SPECI FI CATI ON RUBBER- METAL LAM NATE TECHNI CAL FI ELD [0001] The present
invention relates to a rubber-netal |lamnate, and nore particularly to a
nitrile rubber-metal |amnate for use as an effective seal material, etc.
BACKGROUND ART [0002] Nitrile rubber-netal |am nates conprising a netallic
sheet and a nitrile rubber vulcanizate |layer formed thereon through an
adhesi ve, as disclosed, for exanple, in the followng Patent Literature 1,
have been so far practically gyetiHaderntoNi terature 1 : JP-A-2000-6308

[ 0003] Tetranethylthiuramdisulfide (Noccelar TT, a product of

Quchi - Shi nko Chem cal Co. RUBBER-NEThEENANSERUA@E a vul cani zation pronoter
in the NBR conposition to forma nitrile rubber |ayer, where dangerous

subst ances geRBCRINICARFEILIOM such as not only N nitrosodi net hyl am ne,
but al so N-nitrosodiethylam ne, N nitrosodi butyl am ne,

N- ni t r osopi pdPDfiLhe Th¥ piréseos oimvepltion nelatdd tai 4 nabbemehénal plaheinayd am ne,
and N-nitrosoet hyl phenyl am ne, are classified into the nitroam nes, which
are cont ragld etbret pastiaddely £otd alitriNorgbiRer-(iERASKGA)nak Kechné schenRegel n
fur Gefahrstoffe, German Law setting forth technical regulations on
danger ousf®gbige sngkbmateridl,@teo in controll ed substances set forth in

Pol | ut ant Rel ease and Transfer Register (PRTR), and are now subjected to
vol untary reddEEAROWYOUARThus, a NBR conposition has been now desired,
whi ch can provide a_rubber having desired physical properties w thout
using any vUPB8R] z fifgle ﬁubhwmegabéwbm@e@fcmn@smg agmesatlicobhest

subst ances set . . X )
and a nitrile rubber vulcanizate layer formed thereon through an adhesive,

as disclosed, for example, in the following Patent Literature 1, have been so
far practically used.
Patent Literature 1 : JP-A-2000-6308
[0003] Tetramethylthiuram disulfide (Noccelar TT, a product of
Ouchi-Shinko Chemical Co., Ltd.) has been used as a vulcanization
promoter in the NBR composition to form a nitrile rubber layer, where
dangerous substances generated therefrom, such as not only N-
nitrosodimethylamine, but also N-nitrosodiethylamine, N-
nitrosodibutylamine, = N-nitrosopiperidine, = N-nitrosomorpholine,  N-
nitrosomethylphenylamine, and N-nitrosoethylphenylamine, are classified
into the nitroamines, which are controlled items under Article No.552
(TRGS552) of Technische Regeln fur Gefahrstoffe, German Law setting
forth technical regulations on dangerous substances, and also in controlled
substances set forth in Pollutant Release and Transfer Register (PRTR),
and are now subjected to voluntary reduction.
[0004] Thus, a NBR composition has been now desired, which can
provide a rubber having desired physical properties without using any

vulcanization promoters capable of generating controlled substances set



1 forth in TRGS552, PRTR, etc. such as 2-(N, N-di ethylthiocarbanoylthio)-
benzot hi azol e, 2-(4' -norpholinodithio)benzothiazole, N oxydiethylene-2-
benzot hi azol yl sul fenam de, tetranethylthiuramdisulfide,
tetraethylthiuramdisul fide, tetrabutylthiuramdisulfide,

tetramet hyl t hi uram nonosul fi de, di p entanethyl enethiuramtetrasulfide,
pi peri di ne pent anet hyl enedi t hi ocar bamate, zi nc di net hyl di t hi ocar bamat e,

zi ncdi etfopthdid MRGEERAMPIEIR ZbRC HicAULY! (N AGIRAMBbErba ity 16 hy! - N

phenyl di t hi ocar bamate, zi nc N pent anet hyl enedi t hi ocar bamate, sodi um

di but yl dibeizegtahBABRLE (4 'C0pR&H hdl Tt tHisibt Rk e&as RASB e ox| @fct hlene-2-
di nmet hyl di t hi ocarbamate, tellurium diethyldithiocarbanate,

tri met hylbehizottiegolybt C. RuBCREBURE, OF ThiEtraMAENTENFPREBLEM JRuBEISOLVED BY
THE |1 NVENTI ON [ 0005] The object of the present Invention is to provide a

nitrile tettbehyltkiabnl an nadgulfide Use aseanbatflebiuraen seal artéfid@l , which
conprises a netallic sheet and a rubber |ayer fornmed on the netallic sheet

wi t hout Itetnemetyylthi eenhz aiengphyidsabigpmopardthek nethiurbaaniozatsudfids,at e and
al so without generating nitrosoam nes as control |l ed substances set forth in
TRGS552, pRRdiRlinet pentvEANG yHOR ASOLVENG aTiiE cPRORL Bivh f (10061thTdvarbdinacs, of t he
present invention can be attained by a rubber-nmetal |am nate, which
conpr i seginc Meethyldishwoehamate, szinahbutyllehercairbamede onintchN -etdyhIN-i ¢
sheet, the rubber l|ayer being formed froman NBR conposition conprising
(A) 100 pdenyldyhigspgramate, nzind | N-pemtpmethyBpedithiod@rpamage bysodeimht  of
sul fur, and (Q).. 0.5-10 parts by weight of at |east one sulfur donor
conpound Hbnbdtdhigoesharate.abencopehi ur dimeitbyldithiecarbamate,  ferric
dimethyldithiocarbamate, tellurium diethyldithiocarbamate,
trimethylthiourea, etc.
DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0005] The object of the present invention is to provide a nitrile
rubber-metal laminate for use as an effective seal material, which
comprises a metallic sheet and a rubber layer formed on the metallic sheet
without lowering vulcanizate physical properties or vulcanization rate and
also without generating nitrosoamines as controlled substances set forth in
TRGS552, PRTR, etc.
MEANS FOR SOLVING THE PROBLEM
[0006] The object of the present invention can be attained by a
rubber-metal laminate, which comprises a metallic sheet and a rubber
layer formed on the metallic sheet, the rubber layer being formed from an
NBR composition comprising (A) 100 parts by weight of nitrile rubber, (B)
0.1-5 parts by weight of sulfur, and (C) 0.5-10 parts by weight of at least

one sulfur donor compound selected from tetrabenzylthiuram disulfide,

tetrakis(2-ethylhexyl)thiuram disulfide, zinc tetrabenzyldithiocarbamate,



tetraki s(2-ethyl hexyl)thiuramdisulfide, zinc tetrabenzyl dithiocarbamate,

2 and 1, 6-bi s(N, N-di benzyl t hi ocar banodi t hi 0) hexane, and preferably the NBR
conposition further containing (D) 3-100 parts by weight of silica and (E)
60- 200 parts by wei ght of alum num oxi de having an average particle size
of 0.1-10,u in, as a rubber layer-form ng conposition. EFFECT OF THE

| NVENTI ON [ 0007] The present rubber-netal |am nate can be effectively

formed widdhoub-leneNadi S NAHiOUS hRALJ R8I Hdx@ReaSas@N DOl 86y t1@E set
forth in TRGS552, PRTR, etc., without |oweri ng vul cani zate physi cal

properti %anywlﬁaﬁlmaﬁhe@rbomémﬁgr(Dmgs 1@rbasds Bhwelela ¢fudilies amdyer onto
a netallic sheet. BEST MODES FOR CARRYI NG QUT THE IN\/EI\FI'I ON [ 0008]

Acr yl oni t(E) |68~ 200 adirenby cogighy rgralumtibam baidenpaeingoahi svedagapaytioki tril e
content of 18-48% preferably 31-42% and a Mooney viscosity M1+4(1000)
of 30- 85,sipx ef @rlatd y Ml as7d rubber kyeudermasg eomposition. r ubber (NBR) of
Conmponent (A), where comrercially avail able products can be practically
used direct| yEEFEQUERQF (MEh INAEENGRONed acrylonitrile content is |ess
than 18% the adhesi veness of the rubber |ayer towards the adhesive used
for rubber | alp)®07] afiheapresandirubboemeshiamizateoran beteicetiselphfomntdde

conbi ned acrylonitrile content is nore than 48% the cold resistance wl|
be det erwBhant@enyaiing variysneiredossvsies \as eoritegded htpm3eet dehfim cti onal
abrasion resistance will be unsatisfactory, whereas when the Money

vi scosi t YTRGSkHRe RINAR, g8c., twithrnb dansring yuganizaie @bvwabrmpéartha)oog]
Vul cani zati on of NBR can be carried out. by sul fur vul cani zati on, in
conbi nat i &l {HHIRIEZALIG Kate duri@gniaainiasionsylst aibaee &ayeASOrﬁ@rwmélhc

vul cani za o? etc. Sulfur as Conponent (B) can be used in a
sheet.

BEST MODES FOR CARRYING OUT THE INVENTION

[0008] Acrylonitrile-butadiene copolymer rubber having a combined
acrylonitrile content of 18-48%, preferably 31-42%, and a Mooney viscosity
ML,,,(100°C) of 30-85, preferably 40-70, can be used as a nitrile rubber
(NBR) of Component (A), where commercially available products can be
practically used directly as such. When the combined acrylonitrile content
1s less than 18%, the adhesiveness of the rubber layer towards the adhesive
used for rubber layer lamination will be unsatisfactory, whereas when the
combined acrylonitrile content is more than 48%, the cold resistance will be
deteriorated. When the Mooney viscosity is less than 30, the frictional
abrasion resistance will be unsatisfactory, whereas when the Mooney
viscosity is more than 85, the kneadability will be deteriorated.

[0009] Vulcanization of NBR can be carried out by sulfur
vulcanization, or in combination with any other vulcanization system such
as peroxide vulcanization, etc. Sulfur as Component (B) can be used in a
proportion of 0.1-5 parts by weight, preferably 1.5-3 parts by weight, on the
basis of 100 parts by weight of NBR. When the sulfur is used in a



proportion of 0.1-5 parts by weight, preferably 1.5-3 parts by weight, on
the basis of 100 parts by weight of NBR Wen the sulfur is used ina 3
proportion of less than 0.1 part by weight, the cross-linking density wl|
be lowered, with the result of deteriorated abrasion resistance, where

fl ashes of rubber generated by conpression will be a problem whereas when
it is used in a proportion of nore than 5 parts by weight, the rubber

har dness proepbitidie of MesaasRdy. 1raakldy Reidht, €8s erdQriatieghos@al @y (Wil he [ 0010]
Sul fur donor conpound as a vul cani zati on pronoter of gorrponent (C is at

| east ondowbrddtwaberlaytdsultiofdediriorhtédabhavibhgebiteah @, hodragfl edtery cal
formula: ._. .CH2 SSHXCNGCSSCN/ \ CH C

Tet r aki s(d-retbbyl exygtateli by aom@iressidh celllhiby iangrobiiemf atHereh o gviediend zal
formula : C2H5 CH5 CH3-CH CHI CHz CHCH2 S S H2C- CH CH2- CH2- CH2- CH3

N- C- S- S- GxsdGiri3a @Hibp GH2e rCl? nihteGHia rH3 G Gtk Ol2wEtghtCtRe €HBbeChHDdA2dds Zi nc
tetrabenzyl di t hi ocarbamate having the follow ng chemcal forrmula : (j-CH2 S
S H2c /\ WD Sinamreasal, Gedlt@it At eriorated sealability.

1, 6- bi s(N, N-di benzyl t hi ocar banodi t hi 0) hexane having the follow ng chem cal
formula : [0010] © Sulfur donor compound as a vulcanization promoter of

Component (C) is at least one of

Tetrabenzylthiuram disulfide having the following chemical formula :

Tetrakis(2-ethylhexyl)thiuram disulfide having the following chemical

formula :
CzHg CeHs
CHy~CHa~CH,~CHa~CH—CH § H2G-CH-CH,~CHz~CH,CHa
N-G-5—85-C-N
CHg~CHy=CHy~ CH,~ CH—CH, Ho0- GH-GH,~CHp~CHyGH,
CaHs CaHs

Zinc tetrabenzyldithiocarbamate having the following chemical formula :

Oreey g

"N-€-5—Zn—5-C-N

4 __\ CcH, H\zc—@

1,6-bis(N,N-dibenzylthiocarbamodithio)hexane having the following

chemical formula :



4 Ps SN S-S -. (CH) S- S which can be used in a proportion of 0.5-10
parts by weight, preferably 1-5 parts by weight, on the basis of 100 parts
by wei ght of NBR The nore the wvulcanization pronoter is used, the higher
t he vul cani zation rate, enabling the vulcanization to take place for a
shorter tine, but the storage stability of the rubber conposition will be
deteriorated, resulting in accelerated gelation of the rubber paste.

[ 0011] Besi des thesey4 vul cani zati pronoters, other vul canization
pronoters incapab » generating osoam nes as controlled itens of
TRGS552 can be us ogether with vul cani zation pronoters of Conponent
(C as the essent{al Sonponent, v@ich can include, for exanple,

N- cycl ohexyl bete{ hi azol yl sul ffern@am des\ N-t - but yl - 2- benzot hi azol yl

sul f enam de - @ €§e(ORE-3- bezol yl sul f enam de,

hexanet hyl enet€tram ne, n- buf?l al dehydexahiline, N,N' - diphenylthiourea,
N,N' -diethylthiourea, 1,3-di-o-tolylguanidine, 1,3- diphenylguanidine,

di - o- t ol yIVgighicdinnke yaed imh ntopartéehof OBol Apertsibyweotlyt, profegabhyi Bé, zi nc
but yl xant hogepat e, zi nc i sopropyl xant hogenate, di-2- benzot hi azol yl

di sul fi d&arps hﬁﬁ’%‘éﬁbblﬁhﬂtﬁ gwﬁ@fépodrarm by #iqieht af NBRt cThe mowsf dreabl y

sul fenam de -based vul cani zati on pronpters. [0012] Sinultaneous use of
these vul'CHMBZRHER PBHieEISs useh thenkishas dhe alcanisanpr aatorenadimeand

cross-linking.density. Wien the wvulcanization rate is so high that the

r ubber c&i‘ﬁo‘gflf?%’ﬁai@nst@oﬁagﬂ‘?e&aw fox; prfortarelame. haw the stoxager aabiie- based
[ i : [ I or b de | b

¥3|r f ﬁglr Zg&éldﬁ'{]q %hgg& %?)hg{og?mor\l/ uvlvﬁfl%lez tetlze%rllorra%éci %gs%lti%gn?n eaccgk—z\l\garttedy

gelation of the rubber paste.

[0011] Besides these 4 vulcanization promoters, other vulcanization
promoters incapable of generating nitrosoamines as controlled items of
TRGS552 can be used together with the vulcanization promoters of
Component (C) as the essential component, which can include, for example,
N-cyclohexyl-2-benzothiazolyl — sulfenamide, N-t-butyl-2-benzothiazolyl
sulfenamide, NN ' -dicyclohexyl-2-benzothiazolyl sulfenamide,
hexamethylenetetramine, n-butyl aldehyde aniline, NN -
diphenylthiourea, N,N ’ -diethylthiourea, 1,3-di-o-tolylguanidine, 1,3-
diphenylguanidine, di-o-tolylguanidine salt of dicatechol borate, 1-o-tolyl
biguanide, zinc butylxanthogenate, zinc isopropylxanthogenate, di-2-
benzothiazolyl disulfide, 2-mercaptobenzothiazole, or its zinc salt, etc.,
preferably sulfenamide-based vulcanization promoters.

[0012] Simultaneous use of these vulcanization promoters can
increase the vulcanization rate and cross-linking density. When the
vulcanization rate is so high that the rubber composition is scorched by
simultaneous use of a sulfenamide-based vulcanization promoter, the

vulcanization rate can be made lower by further addition of di-2-



5 benzot hi azol yl disul fide or 2-nercaptobenzothiazole thereto w thout

| owering the cross-linking density, that is, an optimm vul cani zation rate
can be obtained thereby. Single use of other vul canization pronoters than

Component (C) results in a |lower vulcanization rate and fails to increase

the crosslinking density, so that the rubber vul canizate will have a poor

abrasi on resistance, and the resulting rubber-netal |am nate having a

rubber | dpavodfiatdigl r dihgfidvul gand zeé @ aptdie nebelengsler UReEtPr @akags and
fl ow when conpressed. Thus, the single use of other vul canization pronoter

i s not déswenbketheThesslhdkingulaaityz ahaois, prooptiefsm Wilcehidhon Pae
si mul t aneously used together with Conponent (C) are in a proportion of not

nmor e t harabtepabitasndyy theiehlt , Spugt ersahifiothe vphmamszdtyowpir@ghbtererthbhe basi s
of 100 parts by weight of NBR [0013] Conponent (B) as a vul canizing agent
and Conpdrienpoia)t €3 resulid bani batdrovulorommtem aate addddils coNBRrasse
essential conponents in this nanner. Besides, various conpounding agents
usual | y dBedrpesliHengudsity, sedtiatr the frobbex amtaaizater wilhflore agp@gent such
as silica, alumnumoxide, activated calciumcarbonate, etc.; a filler
such as t&@rasiogl sspistgmgphiangl the aresiultingi rulherenestlclammase obewisigng ai d
such as steari¢ acid, palmtic acid, paraffin wax, etc.; an acid acceptor
such as ZMRECHXFYE, Of'rﬁ%fh&‘bb% Frigaizatgywildtuidsirge rubber braakage fodi dant ;
a plasticjzer iuch as dioctyl %gbacaﬁ?g, etc. can be appropriately added
t her et o. vehgp compressgdandThngnithamsiiglacusare ptheerabeynization t heret o
to i nprove thg abrasi21 n resjstapce agd th adhesi veness towards the
adhesi ve R{&LET (HHe %egﬁa ast ¥ OFRY ¥RKRNIZATGY pEORgESr WINSR)can
conposi tion.for, reciprocal notion-directed seal which conprises 100
parts by b\ﬁeﬁla}ﬂlt%‘?@%%huﬁ%@%ethﬁl ROE G EIRITE COrfErD B Pragursny oy
30-100 p%rottsmgye V&4 ritO parts by weight, preferably 1-7 parts by weight, on the
basis of 100 parts by weight of NBR.

[0013] Component (B) as a vulcanizing agent and Component (C) as
a vulcanization promoter are added to NBR as essential components in this
manner. Besides, various compounding agents usually used in the rubber
industry, for example, a reinforcing agent such as silica, aluminum oxide,
activated calcium carbonate, etc.; a filler such as talc, clay, graphite,
calcium silicate, etc.; a processing aid such as stearic acid, palmitic acid,
paraffin wax, etc.; an acid acceptor such as zinc oxide, magnesium oxide,
hydrotalcite, etc.; an antioxidant ; a plasticizer such as dioctyl sebacate, etc.
can be appropriately added thereto. Above all, silica and aluminum oxide
are preferably added thereto to improve the abrasion resistance and the
adhesiveness towards the adhesive layer.

[0014] An abrasion-resistant nitrile rubber (NBR) composition for
reciprocal motion-directed seals, which comprises 100 parts by weight of

NBR having an acrylonitrile content of 20-35wt.%, 30-100 parts by weight

of carbon black, and 5-150% by weight of chromium oxide on the basis of



of carbon bl ack, and 5-150% by wei ght of chrom um oxide on the basis of 6
the carbon black is disclosed, for exanple, in Patent Literature 2. Patent
Literature 2 : JP-B-6-74352 [0015] The nitrile rubber-netal |am nate, where
the nitrile rubber is Ilamnated onto the netal sheet, sonetines undergoes
fl ow or peeling of the rubber when used at high tenperatures and high
specific pressure, resulting in |lowered sealability. Wiere there are | arge

t enper at 4he cafbhdte blalkd i8NBsclased, ToPBx AAPIISn IBIKAL [hRILANe S M et ting take
pl ace on the contact surfaces between the engine and the gasket due to

tenperature fIRigbHaLItRASIuETEr EPYB.GLBEIRoNg a | arge shearing stress on the
gasket. Thus, peeling or abrasion of the rubber |ayer take place due to

the friction [Obebhedhet hierilablisierhayed] landnhbe WesR! {HeCnIReetubb&sH ting in
peeling the rubber layer off fromthe netallic sheet. This is a problem

Mol di ng lpmodatxdsortorthedmbtairshiche, JVBR thorp asidergie BBoRINRSethg 6 tRat ent
Literature 2 undergo such a large friction, and thus suffer froma problem
of seri ousbbabbeheabrasiont i highheecsgadrasihiedi nadr égghnspé@d6prduirapr ove
the frictional abrasion of rubber, carbon black is wusually added thereto
in this masmdmg bot loweresl diehlalality. | Whane ahere-amenddigmeadmaephiwetion to
prevent abrasion or peeling of rubber thoroughly by single addition of
car bon blfhitkuations,7ps| in as engdme-ghsketpregiosedretbimpphke aplaesi on cthat i ng
agent of polytetrafluoroethyl ene, polyethylene resin, etc. to the rubber
surface tenta@uiiriaeps beiveedmwhe cutdineiamt the reaskiey dwsdteitegpcretunebber
abrasion.,  However, such inconvenience as abrasion of rubber in an instant
has been flaguptipneidsiehe eeanting a lpegasheaning sbiespgndheansket.onThist he
coating age?t. Thys, it has been desired to enhance_the adhesi veness
bet ween t95&l1ngpperabrasion of the rubber layer take place due to the friction

between the rubber layer and the metallic sheet, resulting in peeling the

rubber layer off from the metallic sheet. This is a problem. Molding

products formed from the NBR composition as proposed in Patent

Literature 2 undergo such a large friction, and thus suffer from a problem

of serious rubber abrasion in the seal sliding region.

[0016] To improve the frictional abrasion of rubber, carbon black is
usually added thereto in this manner, but it is difficult in the afore-
mentioned application to prevent abrasion or peeling of rubber thoroughly
by single addition of carbon black.

[0017] It has been also proposed to apply a resin coating agent of
polytetrafluoroethylene, polyethylene resin, etc. to the rubber surface to
lower the friction coefficient, thereby reducing the rubber abrasion.
However, such inconvenience as abrasion of rubber in an instant has been
so far encountered as a result of peeling or abrasion of the coating agent.

Thus, it has been desired to enhance the adhesiveness between the rubber

and the adhesive, and also improve the frictional abrasion resistance

characteristics of rubber itself.



and the adhesive, and also inprove the frictional abrasion resistance
characteristics of rubber itself. 7 [0018] Fromthe foregoing viewoint, it
is preferable that an NBR conposition for a rubber-netal |am nate having a
hi gher adhesi veness towards an adhesive |ayer and inproved frictional
abrasion resistance characteristics w thout generating various
nitrosoamnes as controlled itens of TRGS552, PRTR, etc. can further

contain 3- 10gg938}_3E@Mm“@ﬁ&%réébinéivliéxﬁﬁoi%@fjitﬁ% 39&89%1%8&1% HEINBR O

f
al um num oxi havi ng an average particle size of ,u1non the

basi s of chahdRaiss Y eh®Verhetdilt Tirh@até Ul@@ﬁhg_ ReRidRS hlResiveness
af ore-nenti oned essential conponents. [0019] Silica (reinforcible silica)

of Conporentard®)an nedlidess 1hpsr examiptovell Yridtideas Satsiakioia rpsiatieed by a
met hod of thermally deconposing silicon halides or organosilicon

conpoundsshagaeeitsoids ofvitheitmgbhyratesy cvaigousiditezosantdeangs aioht@iiedi zi ng
the resulting SiIO etc. and wet process silica produced by a nethod of
t her mal | yiteles ofI3¥GH553,0BRIR, sitt.i @at Birtke€contAim Bph@ipasisl b aetglnt e used,
where commercially available products, for exanple, N psil LP (a product
of Japan sHiita @adc60y2H0CpartsLby. Weight af daminem usede diaves lan asesageh.
Silica having a specific surface area of about 20 to about 200 nP/g,
pr ef er ablpardisdusizzoof @. kOutm100 e/ hasisarf BEO usauds |by weeght ofiditwk i s
preferable fromthe viewpoints of |ow price, easy handling and good
abr asi on fubbesthasedes theoafghe nentaimessessentiad cemmovents not better than
that of ordinary carbon bl ack, but can inprove the adhesiveness toward the
adhesi ve. [O00B§9ThesBicsi (egnioraibleesilicad of n"Camposgst t (Don inludbsutfo t o
about 100 parts by weight, preferably about 10 to about 80 parts by
wei ght, GHaRPIE, BBE PEoGEes fd@?%ﬁ]ﬂdéch){We@ grathetl olgRermally decopmosingh of
less t hansilicon halides or organosilicon compounds, a method of thermally reducing

silica sand and air oxidizing the resulting SiO, etc. and wet process silica

produced by a method of thermally decomposing sodium silicate, etc.

Amorphous silica can be used, where commercially available products, for

example, Nipsil LP (a product of Japan Silica Kogyo Co., Ltd.), etc. can be

used directly as such. Silica having a specific surface area of about 20 to

about 200 m*/g, preferably about 30 to about 100 m%*g, can be usually used.

Silica is preferable from the viewpoints of low price, easy handling and

good abrasion resistance, though the abrasion resistance is not better than

that of ordinary carbon black, but can improve the adhesiveness toward the

adhesive.

[0020] These silica can be used in a proportion of about 3 to about

100 parts by weight, preferably about 10 to about 80 parts by weight, on

the basis of 100 parts by weight of NBR. In a proportion of less than

about 3 parts by weight, the desired adhesiveness will not be obtained, and

peeling of rubber will take place when exposed to frictional abrasion,

whereas in a proportion of more than about 100 parts by weight the rubber



about 3 parts by weight, the desired adhesiveness will not be obtained, and
peeling of rubber will take place when exposed to frictional abrasion,
whereas in a proportion of nore than about 100 parts by wei ght the rubber

8 hardness will be so high that the rubber elasticity will be lost. [0021]
Al um num oxi de as Conponent (E) having an average particle size

(determ ned by laser diffraction) of 0.1-10 y in, preferably 0.5-5 A in,

can be usggdn¥bewillhe s%%i%ﬁ%al@%h&irﬁbBeﬁEFa%ﬂc&erﬂFbé @R, 10 ,u in, the
rubber |ayer will be abraded by al um num oxide particles, resulting in

| ower ed abr asiooR1] esASLANEEm AxEdE NN CHindenean @ q&@@n%naﬁ RYORQEL i on  of
about 60 to about 200 parts by weight, preferably about 80 to about 150

parts by psetight sizerdétheentiasd HydhsdOifpactionpyf 0al- 101 0f pABRabiens-5al um num
oxide is used in a proportion of |less than about 60 parts by weight, the
desired efhectanolfe uked.pr88ent thenzrentsigep articiapizove meote thiant he, nabihasi on
resi stance and the conpression resistance cannot be attained, whereas in a
pr opor t i arbber neyer twidn babalbitad2@0bpastusnimumedghie pheicléneadabiihigtin and t he
normal state physical properties will be deteriorated. Wthin the
above- nerdvwenet apragion tresistazege Aluhenums exideecal baiusethinox pdeportiva nor e
i nproved the abrasion resistance. [0022] Al um num oxi de has a hi gher Mhs'
har dness,ofiabout $G trambouth2®0 pareuby tweight,ereforably ahaut 80 tCabout A50
silicate, i.e. 2, that are generall used mnerals for rubber, and has a
hi gher cdfgtedyi oreighsi @Ilaﬂ@ebatSlShpgth()sp@ﬁs‘ by preaglatuoé Nifren Wddwad to the
rubber. Thus, NBR vul cani zates containing alum num oxi de can be prevented
from peeldHGIBHDE |0FHlDAS (UssHel a REERPrE®RPEJewsd than mhpmtt edperss lhye and
hi gh specific pressure. [0%%3] Aﬂdition of silica and al um num oxi de havi ng
an aver ag&eigphr thedesigpd elioet of the prgsemt snvantion enrumpravesentaef dien an
equi val entb . . . . .

abrasion resistance and the compression resistance cannot be attained,

whereas in a proportion of more than about 200 parts by weight the

kneadability and the normal state physical properties will be deteriorated.

Within the above-mentioned proportion range, the more the aluminum

oxide, the more improved the abrasion resistance.

[0022] Aluminum oxide has a higher Mohs’ hardness, i.e. 9 than

that of quartz, i.e. 7, or that of Ca or Al silicate, i.e. 2, that are generally

used minerals for rubber, and has a higher compression resistance at high

specific pressure, when added to the rubber. Thus, NBR vulcanizates

containing aluminum oxide can be prevented from peeling or flow of rubber,

when compressed at high temperature and high specific pressure.

[0023] Addition of silica and aluminum oxide having an average

particle size of 0.1-10 4 m to nitrile rubber can attain an equivalent

mechanical strength (normal state physical properties), etc. to those

attained when single carbon black is added to the nitrile rubber, and can

also improve the abrasion resistance without substantial deterioration of

such properties on one hand, and can attain a distinguished effect on



mechani cal strength (normal state physical properties), etc. to those

attai ned when single carbon black is added to the nitrile rubber, and can
al so i nprove the abrasion resistance without substantial deterioration of
such properties on one hand, and can attain a distinguished effect on 9
remar kabl e reduction in rubber cracking due to deterioration by heat, etc.,
or in peeling due to decreased adhesi veness towards the adhesive, as

obser ved remarfabbaseld witicni gkebleaidétaicRih®fueabkpelibatkon bQ0R4H: Sl ection
of silica capable of making the friction |ower and inproving the

adhesi veres i tpesdings duke tadhestaedasdackivehess aperaaddi tHeonadbbsival w@ num
oxide to the silica having a | ower abrasion resistance than that of
or di nar y cbaebanl inl Hekcazanfisipglevaldition alfficaghanblaeki st ance wi t hout | oweri ng
t he adhesiveness. Vul cani zates of such an NBR conposition can be used as a
rubber |ayer [0024] r Sebetiomevhilsilicantapdlde cohmpraksngghe fridtidd lewesheet , and
an adhesi ve | ayer and the rubber |ayer, successively lamnated onto one
si de or bBEUFosiEtheordhérveres fomnrdhdbe adhesatrta a MErtand hddasmeof stics
of adhesi veness between the rubber |ayer and the adhesive I|ayer and
abr asi on #lugBHENeELdSf tq the pilisBelhaviager lawerhbragio026distneeprhesethatNBR
conposi ti n%&fn be prepared into a nitrile rubber coating agent by
di ssol vi r?g IBAEp iagbpy placknean aimproyenthg sahimagion rpsistameg potheutof not
hi gher than 250C, for, exanpl e, tones, aromatic hydrocarbons, or a
m xture tAFEER he Adbesikeaess: ngﬁéeaw%ﬁs el ag PR enmpositign can
i ngredients by, a knﬁgﬂgnlsuch siiggernix, Eggader, Banbury m xer, etc.,
or througﬁ” BifEhas 8 jubbegdayerpiea guppey-metgh apinaiscompages:a aatalle used
to formthe rubber |ayer .of .a rubber-netal |agm nate conprising.a netallic
sheet ar?hﬁﬁh_e%?‘ggnl %@_ﬁ‘?“&%&a&%@g& r* %ﬁ?éﬁ?y?%éuﬁéﬁ%‘fel&%ml%@er s
bei ng suco%%gsl()%gI %i&ean?)rn toet% Osri] e(z)s o&e t%led%lgtralﬁg t S esét(,jefo Ogttglhr? both
characteristics of adhesiveness between the rubber layer and the adhesive
layer and abrasion resistance of the rubber layer itself.
[0025] The present NBR composition can be prepared into a nitrile
rubber coating agent by dissolving or dispersing it into a solvent having a
boiling point of not higher than 250°C, for example, ketones, aromatic
hydrocarbons, or a mixture thereof without kneading or after kneading of
only some ingredients by a kneader such as intermix, kneader, Banbury
mixer, etc., or through open rolls, etc. The nitrile rubber coating agent can
be used to form the rubber layer of a rubber-metal laminate comprising a
metallic sheet, an adhesive layer and the rubber layer, the latter two
members being successively laminated onto one side or both sides of the
metallic sheet.
[0026] The metallic sheet includes a stainless steel sheet, a mild
steel sheet, a zinc-plated steel sheet, an SPCC steel sheet, a copper sheet, a

magnesium sheet, an aluminum sheet, an aluminum die cast sheet, etc.

The metallic sheet can be used usually in a defatted state, and can be
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nmetallic sheet. [0026] The netallic sheet includes a stainless steel sheet,
a mld steel sheet, a zinc-plated steel sheet, an SPCC steel sheet, a
copper sheet, a magnesium sheet, an al um num sheet, an al um num di e cast
sheet, etc. The netallic sheet can be used usually in a defatted state,
and can be 10 further surface roughened, if required, by treating the
netal surface by shot blast, scotch bride, hair-line, dull finish, etc. In

the case fofthesi spfade ronghendd, cif segalireds 13 $eAtAMERS imbtall fngkaess of the
sheet is generally about 0.1 to about 1mm [0027] A priner |ayer 1Is

pr ef er ablshot bl astd seutch heidetialitdimes dedlt finishhet@r i Iethd 8y of gsiaxpdet ed to

i nprove the heat resistance and the water resistance relating to the
rubber adhetsiloa sbeet he ar sislenatetial thakineas ef thorhideisapbiyeradlydahdutt he case
of using the rubber-netal lamnate as a seal material it is desirable to

f orm t he (ot iter@boliiywrm. [ 0028] For the primer |ayer, comercially avail able
chemcal liquids or well known art can be generally used, for exanple, a
zi nc phosphatl@0Ri] mA pammér dayphos prafeeablyl fornzed oat the-mydlichvherat e film
inorganic filns of conpounds of such netals as vanadi um zirconium

titani um I hoPyimerlaYer it gxpetted, tonmmpravesde heatcrestdanemmpndtide, water
particul arly oxides of these nmetals, etc., and organic filnms of silane,
phenol r é§P15taRsey Bxkatings to, thgorykhest adhesion eafctheprabbenploah 1@?]7?&6 Ihalyer
cont ai ni ng an organonetal |.ic conpound having at | east one each of chelate
ring and Pﬁ&?ya‘gfy ag?i 19 theneassy phgsing ehrerulhprtmeralclominiate ag asewk al

oxi de or si{;i c%,. an rmre]@pre erably a primer layer containing these
prinmer | dYBIEYHEEs fengb Herhs RiARres layeiir ol ysi s condensati on product

a2 oo o0 S e T Rk ST bpder Ty Bviiible HediRaRGuES "

or well known art can be generally used, for example, a zinc phosphate film,
an iron phosphate film, a coating-type chromate film, inorganic films of
compounds of such metals as vanadium, zirconium, titanium, molybdenum,
tungsten, manganese, zinc, cerium, etc., particularly oxides of these metals,
etc., and organic films of silane, phenol resin, expoxy resin, polyurethane,
etc. Preferably a primer layer containing an organometallic compound
having at least one each of chelate ring and alkoxy group, or the primer
layer further containing a metal oxide or silica, and more preferably a
primer layer containing these primer layer-constituent components and a
hydrolysis condensation product of an amino group-containing alkoxysilane
and a vinyl group-containing alkoxysilane can be used. The hydrolysis
condensation product can be used even alone.

[0029] The organometallic compound includes, for example, an
organoaluminum compound such as ethylacetoacetate aluminum
diisopropylate, aluminum tris(ethylacetoacetate), aluminum-mono-acetyl
acetonate-bis(ethylacetoacetate), aluminum tris(acetylacetate), etc.; an

organotitanium compound such as 1sopropoxytitanium
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condensati on product can be used even al one. [0029] The organonetallic
conpound i ncl udes, for exanple, an organoal um num conpound such as

et hyl acet oacetate al umi num diisopropylate, al unm num

tris(ethyl acetoacetate), alum num nono-acetyl acetonate -bis (ethylaceto
acetate), alumnumtris(acetylacetate), etc.; an organotitani um conpound
such as isopropoxytitanium 11 bis(ethyl acetoacetate), 1, 3 -propane

di oxyti t ais(ethyiaséwhbylaacrt ORsal@dbahediosttisRFRROXY{dtAPldétoacetate),

bi s(acetyl acetonate), titaniumtetra(acetyl acetonate), "etc.; an

or ganozi rdisopuopaxynipatintnshisthcasyldeetonBtd)0xitd hite@ e (acetylacetonate),

bi s(acetyl acetonate), di-n-butoxyzirconium bis(ethyl acetoacetate), etc.

Pr ef er ablejc.; oraganotrgaramircontonpocsndpotadi ngichhehat aliri-BalSyzardnalkoxy
group(s) represented by the follow ng general fornulae can be used : CH3
(RO) 4- n Thistacetstlacet@x@ed, Cld3-mbu@yzicniytRO) bik(ethkladet Q) OR eic.Wher e R
: a lower_al kyl group such as CH31 COH5, n-CA, i-C3H7, n-C4H9, i- C4H9,
etc., andmfdrablyn irgregttawiung -comd08 hihmgrehealatoxing(s] andealdgsd to the
primer layer in the same. manner as silica includes, for exanple, alum na,
titani um&MBE) reprasgairssly she dellowingegandrdb formuglne sianmbeonsate;  zi r coni um
oxide, etc., and can be used in a ratio by weight of not nore than 0.9,
preferably not nore Clis

|

0—cC

A 7 N\
(RO)4-pn Ti &0=C/CH

[
CHs n

CHs
|

0—cC
1 s AN
(RO) 4-n Ti \0=C/CH

L),
, where R : a lower alkyl group such as CH,, C,H;, n-C,H,, i-C,;H,, n-C,H,, i-
C,H,, etc., and n is an integer of 1-4.

[0030] The metal oxide to be added to the primer layer in the same
manner as silica includes, for example, alumina, titanium oxide,
manganese oxide, zinc oxide, magnesium oxide, zirconium oxide, etc., and
can be used in a ratio by weight of not more than 0.9, preferably not more
than 0.45, to the organometallic compound. When the metal oxide is used
in a ratio by weight of more than 0.9, mixing of the metal oxide with other
primer components will be hard to conduct. Thus, this is not preferable.

[0031] The amino group-containing alkoxysilane capable of forming

a  hydrolysis condensation product includes, for example, 3-
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than 0.45, to the organonetal lic conpound. Wen the netal oxide is used in
a ratio by weight of nore than 0.9, mxing of the netal oxide with other
primer conponents will be hard to conduct. Thus, this is not preferable.

[ 0031] The ami no group-containi ng al koxysil ane capable of formng a
hydr ol ysi s condensati on product includes, for exanple, 3- 12

am nopropyl triethoxysilane, 3-am nopropyltrinethoxysilane, N (2-

ani nomet hyth inoprapy IRPREIEYIsiIENEEL O3y §in; 10Ip§‘alt(fimgﬂﬁ)x\§fisﬂ¥he,9r OUR.(2-
cont ai ni ng al koxysi |l ane includes, for exanplée, vinyltrinethoxysilane,

vinyl tri ethimoséedhames-anhimopiopPltriaethoRy DxKet ROxY) siianeying ¢ grdligse
al koxysil anes are converted to a hydrol ysis condensati on product t'hrough

si mul t aneousainyag olyisisysilaaet iinciuded, plokyeandssatvianltraactidxysN¥nd) Xi ng
an am no group-containing al koxysilane with water, adjusting pHto an

aci di ¢ sivdeyltardhaxidillagiea wimylitrig¢ otip-mettoxiyothgkyddikme/sidtane tTeset o with
stirring, while keeping the tenperature at 40 -60C. 25-400 parts by
wei ght, mlebeyalinessel &thypatdd thy hedghysisafondbasation prgdacptleenisd ni ng
al koxysilane is mxed to 100 parts by wei ght of the am no group-containing
al koxysi |sameltareusdsidrolysgs hyartodty shd mopcenkashtionpreadtion hiysmiseg i n a
ratio by weight of not nore than 3, preferably not nore than 1.5, to the
or ganonetad} [aneingo gpoimeoniaemg Akdwydilehy swihc wradensatjustingr puts ans  in a
ratio by weight of nore than 3, the conpatibility with the adhesive wll
be wor se,AGdSAAe ngnd fdders eaviery] gaRBBICOBIRIDINE | siline theiretor wetdnpr i si ng
t he afore-nentiongg ﬁgﬁponen%s can be pregargd into a solution having a
concent r attHEH S WEEE | kpening dhe tempgatire at 40t o690out 5BHPOVRIALY n an
organi c solvent, for exapple, an al cohol. A such as nethanol, ethanol,
i sopr opylw%ﬂg@éhar‘?fgé%@y : ggl%é’t BRESSRIE H"’%gh&c_@{] he VInFe ERYP-6PRYAIN Y one,
etc., or élﬂgxslfsli atie i'ghgli)?erdg&nigo ?)glriysetr)]}tf Wse?é'}liltt <I)f0 t%echgigg group-containing

alkoxysilane. The resulting hydrolysis condensation product is used in a

ratio by weight of not more than 3, preferably not more than 1.5, to the

organometallic compound. When the hydrolysis condensation product is

in a ratio by weight of more than 3, the compatibility with the adhesive will

be worse, resulting in decreased adhesiveness.

[0032] The primer comprising the afore-mentioned components can

be prepared into a solution having a concentration of solid matters of about

0.2 to about 5% by weight in an organic solvent, for example, an alcohol

such as methanol, ethanol, isopropyl alcohol, etc., a ketone such as acetone,

methyl ethyl ketone, etc., or the like. The organic solvent solution can be

mixed with not more than 20% by weight of water, so long as the solution

stability can be maintained.

[0033] The resulting primer solution can be coated onto a metallic
sheet at a coating weight rate of about 50 to about 200 mg/m?® by spraying,

dipping, brush, roll coater, etc., dried at room temperature or with hot air,

and baked at about 100° to about 250°C for about 0.5 to about 20 minutes
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m xed with not nore than 20% by wei ght of water, so long as the sol ution
stability can be maintained. [0033] The resulting prinmer solution can be
coated onto a netallic sheet at a coating weight rate of about 50 to about
200 nmg/ n2 by spraying, dipping, brush, roll coater, etc., dried at room
tenperature or with hot air, and baked at about 100 to about 250C for
about 0.5 to about 20 mnutes 13 to forma priner layer. [0034] As an
adhesi vetogoriieS sHigldiYlag¥ai | abl e common adhesives for fornming filns of
various resins such as silane, phenol resin, epoxy resin, polyurethane,

etc. can be used4fli Pecd HdRSsiSHCibmBetialldhlwailadle astRasiY 8dhEQYWS foyi N9 2
ki nds of novol ak type phenol resin and resol type phenol resin, and

unvul caniferdiNBRIsancbeatisad. rekHI35hcNay dditdand, Wil adein, rqwixy FRinuse
herein includes, for exanple, resin having a nelting point of 80 -1509C,

pr epar ed goyyueshdeeasatd. @anr baatsedndivéctiph esohscthavPirederably, &n sudbetivieut abl e
nucl ear hydrogen atons in o- and/or p-positions with respect to the
phenol i c coymnaxgl2 gnolspfsuchlas tyfepbénolpesiresnd reselayes @henol resin,
p-t-butyl phenol, etc. or their mxtures with fornmal dehyde in the presence
of an aciahdunatilesnizdcNBRisawkalisedaci d, hydrochloric acid, nmaleic acid,
etc. Preferably resins having a nelting point of 120 C or higher prepared
from mcresol [0838] f dovaladetyde phanpe nesuu.fof 0086] hiednl inglpdephénol resin
for use herein includes, for exagP[e, nesinsﬁfngpareq by condensati on
react i on e¥RIpNEnotesihabaviger sormeltingizaint uehii®’ nud0ckr, byep@pdn bat ons i n
o- and/or p-positions with respect to the phenolic hydrole group such as
phenol , FORABBHATION, kqaskion, op-phemls yhpviagol2 ost 8. substituteble mudeae with
fornaldeﬁqu in the presence of an . i ,
ydrogen atoms 1n o- and/or p-positions with respect to the phenolic
hydroxyl group such as phenol, p-cresol, m-cresol, p-t-butylphenol, etc. or
their mixtures with formaldehyde in the presence of an acid catalyst such
as oxalic acid, hydrochloric acid, maleic acid, etc. Preferably resins having
a melting point of 120 °C or higher prepared from m-cresol and
formaldehyde can be used.
[0036] Resol type phenol resin for use herein includes, for example,
resins prepared by condensation reaction of phenols having 2 or 3
substitutable nuclear hydrogen atoms in o- and/or p-positions with respect
to the phenolic hydroxyl group such as phenol, p-cresol, m-cresol, p-t-
butylphenol, etc., or their mixture with formaldehyde in the presence of an
alkali catalyst such as ammonia, an alkali metal hydroxide, magnesium
hydroxide, ete.
[0037] As unvulcanized NBR, commercially available various NBRs
of extremely high nitrile content (43% or more), high nitrile content (36-
42%), intermediate-high nitrile content (31-35%), intermediate nitrile

content (25-30%), and low nitrile content (24% or less) can be used directly

as such. Preferably, the same NBR as used for rubber layer formation can
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al kali catal yst such as ammoni a, an al kali netal hydroxi de, magnesi um
hydr oxi de, etc. [0037] As unvul canized NBR, comercially avail abl e vari ous
NBRs of extrenmely high nitrile content (43%or nore), high nitrile content
(36- 42%, internediate-high nitrile content (31-35%, internediate nitrile
content (25-30%, and low nitrile content (24%or |ess) can be used
directly as such. Preferably, the sanme NBR as used for rubber |ayer

formati omeGaded. 14 be used. [0038] The adhesive conprising the

af ore-nenti oned conponents can be dissolved into a single organic sol vent

such as a ket[gDB8] € The RRIHR¥Ive ebiyphrikigs oR. afitimbntizabdt ¥impshone etc.,
an aromati c hydrocarbon, e.g. toluene, xylene, etc. or their mxture, and

used as aaadldiliseolvell0B39]n Sihelabareriteslveadadch ArPLReNd: %, f0s. @eidf erabl e
adhesive are used in a proportion of 100 parts by wei ght of novol ak type

phenol  reekylhkptdi®, Im6fld/1pavbatiykavenghttc. pnaf grabhic 60-4400adant . Hy

wei ght, of resol type phenol resin, and 30-3,000 parts by weight,

pr ef er abltglB®ed@Plopar . by thewi mhtturefandhvetd aniazedutNBR. These conponent s
are prepared into a vul canizabl e adhesi ve by addi ng an organi ¢ sol vent
thereto with [#0RPhg Thendfgeimentigned domaporeerdenfoend rakefonbtd adbeporents in
total can be about 3 to about 10% by weight. \Wen the resol type phenol
resin is arsedsdadnin a propottidmef df00hpaetst barwdigho ofpaerdakytywei ghenolt he
adhesi veness of high nitrile rubber material will be |owered, whereas in a
propor t i GRS ; 1%5(9901%&8110/ paighs, pyefppilt 6Q-H00 adives by erright tafwasels t he
metal surface wil|l be lowered. This is not 1L;referabl e. Wen the

unvul canityeel PRBRO} sesiBegnd $0-3, 0P dsote by veighhnrefenakly 6068 pants dyby

wei ght, the adhegiveness towards the netal surface will be | owered, and

t he vi scdgghtnel junar ﬁ%qqeiingg?ggsea‘,hese components are prepared into a

vulcanizable adhesive by adding an organic solvent thereto with mixing
and stirring so that a concentration of components in total can be about 3
to about 10% by weight. When the resol type phenol resin is used in a
proportion of more than 1,000 parts by weight, the adhesiveness of high
nitrile rubber material will be lowered, whereas in a proportion of less than
10 parts by weight the adhesiveness towards the metal surface will be
lowered. This is not preferable. When the unvulcanized NBR is used in
a proportion of more than 3,000 parts by weight, the adhesiveness towards
the metal surface will be lowered, and the viscosity will be much increased,
resulting in coating work troubles, whereas in a proportion of less than 30
parts by weight compatibility with nitrile rubber as a bonding target will
be lowered, resulting in adhesion failure. The adhesive comprising these
components can be prepared by dissolving predetermined amounts of the
respective components into an organic solvent, followed by mixing with
stirring.

[0040] The adhesive layer can be formed on the metallic sheet,

preferably the metallic sheet provided with the primer layer, by coating the
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resulting in coating work troubles, whereas in a proportion of |less than 30
parts by weight conpatibility with nitrile rubber as a bonding target w |l
be | owered, resulting in adhesion failure. The adhesive conprising these
conponents can be prepared by dissolving predeterm ned anounts of the
respective conponents into an organic solvent, followed by mxing with
stirring. [0040] The adhesive |ayer can be fornmed on the netallic sheet,

pr ef er ablaphobBenéRtighéd Cagheqie PEEMitiRY Wildwidebpr ner 4hausr atbyo&@at i ng
the 15 above-nentioned adhesive solution, followed by air drying at room

t enper at yegpeaatine! ¥hddgin@aeubotPA000 tBaMeutZHILf B Y5 B dsmabout 30
m nutes. [0041] The adhesive | ayer can be not only in a nonol ayer

struct ur 80 mhutitedl so in a nmulti-layer structure. For exanple, a phenolic
adhesive |ayer containing an organonetallic conpound is fornmed on the
primer |ayer,[00dihf dhehedisddive daffeesiarebé ayeondyih ai miongldshe abastareent i oned
nitrile rubber conposition is further forned thereon to provide a

mul ti -1 ayert alsoain reg rofilti-heyeadbesiches, did thempder ubphendlay erdhiesivieor med
thereon. The multi-layer structure can nmake the adhesiveness of the priner
| ayer andayeheontabibeg drageganmmétabiigbenpbnnd ps fenedéd bonchegsedenlagzer of
coating steps for form ng the adhesive |ayers. [0042] The nitrile rubber
coating ta jphegwaiceddbasivet layeadhestiaiping dper abovermdritokress suitifileabout 10
to about 200 y in, and vul cani zed at about 160 to about 250C for about 0.5
to about IIObAT nemerosifine Fedurthengformeashdhevasmalto| praviide ea canlthdayer t her
provided with a Si n-ﬁas,ed, or raphi te- based coating agent or the like
on the r(98E0E @}e pyhesgxes mpd égerpraev&herrlﬁﬁaérls douregd fhereon. The

multi-layer structure can make the adhesiveness of the primer layer and
the rubber layer much higher in spite of increased number of coating steps
for forming the adhesive layers.

[0042] The nitrile rubber coating agent is coated onto the adhesive
layer to a thickness of about 10 to about 200 1z m, and vulcanized at about
160° to about 250°C for about 0.5 to about 30 minutes. The resulting
rubber-metal laminate can be further provided with a resin-based, or
graphite-based coating agent or the like on the rubber layer by coating to
prevent rubber sticking.

EXAMPLES

[0043] The present invention will be described in detail below,
referring to Examples.

[0044] EXAMPLE 1

Parts by weight

NBR (1041, a product of Nippon Zeon Co.; nitrile 100

content : 41%)
Zinc oxide 15

Stearic acid 2
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EXAMPLES [0043] The present invention will be described in detail bel ow,
referring to Exanples. [0044] EXAMPLE 1 Parts by weight NBR (1041, a
product of N ppon Zeon Co.; nitrile 100 content : 419% Zinc oxide 15
Stearic acid 2 16 HAF carbon black 45 FEF carbon black 20 Anti oxi dant
(Nocrac 3C, a product of Quchi-Shinko 1 Chemcal Co.) Sulfur 1.2

Di - 2- benzot hi azol yl disulfide (Noccelar DM a product 2 of Quchi- Shinko
Chemi cal Co. )HNFcyabehaixtk 2- benzot hi azol yl sul fenam de (Nocgglar 2 CZ, a
product of Quchi-Shinko Chem cal Co.) Tetrabenzylthiuramdisulfide
(Noccel ar TBZATEF carBowbdgikct of Quchi - Shi nko Chem cal Co.) The foregoing
conponents were kneaded through a kneader and open rolls, and the

resul ti ng kneadedxidanad®ocmas3Gubpesded df ©w@diieSiinkat i on of  \vul cani zati on

rate. Vul cani zation rate was determ ned at 180C by a rotorless rheoneter,
a product of ToyemBeiKlo.)XCo., according to JI'S K6300-2, where a difference
ME (MH M) between m ninmumtorque M. and naxi mumtorque VH was obt ai ned
from the vul cGwifzati on curve to take 1.2

Di-2-benzothiazolyl disulfide (Noccelar DM, a product 2

of Ouchi-Shinko Chemical Co.)

N-cyclohexyl-2-benzothiazolyl sulfenamide (Noccelar 2

CZ, a product of Ouchi-Shinko Chemical Co.)
Tetrabenzylthiuram disulfide (Noccelar TBZTD, a 1
product of Ouchi-Shinko Chemical Co.)

The foregoing components were kneaded through a kneader and open rolls,
and the resulting kneaded product was subjected to determination of
vulcanization rate. Vulcanization rate was determined at 180°C by a
rotorless rheometer, a product of Toyo Seiki Co., according to JIS K6300-2,
where a difference ME (MH-ML) between minimum torque ML and
maximum torque MH was obtained from the vulcanization curve to take
50% vulcanization time tc (50) of ME as a measure.

[0045] The kneaded product was press vulcanized at 180°C for 6
minutes to prepare two kinds of test pieces, 250mm X 120mm X 2mm and
10mm X 10mm X 0.5mm, which were subjected to determination of
hardness and N-nitroamine content in the following procedures :

Hardness : Test piece, 250mm X 120mm X 2mm, was subjected to
determination by a type A durometer according to JIS K6253

N-nitrosoamine content : Test piece, 10mm X 10mm X 0.5mm, was

kept in a tightly closed vessel filled with a nitrogen gas for 12 days, while

N-nitrosodimethylamine gas, N-nitrosodiethylamine gas, N-
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50% vul cani zation time tc (50) of ME as a neasure. [0045] The kneaded
product was press vul canized at 180C for 6 mnutes to prepare two kinds of
test pieces, 250mm X 120mm X 2nm and 10mm X 10mm X 0. 5mm  whi ch were

subj ected to determ nation of hardness and N-nitroam ne content in the
foll owi ng procedures : Hardness : Test piece, 250mm X 120nm X 2nmm was
subjected to determnation by a type A duroneter according to JI'S K6253

N ni t r osqdtiodedibanyRithine Jas N-pi6Sopip OfHIne é@m%&o‘éaﬁﬂolmdf@gésl n a
tightly closed vessel fil ed with a nitrogen gas for 12 days, whil

N ni t r os dintetobymathylp hgaglamimy t g050dingt Nyl gifiddecdadphbhylhmine gas
ni trosodi butyl am ne gas, N-nitrosopi peridine gas, N-nitrosonorpholine gas,

N- ni t r os owdasgt pfreny thei ndhgassheendaid niegn odak taky tqiteoNédriazes gasderr el eased
fromthe rubber sheet and regarded as controll ed gases under TRGS552 were
al | oned tIRGE558swetsedllowedrtoans adbarited andnt hdsorbhet,gasd thentthbtgasas
determ ned by gas chronmat ography [0046] [Preparation of rubber-netal

| ami nat e]contgnt wes dleg@zz@nm@g D¥f gasreldroomatogeaghy f ace of an al kal i -defatted
0.2mm t hick stainless steel sheet (SUS301, a product of N sshin Steel Co.),
usi ng a si | an®04akedPprnaretionsdpub errgl%ablqmmatbi/ wei ght of titanium
tetra(acetyl acet gnat e} 2.5 parts by wei ght of al koxysi | ane hydrol ysi s
condensat i on HriJawer, aerWﬁarfog Wwai e ofrfaget of ammdkal.dsiptdeds, by

wei ght of pet hapol.. The al koxysil ane_hydrol ysi s condensatl on product as
useg her &1-AmiA R ifé‘#’é’@sﬁ ﬁtﬁtel)iéh\e@?( Uéﬁ@ln&meducqqfoNﬁshm Steek €ody wei ght
of -am no yl.t ysil ane and 20 arts by weight of water were
cha)r/ged |‘}ﬁ1 gaf %ﬁ%\y‘% e pﬁn@rgqlpgrbp pélt Ilﬁ’éfa’t”e?f%h‘] g€ Ketenawar a

droppi ng gra?acety?acet(g)natm?s al%“ ggftgdbgfo wAélgh%M cth alkoxysilane hydrolysis
condensation product, 10.0 parts by weight of water, and 86.5 parts by
weight of methanol. The alkoxysilane hydrolysis condensation product as
used herein was prepared in the following manner.

[0047] 40 parts by weight of vy -aminopropyltriethoxysilane and 20
parts by weight of water were charged into a flask provided with a stirrer, a
heating jacket and a dropping funnel, and pH was adjusted to 4-5 with
acetic acid, followed by stirring for a few minutes. With further stirring,
40 parts by weight of vinyltriethoxysilane was slowly ‘dropwise-added
thereto through the dropping funnel. After the dropwise-addition, heating
and refluxing were conducted at about 60°C for 5 hours, followed by cooling
to room temperature to obtain the alkoxysilane hydrolysis condensation
product.

[0048] A adhesive composition prepared by adding 2 parts by weight
of unvulcanized NBR (N-237, a product of Japan Synthetic Rubber Co.;
intermediate-high nitrile content) to 90 parts by weight of methyl ethyl
ketone, and then adding 5 parts by weight of resol type phenol resin
(Kemrock TS1677, a product of Rhode Far East Co.) and 3 parts by weight
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acetic acid, followed by stirring for a few mnutes. Wth further stirring,
40 parts by weight of vinyltriethoxysilane was slowy dropw se-added
thereto through the dropping funnel. After the dropw se-addition, heating
and refluxing were conducted at about 60C for 5 hours, followed by cooling
to roomtenperature to obtain the al koxysilane hydrol ysis condensati on
product. [0048] A adhesive conposition prepared by adding 2 parts by wei ght

of unvul cAnihednABR HHyBTylede RBEORGHZ Of piadast SYDLIGL C6. ;
i nt er medi at e- hi rglh ni ?i‘\llyl e 3({:Sn(tagnt) to QO%arts by vveﬁ:%gﬁ?)ol%ggprr%{bh%%t hyl

ket one, andtdhentacld pgirbePBlyiey tBYfovRI 8htadMesRSRlyel YR&REANAH kSN
(Kenrock TS1677, a product of Rhode Far East Co.) and 3 parts by weight 18

of chl oriafathedt @0l yet Hhhenea ¢AmtRR0L the pb@@dUsten®fonddi NBRCeomhpbdigioat 0, was
coated onto the priner layer to forman adhesive | ayer having a thickness

of about lawgngm coblventraaiosodfiidalienmattdrbef 250y By Mesighoned MBRICRGs ti on

havi ng a concentration of solid matters of 25% by weight in a m xed sol vent

of t ol uerd tahwnestid) meshil/bthyd tkenend (eeight ratibEe=9:wds costsd ehatseh foher eon

to a thickness of 20 ,u in, followed by vulcanization at 230C for 3

m nut es. a Thkneas dif SHer 91,0follbiwesoby evtlgherratioes ah 230/ afoni Hgninutes.

pol ybut adi ene resin binder in toluene was coated on the surface of the

resul t i ngtRam casisregsionupbpelyeslydent cepireventainhee rupdgbuttdieke mgginf ol | owed

by a heat, treatnment wth hot air at 230C for 5 mnutes to forma

sti cki ng-PREgeARi dueng evas Kestedgon the ewrfess offtie yesultinghenkbypizedepar i ng

a rubber- al lamnate. [0049] The resulting rubber-netal |am nate was

subj ect ecFr‘T‘E ey lagernin exever thesrubben stackipg) gﬂ/ﬁ@‘i’g@dpl’oac%dl@ﬁé treongrtessi on

test : The. uﬁber .surface of the rubber-netal lamnate was conpressed with
thy Rpleal” &t <510 61 BRKO JHIRR LSO TeTB IS Shicking preventing layer

a convex ‘St
having a thickness of 5 u m, thereby preparing a rubber-metal laminate.

[0049] The resulting rubber-metal laminate was subjected to a
compression test in the following procedure :

Compression test : The rubber surface of the rubber-metal laminate
was compressed with a convex stainless steel block under conditions of
120°C and 1 ton/cm?® for 5 minutes, and the compressed rubber state was
visually observed and evaluated according to the following 5 ranks :

5 : No metal exposure substantially with no rubber flow

4 : No metal exposure with small rubber flow

3 : No metal exposure with considerable rubber flow

2 : Alittle metal exposure with large rubber flow

1: Large metal exposure with large rubber flow

[0050] EXAMPLE 2

In Example 1, no N-cyclohexyl-2-benzothiazolyl sulfenamide was used.

[0051] EXAMPLE 3

In Example 1, no di-2-benzothiazolyl disulfide was used.

[0052] EXAMPLE 4
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120C and 1 ton/cn2 for 5 mnutes, and the conpressed rubber state was
visual |y observed and eval uated according to the following 5 ranks : 5. No
nmet al exposure substantially with no rubber flow 4: No nmetal exposure with
smal | rubber flow 3: No netal exposure with considerable rubber flow 2: A
little nmetal exposure with large rubber flow 1 : Large netal exposure with
| arge rubber flow [0050] EXAMPLE 2 In Exanple 1, no

N-cycl ohexyl -I2r Bapaeplei azd Warsd! I m‘ﬂﬁdﬂaﬁetb@ﬁg 2-e11f39RdL 1?%%/%15 3 1n
Exanpl e 1, no di-2-benzot hi ?zol yl ygi sul fide was us(ed. }Q?OOSYZ EXAMPLE 4 19

In Exanpldisdlfidd @¢deslaryT@ENhta plodwtr sikOSCR-Shiwkh&hdnichl Wamyadi sul fi de
(Noccel ar TOT-N, a product of Quchi-Shinko Chemcal Co.) was wused in place

of tetrabesedyhtflace ahtedi st fzytichiuf HASBEuEXRVPLE 5 I n Exanple 1, 3 parts by
wei ght of zinc tetrabenzyl dithiocarbamate (Noccelar ZTC, a product of
Quchi - Shi nko [0R6A] cAIXATWPLRvEs further used. [0054] COVPARATI VE EXAMPLE 1
In Exanple 1, 0.5 parts by weight of di-2-benzothiazol yl disulfide
(Noccel ar DMInaHgamide phr3 pabis Wei ghighofolt @nc arttdbentzilditlancarhaasatdef | de
(Noccel ar TS, a product of Quchi-Shinko Chemcal Co.) were used as
vul cani zdNogeelpr & produeo 55 DuchiiShrRalro VhemxiahPOB.)2v in flthapleed, 2.5
parts by wei %ht of N CI{%% ohexgl - 2- benzot hi azol yl  sul fenam de (Noccel ar C2Z)
and 2 parts bYOR4] gROMPARATEYEBYAMP LEaM
In Example 1, 0.5 parts by weight of di-2-benzothiazolyldisulfide
(Noccelar DM) and 2.2 parts by weight of tetramethylthiuram monosulfide
(Noccelar TS, a product of Ouchi-Shinko Chemical Co.) were used as
vulcanization promoters.
[0055] COMPARATIVE EXAMPLE 2
In Example 1, 2.5 parts by weight of N-cyclohexyl-2-benzothiazolyl
sulfenamide (Noccelar CZ) and 2 parts by weight of tetramethylthiuram
disulfide (Noccelar TT, a product of Ouchi-Shinko Chemical Co.) were used
as vulcanization promoters.
[0056] COMPARATIVE EXAMPLE 3
In Example 1, 0.5 parts by weight of di-2-benzothiazolyl disulfide
(Noccelar DM) and 2 parts by weight of tetramethylthiuram disulfide
(Noccelar TT) were used as vulcanization promoters.
[0057] COMPARATIVE EXAMPLE 4
In Example 1, no tetrabenzylthiuram disulfide was used.
[0058] COMPARATIVE EXAMPLE 5
In Example 1, neither N-cyclohexyl-2-benzothiazolyl sulfenamide nor
tetrabenzylthiuram disulfide was used.

[0059] Results of determination obtained in the foregoing Examples

and Comparative Examples are shown in the following Table 1.
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di sul fide (Noccelar TT, a product of Quchi-Shinko Chem cal Co.) were used
as vul cani zation pronoters. [0056] COWPARATI VE EXAMPLE 3 In Exanple 1, 0.5
parts by wei ght of di-2-benzothiazolyl disulfide (Noccelar DM and 2 parts
by wei ght of tetranethylthiuramdisulfide (Noccelar TT) were used as

vul cani zation pronoters. [0057] COVPARATI VE EXAMPLE 4 In Exanple 1, no
tetrabenzyl t hi uram di sul fi de was used. [0058] COMPARATI VE EXAMPLE 5 In
Exanpl e 1, neither N-cycl ohexyl -2-benzot hi azol yl sul fenam de nor

tetrabenzyl thiuram di sul fide was used. [0059] Results of determ nation
obtained in the foregoi ng Exanpl gghleand Conparati ve Exanples are shown in
the following Table 1. 20 Table 1 tc(50) Hardness N-nitrosoam ne content
Conpression s c. (tc(0y /HikgindgdscaniNedtrosbbaine t@fenEX, ToaH138sidadet ect ed
5 11 26085ii 5 11 34083 n5 1/ 45085n5 11 552 87 ub

Conp. Ex. 1 25 87 2. Xsé&c.) 11 2 35 84 (L. 8/Bkg dhlcandBrulbed) 5 / /tedt 60 80
Undetected 3 1/ 5 90 82 11 3

Ex. 1 55 85 Undetected 5
2 60 85 4 5
3 40 83 " 5
4 50 85 n 5
5 b2 87 4 5
Comp.Ex.1 25 87 2.1 5
n2 35 84 1.8 5
3 40 87 1.5 5
4 60 80 Undetected 3
5 90 82 I 3

[0060] EXAMPLE 6

Parts by weight

NBR (N2358, a product of JSR ; nitrile content : 36%) 100
Silica (Nipsil LP, a product of Japan Silica Co.) 20
Aluminum oxide (A32, a product of Nippon Light 80

Metal Co.; average particle size : 1 z m)

Zinc oxide 5

Stearic acid 1.5

FEF carbon black 70

Antioxidant (Nocrac 224, a product of Ouchi-Shinko 2
Chemical Co.)

Sulfur 2
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[ 0060] EXAMPLE 6 Parts by weight NBR (N235S, a product of JSR; nitrile
content : 36% 100 Silica (N psil LP, a product of Japan Silica Co.) 20

Al um num oxi de (A32, a product of N ppon Light 80 Metal Co.; average
particle size : 1,un Zinc oxide 5 Stearic acid 1.5 FEF carbon black 70
Ant i oxi dant (Nocrac 224, a product of Quchi-Shinko 2 Chem cal Co.) Sulfur
2 21 Di-2-benzothiazolyl disulfide (Noccelar DM 2

N-cycl ohexyl -]_B'I-thfééﬁbmi@ééléﬂhisiﬂhﬁ@%%'bélﬁaﬁ Noggel ar CZ) 2
Tetrabenzyl t hi uram di sul fi de (Noccelar TBZTD) 1 The foregoi ng conponents

vere kneaded Nhivelglexal-Rneagethianely?Raehahlide (NBR&14PEZ)esul bi ng kneaded
product was subjected to determ nation of vulcanization rate in the sane

manner as i n Fxaaipdrezylthilef®1dishifdkeadeth P TBETTY) was press yul cani zed at
170C for 20 mnutes, and the vul cani zed product was subjected to

det er m nafheoforegoingasotnesse s dvdteridaeipdaliroggh enkesdddrnandepsaFgllgaNNer  as
in Exanple 1. Furthernore, a disc-shaped sheet, 120mmin dianeter and 2mm

in  thiclmesghewr¢dultingokeeadednprddmeti waet @ubjectedt be d@pt@initien esf was
prepared therefromas a test piece, and subjected to taber abrasion test in
t he fol | owleanipationdatein thabameahnaskons in dstaampienht i on of abrasi on vol unme
according to JIS '
[0061] The kneaded product was press vulcanized at 170°C for 20
minutes, and the vulcanized product was subjected to determination of
hardness and N-nitrosoamine content in the same manner as in Example 1.
Furthermore, a disc-shaped sheet, 120mm in diameter and 2mm in
thickness, with a hole, 6.5mm in diameter, at the center thereof was
prepared therefrom as a test piece, and subjected to taber abrasion test in
the following procedure :
Taber abrasion : determination of abrasion volume according to JIS
K6264, where an abrasion volume of less than 0.2ml was evaluated and
given as O, that of 0.2-0.5ml as A, and that of 0.5-0.7ml as X
[0062] Furthermore, a rubber-metal laminate was prepared in the
same manner as in Example 1, and subjected to frictional abrasion test and
compression test in the following procedures :
Frictional abrasion test : the rubber-metal laminate test piece was
subjected to a reciprocal motion test with a surface performance tester, a
product of Shinto Scientific Co., according to JIS K7125 and P8147
corresponding to ASTM D1894, using a hard chromium-plated steel friction
ball as a mating member under conditions of moving speed : 400 mm/min.,
reciprocal motion span : 30mm, temperature : room temperature, and load :

2kg to determine number of reciprocal motions until the adhesive layer was

exposed due to the rubber abrasion
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K6264, where an abrasion volune of |ess than 0.2 was eval uated and given
as 0, that of 0.2-0.5m as A and that of 0.5-0.7m as X [0062]

Furthernore, a rubber-netal |amnate was prepared in the sanme manner as in
Exanple 1, and subjected to frictional abrasion test and conpression test
in the follow ng procedures : Frictional abrasion test : the rubber-netal

| am nate test piece was subjected to a reciprocal notion test with a

surface perf oCompesssi®sttest : @he RudbEetsu@facshbNtie SabBaE-hidtsl Gominaecor di ng
to JI'S K7125 and P8147 corresponding to ASTM D 1894, using a hard

chrom umwdatemhpsteld titletd eonvéaldtantess BRlel Ngosienbederussiatitioandyft i ons of
novi ng speed : 400 nm m n. reci procal notion span : 30nm tenperature :
room t enpé&0&t uand Sbeh/emddor 5 Rldgutes, detdetln nempuedsed nfbbeecitptoeals not i ons
until the adhesive |ayer was exposed due to the rubber abrasion 22

Conpr essievaluastl accotingubderarsiy frade sofme meanndibes imEkamplarti nate  was
conpressed with a convex stainless steel block under conditions of 150C
and 3 ton/cn0068] 5 ENAMRISE 7and the conpressed rubber state was eval uated
according to 5 ranks in the sanme manner as in Exanple 1 [0063] EXAMPLE 7 In
Exanpl e 6, thia dxoumpleof, themmemnioxf ddumasushanifed wos cllmhg te sL2py

wei ght, and that of FEF carbon black to 40 parts by wei ght respectively.
[0064] E0RvEE Y8 Weigisarpd ethet eh&Fdisanbownblarkiondfh b@@i’tﬁebwva&el@hanged to

120 parts by vvel ght that of silica to 60 parts by weight, and that of FEF
carbon BEEREH®IE parts by weight, respectively. [0065] EXAMPLE 9

[0064] EXAMPLE 8

In Example 6, the amount of aluminum oxide was changed to 120
parts by weight, that of silica to 60 parts by weight, and that of FEF carbon
black to 5 parts by weight, respectively.

[0065] EXAMPLE 9

In Example 6, no N-cyclohexyl-2-benzothiazolyl sulfenamide was used.

[0066] EXAMPLE 10

In Example 6, no di-2-benzothiazolyl disulfide was used.

[0067] EXAMPLE 11

In Example 6, 3 parts by weight of tetrakis(2-ethylhexyl)thiuram
disulfide (Noccelar TOT-N) was used in place of tetrabenzylthiuram
disulfide.

[0068] EXAMPLE 12

In Example 6, 3 parts by weight of zinc tetrabenzylthiocarbamate
(Noccelar ZTC) was further used.

[0069] COMPARATIVBE EXAMPLE 6

In Example 6, 2 parts by weight of tetramethylthiuram disulfide
(Noccelar TT) was used in place of di-2-benzothiazolyl disulfide and

tetrabenzylthiuram disulfide.
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I n Exampl e 6, no N-cycl ohexyl -2-benzot hi azol yl sul fenam de was used.

[ 0066] EXAMPLE 10 In Exanple 6, no di-2-benzothiazolyl disulfide was used.

[ 0067] EXAMPLE 11 In Exanple 6, 3 parts by weight of

tetraki s(2-ethyl hexyl)thiuram disulfide (Noccelar TOI-N) was used in place
of tetrabenzylthiuram disulfide. [0068] EXAMPLE 12 In Exanple 6, 3 parts
by wei ght of zinc tetrabenzylthi ocarbamate (Noccelar ZTC) was further

used. [0069] [COVBARSTDMBRAEXAMWPBE EXWMEBXxanpl e 6, 2 parts by wei ght of
tetramet hyl thiuram di sul fide (Noccelar TT) was used in place of

di - 2- benzot hilaz dydmgles @, f heiehan dsiliteti@babzyhhhinuoxiddiwad fugdd, 23 [ 0070]
COVPARATI VBE EXAMPLE 7 I n Exanple 6, neither silica nor alum num oxi de was
used, themeowntunf FEF FEFbaabback weac khawase d bai@edpas 130 weaghs 4xyd \@ei ght ,
and 2 parts by weight of tetranethylthiuramdisulfide (Noccelar TT) was
used i n Nersgbyoreight 2f petraotdihahtbliytardid shfidde(MNomde aet TEbenzwdedi nr am

di sul fide. [0071] COVPARATI VBE EXAMPLE 8 In Exanple 6, no

t et r abenApehplidiatbgngottfiradyhdisui§de and|teordie nRERERENCE dEXAKFRE 1 | n
Exanpl e 6, the ampunt of al um num oxi de was changed to 50 parts by weight.

[0073] REFERENGEIEXANMVEARARTEREBKAMPLENE same anount of cal cium

car bonat e was uEed i q . .
In Example 6, no tetrabenzylthiuram disulfide was used.

[0072] REFERENCE EXAMPLE 1

In Example 6, the amount of aluminum oxide was changed to 50 parts
by weight.

[0073] REFERENCE EXAMPLE 2

In Example 7, the same amount of calcium carbonate was used in
place of aluminum oxide.

[0074] Results obtained in the foregoing Examples and Comparative

Examples are shown in the following Table 2.
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pl ace of al um num oxi de.

and Conparative

N-ni trosoam ne Taber content (u g /1kg Frictional
Har dness abrasi on vul cani zed abrasion test (sec.)
55 85 0 Undetected 1500 5
9 60 87 0 u 1700 5 1/ 10 40 84 0 1300 4 11 11 56 86 0 1
89 0 u 2000 5 Conp. Ex.6 53 85 0 1.8 1500 5
70 82 X Undetected 800 3 Ref.
| NDUSTRI AL UTILITY [0075] The pr'Eslget2 r ubber - net al

used as

as

[0074] Results obtained in the foregoi ng Exanpl es
Exanpl es are shown in the followng Table 2. 24 Table 2

Conpr essi on
rubber) test Nunber

tc(50)

Ex. 6

/17 50 85 0 a 2200 5 11 8 48 90 0 u 2100 5 11

engi ne head gaskets, etc.

Taber content (y g/lkg

1700 5

/!

12 45

if 760900 2.1 900 4 1! 8

Ex.1 57 83 0 u 400 3 11 2 65 90 x u 700 2
| am nate can be suitably

The NBR conposition further containing
silica and al um num oxi de havi ngNantrasemage particle size of 0.1-10 u in

tc(50) Hardness abrasion vulcanized
_(sec) rubber)
Ex.6 55 85 O Undetected
7 50 85 O "
8 48 90 O 4
9 60 87 O Z
10 40 84 O n
n11 56 86 O %
12 45 89 O I
Comp.
Ex.6 53 85 O 1.8
7 60 90 AN 2.1
-8 170 82 X Undetected
Ref.
Ex.1 57 83 A I
2 65 90 X I
INDUSTRIAL UTILITY
[0075]

engine head gaskets, etc.

Frictional
abrasion
test (Number)
1500
2200
2100
1700
1300
1700
2000

1500
900
800

400
700

Compression

test

ot ot 1SN o ot Ot ¢

The present rubber-metal laminate can be suitably used as

The NBR composition further containing silica

and aluminum oxide having an average particle size of 0.1-10 . m as

ingredients of the rubber layer can be used as suitable seal materials for

reciprocal motion sliding, for example, for shock absorbers.
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i ngredi ents of the rubber [ayer can be used as suitable seal materials for
reci procal notion sliding, for exanple, for shock absorbers. 25 CLAIMS [1]
(As anended) A rubber-netal |am nate, which conprises a netallic sheet and
a rubber layer formed on the netallic sheet, the rubber |ayer being forned
froman NBR conposition conprising (A) 100 parts by weight of nitrile
rubber, (B) 0.1-5 parts by wei ght ChAIMSfur, and (C 0.5-10 parts by

wei ght of at | east one sul fur donor conpound sel ected from

t et rabenzyl t hillll antAdi suhéndied) A noibbetrmadted z Y it dieo carhbehmatoenprsek 1a 6- bi s
(N, N-di benzyl t hi ocar banodi t hi 0) hexane as a rubber |ayer-form ng

conposi t i Bietalliq sheqtubnd a rrhbdr layet dfonreedonothi metalicshéet, the whbbein t he
NBR conposition further contains (D) 3-100 parts by weight of silica and
(E) 60- 2tayerabeingdpredgfromyrnaNER sompositien isawmiprisiag @) elypapa bycl e
size of O. 1-10n% [3], A rubber-netal |am nate accordi n? to Caimil, wherein
the NBR sighipt naailegrubher, @hodirdarss byoweightaf sdiymand (y) 0S-30t of
ot her vul cani é}g{éi on pronpter_incapabl e_of %gnerati ng nitrosoam nes as

control | eB2Tts bYs Venehikagssd lepsh ansnsadint doepr ewsapewed seleetedofsunent
(©. [4] A rubber-neral |amnate according to I.m 2, wherein the NBR
conposi ti Sﬂtrfigﬁflﬁéltt”g%gﬁ%%ﬁ%u » FRGetetEa ell%ylgl&gt‘%c%ﬁ?amt@h?néflﬁtbiér

vul cani zat onoter.in abl.e.of ,generating nitrosgam nes as, controlled
items of %5@ ePFPélgf"(ﬁ?ﬁﬁc}g fht(héf?),h%?‘éaét héf wi& h 5nei@yqrc§o_rn{19}g A

r ubber - net al Iarg'.nate according to Claim1l for use as a seal material. [6]
A rubber - fRERSHA M nat e accor di ng to Caim2 for use as a seal

[2] A rubber-metal laminate according to Claim 1, wherein the NBR
composition further contains (D) 3-100 parts by weight of silica and (E) 60-
200 parts by weight of aluminum oxide having an average particle size of
0.1-10 x m.

[3] A rubber-metal laminate according to Claim 1, wherein the NBR
composition further contains not more than 10 parts by weight of other
vulcanization promoter incapable of generating nitrosoamines as controlled
items of TRGS552 than Component (C), together with Component (C).

[4] A rubber-metal laminate according to Claim 2, wherein the NBR
composition further contains not more than 10 parts by weight of other
vulcanization promoter incapable of generating nitrosoamines as controlled
items of TRGS552 than Component (C), together with Component (C).

[6] A rubber-metal laminate according to Claim 1 for use as a seal
material.

[6] A rubber-metal laminate according to Claim 2 for use as a seal

material.

[7] A rubber-metal laminate according to Claim 3 for use as a seal

material.
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material. [7] A rubber-netal |lam nate according to Caim3 for use as a
seal material. 26 [8] (As anended) A rubber-netal |amnate according to
Claim4 for wuse as a seal material. 27

[8] (As amended) A rubber-metal laminate according to Claim 4 for

use as a seal material.
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