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] 10More specifically, the presént invention relates to fluororubber compositions
capable of forming crack-resistant seals and crack-resistant seals formed from the compositions.
Background Art [0003] 15Fluororubbers are known to have the following properties: (1) having
rubber elasticity which is a property intrinsicdg 4uRbek Jise other general-purpose rubbers; (2)
having high chemical stability because the carbon 20 chains therein are linked such that hydrogen

atoms bondedsigubrearbnalemsasesuetitadiy iyerins andglso.haye Ao yasalyjated bond; and

(3) being superior to other general-purpose rubbers in properties such as heat resistance, oil

resistance, cheguzal AESENADRERWORENCTSIICR ARELOTOR A 1AGE, JO0RILWIM 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 for
apparatusesff-and egquipmen in various industries because those seals are so flexible as to conform
well to joined surfaces (such as flange surface) and have high sealability. (0006] In particular,
fluororubber seatsiare used in the 15 semiconductor industry as, for example, seals in chemical lines
_for processes such as etching processes because fluororubber seals have high heat resistance and

chemical resistancerancpeaduge onby smahamounts of particylates. gicalled particles, and gas.
20[0007]  Processes involving plasma treatment in semiconductor manufacturing use plasma gases
such as O2, Chnthd32 i Girdt, A, Aba32, N8n&H3TaHERE, LRk D12, BC13, tetraethoxysilane
[0002)
10 More specifically, the present invention relates to

fluororubber compositions capable of forming crack-resistant
seales and crack-resistant seals formed from “he compositions.
Background Art |
(0003]
15 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} ha%ing high chemical stability because the carbon
20 chains therein are linked such that hydrogen atoms bonded to
the carbon atoms are substituted py fluorine and also have no
unsaturated bond:; and
{3) being.supexior te other general-purpose rubbers in

properties such as heat resistance, oil resistance, chemical



(TEOS), and SF6. In particular, etching processes mainly use 3 fluorocarbon gases, and ashing
processes use mixed gases based on oxygen gas. [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 b&nded 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
crosslinkablesfiiaropeden ens {uheul camizied: Hinororulaber pelymrersdniwhichdzydrogen atoms (H) in the
side chains bonded to the main-chain C-C bonds are 15 incompletely substituted by fluorine atoms (F)
and which pgaotighyt contain hydrogen atoms (H): classified as FKM) have increasingly been used as
seals for semiconductor manufacturing apparatuses at sites to be sealed in mild plasma environments.
20 [UM  Howevertsealsdnaye seeenty beefiluserkinddvearer enyiroagintSaxith shrinking
semiconductor design rules and increasing throughput (amount processed per unit time). [0011] 4
A seal is oftenaitaohedtter thelptace t:he seateth sa astarhe siretchechta semie Bxtedt, for example,
for ease of attachment and prevention of detachment,. and also to be compressed for sufficient
sealability. [8942h Hithe sedllis exposeckiord plasmbalikadidtemiatniesphele, dheaubber is degraded by
plasma irradiation, and its weight decreases as the rubber component volatilizes from the surface of
the seal. 10[004:3) Inradditionptre seal tencsstbicratkgvienirradidted Withl pasmagand if the crack is
severe, it may cause the seal to fracture. This causes problems such as increased maintenance
operations ferdemicasdugtor mahdfagtukieg IBrepFaaguses due to shortened seal lives with degraded
seal performance. [0014] In general, a seal is often attached to a groove in a slightly stretched state;
this stretchingpfifitier promotes 20 cracking. In addition, if a crack reaches the seal surface beyond the
site being irradiated with plasma, it causes leakage and brings serious problems, such as a system
failure, in manufaciurkng Processespmissieading toeexteisive daphgan {0846} B tusBarthermore,
fluororubbers conventionally used for seals contain a filler such as carbon black, silica, barium sulfate,
or titank®m oxide foruippmrevediproperties ait borvel stee, rrshading rosehanicsd strength and
compression set, or as an

so flexible as to conform well to joined surfaces (such as

flange surfaves) and heve hlyh sealabilicy. - T
[(00086]
In particular, flucrorubber sezls ares used in the
13 semiconductor industry as, for exampls, sesleg in chemical
lines for processes such as etching processes because
fluororubber seals have high heat resistance and cnemicsl
resistance and produce only small amounts of par<iculates, or
called particles, and gas.
20 {0007
Processes invelving plasma treatment in semiconducior
manufacturing vse plasma gases such as 0, CFy, 0 + CFy, N,
Ar, Hp, NF3, CEsF, CHFz, CzFs, Tls, BCL,, tetraethoxysilane

{TECS), and S5Fs. In particular, etching processes mainly uss



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 acid acceptor. In polyol vulcanization, furthermore, a calcium
hydroxide needs to be used in combination as a cécatalyst. [0017] Such inorganic fillers contribute to
production of 15 particles (particulates) in plasma irradiation equipment, whereas it is difficult to form a
seal having necessary properties at normal state using a fluororubber formed without an inorganic filler
for reductioh ofgpartislssopracisces, 20fd028381ng Ipackhticr hecsselasibtetotated seal itself can
produce particles even if no inorganic filler is used, a reduction in the amount of particles produced, in
other words, aseiinprovemeatingelasma resistance, is demanded of organic 6 polymer materials used
for seals themselves. [0019]  Accordingly, there has been a desire for a fluororubber seal having not
only nigh plagt@iesistance (associated with the, rate of weight loss), but also high crack resistance
upon plasma irradiation and compression set (both associated with-seal life), producing no particles,
and being less expeasiveandantiedaidiy ey {30200 $0JP-A ANo=6-B02 5adn(Ratert Document 1)
proposes a silica- containing seal f or semiconductor manufacturing apparatuses. The seal for
semicohducieenraivfartidngpapgpirsmnses r idwavet Lass ameoblemringhat ithss. msufficient crack
resistance and produces patrticles originating from silica. 15[0021]  In addition, JP-A No.
2001-11496%: (Ratent Downnchi 2p piopdsss autibbehebnmobitgerfor toplastiia-resistant seal,
containing a fluororubber and a polyamine crosslinking agent, and JP-A No. 2001-164066 (Patent
Document jlgopbsesahairrabbendedhjosition indnchimpolyaniinberdsskinieing agent, and a polyol
crosslinking agent are added to a fluororubber. These rubber compositions, however, have a problem
in that they B&be tasifisient plasmieresistaneb dridtiethétal dlidenised asars ackl acceptor for
vulcanization contributes to 7 production of particles. [0022]  Furthermore, JP-A No. 2007-12/994
(Patent DocAmfai4isoposesEETlofine-cdrtamihg Sl oybdssepslpsies womaining a fluororubber and
resinous tetrafluoroethylene-perfluoroalkyl vinyl ether. The fluorine-containing alloyed copolymer,
howeve?, has®@HPdblem in that it has insufficient crack resistance and therefore fails to provide a
sufficient seal life. r,0023)  In addition, JP-A No. 2006-228805 (Patent Document 5) proposes a
sealforsenucondﬂﬁ%ﬁHﬁﬁﬂﬁé@ﬁ#ﬁ@ﬁéﬁpaﬁﬂﬂ@@?rkwﬁﬁﬁjﬁéﬁ?éﬁﬁ%ﬁu@ﬁﬁﬂ@%&ﬂﬂerbmnded\Nnh
FKM for improved crack resistance. The seal for semiconductor manufacturing apparatuses, however,
has a problebFH3 TR has ihsaficRERaratRTesitatce hebisamblaexpeAskrEegfN those formed only

of a fluororubber because it uses a perfluoroelastomer.
(unvulcanized Ifluororubber pelymers in which hydregen atoms

(3} in the sidé'chains bonded to the main-chain C-C bonds are
15 incomplately substituted by fluorins atoms (F} and which
partially contain hydrogen atoms (H): classifisd as FKM) have
increasingly been used as seals for semiconductor
manufacturing apparatuses at sites to bz sealed in mild
plésma environments.
20  [0010)
However, sezls have recently been used in severer
environments with shrinking semiconductor design rules and
inereasing throughput (amount processed per unit time).

[(0011]



Patent Document 1: JP-A No, 6-302527 Patent Document 2: JP-A No. 2001-114954 'Patent Document
3: JP-A No. 2001-164066 Patent Document 4: JP-A No. 2007-137994 Patent Document 5: JP-A No,
2006-2288'05 S Problems to be Solved by the Disclosure [0024 An object of the embodiments
disclosed herein is to solve - the above problems atcompanied with the conventional art. [0024a]
In a first aspect, there is provided a fluororubber composition comprising a peroxide-c osslinkable
fluoropolymer, a polyol compound, a peroxide crosslinking agent, and a co crosslinking agent, and no
polyol crosslinking aigsal ithesffuerorabbetiset pesition contapaing0 Hetos3 £p5t6 BY aight 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 zoserasstiakingageat panid Ob:patis byiweight ohihe pefexideseosstinkable
fluoronolymer. 10024b] In a second aspect, there is provided a seal formed by

attachment and prevention of detachment, and alsc to ba

compressed for sufficient sealability.
5 [6012]
If the =eal is exposed to a plasms irradistion

atmosphere, the rubber is degraded by plasma irradiation, and

'..!.

T

54}

weight decreases as the rubber compoﬁant volatilizes from
the surface of the seal.
10 [0013]

In addition, the sea2l 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 shortensed seal lives with degraded ssal
periormance,.
[0014]

In general, & sesal is often attached to a groove in a

slightly stretched state; this stretching further promotes

Zb cracking. In addition, if a2 crack reaches the ssal surface
beyond the site being irradiated with plasma, it causes
leakage and brings serious problems, such a5 a system failure,
in manufacturing processes, thus lsading to extensive damage.

[0015]



crosslinking the fluorcrubber con position as defined above. 10024c) In a third aspect, there is
provided a seal comprising a crosslinked fluoropolymer and a polypi compound. 1D025] More
specifically, an object of the embodiments disclosed herein is to provide a fluororubber composition
capable of forming a crack-resistant seal that exhiliits high crack resistance in a Ba plasma
environment without losing its perfoance as a seal, and also to provide a crack-resistant seal formed
from the rubber composition. [0026] More specifically, an object of the embodiments disclosed

herein is to IOVOVIdexﬁrﬁH@E@f[é@D,erﬂ%?@%ﬁ?ﬂe@@@&%fp{%ﬂgﬁ used 23LSealthat has not only
high plasma resistance but also high crack resistance and compressmn set, that produces no

particles, angthal is lessrexpansiveand g, digablg: 881, alse 19 pyovide a grack-yesistant seal

formed from the rubber composition. Means for solving the ‘Problems [0027] To solve the above
problems, therpeesest invertorsdaye made aninienshep stiudylo gehievadhe ahque rubber

composition and the crack-resistant seal formed from the 9 rubber composition. As ‘a result, the

present inverriers.baye fawad dhataicrackdagistant seat thal,can aghievs the,abgue gbjects can be
formed from a fluororubber composition obtained by mixing a polyol compound with a peroxide- cros 1

nkabls fiuorepalyftraneroxtde cressitking agent, and a co-crossl nking agent, thus completing the
present invention, [0028] That is, the fluororubber composition according to the 10 present invention
contains 0.1[tC3 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 cocrosslinking agent per 100 parts by weight of a

peroxidecrosslinkatieghoyopolesnis029) a-la the present mvention; the polyol compound is
preferably a bisphenol from the viewpoint that a seal having particularly high crack resistance can be

produced. [QGR0] 20hed ekaclkeresistaiit iseal acegrchryg te 4B preseat inyeation comprises a cross
linked fluoropolymer and a polyol compound. [0031] The crack-resistant seal according to the present

10 inventiondswiréferablynforined bycerasslinking2heeboyesfluarossbhergempasition from the
viewpoint that a crack-resistant Seal having particularly high crack resistance can
10  lead, calcium, aluminum, or zinec ag an acid acceptor. In
pelyol vulcanization, furguermore, & calclium hydroxide needs
to be used in combination as a cocatalyst.
[0017]
Such inorganic fillers contribute to production of
15 particles (particulates) in.plasma irradiation equipment,
whereas it is difficult to form a seal having necessary
properties at normal state using a fluororubber formed
without an inorganic filler for reduction of particles
produced.
20 [0018)]
In addition, becauss a deteriorated seal itself can
produce particles even if no inorgani ic filler is used, &
reduction in the amount of particles produced, in other words,

an improvement in plasma resistance, is demanded of organic



be formed. [0032] The crack-resistant seal according to the present invention preferably contains a
bisphenol, particularly, Bisphenol AF, from the viewpoint that such a seal has particularly high crack
resistance. 10 Advantages [0033] According to the present invention, a fluororubber composition
capable of forming a crack-resistant seal is providé€d. In addition, a crack-resistant seal formed from 15
the composition exhibits high crack resistance in a plasma environment without losing its performance
as a seal. [0034] -Further, with the fluororubber compo ition according to the present

invention, a}ggy_a]@{@x-crﬂglge@gst@rﬁﬁl having: 29 high, plasmadJesistance, crack resistance, and
compression set and producing few particles can be formed at low cost. [0035)  Furthermore, if the

polypi_ compoynd icontained in the fluororubber composition is a bisphencl, particularly, 11 Bisphenol
AF, a seal having particularly high crack .resistance can be formed. Best Modes for Carrying Out the

Invention [0036] Aamamngbaw@mltwqtiafe§gagfcgglegfrem$%gggg,gqsltlon according
to the present invention will be specifically described below. [0037] Fluororubber Composition 10The

fluororubberseaimpasHionaeerriagyorhenreseakinventionCcomaing.Q.4-40:3 pasts,hy 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-srossliiking agent nesiRR Pasisshy waightofa pergydesgrosslinkalle, 15 flugrpolymer and is
capable of forming a crack-resistant seal. [Crosslinkable Fluoropolymer] Thecislihkblé fluoropolymer

used in the presenkinvertionis peraxidecessiriable, aad akpewn2Q srasslinkable fluoropolymer
may be used. Of these, a fluoropolymer (FKM) in which hydrogen atoms (E) in the side chains bonded

to the main-eleaib QL% dpndsratmieampletelraulstivetechi fiveting atosms fxhand which partially
contain hydrogen atoms (H) is preferred in view of manufacturing

and more durable.
[00201

10 JP-4 No, 6-302527 (Paﬁent Document 1) proposes a silica-
containing seal for semiconductor manufacturing apparatuses.
The seal for semiconductor manufacturing apparatuses, however,
has a problem in that it has insufficient crack resistaﬁce
and produces particles originating from silica.

i [0621]

In addition, JP~A Ne. 2001-114964 (Patent Document 2)
proposes a rubber composition, for a plasme-resistant seal,
containing a fluororubber and a polvamine crosslinking agent,
and JE-A No. 2001-164066 {Patent Document 3} proposes a

20 rubber composition in which a polyamine crosslinking agent,
ang a polyol crosslinking agent are added to a fiuwerorubber.
These rubber compositions, however, have a problem in that
they have insufficient plasmz resistance and the metal oxide

used as an acid acceptor for vulecanization contributes to



12 costs. [0038]  Specific examples include tetrafluoroethylene/hexafluoropropylene/vinylidene
fluoride copolymers (such as "DA:-EL G912," manufactured by Daikin Industries, Ltd.),
tetrafluoroethylene/perfluoroalkyl vinyl ether/vinylidene fluoride copolymers (such as "DAI-EL LT302,"
manufact ured by Daikin Industries, Ltd.), vinyliden@ fluor d -hexafluoropropylene copolymers,
ethylene- 10 perfluoroalkyl vinyl ether-tetrafluoroethylene copolymers, and
tetrafluoroethylene-propylene copolymers. [0039]  In addition, commercial products may be used,
including "DALELseries,” gp actyred py Daikin Industries, Lt "Viton series,” manufactured by
DuPont Dow Elastomers, “Tecnoflon series," manufactured by Solvay Solexis, "Dyneon fluororubber,"
manufacturegdqBy Sumitomo 3M Limited, and "Fluon AFLAS series," manufactured by Asahi Glass Co.,
Ltd. :0040] 200f these, tetrafluoroethyl ne/hexafluoropropylene/vinylidene fluoride copolymers and

eualluorocthvienajaecgaliy! viy e iyidens dyogde sopohmers re prefered
e e GO SORt thé

I
from the viewpoint that the seal formed from the flucrorubber compaosi of the present invention

achieves high.plasma resistance. These. capalymers be used alone or as,a mixture of two or
more. [Peroxide Crosslinking A@eﬁt] The pe_}%&xi efzz'ﬂr‘?—jlc})ﬁsr_“‘sﬁnIZi‘?\%Gza%%‘r!?t‘"cct):r?trélﬁ?“é“d“*iﬁj theéfluororubber

composition ﬁﬁl&%i’fﬁﬁ%@'&?rﬁ’r‘?@t@@sﬁ%%&éosc%m%%&%%%ggi’@ without.a cro%salmirlg aid (acid

! . : Pe—}{)/'& L LUoT ‘-O¥ .
acceptor), such as magnesium oxide or calcium oxide, use polyol YulcaniZzation of polyamine

vulcanization,_,;]gpﬁ usexf,10 @ﬁ&%%}ﬂ%ﬁ@%%@%ﬁ%%‘gﬂf? }pr%vides the advantage of causing
a .

no particles originating from the crosslinking aid , (acid acteptor 4\:1?pmym?0\rWide variety of known

crosslinking gggats.for peroxide 1owulcanizatipn.may be used. [0042] . Specific examples include
2,5-dimethy1-2,5-di(t6utylpero>‘<i§/%hexane the_trade'('?H{élrtilncea ﬁPEﬁTJ:fg }41‘%5@?" r%ﬁ%f%actured by NOF

Corporation),. dicumyl peraxide {the trade 2Q-pame "PEROUMYL D," ufactured by NOF
Corporation),r2,4- dichlorobenzoyl peroxid’e,*dift-butg; pgfgﬁ&get-Sufy‘f%ucrﬁflpﬁer:’d%ﬁ)ée, benzoyl

peroxide (the trage name "NYPER 3," manufactured by NOF Corporation),
2,5-dimethy1-2,5-(tbutylperoxy)hexyne-3 (the trade name "PERHEXYNE 25B," 14 manufactured by
NOF Corporaigs) 2,5-dimethy1-2,5- di(benzoylperoxy)hexane, a,al-bis(t-b

ylperoxy-misopropyl)benzene (the trade name "PERBUTYL P," manufactured by MOP Corporation),

t-butylperoxy isoprepybearhonaie, apd:> Rachiotpenzoyi perode, [0043] Of éh%%e,
2,5-dimethy1-2,5-di(t-butylperoxy)hexane and a,al-bis(t-butylperoxy)diisopropylbenzene are preferred,
and 275'dim%?%ﬂ:'c?séédig'ggyiger?ﬁ)@%%ﬁiﬂéqigyl?t(%ufacturimg apparatuses, '
formed from a perfluorcelastomer plended with FRM for
improved crack resistance. The seal for semiconductos
manufacturing apparatusas, however, has a problem in that it
has’insufficient crack resistance and is more expensive than
these formed only of & fluororubber because it uses a
perfluorcalastomer.
Patent Document 1: JP-A No. 6~302327
Patent Document 2: JB-A Wo. 209i-114964
Patent Document 3: JP-A No. 2001-164066
Patent Document 4: JP-2 No. 2007-1327954
Patent Document 5: JP=A No. 2006~228BBD5

Disclosure



10 preferred, from the viewpoint that a seal having favorable properties at normal state and
compression set can be formed. [0044]  Among those crosslinking agents, one crosslinking agent,
or two or more crosslinking agents in combination may be used. [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 thaPacseariaving-faverabCproperiiestatiorni<tate and compression set may be formed.
15 [Co-Crosslinking Agent]  In peroxide vulcanization, a peroxide crosslinking agent is typically used
'in combinatioP#&thl a co-crosslinking agent. A wide variety of known co-crosslinking agents
(vulcanizing 5 aids) may be used. [0047] Specific examples include compounds capable of co-
crosslinking with raicalk; sathads iy isosiarmrate hectiadehame¢TAICY' masufastured by
Nippon Kasei Chemical 10 Co., Ltd.), triallyl cyanurate, triallyl formal, triallyl trimellitate,
N,N'-m-phenyiEn&Bigmae e HifroparyT & phihdate diamiitharae! ot tetreallyl
terephthalamide. [0046] 150f 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. [%9%29 EBﬁ?Among these co-croaslinking agents, one co-crosslinking agent, or two or more
co-crosslinking"agénts in combination may be used. [0050] The amount of the co-crosslinking agent to
be added is 16 typigally o3 pastis-by wei ptefe ; 7 s by weight, and more preferably
3 to 6 parts by weight per 100 part?i)y We%ig]gk%[lt of ir%e %ﬂiﬁ%&%bﬁ%&?&ygg@b&gﬁ [O0BH} BAd ¢y the
co-crosslinkirRrageat wethin suobrd dangedssraiedetramithe-yiewpent thata seat haying,fayprable
properties at normal state and compression set can be formed. [Polypi_ Compound] In the present
invenﬂon,ﬂﬁeEﬁﬁﬁﬁtﬁfhﬁﬁﬁﬁ& fo agent, and a co-crosslinking agent, and no

polyol crosslinking aid,

the flucrorubber composition containing 0.1 to 3 parts
by weight of the polyol compound, 0.1 to 4 parts by weight
of ﬁhe peroxide crosslinking agent, and 1 to 9 parts by
weight of the co-crosslinking agent per 100 parts by weight

of the peroxide-crosslinkable fluoropolymer.
[G024b]
In a second aspect, there is provided a seal formed by

crosslinking the fluorcrubber composition zs defined above.

fooz4c)
In 2 third aspect, there is provided z seal comprising é
crosslinkad fluoropolymer andla polycl compound.
100257
More specifically, an object of the embodiments disclosed herein ics
to provide & fluororubber composition capable of forming a

crack-resistant seal thet exhibits high crack resistance in a



10 the fluororubber composition along with the peroxide crosslinking agent and the co-crosslinking
agent is used primarily to improve the crack resistance of the seal formed from the fluororubber
composition of the present invention. [0052] Althat@h the polyol compound added in the present
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 magnegium,20 Qm%g%%i%%%o@gg,ﬂ%%icﬂ% l;gglqgg %Dambination for polyol

vulcanization is'not necessarily needed. [0053] This Taises pré‘su“mpﬁgﬁ that thé % jol
compound in th l.qf t T ; inventi es.pot normally react . 17 with the '
peroxide-crossligrllrlijgb éqﬂ%r(]).%%§I§§T}€lé?%(§5£ﬁ'%g%l'f%gﬁﬂ§gF€§mBéﬁ%dﬁg %rrlééuﬁ‘réjaltd'}ﬁ%t react with
the peroxide-crasglinkahle fluoropalymer from the fact that 5 crosslinking of a fluoropolymer with a
polyol compound needs the following compounds! (1) a quaternary ammonium salt, or a
quaternary oniuny gady serving as a catalyst; and (2) a metal compound such as calcium hydroxide,
serving 10 as a co-catalyst, or MgO, serving as an acid acceptor. [0055] That is, if a polyol compound
that can be used as a polyol crosslinking agent is used in the present invention, the polyol compound

added serves as ¥%fferBr providing 15(ftnfiRg aCs€al haAngMgR GatkTeditaticesd Higis dhelsf

the features of.the present invention found in the,convention égurposes of the use of a polyol
compound capab?é of polyo$v%§ﬁi%%§%%?108%%§ Wi ec\?fﬁg *oFPknoRHEBR/G compounds may

be used. Examplgs;ing hisphepols such .2-Ris(4-~ hydroxyphenyl)perfluoropropane (Bisphenol
AF), 2,2-bis(4- hﬁ&%&ggr%égrogp@fne (éigsp%e%r%oﬁé))g, é%égb%ﬁ)%/ﬁ rabxyphreer%ﬁlfé' ﬁ&rge (Bisphenol 5),

and salts of these 48:c0mpaLNgds siichas alkalmatat salts.and alkaling earth rpetal salts. The polyol
compounds also include those capable of polyol vulcanization and are not limited to the above

polyhydroxy anmaticseompaiinds.d0957] andQfthe pelyal £orapgunds, Bisphenol AF, Bisphenol A,
etc. are preferred, and the use of Bisphenol AF is particularly preferred from the viewpoint that the
resultant seal Hasahigh, crarck edsistancerandiBisphenalfFrizas goad cempatiilifewith 10 the
fluororubber. [0058]
_ from the rubber composition.
Means for Solving the Problems

[0027]
To solve the above problems, the present inventors heve
made an irntansive study to achieve the above rubber

composition and the crack-resistant seal formed from the



The polyol compounds may be used alone or as a mixture of two or more. [0059] 15The polyol
compound may be mixed in the base polymer in advance as a masterbatch. One example of an
available masterbatch of Bisphenol AF is "Curative VC-30" (50% active ingredient, manufactured by
DuPont Dow Elastomers). [0060] 20lt 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 weight per 100 parts by weight of the crosslinkable fluoropolymer. 19 [0061]  Adding the
polyol compouiiderrithisme abpye range is peafelred hecausesthenresitaat seak hashigh crack
resistance, compression set, and vulcanization rate. 5[0062]  If the polyol compound of an amount

smaller thantihendbave rangerisnadded tbeaesuliantlsealtends:iodaek srack resistange. On the other
hand, if the polyol compound of an amount larger than the above range is added, the resultant 10 seal

tends.to havetipws-cempressiort seiand Hhenresuttnn fuetebbbes GeaResition tends to have a lower
vulcanization rate. [0063] Thus, if the polyol compound over or under the above 15 range is added, the

resultant fluotorabbericompasiiiog ar sealraay duecapsoklenh Withhseakperéormance or seal
manufacturing and may fail to serve as a practical product. [Reinforcing Agent or Filler] Examples of

reinforcing ageres bidilers indudercarbbyr2® blacksesios; séicarsloys siicate, alseing, aluminum
hydroxide, calcium carbonate, silicic acid compounds, and fine particles of various resins. For
example, theafmeuntefihese! teikforgingagentscana filergstoebenisethis abeut=kto 50 parts by weight
per 100 parts by weight of the 20 crosslinkable fluoropolymer. [0064]  These reinforcing agents and
fillers can be.byedwioneeded to adjust the physical properties (such as tensile 5 strength,
compression set, elongation, and hardness) of the resultant seal to those appropriate as a rubber
seal. For serhidgfductor applications, however, a filler-free or inorganic-filler-free composition is often
desirable because, when a rubber seal is etched by plasma, a filler contained 10 therein may scatter
as particles and infjJit the prodactién efficienby 0f sengicebdictorananufaciyring. f¥R65] That is, it is
preferable in the present invention that
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

cresslinking agent, and 1 to 9 parts by weight of a co-

cresslinking agent per 100 parts by weight cf = peroxiﬁe"

crosslinkable fluoropolymer.

15 [0028]

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

[0030]

20 The crack-resistant sezl according to the present
invention comprises a crosslinked fluoropolymer and a polyol
compound,

[60321]

The crack-resistant seal according to the present



the seal and the composition for forming the seal do not 15 substantially contain a filler such as silica,
carbon black, clay, silicate, alumina, calcium carbonate, mica, barium sulfate, or titanium oxide from
the viewpoint that the resultant seal produces no particles when etched by plasma. [Other Ingredients]
20Furthermore, other known ingredients, such as &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 applications, however, such ingredients are 21 preferably
not containeihbecause theypnayamiatilizes shasolvespraepesit fipm the seakinside a semiconductor
manufacturing apparatus-and may impair the production efficiency of semiconductor manufacturing. 5
[Method for Pruducing-Bhioresubbet Cosrpdsitan and Sealleipeddfram thesggayosition]  The
above rubber composition and seal according to the present invention may be produced by a known
method. [0066} 4 6Saecifiealy, for example rtheutressinkakla fuerepoburekisskpeadgd using a mixer
such as an open-roll mill, a Banbury mixer, a pressure kneader, or a two-roll mill and, if necessary, is
kneaded withea peowessing aid, a filler, a plasticizer, and an acid acceptor. The fluoropolymer is then
kneaded with the polyol compound and the co-crosslinking agent and is finally kneaded with the
peroxidé vultahi4ng agent to prepare a rubber compound (fluororubber composition). [0067) The
rubber compound (that is, the fluororubber 20 composition of the present invention) is then charged
into a mold of predéterniaed-shape andis shaped dyoclkdt peessing gt adeating 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 preseatiamnhiion, tie fmokied rultberasmpryeferabiy-sibjetied i seeandanyyulcanization in, for
example, an oven for a predetermined period of time (for example, at about 150C to 250C under
normal presdmrtoratods 1 8uhobies)v3069]i nMunepreferably, shelsecandary vulcanization is
carried out in a vacuum to reduce outgassing and production of.particles from the molded rubber,
which causessa protlets by 10 gbemieandustet samdacturing. [00701  The rubber composition and
seal of the present invention may be produced by a known method. [0071] 15 Specifically, the rubber
ingredieht isPkivardeaiasing 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 cross king agent to prepare the rubber compound. [0072]
20The rubbd®é@®pound is then charged into a mold of predetermined shape and is shaped by hot
pressing to form a predetermined molded rubber. [0073]

According to the present invention, a2 fluororubber
composition capable of forming & crack-resistant seal is
provided. In addition, a crack-resistant seal formed from

15 the composition exhibits high crack resistance in a plasma
enviromment without losing its performance as a seal.
[0034]

Further, with the fluororubber compesition according te

the present invention, a durable crack-resistant seal having
20 high plasma resistance, crack resistance, and compression set
and producing few particles can be formed at low cost.
{0035)
Furthermore, i1f the polyol compound centained in the

flucrorubber composition is & bisphencl, particularly,



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 vulcanization sufficiently completes the vulcanization reaction and also 5 reduces
outgassing and production of particles, which causdds a problem, particularly, in semiconductor
manufacturing. [Crack-Resistant Seal] = The crack-resistant seal of the present invention is a seal
having high crack resistance, formed by peroxide 10 vulcanization of the fluororubber composition of
the presentgneminibcomprisingdhe Q[@ﬁgki@k@i@lg{lg@m@y@e{igﬁe el compound, and the
peroxide crosslinking agent. [0074] In addition, the crack-resistant seal of the present 15 invention has
high plasma-easistance-and producesmerparticles originating from the seal upon plasma irradiation of
workpieces, for example, in semiconductor manufacturing processes, and is also durable with high
crack resistaage anskedmpsessiamsairestaianes«2¢ Fxamples [0075]  The fluororubber
composition and the crack-resistant seal according to the present invention will be more specifically
described witha®éerence 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 comparative
examplés below, thess€ahiormathfiom thenbdliiarpaibhericamposition ebtheprasent invention has
plasma resistance (high crack resistance) and, particularly, is less likely to suffer cracking due to
plasma, whithéhascheen iz preblesrobiisithecseal dgsradeartages=as Vafrious yubpgr components
such as seals for semiconductor processing 10 apparatuses used in plasma processes, which include
plasma etchsngcilasme aghigs anidb €Y Deand which is frequently used in semiconductor
manufacturing. (3-1) Method for Shaping Samples Samples were formulated under the conditions
shown in 15[DaBle]1l and were kneaded in an open-roll mill to prepare rubber compounds (fluororubber
compositions), and they were set in molds. The rubber compounds set in the molds were then shaped
at a pressure of 50 kgf/cm2 using a5t b compressioforaeitiinipiess under heating at 160C for 30 20
minutes and were then subjected to secondary vulcanization in a vacuum in a vacuum electric furnace
(degreelof vacuurfhgd Pajatl80Bdo 238 ol 16drowrsdofdimgnotded:9-rngs éseals). Size of
0-rings: A5568B-214; inner diameter: 24.99 mm,; cross- 25 sectional diameter: 3.53 mm (3-2)
Measuremeht¥asthods fopEvaiuatioh tepts 3 parts by weight of a polyol

compound, 0,1 to 4 parts by weight of a peroxide cresslinking
agent, and 1 to 8 parts by weight of a co-cresslinking agent
per 100 parts by weight of & peroxide-~cresslinkable

15 fluorcopolymer and is capable of forming a crack-resistant
seal.

[Crosslinkable Fluoropolymer]

-~ i EfcssIInkable FIGEopolymer Beed Tn the Presemi T
invention is peroxide-cresslinkable, and a known

20 crosslinkable fluorcpolymer may bz used. 0Of these, a

filuvoropoliymer (FKM) in which hydrogen 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 inm view of manufacturing



(1) Plasma Resistance (Rate of Weight Loss) The samples were irradiated with plasma for six hours 5
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 an RE 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. 10[0077]
The samples were set 10 cm apart from the plasma electrode. Subsequently, the weights of the
samples before and after the test were measured to determine the rates of weight (mass) loss (%)
according ta:the: following formula for 15 evaluation of plasma resistance: [0078]  Rate of weight
loss (rate of mass loss (%)) of sample [(x-y)/x] x 100 [0079] 20 where x is the mass (g) before the test,
and y is the passg [g) after the test. [0080] A lower rate of weight (mass) loss (%) indicates high
plasma resistance. 26 (2) Crack Resistance = Samples were irradiated with plasma for two hours
using a parallel-platepiasiagxaepssingiappasatus (manufactured by Hirano Koh-On Co., Ltd.) having
an electrode diameter of 100 5 mm and an interelectrode distance of 50 mm at an RF power of 300 W,
a gas flow rate of D21CEd=1B3l] engaR havy 1aterob200 prens antha degres ef wacuyy of 1 torr, and
were checked for cracking. [0081] 10The samples used were "AS5683-214 0-rings". The 0-rings were

attached to cylindsnsess thatube elenUpKoED innep diametar was 282, Bpdpyele get 10 cm apart from
the plasma electrode. The samples were checked for cracking using a microscope by magnifying the

surfaces of thedGsringsshy 26413 fimes 6 IGempessAr=fel pe AMeBs-see/al itepys for evaluating
physical properties of rubber seals, compression set is the most important evaluation item for

determiningssge tifer. {Tiyld, déwe=? @ Domirisstenskinéeach sappleswasnneasurad to determine
whether each sample had the physical properties necessary for a semiconductor seal. [0082] The
compressionart ies: meas Urgdin the: nietheskdesariberk 7)in #5:K182622[0083] The details are as
follows. fluoride-hexafluoropropylene copolymers, ethylene~
10 perfluorealkyl vinyl ether-tetrafluorcethylene copolymer
and tetrafluoroethylene-propylene copolymers,
10039]
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, "Dyneon
fluororubber, " manufactured by Sumitomo 3M Limited, and
"Fluon RFLAS series,” manufactured by Asahi Glass Co., Ltd.
10040}
20 0f these,
tetrafluoroethylene/hexafluoropropylene/vinylidane fluoride
copolymers and tetrafluorcethylene/perfluorcalkyl vinyl

ether/vinylidene flucoride copolymers are preferrad from the

viewpoint that the seal formed from the fluororubber



[0084] 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
compression, and after allowing them to cool for 30 minutes, the compression set (%) was determined
by 10 calculating the amount of strain of the 0-ring$ according to the followingformula: [0085]
Compression set (%) = {TO-T1/T0-T2} x 100%  TO - height of 0-ring before test (thickness of 0-ring
in 15 central axis direction) Ti = height of 0-ring 30 minutes after quick release from compression and

removal of @sing-kerieampressiorpplaies T2 roaickness skspacsts [0Q861,2QThe ingredients used in
the examples and the comparative examples (see Table 1) are asfollows: [0087]  (a) FKM polymer

1: "DAI-EL G842stmansifactiestby-faikinnknehisHias, ddthiis28 alone or as a
tetrafluoroethyiene/hexafluoropropylene/vinylidene fluoride copolymer; Mooney viscosity (ML1410,
100C): 76; spegaifie gravity:wikb 99 flnesee content: 71 wt% [0088] 5(b) FKM polymer 2: "DAI-EL LT302,"
manufactured by Daikin Industries, Ltd.; tetrafluoroethylene/perfluoroaikyl vinyl ether/vinylidene
fluoride copobemer Meoney ssdaesitngMiddRt 100C): 65; specific gravity: 1.79, fluorine content: 62
wt% 10[0089] (c) FKM polymer 3: "DAI-EL G701M BP," manufactured by Daikin Industries, Ltd.;
hexaflubropropyleTievipytidene éluorice copalymyers dooneyswSCRSE ty #Mdnd+10, 100C): 55; specific
gravity: 1.81; fluorine content: 66 wt% 15[0090] FKM polymer 4: "DAI-EL G621," manufactured by
Daikin Indugtiiesrbtthplestraftuonpethylone/ hexaftuorppromieneiaylidene fluaride copolymer
(masterbatch containing a quaternary ammonium salt 20and Bisphenol AF); Mooney viscosity (MLiilo,
100C): 88; spawific. gravityhd . 80pfluetibbeeontént A-widodB084] ink gMepadlymeris: "DAI-EL G801,"
manufactured by Daikin Industries, Ltd.; hexafluoropropylene/vinylidene fluoride 29
acceptor), such as magnesium oxide or calcium oxide, used for
polyol vulcanization or polyamine wvulcanization. The use of
10 the peroxide crosslinking agent thus provides the advantage
cf causing no ﬁartiales originating from the crosslinking aid
(acid acceptor),
[0041)]
A wide variety of known crossiinking agents for peroxide
15  wvulcanization may be used.
(0042]
Specific esxamples include 2, 5~dimethyl-2,5-3i(t-
butylperoxyjhexane (the trade name "PEREEXA 253,"
manufactured by NOF Corporation), dicumyl peroxide (the frade
28 name "PERCUMYL D," manufactured by NOF Corporation}, 2,4-
dicnlorobenzoyl peroxide, di-t-butyl peroxide, t-butyl
dicumyl peroxide, benzoyl peroxide (the trade name "NYPER B,"

manufactured by NOF Corporation), 2,53-dimethyl~2,5-(t-

butylperoxy)hexyne-3 {the trade name "PERHEXYNE 25R,"



copolymer; Mooney viscosity (MLimf, 1000C): 66; specific gravity: 1.81; fluorine content: 66 wt%
[0092] (d) Bisphenol AF: 2,2-bis(4- 5 hydroxyphenyl)perfluoropropane, manufactured by Tokyo
Chemical Industry Co., Ltd. [0093] (e) Bisphenol S: bis(4-hydroxyphenyi)sulfone, manufactured by
Tokyo Chemical Industry Co., Ltd. 10[0094] (f4Curative VC20: triphenylbenzylphosphonium
chloride (masterbatch with 33% activeingredient) , manufactured by DuPont Dow Elastomers [0095]
15(g) Kyowamag #150: magnesium oxide, manufactured by Kyowa Chemical Industry Co., Ltd. [0096]

(h) Caldic #2000« saiciusa hydragides srauHaciwed by Ohwai ebericablgiustry Co., Ltd. 20[0097]
(i) TALC: triallyl isocyanurate, manufactured by Nippon Kasei Chemical Co., Ltd. [0098] ()

PERHEXA g53h2rreimethyi3.Ba8illn =30 Lty Iperaxyhpxane penpgifagitired by NOF Corporation
[0099] (k) PERBUTYL P: a,a’-bis(tbutylperoxy)diisopropylbenzene, manufactured by NOP 5

Corporationi[£3f03ablech shosvs Hresfor radatioamenf@ER B ther.satples fiv flae exasdples and the
comparative examples, and Table 2 shows the results of the individual tests. 10[0101] 31 g "ta .woo O
0000 by NOF Corporation), t-butylperoxy isopropyl carbonate, and
5 p=-chlorohenzoyl peroxide.
[0043]
Of these, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane znd
a,'-bis (t~butylpercgy)diisopropylbenrzene are preferred, and
2,5-dimethyl-2, 5-di (t=-butylperoxy)hexane is particularly
10 preferred, from the viewpoint that a seal having favorable
properties at normal state and compression set can be formed.
{00447

Among those crosslinking agents, one c¢rosslinking zgent,

or two or more crosslinking agents in combination may be used.

—
1

[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'O.S to 1.5 parts by
welght per 100 parts by welght of the crosslinkabls
20 fluoropolymer,

[0048)]

Bdding the crosslinking agent within such a range is

preferred from the viewpoint that z seal having favorzble

properties at normal state and compression set may be formed.
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[Co~Cro§slinking Agent]

In peroxide vulcanization, a peroxide crosslinking agent
is typically used in combination with & co-crosslinking agent.
A wide variety of known co-crosslinking agents ({vulcanizing

5 aids) may bs used.
[6047]

Specific examples include compounds capable of co=
crosslinking with radicals, such as triallyl isocyanurate
{the trade name "TAIC," memufactured by Nippon Kasei Chemical

16 Co., Ltd.), triallyl cvanurate, triallyl formal, triallyl
trimellitate, N,N'-m-phenylene bismaleimide, dipropargyl
terephthalate, diallyl phthalate, and tetraallyl
terephthalamide.

(0048}

=
L

0f 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
pe formed.
[0049]
20 Among these co-cresslinking 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 tc be added is



00000 94019 got Z'WOO 001-0 00000000 94019901-1CA'WOO0001000 o
16

typically 1 to 8 parts by weight, preferably 2 to 7 parts by
weight, and more preferably 3 to & parts by weight per 100
parts by weight of the cresslinkable fluoropolymer.

[0051]

5 Adding the co-crosslinking agent within such a range is
preferred from the viewpont that a seal having favorable
properties at normal state and compressicn set can be formed.
[Polyol Compound]

In the present invention, the pclvol compound added tco

10 the flucrorubber composition along with the peroxide
crosslinking agent and the co-crosslinking agent is used
primarily to improve the crack resistance of the seal formed
from the flucrorubber composition ¢f the present invention.
[6052]

15 Although the polyol compound added in the present
invention may be one that can be used as a polyol
crosslinking agent, the polyol compound is added not
necessarily for the purpcse of polyol vulcanization, and a
polyol crosslinking aid {(acid acceptor), such as magnesium

20 oxide and calcium hydroxide, typically used in combination
for polyol vulcanization is not necessarily needed.

{0053]
This raises a presumpticn that the polvol compound in

the seal of the present invention does not normally react
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with the peroxide~crosslinkable flucropolymer.
[O054]

The polyol compound is presumed ¢o not react with the
percxide-crosslinkable fluoropolyﬁer from the fact that

5 crosslinking of a fluoropolymer with a polyel compound needs

the following compounds:

(1) a quaternary ammenium salt, or a quaternary onium
salt, serving as a catalyst; and

(2) a metal compound such as calcium hydroxide, serving

10 as a co-catalyst, or Mg0, serving as an acid acceptor.

[0058)

| That is, 1f a polyol compound that can be used as a
polycl crosslinking agent is used in the present invention,
the polycl compeund added serves as a filler for providing

i5 (forming) a seal having high crack resistance. This is one
of the features of the present invention not found in the
conventional purpeses of the use of a polycl compound capable
of polyol vulcanization.

[oese]

20 A wide variety of known polyol compounds may be used.
Examples include bisphenols such as 2,2—bis(4;
hydroxyphenyl)perfluoroprepane {Blsphenol AF), 2,2-bis{4w~
hydroxyphenyl)propane (Bisphenol A), and bis{4-

hydroxyphenyl)sulfone (Bisphencl S), and salts of these
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compounds such as zlkali metal salts and‘alkaline earth metal
salts. The polycl compounds also include those capable of
polycl vulcanization and are not limited to the above
polyhydroxy aromatic compounds.

5 [0057]

Cf 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

10 the flucrorubber, |
[0058]
The polyocl compounds may be used alone or as a mixture

of two or more,

[0059]

R

The polyol compound may be mixed in the base polymer in

31—

advance as s masterbatch., One example of an available
masterbateh of Bisphenol AP is "Curative VC-30" (50% active
ingredient, manufactured by DuPont Dow FElastomers).
[0060]

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

fluoropolymer.
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[00&1]

Adding the polyollcompcund within the above range is
preferred because the resultant seal has high crack
registance, compression set, and %ulcanization rate,

5 [0062]

If the polyol compound of an amount smaller than the
above range is added, the resultant seal tends to lack crack
resistance. On the other hand, if the polyol compound of an
amount larger than the above range is added, the resultant

10 seal tends to have low compression set, and the resultant

flucrerubber compesition tends to have a lower vulcanization

rate,
(00631
Thus, if the polyocl compound over or under the above
15 range is zdded, the resultant flucrorubber composition or
seal may have & problem with sezl performance or seal
manufacturing and may fail to serve as a practical product.
[Reinforcing Agent or Filler]
wxamples of reinforcing agents or fillers include carbon
20 Dblack, fluororesins, silica, clay, silicate, alumina,
aluminum hydroxide, calcium carbonate, silicic acid compounds,
and fine particgles of various resins. For example, the
amount of these reinfeorcing 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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crosslinkable fluoropolymer.
[0064]
These reinforcing agents and fillers can be used as

needed to adiust the physical preoperties (such as tensile

5 strength, compression set, elongation, and hardness) of the
resultant seal to those appropriate as a rubber seal. For
semiconductor applications, however, a filler-free or
inorganic-filler-free composition 1s often desirable because,
when a rubber seal is etched by plasma, a filler contained

10 therein may scatter as particles and impair the production
efficiency of semiconductor manufacturing.

[0065]
That i1s, it i1s preferable in the present invention that
the seal and the composition for forming the seal do not

15 substantially contain a filler such as silica, carbon black,
clay, silicate, alumina, calcium carbonate, mica, barium
sulfate, or titanium oxide from the viewpoint tThat the
resultant seal produces nc particles when etched by plasma.
[Other Ingredients]

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

semiconductor applications, however, such ingredients are
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preferably not contained because they may volatilize,
dissolve, or deposit from the seal inside a semiconductor
manufactu;ing apparatus and may impair the production
efficiency of semiconductor manufacturing.

2 [Method for Producing Fluororubber Compesiticn and Seal
Formed from the Composition]

The above rubber composition and seal according to the

present invention may be produced by a known method.
[0066]

10 Specifically, for example, the crosslinkable
fluoropolymer is kneaded using a mixer such as an open-rolil
mill, a Banbury mixer, a pressure knsader, or a two-roll mill
and, if necessary, 1s kneaded with a processing aid, a filler,
a plasticizer, and an acid acceptor. The fluorcpolymer is

15 then knesaded with the polyol compound and the co~crogslinking
agent and is finally kneaded with the peroxide vulcanizing
agent to prepare a rubber compound (fluororubber composition).
[0067)

The rubber compound (that is, the fluorocrubber

20 composition of the present invention) is then charged into 2
mold of predetermined shape znd is shaped by hot pressing at
& heating temperature of 100°C to 200°C for about 0.5 to 120
minutes o form a predetermined molded rubbsr such zs a2 seal,

(00681
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In the pressnt inventien, the molded rubber is
preferably subjected to secondary vulcanization in, for
example, an oven for a predetermined period of time (for
example, at about 150°C to 250°C under normal pressure for

5 abeout 4 to 48 hours).

[0069]

More preferably, the secondary vulcanizavion is carried
out in a vacuum to reducs outgassing and production of
particles from the molded rubber, which causes a problem .in

10 . semiconduetor manufacturing.

(00701

The rubber compesition and seal of the present invention
may be produced by a known method.
[0071]

15 Specifically, the rubber ingredient is kneaded using a
mixer such 23 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]

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

[00723]

Furthermore, the molded rubber is preferably subjected
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to secondary vulcanization in, for example, an air reflux
electric furnace or a vacuum electric furnace for a
predetermined period of time. The secondary vulcanization
sufficiently completes the vulcanization reaction and also
5 reduces outgassing and production of particlss, which causes
a problem, particularly, in semicenductor maﬁufacturing.
{Crack~Resistant Seall]
The crack-resistant seal of the present invention is a
seal having high crack resistance, formed by peroxide
10 wvulcanization of the flucrorubber composition of the pressnt
invention comprising the crosslinkable fluoropolvmer, the
polyol compound, and the peroxide crosslinking agent.
[0074)
in addition, the crack-resistant seal of the present
15 invention 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 alsc durable with high crack resistance and
compression set resistance,
20 Exanmples
[0073)
The flucrorubber compeosition and the crack-resistant
seal according to the present invention will be more

specifically described with refersnce to the examples below,
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although the examples do not limit the present invention.
[0076]
As is obvious from a comparison between the examples and
the comparative examples below, the seal formed from the
5 fluocrorubber composition of the present invention 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

10 apparatuses used in plasma processes, which include plasma
etching, plasma ashing, and CVD, and which is freguently used
in semiconductor manufacturing.
(3-1) Method for Shaping Samples

Samples were formulated under the condifions shown in

15 Table 1 and were kneaded in an open-roll mill to prepars
rubber compounds (fluororubber compositions), and they were
set in molds. The rubber compounds set in the molds were
then shaped at a pressure of 50 kgf/cm® using a 50 t
compression vacuum press under heating at 160°C for 30

20 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 meolded O-rings
(seals).

Size of O-rings: AS568R-214; inner diameter: 24.99 mm; cross-—
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sectional diameter: 3.53 mm
{3-2} Measurement Methods for Evaluation Items
(1} Plasma Resistance (Rate of Weight Loss)
The samples were irradiated with plasma for six hours
5 using a plate plasma processing apparatus (manufactured by
Hirano Koh-0On Co., Ltd.) having an electrode diameter of 100
mm and an interelectrode distance ¢f 50 mm at an RF power of
300 W, a gas flow ratib of 0p:CFy = 8:1, a gas flow rate of
200 scem, and a degree of vacuum of 1 torz.
10 (00771
The samples were set 10 cm apart from the plasma
electrode. Subseguently, the weights of the samples before
and after the test were measured to determine the rates of
welght {(mass) loss (%) according to the following formula for
15 evaluation of plasma resistance:
[C078]
Rate of weight loss (rate cf mass loss (%)) of sample =
[{(x-y)/x] x 100
[6G79]
20 where x is the mass {g) before the test, and y is the mass
(g) after the test.
[COBO]
A lower rate of welght {mass) loss (%) indicates high

plasma resistance.
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(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 50 mm at an RF power of

300 W, a gas flow ratio of 0,:CF, = 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 used were "AS568B-214 O-rings™. The O-rings
were attached to cylinders 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

15  times.

{3) Compression Set

Among several ltems for evaluating physical properties
of rubber seals, compression set is the most important
evaluation item for determining seal life. Thus, the

20 compression set of each sample was measured to determine
whether each sample had the physical properties necessary for
a semiconductor seal.

[00g2]

The compression set was measured by the method described
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in JIS K 6262.
[0083]

The details are as follows.
[0084]

Samples (AS214 O-rings) were held between iron plates at
a compression rate of 25% and were heated in an electrie
furnace at 200°C for fD hours. The samples were then
released from compression, and after allowing them to cool
for 30 minutes, the campzassion'set (%) was determined by
calculating the amount of strain of the O-rings according to
the following formula:
[0085]

Compression set (%) = {T0-TL/T0-T2} x 100%
TQ0 = height oflo-ring before test (thickness of O-ring in
central axis direction)
Tl = height of O-ring 30 minutes after guick relesse from
compression and removal of O-ring from compression plates
T2 = thickness of spacsrs
[0086]

The ingredients used in the examples and the comparative
examples (see Table 1) are =s follows:
16087]

(a) FKM polymer 1: "DAI-EL GS12," menufactursed by Daikin

Industries, Ltd.:
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tetrafluorcethylene/hexaflucropropylene/vinylidene fluoride
copolymer; Mooney viscosity (MLj.ig, 100°C): 76; specific
gravity: 1.90; fluorine content: 71 wi%
[0088]

(b} FEM polymer 2: "DAI-EL LT302," manufactured by
Daikin Industries, Ltd.:; tetrafluorocsthyvlene/parfluocroalkyl

vinyl ether/vinylidene fliuoride copolymer; Mooney viscosity

(ML1.1p, 100°C): 65; specific gravity: 1.79, fluorine content:

62 wth
[0089]

(¢} FEM polymer 3: "DAI-EL G701IM BP," manufactured by
Daikin Industries, Ltd.; hexafluorcopropyvlens/vinylidens
fluoride copolymer; Moocney viscosity (Mlgeqg, 100°C): 55;
specific gravity: 1.81; flucrine content: 6€ wtd
[00390]

FKM polymer 4: "DAI-EL G62Z1," manufactured by Dailkin
Industries, Ltd.;
tetrafiuorcethylene/hexafluoropropylene/vinylidene fluoride
copolymer {masterbatch containing a quaternary ammonium salt
and Bisphenol AF); Mooney viscosity (MLi.ip, 100°C): 88;
specific gravity: 1.80; fluorine content: 71 wt%

[0091]
FXM polymer 5: "DAI-EL G801," manufactured by Dalkin

Industries, Ltd.; hexafluoropropylene/vinylidene fluoride

X
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copelymer; Mooney viscosity (MLiwag, 100°C): 66; specific
gravity: 1.81; fluorine content: 66 wt3
[0092Z]
| {d) Bisphenol AF: 2,2-bis(4-
5 hydroxyphenyl)perfluoropropane, manufactured by Tokyo
Chemical Industry Co., Ltd.
[0093]

{e) Bisphenol S: bis(4-hydroxyphenyl)sulfone,

manufactured by Tokyo Chemical Industry Co., Ltd.
10 [0094]

(f} Curative VC20: triphenylbenzylphosphonium chloride
(masterbatch with 33% active ingredient), manufactured by
DuPont Dow Elastomers
[C095]

15 (g) Kyowamag #150: magnesium oxide, manufactured by
Kyowa Chemical Industry Co., Ltd.
[0096]

(hy Caldic #2000: calcium hydroxide, manufactured by

Chmi Chemical Industry Co., Ltd.
20 [0087]

(1) TAIC: triallyl isocvanurate, manufactured by Nippon
Kasel Chemical Co., Ltd.

[0088]

(1) PERHEXA 25B: 2,5-dimethyl-2,5-di (t-
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butylperoxy)hexane, manufactured by NOF Corporation
[0099]
{k) PERBUTYL P: q,a'-bis(t-
butylperoxy)diisopropylbenzene, manufactured by NOP
5 Corporation

[G100]

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 {oici}
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(.1 [-PZ Pressing conditions (temp./time) Secondary vulcanization conditions (temp./time) V) m a) c.)
,W, ai W m 01 'al in- ay Crack resistance (crack) Compression set (%) 33 CLAIMS 1. A fluororubber
composition comprising a peroxidecrosslinkable fluoropolymer, a polyol compound, a peroxide
crosslinking agent, and a co-crosslinking agent, and no polyol crosslinking aid,  the fluororubber
composition containing 0.1 to 3 parts by weight ofthe 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-crosslinkable fluoropolymgs s 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 polyol compound is Bisphenol AF. 4. A seal formed by crosslinking the
fluororubber compasition.aceordifigde Clawpdsiticn Asepkeampysiagsa:erassliaked fluoropolymer

andEipOquggglogggable fluoropolymer, a polyol compound, a peroxide
creosslinking agent, and a co-crosslinking agent, and no
polyol crosslinking aid,
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 ceo-crogslinking agent per 100 parts by weight

of the percoxide-crosslinkable fluoropolymer.

2. The fluororubber composition according to Claim 1,

wherein the polyol compound is a bisphenol.

3. The fluororubker composition according te Claim 1,

wherein the polyocl compound is EBisphenol AR,

4. A seal formed by crosslinking the fluorecrubber

compesition according te Claim 1.

5. A seal comprising a c¢rosslinked fluoropolymer and

a polyol compound.

&. The seal according to Claim 5, wherein the polyol

compound ig a bisphenol.



6. The seal according to Claim 5, wherein the polyol compound is a bisphenol. 34 7. The seal
according to Claim 5, wherein the polyol compound is Bisphenol AF. 8. A seal formed by
crosslinking the fluororubber composition according to Claim 2. 9. A seal formed by crosslinking
the fluororubber composition according to Claim 3 10. The seal according to Claim 6, wherein the
polyol compound is Bisphenol AF. 34

7. The seal according to (Claim 5, wherein the polyol

compound i1s Bisphenol AF.

8. A geal formed by crosslinking the fluororubber

composition according to Claim 2.

9. A geal formed by crosslinking the fluocrorubber

compogition according to Claim 3.

10. The seal according to Claim 6, wherein the polyol

compound is Bisphenol AF.



