- 1 - DESCRIPTION Title of Invention CURABLE RESIN COVPCSI Tl ON, CURED

PRODUCT THERECF, PHENOL RESI N, EPDXY RESI'N, AND SEM CONDUCTOR
ENCAPSULATI NG MATERI AL Technical Field [0001] The present
invention relates to a heat-curable resin conposition which produces
a cured product having excellent heat resistance, noisture-resistance
reliability, flame retardancy, dielectric characteristics, and
curability in curing reaction and whi gh-can be preferably used for a
sem conductor encapsul ating material, a printed circuit board, a
coating material, cast nolding, etc., a cured product thereof, a

phenol resin, an epoxy resin, an 1 duct or encapsul ating
mat eri al using the heat-curable $5§F%E%E;§§sition. Background Art

[ 0002] Heat - curabl e resin conpositions each containing an epoxy
resin and a curing agent therefor as essential conponents are

excellent in various physicaIngf§mg%ifﬁ%éy&H}n@s hi gh heat

resi stance, noisture resistance, Tow viscosity, and the like, and are

thus mjdeldbéﬁ%ﬁhf§ﬁ8¥ﬁE%%Mﬁﬁ@fTION? CUEOIPORSHE S SHEMREAGF & PHENOL

sem conductor encapsulating material, a printed circuit board, and

the likeipd e, ef BSt¥ O £1160NROH ety T ¢ & S CEOR dtted A MU BEHESE MEST ISRICAT,

as conductive paste; other adhesives; matrixes for conposite
materials; coating materials; photoresist materials; color devel oping
materials; etc. [0003] In these various applications, particularly,

g*1 Technical Field

[0001]

The present invention relates to a heat-curable resin
composition which produces a cured product having excellent
heat resistance, moisture-resistance reliability, flame
retardancy, dielectric characteristics, and curability in
curing reaction and which can be preferably used for a
semiconductor encapsulating material, a printed circuit
board, a coating material, cast molding, etc., a cured
product thereof, a phencl resin, an epoxy resin, and a

(- semiconductor encapsulating material using the heat-curable
resin composition.
Background Art

[0002]

Heat-curable resin compositions each containing an
epoxy resin and a curing agent therefor as essential
components are excellent in various physical properties such
as high heat resistance, moisture resistance, low viscosity,

and the like, and are thus widely used for electronic



application to advanced materials, performances such as heat

resistance and noi sture-resi stance reliabi ity have been recently
required to be further inproved. For exanple, in the sem conductor
encapsul ating material field, reflow treatnment tenperatures are

i ncreased due to transition to surface-nount packages, such as BGA
and CSP packages, and response to |ead-free solder, and thus

encapsul ation resin materials for el-ectronic conponents, which have
ever-nore excellent noisture resistance and sol der resistance, are
desi red. Further, the novenent toward exclusion of hal ogen- based

flame retardants has heen recen creased fron1t e V|e o] t

har mony %mtpr?nteﬂﬁ: et T britterft ,° zi[}ftfycfrh S0 FHE e it r%’]ﬁn(# T e'S| hs
i t), which ib ty h

hal ogen SPdR &t A iaTs Hsgu '?eaqﬁuc?i’ceﬁe %3%0 e a%%ét%ld@”"yn;?e?

of di sclaged, & phenal, Jesidy, LS T B AN G

conponeﬁi ncapsul i'ng materi a s mhlc y wth these

require %ﬁ%%sat egh henal f@él&ﬁ&q@%abaeffﬂcgl on
no I‘eSI n wt

of a ph enzyl at1ng agent such as benzyl chloride
and an eROXY LSt ¥ ieAuced vt draaditd 0 mafe tiha Henzyl et etk wieiing

resin with eplchlorohydrln (refer to, for exanple, Patent therature
1), andgdahenols.;resid produced by reaction of a phenol conpound wth
di chl or onet hyl napht hal ene and an epoxy resin produced by reaction of
/;he phen@ogxsin, which is produced by reaction with

idi chl or onet hyl napht hal ene, with epichlorohydrin (refer to, for
exanpl e, Pat gnat theker aturiess?2 appd i3ptipd@O5particulHagyverin t he epoxy
resin and phenol resin disclosed in Patent Literature 1 are decreased
i N noi stappa-iatesairgt iten acheracide maste isa land paprovetdas so ad diat n
noi sture resi stance and sol der resistance, but these properties are
unsat i sfactierhantas tael Inematsmesqmi’rle&j:arwer ardnitabjdartsy haveadwdiar on,
these resins are poor in flame retardancy and cannot be designed as
hal ogen-feaase tiat erd@lised radd tiwithahdmpeued esfRTafd2pRéfol 1fesin
(curing agent) disclosed in Patent Literatures 2 and 3 have sone

degr ee dtheefSeaBcBIAUGHITOATHRHS WA 1t dedaicy? ot Here 45 TPV
viscosity and thus have |low fluidity durin | di ng,, thereby Ki ng
't qui t EreRtIent TR IGESS R (ISR oM CoNRHETt SOH (17

recent flneaé“‘ﬁghnt packages, such as BGA and CSP packages, and

response to lead-free solder, and thus encapsulation resin
materials for electronic components, which have ever-more

<- excellent moisture resistance and solder resistance, are
desired.

Further, the movement toward exclusion of halogen-based
flame retardants has been recently increased from the
viewpoint of harmony with the environment, and thus epoxy
resins and phenol resins (curing agent) which exhibit a high
degree of flame retardancy in a halogen-free state have been
required.

[0004]



[ 0006] Accordingly, in the field of electronic conponent- rel ated

materials, It IS the present situation that an epoxy resin
conposition satisfying fluidity, noisture-resistance reliability, and
flame retardancy has not yet been found. Citation List Patent

Literature [0007] PTL 1: Japanese Unexam ned Patent Application
Publ i cati on No. 8-120039 PTL 2: Japanese Unexam ned Patent
Application Publication No. 2004-5979Z - PTL 3: Japanese

Unexam ned Patent Application Publication No. 2004-123859 Sumary of

I nvention Technical Problem[0008] Accordingly, a problemto be
solved by th resent i.nventi.on | i h rabl i
conposition ﬁg@ 8X85|FéﬁFlPF&I ngﬁrggﬁan’%%% & %%Ogyr%%sqn

moi StUT & e ANGs (S dghldddnt %ﬁgﬁgﬁr eg[%gagsa@rﬂfsctmw

conpone eria ane r ncy 1n a

hal ogen cfgnﬁﬁyséﬁ% fife nar ffarﬁghggﬁ%]mw@mnmac&g&dpr@mUct

t her eof sem con uc or encapsulating materidl using the

conposi tiny, G HRNER) f@a%ﬂ&@%@%p%ém Ml ehygiyes these

per f or mances.
benzylating agent such as benzyl chloride and an epoxy resin
produced by reaction of the benzylated phenol resin with

I epichlorohydrin (refer to, for example, Patent Literature 1),
and a phenol resin produced by reaction of a phenol compound
with dichloromethylnaphthalene and an epoxy resin produced
by reaction of the phenol resin, which is produced by
reaction with dichloromethylnaphthalene, with
epichlorohydrin (refer to, for example, Patent Literatures 2
and 3).
[0005]

However, the epoxy resin and phenol resin disclosed in

Patent Literature 1 are decreased in moisture-absorption

S

characteristics and improved to some extent in moisture
resistance and solder resistance, but these properties are
unsatisfactory to the levels required in recent years. In
addition, these resins are poor in flame retardancy and
cannot be designed as halogen-free materials. In addition,
the epoxy resin and phenol resin (curing agent) disclosed in
Patent Literatures 2 and 3 have some degree of effect of
improving flame retardancy but have high viscosity and thus

have low fluidity during molding, thereby making it quite



Solution to Problem[0009] As a result of intensive research

for-solving the probieny the inventors of the present invention found
that in a phenol resin having, as a basic skeleton, a structure in
which a plurality of phenolic hydroxyl group-containing aronatic

skel etons (ph) are bonded to each other through an al kyli dene group
or a nethylene group having an aromati c hydrocarbon structure,

noi sture-resistance reliability and-high flanme retardancy in a

hal ogen-free state are achieved by introduci ng a napht hyl net hyl group
or an anthryl methyl group into an aromatic nucl eus of the phenol
resin. [.0010] . The present, invention relates tao heat - cur abl e
resin colBsEItioe (%Oer%ﬁﬁga#e‘f%rejaebcrb}fr%%]a? eI N e At c}hr%ebq%lytr esin
conposi tiaqn (1).")_ ,including, as essential conmponents, an epoxy resin
(A) and %%%ﬁéﬂéﬁg%Q§§11 (B), wherein the phenol resin (B) has a phenol
resin st d&@é?e havi ng, as a basic skeleton, a structure in which a
plurality of ‘phenolic hydroxyl group-containing aromatic skel etons
(ph) are bonded, aﬁgqez,omerthtehrﬂ%q@ ¥ dldidene g ndntd

met hyl ene group having an aromati ¢ hydrocarbon structure, and an - 6
- aromatjig G eus: Hfi 4ne, phenal ﬁr?éllpﬂréééwtﬁr&at@'fo@ ianhtdy | agdhy |
group or an anthryl nethyl group. [0011] Further, the present
inventi gedie] dRHdH i SEBLONTUetf EncaPisty) Athdigs it SFted i stance
including, in addition to the epoxy resin (A) and the phenol resin
f(B) of the ihestl-iair,abkied rieisine corposddion Hds ,nah jaongsa cEdudd er  at
aratio of 70%to 95% by mass in the conposition. [0012]

Furt her Citteet ipregeirdt i nvention relates to a cured product produced by
a curing reaction of the heat-curable resin conposition (I). [0013]
Fur t her Patentpriedetatiuneention rel ates to an epoxy resin cured
product produced by a curing reaction of the heat-curable resin
conposi ti@P7]l ). [0014] Further, the present invention rel ates
to a phenol resin having a phenol resin structure having, as a basic
skel eton, a STRuéturaveRedls JReZapiines) iFafest preddicasion

Publication No. 8-120039

PTL. 2: Japanese Unexamined Patent Application
Publication No. 2004-59792

PTL 3: Japanese Unexamined Patent Application
Publication No. 2004-123859

N Summary of Invention
Technical Problem
[0008]

Accordingly, a problem to be sclved by the present
invention is to provide a heat-curable resin composition
having excellent fluidity and realizing moisture-resistance
reliability suitable for recent electronic component-related
materials and high flame retardancy in a halogen-free state

for harmony with the environment, a cured product thereof, a



hydr oxyl group-containing aromatic skel etons (ph) are bonded to each

ot her through an alkylidene group or a nethylene group having an
aromati ¢ hydrocarbon structure, and aromatic nuclei in the phenol
resin structure have napht hyl net hyl groups or anthryl net hyl groups.

- 7 - [0015] Further, the present invention relates to a
heat - curabl e resin conposition (hereinafter abbreviated as a

"heat -curabl e resin conposition (11} including, as essenti al
conponents, an epoxy resin (A') and a curing agent (B'), the epoxy
resin (A') having an epoxy resin structure having, as a basic

skel eton, a structure in i 1.ty of . gl yei rs
group-cSﬁwﬁ%ﬁqﬁ§%ﬁgﬁnﬁq%ﬂgﬂgﬁﬂﬁ%ﬁ£%Hﬁaé%ﬁ%ﬂﬁ%ﬁye f%qgﬁlo%ﬁ er

L hrough 3 gl ild 4ane alann, r hyd 8ne JHQUP 1 Nd, AL aromatic
hydr ocarbon s rug}ure, and an arondti c nucleus 1nm the epoxy resin
structur Jﬁ§%ﬁ% it hyl met hyl group or an anthryl nethyl group.
[0016] Further, the present invention relates to a sem conductor
encapsulqling Jptey imlodngl uding, in addition to the epoxy resin (A)
and the curing agent (B') of the heat-curable resin conposition (I1),
an inorgayyoeifiller at a ratio of 70%to 95%by mass in the

conposition. [0017] Further, the present invention relates to a
cured produchsproduced tby fa igtteingd veeaelkicancbf folre shaatingurthkl e resin
conposition (11). [0018] Further, the present invention rel ates

éosarl epPOb s rtHuvimgregorepaxy ttesipredtenictimeshavmgiowsd alEsi ¢
in a phenol resin having, as a basic skeleton, a structure
in which a plurality of phenolic hydroxyl group-containing
aromatic skeletons (ph) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, moisture-resistance reliability and
high flame retardancy in a halogen-free state are achieved
by introducing a naphthylmethyl group or an anthrylmethyl
group into an aromatic nucleus of the phenol resin.
[0010]

<ﬂ The present invention relates to a heat-curable resin
composition (hereinafter abbreviated as a "heat-curable
resin composition (I)") including, as essential components,
an epoxy resin (A) and a phenol resin (B), wherein the
phenol resin (B) has a phenol resin structure having, as a
basic skeleton, a structure in which a plurality of phenolic
hydroxyl group-containing aromatic skeletons (ph) are bonded
to each other through an alkylidene group or a methylene

group having an aromatic hydrocarbon structure, and an



skel eton, a structure in which a plurality of glycidyl oxy

group-contai ning aromati ¢ skeletons (ep) are bonded to each other

t hrough an al kyli dene group or a nethylene group having an aronmatic
hydr ocarbon structure, and an aronmatic nucleus in the epoxy resin
structure has a napht hyl net hyl group or an anthryl met hyl group.
Advant ageous Effects of Invention [0019] According to the
present invention, it is possible te @rovide a heat-curable resin
conposition having excellent fluidity and realizing

noi sture-resistance reliability suitable for recent electronic

-rel d i d hi fl \ i
corponent -4l S IELSL) 2 e A A T v 2

hal ogen- ate for a cured product

t her eof lﬁgg QQEﬁto Gl t] aly ysi t he
conpositQ%kL #%9a ]éﬁgf regﬁﬁqgﬁ&hg%H§§&$§§?% ai¢c gi ve these
perfornqﬂﬁﬁg: Brief Description of Draw ngs [0020] [Fig. 1]
Fig. 1is a éPO chart of phenol resin (A-1) produced in Exanple 1.

[Fig. 2] Figgudthgrd Je%%-%Més%%r_tin%na%ﬁolrerl%&ie@ A B produced in

Exampl e 1. [Fig. 3] Fig. is a M5 spectrum of phenol resin

(A-1) prduceshdurto@mil@dsulatihg ddidrid] fMduding, arGRadhardn of
phenol resin (A-2) produced in Exanple 2. [Fig. 5] Fig. 5is a GPO
chart oftpheleg®st nndr3) (Fr et athd @l e din [ B)9.0B]tHd ied+ s

a GPO chart of phenol resin (A-4) produced in Example 4.

( curable resin composition (I), an inorganic filler at a
ratio of 70% to 95% by mass in the composition.
[0012]

Further, the present invention relates to a cured
product produced by a curing reaction of the heat-curable
resin compesition (I).

[0013]

Further, the present invention relates to an epoxy
resin cured product produced by a curing reaction of the
heat-curable resin composition (I).

e [0014]

Further, the present invention relates to a phenol
resin having a phenol resin structure having, as a basic
skeleton, a structure in which a plurality of phenolic
hydroxyl group-containing aromatic skeletons (ph) are bonded
to each other through an alkylidene group or a methylene
group having an aromatic hydrocarbon structure, and aromatic

nuclei in the phenol resin structure have naphthylmethyl

groups or anthrylmethyl groups.



[Fig. 7] Fig. 7 is a GPO chart of phenol resin (A-5) produced in

anpli e 5. I'g. I'g- I's a chart of epoxy resin =
produced in Exanple 6. [Fig. 9] Fig. 9 is a 130-NWR chart of epoxy
resin (E-1) produced in Exanple 6. [Fig. 10] Fig. 10 is a M5 spectrum
of epoxy resin (E-1) produced in Exanple 6. [Fig. 11] Fig. 11 is a
GPO chart of epoxy resin (E-2) produced in Exanple 7. [Fig. 12] Fig.
12 is a GPO chart of epoxy resin (E-3)7 produced in Exanple 8. [Fig.
13] Fig. 13 is a GPO chart of epoxy resin (E-4) produced in Exanple
9. [Fig. 14] Fig. 14 is a GPO chart of epoxy resin (E-5) produced in
Exampl e I;’Ir:goe]ﬁescri ption of Enbodi nents [0021] The present invention
I s descri I n detail bel ow

Further, the present invention relates to a heat-
curable resin composition (hereinafter abbreviated as a
"heat-curable resin composition (II)") including, as
essential components, an epoxy resin (A') and a curing agent
(B'}, the epoxy resin (A') having an epoxy resin structure

(' having, as a basic skeleton, a structure in which a
plurality of glycidyloxy group-containing aromatic skeletons
(ep) are bonded to each other through an alkylidene group or
a methylene group having an aromatic hydrocarbon structure,
and an aromatic nucleus in the epoxy resin structure has a
naphthylmethyl group or an anthrylmethyl group.
[0016]

Further, the present invention relates to a
semiconductor encapsulating material including, in addition

to the epoxy resin (A') and the curing agent {(B') of the

N

heat-curable resin composition (II1}, an incrganic filler at
a ratio of 70% to 95% by mass in the composition.
[0017]

Further, the present invention relates to a cured
product produced by a curing reaction of the heat-curable
resin composition (II}.

[0018]
Further, the present invention relates to an epoxy

resin having an epoxy resin structure having, as a basic



- 10 - A heat-curable resin conposition (1) of the present

invention is a heat-curabl e resin conmposition including, as essenti al
conponents, an epoxy resin (A) and a phenol resin (B), the phenol
resin (B) having a phenol resin structure having, as a basic

skel eton, a structure in which a plurality of phenolic hydroxyl
group-contai ning aromati c skeletons (ph) are bonded to each ot her

t hrough an al kyli dene group or a nethy ene group having an aronmatic
hydr ocarbon structure, and aromatic nuclei in the phenol resin
structure have napht hyl net hyl groups or anthrylnethyl groups. [0022]

That is henol resin has the phe r 5|n Sstruct ur avi ng,
2"t he' T SRE & b St B R R R YRRl
hydr oxyl group:- ¢ ntalnln aronmat i c_ sk Ietons h) ar nd each
ot her T IS ST P T T oUp B tn%%yi%vﬁe rodih IR e oot

h
Fesim s ﬂ%%ﬁf’ﬁa%ﬁ#%f R ugg%f—égﬁ (Fee 'nﬁf‘%@%? ar oup.
Ther ef One,, APITR |8l o Mf@é&dﬂ?@?m . anhanCeg ang {Lghsl 1y o

the resin cam be naintaine IS pOSSIb e to I nprove
af fini ty,fOre@n 1rﬂ°€r9é‘rlé§o§§ 'f@élﬁ%@&@fé 68s 1D RDPh PRI OM YD a

sem conduct or encapsul at'i ng naterla decrease the coeff|C|ent of

therﬁa|g@gﬁyﬁﬂfﬂhﬂﬁaﬁtﬁﬁé ﬁ@u@nd significantly inprove
noi st ure-resi stance reli |I|ty and fllame retardancy. In the present

énvenﬂ(Hﬁvéﬂﬁéggﬁﬁgﬂgfﬁéﬁﬁb(&ﬁ Tordespends to a novel phenol resin
f the present Invention. [0023] From t he vi ewpoi nt of nore

i nproved duElEnNce between noi sture-resistance reliability and fl anme
retardancy, the content of the naphthyl nethyl groups or anthryl nethyl
groups in théacapaeEhioc touthel pofesteng pherolt ioesi A tstisugtasse.bls to
preferably 10 to 200 in terns of ratio of total nunber of the
napht hylgmethiyde gr duges: oruzait e vyt eetrnydomparigsi ore |l T veg toxee t et
nunber of 100 of the phenolic hydroxyl group-containing aronatic
skel et orfslyish)ty lancparad eiaiarg maves worerms it gred erablapidbity 120
fromthe viewpoint of the higher effect of inproving curability,
nol dabi |SuhEakis ok eeesiist T AR ITRIE T § 4 (Tt (e ey
nore preferably in a range of 20 to 100 from the viewpoi nt_of the
excel | erﬂndafhfli t%flarneﬁ 15931 Rteh s 1 QP ¥ cetd enttor

i npregnation into ass substrate, and the, si ficant ct_of
e pr oSG aTo S b T e 1 Gt A M@ 20
to 80. 024 On th t hand, P t Lit

doscr | b PHACRIEH T STRAARA T I (e d e o dente i Wt
Fontalns Q?ph médgﬁ'QésfH”éHd‘%iéﬁiE?Eéfﬁ“%ﬂ ch éyygtgﬁgse

N

performances.
Brief Description of Drawings
[0020]

[Fig. 1] Fig. 1 is a GPC chart of phenol resin (A-1)
produced in Exampie 1.

[Fig. 2] Fig. 2 is a 3C-NMR chart of phenol resin (A-1)
produced in Example 1.

[Fig. 31 Fig. 3 is a MS spectrum of phenol resin (A-1)

produced in Example 1.



- 12 - resistance is degraded unless the inpurity content is 10% by

mass or Iess. However, in the present invention, the naphthylmethyl
group or anthrylnmethyl group is positively introduced into the resin
structure, and the ratio of the naphthyl nethyl groups or

ant hryl met hyl groups present is 10 to 200 relative to the total
nunber of 100 of the phenolic hydroxyl group-containing aromatic
skel etons (ph), thereby causing no decyease in heat resistance and
significantly inproving noisture-resistance reliability represented
by noi sture resistance and sol der resistance. Further, it is

not ewort hy that, the heat-curable resjn, conposition of the present

i nvention hag%l\}@r‘y Yok F-séodit |G?Fsclsﬁhta§r%f0£c@ﬁ’te§i i ﬁgesd'rgo@dg}sed
polycyclic(ikel tond¥jth giq? bul ki ness, thereby inproving

i npr egndti BN TH oA i HStgarfic filler such as silica and a gl ass
substrate an hi gvi 0Qd .noi_s - resl. st relii abil.ity., [{3025]
Here, the coﬁggﬁf §¥ ?ﬁéﬁngbﬁgﬁfl%§¥ﬁ§¥5§$66%2%%Fn§Ht%%v%ﬁ%t%yfﬁ

groups ﬁ%&&ﬁ%@&olr}?t%)ﬁaméej of the phenol resin structure, i.e.,

the tot er o e ‘napht hyl net hyl groups or ant hryl met hyl groups
relative to tihe fotgl muytber ;of J1eP0fhe RIS INUDHY ! (a-4)

group-contai ning aromatic skeletons (ph), 1s equal to the total

amount  frsqaRty lmeihylati ng agent or ant hryl nmet hyl ati ng agent
(a2) based on the nunber of aromatic nuclei ina - 13 - phenol resin

éaw mat eri al [gsed fqr FAKQdyUCiing o pmheneit ESighen|1026]siAs @esor i bed
bove, the phenol resin (B) in the heat- curable resin conposition
(1) contatgtucdd i Exegie Sructure, a phenolic hydroxyl
group-contai ning aromati c skeleton (the structural sites is
abbrevi ated d%'ig." Biemdki.c Shydr ex HWPOY hep-tc @it @poixyg rersdmat (Ec-1)
skel eton (Phi)" hereinafter) having a naphthyl methyl group or
ant hryl metdddced in Example 6.

[Fig. 9] Fig. 9 is a '°C-NMR chart of epoxy resin (E-1)
produced in Example 6.

[Fig. 10] Fig. 10 is a MS spectrum of epoxy resin (E-1)
produced in Example 6.

[Fig. 11] Fig. 11 is a GPC chart of epoxy resin (E-2)
produced in Example 7.

[Fig. 12] Fig. 12 is a GPC chart of epoxy resin (E-3)
produced in Example 8.

[Fig. 13] Fig. 13 is a GPC chart of epoxy resin (E-4)
produced in Example 9.

[Fig. 14] Fig. 14 is a GPC chart of epoxy resin (E-5)
produced in Example 10.
Description of Embodiments

[C021]

The present invention is described in detail below.



group in an aromatic nucl eus, and a phenolic hydroxyl group-
containing aromati ¢ skeleton € structural site is abbreviated as a
"phenol i ¢ hydroxyl group-containing aromatic skeleton (Ph2)"
herei nafter) not having a napht hyl met hyl group or anthryl nethyl group
in an aromatic nucleus. In the resin structure, these structural
sites are |linked to each other through an al kylidene group or
aromati ¢ hydrocarbon structure-contai nong net hyl ene group
(hereinafter referred to as the "nethyl ene bridging group (X)").
[ 0027] Since the present invention has the above-descri bed
characteristic.chem cal .structure, it is.possi

BolESn ThE oG :

aromati c con & |§€&P§rC?FPS@E&F@“aAE”?ﬁ%gF %2 %%%F%ﬁf heat

resi st ar}cn%eal‘lr.{:digl‘! ane J Ef{eaartd—acnuclyal:;[loe arecsl’!irnedcc%poéjéﬁ%ion _ir}c4ldding, as
essential components, an epoxy resin (A) and a phencl resin
(B), the phenol resin (B) having a phenol resin structure
having, as a basic skeleton, a structure in which a
plurality of phenolic hydroxyl group-containing aromatic

( skeletons (ph) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, and aromatic nuclei in the phencl
resin structure have naphthylmethyl groups or anthrylmethyl
groups.
[0022]

That is, the phenol resin (B) has the phenol resin
structure having, as the basic skeleton, the structure in
which a plurality of phenolic hydroxyl group-containing
aromatic skeletons (ph) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, and an aromatic nucleus in the phenol
resin structure has a naphthylmethyl group or an
anthryilmethyl group. Therefore, aromaticity of the resin
can be enhanced, and fluidity of the resin can be maintained.
In addition, it is possible to improve affinity for an
inorganic filler such as silica in application to a
semiconductor encapsulating material, decrease the

coefficient of thermal expansion of a cured product, and



[ 0028] The phenolic hydroxyl group-containing aromatic skel eton (Phl)

can take various structures. Specifically, aromati c hydrocarbon
groups represented by structural fornulae Phi-1 to Phi-13 bel ow,
whi ch are forned from phenol, naphthol, and a conpound havi ng an
al kyl group as a substituent on the aromatic nucl eus of phenol or
naphthol, are preferred fromthe vi ewpoi nt of excellent heat

resi stance and noi sture-resistance feliability. [0029] Exanples of
t he phenolic hydroxyl group-containing aromatic skel eton (Phi)

i nclude those represented by structural fornulae Pl to P13 bel ow.

[0030] gqgﬁ?ffganflffiﬁprove moisture-resistance reliability and

flame retardancy. In the present invention, the phenol
resin (B) corresponds to a novel phenol resin of the present
invention.

{0023]

From the viewpoint of more improved balance between
moisture-resistance reliability and flame retardancy, the
content of the naphthylmethyl groups or anthrylmethyl groups
in the aromatic nuclei of the phenol resin structure is
preferably 10 to 200 in terms of ratio of total number of
the naphthylmethyl groups or anthrylmethyl groups relative
to a total number of 100 of the phenolic hydroxyl group-
containing aromatic skeletons (ph). In particular, the
content is preferably 15 to 120 from the viewpoint of the
higher effect of improving curability, moldability,

moisture-resistance reliability, and flame retardancy, more

P

preferably in a range of 20 to 100 from the viewpoint of the
excellent affinity for filler such as silica and excellent
impregnation into a glass substrate, and the significant
effect of the present invention, and particularly preferably
in a range of 20 to 80.
[0024]

On the other hand, Patent Literatures 2 and 3 describe
that dichloromethyl naphthalene used as a condensing agent

contains naphthylmethyl chloride as an impurity, and heat



H In these structures, when two or npbre bonds to other

structural sites are positioned on a naphthalene skeleton, these
bonds may be positioned on the sanme nucleus or different nuclei.
[0031] In the present invention, the structural fornmula Phl-1 - 16 -
havi ng a phenol skeleton is particularly preferred fromthe viewpoint
of low viscosity and excellent curability, heat resistance, and

noi sture resi stance and sol der resistapce. Al so, a phenol skeleton
havi ng net hyl groups as represented by the structural fornula Phl-4
is preferred fromthe viewpoint of the significant effect of

resi stan “‘e%réfﬁeé!fs}a St t“rentéqu'“a”c%e?{‘&aftg%fb ot it
o[ oMt | G SPle) AT D s L ond o R RS 900 cafel etone
can be us%%tﬁ;%%%ghﬁfj5¥8uﬁ”or a&%hrylmethyl group is positively
introduced into the resin structure, and the ratio of the
naphthylmethyl groups or anthrylmethyl groups present is 10
to 200 relative to the total number of 100 of the phenolic
(' hydroxyl group-containing aromatic skeletons (ph), thereby
causing no decrease in heat resistance and significantly
improving moisture-resistance reliability represented by
moisture resistance and solder resistance. Further, it is
noteworthy that the heat-curable resin composition of the
present invention has very low viscosity in spite of
containing a condensed polycyclic skeleton with high
bulkiness, thereby improving impregnation into an inorganic
filler such as silica and a glass substrate and achieving
good moisture-resistance reliability.
[0025]

Here, the content of the naphthylmethyl groups or
anthrylmethyl groups in the aromatic nuclei of the phenol
resin structure, 1.e., the total number of the
naphthylmethyl groups or anthrylmethyl groups relative to
the total number of 100 of the phenclic hydroxyl group-
containing aromatic skeletons (ph), i1s equal to the total
amount of a naphthylmethylating agent or anthrylmethylating

agent (a2) based on the number of aromatic nuclei in a



[ 0033] In these structures, when two or nore bonds to other

structural sites are positioned on a naphthalene skeleton, these
bonds may be positioned on the sanme nucleus or different nuclei.

In the present invention, the structural formula Phl-14 having a
phenol skeleton is particularly preferred fromthe viewpoint of |ow
viscosity and excellent curability, heat - 18 - resistance, and

noi sture resi stance and sol der resistapce. Al so, a phenol skeleton
havi ng a nethyl group as represented by the structural formnul ae
Phi - 15, Phi - or Phl-22 is preferred fromthe viewoint of the

signific fect of i npraving heat I stanc of sture

‘e sta@%n&ﬁd S e PRI RGE TRSBACE oG 1 Thdr s,

t he phenollc hydr oxyl group-containing aromatic skeleton (Ph2) not
havi ng 1 phthylnethyl group or anthrylnethyl group in the

aronatlc(ﬂgﬁ% , specifically, aromatic hydrocarbon groups
represeHi y structural formulae Ph2-1 to Ph2-17 bel ow, which are

for med fron‘?geﬁggtrqﬁggtQ%bveanQP%u§%%p%ﬂnQe@§%'Q@ yan paldedl H@eup as

a substituent  on the aromatic nu phenol or naphthol, are

pr ef e I edh JhAr e, ] PRI Ofo,2XCAl | i diadd resi StANGes And
noi sture resistance and sol der resistance. |[0035] [Chem 3]
structure, a phenolic hydroxyl group-containing aromatic

(' skeleton (the structural sites is abbreviated as a "phenolic
hydroxyl group-containing aromatic skeleton (Phl)"
hereinafter) having a naphthylmethyl group or anthrylmethyl
group in an aromatic nucleus, and a phenolic hydroxyl group-
containing aromatic skeleton (the structural site is
abbreviated as a "phenolic hydroxyl group-containing
aromatic skeleton (Ph2)"™ hereinafter) not having a
naphthylmethyl group or anthrylmethyl group in an aromatic
nucleus. In the resin structure, these structural sites are
linked to each other through an alkylidene group or aromatic
hydrocarbon structure-containing methylene group
(hereinafter referred to as the "methylene bridging group
(X)").
[0027]

Since the present invention has the above-described
characteristic chemical structure, it is possible to enhance
the aromatic content in the molecular structure and impart

excellent heat resistance and flame retardancy to a cured

product.



19 -

OHOHOH avoi NekeCH3 Ph2-2 Ph2-3 :Ph2-1H 'Ph2-4 114.4:1

11 441/ 40H OH OHOH

- 14 -

[0028]

The phenolic hydroxyl group-containing aromatic
skeleton (Phl) can take wvarious structures. Specifically,
aromatic hydrocarbon groups represented by structural
formulae Phl-1 to Phl-13 below, which are formed from phenol,
naphthol, and a compound having an alkyl group as a
substituent on the aromatic nucleus of phenol or naphthol,
are preferred from the viewpoint of excellent heat
resistance and moisture-resistance reliability.

[0029]

Examples of the phenolic hydroxyl group-containing
aromatic skeleton (Phl) include those represented by
structural formulae Pl to P13 below.

[0030]

[Chem. 1]



In these st
ar e posi

t he present
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addi ti on,
end,

ione
positioned on the sanme nucleus or different nuclei.
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[ 0036] I n

and t he

is preferred fromthe viewpoint of the

i stance. [0037] I n

when each of the structures is positioned at a nol ecul ar
the structure is conposed of a nonoval ent aromatic hydrocarbon

St ructures,

mnen two or

nore bonds to ot her

OH

group. In the
structural sig

§H£38I ti

Oﬂn a na

H

phtHPsj-eye skgh‘?%onl'la&hés,ec 3

bonds may bé& § S sangP hut| eus & ferent nuckeyy  Phl-4
[ 0038] nples of thechyl kyl i dene grougHserving as the(ﬂﬁthylene
bridgi ng gr ) cont ai R the resin ure of the I
resin (B) i a net hyl roup, an et ne group,
1- propyl i dene group, a 2,2- propylidene group, a dinethylene group, a
propane-1,1, 3,3- tetrayl group, a n-butane-1,1,4,4-tetrayl group, a
npentane-1,1,5,5-tetrayl group, and the |ike. Exanples of the
aromati ¢ hydrocarbon structure-containi nmet hyl ene group i ncl ude
groups repr s n edoﬁ structural for X1 to X8 belo [0039]
[Chem 4] Ph1-5 ;e )— Ph1-6 )— Ph1-7
CH2 CH; iH
OH OH
£ Ph1-8 g > phro —aol s Ph1-10
—.a - vy ) - el g -
dﬁf\ cﬁ: O\ {L o\
CH OH
OH OH
'—l./\:/— Ph1-11 —/\:/— Ph1-12 d + Ph1-13
CH, CH, Ha

In these structures,

when t

wo Or more bonds to other

structural sites are positioned on a naphthalene skeleton,

these bonds may be positioned on the same nucleus or

different nuclei.

[0031]

In the present invention,

t

he structural formula Phl-1



- 21 - OCH3CH [ 0040] Anong these, the nethyl ene group and

structures represented by the structural fornmuiae Xi, X2, and X5 are
particularly preferred fromthe viewoint of excellent flane
retardancy of a cured product of the phenol resin (B). [0041]

The phenol resin (B) used in the present invention has the resin
structure in which the phenolic hydroxyl group- containing aromatic
skel eton (Phi) and the phenolic hydroxgl —group-contai ning aronatic
skel eton (Ph2) are bonded to the phenolic hydroxyl group-containing
aromati c skeleton (Phi) or the phenolic hydroxyl group-containing

Thi 5. Dot PPt Ry %&“sﬁ&%ﬁ%t%%ﬁ%ﬁ? RS o e

nol ecul ar, structure f the hen r esi n ﬁ% osed of t.hes
structura31 LA o e LA TRl PP RO Lo heat

B:\r/!t |ngl s ruc St%a urHor{rct?m Osltgté& %EE?Z%LIE)EE? T%ﬁﬁff%teéee rpé/e'
Also, a phenol skeleton having methyl groups as represented
by the structural formula Phl-4 is preferred from the
viewpoint of the significant effect of improving heat

(' resistance of moisture resistance and sclder resistance. 1In
addition, when the phenolic hydroxyl group-containing
aromatic skeleton (Phl) is positioned at a molecular end,
skeletons represented by structural formulae Phl-14 to Phl-
22 described below can be used.

[0032]

[Chem. 2]



Phl- XB1 B2 wherein "Phl" is the phenolic hydroxyl group-containing

aromati c skeleton (Phi), "Ph2" is the phenolic hydroxyl
group-contai ning aromati c skeleton (Ph2), and "X" is the nethyl ene
bridging group (X), a polymer containing Bl present in a nol ecul ar
chain of a polynmer block having B2 as a repeat unit, a polyner

havi ng, as a branch point in a resin structure, a structural site
represented by any one of structural {eroulae B3 to B8, or [0043]

[ Chem 6] phl- X-Ph2-X- B3 B4 X

=}
==
O
I
Q
o

ﬁh— Ph1-14 M o5 N
A " O ) | 23— Ph1-16

-~

¢
)
&
8:3\

( cﬁg )‘ Ph1-17 y )_ Ph1-18 Cﬁg OH—)— Ph1-19

oH 9 OH
OH
ch\ﬁ:\;CHa 2~>._ K:L Ph1-22

/\') Ph1-20 Hzc—:\) Ph1-21 /\I)

[0033]

In these structures, when two or more bonds to other
structural sites are positioned on a naphthalene skeleton,
these bonds may be positioned on the same nucleus or
different nuclei.

In the present invention, the structural formula Phl-14
having a phenol skeleton is particularly preferred from the

viewpoint of low viscosity and excellent curability, heat



phl- X- Ph12-.X B5 F: hl-X-9111-X- B6 X -h2 -X-Ph2-*X - B7

Frh2=X-BP112-X- B8 - 23 - to B8 and a term nal structure represented
by structural forrmula B9 or B10 below in its resin structure. [0044]

- 18 -

resistance, and moisture resistance and solder resistance.
Alsoc, a phenol skeleton having a methyl group as represented
by the structural formulae Phl-15, Phl-20, or Phl-22 is
preferred from the viewpoint of the significant effect of
improving heat resistance of moisture resistance and solder
resistance.

( [0034]

On the other hand, as the phenclic hydroxyl group-
containing aromatic skeleton (Ph2)} not having the
naphthylmethyl group or anthrylmethyl group in the arocmatic
nuclei, specifically, aromatic hydrocarbon groups
represented by structural formulae Ph2-1 te Ph2-17 below,
which are formed from phenol, naphthol, and a compound
having an alkyl group as a substituent on the aromatic
nucleus of phenol or naphthol, are preferred from the
viewpoint of excellent heat resistance and moisture
resistance and solder resistance.

[0035]

[Chem. 3]



[ Chem 7] Phl-X--B9 Ph2-X--B10 [ 0045] Since the present

invention has the above-described characteristic chem cal structure,
it is possible to enhance the aromatic content in the nol ecul ar
structure and inpart excellent heat resistance and flane retardancy
to a cured product. In particular, the aromatic nucleus constituting
t he phenolic hydroxyl group-containing aromatic skeleton (Phi) or the
phenol i ¢ hydroxyl group-containing aropatic skel eton (Ph2) serving as
t he basi c skel eton of the phenol resin (B) of the present invention
is preferably conposed of a phenyl group or an alkyl-substituted

phenyl groupﬁbecause of theQHﬁé e effect of |nprOV|ng noi st upke
reS|stance so re5|$daﬁ nuqhggg co
phenyl group-b +R§I sub_iL}Utedpﬂﬂgn arts tougfpess tgﬁgl"4
cured product and a condensed polycycllc skeleton di sposed as a side

chain exhibits | ow viscosity. Therefore, |ow thernmal expansion and

i nproved a sion can - 24 - be exhibited, thereby significantly

i mprovi ng sture resishanc Phnd sol der r i PR and i npr Ving
flame retak y. PhQ@A6] Mt . n (Rt heppa.g
napht hyl mésgy1 group or thet@ﬁfﬁry?ﬁgﬁ% pre§%ﬁf%

phenol i ¢ hyeH,0xyl group-contai ni ng aronatlc skehpt on (PhI) Buhave a

mul tiple structure represented by the follow ng structural formula
(1) or (2): [0047] [Chem 8]

( OH HO. OH
{EO™ me 4GOF mew £7C™ e
OH OH OH
Ph2-12 '6 9— Ph2-13 (“ -)- Ph2-14
{0 ¥ el
OH OH
OH OH
€2 ph2s Y- pha-ts M@ Ph2-17
\\} ?; - = 7/ ”
( In these structures, when two or more bonds to other

structural sites are positioned on a naphthalene skeleton,
these bonds may be positioned on the same nucleus or
different nuclei.
[0036]

In the present invention, the structural formula Ph2-1
is particularly preferred from the viewpoint of excellent
curability, and the structural formula Ph2-4 is preferred

from the viewpoint of the moisture resistance and solder



[0048] [Chem 9] The structural formula (1) or (2) can take an

average n value of O to 5, but in the present invention, a

non-multiple structure, i.e., n =0, is preferred fromthe vi ewpoi nt
of the expression of excellent flane retardancy. - 25 - In
particul ar, the naphthylmethyl group is preferred in view of fluidity
and flame retardancy. [0049] Further, the phenol resin (B) of

the present invention may contain am apkoxy group-containing aromatic
hydr ocar bon group bonded to an aromatic nucl eus through the nethyl ene
bridging group (X). Exanples of the al koxy group-containing aromatic
hydr ocar bon, group i nclude group represented by the foll ow ng

T S

structur e Al to A13: [0050] [Chem 10] - 26 - ocH3ocH3
A?rocH3 [0037]
In addition, when each of the structures is positioned
at a molecular end, the structure is composed of a
monovalent arcmatic hydrocarbon group. In these structures,
when two or more bonds to other structural sites are
( positioned on a naphthalene skeleton, these bonds may be

positioned on the same nucleus or different nuclei.
[0038]

Examples of the alkylidene group serving as the
methylene bridging group (X) contained in the resin
structure of the phenol resin (B) include a methylene group,
an ethylidene group, a l-propylidene group, a 2,2-
propylidene group, a dimethylene group, a propane-1,1,3,3-
tetrayl group, a n-butane-i,1,4,4-tetrayl group, a n-
pentane-1,1,5,5-tetrayl group, and the like. Examples of
the aromatic hydrocarbon structure-containing methylene
group include groups represented by structural formulae X1
to X8 below.

[0039]

iChem. 4]



Ah c'i AlA2 H3C0.e. A3 IsCCH3 OCH A4 CCH3 0: A5 CH3 H3COOCH3 A6

— 2 1 —_
H H
X1 X2 X3 X4
O o5 ® L.,
CH; CH3
H
- H H

13 x5 @ X6 bc;_ X7 X8

[0040]

Ameng these, the methylene group and structures
represented by the structural formulae X1, X2, and X5 are
particularly preferred from the viewpoint of excellent flame
retardancy of a cured product of the phenol resin (B).

[0041]

The phenol resin (B) used in the present invention has
the resin structure in which the phenolic hydroxyl group-
containing aromatic skeleton (Phl) and the phenclic hydroxyl
group-containing aromatic skeleton (Ph2) are bonded to the
phenolic hydroxyl group-containing aromatic skeleton (Phl)
or the phenolic hydroxyl group-containing aromatic skeleton
(Ph2) through the methylene bridging group (X). This
bonding can take any desired combination of bonding forms.
The molecular structure c¢f the phenol resin (B) composed of
these structural sites includes a random copolymer or block

copolymer having, as repeat units, structural sites



OCH3 [ 0051] In the present invention, when the phenol resin (B)

contains the al koxy group-contai ning aromati ¢ hydrocarbon group in
its resin structure, the al koxy group-containing aromati c hydrocarbon
group having a structure represented by - 27 - the structural
formul a A8 can exhi bit excellent heat resistance and flane retardancy
of an epoxy resin cured product and can significantly decrease the
dielectric loss tangent. [0052] — %?m addition, in view of
excellent fluidity during nolding and excell ent noisture resistance
and sol der resistance, the phenol resin (B) preferably has a nelt

viscosity at 150C jn a ra e of 1 to cu
range of" ®FIY fa e %eotd ‘fllaa‘%aé r{fsﬁﬁory%efjeqw
Furt her Y |em10f nor e |nproved heat resistance and fl ane
r et ar dand é? a cured product, the phenol resin (B) preferably has a
hydroxyl(ﬁgy ent in arange of 120 to 400 g/eq. In particular,
wth the roxfl equi valent in a range of 150 to 250 g/eq, heat
resi st amc@PhittoXfane retBt dancy of a cured product and bal ance with
curability of the composition becone excellent. [0053] Further, in
vieM/of 52 oved flgge retardancy and noisture resistance and
sol der resistance of a cured product, the ratio of total nunber of
t he phenolic hydroxyl group-containing aromatic hydrocarbon group
(Phi) presendid s myief erabine Bhdr12Q0 Hel@ddywe droddredrdalnmyrber  of
00 of the phenolic hydroxyl group-containing aromatic hydrocarbon
roup (Riomdt@y ngkdlra grapfatiyl, netind " grouwthomtentdirid meidndxy: 28 -
group in the aromati c nucl eus and t he phenolic hydroxyl
gr oup- c@raipHawg tarionatd @ hydrdcardal egreoup({H2H2) arat "MdViis the
napht hyl met hyl group or anthryl nethyl group in the
methylene bridging group (¥), a polymer containing Bl

present in a molecular chain of a polymer bleck having B2 as
a repeat unit, a polymer having, as a branch point in a
resin structure, a structural site represented by any one of

structural formulae B3 to B8, or

[0043]
[Chem. 6]
( —I:'h1—X—Ph2—X— B3 —;:’(h 1—X-P;}(2-X— B4
0 S
—Ph1=X=Ph1=X=— B5 =—Phi=X=Phi~X=— B6
X X X
I | I
—Ph2=X=Ph2=X— B7 =—Ph2=X=Ph2=X- B8
X X X
1 i 1

a polymer having a repeat unit represented by any one of B3



aromatic nucleus. In particular, the ratio is preferably 15 to 120 in

view of the high effect of inproving curabifity, nmoldabifity,

noi sture resi stance and sol der resistance, and flanme retardancy, and
is in a range of 20 to 100 because of the excellent inpregnation into
an inorganic filler such as silica in the prepared conmposition, the

| ow coefficient of thermal expansion of a cured product, high
adhesion, and significantly inproved 28i sture resistance and sol der
resistance. In particular, with the ratio of 20 to 80, the npisture
resi stance and sol der resistance is nore inproved [ 0054] The

Gescri e 110 GO HeBi ouseirhef T et e Bl ort e batEi ng”
the pher@anr@fa rraé%r'elof&{]h&fa{w'n& {eﬁ neg%@ﬂlcg pod 1) of

reacting a novol ac resin |ng agent or
anthrthﬁd@unrng agent (a2), or the nethod (nethod 2) of reacting a
phenol conpound (Phi") with a carbonyl compound (X ) to produce a
novol ac phene! 7esin and then reacting the novol ac phenol resin wth
the napht hyl met hyl ati ng agent or anthryl nmethylating agent (a2). - 29
- [0056] phj=y=He nov@hac resin used in the method 1 has a resin
structure in which the phenolic hydroxyl group-containing aromatic
hydr ocar bon group (Ph2) is bonded to the phenolic hydroxyl
gr oup- coph Eux aronghpc hydrocarbon group (Ph2) through the

t hyl ene bri dgi ng group (X), and which further contains the al koxy
geoup contai ning aromati c hydrocarbon group through the nethyl ene
bridging group (X). In particular, a phenol novolac resin, a cresol
novol ac resin, and a naphthol novolac resin are preferred in view of
hi gh realdtd4bity with the napht hyl net hyl ati ng agent or
anthryl met hyl ati ng agent (a2) and the excellent noisture- resistance
reliability §|4@0F‘~I &he Peescdandypventike hesulthgnebgivensle scasioed
[ 0057] anpl es of the napht hyl net hyl ati ng agent or
ant hryl @W%qw%ﬁh%aah%qqt%% et HoYl oS Hidtirie-o enhance

1- naphtﬁg{nethyl chl ori de, nhapht hyl net hyl chl oride, (9-
ant hryl %ﬁ%@%ﬂl&.%t%wmmqtﬁ%ﬁ ret et une and impart

ge?géPKInetgaggva 2- nethoxyne%ﬂ%inﬁﬁgtpalene 2- Eaﬁthykgghgﬁg se
1- ht h I, chlaride
(0" ant AT ) T8 Partage r%aﬁréeeérg B PulLsrS: (3RS si ke ting:

the rea tlort%%% RRILQLIPA i Lot nttsaf}gtg SRS, AA YL, and

the _nee puri n ep a reaction i1s
el'n1natQQH_[Q95%me phenolic hydroxyl group-containing aromatic

C skeleton (Ph2) serving as the basic skeleton of the phenol
resin (B) of the present invention is preferably composed of
a phenyl group or an alkyl-substituted phenyl group because
of the large effect of improving moisture resistance and
solder resistance. The aromatic nucleus composed of a
phenyl group or alkyl-substituted phenol group imparts
toughness to a cured product and a ccndensed pelycyelic

skeleton disposed as a side chain exhibits low viscosity.

Therefore, low thermal expansion and improved adhesion can



Exanpl es of the phenol conpound (Phi') which can be used in the

metiod 2 i nclude unsubstituted phenol conpounds such as phenol,
resorci nol, hydroqui none, and the |ike; nobnosubstituted phenol
conpounds such as cresol, phenyl phenol, ethyl phenol, n-propyl phenol,
i so- propyl phenol, tert-butyl phenyl, and the |ike; disubstituted
phenol conpounds such as xyl enol, nethyl propyl phenol,

nmet hyl but yl phenol , net hyl hexyl phenol, 2di propyl phenol , di butyl phenol
and the like; trisubstituted phenol conpounds such as nesytol,
2,3,5-trinethyl phenol, 2,3,6- trimethyl phenol, and the |ike; and

phenol c¢onpoynds. such as 1-napht hol,., 2- napht hol, net hyl napht hol, and
Phe 1 ke TRt Ce. SRR R B i h oM E B et S osol

and phenol .are particul ar] referred in view of the excellent flane
ot ar dardy AT ST & P S (e TIPS G br TR S e B a cur ed

pr oduct d xcellent fluidity of the composition. [0060]
Exanpleg%gfu%ﬁgmgarbonyl conpound (X ), specifically a carbonyl

group-CCﬁ?Gﬁéy ng conpound (a3), include aliphatic al dehydes such as
f or mal dehyde,” acet al dehyde, propi onal dehyde, and the I|ike;

di al dehydes sichqas +9b¥oXah +he3bnen®ld LRG| iss; ahgmatic al dehydes
such as benzal dehyde, 4- nethyl benzal dehyde,

3, 4- di me{pddignzaldghy dgots H RIeNWRTshydshnapiudd aldafwde, s and

the |ike; and ket oné conpounds such as benzophéenone, fl uorenone,

- ndanone;hapthdhte ild krddH881 g AymngGdhesian i dpramngdaiydeskeleton
enzal dehyde, 4-
(Phl} may have a multiple structure represented by the
following structural formula (1) or (2):

(0047}

[Chem.

(818 -

[0048]

[Chem. 9]

8-

The structural formula (1) or (2) can take an average n
value of 0 to 5, but in the present invention, a non-
multiple structure, i.e., n = 0, is preferred from the

viewpoint of the expression of excellent flame retardancy.



bi phenyl al dehyde, and napht hyl al dehyde are preferred in view of the

excelTent flame retardancy of a cured product. [0062] The
reaction of the phenol conpound (Phi') with the carbonyl conpound
(X') can be perforned by heating 0.01 to 0.9 noles of the carbonyl
conmpound (X' ) per nole of the phenol conpound (Phi') in the presence
of a catalyst. The polynerization catalyst used is not particularly
limted, but is preferably an acid eakal yst, for exanple, an
i norgani c acid such as hydrochloric acid, sulfuric acid, phosphoric
acid, or the like, an organic acid such as nethanesul fonic acid,
p-tol ue i id, i I t ke, lew ik
such as ’H%g&lo%%%]]aaﬁfdr i%&?ﬁﬂﬁ%ﬁ‘%@ a ){Jlmhfrugnﬁlééﬁl%?érd%f ZI n% ! Fiew
chlorid : i T; ﬂ%n%gg thereof is preferably in a
range o?jfoqfllo%%h%%%/o%dn@%s re atailgieat the total mass of the raw
material g;y@fwrged. [0063] - 32 - If required, an organic solvent can
be used during the reaction. Exanples of the organic sol vent which
can be used ichkude, Rl PrRMAL Hdsiint g8t &r FBhYrERINtoSeNait ietnhy|
cel |l osol ve, toluene, xylene, methyl isobutyl ketone, and the |iKke.
The anmoufdy forlthe rorgan k$o) edugrsathti i rgeie rad dnya tlik oy H% fyon
mass and preferably 30 to 250% by mass relative to the total mass of
t he rawdmigr idrsiehar@eth dromddid irogldde vreamidion: e mpertatlsmee | S
generally 40C to 250C and preferably in a range of 100C to 200C, and
he readriaiyingregicumefter al Exahplles2@fhates alkod§d proup-cdhér itlhiag
.esul tant pol yhydric hydroxyl conpound has | arge coloring, an
ant i oxi daminadri @ hnethwiagayertoumyl el bt ek up trhee wosgpoant Bin Wraler
to suppress the coloring. Exanples of the antioxidant include, but
are not frritdwsinicardyrudtinald fombiaridiled pHelndb! conpounds such as
2, 6-di al kyl phenol derivatives, and the like; divalent sulfur-based
conmpound ﬁﬁng phosphi t e conpounds containing trival ent phosphorus
atom Exanpl es of the reducing agent include, but are not
particul &MsP1 it ed to, hypophosphorous acid, phosphorous acid,
thiosul furic acid, sulfurous acid, hydrosulfite, and salts thereof,
zinc, and the |ike. [0065] After the reaction, neutralization or
wat er washing is



- 33 - perfornmed until the pH value of the reaction m xture beconmes 3

to 7, preferably 4 to 7. The neutralization or water washi ng may be
performed according to a usual nethod. For exanple, when an acid
catalyst is used, a basic material such as sodi um hydroxi de,

pot assi um hydr oxi de, sodi um carbonate, anmonia, triethyl enetetran ne,
aniline, or the Iike can be used as a neutralizing agent. In the
neutralization, a buffer such as phosphoric acid or the |like nmay be
previ ously added, or the pH value may be adjusted to 3 to 7 with
oxalic acid or the |like after being brought into the basic side.

After the neutralization or wat h shing, the product can be
concentr at Y dlstllllng of f eacted raM, fals mainly
cont ai ni.ng ph conpoundﬁghéga bhe organ|%?§§§§pﬂt, andl3
bypr oduct heatlng under rebiided pressure t her eby™pr@@Hsgi ng t he
target polyhydric hydroxyl conpound. The unreacted raw materials
recovered can be reused. In addition, a mcrofiltration step is nore
preferably introduced into the treatnent operation after the
conpl etion of reaction because inorganic salts and foreign nmatters
can be ragggﬁahby purificati ofdCHB066] Like in Ei?neth , exanpl es
of the n 'Eﬁgl ating ageRi_or t hryl met &ﬁa (ﬁ@
used in fQgimet ho i ncl ude Nghapht iyl et hyl chIor#dQ' 2-
naphthylnethyl chloride, (9-amgfrylnethyl) chloride, 1- - 34 -
aethoxynethyl napht hal ene, 1-nap%thy|nethano|, 2- met hoxynet hyl
apht hal ene, 2-napht hyl net hanol, 9- (nethoxynethyl) anthracene and
9-ant hrace nmet hanol . Anong t hese, 1- naphthylnethyl rlde

2- napht hyl WWI chloride, and (9- anthrylnethy
preferredd wwpﬁtheg' e rgacti
wi thout us\WHg a reaction t nee - |cat|on

step after the reaction is elininated [ 0067] The reactlon of the
novol ac resin with the naphthyl net hyl ati ng agent or
anthryl met hyl ating agent (a2) in the method 1 or the reaction of the
novol ac resin wth the naphthyl net hyl ati ng agent or

ant hryl met hyl ati ng agent (a2)in the nethod 2 OCH;

_Glscoocrls)_mo ( +

C _( Hs + o (“\ocH j_ A13

OCH,

[0051]

In the present invention, when the phenol resin (B)
contains the alkoxy group-containing aromatic hydrocarbon
group in its resin structure, the alkoxy group-containing

aromatic hydrocarbon group having a structure represented by



can be perforned at a tenperature condition of 50C to 200C,

preferably under the reaction condition of 70C to 180C The reaction
catalyst is preferably an acid catalyst, for exanple, an inorganic
acid such as hydrochloric acid, sulfuric acid, phosphoric acid, or
the I'i ke, an organic acid such as nethanesul fonic acid,

p-tol uenesul fonic acid, oxalic acid, or the like, or a Lewws acid
such as boron trifluoride, anhydrous alusa num chloride, zinc
chloride, or the like. The amount of use thereof is preferably in a
range of 0.1 to 5% by nmass relative to the total nass of the raw

(r:rﬁlt g” gg@%%%uyﬁ[aqngt yﬁﬂm% ?3?_}? d%a}n o?%aa%t%ﬂnl;%%}%%%l oride is
used as Ao SRV APLIA LG Adedic Plo AMATMIJIRS et nd, Adent

(a2), the reaction can be effected using s gener at ed hydrogen

hal i de wWithaidt they negd Jiyiise dde Teadd d .U Sataly i e M- iy dragen
halide i's not generated in the early stage of reaction, about 0.1%to
5% by massmqntwater or hydrochloric aci-d can be added to pronmote the
sel f generation of hydrogen halide. In this case, the hydrogen
chloridegmyigenerated is preferably rapidly discharged to the
outside of the reaction system followed by neutralization and

In addition, in view of excellent fluidity during

(' molding and excellent moisture resistance and solder
resistance, the phenol resin (B) preferably has a melt
viscosity at 150°C in a range of 0.1 to 50 dPa-s,
particularly in a range of 0.1 to 20 dPa-'s at 150°C,
measured with an ICI wviscometer. Further, in view of more
improved heat resistance and flame retardancy of a cured
product, the phenol resin (B) preferably has a hydroxyl
equivalent in a range of 120 to 400 g/eqg. In particular,
with the hydroxyl equivalent in a range of 150 to 250 g/eq,
heat resistance and flame retardancy of a cured product and
balance with curability of the composition become excellent.
[0053]

Further, in view of more improved flame retardancy and
moisture resistance and solder resistance of a cured product,
the ratio of total number of the phenolic hydroxyl group-
containing aromatic hydrocarbon group (Phl) present is
preferably 10 to 200 relative to the total number of 100 of

the phenolic hydroxyl group-containing aromatic hydrocarbon

group (Phl) having the naphthylmethyl group or anthrylmethyl



ditoxification with alkali water or the like. [0069] The

reaction time i s generally about I to 50 hours so that the

napht hyl met hyl ati ng agent or anthryl nethyl ati ng agent (a2) used as a
raw material is lost. Wen 1- naphthyl net hyl chloride,

2- napht hyl met hyl chloride, or (9- anthrylnethyl) chloride is used,
the reaction tine is the tinme required until hydrogen chloride gas is
substantially not generated, the chtok28de conpound as a raw materi al
is lost, and a chlorine content resulting fromthe raw material (a2)
is not detected. In the actual reaction, the reaction tenperature can

e B! SR SO A PR SPRD 1L e 80 g

generat&f%?d can be y di scharge e system
Dependi t o : JRagtdy ﬁ{g}ft{ £, fchﬁ:i reaehi A i® At
such a ;bgfé)g{bl oér%q}téar%pné?laqtf:e |st!la o] 1 %ﬁgtog% ours.} [0070ki§7l °

I n addi tion, Gheifn J1N&) FRAE 10N ol tSh R BE&NAR! Yo AREST I Radk by
confiynﬁ%%p{ﬁ%n§¥§gbpeaéén§% of xylyrenégéichﬁgpi§% uggd'as a raw

mat er i aly dghH igh-Rerfardanes bhgeiiduthromehegraphy 8k @a&sferably 15
chromat ography and confirmng no change in nol ecul ar wei ght _
di stribuld ano nroelidierdeattieom it aretaer aph i fR)inansh i chiange in
refractive index. [0071] Further, the end of reaction is preferably
det er m Red i idanf,r fidigthire eendidtons unid |sdihte nmetds Mtsoasd t yarad

the final resultant resin no | onger changes. The nelt viscosity
(gay be maasuy et dardanmethathdisiangrare |EGngone: @@t ViBLdnstarse aof
-type visconeter, or an E-type visconeter. Since the reaction

product treodixed 1as tdesrrdeeth @ov el rdontaal nsierdaarige inolen ofch as
unr eact ed phenol conpound renai ning, the unreacted phenol can be
renoved soyl izaddgi rtdee meteped aslicrom s tsitdn | athieon, oviver s £ Mesia g, ofor
the like to produce the phenol resin (B) of the present invention.
[0072] Itheraqdi redargi O gdhiac SFlsmrcHirtbe hisdy aflls TP hend
reaction. Exanples of the organic solvent which can be used include,
but are i@ ifiFardd  drREIRA RIS eSS iettpice and solder

resistance. 1In particular, with the ratio of 20 to 80, the
moisture resistance and solder resistance is more improved.
(0054]

The phenol resin (B) can be industrially produced by a
production method described in detail below.
[0055]

That is, the method for producing the phenol resin (B)
is, for example, the method (method 1} of reacting a novolac
resin with the naphthylmethylating agent or
anthrylmethylating agent (a2), or the method (method 2} of
reacting a phenol compound (Phl') with a carbonyl compound
(X'") to produce a novolac phenol resin and then reacting the
novolac phenol resin with the naphthylmethylating agent or

anthrylmethylating agent (aZ).



- 37 - cellosolve, toluene, xylene, nethyl isobutyl ketone, and the

T Ke. However, when I-naphthylmethyl chioride, 2- naphthyl methyil
chloride, or (9-anthrylnethyl) chloride is used, it is preferred not
to use an al cohol organic solvent because of the occurrence of side
reaction. The amount of the organic solvent used is generally 10 to
500% by mass and preferably 30 to 250% by nmass relative to the total
mass of the raw materials charged. {09093} When the resultant

pol yhydri ¢ hydroxyl conpound has | arge coloring, an antioxidant or a
reduci ng agent may be added to the conmpound in order to suppress the
colorinqg npl es of the antioxidant include, but are not
particularlylimted to, hindered phenol conmpounds such as

2, 6- di al kyl p'ﬁ}g@Oho@%E&a\ea&@é% u%%gi tihe thiek fretfiowahent sS4l fdkipased
conmpounds; and phosphite conpounds containing trivalent phosphorus
atom Exam]&$,,Qf theHRIGHI HESH1 i NG | x PUlg A Mntaining
particularly litmted to, hypophosphorous "aci d,” phosphorous aci d,

t hi osul fapdna 3G hyddnss AGub  nosi fidrilednd sald SHdiie |
zinc, and the like. [0074] After the reaction, neutralization or

wat er | ki 1S qreydrdeet dittiidg thenpH MalHiel efcdder epeddmn(FAXt ur e
becones to 7, preferably 4 to 7. The neutralization or water - 38

- washi nth#myH & Hee mfeariyac rac caridgichd gmousu@al) netrtbovhifadr faxartp e,
when an acid catalyst is used, a basic material such as sodium
¢1ydr OXi Geyntzdires sihemalydrox igdeusadinim icairp reetama tamonidgocarbon
riethylenetetramne, aniline, or the like can be used as a
neut r al iggicup dgemtugh thehenatdutlreald Zatidging andurer (¥uch las
phosphoric acid or the |ike may be previously added, or the pH val ue
may be adjuistedan 3 thenadi e wXaEd it 6F RSl Kewiias 1Ry
brought into the basic side. [0075] In the heat-curable resin
conposi drch § MERfthtHe et H9fiehtd h Pasfepirthoin resh (BN Y be
used al one but may be conbi ned wi.th anqther curing agent (b) for an
epoxy ré§Q?RMW%ﬁ%1%%mhﬁ§§\Mﬂﬁh?ﬁﬁﬁ@%ﬁﬁ%&ﬁt%ﬁgt@é%%ﬁé@%nt i nvention

2T RS SR e TR U8 S (B L e shger
it ?]63? (C))/(E b esggsgz}rg:fre {]r:‘??g.ei(%ﬁ%ﬁ%ryggag}zcﬁ bé lyarrf'eo%f)ebe/a L yo fofMN& rreeI Sal} litvaené 0
phenol resin.

[0057]

Examples of the naphthylmethylating agent or
anthrylmethylating agent (a2) used in the method 1 include
l-naphthylmethyl chloride, Z2-naphthylmethyl chloride, (9~
anthrylmethyl) chloride, l-methoxymethylnaphthalene, 1-
naphthylmethanol, 2-methoxymethylnaphthalene, 2-
naphthylmethanol, 9-(methoxymethyl)anthracene, and 9-
anthracenemethanol. Among these, l-naphthylmethyl chloride,
2-naphthylmethyl chloride, and (9-anthrylmethyl) chloride

are preferred in view of the point that the reaction can be

performed without using a reaction catalyst, and the need



[ 0076] Exanpl es of the other curing agent (b) for an epoxy resin

which can be conbined w th the phenol resin (B) of the present

i nvention include am ne conpounds, am de conpounds, acid anhydride
conmpounds, phenol conpounds ot her than the phenol resin (B), and

am notri azine-nodi fi ed phenol resins - 39 - (polyhydric phenol
conpounds each contai ni ng phenol nuclei connected to each other with
nel am ne or benzoquanam ne). [0077]- 30 —-Exanpl es of the phenol
conpounds ot her than the phenol resin (B) include novolac resins such
as phenol novol ac resins, cresol novol ac resins, phenol novol ac

resins, £5esplo \0vpl ag 1851 15p NAPILNOL, NONOL BC; 125 NSa1 iminated.

S
napht hol-p co- condensed c resins, naphthol-creso
co- conde novol ac resins, and the |ike; methoxy aromatic
structure-containing phenol resins such as phenol resins having a

resin struct @hndl MNigEh thTRievyinaRiRlRNe 3kelyeten drs Renged to

an aromati c nucl eus of any one of thesé novolac resins through a

net hyl engsdH oup, t e hd @St Nisn AIAYA N A1 s WSS N S U GIRE R 1 Ne MY Siln s
met hoxyphenyl skeleton is bonded to an aromatic nucl eus of any one of

these naalraGd gstidisol hradr & At hH o @i dbghe ankhd hehd | kiske ;
ar al kyl -type phenol resins, such as [0078] phenol aralkyl resins

r epr eseniath dbdthes ftodd et Stdangdaurads foudiulas ¢10059], [ Chem 11] -
?0 - phenylphenol, ethylphenol, n-propylphencl, iso-propylphenol,

| tert-butylphenyl, and the like; disubstituted phenol
compounds such as xylenol, methylpropylphenol,
meihylbutylphenol, methylhexylphenol, dipropylphenocl,
dibutylphencl, and the like; trisubstituted phenol compounds
such as mesytol, 2,3,5-trimethylphencl, 2,3, 6-
trimethylphenol, and the like; and phenol compounds such as
l-naphthol, 2-naphthol, methylnaphthol, and the like.

[0059]

Among these, l-naphthol, Z2-naphthol, cresol, and phenol
are particularly preferred in view of the excellent flame
retardancy and moisture resistance and solder resistance of
a cured product and the excellent fluidity of the
composition.

[0060]

Examples of the carbonyl compound (X'), specifically a

carbonyl group-containing compound (a3), include aliphatic

aldehydes such as formaldehyde, acetaldehyde,

propionaldehyde, and the like; dialdehydes such as glyoxal



(wherein nis a repeat unit and is an integer of 0 or nore), naphthol

aralkyl resins represented by the folfowng structural fornula:

[ 0080] [Chem 12] (wherein nis a repeat unit and is an integer
of 0 or nore), biphenyl-nodified phenol resins represented by the
following structural forrmula: [0081] - 41 - (wherein n is a repeat

unit and is an integer of O or nore), biphenyl-nodified naphthol
resins represented by the foll ow ng-sBtuetural formula: [0082] [Chem
14] (wherein nis a repeat unit and is an integer of 0 or nore),
and the |ike; phenol resins having a resin structure in

and the like; aromatic aldehydes such as benzaldehyde, 4-
methylbenzaldehyde, 3,4-dimethylbenzaldehyde, 4-
biphenylaldehyde, naphthylaldehyde, and the like; and ketone
compounds such as benzophenone, fluorenone, indanocne, and
the like.

(0061]

( Among these, formaldehyde, benzaldehyde, 4-
biphenylaldehyde, and naphthylaldehyde are preferred in view
of the excellent flame retardancy of a cured product.
[0062]

The reaction of the phencl compound (Phl') with the
carbonyl compound (X') can be periormed by heating 0.01 to
0.9 moles of the carbonyl compound ({(X') per mole of the
phenol compound (Phl') in the presence of a catalyst. The
polymerization catalyst used is not particularly limited,
but i1s preferably an acid catalyst, for example, an
inorganic acid such as hydrochloric acid, sulfuric acid,
phosphoric acid, or the like, an organic acid such as
methanesulfonic acid, p-toluenesulfonic acid, oxalic acid,
or the like, or a Lewis acid such as boron trifluoride,
anhydrous aluminum chloride, zinc chloride, or the like.
The amount of use thereof is preferably in a range of 0.1%
to 5% by mass relative to the total mass of the raw
materials charged.

[0063]



whi ch a net hoxynapht hal ene skel eton is bonded to an aromati c nucl eus

of any one of these aral kKyl-type resins through a methylene group,
and phenol resins having a resin structure in which a nmethoxyphenyl
skel eton is bonded to an aromatic nucl eus of any one of these

ar al kyl -type phenol resins through a nethyl ene group; novol ac resins
each containing aromati c nethylene as a bridging group and
represented by the follow ng structdarak fornula: [0083] [Chem 15] -
42 - (wherein X represents a phenyl group or a biphenyl group, and n
is a repeat unit and is an integer of O or nDre) trimet hyl ol net hane

resins tetraghenyialethans resins A0 gy elapsnt adian phendlene

addltlon type phe RS A a resi

cont ai “'f&%romth%%h% %k%lfett%%ﬁe'rgla'rﬁ% %%'1% At ps %ta‘l‘lréxa%sed

preferre e viewpol nt of 't ane retardant e ect

thereof whighar Gblptl[' ef gt rad i yi vy aof; | 4&% Ptcd] AE 1L aréi@w:

i ncl ude p enol ‘novol ac resins, cresol novolac resins, novol ac resins

having aronetd o et hyd g as Q)f]ltgﬂéj,g'rﬁ& P%okﬂi\?f@'k@i@rﬂ&,}"ar{@sﬂ%
napht hol " aral kyl r'esins, napht novol ac resins, ‘napht hol - phenol

co- condenged, n@%@'@ﬁo&%&'@$,t%@pB&@@h1%r%%Qhe%Q-@%@@EQ%G%e&%%%h@®
resins, biphenyl-nodified phenol resins, biphenyl-nodified naphthol
resins, IEtOX30EY BIRtids St tpiferaial NG P Beshdass

ami not ri azi ne- nodi fi ed phenol resins. [0085] Next, exanples of
(i he epoxyelasive () tiseddtnl headweaif cilvealtar mesidr icoinpasidtged ( | inof
he present invention - 43 - include naphthal ene-type epoxy resins

such as atidjltyicirdy ey mesgptitival eregperature is generally 40°C to
1, 1-bi s(2, 7-di gl yci dyl oxynapht hyl ) met hane, 1-

(2 7- di @51 yd rok yoraste g )y llr( 2 -raylgeeiay | 160G/ Haph BA) Tt femk, trend
the |ike; bisphenol epoxy resins such as bi sphenol A epoxy resins,

bi sphendﬁle&l@@mwlﬁl@llrﬁs gefmralie 15 ke FHbJolwes epoxy resins such as
phenol novol ac epoxy resins, cresol novol ac epoxy resins, bisphenol A
novol ac 4] resins, naphthol novol ac epoxy resins, biphenyl novol ac
epoxy resins, nap hthol phenyl co-condensed_naovol ac epoxy resins,
naphthol-cre@BPHCGh@oﬁ&éﬁé@&nﬁop8ﬁ§@y@§6§yhﬂ@§Pﬁ§l &ﬁ@gﬂﬁ§Q|W@§

epoxy resins having a resin structure in mhlch a netho naphth ene
skel et ol 4% W P BN T GG € of SOt Ao Th o ac

h h h d
0 T ML AT S G B 18
aromt | G el of any a%%] L e nonplac 18go g sains thr ough a

et hyl ene group, aral K €poxy Tesi s represented by the

fol I ow '}%&tf&fﬁta%rl"y 100 £ t%, I‘[l%cg:?éq]ec{ %}%H ll%]ompounds such as
(

2,6-dialkylphenol derivatives, and the like; divalent
sulfur-based compounds; and phosphite compounds containing
trivalent phosphorus atom. Examples of the reducing agent
include, but are not particularly limited to,
hypophosphorous acid, phosphorous acid, thiosulfuric acid,
sulfurous acid, hydrosulfite, and salts thereof, zinc, and
the like.

[0065]

After the reaction, neutralization or water washing is



- 44 - (whereinnis arepeat unit and is an integer of 0 or nore),

napiithol aral Kyl epoxy resins represented by the follow ng structural

formula B2: [0087] [Chem 17] (wherein nis a repeat unit and is
an integer of 0 or nore), biphenyl epoxy resins represented by the
followi ng structural forrmula B3: [0088] [Chem 18] (wherein nis

a repeat unit and is an integer of 0 or nore), novol ac epoxy resins
each having aromati c net hyl ene as a-bBiddgi ng group and represented by
the following structural fornula B4: - 45 - [0089] [Chem 19]

performed until the pH value of the reaction mixture becomes

3 to 7, preferably 4 tc 7. The neutralization or water

washing may be performed according to a usual method. For

example, when an acid catalyst is used, a basic material

such as sodium hydroxide, potassium hydroxide, sodium

carbonate, ammonia, triethylenetetramine, aniline, or the
(' like can be used as a neutralizing agent. In the
neutralization, a buffer such as phosphoric acid or the like
may be previously added, or the pH value may be adjusted to
3 to 7 with oxalic acid or the like after being brought into
the basic side. After the neutralizaticon or water washing,
the product can be concentrated by distilling off the
unreacted raw materials mainly containing the phenol
compound (Phl'), the organic solvent, and byproducts by
heating under reduced pressure, thereby producing the target
polyhydric hydroxyl compound. The unreacted raw materials
recovered can be reused. In addition, a microfiltration
step is more preferably introduced into the treatment
operation after the completion of reaction because inorganic
salts and foreign matters can be removed by purification.
(00661

Like in the method 1, examples of the

naphthylmethylating agent or anthrylmethylating agent (a2}
used in the method 2 include l-naphthylmethyl chloride, 2-

naphthylmethyl chloride, {(9-anthrylmethyl) chloride, 1-



(wherein X represents a phenyl group or a biphenyl group, and nis a

repeat unit and is an integer of O or nore); epoxy resins having a
resin structure in which a nethoxynapht hal ene skeleton is bonded to
an aromati c nucl eus of any one of these the aral kyl -type phenol
resins through a nethyl ene group, and epoxy resins having a resin
structure in which a nethoxyphenyl skeleton is bonded to an aromatic
nucl eus of any one of these aral kyl -t $pe-phenol resins through a

met hyl ene group; tetranethyl bi phenyl epoxy resins; triphenyl nethane
epoxy resins; tetraphenyl ethane epoxy resins; and dicycl opentadi ene

phenol SACULLARISRE AL IBR EROCY LS, et 0pXY, 1 oSi s Ry be

used al one or a‘m xture ese,

napht hal ene: f xp&. ’ yiﬁéﬁégﬁﬁeﬁgyﬂﬁlggpﬂgﬁyﬁ 1Ry, resins, phenol

ar al kyl epoxy resi epoxy resins, alkoxy group-containing

novol ac GRAXYo:Iyad 18,1 @Nch B KX ) Ry O i Y 10 athdth 2 /EPOXY
resins are prefierred in view of excellent flane retardancy and

di el ect ring harcder i StiGshthylfbeny] 0990  rilhe, M Xidish @ipLidsh@f the
epoxy resin (A) and the phenol resin (B) in the heat-curable resin

conposi tdabfilde 0fartde; prasanty Iinwentl ey & def erald ye Sareked hiat t he
anount of active group in the curing agent containing the phenol
resin (B)idws d &Heo phinteqiiatal i srepttaio ecdo ve tmdatonfed without
equi val ent of epoxy groups in the epoxy resin (A) fromthe viewpoint
f good yshiysi calrguadpient iestafydthe areduliantesdurinr pr qouct £i4H004] | f

equired, the heat-curable resin conposition (1) of
step after the reaction is eliminated.
[0067]

The reaction of the novolac resin with the
naphthylmethylating agent or anthrylmethylating agent (aZ2)
in the method 1 or the reaction of the novolac resin with
the naphthylmethylating agent or anthrylmethylating agent
(a2} in the method 2 can be performed at a temperature
condition of 50°C to 200°C, preferably under the reaction
condition of 70°C to 180°C. The reaction catalyst is
preferably an acid catalyst, for example, an inorganic acid
such as hydrochloric acid, sulfuric acid, phosphoric acid,
or the like, an organic acid such as methanesulfonic acid,
p-toluenesulfonic acid, oxalic acid, or the like, or a Lewis
acid such as boron triflucride, anhydrous aluminum chloride,
zinc chloride, or the like. The amount of use thereoi is
preferably in a range of 0.1 to 5% by mass relative to the

total mass of the raw materials charged.

[0068]



the present invention may be properly conmbined with a curing

accelerator. As the curing accelerator, various conpounds can be
used, and for exanple, a phosphorus-base conpound, a tertiary am ne,

i mdazole, an organic acid netal salt, a Lewis acid, an am ne conpl ex
salt, and the |ike ca be used. In particular, in application to a

sem conductor encapsul ating material, fromthe vi ewpoi nt of excellent
curability, heat resistance, electr+c3Bharacteristics,

noi sture-resi stance reliability, etc, triphenyl phosphine is preferred
as t he phosphorus-based conpound, and 1, 8-

di azabi cycl 0:[ 5. 4..0] -u C I .ef erre h Kt jqar
am ne. [OOQZF%ﬁﬁogﬁb?pﬁgggﬁ@%Fa Iecbggﬁﬁ%gdn&ogﬁgﬁghy?Fkghgl t%e -
47 - pre t_.dnvent] i , S ial. g , oxy
resin (Aﬁ?ﬁgﬁ' d gﬁéiﬂzigg%nt jﬁfkgﬂgﬁgivﬁfggfgﬁ%%ffi 23?%9 an

epoxy r ﬁ%ﬁfﬂﬁ%ﬂﬁﬁgﬁ\ﬂ&%g@& &, P A Gh SKELAAM, 2 13 1R} THES AW e(d A

whi ch a pltu cidyloxy group-containing aromatic ske et ons

(ep) arqonded di0pach gdears fduugh am @l il § - danes QP WfdPogen

met hyl ene group having an aromati ¢ hydrocarbon structure, and an

ar omat i G NUHLYS tHodthe: 1ePRed ash Nisd ried Ui didiSord ATl Yyl Metithyen
group or an anthryl methyl group. [0093] That is, the epoxy resin (A)

in the hgatrayerabl FRsiis caipagdid itdd | )n i thepradtioeds tygepaiki dat i on
t hrough reaction of the phenol resin (B) constituting the
eat - cura & ires| rakeonpasild oo (39 by trie epichlvartohy drr hydinech husi dias
he basi c skel eton common to the phenol resin (B). Therefore,
aromat i Gidiyd afart hes reefiad dan deomsitmntes, selnt Jénd i tioofof Heydesign
can be maintained. In addition, it is possible to inprove affini&y
for an inedrighni ¢ Ihi thérs sack,ashsi hiydacgenagpiliocdteomatso ggnerate
sem conduct or encapsul ating material, decrease the coefficient of
t her mal lexparesicominfy aramirdldy pHodttargethd e i fawantdsy ohprlse
nmoi sture-resistance reliability and flame retardancy. |In the present
i nvent i digaatHeore Fsst 9bsi P Y leied Ry dxpdhntil 1732 el oVl epoxy resin of

the present invention. [0094]. - 48 - _
ditoxification with alkali water or the like.

[0069]

The reaction time is generally about 1 to 50 hours so
that the naphthylmethylating agent or anthrylmethylating
agent (a2) used as a raw material is lost. When 1-
naphthylmethyl chloride, 2-naphthylmethyl chloride, or (9-
anthrylmethyl) chloride is used, the reaction time is the
time required until hydrogen chloride gas is substantially
not generated, the chloride compound as a raw material is
lost, and a chlorine content resulting from the raw material
(a2) is not detected. In the actual reaction, the reaction
temperature can be preferably controlled so that hydrogen
chloride gas is rapidly generated and can be stably

discharged to the outside of the system. Depending on the



From the vi ewpoi nt of nore inproved bal ance between

moi Sture-resistance reliabi ity and fiame retardancy, the ratio of
total nunber of the naphthyl nmethyl groups or anthryl nmethyl groups
present is preferably 10 to 200 relative to the total nunber of 100
of the glycidyl group-containing aronmatic skeletons (ep). In
particular, the ratio is preferably 15 to 120 fromthe vi ewpoi nt of

t he higher effect of inproving curabiBbty, noldability,

noi sture-resistance reliability, and flane retardancy. Further, the
ratio is preferably in a range of 20 to 100 fromthe viewpoint of the

excel | e efégi%tﬁ'enfg)ératﬂﬁfeer SHEN A5 81 O CRIpEXEEI SR d NPLEGNAL O

into a glass str and 't he S|gn| I can ect of the present

i nventi QMamSdid PaFd | Sl A Pr & fiably 29 Rongpge of 20 to 80. [0095]
Here, the total nunber of the napht hyl net hyl groups or anthryl net hyl

groups rej@tdyve to the total nunber of 100 of the glycidyl oxy
group-containing aromati c skeletons (ep) is equal to the total anopunt

of a napht hyletiadiationg agentener oantdhey lm@idtyileat iiRg pagamniraal)
relative to the nunber of aromatic nuclei in a phenol resin raw

mat er i aldadisethifrord [y dii Migent ey phtenal i $8Shah Saiad NEE asy By PEreeur sor
of the epoxy resin. [0096] As described above, the epoxy resin (A)
in the heathloridEd usarable rasins tcanpokiin dnidit)e coteamse 1igquid
resin structure, a glycidyl oxy group-containing aromatic skel eton

t he st rahotamaiogidmhy s b \dratamh ey mephyy yandlydaxid rming no

roup-containing aromatic skeleton (Epl)" hereinafter) having a
napht hylatetigg igr aupl eorulan el andt A s tgriduptdan alm arelnmd ongalcl @us,
and a gl ycidyl oxy group-containing aromatic skeleton (the structural
site i s ABI@LAAEEPTES EPGly Ay Tk Tl - bt sl 11 Gigh e ord s %-
skel eton (Ep2)" hereinafter) not having a naphthylmethyl group or
ant hryl niét V'group in an aromatic nucleus. In the resin structure,

these structural sites are I|n§ed t o each ot her thrgﬁ h the nEtherne
bri dgi ng groEHrF?fr'[6@§7Fn ERFMLEL df PrELGEG rmined

g:fﬂgtﬁgﬁtalgpﬁgiaro 5§<f§1 ton (ngéﬁ-qﬁﬁ%de those rﬁgﬂfsqugglby

final resultant resin no longer changes.

The melt viscosity may be measured by a method using an
ICI cone-plate viscometer, a B-type viscometer, or an E-type
viscometer.

Since the reaction product produced as described above
centains a large amount of unreacted phencl compound
remaining, the unreacted phenol can be removed by a desired
method such as distillation, water washing, or the like to
produce the phenol resin (B) of the present invention.
[0072]

If required, an organic solvent can be used during the
reaction. Examples of the organic solvent which can be used

include, but are not limited to, methyl cellosolve, ethyl



OO O oPfir0 G.n H2C lekleCH2 Epl "-"1 "2 r-Y1? "an '2 Epl-2C

EpI-3Epl-4 €jlie; 42 I'nm these formulae, "G represents a
gl yci dyl oxy group, and when two or nore bonds to other structural
sites are positioned on a naphthal ene skel eton, these bonds nay be
positioned on the sane nucleus or different nuclei. [0099]

- 37 -

cellosolve, toluene, xylene, methyl iscbutyl ketone, and the
like. However, when l-naphthylmethyl chloride, 2-
naphthylmethyl chloride, or (%-anthrylmethyl) chloride is
used, 1t is preferred not to use an alcohol organic solvent
because of the occurrence of side reaction. The amount of
the organic solvent used is generally 10 to 500% by mass and

(- preferably 30 to 250% by mass relative to the total mass of

the raw materials charged.

[0073]

When the resultant polyhydric hydroxyl compound has
large coloring, an antioxidant or a reducing agent may be
added to the compound in order to suppress the coloring.
Examples of the antioxidant include, but are not
particularly limited to, hindered phenol compounds such as
2,6-dialkylphenol derivatives, and the like; divalent
sulfur-based compounds; and phosphite compounds containing
trivalent phosphorus atom. Examples of the reducing agent
include, but are not particularly limited to,
hypophosphorous acid, phosphorous acid, thiosulfuric acid,
sulfurous acid, hydrosulfite, and salts thereof, zinc, and
the like.

[0074]

After the reaction, neutralization or water washing is

performed until the pH value of the reaction mixture becomes

3 to 7, preferably 4 to 7. The neutralization or water



In the present invention, the structural forrmula Epl-1 - 51 - is

particutarty preferred fromthe viewpoi nt of Tow viscosity and
excellent curability, heat resistance, and noisture resistance and

sol der

resi stance. Al so, a skeleton having nmethyl groups as

represented by the structural formula Epl-4 is preferred fromthe

vi ewpoi nt of the significant effect of inproving heat resistance and
noi sture resi stance and sol der resistadce. [0100] [Chem 21] - 52 -
GOO 0 Epl-14rid4VrcH3 Epl-15 cH2;r- Epl-16 CH2CH2 t-B u

Y N

washing may be performed according to a usual method. For
example, when an acid catalyst is used, a basic material
such as sodium hydroxide, potassium hydroxide, sodium
carbonate, ammonia, triethylenetetramine, aniline, or the
like can be used as a neutralizing agent. In the
neutralization, a buffer such as phosphoric acid or the like
may be previously added, or the pH value may be adjusted to
3 to 7 with oxalic acid or the like after being brought into
the basic side.

[0075]

In the heat-curable resin composition {(I) of the
present invention, the phenol resin (B} may be used alone
but may be combined with another curing agent (b} for an
epoxy resin within a range where the effect of the present
invention is not impaired. Specifically, the curing agent
(b) for an epoxy resin can be used in a range where the
amount of the phenol resin (B) is 30% by mass or more and
preferably 40% by mass or more relative to the total mass of
the curing agent.

[0076]

Examples of the other curing agent (b) for an epoxy
resin which can be combined with the phenol resin (B) of the
present invention include amine compounds, amide compounds,
acid anhydride compounds, phenol compounds other than the

phenol resin (B), and aminotriazine-modified phenol resins



O 0 H3C*CH3 Epl-20 In these formulae, "G" represents a

glycidyl oxy group, and when two or nore bonds to other structural
sites are positioned on a naphthal ene skel eton, these bonds may be
positioned on the sane nucleus or different nuclei. [0101] In
the present invention, the structural formula Epl-14 is particularly
preferred fromthe viewpoint of low - _53 - viscosity and excellent
curability, heat resistance, and moi sfdré resistance and sol der
resi stance. Al so, a phenol skel eton having nmethyl groups as _
represented by the structural fornulae Epl-15 Epl-20, or Epl-22 is
pr ef er r ethd Y wngd tiec wieswnl ntomboudds séagrh feomrd irefdecpheiol npueve hg
heat resistance and noi sture resistance and sol der
connected to each other with melamine or benzogquanamine).
[0077]

Examples of the phenol compounds other than the phenol
resin (B) include novolac resins such as phenol novolac
resins, cresol novelac resins, phenol novolac resins, cresol

(' novelac resins, naphthol novolac resins, naphthol-phencl co-
condensed novolac resins, naphthol-cresol co-condensed
novolac resins, and the like; methoxy aromatic structure-
containing phenol resins such as phenol resins having a
resin structure in which a methoxynaphthalene skeleton is
bonded to an aromatic nucleus of any one of these novclac
resins through a methylene group, phenol resins having a
resin structure in which a methoxyphenyl skeleton is bonded
to an aromatic nucleus of any one of these novolac resins
through a methylene group, and the like; aralkyl-type phenol
resins, such as

[0078]

phenol aralkyl resins represented by the fecllowing
structural formula:

[0079]

[Chem. 11]



resi stance. [0102] On the other hand, as the glycidyl oxy
group-contai ning aromati ¢ skeleto p no avi ng e
napht hyl met hyl group or anthryl methyl group in the aromatic nucl eus,
specifically, aromatic hydrocarbon groups represented by structural
fornmul ae Ep2-1 to Ep2-17 below, which are forned from phenol,

napht hol , and a conpounds having an al kyl group as a substituent on
the aromatic nucl eus of phenol or napBfhol, are preferred fromthe
vi ewpoi nt of excellent heat resistance and noisture resistance and
sol der resistance. [0103] [Chem 22] ?2r 07?r Or.4:1 CH3 - 54 -

OH OH OH

< ﬂ’Lh TN

I /_CHz CH2 ',\JCHz CHZ v
n

(wherein n is a repeat unit and is an integer of 0 or more),
naphthol aralkyl resins represented by the following
structural formula:

[0080]

[Chem. 12]

rﬂi OH HO
| ?——cm—@—cm '/i/’— CHZ—@—CHZ 'f\:
o ., %

(wherein n is a repeat unit and is an integer of 0 or more),
biphenyl-modified phenol resins represented by the following
structural formula:

[0081]

[Chem. 13]



G 0"GO,,., n-E p2-3 Ep2-1Ep2-2 ksi)& O 7r 00

Ep2-5H3C% el CH3H3C, Y4. . rCH3 P -Ep2-7 CH3 ?r 0 CH3 el zy. 1.4.2Ep2-4 G

- 41 -

(wherein n is a repeat unit and is an integer of 0 or more},
biphenyl-modified naphthol resins represented by the
following structural formula:

[0082]

[Chem. 14]

{(wherein n is a repeat unit and is an integer of 0 or more},
and the like; phencl resins having a resin structure in
which a methoxynaphthalene skeleton is bonded to an aromatic
nucleus of any one of these aralkyl-type resins through a
methylene group, and phenol resins having a resin structure
in which a methoxyphenyl skeleton is bonded to an aromatic
nucleus of any one of these aralkyl-type phenol resins
through a methylene group; novolac resins each containing
aromatic methylene as a bridging group and represented by
the following structural formula:

[0083]

[Chem. 15]



0 Ep2-8 t-Bu In these fornulae, "G" represents a gl ycidyl oxy

group, and when two or nore bonds to other structural sites are
positioned on a napht hal ene skel eton, these bonds may be positioned
on the same nucleus or different nuclei. [0104] In the present
invention, the structural fornula Ep2-1 is particularly preferred
fromthe viewpoint of excellent - 55 - curability, and the
structural fornula Ep2-4 is preferreddfremthe viewpoint of the

noi sture resi stance and sol der resistance. [0105] Li ke for the
phenol resin in the heat-curable resin conposition (1), exanples of

t he nethylﬁne bri dgi gr oup ) contained in the resin structure of
t he epoxyjreesin ( clude stjuctures represented by the

above- de i bed sfr ral ae X1 to X5. [0106] The epoxy
resin ( €l ;he=pICe vention has the resin structure in
which th ydi dy\ o r dupf cOnF4ai ni ng aromatic skel eton (Epl) and

the glycidyl oy g qng aromatic skeleton (Ep2) are bonded
to the glycidyl oxy group-containing aromatic skel eton (Epl) or the
gl yci dyl oxy group-containing aromati c skel eton (Ep2) through the
met hyl ene bridging group (X). This bonding can take any desired

conbi natj gn of. b ng formns. cul ar structur he ep
resin co éﬁfQﬁguﬁﬁékf%ﬁq (x%n e%¥fé%‘?d%ludes a r %FO ner
Fepr oot e by bar oAt B rBRE Fe vl e fﬁ%r@' 'rﬁoelse
trimethylolmethane resins; tetraphenylolethane resins; and
dicyclopentadiene phenol addition-type phenol resins.
[0084]

Among these, a resin containing many aromatic skeletons
in its molecular structure is preferred from the viewpoint
of the flame retardant effect. Examples thereof which are
preferred in view of excellent flame retardancy include
phenol novolac resins, cresol novolac resins, novolac resins
having aromatic methylene as a bridging group, phenol

( aralkyl resins, naphthol aralkyl resins, naphthol novolac
resins, naphthol-phenol co-condensed novolac resins,
naphthol-cresol co-condensed novolac resins, biphenyl-
modified phenol resins, biphenyl-modified naphthol resins,
methoxy aromatic structure-containing phencl resins,
aminotriazine-modified phenol resins.

(0085]
Next, examples of the epoxy resin (A} used in the heat-

curable resin composition (I) of the present invention



[0107] [Chem 23] - 56 - Epl-XEl E2 wherein "Epl" is the glycidyl oxy

group-contai ni ng aromati c sketeton (Epl), "Ep2™ is the glycidyloxy
group-contai ning aromati c skeleton (Ep2), and "X" is the nethyl ene
bridging group (X), a polymer containing El present in a nol ecul ar
chain of a polynmer block having E2 as a repeat unit, a polyner

havi ng, as a branch point in a resin structure, a structural site
represented by any one of structurat #draulae E3 to E8, or [0108]

[ Chem 24] E3-E4 a polymer having a repeat unit represented by any
one of E3 to E8 and a term nal structure represented by structural

formul a &R Qfqd & AR drfb Hod S8 SN Gsych 2 did A Oy10xy
naphthalene, 1,1-bis(2,7-diglycidyloxynaphthyl)methane, 1-
(2,7-diglycidyloxynaphthyl)-1-(2'-
glycidyloxynaphthyl)methane, and the like; bisphenol epoxy
resins such as bisphenol A epoxy resins, bisphenol F epoxy
resins, and the like; novolac epoxy resins such as phenol

(' novolac epoxy resins, cresol novolac epoxy resins, bisphenol
A novolac epoxy resins, naphthol novolac epoxy resins,
biphenyl novolac epoxy resins, naphthol-phenyl co-condensed
novolac epoxy resins, naphthol-cresol co~condensed novclac
epoxy resins, and the like; epoxy resins having a resin
structure in which a methoxynaphthalene skeleton is bonded
to an aromatic nucleus of any one of these novolac epoxy
resins through a methylene group and epoxy resins having a
resin structure in which a methoxyphenyl skeleton is bonded
to an aromatic nucleus of any one of these novolac epoxy
resins through a methylene group; phenol aralkyl epoxy
resins represented by the following structural formula Bl:
[0086]

[Chem. 16]

B1




[ Chem 25] Epl-XE9 Ep2- XE10 [ 0110] Since the present invention

has the above-described characteristic chem cal structure, it isS
possi bl e to enhance the aromatic content in the nolecular structure
and inpart excellent heat resistance and flame retardancy to a cured
product. In particular, the aromatic nucl eus constituting the

gl yci dyl oxy group-containing aromatic,gkeleton (Epl) or the

gl yci dyl oxy group-containing aromatic skeleton (Ep2) serving as the
basi ¢ skel eton of the epoxy resin (A) of the present invention is
preferably conposed of a phenyl group or an al kyl-substituted phenyl
group betdsseeiot 1 HeS |arkpPedt attlbfandmprod gl et iiret resesteee) -
and sol der resistance. The aromatic nucl eus conposed of a pheny]
group oraRhEhek RNt RPPHERAS YrourR e sed dvighHes sE bl e g ed
product and a condensed pol ycyclic skel eton di sposed as a side chain
exhi bi t STHFH oMU Ehi%f ore, | ow thermal expansi on and i nproved
adhesi on C%??be exhi bited, thereby significantly inproving noisture
resi stand®%hd sol der resistance and i nproving flame retardancy. -
58 - [O I n dition, in the epoxy resin, the naphthyl nmethyl group
or the a %Eylﬁethyl group present in the glycidyl oxy

group-contp§i ning aromatic skeletgn (Epl) may haye a nultiple
structurgégbpresented by the fol fOowi ng structurfaly fornula (1) or (2):
[0112] [ m 26]

( o

B2

(wherein n is a repeat unit and is an integer cf 0 or more),
biphenyl epoxy resins represented by the following
structural formula B3:

[0088]

[Chem. 18]

(wherein n is a repeat unit and is an integer of 0 or more),
novolac epoxy resins each having aromatic methylene as a
bridging group and represented by the following structural

formula B4:



[0113] [Chem 27] The structural formula (1) or (2) can take an

average n value of O to 5, but in the present invention, a

non-multiple structure, i.e., n =0, is preferred fromthe vi ewpoi nt
of the expression of excellent flane retardancy. [0114] Further, the
epoxy resin (A) of the present invention - 59 - may contain, as a

structural site, an al koxy group-containing aromatic hydrocarbon
group bonded t hrough the nethyl ene briafiging group (X). Exanples of

t he al koxy group-containing aromatic hydrocarbon group include groups
represented by the followi ng structural forrmulae Al to A13: [0115]

[ Chem %308§]60 -

[Chem. 19]
0 Qo Qo
o o) o
| =—cH 2§'—CH =N B4
2| A N
X X h

(wherein X represents a phenyl group or a biphenyl group,
and n is a repeat unit and is an integer of 0 or more);
epoxy resins having a resin structure in which a
methoxynaphthalene skeleton 1s bonded to an aromatic nucleus
of any one of these the aralkyl-type phenol resins through a
methylene group, and epoxy resins having a resin structure
in which a methoxyphenyl skeleton is bonded to an aromatic
nucleus of any one of these aralkyl-type phenol resins
through a methylene group; tetramethylbiphenyl epoxy resins;

( triphenylmethane epoxy resins; tetraphenylethane epoxy
resins; and dicyclopentadiene phenol addition reaction-type
epoxy resins. These epoxy resins may be used alone or as a
mixture of two or more. Among these, naphthalene-type epoxy
resins, naphthol novolac epoxy resins, phenol aralkyl epoxy
resins, biphenyl epoxy resins, alkoxy group-containing
novolac epoxy resins, and alkoxy group-containing aralkyl
epoxy resins are preferred in view of excellent flame

retardancy and dielectric characteristics.



OCH A40CH3 A5H3CO0.esi. ,0OCH3 A6 CH3 OCH3 [0116] In the
present invention, en € epoxy resin contai ns e al koxy
group-contai ni ng aromati ¢ hydrocarbon group in its resin structure,
t he al koxy group-containing aromatic hydrocarbon group having a
structure represented by - 61 - the structural formula AS can

exhi bit excellent heat resistance and flane retardancy of an epoxy
resin cured product and can significaffly decrease the dielectric

| oss tangent. [0117] In addition, in view of nore inproved heat
resi stance and flane retardancy of a cured product, the epoxy resin
(A") pref@ygpl y has an epoxy equivalent in a range of 180 to 500
g/eq. Further, in view of excellent fluidity during nolding and

excel l ent nDi$lURA «18Y Shnes ARE IoldhRsiHARC e ahd Whed
product, the epoxy resin (A) preferably has a nelt viscosity at 150C

in a rangeerfl Gdsiro &) dia. the pagdd-cal @b Ve i fedid angepedididnt pr 1o
dPa.s, neasured with an ICl visconeter. In particular, the epoxy
equi val et ttsee prefsesmabl nvanta srange @fra2Ddrdml Aohu g ethdte ctaits earodunt
excel l ent noisture resistance and sol der resistance and fl ane
r et ar dandy aoftiavec uredipriodudie andrioxreddeant dial tanicei vy tthe urladmadl ty
of the conposition.
resin (B) is 0.7 to 1.5 equivalents relative to a total of 1
(' equivalent of epoxy groups in the epoxy resin (A) from the
viewpoint of good physical properties of the resultant cured
product.
[0091]

If required, the heat-curable resin composition (I) of
the present invention may be properly combined with a curing
accelerator. As the curing accelerator, various compounds
can be used, and for example, a phosphorus-base compcund, a
tertiary amine, imidazole, an organic acid metal salt, a
Lewis acid, an amine complex salt, and the like ca be used.
In particular, in application to a semiconductor
encapsulating material, from the viewpoint of excellent
curability, heat resistance, electric characteristics,
moisture-resistance reliability, etc, triphenylphosphine is
preferred as the phosphorus-based compound, and 1,8-
diazabicyclo~[5.4.0]~undecene (DBU) is preferred as the
tertiary amine.

[0082]

Another heat-curable resin composition (II) of the



[0118] Further, in view of nore inproved flane retardancy and

nmoi sture resistance and sol der resistance of a cured product, the
ratio of total nunber of the glycidyl oxy group-containing aronmatic
hydr ocarbon group (Epl) present is preferably in a range of 10 to 200
relative to the total nunmber of 100 of the glycidyl oxy
group-containing aromatic - 62 - hydrocarbon group (Epl) having the
napht hyl met hyl group or anthryl net hyl 4greup and t he gl yci dyl oxy
group-contai ning aromati ¢ hydrocarbon group (Ep2). In particular, the
ratio is preferably 15 to 120 in view of the high effect of inproving
curabilit

| dabi | i.t. Di St - i St : | i ahil] f
r et ar dant ,Seﬁd ﬁ?}%‘}ﬁr# %dr} gﬁ%c:ll%{ee,zgaeés Léssi%%%tgle%:l:ués%%%%%%s ’Zigg%l %Een%‘5
. o int, | ! o
ST oo ek, o0, Suft LM [ SGA , EMAILA ot B o
f | . ( o e o
o ot ur &5 Gl e S AN A B A T L

ratio in adanasf 20 4o 80,4 e+l Styrse res stantsk gnsk-sgh der

resistance is nore inproved. [0119] The epoxy resin (A') can be

produced Oy A PrRAuctdnet ietded desed | pash | rdeigideded ®veadhadthesr
the nmethod for producing the epoxy resin (A') is, for exanple, the

met hod oj‘hﬂzr@mairﬂgalt;gﬂim@[wl FEOFH Nod Mu ther hegladne U el Kesimg an
conposition (1) according to f%e above-descri bed nethod and then
égact i NG Adiex tphenpldresd foo tde mpitohtor ahrydiram. a Specti fd aabd yeud hef
thod includes adding 2 to 10 nol es of epichlorohydrin per nole of
phenol i a:Hey dipewt gFr=ip stridienphens  a esdaph andlidigny ey fougr og an
reaction for 0.5 to 10 hours at a tenperature of 20C to 120C while
col | ect iareihyrydmegrgduad tguraddi ng 0.9 to 2.0 nol es of a basic catal yst
per - 63 - nole of phenolic hydroxyl group. The basic catal yst nmay
be used @)%t her a solid or an aqueous sol ution. \Wen the aqueous
solution is used, the nmethod may be one in which the aqueous sol ution
i s conti nuouShytadded thengprRatverregid &fi'dhlidy dfpd e taci Iéh e Mfdudl y
distilled off fromthe reaction m xture under reduced Pressure or .
nor mal pIERAEIE EHY FlUbk Het BTG MR B PR IR I T IR erRRelhLon

and epichl orohydrin is continuously returned to the reactquanixture

[0120] 19 (4 RREIYF TGRSt Hlal CORTHL T o TSy R SHT o FRSY
b h dis used i fi t bat f ducti f th ,
s m Bt s L e e TR o s e cliE s s,
the crude react] onpraduct s, RLELEIADI Y. Gonblned sl gy

1 ON

epichlorS correspondi ng t0 a consunpti 1 osseby the 'reacti on.

o the eni ( . o2 . :
ninis St gﬁfgdsﬁgﬂrgécfﬁ%ﬁﬁ g%el%gh %L%ﬁéﬁl 165 ARLiyed, fgem

t he reaction, su n ‘an wat er, am organic

sol vent . 6 6. The &nj ghl o {Medisedd $ 0t Rt quliar Ippddifitedo

but, for exanﬁie, epl chl orohydrin, epi bronohydrin, _
P- met hylﬁ%ﬂ\}@f%ﬂ{iﬂy & t41e {hkEy LR bei UBEM. sihdh PAS td L1 @4, in
ony

epi chl or drin is prefierred because of easily industrial

avai | abiddddication to a semiconductor encapsulating material,
decrease the coefficient of thermal expansion of a cured
product, and significantly improve moisture-resistance
reliability and flame retardancy. In the present invention,
the epoxy resin (A') corresponds to a novel epoxy resin of

the present invention.

[0094]



[0121] Exanples of the basic catalyst include al kaline-earth - 64 -

metal hydroxi des, al kali metal carbonates, al kali metal hydroxi des,
and the like. In particular, in view of excellent catalytic activity
for epoxy resin synthesis reaction, alkali netal hydroxides, for
exanpl e, sodi um hydr oxi de, potassi um hydroxi de, and the like, are
preferred. Wien the basic catalyst is used, it may be used in the
formof a 10 to 55 mass% aqueous solugon or a solid form In

addi tion, conbination with an organic solvent can increase the
reaction rate of synthesis of the epoxy resin. Exanples of the

SLg‘E”LEl cet GnEm ey BT R oE e 1 EL R oS tt"wesﬁihc’zis
ZiioﬁS%y i t{lfﬂe Ry SR R o P odinted éhh
?Zt ?ztlyyr 0 Eér aod?Oé w%ldﬁ%%neef%% g&g% s Mdfng%%oiy:?%ar#?réaﬂzufheas
like; ang,apratds Rel %roﬁ?glé’%és%ﬁ&spf&f‘é%w'i@ to 200

di et hyl sul f oxi de, “di nmet hyl f ormam de, and the IiKe. These organic

sol vent s-dmayt iRes Usedrd AN Or ddinGord hadd ero Oft AWy DfcTBF B dFogsder
to adjust polarity. [0122] The product of the epoxidation

react i onedrix a¥ashefl avdnh vl efkanst dien( i eaghegagriichiienghydid n and
t he solvent used are distilled off by distillation under heating and
¢6dUC6d RESS UL prhefd sl y i16 arsler2( of o diiee thevepory of de -

esin containing little hydrol yzabl e hal ogen, the resultant epoxy
resin candemngdfedd ssolngo-dwniran ongani Ici sol wesitdsaichi g, t ol uene,
met hyl isobutyl ketone, methyl ethyl ketone, or the like, and an
agueous msglattu e 1ofs isat aal deal rie Inietlal 1 hhydr eendlef lsunh 13t asioth nuay -
hydr oxi de, potassi um hydroxide, or the |ike can be added to effect
f urt her Husddt€don.then natiip dasayref pradsly timmsfanaataf y&t  teukdl as a
quaternary ammoniumsalt, a crown ether, or the |ike, may_ be present
for i nprigimg hehe res@aiingn Afattéie W‘f‘é?ﬁlt]#@tprm‘sfelﬂlr%hsﬁfel? %Jaltlaﬁlys%u%
used, the ampunt of use thereof is preferably in a range of 0.1 to
3. 0% by afass et ivE ol dHe Jéw@g%tswp uSEP NS T BRI 4 on
of reactiopn, .the prod ed salt_can removed flltratlon and
wat er - g aHd éﬁf‘rﬁf- égt%}%é%escﬁ et AR F ibut e

ket one can  he |st|IIed heatln under ce ressure to

pr oduce R Tedint bjﬁ’ ngqc dBOOI n the

heat - cur ] resin conp05|t|on (II) of the present invention, the
epoxy resin (A ) produced by the production nethod of the present

'rg‘s’fﬂ“(g”) ”?ﬁe%%r,;ﬁ%‘é 2l,Q08, Pt&&h‘b E%fbec Oﬁ% &S %*%h"iv’l"‘éﬂ%h PYY

/ ge wheré the effect o present Tnv nis

““?t ' W%‘Jt@&yl%;}lhegfgdﬁ APRY VS (i )rd S rHhined o f hepd al# 0
the glycidyloxy group-containing aromatic skeletons (ep) is
equal to the total amount of a naphthylmethylating agent or
anthrylmethylating agent {(a2) relative to the number of
aromatic nuclei in a phenol resin raw material used for
producing the phenol resin serving as a precursor of the
epoxy resin.
[00S6]

As described above, the epoxy resin (A') in the heat-



the epoxy resin (A of the present invention in the whole of the

epoxy resin components i s preferably 30% by mass or nore, - 66 -
particularly 40% by mass or nore. [0124] Exanpl es of the other
epoxy resin (a') which can be conbined with the epoxy resin (A) of
the present invention include various epoxy resins, for exanple,
napht hal ene-type epoxy resins such as diglycidyl oxy naphthal ene,
1,1-bis(2,7- diglycidyloxynaphthyl)ne#bhane, 1-(2,7-

di gl yci dyl oxynapht hyl )-1-(2' - gl yci dyl oxynapht hyl ) met hane, and the

| i ke; bi sphenol epoxy resins such as bisphenol A epoxy resins,

bi Sphen%u%b%.%o)&yegl%'&ﬁn and e {if&c 2128 enoxy £ %_sé%EnSSUCh as

phenol novolac epoxy reS|ns creso novol ac epoxy resi ns phenol A

|
novol ac BPRQxK% napLFﬁéPg%ﬁnﬁhﬁlco et EROY1 A B3 NSrorkd PhenYile NOVOA ac

epoxy resins, ensed novolac epoxy resins,

napht hol &feesﬁﬂruﬁﬂf%ld%ste@ OV IAG BROXYG TS T NS1gaRk djeosty kc_?roup—
epoxy resins having a resin structure in which a nethoxynaphthalene

skel et oredri: BONGRA Aot & Wl JHIC{BS) 'ofh i e ) thieseniavol ac
epoxy resins through a nethylene group and epoxy resins having a

resin styapHtHAndt Wil Grcupreihaxhete el efjup sirbonded: dia @it

aromati ¢ nucl eus of any one of these novol ac epoxy resins through a
met hyl ens:cgranisy; grhenolglaraldeil sty per epoxgorntesi miag epresented by t he

followi ng structural formula Bl: [0125] [Chem 29] - 67 -

( skeleton (the structural site is abbreviated as a
"glycidyloxy group-containing aromatic skeleton (Ep2)"
hereinafter} not having a naphthylmethyl group or
anthrylmethyl group in an aromatic nucleus. In the resin
structure, these structural sites are linked to each other
through the methylene bridging group (X).

[0097]

Examples of the glycidyloxy group-containing aromatic
skeleton (Epl) include those represented by structural
formulae Epl-1 to Epl-13 below.

[0098]

[Chem. 20]



(wherein nis a repeat unit and is an integer of 0 or nore), naphthol

aral"kyl epoxy resins represented by the foltow ng structural formula

B2: [0126] [Chem 30] (wherein nis a repeat unit and is an
i nteger of 0 or nore), biphenyl epoxy resins represented by the
followi ng structural formula B3: [0127] [Chem 31] - 68 -

(wherein n is a repeat unit and is angpnteger of O or nore), and
novol ac epoxy resins each having aronmatic nethyl ene as a bridgi ng
group and represented by the following structural formula B4: [0128]
[ Chem 32]

Gr Gr
| I g
o) 0 Gr Gre. 0
—l/"é— Ep1-1 —l/':);f—o/ Ep1-2 0;?\';/7 Ep1-3 H3C4l/:)\(~:/—c“3 Ep1-4
CH, CH, CH, Qbr CH;
Gr
o’Gr (!) Gr, O’Gr
(A ke FCO) e } e
S8 G0 3¢
((I:;r 0,Gr gr
...i/."\';\-{_ Ep1-8 +)3 TEP"'Q +)Z :t Ep1-10
ch, cil, cH,
3@ @€ oC
(I5r (i-‘-r
o] 0 Gr Gr
o d
( -:l/j:\'— Ep1-11 G2 Ep1-12 ;;lé Ep1-13

S9e e BSO

In these formulae, "Gr" represents a glycidyloxy group,
and when two or more bonds to other structural sites are
positioned on a naphthalene skeleton, these bonds may be
positioned on the same nucleus or different nuclei.

[0099]

In the present invention, the structural formula Epl-1



(wherein X represents a phenyl group or a biphenyl group, and nis a

repe uni nd is an integer o Oor nore); epoxy resins having a
resin structure in which a nmethoxynapht hal ene skel eton i s bonded to

an aromati c nucl eus of any one of these aral kyl -type epoxy resins

t hrough a net hyl ene group, and epoxy resins having a resin structure

in which a nethoxyphenyl skeleton is bonded to an aromatic - 69 -

nucl eus of any one of these aral kyl =t §pe—epoxy resins through a

met hyl ene group; and ot her epoxy resins such as tetranethyl bi phenyl

epoxy resins, triphenylnethane epoxy resins, tetraphenyl ethane epoxy

resins, and,gheysl epeny naloRddid | N SaLLE Ol tyhe epoxy

resins. These epoxy I’eSI ns may Ee used :one or as a mxture or two

or more.v{fH2ty and Aé@&@lié}%e@umﬁ NEs DASELs £POXYcd ESIAS.

napht hol novolac epoxy resins, phenol ar kyI epoxy resins, biphenyl
epoXy I efdiNSsued KOsy S Difle CORHY ad 3l il NAVH] HCa 18ROXY H18Y, NS, s eton
al koxy group-containing aral kyl epoxy resins are preferred in view of
excel | etHairagmeudiat dr dansypands diebeeddn te € hay agieréstiesurd 0130]
As the curing agent (B') used in the heat-curable resin conposition
(1) of fidwenpraesit-4 nventteofsrwad | Otsn kitoswy cawpsigntagentshd or epoxy
resins, for exanple, an am ne conpound, an am de conpound, an acid
anhydr i delgranpiotard;, &f fhenodf comporinidyg drehtt heedikegnoarnbe useskure
Exanpl es of the am ne conpound di am nodi phenyl net hane, di et hyl ene
érianinaﬁ&ﬁﬁuﬂﬂqﬂeﬂﬂﬁt&ﬁkdﬂﬁrﬁ@SiﬁtﬂanMiphenylsulfone i sophor one

i am ne, imdazole, BF3-am ne conplex, guanidine derivatives, and the
li ke. EXHH%MHS of the ami de conpound include di cyandi am de, polyanide

resins synthesized fromlinolenic - 70 -
Chem. 21]



acid dinmer and ethyl enedi am ne, and the |ike. Exanples of the acid

anhydri de conpound i nclude phthalic anhydride, trimelflitic anhydride,
pyronellitic anhydride, maleic anhydride, tetrahydrophthalic
anhydri de, methyltetrahydrophthalic anhydride, nethyl nadic anhydri de,
hexahydr opht hal i ¢ anhydri de, nethyl hexahydropht halic anhydride, and
the |ike. Exanples of the phenol conpound include novol ac resins such
as phenol novol ac resins, cresol nowvobac-resins, naphthol novol ac
resins, naphthol - phenol co-condensed novol ac resins, naphthol-cresol
co- condensed novol ac resins, and the |ike; nethoxy aromatic
structure-containi ng phenol resins_ such as phenol resins having a
resin structure Bh which a nethox pht hal ene skeleton?ﬁs bonded to
an aromatic nucl @s of any one of tmese novol ac resinsghrough a

met hyl ene grougﬁggﬂgngl rEsins haviagCHsresi n structu&dq n which a
met hoxyphenyl sketet ofP1% bonded tlham ar 5R&tPc nucl e+ Bpy-16ne of
t hese novol ac §f&sins through a mechyl ene group, and ¢ | i ke;

aral kyl -ty nol resins such nol aral kyl ( 18Y% epresent ed
by the fol structural for 0131] [Che - 71 -
(wherein nis a repeat unit and is an integer of o nore), naphthol
aral kyl resins represented by the follow ng structural formula:
[0132] [Chem 34]

Gr ?r ('3r
O
,( )— Ep1-17 )_ Ep1-18 } o 9— Ep1-19
CH; 0 cH, g cH, ér
b & QG
Gr
o 4 Y
HsC l}--EH3 <i, ? o - .
a Ep1-20 HchTg;— Ep1-21 CH/?' Ep1-22

In these formulae, "Gr" represents a glycidyloxy group,
and when two or more bonds to other structural sites are
positioned on a naphthalene skeleton, these bonds may be
positioned on the same nucleus or different nuclei.

[0101]
In the present invention, the structural formula Epl-14

is particularly preferred from the viewpoint of low



(wherein nis a repeat unit and is an integer of 0 or nore),

bi phenyl -nodi fied phenol resins represented by the follow ng
structural fornula: [0133] [Chem 35] - 72 - (wherein n is a repeat
unit and is an integer of 0 or nore), biphenyl-nodified naphthol
resins represented by the follow ng structural formula: [0134] [Chem
36] (wherein nis a repeat unit and is an integer of 0 or nore),
and the like; phenol resins having a #8sirn structure in which a

nmet hoxynapht hal ene skel eton is bonded to an aromatic nucl eus of any
one of these aral kyl -type phenol resins through a nethyl ene group,

and phenpls¢@siiy hayi dgedn 168E NeSEANEL HES, | edhi £8s Bs FRL BOXYRRENY
skel eton is bonded to an aronmatic nucl eus of any one of these

ar al kyl -fiyper phenod s 1 854 e t M QUIH] de FEELY] £0EH GE UK VA FhdrRSI NS

each containing aromati c nethylene as a bridging group and

;gpr esendiesh dnord hea ¥ 0hd ané gy Bt Hehps ads f oepid den{HA3Gy tkwem 37] -
structural formulae Epl-15, Epl-20, or Epl-22 is preferred
from the viewpoint of the significant effect of improving
heat resistance and moisture resistance and solder

(' resistance.
[0102]

On the other hand, as the glycidyloxy group-containing
aromatic skeleton (Ep2) not having the naphthylmethyl group
or anthrylmethyl group in the aromatic nucleus, specifically,
aromatic hydrocarbon groups represented by structural
formulae Ep2-1 to Ep2-17 below, which are formed from phenol,
naphthol, and a compounds having an alkyl group as a
substituent on the aromatic nucleus of phenol or naphthol,
are preferred from the viewpoint of excellent heat
resistance and moisture resistance and solder resistance.
[0103]

[Chem. 22]



(wherein X represents a phenyl group or a biphenyl group, and nis a

repeat unit and is an integer of O or nore); and polyhydric phenol
conpounds such as trinethyl ol net hane resins, tetraphenyl ol et hane
resins, dicycl opentadi ene phenol addition-type phenol resins,

am notri azi ne-nodi fi ed phenol resins (polyhydric phenol conpounds
each contai ni ng phenol nuclei connected to each other with nel am ne
or benzoquanam ne), and the |like. [06186] - Anong these, a resin
cont ai ning many aromati c skeletons in its nol ecular structure is
preferred fromthe viewoint of the flanme retardant effect. Exanples
thereof which are preferred in view of excellent flanme retar inCy

i ncl ude phe novol ac resr , cresol novol ac resins, novol acf'resins
having aromasic nethyl ene a@ a QF j dgi ng G oup, phenol aral kyloresins,
napht hol agdkhyl resins, novol ac Qesbhs ot hol - Hs

co- conden oFpe-1 resr H%?-cresﬁﬁ(g:tco ensed NnO¥ Ep2-4

resins, brphenyl nodi fi ed phenol resins, biphen§$emndified napht hol
resins, methoxy aromatic structure-containing henol resins, and -
74 - am notfiazine-nodified ﬁﬁenol resins. [ddi tion, in offler to

i nprove fl drty, |t |s preferred to use the rgsrn together th

di hydr ox E ﬁHscatechoI3 i none, orI e  Eoos
li ke, bis suc as brmol EP2t§ sphen — orER%ré | Jor P
di hydr oxyn thalene such as 2, 7-di hydr oxynaphghal ene, t-Bu

, 6-di hydr oxynapht hal ene, or the i ke. [0137] However, in the
resent invention, the phenol resin (B¥rused in the eat curable

resin conposrtron is particularly preferred fro \he Vi ewp f'nt of

t he srgn -- ct of inprovi 3 srstance "%

r esi stan old'gﬂ' r &92s9 ance‘€ @@ frE@ﬁ’r‘ltOhe‘i of )— Ep2-11
excel | ent nnrs ure resistance and sol dt resrstance d f ane

ret ar dancy, he phenol resin preferabl has a structure |n which the
phenolic hy oxyl group-containing ar trc skel et on (Ph#S havi ng the

naphthy I g p or anthryI th IQgro in the argma{i c nucl eus
is repr far gul.a 1 0, 0 Zza_theE 2.14
phenolrc oup% ai ni JEEI;;E Sgﬁ?ﬂ;@ vrngp

t he napht hyl hyI group or anthrylnethyl group in the aromat
nucl eus iIs repgesented by the fornula h2-1 or Ph2-4, and the
nmet hyl ene bridging group (X) is represented by the structural formul a

X, X2, or ><$t [ 0138] Gr
Q Gr
A _ o’ _
_\’\)— Ep2-15 /.: ) Ep2-16 7‘; > Ep2-17

In these formulae, "Gr" represents a glycidyloxy group,
and when two or more bonds to other structural sites are
positioned on a naphthalene skeleton, these bonds may be
positioned on the same nucleus or different nuclei.

[0104]
In the present invention, the structural formula Ep2-1

is particularly preferred from the viewpoint of excellent



- 75 - The amounts of the epoxy resin (A') and the curing agent

(B7) mxed in the heat-curable resin conposition (I1) of the present
invention are not particularly limted, but are preferably such that
t he amount of active group in the curing agent (B') is 0.7 to 1.5
equi valents relative to a total of 1 equivalent of epoxy groups in
the epoxy resin including the epoxy resin (A') fromthe vi ewpoi nt of
good physical properties of the resul bant cured product. [0139]

If required, the heat-curable resin conposition (I11) of the present
invention may be properly further conbined with a curing accel erator.
As the qufidit BGGE! el Qe VA HQUS, SOMPANAS] £aip ey used, Aeh £ Q4

exanpl e, a phosphorus-base conpound, a tertiary amne, i'mdazole, an
or gani ¢ A ¢t ali Sfdintd dEWKe afd Tt a8 G exnsaddidand the
| i ke ca be used. In particular, in application to a sem conductor
encapsul@ddingdarderial, fromthe viewpoint of excellent curability,
heat resistance, electric characteristics, noisture-resistance
reliabiljdgnsletc, triphenyl phosphine is preferred as the
phosphor us- base conpound, and 1, 8- di azabi cycl o-[5. 4. 0] -undecene
(DBU) is prefidkeedoas thiae phenbilamgsdm e theléd@kt-curabiet hesin
heat - curabl e resin conpositions (1) and (11) detail ed above, the
phenol resipogiB)idm ¢He heamclasabie the #thylesia noimisid igroys )
and the epoxy resin (A') in the heat-curable resin conmposition (I1)
pave t he(Zax cairiteninest figvtilef deagpar tdtmpdtare aglettdralargy areB ithu6h ')
cure product has good flane retardancy even if not mxed with a flane

r et ar danitndlmdeo o A e HIREE S et brirertho abdvididesghied f | ame
retardancy, for exanple, in the field of sem conductor encapsul ating
mat er i alSErUE B hATFER F9 anfe Tet¥at-dant (C) containing substantially
no hal ogen atom may be m xed within a range where noldability in an
encapsul@&%Qﬁistep and reliability of a sem conductor device are not

degraiet, 1OREH] cnop Sooo BN GRS oS LRt SOmesLt on
1o hal o5l S0 KIS LSS SRR O, o GG o agan, atome due
esi ne - (oERts QR AL M SR HE I ISEP Y
061Ul G AROIRT RS S AT, LA ) LD ase o

retarda Ly&%ﬁ@r&%ﬁi&dﬁﬁ%or&%ﬂﬁiﬁ et drlane: ratardan 0 @%?ﬁﬂ&e

Use of t'hése flane retardants i1s particularly |lim hey

may be ygedialaRkPlgrdh SN TALI 0y Hrondd i aliddetdn FIB® through

retardants of "t he sane

( the methylene bridging group (X). This bonding can take any
desired combination of bonding forms. The molecular
structure of the epoxy resin cocmposed of these structural
sites includes a random copolymer or bleock copolymer having,
as repeat units, structural sites represented by partial
structural formulae El1 and E2 below

[0107]

[Chem. 23]



- 77 - type or different types. [0143] As t he phosphorus-based

fiame retardant, either an inorgani c type or an organi c type can be
used. Exanpl es of an inorgani c conpound include red phosphorus;
anmoni um phosphat es such as nmonoammoni um phosphat e, di ammoni um
phosphat e, triamoni um phosphate, ammoni um pol yphosphate, and the
| i ke; and i norganic nitrogen-containing phosphorus conpounds such as
phosphoric am de, and the |ike. [0144}6 - The red phosphorus is
preferably surface-treated for preventing hydrolysis or the |ike.
Exanpl es of a surface treatnent nethod include (i) a nethod of
coating with an, inorgani onpound such as magnesi um hydr oxi de,
aluninuﬁrﬂéﬂrﬁ "de, zincﬁﬁtdroxide, titani um hydroxi de, bisnuth
oxi de, bisnmuth hydroxide, bisnmuth nitrate, or a mxture thereof, (ii)
a net ho %n@(.i.ng W thgg m xture of an inorgani c conpound, such as
magnesi um 9 roxi de, al um num hydroxi de, zinc hydroxide, or titanium
hydr oxi de, and a thernosetting resin, such as a phenol resin, (iii) a
doubly coating nmethod of coating with a filmof an inorganic conpound
such as wmgnesi umdlydrioxies @l i din hy dfexipshes orzit 41on Frylr ondngkes 1 ©r
titani um hydroxi de, and coating the filmwth a thernosetting resin
such as skeilenol (Eslin, '&@el't hies [tHee.g]Wdidblloxy M@reup-con@anies of
t he organi ¢ phosphorus conpound i ncl ude general - pur pose organic
phos phorausomeEdnpo Fidsl stuoh  épfiho spatvht 8K 't oing dubreel sye pholsprie b ol dasi iy
conpounds, phosphinic acid conmpounds, phosphi ne oxi de conpounds,
hospholauruwonigounds POyt caTtittaigyars dontriiesent phosphoriscular
conmpounds, and the like; cyclic organic phosphorus conpounds such as
5, 10- di IFAiaL 92 foxe-PEOLYSHS e MeAVHTe - FOR gl TR0 0 1B, 5. 2
di hydr oxypheny1l) - 10H 9- oxa- 10- phosphaphenant hr ene=10- oxi de,
10- ( 2, 7'MJ+W%W’WEIE) A NP ROIGLE in a resin structure, a
phosphaphenant hr ene=10- oxi de, and the |ike; and derivative%_produced

by reactddH GV itHe PHES FHEHRS (S TA tHG OF structura

formulae E3 to EB, or

[0108]
[Chem. 24]
=—Ep1=X=Ep2~=X-— E3 —I_Ep’l—X-—EQZ--X— E4
X X X
i | 1
¢ —E p i X=Ep 1= X == E5 —Ep1~=X=~EpT=X— E6
X X X
| | |
=—Ep2=X=Ep2~=X— E7 =—Ep2~X—Ep2—=X— ES
X X X

a polymer having a repeat unit represented by any one of E3
to E8 and a terminal structure represented by structural

formula E2 or E10 below in the resin structure.



conpound such as an epoxy resin, a phenol resin, or the like. [0146]

The m Xi ng anmount 1S appropriately selected according to the type of
t he phosphorus-based flame retardant, the other conponents of the
heat - curabl e resin conposition, and the desired degree of flane
retardancy. For exanple, when red phosphorus is used as the
non- hal ogen flame retardant, the flanme retardant is preferably m xed
inarage of 0.1 to 2.0 parts by mass>/n—100 parts by mass of the
heat - curabl e resin conposition containing all of the epoxy resin, the
curing agent, the non-halogen flanme retardant, filler, and the other
addi tivesgp@m larly, when the organic phosphorus conpound is used,
it is preferably mxed in a range of 0.1 to 10.0 parts by nass,
particul gtiempreferably in a range of - 79 - 0.5 to 6.0 parts by
mass. [0147] When t he phosphorus-based flame retardant is used,
the phosppg=ije-pased fHE®me retardant may be conbined with
hydr ot al ci te, magnesi um hydr oxi de, a boron conpound, zirconi um oxi de,
a bl ack dye, calciumcarbonate, zeolite, zinc nolybdate, activated
car bon, LQF_Like. [ 8] Exanpl es of the nitrogen-based flane
retardan?b?nc ude trigg?Qe conpounds, cyanuric acid conpounds,
i socyanuric acid conpounds, phenothiazine, and the |like, and the
triazi nel&drflounds, the cyanuric acid compounds, and the isocyanuric
acid conpounds are preferred. [0149] Exanpl es of the triazine
ggnpounds i nélnge QPSS SNAC ANTGRAdam hes oz edovacadieser iineidon

| am succi noguanamn ne, et hyl enedi nel am ne, nel am ne pol yphosphat e,
t ri guandmiateCiEi Friferchadipuln B B ES (1Y) i siks e stanes
conmpounds such as guanyl nel ami ne sulfate, nmelem sulfate, nelam
sul f at et PRI T K SORGENT gL GiRidsREs 0t PHetdtwLe sinch iagpart

e S A DAl AU 2 L e
T ! TR RIS, e b L S5O0 L0 s engengat s
the glycidyloxy group-containing aromatic skeleton (Epl) or
the glycidyloxy group-containing aromatic skeleton (Ep2)
serving as the basic skeleton of the epoxy resin (A') of the
present invention is preferably composed of a phenyl group

or an alkyl-substituted phenyl group because of the large
effect of improving moisture resistance and solder
resistance. The aromatic nucleus composed of a phenyl group
or alkyl-substituted phenyl group lmparts toughness toc a
cured product and a condensed polycyclic skeleton disposed

as a side chain exhibits low viscosity. Therefore, low
thermal expansion and improved adhesion can be exhibited,
thereby significantly improving moisture resistance and

solder resistance and improving flame retardancy.



- 80 - (iv) the co-condensates (ii) and the m xtures (iii) further

nmodified wWith tung oi I, isomerized Iinseed oil, or the Iike. [0150]
Exanpl es of the cyanuric acid conpounds include cyanuric acid,
mel am ne cyanurate, and the like. [0151] The anmount of the

nitrogen-based flane retardant m xed is appropriately selected
according to the type of the nitrogen-based flane retardant, the
ot her conponents of the heat-curable P8sin conmposition, and the
desired degree of flane retardancy. For exanple, the nitrogen-based
flame retardant is preferably mxed in a range of 0.05 to 10 parts by
mass, pafdgigcyl arly preferably in a range of 0.1 to 5 parts by mass,
in 100 parts by nmass of the heat-curable resin conposition containing
all of the epexwuddagiibn,t e aud Hes itrh)e tHN-RYMRGEN K
retardant, filler, and the othengﬁggfives. [0152]‘[1@%J I n addi tion,
the nitrpgaipy aseathd | ateh FEimsdant deyup e tsasht Mg ormd Nt y erd i d:hy a
net al hydroxi de, a nol ybdenum conpound, or the like. [0153] The
Si | i coneyhAgeddritanenie) aatantis siodlgpagrt | (Bpar Iyay i mated angl casil.de
used as long as it is an organic conpound containing a silicon atom
Exanpl estthereofe imegpueentedlby tShd | mhowing situcomes ¥ ufdeenyla
silicone resins, and the |ike. [0154] The anpunt of the
siliconetlhased fdJane retardant mxed is appropriately sel ected
according to the type of the silicone-based flane retardant, the
@ther coPo¥ent s of the heat-curable resin conposition, and the
esired degree of flane retardancy. For exanple, the silicone-based
flame ret@r@ant2Gls preferably nmixed in a range of 0.05 to 20 parts by
mass in 100 par he heat-curable resin conposition
i n, the curing agent, the non-hal ogen
he otlggy additives. In addition, the
may be used in conbination with a
=/ or the like. [0155]

[0113]

[Chem. 27]

¢ >

The structural formula (1) or (2) can take an average n
value of 0 to 5, but in the present invention, a non-
multiple structure, i.e., n = 0, is preferred from the
viewpoint of the expression of excellent flame retardancy.
[0114]

Further, the epoxy resin (A') of the present invention



Exanpl es of the inorganic flanme retardant include netal hydroxides,

metal oxi des, metal carbonate compounds, metal powders, boron
conpounds, |ow nelting-point glass, and the |ike. [0156]
Exanpl es of the netal hydroxides include al um num hydroxi de,
magnesi um hydr oxi de, dolomte, hydrotal cite, cal cium hydroxi de,
bari um hydr oxi de, zirconium hydroxide, and the |like. [0157] - 82 -
Exanpl es of the netal oxides include 2Pnt nol ybdate, nolybdenum
trioxide, zinc stannate, tin oxide, alum num oxide, iron oxide,
titani um oxi de, manganese oxi de, zirconium oxide, zinc oxide,
ol ybdenu) oxd e, i £ohal ta axd Hest i smi i Oxi de, 2 Ch:am dimgxd de, ni ckel
oxi de, copper oxide, tungsten oxide, and the |like. T0158] Exanpl es of
the net aloRaihoNa & CEROUNdsy d Asd Ao 7 | o GRNREd €, t HRgES | tHe
carbonate, cal cium carbonate, barium carbonate, basic magnesi um
car bonatet 18} WHN WR icRf hanaj@ug F @) CaEkenples odbahe eardeyatgeoup-
titani um carbonate, and

containing aromatic hydrocarbon group include groups

represented by the following structural formulae Al to Al3:
[0115]

( [Chem. 28]

P



the like. [0159] Exanples of the netal powders include powders of

alumnum i1ron, titani uny manganese, zi nc, nolybdenum cobalt,

bi smuth, chrom um nickel, copper, tungsten, tin, and the |ike.

[ 0160] Exanpl es of the boron conpounds include zinc borate, zinc

nmet abor ate, barium netaborate, boric acid, borax, and the |ike.

[0161] Exanples of the |ow nelting-point glass include Seapl ea
(Bokusui Brown Co., Ltd.), hydrated-gklss Si02-MW0-H20, and

Pb0- 13203- based, ZnO P205- MyO- based, P205- B202- Pb0O- MyO- based, P- - 83
- Sn-O F-based, PbO-V205-Te02-based, Al 203-1-120-based, and | ead

borosi | i catoeéﬁased gl ass corrpouacaﬁ_I [0162]
3 3

P A OCH; OOV .
<o A . A2 ““MocH,
OCH OCH;
_CH, < H3CO. -~ OCH;
U—_ Ad 15— A5 _Q’/‘_ A6
CH,
SCH, OCH,

.._©_ A7 (OC'%_ A8 —(—)— A9

OCH,3

—G-ISCOOCH:%—AW ( H 9_ A1
_{ H3+ » (OCHj- A13

OCHj

[0116]

In the present invention, when the epoxy resin (A')
contains the alkoxy group-containing aromatic hydrocarbon
group in its resin structure, the alkoxy group-containing

aromatic hydrocarbon group having a structure represented by



The amount of the inorganic flanme retardant m xed is appropriately

selected according to the type of the inorganic fliame retardant, the
ot her conponents of the heat-curable resin conposition, and the
desired degree of flane retardancy. For exanple, the inorganic flane
retardant is preferably mxed in a range of 0.05 to 20 parts by nass,
particularly preferably in a range of 0.5 to 15 parts by mass, in 100
parts by mass of the heat-curable resPh conposition containing all of
t he epoxy resin, the curing agent, the non-hal ogen flane retardant,
filler, and the other additives. [0163] Exanples of the organic netal
sal t - basgd fderp-tetar dedmi e | Aglecdrerdacenes aced vl acetisat e net al
conpl exes, organic netal carbonyl conpounds, organic cobalt salt
conmpoundsss iggaite sl fOme atdith mimdy Saf ten Sorpe unstsi readlrdtavi ng
an ionic bond or coordinate bond between a netal atom and an aromatic
conpoungoeyduEt edrot yedn s icpnipliuseth t landdddiecd sk echd (Gl edthei @anoednd  of
the organic netal salt-based flane retardant m xed is appropriately
sel ect edagording to the - 84 - type of the organic netal
salt-based flane retardant, the other conmponents of the heat-curable
resin corfddsilti on, and the desired degree of flane retardancy. For
exanpl e, the organic netal salt-based flane retardant is preferably
m xed in theIpargeisfiom,00% 4 eV0 ofafoy ehy Mpdeysidn hegd pastistaynasass
of the heat-curable resin conposition containing all of the epoxy
-esin, tae drdanRy Rferidandie Horp HEHGYRPYIHIAL 1 diled RRAXY 19341, and
he otherladditives. [Olqg% If required, an inorganic filler
can be ni’ed BERIHE Haatat ridb| % SIS i dh DIEAMHE frlesdtft to

i nventi . Ex |l es of . the i.norqanic filler _include.fused sil.ica,
erveral Tl TR o budt it  Pon B & o e Rldens) d bR R dPoibGe, and
the like. en the annuthof t he inoQ?anic.fiI

I i xed 4
parti culné?ﬁ ni%&%%se < Y JSP S craesi]ssﬁr}eq?erer mci(ssci#scgecr Al t hough
ei t her %'e%slhsec%no - Shhey i(fﬁ}er(r:{a;bsﬁ%qjlfég i ecae[bot;& L&seesq.mt .)spheri cal

fused silicais preferably NIy US€d for i'ncreasing the ‘anount of

the Tused 5il,i,6 JTiced G SURNISSAING A1t 1N aSe: 1) JRlde WScEst ty

of a noldi ng mat n order to f her i ncrease the unt of the

spheri caly §d i -rg,xeaﬂartti%lgmiap 5 28 dirsfd idwitd on «of theympheri cal
silicais preferably properly adjusted.
measured with an ICI viscometer. In particular, the epoxy
equivalent is preferably in a range of 200 to 400 g/eg
because of excellent moisture resistance and soclder
K resistance and flame retardancy of a cured product and
excellent balance with curability of the composition.
[0118]

Further, in view of more improved flame retardancy and
moisture resistance and solder resistance of a cured product,
the ratio of total number of the glycidyloxy group-
containing aromatic hydrocarbon group (Epl} present is

preferably in a range of 10 to 200 relative to the total

number of 100 of the glycidyloxy group-containing arocmatic



The filling rate is preferably as high as possible in view of flame

retardancy, and particularly preferably 65% by mass or more of the
whol e anmount of the heat-curable resin - 85 - conposition. In the
use for an application such as a conductive paste, conductive filler
such as a silver powder, a copper powder, or the |ike can be used.

[ 0166] I f required, various conggunding agents such as a sil ane
coupling agent, a nold rel ease agent pi gnent, an enulsifier, etc.
can be added to the heat-curable resin conposition (I) or (l11) of the
present invention. [0167] The heat-curable resin conmposition (I)

or (11) hofdidenpresentoumy el onmaaindetips aducteth Pymeith § Oratgum &t ng
t he above-descri bed conponents. The heat-curable resin conposition of
t he presemthinverthvh gaoubearedsity §byeredyiony @row-ecoptradtuttyg by
the sanme as a general known nethod. Exanples of the cured product

i ncl ude atsteRddl © Uredi praoder sosRith BEP2) | adimaeet iguwdast, prhvdusttican
adhesive layer, a coating film a film and the |ike. [0168]

Appl i catioriareiarrPihel head - 1RF abt &7 F238i of cdmpdsiah o@“f% et RL(11) of

the present invention include sem conductor encapsul ating materials,
resin cofBIHihCHSREL Fory 4 dif ISl bntr drektror Tret¥edicdoar ds,
and the Ilke reS|n C%Hé {;ﬁlﬂaterlals adheS|ves I nterlayer

i nsul at iTfg- RS s 3 RN ]iﬁ) %Ffb%‘f‘?%'t gnd cjo%ltlrrhga e & ach «Qch
oo TV SeRG, SRGbe Lk Arong L hese var e, o 6.
e Condu%socrraecncaao é‘”aar{llnrg)rnc:;aal[nelrclz Sller such as silica in the
composition, the lower coefficient of thermal expansion of a
cured produce, higher adhesion, and significantly improved
moisture resistance and solder resistance. In particular,
with the ratio in a range of 20 to 80, the moisture
resistance and solder resistance is more improved.
[0119]
The epoxy resin (A') can be produced by a production

method described in detail below. That is, the method for

( producing the epoxy resin (A') is, for example, the method
of producing the phenol resin in the heat-curable resin
composition (I) according to the above-described method and
then reacting the phenol resin with epichlorohydrin.
Specifically, the method includes adding 2 to 10 moles of
epichlorohydrin per mole of phenolic hydroxyl group in the
phenel resin and then performing reaction for 0.5 to 10
hours at a temperature of 20°C to 120°C while collectively

or gradually adding 0.9 to 2.0 moles of a basic catalyst per



[0169] In order to prepare the heat-curable resin conposition

T (r)yor or a sem conducto ncapsul ating material, e

(

conponents including a filler may be sufficiently mxed until the
resul tant m xture becones uniformusing an extruder, a kneader, a
roll, or the like according to demand, producing a nelt-m xing type
heat - curabl e resin conposition. In this case, silica is generally
used as the filler, and the filler s gréferably used at a filling
rate of 30%to 95% by nass relative to 100 parts by mass of the
heat - curabl e resin conmposition (1) or (Il). In particular, the
filling male o8 gHeiel bl lyydfopal trdyp MThObadile datandar ity be

i nprove flanme retardancy, noisture resistance, and sol der crack

resi st anceednk tal tdeer eassol e coedl | adqeatusfsdlimedsn exparsi ahe and
80 parts by nass or nore in order to significantly enhance the

ef fect. dquarwerstinniodn s serdonthe troetipad kege, be here is wh it hiode
in which the conposition is nolded by casting or using a transfer

mol di ng FfEdRuRe ikl Dreont divepsee hdkedndnhemteataddat 50 to
200C for 2 to 10 hours, thereby producing a sem conductor device as a
nol ded FHOCRIBICT JTOAOIN e GaEt Hepuehy abl et rlekedh @lohposenitdie (1) or
(Ir)y of - 87 - the present invention is processed into a conposition
for a priSREdN MEF I B HAF 0T FIGRT TS TES P dRige t iRFeIBira

prepreg can be prepared. The heat-curable resin conposition can be
Used Wit téj‘{}%‘ﬁﬁg‘p I?d?‘iﬂé%ﬂa’ifé?;e‘ﬁai%a%ﬁ“%%r Vi dodIRYed hand
var ni sh of, e resin .conposition for a prepreqg s preferabl repared
ol ho' A GRS TS A CSBvEA e dreah funt
having a.b9iling point of 160C or less, such as nethyl ethyl ketone,
acet one, |nef%ylfornanide, or the like, is preferably used, and

t hese s dﬁ?ﬁs can be used alone or as a m xed solvent of two or
nore. An eéired rei nforcenent substrate, such as paper, a gl ass

cloth, aglags BAAMBNER baDhiGnsRLauhd-haRece:af, apap d cloth, a
ﬁotrL or t g I'i ke,

glass mat, a glass roving c h e, Is inpregnated with the

resul t ants \anRihy BNt heatrd @Hara%e!@aitg NG d L MMErALUNE AGLAr Y] NG, L O
the type of solvent used, preferably 50 to 170C, to forma prepreg as

a cured proeilttionTRE MBES dphdyo Raetiveendthe i esids LRBAsidd@hand the
rei nforcenent substrate used is not particularly limted but is

pref er ablhe agiiustiedodydhial dvveasid M ete idrddee qrepries is 20 to
60% by nass. Wien a copper-clad |lam nation is produced using the

heat - c upatlde atedisn prerfeasiktliyorontdie dor epregdwo raped s deselrhed

above are stacked by a usual
corresponding to a consumption loss by the reaction. In
this case, the epichlorohydrin contains impurities derived
from the reaction, such as glycidol, epichlorohydrin and
water, an organic solvent, etc. The epichlorohydrin used is
not particularly limited but, for example, epichlorohydrin,
epibromohydrin, B-methylepichlorohydzin, or the like can be
used. In particular, epichlorohydrin is preferred because
of easily industrial availability.

[0121]

Examples of the basic catalyst include alkaline-earth



nmet hod, and a copper foil is appropriately |am nated thereon and

~ heat-pressure bonded at 170 to 250C for 10 minutes to 3 hours under a
pressure of 1 to 10 MPa, thereby producing the copper-clad
| am nation. [0171] Wen the heat-curable resin conposition (I) or
(I'l') of the present invention is used as a resist ink, an exanple of
a usable nmethod is one in which a resist ink conposition is prepared
by adding a cationic polynerization‘céﬁaryst as a curing agent for
the heat-curable resin conmposition (Il1) and-further a pignent, talc,
and filler, applied on a printed board by a screen printing nethod,
and themethiethidrd:oides, el intke CUredripsgies, 4048721 metal Wien
the heat-curable resin conposition (1) or (11) of the present
i nvent i arydsoxiisiss asarodnduetl Mes paghne paatdnplles ofi na vdgablog net hod
i nclude a nethod of preparing a conposition for an ani sotropic
conduct iasecdlilantbycati slperist retcionductiove dparey peeticl smtihedie
heat - curabl e resin conposition, and a nethod of preparing a
ci r cui t -mwsici ng Pest ie masd In Inohposiddon vr arang sot rapdiun
conducti ve adhesive which is liquid at roomtenperature. [0173]
As a mettietr $oirdepr duiic s/t wh Nyt iger anduilke | igcawmtanrg airgigreed.
bui | d-up _board fromthe heat-curable resin conposition (l) or (Il) of

the pred8&ifn ithedasrt a5 lsahpi®, utdh HdatiaNrkd|wSedsih the form

conposition apcgrtopri ately containing rubber and filler is applied to

g ci rcuitf poarl T2 o MAgRE iSO rRAUTUE ¥ ¥d & RAYESh IRF ™ sgfay
oating hod, a curtain coating nethod, or the like, and then
cured. LGy é%ﬁﬁqjé}ft%d@ttg} AThetr S SugP hoiEs e YUrTRafe and

h f i.S. d with i hed wi.it h _h
Lhen @, L seel S ST oAl g Gos ool 9,20y Vel WAL L

t al " l.ati t , t ' i d
el Sush % Sonnste A5 IS 0L NG € o6l olsss Bl o

an organi;G,;SQlyent Gan %y%@faﬁ%dé fo ese%é%d@?meér?gytl?%og%dat ely

operation I's succéssi vel y repeat ed according to

bui | d up, @y 188 N 1HsulAlddip 1| AWef A %eﬁﬁ%ﬂ}&ﬂ Ofed 1,011 &ro vl

predeterm ned circuit pattern, thereby producing a build-up oar
However ,a it dihr aughh hglas AreHar, mad riftfio t,hes Qe RIAms th t@sdL,

insulating layer is forned. Al so, a build-
tertiary butanol, and the like; cellosolves such as methyl
cellosolve, ethyl celloscolve, and the like; ethers such as
tetrahydrofuran, 1,4-dioxane, 1,3-dicxane, diethoxyethane,
and the like; and aprectic polar solvents such as
acetonitrile, dimethylsulfoxide, dimethylformamide, and the
like. These organic solvents may be used alone or in
combination of two or more in order to adjust polarity.
[0122]

The product of the epoxidation reaction is washed with
water and then unreacted epichlorohydrin and the solvent

used are distilled off by distillation under heating and

reduced pressure. Further, in order to produce the epoxy



up substrate can be forned by pressure-bonding a copper foil with a

resim, which is formed by sem -curing the resin conposition on the
copper foil, under heating at 170 to 250C on the circuit board having
a circuit formed thereon, without the steps of form ng a coarsened
surface and of plating. [0174] A et hod for producing a cured
product of the present invention may %)g based on a general nethod for
curing an epoxy resin conposition. FoPYexanple, a heating tenperature
condition may be appropriately selected according to the - 90 - type
of the curing agent conbined and use thereof, but the conposition

pr epar ed-dni it e raoiterrae sicirt ted Hgd doody 188yl hendigsdead, itthd hessultant
tenperature range of about 20C to about 250C. In addition, a general
met hod fegrosgp@asiresian dosTposdin ahiss szalvdye iusech ascgamiot diolgraret hod
with no need for particular conditions for the heat-curable resin
conposi tdwrh (49 torlydng, ofetinel pieskentyl nkehohen. mpOhy5] ethyl ketone,
Therefore, according to the present invention, an

envi r onmentidle yl-ised e apban raplgrumtsriwliagapdblan oflkadi piatialg a

hi gh degree of flanme retardancy can be produced w thout using a

hal ogen-habek fdeamarqhetas dardiun hythhdidh, R Phem dpet e isie s peed
of a high-frequency device can be realized by the excellent .

di el ect rike ¢ @&y ikg iadde e IkdrfeGthe PHelT 123G qB) P thés
epoxy resin (A) can be easily efficientl roduced by the production
ret hod &2 She HrEEEHH ﬁﬁﬁfb?rﬁ‘?%rﬁatﬁﬂd’%l e‘%/‘lfﬁhra%%i‘ﬁ'}g real i zed

N T

(o her 91 bl Sht UGS L oA FADBALLYS, SraguLes

speci fi ec%tallnys%dcﬂst iuos%d,rméﬁe Vairr?o%sé tc‘Yf q}se]'chq%reof is preferably in
a range of 0.1 to 3.0% by mass relative to the epoxy resin
used. After the completion of reaction, the produced salt
can be removed by filtration and water-washing, and a
solvent such as toluene or methyl isobutyl ketone can be
distilled off by heating under reduced pressure to produce
the epoxy resin with high purity.

g [0123]

In the heat-curable resin composition (II) of the
present invention, the epoxy resin (A') produced by the
production method of the present invention may be used alone,
but may be combined with another epoxy resin (a') in a range
where the effect of the present invention is not impaired.
Wnen the other epoxy resin (a') is combined, the ratio of

the epoxy resin (A) of the present invention in the whole of

the epoxy resin components is preferably 30% by mass or more,



91 -

GPO, and NWVR, and Ms spectra were neasured under conditions

descri bed befow. 1) Mel't viscosity at 150C. according to ASTM D4287
Sof t eni ng poi nt neasuring nmethod: according to JIS K7234 3)

2)

particularly 40% by mass or more.
[0124]

Examples of the other epoxy resin (a') which can be
combined with the epoxy resin (A') of the present invention
include various epoxy resins, for example, naphthalene-type
epoxy resins such as diglycidyloxy naphthalene, 1,1-bis(2,7-
diglycidyloxynaphthyl)methane, 1-(2,7-
diglycidyloxynaphthyl)-1-(2'-glycidyloxynaphthyl)methane,
and the like; bisphenol epoxy resins such as bisphenol A
epoxy resins, bisphenol ¥ epoxy resins, and the like;
novolac epoxy resins such as phenol novelac epoxy resins,
cresol novolac epoxy resins, bisphencl A novolac epoxy
resins, naphthol novolac epoxy resins, biphenyl novolac
epoxy resins, naphthol-phenyl co-condensed novolac epoxy
resins, naphthol-cresol co-condensed novolac epoxy resins,
and the like; epoxy resins having a resin structure in which
a methoxynaphthalene skeletcon is bonded to an aromatic
nucleus of any one of these novoclac epoxy resins through a
methylene group and epoxy resins having a resin structure in
which a methoxyphenyl skeleton is bonded to an aromatic
nucleus of any cne of these noveolac epoxy resins through a
methylene group; phenol aralkyl-type epoxy resins
represented by the following structural formula Bl:

(0125}

[Chem. 29]



GPO Appar atus: HLC- 8220 GPO manuf actured by Tosoh

Corporation Colurm: TSK-GEL GZO00HXL + GZ000HXLC + G3000HXL +
HA000HXL manufactured by Tosoh Corporation Solvent: tetrahydrofuran
Flowrate: 1 mi/mn Detector: R 4) NVR NVR G5X270 manufactured by

JEQL, Ltd. 5) Ms: doubl e focusing nass spectroneter AX505H
(FO505H) manufactured by JEOL, Ltd. [Ql77] EXAMPLE 1 [ Synt hesis of
phenol resin (A-1)] In a flask"pﬁavrded with a thernoneter, a

cooling tube, a fractionating colunm, a nitrogen gas inlet tube, and
a stirrer, 103.0 g of phenol novolac resin ("M 70G manufactured by
Showa Hi giyol ymer Co., Ltd.J\ softening point {XOC, hydroxyl equival ent
103 g/ eq) [¥@presented by a uctural formul -Bel ow and 103.0 g of
met hyl isdputyl ketone were xharged under nitfogen gas purging and

then - - o) o
X A TN
GOt SOt =
n
B (wherein n is a repeat unit and is an integer of 0 or more),

naphthol aralkyl epoxy resins represented by the following
structural formula B2:

[0126]

[Chem. 30]

3 G

o 0
&}CHZ—Q—CM*@]—CHZ—@— CH,

(wherein n is a repeat unit and is an integer of 0 or more),

B2

biphenyl epoxy resins represented by the following
structural formula B3:
[0127]

[Chem. 31]



heated to 115C. [0178] [Chem 38] OHOH 40H24H3-H After heating, a

m xture containing 88.8 g of methyl isobutyl ketone and 88.8 g (0.50
nol ) of 1- chloronethyl napht hal ene was added dropw se at 115C over 2
hours. After the conpletion of addition, reaction was perfornmed at
120C for 1 hour and further at 150C for 3 hours to produce 161 g of
phenol resin (A-1). The resultant phengl resin had a softening point
of 105C (B & R nethod), a nelt vi scﬁsf’_?y'of 16.1 dPa's (neasurenent
nmet hod: 1Cl visconeter nethod, neasurenent tenperature: 150C), and a
hydr oxyl equivalent of 173 g/eq. Fig. 1 shows a GPC chart of the
phenol refNn (A-1), Fig. 2 shows 13C-NWR chart, and (g 3 shows a
M5 spectr The presence of a Gyl napht hyl group co sponding to
t he gener formula (1) was confiymed by the analysis. »n addition,
the ratiogof the total nunber/ofo methyl naphthyl gRoupsOwas 50

relative Jo the punber fof 100 of . en [ C hy
group-c FOH , cHke @. Ab)-
phenol r n (A— 03 - In a as Dr oVi

t hernoneter, a cooling tube, {R fractionating colugnpn a nitrogen gas

inlet tube, and a stirrer, 75.8 g (0.76 nol) of bisphenol F

("Dl G BPF" manufactured by DI C Corporation), 25.3 g (hydroxyl group:
0. 24 equi val ents) of phenol novolac resin ("TD 2131" manufactured by

D C Corp atl o softenl n 0| nt: 80C h dr oxyl ui v 104
Jeq), % S kR o vaé}teq% Ogiiﬁ Fadfore)
|trogen n and then heate to 115C. Aft

mi xt ur e ¢ont aqonllgagc %Xy ot et hyaicq} so%vjtnyq Vet one an YE}JS‘QJBEHE (%55%

EngSOff%r @n&r %%Le&? ;ﬁé“raéa%]gan&ggofgg% s %%%Eg}ned to

produce fheppal in (A-2). The resultant phenol reS| n had a

sof t eni ng pol nat B?? 75C (B & R nethod), a nelt viscosity of 0.7 dPa.s
(measur ntg et hod: 1Cl visconeter nethod, neasurenent tenperature:
150C), and a hydroxyl equivalent of 180 g/eq. Fig. 4 shows a GPC
chart of;dihes plenol resin (A-2). In addition, the ratio of the total
nunber of met hyl napht hyl groups was 56 relative to the total nunber
of 100 of f'vhenolic r oxyl up-contai ning aromati c skel etons.

[ 0180] LE 3 [ SrPhesis d#%henol resin (A 3)]

 &rd _% .

(wherein X represents a phenyl group or a biphenyl group,

and n is a repeat unit and is an integer of 0 or more);
epoxXxy resins having a resin structure in which a
methoxynaphthalene skeleton is bonded to an arcmatic nucleus
of any one of these aralkyl-type epoxy resins through a
methylene group, and epoxy resins having a resin structure

in which a methoxyphenyl skeleton is bonded to an aromatic



In a flask provided with a thernoneter, a cooling tube, a

fractionating colum, a nitrogen gas infet tube, and a - 94 -
stirrer, 100.0 g (1.00 nol) of bisphenol F (manufactured by DI C
Corporation, purity 99% and 100.0 g of nethyl isobutyl ketone were
charged under nitrogen gas purging and then heated to 115C. After
heating, a m xture containing 126.1 g of nmethyl isobutyl ketone and
126.1 g (0.71 nol) of 1- chloronethylﬁgpﬁthalene was added dropw se
at 115C over 2 hours. The sanme subsequent operation as in Exanple 1
was performed to produce phenol resin (A-3). The resultant phenol

resi n hathdlsed teni gy Poidto Oft e (&K IR et fiodl) sp@cretds mh$cosi ty
of 0.5 dPa.s (neasurenent nethod: ICl visconeter nethod, neasurenent

t enper atghudib E)me gl endygir Xyl aolli oehenteedx 200 gieg. sukdly. ad
shows a GPC chart of the phenol resin (A-3). In addition, the ratio

of the tdtataneiiberbigdharet hydmapht ieyd 1gs 0 ujusi ptesn yiimetehaie wpd:oy t he
total nunber of 100 of phenolic hydroxyl group-containing aromatic

skel et ons=s 04,8 1f e EXANRUE Ve {ISyme heasisy of ephenolan@sin (A-4) ] In
a flask provided with a thernoneter, a nitrogen gas inlet tube, and a
stirrer ,dsgyOlgpasitadieephardneest@d{nia) peaduted-FHMPEXaPpKy Jesdds.
41.0 g of bisphenol F (manufactured by DI C Corporation, purity 99.0%
wer e chapak \RelY MiesoyemPadPpHIFh@ e them Srikdgl gyure or two
over-heating at 120C for 1 hour to produce phenol resin (A-4). The
Ggsultaﬁﬁfﬁﬁéﬁbl resin had a softening point of 57C (B & R - 95 -

ret hod), a nelt viscosity of 0.2 dPa.s (neasurenent nethod: |Cl

vi sconetéH 4tk hod, neasur enent tenperature: 150C), and a hydroxyl

0 addi 1 on, APRES T8t PRE LGNS SRORBER GF Y RyFraRHL RTPTTps
vas 20 haliye o Ae Lol e of 400 o gheral S il
phe”O"éE%éy(fééﬁds, alkoxy group-containing novolac epoxy resins,
and alkoxy group-containing aralkyl epoxy resins are
preferred in view of excellent flame retardancy and
dielectric characteristics.
[0130]
As the curing agent (B') used in the heat-curable resin
(, composition (II} of the present invention, various known
curing agents for epoxy resins, for example, an amine
compound, an amide compound, an acid anhydride compound, a
phenol compound, and the like, can be used. Examples of the
amine compound diaminodiphenylmethane, diethylene triamine,
triethylene tetramine, diaminodiphenylsulfone, isophorone
diamine, imidazole, BFs;-amine complex, guanidine derivatives,
and the like. Examples of the amide compound include

dicyandiamide, polyamide resins synthesized from linolenic



In a flask provided with a thernoneter, a cooling tube, a

fractionating colum, a nitrogen gas infet tube, and a stirrer, 35.0
g of the phenol resin (A-3) produced in Exanple 3 and 65.0 g of

bi sphenol F (manufactured by DI C Corporation, purity 99.0% were
charged under nitrogen gas purgi ng and then m xed by over-heating at
120C for 1 hour to produce phenol re5| n (A-5). The resultant phenol
resin had a softening point of 52C (B /& R net hod), a nelt viscosity
of 0.1 dPa.s (neasurenent nmethod: |ICl visconeter nethod, mneasurenent
tenperature: 150C), and a hydroxyl equivalent of 121 g/eq Fig. 7
shows a £RQ chiafidr ofnd hetpfEnddTesine ( Arh) . tHa Bidd § @xanddl@s’ aifi 0
of the total nunber of nethyl naphthyl groups was 15 relative to the
total nuteraafd 1t yadr jde nadnigeo dryd ricxyll udyr qripelcont @i anihngd ey darat | ¢
skel etons. [0183] - 96 - COVPARATI VE EXAMPLE 1 [ Synt hesis of phenaol
resin (Axmelghieniot aresydridés,crpyesnd Nl Ratemniyderdd umsdic In
a flask provided with a thernoneter, a cooling tube, a fractionating
col um, anhyidriglen tesrdydtophiie Lianerdigidrder, 208 g of phenol
novol ac resin having a softening point 86C and 0.5 g o

p- t ol uenmessil e tor i e ahiag gaéﬁlmmeie ,numerfdg;e]mégiaasc PRI gl Gand
then heated to 140C. Then, 136 J}éﬁ) p- met hyl benzyl met hyl

et her ware ATl QYT Sic Uty ré“ewlil'rﬁj(%l'éé@quh%hé: produced
met hanol was distilled off to the outside of the system and the
feacti oW tiday RRe D terkergi AgRPleRe ofafbet ?‘é‘ﬁé‘roalt GPEPPHRS

h

ours. The as Was renoved under. reduced essure with an aspirat.or
to prodl}(%ﬂé] PSirEs e FH¥uIash E‘mf@nd}mf%]ﬁ% TR Thyg Gresol

ft tf91c:B t hod), F fd P
?ﬁeaiﬂlé%e‘%%a?%tﬁ%&&nﬁrC| R

1500, and dr ox ui v t of /e 184 Il VE
EXAVPLE & yn eﬁ:iésf;s(’ of” phree%'oﬁn%r e i“% car%éeo%ol C]re5| n escdrl bed | n

Pat ent atur ] f _rm_rgqt
cool i ng%{b’go(ral % Sglc Sl’onaar%c! n%g?ec ]11% FMe%‘H ogen gas |$t tu e and

a stirref %91 Her%lnargq@ gherfb 10T L GIY QAP
napht hal eor?e 5 A)pof 1hb‘figororret hyﬁ corrpounrd l3 0% of 0 her

di chl or nw tCrQiH?;QJ-t@Sm lorf%rPfa e tSib sy IEIRGH 1drIel kil e icaEYINd)
and 550 g of tol uene were charged under nitrogen gas purging and then

sl oW y hedRd wdem Sidddng toidieus st idfy o reddy doldiewed by
reaction for 2 hours under reflux at about 116C. Then, the

t enper atiys8 S HIGIRASE thdth VI’ Widug,t gHeend wass idissthdwiedy of f,
directly followed by reaction for 1 hour. After the reaction, the

sol vent rwas i esvoved une dirstwHilat iz0meatridery pheducde s jerlessir e ¢ dogrdediice
(a phenol resin. The resultant phenol resin A-7 had a hydroxyl

equi val et aof alrbinag/ieq nualsofs erfi rgypainet of tIE2E (BwelRaretdwid)s and
a melt viscosity of 20.1 dPa.s (neasurenent method: |Cl visconeter
met hod, themategeme themparaatanaalp,150@ the like; aralkyl-type phenol

resins such as phenol aralkyl resins represented by the
following structural formula:
[0131]

[Chem. 33]



[0185] EXAMPLE 6 [ Synthesis of epoxy resin (E-1)] In a flask

provided with a thernometer, a droppi ng funnel, a cooling tube, and a
stirrer, 173 g (hydroxyl group: 1 equivalent) of the phenol resin
(A-1) produced in Exanple 1, 463 g (5.0 nol) of epichlorohydrin, 139
g of nbutanol, and 2 g of tetraethyl benzyl anmoni um chl ori de were
charged under nitrogen gas purging to_prepare a solution. After the
resul tant solution was heated to 65T, 'the pressure was reduced to
azeotropic pressure, and 90 g (1.1 nol) of a 49% aqueous sodi um

hydr oxi de sol uti on was added dropwi se over 5 hours. Then, stirring

was contipued for 0.5 hour un the sane conditiogg. During reaction
under - - stirring, the¢ azeotropic distilate S separated with
a Dean St ar k , andf tp ter | r wasl res d, while the oi

| ayer GH €H ctjjoRHs Cragm—anseact ed

epi chl or drin renovel by~distillarion ugder “yeduced pressure.

The resul tant crude epoxy resin was dissol ved/ by addi ng 590 g of
nmet hyl isobutyl ketone and 177 g of n-butanol. Further, 10 g of a 10%
aqueous sodi um hydr oxi de sol ution was added to the solution, followed
by reaction at 80C for 2 hours. Then, water washing was repeated 3
times wtihehR0 g fi el efeRanh Witd larddhe PHOF ddheyavasd g solwsdon
becanme neutral. Next, the reaction systemwas azeotropically
dehydr athh il afdzArkyll ofefidd naddiserdthal 39} vand st aliisig | | ed of f
¢nder reduced pressure to produce 218 g of epoxy resin (E-1). The
esul t anit rep@Xralesidrmdd:a softeni ng point of 83C (B & R nethod), a
melt viscosity of 5.1 dPa.s (neasurenent method: |Cl visconeter
nmet hod, [fdaAdr enent tenperature: 150C), and an epoxy equi val ent of
260 g/ eq. [0186] Fig. 8 shows a GPC chart of the epoxy resin
(E-1), HQnemd sHdws a 13C-NWR chart, and Fig. 10 shows a MS spectrum
The presence of a nethyl napht hyl group corresponding to the general
formula (g was confirned bysthe anglysis. In aydi the ratio of
t he total ‘pber of et hyl ngpht h ~ﬂEroups pas 5 \$|ve to the
total numferafeyl0g | Vai _* a nlng aromatic
hydr ocar rocul-i;%s.18c7f]I2 7@%45 si-cg.8 . resin (E-2)]
Epoxi dat reacti on was per by the sane 5 in Exanple 6
except tthe&#” t he phenol resin used in Exa Was changed to
180 g (hydroxyl group: 1 equivalent) of the phenol resin (A-2)
produced in Exanple 2, thereby produci ng epoxy resin (E-2). The
resul tant epoxy resin had a softening point of 56C (B & R nethod), a
mel t vi sledsinginofn (.6 adPaEpe@teagurtermadt iretehodine@e il dhetremore) ,
met hod, neasurenent tenperature: 150C), and an epoxy equival ent of
268 g/ edpiphiegy lrmoshouisech PFERO Gharas iofs P rasentaedih (e AHellgying
(addition, the ratio of the total nunmber of nethyl napht hyl groups was
56 rel atStraatdinsde footllaiunber of 100 of gl ycidyl group-containing
aronatiﬁxﬂxgﬁocarbon groups. [0188]
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EXAMPLE 8 [ Synthesis of epoxy resin (E-3)] Epoxi dati on reaction

was - performed by the same nethod as in Exanple 6 except that the
phenol resin (A-1) used in Exanple 6 was changed to 200 g (hydroxyl
group: 1 equivalent) of the phenol resin (A-3) produced in Exanple 3,
t her eby produci ng epoxy resin (E-3). The resultant epoxy resin had a
softening point of 56C (B & R nethod), a nelt viscosity of 0.4 dPa.s
(measurenent nethod: 101 visconeter™ 172100 - nmet hod, neasurenent
tenperature: 150C), and an epoxy equival ent of 291 g/eq. Fig. 12
shows a GPC chart of the epoxy resin (E-3). In addition, the ratio of
the tot alyruwdet ©Ofi dref d haphtiy] ¢ Heupss Was et atov e t@r there) ,
total nunber of 100 of glycidyl group-containing aromatic hydrocarbon
groups. Y8y IEWMVELE & [IBpHies] srof i epodpraséntdd-¥y) [the

Epoxi dati on reaction was perforned by the sane nethod as in Exanple 6
except tfadtl dbienphenolcthesin fferdllased in Exanpl e 6 was changed to
142 g (hydroxyl group: 1 equivalent) of the phenol resin (A-4)
produced GIB3Exanpl e 4, thereby produci ng epoxy resin (E-4). The
resultant epoxy resin had a nelt viscosity of 0.1 dPa.s (measurenent
met hod: [@@lemwvi stnet er net hod, neasurenent tenperature: 150C) and an
epoxy equi val ent of 225 g/eq. Fig. 13 shows a GPC chart of the epoxy
resin (E-4)pyln addition, the rati @Hthe total number

met hyl napht hyl groups was 30 relafivg to the _total nunber\of
lyci dyl XD- n' =X oppt i N .
g g e\ gy b s . o oo
per f or the sane nethod as i Ie 6 except that
resin ( used in Exanple 6 was thahg€d to 121 g (hydr
- 101 -

(wherein n is a repeat unit and is an integer of 0 or more),
and the like; phencl resins having a resin structure in
which a methoxynaphthalene skeleton is bonded to an aromatic
nucleus of any one of these aralkyl-type phenol resins
through a methylene group, and phenol resins having a resin
structure in which a methoxyphenyl skeleton is bonded to an
(_ aromatic nucleus of any one of these aralkyl-type phenol
resins through a methylene group; novolac resins each
containing aromatic methylene as a bridging group and
represented by the following structural formula:
[0135]

[Chem. 37]



equi val ent) of the phenol resin (A-5) produced in Exanple 5, thereby

produci ng epoxy resin (E-5). The resultant epoxy resin nhad an epoxy
equi val ent of 201 g/eq. Fig. 14 shows a GPC chart of the epoxy resin
(E-5). In addition, the ratio of the total nunber of nethyl naphthyl
groups was 15 relative to the total nunmber of 100 of glycidyl
group-contai ning aromati ¢ hydrocarbon_groups. [0191] COMPARATI VE
EXAMPLE 3 [Synthesis of epoxy resin~(E26): phenol resin described in
Patent Literature 1] In a flask provided with a thernoneter, a
cooling tube, a fractionating columm, a nitrogen gas inlet tube, and
a stirrergyl52 g of tdg phenol @gsin (A-3) produced in Conparative

Exanpl e 1}jand 555/g (p nol )\ of ppichlorohydrin were placed under
giggted to 115C. Then, 105 g (1.05 nol)
i

pur gi ng nitr
of a 40% agye&lis sol uti on was added dropw se to the
resul tant™m xtlur e\ov ofirs.™During the addition, the reaction

t enperat ure Cwr nore, and the azeotropically
distilled epichlorohydrin was returned to the reaction systemthrough
a Dean and Stark water separator while water was renoved out of the
system After the addition of the agqueous sodi um hydroxi de sol ution,

the time when WAL r AaSe S ONIEn& 31 1} Sth Was 4 agnsiiedl, syt hg end

of the reaction. After the conpletion of the reaction, by- ~- 102 -

product s;rediGh @ aar\:égﬂi&i_gafﬂﬁt Sd B CGan Weitezdd i tef edl ©f fmodd; exeess
Eplchlorohydrln was distilled off fromthe filtrate under reduced

I essur ed10/HfDue plepaxy desddurds ucH hes resimd #infl epoxyhdesi n had
a softening point of 78C (B & R nethod), a nelt viscosity of 2.3
dPa- s ( measilnssmendt ity 1d & ¢ harse amed Br1s red hod; Lomastadient phenol
tenperature: 150C), and an epoxy equival ent of 251 g/eq. [0192]
COVPARAHAE XAV & giymihesisinod, epoyotreisE 71 (&E=m)di prhehghersi n
described in Patent Literature 2] In a flask provided with a
t her nometesrinsa gool v tivhephendy axanpmatdhEadt wantaiming ggesnghs
inlet tube, and a stirrer, 100 g of the phenol resin (A-4) produced
i n Conpartliaie @pstie tgraah pigier it drolafiie, cand 162. 4 g of
di gl yne were charged under nitrogen gas purging, and 71 g of a 48%
aqueous PEEFHAMARAIHE Jde Bl Uthon We- added dropwi se to the resul tant
m xture at 60C over 4 hours under reduced pressure (about 100 nmmHg).
Duri ng th¥e 3Hddi tion, the produced water was renoved out of the system

by azeotro wth i chl orohydr.in while the azeotropical.l istilled
i ET o oy P e Sy Ao eCd T et B0 St BeTATTS, S etons

addi tion, L&glre ctiaon was further continued for-1 haur. Then, .

epi Chl orhydr ACARrHH yive Yers it (516 610 (ridd e BegPoint

(Eressur%f hiﬁ%hrfelsaftr%“ere"’@agr&ln?% erdcﬂ N 348nb19s0L HIBLRY JhIRULY

et one, an en € produced sa was

preferred in view of excellent flame retardancy include
phenol novolac resins, cresol novolac resins, novolac resins
having aromatic methylene as a bridging group, phenol
aralkyl resins, naphthol aralkyl resins, naphtheol novolac
resins, naphthol-phenol co-condensed novolac resins,
naphthol-cresol co-condensed novolac resins, biphenyl-

modified phenol resins, biphenyl-modified naphthol resins,

methoxy aromatic structure-containing phenol resins, and



- 103 - renoved by filtration. Then, 21 g of a 48% aqueous sodi um

hydroxi de sol ution was added to the filtrate, foltowed by reaction at
80C for 2 hours. After the reaction, filtration and water-washi ng
were perforned, and then nethyl isobutyl ketone as the solvent was
distilled off under reduced pressure to produce epoxy resin (E7).
The resultant epoxy resin had a softening point of 62C (B & R

met hod), a nelt viscosity of 1.2 dPa-£4(neasurenent mnethod: |Cl

vi sconmet er et hod, neasurenent tenperature: 150C), and an epoxy

equi val ent of 175 g/eq. [0193] SYNTHESI S EXAMPLE 1 [ Synt hesi s of

epoxy reglihdiEB)dine-modir fed | @fkaPr ovd dads W th, 8 JRerIRTeLer o ey

cooling tube, a fractionating colum, a nitrogen gas inlet tube, and

a stirrelo #gkdkd ﬁfhﬂﬁﬂgp,l )moflé) “OF O r e d 58 2,db (dh D0 gAY Of
2- met hoxynapht hal ene, and 9.3 g (formal dehyde 2.45 nol) of a 41

mass % a%mé@rmmmmwn@mw&m@é geskodlich 9. &hi=dooXal i c
acid was added to the resultant m xture, foll owed by heating to 100C
and r eadiydroalind( fof thdourns, Bidpbheib 2 gudd araradidaedner1l. 100
nol) of a 41 nmass% aqueous fornmal dehyde sol uti on was added dropw se
to the midpitencdvey, bhdire vihilkes wat eiilwsdr ool astitdch Imnd hmich as
fractionating colum. After the conpletion of addition, the
t enper atre-dtesy d nmeneesed Had ) C loverd ih s yrfapH Wwelderiyy, far tiier
reaction at 150C for 2 hours. After the conpletion - 104 - of
geactiodjiﬁ500 g of methyl isobutyl ketone was further added, and the
xture was transferred to a separating funnel and washed with water.
Af ter wdtddriMashi ng was performed until the washing water showed
neutrality, unreacted o-cresol and 2-nethoxynapht hal ene and net hyl
i sobutyl ket SRECKEFe ﬁ@nﬁ@@dPFﬁéﬁpénl@W&Qﬁﬂ@nha%@ﬁ PycReat irf§ iBndér
reducedég;essure to produce a phenol resin. The resultant phenol

resin h e dfestign Cg?"&f“[tolfgh] % Next, in a
and a SEA Slfcd er%yg ﬁ?ffavrr Lok drqpleemp' Ao 6 Fe o4

gggnol r%%lec’t 0@3 19[1prov1ng h)ea?:f eeDs:Ls anrc han %018%%1% Orfesnls aFnZ%‘:ne0|

and solder resistance. Further, from the viewpoint of
excellent moisture resistance and solder resistance and
flame retardancy, the phenol resin preferably has a
structure in which the phenclic hydroxyl group-containing
aromatic skeleton (Phl) having the naphthylmethyl group or
anthrylmethyl group in the aromatic nucleus is represented
by the formula Phl-14, Phl-15, Phl1-20, or Phl-22, the
phenclic hydroxyl group-containing aromaetic skeleton (Ph2)
not having the naphthylmethyl group or anthrylmethyl group
in the aromatic nucleus is represented by the formula Ph2-1
or Ph2-4, and the methylene bridging group (X) is
represented by the structural formula X1, X2, or Xb5.

[(0138]



2 g of tetraethyl benzyl ammoni um chl ori de were charged under nitrogen

gas purging to prepare a solution. After the resultant solution was
heated to 65C, the pressure was reduced to azeotropic pressure, and
90 g (1.1 nol) of a 49% aqueous sodi um hydroxi de sol uti on was added
dropwi se over 5 hours. Then, stirring was continued for 0.5 hour
under the same conditions. During reaction under stirring, the
azeotropic distillate was separated”mﬂ?h“a Dean and Stark trap, and
the water |ayer was renoved, while the oil |ayer was returned to the
reaction system Then, unreacted epi chl orohydrin was renoved by
distillationTurdemoieduced thel@poxypressur A Thernese antricigude
epoxy resin was dissolved by adding 590 g of nethyl isobutyl ketone
and 177 apgeft nfgut)amol xedruir hete Hedk ig- @i r &b 110 % eaire attamsasti timn  (I1)
hydr oxi de sol uti on was added to the solution, followed by reaction at
80C f or &f howr freimer, watent washhmrg was papeatweich 3l ¢ i nesi ved h HiB0 g
of water until the pH of the washing solution becane neutral. Next,

t he reacticorpyfsrmhassadedthadpiids |anaeny drataiendadderin the
mcrofiltration, the solvent was distilled off under reduced pressure
to produBE Epbxaoardsi (B '(E-18) .0 Thetq dsf temtlepladyt g asd n thigte atoved t
viscosity of 0.8 dPa.s (neasurenment nethod: |Cl visconeter nethod,
measur erfétitat éhpelr &2 IBUO)CTaP By piP Ul VAl RPUTY 2885 g) eq.
[0195] EXAMPLES 11 to 21 and CQWPARATI VE EXAVPLES 5 to 8 [0196]

The epoxdylGieding (e SR t1R8 dboVe-)d st gt (E-erpaig i mig)goed

'YX- 4000H" (tetranethyl bi phenol epoxy resin, epoxy equjvalent: 195

o/ eq) MEVASHERN & GRF i Epdhf RESHGHY Tiked PRRS 00"

(bi pheny ] %olac epoxy resin, epoxy equivalent: 274 g/eq)

manuf act'ur by N ppon Kayaku Co., Ltd., "NC 2000L" (phenol aralkyl
epoxy resin, _ep iva t. 6 g/ f.actur by .Ni p

Kayaru Go. " Eracoasidde c88. peplactr R e Bt lo pUBlsttebnaRy) of
resin, i val 2 y?ﬂ%j ; (Y

- 106 -%gﬁ%¥ﬁﬁgﬁ%ﬁ?ﬁgg%ﬁggggégkﬁg?é eF%%%&é?ﬂgﬁ%g%%g%§§§£%%§z¢#¥h
(A7), "TDZdhy RN oMol agsr %ﬁbnchXﬁ%}OE}élceF’(@fb‘tf@ ent,, 1040/ eq)
manuf actured by DI C Corporation, "XLC 3L" (phenol aral kyl resin,

hydr oxylc WL an be2 WR)aBNHACIURG 1Y, M tHEs LHSHe
Inc., and "Mg}-7851SS" (bi phenyl novol ac résin, hydroxyl equivalent:
200 g/ eompRyuHBCuted tays Biang i, asin iGd AAust rdreSrddrd.c e Cudig
accel erator used was triphenyl phosphine (TPP), the flane retardants
used wersalnpgreSicwhshydrieXi da (ErEceMmentlHYX Jwnyf agiduret Dy lA rca
Water Inc.) and al umi num hydroxi de ("CL-303" manufactured by Sum tono
Chem calbeCmsed.t dIh, phheicndagania apbleratsed wasaspbeatcoabusicbirca
(" FB-560" manufactured by Denki Kagaku Kogyo K. K.), and the sil ane
(Coupl | ngnagemt Lasdo s begliydi, d e itdtechoxyesirlcime: (O KRMoE0'ent
manuf act ured by ShinEtsu Chem cal Co.,). Further, carnauba wax

(" PEARL oWr&bNg. 1t Phegdn ufesdtstieed-chy eGercdriica died® Ceriditids), and
carbon bl ack were used. These conponents were m xed according to each
of the EOHFGSINEGFHSISHARTS ¥ eldiBibad 1L van® B2 rarfd ipdlanwdipdded Wie B2 wo
rolls at a tenperature of 90C for 5 mnutes, thereby preparing an

i nt ende®rEdREESIt i%n.t%@wqrwb@&%@mﬂw%@gf durkd and t hen
nol ded into a disk shape of 4)50 nmx 3 (t) nmor a rectangul ar shape
of 12. 7 AR SLoT2d? -dmAlendecent o M)t Hisc Irede tiFsihgsa eanst er
nol di ng _machine for, a tine of 180 seconds at a pressure of 70 kg/cn®,
a ran1s§§§%l§Fy5a€Hf§%c, and a tenperature of - 107 -

[0140]

In the heat-curable resin compesitions (I) and (II)

detailed above, the phenol resin (B) in the heat-curable



175C. The nol ded product was further cured at 180C for 5 hours. Wth

respect to the physical properties of the cured product, a test piece
was formed fromthe cured product of the transfer nolding by a nethod
descri bed bel ow, and heat resistance, a coefficient of |inear
expansi on, adhesion, noisture resistance and sol der resistance, and
flame retardancy were neasured by nethods described bel ow. The
results are shown in Tables 1 and 2 Aetest piece for adhesion was
formed by transfer-nolding a rectangul ar shape of 12.7 mmw dth x 127
mmlength x 1.6 mmthickness using a nold in which a copper foi

manuf a : #gﬁ#: uk: I\ CLY j | 3 i \C ks |
(GTS- P ﬁetlagaltqg S |¢1%1Ltls&ur a@e) Edsﬂgj %% zf pbgggrydeﬂf%unrfgptt:]g vkﬁr}fﬁ&}tegglefae% n

conposi d gn), A Jl1af b NG @f%wqea%e and then fardhel of
curing at 180C for 5 hours. [0197] <Curability> First, 0.15 g of

each epaxhdasiny GORRSIAd i\l a6Rd A LunePlpdidamEacdsed
by Therno Electric Co., Ltd.) heated at 175C, and timng was started
W th a stioparateaisr Ay vas Wyt erifaed stidH ed Midde acdtidrddnta in
bar, and when the sanple was cut into filanments and rermai ned on the
pl ate, tdwennsiromasat CHowasest oppedrdERetbi prhtibkenhinhiel tthemsanpl e
was cut and remained on the plate was determ ned as a gel tine. -
108 - <Heatardesicst,arfoe> exampldd ass theanSidlidom i ergeirainduwstameasur ed
using a viscoelasticity measuring device (solid viscoelasticity
easur i rgaesde LiRSA nld te msiluf ,act urced Hal Rivgonklanie sce@a ndardouldl e
antilever nethod; frequency 1 Hz, heating rate 3C/ mn). <Coefficient
of |i nearondgiarigicorsubstantiise loumed haleiss aten fEhed e d widdiin
pi ece of about 5 mMmmin width and about 5 nmin |ength and subjected
t 0 conpresEns® ke Heraabifeddtaninc &n fiaRsE sl alsiqly Satheéihl
mechani cal_anal yzer (TMA: "SS-6100" neasured by Sei ko |nstr nts
Co., Ltd9oliakility SfcohdaBeanBIRRT dGiecsrdfedtol cﬁf&r%g%%
heating rate:. 3 Cmn (two tines), neasurenent tenperature range:
-50C to[ﬂﬁﬁﬁl a coefficient of linear expansion at 50C was neasured.

Adhesi Th d. product formed into a.test pi £ 10
i ot h BRETBBER ShPeRBrR (s HeRsGr8d af “APSFasA B B8 TPy

SO SR SRS SIS LB ARS, copsaIE il o
L 2L R0 AP A s R P
seconds 1iQ exayide J N6 Q&L WSS Ur anfifGKies at about 5000 ppm
or less which are derived from, for example, epichlorohydrin
\ contained in the epoxy resin.
[0142]
Examples of the non-halogen flame retardant (C) include
a phosphorus-based flame retardant, a nitrogen-based flame
retardant, a silicone-based flame retardant, an inorganic
flame retardant, an organic metal salt-based flame retardant,
and the like. Use of these flame retardants is not
particularly limited, and they may be used alone or in

combination of a plurality of flame retardants of the same



Good: No occurrence of crack Poor: COccurrence of crack <Flane

retardancy> A conbustion test was conducted using five

eval uation test pieces of 12.7 mmin width, 127 mmin length, and 1.6
nmin thickness according to the UL-94 test nethod. *1: Tot al
flam ng conbustion tine (second) of five test pieces *2:

Maxi mum fl am ng conbustion tinme (second) at each tinme of flane
application [0198] [Table 1] ExainrThDie 21

- y

type or different types.
[0143]

As the phosphorus-based flame retardant, either an
inorganic type or an organic type can be used. Examples of
an inorganic compound include red phosphorus; ammonium
phosphates such as monoammonium phosphate, diammonium
phosphate, triammonium phosphate, ammonium polyphosphate,
and the like; and inorganic nitrogen-containing phosphorus
compounds such as phosphoric amide, and the like.
f0144]

The red phosphorus is preferably surface-treated for
preventing hydrolysis or the like. Examples of a surface
treatment method include (i) a method of coating with an
inorganic compound such as magnesium hydroxide, aluminum
hydroxide, zinc hydroxide, titanium hydroxide, bismuth oxide,
bismuth hydroxide, bismuth nitrate, or a mixture thereof,
(ii) a method of coating with a mixture of an inorganic
compound, such as magnesium hydroxide, aluminum hydroxide,
zinc hydroxide, or titanium hydroxide, and a thermosetting
resin, such as a phenol resin, (iii) a doubly coating method
of coating with a film of an inorganic compound such as
magnesium hydroxide, aluminum hydroxide, zinc hydroxide, or
titanium hydroxide, and coating the film with a
thermosetting resin such as a phenol resin, and the like.

[0145]
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Examples of the organic phosphorus compound include
general-purpose organic phosphorus compounds such as
phosphate compounds, phosphonic acid compounds, phosphinic
acid compounds, phosphine oxide compounds, phospholan
compounds, organic nitrogen-containing phosphorus compounds,
and the like; cyclic organic phosphorus compounds such as
9,10-dihydro-9-oxa-10-phosphaphenanthrene=10-oxide, 10-(2, 5-
dihydroxyphenyl)-10H-9-oxa-10-phosphaphenanthrene=10-oxide,
10-(2,7-dihydroxynaphthyl)-10H-9-oxa-10-
phosphaphenanthrene=10~oxide, and the like; and derivatives
produced by reaction of the phosphorus compounds with a
compound such as an epoxy resin, a phenol resin, or the like.
[0146] |

The mixing amount 1s appropriately selected according
to the type of the phosphorus-based flame retardant, the

other components of the heat-curable resin composition, and

Fanina

the desired degree of flame retardancy. For example, when
red phosphorus is used as the non-halogen flame retardant,
the flame retardant is preferably mixed in a rage of 0.1 to
2.0 parts by mass in 100 parts by mass of the heat-curable
resin composition containing all of the epoxy resin, the
curing agent, the non-halogen flame retardant, filler, and
the other additives. Similarly, when the organic phosphorus
compound is used, it is preferably mixed in a range of C.1

to 10.0 parts by mass, particularly preferably in a range of
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0.5 to 6.0 parts by mass.
[0147]

When the phosphorus-based flame retardant is used, the
phosphorus~based flame retardant may be combined with
hydrotalcite, magnesium hydroxide, a boron compound,
zirconium oxide, a black dye, calcium carbonate, zeclite,

zinc molybdate, activated carbon, or the like.

\.

[(0148]

Examples of the nitrogen-based flame retardant include
triazine compounds, cyanuric acid compounds, isocyanuric
acid compounds, phenothiazine, and the like, and the
triazine compounds, the cyanuric acid compounds, and the
isocyanuric acid compounds are preferred.

[0149]

Examples of the triazine compounds include melamine,
acetoguanamine, benzoguanamine, melon, meiam,

( succinoguanamine, ethylenedimelamine, melamine polyphosphate,
triguanamine, and other compounds such as (i) aminotriszine
sulfate compounds such as guanylmelamine sulfate, melem
sulfate, melam sulfate, and the like; (ii) co-condensates of
phenols, such as phenol, cresol, zylenol, butylphenol, and
nonylphenocl, with melamines, such as melamine,
benzoguanamine, acetoguanamine, and formguanamine, and
formaldehyde; (iii) mixtures of the co-condensates (ii) and

phenol resins such as phenol-formaldehyde condensates; and
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{iv) the co-condensates {i1i) and the mixtures {iii) further
modified with tung oil, isomerized linseed oill, or the like.
[0150]

Examples of the cyanuric acid compounds include
cyanuric acid, melamine cyanurate, and the like.

[0151]

The amount of the nitrogen-based flame retardant mixed
is appropriately selected according to the type of the
nitrogen-based flame retardant, the other components of the
heat-curable resin composition, and the desired degree of
flame retardancy. For example, the nitrogen-based flame
retardant 1s preferably mixed in a range of 0.05 to 10 parts
by mass, particularly preferably in a range of 0.1 to 5
parts by mass, in 100 parts by mass of the heat-curable
resin composition containing all of the epoxy resin, the
curing agent, the non-halogen flame retardant, filler, and
the other additives.

[0152]

In addition, the nitrogen-based flame retardant may be
used in combination with a metal hydroxide, a molybdenum
compound, or the like.

[0153]

The silicone-based flame retardant is not particularly

limited and can be used as long as it is an organic compound

containing a silicon atom. Examples thereof include
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silicone o0il, silicone rubber, silicone resins, and the like.
[0154]

The amount of the silicone-based flame retardant mixed
is appropriately selected according to the type of the
silicone-based flame retardant, the other components of the
heat-curable resin composition, and the desired degree of

(- flame retardancy. For example, the silicone-based flame
retardant is preferably mixed in a range of 0.05 to 20 parts
by mass in 100 parts by mass c¢f the heat-curable resin
composition containing all of the epoxy resin, the curing
ageni, the non-halogen flame retardant, filler, and the
other additives. In addition, the silicone-based flame
retardant may be used in combination with a molybdenum
compound, alumina, or the like.

[0155]

Examples of the inorganic flame retardant include metal
hydroxides, metal oxides, metal carbonate compounds, metal
powders, boron compounds, low-melting-point glass, and the
like.

[0156]

Examples of the metal hydroxides include aluminum
hydroxide, magnesium hydroxide, dolomite, hydrotalcite,
calcium hydroxide, barium hydroxide, zirconium hydroxide,
and the like.

[0157]
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Examples of the metal oxides include zinc molybdate,
molybdenum trioxide, zinc stannate, tin oxide, aluminum
oxide, iron oxide, titanium oxide, manganese oxide,
zirconium oxide, zinc oxide, molybdenum oxide, cobalt oxide,
bismuth oxide, chromium oxide, nickel oxide, copper oxide,
tungsten oxide, and the like.

[0158]

Examples of the metal carbonate compounds include zinc
carbonate, magnesium carbcnate, calcium carbonate, barium
carbonate, basic magnesium carbonate, aluminum carbonate,
iron carbonate, cobalt carbonate, titanium carbonate, and
the like.

[0159]

Examples of the metal powders include powders of
aluminum, iron, titanium, manganese, zinc, molybdenum,
cobalt, bismuth, chromium, nickel, copper, tungsten, tin,
and the like.

[0160]

Examples ¢f the boron compounds include zinc borate,
zinc metaborate, barium metaborate, boric acid, borax, and
the like.

[0161]

Examples of the low-melting-point glass include Seaplea

{Bokusui Brown Co., Ltd.), hydrated glass Si0,-MgO-H,0, and

Pb0O-B,03-based, Zn0-P;05-MgC-based, P»05-B;03-Pb0-MgO-based, P-
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Sn-0-F-based, Pb0-V,05-Te0Oz-based, Al;0s:-H,O0-based, and lead
borosilicate-based glass compounds.
[0162]

The amount of the inorganic flame retardant mixed is
appropriately selected according to the type of the
inorganic flame retardant, the other components of the heat-
curable resin composition, and the desired degree of flame
retardancy. For example, the inorganic flame retardant is
preferably mixed in a range of 0.05 to 20 parts by mass,
particularly preferably in a range of 0.5 to 15 parts by
mass, in 100 parts by mass of the heat-curable resin
composition containing all of the epoxy resin, the curing
agent, the non-halogen flame retardant, filler, and the
other additives.

[0163]

Examples of the organic metal salt-based flame
retardant include ferrocene, acetylacetonate metal complexes,
organic metal carbonyl compounds, organic cobalt salt
compounds, organic sulfonic acid metal salts, compounds each
having an ionic bond or coordinate bond between a metal atom
and an aromatic compound or heterocyclic compound, and the
like.

[0164]
The amount of the organic metal salt-based flame

retardant mixed is appropriately selected according to the
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type of the organic metal salt-based flame retardant, the
other components of the heat-curable resin composition, and
the desired degree of flame retardancy. For example, the
organic metal salt-based flame retardant is preferably mixed
in the range of 0.005 to 10 parts by mass in 100 parts by
mass of the heat-curable resin composition containing all of
the epoxy resin, the curing agent, the non-halogen flame
retardant, filler, and the other additives.

[0165]

If required, an inorganic filler can be mixed in the
heat-curable resin composition of the present invention.
Examples of the inorganic filler include fused silica,
crystalline silica, alumina, silicon nitride, aluminum
hydroxide, and the like. When the amount of the inorganic
filler mixed is particularly increased, the fused silica is
preferably used. Although either crushed or spherical fused
silica can be used, the spherical fused silica is preferably
mainly used for increasing the amount of the fused silica
mixed and suppressing an increase in melt wviscosity of a
molding material. In order to further increase the amount
of the spherical silica mixed, the grain size distribution
of the spherical silica is preferably properly adjusted.

The filling rate is preferably as high as possible in view
of flame retardancy, and particularly preferably 65% by mass

or more of the whole amount of the heat-curable resin
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composition. In the use for an application such as a
conductive paste, conductive filler such as a silver powder,
a copper powder, or the like can be used.

[0166]

If required, varicus compounding agents such as a
silane coupling agent, a mold release agent, a pigment, an
emulsifier, etc. can be added to the heat-curable resin
composition (I) or (II) of the present invention.

[0167]

The heat-curable resin composition (I) or (II) of the
present invention can be produced by uniformly mixing the
above-described components. The heat-curable resin
composition of the present invention can be easily formed
into a cured product by the same as a general known method.
Examples of the cured product include molded cured products
such as a laminate, a cast product, an adhesive layer, a
cecating film, a film, and the like.

[0168]

Applications using the heat-curable resin composition
(L) or (II) of the present invention include semiconductor
encapsulating materials, resin compositions used for
laminates and electronic circuit boards, and the like, resin
casting materials, adhesives, interlayer insulating
materials for build-up substrates, coating materials such as

insulating ceoating, and the like. Among these various
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applications, the resin composition can be preferably used
for semiconductor encapsulating materials.
[0169]

In order to prepare the heat-curable resin composition
(I) or (ITI) for a semiconductor encapsulating material, the
components including a filler may be sufficiently mixed
until the resultant mixture becomes uniform using an
extruder, a kneader, a roll, or the like according to demand,
producing a melt-mixing type heat-curable resin composition.
In this case, silica is generally used as the filler, and
the filler is preferably used at a filling rate of 30% to
95% by mass relative to 100 parts by mass of the heat-
curable resin composition (I) or (II). 1In particular, the
filling rate is preferably 70 parts by mass or more in order
to improve flame retardancy, moisture resistance, and solder
crack resistance and to decrease the coefficient of linear
expansion, and 80 parts by mass or more in order to
significantly enhance the effect. In order to mold a
semiconductor package, there is a method in which the
composition is molded by casting or using a transfer molding
machine or injection molding machine and then heated at 50
to 200°C for 2 to 10 hours, thereby producing a
semiconductor device as a molded product.
[0170]

When the heat-curable resin composition (I) or (II) of
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the present invention is processed into a composition for a
printed circuit boar, for example, a resin composition for a
prepreg can be prepared. The heat-curable resin composition
can be used without using a solvent depending on its
viscosity, but a varnish of the resin composition for a
prepreqg is preferably prepared using an organic solvent. As
the organic solvent, a polar solvent having a boiling point
of 160°C or less, such as methyl ethyl ketone, acetone,
dimethylformamide, or the like, is preferably used, and
these solvents can be used alone or as a mixed solvent of
two or more. Any desired reinforcement substrate, such as
paper, a glass cloth, a glass nonwoven fabric, aramid paper,
an aramid cloth, a glass mat, a glass roving cloth, or the
like, is impregnated with the resultant varnish, and heated
at a heating temperature according to the type of solvent
used, preferably 50 to 170°C, to form a prepreg as a cured
product. The mass ratio between the resin composition and
the reinforcement substrate used is not particularly limited
but is preferably adjusted so that the resin content in the
prepreg is 20 to 60% by mass. When a copper-clad lamination
1s produced using the heat-curable resin composition, the
prepregs formed as described above are stacked by a usual
method, and a copper foil is appropriately laminated thereon
and heat-pressure bonded at 170 to 250°C for 10 minutes to 3

hours under a pressure of 1 to 10 MPa, thereby producing the



"LL

I vs c

- 88 -

copper—-clad lamination.
[0171]

When the heat-curable resin composition {(I) or (II) of
the present invention is used as a resist ink, an example of
a usable method is one in which a resist ink composition is
prepared by adding a cationic pclymerization catalyst as a
curing agent for the heat-curable resin composition (II) and
further a pigment, talc, and filler, applied on a printed
board by a screen printing method, and then cured to form a
resist ink cured product.

[0172]

When the heat-curable resin composition (I) or (II) of
the present invention is used as conductive paste, examples
of a usable method include a method of preparing a
composition for an anisotropic conductive film by dispersing
conductive fine particles in the heat-curable resin
composition, and a method of preparing & circult-connecting
paste resin composition or an anisotropic conductive
adhesive which is liquid at room temperature.

[0173]

As a method for producing an interlayer insulating
material for a build-up board from the heat-curable resin
composition (I) or (II) of the present invention, for
example, the heat-curable resin composition appropriately

containing rubber and filler is applied to a circuit board
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having a circuit formed thereon by a spray coating method, a
curtain coating method, or the like, and then cured. Then,
if required, predetermined through holes are formed, and
then a surface is treated with a coarsening agent, washed
with hot water to form projections and depressions, and then
plated with a metal such as copper. As the plating method,
electroless plating and electrolytic plating are preferred,
and an oxidizer, an alkali, and an organic scolvent can be
used as the coarsening agent. Such an operation is
successively repeated according to demand to alternately
build up a resin insulating layer and a conductor layer of a
predetermined circuit pattern, thereby producing a build-up
board. However, the through holes are formed after the
outermost resin insulating layer 1s formed. Also, a build-
up substrate can be formed by pressure-bonding a copper foil
with a resin, which is formed by semi-curing the resin

(, composition on the copper foil, under heating at 170 to
250°C on the circuit board having a circuit formed thereon,
without the steps of forming a coarsened surface and of
plating.
[0174]

A method for producing a cured product of the present

invention may be based on a general method for curing an
epoxy resin composition. For example, a heating temperature

condition may be appropriately selected according to the
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type of the curing agent combined and use thereof, but the
composition prepared by the above-described method may be
heated in the temperature range of about 20°C to about 250°C.
In addition, a general method for epoxy resin compositions
can be used as a molding method with no need for particular
conditions for the heat-curable resin composition (I) or
(IT} of the present invention.

[0175]

Therefore, according to the present invention, an
environmentally-safe epoxy resin material capable of
exhibiting a high degree of flame retardancy can be produced
without using a halogen-based flame retardant. In addition,
a higher operation speed of a high-frequency device can be
realized by the excellent dielectric characteristics.
Further, the phenol resin (B) or the epoxy resin (A') can be
easily efficiently produced by the production metheod of the
present invention, and molecular design can be realized
according to the level of the above-described intended
performance.

[EXAMPLES]
[0176]

Next, the present invention is described in further
detail with reference to examples and comparative examples,
and "parts" and "%" below are on a mass basis unless

otherwise specified. 1In addition, melt viscosity at 150°C,
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GPC, and NMR, and MS spectra were measured under conditions
described below.

1) Melt viscosity at 150°C: according to ASTM D4287

2) Scoftening point measuring method: according to JIS
K7234

3) GPC:

Apparatus: HLC-8220 GPC manufactured by Tosoh
Corporation

Column: TSK-GEL G2000HXL + G2000HXL + G3000HXL +
G4000HXL manufactured by Tosoh Corporation

Solvent: tetrahydrofuran

Flow rate: 1 ml/min

Detector: RT

4) NMR: NMR GS¥X270 manufactured by JEOL, Ltd.

5) MS: double focusing mass spectrometer AX505H
(FD505H) manufactured by JEOL, Ltd.

( [0177]

EXAMPLE 1 [Synthesis of phenol resin (A-1)]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 103.0 g of phenol novolac resin ("M-70G"
manufactured by Showa Highpolymer Co., Ltd., scftening point
70°C, hydroxyl equivalent 103 g/eq) represented by a
structural formula below and 103.0 g of methyl iscbutyl

ketone were charged under nitrogen gas purging and then
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heated to 115°C.
[0178]

[Chem. 38]
OH OH

After heating, a mixture containing 88.8 g of methyl
isobutyl ketone and 88.8 g (0.50 mol) of 1-
chloromethylnaphthalene was added dropwise at 115°C over 2
hours. After the completion of addition, reaction was
performed at 120°C for 1 hour and further at 150°C for 3
hours to produce 161 g of phencol resin (A-1). The resultant
phenol resin had a softening point of 105°C (B & R method),
a melt viscosity of 1é.1 dPars (measurement method: ICI
viscometer method, measurement temperature: 150°C), and a
hydroxyl equivalent of 173 g/eq.

Fig. 1 shows a GPC chart of the phencl resin (A-1), Fig.
2 shows a C-NMR chart, and Fig. 3 shows a MS spectrum. The
presence of a methylnaphthyl group corresponding to the
general formula (I) was confirmed by the analysis. In
addition, the ratio of the total number of methylnaphthyl
groups was 50 relative to the total number of 100 of
phenolic hydroxyl group-ccentaining aromatic skeletons.
[0179]

EXAMPLE 2 [Synthesis of phencl resin (A-2)]
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In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 75.8 g (0.76 mol) of bisphenol F ("DIC-BPF"
manufactured by DIC Corporation), 25.3 g (hydroxyl group:
0.24 eguivalents) of phenol novolac resin ("TD-2131"
manufactured by DIC Corporation, softening point: 80°C,
hydroxyl equivalent: 104 g/eqg), and 101l.1 g of methyl
isobutyl ketone were charged under nitrogen gas purging and
then heated to 115°C. After heating, a mixture containing
989.6 g of methyl isocbutyl ketone and 99.6 g (0.56 mol) of 1-
chloromethyl naphthalene was added dropwise at 115°C over 2
hours. The same subsequent operatiocon as in Example 1 was
performed to produce phencl resin (A-2). The resultant
phenol resin had a softening point of 75°C (B & R method), a
melt viscosity of 0.7 dPa*s (measurement method: ICI
viscometer method, measurement temperature: 150°C), and a
hydroxyl equivalent of 180 g/eq.

Fig. 4 shows a GPC chart of the phencl resin (A-2). In
addition, the ratio of the total number of methylnaphthyl
groups was 56 relative to the total number of 100 of
phenolic hydroxyl group-containing aromatic skeletons.
[0180]

EXAMPLE 3 [Synthesis of phenol resin (A-3)]
In a flask provided with a thermometer, a cooling tube,

a fractionating column, a nitrogen gas inlet tube, and a
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stirrer, 100.0 g (1.00 mol) of bisphenol F (manufactured by
DIC Corporation, purity 99%) and 100.0 ¢ of methyl isobutyl
ketone were charged under nitrogen gas purging and then
heated to 115°C. After heating, a mixture containing 126.1
g of methyl isobutyl ketone and 126.1 g {0.71 mol) of 1-
chloromethylinaphthalene was added dropwise at 115°C over 2
hours. The same subsequent operation as in Example 1 was
performed to produce phenol resin (A-3). The resultant
phenol resin had a softening point of 72°C (B & R method), a
melt viscosity of 0.5 dPa-s (measurement method: ICI
viscometer method, measurement temperature: 150°C), and a
hydroxyl equivalent of 200 g/eg. Fig. 5 shows a GPC chart
of the phenol resin (A-3). 1In addition, the ratio of the
total number of methylnaphthyl groups was 71 relative to the
total number of 100 of phenolic hydroxyl group-containing
aromatic skeletons.

[0181]

EXAMPLE 4 [Synthesis of phenol resin (A-4)]

In a flask provided with a thermometer, a nitrogen gas
inlet tube, and a stirrer, 5%.0 g of the phenol resin (A-3)
produced in Example 3 and 41.0 g of bisphenol F
(manufactured by DIC Corporation, purity 99.0%) were charged
under nitrogen gas purging and then mixed by over-heating at
120°C for 1 hour to produce phenol resin (A-4). The

resultant phenol resin had a softening point of 57°C (B & R
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method), a melt viscosity of 0.2 dPa‘'s (measurement method:
ICI viscometer method, measurement temperature: 150°C), and
a hydroxyl equivalent of 142 g/eq. Fig. 6 shows a GPC chart
of the phenol resin. In addition, the ratic of the total
number of methylnaphthyl grcoups was 30 relative to the total
number of 100 of phenolic hydroxyl group-containing aromatic
skeletons.
[0182]
EXABMPLE 5 [Synthesis of phenol resin (A-5}]

In & flask provided with a thermometer, a cooling tube,
a fractionating ceolumn, a nitrogen gas inlet tube, and a
stirrer, 35.0 g of the phencl resin (A-3) produced in
Example 3 and 65.0 g of bisphenol F (manufactured by DIC
Corporation, purity 99.0%) were charged under nitrogen gas
purging and then mixed by over-heating at 120°C for 1 hour
to produce phenol resin (A-5). The resultant phenol resin
had a softening point of 52°C (B & R method), a melt
viscosity of 0.1 dPa-s (measurement method: ICI viscometer
method, measurement temperature: 150°C}, and a hydroxyl
equivalent of 121 g/eq. Fig. 7 shows a GPC chart of the
phenol resin (A-5). In addition, the ratio of the total
number of methylnaphthyl groups was 15 relative to the total
number of 100 of phenolic hydroxyl group-containing aromatic
skeletons.

[0183]
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COMPARATIVE EXAMPLE 1 [Synthesis of phenol resin (A-6):
phencl resin described in Patent Literature 1]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 208 g of phenol novolac resin having a softening
point 86°C and 0.5 g of p-toluenesulfonic acid were charged
under nitrogen gas purging and then heated to 140°C. Then,
136 g (1 mol) of p-methylbenzyl methyl ether was added
dropwise over 5 hours. During reaction, the produced
methanol was distilled off to the outside of the system, and
the reaction was terminated after aging at the same
temperature for 5 hours. Then, gas was removed under
reduced pressure with an aspirator to produce a phenol resin.
The resultant phenol resin A-6 had a softening point of 91°C
(B & R method), a melt viscosity of 3.1 dPars (measurement
method: ICI viscometer method, measurement temperature:

(_ 150°C), and a hydroxyl equivalent of 174 g/eq.

[0184]
COMPARATIVE EXAMPLE 2 [Synthesis of phenol resin (A-7):
phenol resin described in Patent Literature 2]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 192 g of 1,6-naphthalenediocl, 81 g of
dichloromethyl naphthalene {95.6% of 1,5-dichloromethyl

O

compound, 3.0% of other dichloromethyl compounds, 1.4% of
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monochloromethyl compound), and 550 g of toluene were
charged under nitrogen gas purging and then slowly heated
under stirring to form a solution, directly followed by
reaction for 2 hours under reflux at about 116°C. Then, the
temperature was increased to 180°C while toluene was
distilled off, directly followed by reaction for 1 hour.
After the reaction, the solvent was removed by distillation
under reduced pressure to produce a phenol resin. The
resultant phenol resin A-7 had a2 hydroxyl equivalent of 114
g/eq, a softening point of 102°C (B & R method), and a melt
viscosity of 20.1 dPa-s (measurement method: ICI viscometer
method, measurement temperature: 150°C).

[0185]

EXAMPLE 6 [Synthesis of epoxy resin (E-1)]

In a flask provided with a thermometer, a dropping
funnel, a cooling tube, and a stirrer, 173 g {(hydroxyl
group: 1 equivalent) of the phencl resin (A-1) produced in
Example 1, 463 g (5.0 mol) of epichlorohydrin, 139 g of n-
butanol, and 2 g of tetraethylbenzylammonium chloride were
charged under nitrogen gas purging to prepare a solution.
After the resultant solution was heated to 65°C, the
pressure was reduced to azeotropic pressure, and 90 g (1.1
mol) of a 49% aqueous sodium hydroxide solution was added
dropwise over 5 hours. Then, stirring was continued for 0.5

hour under the same conditions. During reaction under
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stirring, the azeotropic distillate was separated with a
Dean and Stark trap, and the water layer was removed, while
the 0il layer was returned to the reaction system. Then,
unreacted epichlorohydrin was removed by distillation under
reduced pressure. The resultant crude epoxy resin was
dissolved by adding 590 g of methyl iscobutyl ketone and 177
g of n-butanol. Further, 10 g of a 10% aqueous sodium
hydroxide solution was added to the solution, followed by
reaction at 80°C for 2 hours. Then, water washing was
repeated 3 times with 150 g of water each until the pH of
the washing solution became neutral. Next, the reaction
system was azectropically dehydrated, and after
microfiltration, the solvent was distilled off under reduced
pressure to produce 218 g of epoxy resin (E~-1). The
resultant epoxy resin had a softening point of 83°C (B & R
method), a melt viscosity of 5.1 dPa-s (measurement method:

ICI viscometer method, measurement temperature: 150°C), and

o

an epoxy equivalent of 260 g/eq.
[0186]

Fig. 8 shows a GPC chart of the epoxy resin (E-1), Fig.
9 shows a '*C-NMR chart, and Fig. 10 shows a MS spectrum.
The presence of a methylnaphthyl group corresponding to the
general formula (I) was confirmed by the analysis. 1In
addition, the ratio of the total number of methylnaphthyl

groups was 50 relative to the total number of 100 of
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glycidyl group-containing aromatic hydrocarbon groups.
[0187]
EXAMPLE 7 [Synthesis of epoxy resin (E-2}]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin (A-1) used in
Example 6 was changed to 180 g (hydroxyl group: 1
equivalent) of the phenol resin (A-2) produced in Example 2,
thereby producing epoxy resin (E-2). The resultant epoxy
resin had a softening point of 56°C (B & R method), a melt
viscosity of 0.5 dPars (measurement method: ICI viscometer
method, measurement temperature: 150°C), and an epoxy
equivalent of 268 g/eq. Fig. 11 shows a GPC chart of the
epoxy resin (E-2}. In addition, the ratio of the total
number of methylnaphthyl groups was 56 relative to the total
number of 100 of glycidyl group-containing aromatic
hydrocarbon groups.

( [0188] |
EXAMPLE 8 [Synthesis of epoxy resin (E-3)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phencol resin (A-1) used in
Example 6 was changed to 200 g (hydroxyl group: 1
equivalent) of the phenol resin (A-3) produced in Example 3,
thereby producing epoxy resin (E-3). The resultant epoxy
resin had a softening point of 56°C (B & R method), a melt

viscosity of 0.4 dPars (measurement method: ICI viscometer
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method, measurement temperature: 150°C), and an epoxy
equivalent of 291 g/eq. Fig. 12 shows a GPC chart of the
epoxy resin (E-3). In addition, the ratio of the total
number of methylnaphthyl groups was 71 relative to the total
number of 100 of glycidyl group-containing aromatic
hydreocarbon groups.

[0188]

EXAMPLE 9 [Synthesis of epoxy resin (E-4)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin {(A-1) used in
Example 6 was changed to 142 g (hydroxyl group: 1
equivalent) of the phenol resin (A-4) produced in Example 4,
thereby producing epoxy resin (E-4). The resultant epoxy
resin had a melt viscosity of 0.1 dPars (measurement method:
ICI viscometer method, measurement temperature: 150°C) and
an epoxy equivalent of 225 g/eg. Fig. 13 shows a GPC chart
of the epoxy resin (E-4). In addition, the ratio of the
total number of methylnaphthyl groups was 30 relative to the
total number of 100 of glycidyl group-containing aromatic
hydrocarbon groups.

[0190]
EXAMPLE 10 [Synthesis of epoxy resin (E-5)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin (A-1) used in

Example 6 was changed to 121 g (hydroxyl group: 1
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equivalent) of the phenol resin (A-5) produced in Example 5,
thereby producing epoxy resin (E-5). The resultant epoxy
resin had an epoxy eguivalent of 201 g/eqg. Fig. 14 shows a
GPC chart of the epoxy resin (E-5). In addition, the ratio
of the total number of methylnaphthyl groups was 15 relative
to the total number of 100 of glycidyl group-containing
aromatic hydrocarbon groups.
[0191]
COMPARATIVE EXAMPLE 3 [Synthesis of epoxy resin (E-6}:
phenol resin described in Patent Literature 1]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 152 g of the phenol resin (A-3) produced in
Comparative Example 1 and 555 g (6 mol) of epichlorohydrin
were placed under purging with nitrogen gas and heated to

115°C. Then, 105 g (1.05 mel) of a 40% agqueous sodium

Vi

hydroxide solution was added dropwise to the resultant
mixture over 4 hours. During the addition, the reaction
temperature was kept at 100°C or more, and the
azeotropically distilled epichlorochydrin was returned to the
reaction system through a Dean and Stark water separator
while water was removed out of the system. After the
addition of the aqueous sodium hydroxide solution, the time
when water was no longer distilled was regarded as the end

of the reaction. After the completion of the reaction, by-
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products such as an inorganic salt etc. were filtered off,
and excess epichlorohydrin was distilled off from the
filtrate under reduced pressure to produce epoxy resin (E-6).
The resultant epoxy resin had a softening point of 78°C (B &
R method), a melt viscosity of 2.3 dPa*s (measurement
method: ICI viscometer method, measurement temperature:
150°C), and an epoxy equivalent of 251 g/eq.
[0192]
COMPARATIVE EXAMPLE 4 [Synthesis of epoxy resin (E-~7):
phenol resin described in Patent Literature 2]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 100 g of the phenol resin (A-4) produced in
Comparative Example 2, 812.1 g of epichlorohydrin, and 162.4
g of diglyme were charged under nitrogen gas purging, and 71
g of a 48% agueous sodium hydroxide solutlon was added
dropwise to the resultant mixture at 60°C over 4 hours under
reduced pressure (about 100 mmHg). During the addition, the
produced water was removed out of the system by azeotropy
with epichlorchydrin while the azeotropically distilled
epichlorohydrin was returned to the reaction system. After
the addition, the reaction was further continued for 1 hour.
Then, epichlorohydrin and diglyme were distilled off under
reduced pressure, the residue was dissolved in 348.1 g of

methyl isobutyl ketone, and then the produced salt was
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[ Tabl e 2] Conparative Exanple 5 Conparative Exanple 6

Conmpar ative Exanple 7 Conmparative Example 8 Epoxy resin E-6
(described in PTL 1) 78
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removed by filtration. Then, 21 g of a 48% aqueous sodium
hydroxide solution was added to the filtrate, followed by
reaction at 80°C for 2 hours. After the reaction,
filtration and water-washing were performed, and then methyl
isobutyl ketone as the solvent was distilled off under
reduced pressure to produce epoxy resin (E-7). The
resultant epoxy resin had a softening point of 62°C (B & R
method), a melt viscosity of 1.2 dPa-s (measurement method:
ICI viscometer method, measurement temperature: 150°C), and
an epoxy equivalent of 175 g/eq.
[0193]
SYNTHESIS EXAMPLE 1 [Synthesis of epoxy resin (E-8)]

In a flask provided with a thermometer, a cocling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 432.4 g (4.00 mol) of o-cresol, 158.2 g (1.00 mol)
of 2-methoxynaphthalene, and 179.3 g (formaldehyde 2.45 mol)
of a 41 mass% agqueous formaldehyde solution were charged,
and 9.0 g of oxalic acid was added to the resultant mixture,
followed by heating to 100°C and reaction at 100°C for 3
hours. Then, 73.2 g (formaldehyde 1.00 mol} of a 41 mass%
aqueous formaldehyde solution was added dropwise to the
mixture over 1 hour while water was collected by the
fractionating column. After the completion of addition, the
temperature was increased to 150°C over 1 hour, followed by

further reaction at 150°C for 2 hours. After the completion
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of reaction, 1500 g of methyl isobutyl ketone was further
added, and the mixture was transferred to a separating
funnel and washed with water. After water-washing was
performed until the washing water showed neutrality,
unreacted o-crescl and Z2-methoxynaphthalene and methyl
isobutyl ketone were removed from an organic layer by
heating under reduced pressure to produce a phenocl resin.
The resultant phenol resin had a hydroxyl equivalent of 164
g/eq.

[0194]

Next, in a flask provided with a thermometer, a
dropping funnel, a cooling tube, and a stirrer, 164 g
(hydroxyl group: 1 equivalent) of the resultant phenol resin,
463 g (5.0 mol) of epichlorchydrin, 139 g of n-butanol, and
2 g of tetraethylbenzylammonium chloride were charged under
nitrogen gas purging to prepare a sclution. After the
( resultant solution was heated to 65°C, the pressure was

reduced to azeotropic pressure, and 90 g (1.1 mol) of a 49%
aqueous sodium hydroxide solution was added dropwise over 5
hours. Then, stirring was continued for 0.5 hour under the
same conditions. During reaction under stirring, the
azeotropic distillate was separated with a Dean and Stark
trap, and the water layer was removed, while the oil layer
was returned to the reaction system. Then, unreacted

epichlorchydrin was removed by distillation under reduced
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pressure. The resultant crude epoxy resin was dissolved by
adding 590 g of methyl isobutyl ketone and 177 g of n-
butanol. Further, 10 g of a 10% aqueous sodium hydroxide
solution was added to the solution, followed by reaction at
80°C for 2 hours. Then, water washing was repeated 3 times
with 150 g of water until the pH of the washing solution
became neutral. Next, the reaction system was
azeotropically dehydrated, and after microfiltration, the
solvent was distilled off under reduced pressure to produce
epoxy resin (E-8). The resultant epoxy resin had a melt
viscosity of 0.8 dPa-:s {measurement method: ICI viscometer
method, measurement temperature: 150°C) and an epoxy
equivalent of 250 g/eq. |

[0195]

EXAMPLES 11 to 21 and COMPARATIVE EXAMPLES 5 to 8

[0196]

(_ The epoxy resins used were the above-described (E-1) to
(E-8), "YX-40C0H" (tetramethylbiphenol epoxy resin, epoxy
equivalent: 195 g/eq) manufactured by Japan Epoxy Resin Co.,
Ltd., "NC-3000" (biphenyl novolac epoxy resin, epoxy
equivalent: 274 g/eq) manufactured by Nippon Kayaku Co.,
Ltd., "NC-2000L" (phenol aralkyl epoxy resin, epoxy
equivalent: 236 g/eq) manufactured by Nippon Kayaku Co.,
Ltd., and "N-655-EXP-S" (ortho-cresol novolac epoxy resin,

epoxy equivalent: 200 g/eg) manufactured by DIC Corporation.
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The phenol resins used were the above-described (A-1) to (A-
1), "TD-2131" (phencl novolac resin, hydroxyl equivalent:
104 g/eq) manufactured by DIC Corporation, "XLC-3L"™ (phenocl
aralkyl resin, hydroxyl equivalent: 172 g/eq) manufactured
by Mitsui Chemicals, Inc., and "MEH-78518S" (biphenyl
novolac resin, hydroxyl equivalent: 200 g/eq) manufactured
by Meiwa Plastic Industries, Ltd. The curing accelerator
used was triphenylphosphine (TPP), the flame retardants used
were magnesium hydroxide ("Ecomag Z-10" manufactured by Air
Water Inc.) and aluminum hydroxide ("CL-303" manufactured by
Sumitomo Chemical Cc., Ltd.), the inorganic filler used was
spherical silica ("FB-560" manufactured by Denki Xagaku
Kogyo K.K.), and the silane coupling agent used was y-
glycidoxytriethoxysilane ({"KBM-403" manufactured by Shin-
Etsu Chemical Co.,). Further, carnauba wax ("PEARL WAX No.
1-P" manufactured by Cerarica Noda Co., Ltd.) and carbon
black were used. These components were mixed according to
each of the compositions shown in Tables 1 and 2 and melt-
kneaded with two rolls at a temperature of 90°C for 5
minutes, thereby preparing an intended composition. The
resultant composition was ground and then molded into a disk
shape of ¢50 mm x 3 (t) mm or a rectangular shape of 12.7 mm
width x 127 mm length x 1.6 mm thickness using a transfer
molding machine for a time of 180 seconds at a pressure of

70 kg/cm®, a ram speed of 5 cm/sec, and a temperature of



MEH- 7851SS XLCG-3L 53 65 TD- 2131

- 107 -

175°C. The molded product was further cured at 180°C for 5
hours. With respect to the physical properties of the cured
product, a test piece was formed from the cured product of
the transfer molding by a method described below, and heat
resistance, a coefficient of linear expansion, adhesiocn,
moisture resistance and solder resistance, and flame
retardancy were measured by methods described below. The
results are shown in Tables 1 and 2. A test piece for
adhesion was formed by transfer-molding a rectangular shape
of 12.7 mm width x 127 mm length x 1.6 mm thickness using a
mold in which a copper feoil (manufactured by Furukawa
Circuit Foil Co., Ltd., thickness 35 um, GTS-MP treated
shine surface used as a bonded surface with the resin
composition) was placed on one of the surfaces, and then
further curing at 180°C for 5 hours.
f[0197]
(_ <Curability>

First, 0.15 g of each epoxy resin composition was
placed on a cure plate (manufactured by Thermo Electric Co.,
Ltd.) heated at 175°C, and timing was started with a stop
watch. A sample was uniformly stirred with a tip of a bar,
and when the sample was cut into filaments and remained on
the plate, the stop watch was stopped. The time taken until
the sample was cut and remained on the plate was determined

as a gel time.
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<Heat resistance>

Glass transition temperature: measured using a
viscoelasticity measuring device (solid viscoelasticity
measuring device "RSA II" manufactured by Rheometrics Co.)},
double cantilever method; frequency 1 Hz, heating rate
3°C/min) .
<Coefficient of linear expansion>

The cured product was formed intc a test piece of about
5 mm in width and about 5 mm in length and subjected to
compression-mode thermal mechanical analysis using a thermal
mechanical analyzer (TMA: "SS-6100" measured by Seiko
Instruments Co., Ltd.). At the second measurement
(measurement load: 30 mN, heating rate: 3 °C/min (two times),
measurement temperature range: -50°C to 250°C), a
coefficient of linear expansion at 50°C was measured.
<Adhesion>

(_ The cured product was formed into a test piece o0f 10 mm

in width and peel strength was measured at a speed cof 50
mm/min,
<Moisture resistance and solder resistance>

The disk-shaped test piece of ¢50 mm x 3 (t) mm was
subjected to moisture absorption treatment by being allowed
to stand in an atmosphere of 85°C and 85% RH for 168 hours,
and then immersed in a solder bath of 260°C for 10 seconds

to examine the occurrence of a crack.
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Good: No occurrence of crack

Poor: Occurrence of crack
<Flame retardancy>

A combustion test was conducted using five evaluation
test pieces of 12.7 mm in width, 127 mm in length, and 1.6
mm in thickness according to the UL-94 test method.

*1: Total flaming combustion time (second) of five test
pleces

*2: Maximum flaming combustion time (second)} at each
time of flame applicaticn

[0198]
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[0199]
[Table 2]
Comparative |ComparativeComparative| Comparative
Example 5 | Example 6 | Example 7 | Example 8
Epoxy resin E-6 (described in 78
PTL 1)
E-7 (described in 66
PTL 2)
E-8 77
N-655-EXP-S 86
Curing agent  [A-1
( A-2
A A-3
A-4
A-5
A-6 (described in 54
PTL 1)
MEH-7851SS
XLC-3L 53 65
TD-2131 45
TPP 3 3 3 3
Fused silica 860 860 860 860
Silane coupling agent 2 2 2 2
Carnauba wax 1 1 1 1
Carbon black 3 3 3 3
Curability sec 35 34 18 31
Thermal expansion ppm 9.5 9.0 8.6 9.0
coefficient (a1)
Adhesion N/cm 150 160 80 90
( Moisture resistance and - Poor Poor Poor Poor
. solder resistance
Flame retardancy Class Burning Burning V-1 Burning
TF' sec - - 78 -
Rmax ° sec - - 22 -
In the tables, abbreviations are as follows.

NC-2000L: phencl aralkyl epoxy resin

manufactured by Nippon Kayaku Co.,

236 g/eq)

NC-300

0:

Ltd.,

biphenyl ncvclac epoxy resin

("NC-2000L"

epoxy equivalent:

("NC-3000"




- |In the tabl es, abbreviations are as foll ows. NC- 2000L:

phenol aral kyl epoxy resin (""NC-2000L" manufactured by N ppon Kayaku
Co., Ltd., epoxy equivalent: 236 g/eq) NC- 3000: biphenyl novol ac

epoxy resin ("NC 3000" - 112 - nanufactured by N ppon Kayaku Co.,
Ltd., epoxy equivalent: 274 g/eq) YX- 4000H: tetranet hyl bi phenol
epoxy resin ("YX-4000H'" manufactured Japan Epoxy Resin Co., Ltd.,
epoxy equi val ent: 195 g/eq) N-B55-EXP- S: cresol novol ac epoxy

resin ("Epiclon N655-EXP-S", epoxy equival ent: 200 g/eq)
MEH- 7851SS: bi phenyl novol ac resin ("MEH 7851SS" nmanuf act ured by
Mei wa Plrestutadindusd ribesNippon  Kayakox§d . equida) empox08qgl egdent :
XLC-3L: phenol aral kyl resin ("XLC 3L" manufactured by Mt sui
Chenmi cal&74 Igweq) hydroxyl equivalent: 172 g/eq) TD-2131: phenol
novol ac phenol resin ("TD-2131" manufactured by DI C Corporati on,
hydr oxyl equitval4é#t0H :1 04 tgjaap)t Rk L ahensHe e gptosyste ime ("YX-4000H"
manufactured by Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 195 g/eq)

N-655-EXP-S: cresol novolac epoxy resin ("Epiclon N-
655-EXP-8", epoxy equivalent: 200 g/eq)

MEH-78515S: biphenyl novolac resin ("MEH-7851SS"
manufactured by Meiwa Plastic Industries, Ltd., hydroxyl
equivalent: 200 g/eq)

XLC-3L: phenol aralkyl resin ("XLC-3L" manufactured by
Mitsui Chemicals, Inc., hydroxyl equivalent: 172 g/eq)

TD-2131: phencl novolac phenol resin ("TD-2131"
manufactured by DIC Corporation, hydroxyl egquivalent: 104
g/eq)

TPP: triphenylphosphine



113 - CLAIMS [Caim 1] A heat-curable resin conposition conprising,
~as essential conponent's, an €poxy resin and a phenol resin
wherein the phenol resin (B) has a phH3cl resin structure having, as
a basic skeleton, a structure in which a plurality of phenolic
hydr oxyl group-containing aromatic skel etons (ph) are bonded to each
ot her through an al kylidene group or a nethyl ene group having an
aromati ¢ hydrocarbon structure, andChAB¥&tic nuclei of the phenol
resin structure have napht hyl net hyl groups or anthryl net hyl groups.
[ C aim2] The heat-curable resin conposition according to Caim
1, wherein the phenol resin (B) contains the naphthyl nethyl groups or
ant hryl methyl groups at a ratio of a total nunber of 10 to 200
relative to a total nunber of 100 of the phenolic hydroxyl
group-contai ning aromati c skeletons (ph). [C aim 3] The
heat - cur é®laimes]l n conposition according to Caim1, wherein the
phenol resin (B) has a nmelt viscosity at 150C of 0.1 to 100 dPa.s
measur ed wit B deatCIcuhaTiretesin [Qepes 4o sepievheliey oras
encapsul ating material conprising, in -114- addition to the_epoxy
resin (/%S%RRF%%ka?ﬁﬁﬁ@@egg§ina%EEPQEEo¥GFh§ £8) cRAfnR1Phenodr rgsian
inorganic filler at a ratio of 70%to 95% by mass_in the conposition.
[C ai m5{B)» Wherean eeherifaerdl pFotiR et by as car PRENPEaEERSR of the

heat - curabl e resin conmposition according.to any one of Clains 1 to 3.
[Clain1§%IUCture aving, as a basfc skgleton,ya structure in which

a plurality of phenolic hydroxyl group-containing aromatic
skeletons (ph) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, and aromatic nuclei of the phenol
resin structure have naphthylmethyl groups or anthrylmethyl
groups.

[Claim 2]

The heat-curable resin composition according teo Claim 1,
wherein the phenol resin (B) contains the naphthylmethyl
groups or anthrylmethyl groups at a ratio of a total number
-of 10 to 200 relative to a total number of 100 of the
phenolic hydroxyl group-containing aromatic skeletons (ph).
[Claim 3]

The heat-curable resin composition according to Claim 1,
wherein the phenol resin (B) has a melt viscosity at 150°C
of 0.1 to 100 dPa-s measured with an ICI viscometer.

[Claim 4]

A semiconductor encapsulating material comprising, in



A phenol resin having a phenol resin structure having, as a basic

skef&ton, a structure in which a piuraltity of phenolic hydroxyil
group-cont ai ning aromati c skel etons {IM4)- are bonded to each ot her
t hrough an al kyl i dene group or a nethyl ene group having an aromatic
hydrocarbon structure, and aromatic nuclei of the phenol resin
structure have napht hyl net hyl groups or anthryl nethyl groups at a
ratio of a total nunmber of 15 to 120 relative to a total nunber of
100 of the phenolic hydroxyl group-containing aromatic skel et ons
(ph). [Gd&ditidn to tHbeepbrporesefi NARCENAItRE bRefbai FeBinwhenei n
the melt viscosity at 150C neasured with an I Cl visconeter is 0.1 to
100 dPa.sccdCiangn®B) ClaimAlheaf - cur apl enr €sbAgantirposilier at a
conprising, as essential conponents, an epoxy resin (A) and a curing
agent -ddi5io (& )70%her e?dt the mposyinesha ¢dnpohasian.epoxy resin
structure having, as a basic skeleton, a structure in which a
pl uralithClefimylyki dyl oxy group-containing aromatic skel etons (ep) are
bonded to each other through an al kylidene group or a nethyl ene group
havi ng an ar #metiredh st aratuars e, a antriaromdet ol ef ©iet he
epoxy resin structure have naphthyl methyl groups or anthryl nethyl
groups. H@taiGHmAble remin neerredstaibe 2eserdERapb’i @nvncaecefdi ng to
Claim 8, wherein the epoxy resin (A) contains the naphthyl net hyl
groups &rtefshrlyitfethyl groups at a ratio of a total nunber of 15 to
120 relatjve to.a total nunber of 100 of the glycidyl oxy
group-c %ﬁﬁﬂ'ﬁa aromati c skeletons (ph). [ aim 10] The
heat - curabl e resin conpasition_.according to CQaimg8 O 9, erein the
epoxy resin PASRCRSY Aerart TATERss A PIerolst@ar o FF I 0 PRS-
measur eq wi_t | G, i sconmeter,. [ Claim 1l . . A sem conduct o
encapsu%ast ian%anglce%kzﬁ\ie(sicoorpﬁriasisn%%u(ftnu%edd]ir{ iwokhl(f}b ?h%méjf)% Jyt-Ye% n
(A angHhe1al gLRgBHl 4R i dihd % QR 8. s A LgLgan)
filler at a ra;é{o o] °otgf) 9 /acgcg/rpgrfa;&sr{;lq}i %l%en?éc@n%o%]?%%ﬁ% cf]%ﬁg)m
12] A cuned bRl te PR R5 e a8 £183PEEPI @dnd Wroup or a

methylene group having an aromatic hydrocarbon structure,

and aromatic nuclei of the phenol resin structure have

naphthylmethyl groups or anthrylmethyl groups at a ratio of

a total number of 15 to 120 relative to a total number of

100 of the phenolic hydroxyl group-containing aromatic

skeletons (ph).

[Claim 7]

The phencl resin according to Claim 6, wherein the melt

viscosity at 150°C measured with an ICI viscometer is 0.1 to

100 dPa:s.

[Claim 8]

A heat-curable resin composition comprising, as

essential components, an epoxy resin (A') and a curing agent



-116- heat-curable resin conposition according to any one of Clains 8
and™9: aim ne sin having an epoxy resin
structure having, as a basic skeletonll5a structure in which a
plurality of glycidyloxy group-containing aromati c skel etons (ep) are
bonded to each ot her through an al kyli dene group or a nethyl ene group
havi ng an aromati c hydrocarbon structure, and aromatic nuclei of the
epoxy resin structure have napht hyl net hyl groups or anthryl net hyl
groups. [d ai m 14] The epoxy resin according to Claim13,
wher ei n {he) y athereint beet epakynuaben qi')haasapht Bybagt kelsigr oups or
anthryl methyl groups is 15 to 120 relative to the total nunmber of 100
of the géyrudyhoxyhgronp; cent ai hendcasamdtionskel etanst(plk) in[ Ghdichn
15] The epoxy resin according to Claim13 or 14, wherein the
melt viszosltyabityhefepbygidgsoryagréspccomasiunédgwatbmanikCl
visconeter is 0.1 to 100 dPa-s.

skeletons (ep) are bonded to each other through an

alkylidene group or a methylene group having an aromatic

hydrocarbon structure, and aromatic nuclei of the epoxy

resin structure have naphthylmethyl groups or anthrylmethyl

groups.

[Claim 9]

The heat-curable resin composition according to Claim 8,
wherein the epoxy resin (A') contains the naphthylmethyl
groups or anthrylmethyl groups at a ratioc of a total number
of 15 to 120 relative to a total number of 100 of the
glycidyloxy group-containing aromatic skeletons (ph).

[Claim 10]

The heat-curable resin composition according to Claim 8
or 9, wherein the epoxy resin (A') has a melt viscosity at
150°C of 0.1 to 100 dPa-s measured with an ICI viscometer.
[Claim 11]

A semiconductor encapsulating material comprising, in
addition to the epoxy resin (A') and the curing agent (B')
according to Claim 8, an inorganic filler at a ratio of 70%
to 95% by mass in the composition.

[Claim 12]

A cured product produced by a curing reaction of the



- 116 -

heat-curable resin composition according to any one of
Claims 8 and 9.
[Claim 13]

An epoxy resin having an epoxy resin structure having,
as a basic skeleton, a structure in which a plurality of
glycidyloxy group-containing aromatic skeletons (ep) are
bonded to each other through an alkylidene group or a
methylene group having an aromatic hydrocarbon structure,
and aromatic nuclei of the epoxy resin structure have
naphthylmethyl groups or anthrylmethyl groups.

[Claim 14]

The epoxy resin according to Claim 13, wherein the
ratio of the total number of the naphthylmethyl groups or
anthrylmethyl groups is 15 to 120 relative to the total
number of 100 of the glycidyloxy group-containing aromatic
skeletons (ph}.

[Claim 15]

The epoxy resin according to Claim 13 or 14, wherein
the melt viscosity of the epoxy resin at 150°C measured with

an ICI wviscometer is 0.1 to 100 dPa-s.



