SPECI FI CATI ON RUBBER- METAL LAM NATE TECHNI CAL FI ELD [ 0001] The present
invention relates to a rubber-netal |amnate, and nore particularly to a
nitrile rubber-metal |amnate for use as an effective seal material, etc.
BACKGROUND ART [0002] Nitrile rubber-nmetal |am nates conprising a
metallic sheet and a nitrile rubber vul canizate |ayer formed thereon

t hrough an adhesive, as disclosed, for exanple, in the follow ng Patent
Literature 1, have been so far practically uysed. Patent Literature 1 :
JP- A- 2000- 6308 [ 0003] TetSﬁMIIWWIéP&m di sul fide (Noccelar TT, a

Ui cani zati on promt er i nRUHESRERVEHbaA BNATBE or m & ni tri1e rubber

oy 1 050 et Hye BT ReS LA o0 N nit rosodi et byl amt ne Koo o oMY
Nt 1 osomet hyPBLy i REesedhqPRERHPRoBIaL P Hib Ay P H b SoEPas £ ed
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t echni caleﬂregg%ség}fl%gfc%qﬁgl%ﬁger ous substances, and also in controlled

subst ances ‘set Ut ant Rel ease and Transfer Register (PRTR), and

are now subj %&eg{cﬁﬁo‘(ﬂhiﬁ“ By reduction. [ 0004] Thus, a NBR

conposition has been now desired, which can provide a rubber having desired

physi cal prog@béé 5Iggiﬁﬂo%bﬁbﬁj-ﬁgtﬁnkxyiéﬂra‘%@@!c%ﬂﬁ_lﬂl_\g‘%{:slggrzé’”i%%[lﬁcCﬁ%‘?' e of

generating controll subst ances set th in PRTR, etc. such as

2- (N, N- diggfqhy It i1 GRLBBIRYI ddHi M te 10§52 Rir A2 h&eoR though an adhesive,
- nor phol i nodi t hi 0) benzot hi azol e, N-0xydi et hyl ene- 2-

benzot hi azq]iydissdd epapx sapletinanethbw g Patatitsiuléidare iehhaebbyh khi uram
disulfide, tetrabutylthiuramdisulfide, tetranethylthiuram nonosulfide,

di pent anghpylenetiiyuia. t et rasul fide, piperidine
pent anet hyl enedi t hi ocar bamat e, zinc di net hyl dithi ocarbamate, zinc

di et hyl di t hi oc ®@ahemlLteratiure 1di MRtARJOOH308ar bamat e, zi nc
N- et hyl - Nohenyl di t hi ocar bamat e, zi nc N-pent anet hyl enedi t hi ocar bamat e,

sodi um di but yDAD8hi charbasth@rhaopperdidulfaichyNdictdlaocBThangtreduéterafi ¢

di et hyl di t hi ocar bamat e, tel | uri undi et hyl di t hi ocarbamate, trimethylthiourea,

etc. 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



DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON

[ 0005] The object of the present invention is to provide a nitrile
rubber-netal |lamnate for use as an effective seal material, which
conprises a netallic sheet and a rubber layer formed on the netallic sheet
wi t hout | owering vul cani zate physical properties or vulcanization rate and
al so without generating nitrosoam nes as control |l ed substances set forth in

TRESSS2, BRHRin CEROSMEANPIRER SRV THE IRR-EM nw1chioR0Rh IR PI ect of

the present I nvention can i ned by a ber - amnat e ich

conpri SeshéhABRhAlbicc sheet - AbhibInihaiRebulanhRd Ntbx&n@?eemaké-g? sheet,

t he rubber | ayer being forned Trom an conposition conprisirng (A) 100

parts by w&iQbkiaeblydi t il & Fu4bARIGe, (B) Obe%fénlg%%ﬁéig&aﬁﬁi ght Ly gidlel ur, and

(C 0.5-10 parts by weight of at |east one su nor conpound sefl ect ed

fromtet r@b@i&h?hhﬁw@m di sulfiddeidet et r akjestAnairiexy! ) thi wamediesul fi de,
zinc tetrabenzyl dithiocarbamate, and

1, 6- bi s( Nebtathbanahiuhhecanhbasadiitb] Qipexantetanchanehenablotrhhe MR
conmposition further containing (D) 3-100 parts by weight of silica and (E)

60- 200 papipsridynsVgicdbdmethyensilitlivcaxb e abaviing damecadgldagtoabhned @, Si ze of
0.1-10 m as a rubber layer-form ng conposition. EFFECT OF THE | NVENTI ON
[0007] Thanprdstntldithidrerbariaat, baw ddieykithibeadfhestel wehy N-otigdNwi t hout
generating various nitrosoanm nes as controlled itens set forth in TRGS552,
PRTR, et cphenyltithudcarbamritag arnt c Nap eataen @ihydé walitipio opdran £, assdium

vul cani zation rate during | am nation of a rubber layer onto a netallic
sheet . BESburddEiFGRDEARRY| NG GhiDEFHE | dNviNHlyiNthiocarlj00a8], ferric
Acrylonitrile-butadi ene copol ymer rubber having a conbined acrylonitrile
cont ent ofim@hyddithipcetlambtes 31- 42%llaniana Moonegiethgkboshivgaabi{tk)0C) of
30-85, preferably 40-70, can be used as a nitrile rubber (NBR) of Conponent
(A, V\her'@”l@éﬁli%]ﬁhmallrﬁ?, eb¢ai | abl e products can be practically used directly
as such. Wen conbined acrylonitrile content is |less than 18% the

adhesi veness th PHBEePH dVHE INKENTEOMNe adhesive used for rubber |ayer
content 15 moPBAREENER Hif Sl a0 es SRE T RN TS tet orf orat vd. when
w1 bo unsat TR SFBS AleRett thRaecRL IBBIEYOY| ScbRES VIS AORETIhan 85,
g A B v R SRR R
Component tpepriags b GBS ReDEpR e ERph e EaR 30 e T onr il mythlitgHiet

RR. unon ot IpPRFE PRI prSRicDeBRaltets dRaBR T fain ),
o s TRy VS A P

corrpressi@RG/gggz’t}q{@Rp Qblem whereas when it is used in a proportion of
nore than 5 parts by vv’e%ght, t he rubber hardness will be increased,

resulting in gecANOFOREEANG TR PROBLEM010] Sul fur donor conpound as
a vul cani zation pronoter of Conponent (C) Is at |east one of
Tet rabenzyl t hjouge) dTad! fijder BaWHAY pthR roldRWiRe ehgnbealtthRieubd 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,



CH2ss H2C \illl/ NG S-S-CN/\ CH2H2C  Tetraki s(2-ethyl hexyl)thiuram

di sul fide having the following chemcal formula : C-15 CH3 CH2. - CH2- CH2-
C HQH2S H2C CH CH2- CH2- CH2-C H3 CH3- CH2-CH2- CH2- C

H CH2H2C- CH CH2- CH2- C142- CH3 62H562 H5 Zi nc tetrabenzyl dithi ocarbanate
havi ng the follow ng chem cal fornula :

1, 6-bi s(N, N-di benzyl t hi ocar banodi t hi 0) hexane havi ng the foll ow ng chem cal

formula 154 1,6-bis(N,N-dibenzylthiocarbamodithio)hexane, and preferably the
NBR composition further containing (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, as a rubber layer-forming composition.

EFFECT OF THE INVENTION

[0007] The present rubber-metal laminate can be effectively formed
without generating various nitrosoamines as controlled items set forth in
TRGS552, PRTR, etc., without lowering vulcanizate physical properties
and vulcanization rate during lamination of a rubber layer onto a metallic
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
18 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



, Which can be used in a proportion of 0.540 parts by weight, preferably
1-5 parts by weight, on the basis of 100 parts by weight of NBR The nore

t he vul cani zati on pronoter is used, the higher the vul canization rate,
enabling the vul canization to take place for a shorter tine, but the
storage stability of the rubber conposition will be deteriorated, resulting
in accel erated gelation of the rubber paste. [0011] Besides these 4

vul cani zagiRrabAMTLEESthAat Ber pXi sfweagm %emlegrpllekﬁg %ﬁ@@plv@lmﬁe

generating nitrosoam nes as COﬂt rolled rtens of can be used

toget her Mwidted NeithitEaREAAL 081 REQIRIEH Sath sfAMRAN&Rh C)vh@?e thenessenti al
conponent, whi ch can include, for exanpl e, N-cycl ohexyl-2-benzothi azol yl

sul f enam eferubWdr- duterhtedt benvaigeaziohywill be a problem, whereas when it is

sul f enam de, N, N- di cycl ohexy1- 2- benzot hi azol y1sul f enami de,

hexar aet hysezhai at propontion-diuhyle ahaelty gasii by Reidhi) theprdieyl ididowse a, N, N
-diethylthioure a, 1, 3-di-o-tolylguanidine, 1, 3- diphenyl guanidine,

di - o-t ol yWwglldniidereassd) tesaltidp datdechabrdiod abelabllin:.t ol y1 bi guani de, zinc
butylxanthogenate, zi nc isopropyl xant hogenate, di-2- benzothi azol yl

di sul fide, 2-tddpt Ghdfipotdunazokenpounidt aszanvudaitizabdn. pranetear alfl y

sul f enam de- based vul cani zati on pronoters. [0012] Sinultaneous use of
t hese vul CamppaenbiCpicoableass ovanfi ncrease the vul cani zation rate and
cross-linking density. Wen the vul canization rate is so high that the

r ubber coﬁ%@@bﬁnaﬂﬁheﬂ@ebdehéﬁdbﬁﬁemmmth@ﬁéhﬁ@nggéﬁmmmalﬁubﬁéaanlde based
vul cani zati on pronoter, the vul canization rate can be made | ower by further
addi tion of dixy2- ~benzothiazol yy & sul fide or 2-nercaptobenzothiazole
thereto wi t“’Fa%vefa}i ng thel&8gs-tinking density, that is, an optimm

vul cani zat i r at eNcrb-b&- @bt ai ned. .t hereby. Single use of other
vuIcanizati%ZS}eonpters thanéﬁpnggﬁknt (C results in a |lower vul canization
rate and f ai to increase the c slinking density, so that the rubber

vul cani zate will have a poor abrasion resistance, and the resulting
rubber-netal |am nate having a rubber |ayer of the rubber vul canizate w ||
under go rubber breakage and fl ow when conpressed. Thus, the single use of
ot her vul @@ﬁhk@é@%h?mb@muﬁ@oalsti!@ﬁaé aBhging Th&eo"fﬁﬁbw%%c@l@élﬁ%dlon
pronoters, which can be sinultaneously used together wth nponent (C) are
in a propforki@a :of not nore than 10 parts by weight, preferably 1-7 parts
by weight, on the basis of 100 parts by weight of NBR [ 0013]

Component (B) as a vul gapi zi ng agent a@q Conmponent (C) as a vul cani zation

pronot er augiaﬁgeg,yﬁ% Ca§sessquhQ¢C@QQQQﬂgqg§(ﬂp this manner. Besi des,
vari ous conpou ing agentsjugual y“qﬁed |n the rubber i ndustry, for

exanpl e, i t suc unloX|de activated
caIC|un1car (gﬁzéw(ﬁg filler sd%bc% q a? graphite, cal cium
silicate, etc., a proce s?ng ai d such d%sstearlc acid, palmtic acid,
paraffin wax, etc.; an acid acceptor such as zinc OX|de nagne5|un1OX|de,
hydrotalcite, etc.; an antioxidant ; a plasticizer such as dioctyl

21 unt num BRI eenpzsfécfﬁﬁ e A e |

resi stance an he adhe5|veness towards the adhesive |ayer. [0014] An
abrasion-re grlle rubpey, conposition for reciprocal
notion-direc sea su whi ch ¢ npfls 00 parts by wei ght of NBR having an

and 5-150% ohp of chronlunﬂso On the basis of the carbon black is
di scl osed, exanple, in Patent Li ature 2. Patent Literature 2 :

JP-B- 6- 74352 [ 0015] The nitrile rubber-netal |am nate, where the
nitrile rubber is lam nated onto the nmetal sheet, sonetinmes undergoes fl ow
or peeIin? of the rubber when used at high tenperatures and hi %h specific
pr essur e, 1reBis(Ni Nglibanzdieiogarbamapdishid hoxamher baving e the | follpaving
tenperature fluctuations, as in an engi ne-gasket region, fretting take

pl ace on ehemiefarnulai f aces bet ween t he engi ne and the gasket due to
tenperature fluctuations, thereby creating a | arge shearing stress on the
gasket. Thus, peeling or abrasion of the rubber |ayer take place due to the
friction between the rubber |ayer and the netallic sheet, resulting in
peeling the rubber layer off fromthe netallic sheet. This is a problem
Mol di ng products forned fromthe NBR cdﬁposition as proposed in Patent
Literature 2 undergo such a large friction, and thus suffer froma probl em
of serious rubber abrasion in the seal sliding region. [ 0016] To

i nprove the frictional abrasion of rubber, carbon black is usually added
thereto in thls manner, but it |s dlfflcult in the aforenentloned

T T g, . - I 1 B Y I T M I T T I

acrylonitril @ont ot CoP~ 2035wt N g 00 parts by wei ght of carbon bl ack,
f t



[0018] Fromthe foregoing viewpoint, it is preferable that an NBR
conposition for a rubber-netal |am nate having a hi gher adhesi veness
towards an adhesive layer and inproved frictional abrasion resistance
characteristics without generating various nitrosoam nes as controlled
items of TRGS552, PRTR, etc. can further contain 3-100 parts by wei ght of
silica and 60-200 parts by wei ght of alum num oxi de having an average
particle size of 0O 10 ,u mon the_Rasis of 100 parts by weight of nitrile
rubber, besides t @ ore-nenti onsenti al conponents. [ 0019]
Silica (reinforcibpe?silica) of Cowpgnent (D) includes, for exanple, dry
process silica prdducgd by a nethgd of thernmally deconposing silicon

hal i des or opganosil-con conpoundsy-g methqd of thermally reducing silica
sand and ai @ dV'zi ng -Bhechepubt gy SLQ ebc. and wet process silica
produced by &-#ethod of ther y deconpdsi/ng sodiumsilicate, etc.

Anor phous silica can be used, where commercially avail abl e products, for
exanpl e, Nvpiill carPb¢ aispd dducpragfortiaparf 055 41i0ceake YyowEght, ptcdedabletics can be
used directly as such. Silica having a specific surface area of about 20 to
about 200P#¥gs Py wewhér amithe hbsist of MG paethduyt waiphtr#/NBRcalHeemoseiahéy used.
Silicais preferable fromthe viewpoints of [ow price, easy handling and
good abr aSisAntzadion prareotertisoghdt tee htghesi the v@sasizanon raenenabiéhger t han
t hat of ordinafy carbon bl ack, but can inprove the adhesiveness toward the
adhesi ve. the vulcapggsmn theake placedfar gashangen siode i utathy spoage stallitpbout 3
to about %QO gar;i by weight, preferably about 10 to about 80 Earts by

wei ght, o th 8 grmpeotigyr wall phe wtgrieraiednersulting ipr agesdetaded of | ess

t han about .3 part.s, by i ght, the desired adhesiveness will not be
obtained,gﬁﬁﬁoﬁégﬁhﬁguggegﬁﬁﬁg¥ will take place when exposed to frictional

The-rubber - niT s e DTl BRato AEOMGBE ERek RSBy Ain o

par ol e RIS P RPTRA B} SHEEh e rRTECORBHp ol UDBOIRE FETh e er abl y
m the rubBSE SR RS shealY Dy Rar AR it tRar Prévaters @dul i ng
of about 00 Ps Shoi Bo6inar i) BMHERE WK Thn RalBE rut-PuRhBhL: 150
i do 15 bedannedtIaTilo | uRfkRdl RIS ol T

desived ediifGiafiad he RRsent | YROHOARXON HIRLOMATEA Of LheARKARL ON

resi stance and the conpression resfstance cannot be attained, ereas in a

proportionggﬁnggﬁgeﬁ@@@mﬁggﬁ;.qubﬂgyﬁz Q§k¥§gght gﬁghﬁgganQQlimy and the
e de ed.

normal state physical properties wl riorate VVthih t he
above- nendipbres ihiop@at | ONN angﬁieth!i}ﬁhfif@ﬁlgegt 2@,@hv-mﬁawrgeéhgﬁnﬁt he grore
xi de

i nproved the abrasion resistance. [ 2_] Al'um ndm o as a hi gher
Mohs'  har dipdssyldusnidthd, hdino-tHigg@inidudd salt bf YiceltecRbl bBAite0f1-60R1 A
silicate, i.e. 2, that are generally used mnerals for rubber, and has a

hi gher cobjguessdgn zirsi buayicandhodirghe spgigict 1i6oops BB hovbEcadded t o the
rubber. Thus, NBR vul cani zates contai ni ng al um num oxi de can be prevented
from peel benpothidzobpd disulfilber2-mserptobepradseblat ohi gh tewpesnt wite. and

hi gh specific pressure. [ 0023] Addition of silica and al um num oxi de
havi ng anpxeferadde spifenaoiide iased oful@arlizdGon promiovers. tri | e rubber can attain
an equi val ent _nmechani cal strength (normal state physical properties), etc.
to those attalHH@]whénmsiltapevuvsarisen obl dukeei yubcdeation t heomoteris| eanubber ,
and can al so i nmprove the abrasion resistance w thout substantial

det er i or 2CBPASSE thacKulnespeatioresrasa end heosd;linnicigc dlenattyai When the

di stinguished effect on remarkable reduction in rubber cracking due to

det er i or aYH6ANHRtI@arateetc S0 kyghi thadeths myblbek commvstiendedcarihed beness

t owar ds t he hesi ve, as qgbserved in the case of single addition of carbon
bl ack.  S'my ussdissc Of o 6F1f§n$%<ée-ba§%|\éu1@ﬁnk@%mg ReEGter.cthen | ower

and i nproving the. adhesi veness towards, the gdhesive as a filler, and
addi ti on %?mgpﬂﬁﬁﬁﬁhﬂﬁi?déa?o%ﬁhén§ ¢ lovera Bhgﬁ%ih@Méﬂﬁaypﬁsﬂgnd#@éistance

than that of ordinary carbon black can i nprove the abrasion resistance

wi t hout | owering the adhesiveness. Vulganizates of such an NBR conposition
can be used as a rubber |ayer of a rubBer-nmetal |am nate conprising a
netallic sheet, and an adhesive | ayer and the rubber |ayer, successively

| am nated onto one side or both sides of the nmetallic sheet, to attain both
characteristics of adhesiveness between the rubber |ayer and the adhesive

| ayer and abrasi on resistance of the rubber |ayer itself. [ 0025] The

o " N L o, o o o, . o,



[0028] For the prinmer layer, comrercially available chem cal l|iquids or
wel | known art can be generally used, for exanple, a zinc phosphate film
an iron phosphate film a coating-type chromate film inorganic filns of
conmpounds of such netals as vanadium zirconium titanium nolybdenum
tungsten, nanganese, zinc, cerium etc., particularly oxides of these
netals, etc., and organic filnms of silane, phenol resin, expoxy resin,

pol yur et hggesotkia@olyRr efistBRlY 8r p@'tﬁ%hd;%ﬁénﬁﬁmﬂoﬁ%ng{xﬁﬂner aenppRtal lic

conmpound having at | east one each of chelate ring an oXy group, or the

priner | ayereridy thecrepnliakitighedsibBtidlatax] 88 dPtimuld CRIcAR 1D Sate
preferably a prinmer |ayer containing these priner |ayer-constituent

conponentsarbe ohtdiydd ahysély. c Gidghsadd 6NotHe@dudtaRiza@bndoddters than
gr oup- cont ai ni ng al koxysi | ane and a vi nyl group-containing al koxysilane can

be used. Tompoydnbl(3irsswlvsdans ddweon vpl@diigdticanrabe anslethiky e iidrefse _
[0029] The organonetal lic conpound includes, for exanple, an organoal um num
conpound thectraaslieking deesitpcet ahet ahaniubber ditilsepizapy lvéillehaad Wripagm
tris(ethyl acetoacetate), alum num nono-acetyl . .
acetonateﬂuw§yéthyS@t@m@ﬁcaméiﬁyzrahﬂmm@umubbemﬁﬁwelﬂaﬂnﬁaadé&muﬁgaa; an
organotitani um conpound such as isopropoxytitani um bis(ethyl acetoacetate),
1, 3- pr opaitdiesxdpyer hithem wibbestmyltanientasatiatedergi iddmprommakbigt anmidim
bi s(acety] acetonate), titanjumtetra(acetyl acetonate), etc.; an
or ganozi riéoHi WhedomesuHgssasbh ddus - thepuringlez iuseonf urhieir s yabretytatcet onat e) |
di - n-but oxyzirconi um bi s(et hyl acet oacetate), etc. Preferably,
or ganot i tRIFRAHE dRptirsiradle ngThRather viuleayrigy tian drandrys, gvbigh( ejn
represented b he fol |l ow % general formul ae can be used : CH3 / "".. FS
- /CHO é) u]%cp@j}oqslyrps?a ogether with Component (C) are in a proportion of

not more than 10 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 tale, 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



n
al kyl

group such as CH3, C2H5,

CH3/ 0- Cc /CH O
n_

C
C3117, i-C3117, n-C4H9, C4H9, etc.,

is an integer of 1-4.

the carbon black is disclosed, for example, in Patent Literature 2.
Patent Literature 2 : JP-B-6-74352

[0015] The nitrile rubber-metal laminate, where the nitrile rubber is
laminated onto the metal sheet, sometimes undergoes flow or peeling of the
rubber when used at high temperatures and high specific pressure,
resulting in lowered sealability. Where there are large temperature
fluctuations, as in an engine-gasket region, fretting take place on the
contact surfaces between the engine and the gasket due to temperature
fluctuations, thereby creating a large shearing stress on the gasket. Thus,
peeling or abrasion 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.

OR (RO 4-n Ti , Where R a |ower

and n



[ 0030] The netal oxide to be added to the priner layer in the sane manner
as silica includes, for exanple, alumna, titanium oxide, manganese oxi de,
zi nc oxi de, nagnesium oxi de, zirconium oxide, etc., and can be used in a
ratio by weight of not nore than 0.9, preferably not nore than 0.45, to the
organonetal I i c conmpound. Wen the netal oxide is used in a ratio by weight
of nore than 0.9, mxing of the netal oxide with other priner conponents
will be hard n LS s r.ef.er 3 3 he
E)(ﬁ)l%? oG ¢ Q%re%&(}hg %123%%}116@ 1? 1? &f}gkeeiable ﬁ})}%tg 98 KRR

am no group-containing al koxysi 0 mng a ol'ysis
condensat ¢ Rp i BIEHC forl ACL-UBIES-micPhl $XATRAR: hivj igher -
ami nopr opyl t 11 et hoxysi | ane. 3- am nopr opg[]?%ﬁr:ei #%’E’h%%(yasihl %%1, [\ai-dglf.sweness

anm nonet ywa:3saghNOBheNYE t TyEBL HOX Vishh@Red . Bi&iond1€ ahtdMbn HLHRaHEAT ai ni ng
al koxysi | ane includes, for exanple, vinyltrinmethoxysilane,

vinyl tri eghipaysdigng withyht rdeslerafTBENOX¥BLBOX W 64dMEhesChS cIit@sBed

al koxysil anes are converted to a hydrol ysis condensati on product through

si nul t aneemshyfdrROBESISS, PRER| o, and FRAHEE @BEeLi$a3-1100 888 bl Qe HrXi Ng an
am no group-containing al koxysilane with water, adjusting pHto an acidic
si de, andsiddi angd HOVROY Ipagtoby- weillai of Alualkoxyskildangatiher £h oavdrhBe
stirring, while keeping the tenperature at 40 -60C. 25-400 parts by weight,
pr ef er abl yaiela 59z aftG 1600 pei gt thefbashe of i1l pgrieuby cosighit nifgitrile

al koxysilane is mxed to 100 parts by wei ght of the am no group-containing
al koxysi | mrgherThesides the afigehydntibysd sssarntdansatparemsoduct is used in a
ratio by weight of not nore than 3, preferably not nore than 1.5, to the

or ganonet al | i {0@&EHpobrldca heinforeeblhy drlwhy sifs Conmoteresst (B imchdlest fos in a
ratio by weight of nore than 3, the conpatibility with the adhesive wll be
wor se, reS¥AmplRy 4y preesssaibica adbdadedebessnethod of {leesallyThecomposng
conprising. the afore-nentioned conponents can be prepared into a solution
havi ng a d&seBhalidessn gragesiligongompainsts, apvath@l of therabdly rededygwei ght
in an organi c solvent, for exanple, an al cohol such as nethanol, ethanol,

i sopr opyl Siicagiagd agd @ir Oélcﬁl’ét%éh%ﬁéﬁu]émga@@oﬁ@- apst Wt rappgas fdicane,
etc., or the like The organic,solvent solution can be m xed with not nore
t han 20% B’;P%Féhpyoﬁ matspd ¢f tﬁ‘ﬁﬁ’é‘a dreompPsinigo sodiHEpi ilicpteafthe

mai nt ai ne

o [0033] The resulting prinmer saolutio n be coated onto a
netal lic 8%@@98&1@%%}%? twbﬁgeeC%‘Fll%%tﬁ%%évﬁgagg‘oﬁ’foms> n2 by
sprayi ng, di pping.. brush,,  roll. coa L etg., i ed room t enperat ure or
with hot gf&}x%%%ﬂgg%@?éﬁ %rtﬁ)(ﬁlb’tcgf%gr@pﬁﬁ‘ %%‘&a?f(%@& orﬁ%ﬁ&lﬁ%coc.@ & about
20 m nute -faorm rirerclaver. . 0034] an_adhesi yve
comrer ci aﬁ?eﬁ/& g\llla# ]Elgb%eg%%}ﬁno%ﬂgéh%%‘fwgsa ﬁg?c"%l&srﬁr o PGP p PO POU8 resins
such as sj I j iR, lvwur et hane, etc. .can be used
directly %E@Qﬁ%%@%fpeﬁeg%a@?y §§8é%ﬁ{e)§§vae%oggﬁpo¥)i g /tﬁgcazn beRiadb e a
type phenagly;fesd sal / . I eskh n i zed NBR,can be
A A Lt S R S G R b
exanpl e, { ey : i j fihpe -
condensat P HonRbRe BN, iaRph the sy Ao rkatianl EPAKFHeltt than
hydrogen gAY drliary20dheh MalLShid QRSip iV @RPEBediPeddif BRARA!HE
hydr oxyl group such as phenol, p-cresol, mcresol, p-t-%utyl phenol , etc.
their m xhdhesvwi th fornmal dehyde in the presence of an acid catal yst such
as oxalic acid, hydrochloric acid, maleic acid, etc. Preferably resins
havi ng a nel t {OER@oi Thed sili2@ &r0behig@liein Br gRMoetohr EMAKBLr 836! atiid
f or mal dehyde can be used. [ 0036] Resol type phenol resin for use
her ei n i nt0Odeats ber weigiitppeeferebiynabite partedalnutcO0 geirsablyoRelacbihon of
phenol s having 2 or 3 substitutable nuclear hydrogen atons in o- and/or
p- posi t i oblse hiatsts pésicpatis bhewplzdnodli NBRdr bxyd pyopoticuolf lass phanol ,
p-cresol, mcresol, p-tbutylphenol, etc., or their mxture with _

f or mal dehgbeut 3 patres By esegot the desimldkadhegutmdspswils nohbasbamimedi andan

al kali metal hydroxide, magnesium hydroxide, etc. [ 0037] As

unvul cani pelinBref cebiber ovidl tykavieliacabvbenaeipess dNBRsrofticeed r elmelsyorhi gh
nitrile content (43%or nore), high nitrile content (36- 42%,

i nt er medi ¥Ry H AiRtoppetien af amre(thanzmbgut 160 pansdiaweight fid wuldwat ent
(25-30%, and low nitrile content (24% or |ess) can be used directly as
such. Preferably, the sanme NBR as used for rubber |ayer formation can be
used. [ 0038] The adhesive conprisithg the afore-nentioned conponents
can be dissolved into a single organic solvent such as a ketone, e.qg.

nmet hyl ethyl ketone, methyl isobutyl ketone, etc., an aronmatic hydrocarbon,
e.g. toluene, xylene, etc. or their mxture, and used as a sol ution.

[ 0039] The afore-nmentioned conponents for a preferabl e adhesive are used in

. Y AN~ S s AN oA NN PN



[ 0040] The adhesive | ayer can be fornmed on the netallic sheet, preferably
the netallic sheet provided wth the prinmer |ayer, by coating the
above-nmenti oned adhesive solution, followed by air drying at room
tenperature, and drying at about 1000 to about 250C for about 5 to about 30
m nut es. [ 0041] The adhesive | ayer can be not only in a nonol ayer
structure, but also in a nulti-layer structure. For exanple, a phenolic

adhesi ve ﬁ%{esggﬂ (ﬂé(pg g}gt}% AROR kfélrl ilé;st?a Wfﬁ%e lgﬁ]or med on the

priner |ayer enol ayer co taining e above-nenti oned

h
nitriler Ubbe[OO?ﬂ'IpO%lhhﬁﬂu'ﬁ bunk g% t%é;&*ﬁtﬁ:ﬂqe%e@gg% %r QY da%e?'?%r red

mul ti-layer coating of the adhesive ayer

thereon. Jgheidkize (day@imsiedUs) WRr Gafr k) 9. ﬁqf@%inv%@éﬁe%aﬁf nf[))%eo pri mer
| ayer and the rubber |ayer much higher in spite of increased er of

coating suepscdwbefzedi nWWhoe theResI VR pANEILS size is mbROMANn Ib‘;’a Rl kil e
rubber coating agent is coated onto the adhesive layer to a thickness of

about 10 tublaoliyc20Qill by adpddediibsaalw@ena@ln skl pafAcls, abAUEindSHC for
about 0.5 to about 30 m nutes. The resulting rubber-netal |am nate can be

further plossdrdédibshtionareseshnedasAthimiugraplé tenhrsesbcpahigi@pagemt or the
| i ke on the rubber |ayer by coating to prevent rubber sticking. EXAMPLES

[ 0043] Thef graged to abent 200 puirté blyeweieht) pheddrdbly détoait|Sba) about eF@rri ng

to Exanples. [0044] EXAMPLE 1 Parts by wei ght NBR (1041, a product of

Ni ppon Zeparteoby wieighit] eb00he drsemtof: 180 %9arZs ey oxéighl Sof SNBRI ¢ Véhew2 HAF

carbon bl ack45 FEF carbon bl ack20 Antioxidant (Nocrac 3C, a product of

Quchi - Shi alkketinum oxide is used in a proportion of less than about 60 parts by
weight, the desired effect of the present invention on improvement of the
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



Chem cal Co.) Sulfurl.2 D -2-benzothiazolyl disulfide (Noccelar DM a
product 2 of Quchi-Shi nko Chem cal Co.) N-cycl ohexyl-2-benzothi azolyl

sul f enam de (Noccelar2 CZ, a product of Quchi-Shinko Chem cal Co.)
Tetrabenzyl t hi uram di sul fi de (Noccel ar TBZTD, al product of Quchi - Shi nko
Chem cal Co.) The foregoing conponents were kneaded through a kneader and
open rolls, and the resulting kneaded product was subjected to

det er m nagdr@arlafbl¥ ¢baadtidath ¥Abbat 8rackihs WZRL 1OR AL ENASY, HELETALNed at
180C by a rotorless rheoneter, a product of Toyo Sei ki Co.,” according to

JI'S K630002 inWpeslen@ dlid fter goaeadld (MidddeRRE VWeRMsNtAIM d10se M and
maxi mum t orqgue MH was obtai ned fromthe vul cani zation curve to take 50%

vul cani zaghseivéd i the cd SO ShgMradditR N ER&Ebhen black. [ 0045] The kneaded
product was press vul canized at 180C for 6 mnutes to prepare two kinds of

test pieces, EEh XSdaamon xfXilivardphbleok nhilimgXtlh FrotionhliotlrWer &
subjected to determ nation of hardness and N-nitroam ne content in the

f ol | owi nginppoedgths adhesivenklas thvessls: theesdth@iiec as a2m0emmaXd kJAgivx o2nm  was
subj ected to determ nation by a type A duroneter according to JI'S K6253

N- ni t r osoalvinmier oo roxede to thestlig baeing Oitnwer HdrasionOceStanvashkephatn a
tightly closed vessel filled wth a nitrogen gas for 12 days, while

N- ni t r osoefi eedimarancadogadladi wanr ovpdiet Hpkaabresigasyesiétance without

ni trosodi butyl am ne gas, N-nitrosopiperidine gas, N nitrosonorpholine gas,
N- ni t r osolpsteRinp epyihativengss, Ynldaniztes of sucihpnpNER camiposityas cael eased
fromthe rubber sheet and regarded as controlled gases under TRGS552 were
al | owed tBe Beeh@scr Bebanlagat ad gordbet;mated lamenateneomynaisvumaenetalkis
determ ned by gas chr t ography [Q046] [Preparation of rubber-netal

| ani nat e] Sheet, g)&ap%fi ﬁéﬁgﬁwé@mb@nﬂo?hﬁeau‘%bﬁl’t lwesusussessiyelyaleminated

al kali-defatted |, OaantBi C}Ig st.ai nIgSébesteel heet (SUS301, a product of
Ni sshin SR @5 )S1desPhgPathsi vidre- phsEr priekallicc shset sitAg 2itaanphothpy

wei ght of .titapiumtetratacetyl acetaonate), 2. arts by i.ght of |

al koxysi | HFaf ﬂ%tﬂ‘iﬁs?f;aég?ﬁd%%%%isi WG F‘%‘?ﬁl‘olaéfﬁif @\ﬁﬁ@%ﬁgﬁ%ﬂ%f

water, angd 86.5 parts.by weight of t hanol . The al koxysi | ane hydrol ysis
condensat 181" B S&ﬁf@éﬁﬁ&?é’fﬁ%\é‘é%g‘?le{?g?édtﬁe ‘the fol |l owi ng nmanner.

0047] 40 I gh f AT |trieth il d 20 b
L0041 29 o2 o, P B oA ORRLSRY PSP o, e
heat i j : 1 . I H..was. adj ust t -5.with

heat 1o | A o0 SLORPLERRTSL o DRSS SO 08, LAY, g
A e e e e e

o0, ) KB CIUCHRLLR (8bLY OO ek SuIRN y Fkl EHE . ool
product. 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

10



[ 0048] A adhesive conposition prepared by adding 2 parts by wei ght of

unvul cani zed NBR (N-237, a product of Japan Synthetic Rubber Co.;
internediate-high nitrile content) to 90 parts by weight of nethyl ethyl
ket one, and then adding 5 parts by wei ght of resol type phenol resin
(Kenrock TS1677, a product of Rhode Far East Co.) and 3 parts by wei ght

of chlorinated pol yet hyl ene (SE-200Z, a product of Daiso Co.) thereto, was

coat ed onfiethdie sPFfadB rduahened oif %%ﬂi@éﬁ,agiﬂet%bé(ﬁnk% Ayl RerBchhhgkness
of about 2 m Then, a solution of the above-nenti oned NBR conposition

havi ng a slasnidsast,aicbeh BFidsOhhd-1i@s, tBEIP fiisR5%eby IMahehash %falsmdg €de sol vent
of toluene and nethyl ethyl ketone (weight ratio=9:1) was coated thereon to

a thi cknesetallicthdet am a sohl puedriay, thutleeddszat fhensiadet 43 Pent a1l alonyt es.
Then, a dispersion of polyethylene resin containing a pol ybutadi ene resin
bi nder i nOfldlouBmetviasmcoat ed on the surface of the resulting vul canized
rubber |ayer to prevent the rubber sticking, followed by a heat treatnent
with hot air HO230Q\ froimSrniayat 6s prefémbiy dosmiedkomghpr avenllicnghéayer
having a thickness of 5 p. m thereby preparing a rubber-netal |am nate.

[ 0049] ThEhe @simer hgyeruishepecttdato haproat hevhsat ubjiettred 4ol she orgieessi on
test in the follow ng procedure : Conpression test : The rubber
surface ofestsianeebietatingttal thearithber aghesvonpf ¢bs ediblicrimatad olmnease ai nl ess
steel bl ock under condjitions of 120C and 1 ton/cn2 for 5 mnutes, and the
conpr essePIsidablg tand ingbe wase gf upinn she vabbenthanhlamisateazs ardiang t o
the following 5 ranks ; 5 : No netal exposure substantially with no rubber
flow 4: NOatetial tagslestiabletq foranthe primerelayerow 3 :© No netal exposure with
consi der abl e Eﬂﬁgﬁrdélo 2 ;. Aljttle netal exposure with |arge rubber flow
1 : Large net POk P TIqtalager ropbRer¢ip Y, Tvadsble EbewmiE 1xyuids Exanpl e

I Exampl @ YOO 2PERS BRreeRzen ot B A IoF FoG Tie, BGUR: DhQTUSSP EOMPLE 4
(Nocoat ar 1o MEphaty A1fs O cnlisf Rk hisinat Hes: ) oRBL G, KHeT obsed.
9654) CoNEAETE BN e bR o2 B LB
(b et s ool e ARS8 R BIE St R
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 isopropoxytitanium

11



[ 0055] COVPARATI VE EXAMPLE 2 In Example 1, 2.5 parts by weight of
N- cycl ohexyl- 2- benzot hi azol y1 sul fenam de (Noccel ar CZ) and 2 parts by
wei ght of tetranethylthiuramdisulfide (Noccelar TT', a product of
Quchi - Shi nko Chem cal Co.) were used as vul cani zation pronoters. [0056]
COMPARATI VE EXAMPLE 3 In Exanple 1, 0.5 parts by wei ght of

di - 2-benzot hi azol y1 disulfide (Noccelar DM and 2 parts by wei ght of

t et r amet hyistdthylzaatalicstd o) de 1 (PPEGRIrRII b 8L €mUS Bk (Bthy Nt &R AAELON
pronoters. [0057] COVPARATI VE MPLE 4 I'n Exanple 1, no tetrabenzylthiuram

di sul fi dediteuprupe;ti{0088] bSARARAELMR LXANRRIBm tetraldteENafRbRale), Nei t her

N- cycl ohexyl- 2- benzot hi azol y1 sul fen. am de nor tetrabenzylthiuram disulfide

was used.etc.; anf 0@E@hn&esedianof cdsippumidnatiuen elt alngdtbxyecdauagoi ng
Exanpl es and Conparative Exanples are shown in the follow ng Table 1.
t c(50) HavdfrestylTedtonate)N- nditn-bsvaxy ziecondnientbi¢®thgatddog cxalterni ged
rubber) Conpression

Preferably, organotitanium compounds having chelate ring(s) and alkoxy

group(s) represented by the following general formulae can be used :

CHs
|

0—cC
A 7 AN
(RO)4-n Ti '\0=C/CH

|
CHsy n

CHs
|

0—¢C
g7 AN
(RO) 4-n Ti &0=Cﬁﬂ

b,
, 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-

12



t est

Ex. 1 55 85 Undetected 5 1/2 60 85 5 1/3

aminopropyltriethoxysilane, 3-aminopropyltrimethoxysilane, N-(2-
aminomethyl)-3-aminopropyltrimethoxysilane, etc. The vinyl group-
containing alkoxysilane includes, for example, vinyltrimethoxysilane,
vinyltriethoxysilane, vinyltris( 8 -methoxyethoxy)silane, etc. These
alkoxysilanes are converted to a hydrolysis condensation product through
simultaneous hydrolysis reaction and polycondensation reaction by mixing
an amino group-containing alkoxysilane with water, adjusting pH to an
acidic side, and adding a vinyl group-containing alkoxysilane thereto with
stirring, while keeping the temperature at 40° -60°C. 25-400 parts by
weight, preferably 50-150 parts by weight, of the vinyl group-containing
alkoxysilane is mixed to 100 parts by weight of the amino 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

13
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5 1/4 5z 8.7 11 5 Conp.Ex.1 25 87 2.1 5 2 35 84

to form a primer layer.

[0034] As an adhesive, commercially available common adhesives for
forming films of various resins such as silane, phenol resin, epoxy resin,
polyurethane, etc. can be used directly as such. Preferably, an adhesive
comprising 2 kinds of novolak type phenol resin and resol type phenol resin,
and unvulcanized NBR can be used.

[0035] Novolak type phenol resin for use herein includes, for
example, resin having a melting point of 80° -150°C, 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 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, etc.

[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

14
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be used.

[0038] The adhesive comprising the afore-mentioned components
can be dissolved into a single organic solvent such as a ketone, e.g. methyl
ethyl ketone, methyl isobutyl ketone, etc., an aromatic hydrocarbon, e.g.
toluene, xylene, etc. or their mixture, and used as a solution.

[0039] The afore-mentioned components for a preferable adhesive
are used in a proportion of 100 parts by weight of novolak type phenol
resin ; 10-1,000 parts by weight, preferably 60-400 parts by weight, of resol
type phenol resin, and 30-3,000 parts by weight, preferably 60-900 parts by
weight, of unvulcanized NBR. These 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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[ 0060]
cont ent

EXAMPLE 6 Parts by wei ght NBR (N235S, a product of JSR ;
: 3699 100 Silica (N psil LP, a product of Japan Silica Co.)
Al um num oxi de (A32, a product of N ppon Light 80 Metal Co.; average

particle size : 1 gm Zinc oxide 5

above-mentioned adhesive solution, followed by air drying at room
temperature, and drying at about 100° to about 250°C for about 5 to about
30 minutes.

[0041] The adhesive layer can be not only in a monolayer structure,
but also in a multi-layer structure. For example, a phenolic adhesive
layer containing an organometallic compound is formed on the primer layer,
and a phenolic adhesive layer containing the above-mentioned nitrile
rubber composition is further formed thereon to provide a multi-layer
coating of the adhesives, and then a rubber layer is formed thereon. 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 u 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

16

nitrile
20



Stearic acid 1.5 FEF carbon black 70 Anti oxidant (Nocrac 224, a product of
Quchi -Shinko 2 Chemcal Co.) Sulfur 2 D -2-benzothiazolyl disulfide
(Noccelar DM 2 N-cycl ohexyl-2-benzot hi azol y1l sul fonam de (Noccel ar CZ) 2
Tetrabenzyl t hi uram di sul fi de (Noccelar TBZTD) 1

HAF carbon black 45
FEF carbon black 20
Antioxidant (Nocrac 3C, a product of Ouchi-Shinko 1

Chemical Co.)

Sulfur 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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The foregoi ng conponents were kneaded through a kneader and open rolls, and
the resulting kneaded product was subjected to determ nation of

vul cani zation rate in the sane manner as in Exanple 1. [ 0061] The
kneaded product was press vul canized at 170C for 20 m nutes, and the

vul cani zed product was subjected to determ nati on of hardness and
N-nitrosoam ne content in the same manner as in Exanple 1. Furthernore, a
di sc- shapedrsfdaebutyl£@mme bhs dNametRop A BB dAR, NI RKA& RorpMolihed 10! €,
6.5mmin dianeter, at the center thereof was prepared therefromas a test
pi ece, anM-sithjeeidtylghdrahemiabr @%b,onal_fi&sN-hﬂtrb&féth?iﬂ&}ﬁy‘l@mﬁ’ﬁ@cggé”e :
Taber abrasion : determ nation of abrasion volune according to JI S K6264,

wher e an sfleasidoffirone! thee rabbéiesheéthandOregdrdeasaeahtied aaskOuv@aras O,
that of 0.2-0.5m as A, and that of 0.5-0.7nl as x [ 0062] Furthernore,
a rubber - TBGH53 2awienatadlomss] pr pardadrbed bheas adortonieandstlionh Bxapgpke 1,
and subjected to frictional abrasion test and conpression test in the

f ol | owi ngeqntentdusetetermined By igakichnai aabg@mpihgn test : the rubber - net al

| am nate test piece was subjected to a reciprocal notion test with a
surface perfot e [Pesparatien pf nehlutr-wetBHantioagdi entific Co., according
to JI'S K7125 and P8147 corresponding to ASTM D1894, using a hard

chrom um pl at Adpsieey layéw tvam foruhed aan dhensurfgcersafben alkddrdefnttid i,ons of
moving speed : 400 mmmn., reciprocal notion span : 30mm tenperature :
room t enp@argrdick strindess steekehaed (G&1TF, mepradvise of Hfissluiai Presd 410. ot i ons
until the adhesive |ayer was exposed due to the rubber abrasion

Conpr essi B¥N8edt Stlanqrpapeth yaimenrqozerrisme Aed masbehy meeight | afnfitaniaimas
conpr essed vvigh a _convex stainless steel block uynder conditions of 150C and
3 ton/ cm G5} aﬁe?ﬁlﬁﬁtég?téndz-éh@aébﬁ‘rﬁ?yes@@@hrtuBﬁeﬂl@ﬁﬁﬁ@%shé@@lﬁ%lﬁ ed

according to,5 ranks in the manpner as Jin anple 1 [0063] EXAMPLE 7
I'n Exanpl HEDSAEORNBERUGSS @maﬁﬁﬁnbé’xW@ég%é’?é’}ﬁ%%e&n@&@@opﬁéﬁst 8Ypy

IS SR ST B Sl

Cnat or PRt arRaR BrolietFh O panPIoUG iRk O poct | vely. [0065] EXAMPLE
o0s] ExaveL 4T i@ B et a S bRt B i TR B2 s
'ngt) ?;Li s(2-et E)ﬁg%&tﬁd#%%%egﬁ%iggg9%%92‘1%%&@?%@%?&%\%& ﬁts%l’ 5 A pl ace

of tetrabppgihkhhbk&Madiasy! diofPing 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

18



[ 0068] EXAMPLE 12 In Exanple 6, 3 parts by weight of zinc
tetrabenzyl t hi ocar bamat e (Noccel ar ZTC) was further used. [0069]
COMPARATI VBE EXAMPLE 6 In Exanple 6, 2 parts by wei ght of

tetramet hyl t hi uram di sul fi de (Noccelar TT) was used in place of

di - 2- benzot hi azol y1 disul fide and tetrabenzylthiuramdisulfide. [0070]

COWP. HESANE, 6, ' L] l,um num oxi de

was used, Hra grnEne Epvellcle SSRTBIGE a pREk S%fgéélsioééa%ﬁs%t??w o
[ ' r | L . ar

has Used 1n o eate pRY pERE LayR (oL R eI RS 1S SELHOBRER O am

'? IetS lrjlelt)lengy()lf'gaﬁiiaﬁ;gm di sul f i%\e@\;\glgls use%%O%%ﬁ%%%E%@%%EN%}AWEOTtmn In

Exanpl e 6,hdvifig andunebnfatRInéf HHA %itﬂﬁ*s‘%g5%‘ﬁﬁgﬁggﬁé)ix59 xﬂﬁfetdsiotiyeﬁ(‘@! ght.
[ 0073] REFERENCE EXAMPLE 2 In Exanple 7, the sane anount of cal cium

car bonat e ofasluesethid m¥thgEethy] Hebohd tieighi 38ti0=9:1) w0t RERHFcH Pt ai ned
in the foregoing Exanpl es and Conparative Exanples are shown in the
fol | owi ng aTahickn8ss of ) gn?, Miliwgdobgavlagnizath) atarFEskHr($e8idutes.
Then, a dispersion of polyethylene resin containing a polybutadiene resin
binder in toluene was coated on the surface of the resulting vulcanized
rubber layer to prevent the rubber sticking, followed by a heat treatment
with hot air at 230°C for 5 minutes to form a sticking-preventing layer
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 : A little metal exposure with large rubbér 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.
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Tabercontent abrasion (,u, g /Il kg Frictional abrasion test (Nunber)
Conpression test vul cani zed rubber) Ex. 65585 0 Undetected 1500 5

[0063] EXAMPLE 4

In Example 1, 3 parts by weight of zinc tetrabenzyldithiocarbamate
(Noccelar ZTC, a product of Ouchi-Shinko Chemical Co.) was further used.

[0054] COMPARATIVE EXAMPLE 1

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 tetraﬁethyltbiuram
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-benzothia_zoly1 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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|17 50 85 0 n 2200 5118 48 90 O Il 2100 5119 60 87

Table 1
tc(50) Hardness N-nitrosocamine content Compression

(sec) ___ (u g/1kg vulcanized rubber) test

Ex.1 85 85 Undetected 5
n2 60 85 n 5
3 40 83 I 5
n4 52 87 I 5
Comp.Ex.1 25 87 2.1 5
‘ v 85 g4 1.8 5
3 40 87 1.5 5
4 60 80 Undetected 3
n5 90 82 4 3

[0060] EXAMPLE 6

Parts by weight
NBR (N235S, a product of JSR ; nitrile content : 36%) 100
Silica (Nipsil LP, a product of Japan Silica Ca.) 20
Aluminum oxide (A32, a product of Nippon Light 80
Metal Co.; average particle size : 1 4 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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Di-2-benzothiazolyl disulfide (Noccelar DM) 2
N-cyclohexyl-2-benzothiazolyl sulfenamide (Noccelar CZ) 2
Tetrabenzylthiuram disulfide (Noccelar TBZTD) 1

The foregoing components were kneaded through a kneader and open rolls,
and the resulting kneaded product was subjected to determination of
vulcanization rate in the same manner as in Example 1.

[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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51112 45 89 0 n 2000 5 Conp. Ex. 6 53

Compression test : the rubber surface of the rubber-metal laminate
was compressed with a convex stainless steel block under conditions of
150°C and 3 ton/cm?® for 5 minutes, and the compressed rubber state was
evaluated according to 5 ranks in the same manner as in Example 1

[0063] EXAMPLE 7

In Example 6, the amount of aluminum oxide was changed to 120
parts by weight, and that of FEF carbon black to 40 parts by weight,
respectively.

[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.

23



85 0 1.8 1500 5 ii7 60 90 A 2.1 900 4 ii8 70 82 X Undetected

[0070] COMPARATIVBE EXAMPLE 7

In Example 6, neither silica nor aluminum oxide was used, the
amount of FEF carbon black was changed to 120 parts by weight, and 2
parts by weight of tetramethylthiuram disulfide (Noccelar TT) was used in
place of di-2-benzothiazolyl disulfide and tetrabenzylthiuram disulfide.

[0071] COMPARATIVBE EXAMPLE 8

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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Table 2

N-nitrosoamine

Taber content (u g/lkg Frictional  Compression

tc(60) Hardness abrasion vulcanized abrasion test
(sec.) rubber) test (Number)
Ex.6 55 85 O Undetected 1500 5
"7 50 85 O U 2200 5
8 48 90 O N 2100 5)
79 60 87 O ] 1700 5
10 40 84 O 4 1300 4
11 56 86 O I 1700 5
12 45 89 O I 2000 5
Comp.
Ex.6 53 85 O 1.8 1500 5
760 90 JAN 2.1 900 4
-8 70 82 X Undetected 800 3
Ref.
Ex.1 57 83 A I 400 3
2 65 90 X n 700 2
INDUSTRIAL UTILITY

[0075] The present rubber-metal laminate can be suitably used as
engine head gaskets, etc. The NBR composition further containing silica
and aluminum oxide having an average particle size of 0.1-10 x 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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65 90 x n 700 2 |INDUSTRI AL UTILITY [ 0075] The present rubber-netal

| am nate can be suitably used as engi ne head gaskets, etc. The NBR
conposition further containing silica and al um num oxi de havi ng an aver age
particle size of 0.1-10 ,u mas ingredients of the rubber |ayer can be used
as suitable seal materials for reciprocal nmotion sliding, for exanple, for
shock absorbers. CLAI M5 [ QLABLSanmended) A rubber-netal |am nate,
whi ch conprises a netallic sheet and a rubber |ayer fornmed on the netallic
sheet, the rubfi¢r (Ayeambeeided) f Ar rebbér-nratah INBRnavepashichorom@riydssiang (A)
100 parts by weight of nitrile rubber, (B) 0.1-5 parts by weight of sulfur,
and (C) O0.Betedlipahest bpdweirghbenlayir foeastd ondéhsuhbtallidaheet,cdreppulider

sel ected fromtetrabenzylthiuramdisul fide, zinc

t et r abenzypyex bebuafdraned éromran NBRbienposition comprising (A) 100 parts by

(N, N-di benzyl t hi ocar banodi t hi 0) hexane as a rubber |ayer-formn

conposi t i oWeight of nityikq rubbem By Orkthapartsnin ateight obsuifing, andc%ai(}rﬁﬂo
wherein the NBR conposition further contains (D) 3-100 parts by wei ght of
silica andqty bo-wemhtpaf taf bgastepyht swifun| denouermuodmdh selasgednfraver age
particle size of 0,1-10 p, .m A rubber-netal |am nate according

3
to daim 1&6%@1\«?6/#}%@&1&5#%3@&%%5@@Eiﬁlzmhem@}diémarb@nm, aid d.64am 10

parts by i ght._.of other vyl canjzation pronoter incapable of generating
ni trosoamm&g‘hgbbeéb"ﬁﬂﬁ Prapam h’é’bhm&aﬁ hat CsHpberentlayey-foxmieg her

wi t h Conponent (iC) [4] A rubber-netal |am nate according to Caim 2,
wher ei n t HOPNB#E1ESHposi tion further contains not more than 10 parts by

O o oL e U OO Z R O B OB 0CRSPE Ol STRELRY o e

U1 oDl ol g bobend OB IOF b BT SESREALASS B g

daim2f %04 Sp%r%‘ss b? \%gf‘glhtn(?ft aﬁruin%ﬁum oxide having an average particle size of
0.1-10 z m.

[38] 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.

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

material.
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[7] A rubber-netal |am nate according to Claim3 for use as a seal
mat eri al . [8 (As anended) A rubber-netal |amnate according to Claim
4 for use as a seal material.

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

use as a seal material.
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