2 3 JUN 2005 - 1 DESCRIPTION COWCSI TIONS AND THE METHOD FOR PRODUCI NG
THE SAME 5 TECHNI CAL FI ELD The present invention relates to a conposite (or
a conposite nmenber) of a thernoplastic resin bonded to a siliconeZriuliexis
integrally which is useful for a mechanical part or a machine element, an
autonobil e part and so on, 10 and relates to a process for producing the
sanme. BACKGROUND ART An adhering nethod for adhering a resin nolded article
to a rubber nolded article by an adhesiyve.is known 15 as a process of
integrally joining a resin nolded elenent to a rubber nol ded el enent.
However, the process using the adhesives not only conplicates the process
to cause a troubl esone process-corggemtdresulting 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
exanpl e, Japanese Patent Application Laid-Open No. 25682/ 1975 (JP-50-

25682A) di scl ogesipaspraofrss aAlior THEOHECHOD @oRUPREpUPIREt TEE28ARANPOSi te,
whi ch conprises rubbing a thernoplastic plastic conponent (e.g., a

pol yf or mal dehyde and an ol efinic polyner) and a vul cani zed rubber conponent
conpatible with 2 3 JUN 2000 2 the thernoplastic plastic conmponent with
contactisng each other to nelt aedisEAheROd ace of the plastic, and
The present invention relates to a composite (or a
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 preducing a rubber-plastic
25 composite, which comprises rubbing a thermoplastic plastic ?
i
component (e.g., a polyformaldehyde and an olefinic

polymer) and a vulcanized rubber component compatible with



solidifying the nmelted surface of the resin with contacting the

t hernopl astic resin conponent and the vul cani zed 5 rubber conponent.
Regarding to a process for producing a conposite with wutilizing a 2 7 JUN 2005
conpatibility between a thernoplastic resin and a rubber, Japanese é enp
Application Laid-Open No. 204260/1986 (JP-61-204260A) discl oses a process
for 10 producing a conposite, which conprises heating a polyphenyl ene
ether-series resin and a synthetic rubbgr_ in the presence of a vul canizing
agent. Japanese Patent Application Laid-Open No. 124803/1997 (JP-9-124803A)
di scl oses a process for producing a conposite nenber, which 15 conprises

heating an aghyl QU tidgd 8O 1S ¢ LRIHBRBLESH £n &M fa@Ph@bach
acrylonitrile-containing rubber wth closely contacting each” ot her.

Referring t0o8n@F 0e8SRe I OToPTAMICT A B GLPFROST € Md p1ad#1d Zidgaa chem cal
reacti on between a thernoplastic 20 resin and a rubber, Japanese Patent

Application £81 83 {PeindNene OAIM 1992 aCdRs 2 1haQ439A) wi dARMIASR tHa{ LNt
Appl i cation Laid-Qpen . 133631/1991 (JP-3-133631A) and Japanese Patent

Application t@é dekPaiopins 138 1ddd 19 Hompdiemr 1381 k4R Wissdosge@ process for

produci ng a 25 conposite conprising a pol yam de-series resin and a rubber
conponens cophhél NGorpsddOXyl group- or an acid anhydride
group-cont ai ni ng rubber, a peroxide, and a 2 3 JUN 2005 3

vul cani zat i on- act ipedd i rafebta pdapaBeskoiPptedticiApRl E6@pbentkalictHpen No.
156188/ 1996 (JP-8-156188A) discloses a process for producing a conposite
menber, whiahtilizing a compatibility between a thermoplastic resin
and a rubber, Japanese 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-9-124803A)
discloses a process for producing a composite member, which
15 comprises heating an acrylenitrile-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 Laid~Open
No. 150439/1990 (JP-2-150439A), Japanese Patent
Application Laid-Open No. 133631/1291 (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 polvamide-series resin and a rubber

component containing a carboxyl group- or an acid anhydride

group-containing rubber, a peroxide, and a



conpri ses vul cani zing or crosslinking a carboxyl group 5 or an acid
anhydri de group-containing rubber nenber with contacting closely a? %%ﬁﬁms
group-containing resin nenber. Further, as a process for producing é
conposite with the use of the specific additive, Japanese Patent
Application Laid-Open No. 11013/1995 (JP-7-11013A) to discloses a process
for producing a conposite, which conprjses vulcanizing a rubber conpound
conposed of a rubber, a peroxide vul cani zing agent and a silane conpound,
i f necessary, a vulcanization-activating agent, in contact wth a pol yam de
ol ded arti ch g LTS DEI ORI £or L DELEG" Sod ot O Slased 2 danaggss for producing
a conposite I'C conpri ses using er nopl astic polyester as a hard
conmponent an r ri s _ @ | de
fipd1 [ RO, RAPENSHL, GOUPT] S41Ye 1 S400ES 81T S f

vul cani zi ng agent, f'unctTon e? necessary, and’a
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restricted idodig i 'b;igsél% 2o 8R9Yyrdhip _ox&éihﬁrﬂ@%éﬁin]gengﬁe?ﬁ and a

rubber. Especially, difficult " to obtain a conposite o

poor-reactive siligghter URRCS AbdterbhsmilSald & £88pHsidaRangse Patent
Application Lai d-Open No.

the use of the specific 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,
if necessary, a vulcanization-activating agent, in contact
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

\ percoxide 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 valcanization-activating agent [Japanese Patent
Application Laid-Open No. 16604371995 (JP-7-166043A}].

However, such processes are restricted in the species




5 58605/ 1998 (JP-10-58605A) discloses a process for producing the conposite
film which conprises lamnating a substrate film(e.g. , a polyeséﬁr Bi@ﬁ)
and a rubber film (e.g., silicone rubber, ethylene-propyl ene-serie HH 8 )
conposed of a polyfunctional nethacrylate as an 10 adhesi on-i nprovi ng agent,
and vul cani zing those, and the [|am nating step conprises |lamnating a
rubber filmlayer having a |arge amourg of an adhesion-inproving agent on
the substrate film and lam nating a rubber filmlayer having a small

anount of an adhesion-inproving agent on 15 the |am nated rubber film In

the literat uea thgtfiobIasthectosed Ak & aBbe-lNAksAeLURPEY, SO uld On having

a large anount of an hesi on-1 nprovi ng agent and a rubber” solution having

a smal | amupis# N&IROt oY LAPE DT iS55 0 Pre 4Bt PPE w319 oHY face of a
substrate filmwhich is treated 20'wth a corona di scharge or adhesive

treatment (eagyhe ARSI M HHRABIMAs it Fflemm t 0 adhere with a rubber
easily, and the external surface of the covering sheet is |lamnated on a

rubber film and thgdles e aligiAtied tSkeet di% -dpeddicat ed by an el ectron
beam whi ch has a high energy. 25 HOowever, the process requires not only a

treatmeny fageddle sy f@ge 195- g sAbHIA O U d Yrodegk A daubl e- | ayered
rubber filmon the surface of the substrate for 2 3 JUN 2005 5 achieving a

hi gh adhesi girsducing RheTBempbeiee 8116 9WH DK Adn@trite 160IPATIHNG | S
restricted to a two- di nensional one, and thus a conposite conprising a

t her nopl ast i stBsiktRafBl fliekh et igCl, ea prd vy sroehbei 1nplarlasristd€lce s |1 m t ed
in an application field. Further, since
(e.g., silicone rubber, ethylene-propyvlene-series rubber)
composed of a polyfunctional methacrylate as an
10 adhesion-improving agent, and vulcanizing those, and the
laminating step comprises laminating a rubber f£ilm laver
having a large amount of an adhesion-improving agent on
the substrate film, and laminating & rubber f£ilm layer
having a small amount of an adhesion-improving agent on
15 the laminated rubber £ilm. 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
ﬁ having a small amount thereof are cocated in this order on
an cne-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 f£ilm, 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 £ilm on the surface of the substrate for



the process requires a preparation of the rubber solution, a production
efficiency of the conposite filmcan not be increased. Mreover, Sh???UNpﬁS
process utilizes coating technique to forma rubber layer, it is difficult
that the 10 process is applied to bondi ng between a rubber nolded article
and a resin nolded article which has a thicker and/or three-di nmensional
configuration. It is, therefore, an object of the present invention to
provi de a conposite of a thernoplastic Tesin nolded 15 article bonded to a
silicone rubber nolded article directly and firmy w thout an adhesive

treatnment of _the surface .aof the thernpplasti.c resin nd a _process for
pr oduci ng t%%h%%wglq et?%&én%&h%ﬁ‘l%j%&erbqtkfhe%%ﬁegggﬁlr%'n\?enti on to 20
provi de a copposite am;j(:h iJ§a excel l ent _in. an_adhesion. strength between a

t her mopl ast | SOV ety H hot P ard | Y EE a-F bRt Hotded art i 1% and has
three di mensjpnal . confiquratjon,,.and a process, for produci ng the sane. 25
DI SCLOSURE T%Rﬁ:ll\?ﬂ %h%’ i%%%n‘f%"}ss aofcp?rﬁ%o%lr%%e ?"[') TWeHtY ¢h did intensive
research, an i | v fou t hat her |l astic resi U 005 6

nol ded artic eé%rg()?rdlcﬁ/ Srtejb(f %e yon (%a%)&eafvu claafezeadlq{siq i’l’(}bt?noeesr #rh()ybcﬁer‘?rml ded

article by contact] g (% JJIPGHON 351 Soal 2344 iTl0edraLLGLe AR T Ubber

conposi tion Conpose an unv I'rcone rub and’ an organi c
DK her PSR ABLbS BRLASHL LA ROl Wt gomon L o0
bond to the &“ﬂfﬁﬁﬁd%%%n efficiency of the composite film can not be
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 siliceone rubber molded article directly
and firmly without an adhesive treatment of the surface
of the thermoplastic resin, and a process for producing
l 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

configuraticn, 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



silicone rubber nolded article firmy by selecting a thernoplastic resin
based on the specific criteria and 10 selectively a species or fornEL$t@fz]5
of the unvul canized silicone rubber, and by coexisting an organic 3 g
with a polyfunctional (neth)acrylic nmonomer. That is, the conposite of the
present invention is a conposite of a vulcanized silicone rubber menber
formed 15 by a vul cani zation of an unv%Icanized silicone rubber, and a
resin menber conprising a thernoplastic®résin and directly bonded to the
rubber nmenber, wherein the resin nenber bonds directly to the vul cani zed

si licone rubber. . member vul canized or. crossljnked with a radical - generating
20 agent wi t FedieSnanbhesp Vet [dediary BPntih’éO raegpﬁcﬁﬁ&&&d sifpgone

t hernopl astic resin includes, for exanp ﬁanlde series resin, a

pol yest er - sefi@Perelirtded a $P§@PhP8)€PH§FC§éPHe§ Pe§PﬁerPlaStlc ‘
pol ycarbonat e-series__resin, i mde-series resin, polysulfone series
25 resin, a 5@@98I%?%ﬂ?@ ?%ﬁﬂQQ- énﬁapdﬁ%h %%ﬁﬁQQHﬂﬁﬁ}1QR FPPPOSE%8Er esin, a
polyurethane series_resin, a thernoplastic elastomer, and so on. The

t her nopl ast | @12UBVYLRABHESE F1116A0% THRPe ARG RE: RBERALE ReFRELf®havi ng at
| east 2 atons, s average, selected.from a hydrogen atom d a sulfur atom
per nol ecul e2™ @agﬁa§fﬁﬁi%&99n§h8nm8 Befapriafiratffote eﬁ&gg Tcoefficient S

of not less than 0.006, wherei.n rbital interaction ener cqefficient
S is represefiPFROSHY1PhHe PBPISHF%EeFoFHﬁIEh?ETOPiaStlc Pesin mdlaed

S=(CHOVD m) 20| £ EHOND Nl (LMD ) 2/ L EG-ELUMD Bl (A) YASTShD,28°n of Ee.
silicone rubber molded article firmly by selecting 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 polyvfunctional (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 rub’bér, and
4 resin member comprising a thermoplastic resin and
directly bonded to the rubber member, wherein the resin
member bonds directly to the vulcanized gilicone 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



represents a value calculated by a semenpirical nolecular 10 orbital

met hod MOPACPMB, Ec representing an orbital energy (eV) of a radicanyguﬂyﬁg
radi cal - generating agent, CHOMO n representing a nol ecul ar-orbital
coefficient of a highest occupied nolecular orbital (HOMJ) of an n-th
hydrogen or sulfur atomconstituting a constitutive unit of the 15

t hernopl astic resin, EHOMO n representlyg an orbital energy (eV) of the
HOMO, CLUMO, n representing a nolecular-orbital coefficient of a | owest
unoccupi ed nol ecul ar orbital (LUMO) of the n-th hydrogen or sul fur atom

h f th d 20
ELUND, n r epr EEERTI Y &if Srig1aI b éf%%%tﬁfr”ﬁﬁge%ﬁaéﬁér?ﬁaﬁ” ‘at | east

I d f d b h
her ropy ast | 858 eﬁégewr @8%& R G

com Ui 1o gpolxunc ongl holyusr bl caeuns beyipg s elutal 1y 25 of

pol ymeri zabl € "gr ou resin na§°80npr|se a

vulcanizatiognggé Kﬁé% gg%% C%PH&“DI K thIyBueﬁgloQﬁgrggﬂp nd havi ng

a plurality ynerlza I ups e’'g., pol yreri zabl e

mononer ;hav| gglegkystﬁaz?%ggkf QrQHQE%fmg%%ﬁfl& horel 1y, 0f o Loptyacryl oy

groups) . Fur Phef ore €ast one ¢ serected

unvulcanlzed % k#goﬁgliHQES @ngﬁmg %ggrnnplast!c resin nmay conprise a
Xi

vul cani zing a rary co ound having at |east 2 hydrogen
o on ST seE BeL. TS By el USLERT R 10 g0
wherein each of E;, Cyomo,n- Egomo,n- Crumo.nr 204 Epymo n
represents a value calculated by a semiempirical molecular
10 orbital method MOPACPM3, E, representing an orbital energy
(eV) of a radical of the radical-generating agent, Cgomo p
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, Eygyg,, Fepresenting an orbital energy
(eV) of the HOMO, Cpyyg,, 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 Eromo,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



10 0.006. Moreover, the unvul canized silicone rubber may conprise any
silicone rubber of the followings (i) to (iii) ; (i) a silicone rubber
conprising a vul cani zati on-activating agent containing a 15 pol yf urti Uothal
pol ynmeri zabl e conpound having a plurality of polynerizable groups, and
havi ng unsaturated bonds of not |ess than 2 on average per nolecule, (ii) a
silicone rubber conprising a silica and having unsaturated bonds of not

| ess than 2 on average per nolecule, 20 and (iii) a silicone rubber
conprising a vulcanization-activating” agent containing a polyfunctional
pol ymeri zabl e conpound having a plurality of polynerizable groups, and a
silica. 25 The resent invention ingludes a rocess for. producing a
conmposite of apgkgmﬁﬁbT%E}?cg¥%§?% ®n? ai Nt igPLYReThzARHBPORYRTEd to a

vul cani zed ﬁl|lC0ne [ ubber mepber 2 3 JUN 2005 9 _forned vul cani zati on
of a rubber EBﬁB%sP?%¥WP¥&ﬁ&P%%|%ﬁou%Sr%ﬂ?%aﬁsg%n%%%f?%bt%g%%t and an

unvulcanizeg sili cone r ubber, ich conprises nolding a resin nolding
el enent  andmath {BBEYLO%H FHYURF bnent with contacting said el ements 5 each

ot her, and vul canj zi or crossji kiqg t he rubber nnldlq?6ﬂ£enent wher ei n
said resin nDId|H§1F I§¢g &ft fORf TEHMWTH P resin

ember , each, conprising, the JLhELOop! astic T esh Nnd Qhelgmgp 2] g Lypper ol ding
resin may comprise a vulcanizing auxiliary comprising a
compound having at least 2 hydrogen atoms on 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
comprise any silicone rubberxr of the followings (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
unsaturated bonds of not less than 2 on average per molecule,
20 and
{(iii) a silicone rubber comprising a
vulcanization-activating agent containing a
polyfuncticnal 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

resin member bonded to a vulcanized silicone rubber member



conposition and a rubber prenolded article, each conprising at |east an
unvul cani zed rubber and a radical-generating agent being activati ng 3)? 12605
surface to be contacted with said resin nolding elenent. 15 Furt her; %e
present invention includes also a process for producing a conposite, which
conprises heat-nolding the resin nenber and the vul cani zed rubber nenber
wi th interposing a vul cani zation-activaging agent (and a coating agent
cont ai ning the vul cani zing auxiliary) 20 conprising a pol yfuncti onal

pol ymeri zabl e conpound having a plurality of polynerizable groups on a

contact surf geereRe PERICLNE LR8L0 JRLUIG oL SBRA AN DbEL ol 1 o

el enment to pro conposite e resin ne menber .

25 Fur ther moe,, g, PUESSOLEONE LLOR: | A6h UES. A, PLOGESSa 01 PLOdUCi ng &

conposite, conprrses I'ng a resin nmenber conposed o

thernDplaStifungFJL%hzg 5comg%$se£eﬁ$fdfﬁ n%‘%%%%§Q&gfgiﬁﬁbgfém%§¥ber Wi th

i nterposing a vdl Eanizati on- Ivat1ng ag a coating age

cont ai ni ng t Bavi-68LEI 9 A4 LAkeh COTBE TG Bt 1 AOLUTR L2l £: g omPOUnd

having a plura yheri groups on a comrtact sur et ween
the resip nme th ] .Skl leo - duce a
conpositg ofg? e ?E@?ﬁ'ngﬁ%gﬁﬁggéég%lﬁg ?ﬁegfﬂ %ggﬁﬁﬁﬁgg?&éﬁéﬁ%P%%D
DESCRIPTIChl&giaIﬁbIg@’ hEON 10 [ Resin nenber] A thernoplastic resin

constituting a resin nenber is not particularly restricted, and various
thernopl astic wherein said 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 alsoc 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



resin can be used. In particular, when a thernoplastic resin is used in
conbi nation with a vul cani zation 15 activating agent, w dely vari ouig JUN 2005
thernoplastic resins are available for use. The thernoplastic resi )
i ncl udes, for exanple, a polyam de-series resin, a polyester-series resin,
a poly(thio)ether-series resin (e.g., a polyacetal-series 20 resin, a

pol yphenyl ene ether-series resin, a polysulfide-series resin, a

pol yet her ket one- series resin), a polycarbonate-series resin, a

pol yi m de-series resin, a polysulfone-series resin, a polyolefinic resin, a

hal ogen- cont al.al;00 Yignyl 3 38L Eﬁizeﬁskﬂbbgﬁsﬁl%ﬁgkCx[-zi@ﬁi ]i[]ntgj‘j’ ésngtQ) acrylic

resin, a p0| yur et hane-series resin ernoplastic elasto hese

thernvp'ast'§Hﬁ%§égga%aafiaﬁtg%%géﬁpggpxnerégpdcgnebgéahgreggh@n two or nore

species 2 3 mopl ICc resins used, a resin’

O o0 el 8" SMROSI B RS AGCARORLLL0) SUR-ES A pgl ymer  al I oy.

(1) A polyam Seried resins reS| there may be

ment i oned ESI géﬁn@%tz'a%lgo d(yl'gé:'elﬁ‘ﬁi REVHRS ?ﬁfﬁ?aéi‘@y%ﬂ ?Mi erzable

pol yam de- se resin aromatic ser resin, and the

al i phati o] e~se | S h h c
p g P bl Yamdena 5'1#6&' nc'l%t ggedslsfaacf:é{) %ew%% ¥nseds i hhGebbRrhah

pol yam de-series resin nse conpound of an ali1phatic

di am ne C0mﬂﬁ@eQ’hl(:ﬁngzedasﬁlégﬁlakﬁhSBgrdfnéﬂbQE %HCBréauce a
t et ranet hyl enedi am ne, hexanet hyl enedi am ne) and an aliphatic dicarboxylic

acid (e.g., 2Bmpb%¥kE@"ef the resin member bonded to the rubber member.

DETAILED DESCRIPTION OF THE INVENTION
10 [Resin member ]

A thermoplastic resin constituting a resin member
is not particularly‘festricted, and various thermoplastic
resin can be used. In particular, when a thermoplastic
resin is used in combination with a vulcanization-

15 activating agent, widely various thermoplastic resins are
available for use.

The thermoplastic resin includes, for example, a

b polyamide-series resin, a polyester-series resin, a

poly{thio)ether-series resin {(e.g., a polyacetal-series

20 resin, a polyphenylene ether-series resin, a
polysulfide-series resin, apolyetherketone-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,

25 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



di carboxylic acid having about 4 to 20 carbon atons such 15 as adi pic acid,
sebaci ¢ acid and dodecanedioic acid) , for exanple, polyam de 46, thﬂﬁch@f
66, polyami de 610, polyanmi de 612 and so on; a honopol yner or a cop

a lactam (e.g., a lactam having about 4 to 20 carbon atons such as

E- caprol actam co-laurolactanm) or an 20 am nocarboxylic acid (e.g., an

am nocar boxylic acid having about 4 tqg .20 carbon atons such as

((err)-am noundecanoic acid) , for exanple, polyam de 6, polyam de 11,

pol yam de 12 and so on; a copol yam de copolynerizing t hese pol yam de

conponent s (ﬁfg he ﬁ@{%’rﬁmﬁ&i]clretgghga cyc éé‘z’a %gsﬁﬁlé( b3€1 PB64 1L,

pol yam de 66 1 ¢ po yanld rres resin,

there may  beaexgEphi Lhadoaipol yamidech p@%emoansa&hcxg'acgsggm}age 23 JUN

2005 - 12 and/or analfcyclic |car acid s used a east part
of the aliphgfhg,di am ne conponent and/or the aliphatic dicarboxylic acid.
The alicyclic po?yanide i ncl udes, for exanple a condensed conpound of the

5 aliphatic dlcarbpfylkc 3%&9m§@9 Q?r ¥8§iﬁ di am ne conponent [e.g., a
cyc exy '

C5- 8cycl oal kyl di am ne suc diam ne; a bis

(am nocys! ohexy! ) ahkane suchue el A peYs! ARl haywidane: poiod: 2

bi s(am nocycl ohexyl) propane]. 10 As the aromatic pol yam de-series resin,

there may bgngRi AR ﬁOEQAMEaédgefﬂeﬁhkeglﬁt Lgagiieps1geMponent anmong
the aliphatic di am ne conponéents and the aliphafic dicarboxylic acid

conponent s CﬁﬂmyhﬁﬁaeageﬁiégﬁiééhnCQﬁﬁpBﬁnhroﬁafléxﬁﬁi%émléb¥%%ﬂﬁ@kde in
whi ch the di am ne

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 C,_jpalkylene diamine such as
tetramethylenediamine, hexamethylenediamine) and an
aliphatic dicarboxylic acid (e.g., an alkylene
dicarboxylic acid having about 4 to 20 carbon atoms such

i5 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 (é.g., a lactam having about 4 to 20 carbon atoms
such as e-caprolactam, w-laurolactam) or an

20 aminocarboxylic acid (e.g., an aminocarboxylic acid having
about 4 to 20 carbon atoms such as w-aminoundecanoic acid),
for example, pclyamide 6, polyamide 11, polyvamide 12 and
50 on; a copolyvamide copolymerizing these polyamide
components (e.g., polyamide 6/11, polyamide 6/12,

25 polyamide 66/11, polyamide 66/12} and the like.

As the alicyelic polyamide-series resin, there may

be exemplified a polyamide in which an alicyclic diamine



15 conponent conprises an aromatic conponent [e.g., a condensed conpound of
an aromatic diamne (e.g., neta- xylylenediamne) and an aliphatic 7 JUN 2005
di carboxylic acid, such as MXD-6]; a polyam de in which the dicarbo;yli@
acid conponent conprises an aronmatic conponent [e.g., a 20 condensate
conpound of an aliphatic diamne (e.g., trimethyl hexanethyl enedi am ne) and
an aromatic dicarboxylic acid (e.g.,.terephthalic acid, isophthalic

acid)]; a polyam de in which both the diam ne conponent and the

di carboxylic acid conponent conprise an aromatic 25 conmponent [e.g., a fully

aromatic am %%dZB%BaﬁsaPicﬁQiJY& HiRMEBIENGIS aBREhaL A e dLag- 1e858M d(R) ],

and others. 2 N 2005~ - 13 The pol'yam de-series resin further includes

a pol yam de ¢amprogi Re2afli PRRILG ca6hdmafet BBmPbRahROXKAY 6 @Akd conponent, a
pol yam de having a branched structure by introducing a snmall anount of a

pol yfunctionah ipakyad Becar8Bdk ek caaBeRY Carhoxylisydrid sorpanead, and a
nodi fied polyam de (e.g., N alkoxynethylpolyamde). (2) A polyester-series

resin The poliyest@esSeEbeSekambleBY BBnadBnabiPBahp6unBOby¥esher - series
resin, and is usually an aromatic 10 pol yester-series resin, for exanple, a

pol yal kykenea1apuhat e- 886hebok93iB atia saliuaat adiayemati gipgliyester-series
resin. The aromatic polyester-series resin includes, for exanple, a

pol yal kyl enecafigbakftSeeilgs, hesiNdyi®alkyipdiv@dnaldudrens terepht hal ate
such as 15 pol yet hyl ene terephthalate (PET) and pol ybutyl ene
cyclohexyl diamine;aibis {aminocyclohexyl}alkane such as
bis({aminocyclohexyl) methane and 2,2-
bis(aminocyclohexyl)propane].

10 As the aromatic polyamide-series resin, there may
be mentioned, a polyvamide 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 f[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

(R

poly(m-phenyleneisophthalamide (e.g., Aramid }], and

others.



terephthal ate (PBT); a pol yC2-4al kyl ene naphthal ate corresponding to the
pol yal kyl ene terephthalate (e.g., polyethylene naphthal ate); 3 N 2005
1, 4- cycl ohexyl di met hyl ene terephthalate (PCT)]; a polyarylate-serie% Hg@'%
(e.g., 20 a polyarylate resin) obtained by pol ycondensati on of a bisphenol
(e.g., bisphenol A) and an aromatic dicarboxylic acid (e.g., terephthalic
acid); and a fully aromatic or [liquid f%ystalline aromati c pol yester (e.g.,
a liquid crystalline polyester using p-hydroxybenzoic acid). The 25

pol yester-series resin nay be a copol yester conprising an al kylene arylate

unit as a predoningﬁly rlzaqF%ogQ%qg%trfggg QEithQQtlh%iﬁdhﬁa” 50 % by

wei ght) , and a co conponent nay be
exenplified e &

gl ycol, buta%bg%lgahﬁﬁg Eﬁn a%%gﬁ%%y%gm%% oé%%g 4aﬁ%§y§%gaépycgﬁh%
asynnetrlcal r ROX VA d C r of 5 such
as phthalic aC|é?q?§%E%g%§$|%'g%ﬁg?miﬁg g%%éﬁ?pga??gﬁeg¥§a$qgggﬁﬁggac|d such

as adipic acigf, i YPFrSQYEIing A sﬁéfﬁ%ﬁ%ﬁn%téﬂ%téﬁfyfmyci%ﬂﬁ pBdyeREnknto a
| i near polyester by using or fying wth anount s”of “pol yol and/ or

pol ycar bexy! ighH6jrd é%%%ox%qlg)acédp%k%bbﬂ'eﬁ)tet %‘%‘16 SCho@s s N The

pol y(thio)ether-series résin includes a polyoxyal kyl ene-series resin, a

pol yphenyl engAkh@iideS]ld.e8 r@ﬁ'a'iko%yﬂl%'tﬁ%‘ib%‘l mi@el)es resin
(pol ythioethér-series resin), and a pol yefher ketone 15 series resin. As

exanpl es of the poInqxgab@y&gggegegbgiesrggbmn there may be nentioned a
pol yoxyCl- 4al kyl ene gl ycol
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,_ j,alkylene terephthalate such as

15 poelyethylene terephthalate (PET) and polybutylene
terephthalate (PBT); a polyC, jalkylene naphthalate
corresponding to the polyalkylene terephthalate (e.g.,.
polyethylene naphthalate)}; 1,4-cyclohexyldimethylene
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
ligquid crystalline aromatic polyester (e.g., a liguid
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 2 by welght), and a copolymerizable



such as pol

pol yoxytetr

yl oxymet hyl ene gl ycol, pol yoxyet hyl ene gl ycol, pol yoxypropyl ene
gl ycol, a pol yoxyet hyl ene pol yoxypr opyl ene bl ock-copol yner, and 20

anet hyl ene glycol, and the like. Preferred exanples of

t?hSGJUN 2005

pol yet her-series resin include a polyacetal-series resin, a polyphenyl ene
ether-series resin, a polysulfide-series resin, and a pol yether
es resin. 25 (3a) A polyacetp}-series resin The polyacetal -series
resin may be a honopol ynmer (honopol yner of formal dehyde), or a copol yner

3 JUN 2005 - 15 copolyner of trioxane with ethylene oxide

t
ser&@‘f%g‘? Fm‘a%gts %rfl?hd gi t@%hﬁgélg‘?g S%242% (3b) A

ket ohe-seri

(e.g., a2
and/or 1, 3-
polyaceta

pol yphenyl eneetq{ﬂeernes%r LR, e? %@e @olgé_@ngﬁih SlhB1 seralngi resin

i ncl udes varlous resins conpri

conponent,

2,6 enylene oxXl as

phenol . a T Qe rS&;ng.%&P%‘l”},’aﬁ@zcﬁ gléne%ff&gyl RhF RYY AL XA

styrenic resighomidc md&%bo%cp‘a%qldy%'fl bhdges8r e

series resi

ndlng or being grafted with

n) The pol ysulfide-series resin 1s not par?icu l'arly

a main
and a
a

siasls L Q:HQJL_%BEI oet her -

restricted t g@SR8CHhtKal £SIdbIIP, E@Bpﬁ%hbﬁ’icrééia h&$a &in LR PhEEEEP (-S-)
in the polymer chain. Such a resin includes, for exanmpl e, a pol yphenyl ene

sul fide resi ichrboxylic acid such as adipic acid. Moreover, a

10

15

20

25

branched structure may_be introduced into a linear
polyester by using or modifyingwith small amounts of polyol
and/or polycarboxylic acid component.

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

The poly(thio)ether-series resin includes a
polyoxyalkylene-series resin, a polyphenylene ether-
series resin, a polysulfide-series resin
{polythiocether-series resin), and a polyether ketone-
series resin. As examples of the polyoxyalkylene-series
resin, there may be mentioned a polyoxyC;_jsalkylene glycol
such as polylokymethylene glycol, polyoxyethylene glycol,
polyoxypropylene glycol, a polyoxyethylene-
polyoxypropyliene block-copolymer, and
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.

(3a) A polyacetal-series resin

The polyacetal-series resin may be a homopolymer

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



pol ydi sul fide resin, a pol ybi phenyl ene sulfide resin, a polyketone sulfide
resin, a polythioether sulfone resin, 20 and the |ike. Mbreover, the

pol ysul f ide-series resin may have a substituent such as an am no ggqugw 205
including a poly(am nophenyl ene sulfide). The preferred polysulfidé-series
resin includes a pol yphenylene sulfide resin. 25 (3d) A polyether

ket one-series resin The pol yether ketone-series resin includes, for

exanpl e, a pol yether ketone-series resiyg obtained by a 2 3 JUN 2005 - 16
pol ycondensati on between a di hal ogenobenzophenone (e.g.,

di chl orobenzophenone) and a di hydrobenzophenone, a pol yether-et her

ket one- seri egopeskfe@bbai BetloR¥na wpehyeengensat benabeswegoral, 3-
di hal ogenobenzophenone and a 5 hydroqui none, etc. (4) A
pol ycar bonat @isgbilagel) eSiNoASotdie, pol Yerad bonat €rdiid PSoff egie, an aliphatic

pol ycar bonat e-series resin may be used, and an aromatic
pol ycar bonat posgatesaleseniekofe8xanphe, banbaboreli 6r18appéicaobbseat e
obtained by a reaction between an aromatic di hydroxy conpound (e.g., a
bi sphenol cospaubdzsach as bi sphenol A and bi sphenol S) and a phosgene or a
di ester carbonate (e.g., a diaryl carbonate such as a di phenyl carbonate,
a di al kyb carbonat €3such mslepheneldyd dshearbenate)reetw can be usually
used. (5) A polyim de-series resin The polyimde-series resin includes a
t hermopl asti c pol Yhei delgeherglernsi athéorsexaapl eeshn pohgludee- seri es
various resins comprising 2, 6-dimethylphenylene oxide as
a main component, for example, a copolymer of 2,6-
dimethylphenylene oxide and a phenol, a medified resin in
10 which blending or being grafted with a styrenic resin, and
SO on.
(3c) A polysulfide-series resin (polythiocether-
series resin)
The polysulfide-series resin is not particularly
15 restricted to a specific resin so far as the resin has a
thio group {(-5-) in the polymer chain. Such a resin
includes, for -example, a polyphenylene sulfide resin, a
pelydisulfide resin, a polybiphenylene sulfide resin, a
prolyketone sulfide resin, a polythicether sulfone resin,
20 and the like. Moreover, the polysulfide-series resin may
have a substituent such as an amino group, including a
poly{amincphenylene sulfide). The preferred
polysulfide-series resin includes a polyphenylene sulfide
resin.
25 (3@) A polyether ketone-series resin

The polyether ketone-series resin includes, for

example, a polyether ketone-series resin obtained by a



resin obtained by a reaction between an aromatic 20 tetracarboxylic acid or
an anhydride thereof (e.g., benzophenone tetracarboxylic acid) and ag jyx 7905
aromatic diamne (e.g., dlanlnodlphenylnethane) a polyami de imde resin,

a polyester imde resin, etc. (6) A polysulfone-series resin 25 The

pol ysul fone-series resin includes, for exanple, a polysulfone resin
obt ai ned by a pol ycondensati on of a dihal ogenodi phenyl sulfone (e.g.,

di chl orodi phenyl 2 3 JUN 2005 - 17 su one) and a bi sphenol (e. g. ,

bi sphenol A or a netal salt thereof), a polyether sul fone resin, a

pol yal | yl Su@%l?@%nge%%b%l ?t?QeBQQmﬁﬁﬂHfﬂg %%%% @%Elke gtc (7) A

pol yolefinic-re e polyolerinic resin i'nclu exanpl

homopol yner g c%&B%B%%ﬁ o%he%%n%beBnﬁn S?ﬁﬂx§§036995§ﬁ5?$h@”e a

pol ypropyl ene, an ethy gn propyl ene cop nethylpentene 1);

copol ymer Ofp%ﬁy%&%%k”e%ﬂ@rake%88%|%@%rb%aﬁhﬁlﬂDBQ%ﬁﬁn%@ Yy

et hyl ene-vinyl acetate 10 copol yner, an et ene- neth)acryllc aC|d

copol yner, a@)ol%wh%ﬂ%a&%hhba%gleﬁt 8 a&eahxgsﬁbbeﬁasaﬁeﬁehgogﬁ@ Ri C

resins can bé usSed singly or in conbination referred exarrp es of the

polyolefgnlch&gngUlhgﬁgud@%ca pol ypropyl ene-series resin having a propyl ene
15 content of "not 1ess than 50 % by weight (in particular, 75 to 100 % by

wei ght), for exanpkg) RoLbyp,eR¥LERALe-BEERYLERBsEhNY| ene copol yner,
propyl ene- but ene copol yner, propyl ene- et hyl ene- but ene copol yner, and so on.
Moreover, the pol xal ehknpe1yesirbopbebesabiyshassancr ¥at alipnhtye
polycarbonate-series resin may be used, and an aromatic
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



20 (8) A hal ogen-containing vinyl-series resin As the hal ogen-contai ni ng
vinyl -series resin, there are included, for exanple, a chlorine-containing
vinyl -series resin such as a polyvinyl chloride, a polyvinylidene ghl oUN tie5
a copolyner of vinyl chloride and 25 vinyl acetate, and a copol ynmer of
vinylidene chloride and vinyl acetate; a fluorine-containing vinyl-series
resin such as a polyvinyl fluoride, a polyvinylidene fluoride, 2 3 JUN 2005
- 18 a polychlorotrifluoroethylene, and, a copol ymer of tetrafl uoroethyl ene
and a copol yneri zabl e nononer. The preferred hal ogen-containing
vinyl-series resinis the fluorine-containing vinyl-series resin (e.g., the

5 polyvinyl &luephds, aﬂdﬂa BPRspvd iy i(dene fbi'é‘%hé'ﬁ%l A 69)a Aect)r 88i¢ resin As

the styrenic resin, there are exenpl lified wit hormopol ymer or copol ymer

of a styreni ¢nERBEFY! &epcglyetrﬁezp@msftdﬂee&%,sﬁ ShYﬁSE?aY!L?Y' st OFygae
copol yner, a 10 styrene-a- et hyl styrene copol ymer), a copol ymer of a

styreni c nmonegghinad.g. CoRoLYRRELERR epPBAREEr "REDBALT ) A etc.
styrene-acrylonitrile copolymer (AS resin), a

acrylonitrile-butagyeng-gbd Y@p@fggpglyggin(ABS resin), a
(meth)acryl ate-styrene copolyner (M5 resin), a 15 styrene-nel ei c anhydride

copol ymegs, a styrengebpbagbes8einCOPPEYIRI IncBude 9N - FoPaskamplyst #rene
(HIPS), etc. (10) A (nmeth)acrylic resin The (nmeth)acrylic resin includes a

honmopol ymer RbmopoRohyi®Tr Odpel Y@t branf yhbeinitds adpsDpotlyyeenef a 20
(meth)acrylic nononer and a copol yneri zabl e nononer, and
a polypropylene, an ethylene-propylene copolymer, a
poely(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 polyoclefinic
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, pclypropylene,
propyliene-ethylene copolymer, propylene-butene copolymer,
X propylene-ethylene-butene copolymer, and so on. 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,



so on. The (neth) acrylic nmononer may include, for exanple, (meth)acrylic
acid, a Cl-10al kyl (neth)acrylate such as nethyl (neth)acrylate, eg£%UUN2%5
(meth)acrylate, a isopropyl (neth)acrylate, butyl (neth)acryl ate,

2-ethyl hexyl 25 (neth)acrylate; a C5-10cycl oal kyl (neth)acrylate such as
cycl ohexyl (neth)acrylate; a C6-10aryl (neth)acrylate such as phenyl
(nmeth)acryl ate; a hydroxyC2-10al kyl 2 UN 2005 - 19 (neth)acrylate such
as hydroxyethyl (nmeth)acrylate; a (neth)acrylam de; and a
(neth)acrylonitrile a glycidyl (neth)acrylate The copol yneri zabl e nmononer

i ncl udes a g%&y%%&gﬁ%tngggyrr é%ﬁh&%% VIn%ﬁy cet ﬁg%ggnﬁEnyl s chloride,

a styrenic mon as"s sty the like. (11)

A Do oL N S BB L8R e RRLY A LRRTGHAELL8 EoRbAGhRY. Dorgll 2l ned by

reacting a dllsocyana cessar ext ensi on

agent. o the debsociandsey ehhsagta&%&ngxgqgga sglagygﬁgeﬁaaghyﬂ"socyanate

such as hexa ene dils cyana e an exane ene

di i socyanat eic . 3blbcyBhie ndhboosu9IaLe  SUSN B8 4 4xcl chgxane

dllsocyanate an i sophorone~diis anate; an aro c ‘ditsocyanate such

as a ph%”y' yg-' h&ﬁ%iﬂéﬁ:ﬁdea ttBleyh@g?ﬁbgg%&ﬁ@agiuoﬂﬂe

dlphenylneth di i socyanat €; atic ||socya2éte such as a
xyl yl ene dllsocyan?gg Aaggg§gn?g re;Q§ di i socyanate may be a conpound havi ng

an al kyl group 20 group) substituted on a main chain or a
ring. As adiol, E\E%ﬁe”@)!y?@n%”ﬁ:é@ﬁ!ﬁg #nlpLygstetxdhflifiea with
a homopolymer or copolymer of a styrenic monomer (e.qg.,
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
(methlacrylate-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
i The (meth)acrylic resin includes a homopolymer or
copolymer cf a (meth)acrylic monomer, a copolymer of a
20 {meth)acrylic monomer and a copelymerizable monomer, and
soon. The (meth)acrylic moncomer may include, for example,
(meth)acrylic acid, a C,_;,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;_j,cycloalkyl (meth)acrylate such as
cyclohexyl (meth)acrylate; a C,_j,aryl (meth)acrylate such

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



(e.g., a polyesterdiol derived froma C4-12 aliphatic dicarboxylic acid
conponent such as adipic acid; a C2- 12aliphatic diol conponent such as

et hyl ene gl ycol, 25 propylene glycol, butanediol, and neopentyl egdbﬁJU&2%5
C4- 12| act one component such as(err)-caprolactone) a polyether diol (e.g.

a pol yethyl ene glycol, a polypropylene glycol, 2 3 JUN 2005 20 a

pol yoxyet hyl ene- pol yoxypr opyl ene bIock ci:ppolymar, a pol yoxytetranet hyl ene
gl ycol, a bisphenol A-al kyl ene oxide adduct), a polyester ether diol (a

pol yester diol in which the polyether diol is used as part of the diol 5

conoana: by BlaSHRARLAGE 30, MOREaP 0 AR 008" e
di am ne |ncI g%&Pga%r aé%q%]e anda al hg?ggang}gﬁa@%ﬁog a§%§fkbgfar- or{

branched 10 a am ne haV|ng a ou carbon

aWWmmaG@ %%%*%%ﬁ%%%ﬁ&ﬁ%@%@@ﬁq%l

pentanethyle amne Fime eXAnet ?enedlanlne

7. di am noheRiesel: B dh%ﬁb@%%ﬁ%ﬁ@ﬁ) g3 1'Q%%%atgrﬁaﬁeneggghed

-polyalkylenepo am ne &t Ryl ené ri-antne triet ram ne,

tetraethglengﬁgﬁgggglsF4 %gg lﬁBﬁ%&F P%hea Pf%§kgxﬁahﬁdd&an]ne such as

i sophor onedi am and

bls(anlnonetQ&EhQigE?Q%ﬁgneananqhgnlgﬁgnat|c 20 di am ne such as
phenyl enedi am ne; I"enédi ani ne di am nodi phenyl net hane. (12) A
t her mopl asti c 6|aSRQT?rA polyurethane-series resin
The polyurethane-series resin can be obtained by
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
dilsccvanate such as l,4-cyclohexane diisocyanate and
15 iscphorone diisocyanate: an aromatic diisocyanate such as
a phenylene diisocvanate, a tolylene diisocyanate, and a
diphenylmethane-4,4'-diisocyanate; an araliphatic
diisocyanate such as a xylylene diisocyanate, and so0 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,_
1pa@liphatic diol component such as ethylene glycol,
25 propylene glvcel, butanediol, and necopentyl glycol; a
Cy_1plactone component such as e-caprolactone), a polyether

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



The thernopl astic el astoner includes, for exanple, a polyam de-series

el astoner (a copol yner conprising a 25 polyam de as a hard segnent f gUﬁQWS
al i phatic polyether as a soft segnment), a polyester-series el astoner ?
copolymer conprising a polyal kyl ene arylate as a hard segnent and 23 JUN
2005 - 21 an aliphatic polyether or aliphatic polyester as a soft
segnent), a pol yurethane-series elastpo (a copolyner conprising a

pol yur et hane containing a short-chain glycol as a hard segnent and an

al i phatic polyether or an aliphatic s polyester as a soft segnent, for

exanpl e, r- t e eljastomer, or

thenpllke) q{éﬁﬁ§ﬁ£{renﬁggﬁla toﬁ@&%?%oggﬁb yné?bggﬁgr %1%&% a polystyrenlc

bl ock as a h n mer, I F at ed thereof
ﬁ@@%ﬂ%@o g% g@%e B s%‘éi%n%l a- *&?L%&%%

as a soft segnent 4stoner , a copol yner

CONpri sing a o:BAsY HAH 9 ,0% goagggegepgkﬁeg ﬁioi har doggeueRl: andian

et hyl ene- propyl ene rubber or an et hyl ene-propyl ene-di ene” rubber as a soft

segment ; an ol i, eclh%sb%mtﬁ%n}pﬁa%ungs asaar stﬁaﬁnbfaﬂﬁeadieﬁ_t segment
which are different in 15 crystallinity), a polyvinyl chloride-series

el ast oners, a cdnlgéRiein?g-.cont ai ning thernoplastic el astomer, and so on. As
the aliphatic polyether, a (poly)oxyC2-4al kyl ene glycol (e.g., a

(poly)oxyet hyl ene alyeak, cﬁaﬁﬁobkkeﬁﬁibh”§§éﬁken§ ) ygahkyaene diol
(pol y) oxypropyl ene gl ycol 20 and a (poly oxytetranethylene gl ycol,

partlcularlysubmeasp@kﬁgaéabhghgaelghﬁaobfoﬁ§mea@ Qi?éolAéstﬁ@l§|that'C
pol yester, the pol yesterdi ol the other nentioned in the itemof the
pol yur et hanessa@iamsné @M bealsd@. UTRE® diamine includes, for example,
o an aliphatic diamine such as a linear- or branched-
10 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
15 branched-polyalkylenepolyamine (e.g., diethylenetriamine,
triethylenetetramine, tetraethylenepentamine,
dipropylenetriamine); an alicyclic diamine such as
i isophoronediamine, bis(4-aminc-3-methylcyclohexyl)
methane, and bis(aminomethyl)}cyclohexane; and an aromatic
20 diamine such as phenylenediamine, xylylenediamine, and
diaminodiphenylmethane.
{12} A thermoplastic elastomer
The thermoplastic elastomer includes, for example,
a polyvamide-series elastomer (a copolymer comprising a
25 polvamide 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



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

When the thernoplastic elastoner is a block copolyner, a block strzﬁiﬂmqus

not particularly restricted, and nmay 2 3 JUN 2005 - 22 be a tribl

structure, a nmultiblock structure, a star-shaped structure or another

structure. Preferred exanples of the thernoplastic elastonmer include

pol yam de-series el astonmer, polyester-sgries 5 el astoner,

pol yur et hane-seri es el astomer, polystyrénic elastoner, and pol yol efinic

el astoner. Mreover, in the present invention, as a thernoplastic resin

constitutin .esl [ [ ' [ of, .hyd n at ons
9% aﬁ?@ﬂa@ﬁgbﬁo%ygﬁpg§ Bfig§¥PHgt§cphBﬂg%?%gr Bs KULQ8E

(active hydrogen at'onms y ac 0 aradic generating agent or

sul fur atoms Jeagkhtg sy gppya&ggﬁhngh%%&aaf behstbligr 4 ggg%gggseggl and

sul fur atom ar i on referred t0 as an actl used.
Such h ¢ : ) : )
ST cone 15 ToRBEIEing €3N AAbOIALBOAATnIHCR AR LA gRFLYE SN @

vul cani zat | onsap gt dhAfCahalsh B9LpHaedc pHYeior bhoin bhpHRRLAS! i ©

resin can be selecte endi ng on speci es e radi cal -generating agent,

and My gont ginyEakexCaTR! orfNsBEhiKE, ALAM BaUkAILNOL LB3FeLhaR-a oi ven
0. 006, 'y 0.008) |

val ue 20 (e.qg., and prefera . of an orbita i nteraction

energy coef f y,eb®Rhnd d RIEHRY ed 1 Jdtderd Al e E98BYbReL)or THE
preferred value of the orbital intéraction energy coefficient S of the
active atom hgxahouh p819P8Ey+en9c081a3868mBEe] 8 8BbY1RBY cOmPOTsiAg0. 05
a polystyrenic block as a hard segment and a diene-polymer
block or a hydrogenated 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,_,alkylene glycol
(e.g., a (poly)oxyethylene glycol, a
(poly)oxytrimethyleneglycol,a(poly)qupropyleneglycol,
20 and a (poly)oxytetramethylene glycol, particularly, the
polvoxyethylene 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



25 (particularly about 0.01 to 0.045). The nunber of the active atomin the
resin depends on a bonding position or site of a functional group gﬁ%iggzmﬁ
the active atom(e.g., 2 3 JUN 2005 - 23 an end or termnal, a br H
chain, or a main chain), and may be, for exanple, not less than 2 (about 2
to 10000) , preferably not less than 2.5 (about 2.5 to 5000), and nore
preferably not | ess than 3 (about 3 to J$00) as an average 5 per the

t hernopl astic resin nolecule. The nunber of the active atom per the
thernoplastic resin nolecule is usually about 2 to 100 (preferably about

2.5 to 50, npeeaptefienabky stahetird,ta AbltapdopRr bkeukbanky ,akout 3 to 20).
The selection of thernoplastic resin fulfilled such conditions 10

progresses astaesshapkidngtireatuirenoenaantherestaaethetween a rubber )
conponent and a thernoplastic resin conponent in a vul canization or curing
of the rubber conpepefierredf exaiplesr ot thagtiebwogl @atbc ot beastober( CHOVO, n)
2 /| | Ec- EHOMO nl +( CLUMO, n) 21 | Ec- ELUMO, nJ (1) is wherein each of E. CHOMD n
EHOMO, n CLUMDnnludsdpblhoine -sepiesenilasaomatryepoayestatredebyethe
sem enpirical nolecular orbital nmethod MOPACPMB, EC representing an
orbital energyabevinenl, polgdreshant-theiradetakigeaer apohgstggenfic CHOMO n
representing a nolecular-orbital coefficient 20 of a hi ghest occupied
nol ecul ar or bilagkonE®MOrndf pahyniefiinhgdedgehonersul fur atom constituting a
constitutive unit of the thernoplastic resin; EHOMO n representing an
orbital energy (eMyredpvehe HOMOhe QuhEentriépvestheingas avol ecul ar-orbital
coefficient of a | owest unoccupied 25 nolecular orbital (LUMO of the n-th
hydrogen or $befrmpplastic resin constituting a resin 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 occaslonally 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.,



atomconstituting the constitutive unit of the thernoplastic resin, and
ELUMO n representing an orbital 2 3 JUN 2005 - 24 energy (eV) of th
MOPACPM3 represented by the fornula (1) is one of nolecul ar orbitaﬂhfﬂk%@ﬁ%
met hods. The nol ecul ar orbital nethod is one of approximations for

di scussing a nolecular 5 electron condition or state, and is classified into
three main nethods; an enpirical nethed such as Huckel's rule, a

sem enpiri cal nethod enhanci ng an approxi mati on of the Huckel's rule, and
an nonenpirical nmethod determning strictly a nolecular orbital function by

only cal cul atanoendl@r! GetAEAAL ,YEabBanvhéh €iexeh PPbHJaameONPUheinyystem the
semenpirical nethod and the nonenpirical nethod have been rmain nethods.

The nol ecul aandriv} de , BéHeXkanfpla MBSt 1e6@VhaLi Dl absathmdccoooedb pti ng a
nol ecul ar structure and chem cal reactivity thereof. For exanple, when

sear chi ng 15pira€etrabmiy/ et adsathanbz [ 5l amuiod'. 5a50 & doyworedd mod&T Onli ne
I nformation System (JO S), about 53000 of a registered nunber can be found

(term: 1980ptrer20801ivhydt 1eHie tNRRACRMbIR: Bheo cy@o pfas\BRCr¢degyect of
Diatomc Differential Overlap) nmethod which is one of the 20 sem enpirical
met hods. sThe pMEPAREMBh é EmaisEals € b s il ynaSfeddilieng Fheeaamber obHftiad or gani c
conpound, and is explained in many literatures and publications [e.qg.,
"Ml ecul ar ogrbittizk atetrhpedr MBRAthe gmopebotke rekdnnenl ¢tudad,s Kezal by hi
Tanabe; Kai bundo, 25 1991), "Quantum Chemistry, 3rd revised edition”
(Teijiro Yoabraw® &b HO ( pkagainably] abouil 283) o "{Tal swiretpoeferably

about 3 to 25, and particularly abcocut 3 to 20). The

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 £irmly
or strongly bond each other.

S=(Cuomo.n) /| Ea~Erouo,n | + (Crumo,n) */ | Ee-Byumo, n ] (1)

15 wherein each of E.. Cyomo,n- Egomo.nr Crumo,n. 804 Eyxgmo 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, Cyoyn, , 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 Yepresenting an orbital
energy (ev) of the HOMO: Cpyyo, n 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 Epyg, , representing an orbital



Chem stry gui debook” (translated by Eiji Osawa et al., 23 JUN 2005 - 2 5
witten by Timdark, Mruzen, 1985)]. A constitutive unit (or basic 'hﬁﬂZME
inthe formula (1) neans a nodeling nol ecul ar structure conpri sing

polymer term nal and about 1 to 3 repeating unit (s) . That 5is, it is
difficult to calculate a nolecular orbital for a polyner conpound itself by
MOPACPM3, since the polyner conpound-hgas too nmuch nunbers of atons per

nol ecul e. Therefore, a calculation may be carried out for a nodeling

nmol ecul ar structure (a constitutive unit or basic unit) 10 conprising a

pol ymer termaadrand KpoWs ZHo rMcepeating units. For exanple, a nol ecul ar
structure (repeating unit) of polybutylene terephthalate (PBT) is generally

represented by a cheypixaivy efdpiesente@HEyChid=ClHédr@ida0(1) is one of ]
C(=0-C6H4-C(=0 -On-", and the calculation of a nolecular 15 orbital in the

fornmula (1) myLdicanduadiat’ oMo )Hae tAdeCH2TEE2nEH8c @18 =Orb €84 - C( =0 - OH

as a constitutive wunit. The orbital interaction energy coefficient S

represent ed byl ierond af( dppreyiketi6hemaddl 8cassang2)mbaachilue | ndex,
and is defined and explained in various publications. Wien a chem cal

reactivity i siHamusedndittienoobidadtd aadatki Ola£ef Dy cosfd ithireat S is
used as a paraneter for the chemcal reactivity in general. For exanple,
"I ntroducti omaifn meahicdes; anhbemplribaedrydtiiepd ict? asShiuakedli’ sYanmmkee, Sat oshi
| nagaki, Kodansha Scientific, 1989) describes that an orbital interaction
energy coef fd cemikenpiridiadatneshadcenicent i fRegarappgstimanion of the
Huckel's rule, and an nonempirical method determining
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 éxample, when searching
15 the term "molecular orbital method" as a keyword in JST
Online Information System (JOIS), about 53000 of a
regisitered number can be found (term : 1980 to 2000 May).
Y 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.,



2 3 JUN 2005 - 26 interaction between two orbits, (a) a smaller energy

di fference between two orbits and (b) a |arger overlap between two gg%iF%MS
make the interaction stronger”. The fornula (1) is based upon an id g '
superdel ocalizability 5 (Sr) published at 1954 by Dr. Fukui given a Nobe

prize (see "To use a nolecular orbital nmethod", p.71. Mnoru Inoto, Kagaku
Dojin, 1986), a formula simlar to the gorrmula (1) 1is reported fromthe

concept of Sr on various publications and literatures. 10 Hereupon, it is 1
important that the nolecular orbital mnethod is widely known in discussion

of a nol ecul gfritFehUkUTrematd agREMMaduzEBaC bYkYYy .t hereof . Therefore, an
orbital interaction energy coefficient S (1/eV) defi ned by the foll ow ng

formula (1) does natchpptesgtiva aBie (&ranipePiWAlt VahueheaRdrngphesents a
val ue meaning a paraneter or properties of a material (e.g., a nolecular

wei ght, a funabi eeahsgeohpieliahgdeiblaciiar gkrhiBeueat ebhpkisIhg gkadi cal
orbital energy Ec (eV) of a radical- generating agent is preferably

cal cul at ed basegmen teZdPiradiorl amoLbecltry 3tdpid tiey \Wnlilt (he uBRadf
MOPACPM3, and a predeterm ned val ue based on species of the radical-

gener ati Bg agent igays bki #ispeulorteanenilenee a honeexaap! erbithe forval ue of
the radical -generating agent nay be -8 eV for an organic peroxide, -5 eV

for an azo canpolpderatshpdund isdDF W MIPRACPM3QNANReNgher gahymeonpound
excluding a sulfur. As the hydrogen atom having a predeterm ned value 2 3
JUN 2005 compound has too much numbers of atoms per molecule.
Therefore, a calculation may be carried out for a modeling
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 térephthalate (PBT) is generally
represented by a chemical formula "-(CH,-CH,-CH,-CH,-0-
C(=0)-CgH,-C(=0)-0),-". and the calculation of a meclecular
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



- 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 ?@99&2%5
conpri ses an organi c peroxide, there nay be nentioned, for exanple,
hydrogen atom 5 constituting, an amno group (-NH2) (e.g.. a term nal anino
group), an imno group (-NH) (e.g., a main-chain or terninal i mno group,
-NH of an am de group), a nercapto groyp. (-SH), a nmethyl group (-CH3), a
met hyl ene group (-CH2-) (a nethylene group adjacent to an electron ic

wi t hdrawi ng or-attracting group, i.e., an active nethylene group), and a
net hyl i dyne gnh@eRactebn) bedwdBnNt&#Babbbeks, t@EW1HaémHElE¥|éﬂé@@ygrOUp) etc.
As the sul fur atom having a given value (e. g. , 0.006) or nore of an

orbital intedagreeaneaebgyweeafl tivel 6pbiBs(ana 15)agtidegsyl bverakpn) in the
case where the radical generating agent conprises an organi c peroxide, there

may be nent beredenf @troeyabple, maksukher igtepheenshi sdibngea" .t hige gr oup
(-S-), a nmercapto group (-SH) , an alkylthio group (e.g., a Cl-4alkylthio

group such agoamaethyl j HisobgsedmpotDaan @dyiet fiveBdOLPal Bzabi iyl group
(-SO), etc. The nmethyl group includes, for exanple, a nethyl group bonding
to an al kyl efigsr¢hgpubligheydchealkgheng phai PukuOrgifefr @MdbelrpAgzea nmet hyl
group bonding to an oxygen atom (e.g., a nethyl group in a nmethoxy group).
The 25 net hyl(epe "Foupe mayolachlate prbatad aargioal” ,ap el hyliewe wImdpo, adj acent
to an oxygen atomconstituting a (poly)oxyal kylene unit such as a
(pol y) oxynet Kgbeke Dinjin?2 P &N 2006rmulad8similar to the formula (1)
is reported from the concept of Sr on various publications
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 Er 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



and a (poly)oxyethylene unit, and a nethylene group adjacent to a nitrogen
atom constituting an amno group or an imno group. The nethylidyne qnﬂM?D%
i ncludes, for exanple, an a-positioned nethylidyne group adjacent t

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

t hernopl astic resin has plural (e.g.,-not dess 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 conprises a

m xture of nueegQysonobegubesmbeengs parbrpity1difiteradtion anstgycture and
a chain length. Therefore, all nolecules of the thernoplastic resin are

not requiredcesseitiiahkyst@bhave iwephytabyey Sfoartiver ease wBeddd the
nunber of an active atom as average per nolecule is to be not |less than 2

i n cal cul ati npeargiiv=lidenafat ipiecdyeh tlebapptedemmaiyatansidianide, or basic
units. For exanple, the nunber of an active hydrogen atomconstituting a
pol ymer havi nge@er mpgabengetnibneldNHE6EH2XemPH C( #a0ChyaARogGERR2 a4 0 C=0) ) n-

(pol yam de 66) may be cal cul ated based on a nodeling constitutive unit

NH2- ( CH2)%:6- NdeB6+Drut { Ob2)atr GhE) -dAdumOdNBE ea gr.a0h dairmgerdr aning agent

conpri ses an organi ¢ peroxi de, an active hydrogen atom conprises 2 hydrogen
atons of a tgrpupal ARRigioopgtobpt (2BH+S, (S.¢gs, natmbhésschhan 6r006). In
this case, an average nunber N of an active hydrogen atom per polyam de 66
nol ecul e cantbeménbhtulmiza grdup t h&iHtsef gin tame deolgirowiplg 2 BedthPRHOS 29
formula (2) froma ratio of a termnal NH2 group and a

group (-SH), a methyl group (-CH3), 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 Cy_salkylthio group such as a methylthio group,

20 an ethyvlithio group), a sulfinyl group (-S0-}, 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



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 term nal NH2 group/terninalgﬁi@WZMS
group=1/1 (nolar ratio) in the resin, the nunber A of the term nal

group per nolecule is 1, 10 and the nunber N of the active hydrogen atom per
nol ecule 1is equal to 2. Mdreover, in 1/2 (nmolar ratio) of termnal NH2
group /term nal COOH group, the nunber 28 of the term nal NH2 group per

nol ecul e shows 2/3, and the nunber N of the active hydrogen atom per

nmol ecule is 4/3. 15 In the case where the resin is a resin mxture

conpri sing pendah (psip$oryéteyekahei anibe andbearmethabenactrwepatom the
nunber of an active atomin the resin mxture may be represented by an

aver age nunbedjefeanh actaveitnboemi atemctonesithutihatansamime gwodper of an
apparent 20 active atomin the resin mxture can be estimted by

cal cul ati ng pgspecimiebygroupyver@ge maeiitbheridfnagaoip vimclatdss f dfomach resin
based on a constitutive unit, and averaging the cal cul ated nunber of the
active at om edsuopidi mn o pasprtipoetd nativkidghbergtow) adfjacleatptaran 25
resins. For exanple, when the resin mxture conprises (A) the above
ment i one@ pokpandderéep (N=23n ahwil®) grdep abevd amsethyphédypel yoovupe 66
(N=4/3), and the ratio of 2 3 JUN 2005 - 30 (A / (B) (weight ratio) is
1/ 1, an averégpoattioredttonan@mioo givepinben eodmoeycd9adkyl gepwmyver, when

the resin m xture
It is sufficient that a thermoplastic resin has

plural (e.g., not less than 2) active atoms as average per
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 aplurality 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 numbher of an active hydrogen atom constituting
a polymer having a repeating unit - (NH-(CH;)g-NH-C(=0)-
20 (CHy)4-(C=0)),- (polyamide 66) may be calculated based on
a modeling constitutive unit NH,-(CH,)¢-NH-C(=0)-
(CH,)4~C(=0)-0H, 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 hydrcgen atom per polyvamide 66

molecule can be calculated with the use of the following



conprises (A) the above nentioned polyam de 66 (N=2) and (C) a polyam de 66
havi ng carboxyl group as all termnal 5 groups (N=0) and the ratio qié
(A/(C (weight ratio) is 3/1, an average active atom nunber N per H@EHW%
of the resin mxture can be counted as 3/2. A thernoplastic resin having
such active atonms is not particularly restricted as far as there are a
plurality 10 of active atons per nolecy e, and includes various resins, for
exanpl e, a polyam de -series resin, a polyester-series resin, a
poly(thio)ether-series resin (e.g., a polyacetal-series resin, a

p0|ypheny|?nQo@hﬂih'igﬁ'%%omrﬁshﬁtlé 89'HSHEEhQﬁaieNHQng@épﬂéndaa
pol yolefinic resin 5 a pol yurethane resin, a thernoplastic el astoner.

Moreover, — evermiian @oeﬁsgﬂodee§nnetpbﬁyﬁekhepehyéﬁhdecasyeagteﬂs
ment i oned above, the resincan be nodified to a thernoplastic resin capable

of firmy boa@g@ggbeea rubber nenber by introducing an active atominto the
resin. 20 Incidentally, the nolecular weight of the thernoplastic resin
having the active gteong ksanot partigularly restricted. Even if a pol yner
having the plural active atons per nolecule, a concentration of the active

atomin she pol ymeghéebahinekyrdeeheasas atelragdbninibeeast Aot @ribtLrul ar
wei ght of the polymer to cause a |lower crosslinking rate or density between

aresin and aH r gbdep . pB mol€sSwié, contribution of the active atom 23 JUN
2005 - ﬁative to a bonding of the nenbers deteriorates sonetines.
Therefore, a resi nFbavergmplé pWinohecatdd o€l ghtetrminadviems ageous for
bondi ng the nenbers. In the present

group/terminal COOH group=1/1 (molar ratio) in the resin,

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 {welight 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 polyvamide 66 (N=4/3}, and the ratio of



i nvention, a nunber-average nol ecul ar weight of a resin 5 is usually about
3000 to 400000, preferably about 5000 to 100000, and nore preferab;y @@fﬂﬁS
5000 to 50000, for exanple, about 8000 to 20000. A pol yam de-serie $

i ncl udes the resins

etc. 10 In
for exanple,

a nethylidyne group), in particular the hydrogen atom of the term nal

mentioned in the itemof (1) pol yam de-series resin,

t he pol yam de-series resin, an active hydrogen atom i ncl udes,

a hydrogen atom of a term4@l_am no group, a hydrogen atom
bonding to an a-positioned carbon atomrelative to a termnal am no group,
a hydrogen atom bonding to a carbon atom adjacent to a group -NH of an 15

am de bond (g.a9./.(m3 (Rrdotgeraeiomial: a1 Mhhw e da8ERve Acdiy dufger at om of

am no

group. In the pahysendemIa 88 58] NMrR@vRFOPRhEL OthOfred inl RLKARZE NH2
ve to a termnal COOH group is not 20 particularly restricted,

and may be, fmpexaerl ea)Seheciwshd mn dithd Aga vinidowle 1RH-90 waal00/ 0,

group rel ati

preferably about

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

as a nol ar rgidyoaoholgamiaal 6 M0l BEHYIEHT RHowaBRBOXYL tgFRAtipaiwhen the

active hydrogen atom conprises a hydrogen 25 atom of the term na
group and a hkydupgenNabomaal thBeratposbEi 0Asd(Car bwsighenrabbhbgover,

case where
JUN 2005 -
term nal am

10

15

20

25

am no

in the

the active hydrogen atom conprises only hydrogen atons of 2 3

371,t he &deenhdal achiv® Hrawmuniter Npedr @okeanleabiforhef

no group/term nal carboxyl group, may be about 50/50 to 100/0,
preferably amestin6Bi4@uire ©66/ Be andnwedeaspBé¢erably about 70/30 to 100/0.

A thermoplastic resin having such active atoms is
not particularly restricted as far as there are a plurality
of active atoms per molecule, and includes various resins,
for example, a polyamide-series resin, a polyvester-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,
a polyurethane resin, a thermoplasticelastomer. 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.

Incidentally, the molecular weight of the
thermoplastic resin having the active atoms 1s 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
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



S A polyester-series resin includes the resins described in the heading of
(2) polyester-series resin, particularly a polyalkylene arylate-ser

resin and a saturated aromatic polyester-series resin, etc. In the kgj%NZNS
that the aromatic polyester-series resin 10 has a Iomer concentration of
the active atomrelative to the predeterm ned concentration, a

pol yester-series resin nodified wth aqodifying conmpound haV|ng the active
atom (e.g., an aromatic polyester-series resin conprising at |east one
nmenber selected froman am no group and an 15 oxyal kyl ene group) nmay be

used. As the r%qm%@dt@g\ﬂdmu%eof CTAN Je(&?t?él%he%fs%‘f%@%' é’oméﬂhrﬂfé lve

hydr ogen atom there my be neéntione exanpl e, a pol yam ne

al i phatic di aiehereteh asr@shhnﬁaelngr b&eacmggec%hﬁxl%aggm%nl@e haVIng
about 2 to 10 carbon atons, e.g., 20 ethylenediam ne, trimethylenedi am ne,’

propylenedla%h@%ntab%bhgﬂ@bgybsﬂalﬁga%haemeﬁsakgnetfal@Hédpﬁagaﬁt
hexanet hyl enedi am né, tri nmet hyl hexamet hyl enedi am ne, 1, 7-di am nohept ane,

and 1, 8- di anjpoant-aBs;, annahbg¥chveraﬁbambm@camab %élbﬁQpBQrQnEthﬁ”‘ne
bi s(4-am no-3 25 met hyl cycl ohexyl ) net hane, and bi s(am nomet hyl )

cycl ohexane; jandsaal goé’i%dt? 3D Be4 56650 asproferyh BReHAM B9800 to
xyl yl enedi am ne, and 23 JUN 2005 - 33 dlanlnodlphenylnethane] and a

pol yol [e.g.1080000Qna A8¥E&EPredeitrbareatiby€sooducd 58808, (ﬂﬂ&i@ﬁiﬁ@éhw ene
glycol, a (poly)oxytrinmethylene glycol, a (poly)oxypropylene glycol, and a

(pol y) oxyt et pasrithgbenetd gbwyoal.]. The nodification can be conducted by, for
exanpl e,
A polyamide-series resin includes the resins
mentioned in the item of (1) polyamide-series resin, etc.
10 In the polvamide-series resin, an active hydrogen atom
includes, for example, a hydrogen atom of a terminal amino
group, a hydrogen atom bonding to an c-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 cof 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 amolar 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



heating a m xture of a polyester resin and the nodifying conpound to cause
an am dation, an esterification or an transesterification reaction. ﬁﬁmd 0
degree of the nodification of the polyester-series resin may depend g i&lg
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 mpgified conpound relative to 1 nol of
a functional group (e.g., a hydroxyl group or a carboxyl 15 group) of the
pol yester-series resin. In the transesterification reaction, the anount of

o 21 S A BB (B L
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hydr ogen atO@f%%e%akﬁgggg%htaqbggo ?éogapé%_hydrogen atom bondi ng to an

a- posi ti oned*carbon omrelative rimnal am no group, a hydrogen

atom 2 3,JUN 2009 péiye§%§g128r38sa carhog, %dkﬁgegéskﬁsa group - N

of an am de bond 6@. : dirogen at oRi-Of agééﬁkylene roup, a hydrogen
t f | i : . ' mof th
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term nal am no grou Fres’resrn ere a

mentioned, f o @4aRhesyt BepBRLUXYILKY! §RG158E 88,588 Pesin and a
saturated aromatic polyester-series resin, etc.
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 oxyvalkylene 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, trimethylénediamine, propylenediamine,
tetramethylene diamine, pentamethylenediamine,
hexamethylenediamine, trimethylhexamethylenediaminé,
1,7-diaminoheptane, and 1,8-diaminooctane; an alicyclic
diamine such as isophorone diamine, bis(4-amino-3-
25 methylcyclohexyl)methane, and bis(amincmethyl)
cyclohexane; and an aromatic diamine such as

phenylenediamine, xvlylenediamine, and



(particularly, the polyacetal -series resin, the polyphenylene ether-series
resin, and the polysulfide- series resin) anong the resins described %n t he
headi ng 10 of (3) poly(thio)ester-series resin. Referring to the 23 JUN 2005
pol yacetal -series resin, an active hydrogen atom conprises, for exanple, a
hydrogen atom of an oxynet hyl ene unit, a hydrogen atom of an al koxy group
(particularly nmethoxy group) of a bIocKﬁp termnal, and 15 particularly the
hydrogen atom of the oxynethylene unit.”” Wth respect to the pol yphenyl ene
et her - serles resin, the active hydrogen atom conprises, for exanple, a

hyd f, | di t b ing. R di th
pol ysul {1 de- ﬁ%&gﬁgﬁlﬁ%ﬂﬁl&% BJe et e%ﬁ%ﬁiﬁ@nga%?gsesegagul fur atom
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th t d.of (11 t.h In th
poFyL?Z;HZne g?:g é@%ﬁ 3%?F38HEVH¥B§ haliigihe %Q%%p rles an Inexamgle ©

o Toregen bttt LN GL ST LRty fﬁsorg?i%r hagd o e
hydr ogen at Om I nounda#:kylcaequegr gu éa%lgol yan esterlflcatlon or an

transesterification reaction. The degree of the
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 meol of a
functicnal 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,_,alkylene 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)oxyvalkylene 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 bending to an o-positioned carbon

atom relative to a terminal aminoc group, a hydrogen atom



pol yoxyal kyl ene gl ycol, a hydrogen atomin an am no group of the

chai n-extensi on agent, etc. 10 A thernoplastic el astoner includes the_resins
described in the itemof (12) thernoplastic elastoner. In the t her nb U&&QQ&
el astonmer, an active hydrogen atom nmay conprise, for exanple, a hydrogen
atomin an oxyal kylene wunit of a soft segnent. 15 Wth respect to a

t hernopl astic resin having an active af,om when a thernoplastic resin has
the active atom in the insufficient anDunt to nmeet the predeterm ned
concentration, the thernoplastic resin introduced or nodified with the
active aton1§§nt|one above
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chl ori de),
polyphenylene ether-series resin, and the polysulfide-

series resin) ameng 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 a methyl group bonding to a benzene ring. Regarding
the polysulfide-series resin, the active sulfur atom

20 comprises a sulfur atom of a thic 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.



vinyl-series resin (e.g., a polyvinyl acetate, a polyvinyl 10 al cohol)], a
condensation-series resin [e.g., aresinin the head of (4) 9 .
pol ycarbonat e-series resin (e.g., a bisphenol A-based polycarbonate-éenggﬂ5
resin), aresin described in the itemof (5) polyimde-series resin, a
resin described in the itemof (6) polysulfone-series resin (e. g. , 15 a
pol yet her sul fone-series resin), a resiftin the heading of (3d) polyether
ket one-series resin (e.g., a polyether etone-series resin, a polyether

et her ketone-series resin), a polyarylate-resin in the heading of (2)

pol yester-series rgsin

ye: _ 1 etck Zg_lg the vinyl pol r.z ipnésgries resin, a
nodified resin may B& gHF&lHSB b§ 5688I§ﬁ§¥Pz§PF%ﬁ88F §59|ﬁyP ABnoner and
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(met h) acryl at r neriza

ThLCCTE! VAT RYAERgeho oA 1K1 BN aRRLYFRE BERLASRTE goygpe Bormy 1 nirodce
peolyoxyalkylene 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. In
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., & resin described in
the heading of (10) (meth}acrylic resin (e.g., a polymethyl

methacrylate, a copolymer - of methyl methacrylate and




10 polynerization-series resin. Further, for the condensation-series resin
as well as the vinyl polynerization-series resin, a nodification gayéﬁf
carried out by graft-polynerizing a carboxyl group- or an acid anhydr 2005
group-contai ning nononer 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 anmonia, a nono-substituted am ne, or the
di am ne nentioned above to introduce an amno 20 group as same manner as in
t he above vinyl__pol i_zatd on-serjes. resin. The .resin [._anmong the
resins (1) torp{t(yf%)neyrrglgé rceosr%pnlgi se?d T r%%%‘ﬁ% aglgnqa?F r@{}g%ﬁ?rfgﬁgnone) of
an active atom. a y conpiis er asti.c, resi ' he 25 active
el gg,-' WLk %ﬁ;g?ﬁé' Qosnéa{rr%lylc gg%flﬁ%\i’ 36458

atomin the pre _ i oh,~dn _ rt'se a resin-having ‘a
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et DB, 09 g 5 ta hOT R B RReheviRl Y U, AR oL !
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head of (8) halogen-containing vinyl-series resin such as
a polyvinyl chloride and a polyvinylidene chloride), a
vinyl-series resin (e.g., a pelyvinyl acetate, a polyvinyl
10 alcohol) ], a condensation-series resin [e.g., a resin in
the head of (4) polycarbonate-series resin (e.g., a
bisphencl A-based polycarbonate-series resin), a resin
described in the item df {5) polyimide-series resin, a resin
described in the itemof (6) polysulfone-series resin (e.qg.,
15 a peolyether sulfone-series resin), a resin in the heading
of (34} 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, amodified
resin may be obtained by copolymerization of a vinyl monomer
and & 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 polvmerization-series resin, and, if
necessary, reacting the resulting resin with thionyl

chloride to produce an acid chloride group, and reacting



a lubricant, a flame retardant, an antistatic agent, and other conventi onal
additives. [Silicone rubber nenber] A silicone rubber nmenber of the Egeﬁent
invention 15 may conprise a vul cani zabl e or crosslinkable silicone- el
rubber and a radical -generating agent as a vul cani zing agent or
crosslinking agent. The silicone- series rubber neans an organopol ysil oxane
conprising an unit represented by a foyjula Rasi Q(4-a)/2. In the fornula,
20 R represents, for exanple, a Cl-10al kyl group such as nmethyl, ethyl,
propyl, butyl, pentyl, and hexyl groups; a hal ogenated Cl-10al kyl groups
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groups; a C3-10cycloa group suc cyc group and cycl ohexyl *

R e

and phenet hyl groups; etc. I Cl ent in the
formul a. The re i ; u € ou
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the siligone 1 i pe re may have a
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silicone rubﬁsﬁoamyiggnéj:sgfmé%)&éﬁm@e WA P e g et ybabhaxangy chain, a
10 pol y(rmet hyl vi nylsil oxane) chain, ‘a poly(met hyl phenyl siloxane) chain, a

copol ymer chai gratt1p61 ROV ez 88 05h08€dthe mono(meth)acrylate to the

vinyl polymerization—séries resinmay introduce the active
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 moncmer with a resin

15 to intrroduce 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

L 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 a resin 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




sil oxane unit (e.g a di net hyl si | oxane- net hyl vi nyl si | oxane copolynerized
chain, a dlnethyIS|onane nmet hyl phenyl si | oxane copol yneri zed 15 chai n,

di et hyl si | oxane-net hyl (3, 3, 3-trifl uoropropyl)
chain, a dinethylsiloxane- nethylvinyl siloxane-nethyl phenyl sil oxane

copolynerized chain). Both termnals of the silicone rubber may be,

exanpl e,

trimethylsilyl group, dinethyhﬁgnylsilyl group, 20 silanol

tri Cl- 2al koxysilyl group, etc. Such sillcone-series rubber includes

a solid

rubber of a Hi gh Tenperature Vul cani zable (HTV) silicone r

si | oxane copolynerliédUN2W5

for
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not only
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but also a IlgHbg %E iBgste- | i ke rubber of a Room Tenperature Vul cani zabl e
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comprise various additives, for example, a filler or
reinforcer, a stabilizer (an ultraviolet ray absorber, an
antioxidant, a heat stabilizer), a colorant, a plasticizer,
a lubricant, a flame retardant, an antistatic agent, and
other conventional.additives.

{Silicone rubber member]

A silicone rubber member of the present invention
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,8iO¢4_4),2- In the formula,
R represents, for example, a C,_,,alkyl group such as methyl,
ethyl, propyl, butyl, pentyl, and hexyl groups; a
halogenated.cldoalkyl groups such as 3-chloropropyl group
and 3, 3,3-trifluoropropyl group; a C,_;,alkenyl group such
as vinyl, allyl, butenyl, pentenyl, and hexenyl groups;:
a C,_,,aryl group such as phenyl, tolyl, xylyl, and naphthyl
groups; a C,_;,cycloalkyl group such as cyclopentyl group

and cyclohexyl groups; a C;_;,aryl-C, ,alkyl group such as
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ubber,
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bonds make a rubber too hard, and |l ess than 2 unsaturated bonds sonetines
give an insufficient adhesive strength of 1s the conposite depending on the
species of a thernoplastic resin (e.g., a resin having an active aIP?UUﬂZ@ﬁ
| ow concentration). As the polyorganosiloxane in the silicone rubber,

there are exenplified a pol yorganosil oxane having a double 20 bond
concentration of about 2 to 540 nmmol / kg, preferably about 3 to 300 mmol / kg,
and nore preferably about 4 to 100 nmoid kg. The pol yorganosi | oxane may be a
single kind of polyorganosil oxane, and may be a m xture of plural kinds of
pol yor ganosi | oxanes (e.g., a mxture of plural polyners 25 different in

pol ymeri zat i @Rp@ear gebupVhea phékednPpl e ganoddoxangs ab&rHs€denthe double
bond concentrapig% ganuge caI%%late fﬁ%ﬁgeach doubl e bond 2 3 J%& 2005 -

41 concentr gt i 9NaBbut he. Pluy @l, 109hyeh8aneshh PXanes ARGederg@a@PRSiLEi ON ratio
of the plural polyorganosil oxanes, etc. An average pol ynerization degree "of

t he polyorgama&hqu%@sppqagheﬁyiebeah@d_amkbﬁghygrbﬁpthé.g@?ev@ﬁyﬁ 5
pol yor ganosi | oxane having a | ow pol yneri zati on degree, the average

polynerizatigaOQQg[egnaay1ggrot9%agk9qpb@ou@bout 3 to 500, and preferably
about 3 to 200, and in the case” of a polyorganosil oxane having a high

pol yneri zati on degrmgletlizadvetagetaokyser that konigdegsecupbyrbes for 10
exanpl e, about 500 to 12000, and preferably about 1000 to 7000. \Wen a

plurality of upahyoeyganashkroxames mbidQirnt strudherdahayaidzata on degree are
used, a proportion of a polyorganosiloxane of |ow polynerization degree to
a branched structure partially, and may be branched. A main
chain of the silicone rubber can comprise for example, a
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
dimethyvlsiloxane-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 ligquid or paste-like 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



pol yor ganosi | oxane of high pol ynerizati on degree depends 15 on properties of
a cured silicone rubber obtained by vulcanization, and the forner/g%?

| atter (weight ratio) is about 1/99 to 50/50, preferably about 1/9 HIN 2005
10/90, and nore preferably about 2/98 to 7/93. Further, a silicone rubber
conposition often 20 conprises a pol yorganohydrodi enesi | oxane having a

hydr ogen atom directly bonded to a sili,on atom of not |ess than 2 on
average per nol ecul e. An added anount of the pol yorganohydrodi enesil oxane
is not nore than 4 parts by weight (e.g., 0.1 to 4 parts by weight),

preferably ng B ggrrggﬁQS §h83§%§i?%ﬁ$ﬁgg?&b%gpgéﬁﬁﬁf preferably not nore

than 2 parts by we Irve par of the

pol yorganos'bﬁéﬁ??v%ﬁﬁgﬁwo%@ﬁﬂﬁ@f: (Bvd ghbﬁlgg@ oros:sz.hc necessary,

the silicone-series r may be useéd "1n atron w Rer rubbers:
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rubber [e.g. , ene-seri es nononer such IR

BR, and CR a8 ggéal I n ized rubber such as NBR, NCR,
and NIR, a styrene- d?gﬁéi&cgro §n§?@§e§ yﬂ%%ér such as SBR SCR, and SIR]

an ol efi gi c rubbefh%esgnccﬁf’évlr 2 ¥acLeR¥bena GupBRllngadn &OTYIiC

rubber (e. g. , a rubber conposed of an al kyl acrylate 10 as mai n

conponent SUgBeags g CPPOY Y IBY 1 ACH Of r@ & Ké’émp@bciﬁ’é at gn@Nfad be an
chl ori ne-contai ning crosslinkable nononmer, a copolynmer ANMof an al kyl

acryl ate anduaghybeRi 384l §11180ROPPUYSEF iy Al AhkWin S0 Ytat£a a6 car boxy!
group and/or an epoxy group-containing nononer, an ethylene acrylic

of 2 or more (e.qg., about 2 to 10) on average per molecule
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 mmeol/kg, and more preferably about 4 to 100
mmoel/kg. The polyorgancsiloxane 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



15 rubber), a fluorine-containing rubber (e.g.. a copolyner FKM of

vi nyl i dene fluoride and perfluoropropene, if necessary, ZSJUNZME
tetrafl uoroet hyl ene; a copol ynmer of tetrafluoroethylene and propyl ene;

copol ymer FFKM of tetrafl uoroethyl ene and perfl uoronethyl vinylether), a 20
ur et hane-series rubber (e.g., a polyester-based urethane elastonmer, a

pol yet her - based urethane el astomer), an; epichlorohydrin rubber (e.g., a
honopol ymer CO of epi chl or ohydri n, a copolyner ECO of eplchlorohydrln and
et hyl ene oxi de, a copolyner of further copolynerized allyl 25 glycidyl

ether), a Ch'c%'h EQE%E%EOEM Ei}ﬁace athEQQ ?Eﬂﬁogéhg@ Ligoar (GPO) a

copol yner EAM o yl ene ynor bornene rubber,
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agent can not only vulcanize or c bove nentioned silicone

rubber byt ?Qﬂ%% aﬁo%ﬁ!%ﬁBHéﬁw}ﬁg{ &Sildw ﬁ&lﬁ"mgyiﬁéﬂiéﬁ‘ﬂieﬁﬂéecoﬂﬂe 10 rubber

adhered. As the radical generating agent, various radical ‘generating agents

can be used Qeeéagbnﬂopﬁnéffzaﬁfgﬁl&égﬁe% ROV reRkhAped , t Ag6HEP! astic
resin, and can be selected from for exanple, an organic peroxide, an azo

corrpound and €9 900, Tded AU EHaKIBPAHUNS 88RO, ! &nBaAnDEnYSEdssi ngly or
i n conbi nation.

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 plﬁrality of polyocrganosiloxanes 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 polyorganochydrodienesiloxane 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 te 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 polvyorgancsiloxane as a main component.



The organi c peroxide includes, for exanple, a diacyl peroxide (e.g.,

| aur oyl peroxi de, benzoyl peroxide, 4- chlorobenzoyl peroxide, 23 JUN 2005
2, 4-di chl orobenzoyl peroxide), a dialkyl peroxide [e.g., di-t-butyl

peroxi de; 2,5-di(t 20 butyl peroxy)-2,5-di nmet hyl hexane;

1, 1-bis(t-butyl peroxy) -3,3,5-trinethylcyclohexane; 2, 5-di(t-butyl peroxy)-
2, 5-di met hyl hexeane-3, 1, 3-bis(t-butyl pgroxyisopropyl) benzene; dicunyl
peroxi de], an al kyl peroxide (e.g., t-butyl hydroperoxide, cunene
hydr oper oxi de, 2,5 25 di net hyl hexane- 2, 5-di hydr oper oxi de, dii sopropyl benzene

hydr oper oxi de) , anxelA%é&%ﬁf%@xéﬁfi&&@aserféélxh%%%gfwesear oxi de,

cycl ohexanone per oxi de,

1, 1-bi s(t-butiyl peRBXNAt Bl with IRy Faypkelexalelvhe otherashdnesser (e. g.,
t-butyl peracetate, t-butyl perpivalate), etc. The azo conpound i ncl udes

azoi sobut y| oRinfefri! ar@nﬁleﬁthlsheaorrﬁeynexaﬁpﬁé tg'ediéﬁiéﬁéérﬂégefﬁbbéﬁ agent, a
phot opol yneri zation initiator also may be enpl oyed as far as a

phot oi rr adi at[ie0g,Ca8 e iR bedatd it -athesi ORohshueesuchhes Wesi frrenber and
t he rubber nenber. The photopol ynerization initiator or phot0|n|t|ator may

10 include, fiar,eranPhfa arbenzORbeRIBA:QFiRed@ibMat E¥BoIvREECOEA(E. 0.,
3, 3' -di net hyl - 4- met hoxybenzophenone, 4, 4-di net hoxybenzophenone), an

al kyl phenyl ketu@Berosudn der Nwat i Mert hahaofitke. §. staeehephesase,
di et hoxyacet ophenone, 2-hydroxy-2-nethyl-1 15 phenyl propan-1-on,
benzyl di met hgbkel gherilzebltdivrarcyctRRexyBPheay!, keidper 1 2-diearyfidic
rubber (e.g., EPM, EPDM, polyoctenylene rubber), an
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 flucocrine-containing rubber (e.g.., a copolymer
FKM of vinylidene fluoride and perfluorcopropene, if
necessary, tetrafluorcethylene: a copolymer of
tetrafluorcethylene and propylene:; a copolymer FFXKM of
tetrafluorcethylene and perfluoromethyl wvinylether), 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



di et hyl am no- 1- (nor phol i nophenyl ) - but anone], an ant hraqui none or a
derivative thereof (e.g., 2-nethyl anthraquinone), a thioxanthone o% N 2005
derivative thereof 20 (e.g., 2-chlorothioxanthone, an al kylthi oxanth égw @
benzoin ether or a derivative thereof (e.g., benzoin, a benzoin alkyl
ether), a phosphine oxide or a derivative thereof, and others. The

radi cal -generator also includes a pergy fate (e.g., ammoni um persulfate,
pot assi um 25 persul fate). Anong these radical -generating agents, the
preferred agent is the organic peroxide. 2 3 JUN 2005 - 45 The ratio of

the radical - %'B%[a%t b@gtﬁeeaaoeénméﬁtléﬁéa%eﬂbw bbnga raRd8eceh.- for
exanpl e, about 0.5 to 15 parts by weight, and is usuafly about 1 to 10

parts by wei ghliirigRdrRbBEET 88hYadhoRy 4 LOrBoRPLt §ro¥pWeLORL 4L8ig. . about 5
2 to 7 parts by weight) relative to 100 parts by wei gh ? of an unvul cani zéd

silicone rubbghyqriys! §§c5‘:h§3§dc9{l “2Chl ¥AkbBYyadeBESsOYrésti M@t Hisdndn the
present invention, a vulcanization- activating agent (hereinafter nmay be

sonet i mes retapbes (LBHO) A8 chAREAN N AGERE ) cMRYLIE: YXENER)GELAET Wi th
t he radi cal -generating agent in order to enhance an adhesion efficiency by

the radiegal - aw@gﬁmt@f:@tnﬂ@@e prepgaRngaihbe A¢ K- w@t(iD) @) 3gedt .
accel erates not only a vulcanlzatlon of rubbers but also a crosslinking

bet ween 15 the(xadihedl rpdmerdeimnchddicyesin nolecule to bond firmy the
rubber menber and the resin nenber. For exanple, when a thernoplastic resin
conprises a pol yphenyhe@n€a®tdelierating agent can not only vulcanize
{or crosslink} the above mentioned silicone rubber but
adheres a thermoplastic resin to a wvulcanized 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 percxide, benzoyl peroxide, 4-
chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide), a
dialkyl peroxide [e.g., di-t-butyl peroxide; 2,5-d4di(t-
20 butylperoxy)-2,5-dimethylhexane; 1,l-bis(t-butylperoxy)
-3,3,5-trimethylcyclohexane; 2,5-di(t-butylperoxy)-
2,5-dimethylhexeane-3, 1,3-bis(t-butylperoxyisopropyl)
benzene; dicumyl peroxidel], 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, cyclchexanone peroxide,




resin,
agent
menber

anount

use of a radical-generating agent and a vul cani zation-activating

in conmbinati on progresses 20 a crosslinking reaction betmeen n
oo : one gl

and the rubber nenber to ensure the bonding of the nmenbers f
or strongly. The anount of the vul canization-activating agent may be an
required for the acceleration of rubber vulcanization and the

crosslinking formation 25 between ruhbgrs and resins, and an ex

of the

activating agent may deteriorate a rubber's property.

appropriate anmount of vul canization 2 3 JUN 2005 - 46 activat
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di vi nyl benzene an allyl-series nononer I al

e.g.,

cess anount
Therefore, an
i ng agent can

car bon-car bon doubl e

monormner
yl phthal at'e,

a triallyl pRopROAisted, tEtal! ind i) HARNALE 1 {qeId) acryl i c mononer],

a mal ei m de-series conpound, and other unsaturated conpounds.

VU|Can'Zat'08zé958§ﬁ£¥§6hﬂgr§98n£ﬁd(éfﬁéfaéémﬁ%uﬁén be used singly or in
conmbi nation. As the vul cani zation-activating agent, a polyfunc

vul cani zgtion-actiyat{ng @g@féafagéﬁgréng§p@@g@@r|gable unsat ur at ed bond of

not less than 2 is practically used

anpl es of the (neth)

monomer i ncl HStapobKﬁ]@fﬁaeﬂ@h At e ﬁh@beméf Kk emblegetOak

di(neth)acry ate suc

as ethylene glycol di(meth

These
tional

acrylic
kydene gl ycol

acrylate, propylene glycol

di (et h) acr yhat£phdt41P¥bangdi6h can be applied to an adhesion between

the resin member and the rubber member. The

photopolymerization initiator or photoinitiator may

10 include, for example, a benzcphenone or a derivative

thereof (e.g., 3,3"'-dimethyl-4-methoxybenzophenone,
4,4-dimethoxybenzophenone), an alkylphenylketone or
derivative thereof [e.g., acetophenone,
diethoxyacetophenone, 2-hydroxy-2-methyl-1-

15 phenylpropan-1-on, benzyldimethylketal, 1-
hydroxycyclohexylphenylketone, 2-benzyl-2-

dimethylamino-~1-{morpholinophenyl)-butancnel, an

a

anthraquinone or a derivative thereof (e.g., Z-methyl

anthraquinone), a thioxanthone or a derivative thereof

20 (e.g., 2-chlorothioxanthone, an alkylthioxanthone),

a

benzoin ether or a derivative therecf (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.




di (nmeth)acryl ate, hexanedi ol di(neth)acrylate, and 20 neopentyl gl ycol

di (neth)acryl ate; a pol yC2-4al kyl ene glycol di(nmeth)acrylate such 2005
di et hyl ene glycol di(nmeth)acrylate, triethylene glycol di(neth)acr? #@
pol yet hyl ene gl ycol di(nmeth)acrylate, dipropylene glycol di(neth)acrylate,
tripropyl ene glycol di(nmeth)acrylate, 25 pol ypropyl ene gl ycol

di (meth)acrylate, and polytetramethylepe glycol di(neth)acrylate; glycero
di (nmeth)acryl ate; trinethylol propane di (nmeth)acrylate; 2 3 JUN 2005 47
pentaerythritol di(nmeth)acrylate; and di(neth)acrylate of bi sphenol A-C2-4

al kyl ene oxi de- addugfd 4 ity ige lepg%%; aﬁnﬁghgg gegggﬁ%rgggt%e[e g.

gl ycerol trl(neth)acrylate trimethyl e tri cryl ate

{ri et vt ol Pranana.dd TR 80Eh 8k Cor PEASALULIEL Oland:ii OTR! hageyl al o

pentaerythrlt tetra acryla di pen tetra(neth)acryl at'e,

dlpentaeryth@éfysb?elAq?grgfgigmgﬁgﬁigﬁggﬁ@hmgggoi%wgg% YIRQyRd having a

plurality of e groups can tal ne y a reac ion~of a

Pol yarm ne. W (R pFRleelarannydblder XAl ES. Ol e 1oFR! FoTde- aBblES

conmpound i nclude an arona bi smal ei m'd

N, N -1, 3-sphenyl ; nyhengdi pak e
NN - (om0 PR B Gedohie ), 1 aaNenEboneg B eR by Cwetont

mal ei mi de) di pleny MBRARSL 4l SB1SENY TRk, de)d| phenyl sul f one,
4,4" -bi s(N,N - nmal ei mi de) di phenyl ether], an aliphatic bismaleimde (e.g.,
N, N -1, 2-ethyl epghbaArkgtdhHeactidating- agents or activators)
In the present invention, a vulcanization-
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 bf the

activating agent may deteriorate a rubber’'s property.

Therefore, an appropriate amount of wvulcanization-



20 propyl enebi smal eimde, N, N -1,4- tetranethyl enebisnaleimde), etc. The
preferred vul cani zati on-activating agent includes a conpound havin%§%UN2%5
plurality (e.g., about 2 to 6, particularly about 3 to 6) of a

car bon-carbon doubl e 25 bond (pol yneri zabl e unsaturated bond) per nolecile,
for exanple, a triallyl (iso)cyanurate, a di- or poly- functional
(nmeth)acrylate (in particular, tri- ar & 3 JUN 2005 - 48 poly-functional
(meth)acrylate), and an aromatic nmalei mde conmpound. Incidentally, the

vul cani zation-activating agent wusually has a plurality of polynerizable

unsat urat ed BeR4%atInbCalentVbAY%! pe" QURecRbLYLugEQHRy . (MBth)acryl oyl group).
For exanple, in the conbination of a polyester-series resin and a rubber,

an unsaturated CO”HQWQQ;Q%!E%%i%a&&%%a%bEianHnﬁi?ﬁénﬁfqgﬂﬁﬁz%bbybegrOUpsn

or (neth)acryloyl groups 1n preference to the fral € m de conpound I's used’in

many 10 casggnthiBnbhe PB%Séﬂhmbmé?“IahOBrg&H_EcaQQiEﬁbQHdOfxa%Eﬁg a _
vul cani zati on-activating agent Is not esséential. For exanple, depending on

the nunber oEa@Boﬁcahysoﬁtaahgieabohaetavﬁb@§hé§i&§§§e 8hdatheakeq of a
silicone rubber 15 material to be used, the presence of the

vul cani zgt i oBoaaYiAlg .NYa JFRRY -ise el M&bhdedet §. bandr i Ratdermikers. In
practical cases, however, in order to ensure firmly bonding of the rubber

menber and the Bes{M-sBBNRSI mohBRe¥ULEQYL Zaki @DadCyiVphtRE1a868Nt ai s 20
advant ageousl y added. The vul cani zati on-activating
triallyl phosphate, a triallyl (iso)cyanurate,
a (meth)acrylicmonomer], amaleimide-~series compound, and
other unsaturated compounds. These vulcanization-

10 activating agents (activators) can be used singly or in
combination. As the vulcanization-activating agent, a
pelyfuncticnal 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, jalkylene
glycol di(meth)acrylate such as diethylene glycol
di{meth)acrylate, triethylene glycol di(méth)acrylate,
polyvethylene glyceol di{meth)acrylate, dipropylene glycol
di{meth)acrylate, tripropylene glycol di(meth)acrylate,

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

di{meth)acrylate; trimethylelpropane di{meth)acrylate;




agent may be added to at | east one conponent selected from the unvul canized
rubber (or unvul cani zed rubber conposition) and the thernoplastic r?%tﬂN%ﬁf
a resin conposition), and nay be added to both conponents. The 25 5
vul cani zation-activating agent is usually added to at |east the

unvul cani zed rubber. Especially, an addition of the

vul cani zation-activating agent to at lepst_2 3 JUN 2005 - 49 thernoplastic
resin (or a resin conposition) can achieve firm adhesion between a rubber
menber and a resin nmenber in a w de range conbi nation. The anpunt of the

vul cani zat i OReRGhHYYihRd tad et (netVH 6 HePeadlng @k th HRas) Bstobet he
vul cani zati on-activating agent and species of the conponent to be added

(the unvul camiizpBenvlbarcandivky1bhe bReasophagtt¢,rastpl- agdpbgyusual ly an
effective anount for accelerating an adhesi on or bondi ng between the

t her nopl ast i guhesiBnand (hB€hhHbR¢N atkol c€¥anpheycabeut 0.1 10 to 10 parts by
wei ght, preferably about 0.1 to 5 parts by weight, and nore preferably

about 0.1 totZipaets)Byryeheht, trigbahiyye1bendhe pailseby)aei-ghhtef at | east
one conponent selected fromthe rubber and the resin. For exanple, in the

case whese theivehtagnoipibpanactiryainkenl)asenliats, cpapnthsegtaraebhacryl ate of
a pol yhydric alcohol, the anpunt of the vul canization-activating agent is
about 0.1 taeriQmpahtachylaeeghpenpaetethbliyoaboatr(detn)acpalaseby
wei ght, nore preferably about 0.1 to 3 parts by weight, and practically
about 0.1 todip8npaetrgthyivel ghitregngth )G 1mteardipyntecegpthritdlpart by
weight), relative to 100 parts by weight of the rubber or the resin.
Mor eover, i nhexa{meth)acrylate].
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 arcomatic
bismaleimide [e.g., N,N'-1,3-phenvlenedimaleimide,
N,N'-1,4-phenylenedimaleimide, N,N'-(3-methyl-1,4-
15 phenyliene)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



the case that the vul cani zation-activating agent is added both of the

t hernopl astic resin and the rubber, a small anmount of the

vul cani zation-activating agent may be added 25 to the resin, and theNjUNm5
vul cani zi ng 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 nore preferably
about 2 3 JUN 2005 - 50 - 0.1to 3 paids by weight, relative to 100 parts
by weight of the resin. An excess anount of the vul cani zation-activating
agent may significantly affect properties of the rubber 5 nenber or the

resin menber podeneqqing AR 1SRALER) aBky1Age) YULAANLALIBAAREL! Vating agent .

For exanple, "'thé addition of the éxcess anount of the vul canization-
activating agentikh9akhgofhpBlgE . component causes troubl esoneness, for
exanmpl e, a far higher hardness of a 10 vul cani zed rubber than a designed °

val ue, and signifie¢ganigedehenior %hleoﬂuieaﬁiEQE%BEE{BEE{;BE%E;Y&{?&E he rubber
nmenber such as a weat her resistance. Mreover, the addition o t he excess

amount of thegsyuhegniZabi PlaAET{ MAlieNgo PRROE: 24191 & R JRRIFAHERNPOREET causes
a gel-formation acconpanying 15 wth a resin nenber nolding to make an

approprigte nel di.ngvidifif bedlby, a2ig1agHesheasheh) aceggbﬁm! §2bust rength.

Further, the added vul Canization-activating agent nay mgrated fromthe
resin nenber poFhaifiIe, ihnt¥osBsfaiofdd hiprnRfstdie sties resin

vul cani zation-activating agent to the rubber component or the resin nmenber,
t he exceedi ngnan@UAkbddr e YRt ukd ted tdmpound having a plurality

of vinyl groups, allyl groups, or {(meth)acrylovyl 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



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 i}, shoul d
be carefully handl ed the 25 anbunt of not less than 5 parts by wei gF?t3 Jh it
thus, prior to practical usage, a consequence for the anpunt of the

vul cani zation-activating agent to the added object may 2 3 JUN 2005 - 51
have been exam ned. To obtain a suffi C|ﬁ§1t bondi ng strength between the
rubber nenber and the resin nenber out any consi derations affecting the
object to be added, the anount of the vul cani zation-activating agent is,

for 5 the Oblt%%tmfa%mr St ”geQiBUPQ Jhr{“%ro%pto@%“h%nﬁaﬁkﬁ géfgl&’@bght for

exanpl e, about parts by we , about to 1.9 parts

by wei ght) rgligl \éﬁhEglégon%één erl.‘ﬁﬁéegf'tmé?ﬁbé:h algbféﬁlﬁn@e$eért he

obj ect conprising a resin, not nore parts by wei ght, for exanple,
about 10 0.1 440 55 RQE! %amée"‘%bgletinﬁ%loﬁ ’Tﬁ’@%ﬁoéné 005 PREts by weight)

relative to 100 parts by weight of the resin.

vul cani zati 0Qﬂﬂ%tah‘i%@t'i%naﬁé@ﬁvh%lﬁﬁdﬁgehQ 1%h%aE:HQEeHepEH91HE;OBHH' on of
t he radi cal -generating agent and e vul cani zation-activating agent (weight

ratio.) mmy Js%elé%eisugf' ﬁﬂ@%ul&ﬁhﬁé@ﬁ!@heacﬁ:E!%af:%?%c_f;eﬁ@%n‘daé @c":lé§ 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.gof Eﬂ@lébm%bﬁeh@ tbohd hadednde K@ LA vRT 868K 2B YAt aRapbd to 10/1
(e.g., about 2/1 0/1 20 Incidentally, as described later, the

vulcanlzatlO&hQCEhé@mb@qaagQatrbglﬂqt aagenti akhxiagdad eE@ebBEvBUbDEr
conposition and/or the resin conposition,

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 fto 5Iparts by
welght, 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



and may be applied or coated on a bonding surface or site of the rubber
menber and/or the resin nenber. 25 (Vul cani zation auxiliaries) In the
present invention, to enhance the adhesion efficiency, a vul canizat4 oaUN 2005
auxiliary may be used. 2 3 JUN 2005 - 52 According to species of the
rubber and the resin, an addition of the vulcanizing auxiliary nmake a
bondi ng between a rubber nenber and t resin nmenber firmy. The

vul cani zation auxiliary my be added to at | east one 5 conponent sel ected
from an unvul cani zed rubber (or an wunvul cani zed rubber conposition) and a

th | asti ¢ ' ' Ktion), ded. bot h
component s.  GdarPy? TR Setobt oASk P k6 T Bt B i bRene
unvul cani zed jubher i The vul cani zation auxiliary can be sel ected

dependi ng on Species of the resin and the rubber, and includes, for

exarml e, an o1 |9oTRL BBt SHUBRLESE €8T, RcelarLBdon.BEL g, Byt coen ot om

(e.g., an oligone vin er -aver age i out 100 to

1000 such 1 i . L de-ser | ' d '
such 1S 4 n%“m%&é%?ﬁﬁéf% §BEEKE§%¥§EE SF§Sékfigég8kggﬁ§ r{Pp8L! JOET

of the pol yester-ser am ne am ne descri bed

in the h%adiE%m%%rpgky@ﬁEEEgEEEiﬁﬁgb%ESiHegéﬁhﬂggtBgsggébiés?BQ”lhea pol yol

[e.g., the poly escrrbed’int eadi n |y r-series resin having

20 the activeuaLafl,a3oROLUERLRRKK GaRld OFopnashshanhygside thereof, a

pl ur al - al dehyde groups-containing c an ~ epoxy conhpound, a

Q:nggﬁgiﬁgrkgbghggnr8§iEhéeegces@”améﬁh@oo%e%ha)vuicEB&Q&EangrOUp' or
activating agent to the rubber component causes
troublesomeness, 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 wvulcanization-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 consequence for the amount of the

vulcanization-activating agent to the added object may



cont ai ni ng conpound, a polyisocyanate, and the |ike. 25 These vul cani zati on
auxiliaries may be used singly or in conbination. The preferred

vul cani zation auxiliary includes a 23 JUN 2005 - 53 conpound haV|ﬁb3d5N2W5
| ess than 2 of an active hydrogen atom on the average per nol ecul e, each
hydrogen atons having a predeterm ned value of an orbital interaction
energy coefficient S represented by tQﬁ_fornula (1) , for exanple, 5 the
oligonmer of the thernoplastic resin (e.g., the oligomer of the above

ment i oned polyanlde serles resin and the oligonmer of the polyester-series

resin), the %l%% kgmggfﬁol y,%) Orgatafnd thlg f’:%chngérit Tgloe%%lrmpint of the

vul cani zat i on aUXI |ar exarmp rts of

el ght, pref gahly. g bggt%gnpar 9 20 %ﬁa{) pelght . and gbpupodple 15 parts

of wei ght e T Ubbér an

resin. Lnci dgatablY oRpcdesealie «glér%% AR %L%ﬁeagéﬁ%%'tﬁ%eb&%dad@ﬂ ary s

not essenti aI conposli |0n an resin

conposi ti on, ¢ @damng/ £ 38R 4] Ah093ued an. 3. Bandingoshif fe ecesite of

t he rubber nenber an réesin menp Irves t he
car) Son® st PR SOTPGE LI IENNS Ve il SRy birpecirsary.
o azomace VELILSPOEIE xBo 00 AEHSHOL 1 ot B VTSHA! Bl

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., ab_out 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 latier is egual
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

efficlency, a vulcanization auxiliary may be used.



25 absorber), a tackifier, a processing auxiliary, a Ilubricant, a colorant,
a formng agent, a dispersant, a flanme retardant, an antistatic aggfg, and
so forth. 23 JUN 2005 - 54 The filler (or reinforcer) includes, f JUN 2005
exanple, a powdery or particulate filler or reinforcer (e. g. , a mca, a
clay, a talc, a silicic acid, a silica, a calciumcarbonate, a nagnesium
carbonate, a carbon black, a ferrite)_ ,s2 fibrous 5 filler or reinforcer
(e.g. , an organic fiber such as rayon, nylon, vinylon, and aram d; an

i norganic fiber such as a carbon fiber and a glass fiber), and other

fillers. TheAE\%EEdQﬁB???! %%ébﬁrﬁé 8¢ @hée{cﬂﬂﬂéfeénﬁdgﬁg k@sife ofi | icone

rubber is a powdere e general Iy used O'silica1s roughly

classified i BR:2:huPE? Phedvitbladlhing RGQHYCEL DYaReVE! poRGLE! hod and o

dry silica pr by a dryrng net e silirca suitable for the

present | nveRbqaeh% LY ndhbietAandNEnSE fn ik EG2myeadihy enhances

a bondi ng strength between a resin nenber and a r en the

wet silica i : D iLLC t 0+i NRL DLt ossl i nki ng
bet ween the%ngﬁﬁlﬁﬁﬁ%gé %%gl%ﬂgryﬁ%%zrB%e%%é?&nﬁgmggegeé? eogét silica

does not scr UgbRbbehB bl oPORTERG PSR VER P BEn s ESANELBBEDS o fNgyt he. T UbDer

menber, and evenh the wet silica can 20 be used according to the species of a

used resin apdvadsRelzed dittRRECEHHPOE! +1bNF SREL 18 }orP astic resin
vul cani zation-activating agent and its anpbunt, and a nolding condition. A

mxture of {he Qr¥e§iﬂ1iG&nﬁﬁgiff@nw?taﬁélhhﬁf‘ hs adabhabbenofhe content of
the filler may be, for exanple, about 25 0 to 300 parts by weight,
preferably abempoReh®s 20QRALISy, the vulcanization auxiliary may be

=' added to the unvulcanized rubber.

10 The vulcanization 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 methyvlol 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



by wei ght, and nore preferably about 0 to 100 parts by weight, relative to
100 parts by weight of the rubber. 23 JUN 2005 - 55 Preferred enb%ﬁggﬁ$iﬁ
of the present invention are as follows. A thernoplastic resin: (1) 005
t her mopl astic resin conprising a vul cani zation- 5 activating agent (2) a
thernopl astic resin having an active atomin a predeterm ned concentration,
whi ch may conprise a vulcanization-agt%yaging agent A silicone rubber: 10
(3) a silicone rubber having not | ess than 2 of unsaturated bonds on
average per nolecule and conprising a vulcanization-activating agent

rage d comprising _a v n- ac L
ol ymer i 7abi & S e VIS nPE; IR CRAR, 2 HORORRELPEMEE R i)Y, ©
unsat urat ed BONGS, o BUHAYR Do ITRLAGH! &R0 CATRIGES B9 cReshhitfg ()

silicone rubber conprisi vul canl zation activating agent contal hing a

pol yfuncti ong| pm%ﬁ%dié%ﬁlggg ! I hanng A Aledladdied o fteﬁgzlré | rizable

20 groups, and a si e thernoplastic resin an i cone

rubber, at | easleang SRS o JBV SOBRM LISE £ H1GA 00 Fali AN ox@igh Ll ar Y.
[ Process for producing a conposite] 2571 n the present I nvention, since a
resin conposidyop) 1 GHMPFIoH Pe FnhPARSATH Fed £51(R . gOTHENES 1 WybRe 2N
of the above mentioned polyamide-series resin and the
oligomer of the polyester-series resin}, the above
mentioned polyamine, and the other.
The amount 6f the vulcanization 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 & bonding surface or site of the rubber
member and/or the resin member.
{Other additives)
20 To the silicone rubbexr 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.



unvul cani zed rubber conposition conprising an 2 3 JUN 2005 - 56

unvul cani zed silicone rubber and a radical-generating agent, a resi m?
conprising the thernoplastic resin can certainly and firmy bond t & hJUN 7005
rubber nenber conprising a vulcanized silicone rubber. Particularly,

wi thout a 5 treatnent for easy adhesion (e.g., a surface-activated _
treatment such as a corona discharge,_ gfarmation of an easily adhesive
coating layer), the resin nmenber can firmy bond to the rubber nenber.
Further, there is not restricted in a two di nensional configuration, and

even 10 a three dTﬂgn§hgg§£r@??ﬁﬁggﬁggfggrbsl &@Qle%gprex ggg0|ng a

conposite of the resin ne onded” to the rub In the

present i nveptdQfery 89?%3%1%%1%fteaf{ff f‘orWoﬁ:%ﬁPfésbng ddfc

t her nopl asti ¢ “resinbon to a 15 rubber er conprising a v ?canlzed

si| i cone rubler £ana Ba 137 0ye by iy Of 2190801 184t BRuflcfiR iRl Mol asti ¢

resin and an unvul cani zed silicone rubber conprising a ra di cal - generatl ng

agent. The Carﬂﬁbﬁiéﬁtﬁr%afﬁéhélééUl&bt%rb&i)ﬁl?ﬁéktea)f&?f:.?@)P%%Wu@y mol di ng
a resin nolding 20 elenment or material and a rubber nol di ng ‘el enent or

material 5 w EElE@Bt&CEbEHf8§EQrO(tJ‘?ﬁ] 2nd @rg}’&ﬁf@@h%bi‘%ﬁh aSl@$pdh NKing the
rubber nol di ng nenber or el enent e resin nolding el enent or naterial may

be a resin ﬁgmsﬁswilgplgﬁnmxuélﬂgmﬁd hemmaplaghing cr 88bBr Shch 4§Shn 25
preformed or prenvold menber beforehand (or a resin shaped article).

Moreover, theatybheripelrding &l gMEsE PivER) erhRd behaptrpRIérsUl arly
restrlcted to a specific
The most general f£filler as a reinforcer 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 welght of the rubber.




23 JUN 2005 - 57 nenber as far as the rubber nol ding nmenber or el ement has
an active radical -generating agent on a surface contacted wth the:ifjwﬁ
nol di ng menber or el ement and conprises at | east an unvul cani zed si 405
rubber. The rubber nolding 5 elenent or material may be an unvul cani zed
silicone rubber conposition, or a rubber prefornmed or prenolded article
(rubber nol ded precursor) having a partdqlly vul canized or crosslinked
rubber. That is, the conposite may be produced by nolding 10 a resin
conposition conprising a thernoplastic resin (preferably a resin

composi t i on cont ai iagedt-chedboklifentt! GANHAD,ALAL! i x3LERG A0gRL) and an

unvul cani zed rubber conposition conprising an unvul cani ze iicone rubber
and a radi calg;zoepenatisng agent (preferably a 1s unvul cani zed rubber
conposition further conprising at |east the vul canization-activating agerit)

with contacting rgaeRopideFicaRdsMyl canizing or crosslinking the
unvul cani zed rubber conposition to bond or join the resin nenber and the

rubber menber. fzp APEROMRED1 85t { AT r 8814 NeomBFi $Al g GeNRE BEaRDz A9ERE -1 S
activated, at |[east one nenber selected fromthe resin nenber (or a shaped

resin articl @htandtting aybher nenber (or a shaped rubber article) may have
been nol ded or formed beforehand. The exanples of the nolding technique are

25 further illusjrategeAtodPido¥s rddin SPIMPSAL CadBivdeasRduces by
contacting a resin nmenber conprising a thernoplastic resin with an 2 3 JUN
2005 predetermined concentration, which may comprise a
vulcanization-activating agent
A silicone rubber:
10 (3) & 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) a silicone rubber having not less than 2 of unsaturated
bonds on average per molecule and comprising a silica
(5) a silicone rubber comprising a wvulcanization-
activating agent containing a polyfunctional
polymerizable compound having a plurality ¢f polymerizable
20 groups, and a silica
Between the thermoplastic resin and the silicone
rubber, at least one component may comprise avulcanization
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



- 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 conposite nmay be produced by contacting a 5 preg%jKNHWB
rubber article (a precursor or internediate) conprising a prelimnar

vul cani zed or crosslinked rubber conposition with the resin conposition
menti oned above, and nolding the resin conposition in a desired shape. (3)
a conposite nmay be produced by contactisg -a resin 10 nenber conprising a
thernoplastic resin with a prenolded rubber article (a precursor) obtained
by wvul cani zing or crosslinking the rubber conposition to be nol ded.

| nci dent al | y univiig cphezedmed 1 dbber rabbee! anbaa aadaiaali-yahedating
radi cal -generating agent at |east on a surface 15 contacted with the resin

nol di ng menbeigeart ,eher@in muitbem e ondie i Thdugherfddiptabtgeneeatinng agent .
More concretely, the process of the present invention includes a process

whi ch conpri ses contatilyngnadrfIERly BYnd( 06 aCoives ginkgiber &€MpAigOAPOSi tion
wi th an unvul cani zed 20 rubber conposition with nolding the resin
conpositi on angulthaiwsdukianicoad rubber .copposidubirIgspecthaetyain a
metal nold to bond or adhere directly the resin nenber and the vul cani zed
rubber nmenbetreanmeatefionretheg) adhepioness.guwhi ahsoeffpresastdoatadti ng a
prenol ded or preformed resin 25 nmenber with an unvul cani zed rubber
conposi ti on, taerdtmenktdsnght hs anvokonai dédchabper aofiposation bF¥ zul cani zi ng
or crosslinking the unvul cani zed rubber conposition to 2 3 JUN 2005 - 59
easily adhesive coating layer), the resin member can £irmly
bond to the rubber member. Further, there is not
restricted in a two dimensional configuration, 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 meoliding element or

material is not particularly restricted to a specific



join or bond the resin nenber and the vul cani zed rubber nenber (two-step
net hod); a process conprising a step for contacting a prenol ded re?gm y
menber with a preforned rubber article produced by nol ding an unvu ca#iggﬁ
rubber 5 conposition to the internmedi ate stage (partially wvulcanized or
crosslinked), and a step for vulcanizing or crosslinking the prenol ded
rubber article to bond or adhere the rgesi.n nenber and the vul cani zed rubber
menber (three-step nmethod); and ot her nol ding nethods. 10 The preferred
process includes the one-step nethod and the two-step nmethod (particularly

the two-stepmeRbledds £d ddheneneubbep MEIdAy entRPeY beeiBhdelagrticle
can be obtained by nelting and kneading the resin conposition and the

unvul cani zed ahURBE! v& FRBL AT -QYoendrePeE hYehY, od % blirgebkngoRtakédudi ng the
nol ten and kneaded conpositions into a netal nold having a desired cavity
or configurakwi®n tMétdedise meflainef mexdap! &r A GRIMERhioBBhpMikEE-aDl di ng
apparatus (e.g., a multi-injection nolding apparatus, a nmnultilayer
extruder), anda¥tlgaahzrungaan zeaosslidddd1gubber?0 Ty wubdrirzesl didkder on or
after the nolding. The resin conposition and the unvul cani zed rubber
conposi t son gaymeh€ df ¥adedial Mgy &@ ah WivdltdiizaDBiddtonst ehbidee ar ea
bet ween these conpositions. In the two-step nethod, a conventional nolding
25 appar at uscompg@sitaoni npechi eabbet dpHgt appad abtiSpratio 1l @xd ramst Dl «ol di ng
apparatus, a thermal-press nolding apparatus) can be used for formng the
shaped resi n{mebber, m@132d Upkr26QGbsor) GRaviamg @ eyl lpnahlcah i ead)
apparatus (e.g., an injection

or crosslinked rubber.

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 technigque are

25 further illustrated as follows:

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

member comprising a thermeoplastic resin with an



nol di ng apparatus, a press nol ding apparatus, a transfer nolding apparatus,
an extrusion nol ding apparatus) can be used for formng the rubber&gggﬁﬁz ;
In the nol ding process, 5 a vul cani zed rubber nenber and a resin ne @
be bonded or adhered by placing or setting a resin nenber into a nold (or
a cavity) in conformty with a configuration of a conposite, injecting or
extrudi ng an unvul acani zed rubber canpgsition to the resin nmenber, and

vul cani zi ng or 10 crosslinking the unvul acani zed rubber conposition.

Mor eover, when the shape of the conposite is a plate- or sheet-Ilike nenber

having a twoydi-i@Bsh9nal eaBbbgUEehpeRitibhe §RAPEREACMERY1RE Pheduced by
| am nating a plate- or sheet-|like unvul canized rubber conposition to a

shaped 15 reski16BAReed 208p¥Y| 68MpdsNEioh ﬁi@ﬁsvﬁngaﬂﬂzih? gavul acani zed
rubber conposition without the mold (or 'cavity). Incidentally, when

contacting (e;@ssl@hﬁiﬁgyth@OﬁhaﬁlbaﬁiQédaﬁ@sbéﬂg&oﬁpbgﬁtﬂoﬂenber (or a
resin conposition) wth an unvul cani zed rubber conposition, a 20 pressure

nol di ng may be congegt dcbypapptyimby abdr EBSEiCed Shiy t ebhYadt thguse of a
t hermal press nolding or an injection nolding, for exanple, under a reduced

pressuresin prdRbldéa rePb¥e arvotati (& ppspPerest 6f anfésmeaindsgnt from
the conposition(s). 25 The vul cani zation (or curing) or crosslinking

t enperat ure ¢ompaibondi agptelpeiadvi By behveeniide subbeosshenked and the
resin nmenber) can be selected, for exanple, 2 3 JUN 2005 - 61 from about
70 to 250C, pubberabbypabbhtiodORitio SOGesi compes pridermdbyia@abodit 130 to
170C. The pressure | oaded
above, and molding the resin composition in a desired shape.
{3) a composite may be produced by contacting a resin
10 member comprising a thermoplastic resin with a premoclded
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 tc 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




to the rubber and the resin can be selected, for exanple, fromwthin the
range of about O to 350 MPa, preferably 5 about 1 to 150 MPa, and nore
preferably about 2 to 100 MPa. In the production process of the coqpp§”%@ﬂ
at | east one conponent selected from an unvul cani zed silicone rubber % %
t hermopl astic resin may conprise a vulcanization-activating agent (e.g., a
pol yneri zabl e 10 conpound having the above nentioned plural polynerizable
groups) and a vul cani zation auxiliary. (& g-, a conpound having not |ess
than 2 of active hydrogen atons nentioned above on average per nol ecul e).
Mor eover, as descri bed above, the vul canization- 15 activating agent is

usual I'y incorjpanabedbbRliothBere4NUheAPEZEednaUPREN vGPARASLEROPULBEXT he
rubber nenber), and the process of the present invention also includes a

production ppRaess PEW@-§§E@Kﬁéﬁﬁbéﬁ;Eﬂgrbéébg shegded teporbhe rubber
menber by nol ding the resin nolding nenber 20 or el enment and the rubber

nol di ng menmbebnebceh agRNbrendeieaheatindembbh Witres RS Mg nild +eesért he
vul cani zation- activating agent (if necessary, further incorporation of the

VU|Canizatioaraﬂ&ﬂbiPkﬁhuéédab§0mbﬁaih§9aﬁUﬁﬁﬁﬁ@céﬁizeé bapgierg surface)
bet ween the resin nolding nmenber or 25 el enent and the rubber nol di ng nmenber

or elenest. cbhpbberiohheoptheesstetmbheapeesenei pyaptianigl so includes a
process for producing a conmposite by pressing 2 3 JUN 2005 - 62 or

contacti ng avehapadzeasén d¥eyEEi k@, andda astdh@oroplhiashndziasi orwith a
vul cani zed rubber nenber under heating wth interposing at |east the
vul cani zat i oprosslinking the premolded rubber article to bond or adhere
the resin member and the vulcanized rubber member
(three-step method); and other meolding methods.
10 The preferred process includes the one-step method
and the two-step method {(particularly the two-step method).
In the one-step methed, a composite molded article can be
obtained by melting and kneading the resin compcsition and
the unvulcanized rubber composition, respectively, |
15 injecting or extruding the molten and kneaded compositions i
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 compesition 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,



activating agent (if necessary, further incorporation of 5 the vul canization
auxiliary) on a contacting surface (or a bonding surface) between Z@ﬁgﬁgﬁdn
menber and the vul cani zed rubber nmenber to bond or adhere the resi 5
and the rubber nmenber. 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 nmenber or element of the unvul cgmized rubber conposition. That is, a
resin nmenber conprising the thernoplastic resin is preferably conbined

wi th a vul cani zed rubber nenber obtained froman unvul canized rubber

conposi tion AL ebAgeftibRASI m81dSn g St aARNQIAL NJ 430¢RY cB8RY 0AN
unvul cani zed rubber. Furthernpbre, on an interface between the resin nmenber

and the vul capyizaghyg 4BBar-aweRDeR, pRe §93hd NG AP Mo arGAWY | & REafbekeast the
vul cani zati on-acti vating agent (|? necessary, further the vul canization

auxi l'iary) nays1R8 ngf abPhgaegg9%@3@:@5&@,@%%9&&%@e@bi?arzmgs; herceati ng
agent nmay be a radically active agent conprising the radical-generating

agent and thegud £aPiraahli 0 @6 t¥BbbPther®@ONt (hftHREREBEAAY prbukkiaer the
vul cani zation auxiliary). The anmbunt of the coating agent on the interface

bet ween 25 t kevhesani FeaRRIbIAYImbRBeY HIRRI Z&¢h 1 HeR®e AP e BBMdehOr
exanpl e, be about 0.1 to 10 g/ nR2, preferably about 0.5 to 5 g/nR2, and

particul arly cabg@hetell ®ppIatng2sr HIMN t300@Pa &% inThemberpDsid @ mabirahe resin
menber bonded to the vul cani zed rubber nenber can be obtained by heating

(in particul(@r aheatipkosinngbntthemiey wirenbeeocafdguativul e@nbzed rubber
menber with interposing the above

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-1like 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 wvulcanization (or curing) or crosslinking

temperature (or a bonding temperature between the rubber

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



5 nmentioned coating agent between these nmenbers. The heating tenperature
and pressure can be selected within the range simlar to the vul cani zation
or crosslinking tenperature and pressure nentioned above. Thus, th23 m
obt ai ned conposite has a markedly high 10 adhesive strength betwee ‘H@ b
rubber nenber and the resin nenber by vul cani zation. Therefore, both
properties of the thernoplastic resin and the rubber can be effectively
expressed, and the obtained conposite gan_be advantageously enpl oyed as
various applications, for 15 exanple, a sealing packing as a nechanical part
or a machine elenent, a switch part as a electrical part, an autonobile

part, a rubberoMi D&kt Oy k30b8baF, pafe\f@ﬁémgaabsh@cm@% 200°89, aggpai r of
eyegl asses, and other parts or elenents. 20 |INDUSTRI AL APPLI CABILITY In the

present invepbirBNpr&EBEEL Byt ABGHPP] S61ES TRSLN  Ti8e COPDLHEHe W d8a8d
unvul cani zed silicone rubber conprising a radical-generating agent

[particul arl ¥o fne Sddvedn@nqubher rdsvh ehele k838ctBan 2opfexnatslr at ed
bonds 25 on average per nolecule, a silicone rubber conprising a

vul cani zati opraft kYBhiRgtREERingd 6| ABORE ¢ URbesfso QI it digeBapDyder ed or
particulate silica (particularly 2 3 JUN 2005 64 a dry silica) as a

reinforcer, gbeht BtbhesoMHASkhe Bt efteraalyeasaitd? teciby mww. firnly
bond to a silicone rubber nolded article w thout using an adhesive or

treating a surfacenaheaptbatidopbaSitscdasoff. tMdIRBIRIsitR] adhpsaye 5
strength between the nol ded article conposed of a thernoplastic resin and
the nol ded abhéctemponpetedeDécBed 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 inventicn also includes a
preoduction 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 wvulcanization-
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



silicone rubber is excellent. Not only a conposite of two dinensional
configuration but also a conposite of three dinensional configuratio ca?
be easily produced. 10 EXAMPLES The foll owi ng exanpl es are i nt ended ?éUN 005
describe this invention in further detail and should by no nmeans be
interpreted as defining the scope of the invention. In is Exanples and
Conpar ative exanples, the follow ng reghn. conposition and rubber
conposition were used. [Resin conpositions (A) to (J)] Resin conpositions
Al to A6 The follow ng resin conpositions (Al to A6) were 20 prepared by
use of a pol 1 £42 m%{ TR A 1 | am ne and
dodecanedic§%§g¥§ﬁic aé#ﬁfpggya thernﬁﬁﬂg%g¥%?resiﬁgjkggﬁgkCPNB cal cul ation
was carried ity garastﬂec Rkl aw, Deh hasiuG ceaRS bt Hib¥Er Yldber under

NH2- (CH2) 6- NH- C(=O - (CH2) 10-C(=0O) -OH 25 Resin conposition (A): A

pol yani de 632 d¢:aiqriyialn Nr/dQIu e 05t the (AR TAIDd- 2 3 JUN 2005
65 (Preparation) = A predeterm ned anount of hexanet hyl enedi am ne was added

to 80 % by wediRiatAGIEAYS Ok Hi Qécéésarfalfuﬁéhmhelw&tﬂaﬁm% 3 ne with
dodecanedi carboxylic acid, and 5 the mxture was heated at 220C under an
appl i ed r esgif Quichhi2atdboeMBhxiniaRydubQC Atk tsbsind Whadadd Rom trogen
gas to flow out water with nitrogen gas fromthe inside to the

a bonding surface) between the resin member and the

¢

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.



outside of the reaction systemfor 4 hours. Subsequently, the tenperature
of the systemwas gradually raised to 275 10 C over 1 hour to dischgggjgf
residual water in the system and the applied pressure of the auto QE%
reduced to be an atnospheric pressure. After cooling the system a

pol yam de 612 was obtai ned. The obtained polynmer had a nunber average

nmol ecul ar wei ght (M) of about 20,00Q gid 15 a ratio of term nal am no
group/term nal carboxyl group = 9/1. The polynmer was used al one for Resin
conposition (Al). Resin conposition (A2): 50 % by wei ght of a pol yam de 612

[term nal N2/  2gnbesfhpaki €OCKE ~:9 lrésPh dhehBbt ObdnOa % HYekel Ot of a
carbon staple (shorten-fiber) (Preparation) Equal or equival ent anmounts of

Resin conposiuiheAniAbli rabled RENBOP EaRChe WoheakRERDSY BYa @i By axi @l
extruder, and 25 the kneaded one was used for Resin conposition (A2).

Resin conposphir@iciA8r:, hae yew@iﬂqy Pheardgl yambgseBlanbit ngi nal NH2 / 2
3 JUN 2005 - 66 term nal = 9/1 (nolar ratio)] 88 % by wei ght of a

soft ferritevulBrapacat +@bbeOeBEE Swhih Weh 88+p86imgStRe CaQPHRSi tion (Al)
and 5 733 parts by weight of a soft ferrite were kneaded by a kneader, and
the resubt anfewdsons@dcbatiRgSafefONPOCHEERNLhELS) meMBSLS. COMSI tion (Ad):
heating temperature and pressure can be selected 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

rlug, 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
vualcanization-activating agent, a silicone rubber

comprising a powdered or particulate silica (particularly



A polyam de 612 [term nal NH2/termnal COOH = 1/1 10 (nolar ratio)]
(Preparation) An aqueous solution containing a salt of
hexanet hyl enedi am ne wi th dodecanedi carboxylic acid in an anount o 38‘@N(jndgy
wei ght was heated at 220C under an applied 15 pressure (17.5 kg/cnRJ) i
aut ocl ave substituted with nitrogen gas to flow out water with nitrogen gas
fromthe reaction systemfor 4 hours. Subsequently, the tenperature of the
system was gradually increased to 275 &4 over 1 hour to renove water
remaining in the system and 20 the applied pressure of the autoclave was
reduced to be an atnospheric pressure. After cooling the system a
pol yam de 612 &weg sabtiahneds aTheipbbyder, bad 13 anhestloplaswaicohdidéd) of
about 20000 to 25000, and a ratio of termnal amno group/ term nal
car boxyl groagticlélcad el padtyineandasizhlusesnalona taliReaknc@bbgpsi tion
(A4). Resin conposition (AS5): A polyamde 612 [term nal NH2/term nal COOH =
3/7 2 3 JUN 20QBed- ab¥icfleowathoati aging(&nepahasiva) orAtrestiingoaposition
(Al') and the following resin conposition (A6) were kneaded in a proportion
of the s forsarfahhe bft4 etlreriddd (aweiightresdni.o) Mbyeavbiraxanl adgxésinmker. The
obt ai ned conposition was used for Resin conmposition (A5). Resin conposition
(A6): A pol yanrdegbh2bgteeannihe Nni2lded nanticCOCEbmpd58d of a '
thermoplastic resin and the molded article compoeosed of a
silicone rubber is excellent. Not only a composite of two
dimensional configuration but alsc 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. In
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)-0H

25 Resin composition (Al):

A polyamide 612 [terminal NH,/terminal COOH = 9/1

{moclar ratio)]



10 (ol ar ratio)] (Preparation) To an aqueous solution containing a salt of
hexanmet hyl enedi am ne with dodecanedi carboxylic acid in an anount of 80 o by
wei ght was added a predeterm ned anmount 1s of dodecanedi carboxylic a3 BN Mk
the m xture was heated at 220 C under an applied pressure (17.5 kg/cnR) in
an autoclave substituted with nitrogen gas to renove water wth nitrogen
gas fromthe reaction systemfor 4 hourg _ Subsequently, the tenperature of
the systemwas gradually 20 elevated to 275 Cwith taking 1 hour to

di scharge a residual water in the system and the applied pressure of the
autocl ave was (pdupgdatPoRe an atnospheric pressure. After cooling, a

pol yam de 612 was obtai ned. The obtained polyner had a nol ecul ar wei ght

(M) of about 2000Q ?ﬂ@dét@?miﬁébﬁhﬁﬁuﬂﬁ”ﬂﬁ Rk ARG 18R/ ha Y Q@%_Carb0%y|
group = 1/9. The polynmer was used for Resin conposition (A6). Resin

conposi tions a3keli0 tB2 88 3 PYNwé9Ght aqhBoutheofigiew BE heshn tCeEPOsi tions
(Bl to B2) were prepared by use of a polyam de 66 (a pol ycondensate of

hexanet hyl en%@@me@axqaﬂeaéha&ﬁeaﬂ% AN Gic bRSId). afld =
cal culation with MOPACPM3 was carried out for the 5 follow ng constitutive

unit. NH3- ( CHiRk6mNdt e Qad GdRECEEO 260t JRafd M a60RPRSHEUOPrEBdhreA
polyam de 66 [termnal NH2/termnal COOH = 1/1 (nolar ratio)] io
(Preparation)17.5 kg/cm’) in an autoclave substituted with nitrogen gas
to flow out water with nitrogen gas £rom 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 obtained. 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 xratio)]
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 (AZ).
Resin composition (A3):

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



A resin conposition was prepared by the same manner as in Resin conposition
(A4) except for using a nononer conbination of hexanet hyl enedi am ne and
adipic acid to obtain a polyam de 66 having a nol ecul ar wei ght (l\/h?3ofu e i
about 20000 to 25000 and a ratio of termnal am no group/term nal ar% k@p
group = 1/1. The polyam de 66 was wused for Resin conposition (Bl). Resin
conposition (B2): A polyam de 66 [term nal NH2/termnal COOH = 1/3 20
(molar ratio)] (Preparation) A preparatsi an procedure was conducted in the
same manner as in Resin conposition (A6) except for using a nononer

conbi nati on of hexanet hyl enedi am ne and adipic 25 acid to obtain a pol yam de

66 having a mwekeHharcweigbt 9/ { MihoDirapetio2P000 of and a ratio of term nal
am no group/term nal carboxyl group = 1/9. The pol yanide 66 and 23 JUN 2005

- 69 Resin conposgsi 9noy Bldiyet ecokngagiee i Fedriebght ratio of 62.5/37.5 by
a biaxial extruder, and the resulting resin conposition was enpl oyed for

Resi n conposi t{mreddtidesi n conpositions C to C3 5 The followi ng resin
conpositions (Cl to C3) were prepared with use of a polyanide 6 (a
ring-openi ng pol ynero zed-q¥ edueliohteoapesiactampoast aohheATPpABSti C

resin. A calculation with MOPACPMB was carried out with use of the
foll ow ng un7B3apaatsopgtwéUihveofinhtsofl® ferrite were kneaded by a
NH2- (CH2) 5- C(=0O) - NH- (CH2) 5- C(=O) - OH Resin conposition (d):
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 scluticon 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



A polyamde 6 [termnal NH2/termnal COOH = 1/1 (nolar ratio)]
(Preparation) 15 An aqueous sol ution containing E-caprolactamin az&-ﬁm%ﬁﬂt
of 80 o by weight was heated at 250 to 260C in the presence of a shHl ‘
anount of phosphoric acid in an autoclave substituted with nitrogen gas to
remove water wth nitrogen gas fromthe reaction systemfor 4 hours. 20
Subsequently, the tenperature of the.igsi de systemwas gradually elevated
to 275 C for taking 1 hour to renbve a residual water to outside system
After cooling, a polyam de 6 was obtai ned. The obtai ned pol yner had a

nol ecul ar wei ghy 1M+ 96y pbout 20000 to 25000 and a ratio 25 of term nal

am no group/term nal car%oxyl group = 1/1. The polynmer was used for Resin
conposition ( 1§re§g¥ggi mposition (C2): 2 3 JUN 2005 - 7 O A polyam de 6
(term nal NH2/term nal 1/3 (nolar ratio)) (Preparation) A ‘
predet erm ned anmouftQf ; HEXGNES Wi £ALAI AN NenhdBshe SEAOARAI A Adls AYUeous

sol ution containing s-caprolactamin an anount of 80 % by wei ght, and the

m xture was es@psgitﬁénm@sf%@l@@ ]&ééﬁé(ﬁ'eilpr&‘%ﬁf@ﬁ‘oﬁii@n sgBl th@nmount of
phosphoric acid in an autocl ave substituted with nitrogen gas to flow out

water w §h ngbrREeNtEal aftitemd DE3eRGIgNANrdPisysy amfHlih Bouk-taeThe
tenperature of the systemwas gradually raised to 275 Cwith taking 1 hour
to renove a ThESHEH@n¥@! &smpsHM e waStiedaa ansk thes BPRidnash PrEssur e
(A5).
Resin composition (A6):
A polyamide 612 [terminal NH,/terminal COOH = 1/9
10 (molar ratio)]

(Preparation)

To an agqueous 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 peolyamide 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).

Resin compositions Bl to B2




of the autoclave was reduced to be an atnospheric pressure. After cooling,
a polyam de 6 was obtained. The polyam de 1s 6 had a nvol ecul ar meig?%xgwgﬁ
of about 20000 and a ratio of term nal am no group/term nal carboxyl i I
= 9/1. The polyner was used for Resin conposition (C4). Resin conposition
(C4) and Resin conposition (C) were kneaded in a weight ratio of the
former/the latter = 37.5/62.5, 20 and tgke .resulting resin conposition was
enpl oyed for Resin conposition (C2). Resin conposition (C3): A polyanide 6
[terminal NH2/terminal COOH = 1/4 (nolar ratio)] 25 (Preparation) Resin

conposition (C) aifHe Re§I Dok PRAROSEELRNcEfHds i MBS Es KiBRdES b)) ayaesght ratio
of 25/ 75 as the forner/the 2 3 ' JUN 2005 - 71 latter ratio to obtain Resin

conposi tion b@éDFareBeﬁ' Nu§eNBesht boNgamk a 06 E3(dNgof pLbANENGatESHA
conpositions ( to D3) were prepared by using a polyamde 46 (a

pol ycondensahb@Bmét Ry PEHEH 1 Qi flE 24 ) GRLANE a3 JadksPh Crid€iibp BSs @i c
t hernopl astic resin. A calculation with MOPACPM3 was carried out for the

fol |l owi ng copskithut iveallBill athbR-« G MérAHPEE=RAs a2} éd@FOFoSthdesi n
conposition (DI): 10 A polyamde 46 [term nal NH2/termnal COOH = 1/1

(nmol ar ratiofFpiRewifigcospesituonvéDZnit A pol yam de 46 [termi nal NH2/term na
COOH = 1/3
NH,- (CH,) ¢~NH-C(=0)-{(CH,),~C(=0)-0H
Resin composition (Bl):

A polyamide 66 [terminal NH,/terminal COOH = 1/1

{molar ratio)]
10 (Preparation)

A resin composition was prepared by the same manner
as in 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



(molar ratio)] 1s Resin conposition (D3): A polyam de 46 (term nal
NH2/ternminal COOH = 1/4 (nolar ratio)) Resin conpositions El to E3 FP?
following resin conpositions (El to E3) were 20 prepared by u5|ng UN 7005
pol ycondensate of terephthalic acid and trinethyl hexanmet hyl enedi am ne (an
aromatic polyam de A5) as a thernoplastic resin. A MOPACPM3 cal cul ati on was
carried out for the follow ng constitutgge unit. CH3 CH3 CH3

H2NCH2- NH- C(=0) & COON 25 2 3 JUN 2005 - 72 Resin conposition (El): An
aromatic polyamde A5 [terminal NH2/terminal COON 1/1 (nolar ratio)]

(Prepar ati OnkesSnAbRshE1 E98ROPA | YerESULRA 86 hNybiSnsarELIBNGEr  as in

Resin conposition (A4) except using a nononmer conbination of

trimethyl hexaﬁesbxbeeebgl émf&md oS RRIH hahiaC A Pegﬁlgmg Pe PP yITer
havi ng a nol ecular weight (M) of about 20000 to 25000 and a wei ght ratio

of 10 tern1nébm@ﬁbﬂﬁlgﬁouaét8ﬁﬁ1F?édCEBPOR¥£1ﬂrQéﬁ%osiéionTbﬁz)polynEr Was
used as Resin composition ( esi n conposi tion ): An aromatic

pol yanm de A5 [g&s{d NabmW& t i@l e S 1/ 3 (molar ratio)] 15

(Preparation)
5 The following resin compositions (Cl to C3) were

prepared with use of a polyamide 6 (a ring-opening
polymerized product of ge-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,)5-C(=0)-NH-(CH,)5-C(=0)-0OH

Resin composition (Cl):
A polyamide 6 [terminal NH,/terminal COCH = 1/1
(molar ratio)]
(Preparation)

15 An aqueous solution containing s-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 nitrocgen gas from the reaction system for 4 hours.

20 Subseguently, 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):



A resin conposition was prepared in the same manner as in Resin conposition
(A6) except for using a nononer conbination of trinethylhexanethylzse 2005
diam ne and terephthalic acid to obtain a pol yner having a nol ecul '%W

wei ght (M) of about 20000 and a weight ratio of terminal am no group/

term nal carboxyl group= 1/ 9. The polyner was used for Resin conposition
(E4). Resin conposition (E4) and Resimgamosition (El) were kneaded in a
weight ratio of 62.5/37.5 by a biaxial extruder, and the obtained resin 25 !
conposition was used as Resin conposition (E2). Resin conmposition (E3): An

aromati ¢ pol yani deaARIffiHd18! ( Nt ing) « SHoH, 28 cHM-2085( mo1 43 = 1/4
(nolar ratio)] (Preparation) Resin conpogltlon (El') and Resin conposition
(E4) were kneaded)hn a weight ratio of 25/75 as the fornmer/the 5 latter to
obtain Resin conposition (E3). Resin conpositions F1 to F3 The follow ng °

resin conpositippspifatisnhf3) were prepared by using a polycondensation
product of dodecanedi carboxylic acid and bi s(4-am nocycl ohexyl) 10 net hane

(an alicyclic polyangeidermtna HRMPbashtGamé €6 Nend8ahi®hb o £
constitutive unit was used for a MOPACPM3 cal cul at1 on.

H2N- ?- CHE- O BlaaeG=6) - 43 ddbud(seurt@dn HonRRSind ne0EPesHEbPac{ ) in AN
alicyclic polyamde A6 [term nal NH2/term nal 1/1 (nolar ratio)]
an amount of 80 % by welght, and the mixture 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 flow out water with niftrogen 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 cocling, 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 (Cl) and Resin composition (C4)}

were kneaded in a weight ratioc of 25/75 as the formexr/the



(Preparation) The sanme manner as in Resin conposition (A4) was 20 repeated
except for using a nononer conbination of bis(4-am nocycl ohexyl) naghgﬂﬁqﬂmp
dodecanedi carboxylic acid to obtain a polyner having a nol ecul ar i

(M) of about 20000 to 25000 and a ratio of term nal amno group/term nal
carboxyl group = 1/1. The polyner was 25 enployed as Resin conposition
(FI'). 2 3 JUN 2005 - 74 Resin conpasitjaon (F2): An alicyclic polyam de A6
[terminal NH2/terminal COOH=1/2 (nolar ratio)] (Preparation) 5 A resin
conposition was produced by the sane manner as in Resin conposition (A6)
except Ol USRge? FREGRELo 6ATRLAARLEENOCLoRESEStRBLNPEYFLONeXy!) methane

and dodecanedi carboxylic acid to give a polyner having a nol ecul ar wei ght

(M) of about ﬁgggg)égmﬁﬂgﬁghgﬁggﬁi f@tp9 10 of term nal am no

group/ term nal carboxyl” group = e polynmer was Resin conposition
(F4). Resin CO"DOSTBéOﬁoligﬁinéngeﬁﬁﬁ'Boﬁ?&@?@iéh@”(ﬁfliomﬁé? faeaded in a
wei ght ratlo of 133.4/66 as the fornmer/the latter ratio by a biaxial

extruder, ?r ?ﬁr@ét ByN841h§ShNp6OFRASAL 28 \ASpolycHigenaatReai n
conp05|t|on F2 Resin conmposition (F3): An alicyclic polyam de A6

[term nak NHZibetAtnak d%ob&/cénén@haraa%w)91ci£’§ egaration) 20 Resin
conposition (F4) and Resin conposition (Fl)

thermoplastic resin. A calculation with MOPACPM3 was

carried out for the following constitutive unit.

NHZ_ (CH2)4‘NH_C(=O) -~ (CH2)4"C(=O) -OH

Resin composition (D1l):

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))
Resin compositions El1 _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.

CHs CHy CHs

HQNWCHQ—NH—C(:O)—Q—COOH

25




wer e kneaded by a biaxial extruder in a proportion of 62.5/37.5 (weight
ratio) as a forner/latter ratio, and the obtained resin conpositi09 wﬁm
used as Resin conposition (F3). 25 Resin conpositions C to & The-3 2005
following resin conpositions (C to &) were prepared by using PBT (a

pol ycondensati on product of 2 3 JUN 2005 - 75 terephthalic acid and 1,
4-butanediol) or an am ne-nodified PRPBEa reaction product of the PBT and
hexanet hyl enedi am ne) as a thernoplastic resin. A calculation with MOPACPM3
was carried out based upon the 5 follow ng constitutive unit. for the PBT

HO- (CH2) 4 - O Geefin Eafdo 3t 1401 (Dp, am ne-nodi fied PBT: NH2 - (CH2) 6
-NHC(=0 C(=0-0(CH2)4 -OH 10 Resin conposition (Gl): A PBT [term nal

OH term nal COON =ad/akd®idf pbByamlad As( FFrERA P 1 AR), / T rmirRACtOdHEqUi pped
with a nitrogen-introducing 15 unit and a distilling unit were charged
14.587 kg of = diymethyhatergphthal ate, 6.767 kg of 1,4-butanediol, 30 g of
cal cium acetate, and 60 g of antinony oxide, and the m xture was heated at
180C wi th supp{pitdyghrati®gen gas. At the point of confirm ng an effluent of
met hanol , the 20 m xture was gradually heated to 270C under a reduced

pressureswi th stirxifgsim doapely ida@ne@aef p¥agaéd ofn Rele same manner
as in Resin 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 (E1).
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 trimethylhexamethyliene 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 {EZ2).

Resin composition (E3):

An aromatic polyamide A5 [terminal NH,/ terminal COOH



nore than 100 Pa. Wth confirmng an effluent of ethylene egcoI t he

m xture was heated at 270C for 3 hours. The 2 3 JUN 2005 - res§3E@E% ;
was all owed to stand for cooling. The obtained polyner was used fo W
conposition (Gl). Resin conposition (&): An am ne-nodified PBT [term nal
NH2/termnal OH=1/1 5 (nolar ratio)] (Preparation) Resin conposition (&)
was obt ai ned by kneading Resin conpasiti Qn (Gl) and an equi nol ar

nmet hyl enedi amine relative to a carboxylic group content of Resin

conposi tion 10 (Gl) at 230C for 30 minutes with use of a keader. Resin

conposi tions _HiAg Bﬁglgrcggggghy on H, poly(2,5-dinethylphenyl ene ether)
(manuf actured by Degussa Co. Ltd., Vestoran 1990) was used. A MOPACPM3

cal cul ati on wagpcafdd£di yf based 15 upon the following constitutive unit.
CH3 OOOH CH3CH3 CH3 Resin conmpositions | 20 A pol ypropyl ene was uséed

as Resin conpositipssin SompERACRYR cel £ UbRd | 08 YR ScaBpslict sh f atq § he

followng constitutive unit

?Jﬁ g‘ggg'ﬂ) %Be@h!(é&'@éd CﬂﬁZa%@bﬁ): &P+ £H G375 RestRe cymest Higns J 23

5 latter to obtain Resin composition (E3).
Resin compositions Fl1 to FE3
The following resin compositions (F1 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.

HZNOCHEONH-(C=O)-(CH2)1D -C(=0)-OH

15 Resin composition (Fl):
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 ratico of terminal amino
group/terminal carboxyl group = 1/1. The polymer was

25 emploved as Resin composgition (F1}.



A pol yacetal (manufactured by Polyplastics Co. Ltd., Juracone MB0) was used
as Resin conmposition J. A calculation with MOPACPMB was carried ou ‘fﬁﬁd@&e
following basic unit. 5 CH3-O CH2-O CH2- O CH2- CH2- O-CH3 Resin con%és i ‘lOR's
K A pol yphenyl ene sul fide [rmanufactured by Polyplastics Co. Ltd., Fortlon
0220A9 (non-charged)] was wused for a resin conposition K The foll ow ng
constitutive 10 unit was bases for calgulation of MOPACPMS.

Cl -CoH4- S- C6H4- S-C6H4-C1 A resin and a vul cani zation-activating agent in a
predetermned ratio were m xed or conpounded into resin conpositions (L to

P). 15 Resin clggpﬁiégrgg};sigi&p {#2y Resin conposition (Li): (i) 100 parts by
wei ght of a polyamde 612 [termnal NH2/termnal COON = 1/i (nole ratio)]

and (ii) 3 parts b i 5Zah k oGt vl t
(trimethyl ol pr opanxénrg?'?re %’g%?sﬁ)g%%?ﬁ%géi %Bcgnposilt\f?&olnr}?{ff%gr?ﬁﬁﬁlloo parts

by wei ght of cappahyanmide1f+2riesfynal NH2/termi nal COON = 1/9 (nole
ratio)] and (ii) 3 parts by weight of a vul canization-activating 25 agent

(trinethylol propadieat4dy@ipacryl ate) Resin conpositions M to M2 Resin
conposition (ML): 2 3 JUN 2005 - 78 (i) 100 parts by weight of a polyam de
6 [term pal A resin composition was produced by the same manner
as in Resin composition (A6) except for using a monomer
combination of bis{4-aminocyclohexyl) methane and
dodecanedicarboxylic acid to give a polymer having a
molecular weight (Mn) of about 20000 of and a weight ratio

10 of terminal amino group/terminal carboxyl group=1/%. The
polymer was Resin composition (F4). Resin composition
(F4) and Resin composition (F1) were kneaded in a weight
ratic 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).

25 Resin compositions Gl to G2

The following resin compositions (Gl to G2) were

prepared by using PBT (a polyvcondensation product of



NH2/termnal COOH = 1/1 (nole ratio)] and (ii) 3 parts by weight of a

vul cani zati on-activating agent (triallyl isocyanurate) 5 Resin conﬁgf Q&iﬁb
(M2): (i) 100 parts by weight of a polyamide 6 [terminal NH2/ter J

= 1/4 (nole ratio)] and (ii) 3 parts by weight of a vul canization-activating
agent (triallyl isocyanurate) 10 Resin conpositions N (i) 100 parts by

wei ght of an aromatic polyam de AS teryjgnal NH2/termnal COOH = 1/4 (nole
ratio)] and (ii) 3 parts by weight of a vul canization-activating agent

(N, N -1, 3-phenyl enedi mal ei m de) 15 Resin conpositions O (i) 100 parts by

wei ght of a RETchenth 88l ac M RhREY W il £H 62 )16 deiheni @i bispd (1) 3

parts by wei ght of a vul canization-actlvati ng agent (trimethylol propane

trimethacryl age) (aorgséwoﬁogmeam:we% Bnéi pp#0QnRarts by weight of a
pol yphenyl ene sul'fide and (i) 3 parts by weight of a

vul cani zat i Oﬁéﬁ%b‘fﬁﬁriaﬂedégﬁ%e(ﬂ hisak! iheEﬁiéﬁ%éE% 28shigi.| igone rubber
conposi tion] (Silicone rubber conpositions Rl to R4) To 100 parts by wei ght

of a sili con%anutmh@hl%itﬁ MoPARDMY O s caﬁle@%mf gg&eaedgax faeay Dow
Corning Co. Ltd.), 5 parts by weight of dicunyl peroxide ("Percunyl D

”HnUfaCtHVEdf5110w1ng constitutive unit.

for the PBT:

HO-(CH,)4 -O-C(=O)OC(=O)—OH

for the amine-modified PBT:

NH, ~(CH.)g -NH-C(:O)—@—C(:O)-O-(CH2)4 -OH

Resin composition (G1l):

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



NCF Cor poration) was added, and the m xture was kneaded by a roll at room
tenperature for 10 mnutes to obtain a 5 silicone rubber conposition R. A
silicone rubber conposition R2 was produced by the sane manner as ?%a Nq%%
the silicone rubber conposition RL except for further adding 1 part*b

wei ght of trinmethylol propane trinethacrylate. 10 A silicone rubber
conposition R3 was produced by the sane manner as that of the silicone
rubber conposition Rl except for usingig@ silicone rubber 4104U
(manufactured by Toray Dow Corning Co. Ltd.) instead of the silicone rubber
SH351. 15 A silicone rubber conposition R4 was produced by the same nmanner

as that of theseQwRas §4onRbwxEeRt stanafsdt RYo1Liadfdi Nnghd BBthiRYgwei ght of
trimethyl ol propane trinmethacrylate. (Silicone rubbers VM) 1 to 3) 20

Si i cone rubbkengm¥MAudst asdawebe Re8Rar @dmgésieibﬁwglm m xture of (A)
di nret hyl chlorosilane [(CH3)2Si A 2] and (B) nethylvinylchlorosilane

[ (CH3) (CH2=CH) Rt 64 7] chip@sigiven(@z ppotion was hydrol yzed in dioxane with a
| arge amount of water, and the resulting hydrogen chloride was 25 washed

with water to be rgfAtuethe MdEIfeed @3yl [ t&em XL WHE / tefrmdneCOlE1 /1
di et hyl sil oxane and a |inear dinethylsiloxane was distilled to separate
(O a tesrangmothrarayebi¢ 2 3 JUN 2005 - 8 O
di et hyl si | oxane-net hyl vi nyl si | oxane, and then the (C) tetraner was
pol ymeri zed wi {Preodestsiem hydroxide as a catalyst at 155 Cin an
at nosphere of nitrogen gas to obtain
Resin composition {G2) was obtained by kneading Resin
composition (Gl) and an equimolar methylenediamine
relative to a carboxylic group content of Resin composition
10 (Gl) at 230°C for 30 minutes with use of a keader.
Resin compositions 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.
CHj; CH; CH,
Dol oo
CH, CH, CHa,

Resin compositions T

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, (CH3)

Resin compositions J




a polymer. 5 VMQJL: (Cl) a tetramer of a cyclic

di net hyl si | oxane- net hyl vi nyl si | oxane was obtained as a nole ratio if‘ m) to
(B) of 99.98/0.02. Relative to 100 rmol of the () tetramer, 0. 00%B W 20%¢
pot assi um hydroxi de was added to the (C) tetramer, and polynerized. A 10
limting viscosity [, ] (25C, cSt) of the resultant polymer (a siloxane A)
was determned, and as a result, the_vaghue of log(err) was 7.7. An average
nol ecul ar wei ght and a polynerization degree were 290000 and 4000,
respectively as estimated fromthe above val ue. Mreover, the obtained 15

pol ymer was SUbjecﬁEBI&QCE@ENM%AﬁthE%ﬂEéHBg%’ sfﬁcs@onHﬁie bond, and

t he nunber of a doubl e bond was 0. of vin group on average per 100

repeating Ungh$acH@dahyo) Pad &Ee&fE%VRégﬂnEﬁéﬁﬁbé&hi&@ Jvenage per
nol ecul e. Moreover, (C2) a tetraner of a cyc

di met hyl si | Oééﬂé‘uﬁfiﬁlﬂ Y RW I@Oﬂ*&%ﬁ@?wﬂ%%%féd‘@%%@th@@@if&&ir@ of (A to
(B) of 50/50. Relative to 100 nol of the (C2) tetraner, 0.45

pot assi um hyggexédgnies added to the (C2) tetramer, and pol yrrerl zed. The
resultant polynmer (a siloxane B) was subjected to a gas chromatography 25

[capill agy colunncng@AﬁgyDoDaH Z@lcggngiaqyungd by J&W Co.Ltd., injection
tenperature: cooling on colum method (risinga tenperature to 270 Cat a

rate of 50 C 3@ sSecotpbsitdonhs)@N 2005 81 carrier gas: helium (30m /mn),
detector: FIDl, and the polynerization degree was about 10. Moreover, the

obt ai ned pol yner vmpaufeatietbio siiifNvR t[amgaiRidined gy nunber of a
doubl e bond, and the nunber of the double bond
Polyplastics Co. Ltd., Fortlon 0Z220A9 (non-charged)] was
used for a resin composition K. The following constitutive
10 unit was bases for calculation of MOPACPM3.
Cl1-C¢H,~S-CgHy-S-CgHy-Cl
A resin and a vulcanization-activating agent in a
predetermined ratio were mixed or compounded into resin
compositions (L to P).
15 Resin compositjions 1.1 to L2
Resin composition (L1):
(i) 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 (trimethyvlolpropane trimethacrylate)
Resin composition (LZ):
(1) 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)

Resin compositions M1 to M2

Resin composition (M1l):




5 was 50 of vinyl groups on average per 100 repeating units, nanely, 5 of
the vinyl groups on average per nolecule. The siloxane A and the siloxane B
were mxed in a nolar ratio of the fornmer to the latter of 47/53, 2@? @@?ﬁb
having the nunber of a double bond of 3.026 on average per nol ecul Jl
obtained. VMQR: (C3) a tetranmer of a cyclic

di net hyl si | oxane- net hyl vi nyl si | oxane was obtained as a nole ratio of (A to
(B) of 90/10. Relative to 100 nol of - t7ge -(C3) tetramer, a ratio of 0.044
nol of potassium 15 hydroxi de was added to the (C3) tetranmer, and
polynmerized. The limting viscosity [(err)] (25C, cSt) of the obtained

pol ymer (a siloxaneif)loaspaieteriy nedghandfaa poleadide 6t hieenmd neel of

| og(err) was 2.07. An average nol ecul ar weight and a pol ynerization degree
were 7400 anBNH]10OermispeclOoiely POl aGnebd i ratied) Fraomd t he above val ue.

Mor eover, the polynmer was subjected to 1H NVR to neasure the nunber of a’
doubl e bond, and {he) Bupbetsdy wadgdoubi e hohchvicssa ilomfawi iydtimgy oups on
average per 100 repeating units, nanely, 11 of the vinyl groups on average
per nol ecul eag&ht §trbdxdhel AL2sdcpamuthkeesi| oxane C were m xed in a nol ar
ratio of the fornmer to the latter of 98/ 2, and VMR having the nunber of a
doubl e bond dfesliOC®mposMeraye MsEr: nol ecul e was obtained. 2 3 JUN 2005 82
VMRB: (d) a tetramer of a cyclic dinethylsiloxane-nethylvinylsiloxane was
obtai ned as a nol éilatG®d BHCris PR vedBhtoP£98. 98l valde Rel Et¢weinal 100 nol
of the (A) tetranmer, a ratio of 0. 0045 nol of potassium 5 hydroxi de was
added to theNI(iﬁi)eltf@tlr@rréFOOPhrfd o yimaligaemtio)] and

(il) 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 weight of a vulcanization-activating
agent (N,N'-1,3-phenylenedimaleimide)
15 Resin compositions O
(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 (trimethyleolpropane trimethacrylate)
20 Resin compositions P
(i) 100 parts by weight 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 SH3851



The Iimting viscosity [,q) (25C, cSt) of the obtained polyner (a siloxane
D) was determned, and as a result, the value of |oge was 4.3. An af?ﬁﬁﬁ?m
nol ecul ar wei ght and a polynerization degree were 74000 and 1000, ‘ 5
respectively 10 as estimted fromthe above val ue. Mreover, the pol yner

was subjected to 1H-NVR to neasure the nunber of a double bond, and the
nunber of the double bond was 0.02 of. wighyl group on average per 100
repeating units, that is. 0.2 of the vinyl group on average per nolecul e.
The siloxane C 15 and the siloxane D were mxed in a nolar ratio of the

former 10 CRahalchetuobatt9Sroaag DAREdIaNA cHherRuTher sobagedoppl e bond

of 0.632 on average per nol ecul e was obtain The siToxane was used

for VMA. (@klighenssrabbesk I\qu%sutdé) 3'PB§chﬁxy12b"Zﬂafmfﬁéﬁﬁréﬁ bpe

silicone rubbers VMJL to VI were added, accordlng to fornul ation

descri bed i nNbabterporatighy wawsa&édsum@atﬁ ARLRthte 138s Kma&dagt ured by
Nihon Aerogil (Degussa) Co. Ltd.) or a wet powdered silica ("N pseal VN3"

nmanuf act ur edphyaNebon $t |#dem GomddrdtureaA®dr220amdhaey! toesvKhds as an
organi c peroxide ("Percunyl D' nmanufactured by NOF Corporation), if

necessary, Ekhiifebhyl elbpeepasgpbeitebhRartyl ate as a 2 3 JUN 2005 - 83
vul cani zati on-activating agent, the m xture were kneaded by a roll at room

tenperature for 10AmEiliicmnd eudbbeai domsdd i €0He RPUWAS peaIdees] biyotise RS to 12.

[ Adhesi ve strength neasurenent] 5 The above nentioned resin conposition was

subj ected tpams mimest iontiitdoAgti® gindditee aupbatecohpdDomoX HD0M
except for further adding 1 part by welight of
trimethylolpropane trimethacrylate.

10 A silicone rubber composition R3 was produced by the
éame 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,),5iCl;]
and (B) methylvinylchlorosilane [(CH,5) (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



X 4nm After the plate was horizontally put in a nold, 40g of a silicone
rubber conposition was |am nated on the plate, and the |am nated p?ggﬁﬁwﬁﬁ
pressed by a press nolding 10 apparatus under a pressure of 300kg/c

(30MPa) at a tenperature of 140 C for 10 mnutes to conduct vul canization
or crosslinking. After the conpletion of wvulcanization, the resulting plate
of a silicone rubber |amnated on a regin was taken out fromthe nold, and
the 15 plate was subjected to a peeling or adhesion test in order to
measure an adhesive strength between the resin nenber and the rubber

ol Low ng cr it el ars aoRfs Ao v SiAE Rl obBst, 1 ah TheR R Vol y 11

followng criteria’to evaluate an rkably film

adhesi on_was AGHiAKe0yAN SRR 1LBA (AT ERONSH AR AEBLAG LA he: r ubber

menber forcibly, the specinmen was broke a co ailure. B: Firm

adnesi on vas Aaheuedat 384 WNED b eSS 2B TS pes) edchigm the
rubber nenber or?%%l?, t%e reanQghéﬁﬁ%r:ﬂas gg% e&y%?§ﬁ1?ﬁ£ ru%ger menber
along the interfager.2 3 JUN 2005 - 84 C The rubber menber was sticky
adhered to the'resin nenber on interface thereof. D. The rubber nenber was

easi |y separ at ed f@g@nghgglqegi@egggggg glronaciheikpnterface. 5 [Results] The
results of Exanpl es and nparative exanples are set forth in Tables 1 to 4
and 6 to 13. gimelthg15a0be&Snet R8thylvinylsiloxane 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 mel 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 ahd a
polymerization degree were 290000 and 4000, respectively
as estimated from the above value. Morecver, the obtained
15 polymer was subjected to 1H—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 potassium hydroxide 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 ceolumn method

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




term"the nunber of active atom per nol ecul e" represents

,active atomhaving S of not |less than 0. 006 10 per nolecule, whic gf
/ cal cul ated by MOPACPMB, of the thernoplastic resin. Mreover, on t e 4Bl

cal cul ation, Ec value was used -8 eV for a radical-generating age

conprising an organi c peroxide.

silicone rubber conposition RL thermgp| astic nunber -of adhesive
active atomstrength conposition per nolecule Exanple 1 Al 7.2 B Exanple
2 A2 7.2 B Exanple 3 A3 7.2 B Exanple 4 A 4 B Exanple 5 AS 2.4 B

Conparative
D Exanple 7
Exanpl e 9
11 El 5 or

5

10

15

20

25

GO R L (AT g, aefeProb oRang 50 Y
Dl B Bxamlce, 1002 2.8 Qoumer 2bi vei,gxample, 4R 10

anpl e nor e
obtained polymer was subjected to 1H—NMR t0 determine the

number of a double bond, and the number of the double bond
was 50 of vinyl gioups cn 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 molar ratio
of the former to the latter of 47/53, and VMQl having the
number of a double bond 0f3.026 on average per molecule
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
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 polymerization degree were 7400 and 100, respectively
as estimated from the above value. Moreover, the polymer
was subjected to lH-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
and the siloxane C were mixed in a molar ratio of the former

to the latter of 98/2, and VMO2 having the number of a double

bond of 1.008 on average per mclecule was obtained.

t he nunber of an

h

nt

23 JUN 2005 - 8 5 Table 1 Unvul cani zed

resin

le 2 B2 1
6 D
D Exanpl e



"Exanple 13 E3 3.8 or nore B Exanple 14 FI 3 B Exanple 15 F2 2 B
Conparative exanple 5 F3 1.2 D Exanplel 16 Q@ 4 B Exanplel 17 H6 ﬁ JQEZ@S
B Exanplel 18 I 9 or nore B -Exanplel 19 1 6 or nore B Exanple 20

Exanple 21 L2 0.8 C 2 3 JUN 2005 - 86 Table 2 Unvul canized silicone rubber
conposition R2 thernoplastic nunber of adhesive resin active atomstrength
conposition per nolecule Exanple 22_A!327._2 A Exanple 23 A2 7.2 A Exanple
24 A3 7.2 A Exanple 25 A4 4 A Exanple™26 AS 2.4 A Exanple 27 A6 0.8 C
Exanple 28 Bl 2 B Exanple 29 B2 1 C Exanple 30 d 7.2 A Exanple 31 C2 2 B

Exanple 32 G 1.6 (yokbxappl ¢ 33 B, 48 of cyclic

dimethylsiloxane-methylvinylsiloxane was obtained as a
mole ratio of (A) to (B) of 99.98/0.02. Relative to 100
mol of the (C1) tetramer, a ratic ¢f 0.0045 mol of potassium
5 hydroxide was added to the (Cl) tetramer, and polymerized.
The limiting viscosity [n] (25°C, ¢St} 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 molar ratio of the former
to the latter of 4/96, and VMQ3 having the number of a double
bond of 0.632 on average per moleculé 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 silice ("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) , i1f necessary,

trimethylol propane trimethacryvlate as a



Exanple 34 D2 2 B Exanple 35 D3 1.6 C Exanple 36 El 5 or rmreA Exanpl e
37 E2 4 or nore A Exanple 38 E3 3.8 or nore A Exanple 39 Fl E@ﬁﬁﬁgﬁ
40 F2 2 A Exanple 41 F3 1.2 C Exanple 42 & 4 A Exanple 43 H 6 o] &
Exanple 44 1 9 or nore B Exanple 45 J 6 or nore A Exanple 46 L1 4 A
Exanmple 47 L2 0.8 B 2 3 JUN 2005 - 87 Table 3 Unvul cani zed silicone rubber
conposition R3 thernoplastic nunber of,.adhesive resin active atomstrength
conposition per nolecule Exanple 48 A°7.2 A Exanple 49 A2 7.2 A Exanple
50 A3 7.2 A Exanple 51 A4 4 B Exanple 52 A5 2.4 B Exanple 53 A6 0.8 C

Exanpl e 54 B%u&c%n%%ﬁ%%E%EEg%igé%gggeagéﬁ?,]tﬁ% 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 moid, 40g
of a silicone rubber composition was laminated on the plate,
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.



Example 55 C 7.2 B Exanple 56 C2 2 B Conparative exanple 7 C3 1,6 D
Exanple 57 DD 4 B Exanple 58 D2 2 B Conparative exanple 8 D3 1.6 D E@ﬂgﬁd?)e
60 El 5 or nore B Exanple 61 E2 4 or nore B Exanple 62 E3 3.8 or %ér
Exanple 63 FI 3 A Exanple 64 F2 2 A Conparative exanple 9 F3 1.2 D Exanple
65 @ 4 B Exanple 66 H6 or nore A Exanple 67 1 9 or nore B Exanple 68 J
6 or nrore B Exanple 69 L1 4 A Exanple ,70 L2 0.8 B 2 3 JUN 2005 - 88

Tabl e 4 Unvul cani zed silicone rubber conmposition R4 thernoplastic nunber of
adhesive resin active atomstrength conposition per nol ecul e Exanple 71 Al

;ISZAQ ZEEaKpl e 2 @2 ﬁ'iez rﬁbbltza)](:arggrlnge;?’wapé?’szi%ké agggggéetg%héllre‘lsfn Exarrpl €

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.



Exanple 76 A6 0.8 C Exanmple 77 Bl 2 A Exanple 78 B2 1 C Exanple 79 d 7.2
A Exanple 80 C2 2 A Exanple 81 C3 1.6 C Exanple 82 DI 4 A Exanp
2 B Exanple 84 D3 1.6 C Exanple 85 El 5 or nore A Exanple 86 E2

A Exanple 87 E3 3.8 or

nore A Exanple 88 Fl

Exanple 90 F3 1.2 C Exanple 91 & 4 A Exanple 92 H 6 or

(0]

9 or

nore B Exanp

le 94 J 6 or nore
0.8 A2 3 JUN2005 89 N~-MONOOO

150008

3 A Exanple 89 F2 2 A

nore A Exanple 93

%5 Exanple 95 L1 4 A Exanple 96 L2

ao03

ro7v mlLlaoo-PLO o
Table 1
Unvulcanized silicone rubber composition R1
thermoplastic number of adhegive
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
Exampie 4 Ad 4 B
Example 5 A5 2.4 B
Comparative example 1 A6 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 C3 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 R & Oor more B
Examplel 18 I 9 or more B
Examplel 19 J 6 Or more B
Example 20 Ll 4 A
Example 21 L2 0.8 C
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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 Ad 4 A
Example 26 A5 2.4 A
Example 27 Ab 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 or 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 or more B
Example 45 J 6 Or more A
Example 46 L1 4 A
Example 47 L2 0.8 B
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90 Table 6 Unvul cani zed silicone rubber conposition R5
resin active atom strength

>mo O

t her nopl asti ¢ nunber of adhesive

per

Exanpl e 100 B

z H+1

ro HN U

UO EOo

conpos

Wau 2 3

3 J1 005

nol ecul e Exanple 97 Al 7.2 A Exanple 98 A4 4 A Exanple 99 A6 0.8 C

2 B Exanple 101 d 7.2 B Exanple 102 FI 3 A Exanple 103 d

O B Exanple 104 H 6 or more A Exanpl &-105 K 2 or nore B Exanple 106 LI 4

A Example 107 L2 0.8 A Exanple 108 M~ 7.2 A Exanple 109 M 1.6 B

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 Ad 4 B
Example 52 Ab 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
Comparative 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 E1l 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




Exanple 110 N 3.8 A Exanple 111 0 0 A Exanple 112 p 2 or nore A 5 Table 7
Unvul cani zed silicone rubber conposition R6 thernoplastic nunber of
adhesive resin active atom strength conposition per nol ecul e Exan@ﬂ%ﬂ@%@%
AA 4 B Exanple 114 A6 0.8 C Exanple 115 B1 2 B Exanple 116 O 7.2 B
Example 117 d 0 C Exanple 118 H6 or nore B Exanple 119 K 2 or nore B
Exanple 120 LI 4 A Exanple 121 L2 0;88% Example 122 M 7.2 A Exanple 123
M 1.6 B Exanple 124 N 3.8 B Exanple 125 O0 A Exanple 126 P 2 or nore A
2 3 JUN 2005 91 Table 8 Unvul cani zed silicone rubber conposition R7

t her mopl asti c nunber of adhesive resin active atomstrength conposition

per nol ecul e_Exanple 127 A4 4 A 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 Ad 4 A
Example 75 A5 2.4 A
Example 76 A6 0.8 C
EBxample 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
Examnple 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 F1l 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 Ooxr more A
Example 95 L1 4 A
Example 96 L2 0.8 A




Exanple 128 A6 0.8 B Exanple 129 Bi 2 A Exanple 130 d 7.2 A Exanple 131
GL 0O A Exanple 132 H6 or nore A Exanple 133 K2 or nore A Exanple 134 Li
4 A Exanple 135 L2 0.8 A Exanple 136 M 7.2 A Exanple 137 M 1.6 %
Exanple 138 N 3.8 A Exanple 139 0 0 A Exanple 140 P 2 or more A & mafi g
Unvul cani zed silicone rubber conposition R8 thernoplastic nunber of
adhesive resin active atomstrength conposition per nolecule Exanple 141
AA 4 B Exanple 142 A6 0.8 B Exanple 143 Bi 2 B Exanple 144 Cd 7.2 B
Exanple 145 GL 0 B Exanple 146 H 6 or fbte B Exanple 147 K 2 or nore B
Exanple 148 L1 4 A Exanple 149 L2 0.8 C Exanple 150 M 7.2 A Exanple 151

M 1.6 C Exanple 152 N;3.8| B
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Exanmple 153 0 0 A Exanple 154 p 2 or nore A 2 3 JUN 2005 - 92 Table 10
Unvul cani zed silicone rubber conposition RO thernoplastic nunber of
adhesive resin active strength conposition atom per nol ecul e Exaﬁﬁi@mbgg
Al 7.2 A Exanple 156 A4 4 B Conparative exanple 10 A6 0.8 D Exanple 157 B
2 B Exanple 158 A 7.2 B Exanple 159 FI 3 A Exanple 160 GL 0 C Exanple
161 H6 or nore B Exanple 162 K 2 or re C Exanple 163 LI 4 A Exanple
164 L2 0.8 C Exanple 165 M 7.2 A EX 'e 166 N 3.8 B Exanple 167 0 0 A
Exanple 168 P 2 or nore A 5 Table 11 Unvul cani zed silicone rubber |
conposition R10 thernoplastic nunber of adhesive resin active atom
strength conpgsition per mplecule 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 Ab 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 Oor more A
Example 105 K 2 Oor more B
Example 106 L1l 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 R6
thermoplastic number of adhesive
resin active atom | strength
composition |per molecule

Example 113 Ad 4 B
Example 114 A6 0.8 C
Example 115 Bl 2 B
Example 116 Cl 7.2 B
Examplie 117 Gl 0 C
Example 118 H 6 or more B
Example 119 K 2 Or more B
Example 120 L1l 4 A
Example 121 L2 0.8 B
Example 122 M1 7.2 A
Example 123 M2 1.6 B
Example 124 N 3.8 B
Example 125 O 0 A
Example 126 P 2 OY more A




Example 169 A4 4 A Exanple 170 A6 0.8 B Exanple 171 Bl 2 B Exanple 172 O

7.2 A
nore A Exanple 176 LI

Exanple 179 M2 1.6 B Exanp

2 or nore A2 3 JUN 2005
conposition R |
strength conposition per

Exanple 185 Bl 2 B Exanple 186 d 7.2 C
nore C Exanple 189 K 2 or

6 or
0.8 C

Exanple 173 G 0 A

t her nopl asti ¢ nunber_

Exanple 174 H6 or nore A Exanple 175 K %Jm

4 A Exanple 177 L2 0.8 B Exanple 178 M 7. 2 3pJUN 2005
le 180 N 3.8 A Exanple 181 0 0 A Exanple 182 P
93 Table 12 Unvul cani zed silicone rubber

resin active atom

H adhesi ve

nol ecul e Exanple 183 A4 4 B Exanple 184 A6 0.8 B

Exanple 187 G1L O B
nore B Exanple 190 LI 4 B Exanple 191 L2
Table 8

Exanpl e 188 H

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 Ll 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 O 0 A
Example 140 P 2 or more A
5 Table 9

Unvulcanized silicone rubber composition R8

thermoplastic number of adhegive
resin active atom | strength
composition per molecule
Example 141 Ad 4 B
Example 142 Ab 0.8 B
Example 143 Bl 2 B
Example 144 Cl 7.2 B
Example 145 Gl 0 B
Example 146 H 6 Oor more B
Example 147 K 2 Oor more B
Example 148 Ll 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 O 0 A
Example 154 P 2 or more A




Example 192 M 7.2 B Exanple 193 M 1.6 C Exanple 194 N 3.8 B Exanple 195
O 0O B Exanple 196 P 2 or nore B 5 Table 13 Unvul cani zed silicone ru B@\E
conposition R12 thernoplastic nunber of adhesive resin active stre}lg i3
conposition atom per nolecule Exanple 197 Al 7.2 C Exanple 198 A4 4
Conparative exanple 11 A6 0.8 D Exanple 199 Bl 2 C Exanple 200 d 7.2 C
Example 201 FI 3 C Exanple 202 GL 0 CgExanple 203 H6 or nore C Exanple
204 LI 4 B Exanple 206 M 7.2 B Exanple 206 N 3.8 C Exanple 207 0 0 A
Exanple 208 P 2 or nore B 23 JUN 2005 - 94 As apparent fromTables 1 to 4
and 6 to 13, in Conparative exanpleg neel i ng on the I nterface between

the resi n nesbe e d
Exanpl es, the-resi HJWDW rﬂﬂplﬂgqqn&rmmber ComPOSltlon R9

thermoplastic | number of | adhesive
resin active strength
composition atom per
malecuale
Example 155 Al 7.2 A
Example 156 Ad 4 B
Comparative example 10 Ab 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 Oor more B
Example 162 K 2 Or more C
Example 163 L1 4 A
Example 164 L2 0.8 Cc
Example 165 M1 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 Ad 4 A
Example 170 A6 0.8 B
Example 171 Bl 2 B
Example 172 Cl 7.2 A
Example 173 G1 0 A
Example 174 H 6 Oor more A
Example 175 X 2 Oor 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 A
Example 182 P 2 Oor more A




5 rubber nmenber were adhered or stuck together on interface thereof.

JUN 2005 -95 CLAIMS 1 A conposite of a vulcanized silicone rubbe&ggﬂg%WS
formed by a vul cani zation of an unvul cani zed silicone rubber, and a

menber conprising a thernoplastic resin and directly bonded to the rubber
menber, wherein the resin nmenber bonds directly to the wvulcanized silicone
rubber nmenber vul cani zed or crosslinkedzwi-th a radical-generating agent

wi t hout an adhesive treatnment of the resin nenber, and the thernoplastic
resinis the following (i) or (ii) (1) a thernoplastic resin conprising a
vul cani zati on- actlvatlng agent contqg%ﬁgglg polyfunctlonal pol ymeri zabl e

conpound hav+Rg—a—pi-tf-a-+iy—of HFeF+Zabe—gr-etps—t a—t-herHeptasti c
resin haV|ng—aLwLeg@ﬁgigaﬂéﬁﬁg_ég_éééﬁﬁgﬁub SB[ CRRbas: t%éankLﬂrogﬂn at om
and a sul fur atom per nolecule,, é@@ﬁmoﬁéﬁﬁﬁﬂﬁaV|ﬁgm%@FcﬁﬁnizﬂdhﬁﬁﬂE?action*
energy coefficient S of not |ess| thaRe®im06, WwWasEeve atnm ordfireapth
interaction energy coefficient S|isompeprtaisent epehyofiheutel| owi ng fornul a
(1): S=(CHOMO_n) Zixarpt&HED, n | [+( CLURMS n) 2/ | Ec- ELA/MO, n1| (1) Bn the
formula (1) each Exarg®le CHOMO n, | EHOMOa® CLUMO, n ang. &LUMO| n  reepresents a
val ue cal cul at ed myampBem&gpl ri ¢al nolggcul ar orbitap nethod MOPACPMB, E,

representing an(gggﬁﬁqeeﬂgggy (€V) of cq radi cal 0f_jne radi cat-generating
agent, CHOMO™M MR ERGTE | {8, & nolecuiabloroltah TOE 6icien of highest

laY L1 [N AY AT aY

occupi ed nol ecut .xéﬁﬁﬁéc58§ 3 IPN-2905, 96 rk@mﬂrLﬁof%r Ptildwdlugen or

N A Aua o M

sul fur at om-eoenstttut é,fsé,u.muutiveK

xamp] 2 Or more B
Example 190 L1l 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 gsilicone rubber composition R12
thermoplastic | number of | adhesive
resin active strength
composition atom per
molecule
Example 197 Al 7.2 C
Example 198 A4 4 Cc
Comparative example 11 A6 0.8 D
Example 199 Bl 2 C
Example 200 Cl 7.2 C
Example 201 F1 3 C
Example 202 Gl 0 C
Example 203 H 6 Or more C
Example 204 Ll 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




unit of the thernoplastic resin, EHOMO n representing an orbital energy

(eV) of the HOMO, CLUMO. n representing a nol ecul ar-orbital coefficiﬁgt Ha&%a
| owest unoccupi ed nol ecul ar orbital (LUMO) of the n-th hydrogen or LHW
atomconstituting the constitutive unit of the thernoplastic resin, and
ELUMD, n representing an orbital energy (eV) of the LUMO 2. A conposite
according to Caim1l, wherein the resin4 genber bonds directly to the

vul cani zed silicone rubber nenber vul canized or crosslinked with a

radi cal -generati ng agent under heating. 3. A conposite of a vul canized
silicone rubber meadedppdosntedtiym arandcan ziad i Oramef @l cani zed
silicone rubber, and a resin nenber conprising a thernoplastic resin and
directly bonQedpivatite astdmyelesermberelihegr ennthd el mtest faare Merwdronds .
directly to the wvulcanized silicone rubber menber vul cani zed or crosslinked
with a radith¢-menier abmbgrageadtthmddrl ilmeaki ngbbet meinben caothasiad, treat nent
of the resin nenber, and wherein the unvul cani zed silicone rubber conprises
any sili coneamdibkeenwbfilehis» EpbinpheagdhE Yesion ember gnd thesiilliicmmes r ubber
conprising a vul cani zation-activating agent containing a polyfunctional

pol ymer i zabl sukbloerp enberaveng adhetred ain tsyuck pofgheel zemlintgndiges and
havi ng unsat urated bonds of not |ess than 2 on average per nolecule, (ii) a
si li cone rubbegerewhprising a silica and having unsaturated bonds of not

| ess than 2 on the average per nolecule, and (iii) a silicone rubber
conprising a vul cani zati on-activating agent containing a pol yfunctional

pol yneri zabl e conpound having a 2 3 JUN 2005 -97 plurality of polynerizable
groups, and a silica. 4. A conposite according to Claiml or 3, wherein

t'he thernoplastic resin conprises at |east one thernoplastic resin




selected fromthe group consisting of a polyam de-series resin, a
pol yester-series resin, a poly(thio)ether-series resin,

a
pol ycar bonat e-series resin, a polyimde-series resin, a polysulf onel &R &

resin, a polyolefinic resin, a hal ogen-containing vinyl-series resin, a
pol yur et hane-series resin, and a thernoplastic elastonmer. 5. A conposite
according to Claiml or 3, wherein t Thernoplastic resin conprises at
| east one nmenber selected from an aliphatic pol yam de-series resin, an

aromati c polyester-series resin, a polyacetal-series resin, a polyphenyl ene

ether-series resin, a polysulfide-series resin, a polyether ketone-series

resin, an aromatic polycarbonatepggpi€s resin, a polyimde-series resin, a

pol ysul fone-series resin, a polyolefinic resin, a hal ogen-containing

vinyl -series resin, a polyurethane-series resin, a polyanm de- series

el astonmer, a polyester-series elastoner, a pol yurethane-series elastoner,
pol ystyreni c el astoner, and a polyolefinic elastoner. 6. A conposite
according to Claiml or 3, wherein the thernoplastic resinis a
thernoplastic resin having at |east 2 atons, as average, selected froma
hydrogen atom and a sul fur atom pernol ecul e, each atom having an orbital
i nteraction enérgy coeffi chenrposibéofisvullessisedallicoosruiivainsnperhe

orbital interaction_energy coefficient Sis _ represented by the follow ng
fornulgof@7@ by £ yudcopdgatigg of an unvulcanized silicone rubbexr, and a

S(Cuote: M RS FIOR L QA 2SO 1) (B aber sl sita o) 0.

oo SaPhl EBbe B OHlal, SRLNOL ARG vofes SRRSO

repr esepi t8gi fedtd LOM R 2LBLER! member vulcanized or crosslinked with a
radical-generating agent without an adhesive treatment of the resin
member, and the thermoplastic resin is the following (i) or (ii}

(1) a thermoplastic resin comprising a
Vulcaﬁization—activating agent containing a polyfunctional
polymerizable compound having a plurality of polymerizable groups

(ii) a thermoplastic resin having at least 2 atoms, as average,
selected from a hydrogen atom and a sulfur atom per molecule, each
atom having an orbital 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=(Cuemo,n) >/ [EC_EHOMO,nl +{Crwmvo.n)?/ | Ec-Erumo. n | {1

in the formula (1}, each of E., Cgomo,n., Euomo,n. Crumo,n. @nd Erpmo,n
represents a value calculated by 2 semiempirical molecular orbital
method MOPACPM3, E; representing an orbital energy (eV) of a radical
of the radical-generating agent, Cumo.n Tepresenting a

molecular-orbital coefficient of a highest occupied molecular orbital

a



coefficient of a highest occupied nolecular orbital (HOMD of an n-th

hydr ogen or sulfur atomconstituting a constitutive unit of the

t hernoplastic resin, EHOMO n representing an orbital energy (eV) of 2tondIN 2005
HOMO, CLm O, n representing a nol ecular-orbital coefficient of a | owest
unoccupi ed nol ecul ar orbital (LUMD of the n-th hydrogen or sulfur atom
constituting the constitutive unit of9¢he thermoplastic resin, and ELDMO, n
representing an orbital energy (eV) of the LUMD 7. A conposite according to
Claim1 or 3, wherein at |east one conponent selected fromthe unvul cani zed
silicone rubber and the thernoplastic resin conprises a

vul cani ion-activating agent containing a pol yfynctional pal ri zabl e
conpo ﬁ?ﬁv?%@r’a"b F’érl%irﬁgeno‘?r ﬁBH;Hﬁﬁf?ger ’@ﬁ% ngg2 Cﬁ%@ﬁﬁﬁgﬁ%
accordjn aiLmil or. 3, .wh in the thernoplastic resin ri.ses a -
vol o P e e g T St P g P2 SRRy RG] Soet T Bh PR pab o
conpo havi ural it 4 i I L.QuU : i

accor gl%%g} ?g c a??nﬂ?’ o‘;?m":?;nyﬁﬁe‘l%%%)%%aﬂﬁ Pé’?&e%gﬁggcgﬁgéﬁ%?"%g?gg?%%@f romthe
unvul GaNkZesh&dd uheReup Yol AR abrhert R IORURSY i 6 KBSI K- QOBREEEESn A

vul cani zing auxiliary conprising a conpound having at |east 2 hydrogen

at ons conswleagecpeonsitikacihe theasdhdtidnages w\aiianehake igheamopibs t bt
interaction energy 2 3 JUN 2005 -99 coefficient Srecited in Claim1l of not
| ess tdesing. 606. Edfo.n Fepmayrodiing accordingl tan«@ligy rheV)opf3thehdnr®l.n  t he
vul cani zed silicone rubber nenber is vul canized or crosslinked with a
rad}cal-generating agéntoEpers B argrafend dirallpdnyinereadlie theorpdtd havi ng
a pluralit f pol yperi zabl e oups. ii, A conposite according to Claim1l or
3, PwhdrEps® Predantireaiidd e EBAELBHL S SRS AERPAE BOBRRIs of not

| ess

vulcanized or crosslinked with a radical-generating agent under
heating.

3. A composite of a vulcanized silicone rubber membex
formed 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 agent under heating without an adhesive treatment

of the resin member, and wherein the unvulcanized silicone rubber
comprises any silicone rubber of the followings (i) to (iii):

{i) a silicone rubber comprising a vulcanization-activating
agent containing a polyfunctional polymerizable compound having a
plurality of polymerizable groups, and having unsaturated bonds of
not less than 2 on average per molecule,

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

{iii) asiliceone rubber comprising avulcanization-activating

agent containing a polyfunctional polymerizable compound having a



than 2 on average per nolecule. 12. A conposite according to claim1 or 3,
wherein the unvul cani zed silicone rubber conprises a silica, as a filler.
13. A conposite according to claim 12, wherein the silica conprisesZéiéU%dmﬁ
.silica. 14. A conposite according to claim1, wherein the unvul canized
silicone rubber conprises any silicone rubber of the followngs (i) to
(iii); (i) a silicone rubber conpristfg-a vul cani zation-activating agent
cont ai ni ng a pol yfunctional polynerizable conmpound having a plurality of
pol ymeri zabl e groups, and havi ng unsaturated bonds of not |ess than 2 on
average per nolecule, (ii) a silicone rubber conprising a silica and havi ng

unsat 4 ol eft, honds of oL Less. than, 2 on the gyetage per mlecule, and  (iif)
ul ca

a silicone rubber *conprising a i Zati on=actrvati ng agent containing a

pol yfunctional polynerizabl g, g r{%gpé/dlt%n% tcpbi'ﬁ?r!'x htor of Jpel-yagri zabl'e
osi te accordi a

groups, and a silica. 15. A co gtoclaimlor 3, wherein

the ragl celeraRRAEALEBIr8FEN cIMIdegC st Ao L5 OHC tREFASD IS t iz TedN 2005
-100 16. A conposite according to claiml1l or 3, wherein the ratio of the

radi cedrgemney ariong tagedtolp dod€iAn@AbESa bylweh{dd-Jeatiatsi vesin, 190 parts
by wei ght of the unvul cani zed rubber. 17. A conposite according to claiml1,
3 or Felyswisrmeismrtiee rabio, o& pdiky (ddliphenberosatigolnewimi,zabl e conpound is
0.1 to 10 parts by weight relative to 100 parts by weight of at |east one
conpoPrettcadiongited SEEaRAFt AESUhv 1A CdividddeobpBreantttde 3 her nopl asti c

resin. i@., A conposite aqcording to claim9, wherein the
polysulfone-series resin, a polyolefinic resin, a halogen-containing

vinyl-series resin, a polyurethane-series resin, and a thermoplastic
elastomer.

5. & composite according to Claim 1l or 3, wherein
the thermoplastic resin comprises at least one member selected from
an aliphatic polyamide-series resin, an arometic polyester-sexies
resin, a polyacetal-series resin, a polyphenylene ether-series resin,
a polysulfide-series resin, a polyether ketone-series resin, an
aromatic polycarbonate-series resin, a polyimide-series resin, a
polysulfone-series resin, a polyolefinic resin, a halogen-containing
vinyl-series resin, a polyurethane-series resin, a polyamide-series
clastomer, a polyester-series elastomer, a polyurethane-series
elastomer, a polystyrenic elastomer, and a polyolefinic elastomer.

6. A composite according te Claiml or 3, wherein
the thermoplastic resin is a thermoplastic resin having at least 2
atoms., as average, selected from a hydrogen atom and a sulfur atom
permolecule, eachatomhavinganorbital interactionenergycocificient
S of not less than 0.006,

wherein the orbital interaction energy coefficient S is

represented by the following formula (1}):



ratio of the vulcanization auxiliary is 0. Ito 30 parts by weight relative
to 100 parts by weight of at | east one conponent selected fromthe

unvul cani zed rubber and the thermoplastic resin. 19. A process for pladitidiiig
a conposite according to claiml1l or 3 of a thernoplastic resin-containing
resin nenber bonded to a vul canized silicone rubber nenber fornmed by

vul cani zation of a rubber conpositionrX®HaAprising a radical -generating agent
and an unvul cani zed silicone rubber, which conprises nolding a resin
nol di ng el enent and a rubber nolding elenent with contacting said elenents
each other, and vul cani zing or crosslinking the rubber nolding el enent,

wh i i d i | di t . ith f i iti d
Foci n nERbs h| EeThan ot vig phe ChiFrbprast ¢ (Fsin, | and Said rubber
| di I i ith f bb iti b | ded*
arLicl e, “each RERRH PR B TFoderedn URVuLCaHPEe0 “RUBHE ARAEPE D
di cal t I j \at i -101 t
radi ool SRSt AG AUYY 2 DehMACL KA .3 G296 AR D 200, 0

be contacte resin enent rocess according to

cl ai mgl9reMREESINinPlanl @3Bl tANCHABPPPNENE) SR eChedibReMmE hgdinvul cani zed
silicone rubber and the thernoplastic resin further conprises a

vul caria@ath0Rgafiéty¥ it Rgat apt.arBphgsenPiiy erclakheatospmitel having a
plurality of polynerizable groups. 21. Aprocess according to claim19,
wher eiceefdticieastofondricgigeineatupit @ obddchl amdrbd tadv(H@E eBdnsntiltone
rubber and the thernoplastic resin further conprises a vul canization
auxi | FEFogesnpri sihiin dompoond tiavihggat ¢enshituiyver s5éh f o on the
average per _nol ecul e, each hydrogen at om havi ng an orbital iPteragtion
energ hermoplastic resin, Bpomo.n repfesenting an orbital energy (eV) of the
HOMO, Crpue,n 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 Erguo,n representing an orbital energy (eV) of the LUMO.
7. A composite according to Claim 1 or 3, wherein
at least one component selected from the unvulcanized silicone rubber
and the thermoplasticresincomprises avulcanization-activatingagent
containing a polyfunctional polymerizable compound having a plurality
of polymerizahle groups.
8. A composite according to Claiml or 3, whereln
the thermoplastic resin comprises a vulcanization-activating agent
containing a polyfunctional polymerizable compound having a plurality
of polymerizable groups.
9. 2 composite according to Claim 1l or 3, 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 pexr

molecule, each hydrogen atom having an orbital interaction energy



coefficient Srecited in Caim1l of not Iess than 0.006. 22. A process
according to claim 19, which conprises heat-nolding the resin nmenber and
the vul cani zedrubber nmenber wth interposing a vulcanization-activa%inﬁ
agent conprising a polynerizable conpound having a plurality of 3 JUK 2003
pol yneri zabl e groups on a contact surface between the resin nolding el enent
and the rubber nolding elenent to produce a conposite the resin nenber
bonded to a rubber nenber. 23. A pr06§§§ according to claim19, which
conprises heat -nolding the resinmenber and the vul cani zedr ubbermenber with
i nterposing a vul cani zati on-activating agent conprising a polynerizable
conpound having a plurality of polynerizable groups and a coating agent
conpri si api i iddary.c d 0 d having at | east
averaggoggﬁgﬁ%gégnga%%%%gﬁ%?ﬂﬁn]ggu 318528§€NU§%%§%aﬁlggeggbh hydr ogen at om

having an orbi %@! i nteraction gReng¥sEPELELEEEMg tSchashligst 4 NufdAdin 1 of
not |less than 0.006 on a contact surface between the resin nol ding el enent

and t k@er ybbeen e di £ RIARE Rubber PhaGE i& ¢anpesiiss ofr thesseminearenber
bonded to the rubber nenber. 24. A process for producing a conposite, which

conpri sésh aeatdiwd Ti nehearadtasign agenbedn @poigdund t ortdieppdphasiiablesi n and
a vul cani zed rubber nmenber with interposing a vul cani zati on-activating
agent comprusdngauipsl yreitzabity ednpolmdehbaathie grplpeal ity of

pol yneri zabl e groups on a contact surface between the resin nmenber and the
vul cani zed sil Eéone rubber nenbEempesprodaeerairohpbipris 1o 3 4+ WeeTed] n

menber bonded to the rubber nenbeyr., 25. A process for rodu%ing %_conposite,
whi ch E ﬁp??gﬂ canized silicone rubber has unsaturated bonds of ndt less

than 2 on average per molecule.

12. A composite according toclaimlor 3, wherein
the unvulcanized silicone rubber comprises a silica as a filler.

13. A composite according to claim 12,
wherein the silica comprises a dry silica.

14, A composite according teo claim 1, wherein the
unvulcanized silicone rubber comprises any silicone rubber of the
followings (i) to {iii);

(i) a sillicone rubber comprising a vulcanization-activating
agent containing a 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
unsaturated bonds of not less than 2 on the average per melecule, and

(iii) asiliconerubbercomprisingzivulcanization-activating
agent containing a peolyfuncticnzl polymerizable compound having a
plurality of polymerizable groups, and a silica.

15. A composite according to claim 1 or 3,

wherein the radical-generating agent comprises an organic peroxide.



heat - nmol di ng a resin nenber conposed of a thernoplastic resin and a

vul cani zed rubber nenber with interposing a coating agent conposed of a

vul cani zati on-activating agent conprising a polymerizable conpound 2ajUinigisa
plurality of polymnerizable groups and a vul cani zation auxiliary conprising a
conpound having at |east 2 hydrogen atons on the average per nol ecul e, each
hydr ogen atom having an orbital i nt 8fd& 7 on energy coefficient Srecited in
Claiml of not l|ess than 0.006 on a contact surface between the resin
menber and the vul cani zed silicone rubber menber to produce a conposite of
the resin nenber bonds to the rubber nenber.

16. A compogite according to claim 1 or 3,
wherein the ratio of the radical-generating agent is 1 to 10 parts
by weight relative to 100 parts by welght of the unvulcanized rubbser.

17. A composite according to claim 1, 3 oxr 7,

wherein the ratio of the polyfuncticnal 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 rubber and the
thermoplastic resin.

18, A composite according to claim 9, wherein the
ratioofthévﬁicanizationauxiliaryis0.1to30partsbyweightrelative
to 100 parts by weight of at least one component selected from the
unvulcanized rubhber and the theimoplastic resin.

15. A process for producing a composite
according to claim 1 or 3 of a thermoplastic resin-containing resin
membex bonded to a vulcanized silicone rubber member formed by
vulcanization of a rubber composition comprising a radical-generating
agent and an unvulcanized silicone rubher, which comprises molding
a resin molding element and a rubber molding element with contacting
said elements.each other, and vulcanizing or crosslinking the rubber
molding element,

wherein said resin molding element is either of a resin
compositionandaresinmenber, eachcomprising the thermeplasticresin,
and

said rubber molding element is either of a rubber composition
anda:ubberpremoldedarticle.eachcomprisingatleastanunvulcanized

rubber and a radical-generating agent being activating on a surface
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to be contacted with said resin molding element.

20. Aprocessaccordingtoclaim 19, wherein
at least one component selected from the unvulcanized silicone rubber
and the thermoplastic resin further comprises a
vulcanization-activating agent containing a polymerizable compound
having a plurality of polymerizable groups.

21. Aprocess accordingtoclaim 19, .wherein
at least one component selected £rom thé. unvulcanized silicone rubber
and the thermoplasticresinfurthercomprisesavulcanizationauxiliary
comprising a compound having at least 2 hydrogen atoms on the average
per molecule, each hydrogen atom having an orbital interaction energy
coefficient 5 recited in Claim 1 of not less than 0.006.

22, A process according to claim 19, which
comprises heat-molding theresinmember and thevulcanized rubber‘member
with dinterposing a vulcanization-~activating agent comprising a
polymerizable compound having a plurality of polymerizable groups on
a contact surface between the resin molding element aﬁd the rubber
molding element to produce a composite the resin member bonded to a
rubber member.

23, A process acecording to claim 19, which
comprisesheat-molding the resinmembex and the vulcanizedrubbermember
with interposing

a vulcanization-activating agent comprising a polymerizable
compound having a plurality of polymerizable groups and

a coating agent comprisinga vul;::anization auxiliary composed

of a compound having at least average 2 hydrogen atoms per molecule,
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each hydrogen atom having an orbital interaction energy coefficient
S recited in Claim 1 of not less than (.006

on a contact surface between the resin molding element and
the rubber molding element to produce 2 compesite of the resin member
bonded to The rubber member.

24, 2 process for producing 2 composite, which comprises
heat-molding a resin member composed of a thermoplastic resin and a
vulcanized rubber member with interposing a vulecanization-activating
agent comprising a polymerizable compound having a plurality of
polymerizable groups on & 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.

25. 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 plurallty of polymerizable groups and

avulcanizationauxiliarycomprisingacompoundhavingat least
2 hydrogen atoms on the averagse per molecule, each hydrogen atom having
an orbital interaction energy ceefficient S recited in Claim 1 of not
less than 0.006

on acontact surface between the resinmember and the vulcanized
silicone rubber member to produce a composite of the resin member bonds

to the rubber member.

2.5 JUN 2005



