;e3enL6Tnav 3 0 NAYF%@mglgﬁmm@ 7ESIN COMPCSI TI ON AND PROCESS FOR PRODUCI NG
THE SAME Techni cal H I nvention The present invention re
a tetranet hyl bi pheny m ,p f@?‘i@hf@%

, erfornmance epoxy resin conpositio

in electrical and el ect r'é¥#e fields and the |ike, a process for producing
t he hi gh performance epoxy resin conposition, and a curable epoxy resin
conposition using the high performance epoxy resin conposition. Drinr art
Because of their excellent curing properties and ease of handling, epoxy
resins are useghoxt wegden fd@imds0ToRdNeS MOCEE8SPORBREDICERBUTEHE | Nk _

| am nation, nolding, coating, and the like. In general, epoxy resins which
have been industrially produced and used have a nol ecul ar wei ght
distribution in their main conponent itself , and are m xtures (

conpositiOQ%C#nggaﬂapyéfﬁqﬁp@ggtfn&gﬂ;%%ning various inpurities. The
maj ority of i in fromraw materials of the epoxy

resin, or produc by side-reactions _ar _the like,in the producti t her eof
and remain in thgg?eé%?ﬁenép6§ye?%%ﬁqwEg%ﬁ%%%i 9 8n§e€Eﬁ9(ﬁq¥l§ﬁ8§fﬂiﬂj§?F8n,
adhesi on or.tge | i ke of electrical .and elecgponic ggris.haég conv%ptignally
required a "SF8l PELEHTEIC CoPPP RIS Pe §OMRAEL 08 UPETYS WhEnActhEe L an
inpurities i.n an epoxy, resin conposition have an adverse effect, sug¢h as
det eri or at (DRCEFORIRAHGES 2pAstiatt s pRoBEPTSS Dt FReRFOTETIG heehidh 3 o
M- ~Y 2003 of the cured resin, corrosign of lead wires or the like . In
par-ti cul ar PEFACFRRNGY KPPt st HIBPSHELPR b Gs CUFBRLP SCRASYD T8§18n
encapsul ant resin of sem conductor integrated circuit, high purity is
essenti al , CRRBOARC AT SIAN| Ehanbiaht PSFIPEPARTS iPOXYsTHEER 2FIPR§LESOR he
degree of integration of sem conductor circuit increases. Anmbng vari ous

inpurities, ionic inpurities such as hal ogen cmmwmmmmmwmmmiconsidered to
give nost adverse effect, and an effort has be to exclude those
i mpurities PagonuBit as possi bl e. However, in recent«.yeads, it has al so been
required to decrease inpurities other than ionic inpurities. An epoxy resin
conposi ti on obt aBeedhidpof tieeireactaldenbfouring properties andeaseof handling,
4,4" -di hydroxy-3,3",5,5" -tetranet hyl bi phenyl represented by the foll ow ng
structur al eporputesi®) are used in wide fields of adhesion, casting,
encapsulation, lamination, molding, coating, and the like.
In general, epoxy resins which have been industrially produced
and used have a molecular weight distribution in their main component
itself, and are mixtures (compositions) of many components containing
various impurities. The majority of these impurities are brought
in fromrawmaterials of the epoxy resin, or produced by side-reactions
or the like in the production thereof and remain in the resin.
Epoxy resin compositions used in encapsulation, adhesion or
the like of electrical and electronic parts have conventionally
required a small content of impurities. That is, it is known that

impurities in an epoxy resin composition have an adverse effect, such

as deteriorationof electrical insulating property or heat resistance



CH3 CH3 HO ~ ~ ~ ~ OH (3) CH3 CH3 and an epi hal ohydrin, hereinafter referred
to as"tetranet hyl bi phenyl type epoxy resin conposition", has excellgrl MAY 2003
characteristics, such as high heat resistance, |low nelt viscosity, |ow
stress, high adhesion, |ow noisture absorption and the like, and therefore

is wdely used as a resin for sem conductor encapsulant. An attenpt has

been made to decrease ionic inpurities even in 2 30~ .~ ~ z00s the

epoxy resin conposition of this type, and an epoxy resin conposition having

a decr eased, ralfRUr Rf rd O, ©JrFBYL bh b8S ehd WAk E§BEX hRragdC ed i pahusitdiall y.
However, since the tetranethyl bi phenyl type epoxy resin conposition is

mai nl'y used fore gggér&%gltaéri ggoﬁ] el st cadvanced Sen g@%%ugﬁ%[gsulmt her

i nprovenent has been require its characteristics. In gener

£ O YO b A R BORER L Lo BEACRS DY e

coupling o no ction, vari y-pr suc
t et ranet hyl_di.phenoqui no riﬁre eq%ed b .%he tollgmﬁg structural, formul a
(2): Crs GRRIGT AFERSTCHE ARITE helbi LbhEound Fehresait 8d Ty CRETeS
fol |l owi ng ;;ructural.fornglalg%%;dCHg CH3. ~ 540~ of f (2 CHBVCHB are
produced by stHUEEFEHIO 0RE SFHIPRIFRET Gt Yitre FOGETA SRS i npliehd V8L 18us
impurities, ionic impurities such as halogen compounds are considered
to givemost adverse effect, and an effort has been continued to exclude
those impurities as much as possible. However, in recent years, it
has also been required to decrease impurities other than ionic
impurities.
An epoxy resin composition obtained by the reaction of

4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl represented by the

following structural formula (3):

CH, CH,
(3)

HO OH

CH, CH,

and an epihalohydrin, hereinafter referred toas "tetramethylbiphenyl
type epoxy resin composition", has excellent characteristics, such
ashighheat resistance, lowmelt viscosity, lowstress, highadhesion,
low moisture absorption and the like, and therefore is widely used
as a ;esin for semiconductor encapsulant.

An attempt has been made to decrease ionic impurities even in



3 UMA4Y Q03 in the product 4,4'-dihydroxy-3,3',S,5'-tetranethylbi:;pbq\r,lw.200
Japanese Patent Application Laid-open No. Sho 61-26864] describes a o 3
production process whereby the by-product tetranethyldi phenoqui none can be
decreased. However, tetranethyl di phenoqui none and/ or the phenol conpound
represented by the structural formula (2) usually remain in industrially
avai l abl e 4, 4' -di hydroxy-3,3"',5,5" -tetranet hyl bi phenyl products. SUMVARY OF
THE | NVENTI ON The present invention has an object to provide a high

per f or mnceLeRE¥Yy ket AcERAPPON ildndt uUsef tpd Nkl &CEd Gt e AL BREIEOBHC |
fields and the |like, a process for producing the high performance epoxy
resin conpasi,tion, RRdedsE AR CHPYorl i8S iRpGPIPASE tis0R1 HShdY Jrldg,hbgh
performance epoxy resin conmposition. As a result of various investigations
to solve th -nenti oned problem the present inventors have found that
a tetranetﬁgfgggﬁgﬁgﬁ'type epoxy resin conposition having a | ow content of
specific inpurities has excellent heat sistanc ngd electric .
characteristics éﬁﬁfﬁ?ﬁé PikeS éhﬁjggﬁggm%av%fbl'&ﬁ%y?thp%fﬁ?oxy resin

t et ramet hyl bi phenyl type epaxy resip conposition. haviing a | ow cant ent . of
speci f1c | REUPTIHES c R oIt APRAC By USPRE.F b Phidr FAF TR AGVaTT oM
content of such specific i%$ rities. As a rqfulh, t he qgject,has been

attai ned. FRBIPIEESKOTPnvENS AR OgRLenty hasybgep qeawirgga1p 13ty

t et r amet hyl bi phenyl type epoxy resin conposition conprising an epoxy resin
conposi t i ofP¥AGFEFEBGSr eact i ng

4, 4' -di hydroxy-3,3",5,5" -tetranet hyl bi phenyl and an epi hal ohydrin in the
presence of an alkapnergtalt, AyddBidexymiel b - 2 it tEoRpoRY thighenyd s
content of tetranethyl di phenoqui none of 0.5% by weight or less; (2) a

t et r anet hyPEP@Ras) by tppalagdgrycoumliingcohpodtivdare bnpAnst gy PARdERbX9 1 esi n

various by-products, such as tetramethyldiphenoquinone represented

by the following structural formula (4):

° (4

and a phenol compound represented by the following structural formula

(2):

CH, CH,
azse "
CH, CH,

are produced by side-reactions or the like, and included as impurities



conposi ti on obtained by reacting

4,4' -di hydroxy-3,3',S, 5 -tetranet hyl bi phenyl and an epi hal ohydrin 3 & HAé 2003
presence of an al kali netal hydroxi de, wherein said conposition has a
content of a glycidyl conpound represented by the foll ow ng structural
formula ( 1 ): CH3 CH3 ~ OCH2-CH ,CH2 O CH3 CH3 of 0.5% by wei ght or |ess;
(3) a tetranethyl bi phenyl type epoxy resin conposition, conprising an epoxy
resin conposition obtained by reacting

4, 4" -di hydr gxyt e Jnoauet 4oL amBl R pheny s and rapr-eRtdialghydehprin the

presence of an al Kal i net af hydr oxi de; wherei’n the total content” of
tet ramet hyl di phenegul panepanda{ g, ek duh compoyad {qspr@ﬁr@tﬁ%@mhe
above structural %%#%%% a F%?g?s .é%ﬁ)by weiéﬁt o% ess; (4) a process for
produci ng a ranmet hyl bi phenyl type epoxy resin,5 ., 30 r'l 1~'Y 2003
conpositi ond%g%/{l;lqogesa ac@ﬁ?é%?t%?n t%{g’rcgrsrgtﬁﬁraeﬁ)ﬁ’hg%qm n‘f’:)rnoe(;uc():ft 0. 5% by wei ght
or less, co risiqglr%ggéin 4d4'-dihxdro§¥-3,3',3,5'- t et ranet hyl bi phenyl
havi ng a cofteMMSYGBoRBYoREGNE 671 BE LS E25R e pitt¥F8RYdrin in the
presence of an al kali nmetal hydroxide; 5%%a Frocess fongProducinqﬁg
t et r anet hyl BFH%W“YWﬁBh%‘b%S&i/I“}Oé‘ﬁ Y, ¢ PR hSOTRY R EBRteFfti 61 Y
gl yci dyl conpound represented. by the follomﬁng,struptural.fornula,£ 1):
CHs CH3 ~ OFhe stpnetprahfeppuibnl 201 ws (y-rgrain so.imdugsr fpt lpvpddable
conprising reacting 4,4'-dihydroxy-3,3",5,5' tetranethyl bi phenyl having a
content of fhe' pHeYSroEBmpolin® BépitesErmeidydpirhenst RIAYCEE-fornul a (2) of
0.5% by weight or less, and an epi hal ohydrin in the presence of an alkal
nmet al hydroxi de; (6) a process for producing a tetranethyl bi phenyl type
epoxy resin conposition having the total content of
t et r amet hy| SEHRYo QT HERIMVENTIION gl yci dyl conpound represented by the
above structural fornmula (1) of 0.8% by weight or |ess, conprising reacting
4, 4' di hydr oxy- 3, Ble i eFenttiaveateomb baplbiptt hapragide a high performance
epoxy resin composition useful in electrical and electronic fields
and the like, a process for producing the high performance epoxy resin
composition, and a curable epoxy resin composition using the high
performance epoxy resin composition.
As a result of various investigations to solve the
above-mentioned problem, the present inventors have found that a
tetramethylbiphenyl type epoxy resin composition having a low
content of specific impurities has excellent heat resistance and
electric characteristics and the like, and also have found that the
tetramethylbiphenyl type epoxy resin composition havinga low content
of specific impurities can be obtained by using raw material having
a low content of such specific impurities. As a result, the object

has been attained.

The present invention includes:



t et r amet hyl di phenoqui none and t he phenol conpound the total content gﬂ)mﬁg 2003
6 3Jr~ ~~Y 2003 represented by the above strucutural formula (2)

0.8% by weight or less, and an epi hal ohydrin in the presence of an aIkaI

nmetal hydroxide; (7) a curable epoxy resin conposition conprising a blend

of the tetranethyl bi phenyl type epoxy resin conposition as described in any
one of the aforenentioned itens ( 1 ) to (3), and an epoxy resin hardener

for the epoxy resin, as essential conmponents. DESCRI PTI ON OF PREFERRED

EVBODI MENTS Tha Rirghe®eTHishiengn ¢gpecpsoky fedhi Bopsasi tcodpridingt 41 eps:85 e8kin
invention is an epoxy resin conposition obtained from

44 - i Y bR ottfeg (5] RERERDYA I Hfﬁgﬂwggw i ‘%ﬁh’ﬂ%?weh?ls %9 )

anount of ranet hyl qu| none as a ufify in t esin 5%

wei ght or refe abI [ erab

wet ght or cpEEDRYEHE] 568?3 ?I‘L@" %ﬂé@b ﬁ‘% %r% Ffeg}» BERORBSor hER "
structural fornmula ( §3H as an inpurity in
the resi nCP@e@@%thmlﬁweQﬂqul%EO 1564f'é¥3’51g}i“ Brlﬁ%by wei ght or |ess,

more preferably 0.2% by weight or less. Further, the total anmount of the

t et r amet hy2)di plhetstrqmithydphenyl time epoxyi thpin gompgsifion-"compNSpERA CDPMYO 1eSEN
represented by the above structural fornmula ( 1) is O . 8 % by weight or

| ess, pretempbiition).dbtaihed Wei gkdcting 4,458ihydike-33° e, EratrhyietByBipHeyyandhin or
|l ess. If the content of tetranethyldi phenoquinone is too large, electric
charact er gfhhlfydin e prdsBn@ offdh ARAX et By droxiHeSdhBie@4Ed composition has a

content of a glycidyl compound represented by the following structural formula (1):

CHy CH,
o (1)
CH, CH,
of 0.5% by weight or less;

3) a tetramethylbiphenyl type epoxy resin composition, comprising an epoxy resin
composition obtained by reacting 4,4’-dihydroxy-3,3°,5,5’-tetramethylbiphenyl and an
epihalohydrin in the presence of an alkali metal hydroxide, wherein the total content of
tetramethyldiphenoquinone and the glycidyl compound represented by the above structural
formula (1) is 0.8% by weight or less;

4 a process for producing a tetramethylbiphenyl type epoxy resin



deteriorate. Further, if the content of the glycidyl conpound rep
by the structural formula ( 1) is too large, heat resistance or 9Q§?ﬂwe?mﬁ
of an epoxy resin cured product deteriorates. Production process of the
hi gh performance epoxy resin conposition of the present invention is not
particularly limted so long as the content of tetranethyldi phenoqui none
and/ or the glycidyl conpound represented by the structural formula (1) is
in the specified range. However, if

4, 4' - di hy ds@pysittor3 hading a t&ite@nEt RythemhRiipenbguihore af DBWP Sy weight or less,

t et ramet hyl di phenoqui none content is used, tetramethyldi phenoqui none tends

Lo remai noiofifife Féiglifl 4l gVﬁﬁ"ts n%traqmﬁﬁs@hmé%%g%&%ﬁt&t P 56POXY

resin COI’TpOS tIO a Sp purl |cat|on St I’eCIUI red to renove

it. For t [ tlc advanta eo e

br oduct i oft Bt ‘%? e oY g e e B8 waﬁﬁe hmé%'ﬂﬁ%@xﬂd% of the
pr esent |nvent|on t hat uses ram/naterlals havi ng

t et r anet h{di pROEFSGES 196 ﬁ@d@ewg@ﬁﬁtramﬂhylh&henxlﬁ@egwév afgﬁlm CURRRSilifn having a
represented by the above structural forrmula ( 1) is forned fromthe phenol
conpound repessdatgytidyl cogipoundrepraserOdBy e follevegstrocturahforfradaii)a (2)

whi ch may be contained in the raw materi al

4, 4" -di hydroxy-3, 3" ,5,5" -tetranet hyl bi phenyl, through glycidylation with
epi hal ohydrin during production of an epoxy resin conposition, and a
speci al expensive purlflazwdon skgp is required in order to renove it from

the epoxy resin corrpi on qucéd. For this reason, it is particularly
’=.a@

advant ageous to enpl § cid 0 F{g g%? of the hi gh performance epoxy
resin conposition of & present inven uses raM/nE ferials having a

smal | content of the phe®d} conugqu repreg%nted by the st tural formul a
(2). The production process of the"tetranmethylbiphenyl type high
performance epoxy resin conposition according to the present invention
conprises reacting 4,4'-di hydroxy-3,3,5,5" -tetranet hyl bi phenyl in

of 0.5% by weight or less, comprising reacting 4,4’-dihydroxy-3,3",5,5’-
tetramethylbiphenyl having a content of the phenol compound represented by the structural
formula (2) of 0.5% by weight or less, and an epihalohydrin in the presence of an alkali
metal hydroxide;

(6) a process for producing a tetramethylbipheny! type epoxy resin composition having
the total content of tetramethyldiphenoquinone and the glycidyl compound represented by
the above structural formula (1) of 0.8% by weight or less, comprising reacting 4,4’-
dihydroxy-3,3°,5,5’-  tetramethylbiphenyl having the total content of the

tetramethyldiphenoquinone and the phenol compound



which the content of tetranethyl di phenoqui none and/or the phenol cdrpoad 2003
represented by the structural formula ( 2 ) as inpurities is in the

speci fied range, and an epi hal ohydrin in the presence of an alkali netal
conpound. Production process of

4, 4" -di hydroxy-3,3",5,5 -tetranet hyl bi phenyl as a raw material is not
particularly limted. However, the content of tetranethyl di phenoqui none
shoul d be 0.5% by wei ght or less, preferably 0.3s by weight or |ess, nore

pr ef er abl yepbes2ntedypwehgabowr strestsral Hormhlar (2)t b€ 0ci¥at ntwaghtt be Iggaenoll an
conmpound represented by the above structural formula (2) should be 0.5% by

wei ght or epigishydtin in3hdbreberice 3083 aRak htahydrékide by wei ght or less, nore
preferably 0.20 by weight or |ess. The total content of the

Structural )t o fataey: 398, 88 %‘i}?%%%?%%ﬁ%%?&ﬂé?i E?"’@%{YL‘%}?E?WVE

wei ght or less, nore referabl COo ng... of
et Paret npPaBRENGA G RORES e S P ybh Rt HisiShRientiondd er (1) '),

t et ramet hyl di phenoqui none in the epoxy resin conposition produced also

i ncr easesand=y enexy resig hardence dor thp epy resiB, #5irssratiabepmmeongeisr epr esent ed by
the structural formula (2) is too large, the content of the glycidyl
conmpound represented by the structural formula (1) in the epoxy resin
conposition produced al so increases. Method of decreasing the content of

t et r anet hPESORIPTIONIOTOPREPERRED PMEOIDIMBNESUNnd represented by the above
structural fornmula (2) in 4,4 -di hydroxy-3, 3" a5, 5" -tetranet hyl bi phenyl as a
raw material i Thé‘ﬁfgh%’ffohﬁbﬁ&répﬁxir &% é‘&n;t)&ﬁiorpcpﬁﬂhg‘pﬁéﬁt%v&fnoﬁGQQH%}B&S“

reaction conditions or purification operation such as heat treatnent

extractio hin [ t ek l,

& 2ai hy Beineg Dogsgh SSERNT Rotn, S0 R vy R BB o

t et r amet hyl qu| one and/ r t he compound represented by the
structur aﬂ”g M )amo“&hﬁ éﬁr%tﬁﬁeﬁwﬂma? &S Bty Ho tﬂPFe e Eence
of an alkali netal co ound, a_ high perfornmance epoxy resin conposition
havi ng a 615t by weiahet less, preferablicd A a1 1TRIEbALIcHS meoraptalermbly E2 4 bycyeight
conmpound represented 10 30 M!.Y ? 003 by the structural forrmula (1) is
obt ai ned. orfless. r eacti on can be conducted under general conditions, but the
representative exanple of the reaction is described in detail below First,
4, 4" -di hydr oxyTRe ﬁno@t%ftﬁe%l?ﬁﬂﬂ&ﬁiﬂ@hﬁ@%ﬂ))‘éseht%d@Wl&@dtx‘ﬁ@ﬁhr&lffomﬁﬂa(1)

epi hal ohydrin in an anmount 3-20 nol es per nole of phenolic hydroxyl
groups in 4,4 -di hydroxy-3,3,5,5 -tetranet hyl bi phenyl. Next, while
stirring t he resul ting solution, an al kali nmetal conpound in an anount of
0.9-2 noles per nole of the phenolic hydroxyl groups is added to the
solution in the form@GH;a solCHyor an aqueous solution, and reaction is

conducted. This r ion be conduct ed under atnospheric pressure or
reduced pressure. @ Oe@phréfineHj s general |y ahpput 30-105C in
the case of the re i on r atnospheQ c pressure and about 30-80C in the

case of the reaction Qhder redidged pressure. During the'reaction, the
reaction liquid is subjected to azeotropy while nmaintaining a predeternined
tenperature as required, a condensate obtained by cooling volatilized vapor
is subjected to oil/water separation, and water is renoved fromthe
reaction systemby a nmethod of returning an oil conmponent from which water
has been renoved, to the reaction system The alkali netal compound is
intermtten Y/ I r

B W1 0 SO B PRESUEND (OUBTy oY) Rk

about 1- 1r910rheoupreferably 0.2% by weight or less. Further, the total amount of the

tetramethyldiphenoquinone and the glycidyl



11 3 UM-,Y ?2.003 After conpletion of the reaction, insoluble by:pfoduct
salts are either renoved by filtration or by water washing, and un34L$V%HZNH
epi hal ohydrin is then distilled off under reduced pressure, thereby
obt ai ning the desired epoxy resin conposition. The epihal ohydrin generally
used in this reaction is epichlorohydrin or epibronohydrin. Further, the

al kali nmetal conpound generally used is al kali netal hydroxide, for

exanpl e, NaoH or KOH Further, this reaction nmay use catal ysts, for

exanpl e, Quahpbmad Y ePpFEBRH UEE A £ 5e WOk east hetthafet futanmaon urkchl &y bde or
tetraet hyl ammoni um brom de; tertiary am nes such as benzyl di net hyl am ne or

2,4,6-tri smaﬁsm aR:BONBtdBdBRONe] 53 i Gazate sy SUeds akore preferablﬁ
y as

2-ethyl -4-net hyl i m dazol e or 2-phenyli m dazol e; phosphoniumsalts suc
ethyl triphgnyk phasphopi wp hedide; and phosphines such as triphenyl
phosphi ne. This Teaction may al so use inert organic solvents, for exanple,

al cohol s such asgetiancle,aent SOPraRARlnlfEs ANRRAAHSHOAS ACGRNEaph TEthYl

et hyl ketone; ethers such as di oxane or y yco er

aproti ¢ poLac.solyeLe. sUeh as i SeLiu Sl oxte of ALIRL Wl Log rBalge, 11

t he case t a a saponi al ogen COI’I. ee - _poxy I’ESFI’] onposition
D oot o ekt % PR e PN e SEPERL A TR Bt o o
decreased §S'E£§£A€§§é§€fgg Sﬁgéé%alé%ggalguH)Egégg%%rge,heatresistance

or the like of an epoxy resin cured product deteriorates.

Production process of the high performance epoxy resin
composition of the present invention is not particularly limited so
long as the content of tetramethyldiphenoquinone and/or the
glycidyl compound represented by the structural formula (1) is in
the specified range. However, if
4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl having a large
tetramethyldiphenoquinone content is used,
tetramethyldiphenoquinone tends to remain in the resin in the
conventional production processes of an epoxy resin composition, and
a specific purification step is required to remove it. For this
reason, it is particularly advantageous to employ the production
process of the high performance epoxy resin composition of the present
invention that uses raw materials having a small
tetramethyldiphenoquinone content.

Further, the glycidyl compound represented by the above

structural formula (1) is formed from the phenol compound represented



content. Specifically, the crude epoxy resin conposition is re- dlsgqjyﬁ@ PO03
an inert organic solvent such as 2-propanol, nethyl ethyl ketone, neth

i sobutyl ketone, toluene, xylene, dioxane, propylene gl ycol nDnonethyI

et her or dinethyl sul foxide, an alkali nmetal hydroxide is added to the
solution in the formof a solid or an aqueous solution, and re-cyclization
reaction is conducted at a tenperature of about 30-120C for 0.5-8 hours.
Thereafter, excess alkali netal hydroxide or by-product salts are renoved
by, for examplthe watectweshifdgmuadnd(lhehdcgankg 56| aarainsdf Ut kee raw
distilled off under reduced pressure, thereby obtaining a purified epoxy
resin compagdter@Ri Ih@'ﬁﬂﬂ{ @bxgi3I§tEﬁ@BLhﬁtQh@@@ﬂQQMbﬂ@H§llnuh&%gmaw
material 4, 4'-di hydroxy-3 -tetranet hyl bi phenyl and t he product epoxy
resin C0rrpogslytc'l‘a&/lg@Po#?%lm?%%}iﬁggomf&ﬂ@%rfrgj' BH@&&Q&%@M& ah'éﬂH\zR% resin

chr omat ogr aphy, absorption’intensity neth or the like, but absorption

intensity mephod:ks.prelerLe éc’lﬁtr;%h%?é?&% U BUPIY; AN RS (A0S W LA, G90d

precision in an easy operat| rption intensity net

material tobe gBAsYLadols A 350l VR Jd.g SOLNCOln sl 88 T oand a0,

absor ption T n5|ty at nn1|s measur e e conte
t et ranet hyl pheno ui ngne can, be nt| ativel er m.ne
callbratlor}:CL g¥%ﬁb é%PGEFhEP éﬁ@?ﬁ&?%o qﬂh ﬁﬁpih FHGAr ds

separately OV|de ont ent of the enol un resented by the
Sbove st 1 LAREPERS s Y IRt H Tk AR A 8 COTp OB 15 i PE The Prgent

4, 4" -di hydroxy-3,3",5, 5'-tetranetQ%¥%g Qﬁfnyland the content ofthe gI{CldyI
compound r §§Eh?%&h8§uﬁﬁ§§£¥ﬂﬁ§ ShAvdingrh it hcpaiertnof fdedieiylr esin
conposition can be nmeasured with a gas chromat ography, I|qU|d
chronatogréﬁﬁvoﬁﬁthEquqﬁ§teﬁu?Ydﬂ§h§t6HFBﬂﬁ§% Qané? od is preferred in
that nmeasurenent can be nmade with good precision in an easy operation. The
curabl e epoxy re3hf REQISSAON drasiesehel prles &ftrangeh iiphesirpr 1 ers hdgbl end

of the tetranethyl bi phenyl type high performance epoxy resin conposition of
t he presentPSrAPENRIGMERERY ERFidpEpPOosdtipn according tothepresent invention

comprises reacting 4,4'-dihydroxy-3,3',5,5"'-tetramethylbiphenyl in
which the content of tetramethyldiphenoquinone and/or the phenol
compound represented by the structural formula (2) as impurities is
in the specified range, and an epihalohydrin in the presence of an
alkali metal compound.

Production process of
4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl as a raw material is
not particularly limited. However, the content of
tetramethyldiphenoquinone should be 0.5% by weight or less,
preferably 0.3% by weight or less, more preferably 0.2% by weight
or less.

Further, the content of the phenol compound represented by the

above structural formula (2) should be 0.5% by weight or less,



hardener, as the essential conponents. Epoxy resins other than the hig@ MAY 2003

performance epoxy resin conposition of the present invention can be
conpounded in the curable epoxy resin conposition of the present invention.
The epoxy resins that can be used together are not particularly limted and
can be any epoxy resin so long as it is an epoxy resin other than the high
performance epoxy resin of the present invention. Exanples of the other
epoxy resins include epoxy resins produced from various phenolic conpounds,

such as vagt@ﬂ&mew@l .83 %,gvelgwtsahemés Amobk sphenalaby bisphegneki ik
t etrabutyl bi sphenol” A, hydroqui none, methyl hydroqui none,

di net hyl hydrogadhone, di butyl hydroqui none, resorcin, nethyl resorcin,
bi phenol , tetramethyl bi phenol, di hydroxynapht hal ene, di hydroxydi phenyl

ether, di hydr OXy{d 't%‘%@lﬁ%oﬂ{@rf@of”%@' %é‘tfa‘?r%tﬁgrllgﬁsﬁé’ﬁodgﬂ%%@kaﬁ§sdr{é

blsphenol A novol ak resin, dicyclopentadi ene p Icre phenol 3
;egi;Tlheaeggg?ﬁg%ﬁgéh?ég%mgﬁgggﬁgéQ)eEF%QM9%%EF%ﬁ$%a e ekﬁgﬂgvpgovo}ak

vor oY BB Gy Ry P P TR e o
From var | LS EHRRAYoB b Te. 6F ot Q?LEZ%SHT& nane, arm nophenol or

xyl enedi am ne wi th an epi hal oh drln and _epoxy resins produced from
carboxylic acidstf Ehg Conﬁéf‘ﬁﬁ EQW%HFHBP?%O%“@“SH%IFﬁﬁrlaéaied e h an
epi hal ohydrin rodUC|n t he hi gh performnce epoxy resin conposition of
the pr esen‘fo’?trﬁ}’é:n?gd‘ﬁtrﬂm 36#4\‘%8‘@6‘?9“3“‘3‘“9 gngthe epPRhEeRYE SPBReRYTIhd a
phenol conpound other than4, 4’ - droxy-3,3",5,5 -tetranet hyl bi phenyl may
be ni xed afPHIGRS taétﬁ@o’cﬁcl’liﬁarsé’&ct e%-‘%hﬁﬁrahf i AoReRE| Pf tidipbenes a

mxture compound represented by the structural formula (2) is too large, the
content of the glycidyl compound represented by the structural formula
(1) in the epoxy resin composition produced also increases.

Method of decreasing the content of tetramethyldiphenoquinone
or the phenol compound represented by the above structural formula
(2) in 4,4'—dihydroxy—3,3'u5,5'-tetramethylbiphenyl as a raw
material is not particularly limited, but optimization of production
reaction conditions or purification operation such as heat treatment,
extraction, washing or recrystallization is generally used.

When 4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl having a
small content of tetramethyldiphenoquinone and/or the phenol compound
represented by the structural formula (2), and an epihalohydrin are
reacted in the presence of an alkali metal compound, a high performance
epoxy resin composition having a small content of

tetramethyldiphenoquinone and/or the glycidyl compound represented

10



of the high performance epoxy resin conposition of the present invgq}%@@ 2003
and the other epoxy resin. The proportion of the high performance epoxy *
resin conmposition of the present invention in the curable epoxy resin
conposition of the present invention is 10-1000 by weight, preferably
20-100 by wei ght, of the whole epoxy resin conponents. If the proportion of
t he hi gh performance epoxy resin conposition of the present invention is
smal | er, excel l ent characteristics ofthe tetranethyl bi phenyl type epoxy
resin are Qgttr%@t%kﬁgraﬁ fanARRer 1 0Ls epsueineasi ns is conpounded as an
essenti al 3 0 h~AY I Q103 conponent in the curable epoxy resin

conposi tion of the Q'égé?95 | VERLT OFna @ RONABAT f8ReE 1T 08 n At iepeXYbuesi N
can be used. Exanﬁies of “The hardener that can be used include various

pol yhydri c, phenol s, such. as. £ irgphenel idh { srbeppbed inbisphenol
AD, tetrabﬁﬁﬁﬂgﬁgﬁﬁgﬁggpiﬁgﬁ3{Fggﬁi%one, resoréinf'nethylrééoﬁbin

bi phenol , tetranethyl bi phenol, di hydroxynapht hal ene, di hydr oxydi phenyl

et her, pheH% ©%fovol ak resin, cresol novol ak resin, bisphenol A novol ak
resin, dicyclopentadiene phenoljc resin, No]. 3] napht ho
novol ak resin, HedRF ofr nodhy <fxgﬁ§n§|1%5$e§%§r§ﬂ§€§#%ﬁﬁ§¥§9§é gﬁenel
novol ak resin, or various phenolic resjns , such as polyhydric phenolic
resi ns obt 8ifERLYRA éBnﬂ%rﬁfé‘tﬁa&ﬁ’hVé’éi:?inha&a\l}%'}ui‘%uo gﬁgﬁo'?((gsjfeésc %Qvlgﬂ%us

al dehydes , a . g . , hydroxybenzal dehyde, crotonal dehyde or glyoxal; acid
anhydrides?fﬁﬂyﬁmééﬂnbvﬁ??FE¥ﬁﬁﬁyﬁﬁobﬁthaIic anhydri de, hexahydrophthalic
anhydri de, pyronellitic anhydride or nethylnadic acid; and am.nes, such as
di et hyl ene4t | ahihysroxgophdt cnd 'ditakF Aect Rl HPRERY bhe NGKE et ,

di am nodi phenyl sul fone or dicyandi am de. Exanples of hardeners of the type
that initiaterpoigeks reanliomodo BFdop  FotPe e il PR Mt 8RpYUnds
such as tri phenyl phosphi ne; phosphoni um sal t ssuch as tetraphenyl phosphoni um
t et r aphenybbar #-¢; mo hesl sl rele @Eht ke phepel iy INYAFOFE 2 JTOUPS. phased to

i m dazol e, 2-ethyl-4-nmethyl imdazole, 2-undecyl imdazole, )
1-Cyanoethyhegomethyiinmhdgpgmgﬁbasolidcnranaqueoussolutlon,andreactlon
2,4-di cyano-6-[2-net hylimdazolyl-(1)]-ethyl-S-triazine; 16 30 firnNY
2003 i m daisl ¢amdwaled. s Bhich rasciiey arroe bey Fopdugiered WA/ dayet SRlyer 1C
trinellitate, 2-methylimdazoliumisocyanurate, 2-ethyl-4-methylimdazolium
t et r aphenyppesaim or ra2datdy présdude methylbesct don temper 2t ha 9¢npbrhie;

am nes such as 2,4, 6-tris(di net hyl am nonet hyl ) phenol or benzyl

di met hyl anBeyt 36URHHWN § &hbSca84CHf aRetrdaetiph amdeni aimospheaphenysbarat e;
di azabi cycl o conpounds such as 1, 5-di azabi cycl o(5, 4, 0)-7-undecene

orl, 5- di azahh Grehe(#h-308} 5 fronenss atdtiereaptissny hnber akdscphemessure.
During the reaction, the reaction liquid is subjected to azeotropy
while maintaining a predetermined temperature as required, a
condensate obtained by cooling volatilized vapor is subjected to
oil/water separation, and water is removed from the reaction system
by a method of returning an oil component from which water has been
removed, to the reaction system. The alkali metal compound is
intermittently or continuously added in small portions over 1-8 hours

in order to suppress rapid reaction. The overall reaction time is

generally about 1-10 hours.
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sal ts, phenol novol ak salts or 2-ethyl hexanoates ofthose diazabicycloy MAY 2003

conpounds. Further, triflic acid salts, boron trifluoride ether conplex
conpounds, netal fluoroboron conplex salts,

bi s(perfluoroal kyl sul fonyl ) met hane netal salts, aryl diazoni um conpounds,
aromatic oniumsalts, dicarbonyl chelates of Goups Illa-Va el enents,
thiopyryliumsalts, VIb elenents in the formof M6- wherein Mis sel ected
from phosphorus, antinony and arsenic, arylsulfonium conplex salts,

aromati c iodoniu ' f qni e ,
bis[4-(diphenyls%%%%ﬂpgﬁéﬁ%%%%fggﬁpggg%hggf e&gﬁkggégﬂﬂg#a?rgéﬁéis?%%?
exampl e, PHOSRIAes. (aLSenaLes:; ANLamaes, Al the like)y anylaaultenium
conpl ex safts, and ar onatic gu?#oniun1or i odoni um sal't's” df
hal ogen- cont ai nj anpl ex.ions, .and the like can be used. These hardeners
for Spoxy PREhHSIERs S Lyt LPHLe misifer 26907ed FoCkP IS GPenbhe
t hereof. 17 3alir~Y ? f13 In tha case of using a conmpound having a
group t hat OPeat N9t Qﬁsé63%¢*§W@u5?Sf%é“ﬁm%ﬁBF986n of the hardener used
in the curabl e epoxy resin conposition of the present invention is such
that the sum of %%QMﬂ@§hﬁﬁaPY¢%kRRQQMeFHlébd%?“bﬂéhﬁgl?nr?%ﬁihﬂﬁoﬂé har dener
conmponents i s prefPrably0.5-2. Ol es, nore preferably0.7-1.5 noles, per one
mol e of epBRICREBPIYIrant o eRioneprRyit esFRrEppofdst 31kahi tatadase of
using a hardener of the type that initiates polynerization of epoxy groups,
as t he hardenpounsbgpoeratly whed psaditliiore ttlehxdifoxigeprifree syl €. NaqK
parts by weight, nore preferably 0. 3-5 parts by weight, per 100 parts by
wei ght of ¢heKQtbtal epoxy resin conmponents. |f necessary, inorganic
fillers, reinforcing fibers, cure accelerators, coupling agents,
pl astici zers, pikphes, stbivardastibhamey rnetcacdanigstsnd fidre ekirkiplean
appropriately be conpounded in the curable epoxy resin conposition of the
present i nyesterovaryKaindsn Dim tdhdtsnsudganisct éttdmrthgrlammbotune xdiiphrédefarsed
silica,

tetraethylammonium bromide; tertiary amines such as

benzyldimethylamine or 2,4,6-tris(dimethylaminomethyl)phenol;
imidazoles such as 2-ethyl-4-methylimidazole or 2-phenylimidazole;
phosphonium salts such as ethyltriphenyl phosphonium iodide; and
phosphines such as triphenyl phosphine.

This reaction may also use inert organic solvents, for example,
alcohols such as ethanol or isopropanol; ketones such as acetone or
methyl ethyl ketone; ethers such as dioxaneor ethyleneglycol dimethyl
ether; and aprotic polar solvents such as dimethylsulfoxide or
dimethylformamide.

In the case that a saponifiable halogen content in an epoxy
resin composition thus obtained is too large, the epoxy resin
composition may be re-treated, thereby ob£aining a purified epoxy

resincomposition having sufficiently decreased saponifiable halogen
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crystalline silica,glass powder, al um na and cal ci um carbonate. The shape
thereof is a crushed formor a spherical form Various inorganic fbl@q_g@ 2003
are used alone or as nixtures of two kinds or nore thereof. The ambunt

t hereof used is 30-95% by wei ght, preferably 50-95% by wei ght, nore
preferably 70-93% by wei ght, of the whole conposition. The cure accel erator
is a conpound that accelerates the reaction between epoxy groups in the
epoxy resin and active groups in the hardener. la 3 ~ M~'! 2.003

Lxanpl es ofcdfieneur & acceh 8L pipr dHckudge PAGSRNIRE i forpRINdS i RUEH as
tributyl phcosnphinne, tpr%i%phenyl )ghosphi ne, et ris(di rretlhoxyphenyll)ophosphi ne,

tris(hydr O@é‘lﬂj‘l%!ﬁ@&ﬁgﬁ%{‘%@g 3 daHa8Y n'lyé%@g‘a%pﬁ‘lé}%pa%??%'ﬂﬁm

salts, such as tetrap phosphoni'um't et rapheny rate,

met hyl t ri but,yl ph ni r g&?rylb%% angd,_, ' 1 iy

met hyl tri cyeatx]ggt E?/?% %’s%@&n?’t&mﬁge l%gp%er?yﬁggfat%;u%nr%’d%{t%o?rées’, SUCH "84

2-nmet hyl im.dazol e - phenyl i m dazol 2- et hyl - 4: net i.m dazol e, .

> Undety!  BRCAESENS, TGRS RErRE o1 sy By ot trox i Be( 2R a5

1, 4-di cyano- 6-[ 2- net hyl i m daz - 1% -egll-.s-tri i ne and .

24 di Cyandiafoh o i st b (s Bathiice i Rl fe o assehidier
salts, such as 1-cyanoethyl -2-undecylim dazoliumtrinellitate,

2- met hyl i nid#a2@P¢WH SCBYHPRIr &L, r‘?f"e\f%zé&-lﬁﬁtlfﬁﬂqtﬁaalz%ICIOE}FH‘Cted at a

t etraphenyl borate and 2-ethyl -1, 4- dj) met hyl i m dazol i um t et raphenyl bor at e;

am nes, sudiemper2ture.ofr pkgei PO Grifioantt Iy )hoizFel Thespagter, excess

di met hyl am ne, tetranethyl butyl guanidine, N-nethyl piperazine and

2- di met hyl &kadlinepyi hpilr ot deembyir RFASWL SR L IS adle enoveldyhicx el Ay

t etraphenyl borate; di azabi cycl o conpounds, such as o

1, 5- di azabiweyer sfeshang) apdideersrn iclsSlyRz apifeyeher 4ist D)1l pphandennd

1, 4-di azabi cycl o( 2, 2, 2) -octane; and tetraphenyl borates, phenol salts,

phenol novakdikcedlneseude?- théndhie xdtoanesg of purddaedi epey ¢@slio conpounds.
19 3GT::"; ~ ~~()3 O the conpounds as the cure accelerator, tertiary
am nes, composition.

The content of tetramethyldiphenoquinone in the raw material
4,4'-dihydroxy-3,3',5,5'~tetramethylbiphenyl and the product epoxy
resin composition can be measured with gas chromatography, liquid
chromatography, UV absorption intensity method or the like, but UV
absorption intensity method is preferred in that measurement can be
made with good precision in an easy operation. In the UV absorption
intensity method, a material to be measured is dissolved in a solvent
such as THF, and an absorption intensity at 400-450 nm is measured.
The content of the desired tetramethyldiphenoquinone can be
quantitatively determined from a calibration curve prepared using
pure tetramethyldiphenoquinone standards separately provided.

The content of the phenol compound represented by the above

structural formula (2) in the raw material

13



phosphi ne conpounds, i m dazol e conpounds, di azabi cycl o conpounds and their
salts are preferred. These cure accelerators are used alone or as rd ¥tMAEs2003
of two kinds or nore thereof, and the amount thereof used is ~ i-7% by

wei ght to the total epoxy resin conponents. Exanples of the f |ane
retardant include halogen type f |ame retardants such as brom nated epoxy
resin, antinony conpounds such as antinony trioxide, phosphorus type flane
retardants such as phosphoric acid esters or phosphines, nitrogen type
flame retar dant 535460025584 an e _det i ¥ad i eS.bipREn, D9F98RE Soht &£ the
retardants sluch as al um num hydroxi de and ragnesi um hydroxi de. The hi gh
per f or mance Xy F eS| MmQs bl r i j C ent
heat resista (gé%% g%#??gﬁcha §%F§EF§%H%Q%QEd§§§iPI%tgégggﬁgpfggﬁﬁgéef%ie

useful in electrical and el.ectronic.field nd the |ike. The production
process of fﬁ%e%thﬁp%%ﬁfﬁ%ﬁ%&nggm%%ﬁﬁafqaeggﬁ g%n%ﬁ%ﬁ%ﬁegnwé¥ht?1 ﬁ%’esent

i nvention can easi| oduce the hi gh performance, epoxy resip conposition.
Further, th& Eﬂﬂ%%ﬁgéagb%k %%ﬂ#%1055§$% ?Qﬁﬁﬁ?ybPrtﬁ%ggﬁ%fﬁngugn%éﬁgion has
excel l ent heat resistance, electric characteristics and the like, and. is
theref ore uSEFWRHOITEPRE (1} éﬁu??ﬁngFFgﬁPb PEITRASWT RSP he A kg made
EXAMPLES The, present invention is further described in detail below by the
fol | owi ng t¥WE e g9rH BECGHAUbiParat FI%Y SREHtES of the high 20 3 U ~'i;
".aY 2003 perfornmance epoxy resin conposition, production process thereof,
and curabl e epoxyheeSR¥aRIshEBSKY i KHfF 16f COMROTHEOBNRT ithPePr oMt EREPRT N 1- 3
and Conparative Exanples 1 and 2 Into a 2 liters three-necked fl ask

equi pped wi T¢MRrisesr adrlend-of the tetranathyddinhenn! itygephish werEowtanased
121 g of 4,4'-di hydroxy-3,3,5,5 -tetranet hyl bi phenyl having different
purities amtbeunresibh vgmpesibhen vl thebarsqot ndivenahdn tand phepoky corggound
represented by the above-nentioned structural formula (2) in respective
anount s showrdeneTabhe the E5Begtodl epdmpvinemgisydri n and 200 g of 2-propanol,

and tenperature was el evated to 50C to dissol ve
Epoxy resins other than the high performance epoxy resin

composition of the present invention can be compounded in the curable
epoxy resin composition of the present invention. The epoxy resins
that can be used together are not particularly limited and can be
any epoxy resin so long as it is an epoxy resin other than the high
performance epoxy resin of the present invention.

Examples of the other epoxy resins include epoxy resins produced
from various phenolic compounds, such as various phenols, e.q.,
bisphenol A, bisphenol F, bisphenol AD, tetrabutylbisphenol A,
hydroquinone, methylhydroquinone, dimethylhydroquinone,
dibutylhydroquinone, resorcin, methyl resorcin, biphenol,
tetramethylbiphenol, dihydroxynaphthalene, dihydroxydiphenyl ether,
dihydroxystilbenes, phenol novolak resin, cresol novolak resin,

bisphenol A novolak resin, dicyclopentadiene phenolic resin, phenol
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them To the flask, 91 g of 48 .5 wt % aqueous sodi um hydr oxi de sol ution

ui ere added dropwi se over 1 hour. During the addition, tenperature %3‘1/\‘( 2003
gradual ly el evated such that the tenperature in the systemreached at
the time of conpletion of the addition. Thereafter, the system was

mai ntai ned at 70C for 30 m nutes to conduct reaction. After conpletion of

the reaction, the reaction m xture was washed with water to renove

by- product salts and excess sodi um hydroxi de. Excess epi chl orohydrin and

2- pr opanol rlq:(g(_dLi Stdi e, ngg{tfholiﬂﬂﬂfq 1%%%&;,%@%@%%&%@& rleesﬁlh(?%é’git f on

obtain a crude epoxy resin conposition . This crude ‘epoxy resin conp

was di ssol ved J 250, 0 of pRLOVL L sobul vl lked ones oAnd: 28,81, #8.8: wt.th,

1 ]
aqueous sodi umrFlydlrom de solution wds a ereto to conduct ‘reaction at
a tenperatur f 70C for hour. . After conpletion of tgi reactiaqn, sodium
primary ph gygr%\ﬁspléedﬁ’ St SREUT rogﬁtiazlélggxé%s%o dgaé“ﬁﬁ BY TG HE™ POI | owed
21 3 0 h' ~AY 2003 by water washing tqQ renove bé/-product sal ts,  Met hyl
i sobutyl ketSrHE ReBN RS &P8I VAT aNSy 4SS + EdBice ' YFEXXBFRZIITHEin t he
desired epoxy resin conposition. Content of tet~ranethyl di phenoquinone,
cont ent of FRECHRYERIKAS c O IbKeFd bprEdEnfBICRINALREYSELBCL TRUTY SERENE (1),
epoxy equival ent and color tint of these epoxy resin conpositions are shown
in Tabl e 1.PrPIEAPAEFORVErAAHS eBiPaFarPYENdSeatyd esd BRrER@dAPrarAlReiapee
epoxy resin conposition was fornul ated by using each of the _
t et r amet | ~y@ndnphbeydl oypw lepedjaning Withaponihiadaby@y btuaed ebpxExespnes 1- 3
and Conparative Exanples 1 and 2, as an epoxy resin conponent; a phenol
aral kyl regirpdased frandemdroxgdiipomeitts, fuged neithythexdywdmophthahi¢ agidani c
filler, triphenyl phosphine as a cure accelerator, carnauba wax as a
rel ease agemt dimad amnidepdth anlepichalohydrin.
In producing the high performance epoxy resin composition of

the present invention,

4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl and a phenol compound

otherthan4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenylmaybemixed

and simultaneously reacted with an epihalohydrin to produce a mixture

of the high performance epoxy resin composition of the present

invention and the other epoxy resin.

The proportion of the high performance epoxy resin composition

of the present invention in the curable epoxy resin composition of

the present invention is 10-100% by weight, preferably 20-100% by

weight, of the whole epoxy resin components. If the proportion of

the high performance epoxy resin composition of the present invention

issmaller, excellent characteristicsof the tetramethylbiphenyl type

epoxy resin are not exhibited.

A hardener for epoxy resins is compounded as an essential
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as a silane coupling agent, as shown in Table 2. Next, each bl end obtained
was nelt mxed at 70-130C for 5 mnutes using a mxing roll. Each ) v 2003
m xt ure obtai ned was taken out in the formof a sheets and each sheet was
then crushed to obtain each nolding material. Each nolding material was

nol ded with a |l ow pressure transfer nolding press at a nold tenperature of
180C for a nolding tine of 90 seconds to obtain each test piece, and each
test piece was post-cured at 180C for 5 hours, G ass transition tenperature

after post 'é&&%ﬂoﬁ%n@”ﬂl VQIIBR hE5E SEBAN ¥ edlin236n 388G of t1RaG BN Ei Ng.
material is 2 arr~,~r 2~~3 shown in Table 2. The curabl e epoxy resin

composi i ong, anoqug ed: 1) BXGTRL ESedl 6 18 EneKESLY Sl ibnchgale hesistance and

el ectric characteristics conpared wth t I'e epoxy resin

conposi tions produced in arative Exanple a g T 1 :
ExanpleExaaneExgﬁ%T%%%%ﬁ§$gBFv@ ‘%%g?é?ggglgééfgagfédlE§§%%F%Varlous

20,8 VL2 T LTI phenul RCDE oL e S snog o
*
(ot ) Anal y BEar S G ABSTHRY R od VATEAIPBENT| GhTETY HirePHGRUCIARSRGAR! none
0.23 0.16 0.09 0.62 0.43content *1 (wt $) Content of glycidyl conpound
represented”ﬁ?ﬁ?@bo.@ﬁﬂian@bS#?HEﬂ%ﬂﬂﬁuc?&P&?r?¥%qﬁﬂhgbi}e@%poxy equi val ent
(g/eq) 186185185187187Col or tint (3$)Pal eYell owYel | owDar k purpl eDark purpl eur
le *I: Measlihgdrexydiphenydrgitiesn Hhﬂneﬁan‘@%tmn(rm%@gmwpéﬂk rgssn,
bisphenol A novolak resin, dicyclopentadiene phenolic resin, terpene
phenol resin, naphthol novolak resin, heavy 0il modified phenolic
resin and brominated phenol novolak resin, or various phenolic resins,
such as polyhydric phenolic resins obtained by condensation reaction
of various phenols and various aldehydes , e.g., hydroxybenzaldehyde,
crotonaldehyde or glyoxal; acid anhydrides, such as
methyltetrahydrophtﬁalic anhydride, hexahydrophthalic anhydride,
pyromellitic anhydride or methylnadic acid; and amines, such as
diethylene triamine, isophorone diamine, diaminodiphenyl methane,
diaminodiphenyl sulfone or dicyandiamide.
Examples of hardeners of the type that initiate polymerization
of epoxy groups include phosphine compounds such as
triphenylphosphine; phosphoniumsalts suchastetraphenylphosphonium
tetraphenylborate; imidazoles such as 2-methyl imidazole, 2-phenyl
imidazole, 2-ethyl-4-methyl imidazole, 2-undecyl imidazole,

l-cyanoethyl-2-methyl imidazole or

2,4-dicyano-6-[2-methylimidazolyl-(1)]-ethyl-S-triazine;
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*2: Measured with gas chromatography 23 3f) 1 ~f~Y 20103 " '"1'~l~lu 7. i

y ~C",.,. ~:t ~ | t crp,.rat w, ~'":m~1Il. . 1~ a u~. .36 MAY 2003
= rr~~" pc3' ~f ;:any.l ~ Fornul ation of curable ~ ~ |

epoxy resin conp05|t|on ~i j (parts by weight) I |

| Conpar at i veConpar ati veEpoxy resi nExanpl e 1Fx3t npl e 2Exanpl e 3Exanpl e
1Exanpl e 2Anmount bl ended100100100100100Epoxy resi n har dener
*19090909090Amount bl endedl norganic filler *2770770770770770Tri phenyl
phosphi nelliklikGabnaubasaesl kbt hEpoxysiyaane th3lld-diAscyngm pdopelriumesd ass
transitionl25127127118115temrature *4 (C)Volume resistivity 23

Cl. 8x10' 52.8%#2122t 9d 0" Bhed3 %0181 dad -6 Bdbcydbirate, _
C6. 2x10" 8. 9x10" 8. 0x10" 9. 5x10' 25. 8x10'z *1: Phenol aral kyl resin (trade

nane: M RE)&—%Q’E%%_SE @!—metﬂlﬁrﬁﬁﬁﬁtzoﬁ_uwﬁe%ﬂaf% £ 5at@or hydroxyl

equi valent: 170 Fused 't ca powder (trade nanme: RD-8, a product of

Shi n- B su Ghon i1 Raeal vRRFas JETER BRNReR TR 12‘3“??%%t%‘8§hma%n
TVA curve The, bi gﬁgg@gmpet 1551 FRNN SR 85RO 0 gara g

i nvention i'¥ éxce resis rica erls és and
t he I|ke nd |s t heref ore seful 1 eIectrlc 0 3 Q

|~ ~i, %Bﬂ fit Tds'ghd ﬁH ?lke 9316?% %+5%Q%P Ib?fé%e
perfornanc resin co |t|o of resent i.nv aS|Iy

P oduce. t he REGRLPE TP RIREE S G 88 11 SoOnBEar TS <§u? HURTECT TS
epoxy resin conposition of the present i nvention is excellent in heat

resi st ance Crdir@ctliiPRaRHHHA dr Bsf ) e nohgneR 8nfiteEraphery Ibanadess shengdef ul

in electrical and electronic fields and the |ike. 25 ) )
salts, phenolnovolaksaltsor 2-ethylhexanoatesof thosediazabicyclo

compounds.

Further, triflic acid salts, boron trifluoride ether complex
compounds, metal fluoroboron complex salts,
bis(perfluoroalkylsulfonyl)methane metal salts, aryl diazonium
compounds,arometiconiumsalts,dicarbonylchelatesofGroupsIIIa—Va
elements, thiopyrylium salts, VIb elements in the form of MFs~ wherein
M is selected from phosphorus, antimony and arsenic, arylsulfonium
complex salts, aromatic iodonium complex salts, aromatic sulfonium
complex salts,
bis{4-(diphenylsulfonio)phenyljsulfide-bis-hexafluoro metal salts
(for example, phosphates, arsenates, antimonates or the like), aryl
sulfonium complex salts, and aromatic sulfonium or iodonium salts
of halogen-containing complex ions, and the like can be used. These

hardeners for epoxy resins may be used alone or as mixtures of two

kinds or more thereof.
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3 a h~~, Y 2003 WHAT IS CLAIMED I S: 1. A tetranethyl bi phenyl type prH v
resin conposition conprising an epoxy resin conposition obtained gy“ AY 2003
reacting 4, 4'-di hydroxy-3,3',S,S -tetranet hyl bi phenyl and an epi hal ohydrin
in the presence of an alkali netal hydroxide, wherein said conposition has
a content of tetranethyl di phenoqui none of O S% by weight or less and a
content of a glycidyl conpound represented by the follow ng structural
formula ( 1 ): CHB CH3 ~ O~ ~ OCH2-CH ~CH2 O CH3 CH3 of O S% by wei ght or

less. 2. A tetramgtéyl bhphenyhsings C%Q%Mnﬂeﬁivﬂn?%r@ﬁéﬁé itaBtasaelaivmg i n
claim1l1, wherein the total content of tetranethyldi phenoqui none and the

gl ycidyl coypepngd, raRigsepted Bypbhei st buctny ahrdOfdrihachlin ithel- @24k
wei ght or less. 3. "A process For produci ng a tetranethyl bi phenyl type epoxy

resin conpq .oétiyg.gagf’r\{ i&gntp%sﬁ‘e&‘{;ﬁgéfg lctfhe_t g%@&% Q)ﬁkzgh{??&‘i‘ol%"sﬂ%ﬂettg%/t tQﬁ%% by

wei ght or les a content o i conpound represented

follow ng structural fornula (1).: ~ O CH2- 2 26 ~
or~-~Y 2003 "ot %09?,{5%}%% tV\rpl/eJaitgr]{E9 a%{f‘ ‘ﬁeﬁs]s%%é%ﬁ%%nsgqﬁegcg i Wé%f;e'_%a%ner

4,4' -di hydroxy-3,3.,5, 5 tetr |.bi phenyl havi ng_.a_cont of_ 0..5% by
wei gt oF I GEEORRA: 4 EBREERT O b LTS ok PR E P ERF LN ot Ty THES
followng struchiral_ formula (2): CH3, CH3 ~ O~ ~ OH (2) CH3 CH3 of 0.5% by
wei ght or IBSSsCRGEP L fpFRF Hif‘dﬁpﬁ A tie tﬁltéée%%x)%fgeé’ﬁna??‘&‘?‘?ner?é:lsal ’
hydroxi de; 4. A process for producing _a tetranethyl bi phengtllaty,pe_ epoxy

resin conpositi oAMakNe ARt HSEPhi MM TIGRBE 95 Hife tyPe that “initiates

4,4' -di hydroxy-3,3",5,5'
polymerization of epoxy groups, as the hardener component, the

proportion thereof is preferably 0.1-10 parts by weight, more
preferably 0.3-5 parts by weight, per 100 parts by weight of the total
epoxy resin components.

If necessary, inorganic fillers, reinforcing fibers, cure
accelerators, coupling agents, plasticizers, pigments, solvents,
flame retaréants and the like can appropriately be compounded in the
curable epoxy resin composition of the present invention.

Kinds of the inorganic filler are, for example, fused silica,
crystallinesilica, glass powder, alumina and calciumcarbonate. The
shape thereof is a crushed formor a spherical form. Various inorganic
fillers are used alone or as mixtures of two kinds or more thereof.
The amount thereof used is 30-95% by weight, preferably 50-95% by
weight, more preferably 70-93% by weight, of the whole composition.

The cure accelerator is a compound that accelerates the reaction

between epoxy groups in the epoxy resin and active groups in the

hardener.
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t et ramet hyl bi phenyl has a total content of the tetranethyldi phenoquiangnr%\, 2003
and t he phenol conpound represented by the structural fornmula (2) of 8% *
by weight or less, and the total content of the tetranethyl di phenoqui none
and the glycidyl conmpound represented by the structural forrmula ( 1) in

t he tetranethyl bi phenyl type epoxy resin conposition produced is 0.8% by

wei ght or less. 5. A curable epoxy resin conposition conprising a blend of

t he tetranethyl bi phenyl type epoxy resin conposition as clainmed in claim1
or 2, and a har depgiplfed ot RBecep@®ryad@Slidtatads BESekdk osphipenanipdunds,

. A& AF[ . A3Y. A. AFe. Ath A . AF. AF. ANl . AL Y. A
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a] ca] ca] Ca]t?c@]s?a-ﬁné‘e’]%x?@h nyl ]bhos 1%9 tris hydroxypropyl )phosphine an

A} xsni d_Z] ] ca] ca] ca] caJ ca] ca] ca] ca] caj ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] caj

Toa] 2Lf ELT %f‘%f@fj?h? By A 8 Gyl 755 G2 ol ca] ca ca

ca] cal kz n a] ca] ca] ca] ca] ca] ca] ca] ca] ca
S e L S e
a] ca] ca] ca]mc?a%%g% tﬁ@h%ﬁﬂ%ﬁ%“@a%@ﬁ%%@% "a]l%"}‘a% #]4$b]$c$]r $$]$ quc)/a/a]?/wa]?/%
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0 —****| + +
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4} xsni d_Z] ] ca] ca] ca] ca] ca] cal.ca] cal.ca] ca] cal ca] ca] ca] ca] cal.ca] ca] ca] ca] ca] ¢
a% calcal caf A A RrCAT Caoatoay solea el ool oo 1 -
+; p; X;; }xsnid_Z]]ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c J cal.cal ca] ca] ca] ca] ca]
ca] ca] ca] ca} bafraeneta] snindgayainafazyai-(1) 1-ethyl-s-triazine;
s K& <c<g<h<<<<<<<<<<====0=====>&>" > > xsni d_Z] ] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] cafBafezqldalc 763 c uSH é&] tag Qe at daedgudlirdfeap tdi®al cal cal ¢
al ->i >>>, 24?29?@E??7???7?7?7??7? @000 @ @@EOAWAAAAB| wr mhc”Y] | ca] ca] ca] ca] ca] ca]
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ajcalcaljcaljcalGAHHH@ O PLI TR
JJ1JuJJJIJIKYKeES s ld 4Z2H ] hetl)airddheal tal tafcaplea]idoral e alavaheal cafbasa] cal
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PPPI R S 2,4,6-tris(dimethylaminomethyl)phenol, benzyl dimethylamine,
ULUVWWW! VWVRW xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
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\j\\\0]s]]]*_H }xsnid Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
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] ca] ca] ca] ¢aj ¢ Cﬂﬁfz%&ﬂle% 951&9 Czalzsa!;%ealecala%al tal fapicalyadbeat e8] Ghenol

aJcaJca] ca ca]c

111111 @K L 2xe < ] al.cal gal calc calc ca]ca] ca] ca
] ca] ca] ca](g:a céa’] ng >% a‘i% a}g%aa %]tfglﬁﬁlaq?g gb%ll‘-ﬁitgh ?%(%:%xs{vql gb] X]
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phosphine compounds, imidazole compounds, diazabicyclo compounds and
their salts are preferred. These cure accelerators are used alone
or as mixtures of two kinds or more thereof, and the amount thereof
used is 0 7-7% by weight to the total epoxy resin components.

Examples of the flame retardant include halogen type flame
retardants such as brominated epoxy resin, antimony compounds such
as antimony trioxide, phosphorus type flame retardants such as
phosphoric acid esters or phosphines, nitrogen type flame retardants

such as melamine derivatives, and inorganic flame retardants such
as aluminum hydroxide and magnesium hydroxide.

The high performance epoxy resin composition of the present
invention has excellent heat resistance, electric characteristics
and the like, and is therefore useful in electrical and electronic
fields, and the like. The production process of the high performance
epoxy resin composition of the present invention can easily produce
the high performance epoxy resin composition. Further, the curable
epoxy resin composition of the present invention has excellent heat
resistance, electric characteristics and the like, and is therefore

useful in electrical and electronic fields, and the like.

EXAMPLES

The present invention is further described in detail below by

the following the examples and comparative examples of the high
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.1 109%& () -
L1 109%& () -1

L1 10%& () -!
*109%& () - F(! 109%& ()-46789GhC ! 10940%6& ()-, | 10%& ()-f 30

10968 ()-&10%6& () - 10 10 101 :° 10%& () - AdEbC ! 10%

t!10%G& () -

-s! 10968 () -

$10%38' ()-"
10968 () -
10GH1 0% (
10G 9T ?: /
10G( 10%@&’ (
10Gy510%@!
1#10%@& () -
#10% u& () -
10G#10% u&’

s! 10938 () - s! 10958 () - 10%3&' () - 10938 () - ! 10%43& () - 4g' kdELC
*M 10968 ()- (- 10%&' ()-& ! 10%a8' () -
10%& () - k8KkmodE: / 10G 10G0: " 109& ()- Y7

1096G& () - &3s! 109G& ()- 1s!109G& ()-/s! 109%G& () - opIxY: /

b B AR ) s S ) &bt YR ( )5 GLOUR, [)os ELOUR LI 1, and

1
#1094 bC 10610% ug& () -Y
: 0@ 10u@ () - 2T} A?bC

é#l

()- 'GlOO/eu&'()- " 1098U3UE: (

A
109%& () - - 10% u& 5“7910@/@ 4& J(J)teFﬁdE Fee-ne ked flask equipped with a
10G, #10% u& ()-*#10% u& () - (#10% u& ()-f&s10% u& ()-L$"10% u& 8
"#10% u&' () PROSIFC EOE08 BURReY phd 3 0eePligiqpipe were charged 121 g of

4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl having different
purities and containing tetramethyldiphenoquinone and the phenol
compound represented by the above-mentioned structural formula (2)
in respective amounts shown in Table 1, 555 g of epichlorohydrin and
200 g of 2-propanol, and temperature was elevated to 50°C to dissolve
them. Tothe flask, 91gof48.5wt%aqueous sodiumhydroxide solution
were added dropwise over 1 hour. During the addition, temperature
was gradually elevated such that the temperature in the system reached
70°C at the time of completion of the addition. Thereafter, the system
was maintained at 70°C for 30 minutes to conduct reaction. After
completion of the reaction, the reaction mixture was washed with water
to remove by-product salts and excess sodium hydroxide. Excess
epichlorohydrin and 2-propanol were distilled off under reduced
pressure from the product to obtain a crude epoxy resin composition.
This crude epoxy resin composition was dissolved in 250 g of
methyl isobutyl ketone, and 2 g of 48.5 wt% aqueous sodium hydroxide
solution was added thereto to conduct reaction at a temperature of
70°C for 1 hour. After completion ;>f the reaction, sodium primary

phosphate was added to neutralize excess sodium hydroxide, followed
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12 11" dEnbC 10G : 109F7&’ () - 109%5T& () - #1090°&' () - #1095 & () - | #109& () -
1090°& ()-"$". """ """}A24C 10

10T8510°/d'&' ()- S51090°& () - &3#109F& () - 0#109°& ()-!, U

*S&F 109& () - ! S&F 109& () - " ###Z####ASIN | 10% () - y10%& ()-s109%& ()-Y

1 109% ()-S! 10%&: () - &10%& ()-4 10T

10T4$r $$$- Ya ﬂﬂ@i‘ 1,4 O/ £l QY& clrbov¥! oﬁhct%&@%’@'.()rde'tiag?(&s(obult 1004& ohnk- | -
109%& () - W&L&: ' {' ' dEMN/ | ey Tbve )-F, " 1109 () - F$! 109& "109%& ()- Y

10% () - Y! 1QU&/ &dmpl e(tlg(lg(fén(&/%zq@e@ %Qd&@eé%&esé@/@ +0) okE@a?ln]-Q?{@‘ dosiilrea
/5109 () - F3109%&' (5- FOL10%: () ((( )0))) dEYNC 10% | | 109" (

fr109%& ()-L! | 109 () - &F10%& 245 . ++dEYNC! 10%

| 109! ()) %’O/ﬁ %%Sllib%@?% é@ll {0 ()-! 18?3/&' ()-s! 1823/&) ()-++.L,,,, dEYNC! 10%

( : }_85@ 8 i I&%oo/;/‘& %g?;@%’rﬁ]ﬁo_ L %Eéfk%%{%oy(l)phenoqulnone content of the glycidyl

2 wn@ 18%%W“E‘éﬁéﬁ%é%%g%rﬂ%es%%géﬁul Bt ol 3 1 ey Ssivagsas )

7 10%& w /
0)- an:cli color tint of these epoxy resin compositions are shown in Table

1.

Examples 4-6 and Ccamparative Examples 3 and 4

Each curable epoxy resin composition was formulated by using
eachof the tetramet@ylbiphenyl type epoxy resincompositions produced
in Examples 1-3 and Comparative Examples 1 and 2, as an epoxy resin
component; a phenolaralkyl resin as a hardener component; fusedsilica
powder as an inorganic filler, triphenyl phosphine as a cure
accelerator, carnauba wax as a release agent, and an epoxy silane
as a silane coupling agent, as shown in Table 2.

Next, eachblendobtainedwasmelt mixed at 70~130°C for Sminutes
using a mixing roll. Each molten mixture obtained was taken out in
the form of a sheet, and each sheet was then crushed to obtain each
molding material.

Each molding material was molded with a low pressure transfer
molding press at a mold temperature of 180°C for a molding time of
90 seconds toobtain each test piece, and each test piecewas post-cured

at 180°C for 5 hours. Glass transition temperature after post-curing

and volume resistivity at 23°C and 150°C of each molding material is
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4 44}[<1@ 10<yl : 10%& ()-!> ~$! 10%<& ()-"$!' 10%& ()-!0 3! 10%<& ()- .

31 10%& ()- !'H FS! 10%<& () - &444 4K445h5gH@ 3 U MAY 2003
10<yl | s! 109%&' ()-% & ,110% /& ()- !+ |,1109%& ()-"1,!110%& ()- &Y10%& ()- 10<
10<h5999999: F: bC 10<l !10% & ()- f 10% & ()-(310% & ()- 10 10

10Y: 10%&' ()-1s! 10%& ()-%:::: +: p; x; dEbC 10<F10% & ()-Y! 10% & ()- YI0% & () -
810% & ()-VY10% & ()-1110% & ()-x;;; Uc<<<dEbC 10<3"!10% & ()-F

s! 10% & ()-F10% & ()-F10% & ()-F! 10% & ()- 10% & () - <=0O===>- >dEbC 10<

[ 10% & () - 3Pvrodg Fapye 41 10% & ()-3)! 10% & () - |

' 10% & ()-3$S10% & () - - >i >>>. 2122?23?42dYNC 10< 10( 1%57 10(: 10% & (%-

Y7! 10% & ()- S5! 1807 &2 FIRIeoZ0v B - Forpes 1 oug RO USED 2 RGN EYNE 10<

| 100 ()-!10%& ()-! 10%& ()-| ! 10%& ()-f 100& ()-'f10%& ()- GAAAAA" BAEYNC

10< were éxcellent In heat resisfance and electric chardcteristics as
compared with the curable epoxy resin compositions produced in

Comparative Examples 3 and 4.

Table 1
Example | Example | Example | Comparative | Comparative
1 2 3 Example 1 Example 2
4,4'-Dihydroxy-3,3',5,5'- A B c D E
tetramethylbiphenyl
Tetramethyldiphenoquinone
0. .22 .12 .8 .5
content *1 (wt$) 45 0.2 0.1 0.89 0.59
Content of phenol compound
represented by structural | 0.31 0.09 0.10 0.58 1.02
formula(2) *2 (wt$)
Analytical results of epoxy
resin composition
Tetramethyldiphenoquinone
content *1 (wt$) 0.23 0.16 0.09 0.62 0.43
Content of glycidyl
compound represented by
structural formula(l)*2 0.30 0.10 0.11 0.57 0.99
(Wt%)
Epoxy equivalent {g/eq) | 186 185 185 187 187
Color tint (%) P\E;J].;;le Yellow | Yellow |Dark purple [ Dark purple

*1: Measured by UV absorption intensity method (THF solution, 415
nm)

*2: Measured with gas chromatography
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10<MLO%Z& () - 109%&Z& ()-!109%&& () - F109&Z& () - 109&& () - I

* 110928 () - FG*GGGHGHIELC 10< ! 109Z&' ()-! 109&Z&' () -

-109%Z8& () - 109%Z& ()-!10%Z& ()-!10%Z& ()- GHHHH@ | | dEbC 10<, - 109&Z& ()-*

109@2& ()- (° 109&& ()- &MLO%Z& ()-$! 1092Z& ()-"!109%&Z& ()-111JulJIIIIAE / 10Z
107l : 109&& ()F7! 109@& () -, 5

109Z& () - &3! 1092& () - 1109Z& () -/ 10%Z& () - JIKVKKKL LxYl 102 . ...

109 ()-s! 109K ()- 109%& ()- ! 1098 ()+ y"“iLO%&' () 9 f 1 6{) - ():‘J ;C(‘A:} » ‘
10Z_LLL* NGWMMBE: 6302300 ()= — [~ -~ — |~ -~ - :
MLOY&' () -| L& fokid QB )om! 1OV () - WOAE: /| 10Z+! 1098 ()
) T 109& ()[-(PABYRY (Wei$S) 109& (1 -11 10%& U& () - cPPPdE:| / 1OZ N
| 7109%& ()Ebéélﬁ%/&u () - L3s! 10%Rex{ahpile3iL! wl:Qm»@&e (2)|ekarplel 0 ‘aFJ&e' Z"GP‘PPPPP
NQRS @ 10Z®duiLtOWen(l§d- 14 fs! 108 () - f b 10% &'109 - &10‘@%2 10 lgoa(’)‘ple
10: 109& () E;:x;xby rlélgglvlya\gggl\égn_;n r0Z—10%& ()= 10

Amount blended 20 90 0 90

Inorganic filler *2 770 770 770 770 770

Triphenyl phosphine 1 1 1 1 1

Carnauba wax 1 1 1 1 1
¢ ‘\, Epoxysilane *3 1 1 1 1 1

’ Curing properties
Glass tramsition |, g 127 127 118 115
temperature *4 (°C) B
Volume resistivity 23 °c|1.8x10" |2.8x10" |2.9x10" | 4.3x10™ 6.7x10%
(Q-cm) 150 °C | 6.2x10"* | 8.4x10'* | 8.0x10" | 4.5x10" 5.8x10"?

*1: Phenol aralkyl resin (trade name: MIREX XL225-3L, a product of
Mitsui Chemical Co., hydroxyl equivalent: 170)

*2: Fused silica powder (trade name: RD-8, a product of Tatsumori

K.K.)

*3: Epoxy silane (trade name: KBM-403, a product of Shin-Etsu Chemical

Industry Co.)

¢ ) *4: Determined from inflection point on TMA curve
The high performance epoxy resin composition of the present

invention isexcellent in heat resistance, electrical characteristics

and the like, and is therefore useful in electrical and electronic
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useful in electrical and electronic fields and the like.
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CH, CH,

<;§o<;§o—mz—cr+w2 1
‘o (1)
CH, CH,
0f 0.5% by weight or less.
2. A tetramethylbiphenyl type epoxy resin composition as claimed in claim

1, wherein the total content of tetramethyldiphenoquinone and the glycidyl compound
represented by the structural formula (1) is 0.8% by weight or less.

3. A process for producing a tetramethylbiphenyl type epoxy resin
composition having a content of tetramethyldiphenoquinone of 0.5% by weight or less

and a content of a glycidyl compound represented by the following structural formula (1):

CH, CH,
Qo@o-CHz‘CH:CHz (1)
(@]
CH, CHj

26



10: &Y: 10% & ()-37! 10% & () - x=y| yyyyyyi J+C! 109B& ()-b! 1098& () - b! 10%&}1(,_\){-%03
t1098& ()- @ 109B& () - @ Al
C109B& () - @OYBE& () -yyyyyyysY: +Cl 11 1098& () - b! 109B& () -b/ KEf ! 1 1098& () - b! 10
%B& ()-b!10%B& ()-byyyyyy
zT: +Cl 11 109B& ()-b/ KEF11109B& () -b! 109B& ()-b! 109B& ()-b! 109B& ()-b zzz
2z2z$z}M C! 109B&' ()-b/ KEf!! 109B&' () - b! 1098& ()-b! 109B& ()-b! 109B& ()-b! 1098
& ()-b$z8z(z*z,z.z/ ze5. C/ KEf ! | 109B&' ()-b! 109B& ()-b! 109B& ()-b! 1098& ()-b!1
09B& () - b/l 205%w PPz WEighty: Of | 16%B&COMPHENEYBRAENED! 433@Riydyoxty3, 10588 () - b
1109B& ()-b! 109B& ()-b! 109B& ()-b[ z\ zazbzgzhzxzyz] C)! 109B& () - b! 109B&' () - b/
KEf ! (! 109B8&{r{methy By 1(Having 1:08@&nt pf 0I5YOBB& c(ght by kg fird Z}ent@n 2@ H.phdfBE ()
-b! 109B&’ ()-b/ KEF 1 1098& ()-b! 109B& ()-b! 109B& ()-b! 109B& ()-bzzzzzzzzgH)!1
0vB& ()-b!G &mﬁ}epl?és%ﬁtehb%@f@f%ﬂé%r@&ﬁxé@éal(fbnmla & ()-b!109B& ()-bzzzzzz
zT:)!10% 10O -B/ KEFTT1098& () -b!I™109B& () -b! 1098& ()-b! 109B&' ()-bzzzzzzz
{(IM ! 109B& () - b/KEleO%B& ()-b!109B& ()-b! 109B& ()-b! 109B& ()-b! 109B& ()-b
{ {{{
{{{!{IM!1098& ()-b/KEf!! 1098& ()-b! 1098& ()-b! 109B& ()-b! 109B& () - b! 109B&
O)-bU {"{#{${ A& {A[}M!10945&) - b/,KEB! 1 109B& () - b! 109B& ()-b! 109B& () - b! 10
' N HTRST: | 10988 () - b! 10988 () - b! 10988 () - b! 10%
! ! 01 I ObT{Y{Z{ { {q{t2B{x "D*! 1098& () -b! 10%
B& ()-b! 109B& ()-b/ KEf!!11 "& 0oB& () -b! 109B& () -bs{t {u{v{wf {{{bH.! 10
vB& ()-b! 109B& ()-b! 109B& ()<'DY KEf | YTOUB&' ()-b! 109B& ()-b! 109B& () - b{{{{
bC. ! 109B&' ! 109B& ()-b! 109B& () - b/ KEf ! ! 10%3& ()-b! 109B& ()-b! 109B& () - b{{
{
(

{{T:.110! 109B& ()-b/KEf ! 109B& ()-b! 109B& ()-b! 109B& ()-b! 109B& () - b{{{
{1MVB! 109B&' () -b/ KEf!! 109B&' () -b! 109B& () -b! 109B&' () - b! 10%3&() b! 109B&’

e’ () by | 1Ty R odsar (o 5oBa TS 0B (5o bl B e

-b| $[)| 0] 71 G OLiJ. /KEf ! I 109%B& ()-b! 1098& () - b! 109%8& () - b! 1098& () - b|10%3&%
) - bt 1098& ¥’ 5"%\ PIAWX Y Z|I[|}cl /! 109B& ()-Db! 109B& ()-b! 109B& () - b! 109B& (

0

{{

{{

{{

-b
0%
(

) b! 109B& ()-b!1098& ()-b/ KEFI[|\[]|].|]I]uTG !1Q ? Xx*10x*0 yY710%* & () -
*109* & ()-b 0,410%¢ gpyopess for producing a tetramethy b1phenyl type epoxy resin
'10%3&() b/ KEf!||]|]6}}}}0S7"10% *: & ()-"10% *: & () - "10% 7 & ()-, |

" 1099 & compositibh 10 i cldigied) -in  claim 3, wherein the 44 -dihydroxy-3,3,5,5’-
S&lO%* & ()-10x*}111111h87/ K| 0" " 10% *: & ()-"10% *: & ()-"10% *: & ()-"10% *:
& ()-" 10%tét'ra$&14t])xylbi}ph}:nyl has a total content of the tetramethyldiphenoquinone and the phenol
D7/ K[ " 10% *: & ()-"T0% *: & ()-"10% *: & ()" 1006 *- & (] " 10% * & {)- " 10% *

& ()-~~%$~ (compguﬁd' tepfeser @ity the @t)ructﬁ'tﬁ%fgmﬁﬁlz( %)20) Wﬁ‘% 15?5' ki h@-gr/‘less 8an(1)the 10% *
&() I K| 0" 4=8~9~ G T~W-Z~5 §37 1006 * 1095 * 0% *: & (

) g- g!yoo* 19{{}11 g%é}t oztgluz tcm T&lgﬁ%;oq}awloBg ,aE8 0)1«; ggct(yl cilalp/ogn reé)fe_senjeq { ~U~vy

TS T e g;r@gtu,aiofgn;@gggil )OteLrIO lbﬁ%.yl S cpogy %gm Fogpesino ,8 T

~~~~ [ 7/K| 0""10% *: & 0% *: & ()-"10% *: & ()-"10% *: & ()-"10% *: & () -~~~

~~~~dD7/ K|pmdu£9d/65*0&%%0ywqah}60“®5()- 1109 *: & ()-"10% *: & ()-"10% *: & ()-" "10

%* & () -~~~ tT47/"10% *: & ()-"10% *: & ()-"10% *: & ()-"10% *: & ()-"10% *
& () -1K| 0"~~~ 27/ "ALOvrablE: (pexyl Otsin: &oppasitions Comip(ising1@o6bieral (9 /ti 0" 10

%* & ()-x\ @/ "10% *: & ()-"10%*: & ()-"10% *: & ()-/K| 0""10% *: & ()-"10% *: &

()- tetramethylbiphenyl type epoxy resin composition as claimed in claim 1 or 2, and a

$| @/ "10% *: & ()-"10%* & ()-/ K| 0""10% *: & ()-"10% *: & ()-"10% *: & ()-$(, 0

4SHOSTI* 1084dend ) o A & bkl A ) 10% 12 & (). "10% & () H )

KLMNE D7/ " 10% */ K| 0" 109%™ & ()- 96 10% *: & ()-" 10% *: & () -"10% *: & () - " 10% *

& ()-Ngpy_?7/" 10" 10% *: &'()-"10%* & ()-"10%*: & ()-"10%*: & ()-"10% *: & ()

Sn10% *: & () -t TAT/"10% *: & ()-"10% *: & ()-"10% *: & ()-"10% *: & ()-"10% *: &

()-% K| 0" @RL7/ y!' 109 & ()- f:10% & ()-

Oy10% & ()-3"10% *: & ()-/ K| 0""10% *: & ()-K|[:7/ S.10%& ()- ,10%& ()-0

£110% & ()- f& 10% & ()- fFW0% & ()- f#- 109 & ()-.rvUs/ Y | 10%>SL& () -

@! 10%.>5L& ()- & , 109 >$L& ()- 10( 10(10( Y410% &' () -

@010% & ()-r2x{|}~| [NA4/ 10L>$L10L>$LLBL>$L Y: 109>$L&' ()- 10%>$L& () -

|1 109% >3L&' ()- yt!109%>$L& ()- s! 10% >$L& ()-~F| [: NA4/ 10 3! 1096& () -

31 1096& ()- F!1098& ()- Y ! 1096& ()- FLOY& ()- &109%6& ()- <Dd|[:NA4/ 10

3@ 10988 ()- $31098& ()- | 109%& ()- | FLO%& ()- | FL0%/& ()-

31096& ()-bRzt |[: NA4/ 10 110%& ()- 1109%& ()- .!109%6& ()- ,!109%& ()-

10988 ()- Y( 1098& ()-twxyz+i vU4/ 391098& ()- 3 | 1098& ()- 3! 1098& () -

&1096&' ()- 10$10$10$ y9109%8& ()-i|(q|[:vUs  1109%& ()- y 109%8& ()-

L109%& ()- 31 1098& ()- 9-10%& ()- h9-10%j o& ()-qt/|[:vUs ., 109%8& ()-

“*m 1098& ()- 3(!1098& ()- & 1098& ()-  $!1098& ()- | ! 10968 ()-/|[: VU




