Description Title of Invention:

EPDXYRESI N, PROCESSFORPRODUCTI ONTHEREOF, EPDXYRESI NCOVPOSI TI ON USI NG
SAME, AND CURED PRODUCT Technical Field [0001] The present invention
relates to a crystalline epoxy resin, a production nethod for the
resin, an epoxy resin conposition using the resin, and a cured
product of the conposition. Background Art [0002]In recent years,
devel opnent of a base resin having higher performance has been
required particularly with advan@esdmidtielnds of advanced materials.
For exanple, in the field of sem conductor sealing, abase resin
excel | entclien o ghkead: ikesi st ance and thermal deconposition stability
has been required with advances in in-car sem conductors. On the

ot her oty RGN derstkysmibrogutasol eetradraNersky RERER caMBtdirToN
filling rate of an inorganic filler has been targeted, and the base

resin gasneeenma r aR@ YuReaH i@ have a | ow viscosity. In
addition, inprovenent of high-tenperature reliability for
correspondi ng to severe use environnments has been required, and
i mprovenent of thermal conductivity has been required fromthe
Sta”dp%E%Enﬂ%ah”Bﬁ%ﬂkﬂg heat di ssipation property. [0003]However,
anong conventionally known epoxy resins, one whichsatisfies
suchr equi.r nts h not _beep foundyet Forex le, Patent Literature
1 propdP88L] napnt RBF BFEFROF 19FE EpoRy: TEAT RS AE0 dh PG EtfE SEoxY
excel I ent_,i nheat resi stance angpisture resi stance. Howeyer, the ., .
resin &8 mstPECAETE AT tRed iTarahlle TatdTa A GRVsEBS T By ompppition
hence the resin is not suitable for increasing a filling rate of an
i nor gaHPe i & TP Pad PG 6n CUPSCe REOGUCE Sfutd e AmRdddePan
aral kyl type epoxy resin obtained by |inking 4,4'-dihydroxybi phenyl
with a p-xylylene group as an epoxy resin excellent in heat
resi stance, but the resin has poor npisture resistance and fl ane
resi st Bac&grpanen®rii terature 3 di scl oses a bi phenyl aral kyl type
epoxy resin having a structure obtained by |inking a bisphenol
conpoud@0@2ih a bi phengtent yeewp, Beveflbpmeasi ofi s dagenresyjist datviimer
resin-like product. Therefore, the resin has a high viscosity and a
hi gh sbfigéernpepdormaace has peen melgdhield pprtGichdkirdly kiisth Ratvamices
Literature

in fields of advanced materials. For example, in the field of

semiconductor sealing, abase resinexcellent inhighheat resistance
and thermal decomposition stability has been required with advances
in in-car semiconductors. On the other hand, high-density mounting
has been advanced. Hence, ahigh filling rate of an inorganic £iller
has been targeted, and the base resin has been strongly required
to have a low viscosity. In addition, improvement of
high-temperature reliability for corresponding to severe use
environments has been required, and improvement of thermal
conductivity has been required from the standpoint of improving
heat dissipation property.

[0003] However, among conventionally known epoxy resins, one



[0004] [PTL 1] JP 01-252624 A [PTL 2] JP 04-255714 A [PTL 3] JP

08- 239454 A Sunmary of Invention [0005] Therefore, an object of the
present invention is to

provi deanepoxyr esi nwhi chi sexcel | enti nl owi scosi t yandhandl i ng

property as a solid, has excellent performance in heat resistance,

noi sture resi stance, and thermal conductivity as well, and is useful
for applications such as | am nation, nolding, casting, and adhesion,
an epoxshirdssat tofipes stibbregsiingmend srhess mot brdnd coundedetpr odogtesxample,
t he conposition. [0006] That is, the present invention relates to an
epoxy rmesidht Miteirdtsireelr egepbedsby hhphthblosni-agkgeneype dpsxplmesin
(1), exhibits an endotherm c peak tenperature ranging from 100 to

150C basesh eposyPRIdiin@x @01 Nént Andicffrera & tdnS€anaimdd sealrertd®idtyance .

and is
However, the resin has insufficient heat resistance and a high
viscosity, and hence the resin is not suitable for increasing a
filling rate of an inorganic £fillexr. Inaddition, Patent Literature
2 discloses an aralkyl type'epoxy resin obtained by linking
4,4'-dihydroxybiphenyl with a p-xylylene group as an epoxy resin
excellent in heat resistance, but the resin has poor molsture
resistance and flame resistance. Patent Literature 3 discloses a
biphenyl aralkyl type epoxy resin having a structure obtained by
linking a bisphenol compound with a biphenylene group, but the resin

is a non-crystalline resin-like product. Therefore, the resin has

a high viscosity and a high softening point and has poor moldability.
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Summary of Invention
[0005] Therefore, an object of the present invention is to

provide anepoxyresinwhichisexcellent inlowviscosityandhandling



crystalline: OG0G (H (CH2-0-07-CH) H /2l O30F 1) (wherein, n
represents 0.2 to 4.0 as an average, and G represents a gl ycidyl
group). [0007] The present invention also relates to an epoxy resin,
whi ch is obtained by subjecting 0.1 to 0.4 nol of a biphenyl -based
condensi ng agent represented by the follow ng general forrmula (2) to
a reaction wwth 1 nol of 4,4'-dihydroxybi phenyl to prepare a

pol yhydroxy resin represented by the foll ow ng general fornula (3)
and t hercditactisng ddield ehukt entel eshb dar formeanid an Wesb resistance,
epi chl orohydrin, exhibits an endotherm c peak tenperature ranging

from 10 itsrukkOfebosednes, antethéfga Deionduct idiifthes enilal, Seangiwgful
calorinetry, and is crystalline: X-CH CH2-X (2)
forapplications suchas lamination, molding, casting, and adhesion,
an epoxy resin composition using the resin, and a cured product
of the composition.
[0006] That is, the present inventionrelates toanepoxyresin,
which is represented by the following general formula (1), exhibits
an endothermic peak temperature ranging from 100 to 150°C based

on a melting point in differential scanning calorimetry, and is

crystalline:

0G 0G
“HomEN (SonE3 H
=~ 2 _ \ / 2 .y \
oG

OG (1)

(wherein, n represents 0.2 to 4.0 as an average, énd G represents
a glycidyl group).

[0007] The present invention also relates to an epoxy resin,
which is obtained by subjecting 0.1 to 0.4 mol of a biphenyl-based
condensing agent represented by the following general formula (2)
to a reaction with 1 mol of 4,4'-dihydroxybiphenyl to prepare a
polyhydroxy resin represented by the following general formula (3)
and then subjecting the resultant resin to a reaction with
epichlorohydrin, exhibits an endothermic peak temperature ranging
from 100 to 150°C based on a melting point in differential scanning

calorimetry, and is crystalline:



(wherein, X represents a hydroxy group, a halogen atom or an al koxy
group having 1 to 6 carbon atons); and OHOH H CH20-0-CH2 ) H OHOH( 3)
(wherein, n represents 0.2 to 4.0 as an average). [0008] The present
invention also relates to an epoxy resin conposition, including an
epoxy resin and a curing agent, in which a conponent of the epoxy
resin includes the above-nentioned epoxy resin, and to a cured
product, which is obtained by curing the epoxy resin conposition.

Brief Description of Drawi ngsH000H8~[FIG 1] A GPC chart of a resin
obt ai ned i n Reference E%é‘ﬁ'ﬁici']z‘x\ GPC chart of, a resin
obtained in Exanple 1. [FIG A DSC chart of a resin otftained in
Exanpl e 1. Description of Enbodi nents

(wherein, X represents a hydroxy group, a halogen atom, or an alkoxy

group having 1 to 6 carbon atoms); and

~ 2 /2 AP g
, gCHQ Q_@ CH, \ﬁn—H
OH OH (3)

(wherein, n represents 0.2 to 4.0 as an average).

[oo08] The present invention also relates to an epoxy resin
composition, including an epoxy resin and a curing agent, in which
a component of the epoxy resin includes the above-mentioned epoxy
resin, and to a cured product, which is obtained by curing the epoxy

resin composition.

Brief Description of Drawings

[0009]

[FIG. 1] A GPC chart of a resin obtained in Reference Example 1.
[FIG. 2] A GPC chart of a resin obtained in Example 1.

[FIG. 3] A DSC chart of a resin obtained in Example 1.

Description of Embodiments
[0010] Hereinafter, the present invention is described in

detail.



[ 0010] Herei nafter, the present invention is described in detail.

[ 0011] An epoxy resin of the present invention is represented by the
general fornula (1) and is a m xture of conponents having different
nunbers of repeating units n. Herein, n represents 0.2 to 4.0 as an
average. If the value is snmaller than the range, the resin has higher
crystallinity and a higher nelting point, resulting in deteriorating
handl i ng property. |If the value is larger than the range, the resin
has | ovwerolarlyst al | iani éyorpdres in gifet heimeasidty invesitlibnngsirepresented
deteriorating noldability. Fromthe standpoints of a | ow viscosity,
handl i ;g phepeehgraandordudabihit yndat be &asidcprefef abdnpdigsni®s having
content of a resin in which n represents O within the range of 30 to
60% |laitﬂi'eﬁsedﬁsﬁhh@élr@snoftﬂ_@pé\é(@iﬁ%%&ifté‘ o .ef geselia, an ML sents 0.2
average. [0012] The epoxy resin of the present invention is

crystallj neoand & ysfdtddezed risntfeSPhi e Sifldha 11 ehYst BhLI PEn§O! itthe
exhi bits an endot herm'c peak tenperature of 100 to I50C, preferably

120 to 130G hQQ?ﬁg%'%'} @rﬁ?&éifﬂn?@% Ol d D pd BE%rn‘;‘éhtéﬁ{og f)%ggpim@ggs%t ing

calorinmetry neasu at ‘a tenperature 1 ncrease rate

the te%eh%%‘é&ﬁdritgh%?%%ﬁlhgggg; Br%gg%%%?d CORPALL i 1.1y A% tl“ax%e&é&%k?a%

agent in preparatio nposi fion 1i's deterio

while if th t s | th t . b uch

bl ocki o SRAE" GRsKyS P o R oBGS T ey redal PERREn tsoodity,
deteri ti handl i ; ty. Al .th I | it f
ol 1 ng BT eas TEBEHALAG B PROTBPILEER - cortnt i i o A Rty OF

resin, the endotherm c peak_tenperature herein refers tq one )
cor r esfortd@*h g 13F e Yradiamfit KPTIRET BpufPdofioldaldthéym e Hesin
peak probably is considered to show a degree of crystallinity, and
usual | Predersbiiyt RRA @ mentaije off 22pe8ongn Wy 9hnt EeREesenE8s? (Within
conponent. If the anobunt is smaller than the range, the degree of
cryst athenragge ©f] 30 ta e8&l t i Hy thia sddeeeT Wi ¢mg thenavéngaprcdperugters
[ 0013] The epoxy resin of the present invention is obtained by

subj ectiong aupdleyhypdesager.esi n represented by the general fornula (3)
to a reaction with epichlorohydrin, but in the invention of the

epoxyr dsidn2lapr oduTheepethedsisnnf thienpteskherietvent idowey errydtad line
epoxy resin of the present invention can be easily understood by
descri bndgethetabyepedain of sbheédpstodte! | aharerhsdalantdehedted exhibits
production nmethods for the epoxy resin and the pol yhydroxy resin to
be usednasndotawriicepiedlk teimpeie teReX v asion & & 5al°%0 g&wam 120
[ 0014] The pol yhydroxy resin representedby the general formula (%3 IS

a m xtype Pfo COMPLRERLS diaYhNGndif f18f e?biﬁ@' ues @irPer8ffifl scanning
represents 0.2 to 4.0 as an average. IT the value is smaller than the

range, -LhefigekRyNAsa8LORET aEréfs’E@rh}Béﬁé.Eﬂre rﬁﬁééé@ tdtd WM /min.

sol ubil'ity in epichlorohydrin in synthesis o e epoxy resin,

T SRSENNG Tl 00 B0L Lol Lhe ohestl QN Oy LSS Cy wich

ot P AR Sy ) e P9t ERORPERE SRR bTIEE i 4F

has. o COREBRETOF R r BERTE fEieitn (ROSSALHAT e 1okfgo "OPPa0 0 T60HS

[0015] guﬁgoﬁﬂa%hﬁ&?x&’s r};t)e_Lscjcr]]d%%no etggt %333 xbgsfrlljb.oemcptcinsni ion occurs,
resulting in deteriorating handling property. Although there may
be a plurality of melting point peaks depending on the crystal

conditionof the epoxy resin, the endothermic peak temperature herein

refers to one corresponding to the maximum peak. The amount of



4, 4" - di hydr oxybi phenyl to a reaction with a bi phenyl -based condensi ng
agent represented by the general fornula (2). [0016]1n the general
formula (2), X represents a hydroxy group , a hal ogenatom oran
al koxygroup having 1 to 6 carbonatonms . Specific
exanpl est her eof i ncl ude4, 4' - bi shydr oxynet hyl bi phenyl ,
4, 4' - bi schl or onet hyl bi phenyl, 4, 4'-bi sbrononet hyl bi phenyl ,
4, 4" - bi snet hoxynet hyl bi phenyl , and4, 4' - bi set hoxynet hyl bi phenyl . From
t he st ampmihdrofofl edet peiafy prépdblli skydooryderasl bopseny| a adelgree of
4, 4" - bi schl or omet hyl bi phenyl are preferred, and fromthe standpoint
of redutiyngdlani iwpund uesaldyd fabilshytr iy netdwdriqemerfyboand 80 J/g
4, 4" - bi snet hoxynet hyl bi phenyl are preferred. [0017]1n the reaction,
t he nolid teahk@Ofet he cbinpbaayk- based heantnsi Ng sagariter ehah ithe tande,
nmol of 4 , 4 ' -dihydroxybi phenyl should be 1 nol or less, and falls
W t hin e 4 obr 0eppE bl Yifidyt 95019w)Olne sMRE ity efrerd@dtdr oatt thg
0.4 nol. If the ratio is smaller than the range, the resin has high
crystalddifshg Edphdding. in deteriorating solubility in
epi chl orohydri™m i n 'syntthesis of the epoxy resin and the resultant
epoxy rgsii,has a hi I pain r WaloR : ; ;
ndet o VB nghand! Ehebragery LPFart o, FrT T he FRTTATER b R e
the ra . ' . : L] '

spb Bt IR SRR b S AL P e RPEa MRS e Bl

sof t eni'ig™ porn y, Tes arrirng n

property..and noldability. [.0018]] di t.ion, inthecas . '

b Sohl HroneR [y BHergy et Se et anig B e pigdheion of
reaction may be carried out in, the sence qf a cat st. Ho er

e condu ERPTE AP ehe BRI B EOaRA STiehi DR g EEGEREP Ty Rare TRy
out in the presence of an acidic catalyst. The acidic catal yst may be
appr opritft SIRPFeFESLEdOF r B iRT$S KMo W%%Fé%?a%a%hﬁyovrg%%ﬁ%md
aci ds, and_exanples thereof include: a mneral acjd such as

hydr oc it rd@s@eiRing e rinventi 1P v L pHed PR Rc ke Mot gt BRGeP
such as formc acid, oxalic acid, trifluoroacetic acid, .
p- t ol uGes il bR MR dardirakdéicueperyc raeis, agg the polyhydroxy resin
trifluoronmethanesul fonic acid; a Lewis acid such as zinc chloride,

al um num bel esedeays Rrioaw chiteridd, for W eporyi Fesbriadke alep deseriked.
acid. [0019] The reaction is carried out at 10 to 250C for 1 to 20
hours. [ooB&ldi ti on THapthehy@aoty orsiancsgiearoitesiichthe gmehamioformula
et hanol , propanol, butanol, ethylene glycol, nethyl cellosolve, or

et hyl c@l) asolavenixamrar efatbepoaspagntdastialy dsfhenzaneyvaloksengd, n, and
chl orobenzene, or dichl orobenzene, or the like nmay be used as a

sol ventn rAbheiee@rpb et itenaob dden gaethgs, e chel vehte ir swalleerothan
an al cohol generated by the condensation reaction is renoved, if

nefessa{rye rb8820]cke ook ¥ Medy BX¥hE LSy U 19Akgi, Neds G ani ke iWSEewdsing
only

%ﬁ??%ﬁla

solubility in epichlorohydrin in synthesis of the epoxy resin,
increasing the melting point of the resultant epoxy xesin, and
deteriorating handling property. If the value is larger than the
range, the resin has lower crystallinity and a higher viscosity,
resulting in deteriorating moldability. From the standpoints of
a low viscosity, handling property, and moldability, the resin
preferably has a content of a resin in which n=0 within the range

of 30 to 60%.



as a raw material for the epoxy resin but also as an epoxy resin
curing agent. Mreover, when the resin is used in conbination with a
curing agent such as hexam ne, the resin can be applied as a phenol
resin nmolding material. [0021] Description is nade of the production
met hod for the epoxy resin of the present invention, involving a
reaction of the pol yhydroxy resin represented by the general fornula
(3) with epichlorohydrin. The reaction can be carried out in the sane
manner [@D1xivel | - ksowh epayhgdirbay readhi can HOOAR deed|ies afbidrecing
met hod i nclude a net hod invol ving: dissolving the pol yhydroxy resin

r epr esanued diphyidiexgerigiaingflor mdl aa( 3rehBt 2BnEXHLEEI V& BIPHUN I -based
epi chl orohydrin; and then subjecting the mxture to a reaction in the
presene@rferdilnd kdfdntMiadrRe@d 48, T Ehesedi WaAndroxide or

pot assi um hydroxi de at a tenperature within the range of 50 to 150C,

pr ef er aloy Sgt 60 tgn ERErd tf%x%%l{é.obﬁ B, x e AR th]gr8xg qroup,

epi chl orohydrin used in This case falls wthin"the range

nmol , pr j 0X

"o § ho oau SR 3Ro o2 LRy gt BLBHAR A S0 B oxTlorfe BURE O AL
excessi nt o Lchloro ipis dist,ll. t residue
is disg%%gggg#h a g%?%é% sucﬂ%g%&%%lue%é4bFq%gﬁ%ﬁQQ§gﬁ§%%ﬁ¥§&§%ﬁ?. !
The solution.is.filter d washed with water .t.0.renove i narganic
salts, “afd ‘ﬁ%&cél&ox?é’ﬁke%%é’alg’ulﬁ%y d of f, s %Qﬁ@rleﬁa;fomw%?%@ﬁﬁwl:
resin qof interest represented the general farmula (1) . In the
Cox a0 HERBSRT S Lt PO o ro08 A R E Ry R R ey -
may be _used, EOOZS The purity of the epoxy resin of_ the present,

i nvent F&AM FRSpAFRPCHPART @F HARTIYZ e il 'ohimdydheme iy lbiphenyl
preferably small fromthe standpoint of inproving reliability of an

el ectr@ﬁid}:/ bet t ~Rbs Rl eronpehy BRipheRY AppiticedPr Ther et emnd sfrem the
particularly limted and is preferably 1,000 ppmor |ess, nore

pr ef er §5PRABGANEpM or | efs. 1t shedlldine not ed ¥91AC t he " hyldiroinitalsss
chlorine content” as used in the present invention refers to a val ue
measur éd 48y bilséyiaickowietdyhbtipbenyThand 2, 4t'hd ivsaletd cxymebetharlin indubrgsl
follows. 0.5 g of a sanple is dissolved in 30 mM of dioxane, and 10

m of aMeKPhMedeerelden added. The mixture is ref luxed with boiling

for 30 mnutes and then cooled to roomtenperature, and 100 ml of an

80% aqueoug1sol uti on e aceiariemnr ehadaelh t heitdloo £ thd Migthddyy 1 -based
potentionetric titration with an aqueous solution of 0 . 002N AgNG3

[ 0024] cAndep@iYigl £5d1it 6@MBeSE 08 10hol RE PI £5eaihyAVERYHOPhERGE WIRS114
an epoxy resin and a curing agent, and includes the epoxy resin

represeat edyBy bhe1geser ahaf o5 a, {1 25188 LAY SEYhSGUMEPNtL to

[ 0025] The epoxy resin conposition of the present™ i nvertion
0.5 mol, more preferably 0.2 to 0.4 mol. If the ratio is smaller
than the range, the resin has high crystallinity, resulting in
deteriorating solubility in epichlorohydrin in synthesis of the
:epoxyresinandtheresultantepoxyxesinhasalﬂgherneltingpoint,
resulting indeterioratinghandlingproperty. Further, if theratio
is larger than the range, the resin has lower crystallinity and
has a higher softening point and melt wviscosity, resulting in
impairing handling property and moldability.

foo18] In addition, in the case where



may include anot her general epoxy resin having two or nore of epoxy
groups in the nolecule in addition to the epoxy resin represented by
the general formula (1) used as an essential conponent. Exanpl es

t hereof include: dihydric phenols such as bisphenol A, bisphenol F,
3,3 ,5,5 -tetranethyl-4, 4'-di hydroxydi phenyl nmet hane,

4, 4' - di hydr oxydi phenyl sulf one, 4,4'-dihydroxydi phenyl sulfi de,

4, 4" -di hydr oxydi phenyl ketone, fl uorenebisphenol, 4,4'-Dbiphenol,

3, 3", 5,5, 4t xsatet duycdimed; Iy Loli gyeinok yilsi phedyds t21e2'cobidemerialg, agent, the
resorcin, catechol , t-butyl cat echol, t-butyl hydroqui none,

1, 2- di hysexdorapliynat ene;di et dultythh ohynapbthaken® a catalyst. However,
1, 4- di hydr oxynapht hal ene, 1, 5- di hydr oxynapht hal ene,

1, 6- di hygk esynapbhbabgreaktioih & dhexyraphichalwne:ion is usually carried
1, 8- di hydr oxynapht hal ene, 2, 3- di hydr oxynapht hal ene,

2, 4- di hyglr axypReRad anes %u‘_5aﬂ|amﬁ_difl@%aﬁﬁmyga| €Nfhe acidic catalyst may
2, 6-di hydr oxynapht hal ene, 2, 7- di hydr oxynapht hal ene,

2, 8- d'hﬁgrQﬁ%?@ﬁfi@@é@?ese@%bﬁ@@‘%&&ﬂ0@@?1SkEEWﬂOHﬁ%EbﬁhQEe%Clds and

products of "t he dlhydroxynaphthalenes | 1yl ated bi sphénol
al lyl at&jgﬁahﬁﬂp 94 lnpcﬂl %h_l%eff' 1ﬂemliac1 atmﬂxgancaeid D &h
as enoI novo bIS

phenol s enol Anovol ac, o-cresol novol ac,

ol ot ST E%Eh‘*""?ifﬁ%ﬁﬂf*z?@?ﬁ%ﬂw e oo
pyrogajﬁ?ﬂ SBﬁﬁyﬁﬁyyg ?% Ié?ggbyro;%f 6 %Ch%ﬂuoroacetlc acid,

p-toluenesulfonic acid, methanesulfonic acid, or

trifluoromethanesulfonic acid; a Lewis acid such as zinc chloride,
aluminum chloride, iron chloride, or boron trifluoride; or a solid
acid.

[0019] The reaction is carried out at 10 to 250°C for 1 to 20
hours. In addition, in the reaction, an alcohol such as methanol,
ethanol, propanol, butanol, ethylene glycol, methyl cellosolve,
or ethyl cellosolve, an aromatic compound such as benzene, toluene,
chlorobenzene, or dichlorobenzene, or the like may be used as a
solvent. After completion of the reaction, the solvent, or water
or an alcohol generated by the condensation reaction is removed,
if necessary.

[0020] The polyhydroxy resin thus obtained can be used not only
as a raw material for the epoxy resin but also as an epoxy resin
curing agent. Moreover, when the resin is used in combination with
a curing agent such as hexamine, the resin can be applied as a phenol

resin molding material.



pol yal | yl at edpyrogal | ol , 1, 2, 4- benzenetri ol ,

2, 3,4-tri hydroxybenzophenone, a phenol aral kyl resin, a naphthol

aral kyl resin, and a dicycl opent adi ene-based resin; and gl yci dyl

et herified conpounds derived from hal ogenat ed bi sphenol s such as

t et r abr onobi sphenol A. One kind of those epoxy resins nmay be used

al one or two or nore kinds thereof may be used as a m xture.

[ 0026] The epoxy resin conposition of the present invention includes,
as the @) resi nDddriendon nesmadeepresrat pdobyct henoeeehed for the
formula (1) in an anmount of desirably 50 wt% or nore relative to the
total apuiy} refsibherepnd YoF@Seic GARRAREIYn, TR ARBYRY al $eHBECon of the
preferably 70 wt % or nore, still nore preferably 80 wt % or nore,

rel ati @ yhjdientyot Abs B0UEbrakehPBICPRX e HE S Bnethl t BBrhAt RO (@2 thech
resin used i's smaller than the values, 'the reSin is deteriorate in

mol dabidd {4 135 JHRIERPXY TheSkdk COMMPSEHIA 2329 cRasu 09 LY 18 Bhine manner

effects of 1 nproving heat resistance, noisture resistance, therm

conduct,_vi thﬁg 1] .. the like when the resin

IS for%%ﬁe%ﬁ?gﬁé cuﬁg%%%ioﬁd%ﬁﬁlﬁ%%%%?&ft e curing agent in the

epoxy residy,conpositi f ot resent, iaventiQ al | neral |y known
[%% 1 'Etx'a% 1% _Of}e S e’ého& ?n%&gﬁ%l &s mﬁ%%o%’ in n%]T\ﬁld'ég.

curing agent's for EpPOXy resins can beé used: ereof

di cyandj.am de,. po henaol.s, . aci d_anhydri des nd, aromati c_and

o § o SR YR R s G O S B e e BY R B B et
arts, i¢ch requires noisture resistance and heat resistance, the |
Dol Yol P8 Lo e ahiuss S0 By 6o RSB G ypiRRToIg

are shown below. In the resin conposition of the present invention,,
one ki rtSorixhese tow FRECRGERIN FEY FBEIRIEE of anvdliorl hBesakimelroxide
thereof may be used as a m xture. [0028] Exanpl es of the pol yphenols

i ncl ud&ucdi RydErEipheABPAEOFLER a5 PPEpRBREN RYdbexpRert & Cawpgitadire
S. fluorenebi sphenol, 4,4'-biphenol, 2,2'-biphenol, hydroqui none,

r esor ciwd,thdmd thep reinglerédB6| tot 5hyar i erefenabéyphenol ste el ®Senfad 1
by tris-(4-hydroxyphenyl)nethane, 1, 1, 2, 2 -tetrakis (4

- hydr oxxyphenydyr=t hdke, apbenblohepdlcad orchycirdsolisadvial abisnepbehdlls
novol ac, pol yvi nyl phenol, and the like; and phenols, naphthols, or

pol ypherahio chapemgsosyhihesizadlw pie thtyidry o .phead .2 soth mslative
bi sphenol A, bisphenol F, bisphenol S, fluorenebisphenol,

4, 4" - bitphenol ofA Bydborherelp ityeheguilrbparokesain, afder completion
napht hal enedi ol and condensi ng agents such as formal dehyde,

acet al dghylerehenzahdemedecds ek axylanza deiwiltsr IRGRr Xy i ¥lENA-111ed

glycol. In addition, apolyhydroxy resin represented by the general
formul 3£(3) apRYtBLSPe LIS COs dissolved in a solvent such as toluene or

methyl isobutyl ketone. The solution is filterxed and washed with
water to remove ilnorganic salts, and the solvent is distilled off,
to thereby obtain an epoxy resin of interest represented by the
general formula (1). In the epoxidation reaction, a catalyst such
as a gquaternary ammonium salt may be used.

[0023] The purity of the epoxy resin of the present invention,
in particular, a hydrolyzable chlorine content is preferably small
from the standpeint of improving reliability of an electronic part

to which the resin is applied. The content is not particularly



[ 0029] Exanpl es of the acid anhydrides include phthalic
anhydri de, t et rahydr opht hal i canhydri de, net hyl t et rahydr opht hal i c
anhydri de, hexahydrophthalic anhydri de, nethyl hexahydrophthalic
anhydride, methyl H m c anhydride, nadic anhydride, and trinellitic
anhydri de. [0030] Exanpl es of the am nes include aromatic am nes such
as 4, 4' -di am nodi phenyl net hane, 4, 4' - di am nodi phenyl pr opane,
4, 4" -di am nodi phenyl sulf one, m phenyl enedi am ne, and
p- xyl ylleineidisadriane) iangralfieptatic lagioneppauch assel hybeaaoranerehly 500
hexanet hyl enedi am ne, diethyl enetriam ne, and triethyl enetetram ne.
[ 00311Fs¥m tdie TeeSi.n cenphsulliobeohotde ihesetrite i Tvedtd Dyzalohe il iofe
those curing agents naybe used or two or nore kinds thereof may be
used aschtBndupe. udfP32] the ad@iddr@ni niént hén er@ary €6iNvadupasdd s1red
of the present invention, an oligoner or polyner such as polyester,
pol yamiley oleyi Toda ngtvatder . Relaxphenyheneatdeers 8ot ¥unehBane fél lows .
petrol eumresin, an indene-coumarone resin, or a phenoxy resin maybe
approprd & ¢ ﬂﬁ %n%f}glaenq\sawi%%l%_@@ 1hves fYCHragidRantgaghg fblheros
a pignent, a flanme retardant, a thixotropy-inparting agent, a
coup! | Ny 445014, Al Hdild MPEAKCH FBY-8C; B LOPPLe6 W23 1bi1ing for
addition, 1n the €poxy resin composition of “the present 1 nventi on,
an 1 NOrGaNGu[ddd S d Ahepe e, ERHrCXBHBLE.ARECT LARI 106 m1 of an
gr anul ar Mol L en si Ica, sil1ca powder such as crystal silTica, powder
or spherai di zed beads. of . al um.na ircon, calcium.silicate, | Ci
carbonat®® FYTTGH BRFBTHRY B rSHeﬁPF?iES? ﬁg%ﬁ it,eﬁﬁﬁ%ﬂnﬁégaOWégnby
forsterite, steatite, spinel,, mulljite,titania, or the like, single
ryat alBY R S ok st <tk pib Eg e by ion g 1 gReRdhSwo,.
nitride, alumna, or the |like, and gl ass fiber may be used al one or,
in conbltA4lon of Ao FOTOIREKIThEOMIRSEON @T (HE MRS He it oD
inorganic fillers, nolten silica is preferred fromthe standpoint of
reduci ngaludafean eRpENsToRiecdid ifcFBALNI ARERT ufitth 118 LyfseeE Re £POXY
fromthe standpoint of high thermal conductivity. As the form of the
filler,résin sreprdsented thut tBoogeperdle fotmupa f(l)| & R [IEHY cegsin
fromthe standpoints of flowability and nol d abrasi on resistance when
t he restommorpusi tion is nol ded, and spherical nolten silica powder
is particularly preferably used. [0034] The anount of the inorganic
filler poERl i s usuAld epekywre¥ior conpesipiefiepfibte 70reasétorimpertion
nore preferably 80 wt% or nore, relative to the amount of the epoxy
resin a¥pasiciude. ahbthée gamardl eposyatéein tthan ridewsabveoref bécdsoxy
of interest in the present invention, such as |ow noisture
absor babidugdy ird eWet helavlilexpandaditidry tdicgle Bpakyr £8kshanesresamtced
hi gh thermal conductivity, cannot be exerted sufficiently. The
ef f ect s,k B AdPESYRA1 WhEN LBeqaPHAteHerlithinl REMGaREELT | [ B8imples
added is larger. However, the effects are not inproved in parallel
with t hﬁilé[é%d’ff%hﬁcflaﬁé O i0fydrhi: HANIAR cubhl her b2BEhans1 ! APr9V&shenol
cally wmth a fic
FJ‘

drasti speci fi
3,3',5,5'-tetramethyl-4,4"' -dihydroxydiphenylmethane,
4,4'-dihydroxydiphenyl sulfone, 4,4'-dihydroxydiphenyl sulfide,

4,4'-dihydroxydiphenyl ketone, fluorenebisphenol, 4,4'-biphencl,

3,3',5,5'-tetramethyl-4,4'-dihydroxybiphenyl, 2,2'"-biphencl,
resorcin, catechol, t-butylcatechol, t-butylhydrogquinone,
1,2-dihydroxynaphthalene, 1,3-dihydroxynaphthalene,
1,4-dihydroxynaphthalene, 1,5-dihydroxynaphthalene,
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anount or nore of the inorganic filler. On the other hand, if the
amount of the inorganic filler added is larger than the amount, the
viscosity is increased, resulting in deteriorating noldability, which
is not preferred. (0035]1n the epoxy resin conposition of the present
i nvention, a known curing pronoter maybe bl ended. Exanpl es t her eof

i ncl ude am nes, im dazol es, organic phosphines, andLew s aci ds.

Speci fic exanpl es thereof include cycl oam di ne conpounds such as

1, 8- di azabidindfdyhdhaliehane; 7, 1, 5- di aza-bj Tydi iofdk @G aamnenel &g,
5, 6-di but yl am no-1, 8-di aza- bi cycl o(5, 4, 0) undecene- 7, and conpounds
haV|ng:urgtdmnydxnﬁyﬂagnﬂﬁglgﬁglon obt ai ned by, ;m&hﬁydwbxynéﬁﬁthalene,
cycl oam di ne conpounds wi th conpounds having n bonds such as nal eic

anhydr izde; - DienzpeAiht ikl azophenyl et hanes ., 3 418fd+ Sy AR d1eSl ene,
such as triethyl enedi am ne, benzyldlnethylanlne

tri et hangd ammngy<H 344 nagt hanol , and 7 _-dihvd hthal
tris(di net hyll'gayr%“ljl nglr%%é{t%ﬁl ) phenol andderl veti vest her erfY rlon%{%%a ol esal s%l}:

2- met EQQ%QQ Tﬂﬂﬁﬂ id
gsphenyl 4- rret hy | d—%zo e, and 2- %'@ g E%i‘h i d%zo e and &t elr}fabla]tyji/ae%ed
th hasph t h
et hyl & a?dtﬁcit’épﬁoﬁpﬁ?l%e'@d%%f%%%ﬂpbt%%é%?%ﬁ SR RRdspeRBenoL 2,
dphenyly d h d nt I
ol ar | 2RO Bt e Ry Lo d?%t’%@%f% ; p RO At o

havi ng _n bopg]te ch_as, nal ei.c _anh NZo U|n ne, g

di azopH&tyi 5 spelrag A9 88 Bﬁos hERAGRP ﬁe??%p st T WERP!
borates such as tetraphenylp hosphonlunttetraphenxlborate
t et r ap VA5 sdﬁoﬁ?%%?%tH?VPFFEheﬁVFH%W%& le, n@pglac, xylenol novolac,
t et r abut yl phosphoni um t et r abut yl bor at e, tetra henyl boron salts such
as 2- ePIRHY--R-AdnasyRtadRsIce tetraphenyl%{%t&'&ﬁﬂimm hemromsdiants
t etraphenyl borate, and derivatives thereof. The anmount of the curing
pr onot ér laddéd tefrakip Malthvdugombenie atdege . of 0.2 t Cueymrkyinel,
wei ght relative to 100 parts by wei ght of the epoxy resin. These may
be usewyalcm@d lorl.i n combbnévilogropga036], For tatlepakgdesi n pyrogallol,
conposition of the present invention, a flane retardant is used as
neededpolvaijily@steld t he fl anme pyetcgyaddndil ,i ncl ude phdspherserbasedtriol,
flame retardants such as red phosphorus and phosphate conpounds,

ni t r ogenshased itlvairexyeisaradaich wisch aaphbnbaza RE1 WYL ¥8&i VeSS naphthol
phosphorus-ni trogen-based fl aned retardants such as phosphazene

deri vakireakylnebal ngxhdasa APt HyEiei@Senor HABONEESY i € O N EXAS/ SURA
as netall ocene derivatives; and zinc conpounds such as zinc borate,

Zi N SLRAMRALF RN EcHHBANER zaeg%ed Eohesee eﬁaeédhyﬁéﬁt&%fé &uch as
preferred. Exanples of the netal hydrates |ncIu e al um'num hydr oxi de,

mgneskg@ﬂﬂro%bqg HeRlai gm ktyxﬂé 38&(1)‘%3 FNLEEEL %c%[yo).‘c'e ?Lnscﬂgglﬁe used

hydr oxi Iron hy OXI e, t|n zl nc roxi ,

hydr ox a anj | t I t al q{es of
t hese ﬁ%‘?mle %%dﬁtgtoes%rym rre o>}-"| Llerse st}ﬁc ayg(g%:ﬂf%ﬁos; dgrqu{

oxi de, oxi de, X|de an oxi de x i de al | adi.u

oxi de &3 %g]used gne Pl R§arBxTa® bt $ %ﬁ%acg)lnventlon

Imr;}‘ L“uﬁncnggi.elg% Saf et ¥heaefp!3}acgerés§.§[ dt?l[t]é efg}%(f:tresaﬂg rnel)pllgéa'sbelrllée[&/ by the

general formula (1) in an amount of desirably 50 wt% or more relative
to the total amount of the epoxy resin component. The amount is
more preferably 70 wt% or more, still more preferably 80 wt% or
more, relative to the total amount of the epoxy resin. If the ratio

of theresinused is smaller thanthevalues, theresinisdeteriorated
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[0037] I n the epoxy resin conposition of the present invention, other

t han the above-nenti oned conpounds, parting agents such as higher
fatty acids, netal salts of higher fatty acids, ester-based wax, and
pol yol ef i n wax, coloring agents such as carbon bl ack, coupling agents
such as sil ane-based, titanate-based, and al um nate-based coupling
agents, flexibilizers such as silicone powder, stress rel axation
agents such as silicone oil or silicone rubber powder, ion-trapping
agent s isuabldsbhydigt abcthe arwkiants sionyobipsmitth onandntihkas i dkeel yregmailel
used as needed. [0038] In addition, in the epoxy resin conposition
of t he gffesaid of ugiowing heam tdei st ancppimatis tafre npsdytagee, thermal
flowability when the resin conposition is nolded and i nproving

adhesi %ﬂ&d&i&i&g@sbbaaérsﬁ@ﬂcﬂs rash eadnteanend ahiehet bopimast tBe resin
ol i gomer maybe added. Exanples of the thernoplastic oligonmer include

CS and i@ Rt WRT eSiditred® g RE resin, an indene resin, an
i ndene-styrene copol ymer resin, an indene-styrene-phenol copolymer

resin, %ﬂnﬂ +jdene- C%%”Eh@”@uf?ﬁ@'é§@ﬂtﬁﬁ?%@e éﬁgx?nre51n composition of
i ndene-benzot hi ophene copol ynmefr resin. The anbun t he

t her m?ésl'?eﬁékgsgh\:g neﬁgﬁ‘d aimpg%ﬁlemw lkﬁo%ﬁtéﬂﬂrlgt‘%ﬁ%ﬁ%ef% odB,

30 par ative arts by weight of t

resin. QO3 A58 %fe%é&&' on g &%&%sf Oéhélr@ogp%&ga@ BEAmEN Lo,

of the present |nvent|on any nol'ogy may be use
vari ous_raw,mat rlals e ersed and n1 A3
gener aPHeBHEEC EHeP§1| %8%¥ ﬁétﬁBg FhVo V|g £Eﬁﬂ§¥¥§¥%§igaa <.
predeternl di? [ unts of raw materia suff|C|entI usin
M xer e o St e e he SR AR B ngh
roll, an extruder or the |Iike; and cooling and uIver|Z|n the
r esul t FRAPFGFUECLSEUTEOTTRESEPBRG 38 at’foﬁﬁé%? PBfiCof “RRSPradEHOLS
invention is artlcularl suitable for sealing of a sem conductor
devi ce.aTqg PpY $r¢bémw%r ofBeF15f cr@mpriasAt tRARMTRRCRAS BES shown
obtained by thermally curing the epoxy resin conposition. In order to
obt ai n heHeveur é8 ProdeatinusPrgoshblep®d thespreeonp dsTveandi sy, PRe kind
present invention, a method such as transfer nolding, press nolding,
cast noifditipss rqmng)ragmmﬂ Ry dre exaedisioivwml @l mprmybiadspilsnept
and fromthe standpoint of high-volune production, transfer nolding
i's prefmery éb Bahples [Mi0A3]nder ei nafter, the present invention is
described nore specifically by way of exanpl es.
[0028] Examples of the polyphenols include: dihydric phenols
such ag bisphenol A, bisphencl F, bisphenol S, fluorenebisphenol,
4,4'-biphenol, 2,2"-biphenol, hydrogquinone, resorcin, and
naphthalenediol; trihydric or more phenocls represented by
tris- (4-hydroxyphenyl)methane,
1,1,2,2-tetrakis (4-hydroxyphenyl)ethane, phenol novolac, o-cresol
novolac, naphthol novolac, polyvinylphenol, and the like; and
phenols, naphthols, or polyphenolic compounds synthesized with
dihydric phencls such as bisphenol A, bisphenol F, bisphenocl 8,
fluorenebisphenol, 4,4'-biphenol, 2,2'-biphencl, hydroquinocne,

resorcin, and naphthalenediol and condensing agents such as
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[ 0043] Synt hesi s Exanple 1 186.0 g (1.0 nol) of

4, 4" - di hydr oxybi phenyl and 600 g of diethylene glycol dinethyl ether
were charged to a 2,000-m four-necked flask, and the m xture was
heated with stirring to 150C under a nitrogen stream A solution
obt ai ned by dissolving 75.3 g (0.3 nol) of

4, 4' - bi schl or onet hyl bi phenyl in 260 g of diethylene glycol dinethyl

et her was added dropwi se, and the m xture was then heated to 170C and
subj ectfedmiadl delredet borthddebyhieyr benAdldehyie, redoydosxyibdrezai ddhuyde ,
was added dropwi se to a |arge volune of pure water to collect the

pr oductarkyp+epleTent aticen,. t bn ke ebynobi abhyR20rgxpires ipat Syt droved
crystalline resin. The resultant rein was found to have an OH

equi valgateid g3l Thamperk tamelatdrs ive Redieasur enent was

248. 5C, and the anount of endotherm caused by nelting of a crystal

was 95.[polqg. Fl G skathaws acEPCHhastial ddif desidd anheiggin. pﬂrﬂ%llc

rati os of conponents each represented by the ‘general formula (3),

det er mi @ﬁﬂ, A d&EC OB nH%&P?ﬁthMi@ a?tﬁgfd@l'd%v‘ﬁnet{hﬁte?t% aréb'ﬂthallc'

22.25% n=2; 12 19% Y9 n=4; 58% "and ri5; % “Her el

érffgfghtra gcannrng éﬂﬁﬁﬁéif%E%‘ﬁﬁ%ﬁ%ﬁfZﬁ&%ﬁﬂgwﬁﬁﬁﬁiﬁﬁﬁaﬂﬁﬁﬁllc
I nc. %/(ﬁ'g%ez 219&11 ml%r@ﬁa’lrl)?&:g{ b 5}% (?L%S ﬂ?l%??l %gjdrg’%lmeri litic

addi t i i on, asure mes caftrre

condrtr%%§, devi ce; nanufactured by N hon waters K.K., type 515A

col um 2RI &E® 2000x3 and TSK- GEL 4000x1 (both of which are
nanufactur by TCS PCRATICN) .solvent: tetrah drofuran fl ow
rate; (ﬂl n, of Jghe affdpes: brel Fé 5 AHDSSsSuch as
Exanple A reactron was carried out in the sane manner as in
Exanpl é £ ' -SREPAHATYAE AR 9 nol ) & U, Alaniirtiehanpirgapane,
540 g of di et hyl ene gl ycol drneth¥ et her, and a sol ution obtained by
di ssol i-dg SH.anigadipiemndl ) of sulfionsi schl Brokery}Epefhamine n 32GRp
of diethylene glycol dinmethyl ether were used. Thus, 205 g of a

pal e-y -k verepstddlan ime .r esicnahd PBasbtapmbyes THech exs| et L aresd ramviaze
found to have an OH equival ent of 139.2. The DSC peak tenperature
was 242e&@mediny lidredismiios: of conponenrtisw@adlenaprisseinieedby t he and
general formula (3), determ nedbyGPC neasurenment , were as follows:
n=0; 3tirZ¥hyizhet2brBatinen=2; 13.38% n=3; 10.63% n=4; 7.55% and
n.5; 15.35% [0045] Synt hesis Exanple 3 A reaction was carried
out in [DlKs19ane naEBertlas riek ibixesmbes dt i € eapthé hate Skt OngehdiOniMine
of 4,4'-di hydroxybi phenyl, 540 of diethylene glycol dinethyl ether,

and a x@hid bertmmeabeedn@ya éﬁﬁ@'n\é Bedised br( Owd FPhbr@f kinds thereof
4, 4" - bi schl or onet hyl bi phenyl in 32 of diethyl ene glycol dinethyl

et her yware yisededlRUs 2 I3%t&hQf. @ pal e-yellow crystalline resin were
obt ai ned.” The resultant resin was found to have an COH equival ent of

125. 6. U@J%Z'?SC peak t enpaL to"r.’lre 1}%@%@&5 éﬁg(*/aggsﬁ_ﬂe 5) bio%it(ﬂ)n of the

conponents each represent by the gener ornula F

det er m,0edly FPARASH LIEN an 18 dind?! b8 01%m%r 2 %s polyester,
polyamide, peolyimide, polyether, polyphenylene ether, polyurethane,
a petroleum resin, an indene-coumarone resin, or a phenoxy resin
may be appropriatelyblended, andvarious additives suchasanoxganic
filler, a pigment, a flame retardant, a thixotropy-imparting agent,

a coupling agent, and a flow improver may be blended.

[0033] In addition, in the epoxy resin composition of the
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n=1; 20.67% n=2; 11.54% n=3; 7.11% n=4; 3.78% and n>5;5.87%

[ 0046] Synthesis Exanple 4 A reaction was carried out in the
sanme manner as in Exanple 1, except that 152.5 g (0.82 nol) of

4, 4" - di hydr oxybi phenyl, 500

present invention, an inorganic filler canbe blended. For example,
spherical or granular molten silica, silica powder such asg crystal
gilica, powder or spheroidized beads of alumina; zircon, calcium
silicate, calcium carbonate, silicon carbide, boron nitride,
beryllia, zirconia, forsterite, steatite, spinel, mullite, titania,
or the like, single crystal fiber of potassium titanate, silicon
carbide, silicon nitride, alumina, or the like, and glass fiber
may be used alone or in combination of two or more kinds thereof.
Of the above-mentioned inorganic fillers, moltensilica is preferred
from the standpoint of reducing a linear expansion coefficient,
and alumina is preferred from the standpoint of high thermal
conductivity. As the form of the filler, it is preferred that 50%
ormore of the filler be spherical fromthe standpoints of £lowability
and mold abrasion resistance when the resin composition is molded,
and spherical molten silica powder is particularly preferably used.
[0034] The amount of the inorganic filler added is usually 50
wt% or more, preferably 70 wt% or more, more preferably 80 wt% or
more, relative to the amount of the epoxy resin composition. If
the amount is smaller than the value, effects of interest in the
present invention, such as low moisture absorbability, low thermal
expandability, high heat resistance, and high thermal conductivity,
cannot be exerted sufficiently. The effects are more improved when
the amount of the inorganic filler added is larger. However,-the
effects are not improved in parallel with the volume fraction of

the inorganic filler and are improved drastically with a specific
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of diethylene glycol dinmethyl ether, and a sol ution obtained by

di ssolving 112.9 g (0.45 nol) of 4,4'-bischloronethyl bi phenyl in 360
g of diethylene glycol dinethyl ether were used. Thus, 201 g of a

pal e-yel l ow resin were obtained. The resultant resin was found to
have an OH equi val ent of 150.1. The ratios of conponents each
representedby the general fornula (3), determ nedbyGPC neasurenent |,
were as follows: n=0; 22.03% n=1; 14.65% n=2; 11.89% n=3; 9.46%
n=4; 7a3t¥ntand nobe S8.10001ndR0AAISy ALheésrs Exarmie dther hand,Aif the
reaction was carried out in the same manner as in Exanple 1, except
that 18mdug OF GH®lindgathid '£11didy dduadiphemtge60hgh athe amount,
di et hyl ene gl ycol dinethyl ether, and a solution obtained by

di ssol ROy Sdeds 9t ¢ A.531 i@Fda®dd 1 réshisehlporoRRt By BeRZeRE hdl FH0 1 1Of
di et hyl ene gl ycol dinmethyl ether were used. Thus, 202 g of a

pal e- yghliow Gry Al | d88dn were obtained. The resultant resin was
found to have an OH equi val ent of 116.3. The DSC peak tenperature was

241. 7C gyt he 1 a0s, oLpogRaNEN] §%§8§%E§£8ﬁ®fn%é B SLEUELUIAS, CAG]

represented by the genera mul a rchthe phenyl ene group

dot or nenanofy BRI Metet ndlfbd BRGASER, YRR FoY BREaEh P e 1uce
) a

23. 31% =2: 11. 22% =3: 7.09% =4 . 179 i.5 12.35% 0048,
S e hngdaroled, egiilic BRSsRRIALE, AN LRz affadY anghr Pl

manner as in Synthesis anpl , except that, 200.0 1.0 nol f

e SRRy G FESGT ot RtERer SR Tt Sptaounds T sheh  as
-di hydroxybj,phenyl (1.0 nol) , and then the solvent was distilled of

f under:’ FefICERIHYEEH @ - 4THUINAEASRE oF a pal e-brown resin were

obtai ned. The resultant resin was found to have an OH equi val ent of
137. 6. 1TRe dazRred st deriforfert) 86 spondi ng to structures each and
represented by the general formula (3) in which the 4,4

- di hydPegylsiiphEmliamspe-dt. & diagardplcasde By 4, 0) undecene-7, and
4, 4" - di hi dr oxydi phenyl net hane, det er m nedbyGPCneasur enent, were as

f ol | owsompe@nd3ch89dag nixit rago B4 1 a0 152, i30%1 on-8pte 168% bn=didition
6.58% and 125; 13.56% [00491Exanple 1 120 g of the

r esi nobffaichedcinlSygmtiHénies cEBmpophdslwikheconssohdedhavning o p@ids such
epi chl orohydrin and 76.4 g of diethylene glycol dinethyl ether, and
76. 5 gaefmalt8%aAanyuapiSe s Blatizionm ieforsgdinduihiydophedelwetBaaddatrtiary
dropwi se under reduced pressure (about 130 Torr) at 62C over 4 hours.
Duri ngatmh@epr oceaidhe, LRe gerdated sMlEamias , emMpeeIIamdis 1SHSRM
byazeotropyw th epi chl orohydrin, and the distilled epichlorohydrin

was retuhRedahe1khgnsystem After gogplelion:Qbethgendiopw se and
addition, the reaction was conti nued for  anot her hour. After that,

epi chl erghydn amiibwe'tglg,llﬁg{?gé@gg 3\;%1‘#9 of dg‘E%méEii\réQbUt Whereot,

ket one were added~thereto, Iing wmth water to renove

salts. . r, g a 249 ﬂg”ﬁ S i on of | .
hydrox% gg%gﬁgggddeéggﬁere %, 5%3&% |ﬁ%&q§%§%%S sujggﬁﬁiyﬁﬁ%%§2016’
reactign_at C,for Qur.s, After cq etijon of the reactjon, the
it ur 6 RRSPLl faEE A ered S « h A or 2 BT SRR B e - and
ket one _usedas .a sol.vent s thendistilledoff under reducedpressure |,
to thePEBy "BbIArE HAE ¢ bf AT BAGEIPERRIITE U P8&T ERCY | PRAS rdien
was found tg have an %pox .equi val.ent of 183.7 ,and a,h¥9rolyzable,
chl ori BELEERCERESBY 1P @6@%& r EFEPPETIHERO SR IEPE «c kSR liphosphine,
resultant. resin. The ratios of conponents each represented by the
gener afNEGHANA RIOSPHdier A1 A SGO5P eﬁﬁm@%ﬁﬁwmaéwaﬂw%ﬂr
n=0; 42.49% n=1; 19.41% n=2; 12.23% n=3; 8.50% n=4; 4.56% and
n>5; 8Pe3erippGion ahvasneddy additdonfoDsbenphoaprkimas. wiph degpounds
results of DSC neasurenent, the peak tenperature was 140.0C, and the
having n bonds such as maleic anhydride, benzoguinone, and

diazophenylmethane, tetra-substituted phosphonium
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[ 0050] Exanpl e 2 122 g of the resin obtained in Synthesis
Exanmple 2 were dissolved in 486 g of epichlorohydrin and 72.9 g of
di et hyl ene gl ycol dinethyl ether, and 73.0 g of a 48% aqueous
sol ution of sodi um hydroxi de were added dropw se under reduced
pressure (about 130 Torr) at 62C over 4 hours. During the procedure,
the generated water was renoved fromthe system by azeotropy with
epi chl orohydrin, and the distilled epichlorohydrin was returned to
t he sysieamma -Ahilest conpddet | boraftashe dnopwi sesaddidiaphdinel pleasphani um
was continued for another hour. After that, epichlorohydrin was
di stil etk efdheib ik ¢, afetidtydny Seiood yhorkiaim ne: wel ter Aoldeaty 1 borate,
thereto, followed by washing with water to renove salts. Thereafter
19. 3 g £Hia at24%aq¥9opaosphohion ofesadbuty hysirod dereerapadded boron
thereto, and the m xture was subjected to a reaction at 85C for 2
hours. Afted coRR! eid op-@fnihes Leach] Pini 8RL-TE XLke apdenfildoeed aney
washed with water, and nethyl isobutyl ketone used as a sol vent was
then digthddath @fr-fhdmdgs féey&;gﬂ@ﬁ9§ﬁa£§te,tanah%feerqufaqugw A6 ot .
of an epoxy resin (epoxy resin B) .”The resin was found to have an
epoxy Y . c :
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hydroxide is preferred in view of influences on safety, a flame

retardant effect, and moldability of a molding material.
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110.0 to 142.0C, and the nelt viscosity at 150C was 42 nPa.s. The
rati os of conponents each represented by the general fornula (1),
determ ned by GPC neasurenent, were as follows: n=0; 42.92% n=1,
19.64% n=2; 11.46% n=3; 7.67% n=4; 4.91% and ri.5; 10.64% [0054]
Conpar ati ve Exanple 3 120 g of the resin obtained in

Synt hesis Exanple 6 were dissolved in 484 g of epichlorohydrin and
62.9 g of diethylene glycol dinmethyl ether, and 69.0 g of a 48%
aqueous 0@t i on oftinsytk spohkydraxirdeomps eiaddrd fdrloppwreecundeivent ion,
reduced pressure (about 130 Torr) at 62C over 4 hours. During the

pr ocedwtter hBagenBEabBdvWaheht VascaeaBMBEAASM p@ﬁtﬁﬂ%tﬁ@éﬂﬂs such as
azeotropy with epichlorohydrin, and the distilled epichlorohydrin was
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the reaction was conti nued for another hour. After that,
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resin (epoxy resin F) .. The resi.n was found to have an 0X .
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The resin was foynd to have a_softening point of 82C and a_ nelt

vi scosPRFIICTYsHESERtEs @4 ShetHd eatfys 6 UsGithGemesededr ng
structures _each represented by the general fornula (1) in which the
4, 4' - dilRYdrdxybi phéRy RISKELSNen WasthieptResy pysin composition of the
4, 4' - di hi droxydi phenyl net hane, det er mi nedbyGPCreasur enent, were as

f ol | owpresegt 3nvsndgion=1£row. BBeqstadpa a9t feproagiephlawahility
8.20% and n.>_5; 15.22% [0055] Exanples 4 to 6 and Conparative

Exanpl wbes tbe7resin coMpesépory esnobdedtamdeidnproExenEdsdicgn WBith
(epoxy resins Ato C) and the epoxy resins obtained in Conparative
Exanpl esstibsordtéepoxly aes Aead ttaake , war ehasedpassepoxyl lesher may be
conponents, and phenol novol ac (manufactured by Gunei Chem cal

| ndust ajded.., Ekdmpl®SM a2l €k efp Vasent :ollFomsof il nmgparNtand ¢9
82C) was used as a curing agent. In addition, triphenyl phosphi ne was
used apedredeumd 4B D] &t yaRecSRein Cah ialdédde £ IARNAMAE -8 t5ir%8ie
12.2 pm was used as an inorganic filler. The conponents shown in

Tabl e éop%n?m@h:e&d@ﬂn,m X8 1WRleh USILRG i TR0 1aNEL KSBRACH Wakhg,a an
heating roll for about 5 mnutes, and the resultant ‘products were
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addi 11 5R, 008 POAY Foff wale 108 PEd i SRS OFCBI Further , the mol ded
product of gorrparative Exanpl e, 4 had very poor flowabiljity and was
difficdPP3Pé nol d, ASRIPREREE Fﬁé‘i“&@aﬁhcbcféﬁérftli‘-%?P&FCYtﬁ%sﬁ%lct‘}’é@%ltlon

product were not be able to be evaluated. [0057] (1) Thernal
conducPfviEh§: PKESEDFedNPN& IOFanSNEhCedology may be used as long as

various raw materials may be dispersed and mixed homogeneously.
As a general method, there is given a method involving: mixing

predetermined blending amounts of raw materials sufficiently using
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wire nethod using a thernmal conductivity neter manufactured by
NETZSCH, type LFA 447. (2) Thernmal expansion coefficient and gl ass
transition tenperature : neasured at a tenperature increase rate of
10C/ m n using a thernonechani cal neasuring device manufactured by

Sei ko Instrunments Inc., type TMA 1200. (3) Water absorption rate: a
di sc having a dianmeter of SO nm and a thickness of 3 nmwas nol ded,
postcured, and allowed to absorb noisture at 85C at a relative

hum di taymbkeB5e7 Shef bikd Ptelduingy andckndrel it ¢hefmThange usingeaghixing
was determ ned. (4) CGelation time: an epoxy resin conposition was
pour ed noitlo, tdie eeanamiea partt itdre iNike gelmd icroliiest emd marfact aimey tiye
Ni sshin Chemcal Co., Ltd.) prelimnarily heated to 175C and stirred

at a r st aft drwo grederidt i ons per second using a PTFE stirring bar,
and a gelation time required for curing the epoxy resin conposition

was detgygigied. (TheSebbal tkaWn aBmppeX¥ibRSHA L0 WRFention
nol ded using a nold for splral fl ow neasurenent based on a standard

(EMM - 1196§9am<1§néﬂ%; RNdiddanse S fe SRRl of | DVl REAREL B WEH .
(150 kgf/cm), a curi'ng tenperature of 175C, and a curing tine of

m nutes;oand a floy JgPQ&?r%%ctth@P coxam-aed ¢ 1hOQR8k oh @ %e]c]btalned

Exanpl e nparati ve

by thermally curing the epoxy resin composition. In order to obtain
the cured product using the epoxy resin composition of the present
invention, a method such as transfer molding, press molding, cast
molding, injection molding, or extrusion molding may be employed,
and from the standpoint of high-volume production, transfer molding

is preferred.

Examples
[0042] Hereinafter, the present invention is described more
specifically by way of examples.
[0043] Synthesis Example 1

186.0 g (1.0 mol) of 4,4'-dihydroxybiphenyl and 600 g of
diethylene glycol dimethyl ether were charged to a 2,000-ml
four-necked flask, and the mixture was heated with stirring to 150°C
under a nitrogen stream. A solution obtained by dissclving 75.3
g (0.3 mol) of 4,4'-bischloromethylbiphenyl in 260 g of diethylene
glycol dimethyl ether was added dropwise, and the mixture was then
heated to 170°C and subjected to a reaction for 2 hours. After the

reaction, the mixture was added dropwise to a large volume of pure
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2 3456 7 Epoxy resin A96. 0

water to collect the product by reprecipitation, to thereby cbtain
220 g of a pale-yellow crystalline resin. The resultant rein was
found to have an OH equivalent of 130.8. The peak temperature in
DSC measurement was 248.5°C, and the amount of endotherm caused
by melting of a crystal was 95.5 J/g. FIG. 1 shows a GPC chart of
the resultant resin. The ratios of components each represented by
the general formula (3), determined by GPC measurement, were as
follows: n=0; 39.33%, n=1; 22.25%, n=2; 12.19%, n=3; 8.14%, n=4;
5.58%, and n25; 11.88%. Herein, the DSC peak temperature refers
to a value measured using a differential scanning calorimeter
{(manufactured by Seiko Instruments Inc., type DSC 220C) at a
temperature increase rate of 5°C/min. In addition, GPC measurement
was carriedout under the following conditions: device; manufactured
by Nihon Waters K.K., type 515A, column; TSK-GEL 2000x3 and TSK-GEL
4000x1 (both of which are manufactured by TOSOH CORPORATION),
solvent; tetrahydrofuran, flow rate; 1 ml/min, temperature; 38°C,
detector; RI.
[0044] Synthesis Example 2

A reaction was carried out in the same manner as in Example
1, except that 167.4 g (0.2 mol) of 4,4'-dihydroxybiphenyl, 540
g of diethylene glycol dimethyl ether, and a solution obtained by
dissolving 20.4 g (0.36 mol) of 4,4'-bischloromethylbiphenyl in
320 g of diethylene glycol dimethyl ether were used. Thus, 205 g
of a pale-yellow crystalline resin were cbtained. The resultant

resin was found to have an OH equivalent of 139.2. The DSC peak
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temperature was 242.4°C, and the ratios of components each
representedby the general formula (3), determined by GPCmeasurement,
were as follows: n=0; 31.21%, n=1; 21.19%, n=2; 13.38%, n=3; 10.63%,
n=4; 7.55%, and n25; 15.35%.
[0045] Synthesis Example 3

A reaction was carried out in the same manner as in Example
1, except that 186.0 g (1.0 mol) of 4,4'-dihydroxybiphenyl, 540
g of diethylene glycol dimethyl ether, and a solution obtained by
dissolving 50.2 g (0.2 mol) of 4,4'-bischloromethylbiphenyl in 320
g of diethylene glycol dimethyl ether were used. Thus, 195 g of
apale-yellowcrystalline resin were obtained. The resultant resin
was found to have an OH egquivalent of 125.6. The DSCpeak temperature
was 255.4°C, and the ratios of components each represented by the
general formula (3), determined by GPC measurement, were as follows:
n=0; 50.87%, n=1; 20.67%, n=2; 11.54%, n=3; 7.11%, n=4; 3.78%, and
n25; 5.87%.
[0046] Synthesis Example 4

A reaction was carried out in the same manner as in Example
1, except that 152.5 g (0.82 mol) of 4,4'-dihydroxybiphenyl, 500
g of diethylene glycol dimethyl ether, and a solution obtained by
dissolving 112.9 g (0.45 mol) of 4,4'-bischloromethylbiphenyl in
360 g of diethylene glycol dimethyl ether were used. Thus, 201 g
of a pale-yellow resin were obtained. The resultant resin was found
to have an OH equivalent of 150.1. The ratics of components each

representedby the general formula (3), determined by GPCmeasurement,
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were as follows: n=0; 22.03%, n=1; 14.65%, n=2; 11.89%, n=3; 9.46%,
n=4; 7.36%, and n25; 33.87%.
[0047] Synthesis Example 5

A reaction was carried out in the same manner as in Example
1, except that 186.0 g (1.0 mol) of 4,4'-dihydroxybiphenyl, 600
g of diethylene glycol dimethyl ether, and a solution obtained by
dissolving 52.5 g (0.3 mol) of 1,4-bischloromethylbenzene in 260
g of diethylene glycol dimethyl ether were used. Thus, 202 g of
a pale-yellow crystalline resin were obtained. The resultant resin
was found to have an OH equivalent of 116.3. The DSCpeak temperature
was 241.7°C, and the ratios of components corresponding to structures
each represented by the general formula (3) in which the biphenylene
group serving as a crosslinking site was replaced by a phenylene
group, determined by GPC measurement, were as follows: n=0; 40.33%,
n=1; 23.31%, n=2; 11.22%, n=3; 7.09%, n=4; 5.17%, and n25; 12.35%.
[0048] Synthesis Example 6

A reaction was carried out in the same manner as in Synthesis
Example 1, except that 200.0 g (1.0 mol) of
4,4'-dihydroxydiphenylmethane were used instead of
4,4'-dihydroxybiphenyl (1.0mol), and then the solvent wasdistilled
of f under reduced pressure. Thus, 245 g of a pale-brown resin were
obtained. The resultant resin was found to have an OH egquivalent
of 137.6. The ratios of components corresponding to structures each
represented by the general formula {3) in which the

4,4'-dihydroxybiphenyl skeleton was replaced by
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94. 0 Epoxy resin F

4,4'-dihidroxydiphenylmethane, determined by GPC measurement, were
as follows: n=0; 36.89%, n=1; 20.36%, n=2; 12.30%, n=3; 9.68%, n=4;
6.58%, and n25; 13.56%.
[0049] Example 1

120 gof theresinobtained inSynthesis Example l weredissolved
in 509 g of epichlorchydrin and 76.4 g of diethylene glycol dimethyl
ether, and 76.5 g of a 48% aqueous solution of sodium hydroxide
were added dropwise under reduced pressure {about 130 Torr) at 62°C
over 4 hours. During the procedure, the generated water was removed
from the system by azeotropy with epichlorohydrin, and the distilled
epichlorohydrin was returned to the system. After completion of
the dropwise addition, the reaction was continued for another hour.
After that, epichlorohydrin was distilled off, and 971 g of methyl
isobutyl ketone were added thereto, followed by washing with water
to remove salts. Thereafter, 19.3 g of a 24% aqueous solution of
sodium hydroxide were added thereto, and the mixture was subjected
to a reaction at 85°C for 2 hours. After completion of the reaction,
the mixture was filtered and washed with water, and methyl isobutyl
ketoneusedasasolvent was thendistilledoffunder reducedpressure,
to thereby obtain 148 g of an epoxy resin (epoxy resina). The resin
was found to have an epoxy equivalent of 183.7 and a hydrolyzable
chlorine content of 1,400 ppm. FIG. 2 shows a GPC chart of the
resultant resin. The ratios of components each represented by the
general formula (1), determined by GPC measurement, were as follows:

n=0; 42.49%, n=1; 19.41%, n=2; 12.23%, n=3; 8.50%, n=4; 4.56%, and
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n=5; 8.18%. FIG. 3 shows the results of DSC measurement. In the
results of DSC measurement, the peak temperature was 140.0°C, and
the amount of endotherm caused by melting of a crystal was 36.9
J/g. Inaddition, the capillarymelting point was 111.5 to 143.8°C,
and the melt viscosity at 150°C was 51 mPa-s.
[0050] Example 2
122goftheresinobtainedinSynthesis Example 2weredissolved
in 486 g of epichlorohydrin and 72.9 g of diethylene glycol dimethyl
ether, and 73.0 g of a 48% agueous solution of sodium hydroxide
were added dropwise under reduced pressure (about 130 Torr) at 62°C
over 4 hours. During the procedure, the generated water was removed
from the system by azeotropy with epichlorohydrin, and the distilled
epichlorohydrin was returned to the system. After completion of
the dropwise addition, the reaction was continued for another hour.
After that, epichlorohydrin was distilled off, and 970 g of methyl
isobutyl ketone were added thereto, followed by washing with water
to remove salts. Thereafter, 19.3 g of a 24% aqueous solution of
sodium hydroxide were added thereto, and the mixture was subjected
to a reaction at 85°C for 2 hours. After completion of the reaction,
the mixture was filtered and washed with water, and methyl isobutyl
ketoneusedasasolventwasthendistilledoffunder reducedpressure,
to thereby obtain 146 g of an epoxy resin (epoxy resin B} . The resin
was found to have an epoxy equivalent of 195.1 and a hydrolyzable
c¢hlorinecontent of 715ppm. InDSCmeasurement, thepeak temperature

was 135.1°C, and the amount of endotherm caused by melting of a
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crystal was 29.8 J/g. In addition, the capillary melting point was
107.8 to 140.1°C, and the melt viscosity at 150°C was 95 mPa-s.
The ratios of components each represented by the general formula
(1), determined by GPC measurement, were as follows: n=0; 32.25%,
n:l,; 18.42%, n=2; 12.85%, n=3; 9.42%, n=4; 6.01%, and n25; 16.63%.
[0051] Example 3

110gof theresinobtained inSynthesis Example 3 weredissolved
in 486 g of epichlorohydrin and 71.5 g of diethylene glycol dimethyl
ether, and 70.8 g of a 48% aqueous solution of sodium hydroxide
were added dropwise under reduced pressure (about 130 Torr) at 62°C
over 4 hours. During the procedure, the generated water was removed
from the systemby azeotropy with epichlorohydrin, and the distilled
epichlorohydrin was returned to the system. After completion of
the dfopwise addition, the reaction was continued for another hour.
After that, epichlorohydrin was distilled off, and 972 g of methyl
isobutyl ketone were added thereto, followed by washing with water
to remove salts. Thereafter, 15.5 g of a 24% aqueous solution of
sodium hydroxide were added thereto, and the mixture was subjected
to a reaction at 85°C for 2 hours. After completion of the reaction,
the mixture was filtered and washed with water, and methyl isobutyl
ketoneusedasasolventwasthendistilledoffunder reducedpressure,
to thereby obtain 149 g of an epoxy resin (epoxy resin C). The resin
was found to have an epoxy equivalent of 182.4 and a hydrolyzable
chlorinecontentof 675ppm. InDSCmeasurement, thepeaktemperature

was 146.1°C, and the amount of endotherm caused by melting of a
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crystal was 46.1 J/g. In addition, the capillary melting point was
118.2 to 147.0°C, and the melt viscosity at 150°C was 36 mPa-s.
The ratios of components each represented by the general formula
(1), determined by GPC measurement, were as follows: n=0; 49.16%,
n=1; 20.11%, n=2; 10.52%, n=3; 6.51%, n=4; 3.98%, and n25; 6.65%.
[0052] Comparative Example 1

l25gof theresinobtained in SynthesisExample 4 were dissolved
in 462 g of epichlorohydrin and 69.3 g of diethylene glycol dimethyl
ether, and 69.4 g of a 48% aqueous solution of sodium hydroxide
were added dropwise under reduced pressure (about 130 Torr) at 62°C
over 4 hours. During the procedure, the generated water was removed
from the system by azeotropy with epichlorohydrin, and the distilled
epichlorohydrin was returned to the system. After completion of
the dropwise addition, the reaction was continued for another hour.
After that, epichlorohydrin was distilled off, and 972 g of methyl
isobutyl ketone were added thereto, followed by washing with water
to remove salts. Thereafter, 12.3 g of a 24% aqueous solution of
sodium hydroxide were added thereto, and the mixture was subjected
to a reaction at 85°C for 2 hours. After completion of the reaction,
the mixture was filtered and washed with water, and methyl iscbutyl
ketoneusedasasolventwas thendistilledoffunder reducedpressure,
to thereby obtain 148 g of an epoxy resin (epoxy resin D). The resin
was found to have an epoxy equivalent of 209.2 and a hydrolyzable
chlorine content of 621 ppm. In addition, as the crystallinity of

the resultant resin was low, no clear melting point was observed

25



45 89 105 d ass transition tenperature CC) 194 203 187 204 178 147

Ther nal

expansi on coefficient (ppm <Tg) 10.0

in DSC. The melt viscosity at 150°C was 0.52 Pa-s. The ratios of
components each represented by the general formula (1), determined
by GPC measurement, were as follows: n=0; 20.75%, n=1; 12.48%, n=2;
10.59%, n=3; 8.57%, n=4; 5.99%, and n25; 37.11%.
[0053] Comparative Example 2

115gof theresinobtained in Synthesis Example 5 were dissolved
in 549 g of epichlorohydrin and 82.4 g of diethylene glycol dimethyl
ether, and 82.4 g of a 48% agqueous solution of sodium hydroxide
were added dropwise under reduced pressure (about 130 Torr) at 62°C
over 4 hours. During the procedure, the generated water was removed
from the system by azeotropy with epichlorohydrin, and the distilled
epichlorohydrin was returned to the system. After completion of
the dropwise addition, the reaction was continued for another hour.
After that, epichlorohydrin was distilled off, and 9266 g of methyl
isobutyl ketone were added thereto, followed by washing with water
to remove galts. Thereafter, 19.2 g of a 24% aqueous solution of
sodium hydroxide were added thereto, and the mixture was subjected
to a reaction at 85°C for 2 hours. After completion of the reaction,
the mixture was filtered and washed with water, and methyl isocbutyl
ketoneusedasasolventwasthendistilledoffunder reducedpressure,
to thereby obtain 145 g of an epoxy resin (epoxy resin E). The resin
was found to have an epoxy eguivalent of 173.0 and a hydrolyzable
chlorinecontentof490ppm. InDSCmeasurement, thepeaktemperature
was 133.6°C, and the amount of endotherm caused by melting of a

crystal was 47.6 J/g. In addition, the capillary melting point was
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110.0 to 142.0°C, and the melt viscosity at 150°C was 42 mPa-s.
The ratios of components each represented by the general formula
(1), determined by GPC measurement, were as follows: n=0; 42.92%,
n=1; 19.64%, n=2; 11.46%, n=3; 7.67%, n=4; 4.91%, and n25; 10.64%.
[0054] Comparative Example 3
120goftheresinobtainedinSynthesisExample 6 weredissolved
in 484 g of epichlorohydrin and 62.2 g of diethylene glycol dimethyl
ether, and 692.0 g of a 48% aqueous solution of sodium hydroxide
were added dropwise under reduced pressure (about 130 Torr) at 62°C
over 4 hours. During the procedure, the generated water was removed
from the system by azeotropy with epichlorchydrin, and the distilled
epichlorchydrin was returned to the system. After completion of
the dropwise addition, the reaction was continued for another hour.
After that, epichlorohydrin was distilled off, and 956 g of methyl
iscobutyl ketone were added thereto, followed by washing with water
to remove salts. Thereafter, 17.6 g of a 24% aqueous solution of
sodium hydroxide were added thereto, and the mixture was subjected
to a reaction at 85°C for 2 hours. After completion of the reaction,
the mixture was filtered and washed with water, and methyl isobutyl
ketoneusedasasolvent was thendistilledoff under reducedpressure,
to thereby obtain 152.5 g of a pale-brown noncrystalline epoxy resin
(epoxy resin F). The resin was found to have an epoxy equivalent
of 193.5 and a hydrolyzable chlorine content of 450 ppm. The resin
was found to have a softening point of 82°C and a melt viscosity

at 150°C of 68 mPa-s. The ratios of components having structures
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57. 4 Waterabsorption rate (wt.96-,100h) 0.19 0.17 0.19 0.24 0.23
0.22 Thermal conductivity (w mx) 4.50

each represented by the general formula (1) in which the
4,4'-dihydroxybiphenyl ~ skeleton was replaced by
4,4'-dihidroxydiphenylmethane, determined by GPC measurement, were
as follows: n=0; 34.54%, n=1; 18.65%, n=2; 12.34%, n=3; 10.63%%,
n=4; 8.20%, and n25; 15.22%.
[0055] Examples 4 to 6 and Comparative Examples 4 to 7

The epoxy resins obtained in Examples 1 to 3 (epoxy resins
A to C) and the epoxy resins obtained in Comparative Examples 1
to 3 (epoxy resins D to F) were used as epoxy resin components,
and phenol novolac (manufactured by Gunei Chemical Industry Co.,
Ltd., PSM-4261; OH equivalent: 103, softening point: 82°C) was used
as a curing agent. In addition, triphenylphosphine was used as a
curing promoter, and spherical alumina (mean particle size: 12.2
um) was used as an inorganic filler. The components shown in Table
1 were blended, mixed well using a mixer, and kneaded using a heating
roll for about 5 minutes, and the resultant products were cooled
and pulverized, to thereby obtain epoxy resin compositions of
Examples 4 to 6 and Comparative Examples 4 to 7. The epoxy resin
compositions were molded at 175°C for 5 minutes and postcured at
180°C for 12 hours, to thereby obtain cured molded products, and
physical properties of the products were evaluated.
[0056] The results arecollectivelyshowninTablel. It should
be noted that the numerals for the respective components in Table
1 refer to parts by weight. In addition, evaluation was carried

out as follows. Further, the molded product of Comparative Example
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4.84 4.47 3.52 3.60 3.53 Industrial Applicability [0059] The epoxy
resin of the present invention is excellent in handling property as a
solid because the resin is crystalline and has a nelting point, and
is excellent in noldability as well because the resin has a | ow
viscosity. In addition, in the case where the resin is applied to an
epoxy resin conposition, a cured product excellent in high heat

resi stance, thermal deconposition stability, andhi ghthernal

conductd \Haldy eaniye poogducedandiddiictabhy waedaiofieppti cathons, saued wsnce
sealing of electric and electronic parts and a circuit board

mat er i Phy MY0Hopefte £P>EY thes md1peadpeeduatcredentot Obé hgb D& eS8 NBe
I nvention can provide a cured product which is excellent in | ow

Vi scosigkyg1and- dyandl i ng property as a solid and is excellent in heat
resi stance, noisture resistance, and thermal conductivity as well,

and t hegyeduct is (gyi &'ﬁ@k%a@sgglu@i%c’é‘ﬂvif‘?mn?édé]ﬂré@%gs aa£r9ﬁs£@ﬁt hot

i ke used in the electrlc and electronic Tield, such a printe

circui ’ivﬁ%arn‘detr?oci‘e@én‘ﬂé S§! PALLAR1 SUBRKLALS ViR et ‘Er%’?ﬂfﬁé){ured by

sealin
NETZSCH, type LFA 447,

(2) Thermal expansion coefficient and glass transition temperature:
measured at a temperature increase rate of 10°C/min using a
thermomechanical measuring device manufactured by Seiko Ingstruments
Inc., type TMA 120C.

(3) Water absorption rate: a disc having a diameter of 50 mm and
a thickness of 3 mm was molded, postcured, and allowed to absorb
moisture at 85°C at a relative humidity of 85% for 100 hours, and
the rate of change in weight was determined.

(4) Gelation time: an epoxy resin composition was poured into the
concave portion in a gelation tester (manufactured by Nisshin
Chemical Co., Ltd.) preliminarily heated to 175°C and stirred at
a rate of two revolutions per second using a PTFE stirring bar,
and a gelation time required for curing the epoxy resin composition
was determined.

(5) Spiral flow: an epoxy resin composition was molded using a mold
for spiral flow measurement based on a standard (EMMI-1-66) under
the conditions of a spiral flow injection pressure (150 kgf/cm?)
a curing temperature of 175°C, and a curing time of 3 minutes, and

a flow length was then examined.
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Clainms [Cl aim1l] An epoxy resin, which is represented by the
foll owi ng general fornmula (1), exhibits an endot herm c peak
tenperature ranging from 100 to 150C based on a nelting point in
differential scanning calorinmetry, and is crystalline: OG0G crCH2 H
OG0 1) where n represents 0.2 to 4.0 as an average, and G represents
a glycidyl group. [Caim 2] An epoxy resin, which is obtained by
subjecting 0.1 to 0.4 nol of a biphenyl-based condensi ng agent
represemosdlby the foll ow ng general fornula (2) toareactionw thl nol
of 4 , 4 ' -dihydroxybi phenyl to prepare a pol yhydroxy resin
represent etdabyet b foll ow ng general fornula (3) and then subjecting
the resultant resin to a reaction wth epichlorohydrin, exhibits an
endot herm ¢ peak tenperature ranging from 100 to 150C based on a
melting point in differential scanning calorjinetry and is
crystallline;: X-CH CH2-X (2) Example Comparative Example

1 2 3 4 b 6 7

96. 0

Epoxy resin

98. 0

Epoxy resin

96. 0

Epoxy resin

100.5 | 100.5

Epoxy resin

94. 0

Epoxy resin

Him|g| oW

Epoxy resin 98. 0
Curing agent 54. 0 52. 0 54. 0 49. 5 49, 5 56. 0 52. 0
Inorganic filler 1350 1350 1350 1350 800 1350 1350
Curing promoter 1. 6 1. 6 1.6 I. 6 1. 6 1.6 1.6

Gelation time (s) 33 32 31 27 28 31 34
Spiral flow (cm) 102 94 36 15 45 89 105

Glass transition | g/, | g4 187 9204 | 178 147

temperature (TC)
Thermal expansion
coefficient 10. 0 10. 0 10. 4 15. 4 10. 6 1.1
(ppm, <Tg)
Thermal expansion
coefficient 47. 0 46. 6 51. 2 73.1 55. 3 57. 4
(PPm . >Tg)
Water absorption
rate 0. 19 0. 17 0.19 0. 24 0.23 0.22
{wt%,100h)
Thermal
conductivity 4. 50 4. 84 4. 47 3. 52 3. 60 3. 53
(W/m'K)

Industrial Applicability

[0059] The epoxy resin of the present invention is excellent
in handling property as a solid because the resin is crystalline
and has a melting point, and is excellent in moldability as well
because the resin has a low viscosity. In addition, in the case
where the resin is applied to an epoxy resin composition, a cured

product excellent in high heat resistance, thermal decomposition

30



where X represents a hydroxy group, a hal ogen atom or an al koxy
group having 1 to 6 carbon atons; and OHOH H CH2- (5-0-CH) H OHOH( 3)
where n represents 0.2 to 4.0 as an average. [C aim 3] An epoxy
resin according to claim1, wherein a content of the epoxy resin
represented by the general forrmula (1) where n represents 0 ranges
from30 to 60% [C aim 4] An epoxy resin according to claiml,

whi ch has a softening point of 100 to 150C and a nelt viscosity at
150C ofs &2 ity ,0a2d Ragh HHemiah SpnducBbv£pexinieshAcGaspasind @ tably
conprising an epoxy resin and a curing agent, wherein a conponent of
the ep@ged e3r a@PIRk$eSNiEheueBOXY 851 MnNgC6OT &l o8 Do ayd ahe=@fronic

clains 1 to 4.
parts and a circuit board material. Moreover, the epoxy resin
produced according to the present invention can provide a cured
product which is excellent in low viscosity and handling property
as a solid and is excellent in heat resistance, moisture resistance,
and thermal conductivity as well, and the product is suitably used
as an insulating material or the like used in the electric and

electronic field, suchas aprinted circuit board, a heat dissipation

substrate, or a semiconductor sealing.
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[ C ai m 6] A cured product, which is obtained by curing the epoxy
resin composition according to claimb5.

Claims

[Claim 1]

An epoxy resin, which is represented by the following general
formula (1), exhibits an endothermic peak temperature ranging from
100 to 150°C based on a melting point in differential scanning

calorimetry, and is crystalline:

Z 3 v/ o WP
oG

0OG (1)
where n represents 0.2 to 4.0 as an average, and G represents a
glycidyl group.
(Claim 2]

An epoxy resin, which is obtained by subjecting 0.1 to 0.4 mol
of a biphenyl-based condensing agent represented by the following
general formula (2) toareactionwithlmol of 4,4'-dihydroxybiphenyl
to prepare a polyhydroxy resin represented by the following general
formula (3) and then subjecting the resultant resin to a reaction
with epichlorohydrin, exhibits an endothermic peak temperature
ranging from 100 to 150°C based on a melting point in differential

scanning calorimetry, and i1s crystalline:

X-CHZCHZ-X )

where X represents a hydroxy group, a halogen atom, or an alkoxy
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group having 1 to 6 carbon atoms; and

X Py

2 — -

2 oy, —CH2—+H
%\f S ayaia Sy
OH

OH (3)
where n represents 0.2 to 4.0 as an average.
[Claim 3]

An epoxy resin according to claim 1, wherein a content of the
epoxy resin represented by the general formula (1) where n represents
0 ranges from 30 to 60%.

[Claim 4]

An epoxy resin according to claim 1, which has a softening point
of 100 to 150°C and a melt viscosity at 150°C of 0.02 to 0.2 Pa-s.
[Claim 5]

An epoxy resin composition, comprising an epoxy resin and a curing
agent, wherein a component of the epoxy resin comprises the epoxy
resin according to any one of claimsg 1 to 4.

[Claim 6]
A cured product, which is obtained by curing the epoxy resin

composition according to claim 5.
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