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BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to an epoxy resin conmposition which is useful for adhesives, paints
and_electric/electronic materials(e.g. ipsulation nmaterials, |an nated
plate, etc.), particularly useful for encapsulating electric devices.
Description of the Related Art Recently, for encapsul ating sem conductors
such as LSI, IC, transistor and the like, transfer nold of an econonically

useful ep%@oﬁfmﬁ@m&mdw AtPHEsrRAENBAPSUEMraD ¥EMEEONBEETBRUNt i NY

of LSI is recently co ted, and direct 1mersion into a solder bath is
inCFeanﬂbEéiéﬁe an encapsulating material is exposed to a high
tenperature of above 200 [err]Cin this treatnment, noisture absorbed in the
encapsul ating material expands, crack is formed in the material, and
peeling occurs at interface with a die pat. Therefore, the epoxy resin

encapsuleug éﬁbﬁéﬁ&ﬁrﬁp &ﬁbhgﬂﬁ%ﬁfﬂﬁﬁrties of | ow noi sture absorption, high
ié%ance and 1 nproved adhesri o

crack res n. Further, for a purpose of obtaining

a | ow noi .Sﬁt;‘rjéfdaé’fo%lﬁ’éifﬁé’%&?gﬁty’ an epoxy resin of low viscosity in
i e

which a f er can be fi I'n high concentration is desired. Currently,

an encapsul ating et ellaly | [ MU Elbn relates to an epoxy resin

composition which is useful for adhesives, paints and
electric/electronic maﬁerials(e.g. insulation materials,
laminated plate, etc.), particularly useful for encapsulating
electric deviées.

Description of the Related Art

Redently, for encapsulating semiconductors such as LSI,
IC, transistor and the like, transfer mold of an economically
useful epoxy resin composition is conducted.

Particularly, surface mounting of LSI is recently
conducted, and direct immersion into a solder bath is .increasir;g.
‘Since an encapsulatingmaterial is exposed to a high teinperature
of above 200 °C in this treatment, moisture absorbed in the
encapsulating material expands, crack is formed in the material,
and peeling occurs at interface with a die pat;

Therefoz;e, the epoxy resin encapsulant is required to have
properties of low moisture absorption, high crack resistance
and improved adhesion. Further, for a purpose of obtaining a
low moisture absorption property, an epoxy resin of low
viscosity in which a fillef can be filled in high concentration

is desired. Currently, an encapsulating material in which



gl ycidyl ether of o-cresol novolak is used as a pol yfunctional epoxy resin
and- phenol novolak is used as a curing agent is mainly used, however, when
t he encapsul ating material absorbs noisture in storage, the above-described
probl ems occur. Therefore, for avoiding these problens, the encapsul ating
material is wapped for preventing noisture absorption in practical use. On
the ot her hand, a bi phenyl type epoxy resin in current use has a | ower
viscosity and can contain a filler in higher concentration than a

pol yfuncti 0?%c§&9l¥e’£l§'§r bf slBeBsblend¥dDERYls aBREyasasSiphlyFuactional
bi functional epoxy resin and has a | ow nol ecul ar wei ght. Therefore,

noi st ure abaghRYi Xk HERRAPHERAMENEL Pk RRAINEd h¥RECARONY dRSItisaRibay
reduced as ol e package and strength thereof can be increased,

consequent | ¥ge@%GRIAEr CAEK H@éﬁé@ﬁ&lﬁlaeﬂne%a%@@aleybaérsgm}wks%r@ th

an epoxy resin in the formof a glycidyl ethef of o-cresol novol ak.

However, thenbipBeayk ! ¥Re aBeY¥-a88tPibaa Brebhemst belurR! dingrerepslty of
a cured article thereof is ow as conpared wth-the pol yfunctional epoxy

resin. Furt QSE”QGSid‘ng tRbLEN! ?9bF§Q{nEt, 2heaBnRARRNALS ngPMEY -G RAN i@?Vi ng

a lownelt viscosity 1S genera ow, "and t-here“have beén problens o

bl ocki ng at ' f LOr - worskahj lj L. Fher.ef or e,
t he am?phoﬁggﬁgéiig??g %Jt?%‘?ée ‘S’é Cehrla %’Ei\;\ft%%} |nég!}€)ilrk1&l§J Ijrdg‘%cggr gts%r', and
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encapsul ati Rga"RLET L& okl PTv EXAOPI €y and can contain a filler in higher
concentration than a polyfunctional epoxy resin, since the
biphenyl epoxy resin is a bifunctional epoxy resin and has a
low molgcular weight. Therefore, moisture absorption
depending on the biphenyl type epoxy resin can be reduced as
whole package and strength thereof can be increased,-
consequently, excellent crack resistance can be obtained as
compared with an epoxy resin in the form of a glycidfl ether
of o-cresol novolak. However, the biphenyl type epoxy resin
has problem that molding property of a cured article thereof
is low as compared with the polyfunctional epoxy resin.

Furthermore, the softening point of an amorpﬂous epoxy

resin having a,low'melt viscosity is generally low, and there
have been-problems of blocking at the time of storage to
deteriorate the workability. Therefore_, the amorphous resin is
stored generally with'cooling in ‘a refrigerator, and the
productive efficiéncy is bad and not economical.

‘There has been a proposal of using a bisphenol compound



JP- A- 6- 345849). However, the epoxy conpound disclosed there is not
sufficient in noldability etc. An object of the present invention is to
provi de an epoxy resin conposition which has an excellent noldability (low
viscosity and can be filled with filler wgth high density) and high
softening point, and hardly causes bl ocki ng during storage. SUMVARY OF THE
| NVENTI ON The present invention is as follows. [1] An epoxy resin
conposition conprising (A) a bifunctional crystalline epoxy conpound,. (B)

an anor phousof I rSRRANY1ERNHR e 4P Bn YL AP SPTPOUNG mBRYERL 1t (¥ eeRhmpRES Of
epoxy groups in a nol écule, and (C):- an epoxy curing agent having phenolic

o el onar st FRAST B EREHRY Eoaf e &Rl s
1 3 ol ecults Eier EFRLERE YR RTABELTEY  S8F - cpoxy compound (&) 18 o e
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compound, and supitably a,conpound represented by _the general formula_(1).
4 lerr] Her &5 fPERORIEIOR NhIChCAR repemrrel Laptomoldap iy (10w
Qerr]C., - Cw'r_:ll.:sgc_gsc:&y Oarnda csain éefi Olne%' wi %r E‘.]ilELgerJwiit.g%rie;heggnggig) and

high softening point, and hardly causés blocking during'

storage. |

SUMMARY OF THE-INVENTION

The present invention is as follows.

(1] An epoxy resin composition comprising (A)' a bifunctional

crystalline epoxy compound, (B) an amorphous trisphenolmethane

type epoxy compound having three or more of epoxy groups in a

molecule, and (C) an epoxy curing agent having phenolic hydroxyl

groups. |

[2] An epoxy resin composition comprising (A) a bifunctionél

-crystalline epoxy compound, and (B) an amorphous

triééhenolmethane type epoxy compound having three or more of

epoxy groups in a molecule, wherein the whole or a part of epoxy

compound (A) 1is dispersed in epoxy compound (B) as

crystallites. |

The epoxy compound (A) used for the present invention is

a bifunctional crystalline epoxy compound, and suitably a

compound represented by the general formula (1).



i ndependently an acyclic or cyclic alkyl group having 1-6 carbon atons, a
hydr ogen atom or a hal ogen atom Mire suitably, Xis -CHC (Rlerr]) -.
Concrete exanpl es of substituents Rerr]-Rerr] of the epoxy conpound
represented by the general fornula (1) igclude met hyl group, ethyl group,
propyl group, butyl group, anyl group, hexyl group, cyclohexyl group,

phenyl group, tolyl group, xylyl group (each isonmer is included), chlorine
atom bromine atom etc. In the general fornmula (1), glycidyl ether of

stil bene bi sphenol whose X igg -CH=C (g err]) - can be obtained by a known
met hod of gl yci gyl etheriRj LRy s SRi | bgpe bi sphenol. As for a

pr oduci ng net hgdd\of stil be ' ol onpoeOrd used as a raw material for
epoxy conpouie§—SH.gf Rol —HSiCber “HieBlgs Ann. Chem 730,
31-46 (1969)) discloﬁgs,a pr eparatfon met hod and ysi cal, properties of the
conpound, such as 4, 4'-dihydroxystil bene, , 'ﬁ}groxy-B,S'-

di nmet hyl stil bene and 4,4" -di hydroxy-3,3",5,5" -
t et ranet hyl Hddeene. réprédentos hen=mand.cipEcpRonol -agmund-gd=c(cN)-, -
a-nmet hyl stil bene is al so known, and for exanple, METHODEN DER ORGANI SCHEN
CHEM E ( HQIBEN- BN 14 hi2 R1034 gesqrihas,

pr epar at i on%?ﬁddwg‘% 4' - di h%r%xé;/)- gg%]gﬁié?hy&??? blg’nestc%ér om p'ﬂ.én%?c%nd
chl oroacetone as starting naterials. Congrete géfg&les of stil bene phenol

used as a r awWIHREt eé}t]iy?léﬁ?&é’:‘:li,c4°¥$y o CHPI R37382 456 catbon

4, 4" - di hydroxy-3- ethylstilb 4, 4' - di hydr oxy- 3- | sti| _

42" hya SRRy, B VEEPBBAROR o & DAl AGEH YA hMRALERLEGRGY s K is
~CH=C(R,)-.

Concrete examples'of substituents R,-R, of the epoiy
compound represented by the general formula (1) include methyl
group,éthylgroup,pr0pylgroup,butylgroup,amylgroup,hexyl
group, cyclohexyl group, phenyl group, tolyl group, xylyl group
(each isomer is'included), chlorine atom, brominé atom, etc.

In the general formula (1), glycidyl ether of stilbene
bisphenol whose X is -CH=C(R,) - can be obtained by a known method
of glycidyl etherification of a stilbene bisphenol.

. As for a producing method of stilbene bisphenol compound
used as a raw material for epoxy compound, a reference (von Rolf
H.Sieber, Liebigs Ann. Chem. 730, 31-46 (1969)) discloses a
preparation method and physical properties of the cémpound,
such as 4,4’ -dihydroxystilbene( 4,4’-dihydroxy-3,3’'-
dimethylstilbene and 4,4’ -dihydroxy-3,3’,5,5'-
tetramethylstilbene. |

On the other hand, bisphenol compound of a-methylstilbene

is also known, and for example, METHODEN DER ORGANISCHEN CHEMIE



4,4' -di hydroxy-2, 3-dinethylstilbene, 4,4 -dihydroxy-2, 6-

di net hyl sti |l bene, 4, 4" -di hydroxy-2, 3" -di net hyl stil bene,

4, 4" -di hydroxy-3, 3" ,5-trinmethylstil bene, 4, 4" - di hydr oxy-
2',3,5-trinmethyl stil bene, 4, 4" - di hydroxy-2',3,3",5-

tetramet hyl stil bene, 4, 4' -di hydroxy-2',3,5,6" -

tetramet hyl stil bene, 3-t-butyl -4, 4" -di hydr oxy-3' -

met hyl sti | bene, 3-t-butyl -4, 4" -di hydroxy-5, 3' -

di net hyl sti | bgHGUBEN-WEYL) BANB tIV/lg| Phetioldi Medda@xyPR034 6describes a
di et hyl sti | bene, 3-t-butyl -4, 4" -di hydroxy-5-ethyl -3"-
nEthy|St'|be@%eparatloﬂ3ée$h6d|oﬁ 4 4dL@YH&Q%Mx§-ZﬂBh§Wﬁ%F%tllbene £rom
propyl stil bene, butyl -4, 4" - di hydr oxy-5-bu
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3, 3" - di hexyl roxystil pepge, cycl o hexyl -
dihydroxystll‘b'eﬂ’ma‘dﬂly oxy—f ilé] Zﬁy¥ﬁ?$&ﬁﬁg§l3 g,4g—g1hydroxy -2,6-
tetramet hyl st |] bene, -di hydroxy-3,3"',5,5

t et ranet hyl st %%?%Ylﬁthlb%ﬁ?wdr oxy? 34 ydmy IOy o8 TM%thylstllbene,
4,4 - dlhydroxy 3,3, -di-t £§“¥|'5 5'-dj nethyl stj] bene, 4,4 -

—dlhydro trlmethylstllbene, 4,4'-dihydroxy-
2',3,5-trimethylstilbene, 4,4'-dihydroxy-2’,3,3’,5~
tetramethylstilbene, 4,4'-dihydroxy-2’',3,5,6'~
tetramethylstilbene, | 3-t-butyl-4,4’-dihydroxy-3'-
methylstilbene, 3-t-butyl-4,4'-dihydroxy-5,3'-
dimethylstilbene, 3-t—butyl-4,4'-dihydroxy43'f6—
dimethylstilbene, 3-t-butyl-4,4’-dihydroxy-5-ethyl-3’-
methylstilbene, 3-t-butyl-4,4‘'-dihydroxy-3’-methyl-5-
prdpylstilbene, 3-t-butyl-4,4’~-dihydroxy-5-butyl-3’'-
methylstilbene, 3-t-butyl-4,4’-dihydroxy-5-amyl-3’-
methylstilbene, 3~t-butyl-4,4’-dihydroxy-5-hexyl-3'-

methylstilbene, 3-t—butyl—4,4'—dihydfoxy—S-cYclbﬁexyl—3';

methylstilbene, 3-t-butyl-4,4’~dihydroxy-3’,5,5'-
trimethylstilbene 3-t-butyl-2,4’-dihydroxy-3’,5°,6-
trimethylstilbene, 3~-t-butyl-4,4’'-dihydroxy-3’,5’,6-

trimethylstilbene, 3-t-butyl-4,4‘’-dihydroxy-3‘,5,-dimethyl-



dihydroxy-3,3'-di-t-butyl-6,6'-dinethylstilbene, 2,2 -

di hydroxy-3, 3' -di-t-butyl -6, 6'-di net hyl stil bene, . 2,4 -
. di hydroxy-3,3"'-di-t-butyl-6,6"-di nethylstilbene and 4,4'-
di hydroxy-3,3",5,5 -tetra-t-butyl stil ben | somers thereof having a

substituent at a different position are also included. Exanples of a
-nmet hyl sti |l bene include those having a nethyl group on a carbon atom of
car bon- carbon doubl e bond of the above described stil bene conpounds. In -

view of easiq PE€DEbEhd OM - POy IBHC L 289h PALERY 03/ | @) dBhEEh Pl -
preferable stil éﬂ%g are: 2,2'-dihydf§gy-3,3',5,5?-te$¥anethylstiIbene,

4,4 - di hydronysopy 19t Pibésd | amet iy 6141 ReaLoxy-3 43 4-d dhékly Dsyilbene,
3,3',5,5'-tet?§%et%§l- [err] -nethy?stilbgﬁﬂ, %,4’-dihydroxy- '

3,3 -di-t-bujyi-53Deely TRE ! SIiRRESey S f1bEMEYAr 0XY4 3.3l hydroxy-3,3’-
3t butyl 68 & rretﬁi{u St by S L 5 g S hydroxy-3,

butyl-6, 6" -di ' t —d Parfhr1 .02 hydr - o T 7 '
butyI-G,G-jﬁéggég%E%?* eﬁ@?' 3.3 %é%ﬂ%ﬁt§1¥4,§¥¥%?ﬁ§ﬁ¥%§§%bene' 3,3

2% L L ety chindil 3 87 0 ey g, 41
32O bk BemeRych bl sphenol and sphakohydsbgas e s |0
eacti on under SREEREER Rt R " § L OTeY ol STACTRERE R EIF T St £
60-31517. As Qi Ghe EXPTRL £Pp e ChY T 2HL hPArBRY:S ,30TRURd el Y Sk dY bene,
4,4’ -dihydroxy-3,3’-di-t-butyl-5,5’-dimethylstilbene, 4,4'-
dihydréxy-3,3’-di-t-butyl—6,6'-diméthylstilbene, 2,2~
dihydrogy-3,3’-di-t-butyl-6,6’—dimethylstilbene, 2,4~
dihydroxy-3,3’-di-t-butyl-6,6'~dimethylstilbene and 4,4'-
dihydroxy-3,3’,5,5'-tetra~-t-butylstilbene. Isomers thereof

having a substituent at a different position are also included.
Examples of & -methylstilbene include those having a

methyl group on a carbon atom of carbon-carbon double boﬁd éf
the above described stilbene compounds.

; In view of easiness of preparation, performance and price
of raw material, preferable stilbenes are:
2,2’'~-dihydroxy-3,3’,5,5'-tetramethylstilbene, 4,4'-
dihydroxy-3,3’,5,5'-tetramethylstilbene, 4,4'-dihydroxy-
3,3',5,5'~tetramethyl- a -methylstilbene, 4,4'-dihydroxy-
3,3'-di-t-butyl-5,5’'~dimethylstilbene, 4,4’-dihydroxy-3,3'-
di-t-butyl—6,6'-dimethylstilbene, 2,2'-dihydroxy-3,3*-di-t-

butyl-6,6’-dimethylstilbene, 2,4’ -dihydroxy-3,3'-di-t-



et her of qui nones such as 2,5-di-t-butyl hydroqui none, glycidyl ether

of - di hydr oxybi phenyl s such as

di hydr oxyt et r anet hyl bi phenyl , and gl yci dyl ester of terephthalic
acid are exenplified. Conponent(A) used fgr the present invention is a

bi functional epoxy conpound, which is” dispersed in polyfunctional
epoxy conpound to reduce the nmelt viscosity wthout |owering the softening
poi nt. Exanpl es thereof include crystalline epoxy conpounds having two

€pOoXy groups in.a l,ecul e, i ch ,has nmesogen el,.t qn .or, bi,sphenol_skel ton,
wi t hout bei Eﬁtwﬂrﬁsggd."#ﬂ?%‘%wb@&%ounds c%ﬁ"'t?éﬂlﬁ'éé ’2‘5 -afﬁﬁ\y Y of
two or nore, Mareqver, as.fqQr the nelting point, it i ui t,abl.y 80-150
[err]C fron?v?gwgor 15e %&QngeﬁFbperty. 7%T25ﬁ£;£%nﬁ;‘dfﬁyé%oxy'
trisphenol ngt hane type epoxy cqnpound having three or nore epo roups in
a nol ecul em*;‘us d'ﬁﬁ)étrﬁélet%l)éﬁ ’m cB%osi:"[’lto'S?‘“&let'l‘?‘e %r‘&é&i& ent i on

as an indi spengabl e cqnmponent (B)., known conpounds can be avail abl e.
Exanpl es thsreéf'ﬁﬁEFB&@¢qm%§§H£heqﬁﬁmn conmpounds derived from phenol s
of trival ent or nor e as tris-(4- hydroxyphenyl) - (}hane,

I : such - (

and 1,1, 1-tri sh§arb-pisRbsnel mak enihplahyddn agendpdeckparrft gmder
pol yhydri c phenol s obtai ned by condensation reaction of phenols and
aromatic caPHéﬁ?FnEGmﬁﬁﬂﬁ%Kaﬁ%e§@“@&na%esBgéﬁmahﬁﬁ€°6FdPnﬂﬂﬁﬂﬂ%ﬁQHQﬁi(ﬁ
two or nore. These epoxy coggfund are preferably solid-1ike at a room
t enper at ur e®5RGTREFE 3% 105t St NHFHRF ntECoPb¥G Mt ehi glaky 108XPeMateriiad t he
present invention, epoxy resin conpositionis

especially, a reaction under an aprotic solvent is preferable

as described in JP-A 60-31517.

As other examples of crystalline epoxy compound, glycidyl
ether of quinones such as 2,5-di-t-butylhydroquinone, glycidyl
ether of dihydroxybiphenyls such as
dihydroxytetramethylbiphenyl, and glycidyl ester of
terephthalic acid are exemplified.

Component(A) used for the present invention is a

bifunctional epoxy compound, which is dispersed in
polyfunctional epoxy compound to reduce the melt viscosity
withéut lowering the softening point.
Examples thereof include crystalline epoxy compounds having two
epoxy groups in a molecule, which has mesogen skelton or
bisphenolskelton,Withoutbeinglimited.Theseepoxycompounds
can be used as a mixture of two or more. Moreover, as for the
melting point, it is suitably 80-150 ©°C from viewpoint of
handling property.

As an amorphous trisphenolmethane type epoxy compound

having three or more epoxy groups in a molecule, used in the



obt ai ned by m xi ng bi functional epoxy conmpound (A) of general fornula (1)
and pol yfunctional epoxy conpound (B). Since the polyfunctional epoxy
conpound(B) has itself a high nelt viscosity, when nmuch anmount of filler is
used, flow property of the whole resin qynposition will be spoiled at the
time of nelt-heating, noldability will becone worse, gloss of cure-nol ded
material surface wll be lost, and sonetines unfilled portions wll appear
in a cured product. By conbining bifunctional epoxy conmpound (A) of general

f I 1 d | vf tional . d (B i gh f_fill
Lol (1 g olybinc ol SO, SSMOHOY ey IR ARALRCTad e

| yf I opal, . I d d havi 0d | dahi,l i t.y.
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desirably high softening t erature, the dispersion state is not,
especially Pﬂﬁf‘f’ga, bﬁ? un??g'}’ﬁf?n i sp%:’r'secf“%feolt e i%u%I ef ét%bl EXfd 4si ze

f d [ f Qif ' I d.i i tabl 00 I :
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t he above range,_. di speysi gn unevenness occurs or_nixin ropert
bi functi onaanp%JxX/c{: (ﬁI:IIIf

RO A S [ETRH o PEORROaIPTAH dan 1o

result poor noldability, sonmetinmes. Especially when a crystalline epoxy

conpound i Scagganagtlp reaction of phenols and aromatic carbpnyl
compounds. These can be used alone or in combination of two or
:ﬁore. These epoxy compound are preferably solid-like at a room
temperafure and have a softening point of not more than 100 °C.

In the present invention, epoxy resin compbsition is
obtained by mi:_:ing bifunctional epoxy compound (A) of general
formula (1) and polyfunctional epoxy compound (B).

Sinée the polyfuﬁctional' €poxy compoﬁnd(B) has itself a
high melt viscosity, when much amount of_ filler is used, flow
property of the whole resin composition will be spoiled at,tﬁe
time of melt-heating, moldability will become worse, gloss of
cufe;molded material surface will be lost, and éometimes
unfilled portions will appear in a cured product.

By combining bifunctional epoxy compound (A) of general
formula (1) and polyfunctional epoxy compound (B), high amount
of filler contaIining can be attained easily which was difficult
by using a polyfunctional epoxy alone, and cured product having .
good moldability can also be obtained.

Moreover, it is useful to disperse bifunctional epoxy

compound (A) in polyfunctional epoxy compound (B) beforehand



a bifunctional epoxy conpound, and an anorphous epoxy conpound is used as a
pol'yfuncti onal epoxy conpound, the effect of the present invention is
attained preferably. In this case, the domai nof the bifunctional epoxy
conpound forned in the polyfunctional epgky conpound consists of
crystallites of the bifunctional epoxy conpound. Method of manufacturing
epoxy resin conposition of the present invention will not be [imted as

| ong as the conposition has a state where the whole or a part of

bi f ti I . d.} ' d i L y§ ti I d,

and ol o S Rg WATBRERHE <o VA RTSS R o RO Al cxonpl i {1 od The for mer
thod i f bl e | ' f t.i : d | ai.ned i n, detai

bel ow. 10 order 5 SBPS A° A SSRFOPAGISTCBARCS A5 DL Ré 3By SOERERAT10

[ ti b | t-m xing,,.the,. t tio.of th Ltion,and th
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epoxy conpoynd is 0.1 % by weight or nore,, suitably 0.5 % by weight or
nore, nore Ls#ﬁd?a‘b?@fci‘.’bi%%&s‘a% %‘fa?r%r’esiﬁ’lr?g%r%%?e of the |
conposi tion. Wen the anount is | gss than the above_range, the reducing

effect of the vi StHsiT¥29f OFhdMRdMe FesPhiVRCEAARAL A SPORY rRSIBRIRFELS

difficult to make a state where the whole or a part of bifunctional epoxy

conpound i s SRR Led0i0n Lampet JegmGtandh morepexit abhpGdnads nivet tlessscebeny at

150 [err]C (1 Cl viscosity) of the resin conposition of the present

invention isckelididd wf2d0maPh 926 1&5fer then the above range, dispersion
unevenness occurs or mixing property of bifunctional epoxy
compound and polyfunctiolnal epoxy compound falls down to result
poor moldability, sometimes. |

Especially when a crystalline epoxy compound is used as
a bifunctional epoxy compound, and an amorphous epoxy compound
is used as a.polyfunctionél epoxy compound, the effect of the
present invention is attained preferably.

In this case, the domain of the bifunctional epoxy compound
formed in_ the polyfunctional epoxy compound consists of
cry;tallites of the bifunctional epoxy compound.

.Method of manufacturing epoxy resin composition of the
present invention will not be limited as long as the composition
has a state where the whole or a part of bifunctional epoxy
compound is dispersed in polyfunctional epoxy compound, and
melt-mixing method or solvent mixing method are exemplified.
The former method is preferable in view of a practical use, and

- explained in detail below.

Inorder to obtain an epoxy resin composition of the present



and nore suitably 1.5 (P) or less. Softening point of the resin conposition
Is-suitably 40 [err]C or nore, and nore suitably 50 [err]C or nore. Wen a
crystalline epoxy conmpound is used as a bifunctional epoxy conpound, since
deposition of crystal can be utilized, ityds possible to formnore stable
domai n conpared with when an anor phous epoxy conpound is used as a

bi functi onal epoxy conmpound, and the effects of inproving the softening
poi nt of the conposition and reducing the nelt-viscosity are large. As for

the m xing te%?%%%& 639e Hgigoﬂlk?n?hé' gngvl Egmaggghgg A ed ot engper ghire

not | ower than € SO0 ng poin functional  epoxy conpound and
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difficult to make a state where the whole or a part of

bifunctional epoxy compound is dispersed in a polyfunctional
epoxy compound.

Melt viscosity at 150 °©C (ICI wviscosity) of the resin
composition of the present invention is suitably 2.0 (P) or less,
and more suitably 1.5 (P) or less.

Softening point of the resin composition is suitably 40
°C or more, and more suitably 50 ©C or more.

When a crystalline epoxy compound is used as a bifunctionlal
epoxy compoﬁnd, since deposition bf crystal can be utilized,
it-is possible to fbrm more stable domain compared with when
an amorphous epoxy compound is used as a bifunctional epéxy
compound, and the effecfs of improving the softening point of
the composition and reducing the melt-viscosity are large.

As for the mixing temperature, one method is mixing with
heating at a temperature not lower than the softening point .

- of the polqunctional epoxy compound and lower than the melting
point of the bifﬁnctioﬁal epoxy cémpound; In this method, the

mixing temperature is preferably lower than the melting point



epoxy conpound and crystalline epoxy conpound m xed, then, kneading is
agai n conducted at a tenperature around the softening point of anorphous
epoxy conpound and | ower than the nelting point of crystalline epoxy
conpound, and crystallite of crystallin31epoxy conmpound can be di spersed
uniformy in an anorphous epoxy conpound. Al though this tenperature may be
hi gher than the softening point of anorphous epoxy conpound, since a part
of crystalline epoxy conpound exists as di ssol ved i n anor phous epoxy

compound 289 LAUCES (LIESBLE L8, 00 L BheSlppeigUs goBRy corpound, 11 i s

preferabl e 1o set t pérsion tenperature around
be conduct ed arTieh S5 PHEERT S HpeBR LRI L8 pTabe®, Hish tre S USEIN THC
thecryst aEPEng nBe P Eo s R nALEP Y cRBBPRRT 317U B A PRaRE orc.
or ! Thot e SRR ES SRR Dbl B RAPELS! S0P LR B

ith , | ect ' . W th i | st f
Crystal ||t BroEeraPLe: HheH Podbbhire Fampee Ata f el Do W ERve ¢
means. Suitable amount of conmponent A Lsg%.l gbbﬁgﬁfi ht or re,and 80 %
by wei ght BPRPEss dSBR*E8t oS WEEGHETER BRPoR2RNEd BBfpohentSB

which are an8BXYalfy' 3:S39D2REN Sous.

When a crystalline epoxy compound is used as a bifunctional
epoxy compound, following method utilizing crystal deposition
ean be used.

Kneading is conducted at a temperature higher than melting
point of crystalline epoxy compound to prepare resin
compositionhavinguniformphasestructurewherebothamorphous
epoxy compound and crystalline epoxy compound mixed, then,
kneadihg' is again conducted at a temperature _areund the
softening point of amorphous epoxy compound and lower than tﬁe
melting point of crystalline epoxy compound, and crystallite
of cfystalline epoxy compound can be dispersed unifoimly in an
amorphous epoxy compound.

Although this temperature may be higher than the softening
point of amorphous epoxy compound, since a part of crystalline
epoxy compound exists as dissolved in amorphous epoxy compound
and lowers the softening point of amorphous epoxy compound, it
is preferable to set the of crystal deposition/dispersion
temperature around the softening point with considering such

a situation.



When the anount is below this range, inproving effect of noldability is

| ow, and when the anmpbunt is nore than the range, further inprovenent of
nol dability may not be obtained. The amount is nore suitably 0.5 % by

wej ght or nore and 70 % by wei ght or lessypand further suitably 1 % by

wei ght or nore and 60 % by weight or less. Melt viscosity at 150 [err] C of
epoxy conpound (A) Is suitably | ower than 1 poise, and nore suitably | ower
than 0.5 poi se. is besides suitable if it is less than 0.5 nore poises

VeIt vi scosi ty néégékgg Fhs 8L BohuLunh 99BL.CREXY (63 TPRUNGLEL. ] Sion

suitably | ower t I'Se, han~5
As an epoxy sent_invention

curing agentbs"ﬁbo g’ ent éd%f%xﬁ?d%%”‘b&%%ﬁfi“&ﬁ?ﬂ §°ﬁ‘§88nhl’oﬁt he
Pol ycondens A 3 86 ta“%&%@' B L dir'xtvéfe&a Ao LipRy
ol ein gISFs t@"%@%“gta &gxﬁ%ﬁiﬁ#@%ﬁ%@%&?“yde R A dEh de.
ype. pol yhydiHee pan DS dAT P ASITHIRE - and pol o1 sopr openyl _phenol :

reaction products_o nols wi th di ol conpounds representéd by formu|a (3)
[err] dial koxy c@%ﬁgﬁﬁg r S3SREESELR KFFtS nof atpg) domain in the resin

composition of the present invention can be observed with eye,
preferably by an electron microscope. When j:he domain consists
of crystallite, polarizing microscope and DSC measurement are
also useful means.

Suitable amount of component A is 0.1 % by weight or more
and 80 % by weight or less based on total weight of component
A and component B which are an epoxy resin components.

When the amount is below this range, improving effect of
moldability is low, and when the amount is more than the range,
further improvement of moldability may not be obtained. |

The amount is more suitably 0.5 % by weight or more and
70 %:by weight or less, and further suitably 1 % by weight or

- more and 60 % by weight or less.

Melt viscosity at 150 °C of epoxy compound (A) is suitably
lower than 1 poise, and more suitably lower than 0.5 poise.
It is besides suitable if it is less than 0.5 more poises.

Melt viscosity at 150 °C of polyfunctional epoxy compound
(B) is suitably lower than 10 poise, and more suitably lower

than 5 poise.



[err] (in the formula, R represents acyclic of carbon nunber 1-6 or cyclic
al kyl group, and substituted or non-substituted phenyl group), and

di hal ogen conpounds represented by fornula (5) [err] (in the fornmula, X is
hal ogen atom sel ected fromfluori ne, chlqilne, brom ne, and iodine) ;or
Friedel -Crafts type reaction 14 products of phenols wth alicyclic
compounds such as dicycl opentadiene and |inonene, or diolefins such
as diisopropenyl benzene. Fromthe point of workability and hardenablllty,

phenol novol ak |§sp£gf§%gQ§e eghgsagfyﬁbng gggn# gcﬁgeﬁelﬂ$%ﬂea QR | N

conblnatlon of two or E3F il atron rafro o he epoxy resifi curing

agent, 15 ubbahbiofl,7keuk 280 Al e % 8PORY BLOUD Gl BEICAYAL i

conpound. RET&tio 1S 1'ess equl va s 6r
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curing the €poxy re$ Conpo ¥R 0 esent "i'nvention

organ; o phosphi x%%ﬁbgﬁn%éesv&w B it “&‘ihlb% B T 2 methyl phenyl
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| formaldehyde, acetaldehyde, acrolein, glyoxal, benzaldehyde,

naphthoaldehyde and hydroxy benzaldehyde, or ketones such as
cyclohexanone and acetophenone; vinyl polymerization type
polyhydric phenol such as polyvinylphenol and.poiyisopropenyl
phenol; reaction préducts of phenols with diol compounds

represented by formula (3)

HO-H,C CH,~OH - (3)

@

dialkoxy compounds represented by formula (4)

RO-H,C CH,~OR (4)

©

(in the formula, R fepresents acyclic of carbon number 1-6 or
cyclic alkyl group, and substituted or non-substituted phenyl

group), and dihalogen compounds represented by formula (5)

X'HgC CHZ—X ( 5 )

@

(in the formula, X is halogen atom selected from fluorine,

chloriné,bromine,andiodine);orFTiedel—Craftstypereaction



amoni um salts, such as chl orobenzyl tri methyl ammoni um

hydr oxybenzyl tri nmet hyl anmmoni um and triethyl anmoni um tetraphenyl borate;
and i m dazols, without being limted to these. Anbng them organic
phosphi ne conpound, 1,8- diazabicyclo(5,440) undecene-7, and imdazole are
suitable fromthe p0|nt of noisture resistance and hardenablllty, and

tri phenyl phosphine is especially preferable. 15 Exanpl es of inorganic
fillers (D) in the epoxy resin conposition of the present invention

i ncl ude: Si'§£§%p@%¥”hggiIéﬁéﬁ%ﬁé"“%&%ﬁe1afi89bﬂi8 bFMHﬁeﬁhdg kakh, 853y,

gl ass fi ber ca and alumna are suit These can be m xed

usi ng di ffer§£é¥%f£r%§n£§(§) écaéncfhafl}ﬁ?&{?r?% ushed tyy p#nﬁm zegytb

i ncrease the anoun The ano he Thorganic ler iIs SU|tany
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fatty acid and |§§ net.al, .salt colorants suc

bl ack, or surfac ngtaf%ﬁ Jifgn]t% éfu%}f‘ea -%?’f%njée%brﬁup?'llﬁbn%gaﬂ?ngétf:s

accordi ng to,saulyenpnl s, Fyrbhermte, flame relardents, sueh.gs goLigony

compound. When the ratio is less than 0.7 equivalents or more
than 1.2 equivalents) curing does not proceed sufficiently
enough sometimes.

For curing the epoxy resin composition of the present
invention, well-known cure accelerators can_be used. Examples
qf such a cure accelerator include: organic phosphine compounds
sﬁch as tfiphenylphosphine; tri-4-methylphenyl phosphine,
tri-4-methoxyphenylphosphine, tributylphosphine,
trioctylphoéphine, and tri-2-cyanoethylphosphine, and
tetraphenylborate salts thereof; tertiary amine, such as
tribﬁtylamine, triethylamine, 1,8-
diazabicyclo(5,4,0)undecene-7, and triamyl mine; quarternary
ammonium salts, such as chlorobenzyltrimethyl ammonium,
hydroxybenzyltrimethyl ammonium, and triethylammonium
tetraphenyl boraté; and imidazols, without being limited to
these. Among them, organic phosphipe compound, 1,8-
diazabicyclo(5,4,0) undecene-7, and imidazole are suitable
from the point of moisture resiétance and hardenability, and

triphenylphosphine is especially preferable.



phosphor ous conpound, and brom nated epoxy conpound can be added. For fl ane
retardant effect, brom nated epoxy conpound is especially preferable.
Further, for lowering stress, various elastoners may be added or previously
reacted for use. Exanples thereof includejgddition type or reaction type

el astonmers and the |ike such as pol ybut adi ene, butadi ene-acrylonitrile
copol yner, silicone 16 rubber, silicone oil and the |ike. For

encapsul ating electronic parts such as a sem conductor and the |ike and

producing a resin ﬁﬂ&ﬁﬁﬁé&aéPd1§89§£HBéUfiPie9§Vkﬁ? Hﬁ'EHetQ§o§90f¥sEﬁs'”
conposition of the present 1nventidn, curing-nolding may advantageously be

effected by ag [ 0 assstyr f
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of the presen{lﬁgxgﬁ% o éyymyaﬁﬁﬁlg dg%QEereESEE | AVERT AR éﬁfﬁﬁhr,

limted to these ation ne resin and’ cur e-nol ded materi al

are as fol | Omgfgso%géi éB%LplerHal'&%ﬂ ah.hm‘i’?&% gRasLl el Byl eé?@%a@fab'e e taqd,

according to was neasured un condi t1 ons of
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type hard”esstéefﬁéée%&o{ﬂé”9:1&@9%9&% The amount of the inorganic
filler is suitably 40 % by weight or more and 95 % by weight
or less in the whole resin composition, and more suitably, 50 %
by weight or more and 90 % by weight or less. When the amount
is less than 40 %Iby weight, moisture resistance becomes
inferior, and exceeding 95 % by weight, moldability problem is
generated.

In the epoxy resin composition of the present invention,
there can be added mold lﬁbricants such as natural wax,
synthetic wax, higher fatty acid and its metal salts, or
paraffin; colorants such as carbon black, or surface'treatmeﬁt
agents, such as silane coupling agent, etc., according to
requirements.

Furthermore, flame reﬁardants , such as antimony trioxide,
phosphorous compound,.and brominated epoxylcompound can be
added. For flame retardant effect, brominated epoxy compound
is especially preferable.

Further, for lowering stress, various elastomers may be
added or previously reacted for use. Examples thereof include
addition type or reaction type elastomers and the like such as

polybutadiene, butadiene-acrylonitrile copolymer, silicone



Tg(glass transition tenperature) : It was neasured using TMA. Vater
absorption : Change in weight was neasured under conditions of
85[err] C/ 60%RH usi ng therno-hygrostat (AGX-326 Advantech Toyo Corp.).

Bendi ng physical properties : Three poi g bending test was conducted.
Bending test at the time of heating was conducted 17 at 240 [err]C. In
t he exanpl es, the epoxy equivalent is defined by nol ecular weight of an
epoxy conpound per one epoxy group. Synthetic Exanple 1 Synthesis-1 of raw

mat eri al phenol To a.2-liter four- ked fl ask equi pped with a thernoneter,
stirrer and in S IHSE a?dnléc?"fggﬁhe gl'l(l&eaﬁ nmol ) of 2,6- xylenol-

O Cert i arybut yi T ARESPERLALENE ReeiSETa i PARES LRSS SRR 5
Snd the i oSt EhaLTER FIAPHAGAIE & APOR GRESBRULer RS REL
Concent  at SEGAT HRADBANE REGFBFD T oo Glen O T Bifeenler 8
hours, then the reaction systemwas nai nt%i ned at ﬁ?éﬁ{g%gé%ﬁgfggrg and

stirring offMYRRYIQIt CoF 10GsMotRY BBt FAYRARIEP

tenperature. The tenperature of the systemwas cool ed toigl%%r%é,g %gd t he
preci pi t at €PTSREIANAEY JERIHMRABNT iMeTRRT FUCh RS ¢t edLCvBshed

with 500 g of water,  for six tjinmes, then dried under re}gluced pressure at

40[ err] C f GOMPURAFLOD mold, injection mold and the like.

EXAMPLES

Although examples of the present invention are shown below,
the present invention is not limited to these.

The evaluation methods of resin and cure-molded material
are as follows.
Softening point : It was measured by ring and ball method,
according to JIS K7234.
Spiral flow: .It was measured under conditibns of 175_3 °oC aﬁd
70 kg/cm® according to EMMI-1-66.
Barcﬁl hardness : It Qas measured under conditio_né of 175 °C/96
seconds with using a 935 type hardness tester accbrding to
ASTMD-648.
Tg({glass transition temperature) : It was. measu}:ed using TMA.
Water absorption : Change in weight was measured under
conditions of 85°C/60%RH using thermo-hygrostat (AGX-326
Advantech Toyo Corp.).
Bending physical_ properties : Three point bending test was

conducted. Bending test at the time of heating was conducted



Synthetic exanple 2 Synthesis of raw material phenol -2 :
Toa2-literfour-neckedfl askequi ppedw t hat hernoneter, stirrer and condenser
wer e added 245.2 g of 48. 3% aqueous sodi um hydroxi de sol ution and 552 g of
N-net hyl pyrrol i done, and the 18 inner gynosphere was repl aced by

ni trogen. Under nitrogen flow, the tenperature of the-solution was raised
to 140 [err]C. To this, was added dropw se 225.6 g of the phenol
internedi ate obtained in Synthetic Exanple 1 and 676 g of

N- et hyl pyrrgd i fipneo@ol ution at 140[err]C for 1.5 hours and kept at that
tenperature for 2 hours. Then, the reaction m xture was cooled to 60[err]C

and neut ral i zed p t Bn@26exhrf1 ZONCERET Urkshyy dEAEHaaENE ach d 4eFigesol Hgnt

was recovered under reduced pressure, the reaction mxture was charged into

Flrated oy eg v e or A SrAl R iR s 05 o oetl drangy e

under reducegl, PSSt exf Ok hours at 80[err]C, to obtain 208 g of
ayel | omrys% (stlﬁene b?%bhenol). Synt hetic Exanpl e 3 Synthesis of epoxy

conpound 10(5%&{%5%_@% P%meiﬁbt %1}?5’1' n Synthetic Exanple 2 was

charged intoa reaction vess equi pped a therngnetera stirrer, ved

q . ¢ | . . .

0 4858 g of cnCharan fautoeofed PSR BBl i T S Re Lo
added dr opuiaes e Tafla Obofifer e WLHD DIALEX 198 8O0 AWt 0% 5511 ©

W th maintainin
xylenol (hereinafter, abbreviated as 26 XY), 65.7 g (0.4 mol)

bf 2-tertiarybutyl-5-methylphenol (hereinafter, abbreviated
as 3MéB), 124.5 g (1.0 mol) of chloroacetoaldehyde
dimethy;ace.tal and 376 g of acetic acid, and the mixture was
stirred for dissolution and cooled to 5°C. Then, to this was
added dropwise a solution prepared by mixing 122 g (1.2 mol)
of concentrated sulfuric acid with 84 g of acetic acid at 10°cC
over 3 hours, then the reaction system was maintained at 25°cC
for 6 hours, aﬁd stirring of the reaction system was continued
overnight at room temperature. The temperature of the system
was cooled to 5°C,' and the precipitated crystal was separated
by filtration. The crystal was washed with 500 g of water for

six times, then dried under reduced pressure at 40°C for 8 hours.

Synthetic example 2
Synthesis of raw material phenol-2

Toa2-liter foﬁ‘r-—necked flask equipped with a thermometer,
stirrer and condenser were added 245.2 g of 48.3% aqueous sodiu;n

hydroxide solution and 552 g of N—methylpyrrolidohe,'and the



I nner pressure of the systemat 43 torr. During this procedure, the
systemnas reactedwi th maintaining the tenperature at 48[ err]C, cooling

and | i quefying epi chl or ohydrin and wat er azeotropically, and
returning the organic layer back into thggsystem After conpletion of the
reaction, unreacted 19 epichl orohydrin was renoved by concentration

under reduced pressure, and the by-produced salt and glycidyl ether were
di ssolved in 644 g of nethylisobutyl ketone, and the by-produced salt and

di met hyl sul f gxhde avaicsgaryedsibe <PByWhU% &ﬁr Uudd€P nitrogen flow,
met hyl i sobutyl ketone was distilled off under ced pressure of” 10 torr at

160[err] C tgnhebtampeadizer 6¢ Rheddeliutiba %Et B9sBal Bb Wap bEQ[err]C,
using differential scanning calorineter (Seiko Electronics Co., Ltd.

SSC5000 seriss, t XX 2Qs BRdRd 8opnsiss £L9% i B2 Qe éﬂ{H?ﬁilatz.%%r 'e?l' ?Qer ate -

of 10 [err]C/ mn. Here, the starting point of” the endothermc pea

fusion was rggasdrddath é?ﬁtHEﬁb'ﬂ:a?@al&té ah 876 eg’ﬁ?lggg‘%ﬂ el t

epoxy equivalent, 170 ppm of hydrol or| I se o
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Exanple 3 (referred to as "epoxy 1" g/eq 0 poxy equival e

tri phenol net bgpe; hype-sa! Yehdy M@]&%a@t ﬁgggagyf@s £831Lato rf‘f"l"gi %{ng of

epoxy equi val ent, Sum epoxy T manu actu m t oo

Ltd.), phenoﬁe@@i‘@}ﬁge&t ;248 B3F®. ?r@?ﬁl:eﬁg%ar_gﬁg %ﬁ%HBEQrQX %?ﬁg\/\a

Kagaku Kogyo Corp.) as a curing agen I né as
accel erat or, pf 4S&M vent was recovered under reduced pressure, the reaction

mixture was charged into 1000 g of ion-exchanged water, and the
precipitatéd crystals were-filtrated. The crYstal was washed
with wat.er- (1000 g x 3 times) and dried under reduced pressure
for 8 hours at 80°C, to obtain 208 g of a yellow crystal (stilbene
bisphenol).
Synthetic Example 3-
Synthesis of epoxy compound

| 100 g of stilbene bisphenol obtained in Synthetic Examéie
2 was charged into a reaci?ion vessel equipped with a thermometer,
stii:rér, droppin§ funnel and condenser having a separation tube,
and was dissolved in 485.6 g of epichlorohydrin and 243.1 g of
dimehylsulfoxide. .To this was added dropwise 61.71 g of 48.3%
sodium hydroxide continuously at 48°C with maintaining the
inner pressure of the system at 43 ﬁorr. .During this procedure,
the systemwas reacted with main'tlaining the temperature at 48°C,
cooling and liquefying_ - epichlorohydrin and water
azeotropically, and returning the organic layer back into the

system. After completion of the reaction, -unreacted



silica (grade of the silica is shown below) as a filler, carnauba wax as a
nol d-r el easi ng agent, and coupling agent (trade name: SH 6040, nmanufactured
by Dow Corning Toray Silicone Co., Ltd.) were conmpounded in anmounts (Q)
shown in Table 1, and the m xture was knegded with heating by a roll, then
subj ected to transfer 20 nolding. As a filler, a material obtained by
conpoundi ng 20% by wei ght of crushed silica FS891 (manufactured by Denki-
Kagaku Kogyo K K. ) with 80% by wei ght of fused silica FS20 (manufactured by

o, S RSy S M AL ALE Mo
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. Co
type epoxy RORPIERE PF et ®r FREL 1 Bt a4 Lhox R, OREaL /% SFLEROXBHTRAUFYal ent),

whi ch was prepared by mxin alicyl al dehyde and enol as._startin
mat eri al s \F/)vasp The rR/eltang %oint was 110°(¥, usaing gi%?erent?.al scannigg

calorimeter (Seiko Electronics Co.(Ltd., SSC5000 series,
DSC200) measured under condition of temperature rising rate of
10 °C/min. Here, the starting point of the endothermic peak of
fusion was regarded as the melting point. This compound was
208g/eq. of epoxy equivalent, 170 ppm of hydrolyzable chlorine,
and0.1 poise of melt viscosity at 150 °C.
Example 1

The glycidylether obtained in Synthetic Example 3
(referred.to as “epoxy 1”, 208 g/eq of epoxy eéuivalent),.
triphenolmethane type glycidyl ether (referred to as “epoxy 2”,
213 é/ eq of epoxy equivalent, Sumiepoxy TMH574 manufactured by
Sumitomo Chemical Co., Ltd.), phenol novolak (trade name:

: Tamanbl 758, manufactured by Arakawa Kagaku Kogyo Corp.) as a
curing agent, triphenylphosphine as acuring accelerator, fused
silica (grade of the silica is shown below) as a filler, carnauba
wax as a mold—releasj.ng agent, and coupling agent (trade name:
SH-6040, maﬁufactured by D§w Corning Toray Silicone Co., Ltd.)

- were compounded in amounts (g) show_n in Table i, and the mixture

was kneaded with heating by a roll, then subjected to transfer



m xed as shown in Table 1, and after roll m xing, transfer nolding was
conducted. Further, the nolded article was subjected to post curing in an

oven at 180[err]C for 5 hours to obtain a cured nolded article. 21 The
physi cal properties of this cured nolded gkticle were nmeasured. Table 1
Exanmple 1 Conmparative Exanple 1 Fill content (W% 84
82 Epoxy 1 50 _ Epoxy 2 50

_ Epoxy 3 100 Phenol novol ak 50.1
63.1 TPP s : : : : .0
2.0 Car nauba"ding- As a fibles, a materiat Soiigdd by compounding 20¥

630. 6 .bart wgigﬁtdb%%ﬁgrﬁrgfi%iif@a %’%383& Iymanufacil_g;z.eg b&lljsng%ﬁ%%a gw

Sof t eni ng poi resi

%(BQBH'CI'S) (.[ err] é)ogyo K'%O")G with 80%1?@'. éqgei%h%arocpl-fd1%cg.n%'sjﬁslhcfaerr‘%%)osor ption o
(15909 (s b,y o, RS =211 0 el e D)
1835 | Further, the molded article was subjected to post curing
in an oven at 180°C for 5 hours to obtain a cured molded article.
The physical properties of this cured molded article wéré
measured, and the results afe shown in Table 1. As a result,
(1) flowability can be improved without lowering the softening
peint, |
(2) keeping mechanical properties as the same level of
comparative Examples, elastic modulus is low at a high
temperature (240°C), and stress lowering is attained.
Thus, it is found out that the composition is very useful as
a resin compositions for encapsulatings. |
In the Table, the softening point is a softening point of epoiy
composition where crystalline epoxy 1 is deposited in epoxy 2.
Combarative Example 1
Trisphenolmethane .type epoxy compound (referred to as
epoxy 3, 168 g/eq of epoxy equivalent), which was prepared by
mixing salicylaldehyde and a phenol as starting materials was
mixed as shown in Table 1, and after roll mixing, transfer
molding was conducted. |

Further, the molded article was subjected to post curing-

in an oven at 180°C for 5 hours to obtain a cured molded article.



(room (kg/ M) tenp) - Deflection rate 1. 13x10[ err]
1.04x10[err] Bending Strength (kg/mmferr]) 1.9 2.3
property Fl exural nodul us - 154.6 204.2 (240[err] O
(kg/mmi{err]) Deflection rate 1.23410[ err] 1. 04x10[ err] Exanple
2 As shown in Table 2, epoxy 1 as a crystalline epoxy conpound and epoxy 2
as an anor phous epoxy conpound were m xed, 22 nmelt-m xed in a beaker at
150 [err]C, and uniformresin conmposition was obtained. Then, this mxture
was stirred on @h8obhyps £l ErpedtdlesSB£[ €hiis GurAiimoRadddCar €5t e were
conposition was obtained. As a result of DSC neasurenent (10 [err]C/ mn) of
t hi s conpoglehkis@edendot herm ¢ peak was observed, and it was confirned that
epoxy 1 in epoxy 2 existed as crystal phase. Rate of crystallization of
epoxy 1 masﬁgilculated as that 63% of addi ng anpbunt exists as crystal

phase. Fur ﬁbﬂe, I Cl viscosity (@50 [err]C) and softening point of this
resin conposition were neasured and shown in Table 1. Consequently, it

became cl ¢ar that the viscosity of the fonp Sltlfn an be reduce%“ W tJhout
softeni ng|point falling. Exanple 3 Epoxly 1 NE®+Fsphenpl MEMRETE Ao [ak
type epoxy resin prepared fromthe mxture of salicyl al dehgcampie ? phienol
25y L2118, ol B ARATRERUS PO Tegl (TeTe[Te gz by
Epoxy 1 50 -
Epoxy 2 50 -
8 Epoxy 3 - 100
E Phenol novolak : 50.1 63.1
= TPP 1.5 1.5
s SH-6040 2.0 2.0
Fes Carnauba wax 1.5 1.5
Fused silica 60 630.6 594.4
Crushed silica. 891 157.6 148.6
Softening point of resin (oc) 90.7 48.0
Spiral flow (inch) 30.6 29.6
‘Barcol hardness 88 88
Tg (°C) 158.8 178.8
Water absorption (168hr,%) 0.195 0.263
Bending | Strength (kg/mm?) 17.0 . 16.6
property Flexufal'modulus _ 1811 1835
(room (kg/mm?) '
temp) Deflection rate 1.13x107? 1.04x107?
Bending | Strength (kg/mm?) 1.9 2.3
property | Flexural modulus - 154.6 204.2
(240°C) (kg/mm?)
Deflection rate 1.23x107 1.04x1072
Example 2

As shown in Table 2, epoxy 1 as a crystalline epoxy compound

and epoxy 2 as an amorphous epoxy compound were mixed,



beaker at 150 [err]C, and uniformresin conposition was obtained. Then,
this mxture was stirred on a hot plate heated at 50 [err]C, and opaque
resin composition was obtained. ICl viscosity (@50 [err]C and softening
point of this resin conposition were neasyy ed and shown in Table 2.
Consequently, it becane clear that the viscosity of the conposition can be
reduced, and the softening point was raised remarkably at the sane tine.
Exanpl e 4 23 Epoxy resin prepared fron1dihydroxytetranethylbiphenyl as a

i Xod a5 Qﬁgﬁefﬁl%ggpfy%dbéﬁﬁ%fﬁié o5 EEREY gk e RS un. form
resin COMDOgLL! Bruaneabl ahed. (FIENn: Ll ML 1483 5L 40 e

pl ate heate err] G, andfo AGueFEsTR c?npﬁ5| was “ob i
i i t, t n .ion, were
et o fRaRstak] Bh Pé 3R tc§??'§‘§§&2%'€?§r“°¢?“‘8éé&f¥§%é é’%%"?’%iﬁ ingg
vrscosy'o (he\fomoEliLen o et ST GO 1 e AP 67 S,
le 3 1.Cl t @RSO
lerr1O “Lﬁa“@%??é#ﬁanpo. ﬁ?d%?gsmw 30%92% Lo BPERTIERG (HRS T ool el

shown in Talcj:logf%rmgg at Ip\c/g:y {4 epoxy 2 existed as crystal phase. Rate

of crystallization of epoxy 1 was calculated as that 63% of
adding amount exists as crystal phase.

Furthermore, ICI viscosity (@150 ©°C) and softening point
of this resin composition were measured and shown in Table 1.
Consequently, it became clear that the 'viscgsity' of the
composition can be reduced, without softening point falliﬁg.
Example 3

Epoxy 1 and trisphenolmethane novolak type epoxy resin
prepared from the mixture of salicylaldehyde and a phenol as
starting materials as an amorphous epoxy resin (referred to és
“epoxy 3”) were mixed as shown in Table 2, melt-mixed in a
beakér at 150 °C, and uniform resin composition was obtained.
Then, this mixture was stirred on a hot plate heated at 50 °C,
and opaque resin composition was obtained.

ICI viscosity (@150 °C) and softening péint of this resin
composition were measured and shown in Table 2. Consequently,
it became clear that the v1sc051ty of the comp051tlon can be
reduced, and the softening po;nt was raised remarkably at the
same time.

Example 4



Epoxy 1 and epoxy 2 were m xed as shown in Table 1, nelt-m xed in a beaker
at- 150 [err]C, and uniformresin conposition was obtained. Then, this

m xture was cooled rapidly, and confirmed by eye to forma transparent
resin conposition in which the anorphous oxy resin and the crystalline
epoxy resin are conpatible. ICl viscosity (@50 [err]C) and softening point
of this resin conposition were neasured, and shown in Table 2.
Consequently, it becane clear that the softening point was | owered greatly.

24 Table 2 aa@fpoxg&es:.@ﬁ@@ﬁgféd %ﬂéﬁ%ﬁdgoxytegﬁaﬁethéll&lphengg615 3

4 Epoxy 1

- 80 a éioypitalllne epoxé%oﬁ%%% (referred tg as “epoxy éo ~.and

100 EpoX tenlng

92,9 %82 epgtsYsz B i 128 ds ol R ERLE S 1] BetiCiniea 190 Boake?® Fon

] hi gh_ sof || I
of Lhe PreseRt LBYep oty iel ra%%?%%ﬁmﬁ'{‘ﬁﬁi 1 e gy iy,
whi ch {
or cover . | hERERORT<FEEFn BBnbL P Orobr2 (R (R TR AT For a4 26ha

ty even when the conposition contains high
ol dabi lity opaque re51n comhgsitgon was o taine g

ICI viscosity (@150 °C) and softening point of this resin
composition were measured and shown in Table 2. Consequently,
it became clear that the viscosity of the composition can be
reduced. -

Comparative Example 2

ICI viscosity (@150 ©°C) and softening point of epoxy 2 were
measured, and the result was shown in Table 2.

Comparative Example 3

ICI viscosity (€150 °C) and softening point of epoxy 3 we_ré
measured, and the result was shown in Table 2. |
Comparative example 4

k Epoxy 1 and epoxy 2 were mixed as shown in Table 1,
melt-mixed in é b_eaker at 150 °C, and uniform resin composition
‘was obtained. .Then, this mixture was cooled rapidly, and
confirmed by eye to form a transparent resin composition in
which the amorphous epoxy resin and the crystalline epoxy resin
are compatible.
.ICI viscosity (@150 °C) and softening point of this resin
composition were measured, and shown in Table 2. Consequently,

it became clear that the softening point was lowered greatly.



amount of filler. This conposition, as an encapsulating material for
el ectroni c device, has a good bal ance of properties, such as | ow noisture
absorption, low elastic modulus (useful for I owering stress at the tinme of

sol der reflow) etc. What is clained i 2 An epoxy resin
conposition conpri sing (A a bifun 41' onal .crystalline epoxy
conpound, and (B) an 5 anorphous trisphenol net hane type epoxy conpound

having three or nore of epoxy groups in a nolecule, wherein the whole or
part of the eggxy conpound (A) is dispersed in the epoxy conmpound (B) as
crystalllte? 5] An epoxy resin conposition according to claim1,
whi ch further conprises an epoxy curing agent(C). 3. A process for
produci ng the epoxy resin conposition of claiml, which conprises mXxing
t he epoxy conpgund (A) and 15 the epoxy rnrrlnnunriJ (B) with heatl
tenperaturge of fnot | ower than the neltln poi nt of (A) . and.not _higher tjhan
the soften{ng goint of (B). 4—A nr 9 oF prn*“ggmé g nE %Ripn—
conpositiop of |20 claim 1, MkICB conpéises m Xi ng tﬁf epoxy3conpoqu (A

and the eppxy—genpetre—Br—with—he a—erRperat-t-g—ef—hotTower—Hhan
the nelting p iint %TPCQ&) 1coollng the ,[Sﬁsu ting mxture tlo a tem)ergtoure of
not hi gher|th ettty |.UIIIL —tA—to—tdepostt——crysgtattites—and—tihen
kneadi ng the ¥4 m XD 25- A ps@cess for|prggucing dde j[epoxy resigg
conposi tiop off [ctHarmT I, "W Tl ToNpr SES XTTig—the epoxyf conpound (A and

§ Epoxy 3 - 50 - - 100

e Epoxy 4 - - 20 - - -

5| Softening | 93,9 |88.3 | 68.6 | 88.1 | 48.4 | 55.8

% | point(ec)

1

X 1c1 0.7 | 0.25 | 1.03 2.7 0.8 0.7

viscosity(P)

Since theé epoxy resin composition of the present invention
has a high softeniﬁg point as well as low melt viscosity, the
blockingresiétanceandworkabilityarein@rovedgréatly,which
are problems in an amorphous epoxy resin of low melt viscosity.
Moreover, the epoxy resin composition of the present invention
has a good moldability even when the composition contains high
amount of filler. This composition, as an encapsulating
material for electronic device, has a good balance of properties,
such as low moisture ébsorption, low elastic modulus (useful

for lowering stress at the time of solder reflow) etc.



t he epoxy conpound (B) with heating at a tenperature of not .30 | ower then
the nelting point of (A), and nelt-kneading the resultlnmmxture W th

cool i ng to a tenperature of not higher than the nelti ul "Iﬂuuullﬂ“lll

A _resin-encapsul ated seni conductor devigg, wherein
el enment is encapsul ated using the epoxy resin conp05|t|on of " cl"aim 27 26
epoxy groups in a nolecule, wherein the whole or a part of the epoxy _

conmpound (A) is dlspersed in the epoxy conpound (B) as crystallites. 6. An

epoxy resin %C§Qa$ﬁggrg#ng to claim5, which further conprises an
epoxy curing ent process for producing the epoxy resin

conposi tion o bungi’{%% PLE%E oggﬁ‘b(g%;: él@(gm PEs ER. x()h)ccgrgggﬁgc(._&)mgmd

t he epoxy co gatTn ture of not [ower than the

EE loz%?geg ghnéT%éﬁbz?ﬁant a{: Egllﬂ%%uﬁg n(rrp)hgnt | Oc%:ed/l'*&% E?&Qghﬁﬁoﬁ.ﬁéthgﬁe A
heg}[ol ng at a Y’%ﬁ%e?%?’ﬁ‘? %? Lg%?wg ﬁg‘% Q% S??léﬁﬁfp%pf% (/5 cotﬁ I ng

h I ' £ h
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process for producing the epoxy resin conposition of claimb5, which
conprises ni x$Hg¥PRe epoxy conpound (A) and the epoxy conpound (B) with

heat i ng at ate erat r fn I
g P An eupoexyO rescn].tn cgrvt\l%osa.tlon according to claim 1, wherein

the bifunctional crystalline epoxy compound (A) is represented

by the general formula (1),

R4 R\ 8 Hz
Hzc— CH 4 CH—— CH2
3 R1 ( 1 ).

in the formula, X represents -N=N-, -CH=C(R,)-, -0-CO-, -
CH=C(CN)-, -C=C-, -CH=CH-CO- or a single bond; R, to R, represent
-each independently an acyclic or cyclic alkyl group having 1~6
carbon atoms, a hydrogen atom or a halogen atoﬁt.

3. . An epoxy resin composition according to claim 1, w_hich
further comprises 40 to 95 % by weight of an inorganic filler
.('D) based on the total amount of the whole resin composition.
4. A resin-encapsulated semiconductor device, wherein a
semiconductor element is encapsulated with using the epoxy
resin composition of in claim 1 or 2.

5. An epoxy resin composition comprising (A) a bifunctional
crystalline epoxy co_mpéund, and (B) an amorphogs

trisphenolmethane type epoky compound having three or more of

is Sheet Has Been Replaced

T
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than the nelting point of (A), and nelt-kneading the resulting nixture W th
coeling to a tenperature of not higher than the melting point of . 10. A

resi n-encapsul at ed senm conduct or devi ce, wherein a sem Cg“’“ﬂ"ﬂ""ﬂ nﬂﬁnml S
encapsul ated using the epoxy resin conpoggtion of claim

epoxy gtoups in a molecule, wherein the whole or a part of the
epoxy compound (A) is dispersed in the epoxyldompound (B) as
crystallites.

6. An epoxy resin composition according to claim 5, which
'further comprises an epoxy curing agent (C).

7. A process'for producing the epoxy resin composition of
claim S, which comprises mixing the epoxy compound (A) and the
epoxy-compound (B) with heating at a temperature of not lower
than the melting point of (A) and not higher than the softening
point of (B).

8. A process for producing the epoxy resin composition of
clainzs,_which comprises mixing the epoxy compound (A) and the
epoxy compouhd (B) with heating at a temperature of not lower
than the melting point of (A)cooling the resulting mixture to
a temperature of not higher than the meltlng p01nt of (A) to
deposit the crystallltes, and then kneadlng the mixture.

9. A process for producing the epoxy resin composition of
claiﬁ.s, which comprises mixing the epoxy compound (A) and the
epoxy compound (B) with heating at a temperature of not lower
than the melting point of (A)( and melt-kneading the resulting
mixture with cooling to a temperature of not higher than the
melting point of (A).

10. A resin-encapsulated semiconductor device, wherein a
semiconductor element is encapsulated using the epoxy resin

composition of claim 6.



