SiIicone‘Pubber/Unsaturated Pol yester Resin Conposite Materials and their
spreparation. This invention relates in one aspect to conposites of
-sSilicone rubber and unsaturated polyester resin which are useful e.g. in

tﬁé@fields of electric and el ectroni c equi pnent, business nachi nes,

aut’diobi | es and preci si on machi nes, and in another aspect to nethods for

preparing the same. A nunber of nethods have been proposed for providing a

bond between silicone rubber and organic resins. It is known, for exanple,

to forma bond by applying a priner to a surface of nolded resin, applying

a eief:f 'f i.- ng‘ﬁeéﬁ@@%iqu?ﬁ%ﬂ%b%ﬁgﬁ%wﬁﬁﬁ L?%ﬁ?%%ﬁ‘i%?ehﬁ%%éeﬁ Ssioﬁi
have been made rel SOMBORL CaCKRR SR LdmBnb et RErrarIET 5 PaPanat her

approach, it is known from Japanese Patent Publication (JP -B) No.

This invention relates in one aspect to
- composites . of silicone rubber and
unsaturated.polyester resin wpichare useful e-g- in
the fields of electric and electronic equipment,

business machines, automobiles and precision

machines, and in another aspect to methods for preparing the same.

A number of methods have been proposed for
providing a bond between silicone rubber and '
organic resins. It is known, for example, to
form a bond by applying a primér to a surface of
molded resin, applying uncured silicone rubber
thereto and curing the silicone rubber thereto-

_Or, a - self — adhesive silicone rubber may be
cured onto the molded resin. For self —
adhesive silicone rubber compositions, a number
of proposals have been made relating £ tackifier

components therefor.



34311/ 1990 to add an organopol ysil oxane, containing at |east 30 nol % of
hydr ogen atons directly attached to silicon atons,to an organic resin to
render the resin bondable with.an addition curing type silicone rubber. JP
~B 45292/ 1988 di scl oses |ntegrat|on by physically fitting silicone rubber
W thin nolded organic resin. In Japanese Patent Application Kokai (JP- A)
Nos 183843/1988, a conpound havi ng an ala phatic unsaturated radical and a

resin and siticone r doberner nehaaperaith eobk e MBS 3 ea ol of i n
| nt eqr af'?ﬁﬁvi#?@%h%?u t??éﬁ”%‘%%ﬁ%s%ﬁgﬁ%“féé.ﬁr# P composi te body.
aken out of 1ha i bSHRr ord PRd prhngtr SaR i LB oA BRE of o " The net hod
ol ded Testn teutHAREed Sfe pesFerad drOus e Ay R E RO S 1T cone
rUbberLBingéﬁg@é¥l§h%ttached to silicon atoms, to an organic
resiﬂtoiaﬁa~ the resin bondable with an
addition curing type silicone rubber. JP—B
45292/1988 discloses integration by physically
fitting silicone rubber withip molded organic
resin. In Japanese Patent Application Kokai
(JP—A) No. 183843/1988, a compound having an
aliphatic unsaturated radical and a hydrolyzable
radical attached to a silicon atom is grafted to
an olefin resin and silicone rubber is bonded
and integrated With the grafted olefin resin.
However, sevéral problems arise with these
prior art methods for integrating silicone
rubber and thermosetting resin into a composite
body. The primer method is cumbersome in that a
once molded resin shape must be taken out of the
mold before the primer can be applied thereto.
The method of applying and curing a self —
adhesive silicone rubber composition on molded
resin has the serious problem that, on molding

the resin and silicone rubber using a mold, the



-3- silicone rubber itself adheres to the nmold. In the nethod of adding
hydr ogensi | oxane to organic resin, the properties of the resin itself can
.be altered by the addition of siloxane, rendering it difficult to obtain
desired properties. The physical engagenent nethod | eaves a possibility
that the two segnents be di sengaged by physical forces. In recent years,
Si l-si cone rubber has found a spreading usg in the fields of electric and

el ectroni ¢ equi pnent, busi ness mgchi nes, apnd aut onpbi |l es because it_is
recogni zed as SHHhCPTHR| FHR FnHﬂﬁ?gip egeHehP ¢ ?sFEﬁBi; In
weat herability and el ectr

remains a needh® W&RﬁeéHﬁiigéaﬁﬂézﬁiﬁgaggﬁg%fgﬁgﬁggggﬁgsgggié and
silicone rubber are firmy united or bonded together. W haye found that by
sel ecting an i¥ahla pehBxRICPEETRS Qﬁi%gﬁaﬁ%§5&’¥%ﬁﬁ tF8R deet he
Cesi n Gonposi A RSREA HaY! P08 hyoPesT . SoH ARy pEendbring
it difficult to obtain desired properties. The
physical engagement method leaves a possibility
that the two segments be disengaged by physical
forces.
In recent years, silicone rubber has found
a spreading use in the fields of electric and
electronic equipment, buéiness machines, and
automobiles becauée it is recogn;zed as highly
reliable in the aspects of heat resistance,
weatherability and electrical properties. To
meet such a demand, there remains a need o have
composite moldings in which thermosetting resiﬁ

and silicone rubber are firmly united or bonded

together.

We have found that by selecting an organic
peroxide — curable silicone rubber composition as
the silicone rubber and an organic peroxide —
curable unsaturated polyester resin composition

as the thermosetting resin, there can be



-4- obtained a conposite material in which resin and silicone rubber are
firmy integrated. By first curing either one of the organic peroxide -
curabl e silicone rubber conposition and the organic peroxide - curable
unsat ur at ed pol yester resin conposition and then curing the other
conposition while placing it in close contact wwth the cured conposition, a
conposite material of integrated silicang rubber and organic resin, which
woul d otherwi se be difficult to bond wthout, cunbersoge teps I, ke

i nt er posi ti onOBtaElpedAnd FapRosS ke MAaBrEdREd LM % &ﬁ%ﬂﬁeﬁﬁmeﬁﬁﬂthin
a short tine tQ_a practically acceptabl e bond, strength |evel. Accordingly,
the present iBdHFOREpIGPRETY REBNPIF I Ynet BERS ?Feﬂﬂch3&1é;§§mc
peroxide -cured sjilicone rubber is integrated with an organi c peroxide -
cured unsat ur@b&d- gl fehRerr ene . ofn HWleuPHFRNAGHRELTOKIRE Thvent i on,

such a conposite material_is prepared by first curi
i curable silico%e‘%ubbeg composgt{gn and the

organic peroxide — curable unsaturated polyester
resin composition and then curing the other
compdsition while placing it in close contact
with the cured composition, a composite maﬁerial
of integrated -silicone rubber and organic resin,
which would otherwise be difficult to bond
without cumbersome steps like interposition of a
primer layer, can be produced in.é simple manner
within a short time to a practically acceptable
bond strength level.

Accordingly, the present'invention_
provides  a composite material in which an
organic peroxide — cured silicone rubber is
integrated with an organic peroxide — cured
unsaturated polyester resin.

In a further aspect of the dinvention, such a
composite material is prepared by first curing
either one of an organic peroxide — curable
silicone rubber composition and an organic
peroxide — curable unsaturated polyester resin

composition and then curing the other



ei ther one of an organic peroxide - curable silicone rubber conposition and
an organi c peroxide- curable unsaturated polyester resin conposition and
then curing the other -5- conposition while placing it in close contact
wi tth the cured conposi-tion. BRI EF DESCRI PTI ON OF THE DRAW NG The only
figure, FIG 1 is a schematic cross - sectional view of a nold used in
Exanpl es and Conparative Exanpl es. DETAI § ED DESCRI PTI ON An or gani c

peroxi de- cured silicone rubber is obtainable froman organic peroxide -
curabl e silicaempastiet ioonwkillieorphacdn@oitai® cdos@ contact

or ganopol ysi | oxane contai ning on average two or nore |ower (e.g. CL5)

al kenyl radi catstherthel eatedaconmpPsata@nlyti c anount of an organic
peroxi de as main conponents and which is liquid or paste

BRIEF DESCRIPTION OF THE DRAWING

The only figure, FIG. 1 is a schematic
cross — sectional view of a mold used in Examples

and Comparative Examples.

DETAILED DESCRIPTION .

An organic peroxide — cured silicone
rubber is obtainablefrom an organic peroxide —
curable silicone rubber composition which
contains

(a) an organopolysiloxane containing on
average two or more lower (e.g. cl_s) alkenyl radicals per
molecule’ and -

(b) a catalytic amount of an organic
peroxide
as main components and which is liquid or paste
at room temperature. By allowing the
composition to stand at room temperature or by
heating the composition, the cured silicone
rubber is obtained as a rubbery elastomer.

Component (a), alkenyl — containing

organopolysiloxane, generally has a viscosity of



at roomtenperature. By allowi ng the conposition to stand at room
tenperature or by heating the conposition, the cured silicone rubber is
obtained as a rubbery el astonmer. Conponent (a), alkenyl- containing

or ganopol ysi | oxane, general ly has a viscosity of -6- about 100 to

1,000, 000 centipoise at roomtenperature. It is preferably of the follow ng
genmeral formula (1): [err] wherein Ris g substituted or unsubstituted
nonoval ent hydrocarbon radical, &referably hayigg 1 to,10 carbon atons.

Exg_rrpl ?ry of h@b@%né@a@ ch® Ay 08a0ih FEAtLPOLSE sALuRW hydr ocar bon
radi cal s such as nmethyl, ethyl and propyl, unsaturated hydrocarbon radicals
such as vi nyl teprpeEaurfd bditenys, E&F%f-elrz?g?ﬁgl & uEH%SE‘ﬁﬁgﬂWlaﬁd
xylyl, and halo - and cyano - substituted hydrocarbon radicals such as

3,3,3 - triflgengrapylformdughldiie substituents represented by R may be
I dentical or different, .
RaSlou—a)IZ R ( l)

wherein R is a substituted or unsubstituted
monovalent hydrocarbon radical, preferably
having 1 to 10 carbon atoms. Exemplary of the
monovalent hydrocarbon radical are saturated
hydrocarbon radicals such as methyl, ethyl and
propyl, unsaturated hydrocarbon radicals such as
vinyl, propenyl and butenyl, aryl radicals such
as phenyl and xylyl, and halo— apd cyano —
substituted hydrocarbon radicals such as 3,3,3 —
trifluoropropyl. Although the substituents
represented by R may be identical or different,-
the organopolysiloxane must contain on average:
two Oor more unéaturated hydrocarbon radicals in
a molecule. Basically the substituents on the
silicon atom may be any of the above —mentioned
radicals. Preferably the unsaturated radical is
vinyl, and methyl and phenyl radicals are
desirably introduced as other substituents.
Letter a has a value in the range of 1.9 to 2.4.
The organopolysiloxane may be either a linear

one or a branched one containing RSiO,. and



f or mul ae,
radi cal s,

I's vinyl,

and net hyl

- 7- [err] units.
vt ORBL &t | - Rusdhwn ORI FBEEC
equi libration reaction_between an organo
hexaor ganodi sPESRAE S PHe GRRYERtL@RA
Exanpl es of organopol ysi| oxa
R i §QE e&AMRYSab

e S dacsl

RS oPSE pHREAL 1ABARR SERL oD

t he organopol ysi | oxane nust contain on average two or nore unsaturated
hydr ocarbon radi cals in a nol ecul e.
silicon atom may be any of the above -nentioned radicals.
unsat urated radi cal
I ntroduced as other substituents.

Basically the substituents on the

Preferably the

and phenyl radicals are desirably

] Letter a has a value in the range of 1.9
to.2.4. The organopol ysil oxane may be eigher a linear one or a branched one
containing [err], and
prepared by c

Suchkorg nopol ysi | oxanescan be
¥ P&ES $FefRcti ng

3 b bR arek s,

between an organocyclopolysiloxane and a

hexaorganodisiloxane in the presence of an

alkali or acid catalyst.

Examples of organopolysiloxane (a) are

given below.

R R
CH2=CH§1(O§i)nO§iCH=_CHz
R R R
? R 3
RSli(O§i)n(OS|i)iCH=CHz
R R CH=CH,
A
(CHz=CH)zSi(OSIi),.OSi(CH=CH¢)z
R
R

|
(CHz=CH)aSi(OSIE),.OSi(CH=CHz)a _

R

1R E
CHz'—‘CH?i(O?i)n(O?ﬁ'm_O%iR
R R CH=CH; R

FPRROR g
CHy=CHSH(OSD(OSt——OSiCH=CH,
R R CH=CH, R

R R R R
(CHz=CH)zSi(OS!i)n(Osli)-.rOSi(CH=CHz)z
R CH=CH,

R R
l
(CH2=CH)aSi(Oé'i)n(O§i}.n—OSi(CH=CHZ);
R CH=CH,

In these formulae, R is as defined above,

exclusive of aliphatic unsaturated radicals, and

letters n and m are positive integers sufficient

to provide a viscosity within the above — defined



letters n and mare positive integers sufficient to provide a viscosity

within the above- defined -8- range. Conponent (b), organic peroxide, is
a catalyst for pronoting crosslinking reaction of conponent (a).

Il 'ustrative, but non -limting exanples of the organic peroxide are given

bel ow. [err] benzoyl peroxide o - nonochl orobenzoyl peroxide bis - 2,4
- dichloro - dicunyl peroxide benzoyl pegoxide [err] t -

but yl per oxybenzoat e di - t - butyl peroxide -9- [err] p - nonochloro -

t - butyl cumfgange.
Component (b), organic peroxide. is a

catalyst for promoting crosslinking reaction of
component (a). Illustrative, but non— limiting

examples of the organic peroxide are given

below.
c—o-o—c—@ @-c—o—o- @
ﬂ
benzoyl peroxide o—-monochlorobenzoyl
peroxide
by CH,  CH, )
Ce C—O-O— —@-CE @—C—O-O—C
1
CH, CH,
bis — 2,4 — dichloro— dicumyl peroxide
benzoyl peroxide
(IiHa CI:H: CH,
0 CH, CH,  Cn,

t — butylperoxybenzoate di— t — butyl peroxide



benzoyl peroxide peroxide [err] 1,1 - bis (t - 2,5 - dinethyl -
but yl peroxy) - 2,5 - bis(t - butyl - 3,3,5 -trinethyl-
per oxy) hexane cycl ohexane 1,6 - bis(t - butyl peroxycarboxy)hexane The
anount of the organic peroxide added may be properly selected in accordance
with a desired curing rate. It generally ranges fromabout 0.1 to
10% preferably fromabout 0.2 to 2% by geight based on the wei ght of
conmponent (a). In addition to conponents (a) and (b), the - 10 - organic
per oxi de- curable siligone rubber co position may contaCH; a figlger for the
pur poses of contrmdm a e mech tren th of nol ded
parts. Exenplary f|IIe nqlude r |ng filla T8 é@letated
silica, funed silica, flredCblllca and f umed tltanlun1@HJde d non-
rei nforcing

p — monochloro — t — butylcumyl
benzoyl peroxide peroxide
£ -
g:))goo - (C}L-rc—o-o—rc—CHz')z
00
C
CH, H, CH,
£
1,1 —bis(t— 2,5 —dimethyl —
butylperoxy) — 2,5 —bis(t —butyl —
3,3,5— trimethyl — peroxy)hexane
cyclohexane
e g G
CH“"(‘:_OOC‘(CHz)rOCOO-CI—CH:
o: . CH,

1,6 —bis(t — butylperoxycarboxy)hexane

The amount of the organic peroxide added
may be properly selected in accordance with a
desired curing rate. It generally ranges
from about 0.1 to 10%, preferably from about 0.2
to 2% by weight based on the weight of component
(a).

In addition to components (a) and (b), the



fillers such as ground quartz, diatomaceous earth, asbestos, amnosilicic
acid, iron oxide, zinc oxide, and cal cium carbonate. The fillers may be
used with or without surface treatnment with organic silicon conpounds such
as "hexa - nethyl disilazane, trinmethylchlorosilane, and pol ynet hyl sil oxane.
|f desired, the silicone rubber conposition may further contain pignents,
heat resistant agents, flame retardants,jgand plasticizers. Wth the
silicone rubber mentioned above is integrated or united an organic peroxide
- cured unsatorgauipolpesogidest curableh $éiigoree rathberabl e from an
organi ¢ peroxide -curable unsaturated polyester_resin conposition which
contains (c) aoppgsitdronomes ntagtaineastf bhdedhst@ur & radical in a
nol ecul e, and (d) a catalytic amunt of an organic peroxide as nain
component s, bpuampdsgs tof. gonttreddmngnfdew ues ckmprowird tdier at ure.

mechanical strength of molded parts. Exemplary

fillers include reinforcing fillers such as

precipitated silica, fumed silica, fired silica,

and fumed titanium oxide; and non — reinforcing

fillers such as ground quartz, diatomaceous

earth, asbestos, aminosilicic,acid, iron oxide,

zinc oxide, and calcium carbonate. The fillers

may be used with or without surface treatment

with organic silicon compounds such as hexa —

methyldisilazane, trimethylchlorosilane, and

polymethylsiloxane. If desired, the silicone

rubber composition may further contain pigments,

heat resistant agents, flame retardants, and '

plasticizers.

With the silicone rubber mentioned above

is integrated or united an organic peroxide —

cured unsaturated polyester resin. Such resins

are obtainable from an organic peroxide — curable

unsaturated polyester resin composition which

contains

(c) a polyester containing at least one

unsaturated radical in a molecule, and



Conmponent (c), polyester resin having an unsaturated radical, nmay be
prepared by conventional well- known nethods. In this case, the anount of
the unsaturated radical is preferably in a range of 0.0001 to 0.1 nol/g,
nore preferably 0.005 to 0.05 nol/g. One typical nethod involves effecting
condensation reaction anbng an unsaturated dibasic acid, a saturated

di basic acid and a di hydric alcohol ta figrm a viscous liquid or solid

pol yester and-dissolving a reactive vinyl nononer therein for adjusting
viscosity. The anountd pf whedtadiytvicviambdumna®r amyobgahio 200 parts
by wei ght, preferably 10 to 100 parts by weight per 100 parts by wei ght of
t he pol yest erp@kiogei@e. For each of the unsaturated dibasic acid, saturated
di basi ¢ acid, dihydric alcohol and reactive vinyl nononer conponents, any

Sl],l-lzt aBLgafar?ggmoﬁ%gsib?xg%?genﬂw bypreteimegy tkaspd.estafRmgi ven bel ow
temperature or elevated temperature.

Component (c), polyester resin having an
unsaturated radical, may be prepared by
.conventional well — known methods. In this case,
the amount of the unsaturated radical is
preferably in a range of 0.00Q1 to 0.1 mol/g,
more preferably 0.005 to 0.05 mol/g. One
typical method involves effecting condensation
reaction among an unsaturated dibasic acid, a
saturated dibasic acid and a dihydric alcohol to
form a viscous liquid or solid polyéster and
dissolving a reactive vinyl monomer therein for
adjusting viscosity. The amount of the |
reacﬁive vinyl monomer may be 1 to 200 parts by
weight, preferably 10 to 100 parts by weight per
100 parts by weight of the polyester oligomer.
For each of the unsaturated dibasic acid,
saturated dibasic acid, dihydric alcohol and
reactive wvinyl monomer components, any suitable
compound may be uéed. Their preferred examples

are given below.



[err] mal eic anhydride

adi pic acid

terephthalic acid [err] tetrachloro -

phthal i ¢ anhydri de

- 13 -

neopent yl

D hydric al cohol
1,3- butylene glycol
gl ycol
Unsaturated dibasic acid

CH3 [err]

CH” '\
L
- Co

maleic anhydride

Saturated dibasic acid

HOOCHCH:rCOOH

adipic acid

HOOC—(::]—COOH

isophthalic acid

Cz
Ce CO\
0
e, co”
Ce
tetrachloro —

phthalic anhydride

fumaric acid Saturated dibasic acid [err]
pht hal i ¢ anhydride [err]

| sophthalic acid
3, 6 - endodichloro -

propyl ene gl ycol

_/COOH
/CH=CH
HOOC

fumaric acid

CO\\
{ /O
CO
phthalic anhydride

HOOC )
COOH

terephthalic acid

Ce
ce .
| @ COOH
s COCH
Ce

3,6 — endodichloro —
methylenetetrachloro —
phthalic acid

(hetic acid)

met hyl enetetrachloro - phthalic acid (hetic acid)
[err] ethylene glycol
di et hyl ene gl ycol_[j@rc] dipropyl ene gl ycol

[err]



bi sphenol di oxyethyl ether Reactive vinyl nonomer [err] styrene

0 - chlorostyrene diallyl phthalate -14- [err] nethyl nethacrylate
ethyl methacrylate [err] nethyl acrylate ethyl acrylate 0 [err]
trirallyl iso - “di al |l yl benzene cyanurate phosphonat e

Conmponent (d), organic peroxide is a catalyst.for pronoting crosslinking
reaction of the unsaturated radical of _cpgmmonent (c). The anount of the
organi ¢ peroxi de added generally ranges fromabout 0.1 to 10% preferably
from about 0. Dithwd@%iky adicgiiiobased on the wei ght of conponent (d) because
outside the range, conplete curing cannot al ways be expected.

HO-CH.CH,-OH HO (%HCHzOH
CH,
ethylene glycol propylene glycol
HO-CHCH,CH,~-OH HOCH.CH.OCH,CH,OH
]
CH,

1,3 — butylene glycol diethylene glycol

CH,
HOCH;CH—O—(l:H- CH.OH HOCHzCICHzOH
I
CH, CH, CH;

dipropylene glycol neopentyl glycol

?Ha
HOCH.CH.O —@—?-—@-—OCI—LCH;OH
CH,

bisphenol dioxyethyl ether

Reactive vinyl monomer

[::],CH=CHz [::]:CH=CH2
Ce

styrene o — chlorostyrene

COOCH.CH=CH,

diallyl phthalate




[I'lustrative exanples of the organic peroxide are given bel ow - 15-

nmet hyl et hyl ketone cycl ohexanone peroxi de peroxide [err] |auroyl

per oxi de cunmene hydroperoxide [err] cycl ohexane peroxi de
met-hyl acet oacet at e per oxi de decanoyl peroxide m toluoyl peroxide [err]
t - butyl peroxylaurate The catal ysts whi ch becone radical reaction
initiators are not limted to the above gxanples. Particularly when | ow

t enperature -16- curing is required, favorable use is made of peroxides
having a | ow deconposition tenperature
CH.=CCOOCH, CH2=CIJHCOOCH2CI'L
I
CH, CH,

methyl methacrylate ethyl methacrylate

CH,=CHCOOCH; CH,=CHCOOCH.CH,
methyl acrylate ethyl acrylate
| 0
&
7N\ ¢ 0
CH,=CHCH,-N  N-CH.CH=CH. @_In,,OCHzCH=CHz
('; . “OCH,CH=CH,
o Yo |
|
CH,CH=CH,
triallyl iso— diallylbenzene i
cyanurate phosphonate

Component (d), organic peroxide is a
catalyst. for promoting crosslinking reaction of
the unsaturated radical of component (c). The
amount of the organic peroxide added generally
ranges from about 0.1 to 10%, preferably from
about 0.2 to 2% by weight based on the weight of
component (d) because outside the range,
complete curing cannot always be expected.

Illustrative examplés of the organic peroxide

are given below.



such as benzoyl peroxide, bis -2,4 - dichlorobenzoyl peroxide, and | auroyl
peroxide. In addition to conponents (c) and (d), the unsaturated pol yester
resin conmposition may contain a filler for the purposes of controlling

fl ow, preventing shrinkage on curing or inproving the nmechanical strength
of nolded parts. Exenplary fillers include inorganic fillers such as

cal cium carbonate, clay, talc, silica,.agbestos, zinc oxide, and glass

fi bers and thernoplastic resins such as pol ynethyl nethacryl ate and

pol yet hyl ene terephthal ate. If desired, pignments, flane retardants, nold

rel ease agents or thgl_i i ke y becpy) ended. Furthge readd] romoters such
as cobalt napht henat éﬁ@ 1 me(jT\S/I ani | i ne- may bd -catal ysts.
According to this ggemoncapy; a GHiGHone rubber MuHs8 ed—ol yest er
resin conposite material is prepared by nolding and curing either one of

t he organi c peroxide- curable silicone rubber conposition and the organic

peroxi de - curabl endesaflr ateyy Pokeed®e restyclohexanone peroxide

peroxide
0 O OOH
N CH._|
CH,(CH2)1COOC (CHa)1oCHs /C—<C::>
CH,
lauroyl peroxide cumene hydroperoxide
{

CI‘L\ /CHz\
I ; | | ; ] cZ 7 SC=0
HOO” 00~

HOO 0-0 OOH

cyclohexane peroxide methylabetoacetate -

peroxide
o 0 CHs o o _ S
i 1 1 It
CH,(CH,),C-0-0—C (CHa),CH, Z::>—COOC—<::§
decanoyl peroxide m— toluoyl peroxide
&
CH;—(E—O-O—C (CH2): CHs
CH,

t — butylperoxylaurate
The catalysts which become radical
reaction initiators are not limited to the above

examples. Particularly when low — temperature



-17- conposition at roomtenperature or el evated tenperature. Any desired
nol di ng nmet hod nay be used dependi ng on the viscosity of the sel ected
conposition. Useful are casting, conmpression nolding, injection nolding,
extrusion nolding and transfer nolding. After the primary nol ded part has
been cured, the other conmposition is placed in close contact with the
primary nol ded part and cured thereto at {gaomtenperature or el evated
tenperature, resulting in an integrated conposite body. For the placenent

of the other e@¥PDaLtiin evefuihedyr ifayyrabled st ist wades.ofiol ding of
a secondary nol ded part, any desired nol ding nethod may be used dependi ng

on the viscosplar®kildes oha&ingmRosidwolded®hposinPion ceshpekrature
conpressi on nol ding, injection nolding, extrusion nolding and transfer

ol ding. It isuchbagdedzidial pbestide ofbiyr+my, af—t he secondary nol ded
part need not be after conplete curing of the primary nol ded part. Curing

has. curod £o cach an o nt Pnat oo Pt or i g oscur o L pexamided part

In addition to components (c) and (d), the
unsatﬁrated polyester resin composition may
contain a filler for the purposes of controlling
flow, preventing shrinkage on curing or
improving the mechanical strength of molded
parts. Exemplary fillers include inorganic
fillers such as calcium carbonate, clay, talc,
silica, asbestos, zinc oxide, and glass fibers
and thermoplastic resins such as polymethyl
methacrylate and polyethylene terephthalate. If
desired, pigments, flame retardants, mold
release agents or the like may be blended.
Further, reaction promoters such as cobalt
naphthenate and dimethylaniline may be blended
as co— catalysts. |

According to this new concept, a silicone
rubber/unsaturated polyester resin composite
material is prepared by molding and curing
either one of the organic peroxide — curable
silicone rubber composition and the organic

peroxide — curable unsaturated polyester resin



between the two parts and an interface is established therebetween. The
curing conditions -18- of the silicone rubber conposition and the
unsat urated pol yester resin conposition are not limted although the curing
tenperature is usually room tenperature to 200[err]C and the curing tine is
usual Iy from several seconds to several tens of m nutes. EXAVPLE Exanpl es
of the present invention are given bel ow py way of illustration and not by
way of limtation. Al parts are by weight and the viscosity is a
measur enent atc@hmpers 1 €idixaapl edomotHifpeaaituné anliekevdipeldysi | oxane
bl ocked with a trivinylsiloxy radical at each end of itsnol ecular chain and
havi ng a vi scosempexfatndid. pohngy wees iareldd mfll gpantys mé thetd smiiycabdavi ng
a specific surface area of 200 nferr]/g, 5 parts of dinethoxydi nethylsilane
and 1 part of waeer dé’pendrgngdmnttshner\miaeaisadtynd>ﬁgthet@Ieler‘ctﬁ’ediours
at 150[err]C. To the m xture were added
composition. Useful are casting, compression
molding, injection molding, extrusion molding
and transfer molding. After the primary molded
part has been cured, the other composition is
plaéed in close contact with the primary molded
part and cured thereto at room temperature or
elevated temperature, resulting in an integrated
composite body. For the placement of the other
composition over the primary molded part, that
is, molding of a secondary molded part, any
desired molding method may be used depending on
the viscosity of the other composition, for
example, casting, compression molding, injectibn
molding, extrusion molding and transfer molding.
It is to be noted that the start of curing of
the secondary molded part need not be after
complete curing of the primary molded part.
Curing of the secondary molded part may be
started after the primary molded part has cured
to such an extent that no intermixing occurs

between the two parts and an interface is

established therebetween. The curing conditions



50 parts of the same pol ysil oxane as above and 1.0 part of 1, 6 - bis(t -
but yl per oxycar boxy) - hexane. This is designated Mxture A To 100 parts of
an unsaturated pol yester - 19 - resin (Ester G22 conmercially avail abl e
fromMtsui Toatsu Chenmical K K ) were added 0.5 parts of nethyl ethyl

ket one peroxide and 0.1 parts of 696coq§lt napht henate. The ingredients
were mxed to give Mxture B. The nold'tdsed herein is illustrated in FIG 1
as conpri spf 8hkows! 1 ieidhseguibbe? defmpoed tieavidydartean upper nol d
section 2 serving as a lid having an injection port (shown by dashed

lines). Mxns&tBrsedagol peetidie eedin elonpesliavkesnnelresgeiion 1 to
approx - imately one- half of its volune. Mxture B was cured by heating at

150[err] C fidmpredUdEehollgR the tedrdned kembekuprer ol d section was
closed by the upper nold section 2 to define a cavity space. Using
an-inj ecti gy @i dynar sBEhItEmpdird the e t8s 2i00 Bt aghd NERet RALERYIG Y

time ig usually from several seconds to several tens of minutes.

EXAMPLE

Examples of the present invention are
given below by way of illustrqtion and not by
way of limitation. All parts are'by weight and

the viscosity is a measurement at 25°C.

Example 1 ' . -
| To 100 parts of a dimethylpolysiloxane
blocked with a trivinylsiloxy radical at each
end of itsmolecular chain and having a viscosity .
of 1,000 poise were added 30 parts of wet silica
having a specific surface area of 200 m’/g, 5
parts of dimethoxydimethylsilane and 1 part of
water. The ingred}ents were heated and'agitated
for 3 hours at 150°C. To the mixture were added
50 parts of the same polysiloxane as above and
1.0 part of 1,6 —bis(t — butylperoxycarboxy) —
hexane. This is designated Mixture A.

To 100 parts of an unsaturated polyester



space or above the cured part B under a pressure of 60 kg/cnferr]. Mxture
A was cured by heating at 150[err]C for 5 mnutes. There was obtai ned an
i ntegral nol ded product in which the silicone rubber and the pol yester
resin were firmy joinéd together. The product could be snmoothly renoved
fromthe nold, with no sticking to the nold observed. -20- Exanple 2 To
100-parts of a di nethylsiloxane raw rubbegrg containing 0.25 nol % of vinyl
radicals directly attached to silicon atons at_an end of and withinits
mol ecul ar charesdna &8 wgraGL32osiommer ciabdyodvasdapbes&nemne added
40 parts of dry silica having a specific surface area of 200 nferr]/g and 8
parts of di meMijiSalyTarteraheniciael Hi-th h weirexgdidaed hfl.S | oxy
radi cal at each end of_ its nol ecular chain and having_an average :
pol yreri zat i opagd® e0 fofm@bhyiheethyrledketoneepeneside amdadl thted for 2
hours at 170[err]C. To the mixture was added 1.0 )
parts of 6% cobalt naphthenate. The ingredients
were mixed to give Mixture B.
The mold used herein is illustrated in
FIG. 1 as comprising a lower mold section 1
defining a cavity and an upper mold section 2
serving as a lid having an injection port (shown
by dashed lines). Mixture B was cast into the
cavity of the lower mold section 1 to approx —
imately one — half of its volume. Mixture B was
cured by heating at 150°C for 5 minutes. Then -
the top opening of the lower mold section was
closed by the upper mold section 2 to define a
cavity space. Using an-injection molding
machine, Mixture A was injected into the cavity
space or above the cured part B under a pressure
of 60 kg/cm’. Mixture A was cured by heating at
150°C for 5 minutes. There was obtained an
integral molded product in which the silicone
rubber and the polyester resin were firmly
joined together. The product could be smoothly
removed from the mold, with no sticking to the

mold observed.



part of 1,6 - bis(t - butyl peroxycarboxy)hexane. The m xture was roll
mlled and is designated Mxture C Mxture B of Exanple 1 was press nol ded
at 150[err]C and 30 kg/cnferr] for 5 minutes into a sheet of 2 nmthick.
The sheet was placed in a nold cavity having a spacing of 6 rm Mxture C
was simlarly press nolded on the sheet, that is, at 150[err]C and 30
kg/cmerr] for 5 mnutes. There was obtained a conposite sheet in which the
silicone rubber and the polyester resin were firmy joined together.

-21- Conparative Exanple 1 To 100 parts of -a2di-et hyl pol ysi | oxane bl ocked

wi.th a vinyl di WEEQ)Q@ ggéyz radi cal at each end of its nol ecular chain and

having a viscosi 6—poi se were added 30 parts of wet silica having a
and 1 part of vater. Thetong S BAFER, PR FiRehITEIILRHE ety 10
at 150[err]C. Toife P ¥dfl€aining 0.25 mol% of vinyl radicals
directly attached to silicon atoms at an end of
and within its molecular chain and Having a
viscosity of 1,000,000 centipoise were added 40
parts of dry silica having a specific sdrfaée
area of 200 m’/g and 8 parts of dimethylpoly—
~siloxane blocked with a hydro%ydimethylsiloxy'
radical at each end of its molecular chain and
having an average pélymerization degree of 20.
The ingredients were heated and agitated for 2
hours at 170°C. To the mixture was added 1.0
part of 1,6 —bis(t — butylperoxycarboxy)hexane.
The mixture was roll milled and is designated
Mixture C.
Mixture B of Example 1 was press molded at
150°C and 30 kg/cm’ for 5 minutes into a sheet of
2 mm thick. The sheet was placed in a mold
cavity having a spacing of 6 mm. Mixture C was
similarly press molded on the sheet, that is, at
150°C and 30 kg/cm’ for 5 minutes. There was
obtained a composite sheet in which the silicone
rubber and the polyester resin were firmly

joined together.



wer e added 50 parts of the sanme pol ysil oxane as above, 0.4 parts of a

di net hyl si | oxane copol yner bl ocked with a trinethylsilyl radical at each
end (di met hyl siloxane unit 50 nol % nethyl - hydrogensil oxane unit 50 nol %
viscosity 10 centistokes), and 0.1 parts of an isopropanol- solution of
chloroplatinic acid (platinumcontent 0.5%by weight). This is designated
M xture D. By followi ng the same procedw @qas in Exanple 1, the unsaturated
pol yester resin (Mxture B) was cured in a nold and M xture D was then
injected i nto Compwtdtamnde cBxadh@mle130[err] C for 5 mnutes. However, no
bond was established between the silicone rubber and the unsaturated

pol yester resin. They Teadilly parts2-ofepardiimethwhpedyts bleetangen t he
product was renoved fromthe nold. Conparative Exanple 2 Into the |ower

mol d section lbdbdked wipbl pertihphdimee spytlhaldoxy Kiaddcapatite

each end of its molecular chain and having a
viscosity of 100 poise were added 30 parts of
wet éilica having a specific surface area of 200
m’/g, 5 parts of dimethoxydimethylsilane and 1
part of water. The ingredients were heated and
‘agitated for 3 hours at 150°C. To the mixture
were added 50 parts of the saée polysiloxane as
above, 0.4 parts of a dimethylsiloxane copolymer
blocked with a trimethylsilyl ;a@ical at each
end (dimethylsiloxane unit 50 moi%, methyl —
hydrogensiloxane unit 50 mol$%, viscosity 10
centistokesj,'and 0.1 parts of an isopropanol-
solutiorn of chloroplatinic acid.(platinum
content 0.5% by weight). This is designated
Mixture D.

By following the same procedure as in
Example 1, the unsaturated polyester resin
(Mixture B) was cured in a mold and Mixture D
was then injected into the mold and cured at
150°C for 5 minutes. However, no bond was
established between the silicone rubber and the

unsaturated polyester resin. They readily



commercially avail abl e from Kanegafuchi Chemcal K K') was injected at a
cylinder tenperature of 250[err]C and an injection pressure of 80
kg/cnferr] to approxi mately one- half of the nold cavity volunme. By
foll owi ng the same procedure as in Exanple 1, Mxture A was injected and
cured. However, no bond was established between the silicone rubber and the
pol.yester resin. They readily separated from each other when the product
was renoved fromthe nold. There has beemadescribed an integral conposite
material in | I Licon b n e r esl I l,agel.y. Loi ned

t oget her and@m%%réfégeﬁcgefﬁwg.%écgis%p@?%isé yﬁéepeﬁigcgan %f%ctv?%%rs\i C

equi pnent., busj L Des t bi |l es and precision machi nes, for
exanpl e, gasﬁé?§§§iﬁﬁ$c égﬁ gﬁﬁyc@ﬁ%ég?ors. The net hods descri bed enabl e
production of a firmy integrated silicone rubber/polyester resin conposite
-23- material in a sinple manner within a brief tinme without resorting to

primers and 3d3esi¥fitive Example 2

Into the lower mold section 1 of FIG. 1,

polyethylene terephthalate (Kaneka Hyperlite
commercially available from Kanegafuchi Chemical
K.K;) was injected at a cylinder temperature of
250°C and an injection pressure of 80 kg/cm’® to
approximately one — half of th; mold cavity
volume. By following the same procedure as in
Example 1, Mixture A was injected and cured.
However, no bond was established:between the
silicone rubber and the polyester resin. They
readily separated from each other when the
product was removed from the mold.

There has been described an integral
composite material in which silicone rubber and
polyester resin are closely joined together and
which is useful e.g. as parts of electric and
electronic equipment, business machines, auto —
mobiles and precision machines, for example,
gaskets, switches, and connectors. The methods
described enable production of a firmly integrated

silicone rubber/polyester resin composite



Al t hough sone specific enbodi mnents have been described, it will be
under st ood that nodifications and variations nmay be nade thereto in the

| ight of the general teachings above. -24- CLAIMS: 1. A conposite
mat-eri al conprising an organi c peroxide- cured silicone rubber and an
organi c peroxide- cured unsaturated polyester resin integrated together. 2.
A nmethod for preparing a conposite matergqal, conprising the steps of:
curing a first one of an organic peroxide - curable silicone rubber

conposi tion and an organi ¢ peroxide -curable unsaturated pol yester resin

conposi tion, ang &g kg 1Hea0tsf‘ﬁﬁ;t:§@mﬁ§hhie@l Wi ttohhaet ik Heime ed

first conposition. 3. conposite material, or nethod of making a
conposite NeL¢kitphutSUPssatdingytes gesmahedamet eadhiesives.
Although some specific embodiments have

been described, it will be understood that modifications and

variations may be made thereto in the light of

the general teachings above.



relation to any one of the Exanples (but not the Conparative Exanples).

24

U wmg

1. A composite material comprising an
organic peroxide — cured silicone rubber and an
organic peroxide — cured unsaturated polyester
resin integrated together.

2. A.method for preparing a composite
material ., | comprising the
steps of: .

curing 2 first one of an organic peioxide-—
curable silicone rubber composition and an
organic peroxide — curable unsaturated polyester
resin composition, and

curing the other composition
in contact with the cured first
composition.

3. A composite material, or method of making a
composite material, substantially as described herein in
relatign to any one of the Examples (but not the

Comparative Examples).



