- 1 - DESCRI PTI ON EPOXY RESI N, EPOXY RESI N COWGCSI TI ON, AND CURED MATERI AL
THEREOF Technical Field The present invention relates to epoxy resins with
hi gh nol ecul ar orientation which can be cured to provide excellent

t oughness and thermal conductivity, epoxy resin conpositions, and cured
materials thereof. Background Art It is generally known that an epoxy resin
conposition fornms a random network structure through a crosslinking
reaction to provide a cured material with, for exanple, excellent heat

resi stance, water resistance, and insulatien properties. Attenpts have
recently been nmade to align an epoxy resin conposition in a particular
direction by applying an external physical force during the curing of the

conposition to provide a cured mater] i nhanced properties.
Accordi ng to Patent Docunent 1, forﬁggéﬁﬁ%%?ogn epoxy resin having

nmesogeni ¢ gr I Rt | &3n o] Vi i r.mal
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excel I ent thermal conductivity can bg;prgyi-ded by aligning an epoxy resin

havi ng a nesogeni ¢ group through the application of a - 2

Technical Field

The present invention relates to epoxy resins with high
molecular orientation which can be cured to provide
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
epoXxXy resin having mescgenic 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
thernopl astic resins, a nolded material with excellent nechanical strength

can be provided by processing a liquid crystal polyner at its nelting
poi nt or higher, as discussed in, for exanple, Patent Docunent 3. Patent
Docunent 1: Japanese Unexam ned Patent Application Publication No.

2003- 268070 Patent Docunent 2: Japanese Unexam ned Patent Application
Publ i cati on No. 2004-175926 Patent Docunment 3: Japanese Patent No. 2664405
Di scl osure of Invention Problens to be-S8l ved by the Invention In general,
however, epoxy resins having nesogenic groups as disclosed in the above
docunent s di sadvant ageously have conplicated nol ecul ar structures and are

therefore mgbaakielkiggap5@9593;czaenngBEC@bbgg b sanmagnet ikgef irgldg to
the entire epoxy resin conpositions, for exanpl e is disadvantageous

because itofegHbiRspaakai@eracahe, aRPALAELY malBeLEBPLATH exldequidCryst al
polynmers, which typically have a nelting point of 250C to 350C, generally

require me8chsfYerer skekdybda eaAdbbi gRsvihaa byeprBsekiing heghigsiaAn
obj ect of the present invention is to provide an epoxy resin that can be
easily progugetalcpolgmnst| ytacbkemalaingl peuhe- o2l hgaadrst akedigndsean be
cured to provide a cured nmaterial 3

in, for example, Patent Document 3.

Patent Document 1: Japanese Unexamined Patent Application

Publication No. 2003-268070

Patent Document 2: Japanese Unexamined Patent Application

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 liguid 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 Problens In |light of the above circunstances, the

i nventors have conpleted the present invention as a result of intensive
studi es for devel opnent of an epoxy resin conmposition 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 follow ng
formula (1): [1] O OH _ H2CHCH2CO -(D CH2 \ / OCHCHCH2O \ / \u/ (1) L
OH OCH2CHCH20 \ / CH2 OCH2CHCH2 n (wheBern n is 0.1 to 20(the nunber is
an average), preferably 0.2 to 15, particularly preferably 0.5 to 5.0,

whi ch can be cal cul ated from epoxy equivalent); (2) An epoxy resin

conposi ti opieANbBLALAY hREsBROXYy LARI BxREGLHNG LAnhbeW %11}1 3ad fhagur i Ng
agent; 4 (3) The epoxy resin conposition according™o Item (2),

conductivity.

Means for Solwving the Problems

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
AN i
HyCHCHL.CO CH, OCH,CHCH,O [

oH o
| /N
OCH,CHCH,O CH, OCH,CHCH,
n

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

n

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 forned
by curing the epoxy resin conposition according to one of Itens (2) to
(5); and (7) A method for producing the epoxy resin according to Item (1),
i ncluding allowi ng a phenolic conpound represented by the follow ng
formula (2) [2] HO\ / CH2 \ / OH (2) to%react with an epihal ohydrin in the
presence of an alkali netal hydroxide to yield an epoxy resin having a | ow
nol ecul ar weight, allowi ng the epoxy resin to react with 4,4'-biphenol,

and adding a po) SrheentotP PEELCh PESAdSs 8t 164 YsE8brahgr €b N1 ded’ ¢ P) pheno
is represented by the followng fornmula (3): [3] 5 - HO OH (3) Advantages

The epoxy festieofcoheapnesgnt tovenyi a8cBasrasbgni ficantly high nol ecul ar
orientation and can be cured to provide excellent toughness and thernal
conductivity. THi)s The epoxy resin composition according to one of
Items (2) to (4), further containing an organic solvent;
(5) The epoxy resin composition according to one of
Items (2) to (4), further 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 represented

by the following formula (2)

[2]

ol -

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 filns, nolding
materials, and adhesives. Best Mdde for Carrying Qut the Invention An
epoxy resin of the present invention can be produced by allowing a
phenol i c conpound represented by the following formula (2): [4 HO\ / CH2
XD-OH (2) to react with an epi hal ohydrin in the presence of an alkali 6
nmetal hydroxide to yield an epoxy resin having a | ow nolecul ar weight,
allowing the epoxy resin to react with 4,4'-biphenol, and precipitating a
crystal froma solvent wherein 4,4'-biphenol is represented by the
following fornul a= HO -O/ OH (3) The phenolic conmpound of the
formula (2) iﬁoa §i sta e having a nelting point of about
163C, one of co wailabl e products is, for exanple, p,p' -BPF
(manuf actured by f ical Industry Co. Ltd.). The crystalline
epoxy resin of the present invention can al so be

Advantages

The epoxy resin of the present invention has
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 Carryving Out the Invention

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

[4]

O

to react with an epihalohydrin in the presence of an alkali



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

i nvention, the epihal ohydrin used can be epichlorohydrin or

epi bronohydrin. The anount of - 7 epihabohydrin is generally 2 to 15

nol es, preferably 3 to 12 noles, per nole of hydroxyl group of the
conpound of the fornmula (2). The al kali netal hydroxi de used can be, for

exanpl e, ok UMb RyssLxader OF y POt assh uapbydr pxLdg. nIheng! kakhby,met al

hydr oxi de can be used as a solid or an aqueous solution” If an agueous

sol ution isoLs@dlat twdByhHe £ONGINGUSHY a0ged 1851 heor paghiopisyst em
whil e water and the epi hal ohydrin are beihg renoved and separated under a

reduced ors nor+@miphqi€ssWRd phecypl st Dehng §Frpiped apgmt Resgpi-bat ohydrin
bei ng continuously returned to the reaction system The anount of alkal

met al hydmhemdeiused |- garaidl | ys Ordpt@sedt @d "Bf ebhe Preiesabhy 0.95 to
1.15 nol es, per equivalent of hydroxyl group of the conpound of the
fornmul a (ZHormitiex (3Faction tenperature is generally 20C to 110C, preferably

[5]

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



25C to 100C. The reaction tinme is generally 0.5 to 15 hours, preferably 1
to 10 hours. Adding an al cohol, such as nethanol, ethanol, propanol, or

but anol, or a polar aprotic solvent, such as dinethyl sulfoxide or

di rethyl sulfone, is preferred to facilitate the reaction. If an al cohol

is used, the anount of al cohol used is generally 3%to 30% by wei ght,
preferably 5% to 20% by weight, of the anmount of epichlorohydrin. If a
polar aprotic solvent is used, the anmount of polar aprotic solvent - 8
used is generally 10%to 150% by wei ght,7preferably 15% to 120% by wei ght,
of the anmpbunt of epihal ohydrin. Alternatively, the conpound of the fornula
(2) may be allowed to react with the epihalohydrin by adding as a catalyst

et r anet T TR AL S aShEDa BEy 4 BLE DTS N B DL UL E b O Set0 52 e
mi xture ofydhe queoéfn;gr;gﬁgytgzséa% 3 dchDecRblBhaNgET Lfle all owi ng

themto react at 30C to 110C ours to yireld a al ohydrin

et her conpyid: of ¢f e compound of the fornula (2), adding a solid or
aqueous solution of an alkali nmetal hydroxide to the conpound, and causing

dehydr ohal ogen@hleoalk@rllln%@ﬂﬁswy@rcﬁéld?é)faééa QAL BOr dort sddhngiaiirs. The

epoxi dation product was heated under a reduced
sodium hydroxide or potassium hydroxide. The alkali metal
hydroxide can be used as a solid or an aqueous solution. If
an agqueous solution is used, it may be continucusly added to
the reaction system while water and the epihalohydrin are
being removed and separated under a reduced or normal
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 genexrally 0.5 to 15
hours, preferably 1 to 10 hours.

Adding an alcohol, such as methanol, ethanol, propanol,
or butanol, or a polar aprotic sclvent, such as dimethyl
sulfoxide or dimethyl sulfone, 1s preferred to facilitate
the reaction.

If an alcochol 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



pressure after rinsing, or without rinsing, to renove, for exanple, excess
epi hal ohydrin and solvent. An epoxy resin wth a reduced content of
hydr ol yzabl e hal ogen can be provi ded by dissolving the recovered epoxy
resin in, for exanple, toluene or nmethyl isobutyl ketone and addi ng an
aqueous solution of an al kali netal hydroxide, such as sodium hydroxi de or
pot assi um hydroxi de, to ensure ring closure. In this case, the anount of
al kali metal hydroxide wused is generally 0.01 to 0.3 noles, preferably
0.05to 0.2 noles, per nole of hydroxyl8gfoup of the conpound of the
formula (2). The reaction tenperature is generally 50Cto 9 120C. The
reaction tinme is generally 0.5 to 2 hours. After the reaction is

compl eted. ,Lhe 1eaglhon PIodust c1S15bL!BYCHoRhnt! N32decl0h 16X 28R &0 1O

remove salts and i eat ed under a reduced pressur renmove the solvent,

thus yieldigg gy | ous Rt eyt atnelably £P0XYopeRLRoAL e ePOXy  resin (A)

general ly has an epoxy equivalent of 160 to 200 g/&q and contains

bi s(4-oxygl yci gylihent dveiang &S dndBid of OFRONEHmu NeX{2) irﬁ@&% bl e
sen

reaction of the epoxy resin (A with " 4,4"-biphenol, as repre ed by the
formul a (Aildwed nsiceshct owioh MRe hgimavbessl-2h- W0 gAki8YOXY &esin. The

feed ratio of 4,4'-biphenol to the epoxy resin (A) is determned so that
t he hydr oxydtgrestpsa afud here@rposmido®fuh heafor nuhan( 3}
tetramethylammonium chloride, tetramethylammonium bromide,
or trimethylbenzylammonium chloride, to the mixture of the
compound of the formula (2} and the epihalohydrin, allowing
them to react at 30°C to 110°C for 0.5 to 8 hours to yield a
halohydrin ether compound of the compound of the formula (2},
adding a selid or aqueous solution of an alkali metal
hydroxide to the compound, 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 or methyl isobutyl ketone and adding an
aqueous solution of an alkali metal hydroxide, such as
sodium hydroxide or potassium hydroxide, to ensure ring
closure. In 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



are contained in an anmount of generally 0.05 to 0.95 noles, preferably 0.1
to 0.9 noles, per nole of epoxy group of the epoxy resin (A). The

i npossi bl e reaction can be induced without using a catalyst, although a
catalyst is preferably used to facilitate the reaction. Exanples of the
catal yst used include triphenyl phosphine, tetranethyl amoni um chloride,
sodi um hydr oxi de, potassi um hydroxi de, benzyltriphenyl phosphoni um
chloride, butyltriphenyl phosphonium ethyltriphenyl phosphoni um i odi de,

and et hyl tri phenyl phosphoni um brom de. - The- anount of catalyst used is
generally 0.01 to 10 parts by weight, - 10 preferably 0.05 to 5 parts by
wei ght, per nole of epoxy group of the epoxy resin (A). In the inpossible

reaction, g,g0kventyis, gagﬁfsﬂblc neUPE0ab0:£00EL0h LT SagLipn.

tenperature. Exanples o vent I ncTude’ cycC opentanone,

cycl ohexanone, AmidYIn %béeeflo&gsggﬁo&@ma eyl kesone, pesiove,

tol uene, N nethylpyrrolldone N sul f oxi and N,

di et hyl f of grey dee rdd1e ANPLNE o @F §9£V§££mﬁj§§d s 9@.‘88{}@' E¥1t3%hbg 180% by
wei ght, preferably 10%to 100% by wei ght, the total weight of the epoxy

resin (A m&é@%mw%@&ceahﬁré%mat&B}emEH?é tgackbopchenpehakure is
generally 60C to 180C,
yielding a low-molecular-weight epoxy resin (A). The epoxy

resin (A) generally has an epoxy equivalent of 160 to 200
g/eq and contains bis(4-oxyglycidylphenyl)methane as a major
component.

Next, impossible reaction of the epoxy resin (A) with

-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,



preferably 70C to 160C. The reaction process can be tracked by, for
exanpl e, gel perneation chromatography (GPC). The reaction is continued
until the conpound of the fornula (3) is no |longer detected. The reaction
time is generally 0.5 to 15 hours, preferably 1 to 10 hours. The sol vent
is renoved fromthe reaction m xture 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 bel ow, according to applications. That
is, after the conpletion of the reacti-on0 erystals of the epoxy resin of
the present invention are precipitated by adding a poor solvent and
cooling it. Exanples of the poor solvent used include nethyl i sobut yl

ketone,lqﬁgg@erag. @t&§|t§e§3§§¥t§§§%09313%ﬁ23§$ $90588§ hanol , and

wat er . e annunt poor so
wei ght, Qéé ﬁ% dg¥ Lght of the total wei ght of the
epoxy reS|n ( e cornpound of the formula (3). The crystalline epoxy

resin (B) can ti% %h%' degho M thid LIS And éjr%l%f{thq or mﬂaféﬁ heat i ng

crystals. Aternatively, crystalline resin lunps can
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gradual ly cooling it. If no solvent is used in the inpossible reaction, the
epoxy resigpiaferthe: @ sed1didy eifd 05p S aeh OPt & Echd Ha b 88, methyl
isobutyl ketone, methyl ethyl ketone, acetone, toluene, N-
methylpyrrolidone, N,N-dimethyl sulfoxide, and N,N-
dimethylformamide. The amount of solvent used is generally
5% to 150% by weight, preferably 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 solvent and cooling it. Examples of the

poor solvent used include methyl isobutyl ketone, methyl



yield by dissolving the reaction product in a good solvent such as

N- et hyl pyrrolidone, dinethyl sulfoxide, or N, N dinethylfornmam de, adding
a wat er-sol ubl e poor solvent such as nethanol, ethanol, isopropanol,
acetone, or nethyl ethyl ketone, and adding water. In this case, the
amount 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
conmpound of the formula (3). The anobunt of water-sol uble poor solvent used
is generally 5%to 200% by weight, preflérably 10%to 150% by wei ght, of
the theoretical yield of the epoxy resin. The anmpbunt of water wused is
general |y 50%to 400% by weight, preferably 100%to 300@6by wei ght, of the
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neasurenents using a differential scanning ca ofi neter (DSC), the epoxy
resin (B) i JOWnhd WhGly BN £h abEPT Phd OPhPeddfpod il SoPheRgMENON

indicates that the epoxy resin (B) Is crystalline.” On the other hand, a

t enper at urf 1RG0 N Iher erHd e BRMA/1 168 Nef By eXBE DAt BB) can be yielded
by filtering and drying the precipitated crystals.
Alternatively, crystalline resin lumps can be formed by
heating the resinous epoxy resin (B) to its melting point or
higher and then gradually cooling it.

If no solvent is used in the impossible reaction, the
epoxy resin of the present invention can be obtained in high
vield 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).



optical anisotropy can be determ ned by observation using a polarizing

m croscope under tenperature-increasing conditions. The epoxy resin (B)
generally exhibits optical anisotropy at 100C to 200C. In the forrmula (1)
of the resultant epoxy resin, Wierein n is generally 0.1 to 20(the nunber
is an average), preferably 0.3 to 5, particularly preferably 0.5 to 2. The
val ue of n can be estimated by GPC or NMR neasurenent or by cal cul ation
fromthe epoxy equivalent of the resin. In preparation of an epoxy resin
conposition, the epoxy resin (B) can-be2used in a crystalline state or in
a resinous state forned by heating the epoxy resin (B) to its nelting
point or higher and then supercooling the nelted resin (B). The epoxy

resin (B) in tti%er% A &szg:essth{te(B eraII ?q:}esnoelc ﬂrﬁ %)é)léjt of 45geto

100C. - 13 An‘“epox i'nconpo |t|on sen fon wll

descr | bed.p JFfis PO SN A+ & NE, DI e300 xﬁp%(.ﬁ?é#gfllﬁéanmeSEd as a

curabl e I’eSI nc osition In exarrp a curing

agent, a curi ng gc% LSLAL R NG ) B LUINALE J LS n&ppligations

include printe cui't boards, 'sol der reésists, senlcon uctor seal ants,
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conposi tion of the present invention contains the epoxy resin of th

present inentisyy Yk particularly preferably 250 to 1,000 g/eq.
According to measurements using a differential scanning
calorimeter (DSC), the epoxy resin (B) often shows two or
more absorption peaks. This phenomenon indicates that the
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
egquivalent 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.



curing agent as essential conponents. In the epoxy resin conposition of
the present invention, the epoxy resin of the present invention can be
used alone or in conbination with another epoxy resin. If 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 wei ght
or nore, particularly preferably 40% by wei ght or nore. Exanples of epoxy
resins that can be used in conbination with the epoxy resin of the present
invention include bisphenol A epoxy redi3ns, phenol novol ak resins,

bi phenol epoxy resins, triphenyl nethane epoxy resins,

di cycl opent adi ene- phenol condensate epoxy resins, biphenyl novolak epoxy

resins, and al | qu%&% @ﬁor}@gsymr%sd Sosfl Osne O;g%?/ ﬁes&}& carpv d al one

or in conblnatlon € curing agent contai ned
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exarrpl e, an am ne COI’TpOUﬂd an acl e conpo an am de
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i nclude, but not limted to, diam nodi phenyl net hane, diethylenetriam ne,

triethyl ergtial r agd N Aid nodipbenyd syédones chSORHOsEBEULAALH., and
di cyandi am de, a polyam'de resin

a cyanate resin. Examples of applications include printed
circuit boards, solder resists, semiconductor sealants,
retardation films, molding materials, and adhesives.

The epoxy resin composition of the present invention
contains the epony resin of the present invention and a
curing agent as essential components. In the epoxy resin
compesition 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
combination 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
novelak epoxy resins, and alicyclic epoxy resins. These
epoxy resins can be used alone or in combination of two or

more of them.



synt hesi zed froma dinmer of linolenic acid and ethyl enediam ne, phthalic
anhydride, trinellitic anhydride, pyronellitic anhydride, maleic
anhydri de, tetrahydrophthalic anhydride, methyltetrahydrophthalic
anhydri de, nethylnadic anhydride, hexahydrophthalic anhydride,

met hyl hexahydr opht hal i ¢ anhydri de, phenol novol ak, nodifications of the
above conpounds, im dazole, BF3-am ne conplex, and guani di ne derivatives.
These curing agents can be used alone or in conbination of two or nore of
them The anmount of curing agent used-i 14t he epoxy resin conposition of
the present invention is preferably 0.7 to 1.2 equival ents per equival ent
of epoxy group of the epoxy resin. If the amunt of curing agent used

falls bel ow 0. 7, %flﬁli g}s]enotr &3({%{3 ﬂ%& A %lljé vaI ents ‘?er equi val ent of
|'e

epoxy group, the epoxy r conp05| ['on can e+y cured and
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addi tion, I ng accel erat can e useé epoxy résrn cofposition
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i m dazol es such a nethyllnldaz 2-eth azol e et hyl -4
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and 1, 8-di aza- bicyclo(5, 4 0) undecene- 7; phosphi nés such
agent used include, but not limited to,

diaminodiphenylmethane, diethylenetriamine,
triethylenetetramine, diaminodiphenyl sulfone,
isophoronediamine, dicyandiamide, a polyamide resin
synthesized from a dimer of linolenic acid and
ethylenediamine, phthalic anhydride, trimellitic anhydride,
pyromellitic anhydride, maleic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, methylnadic
anhydride, hexahydrophthalic anhydride,
methylhexahydrophthalic anhydride, phencl novolak,
modifications of the above compounds, imidazole, BFj3;-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 group, the epoxy resin composition can be incompletely
cured and thus fail to provide a curing material with

excellent properties.



tri phenyl phosphi ne; and netal conmpounds such as tin octylate. According 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
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 the
epoxy resin conposition of the present invention. The epoxy resin
conposition of the present invention-ca® al so contain a variety of
additives such as a silane-coupling agent; a nold-rel easing agent such as
stearic acid, palmtic acid, zinc stearate or calcium stearate; and a

pi gment. The ewyad@éeﬁwor@%aﬂ[% dog (R 60 Udn YA Neo 80N DE

prepared by honpgeneously m Xi ng conponent s
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simlar to known - For exanpfe, a cured naiérial can bée forned

by hormogegeoisd yCﬁ‘%%ﬁﬁ'gaéééléPQ%éfrrﬁéé@ %CM&?piﬁisagolbevg%hoas%t_h a
curing agent and optionally wth a curing accelerator, an inorganic

filler, ange#iyeimadthdiyes: Ustngiini@hz6%8MPALa ADeeXiuder, a kneader, or
a roIIer according to need to prepare an epoxy resin conposition; nelting

and methylimidazole; tertiary amines such as 2-
(dimethylaminomethyl)phenol and 1,8-diaza-
bicyclo(5,4,0)undecene-7; phosphines such as
triphenylphosphine:; and metal compounds such as tin octylate.
According 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
components. The epoxy resin composition of the present

invention can easily be cured by a method similar to known



nol di ng the epoxy resin conposition by casting or using, for exanple, a
transfer nolding nachine; and further heating the conposition at 80Cto
200C for two to ten hours. A varnish conposition (hereinafter sinply
referred to as a varnish) can be prepared by adding an organic solvent to
t he epoxy resin conposition of the present invention. Exanples of the

sol vents used include y-butyrol actones; am de solvents such as

N- net hyl pyrrolidone, N, N- dinethylformam de, N, N-di nethyl acetam de, and
N, N- di net hyl i m dazol i di none; sul fones gdéch as tetranet hyl ene sul fone;

et her sol vents such as diethylene glycol dinethyl ether, diethylene glycol
di ethyl ether, propylene glycol, propylene glycol nononethyl ether,

ooy ene alygls oROrTLONeLcs MRDeRce gL e o opeRg. gol

nonobut yl one solvents suCh as ne one,
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such as tol uene and Xxyl ene. IS used in su an anount that the
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conposition of the present invention, the above varnish can be applied to
a flat suppordzdnpie Kne0akdds, BLibathasHChoASa IF8YUER according
to need to prepare an epoxy resin composition; melting and
molding the epoxy resin composition by casting or using, for
example, a transfer molding machine; and further heating the
composition at 80°C to 200°C for two to ten 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, screen printing, a netal mask process, or spin coating, so that
the coating has a predeterm ned thickness, for exanple, 5to 100 m after
drying. The coating method wused 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
metal foil such as a copper foil. Exanples of the polynmer used include
pol yam des, pol yam dei m des, polyarylates, polyethylene terephthal ate,
pol ybutyl ene terephthal ate, polyether at/her ketones, polyether imdes,

pol yet her ketones, pol yketones, polyethylene, and polypropyl ene.
Particularly preferably, a polyimde or a nmetal foil is used. The coating

be heat t d d sh l I b
formed by ThEFHA P%?Z%%r?g%o?%“rén%?aif%r 1By enopPaBapEaByThiesel ving the
epoxy res;§#e§gp§@ té@@ pé %Qe Q%Eﬁ knventlon in a solvent such as

t ol uene ene tone, etone or met hyl |sobutyl ketone
i ber - pol yam 0 Pper < S nasﬁpi%fef%%ﬁ%;%%ﬁbéﬁt ML T on,
and dryi ng,tdieen ¢ PLEGNAL &, Sw':kfi’étéﬁ’&{; e By Pﬁf&hnganlﬂetg?ﬁlﬁéée ot he amount
of solvent used Is generally 10% to 0@6 y wel ght preferably 15%to 70%
by wei ght,sft thalp®fte the &M XAe€ Oating method, such as gravure
coating, screen printing, a metal mask process, or spin
coating, so that the coating has a predetermined thickness,
for example, 5 to 100 um, after drying. The coating method
used is selected according to the type, shape, and size of
substrate and the thickness of coating. The substrate used
can be, for example, a f£ilm of a polymer and/or a copolymer
thereof or a metal foil such as a copper folil. Examples of
the polymer used include polyamides, polyvamideimides,
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 inventicn in a solvent such as
toluene, xylene, acetone, methyl ethyl ketone, or methyl
isobutyl ketone, impregnéting a substrate such as glass

fiber, carbon fiber, polyester fiber, polyamide fiber,



t he epoxy resin conposition of the present invention and the solvent.
Exanpl es The present invention will be described in nore detail wth
reference to the exanpl es bel ow, where parts nmean parts by weight unless
ot herwi se specified. Exanple 1 First, 100 parts of a phenolic conpound
represented by the fornmula (2) (trade nane: p,p'-BPF, manufactured by
Honshu Chem cal Industry Co., Ltd.), 370 parts of epichlorohydrin, and 26
parts of nethanol were fed into a flask equipped with a thernoneter, a
condenser, a fractionating colum, anrdl& stirrer under nitrogen purging.
The phenolic conpound was conpl etely dissolved by heating the m xture to
65C to 70C with stirring before 40.4 parts of sodium hydroxide fl akes were

added i n f%ﬁ%ﬁir?&:rl.lsf HEE o {)iugé‘ Qggg{;f?@ss %8@9590 Qh@“&ﬁg -grh)eﬁ}'e

after-reaction was OF a i onal one
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the epoxy resin composition of the present invention and the
solvent.
Examples

The present invention will be described in more detail
with reference to the examples below, where parts mean parts
by weight unless otherwise specified.
Example 1

First, 100 parts of a phenclic compound represented 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 to 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



was rinsed three tinmes to renove, for exanple, salts and was heated under
a reduced pressure to renove nethyl isobutyl ketone, thus yielding 150
parts of an epoxy resin (A). This epoxy resin had an epoxy equival 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 the conpound represented by the formula (3) with stirring and was
allowed to react therewith at 160C for four hours by adding 0.08 parts of
benzyl tri phenyl phosphoni um chl ori de. Fhé&9reaction was continued after

4, 4" - bi phenol di sappeared conpletely in GPC. After the reaction was
continued for six hours in total, the resultant resin was cooled to 100C

and s ool etelye, thaaolyedsno 105 pas acoh ol FRLBNLsUKLoKgesnde

solution was coole 0 6 and S m xe anol
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e
present invention. This epoxy resin ad an epoxy equival ent of 443
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equi valent)). According - 20 to neasurenents using a differential scanning

cal ori et efea{dbQ@nddea epOXYcE@ShRe éBite NBE RehBl i AGLRPLNL sObuF1C.
ketone, thus yielding 150 parts of an epoxy resin (Al).
This epoxy resin had an epoxy equivalent of 170 g/eq, a
viscosity at 25°C of 1,000 mP*s, and a teotal chlorine
content of 1,200 ppm. Next, 85 parts of the epoxy resin
(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 adding 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
resuitant resin was cooled to 100°C and was completely
dissolved in 108 parts of dimethyl sulfoxide. The solution
was cooled to 60°C and was mixed with 108 parts of methanol
with stirring. 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 yvielding 103
parts of a white powder of an epoxy resin (Bl) of the
present invention. This epoxy resin (Bl)} had an epoxy
equivalent of 443 g/eq (in the formula (1), n = 1.09

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



The DSC neasurenents al so showed two peak tops at 125C and 160C.
(bservation using a polarizing mcroscope at a rate of tenperature

i ncrease of 1C per minute showed that the epoxy resin exhibited optical
ani sotropy at 140C to 160C. Exanple 2 In Exanple 2, a vanish was prepared
by honpbgenously mxing 8.9 parts of the epoxy resin (Bl) yielded in
Exanple 1; 3.5 parts of the phenol aral kyl resin XLC-3L (manufactured by
Mtsui Chemcals, Inc.; nelting point: 71C, hydroxyl equivalent: 174
g/eq), serving as a curing agent; 0.1 parts of 2PHZ- PW (manufactured by
Shi koku Chem cal s Corporation), serving as a curing accelerator; and 5.4
parts of cyclopentanone, serving as a solvent. The vanish was applied to a

PET 11 Us) e 80 8R0LL 01, 302 L HRLELDE €981 0 Nadh LhigkRGaTC0! 20

aLter Idryl € coatrng was d fordone Rouf 0 renove
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(trade name: p,p' -BPF, manufactured
0of temperature increase of 1°C per minute showed that the

epoxy resin exhibited optical anisotropy at 140°C to 160°C.
Example 2

In Example 2, a vanish was prepared by homogenously
mixing 8.9 parts of the epoxy resin (Bl) yielded in Example
l; 3.5 parts of the phencl aralkyl resin XLC-3L
{(manufactured by Mitsui Chemicals, Inc.; meliting 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 cyclopentancne, serving as a solvent.

The vanish was applied tc a PET film using an
applicator so that the coating had a thickness of 20 u 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



Honshu Chem cal Industry Co., Ltd.), 370 parts of epichlorohydrin, and 26
parts of methanol were fed into a flask equipped with a thernoneter, a
condenser, a fractionating colum, and a stirrer under nitrogen purging.
The phenolic conpound was conpl etely dissolved by heating the m xture to
65C to 75C with stirring before 41.6 parts of sodi um hydroxi de fl akes were
added in fractions under reflux conditions over 100 m nutes. The
after-reaction was facilitated at 70C for additional one hour. The
reaction product was rinsed twi ce w t-h 2850 parts of water and was heated

under a reduced pressure to renove, for exanple, excess epichlorohydrin
fromthe oil layer. The residues were dissolved in 312 parts of nethyl
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di sappeared conpletely in - 22
The phenolic compound was completely disscolved by heating
the mixture to 65°C to 75°C with stirring before 41.6 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 paris 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
agueous solution at 70°C for one hour. The reaction product
was rinsed three times to remove, 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 eguivalent 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



GPC. After the reaction was continued for six hours in total, the reaction
product was heated under a reduced pressure in a rotary evaporator to
renove the solvent, thus yielding 110 parts of an epoxy resin (B2) of the
present invention as a resinous solid. This epoxy resin (B2) had an epoxy
equi val ent of 410 g/eq (in the fornmula (1), n = 0.96 (average, calcul ated
fromthe epoxy equivalent)). The epoxy resin (B2) was heated to 100C and
was then gradually cooled to form opaque crystalline resin |unps. Exanple
4 and Conparative Exanple 1 Conpositions2df- Exanpl e 4 and Conparative
Exanple 1 were prepared by m xing the epoxy resin (B2) of the present

i nvention yielded in Exanple 3 and a hi gh-nol ecul ar-wei ght bi sphenol F

epoxy res'&P&YDFA% Q ’tHEnHEQEEHEﬁde¥ Egﬂkgnu %5% rRix h&ﬂfﬁ_?ﬂoxy

equivalent: 471 gle respective fenal novola
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g/eq) serving as a curing ag , and trlphenylphosp serV|ng as
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f or m nol deﬁlé@éiﬂgr@l@rbéfﬁs Jheanmebgﬁf} H@g%l %bé)wgvfetﬁer 8dedbntd0C over
ei ght hours. Table 1 Exanple 4 Conparative
invention as a resinous solid. Thls epoxy resin (B2) had an

epoxy equivalent of 410 g/eq (in the formula (1), n = 0.96
(average, calculated from the epoxy equivalent)). The epoxy
resin (B2) was heated to 100°C 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 prepared by mixing the epoxy resin (B2) of the present
invention yielded in Example 3 and a high-molecular-weight
bisphenol F epoxy resin {(YDF-2001, 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/eg), 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 over eight hours.

Table 1
Example 4 Comparative
p Example 1

Epoxy resin B2 41.0



Epoxy resin B2 41.0 - 23 YDF-2001 47.1 Curing agent Phenol 10.5 10.5
novol ak Curing TPP 0.6 0.6 accelerator Table 2 shows neasurenents of the
physi cal properties of the cured materials thus formed. These measurenents
were carried out by the follow ng nethods: Fracture toughness (K1C): ASTM
E-399 Thermal conductivity: ASTM E-1530 Table 2 Exanple 4 Conparative
Exanple 1 Fracture toughness 95 32 (K1C) (MPa) Thermal conductivity 0.41
0.20 (WnK) As described above, an epo§¥ resin of the present invention
can be cured to provide a cured material?3%ith higher fracture toughness
and thermal conductivity than those of known bi sphenol F epoxy resins. 24

- CLAI M5 YDF-2001 47.1
\ Phenol
Curing a t . .
g agen novolak 10.5 10.5
Curing
accelerator PP 0.6 0.6

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
(K1C) (MPa) 25 32
Thermal conductivit
qetivity 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.



1. An epoxy resin represented by the followwng formula (1): [1] _ _ OH
H2CHCH2CO \ / CH2 \ / OCH2CHCH20O (1) OH O OCH2CHCH20O _ CH2 OCH2CHCH2 n
(wherein nis 0.1 to 20(the nunber is an average). 2. An epoxy resin
conposition conprising the epoxy resin according to Claim1 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, further conprising an inorganic filler. 5. The epoxy
resin conposition according to one of T4ins 2 to 4, further conprising an
organic solvent. 6. A cured material formed by curing the epoxy resin
conposition according to one of Clainms 2 to 5. 7. A nmethod for producing

t he epoxy resin according to - 25 O auniMs conprising allowi ng a phenolic
conmpound represented by the following formula (2):

1. An epoxy resin represented by the following formula
{(1):
f11]

O OH
/\ |
H,CHCH,CO CH, OCH,CHCH,O

OH O
| /\
= 0OCH,CHCH,O CH, OCH,CHCH,
n

(wherein n is 0.1 to 20(the number is an averagej).

1

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



[2] HO\ / CH2 \ /| OH (2) to react with an epi hal ohydrin in the presence of
an alkali netal hydroxide to yield an epoxy resin having a | ow nolecul ar
wei ght, allow ng 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 followwng formula (3): [3] HO-O/ \ / OH (3)

- 25 -

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 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]



