DESCRI PTI ON  COVPOSI TI ONS AND THE METHOD FOR PRODUCI NG THE SAME 5 TECHNI CAL
FI ELD The present invention relates to a conposite (or ' menber)
of a thernoplastic resin bonded to a silicone rubber iﬁﬂﬁ@ﬂ@ﬂ“ﬂmmﬂLch S
useful for a mechanical part or a machine el enent, an rt and

so on, 10 and relates to a process for producing the sane. *BABKGROUND ART
An adhering nethod for adhering a resin hotded article to a rubber nol ded

article by an adhesive is known 15 as a process of integr T a
resin nol ded el enment to a rubber nol ded el enent. However, ﬂmummmmmmummLsing
the adhesives not only conplicat esPESERPIBENSs to cause a trouhl esone
process-control with resulting in costly but also does not necessarily

give a sufficient adhesive 20 strength. Meanwhile, a conposite of a resin

directly bonded to a rubber has been proposed. For exanple Jgganese
Pat ent Appl i cat (SHPCAITIONS ANG. THEe ¥ 5 FORPPBODUSENG Y RHE 15AMEses a

process for producing a rubber-plastic 25 conposite, which conprises
rubbing a thernoplastic plastic conponent (e.g., a polyfornal dehyde and an
olefinic polymer) and a vul cani zed rubber component conpatible with 2 the
t her nopl a3tic plastic component wt PR each other to nelt or fuse
t he surface of the ﬁlasti the nelted surfgce of the

d |i.di fyi
resin with contacti l&e Q]ﬁegsefrﬁﬂﬁ?ﬁ’[sﬂ?gls]tdrbgeg%itﬁscéiﬁpgn%?ﬂ‘p%% ¢ heP% @ cani zed

composite member) of a thermoplastic resin bonded to a
silicone rubber integrally which is useful for a mechanical
part or a machine element, an automobile part and so on,

10 and relates to a process for producing the same.

BACKGROUND ART
An adhering method for adhering a resin molded
article to a rubber molded article by an adhesive is known
15 as a process of integrally joining a resin molded element
to a rubber molded element. However, the process using the
adhesives not only complicates the process to cause a
troublesome process-control with resulting in costly but
also does not necessarily give a sufficient adhesive
20 strength.

Meanwhile, a composite of a resin directly bonded
to a rubber has been proposed. For example, Japanese
Patent Application Laid-Open No. 25682/1975 (JP-50-
25682A) discloses a process for producing a rubber-plastic

25 composite, which comprises rubbing a thermoplastic plastic
component (e.g., a polyformaldehyde and an olefinic

polymer) and a vulcanized rubber component compatible with



5 rubber conmponent. Regarding to a process for producing a conposite with
utidizing a conpatibility between a thernoplastic resin and a rubber,
Japanese Patent Application Laid-Open No. 204260/1986 (JP-61-204260A)

di scl oses a process for 10 producing a conposite, which conprises heating a
pol yphenyl ene ether-series resin and a synthetic rubber in the presence of
a vul cani zi ng agent. Japanese Patent Apglication Laid-Open No. 124803/ 1997
(JP-9-124803A) discloses a process for producing a conposite nenber, which
15 conprises heating an acrylonitrile-containing thernoplastic resin and
an acryl oni t r the- therneplagtic wlratig cemponealtywitht een tagt bag reagher .
Referring to a process for producing a conposite with wutilizing a chem cal
reacti on bet woéRex Fﬁemﬁébla§tf55628h¢e§ﬂﬁ aeel af rimaeplaghbaneaedpat ent
Application Laid-Open No. 150439/1990 (JP-2-150439A), Japanese Patent

Appl i cation LEP4LEHENIRG thesmedtied surfags. of thgamsdn WAgh cripResE Pat ent
Appl i cation L%hd- en No, 138114/1991 JP-3-138114A) di scl ose a_process
for produci ngt3e25REEMABLAFEIERBFLR| AGMRORRR ) MR At T eECaREF?dand a
rubber conpone E cont ai ni ng, a carboxyl group- or an acid anhydride
group-confainFHE ?EbB8W?oﬁe§Eroxide, and a - vul cani zati on-acti vating

3
RAIPEI sl e A R T T S
compr1 S5 vl 6389850k ELATSLRK Ay HERLOROL SRR ALAPE cpory
group-containgng 59§Lﬂbgfvb§5panese Patent Application Laid-Open No.
204260/1986 (JP-61-204260A) discloses a process for
10 producing a composite, which comprises heating a
polyphenylene ether-series resin and a synthetic rubber
in the presence of a vulcanizing agent. Japanese Patent
Application Laid-Open No. 124803/1997 (JP-9-1248033)
discloses a process for producing a composite member, which
15 comprises heating an acrylonitrile-containing
thermoplastic resin and an acrylonitrile-containing
rubber with closely contacting each other.
Referring to a process for producing a composite with
utilizing a chemical reaction between a thermoplastic
20 resin and a rubber, Japanese Patent Application Lqid-Open
No. 150439/1990 (JP-2-150439A), Japanese Patent
Application Laid-Open No. 133631/1991 (JP-3-133631A) and
Japanese Patent Application Laid-Open No. 138114/1991
(JP-3-138114A) disclose a process for producing a
25 composite comprising a polyamide-series resin and a rubber

component containing a carboxyl group- or an acid anhydride

group-containing rubber, a peroxide, and a



Further, as a process for producing a conposite with the use of the
specific additive, Japanese Patent Application Laid-Qpen No. 11013/1995
(JP-7-11013A) 10 discloses a process for producing a conposite, which
conprises vul cani zing a rubber conpound conposed of a rubber, a peroxide
vul cani zi ng agent and a silane conpound, if necessary, a

vul cani zati on-activating agent, in contagt- with a pol yam de nol ded
article. Furthernore, there are 15 disclosed a process for producing a
conposite which conprises using a thernoplastic polyester as a hard

conponent andvalcahbeatLONPAGENatORPr 4§NE. A JaPRise PatRGtoXi de
vul cani zi ng agent, a bi- or poly-functional mleimde, If necessary, and a

vul cani zati onApplivationg R&ia@gepén aso a Emia@piwlemp.[glmfat ent
Application Laid-Open No. 304880/ 1995 (JP-7-304880A)], and a process for

produci ng a céhpoioses aprade €O EFPL MESIWSINY addnfdidite RENBEPERIL i@t ai ni ng
a rubber, a peroxide vulcanizing agent, a silane conmpound, if necessary,
and a 25 vul cepipaisen-actdamt 2 iny agerdrdskpanesry Ratceiitbo:ANP|drortg -on
Lai d- Open No. 166043/1995 (JP-7-166043A)]. However, such processes are
restricted i no¥ i fsdsi @phydsidef grotheconphdsing mesher arshber wWilker .
Especially, it is difficult to obtain a conposite of a poor-reactive
silicone rub®Rtagkingheleselyoyl apoky gmsipr.colepamdsyy Fas EnmefpRir.cat i on
Lai d- Open No. 5 58605/1998 (JP-10-58605A) discloses a process for

produci ng the conpdM4t a5 A amireressnfer L duntinai cynpes substitat e film
(e. g. , a polyester film and a rubber film (e.g., silicone rubber,

et hyl ene- pr opflele&s &t dd'e gpghfic additive, Japanese Patent

Application Laid-Open No. 11013/1995 (JP-7-11013A)

10 discloses a process for producing a composite, which
comprises vulcanizing a rubber compound composed of a
rubber, a peroxide vulcanizing agent and a silane compound,
ifnecessary,eavulcanization-activatingagent,:nlcontact
with a polyamide molded article. Furthermore, there are

15 disclosed a process for producing a composite which
comprises using a thermoplastic polyester as a hard
component and a rubber component comprising a rubber, a
peroxide vulcanizing agent, a bi- or poly-functional
maleimide, if necessary, and a vulcanization-activating

20 agent as a soft component [Japanese Patent Application
Laid-Open No. 304880/1995 (JP-7-304880A)], and a process
for producing a composite, which comprises using a rubber
component containing a rubber, a peroxide vulcanizing
agent, a silane compound, if necessary, and a

25 vulcanization-activating agent [ Japanese Patent
Application Laid-Open No. 166043/1995 (JP-7-166043A)].

However,suchprocessesarerestrictede1thespecies



conposed of a polyfunctional nethacrylate as an 10 adhesi on-i nprovi ng
agent, and vul cani zing those, and the Ilamnating step conprises |amnating
a rubber filmlayer having a |arge anmount of an adhesi on-inprovi ng agent
on the substrate film and |lam nating a rubber filmlayer having a snal
anount of an adhesion-inproving agent om 15 the | am nated rubber film In
the literature, there is disclosed an exanple that a rubber solution
having a | arge anmount of an adhesion-inproving agent and a rubber sol ution

having a smal¢ Wrnkiﬁ%%‘%ficﬁfésiﬁaéﬁ& d Bubbet . OrEsle &1 BP, A4Sl de
surface of a substrate filmwhich is treated 20 with a corona discharge or

adhesi ve tread{®epichPALH LA Yeedmpsd IRNbE d Podf esad©ivélReng conleh a
rubber easily, and the external surface of the covering sheet is |am nated

on a rubber fihBbednsnd hend echbtmdpyld st dateshisheet is irradiated by an
el ectron beam whi ch has a high energy. 25 However, the process requires not

only a treatnent fadpdieseswpdttser Epphiccstit Malidl fopenf olovi ng a doubl e-
| ayered rubber filmon the surface of the substrate for - 5 achieving a

hi gh adhesi ons8608npbds (ie+ 20 03860%A ) cidcpred i pmicesscdmoOsSite 1S
restricted to a two- dinensional one, and thus a conposite conprising a
t her nopl ast i cpreducingltted canmposlideafidla, rwbhbeh coipicices daminading |imted
in an application field. Further, since the process requires a preparation
of the rubberasubsttirate falpr(edet.i arpakyestientilo) ardkaconpest fdlm | m can
not be increased. Mreover, since the process utilizes coating technique
to forma rubbergl apddicone sukbéri ebhylehatpropylengrsertes irabledli ed to
bondi ng bet ween a rubber nol ded
composed of a polyfunctional methacrylate as an
10 adhesion-improving agent, and vulcanizing those, and the
laminating step comprises laminating a rubber film layer
having a large amount of an adhesion-improving agent on
the substrate film, and laminating a rubber film layer
having a small amount of an adhesion-improving agent on
15 the laminated rubber film. In the literature, there is
disclosed an example that a rubber solution having a large
amount of an adhesion-improving agent and a rubber solution
having a small amount thereof are coated in this order on
an one-side surface of a substrate film which is treated
20 with a corona discharge or adhesive treatment (easy
adhesive treatment) in order to adhere with a rubber easily,
and the external surface of the covering sheet is laminated
on a rubber film, and the resultant laminated sheet is
irradiated by an electron beam which has a high energy.
25 However, the process requires not only a treatment

for the surface of the substrate but forming a double-

layered rubber film on the surface of the substrate for



article-and a resin nolded article which has a thicker and/or

t hree-di nensi onal configuration. It is, therefore, an object of the present
invention to provide a conposite of a thernoplastic resin nolded 15
article bonded to a silicone rubber nolded article directly and firmy

wi t hout an adhesive treatnent of the surface of the thernoplastic resin,
and a process for producing the sane.-1%® ts another object of the present
invention to 20 provide a conposite which is excellent in an adhesion
strength between a thernoplastic resin nolded article and a rubber nolded
article and hashifvérgdankhghopdhesiomf$toengtion, Thetrefomeocess for
produci ng the same. 25 DI SCLOSURE OF | NVENTI ON The inventors of the present
i nventi on di dSPRE&AYFIELIOReE R cPOMPORL E¢ nbS | Hedbrietedato a ttwenopl asti c
resin nolded article can directly bond to a vul cani zed silicone rubber

nol ded arti cl @imn%ﬂ{l%t%grt%gtmml%mmsi%@wmwwaani cle and a
rubber conposition conposed of an unvul canj zed silicone rubber and an
organi ¢ per oxFaeTMePLagthearesin dnokdedeanbiehel and a1 Rubher eldedber
conposi tion; anﬂ.fﬁrthﬁtithe hernnglastic resin nmolded article can surely
and directly BbhiCt® 1t ttteAAnA PRI Lrabhen flisds nBraEResy tSIA1Ge firn y

by sel ecti th | ast i in based on th i £ iteri d 10
sel ect i vel y a PSS TPAPAEPS BRSBRTAHCON VA BEnFIRRET SAHEHR 1 bber

a0 0y C0oK! Skl AL ELARULE PRI D RpBOLILADFL | 9naln (I gy 1 ©
increased. Moreover, since the process utilizes coating
technique to form a rubber layer, it is difficult that the
10 process is applied to bonding between a rubber molded
article and a resin molded article which has a thicker
and/or three-dimensional configuration.
It is, therefore, an object of the present invention
to provide a composite of a thermoplastic resin molded
15 article bonded to a silicone rubber molded article directly
and firmly without an adhesive treatment of the surface
of the thermoplastic resin, and a process for producing
the same.
It is another object of the present invention to
20 provide a composite which is excellent in an adhesion
strength between a thermoplastic resin molded article and
a rubber molded article and has three dimensional

configuration, and a process for producing the same.

25 DISCLOSURE OF INVENTION
The inventors of the present invention did intensive

research, and finally found that a thermoplastic resin




a conposite of a vul canized silicone rubber nenber formed 15 by a
vulcani zati on of an unvul cani zed silicone rubber, and a resin nenber
conprising a thernoplastic resin and directly bonded to the rubber nenber,
wherein the resin mnenber bonds directly to the vul cani zed silicone rubber
menber vul cani zed or crosslinked with a radical -generating 20 agent w t hout
an adhesive treatnent of the resin menbe?.- The thernoplastic resin
i ncludes, for exanple, a polyam de-series resin, a polyester-series resin,
a poly(thio)ether-series resin, a polycarbonate-series resin, a
pol yi m de- sermesdedarntigleapsdireaslychord trsarvesl eanized|sidlidant c
resin, a halogen-containing vinyl-series resin, a polyurethane-series
resin, a theFHBpeEsPPLdedaar e bndcertagtinhethecitpmprertastic7 resin
may be a ther m)gl, astic_resin having at |east 2 atons, as average, selected
from a hydr ogERSiRdFRLARSA A% r 2B inTYRRe LS PERAFé t 1B CFOBRRFERAA ng an
orbital interaction _ener coefficient S of not |less than 0.006, wherein
the 5 orbi tal 2P niREFEEFS Sy Gt FUPPet aBd] an (IR IRAF OB he
fol |l owi ng fornué %%: S= ) q% [ I Ec-EHOMO, n | + (CLUMO, n) 2 / |
EC- ELUMD, °n 12} )a‘né 'erP‘éWr(L%%ch/'E%fm %&eﬁﬁﬁ%%m‘}bﬁ Y$L and ELUMD, n
represents a value ¢ lcu[atq? ﬁ sem.enpi.rical nolecul ar ,10(§%£%%al
net hod NODACPWP%%I?%?)? esBhei %r‘%he%rg?? ANGMIRAAS TR respin, | of
the radical-g N g L 0. I epresentli nol e Iar.—or(ﬁital
coefficient o%Pgiﬁli%h(gasI? Elgc%ll.%i%%g nggjr%%%ﬁﬁ S%?rbcﬂl'%f a‘i%\}fﬁjcf%qma%\e -th
hydrogen of sy} {4kn @ OMGERSEA HEA NG £y EPOSE Lt Sy Wil fe O3 d e 15
t her nopl astic resin, Eﬁg{% n repéjéecgg%ﬁfgfgnﬂo% |3{;®;§r}ée];%§glﬁ£ a
thermoplastic resin based on the specific criteria and
10 selectively a species or formulation of the unvulcanized
silicone rubber, and by coexisting an organic peroxide with
a polyfunctional (meth)acrylic monomer.
That is, the composite of the present invention is
a composite of a vulcanized silicone rubber member formed
15 by a vulcanization of an unvulcanized silicone rubber, and
a resin member comprising a thermoplastic resin and
directly bonded to the rubber member, wherein the resin
member bonds directly to the vulcanized silicone rubber
member vulcanized or crosslinked with a radical-generating
20 agent without an adhesive treatment of the resin member.
The thermoplastic resin includes, for example, a
polyamide-series resin, a polyester-series resin, a
poly(thio)ether-series resin, a polycarbonate-series
resin, a polyimide-series resin, a polysulfone-series
25 resin, a polyolefinic resin, a halogen-containing

vinyl-series resin, a polyurethane-series resin, a

thermoplastic elastomer, and so on. The thermoplastic



(eV) of -the HOMO, CLUMO n representing a nol ecular-orbital coefficient of
a |lowest unoccupi ed nol ecular orbital (LUMD of the n-th hydrogen or

sul fur atomconstituting the constitutive unit of the thernoplastic resin,
and 20 ELUMO n representing an orbital energy (eV) of the LUMO.  Further,
at | east one conponent selected fromthe wunvul canized silicone rubber and
the thernoplastic resin may conprise a Yutcani zation-activating agent
containing a polyfunctional polynerizable conpound having a plurality 25
of polynerizabl e groups. For exanple, the thernoplastic resin may conprise
a vul cani zat i sAsaptiay@beny thgamoplastisi nésitn haydngf amn dteiastal atmmound
having a plurality - 8 of polynerizable groups (e.g., a polynerizable
monormer havi A§ PEIBARS i Sabretgadingam aueydeegen gitomaand v selfpnatomcryl oyl
groups). Furthernore, at |east one conponent selected fromb5 the

unvul cani zed BPFi Behecuipbetaghdatom haeingpraseTRitaksimtemaceomri se a
vul cani zing auxiliary conprising a _conpound having at |east 2 hydrogen
atons on averﬁﬂ@rﬁgrcoﬂ%fé%H¢%Fq%éﬁh“ﬁ%dﬂ@ééntaﬁb haQ% ngvhareiithe

i nteraction ene[?%%coefficient Srecited in daiml1l of not less than 10

0.006. MoPeov8FP 1REETeahi 9R PREFIX PR EMHERN el 1 SipEasentigd
iglicpng rubbgé Eéﬁtfgﬁig%%géjfggﬁﬁi% Igbgiii) X (!).a silicone rubbey
nprising a u n n=ac g'agent containing a 15 pol yfuncti onal
av! ng. uncat ur SLE ARG 01 Lorpionpent (G2 ol | Evdratemer bbl ccul o
wherein each of E;, Cyomo,n: Enomo,n: Crumo,n. @nd Epymo,n
represents a value calculated by a semiempirical ﬁolecular
10 orbital method MOPACPM3, E_ representing an orbital energy
(eV) of a radical of the radical-generating agent, Cyomo,pn
representing a molecular-orbital coefficient of a highest
occupied molecular orbital (HOMO) of an n-th hydrogen or
sulfur atom constituting a constitutive unit of the
15 thermoplastic resin, Eygmo, , representing an orbital energy
(eV) of the HOMO, Cpymo,, representing a molecular-orbital
coefficient of a lowest unoccupied molecular orbital
(LUMO) of the n-th hydrogen or sulfur atom constituting
the constitutive unit of the thermoplastic resin, and
20 Erumo,n representing an orbital energy (eV) of the LUMO.
Further, at least one component selected from the
unvulcanized silicone rubber and the thermoplastic resin
may comprise a vulcanization-activating agent containing
a polyfunctional polymerizable compound having a plurality
25 of polymerizable groups. For example, the thermoplastic
resin may comprise a vulcanization-activating agent

containing a polyfunctional compound having a plurality



(i1) a silicone rubber conprising a silica and having unsaturated bonds of
not- l ess than 2 on average per nolecule, 20 and (iii) a silicone rubber
conprising a vulcanization-activating agent containing a polyfunctional
pol ynmeri zabl e conpound having a plurality of polynerizable groups, and a
silica. 25 The present invention includes a process for producing a
conposite of a thernoplastic resin-contagning resin nenber bonded to a

vul cani zed silicone rubber menber fornmed by vul cani zati on of a rubber
conposition conprising a radical-generating agent and an unvul cani zed

silicone rublbér podigmenicabpei gesupd! deng. 8 &esbIymet £ g & and a
r ubber nnlding el ement with contacting said eﬁ%nents 5 eacﬁ @?ﬁer?rand

vul cani zi ng oRa¥iBgsPPhiineyizable ubbeups nohéh Ngs €4 eFBREa1 YHEr&En said resin
nol ding elenent is either of a resin conposition and a resin nenber, each
conpri si ng thémethéaﬁﬁﬁlggligr095$h, and 10 said rubber nolding elenent is
ei ther of a rubber _conposition and a rubber prenolded article, each
conprising at | eastFaFthemneten zedeadibenanbmporert Gl raanal aidg agent
bei ng activating on a surface to be contacted with said resin nolding
el ement. 15 FHR heRvuieanpred eptlicammtrubbe madndleshel i3 dnogl 9€5s f or
roduci ng a conposite, which conprises heat-nolding the resin nenber and
p g ¢ T? . mp . . . ; . .
the vul cani zet®¥HbIRRY GRIMIErS&a U lnagripdgio guxidulargnicenipran-iagt iavat i ng
agent (and a_ coating agent containing the vul canizing auxiliary) 20
conprising a %tggpg,qwhcgtl}agﬁag & Jeesitz abhedreuen altbrm\im@average per
molecule, each hydrogen atom having an orbital interaction
energy coefficient S recited in Claim 1 of not less than
10 0.006.
Moreover, the unvulcanized silicone rubber may
compriseanysiliconerubberofthefollowings(i)to(iii);
(i) a silicone rubber comprising a
vulcanization-activating agent containing a
15 polyfunctional polymerizable compound having a plurality
of polymerizable groups, and having unsaturated bonds of
not less than 2 on average per molecule,
(ii) a silicone rubber comprising a silica and having
unsaturatedbondsofnotlessthan2<n1averagepernmlecule,
20 and
(iii) a silicone rubber comprising a
Vulcanization-activating agent containing a
polyfunctional polymerizable compound having a plurality
of polymerizable groups, and a silica.
25 The present invention includes a process for

producing a composite of a thermoplastic resin-containing

reslin member bonded to a vulcanized silicone rubber member



a plurality of polynerizable groups on a contact surface between the resin
noldi ng el enment and the rubber nolding elenment to produce a conposite the
resin menber bonded to a rubber nenber. 25 Furthernore, the present

i nvention includes a process for producing a conposite, which conprises
heat - nol di ng a resin nenber conposed of a thernoplastic - 10 resin and a
vul cani zed rubber nmenber with interpost y a vul canization-activating agent
(and a coating agent containing the vulcanizing auxiliary) conprising a
pol ynmeri zabl e conpound having a plurality of polynerizable 5 groups on a
contact surfaferpedyevulbaniest bomefberurer tbepusi taoh zemthpdilsiaene
rubber nmenber to produce a conposite of the resin nenber bonded to the
rubber nmenbera DETIMLEDOESCHR BTy GOt Bl |dVEMONani®ddRedilicmmder] A

t hermopl astic resin constituting a resin nmenber 1is not particularly
restricted, aRdbReri ovRicheromprisns qnokdigiq aaredian mxddlina edamteindul ar
when a thernoplastic resin is used in conbination with a vul cani zati on 15
activating agend 2 Rhbekey makding elraerbprikh contasitingasaid alaineatise f or
use. The thernoplastic resin includes, for exanple, a polyam de-series
resin, a ol ye3¢RrotReT esan@sylcaniziglg (Ahi Weaseknkiarg ddhe agihbgre. g., a
pol yacet al -series, 20 resin, a pol yphenyl ene ether-series resin, a

pol ysul fi de- SBP1EENG R}ement no| yet her ket one-series resin), a

pol ycar bonate-series resjn, a polyinde-series resin, = a polysulfone-series
resin. a ponoIefirW F%%ﬂrﬁa resin molding element is either of a

resin composition and a resin member, each comprising the
thermoplastic resin, and

10 said rubber molding element is either of a rubber
composition and a rubber premolded article, each
comprising at least an unvulcanized rubber and a
radical-generating agent being activating on a surface to
be contacted with said resin molding element.

15 Further, the present invention includes also a
process for producing a composite, which comprises
heat-molding the resin member and the vulcanized rubber
member with interposing a vulcanization-activating agent
(and a coating agent containing the vulcanizing auxiliary)

20 comprising a polyfunctional polymerizable compound having
a plurality of polymerizable groups on a contact surface
between the resin molding element and the rubber molding
element to produce a composite the resin member bonded to
a rubber member.

25 Furthermore, the present invention includes a
process for producing a composite, which comprises

heat-molding a resin member composed of a thermoplastic



hal ogen-contai ning vinyl-series resin, a styrenic resin, 25 a

(meth)acrylic
el astoner. Th

. conbi nati on

used, a resin
polymer allo
resin, there
alicyclic po
and the aliph

resin, a polyurethane-series resin, a thernoplastic
ese thernoplastic resins can be used singly or in
When two or nore species - 11 of the thernoplastic res
conposition nmay be a conposite resin conposition such
y. (1) A polyanide-series d€si-n 5 As the pol yam de-seri
may be nentioned an aliphatic pol yam de-series resin,
| yam de-series resin, and an aromati c pol yam de-series
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ins are
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nd so

mer or a copolymer of a lactam(e.. g . , a lactam having
SEGP B8 0B S Ao tAfh SRe TateBRSPRERakRe (55 T an 20

to 20

%ﬁeﬁ%@céﬁiaﬁ%sﬁ}ﬂﬁ%&%ﬁf@ﬂ %ﬁ%'%rﬁbé"f ofo e ol yam do o,
2 | . bol yari d
bol yam do confBNBHES bt thepbeg St BoRRs Ehthe BRAEF AR, ot e

66/ 11, polyam de 66/12) and the |iKke.

DETAILED DESCRIPTION OF THE INVENTION
[Resin member]

A thermoplastic resin constituting a resin member
is not particularly restricted, and various thermoplastic
resin can be used. In particular, when a thermoplastic
resin is used in combination with a vulcanization-
activating agent, widely various thermoplastic resins are
available for use.

The thermoplastic resin includes, for example, a
polyamide-series resin, a polyester-series resin, a
poly(thio)ether-series resin (e.g., a polyacetal-series
resin, a polyphenylene ether-series resin, a
polysulfide-series resin, a polyetherketone-series resin),
a polycarbonate-series resin, a polyimide-series resin,
a polysulfone-series resin, a polyolefinic resin, a
halogen-containing vinyl-series resin, a styrenic resin,
a (meth)acrylic resin, a polyurethane-series resin, a
thermoplastic elastomer. These thermoplastic resins can

be used singly or in combination. When two or more species

am de



As the alicyclic polyam de-series resin, there may be exenplified a
pol.yam de in which an alicyclic diamne - 12 and/or an alicyclic

di carboxylic acid is used as at |least part of the aliphatic diamne

. conponent and/or the aliphatic dicarboxylic acid. The alicyclic polyam de
i ncl udes, for exanple, a condensed conmpound of the 5 aliphatic dicarboxylic
acid and an alicyclic diam ne conponenfilfe.g., a C5 8cycl oal kyl di am ne
such as cycl ohexyl diam ne; a bis (anlnocyclohexyl)alkane such as

bi s(am nocycl ohexyl) nethane and 2,2 bi s( am nocycl ohexyl ) propane]. 10 As
the aromatic rpﬁltglmtdt@rmpilestrlesrﬂ$im$1axee wsed,ba resin eesgosd tdeinyam de
in which at | east one conponent anong the aliphatic diam ne conponents and
the aliphati cmayli eer &oRYMPes ke d- &V CPRMRES oIy i V) &F & @rEymer
conponent, for exanple, a polyanide in which the diamne 15 conponent
conprises an atbP¥iic conponent [e.g., a condensed conpound of an aromatic
diamne (e.g., meta- xylylenediamne) and an aliphatic dicarboxylic acid,
such as MXD-6]: a pbl y%rﬂ%l]qulhi%ﬂs{ﬁFJt% sy boxyl i ¢ acid conponent
conprises an aronmatijc co onent .,. a 20 condensate co ound of an

al i phati c®di ani ne (&S §he Pai¥afk 1%%5&%&%%?+%n§&?5ﬁmﬁ§ S e RSt i ¢
dcar by 110 o1 & Ghic LSS ERIRY hcﬁee' oot SRR e S ag ] 8
conponent cogg aronptic 2 negt%£ S ul [pnatlc am de
cuch as s pobyLRRSa T SRErS Gt ARden (et ie SR 2R 1R hor o
resin, and the aliphatic polyamide-series resin is
practically used. The aliphatic polyamide-series resin
10 includes a condensed compound of an aliphatic diamine
component (e.g., a C4_j;palkylene diamine such as
tetramethylenediamine, hexamethylenediamine) and an
aliphatic dicarboxylic acid (e.g., an alkylene
dicarboxylic acid having about 4 to 20 carbon atoms such
15 as adipic acid, sebacic acid and dodecanedioic acid), for
example, polyamide 46, polyamide 66, polyamide 610,
polyamide 612 and so on; a homopolymer or a copolymer of
a lactam (e.g., a lactam having about 4 to 20 carbon atoms
such as e-caprolactam, w-laurolactam) or an
20 aminocarboxylicacid(e.g.,anaﬁinocarboxylicacidhaving
about 4 to 20 carbon atoms such as w-aminoundecanoic acid),
for example, polyamide 6, polyamide 11, polyamide 12 and
so on; a copolyamide copolymerizing these polyamide
components (e.g., polyamide 6/11, polyamide 6/12,
25 polyamide 66/11, polyamide 66/12) and the like.
As the alicyclic polyamide-series resin, there may

be exemplified a polyamide in which an alicyclic diamine



- 13 The pol yam de-series resin further includes a pol yam de conprising a
dineric acid as the dicarboxylic acid conponent, a polyam de having a
branched structure by introducing a snmall amount of a pol yfunctional

. polyam ne 5 and/or a pol ycarboxylic acid conmponent, and a nodified

pol yam de (e.g., N-al koxynethyl polyam de). (2) A polyester-series resin The
pol yester-series resin may be an aliphatlic- pol yester-series resin, and is
usually an aromatic 10 pol yester-series resin, for exanple, a polyal kyl ene
arylate-series resin or a saturated aromatic pol yester-series resin. The
aromati c pol yaadéersan iaelsiCYiﬂelsiim diiperbauylitoaciiapusedaagonyaleagatene
arylate-series resin [e.qg. pol yC2_ 4al kyl ene terephthal ate such as 15
pol yet hyl ene Pérépﬁfhbhatél%Pkﬁyl@n@l@miv%u@gmmﬁﬁﬂnteﬁ%@%@haI%@e (PBT); a
pol yC2_4al kyl ene naphthal ate corresponding to the polyal kyl ene

t er epht hal at ealépBaticp@igarhgx¥hic naghd hal Qﬂal¥PZPL%R:RQ%¥QW%ﬂQWHhyIene
terephthalate (PCT)]; a polyarylate-series resin (e 20 a pol yaryl ate
resin) obtai ndBChYIRS) yEBRIRKIERPI®N %fc%nd%m%%%e%ﬁmp?%n% of ptRYhenol A) and

an aromatic dlcarbox lic aC|g§§ 8 tere hthallc_aC|gl and a fully
aromatic ®r Piﬁﬁhat ¢ydiGRrpoRyLionacid Fadyaraligyc LLAPRE d

?éi?ha'm';y”Eepﬁhéﬁéta%gsf'ai‘gcﬁn% éﬁx*ﬁé ot 9&‘&&3&&& ineyFuER BR tyeiée;'se” =

B Copol yror i 2EFLoRes T ElHnRn & fis (I TnesToR Ry 1 Sk ROFERE of yeol

such as bis(aminocyclohexyl) methane and 2,2-
bis(aminocyclohexyl)propane].

10 As the aromatic polyamide-series resin, there may
be mentioned, a polyamide in which at least one component
among the aliphatic diamine components and the aliphatic
dicarboxylic acid components comprises an aromatic
component, for example, a polyamide in which the diamine

15 component comprises an aromatic component [e.g., a
condensed compound of an aromatic diamine (e.g., meta-
xylylenediamine) and an aliphatic dicarboxylic acid, such
as MXD-6]: a polyamide in which the dicarboxylic acid
component comprises an aromatic component [e.g., a

20 condensate compound of an aliphatic diamine (e.g.,
trimethylhexamethylenediamine) and an aromatic
dicarboxylic acid (e.g., terephthalic acid, isophthalic
acid)]; a polyamide in which both the diamine component
and the dicarboxylic acid component comprise an aromatic

25 component [e.g., a fully aromatic amide such as a
poly(m-phenyleneisophthalamide (e.g., Aramid(R)], and

others.



et hyl ene glycol, propylene glycol, butanediol, and hexanediol; a

pol yoxyC2_4al kyl ene gl ycol; an asymmetrical aromatic dicarboxylic acid or
an acid anhydride thereof 5 such as phthalic acid, isophthalic acid; and an
. aliphatic dicarboxylic acid such as adipic acid. Mreover, a branched
structure may be introduced into a linear polyester by using or nodifying
with small anounts of polyol and/or pol y8arboxylic acid conponent. 10 (3) A
pol y(thio)ether-series resin The poly(thio)ether-series resin includes a
pol yoxyal kyl ene-series resin, a polyphenylene ether- series resin, a

pol ysul fi de-seri es TegipolYgolde tseriderresin durtdigm)inanies pol yet her
ketone 15 series resin. As exanples of the pol yoxyal kyl ene-series resin,
there may be aRRlvakidie oesPydsyny aAdierie agiigcaf thedigayrboxylic

pol yl oxymet hyl ene gl ycol , pol yoxyet hyl ene glycol, pol yoxypropyl ene glycol,
a pol yoxyet hyfehe 9%9@&?%€0®IW@%¢(-%%%P%/®rQr%eZ% structure

pol yoxyt et ramet hyl ene glycol, and the like. Preferred, exanples of the

pol yet her - ser PRI EORWGIRG y §Radl peynkefA Pedvfuactienal RelydMifiteny| ene
ether-series resi sul fide-series resin, and a(£olyether

in, a pol - ¢ er.
ketone-se?iesaP@Z?ﬁ.aZBg% FTRO%HI G RELT - SUrPYe} s ddrfp moditied

pol yacetal -series resin, may be_a ggnn ol ynme homppo| yner of
fornaldehyde)?ogyaﬂlgﬁpﬁ?yger Neakoxyme H%ip%%ﬁﬂv “of trioxane with

et hyl ene oxi de and/gé 1 3-?Pioxolape .. Moreover, an end or term nal of the
pol yacet al -series re8] i RYIYRE M OSTEYT T5idtd to be

The polyester-series resin may be an aliphatic

polyester-series resin, and is usually an aromatic

10 polyester-series resin, for example, a polyalkylene
arylate-series resin or a saturated aromatic
polyester-series resin. The aromatic polyester-series
resin includes, for example, a polyalkylene arylate-series
resin [e.g., a polyC, salkylene terephthalate such as

15 polyethylene terephthalate (PET) and polybutylene
terephthalate (PBT); a polyC,_jalkylene naphthalate
corresponding to the polyalkylene terephthalate (e.g.,
polyethylene naphthalate); 1,4-cyclohexyidimethylene
terephthalate (PCT)]; a polyarylate-series resin (e.g.,

20 a polyarylate resin) obtained by polycondensation of a
bisphenol (e.g., bisphenol A) and an aromatic dicarboxylic
acid (e.g., terephthalic acid); and a fully aromatic or
liquid crystalline aromatic polyester (e.g., a liquid
crystalline polyester using p-hydroxybenzoic acid). The

25 polyester-series resin may be a copolyester comprising an
alkylene arylate unit as a predominant or main component

(e.g., not less than 50 % by weight), and a copolymerizable



stablized. 5 (3b) A polyphenyl ene ether-series resin The pol yphenyl ene
ether-series resin includes various resins conprising

2, 6-di met hyl phenyl ene oxide as a main conponent, for exanple, a copol yner

. of 2,6- dinethyl phenyl ene oxi de and a phenol, a nodified resin in 10 which
bl endi ng or being grafted with a styrenic resin, and so on. (3c) A

pol ysul fide-series resin (polythioether-l4series resin) The

pol ysul fide-series resin is not particularly 15 restricted to a specific
resin so far as the resin has a thio group (-S-) in the polymer chain.
Such a resin compbuodss, mdpbecraappiifiefd Ypheniwlame glliicegd seshras a

pol ydi sul fide resin, a pol ybi phenyl ene sulfide resin, a polyketone sulfide
resin, a pol yethydeher gducbdneprepyhen@0gimdot hebvtrredMkecamd, the
polysulflde series resin may have a substituent such as an am no group,
including a pekapadindphepplamxySyl {a beylemhglyceler ppsymmetrical

pol ysul fide-series resin includes a pol yphenylene sulfide resin. 25 (3d) A
pol yet her ket éﬁ@mgéipe§l¢é§bﬁxﬂaéc pefidt oBrakeaeh-aphy&sidesinerert udes,
for exanple, golyether ket one-series resin obtained by a - 16

pol ycondefisat B¥hpR$ idhadl ig ﬁ&llégeh%%wi%%bﬁtﬂ%ld('ea@d an aliphatic

di chl orobenzophenone) and a di_hydr obenzophenone, ether-ether

ket one- serlesdF@éFﬁoﬁﬁgéFnéﬂlﬁySHChpBFyEgﬁBéﬁs%??Gn Bﬁ&

d|halogen0ben€rggg OHe Xdroguig roduceg into a linear

s%ruc%ure m
polyester by using or modifying with small amounts of polyol
and/or polycarboxylic acid component.

10 (3) A poly(thio)ether-series resin

The poly(thio)ether-series resin includes a
polyoxyalkylene-series resin, a polyphenylene ether-
serles resin, a polysulfide-series resin
(polythioether-series resin), and a polyether ketone-

15 series resin. As examples of the polyoxyalkylene-series
resin, there may be mentioned a polyoxyC,_jalkylene glycol
such as polyloxymethylene glycol, polyoxyethylene glycol,
polyoxypropylene glycol, a polyoxyethylene-
polyoxypropylene block-copolymer, and

20 polyoxytetramethylene glycol, and the like. Preferred
examples of the polyether-series resin include a
polyacetal-series resin, a polyphenylene ether-series
resin, a polysulfide-series resin, and a polyether
ketone-series resin.

25 (3a) A polyacetal-series resin

The polyacetal-series resin may be a homopolymer

(homopolymer of formaldehyde), or a copolymer (e.g., a



(4) A polycarbonate-series resin As the polycarbonate-series resin, an

al i.phatic polycarbonate-series resin may be used, and an aronatic

pol ycar bonat e-series resin, for exanple, an aromatic 10 pol ycarbonate

. Obtained by a reaction between an aromatic di hydroxy conpound (e.g., a

bi sphenol conpound such as bi sphenol A and bi sphenol S) and a phosgene or
a diester carbonate (e.g., a diaryl calldorate such as a di phenyl

carbonate, a dial kyl carbonate such as a dinethyl 15 carbonate), etc can be
usual ly used. (5) A polyimde-series resin The polyim de-series resin
includes a thepnopymerief polgkanelewtehiethybene, oxiie exuhfoe, 13-
polyi m de-series resin obtained by a reaction between an aronmatic 20

t et racar boxyl léoxelane) . atorAAMaAY dan etk fr (@Rg‘lnalb@tfzéﬁllﬁ?enone
tetracarboxylic_ acid) and an aromatic diam ne g

di am nodi phen?P%@ﬁa 2} sarpes yaas e 'F%Yd‘éer‘é%?%ke aPlbdF%&Qertq R®le resin,
etc. (6) pol ysul fone-series resin 25 The pol ysul fone-series resin

i ncl udes, forsgi ﬁﬁF% a polysul fone resin obtained by a pol ycondensati on
of a dlhalogenodlphenyl sul fone (e. g di chl or odj phenyl - 17 sulfone) and
a bi sphendl (e . g pkyRheny lpne, ether-series (RFbf), a pol yet her

Puone) oS Py '%%xéﬁérh‘r’ Shecrther el ;“ro%’%f%{éf' %1 ncl udes.
pol yet hy! ene, 9&59%%’%«?%33% stres 3t o g sRa BRsRyTneRe RER e de oo
a main component, for example, a copolymer of 2,6-
dimethylphenylene oxide and a phenol, a modified resin in
10 which blending or being grafted with a styrenic resin, and
so on.
(3c) A polysulfide-series resin (polythioether-
series resin)
The polysulfide-series resin is not particularly
15 restricted to a specific resin so far as the resin has a
thio group (-S-) in the polymer chain. Such a resin
includes, for example, a polyphenylene sulfide resin, a
polydisulfide resin, a polybiphenylene sulfide resin, a
polyketone sulfide resin, a polythioether sulfone resin,
20 and the like. Moreover, the polysulfide-series resin may
have a substituent such as an amino group, including a
poly(aminophenylene sulfide). The preferred
polysulfide-~series resin includes a polyphenylene sulfide
resin.
25 (3d) A polyether ketone-series resin
The polyether ketone-series resin includes, for

example, a polyether ketone-series resin obtained by a



poly(nethylpentene 1); a copolyner of an olefin and a copolynerizable
mononer (e.g., an ethylene-vinyl acetate 10 copol ymer, an
ethylene-(neth)acrylic acid copolynmer, an ethylene-(neth)acrylate

. copolyner). These polyolefinic resins can be used singly or in

conbi nation. Preferred exanples of the polyolefinic resin includes a

pol ypropyl ene-series resin having a prog¥l ene 15 content of not |ess than
50 % by weight (in particular, 75 to 100 % by weight), for exanple,

pol ypr opyl ene, propyl ene-et hyl ene copol yner, propyl ene-butene copol yner,
propyl ene- et hppdieobdenaat topdigtineen andibabagenpbenzepheneme (foig.ol efinic
resin preferably has a crystallinity. 20 é A hal ogen- cont ai ni ng

vi nyl -seri es ﬂé§hh°ﬁ9b9héohh¢6©@ﬁ)c@h@aﬁn héY@¥¢®@n%@9hQﬁpﬁ%£|% there are
i ncl uded, for exang a chlorine-containing vinyl-series resin such as a
pol yvi nyl chl BPLEEEhET -gBROY| kotPRenseEResr FaRin LREPASIHRY & vi nyl
chloride and 25_vinyl acetate, and a copol yner of V|nyI|dene chl ori de and
vi nyl acetatepoéYFPBG?Pﬁétéﬁﬂt%?HV%@“V?n@%h%%QQQﬁPWQQﬁQP RN AnG a

pol yvi nyl fluoride, ol yvinylidene fluoride, - 18 a
ponchIorBtrlpVﬁﬁPgBFﬂgP%ne énd a copol ymer of tetrafl uoroethylene and a

copol yneri zabl e non referred hal ogen-containing vinyl-series
resin is the quor?%g Aok §¥ﬁ$ ﬁ?TS§E+? sT9EY n (e.g., the 5 pol yvinyl

fl ide, th I d f |
st;?;hig rés?n?otﬁg ﬁyg#%eﬁgﬁ%%g ?%Qﬁ?ﬁ %QR%FHB 5%§P§ﬁkﬁg§ﬁﬁ¥§38fyner of a

styreni ¢ mONogs (g:fonatd-BOEYELYEEREN faf'¥E WS Wla L4l URIGFORO! YIeT

polycarbonate-series resin, for example, an aromatic
10 polycarbonate obtained by a reaction between an aromatic
dihydroxy compound (e.g., a bisphenol compound such as
bisphenol A and bisphenol S) and a phosgene or a diester
carbonate (e.g., a diaryl carbonate such as a diphenyl
carbonate, a dialkyl carbonate such as a dimethyl
15 carbonate), etc can be usually used.
(5) A polyimide-series resin
The polyimide-series resin includes a thermoplastic
polyimide-series resin, for example, a polyimide-series
resin obtained by a reaction between an aromatic
20 tetracarboxylic acid or an anhydride thereof (e.g.,
benzophenone tetracarboxylic acid) and an aromatic diamine
(e.g., diaminodiphenylmethane), a polyamide imide resin,
a polyester imide resin, etc.
(6) A polysulfone-series resin
25 The polysulfone-series resin includes, for example,
a polysulfone resin obtained by a polycondensation of a

dihalogenodiphenyl sulfone (e.g., dichlorodiphenyl



10 styrene-a-nethyl styrene copol yner), a copolynmer of a styrenic nononer
and a copol yneri zabl e nononer [e.g., a styrene-acrylonitrile copolyner (AS
resin), a acrylonitrile-butadi ene-styrene copolynmer (ABS resin), a
(meth)acryl ate-styrene copol yner (M5 resin), a 15 styrene-nel ei c anhydri de
copol ynmer, a styrene-butadi ene copolyner], a high-inpact polystyrene
(HIPS), etc. (10) A (rmeth)acrylic resirnlfhe (nmeth)acrylic resin includes a
honopol ymer or copol yner of a (meth)acrylic nononer, a copolyner of a 20
(meth)acrylic nononer and a copol yneri zabl e nononmer, and so on. The (neth)
acryli c nonomenlfiape) rarididehisphrerdartpl-@,. . Bhephdrek Pl ¢x aapetialasadit 10al kyl
(meth)acrylate such as nethyl (nmeth)acrylate, ethyl (meth)acrylate, a

i sopropyl (nithRFaefyl ad @oluathey sulifoaer Fegia, anpPyatlyl reudfons
(meth)acrylate;, a C5-10cycloal kyl (meth)acrylate such as cyclohexyl (neth)
acrylate ; a ©8SiDaf9t9¢redhfomBel¢hal BTRAUChHS " RMEFN|) ( RE®) acryl ate; a
hydroxyC2_10al kyl - 19 (nmeth)acrylate such as hydroxyethyl (neth)acryl ate;
a (nmeth)acryl ani de{7anl BOlVRtefRIGIBRFIRile; a glycidyl (neth)acrylate.
The copolgnerizable nononer includes a . vinyl-series nononmer such as vinyl

acetate afd vinyl 5TRAIBP{velesiniq eesin phidesudiPhLexamRhe and a-

met hyl styrene, and the like. (11) A pal yurethane-series resin.The

ol yur ot hane. BERPEGIYBeT wicanp ok REAMOLS IF 640 45 5 b aLRRe €, 2
pol yol and, if ne&essar - ext ensi on. agen t he diisocyanat e,

a 10 chaﬁn t.
there are ex8nff YPEBP}éﬁeﬁ?rpﬂﬁt?E ¥ PROCHENRY EeUG cFoRR YMer . a
poly(methylpentene-1); a copolymer of an olefin and a

copolymerizable monomer (e.g., an ethylene-vinyl acetate
10 copolymer, an ethylene-(meth)acrylic acid copolymer, an
ethylene-(meth)acrylate copolymer). These polyolefinic
resins can be used singly or in combination.
Preferred examples of the polyolefinic resin
includes a polypropylene-series resin having a propylene
15 content of not less than 50 % by weight (in particular,
75 to 100 % by weight), for example, polypropylene,
propylene-ethylene copolymer, propylene-butene copolymer,
propylene-ethylene-butene copolymer, and soon. Moreover,
the polyolefinic resin preferably has a crystallinity.
20 (8) A halogen-containing vinyl-series resin
As the halogen-containing vinyl-series resin, there
are included, for example, a chlorine-containing
vinyl-series resin such as a polyvinyl chloride, a
polyvinylidene chloride, a copolymer of vinyl chloride and
25 vinyl acetate, and a copolymer of vinylidene chloride and
vinyl acetate; a fluorine-containing vinyl-series resin

such as a polyvinyl fluoride, a polyvinylidene fluoride,



hexanet hyl ene dii socyanate and 2, 2, 4- trimethyl hexanet hyl ene dii socyanate;
an .alicyclic diisocyanate such as 1, 4-cycl ohexane diisocyanate and 15

i sophorone diisocyanate; an aronmatic diisocyanate such as a phenyl ene

. diisocyanate, a tolylene diisocyanate, and a

di phenyl net hane-4, 4' -di i socyanate; an araliphatic diisocyanate such as a
xyl yl ene diisocyanate, and so on. The dBi socyanate may be a conpound
havi ng an al kyl group 20 (e.g. , nethyl group) substituted on a main chain
or aring. As a diol, there may be nentioned a polyester diol (e.g., a
pol yest er di ol adpelyellérobrif Blonce thybere i candli @ azdrodamer g2f d conponent
such as adipic acid; a C. 12aliphatic diol conponent such as ethylene

gl ycol, 25 prtpyrefitugrgethylene aardi @l copgtymeivieahle npnergr. g The
C4-121act one conponent such as E-caprol actone) , a polyether diol (e.g., a
pol yet hyl ene BrEerred hal9gedpsorbeinglygoyinylogeries resin is the

pol yoxyet hyl ene- pol yoxypr opyl ene bl ock-copol yner, a pol yoxyt etramet hyl ene
gl ycol , a bi shhepbLne- aPR{aERENT o%i el 25RkEeS , res bl (s er Hiter diol (a
pol yester diol _in which the polyether diol is used as part of the diol 5
conponent §. ABOLKELIR¥L hlugk¥ iR ohhegRedyvinybideng it ®bi  such as

et hyl ene gl ycol and $;g§ylene19hécol as well as a diam ne can be used. The
di ami ne incl udes, fb (NG Fe¥iBhat i ¢ di amine such as a linear- or

branched 10 al kyl engdi am ne_ havi ng about 2 to 10 carbon at.o e.q.
ot hyl enedi am ne. & rEhekTY | KON AR o TIRA R R i ed i
pent anet hyl enedj am ne hexanetqglfnediaq}ne,
trinethylhexaﬁe#ﬂ@?%%%%W%ﬁ1% copolymer of a’'styrenic monomer (e.g.,

a polystyrene, a styrene-vinyl toluene copolymer, a
10 styrene-a-methylstyrene copolymer), a copolymer of a
styrenic monomer and a copolymerizable monomer [e.g., a
styrene-acrylonitrile copolymer (AS resin), a
acrylonitrile-butadiene-styrene copolymer (ABS resin), a
{meth)acrylate-styrene copolymer (MS resin), a
15 styrene-meleic anhydride copolymer, a styrene-butadiene
copolymer], a high-impact polystyrene (HIPS), etc.
(10) A (meth)acrylic resin
The (meth)acrylic resin includes a homopolymer or
copolymer of a (meth)acrylic monomer, a copolymer of a
20 {meth)acrylic monomer and a copolymerizable monomer, and
soon. The (meth)acrylic monomer may include, for example,
(meth)acrylié acid, a C;_ j;j,alkyl (meth)acrylate such as
methyl (meth)acrylate, ethyl (meth)acrylate, a isopropyl
(meth)acrylate, butyl (meth)acrylate, and 2-ethylhexyl
25 (meth)acrylate; a C;_;,cycloalkyl (meth)acrylate such as
cyclohexyl (meth)acrylate; a C,_,,aryl (meth)acrylate such

as phenyl (meth)acrylate; a hydroxyC,_;,alkyl



1, 7-di am nohept ane, 1, 8-di am nooctane) and a |inear- or 15 branched-
pol.yal kyl enepol yam ne (e.g., diethylenetriamne, triethylenetetram ne,

t etraet hyl enepent am ne, dipropylenetriamne); an alicyclic dianm ne such as
i sophor onedi am ne, bi s(4-am no- 3-net hyl cycl ohexyl) nethane, and

bi s(am nonet hyl ) cycl ohexane; and an aromatic 20 di am ne such as

phenyl enedi am ne, xylyl enedi am ne, and 1@ am nodi phenyl net hane. (12) A

t her nopl astic el astomer The thernopl astic el astoner includes, for exanple,
a pol yam de-series el astoner (a copolyner conprising a 25 polyan de as a
hard segnment d&mdthhaarivphtei sugbl gethydroxyetkylt (metpbayylate; a

pol yester-series el astoner (a copolynmer conprising a polyal kylene aryl ate
as a hard segf@gthiagrylamiden andphatnethhrgeyleribrilgi phalixcishiyest er
as a soft segnent), a polyurethane-series elastoner (a copol yner
conprising a @P?hﬂéﬂﬁﬁgétéont¥99ﬂQRPQ%Xmﬁﬁ#ZQH%ﬂlmQﬂqmﬁﬂ ingd usiega g
segnent and an al i phatic pol yether or an aliphatic 5 polyester as a soft
segnent, for ¥iBHHrECTAepoMGBINRE- SuFlt ARNELRY hstenkrte A Y Rkr - ur et hane

el astoner, or the like), a golyst reni c el ast omer %cho o“¥ner conpri sing
a pol yst yPeni ENBPELRC a5 SREFENLE RRRPMERdSACH @S ?%%ra $i1%ck or a

hydr ogenat ed thereof _.as a soft _segne , a 10 pol yolefinic el astoner (e.g.,
a copol ymer cHﬁﬁLVgﬁﬁﬁrﬁnepoPQQt§g%ngi%?'a pol ypropyl ene as a hard segnent

and an ethyl ene-pr ene_rubber or an_ethyl ene-propyl ene-di ene rubber as
a soft segnent; an g?i#i iB°g¥5§?B%%?eE%%5+¥§i?ﬁF ™ hard segnent and a soft

segment whi ch are d&§£9r89§u£Qt&§n8£¥§£fééiPéé%ﬁ’céhF%%>%%{QQned by
chlori de-series el astongr,”4
reacting a diisocyanate, a polyol and, if necessary, a
10 chain-extension agent. As the diisocyanate, there are
exemplified an aliphatic diisocyanate such as
hexamethylene diisocyanate and 2,2,4-
trimethylhexamethylene diisocyanate; an alicyclic
diisocyanate such as 1,4-cyclohexane diisocyanate and
15 isophorone diisocyanate; an aromatic diisocyanate such as
a phenylene diisocyanate, a tolylene diisocyanate, and a
diphenylmethane-4,4"'-diisocyanate; an araliphatic
diisocyanate such as a xylylene diisocyanate, and so on.
The diisocyanate may be a compound having an alkyl group
20 (e.g., methyl group) substituted on a main chain or a ring.
As a diol, there may be mentioned a polyester diol
(e.g., a polyesterdiol derived from a C4_,, aliphatic
dicarboxylic acid component such as adipic acid; a C,_
jpaliphatic diol component such as ethylene glycol,
25 propylene glycol, butanediol, and neopentyl glycol; a
C4.1plactone component such as e-caprolactone), a polyether

diol (e.g., a polyethylene glycol, a polypropylene glycol,



fluorine-containing thernoplastic elastonmer, and so on. As the aliphatic
pol.yet her,

gl ycol ,

ot her

a (poly)oxyC2_ 4al kyl ene glycol (e.g., a (poly)oxyethylene

a (poly)oxytrinethylene glycol, a (poly)oxypropylene glycol,
and a (poly)oxytetramethyl ene glycol, particularly, the polyoxyethylene
glycol) can be used. As the aliphatic polyester, the polyesterdiol and the

mentioned in

20

the item of the pol ¢@ret hane-series resin can be used.

These thernopl astic el astoners can be used singly or in 25 conbination.

When the thernoplastic elastonmer is a block copolyner, a block structure
i s not partical pplyox¥ethytere:pahvioxigropylengdogkidanpmaeruc@ ure, a
mul ti bl ock structure, a star-shaped structure or another structure.
Preferred exappleexptetramehlyhene agtyeok! aathiphengle | Al b eRe de- seri es
el ast oner,

present
resin

pol yester-series 5 el astoner, [ 3
pol ystyreni c oBidstadduct hnda peplxgsiehi ethehtinker(a mHgader didhe

pol yur et hane- seri es el ast oner,

I nvention, as a thernp&%astic resin constituting a resin nenber, a

havi ngiR PhiFRl thrg BPLYS
highly active to a radjcal-generating agent or

atons) (hérei faPPERENt he

referred
can i ncrease an ad
resin nenber eve
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20

25

a diamine can be used. The diamine includes, for example,
an aliphatic diamine such as a linear- or branched-
alkylenediamine having about 2 to 10 carbon atoms (e.g.,
ethylenediamine, trimethylenediamine,
tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, trimethylhexamethylenediamine,
1,7-diaminoheptane, 1,8-diaminooctane) and a linear- or
branched-polyalkylenepolyamine (e.g., diethylenetriamine,
triethylenetetramine, tetraethylenepentamine,
dipropylenetriamine); an alicyclic diamine such as
isophoronediamine, bis(4-amino-3-methylcyclohexyl)
methane, and bis(aminomethyl)cyclohexane; and an aromatic
diamine such as phenylenediamine, xylylenediamine, and
diaminodiphenylmethane.

(12) A thermoplastic elastomer

The thermoplastic elastomer includes, for example,
a polyamide-series elastomer (a copolymer comprising a
polyamide as a hard segment and an aliphatic polyether as
a soft segment), a polyester-series elastomer (a copolymer

comprising a polyalkylene arylate as a hard segment and

pehiat obt Y384 idk BRFdr et o HiBhns

)

sul fur atons (active sul fur
hydrogen atom and sul fur atom are occasional ly

So an adrbSi HE TN YRS S0ty Gofa- 1o DRI (Eihr - and a



of the radical-generating agent, and may contain for exanple, an active
atom having not less than a given value 20 (e.g., 0.006, and preferably
0.008) of an orbital interaction energy coefficient S represented by the
. followng formula (1) . The preferred value of the orbital interaction
energy coefficient S of the active atomis about 0.006 to 0.06, and
preferably about 0.007 to 0.05 25 (partidularly about 0.01 to 0.045). The
nunber of the active atomin the resin depends on a bondi ng position or

site of a functional group having the active atom (e.g - 23 an end or
term nal, a bfaAneéhéphahbe nPObYe‘éhﬁfIﬁchmbiM}atlfarﬁplﬁ%ﬁW Fora s8&fipl e, not
| ess than 2 (about 2 to 10000) , preferably not less than 2.5 (about 2. 5

to 5000) , an@e@BeBt)prafeehyiyeraneeserieaebagbomeE @ (PAVYOYCES an
average 5 per the thernoplastic resin nolecule. The nunber of the active
atom per the CABPHEHHLIASE €°#§§Fﬁtﬁﬁpéc%9%t¢%n%é‘i shorinehein Horadh
(preferably about 2.5 to 50 , nore preferably —about 3 to 25  and
particul arly ap@pandseapept apd angliRhabie BPlﬁ’ﬁéPﬁﬁpﬂ%gfllachrFé‘quc

fulfilled such conditions 10 grogresses a crosslinkjng reac on on an

i nt er f aceSbet RRERESEEF udPe? TohboReeRhd £OF neX MR Gst? PIEET F-Shhponent
in a vulcanizatjion or .curing of th ber conponent. to firn r
strongly bondIBSERABE FAAS H%ama dysrpeE-p HF+?J&SLW?52%r the

n, eac

ELov - roprédbale & BaFTRrERRue o Ee ty e e Rt ca‘f‘%‘%ﬁsﬂ{‘
Cadical of 1 e Dol CaeRePAPPRAS 2 bfa oot Wila B 1E e i ©
g a ) , N represe
mol ecul ar - Orbbiébkcgffé'ﬁ§896genated thereof as a soft segment), a
10 polyolefinic elastomer (e.g., a copolymer comprising a
polystyrene or a polypropylene as a hard segment and an
ethylene-propylene rubber or an ethylene-propylene-diene
rubber as a soft segment; an olefinic elastomer comprising
a hard segment and a soft segment which are different in
15 crystallinity), a polyvinyl chloride-series elastomer, a
fluorine-containing thermoplastic elastomer, and so on.
As the aliphatic polyether, a (poly)oxyC,_jalkylene glycol
(e.g., a (poly)oxyethylene glycol, a
(poly)oxytrimethylene glycol, a (poly)oxypropylene glycol,
20 and a (poly)oxytetramethylene glycol, particularly, the
polyoxyethylene glycol) can be used. As the aliphatic
polyester, the polyesterdiol and the other mentioned in
the item of the polyurethane-series resin can be used.
These thermoplastic elastomers can be used singly or in
25 combination.
When the thermoplastic elastomer is a block copolymer,

a block structure is not particularly restricted, and may



20 of a. highest occupied nolecular orbital (HOMO of an n-th hydrogen or
sul.fur atomconstituting a constitutive unit of the thernoplastic resin;
EHOMO n representing an orbital energy (eV) of the HOMO ; CLUMD n
representing a nol ecular-orbital coefficient of a | owest unoccupied 25

nol ecul ar orbital (LUMO) of the n-th hydrogen or sulfur atom constituting
the constitutive unit of the thernopl-a$td ¢ resin, and ELUMO n representing
an orbital - 24 energy (eV) of the LUMO. MOPACPMB represented by the
formula (1) is one of nolecular orbital (M) nethods. The nol ecul ar
orbital methB8 PstEhBleFkapproRivher oAsMEbELBlaek sSERCEIRDI eBul ar 5

el ectron condition or state, and is classified into three nmain nethods; an
enpirical net fb8FsRAPEY FHEREFULe  oF canObhREFERMFIYERY net hod enhanci ng
an approximation of the Huckel's rule, and an noneﬁj)airi_cal met hod

deternining strictPHeheRbPece¥ErPLeDi ¢hI LR NS TP NATM S CATHIRT on. 10
I t s, .wWi.th d | opi . t t th i irical

met hod and. t heBfoRBRPPPLEARLART ABHLASVEL BEEATS hn FO LT FLRE - SSRLSFol ecul ar

or bi t al mgt hodli s, a_nost ;onvi £]§| bl e net hod jc:)or elatin oﬁ%"ﬁxlrecm ar
structure>and“LBAERTERr PRIXHFOTEReREFELPS BEPS LRI SOWFRIYESH Ehing 15
t he tern1"n0|giﬁgggyg%gb%ﬁhogg%QQfeffﬁ.g kggg@rdefn JST Online Infornation

System (JAS), ou regrs er 8a*RuADeTr " can be found (term:

1980 to 2000 May). M@%%?%ﬁ%?%‘kéiép&gﬁeiﬁ%‘b@%('\@%Ct of Diatomc

Differential Overlap oné’ of O sem'enpirical nethods.

The MOPACPMB e n6H160F1 888 ¥n YW N A S A e n member, a resin

having a plurality of hydrogen atoms (active hydrogen

10 atoms) highly active to a radical-generating agent or
sulfur atoms (active sulfur atoms) (hereinafter, the
hydrogen atom and sulfur atom are occasionally referred
to as an active atom) may be used. Such a thermoplastic
resin can increase an adhesion strength between a silicone

15 rubber member and a resin member even if a
vulcanization-activating agent is not used. That is, the
thermoplastic resin can be selected depending on species
of the radical-generating agent, and may contain for
example, an active atom having not less than a given value

20 (e.g., 0.006, and preferably 0.008) of an orbital
interaction energy coefficient S represented by the
following formula (1). The preferred value of the orbital
interaction energy coefficient S of the active atom is about
0.006 to 0.06, and preferably about 0.007 to 0.05

25 (particularly about 0.01 to 0.045). The number of the
active atom in the resin depends on a bonding position or

site of a functional group having the active atom (e.g.,



of an organic conmpound, and is explained in many literatures and
publications [e.g., "Ml ecular orbital nmethod MOPAC gui debook"” (Tsuneo

Hi rano, Kazutoshi Tanabe; Kai bundo, 25 1991), "Quantum Chemi stry, 3rd
revised edition" (Teijiro Yonezawa et al., Kagaku Dojin, 1983),
"Cal cul ation Chem stry gui debook” (translated by Eiji Osawa et al., - 25
witten by Timdark, Maruzen, 1985)].- £3onstitutive unit (or baS|c unit)
inthe formula (1) neans a nDdellng nol ecul ar structure conprising a
polymer term nal and about 1 to 3 rep eatlng unit (s) . That 5 is, it is
difficult to &8 enfaPE Aerpieallap branchedfehain, )ﬁmﬂa%%nﬁﬁﬁﬁu)itself
by MOPACPM3, since the polynmer conpound has too nuch nunbers of atons per
mol ecul e.  Th@REfHRYE bey %‘é’r‘@d‘la&tﬂl@n Rl 18@%5???&(699“1‘:& te W) ng

nmol ecul ar structure ga constitutive unit or basic unit) 1Q conprising a
pol ymer termi REPEERAPIBRRL 165 ShpBpead |(ﬁ§’°“t}n?t§ tqE50000anpne more

nmol ecul ar struct giepeatln uni t)_of ¢§ but | ene tere hthalate (PBT)
is generally pFE%PE? YRehyles s hepPcdl (& ](c@% CeruRor Ay =Kol
C(=0) - C6H4- C( he calculatlo nol ecul ar. 15 orbital in
the formPa (?fg:n%eb'éh%m%i?%ﬁl? GreS Mo ecule JI'}ele number £ the

CH2- CH2- CH2- CH24 ( ive it orbital
nteract ion oREFEY SCURH PoF et gh%a%%%%tt%&eﬁwn%f%mr‘Lg $a3e Ty "he

referred 10 a5kRut k7000 (S ka8 s 98"5@”?&0‘%?%@&%‘%&{&"3”0“3

publ i cati ons. en a chentc IS “di"scus

i nteraction eggpay 086! b8! ChaSphit ¥3HaBly SoREAFRLET269! Uife chem cal

reactivity in general.
selection of thermoplastic resin fulfilled such conditions

10 progresses a crosslinking reaction on an interface between
a rubber component and a thermoplastic resin component in
a vulcanization or curing of the rubber component to firmly
or strongly bond each other.

S=(CH0M0,n)2/|Ec"EH0Mo,n|+(CLUMo,n)2/|Ec-ELUM0,n| (1)

15 wherein each of E., Cyomo,n+ Enomo,ns Crumo,ns 8R4 Erymo ,n
represents a value calculated by the semiempirical
molecular orbital method MOPACPM3, E. representing an
orbital energy (eV) of a radical of the radical-generating
agent, Cyomp,pn representing amolecular-orbital coefficient

20 of a highest occupied molecular orbital (HOMO) of an n-th
hydrogen or sulfur atom constituting a constitutive unit
of the thermoplastic resin; Eyomo,n Tepresenting an orbital
energy (eV) of the HOMO: Cpyyo,, representing a
molecular-orbital coefficient of a lowest unoccupied

25 molecular orbital (LUMO) of the n-th hydrogen or sulfur
atom constituting the constitutive unit of the

thermoplastic resin, and Epyyo,, representing an orbital



exanpl e, "Introduction of Frontier orbital theory"” (p.72, 25 Shinich
Yamabe, Satoshi |nagaki, Kodansha Scientific, 1989) describes that an
orbital interaction energy coefficient S indicates a concept "Regarding to
an - 26 interaction between two orbits, (a) a smaller energy difference
between two orbits and (b) a larger overlap between two orbits nake the
interaction stronger". The fornula (%) 24s-based upon an idea of

superdel ocalizability 5 (Sr) published at 1954 by Dr. Fukui given a Nobel
prize (see "To use a nolecular orbital method", p. 71, Mnoru Inoto,
Kagaku Doj i n, eng8@y, (aV)ophuthesl@ar to the fornula (1) is reported from
t he concept of Sr on various publications and |literatures. 10 Hereupon, it
is inportant that tHePASPM3urapresented byethediexmydalell) ke Pt

di scussion of a_nolecular  structure and chem cal reactivity thereof.
Therefore, anMOdPERLaF PRP&EALt (¥A) eReF9AR oot iMH e I@t) &BPIFEi ned by
the following formula (1) does not represent a nere 15 conc%PtuaI val ue,
and repr esent 2e5h0d| 1% OREt APPLoXdHatons, £oF NG A0 LeGHAT | a
(e.g., a nolecular weight, a functional group) for definifion qf the

i or |l P ThoCLaRrEal STBttsfoR A GyaRe . (B8 13 caaradteat BERdTRIDg agent
is preferably cal cul ated based on a 2Q radical nolecular structure with the
use’of  NoPACREINSER G5 R caiiihsia MRabPaslaon® puciel "6 i

radi cal - generating agent y._be used.for .convenience. .For.exanpl the Ec
val ue of the PadPIRPTEhbral merhok spnalipind ap agPrpgpnglagh BF the
peroxide, -5 ﬁMgf(gﬁ.'?Eﬁlﬁ%g,cgﬂﬁogﬁdnoﬂ%géiégl SNetRba dasteita gt al ning

or gani ¢ conpound eXc

strictly a molecular orbital function by only calculation.

10 In recent years, with developing a computer system, the
semiempirical method and the nonempirical method have been
main methods. The molecular orbital method is a most
convincible method correlating a molecular structure and
chemical reactivity thereof. For example, when searching

15 the term "molecular orbital method"” as a keyword in JST
Online Information System (JOIS), about 53000 of a
registered number can be found (term : 1980 to 2000 May).
The MOPACPM3 is the core of NDDO (Neglect of Diatomic
Differential Overlap) method which is one of the

20 semiempirical methods.

The MOPACPM3 is used for mainly studying a reaction
of an organic compound, and is explained in many literatures
and publications [e.g., "Molecular orbital method MOPAC
guidebook" (Tsuneo Hirano, Kazutoshi Tanabe; Kaibundo,

25 1991), "Quantum Chemistry, 3rd revised edition" (Teijiro
Yonezawa et al., Kagaku Dojin, 1983), "Calculation

Chemistry guidebook" (translated by Eiji Osawa et al.,



a sulfur. As the hydrogen atom having a predeterm ned value - 27 (e.g.,
0.006) or nore of an orbital interaction energy coefficient S (an active
hydrogen atom in the case where the radical-generating agent conprises an
organi c peroxide, there nay be nentioned, for exanple, a hydrogen atom5
constituting, an amno group (-NH2) (e.g., a termnal amno group), an
imno group (-NH) (e.g., a main-chain @ -termnal imno group, -NH of an
am de group), a nercapto group (-SH), a nethyl group (-CH3), a nethyl ene
group (-CH2-) (a nmethylene group adjacent to an electron 10 withdraw ng
or-attractingwgitten byeTima@lacrki vMarezéen| eh@85 hloup), and a net hylidyne
group (-CH=) (a main-chain or termnal nethylidyne ?roup), etc. As the

sul fur atom havi ng & ¢pnehitatice Wity (or dasde)undt) nbh ethg farmyrla t al
interaction energy coefficient S (an 15 active sulfur atonm) in the case
where the radf&al mgéﬁérétmﬁéeég@mm@bﬁ%@l@léssbﬁ%\ﬂg%@u@W%ﬁ@r% athere may
be nmentioned, for exanple, a sulfur atomconstituting a thio group (-S) ,
a mercapt o grBHﬂ)Y’('eSH)erde}ﬁ]alaﬁﬁl abpet gr §ap3 repegting wnihes kyi (Hiat group

such asarrethlthlo an ethylthio rou sul finyl_ group
(-SO), ebc. Fhe ’g'$ ]rtncFlou&é‘éculeltee f%cujaaﬁe‘? ]g%ﬁfp

bondi ng to an alk ene chaln C cloa | ene ch natic rin
a methyl group BohiHg ??WQRP kaﬁNPBASPM a ﬁk?ﬂ?l€hﬁ(ﬂﬁ} )

L o ool b e BT, b ECH AR ARE L.
(p0|y)oxya|ky&§ere gfé Su%%l%%lat&80|%g§4%gggg 8 %pfore1modellng
molecular structure (a constitutive unit or basic unit)
10 comprising a polymer terminal and about 2 to 3 repeating
units. For example, a molecular structure (repeating
unit) of polybutylene terephthalate (PBT) is generally
represented by a chemical formula "-(CH,-CH,-CH,-CH,-0O-
C(=0)-C¢Hy -C(=0)-0),-", and the calculation of a molecular
15 orbital in the formula (1) may be conducted for "HO-
CH,-CH,-CH,-CH,-0-C(=0)-C¢H,-C(=0)-OH" as a constitutive
unit.
The orbital interaction energy coefficient S
represented by the formula (1) may be referred to as a
20 reactive index, and is defined and explained in various
publications. When a chemical reactivity is discussed,
the orbital interaction energy coefficient S is used as
a parameter for the chemical reactivity in general. For
example, "Introduction of Frontier orbital theory" (p.72,
25 Shinichi Yamabe, Satoshi Inagaki, Kodansha Scientific,

1989) describes that an orbital interaction energy

coefficient S indicates a concept "Regarding to an



- 28 and a (poly)oxyethylene unit, and a nethylene group adjacent to a

ni trogen atom constituting an amno group or an imno group. The

met hyl i dyne group includes, for exanple, an a-positioned nethylidyne group
adjacent to an 5 am no group or an imno group, and a nethylidyne group
a-positioned to an am no group in an am nocycl oal kyl group. It is
sufficient that a thernoplastic resin-h&®$ plural (e.g. , not |less than 2)
active atons as average per nolecule. That is, the thernoplastic resin
having an 10 active atomis not usually constituted by a single nolecule,
and conpri sesiataractiienobehwaenotwonorettis es(dkiagsmapbler fngrayfferent in
a structure and a chain length. Therefore, all nolecules of the

t her mopl ast i cAié§PReBFE bRSVerBqtvPecarbitenandl () td IrNEeH QVeFb@Pty of.
active atons, 15 and the number of an active atomas average per nolecule
is to be not P88¥eeRafwWo PRPEAFCUIRKE| BRealpleFartign oFtToReR: ct adine

predom nant caonstitutjve or basic units. For _exanple, the nunber of an

active hydrogERFEPSR Cbhdi PaEeAFPoR 3BI4ARG ORANBRRF 4P Yol a Ry b ¥
cl cul at 08 badH) GRELLLABAEI Fhql 3hCY 1T OB 19RYE (SRR ety .
(CrE) 4.C0=0)- o3, Mo B SSERL LRV R A0Cn o POURRL 25 RY) £1 9 ¢
\"2 9708 RhgBRal o b SoFobAREAC 0BVr 1D LHESesdRgu 2 o7 o0°
;a![ glrjlnﬁ]:? mHEQg%%%ygeﬁ%%%ohhghgOcldnoé@ﬂ}:go-f 319 on]c 95%!}35 (&)bff@ﬂfm{sat o of
and literatures.
10 Hereupon, it is important that the molecular orbital
method is widely known in discussion of a molecular
structure and chemical reactivity thereof. Therefore, an
orbital interaction energy coefficient S (1/eV) defined
by the following formula (1) does not represent a mere
15 conceptual value, and represents a value meaning a
parameter or properties of a material (e.g., a molecular
weight, a functional group) for definition of the material.
The radical orbital energy E; (eV) of a radical-
generating agent is preferably calculated based on a
20 radical molecular structure with the use of MOPACPM3, and
a predetermined value based on species of the radical-
generating agent may be used for convenience. For example,
the E; value of the radical-generating agent may be -8 eV
for an organic peroxide, -5 eV for an azo compound, and
25 -6 eV for a sulfur-containing organic compound excluding

a sulfur.

As the hydrogen atom having a predetermined value



termnal COOH group in a polynmer (polyam de 66) as an aggregate; N =2 X A
(2) 5 wherein A represents an average nunber of a termnal NH2 group per
nol ecul e. For exanple, in aratio of a terminal NH2 group/term nal COOH
group=1/1 (nolar ratio) in the resin, the nunber A of the term nal NH2
group per nolecule is 1, 10 and the nunber N of the active hydrogen atom
per nolecule is equal to 2. Mreover,” i%f /2 (nolar ratio) of terninal
NH2 group /term nal COOH group, the nunmber A of the terminal NH2 group per
nmol ecul e shows 2/3, and the nunber N of the active hydrogen atom per
ml ecul e i s 4£8-915 PnOPRS EHSEOWAEPE ERcOFRLEaL| snheFact Fomi QREFEY
conprising plural resins different in the nunber of an active atom the
nunber of an &EEEFECALB Fnlahectd¥enhydrQEeR ARy B tBEr €38AIERPEHY an
average nunber of an active atomin each resin. That is, the nurrber of an
apparent 20 atPPRAGkGEH9PNaTE G ?H%RPGF‘BrééﬁS@@ %ES?%F@&%}‘l
cal cul ati ng reg ectlvelg an averagg ﬁnber n act g at om each
resin based ofiP§TEoMa¥i PGt MGBRLIAPEYL. ahOT SFRPRYT ng t%% E%?%ﬁl% %ﬂ nunber of
the active atom cggrdl ng toaag ortlg }(l\l\g rat el Iural 25
resins. FOr e?gﬁﬁ 4 HLAPLEP 95QUR {7 RH, r‘r%r'?se fﬁ Pﬁl %
nment i oned pol S 6 (FhZ n g )t bove nenpt % a de 66
(N=4/3), and é%gh zf gn m1%g gg? E f E)? ge %h Q § CHQ ﬁlg}an aver age
active atomn % ?E te d’%‘%m oyer e n
m xture corrpglggg'én? )£ Q i& i ofe d%é?ogg"}h'\éigt&ec%&%

group (-SH), a methyl group (-CH;), a methylene group

(-CH,-) (a methylene group adjacent to an electron-

10 withdrawing or-attracting group, i.e., an active methylene
group), and a methylidyne group (-CH=) (a main-chain or
terminal methylidyne group), etc.

As the sulfur atom having a given value (e.g., 0.006)
or more of an orbital interaction energy coefficient S (an

15 active sulfur atom) in the case where the radical-
generating agent comprises an organic peroxide, there may
be mentioned, for example, a sulfur atom constituting a
thio group (-S-), amercapto group (-SH), an alkylthio group
(e.g., a C;_salkylthio group such as a methylthio group,

20 an ethylthio group), a sulfinyl group (-SO-), etc.

The methyl group includes, for example, a methyl
group bonding to an alkylene chain, a cycloalkylene chain,
or an aromatic ring; a methyl group bonding to an oxygen
atom (e.g., a methyl group in a methoxy group). The

25 methylene group may include, for example, a methylene group

adjacent to an oxygen atom constituting a

(poly)oxyalkylene unit such as a (poly)oxymethylene unit



(C a polyam de 66 having carboxyl group as all termnal 5 groups (N=0) and
the ratio of (A/(C (weight ratio) is 3/1, an average active atom nunber
N per nol ecule of the resin mxture can be counted as 3/2. A thernoplastic
resin having such active atons is not particularly restricted as far as
there are a plurality 10 of active atons per nol ecul e, and includes
various resins, for exanple, a polyani-dé8 series resin, a polyester-series
resin, a poly(thio)ether-series resin (e.g., a polyacetal-series resin, a
pol yphenyl ene ether-series resin, a polysulfide-series resin), a

pol yol efi ni c padi A, (Pslﬁ)ﬁﬁhf?ﬁhﬁﬂ-ﬁaﬂeuﬂégin?n@ ahee Fpplere i grefRst oner .
Moreover, even when a resin_does not have the_glu[al active atons

nmenti oned abo#8JacRBtr £8i A BARTOECRpATPReEORBLHLUEHRY nP/p| VIR FRRYM
capable of firmly bonding to a rubber nenber by introducing an active atom
into the resi RT 20 LREPeATAPy, The HRtElidyn&dTAP o iEles ndQFopl asti ¢
resin having the active atons is not. particularly restricted. Even if a
pol yner havi n§XeRelep W&'%@H%%ﬁﬁtbgiiﬂﬁ?%c&}f%@ &29Ja5eokt F3td™dn of
the active atomin the polyner relatively decreases mﬁih 25 increasing a
nol ecul ar Swei §Rt"8f SERBPpBFy ABr 116N RaHERVR - ?Bée? e HRE 1 AYRRGITRYR of
density between a Lgsin gqg a rubber. As.a result, contribution of the
active atom - “3POSH& PRI Snf“b‘d’r?d?ﬁﬁuBflnt?i‘é afpé‘l?t?glys? (%ltle oT Al e
sonetinmes . Therefore, _a_resin.hayi o] . \ej i

advant ageous for bo% i%a FHgEﬁgl §¥SEQ?ﬁ %hgﬁgﬁégé#%§£+%5%% %%H?a%

nunber - aver ag?&g?%ﬁcgéﬁﬂé . wgggg ﬁé&%)naétkée%fmg %&Q%bé@%’eé 0

400000, prefe y a
molecule. That is, the thermoplastic resin having an

10 active atom is not usually constituted by a single molecule,
and comprises a mixture of numerous molecules being
partially different in a structure and a chain length.
Therefore, all molecules of the thermoplastic resin are
not required essentially to have a plurality of active atoms,

15 and the number of an active atom as average per molecule
is to be not less than 2 in calculating a plurality of
predictable predominant constitutive or basic units. For
example, the number of an active hydrogen atom constituting
a polymer having a repeating unit -(NH-(CH,;)¢-NH-C(=0)-

20 (CH,) 4-(C=0)),- (polyamide 66) may be calculated based on
a modeling constitutive unit NH,-(CH,)¢-NH-C(=0)-
(CH,)4-C(=0)-0OH, and when a radical-generating agent
comprises an organic peroxide, an active hydrogen atom
comprises 2 hydrogen atoms of a terminal NH, group (that

25 is, S is not less than 0.006). In this case, an average
number N of an active hydrogen atom per polyamide 66

molecule can be calculated with the use of the following



100000, . and nore preferably about 5000 to 50000, for exanple, about 8000
t0.20000. A polyam de-series resin includes the resins nentioned in the
itemof (1) polyam de-series resin, etc. 10 In the polyam de-series resin,
an active hydrogen atom i ncludes, for exanple, a hydrogen atomof a
termnal amno group, a hydrogen atom bonding to an a-positioned carbon
atomrelative to a terminal amino group29a-hydrogen atom bonding to a
carbon atom adj acent to a group -NH of an 15 ami de bond (e.g., a hydrogen
atom of a nethylene group, a hydrogen atom of a nethylidyne group), in
particul ar thEormydaot2h Hrom afratieo tef m ngreinab Nio@roupn ande a

pol yam de-series resin, the proportion of a termnal NH2 group relative to
a termnal COcergibap FQOHogrovm iyaraipAUl¥rey GE@EY@I@E%,ﬁ%h(PW be, for
exanpl e, selected fromthe range of about 10/90 to 100/0, preferably about
20/ 80 to 100/ 8998Rgak®te preferably about 25/75 to 100/0 as a molar ratio
of term nal am no group/term nal carboxyl group, when the active hydrogen
atom conpri ses a hylirogen®25 at om of (tHe terninal amino group and a
hydrogen atom of the aﬁ_afOSi tioned carbon atom Mreover, in the case where

the active hydr ogen"B85%R SnpPPERSCRRF \PThPUPTEER NIRRT OF 2 term

term nal am nQ _grou the ratjo (nolar ratio) of termnal am no
group/term naﬁH%aqlffg‘;R/Ipeg? dYﬂJie ‘e about 50/50 to 100/0, preferably
about 60/40 to 100/

and noy e referab out, 70/.30 ¢ 00/0. 5 A
pol yest er-seri es re]'g?lﬁ FRUMRroes f’hea rre%r}rfg oa}ge%cti"?%'é]d’a}]nqw}?e headi ng of (2)
pol yester - ser s, f 8L fninB2"dddit'53bkp-3 /ROtNEL &Y 1S Y Yhatife SdsS resi
the number A of the terminal NH, group per molecule is 1,

10 and the number N of the active hydrogen atom per molecule
is equal to 2. Moreover, in 1/2 (molar ratio) of terminal
NH, group /terminal COOH group, the number A of the terminal
NH, group per molecule shows 2/3, and the number N of the
active hydrogen atom per molecule is 4/3.

15 In the case where the resin is a resin mixture
comprising plural resins different in the number of an
active atom, the number of an active atom in the resin
mixture may be represented by an average number of an active
atom in each resin. That is, the number of an apparent

20 active atom in the resin mixture can be estimated by
calculating respectively an average number of an active
atom for each resin based on a constitutive unit, and
averaging the calculated number of the active atom
according to a proportion (weight ratio) of the plural

25 resins. For example, when the resin mixture comprises (A)

the above mentioned polyamide 66 (N=2) and (B) the above

mentioned polyamide 66 (N=4/3), and the ratio of



saturated aromatic pol yester-series resin, etc. In the case that the
aromati c polyester-series resin 10 has a | ower concentration of the active
atomrelative to the predeterm ned concentration, a polyester-series resin
nodi fied with a nodifying conpound having the active atom (e.g., an
aromati c polyester-series resin conprising at |east one nenber sel ected
froman am no group and an 15 oxyal kylFeR@ group) may be used. As the
conpound having the active atom particularly, an active hydrogen atom
there may be nmentioned, for exanple, a polyamne [e.g., an aliphatic

di am ne such &3)&(B) hﬂalghblraltrl@ﬁcilelalMyﬁ&ﬁéégarﬁq@mﬁﬁg HBRRAT 2 to 10
carbon atoms, e.g., 20 ethyl enedi am ne, trimnethyl enedi am ne,

propyl enedi anNn@an beecpuRrbeRyaehd 3di MOFEOVRENIRR iLchosinmiture
hexanet hyl enedi am ne, trimethyl hexanet hyl enedi am ne, 1, 7-dj ani nohe tane
and 1, 8- di ani AGBRTARES &) anh%w&qV@ m&inéﬁioﬁédsgellﬂég‘l%oﬁﬁo?%‘r% ot

bi s(4-am no-3 25 net hyl cycl ohexyl ) net hane, and bi s(am nonget hyl)

cycl ohexane; &Rd arPatvamide &f gﬁlﬁéghﬁéﬁ §Y1pﬂEﬁ9Peﬂ%d?%&n?ﬁ?mlnal

xyl yl enedi am ne, and - 33 diam nodi phen th and a pol [e , a
(pol y) oxy&2_ 4ar99pénéNgwc6vdsm¢q ratip o Mb&%i hTetaht g3t .

| t byl |

EB& % 8?5? ot 13t o e Rads ey SeHe RBRR) bopPr LR 0%32"%3% ed by,
ti t in and the nodif

conpound t 0 c58%2%%95%%"3??%%ebwggn?ﬁ#?%Sé{%ﬁs'or” e o ing

transesterification r@fi‘&%ﬂng 1as{‘§c degL 68 Rividg SR A SR O imd NEs

pol yester-series reS|
not partlcularly restricted as far as there are a plurality

10 of active atoms per molecule, and includes various resins,
for example, a polyamide-series resin, a polyester-series
resin, a poly(thio)ether-series resin (e.g., a
polyacetal-series resin, a polyphenylene ether-series
resin, a polysulfide-series resin), a polyolefinic resin,

15 a polyurethane resin, a thermoplastic elastomer. Moreover,
even when a resin does not have the plural active atoms
mentioned above, the resin can be modified to a
thermoplastic resin capable of firmly bonding to a rubber
member by introducing an active atom into the resin.

20 Incidentally, the molecular weight of the
thermoplastic resin having the active atoms is not
particularly restricted. Even if a polymer having the
plural active atoms per molecule, a concentration of the
active atom in the polymer relatively decreases with

25 increasing a molecular weight of the polymer to cause a
lower crosslinking rate or density between a resin and a

rubber. As a result, contribution of the active atom



10 a concentration of the active hydrogen atomin the conpound, and may
be, for exanple, about 0.1 to 2 nol, preferably about 0.2 to 1.5 nol, and
nore preferably about 0.3 to 1 nol of the nodified conmpound relative to 1
nol of a functional group (e.g., a hydroxyl group or a carboxyl 15 group)
of the polyester-series resin. In the transesterification reaction, the
amount of the (poly)oxyC2 4al kyl ene gl $éoF may be about 1 to 50 parts by
wei ght, and preferably about 5 to 30 parts by weight relative to 100 parts
by wei ght of the polyester-series 20 resin. In the polyester-series resin,
t he active hysebgehve 4echbaBding picthgmenbers datRina aHAPBE LBeAyY| ene
group adjacent to_an oxygen atomof a (poly)oxyal kylene unit. In the

nodi fi ed pol yERSERLIQER | 68 Foim haiping (3 VOHyRR a1 wRightuskial |y
conprises a hydrogen atomof a termnal amno group, a hydro%en atom
bondi ng to anf@’HosFIeANR At TartRALRG orhe dPemb&rsS + o 18 tAENPR&SRt no gr oup,
a hydrogen atom- 34 bonding to a carbon atom _adjacent to a group -NH of
an ~am de bondP{@HIONg F\ R FANIAYS o REMATe e IfHu Pt Qarﬁﬁgfbgen

Cer i nal :fa%ftn@ Lﬁ%??&fu%%%%%’ alﬁb‘@(&p af@féﬁb@? pterrianiicrRoSt TR, |
The pol yacet a0 ST Eafpatqiie BERESEARY MR S740 BB A0, pEURB Ll (e

pol ysul fi de- § 5i9386@§!F@ ﬁ&ﬂﬂg.the resins described in the heading 10 of

(3) poly(thio)ester-series Tesin. Referring to the pol yacetal -series resin,

an active A polyamide-series resin includes the resins

mentioned in the item of (1) polyamide-series resin, etc.

10 In the polyamide-series resin, an active hydrogen atom

includes, for example, a hydrogen atom of a terminal amino

group, a hydrogen atom bonding to an a-positioned carbon

atom relative to a terminal amino group, a hydrogen atom

bonding to a carbon atom adjacent to a group -NH- of an

15 amide bond (e.g., a hydrogen atom of a methylene group,

a hydrogen atom of a methylidyne group), in particular the
hydrogen atom of the terminal amino group.

In the polyamide-series resin, the proportion of a

terminal NH, group relative to a terminal COOH group is not

20 particularly restricted, and may be, for example, selected

from the range of about 10/90 to 100/0, preferably about

20/80 to 100/0, and more preferably about 25/75 to 100/0

as a molar ratio of terminal amino group/terminal carboxyl

group, when the active hydrogen atom comprises a hydrogen

25 atom of the terminal amino group and a hydrogen atom of

the a-positioned carbon atom. Moreover, in the case where

the active hydrogen atom comprises only hydrogen atoms of



hydr ogen atom conpri ses, for exanple, a hydrogen atomof an oxynethyl ene
uni.t, a hydrogen atom of an al koxy group (particularly nmethoxy group) of a
bl ocked term nal, and 15 particularly the hydrogen atom of the oxynethyl ene
unit. Wth respect to the pol yphenyl ene ether-series resin, the active
hydr ogen atom conpri ses, for exanple, a hydrogen atom of a nethyl group
bonding to a benzene ring. Regarding -t polysulfide-series resin, the
active sulfur atom 20 conprises a sulfur atomof a thio group in the nain
chain. As a polyolefinic resin, there may be nentioned, for exanple, the
resins nentiotbe termhnaheading gfouF) thel yatiedi timelaesratie) coflin the
polyolefinic resin, an active hydrogen atomrepresents, for exanple, a
hydr ogen 25 attemmipad aﬁaitr‘rg/g@n@pdtgupiaglecamqusdhqmupt maypbeyaedin, a

hydrogen atomin a neth group branched fromthe main chain, etc. - 35 A
pol yur et hane- §8/P@ste Wq'n@ﬁﬁé%abﬂé' AbQIRS60 MhiticoA8R/Pn ahd MeEel of
(11) pol yurethane-series resin. 1In the polyurethane-series resin, an

active hydr ogPRe&PEAPLE0APPIE30/BBrtextPBl@; a hydrogen atom of an al kyl
group 5 bonding to a main chain or_ a ring of the diisocyanate
(particul &rly a hydPo@%ﬁyﬁﬁBﬂ¥afeﬁiﬁ%n§?$1%o%??1%ﬁﬁs e FRF %N atomin an

an amno or oufeSGFibRE tharhecReehlrd bhgenl , ettt Henk R ag ¢
el ast oner |nclud esins e itemof (12 the nDpIastlc
cl astomer . | nPAERACHGF o B EOLRELEBer Y LAE s T LR, T LR ASe o may
conpri se, forsS%%gBkSa SrONSEP9CPo 1Y QM LD 80 LAY ALY §MCe ke

In the case that the aromatic polyester-series resin

10 has a lower concentration of the active atom relative to
the predetermined concentration, a polyester-series resin
modified with a modifying compound having the active atom
(e.g., an aromatic polyester-series resin comprising at
least one member selected from an amino group and an

15 oxyalkylene group) may be used. As the compound having the
active atom, particularly, an active hydrogen atom, there
may be mentioned, for example, a polyamine [e.g., an
aliphatic diamine such as a linear- or branched-
alkylenediamine having about 2 to 10 carbon atoms, e.g.,

20 ethylenediamine, trimethylenediamine, propylenediamine,
tetramethylene diamine, pentamethylenediamine,
hexamethylenediamine, trimethylhexamethylenediamine,
1,7-diaminocheptane, and 1,8-diaminooctane; an alicyclic
diamine such as isophorone diamine, bis(4-amino-3-

25 methylcyclohexyl)methane, and bis(aminomethyl)
cyclohexane; and an aromatic diamine such as

phenylenediamine, xylylenediamine, and



unit of. a soft segnent. 15 Wth respect to a thernoplastic resin having an
active atom when a thernoplastic resin has the active atom in the
insufficient anobunt to neet the predetermined concentration, the
thernoplastic resin introduced or nodified with the active atom nenti oned
above (or an ami no 20 group, an oxyal kyl ene group, a nmercapto group, etc)
may be used for producing a conposite. 3Bs-such a thernoplastic resin (a
resin having an active atomin an insufficient anmount for satisfying a
predeterm ned concentration), there are nentioned, for exanple, a vinyl 25
pol yneri zat i ofissinedipkennlietihane h: rand na deskydbele id. . tehe headi ng of
(10) (meth) acrylic resin (e.g.,a polynethyl nethacrylate, a copol yner of
met hyl nethacKpPéYéO&ﬁ@z1338Y199yr9hEC?RESﬂ@%i¢§)a (pplsixysthtlieneheadi ng

of (9) styrenic resin éméf golystyrene a styrenic copolynmer such as
an AS resin af§ygotepdl Y boxg vieethaenered o hethacryl ate; a styrenic

graft copolyner such as a HPS 5 and an ABS resin), a honopolyner or
copolyner of époﬁﬁp6§%Rr%6$%%P?n9ﬁ¥Qﬂ%m3ﬁBﬂ-?e!R?lYk9¥¥§ﬁ§¥4ﬁ9ﬁhX%ﬁﬂf| n the
head of hal ogen-contai ning_vinyl -series resin such as_ a ponV|nyI

chl ori de %md SlﬁgPH/r nﬂl}ed'@ﬂélﬁh‘l’% ?-‘éi%)canabe 9Pﬂ9P°§%@|béfs #%Eieﬁfa("é’lﬁ

pol yvi nyl acefate ol yv 10 al cohol a condensation-series reS|n
oy ™ oot henEing & Rk ofap BSP‘V@&%%Sn’é?%lEe?‘?%stt}eeé'loﬁh(fé’ﬁ‘g "

bi sphenol A-based ycar bonat e-seri e eS|n) es scribed in the
Mo of (5) poryPaRae EErratet cf am e tiTh dn SA TR AR IR (oAbl (6
pol ysul fone- " Serl 8- Le3! Py (e 18n reddtf ,90%?;“& W Qrepgries resin) ., a
resin in the neading g

modification of the polyester-series resin may depend on
10 a concentration of the active hydrogen atom in the compound,
and may be, for example, about 0.1 to 2 mol, preferably
about 0.2 to 1.5 mol, and more preferably about 0.3 to 1
mol of the modified compound relative to 1 mol of a
functional group (e.g., a hydroxyl group or a carboxyl
15 group) of the polyester-series resin. In the
transesterification reaction, the amount of the
(poly)oxyC,_jalkylene glycol may be about 1 to 50 parts by
weight, and preferably about 5 to 30 parts by weight
relative to 100 parts by weight of the polyester-series
20 resin.

In the polyester-series resin, the active hydrogen
atom usually comprises a hydrogen atom of methylene group
adjacent to an oxygen atom of a (poly)oxyalkylene unit.
In the modified polyester-series resin, an active hydrogen

25 atom usually comprises a hydrogen atom of a terminal amino
group, a hydrogen atom bonding to an a-positioned carbon

atom relative to a terminal amino group, a hydrogen atom



of (3d) .pol yether ketone-series resin (e.g., a polyether ketone-series

resin, a polyether ether ketone-series resin), a polyarylate-resin in the

headi ng of (2) polyester-series resin, etc]. 20 In the vinyl

. polynerization-series resin, a nodified resin may be obtai ned by

copol yneri zation of a vinyl nononer and a nononer containing a carboxyl

group or an acid anhydride group such 384 ¢neth)acrylic acid and nal eic

anhydride to introduce a carboxyl group or an acid anhydride 25 group into

the vinyl polynerization-series resin, and, if necessary, reacting the

resul ting resbanding toiangdrbemh|aronead ngandduce argredind -8 -oofdé@nyr oup,

and reacting - 37 the resultant with amonia, a nono- substituted am ne

(e. g. , a nBRbdEEKYPRG (®;Ja MritEdsAgen mbomof e medilene @aitoned

above to introduce an amino group into the resin. Further, a

copol yner i zat fAdW @b BEPEX | & WNedhy 1G1AYRS I5OHBM e (#R4 PRFAAEE Ior a

(pol y) oxyal kyl ene gl ycol nonoal kyl ether (nmeth)acrylate with the vinyl

nononer, or 5PgrBYEIPERR n2teB 2% orhef te LR AWEIH)HGYR ate to the vinyl

pol yneri zati on-series resin {Ta . introduce the actiyve drogen atomfor a
i yPO 4D ‘H}é’r

nodi fi catPon of theP¥ rthest e e e ST F R %her, for the
condensation-serjes resin as well —as the vinyl polynmerization-ser.ies
resin, a nodi'f'?ﬁ*éf‘?’&‘ﬁ ‘ rf{]éiFt?é{aE‘Q}Pi'eghSﬁ?J\é’{P%’F% YRS HET T 2T hd & *Chr boxyl
oroup- O 20 ThseBUGEL S S EANLaLI I IEpETELL Ly Tes 0 18 0
reacting the pesybhLOg Les! DotiLNLhi onvles £! CLidecte BEAHEE Afeacl d
series resin) among the resins described in the heading
10 of (3) poly(thio)ester-series resin.
Referring to the polyacetal-series resin, an active
hydrogen atom comprises, for example, a hydrogen atom of
an oxymethylene unit, a hydrogen atom of an alkoxy group
(particularly methoxy group) of a blocked terminal, and
15 particularly the hydrogen atom of the oxymethylene unit.
With respect to the polyphenylene ether-series resin, the
active hydrogen atom comprises, for example, a hydrogen
atom of amethyl group bonding to a benzene ring. Regarding
the polysulfide-series resin, the active sulfur atom
20 comprises a sulfur atom of a thio group in the main chain.
As a polyolefinic resin, there may be mentioned, for
example, the resins mentioned in the heading of (7)
polyolefinic resin, etc. In the polyolefinic resin, an
active hydrogen atom represents, for example, a hydrogen
25 atom in a methylene group as a main chain of a polyolefin,

a hydrogen atom in a methyl group branched from the main

chain, etc.



the acid chloride group with anmonia, a nono-substituted am ne, or the

di am ne nentioned above to introduce an amno 20 group as sane nanner as
in the above vinyl polynerization-series resin. The resin nmenber anong the
resins (1) to (12) may conprise a resin having a snmall anmount (or none) of
an active atom and may conprise a thernoplastic resin having the 25
active atomin the predeterm ned concentdbat-i on, and may conprise a resin
having a small anmount of the active atom and a resin having a
predeterm ned active atomin - 38 conbination. The anmount of the

t her mopl asti c resi nAhpolygrehbanet $erias oneshly bechiirg Be txedOts % by

wei ght, preferably about 50 to 100 % by wei ght, and nore preferably about
80 5 to 100 webyiemeedhinpbthedeand oiie (Ld) abPodywethaie t$seriesiresin.
conponents. The resin conposition for the resin nmenber may conprise
various addi t Taethe fporlyawcehhlane -gefrilleiseresgin, ran gcdiverhydrageniatiomrr (an
ultraviolet ray absorber, an 10 antioxidant, a heat stabilizer), a

col orant, a pFeBPréFger, o examlene h¥drrdad 3t odaal abRY hrffQ4Rt i ¢
agent, and other conventional additives. [Silicone rubber nenmber] A

si | i cone BPubb®PRRéRHetCof MAENpFRALRAt OF ndehiPOnot 18heeitenpranate

vul cani zabl e or crosslinkable silicone- series rubber and a

r adi cal - gener APPRYLSHLATLEs2anYIEPESR| 1A abedtPeR2¥t RAFH K™Y s@ent. The
silicone- serjes rubber neans an organopol ysil oxape conprising an unit
repr esent ed bbyar?gﬁﬂuﬁﬁoﬂaéPCfﬂ_ﬁiﬁi?eﬁﬁ %ﬁ%u?o?ﬁu?éP£T§°f or a
polyoxyalkylene glycol, a hydrogen atom in an amino group
of the chain-extension agent, etc.

10 A thermoplastic elastomer includes the resins
described in the item of (12) thermoplastic elastomer. 1In
the thermoplastic elastomer, an active hydrogen atom may
comprise, for example, a hydrogen atom in an oxyalkylene
unit of a soft segment.

15 With respect to a thermoplastic resin having an
active atom, when a thermoplastic resin has the active atom
in the insufficient amount to meet the predetermined
concentration, the thermoplastic resin introduced or
modified with the active atom mentioned above (or an amino

20 group, an oxyalkylene group, a mercapto group, etc) may
be used for producing a composite. As such a thermoplastic
resin (a resin having an active atom in an insufficient
amount for satisfying a predetermined concentration),
there are mentioned, for example, a vinyl

25 polymerization-series resin [e.g., a resin described in
the heading of (10) (meth)acrylic resin (e.g., a polymethyl

methacrylate, a copolymer of methyl methacrylate and



20 R represents, for exanple, a Cl_Iloal kyl group such as nethyl, ethyl,
propyl, butyl, pentyl, and hexyl groups; a hal ogenated Cl_I oal kyl groups
such as 3-chl oropropyl group and 3,3, 3-trifluoropropyl group; a

C2_10al kenyl group such as vinyl, allyl, butenyl, pentenyl, and hexenyl
groups; 25 a C6-12aryl group such as phenyl, tolyl, xylyl, and naphthyl
groups; a C3-10cycl oal kyl group such as3éyel opentyl group and cycl ohexyl
groups; a C6-12aryl-Cl _4al kyl group such as - 39 benzyl group and
phenet hyl groups; etc. The coefficient a is about 1.9 to 2.1 in the

formul a. The pr¥fenedMRresinidt ly/regiouin theemsadinoof, ( 2) kdrtengroup
(e.g., vinyl group), and fluoroCl_6al kyl group. 5 A nol ecul ar structure of
the silicone rasber(¢sg. usuddlystiymeae; Thetypvertal c@PSIYNRT IFRCERS have a
branched structure partially, and may be branched. A nain chain of the
silicone rubbap bﬁnreéﬁprﬁéé & oror by e, of shorgnealiard mMahybxane) chain
a 10 pol y(met hyl vi nyl si | oxane) chain, a poly(nethyl phenyl sil oxane) chain,
a copol ymer chafRasFyifteabdvetveerioneert &isepaianamisuqte. af a 411P

di met hyl si | oxane- nethglvinylsiloxane copol yneri zed chai n,

di met hyl sP| ox@Re- ABt AFPpReRIP &1 | Sk AR RGIATFTFe 0T EFPPIYERA of & |
Chain, a. i ToRRyPIFPORANEE LHERIGPOHE 07 B Rem St R PCAIIAE L BRI
copolYTer 2o o2 o e fobShTiAgke Lo R R LONe  uhber mm b for
2 4TI CL2al Koxysbl Ybs 82U8n1 84 0ac HER &1 b RPEFEAGR. "HRRST1ALP! uges not
vinyl-series resin (e.g., a polyvinyl acetate, a polyvinyl

10 alcohol)], a condensation-series resin [e.g., a resin in
the head of (4) polycarbonate-series resin (e.g., a
bisphenol A-based polycarbonate-series resin), a resin
described in the itemof (5) polyimide-series resin, aresin
described in the itemof (6) polysulfone-series resin (e.g.,

15 a polyether sulfone-series resin), a resin in the heading
of (3d) polyether ketone-series resin (e.g., a polyether
ketone-series resin, a polyether ether ketone-series
resin), a polyarylate-resin in the heading of (2)
polyester-series resin, etc].

20 In the vinyl polymerization-series resin, a modified
resin may be obtained by copolymerization of a vinyl monomer
and a monomer containing a carboxyl group or an acid
anhydride group such as (meth)acrylic acid and maleic
anhydride to introduce a carboxyl group or an acid anhydride

25 group into the vinyl polymerization-series resin, and, if
necessary, reacting the resulting resin with thionyl

chloride to produce an acid chloride group, and reacting



rubber of a Hi gh Tenperature Vul cani zable (HTV) silicone rubber but also a
I'i qui d or paste-like rubber of a Room Tenperature Vul cani zable (RTV)
silicone rubber or Low 25 Tenperature Vul cani zable (LTV) silicone rubber.
The solid rubber anong silicone rubbers (Q includes, for exanple, a

met hyl silicone rubber (M), a vinylsilicone - 40 rubber (VM), a
phenyl si li cone rubber (PM), a phenyl-vidlyl-silicone rubber (PVM), a
fluorosilicone rubber (FVYM), and the |ike. These silicone rubbers can be
used singly or in conbination. 5 The silicone rubber can be sel ected
dependi ng on Aiheggsuditantrestihagmoniana nopBefubshbbated amdne (Bydbe an
unvul cani zed silicone rubber having an unsaturated bond of 2 or nore
(e.g., about 2 MENeP}kphamiBeagd BeROAbYLanipe) ofT kiR TEANLRRY silicone
rubber, preferably about 2.5 to 10 7, and nore preferably about 2.5 to 5
(e. g. , aboulentzopgd %Oﬁ%teb‘tf&ir@d&l% §R RN pTRUBtIytReHeR Sien a
resin menber _and a rubber nenber in the conposite. Too nuch unsat urated

bonds make a FHBEB?rtOB ﬁ%?ﬂ}yﬁﬂﬁi¥%§%°?h%ﬁ P?&%%R%N%&EXFeQRHﬂE¥?$Hmetines
dpeci oo of & PREPBBFALPFETIRES AF (8. LPOLK) PEErIeRUTARGELICSEL  ve atom in a
there are oxclprpriEaiather, BreReFTeRare iR rheavintninsiebont
Conoent {1 onay BTl AL TR 4 Sen BRSE B RO A4 e a0
a single kindyofy) R MHIANAT 110N Y1 WP IBY nd§ FnBSdul& AE Ay ki nds
hydrogen atom for a modification of the vinyl
10 polymerization-series resin.
Further, for the condensation-series resin as well
as the vinyl polymerization-series resin, a modification
may be carried out by graft-polymerizing a carboxyl group-
or an acid anhydride group-containing monomer with a resin
15 to introduce the carboxyl group or the acid anhydride group,
if necessary, by reacting the resulting resin with thionyl
chloride to produce an acid chloride group, and by reacting
the acid chloride group with ammonia, a mono-substituted
amine, or the diamine mentioned above to introduce an amino
20 group as same manner as in the above vinyl
polymerization-series resin.
The resin member among the resins (1) to (12) may
comprise aresin having a small amount (or none) of an active
atom, and may comprise a thermoplastic resin having the
25 active atom in the predetermined concentration, and may
comprise a resin having a small amount of the active atom

and a resin having a predetermined active atom in



of pol yorganosil oxanes (e.g., a mxture of plural polyners 25 different in
polyneri zati on degree). Wen plural polyorganosil oxanes are used, the
doubl e bond concentration can be cal cul ated from each double bond - 41
concentration of the plural polyorganosiloxanes and a conposition ratio of
the plural polyorganosil oxanes, etc. An average polynerization degree of

t he pol yorganosi |l oxane can be sel ected38ui-tably. In the case of a 5

pol yor ganosi | oxane having a | ow pol ynerizati on degree, the average

pol ymeri zati on degree may be, for exanple, about 3 to 500, and preferably
about 3 to 200¢mbhuatiomhe case of a pol yorganosil oxane having a high

pol yneri zati on degree, the average polynerization degree nay be, for 10
exanpl e, about 500 The 170Nt 0 Hhefdrepngp kpviic IEOR AavAgeD.thghen a
plurality of polyorganosiloxanes different in the polynerization degree
are used, a pRepbyeiaPHmay beRBIHyBoEP BXAirie P Wb boMraharAhlYon
degree to a pol yorganosil oxane of high polynerization degree depends 15 on
properties of a‘ao'é'&r%‘?j tQ9 0QoRePY l]’fﬂ)’eqh‘bbtaé!‘%@ﬂrﬁypr"vﬁ?E%hfieﬁ“?%‘} 8hd the

former/the latter (weight ratio is about 1/99 _to 50/50, preferably about
1/99 to 18/ 90t° ]a(?éj ewﬁllgg’ér%ﬁ??ga‘?}bﬁh?/t%atloa‘?%@% ‘Fﬁr‘im’err,esa”gi | i cone

rubber conposition often 20 conprises a pol yorganohydr odi enesi | oxane
having a hydFBHRA"ER b1 di rectly bonded to a silicon atom of not |ess than
2 on average per nol.ecul e.. An_ added.

f_th .
pol yor ganohydr odi ene?F | 05&H ?%’“%%?lﬁbn‘%gn%?énﬂiﬁ ;e)raeﬁj’gl BPRET Y (e.g., 0.1

to 4 parts bycughohid, ,REESEL 2RAY1 PRYeE FBE SRS, RR"4 1 A VBL oMt and
pr ef er abl'y nhot™ nof €

reinforcer, a stabilizer (an ultraviolet ray absorber, an
10 antioxidant, a heat stabilizer), a colorant, aplasticizer,
a lubricant, a flame retardant, an antistatic agent, and
other conventional additives.
[Silicone rubber member]
A silicone rubber member of the present invention
15 may comprise a vulcanizable or crosslinkable silicone-
series rubber and a radical-generating agent as a
vulcanizing agent or crosslinking agent. The silicone-
series rubber means an organopolysiloxane comprising an
unit represented by a formula R,510(4_5),2. In the formula,
20 R represents, for example, a C,_,,alkyl group such as methyl,
ethyl, propyl, butyl, pentyl, and hexyl groups:; a
halogenated C;_,,alkyl groups such as 3-chloropropyl group
and 3,3,3-trifluoropropyl group; a C,_;p,alkenyl group such
as vinyl, allyl, butenyl, pentenyl, and hexenyl dgroups;
25 a C4_,,aryl group such as phenyl, tolyl, xylyl, and naphthyl
groups; a C;_;p,cycloalkyl group such as cyclopentyl group

and cyclohexyl groups; a C4_,,aryl-C;_,alkyl group such as



than 2 parts by weight, relative to 100 parts by weight of the

pol yor ganosi | oxane as a main conponent. - 42 |If necessary, the
silicone-series rubber nay be used in conbination with other rubbers. As
the other rubbers, there are nentioned, for exanple, a diene-series rubber
[e.g. , a polyner of a diene-series nononer such as NR IR 5 IIR BR and
CR, an acrylonitrile-diene copol yneri zed9 rubber such as NBR, NCR, and N R;
a styrene-di ene copolynerized rubber such as SBR, SCR, and SIR], an
olefinic rubber (e.g., EPM EPDM polyoctenyl ene rubber), an acrylic
rubber (e. g.benzylugbewp carmpadheithydn gxiompls ;:aetl atBhe Goes Gl igint
conmponent such as a copolymer ACM of an alkyl acrylate and a

chl ori ne- cont 8i &% P ossI9 teaBl-é hbn‘éh%rfor“aﬂcﬁ)po%ilﬁelarmﬁﬁqiddﬁ I kyl
acrylate and acrylonitrile, a copolymer of an alkyl acrylate and a

car boxyl gr ouﬁeéﬁhﬂ-ogroﬂﬁ eBBﬁ?YQrﬁﬁﬁuﬁon@hk‘hNﬁb FeRiRele - Gin. Y kne
acrylic 15 rubber), a fluorine-containing rubber (e.g., a copolyner FKM of
vinyl i dene f| @5PPB - aARdpELRPEBE DRRGSEReITPEP - necessary,

tetrafl uoroethylene; a co olgrrer of tetrafl uoroethyl ene and % jg%/l ene;

copol ymer >FFKM of Repoletd Bet hyreheranet pkhe | $ibt SyTuRR her), a
ol yet hor - basBEUATY ﬁﬁéaﬁas?%rﬂd”l%% Stefsé%as%md ”r?nta%a%ﬁi' T
oty ane oxi aB=SachER AURRIAHE PaPeidr 125 e oE s e s i, °"
ether), a chi f\mﬁﬂf{' fnﬁﬁgdsf?&é/ﬁ-f ¥ n‘i{i)%r ?:aanBBé!r?Q? P&d&érﬁgg{u GO

a copol yner ene acetate nor born ber, a
modi fi ed poly(dimethylsiloxane) chain, a

10 poly(methylvinylsiloxane) chain, a poly(methylphenyl
siloxane) chain, a copolymer chain of the above mentioned
siloxane unit (e.g., a dimethylsiloxane-
methylvinylsiloxane copolymerized chain, a
dimethylsiloxane-methylphenylsiloxane copolymerized

15 chain, a dimethylsiloxane-methyl(3,3,3-trifluoropropyl)
siloxane copolymerized chain, a dimethylsiloxane-
methylvinyl siloxane-methylphenylsiloxane copolymerized
chain). Both terminals of the silicone rubber may be, for
example, trimethylsilyl group, dimethylvinylsilyl group,

20 silanol group, a triC,;_,alkoxysilyl group, etc.

Such silicone-series rubber includes not only a solid
rubber of a High Temperature Vulcanizable (HTV) silicone
rubber but also a liquid or paste-1like rubber of a Room
Temperature Vulcanizable (RTV) silicone rubber or Low

25 Temperature Vulcanizable (LTV) silicone rubber.

The solid rubber among silicone rubbers (Q) includes,

for example, a methylsilicone rubber (MQ), a vinylsilicone



- 43 r.ubber of the above nentioned rubber [e.g., an acid- nodified rubber
contai ning a carboxyl group or an acid anhydride group such as a

car boxyl at ed styrene butadi ene rubber (X-SBR), a carboxylated nitrile
rubber (X-NBR), and 5 a carboxyl ated et hyl ene propyl ene rubber (X-EP
(DMI, etc. (Radical generating agent) A radical generating agent can not
only vul cani ze (or crosslink) the abovdOnenti oned silicone rubber but
adheres a thernoplastic resin to a vul cani zed silicone 10 rubber adhered.
As the radical generating agent, various radical generating agents can be
used dependi ngubPex heVM@bect ezherny ksl ione mibhendMQ heraopl astic resin,
and can be selected from for exanple, an organic peroxide, an azo
conpound, andPBenvphvimwksihireng erkent (Mg QAberr fU®RFibcqerged singly or
in conbination. The organic peroxide includes, for_ exanple, a diacyl

per oxi de (e, GubPaE r GEMMPr A& Repdikey|  Basoi Hol LoAne H s £

peroxi de, 2,4-dichlorobenzoyl peroxide), a dialkyl peroxide [e.qg.,

di -t-butyl pePoxPeRd SLBILY (9T 260 KATA YA I]A - 2, 5- di met hyl hexane;

1, 1-bis(t-butyl perq -3,3,5-tringethyl cycl ohexane; .2 .

5-di (t-butyl peroxy)t %,Ssl-ld‘icr?é’t%flull?é’fé'aﬁé‘-n@e1,5%4‘5?2?‘?-‘FER?FP?.JHF%)&R Sopr opyl )

Penrene o g BEE SR AN B SRS Boridhve, 'y ve an
dimst_hylhexane-zh,1 -gi yqéqgl oxi de, di.iso rop, Ibenzgneenp dqp rg¥i e), an
2l Kyl 1 dene. per B Tds e PR RSt e R A e 2 O e e
peroxide, - 48 ok RbREI(PW Y] RELUY D £o Doy bl FHLPYSEYSLLNB AW Te @
of unvulcanized silicone rubber, preferably about 2.5 to
10 7, and more preferably about 2.5 to 5 (e.g., about 2.5 to
4) to obtain a high adhesive strength between a resin member
and a rubber member in the composite. Too much unsaturated
bonds make a rubber too hard, and less than 2 unsaturated
bonds sometimes give an insufficient adhesive strength of
15 the composite depending on the species of a thermoplastic
resin (e.g., a resin having an active atom in a low
concentration).
As the polyorganosiloxane in the silicone rubber,
there are exemplified a polyorganosiloxane having a double
20 bond concentration of about 2 to 540 mmol/kg, preferably
about 3 to 300 mmol/kg, and more preferably about 4 to 100
mmol/kg. The polyorganosiloxane may be a single kind of
polyorganosiloxane, and may be a mixture of plural kinds
of polyorganosiloxanes (e.g., a mixture of plural polymers
25 different in polymerization degree).
When plural polyorganosiloxanes are used, the double

bond concentration can be calculated from each double bond



peracid ester (e.g., t-butyl peracetate, t-butyl perpivalate), etc. The
azo conpound includes azoisobutylonitrile and other conpound. 5 As the
radi cal -generating agent, a photopolynerization initiator also nay be

enpl oyed as far as a photoirradi ation can be applied to an adhesi on
between the resin nmenber and the rubber nenber. The phot opol yneri zati on
initiator or photoinitiator may 10 imcl4ddde, for exanple, a benzophenone or
a derivative thereof (e.g., 3,3 -dinethyl-4-nethoxybenzophenone,

4, 4- di met hoxybenzophenone), an al kyl phenyl ketone or a derivative thereof
[e.g., acetophenefBtragienhefybiet bphradneolyorganesiloxanesyand a5

phenyl propan-|-on, benzyl di nethyl ketal , 1- hydroxycycl ohexyl phenyl ket one,

2- benzyl - 2- dPﬁ@Pﬁ?ll‘éFrPﬁorth(Qrﬁ’lfph}é@|Hﬂdm?e1nyp§-¥9993ﬂ6ﬁé}°xaﬂesarﬂt?ﬁ aqui none
or a derivative thereof (e.g., 2-nethyl anthraqU|none) a thloxanthone or
a derivative 5Héﬂﬁﬁa$Rm?éY@erléaEhPBﬂ&ﬂ?%k%ﬁﬁﬁ&d@ XﬂFQQWSﬁ% X&ht hone) ,
a benzoin ether or a derivative thereof_(e.g., benzoin, a benzoin alkyl
ether), a phoSphi Reé 8slaetsd suibablge i V' theersasi® ofnd ot hers. The

radi cal - gener at al so includes_ a persuylfate i um persul fate,
ot asel unsoe PET¥AFPARGrT LANERG NAeDS # ddvces LYl TTRR ﬁagﬁﬁg R
preferred agent is the anl ¢ erox de. - 45 The_rati o of

radi cal - generﬁ??ﬁagﬁg%?lfyﬁ%ﬁlf)% 1QR | dq9%Rf Mavhps - af?ﬁn%’éa%?lef oafb%%’mpl e,

about 0.5 10 15.,P864S ba WiHraty drodtS 42kt 2880Uhnd 19 &0 RIS bBY

wei ght,

of a polyorganosiloxane having a high polymerization
degree, the average polymerization degree may be, for
10 example, about 500 to 12000, and preferably about 1000 to
7000. When a plurality of polyorganosiloxanes different
in the polymerization degree are used, a proportion of a
polyorganosiloxane of low polymerization degree to a
polyorganosiloxane of high polymerization degree depends
15 on properties of a cured silicone rubber obtained by
vulcanization, and the former/the latter (weight ratio)
is about 1/99 to 50/50, preferably about 1/99 to 10/90,
and more preferably about 2/98 to 7/93.
Further, a silicone rubber composition often
20 comprises a polyorganohydrodienesiloxane having a
hydrogen atom directly bonded to a silicon atom of not less
than 2 on average per molecule. An added amount of the
polyorganohydrodienesiloxane is not more than 4 parts by
weight (e.g., 0.1 to 4 parts by weight), preferably not
25 more than 3 parts by weight, and more preferably not more
than 2 parts by weight, relative to 100 parts by weight

of the polyorganosiloxane as a main component.



and preferably about 1 to 8 parts by weight (e.g., about 5 2 to 7 parts by
wei ght) relative to 100 parts by weight of an unvul cani zed silicone
rubber. (Vul cani zation-activating agents or activators) In the present
_invention, a vulcanization- activating agent (hereinafter nay be sonetines
referred 10 to as a hardening agent) may be used together with the

radi cal -generating agent in order to en¥@nce an adhesion efficiency by the
radi cal -generating agent. The vul cani zation-activating agent accel erates
not only a vulcanization of rubbers but also a crosslinking between 15 the
rubber nol ecul e andIfeqessiaryvorbe did iapnsomeriasnrybbeRaaibpetseknber
and the resin nenber. For exanple, when a thernoplastic resin conprises a
pol ypheny| ene 18t epbination "{}stél gtharr BaPRars ge@@r &PPnQtRgEURRRI %

vul cani zati on-activating agent in conbination progresses 20 a crosslinking
reacti on bet weBRTEhBTEEPAtEAGEr 598 ¢FAPIebHerdiRRRICE P2 NURREY he

bondi ng of the nmenbers firmnl or stron .. The amount of the
vul cant zat i on)&c8r va@mglw@gy B B EARERORPBYE TR A% NI

I ' d th k f ' 2
et ween 1 fobetdant? egpﬁ%ﬁiﬂéﬁi%é&@&t%ﬁ%ﬁ I8 1SRt i LEoto agent
det t bh f
val cani zat | onaohe= S8eh, B HERaGR - RS 'ihge@c%’é%r%ﬁét b6 asThe °
vul cani zat| on-BELAVALERDeAYSAe NELE Almbescenti0nd) LMo fIRTRLE. 2n
ou e

organic COﬁpOUﬂ ving a carbon-carbon e’ bon olyneri za

unsaturated 5.8Rd) (8., ¥ VkpBRT | 55198000RF14ke grubﬂéys nyhRenzene),

acrylic rubber (e.g., a rubber composed of an alkyl acrylate
10 as a main component such as a copolymer ACM of an alkyl
acrylate and a chlorine-containing crosslinkable monomer,
a copolymer ANM of an alkyl acrylate and acrylonitrile,
a copolymer of an alkyl acrylate and a carboxyl group and/or
an epoxy group-containing monomer, an ethylene acrylic
15 rubber), a fluorine-containing rubber (e.g., a copolymer
FKM of vinylidene fluoride and perfluoropropene, if
necessary, tetrafluoroethylene; a copolymer of
tetrafluoroethylene and propylene; a copolymer FFKM of
tetrafluoroethylene and perfluoromethyl vinylether), a
20 urethane-series rubber (e.g., a polyester-based urethane
elastomer, a polyether-based urethane elastomer), an
epichlorohydrin'rubber ({e.g., a homopolymer CO of
epichlorohydrin, a copolymer ECO of epichlorohydrin and
ethylene oxide, a copolymer of further copolymerized allyl
25 glycidyl ether), a chlorosulfonated polyethylene, a
propylene oxide rubber (GPO), a copolymer EAM of ethylene

and vinyl acetate, a polynorbornene rubber, a modified




an allyl-series nonomer (e.g., a diallyl phthalate, a triallyl phosphate,
a triallyl (iso)cyanurate, a(neth)acrylic nononer], a naleimde-series
conpound, and other unsaturated conpounds. These vul cani zation 10

- activating agents (activators) can be used singly or in conbination. As
t he vul cani zation-activating agent, a polyfunctional

vul cani zati on-activating agent having-t 48 -pol yneri zabl e unsaturated bond
of not less than 2 is practically used. 15 Exanples of the (nmeth)acrylic
nmononer include a bifunctional (neth)acrylate [e. rg , a C2_10al kyl ene
glycol di (neEubhbexnce§l the abeveaseethgnedergbhenl [eligmet ) aa¢idat e,

propyl ene glycol di(nmeth)acrylate, 1,4-butanediol di(nmeth)acrylate,
hexanedi ol di ne@dRjadr yrhber Qﬂﬂtébnh@gp@n@?tb@*ybogr@¢wn%¥h?%c@?i@te a
pol yC2. 4al kyl ene gl ycol di (neth)acrylate such as _diethyl ene glycol

di (et h) acryl QPBYdFiﬂétW‘éPneSWTy@(ﬂ adearkeRydaEgfas BYTeRR | Buiafddente gl ycol

di (nmeth)acryl ate ne glycol _di(nmeth)acrylate, tripro Iene | yco
di (met h) acryl §P8be§ )bcﬁpfi)/}))r'oﬁﬁ ’\E:?I];ﬁ,t(ﬂfd BFF%%ﬁ{%&Rﬁ%ﬂ@ Sy oY

pol yt et r anet hyl ene coI met h acr | at e; cerol h),acr Iate
tri met hyl 8 pr BEAP % %ﬁ%a&% Pzr e %@g”‘?h ctl)
dl(meth)acrylatgR $. an%U¥lat bi sphenol A-C2_4 al kyl ene

oxi de- adduct ], et I (meth)acryl ate [e g., glycerol

i h | , h h
i etk 3?;%22& ﬁ%ﬁﬁ%ﬁ%?e{w%? 144 AJERE) SE RS o3y TRASIATS | ate,

pentaerythrit 8%9?%’1‘?{&} AEhY! 3bSve HLRELEREHYELI1E8he t ElbBet "BLE)

acrylate, dip nfae
adheres a thermoplastic resin to a vulcanized silicone

10 rubber adhered. As the radical generating agent, various
radical generating agents can be used depending on the
species of the above mentioned thermoplastic resin, and
can be selected from, for example, an organic peroxide,
an azo compound, and so on. The radical generating agent

15 can be used singly or in combination.

The organic peroxide includes, for example, a diacyl
peroxide (e.g., lauroyl peroxide, benzoyl peroxide, 4-
chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide), a
dialkyl peroxide [e.g., di-t-butyl peroxide; 2,5-4i(t-

20 butylperoxy)-2,5-dimethylhexane; 1,1-bis(t-butylperoxy)
-3,3,5-trimethylcyclohexane; 2,5-di(t-butylperoxy)-
2,5-dimethylhexeane-3, 1,3-bis(t-butylperoxyisopropyl)
benzene; dicumyl peroxide], an alkyl peroxide (e.g.,
t-butyl hydroperoxide, cumene hydroperoxide, 2,5-

25 dimethylhexane-2,5-dihydroperoxide, diisopropylbenzene
hydroperoxide), an alkylidene peroxide [e.g.,

ethylmethylketone peroxide, cyclohexanone peroxide,



hexa(net h)acryl ate]. A mal ei m de-series conpound having a plurality of 10
ral ei m de groups can be obtained by a reaction of a polyamne with a

nmel ei ¢ anhydri de. Exanples of the naleimde-series conpound include an
aromatic bismaleimde [e.g., N, N -1, 3-phenyl enedi mal ei m de,

N, N - 1, 4- phenyl enedi mal ei mde, N, N -(3-nethyl-1,4 15 phenyl ene) di mal ei m de,
4,4 -bis(N, N - mal ei m de)di phenyl net hané4 4, 4' -bi s(N, N - mal ei nmi de) di phenyl
sul fone, 4,4'-bis(N, N - mal eimde)di phenyl ether], an aliphatic
bisnaleinidenée.g.L N,N -1,2-ethylenebismaleimde, NN-1,3- 20

propyl enebi smil &r ki 86t -RIRY1ReroXY bt 3 afred hiF Enethehey el ohemgne ki @ The
preferred vul cani zati on-activating agent_ includes a conpound having a
plurality (e.Beragpguesdverolesy. pafthetyhrPsrasRtats. to133ter a

car bon-carbon doubl e_25 bond (pol yneri zabl e unsat urated bond) per nolecile,
for exanpl e, PETPEVaLae) ¢i ebFey &z° cpmpounst IRQLRAesnet i onal
(meth)acryl ate gln articular, tri-_or - 48 ol y-functi onal

(et h) acryl at 8F918ABuLRlapbREL1 € aﬂ%l%?%?ﬁec%ibﬂﬁﬁ$d. | nci dental ly, the

vul cani zati on-activati agent sually has a plurality of polynerizable
unsat ur at 2d bonds S(ggﬁ.?a€?ﬁ?f'%ﬁQﬁ%ét%ﬁ$y?g%ﬂEnmf (met h) acryl oyl
group). For ex le,.in the conbination of olvester-series resin and a
Jubber, an unBAPHPEPEENSBREBERAN HbI g S pAAFRI T4Y PLPTBLAYER SR al Iy
groups, or (MELN) BREVLOVL 281 QURSn ddh BEHIARE %t HGnEBLSh BelSsgiPound

is used in many
the resin member and the rubber member. The

photopolymerization initiator or photoinitiator may

10 include, for example, a benzophenone or a derivative
thereof (e.g., 3,3'-dimethyl-4-methoxybenzophenone,
4,4-dimethoxybenzophenone), an alkylphenylketone or a
derivative thereof [e.g., acetophenone,
diethoxyacetophenone, 2-hydroxy-2-methyl-1-

15 phenylpropan-1-on, benzyldimethylketal, 1-
hydroxycyclohexylphenylketone, 2-benzyl-2-
dimethylamino-1-{(morpholinophenyl)-butanone], an
anthraquinone or a derivative thereof (e.g., 2-methyl
anthraquinone), a thioxanthone or a derivative thereof

20 (e.g., 2-chlorothioxanthone, an alkylthioxanthone), a
benzoin ether or a derivative thereof (e.g., benzoin, a
benzoin alkyl ether), a phosphine oxide or a derivative
thereof, and others. The radical-generator also includes
a persulfate (e.g., ammonium persulfate, potassium

25 persulfate).

Among these radical-generating agents, the

preferred agent is the organic peroxide.



10 cases. In the present invention, the addition of the

vul cani zation-activating agent is not essential. For exanple, depending on
t he nunber of an active atomof a thernoplastic resin and species of a
silicone rubber 15 material to be used, the presence of the

vul cani zation-activating agent is not required to bond both nenbers. In
practical cases, however, in order to- ddsure firny bonding of the rubber
menber and the resin nenber, the vul cani zation-activating agent is 20
advant ageousl y added. The vul cani zation-activating agent nay be added to
at | east one conpon€he satiéetef thenradhealrgenerating adfiercqmproe

unvul cani zed rubber conposition) and the thernoplastic resin (or a resin
conposi tion), sahgchag wethited randsotdf .cogorsampleThabost 0.5 to 15

vul cani zation-activating agent is usually added to at |east the

unvul cani zed PabBbeRy vepglt and 1SaHSBGéIF-Y|a&?UGf1 tpHY parts by weight,

vul cani zati on-activating agent to at |east - t her nopl astic resin (or a
resin conposi BPEnpPredArabhY edout ik hoadhsrss BEt%%QP‘é (ifber 3RSHer and a
resin menber _in a_w de range conbipation. The anmpunt of the

vul cani zaPi on2aéPi @aPPﬁﬁsaBXnY’e?-gh‘%hrF%Haﬁ%‘b"en'b‘? NP OPIF HRY dedght he

vul cani zati on-activatin caﬂent and eC|es of the conponent to be added

(t he unvul canPZze8"r UBBE 478R Sf%é ?ﬂ%rﬁ%ﬁ?%%tlc resin), and is usually
an effective unt_for ccelerall an adh S|on or bon bet ween t he
t her mopl asti ¢ rg@? ﬁ% On APtV é%ﬁﬂﬁi e, q:f to 10 parts

by weight, preferably g@gggrgﬁ%n 1 RvBRELSn Yo wﬁggﬁizmﬂog@re pref er abl y

activating agent (hereinafter may be sometimes referred
10 to as a hardening agent) may be used together with the
radical-generating agent in order to enhance an adhesion
efficiency by the radical-generating agent. The
vulcanization-activating agent accelerates not only a
vulcanization of rubbers but also a crosslinking between
15 the rubber molecule and the resin molecule to bond firmly
the rubber member and the resin member. For example, when
a thermoplastic resin comprises a polyphenylene ether
resin, use of a radical-generating agent and a
vulcanization-activating agent in combination progresses
20 a crosslinking reaction between the resin member and the
rubber member to ensure the bonding of the members firmly
or strongly. The amount of the vulcanization-activating
agent may be an amount required for the acceleration of
rubber vulcanization and the crosslinking formation
25 between rubbers and resins, and an excess amount of the
activating agent may deteriorate a rubber’'s property.

Therefore, an appropriate amount of vulcanization-



relative to 100 parts by weight of at |east one conponent selected from

t he rubber and the resin. For exanple, in the case where the

vul cani zation-activating agent 15 conprises a nethacrylate of a pol yhydric
. al cohol, the anount of the vul canization-activating agent is about 0.1 to
10 parts by weight, preferably about 0.1 to 5 parts by weight, nore
preferably about 0.1 to 3 parts by wei-ghat, - and practically about 0.1 to
1.9 parts by weight (e.g., 20 0.5 part by weight, 1.0 part by weight),
relative to 100 parts by weight of the rubber or the resin. Mreover, in

t he case that athevatlingnagahtooanacbevatlagtegeshitsbhgided both of the
thernopl astic resin and the rubber, a small anmount of the

vul cani zati on- acti vasithe ygéchnimpthenaddédvafing adent edihereamdytihe

vul cani zi ng activator may be used in a proportion of about 0. 1 to 7 parts
by wei ght, praestabhgd, aboutefampleéo dnparganby eenpbund amalvimygeapr ef erably
about - 50 0. 1 to 3 parts by weight, relative to 100 parts by wei ght of
the resin. Ancexbesscambant dofibl&eboundcbai palynerizablatimgatagahed my
significantly affect properties of the rubber 5 nmenber or the resin
menber, dépentiPnRg)de pech ¥4 nyfl-sheiegmanmmesal € od- adtiviayilibgnZedet).. For
exanple the addition of the excess anmount of the vul cani zation- activating
agent to the ABbBéLYEofipbheftMeRomes (ergubl @asehhdyl Phbhalbdpl@, a far

hi gher hardness of _a_10 vul cani zed rubber than a deS|gned val ue, and
significant &&LELLBLaPhERPPATE. | BnETiathyhr bheP1 GYBRUFARSr ubber menber
such as a weat her resistance. Mreoyer, the addition of the e cesgdannunt

of the vul canPZd19dhAEHY LG PARORGEH @ maleimide-series compoun

other unsaturated compounds. These vulcanization-

10 activating agents (activators) can be used singly or in
combination. As the vulcanization-activating agent, a
polyfunctional vulcanization-activating agent having the
polymerizable unsaturated bond of not less than 2 is
practically used.

15 Examples of the (meth)acrylic monomer include a
bifunctional (meth)acrylate [e.g., a C, ;,alkylene glycol
di(meth)acrylate such as ethylene glycol di(meth)acrylate,
propylene glycol di(meth)acrylate, 1,4-butanediol
di(meth)acrylate, hexanediol di(meth)acrylate, and

20 neopentyl glycol di(meth)acrylate; a polyC, ,alkylene
glycol di(meth)acrylate such as diethylene glycol
di(meth)acrylate, triethylene glycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, dipropylene glycol
di(meth)acrylate, tripropylene glycol di(meth)acrylate,

25 polypropylene glycol di(meth)acrylate, and
polytetramethylene glycol di(meth)acrylate; glycerol

di(meth)acrylate; trimethylolpropane di(meth)acrylate;



to the resin conponent causes a gel-formation acconpanying 15 with a resin
nenber nol ding to nake an appropriate nolding difficulty, and a decrease
of a mechani cal strength. Further, the added vul cani zati on-activating
~agent may be mgrated fromthe resin nenber. Therefore, in any case of
addition of the 20 vul cani zation-activating agent to the rubber conponent
or the resin nenber, the exceedi ng arodit -of nore than 10 parts by wei ght
of the vul cani zation-activating agent relative to 100 parts by wei ght of
an added object (rubber or resin) is objectionable, and it should be
careful |y hangertathetRbiaobudil( mefthiaicrydatet; end 8ifmets ) bgprydagatof and
thus, prior to practical usage, a consequence for the anpunt of the

vul cani zat i onbasphendilny-agenalkypleme exidbeabjwet] mey triol othaalYbeen
exam ned. To obtain a sufficient bonding strength between the rubber
menber and t h€unetionadnbwethhachplatanie consi gdbyee¥ohs affecting the

obj ect to be added, the anobunt of the vul cani zation-activating agent is,
for 5 the obj &l (mekh) ackuyaher ubbime thipto hethane dir o meth agrylatks ght , f
or exanple, about 0. 1to 1.9 parts by weight (e. g. , about 0.5 to 1.9
parts by aeughr}meéhx@piérvbaneotpaﬁmgthb@cmbl@ﬁ¢ operteerYHEttohnd for
the object conpri si resin, not nore than 5 parts by weight, for

exanpl e, abouFrlémetg)PérzlﬁﬁﬁtSP%Qtﬂﬁﬁgﬁﬁr%tplﬁfetréﬂﬂﬁﬁhZ?QQY%?E%Wts by
weight) relative to 100 parts by weig of the resin.

vul cani zat | on%E?Wﬁ?FHEhE@EH% qe':’,cré’dﬂ\?&ht)é‘crﬁfﬂétreutfye?en’iqf‘er%‘?}lﬁj’oﬁ'q}r on of

t he radi cal - gener tlng ent Ed t he vul cani zati on-activati ng agent
(wei ght ratlo?eﬁﬁ§m§§ B@ Lylate for exanple, the fornmer/the latter is

equal A maleimide-series compound having a plurality of

10 maleimide groups can be obtained by a reaction of a
polyamine with a meleic anhydride. Examples of the
maleimide-series compound include an aromatic
bismaleimide [e.g., N,N'-1,3-phenylenedimaleimide,
N,N'-1,4-phenylenedimaleimide, N,N'-(3-methyl-1,4-

15 phenylene)dimaleimide, 4,4'-bis(N,N'-
maleimide)diphenylmethane, 4,4'-bis(N,N'-
maleimide)diphenyl sulfone, 4,4'-bis(N,N'-
maleimide)diphenyl ether], an aliphatic bismaleimide
(e.g., N,N'-1,2-ethylenebismaleimide, N,N'-1,3-

20 propylenebismaleimide, N,N'-1,4-
tetramethylenebismaleimide), etc.

The preferred vulcanization-activating agent
includes a compound having a plurality (e.g., about 2 to
6, particularly about 3 to 6) of a carbon-carbon double

25 bond (polymerizable unsaturated bond) per molecile, for

example, a triallyl (iso)cyanurate, a di- or poly-

functional (meth)acrylate (in particular, tri- or



to about 0.3/1 to 20/1 (e.g., about 0.5/1 to 20/1), preferably about 0.4/1
to 15/1 (e.g., about 1/1 to 15/1), and nore preferably about 0.5/1 to 10/1
(e.g., about 2/1 to 10/1). 20 Incidentally, as described |ater, the

vul cani zation-activating agent is not essentially added to the rubber
conposition and/or the resin conmposition, and nay be applied or coated on
a bonding surface or site of the rubber48&renber and/or the resin menber. 25
(Vul cani zation auxiliaries) In the present invention, to enhance the
adhesion efficiency, a vulcanization auxiliary may be used. - 52

Accordi ng to Podyi-danetionalr (mesh)antylate) esand an amemation of the

vul cani zing auxiliary nmake a bonding between a rubber nenber and the resin
menber firm ymatedmidg egmpeardon auxiliary nmay be added to at | east one 5
conponent selected from_an unvul cani zed_rubber (or an _unvul cani zed rubber
conposi tion) and a fRELABPLaddye £BSi Hulecapiaafe’nnaebipdsingoryertind may
be added to both _conponents. Usually, the vul canjzation auxiliary_ my be
added to the USVALdI132@ PLPpPRIItY FTTRRLIVISELFADLR UBFadukatedr§oRds be

sel ected depznding on sRecies of ige resin ang t he rubber, and ipcludes,
for exanpPe, &R GIig8ABY LoBTRUPheRhbETLadFPEPr e SPRTN FAGFHLPHL aEPWR) hydr ogen

t . 9., | i havi nber - I I i ght of about
100 t o 1000 <ROK TEVEEL e B (i FEPCLRaEhEn 5ot § PRITESEEr SETaS TRt an

SLLIOTEL O bR RO 4 it Sl SrbMTRAhS 8 o1l B9V e

of vinyl groups, allyl groups, or (meth)acryloyl groups

in preference to the maleimide compound is used in many
10 cases.

In the present invention, the addition of the
vulcanization-activating agent is not essential. For
example, depending on the number of an active atom of a
thermoplastic resin and species of a silicone rubber

15 material to be used, the presence of the
vulcanization-activating agent is not required to bond
both members. In practical cases, however, in order to
ensure firmly bonding of the rubber member and the resin
member, the vulcanization-activating agent is

20 advantageously added. The vulcanization-activating
agent may be added to at least one component selected from
the unvulcanized rubber (or unvulcanized rubber
composition) and the thermoplastic resin (or a resin
composition), and may be added to both components. The

25 vulcanization-activating agent is usually added to at
least the unvulcanized rubber. Especially, an addition of

the vulcanization-activating agent to at least



resin having the active aton] , a polyol [ e.g., the polyol described in
the headi ng of pol yester-series resin having 20 the active aton] , a

pol ycarboxylic acid or an acid anhydride thereof, a plural-al dehyde

_ groups-contai ning conpound, an epoxy conpound, a nitrogen-containing resin
(e.g., an amno resin), a nethylol group- or al koxynethyl group-
cont ai ni ng conpound, a polyi socyanate,- 4Ad-the |ike. 25 These vul cani zati on
auxiliaries may be used singly or in conbination. The preferred

vul cani zation auxiliary includes a - 53 conpound having not |less than 2 of
an active hydtbgemoplastionresion dwer agregén aonpesitiorictamamygie at ons
having a predeterm ned value of an orbital interaction energy coefficient
S represent edfbymt%@hfF%Wleﬁ‘("lLE)en & gubbeanpeabes ahd 3| ¥R MeFFLqhe

t her mopl astic resin é the oligoner of the above nentioned

pol yani de- ser iBsar6ifa EARGE hgombingbhen - ofTheha@medte Sertheeri es resin),

t he above nentioned polyam ne, and the other. The apount of, the

vul cani zat | onVB4SARLERY1PR-a¢bivatiing agent, 1%5%%¥1%ﬂ1§%QPQﬁFQﬁu?% of

wei ght, preferale about . 0.5 to 20 parts of mel and about 1 to 15
parts of wei gRPSCipE|f the velazmizatien o‘"fc%‘f%?ﬂ %Fgleﬁ‘@ ?ﬁﬁb‘@e“a“rﬁﬁ or the

resin. Incidentally, as descrihed I t he vu] canj za iliary is
not essential P¥ tﬁ’(fd‘é?f“ﬁ’%“?liﬁ%tﬂﬁ?o@?gegﬁﬁ’ﬁ PR S BT FHng r?éj}( y

composi 1 o0 SR FRY e SRPLL Hefln FOUAEH O Sabefl itk NEkgseRL o' te o

' amount for accelerating an adhesion or bonding between the
thermoplastic resin and the rubber, for example, about 0.1

10 to 10 parts by weight, preferably about 0.1 to 5 parts by
weight, and more preferably about 0.1 to 3 parts by weight,
relative to 100 parts by weight of at least one component
selected from the rubber and the resin. For example, in
the case where the vulcanization-activating agent

15 comprises a methacrylate of a polyhydric alcohol, the
amount of the vulcanization-activating agent is about 0.1
to 10 parts by weight, preferably about 0.1 to 5 parts by
weight, more preferably about 0.1 to 3 parts by weight,
and practically about 0.1 to 1.9 parts by weight (e.g.,

20 0.5 part by weight, 1.0 part by weight), relative to 100
parts by weight of the rubber or the resin. Moreover, in
the case that the vulcanization-activating agent is added
both of the thermoplastic resin and the rubber, a small
amount of the vulcanization-activating agent may be added

25 to the resin, and the vulcanizing activator may be used
in a proportion of about 0.1 to 7 parts by weight, preferably

about 0.1 to 5 parts by weight, and more preferably about



20 To the silicone rubber conposition nmentioned above may be added, if
necessary, various additives, for exanple, a filler, a plasticizer or
softening agent, a co- vul cani zing agent, an age resistor (e.g., a heat
resistant, an antiozonant, an antioxidant, an ultraviolet ray 25
absorber), a tackifier, a processing auxiliary, a lubricant, a colorant, a
formi ng agent, a dispersant, a flameré&fardant, an antistatic agent, and
so forth. - 54 The filler (or reinforcer) includes for exanple, a
powdery or particulate filler or reinforcer (e. a mca, a clay, a
talc, a silicPeclatpd3 pardid byaveaghbhl cr@nhata‘f@d:rfatl@o parhagmgﬂétmght
carbonate a carbon black, a ferrite) , a fibrous 5 filler or reinforcer
(e. g. , an oP§ahhe FeBéR-such as rayon, nylon, vinylon, and aramd; an
inorganic fiber such as a carbon fiber and a glass fiber), and other
fillers. The nost gBRefP¥Fe$F| aBPURE af r Ehaf pakern hzpieton riehivaking cone
rubber is a powdered silica. The generally used 10 silica _is roughly
classified i nBgeRtt PREsSHPnALHEan in%%f%?BdHE%HPE@J%Fvﬁﬁt?@ﬁ)Fﬁ?%%ﬂ and a

dry silica produced b a drying method. A powdered silica suitable for the
present |ﬁvenWF8ﬁer ¥hEhﬂr§Z§?gl%%meEe de 36@1%9y°%|$P%%9e$éﬁE{¢

h bond ; bet d bb nb
When the wet °§php€ai%é%a§aaac§éva€msnés?%'a net %v?hw@%en&r{% Cnhibit
crosslinking bgémﬁ 1 E é i n_nmenber ﬂ E t% L Iy eﬁ However, the
wet silica d8 5P cPhcF Flﬁxfﬁﬁfb?TOBB df %t%ﬁ % ?ﬁ% tPH  nenber

and t he rubber ep t |I|ca can, 2 ed accordlng to
t he species o?cgggggéng gﬁggn apﬁ%ed béeFI%%%%o cau e species of a

VU|CaniZationtﬁghbxégbﬂgness, for example, a far higher hardness of a
10 vulcanized rubber than a designed value, and significant
deterioration in a long-term property of the rubber member
such as a weather resistance. Moreover, the addition of
the excess amount of the vulcanization-activating agent
to the resin component causes a gel-formation accompanying
15 with a resin member molding to make an appropriate molding
difficulty, and a decrease of a mechanical strength.
Further, the added vulcanization-activating agent may be
migrated from the resin member.
Therefore, in any case of addition of the
20 vulcanization-activating agent to the rubber component or
the resin member, the exceeding amount of more than 10 parts
by weight of the vulcanization-activating agent relative
to 100 parts by weight of an added object (rubber or resin)
is objectionable, and it should be carefully handled the
25 amount of not less than 5 parts by weight, and thus, prior
to practical usage, a consegquence for the amount of the

vulcanization-activating agent to the added object may



agent and its anmount, and a nolding condition. A mxture of the dry silica
and the wet silica is available. The content of the filler may be, for
exanpl e, about 25 0 to 300 parts by weight, preferably about 0 to 200
parts by weight, and nore preferably about 0 to 100 parts by weight,
relative to 100 parts by weight of the rubber. - 55 Preferred enbodi nents
of the present invention are as followl A thernoplastic resin: (1) a

t hernopl astic resin conprising a vul cani zation- 5 activating agent (2) a
thernoplastic resin having an active atomin a predeterm ned

concent r at i onhaygi brepapxamipedse Bo obtabmi zaguihicianty hondingent A
silicone rubber: 10 %3% a silicone rubber having not less than 2 of
unsat ur at ed b&t&sngkhabetugenpehensrbbaremanbet oapdi Ehqgregin member

vul cani zati on-activati ng agent containing a polyfunctional polynerizable
conpound havi Mg tRopt Al ??951691'%5}9%ﬁf%Wténgrmgblsch-)O Be &ddedone
rubber having not |ess than 2 of unsaturated baonds on average per nol ecul e

and conprisi n§g &mpppE of shhe, viliGandad tigRsactdymting agentvifcaf®Zat i on
activating agent contajining a,polyfunctional polynerizable conpound having
2 plurali By ofABoPPAEFF GRTRELEEng 3 FbbeHg Nt MO en tAaPUECPAT R DY

Lher mopl asti o eshd and. Lhenstl! SanS.e HUPRSY . 8L 8%y QAT HRTPETS™ Y

about 0.5 to 1.9 parts by weight) relative to 100 parts
by weight of the rubber, and for the object comprising a
resin, not more than 5 parts by weight, for example, about

10 0.1 to 5 parts by weight (e.g., about 3 to 5 parts by weight)
relative to 100 parts by weight of the resin.

When the vulcanization-activating agent is added to
the rubber, the proportion of the radical-generating agent
and the vulcanization-activating agent (weight ratio) may

15 be such that, for example, the former/the latter is equal
to about 0.3/1 to 20/1 (e.g., about 0.5/1 to 20/1),
preferably about 0.4/1 to 15/1 (e.g., about 1/1 to 15/1),
and more preferably about 0.5/1 to 10/1 (e.g., about 2/1
to 10/1).

20 Incidentally, as described later, the
vulcanization-activating agent is not essentially added
to the rubber composition and/or the resin composition,
and may be applied or coated on a bonding surface or site
of the rubber member and/or the resin member.

25 (Vulcanization auxiliaries)

In the present invention, to enhance the adhesion

efficiency, a vulcanization auxiliary may be used.



[ Process for producing a conposite] 25 In the present invention, since a
resin conposition conprising a thernoplastic resin conbines with an

unvul cani zed rubber conposition conprising an - 56 unvul cani zed silicone
_rubber and a radical -generating agent, a resin nenber conprising the
thernoplastic resin can certainly and firmy bond to a rubber nenber
conprising a vulcanized silicone rubbes2 Particularly, without a 5
treatment for easy adhesion (e.g., a surface-activated treatnent such as a
corona di scharge, a formation of an easily adhesive coating |ayer), the
resin nenber @spordinpytobspdciestbhf thbbrubbenband Fuethesint hahe is not
restricted in a two di nensional configuration, and even 10 a three

di mensi onal ceddigaeat p6nthe wvhcanbiéngoauxplbauyingke azopprding of the
resin nmenber firmy bonded to the rubber nenber. In the present invention,
a conposite obeiweesia ruhhremesdepr apfntghe tresitemenbleastizmigsi iidnded to
a 15 rubber nenber conprising a vulcanized silicone rubber can be produced
by use of a cywdcaaipahien apsEiiharyopf¥sbecaddedi koaal beashveReani zed
silicone rubber conprisin radi cal -generating agent. The conposite (or
resi n/ r ubBer C@Gﬁﬁ&%PFefegﬁﬁtBQ BF%BUQBduEVu%%?H%ﬁﬁda??%%?ﬁ fRF d?g 20

el ement or material and a rubber nDIdlngbeIenent o&ﬁn&terlal W th

contacting ealRVYtRapizfd HRAATSAPRPRYELPR) @NGs G IH“HQlPﬁélPGB‘b%’rn mol di ng
menber or elenent. The ,resin no el enent or I e aresin
conmposi tion ¢ HﬁrPsFﬁﬁlﬁ Fﬂ@?ﬂﬁbgégg'c aRd; may gpe a&é%& th% g Ref or med or
premol ded nEnb%%pgngEehaT%éé{IY’r e vuig% gzation auxiliary may be

added to the unvulcanized rubber.

10 The wvulcanization auxiliary can be selected
depending on species of the resin and the rubber, and
includes, for example, an oligomer of a thermoplastic resin
having a active hydrogen atom (e.g., an oligomer having
a number-average molecular weight of about 100 to 1000 such

15 as an oligomer of the polyamide-series resin and an oligomer
of the polyester-series resin), a polyamine [e.g., the
polyamine described in the heading of polyester-series
resin having the active atom}, a polyol [e.g., the polyol
described iﬂ the heading of polyester-series resin having

20 the active atom], a polycarboxylic acid or an acid anhydride
thereof, a plural-aldehyde groups-containing compound, an
epoxy compound, a nitrogen-containing resin (e.g., an
amino resin), a methylol group- or alkoxymethyl group-
containing compound, a polyisocyanate, and the like.

25 These vulcanization auxiliaries may be used singly or in

combination.

The preferred vulcanization auxiliary includes a



article). Mreover, the rubber nolding element or material is not
particularly restrlcted to a specific - 57 nenber as far as the rubber
nol di ng menber or el enment has an active radical -generating agent on a
surface contacted wth the resin nolding nmenber or el enment and conprises
at |east an unvul cani zed silicone rubber. The rubber nolding 5 el enent or
mat eri al may be an unvul cani zed siliconé3 ubber conposition, or a rubber
preformed or prenolded article (rubber nolded precursor) having a
partially vul cani zed or crosslinked rubber. That is, the conposite may be
produced by msoapeyndiitavingdiot derposhan ghofoapracdilve Rydresadpr 6@ c
resin (preferably a resin conposition containing at |east the
vulcanlzatlonQ@cﬁgﬁaﬁVﬁgaageﬁﬁy Badeanlanvapehnn¥eucge R ibeeme drposd i on
conprising an unvul cani zed silicone rubber and a radical-generating agent
(preferably a21PreAeteERAngddvakBpepfc8RposPitah LnEeRREtEOMPPNGTHY at

| east the vul cani zation-activating agent) with contactin each ot her, and
vul cani zi ng oP°@if§§§llF’HPé|$|§ePl¥é‘fseHﬁ\?gl 'EiérﬁhfegoF{ﬂBﬁér(]c)o 8% 8¥PP1® bond or
join the resin,_ nenper and_the rubber penber. reover, as_far as the

r adi cal - génerépﬁﬁ$%ﬁﬂﬂﬁr9§t@ﬁf??ﬁ?@ﬂlaﬁFlFéﬁﬁ? &- Yrenthbe QLIPS from
the resin shaped.resin ticl and.the _rubber er (or a
shaped rubber FP%|8?°N§ymE8gé°BEQnP Vﬁ@agé S?B?ﬁﬁdreﬁk?o?%aEﬂg The
exanpl es of t?g.nnldln 5 further. > trated as foll ows:

(1) a conposi lﬁﬁ?eﬁegﬁrggﬁcégygﬁgégﬁtSSF?ﬁS §epda ﬂ%n%%?v%onpr|5|ng a

thernnplaSt'Cm%%%ﬁgn@htgoiyamine, and the other.

The amount of the wvulcanization auxiliary is, for
10 example, about 0.1 to 30 parts of weight, preferably about
0.5 to 20 parts of weight, and about 1 to 15 parts of weight,
relative to 100 parts of weight of the rubber and/or the
resin.
Incidentally, as described later, the vulcanization
15 auxiliary is not essentially added to the rubber
composition and/or the resin composition, and may be
applied or coated on a bonding surface or site of the rubber
member and/or the resin member.
(Other additives)
20 To the silicone rubber composition mentioned above
may be added, if necessary, various additives, for example,
a filler, a plasticizer or softening agent, a co-
vulcanizing agent, an age resistor (e.g., a heat resistant,
an antiozonant, an antioxidant, an ultraviolet ray
25 absorber), a tackifier, a processing auxiliary, a
lubricant, a colorant, a forming agent, a dispersant, a

flame retardant, an antistatic agent, and so forth.



- 58 unvul cani zed rubber conposition, and then nolding the unvul canized
rubber conposition with vul canizing or crosslinking the unvul cani zed
rubber conposition. (2) a conmposite may be produced by contacting a 5

- prenol ded rubber article (a precursor or intermediate) conprising a
prelimnarily vulcanized or crosslinked rubber conposition with the resin
conposition mentioned above, and nol di i tthe resin conposition in a
desired shape. (3) a conposite may be produced by contacting a resin 10
menber conprising a ther | astic resin with a prenolded rubber article (a
precursor) obtai nedThg ﬁmﬂgaﬁlQ@ﬁgrgianFGQEP|¥ﬂ§lﬁﬂ%$ﬁéﬁQﬁﬁﬁ%a@E%$05|tlon
to be nolded. Incidentally, the preformed rubber article has an  activated
radi cal - gener 8RN HUFLAT Pétrtllé’ﬁé-tat@rﬁhl%%ﬁ PEXEINEOICHT Rt @d- WM 2 he resin
nmol di ng menber or elenent, and_nay have a residual radical -generating
agent. More c8rfthdt ePJaltonea Fiddeds aFid ha srldsanta Fﬁ?f%ﬁ?i“d’r"r‘rqor%ttﬁies a
process which coqgﬁ;ses contacting or neetin (or _conver a%%}a resin
conposi tion wA#f SR FRERPRREE 26 TR b(]:gﬁﬁosq e tR{n REME t he
resin composit 3& and the _unvul cani zed rubber coggﬁéltloqbregpectlvely in
a rmetal ol dEESIBEF SPIREREFET AN T <24 9“t‘h‘é9?‘blsﬁ’

| cani zed rubb b
Cont act i ng & BORBrGRTGHORr ol HURATR oo AR RREN ot ROk SHROLRE i ped
rubber composiLign, 24 %e Mohg! Adg Eth“EXH'e% ni czu‘?g EPRQFrfEPE’?Pé' tion by

vul cani zing oOr crossi |ng t he unvulcanlz berco ron to - 59

join or bond the regyn PRODGL AR ! Pflyg}.céaﬂazféjiﬁf@]p@ér added to the

silicone rubber is a powdered silica. The generally used
10 silica is roughly classified into 2 types of a wet silica
produced by a wetting method and a dry silica produced by
a drying method. A powdered silica suitable for the
present invention is the dry silica. The use of dry silica
readily enhances a bonding strength between a resin member
15 and a rubber member. When the wet silica is used, water
in the wet silica seems to inhibit crosslinking between
the resin member and the rubber member. However, the wet
silica does not crucially inhibit bonding between the resin
member and the rubber member, and even the wet silica can
20 be used according to the species of a used resin and a used
silicone rubber, the species of a vulcanization-activating
agent and its amount, and a molding condition. A mixture
of the dry silica and the wet silica is available.
The content of the filler may be, for example, about
25 0 to 300 parts by weight, preferably about 0 to 200 parts
by weight, and more preferably about 0 to 100 parts by weight,

relative to 100 parts by weight of the rubber.



menber (two-step nmethod); a process conprising a step for contacting a
prenol ded resin nenber with a preformed rubber article produced by nol di ng
an unvul cani zed rubber 5 conposition to the internediate stage (partially
vul cani zed or crosslinked) , and a step for vul canizing or crosslinking

t he prenol ded rubber article to bond or adhere the resin nmenber and the
vul cani zed rubber nenber (three-step-n®Shod); and ot her nol di ng nmet hods.
10 The preferred process includes the one-step nethod and the two-step

met hod (particularly the two-step nethod). |In the one-step nethod, a
conposi te nol ded ar¥Preferred erebodimentird®ihyheepreagnintnkeRbbioM@Te resin
conposition and the unvul cani zed rubber conposition, respectively, 15
injecting or 8%t £Q4iLAYSthe nol ten and kneaded conpositions into a netal
nmol d having a desired cavity or configuration wth use of, for exanple, a
conventional mAtthemnepIRstE¥pRAHYs (e.g., a nulti-injection nolding
apparatus, a nultilayer extruder), and vul cani zing or c¢rosslinking the 20
unvul cani zed rubbkra orPeFmeRIasti ety GRIPTAF RS YU ICARIFANT B and the
unvul cani zed rubber conposition may be mxed or mingled at or in the

contact iAter PEEEVALERI BAEREen these conpositions. In the two-step nethod,
a conventi onal din 25 ratus (e.4q., _.an injecti.on | di ng appar at us,
an extrusion ng$gi$g ?ﬁﬂﬁéﬁqgkl%iEqé%Qéhd%ﬁqgﬂg GG %gﬁﬁhﬂglﬁgf can be
used for form.ng.the_sh d resin, nepber, -.6 nd nventjonal nol din
boparatus (e BroabREFRIARAC CLRERELAREDS. unith MRS SofSRKENILON ’

apparatus, a bﬁi@ﬁﬂ?&atﬁghggggigggfﬁatHéen@n extrusi on nol di ng appar at us)

can be
A silicone rubber:

10 (3) a silicone rubber having not less than 2 of
unsaturated bonds on average per molecule and comprising
a vulcanization-activating agent containing a
polyfunctional polymerizable compound having a plurality
of polymerizable groups
15 (4) asilicone rubber having not less than 2 of unsaturated
bonds on average per molecule and comprising a silica
(5) a sllicone rubber comprising a vulcanization-
activating agent containing a polyfunctional
polymerizable compound having a plurality of polymerizable
20 groups, and a silica
Between the thermoplastic resin and the silicone
rubber, at least one component may comprise a vulcanization
auxiliary.
[Process for producing a composite]
25 In the present invention, since a resin composition
comprising a thermoplastic resin combines with an

unvulcanized rubber composition comprising an



used for formng the rubber nenber. In the nolding process, 5 a vul canized
rubber nmenber and a resin nenber nay be bonded or adhered by pl acing or
setting a resin nenber into a nold (or a cavity) in conformty with a
configuration of a conposite, injecting or extruding an unvul acani zed
rubber conposition to the resin nmenber, and vul cani zing or 10 crosslinking
t he unvul acani zed rubber conposition. - Kreover, when the shape of the
conposite is a plate- or sheet-like nmenber having a two-di nensiona
configuration, the conposite may be produced by lam nating a plate- or
sheet -1 i ke unvoveaappddedubbéiconeposbbepnand a sadpeal -déneratingenber,
and vul cani zi ng or crosslinking the unvul acani zed rubber conposition

wi t hout the nmBBentera xesin yembericgamprdising whenthermerlasil¢aresincl osel y
contacting or adhering) a resin nenber (or a resin conposition) with an
unvul cani zed FaBHET EHpsARAGLIHLY Qenérf@m@hﬁn HERgeRePHEr vHHdict ed by
applying a pressure suitably with use of a thermal press nolding or an
injection noPdVH§CapdEedxahpieonangebbary e Rardd PHEI Ve Witk R to
renove a vol atil e conponent or a gas conponent fromthe conposition(s). 25
The vul cafi zatFBATPBRLcHPT ngFSBr a@RBSLPRNkENG: - t 2nPeFERTR A¢ VAL 8ANdi ng
tenperature between the rubber nenber and the resin nenb%%%?can be

sel ected, for *ERAHPPRL Sugh a3, FARRE FHSERABERC, 2 r AT ShAR 100 to

200C, and nore ef erably about,13Q to 170C. The ,pressure |loaded . to the
ubber and t hEAFSLY/AANGF IS SR bLRdd-avRsy < HBSTeE 1R TeRRERLAR FLAKEY r ange

of about 0 10,330 VEAng" £iE58R! NemoBPOUrdr i SRR AGJPre Preferably
about 2 to 10 a.

restricted in a two dimensional confilguration, and even
10 a three dimensional configuration is available for
producing a composite of the resin member firmly bonded
to the rubber member.
In the present invention, a composite of a resin
member comprising the thermoplastic resin bonded to a
15 rubber member comprising a vulcanized silicone rubber can
be produced by use of a combination of the thermoplastic
resin and an unvulcanized silicone rubber comprising a
radical-generating agent. The composite (or resin/rubber
composite) can be produced by molding a resin molding
20 element or material and a rubber molding element or material
with contacting each other and a vulcanizing or
crosslinking the rubber molding member or element.
The resin molding element or material may be a resin
composition comprising a thermoplastic resin, or a resin
25 preformed or premolded member beforehand (or a resin shaped
article). Moreover, the rubber molding element or

material is not particularly restricted to a specific



In the production process of the conposite, at |east one conponent

sel ected from an unvul cani zed silicone rubber and a thernoplastic resin
may conprise a vul canization-activating agent (e.g., a polynerizable 10

. compound having the above nentioned plural polynerizable groups) and a

vul cani zation auxiliary (e.g., a conpound having not |ess than 2 of active
hydrogen atons nentioned above on aver &je-per nol ecul e). Moreover, as
descri bed above, the vul canization- 15 activating agent is usually

i ncorporated into the unvul canized rubber conposition (or the rubber
menber), andmeRbepragdeyr @5 the pikbenimdldiang membgirsori eibenelet has
production process of a conposite of the resin nmenber bonded to the rubber
menber by nol 8RRFEHeEe radiicadoliognegatringergont oin @ swsfacampntactadbber
mol di ng nenber or el ement under heating with _interposing at |east the

vul cani zat i on¥15Bt thamasi ragedtipgs mpsees f ¢lementhapd ¢RepHbies idh of

the vul cani zation auxili ar on a Qontactingbsurface ( a bondi ng

surface) bet we8ASERD FB‘éPﬁg%‘rBF-BFﬂg”r%éf?@é‘te Brbber | %gaaﬁﬁrtwqjtﬂﬂ)er

nmol di ng menber _or elenent. Further, the process .of the.present .invention
al so ignc’l3 udeglﬁmﬁ?t@é’sg‘aﬁpﬁ}dﬂﬁ%fbﬁga% ‘Eﬁ’ﬁéﬁﬁnﬁéeﬂ/sb?*ggg?ﬁgrubtﬁr or

[ h d. ' nb i Si h | ' I ith
vul cani zed r UBBBPORBHERP- ABEP o Fé,r‘%a?%{na%;oef? ;;gr‘;q”nw;ﬁté& @éri%l&%“éf )
I cani zed r uBBEP RERES i et BT e
he.val cani zalFaRoatare PaedyShoskaahf BRTALY o oy ABEhRag ©

surface) betmggnc£ggsi§%£gdnfgpgérand the wvul cani zed rubber nenber to bond
or adhere the resin nenber )

That is, the composite may be produced by molding

10 a resin composition comprising a thermoplastic resin
(preferably a resin composition containing at least the
vulcanization-activating agent) and an unvulcanized
rubber composition comprising an unvulcanized silicone
rubber and a radical-generating agent (preferably a

15 unvulcanized rubber composition further comprising at
least the vulcanization-activating agent) with contacting
each other, and vulcanizing or crosslinking the
unvulcanized rubber composition to bond or join the resin
member and the rubber member.

20 Moreover, as far as the radical-generating agent is
activated, at least one member selected from the resin
member (or a shaped resin article) and the rubber member
(or a shaped rubber article) may have been molded or formed
beforehand. The examples of the molding technique are

25 further illustrated as follows:

(1) a composite may be produced by contacting a resin

member comprising a thermoplastic resin with an



and the rubber nenber. In the preferred process, a shaped resin nenber or
‘el.ement of the thernoplastic resin is used 10 in a conbination with a
shaped rubber nenber or elenent of the unvul cani zed rubber conposition.
That is, a resin nenber conprising the thernoplastic resin is preferably
conbi ned with a vul cani zed rubber nenber obtained froman unvul canized
rubber conposition conprising at |east &815 radi cal -generating agent and an
unvul cani zed rubber. Furthernore, on an interface between the resin nenber
and the vul cani zed rubber nmenber, a coating agent conprising at |east the
vuIcanrzatronuaﬁﬂivaﬂiﬁgdagéhbe{r$°mh@%e§%%ﬁy,aﬁ@wthﬁﬂ nkding e zat i on
auxiliary) may be_ 20 interposed by a coating techni and the coating
agent nay beUBVRLGRRLEFY EEPPQE compes bR i el Hy ¥ aﬂ%ﬁﬁ%ﬁuqﬁeneratlng
agent and the vul cani zati on-activating, ent (|f necessary, further the
vul cani zat i on®EA%FHHBFIHY thﬁeu%ﬁ%bﬂ?nb¥e$ ik the interface
bet ween 25 the resi nmber and the vulcanlzed rubber menber for
exanpl e, be about Opismﬁ qeMBReShbte Jray %b‘l”ip%ﬂﬁftﬂ Ry 5°qrbta§tgvrr% @ and

ticulagly about Th te of th b
Ponded i ﬁrtﬁea %ﬁ?&éﬁrﬁz R PEBLEF EhEhbel & R OR O Pk Sy HAdbay (1 n

I I bb
merber w th i GORPELETRe Frete b@ig#‘hﬂitr@%%{%ﬁrgv“ Sl Bitsden these
members. The {}Gé{eiﬁngorh SREE ALY AN L 658U e CaN NG SRl PHGd Wiy n the
range simlar canrza i on or CfoOSs |nk|n§)sienpera ure an

pressure ment ,pg6d, ahAUFo1 dIkS nbfAhi BbRESs EOIBR T £alast raadgRd! v hi oh

(3) a composite may be produced by contacting a resin
10 member comprising a thermoplastic resin with a premolded
rubber article (a precursor) obtained by vulcanizing or
crosslinking the rubber composition to be molded.
Incidentally, the preformed rubber article has an
activated radical-generating agent at least on a surface
15 contacted with the resin molding member or element, and
may have a residual radical-generating agent.
More concretely, the process of the present invention
includes a process which comprises contacting or meeting
(or converging) a resin composition with an unvulcanized
20 rubber composition with molding the resin composition and
the unvulcanized rubber composition respectively in a
metal mold to bond or adhere directly the resin member and
the vulcanized rubber member (one-step method); a process
which comprises contacting a premolded or preformed resin
25 member with an unvulcanized rubber composition, and
molding the unvulcanized rubber composition by vulcanizing

or crosslinking the unvulcanized rubber composition to



10 adhesive strength between the rubber nenber and the resin nenber by
vul cani zation. Therefore, both properties of the thernoplastic resin and
t he rubber can be effectively expressed, and the obtained conposite can be
advant ageously enpl oyed as various applications, for 15 exanple, a sealing
packi ng as a nechanical part or a machine elenent, a switch part as a
el ectrical part, an automobile part, "a>Pubber vibration isolator, a valve,
an electrical plug, a pair of eyeglasses, and other parts or elenents. 20
| NDUSTRI AL APPLI CABILI TY In the present invention, since a thernoplastic
resin is conBPABIOW PANAnthavhesini pember | ardndhe UBbeGaniz/fbriWIveE a
radi cal -generating agent [particularly, a silicone rubber having not |ess
than 2 of unsBeUP&Fe %ﬂ&@ﬁ‘%oﬁ)ér BT PR SHSIERHISing §i $TeBrfeeF ubber
conprising a vulcanization-activating agent, a _silicone rubber conprising
a powdered or CBRERFELNGEPERTP LD Bosindigmbey witha prefpymed i Tukbers 3
rei nforcer, etc%,,la thernngéaﬁtic npl ded article can directly and firmy
bond to a sil PEGASIPUBEEAUCRE| BEIMAF 109 c2 i PR CRRT F7A aFURRfesi ve or
treating surface.of a the plastic tesjn. %breo er,. an adhesive 5
strength getmggﬁp?ﬁégﬁBPd 4 éﬂ?iﬁ? ef%ﬁéﬁgtﬁ Bfa et%%?ﬂ%b?%.Yic resin and
the nol ded ari] 0 of . iilicone rubher i.s_excellent. Not only a
conposite of %%Egaiign{gaﬁsc?%%al]osggn | Sf?r)at PBH HRAR §8rav1&g%%§ﬁrégoqr t hree
di mensi onal cgpfigysgkiQ ' u . 0. E E he
foll ow ng exanples are |ﬁggﬁﬂggngﬁééé%P@ggaé§§?0fet04§¥ﬁ¥°§ad ere
the resin member and the vulcanized rubber member
(three-step method); and other molding methods.
10 The preferred process includes the one-step method
and the two-step method (particularly the two-stepmethod).
In the one-step method, a composite molded article can be
obtained by melting and kneading the resin composition and
the unvulcanized rubber composition, respectively,
15 injecting or extruding the molten and kneaded compositions
into a metal mold having a desired cavity or configuration
with use of, for example, a conventional multi-molding
apparatus (e.g., a multi-injection molding apparatus, a
multilayer extruder), and vulcanizing or crosslinking the
20 unvulcanized rubber on or after the molding. The resin
composition and the unvulcanized rubber composition may
be mixed or mingled at or in the contact interface area
between these compositions.
In the two-step method, a conventional molding
25 apparatus (e.g., an injection molding apparatus, an
extrusion molding apparatus, a thermal-press molding

apparatus) can be used for forming the shaped resin member,



i nvention in further detail and should by no neans be interpreted as
defining the scope of the invention. In 15 Exanples and Conparative
exanples, the following resin conposition and rubber conposition were
.used. [Resin conpositions (A to (J)] Resin conpositions Al to A6 The
following resin conpositions (Al to A6) were 20 prepared by use of a

pol yam de 612 (a pol ycondensate of hexafethyl enedi am ne and

dodecanedi carboxylic acid) as a thernoplastic resin. A MOPACPM3
calculation was carried out for the follow ng basic constitutive unit.
NH2- ( CH2) 6- NHaiil =sO)con@dn)tlional=0pl6iing28pResatbus ofgosi £ iaon ifAlectidn

pol yam de 612 [term nal NH2/termnal COOH = 9/1 (nolar ratio)] - 65

( Prepar at i on)mokdjnedupardanml arpuessonohdinamrppdmatus ard feanssegdded to
80 % by wei ght aqueous solution of a salt of hexanethyl enediamne with
dodecanedi carh@kding apparatasd as exeryskommel@ginghappadativns 220 beder an
appl i ed pressure %é?.S kg/ cn2) in an autoclave substituted with nitrogen
gas to flow wsedEardiomming hhe rypbergeembenm IhctheBpdding nnacessi si de of
the reaction systemfor 4 hours. Subsequently, the tenperature of the
system wa® gradydicapizgidseabber member and\aeresingamher apychRhended esi dual
water in the system and the applied ressure of the autoclave was_ reduced
to be an atn%%ﬁ!‘i’é‘ﬁr@dp%éé]tﬁc‘emgwﬁ'eﬁe 9 AgTefbn Memhay 1atoRmedd de 612
was obt ai ned. The obt aj ned io é/rrer had a nunber aver%gre nol ecul ar wei ght
(M) of about @@ AN onformity with a configuration

composite, injecting or extruding an unvulacanized rubber
composition to the resin member, and vulcanizing or

10 crosslinking the unvulacanized rubber composition.
Moreover, when the shape of the composite is a plate- or
sheet-1ike member having a two-dimensional configuration,
the composite may be produced by laminating a plate- or
sheet-1like unvulcanized rubber composition to a shaped

15 resin member, and vulcanizing or crosslinking the
unvulacanized rubber composition without the mold (or
cavity). Incidentally, when contacting (e.g., closely
contacting or adhering) a resin member (or a resin
composition) with an unvulcanized rubber composition, a

20 pressure molding may be conducted by applying a pressure
suitably with use of a thermalpress molding or an injection
molding, for example, under a reduced pressure in order
to remove a volatile component or a gas component from the
composition(s).

25 The vulcanization (or curing) or crosslinking
temperature (or a bonding temperature between the rubber

member and the resin member) can be selected, for example,



15 a ratio of termnal am no group/term nal carboxyl group = 9/1. The

pol ynmer was used al one for Resin conposition (Al). Resin conposition (A2):
50 % by wei ght of a polyanm de 612 [terminal NH2 / 20 termnal COOH = 9/1
(molar ratio)] 50 % by weight of a carbon staple (shorten-fiber)
(Preparation) Equal or equival ent amounts of Resin conposition (Al) and a
carbon fiber were kneaded by a biaxial &t ruder, and 25 the kneaded one
was used for Resin composition (A2). Resin conposition (A3): 12 % by

wei ght of a pol yam de 612 gternipal NH2 / - 66 termnal COOH = 9/1 (nolar
ratio)] 88 % BYORSARMML JO0 505839 G.ePrrferapbycpheatifif trod0BaFt LMY wei ght
of Resin conposition éAI% and 5 733(£arts by weight of a soft ferrite were
kneaded by a MRheabEPie ¥ PR 3G HC MY Gsed O PRREFH & oRAGD i on
(A3). Resin conmpositigon (A4):. A polyamde 612 [term nal NH2/term nal COCH =
175" 10" ol 2P0 T 1% gybhess abd ERBrAS hvpam Bects LeBF ARt HPL GHRAREAGry @ oal 1

oy ootk eded Pl 4N dodeconed OO L RSLg | DAl o 60
0 an autgol axgosHOSLL S el ! BnahFOFERedR8009 ShS Hho"EbE i 1N
In the production process of the composite, at least
one component selected from an unvulcanized silicone
rubber and a thermoplastic resin may comprise a
vulcanization-activating agent (e.g., a polymerizable
10 compound having the above mentioned plural polymerizable
groups) and a vulcanization auxiliary (e.g., a compound
having not less than 2 of active hydrogen atoms mentioned
above on average per molecule).
Moreover, as described above, the vulcanization-
15 activating agent is usually incorporated into the
unvulcanized rubber composition (or the rubber member),
and the process of the present invention also includes a
production process of a composite of the resin member bonded
to the rubber member by molding the resin molding member
20 or element and the rubber molding member or element under
heating with interposing at least the vulcanization-
activating agent (if necessary, further incorporation of
the vulcanization auxiliary) on a contacting surface (or
a bonding surface) between the resin molding member or
25 element and the rubber molding member or element.

Further, the process of the present invention also

includes a process for producing a composite by pressing




reaction systemfor 4 hours. Subsequently, the tenperature of the system
was. gradually increased to 275 C over 1 hour to renobve water remaining in
the system and 20 the applied pressure of the autoclave was reduced to be
. an at nospheric pressure. After cooling the system a polyan de 612 was
obt ai ned. The pol ynmer had a nol ecul ar weight (W) of about 20000 to 25000
and a ratio of termnal amino group/ t&4rnal carboxyl group=1/1. The

pol ymer was 25 used al one for Resin conposition (A4). Resin conposition
(A5): A polyamde 612 [terminal NH2/termnal COOH = 3/7 - 67 (nolar
ratio)] (PreP&r SPRSAFLIATr 8sFRAREAPEEFLNOMETREY GABPFHELRYI Rowi ng resin

conposition were kneaded jn g proporfion of the 5 forner/ the latter
1/ ng (wei ght (égéFB?PEQSﬁSi’é%JaTF wehtty fgerLcanired Fubbe meBREEIYn was

[tormnal Ni2PeEETRAarLEROLPEERPasTEg RhofaRet abhe) To{PPRbARELPRR)  To an
aqueous sol utign.containin t of hexanethyl enediamne wth
dodecanedicar88§§yﬁglﬁgiﬁggﬁ€a AT 3O - FQ¥E§FM&?%ﬂ¥pﬁﬁéﬁéﬁﬂéﬁfa
Peat od at *220 (RS PBLrARHERRRPH GO ELSFE S 7 BoRErbraRS mhnheth it ave
fggiiiéﬁtid “EtBPHh&§8988r9§8e50b£€H8¥§ YRE CLes Y ilefbss OG5R GRS from the
ystemtor hours.
vulcanized rubber member to bond or adhere the resin member
and the rubber member. In the preferred process, a shaped
resin member or element of the thermoplastic resin is used
10 in a combination with a shaped rubber member or element
of the unvulcanized rubber composition. That is, a resin
member comprising the thermoplastic resin is preferably
combined with a vulcanized rubber member obtained from an
unvulcanized rubber composition comprising at least a
15 radical-generating agent and an unvulcanized rubber.
Furthermore, on an interface between the resin member
and the vulcanized rubber member, a coating agent
comprising at least the vulcanization-activating agent (if
necessary, further the vulcanization auxiliary) may be
20 interposed by a coating technique, and the coating agent
may be a radically active agent comprising the
radical-generating agent and the vulcanization-activating
agent (if necessary, further the vulcanization auxiliary).
The amount of the coating agent on the interface between
25 the resin member and the vulcanized rubber member may, for

example, be about 0.1 to 10 g/mz, preferably about 0.5 to

5 g/mz, and particularly about 1 to 5 g/mz.



Subsequently, the tenperature of the systemwas gradually 20 elevated to
275 Cwith taking 1 hour to discharge a residual water in the system and
the applied pressure of the autoclave was reduced to be an atnospheric
pressure. After cooling, a polyanide 612 was obtained. The obtained
pol ymer had a nol ecul ar wei ght (Mi) of about 20000 and a 25 ratio of
term nal amino group/termnal carboxyl- ¢®up = 1/9. The pol ymer was used
for Resin conposition (A6). Resin conpositions Bl to B2 - 68 The
follow ng resin conpositions (Bl to B2) were pregared bé use of a
pol yani de 66 (a pol y86ngempasater ofhéhanseain cnembari hended bai phe acid) as
a thernmoplastic_resin. A calculation with MOPACPM3 was carried out for the
5 fol | owi ng cINHANdEEFe TURPET REPbeEHoRB- RP epta)nedby sbertiyg dHN Resi n
conmposition (Bl): A ﬁo%ya I de 66 %terninal NH2/term nal COOH = 1/1 (nolar
ratio)] 10 (PPEFHIS 8%y RepdsPressipadi thenraainpneparsdapy the sane
manner as in_Resin.conposition 4) except  for using a nononer
conbi nati on owuﬁg?gﬁEFﬁgthgﬁFaWéﬁpeﬁnnggibPEQEE?ﬁlgS tB8t aPAVE pol yani de
66 having_a mpl ecul ar -wei gh Mi) o 1? about. 20000 to 25000 and a ratio
of termi nal gﬁ?ﬁ%18?88pFPgF%P§aF588&bB§ WGSPotBegeIWﬁmgqﬁﬁ'p IV%nige 66 was
used for Resi Sit] 1). Resin_conpositio B2) . I 1 de 66
[term nal NHZ?F%Eggﬁangﬁgﬁggu%?sanaopfﬁﬁgg ¢ &to % Sgleé{gg within
the range similar to the vulcanization or crosslinking
temperature and pressure mentioned above.
Thus, the obtained composite has a markedly high
10 adhesive strength between the rubber member and the resin
member by vulcanization. Therefore, both properties of
the thermoplastic resin and the rubber can be effectively
expressed, and the obtained composite can be
advantageously employed as various applications, for
15 example, a sealing packing as a mechanical part or a machine
element, a switch part as a electrical part, an automobile

part, a rubber vibration isolator, a valve, an electrical

plug, a pair of eyeglasses, and other parts or elements.

20 INDUSTRIAL APPLICABILITY
In the present invention, since a thermoplastic resin
is combined with an unvulcanized silicone rubber
comprising a radical-generating agent [particularly, a
silicone rubber having not less than 2 of unsaturated bonds
25 on average per molecule, a silicone rubber comprising a
vulcanization-activating agent, a silicone rubber

comprising a powdered or particulate silica (particularly



(Preparation) A preparation procedure was conducted in the sane nanner as
in Resin conposition (A6) except for using a nononer conbination of
hexanet hyl enedi am ne and adipic 25 acid to obtain a polyam de 66 having a
nol ecul ar weight (M) of about 20000 of and a ratio of term nal am no
group/term nal carboxyl group = 1/9. The pol yam de 66 and - 69 Resin
conmposi tion (Bl) were kneaded in a weigif? ratio of 62.5/37.5 by a biaxial
extruder, and the resulting resin conposition was enployed for Resin
corrp05|t| on (B@ Resin conmpositions C to C3 5 The followi ng resin

conposi tions @ rSf §itiralcr®a TRUHATRLTY ehClsa 6he§m98ﬂ?§ﬁi§é“‘6lf§%@

ri ng- openi ng neri zed, product of c-caprolactan) as a thernoplastic
resin. A cal cag |¥'6ﬁ QR l@jfmvgnﬁaglﬁ‘a YIW%[RO @i £hligeRe grukhpr
follow ng unit const tutlve unit.

ND (D)5 B SR REREF e rLEF OB UHLAT R cABEFLYBIOF CFISRRLAG! Jan de 6
[term nal NH2/te nlnal nol ar ratlo&L %gre aratio 15 An
aqueous sol ut FBA ESﬁt%Fn"i‘ %‘%‘-"Péﬁﬂa &MSR -an™°F o FFEHYY Sei ght
was heated at 250 to. 260 C in sence smal | t_of phosphoric
acid in ag at 58?383 gﬁﬁg?P?uﬁgﬁ ﬂﬁi&eﬁi??Bg%%egﬁng%s?gﬁ%€e water with
nitrogen gas t yst fo u Subsequent | t he
Lenperat ure of iERICPEaREEEE SN IE Prsl hod o s 62p HORGOESE W 1o

taking 1 hour g9, LEARVRmBeE 98 SkEd1 VBRE! 4 OURTY MRl bEug 00! 1 N0

dimensional configuration but also a composite of three
dimensional configuration can be easily produced.
10
EXAMPLES
The following examples are intended to describe this
invention in further detail and should by no means be
interpreted as defining the scope of the invention. 1In
15 Examples and Comparative examples, the following resin
composition and rubber composition were used.
[Resin compositions (A) to (J)]
Resin compositions Al to A6
The following resin compositions (Al to A6) were
20 prepared by use of a polyamide 612 (a polycondensate of
hexamethylenediamine and dodecanedicarboxylic acid) as a
thermoplastic resin. A MOPACPM3 calculation was carried
out for the following basic constitutive unit.
NH, - (CH, ) ¢-NH-C(=0)-(CH,),-C(=0) -OH
25 Resin composition (Al):
A polyamide 612 [terminal NH,/terminal COOH = 9/1

(molar ratio)]



pol yam de 6 was obtai ned. The obtained polyner had a nol ecul ar wei ght (M)
‘of. about 20000 to 25000 and a ratio 25 of term nal am no group/term nal
carboxyl group = 1/1. The polymer was used for Resin conposition (C).
Resin composition (C2): - 70 A polyamide 6 (termnal NH2/term nal COOH=1/3
(molar ratio)) (Preparation) A predeterm ned amount of
hexamet hyl enedi ami ne was 5 added to an®&queous sol uti on contai ni ng
e-caprolactamin an anount of 80 % by weight, and the m xture was heated

at 250 to 260 Cin the presence of a snmall anount of phosphoric acid in an
aut ocl ave subst(RRARArafi¥dn)nitrogen gas to flow out water with nitrogen
gas fromthe reaction 10 systemfor 4 hours. The tenperature of the system
was gradual |y rai skPresietarmingd pmoypitngt ihexame thy lenpiiamnine sdsjual

water fromthe agitenl and thetgggtiedlpressure of the_ autoc|ave was
reduced to be?dMCAt hRsPhet i RY pF r AUEPYSSRYHE IR, 0% HoIdhiWe 6 was

2 ratio of tarreiarEfensatamin uh AarecanBOtoREeuMLe afud wad
polyer ves uogd e[S IR RIRERRLAPTACH) s B SOIPESI LB (oY and
ST ool PRl R BT o B SR AR
NH2/ t er mi nal %o:w yu% wé@i‘ %Jitrhahii%)rl)gen gas from the inside to the
outside of the reaction system for 4 hours. Subsequently,
the temperature of the system was gradually raised to 275
10 °C over 1 hour to discharge a residual water in the system,
and the applied pressure of the autoclave was reduced to
be an atmospheric pressure. After cooling the system, a
polyamide 612 was obtalned. The obtained polymer had a
number average molecular weight (Mn) of about 20,000 and
15 a ratio of terminal amino group/terminal carboxyl group
= 9/1. The polymer was used alone for Resin composition
(Al).
Resin composition (A2):
50 % by weight of a polyamide 612 [terminal NH, /
20 terminal COOH = 9/1 (molar ratio)]
50 ¥ by weight of a carbon staple (shorten-fiber)
(Preparation)
Equal or equivalent amounts of Resin composition (Al)
and a carbon fiber were kneaded by a biaxial extruder, and
25 the kneaded one was used for Resin composition (A2).
Resin composition (A3):

12 % by weight of a polyamide 612 [terminal NH, /



25 (Preparation) Resin conposition (C) and Resin conposition (C4) were
‘kneaded in a weight ratio of 25/75 as the forner/the - 71 latter ratio to
obtain Resin conposition (C3). Resin conpositions D1 to D3 The foll ow ng
resin conpositions (D to D3) were prepared by using a polyanide 46 (a
pol ycondensati on 5 product of di am nobutane and adipic acid) as a

t hernopl astic resin. A cal cul ati on wi th68OPACPM3 was carried out for the
followi ng constitutive unit. NH2-(CH2)4-NH C(=0O -(CH2)4-C(=O)-OH Resin
conposition (D1): 10_A polyam de 46 ;term’ nal NH2/termnal COOH = 1/1

(mol ar ratlo)]:eﬁéépﬁlcﬁ BsFtP6h (mplar orabighhi de 46 [term nal

NH2/ term nal COOH = (nolar_ ratio)] 15 Resin conposition (D3): A

pol yani de 46 (term?\%l%l\]P-IQ/‘t’%%%ﬁaq’f COFPEL 1ferTit®l ar ratio)) Resin
conpositions El to E3 The follow ng resin conpositions (El to E3) were 20
prepared by usﬂ‘Pgr 13/’(95}1)densate of terephthalic acid and

trimet hyl hexamet hyl ef%gl am ne_(an aronati.c g ol yam de

g} as a
t her nopl astic resin UeightaPfoReRAR cumpesbiont(4b} anf

;gllomnng con§55t85£¥e u?'&eiéﬁ? g%%% soft ggrrlféjégre kneég (\ /Q 000H

kneader, and the resultant was used for Resin composition
(A3).
Resin composition (A4):
A polyamide 612 [terminal NH,/terminal COOH = 1/1
10 (molar ratio)]
(Preparation)

An aqueous solution containing a salt of
hexamethylenediamine with dodecanedicarboxylic acid in an
amount of 80 % by weight was heated at 220°C under an applied

15 pressure (17.5 kg/cmz) in an autoclave substituted with
nitrogen gas to flow out water with nitrogen gas from the
reaction system for 4 hours. Subsequently, the
temperature of the system was gradually increased to 275
°C over 1 hour to remove water remaining in the system, and

20 the applied pressure of the autoclave was reduced to be
an atmospheric pressure. After cooling the system, a
polyamide 612 was obtained. The polymer had a molecular
weight (Mn) of about 20000 to 25000, and a ratio of terminal
amino group/terminal carboxyl group=1/1. The polymer was

25 used alone for Resin composition (A4).

Resin composition (A5):

A polyamide 612 [terminal NH,/terminal COOH = 3/7



- 72 Resin conposition (El): An aromatic polyam de A5 [term nal
NH2/termnal COOH = 1/1 (nolar ratio)] (Preparation) 5 Aresin
conposition was prepared in the sane manner as in Resin conposition (A4)

. except for using a nononer conbination of trinmethyi hexanethyl ene di am ne
and terephthalic acid to give a polyner _having a nol ecular weight (M) of
about 20000 to 25000 and a wei ght ratiro®3f 10 terninal anino group/term nal
carboxyl group = 1/1. The polynmer was used as Resin conposition (El).
Resin conposition EZ%: An_aromatic polyam de A5 [term nal NH2/term nal
COoH 1/3 (nofBPLREiF8¥odl (Preparation) A resin conposition was prepared
In the sane manner as .i.n Resin conposition (A6) except for using a nononer
conbi nati on of tH5SRATANI™anet hyl ene dianmine and terephthalic acid to

agit aihn a pol ymer hazXlF]n% & n%!m?égl % (\t,\@ﬁ\hatfgé I\@ﬁ of boou_t 20900_ and a
ght ratio of ter td Yr'oth : Y=gt The
Res! ncomposi EPBROTEOhet 86 kSRRt it Gelhif BEAh e hin of ey s by a
Do 5L VESmeRihd IR, ORLR 178 (VB3GR 2O EOTRTRII S A PR A TG BT o'
[term nal NHZfﬂgr8%£Einé§xg$ﬁpg§ﬁtféﬁléégﬂ&ge&égéfnﬂesin composition
(A5).
Resin composition (A6):
A polyamide 612 [terminal NH,/terminal COOH = 1/9
10 (molar ratio)]
(Preparation)

To an aqueous solution containing a salt of
hexamethylenediamine with dodecanedicarboxylic acid in an
amount of 80 % by weight was added a predetermined amount

15 of dodecanedicarboxylic acid, and the mixture was heated
at 220 °C under an applied pressure (17.5 kg/cmz) in an
autoclave substituted with nitrogen gas to remove water
with nitrogen gas from the reaction system for 4 hours.
Subsequently, the temperature of the system was gradually

20 elevated to 275 °C with taking 1 hour to discharge a residual
water in the system, and the applied pressure of the
autoclave was reduced to be an atmospheric pressure. After
cooling, a polyamide 612 was obtained. The obtained
polymer had a molecular weight (Mn) of about 20000 and a

25 ratio of terminal amino group/terminal carboxyl group =

1/9. The polymer was used for Resin composition (A6).

Resi i Bl to B2



(Preparation) Resin conposition (El) and Resin conposition (E4) were
'kneaded in a weight ratio of 25/75 as the fornmer/the 5 latter to obtain
Resin composition (E3). Resin conpositions F1 to F3 The follow ng resin
conpositions (F1 to F3) were prepared by using a pol ycondensati on product
of dodecanedi carboxylic acid and bi s(4-am nocycl ohexyl) 10 nethane (an
alicyclic polyanide A6) as a thernopl asffc- resin. The fol |l owi ng
constitutive unit was used for a MOPACPM3 cal cul ati on. H2N CH2
NH (C=0O)-(CH2) 10 -C(=0O -0OH 15 Resin conposition (Fl): An alicyclic
pol yani de A6 [terni feblewing egsirosarrost tiansr(Blatico)d2 ) pegsar at i on)
The sanme manner as in Resin conposition (A4) was 20 repeated except for
usi ng a nononBFeRITHE nBY | BFe off 1F RALEERIIR VRS ol YRR e P
dodecanedi ca[ﬁox lic cid to obtain a _polyner having a_nol ecul ar wei ght
(V) of abouResmBEhy fenedtaning and adipis apaf AaIe ERFIORIASEHA or mi nal
carboxyl group =.1/1.. Th | virer ihﬁé | oyed as Resin copposition
(). Y 74 REeFHcofpearehint i payi thAdPACTME e s SRpai st 2 ukeE pF 616 nal
NH2/ t er m pal (‘1%??:1 Zrﬁ(arml r.r Iio)‘; (Preparation) 5 A resin conposition
was pr odu%ed jE)?/ %1145 Orﬁ%ﬁjhté?@l‘é% M Resi n conposition (A6) except for
using a nmonomer NH,- (CH,) ¢-NH-C(=0) - (CH,) 4~C(=0) -OH
Resin composition (Bl):
A polyamide 66 [terminal NH,/terminal COCH = 1/1
(molar ratio)]
10 (Preparation)
A resin composition was prepared by the same manner
as 1n Resin composition (A4) except for using a monomer
combination of hexamethylenediamine and adipic acid to
obtain a polyamide 66 having a molecular weight (Mn) of
15 about 20000 to 25000 and a ratio of terminal amino
group/terminal carboxyl group = 1/1. The polyamide 66 was
used for Resin composition (Bl).
Resin composition (B2):
A polyamide 66 [terminal NH,/terminal COOH = 1/3
20 (molar ratio)]
(Preparation)
A preparation procedure was conducted in the same
manner as in Resin composition (A6) except for using a
monomer combination of hexamethylenediamine and adipic
25 acid to obtain a polyamide 66 having a molecular weight

(Mn) of about 20000 of and a ratio of terminal amino

group/terminal carboxyl group = 1/9. The polyamide 66 and



conbi nati on of bis(4-am nocycl ohexyl) nethane and dodecanedi carboxylic
acid to give a polyner having a nolecular weight (M) of about 20000 of
and a weight ratio 10 of term nal am no group/term nal carboxyl group =

- 1/9. The polymer was Resin conposition (F4). Resin conposition (F4) and
Resin composition (FI) were kneaded in a weight ratio of 133.4/66.6 as the
former/the latter ratio by a biaxial e®%uder, and the obtained resin
conposition was 15 used as Resin conposition (F2). Resin conposition (F3):
An alicyclic ROl amde A6 [termnal NH2/terminal  COOH = 1/3 (npolar_ratio)]
(Prepar at i on) ReSHNRESTROELELGR| Bbh We=H kne@dedsiin aorpbeht i Tt iof were
kneaded by a biaxi xtruder, in a proportion of 62.5/37.5 (weight ratio)
as a former/| g?té/‘%a i BY aiatia! sxtauded r 88ANtRe MR I IS Wsed as

Resi n conposi tion 3). 25 Resin cogpgsitions GL to & The follow ng resin
conposi ti ons EEEpPﬁgg%§nm§?§ eﬁ?@%&?aggﬁﬁ %%?hﬁ ?@ﬁp?%ﬁEkWchﬂﬁLnsation
product of - 7 terepht hal j c. aci d,.and 4 -butanediol) or an

am ne-nodi fi ed ' t he PBT and

VOPAGRVE fins car i o8 to BheRR Bt theSaman | ity Rehetd T i €. for
the PBT: 10 Fg&&ﬁt@%& wgiﬁxﬁgg'éf\a/p81§§%i&£{6 (a ring-opening
polymerized product of e-caprolactam) as a thermoplastic
resin. A calculation with MOPACPM3 was carried out with
use of the following unit as a constitutive unit.
10 NH,- (CH,)s-C(=0)-NH-(CH,)5-C(=0) -OH
Resin composition (Cl):
A polyamide 6 [terminal NH,/terminal COOH = 1/1
(molar ratio)]
(Preparation)

15 An aqueous solution containing e-caprolactam in an
amount of 80 % by weight was heated at 250 to 260 °C in the
presence of a small amount of phosphoric acid in an
autoclave substituted with nitrogen gas to remove water
with nitrogen gas from the reaction system for 4 hours.

20 Subsequently, the temperature of the inside system was
gradually elevated to 275 °C for taking 1 hour to remove
a residual water to outside system. After cooling, a
polyamide 6 was obtained. The obtained polymer had a
molecular weight (Mn) of about 20000 to 25000 and a ratio

25 of terminal amino group/terminal carboxyl group=1/1. The
polymer was used for Resin composition (Cl).

Resin composition (C2):



for the .amne-nodified PBT: NH2 -(CH2)6 -NH-C(=0 C(=O0-0(CH2)4 -OH Resin
conposition (Gl): A PBT [termnal OH termnal COOH = 1/1 (nolar ratio) ]
(Preparation) To a reactor equipped with a nitrogen-introducing 15 unit
-and a distilling unit were charged 14.587 kg of dinmethyl terephthalate,

6. 767 kg of 1,4-butanediol, 30 g of calciumacetate, and 60 g of antinony
oxi de, and the nixture was heated at “188C-wi th suppl yi ng nitrogen gas. At
the point of confirmng an effluent of nethanol, the 20 m xture was
gradual | y heated to 270C under a reduced lQressur_e wth stirring to reach
degree of vacuum of 2 RSLYaHdde ¢ HiermdmapNHytermiael €APHgl43 @glament of
ethylene glycol, the mxture was heated at 270C for 3 hours. The - 76
resul tant wasT&FEBWed to stand for cooling. The obtained polymer was used
for Resin conposition (G 2 Resin conmposition (&): An am ne-nodified PBT
[term nal NHZItéQJfﬁQF‘&Ta Y1 5 (molar ratio)] (Preparation) Resin

cqui ol ar et hyl enchISHRGRESERA] FBCH taof cyBERYS HOY (TR RBHIE D! Resi n
cComposi t 1 bns. HAEL i AR oAU LB0 RS cdna DAL IGARRRA S Tkt her )
ggﬁgﬂr :ﬁ[ g;es\ggy%@?}gxﬁg 38% u 0 b% tslg ’wé/fgsﬁé) ’r aapn& gt%oé m:i.‘g?tsurueS %v%s %el\éq%AéfPl\/B
at 250 to 260 °C in the presence of a small amount of
phosphoric acid in an autoclave substituted with nitrogen
gas to flow out water with nitrogen gas from the reaction
10 system for 4 hours. The temperature of the system was
gradually raised to 275 °C with taking 1 hour to remove a
residual water from the system, and the applied pressure
of the autoclave was reduced to be an atmospheric pressure.
After cooling, a polyamide 6 was obtained. The polyamide
15 6 had a molecular weight (Mn) of about 20000 and a ratio
of terminal amino group/terminal carboxyl group = 9/1. The
polymer was used for Resin composition (C4). Resin
composition (C4) and Resin composition (Cl) were kneaded
in a weight ratio of the former/the latter = 37.5/62.5,
20 and the resulting resin composition was employed for Resin
composition (C2).
Resin composition (C3):
A polyamide 6 [terminal NH,/terminal COOH = 1/4
(molar ratio)]
25 (Preparation)
Resin composition (Ci) and Resin composition (C4)

were kneaded in a weight ratio of 25/75 as the former/the



15 upon 'the follow ng constitutive unit. CH3 CH3 CH3 Resin conpositions I
20 A pol ypropyl ene was used as Resin conposition |I. A MOPACPM3 cal cul ati on
was conducted for the following constitutive unit.

- CH3- CH( CH3) - CH2- CH( CH3) - CH2- CH( CH3) - CH2- CH2(CH3) Resin conpositions J - 77
A pol yacetal (manuf actured by Polyplastlcs Co. Ltd. Juracone MB0O) was
used as Resin conposition J. A cal culrat/ilon with NCPACPNB was carried out
for the following basic unit. 5 CH3-O CH2- O CH2- 0- CH2- CH2- O- CH3 Resi n
conposi tions K A pol yphenyl ene sul fide [manufactured b Pol ypl asti cs Co.

Lt d. Fortlon16§§9§9r?ﬁéﬂ EpaPhaip %ﬁﬁlnug@mp¢%ﬁt%93eé¢% ) conposi tion K.
The follomﬁng constitutive 10 unit was bases for cal cul ati on of MOPACPMB.
d - C6H4- S- CoH4-BesadgHaomPositdans Ry 10 \Ra cani zat i on- activating agent in a
predetermned ratio ounded jnto resin ositions (L to

P). 15 Resin corrposTlP?oﬁ%ﬂ‘iW ‘bgrLligg s??f“%%’p‘b’s‘?‘lgr Pk Lt1‘3 n{))l)“’%’(ﬁ) parts
e g BreSared £ Sefnb' 8" Po1Pam1 86748 °[3" Pl yoordtnsat o ™' ©
5 product of diaminobutane and adipic acid) as a
thermoplastic resin. A calculation with MOPACPM3 was
carried out for the following constitutive unit.

NH,- (CH,) 4~NH-C(=0) - (CH,) ,-C(=0) -OH

Resin composition (D1):

10 A polyamide 46 [terminal NH,/terminal COOH = 1/1
(molar ratio)]
Resin composition (D2):
A polyamide 46 [terminal NH,/terminal COOH = 1/3
(molar ratio)]
15 Resin composition (D3):
A polyamide 46 (terminal NH,/terminal COOH = 1/4

(molar ratio))
Resi Lt El to E3
The following resin compositions (E1 to E3) were
20 prepared by using a polycondensate of terephthalic acid
and trimethylhexamethylenediamine (an aromatic polyamide
A5) as a thermoplastic resin. A MOPACPM3 calculation was

carried out for the following constitutive unit.

CHz CHs CHs

HZNWCHZ—NH—C(=O)—©—COOH

25



(i1) 3:-parts by weight of a vulcanization-activating 20 agent
(torimethyl ol propane trinmethacrylate) Resin conmposition (L2): (1) 100 parts
by wei ght of a polyam de 612 (termnal NH2/terminal COOH = 1/9 (nole
ratio)] and (ii) 3 parts by weight of a vul canization-activating 25 agent
(trimethyl ol propane trinethacrylate) Resin conpositions M to M Resin
conposition (M): - 78 (i) 100 parts-by2wei ght of a polyanide 6 [term nal
NH2/termnal COOH = 1/1 (nole ratio)] and (ii) 3 parts by weight of a

vul cani zation-activating agent (triallyl isocyanurate) 5 Resin conposition
(MR): (i) 100]ﬁﬁ%%ﬂkﬂPWﬂ9%ﬂﬂ1Qﬂ &EXol yani de 6 [tern1na| NH2/ t er mi nal COOH
= 14 (mole ratio)] and (ii) 3 parts by wei ght

of a
vul cani zat i on-act i v%‘ﬁraﬁ'@maé@é‘rﬂ‘”a#‘i”dh $b [tegaiadls ¥ p) teymiaail £OOH

conpositions N 100_parts wei ght of an aromatic pol yam de A5
t er m nal NH2/fe1(lﬁ'1né‘F°%£f}F gh I(mole ratio)] and (ii) 3 parts by wei ght

of a vul cani zat) on actlvat ng agent (N, N -1, 3- phenyl enedi nal ei m de) 15
Resin conpositi oo parts by weight of a PBT [terninal

NH2/ t I I ti d b ht of a
vul caﬁlr;na?n?on actl\/ﬁtqqﬁg’ngﬁg'ﬁg)%ﬁg)io ?E?I%#ﬂfﬁéﬁ ﬁé‘"},\fg‘lc e 20

Resin ConpOSItéons £351n composition (A4) except for using a monomer
combination of trimethylhexamethylene diamine and
terephthalic acid to give a polymer having a molecular
weight (Mn) of about 20000 to 25000 and a weight ratio of

10 terminal amino group/terminal carboxyl group = 1/1. The
polymer was used as Resin composition (E1l).
Resin composition (E2):

An aromatic polyamide A5 [terminal NH,/ terminal COOH

= 1/3 (molar ratio)]
15 (Preparation)

A resin composition was prepared in the same manner
as in Resin composition (A6) except for using a monomer
combination of trimethylhexamethylene diamine and
terephthalic acid to obtain a polymer having a molecular

20 weight (Mn) of about 20000 and a weight ratio of terminal
amino group/terminal carboxyl group =1/9. The polymer was
used for Resin composition (E4). Resin composition (E4)
and Resin composition (El) were kneaded in a weight ratio
of 62.5/37.5 by'a'biaxial extruder, and the obtained resin

25 composition was used as Resin composition (E2).

Resin composition (E3):

An aromatic polyamide A5 [terminal NH,/ terminal COOH



(1) 100 .parts by weight of a polyphenylene sulfide and (ii) 3 parts by

wei ght of a vul cani zation-activating agent (triallyl cyanurate) 25

[ Silicone rubber composition] (Silicone rubber conpositions RL to R4) To

. 100 parts by weight of a silicone rubber SH851 - 79 (manufactured by Toray
Dow Corning Co. Ltd.), 5 parts by weight of dicunyl peroxide ("Percunyl D
manuf act ured by NOF Corporation) was -added, and the ni xture was kneaded

by a roll at roomtenperature for 10 mnutes to obtain a 5 silicone rubber
conposition R1. A silicone rubber conposition R2 was produced by the sane
manner as thaf &f4t kBodarj ¥akéo) libber conposition RL except for further
adding 1 part bX wei ght of trinmethylol propane trinethacrylate. 10 A
silicone rubber (RE#RMAEIYN R3 was produced by the same manner as that of
the silicone rubber_conposition Rl except for_using a silicone rubber
4104U (nanufacturedR%§1nT6?@9°E%G}Q%rh$%g apd Regin compesdtian ttfAkilicone
rubber SH851. 15 A silicone rubber conposition R4 was produced by the

same manner a¥eFRINFAed et GnPsdeht oFrREC B &y TPof St the HATmerydihgy 1 part

by wei ght _of ér' t hyl ol propang tri net hacry| ate. Silicone rubbers VMQ 1
to 3) 20 &l BhggFu%BeP&@'E@ §e§{,n3cw%s%p%%r%§55 fol lows. A mxture
of (A dinethylﬁchlorosilanq ﬂgﬁ{gﬁZEiCﬁE! and (B) nethylvinylchlorosil ane
[ (CH3) (CH2=CH)

The following resin compositions (Fl1 to F3) were
prepared by using a polycondensation product of
dodecanedicarboxylic acid and bis(4-aminocyclohexyl)

10 methane (an alicyclic polyamide A6) as a thermoplastic
resin. The following constitutive unit was used for a

MOPACPM3 calculation.

HZN—QCHz—O—NH-(C=O)-(CH2)1Q -C(=0)-OH

15 Resin composition (F1l):
An alicyclic polyamide A6 [terminal NH,/terminal
COOH=1/1 (molar ratio)]
(Preparation)
The same manner as in Resin composition (A4) was
20 repeated except for using a monomer combination of
bis(4-aminocyclohexyl) methane and dodecanedicarboxylic
acid to obtain a polymer having a molecular weight (Mn)
of about 20000 to 25000 and a ratio of terminal amino
group/terminal carboxyl group = 1/1. The polymer was

25 employed as Resin composition (F1).



gi ven pr-opotion was hydrolyzed in dioxane with a |large anount of water,
and-the resulting hydrogen chloride was 25 washed with water to be renoved.
After a resulting mxture of a cyclic dinethylsiloxane and a |inear
- dinethylsiloxane was distilled to separate (C) a tetranmer of a cyclic - 80
di met hyl si | oxane- et hyl vi nyl si | oxane, and then the (C) tetranmer was
pol ymeri zed with potassium hydroxide as 74 -catalyst at 155 Cin an
at nosphere of nitrogen gas to obtain a polynmer. 5 VMQL: (C) a tetraner of
a cyclic dinethylsiloxane-nethylvinylsiloxane was obtained as a nole
ratio of (A) tREBYN FommRIFIPOAFR] ative to 100 nol of the (d)
tetramer, 0.0011 no] of potassi um hydroxide was added to the (C)
tetraner, and ponn@PlﬁkﬁcYQ@39 Pehyamhde vAG c ddiarpnimpl] N gtermdnalof t he
resul t ant pol 2a sil oxane A) was determ ned, and as a result, the
value of |og OQHS 27(madag,E254R) hol ecul ar wei ght and a pol yneri zati on
degree were 290 00 and 4000, respectively as estinmated fromthe above
val ue. Moreover PESRATARBHed 15 pol yner was subjected to 1H NVR to neasure
t he nunber of a doyble bond, and.,the nunber i a gg* e bond was 0.02 of
vinyl grobp on aver gﬁaeﬁ)jé} cfg'@ors&ﬁ&é’ﬂ Kgsupreduced, € 32me JIARNRE vi nyl
group on the ave nol ecu a tetraner of a cyclic 20
d|nethyIS|ongﬁeiﬂeﬁﬁgfglﬁﬁmg?? Ggg)o%%%ééédﬁ%& UEL1Hh1% MRt (A)
to (B) of 50/ lye % tetramer, 0.45 nol of
pota55|un1hyd$g§Pg;a€%s P% ?ﬂ% ?%§7f$% b e e A8%er i zed. The
resul tant poaxaseaﬁedfeé%wlﬁa 483a5H) §858% I QoPyRES EIVARgt o aphy
molecular weight (Mn) of about 20000 of and a weight ratio
10 of terminal amino group/terminal carboxyl group=1/9. The
polymer was Resin composition (F4). Resin composition
(F4) and Resin composition (Fl) were kneaded in a weight
ratio of 133.4/66.6 as the former/the latter ratio by a
biaxial extruder, and the obtained resin composition was
15 used as Resin composition (F2).
Resin composition (F3):
An alicyclic polyamide A6 [terminal NH,/terminal
COOH = 1/3 (molar ratio)]
(Preparation)
20 Resin composition (F4) and Resin composition (F1)
were kneaded by a biaxial extruder in a proportion of
62.5/37.5 (weight ratio) as a former/latter ratio, and the
obtained resin composition was used as Resin composition
(F3).

05 Resi Lt Gl to G2

The following resin compositions (Gl to G2) were

prepared by using PBT (a polycondensation product of



25 [capillary colum: DURABOND DB-1701 manufactured by J&W Co. Ltd.,
injection tenperature: cooling on colum nmethod (rising a tenperature to
270 C at a rate of 50 C/30 seconds) , - 81 <carrier gas: helium (30nl/ mn),
detector: FID, and the polynerization degree was about 10. Moreover, the
obt ai ned pol yner was subjected to 1HNVR to determ ne the nunber of a
doubl e bond, and the nunber of the doubl’/®@ bond 5 was 50 of vinyl groups on
average per 100 repeating units, nanely, 5 of the vinyl groups on average
per nol ecule. The siloxane A and the siloxane B were m xed in a wei ght
ratio of thetévephthabiclasildaandd.df-barassdighd omven amdniargnadiciatinber of
a doubl e bond of 2.96 on average per nolecule 10 was obtai ned. VMR: (C3)
a tetramer of PBTc{al FeactiomtpyeducbxahectretPBT vand/| sil oxane was obt ai ned
as a nole ratio of (A) to (B) of 90/10. Relative to 100 nol of the (C3)
tetramer, a rhexemethylenadhaning) pds aasthermeplastixitrRSifs Added to the
(C3) tetranmer, and_polynerized. The |imting viscosity [ti] (25C, cSt) of
t he obtai ned CadFyheEien Wi tRMORAGEMIyasiepErirAeaut HRred UPORNG, the
value of logj _was 2.07. An average nol ecul ar weight and a polynerization
degree wefe 7ﬁﬁblﬁﬂﬂn306?n?E%E%EgY%e??iEO as estimated fromthe above

val ue. Moreover, thgﬁgolﬁner was subjected to 1H NVR to neasure the nunber
of a double bond, the MRhber of the double bond was 11 of Vi nyl

groups on average per 100 repeating units, nanely, 11 of the vinyl groups
on average per nolecule. The siloxane A 25 and the siloxane C were m xed in

a weight ratio of the fornmer to the |att f 98/ 2, and VMQ® having the
nunber of a double HO-(CH,)4 -O-C(=0) C(=0)-OH
for the amine-modified PBT:

NH, -(CHp)g -NH-C(=O)~®*C(=O)-O-(CHQ,; -OH

Resin composition (Gl):

10

A PBT [terminal OH/terminal COOH = 1/1 (molar ratio)]
(Preparation)

To a reactor equipped with a nitrogen-introducing

15 unit and a distilling unit were charged 14.587 kg of
dimethyl terephthalate, 6.767 kg of 1,4-butanediol, 30 g
of calcium acetate, and 60 g of antimony oxide, and the
mixture was heated at 180°C with supplying nitrogen gas.
At the point of confirming an effluent of methanol, the

20 mixture was gradually heated to 270°C under a reduced
pressure with stirring to reach degree of vacuum of not
more than 100 Pa. With confirming an effluent of ethylene

glycol, the mixture was heated at 270°C for 3 hours. The



bond of 1 on average per nolecule was obtained. - 82 VM®B: (C) a tetraner
of a cyclic dinethylsiloxane-nethylvinylsiloxane was obtained as a nole
ratio of (A) to (B) of 99.98/0.02. Relative to 100 nol of the (d)
tetramer, a ratio of 0.0045 nol of potassium5 hydroxi de was added to the
(d) tetranmer, and polynerized. The limting viscosity [1] (25C, cSt) of

t he obtained polyner (a siloxane D) wadédeterm ned, and as a result, the
val ue of |loge was 4.3. An average nol ecul ar weight and a polynerization
degree were 74000 and 1000, respectively 10 as estinmated fromthe above

val ue. Moreov&esuilkanpovgsrellopesl $obftandEan copling .t cTheaghitainéd nunber
of a double bond, and the nunber of the double bond was 0.02 of vinyl
group on aver R§éyper wee pHeplafpPhRgRepinscompasitiono(@1lbf the vinyl group
on average per nolecule. The siloxane C 15 and the siloxane D were mixed in
a wei ght ratio B¢simecompoeitian ¢ atter of 4/96, and VM®B having the
nunber of a double _bond of 0.65 on average per nol ecul e was_obt ai ned.
VMX: The sil oxane PM\RARIAR@PHGHie@EBT [tegminah N (boEningdfRTi/bns R5
to 12) 20 To ﬁach of the silicone rubbers VMJ to VMX4 were added,

accordi ng®to BPﬁﬁFaFPBHOSéscribed in Table 5, a dry powdered silica
("Aerogil 130" U@nufactured by N hon Aerogil (Degussa) Co. Ltd.) or a wet
powder ed si | i ca'FXeRFIREM NG manufactured by Nihon silica Co. Ltd.) ,
and 25 a dicunyl pegroxide as an,qQrgay eroxid "Percunyl_ D .
manuf act ured by NOFREBHPEPIBCGHTLoR ok BES ARF21ned R RGAGL NG Rt

tr'nEthacryla58m885§t10§3(G1) and an equimolar methylenediamine

Q

relative to a carboxylic group content of Resin composition
10 (G1) at 230°C for 30 minutes with use of a keader.
Resi { ¢ H
As Resin composition H, poly(2,5-dimethylphenylene
ether) (manufactured by Degussa Co. Ltd., Vestoran 1990)
was used. A MOPACPM3 calculation was carried out based

15 upon the following constitutive unit.
CH, CH, CHg
O oo
CHa CH, CH,
Resi Lt I
20 A polypropylene was used as Resin composition I. A
MOPACPM3 calculation was conducted for the following
constitutive unit.

CH,-CH(CH;) -CH,-CH(CH,) -CH,-CH(CH; ) -CH, -CH, (CH;)

Resi iti 7



vul cani zation-activating agent, the m xture were kneaded by a roll at room
temperature for 10 minutes to obtain silicone rubber conpositions R5 to

12. [Adhesive strength neasurenment] 5 The above nentioned resin conposition
» was subjected to an injection -nolding to produce a plate of 100nm X 100mm
X 4nm After the plate was horizontally put in a nold, 40g of a silicone
rubber conposition was |am nated on the7gl ate, and the |am nated plate was
pressed by a press nolding 10 apparatus under a pressure of 300kg/cn?
(30MPa) at a tenperature of 140 C for 10 mnutes to conduct vul canization
or crosslinking. Afd@elyacetsdplranwfagfuredibydolaymliagtiasheordaidti ng
plate of a silicone rubber |amnated on a resin was taken out fromthe

mol d, and t heJuBageRe MIRL wah|eeed s Res Hectomppwktiaihebi oA test in order
to neasure an adhesive strength between the resin nenber and the rubber
menber. A restiicelatien yddh MRPAGPMI Wasi tarnied ousforthsfiglilaying o t he
followng criteria to evaluate an 20 adhesive strength. A: Remarkably film
adhesi on was B@Rlev@Ritand when the resin nmenber was peel ed fromthe
rubber nenber forcibly, the specinen was broken with a cohesive failure.

B: Fi rm atlhesi on wasla@ii@es®-ClaaCnhla ¢t 3<dan 25 nenber was peel ed
fromthe rubber, nenber forcibly, e resin nmenmber was peeled fromthe
rubber nenber J#ﬁﬁ&ﬂﬂ%QQQﬁﬁﬁqéﬁﬁgg- 84 C : The rubber nenber was sticky
adhered to the reSiﬂ]péT?%ﬁgn§Hhﬂén§gff¥:et ﬁgfﬁ¥dctured by
Polyplastics Co. Ltd., Fortlon 0220A9 (non-charged)] was
used for a resin composition K. The following constitutive
10 unit was bases for calculation of MOPACPM3.
C1l-CgH,-S-CgH,-S-CgH,-Cl
A resin and a vulcanization-activating agent in a
predetermined ratio were mixed or compounded into resin
compositions (L to P).
15 Resin compositions Ll to L2
Resin composition (L1l):
(1) 100 parts by weight of a polyamide 612 [terminal
NH,/terminal COOH = 1/1 (mole ratio)] and
(ii) 3 parts by weight of a vulcanization-activating
20 agent (trimethylolpropane trimethacrylate)
Resin composition (L2):
(i) 100 parts by weight of a polyamide 612 (terminal
NH,/terminal COOH = 1/9 (mole ratio)] and
(ii) 3 parts by weight of a vulcanization-activating
25 agent (trimethylolpropane trimethacrylate)
Res] {ti M1 to M2

Resin composition (M1l):



D: The rubber nenber was easily separated fromthe resin nenber along the
interface. 5 [Results] The results of Exanples and Conparative exanples are
set forth in Tables 1 to 4 and 6 to 13. In the Tables, the term"the
nunber of active atom per nol ecul e” represents the nunber of an active
atom having S of not |ess than 0.006 10 per nol ecule, which is cal cul ated
by MOPACPMB, of the thernoplastic resif8 Noreover, on the above

cal cul ation, Ec value was used -8 eV for a radical -generating agent
conprising an organic peroxide. - 85 Table 1 thernoplastic nunber of
resin active atom dhkil@0 amipissiby wedehtspfeagpdl yamnidel e [BeapinaliAl 7. 2B
Exanpl e 2A27. 2B Exanpl e 3A37. 2B Exanpl e 4A44B Exanpl e 5A52. 4B Conparati ve
exanpl e 1A60. ¥, Bl ral B100H corbak ainake salifld Zma D

(ii) 3 parts by weight of a vulcanization-activating
agent (triallyl isocyanurate)
5 Resin composition (M2):
(i) 100 parts by weight of a polyamide 6 [terminal
NH,/terminal COOH = 1/4 (mole ratio)] and
(ii) 3 parts by weight of a vulcanization-activating
agent (triallyl isocyanurate)
10 Resin compositions N
(i) 100 parts by weight of an aromatic polyamide A5
terminal NH,/terminal COOH = 1/4 (mole ratio)] and
(ii) 3 parts by welght of a vulcanization-activating
agent (N,N'-1,3-phenylenedimaleimide)
15 Resi it .
(i) 100 parts by weight of a PBT [terminal
NH,/terminal COOH = 1/1 (mole ratio)] and
(ii) 3 parts by weight of a vulcanization-activating
agent (trimethylolpropane trimethacrylate)
20 Resin compositions P
(1) 100 parts by welght of a polyphenylene sulfide
and
(ii) 3 parts by weight of a vulcanization-activating
agent (triallyl cyanurate)
25 [Silicone rubber composition]
(Silicone rubber compositions R1 to R4)

To 100 parts by weight of a silicone rubber SH851



Exanpl e 7C 7. 2B Exanpl e 8C22B Conparati ve exanpl e 3C31. 6D Exanpl e 9D 4B
Exanpl e 10D22B Conparati ve exanpl e 4D31. 6D Exanpl e 11El5 or noreB Exanpl e
12E24 or noreB Exanpl e 13E33.8 or noreB Exanpl e 14F13B Exanpl e 15F22B
Conpar ati ve exanpl e 5F31. 2D Exanpl el 16&24B Exanplel 17H6 or noreB Exam | el
1819 or noreB Exam el 19J6 or noreB Exanple 20L14A Exanpl e 21L20.8C

Unvul cani zed silicone rubber conposititod®R- - 86 thernoplastic nunber of
resin active atom dhesive conpositionper strength

(manufactured by Toray Dow Corning Co. Ltd.), 5 parts by
weight of dicumyl peroxide ("Percumyl D" manufactured by
NOF Corporation) was added, and the mixture was kneaded
by a roll at room temperature for 10 minutes to obtain a

5 silicone rubber composition R1.

A silicone rubber composition R2 was produced by the
same manner as that of the silicone rubber composition R1
except for further adding 1 part by weight of
trimethylolpropane trimethacrylate.

10 A silicone rubber composition R3 was produced by the
same manner as that of the silicone rubber composition R1
except for using a silicone rubber 4104U (manufactured by
Toray Dow Corning Co. Ltd.) instead of the silicone rubber
SH851.

15 A silicone rubber composition R4 was produced by the
same manner as that of the composition R3 except for further
adding 1 part by weight of trimethylolpropane
trimethacrylate.

(Silicone rubbers VMQ 1 to 3)

20 Silicone rubbers VMQ 1 to 3 were prepared as follows.

A mixture of (A) dimethyl chlorosilane [ (CH;3),SiCl,]
and (B) methylvinylchlorosilane [ (CH;) (CH,=CH)SiCl,] in a
given propotion was hydrolyzed in dioxane with a large
amount of water, and the resulting hydrogen chloride was

25 washed with water to be removed. After a resultingmixture
of a cyclic dimethylsiloxane and a linear dimethylsiloxane

was distilled to separate (C) a tetramer of a cyclic



nmol ecul e Exénple22A17.2A Exanpl e23A27. 2A Exanpl e24A37. 2A Exanpl e25A44A
Exanpl e26A52. 4A Exanpl e27A60. 8C Exanpl e28B12B Exanpl e29B21C Exanpl e300 7. 2A
Exanpl e31C22B Exanpl e32C31. 6C Exanpl e33D 4B Exanpl e34D22B Exanpl e35D31. 6C
Exanpl e36ElI 5 or noreA Exanpl e37E24 or noreA Exanpl e38E33.8 or noreA
Exanpl e39FI 3A Exanpl e40F22A Exanpl e41F31. 2C Exanpl e42G&24A Exanpl e43H6 or
nor eA Exanpl e441 9 or noreB Exanpl e45J6 &0 nmor eA Exanpl e46L14A
Exanpl e47L20. 8B Tabl e 2 Unvul cani zed silicone rubber conposition R2
dimethylsiloxane-methylvinylsiloxane, and then the (C)
tetramer was polymerized with potassium hydroxide as a
catalyst at 155 °C in an atmosphere of nitrogen gas to obtain
a polymer.,
5 VMQl: (Cl) a tetramer of a cyclic
dimethylsiloxane-methylvinylsiloxane was obtained as a
mole ratio of (A) to (B) of 99.98/0.02. Relative to 100
mol of the (Cl) tetramer, 0.0011 mol of potassium hydroxide
was added to the (Cl) tetramer, and polymerized. A
10 limiting viscosity [n] (25°C, cSt) of the resultant polymer
(a siloxane A) was determined, and as a result, the value
of logn was 7.7. An average molecular weight and a
polymerization degree were 290000 and 4000, respectively
as estimated from the above value. Moreover, the obtained
15 polymer was subjected to lH-NMR to measure the number of
a double bond, and the number of a double bond was 0.02
of vinyl group on average per 100 repeating units, namely,
0.8 of the vinyl group on the average per molecule.
Moreover, (C2) a tetramer of a cyclic
20 dimethylsiloxane-methylvinylsiloxane was obtained as a
mole ratio of (A) to (B) of 50/50. Relative to 100 mol of
the (C2) tetramer, 0.45 mol of potassiumhydroxide was added
to the (C2) tetramer, and polymerized. The resultant
polymer (a siloxane B) was subjected to a gas chromatography
25 [capillary column: DURABOND DB-1701 manufactured by J&W

Co.Ltd., injection temperature: cooling on column method

(rising a temperature to 270°C at a rate of 50°C/30 seconds),



- 87 thernoplastic nunmber of resin active atom adhesive conpositionper
strengt h nol ecul e Exanpl e 48Al 7. 2A Exanpl e 49A27. 2A Exanpl e 50A37. 2A
Exanpl e 51A44B Exanpl e 52A52. 4B Exanpl e 53A60. 8C Exanpl e 54B12B Conparati ve
exanpl e 6B21D Exanpl e 55C 7. 2B Exanpl e 56C22B Conpar ati ve exanpl e 7C31. 6D
Exanpl e 57D14B Exanpl e 58D22B Conparati ve exanpl e 8D31. 6D Exanpl e 60El 5 or
mor eB Exanpl e 61E24 or noreB Exanpl e 62B33-8 or noreB Exanpl e 63Fl 3A
Exanpl e 64F22A Conparative exanpl e 9F31. 2D
carrier gas: helium (30ml/min), detector: FID], and the
polymerization degree was about 10. Moreover, the
obtained polymer was subjected to 1H-NMR to determine the
number of a double bond, and the number of the double bond
5 was 50 of vinyl groups on average per 100 repeating units,
namely, 5 of the vinyl groups on average per molecule. The
siloxane A and the siloxane B were mixed in a weight ratio
of the former to the latter of 47/53, and VMQ1l having the
number of a double bond of 2.96 on average per molecule
10 was obtained.
VMQ2: (C3) a fetramer of a cyclic
dimethylsiloxane-methylvinylsiloxane was obtained as a
mole ratio of (A) to (B) of 90/10. Relative to 100 mol of
the (C3) tetramer, a ratio of 0.044 mol of potassium
15 hydroxide was added to the (C3) tetramer, and polymerized.
The limiting viscosity [n] (25°C, cSt) of the obtained
polymer (a siloxane C) was determined, and as a result,
the value of logmn was 2.07. An average molecular weight
and a polymerlzation degree were 7400 and 100, respectively
20 as estimated from the above value. Moreover, the polymer
was subjected to 1H-NMR to measure the number of a double
bond, and the number of the double bond was 11 of vinyl
groups on average per 100 repeating units, namely, 11 of
the vinyl groups on average per molecule. The siloxane A
25 and the siloxane C were mixed in a weight ratio of the former

to the latter of 98/2, and VMQ2 having the number of a double

bond of 1 on average per molecule was obtained.



Exanpl e 65G24B Exanpl e 66H6 or nmoreA Exanple 6719 or noreB Exanple 68J6 or
nor eB Exanpl e 69L14A Exanpl e 70L20. 8B Tabl e 3 Unvul cani zed silicone rubber
conposition R3 - 88 Table 4 thernoplastic nunber of adhesive resin active
atom strength conpositi onper nol ecul e Exanpl e71Al 7. 2A Exanpl e72A27. 2A
Exanpl e73A37. 2A Exanpl e74A44A Exanpl e75A52. 4A Exanpl e76A60. 8C Exanpl e77B12A
Exanpl e78B21C Exanpl e79C 7. 2A Exanpl e80822A Exanpl e81C31. 6C Exanpl e82Dl 4A
Exanpl e83D22B
VMQ3: (Cl) a tetramer of a cyclic
dimethylsiloxane-methylvinylsiloxane was obtained as a
mole ratio of (A) to (B) of 99.98/0.02. Relative to 100
mol of the (Cl) tetramer, a ratio of 0.0045 mol of potassium
5 hydroxide was added to the (Cl) tetramer, and polymerized.
The limiting viscosity [m] (25°C, cSt) of the obtained
polymer (a siloxane D) was determined, and as a result,
the value of logn was 4.3. An average molecular weight and
a polymerization degree were 74000 and 1000, respectively
10 as estimated from the above value. Moreover, the polymer
was subjected to 1H-NMR to measure the number of a double
bond, and the number of the double bond was 0.02 of vinyl
group on average per 100 repeating units, that is, 0.2 of
the vinyl group on average per molecule. The siloxane C
15 and the siloxane D were mixed in a weight ratio of the former
to the latter of 4/96, and VMQ3 having the number of a double
bond of 0.65 on average per molecule was obtained.
VMQ4: The siloxane D was used for VMQ4.
(Silicone rubber compositions R5 to 12)
20 To each of the silicone rubbers VMQl to VMQ4 were
added, according to formulation described in Table 5, a
dry powdered silica ("Aerogil 130" manufactured by Nihon
Aerogil (Degussa) Co. Ltd.) or a wet powdered silica
("Nipseal VN3" manufactured by Nihon silica Co. Ltd.), and
25 a dicumyl peroxide as an organic peroxide ("Percumyl D"

manufactured by NOF Corporation), if necessary,

trimethylol propane trimethacrylate as a



Exanpl e84D31. 6C Exanpl e85El 5 or noreA Exanpl e86E24 or noreA Exanpl e87E33. 8
or -nor eA Exanpl e88F|I 3A Exanpl e89F22A Exanpl e90F31. 2C Exanpl e91G24A

Exanpl e92H6 or noreA Exanpl e9319 or noreB Exanpl e94J6 or noreA

Exanpl e95L14A Exanpl e96L20. 8A Unvul cani zed silicone rubber conposition R4
89 N HH Hamco LOa) H cd E N 110
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vulcanization-activating agent, the mixture were kneaded
by a roll at room temperature for 10 minutes to obtain
silicone rubber compositions R5 to 12.

[Adhesive strength measurement]
5 The above mentioned resin composition was subjected
to an injection-molding to produce a plate of 100mm X 100mm
X 4mm. After the plate was horizontally put in a mold, 40g
QEasilicdnerubbercompositionwaslaminatedontheplate,
and the laminated plate was pressed by a press molding

10 apparatus under a pressure of 300kg/cm2 (30MPa) at a
temperature of 140 °C for 10 minutes to conduct
vulcanization or crosslinking. After the completion of
vulcanization, the resulting plate of a silicone rubber
laminated on a resin was taken out from the mold, and the

15 plate was subjected to a peeling or adhesion test in order
to measure an adhesive strength between the resin member
and the rubber member.

A result of the peeling or adhesion test was
classified into the following criteria to evaluate an

20 adhesive strength.

A: Remarkably film adhesion was achieved, and when
the resin member was peeled from the rubber member forcibly,
the specimen was broken with a cohesive failure.

B: Firm adhesion was achieved, and when the resin

25 member was peeled from the rubber member forcibly, the resin
member was peeled from the rubber member along the

interface.
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C: The rubber member was sticky adhered to the resin
member on interface thereof.

D: The rubber member was easily separated from the
resin member along the interface.

5 [Results]

The results of Examples and Comparative examples are
set forth in Tables 1 to 4 and 6 to 13. In the Tables, the
term "the number of active atom per molecule" represents
the number of an active atom having S of not less than 0.006

10 per molecule, which is calculated by MOPACPM3, of the
thermoplastic resin. Moreover, on the above calculation,
Ec value was used -8 eV for a radical-generating agent

comprising an organic peroxide.
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Table 1
Unvulcanized silicone rubber composition R1

thermoplastic | number of adhesive
resin active atom| strength
composition per
molecule

Example 1 Al 7.2 B
Example 2 A2 7.2 B
Example 3 A3 7.2 B
Example 4 A4 4 B
Example 5 A5 2.4 B
Comparative example 1 Ab6 0.8 D
Example 6 Bl 2 B
Comparative example 2 B2 1 D
Example 7 Cl 7.2 B
Example 8 C2 2 B
Comparative example 3 Cc3 1.6 D
Example 9 D1 4 B
Example 10 D2 2 B
Comparative example 4 D3 1.6 D
Example 11 El 5 or more B
Example 12 E2 4 or more B
Example 13 E3 3.8 or more B
Example 14 Fl 3 B
Example 15 F2 2 B
Comparative example 5 F3 1.2 D
Examplel 16 G2 4 B
Examplel 17 H 6 or more B
Examplel 18 I 9 or more B
Examplel 19 J 6 or more B
Example 20 L1l 4 A
Example 21 L2 0.8 C
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Table 2

Unvulcanized silicone rubber composition R2

thermoplastic number of adhesive
resin active atom| strength
composition per
molecule
Example 22 Al 7.2 A
Example 23 A2 7.2 A
Example 24 A3 7.2 A
Example 25 A4 4 A
Example 26 A5 2.4 A
Example 27 A6 0.8 C
Example 28 Bl 2 B
Example 29 B2 1 C
Example 30 Cl 7.2 A
Example 31 C2 2 B
Example 32 C3 1.6 C
Example 33 D1 4 B
Example 34 D2 2 B
Example 35 D3 1.6 C
Example 36 El 5 or more A
Example 37 E2 4 Oor more A
Example 38 E3 3.8 or more A
Example 39 Fl 3 A
Example 40 F2 2 A
Example 41 F3 1.2 C
Example 42 G2 4 A
Example 43 H 6 or more A
Example 44 I 9 Oor more B
Example 45 J 6 or more A
Example 46 L1 4 A
Example 47 L2 0.8 B




Exanpl e97Al 7. 2A Exanpl e98A44A Exanpl e99A60. 8C Exanpl e100B12B

Exanpl e101d 7. 2B Exanpl el02Fl 3A Exanpl e1l03GLOB Exanpl e1l04H6 or noreA
Exanpl el05K2 or noreB Exanpl el06LI 4A Exanpl e107L20. 8A Exanpl e108ML7. 2A
Exanpl e109M21. 6B Exanpl e110N3. 8A Exanpl e11100A Exanpl e112P2 or noreA 5

t her nopl asti ¢ nunber of dhesive resin active atom strength conpositionper
nmol ecul e Exanpl e113A44B Exanpl e114A60.-8@ 7Exanpl e115B12B Exanpl e116d 7. 2B

Exanpl e117GL0OC Exanpl e118H6 or noreB
Table 3
Unvulcanized silicone rubber composition R3
thermoplastic | number of adhesive
resin active atom| strength
composition per
molecule
Example 48 Al 7.2 A
Example 49 A2 7.2 A
Example 50 A3 7.2 A
Example 51 A4 4 B
Example 52 A5 2.4 B
Example 53 A6 0.8 C
Example 54 Bl 2 B
Comparative example 6 B2 1 D
Example 55 Cl 7.2 B
Example 56 Cc2 2 B
Comparatilve example 7 C3 1.6 D
Example 57 D1 4 B
Example 58 D2 2 B
Comparative example 8 D3 1.6 D
Example 60 El 5 or more B
Example 61 E2 4 or more B
Example 62 E3 3.8 or more B
Example 63 Fl 3 A
Example 64 F2 2 A
Comparative example 9 F3 1.2 D
Example 65 G2 4 B
Example 66 H 6 or more A
Example 67 I 9 or more B
Example 68 J 6 or more B
Example 69 L1 4 A
Example 70 L2 0.8 B




Exanpl e119K2 or noreB Exanpl e120L14A Exanpl e121L20. 8B Exanpl el22ML7. 2A
Exanpl e123M21. 6B Exanpl e124N3. 8B Exanpl e12500A Exanpl e126P2 or noreA
Unvul cani zed silicone rubber conposition R5 Table 7 Unvul cani zed silicone
rubber conposition R6 - 91 Table 8 thernopl astic nunber of adhesive
resin active atom strength conpositionper nol ecul e Exanpl el27A44A

Exanpl e128A60. 8B Exanpl e129B12A Exanplel®Dd 7. 2A Exanpl e131G10A

Exanpl e132H6 or noreA Exanpl el33K2 or noreA Exanpl el34L14A

Table 4
Unvulcanized silicone rubber composition R4

thermoplastic number of adhesive
resin active atom | strength
composition | per molecule
Example 71 Al 7.2 A
Example 72 A2 7.2 A
Example 73 A3 7.2 A
Example 74 A4 4 A
Example 75 A5 2.4 A
Example 76 A6 0.8 C
Example 77 Bl 2 A
Example 78 B2 1 C
Example 79 Cl 7.2 A
Example 80 c2 2 A
Example 81 C3 1.6 C
Example 82 D1 4 A
Example 83 D2 2 B
Example 84 D3 1.6 C
Example 85 El 5 or more A
Example 86 E2 4 or more A
Example 87 E3 3.8 or more A
Example 88 Fl 3 A
Example 89 F2 2 A
Example 90 F3 1.2 C
Example 91 G2 4 A
Example 92 H 6 or more A
Example 93 I 9 or more B
Example 94 J 6 or more A
Example 95 Ll 4 A
Example 96 L2 0.8 A




Exanpl e135L20. 8A Exanpl el36ML7. 2A Exanpl e137M21. 6A Exanpl e138N3. 8A

Exanpl e13900A Exanpl e140P2 or noreA 5 Table 9 thernopl astic nunber of
dhesive resin active atom strength conpositionper nol ecul e Exanpl e1l41A44B
Exanpl e142A60. 8B Exanpl e143B12B Exanpl e144C17. 2B Exanpl e145G10B

Exanpl e146H6 or noreB Exanpl el47K2 or noreB Exanpl e148L14A Exanpl e149L20. 8C
Exanpl e150M 7. 2A Exanpl e151M21. 6C Exanpl S852N3. 8B Exanpl e15300A

Exanpl e154P2 or noreA Unvul cani zed silicone rubber conposition R7

Unvul cani zed sil igcone ru@ber cpnposijti on R3
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- 92 thernoplastic nunber of resin active adhesive conpositionatom per
strengt h nol ecul e Exanpl el55Al 7. 2A Exanpl e1l56A44B Conparati ve exanpl e
10A60. 8D Exanpl e157B12B Exanpl e158C 7. 2B Exanpl e159FI 3A Exanpl e160G10C
Exanpl e161H6 or noreB Exanpl e1l62K2 or noreC Exanpl el63L14A Exanpl el64L20. 8C
Exanpl e165ML7. 2A Exanpl e166N3. 8B ExanplelG?OOA Exanpl e168P2 or noreA 5

Unvul cani zedsi licone ition 90
Table 6
Unvulcanized silicone rubber composition R5
thermoplastic number of adhesive
resin active atom | strength
composition |per molecule
Example 97 Al 7.2 A
Example 98 A4 4 A
Example 99 A6 0.8 C
Example 100 Bl 2 B
Example 101 Cl 7.2 B
Example 102 Fl 3 A
Example 103 Gl 0 B
Example 104 H 6 or more A
Example 105 K 2 Or more B
Example 106 L1 4 A
Example 107 L2 0.8 A
Example 108 M1 7.2 A
Example 109 M2 1.6 B
Example 110 N 3.8 A
Example 111 0 0 A
Example 112 P 2 Oor more A
5 Table 7
Unvulcanized silicone rubber composition Ré6
thermoplastic number of adhesive
resin active atom | strength
composition per molecule
Example 113 A4 4 B
Example 114 A6 0.8 C
Example 115 Bl 2 B
Example 116 Cl 7.2 B
Example 117 Gl 0 C
Example 118 H 6 or more B
Example 119 K 2 or more B
Example 120 L1 4 A
Example 121 L2 0.8 B
Example 122 M1l 7.2 A
Example 123 M2 1.6 B
Example 124 N 3.8 B
Example 125 0 0 A
Example 126 P 2 Oor more A




R10 rubberconposition thernoplastic of adhesive resin active atom strength

conp ositionper

Exanpl e172C 7. 2A Exanpl el73GL0OA Exanpl el74H6 or
- Exanpl e176L14A Exanpl el77L20. 8B Exanpl el78M 7. 2A Exanpl el79M21. 6B

Exanpl e180N3. 8A Exanpl e18100A Exanpl e1l82P2 or _
comosition RO Table 1191 93 Unvul cani zedsilicone
t her nopl astic

silicone rubber

r ubber conmposi ti onRl |

Table 8

Unvulcanized silicone rubber composition R7

thermoplastic number of adhesive
resin active atom | strength
composition | per molecule
Example 127 A4 4 A
Example 128 A6 0.8 B
Example 129 Bl 2 A
Example 130 Cl 7.2 A
Example 131 Gl 0 A
Example 132 H 6 Or more A
Example 133 K 2 Or more A
Example 134 L1l 4 A
Example 135 L2 0.8 A
Example 136 M1 7.2 A
Example 137 M2 1.6 A
Example 138 N 3.8 A
Example 139 0] 0 A
Example 140 P 2 Oor more A
Table 9

Unvulcanized silicone rubber composition RS

thermoplastic number of adhesive
resin active atom | strength
composition | per molecule
Example 141 A4 4 B
Example 142 A6 0.8 B
Example 143 Bl 2 B
Example 144 Cl 7.2 B
Example 145 Gl 0 B
Example 146 H 6 or more B
Example 147 K 2 Or more B
Example 148 L1 4 A
Example 149 L2 0.8 C
Example 150 M1 7.2 A
Example 151 M2 1.6 C
Example 152 N 3.8 B
Example 153 0 0 A
Example 154 P 2 Oor more A

nol ecul e Exanpl e169A44A Exanpl e170A60. 8B Exanpl el71B12B
nor eA Exanpl el75K2 or

mor eA

noreA Tabl e 10 Unvul cani zed



nunber of adhesive resin active atom strength conpositionper nol ecul e
Exanpl e183A44B Exanpl e1l84A60. 8B Exanpl e185B12B Exanpl e186-C 7. 2C

Exanpl e187GL0OB Exanpl e188H6 or noreC Exanpl e1l89K2 or noreB Exanpl e190L14B
Exanpl e191L20. 8C Exanpl e1l92M 7. 2B Exanpl e193M21. 6C Exanpl e194N3. 8B

Exanpl e19500B Exanpl e196P2 or noreB 5 icone rubber Unvul canized silsition
R12 conposition thernmoplastic of resim %ctive dhesive

Table 10
Unvulcanized silicone rubber composition R9

thermoplastic | number of | adhesive
resin active strength
composition atom per
molecule
Example 155 Al 7.2 A
Example 156 A4 4 B
Comparative example 10 A6 0.8 D
Example 157 Bl 2 B
Example 158 Cl 7.2 B
Example 159 Fl 3 A
Example 160 Gl 0 C
Example 161 H 6 Or more B
Example 162 K 2 Or more C
Example 163 L1 4 A
Example 164 L2 0.8 C
Example 165 M1l 7.2 A
Example 166 N 3.8 B
Example 167 0 0 A
Example 168 P 2 or more A
5 Table 11
Unvulcanized silicone rubber composition R10
thermoplastic number of adhesive
resin active atom | strength
composition | per molecule

Example 169 A4 4 A
Example 170 A6 0.8 B
Example 171 Bl 2 B
Example 172 Cl 7.2 A
Example 173 Gl 0 A
Example 174 H 6 or more A
Example 175 K 2 or more A
Example 176 L1 4 A
Example 177 L2 0.8 B
Example 178 M1 7.2 A
Example 179 M2 1.6 B
Example 180 N 3.8 A
Example 181 0] 0 A
Example 182 P 2 Or more A




conposi ti onatom per strength nol ecul e Exanpl e 197Al 7. 2C Exanpl e 198A44C Com
arative exanple 11A60. 8D Exanpl e 199BI 2C Exanpl e 2000 7. 2C Exanpl e 201Fl 3C
Exanpl e 202G10C Exanpl e 203H6 or noreC Exanpl e 204L14B Exanpl e 205M 7. 2B
Exanpl e 206N3. 8C Exanpl e 20700A Exanpl e 208P2 or noreB Table 12 Table 13

- 94 As apparent fromTables 1 to 4 and 6 to 13, in Conparative exanples,
a peeling on the interface between the %3sin menber and the silicone
rubber nenber occurred, and neanwhile in Exanples, the resin nenber and
the silicone 5 rubber nenber were adhered or stuck together on interface

thereof. - 95 CLAIMS 1. A conpositemibla Mgl cani zed silicone rubber
Unvulcanized silicone rubber composition R1l1l
thermoplastic number of adhesive
resin active atom | strength
composition | per molecule
Example 183 A4 4 B
Example 184 A6 0.8 B
Example 185 Bl 2 B
Example 186 Cl 7.2 C
Example 187 Gl 0 B
Example 188 H 6 or more C
Example 189 K 2 or more B
Example 190 L1 4 B
Example 191 L2 0.8 C
Example 192 M1 7.2 B
Example 193 M2 1.6 C
Example 194 N 3.8 B
Example 195 0 0 B
Example 196 P 2 or more B
5 Table 13
Unvulcanized silicone rubber composition R12
thermoplastic | number of | adhesive
resin active strength
composition atom per
molecule
Example 197 Al 7.2 C
Example 198 A4 4 C
Comparative example 11 A6 0.8 D
Example 199 Bl 2 C
Example 200 Cl 7.2 C
Example 201 F1l 3 C
Example 202 Gl 0 C
Example 203 H 6 or more C
Example 204 L1 4 B
Example 205 M1 7.2 B
Example 206 N 3.8 C
Example 207 0 0 A
Example 208 P 2 or more B




menber formed by a vul cani zation of an unvul canized 5 silicone rubber, and
a resin nenber conprising a thernoplastic resin and directly bonded to the
rubber rmenber, wherein the resin nmenber bonds directly to the vul canized
- silicone rubber nenber vul canized or crosslinked with a radical -generating
agent without an 10 adhesive treatnent of the resin nmenber. 2. A conposite
according to daim1, wherein the therrfbbl-astic resin conprises at |east
one thernoplastic resin selected fromthe group consisting of a

pol yam de-series resin, a polyester-series resin, a 15

pol y(thi o) et her - serﬁésapﬁéFﬁn afﬁémy@ébEéﬁaiethﬁléﬁd 6e§¢n13a in
pol yi m de-series resin, pol ysul fone-series resin, pol yol efinic resin,

a hal ogen- conFQWPPﬁ&t1VPn?¥a§EF?§s ?1299419£|9@I?BPe%%Eﬁéfééﬁlﬁ%tV%%$n and
a thernoplastic elastoner 20 3. A conposite according to Claim1, wherein
the thernopl i £€ ?é@l%%%ghﬁts% N, FAbbeFHBPMEEF REFITEd om an

al i phatic pol de-serjes, resi an aromati ¢ polyester-series resin, a
pol yacet al - %Pg P}hll %&Wﬁw Ehe refhBMmedierand thesikicone

polysulflge serb S_25 resin ) ger ket one-series resin, an_aromatic
pol ycar boRat e~$ PESMPRRET, eécepg er"ﬁe OE gtk together OBO}%/E‘EFW%‘FI% seri es
resin, a poly%hg}| |c resin, a - 96 halogen-containing vinyl-series resin,
a polyurethane- 5€ |és resin, a polyam de-series elastonmer, a

pol yester-series el astoner, a pol yurethane-series elastoner, a

pol ystyreni c el astoner, and a polyolefinic 5 elastoner.



4. A conposite according to Caim1l, wherein the thernoplastic resinis a
thernoplastic resin having at |east 2 atoms, as average, selected froma
hydrogen atom and a sulfur atom per nol ecul e, each atom having an orbital
" 10 interaction energy coefficient S of not |ess than 0.006, wherein t he
orbital interaction energy coefficient S is represented by the follow ng
formula (1): S=(CHOMO, n)2/ | Ec- EHWO, m 43CLUMO, n) 2/ | Ec- ELUMO, nl ( 1)
wherein each of EC | CHOMO, n, EHOMO, n, CLUMO, n, and ELUMO, n 15
represents a value calculated by a semi enpirical nolecular orbital nethod
MOPACPMB, EC representing an orbital &Hé¥ (eV) of a radical of the

radi cal -generating agent, CHOMO n representing a nol ecul ar-orbital
coefficient of a highest occupied nolecular orbital (HOMO) offa?hn-th
hydrogen or 20 sulfur atomconstituting a constitutive unit o e

t%er rrgpl astic resin; EHOMSTPPEbY @ sht? g krmkand A1limangy TYRbST of the
HOMO, CLUMDO, n reﬁres%ntinﬂ g mol ecul ar-orbital _coefficient of a | owest
unoccupi ed mol'€CGFAr *8FBFPFaPY BLUNCFABEZRR4CR- PR AYdrBYRACBR1ZEAT ur at om
constitutgng %g tge %on%bbtutivg uni t gt thg %Qerng Iastig F§SIH, and_
ELUMD, n r &pr eS&AECRY San UBPEFt aP gn@rgﬁ FEVT BPEE hEOPRIES t%. ﬁ c?ngo?lte
according to I rein at - .l ea one_co ne sel ecte rom
t he unvu?canigggkﬁéﬁFFgggg Fﬁﬁ%&ra&ﬁddiﬁscfigrﬁ?ﬂﬁﬁngz %iﬁuFBﬁﬁrisegla
vul cani zati on; Lyat | n o] Lnin p unction pol yneri zabl e
conpound haviﬁgﬁgb%rukggfggg %hgfg%%ﬁ9n%?W§35lgoééﬁuééFe%€i¥\€8ngﬁ§ite
according to ql%ahltz?ﬁgeaiaeohaemwswm&'nﬁ&' Gul&3h1-EQ"BE! S€S 2

vul cani zati on-activa
crosslinked with a radical-generating agent without an

10 adhesive treatment of the resin member.

2. A composite according to Claim 1, wherein the
thermoplastic resin comprises at least one thermoplastic
resin selected from the group consisting of a
polyamide-series resin, a polyester-series resin, a

15 poly(thio)ether-series resin, a polycarbonate-series
resin, a polyimide-series resin, a polysulfone-series
resin, a polyolefinic resin, a halogen-containing
vinyl-series resin, a polyurethane-series resin, and a
thermoplastic elastomer.

20 3. A composite according to Claim 1, wherein the
thermoplastic resin comprises at least one member selected
from an aliphatic polyamide-series resin, an aromatic
polyester-series resin, a polyacetal-series resin, a
polyphenylene ether-series resin, a polysulfide-series

25 resin, a polyether ketone-series resin, an aromatic
polycarbonate-series resin, a polyimide-series resin, a

polysulfone-series resin, a polyolefinic resin, a



agent containing a pol yfunctional polynerizable conmpound having a
plurality of polynerizable groups. 10 7. A conposite according to Claiml,
wherein at |east one conponent selected fromthe unvul canized silicone

"~ rubber and the thernoplastic resin conprises a vulcanizing auxiliary
conprising a conpound having at |east 2 hydrogen atons on average per

mol ecul e, each 15 hydrogen atom havi ng &f orbital interaction energy
coefficient Srecited in Caiml of not Iess than 0.006. 8. A conposite
according to im1, wherein the vulcanized silicone rubber nmenber is
vul cani zed or JEN-FREG kNI RIa VARYilc SPT4EReFABiNg Aagpalyanathane-

pol yfuncti onal_ pql yneri zabl e congound havi ng a Elurality of pol ynerizabl e
groups. 9. A E§FESi C€53PcoPdPRGYABLIERAFRT 1ESWRERBERAMERe aunvul cani zed
silicone rubber .has, unsaturated_bonds of not _less than 2 on average per

mol ecul e. 25 POLYRSESAPESTLESaELBFHPRETt 02cPAl TS thARE 2FRTIRE

unvul cani zed gi,Li rubber conprises a.silica as a_ filler. - 98 11. A
conposi te acc§%85%§Q?6'cFaPﬂ%¥6?9ﬁﬁ8%8iﬁl?ﬁEOm%¥{i%%dc%wﬁﬁ}%%%e%}%¥9
silica. 12. A.89@Rg8sLLe according to claim1, wherein the unvulcanized
silicone rubber conprises any silicone rubber 5 of the followings (i) to

Cont 2y 2 “pot v S l¥ SSIoARITE 100 R S 0 T PL T5°
pol yneri zabl e tfePHBp1a8RdchRYE DY Egsgtyﬁgfﬁgpfgggfcoéesin having at
least 2 atoms, as average, selected from a hydrogen atom
and a sulfur atom per molecule, each atom having an orbital
10 interaction energy coefficient S of not less than 0.006,
wherein the orbital interaction energy coefficient
S is represented by the following formula (1):
S=(CH0M0,n)2/IEc‘EHOMO,nI+(CLUMo,n)2/|Ec-ELUMo,n| (1)
wherein each of E¢, Cyomo,n- Euomo,n- CruMo,n- @nd Eyymo q
15 represents a value calculated by a semiempirical molecular
orbital method MOPACPM3, E, representing an orbital energy
(eV) of a radical of the radical-generating agent, ChoMo, n
representing a molecular-orbital coefficient of a highest
occupied molecular orbital (HOMO) of an n-th hydrogen or
20 sulfur atom constituting a constitutive unit of the
thermoplastic resin, Eygyo , representing an orbital energy
(eV) of the HOMO, Cpyyo , representing a molecular-orbital
coefficient of a lowest unoccupied molecular orbital
(LUMO) of the n-th hydrogen or sulfur atom constituting
25 the constitutive unit of the thermoplastic resin, and
Erumo,n representing an orbital energy (eV) of the LUMO.

5. A composite according to Claim 1, wherein at



10 not less than 2 on average per nolecule, (ii) a silicone rubber
conprising a silica and having wunsaturated bonds of not |less than 2 on the
average per nolecule, and (iii) a silicone rubber conmprising a 15

~vul cani zation-activating agent containing a polyfunctional polynerizable
conmpound having a plurality of polynerizable groups, and a silica. 13. A
conposite according to claimi1, whereim%he radical-generating agent
conprises an organi c peroxide. 20 14. A conposite according to claim1,
wherein the ratio of the radical-generating agent is 1 to 10 parts by

wei ght rel ati veass 986 FeMPensptuEpdreted %ﬁémuﬁhal@BMuiednizaﬂber. 15. A
conposite accongLng to claim5, wherein the 25 ratio of the pol yfunctional
pol yner i zabl e S¢diS8RRdTIEPET1andothe FRer@oBlagkighTesin acPRRTi®es0d part s
by wei ght of %é | east .one conponent sel ected fromthe unvul canized i - 99
rubber and thd& ﬁ@PﬁﬁBFégPFECF ¥phinggagangofpBEpieainagcarding to claim 7,
wherein the ulcanization auxiliary is 0.1 to 30 parts by

ragi.e of the I
wei ght rel ati ¥8 ?oufﬁalﬁﬁFﬁsp% YRt LRty camy heydng gopperebitEel ect ed

fromthe unvul cani and the thernoplastic resin. 17. A process
f or produginghg gg%gggﬁggggéeagr?ﬂgﬁnnplastic resi n-containing resin menber

oS ubber comont P ot SRR SRR Sy R A N A on 10
thermoplastic resin comprises a vulcanization-activating
agent containing a polyfunctional polymerizable compound
having a plurality of polymerizable groups.

10 7. A composite according to Claim 1, wherein at
least one component selected from the unvulcanized
silicone rubber and the thermoplastic resin comprises a
vulcanizing auxiliary comprising a compound having at
least 2 hydrogen atoms on average per molecule, each

15 hydrogen atom having an orbital interaction energy
coefficient S recited in Claim 1 of not less than 0.006.

8. A composite according to Claim 1, wherein the
vulcanized silicone rubber member is vulcanized or
crosslinked with a radical-generating agent and a

20 polyfunctional polymerizable compound having a plurality
of polymerizable groups.

9. A composite according to Claim 1, wherein the
unvulcanized silicone rubber has unsaturated bonds of not
less than 2 on average per molecule.

25 10. A composite according to claim 1, wherein the
unvulcanized silicone rubber comprises a silica as a

filler.



agent and an unvul cani zed silicone rubber, which conmprises nolding a resin
nol'ding el enent and a rubber nolding element w th contacting said el enents
each other, and vul canizing or crosslinking the rubber nolding el enent, 15
“wherein said resin nolding element is either of a resin conposition and a
resin nmenber, each conprising the thernoplastic resin, and said rubber

nol ding el enment is either of a rubber ~coOfrposition and a rubber prenol ded
article, each 20 conprising at |east an unvul cani zed rubber and a

radi cal - generating qent bei ng activating on a surface to be contacted
with said resin nol ditng®efeRBREitegaceopitResko sdadimiilly wbetpannthe,
wherein at |east, one conponent sel ected fromthe unvul cani zed 25 S|I|cone
rubber and th§1§H§Fh8 t8€Sr Bsi9%Yr §rltlA€R: conprises a

vul cani zati on- act|Vﬁélng Bent gont ai ni nq, Eolynerlzable conmpound havi ng
a plurality of pon ri 2afPBPOS156 aﬁPSEﬁ%ng 9. Chaphotes¥ngEe bR dthg to

claim 17, mher%b L e@% qﬁﬁ co nE Bgnt sel ected fromthe unvulcanlzed
sil'icone rubbey & tnﬂ'é BT P  H F“Es‘f‘ﬁ“qﬁfrsc%?ng Sdrsiomsesuber
vulcanlzaglon §U{hll% 18%q5ééﬁk§9 %8a2n9 having at | east 2 hydrogen

atons on the average pér ydrogen at om havi ng an orbital

i nteracti on energy etf d Cl al n11 of not | ess than
0.006. 20. A proceséEZc%orbglhggB §§F%?19°Mﬁﬁ% %oﬁprlses 10

heat - mol di ng W@.c%ﬁi'zﬁt%ﬁbﬁEti(}gtﬁﬂﬁ BULARNLEREAIHPRS o MEDEr W N
posi ng a vul cani zati on-acti vati gent ~ conpris ng a polynerizabl e
conpound havi pg1grahkkabhhY B&lymerizable compound having a plurality
of polymerizable groups, and having unsaturated bonds of
10 not less than 2 on average per molecule,

(11) a silicone rubber comprising a silica and having
unsaturated bonds of not less than 2 on the average per
molecule, and

(iii) a silicone rubber comprising a

15 vulcanization-activating agent containing a
polyfunctional polymerizable compound having a plurality
of polymerizable groups, and a silica.

13. A composite according to claim 1, wherein the
radical-generating agent comprises an organic peroxide.

20 14. A composite according to claim 1, wherein the
ratio of the radical-generating agent is 1 to 10 parts by
weight relative to 100 parts by weight of the unvulcanized
rubber.

15. A composite according to claim 5, wherein the

25 ratio of the polyfunctional polymerizable compound is 0.1

to 10 parts by weight relative to 100 parts by weight of

at least one component selected from the unvulcanized



pol ymeri zabl e groups on a contact surface between the resin nolding _
el enent and the rubber nolding el ement to produce 15 a conposite the resin
nmenber bonded to a rubber nmenmber. 21. A process according to claim 17,
whi ch conprises heat-nolding the resin member and the vul cani zed rubber
menber with interposing a vulcanization-activating agent conprising a 20
pol yneri zabl e conpound having a pIura!Tt%goT.pplynerlzable groups and a
coating agent conprising a vulcanization auxiliary conposed of a conpound
atons per nol ecul e, each hydrogen atom

nggﬂg g; 2335%51%§%%§ﬁ13?£%3{0 ?EEH€F§QCCS@FEPcient ?hreciteﬁ Lg|g:ﬁi”11
i i R S 2
::g?r;)gs msgb e\rm iq%ﬁ;q‘%c c())tr% rtlths?eél uﬁré’gp_-lﬁ‘gl%éf’ﬂg aHxilé;:F‘ﬁE}rréﬁb@r 1 cBﬂpgg eBaBfsa 5

vui cant zat| on el PUaREns S REATE A DL PAR T PR ors et e RERBBuABShay i ng
menbor and ( n VBT Ran s S e e RoagoR, bher uAEHRERht BSh ARReE 1870 thfposi te

of the resin ifge rubber nenber. 23. A process for
produci ng a cgﬁgggﬁpg,giﬁ?EE%S%gﬁprises heat - nol di ng a resin nenber

conposed of ‘2 t her 19pl agthFodsd NN oottt 7 £ Chrigb¥iTe THHET Wi

i nterposing a coating agent conpose
thermoplastic resin-containing resin member bonded to a

vulcanized silicone rubber member formed by vulcanization

10 of a rubber composition comprising a radical-generating
agent and an unvulcanized silicone rubber, which comprises
molding a resinmolding element and a rubber molding element
with contacting said elements each other, and vulcanizing
or crosslinking the rubber molding element,

15 wherein said resin molding element is either of a
resin composition and a resin member, each comprising the
thermoplastic resin, and

said rubber molding element is either of a rubber
composition and a rubber premolded article, each

20 comprising at least an unvulcanized rubber and a
radical-generating agent being activating on a surface to
be contacted with said resin molding element.

18. A process according to claim 17, wherein at
least one component selected from the unvulcanized

25 silicone rubber and the thermoplastic resin further
comprises a vulcanization-activating agent containing a

polymerizable compound having a plurality of polymerizable



15 a vul cani zation-activating agent conprising a polynerizable conpound
having a plurality of polynerizable groups and a vul canization auxil
conmpound having at |east 2 hydrogen atons on the average per
nol ecul e, 20 each hydrogen atom having an orbital interaction energy
coefficient Srecited in Claim1 of not_less than 0.006 on a contact
surface between the resin nenber and ~tH®9vul cani zed silicone rubber

conposite of the resin nenber bonds to the rubber nenber.

conprising a

to produce a

10

15

20

25

groups.
19. A process according to claim 17, wherein at
least one component selected from the unvulcanized
silicone rubber and the thermoplastic resin further
comprises a vulcanization auxiliary comprising a compound
having at least 2 hydrogen atoms on the average per molecule,
each hydrogen atom having an orbital interaction energy
coefficient S recited in Claim 1 of not less than 0.006.
20. A process according to claim 17, which comprises
heat-molding the resin member and the wvulcanized rubber
member with interposing a vulcanization-activating agent
comprising a polymerizable compound having a plurality of
polymerizable groups on a contact surface between the resin
molding element and the rubber molding element to produce
a composite the resin member bonded to a rubber member.
21. A process according to claim 17, which comprises
heat-molding the resin member and the vulcanized rubber
member with interposing
a vulcanization-activating agent comprising a
polymerizable compound having a plurality of polymerizable
groups and
acoatingagentcomprisinga\nucanizationauxiliary
composed of a compound having at least average 2 hydrogen
atoms per molecule, each hydrogen atom having an orbital
interaction energy coefficient S recited in Claim 1 of not
less than 0.006

on a contact surface between the resin molding

lary

menber



10

15

20
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element and the rubber molding element to produce a
composite of the resin member bonded to the rubber member.

22. A process for producing a composite, which
comprises heat-molding a resin member composed of a
thermoplastic resin and a vulcanized rubber member with
interposing a vulcanization-activating agent comprising
a polymerizable compound having a plurality of
polymerizable groups on a contact surface between the resin
member and the vulcanized silicone rubber member to produce
a composite of the resin member bonded to the rubber member.

23. A process for producing a composite, which
comprises heat-molding a resin member composed of a
thermoplastic resin and a vulcanized rubber member with
interposing a coating agent composed of

a vulcanization-activating agent comprising a
polymerizable compound having a plurality of polymerizable
groups and

a vulcanization auxiliary comprising a compound
having at least 2 hydrogen atoms on the average per molecule,
each hydrogen atom having an orbital interaction energy
coefficient S recited in Claim 1 of not less than 0.006

on a contact surface between the resin member and
the vulcanized silicone rubber member to produce a

composite of the resin member bonds to the rubber member.



