1 DESCRIPTION [Title of Invention] CURABLE EPDXY RESI N COVPCSI TI ON

[ Techni cal Field] [0001] The present invention relates to a
curabl e epoxy resin conposition having excellent fluidity during
nol di ng. This application clains priority based on Japanese

Pat ent Application No. 2010-289723 filled i n Japan on Decenber 27,
2010, and the contents thereof are cited herein. [Background Art]

[ 0002] Fl ane-r et ar dant cura@E% Oﬁ\esi n conpositions not
cont ai ni ng_ hal ogens, phosphorous—cm% and heavy netal s have
hi t her t o [Béterpidsweationr uses in el ectrical and el ectronic conponents.

For ex_arrpl e, flame-r et acgmtgmg_p@j(q EROXYCORPORITAMPOSI ti ons m xed
with sil ug_a or gg}?&i inorganic fillers have been used for uses in
t

seni condUdfgie@ s. [0003] If the fluidity during nolding of
a curabl d08pldxy resin conposition is degraded, there is a possibility
that it may |egd tQ.d3RAET Q)fesiFTLGIRLY h ioRlGGihb oRl
conponent _dur ?%g_ps%grﬁi ng o? the Se?ectroni@%ﬁ%o%(gﬁnﬁ {tg)‘rﬁh??&%ggéeﬁg%t
be possi Hiudifpdyringimeldingt e gaps in a nold during molding and it nay
beconme diffi cuthis dppli€atidhRidimé pRordtyBedcd @R JasanaseTRMNAAHpliAkios BIFE Ot her

axampl o, WGR T G Ry i CRGgRAT SOl e E P en hS At

i ncrease hehmnf | ame retardancy of the curable epoxy resin conposition

i's increggaderhfadat Meanwhi | e, organopol ysil oxane resin, or the
| i ke, has been m xed in curable epoxy resin conpositions for the

pur pose &po%ppressi on of thermal deformation, relaxation of internal
stress, or th&ldmdet{rdail entabloepoiyemiia cdmpaositiins nbiosuedhing Walbgenkhe

conventi Opgl%kph%% @ﬁ@ﬁ&&ﬁ%& 'a?l? %@aevgf lﬁag{é hhde MBRred bldo! &4 ForQes! iTRIQY Gt NE
fluidity auring nmo hg of e curabl'e epoxy Tesin conpositions, and
accor di nging cleetrogie cemnpdnentsl Fox examply, dame-rethulagfisarabia §posy réshbr gani ¢

filler mosgholilodRixe® MRASIIch @PothbGhbahhio MilkisHale bRAWEH fokLieghit ur €]
[ 0005] Pat ent 5)1(1)cum3 t 1. Japanese Unexam ned Patent Application

Publ i cat i GRIRBIICY SEgaRig 8897 Pat ent Docunent 2: Japanese
Unexam ngd0®dt ent Application Publication No. H9-208806 Pat ent

Docunent 3: J . - i j: j j )
2005 1376y PABRRRINGHATH RGNS G £OlaP B B OOl A0 A,
Appl i cat itBere Buargseiftlity thag may derd-to ganags to a semicppdusiar opplighelerirogic
‘é a![oan;as %o ddn@zsaétﬂt gﬁlﬁlr‘ljé:)@hﬂlﬁ’g om%@ubaa@nim@ngmhbﬁtf@m @By h&ibe%@ﬁblﬁ Fpﬁﬁt _

al en cu n M a ese n anm ne al en | | AR | C 1 ONn
o D005 T REE TS ARRE YETe PR e maf bl PhehE MR it
| nvent i ords afs€d@m,]or some othayrsuglpinsenvenfencdmayaress e Buchi inscamenienves arenotable,

provi de apCulaal Wb qudFiit) of ABRARIAIRD nfililto BitiHeP Ik ReaSXEE HhAB!
fluidity durjng r’ipgdl ngthI t hout havi ng. adverse effects on the
physi cal rﬁ’taBJﬁEW? dle graly gPoxYTEUN FRRYStion 1s [‘W&?‘Fé" for Solving the

Probl em [pO®BAQ7]

Meanwhile, organopolysiloxane resin, or the like, has been mixed in curable epoxy
resin compositions for the purpose of suppression of thermal deformation, relaxation of
internal stress, or the like (Patent Documents 1 to 6). However, with the conventional
organopolysiloxane resin it was difficult to improve the fluidity during molding of the
curable epoxy resin compositions, and accordingly it was difficult to increase the quantity
of inorganic filler mixed in the composition.
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[Patent Literature]
[0005]
Patent Document 1: Japanese Unexamined Patent Application Publication No.



The object of the present invention is achieved by a curabl e epoxy
resin conposition conprising: (1) a curable epoxy resin, and (I1) an
epoxy functional group- and aromati c hydrocarbon group-containing

or ganopol ysi | oxane havi ng an epoxy equival ent wei ght of 3,000 or

| ower, a content of aromatic hydrocarBon groups of 45 to 80% by

wei ght (mass), and a glass transition point of |less than 0C. [0008]
The propggg begkedf epoxy functional groups among organic groups bound
to silicon atons in a nol ecul e of the qrganopol ysil oxane is .
preferably 0. Pacat Rocpsnts: Japipes Unexaminedrkatent Application Pablicgtiomdei ¢
hydr ocar bgm2ggsmgps anong organi ¢ groups bound to silicon atons in a

I I f | y¥sil ' f I 0..mol,% .hi gher .
0020] " Tt BERBRPLTIepREST Pt rhel SRS Ao iaufi il i RO

or ganopol309Bi1@X@he expressed by the foll owi ng average unit fornula:

(R R2R3SI O n) alR4RPE IR 8! H?Qﬁesé VhSLg1ifkd Ftent Roplidion BlblidaRon RBA R6

respectivelg and 1 ndependently represent a nonoval ent 3 hydrocarbon
gr oup or 4R é%g%y)functional group, where at |east one of RI, R2, RS,
Ra, R5, , R3, Hant Bochnmt bSIapineePUnyx il Itatush@lA pglicatipn Pablidag@s Noone
of RI, R%¥B§J6@%g R6 is a nonoval ent aromatic hydrocarbon group; and
"a" is 010 8. ., "b" is a positive nunber, "c" is a positive nunber
of 0.1 or hi gHatent Roqumient 6clapanese HnexangeediPapint Applicatign Ppblicatieme. of
1.5 to 2.59ps5-15964L1] The wei ght average nol ecul ar wei ght of the

i ngredie [1) i referably 1,000 to 10,000. [0012] The ingredient
(1) is pﬂgPém%%ﬂng&%ﬁﬁﬂLnyl gr oup- cont ai ni ng epoxy resin. [0013]

The cur aPsrbépoioyber Srdved byahpbsiettiomh of the present invention
preferablgo&ﬁrther contains (I1l) an epoxy resin curing agent. [0014]
The ingré rent (I11) is preferably a phenolic hydroxyl ) .

gr oup- cont ai ni/HyoRigpbisdrespransMtion is to pryidefrarabile QPoRy HsBxgpMmPposition

gr oup- conhaieRhibgs aNeH Mdidiy daries elokithy wahdlit BRERY hdv@rRere60 Bh @icNi Ng
phenolic resin. %?016L Th% content of the ingredient (I111) is
preferabﬂ?yﬂcaﬁﬁ 145 oL NeF IR epoxy reactive functional groups
in the irlyfeads onfolvingithe Brobletn]5 to 2.5 nol es per nole of epoxy groups
in the inggedient (1). [0017] The content of the ingredient
(1r) is preferab%g,o.l to 100 parts hy weig er 100 parts by

wei ght (mess) ‘g oPifet et Rigr@hinverYongs Ry £ GPPlegpopESIn
i ngr edi endosposijiomeshyrisingt (1) b G0kBl epoxy resiffudd Uy abdpexe Agxorae glolp- and
Sl ;:aa(r%]f?rgz(i)tf(‘i lIyl FacRibon S NG PO RIGL AR e RV NS 2 L DS et V)
weight of 3,000 or lower, a content of aromatic hydrocarbon groups of 45 to 80% by
weight (mass), and a glass transition point of less than 0°C.
[0008]
The proportion of epoxy functional groups among organic groups bound to silicon
atoms in a molecule of the organopolysiloxane is preferably 0.1 to 40 mol%.
[0009]
The proportion of aromatic hydrocarbon groups among organic groups bound to
silicon atoms in a molecule of the organopolysiloxane is preferably 40 mol% or higher.
[0010]
The ingredient (II) is preferably a branched organopolysiloxane expressed by the
following average unit formula:
(R'RZR?SI012)e(R*RSi022)5(R®Si031)c (1)
(wherein:

R, R% R, RY, R®, and R® respectively and independently represent a monovalent



[0019] The inorganic filler is preferably spherical, and is
nore preferably spherical anorphous silica. [0020] The cont ent
of the ingredient (I1V) is preferably at |east 20% by wei ght (nass)
based on the total weight (nass) of the curable epoxy resin
conposition. [0021] 4 The curall e epoxy resin conposition of
the present invention preferably further contains (V) an epoxy resin
curing accelerator. [0022 The content of . the ingpediem 6\Ms i s
Dref or abl §CEEADLTE 20" SAFREUY SRl ST bty et EbSERr i By Rk gt
(mass) ofandiRe is agermatly denctipnal grqupostdgast one of RTHRY, BArRIbRA aepBRys 7 esi n

conposi t i QenRhlchhEoRbESBRtoda bR M bpNain be used favorably as a
sem conduct or_ seal a he present |nventio el at es

"o ft LI [0024 "t S
also to a2ctr®ig Ut QFFSQIPOE‘UY%H“’&'%‘FT]QTE 315 heher P dieb e Réxy
resin compodsindi"dmn+ 2bEf "dcins rafigd dfd .3 @2t | on] [ 0025] The
curabl e %ﬁrlﬁ resin conposition of the present invention can exhibit
excel | ent idity during nolding, and also can provide a cured
mat eri al havi geprigt @ugragamplepularoxeight of gresngrediget] (I & nréferablynk@Qo to
expansi onccaref fi cient, flexural strength, flexural nodulus, and other
physi cal é erties of cured materials cured using conventional
curabl e elﬁ E@ resin conpositions, without inpairing the flane
retardancy of Theengradiew (Has prefeadidy & biphenyl gioug-coonindng ¢pprakesour abl e
epoxy re 'glﬁorrposi tions. [0026] Accordi ngly, the curabl e epoxy
resin coﬁgom tion of the present invention can exhibit an excell ent
function as a Hesneatie eppEyEsRCompgsitipn ahthe aresei dyyeptéaupratsraply further
sem cond%hgﬁnsqﬁa)la@r&,ox)t,I@ginmgﬁﬁé Bidnt.ty of damage to the electronic
conponent be reduced, and mnute gaps in nolds can be filled
during nt{pﬁflﬁg Furthernore, the curable epoxy resin conposition of
t he present i nibenngretiemsglDiinpreéeaabdy & heenbliahpdroet] graiproytaofingemmgrdund.
mat eri al iogpﬂause a larger anmount of inorganic filler can be m xed
in. [0027] I n a_dgi@ti on, when the curable epoxy resin,
conposi ti on ofMhembeRplicsieioxyrareati-FRalpiag cpypeddt Prstrably & bphentle used
to fill fdrowp-spadesgipheiigraanduct or devi ce junctions, gl ass
fiber-rei péced circuit boards, or the like. Therefore, the curable
epoxy resin Jorrposi tion of the present invention can exhibit a
function not oJrilegonnfthejopgdisatlBhis prefereblylagmanisy suchabitiahs spoxsgent
or an adheseB fiRtifAAD LfupdinBe Bictliend AV B BXEE] b Ridles RENASIVERESS,
Al so, the curabl e epoxy resin conmposition of the present invention is
a low str?ég‘épsd’éﬂﬁdgé)rﬁl’\é‘ﬁ @nd therefore can be expected to inprove the
reliabili[0914gf electrical conponents. [Description of Enbodi nents]
[0028] 5 -1 ny-ent ' V. |- di
Guri ng ol di gttt TR SR mRHE Ry kplertaBl o0 b oy il et b
cur abl e el$pprts by wigight (maspirafksdinggsdisne(Isprendith tetabeighn Bigsrdienty @kande i s
m xed int@if he conposition. Thus, the curable epoxy resin conposition
of the pr t invention nmust contain (I) a curable epoxy resin, and
(rr) an e@g% functional group- and aromatic hydrocarbon
gr oup- cont ai ni g corayerappny sesinl coxpagtibmof thg peesere poeytieoprefesdbinturthvesi ght
of 3,000 : f aromatic hydrocarbon groups of 45 to
80% by m@élﬁérﬁm)s%q?&%%@ghg?ass transition point of |ess than 0OC.
Because t[ABlYur abl e epoxy resin conposition of the present invention
has a | ow nel tTh¢iis@asiit fller®pefaatly ephetital Oiddds morOsreR by dphblficl s can
be m xed ai nothanS 'Cth conventional technol ogy. [0029] (Curable epoxy
resin) m lplﬁli’(g WI? curabl e epoxy resin (hereinafter referred to as
"ingredi €AP2q]I)") contained in the curable epoxy resin conposition of
the present inugRbhemk dfﬁae%éf@di@ntgﬂ@)fiﬁ]?ﬂe?éi‘ébl?&t KR PPBPReichi @fhss)@AEEd S
not particularly I'imted proyided t'hat the epoxy. resin has one ‘or
more gl ycQueie i@l t (@?éf%fgl\{f’ FHAPIF EPRYIRSID GPBRPEIONor ot her epoxy
[0021]




[ 0032] When the curabl e epoxy resin conposition of the present
invention is used as a sem conductor seal ant/adhesive, the content of
hydr ol yzable chlorine in the ingredient (1) is preferably 1,000 ppm
or lower, and particularly preferably 500 ppmor |ower. Also, the
contents of sodiumand potassiumin tHe ingredient (1) are preferably
10 ppmor |ower of each. This is because there is a possibility that
t he noi st ur epr@of f

hi gh t emper at U8 AIATHPGR Ramarpg gy ofHeplebt SR URLANy HAHE
hydr ol yzatgntains{Mo e ﬁ@@x@%@%ﬂgwcﬂgp@i‘ limt of the aboverrentl oned
range or fobgjcontent of sodium or potassi um exceeds the upper limt

of the above tioned 003 ou and
aromati ¢ hyd%r"%ﬁnb‘}%ng@ ea it BRe 0] o e by et Bhaes,
(11) epoxper i Obparisdryaveight¢mpss) afitie ngoetiert ) hydr ocar bon

group- cogﬁgﬁjl ng or ganopol ysil oxane (hereinafter referred to as
"ingredient (l11)") contained in the curable epoxy resin conposition
of the presentThesyeshicsppxcissinapmosiion of ke preseat iByrign cuvheryserhiavorgblyup
and at | epastse@itOndicisratilenthydr ocarbon group in a nol ecul e. The epoxy
functi onalJ 0%{ oup and/or aromatic hydrocarbon group is preferably
bound to 3 ]I icon atom [0034] "Aromati c hydrocarbon group” in
t he present spBeiprésenttinoamtipmuodlateledsago auepssdi maténied cwgd osihyg ther omat i ¢
hydr ocar b@aSemasiol&l éurme %&99&“{1@0%&gltﬁ,grrbl ned aromatic hydrocarbons
and aliphatic saturated hydrocarbons. An exanple of a group having

ni xed ar dFdertE ohifaloealEsYns and saturated hydrocarbons is an aral Kyl
group. THheozsjomatic hydrocar bon group is preferably a nonoval ent
aromati c hydr r J en I

to 30 carbon g]fh% ﬁgpagll,eee pr elln cg pgm? g?&f i %gen??n%egt? %%{IE% chlll
are pref eftvidity dyring3sjiding, and alFp eara;rryvldga @up@mateaaldmememamlgﬂl D@PW{EZ

aryl groupsy ex%ﬂﬁtoecﬁéﬁﬂéa%xﬁaﬂﬁbﬁ'Q@efﬁcﬁheﬂéﬂurﬂ%Qﬁth %%Mbdaﬁ@uﬁa and

L oups il e ahy B haedies bt Rasre CURg B Bor onrh S SR GRS,

and t he |dokeposifiofs3 #ithout impdineg entawed renatdaacpofthe curby thatcialslzoredgising p
may have @ t substituents include: a
fluorine atn%{ﬁy%%l CH&%e’epg{adre@ﬁ bro Sﬁgg%tom i odi ne atom and ot her
hal ogens;[0 ﬁﬂydroxyl group; nethoxy group, ethoxy group, n-propoxy

group, 'SOprOD@éﬁrcﬁlringdﬁhe @Jﬂﬂnl@éﬂt&& rééln &(ﬁn itidh O pidsertiivendBn 84H NO
he I| The ubsti t uent

t
danhe_bouiD S FHARs HRaa S URe-ARe PEoamPEETSIRE ar omat i c
ring. [0O{eﬂljconductorTShelampthxyoosmﬂlt\ya)lfdmnagvapgllrﬁtel@ﬁronh@onmgn@dmnbe (1)
is 3,000 IQHUC'S@%H mﬂ[l.h@ gaﬁQKﬁlomL@aﬂ ﬂé &likd mr%nﬁolﬂfﬁgt ﬁ@[‘t%ﬁﬁn{he curable

invention i s measured titration nethod ferably can be
measur ed $PEKY BRIt fGMPPLtiRn 9bthe progynd meﬂ%orb%wr@&a thedflamsiretpedagey of s

3, 000 or dugstehatediebeaadel ylagePLRodit of Mofanicalidr carte hiked 81 ably 1, 500
or | ower Sicﬂdati on of other ingredients of the curable epoxy resin
corrp03|t|[o f the present invention onto the surface of the cured
mat eri al cur ednaddifign.tvhen chergisable enoay résér eapfiposiinn loétheesertdnysntion is

avoi ded, @apsh ﬁ%b@m Eh?itHeQBecPlfo ﬂmﬂnma@lasqlag\er&eoﬁcﬁ%p 8&i Q¥ juRMRh € &hss

[ 0039] b Thefco ent, 1()) ronﬁﬁjé E%/h ;gl roups i'n.the

i ngr edi erlt TFy °F‘§ £8eyify ??Ugbw ]i“i; rHRIS e R %@rﬁ%ﬁfwosﬁf‘m
aromat i c dfyky mesnbimnegionuwps exlibidb funotiGORot oyl Wi adivfuid mlsﬁt) buq::ﬂs&)fasraabl y
45 to 70% f i ght
(mass) o fgd?% 1#4&3?%0&%%%§ﬁ%510n%9q{cﬁ9 B? F%Ee?l Fﬂﬁ}g;{ﬁ}/exééleh? T(& QABAIQQ
cur abl e eposyrable spexycesipeerpesaipnst thmevﬂé@émtwnmﬁem mssc%ammmon

i mpr oved. ankiQR4&tbre can bezﬁlﬁéc%%%élﬁ@@&h&él&Bllﬁ?bﬂéle&ﬁcﬂ Bémpdi@hRdi ent
glass transition point is |less than

(||)|sI Ss than en the
0C, pref §B‘i‘r§ptmﬁ@gg’6’Pv$ more preferably -20C or |ower, and even
[0028]



(RIR2R3Si 01/ 2) . (RAR5SI 02/ 2) b(R6SIi B/ 2), (1) (wherein: R, R2, R3, n4,
K R5, and R6 respectively and i ndependently represent a nonoval ent
hydr ocarbon group or an epoxy functional group, where at | east one of
R, R, 122, R4, R5, , R3, n4, and R6 is an epoxy functional group,

at | east one of RI, RZR5, and R6 is ajnonoval ent aromatic hydrocarbon
group; and "a" is 0 to 0.2, "b" is a positive nunber, "c" is a

Ipﬁs 'at 'r \éﬁggug?e@j gjfref‘sgné %{ntcn{sgggéc]ve?ed-thé? t}Exfﬁ.uc'ﬁPl qnola;?lg OF g@lfrabl(é

hydr ocar bpaxyresimrempasilion eonigindg alceisblesaoxiy @sléds amnrgwétwltenmmﬁ%w bon
groups, @Q%@bl@ﬁloxﬁﬂ@ﬁ&ﬂk&i R b b@ﬂ}@dsltibnhm&Q(il@J é%@iblégép?)blp%suﬁnd

| t b | t
ot or at caromposfat PEAPHEGE SrEaiotat sanaindl)y rabie oy fise SOy 1
t o 30 cardpory Atnotienal grodp-cendrpdregicihiydtogaibon geupycbntginmgmrgetobylysitixonp,
"D OPY1 G Bn ch3EPEARN DA LUR o RO B0 o DA F%Eu&féjﬁﬂ ahon

sec- butyl pent gro
gr oup, ocﬁrylllpsg}fdéﬁ’ 846 ﬂ?wweg&lwéﬁpm‘-hé@@/a g F%@mﬂmt@ﬁ@ow@ H%IPSSI thapely
branched Rddside tBE Qitiisle efixg réCtAamMRA1tBh oﬂﬂﬁ seﬁt}dﬁ%@h@%%s dJlbWLiﬁelt

Vet hyl - oriiisite Mgt Bt Soﬁlﬁ’%crbo?f%@ﬁc@!%é 11% I Gy AR

unsaturauadmakgphatlc hydr ocar bon groups are preferably those haV|ng
2 to 30 n atons, and exanpl es include: vinyl group, 1-propenyl
group, a roup, |sopropenyl group, 1-butenyl, 2-butenyl group,
pentenyl‘&% g3qﬁéX§ﬁ group, and other linear or branched al kenyl
groups; cyc | opRHRl(BRMtabl €@URy reemqh@hﬁx@aiyéfegém;hs "ﬁl@fbdtﬁlh@)‘ ) contained in

cy ol oal K Ly houRs B0 SN LARS el vt LR Sl AREXER AT

group, cyclo Hexen en |"a
Al kenyl croowgsitian, @nénserwépm@gularénhmwdmovgiﬁédpisﬂv&wﬁom@nws @ﬂrecmps@rar e
particul aglfd rg%?e rc%loalﬁﬂﬁﬁglapoxy groupﬂtﬁoﬂ@wﬁ@&yegtﬂ X GH 2 GRIRER, Bt aHP

may have a substituent ubstlluents incl ude
o RS bYedAe k0 3 5 BBk EREOam Aol b S g o ner
hal ogens; Exuyithles)f bucimgrpdient¢D irmkydegooel; epekh cosins giresopnovolgereppoyagsins,

o oups;  ABAARENKn L BURy 1S LG Tepbrl iR RIBR BT
be bound ltlbhe@lmgemwre@wfdj@f? s BiieRmePOKY TeBH, Bgteracysic epRXyJEtin at ed
ring. [OGRghthilege ARNREMAIRIAE eﬁ(ﬁ)@fl@ilhsﬁ bR ﬁﬁrﬁcﬁreb@ﬂy 5 Didpheds F epoxy

t d abov t I I ht of
The ﬁgferaﬁg%gﬁ@?ﬁz;ﬁf Pt Pglsﬁgt gﬂ o E%’?%f%%ggq‘;wﬁ};éﬁn%%%%@wyj
1, 000 t o 185109 Opeaaa € RPORYITesIY o WWox 1900 oletin Bo@B3Ovithlfesacetic aci
Vi scosi tyor(o?i%aneﬁ&dt{)ﬁlo'aﬁﬁ{aﬁg'eﬁ&& r@énlls) ah@s@fu?fc@ﬁt%mn% e%oﬂolgsﬁ@ PRo BP0

cP, and nore p ef era
aver age URPTEM ﬁmhase(efyxy regins pgy Fé?l@‘?laﬁcr 35 tge inﬁreéf%ﬁl) t%eﬂﬁ%lftfiei@%t Wy

reduce nok ﬁal@l@lﬁlﬁﬂﬁbﬁ&ka&y\ a biphhsyl ardlkyl efoxyr resflﬁé,rmlkﬁe)ﬂyl():paﬁy asinhbghiker f or
|nprovenq9 character.istics, and "b" is preferably 0.8 or

| ower in OP%%WI?DUR ]?%E?gFg%a”gmnold contam nation. Accordingly, "b"
is prefer[@3G] 0.25 to 0.80. Also, "c" is preferably 0.2 or higher in

order to furt hﬁ{e 1ﬁ§€-’&1@1ﬁ é Qen‘éﬁh'l! %%J%Ie' % arfixd Fe of'afb A%{eﬁfd%@@ Y%sid- 6
or | ower f charact

rovemnen nd ordin
"c" is priéf 8‘? é@f}) Qpredusgd %’B ‘l‘i’aB%Pii’Ebfﬁ ﬁ‘BFéamP léBheﬂ CI?CE‘Y résir i
pr ef er abl YSLVi-8aXrYaprgducedl bl Neprion SﬂaellCh@mcalnmrmmpbmf abfphkayl diaillyd epoxy

char act er o Shidicaioh B CERNBL LRI SEnRANES SRl ANoRced by Nippon

i ngredi ent's ositron: onto ure

or to f urIﬂ%@kuarﬂéd ge éxamlel oEomratiohatalloh cpoaeay isHRN- Aypediedby(1 1)
can be Syr@ipb@ﬁ St%@lctﬁeﬁﬁczﬁx Amékﬁnpl@)bf b BPG4IpYatR bpBRP KN id Ceroxide 2021P

group-cont a nonoval ent aromati ¢ hydrocar bon
group-cod?%é ﬁgy afﬁQ@%@W&ﬂgnmﬁﬁﬁsa hydr ol ysi s/ condensati on product
[0031]



11 2,4,6,8-tetranethyl-2, 4, 6, 8-tetraphenyl cyclotetrasil oxane, and
the like. [0056] The content of the ingredient (11) in the
curabl e epoxy resin conposition of the present invention is not
particularly limted, but is preferably 0.1 to 100 parts by wei ght
(mass), nore preferably 1 to 50 parts by wei ght (nass), and even nore
preferably 2 to 30 parts by weight (mass), per 100 parts by weight

(mass) of the dngredient. (| r . t O of the in ient (1)
and an in redi]j‘exrfll?1 pfﬁg Ioffm}r% %‘ﬁé‘é‘%? ?ﬂ‘@aﬁegﬁ%ﬁp oy ?esms%:gu Sur abl e
epoxy 1 eShermoseoaIUY owing sndimoishesentng ea ficanrpiienidantybalimidr
cont ai Ns ol tdmpdraBRAE ¥oli ERAvVInLAEIREINB PBTAE al106H EMSdrhBFe Jr@ider 8t L O
as ingre leni [1)"). The.in r.%c]fl_ nt ”qll)TfES an e ox%/ resin curing
agent f or1GHaRITPHY HGFPWrﬁéSB"%B a@r% ged-n ThaRbtaipe QRIRlH PRy yesiih
curing t henposifios hid terter HEndlinggrdedirking charhdtyristies prthé essalsthgn ethephenol i ¢
hydr oxyl . - L.al,ng conpound, and nore preferably contains a

bi phenyl I%é%ﬁ%nt@g%@gs of the ingredient (I11) include

phenol - nd¥8¥c resi ns, napht hal ene ring-containi ng phenolic resins,

aral kyl phenolwged @8 bmableteﬁmh@aﬁ lcaimasigoniTeRObresent BSEdifon iPhRAnY |
phenolic resin atic phenol i

| [ i i t, | .
phenol i c SF@éqoﬂa',m%F%ﬂgﬁtg{dgﬁéver ﬁﬁ@?gtgﬁttogﬁmrirﬁé’zglﬂg ﬁ@ﬁpﬁé ﬁl&ﬁ&% ngl’(‘:edlent (D)
bi sphenolis prefdyats p h@Q0 ppi, or dowkrs dvd paiticelarly\weefenblyt0e pammvd dovodr. Whss the

phenolic W] G '

i ngredi enétax%f’ﬁ@f%oc%@%?% %%?Jeﬂn%%ﬁl [ |ésh@§2?{gﬁ%ﬁ|9§lr3w Pglf Seirrlgﬁllel;&g
bi pheny| aaslh-k¥his prheaise Biereis ppossbibt bt Uy BpswAPIenietsp obba sealst o1

p E enol i ¢ ddfered serhidOfdktor under h@h&%xnpérﬁlierei dﬁ@ﬂl@glﬂh}ﬁﬂﬁ’_ﬁdi@ ing} dédryasd '&/Ihan the
pOtOCUI’II’l 0 Curl ent . es of. t I nNqredl ent

ot vde. gl oPVafoR sAREH xfeia Bt BB 1S oS Fllontd tohds o
sul f oni urthe edntent ofisasiim prpotessain seerds thompoulnii of thedbovdmeantiorad rengec
curing agemss- [ 0059] The ingredient (I111) is generally

avai | abl e, and_exanp] es of gral kyl phenolic resins jnclude MIex
XLC- 3L pr(Ea%Ye%mﬁ%PﬂﬂJ Gour ot emi ke FRIPHPYEIEd by Mei wa
Pl asti c lorgusbolysitoxams) exanpl es of napht hal ene ring-contai ni ng

h I ) : _ ; . |
Cheni cal , an Zfihae'ﬁ&?éﬁb%? A PO S ORI R ERAhE S
by Mei wa Pgapplysiloaxaussthereinaftereferied snpy ‘dngrediensi(he agatained in the curable
gr oup- corﬁgakﬁ}e@m RhPOaLibE of B bitSerit MGlehEieh MaHTR%E Magtitble Mty #8RckidRal

pr oduced Meiwa. Pl astic | ndus

i ries. [0060 The content .of .the
P odt e o T IS RRg (ol PO ERy FIF L LBRISGUFT § B g iSnal
present igmgndriddo arenatcthypecarben paup ys preferabbobaund td a sifcdrhatorguant i ty
whi ch carnggie the ingredient (1), but is preferably such that the
epoxy reactive functional groups in the 12 ingredient (IIl1) are in a
range of 0.5 t'éremafichydecaihen sfype e BiFssy spicHifgion weludes srhdsedi ent
(1). For iexadipg enlywhsnaticlgdioegibest, enivel bd grbupﬁ}aair@[)bieﬁfbiﬂeﬁ ﬁhy@h"th i@Xylh
group- cont ai ni. ng_conpou t he ngity is prefer such,that t
heno! 1 o BRSPS SRR e R Rttt R Brmal? ol p 5P pRLmitiEe
per nol e afmatpoxydraprtbgpsandsaturated hyprectirons iy dn)aralfyligoups because
curing ofTihen g kdch@Bn LRRglSs %r@fe‘?ﬁ)ltﬁl fohbVatdn® Bone AydidCarb ot ent
of the m}}%redl iant I11), is”leSs than the IOV\%] I_‘Dmt of "t he
abovement Yery3 enbagratic hylrpaebaneaoynsdawng 8g 04 capon #Hems aredueizred apd|
tends to digareasendaelkyl p@upont erifereadceeds the upper limt of the
abovenent '(Jﬁfﬂ‘ﬁd range. [0061] An (1V) inorganic filler
(herei naf[ter referred to as "ingredient (1V)") nmay be further m xed
as anot her optThena! grawgs ergipesierablyCe ta e anl eeybe appesempiessngiude a phenyl
conposi t i GRuDhatHigy RFESENA bRY 8RkupOR e AR & Mofd Mefeskedengt h to the
obt ai ned 2 Ipd Isrrﬂgllf%ér%i%?. Al tﬁogghbt heﬂ st?e%tg{ph of t?;f obt ai ned cured
mat eri al rally can be increased when an inorganic filler is m xed

The aralkyl groups are preferably C; to Cy; aralkyl groups. Examples of C; to Cj2



[ 0068] The curabl e epoxy resin conposition of the present
invention may contain as needed a thernoplastic resin, thernoplastic
el astoner, organic synthetic rubber, silicone, or other stress
reducers; camauba wax, higher fatty acid, synthetic wax, or other
wax; carbon bl ack or other coloring agents; a hal ogen trappi ng agent,
an ion trapping agent, or the like. [0069] The net hod for

nvent ; ortni e IS @b En N drons? BhhRRTEIRY e SuBloph 1ol SAE R

conposi tildw- i s prepared by hormgeneousl y mxing the ingredient (1)
and i ngr gdpent (II) as well as t he other optional ingredients. In the

case when the ed| ﬁ% % aﬁ)us t he di erS| b‘” t%( of. the
i ngredient (I I (H"OB e‘?t MBS YRFRSAT pﬂgrqqu}ag AEhE S %”e 52 xed
into a coaxpmplets pHsubstiueiis Tlulle flungme dicen chipkne atooh, brogredatemt iodinkl )

ot edi erorpy AR Eopdis? é’ttdt%t*‘* ﬁupiﬁﬁﬁq@%ﬁgl’oﬁtttﬂw%ﬁ' fipllo %ét]. et
(1) and &9, soROPOBpERERAN OHSF Edich dkaraproyereisn srappmnapde

Q her exafipls anﬁtfb &lois, ahﬂﬂieﬁﬂ&e ThB elilstiRrent JaBbLBBGudNO WY I5krdt a0l RhdiAg
agent is a dient (1) and ingredient (1V) to prepare

tg i
an |ntegraél (b?l@(n%teo ﬁtf Ch‘?)rt?ln which the ingredient (IV) is

surface t{feled with a coupling agent in advance and is then mn xed

with the ingregdi.eRbx dguivafiindQeighXHTRL fﬁ%re‘ﬂfen@@ a4 f‘b@'@@ﬂo&r@f &AL NY

the curable e resi nposItion resent n clude
a uni axi aFI‘l“tYPI%Bt ey mé‘tﬁﬂriasr‘?ﬂb‘t}ge“rtr’ioﬂéfrmeﬁ&}[?gl by tittgtipn mﬁ%@é fWH)P erab
kneader ngax eé mel—:deﬂﬁdlfmﬁbwiﬂg)dﬁ K 7284, #iieanharpokngquividerngieight tsngooo or
machi nes. Iow Ple?%Zlg}gZ 0000 v&e%%'ﬂ %wtrg' e?elil{ibe}ggsp x?l)é%e %%l%tﬁ]tlol{l of other

conposi tion B Fesent |n\fen ion as ex
mol di ng cagredientp ef the cwreblle p@rotrain gorhgositioned theprasentdivegtion mte&telsmface

mol di ng, d¥ihd higed mktemmﬁladbeﬁ@uﬁ@c doifosfilof MRrdoR LAl aRaYcelor bBd&URRH
material is exce

rabl.e resin conposition is usef ul
for appl |C€8PP’6‘F?"PHOgtftgd’t“ggﬁﬂtub%‘?‘?ﬁu??ﬁé’&{%ﬁdi conponents. The curable
epoxy rego0d3%onposition of the present invention is particularly
i deal as a se f
t he present |m/g(r%tB ﬁ%%%mgﬁ@g E?c{ltlgggéllr?ul? Smthe ﬁgf'edfe}({fﬁﬂ Wﬁ)rgh()%by
cur abl e epdgly (mesw-n W ssionieahel aspmatiteh F@é@ﬁtl growpe rdSsn 80%rhy weighid
materi al (Bass)! etelbqgnts @ 70BNy @Bight @taag)a&tdeﬁmtpm&aa@ 43 tebAes weight

product even.t € Si.on nt.. flexural

St rengt h (“F‘F%QE sty L 0 R AR Ry PGk B Sl eaelhequal

to or hi gtwelpO&hamOE:thnpmtntmhnmmdmtlmpemdd| s ideal as a matrix
resin forpggdg@ctrical and el ectronic conponents, particularly for
menbers havi seal ed or  adhere m conduct or. el ements, and for
circuit boardgr heghgss owsitiongogy géleﬂﬂ%re@e%@ )5 lessdbap 4°CsiWheadhpglesst i on
i ncl udes taanlslab@emnai@mmhaﬁ)b"(t po¢fgablyc 1090 drédwer] inoeanefevablyb20°Cartl@wer,
excel | ent_ perf or nanc I

strengt h gyenmore n%ler(z)iﬁl 5@"@0r lgwgrr %%%QX(J[I@ cﬁ\fr cltexfs%lcg &%Ltble ePOKY
present imsiepempesition of élmesgetjnvqmtldet:m e lbwer%«ﬂd,@aé,efar o9 Appiesd flowut
the presepbpdri@AbE QploSediot limted to the Exanples. In the

Exanpl es, Eﬁ;grepresenlt)s a phenyl group, Me represents a nethyl group,
and Ep r ents a 3-glyci doxypropyl group. [0073] (Viscosity)
Measur enent wdkhepesgoatiorest epbxy?ffictitsiahgroaps\dnsomg torganic\iBeuys teundjtossilicon
cyl i nder v 4]
Cvei gnt SPEmathaRidoRRaE Blent @ RERELINO NI BUIR, MR PEET
st andar d 3ongl. t,yn@ﬁ@n@n@m@r@rewy@stpdé ngdbe. per meat i on chr omat ography

[ 0075] (?0 transition point (Tg)) Measur enent was perforned
using a differential cal orineter 55C5200 uced Sl D.

[0076] (Struct EP%’fY ﬁtt‘i}’é‘f gpup'yig dhepre Presen‘r‘ﬁ‘ e‘EtOPﬁE%t“ﬁdéaéfO‘Pry’ﬂ@"mg at least

one epoxy group. Specific examples of epoxy functional groups include a glycidyl group,



Tests were perforned 3 times using a nold for spiral flow
measurenents in accordance wth EM -1-66 with a nold tenperature of
175C, a nold pressure of 70 kgf/cn2, a plunger speed of 5 cn's, a
curing time of 180 seconds, and 15 g sanple weight, and the nean

val ue was cal cul ated. [0080] (Linear e&xpansion coefficient)
Nbasurenent was per fornmed by a t hernonechani cal anal ysis net hod

TVA A 0x3 m sty d e Lece f abri cat W
ol 6 g AP Gy herB RN A LR b Eint Bl AR R BBl Brow
pr essur e,2-8lyerpxyetivl gtpap, %9bfedoxm@>8@r@ec4rgh@1d@w juiyd grdue, and a
10x5x3 rer Eﬁ@-&th@kﬁ%@loﬁ@@l)@ih?p@bw 3008, 4ok LA TheRQMpk i1 aRAY CanlieRd like.

pi ece, %s suppl i ed “for “nmeasurenent's. - Measurenents were perforned
with a t ature range of roomtenperature to 300C, a rate of

tenperature i riﬁreqmq:@mxfn EGromatic lydrichibog groups amoehepmid Soupd Bovind Xo

and a | oagygf, éz&pm% g&ﬂe o SR 15 RABLB0A IS AP )

A 10x70 test rrca
condi t i orgelgrab %mp%aﬂdu peen more jpiFfeiably 4unad%ogp 88 sl 5 cnl's
pl unger : and 80 seconds curlng time, and the test pi ece was

nmeasur ed. tard 1

Stri p-shaped deinssraes (1LY SRRRE asmal aredly phunchi i ov oy

cg nditio {"grpuparml atkhey trsps. igsinipdesed alkoxy pieubl ingltidy/a rretlio@sd graup08B3xy t
repara e e n anoun

E, ¢ 22 0 g ér wat é@%R%é%o%&Q{ﬂm?%rMb T btdek %Rﬁ&%&d&@ﬁ?old“ u

ne were put into a 2,000 m flask
17 equi ppfé’étamli*ﬂlo& tbﬁé?%%@féﬂhcaﬁatoal pamd jyd 5%1 srﬁ@vsmra&oxr goups
sol ution p&o%nﬁﬂptbﬁrﬂﬂyle@s ﬂq@EJO%rbglv&lgﬁt&ﬁsbsﬁéﬂthﬁ in@ﬁ:dﬁﬁt@@(ln@‘e(pfefelab]y
8? Ie[r)])[:/): ;gtlgihsl QanOS?ﬁ)ua{]v%i % V\gmas argeg'te? J%n%re:]?erPFera y essggz?,]ndl Jj é}? 81 r{%\? nlglass) 0(?!
t ol uene bt ingredeenVdd). next separated. This tol uene sol ution was

i terativeaphysgyashed using 300 g of vvater until the washed sol ution

becane neutral, The e sQ hen heat in vacuo o .t hat
t he tol uene \A/élgwdil%rﬁ‘glﬂtzg?ﬁfpre er& a1 5/“; %méf‘“%’ @)ﬁﬁ?’%’me gypyjed by the
hydr ol ysdsllmm@ane-agemmfbmﬂuct of phenyltrichlorosilane was

obt ai ned. [0084] a An anount of 155.5 g
of the hydr ol SI i (g)lnd@fﬁ@apfgg(r?z F?(Kgé t”gj] phenyl trichl orosilane
prepar ed @hexgar: 80.5 g of 3-gl yci doxypropyl nethyl dinethoxysil ane,

264 g of R, #26&8Rt qfrﬁﬂq{wsbe&nfaﬁarﬁ 1h&ﬁéﬁdﬂﬂﬂ?%pré?s¥1ﬁ|a%ﬁ{dif§1%ht| oxane,

500 f tal

22008 1 IRIEah e e SRR R SR ok B R R o
ref | ux ccnnﬂlk?gsmgmxyﬁmcadwhl grcmpaat I(almumtof@f] RORA R, B, aw&R@rs anas
added. %%Qﬁdgﬂjdrc%%ﬁ V\gﬁd e heating this syst em wer e

next di st"| Il i heat | n refI uxi ng were further perforned
for 6 houdsis OAtptOeZv 'eo'érlnaﬁatw@me@be@ "6t ISaad&S}tweaemaerwéQ Lpsthighst. @ t it ¢
syst em t o= pamtl 04 ab haliti¢ ald raddd o1 .4 foea)ment . The produced salt was
next fil t[ﬁp‘g(’ﬁ the filtrate was heated in vacuo, whereby the toluene
was di sti off, and 475 g of a colorless, transparent |iquid was
obt ai ned. Thi Exaviptssloégwnovaleahbphpembon grqupsdndiadt monyalght satwatedige

mol ecul arali‘ﬂﬁétﬂ:'ﬂyd?ﬁca%o@%&mp@ Iﬂit@§§eﬁtr@§‘§t{1§a{c@Qllﬂ%l@%y%carﬂ%roaﬁkd afld!

epoxy equi val elgt wei g 300, and was conflrmed by 29Si-nucl ear
magnet i ¢ PEEYA Wc"éo@ xdacrcaﬁwwgwé to be a 3-glyci doxypropyl
gr oup- conoed47]i ng sil oxane conpound expressed by the structural

formul a: (Phl\/El% Qnén%%ﬁeé%gmpa%@dsél%%ét@ @d c(cgg)%' %(%q:%% %efelfaglheth@ moer

of organic groups per sil CORt en
phenyl grf@uplg li ta 3PIgarben h@m@d@esmgl@ﬁwws wehe bgroume gt grouxmepmpyl

cont ent roﬁ}yqigo % 5&1519190 hfgzswutglrgww s& b 1fg%upatéﬁ0wylggr9&bos
g

Bmount  ofPeRSE U BT i %;gh Fi BEHEPErE P AEH St and otk

linear or branched alkyl groups; and cyclopentyl group, cyclohexyl group, cycloheptyl




(the nunber of organic groups per silicon atomwas 1.67, and the
content of phenyl groups in the siloxane conpound was 50% by wei ght).
The content of hydroxyl groups or nethoxy groups or other al koxy
groups was |less than 1% by weight. [0087] [Preparation Exanple 4]

An anount of 122.2 g of the hydrol ysi & condensati on product of
phenyltrichlorosilane prepared above, 69.0 g of 3- glycidoxypropyl

nmet hyl di net hox

of decanet hy %y¥§60tqg?ouﬁ ‘%am%ogélﬁgkﬂg%gyﬂs MJ{@ e%%ﬁ%lﬁi}& g of
cesi um hymeigrede were put into a 1,000 m flask equi pped with a

t her nonet 04ga Dean- St ark pi pe, and a reflux cool | ng pipe. An

while EQZL. g ﬂw%g SFuraiadahbie Syirui o ePar LG RERE R aha
ref | uxi nchaweige2 tbat)tchxebn penfspamisntamples cholar enylAfdwp; 1-poglenyigrowp, 8Bylg
of aceti G gl ¢ Pobidhst, BYREAM QP Bk AL AGH HeBldyF BlckB knd
treat nent® g’%ﬁ %ﬁ’%‘ﬁ’”?&*? £ Was next‘%?pgltr Bty Hefersd ?{

heat ed i rethesdingar opfheanghsyl allkpayt g;wenefc\}e@nf@ngltarwpeewéqhexe%arOAB@ng of
a col or| esiBer cly él@ﬂfz&ﬁ}ﬂ ps; Iaﬂwbyblapeﬁteﬁﬁmyn@eup Ebclsh@ehﬁéthﬁ oup,

and
el val erb PPSO 200 T Rl T ety oBRer B e

magnet i ¢ prefSopdnocé veybgionpd andriakenyl grotips dyve partigulgtly pretoredpr opy|

gr oup-cor‘[?g%ggl ng siloxane conpound expressed by the structural

f or mul a: 5i 0212) 0. 44( Me25i 0212) 0 i o EpMeSi Q2/ 22 0. 12( PhSi /2) 0.34
(the nunber oflhsaFated Tgidmfﬁgboaerouemy(:feﬂe asehrhippsat andgcampley

content Giubfhiesyd mglﬁ@urfﬁxohﬂe itbe, ailbxmmendﬁﬂmﬁumﬁbmvasdlﬁé%hyamméﬂ) :

The cont gn ou s _or net u S

gr oups \/\/}sathge3 tﬂﬁmxy Oxﬁlgmuf’O%g@%%q pegl o OX 813%]3(

An anountgrodp, :a%omelgcntro Gstaékmyempymmemm9@@4@0@80@%@@@8 and
phenyl trighiies opid ﬁeelt@éneea{&cboeﬁmbethe i?&oé’mgmpa‘ha& AU YE bR aRy |

met hyl di net ho&;%y | ane, 205.5 g of decanethyl cycl opentasil oxane, 500
g of tol UBHEeLHE-0. 15 g of cesi um hydroxi de were put into a 1,000 m
flask equiopf¥d with a therm)meter a Dean- Stark p| pe and a reflux

I d
cool g, PP 1 AR A RA b URLERRIES S ke Pt

and heati[f@°dnd ref | uxi ng vvere further perfornmed for 6 hours. After
cooling, 0.08 meetelg}ﬁqvérﬁg@ﬁblecm@ tolfﬂ{eQnﬁﬂ@dh%nﬁYIﬂs%%fEﬁb@elr(D(IUtm

neutraliz ntreat d salt was n
The 1 i1t ar haﬂﬁeﬁé&%@r%&yH}Oﬁeeprferf?éhbf)@éaee%@t e
of f, and v8®sity (@ﬁ"@\) afdieangreélsm (1) mpsyfenaely 2,100 @00k, mbhaomedaferfbﬂws
col orI es S5 odd @PPRAD ePL liquid had a wei ght average nol ecul ar wei ght

of 1,800, ’a_glass transition point of -67C, and an epoxy equi val ent
wei ght of[0 Qﬁoo and was confirnmed by 295i-nucl ear nagnetic resonance

spectral anal Vgt atvera@euﬁlt ﬁn@hmn;joacyip pmmafhblg 0Gh prdeowt fafthérrgdust hkdne

COh‘pOUﬂd ex res the .str
(Nebst 02/ SR RAsAs 37 oF Pist ety B oy BB ot imravemsat o dingani
gr oups peqhasaptenetm faldd'M' waseltrably, 0. & adlowapingsdar d furider @ﬂ@qwnolgr oups in
o oups S@E%t“ﬁh%’i“&ﬁ“m‘:&?ﬁ%ﬁ?’ﬁ% e 2o o e Lo LR e

0
wei ght . [lBgssin OYQBTQ‘[’%FQ]%F"QP?E‘O‘HOWB%P@%& n, andl o W@Eﬁﬁ%ﬁm{] ﬂl%%?% g
of the hyidrpedvyemeﬁt/ afdmdangaﬂumatemtmd udtcwdinplyetylit prctrdbdy ©.20 kahe.

prepar od NG 800 010f o SLYSLAOXYPEABYbe BV cfliIRIDaRYG dpane.

96.2 g of ecane enta oxa uene

cesi um hylamé&ngjrélamteestwtor illh@l’derato furdgo rqﬁmcef exadptioncnfiingedients @htha

t her NnoNet @inpodiibE afhto HeAtifakd dTehe ARM rBatérdll bik$ FGARK tAcdhdla cofBmination.
addi tion % 0g of water was added. Water and net hanol produced
whi | e he this systemwere next distilled off, and heating and

The ingredient (II) can be synthesized for example, by reacting an epoxy



[ Practi cal Exanple 2] Practical Exanple | was repeated except
that 5 parts by weight of the sil oxane conpound prepared in
Preparation Exanple 2 were added instead of 5 parts by wei ght of the
si | oxane compound prepared in Preparation Exanple 1, and the

eval uation was performed in the sane d@nner as in Practical Exanple
1. The results are shown in Table 1 [0093] [Practical Exanple 3]

e e R e A LR SRSt O PSS Db Sl 11
i nst ead oﬁlkcaiypléﬁn@salﬁw huércgms/@rndcm"@tm prgdmﬁeft Yﬂg@lwmlqagremap@rualnmg
Prepar at | @BadeX@iR!if thk: pr&Bkeldtan %lkﬁhﬁl?ﬁdlﬁﬁeﬁﬁﬁo@&ﬁél?ﬂ Medarhfled bre same

[0004] | PissEyRle et e provionsly i 'S P Hiad s Spedicy
except t haﬂyxﬁermtlbmcdwlym @letthav tathlgeesshd iexaioa of bydrolysid apt @pdémationof

Prepar atign H@gﬁgéﬁe %ro\'.}?; eﬁmdqgggg(giorﬁsotf%alﬂhg%xén QfJ fo?arﬂ%oﬁ@ @mn%iest he

si | oxane CcO

eval uat i oRclges SO@erbéﬁlfoémﬂ@tﬁsﬁluﬂﬁ‘é’ KRGS, Wénlﬁ'eliiyda@ﬂd% ap} qh@ﬁﬁ@@ll metal
Exanpl e lyydid¥edes Ssihig h?ﬂl%xﬁlg Q\ﬁﬁ%ﬂeﬁuﬂﬁﬁzﬁﬂ)ﬂde bRORBr aliGaRaK Aletay

ot e hithdrosides ?ﬂtl@khﬁl&%ﬁxﬁﬁgﬁﬁﬂuﬁﬁfﬁ?ﬁéﬁp?%uﬁj WBAFaR ahd Sparaifdl &°

wer e addedethlngkeddespfodbinpsitanslateycowpiogints, pftassiven glahax@rempomnplisLresium
pr epﬁr ed éxl'&nﬁ&t%l%@ﬁ@&dxﬂg Jﬁg%'iﬂ?:k glkg']fl rr%)%ﬁj sﬂa{ﬂ‘élagevc%%;ﬂ)%hh&” Hes1dfad or med

rre nanner-as 1 n Practlca esults are shown
. n Tabl e PRIYN@EoBIn ¢atag areenbly cata%p@taﬂum or cesiupy. Jaapgifipn.pwateiit e 1
was repeairefdrabkcaided iatiefo Bailitate e reitiohs oﬂfydfdlﬁslssadd%ﬁnﬂ&hsﬁﬁﬁmlﬂ{bd

d P. f .5 b
et oot - oA EBR S Thiaistoth Hhur B RRAbERLARE B R BRHE ©
and the evaperaturon pwderalpe if oraneeofi 59 t¢ A0 °Caansl mem meaferalsly B tPYHRRE Aéslo

Exanpl e ]thlsl:%tl()ﬁ’ééﬂ l;escaﬁ{tﬂ &IIE'QAMI 'af‘a f@@lﬁk?enlperelt@@%}]sel[e 0@‘%

Exanpl e Practi cal  Exanp \é\@ %gated excet t hat SF8411
pr oduced WWW ﬂe&%l?ﬂnﬁgneéwﬁy 3906k ity poBmen topldgr oup
content Fddmdrizalien givdlyst aeuthiliaim@agent si ordet torsejp thasattimcnt s tetrtedre dfe S

parts by ‘Qﬁhg%}glly%tffrotnb%e%gz{cﬁéx?%%?w&}%gﬁg%ﬁgﬁ%ﬁ%n c&a%ﬁ?%& Hhlyst.

Exanpl e oy
Pract i cal Tienghistlizing agppids préﬁ%mbthscaéb@ BerddmeasracTigiced ar othiep egbipxyhc amd

[ Conpar atdr\bﬁleE%.@HlE)h@dé]The salt prodt@&ityycRhtrixa it SanloWed ot RN ARt e pt
that SF8421 \Ylg{;ed by Toray Dow Corning (epoxy-polyether
I

co- nodi f i ¥ WA Ph group content = 0% by weight, no branched
struct ur dp0¥ls used instead of 5 parts by wei ght of the sil oxane

conpound pre o) : : v J S
per formed | o erarpld ot ﬁ“&éﬁ%@%@?ﬁy (RS eI BRRIRS
are show{meﬁhYbefbméthszxysele@f@éjgw fogy (netatiphexysilane, 3-glycidogrpeed]
Exanpl ed](mwgfl)rcﬁglﬁaiﬁga@xg%pﬂ_eﬁabﬂjcyﬁoﬂ?@l)fetlﬁzy (mahglzﬁgﬁa‘thdxltyﬁla&e,l ]gxgne
conpoun ar e | 0 Frepana n e 4 We adaed | 0
parte by TEFERISSeY a2l IS GRS B BB s saon e L REFEDh or
Exanpl e 1dimathdxyshlene @2t eraximnpyidshepeh donsthek ysiteneh® ghaiexymomadr as in
Practi caly; E—P&ﬁﬁﬂ&&laﬁe 31}1%15@@15%[}%(@%31&?&@%6 '35%19-61@6 gopy[ ﬁ%%kysﬂ%ﬁe

Tabl e | acti C Practi cal
[ ] 2-(3, 4—epoxycyclohexy1) ethy tnmethoxysﬂane 2-(3,4-epoxycyclo exyl) ethyl

triethoxysilane, 2,3-epoxypropyl trimethoxysilane, 2,3-epoxypropyl tricthoxysilane, and
the like.
[0055]

Examples of monovalent aromatic hydrocarbon group-containing alkoxysilanes
include phenyl trimethoxysilane, phenyl triethoxysilane, methylphenyl dimethoxysilane,
diphenyl dimethoxysilane, methylphenyl diethoxysilane, diphenyl diethoxysilane,
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2,4,6,8-tetramethyl-2,4,6,8-tetraphenyl cyclotetrasiloxane, and the like.
[0056]

The content of the ingredient (II) in the curable epoxy resin composition of the
present invention is not particularly limited, but is preferably 0.1 to 100 parts by weight
(mass), more preferably 1 to 50 parts by weight (mass}, and even more preferably 2 to 30
parts by weight (mass), per 100 parts by weight (mass) of the ingredient (I} or of the total of
the mgredient (I) and an ingredient (IIT) to be described.

[0057]

The curable epoxy resin composition of the present invention preferably further
contains (III) an epoxy resin curing agent (hereinafter referred to as ingredient (11I)"). The
ingredient (II) is an epoxy resin curing agent for reacting with the epoxy groups in the
ingredient (I) and curing the composition. The ingredient (1I) is preferably a phenolic
hydroxyl group-containing compound, and more preferably contains a biphenyl group.
Examples of the ingredient (111} include phenol-novolac resins, naphthalene
ring-containing phenolic resins, aralkyl phenolic resins, triphenolalkane phenolic resins,
bipheny! phenolic resins, cycloaliphatic phenolic resins, heterocyclic phenolic resins,
naphthalene ring-containing phenolic resins, bisphenol A, bisphenol F, and the like. Two
or more kinds of these phenolic hydroxyl group-containing compounds may be combined
as the ingredient (IIT). The ingredient (III) is particularly preferably a biphenylaralkyl
phenolic resin or other biphenyl group-containing phenolic resin.

[0058]

Also, the ingredient (III) may be a photocuring or UV curing agent. Examples of
the ingredient (III} include aromatic diazonium salts, aromatic iodonium salts, aromatic
sulfonium salts, aromatic metallocene compounds, and other cationic curing agents,
[0059]

The ingredient (I1I) is generally available, and examples of aralkyl phenolic resins
include Milex XLC-3L produced by Mitsut Chemical and MEH-781 produced by Meiwa
Plastic Industries, an examples of naphthalene ring-containing phenolic resins include
SN-475 and SN-170 produced by Nippon Steel Chemical, an example of a phenol-novolac
resin is MEH-7500 produced by Meiwa Plastic Industries, and examples of biphenyl
group-containing phenolic resins include MEH7851M and MEH 785188 produced by
Meiwa Plastic Industries.

[0060]

The content of the ingredient (1II) in the curable epoxy resin composition of the

present invention is not particularly limited if it is the quantity which can cure the

ingredient (I), but is preferably such that the epoxy reactive functional groups in the
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ingredient (III) are in a range of 0.5 to 2.5 moles per mole of epoxy groups in the ingredient
(I). For example, when the ingredient (III) is a phenolic hydroxyl group-containing
compound, the quantity is preferably such that the phenolic hydroxyl groups in the
ingredient (III) are 0.5 to 2.5 moles per mole of epoxy groups in the ingredient (I}). This is
because curing of the composition tends to be insufficient when the content of the
ingredient (III) is less than the lower limit of the abovementioned range, and because the
strength of the cured material tends to decrease when the content exceeds the upper limit of
the abovementioned range.

[0061]

An (IV) inorganic filler (hereinafter referred to as "ingredient (IV)") may be further
mixed as another optional ingredient into the curable epoxy resin composition of the
present invention in order to give strength to the obtained cured material. Although the
strength of the obtained cured material generally can be increased when an inorganic filler
is mixed into the curable epoxy resin composition, there is a possibility that the fluidity of
the composition may decrease significantly, and the moldability may be degraded,
electronic components may be damaged, and it may be difficult to fill fine minute gaps in
molds during molding. However, because the curable epoxy resin composition of the
present invention contains the ingredient (II), it has excellent fluidity during molding and
the moldability is not impaired. Accordingly, the curable epoxy resin composition of the
present invention has excellent moldability and a high-strength cured material can be
formed even though an inorganic filler is contained.

[0062]

The ingredient (IV) usually is not particularly limited provided that the inorganic
filler can be mixed into the curable epoxy resin composition of the present invention, and
examples include: glass fiber, asbestos, alumina fiber, ceramic fiber containing alumina
and silica as ingredients, boron fiber, zirconia fiber, silicon carbide fiber, metal fiber, and
other fibrous fillers; and amorphous silica, crystalline silica, precipitated silica, fumed
silica, sintered silica, zinc oxide, sintered clay, carbon black, glass beads, alumina, talc,
calcium carbonate, clay, aluminum hydroxide, magnesium hydroxide, barium sulfate,
titanium dioxide, aluminum nitride, boron nitride, silicon carbide, aluminum oxide,
magnesium oxide, titanium oxide, beryllium oxide, kaolin, mica, zirconia, and other
powdery fillers. Two or more kinds of these inorganic fillers may be combined as the
ingredient (IV). Also, the shape of the ingredient (IV) is not limited, and examples include
spherical, acicular, flat and broad, and fragment form (undefined form), but spherical form
is preferred because the moldability is favorable. The ingredient (IV) is particularly
preferably spherical amorphous silica. The mean particle size of the ingredient (IV) is not
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limited, but is preferably in a range of 0.1 to 50 um because the moldability is favorable.
Also, two or more kinds of inorganic fillers having different mean particle sizes may be
combined as the ingredient (I1V).

[0063]

In addition, the surface of the ingredient (IV) may be treated in advance with a
silane coupling agent, titanate coupling agent, or other coupling agent in order to improve
the affinity with the ingredient (I). Examples of silane coupling agents include:
3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropylmethyl diethoxysilane,
2-(3,4-epoxycyclohexyl) ethyl trimethoxysilane, and other epoxy group-containing
alkoxysilanes; N-(2-aminoethyl)-3-aminopropyl trimethoxysilane, 3-aminopropyl
triethoxysilane, N-phenyl-3-aminopropyl trimethoxysilane, and other amino
group-containing alkoxysilanes; 3-mercaptopropyl trimethoxysilane and other mercapto
group-containing alkoxysilanes; and additionally 3-isocyanate propyl triethoxysilane and
3-ureidopropyl triethoxysilane. Also, an example of a titanate coupling agent is
i-propoxytitanium tri(i-isostearate). Two or more kinds of these coupling agents may be
combined. The quantity mixed of the coupling agent used for surface treatment and the
method of surface treatment are not limited.

[0064]

The content of the ingredient (IV) of the curable epoxy resin composition of the
present invention is not particularly limited, but the content is preferably at least 20% by
weight (mass), more preferably at least 30% by weight (mass), even more preferably at
least 50% by weight (mass), and particularly preferably at least 80% by weight (mass) of
the curable epoxy resin composition of the present invention. This is because the strength
of the obtained cured material tends to be insufficient when the content is less than the
lower limit of the abovementioned range.

[0065]

In the curable epoxy resin composition of the present invention, the ingredient (IV})
may be thoroughly dispersed in the ingredient (1) and/or ingredient (1) as well as the
ingredient (I1T) depending on the case, and a silane coupling agent, titanate coupling agent,
or other coupling agent may be mixed into the curable epoxy resin composition of the
present invention in order to improve the affinity with the ingredient (I) and/or ingredient
(II) as well as the ingredient (III) and ingredient (IV). Examples of the coupling agents are
the same as those previously mentioned.

[0066]

The curable epoxy resin composition of the present invention may contain (V) an

epoxy resin curing accelerator (hereinafter referred to as "ingredient (V)") as another
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ingredient. Specific examples of the ingredient (V) include: triphenyl phosphine, tributyl
phosphine, tri(p-methylphenyl) phosphine, tri(lnonylphenyl) phosphine, triphenyl
phosphine-triphenyl borate, tetrapheny] phosphine-tetraphenyl borate, triphenyl
phosphine-quinone adduct, and other phosphorous-based compounds; triethylamine,
benzyl diethylamine, a-methylbenzyl dimethylamine, 1,8-diazabicyclo[5.4.0] undecene-7,
and other tertiary amine compounds; and 2-methylimidazole, 2-phenylimidazole,
2-phenyl-4-methylimidazole, and other imidazole compounds.

[0067]

The content of the ingredient (V) in the curable epoxy resin composition of the
present invention is not particularly limited, but the content is preferably within a range of
0.001 to 20 parts by weight (mass) per 100 parts by weight (mass) of the ingredient (I).
This is because the reaction between the ingredient (I) and the ingredient (11I) tends to be
less accelerated when the content of the ingredient (V) is less than the lower limit of the
abovementioned range, and because the strength of the obtained cured material tends to
decrease when the content exceeds the upper limit of the abovementioned range.

[0068]

The curable epoxy resin composition of the present invention may contain as
needed a thermoplastic resin, thermoplastic elastomer, organic synthetic rubber, silicone,
or other stress reducers; carnauba wax, higher fatty acid, synthetic wax, or other wax;
carbon black or other coloring agents; a halogen trapping agent, an ion trapping agent, or
the like.

[0069]

The method for preparation of the curable epoxy resin composition of the present
invention is not particularly limited, but the curable epoxy resin composition is prepared by
homogeneously mixing the ingredient (I) and ingredient (II) as well as the other optional
ingredients. In the case when the ingredient (111) is used, the dispersibility of the ingredient
(II) can be improved when the ingredient (II) is mixed into a composition in which the
ingredient (I} and ingredient (III) were mixed in advance. Also, another example is a
method in which the ingredient (I) and ingredient (IV) are mixed, and then the ingredient
(I1) and the other optional ingredients are homogeneously mixed. Other examples in this
instance include a method in which a coupling agent is added to the ingredient (I) and
ingredient (IV) to prepare an integral blend, and a method in which the ingredient (IV) is
surface treated with a coupling agent in advance and is then mixed with the ingredient (I).
Also, examples of apparatuses for preparing the curable epoxy resin composition of the
present invention include a uniaxial or biaxial continuous mixer, double roll, Ross mixer,

kneader mixer, Henschel mixer, and other mixing and agitating machines.
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[0070]

Because the curable epoxy resin composition of the present invention has excellent
moldability, molding can be performed favorably by transfer molding, injection molding,
or the like, and because the flame retardancy of the cured material is excellent, the curable
epoxy resin composition is useful for application in electrical and electronic components.
The curable epoxy resin composition of the present invention is particularly ideal as a
semiconductor sealant.

[0071]

The cured material of the present invention is cured by heating, or the like, of such
curable epoxy resin compositions of the present invention. The cured material has
excellent dimensional characteristics as a molded product even though the linear expansion
coefficient, flexural strength, flexural modulus, and other physical properties are equal to
or higher than conventional product, and is ideal as a matrix resin for electrical and
electronic components, particularly for members having sealed or adhered semiconductor
elements, and for circuit boards. Moreover, because the curable epoxy resin composition
includes a larger amount of inorganic filler, it can exhibit more excellent performance in
flame retardancy as well as physical strength than conventional compositions.

[Examples]
[0072]

The present invention is described in detail below based on Examples, but the
present invention is not limited to the Examples. In the Examples, Ph represents a phenyl
group, Me represents a methyl group, and Ep represents a 3-glycidoxypropyl group.
[0073]

(Viscosity)

Measurement was performed at 25°C using a Vismetron VG-Al single
cylinder-type rotary viscometer (produced by Shibaura System).
[0074]

(Weight average molecular weight)

The value is obtained through standard polystyrene conversion using gel
permeation chromatography.
[0075]

(Glass transition point (Tg))

Measurement was performed using a differential calorimeter (DSC: SSC5200
produced by SII).
[0076]

(Structural analysis)
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Measurement was performed by a thermomechanical analysis method (TMA). A
10x70%3 mm strip-shaped test piece was fabricated with molding conditions of 175°C
mold temperature, 70 kgf/cm?® mold pressure, 5 cm/s plunger speed, and 80 seconds curing
time, and a 10x5%3 mm test piece was prepared by cutting from the above test piece, and
was supplied for measurements. Measurements were performed with a temperature range
of room temperature to 300°C, a rate of temperature increase of 5°C/min, a nitrogen
atmosphere (50 ml/min), and a load of 20 mN.

[0081]
(Flexural strength and flexural modulus)

A 10x70x3 mm strip-shaped test piece was fabricated with molding conditions of
175°C mold temperature, 70 kgf/cm” mold pressure, 5 cm/s plunger speed, and 80 seconds
curing time, and the test piece was measured.

[0082]
(Flame retardancy)

A 13%x125x1.6 mm strip-shaped test piece was fabricated under the above molding
conditions, and the test was based on the UL 94/V method.

[0083]
(Preparation of hydrolyzed condensed phenyltrichlorosilane)
An amount of 250 g of water and 400 g of toluene were put into a 2,000 ml flask
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compound expressed by the structural formula:

{(PhMeSiO:2)0.56(EpMeSiOas)o.11(PhS103/2).33.

(the number of organic groups per silicon atom was 1.66, and the content of phenyl groups
in the siloxane compound was 50% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0085]

[Preparation Example 2]

An amount of 103.2 g of the hydrolysis/condensation product of
phenyltrichlorosilane prepared above, 81.3 g of 3-glycidoxypropyl methyl
dimethoxysilane, 315.4 g of 2,4,6,8-tetramethyl-2,4,6,8-tetraphenyl cyclotetrasiloxane,
500 g of toluene, and 0.15 g of cesium hydroxide were put into a 1,000 ml flask equipped
with a thermometer, a Dean-Stark pipe, and a reflux cooling pipe. An additional 10.0 g of
water was added. Water and methanol produced while heating this system were next
distilled off, and heating and refluxing were further performed for 6 hours. After cooling,
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0.08 g of acetic acid was put into this system to perform neutralization treatment. The
produced salt was next filtered, and the filtrate was heated in vacuo, whereby the toluene
was distilled off, and 479 g of a colorless, transparent liquid was obtained. This colorless,
transparent liquid had a weight average molecular weight of 2,500, a glass transition point
of -45°C, and an epoxy equivalent weight of 1,300, and was confirmed by **Si-nuclear
magnetic resonance spectral analysis to be a 3-glycidoxypropyl group-containing siloxane
compound expressed by the structural formula:

(PhMeSi0212)0.62(EpMeSiO212)0.11{PhSi0312)0.27.

(the number of organic groups per silicon atom was 1.73, and the content of phenyl groups
in the siloxane compound was 49% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0086]

[Preparation Example 3]

An amount of 142.5 g of the hydrolysis/condensation product of
phenyltrichlorosilane prepared above, 73.6 g of 3-glycidoxypropy! methyl
dimethoxysilane, 217.7 g of diphenyl dimethoxysilane, 66.1 g of decamethyl
cyclopentasiloxane, 500 g of toluene, and 0.15 g of cesium hydroxide were put into a 1,000
ml flask equipped with a thermometer, a Dean-Stark pipe, and a reflux cooling pipe. An
additional 10.0 g of water was added. Water and methanol produced while heating this
system were next distilled off, and heating and refluxing were further performed for 6
hours. After cooling, 0.08 g of acetic acid was put into this system to perform
neutralization treatment. The produced salt was next filtered, and the filtrate was heated in
vacuo, whereby the toluene was distilled off, and 460 g of a colorless, transparent liquid
was obtained. This colorless, transparent liquid had a glass transition point of -65°C and an
epoxy equivalent weight of 1,300, and was confirmed by °Si-nuclear magnetic resonance
spectral analysis to be a 3-glycidoxypropyl group-containing siloxane compound
expressed by the structural formula:

(Ph2S8i022)0.28(Me2S1022)0 28(EpMeSiO212)0.11{(PhSi03/2)0.33
(the number of organic groups per silicon atom was 1.67, and the content of phenyl groups
in the siloxane compound was 50% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0087]
[Preparation Example 4]

An amount of 122.2 g of the hydrolysis/condensation product of
phenyltrichlorosilane prepared above, 69.0 g of 3-glycidoxypropyl methyl
dimethoxysilane, 288.9 g of diphenyl dimethoxysilane, 19.7 g of decamethyl
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cyclopentasiloxane, 500 g of toluene, and 0.15 g of cesium hydroxide were put into a 1,000
ml flask equipped with a thermometer, a Dean-Stark pipe, and a reflux cooling pipe. An
additional 10.0 g of water was added. Water and methanol produced while heating this
system were next distilled off, and heating and refluxing were further performed for 6
hours. After cooling, 0.08 g of acetic acid was put into this system to perform
neutralization treatment. The produced salt was next filtered, and the filtrate was heated in
vacuo, whereby the toluene was distilled off, and 483 g of a colorless, transparent liquid
was obtained. This colorless, transparent liquid had a glass transition point of -50°C and an
epoxy equivalent weight of 1,300, and was confirmed by *Si-nuclear magnetic resonance
spectral analysis to be a 3-glycidoxypropyl group-containing siloxane compound
expressed by the structural formula:

(Ph2S8i0;12)0.44(Me2S1022)0.16(EpMeSi0212)0.12(PhSi0312)0 34
(the number of organic groups per silicon atom was 1.66, and the content of phenyl groups
in the siloxane compound was 59% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0088]
[Preparation Example 5]

An amount of 185.2 g of the hydrolysis/condensation product of
phenyltrichlorosilane prepared above, 109.2 g of 3-glycidoxypropyl methyl
dimethoxysilane, 205.5 g of decamethyl cyclopentasiloxane, 500 g of toluene, and 0.15 g
of cesium hydroxide were put into a 1,000 ml flask equipped with a thermometer, a
Dean-Stark pipe, and a reflux cooling pipe. An additional 10.0g of water was added.
Water and methanol produced while heating this system were next distilled off, and heating
and refluxing were further performed for 6 hours. After cooling, 0.08 g of acetic acid was
put into this system to perform neutralization treatment. The produced salt was next
filtered, and the filtrate was heated in vacuo, whereby the toluene was distilled off, and 436
g of a colorless, transparent liquid was obtained. This colorless, transparent liquid had a
weight average molecular weight of 1,800, a glass transition point of -67°C, and an epoxy
equivalent weight of 1,000, and was confirmed by **Si-nuclear magnetic resonance
spectral analysis to be a 3-glycidoxypropyl group-containing siloxane compound
expressed by the structural formula:

(Me28i0212)0.60(EpSiOs12)0.10(PhSiO312)0.30
(the number of organic groups per silicon atom was 1.60, and the content of phenyl groups
in the siloxane compound was 23% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0089]



Expansi on 23-Tg ppm C 14 14 14 14 Tg- 300 43 40 39 41 23- 300 32
31 30 32 Flexural Strength MPa 23.40 19.08 23.51 18. 15 Fl exural
Modul us MPa 4250 3661
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[Preparation Example 6}

An amount of 323.6 g of the hydrolysis/condensation product of
phenyltrichleorosilane prepared above, 80.0 g of 3-glycidoxypropyl methyl
dimethoxysilane, 96.2 g of dodecamethyl pentasiloxane, 500 g of toluene, and 0.15 g of
cesium hydroxide were put into a 1,000 ml flask equipped with a thermometer, a
Dean-Stark pipe, and a reflux cooling pipe. An additional 10.0g of water was added.
Water and methanol produced while heating this system were next distilled off, and heating
and refluxing were further performed for 6 hours. After cooling, 0.08 g of acetic acid was
put into this system to perform neutralization treatment. The produced salt was next
filtered, and the filtrate was heated in vacuo, whereby the toluene was distilled off, and 451
g of a colorless, transparent liquid was obtained. This colorless, transparent liquid had a
weight average molecular weight of 3,100, a glass transition point of -37°C, and an epoxy
equivalent weight of 1,300, and was confirmed by 2Si-nuclear magnetic resonance
spectral analysis to be a 3-glycidoxypropyl group-containing siloxane compound
expressed by the structural formula:

(Me351012)0.12(Me2810212)0 20(EpMeSiO212)0.08(PhSi032)0.60
(the number of organic groups per silicon atom was 1.52, and the content of phenyl groups
in the siloxane compound was 40% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0090]
[Preparation Example 7]

An amount of 394 g of the hydrolysis/condensation product of
phenyltrichlorosilane prepared above, 66.6 g of 3-glycidoxypropyl methyl
dimethoxysilane, 39.2 g of decamethyl cyclopentasiloxane, 500 g of toluene, and 0.15 g of
cesium hydroxide were put into a 1,000 ml flask equipped with a thermometer, a
Dean-Stark pipe, and a reflux cooling pipe. An additional 10.0g of water was added.
Water and methanol produced while heating this system were next distilled off, and heating
and refluxing were further performed for 6 hours. After cooling, 0.08 g of acetic acid was
put into this system to perform neutralization treatment. The produced salt was next
filtered, and the filtrate was heated in vacuo, whereby the toluene was distilled off, and 475
g of a white solid was obtained. This white solid had a weight average molecular weight of
2,500, a glass transition point of 55°C, and an epoxy equivalent weight of 1,700, and was
confirmed by ZSi-nuclear magnetic resonance spectral analysis to be a 3-glycidoxypropyl
group-containing siloxane compound expressed by the structural formula:

(Me2S10212)0.14(EpMeSiO;/2)0.08(PhSiOs12)0.7
(the number of organic groups per silicon atom was 1.22, and the content of phenyl groups
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in the siloxane compound was 48% by weight). The content of hydroxyl groups or
methoxy groups or other alkoxy groups was less than 1% by weight.

[0091]

[Practical Example 1]

5 parts by weight of the siloxane compound prepared in Preparation Example 1
were added to 45 parts by weight of biphenylaralkyl epoxy resin (NC-3000 produced by
Nippon Kayaku; epoxy equivalent weight = 275, softening point = 56°C), the ingredients
were melted and mixed at 100°C, and the melt viscosity at 100°C was then measured. The
melt viscosity was compared with the melt viscosity without the addition of the siloxane
compound (1880 mPa-s); and at that time, cases in which the value was lower due to
addition of the siloxane compound were determined to be "O" (favorable compatibility),
and cases in which the value was raised were determined to be "X" (insufficient
compatibility). Also, the presence or absence of separation from the epoxy resin was
visually determined at 100°C. A small quantity of triphenyl phosphine was further added
and stirred, the mixture was transferred to an aluminum dish and stored in an oven for 3
minutes at 175°C, and a cured material was obtained. The temperature of the obtained
cured material was lowered to 25°C, a piece of paper was then pressed against the surface
of the resin, and the presence or absence of transfer of the oil ingredient (oil exudation) was
confirmed visually. The results are shown in Table 1.

[0092]
[Practical Example 2]

Practical Example 1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 2 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example 1. The results are shown in Table 1.
[0093]

[Practical Example 3]

Practical Example 1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 3 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example 1. The results are shown in Table 1.
[0094]

[Practical Example 4]

Practical Example 1 was repeated except that 5 parts by weight of the siloxane

compound prepared in Preparation Example 4 were added instead of 5 parts by weight of

the siloxane compound prepared in Preparation Example 1, and the evaluation was



Tg C 117 124 117 121 Linear Coefficient of Expansion 23-Tg ppm C 13
12 13 14 Tg- 300 43 38 30 41 23- 300 32 29 40 32 Fl exural
Strength
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performed in the same manner as in Practical Example 1. The results are shown in Table 1.
[0095]
[Comparative Example 1]

Practical Example 1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 5 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example 1. The results are shown in Table 1.
[0096]

[Comparative Example 2]

Practical Example 1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 6 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example 1. The results are shown in Table 1.
[0097]

[Comparative Example 3]

Practical Example 1 was repeated except that SF8411 produced by Toray Dow
Corning (epoxy modified silicone, Ph group content = 0% by weight, no branched
structure) was used instead of 5 parts by weight of the siloxane compound prepared in
Preparation Example 1, and the evaluation was performed in the same manner as in
Practical Example 1. The results are shown in Table 1.

[0098]
[Comparative Example 4]

Practical Example 1 was repeated except that SF8421 produced by Toray Dow
Coming (epoxy-polyether co-modified silicone, Ph group content = 0% by weight, no
branched structure) was used instead of 5 parts by weight of the siloxane compound
prepared in Preparation Example 1, and the evaluation was performed in the same manner
as in Practical Example 1. The results are shown in Table 1.

[0099]
[Comparative Example 5]

Practical Example 1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 7 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example 1. The results are shown in Table 1.
[0100]
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28 [0113] [Conparative

Exanpl e A— 1] T Practl caI Exanple A-1 was repeated except that 5

parts by weight of the siloxane conpound prepared in Prepar
Exanple 7 were added instead of 5 parts by weight of the si

conpound prepared in Preparation Exanple 1, and the eval uati on was

ation
| oxane

performed in the same manner as in Practical Exanple A-1. The results

are shown in Table A [0114] [Conparative Exanple A-2]

Practical Exanple A-1 was repeated except that 5 parts by wei ght of

t he sil oxane conpound prepared in Preparation Exanple 6 were added

instead of 5 parts by weight of the siloxane conpound prepared in
Preparati on Exanple 1, and the evaluation was perfornmed in the sane
manner as in Practical Exanple A-1. The results are shown in Table A

[0115] [Table 4]




Table A Practical Exanple A-1 Practical Exanple A-2 Conparative
Exanpl e A-1 Conparative Exanple A-2 Melt Viscosity No addition 2900
nmPa. s 100C 1800 0 2100 0 3900 X 3300 X Separation from Epoxy Resin
Vi sual Check No No No Yes G| Exudation Visual
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[0101]
[Practical Example 5]

An amount of 8.27 parts by weight of NC-3000 (biphenylaralkyl epoxy resin
produced by Nippon Kayaku, epoxy equivalent weight = 275, softening point = 56°C),
5.51 parts by weight of MEH-7851SS (biphenylaralkyl phenolic resin produced by Meiwa
Plastic Industries) as an epoxy resin curing agent, 85.45 parts by weight of FB-35X
(spherical molten silica produced by Denki Kagaku Kogyo, mean particle size 14 um),
0.14 parts by weight of triphenyl phosphine, 0.14 parts by weight of carnauba wax, and 0.5
parts by weight of the siloxane compound prepared in Preparation Example 1 were
homogeneously melted and mixed by a hot double roll technique to prepare a curable
epoxy resin composition. The charge parts are listed in Table 2. The results of evaluation
of this curable epoxy resin composition and a cured material cured using the same are
shown in Table 3.

[0102]
[Practical Example 6]

An amount of 8.06 parts by weight of NC-3000 (biphenylaralkyl epoxy resin
produced by Nippon Kayaku, epoxy equivalent weight = 275, softening point = 56°C),
5.38 parts by weight of MEH-7851SS (biphenylaralkyl phenolic resin produced by Meiwa
Plastic Industries) as an epoxy resin curing agent, 83.33 parts by weight of FB-35X
{spherical molten silica produced by Denki Kagaku Kogyo, mean particle size 14 um),
0.13 parts by weight of triphenyl phosphine, 0.13 parts by weight of carnauba wax, and
2.96 parts by weight of the siloxane compound prepared in Preparation Example 1 were
homogeneously melted and mixed by a hot double roll technique to prepare a curable
epoxy resin composition. The charge parts are listed in Table 2. The results of evaluation
of this curable epoxy resin composition and a cured material cured using the same are
shown in Table 3.

[0103]
[Practical Example 7]

Practical Example 5 was repeated except that the compound prepared in
Preparation Example 2 was used instead of the siloxane compound prepared in Preparation
Example 1, and the evaluation was performed in the same manner as in Practical Example
5.

[0104]
[Practical Example 8]
Practical Example 6 was repeated except that the compound prepared in

Preparation Example 2 was used instead of the siloxane compound prepared in Preparation



Check No No No Yes 29 [0116] [Practical Exanple B-1] An anount
of 10 parts by weight of the siloxane conpound prepared in
Preparation Exanple 1 was added to 47.4 parts by wei ght of biphenyl
epoxy resin (YX-4000H produced by M tsubishi Chem cal; epoxy

equi val ent wei ght = 195, nelting poing5= 106C) and 42.6 parts by
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Preparation Exanple 1, and the evaluation was perfornmed in the sane
manner as in Practical Exanple B-1. The results are shown in Table B.
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[0121] [ zir ati ve Exanpl e B-2] Practical Exanple B-1 was

r epeat ed (B ngé?nﬁeﬁh@mplﬁél parts by wei ght of the siloxane conpound
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[ Conpar at4 ve Exanpl e B-3] Practical Exanple B-1 was repeated
except that 10 parts by wei ght of SF8411 produced by Toray Dow Com ng
(epoxy md@i99led silicone, Ph group content = 0% by weight, no
branched structure) were added instead of 10 parts by wei ght of the
si | oxane conmpound prepared in Preparation Exanple 1, and the

eval uation was perforned in the sane nmanner as in Practical Exanple



Practi cal

= 0% by wei ght,

Exanpl e B-1 was repeated except that 10 parts by wei ght of
SH200CV produced by Toray Down Com ng (pol ydi net hyl
Ph- group content

silicone,

no branched structure) were added

i nstead of 10 parts by weight of the siloxane conpound prepared in

Preparati on Exanple 1, and the eval ualéon was performed in the

sane nanner as in Practica

31
Exanple B-1. The results are shown in

Tabl e B. &%&%@l [ Table 5] Table B Practical Exanple B-1 Practical
Exanpl e é— PracticalExanpleB-3 Practical Exanple B4 Melt
Viscosity Nb addition 108Q a %ﬁ@“@g 100C 724 0 604 |0 516 0 532 0
Separation from Epoxy Example 5 Practical Example
Practical 6
Example 7 Practical Example Reference
Reference 8 Example 3
Example 1 Reference
Reference Example 2
Example 4
NC-3000 8.27 8.06 8.31
MEH-78518S 5.51 5.38 5.54
FB-35X 85.45 83.33 85.87
Triphenyl 0.14 0.13 0.14
phosphine
Carnauba wax 0.14 0.13 0.14
Siloxane compound 0.50 2.96 0
Total 100.0 100.0 100.0
[0110]
[Table 3]
Examples Practical Practical Practical Practical
Example 5 Example 6 | Example7 | Example 8
Spiral flow cm 70.3 84.3 70.2 38.3
Mold contamination | Visual
Check © 0 0 0
T °C 122 120 120 116
Linear 23-Tg | ppm/°C 14 14 14 14
Coefficient| Tg-
of 300 43 40 39 41
Expansion 23-
300 32 31 30 32
Flexural Strength MPa 23.40 19.08 23.51 18.15
Flexural Modulus MPa 4250 3661 4238 3643
Flame Retardancy sec V-0 V-0 V-0 V-0




Resin Visual Check No No No No G| Exudation Visual Check No No No No
Conpar ati ve Exanple B-1 Conparative Exanple B-2 Conparative Exanple
B-3 Conparative Exanple B-4 Conparative Exanple B-5
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Examples Reference Reference Reference Reference
Example 1 { Example2 | Example3 | Example4
Spiral flow cm 62.2 69.8 61.0 59.3
Mold contamination | Visual 0
Check 0 0 0
Tg °C 117 124 117 121
Linear 23-Tg 13 12 13 14
Coefficient | Tg-
of 300 ppm/°C 43 38 30 41
Expansion 23-
300 32 29 40 32
Flexural Strength MPa 24.43 20.22 27.03 24.8
Flexural Modulus MPa 4316 3768 4371 4461
Flame Retardancy sec V-0 V-0 V-0 V-0

[0111]
[Practical Example A-1]

An amount of 22 parts by weight of the siloxane compound prepared in Preparation
Example 1 was added to 60 parts by weight of biphenylaralkyl epoxy resin (NC-3000
produced by Nippon Kayaku; epoxy equivalent weight = 275, softening point = 56°C) and
40 parts by weight of biphenylaralkyl phenolic resin (MEH-7851SS produced by Meiwa
Plastic Industries), the ingredients were melted and mixed at 100°C, and the melt viscosity
at 100°C was then measured. When the melt viscosity was compared with the melt
viscosity without the addition of the siloxane compound (2900 mPa's), cases in which the
value was lower due to addition of the siloxane compound were determined to be "O"
(favorable compatibility), and cases in which the value was raised were determined to be
"X" (insufficient compatibility). Also, the presence or absence of separation from the
epoxy resin was visually determined at 100°C. A small quantity of triphenyl phosphine
was further added and stirred, the mixture was transferred to an aluminum dish and stored
in an oven for 3 minutes at 175°C, and a cured material was obtained; a piece of paper was
then pressed against the surface of the resin, and the presence or absence of transfer of the
oil ingredient (oil exudation) was confirmed visually.

[0112]
[Practical Example A-2]

Practical Example A-1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 2 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example A-1. The results are shown in Table
A.



Melt Viscosity No addition 1080 nPa.s 100C 1020 X 824 0 1092 X 1348 X
896 0 Separation from Epoxy Resin Visual Check No Yes Yes No Yes Q|
Exudati on Vi sual Check No Yes
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[0113]
[Comparative Example A-1]

Practical Example A-1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 7 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example A-1. The results are shown in Table
A.

[0114]
[Comparative Example A-2]

Practical Example A-1 was repeated except that 5 parts by weight of the siloxane
compound prepared in Preparation Example 6 were added instead of 5 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example A-1. The results are shown in Table
A.

[0115]
[Table 4]
Table A

Practical
Example A-1

Practical
Example A-2

Comparative
Example A-1

Comparative
Example A-2

Melt
Viscosity
No
addition
2900

mPa-s
100°C

1800
0

2100
0

3900
X

3300
X

Separation
from
Epoxy
Resin

Visual
Check

No

No

No

Yes

0il
Exudation

Visual

Check

No

No

No

Yes




Yes No Yes 32 [0126] [Practical Exanple C-1] An anmpbunt of 7.34 parts
by wei ght of YX-4000H (bi phenyl epoxy resin produced by M tsubi shi
Chem cal ; epoxy equival ent weight = 195, softening point = 106C),
6.51 parts by weight of XLC- 3L (phenolic aral kyl resin produced by
Mtsui Chem cal) as an epoxy resin cuE$ng agent, 85.81 parts by

wei ght of FB-35X (spherical nolten silica produced by Denki Kagal cu
Kogyo, 8 article size 14 pnm), 0.14 parts by weight of triphenyl
phospi ne, arts by wei ght of carnauba wax, and 0.07 parts by

wei ght of[Pfﬁ@bC% awpléd-tbnpound prepared in Preparation Exanple 2
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Practical Example B-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 2 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example B-1. The results are shown in Table
B.

[0118]
[Practical Example B-3]

Practical Example B-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 3 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example B-1. The results are shown in Table
B.

[0119]
[Practical Example B-4]

Practical Example B-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 4 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example I, and the evaluation was



6. 51 FB-35X 85.80 85.87 Triphenyl phosphine 0.14 0.14 Carnauba wax
0.14 0.14 Sil oxane conpound 0.07 O Total 100.0 100.0 [0130] [Table
7] Table C 2 Practical Exanple C 1 Reference Exanple C-1 Reference
Exanple C2 Spiral flow cm

30

performed in the same manner as in Practical Example B-1. The results are shown in Table
B.

[0120]

[Comparative Example B-1]

Practical Example B-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 7 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example B-1. The results are shown in Table
B.

[0121]
[Comparative Example B-2]

Practical Example B-1 was repeated except that 10 parts by weight of the siloxane
compound (LR-E-1300) prepared in Preparation Example 6 were added instead of 10 parts
by weight of the siloxane compound prepared in Preparation Example 1, and the evaluation
was performed in the same manner as in Practical Example B-1. The results are shown in
Table B.

[0122]
[Comparative Example B-3]

Practical Example B-1 was repeated except that 10 parts by weight of SF8411
produced by Toray Dow Corning (epoxy modified silicone, Ph group content = 0% by
weight, no branched structure) were added instead of 10 parts by weight of the siloxane
compound prepared in Preparation Example 1, and the evaluation was performed in the
same manner as in Practical Example B-1. The results are shown in Table B.

[0123]
[Comparative Example B-4]

Practical Example B-1 was repeated except that 10 parts by weight of SF8421
produced by Toray Dow Corning (epoxy-polyether co-modified silicone, Ph group content
= 0% by weight, no branched structure) were added instead of 10 parts by weight of the
siloxane compound prepared in Preparation Example 1, and the evaluation was performed
in the same manner as in Practical Example B-1. The results are shown in Table B.
[0124]

[Comparative Example B-5]

Practical Example B-1 was repeated except that 10 parts by weight of SH200CV
produced by Toray Down Corning (polydimethyl silicone, Ph-group content = 0% by
weight, no branched structure) were added instead of 10 parts by weight of the siloxane

compound prepared in Preparation Example 1, and the evaluation was performed in the



101.7 81.5 96.2 Mol d contam nation Visual
118 Linear Coefficient of Expansion 23-Tg ppmiC 12 12 12 Tg- 300 38

39 42 23-

31

Check 0 0 O Tg C 118 117

same manner as in Practical Example B-1. The results are shown in Table B.

[0125]
[Table 5j
Table B
Practical Practical Practical Practical
Example B-1 Example B-2 | Example B-3 | Example B-4
Melt 1 pas 724 604 516 532
Viscosity
No o
addition 100°C 0 O 0O 0
1080
Separation
from Visual
Epoxy | Check No No No No
Resin
Qil Visual
Exudation | Check No No No No
Comparative | Comparative | Comparative | Comparative | Comparative
Example Example Example Example Example
B-1 B-2 B-3 B-4 B-5
Melt | pas | 1020 824 1092 1348 896
Viscosity
No o
addition 100°C X Q X X 0
1080
Separation
from Visual
Bpoxy | Check No Yes Yes No Yes
Resin
Oil Visual
Exudation | Check No Yes Yes No Yes




300 29 30 32 Flexural Strength MPa 24.7 24.9 25.6 Fl exural Modul us
MPa 4517 4580 4583 Fl ame Retardancy sec V-1 - V-1 [0131] [Practi cal
Exanpl e D-1] An anmount of 10 parts by weight of the sil oxane
conpound prepared in Preparation Exanple 1 was added to 90 parts by
wei ght of phenol - novol ac semni solid epéXy resin (j ER154 produced by
M t subi shi Chem cal ; epoxy equival ent weight = 176), the ingredients
were nel t[ggz nd m xed at 100C, and the nelt viscosity at 100C was

t hen measured. Wen the nelt viscosity was conpared with the nelt

vi scosi t yiPvactierd Example Gdli ti on of the sil oxane conpound (280 nPa.$),
cases ig whi chag srﬁombﬂm%sréd W\géig&;tﬂ’ﬁftxmg@ﬁ:[ {HighiEnglfe bllaﬁresi’nllﬂeﬁaiaai g
conpoun et e ned to be "0" avar.al C atibilitw), an
cases 1 SHERTERECTRPRE: S Rapdeah M Tl B, FBRang i 5 oo, 831

(i nsuf f i claemby swsrghavf BLCHy(phenallis erallth eespr medured by MisbsEnameica) as an
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wei ght of . Si.| ox onpo. s I i reparation ampj. e 1
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Exanpl e §°\Wé’g§‘tl% a%@ﬁa ?‘Hg‘i @éﬁnglfcui@r%%ﬂgttge g@‘:‘“‘ﬁ%? g*fﬂwnolfl #ﬁg%@% oxane
conpound [piZfPared in Preparation Exanple 1, and the eval uati on was

per forne R!ﬂaé#e %gg‘r@ er as in Practical Exanple D-1. The results
are showt in aEFE_e - Iy )
Practical Example C-1 was repeated except that the compound prepared in

Preparation Example 7 was used instead of the siloxane compound prepared in Preparation
Example 2, and the evaluation was performed in the same manner as in Practical Example
C-1.
[0128]
[Reference Example C-2]

An amount of 7.34 parts by weight of YX-4000H (biphenyl epoxy resin produced
by Mitsubishi Chemical; epoxy equivalent weight = 195, softening point = 106°C), 6.51
parts by weight of XLC-3L (phenolic aralkyl resin produced by Mitsui Chemical) as an
€poxy resin curing agent, 85.81 parts by weight of FB-35X (spherical molten silica
produced by Denki Kagaku Kogyo, mean particle size 14 pm), 0.14 parts by weight of
triphenyl phospine, and 0.14 parts by weight of carnauba wax were homogeneously melted
and mixed by a hot double roll technique to prepare a curable epoxy resin composition.
The charge parts are listed in Table C-1. The results of evaluation of this curable epoxy
resin composition and a cured material cured using the same are shown in Table C-2.
[0129]



[0134] [Conparative Exanple D 1] Practical Exanple D-1 was
repeat ed except that 10 parts by weight of the sil oxane conpound
prepared in Preparation Exanple 7 were added instead of 10 parts by
wei ght of the sil oxane conpound prepared in Preparation Exanple 1,
and the eval uation was perforned in tB& sanme manner as in Practi cal
Exanple D-1. The results are shown in Table D. [0135] [Conparative
Exanmpl e Dp2hie 6 Practical Exanple D-1 was repeated except that 10
parts by vvel ghg of the siloxane conpound prepared in Preparation
Exanpl e 6L ladded instead of 10 parts by weight of the siloxane

conpound prepared in Pfepdratican Exarrpl e 1, and|the eval uation was
performgd in the sane naBraplas€-in| Pr Mél‘emie Exanple D-1. The results
are shown in Table D. |O01R6&frendd [ [TalHx@ample Jable D  Practi cal
Exanpl e [D-1 Practical ExBgghgle D-£ Practical Exanpple D-3 Conparative
Exanpl e D-T1T ompag@at | vé EXapple D-PZ Mel ;i scosijty No addition 280
mPa. s 100C 28§ @352 07196 44 6.51
FB-35X 85.80 85.87
Triphenyl 0.14 0.14
phosphine
Carnauba wax 0.14 0.14
Siloxane compound 0.07 0
Total 100.0 100.0
[0130]
[Tabie 7]
Table C-2
Practical Reference Reference
Example Example Example
C-1 C-1 C-2
Spiral flow cm 101.7 81.5 96.2
Mold Visual
contamination Check 0 © ©
Tg °C 118 117 118
Linear |23-Tg| ppnm/°C 12 12 12
Coetficient | Tg- 18 39 42
of 300
E i -
Xpansion | 23 29 30 32
300
Flexural Strength MPa 24.7 24,9 25.6
Flexural Modulus MPa 4517 4580 4583
Flame Retardancy sec V-1 - V-1

[0131]

[Practical Example D-1]

An amount of 10 parts by weight of the siloxane compound prepared in Preparation

Example 1 was added to 90 parts by weight of phenol-novolac semisolid epoxy resin
(JER154 produced by Mitsubishi Chemical; epoxy equivalent weight = 176), the
ingredients were melted and mixed at 100°C, and the melt viscosity at 100°C was then

measured. When the melt viscosity was compared with the melt viscosity without the

addition of the siloxane compound (280 mPa-s), cases in which the value was lower due to

addition of the siloxane compound were determined to be "O" (favorable compatibility),



0 328 X 320 X Separation from Epoxy Resin Visual Check No No No No
Yes [0137] [Practical Exanple E-1] An amount of 10 parts by
wei ght of the siloxane conpound prepared in Preparation Exanple 1 was
added to 90 parts by weight of a liquid bisphenol A epoxy resin

(j ER828 produced by M tsubishi Chenicdft; epoxy equival ent weight =
185; viscosity at 25C of 12000 nPa.$), the ingredients were nelted

and m Xedaxﬂtcaée@%hﬁzﬁ%é% VI 8GaRES WER d%%enﬁﬁlgd%‘tﬂa 5@‘%#%&% dnpen
nmeasur ed. B‘ifg gzst vi scosity was conpared

Vi scosi tycomaﬂ £t Oaaﬁ.pﬁsawwa?weces? %ﬁ@%&%ow@@nwooo
mPa. s, 50@suafixdetaaingd at 1WB3@s i n whi ch the value was | ower due to
addi ti on @h%he si | oxane conpound were determned to be "0"

(favor abl c_rrpatibilit%g, and cases in which the val ue was raised
wer e dete[lPrﬁCh@aiEtX@meD 1 (insufficient conpatibility). Also, the

8r esence gr at}?@d&% grla,,;v hOHd éa&é@l@x%é]ﬁ tl?aP‘PWal{seo%' \Qeléﬁt%f‘ﬂket?slr'l%kérbé
Beanpl ¢ EOTRAS pr@a@%%’ Eulgrlé%@mﬂ%%}% oib B il o s Pt of
si | oxane thesipoandcqrspad pckphred i PradatioroBxdngaerp) aad Zhaammadoidees

st ead Qo nBAnS. ShcleAll S pEGPELAAANS. € ORI, RESRALER il

Prepar at i he eva |on was orned
manner asPin Practl cal Exanple E-1. The results are shown in Tabl e E.
[0139] [ Aoasiji cal Exanple E-3] Practical Exanple E-1 was

r epeat ed hat arts by weight of the sil oxane conpound

pr epar ed [?ﬁag%&[é ]ﬁ Exarrpl e 3 were added instead of 10 parts by
vvmdg[l':1 of the Iﬁadtmxlaﬁvelmpdﬁ@rbduw;k Ipp@nmireadeimaPﬂ@patsdm weiglibod e sflofane
an e ey }m;.% g%{mq

Practi cal ngaﬁ(? &%%M@ém %epdrilgtg %ée?s%o%q&ﬁ?ﬁsll Epaff)ii g]elght of
[ Conpar atthe &l QZ‘%%?HD@OED q prepared in PyeparatiompExampdenh) aad thejevghugtionpaht ed

except t hakfolRediaihissalit nidingts i0Prat iRl Bxdrepi@Del. CRigResune al sBRAd BATabR
PreparatiBn Exanple 7 were added instead of 10 parts by wei ght of the

si | oxane ‘Conmpound prepared in Preparation Exanple 1, and the
eval uati df13@s perforned in the sane manner as in Practical Exanple

E-1. The [(@aiphtasivaEgargflom1j n Table E. [0141] [Conparative Exanple
E-2] Practical Example D-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 7 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example D-1. The results are shown in Table
D.

[0135]

[Comparative Example D-2]

Practical Example D-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 6 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example D-1. The results are shown in Table
D.

[0136)



Practical Exanple E-1 was repeated except that 10 parts by wei ght of
t he sil oxane conpound prepared in Preparati on Exanple 6 were added

I nstead of 10 parts by weight of the siloxane conpound prepared in
Preparati on Exanple 1, and the eval uation was perfornmed in the sane
manner as in Practical Exanple E-1. Th2 results are shown in Table E.
[0142] [Table 9] Table E Practical Exanple E-1 Practical Exanple
E-2 Pract[:—[gglgglfxarrpl e E-3 Conparative Exanple E-1 Conparative Exanple

ap

E-2 Visua earance Vi sual Check Transparent Transparent
Tr anspar el1ePi ght |y d oudy O oudy Viscosity
Practical Practical Practical . .
Comparative | Comparative
Example Example Example E leD-1 | E le D2
D-1 D2 D-3 xample xample
Melt
Niscosity | mPas | 268 252 196 328 320
I, 100°C O O O X X
addition
280
Separation
g;g;y Z;f;ﬁ No No No No Yes
Resin
[0137]

[Practical Example E-1]

An amount of 10 parts by weight of the siloxane compound prepared in Preparation
Example 1 was added to 90 parts by weight of a liquid bisphenol A epoxy resin JER828
produced by Mitsubishi Chemical; epoxy equivalent weight = 185; viscosity at 25°C of
12000 mPa-s), the ingredients were melted and mixed at 100°C, and the viscosities at 25°C
and 50°C were then measured. When the melt viscosity was compared with the melt
viscosity without the addition of the siloxane compound {25°C: 12000 mPa-s, 50°C: 528
mPa-s), cases in which the value was lower due to addition of the siloxane compound were
determined to be "O" (favorable compatibility), and cases in which the value was raised
were determined to be "X" (insufficient compatibility). Also, the presence or absence of
separation from the epoxy resin was visually determined at 100°C.

[0138]
[Practical Example E-2]

Practical Example E-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 2 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was
performed in the same manner as in Practical Example E-1. The results are shown in Table
E.

[0139]
[Practical Example E-3]

Practical Example E-1 was repeated except that 10 parts by weight of the siloxane
compound prepared in Preparation Example 3 were added instead of 10 parts by weight of
the siloxane compound prepared in Preparation Example 1, and the evaluation was



No
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No nPa.s 10200 9400 8900 17100 14200 addition 25C 0 0 0 X X 12000
Vi scosity

performed in the same manner as in Practical Example E-1. The results are shown in Table

E.
[0140]

[Comparative Example E-1]

Practical Example E-1 was repeated except that 10 parts by weight of the siloxane

compound prepared in Preparation Example 7 were added instead of 10 parts by weight of

the siloxane compound prepared in Preparation Example 1, and the evaluation was

performed in the same manner as in Practical Example E-1. The results are shown in Table

E.
[0141]

[Comparative Example E-2]

Practical Example E-1 was repeated except that 10 parts by weight of the siloxane

compound prepared in Preparation Example 6 were added instead of 10 parts by weight of

the siloxane compound prepared in Preparation Example 1, and the evaluation was

performed in the same manner as in Practical Example E-1. The results are shown in Table

E.
[0142]
[Table 9]
Table E
Practical Practical Practical Comparative | Comparative
Example Example Example Example Example
E-1 E-2 E-3 E-1 E-2
Visual Visual i Slightly
appearance | Check Transparent | Transparent | Transparent Cloudy Cloudy
Viscosity
No mPa-s 10200 9400 8900 17100 14200
addition 25°C O O 0 X X
12000
Viscosity
No mbPa-s 516 488 404 728 564
addition 50°C O 0 0 X X
528
Separation
from Visual
Epoxy Check No No No No Yes
Resin
[0143]

[Practical Example F-1]

An amount of 2 parts by weight of the siloxane compound prepared in Preparation




mPa.s 516 488 404 728 564 addition 50C 0 0 0 X X 528 Separ ati on
from Epoxy Visual Check No No No No Yes Resin
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Example 1, 10.0 parts by weight of a liquid epoxy resin {Ceroxide 2021P produced by
Daicel Chemical Industries, viscosity of 242 mPa-s (25°C); epoxy equivalent weight =
130), 6.7 parts by weight of a liquid acid anhydride (HNSS00E: 3- or
4-methyl-hexahydrophthalic acid anhydride produced by Hitachi Chemical, 61 mPa-s
(25°C)), and 0.1 parts by weight of diazabicycloundecene were mixed at room temperature,
and a curable liquid epoxy composition was prepared. The viscosity was measured by a
type-E viscometer (EMD viscometer produced by Tokimec, 10 rpm rotation). An amount
of 6 parts by weight of the composition was placed in a 5 cm-diameter aluminum plate,
heated for 2 hours at 150°C, then removed, and the visual appearance was examined. The
results are shown in Table F.

[0144]

[Practical Example F-2]

An amount of 2 parts by weight of the siloxane compound prepared in Preparation
Example 2, 10.0 parts by weight of a liquid epoxy resin {Ceroxide 2021 P produced by
Daicel Chemical Industries, viscosity of 242 mPa-s (25°C); epoxy equivalent weight =
130), 6.7 parts by weight of a liquid acid anhydride (HN5500E produced by Hitachi
Chemical, 61 mPa-s (25°C)), and 0.1 parts by weight of diazabicycloundecene were mixed
at room temperature, and a curable liquid epoxy composition was prepared. The viscosity
was measured by a type-E viscometer (EMD viscometer produced by Tokimec, 10 rpm
rotation). An amount of 6 parts by weight of the composition was placed ina 5
cm-diameter aluminum plate, heated for 2 hours at 150°C, then removed, and the visual
appearance was examined. The results are shown in Table F.

[0145]
]JComparative Example F-1]

The same procedure as in Practical Example F-1 was carried out except that the
siloxane compound of Practical Example A prepared in Preparation Example 1 was not
mixed in. The properties were evaluated in the same manner as in Practical Example F-1,
and the results are shown in Table F.

[0146]
[Comparative Example F-2]

An amount of 2 parts by weight of the siloxane compound prepared in Preparation
Example 7, 10.0 parts by weight of a liquid epoxy resin (Ceroxide 2021P produced by
Daicel Chemical Industries, viscosity of 242 mPa-s (25°C); epoxy equivalent weight =
130), 6.7 parts by weight of a liquid acid anhydride (HN5500E produced by Hitachi
Chemical, 61 mPa-s (25°C)), and 0.1 parts by weight of diazabicycloundecene were mixed
at room temperature, and a curable liquid epoxy composition was prepared. The viscosity
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No cracks Conparative Exanple F-1 183 Large cracks present
Conpar ati ve Exanple F-2 237 No cracks 39 CLAIMS 1. A curable epoxy
resin conposition conprising: (lI) a curable epoxy resin; and (I1) an
epoxy functional group- and aromatic hgdrocarbon gr oup- cont ai ni ng

or ganopol ysi | oxane havi ng an epoxy eqdPval ent wei ght of 3,000 or

| ower, a content of aromatic hydrocarbon groups of 45 to 80% by
weight (mass), and a glass transitigpapeisit of |ess than 0C. 2. The
curabl e epoxy resin conposition according to claim1, wherein a
proportion of epoxy functional groups anmong organi c groups bound to
silicon at.ons Aguabkebeculesinebmpbetiar ganopolgysi | oxane is 0.1 to 40
nmol % 3. Th n conposition according to claim1l or
2, mherelnqéﬁ%égghgggﬂﬁ4¥?ﬁ§§%nat|c hydr ocar bon groups anong organic
groups bour(dl) & eaexYi femiontlaeun- andaipplade hydoebamgowr-gentipioBy si | oxane

i's 40 ol % ororbdrdB6lysilckaddBaveny Ak exﬁw%léne%fghﬁ@ﬂ’mm 31119Rer2 g 6&MtEltNY
to any of cla mg I 4 ng qﬁgnt 1) is br.anched
or ganopol ysi |q§ngq{%an§315ﬁfé>§§r 8“5@9“?%%& P hv/ﬂ tr(géés)lﬂﬁ‘gt 2455 il a:

( Rl R2R3Si 01/ 2yanéiRaRESN0G] 123sthRETCB/ 2) ¢ (1) (vvherel n. R, R, R3, R4,
RS, and RS respechivil %ﬁo)%g%fsin%ﬁﬁ%m Jc}ﬂrdix?g%%i%%ﬂtl i’ﬁ%"ﬁ!{:}lﬁd}ﬁm} of

hydr ocar bon group or unctronal group

R, R2, R3,°PR¥Y ﬁ%ﬂﬂﬂh&@ﬂ%ﬂ%ﬂ&fﬁg@%&ryuwﬁhﬁ)@w mllccgra&m ingmolegug of
one of RI, t&org@&opoﬁ%ﬂofﬁc iamd 1440 insl9a. nonoval ent aromati c

hydrocar b "al i

n gr " b nunber, "c"
o e Hlifisc ooy e pirlpt asgomting & B ¥ReRyIP S 1 "
c" is in a pmapgtoméf aromaticohy?Zlr@rrbos gidwes empadbrgasip@ronps beund to silicon

Conmposi ti Orht@ﬁ§91réj1h91gcﬁ19 0?@% oFganSﬂ(ﬁ&mxé]ne 194(ﬂm0m %f ﬁl'gﬂert he wei ght
aver age nol ecul ar | iIngredient (11) 00Q to 10, 000.

6. The curhbl e EcRip eeeé’PﬁY@éWp?BQPPFBﬂ“ %E@Frkﬁtﬂﬁnk’ ché‘?‘lylsdfto &1 hrain the; o
5, wher ei n ihfrediengiBdd £irandhe)l organepdysilbediylex presap be diet fallowing aegae/
resin. 7.T G Le epoxy resin conposition according to any of
claims 1 to erein the curabl e epoxy resin conposition further

conprises (I I(? R’ 810 (B BSFiNuR Bisaléht . 8. The curabl e epoxy
resin conposi tiwdereggcording to claim?7, vvherel n the ingredient (I11)

: Zs?np'éﬁr”rﬁ'o'sftl?l‘éﬂﬁ JeLbr S ek BB g r%ﬁ“%ﬁ%?’qﬁ%?r'ﬁfyaﬁﬁ&y|
gr oup- cont ai nikygrocanpo gruaipios elax):dylfpﬂmmydal @mupu]whenemt Ehstiong opRERS| R RY,
resin. R, and R%is an epoxy functional group, at least one of R, R? ,R®, R R, and R%is
a monovalent aromatic hydrocarbon group; and
"a" is 0 to 0.2, "b" is a positive number, "c" is a positive number of 0.1 or higher, a
+b+c=1,and "3a+2b-¢" is in a range of 1.5 to 2.2).

5. The curable epoxy resin composition according to any of claims 1 to 4, wherein the
weight average molecular weight of the ingredient (II} is 1,000 to 10,000.
6. The curable epoxy resin composition according to any of claims 1 to 5, wherein the

ingredient (I) is a biphenyl group-containing epoxy resin.

7. The curable epoxy resin composition according to any of claims 1 to 6, wherein the
curable epoxy resin composition further comprises (III) an epoxy resin curing agent.

8. The curable epoxy resin composition according to claim 7, wherein the ingredient
(I1I) is a phenolic hydroxyl group-containing compound.

9. The curable epoxy resin composition according to claim 8, wherein the phenolic
hydroxyl group-containing compound is a biphenyl group-containing phenolic resin.

10.  The curable epoxy resin composition according to any of claims 7 to 9, wherein the



10. The curabl e epoxy resin conposition according to any of clains 7
to 9, wherein the 40 content of the ingredient (l1I11) is a quantity
such that the epoxy reactive functional groups in the ingredient
(I'11) are 0.5 to 2.5 noles per nole of epoxy functional groups in the
ingredient (1). 11. The curabl e epoxy4Pesin conposition according to
any of clains 1 to 10, wherein the content of the ingredient (Il1) is

0.1 to 100 ' : ' diber i ent
0 oﬁgfe%aﬁct)tgc}{e }ggke%@gt Iﬁﬁﬁ 1s]a08.1a9ﬁtryts§clpﬂﬁan é?;%’b}xy‘i‘f:a hbermbas &l en

(I') or of t ) . . ngredients (|) a ) 2. .The curaple
epoxy resi rEeupBdicingpdigt €dharefy° W-%ﬂg?leéperdv%lﬁ ﬁgenw%ﬁ,twvﬁéfoépﬁm

t he cur abl ehepxadignedl).n conposition further conprises (1V) an
inorganic, fillgr. 1 The curabl e epoxy resin conpesitio cor di ng
to crarm . visclbe saSy fnbe SRR er R o RTBE el AT RESIIN
cur abl e epdhycontsit nf the mmeditrit ) ia8dde dPhpartsdycreaghtpen] rpant8by whigheetn

the i nor gani¢idelddi (1 Sr SRRSHohA ak HRMBLBNAMS ($hdd @@). 15. The curabl e
epoxy res]n conposl on accordi ng to a ereln

n%/ o% cl ai ns [J;é_to 14,

the contelft of lerfarablifpedy Exitn qopppsifign ageopdingto amyof plaimsst iorkl, Wheer on
t he total watghhblekpédyerednomasdsiticafurtié.cofipassingindn@pady fill@si n
conpositipn a r di o) | al. , [,e] r

cpony resth corsdb dtxf Monio Bl adeokdlug AR bR E HORRLE
accel er at orfiller s splipiécabur abl e epoxy resin conposition according to

cl ait m é6,1meL1?ierbu}dﬂ>%o RY ee{atn cg,inﬁoﬁﬁoh t@%fﬂﬁftl tqiéiﬁi)lziqu 1@&?%)%@%0
parts by wei i art.s wei ght o e ingredien : :
The cur abl én‘grﬁﬁyg?lﬁlglé‘isﬁpl%Mc?g} }Hﬂﬁlsg‘b}%rdi ng to gny of claims 1 to
17, whereimn t Hehecurabbd @o&pf:ﬁs;n qoasjositiom_aqmsiing' omny of ela'smmctoriduw_htrain
seal ant. 19, @brﬁéﬂé SF B L diddt é{%g?gﬁ IIF!méfs't ?%"b?gv&éiﬁ BB oR R Wtal Foight of

conposition according to any
the composition.

16.  The curable epoxy resin composition according to any of claims 7 to 15, wherein
the curable epoxy resin composition further comprises (V) an epoxy resin curing
accelerator.

17. The curable epoxy resin composition according to claim 16, wherein the content of
the ingredient (V) is 0.001 to 20 parts by weight per 100 parts by weight of the
ingredient (I).

18. The curable epoxy resin composition according to any of claims 1 to 17, wherein
the curable epoxy resin composition is a semiconductor sealant.

19. A cured material cured using the curable epoxy resin composition according to any
of claims 1 to 18.



