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1 DESCRIPTION FLUORORUBBER COMPOSITION CAPABLE OF
FORMING CRACK-RESISTANT SEAL AND CRACK-RESISTANT SEAL
FORMED FROM THE COMPOSITION 5 Technical Field [0001] The
present.invention relates to fluororubber compositions and seals formed
from the compositions. [0002] 10 Mare specifically, the present invention
relates to fluororubber compositions capable of forming crack-resistant
seals and crack-resistant seals formed from the compositions. :
Background Art [0D03] 15 FI “geﬁ%rsoﬁie known to have the following
properties: (1) having rubber elasticity which is a property intrinsic to

rhRgtol ereRpgtal prbhers: (2)Aauing high chem
stabilitf/) %@gﬁlﬁéebfgh% fg?tl)lgr? 5ZP(;}'?:%alns thgfeir%%?r&ge%%gwhﬁgg %ANT
hydrogenalamsdiandad ia.the cabon:aims e shbstituted by fhprige

and also have no unsaturated bond; and (3) being superior to other
general-purpose rubbers in properties such as heat resistance, oll
resistance, chemical 2 resistance, weather resistance, and ozone

TERSISIHCE. Field
[0001]

The present invention relates to fluororubber
compositicns and seals formed from the compositions.
[0002)

More sgpecifically, the present invention relates to
fluororubber compositions capable of forming crack-resistant
seals and crack-resistant seals formed from =he compositions,
Background Art
[GDO3]

Fluororubbers are known to have the following

properties:

(1) having rubber elasticity which is a property

intrinsic to rubber, like other general-purpose rubbers:

(2) having high chemical stability because the carbon

chains therein are linked such that hydrogen atoms bonded to
the carbon atoms are substitutad by fluorine and zlso have no

unsaturated bond; and

{3} being superior to other general-purpose rubbers in

roperties such as heat resistance, oil resgistance, chemical
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(0004] With such properties, fluororubbers are used, for example, for
rubber seals such as 0-rings, formed mainly of 5 synthetic rubber,
containing rubber chemicals such as a crosslinking agent, a crosslinking
aid, and a filler, and molded using a mold by hot pressing. [0005] Such
fluororubber seals are widely used fdr apparatuses 10 and equipment in
various industries because those seals are so flexible as to conform well
to joined surfaces (such as flange surfaces) and have liiyli sealabiiity.
(0006 nitepattiidar fluerofghherscalsaledisedt in#wa 4b=serpiconductor
industry as, for example, seals in chemical lines for processes such as
[ pgtching processes because fluororubber seals have high heat resistance
and chemical resistance and produce only small amounts of particulates,
or aalled paricles.cpad gass 2000007 Prosesses tavalyiag plaama
treatment in semiconductor manufacturing use plasma gases such as 02,
ex@lf 182 €6 4uNBe rAG Sl NRIhCEBR-CH2d] €2 L2 iBCA 3t
tetraethoxysilane (TEOS), and SF6. In particular, etching processes
symaiy User3nieanocarbbaigases, anthbashingeprocessesutse mixed gases
based on oxygen gas.

.groselinking agent, a crosslinking aid, and a filler, and

molded using a mold by hot pressing.
{0005]

Such fluorerubber seals are widely used for apparatuses
and equipment in various industries because those ssals are
so flexible as to conform well to doined surfaces (such &as
flange surfaves) and have high sealability. - T
[000DE]

In particular, fluororubber seals are used in the
semiconductor industry as, for example, seals in chemical
lines for procesges such as etching processes because
fluororubber seals have high heat resistance and chemical
resistance and produce only small amounts of particulates, or
called particles, and gas.

[0C07]

Processes involving plasma treatment in semiconductor
manufacturing use plasma gases such as Oy, CFy, 03 + CF,, Nz,
Ar, Hp, NFs, CH3F, CHpF., CzFg, Cls, BCl;, tetraethoxysilane

{(TEOS), and 5Fs. In particular, etching processes mainly use
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[0008] Seals conventionally used under plasma gas conditions 5 are
mainly formed from perfluoroelastomers (crosslinkable fluoropolymers
fluorinated such that hydrogen atoms (H) in the side chains bonded to the
main-chain C-C bonds are substantially completely substituted by fluorine
atoms (F) classified as FFKM) for their high plasma resistance. 10 [0009]
perfluoroelastomers, however, are extremely expensive. Accordingly, less
expensive crosslinkable flueropolymers (unvulcanized fluororubber

£ 1pelypsershipiwhitceRydioybr atdms (R PREtReSidesehaibsssormged to the
main-chain C-C bonds are 15 incompletely substituted by fluorine atoms

ba@@darrdvwiira=pagidly contain hydrogen atoms (H)o classified as FKM)
have increasingly been used as seals for semiconductor manufacturing

04 8aratuses at sites to be sealed in mild plasma environments. 20 [0010]
However, seals have recently been used in severer environments with
shrifiRMEPsERITEATIERR desighF PSRy AeASRIngIRrGRIFHGE@Mount
processed per unit time) [0011) 4 A seal is often attached to the place to

2150 BRATEY sEPEEES herife REBH-PIGRESHERE Tor ExEPSSEL tde8ase of

attachment and prevention of detachment, and also to be
fluoropolymers fluocrinated such that hydrogen atoms (H) in

the side chaing bonded to the main-chain C~C bonds are
substantially completely substituted by fluorine atoms (F):
classified gs FFKM) for their high plasma resistance.
[0008]

Perflucroelastomers, however, are extremsly expensive.
Accordingly, less expensive crosslinkable fluoropolymers
{unvulcanized flueororubber polymers in which hydrogen atoms
(5) in the sidé chains bonded to the main-chain C-C bonds are
incompletely substituted by fluorine atoms (F) and which
partially contain hydrogen atoms (H): classified as FKM) have
increasingly been used as seals for semiconductor
manufacturing apparatusss at sites to be sealed in mild
plasma environments.

(0010}

However, sezls have recently been used in severer
environments with shrinking semiconductor design rules and
increasing throughput (amount processed per unit time).

[0611]
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compressed for sufficient sealability. 5 [0012] It the seal is exposed to a
plasma irradiation atmosphere, the rubber is degraded by plasma
irradiation, and its weight decreases as the rubber component volatilizes
from the surface of the seal. 10 [00_3] In addition, the seal tends to crack
when irradiated with plasma, and if the crack is severe, it may cause the
seal to fracture. This causes problems such as increased maintenance
operations for semiconductor manufacturing 15 apparatuses due to
shohtepedllsdal livesewithtdeghribd-sedihperforvarice. (8024 Iadyanerak
a seal is often attached to a groove in a slightly stretched state; this
LostpetcHinG FUREr broftes oterckinR Incatiditen;, if soeravkereathes the
seal surface beyond the site being irradiated with plasma, it causes
aYeakaRendn @ PRIrgEeIenca S roBlcins 2aere Bs a spsterd failte, bin
manufacturing processes, thus leading to extensive damage. [0015] 5
CorgRABENGrE CRUSIDTObBERS tottehtibAaly: vised for seals contain a filler
such as carbon black, silica, barium sulfate, or titanium oxide for
LGifdBroved properties at normal state, including mechanical strength and

compression set, oras an
£ the seal is exposed to 2 plasma irradiation

atmosphere, the rubber is degraded by plasma irradiation, and
its weight decreases as the rubber component volatilizes from
the surface of the seal,

(0013]

In addition, the seal tends to crack when irradiated
with plasma, and if the crack is severe, it may cause the
seal to fracture, This causes problems such as increaszed
maintenance operations for semiconductor manufacturing
apparatuses due to shortened seal lives with degraded ssal
parformance,

[0014]

In general, a seal is often attached to a groove in a
slightly stretched state; this stretching further promotes
cracking. In addition, 1f & crack reaches the seal surface
beyond the site being irradiated with plasma, it causes
leakage and brings serious problems, such as a system fallure,
in manufacturing processes, thus leading to extensive damage.

[D0L13]
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5 extender for cost reduction. [0016] In polyol vulcanization and amine
vulcanization, additionally, a vulcanizing agent needs to be used in
combination with a compound of metal such as a magnesium, 10 lead,
calcium, aluminum, or zinc as an acigl acceptor. In polyol vulcanization,
furthermore, a calcium hydroxide needs to be used in combination as a
cocatalyst. [0017] Such inorganic fillers contribute to production of 15

part articulate lasma irradiation e t, whereas it is
|ff|§1111§k§%orm Ay éeg? a\lﬁng %cessacr?/ngrop% fP ﬂ (‘)Jr?ﬁgl gﬁfe ﬁsﬂ‘?'gsa
crorubb ed without an | or C f| ler for reductlon of particles
“Oroduced. %30&?0 018] 1R addition, 8&%?132% a deterlora & S84 ﬁgélfsbl FEte |

Orpr@%l% rt&eﬁgvgg,ﬁﬂ%p @gmg iller is use @ I reductjon n%he

amount of particles produc d.in oth és lam |mprovement3|n pl%‘sma

sfepidiangenls deganded of arganic,d polymsr materials yoed for sealy

themselves. [0019] Accordln y, there has een a desie fér a-
oxOrRLubher. %@%BQM&QW high plasma resistance (associated with

5 the. rate of weight loss), but also high crack resistance upon
[0016]

in pelyol vulcanization and amine vulcanization,
additionally, a vulcanizing agent needs to be used in
combination with a compound of metal such as a magnesium,
lead, calcium, aluminum, or zine as an acid acceptor., In
pelyol wvulcanization, furthermore, & calcium hydroxide needs
to be used in combination as a cocatalyst.

[0017]

Such inorganic fillers contribute to production of
particles (particulates) in plasma irradiation equipment,
whereas it is difficult to form a seal having necessary
properties at normal state usi a fluorcrubber formed
without an inorganic filler for reduction of particles
produced.

[0018)

In addition, hecause a detericrated seal itself can
produce particles even if no inorganic filler is used, a
redugtion in the amount of particles produced, in other words,

an improvement in plasma resistance, is demanded of organic
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plasma irradiation and compression set (both associated with seal life),
producing no particles, and being less expensive and more durable,
[0020] 10 JP-A No. 6-302527 (Patent Document 1) proposes a silica-
containing seal for semiconductor mgnufacturing apparatuses. The seal
for semiconductor manufacturing apparatuses, however, has a problem in
that it has insufficient crack resistance and produces particles originating

péﬁ%ﬂé}”ﬁ%@%@.@@%@aﬁ‘%ﬁgeﬁﬁ%%m%% 1444964 (Patent

Document 2) proposes ar composition, for-a plasma-resistant seal,
ining a fluororubber and a polyamine crosslinking agent, and JP-A
No. 2001-164066 (Patent Document 3) proposes a 20 rubber composition

in which.a palyagine,crosslinkingagent, and a.palyai grosslinking, agent

are added to a fluororubber. These rubber compositions, however, have a

sdreblerpindhat theyihave ipsufficient pi%mﬁg&%afgsga%ncdigg@%tl h

oxide used as an acid acceptor for vulcanization contributes to

codyetion of paricles. J0022) Gurtbeunorg, JP-A N, %%%@éé?@é‘ upon

(Patent Document 4) proposes a fluorine-containing alloyed copolymér

proaining 3 flucrorubberapd resingus tetafiuprogthylenesnerfitiqrealky!
vinyl ether. The fluorine-containing alloyed copolymer, _

seal life), producing no particles, and being less expensivs

and more durable,

[0020)

JP-A No. 6-302527 (Patent Document 1} proposes a silica-
containing seal for semiconductor manufacturing apparatuses.
The seal for semiconductor manufacturing apparatuses, however,
has 2 problem in that it has insufficient crack resisiaﬁca
and produces pesrticles originating from silica.

[0021]

In addition, JP-A No. 2001-114964 (Patent Document 2)
proposes a rubber composition, for a plasma-resistant seal,
containing & fluororubber and a polvamine crosslinking agent,
and JP-A No. 2001-164066 (Patent Document 2} proposes a
rubber compesition in which a polyamine crosslinking agent,
and a polyol crosslinking agent are added to a fluororubber.
These rubber compositions, however, have a problem in that

they have insufficient plasma resistance and the metal oxide

used as an scid acceptor for vulcanization contributas to
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however, has a problem in that it has insufficient crack resistance and
therefore fails to provide a sufficient seal life. 10 [0023] In addition, JP-A
No. 2006-228805 (Patent Document 5) proposes a seal, for
semiconductor manufacturing apparatuses, formed from a
perfluoroelastomer blended with FKM for improved crack resistance. The
seal for semiconductor 15 manufacturing apparatuses, however, has a
prgblem in that it ‘has insufficient crack resistance and is more expensive

PIRFHEHIL formRéd oHiy-6F a fluororubber because it uses a

_ perflyoroelastomer. Patent Document 1: JP-A No, 6-302527 20 Patent

{6&iment 2: JP-A No. 2001-114964 Patent Document 3: JP-A No.
2001-164066 Patent Document 4; JP-A No. 2007-137994 Patent
DocGEt BB NG, 2008228805 1Bistibsueseiveltiorrsibréblems
to be SOIVed%%y the Invention, [0024] An object of the present invention is

PLERNTE the HHEE BroBREME Bt fanittFdith IRe betfe isHaA iy 2

f#og%g re spec'ficallsy,, an ob%ectt of the present invention is to provide a
[iororubber coMposition capabfe bf forAfhgSa "y tene-pertlucroalkyl

vinyl ether. The flucrine~containing alloyed copolymer,
however, has a problem in that it has insufficient crack
resistance and therefore féils to provide a sufficient seal
life.

[0023]

In addition, JP~A No. 2006-228805 (Patent Document 5)
proposes a seal, for semiconductor manufacturing apparatuses,
formed from a perfluorocelastomer blended with FKM for
improved crack resistance. The seazl for semiconductor
manufacturing apparatuses, however, has a problem in that it
has insufficient crack resistance and is more expensive than
these formed only of a fluororubber because it uses a
perflucroslastomer.

Patent Document 1: JP-A No., 6~302527

Patent Document 2: JP-A No. 2001-114964

Patent Deocument 3: JP-A No. 2001-164066

Patent Document 4: JP-A No. 2007-137994

Patent Document 5: JP-A Wo. 2006~228805

Disclosure of Invention



10

15

20

crack-resistant seal that exhibits high crack resistance in a plasma
environment without losing its performance as a seal, 10 and also to
provide a crack-resistant seal formed from the rubber composition. [0026]
More specifically, an object of the prgsent invention is to provide a
fluororubber composition capable of forming a 15 crack-resistant seal that
has not only high plasma resistance but also high crack resistance and

pINTRAESSION3Ets IRl Pragduees neRariicles, and that is less expensive

and more durable, and also to provide a crack-resistant seal formed from
[ dhegrubber composition. 20 Means for Solving the Problems [0027] To
solve the above problems, the present inventors have made an intensive

studyta,gghievesthe.ahoye subher ;cpmpesition andlhe cragkyesisiant o

seal formed from the 9 rubber composition, As a result, the present

piBy¥eRtyshaddesndithal ancrack-tasistant seal that.gan achieve the

above objects can be formed from a fluororubber composition obtained
[d¥pmixing a polyol compound with a peroxide 5 crosslinkable
fluoropolymer, a peroxide crosslinking agent, and a co-crosslinking agent,

thusyeempieting the presentinyention. [0928]e present invention is

to provide a fluororubber composition capable of forming a
crack-resistant seal that exhibits high crack resistance in a
plasma environment without losing its performance as a seal,
and alsc to provide a crack-resistant seal formed from the
rubber compositien.
[0026]

More specifically, an object of the present invention is
to provide a f{luororubber composition capable of forming a
crack-resistant seal that has not only high plasma resistance
but also high crack resistance and compression set, that
produces no particles, and that is less expensive and more
durable, and also to provide a crack-resistant seal foermed
from the rubber composition.
Means for Solving the Problems
[00271]

To solve the above problems, the present inventors have
made an intensive study to achieve the above rubber

composition and the crack-resistant seal formed from the
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That is, the fluororubber composition according to the 10 present
invention contains 0.1 to 3 parts by weight of a polyol compound, 0.1 to 4
parts by weight of a peroxide crosslinking agent, and 1 to 9 parts by
weight of a co- crosslinking agent peg 100 parts by weight of a peroxide-
crosslinkable fluoropolymer. 15 [0029] In the present invention, the polyol
compound is preferably a bisphenol from the viewpoint that a seal having
artcularly high.erack resistance be_produced. [0030] 2Q The

* crack-res%%s{%ant sezﬂg accordf%]gr}t%sﬁinﬁeqﬁre%%%t HRvan |6n*g§7n%rﬁ'ﬁ%5§ ave

siRgsunkad uorangiingt and A Pool Gampoundd JA0ILLTNG, . e
crack-resistant seal according to the present 15%invention | pre?el%{?)cfy

odgeued Rucrzsiidngdhe.ahpwe Jhorauibbel compasian o the
viewpoint that a crack- resistant seal having particu arFy ﬁlg crack

o esisiance Far: }pﬁg)rgn%g,.g({)gogg,}a'&%&&a%-{%sgtarétr sgalaccording to
the present invention preferably contains a bisphenal, paﬁlcuefarly,

c:BisehenpkAfs framdhg.vewpaint that spch:a sealhas; paricyarly high

crack resistance.
and & co-crogslinking agent, thus completing the present

ntr

inventien.
(00281

That is, the fluororubber composition according to the
present invention contains 0.1 to 3 parts by weight of a
polyol compound, 0.1 to 4 parts by weight of a peroxide
crosslinking agent, and 1 to 9 parts by weight of a cow-
cresslinking agent per 100 parts by weight of 2 peroxide-
crosslinkable fluoropolymer.

[0025]

in the present invertion, the polyol compound is
preferably a bisphenol from the viewpoint that a seal having
particularly high crack resistance can be produced.

[0030])

The crack-resistant seal according to thé present
invention comprises a crosslinked fluoropeolymer and a polyol
compound,

(003113

The crack-resistant seal according to the present
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10 Advantages [0033] According to the present invention, a fluororubber
composition capable of forming a crack-resistant seal is provided. In
addition, a crack-resistant seal formed from 15 the composition exhibits
high crack resistance in a plasma engironment without losing its
performance as a seal. [0034] Further, with the fluororubber composition
according to the present invention, a durable crack-resistant seal having

1 22 Digh plasma esistance. ragk tesi AEGs gfgn%%gg%ﬁsion set,and

: & s ju) .
producing few particles can be formed at low cost. 51 eFli?;‘rthermore, if

£1the-Rolyeheomparad containeddn the flyororubher composition.is,a
bisphenol, particularly, 11 Bisphenol AF, a séal having particularly high

re@ackarRsistance canle farmed, BeshMadesfor.Canyingouthe . «an

Invention [0036) 5 The fluororubber composition and the seal formed
bell@d~4Rg composition according to the present invention will be

specifically described below. (0037] Fluororubber Composition 10 The
roffuerorubber composition according to the present

The crack-resistanﬁlseal according to the present
invention preferably contains a bisphencl, particularly,
Bisphenol AF, from the viewpcint that such a seal has
particularly high crack resistance.

Advantages
[C033]

According to the present invention, alfluororubber
compositicon capabie of forming a crack-resistant seal is
provided., In addition, & crack-rasistant sezl formed from
the composition exhibits high crack resistance in a plasma
enviromment without losing its performance as a s=al.

[0034]

Further, with the fluororubber composition according to
the present invention, a durable crack-resistant seal having
high plasma resistance, crack resistance, and compression set
and producing few particles can be formed at low cost.
[0C35]

Furthermore, if the polycl compound ceontained in the

fluororubber compcsition is a bisphenol, particularly,
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invention contains 0.1 to 3 parts by weight of a polyol compound, 0,1 to 4

parts by weight of a peroxide crosslinking agent, and 1 to 9 parts by

weight of a co-crosslinking agent per 100 parts by weight of a

peroxide-crosslinkable 15 fluoropolymer and is capable of forming a

crack-resistant seal. [Crosslinkable Fluoropolymer] The crosslinkable

fluoropolymer used in the present invention is peroxide-crosslinkable, and
21 3400M0 2:crogslinkable.fiug Fb%!%%‘f&ﬂé‘%‘%ﬁ%ﬂ- piigse 2

fluoropolymer (FKM) in which hydrogen ato the side chains

reRonded tg the. main-ehain. £-C bonds are incompletely substituted by

fluorine atoms (F) and which partially contain hydrogen atoms (H) is
BeRiCiRUEAINWeW-of manachiring 12, asts ,[0038] Specific examples

include tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride 5
[08aRelymers (such as "DAI-EL G912," manufactured by Daikin Industries,

Ltd.), tetrafluoroethylene/perfluoroalkyl vinyl ether/vinylidene fluoride

copphamers {sushBs DAL J=T302;, manuiactuegby Dajkiy ladustries,

Ltd.), vinylidene fluoride-hexafluoropropylene copolymers, ethylene 10

thpetbigrealled Mny ethertetratiyoraathylenc.cepelymers; «and: 11 be

tetrafluoroethylene-propylene copolymers.
specifically described bhelow.

[0037]

Fluororubber Composition

The fluororubber compeosition according to the present
invention contains 0.1 to 3 parts by weight of a polyol
cempound, 0.1 to 4 parts by weight of a peroxide crosslinking
agent, and 1 to 9 parts by weight of a co-crosslinking agent
per 100 -parts by weight of a peroxide~crosslinkable
flucropolymer and is capable of forming a crack-resistant
seal.

{Crosslinkable Flucropolymer]

The crosslinkable fluoropolymer used in the present
invention is peroxide-crosslinkable, and a known
crosslinkable fluoropolymer may be used. Of these, a
fluoropolymer (FKM) in which hydreogen atoms (H) in the side
chains bonded to the main-chain C-C bonds are incompletely
substituted by fluorine atoms {F) and which partially contain

hydrogen atoms (H) is preferred in view of manufacturing
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[0039] In addition, commercial products may be used, including "DAI-EL
series," manufactured by Daikin Industries, Ltd., 15 "Viton series,"
manufactured by DuPont Dow Elastomers, "Tecnoflon series,"
manufactured by Solvay Solexis, "Dyheon fluororubber,” manufactured by
Sumitomo 3M Limited, and "Fluon AFLAS series," manufactured by Asahi
Glass Co., Ltd. [0040] 20 Of these,
cdetrafluoroethylene/hexafluoropropylene/vinylidene fluoride copolymers
and tetrafluoroethylene/perfluoroalkyl vinyl ether/vinylidene fluoride
lymers are preferred from the viewpoint that the sea! formed from
the fluororubber 13 composition of the present invention achieves high

plasspa chesistanegrdhese; gepahuners may be used alone or as a
mixture of two or more. [Peroxide Crosslinking Agent] 5 The peroxide

+ &resslinking-aaenteantaingd in dhepiiverorubber comnpesitionsofithe: e
present invention can crosslink the composition without a crosslinking aid

coBSidmRGEEPIN: SUSH apMmagnesivm Oxide. a1 calaiumeaxide, misee for

polyol vulcanization or polyamine vulcanization. The use of 10 the
TriRiexide srosslinkyng @Q@fﬁmuézﬁ!@ﬂt@%ﬁ@f@@\f&m@eﬂﬁﬁ}g@y%%@

particles originating from the crosslinking aid (acid acceptor).
ether/vinylidene fluoride copolymers (such as "DAI-EL L1302,"
manufactured by Daikin Industries, Ltd.), vinylidene
fluoride~hexafluoropropylene copolymers, ethylene-
perfluoroalkyl vinyl ether-tetrafluoroethylene copolymers,
and tetraflusroethylene-propylens copolymers.
(002337

In addition, commercial products may be used, including
"DAI-EL series,” manufactured by Daikin Industries, Ltd.,
"Viten series,” manufactured by DuPont Dow Elastomers,
"Tecnoflon series,™ manufactured by Solvay Solexis, "Dyneon
fluororubber, " manufactured by'Sumitomo 3M Limited, and
"Fluon AFLAS series,” manufactured by Asahi Glass Co., Ltd.
{00401}

O0f these,
tetrafluorcethylene/hexaflucropropylens/vinylidene fluoride
copolymers and tetrafluorcethylene/perflucrcalkyl vinyl
ether/vinylidene fluoride copolymers are preferrad from the

viewpeint that the seal formed from the fluorcrubber
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[0041] A wide variety of known crosslinking agents for peroxide 15
vulcanization may be used. [0042] Specific examples include
2,5-dimethyl-2,5-di(t- butylperoxy)hexane (the trade name "PERHEXA
255," manufactured by NOF Corporngation), dicumyl peroxide (the trade 20
name "PERCUMYL D," manufactured by NOF Corporation), 2,4-
dichlorobenzoyl peroxide, di-t-butyl peroxide, t-butyl dicumyl peroxide,

cMENZOM Peroxide (the frade name JHYPER %,éhm%gaﬁggg?rp%un%

Corporation), 2,5-dimethyl-2,5-(t- butylperoxy)hexyne-3 e name

re PERBEXYNEZOR," 14, mapufactiyred by NQECorparation) .2, o

5-dimethyl-2, 5- di(benzoylperoxy)hexane, a,a’-bis(t-butylperoxy-m-

miSeRrapyhbenzene (the.ttade name "PERBUTYL P," manufactured by
NOF Corporation), t-butylperoxy isopropyl carbonate, and 5

[Reeblorabenzoylpergride. [043); Of these, _
2,5-dimethyl-2,5-di(t-butylperoxy)hexane and a,a'-bis(t-butylperoxy)

diisopepyibenzense are petertad.angd«2o-dimetimkeddi(tyaylperoxy)

hexane is particularly 10 preferred, from the viewpoint that a seal having
£ faveahlerpropertiessatnernaksiate and-campression-seican he formed.

[0044) Among those crosslinking agents, one crosslinking agent,
crosslink the composition without a crosslinking zid (acid
acceptor}, such as magnesium oxide or calcium oxide, used for
polyol vulcanizatien or polyamine wvulcanization. The use of
the peroxide crosslinking agent thus provides the advantacs
of causing no pérticles originating from the crosslinking aid
(acid acceptor).

[0041]

A wide variety of known crosslinking agents for peroxide
vulcanization may be used.
[0042]

Specific examples include 2,5-dimethyl-2,5-di(t~
butyliperoxy)hexane (the trade name "PEREEXA 25B,"
manufactured by NOF Corﬁoration), dicumyl parogide (the trade
nams “PERCUMYL D," manufactured by NOF Corporation}, 2,4-
dichlorobenzoyl percoxide, di-t-butyl peroxide, t-butyl
dicumyl peroxide, benzoyl peroxide (the trade name "NYPER B,"
manufactured by NOF Corporation), 2,5-dimethyl-2,5-(t-

butylperoxy)hexyne-3 (the trade nams "PERHEEXYNE 258,"
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or two or more crosslinking agents in combination may be used. 15
[0045] The amount of the crosslinking agent to be added is typically 0.1 to
4.0 parts by weight, preferably 0.3 to 2.0 parts by weight, and more
preferably 0.5 to 1.5 parts by weight.per 100 parts by weight of the
crosslinkable 20 fluoropolymer. [0046) Adding the crosslinking agent
within such a range is preferred from the viewpoint that a seal having

ma%@ﬁ%@l&ﬁ%?%@% at Hiormal:state) ang campressign set giay be formed.

Co-Crosslinking Agent] In peroxide vulcanization, a peroxide

41 GEesslinking agent is.fypically ysed in.cambination with a,co-crosslinking

agent. A wide variety of known co-crosslinking agents (vulcanizing 5 aids)

1 BV LS, » 04 Tl-Brecifis axaiaplesingiudercampounds.gapable-ef

co- crosslinking with radicals, such as triallyl isocyanurate (the trade

byname Al sneaufactired byiNibpon/Kasebehemicah 1068+ tdaka

triallyl cyanurate, triallyl formal, triallyl trimellitate, N,N'-m-phenylene
p-Rismalennidedipsapasdyksterephthalate, diallyl phthalate, and tetraallyi

terephthalamide. [0048]
[0043]

Qf these, 2,5wdimethyi—2,5-di(t~butylperoxy)hexane and
o,0'-bis (t-butylpercosy)diisopropylbenzene are preferred, and
2,5-dimethyl~2, 5-di (t~butylperoxy)hexane is particularly
preferrad, from the viewpoint that a seal having favorable
properties at normal state and compression set can be formed.
[0044]

Among those crosslinking agents, one cfosslinking agent,
or two or mere crosslinking agents in combination may be used.
[0045]

The amount of the crosslinking agent to be added isg
typically 0.1 to 4.0 parts by weight, preferably 0.3 to 2.0
parts by weight, and more preferably 0.5 to 1.5 parts by
welght per 1060 parts by welight of the crosslinkabls
fluoropolymer,

[00456]

Adding the c¢ressiinking agent within such a range is

preferred from the viewpeint that a seal having favorable

properties at normal state and compression set may be formed.
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15 Of these, triallyl isocyanurate is preferred from the viewpoint that, for
example, it has high reactivity and a seal having favorable heat
resistance and compression set can be formed. [0049] 20 Among these
co-crosslinking agents, one co-crosslinking agent, or two or more
co-crosslinking agents in combination may be used. [0050] The amount
of the co-crosslinking agent to be added is 16 typically 1 to 9 parts by

ej ferably 2 to 7 parts by weight, and more preferably 3 to 6 parts
{C\é‘y %Sgg%gﬁﬁ% %;‘)%?Fst@y weight of the crosslinkabld fluoropolymer.

0051] gé@%@&t%g@ggygki)&n%ggem Weitrl’]én sgch arange is_preferred
. L [ p s lnr%aiigFé'%E

[
from the viewpont that a sealahavm‘g fAvorable proﬁéﬁles at'nor

: AAgsompressign set ganhe rmads, [RR! CompaundLin the present,

invention, thie polyol compound a oraruBperco

2 along with tgg %rgx' %‘ﬁj{osslj,nki age tiand the co-crosslinking agent

is used prf“ma ily to }%provec%ecérgagc%%engst% c%gc?fntﬁ?é sedl 8?%%%%%

ai@g)flyﬁrﬁrggbgg ggmposition of the present invention. [OC52] 15
Although the polyol compound added in the present

(G047]

Specific examples include compounds capable of co-
erosslinking with radicals, such as trizllyl isccyanurate
(the trade name "TAIC,"™ manufactured by Nippon Kasei Chemical
Co., Ltd.), trizllyl cyanurate, triallyl formal, triallyl
trimellitate, N,N'-m-phenylene bismaleimids, dipropargyl
terephthalate, diallyl phthalate, and tetraallyl
terephthalamide.

[0048]

Cf these, triallyl isocyanurate is preferred from the
viewpoint that, for example, it has high reactivity and a
seal having favorable hsat resistance and compression set can
be formed.

[0049]

among these co-cresslinking agents, one co-creosslinking
agent, or two or more co-crosslinking agents in combination
may be used.

[0050]

The amount of the co-crosslinking agent to be added is



invention may be one that can be used as a polyol crosslinking agent, the
polyol compound is added not necessarily for the purpose of polyol
vulcanization, and a polyol crosslinking aid (acid acceptor), such as
magnesium 20 oxide and calcium hygroxide, typically used in combination
for polyol vulcanization is not necessarily needed. [0053] This raises a

* presumption that the polyol compound in the seal of the present invention

daes not normally react 17_with the peroxide-crosslinkable fluoropolymer.
YRR Fhek pOR ol CORESOUR (& BHEB el AOE R Couhfl e DAL S o7

eri_%lde-crosshnkable %Iuorggolygner frgm the fa%t that 5 crosslinking of a

M Hirobotyinel With & SOy Sr Sompoundl ReBas “the folibwiAl cdifiponfds:

g,g a guaternary a nium_salt,.or a gu ter{@r onium_salt, serving as a
iin . -
pjacat%llys\{; gﬁé% aome%lecgr%%%ﬁnl %{%ﬂfgs calciur ?1%8)%@& serving

Eo:b%?is a co-catalyst, or MgO, serving as an acid acceptor. [0055] That is, if

a po yol compound t_hat can be used as a polyol crosslinking agent is

el e outhe AR L E
238 Qhedegiuies.of g prgsentigyention notfound Indhe o v1e
properties at normal state and compression set can be formed.
[Polyol Compound]

In the present invention, the peolyel compound zdded to
the fluorerubber composition along with the peroxide
crosslinking agent and the co-crosslinking agent is used
primarily te improve the crack resistance of tha.geal formed
from the fluororubber composition of the present invention.
focs2]

Although the pelyel compound added in the present
invention may be one that can be used as a polvol
crosslinking agent, the polyol compound is added not
necegsarily for the purposs of polyel vulcanization, and a
polyel crosslinking aid (acid acceptor), such as magnesium
oxide and calcium hydroxide, typically used in combination
for polyol vulicanization is not necessarily needed.

[0033]
This raises a2 presumption that the polyol compound in

the seal of the present invention does not normally react
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conventional purposes of the use of a polyol compound capable of polyol
vulcanization. [0056] 20 A wide variety of known polyol compounds may
be used. Examples include bisphenols such as 2,2-bis(4-
hydroxyphenyl)perfluoropropane (Bigphenol AF), 2,2-bis(4-
hydroxyphenyl)propane (Bisphenol A), and bis(4- hydroxyphenyl)sulfone
(Bisphenol S), and salts of these 18 compounds such as alkali metal salts

g.ealt metal s Its T I ol compo unds also include those
Wj?z}ga%l}eg f§/o vu canrzg ion agndg are hot. ﬁ%gremo the above

{p@g ydroxy aromatic compounds. 5 [0057] Of the polyol compounds,
Bisphenol AF, Bisphenol A, etc. are preferred and the use of Bisphenol

AF |§}pé31 gt?ﬂ%ly pre: err %Bfom tpe Qogrt tha%the re Itan %%‘I has

high crack résistanc h“enoF as good compa |b|I]T

pé@‘é;{!ﬂ%or rlsprive\slrl {g%gl eT %g%% %d may [ be used a}lone or as

a mixture of two or more. Compoung may%e mixed
-1 40e hase polymer ip, ¢ %g@ﬁaag pesierbalel Qne exa%%b o &0y
available masterbatch of nol AF Is tlv actve

the fellowing compounds:

{1) a guaternary smmonium salt, or a guaternary onium
salt, serving as a catalyst; and

{(2) a metal compound such as calcium hydroxide, serving
as a co-catalyst, or MgQ, serving as an acid acceptor.

[0055)

That is, if a polyol compound that can be used as a
polyel crosslinking agent is used in the present invention,
the polycl compound added serves as a filler for providing
(forming) a seal having high crack resistance. This is one
of the features of the present invention not found in the
conventional purposes of the use of a polyol compound capable
of poelyel wvulecanization.

[0056]

A wide variety of known polyol compounds may be used.
Exampies include bisphenols such as 2,2—bis(4;
hydroxyphenyl)psrflucropropane (Bisphenol AF), 2,2~bis(4-
hydromyphenyl)propane (Bisphenol A), and bis(4-

hydroxyphenyl)sulfone (Bisphencl §), and salts of these
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ingredient, manufactured by DuPont Dow Elastomers). [0060] 20 It is
desirable that the amount of the polyol compound to be added is typically
0.1 to 3 parts by weight, preferably 0.1 to 2 parts by weight, and more
preferably 0.1 to 1.0 part by weightper 100 parts by weight of the
crosslinkable fluoropolymer. 19 [0061] Adding the polyol compound
within the above range is preferred because the resultant seal has high

ca &‘%Si%%%%esc%'i‘ﬂﬁésﬁﬁé‘t%% ageulcanizationyrate. 80062} If-the

polyol compound of an amount smaller than the above range is added,

sathedesuliant sealendsdodasksrask Jesistanse. Opthe othgrhandeif the

polyol compound of an amount larger than the above range is added, the
odBpuitapt 10.seaktends to.have dow somprassian ssteand dhesesultant

fluororubber composition tends to have a lower vulcanization rate. [0063]

pol et the RolyakeamPosRsevRIsor under the above 15 range is added,
" the resultant fluororubber composition or seal may have a problem with

rg3galjperformance or seal manufacturing and may fail to serve as a
practical product. [Reinforcing Agent or Filler]

0f the polyol compounds, Bisphenol AF, Bisphenol A, etc.
are preferred, and the use of Bisphenol AF is particularly
preferred from the viewpoint that the resultant seal has high
crack resistance and Bisphenol AF has good compatibility with
the flucrorubber.

[0058]

The polyel compounds may be used alone or as a mixture
of two or more,
[0059]

The polyol compound may be mixed in the base polymer in
advance zs 3 masterbatch. One example of an available
masterbatch of Bisphenol AF is "Curative VC-30" (50% active
ingredient, manufactured by DuPont Dow Elastomers).

[0060]

It is desirable that the amount of the polyel compound
to be added is typically 0.1 to 3 parts by weight, preferably
0.1 te 2 parts by weight, and more preferably 0.1 to 1.0 part
by weight per 100 parts by welght of the crosslinkable

flupropolymer,
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Examples of reinforcing agents or fillers include carbon 20 black,
fluororesins, silica, clay, silicate, alumina, aluminum hydroxide, calcium
carbonate, silicic acid compounds, and fine particles of various resins.
For example, the amount of these reimforcing agents and fillers to be used
is about 1 to 50 parts by weight per 100 parts by weight of the 20
crosslinkable fluoropolymer. [00641 These reinforcing agents and fillers

[06@A Pe used as needed to adjust the physical properties (such as tensile
5 strength, compression set, elongation, and hardness) of the resultant

seahie these aprigpyate asmBibherseal Fornserieanducion. |-

applications, however, a filler-free or inorganic-filler-free composition is

preften desiable hacause, cudienaubber sealls gtched-by plasma, a filler

" contained 10 therein may scatter as particles and impair the production

regfficianey of sepicaRduSIPrmaNUACIUHRG, 065 That is.iL is preferable
in the present invention that the seal and the composition for forming the

[osgahdo not 15 substantially contain a filler such as silica, carbon black,
silica, clay,, silicate, alumina, calcium carbonate, mica, barium sulfate, or

titariam exige fram theniewpainithahtheviestitant seal-praduces 8o
particles when etched by plasma. [other ingredients]
above range is added, the rssultant seal ternds to lack crack
resistance, On the other hand, if the polyol compound of an
amount larger than the above range is added, the resultant
seal tends to have low compression set, and the resultant
fluorcrubber composition tends to have a lower vulcanization
rate,
[0063]

Thus, if the polyol compound over or under the above
range is added, the resultant fluororubber compoasition or
geal may have a problem with sea; gerformance or seal
manufacturing and may fail to serve as a practical product.
[Reinforcing Agent or Filler]

Examples of reinforcing azgents or fillers include carbon
black, fluororesins, silica, clay, silicate, alumina,
aluminum hydroxide, calcium carbonate, silicic acid compounds,
and fine particles of various resins. For example, the
amount of these reinforcing agents and fillers to be used is

about 1 to 50 parts by weight per 100 parts by weight of the
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20 Furthermore, other known ingredients, such as a plasticizer and a
processing aid, may be added as needed for improved workability or
adjustment of physical properties so as not to impair the conventional
properties. For semiconductor appligations, however, such ingredients
are 21 preferably not contained because they may volatilize, dissolve, or
deposit from the seal inside a semiconductor manufacturing apparatus

cr@ggﬂgxgm@iﬂ%%ﬁgg%g}‘efficiency of semiconductor

manufacturing. 5 [Methodfor Producing Fluororubber Composition and
ro66ad Formed from the Composition] The above rubber composition and
seal according to the present invention may be produced by a known

methocs J0066), 40 Spesifically fongyamplethe erassliokable; .5

fluoropolymer is kneaded using a mixer such as an open-roll mill, a

n=BaBRURY MiXersa PrRssyis kneades ora twooll milkand it pggessary, is
kneaded with a processing aid, a filler, a plasticizer, and an acid acceptor.

st FBRFUOropalyres is 45 then kaeaded with the pelyal corapaund and the

co-crosslinkirg agent and is finally kneaded with the peroxide vulcanizing
red@@nbin Prepare- g rupbes compound {Huomrubbesgempasition) $A67]

The rubber compound (that is, the fluororubber 20 composition of the
schiesantinyentigppisithen sRargediosr, a fillezr-free or
incrganic-filler—free composition is often desirable because,
when a rubber seal is etched by plasma, & filler contained
therein may scatter as pafticlas and impair the production
efficiency of semiconductor manufacturing.

[0065]

That is, it is preferable in the present invention that
the seal and the composition for forming the seal do not
substantially contain a filler such as silica, carbon black,
silica, clay, silicate, alumina, calecium carbonate, mica,
barium sulfate, or titanium oxide from the viewpoint that the
resultant seal produces no particles when etched by plasma.
[Other Ingredients]

Furthermore, other known ingredients, such as a
plasticizer and a processing aid, may be added as needed for
improved workability or adijustment of physical properties so
ag not to impair the conventional propertiss. For

semiconductor applications, however, such ingredients are
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mold of predetermined shape and is shaped by hot pressing at a heating
temperature of 100C to 200C for about 0.5 to 120 minutes to form a
predetermined molded rubber such as a seal. [0066] 22 in the present
invention, the molded rubber is prefefably subjected to secondary
vulcanization in, for example, an oven for a predetermined period of time
(for example at about 150C to 250C under normal pressure for 5 about

urs%t[oggr?galMorg %referab Exty e second%’g vulganization is

carrlegb dt ira VACUUm 16 Teduce 8u gass?ﬁd“ﬁﬁd P tretibASsr particles

o he molde rubber, which causes probe in 10 semiconductor
d%e%gﬁfacfurmg f(%’fd’% #\ile Rubber égranﬁpo& oé:m%l 8801 6P BE préent

o E’\ﬁefrg&qpu na gré%% rog ced %}/ 52 knOV\é_r;ln etho%éOO?l 15 Sgemflcally,

e rubber in nt |s Khedded Us g & ixer Stchas gn open-roll mill,
e&@ﬁ ur m|§er or, atw&crgll m|II an @gclt( neaded with other ingredients

suc e “Crosalin ng agenf:t ﬁaret HRfober compound. [0072]

nf:E08 rebber copoundis inen chardeddnig 8 mold, of predgtermined
ape andis s ape pressm o form &
Formed from the Composition]

The above rubber composition and seal according to the
present invention may be produced by a known method.
[0066]

Specifically, for example, the crosslinkable
fluoropolymer is kneaded using a mixer such as an open-roil
mill, a Banbury mixer, & pressure kneader, or a two-roll mill
and, if necessary, is kneaded with a processing aid, a filler,
a plasticizer, and an acid acceptor. The fluoropelymer is
then kneaded with the polyol compound and the co=-crosslinking
agent and is finally kneaded with the peroxide vulcanizing
agent to prepare a rubber compound (fluorcrubber composition).
[0067]

The rubber compound (that is, the fluororubber
composition of the present invention) is then charged into a
mold of predetermined shape and is shaped by hot pressing at
2 heating temperature of 100°C to 200°C for about 0.5 to 120
minutes to form a predetermined molded rubber such 2s a seal.

[00€8]
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predetermined molded rubber. [0073] Furthermore, the molded rubber is
preferably subjected 23 to secondary vulcanization in, for example, an air
reflux electric furnace or a vacuum electric furnace for a predetermined
period of time. The secondary vulcapization sufficiently completes the
vulcanization reaction and also 5 reduces outgassing and production of
particles, which causes a problem, particularly, in semiconductor

manyfagiing.. erack-Resistant Segll-Thecragkyesisiant seal of the

present invention is a seal having high crack resistance, formed by

prearoxide J0:viWsanizatian, of the,flugrarubber compesition:of the present

invention comprising the crosslinkable fluoropolymer, the polyol

exeRpReYNgr apskiherperaxideLtesslinkng agant: [07M naddjtien, the

crack-resistant seal of the present 15 invention has high plasma

edgaistance-ang preduees no-patvteodgnatingkeg the-seal,vpos,
plasma irradiation of workpieces, for example, in semiconductor
abBanuiaciyring preeesses, and is also durable with high crack resistance
and compression set resistance. 20 Examples [0075] The fluororubber
[ cg@gposition and the crack-resistant

More preferably, the secondary vulcanization is carried
out in & vacuum to reduce outgassing and production of
particles from the molded rubber, which causes 2 problem in
semiconductor manufacturing.

(0g701

The rubber composition and seal of the present invention
may be produced by a known method.
[6071)

Specifically, the rubber ingredient is kneaded using a
mixer such as an open~roll mill, a Banbury mixer, or a two-
roll mill and is kneaded with other ingredients such as the
crosslinking agent to prepare the rubbar compound.

{0072}

The rubber compound is then charged into a mold of
predetermined shape and is shaped by hot pressing to form =&
predetermined molded rubber.

[0072]

furthermere, the molded rubber is preferably subjected
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seal according to the present invention will be more specifically described
with reference to the examples below, 24 although the examples do not
limit the present invention. [0076] As is obvious from a comparison
between the examples and the cordparative examples below, the seal
formed from the 5 fluororubber composition of the present invention has
plasma resistance (high crack resistance) and, particularly, is less likely

totessufaastackingdhie e plasman Whiel hasbeenr a groklem. Thus, the
seal has advantages as various rubber components such as seals for

elsemicenduetorprosesainga Qe paralises usedra plasma grocesses,
which include plasma etching, plasma ashing, and CVD, and which is

priequentlyruskdnisemicondueior maautacturiag r(3-k) Matho foron
Shaping Samples Samples were formulated under the conditions shown

sulft (k5 Eable loang veareskneadedinanicpendall maildoipreparg subker

. compounds (fluororubber compositions), and they were set in molds. The
rediaeer compoisdsysehi heometalsonete hen-shaped ake pressue-Lf
50 kgf/lcm2 using a 50 t compression vacuum press under heating at

a pEOLLEor, 3@ 20hinuiesland iveresthencsifhjectad iasecondaping.
vulcanization in a vacuum in a vacuum electric furnace (degree of

[ Cvacipr ik Rayxat 280C to 230C for 16 hours to form molded 0-rings
(seals).

The crack-resistant seal of the present invention is a
seal having high crack resistance, formed by peroxide
valcanization of the fluorcorubber composition of the present
invention comprising the crosslinkable fiuoropolymer, the
polyol compound, and the peroxide crossiinking agent.

[0074]

In addition, the crack-resistant sezl of the present
inventien has high plasma resistance and produces no
particles originating from the seal upon plasma irradiation
of workpieces, for example, in semiconductor manufacturing
processes, and is alse durable with high crack resistance and
compression set resistance.

Examples
{0075]
The flucrorubber composition and the crack-resistant

seal according to the present invention will be more

specifically described with referencé to the examples below,
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Size of 0-rings: AS568B-214; inner diameter: 24.99 mm,; cross 25
sectional diameter: 3.53 mm 3-2) Measurement Methods for Evaluation
ltems (1) Plasma Resistance (Rate of Weight'Loss) The samples were
irradiated with plasma for six hours & using a plate plasma processing
apparatus (manufactured by Hirano Koh-On Co., Ltd.) having an
electrode diameter of 100 mm and an interelectrode distance of 50 mm at

alandigpoyer ehaR0 Y, agasofiowiratio a2 Eh4e -9 15 2.aas flow rate of
200 sccm, and a degree of vacuum of 1 torn. 10 [0077] The samples were

[ 0$at610 cm apart from the plasma electrode. Subsequently, the weights of
the samples before and after the test were measured to determine the

ratessofi weight puass}ess (Wraccording todhetallovvingdesmpia foraka
evaluation of plasma resistance; [0078, Rate of weight loss (rate of mass

thossdip ) raftsarapecanf(Xey)/sEX d00 007 9«20 wherey i Haa mass (Q)

before the test, and y is the mass (g) after the test. [0080] A lower rate of
£ lweghtuphass)dassd(94) sticateschighp plasma resistanten has plasma
resistance (high crack resistance) and, particularly, is less
likely to suffer cracking due to plasma, which has been a
problem. Thus, the seal has advantages as various rubber
components such as seals for semiconductor processing
apparatuses used in plasma processes, which include plasma
atching, plasma ashing, and CVD, and which is frequently used
in semiconductor manufaéturing.
{3-1) Method for Shaping Zamples

Samples were formulated under the ¢onditions shown in

Taple 1 and were kneaded in an open-roll mill to prepare
rubber compounds {fluororubber compositions), and they wers
set in molds. The rubber compounds setf in the metals were

then shaped at a pressure of 50 kgf/cm®

using a 50 %
compression vacuum press under heating at 160°C for 390
minutes and were then subjected to secondary vulcanization in
a vacuum in a vacuum electric furnace (degree of vacuum: 14
Pa) at 180°C to 230°C for 16 hours to form molded O-rings

{seals).

Size of O~rings: ASO6BB-214; inner diameter: 24,9% mm; cross-
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26 (2) Crack Resistance Samples were irradiated with plasma for two
hours using a parallel-plate plasma processing apparatus (manufactured
by Hirano Koh-On Co., Ltd.) having an electrode diameter of 100 5 mm
and an interelectrode distance of 502mm at an RF power of 300 W, a gas
flow ratio of 02:CF4 = 9:1, a gas flow rate of 200 sccm, and a degree of
vacuum of 1 torr, and were checked for cracking. [0081) 10 The samples

sdised-were dASRE8B-214 Byrings”. The O-rings were attached to cylinders

so that the elongation in inner diameter was 28%, and were set 10 cm

3-gpany e thelasma elgetrede. £he samples W@éﬁ&hecked for cracking
using a microscope by magnifying the surfaces of the 0-rings by 20 15

(ﬁbm@§a§hgqggggﬁg@§qtggg@%%\égr@{{teﬂb% for evaluating physical

properties of rubber seals, compression set is the most important

evaluptiogdtemdor determining seaklife, Hhus, the,20 eomprassion set of

each sample was measured to determine whether each sample had the

umn\gsi@alpp,_r@@aerﬁi@éﬁ@%@&é@&ﬁﬁ%@&%@@%ﬁ%&ﬂ&%&hﬁy
compression set was measured by the method described 27

Hirano Koh=On Co., Ltd.) having an electrode diameter of 100

mn and an interelectrode distance of 50 mm at an RF power of

300 W, a gas flow ratio of C;:CFy = 9:1, a gas flow rate of

200 sccm, and a degree of vacuum of 1 torr.

[0C77]

The samples were set 10 cm apart from the plasma
electrode. Subseguently, the weights of ths samples bhefore
and after the test were measura& te determine the rates of
welght (mass) loss (%) according to the following formula for
evaluation of plasma resistance:

[0078]

Rate of weight loss (rate of mass loss (§)) of sample =
({x~y)/x} x 100
[0079)
where % is the mass (g] before the test, and v is the mass
(g) after the test.

[o08C]
A lower rate of weight (mass) loss (%) indicates high

plasma resistance.
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in JIS K 6262. [0083) The details are as follows. [0084] 5 Samples
(AS214 0-rings) were held between iron plates at a compression rate of
25% and were heated in an electric furnace at 200C for 70 hours. The
samples were then released from coinpression, and after allowing them
to cool for 30 minutes, the compression set (%) was determined by 10
calculating the amount of strain of the 0-rings according to the following

( ZFprovdak0Q85]s Coempression set (%) = ?TO-T1/TO-T2} x 100% TO =
height of 0-ring before test (thickness of 0-ring in 15 central axis direction)

Ti. shejghtsokering 301nintes afteriuick splease-from GIMPRESSIOAg
and removal of 0-ring from compression plates T2 = thickness of spacers

a [P0861120the irgretients ysedisBmmexapmles ang the comparative by
examples (see Table 1) are as follows: [0087] (a) FKM polymer 1:

Hi'EAD-Eoi9h2¢ananufactured by-daidn eneusties, ldd:mé8er of 100
tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride

tam and an interelectrode distance of 50 mm at an RF power of

300 W, a gas flow ratio of 0::CF; = 9:1, a gas flow rate of

200 scem, and 2 degree of vacuum of 1 torr, and were checked

for cracking.

(0081)

The samples used were "AS568B-214 O-rings". The O-rings
were attached te cylindsrs so that the elongation in inner
diameter was 28%, and were set 10 cm apart from the plasma
electrode. The samples were checked for cracking using a
microscope by magnifying the surfaces of the O-rings by 20
Times.

3) Compression Set

Among several items for evaluating physical properties
of rubber seals, compressiocn set is the most important
evaluation item for determining seazl life. Thus, the
compression set of each sample was measured to determine
whether each sample had the physical properties necessary for
a semiconductor seal.

[0082]

The compressicn set was measured by the method described
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" copolymer; Mooney viscosity (ML1+10, 100C): 76; specific gravity: 1.90;
fluorine content: 71 w% [0088] 5 (b) FKM polymer 2; "DAI-EL LT302,"
manufactured by Daikin Industries, Ltd.; tetrafluoroethylene/perfluoroalkyl
vinyl ether/vinylidene fluoride copoly@fier; Mooney viscosity ML1.lo,
100C): 65; specific gravity: 1.79, fluorine contents 62 wt% 10 [0089) (c)
FK_M polymer 3: "DAI-EL G701M BP," manufactured by Daikin

irngusties,olgtd.; hexafluoropropylene/vinylidene fluoride copolymer;

Mooney viscosity (ML1+lo, 100C); 55; specific gravity: 1.81; fluorine
[ cCaritent: 66 wt% 15 [0090] FKM polymer 4: "DAI-EL G621," manufactured
by Daikin Industries, Ltd.;

tetraftluorpethylenedhexatiugroprepylene/vinylidene fluoride copolymer
(masterbatch containing a quaternary ammonium salt 20 and Bisphenol

[0ABX ] Mooney viscosity (M11+20, 100C): 88; specific gravity; 1.90; fluorine
content: 71% [0091] FKM polymer 5: "DAI-EL G801," manufactured by
Daikiamniesgstries? 14d o-hexadisiprepiopWene/iaigene flyerdei2Y es at
copolymer; Mooney viscosity (ML1,i0, 100C): 66; specific gravity: 1.81;

a fluonne coitent 639%cf 25% and were heated in an electric

furnace at 200°C for fD hours. The samples were then

reieased from compression, and affer zllowing them to cool
for 30 minutes, the compressicn‘set (%) was determined by
caleulating the amount of strain of the O-rings according to
the following formula:

[G0B5]

Compression set (%) = {T0-TL1/T0=-T2} x 100%

T0 = height of.G-ring before test {(thickness of O-ring in

central axis direction) |

Tl = height of O~ring 30 minutes after quick release from

compression and removal ¢f O-ring from compression plates

T2 = thickness of spacers

[0086]

The Iingredients used in the examples and the comparative
axamples (sees Table 1) are as follows:

[G087]

(a) FKM polymer 1: "DAI-EL G812," manufactured by Daikin

Industries, Ltd.;
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[0092] (d) Bisphenol AF: 2,2-bis(4 5 hydroxyphenyl)perfluoropropane,
manufactured by Tokyo Chemical Industry Co., Ltd. 10093] (e) Bisphenol
S: bis(4-hydroxyphenyl)sulfone, manufactured by Tokyo Chemical
Industry Co., Ltd. 10 [0094] (f) Curatie VC20:
triphenylbenzylphosphonium chloride (masterbatch with 33% active
ingredient), manufactured by DuPont Dow Slastomers [0095] 15 (g)
temavaman41 591 emaghesium oxide, roaputactured by Kyewa Ghenmical
Industry Co., Ltd. [00961 (h) Caldic #2000: calcium hydroxide,
copatufecturetbbye @ hms Cheimicat Midustry 00.5 ¢1d. 2@ {0894): (i} TAIC:
triallyl isocyanurate, manufactured by Nippon Kasei Chemical Co., Ltd.
310098 (j) RERHEXA258: 2¢mdtmethyi7d, S«di(t 30 butylperoxy)hexane,

manufactured by NOF Corporation [0099] (k) PERBUTYL P. a,a’-bis(t
[00HE]

{b) FRM polymer 2: "DAI-EL LT302," manufactured by
Daikin Industriss, Ltd.: tetraflucroethylene/perfluorealkyl
vinyl ether/vinylidene fluoride copolymer; Mooney viscosity
ML:+1p, 100°C): 65; specific gravity: 1.79, fluorine content:
62 wt%

[0089]

{c) FKM polymer 3: "DAI-EL G701M BP, " manufactured by
Daikin Industries, Ltd.; hexafluorepropylene/vinylidene
fluoride copolymer; Mooney viscosity (MLi.e, 100°C): 55;
specifiec gravity: 1.81; fluorine content: 66 wih
[0090]

FKM polymer 4: "DAI-EL G621,” manufactured by Daikin
Industries, Ltd.;
tetrafluoroethylene/hexafluoropropylena/vinylidene fluoride
copolymer (masterbatch containing a guaternary ammonium szlt
and Zisphenol AF); Mconey viscosity (MLj.o, 100°C): 88;
specific gravity: 1.90; fluorine content: 71%

[0091]

FKM polymer 5: "DAI-EL G8C1," manufactured by Daikin

Industries, Ltd.; hexafluoropropylene/vinylidens fluoride
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butylperoxy) diisopropylbenzene, manufactured by NOF 5 Corporation
[0100] Table 1 shows the formulation conditions of the samples in the
examples and the comparative examples, and Table 2 shows the results
of the individual tests. 10 (0101] 31 g0 UWO0OO0O0OOO0OOMIp0O0O0a
O?C000OO0ONOOMWOOOtO UWM~3 000 Op Uy~~y~y
000000 oUWaOOPaO0O0O0O0OStOO LL1u,(r)X0000000O0O

edb&L gmbk W W3 P 9:4029:0,00,0.0 W{6100,0 0,2 P 02V 9010 O
OWTPO000000O010icjefOP T Wooooboocﬁoé}%C 0
gravity: 1.81; fluorine content: 66%

[0092]

{d) Bisphenol AF: 2,2-bis (4-
hydrozyphenyl)perfluoropropane, manufactured by Tokyo
Chemical Industry Co., Ltd.

[0083]
(e) Bisphenol 3: bis(4-hydroxyphenyl)sulfone,

manufactured by Tokyo Chemical Industry Co., Ltd.

[0094]

3

(f) Curative VC20: triphenylbenzylphosphonium chloride
{masterbatch with 33% active ingredient), manufactured by
DuPont Dow Elastcmers
[0095]

(g) Kyowamag #150: magnesium oxide, manufactured by
Kyowa Chemical Industry Co., Ltd.
[003¢6]

{h} Caldic ¥2000: calecium hydroxide, manufactured by
Ohmi Chemical Industry Co., Ltd,
[G0a7}

{1) TAIC: trizllyl isocyanurate, manufactured by Nippon
Kasei Chemical Co., Ltd.
[0088)

(3} PERHEXA 25B: 2,5~dimethyl-2,5-di(t-
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Wo0+0000000000 KOOO6OOOONPaw0aO000000uO
y~0000400000'RO WOOXx00000MOOOOV'O Wq
000000p~'~eo wv O LLI 000000000t,0p OMO Q W0O0O0OQOLOODO
~mOP>%OOOOOOaV”O%Tm4wOOpOOOpoonO
COW'TNMS' 470 (n

butylperoxy)hexane, manufactured by NCP Corporation
[00929]

{k) PERBUTYL P: «,a'-bis(t-
butylperoxy)diisopropylbenzene, manufactured by NOF
Corporation
(0100}

Table 1 shows the formulation conditions of the samples
in the examples and the comparative examples, and Table 2
shows the results of the individual tests.

(0101]
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UEOMOrVOm ttZ7mm,NZU[~)XpCOO0OOOKki LUJyymNZN V
cnVU,GovzW~mroriNU NUcUWcpofmz QU CliofomO
mv wrMCpNZVN CCNyOiO NNo)cmWCcECLuUI[nSVm
(r). P.9U N 33 CLAIMS 1. A fluorottibber composition-.comprising a
peroxide crosslinkable fluoropolymer, a polyol compound, a peroxide
crosslinking agent, and a co-crosslinking agent,

CLATMS
1. A fluororubber composition comprising a peroxide-

crosslinkable fluoropolymer, a polycl compound, a2 persxide
crosslinking agent, and a co-crosslinking agent,

the fluororubber compositien containing 0.1 to 3 parts
by weight of the polyol compound, 0.1 to 4 parts by weight of
the peroxide crosslinking agent, and 1 to 9 parts by waight
of the co-crosslinking agent per 100 parts by weight of the

peroxide~crosslinkable fluoropolymer.

2. The fluororubber composition according to Claim 1,

wherein the polyol compound is a bisphenol.

3. The fluororubber composition according to Claim 1,

wherein the polyeol compound is Bisphenol AF.

4. A crack-resistant seal formed by crosslinking the

flucrorubber composition according to one of Claims 1 to 3.

=, A crack-resistant sesl comprising a crosslinked

flucropolymer and & polyol compound.

6. The crack-resistant seal according to Claim 5,

wherein the polyol compound is a bisphencl.



5 the fluororubber composition containing 0.1 to 3 parts by weight of the
polyol compound, 0.1 to 4 parts by weight of the peroxide crosslinking
agent, and 1 to 9 parts by weight of the co-crosslinking agent per 100
parts by weight of the peroxide-crosgjinkable fluoropolymer. 10 2. The
fluororubber composition according to Claim 1, wherein the polyol
compound is a bisphenol. 3. The fluororubber composition according to
Claim 1, 15 wherein the polyol compound is Bisphenol AF. 4. A
cracK-resiSant SBf Toffed TP Eroeeiink s 878 ilibrorubhaer Bompusifien
according to one of Claims 1 to 3. 20 5. A crack-resistant seal comprising

"HEGR5RIMRERRIOFBhOFBPARY & DolySIRAGHBOUAE: 6. The
crack-resistant seal according to Claim 5, wherein the polyol compound is
a bisphenol. 34 7. The crack-resistant seal according to Claim 5 or 6,
wherein the polyol compound is Bisphenol AF.



