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THE PREPARATI'ON THEREOF BACKGROUND OF THE | NVENTI ON The present invention
relates to a nonolithic cured body of a silicone-epoxy resin and a silicone
ruhper and also relates to a method for the preparation thereof. Mre
parti-cularly, the inven- tion relates to a nmonolithic conposite body having
‘useful ness in various application fields ingluding electrics, electronics,
of fi ce- automation instruments, autonobiles,” precision instrunents and t he
| i ke and a nethod for the preparation of such a conposite body. A large
nunber of proposals have been nmade heretofore for the nethod of adhesive
bondi ng of a siCOMPOSITELBODRYORSHIGONE REBRERFANBSIHICONE-BROXYS
have been made for a nethod in which the surface of a nolded and cured
“organic resin arti RESIN AYD MEFHOD: FOR BHERBEDARAJION THEREQER
-rubber is brought in- to direct contact therewith and cured to effect
-adhesi ve bondi ng therebetween and a nethod in which a sel f-adhesive
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or ganopol ysi | oxpéh6d 'fbf‘iﬁﬂé"ﬂraﬁﬁi‘ﬁﬂﬁfh theFeof!! Mére pareitiflarly, the inven-
‘tion relates to a monolithic composi_te. body having usefulness in

various application fields including electrics, electronics, office-
automation instruments, automobiles, precision instruments and
the like and a method for the preparation of such a composite body.

A large number of proposals have been made heretofore for
the method of adhesive bonding of a silicone rubber and an organic
resin. For example, proposals have been made for a method in
which the surface of a molded and cured organic resin article is
coated with a primer and an uncured silicone rubber is brought in-
to direct contact therewith and cured to effect adhesive bonding
therebetween and a method in which a self-adhesive silicone rub-
ber composition is cured in direct contact with a molded organic
‘resin article. As to this self-adhesive silicone rubber composition, a
large number of patent applications have been filed for the inven-
tions of which the scope, in particular, consists in the selection of
an adhesive ingredient compounded therein. Proposals have been
made also for a method in which an organic resin is admixed with

an organopolysiloxane containing hydrogen atoms directly bonded
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to,the silicon atons and adhesively bonded to a silicon rubber of the

‘addi tion-curable type (U S. Patents 4,686, 124, 4,814,231 and 4,834,721 and
EP 143994A correspondi ng to Japanese Patent Pub- lication 2-34311),

i ntegrati on by physical engagenent of a silicone rubber-made body to an
organic resin article (Japanese Patent Publication 63-45292), a nethod in
-which a silicone rubber is ad- hesively ban@ed to and integrated with a
polsyol efin resin after grafting of a conpound having an aliphatically
unsat urat ed gr tothendilicom datomsaand gdhesiwbdb@nd?ed lte sisilicon rubiperEof
276790A corresgﬁndin .to Japanese Patent Kokai 63-183843) and so on. The
net hod to ef f ethe ition-eurable) typet {d.9s Patentsp4,686,124, 14,814,231 and
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~physical forcegnd a hydrolyzable group bonded to the silicon atom (EP 276790A
corresponding to Japanese Patent Kokai 63-183843) and so on.

The method to effect adhesive bonding by the use of a primer
is rather troublesome in the application of the primer to the mold-
ed resin article taken out of a metal mold. The method of using a

- self-adhesive silicone rubber composition brought into direct con-
tact with and cured on a molded resin article has a serious defect
that, when a metal mold is used for molding of the organic resin
and the silicone rubber composition, the silicone rubber per se
causes adhesive bonding to the metal mold. Further, in the method
of admixture of an organic resin with an organopolysiloxane hav-
ing hydrogen atoms directly bonded to the silicon atoms, it is some-
times difficult to obtain inherent characteristics because of the
changes caused in the organic resin per se as a consequence of ad-
mixture of the organopolysiloxane. Further, the method of integ-
ration by physical engagement is not free from the trbubles of dis-
engagement by an external physical force.



In.recent years, on the other hand, application . of silicone rub- bers is
expandlng in the fields of electrlcs el ectronics office-auto- nmation

i nstruments, autonobiles and the i ke by virtue of the high reliability
recogni zed relative to the heat resi stance, weather- ability, electric
.properties and the like of the silicone rubbers in general. Accordingly, it
is desired to provide a nonolithic nolded argicle with stable product

qual ity by the firmadhesive bonding between a thernpbsetting resin and a
siI'i cone rubber. sUlnaRcent years, dEthe atherdandsapplicationiofisilicoaedtiul! v
has an object to solve these problens in the prior, art _and to provide an
integrally nol bearsmmpandmg in ithecfields foelepbm ¢ ebeetronics offide-auto-
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peroxide as a Bﬁtw&ﬁ‘ﬁ%ﬁeﬁhoﬁéﬁﬁﬂger@iﬁ #8d a silicone rubber.

SUMMARY OF THE INVENTION

The present invention accordingly has an object to solve
these problems in the prior art and to provide an integrally molded
monolithically integrated composite body with stable product
quality by virtue of the firm adhesive bonding between the part of
a cured thermosetting resin and a part of a cured silicone rubber as
well as to provide a reliable method for the preparation of such a
monolithically integrated composite body.

Thus, the monolithic composite body provided by the present
invention is an integral body consisting of a part of a cured silicone
rubber composition and a part of a cured silicone-epoxy resin com-
position in direct adhesive bonding without intervention of a layer
of any third material such as a primer or adhesive.

In particular, the above mentioned cured silicone rubber is
obtained from a silicone rubber composition which is curable by

means of an organic peroxide as a curing agent or curable by the



-4- hydrosilation reaction between silicon-bonded ethylenically unsa-
turated groups and silicon-bonded hydrogen atons. Further, the above

menti oned silicone-epoxy resin conposi- tion is a uniform blend which
conprises: (a) 100 parts by weight of a curable epoxy resin; (b) from5 to
500 parts by weight of an organopol ysiloxane having at |east two on an
average of | ower al kenyl groups in a nol ec_uhe_ (c) from1l to 50% by wei ght,
based on the conmponent (b), of an or- ganohydrogenpol ysil oxane havi ng at

| east one hydriygdrosilatidmrdadtion betwsdn siticandronded eﬁyﬁlenheali?dunsa-
represent ed by t he general co osition forrrulaé:rr
whi ch [err] ddunatedsgrompsiad sﬂneunduondedthy egematoms.ent hydrocar bon
group, the subscript denotes a positive nunbér_in the range from1l to 2.4
and the subscript c}i‘uyﬂme:e,sthe @hove mentinned siliconeceporyreesin ¢dimposim
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body as defi nef} Jeast two on an average of lower alkenyl groups in a molecule;
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(c) from 1 to 50% by weight, based on the component (b), of an or-
‘ganohydrogenpolysiloxane having at least one hydrogen atom
bonded to the silicon atom in a molecule and represented by the
general compos1t10n formula
R4fH gSIO (@-£-g)/2>  eeeene @D

in which R* denotes an unsubstituted or substltuted monovalent
hydrocarbon group, the subscript f denotes a positive number in
the range from 1 to 2.4 and the subscript g denotes a positive num-
ber not exceeding 1;
(d) from 0.1 to 10 parts by weight of an organosilicon compound
having at least one silanol group in a molecule; |
(e) from 0.001 to 10 parts by weight of an organic aluminum com-
pound; and
(f) a compound of a platinum group metal in an amount in the
range from 0.1 to 500 ppm by weight as the platmum group metal,
based on the component (b).

The invention further provides a reliable method for the
preparation of a monolithically integrated cured body as defined
above, which method comprises the steps of:



above, which nethod conprises the steps of: -5- (A) curing either one of
a curable silicone rubber conposition of the organic peroxide-curable type
or the hydrosilation-curable type and a curable silicone-epoxy resin
conposi tion as defined above at roomtenperature or by heating, preferably,
in a nmetal nold; (B) bringing the other of the curable silicone rubber
-conposition and the .curable silicone-epoxy_gesin conposition into direct
cori- tact with the body cured in step (A) in the netal mold; and (C) curing
the conpositi ofA) eturingceither onenef e curableasilicone rupd)eracomposition of
tenperature ar by heating, preferably, in the same ne- tal nold. BRIEF
DESCRI PTI ON Orthieorganic\peroxide-curable) type aratheyhydposilation-curable
pur pose of -schematic illustragijon of the inventive nethod by way of
vertical crosstype-andoa eura @fl&pnﬂaepoayeaesm QMBS as defined
present inven- tion and in the co rative, ex | . DETALLED.DESCRI PTI OF
e PREFERFED AhOTE ALAPOM: HEMBEREAFE OT:bY BERbTEcRTeletahly, in a metal

i nvestigations tq.solve the above nentioned problenms in the prior art and,
as a re- sult, arrived at a discovery that an integrally nol ded nono-

adhesi ve_bondi () BETieTRR°He dified of HRePditFbIE Aitohg jier YotipBition
' and the curable silicone-epoxy resin composition into direct con-
tact with the body cured in step (A) in the metal mold; and

(C) curing the composition introduced into the metal mold in step

(B) at room temperature or by heating, preferably, in the same me-
tal mold.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is an explanatory figure for the purpose of schematic
illustration of the inventive method by way of a vertical cross sec-
tion of the metal mold used in the examples of the present inven-

tion and in the comparative example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The inventors have conducted extensive investigations to
solve the above mentioned problems in the prior art and, as a re-
sult, have arrived at a discovery that an integrally molded mono-
lithic composite body consisting of two parts bonded together with
an adhesive bonding strength capable of fully withstanding prac-
tical uses can be obtained coﬁveniently and within a short time by

the selection of a silicone rubber composition of the organic perox-



tical uses can be obtained conveniently and within a short tinme by the

sel ection of a silicone rubber conposition of the organic perox-

i de-curabl e type or the hydrosil ation-curable type for the part of the
cur-ed silicone rubber and a specific polyner blend of a silicone resin and
.an epoxy resin for the part of the cured organic resin without using any
.primer or adhesive-.leading to conpletion oi_élua present invention. The

si |4 cone rubber conposition of the organic peroxide-cur- able type usable
in the present idescurable typewethe hydrosilationicurdble type forothe part of
pasty format roomtenperature, of which the principal ingredients include:
i) an organopolthei¢ siliponearubber ans arspedificpalymer hlendhofia- sidicoyee
of | ower al kenyl group e. having 1 . to carbon atons, in_a nol ecul e;

! I ' 4 [ .
and ii) an orgXesE1 @néxaneepqxx resin for dhepaxt ofrthescured organiecresin
conposition of t or,ganj c per oxi de-cur - | e ,type can be cure y st I ng
at room tenper ﬁﬂ%@‘l‘fr‘;’as’pﬂgfaé?y paymer %%Sléw%&ﬁﬂw enpickhed
rubbery el astoner. The_or nogglysiloxane as the conmponent i) has a
viscosity in t PEePEREIDMENIOBY cp (centi poise) to 10,000, 000 cp or,
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having 1 to 12°car ons of, pr
the liquid form or a pasty form at room temperature, of which the

principal ingredients include: |

'i) an organopolysiloxane, preferably, having at least two on an av-
erage of lower alkenyl groups, i.e. having 1 to 4 carbon atoms, in a
molecule; and

ii) an organic peroxidein a catalyfic amount.

The silicone rubber composition of the organic peroxide-cur-
able type can be cured by standing at room temperature or, prefer-
ably, by heating and converted into a cured rubbery elastomer.

The organopolysiloxane as the component i) has a viscosity in
the range from 100 cp (centipoise) to 10,000,000 cp 'or, preferably,
from 1,000 cp to 1,000,000 cp at room temperature or at 25 C and
represented by the general composition formula R,aSiO(4.9)/2, in
which R is selected from unsubstituted or substituted monovalent
hydrocarbon groups having 1 to 12 carbon atoms or, preferably, 1

~ to 8 carbon atoms including alkyl groups such as methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, tert-butyl, hexyl, cyclohexyl,
octyl and decyl groups, alkenyl groups such as vinyl, allyl, propen-
yl, isopropenyl, butenyl, iSobutenyl, hexenyl and cyclohexenyl



to.8 carbon atons including al kyl groups such as nethyl, ethyl, propyl,
| sopropyl, n-butyl, isobutyl, tert-butyl, hexyl, cyclohexyl, octyl and
decyl groups, al kenyl groups such as vinyl, allyl, propen- yl, isopropenyl,
but:enyl , isobutenyl, hexenyl and cycl ohexenyl -7- groups, aryl groups
such as phenyl, tolyl, xylyl and naphthyl groups, aral kyl groups such as
benzyl, phenyl ethyl and phenyl- propyl groupa. hal ogen-substituted
hydr ocar bon groups such as chl oronet hyl chIoroErop | , bronpet hyl and

} okl

3,3, 3-trifl uor groups, arylgroupssuch asp phiny xyiyl eadnnarphiisyl

such as cy- anoethyl group, and so on. \Wen two or npre gn an_average of
t he monoval ent grouips, ara groups sucheasthenzyl,sphenylethylrand phenyl-

nol ecul e of the or- _ganopol ysiloxane are al ke groups, it is preferable
that each of tPEOBYlli goauRs,halogen-substiiaes hydrocarbon grosipmsuche as

al kenyl group bpnded t rxi_t orthlthou%\ hg 8rou ngtenOt %ﬁﬁRj a nol e-

| e DerBlorametbyl, WieEAREAbY ) Broma sad 3,3,3-Eriflyerepropyl
ggngog??ioﬁ ?grnula, t he subsc?i t i% i -ytive.number in t%e range
from1.9 to 2. BTORDS,RaRagrpup-syhstivitdd by drocarhis, aroups sucb: asaFy-
tructure of t [ e s not particularly limtative
?ncrudgng a stp‘glogﬁgﬂt%g@%ﬁgﬁ%%#anchedpstr:Jc'tJure %:lont aining [err]

it d/ ] T I
o ganopol ysi | oxane PLEeR: tio, b 1408| ol £ UEALS o Hhe dibnovalent hydro-

conposed of repgibbhOgrétips Bonded to the silicon atoms in a molecule of the or-
‘ganopolysiloxane are alkenyl groups, it is preferable that each of

the silicon atoms at the molecular chain terminals has the alkenyl
group bonded thereto although the groups denoted by R in a mole-
cule can be selected each independently from the others.

In the general composition formula, the subscript a is a posi-
tive number in the range from 1.9 to 2.2 or, preferably, from 1.95 to
2.1. Although the molecular structure of the organopolysiloxane is
not particularly limitative including a straight structure and
branched structure containing RSiOg/9 units and/or SiO4/9 units, it
is usually preferable that the organopolysiloxane has a straightly
linear molecular structure basically composed of repetition of the
difunctional ReSiO units forming the main chain part and blocked
at the molecular chain terminals with R3SiOy/9 units. Though not
particularly limitative, the alkenyl groups are preferably vinyl
groups and the other groups bonded to the silicon atoms are desir-
ably methyl groups or phenyl groups. The organopolysiloxane can
be obtained by a kl'lown method or, naniely, by conducting the si-

loxane-rearrangement equilibration reaction of an organocyclo-



di functional R2SiO units form ng the main chain.part and bl ocked at the
nol ecul ar chain termnals with [err] units. Though not particularly
limtative, the al kenyl groups are preferably vinyl groups and the other
groups bonded to the silicon atons are desir- ably methyl groups or phenyl
groups. The organopol ysi | oxane can be obtained by a known method or,
nanely by conducting the si- |oxane-rearraggement equilibration reactlon
of an organocyclo- - polysiloxane ollgoner and a hexaor ganodi si | oxane as

the source of polysiloxans ocljgomer and ahexasrganodisiloxaness the sourde of
catal yst. The gani c ,per,oxi de ag conponent ,ii) J.s ysed as a Cross-

| i nki ng agent t(i’lﬂ t%@&)b@l&lﬂ@fﬁgﬁﬁ%@f%ﬁ a)lska;h@zr atidecatalyst. of

t he organopoly5|lo The pr ani c, peroxj.de i s exenplifj: f or exanpl e,
by benzoyl peroxid !3698 @S JQ& &f()mp%ent 11) 18 used as a cross-
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_ox1de, tert-butyl cumyl peroxide, 1 1-b1s(tert-butylperoxy) 3,3,5-
trimethyl cyclohexane, 2.5-dimethyl-2,5-bis(tert-butylperoxy) hex-

ane, 1,6-bis(tert-butylperokycar-bonyloxy) hexane and the like
though not particularly limited thereto. |

The compounding amount of the organic peroxide as the com-
ponent ii) can be adequately selected depending on the desired cur- -
ing velocity but it is usually in the range, per 100 parts of the orga-
nopolysiloxane, the term “parts” referring to “parts by weight”
here and hereinafter if not specified otherwise, from 0.1 to 10 parts
or, preferably, from 0.2 to 2 parts. | |

It is optional that these components i) and ii) are compounded
together with a filler in order to control the flowability of the
silicone rubber composition or to improve the mechanical
strengths of the shaped articles therefrom. Exampies of suitable
fillers include reinforcing fillers such as precipitated silica, fumed
silica, calcined silica, fumed titanium dioxide and the like and
non-reinforcing fillers such as pulverized quartz, diatomaceous

‘ earth, asbestos, aluminosilicate, iron oxide, zinc oxide, calcium



or, preferably, from0.2 to 2 parts. It is optional that these conponents
1) and 1i) are conpounded together with a filler in order to control the
flowability of the silicone rubber conposition or to inprove the nechani cal
str:engt hs of the shaped articles therefrom Exanples of suitable fillers
‘include reinforcing fillers such as precipitated silica, funmed silica,

.cal cined silica, funed titanium di oxi de and dg.he |i ke and non-reinforcing
filders such as pulverized quartz, diatomaceous earth, asbestos,

al um nosi | i cat earbomatexand, the hikeThey can beused assichareafier 4 sarfase.
They can be used as such or_after a surface treatment with_an organic
silicon conpoutteatments withaant oyganic silicanccompound suchhias- hexaanethyli
pol ynmet hyl siloxanes. Fur- ther, various known additives such as pignents,
heat resi st ancdisilpzane,drimethyl chlorosilang@and polymeethyl siloxanes.nEur-
| i ke can be cogggunded,acco di ng tqggged. The silicgne rubbgg conposition
of the hydrosi therpivaniens knownaddiivesisuch as,pigments,cheatsepistance:

roomtenperatuge. The conposition c I ses,, as,th ri nci pal,,i ngetedi ent.s:
i VermAlama Terardanhagents plastictiers apddhe tkecan be
:atl Irri)l 22u|0(r=3?ain\?im§1%qr ﬁ;ggi;_oc« E}p {ﬁi | gxane in the form of &?ﬁl I qui g%gt
room t enper at u 8_, Eﬁﬁg@é At 'y:é) ¥§ree?|fom)ti ng the hydrosilation
reaction, arfd the cqpesiiicoRe b EoMpuditibd of thd ﬁ#&?&sﬂﬁ% buthbie-

type can be in a liquid form or pasty form at room temperature.

‘The composition comprises, as the principal ingredients:

iii) an organopolysiloxane containing at least two lower alkenyl
groups in a molecule;

iv) an organohydrogenpolysiloxane in the form of a liquid at room
temperature; and

v) a catalyst for promoting the hydrosilation reaction,

and the composition can be converted into a cured rubbery elas-
tomer by standing at room temperature or by heating.

. The alkenyl group-containing organopolysiloxane as the
component iii) has a viscosity in the range from 100 cp to 1,000,000
cp. or, preferably, from 1,000 cp to 300,000 cp at room ternperature
or at 25 C and represented by the general composition formula
Rlei0(4_b)/2, in which Rl isan unsubstitute_d or substituted mono-
valent hydrocarbon group having 1 to 12 carbon atoms or, prefer- -
ably, 1 to 8 carbon atoms, and the subscript b is a positive number
in the range from 1.8 to 2.4 or, preferably, from 1.9 to 2.2. The
groups denoted by R! can be exemplifieq by those given above as
the examples of the groups denoted by R in the component i). Ex-



taomer by standing at roomtenperature or hy heating. The al kenyl

gr oup- cont ai ni ng organopol ysi | oxane ‘as the conponent iii) has a viscosity
in the range from 100 cp to 1,000,000 cp or, preferably, from21,000 cp to
300,000 cp at roomtenperature or at 25 [err] and represented by the
general conposition formula [err], in which [err] is an unsubstituted or
substituted nono--val ent. hydrocarbon group fgaving 1 to 12 carbon atons or,
prefer- ably, 1 to 8 carbon atons, and the subscript b is a positive punber
in the range famplessof ¢he memovalenthypdyocarbon igwup demotethdby Rtiin-
denoted by [err] can_ be_ exenplified by those given above as_the exanpl es of

the gr f)ups ﬂedrﬂludﬁ glkﬂ gmupgesmh?:émaﬂl:ml, eﬁa?'l gnd Plkvoll)ylrgreups‘, allh:en-
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others. The NG yéFagé 'ofctlié hPpdrdélrbon Pruitpy ih 8 @dletdle are alkenyl
groups, it is preferable that each of the silicon atoms at the molet:u-

lar chain terminals has an alkenyl group bonded thereto although
the groups denoted by R! can be selected each independently from
the others. The molecular structure of the organopolysiloxane can
be a straightly chain-like structure or a branched structure con-
taining the RlsiOgyg units and/or SiOy/9 units but it is usually pre-
ferable that the organopolysiloxane is basically a straightly chain-
like organopolysiloxane consisting of a repetition of the difunction-
al R158i0 units forming the main chain portion and blocked at the
molecular chain terminals each with a monofunctional R138i01/2
unit. The alkenyl group is preferably a vinyl group and the other
groups denoted by R! are desirably methyl groups and phenyl
groups. This organopolysiloxane can be prepared by a known
method. . |
The organohydrogenpolysiloxane as the component iv) con-

tains at least two or, preferably, at least three on an average of hy-
drogen atoms directly bonded to the silicon atoms or, namely, SiH
groups, in a moleclile and acts as a crosslinking agent by the hy-



be a straightly chain-like structure or a branched structure con- taining
the [err] units and/or [err] units but it is usually pre- ferable that the
“organopol ysil oxane is basically a straightly chain- |ike organopol ysil oxane
consisting of a repetition of the difunction- al [err] units formng the
mai n chai'n portion and bl ocked at the nolecular chain termnals each wth a
‘monof unctional [err].unit. The al kenyl grou? Ls preferably a vinyl group
and t he ot her groups denoted by [err] are de5|rably met hyl groups and
phenyl groups. dfbsHatiganreattion betweem thesepSiFhgrdups and ke 1
The organohydrogenpol ysi | oxane as the conponent iv) con- tains at |east Two
or, preferabl ygreupseastthercomponent am)rngd;he‘ prgsexice ofthe componenit v)
bonded to the silicon atons or, nanely, SiH groups,_in a nolecule and acts
as a crosslinkdegeribed latex as anyzatalyst SFheamolecular stoacturewof theherga-
Si H groups and the aIkenyI Qups in the compon Lii) in the presence of
t he conponent Wohgdxrogerpo 56& xanealsmfapammﬁmlyrdlmtaawesandcvamm
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meubsti tor e 81 ShRRFHGHARE Ehble iskrepshlet by the following general com-

position formula can be used satisfactorily:

- R%HgSiO(4-c-dy/2,
in which R? is an unsubstituted or substituted monovalent hy-
drocarbon group having 1 to 8 carbon atoms free from an aliphat-
ically unsaturated linkage. It can be of the same kind as those ex-
emplified for R in the above mentioned component i) excepting the
alkenyl grbups and exemplified by alkyl groups such as methyl,
ethyl and propyl groups, aryl groups such as phenyl and tolyl
groups, cycloalkyl groups such as cyclohexyl group, aralkyl groups
such as benzyl group, substituted alkyl groups such as 3,3,3-tri-
fluoropropyl group and so on. The subscript ¢ is a positive'number
in the ranges from 0.8 to 2.1 or, preferably, from 1.2 to 2.0 and the
subscript d is a positive number in the range from 0.002 to 1 or,
preferably, from 0.01 to 1 with the proviso that ¢c+d is in the range
from 1 to 3 or, preferably, from 1.5 to 2.7. It is preferable that the
viscosity of the organohydrogenpolysiloxane at 25 C is in the
range from 1 to 1,000 cp or, preferably, from 5 to 200 cp.

The organohydrogenpolysiloxane includes methyl hydl:ogen

. polysiloxanes blocked at each molecular terminal with a trimeth-



dracarbon group having 1 to 8 carbon atons free froman aliphat- ically
unsaturated |linkage. It can be of the sane kind as those ex- enplified for
R in the above nentioned conponent i) excepting the al kenyl ‘groups and
exenplified by al kyl groups such as.- nethyl, ethyl and propyl groups, aryl
groups such as phenyl and tolyl "groups, cycloal kyl groups such as

-cycl ohexyl group, -aral kyl groups-such as anéyl group, substituted al kyl
groups such as 3,3,3-tri- fluoropropyl group”and so on. The subscript c is

a positive numgdsﬂj oxyt group)aepdlyeners 8f idindethyl s1lm’afme-<méth%l Ohgidlaoéeﬁo

2.0 and the subscri pt S a:ﬁPS|t|ve nunber in the range from to 1
or, preferablysiloxame initsblockeadatieagh m@haulanttetrmma]swmhta] ¢rimeth-
from1 to 3 or, .preferably, from1. 5 to 2.7 It is referable t hat the
viscosity of tyds gmpup;ghmeilzhyl polxsil oxarres bia cked at eachemolegular

Eﬁ;’;“néhtyﬁriggﬂogﬁﬁuﬂa; bridh, pc Aidiathat hydiogen glom| Goup. erpolymenscof
Copatyner's. of - dimetay1 Soxinmraethy] BirdlrogsenSdoxbnaunits Blowked eseash
Dol ysi loxanes. #ﬁl%@i.ﬁ %Hhﬁﬁl%&@#l&%ﬂ%ﬁyﬁé@& 1 eoum, songly-
ini 0 bl ockps SieEs STEABHRY] Mylidien SGRAATBHaH I RitEREAR Gul X Blliked
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‘mers of methyl hydrogen siloxane-diphenyl siloxane units blocked
at each molecular terminal with a trimethyl siloxy group, copoly-
mers composed of the monofunctional (CHg)oHSiOy/9 units and
tetrafunctional SiO4/9 units, copolymers composed of the difunc-
tional (CHg)sHSiOy/9 units, tetrafunctional SiOye units and tri-
functional (CgHy)SiOg/2 units and the like.
The compounding amount of the organohydrogenpolysilox-
ane as the component iv) is preferably in the range from 0.1 to 30
parts or, preferably, from 0.3 to 10 parts per 100 parts of the or-
ganopolysiloxane as the component iii). Alternatively, the com-
pounding amount can be specified as such an amount that the mol-
ar ratio of the hydrogen atoms directly bonded to the silicon atoms
in the component iv) to the alkenyl groups in the component iii) is
in the range from 0.2 to 10 moles/moles or, preferably, from 0.5 to 5
- moles/moles. -
.The catalyst for the hydrosilation reaction as the component
v) is exemplified by the compounds of a platinum group metal such

" as platinum black, platinic chloride, chloroplatinic acid, reaction



at .each.nolecular termnal with a trinmethylsiloxy group, copoly- ners of

nmet hyl hydrogen sil oxane-di phenyl sil oxane units bl ocked at each nol ecul ar
terminal with a trinethyl siloxy group, copoly- ners conposed of the

nonof unctional [err] units and tetrafunctional [err] units, copolyners
conposed of the difunc- tional [err] units, tetrafunctional [err] units and
tri- functional [err] units and the |ike. Eg ~conpoundi ng anount of the

or ganohydr ogenpol ysi1 ox- ane as the conpone iv) is preferably in the
range from 0. 1prod¥tteafichloropbatirticadid ahdumlotohydife pdcéBobdorhPlex-

parts of ‘the or- ganopoly5|loxane as the conmponent iil). Al'ternat’ivel y, the

com poundi ng esvofithieropkatinéciddiddand ancolefmnamﬂabinmhmblsacemdcet@te,

ratio of the hydrogen atons directly bonded to the silicon atons in the

conponent iv) paliadiam<basedycatalysts, rhedium-<ased lcatalyd:s andhthedile.

fromO0.2 to 10 _nol es/noles qor, preferably, fromQ.5 to myl es/ nol.es. The
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the range of the components iii) and iv).

These components iii), iv) and v) can be cbmpounded together
with a filler with an object to control the flowability of the com-
position or to increase the mechanical strengths of the shaped and
cured articles of the composition. Suitable fillers include reinfore-
ing fillers such as precipitated silica, fumed silica, calcined silica,
fumed titanium dioxide and the like and non-reinforcing fillers
such as pulverized quartz, diatomaéeous earth, asbestos, alumino-
silicate, iron oxide, zinc oxide, calcium carbonate and the like.
These fillers can be used as such or after a surface treatment with
an organic silicon compound such as hexamethyl disilazane, tri-
methyl chlorosilane and polymethyl siloxanes. Further, various
kinds of known additives such as pigments, heat resistance im-
provers, flame retardant agents, plasticizers and the like can be
compounded according to need.

As the curable silicone-epoky resin composition used in the
present invention, those given below are satisfactory though not
particularly limitative thereto provided that the composition has



framO0.1 to 1,000 ppmor, preferably, from1l to 500 ppmas the weight of

pl ati numor the platinumgroup netal based on the total of the conponents
iii) and iv). These conponents iii), iv) and v) can be conpounded toget her
with a filler wiwth an object to control the flowability of the com
position or to increase the nmechanical strengths of the shaped and cured
articles of the conposition. Suitable fillefjginclude reinforc- ing fillers
such as precipitated silica, funmed silica, calcined silica, funmed titanium
di oxi de and t heurabdli4ydandnis eapableiofgbeing eonvertedantouavenred bodyreiz,
di at omaceous earth, asbestos, alum no- silicate, iron_oxide, zinc oxide,
cal ci um car bontherhyistandingat momdemperaturaordey heating. such or after
a surface treatnment W th an_qrgani.c silicon conmpound such, as hexanet hyl

di silazane, tri- ma'tlﬁg,& C&ﬂ&h sSﬁéﬁ@ﬁTﬁPWﬁﬂﬂﬁy@@PQﬂm.mFQr orm
vari ous ki nds gﬁ kap .aﬂditives such as pigments, heat resistance im
provers, flanePi@RE WRRCDLOMPLISER:asticizers and the |ike can be
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curabl e silicone-epoxy resin on s

(c) from 1 to 50% by weight, based on the component (b), of an or-

- ganohydrogenpolysiloxane having at least one hydrogen atom
bonded to the silicon atom in a molecule and represented by the
general composition formula

RYHSiOw .12, seeees (D
in which R? denotes an unsubstituted or substituted monovalent
hydrocarbon group, the subscript f denotes a positive number in
the range from 1 to 2.4 and the subscript g denotes a positive num-
ber not exceeding 1;
(d) from 0.1 to 10 parts of an organosilicon compound having at
least one silanol group in a molecule; |
(e) from 0.001 to 10 parts of an organic aluminum com-pound; and
(f) a compound of a platinum group metal in an amount in the
range from 0.1 to 500 ppm by weight as the platinum group metal,
based on the component (b). |
The epoxy resin as the component (a) can be any of those con-
. ventionally used in a curable epoxy resin composition and parti-
cular examples thereof include bisphenol A-type epoxy resins, bis—

phenol F-type epoxy resins, phenol novolac-type epoxy resins, cre-



bl end which conprises: (a) 100 parts of a curable epoxy resin; (b) from5
to 500 parts of an organopol ysil oxane haV|ng at |least two on an average of
| ower al kenyl groups in a nolecule; (c) from1 to 50% by wei ght, based on
t he component (b), of an or- ganohydrogenpol ysil oxane having at |east one
hydr ogen at om bonded to the silicon atomin a nol ecule and represented by
‘the general conposttion fornula [err] TP (') in which R4

denotes an unsubstituted or substituted monoval ent hydrocarbon group, the

subscript f desol asovolasstypeepoxpaesing; alicyehizcepouy fesins? epory reking
subscript g denotes a positive num _ber not exceedlng 1; é&i}fron1 .1to 10
parts of an organdsammgradmﬂmmy lie ring sudh as: trigl yeidyhisoayanate mred
nol ecul e; (e) 8ﬁ10 Q01 to 10'£arts of an 0 an c alungun1con}pound and
(f) a conpound hidantein: epowys-Bydragenated type epoxy imesins, 1
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boxylic acid and epichlorohydrin, epoxy resins containing a spiro
ring, glycidyl ether-type epoxy resins as a reaction product of an o-
allylphenol novolac compound and epichlorochydrin, glycidyl ether-
type epoxy resins as a reaction product of a diallyl bisphenol com-
pound having allyl groups at the ortho-positions relative to the hy-
droxy groups in bisphenol A and epichlorohydrin, and so on.
The organopolysiloxane having at least two lower alkenyl
groups on an average in a molecule as the component (b) has a
viscosity in the range from 100 cp to 1,000,000 cp or, preferably,
from 1,000 cp to 300,000 cp at 25 C and is represented by the gen-
eral composition formula R3eSiO(4_e)/2, in which R3 is an unsub-
stituted or substituted monovalent hydrocarbon group having 1 to
12 carbon atoms or, preferably; 1 to 8 carbon atoms, which can be
any'one of those exemplifying the groups denoted by R in the com-
ponent i) of the above described silicone rubber composition. Parti-
cular examples of the group denoted by R3 include alkyl groups
such as methyl, ethyl, propyl, butyl, hexyl and cyclohexyl groups,
alkenyl groups such as vinyl, allyl, propenyl and butenyl groups,
aryl groups such as phenyl, tolyl and xylyl groups, aralkyl groups
such as benzyl group, halogen-substituted hydrocarbon groups



containing a heterocyclic ring such as triglycidyl isocyanate and hi dantoin
epoxy, hydrogenat ed bi sphenol A-type epoxy resins, aliphatic epoxy resins
such as propyl enegl ycol diglycidyl ether, pentaerithritol polyglycidyl

ether and the |ike, epoxy resins ob- tained by the reaction of an aromatic,
al i phatic or alicyclic car- boxylic acid and epichl orohydrin, epoxy resins
containing a spiro ring, glycidyl ether-typgg.epoxy resins as a reaction
product of an o- allyl phenol novol ac conpound and epi chl orohydrin, glycidyl
ether- type emsuchrasid)8,3¢riflueropropybrgroup, cianalgroup-substituted hyn
pound having allyl groups at the ortho-positions relative to the hy- droxy
groups in bi srdmuar%omgtrom)‘scsmmcawclyanoebhyl group, aié so on. The groups -
or ganopol ysi | oxane havi.ngqat |east two |ower al kenyl groups on an average
in a ol ecul e danoted riana moleeule eachwan be/of the samekind asoricancp
to 1,000,000 ¢p ar.,.preferably, frgqm1,0 cp 0,300,000 ¢gp at 25 [err], and
is represent ecbe)ﬂlffﬁe@@ oda theco Hﬁﬁlrﬁh%rﬁwﬁﬁlvﬁrgmﬂpﬁ cpax be

i's an unsub- sti,tu
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~hydrocarbon griggiided thereto. The subscript e is a positive number in the range

from 1.8 to 2.4 so that the organopolysiloxane is a straightly chain-
like diorganopolysiloxane blocked at each molecular chain termi-
nal with a R338i0 1/2 unit, although the molecular structure there-
of can be a straightly chain-like structure, a branched structure
containing the R3SiOg/o units and/or SiOy9 units or a resinous
structure with a three-dimensional network. The groups bonded to
the silicon atoms can be basically any of those mentioned above
But, desirably, the alkenyl groups are vinyl groups and the other
groups include phenyl groups in respect of enhancement of the
miscibility of the organopolysiloxane with the epoxy resin. This or- .
ganopolysiloxane can be pfepared by a known method.

The compounding amount of the'component (b) is, per 100
parts of the curable epoxy resin as the component (a), from 5 to 500
parts or, preferably, from 20 to 200 parts since, when the amount is
too small, the heat resistance, mold releaéability and other desir-
able properties as the inherency of silicone resins cannot be fully
exhibited after curing of the silicone-epoxy resin composition to be



-16- such as 3,3,3-trifluoropropyl group, cyano group-substituted hy-
drocarbon groups such as cyanoet hyl group, and so on. The groups denoted by
[err] in a nolecule each can be of the same kind as or can be different
framthe others although the respective groups can be sel ected

I ndependently each fromthe others. It is preferable that the

-or ganopol ysi | oxane-.contains at |east two aLﬁquyl groups on an average in a
nolecul e and, nore preferably, each of the Silicon atons at the nol ecul ar

chai n term nal pbtained whiteydn sheisthenband,whetrthd eonspoaadiny ameusnt

positive nunmber in the range from1.8 to 2.4 so that_the organopol’ysil oxane
i s a straight! ofdiw compdment ¢bisdpollariges theccuted meateriad xanmot beim:
chain term - nal with a [err] unit, although_the nplecular structure there-

of can be a st parged withaufficiently highimechanical skeengthsct ur e
containing the [err] units and/or [err] units or a resinous structure wth
a three-di nensi onal msgan&iuéfi@mm ex¥ang astheicompanendfe) at
basi cal | ft [ d ab but o desirably, th K |
basically any of pose Jedtionc ghocyl S5l Yo e Slieyl groves,
Feoin. Thi's or meleiE: The siticdnhaRdsacR RoRseta A0IRR ot fatnedCi Briklole-
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20 to 200 t | ) ' '
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silicone resingngdheRveb Mdletules. The organohydrogenpolysiloxane is repre-
sented by the general composition formula

R4HSi0(4 192,
in which R? denotes a monovalent hydrocarbon group having 1 to

12 carbon atoms or, preferably, 1 to 8 carbon atoms and free from
an aliphatic unsaturated linkage. The groups denoted by R¥ina
- molecule each can be of the same kind as or can be different from
the others. In the general composition formula, the subscript fis a
positive number in the range from 1 to 2.4 or, preferably, from 1.6
to 2 and the subscript g is a positive number not exceeding 1 or,
preferably, in the range from 0.002 to 1 with the proviso that f+g
is a positive number preferably in the range from 1.6 to 3 while the
molecular structure of the organchydrogenpolysiloxane can be any
of straightly chain-like structures, branched structures and resin-
ous structures having three-dimensional networks. The viscosity
of the organochydrogenpolysiloxane at 25 C is in the range from 1
to 1000 cp or, preferably, from 5 to 200 cp. The number of the hy-

drogen atoms bonded to the silicon atoms in a molecule is prefer-



exhibited after curing of the silicone-epoxy resin conposition to be

-17- obtained while, on the other hand, when the conpoundi ng anount of the
conponent (b) is too large, the cured naterial cannot be im parted with
suf:ficiently high mechanical strengths. The organohydrogenpol ysil oxane as

t he conponent (c) has at |east one hydrogen atomdirectly bonded to the
silicon atomin a tol ecule. The silicon-bqnq d_hydrogen atons contained in
a mole- cule pertain-to the hydrosilation réaction with the al kenyl groups
i n the conponentbljpintthetbnge fitthn1 to 200 or} merepreferably, from 2 1o 20
bet ween nol ecul es.” The organohydr%?enpolysionane Is repre- sented by the
general conposifrom therstandpeint] of thewtrengthsief thecuredmaterial.

hydr ocarbon group having 1 to _12 carbonz%gwm or, preferably, 1 to 8 carbon
atoms and free fromEhegroumdenobedhy it a therabowee gmeng%:mulalancludew

[err] in a nolecgule each can be,of the, same kind as .can be different,
fromthe ot Prgr .es‘aﬁn@og@sea%gwm@;sstﬁe@xamiﬁs?f E?ﬁmf)semmnentg)@f
iti [ 1, 2.4 . .6 2
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branched struc
groups such as cyclohexyl and cyclooctyl groups, aryl groups such

as phenyl, naphthyl, methylphenyl and xylyl groups, aralkyl
groups such as benzyl, phenylethyl and cumyl groups and alkenyl
groups Such as vinyl, allyl and cyclohexenyl groups as well as
those substituted groups by replacing a part or all of the hydrogen
atoms in these unsubstituted hydrocarbon groups with halogen
atoms and the like such as, for example, chloromethyl, p-chloro-
phenyl, m-chlorophenyl, o-chlorophenyl, p-trifluoromethylphenyl,
o-trifluoromethylphenyl, 3,3,3-trifluoropropyl and cyanoethyl
groups, those substituted by trimethyl silyl group or trialkoxy silyl
group such as 3-trimethylsilyl propyl, 3-trimethoxysilyl propyl
and 3-triethoxysilyl propyl groups and those substituted by an ep-
oxy group such as 3-glycidoxypropyl and 2-(3,4-epoxycyclohexyl)
ethyl groups and so on | |

The compounding amount of the component (c) is from 1 to
50% or, preferably, from 5 to 30% by weight based on the compo-
nent (b). When the compounding amount of the component (c) is
too small, the crosslinkability of the composition is insufficient due
to deficiency in the amount of the crosslinking agent whiie, when



ous structures having three-di nensional networks. The viscosity of the

or ganohydr ogenpol ysi |l oxane at 25 [err] is in the range from1 to 1000 cp
or, preferably, from5 to 200 cp. The nunber of the hy- drogen atons bonded
to-the silicon atonms in a nolecule is prefer- ably in the range from1l
to 200 or, nore preferably, from2 to 20 fromthe standpoint of the
strengths of the cured naterial. The group. fignoted by R4 -in the above given
formul a i ncludes the sanme ones as given as e exanples of Rin the
conponent i) othé¢ Emeumtethereodisdooi larges)can witesssivelp diigho erogslinkdnigar
ex- anples thereof include al kyl groups such as nethyl, ethﬁl, propyl,

but Kl , hexy: : hdenlsity ghecaulsedrstel ataml eclbherlycasg; bhescuneﬁt odyrl:sOmfatbmes
~such as cycl ohexyl and cyclooctyl groups, aryl groups such as phenyl,
napht hyl , ~ net ganhetbe imp Wi fghanschplmgails&eng&hSaAlthemauve-
phenyl et hyl and cynyl groups and al kenyl grqups such as vinyl, allyl and
cycl ohexenyl S]’Jb sgmmundgmwmbﬁit&ﬁ gemponeat () c%plbeismcaﬁgdrt

or all of the hydrogen atons inh unsybstitute drocar Qon groups  with

a% guchean amount that the 16 GhHBY alkeRpil Extin ta she
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3-gl yci doxypr opy epoxycycl o yl) -
- As the organic silicon compound having at least one silanol

group in a molecule as the component (d), organohydroxysilanes or
organohydroxy(poly)siloxanes can be used. The organohydroxysi-
lane is represented by the general formula R5hSi(OH)4_h, in which
the subscript h is 1, 2 or 3 and R® denotes an unsubstituted or
substituted monovalent hydrocarbon group having 1 to 12 carbon
atoms or, preferably, 1 to 8 carbon atoms and free from an alipha-
tic unsaturated linkage including the same ones as those given as
the examples of R in the component i) of the above mentioned sili-
cone rubber composition. Examples of the groups denoted by RS in-
clude alkyl groups such as methyl, ethyl, propyl, butyl, hexyl, oct-
yl, decyl, undecyl and dodecyl groups, cycloalkyl groups such as cy-
clohexyl and cyclooctyl groups, aryl groups such as phenyl, naph-
thyl, methylphenyl and xylyl groups and aralkyl groups such as
benzyl, phenylethyl and cumyl groups as well as those substituted
groups by replacing a part or all of the hydrogen atoms in these
groups with halogen atoms and the like such as, for example, chlo-
romethyl, p-chlorophenyl, m-chlox"ophenyl, o-chlorophenyl, p-tri-



ethyl groups and so on The conpoundi ng anmpunt of the conponent (c) is from
1 to 50%o0r, preferably, from5 to 30% by wei ght based on the conpo- nent
(b). Wen the conpoundi ng anount of the conponent (c).is too snall, the
crosslinkability of the conposition is insufficient due to deficiency in

t he anmount of the crosslinking agent while, when the amount thereof is
too | arge, an excessively high crosslinking ggpsity I's caused so that, in
‘ei t.her case, the cured body sonetines canno? be inmparted with high

mechani cal st r fhghFometh: pi]féﬁy't; d-triﬂ%m@h?gmlﬁgp,lg 398-trifluoro-

conponent (c) can be specCified as such an anount ’af ratio O

the al kenyl gorpeopylandeyan texdups andthélikegen atons directly

bonded to the SilTcon atons in the conponent (c) is fromO0.2 to 10

nol es/ mol es or, preTire onganokiydroxy(paly)siloxane asthe. othert ¢tlase ofthe si-

silicon conpound having at |east one silanol group in a nolecule as the
conmponent (d), langhrgtoup-coptaining siliconcompounds (s pepresentesd bythe

used. The organohydrgxysi- lane is repfesented by the general fornula [err]
in which the sgsa@mgthmpgsmonf;rmuﬁmd [err] denotes an unsubstituted or

substituted nonoval ent hydrocagn r having 1 to 12 carbon atons or,
preferably, 1 to 8 carbon atoﬁéiﬁﬁ&ﬂh§ﬂ§0¥idﬁﬁan al i pha- tic unsaturated

comonent |1 ol WEehoRe Gebiedan SHiubhiiRa Al i SuBsRTLER Sledixdlent,

of the groups HenpladrBon Brotp having 1 to 12 carbon atoms or, preferably, 1 to
8 carbon atoms and free from an aliphatic unsaturated linkage,
the subscript i is a positive number in the range from 1 to 2.5 or,
preferably, from 1.5 to 2.2 and the subscript j is a positive number
not exceeding 2 or, preferably, in the range from 0.05 to 2 or, more
preferably, from 0.1 to 1.5 with the proviso that i+j is larger than
1 but not exceeding 8 or, preferably, in the range from 1.6 to 2.5.
The molecular structure of such an organopolysiloxane can be
straightly chain-like, branched, cyclic and resinous having a
three-dimensional network.

The group denoted by RS can be any of those given as the ex-
amples of R in the component i) of the above mentioned silicone
rubber composition. Examples of the groups denoted by R® include
alkyl groups such as methyl, ethyl, propyl, butyl, hexyl, octyl, de-
cyl, undecyl and dodecyl groups, cycloalkyl groups such as cyclo-
hexyl and cyclooctyl groups, aryl groups such as phenyl, naphthyl,
methylphenyl and xylyl groups and aralkyl groups such as benzyl,
phenylethyl and cumyl groups as well as those groups obtained by
replacing a part or all of the hydrogen atoms in these groups with



cl ude al kyl groups such as nethyl, ethyl, propyl, butyl, hexyl, oct- yl,
decyl, undecyl and dodecyl groups, cycloal kyl groups such as cy- clohexyl
and cycl ooctyl groups, aryl groups such as phenyl, naph- thyl, nethyl phenyl
and xylyl groups and aral kyl groups such as benzyl, phenylethyl and cunyl
groups as well as those substiituted groups by replacing a part or all of

t he hydrogen atons-.in these groups with h@lgggn atons and the |ike such as,
for- exanple, chlo- ronethyl, p-chlorophenyl T mchlorophenyl,

o- chl or opheny! halogeinr atoms?andf the e suehpde, for, exatple, ebl oamiriethydpl .
3,3,3-trifluoro- propyl and cyanoethyl groups and the I|'ike. The

or ganohydr oxy ( ghlorepheryle mechlozrop ;| achlofophenyl; p-trifluoromethyl-
group-containing sillcon conmpounds_is represented by the general

conposi tion fophenyl,o-triflaoremethylphenyhands 3:3,3steifbzorapropybgroups,
substituted nonpval ent hydrogar pon %gup hayi r&hl to lﬁ carbon atons or,
preferably, 1 thosegnaups s ituted byea trsmethyl silyh group o tuialkoxy
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cyclohexyl)ethyl groups.

In this organohydroxysilane or organohydroxy(poly)silox-
ane, intercrosslinking with the epoxy resin cannot be fully accom-
plished and necessary strengths cannot be obtained and, in ad-
dition, the curing reaction per se is extremely retarded when the
content of the silanol groups in the component (d) is too low. When
the content of the silanol groups is too high, on the other hand, the
silicone compound is unstable. | |

Such an organochydroxy(poly)siloxane can be prepared by a
known method. For example, the organohydroxy(poly)siloxane can
be obtained by the cohydrolysis of a mixture composed of vinyl
methyl dichlorosilane and phenyl trichlorosilane with admixture
of, acbording to need, one kind or more of tetrachlorosilane, methyl
trichlorosilane, dimethyl dichlorosilane, trimethyl chlorosilane,
diphenyl dichlorosilane and methyl phenyl dichlorosilane, cohy-
drolysis of a mixture composed of vinyl methyl chlorosilane and
phenyl trichlorosilane with admixture of, according to need, one or
more of tetrachlorosilane, methyl trichlorosilane, dimethyl dichlo-

rosilane, trimethyl chlorosilane, diphenyl dichlorosilane and



straightly chain-1like, branched, cyclic and resinous having a

t hr ee-di nensi onal network. The group denoted by [err] can be any of those
given as the ex- anples of Rin the conponent i) of the above nentioned

si l:i cone rubber conposition. Exanples of the groups denoted by R6 include
al kyl groups such as nethyl, ethyl, propyl, butyl, hexyl, octyl, de- cyl,
undecyl and dodecyl. groups, cycloalkyl graup ?_such as. cyclo- hexyl and

cyci ooctyl groups, aryl groups such as pheny napht h met hyl phenyl and
xylyl groups amethyl phemybdpehlorasilanescak: eﬁamnxbUre lkoxy
groups as well as those oups obtained by re IaC|ng a part or_all_ of the
hydr ogen at ons s1}ane&sucgra;s|mebhoxy silanes, ethoxysilanes andithedikelcorzeeh
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the The content of silanol groups can be controlled by means of

the amount of the catalyst, reaction temperature and other factors.
It is further possible in the subsequent step to effect modification
of the thus formed silanol groups with a silylating agent such as
trimethyl chlorosilane, hexamethyl disilazane, divinyl tetrameth-
yl disilazane and the like.

The compounding amount of the component (d) is from 0.1 to
10 parts or, preferably, from 1 to 5 parts per 100 parts of the cur-
able epoxy resin as the component (a). When the amount is too
small, curing of the epoxy resin is incomplete while, when the
amount is too large, on the other hand, not only an economical dis-
advantage is caused but also a decrease may be caused in the phys-
ical properties of the cured body.

The organic aluminum compound as the component (e) is an
aluminum compound having an organic group bonded to the alu-
minum atom either through an aluminum-carbon linkage or by co-
ordination. Examples of the organic groups include alkyl groups,
unsubstituted or substituted phenyl groups, haloalkyl groups, alk-
oxy groups, unsubstituted or substitui:ed phenoxy groups, acyloxy



content.of the silanol groups in the conponent (d) is too | ow. When the
content of the silanol groups is too high, on the other hand, the silicone
conmpound i s unstable. Such an organohydroxy(poly)sil oxane can be prepared
by.a known net hod. For exanple, the organohydroxy(poly)siloxane can be
.obt ai ned by the cohydrolysis of a m xture conposed of vinyl nethyl

di chl orosil ane and.phenyl trichlorosilane wpgh adm xture of, according to
need, one kind or nmore of tetrachlorosilane, nmethyl trichlorosilane,

di et hyl di chl grosipszr@diketonabe | groups,osidarbanyiphenglatoi groupssandrghe
and net hyl phenyl dichlorosilane, cohy- drolysis of a m xture conposed of
vi nyl net hyl cﬁﬁne@silane and phenyl trichlorosilane with adm xture of,
according to need, gne or npre of ‘tetrachl orogilane, nethyl .
trichlorosilane, di Fhealkylgnoups asia elass of the organieignoiips imdhe orga-
di phenyl dichl orosil ane and -22- t hyl phenyl dich] Qrosil ane, ..
cohydrol ysi s oRig alumingmscamponnd assthe cﬂ!@é"ﬁ@ Bxe exexaplified thyxy

chi or osi | anes PRCHAELPEBYLeFEBTaPY b iSPRERRY b, Bebiby bases PRty larkerscbubyl
o ganopol v | oR3Rb T-sEtsTL eifs, s, SrdundhighERd & Supstitiited phenyl
breforred TheBEHEN Arreteniilified By bhleryl # liffhoRpRhetyT: endéthory,
amount of the pNHYPANd FAthoRYpPleR§l groupsdthe HdWalkilgoups are exem-

plified by chloromethyl, chloroethyl and chloropropyl groups, the

alkoxy groups are exemplified by methoxy, ethoxy, isopropoxy,
butoxy and pentoxy groups, the unsubstituted or substituted phen-
oxy groups are exemplified by phenoxy, o-methylphenoxy, o-meth-
oxyphenoxy, o-nitrophenoxy and 2,6-dimethylphenoxy groups, the
acyloxy groups are exemplified by acetato, propionato, isopropion-
ato, butyrato, stearato, ethylacetoacetato, propylacetoacetato, bu-
tylacetoacetato, diethylmaleato and dipivaloylmethanato groups,
the p-diketonato groups are exemplified by acetylacetonato, tri-
fluoroacetylacetonato and hexafluoroacetylacetonato groups as
well as those groups derived from the compounds represented by
the structural formulas
Ph-CO-CHg-CO-CHg, CH3-CO-CH(CHg)-CO-CHg and
(CHg)3C-CO-CH2-CO-C(CHg)g, in which Ph is a phenyl group. The
o-carbonylphenolato groups are exemplified by salicylaldehydato
group. '

Particular examples of the organic aluminum compounds

suitable as the component (e) include aluminum benzoate, tri-



It is further possible in the subsequent step to effect nodification of the
thus forned silanol groups with a silylating agent such as trinethyl

chl orosi | ane, hexanet hyl disilazane, divinyl tetrameth- yl disilazane and
the |like. The compoundi ng amount of the conponent (d) is fromO0.1 to 10
parts or, preferably, from1 to 5 parts per 100 parts of the cur- able
.epoxy resin as the-.conponent (a). Wien the_ggount is too small, curing of
the epoxy resin is_inconplete while, when the ampunt is too Iarge on the
other hand, notmethpxyn adusnimuny tmemhoan}v mgmusn; Aritsopropoxy cabumi-
decrease may be caused jn the phys-, ical ertles the cured body. The
organi ¢ al um mmim)rﬁmp NHX Y ﬂhlmim-bm; DQXH ummunu iso-

having an organic groua ‘ﬁgded t he aIu un1at n1eJther throu h an
al um num car boPTNORA%N £16 &ﬁlmmt umnnum,drangetoxy alu--
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- tris(ethylacetonato) aluminum, ethylacetato diisopropoxy alumi-

num, tris(diethylmalorato) aluminum, tris(propylacetoacetato)
aluminum, tris(butylacetoacetato) aluminum, tris(isopropylaceto-
acetato) aluminum, tris(dipivaloylmethanato) aluminum, diace-
tylacetonato di_pivaloylmethanoto aluminum, diacetylacetonato
dipivaloylmethanato aluminum and ethylacetoacetato diisoprop-
oxy aluminum as well as those co-ordination compounds expressed
by the following formulas:

/c (CHs) s C/CHs
oec /CH o=/ /C -CHs
\C (CHs) 3 3 CH

r 1 ( /CFa )
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groups.are exenplified by. phenyl, p-nethoxyphenyl, o-nethoxy- phenyl and

p- et hoxyphenyl groups, the hal oal kyl groups are exem plified by

chl oronmet hyl, chl oroethyl and chl oropropyl groups, the al koxy groups are

exenplified by methoxy, ethoxy, isopropoxy, butoxy and pentoxy groups, the

unsubstituted or substituted phen- oxy groups are exenplified by phenoxy,

-0- et hyl phenoxy, -o-neth- oxyphenoxy, o-ntgbgghenoxy and 2, 6-di nmet hyl phenoxy

gr-oups, the acyl oxy- groups are exenplified“Dy acetato, propionato, -

| sopropi on- ato, butyrato, stearato, ethylacetoacetato, pr ﬁglacetoacetato,
t

bu- tyl acetoacetato, diethylnaleato and di pival ¢yl net hana roups, the
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ah.cyl al dehydat o grodp. Payts cul ar] exanpl es of
t he organi ¢ al um num conpound$*&uit &bl e as the conponen? (e) include
al um num benzoate, tri- -24- methoxy alum num triethoxy alum num
triisopropoxy alum- num. tripheng al ym num tri (p-nmethyl phenoxy)
al um num iso- propoxy [di et hoxy 2 misnu tributoxy alum num triacetoxy

al u-
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fl uoroacetyl acet onato ¢
groups derived from ke
[err] and [err], in
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These organic aluminum compounds can be used either sin-
gly or as a combination of two kinds or more according to need.
The amount thereof in the composition is in the range from 0.001
to 10 parts or, preferably, from 0.01 to 5 parts per 100 parts of the
curable epoxy resin as the component (a). When the amount there-
of is too small, the curing characteristic of the composition is in-
complete while, when the amount thereof is too large, an increase
in the cost is caused and the physica1 properties and adhesion of
the composition after curing are adversely influenced.

The platinum group metal cbmpound as the component (f)
serves as a catalyst to promote the addition reaction or the hydro-
silation reaction between the alkenyl groups in the organopolysi-

. loxane as the component (b) and the SiH groups in the organohy-
drogenpolysiloxane as the component (c). Examples of suitable cat-
alytic compounds include platinum black, platinic chloride, chloro-



m num tristearato alum num tributyrato alum num tripropion- ato

alum num triisopropionato alum num tris(acetylacetonato) alum num
tris(trifluoroacetylacetonato) alum num tris(salicylal- dehydato)

alum num tris(pentafluoroacetyl acetonato) alumnum tris(ethylacetonato)
al um num ethyl acetato diisopropoxy alum - nurn tris(diethyl mal orat o)

‘alumi num tris(propyl acetoacetato) al um numgatri s(butyl acet oacet at o)

al umi num tris(isopropylaceto- acetato) alufinum tris(dipival oyl nethanato)
al umi num di acplatihie actdateackipnproduots bf ehiloreplatiniciacid and a mono-
di acetyl acetonat o_di pi val oyI met hanat o al um num and et hyl acet oacet at o

di i soprop- oxy hydricalockolyeom xemstéchbmplammlmcld)mbhran odefing pled
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tal of platinum, palladium or rhodium based on the component (b).

When the amount is too small, complete cﬁring cannot be accom-
plished while, on the other hand, no additional advantages can be

~ obtained rather with an economical disadvantage by increasing
the amount to exceed the above mentioned upper limit.

It is not always essential that the components (a) to (f) de-
scribed above are each a respectively independent individual com-
pound so that, for example, an organopolysiloxane having at least
two lower alkenyl groups and having at least one silanol groupin a
molecule can act both as the component (b) and as the component
(d). In this case, the applicable molecular structure and compound-
ing amount of such a compound for dual service are each a combi-
nation of the respective ranges. For example, in the above given
general composition formula of the organohydroxy(poly)siloxane
as the component (d), of which the groups denoted by RE in a mo-
lecule include at least two on an average or, preferably, from 2 to
80% by moles or, more preferably, from 2 to 20% by moles of lower
alkenyl groups such as vinyl, allyl, propenyl and butenyl groups in
the overall R® groups, this organohydroxy(poly)siloxane can be
compounded in an amount of 5 to 500 parts or, preferably, from 20



of is too small, the curing characteristic of the conposition is in-

conpl ete while, when the amount thereof is too large, an increase in the
cost is caused and the physical properties and adhesi on of the conposition
after curing are adversely influenced. The platinumgroup netal conmpound as
t he conponent (f) serves as a catalyst to pronote the addition reaction or
the hydro- silation reaction between the al kgnyl groups in the

or ganopol ysi - | oxane-as the conponent (b) and the SiH groups in the

or ganohy- dr ogdp200partsper 100 parts sfthe¢urable Epony resiaf as thieadd®po-
cat- alytic conpounds include platinumblack, platinic chloride, chloro-
-26- platinic avent (apand,din thiscase; thie compomyerd (b) cam becomitited.mono-
hydric al cohol, conpl exes of chloroplatinic acid with an olefin, pla- tinum
bi sacet oacet ate, palliagdditionsta the: componentsialto (Bsfurthermores itis opke
|i ke. They are uysed_in an gnount of 8.1 t o, 5Q0 m by wei ght or,, .
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an amount that the adhesive bonding with the silicone rubber
composition is not adversely affected after curing.
In the method of the present invention for the preparation of
a monolithically integrated composite body of a cured silicone rub-
ber and a cured silicone-epoxy resin composition, in the first place,
either one of the above mentioned silicone rubber composition and
the silicone-epoxy resin composition is cured and shaped at room
temperature or by heating, preferably, in a metal mold. The meth-
od for shaping of the composition is not particularly limitative de-.
pending on the rheological properties and curing behavior of the
composition and any of the conventional methods such as cast-
molding, compression molding, injection molding, extrusion mold-
ing, transfer molding and others is applicable. This step to effect
curing of either one of the compositions is referred to as the “pri-
- mary shaping” hereinafter.
After either one of the compositions has been cured and shap-
ed in the primary shaping, for example, in a metal mold, the other
composition is brought into direct contact with the primarily shap-



two | ower al kenyl groups and having at | east one silanol group in a

nol ecul e can act both as the conponent (b) and as the conponent (d). In
this case, the applicable nolecular structure and conpound- ing anount of
such a conmpound for dual service are each a conbi- nation of the respective
ranges. For exanple, in the above given general conposition formula of the
or ganohydr oxy( pol y) si | oxane as the conponené.Ld), of which the groups
denoted by [err] in-a no- lecule include at"1east two on an average or,
preferably, fredahd cuzethiodywofthedfirstroompositiomand stbjected to Shdphug
nmol es of |ower alkenyl  groups such as vinyl, allyl, propenyl and butenyl
groups in the a)ndreuru{gat]roymMpenatune@a‘rbyimabmg:&‘hjsstepwﬁemﬁngbe
conpounded in an anpunt of 5 to 500 parts or, preferably, from 20 -27-
to 200 parts pandishapingsofthensecondcomppsitioneis refernad-to asthentsec-
(a) and, in this_case, the c ongnt (b) gan be omtted. In_additiop to fhe
conponent s ( a)onRdary) shapin eﬁw@méere successively condugting T

adm x the conposition w,th varjous kjnds of fine powder nd i braous
materials as ATy ehaniag andisecondary shapingd moenelithicallydntegrated
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method of the phaaey shapfg'@h by obbRitddRF{tH vatyYirm adhesive bonding
between the two parts. The shaping method in the secondary shap-

ing can also be freely selected depending on the rheological prop-
erties and curing behavior of the composition and other factors and
any of the conventional methods such as cast-molding, compres-
sion molding, injection molding, extrusion molding, transfer mold-
ing and the like is applicable. |

It is not always necessary that the timing to conduct the sec-
ondary shaping is after complete curing of the primarily shaped
part and no problems are encountered by starting the secondary.
shaping even before complete curing of the primarily shaped part
provided that the primary shaping has been effected to such an ex-
tent that an interface can be formed without intermixing of the
two compositions.

In the following, examples are given to more fully describe
the present invention although the scope of the present invention
is never limited thereto. In the following examples, the term of
"parts” refers to "parts by weight" and the term of "%" refers to "%



a nonolithically integrated conposite body of a cured silicone rub- ber and
a cured silicone-epoxy resin conposition, in the first place, either one of
t he above nentioned silicone rubber conposition and the silicone-epoxy
resin conposition is cured and shaped at roomtenperature or by heating,
preferably, in a netal nmold. The nmeth- od for shaping of the conposition is
not particularly Iitm.tative de- pending on_t r heol ogi cal properties and
curi ng behavior of the conposition and any of the conventional nethods such
as cast- nol di ey weight®sifonotwpécified otkerwise,anhd tige valuesof viseosity
ing, transfer nmolding and others is applicable. This step to effect curing
of either one dilwaysaefertothenaluead25r@d to as the "pri- mary shaping"
herei nafter. After either one of the conpositions has been cured and shap-

ed in the prindixasapledg, for exanple, in a netal nold, the other
conposition is brought j.npto direct contact with,the prifgarily shap- - 28-
ed and cured body of taqun@-temd‘gsmo@pmmssﬁgrbcmfgarr@dstm@m§han@om-
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bondi ng to 210 and a molecular weight of 380 with 10 parts of an epoxy

compound 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexyl carb-
oxylate, 10 parts of an organopolysiloxane having a viscosity of
4000 cp and expressed by the formula given below:
ViMeoSi-0-(-SiMeg-0-)go-(-SiPhg-0-)90-SiMeg Vi,
in which Vi is a vinyl group, Me is a methyl group and Ph is a
phenyl group, 1.5 parts of an organchydrogenpolysiloxane having
a viscosity of 25 cp and expressed by the formula given below:

MegSi-0-(-SiPhg-0-)9-(-SiHMe-0-)4-(-SiMeg-0-)o-SiMeg,
in which each symbol has the same meaning as defined above, 1.5.
parts of diphenylsilane diol, 0.6 part of aluminum benzoate and 0.1
part of an isopropanol solution of chloroplatinic acid in a con-
centration of 0.5% as platinum.

Separately, a silicone rubber composition, referred to as the
composition B hereinafter, was prepared by admixing 100 parts of
a dimethylpolysiloxane having a viscosity of 10000 cp and blocked
at each molecular chain end with a dimethyl vinyl siloxy group
with 30 parts of a fumed silica filler having a specific surface area
of 200 n‘lzlg, 6 pa,rts of hexamethyl disilazane and 2 parts of water



between the two parts. The shaping nethod in the.secondary shap- ing can

al so be freely sel ected dependi ng on the rheol ogical prop- erties and
curing behavior of the conposition and other factors and any of the
conventional nethods such as cast-nol ding, conpres- sion nolding, injection
nol di ng, extrusion nolding, transfer nold- ing and the Iike is applicable.
It is not always necessary that the timng_tgyconduct the sec- ondary
shaping is after conplete curing of the pri ily shaped part and no

probl ems are engpdeirchedting sitc1501C fowe3skoardand then witk\(:4 patbof a di-
conplete curing of the primarily shaped part provided that theeFrlnary

shapi ng has beemethylsilokaneanethylthydrogemsiloxanecopolyniercet i Orepeisco-
formed without interm xing of the two conpositions. In_the foll ow ng,

exanpl es are gisity consisting ofl 50%byrmeles iof the:dimethylsiloxane whitsyand
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In the next place, the cavity 2 of the lower mold 1 of the metal
mold having a vertical cross section schematically illustrated in
Figure 1 was half filled with the above prepared composition A,
which was cured by heating at 150 C for 3 minutes followed by
closure of the lower mold 1 with the upper mold 3 mounted there-
on. Then, the composition B was introduced by injection into the
cavity 2 through the injection port 4 provided in the upper part of
the upper mold 3 on to the already cured composition A to fill the
space under an injection pressure of 60 kg/cm2 and cured by heat-
ing at 150 C for 5 minutes to give a monolithically integrated.
composite cured article by firm bonding of the two parts, one, of the
silicone-epoxy resin composition as the part A and, the other, of
the silicone rubber composition as the part B.

The thué obtained monolithically integrated composite arti-
cle was subjecte_d to a post-curing treatment at 150 C for 3 hours
and then subjected to the measurements of the hardness of the re-
sf)ective parts according to the procedure specified in JIS K 6301.
The results were that the JIS A hardness of the part A was higher



product by Shell Chem cal Co.) having an epoxy equivalent of 190 to 210 and
a nol ecul ar weight of 380 with 10 parts of an epoxy conpound .

3, 4- epoxycycl ohexyl met hyl 3, 4- epoxycycl ohexyl carb- oxylate, 10 parts of an
or ganopol ysi | oxane having a viscosity of 4000 cp and expressed by the
formula given below. [err] in which Vi is a vinyl group, Me is a nethyl
group and Ph is a phenyl group, 1.5 parts ‘H3§“J or ganohydr ogenpol ysi | oxane
having a viscosity of 25 cp and expressed by the formula given below [err]

i n which each sthvn!themeasurablerapperdimitief 9% by thecmétiodavhileithe

di phenyl silane diol, 0.6 part of alum num benzoate and 0.1 part of an

i sopropanol solparbB hadcahardness of 35acid in a con- centration of 0.5% as
pl ati num Separately, .a silicone rubber conposition, referred to as the
conposition B rEm‘male&., was prepared by adm xi ng 100 parts of a

di met hyl pol ysi | oxane, having a.yiscosity of 10000 cp and bl ocked each
mol ecul ar chai n end ADOtheT sTReORe-enaKy TeSI,CPTBPOEHION: ¥ tte as the
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consisting of SQANY Bk c8inpdiind 45'UBEd h' PX3MRp¥e 1, 5@ Phrts of another
organopolysiloxane expressed by the average composition formula
given below:
Me.02Pho.40Vi0,085i01.25 ,
in which each symbol has the same meaning as defined above and
which was prepared by the cohydrolysis of a mixture of vinyl meth-
yl dichlorosilane, dimethyl dichlorosilane and phenyl trichlorosi-
lane at 90 'C followed by separation and neutralization by washing
with water and by the trimethyl silylation of the remaining silanol
groups with hexamethyl disilazane followed by further washing
with water and separation, 2 parts of the same organohydrogen-
polysiloxane as used in Example 1, 3 parts of a methyl hydrogen
polysiloxane havihg a viscosity of 2 cp and expressed by the for-
mula given below:
MesSi-O-(-SiHMe-0-)4-SiMeg,
in which Me is a methyl group, 1.5 parts of aluminum benzoate
and 0.3 part of the same isopropanol solution of chloroplatinic acid
as used in Example 1. |
In the next place, a monolitbically- integrated composite cur-

ed article was prepared in substantially the same manner as in Ex-



50% by nol es of the methyl hydrogen siloxane units and bl ocked at each

nol ecul ar chain end with a trinethyl silyl group and 0.1 part of the sane

i sopropanol solution of chloroplatinic acid as descri bed above. In the next
pl ace, the cavity 2 of the lower nold 1 of the netal nold having a verti cal
cross section schematically illustrated in Figure 1 was half filled with

t he above prepared-conposition A which was ed by heating at 150 [err]
for~3 mnutes followed by closure of the lower nold 1 with the upper nold 3
mount ed t her e- ampléHkexceptingriiesiseof thevabove deseribedbgompositiom C ko
the cavity 2 through the injection port 4 provided in the upper part of the
upper nold 3 orplwetofethecemposammmkmﬁxample Ato fill the space under
an injection pressure of 60 kg/c eat- ing at 150 [err] for

nd - cur
f5i ;n.mng;ﬁ?ii tnO g:‘ Vtth t\/\g(ﬁhltst}s mﬁegmi'%on?teiaﬁ &io;mlgg%itgs??ﬁ;n
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;Egtgiﬁ% thgr gl}ﬁmg B304 BT EEL yefpectiid RRSTEIA fad thint e BRRELD(GIRRH from
limt of 95 by TR cinpdi i Ibeh[%&gapig? "Bhardheds diys SRigRer WHiR the

part of the silicone rubber composition B had a hardness of 35.

Example 3.

Another silicone rubber composition, referred as the compo-
sition D hereinafter, was prepared by admixing 100 parts of a di-
methyl polysiloxane having a viscosity of 100,000 cp blocked at
each molecular chain end with a trivinyl siloxy group with 30
parts of the same fumed silica filler as used in Example 1, 6 parts
of hexamethyl disilazane and 2 parts of water by mixing at 150 C
for 3 hours and then with 50 parts of the same trivinyl siloxy-
blocked dimethyl polysiloxane as used in Example 2 and 1.0 part of
1,6-bis(tert-buty1peroxy) hexane. |

By using the same metal mold as used in Example 1, the sil-
icone-epoxy resin composition C was poured thereinto to half fill
the cavity in the same manner as in Example 1 and cured at 170 C
for 2 minutes followed by the injection of the above prepared com-
position D also in the same manner as in Example 1 on to the
already cured composition C and the composition D was cured by

‘heating at 170 'C for 5 minutes to give a monolithically integrated
composite aﬁicle with firm bonding between the two parts.



Exanpl e 2. Another silicone-epoxy resin conposition, referred to as the
conposition C hereinafter, was prepared by adm xi ng 100 parts of the sane
epoxy resin as used in Exanple 1 with 10 parts of the sane epoxy conpound
as used in Exanple 1, 50 parts of another organopol ysil oxane expressed by
t he average conposition fornula given below [err] in which each synbol has
t he sanme neani ng as defined above and WhLQ?3W@S prepared by the:
cohydrolysis of a nrxture of vinyl nmeth- ylrdichlorosilane, dinethyl
di chl or osi I ane and Thindonelithieallyiinteprated cotnpesite drtithywhssubject-
separation and neutralization by washing with water and by the trinethyl
silylation of edibo agestrcuring tzeatmentiat W0 IC for Shouys ahid isudjected to
foll owed by further washing with water and separation, 2 parts of the sane
or ganohydr ogethepmeastverment of el hardnesspiof the Tegpective gm\tatitw find
b

hydr ogen pol ysi | oxane havinghg viscosity of 2 cp and expresse the for-

mul a gi ven belthat tke partobtaineddrom the-compagition C bnda JIéoA hard-
al um num benzoate apgd.0.3.,pagt of .t.he sane isopr.opangl sol utiqn of .
chi or opl at i ni @1egE of 85 q%bdgﬁqerewh#e the part o shesiligpae subber composi-
monol i t hi cal | y,i ntegrated, cogposi t r- ed article was prepared in
substanti al | yﬁ% Mﬁghﬁg&ﬁloﬁﬁ |

Example 4. '

A third silicone-epoxy resin composition, referred to as the
composition E hereinafter, was prepared by admixing 100 parts of
the same époxy resin as used in Example 1 with 10 parts of the
same epoxy compound as used in Example 1, 50 parts of an organo-
polysiloxane expressed by the average composition formula given
below: |

Vig,1Meg gPhg 55(HO)0,258i01.25 ,
in which each symbol has the same meaning as defined above and
which was obtained by the cohydrolysis of a mixture of vinyl meth-
yl dichlorosilane, dimethyl dichlorosilane and phenyl trichloro-.
silane at 90 C followed by separation, washing with water to ob-
tain neutrality and drying, 8 parts of the same organohydrogen-
- polysiloxane as used in Example 1, 0.6 part of aluminum benzoate
and 0.1 part of the same isopropanol solution of chloroplatinic acid
as used in Example 1.

The curing test by using the metal mold was performed in the
same manner as in Example 1 excepting replacement of the com-
position A with the above prepared composition E.



-32- anple 1 excepting the use of the above described conposition Cin

pl ace of the conposition Ain Exanple 1. The thus obtained nonolithically

i ntegrated conposite arti- cle was subjected to a post-cure treatnment under
the sane condi- tions as in Exanple 1 and subjected to the neasurenent of

t he hardness of the respective parts to find that the part obtained from
the conposition C had a JIS A hardness of Qmggor higher while the part of
the=silicone rubber conposition B had a hardness_of 35. Exanple 3. Another
silicone rubber confBhetthus obsaineddmenalithioalpy integrated compositie: arti-
was prepared by_adm xing 100 partg of a di-_ nmethyl polysiloxane having a
viscosity of 1@leowassithjested dodhe:-post-curing treatment inthe same manney|

siloxy group with, 3Q_parts, of tﬁi same fuped silica filler as used. in
Exanple 1, 6 p@sin xamﬁleelra,n an&e@te;ﬁo measuremen$of thechanduiess
at 150 [err] ford&hgours agid then, with S%JQi;Suinof theqi,ag tu’lyiﬁyl .
L R et i o b BO°paf [he
, 6-bis(tert-bu ek BX exane. usi e, sane nol d as .use n
Exanpl e 1, t he RATEO! tig comiposition s atid 3bin 156 Narkaf the ComnoitiamhB, o
half fill the | Lest hemsan RAner as in Exanple 1 and cured at 170
Terr] for 2 nm AGEEs=Forrovwee—by #nj ection of the above prepared com

post i on D ol 50 1" 1A GA0Ey TRAAcpoBiGOATHERer 1 e AEABENI iR
mnutes to gi vaﬁ%mtuatne%ar ol prepared'y HleA%RAR' 100°4H 6f thie'shhid'ep-

bondi ng bet ween
oxy resin as used in Example 1 with 10 parts of the same epoxy

compound as used in Example 1, 1.5 parts of diphenylsilane diol
and 0.5 part of aluminum benzoate. -

_ In the next place, the cavity 2 of the lower mold 1 of the metal
mold shown in Figure 1 was half filled by pouring the composition
F thereinto which was cured by heating at 150 'C for 3 minutes fol-
lowed by closure of the lower mold 1 with the upper mold 3 mount-
ed thereon and injection of the silicone rubber composition B used
in Example 1 through the inlet port 4 provided in the upper part of.
the upper mold 3 on to the already cured epoxy resin composition F
under an injection pressure of 60 kg/cm2 which was cured by
heating at 150 C for 5 minutes. The result of this molding test was
that a monolithically integrated composite body consisting of the
two parts could not be obtained and, still worse, the cured epoxy
resin composition was adhesively bonded to the metal mold with
such firmness that the adhéring epbxy resin composition could
hardly be removed from the metal mold.‘



This nmonolithically integrated conposite article.was subject- ed to a
post-curing treatnment at 170 [err] for 3 hours and subjected to the

measur enent of the hardness of the respective parts to find that the part
obt.ained fromthe conmposition C had a JIS A hard- ness of 95 or higher _
while the part of the silicone rubber conposi- tion D had a hardness of 35.
Example 4. A third silicone-epoxy resin co ition, referred to as the
conposition E hereinafter, was prepared by m xi ng 100 parts of the sane

epoxy resin as Egg‘qnnlne&arrpl e 1 with 10 parts of the same epoxy conpound

as used in Exa parts of an organo- polysil oxane expressed by the

average compositi on Awhludammom pabber dompbsitionhireferredtoasithe tompde

sanme neani ng as defined above and whi ch was obtained by the cohydrol ysi s of

a mxture of vigigiomeEthey¢inafterpweas preparednbyhsompounding 7 partsdof a
phenyl trichloro- silane at 90 [err]_ followed by separati on, washing wth
water to ob- t adlm.&thyﬂ. lxsﬂmaneyhag,mg gaviscagityref 5000 cp blocked at
benzoat s and. 0.eAgammolscalar aﬁﬁﬁgg'pé‘g%ﬁ”” & Bimstty] vinyk SJOR greup
Dot formed in Ew%a@ parte o & fiina siife il Hafing & SHpEAd TR axea
com of 300 m?/g, 6 parts of hexamethyl disilazane and 3 parts of water
at 150 °C for 8 hours followed by further admixture of the mixture
with 50 parts of the same dimethyl polysiloxane as used above,
0.45 part of the same dimethylsiloxane-methylhydrogensiloxane
copolymer as used in Example 1 and 0.1 part of the same isopro-
panol solution of chloroplatinic acid as used in Example 1.
In the next place, the cavity 2 of the lower mold 1 of the metal
mold having a vertical cross section schematically illustrated in
Figure 1. was half filled with the above prepared composition G,
which was cured by heating at 150 C for 90 seconds followed by
closure of the lower mold 1 with the upper mold 3 mounted there-
on. Then, the composition E prepared in Example 4 was introduced
by injection into the cavity 2 through the injection port 4 provided
in the upper part of the upper mold 3 to half fill the cavity on to the
'already cured silicone rubber composition G under an injection
pressure of 60 kg/cm2 and cured by heating at 150 C for 7 minutes
to give a monolithically integrated composite cured article by firm
| bonding between the two parts, one, of the silicone rubber composi-
tion as the part G and, the other, of the silicone-epoxy resin com-
position as the part E. |



position A wth the above prepared conposition, E. -34- The thus obtained
nonolithically integrated conposite arti- cle was subjected to the
post-curing treatnment in the sane manner as in Exanple 1 and subjected to

t he measurenment of the hardness of the respective parts to find JIS A

val ues of 95 or higher in the part of the conposition E and 35 in the part
of the conposition.B. Conparative Exanple An epoxy resin conposition,
referred to as the-conposition F herelnafP , was prepared by adm xi ng 100

part's of the same'Fife thiys bbthined meselithicallpiatégratéd tomppostechrtiDe

sanme epoxy conpound as used in Exanple 1, 1.5 parts of diphen

and 0.5 part cbé Wasrsubwcbedmaaqmstncuhmgwxeaﬁrmmt at!kb0 i for 3 kourse

|lower nmold 1 of the netal nold shown in Figure 1 was half filled by pourlng

the conposi t iggxd Eheresabjected te btheaneasurérhents ofithe hardiessawf thé re-3

mnutes fol- lowed by closure of the lower nold 1 with the up

i oo ptdtog ¥ roiruipedded b e

upper _nngl d 3The resul mer@aﬁyaggﬁeaﬁi&ﬁar éﬁﬂ&gggrgnﬁaﬁmdr rom
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95 by the method.




resi n-conposition was adhesively bonded to.the nmetal nold with such
fi.rmess that the adhering epoxy resin conposition could hardly be renoved
fromthe netal nold. -35- Exanple 5. Athird silicone rubber
conposition, referred to as the conpo- sition G hereinafter, was prepared
-by. conpoundi ng 70 parts of a dimethyl polysiloxane having a viscosity of
.5000 cp bl ocked at.each nol ecul ar chain te_gynal with a dinethyl vinyl

si lkoxy group with 30 parts of a funed silica filler having a specific -
surface area oWHAT 18/ QLAGMED!IES of hexanet hyl disilazane and 3 parts of
water at 150 [err] for 3 hours followed by further adm xture of the m xture
with 50 parts of the sane di net hyl polysiloxane as used above, 0.45 part of
t he sane di et hyl si | oxane- nethylh drogensi | oxane copol yner, as used in
Exanple 1 and @.1 pA monolithie ip t@dammredonommsme hodyrwhichi is c

mold 1 of the SaEéé‘tmafb@é”ﬁé?&”e‘” Sha el s eorpdsifisanars t“ebﬁ&“r’feiam-
R
G I C
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of an organic peroxide as a curing agent or curable by the hydrosi- -

lation reaction between silicon-bonded ethylenically unsaturated
groups and silicon-bonded hydrogen atoms and the silicone-epoxy
resin composition being a uniform blend which comprises:
“(a) 100 parts by weight of a curable epoxy resin;
(b) from 5 to 500 parts by weight of an organopolysiloxane havmg
at least two on an average of lower alkenyl groups in a molecule;
(c) from 1 to 50% by weight, based on the component (b), of an or-
ganohydrogenpolysiloxane having at least one hydrogen atom
bonded to the silicon atom in a molecule and represented by the
general composition formula
R4ngSiO(4-f-g)/2,
in which R* denotes an unsubstituted or substituted monovalent
hydrocarbon group, the subscript f denotes a positive number in
the range from 1 to 2.4 and the subscript g denotes a positive num-
 ber not exceeding 1; |
(d) from 0.1 to 10 parts by weight of an organosilicon compound

having at least one silanol group in a molecule;



al ready cured silicone rubber conposition G under an injection pressure of
60 kg/cn2 and cured by heating at 150 [err] for 7 mnutes to give a

nonolithically integrated conposite cured article by firm bondi ng between
the two parts, one, of the silicone rubber conposi- tion as the part G and, -

the other, of the silicone-epoxy resin com position as the part E - 36-
The thus obtained nonolithically.-integrategg conposite arti- cle was
subjected to a post-curing treatnent at 1 [err] for 3 hours and then

subj ected t 0.(bz €ronn0u00 ety io%ai_-tsebsrawéﬁlght dﬁaﬁflﬁ'ﬁ]&icsﬂhfﬁiihﬁlﬁaédlﬁ-
according to the procedure specified rn JI'S K 6301. e results were that
the JIS A harpbmd- ahd he part obtained fromthe conposition G was 45 and
the part obtained fromthe conposi- tion E had a hardness hi gher than the

neasur abl e uf{fpr al compoindsohn platimumogroup ntetalviintan amorintinl thel.
A monolithically integrated cured conposite body which is an integral body
consi sting ofrangefront 0al ta500 ppmhjnweightcas thepladinum group metal, of

a cured siligone-gpoxy resin conposjtion in direct adhesive bondi ng w t hout
i ntervention SQ;DByéle gommm.eng?fof. '

2. A monolithically integrated cured 'composite body which is

an integral body consisting of a part of a cured silicone rubber com-

position and a part of a cured silicone-epoxy resin composition in

direct adhesive bonding without intervention of a layer of a third

material, the silicone rubber composition being curable by means

of an organic peroxide as a curing agent or curable by the hydrosi-

lation reaction between silicon-bonded ethylenically unsaturated

groups and silicon-bonded hydrogen atoms and the silicone-epoxy

resin composition being a uniform blend which comprises:

(a) 100 parts by weight of a curable epoxy resin;

(c) from 1 to 50% by weight, based on the component (d’) below, of.

an organohydrogenpolysiloxane having at least one hydrogen

atom bonded to the silicon atom in a molecule and represented by

the general composition formula

R4HSi0 (4 £.gy/2,

in which R* denotes an unsubstituted or substituted monovalent

hydrocarbon group, the subscript f denotes a positive number in
, the range from 1 to 2.4 and the subscript g denotes a positive num-

ber not exceeding 1;



mat.eri.al, the silicone rubber conposition being.curable by nmeans of an
organi c peroxide as a curing agent or curable by the hydrosi- lation
reaction between silicon-bonded ethylenically unsaturated groups and

si Li con-bonded hydrogen atons and the silicone-epoxy resin conposition
being a uniform bl end which conprises: (a) 100 parts by weight of a curable
.epoxy resin; (b) from5 to 500 parts by weighgt of an organopol ysil oxane
hawvi ng at |1 east two on an average of |ower alkenyl groups in a nol ecul e;

(c) from1l to $@% fromed dot 500padto byt weightrof em organsgolysiluxane Lcom-

ganohydr ogenpol ysi | oxane having at |east one hydrogen atom bonded to
silicon atom i pounmdheving atdeastrene silanaly groupmndrat leastotwot lower al-
formula [err] In which [err] denotes an unsubstituted or substituted
monoval ent hydkenybgroypsuin a molecitle apd represented hy thei generabooms
the range from1l to 2. é; and_the subscript g denotes a positive num ber. not
exceedi ng 1; (Ppesitign aa10 parts by wei ght of an organosilicon
conmpound havi ng at | east one ﬂﬁ@# S up in a nol ecul e; -38- (e) from
0.001 to 10 parts by wei ght o b h/€4-44)B num com pound; and (f) a

gggp ggqubgf \Ag | Sﬂ bggﬁ] 6ﬁﬁaﬁxﬁiﬁé@bMﬁﬁé‘%%&ubgtﬁﬁ%edaﬁ%%ova A8t ﬁydro-
‘ carbon group having 1 to 12 carbon atoms, of which from 2 to 80%

by moles are lower alkenyl groups, the subscript i is a positive
number in the range from 1 to 2.5 and the subscript j is a positive
number not exceeding 2 with the proviso that i+j is in the range
from 1 to 3; | |

(e) from 0.001 to 10 parts by weight of an organic aluminum com-
pound; and

(f) a compound of a platmum group metal in an amount in the
range from 0.1 to 500 ppm by weight as the platinum group metal,
based on the component (d’).

3. A method for the preparation of a monolithically integrated
cured composite body consisting of a first part of a cured silicone
rubber composition and a second part of a silicone-epoxy resin com-
position, which method comprises the steps of:
(A) curing either one of a curable silicone rubber composition of
the organic peroxide-curable type or the hydrosilation-curable
- type and a curable silicone-epoxy resin composition, which is a
uniform blend comprising:

(a) 100 parts by weight of a curable epoxy resin;



based.on the conponent (b). 2. A nonolithically integrated cured conposite
body which is an integral body consisting of a part of a cured silicone
rubber com position and a part of a cured silicone-epoxy resin conposition
i n,direct adhesive bonding w thout intervention of a |layer of a third
mat.erial, the silicone rubber conposition being curable by neans of an
:organi c peroxide as a curing agent or curab+§_by the hydrosi- lation

reaction between sil'icon-bonded ethylenicéT unsat urated groups and

si I'i con- bonded(lh)y fforach ta!H00 paelsiby wéi%'hb of saporganepolysiloxasid h&l‘vin%
being a uni form bl end which conprises: (a) 100 parts by weight of a curable
epoxy resin; (a}leasttwa onzvalveragiepl lower elkenyligroupspimemalécnle;
bel ow, of an organohydrogen olgsiloxane havi ng at _| east one hydrogen atom

bonded to the €) fromn htorb0% hynweightsbased ontha-compaonent (bycofan or-

conposition fornmula [err] in i,ch [err] denotes, gn unsubstjtufed or
substit ut ed nogamlmfrompeg axgneunavg sabJeash onedbyﬁmg%n atom

Posi t1ve num - bended te i ailigon. ator. 5’a tHolerilsasd sebpedented by the
oroup and ai | BAGETALSORARBRTHISn TBERRR oupa | n a ol cdl e and repr esent ed
by the general com R4ngSiO(4_f_g)/2,
in which R?* denotes an unsubstituted or substituted monovalent
hydrocarbon group, the subscript f denotes a positive number in
the range from 1 to 2.4 and the subscript g denotes a positive num-
ber not exceeding 1; ,
(d) from 0.1 to 10 parts by weight of an organosilicon compound
having at least one silanol group in a molecule;
(e) from 0.001 to 10 parts by weight of an organic aluminum com-
pound; and
(f) a compound of a platinum group metal in an amount in the
range from 0.1 to 500 ppm by weight as the platinum group metal,
based on the component (b),
at room temperature or by heating in a metal mold;
(B) bringing the other of thé curable silicone rubber composition
and the curable silicone-epoxy resin composition into direct con-
tact with the body cured in step (A) in the metal mold; and
(C) curing the composition introduced into the metal mold in step
(B) at room temperaturé or by heating in the metal mold.



positi-on formula [err] in which R6 is an unsubst.ituted or substituted
nonoval ent hydro- carbon group having 1 to 12 carbon atons, of which from 2
to 80% by noles are | ower al kenyl groups, the subscript i is a positive
nupber in the range from1l to 2.5 and the subscript j is a positive nunber
‘not exceeding 2 with the proviso that i+ is in the range from1 to 3; (e)
from0.001 to 10 parts by weight of an orgaa'g.aluninun1con} pound; and (f)
a conmpound of a platinumgroup nmetal in an anount in the range fromoO0.1 to

500 ppm by wei gbt ad\ whethoédtforthe preparation dfaasénOnoltﬂhﬁcaﬂgpbnmgrétéd-
3. A nmethod for the preparation of a nmonolithically integrated cured
conposi te bodycuredi eomppsite bady consisting of a first part ofieecuredesilicone
conposition and a_second part of a silicone-epoxy resin com position

whi ch et hod coupbierscompesitiopsand a gegondpart of aisdlicone-epoxymesinicom-
silicone rubber conpositjon of the_organi ¢ peroxi de-cupable type or the
hydr osi | at i on- POSHAPA, (W mehh@dmmprmqsmst@ﬂ)q i resin conposition,

epoxy resin: (A)RIrinE cibaRr oné B Guanle silicent rhber composition of
organopol ysi| Ofﬁgeopég.ﬂi‘g peroxide-curable type or the hydrosilation-curable
type and a curable silicone-epoxy resin composition, which is a
uniform blend comprising: . | |
(a) 100 parts by weight of a curable epoxy resin;
(c) from 1 to 50% by weight, based on the component (d’) below, of
an organohydrogenpolysiloxane having at least one hydrogen
atom bonded to the silicon atom in a molecule and represented by
the general composition formula
R*H,Si0 4 £g)2,
in which R* denotes an unsubstituted or substituted monovalent
hydrocarbon group, the subscript f denotes a positive number in
the range from 1 to 2.4 and the subscript g denotes a pdsitive num-
ber not exceeding 1; |
(d’) from 5 to 500 parts by weight of an organopolysiloxane com-
pound having at least one silanol group and at least two lower al-
kenyl groups in a molecule and represented by the general com-
position formula
Rsi(HO)jSiO(4-i-j)/2,
in which RS is an unsubstituted or substituted monovalent hydro-
carbon group having 1 to 12 carbon atoms, of which from 2 to 80%

by moles are lower alkenyl groups, the subscript i is a positive



at.least two on an average of |ower al kenyl groups in a nolecule; (c) from
1 to 50% by wei ght, based on the conponent (b), of an or-

ganohydr ogenpol ysi | oxane having at | east one hydrogen atom bonded to the
silicon atomin a nol ecule and represented by the general conposition
formula [err] in which [err] denotes an unsubstituted or substituted
ronoval ent hydrocarbon group, the subscrigé.f denotes a positive nunber in
tthe range from1l to 2.4 and the subscript g denotes a positive num ber not

exceedi ng 1; nirihberdn ¢hé ramge frend 1 tly%la;td thie subscriptdsis! a pusitive
conpound haV|ng at | east one silanol oup in a nol ecule; (e) fromO0.001 to
10 parts by mimberdiotexeegding lenﬁm provisouthiat irej is indheramgel of
a platinum group netal in an anount in the range fromO0.1 to 500 ppm by
wei ght as thﬁﬁpn61 éh\group nmet al , based on the conponent (b), at room

tenperature heat | (,B) Jbringin ot her of the
curable sili g@ng‘ ﬁ&ﬂ&@hﬂ‘% lgbtzgfm g i HIREHUN COMn
conposition |ntngg|re t con- tact mnth the body cured in step (A in the
netal nol d; BAYRGS)ARGr i ng t he conposition introduced into the metal nold

in step (B) & LUFIRAF LY S PlattiulE i Retdf Y aWblint in the
| range from 0.1 to 500 ppm by weight as the platinum group metal,

based on the component (d’). |
at room temperature or by heating in a metal mold;
(B) bringing the other of the curable silicone rubber composition
and the curable siliconé-epoxy resin composition into direct con-
tact with the body cured in step (A) in the metal mold; and
(C) curing the composition introduced into the metal mold in step
(B) at room temperature or by heating in the metal mold.



4. A nmethod for the preparation of a nonolithically integrated cured
conposite body consisting of a first part of a cured silicone rubber
conposition and a second part of a silicone-epoxy resin com position,
whi ch net hod conprises the steps of: (A) curing either one of a curable
silicone rubber conposition of the organic peroxide-curable type or the
hydr osi | ati on-curabl e type and a curable silicone-epoxy resin conposition,
which is a uniformblend conprising: (a) 100 parts by weight of a curable
epoxy resin; (c) from1l to 50% by wei ght, based on the conponent (d')

bel ow, of an organohydrogenpol ysi | oxan®¥thaving at |east one hydrogen atom
bonded to the silicon atomin a nolecule and represented by the general
conposition forrmula [err] in which [err] denotes an unsubstituted or
substituted nonoval ent hydrocarbon group, the subscript f denotes a
positive nunber in the range from1l to 2.4 and the subscript g denotes a
positive num ber not exceeding 1; (d') from5 to 500 parts by weight of an
or ganopol ysi | oxane com pound having at | east one silanol group and at

| east two | ower al- kenyl groups in a nolecule and represented by the
general com position fornula [err] in which R6 is an unsubstituted or
substituted nonoval ent hydro- carbon group having 1 to 12 carbon atons, of
which from2 to 80% by noles are | ower al kenyl groups, the subscript i is a

positive
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-42- nunber in the range from1l to 2.5 and the subscript j is a positive
nunber not exceeding 2 with the proviso that i+ is in the range from1l to
3; (e) from0.001 to 10 parts by weight of an organic al um num com pound,
and (f) a conpound of a platinumgroup netal in an anount in the range from
0.1 to 500 ppm by weight as the platinumgroup netal, based on the
conponent (d'). at roomtenperature or by heating in a netal nold; (B)
bringing the other .of the curable silicone rubber conposition and the

curabl e silicone-epoxy resihj iy i1@¥§ 1880 tact with the
body cured in step (A) in thﬁn%?g‘%%w an ?g cur%gﬂt he conposition
i nt roduced i NI@OMPOSETE! BODY OF SHACGRE RUBBER tANDeSHLIGGN®-EROXY

heating in the netal nold.
RESIN AND METHOD FOR THE PREPARATION THEREOF

Proposed is a method for the preparation of a monolithically
integrated composite cured body consisting of a part of cured sili-
cone rubber composition and a part of a silicone-epoxy resin com-
position firmly bonded together without using any primer or adhe-
sive by first curing either one of the compositions in a metal mold
and then bringing the‘ other of the compositions into direct contact
with the already cured part in the metal mold to be cured thereon.
Firm bonding between the parts can be obtained when the silicone
rubber composition is of the peroxide-curable or the hydrosilation-
curable type and the silicone-epoxy resin composition comprises:
(a) a curable epoxy resin; ' |
(b) an alkenyl group-containing organopolysiloxane;

(¢c) an organohydrogenpolysiloxane;

(d) an organosilicon compound having at least one silanol gfbup in
a molecule;

(e) an organic aluminum compound such as aluminum benzoate;
and

(f) a compound of a platinum group metal such as chloroplatinic

acid, each in a specified weight proportion.

(Figure 1)



