1 DESCRI PTI ON EPOXY RESIN COVMPCSI TI ON, CURED ARTI CLE THEREOF, NOVEL EPOXY
RESI N, NOVEL PHENOL RESIN 5 AND SEM CONDUCTOR- ENCAPSULATI NG MATERI AL

TECHNI CAL FI ELD [0001] The present invention relates to an epoxy resin
conposition which has excellent 10 flanme retardancy, heat resistance and
curability of its cured article and thus can be suitably used as a resin
conposition for sem conductor devices, circuit board units, etc.; for use
therein, a novel epoxy resin and REROBRHITIOMN:NoOl resin; and a

sem conduct or -encapsul ating material. 15 BACKGROUND ART [0002] Epoxy resins
have been widely used in the fields of electronics and coatings wth high

| evel s of functionality because epoxy resins have a | ow shrinking property

at the tine of ' r?ﬁo ' r ent in

di nensi onal stablﬁwwﬁ%ﬁg& r.gglbﬁn%%%%ger |%§b§’hd chem cal
resi stance. However, | e e required refl ow
resi stance and so on%&gmmxﬁrﬂ’ﬁpé}r@f’ﬁgﬂﬁﬁo@gﬁﬁace nmounti ng of a
sem conductor, mniaturization of sem conductor itself or a |ead-free

solde? in the fielANDSEMEINDRUCEOR-ENCARSELAEMNGMYUERMAL encapsul ati ng

material and so on, nuch nore heat inpact resistance has been required for
el ectronic elenent 25 materials, and thus there has been demanded a materi al
of alownelt viscosity in which 2 fillers can be highly filled.

TECHNICAL FIELD
[0001]
The present invention relates to an epoxy resin composition which has excellent
10 flame retardancy, heat resistance and curability of its cured article and thus can be
suitably used as a resin composition for semiconductor devices, circuit board units, etc.;
for use therein, a novel epoxy resin and a novel phenol resin; and a

semiconductor-encapsulating material.

15 BACKGROUND ART

[0002]

Epoxy resins have been widely used in the fields of electronics and coatings
with high levels of functionality because epoxy resins have a low shrinking property at
the time of curing and cured articles thereof are excellent in dimensional stability,

20  electrical insulating properties and chemical resistance. However, for example, since
there has been required reflow resistance and so on accompanied with transition to
surface mounting of a semiconductor, miniaturization of semiconductor itself or a
lead-free solder in the field of electronics such as a semiconductor encapsulatiﬁg material
and so on, much more heat impact resistance has been required for electronic element

25 materials, and thus there has been demanded a material of a low melt viscosity in which



[0003] As an epoxy resin having |ow viscosity satisfying such required
properties, for exanple, there have been known epoxy resin conpositions
based on a diglycidylether of 5 dihydroxy tri(phenylene ether) (refer to
Ref erence | described below). [0004] However, recently in the field of
coatings with a high level of functionality, since it has been inevitable
to response to environnental problens represented by a dioxin problem and
t her e havdlepean Heihgghly filledanded a so-cal |l ed hal ogen-free 10 fl ane-retardant
systemin which a resin itself has a flanme retarding effect without using a
hal ogen-type fll@go3]retardant in additives, the above-described epoxy resins
having tri(phenylene ether) as a main skeleton are not sufficient in a

i fosted a halaaeRory Se FAEEIOY Ay shBRIRP AR RIDIRIEIRE o cpoxy

resins are insufficient in strength of the resin,structure, itself and 15
hus i ni GRBPG Merchive bett kitE Sy riin iR Bt el S yiss BT
Therefore, there has been a situation in that epoxy resins excellent in

£1 ui diSt y dydrexetri(phgnylene g draferdo Reforenae Id&smbeﬁf%&}w)r et ardancy and heat
resi stance of cured articles thereof were not obtained. 20 [0006] Patent
Docunent 1: JapédEgde Patent Application Laying-Open Publication No. Hei
05- 304001. DI SCLOSURE OF THE I NVENTION 25 [0007] 3 It is an object of the

present i nvent iHywdver, PERuilfth B fRRPOBCohMfsWilDIRgRI1éved Bf functionality,

since it has been inevitable to response to environmental problems represented by a
dioxin problem and there have been highly demanded a so-called halogen-free

10  flame-retardant system in which a resin itself has a flame retarding effect without using a
halogen-type flame retardant in additives, the above-described epoxy resins having
tri{phenylene ether) as a main skeleton are not sufficient in a flame retarding effect of
cured articles thereof and thus have not manifested a halogen-free flame retarding effect.
Further, the above-epoxy resins are insufficient in strength of the resin structure itself and

15  thus inferior in heat resistance of cured articles thereof.

[0005]

Therefore, there has been a situation in that epoxy resins excellent in fluidity of
the resins themselves as well as in flame retardancy and heat resistance of cured articles
thereof were not obtained.

20 [0006]
Patent Document 1: Japanese Patent Application Laying-Open Publication No.

Hei 05-304001.

DISCLOSURE OF THE INVENTION

25 [0007]



whi ch not only has good fluidity but also is capable of providing a cured
article thereof having excellent flame retardancy and heat resistance, a
sem conduct or-encapsul ating material, a novel epoxy resin, a novel phenol
resin, and the cured article of the epoxy 5 resin conposition, having
excellent flame retardancy as well as 3n heat resistance. [0008] Fromthe
results of careful studies to solve the above subject, the present

i nvent ors f ounit is Amobjetteofithepresent inventioncty pardddhaméepoxysesin aoropositiora cur ed
article are significantly enhanced by introducing, as a main skeleton a

pol yar yl eneshabt dhlyliuk gb6d AtidaydRnalsélsl capdbiy bfgrofidigbdédied efRbtheredf uct ure in
an epoxy resin structure, so as to achieve the present invention. [0009]

That is, h%@ﬁg Qﬁtﬁeﬁ%ﬁ@ﬂﬁ@’&%hﬁﬁ([ a?lgﬁ%stié?arﬂzg,e f%&%@?ﬁgﬁe@%ﬁﬁﬁﬂ j on

(abbrevia as "epoxy resin erein al ns” an epoxy
resin (A) having a structure 15 in . which.a n t hal ene, strycture i s bonded
wi th anofHIALAACYRECRAXY et Aoy Rl eR T2sin, AD0/BeAed aficla ¢fdhe % nunber of
aromati c nuclei form ng the naphthal ene structure and the other arylene

st r uch ur sesteeompaisition, having exeshent flamegetardanenas welb anin heahiegistagee. has a
(meth) gl yci dyl oxy group as a substituent; and a curing agent (B), as an

essential conf@8ht. 20 [0010] Further, the present invention relates to an
epoxy resin conposition (referred to as "epoxy resin (l11)" herein bel ow),

whi ch has a phepgl tHeSghls OB carehd Wiulfbs fo SIIV!He 4b6ve gab?]eeﬁimébreseﬂapht hal ene
structure is bonded with another arylene structure through an oxygen atom

T g T R Rt T A e e
nuct eus r;ffjlg?uﬁacafftly enhanced by introducing, as a main skeleton a polyaryleneoxy structure
10  essentially having a naphthaleneoxy structure in an epoxy resin structure, so as to achieve
the present invention.
[0009)
That is, the present invention relates to an epoxy resin composition (abbreviated
as “epoxy resin (I)”, herein below), which contains an epoxy resin (A) having a structure
15 inwhicha naphthalene structure is bonded with another arylene structure through an
oxygen atom, the total number of aromatic nuclei forming the naphthalene structure and
the other arylene structure per molecule is from 2 to 8 and the aromatic nucleus has a
(meth)glycidyloxy group as a substituent; and a curing agent (B), as an essential
component.
20 [0010]
Further, the present invention relates to an epoxy resin composition (referred to
as “epoxy resin (II)” herein below), which has a phenol resin (B’) having a structure in
which a naphthalene structure is bonded with another arylene structure through an

oxygen atom, the total number of aromatic nuclei forming the naphthalene structure and

25  the other arylene structure per molecule is from 2 to 8 and the aromatic nucleus has a



phenol hydroxyl group as a substituent, and an epoxy resin (A'), as an
essential conponent. [0011) Furthernore, the present invention relates to
a novel epoxy resin having a 5 structure represented by the foll ow ng
general formula (1): [0012] [Chemical Formula 11 R G Ar * Ceneral Formula
(1)) ] JwwW 0O A" ". R Inthe formul@a, R represents a hydrogen atomor a
nmet hyl group; each Ar represents 10 independently a naphthyl ene group, a
phenyl enphepod hpdroryl growmasd substituentgamlan epoxy resire{#), @san gsseofalhavi ng an Cl. 4
al kyl group or a phenyl group as a substituent; each R2 represents

i ndependepmpanent.nydr ogen atom or an Cl4 al kyl group; n and meach represent
an integer of from0O to 2, and at |east one of nand inis 1 or greater; R3
represents a Eooqriggen atom or an aronmatic hydrocarbon group containing an
epoxy group represented 15 by the followi ng general formula (1-2), provided
that the total _nuynber of, the aromatic clei in.the abov eneral formula
(1) is from 2 FOUATRa te prosedt MYGUASTIRIA 49 ° PBTShTPGRY oy DiAgas: ¢ on of
bondi ng to the napht hal ene skel eton may be any of two rings formng the
napht fal stectpresgpresenteddyy the following general formula {1):

[0012]

[Chemical Formula 1]

¥ ¥
o-(—Ar-O)’\ld
= 0 General Formula (1)

In the formula, R' represents a hydrogen atom or a methyl group; each Ar represents
10 incicpendently a naphthylene group, a phenylene group, or a naphthylene group or a
phenylene group having an C,.4 alkyl group or a phenyl group as a substituent; each R>
represents independently a hydrogen atom or an C, 4 alkyl group; n and m each represent
an integer of from 0 to 2, and at least one of n and m is 1 or greater; R® represents a
hydrogen atom or an aromatic hydrocarbon group containing an epoxy group represented
15 by the following general formula (1-2), provided that the total number of the aromatic
nuclei in the above general formula (1) is from 2 to 8, and in the above general formula
(1), a position of bonding to the naphthalene skeleton may be any of two rings forming
the naphthalene ring.
[0013]

20 [Chemical Formula 2]



20 [Chemical Fornula 2] 5 ORl Ceneral Formula (1-2) In the general
fonnula(1l-2), R represents a hydrogen atom or a nethyl group; each Ar
represents i ndependently a naphthyl ene group, a phenyl ene group, or a
napht hyl ene group or a phenyl ene group having an Cl4 al kyl group or a
phenyl group as a substituent; 5 and ¢ represents an integer of | or 2.
[0014] Furthernore, the present invention relates to a novel phenol resin
having a structy e represented by the follow ng general fornula (2): [0015]
10 [Chemical Forfqulgn 3] R3 R3 " \ Ar+O It R CGeneral Formula (2) 4 R2 In
the general fopkd'a (2), each Ar represents independently a naphthyl ene
group, a phenyl epe group, or a Qapht.hyl en r.Qup or a phenyl ene group
having an Cl4 al gyl group or a gﬁ%ﬁ@&%&‘ &69g a substituent; each R2
represents indEp ndantly a hydrogen 15 atom or an al kyl group of a carbon

U

nunber of fr ~Hn and m each represent an integer of fromO to 2,
and at | east okNe of /m and mis 1 or greater; R3 represents a hydrogen atom
or an aromatic hydrocarbon group containing a hydroxyl group represented by

the Toll Qltred e fommulall 3}, K réreschis S ydtogen atom of a methyl groap; caehag’ ©F the ©
represents indeﬁendently a naphthylene group, a phenylene group, or a naphtﬁylene
group or a phenylene group having an C;4 alkyl group or a phenyl group as a substituent;
5 and p represents an integer of 1 or 2.

[0014]
Furthermore, the present invention relates to a novel phenol resin having a

structure represented by the following general formula (2):
[0015]

10 [Chemical Formula 3)

In the general formula (2), each Ar represents independently a naphthylene group, a
phenylene group, or a naphthylene group or a phenylene group having an C;4 alkyl
group or a phenyl group as a substituent; each R represents independently a hydrogen
15  atom or an alkyl group of a carbon number of from 1 to 4; n and m each represent an
integer of from 0 to 2, and at least one of n and m is 1 or greater; R’ represents a
hydrogen atom or an aromatic hydrocarbon group containing a hydroxyl group

represented by the following general formula (2-2), provided that the total number of the



aromatic nuclei in the general fornula (2) is from2 to 8, and in the above
general fornmula (2), a position of bonding to the naphthal ene skel eton may
be any of two rings formng the naphthal ene ring. [0016] 5 [ Chemi cal
Formula 4] OA + L-)-0 General Fornmula (2-2) P In the general fornula
(2-2), each Ar represents independentlyg a naphthyl ene group, a phenyl ene
group, or a naphthylene group or a phenyl ene group having an Cl4 al kyl

group or asomdtanyiclejimthe gaseral fonhslai(?)Lis fitom P to & mndde fesabave gerteedder of | or 2.
10 [0017] Furthernore, the present invention relates to a sem conductor

encapsul gbinidla (204 pbdifién of¥undihga Y naphthalehe siedlesy nfa«s«aierang@mﬁh' n further
containing an inorganic filler (C in aratio of 70 to 95 weight%in

addi ti One%@ﬁﬁg{%eﬁﬁ?ﬁ%afeﬁﬁgﬁé(& and the curing agent (B). 15 Furthernore,

the pres onre s to a sem conductor encapsulating material,
which is corrpoz&?lﬁf t he epoxy resin conposition containing an inorganic
filler (© in o of 70 to 95 weight%in the conposition in addition to
the epoxy resin_ (A ) and the curing agent (B ). Furthernore, the present

i nven®i on rel afebemisakFsmyleAly resin cured article 20 formed by curing said
epoxy resin conposition. [0018] According to the present invention, there
can be provided an_epoxy resin 7

OH
< A.l' ) H General Formula (2-2)
P

In the general formula (2-2), each Ar represents independently a naphthylene group, a
phenylene group, or a naphthylene group or a phenylene group having an C, 4 alkyl
group or a phenyl group as a substituent; p represents an integer of 1 or 2.

10 [0017]

Furthermore, the present invention relates to a semiconductor encapsulating
material, which comprises the epoxy resin composition further containing an inorganic
filler (C) in a ratio of 70 to 95 weight% in addition to the epoxy resin (A) and the curing
agent (B).

15 Furthermore, the present invention relates to a semiconductor encapsulating
material, which is composed of the epoxy resin composition containing an inorganic
filler (C) in ératio of 70 to 95 weight% in the composition in addition to the epoxy resin
(A’) and the curing agent (B’).

Furthermore, the present invention relates to the epoxy resin cured article

20 formed by curing said epoxy resin composition.

[0018]

According to the present invention, there can be provided an epoxy resin



conposition which has good fluidity as well as can provide the cured article
t hereof having excellent flane retardancy and heat resistance, a

sem conductor encapsulating material, a novel epoxy resin, a novel phenol
resin, and the cured article of the epoxy resin' conposition, having
excellent flanme retardancy as well as i@ heat resistance. 5 BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a GPC chart of the phenol resin

obt ai ned iconipositiph avhich hasigeod fluility af wellRs chmptovide thércurgth artizle thereofh obt ai ned
in Exanple 1. FIG 3 is the mass spectrum of the phenol resin obtained in

Exanpl e 1.hatthgFkCeltent Sarhb getailancysadHeateibindd) e sémicﬁﬁdwdr%baﬂsﬁhﬁﬂ%‘l met hod
of the phenol resin obtained in Exanple 1. FIG5 is a GPC chart of the

modi fied dhbpudroxy 8, £ RRPHAGhoPRR BEFinelclroRsRARIL B e oG 6 1S 2
GPC chart o? tﬁ’e pmg%&gel?ﬁn’ ogt al he OIPI’I %&arrp eecS. 15 FIG 7eicE ’g GPC chart
of the phenal  resin.obtained i aratiye Example 1.. FIG.8 is a GPC chart
of the pnafgmepEBpRtenravRE i eabiRRF Barior i Whas I hesbr@igened (e rmcs
spectrum of the phenol resin obtained in Conparative Exanple 3. FIG10 is a
GPC chart of the phenol resin obtained in Exanple 7. 20 FIG 11 is the nass
spectrum of the phenol resin obtained in Exanple 7. BEST MODE FOR CARRYI NG
OQUT THE | NVENTI ON [ O020BRIEF BESCORIBEHON OR EHEDRABINGS resin (A) used in
the epoxy resin conposition (I) 25 of the present invention has, as a main
skel eton a struqqar BishﬁGPGQ:h;ﬁ@ offh¢| phBRsIr¥siBobtained in Example 1.
FIG 2 is a FT-IR chart of the phenol resin obtained in Example 1.
FIG. 3 is the mass spectrum of the phenol resin obtained in Example 1.
10 FIG 4 is the mass spectrum by the trimethylsilylation method of the phenol resin
obtained in Example 1.
FIG 5 is a GPC chart of the modified dihydroxynaphthalene compound obtained
in Example 3.
FIG. 6 is a GPC chart of the phenol resin obtained in Example 5.
15 FIG. 7 is a GPC chart of the phenol resin obtained in Comparative Example 1.
FIG 8 is a GPC chart of the phenol resin obtained in Comparative Example 3.
FIG. 9 is the mass spectrum of the phenol resin obtained in Comparative
Example 3.
FIG. 10 is a GPC chart of the phenol resin obtained in Example 7.

20 FIG. 11 is the mass spectrum of the phenol resin obtained in Example 7.

BEST MODE FOR CARRYING OUT THE INVENTION
[0020]
As described above, the epoxy resin (A) used in the epoxy resin composition (I)

25  of the present invention has, as a main skeleton a structure having an aryleneoxy



structure in which a naphthal ene structure is bonded wi th another aryl ene
structure through an oxygen atom and the total nunber of aromatic nucl ei
form ng the naphthal ene structure and the other arylene structure per
nolecule is from2 to 8. That is, the naphthal ene skeleton is an essenti al
aromatic nucleus part to formthe arylede oxy 5 structure, which results in
accel eration of char formation at the tinme of conbustion of the cured
articl e sostashweimwhicheqephkthalene etricture ishonded withanether apylenastrudduresi nce t he
total nunber of aromatic nuclei form ng said naphthal ene structure and the
ot her ar yl threghtanoxygercatprarandthestotd]l aumberf ofanordaticomit]ei féreing thheynapkthalendras
excellent fluidity as well. Here, it is described that the epoxy resin (A)

mani f ests dfichrs ghd BRlotier diyléde)stt¥@ie ped eriléculd isFom 2o BF YTRIG e Struct ure.
That is, an aryleneoxy structure is conventionally formed by etherification

via a deh | | | - thus it is
gener al | yylgd:p?lﬁaléenggﬁ{igtsggﬁé%Peqt{]af%% gggpﬁ‘gﬁ%ﬁ%ﬁ%rgg%m%nﬁ n-a high

nol ecul ar wei ght. Regarding this, sin t he nunber of, argmatic . nucglei per
ol ecul’t oftricHie, A Teswley it acagloration Sk Rration & thi g, of CRmPURIRP Hion, t he
15 epoxy resin (A manifests excellent fluidity even though it has an

aryl eneoxycuwed aticlerse as tormanifestivxcellont ftaone rstapdandy.ng aromatic nuclei is
preferably 3 to 6 fromthe aspect of excellent balance of flane retardancy,
heat resistance MeshwWhile, sint¢/thetdtlPimberief srondatie noclphfoRaingaidsiaphbhkenhe

form ng the epoxy resin (A) may include a 20 naphthal ene structure having

from2 to ﬁr&%ﬁﬂ@hﬂkﬂ&g%ﬁi&w&lés&u&%@%&nﬁfl%is%wa}tﬂéhﬁ&@rﬁétiﬂﬁé ure may

have an al kyl group having“l to 4 carbon aton(s) such as a nethyl group, an

et hyl grou I rouwp, .or a t-butyl .gr ; 0r a I up on the
aromatic n%‘ccle@?]g fﬁﬁ%beagfv,veﬂ')n ‘%&%n‘% lisgﬁsc{%’e? ﬁ’@%@f@’ﬁ%&ﬁ‘?‘%@%@?@sf romthe
aspect_of fluidity of the epoxy resin_ (A), the naphthalene structure
pr ef er Hb| yexestens fiyility; gygn though it has ap arylenegry SRietye oy bhatiis, apRrdeneory bondi ng
position of the oxy group is preferably

structure is conventionally formed by etherification via a dehydrative condensation

-

reaction of 2-valent phenols, and thus it is generally difficult to control this reaction from
resulting in a high molecular weight.  Regarding this, since the number of aromatic
nuclei per molecule of the epoxy resin (A) is from 2 to 8 in the present invention, the
15  epoxy resin (A) manifests excellent fluidity even though it has an aryleneoxy structure.
The number of corresponding aromatic nuclei is preferably 3 to 6 from the aspect of
excellent balance of flame retardancy, heat resistance and fluidity.
[0021]
Here, the naphthalene structure forming the epoxy resin (A) may include a
20  naphthalene structure having from 2 to 4 bonding positions to an oxy group. The
naphthalene structure may have an alkyl group having 1 to 4 carbon atom(s) such as a
methyl group, an ethyl group, a propyl group, or a t-butyl group; or a phenyl group on the
aromatic nucleus thereof, in addition to the oxy group. However, from the aspect of
fluidity of the epoxy resin (A), the naphthalene structure preferably has 2 bonding

25  positions to an oxy group, in which the bonding position of the oxy group is preferably



9 1,3-position, 1,6-position, 1,7-position, 1,8-position, 2,3-position, or
2, 7-position. Anong these, 1,6-position and 2,7-position are preferable
fromthe aspect of an easiness for production, and 2,7-position is nore
preferable fromthe aspect of an excellent balance between fluidity and
flame retardancy. Besides, regarding a gubstituent other 5 than oxy group on
the aromati c nucl eus, the naphthal ene structure preferably has no such a
subst i t uenit,3-positiars, al ,6apobiyibn,gr hdgposition, ph8+ppkitignoliPp-positidn,nor €2, ppesfitombl y has
no such a substituent, fromthe aspect of flanme retardancy effect. [0022]

The epoxy Amsh@theds, 1r6ayosmfm 2YPp66itibidtire préferaibler from the/M3pedt oflabasirtkd ty Of
10 napht hal ene structures are bonded together by a dlrect bondi ng. [0023]

Veamwhi | e, gof ol %o%pga%egﬁg@oﬂmo@;&a IEfYh DL eRediRied wi th the

napht hal ene an oxyge om nay |n e the above-descri bed
napht hal ene. st ruct ure _or ene st ctur Her e yl ene structure
oy haye. balien bebens AR 330 Samiegriatday gsieg,rrs%ﬁs P i

group having 1 to 4 carbon aton(s) such as a met hyl group, an et hyl group,
a propyl dhaupxy greup on the aromatie sugleusothe aaphihalena staycbiippisterahly hos aaesushcl eus
t hereof . However, fromthe aspect of fluidity of the epoxy resin (A), the
phenyl ene a substitaéntroe hhsy methy? givap dr a phaod igtduphand morserprefeyabdy hasmoisach a
preferable, in which the bonding 20 position of an oxy group is preferably

1, 3- posi t i QBstitdert; oA ithd HPe@iof HarreR@8idah&FeffdONg these, 1,3-position is
nore preferable fromthe aspect of an easiness for the production. Besides,

regardi ng a SUbib j‘ient on the aromatic nucleus of the other arylene
structure, ferable that the arylene structure has no such a

substituent or as a methy and particularly ble is that the
other arylene st EPOFRrS (ggnay ormamo arstructurem\ﬁugh Fahyo?

10  naphthalene structures are bonded together by a direct bonding.

[0023]

Meanwhile, in the epoxy resin (A), another arylene structure bonded with the
naphthalene structure through an oxygen atom may include the above-described
naphthalene structure or phenylene structure. Here, the phenylene structure may have 2

15  or 3 bonding positions to an oxy group, or may have an alkyl group having 1 to 4 carbon
atom(s) such as a methyl group, an ethyl group, a propyl group, or a t-butyl group, or a
phenyl group on aromatic nucleus thereof.

However, from the aspect of fluidity of the epoxy resin (A), the phenylene
structure having 2 bonding positions to an oxy group is preferable, in which the bonding

20  position of an oxy group is preferably 1,3-position, 1,4-position or 1,5-position.
Among these, 1,3-position is more preferable from the aspect of an easiness for the
pf;:)lduction. Besides, regarding a substituent on the aromatic nucleus of the other
arylene structure, it is preferable that the arylene structure has no such a substituent or
has a methy! group, and particularly preferable is that the other arylene structure has no

25  such a substituent, from the aspect of flame retardant effect. Particularly, the other



25 such a substituent, fromthe aspect of flane retardant effect.
Particularly, the other 10 arylene structure is preferably the
above-descri bed napht hal ene structure, fromthe aspect of flanme retardancy.
[0024] A (nethyl)glycidyloxy group in the nolecular structure of the epoxy
resin (A) is 5 specifically a glycidylbxy group or a J3-nethylglycidyl oxy
group, but in the present invention, a gl group is particularly

S yci dyl ox
pr ef er abl earyleperstrypturg dppreferaily theeﬂbeve-d@qcageﬁhw engsiruetures frogy the asnectand
easiness for obtaining a raw material in the comercial production and so
on. [0025]of fldneSetacddncgal |y, this epoxy resin (A) is preferably a structure
represented by the followi ng general fornmula (1) fromthe aspect of flane
r et ar dant eff‘ect[ooj;g this case, the corresponding epoxy resin (A is a
novel epoxy resin of the present invention. [0026] [Chem cal Formula 5] I

R ~OTAI"0 | ~C - ! foda: = %Pg,[ ihay a (1),
Rl represents a%@?ﬂ&g&@%‘?ﬁsgg‘é pﬁét yr?mgr oﬂrps;}ﬁlg%%l)%rg epr gglfgg‘tkgw
i ndependent | y,.a napht hyl ene group, enyl e roup, .or .a_ naphthyl ene
gr oup g(rj aspﬁﬁléﬁ#ﬁgﬁg@fmré%nﬁ %@“@W%Y‘@ﬁ"&’ pohutin fhs, ?/"Ienér oup as a
substituent; each R2 represents independently a hydrogen atomor an Cl.4
al kyl gr ouinvemtionnal glyciskyloxy zmoursis pasisytarly prefenabledrora theraspest of flamg.  and at
| east one of n and mis 1 or greater; R3

retardancy of the cured article and easiness for obtaining a raw material in the

commercial production and so on.

[0025]
10 Specifically, this epoxy resin (A) is preferably a structure represented by the
following general formula (1) from the aspect of flame retardant effect. In this case, the
corresponding epoxy resin (A) is a novel epoxy resin of the present invention.

[0026]

[Chemical Formula 5]

Rl

General Formula (1)

15

In general formula (1), R' represents a hydrogen atom or a methyl group; each
Ar represents independently a naphthylene group, a phenylene group, or a naphthylene
group or a phenylene group having an C,4 alkyl group or a phenyl group as a substituent;
each R? represents independently a hydrogen atom or an Cy4 alkyl group; n and m each
20  represent an integer of from O to 2, and at least one of n and m is 1 or greater; R
represents a hydrogen atom or an aromatic hydrocarbon group containing an epoxy group

represented by the following general formula (1-2), provided that the total number of the



represents a hydrogen atom or an aromati c hydrocarbon group containing an
epoxy group represented by the follow ng general fornmula (1-2), provided
that the total nunber of the 11 aromatic nuclei in the formula (1) is from
2 to 8 and in the above general fornmula (1), the position of bonding to

t he napht hal ene skel eton maybe any of two rings formng the naphthal ene
ring. [0027] 5 [Chem cal Formula 6] O Rl CGeneral Forrmula (1-2) +XP-H In
t he gener adromatigmuchei(in tie) formRula Epis éwen o &, ang i thgahowe geneeal fermuda (Y gr oup;
each Ar represents independently a naphthyl ene group, a phenyl ene group, or
a napht hyl #8 gositisofbendirg thkayiphtifldie ek¢leton wiaybeainy Gf two ahgyfor@imgithe or a
phenyl group as a substituent; 10 p represents an integer of 1 or 2. [0028]
In the ep hﬂﬁﬁhQﬁSQQ represented by the general formula (1), as descri bed
above, the position of bonding to an oxy group in the naphthal ene structure
is preferably Q- osition or 2,7-position, and, when the other arylene
structure is a aﬂ %@Iene group, 15 the position bonding to an oxy group in
the arylene structure is preferably 1,3-position, and in the general
formul @ (1), R2 [Chemical Bormilg6h hydrogen atom Accordingly, the preferred
one anong the epoxy resin (A may include, for exanple, an epoxy resin
represented by the fqol lowing structural formulas E-1 to E-17 in which the
position bonding t oxy group in the naphthal ene structure is

1, 6-position. Rl

0

{1
\J“/.,”

In the general formula (1-2), R! represents a hydrogen atom or a methyl group; each Ar

General Formula (1-2)

represents independently a naphthylene group, a phenylene group, or a naphthylene
group or a phenylene group having an C;.4 alkyl group or a phenyl group as a substituent;
10  prepresents an integer of 1 or 2.

[0028]

In the epoxy resin (A) represented by the general formula (1), as described
above, the position of bonding to an oxy group in the naphthalene structure is preferably
1,6-position or 2,7-position, and, when the other arylene structure is a phenylene group,

15  the position bonding to an oxy group in the arylene structure is preferably 1,3-position,
and in the general formula (1), R is preferably a hydrogen atom. Accordingly, the
preferred one among the epoxy resin (A) may include, for example, an epoxy resin
represented by the following structural formulas E-1 to E-17 in which the position
bonding to an oky group in the naphthalene structure is 1,6-position.

20 [0029]

[Chemical Formula 7]



20 [0029] [Chemcal Formula 7] If 12 - - O \l \/ EE1 O\/ \l E2 Oo
go-qgE-3 \I \Il E~4\l _ E7 I\ \/ / O- O/ \ [/ \/ \ EB -O\l E-10
[0030] [Chemical Fornmula 8 5 13 !\ \I \! E-| ~V '\ E42 \/ \/ [ - [ [\ \/
\l /\' \ E-14 E-18 G EA47 [0031] Next, for exanple, as the epoxy resin (A

I n which the position bonding to an 12

[0030]

[Chemical Formula 8]



OoXy group is 2,7-position, those represented by the foll ow ng structural
formulas E-18 to 5 E-25 may be nentioned: [0032] [Chemcal Formula 9] 14 o
|~ 110111 CE-101 E 19 OOG | (~ E-20 E-21 [0033] [Chem cal Fornula 10] |
622 En E-W 62t Ni i i i 5 [0034] In the above structural fornmulas E-1 to
E-25, "G' denotes a glycidyl group. [035] The epoxy resin (A) may be used
I ndividually as each of the conpounds, or as a mxture of a plurality of

t he conpounds. 10 [0036] As described above, it is preferable that the epoxy
resin (A) ha¥{a structure/ which a naphthal eneg.Structure is bonded with
anot her napht @ . ) @ atom i ng8hat a cured
article there é#’ A5\

[0031]

Next, for example, as the epoxy resin (A) in which the position bonding to an
OXy group is 2,7-position, those represented by the following structural formulas E-18 to
5  E-25 may be mentioned:
[0032]

[Chemical Formula 9]



heat resistance. Specifically, this epoxy resin may be represented by, for
exanple, the follow ng general fornmula (3). [0037] 5 [Chem cal Fornmula 11]
R33 General Formula (3) R3 In the general fornula (3), each R represents

i ndependently a hydrogen atomor a nethyl group; each R2 represents

| ndependently a hydrogen atomor an Cj4 al kyl group; n and m 10 each
represent an integer of fromO to 2, and at | east one of n and mis 1 or
greater; R3 represents a hydrogen atomor § ol | owi ng general formula
(3-2), prov&o pber of ardbgtic nuclei in the general
formula (3) m J oy posé_fd'aon ng to the na hal ene

skel eton in tme gr mul a ) ng gs form ng

t he napht hal ene ring: 15 [0038] [Chem cal FON x-R O Genera
Formula (3-2) R3 R3 P in which, each R repre%e gFew€ndent |y a hydrogen
atomor a nethyl group; each R2 16 represents independently a hydrogen atom
or an Cl 4 al kyl group; p represents an integer of br 2.

o

[0033]

[Chemical Formula 10]

5 [0034]
In the above structural formulas E-1 to E-25, “G” denotes a glycidyl group.
[0035]
The epoxy resin (A) may be used individually as each of the compounds, or as a
mixture of a plurality of the compounds.
10 [0036]
As described above, it is preferable that the epoxy resin (A) has a structure in

which a naphthalene structure is bonded with another naphthalene structure through an



[0039] Also in the above general fornula (3), R2 is preferably a hydrogen
atom and 5 specific exanples thereof may include conpounds represented by
above structural formula E-1 to E-21. Moreover, the conpounds represented by
t he above structural formula E-18 to E-21 in which a position bonding to an
oXy group is 2,7-position are preferngd fromthe aspect of excellent flanme
retardancy and heat resistance, and particularly, it is preferable to use a
m Xt ur e okygenatem i thaha suned prtedetheredf bas tetter flinstatardanayais wWellrangbad E- 1 8,
E-19 or E-20 fromthe aspect of an excellent balance between flane

ret ar dangyatgesistindel dBpacifidalls, thitk spox piuEiiemapbe ApesvBhted by \fot &laniple, e gener al
formula (3) is particularly preferred to be 3 to 6 fromthe aspect of an
excel | en : f retardancy, heat resistance and fluidity. [0040]
15 The e%%géhgggﬁﬁﬂﬁgyﬁﬁgggpibed above can be obtained, for exanple, by
reacting a nubkbﬁglent hydr oxynapht hal ene such as 2-val ence to 4-val ence,

or a mxture o mul tival ent hydr oxynapht hal enes such as 2-val ence to
4-val ence_and mul tival ent hydroxybenzenes such as 2-val ence or 3-val ence in
the pPesdfbemigel Bosmala Hlcatal yst, then, repeatedly extracting a | ow

nol ecul ar wei ght product with an organic solvent, and 20 carrying out

gl ycidyl ati on of the thus-obtai ned phenol resin.gsHowever, it is preferable
in the present invention that the epoxy resin ) is synthesized by
reacting in the presence of a basic catalyst bf ai nra phenol resin, and
then perform ng the glygi i [N f om t he aspect of
excel | ent prodqgtivit y, in the present

invention, it effer, synt hesi zed by
reacting di hWa of di hydroxynapht hal enes 17 and
di hydr oxybenZenes (abbr

presence of R?

atRld ‘as Rifunctional phegghgal Fh@3)in the

In the general formula (3), each R! represents independently a hydrogen atom or a methyl
group; each R? represents independently a hydrogen atom or an C;4 alkyl group; n and m
10  each represent an integer of from 0 to 2, and at least one of n and m is 1 or greater; R>
represents a hydrogen atom or the following general formula (3-2), provided that the total
number of aromatic nuclei in the general formula (3) is from 2 to 8, and a position
bonding to the naphthalene skeleton in the above general formula (3) may be any of two

rings forming the naphthalene ring:

15 [0038]
[Chemical Formula 12]
-
2 | H  General Formula (3-2)
R

in which, each R' represents independently a hydrogen atom or a methyl group; each R?



a basic catalyst to obtain a phenol resin, and then perform ng the
glycidylation of the phenol resin, fromthe aspect of excellent
productivity of the epoxy resin (A). [0041] 5 That is, the latter synthetic
met hod i ncludes a process for obtain a phenol resin by reacting

di hydr oxynapht hal enes (al) or a m xtung of di hydroxynaphthal enes (al) and
di hydroxy benzenes (a2) in the presence of a basic catalyst (referred to as
" Pr ocessréptesents imiepemienty adigdrogen atodn oreandC g ableyd gesup; p oepresentsi athyihtegéron by
subsequently reacting the obtained phenol resin wth epihal ohydrin
(referredfigras "Process 2" below). 10 [0042] Here, the above

di hydr oxynapht hal enes (al) useful in Process 1 may include, for exanple,
1,3-dihydroxyngm??ﬂalene, 1, 6- di hydr oxynapht hal ene,

1, 7- di hydr oxynaphtnal ene, 1, 8-di hydr oxynapht hal ene,

2, 3-di hydr oxynapht.hal ene, or o - di_ hydr oxynapht hal ene, Anong t hese, are
particularly p éP?llf‘oe H%ge'&ﬁﬁéé‘ma@ ﬁa%ipﬁgg%ﬂﬁ’& @ﬁ?%la&ﬂ“’eﬂn t he
position adjacent to the phenol hydroxyl group in the aromatic nucleus
bondedl wspasific gxamplss thgrmfcpmw inglude sompennds pepresented biyyabove structural

1, 3-di hydr oxynapht hal ene, 1, 6-di hydr oxynapht hal ene,

1, 8- di hy sramynB{1hb B2 R neMofsover? thé-cdhipyoidyrypresintetithcthe above struefuedlr ed. | n
addi tion, 1, 6-di hydroxynapht hal ene or 2, 7-di hydroxynapht hal ene is

pr ef e1 abkénful PEI1BAG EAPRCkhiSh 2 BsiAAS bRy {o%n 5@2%@&1999% Sikiorte aNd

particularly, 2,7-di hydroxynaphthal ene 1s prefe e fromthe aspect of an
excel | en alance of fl uyi di f t ar f t ai ned epoxy
resin (A 1_-ef rb%ﬁ%irs %@Pg@gggﬁ%ﬂ%@}gﬂ%ﬁ@ en@%ﬁggg ‘?g%f ré‘)s%sétir{%g,tfnléart icularly
limted as far .as ., compounds have two hydroxyl gr.oups on benzene ri ng.
Exanpl es Prtigplady; 1%¢r$?ﬁﬁgﬁde use;a JikEy <rfy>ﬂa? Payls eqpeesented bythey dr oxy
benzene, 1, 5-di hydroxy benzene, 18

10 structural formulas E-18, E-19 or E-20 from the aspect of an excellent balance between

flame retardancy and fluidity. The total number of aromatic nuclei in the general
formula (3) is particularly preferred to be 3 to 6 from the aspect of an excellent balance
of flame retardancy, heat resistance and fluidity.

[0040]

15 The epoxy resin (A) described above can be obtained, for example, by reacting a
multivalent hydroxynaphthalene such as 2-valence to 4-valence, or a mixture of the
multivalent hydroxynaphthzilenes such as 2-valence to 4-valence and multivalent
hydroxybenzenes such as 2-valence or 3-valence in the presence of an acid catalyst, then,
repeatedly extracting a low moleéular weight product with an organic solvent, and

20  carrying out glycidylation of the thus-obtained phenol resin. However, it is preferable in
the present invention that the epoxy resin (A) is synthesized by reacting in the presence
of a basic catalyst to obtain a phenol resin, and then performing the glycidylation of the
phenol resin, from the aspect of excellent productivity of the epoxy resin (A).
Particularly, in the present invention, it is preferable that the epoxy resin (A) is

25  synthesized by reacting dihydroxynaphthalenes or a mixture of dihydroxynaphthalenes



2,3,5-trinmethyl -1, 4-di hydroxy benzene, or 5-phenyl -1, 3-di hydroxy benzene.
Anmong these, those having an orientation at a position adjacent to the
phenol hydroxyl group in aronmatic nucleus bonded with phenol hydroxyl group
are particularly preferable, and specifically, 1,3-dihydroxy benzene or
5-phenyl -1, 3-di hydroxy benzene are prefigrable. 5 Anbng these, 1, 3-dihydroxy
benzene is particularly preferable fromthe aspect of an excellent

reactivit ynd ﬂihkb@x?ﬁ&ﬁz@ﬁlﬁ%aﬁﬁreﬁat@_&&é cdifidicAbnés pherloB®4¥dlow 8 pth&fe of Usi Ng
di hydr oxynapht hal enes (al) alone is particularly preferable 1n that the

effects Ofa(?%i@%ﬁafy@tttﬁ.ro% 'eXBE&%l D& ﬂ%fﬁfgﬁ?%iﬁgﬂ*a%%{'}?@c’%&ﬂﬁ' e of the

10 obt ai ned epoxy-resin conmes signiifi

di hydr oxynapht hal enes al nd di roxybenze a2) is ferabl e since
LY iy BROT B e the dstect A excelid pERshPEAR OtiBe Ay i thRs e car al yor
used as a reaction catalyst in Process 1 may include 15 specifically

al kal i ne metal MBMdbxi des such as sodi um hydroxi de, or potassi um hydroxi de;
al kal i ne nmetal carbonates such as sodi um carbonate, or potassium carbonate;

or phoSphor ous- Thatds| thehgtetsytichetio edetlaxl includisaprbegsh dapibtdir a phtred eesimsi ¢
catalysts may be used individually or in conmbination of 2 or nore kinds

t her eof . i,g.%@}in%a@lymgﬁggyﬂﬁg%ﬁ% ﬁil'}%_r @ikt d@hytitbxynaphBaldt&daFandbe

properly sélected acCcor e"kind of the basic catalyst, a purposed

reaction rate_and so _on Qr .exanpl e, N | in al . roxj.de is
Leq.  tne v heloes®f e B wE SRR of MR RSB (R IE e PRS2 )
nmol e of phenol, hydroxyl group of the difun¢tional phengls (a). _ [0047 25
What is B&WTF@GP%{FF’Ibff(y sg'}q %E@c%f@qg{yqléﬁambywbégﬂw Eﬁagw)iﬁ: [Fonal]phenol s

e obtained phenol resin with epihalohydrin (referred to as “Process 2” below).
10 [0042]

Here, the above dihydroxynaphthalenes (al) useful in Process 1 may include, for
example, 1,3-dihydroxynaphthalene, 1,6-dihydroxynaphthalene,
1,7-dihydroxynaphthalene, 1,8-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, or
2,7-dihydroxynaphthalene. Among these, are particularly preferred the compounds

15  having an orientation at the position adjacent to the phenol hydroxyl group in the
aromatic nucleus bonded with a phenol hydroxyl group, and specifically,
1,3-dihydroxynaphthalene, 1,6-dihydroxynaphthalene, 1,8-dihydroxynaphthalene, or
2,7-dihydroxynaphthalene are preferred. In addition, 1,6-dihydroxynaphthalene or
2,7-dihydroxynaphthalene is preferable from the aspect of an easiness for the production,

20  and particularly, 2,7-dihydroxynaphthalene is preferable from the aspect of an excellent
balance of fluidity and flame retardancy of the obtained epoxy resin (A).

C [0043]

The above dihydroxybenzenes (a2) are not particularly limited as far as

compounds have two hydroxyl groups on a benzene ring. Examples thereof may include

25  1,3-dihydroxy benzene, 1,4-dihydroxy benzene, 1,5-dihydroxy benzene,



19 nmade to polyether, an acid catal yst such as para-tol uenesul fonic acid or
nmet hanesul fonic acid has been conventionally used, but in this case, the
degree of polynerization cannot be controlled, thus resulting in a very
hi gh nelting point or a high nolecular weight product which may not nelt
until the deconposition point, and thergefore, application to 5 electronic
element materials requiring high fluidity is difficult. Regarding this, by
usi ng a %H3Situmethyhl ysdihpdrony bereené, on Sphenylylsi-dihydrdxy henzenent Amongnt i on, t he
phenol resin having a total number of nuclei of from2 to 8 and preferably

3 to 6 i ghexe! thbstthviry 4V dricnilod aVh pbsitiort Mjadeftolth® phénobBYdrbxyl Lréwdlinsubj ect
to having a hi gh nol ecul ar wei ght . Accordl ngly, the epoxy resin of the

T AR S R BB ot e e e,
I | ubl f
0 P RS, S S AR

di hydr oxybenzenes ﬁ to be used. Wen 15 carrled out solvent-free,

sol vet rAmenthgsel gedibydroxy henzene ischaticulaslypraferable frem the aspestnfiaa but
carrying out in the solvent is preferable in order to stably performthe

r eact i on.expéltehOfeactivdtyt indhajresence of aibhsic catdlystint , exanpl es t hereof nmay i ncl ude
al cohol s such as 20 benzyl al cohol, cycl ohexanol, or amyl al cohol;

et hyl enegl ycol Jog44gh as et hyl ene egcoI di et hyl enegl ycol ,

triethyl eneglycol, or polyethyleneglycol nonoet hers or diethers of

e
3: o ﬂ;’: gﬁg%gme%&g ”‘g ot ecr:yandhea PYsRRaol YF Rk IRASE Y bEhOer

10 obtained epoxy resin becomes significant. Using a mixture of dihydroxynaphthalenes

(a1) and dihydroxybenzenes (a2) is preferable since fluidity of the epoxy resin (A) is
excellent.

[0045]

The basic catalyst used as a reaction catalyst in Process 1 may include

15  specifically alkaline metal hydroxides such as sodium hydroxide, or potassium
hydroxide; alkaline metal carbonates such as sodium carbonate, or potassium carbonate;
or phosphorous-based compounds such as triphenyl phosphine.  These basic catalysts
may be used individually or in combination of 2 or more kinds thereof.

[0046]

20 The amount of the basic catalyst to be used may be properly selected according
to the kind of the basic catalyst, a purposed reaction rate and so on. For example, when
alkaline metal hydroxide is used, the amount is 0.01 to 0.5 mol, and preferably 0.01 to
0.1 mol per 1 mole of phenol hydroxyl group of the difunctional phenols (a).

[0047]

25 What is particularly described herein is that, when the difunctional phenols are



25 di et hyl enegl ycol nonobutyl et her, ethyl enegl ycol dinethylether,

et hyl enegl ycol diethyl 20 ether, ethyleneglycol dipropyether,

di et hyl enegl ycol di met hyl ether, diethyl eneglycol diethylether, or

di et hyl enegl ycol di propyether; chl orobenzene; or nitrobenzene. These

organi c solvents may be used individuaply or in conbination of 2 or nore

ki nds thereof. By using these soluble solvents, precipitation of

di hydr oxyrasp tt pelyethers arf adidl catalyst siich gsipanestblweresulfenic agid or amethanepulfonent ed so
as to stably obtain the phenol resin. [0050] In the reaction of Process 1,

t he basi qciddb&boehiconeritidhallly isedChutomeis Hse,the edreg of polyrflerdsmibn eghnot

sol vent-free or under the soluble solvent and the reaction can be carried
out at apeLEiRAlat bt f1as : : bly 150 to
250C. Thgereact&%ﬁmggmﬁﬂﬁgg%ggggﬁqgg?@@@ﬁéggrggf?ggﬁggagﬂ?&ﬁéﬁ referred to
be in a range, i ich the.te rature ondi ti.on n be maiptained for 1 to
70 hour s PRIEict wloh Bigbihob el SR Bl Betnfoosffdh i PheBfhefiie TbMoR TS ' Of

wat er- produced during the reaction out of the systemby using a fractional
di sti §| atleswonip elgmenbmatesialssequiripg bigh fadity is didfipwlh o (Regarding s By MsiBR dl y so
as to enhance productivity. 15 [0051] When the obtained phenol resin is

st rongl y adbasio catdlystaas aneadtoni catalyst or the prbsent imyentigw ribe plesnobeesimdwsmhgian Pr ocess
1. The antioxidant may include, for exanple, hindered phenol-type conpounds

such as Zothtritintek ¥ MRGE Of Hd81 2 Y8 hvPPrefetabl 7B b iSobthined DapasinglyaHiRuUNdS,

3-val ent phosphorous atom contai ni ng phosphorous acid ester-type 20

conpound | agﬁ% ' s sfor ]
hypophos gh%?gcl@ﬁa@@dm?%ﬁlgg gﬁdﬁ% Eésgh acl 5 h@%@%ﬁ%ﬁ%gﬁm é%éés)rgmgﬁ,r’ ghue s acid,
hydrosul fegéxoyur%si%%lfglcsp%steﬁt in%ntlso%l its 0 lgehae {n%Pe];'lal Iga%)r?gztlxcellent flame retardancy

10  as well as high fluidity.

[0048]

The reaction in Process 1 may be carried out solvent-free or under a soluble
solvent which can form a homogeneous solution, according to properties of
dihydroxynaphthalene compound (al) or dihydroxybenzenes (a2) to be used. When

15  carried out solvent-free, a solvent recovery process is not needed, thus which is
preférable, but carrying out in the solvent is preferable in order to stably perform the
reaction.

[0049]

As the above soluble solvent, examples thereof may include alcohols such as

20  benzyl alcohol, cyclohexanol, or amyl alcohol; ethyleneglycols such as ethylene glycol,
diethyleneglycol, triethyleneglycol, or polyethyleneglycol; monoethers or diethers of
ethyleneglycol or diethyleneglycol, such as ethyleneglycol monomethylether,
ethyleneglycol monoethylether, ethyleneglycol monopropyether, diethyleneglycol
monomethylether, diethyleneglycol monoethylether, diethyleneglycol monopropyether,

25  diethyleneglycol monobutylether, ethyleneglycol dimethylether, ethyleneglycol diethyl



After the termnation of the reaction, the reaction product may be
solidified 25 itself to be taken out, or subsequently subject to the
glycidylation reaction as Process 2 21 by addi ng epi hal ohydrin. O, the
catal yst may be renoved by neutralization treatnent, washing treatnent or
deconposition and then the phenol resi2o can be separated by general
operations such as extraction, or distillation. The neutralization treatnent
or was hiethgr, ethyteneglhycolatipropyethery diothyledeglycaidigiathyl ethegalinthylenegitcobds, and,

for exanple, an 5 acidic material such as hydrochloric acid, oxalic acid,
aceti c adiethyletheli orndipth9luabglieol dipropyetitircchl@bbaaehny or pitkbenzegas Tirge be used.

[ 0053] The phenol resin thus-obtalined nay be used as being a m xture of a

pluralit ic 461 HGRYETE i biatil kihd sary, the
Cont ont - ST SLAAR B Ried SRR S, R EPbARLLOOF2 ob e KindiReREe
e

further rformng a aratin rati . a LSE] Lon, colum

t r eat ment’, %%‘éa}}l%%lspw}?egsd%‘é%#fs Bgegﬁgtflﬁ%rhgfg@fdﬁﬁngﬁh&%%éég (I'g?*]ér product may be
i sol ated gs .a single conponent. [0054] Next, Process ig a,process for

gl yci dyl & yerpwymmeﬁ@%w poesAtnd sp@s fns lﬂyeﬁm%@@ﬁmﬁﬁ%ess 1 with

epi hal ohydrins (a3). Specifically, there may be nentioned a nethod in which
t he phenol res{#38hd t he epi hal ohydrins (a3) are reacted in the presence of
a basic catalyst. Here, an introducing ratio of the phenol resin and the

epi hal ohydri nsIn the3¢actisn Bf iceessl, yhebabie caflyspinatie dffuidiongpheadlo(y)ds i ns (a3)

per 1 nole of aromatic hydroxyl group in the phenol resin, and an anount of

the DaS! Gigafvel ¥sHvorreBy 38e theotdllc BSIGLR ARG dbin'caRBE clicfoth 49 2 O

nol es per of aromati c hydr ox group 1nt hen resin, fromas

he. 1 cactroRmas conbiggrF Aot adt e S Fepraueiprebl e 50’ BRAdpne

ment i oned by
10 time is not particularly limited but is preferred to be in a range in which the temperature

condition can be maintained for 1 to 10 hours. In the reaction of Process 1, it is
preferable to distill off water produced during the reaction out of the system by using a
ﬁacﬁonal distillation column and so on, which makes the reaction proceed rapidly so as
to enhance productivity.

15 [0051]

When the obtained phenol resin is strongly colored, an antioxidant or reducing
agent may be added in Process 1. The antioxidant may include, for example, hindered
phenol-type compounds such as 2,6-dialkylphenol derivatives, 2-valent sulfur-based
compounds, 3-valent phosphorous atom-containing phosphorous acid ester-type

20 compounds and so on.  The reducing agent may include, for example,
hypophosphorous acid, phosphorous acid, thiosulfuric acid, sulfurous acid,
hydrosulfurous acid salts, or salts thereof.

[0052]

After the termination of the reaction, the reaction product may be solidified

25  itself to be taken out, or subsequently subject to the glycidylation reaction as Process 2



a nmethod in which the phenol resin and the epihal ohydrins (a3) are

I ntroduced into a reaction vessel in a predetermned ratio and reacted at a
tenperature of 20 to 120C for 25 0.5 to 10 hours while adding all at once or
slowy the basic catalyst. 22 [0055] The basic catal yst used herein nay be
used as a solid formor as an aqueous 21sol ution thereof. Wen the basic
catal yst is used as an aqueous solution thereof, a nethod nmay be enpl oyed

i n whi ch tyteddingl epiliatohyden c 0Ot,itheicaralyst neaychedemioivtdcbya¢utralizatibn3raataent,

epi hal ohydrins (a3) are continuously distilled off fromthe reaction m xture

under a waHihgaftatdhes o€ ofipositioR apd tHeh ChpRASLeSinBAl be beparaet By | S
separated and renoved and the epi hal ohydrins (a3) are continuously recycl ed

into the ' ] Theeni hal | T | ude, for
excanpl o, SS5aa biRpaBnt i as G5, orditon™! CIMERARIEASh d¥Blherlel O .
and anong these, epichlorohydrin.is referred.framthe ect of easiness
for commarishing teaiind Saf heporiiriabd ploorBing S Bortm b idsome B SKimlectt on, 1 ¢
is preferable that, in the reactions in _the next and later batches after
the t &r masikis watesial sush ap hudrochlaric acidpxalic add, asstie acid.codiumephgsphaie r esi n
production, the epihal ohydrins (a3) recycled fromthe crude reaction product
ar e used monobasicaricarbenicacid\gasmdytesisedpi hal ohydrins (a3) corresponding to
an amount of the decreased epihal ohydrins (a3) as the epihal ohydrins are

consuned in theogsgction. [0057] The basic catalyst may include, for
exanpl e, alkaline éarth netal hydroxides, alkaline netal carbonates, or

am e, al kal _ % al i ne m _
pr o1 or abl 61 ontt RRcs A8 afloblafduifinoe Rof B bife ARl AWBRRY 02 11 G,

(r)rfay ':)26 Vidsthéreot in ’vaﬁgl%’ apfp 1E:atleo)§1§,rg)ult,eif nesc%gslayyr,n@ey c%rn?e)r(llt gf the %g}e%cs:t%é um hydroxi de

10  2-functinal phenols (a) may be reduced by further performing a separating operation such
as distillation, column treatment, or alkaline aqueous solution extraction; and each
product may be isolated as a single component.

[0054]
Next, Process 2 is a process for glycidylation by reacting the phenol resin

15  obtained in Process 1 with epihalohydrins (a3). Specifically, there may be mentioned a
method in which the phenol resin and the epihalohydrins (a3) are reacted in the presence
of a basic catalyst. Here, an introducing ratio of the phenol resin and the epihalohydrins
(a3) is preferably 2 to 10 moles of the epihalohydrins (a3) per 1 mole of aromatic
hydroxyl group in the phenol resin, and an amount of the basic catalyst to be used is

20  preferably in a range of 0.9 to 2.0 moles per 1 mole of aromatic hydroxyl group in the
phenol resin, from as aspect of reactivity or easiness for purification after the termination
of the reaction.  As a specific reaction method in Process 2, there may be mentioned by

a method in which the phenol resin and the epihalohydrins (a3) are introduced into a
reaction vessel in a predetermined ratio and reacted at a temperature of 20 to 120°C for

25 0.5 to 10 hours while adding all at once or slowly the basic catalyst.



mentioned. In the use thereof, these basic catal ysts nay be used as in an
aqueous solution of about 10 to 55 weight% or as in a solid form The
reaction rate in the synthesis of the epoxy resin can be accel erated by
using an organic solvent in 25 conbination. This organic solvent is not
particularly Iimted but may include, X2or 23 exanple, ketones such as
acetone, or nethyl ethyl ketone; alcohols such as nethanol, ethanol,

1- propy al cohol(00353opr opyl al cohol, 1-butanol, or sec-butanol, tert-butanol;
cel |l osol ves such as nmethyl cellosolve, or ethyl cellosolve; ethers such as

t et r ahydr of ur arThe basié catalystused heRirtinax Beusedras diselid foryedrwsna aqagoust i ¢ pol ar
sol vents such as acetonitrile, 5 dinethylsulfoxide, or dinethylformm de.

These or g@Rition HErddINt WHEMhOBasiS Sfhlyst Rétisel 4y b hq&:eoﬁé solixiéh herdbf, Rat i on of
suitable 2 or nore kinds thereof in"order to control polarity. [0058]

fescr i bodeith S8 vk EABloyeR P b She o B i o RRLAP SR VBRI o1

solvent is remved by distillation, Ln order to obtain the epoxy resin

havi n§ a thesPibaARwnmS %)mmtwa%ﬂsédwwiqddﬁﬁem ‘Bﬁéeaﬁ%%mﬁétﬂfeéﬁé%f resinis
again subjected to the reaction by dissolving the obtained epoxy resin in
an or ganiredupetl prassure ov atmospheriopressurerant filydn wager is separatkd andremoyed amdet hy |

et hyl ketone, and added with an aqueous solution of an al kaline netal

hydr oxi dehd gpiialehydiths (88} iavdreditiducusl piecydled mssihenedeyion akmies. | n this case, a
phase transfer catalyst such as quaternary ammoniumsalts, or crown ethers
may be present. ?ﬁﬂn the phase transfer catalyst is used, its anmount to be
used is preferi% y'in a range of 0.1 to 3.0 weight%wth respect to the

epoxy resin to. he use Af.t e he te nation gf th reaction, the produced
salt is remveﬁ'ﬁfpﬁ\ﬂpwgt?%@imymg‘ﬁen Fe’é‘ﬂ’aﬁs’g"'&’[‘ﬁ‘}“‘?ﬁ%‘f‘% vent 20 such as
tol uene, or, nethyl  iso- butﬂ}lll ketone is distilled off, and thereby, the epoxy
resi 10  epibromohydrin, or B-methylepichlorohydrin, and among these, epichlorohydrin is

preferred from the aspect of easiness for commercial acquisition. = When performing
the commercial production, it is preferable that, in the reactions in the next and later
batches after the termination of the reaction in the first batch for the epoxy resin
production, the epihalohydrins (a3) recycled from the crude reaction product are used in
15 combination with fresh epihalohydrins (a3) corresponding to an amount of the decreased
epihalohydrins (a3) as the epihalohydrins are consﬁmed in the reaction.
[0057]
The basic catalyst may include, for example, alkaline earth metal hydroxides,
alkaline metal carbonates, or alkaline metal hydroxides. Particularly, alkaline metal
20  hydroxides are preferable from the aspect of excellent activity in the synthetic reaction of
the epoxy resin, and, for example, sodium hydroxide, potassium hydroxide may be
mentioned.  In the use thereof, these basic catalysts may be used as in an aqueous
sdluf:ion of about 10 to 55 weight% or as in a solid form. The reaction rate in the
synthesis of the epoxy resin can be accelerated by using an organic solvent in

25  combination. This organic solvent is not particularly limited but may include, for



(A) of high purity can be obtained. [0059] Since the epoxy resin (A

t hus-obtained is coomonly obtained as a m xture of the conpounds of each
structure as described above, the epoxy resin (A in the present 25

i nvention may be used as being this mxture. Mreover, the reaction product
contains a 24 high nol ecular weight ggnpound having a 2-hydroxypropyl ene
group, which is produced by the reaction between an epoxy group and the
phenol r esamplehledtones sactpaseacatoaeror nethyl tethyl ketore; aleehbls s@€Y as methanol,

di gl yci dyl et hers of difunctional phenols which is a raw conponent.

Ther ef or @thah&l 1 9ip6PYalédtol,isdpiopy?alcohél, PHE&ABE, of Su¢etiitdndl) oRbubgolised as 5
being a m xture containing this high nol ecul ar wei ght conpound or raw

COMPONENteeyi{ RIS idihsAethill clibiofvd 8) cihi IeABLIRY ek ¥hch B et dEha) - AS

descri be ove, silnce poXxy resin can be

suppressed, to be .| in the.present inventipon, .t is preferable that the
i xtur e (ol iPEat defrdiont of iy eane; peroRR el selyenit fudh oS afetimie

di gl yci dyl et hers of the difunctional phenols. The content of the 10

di gl yéi dylimethulsulfexide, o dimethyléarmamide. pn dheseorganic srlventsmay beusgd | s
preferably 5 to 80%as an area ratio in the neasurenent by GPC, fromthe
aspect ofindividinaliy, pr Dfa ¢cdmbiegtionyofsesable 2 oomposkindotherdod 6@ er thlventegoxy resin
(A) specifically described above is preferable in which an 15 epoxy

equi val eRblariy.t he mixture (a) is in a range of 100 to 400g/eq. since the
obt ai ned epoxy resin has good fluidity, the epoxy resin conposition

excellent in c ?Iity can be obtained and the cured article thereof is
excellent in heat Tesistance. [0061] A nelt viscosity of the epoxy resin

(A) i's prefer a%lf}/er ?Nasotu}1§ th% r%acr{g%sprg&uc} Egrg the epoxidation reaction as described

10  above, the unreacted epihalohydrin or the combined organic solvent is removed by
distillation. In order to obtain the epoxy resin having a low content of hydrolyzable
halogens, the obtained epoxy resin is again subjected to the reaction by dissolving the
obtained epoxy resin in an organic solvent such as toluene, methyl iso-butyl ketone, or
methyl ethyl ketone, and added with an aqueous solution of an alkaline metal hydroxide

15  such as sodium hydroxide, potassium hydroxide. In this case, a phase transfer catalyst
such as quaternary ammonium salts, or crown ethers may be present.  When the phase
transfer catalyst is used, its amount to be used is preferably in a range of 0.1 to 3.0
weight% with respect to the epoxy resin to be used.  After the termination of the
reaction, the produced salt is removed by filtration and washing, and again, the solvent

20  such as toluene, or methyl iso-butyl ketone is distilled off, and thereby, the epoxy resin
(A) of high purity can be obtained.

[0059]
Since the epoxy resin (A) thus-obtained is commonly obtained as a mixture of
the compounds of each structure as described above, the epoxy resin (A) in the present

25  invention may be used as being this mixture. Moreover, the reaction product contains a



20 in the mxture (a) since fluidity of the obtained epoxy resin becones
better. [0062] Next, as the epoxy resin conponent in the epoxy resin
conposition (1) of the present invention, the epoxy resin (A or mxture
(a) may be used individually, or the epoxy resin (A or mxture (a) may be
used in conbination with other epoxy r®sins as far 25 as the effects of the
present invention are not deteriorated. Wen used in conbination 25 wth

ot her epdigh mekicwler weight goropmuind hevinga 2 nalrexyprapylensigroupywhightih respect to

the total weight of the epoxy resin conponents is preferably at |east 30%

by wei ghtprodueed by featsution/betvedenlag 2pox yigisup undvhieghenol [réio that 1s5p%scwm ot her
epoxy resins to be conbined with, various epoxy resins nay be used,. and

exanpl es gh@eeps ¥in!(A |ch‘dﬁ‘gl HaPRARA of difutfo [sSoHich i tyrgahenol F type
epoxy resin, %?pﬁregr?ym(tgpe epgxlyﬂr esi no tetrar?et yl Obsi phen?l type epoxy

resin, ov y resin,
tri pheny I%ﬁ%{%ﬁang ty %8@%%3@ %g’gg)é%SIEE%)[?féfp})%g‘%g%‘ﬁ ane&fry%éggﬁ%g@oﬁ resin,

di cycl opent adi ene- phenol| Ltion r ctlon pe epoxy resin,

phenoPar jmaalp S&BB%SP“F% thlglhg’ﬁ Hisr Wﬁ@bw%pq%&ré%@mPWh
napht hol aral kyl type epoxy resin, naphthol enol co-condensed novol ac type
epoxy r dedferredasymintre (m)’émbbcﬁqatmmdher@adaefmx)ol As degqribed pbooie, sined the
aromati ¢ hydrocarbon fornal dehyde resin-nodified phenol resin type epoxy

resin, ornubibePefiicidiof te epdxy RRIIIAICah BO Suppierssd fodieilow iRl gedehese epoxy
resins, the tetramethyl biphenyl type 15 epoxy resin, biphenylaralkyl type

SR, i U AR B Bt gt e g1 )
[00641 with the diglycidylethers of the difunctional phenols. The content of the
10 diglycidylethers of the difunctional phenols in the mixture (¢t) is preferably 5 to 80% as
an area ratio in the measurement by GPC, from the aspect of fluidity of the epoxy resin
composition.
[0060]
The epoxy resin (A) specifically described above is preferable in which an
15  epoxy equivalent in the mixture (o) is in a range of 100 to 400g/eq. since the obtained
epoxy resin has good fluidity, the epoxy resin comﬁosition excellent in curability can be
obtained and the cured article thereof is excellent in heat resistance.
[0061]
A melt viscosity of the epoxy resin (A) is preferably 5.0 to 0.1 mPa-s at 150°C
20  in the mixture (o) since fluidity of the obtained epoxy resin becomes better.
[0062]
Next, as the epoxy resin component in the epoxy resin composition (I) of the
present invention, the epoxy resin (A) or mixture {¢) may be used individually, or the
epoxy resin (A) or mixture (o) may be used in combination with other epoxy resins as far

25  as the effects of the present invention are not deteriorated. When used in combination



As the curing agent (B) used in epoxy resin conposition (1) of the present
20 invention, there may be used various kinds of known curing agents for
epoxy resins, for exanple, curing agents such as am ne-based conmpounds,

am de- based conpounds, acid anhydride-based conpounds, or phenol - based
conpounds. Specifically, exanples of tidge am ne-based conpounds may i ncl ude
di am nodi phenyl net hane, diethylenetriamne, triethylenetetram ne,

di am nodiwitlesthér epoky ossins, the podpertioncefi therepoxy resin (Ay with sesp2@ tBER-tatal ne
conpl exes, or guani di ne derivatives, exanples of the am de-based 26

conpoundsyeight of & dpeRy elsiiyertiionehtd & preferdbly XiBast 80%:45] Weight)idesi zed from a

dimer of Ir1rnolenic acid and ethyl enedi mai ne, exanples of the acid

anhydri de;bas i nclude phthalic anhydride, trinellitic
anhydri dzj,r pyrﬁg/tdri?ér%ﬁq‘/??g an 3}'dri de, maleic anhydride, tetrahydrophthalic

anhydri de, netﬁ%#g?xahydrophthalic anhydride, 5 nethyl nadi c anhydri de,
hexahydro phth anhydri de, or nethyl hexahydro phthalic anhydride,
exanpl es of the phenol -based conmpounds_ may include nultival ent phenol
conpodnds such Asdhe,plbauepoxyvesingdtobe sprmbined withy varnions spaxy resiis may bgr onat i ¢
hydr ocarbon formal dehyde resin-nodified phenol resins, dicyclopentadiene
phenol added; and gxemplestheseof majémbidertaspheholiAetypa spoxyaesinnikphead Ky type esi ns,
tri met hyl ol met hane resins, 10 tetraphenyl ol et hane resins, naphthol novol ac

resins, re@gﬂ& hegin; BIPRADI tHR HORY ARAE EhtrafRUY BphER ityife epBRP st bhéoe SOl

co- condens novol ac resins, biphenyl-nodified phenol = resins (nultival ent
G oup) . - BOAPHE Sbe Bttt BASHHox e W by A GiThEfMbnallt AREBIYTS ncs
i ot 11 ABH SR AT RGFPSFHE SHIREDSHE PO GPBREBERAE i n whi ch
phenol nuclei are connected by nel am ne or benzoguanam ne), or the phenol
resi 10( B'typacpeay resin, phendlyellyl typs eporsunpinsiaphtel-povolaciype pRoxyTES BNt
nventio nn-apht*holaralkyl type epoxy resin, naphthol-phenol co-condensed novolac type epoxy
resin, naphthol-cresol co-condensed novolac type epoxy resin, aromatic hydrocarbon
formaldehyde resin-modified phenol resin type epoxy resin, or biphenyl-modified
novelac type epoxy resin,  Among these epoxy resins, the tetramethyl biphenyl type
15  epoxy resin, biphenylaralkyl type epoxy resin or novolac type epoxy resin are preferably
used particularly in that the cured article having excellent flame retardancy can be
obtained.
[0064]
As the curing agent.(B) used in epoxy resin composition (1) of the present
20  invention, there may be used various kinds of known curing agents for epoxy resins, for
example, curing agents such as amine-based compounds, amide-based compounds, acid
anhydride-based compounds, or phenol-based compounds. Specifically, examples of the
~ amine-based compounds may include diaminodiphenylmethane, diethylenetriamine,

triethylenetetramine, diaminodiphenyl sulfone, isophoronediamine, imidazoles,

25  BF;-amine complexes, or guanidine derivatives, examples of the amide-based




[ 0065] Anong these, particularly the conpounds containing many aromatic
skeletons 20 in the nolecule are preferable fromthe aspect of flane
retardancy effect, and specifically preferred are phenol novol ac resins,
cresol novol ac resins, aromatic hydrocarbon fornal dehyde resin-nodified
phenol resins, phenol aral kyl resins, p&phthol aral kyl resins, naphthol
novol ac resins, naphthol-phenol co-condensed novol ac resins, naphthol-cresol
co- condeemsapbunds tiayinaleds CEsyandiapném vt polyarnideaesip sybesizeddtome a dimer of

bi phenyl - nodi fi ed 25 naphthol resins, or am notriazine-nodified phenol

resins, TRislenit Bcidangd etiylepbdignaie, bmtplé%fthé adie anleydeidedased copdpotnds | n the
present invention, homever t he phenol aral kyl resins and the phenol resin

(B') use aﬁﬁ!fdrm CRMRIG [ ferabl e
si nce flgln%“%cq%t ar dancy S Sel gni fi c‘%alén&ti’l gl/ﬁaeén?ancedegi}l% ag%cg{dl%%’?egcl el ectric

e A R 2.
curiny apsHy Yh%@)c ‘#“gy&?‘éﬁ‘@“ﬁy@@ phthalig %én?rsmffg{’]l l'fxé'ép(ﬁ“&ﬁgéﬁlgcpof 10 t he
total epoxy group in the epoxy resin containing the epoxy resin (A) since

t he cur eanhydride,exemples ofjthephemal thasédocompouodsemay gwlude@ddtyalenighenolanot her
epoxy resin conposition (I1) of the present invention essentially

conpri segompsunds Schi 28 Hle) dvGolaé Ring@E0l novAadresiBs, Jarbtamidlgydiocatonct ure in
whi ch the 15 napht hal ene structure is bonded with another arylene structure

ngﬁtjﬁgl gir?]lg‘aféi%ér trgérlg rﬂé% éﬁ&ﬁ%ﬁéﬁbﬁemﬂy "HE/cldpenBifAB bhénol idutt tybOFBldsg t he
phenolaralkyl resins, naphtholaralkyl resins, trimethylolmethane resins,

10 tetraphenylolethane resins, naphthol novolac resins, naphthol-phenol co-condensed
novolac resins, naphthol-cresol co-condensed novolac resins, biphenyl-modified phenol
resins (multivalent phenol compounds in which phenol nuclei are connected by
bismethylene group), biphenyl-modified naphthol resins  (multivalent naphthol
compounds in which phenol nuclei are connected by bismethylene group), or

15  aminotriazine-modified phenol résins (multivalent phenol compounds in which phenol
nuclei are connected by melamine or benzoguanamine), or the phenol resin (B’) used in
the epoxy resin composition (II) of the present invention.

[0065]
Among these, particularly the compounds bontaining many aromatic skeletons

20  in the molecule are preferable from the aspect of flame retardancy effect, and specifically
preferred are phenol novolac resins, cresol novolac resins, aromatic hydrocarbon
formaldehyde resin-modified phenol resins, phenolaralkyl resins, naphtholaralkyl resins,
naphthol novolac resins, naphthol-phenocl co-condensed novolac resins, naphthol-cresol

co-condensed novolac resins, biphenyl-modified phenol resins, biphenyl-modified

25  naphthol resins, or aminotriazine-modified phenol resins, from the aspect of excellent



arylene structure per nolecule is from2 to 8, and the aromatic nucl eus has
a phenol hydroxyl group as a substituent, and the epoxy resin (A ). [0069]
20 Here, since the phenol resin (B') has a polyaryl eneoxy structure in which
the naphthal ene structure in the nolecule of the epoxy resin is bonded with
anot her arylene structure through anogxygen atom like in the epoxy resin
(A), char formation at the conbustion of the cured article is accel erated
so as to fleresdanexcel l ent flame retardancy as well as good heat

resi stance of the cured article. The total nunber of aromatic nuclei 25 per
nol ecule is frgykg]to 8 and preferably from3 to 6, which results in
excellent fluidity 28 as well. [0070] Here, the naphthal ene structure

form ng the ph Lo (B) ' r8sl , i de a
napht hal ene st %Q{eﬁr%%hgl\l}i(%bgoﬁ %@%ei’gﬁ %&Eegﬁ‘éf%‘&qgégg‘? aﬁ‘)(()inﬂs1 oengir:&' “oxy
t he papht hal ene. structure al so hgve an p having |

group, and, | kyl grou

to 4 car(ﬁowsa@ QFPW&?S@@H‘P%EIH?(@BHW“MXP ?’a@reéé’ﬁ?q'&“ﬁropyl gr oup,
or a t-butyl group, or a phenyl group on the aromatic rings thereof, in
addi t Bon retardaney issignificanfly ephancedband exiceldant dietectrinpropertyf ismamifgsted: of sai d
phenol resin (B'), the naphthal ene structure is preferable to have 2 bondi ng
positions to afo@syy group, specifically in which the position 10 of bonding
to an oxy group is preferably 1,3-position, 1,6-position, 1,7-position,

1, 8-position, Jax il WH’H’I? | 164G+ ition or

2, 7-position i ghé;g?@?ientreg%&guﬁ%fﬁnh‘tzﬁe s%ect: gﬁgﬁﬁe@ﬁggwgr&gﬁoduct I on,
and 2, 7-pgsition is nore ref.erable fromthe a t of, an .excel | ent. bal ance
bet ween FPORUTEY oRpORign ioLthe s invenbon iy pieteryily sich Rt e ERWH o eny

ot her than the oxy group on the aromatic nucleus, .it is 15 preferable that

t he naphtthepdive gequpyn the @uingagay (B)isfrem Osh tor Ly equivalenigperd savivalant gf oup or

10  the total epoxy group in the epoxy resin containing the epoxy resin (A) since the cured
article has good mechanical properties.

[0068]
Next, another epoxy resin composition (II) of the present invention essentially
comprises, as described above, the phenol resin (B’) having a structure in which the

15  naphthalene structure is bonded with another arylene structure through an oxygen atom,
the total number of aromatic nuclei forming the naphthalene structure and the other
arylene structure per molecule is from 2 to 8, and the aromatic nucleus has a phenol
hydroxyl group as a substituent, and the epoxy resin (A’).

[0069]

20 Here, since the phenol resin (B’) has a polyaryleneoxy structure in which the
naphthalene structure in the molecule of the epoxy resin is bonded with another arylene
structure through an oxygen atom, like in the epoxy resin (A), char formation at the
combustion of the cured article is accelerated so as to manifest excellent flame retardancy
as well as good heat resistance of the cured article. The total number of aromatic nuclei

25  permolecule is from 2 to 8 and preferably from 3 to 6, which results in excellent fluidity



a phenyl group substituent, and particularly preferred that the naphthal ene
structure has no such substituent fromthe aspect of flanme retardancy.
[0071] The phenol resin (B') may forma nol ecul ar structure in which a
plurality of 20 naphthal ene structures forma direct bonding. [0072]
Meanwhi l e, in the phenol resin (B ), tige other arylene structure bonded with
the naphthal ene structure through an oxygen atom nay include the

napht hal eseveBlt ruct ure and phenyl ene structure. Here, the phenyl ene
structure may include one having 2 or 3 25 bonding positions to an oxy
group, and may[#Eo§ an al kyl group having 1 to 4 carbon 29 aton(s) such as
a nethyl group, an ethyl group, a propyl group, or a t-butyl group, or a

Fovever o 1t onticha Beiifeldie o R the pHohfl i BIPHLLRe EBGT T 1ot v e
phenylem% structure t]ain ondi n sitions .08 rogis

osin [AY: iy Enclidled rstenali sy having Tim 210 3boBithe BB Gisn
B;:; Z;ZE: y 1,3 -position, 1,4-position or v}lp,éS- posi tion, éXhlg\/_vevgr, t9

1, 3- pési toxyEreup, prdthe naphthalenessiiuchise may alse have amalkykgravns Baving bivdiuct i on.

Further, regarding a substituent on the aromatic nucl eus of the other

aryl ene sarbontatong(s) suchias a methfleraly, an ethyt giolp, aprppelingrosp,osattdueyl Igeapnpo such
substituent or has a nethyl group or phenyl group substituent, and

parti cul gk hyyhexy iofdupash the BfonidiR ritigy HRAGTShad&itieh o BRDXPréupt h Hewever,

substituent, particularly fromthe aspect of flanme retardancy. It is

provi ded real; »UE, | I .he
above- degﬁg‘éﬁ%éﬂfﬂ%é’fﬁé h@‘?ﬁ)} gés{nfu@g)#]d%t %ﬂ?hgga%égts%‘%ﬂ?ltlgne ret ar dancy.
[0073] - EBiEigblea e 2 bOhdinP DSRE0ns iS5 Bl Bk speBHELIE) ARk FolbA" ©

10  of bonding to an oxy group is preferably 1,3-position, 1,6-position, 1,7-position,

1,8-position, 2,3-position, or 2,7-position. Ameong these, 1,6-position or 2,7-position is
preferable from the aspect of an easiness for production, and 2,7-position is more
preferable from the aspect of an excellent balance between fluidity and flame retardancy.
Further, regarding a substituent other than the oxy group on the aromatic nucleus, it is
15  preferable that the naphthalene structure has no such substituent or has a methyl group or
a phenyl group substituent, and particularly preferred that the naphthalene structure has
no such substituent from the aspect of flame retardancy.
[0071]
The phenol resin (B’) may form a molecular structure in which a plurality of
20  naphthalene structures form a direct bonding,
{0072]
Meanwhile, in the phenol resin (B’), the ofher arylene structure bonded with the
naphthalene structure through an oxygen atom may include the naphthalene structure and
phenylene structure..  Here, the phenylene structure may include one having 2 or 3

25  bonding positions to an oxy group, and may have an alkyl group having 1 to 4 carbon



15 follow ng general fornmula (2) fromthe aspect of flane retardancy. In
this case, the correspondi ng phenol resin (B') is a novel phenol resin of
the present invention. [0074] [Chemical Formula 13] R3 Ro4Ar-o 10 4 "I'
General Formula (2) 2 20 In the general formula (2), each Ar represents

I ndependent|ly a napht hyl ene group, a 2%henyl ene group, or a naphthyl ene
group or a phenylene group having an G al kyl . group or a phenyl group as

a subst i tateen(s) sushak aRethy greups an sthyhgropp,redmmapylhgreur or a bputyd grompadram or  an
Cl4 al kyl group; n and meach represent an integer of fromO to 2, and at

| east oneghehyl prépcomihe arcmatc rijige Meeéof, Ik the pigakdére strubige, glisvevad om or  an
aromati ¢ hydrocarbon group containing a hydroxyl group represented by the

Lo oo e NS f st P B b O oners
repen g RoRR A e BB Ry S Ben SR ST o
a subgti tol;c?ngtrc;)uppmgf é Sl'sc%\erll';[il?ly???: -Ii)(glsgtieo%?r I?J-positiorn c321" 1,5-position, however,
1,3-position is preferable from the aspect of an easiness of production. Further,
regarding a substituent on the aromatic nucleus of the other arylene structure, it is
preferable that the arylene structure has no such substituent or has a methyl group or
phenyl group substituent, and particularly preferred that the arylene structure has no such
10 sﬁbstituent, particularly from the aspect of flame retardancy. It is provided that such
another arylene structure is preferably the above-described naphthalene structure, from
the aspect of flame retardancy.
[0073]
Specifically, this phenol resin (B’) is preferably a structure represented by the
15 following general formula (2) from the aspect of flame retardancy. In this case, the
corresponding phenol resin (B’) is a novel phenol resin of the present invention.

[0074]

[Chemical Formula 13]

General Formula (2)

20 In the general formula (2), each Ar represents independently a naphthylene
group, a phenylene group, or a naphthylene group or a phenylene group having an C, 4

alkyl group or a phenyl group as a substituent; cach R? represents independently a

t




[0076] In the phenol resin (B') represented by the general formula (2), as
descri bed. above, the position of bonding to an oxy group in the naphthal ene
structure is preferably 1,6-position or 2,7-position, and, when the other
arylene structure is the phenylene group, 15 the position of bonding to an
oxy group in the phenylene structure i3 preferably 1,3-position, and in the
general fornmula (2), R2 is preferably a hydrogen atom Accordingly, the
phenol r dydregéBatpm er aurGicalkyligyoup; oong oueathregresentan integoy of fremfldb 2owi ng
structural formula P-1 to P-17 in which the position of bonding to an oxy
group i nahbet leiphé bith enensis e igrdacer R fepfes@ns b hiydroger?ftofn0dt Afjarorhdtiveni cal
Formula 15] 31 H' ' \/ 2 CLH~ p.3 WP H\/ \I\l' PAP5HH h/AOqg-7H
HH\! P}9droarbon group containing a hydroxyl group represented by the following general
formula (2-2).
5 [0075]

[Chemical Formula 14]

OH
I General Formula (2-2)
Ar——H |
. P

in the general formula (2-2), each Ar represents independently a naphthylene

group, a phenylene group, or a naphthylene group or a phenylene group having an C;4
10  alkyl group or a phenyl group as a substituent; p represents an integer of 1 or 2.

[0076]

In the phenol resin (B’) represented by the general formula (2), as described
above, the position of bonding to an oxy group in the naphthalene structure is preferably
1,6-position or 2,7-position, and, when the other arylene structure is the phenylene group,

15  the position of bonding to an oxy group in the phenylene structure is preferably
1,3-position, and in the general formula (2), R2is preferably a hydrogen atom.
Accordingly, the phenol resin (B’) is preferably a compound represented by the following
structural formula P-1 to P-17 in which the position of bonding to an oxy group in the
naphthalene structure is 1,6-position,

20 ' [0077]

[Chemical Formula 15]



H [0078] [Chemical Fornmula 16] 32 H\ /\ \! \! pi1\/ \/ ~/ /\ pl2 HH
P74 \! NHpl6 HN HNP-17 [0079] Next, for exanple, the phenol resin
(B") in which the position of bonding to an 5 oxy group is 2,7-position nmay
be conpounds represented by the followi ng structural formulas P-18 to P-25
may be nentioned. [0080] [Chemcal F@ula 17] 33 HI H r I r r I r r P18
l r P-18 Hr °

[0078)

[Chemical Formula 16]



~r 1rr Hl~rl Hrl HI r 1 r P-201 r I r P22 Hr I~rl (~~Hr 1~
rl ~~ ~r rrrrr [0081] [Chemcal Formula 18] H Ir HA | | r r P-22
r( 1 HP-23 rrr Ir Irlr Hr | 1 %Il ~Hr)rlrrlrr Rfi rrororr
5 [0082] The phenol resin (B') may be used individually as each of the
conmpounds, or as a mxture of a plurd@2ty of the conpounds. [0083] As
descri bed above, it is preferable that the phenol resin (B') specifically 10
descri bed abaowge has a str ure in which a naphthal ene structure i s bonded
wi t h anot her Zraphj - ucture 't hroug 0" si nce the cured
article thereﬁ‘V' R | s WA v Qs better heat

resi st ance. ; ' 2T N

[0079]

Next, for example, the phenol resin (B’) in which the position of bonding to an
5  oxy group is 2,7-position may be compounds represented by the following structural
formulas P-18 to P-25 may be mentioned.
[0080]

[Chemical Formula 17]



maybe represented by, for exanple, the follow ng general fornmula (4).

[0084] [Chem cal Formula 19] ita g R3 HOOR= R= CGeneral Forrmula (4) 5 In
the general fornula (4), each R2 represents independently a hydrogen atom or
an C 4 al kyl group; n and meach represent an integer of fromO to 2, and at
| east one of n and mis 1 or greater;33R3 represents a hydrogen atom or the
fol l owi ng general fornula 10 (4-2), provided that the total nunber of

aromatic nuclei in the general fornula (4) om 2 to 8, and the position

of bondin ove general fornula (4) may
be any of [ 0085] [Che(r!n cal Formul a
20] (51: each R2 repr &¥nt s

|ndependently a hydrogen atom or an G _4 al
integer of 1 or 2. ~ 35

represents an

[0081]

[Chemical Formula 18]

5 [0082])
The phenol resin (B’) may be used individually as each of the compounds, or as
a mixture of a plurality of the compounds.
[0083]
As described above, it is preferable that the phenol resin (B’) specifically
10  described above has a structure in which a naphthalene structure is bonded with another
naphthalene structure through an oxygen atom since the cured article thereof has much

better flame retardancy as well as better heat resistance. ~Specifically, this phenol resin



[0086] In the above general formula (4), RZ is preferably a hydrogen atom
and specific exanples thereof may include conpounds of the above structural
formula P-1 to P-21. [0087] 5 The phenol resin (B) can be obtained, for
exanple, by reacting a nmultival ent hydroxynaphthal ene such as 2-val ence to
4-val ence or a mxture of nmultival ent 34hydr oxynapht hal enes such as 2-val ence
to 4-valence with nultival ent hydroxybenzenes such as 2-valence to

3- val encenaybet rieprependesiby; foradxamplea thedoliawing gsneralfotnulads). r epeat edl y
extracting a | ow nol ecul ar wei ght product with an organic solvent. However,
it is 10 prefe[gigag in the present invention a method of obtaining the
phenol resin in which the phenol resin is synthesized by reacting

di functi gewggf&hﬂifgthe presence of a basic catalyst, that is,
synt hesi Zzed by Process ﬂ in the nmethod for synthesizing the epoxy resin(A)
as descri bed above, fromthe aspect of excellent productivity. [0088] 15
Since the phenol resin (B') thus-obtained is comonly obtained as a m xture
of conpounds of each structure as described above, the phenol resin (B') in
the present invention may be used as being sugg a mxture. Mreover, the
reaction product contains difunctional phenolg whi.ch are a raw corrponent
Therefore, the phenol resin (B) of the pre i nvention may be used as a
m xture containing this raw conp eﬁ d%ﬂ as "mxture (0)"

h

her ei n bel ow). s in the mxture (0)
is preferably ' drenent by GPC, from the
H20S | t| on. [0089] The phenol resin

aspect of w i b0 g
(B") specifica L4 2te)e laor/:g is preferred in which an 25 hydroxyl
equivalent in the=pwxtR% ([3) BS in a range of 5Q,t0 0 g.,. n that the
obt ai ned R? Génlral BOfmi a4

5

In the general formula (4), each R® represeﬁts independently a hydrogen atom or
an C;4 alkyl group; n and m each represent an integer of from 0 to 2, and at least one of n
and mis 1 or greater; R® represents a hydrogen atom or the following general formula
10 (4-2), provided that the total number of aromatic nuclei in the general formula (4) is from
2 to 8, and the position of bonding to the naphthalene skeleton in the above general

formula (4) may be any of two rings forming the naphthalene ring:

[0085]
[Chemical Formula 20}
OH
AN General Formula (4-2)

AR

Rr2 Rz p

H

15

in which each R? represents independently a hydrogen atom or an C,.4 alkyl group; and p

represents an integer of 1 or 2.



A 36 phenol resin has good fluidity, the epoxy resin conposition excellent
can be obtained by curability and the cured article which is nolded is
excellent in heat resistance. [0090] 1In the epoxy resin conposition (I1) of
the present invention, the phenol resin 5 (B') or the mxture ((3) may be
used al one as a curing agent for the gggxy resin (A"), or may be used in
conbi nation with another curing agent far as the effects of the present
i nvention are gﬁbﬂﬂeteriorated. Speci fically, another curing agent can be
used in a rang ere the amount of the phenol resin (B') with respect to
the total weight of the curin agents,is preferably not smaller than 30
wei ght % and paihs sboveeeerpldormula (Pek’ wwa#fm&ly a@%&s@rﬂtm andgpeetfic Anot her
curing agents which can be conmbined with the phenol resin (B') are not
parti cul agxamplesrhereaf hajt ingludepbmpouride o€ the abayve stnsturalcformulad-btosR21 conpounds,
am de- based conpounds, acid anhydri de-based conpounds, phenol - based
conpounds 15 otfpeg7jt han the phenol resin (B ), multivalent phenol conpounds
such as am notriazine-nodified phenol resins (nultival ent phenol conpounds
i n whisch phenol i it el ani : I ne) .
[0092]5C Anong {ﬂgggﬁhpfg ef%ﬁ?ggggéﬁ%ﬁ%%b r%%v 1%28?E§P%§,%@@gg§ﬁﬂhovolac
resins, 20 aromatic hydrocarhon, for dehyde resin-nodified enol resins,
phenol ar ;lmgmxyp@%t}tﬁfggﬁ/e Tap At Frlencs @ - ﬁgliqer?§ a ’Wéﬁﬂ? ﬂgﬁnuh’(ﬁbﬁgc resins,
napht hol - phenol co-condensed novol ac resins, naphthol -cresol co-condensed
novol ac riserexynaphthalensssuethes 3-valangstie Aovalanse with mulfvametiydroxybenzenes napht hol
resins, or am notriazine-nodified phenol resins, fromthe

such as 2-valence to 3-valence in the presence of an acid catalyst, and then repeatedly

extracting a low molecular weight product with an organic solvent. However, it is

10 preferable in the present invention a method of obtaining the phenol resin in which the
phenol resin is synthesized by reacting difunctional phenols in the presence of a basic
catalyst, that is, synthesized by Process 1 in the method for synthesizing the epoxy
resin(A) as described above, from the aspect of excellent productivity.

[0088]

15 Since the phenol resin (B’) thus-obtained is commonly obtained as a mixture of
compounds of each structure as described above, the phenol resin (B’) in the present
invention may be used as being such a mixture. = Moreover, the reaction product
contains difunctional phenols which are a raw component. Therefore, the pheno! resin
(B’) of the present invention may be used as a mixture containing this raw component

20  (referred to as “mixture (B)” herein below). The content of the difunctional phenols in
the mixture (B) is preferably 5 to 80% as an area ratio in the measurement by GPC, from
the aspect of fluidity of the epoxy resin composition.

[0089]
The phenol resin (B’) specifically described above is preferred in which an

25  hydroxyl equivalent in the mixture (B) is in a range of 50 to 350g/eq. in that the obtained



aspect of excellent flame retardancy, and particularly, it is preferable to -
use conpounds 25 such as phenol resins of high aromaticity or a high

hydr oxyl group equi val ent such as the » 37 phenol aral kyl resins, the
napht hol aral kyl resins, the biphenyl-nodified phenol resins, or the

bi phenyl - nodi fi ed napht hol resins, or I not ri azi ne-nodi fi ed phenol resins
containing a nitrogen atom in that t obt ai ned cured article has excellent
flame r | &l L4 Xy resin
(A) usegﬁllfgr} t %ng% @@@ﬁﬁﬁ&%&??&%&@ sgt%%?e%elr%fé%ne%tsoqt%@en 1 on,
exanpl es t her,gof I ncl ude, bi,.sphenol 1ype XYy, resi.n, _bi sphenol F type
epoxy resTH? ﬂg'iyﬁ’ﬂg% °"Lr9‘i)@%81p?d¥<l§7‘ @sf??‘}d% 'éteg&ﬂ'@gﬁ%%‘eﬁﬁ ISFISBOFE- t ype epoxy
resin, phenol novol ac type epoxy resin, cresol novolac type epoxy resin,

bi sphenol A no@P¥Y 10 type epoxy resin, triphenyl nethane type epoxy resin,
tetraphenyl et hane type epoxy resin, dicyclopentadi ene-phenol addition
reacti on type dpdheeporyiresin phmpasitiors(B pf theypresentiaxgntionethiephendpésithol - novol ac
type epoxy resin, naphthol aral kyl type epoxy resin, naphthol-phenol

co- condengeylof gy alittard Qﬁ?_ﬁhzﬁﬂfé)@éed Sohéas i‘é%B{Hgfhg-Enmﬁﬁﬁ'ep_Sﬂr fesindansed novol ac
type epoxy Tesin, aronafic hydrocarbon formal dehyde resin-nodified phenol 15

eSin 1Y DG, ROt ShilbinBlioP WA SAYh T QR A6l 4R P SRUYAEN dhendlRERG: POXY

resins my e use y Oor 1n ure or nore ereof .

[0094] Anong. these epoxy resins, the biphenyl type epoxy resi.n, naphthal ene
ype " epoRyTOBiEFE MOIHBIBORE. k,Sera BB et cusnk SE G P FSed0 BFEEet y pe
epoxy resin or 20 xanthene type epoxg resin are preferred fromthe aspect of
excel | entwhéra the arequat dbihephem resin €32 wiithirespgetdp dhe tptal weight of the curing

agents is preferably not smaller than 30 weight %, and particularly not smaller than 40

10 weight %.

[0091]

Another curing agents which can be combined with the phenol resin (B’) are not
particularly limited but examples thereof may include amine-based compounds,
amide-based compounds, acid anhydride-based compounds, phenol-based compounds

15 other than the phenol resin (B”), multivalent phenol compounds such as
aminotriazine-modified phenol resins (multivalent phenol compounds in which phenol
nuclei are connected with melamine or benzoguanamine).

[0092]

Among these, preferable are phenol novolac resins, cresol novolac resins,

20  aromatic hydrocarbon formaldehyde resin-modified phenol resins, phenolaralkyl resins,
naphtholaralkyl resins, naphthol novolac resins, naphthol-phenol co-condensed novolac
resins, naphthol-cresol co-condensed novolac resins, biphenyl-modified phenol resins,
biphenyl-modified naphthol resins, or aminotriazine-modified phenol resins, from the
aspect of excellent flame retardancy, and particularly, it is preferable to use compounds

25  such as phenol resins of high aromaticity or a high hydroxyl group equivalent such as the



[ 0095] The conbi ned anount of the phenol resin (B) and the curing agent in
the epoxy resin conposition (Il) of the present invention is not
particularly limted and is preferably 25 such that the amobunt of the active
group in the curing agent containing the phenol resin 38 (B') is fromO0.7
to 1.5 equivalents per 1 equival ent of she total epoxy groups in the epoxy
resin (A') since the cured article to %e obt ai ned has good nechani cal

properti egpenbfiPs 1_rﬁ§iftishg§€#%4ph%1arﬁia§1i redad e biﬁh&ﬁ[-hﬂﬂ‘i??&ﬂkﬂél%ﬁﬁs BRY be

l 2
properly conbi ned | epoxy resin conposition (I of the present

I nvention 1 QUS Kl f ri ars .and exanpl es of
such a cUFF¥§ﬁ%§§%W8§@@§Pgﬁg@ﬁfﬁgﬁﬁgg&%hﬁggkﬁgﬂ?ggﬁgg8%%%%%%%%3, tertiary

am nes, imdazoles, organic acjd metal salts, Lewis acids,_ or am ne conplex
sal t's. WheSNZEEg amitrogenatom dia it dhe,pbtainedpued aticieansresiica flamg pe curing
accelerator is preferably a phosphorous-based conpound such as triphenyl 10
phosphi neretardangytand dicdeoyriapiopertsuch as 1, 8- bi cycl o-[ 5. 4. 0] - undecene ( DBU)
fromthe aspect of excellence in curability, heat resistance, electrical
properjies, reljoab3yity in humdity resistance, etc. [0097] In the epoxy
resin conposition (1) and (I1) of the present invention specifically 15

d | bed ab h o e & : ' lent fl
et ar dancy acoor it e Ry e (8 IR BIpE iRy ety coBOHBOINDTIRR (0T

epoxy resin or.the.curing,agent. and thus.. fla etardancy. of. t.he cured

or e ol e bR EvaRiGH cielsd B Rar RS el Pk FORE i iRl

previously used in the art. However, in order to manifest nmuch higher flanme

retar dancé,tmecﬁ)o&((’éﬁﬁﬁs bzphanﬂdmmozsgWl%m%yg@mlémwxmm 20 does

not substantially contain hal ogen atons may be conbined in a range where
phenol novolac type epoxy resin, cresol novolac type epoxy resin, bisphenol A novolac

10  type epoxy resin, triphenylmethane type epoxy resin, tetraphenylethane type epoxy resin,
dicyclopentadiene-phenol addition reaction type epoxy resin, phenolaralkyl type epoxy
resin, naphthol-novolac type epoxy resin, naphtholaralkyl type epoxy resin,
naphthol-phenol co-condensed novolac type epoxy resin, naphthol-cresol co-condensed
novolac type epoxy resin, aromatic hydrocarbon formaldehyde resin-modified phenol

15  resin type epoxy resin, or biphenyl novolac type epoxy resin.  These epoxy resins may
be used individually or in a mixture of 2 or more thereof.

[0094]
Among these epoxy resins, the biphenyl type epoxy resin, naphthalene type
epoxy resin, phenolaralkyl type epoxy resin, biphenyl novolac type epoxy resin or

20  xanthene type epoxy resin are preferred from the aspect of excellent flame retardancy and
dielectric property.

[0095]
The combined amount of the phenol resin (B’) and the curing agent in the epoxy
resin composition (II) of the present invention is not particularly limited and is preferably

25  such that the amount of the active group in the curing agent containing the phenol resin



nol dability in a encapsul ating process or reliability of sem conductor
devices in the field of a sem conductor encapsulating material can be kept.
[ 0098] The epoxy resin conposition conbined with this non-hal ogen-based
flame 25 retardant does not substantially contain hal ogen atons, but, for
exanpl e, may contain * 39 hal ogen aton38of about at nobst 5000 ppmas trace
impurity derived fromthe epihal ohydrin contained in the epoxy resin.

[0099] ~ Th hisdiam AdrtoHat @g@?ﬂgﬁ%m Irequinalent obthg detal epeyy igravps dethe epoxy
exanple, a 5 phosphorus-based flane retardant, a nitrogen-based fl ane

ret ar dant , resingAl)i sirme-thacedd artialeto ibe bbtaiteed thas gmbd mechpaivalprbpaties.r et ar dant, an
organonetallic flanme retardant and so on, and the use thereof is not
limted, in whigpoodese flame retardants may be used individually, or in a
plurality of the sarne type flarre retardants or in conbination of the

R T L ittt Sy

retardant, either |norgh |c p ds S Or orga us conpounds may
be used. As the I, nor gani ¢ nds, for exarrpl hor ous, anmmoni um
phosphat es RO eIy %ﬂ%}ﬂ%ﬁ?ﬁﬁg tﬁ?sé“tlgmpum Wgﬂﬁ‘fg“t‘g‘sﬁflﬁ%y c, anmoni um
phosphate tribasic, ammoni um phosphate, 15 inorganic

ni t rogen- cmplarammgiadm%@sdgmplaso%ﬂwge cmmkeeatmpaﬂomchded [0101]
The red-phosphorous is preferably one that is subject to surface treatnent
for the pphigsplece-takedromymunds) gertizgraniyes, Anidazbles) organicawill metabsaltetllewds of t he

surface treatnent,
acids, or amine complex salts. When used for a semiconductor-encapsulating material,
the curing accelerator is preferably a phosphorous-based compound such as triphenyl
10  phosphine, or a tertiary amine such as 1,8-bicyclo-[5.4.0]-undecene (DBU) from the
aspect of excellence in curability, heat resistance, electrical properties, reliability in
humidity resistance, etc.
[0097]
In the epoxy resin composition (I) and (IT) of the present invention specifically
15  described above, the resin itéelf has an effect of imparting excellent flame retardancy
according to selecting the molecular structure thereof for the epoxy resin or the curing
agent, and thus, flame retardancy of the cured article becomes excellent even without
combining flame retardants previously used in the art. However, in order to manifest
much higher flame retardancy, for example, a non-halogen-based flame retardant which
.20 does not substantially contain halogen atoms may be combined in a range where
moldébility in a encapsulating process or reliability of semiconductor devices in the field
of a semiconductor encapsulating material can be kept.
[0098]

The epoxy resin composition combined with this non-halogen-based flame

25  retardant does not substantially contain halogen atoms, but, for example, may contain



o - S
there may be nentioned, for exanple, (i) a nethod in which red phosphorus is
coated 20 with a filmof an inorganic conpound such as magnesi um hydr oxi de,
al um num hydroxi de, zinc hydroxide, titanium hydroxide, bisnmuth hydroxide,
bi snmuth nitrate, or a mxture thereof, (ii) a nethod in which red
phosphorus is coated with a filmof a gixture of an inorganic conpound such
as magnesi um hydr oxi de, al um num hydroxi de, zinc hydroxide, or titanium

nydr oxi deyhdh dlorhbB SHRRFAhG SOBPbtn o8 Riled kit PdRI brd the?3 Whi ch red

phosphorus 1'S coated w t an 1 norgani ¢ conpound such as 40

magnesi um_hydr.oxj de L. umd.num hydr oxi de, zinc hydroxide, titani um hydroxide,

and t hen%ﬂ?@ﬁi%%&?ﬂlpﬁi‘% thEPHbset ti ng resin thereon. [0102] The

above organic phosghorus conmpounds may include, for exanple, widely 5 used

organic phosphoﬁ@gjkonpounds such as phosphate ester conpounds, phosphonic

aci d compounds, phosphinic acid conpounds, phosphi ne oxi de conpounds,

phosphor ane cohipoahoste nonhaloggerhased flamea omeayintludg, fonesphpless conpounds,

or cyclic organic phosphorus conpounds such as

9, 10- d§ hyglisspRorQx-bastad-flahfsietandng aaiihe @hcbas &l Bachélfgardant, a silicon-based

10- (2, 5- di hydr ooxyphenyl ) - 10+ 9- oxa- | 0- phosphaphenat hr ene-1 0- oxi des, or 10

10- (2, 7- di a : l.Q- : akQn@%h des, or a
e e R A S b S T i

derivative IS O romreacting a conmpound such as
epoxy resin or henol resin.,.[0103] ..The amjunt of {he non-hal ogen-based
flame ret 8’?’&3%1“{)‘6933'3“8%@5}1%‘&3{’3?8@Wbﬁﬁﬁ'gﬁsg'f‘%msé?'ﬁ@tﬁﬁ'& mac r‘fff"ﬂg to the

ki nd of the phosphorus-based f|anme retardant, other conponents of the epoxy
resin conjrdividyally, orin g plwalityrof dheramedppolame egigrdants ar incompinatiqn of they

exanpl e, when red- phosphorus is used as the non-hal ogen-based fl ane
r et ar dant diffetent type flame retardants.

10 [0100]

As the phosphorus-based flame retardant, éither inorganic phosphorus or organic
phosphorus compounds may be used.  As the inorganic compounds, for example,
red-phosphorous, ammonium phosphates such as ammonium phosphate, ammonium
phosphate dibasic, ammonium phosphate tribasic, or poly ammonium phosphate,

15  inorganic nitrogen-containing compounds such as amide phosphate may be used.

[o101]

The red-phosphorous is preferably one that is subject to surface treatment for the
pﬁrpbse of preventing hydrolysis and so on, and as a method of the surface treatment,
there may be mentioned, for example, (i) a method in which red phosphorus is coated

20  with a film of an inorganic compound such as magnesium hydroxide, aluminum
hydroxide, zinc hydroxide, titanium hydroxide, bismuth hydroxide, bismuth nitrate, or a
mixture thereof, (ii} a method in which red phosphorus is coated with a film of a mixture
of an inorganic compound such as magnesium hydroxide, aluminum hydroxide, zinc
hydroxide, or titanium hydroxide with a thermosetting resin, and (iii) a method in

25  which red phosphorus is coated with a film of an inorganic compound such as



Is preferably in a range of 0.1 to 2.0 parts by weight in 100 parts by

wei ght of the epoxy resin conmposition (1) or (Il) in which all of the epoxy
resin, the curing agent, the 20 non-hal ogen-based fl ane retardant and ot her
filler or additives are conbi ned, and when the organi c phosphorus conpounds
are used, it is preferably in a range 0400.1 to 10.0 parts by wei ght, and
nor e preferably in a range of 0.5 to 0 parts by weight. [0104] Wen the

above ph os@nmea@nbmwdmﬂmmmmldq, glmélé’dfoxkﬁﬁd?l@!lm hydroxidgsngagnesi um
hydr oxi de, boron conpounds, zirconium oxide, black dyes, calcium” 41

car bonate,thmwdt@withhriﬂmmﬂtbﬂwdmming)resmahmm.car bon may be conbined with
the phosphorus-based flanme retardant. [0105] As the above nitrogen-based
flane retardant,[oi@z] exanple, triazine conpounds, 5 cyanuric acid
conpounds, isocyanuric acid conpounds, or phenothiazine and anong t hese,

triazine conmpou unds are
preferable. [010 abﬁ)g@{}%ain%gg@gﬁ[o” azl e&idgndﬁ%ﬁﬁéﬁa g?’%ﬁrﬂyq@ nti oned,
for ex | e 10 nel.am.ne, acetogyana e zoguanani ne, | on, el am
sacci ng’gp HEMCH W@%"Qﬂ“ﬂ g1 Hlé‘?sgﬁ? f&StEHempaynds, rlr)g SP%P?‘Quanam ne,
and for exa (1) amnotriazine sul fate corrpounds such as guanyl nel am ne

sul fate, ngmmmmds,@hommmmmdrepmppmisephqsphlpe eside spapaunls, phosphuengs of
phenol s such as phenol, cresol, xylenol, butyl phenol, or nonyl phenol, or

mel am nes comgdouads, mb@ﬁi&eﬂtrdi@nmgtmmm)mlahdxﬁs emﬁpmgids,rt&rdydw organic
f ormguanam ne, wi th formal dehyde, (iii) a mxture of the
phosphorus compounds such as 9,10-dihydro-9-oxa-10-phosphaphenathrene-10-oxides,
10-(2,5-dihydrooxyphenyl)-10H-9-0xa-10-phosphaphenathrene-10-oxides, or
10 10-(2,7-dihydrooxynaphthyl)-10H-9-0xa-10-phosphaphenathrene-10-oxides, or a
derivative which is obtained from reacting these with a compound such as epoxy resin or
phenol resin.
[0103]
The amount of the non-halogen-based flame retardant to be combined is suitably
15  selected according to the kind of the phosphorus-based flame retardant, other
components of the epoxy resin composition, and required degree of flame retardancy, and
for example, when red- phosphorus is used as the non-halogen-based flame retardant, it
is preferably in a range of 0.1 to 2.0 parts by weight in 100 parts by weight of the epoxy
resin composition (I) or (II) in which all of the epoxy resin, the curing agent, the
20  non-halogen-based flame retardant and other filler or additives are combined, and when
the organic phosphorus compounds are used, it is preferably in a range of 0.1 to 10.0
parts by weight, and more preferably in a range of 0.5 to 6.0 parts by weight.
[0104]
When the above phosphorus-based flame retardant is used, hydrotalcite,

25 magnesium hydroxide, boron compounds, zirconium oxide, black dyes, calcium



co-condensed conpounds of the above (ii) with phenol resins such as” phenol
f or mal dehyde condensed conpounds, (iv) one that the above (ii) or (iii) is
further nodified with wood oil or isomerized armani oil. [0107] 20
Specific exanples for the above cyanuric acid conmpounds may include, for
exanpl e, cyanuric acid, or nelam ne cygﬂgrate. [0108] The anpunt of the
nitrogen-based flane retardant to be c ined is suitably selected

acoor df ek Borlde AURE Al LORHBLL! UEHPa360h LhINE LEHALIaR mO! her

conponentsS 0 e epoxy resin Conposl , and requir egree of flanme
retardancy, apd for le, it 42 is preferably in a range of 0.05 to 10
parts by S@H?",“S&H'i?%m‘ﬁﬁé#a@*'abl y in arange of 0.1 to 5 parts by
weight, in 100 parts by wei ght of the epoxy resin conposition (1) or (I1)
in which all of[®fA& epoxy resin, the curing agent, the non-hal ogen-based
flame retardant and other filler or additives are conmbined. 5 [0109] Wen

t he above ni t r ogethesboeenitlogem baset] dlagenrttardant) Secexamplen tridzjmatroonipdends, or
nol ybdenum conpounds may be conbi ned together. [0110] As the above

si |'i cog- bagatlit haidRompbaidiaRRbeyadlitié 88 c@hﬂé&rﬁ@ﬁr?fh@ﬁdtﬁia%ﬂ?ﬁdcamok@ conpounds

can be used without particular limtation, and, for exanple, there may be

menti oned,;Sili.G i ol . I ubb Sili i The
anount of ﬂ}sehéé a oveec%glL qolug{i)sln_c g%f{shglg #ﬁac%%np rQ g{l%lsr’ %fg%pgc %@ac O%IL% |es
suitably sel ected according to the kind of the silicon-based flane

r et ar dant PrefRraRle- ,

[0106]

As the above triazine compounds, there may be mentioned, for example,

10  melamine, acetoguanamine, benzoguanamine, melon, melam, saccinoguanamine,
ethylenemelamine, polymelamine phosphate, or triguanamine, and for example, (i)
arninotriazine sulfate compounds such as guanylmelamine sulfate, melem sulfate, or
melam sulfate, (ii) co-condensed compounds of phenols such as phenol, cresol, xylenol,
butyl phenol, or nonyl phenol, or melamines such as melamine, benzoguanamine,

15  acetoguanamine, or formguanamine, with formaldehyde, (iii) a mixture of the
co-condensed compounds of the above (ii) with phenol resins such as phenol
formaldehyde condensed compounds, (iv) one that the above (ii) or (iii) is further
modified with wood oil or isomerized armani oil.

[0107]

20 Specific examples for the above cyanuric acid compounds may include, for

example, cyanuric acid, or melamine cyanurate.

[0108]

The amount of the nitrogen-based flame retardant to be combined is suitably
selected according to the kind of the nitrogen-based flame retardant, other components of

25  the epoxy resin composition, and required degree of flame retardancy, and for example, it



15 conponents of the epoxy resin conposition, and required degree of flanme
retardancy, and for exanple, it is preferably in a range of 0.05 to 20
parts by weight in 100 parts by weight of the epoxy resin conposition (I)
or (Il) in which all of the epoxy resin, the curing agent, the

non- hal ogen- based fl ane retardant and d2her filler or additives are

conbi ned. Wen the above silicon-based flanme retardant is used, nolybdenum
20 conpoukfcerefetablyinmiange o6 0D to thpastsiyaveighfeandonore grefenab]y ins range efbove
inorganic flanme retardant, there nay be nentioned, for exanple, netal

hydr oxi de$,1 toetaits by iwbight, indi08lpartabp erighe of theepardesinetipbsiiomd@ or (IBor on
conpounds, or lownelting point glass. 25 [0113] 43 Specific exanples for

the above jiphith Al TR pIRS rébhy, the \GiringQgertOthe BARRloRen-Bhded TakiD reMeliagKi de,

magnesi um hydr oxi de, dronite, hydrotal Cite, calcium hydroxide, barium

hydr oxi de c%théfﬁﬁ& &g@%’!&%'ﬂ& mkﬁ)llzl nC5 Speci fic exanples for the above

met al oxi es nmay in exanpl'e nol ybdat e, nol ybdenum tri oxi de,
zinc tartrate, [dl@ xi de, al um num oxi de, iron oxide, titanium oxide,
manganese oxi dej P} coni um oxi de, zinc oxide, nol ybdenum oxi de, cobalt

oxi de, bisnuth oxide, chrom um oxi de, nickel oxide, copper oxide or tungsten
oxi de. 10 [ 0115Wlepdh¢ shaye oitrogohdssaddtamdrstazdant is used,ahetaldryidooxades, @onpounds
may include, for exanple, zinc carbonate, magnesi um carbonate, cal cium

car bonat e modgtideniiin @8MmpoRisenay beghistinedogethéonat e basi ¢, al um num car bonat e,
i ron carbonate, cobalt carbonate, or
[0110]
As the above silicon-based flame retardant, silicon atom-containing organic
10  compounds can be used without particular limitation, and, for example, there may be
mentioned silicone oil, silicone rubber, or silicone resin.
[0111]
The amount of the above silicon-based flame retardant to be combined is
suitably selected according to the kind of the silicon-based flame retardant, other
15 components of the epoxy resin composition, and required degree of flame retardancy, and
for example, it is preferably in a range of 0.05 to 20 parts by weight in 100 parts by
weight of the epoxy resin composition (I) or (II) in which all of the epoxy resin, the
curing agent, the non-halogen-based flame retardant and other filler or additives are
combined. When the above silicon-based flame retardant is used, molybdenum
20  compounds, or alumina may be combined together.
[0112] |
As the above inorganic flame retardant, there may be mentioned, for example,
metal hydroxides, metal oxides, metal carbonate compounds, metal powder, boron

compounds, or low-melting point glass.

25 [0113]



titani um carbonate. 15 [0116] Specific exanples for the above netal powder
may include, for exanple, alumnum iron, titanium mnanganese, zinc,

nol ybdenum cobalt, bisnmuth, chromium nickel, copper, tungsten, or tin.
[0117] 20 Specific exanples for the above boron conpounds may include, for
exanpl e, zinc borate, zinc netaborate,4dbarium netaborate, boric acid, or
sodi um borate. [0118] Specific exanples for the above | ow nelting point

gl ass may i ncl udipecificrexamplesiiorahe gthave sastal hydroxides Siqyrincloda forf exempleed by
Bauxi te-Brown Corp.), Si O2-MO H20, 25 PbO B203, ZnO P205- MgO,

P205- B203- ftnginvi{hydreide, Ghagnesibim dtixides debntite, Agdroflafilcdtcibmiaaeskidy/ dr at ed
gl asses; or boron silicate based glasses. [0119] The anpunt of the above

I norgani c Mrﬁﬁ?h)‘tﬁ&ﬁﬂ&%?tzirmﬁ@%fmﬁ&ed is suitably selected according to

the kind of the 1 norganic tardant, other conponents of the 5 epoxy
resin conpositi B ‘ﬁnd required degree of flane retardancy, and for exanple,
it is preferabl 3 }ln a range of 0.05 to 20 parts by wei ght and nore
preferably in a range of 0,5 _ to 15 parts by weight, in 100 parts, by wei ght
of the %epoxy resinecisigepamples &r the gbaye mataljoxjdes mpyiipgludg, forgampie, &gexy resi n,
t he curing agent, the non-hal ogen-based flane retardant and other filler or
addi ti ves molybdaeholybidenuth fridxiig] zifix tamtpdte, dinf axide, labumibemexotegromoxidel | i ¢
flame retardant may include, for exanple, ferrocene, acetylacetonate netal
conpl exes, tif@higia ¢Xi®s, Manpsnese bRide)irconium oxide, zinc oxide, molybdenum oxide,
cobalt oxide, bismuth oxide, chromium oxide, nickel oxide, copper oxide or tungsten
oxide,
10 [0115]
Specific examples for the above metal carbonate compounds may include, for
example, zinc carbonate, magnesium carbonate, calcium carbonate, barium carbonate,
magnesium carbonate basic, aluminum carbonate, iron carbonate, cobalt carbonate, or
titanium carbonate.
15 [0116]
Specific examples for the above metal powder may include, for example,
aluminum, iron, titanium, manganese, zinc, molybdenum, cobalt, bismuth, chromium,
nickel, copper, tungsten, or tin.
[0117]
20 Specific examples for the above boron compounds may include, for example,
zinc borate, zinc metaborate, bariumn metaborate, boric acid, or sodium borate.
[0118]
Specific examples for the above low-melting point glass may include, for

example, glasses such as Sipri (manufactured by Bauxite-Brown Corp.), Si0,-MgO-H,0,

25 PbO-B;0s, Zn0O-P,05-MgO0, P,05-B,0;-PbO-MgO, P-Sn-O-F, PbO-V,0s-TeO; or



conpounds, cobalt organic salt conmpounds, netal sulfonic acid salts,
conpounds where netal atom and aromati c conpound or heterocyclic conpound
are bonded in an ionic 15 bonding or coordination bonding. [0121] The
anount of the above organonetallic flame retardant to be conbined is
suitably sel ected according to the kindddéf the organonetallic flane
retardant, other conponents of the epoxy _resin conposition, and required

degree of AldetlzQbaged hidspted glapses of borow gidiepe dasediglyssesor ef erably in a range

of 0.005 to 10 parts by weight in 100 parts by weight of the epoxy resin
conposition (I) [6i19)QI1) in which all of the epoxy resin, the curing agent,
t he non- hal ogen-based flane retardant and other filler or additives are

conbi ned. [ 0122]TheZmolit€ o£h aBoverifibizakio TlRAR réfafiant fo)beonibined i9buitdbB, present
i nvention may conprise an 45 inorganic filler (C if necessary. Exanples

for the ab&Ye%te{d{h%é&agiguo bihd i Iof .C}lleqﬁgrg?f}i*?glleafﬁg%ta; t Sﬁn%{’%rﬁmn{relﬂgga‘?ﬂ% i ca,

crystalline si mna, siliconn or alumnum n I'n the

application of a,sem copnductoy enc ul ati materjal, and a conductive
FPT1 er SucHPoRy Fi CapP e PR A e PR 10 AP LA
application of 5 conductive pastes. [0123] |In the present invention,

parti cul arprgferablipin a reage nf)@-ggm 20 party ter weight 4nd mere praferablyrin girangs 9f@.5a ratio
of 70 to 95 weight% in the conmposition, in addition to the epoxy resin(A

and the cutoi IScpasty bptweidght, inrl 00 partebywyighesf the epogyassihicomppsijion ) omfiBrint he 10
inorganic filler (C is further contained in a ratio of 70 to 95 weight%in

t he conposywhicRAll of tHe épBRY FdsiH) thecuiig aB&flMHe hoS-hRlobEn-Bikdd HiafheRB@rHaNt 4RSI N
(B') in the epoxy resin
other filler or additives are combined.
10 [0120]

Examples for the above organometallic flame retardant may include, for
example, ferrocene, acetylacetonate metal complexes, organometallic carbonyl
compounds, cobalt organic salt compounds, metal sulfonic acid salts, compounds where
metal atom and aromatic compound or heterocyclic compound are bonded in an ionic

15  bonding or coordination bonding.

[0121)]

The amount of the above organometallic flame retardant to be combined is
suitably selected according to the kind of the organometallic flame retardant, other
components of the epoxy resin composition, and required degree of flame retardancy, and

20  for example, it is preferably in a range of 0.005 to 10 parts by weight in 100 parts by
weight of the epoxy resin composition (I) or (II) in which all of the epoxy resin, the
curing agent, the non-halogen-based flame retardant and other filler or additives are
combined.

[0122]

25 . The epoxy resin composition (I) or (II) of the present invention may comprise an



conposition (l11), a sem conductor encapsul ating material according to the
present invention is obtained. [0124] 15 Here, the anount of the inorganic
filler (C to be conbined in the sem conductor encapsul ating materi al
according to the present invention is in the range of 70 to 95 wei ght % of
the filler per 100 parts by weight of t4f epoxy resin conposition, as

descri bed above, but anobng this range, particularly preferable in 80 to 95
wei ght % i nnomnierﬁlkeo(%ﬁamsagyf | Exaenplestfar thaabgve inorganictiller €6} mexince or

| ead- sol der crack resistance. 20 Wen the inorganic filler (C) is contained
i n the ratincludé, f8Oexampde; fused gilick) crifigllinesitigg alwnind,i silicen nitfide) or apunsihemabl y
fused silica. The fused silica maybe used in either crushed form or

spher i cal {igidBin it HippliSatRh's sk QABAA CerlchiRulbiing Hbtérad.| Ad@lochiiide s | | ca

and prevent an increase in the nelt vi sc05|ty of the nmolding material, it

Is prefer i n order
to enhanc2E¢ &%ﬁ%' Qmﬁébﬁgng H%%%%?f%%#?@pﬁﬁggah@égg#ﬁﬁgagﬁgéhpgﬁ ller is
preferably prepared such that the distribution of particle size of A 46
spheri cal ~@ndpetyeipastes.oper |y control led. [0125] A process for producing the
sem conduct or encapsul ating material of the present invention fromthe
epoxy resin conﬂﬁﬁgﬂlon (1) or (I1) may be nentioned in which each 5
conponent descri bed above and further the other additives are thoroughly

m xed by means Iathépresont inveation, atiadiarly, witdnl theinotg@id filke (APisi furtheruni f or m

m xture is obtained, to provide the epoxy resin conposition. As for nol ding

a sem Condéb(hﬁ?ﬁedﬁﬁ‘iiﬁtﬁ?of 0% Qﬁﬁgﬁ@gﬂi&ﬁé %mﬁém&é i addifish %@é}bcﬁ& I s ol ded

by using a d, a transfer extrusion nolder or the Iike and
then heat er%sﬂ{A)an{[d%@anal}gu%{g%n @t) i e%gx)? %gmzc%?n%osxﬁgn %I), or when the

10  inorganic filler (C) is further contained in a ratio of 70 to 95 weight% in the composition,

in addition to the epoxy resin(A’) and the phenol resin (B’) in the epoxy resin
composition (II), a semiconductor encapsulating material according to the present
invention is obtained.

[0124]

15 Here, the amount of the inorganic filler (C) to be combined in the semiconductor
encapsulating material according to the present invention is in the range of 70 to 95
weight% of the filler per 100 parts by weight of the epoxy resin composition, as
described above, but among this range, particularly preferable in 80 to 95 weight% in
order to enhancing flame retardancy, humidity resistance or lead-solder crack resistance.

20  When the inorganic filler (C) is contained in the ratio of 80 to 95 weight%, the inorganic
filler (C) is preferably fused silica. The fused silica may be used in either crushed form
or spherical form., but in order to enhance the mixing ratio of fused silica and prevent an
increase in the melt viscosity of the molding material, it is preferable that spherical fused
silica be mainly used.  Further, in order to enhance the mixing ratio of spherical silica,

25  the inorganic filler is preferably prepared such that the distribution of particle size of



10 to 10 hours, so that a sem conductor package as a nol ded product can be
obtai ned. [0126] The epoxy resin conposition (I) or (Il1) of the present

i nvention may be used for exanple, for conposition used for underfilling
materials, conductive pastes, |lamnate sheets, or electronic circuit

boar ds, and coating materials such as 4€S|n nold materials, 15 adhesives,
dielectric interlayer materials for bulfid-up board, or dielectric coatings.
Anong t he }qgﬁ ed!S€S, the epoxy resin conposition (1) or
(rr) of t?@u%ﬂ%gggéé&gﬂﬁaygitlon may be suitably used for the semi conductor
encapsul ati ng gﬂi ial and the underfilling materials, particularly for the
sem conduct or %@sulating naterial [0127] 20 In order to process the
epoxy resin conposition &Pl) of the present _invention_ into a
conposition for Hf%ﬁﬁsrff”éﬂoépﬁ‘@& ting natersad A BSIPFESER may
form for exanple, a prepreg. It is preferable that the epoxy resin

conposi t i inmention fuomn thesdporly tesinusimppsiron ¢h) ga (il rmsyp be exentiomedfiowhich gackpr eg,

al though no solvent is used according to the viscosity of the epoxy resin

conpos t i @ponentidescrited \iBo @ SRNfuRh&hy by additives by theupElptixed bj a boi | i ng
poi nt of at rmst 160C such as nethyl ethyl ketone, acetone, 47 d| met hyl

f d dual |

O(r)rngrsn ae%é%gl?trfggse% vent %%ﬁ%ﬁﬁeéﬁﬂ%ﬁﬁgla\ﬁﬁiﬁe O%I%ed varnl ’s IY: kga y
t d t tr f. ial of

var ous. RHEE QicoxE A amPBItEG AP Semo AL IGER PREBES B o d

paper, aram d fiber, glass mat, or glass rOV|ng fiber, 5 and then heated at
a t enper atenreonduetor encapsulafingreataralds melded by usingarmeldpa ransfergnolder, awoc, to
obtain the prepreg as the cured article. Aratio of the resin conmposition
and the éxtfusionmidldg oralselilkPdndithed hdated® a taRperatare ttwesy 30 aidl 200PQ for 21 t ed
but it is preferable that the resin proportion in the prepreg is prepared

to bejgongoy Héu?s? 56 thab? séeﬁiicgm&éfor\ﬂga&g@as a molded product can be obtained.

[0126]

The epoxy resin composition (I) or {IT} of the present invention may be used for
example, for composition used for underfilling materials, conductive pastes, laminate
sheets, or electronic circuit boards, and coating materials such as resin mold materials,

15  adhesives, dielectric interlayer materials for build-up board, or dielectric coatings.
Among the above various kinds of uses, the epoxy resin composition (I} or (II) of the
present invention may be suitably used for the semiconductor encapsulating material and
the underfilling materials, particularly for the semiconductor encapsulating material.

[0127]

20 In order to process the epoxy resin composition (I) or (I) of the present
invention into a composition for a printed circuit board, the epoxy resin composition may
form, for example, a prepreg. It is preferable that the epoxy resin composition is
varnished by using an organic solvent to form a prepreg, although no solvent is used
according to the viscosity of the epoxy resin composition. As the above organic solvent,

25  polar solvents with a boiling point of at most 160°C such as methyl ethyl ketone, acetone,



copper-coated | am nate sheet is prepared using the epoxy resin conposition,
the 10 thus-obtained prepreg can be | am nated by a conmon net hod and
properly lamnated wth a copper thin film followed by heat-pressing at a
tenperature between 170 and 250C under a pressure of 1 to 10 MPa for 10
mnutes to 3 hours, to obtain the coppger-coated |am nate sheet. [0128] 15
When t he epoxy resin conposition (1) or (Il) of the present invention is
used as adimethyl fotmamidpasd the likearepnefeyabie ussdnwhizheniayolyg used individugllysr a

nmet hod to be used as a conposition for an isotropic conducting film or a

net hod t 0a0gmieerb dvet BESbEmbRSItiAds. COTRO 8bfaind vhMiishaliled domiositionRBess | on or
an i sotropic conducting adhesive which is a liquid phase at room

' " . : PONe : . : in 20
compos, t | aiowsl g HeRORE Il re BftiPAR lalot BEYrcs Kk Byl pBBE Wale? 1, 2
for a buil.d- board fromthe e resin.c osition (1) or (Il), of the

| vent i on D¢ Blasy s en ke SraraD PLpercemmid s o Elass a9¥ige Ebsfoi nog
with rubber, filler and so on is coated on a circuit-formed 25 wiring board

usi ng & spndthenbeatedat atempersture aceording to the ubastisobvent, ipsefetably 21158 to A2FCsur ed.
48 Then, after making a hole such as a through hole part if necessary, the

thus- obt aig\sktainthé Sreprls ak thed duead Atlcél t A rati¢ BRI eddin Ectgoieitnn@ddent and the

surface thereof is washed wth hot water so as to forma bunp, and then

R T i S B o o
ot l 21 ngSToHOPOHOR I 1 PereTeR GRTRRDP PesPEmonCAL LR bhs IR Papeat ed
in order according to the purpose, so as to alternatively build up a
di el ect ri €oppescpat gaminqg ghegt is prepared using the epoxy resin composition, the
10  thus-obtained prepreg can be laminated by a common method and properly laminated
with a copper thin film, followed by heat-pressing at a temperature between 170 and
250°C under a pressure of 1 to 10 MPa for 10 minutes to 3 hours, to obtain the
copper-coated laminate sheet.
[0128]
15 When the epoxy resin composition (I) or (II) of the present invention is used as a
conducting paste, there may be mentioned by, for example, a method to be used as a
composition for an isotropic conducting film, or a method to be used as a paste resin
composition for a circuit connection or an isotropic conducting adhesive which is a liquid
phase at room temperature, by dispersing fine conductive particles in the epoxy resin
20  composition.
[0129]
In order to obtain an interlayer dielectric material for a build-up board from the
epoxy resin composition (I) or (II) of the invention, for example, the curable resin

composition properly combined with rubber, filler and so on is coated on a circuit-formed

25  wiring board using a spray coating method, a curtain method or the like and then cured.



conductor |ayer of the purposed circuit pattern, by which the build-up board
can be obtained. Provided that making the through hole part is carried out
after formng the 10 dielectric resin |ayer of the outernost |ayer. The

resi n-adhered copper thin filmwhere the resin conposition is half-cured on
the copper thin filmis heat-pressed at48& tenperature between 170 and 250C
to forma rough surface, by which the build-up_ board can be manufacture by
onmitting tThenpfinsaaaking a holgsuchpsta thequgh hole magifogeessasy, thecthugyekipinedsi n
conposition (1) of the present invention may be also used as a resist ink.

I n this canaterislhigtreatediwith arheinicahaohghemeg hgent amd thiisetfadeltberepz yaskesli n ( A)

I's conbined with a vinylic nononmer having ethylenically unsaturated doubl e

bond, and with BétwAed o 4396 YoTR 4 Bthp Gihd tRdndubfected S0 plating dimdidl saeles copper.  and
further added with pigment, talc and filler to forma resist ink

conposi ti oy, t I frl | oJe] : oY) by a
screen pr i%ttlllﬁgﬂeﬁepﬁso%ﬁ%ﬁ oﬁg&@g?g?%ﬁg&?g%%t ﬁ?l’gﬂb%(ﬁgudc érgttl%’sﬂdd [ 0131]

The epqxy resin . conposition.(l), or, (| of .the pre t invention. may further
conpri gé vﬂ?"i%r(? ccpgﬁﬂﬁﬁﬁﬁl’%éré eﬁ‘?%gsstb%ﬁo cripg g%eé‘iiﬁ‘ﬁf&“i‘% cd'ﬂ?ﬁ{o,n el ease
agent, emulsifier and pignment incorporated therein, according to various

ki nds of ta@eoxz@maspgmaqlkgh oaeggmcweﬁyeatﬁoveihesg operatigns arg FRpeatgd iy ordes i n
conposition (1) or (Il) of the present invention can be cured by comon

met hods acavoowdingoitioe purposeyseasste aiternatiesy buildisp & diebdviric resinHayec anckal articl e.
In this case, it is preferable that a nmethod of obtaining the cured article

i N whi ch t&adeReNy& JTEs PurpeeRRirtiit fitehr, byQihitH ihe ballatdporfdabe | nvent i on
preferably is added with various conpounding agents and then properly added

W th a curgpg,af cP6vidbdthat AAink W BREHASE part is carried out after forming the

10 dielectric resin layer of the outermost layer. The resin-adhered copper thin film where
the resin composition is half-cured on the copper thin film is heat-pressed at a
temperature between 170 and 250°C to form a rough surface, by which the build-up
board can be manufacture by omitting the process of plating treatment.

[0130]

15 The epoxy resin composition (I) of the present invention may be also used as a
resist ink, In this case, there may be mentioned a method in which the epoxy resin (A)
is combined with a vinylic monomer having ethylenically unsaturatéd double bond, and a
cationic polymerization catalyst as the curing agent (B), and fur_ther added with pigment,
talc and filler to form a resist ink composition, and the composition is coated on a printed

20  board by a screen printing method then to obtain a resist ink cured article.

[0131]

The epoxy resin composition (I} or (II) of the present invention may further
comprise various compounding agents such as silane coupling agent, release agent,
emulsifier and pigment incorporated therein, according to various kinds of the

25  application described above.



conposition is heated in a tenperature range of about 20 to 250C. A nol di ng
nmet hod can be enpl oyed as a general nethod for the epoxy resin conposition.
The thus-obtained cured article fornms | am nated product, carted product,
adhesive layer, 10 coated film or film [0133] As specifically described
above, the epoxy resin (A) or phenol re9in (B') is used in the present

I nvention and thus the cured article mani fests excellent flane retardancy
and excel | ent, hf@l32} esi st ance even without using a hal ogen-based flane
retardancy,'so as 15 to be a material excellent in environnmental properties.
Si nce the fl ui diThy epexyeresialcompbsition (1P ot (IDrofalnd predent invent{dd) cabde cheedibiyghl vy
charged, which gives a characteristic being excellent in |ead-solder crack

resi st anceomidni féthéds atchrdingd thSurPbsclon BsdEadias @ Ebtaindhe c@d aRrl, at N9
material. 20 EXAMPLES [013 The present invention will be described in

d I I

e TR I B S IO 8
d." % h 25 d d. A

i a0 S SRISD RS Y 2 WIS Sl o oot o 8

and M5 spectra were rreasured at the follow ng condltlons 50135] 1) Anelt
vi scosi t y campowsling gestsiandthengrnpephysided witha eusing ggcebdraten and theaptaingde| t i ng
poi nt: DSC822e manufactured by Mettler, 5 tenperature-raising speed: 3C

/'mn. 3) GBaposition is heated in a temperature range of about 20 to 250°C. A molding method

can be employed as a general method for the epoxy resin composition. The
thus-obtained cured article forms laminated product, casted product, adhesive layer,
10  coated film, or film.

[0133]

As specifically described above, the epoxy resin (A) or phenol resin (B’) is used
in the present invention and thus the cured article manifests excellent flame retardancy
and excellent heat resistance even without using a halogen-based flame retardancy, so as

15 to be a material excellent in environmental properties. Since the fluidity is excellent,
the inorganic filler (C) can be highly charged, which gives a characteristic being
excellent in lead-solder crack resistance particularly in the use of the semiconductor

encapsulating material.

20 EXAMPLES
[0134]
The present invention will be described in detail with reference to the
following-examples and comparative examples, but the invention should not be
construed as being limited thereto.  All the "parts” and “%” are given based on weight

25 unless otherwise denoted. A melt viscosity at 150°C, a softening point measurement,



| nstrunent: HLC- 8220 GPC, manufactured by Toso Co., Ltd., columm: TSK-GEL
&000HXL + G2000HXL + G3000HXL + A000HXL, nmanufactured by Toso Co., Ltd.
Sol vent: tetrahydrofuran 10 Flowrate: 1 m/mn Detector: R 4) M

Doubl e-focusi ng mass spectroneter AX505H (FD505H), manufactured by Japan

El ectronics Co., Ltd. [0136] 15 EXAMPLED1 [Synthesis of phenol resin (1)]
In a flask equipped with a thernoneter, a droptﬁi ng funnel, a condenser, a
fracti onal Gagsnmumneghm@d%mwgﬁwm@@tr wﬁﬂlwé@ndlm-(l.o nol e) of
2, 7-di hydr oxynapht hal ene represented by the follow ng fornmula and heated at
200C w th stirrjohgdland purgi ng nitrogen gas to be nelted: 20 [0137]
[Chemcal Formula 21 ] HO OH After nelting, 23g (0.2 nol) of 48% potassi um

hydr oxi de pMRRUS/iRBSH AAB0YCShasdd HASENFABA287Then, water derived fromthe
48% pot assi‘'um hydr oxi de aqueous solution and water to be produced was taken

out by usi the fractional distillati.: m nd then, the reaction was
again perf%fmﬁ?" ro%gn%tmlgg'axﬂptn&gpp .O[?§¢géir¢d??rgﬁacgqr$ﬁgl\/’[eégg“ on, nethyl
i sobutyl ketone 1000g was further added for dissolution, and then

t r ansf e r e¢mpsratureiaisingspeask 37y /mimnnel . Subsequently, the sol ution was

washed with water until the washed water becane neutral, and the sol vent
was renoves) GPOm the organic | ayer by

- Instrument: HLC-8220 GPC, manufactured by Toso Co., Ltd., column: TSK-GEL
G2000HXL + G2000HXL + G3000HXL + G4000HXL, manufactured by Toso Co., Ltd.
- Solvent: tetrahydrofuran

10 - Flow rate: 1 m1/min
- Detector: RI
4) MS: Double-focusing mass spectrometer AX505H (FD505H), manufactured by Japan
Electronics Co., Ltd.

[0136]

15 EXAMPLE 1 [Synthesis of phenol resin (1)]

In a flask equipped with a thermometer, a dropping funnel, a condenser, a
fractional distillation column and an agitator was placed 160g (1.0 mole) of
2,7-dihydroxynaphthalene represented by the.following formula and heated at 200°C
with stirring and purging nitrogen gas to be melted:

20 [0137]

[Chemical Formula 21]

HOOH |

After melting, 23g (0.2 mol) of 48% potassium hydroxide aqueous solution was



heati ng under a reduced pressure to obtain 150g of the phenol resin (1). The
obt ai ned phenol resin (1) was a brown solid, the hydroxyl equival ent was
120g/eq and the nelting point was 179C. 10 [0138] The renmi ni ng. proportion
of the un-reacted raw material (2, 7-dihydroxynaphthal ene) was confirned to
be 64% as an area ratio by the GPC fromslthe GPC chart shown in FIG 1.

[0139] 15 Fromthe results shown in the FT-IR chart shown in FIG, it was
confirned added. Then,axsterdsrived frontbed$ite ppjassiom hydioxiderqugpensolutionander was
newy generated in conparison with the raw materi al

(2, 7- di hy dwatey rabdplodhesdeyas takeh dut bg usihg Wesfractionatetistillathion coletmdami there
etherification of the hydroxyl groups occurred. [0140] 20 Fromthe results

shown in t (e ERYE Wil Bhin Perdinéd foF 5 BBurs! NeAReNBE fernfiRdtfonoT®sE reaction,
2, 7-di hydroxynapht hal ene trimeric structure (Mw 444) synthesized by

dehydrat e} Eﬂ!lﬂ%f
2, 7-di hydr %%? 9{ rYaEn %Fgﬁéﬁezleﬁ%ﬁ%%l C Str ucﬁ@ﬁa{gkﬁﬁb% g‘?d g{&ﬂt%aggflegg%toby
dehydr I es 0 I hy al .en 25 52 From
t he FD%/B B]FSFH‘E"’ oFy Fﬂyl éLWH?‘?tb’nﬂ‘r‘?é Hxé‘ﬁg h]i' E?r[’{‘q]‘;le"% wer e
confirnmed the peak (M-=588) which results from addi ng 2 units of the
nmol ecul ar washgdtwatenhecame peletralmd the sokyant yas remaved feomp thewrganimlayer by
2, 7-di hydroxynapht hal ene trinmeric structure (Mv 444) and the peak (M=
660) whi chheatitighinderf @ RuedPresgui tooblain IF0gtdfchéphenblaesingl). weThhobfaed 72) of
the trimethylsilyl group portion to
phenol resin (1) was a brown solid, the hydroxyl equivalent was 120g/eq and the melting
point was 179°C.
10 [0138]
The remaining proportion of the un-reacted raw material
(2,7-dihydroxynaphthalene) was confirmed to be 64% as an area ratio by the GPC from
the GPC chart shown in FIG.1.
[0139]
15 From the results shown in the FT-IR chart shown in FIG.2, it was confirmed that
the absorption (1250cm™) derived from aromatic ether was newly generated in
comparison with the raw material (2,7-dihydroxynaphthalene), and thus it was assumed
that dehydrative etherification of the hydroxyl groups occurred.
[0140]
20 From the results shown in the FD-MS chart shown in FIG.3, there were
confirmed 2,7-dihydroxynaphthalene trimeric structure (Mw: 444) synthesized by
dehydration of 3 molecules of 2,7-dihydroxynaphthalene, and 2,7-dihydroxynaphthalene
pentameric structure (Mw: 728) synthesized by dehydration of 5 molecules of

2,7-dihydroxynaphthalene.

25 [0141]



2, 7-di hydr oxynapht hal ene trinmeric structure (Mv. 444). The peak (Mt=945) was
confirmed which results fromadding 3 units of the nolecular weight (Mw

72) of the trinethylsilyl group portion to 2,7-dihydroxynaphthal ene
pentaneric structure (Mwv. 728) synthesized by dehydration of 10 5 nol ecul es
of 2, 7-di hydr oxynapht hal ene and the peak2(M+=1018) which results from
addlng 4 units of the nolecular weight (Mv 72) of the trinethylsilyl group
portion to 2, 7-BiomythedB Mipby theltamethytsrylation methadrshownrie FIGM, thppeayere[ 0142]
From t he above it was interpreted that the phenol resin (1), in which the
cont ent 1&%&@@@6&53&%@@@% fodm taliding 2winite bE tHeaholecul &r4feigle t he
area ratio by GPC with respect to the total resin, contains

2, 7-di hydr engynappg f*\ﬁé&ﬁﬁeﬂl?ﬂsnﬁr%s%gﬁs&iﬁsnmsamm rﬁgllga i mi¥ict he

foI | owi ng structural formu [ Cher cal 20 [0144] A

was synt hoSFORMeLYTAHIRRR B w1 ) s St ihne 5 Wi bt " 1

2, 7-dih dro na hthalene 53 Lth 2, 7-dj hydr oxynapht hal ene di neric ether:
[0145] o g s 37) ohhe gl ey porhon t

2,7-dihydroxynaphthalene trimeric structure (Mw: 444).

The peak (M"=945) was confirmed which results from adding 3 units of the
molecular weight (Mw: 72) of the trimethylsilyl group portion to
2,7-dihydroxynaphthalene pentameric structure (Mw: 728) synthesized by dehydration of

10 5 molecules of 2,7-dihydroxynaphthalene and the peak (M=1018) which results from
adding 4 units of the molecular weight (Mw: 72) of the trimethylsilyl group portion to
2,7-dihydroxynaphthalene pentameric structure (Mw: 728).

[0142]

From the above, it was interpreted that the phenol resin (1), in which the content

15  of 2,7-dihydroxynaphthalene of the raw material is 64% as the area ratio by GPC with
respect to the total resin, contains 2,7-dihydroxynaphthalene trimeric ether compound
represented by the following structural formula:

[0143]

[Chemical Formula 22]

L agegregT

A trimeric compound represented by the following structural formula, which

was synthesized by dehydration of 1 molecular nucleus of 2,7-dihydroxynaphthalene



a pentameric conpound represented by the follow ng structural formula:
[0147] [Chem cal Formula 24] HI1. it H 10 which was synthesi zed by
dehydration of 2 nol ecular nuclei of 2,7-dihydroxynaphthal enes with

2, 7-di hydr oxynapht hal ene trinmeric ether. [0148] EXAMPLE 2 [ Synthesis of
epoxy resin (A-1)] 15 In a flask equippssl wth a thernoneter, a dropping
funnel, a condenser, and an agitator were placed 120g of the phenol resin
(1) obt ai nwithi27-ghadyekgnaphthabineidimerigethern  463g (5.0 nol), n-butanol 139g
and tetraethyl benzyl amoni um chl oride 2g and dissolved. After raising the
tenperature to 6@F48Nd then reducing the pressure to the azeotropic
pressure, 90g (1.1 nol) of 49% sodi um hydroxi de aqueous sol uti on was added
54 drop,vp§ a1t .@ngqlon over 5 hours. Then, the solution was
continuously stirre 0.5 hour at the same condition. During this
period, the reaction was carried out while the portion distilled out by
azeotropi ¢ boili nHOm separated by a Dean-Stark trap, then, the aqueous

| ayer was renoved an e organic |layer was recycled into the reaction 5
system Then, the un-teakted epichlrohydrian was distilled off by
evapor ati on under > Next, nethyl isobutyl ketone 432g and
n- but anol 130g was the crude epoxy resin thus-obtained
and di ssol ved. Agai n, 46 #Bdi um hydr oxi de aqueous sol ution was
added to this solution an reacted at 80C for 2 hours, and the solution was
washed th@ﬁs with 150g of water until pH of the washed water 10 became
neut ral - after the systeminside was dehydrated by azeotropic boiling

[0146]

a pentameric compound represented by the following structural formula:
[0147]

[Chemical Formula 24]

10
which was synthesized by dehydration of 2 molecular nuclei of
2,7-dihydroxynaphthalenes with 2,7-dihydroxynaphthalene trimeric ether.
[0148)
EXAMPLE 2 [Synthesis of epoxy resin (A-1)]
15 In a flask equipped with a thermometer, a dropping funnel, a condenser, and an

agitator were placed 120g of the phenol resin (1) obtained in Example 1, epichlrohydrin
463g (5.0 mol), n-butanol 139g and tetraethylbenzyl ammonium chloride 2g and
dissolved. After raising the temperature to 65°C and then reducing the pressure to the

azeotropic pressure, 90g (1.1 mol) of 49% sodium hydroxide aqueous solution was added



and subject to precision filtration, the solvent was distilled off by
evaporation under a reduced pressure, to obtain 170 g of the epoxy resin
(referred to as "epoxy resin (A-1)" below). The obtained epoxy resin (A-1)
had a nelt viscosity at 150C of 0.5 dPas and epoxy equival ent of 187g/eq.
15 [0149] EXAMPLE 3 [Synthesis of phenady4 resin (2)] 147g of the phenol resin
(2) was obtained in the same manner as in Exanple 1, except that the

2, 7- di hyddeopwisgtotthesadnigor] @&y SihouSx aTbem the sodutionsiaseoatinously stirred for

1, 6- di hydr oxynapht hal ene 160g. The obtai ned phenol resin (2) was a brown

sol i d and 020hdurat thigdamy vonditionp Paringihlsqieiiod]thd thagti@nwanehried sutrvehileoi nt  of
137C. Fromthe GPC chart in FIG5, the renmaining proportion of the

un-reacte : 11 20al o ' 0 be 24%
as an ar eghér%gﬁ%rgsm&%d@m%fga&%%%%%@% {@rﬁaﬁgﬁ aé\gg#gﬁgf)ﬁg@gﬁih (A-2)]
25 185g of, the epgxy. resin of th resent .invention bbrevi at ed as "epoxy
Fosin o5 tetpeG RV it rEmByed o 1S GRARE YR SR RIS Bl BhEon) D
except that 135g of the phengl resin (2) obtained 'ﬁ,n Exanpl e 3 s used

i nst ead ofSY§teia- pikbemb the witsacted ppichlyohydriga s@s dustilledoff By evapazation under &xanpl e
2. The obtained epoxy resin had a nelt viscosity at 150C of 0.3 dPas and
epoxy equirediicedhpresfur@0N¢xtomethy] Bty keromeEB e 5nd Gputanek] Mgorasdhetneyl resin
(3)] 125g of the phenol resin (3) was obtained in the same manner as in

Exanpl e 1add&eqhd crul@épdxaesin finlobydhedandaidibived.eNRedif ODg of 16%3¢ddnen 1 Was
changed to a m xture of 2,7-di hydroxynapht hal ene 80g (0.5 not) and

1,3-dihyd %%%xﬁﬁ%ﬁ&%%gﬁngg whs T8ded to this solution and reacted at 80°C for 2 hours,

and the solution was washed 3 times with 150g of water until pH of the washed water
10  became neutral.  Then, after the system inside was dehydrated by azeotropic boiling
and subject to precision filtration, the solvent was distilled off by evaporation under a
reduced pressure, to obtain 170 g of the epoxy resin (referred to as “epoxy resin (A-1)”
below). The obtained epoxy resin (A-1) had a melt viscosity at 150°C of 0.5 dPa's and
epoxy equivalent of 187g/eq.
15 [0149]
EXAMPLE 3 [Synthesis of phenol resin (2)]
147g of the phenol resin (2) was obtained in the same manner as in Example 1,
except that the 2,7-dihydroxynaphthalene 160g in Example 1 was changed to
1,6-dihydroxynaphthalene 160g. The obtained phenol resin (2) was a brown solid and
20  had hydroxyl group equivalent of 135g/eq and melting point of 137°C. From the GPC
chart in FIG. 5, the remaining proportion of the un-reacted raw material
(1,6-dihydroxynaphthalene) was confirmed to be 24% as an area ratio by GPC.
| [0150]
EXAMPLE 4 {Synthesis of epoxy resin (A-2)}

25 185g of the epoxy resin of the present invention (abbreviated as “epoxy resin



10 The obtai ned phenol resin (3) was a brown solid and had a hydroxyl group
equi valent of 101 g/eq and a nelting point of 136C. Fromthe GPC chart in
FIG 6, the remaining proportion of the un-reacted raw material (the sum of
2, 7-di hydr oxynapht hal ene and 1, 3-di hydroxy benzene) was confirned to be 36%
as an area ratio by GPC. [0152] 15 EXAHPLE 6 [ Synthesis of epoxy resin
(A-3)] 152g of the epoxy resin of the present invention (abbreviated as
"epoxy refi2)” elo8) wabebtaingd inethe sithamasnerian in Frample?, exneptthatal3 Sgef heanpl e 2,
except that 101 g of the phenol resin (3) obtained in Exanple 5 was used

i nst ead OphénBEresingRPobtained th Edampled vehs usabihstead bfthe phvnoTadsal (‘1?I1 208 Exanpl e
2. The obtained epoxy resin had a nelt viscosity at 20 150C of 0.3 dPas and

epoxy equj,ual ] ] I W E&?ﬁi g of
phenol reﬁ%@%?{vl%gﬂélﬁﬂﬁghgﬁﬁol resin fl‘%)Ex S O taﬁé@%n t g same
manner as,|j le 1, . except that t 2, 7-di hydr oxynapht hal ene 160g in
Exanpl e 11@W%SW%XZ%§WM@§MSﬂmzene 110 g (1.0 not). The
obt ai ned phenol resin (1') was brown 56 solid and had a hydroxyl group
equi va¥ ent of 8@AStly and a nelting point of 122C. Fromthe GPC chart in
FIG 7, the remaining proportion of the un-reacted raw materi al

(1, 3- di hy HKaWMPDE 378 pthesiaof slenbl resiB@3Yjo be 36% as an area ratio by GPC.
[0154] 5 COWPARATI VE EXAMPLE 2 [Synthesis of epoxy resin (A -1)] 137g of
the epoxy resim S?tbtfr | S (3ERRIbtiiRed i thé\sarhe malSerA¥in Besmpi@t @i ned in
t he sanme manner ia irﬁﬁé&%ﬁggé,egﬁcept&? at 8§§ o%mtaﬁe %ﬁlennol r%g?’n (1)

OBt a ned L1 CORRALES i el 3 145755 ARET WAL bbbl 1 (1

of 2,7-dihydroxynaphthalene 80g (0.5 mol) and 1,3-dihydroxy benzene 55g (0.5 mol).

10  The obtained phenol resin (3) was a brown solid and had a hydroxyl group equivalent of
101g/eq and a melting point of 136°C. From the GPC chart in FIG. 6, the remaining
proportion of the un-reacted raw material (the sum of 2,7-dihydroxynaphthalene and
1,3-dihydroxy benzene) was confirmed to be 36% as an area ratio by GPC.

[0152]
15 EXAMPLE 6 [Synthesis of epoxy resin (A-3)]
152g of the epoxy resin of the present invention (abbreviated as “epoxy resin
(A-3)” below) was obtained in the same manner as in Example 2, except that 101g of the
phenol resin (3) obtained in Example 5 was used i:istcad of the phenol resin (1) 120 g |
used as the raw material in Example 2. The obtained epoxy resin had a melt viscosity at

20 150°C of 0.3 dPa's and epoxy equivalent of 170g/eq.

[0153]
COMPARATIVE EXAMPLE 1 [Synthesis of phenol resin (1°)]

100g of the phenol resin (1°) was obtained in the same manner as in Example 1,
except that the 2,7-dihydroxynaphthalene 160g in Example 1 was changed to

25  1,3-dihydroxy benzene 110 g (1.0 mol).  The obtained phenol resin (1°) was brown



as the raw material in Exanple 2. The obtai ned epoxy resin has a nelt
viscosity at 10 150C of 0.1 dPas and an epoxy equival ent of 152g/eq. [0155]
COMPARATI VE EXAMPLE 3 [ Synt hesis of phenol resin (2')] 145g of the phenol
resin (2') was obtained in the sanme manner as in Exanple 1, except that the
23g of 48% pot assi um hydr oxi de aqueoussgsolution (0.2 nol) in Exanple 15 1
was changed to 2g of apara-tol uenesul fonic aci dnonohydrate. The obtai ned
phenol r esoilidl ¢nd'had wdsydeoxiyl gronp eqhivalentrod 83gftq and g drebtinyg pajntcafd 288L1 val ent of
183g/eq and a deconposing point of 250C. Fromthe GPC chart in FIG 8, the

remai ni NgFRPMAGPO BharPin RIGE7 URe FffiAiRE pFaportio SFthéin-reacted raw material
(2, 7-di hydr oxynapht hal ene) was confirned as being 4% as an area ratio by

cont i rnec SO FRRT AL A hoheRne BFvE kS R B kb S BPCa02) " Syt hesi zed

by dehydration gf %h nol ecul es of 2, 7-di hydr oxynapht hal ene,
2,7-dihydroxynaﬁ“§ |l ene trimeric structure (Mw 444) synthesized by
dehydration of 3 nol ecul es of 2, 7-di hydroxynapht hal ene, 25

2, 7- di hy dCOMPARATHGE EXAMBLE 2 Synthesis ofepony egsimiA80) synt hesi zed by
dehydration of 4 57 nolecul es thereof, 2,7-di hydroxynaphthal ene pentaneric
struct ur e( Mv. 72837g)of thy/ idxg Fesie (abbyevittdly s apoaynresih (A°-1P1 edoewad her eof ,

2, 7- di hydr oxynapht hal ene hexaneric structure (Mwv 870) synthesized by

dehydrat i %ﬁ% ‘g‘é gﬁ@bﬁ:ﬁe SinE RNk Bkample 2! eflleBy b PEIPGHRIE g%i%n,%nﬁsﬁqmt)am ic

structure y dehydration of 7 5 nofecul es t her

2, 7- di hydroxynaphi.hal ene ogt aneri,.c structure r1154) b ratyon of 8
ol ccul oo OTHEPAE CoBpSRHEHPR | e s bh s et & (AN & °1267)
2, 7- di hydr oxynapht hal ene_by dehydrati on  of 9 nol e_cuﬂ es thereof,

as the raw material in Example 2. The obtained epoxy resin has a melt viscosity at

10  150°C of 0.1 dPa's and an epoxy equivalent of 152g/eq.

[0155]

COMPARATIVE EXAMPLE 3 [Synthesis of phenol resin (2")]

145g of the phenol resin (2°) was obtained in the same manner as in Example 1,
except that the 23g of 48% potassium hydroxide aqueous solution (0.2 mol) in Example

15 1 was changed to 2g of a para-toluenesulfonic acid-monohydrate. The obtained phenol
resin (2°) was a brown solid and had a hydroxyl group equivalent of 183g/eq and a
decomposing point of 250°C.  From the GPC chart in FIG. 8, the remaining proportion
of the un-reacted raw material (2,7-dihydroxynaphthalene) was confirmed as being 4% as
an area ratio by GPC.

20 [0156]

From the results of thé FD-MS chart in FIG9, there were confirmed
2,7-dihydroxynaphthalene dimeric structure (Mw: 302) synthesized by dehydration of 2
molecules of 2,7-dihydroxynaphthalene, 2,7-dihydroxynaphthalene trimeric structure
(Mw:444) synthesized by dehydration of 3 molecules of 2,7-dihydroxynaphthalene,

25  2,7-dihydroxynaphthaiene tetrameric structure(Mw:586) synthesized by dehydration of 4



decaneric structure(Mwv 1439) by dehydration of 10 nol ecul es thereof. [0157]
10 COMPARATI VE EXAMPLE 4 [ Synthesis of epoxy resin (A -2)] 167g of the epoxy
resin (A -2) .was obtained in the sane manner as in Exanple 2, except that
183g of the phenol resin (2') obtained in Conparative Exanple 3 was used

i nstead of the phenol resin (1) 120 g yged as the raw material in Exanple 2
(after the product was taken out, deposition of a |large anount of insoluble

mat t er s waotecales eérevend, 2,3-dilydedwynuphithalemespetitanadrictshractntede):728)He obt ai ned
epoxy resin had a nelt viscosity at 150C of at |east 400 dPas and epoxy

equi val eng esﬁ:@@ﬁérﬁﬁhycfr&;&ﬁdﬁ maRMik&héreb BY-BRSHfox Phaphftfildle hegshétid 3' ) ]
Met hyl 1 sobutyl ketone 300g was added to 1(509 of "t he phenol resin (2') 20

obt ai ned | | | | ved. Then, with
pur gi ng. nyEErHRE1053yiRh AR DA RS BRRBIN deBSTD YO0, {0 Boc

fol | oned .addi ng | % sodi ym hydr oxi de el ol ution .of Og to extract
22} o ol &fiBrdrnthgrthalEhs hepahen St Al d0T DI SR B8 eED 5 ¢ i rmey
After that, 36% hydrochloric acid aqueous solution was added until pH of

t he ex? r agtodasulesdhesenty 27 1djleirdoox ymaphihalenn ertargericsityciusn(MecH ) by  and then the
| ow nol ecul ar wei ght conponent of the precipitated 58 phenol resin was

agai n ext deloidedtiod of Bmeslemilésthemredf)y 12, T-diblydioxnaphtimbene nofiivgerid hi s  operati on
was repeated 3 tines). The extracted nethyl isobutyl ketone solution was

repeat edl yiny@sBadwi20l) 30QGhRiroX\Rbaplitha1Bhd by ddhyaReivR4f D lHolecul@dqReredfie net hyl

| sobutyl ketone was distilled off to obtain the phenol resin (3") of 30g.

Che, bt ! BeSpRRE Wik DT R 10 Bkl 1 o oroup
10, the remaini [n()qu?f oportion of the
10 COMPARATIVE EXAMPLE 4 [Synthesis of epoxy resin (A’-2)]
167g of the epoxy resin (A’-2) was obtained in the same manner as in Example 2,
except that 183g of the phenol resin (2”) obtained in Comparative Example 3 was used
instead of the phenol resin (1) 120 g used as the raw material in Example 2 (after the
product was taken out, deposition of a large amount of insoluble matters were ocbserved
15  on the wall inside of the flask). The obtained epoxy resin had a melt viscosity at 150°C
of at least 400 dPa's and epoxy equivalent of 303g/eq.
[0158]
EXAMPLE 7 [Synthesis of phenol resin (3°)]
Methyl isobutyl ketone 300g was added to 100g of the phenol resin (2°)

20  obtained in Comparative Example 3 and homogeneously dissolved.  Then, with
purging nitrogen gas, a temperature of the solution was raised to 80°C, followed by
adding 1% sodium hydroxide aqueous solution of 200g to extract a low molecular weight
coml;onent (this operation was repeated 4 times).  After that, 36% hydrochloric acid
aqueous solution was added until pH of the extracted 1% sodium hydroxide aqueous

25  solution became 1, and then the low molecular weight component of the precipitated



un-reacted raw material (2,7-di hydroxynapht hal ene) was confirnmed to be 10%
as an area ratio by GPC. [0159] 10 Fromthe results of the FD-MS chart in
FIG 11, there were confirmed 2,7-dihydroxynaphthal ene dineric structure
(Mv 302) synthesized by dehydration of 2 nolecul es of

2, 7- di hydr oxynapht hal ene, 2, 7-di hydr oxgnapht hal ene trineric structure

(Mwv. 444) synt hesi zed by dehydration of 3 nol ecul es of

2, 7- di hy gheno} npiwhsdganeextrazted-3dirhgsdwith ynetiyh isobiitrhleetomet F0ge(thic
structure(Mw~ 586) synt hesized by dehydration of 4 15 nol ecul es thereof,

2, 7- di hy dperstitiawhs Rpkas®3 Biaits R MerHeGexiradted miefBA IobutyBetstdo@ionaag by

dehydration of 5 nolecules thereof, 2, 7-di h.ydrox%/napht IhaI ene hexamer}c

2 %i‘ﬁf ‘ﬁ;ﬁﬁpgé‘;“ﬁ‘ ; %?%s‘fﬁ’i%%ﬁééfg’%*%? E@Eﬁ’%@%ﬂfﬁ% TR LS HISLIRE  on o
7 . 7- dj '

(o 1155KE09¢ Hangauled B o poukinthe Wes L3 &R aPic, Thq fape pSaalioL ¢

[ Synt hesi s of epoxy. resi ngﬁ/;ng}l]@dé}d?g of the epoxy resin (A- ﬁ) was obt ai ned
[

n thé szeMn Fahvesa beownfo oxyl EEgip aquivalenbofyl ed/adand meltieg r esin
(3") obtained in Exanple 7 was used instead of the 25 phenol resin (1) 120

g used apoinbef 19BRCIAL Frdndthel GPEXAAPIEFIS. 10,hke rebdaining groppaton ofdlsd N 59  has a
softening point of 55C, a nelt viscosity at 150C of 0.7 dPas and epoxy

T R B S e
'P enyrﬁlroabyé C.

[0159]

10 From the results of the FD-MS chart in FIG. 11, there were confirmed
2,7-dihydroxynaphthalene dimeric structure (Mw: 302) synthesized by dehydration of 2
molecules of 2,7-dihydroxynaphthalene, 2,7-dihydroxynaphthalene trimeric structure
(Mw:444) synthesized by dehydration of 3 molecules of 2,7-dihydroxynaphthalene,
2,7-dihydroxynaphthalene tetrameric structure(Mw:586) synthesized by dehydration of 4

15  molecules thereof, 2,7-dihydroxynaphthalene pentameric structure(Mw:728) synthesized
by dehydration of 5 molecules thereof, 2,7-dihydroxynaphthalene hexameric structure
(Mw:870) synthesized by dehydration of 6 molecules thereof, 2,7-dihydroxynaphthalene
heptameric structure(Mw:1013) by dehydration of 7 molecules thereof, and
2,7-dithydroxynaphthalene octameric structure (Mw:1155) by dehydration of 8 molecules

20 tﬁ&wf.

[0160]
EXAMPLE 8 [Synthesis of epoxy resin (A-4)]

210g of the epoxy resin (A-4) was obtained in the same manner as in Example 2,
except that 160g of the phenol resin (3’) obtained in Example 7 was used instead of the

25  phenol resin (1) 120 g used as the raw material in Example 2. The obtained epoxy resin



type epoxy resin, epoxy equivalent: 277g/eq) manufactured by N ppon Kayaku
Co., Ltd. and N-665-EXP (cresol novol ac type epoxy resin, epoxy equivalent:
203g/ eq) manufactured by Dai ni ppon Ink and Chem cals, Inc., as the epoxy
resin, Mrex XLC-LL (phenolaralkyl resin, hydroxyl group equivalent:

1769/ eq) manufactured by Mtsui 10 Cheggricals, Inc. as a curing agent phenol
resin, TD-2131 (phenol novol ac resin, hydroxyl group equivalent: 1049/ eq)
manuf act hasetkoBining ipBin® BEH5IC) s nidlEviSeRITY 681 SO°Clof 0.7 dick dndeepoyienol resin (1)
obtained in Exanple 1, these were conbined with triphenyl phosphine (TPP) as
a curing_ag r condensed phosphoric acid ester (PX-200,

manuf actﬁ@gﬁé%gﬁ%gél%%c@hi. Chem cal Industry Co., Ltd.) as a flane

ret ardant, mag@?a um hydroxi de 15 (Z-10 manufactured by Air Water Co.,
Ltd.), a spher@F*flused silica (S-COL, manufactured by Mcron Co., Ltd.) as
an inorganic filler, %/-gl yci doxy triethoxysilane (KBM 403, manufactured by
Shi n Et sSEXAMPLES P tedd and COMP. I‘éEEMEbE'éﬁitﬂéOagent, car nauba wax
(PEARL WAX No. 1-P, manufactured by Cerarica Noda Co., Ltd.), and carbon

bl acks accor disigg el tde-4, af-1UA’a2 bbtained in Exdrhples, NO-3D0@ Diphenphiratkyland
subject to nelt-kneading 20 using 2 rolls at 100C for 10 mnutes, to obtain

the purp@gg@?mgﬁ,i %ﬂoﬂ mﬁ@ﬂeﬁt@?ﬂﬁ@?{lﬁﬁ@mﬁﬁ@@%ﬁéﬁbﬂﬁﬁﬁu @g!, Lid.me was

measur ed w hg nmethod to the curability. "Furthér, after
this conposy,td ress-nolded at 180C for. 10.m,nut and further cured
at 180C PR NORERE torkiof BEyolhe YBY sryarsin, @Oy SqT RN 2B ot epared from
the cured article thus-obtained according to the UL-94 test nethod. and

pr oper t | BangfpctiredihyDainippan ik and; (hemcals, dogy asthe spaxy esis Miex Shinblnet hod. |

60 [0162] Gel time: The epoxy resin 0.15g was |oaded on a cure plate
( manuf ac(pherelatalkyl Tsin, hpdlkycgroup eqivalenitt V.6g/dqp mzpufacturedAyMitswd t he system

observation started by using a
10  Chemicals, Inc. as a curing agent phenol resin, TD-2131 (phenol novolac resin, hydroxyl

group equivalent: 104g/eq) manufactured by Dainippon Ink and Chemicals, Inc. and the
phenol resin (1) obtained in Example 1, these were combined with triphenylphosphine
(TPP) as a curing accelerator, a condensed phosphoric acid ester (PX-200, manufactured
by Daihachi. Chemical Industry Co., Ltd.) as a flame retardant, magnesium hydroxide

15  (Z-10 manufactured by Air Water Co., Ltd.), a spheral fused silica (S-COL, manufactured
by Micron Co., Ltd.) as an inorganic filler, y-glycidoxy triethoxysilane (KBM-403,
manufactured by Shin Etsu Chemical Co., Ltd.) as a silane coupling agent, carnauba wax
(PEARL WAX No.1-P, manufactured by Cerarica Noda Co., Ltd.), and carbon black,
according to the formulation set forth in Tables 1 and 2, and subject to melt-kneading

20 using 2 rolls at 100°C for 10 minutes, to obtain the purposed composition. For the
obtained composition, the gel time was measured by the following method to test the
curability. Further, after this composition was press-molded at 180°C for 10 minutes
and further cured at 180°C for 5 hours, a test specimen of 1.6 mm thickness was prepared
from the cured article thus-obtained according to tﬁe UL-94 test method and properties of

25  the cured article were confirmed by the following method.



stopwat ch. The e end of the rod, and the

stopwatch 5 stopped when the sanple was broken in a formof thread, which
was | eft on the plate. The tinme consunmed until this sanple was broken to be
left on the plate was set as the gel tine. [0163] Flane retardnace: The 5
speci nens of 1.6mm thi ckness prepared by the UL-94 10 test nethod were
subject to a conbustion test. [0164] Cgoass transition tenperature: it was
measured using a viscoelasticity neasuring instrunent (RSAIl manufactured
by Rheonetrics @gie2)Ltd., double Cantilever method: frequency of 1 Hz,
tenperature-raising velocity of 3C/mn). 15 The results fromthe

tabi e of the foQREae o ERBPERsisd P way bt £ P bl el - 1°
Roci a2 oo Bstic o L) heainatng TsiCond tha sysiam sbsensgpnmet v 3sag a4s 4
stopwatch. The sample was uniformly stirred at the end of the rod, and the stopwatch
5  stopped when the sample was broken in a form of thread, which was left on the plate.
The time consumed until this sample was broken to be left on the plate was set as the gel
time.
[0163]
Flame retardnace: The 5 specimens of 1.6mm thickness prepared by the UL-94
10 test method were subject to a combustion test.

[0164]

Glass transition temperature: it was measured using a viscoelasticity measuring
instrument (RSAI manufactured by Rheometrics Co., Ltd., double Cantilever method:
frequency of 1 Hz, temperature-raising velocity of 3°C /min).

15 The results from the measurements are shown in Table 1 and 2.

[0165]

[TABLE 1]



Phenol resi ““eést er Magnesi um hydr oxi de
20 TPP 3 3 3 3 3 3 3 Fused silica 850 850 850 850 850 850 850 Coupling
agent 5555555 Canauba wax 55 55555 Carbon black 3 3 3 3 3 3 3
Conbustion test class V-0 V-0 V-0 V-0 V-0 V-0 V-0 1* 3444298 2* 18
24 35 20 10 42 38 Gel tine sec 19 24 20 20 32 27 28 G ass transition
tenperature 160 153 155 170 190 166 1624 [0166] [TABLE 2] 62 Table 2. The
tabl e of the formulation (weight parts) of t he epoxy resin conposition and

the eval uaTABnErlesuémlmmef&mum & 6f th Rsinfpmopsifion and0
Resi n NC-300 82 97 97 of(#eightparks) 6f the@pSxylfsinamipssifion

the evaluation results
Examples
9 10 11 12 13 14 15

Epoxy | A-1 69 82 86 86
Resin A-2 72

A-3 66

A-4 76
Curing | XLC-LL 65 62 68 58
agent TD-2131 48 43

Phenol resin (1) 52
Condensed phosphoric acid | 30
ester
Magnesium hydroxide 20
TPP 3 3 3 3 3 3 3
Fused silica 850 (850 [850 [850 [850 ({850 |850
Coupling agent 5 5 5 5 5 5 5
Carnauba wax 5 5 5 5 5 5 5
Carbon black 3 3 3. 3 3 3 3
Combustion test class V-0 (V-0 (V-0 V-0 [V-0 |V-0 |V-0
1* 3 4 4 4 2 9 8
2% 18 24 35 20 10 42 38
Gel time (sec) 19 24 20 20 32 27 28
Glass transition temperature 160 |153 }155 [170 (190 |166 | 162

[0166]

[TABLE 2]



N- 665E 72 S agent 176 TD-213 54 37 37 1

104 Phenol resin (1) Condensed 30 phosphoric acid ester Magnesium 20
hydroxide TPP 3 3 3 3 3 3 Fused silica 850 850 850 850 850 850 Coupling
agent 555555 Canauba wax 555 5 55 Carbon black 3 3 3 3 3 3
Conbustion Self- V-1 conbustion Self- Self test class extinguish extinguish
extinguish 1* 35 20 56 32 35 2* 151 93®38 138 160 Gel tine sec 30 27 22
35 38 dass 149 130 150 135 134 " E

Table 2. The table of the formulation (weight parts) of the epoxy resin composition and

the evaluation results
Comparative Examples
5 6 7 8 9 10
Epoxy | A-1 80
Resin
NC-300 82 97 97
0
N-665E 72
XpP
A-2 80
Curing | XLC-LL 52 |62 54
agent 176
TD-213 |54 37 37
1104
Phenol
resin (1)
Condensed 30
phosphoric
acid ester
Magnesium 20
hydroxide
TPP 3 3 3 3 3 3
Fused silica 850 850 | 850 850 850 850
Coupling agent 5 5 5 5 5 5
Camauba wax 5 5 5 5 5 5
Carbon black 3 3 3 3 3 3
Combustion Self- V-1 | combustion | Seif- Self- &
test class extinguish extinguish | extinguish -
1* 35 20 |56 32 35 § §
2% 151 93 |238 138 160 g5
Gel time (sec) 30 27 122 35 38 % 2
Glass 149 130 | 150 135 134 ;3
transition 28
temperature 'g E
=
H
[0167]

5 Notes of Table 1:;

*1: the maximumn combustion time in contact with a flame at one time (sec),




transition _ es of "Table 1: * 1: the

maxi mum conbustion tine in contact wwth a flane at one tine (sec), 63 *2:
the total conbustion tinme of the 5 test specinens (sec), Self-extinguish:

al t hough fl ane retardancy (EF_<250 sec and F, <30 <30 sec) required in V-1
was not satisfied, the conbustion flanme is extinguished before reaching the
position of the fixing clanp. 5 | NDUgBRI AL APPLI CABI LI TY [0168] According
to the present invention, an epoxy resin conposition which is excellent in
fluidity *2sthegdthl aanteatabtimeaf thenpstt spegmenceset)ent fl ame ret ardancy and heat
resistance in a cured article thereof, a sem conductor-encapsul ati ng

mat eri al \Seff-dx@ighish: bthewhNarh & fotdidarity TEF€2 50056 BAd F&,?ﬁimsec)iﬂﬂuﬁe&iﬁmql article
of the epoxy resin conposition, excellent both in flane retardancy and in

heat resi : b 4 -%,ﬁ:ﬁ% ﬂ% i . COMPOSi tion,
conpri si rﬁég‘%gﬁmégg‘?eyﬂ? e?%ogﬁlﬁiék%ﬂﬁtggfsn%x%é@ ruc etg‘?g TR |%§ﬁgﬁ%@p t hal ene

structureih'i‘ﬁ". b0{1ded w th anot her arylene structure through an oxygen atom
t he tot al'™MBTBEC 8P aromatjc nuclei form ng said naphthal ene structure and

said aryl ene structure per
5 = INDUSTRIAL APPLICABILITY

[0168]

According to the present invention, an epoxy resin composition which is
excellent in fluidity as well as capable of imparting excellent flame retardancy and heat
resistance in a cured article thereof, a semiconductor-encapsulating material, a novel

10 epoxy resin, a novel phenol resin, and a cured article of the epoxy resin composition,

excellent both in flame retardancy and in heat resistance, can be provided.




nol ecul e i sfrom2"T0 o, ucleus have a (neth)glycidyl oxy

group as a substituent; and 10 a curing agent (B). 2. The epoxy resin
conposition according to claim1, wherein the epoxy resin (A) has a
structure in which another aromatic ring is covalently bonded to the
aromatic rings which form said napht hal ene structure or said aryl ene
structure. 15 3. The epoxy resin conposg4ion according to claim1l, wherein
the epoxy resin (A) has a structure represented by the foll ow ng general
formula: [Chem cal Forrmula 25] f R ', OA 4 r-o~-c\a= R2 CGeneral Formula
(1) 20 wherein, R represents a hydrogen atomor a nethyl group; each Ar
represents independently a naphthyl e gmesip, a phenyl ene group, or a 65
napht hyl ene group or a phenyl ene group having an Cl.4 al kyl group or a
phenyl group as a substituent; each RZ represents independently a hydrogen
atomor an Cl4 al kyl group; n and n1each represent an integer of fromO to
2, and at | east 023 of n and to is. 5 or,greater; R3 represents a hydrogen

atom or an ar ongt HYEF@H’r‘E?G?P"é‘rt’(S’Bp"Wﬁ ing an epoxy group represented

by the follow ng general fornula (1-2):
5 an epoxy resin (A) having a structure in which a naphthalene structure is

bonded with another arylene structure through an oxygen atom, the total number of
aromatic nuclei forming said naphthalene structure and said arylene structure per
mqlecule is from 2 to 8, and said aromatic nucleus have a (meth)glycidyloxy group as a
substituent; and

10 a curing agent (B).

2. The epoxy resin composition according to claim 1, wherein the epoxy resin
(A) has a structure in which another aromatic ring is covalently bonded to the aromatic

rings which form said naphthalene structure or said arylene structure.

15
3. The epoxy resin composition according to claim 1, wherein the epoxy resin
(A) has a structure represented by the following general formula:
[Chemical Formula 25]
¥ '
. - o—(Ar-oM
lg/\o-( I }-—;/ ‘
Ar-07uy. R?
o »
R? General Formula (1)
20

wherein, R represents a hydrogen atom or a methyl group;

each Ar represents independently a naphthylene group, a phenylene group, or a



[ Chemi cal Formura 2o] -(4-n 10 wherein, R
represents a hydrogen atom or a nethyl group; each Ar represents

i ndependent|y a napht hyl ene group, a phenyl ene group, or a naphthyl ene group
or a phenyl ene group having an Cl4 al kyl group or a phenyl group as a
substituent; p represents an integer of | or 2; provided that the total
nunber of the aromatic nuclei in the geggeral fornmula 15 (1) is fronRto8;and
in the general formula (1), a position of bonding to the naphthal ene

st r uct ur e naphthylema grdup mnyphehylemogroep bavieg an Ogs alkyl gronp) ot & phenypprobplkene
structure part. 4. An epoxy resin conposition, conprising 20 a phenol resin
(B") havi ngsubstitaent¢t ure in which a naphthal ene structure is bonded with
anot her aryl ene structure through an oxygen atom the total nunber of 66

aromatic nucl ei ' Ledl; g&d@?ﬂ] dtbnGoral S%hﬂfl oahene
structure per rgg%%fbgrﬁigﬂ ?#o to %{Qﬁ%‘ﬁgéﬁe ar cl)-mat;tl:'i:4 n c?‘éug’ has a
phenol hydroxyl group as a _substituent . .and epoxy,.resin (A 5,5. The
poxy resin comfbuuR shehrrStt ) igse ok Ao AinaPEA ek onf pERAM Ps L (B1)
has a structure in which other aromatic ring is covalently bonded to an
aromat i r9Tg§eateTh pol yaryl eneoxy structure.

R represents a hydrogen atom or an aromatic hydrocarbon group containing an

epoxy group represented by the following general formula (1-2):

[Chemical Formula 26]
0
Rl
o General Formula (1-2)
4
10 wherein, R! represents a hydrogen atom or a methyl group; each Ar represents

independently a naphthylene group, a phenylene group, or a naphthylene group or a
phenylene group having an C,.4 alkyl group or a phenyl group as a substituent; p
represents an integer of 1 or 2;
provided that the total number of fhe aromatic nuclei in the general formula
15 (1)is from 2 to 8; and
in the general formula (1), a position of bonding to the naphthaiene structure

part may be any of two benzene rings forming the naphthalene structure part.

4. An epoxy resin composition, comprising
20 a phenol resin (B”) having a structure in which a naphthalene structure is

bonded with another arylene structure through an oxygen atom, the total number of




10 6. The 0 claim 4, wherein the phenol
resin (B) has a structure represented by the follow ng general formula
(2): [Chemical Fornula 27] OA d H ao4Ar-o cl x2 4 Ceneral Formula (2)
wherein, each Ar represents independently a naphthyl ene group, a phenyl ene
15 group, or a naphthylene group or a phenyl ene group having an Cl4 al kyl
group or a phenyl group as a substituegg; each R2 represents independently
a hydrogen atom or an Cl4 al kyl group; n and m each represent an integer of
from 0 t o a2omancnuiei ferasng said naphthalenecstmucturesand said gyleae eryct@@ p@S r epresent s
a hydrogen atom or an aromati c hydrocarbon group containing a hydroxyl

group reprsieaileft feym 2he 8f aid vkringieRtiehs harapheolBd2ixyl group@caen cal
Formula 28] OH | Ceneral Formula (2-2) --Ar-~-H wherein, each Ar

represent sbhifdeRenggnt |y a naphthyl ene group, a phenylene group, or a

napht hyl ene group or a phenyl ene group having an Cl4 alkyl group or 5 a
phenyl group as a_substit.uent,; and p represents an integer of 1 or 2;

provi ded t hat th&“%‘f’ﬁﬁwﬁlﬂ%&}r of aromatic nuclei in the fornmula (2) is from
2 to %; and

5. The epoxy resin composition according to claim 4, wherein the phenol resin
(B’) has a structure in which other aromatic ring is covalently bonded to an aromatic ring

in polyaryleneoxy structure.

10 " " 6. The epoxy resin composition according to claim 4, wherein the phenol resin

(B’) has a structure represented by the following general formula (2):

[Chemical Formula 27]

General Formula (2)

wherein, each Ar represents independently a naphthylene group, a phenylene
15 gféup, or a naphthylene group or a phenylene group having an C;4 alkyl group or a
phenyl group as a substituent;
each R? represents independently a hydrogen atom or an C, alkyl group;
n and m each represent an integer of from 0 to 2, and at least one of n and m
is 1 or greater;
20 R represents a hydrogen atom or an aromatic hydrocarbon group containing a

hydroxyl group represented by the following general formula (2-2):



inthe g on-or bonding to the naphthal ene

structure 10 part nmay be any of two benzene rings form ng the naphthal ene
structure part. 7. A novel epoxy resin, having a structure represented by
the follow ng general fornula (1): [Cherri cal Formula 29] yte p 15 x1
General Formula (1) wherein, R represents a hydrogen atom or a nethyl
group; each Ar represents independently7a napht hyl ene group, a phenyl ene
group, or a naphthyl ene group or a phenyl ene group having an Cl4 al kyl
group or a pClemyicaldtoomplac®8] 20 a substituent; 68 each RZ represents

I ndependently a hydrogen atomor an C, -4 al kyl group; n and m each
represent an integer of 6 mO to 2, and at | east one of n and mis 1 or
greater; R3 represent ﬁ; rogen atomor an aromati c hydrocarbon group
containing an 5 epoxfy gloup\represented (bgnetdhé‘otlmlllﬂﬁvz%g general formula
(1-2): [Chem cal F Rt General Fornula (1-2) R wherein, R
represents a hydrogen\atom gfpa nethyl group; 10 each Ar represents

i ndependent|y a napht hyl ene group, a phenyl ene group,

wherein, each Ar represents independently a naphthylene group, a phenylene
group, or a naphthylene group or a phenylene group having an C, 4 alkyl group or
5 . a phenyl group as a substituent; and
p represents an integer of 1 or 2;
provided that the total number of aromaiic nuclei in the formula (2) is from 2
to 8; and
in the general formula (2), a position of bonding to the naphthalene structure

10 part may be any of two benzene rings forming the naphthalene structure part.

7. A novel epoxy resin, having a structure represented by the following general

formula (1):

[Chemical Formula 29]

General Formula (1)

15

wherein, R’ represents a hydrogen atom or a methyl group;
each Ar represents independently a naphthyiene group, a phenylene group, or a
naphthylene group or a phenylene group having an C,.4 alkyl group or a phenyl group as

20  asubstituent;



or a naphthyTene Group or & pheny ene group Havi ng an Cl1.4 alkyl group or a

phenyl group as a substituent; and p represents an integer of | or 2;

provi ded that the total nunmber of the aromatic nuclei in the fornula (1) is
from2 15 to 8; and in the above general fornula (1), a position of bonding
to the naphthal ene structure part may be any of two benzene rings formng

t he napht hal ene structure part. 8. A r68vel phenol resin, having a structure
represented by the followi ng general 20 fornula (2): [Chenical Formula 31 ]
69 R3 SE)4A - f pach R7zgpresants indepesdently-a ysrogenatatn oF an ()4 alyhgronpir epr esent s

I ndependent|ly a napht hyl ene group, a phenylene group, or a naphthyl ene
group or a phenylaaden egchuppresent agindegetbf Homallkpl2, gudatdeast ore ofrhamiyh igt oup as
a substituent; 5 each R2 represents independently a hydrogen atom or an

al kyl growpoftfateg carbon nunmber of from1l to 4; n and meach represent an
integer of TromO to 2, and at least one of n and mis 1 or greater; R3

represents a hygn ' In.hg a 10
hydr oxyl group ?‘egﬁ’ggse"ﬁﬁsg“:ﬁy@@%%ﬂeﬂ“gEf%‘{w&ﬂg%géeﬁg‘?’épﬁﬁ%‘?%ﬁg c%@ =T Chem cal
For mil g 32Jpoxy group represented by the following general formula (1-2):

[Chemical Formula 30]

0
Rl

AR

wherein, R' represents a hydrogen atom or a methyl group;

General Formula (1-2)

10 each Ar represents independently a naphthylene group, a phenylene group,
or a naphthylene group or a phenylene group having an C, 4 alkyl group or a phenyl
group as a substituent; and

p represents an integer of 1 or 2;
provided that the total number of the aromatic nuclei in the formula (1) is from 2
15 to8;and
in the above general formula (1), a position of bonding to the naphthalene

structure part may be any of two benzene rings forming the naphthalene structure part.

8. A novel phenol resin, having a structure represented by the following general
20 formula (2):

[Chemical Formula 31]



(_Ar) OH1Ig Generar Torma iy Ynerel n, eacH Ar represents independently

a napht hyl ene group, a phenylene group, or a naphthylene group or a

phenyl ene group having an Cl4 al kyl 15 group or a phenyl group as a
substituent; and p represents an integer of 1 or 2; provided that the total
nunber of the aromatic nuclei in the fornmula (2) is from 2 to 8, and in the
formula (2), a position of bonding to td9e naphthal ene structure part may *
70 be any of two benzene rings form ng the naphthal ene structure part. 9. A
sem conduct or - encapsul ating material ; gonpri sing the epoxy resin

conposi tion according to anyseme of filains\1l to 3, 5 wherein the epoxy resin
conposi tion furtRar conprisks frOmirdam@yr+Her (O in aratio of 70 to 95
weight%in the- % ion to £&id epoxy resin (A) and said
curing agengd{v gal _ - g2t or - encapsul ating material, conprising the
epoxy resi.n -10\NCOnpQhy according to any one OferfekaiFdBmdlal(@) 6, Wherein
the epoxy resin conpositian further conprises an inorganic filer (C in a
ratio of 70 to 95 wei ghtotR) in the conposition in addition to said phenol
resin (B') and said epoxy resin (A). 15 11. A cured article, which is
fornmed by curi ngwhitein sashyAr eeprasents ifisispendently 2 aaphthyienegrowp, appeaylenef cl ai ns
| to 6.

group, or a naphthylene group or a phenylene group having an C;.4 alkyl group ora
phenyl group as a substituent;
5 each R? represents independently a hydrogen atom or an alky! group of a

carbon number of from 1 to 4;

n and m each represent an integer of from 0 to 2, and at least one of n and m is
1 or greater;

R represents a hydrogen atom or an aromatic hydrocarbon group containing a

10 hydroxyl group represented by the following general formula (2-2):

[Chemical Formula 32]

OH
_.(_ Al\r-)—n | General Formula (2-2)
p

wherein, each Ar represents independently a naphthylene group, a
phenylene group, or a naphthylene group or a phenylene group having an C;.4 alkyl
15 group or a phenyl group as a substituent; and
p represents an integer of 1 or 2;
provided that the total number of the aromatic nuclei in the formula (2) is from
2to 8; and

in the formula (2), a position of bonding to the naphthalene structure part may



10

15

70
be any of two benzene rings forming the naphthalene structure part.

9. A semiconductor-encapsulating material, comprising the epoxy resin
composition according to any one of claims 1 to 3,

wherein the epoxy resin composition further comprises an inorganic filer (C) in
a ratio of 70 to 95 weight% in the composition in addition to said époxy resin (A) and

said curing agent (B).

10. A semiconductor-encapsulating material, comprising the epoxy resin
composition according to any one of claims 4 to 6,

wherein the epoxy resin composition further comprises an inorganic filer (C) in a
ratio of 70 to 95 weight% in the composition in addition to said phenol resin (B’) and

said epoxy resin (A’).

11. A cured article, which is formed by curing the epoxy resin composition

according to any one of claims 1 to 6.



