- 1 DESCRI PTION EPOXY RESIN, EPOXY RESI N
COVPCSI TI ON,  AND CURED MATERI AL THEREOF __Techni cal
Field The present invention relates to ep esi ns
with high nolecular orientation which caaméwm lmmlww
provi de excellent toughness and thernal

epoxy resin conpositions, and cured nateri al $159159*

t hereof. Background Art It is generally known that an

epoxy resin conposition formms a random network
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curing of the conpositi gy j&: dgyovide a cured materi al
wi th enhanced properties. According to Patent
Docunent 1, for exanple, an epoxy resin having
nmesogenic groups in its nolecules can be cured to
TedHR\ELAE Fiidy t hermal conductivity. Patent Docunent 2
reports that a cured material with excellent therma
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resin having a nesogenic group through the
mo Jailliaratdrterifatiion vhich can be cured to prov1de

excellent toughness and thermal conductivity, epoxy resin

compositions, and cured materials thereof.

Background Art

It is generally known that an epoxy resin composition
forms a random network structure through a crosslinking
reaction to provide a cured material with, for example,
excellent heat resistance, water resistance, and insulation
properties. Attempts have recently been made to align an
epoxy resin composition in a particular direction by
applying an external physical force during the curing of the
composition to provide a cured material with enhanced
properties. According to Patent Document 1, for example, an
epoxy resin having mesogenic groups in its molecules can be
cured to provide high thermal conductivity. Patent Document
2 reports that a cured material with excellent thermal
conductivity can be provided by aligning an epoxy resin

having a mesogenic group through the application of a



magnetic field before curing the epoxy resin. In the
field of thernoplastic resins, a nolded nmaterial with
. excell ent rmechanical strength can be provi ded by
processing a liquid crystal polynmer at its nelting
poi nt or higher, as discussed in, for exanple, Patent
Docunent 3. Patent Docunent 1. Japanese Unexam ned
Pat ent Application Publication No. 2003-268070 Patent
Docunment 2: Japanese Unexanithed Patent Application
Publ i cati on No. 2004-175926 Patent Docunent 3:
Japanese Patent No. 2664405 Disclosure of Invention

madieti enFid 1 e ke asibind Mend nyedity OFedin gJENB athe field

however, epoxy resins having nesogenic groups as
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have conplicated nol ecul ar structures and are
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magnetic field to the entire epoxy resin

crysorgplogidliyores; dtori tex amgpl teing spo idits ashy ant glgeo i sa b ed bsses sed
it requires a large-scale apparatus. Thernoplastic

in | ifian exanystesl RatiemerBocwierncth 3ypically have a
mel ti ng point of 250C to 350C, generally require nuch

PatenfeRacumsindi iy chrineshdInganingd atent mpplifakion
An object of the present invention is to provide an

PubljgatiansiNe - A3 -2 BHD easily produced, can easily
achi eve a nol ecule- aligned state, and can be cured to
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Publication No. 2004-175926

Patent Document 3: Japanese Patent No. 2664405

Disclosure of Invention
Problems to be Solved by the Invention

in general, however, epoxy resins having mesogenic
groups as disclosed in the above documents disadvantageously
have complicated molecular structures and are therefore
‘difficult to produce. The application of a magnetic field
to the entire epoxy resin compositions, for example, is
disadvantageous because it requires a large-scale apparatus.
Thermoplastic liquid crystal polymers, which typically have
a melting point of 250°C to 350°C, generally require much
severer molding conditions than thermosetting resins. An
object of the present invention is to provide an epoxy resin
that can be easily produced, can easily achieve a molecule-

aligned state, and can be cured to provide a cured material



wi th optical anisotropy and excell ent toughness and
thermal conductivity. Means for Solving the Probl ens
In light of the above circunstances, the inventors
have conpleted the present invention as a result of
i ntensive studies for devel opnent of an epoxy resin
conposition that can be easily produced and can
easily achieve a nolecule- aligned state. That is, the
present invention provides: 1) An epoxy resin
represented by the followng formula (1): [1] O OH
HZ HCH2CO -<D-(,-H2 _C) OCH2CHCH20O (1) OH O
witBCOHHHER0 dn i sS#opy /akdHkdlRent tWMREELS dnd Stlerdmal
to 20 (the nunber is an average), preferably 0.2 to
conkfuctpiarityeul arly preferably 0.5 to 5.0, which can be
cal cul ated from epoxy equivalent); (2) An epoxy resin
conmposition containing the epoxy resin according to
I[tem (1) and a curing agent; - 4 (3) The epoxy resin
Meagoapfinsd tSadnviaoe orteh rRrdlol dieem ( 2) ,

In light of the above circumstances, the inventors have
completed the present invention as a result of intensive
studies for development of an epoxy resin composition that
can be easily produced and can easily achieve a molecule-
aligned state.

That is, the present invention provides:

(1) An epoxy resin represented by the following formula
(1):

(1]

o OH
/\ |
H,CHCH,CO CH, OCH,CHCH,0 ‘

OH o]
| /\
OCH,CHCH,0O CH, OCH,CHCH,
n

(wherein n is 0.1 to 20(the number is an average),

M

preferably 0.2 to 15, particularly preferably 0.5 to 5.0,
which can be calculated from epoxy equivalent);
(2) An epoxy resin composition containing the epoxy

resin according to Item (1) and a curing agent;



further containing a curing accelerator; (4) The epoxy
resin conposition according to one of Itens (2) to
(4), further containing an organic solvent; (5) The
epoxy resin conposition according to one of Itens (2)
to (4), further containing an inorganic filler; (6) A
cured material formed by curing the epoxy resin
conmposition according to one of Items (2) to (5); and
(7) A nethod for produci ng the epoxy resin according
to Item (1), including allow ng a phenolic conpound
represented by the following formula (2) [2] HO\ /
CHZ 3 )Onihe2)e plofky’ @Gt nWidompds itRidMR lieddihg R d M&em (2),
presence of an alkali netal hydroxide to yield an

furspiety dasididiawn g cutyy dederataromei ght, all owi ng
the epoxy resin to react wwth 4,4'-biphenol, and

addidng Taepepoxgoiresin icomporditiidnmia@cdrdinysitd) one of
wherein 4,.4"-bi phenol is represented by the

ITtefms (@ rop fer)nulfautder [@ntaining HB -dXgami'c- i)t ;
Advant ages The epoxy resin of the present invention
haé5)sThei Epoxyt e stinglcomplosdilisam @cicemtdsnigortoamhec aif
be cured to provide excellent toughness and thernma

Itq&guﬁ&%iuqtg&);nﬁq;ther containing an inorganic filler;

(6) A cured material formed by curing the epoxy resin
composition according to one of Items (2) to (5); and

(7) A method for producing the epoxy resin according to
Item (1), including allowing a phenolic compound représented

by the following formula (2)

(2]

Ho—<<:::>—CH2—<<ji>f—0H @)

to react with an epihalohydrin in the presence of an alkali
metal hydroxide to yield an epoxy resin having a low
molecular weight, allowing the epoxy resin to react with
4,4'-biphenol, and adding a poor solvent to precipitate a
crystal, wherein 4,4'-biphenol is represented by the
following formula (3):

(3]



epoxy resin is suitable for applications such as
conposite materials and electric/electronic
materials, particularly, printed circuit boards,

sol der resists, sem conductor sealants, retardation
films, nolding materials, and adhesives. Best Mde
for Carrying Qut the Invention An epoxy resin of the
present invention can be produced by allow ng a
phenol i ¢ compound represented by the foll owi ng
formula (2): [4] HOCH2 OH (2) to react with an

epi hal ohydrin in the presence of an alkali - 6 netal
hydr ox=ge toss=¢l d an epoxy resin having a | ow

nRbeg ? Ll ow @g the epoxy resin to react
wth and precipitating a crystal from

a sol vent, erein 4,4'-bi phenol is represented by

the following formula (3): [5] The phenolic conpound

of the formula (2) is a crystalline substance having

a nmelting point of about 163C, one of comercially

avai | abl e products is, for exanple, p,p' -BPF
Advyamradesct ur ed by Honshu Chemical Industry Co., Ltd.).

The crystalline epoxy resin of the present invention

cafhgl epoxy nesdauedd the airessimty inverddmpodas of t he

formula (3) to
significantly high molecular orientation and can be cured to
provide excellent toughness and thermal conductivity. This
epoxy resin is suitable for applications such as composite
materials and electric/electronic materials, particularly,
printed circuit boards, solder resists, semiconductor

sealants, retardation films, molding materials, and

adhesives.

Best Mode for Carrying Out the Invention

An epoxy resin of the present invention can be produced
by allowing a phenolid compound represented by the following
formula (2):

[4]

HO@—CH2‘<}OH @

to react with an epihalohydrin in the presence of an alkali



react with the epi hal ohydrin and extending the chain
of the reaction product with the conmpound of the
formula (2), although this nethod has | ess working
efficiency than the above nethod because the reaction
product of the compound of the fornula (3) with the
epi hal ohydrin is highly crystalline. In the nethod for
produci ng the epoxy resin according to the present

i nvention, the epihal ohydri® used can be

epi chl or ohydrin or epi bronohydrin. The anmount of - 7
epi hal ohydrin is generally 2 to 15 noles, preferably 3

methQ hgdrdite tRekidle £f %PUH')ﬁésﬁH“HH¥fH té“iow
conpound of the fornula (2). "The al kali netal

molRydnexi deivhed AN dkand heSePHUE re SN IREHO0%} 148
or potassi um hydr oxi de. The al' kal'i nmetal hydroxide
4,4Cabiphen®d] ahda pIeldithitatdhAGUeAYs tal Wrida.a |dol @t ,
aqueous solution is used, it nmay be continuously added
whetreint a€ 4r' ebdiphe oly dise Hepliids@ i byaithd > 1lowing
epi hal ohydrin are being renoved and separated under a
formgdacdd)er normal pressure, the water being drained
and the epi hal ohydrin being continuously returned to
[51the reaction system The anount of alkali netal
hydr oxi de used is generally 0.9 to 1.2 noles,
preferably 0.95 to 1.15 noles, per equival ent of
hydr oxyl group of the conpound of the formula (2). The
‘ effpeRature is ?enerally 20C to 110C
- o-t@Hloo The reaction tine is
generaldy O {0 15

The phenolic compound of the formula (2) is a crystalline
substance having a melting point of about 163°C; one of
commercially available products is, for example, p,p'-BPF
(manufactured by Honshu Chemical Industry Co., Ltd.). The
crystalline epoxy resin of the present invention can also be
produced by allowing the compound of the formula (3) to
react with the epihalohydrin and extending the chain of the
reaction product with the compound of the formula (2),
although this method has less working efficiency than the
above method because the reaction product of the compound of
the formula (3) with the epihalohydrin is highly crystalline.
In the method for producing the epoxy resin according
to the present invention, the epihalohydrin used can be

epichlorohydrin or epibromohydrin. The amount of



hours, preferably I to 10 hours. Adding an al cohol,

such as net hanol, ethanol, propanol, or butanol, or a

pol ar aprotic solvent, such as dinethyl sulfoxide or

di met hyl sulfone, is preferred to facilitate the

reaction. If an al cohol is used, the amount of al coho

used is generally 3% to 30% by weight, preferably 5%

to 20% by weight, of the anmount of epichlorohydrin.

If a polar aprotic solvent s used, the anpunt of

pol ar aprotic solvent - 8 wused is generally 10%to

150% by wei ght, preferably 15%to 120% by wei ght, of
epitha ohiy@tin Gfs efudedOlmerd no 18 i1 | itesedd®ly 3 to 12

conmpound of the forrmula (2) may be all owed to react
mo1wist,h gere neyliehal fomydinox iy deslipnpBStite doMpdutid GF the

guat ernary ammoni um salt, such as tetranethyl ammoni um
forphlla i(d9,. t et ranmet hyl ammoni um brom de, or

trimet hyl benzyl ammoni um chl oride, to the m xture of

t h®hecedpelndmetallhbdydroxilde (Bedamdnt be, for example,

epi hal ohydrin, allowing themto react at 30C to 110C
sodfigm @ysinoxiglehour pat@sHisinl hydiatiote/dr iTheetdldrali metal

conpound of the conpound of the fornmula (2), adding a
hydyeprsidleocamqlpeorseshlas i fidrrmlamldquaaud solution. If

hydr oxi de to the conmpound, and causing
n Sodydden df usathg i dar de gontgouasign@ddad to

1 to 1Q hours. The epoxidation product was heated

the, reaction, gystem phdds, aten and iths pihglopndicin are

rinsin tor ve, far
being reﬂ%Ved an separé%ed under a reduced or normal

a

pressure, the water being drained and the epihalohydrin
being continuously returned to the reaction system. The
amount of alkali metal hydroxide used is generally 0.9 to
1.2 moles, preferably 0.95 to 1.15 moles, per equivalent of
hydroxyl group of the compound of the formula (2). The
reaction temperature is generally 20°C to 110°C, preferably
25°C to 100°C. The reaction time is generally 0.5 to 15
hours, preferably 1 to 10 hours.

Adding an alcchol, such as methanol, ethanol, propanol,
or butanol, or a polar aprotic solvent, such as dimethyl
sulfoxide or dimethyl sulfone, is preferred to facilitate
the reaction.

If an alcohol is used, the amount of alcohol used is
generally 3% to 30% by weight, preferably 5% to 20% by
weight, of the amount of epichlorohydrin. If a polar

aprotic solvent is used, the amount of polar aprotic solvent



exanpl e, excess epi hal ohydrin and sol vent. An epoxy

resin with a reduced content of hydrol yzabl e hal ogen

can be provided by dissolving the recovered epoxy

resin in, for exanple, toluene or nethyl isobutyl

ket one and addi ng an aqueous sol ution of an al kal

met al hydroxide, such as sodi um hydroxide or

pot assi um hydroxi de, to ensure ring closure. In this

case, the amount of alkali~ rfetal hydroxide used is

generally 0.01 to 0.3 noles, preferably 0.05 to 0.2

nmol es, per nole of hydroxyl group of the conpound of
usddﬁisfg&ﬂ&&éﬂiﬁDlOﬁTﬁbrfﬁﬁ%i@% WEIPef at pFr&rdBably 15% to

generally 50Cto - 9 120C e reaction tine is
120peney add gk 5 ¢H thdnicGunt Abt edpihglsiep@ti®n s

conpl eted, the reaction product 1is filtered or

ri Adeerofatni vedgnplthe conpouE @it @Futnidla Neat ety be

under a reduced pressure to renove the solvent, thus
allova dli g ed cwwintile ctharepihaidhwioiy besaddidy .as he

epoxy resin (A generally has an epoxy equival ent of
catigysto 20Matgmpncewniaimssalt, such as

bi s(4- oxygl yci dyl phenyl ) met hane as a nmgj or conponent.
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4,4' - bi phenol , as represented by the formula (3), is
'trﬁ)‘tﬁ't?éd’Yth?“f%flrﬁ“H“%Jgﬁn A A4 - vikQ ghe ews(‘»yurresqﬁ] the
The feed rati o of 4, bi phenol to the epoxy resin

compounds Gfe ttdiei G ‘t%)ata%et*r%/cﬁw P ofakipwing

the%?m ound ({fgé%’f&'gr%é{ (%ir/m'” 815((}329 Cfac{arg Cont@ n8€dh<;1§]rsa to yield a

halohydrin ether compound of the compound of the formula (2),

or

adding a solid or aqueous solution of an alkali metal
hydroxide to the compodnd, and causing dehydrohalogenation
(ring closure) at 20°C to 100°C for 1 to 10 hours.

The epoxidation product was heated under a reduced
pressure after rinsing, or without rinsing, to remove, for
example, excess epihalohydrin and solvent. An epoxy resin
with a reduced content of hydrolyzable halogen can be
provided by dissolving the recovered epoxy resin in, for
example, toluene oxr methyl isobutyl ketone and adding an
aqgueous solution of an alkali metal hydroxide, such as
sodium hydroxide or potassium hydroxide, to ensure ring
closure. 1In this case, the amount of alkali metal hydroxide
used is generally 0.01 to 0.3 moles, preferably 0.05 to 0.2
moles, per mole of hydroxyl group of the compound of the

formula (2). The reaction temperature is generally 50°C to



preferably 0.1 to 0.9 noles, per nole of epoxy group

of the epoxy resin (A). The inpossible reaction can

be induced without using a catalyst, although a

catalyst is preferably used to facilitate the

reacti on. Exanples of the catal yst used include

tri phenyl phosphi ne, tetranethyl anmoni um chl ori de,

sodi um hydr oxi de, potassi um hydr oxi de,

benzyl tri phenyl phosphoni um chilori de, _

butyl tri phenyl phosphoni um ethyl tri phenyl phosphoni um

i odide, and ethyltriphenyl phosphoni um bromi de. The
12@UNtTIE ré&abelyet t Ur€di s SqgdeBes I {Yo 05 0dot & HOuparts

by weight, - 10 preferably 0.05 to 5 parts by weight,

penftre tofe eRROLidH AUP HmpIA LPOPhd e db{#9n Pgrbduct

the i npossi ble reaction, a solvent is preferably used
is tHi tionted| ot heinoed | | Hor t SXRRPPé U €0 FXAoPeE €SaPistded is

sol vent used include cycl opentanone, cycl ohexanone,
heatstdywindess coutegduded opree s st dyto et ddv& etivdeso Beeh BN ethus

toluene, N nethyl pyrrolidone, N, Ndinethyl sulfoxide,
yieting N diovetninyl € ouhami wiei gt cepomoyinte ©fn SOA ¥ ent This esboxy

is generally 5%to 150% by weight, preferably 10%to
resign%ily griefallpfhas nan tepexy vequinvabént hef epeXyto 200

resin (A) and the conpound of the fornmula (3). The
9/6% A1 PRI R jexygizeHdY Jplsonyl nagoae as a major

referably 70C to 160C. The reaction process can be
component.

Next, impossible reaction of the epoxy resin (A) with
4,4'-biphenol, as represented by the formula (3), is induced
to form a high-molecular-weight epoxy resin. The feed ratio
of 4,4'—biphenol to the epoxy resin (A) is determined so
that the hydroxyl groups of the compound of the formula (3)
are contained in an amount of generally 0.05 to 0.95 moles,
preferably 0.1 to 0.9 moles, per mole of epoxy group of the
epoxy resin (A).

The impossible reaction can be induced without using a
catalyst, although a catalyst is preferably used to
facilitate the reaction. Examples of the catalyst used
include triphenylphosphine, tetramethylammonium chloride,
sodium hydroxide, potassium hydroxide,

. benzyltriphenylphosphonium chloride,
butyltriphenylphosphonium, ethyltriphenylphosphonium iodide,
and ethyltriphenylphosphonium bromide. The amount of

catalyst used is generally 0.01 to 10 parts by weight,



tracked by, for exanple, gel permeation chromatography
(GPC). The reaction is continued until the conpound
of the formula (3) is no |longer detected. The
reaction tinme is generally 0.5 to 15 hours,

preferably 1 to 10 hours. The solvent is renoved from
the reaction mxture if necessary, thus yielding an
epoxy resin (B) of the present invention. The epoxy
resin (B) can be yielded asl@ erystalline powder, as
descri bed bel ow, according to applications. That is,
after the conpletion of the reaction, crystals of the

pre@RPebIED .DPtd e gasey igEHH Opel!t %o%rxee%ﬂég%gﬁ |

by addi'ng a poor solvent and cooling it. a
grduif ofPaMHe FYPo4Ntrdisig (acl ude et hyl isobutyl ketone,
methyl - 11 ethyl ketone, acetone, toluene, nethanol,

et hanehe angowstible rihctadmunt @bipeat sel peairerapd
is generally 50%to 400% by weight, preferably 100%

useld tI0QWrinroleitgly recictivm ttd@leraight WxdnilRP®E the
resin (A) and the conmpound of the fornmula (3). The

solyendt alddddneimde ra33ilofdd)t ariohdle gfidldiekarddhe, methyl
filtering and drying the precipitated crystals.

1 s opjuttardn dteitwmley,, mertphgtlaldtiyd rkestiond urges teare ba dlaremed N-
by heating the resinous epoxy resin (B) to its

me thylpyagoddideneor N.MN-gligre thyd tshadif qriaidualand dod - ng

it. If no salvent is used in the inpossible reaction,

dimefbylioampnyide.n Fhe paqwds ft sodwenti ssedarisbagenerally

obtai ned_in high vyield by dissolving the reaction

5% ﬁpo&é@ﬁ pw ged@ga,sanﬁgﬂ;ably 10% to 100% by weight, of
the total weight of the epoxy resin (A) and the compound of

the formula (3).

The reaction temperature is generally 60°C to 180°C,
preferably 70°C to 160°C. The reaction process can be
tracked by, for example, gel permeation chromatography (GPC).
The reaction is continued until the compound of the formula
(3) is no longer detected. The reaction time is generally
0.5 to 15 hours, preferably 1 to 10 hours. The solvent is
removed from the reaction mixture if necessary, thus
yielding an epoxy resin (B) of the present invention. The
epoxy resin (B) can be yielded as a crystalline powder, as
described below, according to applications.

That is, after the completion of the reaction, crystals
of the epoxy resin of the present invention are precipitated
by adding a poor sclvent and cooling it. Examples of the

poor solvent used include methyl isobutyl ketone, methyl



such as N-nethyl pyrrolidone, dinmethyl sulfoxide, or
N, N- di net hyl f ormam de, addi ng a wat er-sol ubl e poor

sol vent such as nethanol, ethanol, isopropanol,
acetone, or nethyl ethyl ketone, and adding water. In
this case, the anmount of good solvent used is
generally 5% to 200% by wei ght, preferably 10%to
150% by wei ght, of the total weight of the epoxy

resin (A and the conpound bf the formula (3). The
anmount of water-sol uble poor solvent used is
generally 5% to 200% by weight, preferably 10%to

ethiA0%dnone] Hidetde | No1ddied) ahéERanyl & €tRAn6DS 8REXYater.
resin. The amount of water wused is generally 50%to

ThedGfiuint Wi ghior poafvenabhiseiA% igene3R0%yoYs aeitghtao 03 by
the total weight of the epoxy resin (A) and the
we ighrtpopre fefratiy flmosulta (3201 byl¥eibht eREXtHee ot A1B)
thus yielded generally has a nelting point of 70C to
welipBACofn tdvey spaixyi mesfior roA ) Tlasde rdvey croemdmn(dB)o_foftHehe
present invention generally has an epoxy equival ent
forgulaod Yo 2 TG0 ogystalidaice epoky 286Gin d B), 580 deeyielded
particularly preferably 250 to 1,000 g/eq. According
by #d Liteadmde drydingg thed priesvigrttiodie ds camsitiag s -
cal orimeter (DSC), the epoxy resin (B) often shows two
Altgrnatdve Lyhs SEgisited 1d@gk SestR JUpmenGadnde ifeamest by
hat tgg epaxy resin (B) is cr¥FtaIILne. On .the ot her
heating the resiioRs,eRoMYgres1ihd ébttﬁ’g léiﬁowlftggngn pegpt or
. exhibits_.optical ani.sotropy can be determ ne y
hig Sgegygtﬁgﬁ%ugfﬁgugqu cooq%ng it.

If no solvent is used in the impossible reaction, the
epoxy resin of the present invention can be obtained in high
yield by dissolving the reaction product in a good'solvent
such as N-methylpyrrolidone, dimethyl sulfoxide, or N,N-
dimethylformamide, adding a water-soluble poor solvent such
as methanol, ethanol, isopropanol, acetone, or methyl ethyl
ketone, and adding water. In this case, the amount of good
solvent used is generally 5% to 200% by weight, preferably
10% to 150% by weight, of the total weight of the epoxy
resin (A) and the compound of the formula (3). The amount
of water-soluble poor solvent used is generally 5% to 200%
by weight, preferably 10% to 150% by weight, of the
theoretical yield of the epoxy resin. The amount of water
used is generally 50% to 400% by weight, preferably 100% to
300% by weight, of the total weight of the epoxy resin (A)

and the compound of the formula (3).



pol ari zi ng m croscope under tenperature-increasing
conditions. The epoxy resin (B) generally exhibits
optical anisotropy at 100C to 200C. In the fornula
(1) of the resultant epoxy resin, Werein nis
generally 0.1 to 20 (the nunber is an average),
preferably 0.3 to 5, particularly preferably 0.5 to
2. The value of n can be estimated by GPC or NWR
measurenent or by cal cul atibh fromthe epoxy

equi val ent of the resin. In preparation. of an epoxy
resin conposition, the epoxy resin (B) can be used in

a ¢h¥SkablkiNeestiat {58 th ayirai_aleaogan%tr%ﬁf %@E% by
Pg)'vietaed

heati ng'the epoxy resin mel ti ng~pol nt

meIHiGREHAME (W 05 Y& LAY o-Rg frﬁ%z‘ﬁﬂﬁqlﬂé%&n( B)

The epoxy resin (B) in the resinous state generally

hasha epbkgnireginoi(BY 6F 4RE er&Qgtclnven%aonA@eﬁggéily
resin conmposition of the present invention w

hasdescClepday efdven@nt Fsizomftd e dve g, rbi&iﬁéﬁbly 250
can be used as a curable resin conposition in

to dqmsinionaf/ieq peirtticulerlex PHeiferadlsuristy tRYENi00® g/eq.
curing accelerator, and a cyanate resin. Exanples of
Accapdliingattioo me aisalemes ter iustiedy ac ididfietr didairads , s snindarg
resists, sem conductor sealants, retardation filns,
calegligiergdDSC)al $heaepoxyheasisies .(Blhefdpoxstreee two or
sition of the present invention contains the
mor@pg¥§oF@§p@nopepm§ -pr &6dsst phiepemenom dmdlizatyag ithpt the

agent as essential conponents. In the epoxy resin
epoxy resin (B) is crystalline. On the other hand, a

temperature region where the epoxy resin (B) exhibits
optical anisotropy can be determined by observation using a
polarizing microscope under temperature-increasing
conditions. The epoxy resin (B) generally exhibits optical
anisotropy at 100°C to 200°C. 1In the formula (1) of the
resultant epoxy resin, Wherein n is generally 0.1 to 20(the
number is an average), preferably 0.3 to 5, particularly
preferably 0.5 to 2. The value of n can be.estimated by GPC
or NMR measurement or by calculation from the epoxy
equivalent of the resin.

In preparation of an epoxy resin composition, the epoxy
resin (B) can be used in a crystalline state or in a
resinous state formed by heating the epoxy resin (B) to its
melting point or higher and then supercooling the melted
resin (B). The epoxy resin (B) in the resinous state

generally has a softening point of 45°C to 100°C.



conposition of the present invention, the epoxy resin
of the present invention can be used alone or in
conmbi nation with another epoxy resin. |f another
epoxy resin is used in conbination, the content of
the epoxy resin of the present invention in the
entire epoxy resin is preferably 30% by weight or
nore, particularly preferably 40% by wei ght or nore.
Exanpl es of epoxy resins tha$ can be used in

conbi nation with the epoxy resin of the present

i nvention include bisphenol A epoxy resins, pheno

nowal alpok§sSiresin RoRPRRAIt iBROBE 8 Phesent invention
tri phenyl met hane epoxy resins,

wildi @ | it ene-THe K o360 NEENSRLEF BRAX YpFESd S invention

bi phenyl novol ak epoxy resins, and alicyclic epoxy

canl &5 Nfsed as@ ARAYLd &S dlih s Ussh alioCoindtion
conbi nation of two or nore of them - 14 The curing
witdgerfiorc @dampled ia) dweimpagentesid cooimpdddalexdtdhe and
present invention can be, for exanple, an am ne
a ayanmEdendsessim .aciBkampyed iake appipiceatdioren iantXeie printed
conmpound, or a phenolic conmpound. Exanples of the
cimgwiithdoaagent alaten meudets buremigtonidurttad senlants,
di am nodi phenyl net hane, di et hyl enetri am ne,
re tandatiane fdrlds.amaiding o teydigkenyand @dhgrives.
i sophor onedi am ne, di cyandi am de, a pol yam de resin
syRPReSPP¥Y FESHNacamMResision d| dhec PAgis§nindnvention

contains the epoxy resin of the present invention and a
curing agent as essential components. In the epoxy resin
composition of the present invention, the epoxy resin of the
present invention can be used alone or in combination with
another epoxy resin. If another epoxy resin is used in
combination, the content of the epoxy resin of the present
invention in the entire epoxy resin is preferably 30% by
weight or more, particularly preferably 40% by weight or
more.

Examples of epoxy resins that can be used in
combinatjon with the epoxy resin of the present invention
include bisphenol A epoxy resins, phenol novolak resins,
biphenol epoxy resins, triphenylmethane epoxy resins,
dicyclopentadiene-phenol condensate epoxy resins, biphenyl
novolak epoxy resins, and alicyclic epoxy resins. These
epoxy resins can be used alone or in combination of two or

more of them.



et hyl enedi am ne, phthalic anhydride, trinellitic
anhydri de, pyronellitic anhydride, malefic anhydri de,
t et rahydropht hali ¢ anhydri de,

nmet hyl t et r ahydr opht hal i ¢ anhydri de, nethyl nadic
anhydri de, hexahydrophthalic anhydri de,

nmet hyl hexahydr opht hal i ¢ anhydri de, phenol novol ak,
nodi fi cati ons of the above conpounds, im dazole,
BF3-am ne conplex, and guah#drne derivatives. These
curing agents can be used alone or in conbination of
two or nore of them The anmount of curing agent used
i nrhie SRR @Rint c%%sm'eta 9% Q.fh

invention IS preferably 0.7 to ? alents per

conﬁ%ﬁl\ﬁcﬁﬂtoimtt?@%eéﬂr%‘puﬁfeﬂﬁ?orﬁw bd esfc?‘r dfahite,

anount of curing agent used falls below O

amiG{Hli SR O arS X Sanh S04 V@A:@ﬂﬂ&x@era&%i/@é ent
of epoxy group, the epoxy resin conposition can be

conpund/ edrelyy prstHEd antbripyitnd ai |EddngIéy i ené Udhthg
material with excellent properties. - 15 1In

ageaddiddesh, irclnde N el terainiteanede used for the
epoxy resin conposition of the present invention.

diamdgrgdligghenyflndichang,i rjl eddgel earedt oiramiises, | ncl ude

i m dazol es such as 2- nethylimdazol e,
triptivrheneatietragiae artianigidddphent mylifordazol e,

tertiary am nes such as 2- (dinethylam nonethyl)pheno

isophprpreddianise . djiawandiE@nide) v ddermmide prrsihi nes

such as _triphenyl phosphi ne; and netal conpounds such
SYQ&?%ﬁH?%ﬂn%H of & dimer of linolenic acid and

ethylenediamine, phthalic anhydride, trimellitic anhydride,
pyromellitic anhydride, maleic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, methylnadic
anhydride, hexahydrophthalic anhydride,
methylhexahydrophthalic anhydride, phenol novolak,
modifications of the above compounds, imidazole, BF;-amine
complex, and guanidine derivatives. These curing agents can
be used alone or in combination of two or more of them.

The amount of curing agent used in the epoxy resin
composition of the present invention is preferably 0.7 to
1.2 equivalents per equivalent of epoxy group of the epoxy
resin. If the amount of curing agent used falls below 0.7
equivalents or exceeds 1.2 equivalents per equivalent of
epoxy droup, the epoxy resin composition can be incompletely
cured and thus fail to provide a curing material with

excellent properties.



According to need, 0.1 to 5.0 parts by wei ght of
curing accelerator is used for 100 parts by wei ght of
the epoxy resin. |If necessary, the epoxy resin
conposition of the present invention can contain an
inorganic filler. Exanples of the inorganic filler
used include silica, alumna, and talc. The anpunt of
inorganic filler used is 0% to 90% of the weight of
t he epoxy resin conpositionldf -the present invention.
The epoxy resin conposition of the present invention
“can also contain a variety of additives. such as a

si lTanedea4linNg 2@RHing 8t 1RI1RAS IdHh AU seH Fb @S he
stearic acid, palmtic acid, zinc stearate, or calcium

ep@ifafeiiti cOitbes Pt RNE e BRSSnf et Ve £OIPRS tELRMples
of the present invention can be prepared by

of humogeneiois|acdd xérurdhaidedli Miciede TRIDOIEIES. s as 2-
epoxy resin conposition of the present invention can

me tdgsli imi dae alle e 2 -yt hey e idak sl a1) | aaxd t D- kiopyh- 4 - 16
nmet hods. For exanple, a cured material can be forned

me thhy 1 indrdsyarienou st ertriadynantimee £ poxgh raesi - of t he
present invention with a curing agent and optionally
(dimethyd amjmang thackkphenglorandarl isotipea<. fil l er, and
. other additives using, for exanple, an extruder, a
bigycdafer. 4 .&) undesiang- Gc ddrfmiyings sieh a9 prepare an

£epoxy resin conposition, nmelting and nolding the
trl@@?&wlrpémpbc‘a?ﬁoﬁlﬂ JPE AL cePPPYnNds §4Fhgasf §in octylate.

Accdrding to need, 0.1 to 5.0 parts by weight of curing
accelerator is used for 100 parts by weight of the epoxy
resin.

If necessary, the epoxy resin composition of the
present invention can contain an inorganic filler. Examples
of the inorganic filler used include silica, alumina, and
talc. The amount of inorganic filler used is 0% to 90% of
the weight of the epoxy resin composition of the present
invention. The epoxy resin composition of the present
invention can also contain a variety of additives such as a
silane-coupling agent; a.mold-releasing agent such as
stearic acid, palmitic acid, zinc stearate, or calcium
stearate; and a pigment.

The epoxy resin composition of the present invention
can be prepared'by homogeneously mixing the individual
cpmponents. The epoxy resin composition of the present

invention can easily be cured by a method similar to known



exanpl e, a transfer nolding machine; and further

heating the conposition at 80C to 200C for two to ten

hours. A varnish conposition (hereinafter sinmply

referred to as a varnish) can be prepared by addi ng

an organic solvent to the epoxy resin conposition of

the present invention. Exanples of the solvents used

i ncl ude y-butyrol actones; am de solvents such as

N-net hyl pyrrol i done, N, N--dléethyl formani de,

N, N- di net hyl acet am de, and N, N

di met hyl i m dazol i d: Lnone; sul fones such as
me thRldsAa et @RRmpld f ANQurRid ¢fa e ANt S W Rmed by

di et hyl ene glycol i -methyl ether, diethylene glyco
homdigeinf)oh sy @i x IR0 HeE R IRy G¥lsin Riﬂﬁﬁ'iee'];ﬁ:éﬂe)fﬁ‘)'

nmononet hyl et her, propyl ene glycol nononethyl ether
invientdane walth, aardﬁlrﬂfn@))éﬁiﬁ: Gn QJp tiwrehuty lwitl Relcuring

ket one sol vents such as nethyl ethyl ketone, nethyl
acciedelrattyir , k @anoeo reptliep @itldrane amh o they GiREaiaRss using,

and aromatic solvents such as toluene and xyl ene. The
forsekamptle i snuesdrudesucla dmemdaimt drha rddiddmtadcording

solid content of the resultant varnish, other than
to nkedsdiov prepaget @mt epoalyl Fesih/ compdsititdne meddgdngf and

enerally 10%to 80% by weight, preferably 20%to 70%

mﬂ%}n\ﬂerﬂ@ﬁt ePP¥YT semia sioa@osgit idte bypwastried pr using, for
- conposition of the present invention, the above
exapplei.sg Gaﬁn§§e§pmql@&n@bm@chmqﬁ sﬂﬂﬂxﬁQ?qﬁfrahéﬂﬁM$g the

coati nggm&t hod, such _as %Oavure coati ng, Screen
Y

COmBPFPntnl at RO 5 tRa00Codeds tHs tepitieh hours.

A varnish composition (hereinafter simply referred to
as a varnish) can be prepared by adding an organic solvent
to the epoxy resin composition of the present invention.
Examples of the solvents used include y-butyrolactones:
amide solvents such as N-methylpyrrolidone, N,N-
dimethylformamide, N,N-dimethylacetamide, and N,N-
dimethylimidazolidinone; sulfones such as tetramethylene
sulfone; ether solvents such as diethylene glycol dimethyl
ether, diethylene glycol diethyl ether, propylene glycol,
propylene glycol monomethyl ether, propylene glycol
monomethyl ether monoacetate, and propylene glycol monobutyl
ether; ketone solvents such as methyl ethyl ketone, methyl
isobutyl ketone, cyclopentanone, and cyclohexanone; and
aromatic solvents such as toluene and xylene. The solvent
is used in such an amount that the total solid content of

the resultant varnish, other than the solvent content, falls



coating, so that the coating has a predeterm ned

thi ckness, for exanple, 5 to 100 m after drying. The

coating nmethod used is selected according to the

type, shape, and size of substrate and the thickness

of coating. The substrate used can be, for exanple, a

filmof a polyner and/or a copolyner thereof or a

netal foil such as a copper foil. Exanples of the

pol ymer used include pol yantdes, pol yani dei mi des,

pol yaryl ates, pol yethyl ene terephthal ate, pol ybutyl ene

terepht hal at e, pol yet her ether ketones, polyether
withiilahe Rlgetdergdiesy 19 YKStane sy Rl dgihy! ene,

and pol ypropylene. Particularly preferably, a
prefendvlie oy to 76i ay fwdiglits. used. The coating can be

heated to provide a cured sheet. A cured material can

al ¥o Hermoametely iRl ePossys resindicdgpolsitiPneRedhe

prepared by dissolving the epoxy resin conposition of
preisem tprigsmntt iow,etheoraboven wenindedt cdrc bbeasapglaldieng a

xyl ene, acetone, nethyl ethyl ketone, or nethyl
flajts smppdr tk diyorse knawir empadting me thdibt rsatah saschgm@srure

gl ass fiber, carbon fiber, polyester fiber, polyam de
coaftiipey,, SCregn Frintiand. Femetsml mask middesshe or spin

solution, and drying the inpregnated substrate by
coatdmg.n§FO thathitdie gaating hapthipraste tegmigiad tdddkness,

generally 10%to 70% by wei ght preferably 15%to 70%
fory exampdist:, Softa A0 i B taL R g  (The aptinedathod

onposi tion o thelgfﬁsent invention and the .
used 1s selected according to the type, shape, and size of

substrate and the thickness of coating. The substrate used
can be, for example, a film of a polymer and/or a copolymer
thereof_or.a metal foil such as a copper foil. Examples of
the polymer used include polyamides, polyamideimides,
polyarylates, polyethylene terephthalate, polybutylene
terephthalate, polyether ether ketones, polyether imides,
polyether ketones, polyketones, polyethylene, and
polypropylene. Particularly preferably, a polyimide or a
metal foil is used. The coating can be heated to provide a
cured sheet.

A cured material can also be formed by thermal press
molding of a prepreg prepared by dissolving the epoxy resin
composition of the present invention in a solvent such as
toluene, xylene, acetone, methyl ethyl ketone, or methyl
isobutyl ketone, impregnating a substrate such as glass

fiber, carbon fiber, polyester fiber, polyamide fiber,



sol vent. Exanples The present invention will be
described in nore detail wth reference to the
exanpl es bel ow, where parts nmean parts by wei ght
unl ess otherw se specified. Exanple 1 First, 100 parts
of a phenolic conpound represented by the formula (2)
(trade nane: p,p'-BPF, manufactured by Honshu
Chemi cal Industry Co., Ltd.), 370 parts of
epi chl orohydrin, and 26 pari8 of nethanol were fed
into a flask equipped with a thernoneter, a
condenser, a fractionating colum, and a stirrer
' [ g ' cer T isC..CO
L I s SR B L U L SRR B o
impt¥gndtidl St PP R A%l Parts s SUld!Mipe
hydr oxi de fl akes weré added i'n fractions under ref
of GVHidntOREeR Ols HihdPNUhe.02The AfdL vy SRALGHY, Was
facilitated at 70C for additional one hour. "The
prefRacbign 1 5% adlcto et L W andt b hdMist e of
wat er and was heated under a reduced pressure to
the @powy, rfedinex@ifositioNCeFs te PJHayety diivedtiyh tdi the
oil layer. The residues - 19 were dissolved in 312
solyyemits of nmet hyl isobutyl ketone and were allowed to
react wwth 10 parts of 30% sodi um hydroxi de aqueous
Exagplleisi on at 70C for one hour. The reaction product

was rinsed three tines to renove, for exanple, salts
angh@apresent invention will be described in more detail

gant

with reference to the examples below, where parts mean parts
by weight unless otherwise specified.
Example 1

Fi:st, 100 parts of a phenolic compound represehted by
the formula (2) (trade name: p,p'-BPF; manufactured by
Honshu Chemical Industry Co., Ltd.), 370 parts of
epichlorohydrin, and 26 parts of methanol were fed into a
flask equipped with a thermometer, a condenser, a
fractionating column, and a stirrer under nitrogen purging.
The phenolic compound was completely dissolved by heating
the mixture to 65°C fo 70°C with stirring before 40.4 parts
of sodium hydroxide flakes were added in fractions under
reflux conditions over 100 minutes. The after-reaction was
facilitated at 70°C for additional one hour. The reaction
product was rinsed twice with 150 parts of water and was
heated under a reduced pressure to remove, for example,

excess epichlorohydrin from the o0il layer. The residues



heat ed under a reduced pressure to renove nethyl

i sobutyl ketone, thus yielding 150 parts of an epoxy

resin (Al). This epoxy resin had an epoxy equi val ent

of 170 g/eq, a viscosity at 25C of 1,000 nPs, and a

total chlorine content of 1,200 ppm Next, 85 parts

of the epoxy resin (A) was dissolved in 23 parts of

t he conpound represented by the formula (3) with

stirring and was allowed tolfPeact therewi th at 160C

for four hours by adding 0.08 parts of

benzyl tri phenyl phosphoni um chl ori de. The reacti on was
wer@ i guead & tief ﬁﬂ'pﬁ@%p'm&}%ﬁppf%ﬁ%fp%ﬁ;rﬁi Yand

in GPC. After the reaction was continued Tor siXx
werl®WHid dwed aldineddte witgsuld PHrt£L9MN ¥66 001 @f Hiroxide

100C and was conpletely dissolved in 108 parts o
aquiiowt lpd1lwildmxdero°heedoldiid toumas 1| Bshd 0160 Groduct

and was m xed with 108 parts of nethanol wth
wasstiimdedy.thitee snimdd dro Wasndwen £00| exchnil S0 G etk Visd was

m xed with 208 parts of water to precipitate crystals.
heafieak exnclers taalredvered] fpddsenac: drd chmedke dditlsyl i B abutgyl

103 parts of a white powder of an epoxy resin (Bl) of
ketane, fhasemialdiag 150 PRIts epfoxgn rexsixy (1Bdgirmalchlan

epoxy equivalent of 443 g/eq (in the formula (1), n =
Thip gpoxyar&@sSdde hatlanlenaxy feprvadlentpod 170 g/eq, a

. equi val enté).o According - 20 to neasurenents using a

Visgosidye &G A5° S ahilnd Wt isvetand g osgjal ¢elagsiag

resin gﬁl) had a nelting point of 111C. = The DSC ]
conhendy, Pnent?® Ca B sh 1 RAES s Hhe erRERfpsin

(Al) was dissolved in 23 parts of the compound represented
by the formula (3) with stirring and was allowed to react
therewith at 160°C for four hours by addiﬂg 0.08 parts of
benzyltriphenylphosphonium chloride. The reaction was
continued after 4,4'-biphenol disappeared completely in GPC.
After the reaction was continued for six hours in total, the
resultant resin was cooled to 100°C and was completely
dissolved in 108 parts of dimethyl sulfoxide. The soiution
was cooled to 60°C and was mixed with 108 parts of methanol
with sti;ring. The solution was then cooled to 30°C and was
mixed with 208 parts of water to precipitate crystals.

These crystals were filtered and dried, thus yielding 103
parts of a white powder of an epoxy resin (Bl) of the
present invention. This epoxy resin (B1l) had an epoxy
equivalent of 443 g/eq (in the formula (1), n = 1.09

(average, calculated from the epoxy equivalent)). According



160C. Qoservation using a polarizing mcroscope at a
rate of tenperature increase of 1C per m nute showed
that the epoxy resin exhibited optical anisotropy at
140C to 160C. Exanple 2 In Exanple 2, a vani sh was
prepared by honogenously mxing 8.9 parts of the
epoxy resin (Bl) yielded in Exanple 1; 3.5 parts of
t he phenol aral kyl resin XLC-3L (nmanufactured by
Mtsui Chemicals, Inc.; nel&ng point: 71C, _hydroxyl
equi valent: 174 g/eq), serving as a curing agent; 0.1
parts of 2PHZ- PW (manuf actured by Shi koku Chem cals
to FRERUrAeNVs d%%ﬂﬂ'HJdEEf%féﬂfﬂglEﬁﬁéﬂﬂ%ﬁg‘ﬂél6¥E%eﬁ$r
5.4 parts of cyclopentanone, serving as a solvent. e
ni ' ' t £ [ it
S e P E H e B, T et il ALY,

TheldDBICN the aBtR efitisN G 14RS sHedaHEL etk HYs f& 19 ¢ ana
hour to renove the solvent and cure the coating.

160ACt.er ObzerPation ¥ives d eawedzihd diddodtopL|8la rate
flexible cured film was obtained. This cured filmwas

of netperatkeed therebsleded laml peruifintte Grove@ithit the
using a polarizing mcroscope showed that the film
epokyd repstinc gxhdbitedr opt.idadammliso} Hepysiat 1A®° @artdcs 1@f0° C.
a phenolic conpound represented by - 21 the formula
Examp)e(@rade nane: p, p' -BPF;, manufactured by Honshu
Chem cal Industry Co., Ltd.), 370 parts of

In Example 2, a vanish was prepared by homogenously
mixing 8.9 parts of the epoxy resin (Bl) yielded in Example
1l; 3.5 parts of the phenol aralkyl resin XLC-3L
(manufactured by Mitsui Chemicals, Inc.; melting point:
71°C; hydroxyl equivalent: 174 g/eq), serving as a curing
agent; 0.1 parts of 2PHZ-PW (manufactured by Shikoku
Chemicals Corporation), serving as a curing accelerator: and
5.4 parts of cyclopentanone, serving as a solvent.

The vanish was applied to a PET film using an
applicator so that the coating had a thickness of 20 uw after
drying. The coating was then heated at 140°C for one hour
to remove the solvent and cure the coating. After the PET
film was removed, a colorless, clear, flexible cured film
was obtained. This cured film was not cracked when folded
and crumpled. Observation using a polarizing microscope
showed that the film had optical anisotropy.

Example 3

First, 100 parts of a phenolic compound represented by



‘epi chl orohydrin, and 26 parts of nethanol were fed
into a flask equipped wth a thernoneter, a
condenser, a fractionating colum, and a stirrer
under nitrogen purging. The phenolic conpound was
conpl etely di ssolved by heating the mxture to 65C to
75C with stirring before 41.6 parts of sodium
hydroxi de fl akes were added in fractions under ref
| ux conditions over 100 ninéles. The after-reaction
was facilitated at 70C for additional one hour. The
reaction product was rinsed twce with 150 parts of
theVa fmerel VBs (theaiehamwlerp 3 ¥ S5ie £ qn PEEESYF rd @ by
renmove, for exanple, excess epichlorohydrin fromthe
HorsHu | Glyeniicalheridsd e sco Vererdli s ¥e Pt S 1 part s
of methyl isobutyl ketone and were allowed to react
epinhtioridhyshris, aindB®6é gt tsn 3 diophdieol af®USed into a
solution at 70C for one hour. The reaction product
flagks equigaebd widdh taandseinonetmy e, a fesndamsg £,a sal ts
and was heated under a reduced pressure to renove
fraprilppiatiiguh todlumiketaonie,a tdhiisrnde| whdwr Thidt pegds mirging .
epoxy resin (A2). This epoxy resin had an epoxy
Thes piiang ldft aemprehdy/mas damaletedly phivssolofed ey dpmadying
resin (A2) was dissolved in 23.3 parts of the
' eSS éntted My @ vl thorshilerirg) hefidrest4l 6 marts
and was allowed to react therewith at 160C for four
of Fosium hydresiss é%ﬁ%me;%@qqq%wéhﬁwmandm
eaction . was continued after 4,4'-Dbipheno )
T i SRR ] RS BETe ) § FiRuLeS cp@hoatdien feaction was

facri%ﬁ.%tait%% v‘_\ﬁs 7(6(‘;”(12t | oli'e%dfd%.rtisoin)élh%l'ges hiorltr. The reaction
product was rinsed twice with 150 parts of water and was
heated under a reduced pressure to remove, for example,
excess epichlorohydrin from the oil layer. The residues
were dissolved in 312 parts of methyl isobutyl ketone and
were allowed to react with 10 parts of 30% sodium hydroxide
aqueous solution at 70°C for one hour. The reaction product
was rinsed three times to remové, for example, salts and was
heated under a reduced pressure to remove methyl isobutyl
ketone, thus yielding 154 parts of an epoxy resin (A2).

This epoxy resin had an epoxy equivalent of 164 g/eq. Next,
87 parts of the epoxy resin (A2) was dissolved in 23.3 parts
of the compound represented by the formula (3) with stirring
and was allowed to react therewith at 160°C for four hours
by adding 0.08 parts of triphenylphosphine. The reaction

was continued after 4,4'-biphenol disappeared completely in



total, the reaction product was heated under a reduced
pressure in a rotary evaporator to renove the sol vent,
thus vyielding 110 parts of an epoxy resin (B2) of the
present invention as a resinous solid. This epoxy
resin (B2) had an epoxy equival ent of 410 g/eq (in
the formula (1), n - 0.96 (average, calculated from
t he epoxy equivalent)). The epoxy resin (B2) was
heated to 100C and was then2@radually cooled to form
opaque crystalline resin |unps. Exanple 4 and
Conpar ative Exanple 1 Conpositions of Exanple 4 and
GPEDRArEl ih XA Cidy WS S CRRIES BYr i MO 1n
epoxy resin (B2) of the present 1nvention yielded in

tota@Miie ettt forlll Kb A € GH Arndet Edlun S P e udea
epoxy resin (YDF-2001, manufactured by Tohto Kasel

presurd-tih a aPereBYAFdRMor 4d Hikdhe FIESRESIVA! V. thus
with a phenol novoLak (H 1, manufactured by Meiwa

yidlldiatg A 1d sy i, an tebox Pyl oy | (Eapioal @y prAddent
g/eq), serving as a curing agent, and

invtemi tpilven \d sp ko spdd it sTRR) L id.er VI aspdky Qtddiig (B2) had an
accel erator, according to the conpositions (parts by

epomyl guivsilent iaf T e /keq Thios ecloonfrosidliaonSl Were = 0.96
subjected to transfer nolding to formnolded resin

(aviemage .aloalci@t e | fion fdteerepdxy wereivalesd: Jat. 140@ epoxy
over eight hours. Table 1 Exanple 4 Conparative

resgpg 20 raseheatedkdin I90°41 and was then gradually cooled

to form opaque crystalline resin lumps.
Example 4 and Comparative Example 1

Compositions of Example 4 and Comparative Example 1
were prepafed by mixing the epoxy resin (B2) of the present
invention yielded in Example 3 and a high-molecular-weight
bisphenol F epoxy resin (YDF—ZObl, manufactured by Tohto
Kasei Co., Ltd.; epoxy equivalent: 471 g/eq), respectively,
with a phenol novolak (H-1, manufactured by Meiwa Plastic
Industries, Ltd.; hydroxyl equivalent: 105 g/eq), serving as
a curing agent, and triphenylphosphine (TPP), serving as a
curing accelerator, according to the compositions (parts by
weight) shown in Table 1. These compositions were subjected
to transfer molding to form molded resin materials. The
molded materials were cured at 140°C ovei eight hours.

Table 1
Comparative

Example 4 Example 1

Epoxy resin B2 41.0



- 23 YDF-2001 47.1 Curing agent Phenol novol ak 10.5
10.5 Curing TPP 0.6 0.6 accelerator Table 2 shows
nmeasur enents of the physical properties of the cured
materials thus fornmed. These nmeasurenments were
carried out by the follow ng nethods: Fracture
t oughness (K1C): ASTM E-399 Thermal conductivity:
ASTM E- 1530 Table 2 Exanple 4 Conparative 'Exanple 1
Fracture toughness (K1C) ¢(MPd)-95 32 Ther nmal
conductivity 0.41 0.20 (WnK) As descri bed above, an
epoxy resin t resent invention,gan be cured to
provide a c ﬁé%l 5]&%{;” al with hi gher4?rgct ure
Curinighipase a et’?fgfmal condoicsi vity thes.sthose of
known bi sphétfY°Fepoxy resins. - 24 - CLAIMS 1. An
Curdiky resin ggpresent ed by che fol | owighg formula (1):

accelerator

Table 2 shows measurements of the physical properties
of the cured materials thus formed. These measurements were
carried out by the following methods:

Fracture toughness (K1C): ASTM E-399

Thermal conductivity: ASTM E-1530

Table 2
Comparative
Example 4
p Example 1
Fracture toughness 95 32
(K1C) (MPa)
Thermal conductivit
uctivity 0.41 0.20

(W/mK)

As described above, an epoxy resin of the present
invention can be cured to provide a cured material with
higher fracture toughness and thermal conductivity than

those of known bisphenol F epoxy resins.
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20 (the nunber is an average). 2. An epoxy resin
conmposition conprising the epoxy resin according to
Caim1l and a curing agent. 3. The epoxy resin
conposition according to Claim2, further conprising
a curing accelerator.. 4. The epoxy resin conposition
according to Claim2 or 3; 24urther conprising an
inorganic filler. 5. The epoxy resin conposition
according to one of Clains 2 to 4, further conprising
an organic solvent. 6. A&ufgmterial formed by
curing the epoxy resin conmposition according to one
of ainms 2 to 5. 7. A nethod for producing the epoxy
resin according to 25 Caim1, conprising allow ng a
1phengl igphdsgMmedis tt%‘éi e ol
forml ST0). [2] oo 2 %o A formula
(1)api hal ohydrin in the presence of an al kal i
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2. An epoxy resin composition comprising the epoxy resin
according to Claim 1 and a curing agent.

3. The epoxy resin composition according to Claim 2,
further comprising a curing accelerator.

4. The epoxy resin composition according to Claim 2 or 3,
further comprising an inorganic filler.

5. The epoxy resin composition according to one of Claims
2 to 4, further comprising an organic solvent.

6. A cured material formed by curing the epoxy resin
composition according to one of Claims 2 to 5.

7. A method for producing the epoxy resin according to



metal hydroxide to yield an epoxy resin having a | ow
nol ecul ar weight, allow ng the epoxy resin to react
with 4,4 -biphenol, and addi ng a poor solvent to
precipitate a crystal, wherein 4,4 -biphenol is
represented by the followng fornula (3): [3]
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Claim 1, comprising allowing a phenolic compound represented
by the following formula (2):

[2]

HOOCH2—<}OH @

to react with an epihalohydrin in the presence of an alkali
metal hydroxide to yiéld an epoxy resin having a low
molecular weight, allowing the epoxy resin to react with
4,4'-biphenol, and adding a poor solvenf to precipitate a
crystal,

wherein 4,4'-biphenol is represented by the following
formula (3):

[3]



