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- 1. CURABLE*-ORGANOPOLYSI LOXANE- EPOXY RESI.N COVPOSI TI ON BACKGROUND OF THE
| NVENTI ON The present invention relates to a novel curable resin conpo-
"'sition conpri-sing an organopolysil oxane and an epoxy resin and capabl e of

giving a cured article of the conposition which is excel- lent in various
propertles such as mechanical strengths, nojsture resistance, heat
resi stance and nold releasability as well  trans- parency to be useful in

a variety of application fields. As is known, epoxy resin-based curable
conpositions in gen- eral give cured articles having excellent properties
such as ne- ch@URABIE ®R POIE NANE2 RES mﬁg ¢t h
other thermally curable regAnIgOSO tthygal ong \%I;(%X{Yhe acl\ﬁg}t age o 1(5
relatively | ow costs, they are practically used in large quanti- ties in
vari ous application fields i ncl udi ng coating conpositions and adhesi ves,

el ectrical industries, archiBACKGROUND OE/TEEEEH’VENEEONIQS and so on. As
the application field of epoxy resins is_ex- panded year year, the
requi renment s--for {Ehemesgn.tmentmnmlatemgmarnowel cuna ke resjiradomgpo-
toward hi gher heat resistance, meatherablty nnlsture resi stance and
flexibility ofltiga semgnrwngt 48| @Eganepeo s:i@xaam and anrap@xyunqsmnande
nol di ng mnrks ther rel ation t the ,nol g rel easabiljty. I's al so
known t hat , elmﬁelmgua cired auticle® %pemp%tsnmmc&mexce -

mat eri al of e r.ic _and el ectronjc instyunents,, tran rtati,on nachi nes,
éﬁ Pstrength

preci si on machFREIILFATIONS PfRpepties such as mechanical strengths, moisture
_resistance, heat resistance and mold releasability as well as trans-

parency to be useful in a variety of application fields.

- Asisknown, epoxy resin-based curable compositions in gen-
eral give cured articles having excellent properties such as me-
chanical strengths, adhesiveness and the like as compared with
other thermally curable resins so that, along with the advantage of
the relatlvely low costs, they are practically used in large quantl-
ties. m vanous apphcatmn fields mcludmg coating compositions
and.adheswes,- electrical mdustnes, architectural and civil engi-
neermgs ‘and so on. As the application field of epoxy resins is ex-
panded year by year, the requirements-for the epoxy resins are

- also under continuous upgrading toward higher heat resistance,
weatherability, moisture resistance and flexibility of the cured ar-
ticles thereof as well as workability in the molding works thereof
in relation to the mold releasability. |

It is also known that, on the other hand, silicone resins are
widely used as a material of electric and electronic instruments,

transportation machines, precision machines and the like by vir-
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tye of their excellent heat resistance, weatherability, noisture re-
sistance and el ectrical properties. Silicone resins, however, are not.
always quite satisfactory in these applications because the ne- chani cal
strength of the cured articles of a silicone resinis rela- tively |low as
conpared with organic resins. This deficiency of sili- cone resins of
.course can be renedied to sone extent by conpound- ing the silicone resin
with a reinf due ofjtheir guoeHent heat sesistance] weatherahititys hoisture f&r s
but the reinforcing effecy given by such an_inorganic filler is not so high
in silicone sistarceand.e q%zvml@rup&mesﬁﬂ1mpmeammdnmeuer; arearut
resin wwth a l.arge anount of, gn inorganic filler_ ,necessarily causes
difficult pr@Iveagsiquie sgbbez’ac’@nrx Aa thesemppligations begouseheome- due

to the decrease in the flowability of the siljcong resji.n conpositjon at the
ol i+ ommehanical SrengiBiof the Sueed acticlan of m SHEEYR RARNOHLTelA-
def ects of SiL-GiCEne resins in aen al could be.re legg .bl endi { he
si |i cone resithVGr¥ HOW 3§ compared yrikh organic resing..1 s it s lire
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however, hav ‘i‘iﬁ‘eﬁ{ ﬁ?*srlftﬁd %iIiEéQTHer'bﬁﬂ“ﬁié e dﬁh%ﬁﬁéﬁg%ﬁm ﬁ chi LY

or, mscibility w IT'Tcone resins so that uniform ardly
be obtained igwindrgadicchller #5not so high in silicone resins as in silicone

rubbers and compounding of a silicone resin with a large amount

of an inorganic filler necessarily causes difficult problems in re-
spect of the workability in the molding works due to the decrease
in the flowability of the silicone resin composition at the molding
temperature.

It would be a due idea that the above mentioned defects of sil-
icone resins in general could be remedied by blending the silicone
resin with a suitable organic resin capable of compensating the de-
ficiency of the silicone resin. Within the épproach in this way, var-
ious kinds of organic resins have been proposed and tested hereto-
fore as a blending cdmponent in silicone resins of which epoxy res-
ins are a class of promising ones. Epoxy resins as a compounding
resin with silicones, however, have a problem in respect of their re-
latively low compatibility or miscibility With silicone resins so that
uniform resin blends can hardly be obtained from a. silicone resin

and an epoxy resin.



and an -epoxy-resin. An alternative nethod-i.s proposed in which the-

or ganopol y- si | oxane nol-ecul es. of the silicone resin are nodified with -
epoxy groups so as to inprove the conpatibility of the silicone re5|n and
an epoxy resin. This approach is not practical because of the re- markable
decrease in the nechanical strength of thej,epoxy resin due to the silicone
resin if not to nmention the expensiveness %f such an epoxy-nodified

~silicone resin as Arcaltagustive miethod f9pebpbsedis which! e bﬁgahogi&
SUMVARY OF THE | NVENTI ON The present invention accordingly has an o egt to

provide, as asilokaneomolieciles aifotke dsilivoree depimdremmodified wit}Qreﬁdi

no- vel and inproved curabl e organo IyS|onane epo resin conposi - t|on

capabl e of gigrowps soastodmprove ddre sHicone resie.and
noi sture resistance and nold releasablllty as mell as trans- parency

Wi t hout decr c3RB; egoxyieresmer‘léhls yzppmaahems nofcpractieal hegsuse of tiie epoxy

| oxane: epoxy MESEAGImABCTeASH tantan TesbanIea] SkESAEtH ot PPOLY, Tesin 100

b ganopol yei [@uade thaplicnsasith if Bht taread Qsﬁggg&a&@g@%@&{‘wﬂ o
an epoxy-modified silicone resin as a consequence of the specific

“ modification reaction.

SUMMARY OF THE INVENTION

The present invention accordingly has an object to provide,
as a solution of the above described problems in the prior art, a no-
vel and improved curable organopolysiloxane-epoxy resin composi-
tion capable of giving a cured article having excellent heat resist-
ance, moisture resistance and mold releasability as well as trans-
parency without deéreasing the inherently excellent mechanical
properties of epoxy resins. |

Thus, the present invention provides a curable organopolysi-
loxane-epoxy resin composition which comprises, as a uniform
blend: |
(a) 100 parts by weight of an epoxy resin;
(b) from 10 to 500 parts by weight of an organopolysiloxane repre-
sented by the average compositional formula

Ra(HO)pS10(4-a-by2, e @

in which R is an unsubstituted or substituted monovalent hydro-

carbon group having 1 to 10 carbon atoms, at least 1% by moles of



[ecr] 0 L (I') in which Ris an unsubstituted or .
substituted nonoval ent hydro- .carbon group having 1 to 10 carbon atons, at-
| east 1% by nol es of the groups denoted by R in a nolecul e being al kenyl
groups, the subscript a is a positive nunber not smaller than 1 but snaller
than 3 or, preferably, not smaller than 1.5 but smaller than 2.5 and the

subscript b iiha positiv;enunb&a;: in the ramfge from0.05 to 2 or, '
preferably, fthe grdups derote Rﬁilﬂ@!hélbdlﬂé%éﬂbg‘ [ e ut
not exceeding 3 o%'-prr)ef erably, from1.7 to 2.2; (c) ar?lldei‘fﬂ g'réﬁﬁg, the

or ganohydr ogespbisgript aais ahpositivei numbet asot smalletedsdn t bt smaller
preferably, at_least three hydrogen atons directly bonded to the silicon
atons in an atbam 3i ar; prefarablyt mot smallepothan vikSgbutbsmedlen thae @munt
of the conponent ), (d) a conpound of a plati num&rloup metal in an anount

in the rangg i - esuf csmtbpmfoposxlt(ﬁ)gammndmrb iam_ ﬁ@anrgnﬁmf mf0.06eto 2
S unhum com OEaBReretabl FeonbOSLHorT Eow itk the: DrRITERtBe a/idlaiargeFhe
conmponent (a) .4 epo resi n, whi can selecjed w fhou articul ar
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cur abl e epox esj.n.co I tion but it.gis preferabl e.as the conponent (a)
that the Epoig,é)e%hi Q}%ﬁﬁ@ﬁgﬂmﬁenpolysﬂoxa e having, in"a molecule, at least

two or, preferably, at least three hydrogen atoms directly bonded
_to the silicon atoms in an amount in the range from 1 to 50% by
weight based on the amount of the component (b);

(d) a compound of a platinum-group metal in an amount in the
range from 0.1 to 500 ppm by weight based on the amount of the
component (b); and

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The component (a) is an epoxy resin which can be selected
without particular limitations from those éonventionally used as
an ingredient in a thermally curable epoxy resin composition but
it is preferable as the component (a) that the epoxy equivalent of
the epoxy resin is in the range from about 120 to about 800 or, |
more preferably, from 150 to 350. Particular examples of suitable
epoxy resins include bisphenol A-type epoxy resins, bisphenol F-
type epoxy resins, phenol novolac-type epoxy resins, alicyclic ep-

oxXy resins, epoxy resins containing heterocyclic rings in the struc-



the epoxy resin is in the range from about 120 to about 800 or; more
preferably, from150.to 350. Particul ar exanpl es of suitable epoxy resins
i ncl ude bi sphenol A-type epoxy resins, bisphenol F- type epoxy resins,
phenol novol ac-type epoxy resins, alicyclic ep- oxy resins, epoxy resins -
containing heterocyclic rings in the strucw_ ture such as triglycidyl
i.socyanat e and hydant oi n epoxy, hydro- gengted bi sphenol A-type epoxy

resins, aliphgtre swchyas d:mgllzyadgh isecyanatecand hyd |amlmhyépdx¥ Hyd@Fo-and

pentaerlthrltol ponegC|d yl epoxy resins obtained by t & reaction

between an ar gematedcbisph molm;type@pox;ycresmsaaﬂrphatm epoxly ¥edins such

epi chl orohydrin, spiro ring- contalnlng epoxy resins, glycidyl ether-type

epoxy resins as propylenieglycob diglycidylrethen andrpenﬁaemthnita]:p:dygbyleﬂ-and

epi - chlorohydrln | yci dyl et her-type oxy_resins as _a reaction pro- duct

oflatdl al L ylth g&h@%oepoammnsmmh bl tl:grmgmanhmﬁx;%:rslaﬁomtso
relative to the Xy gro bi s en and epi- .c
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_duct of a-diallyl bisphenol compound having allyl groups at the o-
positions relative to the hydroxy groups in bisphenol A and epi-
chlorohydrin and so on.

The component (b) is an organopolysiloxane which is repre-
sented by the above given average compositional formula (I). The
organopolysiloxane includes those in the form of a solid at room
temperature and those in the form of a liquid at room temperature.
In the average compositional formula, R is an unsubstituted or
substituted monovalent hydrocarbon group having 1 to 10 or, pre-
ferably, 1 to 6 carbon atoms. It is essential that at least 1% by
moles or, preferably, from 2 to 80% by moles or, more preferably,
from 2 to 20% by moles of the groups denoted by R in a molecule

- are alkenyl groups such as vinyl groups. -

Examples of the monovalent hydrocarbon groups suitable as
R include saturated hydrocarbon groups exempliﬁed by alkyl
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
tyl, tert-butyl, pentyl, neopeﬁtyl, hexyl, octyl, nonyl and decyl
groups and cycloalkyl groups such as cyclopentyl and cyclohexyl



mpl es or, preféerably, from2 to 80%by noles or, nore preferably, from2 to
. 20% by m)l es of the groups denoted by Rin-a m)l ecul e are al kenyl groups -
such as vinyl groups. Exanples of the nonoval ent -hydrocarbon groups
suitabl e as R include saturated hydrocarbon groups exenplified by al kyl

groups such as nethyl, ethyl, n-propyl, isQpropyl, n-butyl, isobu- tyl,

tert-butyl, pentyl, neopentyl, hexyl, octyl, nonyl and decyl groups and

cycl oal kyl ggrompss talkewlcgmwp@surhasdrmzydmﬂlm rP eldykeny!
enyl sobu enyl’,

groups such as vinyl, allyl, ﬁropeny |soprogeny

hexenyl and bytienylyésgbutenyhhexenyl gnd: s, anyl/grgupgyl
and napht hyl groups, and aral kyl grOUfs such as benzyl and phenyl et hi

groups as weStichs ashphenyly-tolyl: gyly @rpupﬂ;t riatkyl
replacing a part or all of the hydro en a g ‘n the above narred
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the subscriphlified by chloromethyl, chloropropyl, 3,3,3-triflucropropyl and 2-

- _cyanoethyl groups. Preferable as the group denoted by R are meth-

yl, phenyl, vinyl and 3,3,3-trifluoropropyl groups in respect of the
good miscibility of the component (b) with the component (a) and
the properties of the resin composition after curmg

The subscript a in the average unit formula (I) is a positive
number not smaller than 1 but smaller than 3 and the subscript b
is in the range from 0.05 to 2 with the proviso that a+b is larger
than 1 but not exceeding 3 or, preferably, a is not smaller than 1.5
but smaller than 2.5 and b is from 0.1 to 1.5 with the proviso that
a+b is from 1.7 to 2.2. When the value of b, which corresponds to
the content of the silanolic hydroxy groups, is too small, the inter-
crosslinkability between the components (a) and (b) is poor and a
great retardation is caused in the crosslinking reaction per se.
When the value of b is too large, on the other hand, the stability of
the organopolysiloxane as the component (b) is decreased eventu-
ally to cause gelation during storage. o

The above defined organopolysiloxane as the component (b)

can be prepared according to a known method. For example, vinyl



Is.1n the range from 0. 05 to 2 W|th the proviso that a+ b is Iarger than 1
‘but not exceeding 3 or, preferably, a is not smaller than 1.5 but -smaller
than 2.5 and b is from0.1 to 1.5 with the proviso that a+b is from1.7 to
'2.2. \Wen the value of . b, which corresponds to the content of the silanolic
hydroxy groups, is too snall, the inter- ct7055I i nkabi lity between the
conmponents (a) and (b) is poor and a great retardation is caused in the
“crosslinki ng meethybdicklorvsilatte andphenyletrdéhlorosilaate, eptional W(flt?
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trifunctional egeh! GfitR 4 okresFonding MIKoXY silane. It is preferable that the

_mixture of the hydrolyzable organosilane compounds contains at

least one kind of trifunctional or tetrafunctional silane com-
pounds. |

The content of the silanolic hydroxy groups in the organo-
polysiloxane as the component (b) can be controlled in various
ways other than the formulation of the starting hydrolyzable orga-
nosilane compounds, for example, by controlling the reaction tem-
perature or by adjusting the amount of the catalyst. When the con-
tent of the silanolic hydroxy- groups is so high as to cause eventual
gelation of the organopolysiloxane, it is optional to decrease the
silanol groups by the silylation reaction of the silanol groups with
a silylating agent such as trimethyl chlorosilane, hexamethyl di-
silazane, divinyl tetramethyl disilazane and the like.

The compounding amount of the organopolysiloxane as the
component (b) is in the range from 10 to 500 parts by weight or,
preferably, from 20 to 200 parts by weight per 100 parts by weight
of the curable epoxy resin as the component (a). When the amount
of the component (b) is too small relative to the component (a), the



pounds. The content of the silanolic hydroxy groups in the organo-

pol ysi | oxane as the conponent (b) can be controlled in various ways other .
than-the formul ati on of the starting hydrol yzabl e orga- nosil ane ‘conpounds,
- for exanple, by controlling the reaction tem perature or by adjusting the
anount of the catal yst. Wen the con- tentg.of the silanolic hydroxy groups
is so high as to cause eventual gelation of the organopolysiloxane, it is
‘optional to dtielesebtained byneuringthe nesintcompbsitionwanmetbedmpébrthe
silanol groups with a silylating agent such as trinethyl chlorosilane,
hexanmet hyl died svithe high 'eatrmesxsganeemm;hmldj releasabilityt as inherenthe
conpoundi ng anount of the organoppl ysil oxane t he, conponent (b) is in the
range from 1(@HOPEIGEEH ARt @rg@nmbfﬂlf@xanQSeW@ﬁm the rameount eétﬁeoom-t S
by wei ght per 10 arts by weight of the ¢ r&ﬂe epoxy resin as._the
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t he ot her ha%tﬂ%ﬁpﬁ%&ﬁ%&i al strengths of the cured article of the

conmposi - tion wou € nigh enough due to the deficiency in the content
The component (c) is an organohydrogenpolysiloxane hav-
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_ing, in a molecule, at least two or, preferably, at least three hydro-
gen atoms directly bonded to the silicon atoms. This component
serves as a crosslinking agent of the drganopolysiloxane as the
component (b) by the hydrosilation reaction between the silicon-
bonded hydrogen atoms in the component (c) and the alkenyl
groups in the component (b). The molecular structure of this orga-
nohydrogenpolysiloxane is not particularly limitative and can be
straightly linear, cyclic, branched or three-dimensionally net-
work-like. The degree of polymerization of or, namely, the number
of silicon atoms in a molecule of the organohydrogenpolysiloxane
is usually in the range from 2 to 200 or, preferably, from 2 to 20 in
consideration of the miscibility with the other ingredients or, in
particular, with the epoxy resin as the component (a) or transpar- .
ency of the composition. The number of the silicon-bonded hydro-
gen atoms in a molecule thereof should not exceed 200 or, prefer-
ably, 20 from the standpoint of obtaining a cured article of the
composition having high mechanical strengths.



of ,the epoxy resin: The conponent (c) is an organohydrogenpol ysi | oxane hav-
ing, in a nolecule, at least two or, preferably, at |east .three hydro- gen
atons directly bonded to the silicon atons. This conponent serves as a '
crosslinking agent of the organopol ysil oxane as the conponent (b) by the
hydrosil ati on reacti on between the sili con-g_bonded hydr.ogen atons in the
conponent (c) and the al kenyl groups in the component (b). The nol ecul ar
structure of this &Flyeorgamidgroapsbondedtarthe silicon psomsin ¢heYorgano-
limtative and can be straightly linear, cyclic, branched or
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_a sequence of difunctional siloxane units such as dimethyl siloxane

units, methyl hydrogen siloxane units, diphenyl siloxane units,
methyl phenyl siloxane units, methyl 3,3,3-trifluoropropyl silox-
ane units and the like terminated at each molecular chain end
with a monofunctional siloxy group such as a trimethyl siloxy
group, dimethyl hydrogen siloxy group and the like.

Particular examples of the organohydrogenpolysiloxane as
the component (c) include methyl hydrogen polysiloxanes termi-
nated at each molecular chain end with trimethyl siloxy group,
dimethyl polysiloxane-methyl-'hydrogen polysiloxanes copolymers
terminated at each molecular chain end with a trimethyl siloxy
group, methyl hydrogen polysiloxanes terminated at each molecu-
lar chain end with a dimethyl hydrogen siloxy group, dimethyl
polysiloxane-methyl hydrogen polysiloxane copolymers terminat-
ed at each molecular chain end with a dimethyl hydrogen siloxy
group and, dimethyl polysiloxane-methyl hydrogen polysiloxane-
diphenyl polysiloxane copolymers terminated at each molecular
chain end with trimethyl siloxy group as well as those copolymeric



| oxane as. the conponent (b). Preferably, the organic groups are se- Iected
fron1nethy| phenyl and 3,3, 3-trifluoropropyl groups. \Wen the. -
organohydrogenponSIonane has a stralghtly | i near nol ecu-" | ar? structure
the body of .the nol ecul es thereof is constructed froma sequence of

di functional siloxane units such as di metbyh.siloxane units, nethyl
hydrogen si'l oxane units, diphenyl siloxane units, nethyl phenyl si | oxane

units, methyl a'gampmlysﬂmxanes pphtaining trifunctionahandioe tétrefunction-
terninated at each nol ecul ar chain end with a nonofuncti onal SIony gr oup

such as a tri radtsijoxanecunits comsisting; denoting @yerethybandophenydigroups

i ke. Particul ar exanpl es_of the organohydrogenpol ysi| oxane as the
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‘the range from 1 to 50% by weight or, preferably, from 5 to 30% by

weight based on the amount of the organopolysiloxane as the com-
ponent (b). Alternatively, the component (c) is compounded in such
a formulation that the silicon-bonded hydrogen atoms therein are
provided in an amount of from 0.2 to 10 moles or, preferably, from
0.5 to 5 moles per mole of the alkenyl groups in the organopoly-
siloxane as the component (b). When the amount of the component
(c) is too small, fully cured articles can hardly be obtained from the
resin composition due to the deficiency in the crosslinking agent.
When the amount of the component (c) is too large, cured articles
of the resin composition cannot be imparted with high mechanical
strengths.

The component (d) is a compound of a platinum-group metal
such as platinum, rhodium and palladium, which serves as a cata-
lyst to promote the hydrosilation reaction between the alkenyl
groups in the organopolysiloxane as the component (b) and the
silicon-bonded hydrogen atoms in the organohydrogenpolysilox-

ane as the component (c). Examples of suitable metal compounds



organopol ysi | oxanes containing trifunctional and/or tetrafunction- él_'

sil oxane units consisting, denoting a nethyl and phenyl groups with M and'.”

Ph, respectively, of a conbination of the [err] units and SiQ units, a

conmbi nation of [err] units, Me2SiO units and SiQ2 units and a conbi nation
of [err] units, [err] units and [err] unit The conpoundi ng anobunt of the
or ganohydr ogenpol ysi | ox- ane as the conpontht (c) in the inventive resin-

o 500k by wei IpETHde plAtan Black, plabiaim 'GV0fchoridd “LRIGroHIatindE
ponent _(b) . - Abid naddigion produeesapehlérdslatinicackPuaded mordlic ol

formul ati on that the S|Iicgn-bonded hydr ogen atons therein are provi

an amount of gohol ledmiplekesofickdopoplatieie aedd und aarolefn condpoRhdamdr

nol e of the al kenyl grdoups in the organopol y- sil oxane as the conponent

(b). Wen the imano bisaectoavetatetay well as compoundsfof palladiatn and
articles can hardly be obtained fromthe resin conposition due to the

defi ci ency i nrhodiumssimilamgo fhetabosre mamediplatinwm compoundseThec)
is too large, cured articles of the resin conposition canngt be inparted
with high neceempennding ameuntried thegempenens (d} in veativve resin

pl ati num group netal, such gs pl ati num ,rhodj a al l adi um ,which serves
as a cata- |ySPmMPOSitioRds nkhe yanga fmmo(iﬂsagﬂﬂgmpgb wieight o, ey
groups in theaor opp! ysi n t he ,conpanegnt and.t he

T oon: bonde SrABomota 0 ebd 200 EDa div OB eARIAERAAS themetal of
component (c) pl%ﬁ@:lxﬁspgﬁa%ﬁhﬁ%rerh”g flr"BIB8Y UiF the amount of the orga-

nopolysiloxane as the component (b). When the amount of the com-

ponent (d) is too small, full curing of the resin composition can
hardly be accomplished even by prolonged heating while increase
of the amount thereof to exceed the above given upper limit has no
particular additional advantages rather with an economical disad-
vantage due to the expensiveness of these noble metal compounds.
The component (e) in the inventive resin composition is an
organic aluminum compound having a chemical bond between an
aluminum atom and an organic group such as alkyl groups, aryl
groups, e.g., unsubstituted or substituted phenyl group, halogen-
substituted alkyl groups, alkoxy groups, aryloxy groups, e.g., un-
substituted or substituted phenoxy groups, acyloxy groups, p-di-
ketonato groups, o-carbonylphenolato groups and the like. The
above mentioned alkyl gi'oup is exemplified by methyl, ethyl, n-
propyl, isopropyl, n-butyl, sec-butyl, tert-butyl and n-pentyl
groups. The unsubstituted or substituted phenyl group is exempli-
fied by phenyl, p-methoxyphenyl, o-methoxyphenyl and p-ethoxy-



~include platinumblack, platinum (I'V) chloride, chloroplati nic acid,

addi tion products.of chloroplatinic acid and a -nmonohydric al- cohol;

conpl exes of chloroplatinic acid and an ol efin conpound and pl ati num

bi sacet oacetate as well as conpounds of palladiumand rhodiumsimlar to

t he above naned pl ati num conpounds. The coppoundi ng amount of the conponent
(d) in the inventive resin conposition is thed)range from0.1 to 500 pﬁr?
by wei ght or, I Th wstibpEe ' | el e
rrét al gf pl at %%nglrlgggighm {lh?‘%)%?%% baséd on ?‘%%?};IFSEE gfcéi.%%l :%@%‘1 d)
nopol ysi | oxangyachldwor chldaroethylemd vhlafephs 0

i spt og smal |, Tyﬁl | curi ?gthg:‘l’et he resi ?lcorrposi tiﬁgg c%g ﬁgrgp)g g;hé’g.'fﬁaky(
acconpl i shed grempys exemplified dxt methéxy ethoxyadsopfopdiey abutoky! #ageof
to exceed the above given upper limt has no_particular additional

advant ages r apentoxy groupsc Hfhmmw&mhugedm#] substitated 'pl(le?o_xy g'ﬁoup
expensi veness  of these, pohl e nmetal conpounds. e conponent (e) in e

i nventive resi® m@iﬁge by @hen@xnammethyﬂphmq:qmmmethaxypbemxy,
chem cal bond between an al um n Q%tram an n.organi c group such as al kyl
groups, aryl QrBitFop .QQ,XYuﬁéi‘dg OrH ey PXyt ggoppsnylher agyloxy

- ' . | . e.g. -
Ei‘.'bi???ut od oBrotEt s ?éﬁ%%xrﬂig‘é@ipygééf:.?ﬁjogéﬁ: mts}]n@,fq,‘k’%ﬁtgﬁmp] (S)’\e/;algaﬁo,un
rent 1 oned a koEnyT sEABRRLERE Hoby] etiBRefito, il adetodcetdts, diethyl

maleato and dipivaloyl methanato groups. The s-diketonato group

is exemplified by acetylacetonato, trifluoroacetylacetonato and
hexafluoroacetylacetonato groups as well as those expressed by
the formulas Ph-CO-CHg-CO-Me, Me-CO-CHMe-CO-Me and
MegC-CO-CH2-CO-CMeg, in which Me and Ph denote methyl
group and phenyl group, respectively, in the form before coordina-
tion. The o-carbonylphenolato group is exemplified by salicylalde-
hydato group.

Particular examples of the organic aluminum compound
suitable as the component () in the inventive resin composition
include trimethoxy aluminum, triethoxy aluminum, triisopropoxy
aluminum, triphenoxy aluminum, tri(p-methylphenoxy) alumi-
num, isopropoxy diethoxy aluminum, tributoxy aluminum, tri-
acetoxy aluminum, tristearato aluminum, tributyrato aluminum,
tripropionato aluminum, triisopropionato aluminum, tris(acetyl-
acetonato) aluminum, tris(trifluoroacetylacetonato) aluminum,
tris(salicylaldehydato) aluminum, tris(pentafluoroacetylaceton-

ato) aluminum, tris(ethylacetato) aluminum, ethylacetato diiso-



propyl, isopropyl, n-butyl, sec-butyl, tert-butyl and n-pentyl groups. The
unsubstltuted or substltuted phenyl group.is exenpli - fied by phenyl, '
p- met hoxyphenyl , o-net hoxyphenyl and p-ethoxy- =~ -12- phenyl groups. The
halogen:substituted al kyl group is exenplified by chloronmethyl, chloroethyl
and chl oropropyl groups. The al koxy grcuu11§_exenpllf|ed by nethoxy
et hoxy, i sopropoxy, butoxy and pentoxﬁmgrou ps. The unsubstituted or

yiyn

substituted pperopoxyyatuminumetais(di alodatae) ,alummmm,ptms%mpyl.

o- met hoxyphenoxy, o-nitrophenoxy and 2, 6- dlnethylphenoxy groups
acyl oxy groupaceteacetato)i aluminums, ris(hirgiacetacetato)y aluminuny, sris-

mal vat o and d tw13%'¢§$§§%%§e BEeinTH, {rés&ffpci?rc ﬁfmesﬂgna' 2 htpyl alu-
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conmpound suitable as the conponent (e) in the inventive resin conposition
i nclude trinethoxy alum Um/O(CH?)J‘O y al um nu tr)g'ﬂgopr poxy
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al um num triphenoxy alum num tri(p-nethylphenoxy) alum- num isopropoxy

di et hoxy al um num tributoxy .alumnum tri- acetoxy alum num tristearato
alumi num tributyrato alumi'num tripropionato alumnum triisopropionato-
‘al'um num tris(acetyl- acetonato) alumnum tris(trifluoroacetyl acetonato)
al um num tris(salicyl al dehydato) al um nunl4Ui s(pent af | uor oacet yl acet on-
ato) alumnum tris(ethylacetato) alum nunj ethylacetato diiso- pr opoxy

al umi num tris(di etThéselorganiy aluminum compénndsy/tandse usedesit®r sin-
alum num tris(butylacetacetato) alum num tris- (isopropylacetoacetato)
al umi num tri gly or aslagombimationofiwo kindsor moresagdordéngrtai meed. The

di pi val oyl net hanat o al ra num and, et hyl acet oacet at o di_i sopropoxy al um num as

wel | as those ayBount @ sluminum eompeendeas thetcompenent ()
formulas: [err,] -14- These organi c alym nym.co o.undse{iéln beQ}b ed either

sin- gly or adnstheiBventive resin compesidion ifincthe rangenyoms hood tadd

"venti ve 1 esiNARSnBESWEIBRY OF, T GLREAP LAy ool b 180 Rey teth} veiEay per

wei ght or, prefge "i‘:%lﬁ(;s Hc); %rgi%hlt §the 8%5%% Pasifthd rt].he'oceorlcnponent (a). When
the amount of the component (e) is too small, the resin composition
cannot exhibit good curability while the resin composition after
curing would have decreased mechanical properties and increased
adhesiveness by increasing the amount thereof to exceed the above
mentioned upper limit in addition to an economical disadvantage.

It is optional that the inventive resin composition consisting

of the above described components (a) to (e) is further admixed
with an inorganic filler with an object to modify the flowability of
the composition or to improve the mechanical strength of the in-
ventive composition after curing. Suitable inorganic fillers having
a reinforcing effect are exemplified by precipitated and fumed sil-
ica fillers and calcined silica fillers either as such or after a surface
treatment with an organosilicon compound such as hexamethyl
disilazane, trimethyl chlorosilane, polymethyl siloxanes and the
like. Other optional additives to be compounded in the inventive
composition according to need include pigments, heat resistance
improvers, flame retardant agents and plasticizers as well as non-
reinforcing fillers such as finely pulverized quartz, diatomaceous

earth, iron oxide, zinc oxide, calcium carbonate and the like.



100 parts by wei ght of the epoxy resin as the conponent (a). Wen the
amount of the conponent (e) is too small, the resin conposition cannot

exhi bit good curability while the resin conmposition after curing would have
decreased nechani cal properties and increased adhesi veness by increasing

t he amount thereof to exceed the above neni%oned upper limt in addition to

an econoni cal disadvantage. It is optional “that the inventive resin

conposi ti on consi siWhencfrdmispabeney ds desited of thedmsmmtita)resin (m

further admixed with an inordanic filler with an object to nodify thgésl-
flowability otismaftereuringptherinventimeccompositienhsforahulated stithohnt he
I n- ventive conposition after curing. Suitable i norogani c fillers having a

rei nforcing ebrganopaysiloxané asdthy componentib) odrwthicheat ledst 10% by
fillers and calcjned silica fillers either as such or after a surface
treatment wi t malesoogainspartioulerynfoom Mide 956% demoles oy preferably,
T 2 0 B 0 K s BBy e Shorvga
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the 11ke. Sldlevinttensnd CommAtibRisE.PF tHe PreabipRlERiteta ae the’
conposi - tion ghl SonEHE (BY withoehd époky Fedit RO Ehb BhnponbRE TH) 2t €d W th an
) In the following, the curable resin composition of the present
invention is described in more detail by way of examples, which,
however, never limit the scope of the invention in any way. In the
following description, the term of “parts” always refers to “parts by
weight”. Measurements of the Shore D hardness and flexural
strength of the resin composition after curing were conducted ac-
cording to the procedures specified in JIS K 7216 and JIS K 6911,
respectively. |

Examples 1.

A curable resin composition, referred to as the resin composi-
tion A hereinafter, was prepared by unifbrmly blending:
100 parts of a commercial product of a bisphenol A-type epoxy res-
in having an epoxy equivalent of 190 to 210 and an average mole-
cular weight of 380 (Epikote 828, a product by Shell Chemical Co.);
20 parts of a diepoxide compound 38,4-epoxycyclohexylmethyl 3,4-
epoxycyclohexane carboxylate;
30 parts of an organopolysiloxane expressed by the average compo-
sitional formula Vig 1Meg gPhg 55(HO)g 255101 95, in which Vi, Me



or.ganopol ysi | oxane as the conponent (b) of which at |east 10% by noles or,
in particular, from10 to 95% by nol es or,. preferably, from20 to 80% by -
‘nol es of the groups denoted by R in the:average conpositional formula (1)
are phenyl groups presunably by virtue of the increased conpatibility of

t he organopol ysi | oxane as 't he conponent (Q)]Eél\i_th the epoxy resin as the
conponent (a). In the follow ng, the curabl®©® resin conposition of the

present inventand Ph deeorinyddm u@phbhﬂymafr@?@qe%@wéwtaﬁm

however, never limt the scope of the invention Tn any way.

" followi ng descedihy the edleydrolysié of pamizturevaf sinyl methyl dichlbsodilane

wei ght". Measurements of the Shore D hardness and flexural strength of t he
resin conposi tdimethydr dichlorgsidane andphenyictrichlairosjlanet fmllomdath{%es
specified in JIS K 7216 and JI S K 6911, respectively. Exanples 1. A curable

resi n conposi tRedtra en, washingwith svatemapdsdryingin A hereinafter,
was prepared b unifor{;riy bl endigg: 100 parts of a.commercial product of a
bi sphenol  A-t ypPaxiex9f ansorganphydrggenpalysiloxane expressed yothe stracand
an aver age m)IE- ar irght of 380 (Epikote 828, a product by Shell
Chemical Co.): Wctﬁﬁlf@ f a di epoxi de conpound 3, 4- epoxycycl ohexyl net hyl

cxpr essed by the. avfemol-Cot G aR-SbHHe- 00 er(rSiRe O le-Siffes
0.1 part of an isopropyl alcohol solution of chloroplatinic acid in a
concentration of 0.5% by weight as platinum; and
0.6 part of tris(acetylacetonato) aluminum.

The resin composition A prepared above was compression-
molded by heating in a metal mold at 130 °C for 15 minutes into a
sheet of 2 mm thickness which had good transparency and no prob-
lem was encountered in removal of the sheet from the metal mold
absolutely without adhesion. The cured resin sheet after post-cur-
ing at 150 °C for 2 hours had a Shore D hardness of 84 and a flex-
ural strength of 9.2 kg/mm?2. These properties were measured after
aging of the sample at 220 °C for 7 days to find that the Shore D
hardness was increased to 85 and the flexural strength was de-
creased to 7.0 kg/m 2,

Example 2.

Another curable resin composition, referred to as the resin
composition B hereinafter, was prepared by uniformly blending:
100 parts of the same epoxy resin as used in Example 1 (Epikote
828, supra);



- -16- and Ph are’ vrnyI nethyl “and phenyl groups, respectively, obtain- ed

by the cohydrolysis of a mxture of vinyl nethyl -dichlorosilane, dinethyl
~dichlorosilane and phenyl trichlorosilane followed by neutralization,

washing with water and drying; 7 parts of an organohydrogenpol ysil oxane

expressed by the struc- -tural formula [errh 0.1 part of an isopropyl

al cohol solution of chloroplatinic acid in g concentration of 0.5% by

wei ght as pl at20 ypartnof Otie ritmeo dispogide Yathpootnd 3 mgpbwczg%h Byl

resin conposrtron A prepared above was conpression- nol ‘de by~ h
- metal nold at dpoxiéyﬁhﬂnﬁﬁﬁne@b@b@xgﬂaﬁé of 2 nnrthrckness whi ch

~had good transparency and no prob- | em was encountered in renoval of the

sheet from t hel 00 tpertswithabsames ot gand ?bbjusﬂeﬁan:er aguséddncExetnpie il
sheet after post-cur- ing at 150 [err] hours had a Shore D hardness
of 84 and a fllaﬁpantalofsan engamokydrogenpolysiloxane expnesseddy thestrue-
nmeasured after ag ihe sanple at 220 [err] for 7 days to find that the
Shore D har dneldir Tﬂﬁﬂ-%ased 'to 85 and the flexural strength was de-

e erred Lo as ¢ he MesSH-ComsaEMartSDAraiMesart or | vas S?Q‘Sif'eé' 83

?EH E(r){ﬂ e brengly’ Pa rt0of AR’ Safle tlggpf'gﬁfil LieShol So1ltion "6F ch'loropfar?mlc
acid as used in Example 1; and
0.8 part of tris(acetylacetonato) aluminum.

The resin composition B prepared above was compression-

molded by heating in a metal mold at 130 °C for 15 minutes into a .
sheet of 2 mm thickness which had good transparency and no prob-
lem was encountered in removal of the sheet from the metal mold
absolutely without adhesion. The cured resin sheet after post-cur-
ing at 150 °C for 2 hours had a Shore D hardness of 84 and a flex-
ural strength of 8.8 kg/mm2. These properties were measured after
aging of the sample at 220 °C for 7 days to find that the Shore D
hardness was unchanged but the flexural strength was decreased
t0 8.0 kg/mmz.
Comparative Example 1.

A comparative resin composition, referred to as the resin
composition C hereinafter, was prepared by uniformly blending:
100 parts of the same epoxy resin as used in Example 1 (Epikote
828, supra);

2.0 parts of diphenyl silane diol; and

0.5 part of aluminum benzoate.



828, supra); -17- 20 parts of the sane di epoxi de conpound

3, 4- epoxycycl ohexyl - nethyl 3, 4- epoxycyclohexane'carboxylate 100 parts of
t he same organopol ysil oxane as used in Exanple 1; 12 parts of an

or ganohydr ogenpol ysi | oxane expressed by the struc- tural fornula [err] 0 3
part of the sane isopropyl al cohol solutlog of chloroplatinic acid as used
in Exanple 1; and 0.8 part of tris(acetyla gfbnato) aluntnunt The resin

tion B Faan x |
oTROSt 190 [err; "rrhe pivincoUBtpGARIE D, Bepdidd ¥bdve WAk dimihedsithl
good transpar enoydeddby heatthg ireametat mseld g 180 PC fo?'w%wﬁté% Inpoee!

fromthe netal nold absolutely W t hout adhesion. The cured resin

after post-cursheetgofi2 tom [thmknéss whichilsadagocd ShanepRreacy bas dﬁulﬁ“

and a flex- ural strength of 8.8 kg/[err]. These propertles wer e neasured
after agi ng ofnothbedaken: out ofzhhe{ metalimold unless thé mtalwoldmaﬁtmb*- D
har dness was unchan%ed but the flexural strength was decreased to 8.0

kg/ m2. . Conpageetad teaamnld-neleasedrpatmentbeforehamdvoith a fluoredarbont t o

as the resin based releasing agent. The cured resin sheet after post-curing at
150 °C for 2 hours had a Shore D hardness of 86 and a flexural
strength of 10.0 kg/mm?. These properties were measured after ag-
ing of the sample at 220 °C for 7 days to find that the Shore D hard-
ness was increased to 89 but the flexural strength was decreased to

5.1 kg/mmz.




conposition C hereinafter, was prepared by uniformy blending: 100 parts of
t he sane epoxy resin as used in Exanple 1 (Epi kote 828, supra); 2.0 parts -
of diphenyl silane diol; and 0.5 part of - al um num henzoate -18- The

resin conposition C prepared above was conpression- npl ded bi heatiiﬁ in a

metal nold at 130 [err] for 15 minutes into_a sheet mu “MH whi ch
L M H

had good transparency but could not be -t ak&8—out ' of | ess

the metal nol . a nol d-rel ease treatnent beforehand with
a fluorocar bomypmgﬁgi%gent, The cured resin sheet after
post-curing at 150 [err] for 2 hours had a Shore D hardness of 86 and a
flexural strength of 10.0 kg/m2. These properties were neasured after ag-
ing of the sample I jéﬁﬁ i ;
ness was i ncr er%lsedq}g%ggul}&drﬁagﬁﬁ%ﬁ%%%e gt?%%@?ﬁgﬁotao@%h
kg/ nme. - 1¢ondpitisdss asl shubfifbird blend:A curabl e organopol ysi | oxane- epoxy
resin conposition which

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

(b) from 10 to 500 parts by weight of an organopolysiloxane repre-
sented by the average compositional formula

Ra(HO)pSiO(4-a-by2,
in which R is an unsubstituted or substituted monovalent hydro-
carbon group having 1 to 10 carbon atoms, at least 1% by moles of |
the groups denoted by R in a molecule being alkenyl groups, the
subscript a is a positive number not smaller than 1 but smaller
than 3 and the subscript bisa positive number in the range from
0.05 to 2 with the proviso that a+b is larger than 1 but not ex-
ceeding 3; |
(c) an organohydrogenpolysiloxane having, in a molecule, at least
two hydrogen atoms directly bonded to the silicon atoms in an
amount in the range from 1 to 50% by weight based on the amount
of the component (b);
(d) a compound of a platinum-group metal in an amount in the
range from 0.1 to 500 ppm by weight based on the amount of the
component (b); and
(e) from 0.001 to 10 parts by weight of an organic aluminum com-

pound.



conprises, as a uniformblend:-(a) 100 parts by wei ght of an epoxy resin;-
(b) from 10 to 500 parts by weight of an organopol ysitoxane repre- sented
by the average conpositional fornmula [err] in which ' '“E“ﬂﬁﬂ“Luted
or, substi tuted nonoval ent ‘hydro- carbon group havi ng‘lmmﬁmfl ' Bdirat ons,
at least 1% by noles of the groups denoted by Rin a wolecl ebelng al kenyl
groups; the subscript a is a positive nunbet! not smaller than 1 but smaller

than 3 and th b [ ' | dd XK o : 2

Wih the provizo. t hapeoetinol raamlndlyeilihitie bonye resi SomRILIcR 38
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atons directly bonded to the silicon atons i anount int

to 50% by wei dhhshkasepoxy bhaivabent infthdeangerfroent120o 800 and anpfylad

of a platinumgroup nétal in an anount in the range fromO0.1 to 500 ppm by
wei ght based ogulsrewmighttinothé rangefrome5G to 3561d (e) from 0.001 to 10

parts by weight of an organic alum numcom pound. -20- 2. The curable
or ganopol ysi | oxane- epoxy resin conmposition as

3. The curable organopolysiloxane-epoxy resin composition as
claimed in claim 1 in which the subscripts a and b in the average
compositional formula representing the component (b) have values
not smaller than 1.5 but smaller than 2.5 and from 0.1 to 1.5, re-
spectively, with the proviso that a+Db is in the range from 1.7 to
2.2.

4. The curable organopolysiloxane-epoxy resin composition as
claimed in claim 1 in which from 2 to 20% by moles of the groups
denoted by R in the average compositional formula representing

the component (b) are alkenyl groups.

5. The curable organopolysiloxane-epoxy resin composition as
. claimed in claim 1 in which the number of silicon-bonded hydrogen
atoms in the organohydrogenpolysiloxane as the component (c) is

in the range from 2 to 20 per molecule.

6. The curable organopolysiloxane-epoxy resin composition as
claimed in claim 1 in which the compound of a platinum-group me-

tal is chloroplatinic acid.



claimed in claim1 in which the epoxy resin as the conponent—aj—has—an

epoxy equivalent in the range from 120 to 800 and a nj I i in -
the range from 150 to 350. 3. - The curabl e organopol WWHWM’@M”W{&& n -
conpositi.on as clainmed in claiml1 in which the subscripts acans Dsi he
average conpositional fornula representing t{he conponent (b) have val ues
not smaller than 1.5 but smaller than 2.5 &4 from0.1 to 1.5, re-
spectively, w#h t r Qi 115 el x 2:2. 4
The curabl e orgénoggpys%ég}lée-e (?)%dgzsgb(%%%ﬁn§é§fﬁc%g@é§sﬁﬁg%l%7’m

Lin which ! oflainied ANehuinil 25 Whith I SNRGUAPOT (b bygfoid dlit AYaRTY

e
conposi tional Tornu e conponent are a nyl groups. 5.

The curable or [ i b trig Ny iFpareg m
1 in which the nuﬁger %fds;?slhgcon-ggﬁgggﬁé)yc}?ggie)?%tom ?ﬁ'ﬁg@'@% Ip

or ganohydr ogenbylweightp@?mpbﬁisght_(cﬂtheScompbh@ﬂta(ag.e from2 to
20 per nolecule. 6. "Thée curable organopolysil oxane-epoxy resin conposition
as claimed in claim1 in which the conmpound of a platinumgroup ne- tal is
chl oropl atinic acid. - 21- 7. The curabl e organopol ysi| oxane- epoxy
resin conposi t8on afhe eurable wrgoaiopalyisiloseaner-epoxyaresin compositionaas c
al um num

claimed in claim 1 in which from 20 to 80% by moles of the groups
denoted by R in the average compositional formula representing

the component (b) are phenyl groups.



conpound as the corrponent (e) is in the range fromO 1to5 parts by wei - ght
per 100 parts by wei ght of the conponent (a).. .8, The curable

or ganopol ysi | oxane- epoxy resin conposi tion as cI aimed in claiml in which
from20 to 80% by noles of the groups denoted by Rin the average
conpositional formula representing the conponent (b) are phenyl groups.

ABSTRACT OF THE DISCLOSURE
CURABLE ORGANOPOLYSILOXANE-EPOXY RESIN COMPOSITION

A novel curable organopolysiloxane-epoxy resin composition,
which is capable of giving a cured body having excellent mechan-
ical properties without the problem of adhesion to the metal mold,
is proposed. The composition comprises: (a) an epoxy resin; (b) an
organopolysiloxane containing vinyl groups; (c) an organohydro-
genpolysiloxane as the crosslinking agent of the component (b); (d)
a platinum compound as a catalyst for the hydrosilation reaction;
and (e) a specific organic aluminum compound, such as tris(acetyl-
acetonato) aluminum, each in a specified proportion.



