structure)
and, therefore, deterioration selectively proceeds from parts weak in
plasma in rubber polymers. [0056] Meanwhile, in the blend of the

20eempongnis-(b)ang ) 1shavingfuidity with the flyoro-elastamer (@)n 200°C

used in the present invention, the kneading is carried out sufficiently. The

arRregent invears pnesumedbatthe syHficient kaneading:s -performeddushs can
to the formation of such a structure that the weak region of the fluorine

baubberds pratectedtby 20 pesfiuorepolyatherhavirgiplasma fesistance0fe not

perfluoroalkylene parts in the component (b). The invention as described

priedberpatenidecument 2is sinilardedheqpresent daventiopn the.poks@bndary
the use of "SIFEL" manufactured by Shin-Etsu Chemical Co., Ltd. The

1 9Ea363: 8% orSIFEL " usedvathe degument 2eomprsesiash-Ehbifn i zat ion,
which is a material for mold forming (solid compound type) and

a “BIEREI7OIEwhieh is-a faatesiod forl iheThey argmamyion, may be carried

out in the corbined use of the vacuum oven with an oven of another

method.

[0054]

As described above, 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 inventicn, examples of a material
containing the components (b) and (c) may  include
"SIFELBO70A/B" (manufactured by Shin-Btsu Chemical Co., Ltd.)
and "SIFEL3701A/B" for licquid injection molding (LIM}. It is
necessary tc use these licuid materials having fluidity. The
rubber compositicn is prepared by blending the compenents
(b} and (¢} in a liquid state with the rubber component (a)
and then vulcanization molded to form a rubber elastic
article (sealing material).

10055}

Although the exact reason is not known, 1t can be
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commercially available materials for rubber elastic article molding and
they are used, as they are, to prepare a sealing material. Therefore, this
patent is largely different from the present invention. [0057] In particular,
sr-S¥EEL8070A/B" used as a comporeent for the components (b) and (c) in
the present invention is intrinsically a material for gel forming (the
component (a) is not blended). Even if the "SIFEL8070A/E" 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

pr ?ﬁ@%%&n&ﬁorﬁéﬁﬁﬁ%tc%68%&@??)%&(6)Wér‘?éi‘ the fluoro

vulcanization molded, to form a rubber elastic sealing material. [0058
e L3 WficortiucttTieRt iti& knb@RthBY thie! GBAdra%oh bF PartRIsE
bad influence on the semiconductor preparation. Therefore, a sealing
L4 b hY HAY AT RERRO PRI SncR Bnd &8s the 16w Gertamdn of Y Srate)

articles even if it under%c;es plasma deterigration has been demanded.

YIGR & ot ase thie é‘??e?aﬁ&ﬁio’f SARRYS SP3BTV sy 121

h Jasma deterlori%g{ri romas 1 erial, itis necessary to prepare a

SRR g Pate A OnEhiin Firis CoRSRIER&t B &Y source

of the generation of articles from the seallng material. The use of"SIFEL
nOI‘b ?ﬁ:g\%on can e p}:epare

More specifically, it is considered that in blending

between general fluocro elastomers, dispersion of both of the

components are not performed completely and they mostly become

in a certain phaSe structure {(sea-island structure) and,
therefore, deterioration seiectively préceeds from parts weak
in plasma in rubber polymers.

[0056]

Meanwhile, in the blend of the components (b) and (&)
having fluidity with the fluoro elastomer (a) used in the
present invenfion, 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
perflucropolyether having plasma resistance or
perfluorcalkylene 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



5 GEL (SIFEL8070A/B)" is most desirable. In a material for LIM forming
(SIFEL370A/B), a filler has been blended previously. Since
SIFEL8070A/B is a material for gel forming and dose not contain a filler, it
can respond to such a requirement. Furthermore, SIFEL8070A/B has
srmargzexcellent fluidity because 10 ofegontaining no filler and further it is
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 15 vulcanization molding and
"SiHgteby aredceasibhallPretiapet as acunreserd componditl which is
Furthermore, when they are used in this state under plasma conditions at
a dikightémperature, theyard nablens calisegas liserateing ordgpy  and
solve the problem, the secondary 20 vulcanization is carried out by a
"SYaBhPdven Wibdemgératare T FRITAAE0 623008 horeBrateradiie 2002y
to 280C for 1 to 24 hr, more preferably 3 to 24 hr after the primary
CoRgfsEpiZatioh AGdiRBRATheBieseRtifvehtidn. THERSEo tic article
vulcanization can decompose and evaporate un-reacted components to
Mo hrepkte I 18633 P& Seafifig matri&faving fow gensretiohict & Sealing
liberated gas. [0060] The vulcanized molded articles, which are typified

B by sealitg fateRals ot pladtha Heatmeht HEvcasRdctraRy- 5tetRet e

present invention, have remarkably improved plasma
present invention.

[0057]

In particular, "SIFEL8070A/B" used as a component for
the. components (b) and (c¢) in the present invention 1is
intrinsically a material for gel forming (the component (a)
is not blended). Even i1f the "SIFEL8OT70A/B" is used singly and
molded by a proper method, it becomes a gel kody. The present
invention is chéa:actemzed in that "SIFEL8070A/B is blended
to the rubber blend containing the components (a) and {(d), and
vulcanization molded, to form a rubber elastic sealing
material.
10C58]

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 detericration has been

demanded. In corder to decrease the generaticon of particles
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resistance and non-adhesion as compared with conventional ones.

Therefore, they are unnecessary to contain a filler (the filler content in a

composition or a vulcanization molded article: 0 % by weight) and further
sr-avensf they contain a filler, the 10 filér content can be depressed to be

very slight amounts (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 15 completely =~
C2USHel bt 1A TS SEES T ValchTzatoR uding ®4 VakduRr&Gen and +t 13

thereby un-reacted components are substantjally vaporized. Therefore
necé%%?ﬁ_‘r% ih&tfoR CBEEEE Bl 55 fiberatelYaRin irﬂf&‘én‘g‘if&‘f&rlﬂ}éagrétighl ter,

.d%/ic.es can be decreased. Furthermore, the sealing materials are 20
whic E&E

e SHIAE T o aclomErs (1D, EXAMRR T biened
nbqdi ts of th ti tion,will b ibed in, tail
=T EAGE 6 heSETING T BPIES beloh DO e proSaheinVETBT

h {mited SF-1363 38 th les. M t
BT e SN praseRios inSh g Stail Tt Rhsdean For 17¥

o SR IESiaA oI Stete suclyas hardnso topple stengh ooy

elon nan S were measured In accoraanc
Sin‘]caéaaé?hsgﬂg%%ﬂ?%s&agdaa%iasterial for gel forming and dose not

cg&tain a filler, it can respond to such a requirement.
Furthermore, SIFELBO?QA/B has more excellent fluidity because
of containing no filler and further it is 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 gélled only by

~vulcanization molding and thereby are occasionally remained

as 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 vulcanization

can decompose and evaporate un-reacted components to prepare



i0

15

20

(JIS) K6251 and K6253. <Compression set (%)> The measurement was
carried out at 200C for 70 hours at a compressibility of 25% in
accordance with JIS-K6262. <Adhesion test (N)> An 0-ring
SFEASEBBA-330)533 0.12mm in thickness and 53.34 0.45mm in inner
diameter was prepared using an 0-ring moldable mold. The 0-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 180C for 72 hours in an electric furnace. After the
2 BRipbevl TPhGUs 2 hé RAgEOwhS ta i bt frbAT tefeRctridTaricechri s -
left for cooling until the temperature thereof became to room temperature
0 ). 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 WEghY HORAIMEAREXATI S8R0 the fotee R #E t@dihg-was faiesh by
as an adhesion. <Plasma resistance> As described in the publication of
Ehgpsg: : B9 IRST o SF 5 BY 3¥Afin§ TRAEMSNFad $¥t fdfed ccording
following way. Using a parallel flat low-temperature plasma irradiation
thEIBaer St rode HHmMERr: $RBIMTCHRERRLS elBEGdEedss Mama

an earth side glectrode g%dﬁﬁ? lasma source were Elaced so that they 5

e et fatiivg BHeh Sthet® Bedtth SHPEEETOEL Y sedhgnt ional ones.
Therefore, they are unnecessary to containa filler (the filler
content in a composition or a vulcanization molded article:
0 % by weight) and further even if they contain a filler, the
filler content can be depressed to be very slight amounts (for .
example about 1.0 to 10.0 % by weight). Thus, the vulcanized
molded articles havé excellent effect that particles are not
generated even if they are used as a sealingmaterial 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
decreasedw 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 witﬁ reference to the following

examples below, but the present invention should not be limited



material was placed as a specimen, and the plasma source side surface
of the specimen was shielded by a punching metal and further the
surface was shielded by a steel wool so that the sealing material was
unaffected by ions due to plasma 10 irradiation and it was affected only by
srladicals. [0061] Subsequently, a plasma irradiation test was carried out
at an output RF of 500W for a plasma irradiation time of 3 hours, in a gas
mixing ratio 02/CF4 of 180/20 (cc/min, flow rate (volume 15 ratio)), at a
by gasdotat amyaied of 150 sccm and at a degree of vacuum of 80 Pa. After
and before the test, the weight (mass) of the sealing material was
Me piousHred: Theomadss befote the test was taken as x (g) and the mass
after the test was taken as y (g) 20 and then the mass loss rate was
<PRyRURRd By e tolioRing Tomhula L (0623 Thé S@hRig material has more
excellent plasma resistance with decreasing the mass Igss rate (0).

SF-136% 4B MRS Toss TRt fh) bE5)/XX 60 Bxhmiple1 Forgts such as
crosslinkable fluorg elacstomer "DaielG912" which isda %%ﬁgr);&gtépr'ne

hardneﬁs hens% =] F ﬁ§ngth elongaLion, an ) TLLUS were
copolynier capable of subjecting to peroxide vulcanization and ¢omprises

meYlyhdane; fluorde (GLA7EHZ); bexaliuproprapyleng,((F3.€5= GE2),8094s
(JIS) Ke2bl and K6253.
<Compression set (%)>

The measurement was carried out at 200°C for 70 hours at
a compressibility of 25% 1In accordance with JIS-K6262.
<Adhesion test (N)>

An O-ring (AS568A-330)533 %= 0.12mm in thickness and
53.34 £ 0.45mm in inner diameter was prepared using an O-ring
mcldable mold. The C-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 cocling until the
temperature thereof became to room temperature (25°C). Then,
bclts 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-2004-134665, a
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tetrafluoroethylene (CF2F2) and has a fluorine content of 71 % by mass
and a Mooney viscosity MLi+io (100C) of 76, manufactured by Daikin
Kogyo Co., Ltd, a reactive fluorine compound (b) having a bivalent
SF-aerfioropolyether structure or a bivagent 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

ddition reacting with an alkenyl group, "SIFEL8070A/B" manufactured by
e dHREIR CHereal €5 E i wHith ThtdiH & DUy COMpGURATa 1 Lol

£1 catalyst used for addition reaction of the components (b) and (c) and
AR Ean B SAIRE B e TaRENdT RAFIAE LOMABHRIES (Byard {5S ot

. crosslinking agent "Perhexa25B" manufactured by NOF CORPORATION,
dlaé‘}gﬁaﬁﬁfetfgﬁi)za B28i(t- Pt R 68 )RExsneaid 8 Hoecros8linking ajergarth
o1 AT B oot et o Y MROR 256 0 B ey
e S TG A ol S TBSCTRATR TBILATE had Sarrot i L
o vy SCAT AR B} VML thE A e igazed oL

was taken

-su£92@§d§¥“gﬁe Specimen was shielded by a punching metal and

further the surface was shielded by a steel wool so that the
sealing material was unaffected by ions due to plasma
irradiation and it was affected only by radicals.

(0061}

Subsequentliy, a piasma irradiation test was carried out
at an output RF of 500W for a plasma irradiation time of 3 hours,
in a gasmixing ratio 0z/CFsof 180/20 {(co/min, flow rate (volume
ratio)), at a gas total amount of 150 sccm 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 caléﬁlatéd by the following
formula.

[0062]
The sealing material has more excellent plaéma

resistance with decreasing the mass loss rate (%).



out from the mold and heated by a vacuum oven (degree of vacuum:
30Pa) under reduced pressure at 200C for 12 hours (secondary 10
vulcanization). Regarding the resulting molded article, the physical
properties in an original state, compression permanent set (%), adhesion

griest£{N) and plasma resistance (weight loss rate (%) under a condition of
shielding for 3 hours) as shown in Table 15 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 20

except that thE&BRnESSMpaskion andthe Iikeare/eHarged’8s shown in

Table 1 to prepare a molded article. Regarding to the resulting molded

Exgiglecthé physical properties in an original state, compression
permanent set (%), adhesion test (N) and plasma resistance (weight loss

rate (76) SF-£363 a2 inerte eecondiidirofsskigigimgsor 3 Falrs)&siehowrich

in Table 1 were measured under the above test conditions. [0065] The :
1sresulfsrdrBshvwh W FIGiNe 5ERarhpless: Tepeedurdin fiepifiRan g to
and secondary vulcanization molding according to Example 1 was
pe e&@gﬁﬁﬂaﬁﬁu@@écoﬁa§ry Voleahizag6n corditiordegt2odc e 1de

12 hours are
(CF=CH,), hexaflucropropylene (CF3~CF = CFs) and

tetrafluocroethylene {(CE=CF;} and has a fluorine content of 71 %
by mass and a Mooney viscosity Mo {100°C) of 76, manufactured
by Daikin Kogyo Co., Ltd, a reactive fluorine compound (b)
having a bivalent perflucropolyether structure or a bivalent
perfluorcalkylene structure and at least two alkenyl groups
capable of addition reacting with a hydrosilyl group at the
end or the side chain, a reactive crganosilicon compound (c)
having at least twd hydrosilyl groups in the molecule and
capable of addition reacting with an alkenyl group,
"SIFELBO70A/B" manufactured by Shin-Etsu Chemical Co., Ltd.,
which contains a platinum compound catalyst used for addition
reaction of the compconents (b) and (c) and which can be gelled
by the reaction with the components (b) and (c) , a crosslinking
agent "PerhexazbB" manufactured by NOF CORPORATION, 2,5-
dimethyl-2, 5-di (ft-butylperoxy)hexane and a co-crosslinking
agent "TAIC"™ triallyl isocyanurate manufactured by Nippon
Kasel Co. , Ltd., were added {blended}.

They were kneaded using an open roll at 60°C for 1.0 hour
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changed to the conditions at 180C for 12 hours as shown in 10 Table 1 to
prepare a molded article. [0066] Regarding to the resulting molded article,
the physical properties in an original state, compression permanent set
SF{%) s adhesion test (N) and plasma kesistance were measured under 15
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
oriéginal state, compression 20 permanent set (%), adhesion and plasma
L0 (BEERMTE Werk Yu3aT witRBRPEHlems. When the present sealing
[0({%@ rial is fitted on places other than a chamber and neighbors in wafer
reatment such as piping and the like, it can be used entirely without
problems. In Example 6, the present of the un-reacted SF-1363 43 =~
comrlfcl)jﬁaeﬁfgs‘b v%gsr a‘%&?%ﬂ&ﬁ?‘ﬁﬁ%éﬁ%ﬂ%@ﬁ&@o?ﬂ}éﬂré%tﬁﬁo SE&fiMYcing
aterial can be sufficiently used in a chamber and neighbors thereof.
me Bafat & Bxampte A4 Fhe procadurdbrExafmie fiad repédiages with
e_rcegi;cthat "SIFEL8070OA/B" manELEJfacture by Shin-Etsu Chemical Co.,
2PR 14 “Has Aot Bieh dEF AT SR In the i FEo Yol ramantggtion

molpégpl%r)e_ a molded article. [0067]

Next, the primary vulcanized molded article was taken

out from the mold and heated by a vacuum oven {degree of vacuum:

30Pa) under reduced pressure at 200°C for 12 hours (secondary

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.

[CGC64]
The results are shown in Fig. 1.

Examples 2 to 5

In each erxample, the procedure of Example 1 was repeated
except that 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

properties inanoriginal state, compression permanent set (%),

adhesion test (N) and plasma resistance (weilght loss rate (%)
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Regarding to the resulting molded article, the physical properties in an
original state, compression permanent set (%), adhesion test (N) and
plasma resistance as shown in Table 1 were measured under the above

sr-testsconditions. The results are shown in Fig. 1. Comparative Example 2
The procedure of Example 1 was repeated except that "SIFEL3701A/B"
containing a special crosslinking 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

undehig £38Ptega’ £moided HHide ByrIM. joossFThe & atiye Table
example 2 corresponds to Example 4 in JP-A-2003-183402 (Patent

L WSScurERE)THih Mofifity fyPE 2363 ¥as*sIRER9ikdGaraing to the
resulting molded article, the physical properties in an original state,
compression permanent set (%), adhesion test (N) and plasma resistance
as shown in Table 1 5 were measured under the above test conditions.

The reSuIESTE ShawATT FRIPA“ 0089 #&ble 1:1 Blending amount: Ex le |
Exégr?rag w6eight 1234

The procedure in the brimary and secondary vulcanization
molding according 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]

Regérding to the resulting molded article, the physical
properties inan original state, compression permanent set (.%) ’
adhesion test (N) and plasma resistance were measured under
the above test conditions.

The results are shown in Filg. 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 (%), ad.heslion and plasma resistance were good
without problems. When the present sealing material is fitted
on pléces other than a chamber and neighbors in wafer treatment
such as piping and the like, it can be used entirely without

proplems. In Example 6, the present of the un-reacted



Blendin components Component (a):DielG912 100 100 100 100
Component (a): perfluoro elastomer *2 Components (b)+(c)+catalyst: 2 6
10 SIFEL 8070A/B Components (b)+(c)+catalyst: 11 SIFEL 3701A/B
peroxide crosslinking agent 1 1 1 1 (erhexa25B) Co-crosslinkin a ent
sr(FAK3) 4 4 4 4 Filler Primary vulcanization (mold 50 50 50 50 pressure k
f/lcm2) Primary vulcanization 165x15 165x15 165x15 165x15 temperature
(C) x hr(min) Secondary vulcanization vacuum vacuum vacuum vacuum
electric furnace (degree of vacuum: 30Pa) Secondary vulcanization
COROORER200%E2 200%222COKIP T eratove {Crrdir(thiny €y erties ireanlting
original state Hardness (Shore A, degree) 60 61 60 61 Tensile (MPa)
Sea2 34 BAE 1314 Eondation 9%) D60 265%61260%0 R508 TOGMRIPNA

13161317
neighbors thereof.

Comparative Example 1

The procedure of Example 1 was repeated except that
"SIFEL8O70A/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
properties in an original state, compression permanent set (%),
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 1 was repeated except that
"SIFEL3701A/B" containing a special crosslinking 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 cof Table 1, to prepare a molded
article by LIM.

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

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



g2Mression permanent set [%] 30 29 31 28 Adhesion test (N) 600 450
400 500 Present or absence of unreacted absence absence absence
absence co onents 02/CF4 plasma resistance 0.72 0.56 0.37 0.55

srWeight loss proportion [%] (conditioay3h shield) SF-1363 45 *1: The
crosslinking agent and filler are contained in 100 parts by weight of
"SIFEL 3701A/B". *2: "TECNOFLON PFR-94" peroxide vulcanization type
manufactured by Solvey Co., Ltd. 5 Table 1-2 Blending amount: Example
Comparative part by weight Example 5 6 1 2 Blending components

"5 dmponent (a):DielG912 100 100 Component (a): perfluoro 100
elastomer *2 Components (b)+(c)+catalyst: 6 6 SIFEL 8070A/B
Comp6EReis (B3 (Ep+Eaalysts1e0+ing | P L 370 129 B isek6xidehe physical

crosslinking agent 11 1 *1 (perhexa25B)
properties inanoriginal state, compress;onpermanentset(%),

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.

[0069]

Table 1-1
Blending amount: Example
part by weight 1 2 3 ] 4
Blending components
Component {a):DielGY912 100 100 100 100
Component (a): perfluoro
elastomer *2
Compconents (b)+{c)+catalyst: 2 6 10
SIFEL BO70A/B
Components {(b)+{c)+catalyst: 11
SIFEL 3701A/B '
peroxide crosslinking agent 1 1 1 1
(perhexazbB)
Co-crosslinking agent (TAIC) 4 4 4 4
Filler
Primary vulcanlzatlon {mold 50 50 50 50
pressure kgf/cm’)
Primary vulcanization | 165x15 | 165x15 165x15 | 165x15
temperature (°C) x hr(min)
Secondary vulcanization| vacuum | vacuum | vacuum | vacuum

electric furnace (degree of
vacuum: 30Pa)

Secondary vulcanization| 200x12 | 200x12 | 200x12 | 200x12
temperature {°C) x hr{min)

Properties in an original state

Hardness (Shore A, degree) &0 61 o0 61
Tensile (MPa) 12.3 14.3 12.8 13.4
Elongation {%) 260% 265% 260% 250%
100M. (MPa) 1.2 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 | absence | absence | absence | absence
components

02/CFy plasma resistance 0.72 0.56 0.37 0.55

Weight loss proportion [%]
(condition; 3h shield)




Co-crosslinking agent (TAIC) 4 4 4 *1 Filler *1 Primary vulcanization
(mold 50 50 50 50 pressure k f/cm2) Primary vulcanization 165x15
165x15 165x15 150x10 temperature (C) x hr(min) Secondary
grVvulganization vacuum vacuum vacuym vacuum electric furnace (degree
of vacuum: 30Pa) Secondary vulcanization 200x12 180x12 200x12 200x4
temperature (C) x hr(min) Properties in an original state Hardness (Shore
A, de ree) 65 61 60 69 Tensile (MPa) 12.1 14.2 14.3 11.8 Elongation (%)
250% 265% 280% 300% 100M (MPa) 3 1.6 2 - C=ression permanent set
* 1 19611 h&0 9823536 RdHEsiGHERSE (NYBb0E483- 850 750 Predeptppd in 100
absence of unreacted absence presence - - co onents 02/CF4 plasma
Pa¥ESistance 90100.5611.08 DEF3 WdighPIo3s proportion [o] (condition; 3h

shield) [0070] SF-1363 46 Particle test _
*2 “TECNOFLON PFR~94" peroxide  vulcanization  type

manufactured by Solvey Co., Ltd.

_ Table 1-2

Blending amount: : Example Comparative

part by weight Fxample
5 16 i ]2

Blending components

Component {a) :DielGS12 100 1.00

Component {a): perfluoro 100

elastomer *2 :

Components (b)+{(c)+catalyst: o &

SIFEL B070A/B

Components (b)+{c)+catalyst: 100+*1

SIFEL 3701A/B

peroxide crosslinking agent 1 1 1 *3

(perhexalbRB)

Co-crosslinking agent (TAIC) 4 4 4 *1

Filler *],

Primary wvulcanization (mold 50 50 50 50

pressure kgf/cn®)

Primary vulcanization| 165x15 165x15 1e5x15 ¢+ 150x10

temperature (°C) x hr{min) .

Secondary vulcanization| wvacuum | vacuum | vacuum | vacuum

electric furnace (degree of
vacuum: 3GPa)

Secondary vulcanization| 200x12 | 180xi2 200x12 200x4
temperature (°C) % hr{min)

Properties in an original state

| Hardness (Shore R, degree) 65 61 60 69
Tensile (MPa) 12.% 14.2 14.3 11.8
Elongation (%) 250% 265% 280% 300%
100M (MPa) 3 1.6 2 -
Comrpression permanent set [%] 40 28 24 26
Adhesion test (N) 550 450 850 750
Present or absence of unreacted | absence | presence - -
COmponents
0,/CF; plasma resistance 0.01 .56 1.02 0.73

Weight loss proportion [%]
{condition; 3h shield)

[0070]



An O-ring was formed in the same manner as the molded article prepared
in Example 1, and mounted on a sealing mounting groove (not shown)
formed on an A member in a particle amount measuring apparatus 20 as
schematically shown in Figure 2. Then, abutting and separation of a head
gp23which goes forward and backwargdoy a driving apparatus 25 with a
fluid cylinder (corresponding to opening and closing of a valve) were
carried out prescribed times and then the number of particles generated
was measured (N=3) 0071] In results, the number of particles generated
Pawasd.s garti€les 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 fie Sperbfion $averad tetedhousandainies st Was0 padiclelserriobled
cycles after the operation thirty thousand times, it was 0.7 particle per 100
argyeles FrSiecoperatioriity-¢hdusanditiiasaad ithas F8apanitlaparting
100 cycles after the operation one hundred thousand times. Furthermore,
I O-riRg hatltehe JEamBEXZzEas e AbBEELSIZe Wastprepakedirpthnount
same manner as the molded articles obtained in Examples 2 to 6 and
reggBieeled teRaHTiele 1t FamEASHBoVEA M e sHiS e Alimbeibire 2.
particles generated SF-1363 47 was several particles per 100 cycles after

Thefle opeh diid Sgse2bperatfiriikftial Bme<@0Rcy S st BdteridGhtingres

and
forward and backward by a driving apparatus 25 with a

fluid cylinder (corresponding to cpening and closing of a
valve) were carried out prescribed.times and then the number of
particles generated was measured (N=3).

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, 1t was 0.7 particle per 100
cycles after the operation fifty thousand times and it was 0.3
particle per 100 cycles after the cperation 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
cbtalned in Examples 2 to © and subjected to the particle test

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



it was not more than 1 particle per 100 cycles after the operation from ten
thousand times to fifty thousand times. 5 Therefore, the amount of .
particles generated was very slight. SF-1363 48 CLAIMS 1. A rubber
SF-comgposition comprising: (a) a crosglinkable fluoro elastomer, 5 (b) a
reactive fluorine compound (excluding the crosslinkable fluoro elastomer
(a)) having a bivalent perfluoropolyether structure or a bivalent
perfluoroalkylene structure and, in the end or the side chain, at least two
alkenyl groups capable of addition reacting at least with a hydrosilyl 10
WA % RUPSA tHe FStbivirg 6 dsiidh E5iRpeena [Dek)tdfeaitve and close
organosilicon compound having at least two hydrosilyl groups in the
OPShofetiie dfd-Casablé BRaaditibhl révdihgatisas wilkk & dieshyF group and
. . in the reactive fluorine compound (b) wherein the total amount of the
1t WS dtHdsBY Snd B8R c)lis Bt 146 L RSt sLAPwEihE Baséd bR1Obhe
parts by weight of the crosslinkable fluoro elastomer (a), and further
OPthding (i VitGariARY SRRt TR ntGptibhlK & cierRdlimdmgs -
Th a%geggd-Z). 20 2. The rubber composition according to claim 1 wherein
Ghe TG e o BorhpdtirkPd) BRddfe FeRaRRL BryMAdsiliégy s1ight.

compound (c) are liquid compounds and can gel
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by reaction in the presence of a catalyst. 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 5
sr-elastgmer (FKM) singly, or (ii) the crgsslinkable FKM and a crosslinkable
perfluoro elastomer (FFKM). 4. The rubber composition according to any
one of claims 10 1 to 3 wherein the total amount of the reactive fluorine
compound (b) and the reactive organosilicon compound (c) is 1to 10
parts by weight, the amount of the vulcanizing agent (d-1) is 0.5to0 2.5
parts by weight and the amount &Itﬁé%-crosslinking agent (d-2) is3to 6
parts by weight, based 15 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 20
rubbér cSmpUSi&T aSUMnad fri GRy SABRY £RdME 1 to 4 and then

subjecting to secondary vulcanization at a temperature of from 150 to

300C‘ &t afindspABA¢ hrERte of uHG& reBhast Pesure.

{(b) a reactive fluorine compound (excluding the

crosslinkable fluoro elastomer (a)) having a bivalent

- perfluoropolyether structure or a bivalent perfiucroalkylene

structure and, in the end or the side chain, at least two alkenyl
groups capable of addition reacting at least with a hydrosilyl
groﬁp 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 analkenyl group in the reactive fluorine
compound (b) wherein the total amcunt of the compounds {(b) and
(c) is from 1 to 10 parts by weilght based on 100 parts by weight
of the crosslinkable fluoro elastomer (&), and further
comprising

(d} a wvulcanizing agent (d-1), and optiocnally 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 tc claim 1 or 2
wherein the crosslinkable fluoro elastbmer {a) comprises:

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

(1i) the crosslinkable FKM and a crosslinkable perfluoro

elastomer (FFKM).

4. The rubber composition according to any one of claims
1 tc 3 wherein the total amount of the reactive fluorine
compound (b} and the reactive organosilicon compound {c) is
1 to 10 parts by weight, the amount of the vulcanizing agent
(d-1} 1s 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 filuoro elastomer

(a) .

5. A sealing material for plasma treatment devices which
material 1is obtainable by primary wvulcanization 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.



