- 1 - DESCRIPTION Title of Invention: CURABLE RESI N COVPCSI Tl ON,
CURED PRODUCT THEREOF, PHENOLI C RESI N, EPDXY RESI N, AND SEM CONDUCTOR
SEALI NG MATERI AL Techni cal Field [0001] The present invention
relates to a thernosetting resin conposition, the cured product of
which is good in ternms of heat resistance, resistance to noisture and
sol der, flame retardancy, dielectric properties, and curability
during a curing reaction, and whi ch tan e suitably used in
applications of a sem conductor sealing material, a printed circuit
board, a coating material, cast nolding, and the |like, a cured
product thereof, a phenolic resi mESREBIOON resin, and a

sem conduct or sealing material containing the thernosetting resin
conposi tiicne BatKgrwamdi At [ 0002] Epoxy resin conpositions
contai ning an epoxy resin and a curing agent as essential conponents
are goodURRBI& rAESIN oM @Rl T opetiiEs BRIWGEE HEREMRatPHENOLIC
resi stance, noisture resistance, and | ow viscosity and thus are

wi del y USEIN,n FP@EehmRoniduc tFND seaf 1 G TR HfEALel e tMASIHIRLAL
conponents such as a printed circuit board, an el ectronic conponent
field, dowdudidale Ridhebives such as a conductive paste, other - 2 -
adheS|ves matri xes for conposite materials, coating materials,
photoresW%%ZHbIerlals col or devel opi ng naterials etc. [0003]
Recently, in_various applications, in particular, in applications to
advanced nat &FfaPg esfeﬁlutt H@WePPfﬁPBVéﬁéﬁ‘ttelsn tBr 8p§he|r8‘§’s§ EHNgs TREAD

resi stance and r.esi stance to |st re a ol der, has been require
For oxafTEORA T i ¢ 0oLt ctor Tous 1y SREori Tl & uithce

pagﬂggg e g)erseﬁ’sugcaﬁgczerfad%\afgs%dan ' Orlesf%%gﬁ el aﬁwoéﬁ:{&t ea\n}ﬁ ure
has bee@-%%&%ﬁﬁ?ﬁgﬂ%ﬂ%ﬂF G rgﬁﬁn naj'%g éﬁyéﬁﬁ' EP %Ptly

el ectronic conpo Sea erl aI S avin goo resi S ance

to mi styg ANd Sy N ReALH Wi e 'RAULAAY [Pl

applications of a semiconductor sealing material, a printed
circuit becard, a coating material, cast molding, and the
iike, a cured product thereof, a phenolic resin, an epoxy
resin, and a semiconductor sealing material containing the
thermosetting resin composition.
Background Art
[0002]

Epoxy resin compositions containing an epoxy resin and
a curing agent as essential components are good in terms of
physical properties such as high heat resistance, moisture
resistance, and low viscosity and thus are widely used in a
semiconductor sealing material, electronic components such
as a printed circuit board, an electronic component field,

conductive adhesives such as a conductive paste, other



Furthernore, recently, there has been an increasing trend in which
hal ogen flanme retardants are not used in view of environnental
friendliness, and an epoxy resin and a phenolic resin (curing agent)
that are hal ogen-free and that exhibit a high degree of flane
retardancy have been desired. [0005] As an exanple of a phenolic
resin and epoxy resin for electronic conponent-sealing materials, the
resi ns bei ng capabl e of neeting sucﬁ'ﬁ%qUired properties, an epoxy
resin - 3 - or curing agent (phenolic resin) to which a benzyl ether
structure is introduced by reacting a phenolic resin with a

benzyl atddige figedd, suchriase dbenzy|calpesitle mageri £ns al kadt vy condi ti on
has been disclosed (refer to, for exanple, PTL 1 and PTL 2). [0006]
However mealdhicligh titeotepoxyistesnatantdalhe pbeasl deveespnndesertiched lisn
PTL 1 or PTL 2 have inproved flanme retardancy, the flanme retardancy
does notetr@ach the high level that has been recently required. In
addition, the resistance of these resins to noisture and solder is

al so not!EUFF]i cient. [0007] Thus, epoxy resin conpositions that
conbi ne a high degree of flane retardancy with high resistance to
noi st ure andReckadd yhava moir lswen apiptldiosdd ong,t e Piegitd cafl agl,edty oni ¢
conponent materials. Ctation List Patent Literature [0008] PTL 1:
Japanes & RBHe)aR REtF Pet 1fVaRsiRd d i on bl | TebtihaTr NOTP DTN E6 94y
PTL 2: Japanese Unexam ned Patent Application Publication No.
2009_286g@?qﬁﬁﬁﬁﬁwﬁqﬁh|qﬁﬂgﬁqane31stance and resistance to

moisture and solder has been required. For example, in the
field of semiconductor sealing materials, surface mount
packages such as a ball grid array (BGA) and & chip size
package (CSP) have been developed and a reflow treatment
temperature has been increased due tc the use of lead-free
solder. Consequently, electronic component-sealing resin
materials having good resistance to moisture and sclder have
been further required.

[0004]

Furthermore, recently, there has been an increasing
trend in which halogen flame retardants are not used in view
of environmental friendliness, and an epoxy resin and a
phenolic resin {curing agent) that are halogen-free and that
exhibit a high degree of flame retardancy have been desired.
[0005]

As an example of a phenolic resin and epoxy resin for
electronic component-sealing materials, the resins being

capable of meeting such required properties, an epoxy resin



- 4 - Technical Problem[0009] Accordi ngly, an object to be
achieved by the present invention is to provide a thernosetting resin
conposition that realizes a high degree of resistance to noisture and
sol der, the resistance being required for a recent electronic
conponent material, and a high degree of flanme retardancy w thout
contai ning hal ogen in view of environnental friendliness, a cured
product of the thernosetting resin Cbﬁ%d@ition, a sem conduct or
sealing material containing the thernosetting resin conposition, and
a phenolic resin and an epoxy resin that provide these properties.
Sol uti oot acfriah) egd D1 hencli Asrasieswd widitensdvey Starhes
conducted in order to achieve the object, the inventors of the
present stwertumn fount tddiced thermmset fnanga regsdno cionoss tn o thhed
has a | ow viscosity and high resistance to noi sture and sol der, and
t hat redlarzasla hnglegsyg eandi 44 drn el artdianciydev urobart aoord laianl e
hal ogen can be obtained by introduci ng a napht hyl net hyl oxy group or
an ant hrodnsttidroxha grisegn iditse lars et o fer uel el ofxamplend Tl 1
resin or an epoxy resin, and conpleted the present invention. [0011]
- 5 -- and Plpevifically, the present invention relates to a
thernosetting resin conposition containing an epoxy resin (A and a
phenolic“ﬂgg%n (B) as essential components, in which the phenolic
resin (B) has structural noieties which are a naphthylnethylgg%

n

group- or anfiRMFIVREr hfHdRyUgho(Hec SROFVNTTE 18r 8t iCEehParsoa
Py oc AP PR O ot s iVl o St 16 -GS 01 Fr esent ed
by gene@%téé&ﬂﬁhﬁ %H%ﬂngmé(¥£¥§r4é%¥¥ndégs_ég%_ggaéﬁ}%he high
level that has been recently required. In addition, the
resistance of these resins to moisture and solder is also
not sufficient.
[0007])

Thus, epoxy resin compositions that combine a high
degree of flame retardancy with high resistance to moisture
and solder have not been obtained in the field of electronic
component materials.

Citation List

Patent Literature

[0008]

PTL 1: Japanese Unexamined Patent Application Publication No.
2009-286944

PTL 2: Japanese Unexamined Patent Application Publication No.
2009-286949

Summary of Invention



General fornula 1 (where Ar represents a phenyl ene group or a

bi phenyl ene group and Rs each independently represent a hydrogen atom
or a nethyl group) and has a structure in which plural aromatic

hydr ocar bon groups sel ected fromthe group consisting of the
napht hyl met hyl oxy group- or anthryl net hyl oxy group-contai ni ng
aromati ¢ hydrocarbon group (phl) and the phenolic hydroxyl

gr oup- cont ai ni ng aromatic hydrocarbon “roup (ph2) are bonded through
the divalent aral kyl group (X) (hereinafter, this thernosetting resin
conposition is abbreviated as "thernosetting resin conposition (1)").
[0013] Pedhnical prdurddernore, the present invention relates to an
epoxy resin cured product obtained by curing the thernosetting resin
conposi tjigpoq] ). [0014] Furthernore, the present invention relates to
a phenolic resin having structural noieties which are a

napht hyl met hplcexyddholy- eah abtjkecyl mret byl achigvedpbgonha pregent
aromati ¢ hydrocarbon group (phi.), a phenolic hydroxyl
gr oup- caintvedti ingn arsonted | por dwyidteo Gardierr ngysoupt (rph 2)g s dan ae canpeh aviat set
aral kyl group (X) represented by general formula 1 bel ow
that realizes a high degree of resistance to moisture and
solder, the resistance being required for a recent
electronic compeonent material, and a high degree of flame
retardancy without containing halogen in view of
environmental friendliness, a cured product of the
thermosetting resin composition, a semiconductor sealing
material containing the thermosetting resin composition, and
a phenolic resin and an epcxy resin that provide these
properties.
Soluticon to Problem
[0010]

As a result of intensive studies conducted in order to
achieve the object, the inventors of the present invention
found that a thermosetting resin composition that has a low
viscosity and high resistance to moisture and solder, and
that realizes a high degree of flame retardancy without
containing halogen can be obtained by introducing a
naphthylmethyloxy group or an anthrylmethyloxy group into an
aromatic nucleus of a phenclic resin or an epoxy resin, and

completed the present invention.

[0011]



[0015] [Chem 2] -CH Ar-CH General fornula 1 (where Ar
represents a phenyl ene group or a bi phenylene group and Rs each

i ndependently represent a hydrogen atom or a nethyl group) and
having, in its nolecular structure, a structure in which plural
aromati ¢ hydrocarbon groups selected fromthe group consisting of the
napht hyl met hyl oxy group- or anthryl net hyl oxy group-contai ni ng
aromati ¢ hydrocarbon group (phl) and the phenol i ¢ hydroxyl
group-contai ning aromati ¢ hydrocarbon group (ph2) are bonded through
the divalent aral kyl group (X). - 7 - [0016] Furthernore, the
present invespieen fieladlies tthea pirideeis ehtviehg i8S ird 16aR0 sid iaon
contai ning an epoxy resin (A) and a curing agent (B ) as essenti al
conponentlss rmas ettt oty tiees ap oompesi thi rA' Jorhtast rsitngicdnuregboxypi et s igs

whi ch are a napht hyl met hyl oxy group- or anthryl net hyl oxy

gr oup- cofRt)aiarich@g arleratliic hyariocatthore gremger(tpid 1 )gomgpglardi sy | ioxy
group-contai ni ng aromati ¢ hydrocarbon group (ep), and a dival ent

ar al kyl Wvigtp (e olepresienteas by onérad Storumbural bedimieies which

are a naphthylmethyloxy group—- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl), a phenolic
hydroxyl group-containing aromatic hydrocarbon group {(ph2),
and a divalent aralkyl group (X) represented by general

formula 1 below:

[(0012]
[Chem. 1]

T R
—CH—Ar—CH—

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independenitly represent a hydrogen atom or
a methyl group)

and has a structure in which plural aromatic hydrocarbon
groups selected from the group consisting of the
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl) and the phenclic
hydroxyl group-containing aromatic hydrocarbon group (ph2)
are bonded through the divalent aralkyl group (X)
{(hereinafter, this thermosetting resin composition is
abbreviated as "thermosetting resin composition (I)™).

[0013]



[0017] [Chem 3] ---CH--Ar --CH General fornula 1 (where Ar
represents a phenyl ene group or a bi phenylene group and Rs each

i ndependently represent a hydrogen atom or a nethyl group) and has a
structure in which aromatic hydrocarbon groups selected fromthe
group consisting of the naphthyl nethyl oxy group- or anthryl nmet hyl oxy
group-cont ai ni ng aromati ¢ hydrocarbon group (phl) and the glycidyl oxy
group-contai ning aromatic hydrocarbdhfgrbup (ep) are bonded through
the divalent aral kyl group (X) (hereinafter, this thernosetting resin
conposition is abbreviated as "thernosetting resin conposition
(11)"). [0018lrthelrore, thdFWrRRMIDNGvnta oy @sankit RN EORpoxy
relates to a sem conductor sealing material containing the epoxy
resin (Agsiandculel girddgctagsitaim®q by dhei didherioseid imgs ¢esinyg
conposition (I1), and an inorganic filler in an amunt of 70%to 95%
by mass #esirhecaqrpoisi téron( 1) .0019] Furthernore, the present
invention relates to a cured product obtained by curing the

t her mrosefGdIy resin conposition (I11). [0020]

Furthermore, the present invention relates to a
phenolic resin having structural moieties which are a
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl), & phenclic
hydroxyl group-containing aromatic hydrocarbon group (ph2Z),
and a divalent aralkyl group (X) represented by general

formula 1 below:

[0015]
[Chem. 2]

i i
—CH—Ar—CH—

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group)

and having, in its molecular structure, a structure in which
plural aromatic hydrocarbon groups selected from the group
consisting of the naphthylmethyloxy group- or
anthrylmethyloxy group-containing aromatic hydrocarbon group
(phl}) and the phenolic hydroxyl group-containing aromatic
hydrocarbon group (ph2) are bonded through the divalent

aralkyl group (X).



Furthernore, the present invention relates to an epoxy resin having
structural noieties which are a napht hyl met hyl oxy group- or
ant hryl met hyl oxy group-contai ning aromati ¢ hydrocarbon group (phi), a
gl yci dyl oxy group-containing aromati ¢ hydrocarbon group (ep), and a
di val ent aral kyl group (X) represented by general formula 1 bel ow
[0021] [Chem 4] -CH - Ar -CH General fornula 1 (where Ar
represents a phenyl ene group or a biphenyl ene group and Rs each
i ndependently represent a hydrogen atom or a nethyl group) and having
a structure in which aromati c hydrocarbon groups -9 selected fromthe
group consis4j ng of the naphthyl net hyl oxy group- or anthryl nmet hyl oxy
group-contai ni ng aromati ¢ hydrocarbon group (phi) and the gl ycidyl oxy
group- cont ai 1Fulg hasrematd, C thed aeardian igrveu: i(ceP)r sdlae dzonded t hr ough
the divalent aral kyl group (X). Advantageous Effects of Invention
thermosetting resin composition containing an epoxy resin

(A') and a curing agent (B') as essential components, in
which the epoxy resin (A') has structural moieties which are
a naphthylmethyloxy group- or anthryimethyloxy group-
containing aromatic hydrocarbon group {(phl), a glycidyloxy
group—containing aromatic hydrocarbon group (ep), and a

divalent aralkyl group (X) represented by general formula 1

below:
[0017]
iChem. 3]
R R
-"_éH——Ar——CH——-

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group) and has a structure in which aromatic
hydrocarbon groups selected from the group consisting of the
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl) and the
glycidyloxy group-containing aromatic hydrocarbon group (ep)
are bonded through the divalent aralkyl group (X)
{(hereinafter, this thermosetting resin composition is
abbreviated as "thermosetting resin composition (II)").

[0018]



[ 0022] According to the present invention, an object to be

achi eved by the present invention can be realized by providing a
thernosetting resin conposition that realizes a high degree of

resi stance to noi sture and sol der, the resistance being required for
a recent electronic conponent material, and a high degree of flane
retardancy w thout containing halogen in view of environnental
friendliness, a cured product of the ther noset t i ng resin conposition,
a sem conductor sealing material containing the thernosetting resin
conposition, and a phenolic resin and an epoxy resin that provide

t hese proper FiesheBiiogle , Deseys igiasem tofi ireamwings deQ@23]s tldFiag. 1] Fig.
1l is a GPOchart of a phenolic resin (A-1) prepared in Exanple 1.
[Fig. 2]sdaigorticcar 8 INVRy alstrdr 1 tdmen tphieniold ctiresgpoXAldesin
prepared in Exanple 1. [Fig. 3] Fig. 3 is a Ms spectrum of the
phenol i cl&'gsiand Al curik®y -agrrepatRd im BXenptlednosq¢iRiing dedFiny. 4
is a GPO chart of a phenolic resin (A-2) prepared in Exanple 2.

[ Fi g. S5]cdirpsizian alIP0 cirad tarofireopdraniot i ol klesi ni A&8)amrwpared in
Exanple 3. [Fig. 6] Fig. 6 is a GPO chart of a phenolic resin (A-4)
prepar ed (% B a & magFig e Repasitsian 013- NVR chart of the
phenolic resin (A4) prepared in Exanple 4. |[Fig. 8 Fig. 8is a M
spect rurh®13he phenolic resin (A-4) prepared in Exanpl e 4.

Furthermore, the present invention relates to a cured
product obtained by curing the thermosetting resin
composition (II).

[0020]

Furthermore, the present invention relates to an epoxy
resin having structural moieties which are a
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl), a glycidyloxy
group-containing aromatic hydrocarbon group (ep), and a

divalent aralkyl group (X) represented by general formula 1

below:
[0021]
[Chem. 4]
R R
———éH——Ar——éH———

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atoem or
a methyl group)

and having a structure in which aromatic hydrocarbon groups



[Fig. 9] Fig. 9 is a GPO chart of a phenolic resin (E-1) prepared in
Exanple 5. [Fig. 10] Fig. 10 is a C13-NWR chart of the epoxy resin
(E-1) prepared in Exanple 5. [Fig. 11] Fig. 11 is a Ms spectrum of
the epoxy resin (E-1) prepared in Exanple 5. [Fig. 12] Fig. 12 is a
GPO chart of an epoxy resin (E-2) prepared in Exanple 6. [Fig. 13]
Fig. 13 is a GPO chart of an epoxy resin (E-3) prepared in Exanple 7.
[Fig. 14] Fig. 14 is a GPO chart of “ar epoxy resin (E-4) prepared in
Exanple 8. [Fig. 15] Fig. 15 is a O 3-NWR chart of the epoxy resin
(E-4) prepared in Exanple 8. [Fig. 16] Fig. 16 is a M spectrum of

the epoxdelesidd (freh fHeppr@d idorbiapieg & Dasermyphtthiy iethyloxy
Enbodi nents [ 0024] The present invention will now be described in

det ai | . group- By AntlarImertiosieidty Y- ¢gstdorcoaiposid i aofd)iof the
present invention is a thernosetting resin composition containing an
epoxy rdsidrdodriamd arphenghl) reesd ntiB)glasciebslemnty ajr @gmpoiertisying

whi ch the phenolic resin (B) has structural noieties which are a
napht hy|amemat isx yh yogereen grduny | et hye oxybgrdap - tdormedni e
aromati c_hydrocar bon group (phiéa a phenolic hydroxyl

gr oup- cSHt v IfitHy ety sl ocdr-bon group (ph2), and a dival ent

ar al kyl rou represented b eneral fornmula 1 below [0025
[Chemy gl?dvanpta(gé)ous pEffects of yIngvention [ ]

[0022]

According to the present invention, an object to be
achieved by the present invention can be realized by
providing a thermosetting resin composition that realizes a
high degree of resistance to moisture and solder, the
resistance being required for a recent electronic component
material, and a high degree of flame retardancy without
containing halogen in view of envirconmental friendliness, a
cured product of the thermosetting resin composition, a
semiconductor sealing material containing the thermosetting
resin composition, and a phenolic resin and an epoxy resin
that provide these properties.

Brief Description of Drawings

[0023]

[Fig. 1] Fig. 1 is a GPC chart of a phenolic resin (A-1)
prepared in Example 1.

[Fig. 2] Fig. 2 is a C**-NMR chart of the phenolic resin (A-
1) prepared in Example 1.

[Fig. 3] Fig. 3 is a MS spectrum of the phenolic resin (A-1)



77 ---CH--Ar--CH-- General fornula 1 (where Ar represents a

phenyl ene group or a bi phenyl ene group and Rs each independently
represent a hydrogen atomor a nethyl group) and has a structure in
whi ch plural aromatic hydrocarbon groups, preferably two aromatic
hydr ocar bon groups, selected fromthe group consisting of the

napht hyl met hyl oxy group- or - 12 - anthryl met hyl oxy group-contai ni ng
aromati ¢ hydrocarbon group (phi) and Wie“phenol i ¢ hydroxyl
group-contai ning aromati ¢ hydrocarbon group (ph2) are bonded through
the divalent aral kyl group (X). That is, since the phenolic resin (B)
has t he pherdesim miamcitdire, as a basic skeleton, the resulting
cured product has good heat resistance and good fl anme retardancy.

Not e t haltsidg.n 4lheripy.esents ianGat idipri S Pheraldlci o esdgin B)a4s) a
novel phenolic resin of the present invention. Anong the phenolic
resins (Bepaaquhenold:@mpesd 2 (B) which has a napht hyl met hyl oxy group-
or ant hryl nmet hyl oxy group-contai ning aronmati c hydrocarbon group (phi)
in whichRie rdt iliof 3 Hes phairsl ichdydraokyd mreoup io tdwein (A-3)

napht hyl met hyl oxy group or anthryl nmet hyl oxy group (the forner:the

| att er) ArepERegD itro B@mpliss Joref erabl e. The reason for this is as
follows. An aromat.i c nucl eus property of the resin can be enhanced,
and fluildii9s df] tHHe r il i @G Ehmithtd re®hanelife il cdiion to a
sem conductor sealing material, conpatibility with an inorganic
filler PSSy (,Eg‘qn?% oved and in the application to a
circuit hoard, an inpregnatin pro erty is pnproved. F rtherm)re
coef fi cilémd -of It Herdmal’ g)?p scigo }P\%NF o‘?#nn’glf‘e PRene - Pr bttt f‘%_

al so | ow.and adhesjven ncreased In addition, flanme retardancy
and res:lxgt AEEPFS ?lsﬁﬂé“p;r?d %ol der are si gnl f| cantly inpr oved I n

parti cul r t|o s m)r r ef er.abl 90 lO and st

nore pr erablrés Ea 8l ‘ém[oo pf?(?tfém?romtt d1p0| N Stlhat 3d
conpat i t uch as silica and a good i npregnati ng
pr opert?ﬂéga}ée égls%égjdt%ti are obtained, and the effects of the

present (iglentq|0mkheC e Si-0MFd Calhre [0926]henolic The Jfer mset t ng

resin conp S|t|on (1) of the present invention has a | ow vi scosMy

t hough thedheldmsetstds Q%lree$.n conposition (1) has a bul ky fused
pol ycyclic skeleton has good curability and heat resistance

t hough titre . hqmomtgtl ng riesidh Comasi ¢chor: (41 Hias @pd)}@y\/ Feach i onal )
group concentration. \Wen the resin conposition has | ow functi onal
group ceiegkideal iion Exdaigreesul ting cured product has a | ow noi sture
absorptivity, a low dielectric constant, and a |low dielectric |oss
t angent .[Flkus,11it Hig.varly iusef WS fspredtewanto fadvanegd:sl ecdsioni (Es-1)
materials to have a | ow functional group concentration, which is an
out st angireg afreat umne Eofangie pr.esent i nvention. [0027]

[Fig. 12] Fig. 12 is a GPC chart of an epoxy resin {E-2)

prepared in Example 6.

[Fig. 13] Fig. 13 is a GPC chart of an epoxy resin (E-3)

prepared in Example 7.

[Fig. 14] Fig. 14 is a GPC chart of an epoxy resin (E-4)

prepared in Example 8.

[Fig. 15] Fig. 15 is a C*-NMR chart of the epoxy resin (E-4)

prepared in Example 8.



As descri bed above, the phenolic resin (B) in the thernosetting resin
conposition (1) has the naphthyl net hyl oxy group- or anthryl nmet hyl oxy
group-contai ni ng aromati ¢ hydrocarbon group (phi) and the phenolic
hydr oxyl group-containing aromati ¢ hydrocarbon group (Ph2) in its
resin structure, and, in the resin structure, a plurality of

structural noieties selected fromthese - 14 - aromatic hydrocarbon
groups are bonded through the divalén%lafalkyl group (X) represented
by general fornmula 1 below [0028] [Chem 6] -CH -Ar -CH Gener al

formula 1 (where Ar represents a phenyl ene group or a bi phenyl ene
group andiRs. €egh Fingdependentd W3 efesenin ahythogesb:at oraHim a(Eref)hyl
group.) (Hereinafter, this group is abbreviated as "dival ent aral kyl
group (XropafdaD29] Example 8.
Description of Embodiments
[0024]
The present invention will now be described in detail.
First, a thermosetting resin composition (I) of the
present invention is a thermosetting resin composition
containing an epoxy resin (A) and a phenolic resin (B) as
essential components, in which the phenolic resin (B) has
structural moleties which are a naphthylmethyloxy group- or
anthrylmethyloxy group-containing aromatic hydrocarbon group
{prhl), a phenolic hydroxyl group-containing aromatic
hydrocarbon group (ph2), and a divalent aralkyl group (X)

represented by general formula 1 below:

[0025]
[Chem. 5]

i )
—CH—Ar—CH—

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group)

and has a structure in which plural aromatic hydrocarbon
groups, preferably two aromatic hydroccarbon groups, selected

from the group consisting of the naphthylmethyloxy group- or



Exanpl es of the napht hyl net hyl oxy group- or anthryl net hyl oxy
group-contai ning aromati ¢ hydrocarbon group (phl) include aromatic
hydr ocar bon groups represented by structural fornulae Phi to Phl3
bel ow. [0030] [Chem 7] Anong these structures, regarding

t hose having two or nore positions of bonding to other structural

noi eti es on a napht hal ene skel eton, the bonding positions may be

| ocated on the sanme nucl eus or differédt nuclei. One aromatic

skel eton may have both a phenolic hydroxyl group and a
napht hyl met hyl oxy group or ant hranyl nmet hyl oxy group. [0031] I n

t he preseithiIMENEH OIG x R NRReL S -Neo BDoMes 15 raednl e R erSEd Bsdir §roup

represented by structural formula Phi-1, which - 16 - has a phenol
skel et on(phls) mred eftedl ghdrieomm ¢ hey &t e of M c den t DI Mh § CosSbhas 1 good
curability, good heat resistance, and good resistance to noi sture and
sol der. MAsitoqdfhed dyowt r ididy adré dseaddied Ritlrdygla e udiwsibent

i ncl udi ng a phenol skeleton having a nethyl group is preferable
because arasllgni famam ef)f ectlheft iimpr eineg eat phesicdtianocesdamd (B)

resi stance to noisture and sol der can be obtained. In the case where

t he naphtasy |t ROy xgoup-sioruchtie ydset iydoky grolg-aont @iai ng
aromatic hydrocarbon group (phl) is located at a nol ecul ar termnal,
exanpl esrsfultiangraiged melqicsthagtaeed ey asesit s nse sandicierdl

formul as_Phl-14 to Phi-22. [OOBZL Chem 8] - 17 -
flame retardancy. Note that, in the present invention, this

phenolic resin (B} is a novel phenclic resin of the present
invention. Among the phenolic resins (B}, a phenoclic resin
(B) which has a naphthylmethyloxy group- or anthrylmethyloxy
group-containing aromatic hydrocarbon group (phl) in which
the ratio of the phenolic hydroxyl group to the
naphthylmethyloxy group or anthrylmethyloxy group {the
former:the latter) is 10:90 to 99:1 is preferable. The
reason for this is as follows. An aromatic nucleus property
of the resin can be enhanced, and fluidity of the resin is
also maintained. In the application to a semiconductor
sealing material, compatibility with an inorganic fillef
such as silica is improved, and in the application to a
circuit board, an impregnating property is improved.
Furthermore, a coefficient of thermal expansion in the form
of a cured product is also low and adhesiveness 1s increased.
In additicn, flame retardancy and resistance to moisture and
solder are significantly improved. In particular, the ratio

is more preferably 60:40 to 90:10, and still more preferably



Here, anong these structures, in the case of a naphthal ene skel eton,
a nmet hyl ene ether group and anot her structural noiety may be bonded
on the sanme nucleus or different nuclei. [0033] In the present

i nvention, anong the above structures, the structure represented by
structural formula Phl-14, which has a phenol skeleton, is preferable
fromthe standpoint of a Iom1viscosit1 good curability, good heat
resi stance, and good resistance to ﬁn'gtﬁre and solder. As - 18 -
typified by structural fornulae Phl-15, Ph1l-20, and Phl-22,
structures including a phenol skeleton having a nethyl group are

pref er abd®: dcanise a1 51 G | et stedd@sdi0f Pt aydag bembat 851 iaypce
and resistance to noisture and sol der can be obtai ned. [0034]

The phenalilc hyflriobadt ©rehipz< ot bidd ngnd@ropdod Sketeionc {kh2) is
preferably an aromatic hydrocarbon group fornmed from phenol,

napht holgrare =ty onpeungll dxay | g sinr 8t K yd regraupe aed, sabstiteent fontan
aromati ¢ nucl eus of phenol or naphthol fromthe standpoint of good
heat resifStigne @ mrkgoach veest Stranoecane ol gt Ufiecamd. sol der. Specific
exanpl es thereof include aromatic hydrocarbon groups represented by
struct ur@04@r nul ae Ph2-1 to Ph2-17 bel ow. [0035] [Chem 9] - 19 -

OHOHOH . )
The thermosetting resin composition (I) of the present

invention has a low viscosity though the thermosetting resin
composition (I) has a bulky fused polycyclic skeleton, and
has good curability and heat resistance though the
thermosetting resin composition (I) has a low functional
group concentration. When the resin composition has a low
functional group concentration, the resulting cured product
has a low moisture absorptivity, a low dielectric constant,
and a low dielectric loss tangent. Thus, it is very useful
for recent advanced electronics materials to have a low
functional group concentration, which is an outstanding
feature of the present invention.

[0027]

As described above, the phenolic resin (B) in the
thermosetting resin composition (I) has the
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbeon group (phl) and the phenolic
hydroxyl group-containing aromatic hydrocarbon group (Ph2)
in its resin structure, and, in the resin structure, a

plurality of structural moieties selected from these



HON'. Ph2- 1A --tcCH Ph2-3 Ph2-2 Ph2-4  OH
)Ph2-9 Ph2-10 _. (HO SO OH Ph2-11

- 14 -

aromatic hydrocarbon groups are bonded through the divalent

aralkyl grcocup (X) represented by general formula 1 below:

[0028]
[Chem. 6]

i i
—CH—Ar—CH—

General formula 1
(where Ar represents a phenylene group or a biphenylene

group and Rs each independentliy represent a hydrogen atom or

a methyl group.) (Hereinafter, this group is abbreviated as

"divalent aralkyl group (X)").
[00298]

Examples of the naphthylmethyloxy group- or

anthrylmethyloxy group-containing aromatic hydrocarbon group

(phl) include aromatic hydrocarbon groups represented by

structural formulae Phl to Phl3 below.
[0030]

[Chem. 7]



OHOHOH Kok) Ph2- 15Ph2- 16, Ph2- 17 Anong t hese structures,
regardi ng those having two or nore positions of bonding to other
structural noieties on a naphthal ene skel eton, the bondi ng positions
may be | ocated on the sane nucleus or different nuclei. [0036]

In the present invention, anong these, the aromati c hydrocarbon group
represented by structural fornmula Ph2-1 is particularly preferable
fromthe standpoint of good curabiITt§? and the aronmati c hydrocarbon
group represented by structural formula Ph2-4 is particularly
preferable frogmthe standpoint of good resistance to noisture and

sol der. - [ 0037] ﬁg as descri bed above, the df nt aral kyl
group (X) dedPhhl t My INESsi n HﬂFZ.ICf t Re1-phen esPr14B)
i's represe '@d by genera@“iornula 1 be [ 0038] [ ChergH210]

oG- A A CH AANOCH2 OY\ ch\j\\,CHg
T RASCHR S ata

e} tedh oy

Ph1-8 Ph1-9 Ph1-10

§H:

o

& fet) Wﬁa%

Ez j\,orl CHZ
< < Jrot —}

Among these structures, regarding those having two or
more positions of bonding to other structural moieties on a
naphthalene skeleton, the bonding positions may be located
on the same nucleus or different nuclei. One aromatic
skeleton may have both a phenolic hydroxyl group and a
naphthylmethyloxy group or anthranyimethyloxy group.

[0031]
In the present inventicn, among the above structures,

the structure represented by structural formula Phl-1, which



General fornula 1 (where Ar represents a phenyl ene group or a
bi phenyl ene group and Rs each independently represent a hydrogen atom
or a nethyl group.) Specific exanples thereof include structures
represented by X1 to X5 below. [0039] [Chem 11] Anong these, the
structure represented by X, X2, or X5 is particularly preferable
fromthe standpoint of good flanme retardancy and good resistance to
noi sture and sol der. [0040] The phenolic resin (B) used in the
present invention has a resin structure in which plural aromatic
hydr ocar bon

has a phenol skeleton, i1s preferable from the standpoint of

a low viscosity, good curability, good heat resistance, and
good resistance to moisture and solder. As typified by
structural formula Phl-4, a structure including a phenol
skeleton having a methyl group is preferable because a
significant effect of improving heat resistance and
resistance to moisture and solder can be obtained. In the
case where the naphthylmethyloxy group- or anthrylmethyloxy
group—-containing aromatic hydrocarbon group (phl) is located
at a molecular terminal, examples of the group include
structures represented by structural formulas Phl-14 to Phl-
22.

[0032]

[Chem. 8]



- 21 - groups selected fromthe group consisting of a

napht hyl met hyl oxy group- or anthryl net hyl oxy group-contai ni ng

aromati ¢ hydrocarbon group (phi) and a phenolic hydroxyl

group-contai ning aromati ¢ hydrocarbon group (Ph2) are bonded through
a divalent aral kyl group (X). The form of these bonds may be any
conbi nati on. Wen t he napht hyl met hyl oxy group- or anthryl net hyl oxy
group- cont ai ni ng aromatic hydrocarbonldgroup (phi) is represented by
"Phi", the phenolic hydroxyl group-containing aromatic hydrocarbon
group (Ph2) is represented by "Ph2", and the dival ent aral kyl group
(X) is represented by "X', exapples,of the nol ecul fructure of the
phenol i c rensti tuted by @ structural noi @ i ncl ude
random copol yrfe and bl ock copol ykeers incl uding, 3 epeating units,
structural noi effles represented byf'parti al structuralFs or mul ae Bl and

B2 bel ow. [0041) [Chem 12] Bl B2 Qokppers in which Bl is present in
a nol ecul ar chg fPhd-bl yner bl*('—i ncFPutitfg B2 asp@arepspfidd
unit, pol ymers~Hcl uding, as a brafich point, a struc al noiety

represented by any of structural fornulae B3 to B8 belté#w in - 22 -
the resin structure, [0042] [Chem 13] 1-X-Ph2-XB3l:1)h 1-X-P112-XB4

XX
C0 CO 20
GH, Ph1-17 2 Ph1-18 GH; Ph1-19
0 é o
(S0 (e ¥ (eoa-
OH OH
Oe Pht-20 Ph1-21 Oe Ph1.22
6H2 O GH;
i 2 3
Hacr:?_c&li, o L
Bes ¢§H3

Here, among these structures, in the case of a
naphthalene skeleton, a methylene ether group and another
structural moiety may be bonded on the same nucleus or
different nuclei.

[0033]

In the present invention, among the above structures,
the structure represented by structural formula Phl-14,
which has a phenol skeleton, is preferable from the
standpoint of a low viscosity, good curability, good heat

resistance, and good resistance to moisture and solder. As



lh 1-X-Ph 1-X-B51-X-Pql -X-B6 X -1: h2 -X -Ph2 -X -B7-11h2- X-, -91;
12-,-X-B8 XXX and pol ynmers including any of thee structural noieties
as a repeating unit and having a structure represented by structural
formula B9 or B10 below at an end of the resin structure. [0043]

[ Chem 14] Phl-X-nB9 Ph2-X--B10 [ 0044] In the present

i nvention, because of such a characteristic chem cal structure, the
aromatic content in the nolecul ar strbéttre is hi gh and good heat

resi stance and good flanme retardancy can be inparted to the resulting
cured - 23 - product. In particular, a resin in which the aromatic
nucl eus wanisitiddditdngsthectnagdt hd el Tyd oxyl -garDUpEh 0F2 @Ntavy | peet gt oxy
group-contai ni ng aromati ¢ hydrocarbon group (phi) or the phenolic
hydr oxyl s tgrottp:eontiai il ud)i rag caredtien sk ed led oo (rPH 2 v i vdhi € hnd g | gpnsu@s
a basic skeleton of the phenolic resin (B) of the present invention,

i s a phend mragrarlarreatdyde substgnufecthphenffear oup imppreirey abl e
fromthe standpoint that the effect of inproving resistance to

nmoi st ur éredtd s iderarice singhife siagitan e et @ o i wr en i d uso bders t¢anutieal
by a phenyl group or an al kyl-substituted phenyl group provides the
resul ti mPt@imeEd product with toughness, and the fused pol ycyclic

skel eton arranged as a side chain exhibits a |low viscosity. Thus, the
t hermal &&*sion is | ow, adhesiveness is inproved, and the

resi stance to noi sture and sol der is markedly inproved. In addition,
frame retar dgﬁ@ypégﬁol%éci Mﬁj&\?é‘d’.l group-containing aromatic

skeleton (PhZ) is preferably an aromatic hydrocarbon group
formed from phencl, naphthol, or a compound having an alkyl
group as a substituent on an aromatic nucleus of phencl or
naphthol from the standpoint of good heat resistance and
good resistance to moisture and solder. Specific examples
thereof include aromatic hydrocarbon groups represented by
structural formulae PhZ2-1 to Ph2-17 below.

[0035]

[Chem. 9]



[ 0045] Furt her nore,
di val ent aral kyl group (X)

the structural noiety bonded through the
may include an al koxy group-contai ni ng

aromati ¢ hydrocarbon group. Exanples of the al koxy group-contai ning
aromati ¢ hydrocarbon group include groups represented by structural

formulae Al to Al13 below. [0046] [Chem 15] - 24 - OC H3 G113 A4
H3CQ0y: WOCH3 A5A6 _ 19 -
OH ;ﬂ: OH
OH HO H;
By _ N ph22 Y.~ Ph2.3 LN
23— Ph2 ) Kon - Ph2-4
OH OH OH OH
o H H HsC CHs N\
Y Ph2-5 3_{;)— ® Ph2-6 p; ph2.7 [0 Ph2-8
H3 CH3 =Bu
OH ' HO. OH
QT e AGO Y men PG} e
OH OH OH
. Ph2-13 ( 9— Ph2-14
48R ¥ ma 40D ¥ - (S0
OH OH
OH OH
___A_ Ph2-15 (™ 2l \ T, Ph2-17
W [P Iy j Ph2'16 [§ -

Among these structures,

regarding those having two or

more positions of bonding to other structural moleties on a

naphthalene skeleton,

the bonding positions may be located

on the same nucleus or different nuclei.

[0036]

In the present invention,

among these, the aromatic

hydrocarbon group represented by structural formula Ph2-1 is

particularly preferable from the stendpeoint of good

curability,

and the aromatic hydrocarbon group represented

by structural formula Ph2-4 is particularly preferable from

the standpoint of good resistance to moilsture and solder.



SCH3 A7 OCH3 AS*l eA9 [ 0047] In the present invention, when
t he phenolic resin (B) includes an al koxy group-containing aromatic
hydr ocarbon group in the resin structure thereof, the al koxy
group-contai ning aromati ¢ hydrocarbon group preferably has the
structure represented by structural forrmula A8 above from - 25 - the
standpoint that the resulting cured prsduct has good resi stance and
good frane retardancy, and the di el ectfi ¢ | oss tangent of the cured
product can be significantly reduced. [0048]

[0037]
Next, as described above, the divalent aralkyl group
(X} included in the resin structure of the phencolic resin

(B) is represented by general formula 1 below:

i0038]
[Chem. 10]

1 i
—CH—Ar—CH—

General formula 1
(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group.) Specific examples thereof include
structures represented by X1 to X5 below.
{0039]

[Chem. 11]

—CHQHZ— X1 —GHZ-@—CHz— X2 _SHHL@JEEL X3

Ha Hs

RN s R -@5%_ s

Among these, the structure represented by X1, X2, or X5 is
particularly preferable from the standpoint of good flame
retardancy and good resistance to moisture and solder.
[0040]

The phenolic resin (B) used in the present invention

has a resin structure in which plural aromatic hydrocarbon



The phenolic resin (B) has a nelt viscosity preferably in the range
of 0.1 to 100 dPa.s at 150 degrees (Celsius) and particularly
preferably in the range of 0.1 to 20 dPa.s at 150 degrees (Cel sius)
nmeasured with an 1 Cl visconeter fromthe standpoint of good fluidity
during nol di ng and good resistance to noisture and sol der.

Furt hernore, the phenolic resin pr efﬁéfbl y has a hydroxyl equival ent
in the range of 120 to 600 g/eq. fro he standpoint that heat

resi stance and flane retardancy of the resulting cured product are
further inproved. In addition, the hydroxyl equivalent is

parti culgrduppreafleraidd firom heha angawicdti S0l P H/eq. from t he
standpoint of a particularly good bal ance anong the resistance of the
cured prredudthytlmandistanye arbsoladergntfi mnenatdtardanoyraofpt he cured
product, and curability of the conposition. [0049] Regar di ng t he
abundan e rgfa itrhien on sgptiniayt ine thiyd ooa graoum mrug heehant md reetdhydrodyic
group, the ratio of the phenolic hydroxyl group to the

napht hy st yolx yo iirusps oyt st gy | s iox yh g 1o rprasfarabl Bh 200: 90
to 99:1 fromthe - 26 - standpoint of a high effect of inproving

cur abi | iasg Gesldethighngual esiditvaic & ¢ adikstlurdg il 8ol dedhead@ril ane
retardancy. The ratio is nmore preferably 60:40 to 90: 10, and still
nore pr étferdifiSe RS MABEELETY GRRHE S Hitpo et ARE good
conpatibility with a filler such as silica an ood i npregnating
proper t YaAR5 g e st (B &%m%wim%ﬁmﬁ 1S of the

(B) " can 50 GHiaRed 1/ oA GeCdiTbat 1P dR ) TerGh TS

Speci fic_ex l.es .of the net.hod for producing th henol i ¢ resi.n, (B)
i ncl ude%ay met hod itglc% fg}eﬁgﬁrlecac yid(rjlrgmg’ldi ralént” ar &Ky drcmatit

gr oup- ol AN Ahenal e (Bin SUGh A Aphenol, aralayl Lesi
represen e‘%l(%?stru ur &l (;orr?ulla p%ow Pd(q} y2] [ Chém nitg]gh(ﬁ-ia—iM
divalent aralkyl group (X) is represented by "X", examples
of the molecular structure of the phenolic resin constituted
by these structural moieties include random copolymers and

block copolymers including, as repeating units, structural

moieties represented by partial structural formulae Bl and

B2 below:

[0041]

[Chem. 12]

o P 7 ) B1
Py D X e B2

polymers in which Bl is present in a molecular chain of a
polymer block including BZ as a repeating unit, polymers
including, as a branch point, a structural moiety

represented by any of structural formulae B3 to B8 below in



(where n is an integer of O or nore), a biphenyl novolac resin
represented by structural formula M2 below. [0053] - 27 - [Chem 17]
(where nis an integer of 0 or nore), or a naphthol aral kyl resin
represented by structural fornmula M3 bel ow. [0054] [Chem 18]

— 22 —_
the resin structure,
[(6C42]
[Chem. 13]
—Ph t—X—Ph2—X— B3 —Ph1=X—Ph2—=X=— B4
X X X
I I I
—Ph1=X=Ph1—X— B5 —Pht—X—Pht—X—  B6
X X X
I I |
""Ii'hZ—X—Ph2—X— B7 _EhZ-X—PQ P G B8
X X X
1 | |

and polymers including any of these structural moieties as a
repeating unit and having a structure represented by

structural formula B9 or Bl0 below at an end of the resin

structure.
[0043]

[Chem. 14]

Ph =X e B9

Ph2=X=— B10

(00441}

In the present invention, because of such a
characteristic chemical structure, the arcmatic content in
the molecular structure is high and good heat resistance and

good flame retardancy can be imparted to the resulting cured



(where nis an integer of 0 or nore) with a naphthyl nethyl ati ng agent
or anthryl nethylating agent (a2) (nethod 1) and a nethod including
reacting a phenolic conpound (Phi') with a divalent aral kyl ati ng
agent (X ) to produce an aral kyl-type phenolic resin, and then
reacting the aral kyl -type phenolic resin with a naphthyl net hyl ati ng
agent or anthryl net hyl ati ng agent (aZ% (rmethod 2). [0055]

Exanpl es of the phenolic conpound (Ph#3)~that can be used in nmethod 2
i ncl ude phenolic conmpounds such as unsubstituted phenolic conpounds,
e.g., phenol, resorcinol, and hydroqui none; nonosubstituted phenolic

corrpouncb%ocﬁ;d;t (Ihe%@r,ti@ﬂﬁ%.‘ﬁ,pl&e&@s,ineﬁﬁyMﬂﬁ%_’&okhen_e&roﬂﬁkﬂi@heno'_1
i So- 28 - propylp nol, and t-butyl phenol; disubstituted phenolic

conpoundsic e ;condeinalt inetdnd i iflenad hy resthyd by phenol
met hyl hexyl phenol , di propyl phenol, and di butyl phenol; trisubstituted

phenol i aroopourshy ey grmgitadnt 2i18i by tatometthiy phehdcadsh group
2,3,6-trimethyl phenol; and naphthols, e.g., 1-naphthol, 2-naphthol,
and met highigdphithadlihe [Eﬂﬁﬁﬁi]llc hyd g gﬂma:e—qﬂrﬁmmlnmg:mmmmﬂts;

1- napht hol, 2-naphthol, cresol, and phenol are particularly

pref er alsiles Yertam tﬁéﬁs)t,andpicﬂmtftn"fctgimmb fdsarme rastiar danehetofn tdfle the
resulting cured product, good resistance of the resulting cured

pr oduct mhenmlilst yresiandBoladferthaamreasnt findaditiorof e dcdrpush ti on.
[0057] Speci fic exanpl es of the divalent aral kylating a ent
(X') | ndup® pr-adi @i oiaid et eenyl group is preferable

di (bronmonet hyl ) benzene, 1, 3-di (chl oronet hyl ) benzene, 1, 3-

di (f1 uorfdifs P@h% R ot AhRT &ﬂ%r%%mﬁoéﬂ%ﬂéﬂf@ fresistance
di (bromonet hyl ) benzene, 1,4- d|(fluoro%£ ad?benz

di (chl orhBtHyHLE 20 FtAAD e D %ﬁy Ychit reoﬁépﬁfﬂt)lc nucleus

y Sldlgficﬁogﬁtﬁmaoﬁﬁ agwea%wri e °”‘“Z la(r%a%yﬁ-@i%ﬁ t)bl% ”c%icﬂﬁhewl
2,4 i i i 4, 4" -
bi s(br orﬁ(yc O;H(}{Eﬁl g%eny He ?%u 1')(gchci or?e%ﬁﬁ?;qou) |tp et)nhylﬂoo If S/

et her, i C i y.cal;, .ene
gl ycol , %f 4q:(§1(e ?U%ygﬁ? Wégl;elfiﬁh% rEl(?ee(rai‘%gtnoerp g}ﬂﬁ(—}gee%eagé e
b'S(d'”%&mﬁ L&@%PhﬁﬂykuéédglgyS(Qhﬁgth¥hgl%Hb@ﬁgﬂyExpénélon is
bi s(2- hydroxy- 2- propyl ) bi phenyl”, 2, bi s(2- hydroxy- 2-

propyl) higahendne sk red<( Rf h 1 )henzene rebiktance to
dl(ethoxynethyl)benzene 1,4 - |(|sopropoxy)benzene 1,4 -

di (but oxrikenzenendl sy 1l et hpoeriihy linenzene, in3addition,

di (et hoxynet hyl ) benzene, 1, 3'-di(isopropoxy)benzene, 1,3'-

di ( but oxypEhenzene rdhrdsydida?r et Heagyr-cArert.hyl ) benzene, 1, 4-

di (2- hydroxy- 2-et hyl ) benzene, 1, 4-di (2-ethoxy-2- ethyl)benzene,

4, 4' - bi JOwEtHoxy et hyl ) bi phenyl, 2,4' - bi s( et hoxynet hyl ) bi phenyl
2,2 bis(nethoxynethyl)biphenyl, 2, 3' - bi s(met hoxynet hyl ) bi phenyl,
3, 3' - bi s(netfhoxrenhyk) biphesylruc8utalbmsfmeyhoryethyhybiughenyk,
4, 4" - bls(ethoxynethyl)blphenyl 2,4' - bis(ethoxynethyl)bi phenyl,

4, 4' - Dbidd(viadeprto poxaylyayet mnom;pdéﬂymap iglclude an alkoxy group-

bi s(lsopropoxy)nethylblphenyl bi s(1- met hoxy- | et hyl ) bi phenyl,

bi s( 1- néﬁﬁﬁxyiny¥mI@qu@tGWe@Mdrqﬂ%ﬁ?Pn|9ﬁﬂﬂpopo%yampé?ﬁybeﬁbﬁenyl
bi s(2- hydroxy- 2-propyl ) bi phenyl, bi s(2-nmethoxy-2-propyl) bi phenyl,

bi s( 2- i SEHOFY0RFORP ﬁp@ﬁﬂ m%mmt&%m#ﬂ%@%ﬂ@roup include

m di vi nyl benzene, and 4 bi s(vi nyl ) bi_phenyl .. [ 0058]
groups represented by structudral formulae Al to Al3 below.

[0046]

[Chem. 15]



In the reaction between the phenolic conpound (Phi') - 30 - and the
di val ent aral kyl ati ng agent (X ), an excess anmount of the phenolic
conpound relative to the aral kyl ati ng agent is used. The anpbunt of
condensi ng agent used is in the range of 0.01 to 1.0 nole relative to
1 nole of the phenolic conmpound. The ampbunt of condensing agent used
is preferably in the range of 0.01 to 0.7 noles, and 0.05 to 0.5
noles relative to 1 nole of the pheﬁo?ﬂc‘conpound. When the anmount is
| arger than this, the resulting resin obtained after the reaction
with the naphthyl nethylating agent or the anthryl nmethylating agent
has a high osity, resultrng(je roblens in terns of noldability
and |npregn§ property Cons eﬁg t he ef ftb@ 3 the present
inventio uffrcrentﬁéiéﬂu ai . [ 0059] f s redeion
IS preferabk& conducted in the esence of an acid catal Hz Thi s
acid catal yst can be appropriately selected from known i norganic
acids and organic acids. Exanples of the acid catal yst include

m neral acids such as hydrochloric acid, sulfuric acid, and
phosphorrcégghd organi c acids_sych as formc acid, oxalic acid,
trifluoroa acid, p-toluen Fonic acid, apd.diethy ul f at e;
Lewi s acrgg\eG§h as, zi nc chl offl al gtnuntchl@??@bfﬁh#%ﬁﬁéhlo&bde
and boron gl uoriftfe; and so o aci such as activagdd cl ay,
silica-alum na, and zeolite. @Qp] - 31 - The reaction in
met hod 2 may be conducted at 10 t'o 250 degrees (Celsius) for 1 to 20
hours. Furthernore, an al cohol such as nethanol, ethanol, propanol,

but anol , et tﬁne gl ycol, nethyl cellosolve, or ethyltggulosolve
benzene; aﬂfﬁza; chIorobenzene bﬁéjorobenzen e may be
used as i on gpl vent m rrm;etr cm—é -gn'tr ORg in
sone cases~“the catal yst i a net hod ng
neutralization, water washing, etc. and t he renalnrng solvent and

t he unreacted phenolic conpound are removed to the outside of the
reaction systemby a nethod of, for exanple, distillation under
reduced pressure, as required, to obtain a polyhydric hydroxy resin.
The cont ent of t he unreact ed phenolic conpound og sually 3% or |ess,

and prefer @6or H en the cont ent C unr act ed phenolrc
conpound ﬁ' resi stanc I t il cured
product de eases ‘*v-ver mhen a di val ent |o er ent phenol i c

conpound is used in the reaction, the renalnrng pK@ﬁUblc conpound
need not be renoved after the reaction. [0061]

_GHS')' Atz (cr—r;)— A

[0047]

In the present invention, when the phenolic resin (B)
includes an alkoxy group-containing aromatic hydrocarbon
group in the resin structure thereof, the alkoxy group-
containing aromatic hydrocarbon group preferably has the

structure represented by structural formula A8 above from



Speci fic exanpl es of the naphthyl methyl ati ng agent or

ant hryl met hyl ati ng agent (a2) used in nethod 1 or nethod 2 include
1- napht hyl met hyl chl ori de, 2-naphthyl nmethyl chloride, and
(9-anthrylmethyl) chloride. - 32 - [0062] In the reaction

bet ween the dival ent aral kyl group-containing phenolic resin and the
napht hyl met hyl ati ng agent or anthryl nethyl ati ng agent (a2) in nethod
1 or the reaction between the aralk?l2§yﬁe phenolic resin and the
napht hyl met hyl ati ng agent or anthryl methyl ati ng agent (a2) in nethod
2, it is necessary to use an alkali catalyst. Exanples of the alkal
cat al ystrHus et drugdiirse rgacd ik irdulde dgangasd addadtd hasgdoas

al kali nmetal hydroxides, e.g., sodium hydroxi de and potassi um

hydr oxi dessistisaaldd arsbdjasd fwdrad et ddddriaim =sodlitha chrddenate,c and
pot assi um car bonate. Regardi ng the anount of al kali catal yst used,

t he nunbersoftargleest aff tiiee alladd atdlotstcars gy efigralfiicahtOyt o 2.0
times the nunber of noles of the naphthyl nethylati ng agent or

ant hryl metdndeat.i ng agent (a2). A quaternary amonium salt such as

t etraet hyl ammoni um chl ori de nmay be used i n conbi nati on, however, the
react i onlQ8¥ddceeds wit hout using a quaternary ammoni um salt. The
reaction ten&erature iis 20 degrees (Celsius) to 150 degrees

(Cel sius), aR8@cpPErEPabry r#gidedBee a@c@l@?&§)VﬂécPﬁgtHe@¢6§§rably
(Cel sius). HﬁgGB] In conducting this reaction, an anlc

sol vent ey e T &F Yeduited.O0S5EE 19 (,ateQaEthldé'sgliﬁest h

sol vent that can be u d |nc ud but are not ed to, th

cel | osolaRsd BT U(éé'ﬂ 1l.?r’er?é1 eti‘?é"gea et Q:Io %E‘-'S

butyl ket Ho t mh | th
Lot at 353*;&%%“%5 l'?lm Y ok h MXH%E i de
s used,c It 15, N0l preferabls t oo%fs%tl OJToﬂlhcng ALG30 G0l vents, becayse

may ocCcur ani €

usual 1y AQta R00% by, a5, and sﬁh%fe@blyf»ag%%gem 5010 b

relative to e total mass of t arged raM/naterla 064]

[n the ARSI GJNG TRYALIHA D 3@@,@! il R PYRURT 415 e

signifi y col ore an ant1 oXi dant or re u0|ng agent my be

added sQ-3%d @ PNOERHo BIOIY LG @&W't@ﬁa aft Ak A PHAaMedC] ude,

but are not” particularly limted to, hindered phenol conpounds such

as 2, 6- dicikytlarRReneld daEn@tiaessdaticaleentt el fdyu 16amRpwidsd and
phosphorous acid ester conmpounds having a trival ent phosphorus atom

Exanpl eprefdudie areduGirttheagemprioveldude Inbutidaceonot thar hiyaubaglly

limted to, hypophosphorous acid, phosphorous acid, thiosulfuric

aci d, sulduinvalenaciic, paydriesulafrdltye predlaraitiherieoftheandrigenef [13065]o
400 g/eq. from the standpoint of a particularly good balance
among the resistance of the cured prcduct to moisture and
solder, flame retardancy of the cured product, and
curability of the composition.
[0049]

Regarding the abundance of the naphthylmethyloxy group

or the anthrylmethyloxy group, the ratioc of the phenolic
hydroxyl group to the naphthylmethyloxy group or

anthrylmethyloxy group is preferably 10:90 to 99:1 from the



After the conpletion of the reaction, the reaction mxture is
neutralized or washed with water until the pH of the reaction m xture
becones 5 to 9, and preferably 6 to 8, as required. The
neutralization treatnent and water washing treatnent may be conducted
according to conventional nmethods. - 34 - Acidic substances such as
acetic acid, phosphoric acid, and sodium phosphate nmay be used as a
neutralizing agent. After the neutral £9afion treatment or the water
washing treatnent is conducted, the unreacted napht hyl net hyl ati ng
agent or anthryl nethyl ati ng agent, the organic solvent, and

bypr oducdtsaradg iditStdd |echigf dyrdeatd hoimhderi neducet priessure to
concentrate the resulting product. Thus, the phenolic resin of the
present mdiwkiii ot anrdme pradiucech ndidtumdrandrefstab) eerid fidmeoduce
a mcrofiltration step into the treatnment after the conpletion of the
reacti onrdiecaimey nofhgaeniratdal tis awdef preifgramitt é0s 4€arncb&0rdipved

by purification. [0066] When the phenolic resin (B) is
epoxi di zed! igt ilhle rsutys aueeligradtlap, 0 3:he Mautd@l iz atton theatmmpamt
the water washing treatnent may not be performed. [0067] In the

t her noséthta thgg s i gPrawipidsi i toh With of fiHel gt exadit dhvainticon anche
phenolic resin (B) may be used al one, or another_ curing agent (b) for
an epoxyJqassi HRERA A S P R &g Fong &%aﬁﬁeSépﬁééﬁ§eoﬁr?h@bgﬁé§éﬁt
invention are not_inpaired. Specifically, the other curing agent may
be used M dGiHAGGT K tHE RIRS Tt dhite il Ah LR8I SO esi R B)
is 30% by ss or nore, and preferably 40% by nass or nore rel ative
to the tidt lrass of the curing agent. - 35 - [0068] Exanpl es
of the other _curi agent (b). f an_epoxy resjin, ich can,be used
"1 conbi nat | SREWPER PG SRERSF d51 cOPR BB P5PoEREdRdaan e hognt | on.
i ncl udeajebsl{:ter (r]e% naot p tiilClge%_rA“y. limted to, am ne conpounds, am de
conmpounds,” aci d anhydride “conpounds, phenolic conpounds ot her than

t he pheg@dg&resin (B) described above, and pol yhydric phenolic
conpounds ugh as am notriazine-nodi fi ed phenolic resins (polyhydric
phenol i ¢ compRuRds kN whinpll RNEROL BUREEHoA! € o-0pBEHRY nEPkARI ne..
benzoguanam ne, or the li1ke). [0069] Exanpl es of the phenolic
conpounghiRar; & hats stthe mphenQliiid esink {Ha 11 e P A% iRpids
such as phenol novol ac resins, cresol novol ac resins, phenol novol ac
resins, GheSIAntNQMAIaG6 I @ digHh - dRtikAIn N PHIMRO FESHdsn such as a
napht hol - phenol co-condensed novol ac resins, and napht hol -cresol

co- condesmsem INGME 186/ Ir eI gis] rapd dwirdtexy Bf eymhictural formula M1
structure-containing phenolic resins such as phenolic resins having a
resin styaletwtr e i n which a net hoxynapht hal ene skel eton is bonded to
an aromati c nucl eus of any of the above novol ac resins through a

met hyl en®0gr2dup and phenolic resins having

[Chem. 16]

OH OH OH
@—@Hz—@—cm-@—cm-@*%_@ M1
n

{where n is an integer of 0 or more),
a biphenyl novolac resin represented by structural formula
M2 below:

[0053]



a resin structure in which a nmethoxyphenyl skeleton is bonded to an
aromati c nucl eus of any of the above novol ac resins through a

net hyl ene group; [0070] - 36 - aral kyl-type phenolic resins such as
phenol aral kyl resins represented by the structural formula bel ow
[0071] [Chem 19] (where n represents the nunber of repeating

units and is an integer of 0 or rmre)2 napht hol aral kyl resins
represented by the structural fornula Bel ow: [ 0072] [Chem 20]

[Chem. 17]

(where n is an integer of 0 oxr more),

or a naphthol aralkyl resin represented by structural
formula M3 below:

[0054]

[Chem. 18]

OH OH
QCH o o 3 on e
n

(where n is an integer of 0 or more)

OH
-
zZ -

& -

with a naphthylmethylating agent or anthrylmethylating agent
{a2) (method 1) and a method including reacting a phenclic
compound (Phl') with a divalent aralkylating agent (X') to
produce an aralkyl-type phenolic resin, and then reacting
the aralkyl-type phenolic resin with a naphthylmethylating
agent or anthrylmethylating agent (a2) (method 2).

[0055]

Examples of the phenolic compound (Phl') that can be
used in method 2 include phenclic compounds such as
unsubstituted phenoclic compounds, e.g., phenol, resorcinol,
and hydrocquinone; monosubstituted phenolic compounds, e.g.,

cresol, phenylphenol, ethylphenol, n-propylphenol, iso-



(where n represents the nunber of repeating units and is an integer

of 0 or

nore), biphenyl-nodified phenolic resins represented by the

structural fornula below [0073] [Chem 21] - 37 - (where n
represents the nunber of repeating units and is an integer of 0 or

nor e),

and bi phenyl - nodi fi ed napht hol resins represented by the

structural formula bel ow [0074] [C@eg% 22]

propylphencl, and t-butylphenocl; disubstituted phenclic
compounds, e.g., xXylenol, methylpropylphenol,
methylbutylphencol, methylhexylphenol, dipropylphenol, and
dibutylphenol; trisubstituted phenolic compounds, e.g.,
mesitol, 2,3,5-trimethylphencl, and 2,3, 6-trimethylphenol;
and nephthols, e.g., l-naphthol, Z-naphthol, and
methylnaphthol.

[0056]

Among these phenolic compounds, l-naphthol, 2-naphthol,
cresol, and phenol are particularly preferable from the
standpoint of good flame retardancy of the resulting cured
product, good resistance of the resulting cured product to
moisture and solder, and good fluidity of the composition.
[0057]

Specific examples of the divalent aralkylating agent
{X") include 1,2-di(chloromethyl)benzene, 1,2~
di (bromomethyl)benzene, 1,3-di{chloromethyl)benzene, 1,3-
di (fluoromethyl)benzene, 1,4-di{chloromethyl)benzene, 1,4-
di (bromomethyl)benzene, 1,4-di(fluoromethyl)benzene, 1,4-
di (chlorcmethyl)~2, 5-dimethylbenzene, 1,3-di{chloromethyl)-
4,6-dimethylbenzene, 1,3-di(chloromethyl)-2,4-
dimethylbenzene, 4,4'-bis(chloromethyl)biphenyl, 2,2'-
bis(chloromethyl)biphenyl, 2,4'-bis(chloromethyl)biphenyl,
2,3"'"-bis(chlorocmethyl)biphenyl, 4,4'-

bis (bromomethyl)biphenyl, 4,4'-bis(chloromethyl)diphenyl



(where n represents the nunber of repeating units and is an integer
of 0 or nore); phenolic resins having a resin structure in which a
nmet hoxynapht hal ene skeleton is bonded to an aromati c nucl eus of any
of the above aral kyl -type phenolic resins through a nethyl ene group
and phenolic resins having a resin structure in which a nmethoxyphenyl
skel eton is bonded to an aromati c nucleus of any of the aral kyl -type
phenolic resins through a nethylene‘g?%uﬁ; novol ac resins that

i nclude an aromatic nethylene as a linking group and that are
represented by the structural - 38 - fornula below [0075] [Chem

23] (rese, X PR LT Sr g eyl ngslotha Deng, bh-phenylegs agipycend n
represents the nunber of repeating units and is an integer of 0 or

nore); tniH:0Etdnd ol Iptdignel resding - Hed raphehyd ol e Hanez gres,i nk, 4 'and

di cycl opent adi ene- phenol addition reaction-type phenolic resins.
bis{(dimethylol)biphenyl, 2,4'-bis(dimethylecl)biphenyl, 4,4'-
bis (2-hydroxy-2-propyl)biphenyl, 2,4'-bis(2-hydroxy-2-
propyl)biphenyl, 1,4'-di (methoxymethyl)benzene, 1,4'-
di (ethoxymethyl)benzene, 1,4'-di({iscopropoxy)benzene, 1,4'-
di {(butoxy)benzene, 1,3'-di(methoxymethyl}benzene, 1,3"-
di {ethoxymethyl)benzene, 1,3'-di(isopropoxy)benzene, 1,3'-
di (butoxy)benzene, 1,4-di(2-methoxy-2-ethyl)benzene, 1,4~
di(2-hydroxy-2-ethyl)benzene, 1,4-~-di(Z2-ethoxy-2-
ethylibenzene, 4,4'-bis{methoxymethyl)biphenyl, 2,4'-
bis (methoxymethyl)biphenyl, 2,2'-bis(methoxymethyl)biphenyl,
2,3'-bis(methoxymethyl)biphenyl, 3,3'-
bis (methoxymethyl)biphenyl, 3,4'-bis(methoxymethyl)biphenyl,
4,4'-bis(ethoxymethyl)biphenyl, 2,4'-
bis (ethoxymethyl)biphenyl, 4,4"-
bis(isopropoxy)methyibiphenyl, 2,4'-
bis (isopropoxy)methylbiphenyl, bis(l-methoxy-1-
ethyl)biphenyl, bis{l-methoxy-l-ethyl)biphenyl, bis{1-
isopropoxy—-l-ethyl)biphenyl, bis{2-hydroxy-2-propyl)biphenyl,
bis(Z2-methoxy-2-propyl)biphenyl, bis(2-isopropoxy-2-
propyl)biphenyl, p-divinylbenzene, m-divinylbenzene, and
4,4'-bis(vinyl)biphenyl.
[0058]

In the reaction between the phenolic compound (Phl')



[ 0076] Anong these, resins having a | arge nunber of aromatic
skeletons in its nolecular structure are particularly preferable from
the standpoint of the flame-retardant effect. Specifically, phenol
novol ac resins, cresol novolac resins, novolac resins that include an
aromatic methyl ene as a |inking group, phenol aral kyl resins,

napht hol aral kyl resins, naphthol novolac resins, naphthol - phenol

co- condensed novol ac resins, naphthol - 38resol co- condensed novol ac
resins, biphenyl-nodified phenollc resins, biphenyl-nodified napht hol
resins, nmethoxy aromatic structure-containing phenolic resins, and

am not r i nardradiF4 1ech Phanl il Lesid d(}?dzﬁ: prefier e esfdeyB tdieount
standpoint of good - 39 - flanme retardancy. [0077] Exanpl es of
t he epoxyf rgsd pHeo lisedtdnipdited thelramises ti g Hee s a Idoiposindg aydr)
of the present invention include naphthal ene-type epoxy resins such
as di gl yid dydaakynaplet babene, of, tobideq®ing agent used is in the

di gl yci dyl oxynapht hyl ) et hane, and 1-(2, 7-

di gl yci dydrmpey rmapht Hyll )tdl-1(.2D gl heoi byl adxdyreapivt hy Iantet iefhe;he phenolic
bi sphenol -type epoxy resins such as bi sphenol A-type epoxy resins and
bi sphenctomBaypk efdry amesints cfnovolgostiyge a@w)ty usesl is pucheagbly
phenol novol ac-type epoxy resins, cresol novol ac- pe epoxy resins,
bi sphendin Ahrovaings 13fhd ddoxyp s 0 L afapantbl L 3y PO Iegfoxy
resins, biphenyl novol ac-type epoxy resins, nap hthol henol

co- condeiEledt itk dlack e efoie adianel %&W%I - %P@@olthe

co- condensed novolac type epo§%H[e5|ns eEo y resins having a resin

st r uct urE YR Sk altdife 619 i Ydhfraid sh
Fhr ough 28 4R Y eeOf TR mﬁ%%&%%&&%ﬁﬁ%&a&”ﬁ@.ﬁ%ﬁ%w
e L, s b o1 i i
Egleg\?v'_ %B%;g]emst yﬁb teef{?@] rfe%%arb%rﬁif%‘%f’ W A H A Syl A al
Consequently, the effects of the present invention cannot be
sufficiently obtained.
[0059]
This reaction is preferably conducted in the presence
of an acid catalyst. This acid catalyst can be
appropriately selected from known inorganic acids and
organic acids. Examples of the acid catalyst include
mineral acids such as hydrochloric acid, sulfuric acid, and
phosphoric acid; organic acids such as formic acid, oxalic
acid, trifluorocacetic acid, p-toluenesulfonic acid, and
diethyl sulfate; Lewis acids such as zinc chloride, aluminum
chloride, iron chloride, and boron trifluoride; and solid

acids such as activated clay, silica-alumina, and zeolite.

[0060]



(where n represents the nunber of repeating units and is an integer
of O or nore), naphthol aral kyl-type epoxy resins represented by
structural fornula a2 below [0079] [Chem 25] (where n represents
t he nunber of repeating units and is an integer of 0 or nore),

bi phenyl -t ype epoxy resins represented by structural fornula a3

bel ow. [0080] [Chem 26] - 41 -

_31_

The reaction in method 2 may be conducted at 10 to 250
degrees (Celsius) for 1 to 20 hours. Furthermore, an
alcohol such as methanol, ethanol, propanol, butanol,
ethylene glycol, methyl cellosolve, or ethyl cellosolve;
benzene; toluene; chlorobenzene; dichlorobenzene; or the
like may be used as a reaction solvent.

After the completion of the reaction, in some cases,
the catalyst is removed by a method including neutralization,
water washing, etc., and the remaining solvent and the
unreacted phenolic compound are removed to the outside of
the reaction system by a method of, for example,
distillation under reduced pressure, as required, to obtain
a polyhydric hydroxy resin. The content of the unreacted
phenolic compound is usually 3% or less, and preferably 1%
or less. When the content of the unreacted phenclic
compound is higher than this, heat resistance of the
resulting cured product decreases. However, when a divalent
or higher-valent phenolic compound is used in the reaction,
the remaining phenolic compound need not be removed after
the reaction.

[0061]

Specific examples of the naphthylmethyiating agent or
anthrylmethylating agent (a2) used in method 1 or method 2
include l-naphthylmethyl chloride, Z-naphthylmethyl chloride,

and (9-anthrylmethyl) chloride.



(where n represents the nunber of repeating units and is an integer
of 0 or nore), and novol ac-type epoxy resins that include an aromatic
net hyl ene as a |inking group and that are represented by structural
formula a4 bel ow. [0081] [Chem 27] (where X represents a phenyl
group or a bi phenyl group, and n represents the nunber of repeating
units and is an integer of O or nore); epoxy resins having a resin
structure in which a nethoxynaphthareﬁé Skel eton is bonded to an
aromati c nucl eus of any of the above aral kyl -type epoxy resins
through a - 42 - nethyl ene group and epoxy resins having a resin
structurgadaap whi ch a met hoxyphenyl skeleton is bonded to an aromatic
nucl eus of any of the above aral kyl-type epoxy resins through a

met hyl ene gr aup;theetricaretibyl bispheryl thepeliepentr esialkyl group-

tri phenyl net hane-type epoxy resins, tetraphenyl ethane-type epoxy

resins, aoro:aiciyred qpenicdi @nsphiendndddid imaphtdacinert ¢ ypel epegent
resins. These epoxy resins nay be used alone or in conbination of two
or nore gesimhrylof8d]ylatindrmyent hesd), inmapidtiaidene-qy pehepmaction
resins, naphthol novol ac-type epoxy resins, phenol aral kyl-type epoxy
resins, Huitptesty|they peraidoxdy-tast rherat kox yrafiouprebritls ni ng

novol actype epoxy resins, and al koxy group-containing aral kyl -type
epoxy r esioiyharlangsdrslatul ey 1ag girtefat altér Fy o el &t Himl ol gt o¢a£)ood

flame retardancy and good dielectric properties. [0083]
in method 2, it is necessary to use an alkali catalyst.

Examples of the alkali catalyst used in this reaction
include inorganic alkalis such as alkali metal hydroxides,
e.g., sodium hydroxide and potassium hydroxide, metallic
sodium, metallic lithium, sodium carbonate, and potassium
carbonate. Regarding the amount of alkali catalyst used,
the number of mcoles of the alkali catalyst is preferably 1.0
to 2.0 times the number of moles of the naphthylmethylating
agent or anthrylmethylating agent (a2). A quaternary
ammonium salt such as tetraethylammonium chloride may be
used in combination, however, the reaction proceeds without
using a quaternary ammonium salt. The reaction temperature
is 20 degrees (Celsius) to 150 degrees (Celsius), and
preferably 40 degrees (Celsius) to 120 degrees (Celsius).
[0063]

In conducting this reaction, an organic solvent may be
used as required. Specific examples of the organic solvent
that can be used include, but are not limited to, methyl

cellosolve, ethyl celiosolve, toluene, xylene, and methyl



Regardi ng the anpbunts of epoxy resin (A) and phenolic resin (B)

bl ended in the thernosetting resin conposition (1) of the present

i nvention, the anount of active group in the curing agent containing
the phenolic resin (B) is preferably 0.7 to 1.5 equivalents relative
to 1 equivalent of the total anobunt of epoxy groups of the epoxy
resin (A) because the resulting cured_product has good properties.
[0084] - 43 - A curing acceleFa?gr_nay be used in conbination
with the thernosetting resin conposition (lI) of the present
invention, as required. Various curing accelerators can be used and

exanpl esi ddmreol kdedngle plospRkar,us nc@meowads, wherds a~y am nes,
i m dazol es, organic acid netal salts, Lewis acids, and am ne conpl ex

sal ts. \Wgrhtithel ddreryin seilo nigds est-masnpogind tdny Y IQhieriuded on {(9-
sem conductor sealing materials, phosphorus conpounds such as

t ri phenydmitosphmeaiehalnd drerdraty Beniwmesd sucth ias not preferable to use
1, 8-di azabi cycl o-[5.4.0]- undecene (DBU) are preferable fromthe

st andpoiattcafolgcosauraldditgnt hdmcawst st ancts rdactii¢ratay occur.
properties, resistance to noisture and solder, etc. [0085]

Anot her Thferamsstt iafg I € oot orgd |)s ofsudel pri&ento i &Nt 0N
is a thernosetting resin conposition containing an epoxy resin (A)
and a curasSfy agehtPyaorazlesi®httalZXongondits JTHlahi th the-poxy
resin (A') has structural noieties which are a naphthyl nmet hyl oxy
group- drotnt MAA TGRSR ot 41 Sigt ot i ¢ hydr ocar bon
group (p i&G a gl ycidyl oxy group-containing aromati c hydrocarbon
group ( ,4Qnd a divalent aral kyl group (X) represented by general

formula 1 be&%m%h 0%%%% L e%glt%%]reéui%ihgrggl&é%lé%% hydroxy

compound is significantly colored, an antioxidant or a
reducing agent may be added so as to prevent coloring.
Examples of the antioxidant include, but are not
particularly limited to, hindered phenol compounds such as
2,6-dialkyl phencl derivatives, divalent sulfur compounds,
and phosphorous acid ester compounds having a trivalent
phosphorus atom. Examples of the reducing agent include,
but are not particularly limited to, hypophosphorous acid,
phosphorous acid, thiosulfuric acid, sulfurous acid,
hydrosulfite, salts thereof, and zinc.

[0065]

After the completion of the reaction, the reaction
mixture is neutralized or washed with water until the pH of
the reaction mixture becomes 5 to 9, and preferabiy 6 to 8,
as required. The neutralization treatment and water washing

treatment may be conducted according te conventional methods.



General fornula 1 (where Ar represents a phenyl ene group or a

bi phenyl ene group and Rs each independently represent a hydrogen atom
or a nethyl group) and has a structure in which aromatic hydrocarbon
groups selected fromthe group consisting of the naphthyl nmet hyl oxy
group- or anthryl met hyl oxy group-containing aromatic hydrocarbon
group (phl) and the glycidyl oxy group-containing aromati c hydrocarbon
group (ep) are bonded through the dirvafent aral kyl group (X). [0087]
Specifically, the epoxy resin (A') in the thernosetting resin
conposition (I1) is obtained by reacting the phenolic resin (B)

cont ai negiidy ¢ heydhesdmsetdidly desddecmasidi Phddphd¥id &hd, and
epi hal ohydrin to epoxidize the phenolic resin (B) and has a basic
skel et ons LMW HHEgERLe ofaf e phanwlds 4 esdix £B)iz ierafaie, agtehr
the case of the phenolic resin (B), the aromatic nucl eus property of
t he resigheatedieranhancesh @rshifiaie detaisantyeant sresi@tarneeient
noi sture and sol der are significantly inproved. Note that, in the
present iisnvwentdiotted hitheepoedassid (AHt sl ee ttroxled ¢ ieppxagarasiar of
the present invention. [0088] Regarding the abundance of the

napht hylametbnt loet grlauping atfent ,ort Heheo igerhirey | svelt el ox yargt dayp;  t he
rati o of the glycidyloxy group to the naphthyl net hyl oxy group or

ant hryl metddday agreouft (tiNe ddranfer :heérdadtiray Juride ] Cre8udayl gnelsguwre
preferable. The reason for this is as follows. An aromatic nucl eus

proper t yrofcanmentes e ddre b sifdice R r &b uldiaey Ghet Reenedils i s
also maintained. In the application to a sem conductor sealing

mat er i altescighd it19 iRBESANth aW 9Horaia 19 IReSIRat as 1§ LScaors

i nproved, and in the application to a circuit board, an inpregnating
proper t PR SGRRG &P ARG Rorfe MG IodtFa i BhtS 6P tiierGrdine
expansion in the formof a cure roduct_is also | ow and a good
ahes; v TE o R Sed e R o i GHor ooy SRty 6 4 % 0
90: 10, and still.l m)rei_I refer bI%/. 65: 35 .to 80:15 fraomthe tbandpoi nt
that godd F&APET i’ “Jy)axﬂ A Fi9 &P AT &€ crae“%aoﬁ’c?cg good

i npregnatin ;ArQperty to a gl ass substrate are obtained, and the
ef f ect s Fof Tt he present invention becone significant. [0089] As
descri be[qjoaétéqve, the epoxy resin (A') in the thernosetting resin
conposition (l11) has the

When the phenolic resin (B) is epoxidized in the
subsequent step, the neutralization treatment or the water
washing treatment may nct be performed.

[0067]

In the thermosetting resin composition (I) of the
present invention, the phencolic resin (B) may be used alone,
or another curing agent (b) for an epoxy resin may also be
used as long as the effects of the present invention are not
impaired. Specifically, the other curing agent may be used
in combination so that the content of the phenolic resin (B)
is 30% by mass or more, and preferably 40% by mass or more

relative to the total mass of the curing agent.



napht hyl met hyl oxy group- or anthryl net hyl oxy group-contai ni ng
aromati ¢ hydrocarbon group (phl) and the glycidyl oxy group-containing
aromati ¢ hydrocarbon group (ep) inits resin structure, and, in the
resin structure, a plurality of these structural noieties are bonded
through - 46 - the divalent aral kyl group (X) represented by general
formula 1 below. [0090] [Chem 29] -CH Ar-CH General fornula 1
(where Ar represents a phenyl ene gr6u§5oF a bi phenyl ene group and Rs
each independently represent a hydrogen atom or a nethyl group.)
[ 0091]

[0068]

Examples of the other curing agent (b} for an epoxy
resin, which can be used in combination with the phenolic
resin (B) of the present invention, include, but are not
particularly limited to, amine compounds, amide compounds,
acid anhydride compounds, phenolic compounds other than the
phenolic resin (B) described above, and polyhydric phenclic
compounds such as aminotriazine-modified phenolic resins
{(polyhydric phenolic compounds in which phenol nuclei are
joined by melamine, benzoguanamine, or the like).

[0069]

Examples of the phencolic compound other than the
phenolic resin (B) include novolac resins such as phenol
novolac resins, cresol novolac resins, phenol novolac resins,
cresol noveolac resins, naphthol novolac resins, naphthol-
phenol co-condensed novolac resins, and naphthol-cresol co-
condensed novolac resins; and methoxy aromatic structure-
containing phenolic resins such as phenolic resins having a
resin structure in which a methoxynaphthalene skeleton is
bonded to an aromatic nucleus of any of the above novolac
resins through a methylene group and phenolic resins having
a resin structure in which a methoxyphenyl skeleton is
bonded fo an aromatic nucleus of any of the above noveclac
resins through a methylene group;

[0070]



Exanpl es of the napht hyl net hyl oxy group- or anthryl net hyl oxy
group-contai ning aromati ¢ hydrocarbon group (phl) include the
aromati ¢ hydrocarbon groups represented by structural fornmulae Phl to
Ph13 above. [0092] The gl yci dyl oxy group-contai ning aromatic
skeleton (ep) is preferably an aromatic hydrocarbon group fornmed from
phenol , naphthol, or a conpound having an al kyl group as a
substituent on an aromatic nucl eus of 3phenol or naphthol fromthe

st andpoi nt of good heat resistance and good resistance to noisture
and sol der. Specific exanples thereof include aromatic hydrocarbon

groups r&%ﬁ%ﬂmgb@}@}%r{é&?i@@ésifﬁ nl@e &P pHed @ Eptailily beltdwins
[0093] - 47 - O 0 G.10 Epl-2Epl-3 Epl-4 % O CrCr
represented by the structural fermula helow:
[0071]

[Chem. 19]

OH OH OH

= rfkh 7N

GO o Orend-€
n

(where n represents the number of repeating units and is an
integer of 0 or more),

naphthol aralkyl resins represented by the structural
formula below:

[0072]

[Chem. 20]

(where n represents the number of repeating units and is an
integer of 0 or more),

biphenyl-modified phenclic resins represented by the
structural formula below:

[0073]

[Chem. 21]



1 0ell?"" Epl-6 H3C. }.N, CH3H3C-| eacyCH3 ' 4,;;;..7- Erl1-7 -7...,-
Epl-6 8H36H3 In the above structural formulae, "G"
represents a glycidyl oxy group. Anong these structures, regarding

t hose having two or nore positions of bonding to other structural

noi eti es on a napht hal ene skel eton, the bonding positions may be

| ocated on the same nucl eus or different nuclei. [0094] In the
present invention, anong these, the~afdnitic hydr ocar bon group
represented by structural fornmula Epl-1 is particularly preferable
fromthe standpoint of good - 48 - curability, and the aromatic
hydrocarbon group represented by ,stguctural formula Eply4 isgy

st andpoi nt of good resi\stange to
; ¢ he .

parti cul atOIW preferable fromthe
noi sture d sol de a9

in the therﬂneﬂi
ar al kyl p (X
(A") include groups having struchkures represented by Xl/tm X5 above.

[ 0096] The epoxy resin (A) used in the thernosetting resin
conposition (I1) of the present invention has a resin structure in
whi ch pl (whet rearmo s e $81dro ddrh orimgreoupst. seraatddnd riorh tshea gt dup an
consisting of a naphthylnethyloxy group- or anthryl net hyl oxy

gr oup- cont@FRthPfarbridt ite18/dr ocar bon group (phi) and a gl yci dyl oxy
group-cont ai ning aromati c hydrocarbon group (ep) are bonded through a

th val egtangjr ARG owe PHerRA é}t@éﬂw%.%‘?ﬁﬂ@ﬁﬁﬁéeﬁn ﬁéﬂl ¥ dhif of
ese bonds co i on en the napht hyl net hyl oxy group-
or anth qﬁ%éiqf%ﬁ%ﬂﬁ%ﬁhéh%ﬂlm ng aromati c hydrocarbon group (phl)
IS reprﬁ% %d by "Phi", the glycidyloxy group-containing aromatic
skel et o ?ﬁ?% is represented by "Epl", and the dival ent aral kyl group

(X) isr eRresent Zﬁd by "X', exanples of the nolecular structure of the
epoxy rééln constituted by these structural

(where n represents the number of repeating units and is an

integer of 0 or more);

prhenolic resins having a resin structure in which a
methoxynaphthalene skeleton is bonded to an aromatic nucleus
of any of the above aralkyl-type phenoclic resins through a
methylene group and phenolic resins having a resin structure
in which a methoxyphenyl skeleton is bonded to an arcomatic
nucleus of any of the aralkyl-type phenolic resins through a
methylene group;

novclac resins that include an aromatic methylene as a

linking group and that are represented by the structural



- 49 - noieties include random copol yners and bl ock copol yners

I ncluding, as repeating units, structural novieties represented by
partial structural fornulae El and E2 below. [0097] [Chem 31] P h
1-X--El Epl-XE2 polyners in which El is present in a nolecular chain
of a polymer block including E2 as a repeating unit, polyners

I ncluding, as a branch point, a structural noiety represented by any
of structural formulae E3 to E8 bel ow3Pn—the resin structure, [0098]
[ Chem 32] - - Fhl- X- Ph1- KE5Vh1- X PhXE6 XX10( |11

formula below:
[0075]

[Chem. 23]

OH /,(jt:
@ ) \';\;j:”

{(where X represents a phenyl group or a biphenyl group, and

n represents the number of repeating units and is an integer
of 0 or more); trimethylolmethane resins,
tetraphenylolethane resins, and dicyclopentadiene-phencl
addition reaction-type phenolic resins.

[0076]

Among these, resins having a large number of aromatic
skeletons in its mclecular structure are particularly
preferable from the standpoint of the flame-retardant effect.
Specifically, phenol novolac resins, cresol novolac resins,
novolac resins that include an arcmatic methylene as a
linking group, phenol aralkyl resins, naphthol aralkyl
resins, naphthol novolac resins, naphthol-phenol co-
condensed novolac resins, naphthol-cresol co-condensed
novolac resins, biphenyl-modified phenolic resins, biphenyl-
modified naphthol resins, methoxy aromatic structure-
containing phenolic resins, and aminotriazine-modified

phenolic resins are preferable from the standpeint of good



E pl-X-E pl -X-E7Epl-x-Epl-XE8 XXX Il and polynmers including any of
these structural noieties as a repeating unit and having a structure
represented by structural fornmula E9 or EIO below at an end of the
resin - 50 - structure. [0099] [Chem 33] E9 EI 0 [0100] In the
present invention, because of such a characteristic chem cal
structure, the aromatic content in thﬁgnnlecular structure is high
and good heat resistance and good fla retardancy can be inparted to
the resulting cured product. In particular, a resin in which the
aromati ¢ nucl eus constituting the naphthyl met hyl oxy group- or

ant hryl netdigd ot gfdatezgont ai ni ng aromati c hydrocarbon group (phi) or
t he gl yci dyl oxy group-containing aromati c hydrocarbon group (ep),

whi ch fuf@ins as a basic skeleton of the epoxy resin (A) of the
present invention, is a phenyl group or an al kyl -substituted phenyl
group is prefEeraplesf rdmtthiee eptoanydpeisiin t(#at uskeel eff eédte of i nprovi ng
the resistance to noisture and solder is significant. The aromatic
nucl eus Wormdsaitteiddyres pheryipgrioviror (Bn &f Kyle sutsstdntutiatvgheisn
group provides the resulting cured product wth toughness, and the
fused pdinmyrda aeialanery MRy eP Y arsides chtih &hibits a | ow

viscosity. Thus, the thermal_ expansion is |ow, the adhesiveness is
i mprove }glyc1dyloxynaphthalene, 1,1-bis(2,7-

diglycidyloxynaphthyl)methane, and 1-(2,7-
diglycidyloxynaphthyl)-1-(2'-glycidyloxynaphthyl)methane;
bisphenol-type epoxy resins such as bisphenol A-type epoxy
resins and bisphencl F-type epoxy resins; novolac-type epoxy
resins such as phencl novolac-type epoxy resins, cresol
novolac-type epoxy resins, bisphenol A novolac-type epoxy
resins, naphthol-novolac-type epoxy resins, biphenyl
novolac-type epoxy resins, naphthol-phenol co-condensed
novolac-type epoxy resins, and naphthol-crescl co-condensed
novolac-type epoxy resins; epoxy resins having a resin
structure in which a methoxynaphithalene skeleton is bonded
to an aromatic nucleus of any of the above novolac-type
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 of the above
novolac-type epoxy resins through a methylene group; phenol
aralkyl-type epoxy resins represented by structural formula
al below:

[0078]



- 51 - and the resistance to noisture and solder is markedly
inproved. In addition, frame retardancy can be inproved. [0101]
Furthernore, the structural noiety bonded through the dival ent

aral kyl group (X) may include an al koxy group-containing aronatic
hydr ocar bon group. Exanples of the al koxy group-containing aromatic
hydr ocar bon group include groups represented by structural fornul ae

Al to A13 below. [0102] [Chem 34] —-462-- OCH3. AS-Cl113 A4
H3Car wOCH3
[Chem. 24]
O O @)
O O o]

(where n represents the number of repeating units and is an

integer of 0 or more),

naphthol aralkyl-type epoxy resins represented by structural

formula a2 below:
[0079]

[Chem. 25}

a2

(where n represents the number of repeating units and is an

integer of 0 or more),

biphenyl-type epoxy resins represented by structural formula
a3 below:
[0080]

[Chem. 26]



A5A6 [ 0103] In the present invention, when the epoxy resin
(A") includes an al koxy group-containing aromati c hydrocarbon group
in the resin structure thereof, the al koxy group-containing aromatic
hydr ocarbon group preferably has the structure represented by
structural formula A8 above from - 53 - the standpoint that the
resulting cured product of the epoxy resin has good heat resistance
and good frame retardancy, and the di#kectric |oss tangent of the
cured product can be significantly reduced. [0104] The epoxy
resin (A') preferably has an epoxy equivalent in the range of 173 to
700 g/eq. fyomthe standpoint that heat resistance and fla

ret ar dancy 5 the resulting cured groduct are further inpro .
Furt her norée;~"'t he epoxy resin (A) & a nmelt viscosity preffetably in
the range @f 0.1 to 100 dPa.s and particularly preferably iy the
range of @ 1 to 10 dPa.s at 150 rees (Celsius) neastyred M th an
| A visconeter fromthe standp0|giigf for exanple, good fluidity

St St e

conditions of the epoxy eqU|vaI nt and the nelt viscosigy is the
novel epoxy resin of the present\invention. The epoxy é£quivalent is
preferably in the range of 180 to 500 g/eq., and particularly
preferably in the range of 200 to 400 g/eq. fromthe standpoint of a
parti cul @H1greydod Sl SRfie: sarfdify TUIPate st tiaRaa tofng M idl eddricd it
to noi sture and sol der, flanme retardancy of the cured product, and
cur abi | idFese i brfodiatcon. [ 0105]

and novolac-type epoxy resins that include an aromatic

during I
noi st ure

methylene as a linking group and that are represented by
structural formula a4 below:
[(0081]

[Chem. 27]

{where X represents a phenyl group or a biphenyl group, and
n represents the number of repeating units and is an integer
cf 0 or more);

epoxy resins having a resin structure in which a
methoxynaphthalene skeleton is bonded to an aromatic nucleus

of any of the above aralkyl-type epoxy resins through a



- 54 - The epoxy resin (A') can be produced by a nethod
described in detail below Specifically, the target epoxy resin can
be produced by producing the phenolic resin (B) in the thernosetting
resin conmposition (1) and then reacting the phenolic resin (B) with
an epi hal ohydrin. An exanple of the nmethod includes adding 2 to 10
nol es of an epi hal ohydrin relative to 1 nole of a phenolic hydroxyl
group in the phenolic resin (B), and 42lowing the resulting mxture
to react at a tenperature of 20 to 120 degrees (Celsius) for 0.5 to
10 hours while adding 0.9 to 2.0 noles of a basic catalyst relative
to 1 molgafy@ehh e AWrayly aroup idhem ata a-dd i Arrgradualiy.
This basic catalyst nay be used’in the formof  solid or an aqueous
sol uti oR;hildh thenassk pHIRIrEy AN . @AUaRS SPIRBARMY i Usethrdig hasi c
catal yst may be continuousl’y added, while water and the epihal ohydrin
are contjuuieisd Yofigly |dea1ed faddwmdhel iyeactyin dpostyureedinger
reduced pressure or normal pressure, and the reaction m xture may be
further tSemargt ed st Hlladnanvaeiup S teanmanest it tgresrepl ahmh gty i S
continuously returned to the reaction m xture. [0106] In case of
i ndust r irads iproduatigre n alrdtdugte tthepaved e e ptdmiedydrin charged in an
initial batch for production of an epoxy resin is newone, it is
pr ef er abiles: taphesey tdhivhsep Hatpehyadraxy resoiver,edirfd ah ayel arardsdieasi+ on
product in - 55 - conbination with a new epi hal ohydrin in an anount
corr espdidingg tagidifdtore greagisic it it apewct ixesine + h&hkskl eweny
batch. In this case, an inpurity, such as glycidol, derived by a
react i of FetNfe @t e a1fi 9hl iR 19F afd aetemaE@Porqfarfine 91 va#e  or
the like may be contained. Exanples of the epihal ohydrin used in this
case i ncdl9idé!®-but are not particularly limted to, epichlorohydrin,
epi brono dﬁt{in, and P-net hyl epi chl or ohydrin. Anong these
epihaloh[g]y ZHS, epi chl orohydrin is preferable because it is
comrercially_available with e. [0107 Speci,fi c exanpl es of
The baci ¢ caPRPPa RREFudbRNRAFLROCEaIPE FBOXY RSarOR dBSETEPRar
met al carboqfte%f and._al kal i et al drqgide%ﬁy%q¥1 t hese basic

r

cat al ystnso,voa Kal |ypr?ete£oﬁ¥yd:reosx%nc?és pareenopar %cui¥a per eferabl'e T 6m

the sta i of_.hi qg%alytl ctjvi e . I.eS] _
synt hesir]'tgg‘l%(r?}('aeg1 tll gﬁegn%) e arﬁ)ﬁéelglsﬁ'hgrl\gg%(& %I:ﬁoh'ﬂje cgjgggl%yulr#lﬁ@d&g)ﬁo ¢ and
pot assi i [ h ] YA , |
IR LEAG S S R b S s e
concent rRd:QN s i8R0 1 Q%40 SP%AY, PSS PRY Mosed it 4 i
of solid. The reaction rate in the Synthesis of the epoxy resin can
be increasedddy Ui rat B L 5 \WHd Idi Ot miat igibpdptangy es of
the organic solvent include, but are not particularly Iimted to,
ket ones [$w@B]as acetone and nethyl - 56 - ethyl ketone; al cohols
such as nethanol, ethanol, 1-propyl alcohol, isopropyl alcohol,
1- but anol , seegaddiyigbuhanahouand bvér tpaky butanol(r)cehdopakuesdisuch
as nethyl cellosolve and ethyl cellosolve; ethers such as
t et r ahydresfior i) blénddidoxanehel,tIredinmearie, i rand ediiot hempetshdnen aid
aprotic polar solvents such as acetonitrile, dinethyl sulfoxide, and
di met hylcffortimnmipde. s sedevernddmire Sdlev emtainrmyy bhealsiott arong dm ithe
conbi nation of two or nore solvents so as to control polarity, as
requi re¢Uiopogjgent coaftadm ifite thea @i lgrodigstinof (B)hd se rove fgaratadiy
reaction i s washed with water, the unreacted epi hal ohydrin and the
or gani ¢ Osdl Féntl -ips €U LY ad@isn atsiléit 1are t@ dt igquagadfemthypthédws ngtal
under reduced pressure. In order_to further reduce the content of a
hydr ol yZH9VE th&1To &P ¥Yn AMEBSH By HhesiaPoxvhe &S8dul BinPEF®aR fdsl n
may be di ssqlved again in an orgﬁnic sol vent such as toluene, nethyl

iﬁ%& e

]

i sobut yI* St 9 SRLREt MACR Ay 9098 PHPPEFESFs sol ution of an
(0084



- 57 - transfer catalyst used is preferably in the range of 0.1%to
3.0% by mass relative to the epoxy resin used. After the conpletion
of the reaction, a produced salt is renoved by filtering, washing
with water, etc. and furthernore, the solvent such as tol uene or

met hyl isobutyl ketone is distilled off by heating under reduced
pressure. Thus, a high-purity epoxy resin can be produced. [0109]

In the thernosetting resin corrpositl‘oﬁ3(l'|) of the present invention,
the epoxy resin (A') nmay be used al one, or another epoxy resin (a')
may be used in conmbination as long as the effects of the present
invention are rRetringpaidededatdhen6a3R Weie ithe caidiefa teRIX Wwiresi n
(a') is used in conbination, the ratio of the epoxy resin (A") of the
present tihwertid o deat i irey whed n epaxyosesion | 61 pref ettabl yr309hhy nass
or nore, and particularly preferably 40% by mass or nore. [0110]

As the dirherntepoxy sestegyiargd. wWviach cosn cle inge @ dor leomtiiorat icam Wiet h
the epoxy resin (A') of the present invention, various epoxy resins
can be uswt]l #Hdnpiaw tdweridoiraat| el urdp hthred mnecu s peorgpoxyds esi ns
such as di gl yci dyl oxynapht hal ene, 1, 1-bis(2,7-

di gl yci dyamxiyatap mmiyiog et Halma z kb 1-qryanic acid metal salts, Lewis
di gl yci dyl oxynapht hyl ) -1-(2' - gl yci dyl oxynapht hyl ) net hane; - 58 -

bi sphendCitdfe Bpbaminessi FnskRsh b1 spHERs! tﬁ-et FHELERERY tidsi ns and
bi sphenol F-type epoxy, resins;, novol ac-type epoxy resins such as
phenol FEHBIMEIS BT tesins 1gesdl  HRVSDRMUG R P ¥esi ns,

bi sphenol A novol ac-t epoxy resins, naphthol-novql ac-type epox
resins, Hﬁt&wsmﬁm{%ﬁl@ﬁb’b Ce‘fﬁ‘&%}‘r}‘%‘sgsiSr’rg:?1 r?ai)rﬁw% cspiiing
co- condens nqv.ol ac-type epoxy resins, and naphthol -cre odg]_

o CondeREbd TrvaIe AVRE SRR (i - SRR IR 1 il 2 resin
struct uru%cie evx%i C@q&] I'TEE;[ Oxp%ll{:e eh a%aj!eenterOSkq:lhet Osnca{nsd Ooir}‘ldcedoé Q O%h
aromat i ¢ nucleus eany 0 & APove novor ac-1 YPE €epoxy T esi BS

t hr ough t:hy . i ns..havi i struct
o

i n which a nmet skeleton 1's _ omati ¢ nucl eus of
any of the ahoye Nevplac-dpe eRpxYsd Bl ns ddw ough a nethyl ene group;

phenol aral kyl-type epoxy resins represente y structural formula al
bel ow [[@bkH; [Chem 35] - 59 - integer of 0 or nore), naphthol
aral kyl -type epoxy resins represented by structural fornula a2 bel ow

Another thermosetting resin composition (II) of the
present invention is a thermosetting resin composition
containing an epoxy resin (A') and a curing agent (B') as
essential components, in which the epoxy resin (A') has
structural moieties which are a naphthylmethyloxy group- or
anthrylmethyloxy group-containing aromatic hydrocarbon group
(phl), a glycidyloxy group-containing aromatic hydrocarbon
group (ep), and a divalent aralkyl group (X) represented by
general formula 1 below:

[0086]

[Chem. 28]



[0112] [Chem 36] (where n represents the nunber of repeating
units and is an integer of 0 or nore), biphenyl-type epoxy resins
represented by structural formula a3 below [0113] [ Chem 37]
(where n represents the nunber of repeating units and is an integer
of 0 or nore), - 60 -

_44_

R R

———CH——ﬁAr_"CH"__'General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group)

and has a structure in which aromatic hydrocarbon groups
selected from the group consisting of the naphthylmethyloxy
group- or anthrylmethyloxy group-containing aromatic
hydrocarbon group (phl) and the glycidyloxy group-containing
aromatic hydrocerbon group (ep) are bonded through the
divalent aralkyl group (X).

f0087]

Specifically, the epoxy resin (A') in the thermosetting
resin composition (II) is obtained by reacting the phenolic
resin {B) contained in the thermosetting resin composition
(I) with an epihalohydrin to epoxidize the phenolic resin
(B) and has a basic skeleton commen to that of the phenclic
resin (B). Therefore, as in the case of the phenolic resin
(B), the aromatic nucleus property of the resin can be
enhanced, and flame retardancy and resistance to moisture
and solder are significantly improved. Note that, in the
present invention, this epoxy resin (A') is a novel epoxy
resin of the present invention.

[0088]

Regarding the abundance of the naphthylmethyloxy group



and novol ac-type epoxy resins that include an aromatic nethylene as a
| i nking group and that are represented by structural fornula a4

bel ow. [0114] [Chem 38] (where X represents a phenyl group or a
bi phenyl group, and n represents the nunber of repeating units and is
an integer of O or nore); epoxy resins having a resin structure in
whi ch a net hoxynapht hal ene skel eton is bonded to an aromatic nucl eus
of any of the above aral kyl -type ep0x§5r65|ns through a nethyl ene
group and epoxy resins having a resin structure in which a

met hoxyphenyl skeleton is bonded to an aromatic nucl eus of any of the
ar al kyl -4y pen & Ry ¥ £Ehd¥eh 104 Obtr Su R LYY eRet OF Q3P the glycidyloxy

t etramet hyl bi phenyl -type epoxy resins, triphenyl methane-type epoxy
resins, ¢edumphenietdanecH EPEXYx ¥ Eftd\Sp @Nthnthrylmethylox
dicyclopentadiene-phenol addition reaction-type epoxy resins. These
epoxy r eptd\sp Mpyhder oisesl atlohel sttén) cosbloabioncobotwoier preferable.
resins. - 61 - [0115] Anmong t hese, napht hal ene-type epoxy

resi ns, Trephtdemdarovicdacciypel epoxyidEsdwss, pPimeralomartdlck yphrctlymes epoxy
resins, biphenyl-type epoxy resins, al koxy group-containing

novol actyparepox o eésisns;esind @likdogy grtoupsadnta di higliatial kyd £ tiipe
epoxy resins are particularly preferable fromthe standpoint of good
flame reteridancy akrb goodtoiigiets rile phepeprrilésatfioniéP As the curing
agent (B') used in the thernosetting resin conposition (I1) of the
present SHAHANBIELForseBddinst anatairiadly apemat duich s winithean
conpounds, am de conpounds, aC|d anhydri de conpounds, and phenolic
conpoundsn%’fé}?nd‘é: dcs]é'dleISp%’&W e%@alrﬁﬁ}aesl%flr%l:ﬁ’é)‘%ﬁﬁfné‘%rﬂﬁb

i ncl ude di am nod heqylnethane dletQ§Ienetr|an1ne

triet hylaé%ig‘t cft a%rr%ﬂ‘r‘b ulFH NP B Bh e RA ey 1S

i m dazol e m exes, i.di,ne der| tive Speci f.i ¢
exanpl es " Weda s Rees a0 G080 Eyand am SeeTHRY & BaRTARde
resin synt Q Si zfed fr A cqllrrgs OCh“cncollesnla aC| d and c1et hyl enedi am ne.
SpeC|f|c exaé%les of”1 e Adid drinyth de coﬁb ud%qﬁﬁ% allc
anhydri %led [E‘?|e!§ ydr r.o Lijthg ? |rg
anhydri ra rop aéﬁcegﬁhy }}llldg%It tﬁyl@B % rop I|c
anhydri Gg. /5 ad}h%dg |5 GB'H‘YEH iy 1 sand
nethylhexahydrophth an £ e. Spe fIC exa | es of the
from the standp01nt that good compatibility with a filler
such as silica and a good impregnating property to a glass
substrate are obtained, and the effects of the present
invention become significant.
(0082]

As described above, the epoxy resin (A') in the
thermosetting resin composition (II)'has the
naphthylmethyloxy group- or anthrylmethyloxy group-
centaining arcmatic hydrocarbon group (phl} and the
glycidyloxy group-containing aromatic hydrocarbon group (ep)

in its resin structure, and, in the resin structure, a

plurality cof these structural moieties are bonded throcugh



- 62 - phenolic conmpound include novol ac resins such as phenol
novol ac resins, cresol novol ac resins, naphthol novol ac resins,
napht hol - phenol co-condensed novol ac resins, and naphthol -cresol

co- condensed novol ac resins; and nmethoxy aromatic
structure-containing phenolic resins such as phenolic resins having a
resin structure in which a nethoxynapht hal ene skel eton is bonded to
an aromatic nucl eus of any of the abo%® novol ac resins through a

nmet hyl ene group and phenolic resins having a resin structure in which
a nmet hoxyphenyl skeleton is bonded to an aromatic nucl eus of any of
the abowg,Qyo)acteresd s kI Q;r!zﬂihgﬁ g@t hyd (s S 10UD b P b= 1 Y pe
phenolic resins such as phenol aral kyl resins represented by the

st ruct urd rifuigranul admedwow. [ 0117] [ Chem 39] (where n represents

t he nunber of repeating units and is an integer of 0 or nore),
napht hol [r®d Kyl resins represented by the structural fornula bel ow
[0118] [Chem 40] - 63 -

{Chem. 29]
Lo
—CH—Ar—CH—

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl grcup.)

[0091]

Examples of the naphthylmethyloxy group- or
anthrylmethyloxy group-containing aromatic hydreccarbon group
{phl) include the aromatic hydrocarbon groups represented by
structural formulae Phl to Phl3 above.

[0092]

The glycidyloxy group-containing aromatic skeleton (ep)
is preferably an aromatic hydrocarbon group formed from
phenol, naphthel, or a compound having an alkyl group as a
substituent on an aromatic nucleus of phenol or naphthol
from the standpoint of good heat resistance and good
resistance to moisture and sclder. Specific examples
thereof include aromatic hydrocarbon groups represented by
structural formulae Epl-1 to Epl-17 below.

[0093]



(where n represents the nunber of repeating units and is an integer
of O or nore), biphenyl-nodified phenolic resins represented by the
structural fornula below [0119] [Chem 41] (where n represents

t he nunber of repeating units and is an integer of 0 or nore), and

bi phenyl - nodi fi ed naphthol resins represented by the structural

formul a bel ow. [0120] [Chem 42] C}K}27

o Ep1-1 < - N
j:r ?r (iir GE
(o] o o
_/:\_ Ep1 & Hsc\")?(CHa et 5 HiCr oy OHs Ept.7 @_ Epi-8
Hs kI;L -Bu
gr Gr\ ar
o)

In the above structural formulae, "Gr" represents a
glycidyloxy group. Among these structures, regarding those
having two or more positions of bonding to other structural
moieties on a naphthalene skeleton, the bonding positions
may be located on the same nucleus or different nuclei.
[0094]

In the present invention, among these, the aromatic
hydrocarben group represented by structural formula Epl-1l is

particularly preferable from the standpoint of good



- 64 - integer of 0 or nore); phenolic resins having a resin
structure in which a nethoxynapht hal ene skel eton is bonded to an
aromati ¢ nucl eus of any of the above aral kyl -type phenolic resins

t hrough a net hyl ene group and phenolic resins having a resin
structure in which a nethoxyphenyl skeleton is bonded to an aromatic
nucl eus of any of the above aralkyl-tyge phenolic resins through a
met hyl ene group; novol ac resins that #Rctude an aromatic nethyl ene as
a linking group and that are represented by the structural formula
bel ow. [0121] [Chem 43] OH OHCH (where X represents a phenyl

group orcig-dN phieny) LHoUthe bk § EPNEREMN Sz tdth odprepsatddg
units and is an integer of O or nore);” trimnethyl ol nethane resins,

t et rapheny ol eidane I esd Mgl £ Byl opentadienarphenpl p gl £d9e from
reacti on-type phenolic resins, and pol yhydric phenol conpounds such
as am naiid az retpmidit | el phwnotd € Sesids {Ppahodwtite phenadider.
conpounds in which phenol nuclei are joined by nelam ne,
benzoguarerdiie, or the like). - 65 - [0122]

Next, as in the phenolic resin (B) in the thermosetting
resin composition (I), examples of the divalent aralkyl
group (X) included in the resin structure of the epoxy resin
(A') include groups having structures represented by X1 to
X5 above.

[0096]

The epoxy resin (A') used in the thermosetting resin
composition (II) of the present invention has a resin
structure in which plural aromatic hydrocarbon groups
selected from the group consisting of a naphthylmethyloxy
group—- or anthrylmethyloxy group-containing arcmatic
hydrocarbon group (phl) and a glycidyloxy group-containing
aromatic hydrocarbon group (ep} are bonded through a
divalent aralkyl group phenylene alkylidene group (X). The
form of these bonds may be any combination. When the
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl) is represented
by "Phl", the glycidyloxy group-containing aromatic skeleton
(ep) is represented by "Epl", and the divalent aralkyl group

(X) is represented by "X", examples of the molecular

structure of the epoxy resin constituted by these structural



Anong these, resins having a | arge nunber of aromatic skeletons in
its nol ecular structure are particularly preferable fromthe
standpoint of the flanme-retardant effect. Specifically, phenol
novol ac resins, cresol novolac resins, novolac resins that include an
aromatic methyl ene as a |inking group, phenol aral kyl resins,

napht hol aral kyl resins, naphthol novolac resins, naphthol-phenol

co- condensed novol ac resins, naphthﬁlﬂgrésol co- condensed novol ac
resins, biphenyl-nodified phenolic resins, biphenyl-nodified naphthol
resins, nmethoxy aromatic structure-containing phenolic resins, and
anm not r ingzi et @ dirtd BEPheNd R EBSd Dgndr € PiETET Gk ecdp OIYrhdres

st andpoi nt of good flane retardancy. [0123] From t he standpoi nt
of hi gh fraiivhiing, didhychmeetphenolrsi sschstasadesmaCingicatechol , and
hydr oqui none, bi sphenol s such as bi sphenol F and bi sphenol A; and

di hydr oxyarapigdvat eendsy suroht sl 25 t7edd thycs o xoapht dal BEhearahEZ below:

1, 6-di hydr oxynapht hal ene are preferably used in conbination. [0124]
However,[Gd2tlhe present invention, the phenolic resin (B) used in the
t hernosetting resin conposition (lI) described above is particularly
pref er abl@4secatiske the effect of inproving heat resistance and
resistance to - 66 - noisture and solder is significant.

Fur t her ne=ph f=e=phenol i gt esin preferably includes a
napht hyl met hyl oxy group- or anthryl methyl oxy group-containing
aromati ¢ hydrocarbon group (phi) represented by Phi-I14, Phl-15,

Phi - 20, UFEPHFﬂQZT t he aﬁ%hatic hydr ocar bon group having a
napht hyl met hyl oxy group or an anthryl nmet hyl oxy group in the aromatic

nucteus ANShenly 8 NIEAOL L DLl S-S AL D U0 S
hyd b . i.ng. ht hyl net hyl !
hychocarbenoun po N0, eI TR o L, o on

di val . . . , .

G valerocanol SO, CEPESRLAG Dol B0, emd e

The ano;y%psféger;% ROy Bt rggﬁatlﬁg}:dl( T%Wﬁ%?%tzé B,91 f engded

in the thérnosetting resi'n conposition e present 1nvention
are not yay tdGilardprddarideed. The anmount of active group in the
curing agent is preferably 0.7 to 1.5 equivalents relative to 1
equi val gmiooef] the total epoxy groups in epoxy resins containing the
epoxy resin because the resulting cured product has good properties.
[0126] [ChemA @fjing accel erator nmay be used in conbination with the
t hernosetting resin conposition (I1) of the present ipvention,, as
requi r ed==Rhn+=EeEpiH=ire- accelbd at or s caT\"f)'é'F-X'ﬁE-_ﬁfé'é'd an(@:l-4
exanpl es tyaer eof include phosphorus conpofds, téﬂ(iary am nes,
i m dazol es] organic acid netal salts, Lewk aci ds,land am ne conpl ex
salts. Wien the thernosetting resin conposition (lIl) is used in
sem conduct or sealing materials, phosphorus conpounds_such as
tri phenymppRgpX=aRha=cr t i al§s ani nes sTOphirsX=Ph=—X— E6
1, 8-di azab,'(cycl 0-[5.4.0]- undecene (DBU) e pr ef@abl e fromthe

I

st andpoi ntJof good curability, heat resisthnce, elkctrical
properties, resistance to noisture and sol der, etc.
=—E p1=X=—EpT=—X— E7 —Ept—X—Ept—X— E8
L]
X X X

I I I
and polymers including any of these structural mocieties as a
repeating unit and having a structure represented by

structural formula E9 or E10 below at an end of the resin



[0127] Regarding the thernosetting resin conmpositions (l) and
(I'l') of the present invention described in detail above, since the
phenolic resin (B) in the thernosetting resin conposition (lI) or the
epoxy resin (A) in the thernosetting resin conposition (l11) has an
effect of inparting good flanme retardancy, the resulting cured
product has satisfactory flanme retardancy even if a commonly used
flame retardant is not incorporated- PBwever, in order to exhibit a
hi gher degree of flane retardancy, a hal ogen-free flane retardant (C)
t hat contains substantially no hal ogen atom may be incorporated in
the fielghQfgrdee. exanpl e, sem conductor sealing materials as |ong as
nol dability in a sealing step and reliability of a sem conductor
device argpdwt deteriorated. [0128] - 68 - The thernosetting
resin conpositions (1) and (11) containing the hal ogen-free flane

ret ardantcHdn. sadstantially contain no hal ogen atom but may contain
a trace anount, e.g., about 5,000 ppmor |ess of hal ogen atons of

i mpuriti @ peXiwed froED for exanple, an epihal ohydrin contained in

t he epoxy resin. [0129] Exanples of the hal ogen-free flanme retardant
(O include phosphorus-based flanme retardants, nitrogen-based flane
retar dan{E;J.I_skLu:one- bgslg flame retardants, inorganic flane
retardants, anhd organi tal salt-based flanme retardants. The use of
these flanme retardants is also not particularly limted. These flane
retardant®lGEy be used alone. Alternatively, a plurality of the sane
type of flame retardants may be used in conbination or different
types of flak® tEFaPFEREE tnayVEeti®8d PeCeowsi Rt iso&h BO130] The
phosphorus-basedjflane retardant may be an inorgani c conpound or an

or gani ¢ - ey - idriehi s h G UtE Ted n

i AR T et e U L L

ESLKpggS c%%ts %%@?r}neg r;eﬂior S a@iccy ncia:[nr W ni_rr(lzpoanxtta}aicfl itnc§J trhheoSrpehsour ] anO MRS
product. In particular, a resin in which the aromatic
nucleus constituting the naphthylmethyloxy group- or
anthryimethyloxy group-containing aromatic hydrocarbon group
(phl) or the glycidyloxy group-containing aromatic
hydrocarbon group (ep), which functions as a basic skeleton
of the epoxy resin (A') of the present invention, is a
phenyl group or an alkyl-substituted phenyl group is
preferable from the standpoint that the effect of improving
the resistance to moisture and solder is significant. The
aromatic nucleus constituted by a phenyl group or an alkyl-
substituted phenyl group provides the resulting cured
product with toughness, and the fused polycyclic skeleton

arranged as a side chain exhibits a low viscosity. Thus,

the thermal expansion is low, the adhesiveness is improved,



[0131] - 69 - The red phosphorus is preferably subjected to a
surface treatnent for the purpose of preventing hydrolysis etc.
Exanpl es of the surface treatnent nethod include (i) a nethod of
coating red phosphorus with an inorganic conpound such as nagnesi um
hydr oxi de, al um num hydroxi de, zinc hydroxide, titanium hydroxide,

bi snmut h oxi de, bisnuth hydroxi de, blsnuth nitrate, or a mxture
thereof; (ii) a method of coating réd bhosphorus with a mxture of an
inorganic conmpound such as magnesi um hydroxi de, al um num hydr oxi de,

zi nc hydroxide, or titanium hydroxide, and a thernosetting resin such
as a phend ithd esd 4t stented itd )mai fRitodod $oBdd NG ¢ agh Phasphor us
with a coating fil mconposed of an inorgani c conpound such as

magnesi uimgryeiraki dén aldadiitiwm, hyfdaoe det azidaa dyy diaox ibee i mpir aotvietdani um
hydr oxi de and further coating the coating filmwth a thernosetting
resin such as a phenolic resin. [0132] Exanpl es of the organic
phosphor us- based conpound i nclude comon organi ¢ phosphorus-based
conpoundsistich as phosphoric acid ester conpounds, phosphonic acid
conpounds, phosphinic acid conpounds, phosphi ne oxi de conpounds,
phosphor ane @@#ﬁ@@ﬁ@@rean¢h@r@éﬁu@twﬁﬁﬁog@ﬂfédh@anﬁﬁﬁgt@ﬁ@@@hoﬁ@@
conpounds; cyclic organi c phosphorus conpounds such as

9, 10- di H}idralegitoxtatd ph P hehaita elﬁ‘é"rlllei%ﬁa@lkoxy group-

10- (2, 5- drhydro%ﬁhef%n 10H—9 oxa- 10- -
phosphapH¥Hzit 1o y%q@qr‘z g;roup Examples of the

di hydro ht h - 10H- 9- oxa- 10- phos nt hrene=10- oxi de;. and
et vat 13 B A R G P A o é‘g’eo%ﬁiﬁ{h tlﬁl%rlu‘:ye
conmpound_ such as_an r.esin or lic res 0

aount | G Ao B Y e e é’%goptﬁ]a% Ty
selected(jqnﬁccordance wth the type of phosphorus- based flame
retardan& her conponents of the thernpsetting resin conposition,
and the ﬁﬁgﬁf f desired flame retardancy. \When red phosphorus is
used as alogen free flame retardant, for exanple, the anount is
preferably in the range of 0.1 to 2.0 parts by mass relative to 100
parts by nass of the thernosetting resin conposition containing al
conponents such as an epoxy resin, a curing agent, a hal ogen-free
flame retardant, and other fillers and additives. Simlarly, when an
organi ¢ phosphor us-based conpound is used, the anmount is preferably
in the range of 0.1 to 10.0 parts by mass, and particularly
preferably in the range of 0.5 to 6.0 parts by mass. [0134] When
t he phosphorus-based flanme retardant is used, the phosphorus-based
flame retardant may be used in conbination with hydrotalcite,

magnesi um hydr oxi de, a boron conpound, zirconium oxide, a black dye,
cal ci um carbonate, zeolite, - 71 -



zinc nol ybdate, activated carbon, or the like. [0135] Exanpl es
of the nitrogen-based flanme retardant include triazi ne conpounds,
cyanuric acid conpounds, isocyanuric acid conpounds, and
phenot hi azi ne. Anong these, triazine conpounds, cyanuric acid
conpounds, and isocyanuric acid conpounds are preferable. [0136]
Exanpl es of the triazine conpound include nel am ne, acetoguanam ne,
benzoguanani ne, melon, nelam succinogdanami ne, ethyl enedi el ami ne,
pol yphosphoric acid nelam ne, triguananmne; (i) am notriazine sulfate
conpounds such as guanyl nel am ne sul fate, nmelem sul fate, and nel am

sulfate; (ii ocondensates of a nol i ¢ conmpound such as phenol,
cresol, xyl ) 3 butyl phenol oroﬁggﬁiphenol, a mgton such as

mel am ne, géézgguaqa i ne, acetnggzﬁanlﬁ 9 Of forngugﬁgﬁﬁgg, andA3
formal dehydez (iii) m xtures of of the above cocondtém@Has (ii)
and a phenolic resin such as a phenol -fornmal dehyde condensate; and
(iv) conpounds obtained by further nodifying any of the above (ii)
and (iii) with tung oil, isonerized linseed oil, or the like. [0137]
Speci fic exanpl es of the cyanuriéﬁﬁcid conmpound i ncl ude cyanuric acid
and cyanuri {d nelam ne. [OZL 3 - 72 - The amount . of

ni trogen- ba Eane retardant endegéiss appr od?':i%ivt’;w_&&'é@t eg*é' n
accor dancetwJin t hePdype of nilegdgen- ed flanme ret &gant, oth
conponents of the thernosettingigesin conposition, and the degree of
desired flame retardancy. For exaﬁple, t he anmount of nitrogen-based
flame retardant is preferably in the range of 0.05 to 10 parts by

mass and part'ﬁularly preferably in the range of 0.1 tySyparts by
mass relatiggi ® 100 parts by nass qéche t her noset tingLrexin
conposi ti Qug ai nprg al | auch S af—¢yl b s apg
curing ageMsy’ a hal ogen-fre@ re rda(h , and .@0 | ers and
additives. [0139] The nitrogen-based flanme retardant may be

used in conbination with, for exanple, a netal hydroxide or a
nol ybdenum conpound. [ 0140]

_(_I-I3COOCH%_A1O ( H + A1
_6H3+ Al2 (OCH;j- o

[0103]

In the present invention, when the epoxy resin (A')
inciudes an alkoxy group-containing aromatic hydrocarbon
group in the resin structure thereof, the alkoxy group-
containing aromatic hydrocarbon group preferably has the

struciure represented by structural formula A8 above from



The silicone-based flanme retardant is not particularly limted, and
any organi c conmpound containing a silicon atom nmay be used. Exanpl es
t hereof include silicone oil, silicone rubber, and silicone resins.
[0141] The amount of silicone-based flane retardant blended is
appropriately selected in accordance with the type of silicone-based
flame retardant, other conponents of the thernosetting resin
conposition, and the degree of desire 3773 - flame ret ardancy. For
exanpl e, the anount of silicone-based flanme retardant is preferably
in the range of 0.05 to 20 parts by mass relative to 100 parts by
mass of dHe dteidmsieit idiht esid conposind ausaht@tsdng: abf  Copanen s
such as an epoxy resin, a curing agent, a halogen-free flane

r et ar damtgsianchad hervod iHdar sramics eaddid | ared . gdldik &St dnie are:dadadt:f | ame
retardant nmay be used in conbination with, for exanple, a nolybdenum
conpouncarot FHlaimimledtOdid2]loss tarEeamplas Wie thecddh@rgahiact fdamde
retardant include netal hydroxides, netal oxides, netal carbonate
conpoundsigretiagtargohderedudrston conpounds, and | ow nel ting gl ass
[0143] Speci fic exanples of the netal hydroxide include

al um num%drloxi de, magnesi um hydroxi de, dolonite, hydrotalcite,

cal ci um hydroxi de, bari um hydroxide, and zirconium hydroxide. [0144]
Specific exaﬁﬁﬁe@PQﬁYtﬁésﬁﬁtéﬁ de&@f@ﬁépéﬂéh?ﬁn@“n@@?ﬁaaESUlvale“t

nol ybdenum tri oxi de, 2|nc stann }ln oxi de, al umi num oxi de, iron
oxi de, tilt dRtURBEHST meintydrfe A58 iltin D@ RO A E R de,
gt)z: égdeg_lé&&gﬁ:l de, c%bcgehéq%n%s# th OXI de tt}lreongeusn&lotxllndge Cunrleccl<el

product are further improved.

Furthermore, the epoxy resin (A') has a melt viscosity
preferably in the range of 0.1 to 100 dPa-s and particularly
preferably in the range of 0.1 to 10 dPa:s at 150 degrees
{Celsius) measured with an ICI viscometer from the
standpoint of, for example, good fluidity during molding and
good resistance of the resulting cured product to moisture
and solder. An epoxy resin that satisfies the above
conditions of the epoxy equivalent and the melt viscosity is
the novel epoxy resin of the present invention. The epoxy
equivalent is preferably in the range of 180 to 500 g/eq.,
and particularly preferably in the range of 200 to 400 g/eq.
from the standpoint of a particularly good balance among the
resistance of the cured product to moisture and solder,
flame retardancy of the cured product, and curability of the
composition.

[0105]}



- 74 - Specific exanples of the netal carbonate conpound include zinc
car bonat e, magnesi um car bonate, cal ci um carbonate, barium carbonate,
basi ¢ magnesi um car bonate, al um num carbonate, iron carbonate, cobalt
carbonate, and titanium carbonate. [0146] Specific exanples of the
met al powder include powders of alum num iron, titanium manganese,
zi nc, nolybdenum cobalt, bismuth, chromum nickel, copper,

tungsten, and tin. [0147] Specif Pé exanpl es of the boron
conmpound i ncl ude zinc borate, zinc netaborate, barium netaborate,
boric acid, and borax. [0148] Speci fic exanpl es of the

| ow el ting ghas$ods) yde sGERRREE B0k Wr By 68 = hidknoa hydr at ed
gl ass Si 02- MgO- H20, "Pb0- B203- based, ZnO P205- My0O- based,

P205- B2Qgs200-My0-1 pasech i P-sardy F- based.r iRRA1Y20%hEe@2-Rrsedpand
Al 203- H20- based gl assy conpounds, and | ead borosilicate gl assy
compoundses P4 be prdhigecadBintodidiH@gais ghai® et egsiant (B) in
bl ended is appropriately selected in accordance wth the type of

i nor ganithd l@arernicdeardian , redhrercaggonends of) tdred ttresmoseddt gy
resin conposition, and the degree of desired - 75 - flane

ret ardantye ghemekanpeesin h@)amowit af aepidragaoti el f 1rane Aneteasdait o€
preferably in the range of 0.05 to 20 parts by mass, and particularly
pr ef er alilhe imetthue riangeidsfs sl ingy 15 park® nbyl amsst ral atp Me kah id0in
parts by nmass of the thernosetting resin conposition containing all
conponemssl asuicte dw> an replex o i esiphere ki ihifgent ,gzovral iogeihd r ee

flame retardant, and other fillers and additives.
phenolic resin (B), and allowing the resulting mixture to

react at a temperature of 20 to 120 degrees (Celsius) for
0.5 to 10 hours while adding 0.9 to 2.0 moles of a basic
catalyst relative to 1 mole of a phenolic hydroxyl group
either at a time or gradually. This basic catalyst may be
used in the form of solid or an aqueous solution. In the
case where an aqueous solution is used, the basic catalyst
may be continuously added, while water and the epihalochydrin
are continuously distilled off from the reaction mixture
under reduced pressure or normal pressure, and the reaction
mixture may be further separated so that water is removed
and the epihalohydrin is continuously returned to the
reaction mixture.
[0106]

In case of industrial production, although the whole
epihalohydrin charged in an initial batch for production of
an epoxy resin is new one, it is preferable to use the

epihalohydrin recovered from the crude reaction product in



[ 0150] Exanples of the organic netal salt-based flane retardant

i nclude ferrocene, acetyl acetonate netal conpl exes, organonetallic
car bonyl conpounds, organic cobalt salt conpounds, organic sulfonic
acid netal salts, and conpounds in which a netal atom and an aromatic
conpound or a heterocyclic conmpound are ionic-bonded or

coor di nat e- bonded. [0151] The amount of organic netal salt-based
fl ame retardant blended is appropriatéPy-selected in accordance with
the type of organic netal salt-based flanme retardant, other
conponents of the thernosetting resin conposition, and the degree of

desired dd.aime Jett dANGY -2 Rty XA Boh $dhei AN AfmAkg@ani ¢ net al
salt-based flane retardant is preferably in the range of 0.005 to 10

parts bydmssdddtiyed GO0 diEndy Masshofrddrec tdrerivsedd i ng
resin conposition containing all components such as an epoxy resin, a

curing ageMtowighdadngaen- f ree thlianeaset, arganmpuand yot BekHf ialsl ers and
- 76 - additives. [0152] The thernpsetting resin conpositions
(1) and dly}gidafl t ke pireserity | nvierddoiiomaye odrai the g gealichydtirer s,
as required. Exanples of the inorganic filler include fused silica,
cryst al lame vetldca,aralangard,c ssdliwort nidr ide; landg alaymbrimdydrioedle.
When a particularly |arge anmount of inorganic filler is blended,
fused siBdamplies prieféraldpi slethydrius hege drisphers o sd ugedl wid i daut
may be used. In order to increase the anmount of fused silica bl ended
and to Suspreds et bivreadey iilmelad visc iR ighlsfraieddigsul ting
nmol ding material, spherical fused silica is preferably used. In order
to furt FEihypsredest ithe b dimnedth wlsdiG el r divd edr -b| Braed, theee
particle size distribution of the spherical silica.is preferably .
appropH@ﬁ%Q%}QﬂﬂQEﬂQﬁt SR¢EFE9T F%ﬁi%ﬁ(Hr%ﬁﬁ¥QQﬁﬁxﬁﬁﬁ%P??I%?ﬁlﬁs
hi

pr ef er abl i gh fromthe standpoint of flame retardancy and is

parti cul é%%?%%h@?f%ﬁ%%ﬂﬁ/Wﬁéh;%ﬁs%mre relative to the total
amount of .t t hernmosetting resin conposition (1) or (I1). Wen the
t her mosetti%y resin conposition is used as a conductive paste or the

|, SonOuck e SERYEN, AT BB b Paylenagc g cpager poncer

f' '7)7 ?f A& ATRS QU YR 10 JIYG LU AT T METT 0 YR (CAMROUA NG Agent s
and alkali metal hydroxides. Among these basic catalysts,
alkali metal hydroxides are particularly preferable from the
standpoint of high catalytic activity of the epoxy resin
synthesis reaction, and examples thereof include sodium
hydroxide and potassium hydroxide. 1In the use of the basic
catalysts, these basic catalysts may be used in the form of
an aqueous solution having a concentration of about 10% to
55% by mass or may be used in the form of solid. The
reaction rate in the synthesis of the epoxy resin can be
increased by using an organic solvent in combination.

Examples of the organic solvent include, but are not

particularly limited to, ketones such as acetone and methyl



such as silane coupling agents, nold-rel easing agents, pignments, and
enul sifiers, as required. [0154] The thernosetting resin
conposition (1) or (Il) of the present invention is obtained by
uniformy mxing the conponents descri bed above. The thernosetting
resin conposition of the present invention can be easily converted
into a cured product by the sane nethod as a known net hod. Exanpl es
of the cured product include formed-chPed products such as a

| am nate, a cast product, an adhesive layer, a coating film and a
film [0155] Exanpl es of the application of the thernosetting
resin coppgi tidibd) Drcdidds Hudhien PresEitind NV A Mod Ncl Ydeopy
sem conduct'or sealing materials; resin conpositions used for a

l'am nat edi sdieel, BfoRtaSET Al Cord T Cul b baaish, afeddi@idiKGBut 88D,
casting materials; adhesives; interlayer insulating materials for

bui | t - umrsibsd rat£s) Mtk regiat | gl e IVl Ssstit hh Asndthy NSl Bl d gl ve
coating material. In particular, the thernosetting resin conposition
(1) or (drg athwuideablysailsed: astlsars cormhicd Ort sea Hyndyr ol al s, 4 -

[ 0156] In order to prepare a thernosetting resin conposition
(1) or (dilgzdre, d sericomtuct agmdedlatripamdterdrat;, arme ghovetdgselrdbed
conponents including a filler are sufficiently - 78 - m xed using an
ext r udersolvskrtenderch &y gldetarittihield,i kbingithyl tshel fasida,i mpdn xture
beconmes uniform thus obtaining a nelt-mxing type thernosettin
resin comssiltyldmrnanigdeh dhegse orsiphil€a sicd VERGEl MpyudHed ugsct kd one

filler. The filling ratio of the filler is preferably in the range of
30%t 0 9B BY GAREE T WE tTO7OL00 S IR HRESS Of° tafe Thetafdskth i ng
resin conposition. The fillipg ratio of the filler is particularly

pr ef er afQt 270 Par 535 P HEEEOr nore in order to inprove flane
retardaggégmgnisture resi stance, and sol der cracking resistance and
to decr coefficient of linear expansion. Wien the filling ratio
of the filler s 8 arts mass._aqr. _nore, .these effects are further
enhanced.  SofEEBRAUEEOr AaoR A DHSTH g s “Eandaerad by 08 feefodon

i ncl udi Sti r i Si,ti i ansf e | di ng
machi ne?L%a(rilﬁals’r?]ee%f:jt‘"|9L(3Cr?m%rrJD&\qJ %?fg%cﬁj%%%dtﬁef%gﬁﬁakqgm}r#dg q’lea I}d’ng the
resul ti aﬁ%{ ‘ j US)4fQrs rs to
produceQ%xggﬁggg%ﬁﬁﬁ¥§$1%%%?221 iéﬁgﬁgﬁgE%%ngéhﬁﬁgdéé%f(%%ag%f

In ordemdQ HLRAIR A e dRYIRSRIdING § €3hNo¢aBPOSL! EQRLhE) 2Edbkl)
of the present” invention used as a conposition for a printed circuit
board, fofe @MRIM & W@ 1z4he tHherdRsetitd nhd @Jdk £ aEs{ i on
is preferably prepared using an organic solvent, and the varnish is
used as thd @¥gh1GAMOYIId:GN HeirA e e @i AD el oigam Grsavent,
polar - 79 - solvents having a boiling point of 160 degrees

(Cel si uprgemilcowerlvesitc b uas nrt dlweirky)| nieattone, i sageitorie keatithe, or

di et hyl formam de are preferably used. These organic solvents may be
used al orehorl &3 hy Imkesdregl \ventacpfeduso sarl utoros arigan @ lda Memtes-alA
prepreg, which is a cured product, can be obtained by inpregnating a
r ei nf or diyaig csailolst rsatcd swsc bs cakl Yraperd r oglialss ool @idiasgliaws j
fabric, aramd paper, aram d cloth, glass mat, or glass roving cloth
with t haavedd riddgdy donitdle, rasqlidad My lithd ubsindattdeatr e ddain mpy
tenperature suitable for the type of solvent used, preferably 50 to
170 degréées feelfsingder gongdctest.i olbf thhé Faskn éBNPEYRLi 68 to the
reinforcin% substrate used in this case is not particularly limted.

| n genef&Irthete ey the Fesicdria) vy aktepdiéd ISEAHE 17 RSsin
content in the prepreg is in the range of 20%to 60% by nass. In the
case whé&PERESSher éﬁ%fd Rr&mem&te ats Pprddcced W S Fatird yst such

t hernosetting resin conposition (1), . or (11), the copper c|lad | am nate
i s obtaiffed &M%ﬁ“ﬁétyi AgRe 15t &1 RusS i ep&eF usi wbea EBfmon

phase-transfer catalyst is used, the amount of phase-



[ 0158] When the thernosetting resin conposition (1) or (I1) of
the present invention is used as a resist ink, for exanple, - 80 -
the followi ng nethod may be enpl oyed. A cationic polynerization
catalyst is used as a curing agent of the thernosetting resin
conposition (I1), a pignent, talc, and a filler are further added to
the resin conposition to prepare a conﬁosition for a resist ink, the
conposition is then applied onto a ﬁr? ted board by screen printing,
and a resist ink cured product is then obtained. [0159] When t he
t hernosetting resin conposition (I) or (I1) of the present invention
i s used @sares fonducid Mestpasde] forpexaaple,y the fiod [:omdyg aethods twmy
be enpl oyed. Fine conductive particles are dispersed in the

t her mosel 10Ny a9 coAfposite op ttthpregpare reconpostd | ORfiter ame

ani sotropi c conductive film Alternatively, fine conductive particles
are di sp=yngele it het tither messtitiony reegraorgpbsdliton 4 o gprapsd da
paste resin conposition for circuit connection or an ani sotropic
conduct i fel tethiesd v eda sihirgh WistH iwpliar atetoomnenpertanrerg,0 160§

An interlayer insulating material for a built-up substrate is

obt ai nedJdrant MGt ersrosEiuanyy aediatvohpoxihutont (k9tare A9) of the
present invention b for exanple, the follow ng nmethod. The

t her noséi%ﬁtrﬂgllreé%iqgfcd?ﬁbdﬁ%ﬁw dBviel misffced FIRRAYE, FabSer 2 a
filler, etc. is applied onto a wiring board having a circuit thereon
by a - HOL-RYFHY RR3NFSREhGED PedRidursdati ng method, or the

i ke, anﬂghggn cured. Subsequently, if necessary, predeterm ned

t hr ough- etc. are forned in the wiring board, the wiring board
is then treated w th.a roughening_agent, washed.w t t r to
form irregul 3 CF8s BRTRESearTHoacndr SoIPoRTd Pher 120bPLet Bl o a
plating tre .Q t yer_.such, as | ayer. The
pl ati ng pnr{eet%g-‘geﬁ?%&e‘%@#@b%@ﬁ%ﬁ@&% lzls s(ll’pfbatnfa gqpe'rﬁ;ﬁsoe (?floe{lne’

el ectrolyt i, QAL 19 d1E! hack; Xl 6,9 e Jougheniyng aaens, el ude

oxi di zi ng agents, organi c "sol vents. A built-up substrate

can be produced iy rEneAtiNG SUGHR Y LQRBIALIRMMAS JEQUd &t tO
alternately build up resin insulating | ayers and conductor |ayers

havi ng aryedeler nrpednei kedkt wvAakketRe bRActheguah- hekes ape)fogmed
after the formation of an outernost resin insulating |ayer.

Al t er natusel Yin &ce@pEpeit ifeel, | okd raa iresim fiepp®ed;, e sem zourigm the
resin conmposition on the copper foil nmay be pressure-bonded on a

W ring hoa ¢readantg imveintduwin tichemheomwhalderedweat inegiat ik/priefe2Sbly
degrees (Celsius). Thus, a built-up substrate can be produced w t hout
perform3tg tdye rstsep ocof nfcoremi ragrda paouglvened: Isundrade rad. M s tep rafs s

conducting a plating treatnment. [0161]
or more.
[0110]

As the other epoxy resin (a'), which can be used in
combination with the epoxy resin (A') of the present
invention, various epoxy resins can be used. Examples
thereof include naphthalene-type epoxy resins such as
diglycidyloxynaphthalene, 1,1-bis(2,7-
diglycidyloxynaphthyl)methane, and 1-(2,7-

diglycidyloxynaphthyl)-1-{(2'-glycidyloxynaphthyl)methane;



A cured product of the present invention nay be obtained in
accordance with a common nethod for curing a thernosetting epoxy
resin conposition. For exanple, the - 82 - heating tenperature
conditions may be appropriately selected in accordance with the type
of curing agent that is used in conbination, the application of the
cured product, etc. The conposition prepared by the above nethod may
be heated in a tenperature range of-abdut 20 to 250 degrees

(Cel sius). Regarding a nolding nethod etc., comon net hods for
nmol di ng an epoxy resin conposition etc. are enployed, and thus
condi ti giiss HREE f1G 30 dhe,§ herdmsetdidg JLU M HUmosiAiand 1dpdly
(I'l') of the present"inventi'on are not particularly necessary. [0162]
Accor di ndgfind MANe @RsENE1 IMMePd Upody Fes RESSId ot ohhal ek y
environnmental |y safe epoxy resin material that can exhibit "high flane
ret ar dancys wd haldh Usd theéndial gt 0asshd |ty el dant .cresol
Furthernore, good dielectric properties of the epoxy resin materi al
can realieze ladiglpopaiaty afesipesd wifsphdtigh-A megqueney-ded eoxkhe
phenolic resin (B) or the epoxy resin (A") can be easily produced by
t he net hadiofs,t he grEsdrndvvlerd- opamMddosey hieghi ref f idiipgreayyl and it
becones possible to perform nol ecul ar design in accordance with the

| evel s ofoudiedesipedqroperddioss, BAVRIES {0E83]1 co-cofterpressent
invention will now be specifically described by way of Exanples and
Conpar atiiorm® IBcariipes .efaxy -regdns,t Rerdd exatiydid lore tyed dw, c o -paomtde reredl
"% are on a nmass basis unless otherw se specified. A nelt viscosity
at 150 deyicdes (foElssiapIRY s e medxoh Eirifategriaghye (GEOR a

nucl ear magneti c resonance (NVR) spectrum _and a mass (MS) spectrum
were medSEdFUnRtdem e oridima s yeeRbvia lpnavs ke \atebsiis yoaderso
degrees (Celsius): The nelt viscosity was neasured in accordance with

ASTM 04287 20 WSS 6 Sisaifr i1y SO (6% /P PG AeY has Krpss

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 of the above
novolac-type epoxy resins through a methylene group; phenol
aralkyl-type epoxy resins represented by structural formula
al below:

[0111]

[Chem. 35]

@] O o

O o)

O]
I X ﬁfgﬁ AN ai
/_—CHQ CHs ||\//[,—CH2—©—CH2 C

(where n represents the number of repeating units and is an



3) GEC. Apparatus: HLC- 8220 GPO nanufactured by Tosoh Corporation,
Col um: TSK- GEL G2000HXL + G2000HXL + G3000HXL + GA000HXL,
manuf act ured by Tosoh Corporation Solvent: tetrahydrofuran Flow
rate: 1 mL/mn Detector: refractive index (RI) detector 4) NVR NWR
GSX270 manufactured by JEOL, Ltd. 5) Ms: doubl e-focusing nmass
spectromet er AX505H (FD505H), manufactured by JEOL, Ltd. [0164]
EXAVMPLE 1 [Synthesis of phenolic resia?(A-1)] In a flask

equi pped with a thernonmeter, a condenser tube, a distilling tube, a
nitrogen gas-introducing tube, and a stirrer, 168.0 g (hydroxyl

group: 1.0Q ivale) fray phenol aral kyl resin ("XLC 4L"

manuf actured by Mtsui Chemcals, Inc.), 45.9 g (0.26 noles) of

1- chl or amddHor B rkyaphihal@iecy angh 300 e ferid By | sohiral
ket one were charged while nitrogen gas was purged, and t%e resul ting
m Xt ur e ARSustd raebaeltow:00m t enperature whil e nitrogen was bl own. The
tenperature was increased to 60 degrees (Celsius), and 23.3 g (0.29
nol es) of0lareJaqueous 49% sodi um hydroxi de sol uti on was then added
dropwi se to the m xture over a period of one hour. After the

conpl et i[¢ghhepf. t3tg addition, the tenperature was increased, and the

m xture was allowed to react at 70 degrees (Celsius) for two hours,

at 95 degreges (Celsius) for two hours, and further fQr five hours

while the mxture was refl uxed. ter the conpletio f the reaction,
the tenper@flire was decreased t degrees (Celsiu O the organic

| ayer was shed with 100 g of ter, and this t erpwashi ng was

r epeat ed ur tines. Subsequgntby, nethyl isobut et one was renoved
by heat i ng r SSLH$$§§hUS, henol} cA\rgsin (A-1) e@s
pr epar ed. '3 TG I §sTCH 2 poi nt of 72
degr ees i X a nelt cosit freasuri ng net hod:

| Cl viscow nmet hod, meas enperature: 15 Ly ef
of 1.3 dPa.s, and a hydroxyl ‘equival ent of 276 d/eq. A GPC chart
of the prepared phenolic resinis shown in Fig. 1, a C'-NWR chart of

the phenglicG.d %Siﬂég}]rosemsﬁsle@m?c‘r’g‘é% 'fJga_gnhFh%e ANd.g é\ﬁignf%egh{iuc@ Und N& an

phenolic resinis pr esence

met hyl nqglt%te@éllogf @ %l{pﬂm)cronf i rmed

biphenyl-type epoxy resins represented by structural formula

a3 below:
[0113]
[Chem. 37]

o ?O Y

(where n represents the number of repeating units and is an

integer of 0 or more),



- 85 - by the above analysis. The ratio of a phenolic hydroxyl group
to a napht hyl net hyl oxy group or an anthryl net hyl oxy group was 74: 26.

[ 0165] EXAMPLE 2 [ Synthesis of phenolic resin (A-2)] A phenolic
resin (A-2) was prepared as in Exanple 1 except that 28.3 g (0.16

nol es) of 1-chloronethyl naphthal ene and 14.4 g (0.18 noles) of an
aqueous 49 mass% sodi um hydr oxi de sol ution were used. The resulting
phenolic resin had a softening point 6P 70 degrees (Celsius) (B & R
met hod), a nelt viscosity (nmeasuring nethod: |1 Cl visconeter nethod,
measuring tenperature: 150 degrees (Celsius)) of 1.1 dPa.s, and a
hydr oxyl 5 /@0 fad B - Qf o 2 G P - A PG 1T EnOf uddre Pr epaFedi phenol i c
resin is shown in Fig.” 4. The ratio of a phenolic hydroxyl group to a
napht hy |ty ey 8 Oeuplﬂ{kﬁ'ﬂ% at iy | Aved hyd DX Ya 198 Ot MBS Bded oy
[0166] EXAMPLE 3 [ Synthesis of phenolic resin (A-3)] A phenolic
resin (AtHuses 4 epswad A4 nodxewpl e 1 except that 14.1 g (0.08

nol es) of 1-chl oronethyl naphthalene and 7.2 g (0.09 noles) of an
aqueous @PPhsiodi um hydroxi de sol ution were used. The resulting
phenolic resin had a softening point of 68 degrees (Celsius) (B &R
met hod) , [Ghenel t38/i scosity (nmeasuring nethod: 1Cl visconeter nethod,

- 86 - neasuring tenperature: 150 degrees (Celsius)) of 1.0 dPa.s,

and a hydr ¢gyl equival eqt of 195 g/e A GPC chart of the prepared
phenolic rgshn is shomﬂ?}y Fig. 5. Thenratio of a phenolic hydroxyl

group to napht hyl met §y oxy group &n ant hryl met hyl oxy group was
92: 8.
™~ ﬁiﬁq . -
X X
n

(where X represents a phenyl group or a biphenyl group, and
n represents the number of repeating units and is an integer
of 0 or more);

epoxy resins having a resin structure in which a
methoxynaphthalene skeleton is beonded to an aromatic nucleus
of any of the above 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
nucleus cf any of the aralkyl-type epoxy resins through a
methylene group:; tetramethylbiphenyl-type epoxy resins,
triphenylmethane-type epoxy resins, tetraphenylethane-type
epoxy resins, and dicyclopentadiene-phenol addition
reaction-type epoxy resins. These epoxy resins may be used

alone or in combination of two or more resins.



[0167] EXAMPLE 4 [ Synthesis of phenolic resin (A-4)] A phenolic
resin (A-4) was prepared as in Exanple 1 except that 200.0 g
(hydroxyl group: 1 equivalent) of a bi phenyl novolac resin

("MEH 7851SS" manufactured by Meiwa Plastic Industries, Ltd.) was
used instead of the phenol aral kyl resin ("XLC 4L" manufactured by
Mtsui Chemcals, Inc.), and 53.0 g (Q.3 noles) of 1-chloronethyl
napht hal ene was used. The resulting"pﬁénﬁlic resin had a softening
poi nt of 76 degrees (Celsius) (B & Rnmethod), a nmelt viscosity
(measuring nmethod: 1Cl visconeter nethod, neasuring tenperature: 150
degrees (@Gelsjus)) of 1.4 dPa.s, and a hydroxyl equivalent of 351
g/eq. A GPC chart of the prepared phenolic resinis showmn in Fig. 6,
a C13- NMR chamionef thheephen@hitt alesiartypes kpaxy rdsiigus, 7,nagid ha IMS
spectrum of the phenolic resin is shown in Fig. 8 The presence of a
met hy| naphtdiyd oxiyy g cagowasreinis r nederoyl tdwes Hoolret wmal gpsdsy  Mweins,
rati o of a phenolic hydroxyl group to a naphthyl nethyl oxy group or an
ant hryl retghdroxy- rmipeweasy resihs, 70:BkyY [Dd®8)-contairGOMPARNR M-
EXAMPLE 1 [ Synthesis of phenolic resin (A5): phenolic resin described
in PTL1]type epdsxy arddiask eyul ppetPxi tdr AR hearoretiery arakldpbirgre
funnel, a condenser tube, a distilling tube, and a stirrer, 520 g
(5.0 nolagdxwofresigherore v i asshn Rreiendleref ram 24 standpoint
manuf actured by DI C Corporation), 209 g (1.65 noles) of benzyl

chlori d&t ﬂ@}i g a3te tTRA9anGhARA IRXDIfEL e Lk T2 g Rfoperties.
tetraethyla nium chloride were charged, and the resulting m xture
was stiri%ed %t roomtenperature while nitrogen was bl own. Next, 149 ¢

1.82 I f 49%, [ h [ [ dded
ne i xtur o B0 S0SICQPass CORIS 1) ToVaF b ert'5a OF RBNONS After
th | et.i f the addition, th ' . . i
100 dogrecet GUSERU L beohoth 8. DAFTEPYT Ra EBhDPR. | SREOF PlE e

oLl O SRS Saas nejlsalized by a0dog e ol

aqueous 'l ayer was then renoved.

Fur t her nmog,q.ihe Q{}@@Hﬁdﬁye&nmﬁgﬁw Wirtdb 3L pafd H0f, vat er,

and this ter was g was repeate ree times. Subsequently, nethyl

| sobut ylgketigne was Ry st hheating dngRiudedutad:dy essure. Thus,
626 g of ‘a conmpound (A-5) was prepared. The resulting conpound (A-1)

had a sofitgiiid R0idHy 16fe thfardegraes Hydadsd tus)an(ibe§ R method), a nelt
viscosity (measuring - 88 - method: ICl visconeter nethod, measuring

t enper atiyriest NhAR rdagieesi(fes! Hiusdingafi phehydRailforand a hydr oxyl

equi val ent of 189 g/eq. [0169]
isophoronediamine, imidazole, BF3;—amine complexes, and
guanidine derivatives. Specific examples of the amide
compound include dicyandiamide, and a polyamide resin
synthesized from a dimer of lineoclenic acid and
ethylenediamine. Specific examples of the acid anhydride
compound include phthalic anhydride, trimellitic anhydride,
pyromellitic anhydride, maleic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, methylnadic

anhydride, hexahydrophthalic anhydride, and

methylhexahydrophthalic anhydride. Specific examples of the



EXAMPLE 5 Epoxi dation of phenolic resin (A-1), Epoxy resin (E-1)

In a flask equi pped with a thernoneter, a dropping funnel, a
condenser tube, and a stirrer, 276 g (hydroxyl group: 1 equivalent)
of the phenolic resin (A-1) prepared in Exanple 1, 463 g (5.0 nol es)
of epichlorohydrin, 139 g of nbutanol, and 2 g of

tetraet hyl benzyl anmoni um chl ori de were charged and di ssol ved while
ni trogen gas was purged. The tenperat@e-was increased to 65 degrees
(Cel sius), the pressure was then reduced to a pressure at which
azeotrope occurs, and 90 g (1.1 noles) of an aqueous 49% sodi um

hydr oxi den sl utd abies,Rddad: dIRPMSE 14 thes Sl Wi an %’gihéqcpﬁ” od
of five hours. Subsequently, stirring was continued for 0.5 hours
under t heswa: CGhidd ONerd3fl Nhddlise thdBind hendistnd 1l aldvdraguced
by azeotrope was separated using a Dean-Stark trap and the reaction
was condikgd iats Whid gh t el -ashes daeindass @ mmiast andedfienHi laddayer
was returned to the reaction system Unreacted epichl orohydrin was

t hen di stdgHwtblofdrdyodisi+ddmtdraredindero st used iy esaid enetiexty 590
g of nethyl isobutyl ketone and 177 g of n-butanol were added to the
resul ti regraratdies epoxyctnessrodrr adirsisal yehdriel ic B incraidsh epoxy resin
in the solvent. Furthernore, 10 g of an aqueous 10% sodi um hydroxi de
sol uti orphwas laddettting Hiavisgl @ immsimamt tuvet s ultt iwigiah @ ure was
allowed to react at 80 degrees (Celsius) for two hours. Subsequently,
t he readistdrpxrnarivdadeen avasrel iint HisLB3onglasd Gty | aramh ting uglears
washi ng was repeated three tines until the pH of the washing |iquid
becare rmdutadryl ONbAe FHY T dRMAIAT iR Widsr GERY o disddyene group
azeotrope. Mcrofiltration was conducted, and the solvent was then
di stil | Qb RRIHC rERided Hedurde Tefids, SBOFPISF dh WPEGE & esin
(E-1) was prepared. The resulti,ng epo resin had a softenin oi nt
of 62 dEHIES (RASTEILS B @R HothOHES & it A TEGSi P RS g
met hod: 1 Cl %gﬁﬁgge er nmet hod, neasurin tegﬁgﬁaturQ%EISO degr ees
(Cel si u§yy ¢t 1. a's, e &peo%&‘se%@r\}’ t% df° red” 870
A GPC chart, .of. the prepared phenalic resin is,sho in-kFig 9, .4

C 3 NVR AP ‘o MB5b B G016 ot (T ¢° B5Tad & e p ST of
t he res&gﬂf%égH%gaiq§,@ . éﬁ%uégﬂ% I 654 of, A JIRt hyl napht hyl oxy
group was confirnmed by the above anal ysis. e ratio of a glycidyl oxy
group tnglmqphthylnethyloxy group or an anthryl net hyl oxy group was
74:26. [0171] EXAMPLE 6 Epoxidation of phenolic resin (A-2), Epoxy -
90 - residhehE- 297 An epoxi di zed product (E-2) (255 g) was
prepared as in Exanple 5 except that 227 g (hydroxyl group: 1
equivalenb@ of the phenolic ed i pstead of the

resin (A-2) was u
phenol i c sin (A-1). The rfesufting epoxy resi\n hag a softening point
of 61 dﬁiiffs (Celratys) (Bf & t hod) /=t i ity (neasuring
I C ;n@r ; G :

met hod: —ves 150 degrees
(Cel sius Zof 1.2 a. s, epoxy &7 324 g/ eq. A
GPC chart of the prepared oxy resin is showd hn Fig. 12. The ratio
of a glycidyloxy group to a naphthyl net hyl oxy group or an

ant hryl met hyl oxy group was 84:16. [0172]
(where n represents the number of repeating units and is an

integer of 0 or more},

naphthol aralkyl resins represented by the structural
formula below:

[0118]

[Chem. 40]



EXAMPLE 7 Epoxidation of phenolic resin (A-3), Epoxy resin (E-3)

An epoxi di zed product (E-3) (226 g) was prepared as in Exanple 5
except that 195 g (hydroxyl group: 1 equivalent) of the phenolic
resin (A-3) was used instead of the phenolic resin (A-1). The
resulting epoxy resin had a softening point of 65 degrees (Celsius)
(B & Rnethod), a nelt viscosity (nmeasuring nethod: |1Cl visconeter
nmet hod, neasuring tenperature: 150 ﬂe@?eés (Celsius)) of 1.1 dPa.s,
and an epoxy equival ent of 285 g/eq. A GPC chart of the prepared
epoxy resin is shown in Fig. 13. The ratio of a glycidyloxy group to

a napht hy thyloxy group or an - 91 - anthryl ngthyl oxy group was
92:8. [01 EXAMPLE 8
Epoxy resi éﬁ OXI Hec ‘@ SB0 g) was
pr epar ed i @é@g@g{ﬁc pt _.u_ ghoup: 1
e A—4) was used/i nst of the
g epoxy resin g0f t eni ng poi nt

equi val e of the phenolic
phenol i c in (A-1). The res

of 69 degrees (Celsius) (B & Rnethod), a nelt viscosity (nmeasuring
met hod: I Cl visconeter nethod, neasuring tenperature: 150 degrees

( Cel si usfwhegfe n Zetmessntghd b repher etfuinaeaiting wed g/ ® @C
chart of the prepared epoxy resinis shown in Fig. 14, a C13 NVR
chart ofintfgsEpedy & €5i MareL)shown in Fig. 15, and a M5 spectrum of

t he epoxy. reS|n is shown in Fig. 16. The presence of a

met hy| ndBRYRAYETGHEHS W CEHHG s BV IR e Sh AW &G The
ratio of a glycidyl ox 0 t o a napht hyl net hyl oxy group or an

ant hryl rfét %&aﬁ%ﬁﬂ%“%ﬁ% 30. [0174] COVPARATI VE EXAMPLE 2

[ Synt he (@.%J epoxy resin (E-5)] Epoxi dati on was conducted as
in Exanﬂj 5] except that 189 g (hydroxyl group: 1 equivalent) of the
phenol i c ({e5|n ( -5) was used instead of the phenolic resin (A-1).
The res Ing epoxy resin (E-1) had a softening point of 43 degrees

(Celsius) (B & Rnethod), a nelt yiscosity - 92 - (ne surlng19
met hod: | @Hvi sconet er net hod, ng tenperature 1 de es

(Cel sius))lof 0.5 dgRa.s—and an Pj;iGQUIV- nt 269 y/ e
S o o8 o L

(where n represents the number of repeating units and is an

integer of 0 or more),

and biphenyl-modified naphthol resins represented by the
structural formula below:

[0120]

[Chem. 42}

{(where n represents the number of repeating units and is an



SYNTHESI S EXAMPLE 1 [ Synthesis of epoxy resin (E-6)] In a flask
equi pped with a thernonmeter, a condenser tube, a distilling tube, a
nitrogen gas-introducing tube, and a stirrer, 432.4 g (4.00 noles) of
o-cresol, 158.2 g (1.00 nole) of 2-methoxynaphthal ene, and 179.3 g of
an aqueous 41 nmass% f or mal dehyde sol uti on (fornmal dehyde: 2.45 nol es)
were charged. Next, 9.0 g of oxalic acid was added thereto and the
tenperature was increased to 100 degr@&s—(Cel sius). The reaction

m xture was allowed to react at 100 degrees (Celsius) for three
hours. Subsequently, 73.2 g of an aqueous 41 nmass% f or mal dehyde

sol uti on{fydmlgehyde: o0 ol e) was added dropwi se to the reaction
m xture over a period of one hour while water was collected with the
di still igrgerddibie: Afdiars tHer aenmd etdHim oft Al tifopwi sehiasidid i on, the
tenperature was increased to 150 degrees (Cel sius) over a period of
one houme tandk rtephrtdacidron sheiatan was Harnddwert @ldrowerbniax feanicladus
150 degrees (Celsius) for two hours. After the conpletion of the
reacti omf B0y Wfe rmdddwd &rsolbut At ket grieerwalsi  urddiiers daddedigh a
thereto. The resulting m xture was transferred to a separatory funnel
and was nwasheleeng tdravgt emnd Trend Miareesingghavivgs & hees Masttedictiute
water until the rinse water becomes neutral. Subsequently, unreacted
0- cr esoliranthizh metmedharafitarallerfece @i nmdtshyroridash tiqy | aTk ex e Wit e
removed fromthe organic | ayer by heating under reduced pressure.
Thus, aPKERIS ©f e8ith Mfadif e 2 T e R Prist i%e S5 n had
a hydroxyl equivalent of 164 g/eq. [0176] Next, in a flask

equi pped YA & MSTOREGS 9% Wh7oppi ng funnel, a condenser tube, and

e Sl L, U R e e

n- but anal., ,and 2 of tetraethyl benzyl ammoni um.chl ori de were charged
ond o SoVER SRR AT G e S AR S i e A

i ncreas 5 rees (Celsius), the pressure was then reduced to a
pressurggﬁ%ﬁﬁgié%ﬁg?@otrope occurs, and 90 g (1.1 noles) of an
aqueous[%%%ﬁﬁodiun1hydroxide sol ution was added dropwi se to the

sol ution over a period of five hours. Subsequently, stirring was
conti nugg¢Haf, @33 hours under the same condition. During this tinme,
the distillate produced by azeotrope was separated using a Dean-Stark
trap and t reactionoﬂas conduBFed whi | e the aqueous | ayer was

renoved and the oi}f | ayer s returned to the reaction system
Unr eact e ichlorohygﬁjn wal distilled off by distillation
I- /a

under refiucy TH €, 590 g of methyl isobutyl ketone and 177
g of n-bu ol I wene 9 to the resulting crude epoxy resin
to di ssolve the crude epdky rgsin in the solvent. Furthernore, 10 g
of an aqueous 10 mass% sodi um hydr oxi de sol ution was added to this
solution, and the resulting mxture was allowed to react at 80

degr ees ((Belrsi s )refpare stamd shaurhenSubsewugntdry a thghreadt igorouR X taunce
was washed with 150 g of water, and this water washi ng was repeated
t hree t mmaspunstsien tishd hgHnofnbietve oda sisibeg: tiinguivg itvec amsl deu@nalintheger,
the reaction systemwas dehydrated by azeotrope. Mcrofiltration was
conduct &f, Jafd f9&eddl FERatdy e taiagys Inesd- Nt f under reduced
pressure. Thus, an epoxy resin (E-8) was prepared. The resulting
epoxy r &§itF ARG Y Lipdist DENSe 3 isthy? 8¢ nSESYIG oG e g @@ aficdc onet er
nmet hod, neasurin% tenperature: 150 degrees,(CBIsiuség of 0,8 dPa.s
and an @y 1&GuLPRICEHOTGTE YRS0 PYeaR o FEPR PPICES o9 Wy A8 Gand
COMPARATI VE EXAMPLES 1 to 3 The epoxy resins (E-1) to (E-5),
VX 4000ANFERGT SRRy Sedar SRRy RIS i85 TR 5 phehdlTe
(tetramet hyl bip

NG 3000 HHATFACE O YEY i BBy e R 4 (s Toe o e

are joined by melamine, benzoguanamine, or the like).



- 95 - "XLC 3L" manufactured by Mtsui Chem cals, Inc. (phenol

aral kyl resin, hydroxyl equivalent: 172 g/eq.), and "MEH7851SS"

manuf actured by Meiwa Plastic Industries, Ltd. (biphenyl novol ac
resin, hydroxyl equivalent: 200 g/eq.), all of which serve as
phenolic resins; triphenyl phosphine (TPP) serving as a curing

accel erator; magnesi um hydroxi de (ECOVAG Z-10, manufactured by Air
Water Inc.) and al um num hydr oxi de ("éﬁ-303" manuf act ured by Sum tono
Chem cal Co., Ltd.), which serve as flame retardants; spherica
silica ("FB-560" manufactured by Denki Kagaku Kogyo Kabushi ki Kai sha)
serving Eslan inorganic filler; yglycidoxytriethoxysilane ("KBM 403",
manuf act ured by ShinEtsu Chemcal Co., Ltd.) serving as a sil ane
coupl i ng ageinoncarthasea wesi(sPEARIINMAX Nergk Rlmbenufdc et thy:
Cerarica Noda Co., Ltd.); and carbon black were bl ended in accordance
wi t h t hes lsoipowid iignsi tshowrl é ou leab | sesrdctanck A reEgudrtofct hver Ing Xt ur es
was then nelt-kneaded at a tenperature of 85 degrees (Celsius) for
five m muressenaily aramothoel standpoiot ppépahe fargetresvapdsinti edsect.
The curability of each of the conpositions was eval uated. Regarding
physi calsaﬁﬂp%{cﬁldsl’rofpl"@ﬂ@d TGt stesidrpl exr Tl Vel U S ot e
prepared using the above conpositions by the nethod described bel ow,
and heat'dVesliast dirsel ehd-Fatarded T letds P A Wl Grat@el 8y @he® et hods
descri bed hel ow. The results are shown in Tables 1 and 2. _ - 96 -

[0178] <HEHI NG Uhc N Us S 13 NS tiToh TenpRdt it el igilass
easur | R8T A (RN TP 4 GG et (YRR Pt ol ue RSAI 1
ot ho. PGS R B JH T i s o b
conposi TION ks RS S AR T R Bl T Y g -

ELECTR! G ARy v il A AL A5, 807588, 4,Cel S and o ocki ng

was started using stop wat The sanple was uniformy stirred by a

tip of ahilaiAn WerRhoR Walsh as 31 opped el e wAp & yvas

separated into tHréads and | eft on the plate. The time required for

the samplRris ke 2RAHAEE igHG dhygads @i diRf stmddia il & gy

defined as a gel tine. <Flane retardancy> Sanpl es for eval uation
havi ng &lwh@# Fedfarldneytm a length of 127 mm and a thickness of 1.6

nm were each prepared by nolding at a tenperature of 175 degrees

(Cel si ug)oifoar] 90 seconds using a transfer nolding nachi ne, and

post-curing the nolded sanple at a tenperature of 175 degrees

(Cel sius) forFrbmvehbhosktandpbénpr effahedhf ifleitesty,spetyrensypaenoedsa

t hi ckness of 1.6 nmwere subjected to a conbustion test in - 97 -
such as resorcin, catechol, and hydroquinone, bisphenols
such as bisphencl F and bisphenol A; and
dihydroxynaphthalenes such as 2,7-dihydroxynaphthalene and
1, 6-dihydroxynaphthalene are preferably used in combination.
[0124]

However, in the present invention, the phenolic resin

{B) used in the thermosetting resin composition (I)

described above 1s particularly preferable because the

effect of improving heat resistance and resistance to
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moisture and solder is significant. Furthermore, the
phenolic resin preferably includes a naphthylmethyloxy
group- or anthrylmethyloxy group-containing aromatic
hydrocarbon group {phl) represented by Ph1-14, Phl-15, Phl-
20, or Phl-22, the aromatic hydrocarbon group having a
naphthylmethyloxy group or an anthrylmethyloxy group in the
aromatic nucleus thereof; a phenolic hydroxyl group-
containing aromatic skeleton (PhZ) represented by Ph2-1 or
Ph2-4, the aromatic hydrocarbon group not having a
naphthylmethyloxy group or an anthrylmethyloxy group in the
aromatic nucleus thereof; and a divalent aralkyl group (X)
represented by X1, X2, or X5 from the standpoint of good
resistance to moisture and solder.

[0125]

The amounts of the epoxy resin (A') and the curing
agent (B') blended in the thermosetting resin composition
(IT) of the present invention are not particularly limited.
The amount of active group in the curing agent is preferably
0.7 to 1.5 eguivalents relative teo 1 equivalent of the total
epoxXy groups in epoxy resins containing the epoxy resin
because the resulting cured product has good properties.
[0126]

A curing accelerator may be used in combination with
the thermosetiing resin compesition (II} of the present

invention, as required. Various curing accelerators can be
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used and examples therecf include phosphorus compounds,
tertiary amines, imidazoles, organic acid metal salts, Lewis
acids, and amine complex salts. When the thermosetting
resin composition (II) is used in semiconductor sealing
materials, phosphorus compounds such as triphenylphosphine
and tertiary amines such as 1,8-diazabicyclo-[5.4.0]-
undecene (DBU) are preferable from the standpoint of good
curability, heat resistance, electrical properties,
resistance to moisture and solder, etc.
[0127]

Regarding the thermosetting resin compositicns (I) and
(IZ) of the present invention described in detail above,
since the phenolic resin (B} in the thermosetting resin
composition (I) or the epoxy resin (A') in the thermosetting
resin composition (II) has an effect of imparting good flame
retardancy, the resulting cured product has satisfactory
flame retardancy even if a commonly used flame retardant is
not incorporated. However, in order to exhibit a higher
degree of flame retardancy, a halogen-free flame retardant
(C) that contains substantially no halogen atom may be
incorporated in the field cof, for example, semiconductor
sealing materials as long as moldability in a sealing step
and reliability of a semiconductor device are not
deteriorated.

[0128]
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The thermosetting resin compositions (I) and (II)
containing the halogen-free flame retardant (C)
substantially contain no halogen atem, but may contain &
trace amount, e.g., about 5,000 ppm or less of halogen atoms
of impurities derived from, for example, an epihalohydrin
contained in the epoxy resin.

[0129]

Examples of the halcgen-free flame retardant (C)
include phosphorus-based flame retardants, nitrogen-based
flame retardants, silicone-based flame retardants, inorganic
flame retardants, and organic metal salt-kased flame
retardants. The use of these flame retardants is also not
particularly limited. These flame retardants may be used
alone. Alternatively, a plurality of the same type of flame
retardants may be used in combination or different types of
flame retardants may be used in combination.

[0130]

The phosphorus-based flame retardant may be an
inorganic compound or an organic compound. Examples of the
inorganic compound include red phosphorus; ammonium
phosphates such as moncammonium phosphate, diammonium
phosphate, triammonium phosphate, and ammonium
polyphosphate; and inorganic nitrogen-containing phosphorus
compounds such as phosphoric amide.

[0131]
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The red phosphorus is preferably subjected to a surface
treatment for the purpose of preventing hydrolysis etc.
Examples of the surface treatment method include (i) a
method of coating red phosphorus 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 cocating red phosphorus with a mixture of an
inorganic compound such as magnésium hydroxide, aluminum
hydroxide, zinc hydroxide, or titanium hydroxide, and a
thermosetting resin such as a phenolic resin; and (iii) a
method of coating red phosphorus with a coating film
composed of an inorganic compound such as magnesium
hydroxide, aluminum hydroxide, zinc hydroxide, or titanium
hydroxide and further coating the coating film with a
thermosetting resin such as a phenolic resin.

[0132]

Examples of the organic phosphorus-based compound
include common organic phosphorus-based compounds such as
phosphoric acid ester compounds, phosphonic acid compounds,
phosphinic acid compounds, phosphine oxide compounds,
phosphorane compounds, and organic nitrogen-containing
phosphorus compounds; cyclic organic phosphorus compounds
such as 9,10-dihydrc-9-oxa-10-phosphaphenanthrene=10-oxide,

10-(2,5-dihydroxyphenyl)-10H-9-0oxa-10-
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phosphaphenanthrene=10-oxide, and 10-(2,7-
dihydroxynaphthyl)-10H-9-oxa-10-phosphaphenanthrene=10-
oxide; and derivatives obtained by reacting any of these
compounds with a compound such as an epoxy resin or a
phenolic resin.

[0133]

The amount of phosphorus-based flame retardant blended
is appropriately selected in accordance with the type of
phosphorus-based flame retardant, other components of the
thermosetting resin composition, and the degree of desired
flame retardancy. When red phosphorus is used as the
halogen-free flame retardant, for example, the amcunt is
preferably in the range of 0.1 to 2.0 parts by mass relative
to 100 parts by mass of the thermosetting resin composition
containing all components such as an epoxy resin, a curing
agent, a halogen-free flame retardant, and other fillers and
additives. Similarly, when an organic phosphorus-based
compound is used, the amount is preferably in the range of
0.1 to 10.0 parts by mass, and particularly preferably in
the range of 0.5 to 6.0 parts by mass.

[0134]

When the phosphorus-based flame retardant is used, the
phosphorus-based flame retardant may be used in combination
with hydrotalcite, magnesium hydroxide, a boron compound,

zirconium oxide, a black dye, calcium carbonate, zeolite,
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zinc molybdate, activated carbon, or the like.
[0135]

Examples of the nitrogen-based flame retardant include
triazine compounds, cyanuric acid compounds, isocyanuric
acid compounds, and phenothiazine. Among these, triazine
compounds, cyanuric acid compounds, and isocyanuric acid
compounds are preferable.

[0136]

Examples of the triazine compound include melamine,
acetoguanamine, benzoguanamine, melon, melam,
succinoguanamine, ethylenedimelamine, polyphosphoric acid
melamine, triguanamine; (i) aminotriazine sulfate compounds
such as guanylmelamine sulfate, melem sulfate, and melam
sulfate; (ii) cocondensates of a phenolic compound such as
phencl, cresol, =xylenol, butylphenol, or nonylphencl, a
melamine such as melamine, benzoguanamine, acetoguanamine,
or formguanamine, and formaldehyde; (iii) mixtures of any of
the above cocondensates (ii) and a phenolic resin such as a
phenol-formaldehyde condensate; and (iv) compounds obtained
by further modifying any of the above (ii) and (iii) with
tung o0il, isomerized linseed o0il, or the like.

[0137]

Specific examples of the cyanuric acid compound include

cyanuric acid and cyanuric acid melamine.

[0138]
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The amount of nitrogen-based flame retardant blended is
appropriately selected in accordance with the type of
nitrogen-based flame retardant, other components of the
thermosetting resin composition, and the degree of desired
flame retardancy. For example, the amount of nitrogen-based
flame retardant is preferably in the range of 0.05 to 10
parts by mass and particularly preferably in the range of
0.1 to 5 parts by mass relative to 100 parts by mass of the
thermosetting resin composition containing all components
such as an epoxy resin, a curing agent, a halogen-free flame
retardant, and other fillers and additives.

[0139]

The nitrogen-based flame retardant may be used in
combination with, for example, a metal hydroxide or a
molybdenum compound.

[0140]

The silicone-based flame retardant is not particularly
limited, and any organic compound containing a silicon atom
may be used. Examples thereof include silicone oil,
silicone rubber, and silicone resins.
f0141]

The amount of silicone-based flame retardant blended is
appropriately selected in accordance with the type of
silicone-based flame retardant, other components of the

thermosetting resin composition, and the degree of desired
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flame retardancy. For example, the amount of silicone-based
flame retardant is preferably in the range of 0.05 to 20
parts by mass relative to 100 parts by mass of the
thermosetting resin composition containing all components
such as an epoxy resin, a curing agent, a halogen-free flame
retardant, and other fillers and additives. The silicone-
based flame retardant may be used in combination with, for
example, a molybdenum compound or alumina.

[0142]

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

[0143]

Specific examples of the metal hydroxide include
aluminum hydroxide, magnesium hydroxide, dolomite,
hydreotalcite, calcium hydroxide, barium hydroxide, and
zirconium hydroxide.

[0144]

Specific examples of the metal oxide 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,
and tungsten oxide.

[0145]
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Specific examples of the metal carbonate compound
include zinc carbonate, magnesium carbonate, calcium
carbonate, barium carbonate, basic magnesium carbonate,
aluminum carbonate, iron carbonate, ccbalt carbonate, and
titanium carbonate.

[(0146]

Specific examples of the metal powder include powders
of aluminum, iron, titanium, manganese, zinc, molybdenum,
cobalt, bismuth, chromium, nickel, copper, tungsten, and tin.
(0147]

Specific examples of the boron compound include zinc
borate, zinc metaborate, barium metaborate, boric acid, and
borax.

[0148]

Specific examples of the low-melting glass include
CEEPREE (Bokusui Brown Co., Ltd.), hydrated glass Si0,-MgO-
H;O, PbO-B;0s3-based, Zn0-P,05-MgO-~based, P;05-B;03-PbC-MgO-
based, P~-Sn~0O-F-based, Pb0-V.05-TeO,-based, and Al;03-H,0-
based glassy compounds, and lead borosilicate glassy
compounds.

[0149]

The amount of incrganic flame retardant blended is
appropriately selected in accordance with the type of
inorganic flame retardant, other components of the

thermeosetting resin ccomposition, and the degree of desired
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flame retardancy. For example, the amount of inorganic
flame retardant is preferably in the range of 0.05 to 20
parts by mass, and particularly preferably in the range of
0.5 to 15 parts by mass relative to 100 parts by mass of the
thermosetting resin composition containing all components
such as an epoxy resin, a curing agent, a halogen-free flame
retardant, and octher fillers and additives.

[0150]

Examples of the organic metal salt-based flame
retardant include ferrocene, acetylacetonate metal complexes,
organcmetallic carbonyl compounds, organic cobalt salt
compounds, organic sulfonic acid metal salts, and compounds
in which a metal atom and an aromatic compound or a
heterocyclic compound are ionic-bonded or coordinate-bonded.
[0151]

The amount of corganic metal salt-based flame retardant
blended is &sppropriately selected in accordance with the
type of organic metal salt-based flame retardant, other
components of the thermosetting resin composition, and the
degree of desired flame retardancy. For example, the amount
of organic metal salt-based flame retardant is preferably in
the range of 0.005 to 10 parts by mass relative to 100 parts
by mass of the thermosetting resin composition containing
all components such as an epoxy resin, a curing agent, a

halogen-free flame retardant, and other fillers and
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additives.
[0152]

The thermosetting resin compositions (I} and (II) of
the present invention may contain inorganic fillers, as
required. Examples of the inorganic filler include fused
silica, crystalline silica, alumina, silicon nitride, and
aluminum hydroxide. When a particularly large amount of
inorganic filler is blended, fused silica is preferably used.
Crushed or spherical fused silica may be used. In order to
increase the amount of fused silica blended and to suppress
an increase in melt viscosity of the resulting molding
material, spherical fused silica is preferably used. In
order to further increase the amount of spherical silica
blended, the particle size distribution of the spherical
silica is preferably appropriately adjusted. The filling
ratio of the inorganic filler is preferably high from the
standpoint of flame retardancy and is particularly
preferably 65% by mass or more relative to the total amount
of the thermosetting resin composition (I) or {II). When
the thermosetting resin composition is used as a conductive
paste or the like, conductive fillers such as a silver
powder and a copper powder may be used.

[0153]
The thermosetting resin composition (I) or (II) of the

present invention may contain various compounding agents
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such as silane coupling agents, mold-releasing agents,
pigments, and emulsifiers, as required.
[0154]

The thermosetting resin composition (I) or {(II}) of the
present invention is obtained by uniformly mixing the
components described above. The thermosetting resin
composition of the present invention can be easily converted
into a cured product by the same method as a known method.
Examples of the cured product include formed cured products
such as a laminate, a cast product, an adhesive layer, a
coating film, and a film.

[0155]

Examples ©f the application of the thermecsetting resin
composition (I) or (II) of the present invention include
semiconductor sealing materials; resin compositions used for
a laminated sheet, an electronic circuit board, or the like;
resin casting materials; adhesives; interlayer insulating
materials for built-up substrates; and coating materials
such as an insulating coating material. In particular, the
thermosetting resin composition (I) or (II) is suitably used
as semiconductor sealing materials.

[0156]

In order to prepare a thermosetting resin composition

(I) or (II) for a semiconductor sealing material, the above-

described components including a filler are sufficiently
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mixed using an extruder, a kneader, a rcll, or the like
until the resulting mixture becomes uniform, thus obtaining
a melt-mixing type thermeosetting resin composition. In such
a case, silica is usually used as the filler. The filling
ratio of the filler is preferably in the range of 30% to 95%
by mass relative to 100 parts by mass of the thermosetting
resin composition. The filling ratio of the filler is
particularly preferably 70 parts by mass or more in order to
improve flame retardancy, moisture resistance, and solder
cracking resistance and to decrease a coefficient of linear
expansion. When the filling ratio of the filler is 80 parts
by mass or more, these effects are further enhanced.
Semiconductor package molding is conducted by a method
including casting or molding the composition using a
transfer molding machine, an injection molding machine, or
the like and heating the resulting product at 50 to 200
degrees (Celsius) for 2 to 10 hours to produce a
semiconductor device which is a molded product.
[0157]

In order to prepare the thermosetting resin composition
(I) or {II) of the present inventicn used as a composition
for a printed circuit beoard, for example, a varnish of the
thermosetting resin compositicn is preferably prepared using
an organic solvent, and the varnish is used as a resin

composition for a prepreg. As the organic solvent, polar
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solvents having a boiling point of 160 degrees (Celsius) or
lower, such as methyl ethyl ketone, acetone, and
dimethylformamide are preferably used. These organic
solvents may be used alone or as a mixed soclvent of two or
more organic solvents. A prepreg, which is a cured preduct,
can be obtained by impregnating a reinforcing substrate such
as paper, glass cloth, glass nonwoven fabric, aramid paper,
aramid cloth, glass mat, or glass roving cloth with the
resulting varnish, and heating the substrate at a heating
temperature suitable for the type of sclvent used,
preferably 50 to 170 degrees (Celsius). A mass ratio of the
resin composition to the reinforcing substrate used in this
case 1s not particularly limited. In general, the prepreg
is preferably prepared so that the resin content in the
prepreg is in the range of 20% to 60% by mass. In the case
where a copper clad laminate is produced by using the
thermosetting resin composition (I) or (II), the copper clad
laminate is obtained by laminating the prepregs thus
prepared using a common method, appropriately stacking a
copper foil, and conducting thermal pressure bonding at 170
to 250 degrees (Celsius) at a pressure of 1 to 10 MPa for 10
minutes to 3 hours.
(0158]

When the thermosetting resin composition (I) or (II) of

the present invention is used as a resist ink, for example,
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the following method may be employed. A cationic
polymerization catalyst is used as a curing agent of the
thermosetting resin composition (II), a pigment, talc, and a
filler are further added to the resin composition to prepare
a composition for a resist ink, the composition is then
applied onto a printed board by screen printing, and a
resist ink cured product is then cbtained.

[0159]

When the thermosetting resin composition (I) or (II) of
the present invention is used as a conductive paste, for
example, the following methods may be employed. Fine
conductive particles are dispersed in the thermosetting
resin composition to prepare a composition for an
anisotropic conductive film. Alternatively, fine conductive
particles are dispersed in the thermosetting resin
composition to prepare a paste resin composition for circuit
connection or an anisotropic conductive adhesive, which is
liquid at room temperature.

[0160]

An interlayer insulating material for a built-up
substrate is obtained from the thermosetting resin
composition (I) or (II) of the present invention by, for
example, the following method. The thermosetting resin
composition containing, as required, rubber, a filler, etc.

is appiied onto a wiring becard having a circuit thereon by a
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spray coating method, a curtain ccating method, or the like,
and then cured. Subsequently, if necessary, predetermined
through-holes etc. are formed in the wiring board, the
wiring becard is then treated with a roughening agent, washed
with hot water to form irregularities on the surface thereof,
and then subjected to a plating treatment to form a metal
layer such as a copper layer. The plating method is
preferably an electroless plating method or an electrolytic
plating method. Examples of the roughening agent include
oxidizing agents, alkali, and organic solvents. A built-up
substrate can be produced by repeating such an operation as
required, to alternately build up resin insulating layers
and conducter layers having a predetermined circuit pattern.
The through-heoles are formed after the formation of an
outermost resin insulating layer. Alternatively, a copper
foil with a resin prepared by semi-curing the resin
composition on the copper foil may be pressure-bonded on a
wiring board having a circuit thereon under heating at 170
to 250 degrees (Celsius). Thus, a built-up substrate can be
produced without performing the step of forming a roughened
surface and the step of conducting a plating treatment.
[0161]

A cured product of the present invention may be
obtained in accordance with a common method for curing a

thermosetting epoxy resin composition. For example, the
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heating temperature conditions may be appropriately selected
in accordance with the type of curing agent that is used in
combination, the application of the cured product, etc. The
composition prepared by the above method may be heated in a
temperature range of about 20 to 250 degrees (Celsius).
Regarding a molding methed etc., common methods for moiding
an epoxy resin composition etc. are employed, and thus
conditions specific to the thermosetting resin composition
(I) or (II) of the present invention are not particularly
necessary.

[0162]

Accordingly, in the present invention, it is possible
to obtain an environmentally safe epoxy resin material that
can exhibit high flame retardancy without using a halogen-
based flame retardant. Furthermore, good dielectric
properties of the epoxy resin material can realize a high
operation speed of a high-frequency device. The phenolic
resin (B) or the epoxy resin (A') can be easily produced by
the method of the present invention with a high efficiency,
and it becomes possible to perform molecular design in
accordance with the levels of the desired properties.
EXAMPLES
[0163]

The present invention will now be specifically

described by way of Examples and Comparative Examples. In
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the description below, "part™ and "%" are on a mass basis
unless otherwise specified. A melt viscosity at 150 degrees
(Celsius), gel permeation chromatography (GPC), a nuclear
magnetic resonance (NMR) spectrum, and a mass (MS) spectrum
were measured under the conditions below.

1) Melt viscosity at 150 degrees (Celsius): The melt
viscosity was measured in accordance with ASTM D4287,

2) Method for measuring softening point: JIS K7234

3) GPC:

*Apparatus: HLC-8220 GPC, manufactured by Tosoh Corporation,
Column: TSX-GEL G2000HXL + G2000HXL + G3000HXL + G4000HXL,
manufactured by Tosoh Corporation

*Solvent: tetrahydrofuran

-Flow rate: 1 mL/min

‘Detector: refractive index (RI)} detector

4) NMR: NMR GSX270 manufactured by JECL, Ltd.

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

[0164]

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

In a flask equipped with a thermometer, a condenser
tube, a distilling tube, a nitrogen gas-introducing tube,
and a stirrer, 168.0 g (hydroxyl group: 1.00 eguivalent) of
a phenol aralkyl resin {"XLC-4L" manufactured by Mitsui

Chemicals, Inc.}, 45.9 g (0.26 moles) of l-chloromethyl
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naphthalene, and 300.0 g of methyl isobutyl ketone were
charged while nitrogen gas was purged, and the resulting
mixture was stirred at room temperature while nitrogen was
blown. The temperature was increased to 60 degrees
(Celsius), and 23.3 g (0.29 moles) of an agqueous 49% sodium
hydroxide solution was then added dropwise to the mixture
over a period of one hour. After the completion of the
addition, the temperature was increased, and the mixture was
allowed to react at 70 degrees (Celsius) for two hours, at
95 degrees (Celsius) for two hours, and further for five
hours while the mixture was refluxed. After the completion
of the reaction, the temperature was decreased to 80 degrees
(Celsius), the organic layer was washed with 100 g of water,
and this water washing was repeated four times.
Subsequently, methyl isobutyl ketone was removed by heating
under reduced pressure. Thus, a phenclic resin (A-1) was
prepared. The resulting phenclic resin had a softening
point of 72 degrees (Celsius) (B & R method), a melt
viscosity (measuring method: ICI viscometer method,
measuring temperature: 150 degrees (Celsius)) of 1.3 dPa-s,
and a hydroxyl equivalent of 276 g/eq.

A GPC chart of the prepared phenolic resin is shown in
Fig. 1, a C®*-NMR chart of the phenclic resin is shown in Fig.
2, and a M5 spectrum of the phenolic resin is shown in Fig.

3. The presence of a methylnaphthyloxy group was confirmed
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by the above analysis. The ratio of a phenolic hydroxyl
group to a naphthylmethyloxy group or an anthrylmethyloxy
group was 74:26.

[0165]

EXAMPLE 2 [Synthesis of phenolic resin (A-2)]

A phenolic resin (A-2) was prepared as in Example 1
except that 28.3 g (0.16 moles) of l-chloromethyl
naphthalene and 14.4 g (0.18 moles) of an agqueous 49 mass%
sodium hydroxide sclution were used. The resulting phenolic
resin had a softening point of 70 degrees (Celsius} (B & R
method), a melt viscesity (measuring method: ICI viscometer
method, measuring temperature: 150 degrees (Celsius)) of 1.1
dPa-s, and a hydroxyl equivalent of 227 g/eq.

A GPC chart of the prepared phenclic resin is shown in Fig.
4. The ratio of a phenolic hydroxyl group to a
naphthylmethyloxy group or an anthrylmethyloxy group was
84:16.

[0166]

EXAMPLE 3 [Synthesis of phenclic resin (A-3)]

A phenolic resin (A-3) was prepared as in Example 1
except that 14.1 g (0.08 moles) of l-chloromethyl
naphthalene and 7.2 g (0.09% moles) of an aqueous 49% sodium
hydroxide solution were used. The resulting phenolic resin
had a softening point of 68 degrees (Celsius) (B & R method),

a melt viscosity {measuring method: ICI viscometer methcd,
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measuring temperature: 150 degrees (Celsius)) of 1.0 dPa-s,
and a hydroxyl equivalent of 195 g/eq.

A GPC chart of the prepared phenolic resin is shown in Fig.
5. The ratio of a phenolic hydroxyl group to a
naphthylmethyloxy group or an anthrylmethyloxy group was
92:8.

[0167]

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

A phenolic resin (A-4) was prepared as in Example 1
except that 200.0 g (hydroxyl group: 1 eguivalent) of a
biphenyl novelac resin ("MEH-7851S8S" manufactured by Meiwa
Plastic Industries, Ltd.) was used instead of the phenol
aralkyl resin ("XLC-4L" manufactured by Mitsui Chemicals,
Inc.), and 53.0 g (0.3 moles) of l-chloromethyl naphthalene
was used. The resulting phenolic resin had a softening
point of 76 degrees (Celsius) (B & R method), a melt
viscosity {(measuring method: ICI viscometer method,
measuring temperature: 150 degrees (Celsius)) of 1.4 dPa-s,
and a hydroxyl equivalent of 351 g/eq. A GPC chart of the
prepared phenolic resin is shown in Fig. 6, a C!-NMR chart
of the phenolic resin is shown in Fig. 7, and a MS spectrum
of the phenolic resin is shown in Fig. 8. The presence of a
methylnaphthyloxy group was confirmed by the above analysis.
The ratio of a phenclic hydroxyl group to a

naphthyimethyloxy group or an anthrylmethyloxy group was



51

TD- 2131 45 Al um num hydr oxi de

- 87 -

70:30.
[0168]

COMPARATIVE EXAMPLE 1 [Synthesis of phenolic resin (A-
5): phenolic resin described in PTL1]

In a flask equipped with a thermometer, a dropping
funnel, a condenser tube, a distilling tube, and a stirrer,
520 g (5.0 moles} of a phenol novolac resin ("PHENOLITE TD-
2131" manufactured by DIC Corporation), 209 g (1.65 moles)
of benzyl chloride, 1,094 g of methyl isobutyl ketone, and 7
g of tetraethylammonium chlcride were charged, and the
resulting mixture was stirred at room temperature while
nitrogen was blown. Next, 149 g (1.82 moles) of an agueous
49% sodium hydroxide solution was added to the mixture at 70
degrees (Celsius) over a period of one hour. After the
completion of the addition, the mixture was further stirred
at 100 degrees (Celsius) for three hours. After the
completion of the reaction, the reaction mixture was
neutralized by adding 10 g of sodium dihydrogen phosphate,
and the agueous layer was then removed. Furthermore, the
organic layer was washed with 300 parts of water, and this
water washing was repeated three times. Subsequently,
methyl iscbutyl ketone was removed by heating under reduced
pressure. Thus, 626 g of a compound (A-5}) was prepared. The
resulting compound (A-1) had a softening point of 66 degrees

{Celsius) (B & R method), a melt viscosity (measuring
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method: ICI viscometer method, measuring temperature: 150
degrees (Celsius)) of 0.7 dPars, and a hydroxyl equivalent
of 189 g/eq.

[0169]

EXAMPLE 5 Epoxidation of phenolic resin (A-1), Epoxy
resin (E-1)

In a flask equipped with a thermometer, a dropping
funnel, a condenser tube, and a stirrer, 276 g (hydroxyl
group: 1 equivalent) of the phenolic resin (A-1) prepared in
Example 1, 463 g (5.0 moles) of epichlorohydrin, 139 g of n-
butanol, and 2 g of tetraethylbenzylammonium chloride were
charged and dissolved while nitrogen gas was purged. The
temperature was increased to 65 degrees {Celsius), the
pressure was then reduced to a pressure at which azeotrope
occurs, and 90 g (1.1 moles) of an aqueous 49% sodium
hydroxide solution was added dropwise to the solution over a
period of five hours. Subsequently, stirring was continued
for 0.5 hours under the same condition. During this time,
the distillate produced by azeotrope was separated using a
Dean-Stark trap and the reaction was conducted while the
aqueous layer was removed and the oil layer was returned to
the reaction system. Unreacted epichlorohydrin was then
distilled off by distillation under reduced pressure. Next,
590 g of methyl isobutyl ketone and 177 g of n-butanol were

added to the resulting crude epoxy resin to dissolve the
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crude epoxy resin in the solvent. Furthermore, 10 g of an
aqueous 10% sodium hydroxide solution was added to this
solution, and the resulting mixture was allowed to react at
80 degrees (Celsius) for two hours. Subsequently, the
reaction mixture was washed with 150 g of water, and this
water washing was repeated three times until the pH of the
washing liguid became neutral. Next, the reaction system
was dehydrated by azeotrope. Microfiltration was conducted,
and the solvent was then distilled off under reduced
pressure. Thus, 299 g of an epoxy resin (E-1) was prepared.
The resulting epoxy resin had a softening point of 62
degrees (Celsius) (B & R method), a melt viscosity
(measuring method: ICI viscometer method, measuring
temperature: 150 degrees (Celsius)) of 1.2 dPa:s, and an
epoxy equivalent of 363 g/eq.
[0170]

A GPC chart of the prepared phenclic resin is shown in
Fig. 9, a CY-NMR chart of the resin is shown in Fig. 10, and
a MS spectrum of the resin is shown in Fig. 11l. The
presence of a methylnaphthyloxy group was confirmed by the
above analysis. The ratio of a glycidyloxy group to a
naphthylmethyloxy group or an anthrylmethyloxy group was
74:26.
[0171]

EXAMPLE 6 Epoxidation of phenolic resin (A-2), Epoxy
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resin (E-2)

An epoxidized product (E-2) (255 g) was prepared as in
Example 5 except that 227 g (hydroxyl group: 1 equivalent)
of the phenolic resin (A-2) was used instead of the phenolic
resin {A-1l). The resulting epoxy resin had a softening
point of 61 degrees (Celsius) (B & R method}, a melt
viscosity {(measuring method: ICI visccometer method,
measuring temperature: 150 degrees (Celsius)} of 1.2 dPa-s,
and an epoxy equivalent of 324 g/eq.

A GPC chart of the prepared epoxy resin is shown in Fig.
12. The ratio of a glycidyloxy group to a naphthylmethyloxy
group or an anthrylmethyloxy group was 84:16.
[0172]

EXAMPLE 7 Epoxidation cof phenolic resin (A-3), Epoxy
resin (E-3)

An epoxidized product (E-3) (226 g) was prepared as in
Example 5 except that 195 g (hydroxyl group: 1 equivalent)
of the phenolic resin (A-3) was used instead of the phenolic
resin (A-1). The resulting epoxy resin had a softening
point of 65 degrees (Celsius) (B & R method), a melt
viscosity (measuring method: ICI viscometer method,
measuring temperature: 150 degrees (Celsius)) of 1.1 dPa-s,
and an epoxy equivalent of 285 g/eq. A GPC chart of the
prepared epoxy resin is shown in Fig. 13. The ratio of a

glycidyloxy group tc a naphthylmethyloxy group or an
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anthrylmethyloxy group was 92:8.
[0173]

EXAMPLE 8 Epoxidation of phenclic resin (A-4), Epoxy
resin (E-4)

An epoxidized preduct (E-4) (380 g) was prepared as in
Example 5 except that 351 g (hydroxyl group: 1 equivalent)
of the phenolic resin (A-4) was used instead of the phenclic
resin (A-1). The resulting epoxy resin had a softening
point of 69 degrees (Celsius) (B & R method), a melt
viscosity (measuring method: ICI viscometer method,
measuring temperature: 150 degrees (Celsius)) of 1.7 dPa:‘s,
and an epoxy equivalent of 463 g/eqg. A GPC chart of the
prepared epoxy resin is shown in Fig. 14, =a C’-NMR chart of
the epoxy resin is shown in Fig. 15, and a MS spectrum of
the epoxy resin is shown in Fig. 16. The presence of a
methylnaphthyloxy group was confirmed by the above analysis.
The ratio of a glycidyloxy group to a naphthylmethyloxy
group or an anthrylmethyloxy group was 70:30.

[0174]

COMPARATIVE EXAMPLE 2 [Synthesis of epoxy resin (E-5)]

Epoxidation was conducted as in Example 5 except that
189 g (hydroxyl group: 1 equivalent) of the phenclic resin
(A-5) was used instead of the phenolic resin (A-1). The
resulting epoxy resin (E-1) had a softening point of 43

degrees (Celsius) (B & R method)}, a melt viscosity
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(measuring method: ICI viscometer method, measuring
temperature: 150 degrees (Celsius)) of 0.5 dPa-s, and an
epoxy equivalent of 269 g/eq.
[0175]

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

In a flask equipped with a thermometer, a condenser
tube, a distilling tube, a nitrogen gas-introducing tube,
and a stirrer, 432.4 g (4.00 moles) of o-crescl, 158.2 g
{:.00 mole) of 2-methoxynaphthalene, and 179.3 g cof an
aqueous 41 mass% formaldehyde solution (formaldehyde: 2.45
moles) were charged. Next, 2.0 g of oxalic acid was added
thereto and the temperature was increased to 100 degrees
(Celsius). The reaction mixture was allowed to react at 100
degrees (Celsius) for three hours. Subsequently, 73.2 g of
an aqueous 41 mass?% formaldehyde solution (formaldehyde:
1.00 mole) was added dropwise to the reaction mixture over a
period of one hour while water was collected with the
distilling tube. After the completion of the dropwise
addition, the temperature was increased to 150 degrees
(Celsius) over a period of one hour, and the reaction
mixture was further allowed t¢ react at 150 degrees
(Celsius) for two hours. After the completion of the
reaction, 1,500 g of methyl isobutyl ketone was further
added thereto. The resulting mixture was transferred to a

separatory funnel and was washed with water. The mixture



150 150 90 Misture absorptivity 85/0/85RH% 0.12 0.13 0.16 0.16 0.19
0.17 0.24 Resistance to noisture and sol der- Good Good Good

was then washed with water until the rinse water becomes
neutral. Subsequently, unreacted o-cresol and 2-
methoxynaphthalene, and methyl isobutyl ketone were removed
from the organic layer by heating under reduced pressure.
Thus, a phenolic resin was prepared. The resulting phenolic
resin had a hydroxyl equivalent of 164 g/eq.

[0176]

Next, in a flask equipped with a thermometer, a
dropping funnel, a condenser tube, and a stirrer, 164 g
(hydroxyl group: 1 equivalent) of the phenolic resin
obtained above, 463 g (5.0 moles) of epichleorohydrin, 139 g
of n-butanol, and 2 g of tetraethylbenzylammonium chloride
were charged and dissolved while nitrogen gas was purged.
The temperature was increased to 65 degrees (Celsius), the
pressure was then reduced to a pressure at which azeotrope
occurs, and 90 g (1.1 moles) of an agueous 49% sodium
hydroxide solution was added dropwise to the solution over a
period of five hours. Subsequently, stirring was continued
for 0.5 hours under the same condition. During this time,
the distillate produced by azeotrope was separated using a
Dean-Stark trap and the reaction was conducted while the
aqueous layer was removed and the oil layer was returned to
the reaction system. Unreacted epichlorohydrin was then
distilled off by distillation under reduced pressure. Next,

590 g of methyl isobutyl ketone and 177 g of n-butanol were
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added to the resulting crude epoxy resin to dissolve the
crude epoxy resin in the solvent. Furthermore, 10 g of an
agueous 10 mass% sodium hydroxide solution was added to this
solution, and the resulting mixture was allowed to react at
80 degrees (Celsius) for two hours. Subsequently, the
reaction mixture was washed with 150 g of water, and this
water washing was repeated three times until the pH of the
washing liquid became neutral. Next, the reaction system
was dehydrated by azeotrope. Microfiltration was conducted,
and the solvent was then distilled off under reduced
pressure. Thus, an epoxy resin (E-8) was prepared. The
resulting epoxy resin had a melt viscosity (measuring
method: ICI viscometer method, measuring temperature: 150
degrees (Celsius)) of 0.8 dPa-s and an epoxy equivalent of
250 g/eq.
[0177]

EXAMPLES 9 to 18 and COMPARATIVE EXAMPLES 1 to 3

The epoxy resins (E-1) to (E-5), YX-4000H manufactured
by Japan Epoxy Resin Co., Ltd. (tetramethylbiphencl-type
epoxy resin, epoxy equivalent: 195 g/eqg.), NC-3000
manufactured by Nippon Kayaku Co., Ltd. (biphenyl novolac-
type epoxy resin, epoxy equivalent: 274 g/eq.), and NC-2000L
manufactured by Nippon Kayaku Co., Ltd. (phencl aralkyl-type
epoxy resin, epoxy equivalent: 236 g/eq.), all of which

serve as epoxy resins; the phenolic resins (A-1) to (A-5),
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"XLC-3L" manufactured by Mitsui Chemicals, Inc. (phencl
aralkyl resin, hydroxyl equivalent: 172 g/eq.), and "MEH-
785158" manufactured by Meiwa Plastic Industries, Ltd.
(biphenyl novolac resin, hydroxyl equivalent: 200 g/eq.),
all of which serve as phenolic resins; triphenylphosphine
(TPP) serving as a curing accelerator; magnesium hydroxide
(ECOMAG Z-10, manufactured by Air Water Inc.) and aluminum
hydroxide ("CL-303" manufactured by Sumitomoc Chemical Co.,
Ltd.), which serve as flame retardants; spherical silica
("FB-560" manufactured by Denki Kagaku Kogyo Kabushiki
Kaisha) serving as an inorganic filler; y-
glycidoxytriethoxysilane ("KBM-403", manufactured by Shin-
Etsu Chemical Co., Ltd.) serving as a silane coupling agent;
carnauba wax ("PEARL WAX No. 1-P" manufactured by Cerarica
Noda Co., Ltd.); and carbon black were blended in accordance
with the compositions shown in Tables 1 and 2. Each of the
mixtures was then melt-kneaded at a temperature of 85
degrees (Celsius) for five minutes using a two-roll mill to
prepare target compositions. The curability of each of the
compositions was evaluated. Regarding physical properties
of cured products, samples for evaluation were prepared
using the above compositions by the method described below,
and heat resistance and flame retardancy were measured by
the methods described below. The results are shown in

Tables 1 and 2.



Abbreviations in Tables 1 and 2 represent the follow ng: NC 2000L:
phenol aral kyl -type epoxy resin ("NC 2000L" manufactured by Ni ppon
Kayaku Co., Ltd., epoxy equivalent: 236 g/eq.) NC 3000: biphenyl
novol ac-type epoxy resin ("NC3000" - 99 - nanufactured by N ppon
Kayaku Co., Ltd., epoxy equivalent: 274 g/eq.) YX-4000H:

t et r amet hyl bi phenol -type epoxy resin, "YX-4000H' manufactured by
Japan Epoxy Resin Co., Ltd., epoxy eq#fvalent: 195 g/eq.)

N- 655- EXP-S: cresol novol ac-type epoxy resin ("Epiclon N655-EXP-S",
epoxy equi val ent: 200 g/eq.) MeEH 7851SS: bi phenyl novol ac resin

(" MEH 785%1S§ ) manuf actured by Meiwa Plastic Industries, Ltd.

hydr oxyl equi val ent: 200 g/eq.) XLC 3L: phenol aral kyl resin

(" XLC 3llugamnuiactdnat-dy Mtsui Chem cals, Inc., hydroxy
equi valent: 172 g/eq.) TD-2131: phenol novol ac-type phenolic resin

(" TD 2130"a smrifacdiuieth e Goror atieoonyl dy-dripat s egidrval ent : 104
g/eq.) TPP: triphenyl phosphine - 100 - CLAIMS [ aim1] A
t her nos ednigey atestdn weonmoesd 4uxed donrd iI/ing: ani speda gteistitf A) and a
phenolic resin (B) as essential conponents, wherein the phenolic
resin (Bedwsistg wpparaturi etaleist whi st adrass tal aiaph timd sweting oxy
group- or anthryl net hyl oxy group-containing aromati c hydrocarbon
group (piEPgratus RSAII, manufactured by Rheometric Scientific, Inc.,
double cantilever methed; frequency: 1 Hz, temperature-
increasing rate: 3 degrees {Celsius)/min).
<Curability>
First, 0.15 g of an epoxy resin composition was placed on a
cure plate (manufactured by TEERMO ELECTRIC Company, Inc.)
heated at 175 degrees (Celsius} and clocking was started
using a stop watch. The sample was unifeormly stirred by a
tip of a bar, and the stop watch was stopped when the sample
was separated into threads and left on the plate. The time
required for the sample to be separated into threads and
left on the plate was defined as a gel time.
<Flame retardancy>
Samples for evaluation having a width of 12.7 mm, a length
cf 127 mm, and a thickness of 1.6 mm were each prepared by
molding at a temperature of 175 degrees (Celsius) for 90
seconds using a transfer molding machine, and post-curing
the moided sample at a temperature of 175 degrees (Celsius)

for five hours. The prepared five test specimens having a

thickness of 1.6 mm were subjected to a combustion test in



a phenolic hydroxyl group-containing aromatic hydrocarbon group
(ph2), and a divalent aral kyl group (X) represented by a general
formula below. [Chem 1] -CH -Ar -CH CGeneral formula 1 (where
Ar represents a phenyl ene group or a bi phenyl ene group and Rs each

i ndependently represent a hydrogen atom or a nethyl group) and has a
structure in which plural aromatic hydrocarbon groups selected from
the group consisting of the napht hytnmBthyl oxy group- or

ant hryl met hyl oxy group-containing aromati c hydrocarbon group (phl)
and the phenolic hydroxyl group-containing aromatic hydrocarbon group

(ph2) arg.hondadd hygughidesdiyvalende afadad. group (X). [Caim 2]

The thernpsetting resin conposition according to Claim

[0179]
[Table 1]
Table 1
Example | Example | Example | Example | Example | Example
9 10 11 12 13 14
E-1 89
E-2 89
E-3 77
Epoxy resin E-4 107
E-5
E-6 74
NC-3000 72
A-2 59
A-3 57
Curing agent | MEH-7851S8 54
XLC-3L 42
TD-2131 32 24
Aluminum hydroxide
Magnesium hydroxide
TPP 3 3 3 3 3 3
Fused silica 860 860 8860 860 860 860
Silane coupling agent 2 2 2 2
Carnauba wax 1 1 1 1 1 1
Carbon black 3 3 3 3 3 3
Curability sec 24 32 25 27 28 28
Coefficient of thermal expansicn 8.3 8.6 8.7 8.1 8.4 8.6
(al) PRPM
Adhesiveness N/cm 210 200 210 180 190 200
Moisture absorptivity
859%/85RH/300H % 0.14 0.17 0.15 0.13 0.16 0.15
S;Z‘::a""e tomoistreand | Gooq Good | Good Good | Good | Good
Flame retardancy Class V-0 V-0 V-0 V-0 V-0 V-0
zF sec 13 19 27 21 25 22
Fmax sec 5 6 7 5 6 6

[0180]




- 101 - 1, wherein the phenolic resin (B) has a nelt viscosity of 0.1

to 100 dPa.s neasured at 150C with an ICl visconeter. [Claim3]

A sem conductor sealing material conprising the epoxy resin (A) and

t he phenolic resin (B) according to Claim1 or 2; and an inorganic

filler in an amount of 70%to 95% by mass in the conposition. [Claim

4] A cured product obtained by curing the thernosetting resin

conposition according to Claim1 or-228[ € ai m 5] A phenolic

resin conprising structural noieties which are a napht hyl net hyl oxy

group- or anthryl met hyl oxy group-containing aromatic hydrocarbon
gr oup (p'agleegphenolic hydr oxyl group-containing aromatic

hydr ocarbon group (ph2), and a divalent aral kyl group (X) represented

by general formula 1 below [Chem 3&hpreCH - Ar -CH Gener a
1
for mul - Example | Example | Example | Example Com. Com. Com.
15 16 17 18 Ex. 1 Ex. 2 Ex. 3
E-2 71
E-5 80
Epoxy resin E-6 32 32
YX-4000H 32
N-855-EXP-S 48 32 67 86
A-1 60
A-2 67 66
Curing agent A4 83
A-5 64
XLC-3L 51
TD-2131 45
Aluminum hydroxide 50
Magnesium hydroxide 50
TPP 3 3 3 3 3 3 3
Fused silica 860 810 810 810 860 860 860
Silane coupling agent 2 2 2 2 2 2 2
Carnauba wax 1 1 1 1 1 1 1
Carbon black 3 3 3 3 3 3 3
Curability sec 31 34 31 29 34 24 31
Coefficient of thermal expansion 8.0 8.4 8.4 8.6 9.9 9.9 90
{al) ppm
Adhesiveness N/icm 230 210 190 180 150 150 90
Moisture absorptivity
85%/85RH % 0.12 0.13 0.16 0.16 0.19 0.17 0.24
:;z:ianceiornoﬁuneand : Good Good Good Good Poor Poor Poor
Flame retardancy Class V-0 V-0 V-0 V-0 V-1 V-1 Burning
TF sec 11 15 12 29 51 54 -
Fmax sec 3 4 4 9 11 12 -

Com. Ex.: Comparative Example
Abbreviations in Tables 1 and 2 represent the following:

NC-2000L: phenol aralkyl-type epoxy resin ("NC-Z000L"

manufactured by Nippon Kayaku Co., Ltd., epoxy equivalent:

236 g/eq.)

NC-3000: biphenyl novolac-type epoxy resin ("NC-3000"




(where Ar represents a phenyl ene group or a bi phenyl ene group and Rs
each independently represent a hydrogen atom or a nethyl group) and
having a structure in which plural aromatic hydrocarbon groups
selected fromthe group consisting of the - 102 - naphthyl nmet hyl oxy
group- or anthryl met hyl oxy group-containing aromatic hydrocarbon
group (phi) and the phenolic hydroxyl group-containing aromatic
hydr ocarbon group (ph2) are bonded thPdugh the dival ent aral kyl group
(X). [Caimé6] The phenolic resin according to Claimb5, wherein
a nelt viscosity neasured at 150C with an I Cl visconeter is 0.1 to
100 dPa.sandfd@iuped by Nipgphdhetapset tadg, ressn, Cé}f@%)siédﬂmalent:
conprising an epoxy resin (A) and a curing agent (B ) as essenti al
conponert s ein the epoxy resin (A) has structural noieties
whi ch are a napht hyl met hyl oxy group- or anthryl net hyl oxy
gr oup- COK-ad 00 01y arestimdmeet Hyldy igdesrhan- oo pedghy )resirgl yoixdyd xgH"
group-contai ni ng aromati ¢ hydrocarbon group (ep), and a dival ent
ar al kyl mgrroufedQradpreskyasad Hpoxgerfersin for nullad. betmowy [ Chem 3]
CH -Ar -CH

equivalent: 195 g/eq.)

N-655-EXP-S: cresol novolac-type epoxy resin ("Epiclon N-
655-EXP-S", epoxy equivalent: 200 g/eq.)

MEH-785158S: biphenyl novolac resin ("MEH-785158"
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: phenol novolac-type phenolic resin ("TD-2131"
manufactured by DIC Corporation, hydroxyl equivalent: 104
g/eq.)

TPP: triphenylphosphine



General formula 1 (where Ar represents a phenyl ene group or a

bi phenyl ene group and Rs each independently represent a hydrogen atom
or a nethyl group) and has a structure in which aromatic hydrocarbon
groups selected fromthe group consisting of the naphthyl nethyl oxy -
103 - group- or anthryl nmet hyl oxy group-containing aronmatic

hydr ocar bon group (phi) and the glycidyl oxy group-containing aromatic
hydr ocarbon group (ep) are bonded thr i t he di val ent aral kyl group

(X). [Caim8] The thernosetting resin conposition according to
Claim 7, wherein the epoxy resin (A") has a nelt viscosity of 0.1 to
100 dPa.s neasured at 150C with an ¢fhtMgsconeter. [C aim 9] A

sem conduct or sealing material conprising the epoxy resin and the
curing ageHingckcprding to aim7 or 8, and an inorganic filler in an
amount of 70%to 95% by mass in the conposition. [C ai m10] A
cured producta ablcamoae thy neuriesd nt herperimeet dongriedng aonmepesixty on
according to Caim7 or 8. [Caiml1l] An epoxy resin conprising
struct urmdsinoi @) esndMd gihearcel i nageiitrhy({ Bietdy |esgergricup-carponents,
ant hryl met hyl oxy group-containing aromati c hydrocarbon group (phi), a
gl yci dylvher agimo upvec griterionl ing arsoimat (B hady coanbone g lou i(edple s adi eh
di val ent aral kyl group (X) represented by general fornula 1 bel ow

[ Chem 4#re a naphthylmethyloxy group- or anthrylmethyloxy group-

centaining aromatic hydrocarbon group (phl),

a phenolic hydroxyl group-containing aromatic hydrocarbon
group (phZ2), and

a divalent aralkyl group (X) represented by a general

formula below:

[Chem. 1]
R R
—CH—Ar—CH—

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrcocgen atom or
a methyl group)

and has a structure in which plural arcmatic hydrocarbon
groups selected from the group consisting cof the
naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl) and the phenclic
hydroxyl group-containing aromatic hydrocarbon group (ph2)
are bonded through the divalent aralkyl group (X)}.

[Claim 2]

The thermosetting resin composition according to Claim



- 104 - General fornula 1 (where Ar represents a phenyl ene
group or a bi phenyl ene group and Rs each independently represent a
hydr ogen atom or a nethyl group) and having a structure in which
aromati ¢ hydrocarbon groups selected fromthe group consisting of the
napht hyl met hyl oxy group- or anthryl net hyl oxy group-contai ni ng
aromati ¢ hydrocarbon group (phi) and the glycidyl oxy group-containing
aromati ¢ hydrocarbon group (ep) are €d t hrough the dival ent

aral kyl group (X). [O aim12] The epoxy resin according to Caim
11, wherein the epoxy resin has a nelt viscosity of 0.1 to 100 dPa.s

measur ed atwhlb@G itttk gdhebll Mt SedBt €(B) has a melt viscosity of
0.1 to 100 dPars measured at 150°C with an ICI viscometer.
[Claim 3]

A semiconductor sealing material comprising the epoxy
resin {A) and the phenolic resin (B) according to Claim 1 or
2; and an inorganic filler in an amount of 70% to 95% by
mass in the composition. |
[Claim 4]

A cured product obtained by curing the thermosetting
resin composition according to Claim 1 or 2.

[Claim 5]

A phenolic resin comprising structural moieties which
are a naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl), a phenolic
hydroxyl group-containing aromatic hydrocarbon group (ph2),
and a divalent aralkyl group (X) represented by general

formula 1 below:

[Chem. 2]
1 )
—CH—Ar—CH—

General formula 1

(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group)

and having a structure in which plural arcmatic hydrocarbon

groups selected from the group consisting of the
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naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl) and the phenclic
hydroxyl group-containing aromatic hydrocarbon group (ph2)
are bonded through the divalent aralkyl group (X).

[Claim &]

The phenolic resin according to Claim 5, wherein a melt
viscosity measured at 150°C with an ICI viscometer is 0.1 to
100 dPa-*s.

[Claim 7]

A thermosetting resin composition comprising an epoxy
resin {A') and a curing agent (B') as essential components,
wherein the epoxy resin (A') has structural moieties which
are a naphthylmethyloxy group- or anthrylmethyloxy group-
containing arcomatic hydrocarbon group (phl), a glycidyloxy
group-containing aromatic hydrocarbon group (ep), and a

divalent aralkyl group (X) represented by general formula 1

below:
[Chem., 3]

i I
—CH—Ar—CH—

General formula 1

{(where Ar represents a phenylene group or a biphenylene
group and Rs each independently represent a hydrogen atom or
a methyl group)

and has a structure in which aromatic hydrocarbon groups

selected from the group consisting of the naphthylmethyloxy
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group- or anthrylmethyloxy group-containing aromatic
hydrccarbon group (phl) and the glycidyloxy group-containing
aromatic hydrocarbon group (ep) are bonded through the
divalent aralkyl group (X}.

[Claim 8]

The thermosetting resin composition according to Claim
7, wherein the epoxy resin (A') has a melt viscosity of 0.1
to 100 dPa‘:s measured at 150°C with an ICI viscometer.
[Claim 9]

A semiconductor sealing material comprising the epoxy
resin and the curing agent according to Claim 7 or 8; and an
inorganic filler in an amount of 70% to 95% by mass in the
composition.

[Claim 10]

A cured product obtained by curing the thermosetting
resin composition according to Claim 7 or 8.

[Claim 11]

An epoxy resin comprising structural moieties which are
a naphthylmethyloxy group- or anthrylmethyloxy group-
containing aromatic hydrocarbon group (phl), a glycidyloxy
group-containing aromatic hydrocarbon group (ep), and a
divalent aralkyl group (X) represented by generzl formulia 1
below:

[Chem. 4]
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T
—CH—Ar—CH—(cieral formula 1
(where Ar represents a phenylene group or a biphenylene
group and Rs each independentliy represent a hydrogen atom or
a methyl group)
and having a structure in which aromatic hydrocarbon groups
selected from the group consisting of the naphthylmethyloxy
group— or anthrylmethyloxy group-containing aromatic
hydrocarbon group (phl) and the glycidyloxy group-ccntaining
aromatic hydrocarbon group (ep) are bonded through the
divalent aralkyl group (X).
[Claim 12]

The epoxy resin according to Claim 11, wherein the

epoxy resin has a melt viscosity of 0.1 to 100 dPa-s

measured at 150°C with an ICI viscometer.



