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THE EPOXY RESI N COVPOSI TION  Technical Field The .« saises

present invention relates to an epoxy resin superior

Conpos: t1on, -prepr oy and-1annat éd pi ate cont ANNMIMININ
the epoxy resin. Background Art The demand for *G00002*

downsi zing printed circuit boards on which electronic

conmponents, such as LShpgagkepyBpfted is increasingly
rising. Accordingly, it 1s required that the wre
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be reduced, or that the plating thickness be reduce
HowexerNATHS PEﬂWEtUQmN@fTﬁEaEPBQYthE%ENe%@MﬁéQI%%@ﬁe
the plating to crack when a heat shock is applied to
the plating. Thus, circuit boards are required to be
hi ghly heat- resistant. In addition, high-speed
TechnﬁoaﬁaFuemdproceSS|ng equi prent is desired, and the
cl ock frequency of CPUs tends to increase.
AcTioe dbngbgnt aihvght sbgnaklatasseabsahospspeetdesis
desired, and the circuit board desirably has a | ow
superior in storage stability, and an epoxy resin

composition, prepreg and laminated plate containing the

epoxy resin.

Background Aft

The demand for downsizing printed circuit boards on
which electronic components, such as LSI, 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 is applied to the plating.
Thus, circuit boards are required to be highly heat-
resistant. 1In addition, high-speed information processing
equipment is desired, and the clock frequency of CPUs tends
to increase. Accordingly, a high signal transmission speed
is desired, and the circuit board desirably has a low
dielectric constant and a low dielectric loss tangent so as

to be advantageous in increasing the processing speed. For



di el ectric constant and a low dielectric |oss tangent
so as to be advantageous in increasing the processing
speed. For - 2 preparing such a circuit board, in
general, a base is inpregnated with a varnish
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 along tinme, it is requiéred that the varnish do
not precipitate or phase-separate. Patent Docunent 1
has di scl osed a conposition containing an epoxy resin
pre%%YdiE‘lgg SURRLE UiG RlitUboah, ANt Fnaanat e f e as a
eat-resistant resin conmposition~having superior

impHeRfr@Eleld i th APeliSSh pHAMMRIS ggg%i%tédicihﬁfag: af]f the

epoxy resin disclosed in Patent unent 1 i gh

the@itBledltling tes i3d suePNSRALRELY rds 1S urfesidallent ,
preci pitated froma varni sh of 'the resin conposition

folddhiedy byt @mg%ﬁe@rsi@gqer 3 R 119t arflRt ey e Wrnt
1: Japanese. Unexam ned Patent Application

varBulph dat iogineMo st20@2 3Q9085 1Retirdcuents Zequired that
Japanese Unexamni ned Patent Application Publication -
theNvarmikh7 8o0 nBat @ik cRpdiskrt oF plapanesdddiam metent
- Patent Application Publication No. 6-100667 Patent
DocDoemtreiit has Jdpaiese dUsexaniposd tRare rion tApipl ircatdorepoxy
Publ i cati on No. 8-143648 Di sclosure of |nvention
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 Décument 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. 5-117350
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



®

Problens to be Sol ved by the Invention The present
invention resulted fromresearch to solve 3 the
above-descri bed probl ens, and provides a resin
conmposi tion, prepreg and |aninated plate having
superior heat resistance, dielectric properties,
water resistance, and workability by use of an epoxy
‘resin having a specific structure. Means for Sol ving
the Problens Specifically, 3he present invention
relates to: an epoxy resin expressed by the follow ng
formula (1): OCH2CH CH2 OCH2CH CH2 CH2 CHQh\dH (1)b
rese s a rocarbon
thel RHBYRdBsdd bdd'Gd UL fid P SoEpLs & fydrocarDd

group having a carbon nu
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having a softenlng poi nt
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- or (2) and é}cgflng g%ent r&b%ﬁ?he epoxy res ? Llsbddiic

stré@gs tion of (3) further containing a curing
accel erat or;

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

epoxy resin expressed by the following formula (1):

@]
/' \
OCHgCH CH2 OCHECH CH2
é( &\

(R)m (R)m

(In the formula, R represents a.hydrocarbon group having a
carbon numbér of 1 to 4. m Represents an integer 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) ;

(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);



(5) a cured product produced by curing the epoxy resin
conposition of (3) or (4) ; 4 (6) a varnish prepared
by di ssolving the epoxy resin conposition of (3) or
(4) in a solvent; (7) a prepreg conprising a base
material inpregnated wth the epoxy resin conposition
of (3) or (4); (8 a lamnated plate forned by

hot - pressing the prepreg of (7) or a stack of at

| east two of the prepregs;- 49) a phenol resin
expressed by the following formula (2): OH OH CH2
CH2 \ JH(2 (Rm(Rm~(In the formula, R represents

a h%drQC@EQﬂﬁsﬁrﬁ%QpH§%Hn9yadi%§5E9qn§u gge%%f§'%%F§n

m Represents an integer of "1 to 4 an

contboR tS IR DE ) samm om di ffargnie, N Represents a
positive nunber of 1 to 6 on average); (10) the pheno

regin af pk8prhaviceepsisehbeai ba sROkAt erqh 189Gpe RER
(11) thepep%xygresiﬁ éf (?? in ﬁhich FheaR S gregggbh

witdn ek Wpowyo ufe iy idighpbsaarian Jruniear f d)to 4, and
(12) the epoxy resin of (1) being a m xture of the

for(8s af lhodmutad( blavkosermeuhylenetgpeers ibign@Heo
the o- position and the p-position of the oxyglycidyl
pregpragpef Advant agesack of at least two of the prepregs;

(9) a phenol resin expressed by the following formula

(2) : : .

OH OH

(R)m \(R)m"

(In the formula, R represents a hydfocarbon 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 same or different. n
Represents a positive number of 1 to 6 on average) ;

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

(11) the epoxy resin of (1) in which the R's 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 (1) 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



The epoxy resin conposition containing an epoxy resin
5 of the present invention has superior heat

resi stance, dielectric properties, water resistance,
and workability, and accordingly, the conposition can
be advant ageously used for various conposites, such
as prepregs and | am nated plates, adhesives, paints,
and so forth. Best Mdde for Carrying Qut the Invention
An epoxy resin of the preseht -invention is produced by
gl ycidylation of a phenol aralkyl resin with an

epi hal ohydrin. The phenol aralkyl resin is expressed

of Eﬁgt %eg@?qu hiaghefi nMhg %%%éﬁ@%roﬁeagF%%sgg%ahéé,(2)

RRm(Rym (In the fornula, represents
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m representsS an I nteger of
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produced by a reaction of a biphenyl” derivative with a

plabydr, oadhbenveghsbatinted phenelo fAstd.scl osed in Patent

Best Mode for CarrYing Out the Invention
'An epoxy resin of the present invention is produced by
glycidylation of a phenol aralkyl resin with an

epihalohydrin. The phenol aralkyl resin is expressed by the

following formula (2):

OH OH
SN S,
Rim (R}m

(In the formula, R represents a hydrocarbon groups
having a carbon number of 1 to 4, m represents an integer of
1l 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
aifferent.)

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

the following formula (3):



Docunents 2 to 4, the biphenyl derivative is expressed
by the following formula (3): 6 - XHRC C\ / 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 bis(chloronethyl)biphenyl,

bi s( met hoxynet hyl ) bi phenyl , and -
bi s( hydr oxynet hyl ) bi phenyl . Hydrocar bon-substituted
phenol s include phenol s haveng a hydrocarbon group
havi ng a carbon nunber of 1 to 4, such as o-cresol,
m cresol, p-cresol, 2,5-di-tert-butyl phenol,
2, 6-di mp ', 2,4-dinethyl phenol,
2- Xdga 4 CBrxert-butyl @p- net hyl phenol ,

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

hydxogapbegeftbshi hil 8eAngbeh, has ankakkybr8pUPor a
‘having a carbon nunber of 1 to 4. Anong~these

hydpaii/ euoapl.y preferred are o-cresol, mcresol, and

p-cresol . Those phenols are may be used singly or in
- copbphahidndefieapiogsr tkpresbetinBybifphanyk deni Yalilvae

to the hydrocarbon-substituted phenol for producing

bist(kh lplremelt hyadn alikbhlenyési biiss mgenexgat bl 1N ipHenydl 1 and
to 5.0 noles. From the viewpoint of the stability of

bi sty dresyineitiy 1é paphengdi.n  di ssol ved in a sol vent and
the heat resistance of the cured product, the
soflyénpagrbonnsubstinetpfienbenaial kykcludsi phiesiols having

a hydrocarbon group having. a carbon number of 1 to 4, such
as o-cresol, m-cresol, p-cresol, 2,5—di-tert—buty1phenol,
2,6-dimethyl phenol, 2,4-dimethylphenol, 2-tertbutylphenol,
2-tert-butyl-5-methylphenol, 2-tert-butyl-4-methylphenol,
2,3,6-trimethylphenol, and 2—a1iylphenol. Preferably, the

hydrocarbon-substituted phenol has an alkyl group having a

carbon number of 1 to 4. Among these particularly preferred

are o-cresol, 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 phenol 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 resistance 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

O



preferably 80C or nore. In order to obtain such a
favorabl e phenol aral kyl resin, the proportion of the
7 - hydrocarbon-substituted phenol is preferably 1.2
to 2.6 noles relative to 1 nole of biphenyl
derivative. The epoxy resin of the present invention
can be produced by a reaction of the phenol aralkyl
resin of the present invention wth epihal ohydrin.
Exanpl es of epi hal ohydrin-u%ed in the glycidylation
for producing the epoxy resin of the present
i nvention include epichlorohydrin, epibronhydrin,dand
i [ : f.e ; i chlar i IS, .uUs
ydf B BROn Bubbe s SERTRRARY) TBL BTl Al L S ¥ e
nolRexasagive. (Hhis g gag 83 .AanyHe Rerlarmed according
to a known nethod. For exanﬁ e, ‘the reéaction’is
e r t r r 0, f 0.5 to
o heurE sl Eee LB A Py BrePrnfoihoeheiip Phnnkd,

profveeexhdeq §%%Gt§%n§%%i%ﬁhh§ﬂéﬁﬁhd r%ﬁgygoké%%dﬂgf the

hydr oxi de, is added to a m xture o heno

predeakkyhveasibnand tePiepahahyekigrinlhe al kal i met al
hydroxide may be in a solution. In this instance,

WhEkgmp hesabkabpihgBbRYdRYAr Q¥kEeiA0LHE §NybSdylation for -
conti nuously dripped, water and epichlorohydrin may

probecéwapehat epokiomeihie bEathieopraiseht & nveddion ediciede
or- normal pressure. The evaporated water is renoved

epiahdotrbbydvdpor apdtrephyidrdnohwuedid epiis odobtyidrieus! y
"returned to the reaction m xture. _

Preferably, epichlorohydrin is used because it is

industrially easily available and inexpensive. This

reaction can be performed according to 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 mixture of the phenol
aralkyl resin and epihalohydrin. The alkali metal hydroxide
may be in a solution. 1In this instance, while the alkali
metal hydroxide solution is continuously dripped, water and
epichlorohydrin may be evaporated from the reaction mixture
under reduced or normal pressure. The evaporated water is
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



In the above process, epihalohydrin is normally used
in- a proportion of 0.5 to 20 noles, preferably 0.7 to
10 noles relative to 1 equivalent of the hydroxy
group of the phenol - 8 aralkyl resin. The alkal
metal hydroxide is normally used in a proportion of
0.5to 1.5 noles, preferably 0.7 to 1.2 nvoles,
relative to 1 nole of the hydroxy group of the pheno
aral kyl resin. In additiom 8n aprotic sol vent, such
as dinmethyl sulfone, dinethyl sulfoxide,
di met hyl f ormam de, or 1, 3-dinethyl-2-im dazolidinone,
égﬂpk) ded, e C a
2 smalll era%%ﬂﬁt 0115}%1%[ rol'yza eafh o@%ﬁf‘d%]/\hll%h%%ﬁf%é used
- fhngeh el g o £ % (1Ld S j rdy. '
1n Sﬁl% abl eﬁ:ls&iz;vonfatme'fsi ZCIQPf%'rg e e%%’orﬁlg@f%%%iogednt%.torhle‘ 2
molafy Otrell AGhA 189l val1d Stisash | c?r&g?p%fé}hgerftﬁ phenol
to 20001 by weight, preferably I0%to I00% Dby wei ght’
ardledyl inegsitrD t e eIt i, el halbyds i b1 Addi t 'Qﬂ%}?fas
an al cohol, such as nethanol or ethanol, other than :
dinfdtthyabaMa-f driest elinfed a1 61 d acdid i eBrdMfamide, or
reaction. O her solvents, such as toluene or xylene,
1, 3rredintees hysled - Thhigda AdloMB-rie | aad iiddedf to produce an
hydr ol yzabl e hal ogen can be neasured by, for exanple,
epoiyt rrzts ing adre-agipobng reesimalin andhuansf wdrélyzable
KOH et hanol solution while it is refluxed for several
haliqgen ofwhiiciutwisl 1 Ae alefdtriaclbglahe effuxy emsin wisimeis
present invention
particularly suitable as a material for electronic

components.

The aprotic poiar solvent is 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 solvents, 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 whilé 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 excessive amount of epihalohydrin in the
presence of a quaternary ammonium salt, such as

tetramethylammonium chloride, tetramethylammonium bromide,



may be produced by reacting a m xture of a phenol
aral kyl resin with an excessive anount of
epi hal ohydrin in the presence of a quaternary
amoni um salt, such as tetranethyl anmoni um chl ori de,
t et ramet hyl ammoni um brom de, - 9 or
trimet hyl benzyl ammoni um chl ori de, as a catal yst at 50
to 150C for 1 to 10 hours, and then adding an solid
or solution of an alkali -m8tal hydroxide, such as
sodi um hydroxi de or potassium hydroxide, to the
resul ti ng phenol aral kyl resin hal ohydrin etherhto
- |14 .120C f or {0 our :
o DRy R S h et So to
tolre r@datieRARY) PR um sl J ; d,in.a
ls_op:agport ilortf%gfl)oo. 001 to 0.2 tﬁnﬁi’aﬁlgﬁeraéblﬁ%é} to
sollthioloF, ahelalkiae i th1eGiMAE/Me ,OfSLfJi‘P A N am
group of the phenol m xture. The alkall neta _
hydRyeicne @8 b tRTRIN Y dseskide @ ty UMY bl 1af5 goﬁé%ol
1.5 noles, preferably 0.9 to 1.1 noles, relati to 1
ara@kyilvalesin ok lidhydriyde®ne 9reuR 10w e el -aral kwl 20
resin. In general, the product of such a reactionis .
to dubj’ectfed it eor amduref texesss iepl MHOMEIdHy @it ether.
solvent with heating under reduced pressure after or
In wihisounsheneg  waslee duaitisirnawgt emmaaricin $41ens normally
di ssol ved again in a solvent, such as toluene or

usegetiy b PEoPorylidnetdnd.. 0SUbsequwert mples odaftdrablyofo. 05

al kal i metal hydroxide, such as sodi um hydroxide or
to fotadeilem medediiviee to § adnddatlenthefsdihe ilymmixyt heroup

of the phenol mixture. The alkali metal hydroxide is
normally used in a proportion of 0.8 to 1.5 moles,
preferably 0.9 to 1.1 moles, relative to 1 equivalent 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 solvent, such as
toluene or methyl isobutyl ketone. Subsequently, a solution
of alkali metal hydroxide, such as sodium hydroxide or
potassium hydroxide, is 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,



reacti on product to performa reaction again. Thus,
the epoxy resin of the present invention containing a
smal | anount of hydrol yzabl e hal ogen can be produced.
In this instance, the alkali nmetal hydroxide is
normal ly used in a proportion of 0.01 to 0.2 nol e,
preferably 0.05 to 0.1 nole, 10 relative to 1 nole of
t he hydroxy group of the phenol aralkyl resin. The
reaction tenperature is norh@lty 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
rell@tipfeodiecad msid! tofi THEMMEDRY Jhdipg B AhOrpN@shi ng

with water, and the solvent, 'such as tol uene or

araTBiyly lrdssehut yithek eteQit: i dif tdnffENVAd 1Y LY aRFFE I BP set at
w th heating under reduced pressure. Thus, the €poxy

50 resiveoofc tdirl pes adadiivantt ime Cﬁltrﬂiﬂ‘iﬁaﬂlglf s&tedt 0.5 to
- anmount of hydrol ysabl e hal ogen can be produced.
2 henafserably, the epoxy resin of the present invention
- has a softening point of 70C or nore fromthe
vi 8fiperrnthef compéestiali loift yhef richetdpaxy thes by -africetuced
bei ng dissolved in a solvent and the heat resistance
saldf itsheremarved fryoduidttraSuicin an vedxiyng esitrh ceatdxe, and the
produced by epoxidi zing a phenol aral kyl resin of the
solyeadentsuciy &t iter usind My aneddivleniisnputnol rtetuinsg0G or
nore. The epoxy resin conposition of the present

reMONESh Yo f vaRqtatiew e tdedisatva unieeprdueedipressure.

conposition of the . ) oo
Thus, the epoxy resin.of the present invention containing a

small 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 epokidizing 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
combination, the ratio of the epoxy resin of the present

invention to the total epoxy resin is preferably 30% by



present invention contains the epoxy resin of the
invention and a curing agent. The epoxy resin of the
i nvention can be wused singly or in conbination with
anot her epoxy resin in the epoxy resin conposition.

If the epoxy resin is used in conbination, the ratio
of the epoxy resin of the present invention to the
total epoxy resin is preferably 30% by - 11 weight or
more, and particularly 40%by wei ght or nore. Epoxy
resins that can be used in conbination with the epoxy
resin of the present invention include, but not

weildH¥ 194 e p%@%%&%@ﬂ%%ﬁnd;dhw d&ldgtﬁﬂ GRL I se Of

bi sphenol A, bisphenol F, bisphenol or ene

bi spbepolr-esihar paAE @hﬁhﬁaohseﬁ 4 BoRBER@ltion with the
2,2" -bi phenol, 3,31,

epo&gt&%ﬁﬁkhk&-@hélpﬂ@d@ﬁﬂ“ﬂdvehtﬁoﬂﬂﬁﬂoldﬁé“(Bﬁﬂrﬁw@

resorcin, naphthal enedi ol

llMMﬂaﬂ4xhy¢kayﬂdﬁﬂéﬂﬁﬂﬁkh%mﬁ their modifications of
1,1, 2, 2-tetraki s(4-hydroxyphenyl)ethane, or a pheno

bisedrpaind, ( pHeptlencdl ey tHdpsidicl & mhemtendaptifidnol ,
al kyl - substituted naphthol, dihydroxybenzene,

tergiemed ddxpjreayiit, ha ene,blpetemo)l ,ar X 'omnidatyde,3,3',5,5" -
acet al dehyde, benzal dehyde, p- hydroxybenzal dehyde,

tetgamedihyxy-bidn 24l -dehpheany 1d-- 4hyidr-aiiycalc e thopheswoninone
o- hydr oxyacet ophenone, di cycl opent adi ene, furfural,
reS@r@lrbu SpEhithedienesiiol, 1t is (idhesidxyphenyl) methane,
4, 4" - bi s(met hoxymret hyl )-1, 1" - bi phenyl, 1,4"-
1, leS@CMQ&ﬁﬂhgﬁﬁﬁ)ngﬁgyyphenyl)ethane, or a phenol

|s thoxynethyl)benzene or the like;
comﬁa &|§ hﬁﬁﬂ¥qﬁﬁd 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(chloromethyl)-1,1'-
biphenyl, 4,4'—bis(methoxymethyl)—1,1i¥bipheny1, 1,4'-
bis (chloromethyl)benzene, 1,4'—bis(methoxymethyl)benzene, or
the like; halogenated bisphenols, such as
tetrabromobisphenol A; glycidyl ether compounds derived from
alcohols; alicyclic epoxy resins; glycidyl amine epoky
resins; glycidyl ester epoxy resins; and other solid or
liquid epoxy resins. These epoxy resins 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



t et r abr onobi sphenol A; gl yci dyl ether conpounds
derived from alcohols; alicyclic epoxy resins;

gl yci dyl am ne epoxy resins; glycidyl ester epoxy
resins; and other solid or |I|iquid epoxy resins. These
epoxy resins may be used singly or in conbination. The
curing agent contained in the epoxy resin conposition
of the present invention nmay be, for exanple, an 12

am ne- based conpound, an acld anhydri de-based
conmpound, an am de-based conpound, or a phenol -based
conpound. Exanples of such a curing agent include,

amiié - iHed idBufRA1dD, aﬂ“éﬁ@d“&ﬁ%?&?ﬁdéUHJEHH%compound, an

di et hyl enetriram ne, triethylenetetram ne,

ami@ B Rapdaid f oe,a draRNed alinlifound.  Examples
di cyanodi am de, polyam de resin synthesized from

of Idue enicndicidl e B Ridy e dicin ngni cgditdl i c
anhydride, trinellitic anhydride, pyronellitic

diai iarduigtiedss 1 v eirte ardieiHydieand et Tk opht hal i ¢
anhydri de, nethyltetrahydrophthalic anhydride,

trirsthyllavediet ramhiydy i di, amrexdiprdophidiaddee anhydri de,

met hyl hexahydr opht hal i ¢ anhydri de, pol ycondensat es
isogindreidiamidief i chitdyersodifam iies,pheriotand, ddirsgianol  F,

bi sphenol S, fluorene bisphenol, terpene diphenol,
synghesiggshdiwsin R laiiphemwild By Sl -ethylenediamine,

tetranmethyl-[1, 1' - bi phenyl ]-4,4'-diol, hydroqui none,
phthadait ianhyiepittehalterianadi bit ic anhydride, pyromellitic

. tris(4-hydroxyphenyl) net hane, .

diaphydy isleemaglg i AHPEHGG N &P ohal isheéiydride,

meéﬂ?ﬂ%@%%éhydrophthalic anhydride, methylnadic anhydride,
hexahydrophthalic anhydride, methylhexahydrophthalic
anhydride, polycondensates and their modifications of
bisphenol A, bisphenol F, bispheﬁol S, fluorene bisphenol,
terpene diphenol, 4,4'-biphenol, 2,2'-biphenol, 3,3',5,5'-
tetramethyl—[1,1'—bipheny1]—4,4‘-di§l, hydroquinone,
resorcin, naphthalene diol, tris(4-hydroxyphenyl)methane,
l,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(éhloromethyl)—1,1'—
biphenyl, 4,4'-bis(methoxymethyl)-1,1'-biphenyl, 1,4'-

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



. -/’

(phenol, al kyl -substituted phenol, naphthol, alkyl-
substi tuted naphthol, dihydroxybenzene,

di hydr oxynapht hal ene, etc.) and formal dehyde,
acet al dehyde, benzal dehyde, p- hydroxybenzal dehyde,
o- hydr oxybenzal dehyde, p- hydroxyacet ophenone,

o- hydr oxyacet ophenone, dicycl opent adi ene, furfural,
4,4" -bi s(chloronethyl)-1,1" - biphenyl,

4, 4" - bi s(net hoxynet hyl ) - 1; 3 bi phenyl, 1,4 -

bi s(chl or onet hyl ) benzene,

1, 4" - bi s(nmet hoxynet hyl ) benzene or - the ke,

thehaliggen ?Ja@@g@h%@@%n %ll%pi‘é?ll& 135S sttfctH % . an 13 %‘1%%% isghenol

i m dazol e, BE3-am ne conpl exes,
A, Geriigedidiees. BFJB%?L%eCLHdn{iﬂé}@éé nsarf@y L@gnyéfgesligglz%atlves.

or in conbination. In thé epoxy Tesin conposition o

Theke cRieHgNtrekANBN b9 be LRRAC lé;rﬂn%ﬂ gagv(?cntlri SRR,
used in a proportion of 0.5 to equi val ent s,

paﬁttﬁé|épr¥0r@shﬁ bohpRitide s thel pti¥ent Oidvention,
equi val ent of the epoxy group of the epoxy resin. If

thet barduti ageageik peeiferhbbly hesd tikan @rop OQQ:lildhﬂ'cffntO 5
or nore than 1.5 equivalents relative to 1 equi val ent

to af. 5t keuépaigngsoupartieulesdlyt iong ar ad 2preefliicial gs

- _not be sufficiently cured; hence, a satisfying cured

relptadectocan nqullvelemtalorfedtheV\k@@xtyh growg rf agentepoxy

used, a curing accelerator may be used together.
reSGHrlnéfaébéléﬂaﬂ@SSaGﬁat camtiemtuded less ddwdn ats on

i nclude, for exanple, imdazoles, such as 2-
equﬁréfﬁﬁypﬂ:npaaz@nf@ t Ry 5i mmpézr@lles,ntzs pled@diive dazdl e,
equlggl%ht 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, 2-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 phosphines, such as 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-



et hyl -4-nmet hyl i mi dazole; tertiary am nes, such as 2-
(di met hyl am nonet hyl ) phenol, triethyl enedi am ne,

tri et hanol 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 tri butyl phosphi ne; net al
compounds, such as tin octoate; tetra-substituted
phosphoni um tetra- substitul®d-borate, such as

t et raphenyl phosphoni um tetraphenyl borate,

t et raphenyl phosphoni um ethyltri phenyl borate;-

4 -mle@iHyaphamy RO a8 % p Héﬂylﬁgié%éﬂi&ﬂdzklmethylmorphollne
4-met hyl i m dazol e tetraphenylborate and

tethaRidnIByRiel i nar teld aphlemy @i e rddort hes %édf‘g 0.01

accel erator is used, 0.01 to 15 parts by weight of

to QU ipag-tac w8t evaltgdit icE uaad delaidaierdtdbA 00 Rd Srddative
wei ght of the epoxy resin. In addition, the epoxy

to nNed paoanpast Wedyinf dfe Hy egeity ddpsenti on may _
contain a thernosetting resin, such as cyanate resin

andhorddipiepol yher epsikyg rasdyardin@osgsiibna®fa thiWpresent

material, bismaleimde-triazine resin, nelamne resin
invemt iome mays etritag rpel {hewieysedrt ind hessiopl asidic #€stysnate

such as phenoxy resin, polyam de imde resin,
respal wuve ey en@rerdameesising Ppalyeatater st iones esimw

i n conbi nation. Furthernore, various conpoundi ng -(:)
mateggeddi @dﬁ@wweﬁm@mm r&assigsamelanigle asssim or

i nor anlc filler, a silane coupling agent, a coloring

thezgasetting mpdy lr“ésqen Oar 3 ék@nmqmlae@érﬂ resin, such as

n r., and rele ent .
phe%%g§9 %1 , polyami e 1m de resin, polyphenylene oxide

resin or polyethersulfone resin, in combination.

Furthermore, various 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, silicon 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, glass fiber, carbon fiber,
molybdenum disulfide, and asbestos. Among these preferred
are fused silica, crystalline silica, silicon nitride, boron

nitride, calcium carbonate, barium sulfate, calcium sulfate,



Exanpl es of the inorganic filler include fused silica,
crystalline silica, silicon carbide, silicon nitride,
boron nitride, calciumcarbonate, bariumsulfate,
calciumsulfate, mca, talc, clay, alum na, magnesium
oxi de, zirconi um oxide, alum nium hydroxide,
magnesi um hydroxi de, calciumsilicate, alum num
silicate, lithium alumnumsilicate, zirconium
silicate, bariumtitanate; ¥tass fiber, carbon fiber,
mol ybdenum di sul fi de, and asbestos. Anong these
preferred are fused silica, crystalline silica,

micSl,| t@QR, Nidlhde a k@R, Rird idimiGahi HYHALbARAt €, Thege
barlun1sulfate calciumsul fate, 15 m ca, talc, cl ay,

inodlgafiike,f ianeé ra Wiy idemuted @xirkda.y EHE%§deH5£ﬁHHfbn
fillers may be used singly or in conblnatlon

ExBapipsesf ofhehsi kananeowpliblgnagedentnGhned@ddl IsdN@ne
coupling agents, such as

cou@&gmgca@@bmbpr@mﬂhﬂadﬂﬂlgbgﬁﬂddﬁﬁipropyltr1methoxys1lane,
3-gl yci doxypropyl tri nmet hoxysilane, 3 .

3 -ggdlyydidderyymopyyl treerihdixyetil@nesi 13ane, 3 (r)
gl yci doxypr opyl net hyl di net hoxysi | ane, 2-(3, 4-

glyedeexypeiopyd melthydidiyietthioxstshidaysd | ane,

N- (2- am noet hyl ) 3- an1nopropy|nethy|d|nethoxy3|lane
91YNJFQXH@¢@@Wﬂmﬁ?hyl ietdeysyl ipateny |21 {vethoxysi | ane,

- an1nopropy|tr|ethoxy5|Iane
epogwﬁypégﬁﬁéyﬂd@w ditrdmedbpsivisdd@ne, N- (2-aminoethyl)3-

vi nyl trinmethoxysi | ane, (vin Ibenzylan1no)ethy|)3-
ami %GBV It L MeSRRs %Qi@ rﬁg W -aingetdyl) 3-

ri hoxysi l'ane, 3- .~
amlg%%Q%%r lot%%&%@@détho£§s1fgne 3-

aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
vinyltrimethoxysilane, N- (2- (vinylbenzylamino)ethyl) 3-
éminopropyltrimethoxysilane hydrochloride, 3-
methacryloxypropyltrimethoxysilane,_3—
chloropropylmethyldimethoxysilane, and 3-
chloropropyltrimethoxysilane; titanium coupling agents, such
as isopropyl (N-ethylaminoethylethylamino)titanate, titanium
di(dioctylpyrophosphate) oxyacetate, tetraisoprole

di (dioctylphosphite)titanate, and neoalkoxytri (p-N- (B-
aminoethyl)aminophenyl)titanate; zirconium or aluminum
coupling agents, such as Zr-acetylacetonate, Zr-methacrylate,
Zr-propionate, neoalkoxytris (dodecanoyl)benzenesulfonyl
zirconate, neoalkoxytris(ethylenediaminoethyl)zirconate,
neoalkoxytris (m-aminophenyl) zirconate, ammonium zirconium

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



chl or opr opyl net hyl di net hoxysi | ane, and 3-

chl or opropyl trimet hoxysilane; titanium coupling

agents, such as

i sopropyl (N-et hyl am noet hyl et hyl am no)titanate,

titanium di (dioctyl pyrophosphate) oxyacet at e,

tetrai sopropyl di(dioctyl phosphite)titanate, and

neoal koxytri (p- N ((3- am noet hyl )am nophenyl )titanat e;

zi rconiumor alum num coupt$ngy agents, such as

Zr-acetyl acetonate, Zr-nethacrylate, Zr-propionate,

neoal koxytri s(dodecanoyl ) benzenesul fonyl zirconate,
proffiladeaxyt rnkdRf Heare g gy v id1Conahe coupling

neoal koxytri s(m am nophenyl ) zi rconate, anmoni um

ageAifLONITHE & i aldip Alng aeRint acet aral®.to a highly
N-nmet hacryl ate, and N 16 propi onate. Anong these

mo iRy tafrered iarterdd | andlidtg wiagrntaiheldierdist @dngth is
coupling agent can lead to a highly
nothiesjniided esicat amtaatines g cibsdigsei adhesi ve
strength is not degraded even after noisture
ab&aeppiles. ofxaiel es lof itke agenar iing ladgent bunc indde,
but not particularly I[imted to, a variety of organic
partyies)lastigh lasnitent Hal oy amimiestyazd, aliggario; dyes, such as
gui nacri done, ant hraqui none, flavanthrone, perinone,
phigwrhdamaling 0x6ad na i spowe rmpeidiazoldormnd avdmstdi iegne,
and inorganic pignents, such as titanium oxide, |ead
flagiartironeh s el IRREY B/ yE Qg ingr opendensed azo,
vermlion, iron red, cobalt purple, navy blue, blue,
and|qzoqfdrh e v1and ORI RIgneiHroni Sy raetitanium

oxf:gfngégg éﬁgég%efub égﬁﬁﬂé gf%%h, zinc yellow, chrome
vermilion, iron red, cobalt purple, navy blue, blue,
ultramarine blue, carbon black, chromium green, chromium
oxide, and cobalt green.

The epoxy resin composition 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 férmed into a cured product of the
present invention by, for example, melt casting, transfer

molding, injection molding, or compression molding, followed



The epoxy resin conposition of the present invention

can be prepared by m xing the above-descri bed

constituents wth a Henschel m xer, a planetary

m xer, or the like, and then uniformy dispersing the"

mxture with a two-roll, a 3 kneader, an extruder, a

sand grinder, or the like. The conposition nmay al so be

‘uniformy mxed with a solvent and is used as a

varni sh. The resulting epox¥7resin conposition can

easily be cured by a known nethod. For exanple, the

resul ting epoxy resin conposition of the present
by HRe@AHOR FoRY, idH® @ i ed dy ogdpglo, Qi the present

invention by, for exanple, nmelt casting, transfer

moirdkengpok J96%&%”oqpkﬁbn%re%%nﬁoqﬂQ%i 1 Q% %Bgd%n%igh

foll owed 1 by heating at 80 to 200C for 2 to 10
solmﬁﬂmitYTmﬁeﬁum%éﬂﬁgﬂdh&ﬁiéhﬁeﬁésssmkfREMﬁett?ﬂ Qééi?itate.

high solubility in solvents and i's hence difficult to
Accpiredingilyat @ vaAtGeHlipgidipnared Y faissfbdlf\ﬁ'ﬁﬁ{ qthdYepox

di ssol ving the epoxy resin conposition of the present
resiimy entipos itdprbefs wHeakine sdited et gidhesi we faQlitably
- lamnated plates or the like. In Othis instance, the
usegpewy anesidhesdimeosidri drntadteel plegey dnuan iDkdBY In

be dissolved in a solvent, for exanple, an amde
thisolivietencsuc it hes epdxyt yred iac taamgo shtirtrhyd foyHeo | p reboyeant

(NWP), N, N-di net hyl f or mam de ( DMVF),
invgpﬂi@pngpﬂyt@tgmgﬁqiyed(ﬁn a solvent, for example, an

N, N-di_net hyl i m dazol i di none; a sul fone, such as .
amigdgr sQhVERH. e SIdyEFoebusrelRctonel vinmetydpyasolidone

iiethyle
an®) & WS et hyl formamide (DMF) | N,N-dimethylacetamide,

or N,N-dimethylimidazolidinone; a sulfoné, such as
tetramethylene sulfone; an ether solvent, such as diethylene
glycol dimethyl ether, diethylene glycol diethyl ether,
propylene glycol, propylene glycol monomethyl ether,
propylene glycol monomethyl ether monoacetate, or propylene
glycol monobutyl ether; a ketone solvent} such as methyl
ethyl ketone or methyl isobutyl ketone; or an aromatic
solvent, such as toluene or xylene. Then,.a base, such as
glass fiber, carbon fiber, polyester fiber, polyamide fibber,
alumina fiber, or paper, is impregnaﬁed with the vanish and
the resulting prepreg is hot-pressed 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 composition of the invention and



gl ycol dinmethyl ether, diethylene glycol diethyl

et her, propylene glycol, propylene glycol nononethyl

ether, propyl ene glycol nononethyl ether nonoacetate,

or propylene glycol nonobutyl ether; a ketone

sol vent, such as nethyl 3 ethyl ketone or nethyl

i sobutyl ketone; or an aromatic solvent, such as

tol uene or xylene. Then, a base, such as glass fiber,

carbon fiber, polyester fib&P, ~polyanide fibber,

alumna fiber, or paper, is inpregnated with the

vani sh and the resulting prepreg is hot-pressed into _
thed galnashtpriadudrma Ay ergatdiyetos Bhevenpy, 88 ferably 15%

conposition may be dissolved in a solvent above and
to e V@F esitghits. f @detie shedeetthd Mol henPrepreded the

proportion of the solvent in the mxture of the epoxy
sudtes rpwpmasidn as afhd hep 1 W erdnshtandBeedtheos0! vent

is normally 10%to 70% by weight, preferably 15% to
corizVhbthyentes gittherdrharhetisheet]l vdrite) sl veid  fesswibtethd n

such a proportion as the solid content (content of
varguisdt | tuemimnatherl Gtharo t86% Syt westghti N phefershily i 208 to

varnish is normally 10%to 80% by weight, preferably '
70%208 tweldto% by wei ght. When the varnish is forned into

a sheet, the varnish itself is applied onto a base by

gr &eie thGatvierdisdc Aged orpedhtinty, amsthele tradiieng/amyish
.. Spin coating so that the thickness will be a {:)
155 dd et AREE Y AU F drass il BB CATOLRG  \FFEEen

Jrethod is applied is approprjately sel ected

printing, met masking, or spin coating so that the
thickness will be a predetermined value, for example, 5 £o
100 pm. Which method is applied is appropriately selected
according to the material, shape, and size bf the base 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, o
polyethylene or polypropylene, or their copolymer.

Particularly preferably, a polyimide film or a copper foil

is used. TIf a release film is use, the sheet is used as a

bonding sheet. The bonding sheet refers to a laminate of

the release film and another release material bonded

together with an adhesive layer (varnish) applied on one

surface of the release film. The bonding sheet is used as

an adhesive material for, for example, bonding flexible



according to the material, shape, and size of the base
and the thickness of the sheet. The base may be a
netal foil, such as copper foil or a filmmade of a
pol ymer, such as pol yam de, pol yam de i m de,

pol yacryl ate, polyethylene terephthalate,

pol ybut yl ene terephthal ate, pol yether ether ketone,
pol yet her im de, polyether ketone, polyketone,

pol yet hyl ene or pol ypropyfeh?, ~or their copol yner.
Particularly preferably, a polyimde filmor a copper
foil 1is used. If arelease filmis use, the sheet is

privsed adreuikonbdai@sirrfethbie. borl nesieetnd efigds: tos
a lamnate of the release filmand another Tel ease

hearetder itdle riebydetoduegeidher sMddr F adhesd Yer-ddy

(varni sh) applied on one surface of the release film

The bondi ng sheet is used as an adhesive nateri al

for, for exanple, bonding flexible - 19 printed
Exaoiprlewsi t boards together. The resulting sheet is

heat ed, thereby producing a sheet of cured product.

Ex@hpl pseFhntpisyvent ibnveniilobewflulrthe rf diesheribed with

described with reference to Exanples. In the .
refegensdi g desdpiles.on,In e @oddraovipay tdesjcrigteion t othe

part ( s) by wei ght unl ess otherwi se specified. Epoxy
woréq@@\;f& (&t redemsetion®azdi (f), anhwveteht wirsloss tathareise

sured under the follomnng conditions: [Epoxy

spegidied-ent
Epoxy equivalent, softening point, and melt viscosity
are measured under the following conditions:
Epoxy edquivalent
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 method 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-'s)
Sample quantity: 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-



Measured by a nmethod in accordance with JI'S K-7236,
the wunit being expressed by g/eq. Softening point
Measured by a nmethod in accordance with JI'S K-7234.
Melt viscosity Melt viscosity by a cone plate nethod
at 150C Measuring apparatus: Cone/plate (1Cl)
hi gh-tenperature visconeter (manufactured by RESEACH
EQUI PMENT (LONDON) LTD.) Co(Fe No. 3 (neasurenent
range: 0 to 2.00 Pa-s) Séd% e quantity: 0.15 0.01.g
Exanple 1 A four-neck flask equipped with a stirrer, a
thernoneter, and a condenser was charged with 95 parts
cregfolo a2 Icrpesdl o -kqlarenedu ifdmildienragsil f anen acig
Then, 151 parts of
pard,s4'ofbids (4ciarsofret lodomet by 1-) bizphenyd i pisyad deds euRled ®ver
period of 2 hours with stirring to performa reaction
a patrioREed forhditsowish Afttiernirhe tee getrfarm 40 qearttioofat
M RK was added and the product was repeatedly washed
120G H avate hourSubs ddirent lbhe ureeescitcer cross @a e afetMIEK
i sobutyl ketone (M BK) were evaporated fromthe oi
wasp Rglsednrianidl i inrpdwnrdewas atrsad gotles swrshad wiitdl dvater.
180 parts of phenol aralkyl resin (Pl) of the present
SubseEantdy THE 9aEEad iaxg SsHemsld el igaksity]( Rtone .

had a softeni ng point of 104C and a nelt .
(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 (P1l) had a softening point of 104°C and a melt |
viscosity of 2.0 Pa-s or more, and the hydroxy group
equivalent of 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-cresol was replaced
with 130 parts of m-cresol. The resulting phenol aralkyl
resin (P2) had a softening point of 109°C and a melt
viscosity of 2.00 Pa‘S or more, and the hydroxy group
equivalent of the resin was 235 g/eq.
Example 3

To 120 parts of the phenol aralkyl resin (P1l) 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



viscosity of 2.0 Pas or nore, and the hydroxy group

. equivalent of the resin was 242 g/eq. Exanple 2 A

~ phenol aralkyl resin (P2) of the present invention
was obtained in an anmount 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
resul ting phenol aral kyl resin (P2) had a softening
point of 109C and a nelt -~ vkscosity of 2.00 PaS or
nore, and the hydroxy group equivalent of the resin
was 235 g/eq. Exanple 3 To 120 parts of the pheno

(pudtihkyloorgsifn akRE) werepasedd ik @H@n@é%dkfﬂ%r%f%yﬁ?é over
275 parts of epichlorohydrin and 64 parts of dinet

a petlibaxiode 90Amli el t@iss S olrtiend t Heh@is@hlel Was Was st Ed
to 55C, and 20 parts of sodium hydroxide - 21 (purity:
subge¥retl akea weaetddeedtt @stlie FoRaCt MRS Shd & tOVRI° 8 for
period of 90 m nutes. Then the m xture was further
1 heulyj.ecSethsequentagct ithie ataddConoiiXthew waegndepeat?@ly
for 1 hour. Subsequently, the reaction m xture was
washepeatictl yateas ted neiutthraddizer, todneut exldeze, and an
excess epi chl orohydrin was evaporated. Then, 296 parts
epighlnrBKydas n @asdeésdporased .di THhenyed den palte o efi MIBK was
The resulting MBK solution was heated to 75C and 5
addgdr to end3gisbyluedghin thediremilkiydr.oxiThe selsutlitdmgvdEBK
added. After a reaction for 1 hour, the reaction
solptdQic Wagndeptpatted’y “Fasmed Swibels tatodr 30% by weight

sodium hydroxide solution was added. After a reaction for 1
hour, the reaction product was repeatédly washed with water

to meutralize. Subsequently, the MIBK was evaporated from

"~ the oillphase with heating at reduced pressure to yield 88

parts of epoxy resin (E1l). The epoxy equivalent of the
resulting epoxy resin (El) was 323 g/eq, énd the resin had a
softening point of 85°C and a melt viscosity of 1.76 Pais. 
Example 4

An epoxy resin (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 repléced with
117 parts of phenol aralkyl resin (P2) prepared in Example 2.
The époxy equivalent of the resulting epoxy resin (E2) was
308 g/eq, and the resin had a softening point of 93°C and a
melt viscosity of 2.00 Pa‘s or more.

Test Examples 1 to 3



to neutralize. Subsequently, the M BK was evapor at ed
from the oil phase with heating at reduced pressure
to yield 88 parts of epoxy resin (El). The epoxy
equi val ent 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 Pais. Exanple 4 An epoxy
resin (E2) of the present invention was obtained in
an amount of 133 parts in"tA& Sane manner as in
Exanpl e 1 except that in Exanple 3, 120 parts of
phenol aral kyl resin (Pl) prepared in Exanple 1 was

r efEipacgd reistims YEL)pamrs (@f2)pherglara@lity Exaaples Band 4
prepared in Exanple 2. The epoxy equival ent of the

and esuldpoxy epsdn r 08B (EH2) pesducis gy Qq],pp’rtmi Ka@%ku,
resin had a softening point of 93C and a

sofiegrioyd tpoioft 2. 90 Pasfar cmiear ast v&)@ermIIESoﬂ ftormul2 (1
Epoxy resins (El') and (E2) prepared in Exanples 3 and

is 4 lgriregerephon nesien (NCERAN] o adunedrdnt Mepoyl ethyl
Kayaku, softening point: 57C) for conparison whose R

ketgme graniihat Mhe e s thyehrogert mommereL i 3ol 1ed by a
sol vent. net hyl ethyl ketone so that the resin

weiHicentThe i 4 ol Wel oo Mgre vitiaprd athes $@si he test
sol utions were stored at 5C. The test results are

re %lh]d'vﬁw 3nf FEYE An FRbls al uatTh evakuat onwerritesia were
f ows: Good: The resin was not precipitated even

as 3%% %o weeks

Good: 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 ExXample 2 Test Examplé 3
Epoxy resin El E2 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 pm,

manufactured by Nikko Gould) were stacked and pressed at 40



el apsed after being dissolved. Bad: The resin was
precipitated within two weeks after being dissol ved.
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 Conpositions of
epoxy resin varni shes shown in Table 2 were prepared.
Each of the resulting varnishes was inpregnated into
gl ass cloths (WEA18WL05F115R8 manufactured by Nitto
Boseki) and the glass cloths were dried with warm air
dryer at 120C for 7 mnutes to yield sem -cured

kgfpytepr egsh Heghtingr apr eg9 “andod ¢oPRAMtAY tI TGS |
35 m manufactured by N kko Goul d) were stacked ané—liE

glamessletatlAfina Al Kgiten? md hrdatd ey aladiP<t d@plate
60 mnutes to yield a glass cloth |am nated pl ate.

wasThreassmed ifg Itard radlecbwilat er s teas ek KO £&owing
followi ng properties by the followi ng nethods. The
methesid .t s Three et s mrkaldleowh ifdBEsld ransi ti on
t enper at ure Ther no- mechani cal anal yzer (TMA):
© GliagACtRIaKG ItMcTo 0 mpdesttivage rat e: 2C/ mi nute  Copper
foil peel strength Tensile tester: Toyo Bal dw n,
Thergwgsineshamimago@nalyzer (TMA) : ULVAC-RIKO TM-7000

Heating.rate: 2°C/minute

. Qopper foil peel strength

Tensile tester: Toyo Baldwin, Tehsilon RTM-500
Tension mode: 180° peel

Cloth head speed: 200 mm/min.

Measuring temperature; 30°C

- Water absorption rate

Test piece: 5 cm x 5 cm

Weight increase (percent by weight) after boiling for 24
hours in hot water of 100°C

« Dielectric constant

Measured in accordance with JIS 6481



Tensi on node: 180 peel O oth head speed: 200 nmmi min.
Measuring tenperature: 30C Water absorption rate
Test piece: 5 cmx 5 cm Wi ght increase (percent by
wei ght) after boiling for 24 hours in hot water of
100C Di el ectric constant Measured in accordance wth
JIS 6481 24 - Table 2 Conposition Exanple 5 Exanple 6
Exanpl e 7 Conparative Exanple 1 E 100 100 E2 100
R-232 100 PN-80 33 34 2872%% 2E4MZ 0.3 0.3 0.3
Cyanate resin 36 MEK 89 89 103 81 Cured product
properties dass transition tenperature ( C) 150 145
Tali¥® 42.5 Copper foil peel strength 2.7 2.8 2.6 1.9

L . : . Comparative
Composition Example 5 Example 6 Example 7
' Example 1
E1l 100 100
E2 100
R-232 100
PN-80 33 34 28 22
2E4MZ 0.3 0.3 0.3
Cyanate resin 36
MEK 89 - 89 ' 103 81
Cured product properties '
Glass transition .
o 150 145 170 125
temperature (°C)
Copper foil peel strength
PP P g 7 2.8 2.6 1.9
(kN/m)
Water absorption rate (%) 0.5 0.5 0.4
Dielectric constant 4.5

In the Tablé,
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 equivélent: 105 g/eq, softening point: 86°C)
2E-4MZ: 2-ethyl-4-methylimidazole
cyanate resin: cyanate resin prepolymer (B-40S: produced by
Asahi-ciba, bisphenol A dicyanate resin, triﬁerization
ratio: 40%, solid content: 75% MEK solution)
MEK: 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

D



(kNVm Water absorption rate (s) 0.5 0.5 0.4 0.5
Dielectric constant 4.5 4.5 4.3 4.8 1In the Table,
R-232: Brom nated bi sphenol A epoxy resin (Eponm ck
R-232 produced by Mtsui Chem cal, epoxy equival ent:
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-4M:
2-et hyl -4-met hyl i mi dazol e c§anate resin: cyanate resin
prepol yner (B-40S: produced by Asahi-ciba, bispheno
A dicyanate resin, trinmerization ratio: 40% solid
thec gtegrent 75%eVEK olaith i)t Miige mirihHe et hd s keatpnes
Table 1 shows that the epoxy resins of the present
adheadenti ovatehidsisisperd dro sttabiddnveraf t@ia b& iphenol A
di ssolved in a solvent, and Table 2 shows that the
ePoE & iitod watdk fefve 12Bvent kbl giresrstamite ipwspdrtoieexhi bi t
superior heat. resistance, adhesion, water resistance
to the conventional bisphenol- A epoxy resin, and have
| ower dielectric properties. - 26 - CLAIMS 1. An
epoxy resin expressed by forrmula (1); 0 0 OCH2CH CH2
OCH2CH \ CH2



cH2 C\ / CH2H(1) n (Rm(Rm (wherein, R
represents 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 Claima1,
wherein the epoxy resin has_ a softening point of 70C
or nore. 3. An epoxy resin %%nbositi on containing the
epoxy resin as set forth in Cdaiml or 2 and a curing
agent. 4. The epoxy resin conposition according to
Claim3, further containicigaaMsuri ng accel erator. |

5. A cured product produced by curing the epoxy resin
lconposidpoty asssiet xprdsdand Gyaiforduira 41)6. A varni sh

pr epar by di ssolving the epoxy yesin conposition as
set fort\h in Caim3 or 4 in a spgnvent. 7. A prepreg

c 4G fH2a base material O@bGYnEHed with the epoxy
N1, CO R{ i on~es, set f in daim3 or 4. 8. A
| ariHarg gor npdch otiafeﬁsing thg prepreg as

of at least two of the

pregnegs. - 27 9. A phenol rjgs'n expressed by fornula
(2) ?m"‘OH oH B

(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

epoxy 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 according 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 base 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 set forth in Claim 7 or a stack of at least two of the

prepregs.

O



CH2 CH2 YH (2) (Rm(Rm (wherein R represent a

hydr ocar bon group having a carbon nunber of 1 to 4, m
represents an integer of 1 to 4, n Qrepresents a
positive nunber of 1 to 6 on average, and wherein
when mis any one of 2 to 4, Rs may be the sane or
different) 10. The phenol resin according to Claim9,
wherein the phenol resin hﬁ; a softening point of 80C
or nore. 11. The epoxy resifi"according to Claiml,
wherein R s are each an al kyl group having a carbon
nunber of 1 to 4. 12. The epoxy resin according to

o aiamphendiereisin exprapmad Nesiforfilas Nixture of the
fopp of fornula (1) whose thyl ene groups bind to

t 0-position and _the p- p03| ion of the oxyglycidyl
ou
CHed S ot 3y o

(R)m (R)m

(wherein R represent a hydrocarbon group having a carbon
number of 1 to 4, m represents an integer of 1 to 4, n
represenﬁs 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 9, wherein the
phenol resin has a softening point of 80°C or more.

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

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

of the oxyglycidyl groups.



