- 1 - DESCRI PTI ON EPOXY RESI N, EPOXY RESI N COWCSI TI ON, AND PREPREG AND
LAM NATED PLATE USI NG THE EPOXY RESI N COVPCSI TION  Technical Field The
present invention relates to an epoxy resin superior in storage stability,
and an epoxy resin conposition, prepreg and | am nated plate containing the
epoxy resin. Background Art The denmand for downsizing printed circuit
boards on which el ectronic conponents, such as LSI, are nounted is
increasingly rising. Accordingly, it is required that the wre width be
reduced, that the dianmeters of throughihales be reduced, or that the

pl ating thi ckness be reduced. However, the reduction of plating thickness
can cause the plating to crack when a heat shock is applied to the
plating. Thus, circuit boards are_required to be highly heat- resistant.

I n addition, high-speed infornatiBﬁsﬁgéggggﬁhg equi pnment is desired, and
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advant ageous in I ncreasi ng processing spee

Technical Field

The present invention relates to an epoxy resin
superior in storage stability, and an epoxy resin
compogition, prepreg and laminated plate containing the

epoxy resin.

Background Art

The demand for downsizing printed circuit boards on
which electronic components, such as L8I, are mounted is
increasingly rising. Accordingly, it is required that the
wire width be reduced, that the diameters of through holes
be reduced, or that the plating thickness be reduced.
However, the reduction of plating thickness can cause the
plating to crack when a heat shock ig applied to the plating.
Thus, circuit boards are required to be highly heat-
resistant. In addition, high-speed information processing
eguipment is desired, and the clock frequency cf CPUs tends
to increase. Accordingly, a high signal transmission speed
is desgired, and the circuit board desirably has a low
dielectric constant and a low dielectric loss tangent so as

to be advantageous in increasing the procegssing speed. For



preparing such a circuit board, in general, a base is inpregnated with a
varni sh prepared by dissolving a thernosetting resin, such as epoxy resin,
in a solvent, followed by hot pressing. In this instance, since the
varnish is often stored for a long tine, it is required that the varnish
do not precipitate or phase-separate. Patent Docunent 1 has disclosed a
conposition containing an epoxy resin having a specific structure and a
cyanate resin as a heat-resistant resin conposition having superior
dielectric properties. However, the-structure of the epoxy resin

di scl osed in Patent Docunment 1 has high crystallinity, and consequently it
is undesirably precipitated froma varnish of the resin conposition during
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present iFRYeRLEANDE St dekbamy esagr ¢ihil0 $RMEce 3 since the
varnish is often stored for a long time, it is required that
the varnish do not precipitate or phase-separate. Patent
Document 1 has disclosed a composition containing an epoxy
resin having a specific structure and a cyanate resin as a
heat-resistant resin composition having superior dielectric
properties. However, the structure of the epoxy resin
disclosed in Patent Document 1 has high crystallinity, and
consequently it is undesirably precipitated from a varnish
of the resin composition during storage for a certain period.
Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2002-309085
Patent Document 2: Japanese Unexamined Patent
Application Publication No. 5-11735¢C
Patent Document 3: Japanese Unexamined Patent
Application Publication No. 6-100667

Patent Document 4: Japanese Unexamined Patent

Application Publication No. 8-143648

Disclosure of Invention
Problems to be Solved by the Invention

The present invention resulted from research to solve



t he above-descri bed probl ens, and provides a resin conposition, prepreg
and | am nated pl ate having superior heat resistance, dielectric
properties, water resistance, and workability by use of an epoxy resin
having a specific structure. Means for Solving the Problens Specifically,
the present invention relates to: an epoxy resin expressed by the
followng formula (1): 0 0 OCH2CH CH2 OCH2ZCH\CH2 | J CH2\ \ / CH2 ro H
(1)) (RM(RmM (In the formula, R represents a hydrocarbon group having a
carbon nunber of 1 to 4. m Represents an integer of 1 to 4 and when mis 2
to 4, Rs may be the sane or different. n Represents a positive nunber of
1 to 6 on average); (2) the epoxy resin of (1) having a softening point of

70C or 3). a epox. si.n osi tion cont |n|ng t he epoxy resin of
(1) or ?35‘ RN RS hseh e e ok TesT 7 ottt on of (3)
further ta|n|n a CUFI%%_&CC l.er at or roduct Produced by

curing tﬁe 8§%§lpe$|€re§b oSt &ﬁﬂﬁ“?éﬁécﬁliﬁs %Nl super

heat resistance, dielectric properties, water resistance,
and workability by use of an epoxy resgin having a specific

gtructure.

Means for Solving the Problems
Specifically, the presgent invention relates to: an

epoxy resin expressed by the following formula (1):

0
N\
OCHQCH “CH, OCHQCH CHa

G(%HCHZ \,\—->- (1)

(R)m R)m

(In the formula, R represents a hydrocarbon group having a
carbon number of 1 to 4. m Represents an integer of 1 to 4
and when m is 2 to 4, R's may be the game or different. n
Represents a positive number of 1 to 6 on average);

(2) the epoxy resin of (1) having a softening point of
70°C or more;

(3) an epoxy resin composition containing the epoxy
resin of (1) or (2) and a curing agent;

(4) the epoxy resin composition of (3) further
containing a curing accelerator;

(5) a cured product produced by curing the epoxy resin

composition of (3) or (4);



(6) a varnish prepared by dissolving the epoxy resin conposition of (3) or
(4) in a solvent; (7) a prepreg conprising a base material inpregnated

with the epoxy resin conposition of (3) or (4); (8) a lam nated plate
formed by hot-pressing the prepreg of (7) or a stack of at |east two of
the prepregs; (9) a phenol resin expressed by the following formula (2)
OHOH \WJI OHz OHz H(2) n (RmM(Rm (In the formula, R represents a

hydr ocar bon group having a carbon nunber of 1 to 4. m Represents an
integer of 1 to 4 and when mis 2 to 4, -Rs may be the sane or different.
n Represents a positive nunber of 1 to 6 on average); (10) the phenol
resin of (9) having a softening point of 80C or nore; (11) the epoxy resin

of (1), 10 uhi g8y they R 5 85.eop0h- <89l kL1 GURNRKLNG B, carhan funber of

1to 4; and (12) the epoxy eing a M Xtur e rnms of
formul a tdh g@gggogeggylgneogrqqgsl@ nd J & qthg ,0- position and the
v

p- position of t he oxygl yC|dyI gr oups. ant ages The epoxy resin
conposi tion cont ak NbAG, A CROXYri8$hY a base material impregnated
with the epoxy resin composition of (3) or (4};
(8) a laminated plate formed by hot-pressing the

prepreg of (7) or a stack of at least two of the prepregs;

{9) a phencl resin expressed by the following formula

éf" Qe

Rhu (Rhn

(In the formula, R represents a hydrocarbon group having a
carbon number of 1 toc 4. m Represents an integexr of 1 to 4
and when m is 2 to 4, R's may be the same or different. n
Represents a positive number of 1 to 6 on average);

(10) the phencl resin of (9) having a softening point
of 80°C or more;

{(11) the epoxy resin of (1) in which the Rfs are each
an alkyl group having a carbon number of 1 to 4; and

(12) the epoxy resin of (1) being a mixture of the
forms of formula (i) whose methylene groups bind to the o-

position and the p-position of the oxyglycidyl groups.

Advantages

The epoxy resin composition containing an epoxy resin



- 5 of the present invention has superior heat resistance, dielectric
properties, water resistance, and workability, and accordingly, the
conposition can be advantageously used for various conposites, such as
prepregs and | am nated plates, adhesives, paints, and so forth. Best Mbdde
for Carrying Qut the Invention An epoxy resin of the present invention is
produced by glycidylation of a phenol aralkyl resin with an

epi hal ohydrin. The phenol aralkyl resin is expressed by the follow ng
formula (2): OHOH \\J CH2 CH2 H (2} sn-(Rm(Rm (In the formula, R
represents a hydrocarbon groups having a carbon nunber of 1 to 4, m
represents an integer of 1 to 4, and nis a positive nunber of 1 to 6 on

e ope: o "IREPRDL0AD, ThigrZ LR fasl MipE S A WG SATR AL | i erent.)

The pheno ar al resi n expréesse S pro&hced by a

reaCFiOnd@éééfgkgatg%%pgggﬁggt'%gt tge%}s@%%.%Pahenyﬁﬁj tﬂflgt phenol.

As di scl ose . cumeént s erivative is
expressegnfyactfeqi ghhow peef @LRPLa:63bn can pe advantageously used

for various composites, such as prepregs and laminated

plates, adhesiveg, paints, and so forth.

Begt Mode for Carrying Out the Invention

An epoxy resin of the present invention is prceduced by
glycidylation of a phenol aralkyl resin with an
epihalohydrin. The phenol aralkyl resgin is expressed by the

following formula (2):

OH
(R \(R}mn

(In the formula, R represents a hydrocarbon groups
having a carbon number of 1 to 4, m represents an integer of
1 to 4, and n is a positive number of 1 to 6 on average,
wherein when m is 2 to 4, the R's may be the same or
different.)

The phenol aralkyl resin expressed by formula (2) is
produced by a reaction of a biphenyl derivative with a
hydrocarbon-substituted phenol. Asg disclosed in Patent
Documents 2 to 4, the biphenyl derivative is expressed by

the following formula (3):



- 6 - XH2C O~ CH2X (3) (X represents a hal ogen atom an al koxy group, or a
hydr oxy group.) Bi phenyl derivatives expressed by formula (3) include

bi s(chl oronmet hyl ) bi phenyl, bi s(net hoxynet hyl) bi phenyl, and

bi s(hydr oxynet hyl ) bi phenyl . Hydr ocar bon-substituted phenols include phenols
having a hydrocarbon group having a carbon nunber of 1 to 4, such as
o-cresol, mcresol, p-cresol, 2,5-di-tert-butyl phenol, 2,6-dinethyl

phenol , 2, 4-di net hyl phenol, 2-tertbutyl phenol,

2-tert-butyl -5-nethyl phenol, 2-tert-butyl--4-net hyl phenol ,

2,3,6-trinethyl phenol, and 2-allyl phenol. Preferably, the

hydr ocar bon- substi tuted phenol has an al kyl group having a carbon nunber
of 1 to 4. Anong tpgt paytFgul arly preferred are o-cresol, mcresol, and
p- cresol . ThosigqK \CHoe used sif@ly or in conbination. The
proportion of the = d€rivative to the hydrocarbon-substituted
phenol for producing the phenol aralkyl resinis generally 1 nole to 1.1
to 5.0 noles. (krpaprébenviewpahnbgeh khemst abi bilkh:ef ey, esd & ng epoxy
resin dissolved in a solvent and the heat resistance of the cured

product , hi;Heosof tepupg)poi nt of the phenol aralkyl resin is preferably 80C
or nore. In order to obtain such a favorable phenol aralkyl resin, the
proportion ofBipienyl derivatives expressed by formula (3) include

bis {chloromethyl)biphenyl, bis(methoxymethyl)biphenyl, and
bis (hydroxymethyl)biphenyl.

Hydrocarbon-substituted phenols include phenols having
a hydrocarbon group having a carbon number of 1 to 4, such
as o-cresgsecl, m-cresol, p-cregol, 2,5-di-tert-butylphenol,
2,6-dimethyl phenol, 2,4-dimethylphencl, 2-tertbutylphenol,
2-tert-butyl-5-methylphencl, 2-tert-butyl-4-methylphencl,
2,3,6-trimethylphenol, and 2-allylphencl. Preferably, the
hydrocarbon-substituted phenol hasg an alkyl group having a
carbon number of 1 to 4. Among these particularly preferred
are o-cregol, m-cresol, and p-cresol. Those phenols are may
be used singly or in combination.

The proportion of the biphenyl derivative to the
hydrocarbon-substituted phencl for producing the phenol
aralkyl resin is generally 1 mole to 1.1 to 5.0 moles. From
the viewpoint of the stability of the resulting epoxy resin
dissolved in a solvent and the heat resgistance of the cured
product, the softening point of the phenol aralkyl resin is
preferably 80°C or more. In order to obtain such a

favorable phenol aralkyl resin, the proportion of the



- 7 - hydrocarbon-substituted phenol is preferably 1.2 to 2.6 nvoles
relative to 1 nole of biphenyl derivative. The epoxy resin of the present

i nvention can be produced by a reaction of the phenol aralkyl resin of the
present invention w th epihal ohydrin. Exanples of epihalohydrin used in the
glycidylation for producing the epoxy resin of the present invention

i ncl ude epichlorohydrin, epibromhydrin, and epiiodohydrin. Preferably,

epi chl orohydrin is used because it is industrially easily available and

i nexpensive. This reaction can be performmed according to a known net hod.
For exanple, the reaction is perforned at a tenperature of 20 to 120C for
0.5 to 10 hours after or while a solid of an alkali netal hydroxide, such

as sodiu r.oxi r otassium. hydr.oxi de, is added to m xture of the

phenol g}l g%%)?g)é;bggﬁ_%ugﬁ% ltetf)ll eé# %}y idn.* sﬂpereaf‘?%a(rjbldleyrre]i af a%h?/dér< bé;(li de my be
in a solytkan. LA LS lnsta , ihe .t I I { hydr oxi de sol ution
i's contiﬁégggl§Eé?%gB§dFQMétg§ﬁghgﬂ?gﬁ%@%ﬁ%ﬁb@%r%¥é§%§£be evaporated from

the reaction fhatups.,undein' sducad g&eggﬁfﬁg'}% F9We-calNg LVapor at ed

water is renoved an e evaporated epic rin i1s continuously

returnedpt-gahpgar 83ckl QR BN &F kel B8 BROV & I QGES Sy SRk hat ohydrin is
normal ly used in a proportion of 0.5 to 20 noles, preferably 0.7 to 10
mol es present invention with epihalohydrin.

Examples of epihalcohydrin used in the glycidylation for
producing the epoxy resin of the pregsent invention include
epichlorohydrin, epibromhydrin, and epiiodohydrin.
Preferably, epichlorohydrin is used because it is
industrially easily available and inexpensive. This
reaction can be performed according tc a known method.

For example, the reaction is performed at a temperature
of 20 to 120°C for 0.5 to 10 hours after or while a solid of
an alkali metal hydroxide, such as sodium hydroxide or
potassium hydroxide, is added to a wmixture of the phenol
aralkyl resin and epihalohydrin. The alkali metal hydroxide
may be in a solution. In this instance, while the alkali
metal hydroxide solution is continuocusly dripped, water and
epichlorochydrin may be evaporated from the reaction mixture
under reduced or normal pregsure. The evaporated water ig
removed and the evaporated epichlorohydrin is continuously
returned to the reaction mixture.

In the above process, epihalohydrin is normally used in
a proportion of 0.5 to 20 moles, preferably 0.7 to 10 moles

relative to 1 equivalent of the hydroxy group of the phenol



relative to 1 equivalent of the hydroxy group of the phenol - 8 aralkyl
resin. The al kali netal hydroxide is normally used in a proportion of 0.5
to 1.5 noles, preferably 0.7 to 1.2 noles, relative to 1 nole of the
hydroxy group of the phenol aralkyl resin. In addition, an aprotic

sol vent, such as dinethyl sulfone, dinethyl sulfoxide, dinethylformam de,
or 1,3-dinethyl-2-imdazolidi none, can be added, to produce an epoxy
resin containing a small anount of hydrol yzable halogen, which will be
defined below. This epoxy resin is par&icularly suitable as a material for
el ectronic conponents. The aprotic polar solvent is used in a proportion
of 5% to 200% by wei ght, preferably 10%to 10006 by weight, relative to

t he wei ght,--of i qhydr AAdi 4 | ;oS ol or
et hanol , r&orta%ekrﬁfr#%%% arjl;%ve- I |lsit gﬁdbtg%il* \%?%ngﬁ(gol?a%?ﬁ?g%gg&tgﬁg

reaction.i fOQroaitheit e SHOD @5 1 o URNE-OF XYL 801, TRYo be psed. o The
above- nenti oned anount of hydrol yzabl e hal ogen can be Tneasured by, for

exanpl e, ndllefsat irkg A1 ERAXYL MBS din t1h oxpdeo tdr-auKO¥ et hanghe sl uti on
while it is refluxed for several tens of mnutes. Alternatively, the epoxy

resin of ah@ kgriesendiri .nvern i dieyh beurprasteet- byoreaet | nguannmkxture of a
phenol aral kyl resin with an excessive anount of epihal ohydrin in the
dimethyl sulfone, dimethyl sulfoxide, dimethylformamide, or
1,3~dimethyl-2-imidazolidinone, can be added, to produce an
epoxy resin containing a small amount of hydrolyzable
halogen, which will be defined below. This epoxy resin is
particularly suitable as a material for electronic
components.

The aprotic polar solvent ig used in a proportion of 5%
to 200% by weight, preferably 10% to 100% by weight,
relative to the weight of epihalohydrin. Addition of an
alcohol, such as methanol or ethanol, other than the above-
listed soclvents, also facilitates the reaction. Other
solvents, such as toluene or xylene, may be used. The
above-~mentioned amount of hydrolyzable halogen can be
measured by, for example, titrating the epoxy resin in
dioxane with a KOH/ethanol solution while it is refluxed for
several tens of minutes.

Alternatively, the epoxy resin of the present invention
may be produced by reacting a mixture of a phenol aralkyl
resin with an excesgive amount of epihalohydrin in the
presence of a gquaternary ammonium salt, such as

tetramethylammonium chloride, tetramethylammonium bromide,



presence of a quaternary ammoni um salt, such as tetranethyl ammoni um

chl oride, tetranethylanmmoni um bromde, - 9 or trinethyl benzyl amoni um
chloride, as a catalyst at 50 to 150C for 1 to 10 hours, and then addi ng
an solid or solution of an alkali netal hydroxide, such as sodi um

hydr oxi de or potassium hydroxide, to the resulting phenol aralkyl resin
hal ohydrin ether to allow themto react at 20 to 120C for 1 to 10 hours to
cyclize the halohydrin ether. 1In this instance, the quaternary anmoni um
salt is normally wused in a proportiensof 0.001 to 0.2 nole, preferably
0.05 to 0.1 nole, relative to 1 equivalent of the hydroxy group of the
phenol m xture. The al kali netal hydroxide is normally used in a

proporti rabl to 1.1 .noles,. r t|ve to 1
eqU|vaIe§? 9% gﬁghyﬁbé qgar @6uof ?ﬁémﬁhghol quaﬁa%wﬁﬁrét éﬁgéﬂera

t he prod f ch regactig bj ed renoval, .of excess
eplhalohggélg gﬁg o?ve%? &Ft% ?ﬁ t?%%h é?ﬁggﬁﬁgbf préisure after or

Wi t hout QS&QEl&HSBEdaH‘%EFa%@t Etaﬁn%@i%ﬁ%ﬂgghbsequent ;ﬁgﬁﬁﬂhln a sol vent,

such as toluene or I sobutyl a solution of

al kal i ‘%@foiaygé054_»d5@t§g§9uash%%wd'éydw't% Yo s AQLGRS UMY oXi de,
is added to the solution of the “reaction product to performa reaction
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to 120°C for 1 to 10 hours to cyclize the halohydrin ether.

In this instance, the quaternary ammonium sgalt is normally

used in a proportion of 0.001 to 0.2 mole, preferably 0.05

to 0.1 mole, relative to 1 equivalent of the hydroxy group

of the phenol mixture. The alkali metal hydroxide is

nermally used in a proporticon of 0.8 to 1.5 moles,

preferably 0.9 to 1.1 moles, relative to 1 eguivalent of the

hydroxy group of the phenol aralkyl resin.

In general, the product of such a reaction is subjected
to removal of excess epihalohydrin and solvent with heating
under reduced pressure after or without being washed with
water, and is then dissolved again in a soclvent, such as
toluene or methyl isobutyl ketone. Subsequently, a sgolutiocn
of alkali metal hydroxide, such as sodium hydroxide or
potassium hydroxide, isg added to the solution of the
reaction product to perform a reaction again. Thus, the
epoxy resin of the present invention containing a small
amount of hydrolyzable halogen can be produced. 1In this
instance, the alkali metal hydroxide is normally used in a

proportion of 0.01 to 0.2 mole, preferably 0.05 to 0.1 mole,



anount of hydrol yzabl e hal ogen can be produced. In this instance, the

al kali metal hydroxide is normally used in a proportion of 0.01 to 0.2
nole, preferably 0.05 to 0.1 nole, - 10 relative to 1 nole of the hydroxy
group of the phenol aralkyl resin. The reaction tenperature is normally
set at 50 to 120C and the reaction tinme is normally set at 0.5 to 2
hours. After the conpletion of the reaction, the by-produced salt is
renoved by filtration or washing with water, and the solvent, such as

t ol uene or nethyl isobutyl ketone, is l1®enoved by evaporation with heating
under reduced pressure. Thus, the epoxy resin of the present invention
containing a small anount of hydrol ysabl e hal ogen can be produced.

Pref e ably) aEe-eROXY SN ite W Bsen LINENION,hgs &, 50f teni ng poi nt

of 70C or nore fromthe viewpoint of 't ity o e epoxy resin

after beppgidissokyed . inm@e %%la\e%qtorﬁr&%g}e?almte resist,ance ofgdhe cured

product. Such™ an epoxy resin can be produced by epoxidizing a phenol
aral kyl resih @botheapresent A-Rvenidron haviing . sefitiepifg Points of , 80C or

nore. The epoxy resin conposition of the present invention wll now be
descri bed. ndhesepoxy resin conposition of the present invention contains
the epoxy resin of the invention and a curing agent. The epoxy resin of
the inventi omatasrbehe completion of the reacticn, the by-produced
salt is removed by filtration or washing with water, and the
sclvent, such as toluene or methyl isobutyl ketone, is
removed by evaporation with heating under reduced pressure.
Thug, the epoxy resin of the present invention containing a
smali amount of hydrolysable halogen can be produced.
Preferably, the epoxy resin of the present invention
has a softening point of 70°C or more from the viewpoint of
the stability of the epoxy resin after being dissolved in a
solvent and the heat resistance of the cured product. Such
an epoxy resin can be produced by epoxidizing a phenol
aralkyl resin of the present invention having a softening
point of 80°C or more.
The epoxy resin composition of the present invention
will now be described. The epoxy resin composition of the
present invention contains the epoxy resin of the invention
and a curing agent. The epoxy resin of the invention can be
used singly or in combination with another epoxy resin in
the epoxy resin composition. If the epoxy resin is used in

combinaticn, the ratic of the epoxy resin of the present

invention to the total epoxy resin is preferably 30% by



used singly or in conbination with another epoxy resin in

conposi t

nore. Epoxy resins that can be used in conbination with the

t he epoxy resin

ion. If the epoxy resin is used in conbination, the ratio of the
epoxy resin of the present invention to the total epoxy resinis
preferably 30% by - 11 weight or nore, and particularly 40% by wei ght

of the present invention include, but not |imted to, polycondensates
their nodifications of bisphenol A, bisphenol F, bisphenol S, fluorene
bi sphenol, terpene diphenol, 4,4'-bipghenol, 2,2'-biphenol, 3,31,5 5 -
tetramethyl -[1, 11- bi phenyl ]-4, 4" -di ol , hydroqui none, resorcin,

napht hal
1,1, 2, 2
al kyl -

enediol tris(4-hydroxyphenyl) net hane,

or

epoxy resin

and

ﬁEi 8%4 E¥Qr°é¥£h§ lt)i%hﬂ%]'}g% %rosc'ﬁéay‘l o h&c‘r?]%!ght % .(pheno' ’

tute enol

dihydrOXybenZQ%ﬁx%g%%ggﬁgxyﬂéghﬁgglBge seétﬁaeﬁégﬂlkaEqEQT%H¥§P

acet al dehyde,

ehyde, roxy enza o- hy

p- hydroxyaget pphenpone, +ae p%géyl%cgh%a%a%eymcqmécl opentadi ene,

furfural,

4,4' -bi s(chl oronethyl)-1,1"- biphenyl,

4, 41-bi s{ pwt hexayret hybigéoﬂldehwa@@y bingl thet Ol Ry Idbenzene,

1, 4' - bi s(nmet hoxynet hyl )

enzene, or the |ike; hal ogenated bi sphenols,

oxybenzaldehyde,

such

as tetrabtemmbhsphenobifphahyti dyl vekhbeeneanmpouidsicderiey ed dgramoial cohol s;
alicyclic epoxy resins; glycidyl am ne epoxy

terpene diphencl, 4,4'-biphenol, 2,2'-biphencl, 3,3',5,5'-
tetramethyl-[1,1'-biphenyl]-4,4'-diol, hydrogquinone,
resorcin, naphthalenediol, trisg(4-hydroxyphenyl)methane,
1,1,2,2-tetrakis (4-hydroxyphenyl)ethane, or a phenol
compound (phenol, alkyl-substituted phenol, naphthol, alkyl-
substituted naphthol, dihydroxybenzene, dihydroxynaphthalene,
etc.) and formaldehyde, acetaldehyde, benzaldehyde, p-
hydroxybenzaldehyde, o-hydroxybenzaldehyde, p-
hydroxyacetophenone, o-hydroxyacetophenone,
dicyclopentadiene, furfural, 4,4'-bis(chlioromethyl)-1,1"'-
biphenyl, 4,4'-bis(methoxymethyl)-1,1'-biphenyl, 1,4'-
bis{(chioromethyl)benzene, 1,4'-bis(methoxymethyl)benzene, or
the like; halogenated bisphenols, such as
tetrabromobisphenol A; glycidyl ether compounds derived from
alcohols; alicyclic epoxy resing; glycidyl amine epoxy
resins; glycidyl ester epoxy resins; and other solid oxr
liquid epoxy resins. These epoxy reging may be used singly
or in combination.

The curing agent contained in the epoxy resin

composition of the present invention may be, for example, an



resins; glycidyl ester epoxy resins; and other solid or |[|iquid epoxy
resins. These epoxy resins nay be used singly or in conbination. The
curing agent contained in the epoxy resin conposition of the present
invention may be, for exanple, an - 12 am ne-based conpound, an acid
anhydri de- based conmpound, an am de-based conpound, or a phenol - based
conpound. Exanples of such a curing agent include, but not limted to,

di am nodi phenyl et hane, diethyl enetriam ne, triethylenetetram ne,

di am nodi phenyl sul fone, i sophoronedi ah¥ ne, di cyanodi am de, pol yanm de resin
synt hesi zed fromlinolenic acid diner and et hyl enedi am ne, phthalic
anhydride, trinellitic anhydride, pyronellitic dianhydride, nmaleic

anhydri demitetbakydr epidalnec aphydridenhymtind etdahvdnaphihal i £n
anhydri de, nethyl nadi c anhydride, hexahydrophthalic anhydride,

net hyl hexahyerophtlal-ibhpcamay duide, meivcondensatesithd heigx4mslidd cations
of bi sphenol A, bisphenol F, bisphenol S, fluorene bisphenol, terpene
di phenol pf4gdchbepherihg 3g2nibiiphenele, 3l WM Fimited to,
tetramethyl -[1, 1' - bi phenyl ]-4, 4" -diol, hydroquinone, resorcin, naphthal ene
di ol , triosédihpddiphygphémelhaeikhandethylenetriamine,
1,1, 2, 2-tetraki s(4-hydroxyphenyl)ethane or a phenol conpound (phenol,
al kyl - substetbyédnphetobningphtheminaldkyhergulsstliftarteed napht hol
di hydr oxybenzene, di hydr oxynapht hal ene,
isophorconediamine, dicyanodiamide, polyamide resin
synthesized from linolenic acid dimer and ethylenediamine,
phthalic¢ anhydride, trimellitic anhydride, pyromellitic
dianhydride, maleic anhydride, tetrahydrophthalic anhydride,
methyltetrahydrophthalic anhydride, methylnadic anhydride,
hexahydrophthalic anhydride, methylhexahydrophthalic
anhydride, polycondensates and their modifications of
bisphenol A, bisphencl F, bisphenol 38, fluorene bisphenol,
terpene diphenol, 4,4'-biphenol, 2,2'-biphencl, 3,3',5,5'-
tetramethyl-{1,1'-biphenyll-4,4'-diol, hydroguinocne,
resorcin, naphthalene diol, tris(4-hydroxyphenyl)methane,
1,1,2,2-tetrakis (4-hydroxyphenyl)ethane or a phencl compound
(phenol, alkyl-substituted phenol, naphthol, alkyl-
gubstituted naphthol, dihydroxybenzene, dihydroxynaphthalene,
etc.) and formaldehyde, acetaldehyde, benzaldehyde, p-
hydroxybenzaldehyde, o-hydroxybenzalidehyde, p-
hydroxyacetophenone, o-hydroxyacetophenone,
dicyclopentadiene, furfural, 4,4'-bis(chloromethyl)-1,1"'-~

biphenyl, 4,4'-bis(rethoxymethyl)-1,1'-biphenyl, 1,4°'-

bis(chloromethyl)benzene, 1,4'-bis(methoxymethyl)benzene or



etc.) and fornal dehyde, acetal dehyde, benzal dehyde, p- hydroxybenzal dehyde,
o- hydr oxybenzal dehyde, p- hydroxyacet ophenone, o-hydroxyacet ophenone,

di cycl opent adi ene, furfural, 4,4 -bis(chloromethyl)-1,1"- biphenyl,

4, 4' -bi s(met hoxymet hyl )-1, 1" - bi phenyl, 1,4'- bis(chloronethyl)benzene,

1, 4" - bi s(net hoxynet hyl ) benzene or - 13 the |ike, hal ogenated bisphenols
such as tetrabronobi sphenol A, imdazole, BF3-am ne conpl exes, and
guani di ne derivatives. These curing resins may be used singly or in
conbination. In the epoxy resin conposiiion of the present invention, the
curing agent is preferably used in a proportion of 0.5 to 1.5 equivalents,
particularly 0.6 to 1.2 equivalents relative to 1 equivalent of the epoxy

group of e Xy iLn..Lf. the curi agent content .is less than 0.5
t%g 1$RQ h?géﬁeggged %ls %enoﬂ% 98D &g%fabroméﬁﬂ%ﬁﬂe%ﬁlthe

equi val ent “or "nof e equivalents ré&lati ve equi v

epoxy grQPpimﬁﬁngﬁﬁu'E&ﬂga&ﬁkgch%zQ%&%s'“Bh 0 u98%39§%2§%?”b5¥1%%%3d;

hence, a Safisfying ¢ured “product cannot ‘be obtaine e cari

agent isrysed, -4 M5 PAsagcelglabar amy stzﬁglnﬁz_e%rt qglgtcfbgrrbm%ﬂ |

accel erators that can be used in conbinati inclu or exanpl e,
i m dazol es, ﬁﬂC@h@Se§OXgEE@¥Hh”b@%@%%%ti%ﬁﬁ%ﬂyl&ﬁéd?%@éént invention,

2- phenyl i m dazol e, and et hyl -4-nethylim dazole; tertiary am nes, such as
2- (di nethy| ant negeiyh) pbepekrethbethykenedam Recportion of 0.5

to 1.5 equivalentsg, particularly 0.6 to 1.2 eguivalents

relative to 1 equivalent of the epoxy group of the epoxy

resin. If the curing agent content is less than 0.5

equivalent or more than 1.5 equivalents relative to 1

equivalent of the epoxy group, the resulting cured product

may not be sufficiently cured; hence, a satisfying cured

product cannot be obtained.

When the curing agent is used, a curing accelerator may
be used together. Curing accelerators that can be used in
combination include, for example, imidazoles, such as 2-
methylimidazole, Z2-~ethylimidazole, 2-phenylimidazole, and 2-
ethyl-4-methylimidazole; tertiary amines, such as 2-
{dimethylaminomethyl)phenol, triethylenediamine,
triethanolamine, and 1,8-diazabicyclo(5,4,0)undecene-7;
organic phosgphines, such ag triphenylphosphine,
diphenylphosphine, and tributylphosphine; metal compounds,
such as tin octoate; tetra-substituted phosphonium tetra-
substituted borate, such as tetraphenylphosphonium
tetraphenylborate, tetraphenylphosphonium

ethyltriphenylborate; tetraphenylboronates, such as 2-ethyl-



tri ethanol am ne, and 1, 8-di azabi cycl o(5, 4, 0) undecene-7; organic

phosphi nes, such as tri phenyl phosphi ne, di phenyl phosphi ne, and

tributyl phosphi ne; netal compounds, such as tin octoate; tetra-substituted
phosphoniumtetra- substituted borate, such as tetraphenyl phosphoni um
tetraphenyl borate, tetraphenyl phosphonium ethyltriphenyl borate;

t et raphenyl boronates, such as 2-ethyl - 14 4-nethylim dazol e

t etraphenyl borate, and N-net hyl norpholine tetraphenylborate. If the curing
accelerator is used, 0.01 to 15 partsidy-weight of curing accelerator is
used relative to 100 parts by weight of the epoxy resin. In addition, the
epoxy resin conposition of the present invention nmay contain a

ther noselt hBYnLESAdSUAR 2% cCUYPRLE 1JRSIHR and{Phy &, ﬁ¥¥% Usidg a
cyanate resin gs alr gw mat erti a@%bi%/srraoﬁséiit% de%% riNaziEﬂ{e res('iy , Orrel aé?ri ne

resin or tethepREEGtbbRE RAl YiTH @8e 018 iherimplasiis- resiyesuch @s
phenoxy resin, polyam de imde resin, polyphenylene oxide resin or
pol yet heesul Eopereesbl, weh ge@nbitnatirahg BWdehen g, MAniLQUs ©omoundi ng
ingredients may be added if necessary, such as an inorganic filler, a
silane toupbbngaagenby &edohar ofig tagerpoxd hickder. resin, a levelling
agent, ion scavenger, and rel ease agent. Exanples of the inorganic filler
i ncl ude fusedlsidddaticweryshal Eborystiiéa, coinpbeanioar bifdehesiphiecemt
nitride, boron
invention may contain a thermosetting regin, such as cyanate
resin and/or a prepolymer using a cyanate resin as a raw
material, bismaleimide-triazine resin, melamine resin or
thermosetting polyimide, or a thermoplastic resin, such as
phenoxy resin, polyamide imide resin, polyphenylene oxide
resin or polyethersulfone resin, in combination.

Furthermore, wvarious compounding ingredients may be
added if necessary, such as an inorganic filler, a silane
coupling agent, a coloring agent, a binder resin, a
levelling agent, ion scavenger, and release agent.

Examples of the inorganic filler include fused silica,
crystalline silica, silicon carbide, gilicon nitride, boron
nitride, calcium carbonate, barium sulfate, calcium sulfate,
mica, talc, clay, alumina, magnesium oxide, zirconium oxide,
aluminium hydroxide, magnesium hydroxide, calcium silicate,
aluminum silicate, lithium aluminum silicate, zirconium
silicate, barium titanate, glasg fiber, carbon fiber,
molybdenum disulfide, and asbestos. Awmong these preferred

are fused silica, crystalline silica, silicon nitride, boron

nitride, calcium carbonate, barium sulfate, calcium sulfate,



nitride, calciumcarbonate, bariumsulfate, calciumsulfate, mca, talc,
clay, alum na, magnesi um oxi de, zirconium oxide, alum nium hydroxide,
magnesi um hydroxi de, calciumsilicate, alumnumsilicate, |ithium alum num
silicate, zirconium silicate, bariumtitanate, glass fiber, carbon fiber,
nol ybdenum di sul fi de, and asbestos. Anong these preferred are fused

silica, crystalline silica, silicon nitride, boron nitride, calcium
carbonate, bariumsulfate, calciumsulfate, - 15 mca, talc, clay,

al um na, and al um ni um hydroxi de. Theses i+norganic fillers may be used
singly or in conbination. Exanples of the silane coupling agent include
sil ane coupling agents, such as 3-glycidokil propyltrinethoxysil ane,

3-glycid Xypro Itr| t.hoxysi | ane, | yci doxypr net_hyl di hoxy5||ane
3901 vl Baxebr ShyTeLRyl FetHakysi Pe. IR W BLNa & ML

i Topt oyl SRy SRRy ST Ane UReCe o f%’a '%]yf’%hcy‘%“)gfnation-
am NOpr 0pY| Mek By 14 BEL BOKYS | LaNEne3-8TLAGREOBYLA SLATKIE d.angre 3

- mer capt opr opyl t ri net hoxysi | ane, V|n oxysi [ ane

N-(2- (vi e&hggmay agpelet @mbh?»asa@ @qezrcq_%ﬁlrz! SIS ansohydr oghd ori de,
3- net hacryl oxypropyl tri met hoxysi I'ane, 3-

chlorOpr9pgky@&b&k9pﬁ@bb@&yamb@ﬂ@xy@ada%e chj_oropropyl trimethoxysil ane;
titani um coupling agents, such

glycidoxypropylmethyldimethoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 2-{3,4-
epoxycyclohexyl)ethyltrimethoxysilane, N-{2-amincethyl)3-
aminopropylmethyldimethoxysilane, N- (2-aminocethyl}3-
aminopropylmethyltrimethoxysilane, 3-
aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
vinyltrimethoxysilane, N- (2- (vinylbenzylaminoc)ethyl)3-
amincopropyltrimethoxysilane hydrochloride, 3-
methacryloxypropyltrimethoxysilane, 3-
chloropropylmethyldimethoxysilane, and 3-
chloropropyltrimethoxysilane; titanium coupling agents, such
as iscpropyl (N-ethylaminoethylethylamino)titanate, titanium
di {dioctylpyrophosphate) oxyacetate, tetraisopropyl
di(dioctylphosphite) titanate, and necalkoxytri{p-N-{([-
aminoethyl)aminophenyl)titanate; zirconium or aluminum
coupling agents, such as Zr-acetylacetonate, Zr-methacrylate,
Zr-proplonate, neoalkoxytrig{dodecanoyl)benzenesulfonyl
zirconate, neoalkoxytris(ethylenediaminoethyl)zirconate,
necalkoxytris (m-aminophenyl) zirconate, ammonium zirconium

carbonate, Al- acetylacetonate, N-methacrylate, and N-



as isopropyl (N-et hyl am noet hyl et hyl ami no)titanate, titani um

di (di octyl pyrophosphat e) oxyacetate, tetraisopropyl

di (di octyl phosphite)titanate, and neoal koxytri (p-N-((3-

am noet hyl ) am nophenyl )titanate; zirconiumor alum num coupling agents,
such as Zr-acetyl acetonate, Zr-nmethacrylate, Zr-propionate,

neoal koxytri s(dodecanoyl ) benzenesul fonyl zirconate,

neoal koxytri s(et hyl enedi am noet hyl ) zi r conat e,

neoal koxytri s(m am nophenyl ) zi rconate,l@nmoni um zi rconi um carbonate, Al-
acetyl acetonate, N-nethacrylate, and N 16 propionate. Anong these
preferred are silicon coupling agents. The use of coupling agent can | ead

to a hi gbkyo1BRLSLU eabRRS a0y et itadiich M0SE Adfiesiye Sigength | s

not degraded even after nvisture absorption. Exanples of t of ori ng agent

i nclude, suhcBOl  TR@r LiseUlAT lbuiNined Judve @MANiSLY «Qf LOngani t,dyes, such
as phthalocyani ne, azo, disazo, quinacridone, anthraquinone,

flavant hiengruperi-aenetsper yhere, jHexaz Rtogondansed; Azt re@dftth is
azomnet hi ne; and inorganic pignments, such as titanium oxide, |ead sulfate,

chr om ummpel Bewradiedc eyehl awreghmone cuver Mdddamptigon red, cobalt purple,
navy blue, blue, ultramarine blue, carbon black, chrom um green, chrom um
oxi de, and cobadtpbeeenf The epoxyingshpgeaanposiluiden of:tt hetpresent
invention can be prepared by m xing the above-described constituents
particularly limited to, a variety of organic dyes, such as
phthalocyanine, azo, disazo, quinacridone, anthraguinone,
flavanthrone, perinone, perylene, dioxazine, condensed azo,
and azomethine; and inorganic pigments, such as titanium
oxide, lead suifate, chromium yellow, zinc yellow, chrome
vermilion, iron red, ccbalt purple, navy blue, blue,
ultramarine blue, carbon black, chromium green, chromium
oxide, and cobalt green.

The epoxy resin composgition of the present invention
can be prepared by mixing the above-described constituents
with a Henschel mixer, a planetary mixer, or the like, and
then uniformly dispersing the mixture with a two-roll, a
kneader, an extruder, a sand grinder, or the like. The
composition may also be uniformly mixed with a solvent and
is used as a varnish. The resulting epoxy resin composition
can easily be cured by a known method.

For example, the resulting epoxy resin composition of
the present invention formed into a cured product of the

present invention by, for example, melt casting, transfer

molding, injection molding, or compression molding, followed



with a Henschel mxer, a planetary m xer, or the like, and then uniformy
di spersing the m xture with a two-roll, a kneader, an extruder, a sand
grinder, or the like. The conposition my also be uniformly mxed with a
solvent and is used as a varnish. The resulting epoxy resin conposition
can easily be cured by a known nethod. For exanple, the resulting epoxy
resin conposition of the present invention formed into a cured product of
the present invention by, for exanple, nelt casting, transfer nolding,

i njection nolding, or conpression notdinhg; followed - 17 by heating at 80
to 200C for 2 to 10 hours. The epoxy resin of the present invention has a
high solubility in solvents and is hence difficult to precipitate.

Accor di ngly 8. vaEnish r epared by A ssplvi ng, the, epoxy resin conposi tion

of the preésent in entlon can be suitably "used as ‘an adhesive for |am nated

plates or therlike, Lk Egggﬁ b@sEﬁgc re%@%teE%ﬁéﬂﬁE% exgpgf§1Eﬁpn of the

present i nventi on rrag I ssol ve n a sol vent am de

sol vent, ssyah:asty- Q%t%kgh@%%§“%nd¢rg“ﬂ@ﬁ@¥r&9kfggﬂ§t @HNBkec1p1tate
N, N-di met hyl f or maim de (DMF), N, N-di net hylacetam de,

N, N- di WEABMb!thﬂ@l%' i di RaResd pulfRneq wmlas,ssolt@ﬂ%rm{@yé e, sul fone; an

et her sol vent, such as diethylene "glycol "dinethyl di'et hyl ene gl ycol

di et hyl ethen, coppepykene glfyeodk, pRiceRytener@Mcaln oMt vl i eibey,
used as an adhesive for laminated plates or the like. 1In
this instance, the epoxy resin composition of the present
invention may be dissolived in a solvent, for example, an
amide solvent, such as y-butyrolactone, N-methylpyrrolidone
(NMP} , N,N-dimethyiformamide (DMF), N,N-dimethylacetamide,
or N,N-dimethylimidazolidinone; a sulfone, such as
tetramethylene sulfcne; an ether solvent, such ag diethylene
glycol dimethyl ether, diethylene glycol diethyl ether,
propylene glycol, propylene glycol moncmethyl ether,
propylene glycol monomethyl ether monoacetate, or propylene
glycol monobutyl ether; a ketone solvent, such asgs methyl
ethyl ketone or methyl iscbutyl ketone; or an aromatic
golvent, such as toluene or xylene. Then, a base, such as
glass fiber, carbon fiber, polyester fiber, polyamide fibber,
alumina fibexr, or paper, i1s impregnated with the vanish and
the resulting prepreg is hot-presgssed into a cured product.
Alternatively, the epoxy resin composition may be dissolved
in a solvent above and the varnish is formed to a sheet.
For the prepreg, the proportion of the solvent in the

mixture of the epoxy resin composgition of the invention and



propyl ene gl ycol nononethyl ether nonoacetate, or propylene glycol
nonobutyl ether; a ketone solvent, such as nethyl ethyl ketone or nethyl

i sobutyl ketone; or an aromatic solvent, such as toluene or xylene. Then,
a base, such as glass fiber, carbon fiber, polyester fiber, polyam de
fibber, alumna fiber, or paper, is inpregnated with the vanish and the
resulting prepreg is hot-pressed into a cured product. Alternatively, the
epoxy resin conposition may be dissolved in a solvent above and the
varnish is formed to a sheet. For the b¥epreg, the proportion of the
solvent in the mxture of the epoxy resin conposition of the invention and
- 18 the solvent is normally 10%to 70% by wei ght, preferably 15% to 70%

by wei ghtneFabitBarsheetohg 150hvent-d syused, ik SUHCh A-dropasty onsas the
solid content (content of constituents other than the solvent) in the

resul tingo vaenbshwies gher Moy 0% 0.80% havel ghtentoref efabt yi20%to  70%
by weight. Wien the varnish is forned into a sheet, the varnish itself is

appl i ed snth a baseobyighawdr @ heoalbilng, ceereeit Edrdddg,cfretal masking, or
spin coating so that the thickness will be a predeterm ned value, for
exanpl e, cbntoith@atm otheeh timhhatel $cdpplntad s Appnepnilatiely sel ected

according to the material, shape, and size of the base and the thickness
of the sheetisThesbasermayybad0d met &l0% iy weight, preferably 20% to
70% by weight.

When the varnish is formed into a sheet, the varnish
itself is applied ontc a base by gravure cecating, screen
printing, metal masking, or spin coating so that the
thickness will be a predetermined value, for example, 5 to
100 pm. Which method is applied is appropriately selected
according to the material, shape, and size of the bage and
the thickness of the sheet. The base may be a metal foil,
such as copper foil or a film made of a polymer, such as
polyamide, polyamide imide, polyacrylate, polyethylene
terephthalate, polybutylene terephthalate, polyether ether
ketone, polyether imide, polyether ketone, polyketone,
polyethylene or polypropylene, or their copolymer.
Particularly preferably, a polyimide film or a copper foil
ig used. If a release film is use, the sheet is used as a
bonding sheet. The bonding sgheet refers to a laminate of
the release film and another release material bonded
together with an adhesive layver {(varnish) applied on one
surface of the release film. The bonding sheet is used as

an adhesive material for, for example, bonding flexible



such as copper foil or a filmmde of a polynmer, such as polyam de,

pol yam de i m de, polyacrylate, polyethylene terephthal ate, polybutylene
terepht hal ate, pol yether ether ketone, polyether imde, polyether ketone,
pol yket one, pol yethylene or pol ypropyl ene, or their copolyner.
Particularly preferably, a polyimde filmor a copper foil is used. if a
release filmis use, the sheet is used as a bonding sheet. The bondi ng
sheet refers to a lam nate of the release film and another rel ease
materi al bonded together with an adhesgve | ayer (varnish) applied on one
surface of the release film The bonding sheet is used as an adhesive
material for, for exanple, bonding flexible - 19 printed circuit boards

t oget her, Th resultln heet e oduci a_sheet of
cur ed prgaﬁgt €i5ﬁﬂﬁgs 3§%ﬁ? EﬁVenf$h91§§%¢H§ﬁ93Lﬁ fer described
wth re nce | es Ir1thef Wi desc ti the word
part (s) EE gr? t%%ﬁgFggpPrﬁfuﬁéléht E?%é g?ﬁﬁ%ﬁé; %ékﬁﬁfied. Epoxy
eqU|vaIent softening point, and nelt viscosity are neasured under the

followi ng conditions: Epoxy equival ent Measured by a nethod in accordance
W th JISE§é%g§g5 the wunit being expressed by g/eq.

The present invention will be further described with
reference to Examples. In the following description, the
word part (s} refers to part(sg) by weight unless otherwise
gspecified.

Epoxy equivalent, softening point, and melt viscosity
are measured under the following conditions:

Epoxy equivalent
Measured by a method in accordance with JIS K-7236, the
unit being expressed by g/eq.
Softening point
Measured by a method in accordance with JIS K-7234.
Melt viscosity

Melt viscosity by a cone plate methed at 150°C

Measuring apparatus: Cone/plate (ICI} high-temperature
viscometer

(manufactured by RESEACH EQUIPMENT {(LONDON) LTD.)

Cone No. 3 {measurement range: 0 to 2.00 Pa:sg)

Sample guantity: 0.15 % 0.01 g
Example 1

A four-neck flask equipped with a stirrer, a

thermometer, and a condenser was charged with 95 parts of o-



Sof teni ng point Measured by a nethod in accordance with JI'S K-7234. Melt
viscosity Melt viscosity by a cone plate nethod at 150C Measuring
apparatus: Cone/plate (1Cl) high-tenperature visconeter (nmanufactured by
RESEACH EQUI PMENT (LONDON) LTD.) Cone No. 3 (neasurenent range: 0 to 2.00
Pa-s) Sanple quantity: 0.15 0.01 g Exanple 1 A four-neck flask equi pped
wth a stirrer, a thernoneter, and a condenser was charged with 95 parts
of o - 20 «cresol and 1 part of p-toluenesulfonic acid. Then, 151 parts of
4,4' -bi s(chloronethyl)-I,11-bi phenyl-wag added over a period of 2 hours
with stirring to performa reaction at 120C for 2 hours. After the
reaction, 400 parts of MBK was added and the product was repeatedly

washed w h@g‘%ﬁt &g 153)%%‘4%%”%'-3&01%{1%359}1%11‘61{15%0&@“‘1 .yl g sobutyl

ket one f Wer e “evapor ated fromthe oi ase W th heating under

reduced pressure 40 ¥igld <%%&&%He§ceh§gm‘% G'-ﬁ@%ﬁzﬂfﬁ% )ra%gg&)o@é the

present Tnvention. The resulting p aral ky a so%tening

poi nt of ;104Ciapdo2 BRhLL Y S kY 19f- %0 RASQre Iy & and- g, hydr oxy
group equivalent of the resin was 242 g/eq.

120°C for 2 hours. After the reaction, 400 parts of MIBK
was added and the product was repeatedly washed with water.
Subsequently, unreacted cresol and methyl isobutyl ketone
{(MIBK) were evaporated from the oil phase with heating under
reduced pressure to yield 180 parts of phenol aralkyl resin
(P1) of the present invention. The resulting phenol aralkyl
resin (P1) had a softening point of 104°C and a melt
viscosity of 2.0 Pa+g or more, and the hydroxy group
equivalent cf the resin was 242 g/eq.
Example 2

A phenol aralkyl resin (P2) of the present invention
was obtained in an amount of 196 parts in the same manner as
in Example 1 except that 95 parts of o-cresocl was replaced
with 120 parts of m-cresol. The resulting phenol aralkyl
resin (P2) had a softening point of 109°C and a melt
vigscosity of 2.00 Pa*$S or more, and the hydroxy group
equivalent of the resgin was 235 g/eq.
Example 3

To 120 parts of the phenol aralkyl resin (Pl) prepared
in Example 1 were added 275 parts of epichlorohydrin and 64
parts of dimethyl sulfoxide. After dissolving, the solution

was heated to 55°C, and 20 parts of sodium hydroxide



Exampl e 2 A phenol aralkyl resin (P2) of the present invention was
obtained in an anount of 196 parts in the sane manner as in Exanple 1
except that 95 parts of o-cresol was replaced wth 130 parts of mcresol
The resulting phenol aralkyl resin (P2) had a softening point of 109C and
a melt viscosity of 2.00 PaS or nore, and the hydroxy group equival ent of
the resin was 235 g/eq. Exanple 3 To 120 parts of the phenol aral kyl resin
(P1) prepared in Exanple 1 were added 275 parts of epichlorohydrin and 64
parts of dinmethyl sulfoxide. After dissplving, the solution was heated to
55C, and 20 parts of sodium hydroxide - 21 (purity: 990) flakes were added
to the reaction mxture over a period of 90 mnnutes. Then the m xture was
further sub cted t action at 45 for 2 hours and at, 70C for 1 hour.
3ubsequerﬁﬂl§ E¥he Palctian o HETee Aae &1 P 2 et d™ W T el &7 T t o

neutralize, and_.an_excess chl grohydri n was evaporated. Then, 296 parts
ofuM RKIéaE “Atded éBaW&nHI%EOIV @EW% I HP@@FH%%DE#% '%Eﬁﬁﬁﬁlng NIRE

sol ution ed tg 75C nd 5 f 30% o drOX|de
solutlonsﬁgiegggEi goA?tgFag %gﬁbgion forffr O%£uﬁ%l ﬁ%é%ilon prodﬂct was

repeat ed} yy, ?@?hEdS“BEQqWQBEHyyt%h%e%-%%kl%%ﬁﬁ%¥¥§%y%£&gﬁméé§%£éf§(mas

evapor at ed
washed with water to neutralize, and an excess

epichlorchydrin was evaporated. Then, 296 parts of MIBK wasg
added to and dissolved in the regidue. The resulting MIBK
solution was heated to 75°C and 5 parts of 30% by weight
sodium hydroxide solution was added. After a reaction for 1
hour, the reaction product was repeatedly washed with water
to neutralize. Subsequently, the MIBK wasg evaporated from
the 0il phase with heating at reduced pressure to yield 88
parts of epoxy resin (El). The epoxy equivalent of the
resulting epoxy resin (El} was 323 g/eq, and the resin had a
softening point of 85°C and a melt viscosity of 1.76 Pa's.
Example 4

An epoxy regin (E2) of the present invention was
obtained in an amount of 133 parts in the same manner as in
Example 1 except that in Example 3, 120 parts of phenol
aralkyl resin (Pl) prepared in Example 1 was replaced with
117 parts of phenol aralkyl resin (P2) prepared in Example 2.
The epoxy equivalent of the resulting epoxy resin (E2) was
308 g/eq, and the resin had a softening point of 93°C and a
melt viscogity of 2.00 Pa-s or more.

Test Examples 1 to 3



the oil phase with heating at reduced pressure to yield 88 parts of epoxy
resin (El'). The epoxy equivalent of the resulting epoxy resin (El) was 323
g/eq, and the resin had a softening point of 85C and a nelt viscosity of
1.76 Pa-s. Exanple 4 An epoxy resin (E2) of the present invention was
obtained in an anmount of 133 parts in the sanme manner as in Exanple 1
except that in Exanple 3, 120 parts of phenol aralkyl resin (P1l) prepared
in Exanple 1 was replaced with 117 parts of phenol aral kyl resin (P2)
prepared in Exanple 2. The epoxy equi%al ent of the resulting epoxy resin
(E2) was 308 g/eq, and the resin had a softening point of 93C and a nelt
viscosity of 2. 00 Pas or nnre Test Exanples 1 to 3 - 22 Epoxy resins (El)

and (E2) preﬁﬁg B! pEXARPIS) 3a80d o) ag@e%ag%%gq RS of

produced by enlng poin or “conpari son ose R
formula (1) ahSe rvydr%%% qmmswoe USRRIARA dip o 30Ly apd, IR DY ety
ket one so that t e resin concentrati'on wou melg The resin
sol uti ongoweEs isHopednat, 3Go¢ Ih@fc;xe%tomgoa%%&rﬁ Al Showe | A Tabl e 1) The
evaluation criteria were as fol od: The resin was not preC|p|tated
even afteg hwaywesksn ekapsedraf alheire dirssoldedrent methyl ethyl

ketone so that the regin concentration would be 70% by

weight. The resin solutions were stored at 5°C. The test

results are shown in Table 1. The evaluation criteria were

as follows:

Gocd: The resin was not precipitated even after two weeks

elapsed after being dissolved.

Bad: The resin was precipitated within two weeks after

being dissolved.

Table 1
Test Example 1 Test Example 2 Test Example 3
Epoxy resin El EZ2 NC-3000
Test result Good Good Bad

Examples 5 to 7, Comparative Example 1

Compositions of epoxy resin varnishes shown in Table 2
were prepared. Each of the resulting varnishes was
impregnated into glass cloths (WEA18W105F115N, manufactured
by Nitto Boseki) and the glass cloths were dried with warm
air dryer at 120°C for 7 minutes to yield semi-cured
prepregs. Eight prepregs and a copper foil (JTC foil, 35 um,

manufactured by Nikko Gould) were stacked and pressed at 40



Bad: The resin was precipitated wwthin two weeks after being dissolved.
Table 1 Test Exanple 1 Test Exanple 2 Test Exanple 3 Epoxy resin El E2
NC- 3000 Test result Good Good Bad Exanples 5 to 7, Conparative Exanple 1
Conposi tions of epoxy resin varnishes shown in Table 2 were prepared. Each
of the resulting varnishes was inpregnated into glass cloths
(WEA18WLO5F115N, manufactured by Nitto Boseki) and the glass cloths were
dried with warm air dryer at 120C for 7 mnutes to yield sem -cured
prepregs. Eight prepregs and a copper $9il (JTC foil, 35 m manufactured
by N kko Goul d) were stacked and pressed at 40 - 23 kgf/cn2 with heating
at 170C for 60 mnutes to yield a glass cloth lamnated plate. The
was_neasured for the follow n erties by the

ol | ow nGS=AEPhoUS h THE=F 451 25 /0 Enofi P TabHe=s. ToolaBdd Fans ti on
ey SRS TSR BT (I e TG TN TO00, et
TenSilOnwggwhgggurggn%B%nt%%d%bly%%ﬂ%%ekroperties by the following
methods. The results are chown in Table 2.
Glass transition temperature
Thermo-mechanical analyzer (TMA): ULVAC-RIKO TM-7000
Heating rate: 2°C/minute
Copper foll peel strength
Tensile tester: Toyc Baldwin, Tensilon RTM-500
Tension mode: 180° peel
Cloth head speed: 200 mm/min.
Measuring temperature: 30°C
Water absorption rate
Test plece: 5 cm x 5 ¢m
Weight increase (percent by weight) after boiling for 24
hours in hot water of 100°C
- Dielectric constant

Meagured in accordance with JIS 6481



Cloth head speed: 200 MM m n. Measuring tenperature: 30C Wter absorption
rate Test piece: 5 cmx 5 cm Wight increase (percent by weight) after
boiling for 24 hours in hot water of 100C D electric constant Measured in
accordance with JIS 6481 - 24 - Table 2 Conposition Exanple 5 Exanmple 6
Example 7 Conparative Exanple 1 El 100 100 E2 100 R-232 100 PN-80 33
34 28 22 2E4MzZ 0.3 0.3 0.3 Cyanate resin 36 MEK 89 89 103 81 Cured
product properties dass transition tenperature (C) 150 145 170 125 Copper
foil peel strength 2.7 2.8 2.6 1.9 (kbkm

Table 2
o Comparative
Composition Example 5 Example 6 Example 7
Example 1
El 100 100
E2 100
R-232 100
PN-80 33 34 28 22
2E4MZ 0.3 0.3 0.3
Cyanate resin 36
MEK 8% 89 102 a1
Cured preoduct properties
Glass transition
. 150 145 170 125

tenperature (°C)
Copper foil peel strength

PP P gl 2.7 2.8 2.6 1.9
{(kN/m)
Water absorption rate (%) 0.5 0.5
Dielectric constant 4.5 4.5 4.3 4.8

In the Table,
R-232: Brominated bisphenol A epoxy resin (Epomick R-232
produced by Mitsui Chemical, epoxy equivalent: 483 g/eq)
PN-80: phenol novolak resin (PN-80 produced by Nippon Kayaku,
hydroxy group eqguivalent: 105 g/eqg, softening point: 86°C)
2E-4MZ: 2-ethyl-4-methylimidazcle
c¢yanate resin: cyanate resgin prepolymer (B-40S: produced by
Asahi-ciba, bisphenol A dicyanate resin, trimerization
ratio: 40%, solid content: 75% MEK solution)
MEX: methyl ethyl ketone

Table 1 shows that the epoxy resins of the present
invention exhibit superior stability after being dissolved

in a solvent, and Table 2 shows that the cured products of



Water absorption rate (%9 0.5 0.5 0.4 0.5 D electric constant 4.5 4.5 4.3
4.8 In the Table, R-232: Brom nated bi sphenol A epoxy resin (Epom ck R-232
produced by Mtsui Chem cal, epoxy equivalent: 483 g/eq) PN 80: phenol
novol ak resin (PN-80 produced by N ppon Kayaku, hydroxy group equival ent:
105 g/eq, softening point: 86C) 2E-4MZ: 2-ethyl-4-nmethylim dazol e cyanate
resin: cyanate resin prepolyner (B-40S. produced by Asahi-ciba, bisphenol
A dicyanate resin, trinmerization ratio: 40% solid content: 750 MEK
solution) MEK: nethyl ethyl ketone Tabpe 1 shows that the epoxy resins of
the present invention exhibit superior stability after being dissolved in
a solvent, and Table 2 shows that the cured products of - 25 the present

i nventi on,_exhi bit superior .heat resi.stance, . adhesion, water resistance to
the convelE: BRSFCHts pREROI TRY. E30%y red ThEHRF HIRRF | i dRaFoet ri o
properti

DrOPET Ui Gonenidh WSALRS oA ehxy s, pressed By ol (1) 0 0

epoxy resin, and have lower dielectric properties.



(Rm(Rm (wherein, Rrepresents a hydrocarbon group having a carbon
nunber of 1 to 4, mrepresents an integer of 1 to 4, and n represents a
positive nunber of 1 to 6 on average, and wherein when mis 2 to 4, Rs
may be the sane or different.) 2. The epoxy resin according to Caim1l,
wherein the epoxy resin has a softening point of 70C or nore. 3. An epoxy
resin conposition containing the epoxy resin as set forthin Caiml or 2
and a curing agent. 4. The epoxy resin conposition according to Caim 3,
further containing a curing acceleratoté 5. A cured product produced by
curing the epoxy resin conposition as set forth in daim3 or 4. 6. A
varni sh prepared by dissolving the epoxy resin conposition as set forth in
Claim3 or 4 in a solvent. 7. A prepk $nprising a base materi al

i npregnated with the epoxy resin conp05| ion as set forth in Caim3 or 4.
8. A | am nat ed,pl (o] b r repneg as set forth in
Caim7 orQa sﬁgc% 9 % ggs¥xp9%8% %§§énq6%g§$%bsg‘ 27 9. A phenol
resin expressed bﬁ)fornula (2): OHOH C}ifk\ CH n

QCH,CH- CH2 OCHQCH CH,
C\'—(CHEHCHQ H (1)
(Rh, (mm

(wherein, R represents a hydrocarbon group having a carbon
number of 1 to 4, m represents an integer of 1 to 4, and n
represents a positive number of 1 to 6 on average, and
wherein when m is 2 to 4, R's may be the same or different.)

2. The epoxy resin according to Claim 1, wherein the
epoxXy resin has a softening point of 70°C or more.

3. An epoxy resin composition containing the epoxy resin
as set forth in Claim 1 or 2 and a curing agent.

4. The epoxy resin composition accerding to Claim 3,
further containing a curing accelerator.

5. A cured product produced by curing the epoxy resin
composition as set forth in Claim 3 or 4.

6. A varnish prepared by dissolving the epoxy resin
composition as set forth in Claim 3 or 4 in a solvent.

7. A prepreg comprising a pase material impregnated with
the epoxy resin composition as set forth in Claim 3 or 4.

8. A laminated plate formed by hot-pressing the prepreg

as sget forth in Claim 7 or a stack of at least two of the

prepregs.



(Rm (R m(wherein R represent a hydrocarbon group having a carbon nunber
of 1 to 4, mrepresents an integer of 1 to 4, n represents a positive
nunber of 1 to 6 on average, and wherein when mis any one of 2 to 4, R s
may be the sane or different) 10. The phenol resin according to Caim?9,
wherein the phenol resin has a softening point of 80C or nore. 11. The
epoxy resin according to Claiml, wherein Rs are each an al kyl group
havi ng a carbon nunber of 1 to 4. 12. The epoxy resin according to Caim1l,
wherein the epoxy resinis a mxture 8 the forns of formula (1) whose
met hyl ene groups bind to the o-position and the p-position of the
oxygl yci dyl groups.

9. A phenol resin expressed by formula (2}:

OH OH
(R \cmmn

{wherein R represent a hydrocarbon group having a carbon
number of 1 to 4, m represents an integer of 1 to 4, n
represents a positive number of 1 to 6 on average, and
wherein when m is any one of 2 to 4, R's may be the same or
different)

10. The phenol resin according to Claim 2, wherein the
pPhenol resin has a softening point of 80°C or more.

11. The epoxy resin according to Claim 1, wherein R's are
each an alkyl group having a carbon number of 1 to 4.

12. The epoxy resin according to Claim 1, wherein the
epoxy resin is a mixture of the forms of formula (1) whose
methylene groups bind to the o-pogition and the p-position

of the oxyglycidyl groups.



