1 DESCRI PTI ON PHENOL RESI N COVPOSI TI ON, CURED ARTI CLE THEREOF, RESI N
COVPCSI TI ON FOR COPPER- CLAD LAM NATE, COPPER- CLAD LAM NATE, 5 AND NOVEL
PHENOL RESI N TECHNI CAL FI ELD [0001] The present invention relates to a
phenol resin conposition which has excellent 10 heat resistance and flane
retardancy in a cured article and is suitable for use as a resin

conposition for a printed circuit board, the cured article, a resin
conposition for a printed circuit board, a copper-clad | am nate havi ng both
excel l ent heat resistance and flane retardancy, and a novel phenol resin
which inparts these performances phaghRepTiep ed article. 15 BACKGROUND ART

[ 0002] A curable conposition conprising a phenol resin and an epoxy resin as
essential conponents gives a cured article having excellent heat resistance,
adhesion 20 and electrical insulation properties and is therefore

preferably usegyy Oﬁﬂﬁiém%%ﬂ@égm@i\l @mﬁ?ﬂﬁﬁ%@gﬁ?ﬁﬁgiﬁt | ng

materials, printed circult boards, cOating materials an casting materials.

|0 techni calo{pBlsHPIONPORFOMIAELT kD) CRIIRATH! COPPERRIIGEY LANATEO TRONENT S

of these applications, resin naterials need flane re ncy. For exanple,
resin npterials used as sem gRPAGRE, REafpyng materials are mixed with
hal ogen 25 based flanme retardants such as brom nated epoxy resins and
flane-retardant auxiliaries 2

TECHNICAL FIELD
[0001]
The present invention relates to a phenol resin composition which has excellent
10  heat resistance and flame retardancy in a cured article and is suitable for use as a resin
composition for a printed circuit board, the cured article, a resin composition for a
printed circuit board, a copper-clad laminate having both excellent heat resistance and
flame retardancy, and a novel phenol resin which imparts these performances to the
cured article.
15
BACKGROUND ART
[0002]
A curable composition comprising a phenol resin and an epoxy resin as
essential components gives a cured article having excellent heat resistance, adhesion
20  and electrical insulation properties and is therefore preferably used in applications such
as semiconductor encapsulating materials, printed circuit boards, coating materials and
casting materials. In technical fields such as electric components and electronic
components of these applications, resin materials need flame retardancy. For example,
resin materials used as semiconductor encapsulating materials are mixed with halogen-

25  based flame retardants such as brominated epoxy resins and flame-retardant auxiliaries



such as antinony conpounds (e.g. antinony trioxide, antinony tetraoxide and
anti nony pentaoxide, etc.) so as to inpart flane retardancy. However, as the
action on the environment and safety is recently being pronoted, use of

hal ogen-based flame retardants with a probl em such as generation of dioxin
and antinony conpounds with a 5 probl em of carcinogenicity tends to be

avoi ded. Therefore, devel opnent of a novel flane retardation nethod with

| ess of environmental burden instead of the above- nentioned nethods is
strongly required. [0003] Wth recent technical innovations, a

t hermocurabl e resin conposition having 10 all of heat resistance, noisture

resi st ancQyclf dsaHBmbS} eSS (e, AR Hy 81O, bitiRONSER B ideniow di el ectric
di ssipation factor and | ow thermal expansion in hi'gh levels is required.

Ther ef or e an@nBRenBlackRe] dic. HsPM th in IetaRin¥y. t HALVER AXMhe h&SdnbrAl SO need
to have performances wth high added val ue such as heat resistance,

NDi sture kRSdnSiredifh&ht ahd HIR i§1€ée%fl?;%@iﬁ% Aeht@, LavhfhaRlg8k-bideg flaR@st ant, and
devel opnent of the material which'is E hal ogen-free "and has high fl ane

r et ar danc Yethrdaritt Wah alpYod1 &l vidhed getRREI A ldlokin anki QRBMAbnY Sordiuyi8s iR apr obl ens
descri bed above, technol ogies are proposed in which a novol ak type phenol

resin eontaibnngf @raiﬁdg%aicn?tdnh@@_u'eravbifasd.rmtr@eemd_n@,rdeszélb?%w&_ain%vased as a
curing agent of the epoxy resin in a thernocuring systemwhich is

hal ogen- f rRfeaétarddGorenbthBd tith €6 8f dreRbnihéRiR TR FBARGY tHeB6ve-f OF exanpl e,
Pat ent Docunents 1 and 2 below). However, although the novol ak type phenol

resin conh&hﬂ&ﬂgr@ﬁﬁ&kagﬁﬂﬁg@nagmba_ the nol ecul ar structure exhibits
hi gh-level flame retardancy in a cured article thereof, it was difficult to

obtain a cured povscl e having excellent heat resistance because that the
novol ak type phenol resin is originally inferior in heat resistance, since
the flame 25 retamhdanayteolinitd tinphaivas, atRGmdcirabld il cngRegibahidng of an inert

gas by the deconposion of
10  all of heat resistance, moisture resistance, flame retardancy, a low dielectric constant, a
low dielectric dissipation factor and low thermal expansion in high levels is required.
Therefore, a phenol resin used in combination with an epoxy resin also need to have
performances with high added value such as heat resistance, moisture resistance, flame
retardancy and a low dielectric constant, and development of the material which is
15  halogen-free and has high flame retardancy is strongly required, especially.
[0004]
To solve the problems described above, technologies are proposed in which a
novolak type phenol resin contaiﬁing a triazine ring in the molecular structure is used as
a curing agent of the epoxy resin in a thermocuring system which is halogen-free and
20  exhibits excellent flame retardancy (see, for example, Patent Documents 1 and 2 below).
Howevér, although the novolak type phenol resin containing a triazine ring in
the molecular structure exhibits high-level flame retardancy in a cured article thereof, it
was difficult to obtain a cured article having excellent heat resistance because that the

novolak type phenol resin is originally inferior in heat resistance, since the flame

25  retardancy of the phenol resin is due to generation of an inert gas by the decomposion of



3 the nol ecular structure upon conbustion,. [0005] [Patent Docunent 1]
Japanese Patent No. 3,502,042 5 [Patent Docunent 2] Japanese Unexam ned

Pat ent Application, First Publication No. 2001-226464 D SCLOSURE OF THE

| NVENTI ON [ 0006] 10 Thus, an obj ect t? be achi eved by the present invention
is to provide a phenol resin conposition which inparts both excellent heat
resistance and flane retardancy in a cured article, the cured article, a
resin conmposition for a copper-clad |lam nate, and a copper-clad | am nate
havi ng bot h excell ent heat resistance and flane retardancy. [0007] 15 The
pr esent igﬁentpr i nsi v L%k%tudied so as to achieve the above

have. inte
obj ect an ?8@5%3?%%?§u%@ %§Vﬁ3%a cohdensati on conpound which is obtained by

reacting a trii&gﬁi conmpound havi ng both a carboxyl group-containing
aromat i ¢ hydrocarbo group and an amno group on a triazine ring with

al dehydes | as a main conponent of a thernocurable resin
conpositid%%gwﬂgﬁﬁggﬁ ping cured article not only 20 exhibits excell ent

flame retardanc resi stance as a perfornmance which is
R R

originally inco 'e"'w retardancy, in the nmeantine. Thus, the

present. | ! been conpleted. [0008] Nanely, the present invention
relateg tdﬁ&%@ﬂgﬁgFgﬁggin conposition conprising 25 a phenol resin (1)

having a chem c %Lpaﬁgsre%ﬁegiﬁlﬁin(:@}’aéeﬁ't miliggio?pr i 9%“&801“@ gr %?&99&4

DISCLOSURE OF THE INVENTION
[0006]
10 Thus, an object to be achieved by the present invention is o provide a phenol
resin composition which imparts both excellent heat resistance and flame retardancy in
a cured article, the cured article, a resin composition for a copper-clad laminate, and a
copper-clad laminate having both excellent heat resistance and flame retardancy.
[0007]
15 The present inventors have intensively studied so as to achieve the above
object and found that, by using a condensation compound which is obtained by reacting
a triazine compound having both a carboxyl group-containing aromatic hydrocarbon
group and an amino group on a triazine ring with aldehydes and phenols, as a main
component of a thermocurable resin composition, the resulting cured article not only
20  exhibits excellent flame retardancy but also has heat resistance as a performance which
is originally incompatible with flame retardancy, in the meantime. Thus, the present
invention has been completed.
[0008]
Namely, the present invention relates to a phenol resin composition comprising

25  aphenol resin (I) having a chemical structure (A) in which an aromatic hydrocarbon



4 group substituted with a carboxyl group is bonded to a triazine ring (a
chem cal structure (A) in which a carboxyl group is bonded to a triazine
ring via a divalent aromatic hydrocarbon group), as a partial structure in
t he. nol ecul ar structure, and a curing agent (lI1) as essential conponents. 5
[ 0009] The present invention also relq%es to a resin conposition for a
copper-clad |am nate conprising the above phenol resin conposition and an
organi ¢ solvent as essential conponents. [0010] 10 The present invention
also relates to a copper-clad | am nate which is obtained by a process
conprising the steps of inpregnating a glass cloth with the above resin

commost 1 Qb REOPRes Skl am % kg R BhodBE ARG 2 Lm0 2

plurality repregs an 15 The present

| nventi on Sﬁh‘?@ﬁeﬁ&ﬁ{)‘%‘:ﬁ ? c%;a%% gh’él ?ﬁe'g&l(j?(‘f @34 Bt Al PAS dvaidfp! ecul ar

structure o y react a trirazine conpound (x2) having

2o RSO P T SRR LGS o roup

substituents on riazi I ng, as a

2££;fzi;eCkﬁﬂiﬁﬁﬁﬂﬁﬁqsegymﬁﬁEMﬁﬂH&ﬁ&'fornU|a (1) shown below 20 [0012] R
5 [{0009]

The present invention also relates to a resin composition for a copper-clad
laminate comprising the above phenol resin composition and an organic solvent as
essential components,

[0010]

10 The present invention also relates to a copper-clad laminate which is obtained
by a process comprising the steps of impregnating a glass cloth with the above resin
composition for a copper-clad laminate to obtain a prepreg, laminating a plurality of
prepregs and copper foils, and curing.

[0011]

15 The present invention also relates to a novel phenol resin which has a
molecular structure obtained by reacting phenols (x1), a triazine compound (x2) having
a carboxyl group-containing aromatic hydrocarbon group and an amino group as
substituents on a triazine ring, and aldehydes (x3), and also has a structure represented

by structural formula (1) shown below:

20 [0012]
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Il N _ I °~ 5 wherein Rrepresents a hydrogen atom an aliphatic hydrocarbon
group having 1 to 4 carbon atons, an aromatic hydrocarbon group, a brom ne
atom or a chlorine atom the broken i ne portion represents a bond with

t he ot her nol ecul ar structure, and n d m represent integers of 1 to 4, in
t he nol ecul ar structure, wherein an | melt viscosity of 5 the phenol resin
at 150C is 100 poise or less. [0013] According to the present invention, a
phenol resin composition which inparts excellent heat resistance and fl ane
retardancy to a cured article, the cured article, a novel phenol resin, a

resin Cogpﬁﬁér&hq{‘regx%&en@s ERRPSIn Gl A ah g H&ﬁ]&ﬁ ydr80flbdh i :@J 1B 410 1 am nate

having b excel I 'ent heat” resi starce a lame reta an be provided.

Ther ef or e, . asResdd, by aﬂoﬂmh@ﬁ H@rﬁ&?érbﬂﬁ a Bforkifi$ htBmC W&ﬁbﬁﬂe%o%n TR @
copper - cl ad | am nate, the p enol resin conposition of the present i nvention

is parti C%rﬁkénﬂldé?%ftwnr 8ftesclBl&ond bwith Whd fh@ it 1R Gl QAEBREG dnfl )i gh density
mounting, high frequency and high speed cal cul ation. Al'so, a cured article

obt ai ned by,lhek FRGHMES JT9 th hem(i&mﬂQl%bﬁlhr%&uétﬁree%héﬂ@intafﬁ 109 e Wis¥kodity 30
ret ar dancy and heat” resi stance but al so good characteristics such as

nmoi st urs r@@bﬁ%@pﬁﬁmQ@@ﬂﬁ@h@§Mﬂ&n“Ih$&§fOre it is useful not only in
electrical and el ectronlc conponents, but also in applications such as

adhesi ves and cqppo3i materials. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0014] Fig. 1 is a C chart of a phenol resin (A-1) obtained in Exanple 1.

Fig. 2 is a GPCAdaidingab tiee RBRACKhvERSHh M (indredPEdhpRHioh Whhamphes 2.
excellent heat resistance and flame retardancy to a cured article, the cured article, a
novel phenol resin, a resin composition for a copper-clad laminate, and a copper-clad

10  laminate having both excellent heat resistance and flame retardancy can be provided.

Therefore, especially in the application of resin compositions for a copper-clad

laminate, the phenol resin composition of the present invention is particularly useful as
materials with a high performance in high density mounting, high frequency and high
speed calculation. Also, a cured article obtained by thermocuring the composition

15  exhibits not only flame retardancy and heat resistance but also good characteristics such
as moisture resistance and adhesion. Therefore, it is useful not only in electrical and
electronic components, but also in applications such as adhesives and composite

materials.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0014]
Fig. 1 is a GPC chart of a phenol resin (A-1) obtained in Example 1.
Fig. 2 is a GPC chart of a phenol resin (A-2) obtained in Example 2.
Fig. 3 is a GPC chart of a phenol resin (A-3) obtained in Example 3.

25 Fig. 4 is a GPC chart of a phenol resin (A’-1) obtained in Comparative



ig. 3is a GPC chart of a phenol resin (A-3) obtained in Exanple 3. 25 Fig.
is a GPC chart of a phenol resin (A -1) obtained in Conparative 6 Exanple
. BEST MODE FOR CARRYI NG OUT THE I NVENTI ON [0015] 5 As described above,

t he phenol resin conposition of the present invention conprises a phenol
resin (1) having a chem cal structureg(A) in which an aromatic hydrocarbon
group substituted with a carboxyl group is bonded to a triazine ring (a
chem cal structure (A) in which a carboxyl group is bonded to a triazine
ring via a divalent aromatic hydrocarbon group), as a partial structure in
the nol ecul ar structure, 10 and a curing agent (I1) as essential conponents.
In the presgpsleiinvention, since the phenol resin conposition has a triazine
skeleton in the nol ecul ar structure of the phenol resin (1), when the cured
article is exposed to an environnent at a high tenperature close to 300C at
whi ch conbustion arises, the triazine skeleton is deconposed and an inert
nitrogen gas is emBESHMODEPOR @ARRYENGAUT MelE merEND@N on the surface of
the nolded 15 article, and thus excellent flane retardancy is exhibited.
VWhen the phenolooeslin (1) is cured, the carboxyl group in the resinis
bonded to the curing agent (11), thereby suppressing excess deconposition
of thestriazi neAsldedceibod abiwdlihet PleenONvdsinOBoBsitdvh &l B preRIP@fvahtigre. As a
result, the phenol resin (1) having a carboxyl group-containing triazine
skel et on ¢épridas tahghedl il @y hatifig at dhemidab e@idsre Y AYeh exhiah ahawomgidot h heat
20 resistance and flame retardancy in a good bal ance. [0016] Herein, the
chemi cal &ydrocirbonegriody sibstinhéd Withra earboxgt igtoubyis hosdedbiona giaite rigufst i t ut ed
with a carboxyl group is bonded to a triazine ring, existing in the phenol
chemical structure (A) in which a carboxyl group is bonded to a triazine ring via a

F
4
1

divalent aromatic hydrocarbon group), as a partial structure in the molecular structure,
10  and a curing agent (II) as essential components. In the present invention, since the
phenol resin composition has a triazine skeleton in the molecular structure of the phenol
resin (I), when the cured article is exposed to an environment at a high temperature
close to 300°C at which combustion arises, the triazine skeleton is decomposed and an
inert nitrogen gas is emitted to form a layer of the inert gas on the surface of the molded
15  article, and thus excellent flame retardancy is exhibited. When the phenol resin (I) is
cured, the carboxyl group in the resin is bonded to the curing agent (II), thereby
suppressing excess decomposition of the friazine skeleton under the environment at high
temperature. As a result, the phenol resin (I) having a carboxyl group-containing
triazine skeleton (A) in the molecular structure becomes a material having both heat
20  resistance and flame retardancy in a good balance.
[0016]
Herein, the chemical structure (A) in which an aromatic hydrocarbon group
substituted with a carboxyl group is bonded to a triazine ring, existing in the phenol
resin (1), is a partial chemical structure having a structure in which a carboxyl group is

25  bonded to a triazine ring via a divalent aromatic hydrocarbon group. Herein, the



resin (1), is a partial chem cal structure having a structure in which a
carboxyl group is 25 bonded to a triazine ring via a divalent aromatic

hydr ocarbon group. Herein, the 7 divalent aronmatic hydrocarbon group

i ncl udes a phenyl ene group, a naphthylfne group, a bi phenylene group, and a
group having a structure in which an alkyl group having 1 to 4 carbon atons
is bonded to such an aromatic nucl eus. Specifically, such a chem cal
structure (A) is preferably represented by structural formula shown bel ow
(1) in the 5 present invention since a renmarkable effect of i nproving heat

resi stance 19£le:§t*l‘?orﬁd{fc% dr %Bﬁkﬁu}é%cﬁf&%& gﬂ—n %89%%0}5 % Pﬂ?##réan v Jn (1) N

~NN N~ present ‘phati c

hydr ocar bopy, @B&ﬁ&négr&g%ﬂ&% é‘rox?fha%u%aaf AL iR Tvic kARG %Bo%%;’ifiﬁ%ﬂg ht@roup, an

et hyl group, rop toup, group, or a t oup; an

aromati c h¥ gﬁrﬁ&rﬁﬁt&gg isHoRHE é%ﬁ&h aﬁ?ar@m&'}l Orieus gr g%ﬁcﬁwgﬁﬂﬁ Q}é‘l—:mﬂ [oup, or a

bi phenyl group; a brom ne a om or Ine a i ne portion

represent Sstﬁm{z@@@gg@%gega ésght&hﬁ';f J%g,];al hREHBn oWl yinhe and . 0 and

in represent Int 4. 15 iazine structure having a

benzoi ¢; acblgséﬁ{ InV&Hoh i€ eré?ﬁeﬁ'ﬁélﬁgcimét 5lhﬁlprovmg heat resistance of the cured

article is exerted.

[0017]

|\/m\ COOH)
F

(h)
Y

In the formula, R represents a hydrogen atom; an aliphatic hydrocarbon group
10  having 1 to 4 carbon atoms, such as a methyl group, an ethyl group, a propyl group, an
i-propyl group, or a t-butyl group; an aromatic hydrocarbon group such as a phenyl
group, a naphthyl group, or a biphenyl group; a bromine atom; or a chlorine atom. The
broken line portion represents a bond connected with the other molecular structure, and
n and m represent integers of 1 to 4.
15 [0018]
A triazine structure having a benzoic acid structure represented by the
structural formula shown below among the structural formula (1) is preferable since it
has the effect of improving heat resistance.

[0019]



structural formula shown bel ow anong the structural fornmula (1) is
preferable since it has the effect of inproving heat resistance. [0019]

COOH N 14~11 N

[ 0020] Specifically, the phenol resin (I) having the

car boxyl group-containing triazine 5 skeleton (A) in the nolecul ar struct
is preferably a nolecular structure obtained by reacting phenols (xl), a
triazine conpound (x2) having a carboxyl group-containing aronmatic

hydr ocarbon group and an am no group as substituents on a triazine ring,
al dehydes (x3) since curability and flane retardancy of the cured article
are inproved.
monohydri ¢ phenol 890Gtbr exanpl e, phenols such as phenol, o-cresol,

m cresol, p-

o- i sopropyl
p-tert-buty
m br onophen
13- napht hol
2, 6-xyl enol
resorcin, ¢
1,1 -bis(di,

p
L
ol ,

N

[0021] 10 Exanples of the phenols (xl) used herein include

Ql , o-ethyl phenol, m ethyl phenol, p-ethyl phenol,

m propyl phenol , p-propyl phenol, p-sec- butyl phenol,
ol , p-cycl ohexyl phenol, p-chl orophenol, o-bronophenol,
and p- bronophenol, naphthols such as a-naphthol and

amnd 15 xylenols such as 2, 4-xylenol, 2,5-xylenol, and

dric phenols, for exanple, naphthal enediols such as

2@30h | , hydroqui none, 2,2-bis(4'- hydroxyphenyl) propane,

phenyl ) net hane, 1,1'- bis(dihydroxynaphthyl)nethane[

tetranethy1bipHenoI, bi phenol , hexanet hyl bi phenol

1, 2- di hydr oxynapht hal ene, 1, 3-di hydr oxynapht hal ene,

1, 4- di hydr oxynapht hal ene, 1,5 20 di hydr oxynapht hal ene,

1, 6- di hydr oxynapjzbpl ene, 1, 7-di hydroxynapht hal ene, 1, 8-

di hydr oxynapht hal ene, 2, 3-di hydr oxynapht hal ene, 2, 6-di hydr oxynapht hal ene,

and 2,7

Specifically, the phenol resin (I) having the carboxyl group-containing triazine

5  skeleton (A) in the molecular structure is preferably a molecular structure obtained by

reacting phenols (x1), a triazine compound (x2) having a carboxyl group-containing

aromatic hydrocarbon group and an amino group as substituents on a triazine ring, and

aldehydes (x3) since curability and flame retardancy of the cured article are improved.

10

[0021]

Examples of the phenols (x1) used herein include monohydric phenols, for

example, phenols such as phenol, o-cresol, m-cresol, p-cresol, o-ethylphenol, m-

ethylphenol, p-ethylphenol, o-isopropylphenol, m-propylphenol, p-propylphenol, p-sec-

butylphenol, p-tert-butylphenol, p-cyclohexylphenol, p-chlorophenol, o-bromophenol,

m-bromophenol, and p-bromophenol, naphthols such as a-naphthol and B-naphthol, and

15  xylenols such as 2,4-xylenol, 2,5-xylenol, and 2,6-xylenol; dihydric phenols, for

example, naphthalenediols such as resorcin, catechol, hydroquinone, 2,2-bis(4’-

hydroxyphenyl)propane, 1,1’-bis(dihydroxyphenyl)methane, 1,1°-

bis(dihydroxynaphthyl)methane, tetramethylbiphenol, biphenol, hexamethylbiphenol,

1,2-dihydroxynaphthalene, 1,3-dihydroxynaphthalene, 1,4-dihydroxynaphthalene, 1,5-

20  dihydroxynaphthalene, 1,6-dihydroxynaphthalene, 1,7-dihydroxynaphthalene, 1,8-

dihydroxynaphthalene, 2,3-dihydroxynaphthalene, 2,6-dihydroxynaphthalene, and 2,7-

8

ure

and



9 di hydroxynapht hal ene; and trihydric phenols such as

tri shydroxyphenyl net hane. [0022] O these phenols, phenol, o-cresol,

m cresol, naphthols, 2,2-bis(4'- hydroxyphenyl)propane, 2,6-xylenol,
resorcin, hydroquinone, 1,5 5 dihydroxynaphthal ene,

1, 6-di hydr oxynapht hal ene, and 2, 7- di hydr oxynapht hal ene are preferable since
they are industrially produced with ease and al so give a phenol resin (I)
excellent in curability, and phenol and o-cresol are particularly
preferable. [0023] The triazine conpound (x2) having a carboxyl

gr oup- cont ai nj RS r 1 roup as
substi tuen gwéﬁsg,galg ri aédleh%ndrltlplﬁga/rl%n@l%ﬁ(gg,gmp g% 9&%‘#}%’%’% Qnmﬂﬂgneg
carboxylnaphthyk0§2 , 5-triazine-2,4-di anm ne;

carboxylbiphenyl-]% ,b-triazine- 2,4-diam ne; and a compound represented by

structural T or (2 SHRNELAE| el APZ8L: R 2 BN 2) - FNEZ 15

wherein R represents rogen ato phati c hydrocarbon
oo, o RIS R s syl som and 1 and
B oo S oL A, PSSR 20 Rl S BMENAL Y,
preferable since they are industrially produced with ease and also give a phenol resin (1)
excellent in curability, and phenol and o-cresol are particularly preferable.
[0023]
The triazine compound (x2) having a carboxyl group-containing aromatic
10  hydrocarbon group and an amino group as substituents on a triazine ring include, for
example, carboxylnaphthyl-1,3,5-triazine-2,4-diamine; carboxylbiphenyl-1,3,5-triazine-

2,4-diamine; and a compound represented by structural formula (2) shown below:

[0024]

(%),
hrﬁﬁ COOH)
P

N o)

| N
A )\
HNT N NH,

15  wherein R represents any one of a hydrogen atom, an aliphatic hydrocarbon group, an
aromatic hydrocarbon group, and a halogen atom, and n and m represent integers of 1 to
4.
[0025]
Of these compounds, a compound represented by the above structural formula

20 (2) is particularly preferable since a remarkable effect of improving heat resistance of



the cured article is exerted. [0026] Exanples of the al dehydes (x3) include
al i phatic al dehydes such as fornal dehyde, parafornal dehyde, acetal dehyde,
and crotonal dehyde; aromatic 5 al dehydes such as benzal dehyde,

4- et hyl benzal dehyde, 3, 4-di net hyl benzal dehyde, bi phenyl al dehyde, and
napht hyl al dehyde; and hydroxyl group-sybstituted aromatic al dehydes such as
sal i cyl al dehyde, 3-hydroxybenzal dehyde, 4-hydroxybenzal dehyde, 2-

hydr oxy- 4- met hyl benzal dehyde, 2- hydr oxy- 3, 4- di et hyl benzal dehyde, 4-

hydr oxybi phenyl al dehyde,

2- hydr oxy- | - napht hal dehyde, 5- hydr oxy- | - napht hal dehyde, 10

6-hydroxy1ﬂ-?§an%ﬁ L ¥dg; and 7- hydroxy- 2- napht hal dehyde. O these
al dehydes, ¢ ron1tﬂeﬂ§$émpoint of particularly excellent industrial supply

stability, and hﬁ?g resi stance, flame retardancy and dielectric
characteristics o 1he resulting cured article, formaldehyde,

parafornaldehydgxﬁgégg@hggaggﬁycggg)ﬁ@bhgmhggﬁggyggdggﬁwgﬁ ferable, and

f or mal dehyde an af or ma de are particu y ‘preferable. 15 [0027] The

above phenglydi&alde, bArhfotRYIdDRME, ReidehirdeUifl LRbANNMEGdDUrdRARL | Ng the
phenol s (xl), the conpound (X2) having a carboxyl gfoup, an am no group and

a  triazi nejhkek 8hdihs baidideRficah SRmyASHZAXRY a3t N dith ARG H¥4) havi ng

anot her am no group-containing triazine skéleton except for the conpound

(x2). By YginRey1506hya0, 8 TRAHR 108 ke; dnll h?@l%ﬁ?ﬂeg%lﬁﬁsﬁ%sﬁtﬁteﬁq}dﬁ%ict he bal ance

between fl ane Tetardancy and “ heat” resistance of the cured article. [0028]

Exanpl es Qigehfifes QISUE%ldﬂﬂ:y(a’&fk}lyél@‘g1h@9rok2€en§£lh%ﬁ&@—ﬁ)ﬁd?&fb@ﬂalﬂé debpt are not
limted to, conpounds represented by the structural” fornmula ( shown bel ow:
25 [0029] hydroxy-4-methylbenzaldehyde, 2-hydroxy-3,4-dimethylbenzaldehyde, 4-
hydroxybiphenylaldehyde, 2-hydroxy-1-naphthaldehyde, 5-hydroxy-1-naphthaldehyde,
10  6-hydroxy-1-naphthaldehyde, and 7-hydroxy-2-naphthaldehyde. Of these aldehydes,
from the viewpoint of particularly excellent industrial supply stability, and heat
resistance, flame retardancy and dielectric characteristics of the resulting cured article,
formaldehyde, paraformaldehyde, benzaldehyde, and salicylaldehyde are preferable,
and formaldehyde and paraformaldehyde are particularly preferable.
15 [0027]
The above phenol resin (I) may have a structure obtained by reacting the
phenols (x1), the compound (x2) having a carboxyl group, an amino group and a
triazine skeleton, and the aldehydes (x3) with a compound (x4) having another amino
group-containing triazine skeleton except for the compound (x2). By using the
20  compound (x4), it becomes easy to adjust the balance between flame retardancy and
heat resistance of the cured article.
[0028]
Examples of the compound (x4) having the triazine ring include, but are not

limited to, compounds represented by the structural formula (3) shown below:

25 [0029]



11 RIL N "NR3)-", No'4 R (3) [0030] wherein Rl, R2, and R3 represent
any of an am no group, an al kyl group having 1 to 6 carbon atons, a phenyl
group, a hydroxy group, a hydroxyal kyl group having 1 to 6 5 carbon atons,
an al koxy group having 1 to 6 carbon at.ons, an al kyl carbonyl oxy group
having 1 to 6 carbon atons, an al kyl oXycarbonyl group having 1 to 6 carbon
atons, an acid group, a vinyl group, a cyano group, and a hal ogen atom
[0031] Specific exanples of the conpound represented by structural formula
(3) 10 include nel am ne, guanam ne derivatives such as acetoguanam ne and
benzoguanam ne, _cyanuric acid, and cyanuric acid derivatives such as

met hyl cyanur at e,R'et hyl cyanurate, acetyl cyanurate and cyanuric chloride. O
t hese conpounds,!guananine derivatives in which one, two or three
substituents Q N R2 and R3 are amino groups, such as melam ne,

acet oguanam ng and benzogquﬁnine are nore preferable due to their easy 15
industriallg ai le. [0032] The phenol resin (1) used in the present

i nvention R obiMi ne& by reacting the respective conponents (x I) to (x3)
or reacting the respective conponents (x1) to (x4). Specific exanples
thereof include [ppge having a structure a orb shown below 12 ~JCOOH) ~R)m
YC COOH) N N structure a structure b

wherein R', R?, and R® represent any of an amino group, an alkyl group having 1 to 6
carbon atoms, a phenyl group, a hydroxy group, a hydroxyalkyl group having 1 to 6
5  carbon atoms, an alkoxy group having 1 to 6 carbon atoms, an alkylcarbonyloxy group
having 1 to 6 carbon atoms, an alkyloxycarbonyl group having 1 to 6 carbon atoms, an
acid group, a vinyl group, a cyano group, and a halogen atom.
[0031}
Specific examples of the compound represented by structural formula (3)

10  include melamine, guanamine derivatives such as acetoguanamine and benzoguanamine,
cyanuric acid, and cyanuric acid derivatives such as methylcyanurate, ethylcyanurate,
acetyl cyanurate and cyanuric chloride. Of these compounds, guanamine derivatives
in which one, two or three substituents of Ry, Rz and Rs are amino groups, such as
melamine, acetoguanamine and benzoguanamine are more preferable due to their easy

15  industrially available.

[0032]
The phenol resin (I) used in the present invention is obtained by reacting the
respective components (x1) to (x3) or reacting the respective components (x1) to (x4).

Specific examples thereof include those having a structure a or b shown below:



H2 . HR2 /I . ,;~H XCGCGHNNHR --X-CHNMHC-Xin the nolecular structure
of the phenol novolak resin. Herein, R, in and n are as defined in
structural fornmula (1), and X represents an aronatic core in the phenol
novol ak resin. It is also possible to have a structure in which a plurality
of triazine 5 structures are |inked af shown in the follow ng structure c in
the nol ecul ar structure of the phenol resin (1). rR COOH)" (R a COON}
structure ¢ NNNH Hf ANNC X P In the structure c, R in, n, and X
are as defined in the structure a or b, and p represents an integer of 1 to
5. 10 [0033] In the present invention, the content of the unreacted phenols
(xlI') remaining in ;tRe phenol resin (I) is preferably 3% by nmass or |ess.
When the content o Rghe unr eact ed phenol s (XI%QLE 3% by mass or |less, the
cured article obtain at
resi stance. 15 [003 in
conponents (xl) to

resi stance and noi sture
%&e above respective
QLA) to produce a

by curing has excellent
ffiN@KH,nthe met hod of r
r respective conponent

phenol resin (I) inc es, for exanple, a nethad reacting phenols (xl),
a conmpound (x2), alde ydesh&x%& and, if necessary
Sy STUCHUre a structure b

™~
. X
SR N#LWHg we AL w

S X—C—N N H—cz—x--ﬁ
in the molecular structure of the phenol novolak resin.  Herein, R, m and n are as
defined in structural formula (1), and X represents an aromatic core in the phenol
novolak resin. It is also possible to have a structure in which a plurality of triazine

5  structures are linked as shown in the following structure ¢ in the molecular structure of

the phenol resin (I).
(R)m C00H), (R, COOH)
s s
[ -
structure ¢
N] "‘MN h’i ""mN
-ﬁ~giHJ“WA“H—EE HJ“MﬁkH—EE X--

In the structure c, R, m, n, and X are as defined in the structure a or b, and p

represents an integer of 1 to 5.
10 [0033]

In the present invention, the content of the unreacted phenols (x1) remaining in
the phenol resin (I) is preferably 3% by mass or less. When the content of the
unreacted phenols (x1) is 3% by mass or less, the cured article obtained by curing has
excellent heat resistance and moisture resistance.

15 [0034]




t he conmpound (x4) in the absence or presence of a catalyst. In this case,
the pH of the 5 systemis preferably within a range of 3.0 to 9.0. There is
no limtation on the order of the reaction of the respective raw naterial s.
The conpound (x2) and, if necessary, the conpound (x4) may be added after

t he phenols (xl) and the al dehydes (x are reacted first. In reverse, the
phenols (xlI) may be added and reacted after the al dehydes (x3), the
conpound (x2) and, if necessary, the conpound (x4) are reacted.
Alternatively, all 10 raM/nateriaIs may be sinultaneously added and

react ed. 1 0035] N hdhgnbh FPrealBEfe i5vORebdllld ah BRCAT Gl @) r rati o of

t he al dehydes ( eno ratio o des (x3)

to phenol Sre&ﬁ%@wé &n&foﬁ@r% ib &hpE &#}ué?ﬁ Bhelqollreél('l)fﬁ)ullcﬁﬂﬁ& )for %ﬁlﬁpﬁor e

preferably from0.2to 0 15 100 nmol ar ratio of the cofpound (x2)

to the phe&‘&let?no&%sh)eaétﬁ%gme Q(XI?)&%)) l%ﬁ{%é) GRiERyded gazﬁ’aﬁf ?m@ésyar?r om 0. 05 to

1.50, and particularl ferably fr to 0.5 fromthe vi'ewpoi nt

that the rﬁ@%&ﬂlgéhnaxﬁ)%mcsab%'cé 8f uﬁﬁ:ﬁﬂ&e 6f*&9cafa%%‘€t IR MhiPEAEURE %H 'o?th@' SO
uniform and also the’resulting c d article has proper crosslinking

densityg an@steﬁlqs gﬁﬁer?ﬂ? Qlithfd raﬁgﬁ’ & L@l D6 OPAYctd 1§ o 1ihB@3dd on ¥ %ﬂlel; he conpound

(x4) is uséd, nolar ratio of the total of the conmpound (x2) and the

d ITHRf, di th
comoun (s el g PR g

particul ar édfn;%ﬁndp(}@fﬁ Rlag Rk Xidcié’d%@ﬂepthg§hén%lstﬁOdndttﬁhealﬂ@?z 8ks kP drOrcdbted he
conpound (x2) to the conpound (compound (x2)/conmpound (x4)) being

from 0. 05 £iQ: 9.10%vkbfs@Mhé bﬁenwsqm%@tbetdaaéd aanf}éfacEe%aa%f e aﬁbéﬁ;tcﬁam}&? uni form
and the reaction product is al'so uniform and

the compound (x2) and, if necessary, the compound (x4) are reacted. Alternatively, all
10 raw materials may be simultaneously added and reacted.
[0035]
At this time, there is no limitation on the molar ratio of the aldehydes (x3) to
the phenols (x1). The molar ratio of aldehydes (x3) to phenols (x1) is preferably from
0.1 to 1.1 ((x3)/(x1)), and more preferably from 0.2 to 0.8.
15 [0036]
The molar ratio of the compound (x2) to the phenols (x1) (compound
(x2)/phenols (x1)) is preferably from 0.05 to 1.50, and particularly preferably from 0.05
to 0.50, from the viewpoint that the reaction system is uniform and the reaction product
is also uniform, and also the resulting cured article has proper crosslinking density and
20  has excellent physical properties.
[0037]
When the compound (x4) is used, the molar ratio of the total of the compound
(x2) and the compound (x4) to the phenols (x1) (total of the compound (x2) and the
compound (x4)) /phenols (x1) ) is preferably from 0.05 to 1.50, and particularly

25  preferably from 0.05 to 0.50, the molar ratio of the compound (x2) to the compound



resulting cured article al so has proper crosslinking density and has
excel |l ent bal ance between flanme retardancy and heat resistance. \Wen heat
resistance is regarded as 5 inportant fromthe viewpoint of the bal ance

bet ween the physical properties, the nolar ratio of the compound (x2) to
the conpound (x4) (conpound (x2)/conmpound (x4)) is preferably from0.5 to
7.0. When solvent solubility is regarded as inportant, the nolar ratio of

t he conpound (x2) to the compound (x4) (conpound (x2)/conpound (x4)) is
preferably fromO0.1 to 3.0. Therefore, the nolar ratio of the conmpound (x2)
to the 10 conmpound (x4) (compound (x2)/conpound (x4)) is preferably within a
range of &4§Fcroﬁlp0§n@(1(xi2¥)€6n%hu9& @f%ﬁ&%%% @%@Y@Q.@@%%ﬁthefv'fcwlpginkﬂﬁlav' ewpol nt

that a phenol resin having  good bal ance between heat si stance and
sol vent  sgleubictibd ¥ysedis Rigiforat ﬁidﬂﬁéjrea&% bducN@Ro@dnf8hRlaxdthel S used,

exanpl es of a basi'c catal yst include hydroxides of 15 alkali and al kal

earth net ?elsﬁltix(lj@ HEBd AFicRAKO WAL PAHEQR bTIBnkiROIRST) AHD HAY Sk QNbADaRAGE bari um
hydr oxi de, and oxi des thereof; amonia; primary to tertiary am nes;

hexanmet hy,gRetef i eRBdant ISR MELEAID ONALeR hefradINARS iOfegbepsd d catal yst
include inorganic acids such as hydrochloric acid, sulfuric acid, sulfonic

aci d, andiRhesphin the V&I Fbint Of BRMahindChBS cURNPIRRiANAbp&GIACHH ndhgk acetic
acid; Lewis acids; and divalent netal 20 salts Such ‘as zinc acetate. \Wen

t he phenolaic@$tid coRPP@™ (kbPo twco_&ﬂplau@d B3 HompBMRN &R PEbmpound &) @S a resin

for electric or electronic materials, 1t is preferable that inorganic

subst ancegresdisly B8mES & 7.610 Wakn opFmRtL H1a5lite iCRbaYEEs inpStaicthe Mdgsref ore, it
is preferable that am nes are used as the basic catal yst and organic acids

are used asiolRthe@empbind (‘i@}t@'tﬂﬁmﬂf)ﬁﬁlﬂxﬂg@n@oﬁf& @D)/&Jmpbu8W(xd)tisi S _
particularly preferable in the present 25 invention that the reaction is
carried Opfefdrably REMANERAMC® OfhekdiBreCiik AloYs ratiold thd &FRBlind (x2) to the
10  compound (x4} (compound (x2)/compound (x4)) is preferably within a range of 0.5 to
3.0, which overlaps the above ranges, from the viewpoint that a phenol resin (I) having
good balance between heat resistance and solvent sblubility can be obtained.
[0038]
When a catalyst is used, examples of a basic catalyst include hydroxides of
15  alkali and alkali earth metals, such as sodium hydroxide, potassium hydroxide and
barium hydroxide, and oxides thereof; ammonia; primary to tertiary amines;
hexamethylenetetramine; and sodium carbonate. Examples of an acid catalyst include
inorganic acids such as hydrochloric acid, sulfuric acid, sulfonic acid, and phosphoric
acid; organic acids such as oxalic acid and acetic acid; Lewis acids; and divalent metal
20  salts such as zinc acetate. When the phenol resin composition of the present invention
is used as a resin for electric or electronic materials, it is preferable that inorganic
substances such as metal do not remain as a catalyst residue. Therefore, it is preferable
that amines are used as the basic catalyst and organic acids are used as the acidic

catalyst. From such a point of view, it is particularly preferable in the present

25  invention that the reaction is carried out in the absence of the catalyst.



The reaction may be carried out in the presence of various solvents fromthe
vi ewpoi nt of control of the reaction. If necessary, inpurities such as salts
may be renoved by neutralization and washing with water. \Wen the reaction
is carried out in 5 the absence of a q‘talyst or using am nes as the
catalyst, it is not necessary to renove inpurities. [0040] After the
conpletion of the reaction, condensation water, the unreacted al dehydes
(x3), phenols (xlI) and solvents are renoved by a conventional nethod such 10
as nor nal pressure distillation or vacuumdistillation. At this tinme, a heat
treatment is pr@ any carried out at 120C or higher so as to obtain a
phenol resin (1) |ch substantially has no methylol group. The methyl ol

group can be el 'fﬂen-eécae?%§8§EMi@§5ﬁ@Htﬁeq)régeﬁt%%tfvaﬁ g@@ﬁtsheﬁnﬁesuff' ci ent

time at a tenperature o I gher I's preferable to carry out the

heat treat V’%ﬂ@mﬁ of%oﬁﬂr&rb?'f ﬁat #h€ees beiﬁﬁslﬂ'meél subRQCsatR n?«fg gai gher, so as

to efficient Imnate t e net gr oup n this heat tréatnent, it is

pr ef er abl e d | net hod
Gsed to obrara s *ﬁ%‘*&fs“%gﬁ“?Eﬁ?ﬁbﬁ%oéo‘”““‘*%@%ﬁ@ﬁ%ﬁ‘ﬁ? e e h 2 bt a1 ned

i's preferaflub@nfoNe! califR0 usiBSinfin@fas i atalft, B i€ 86 Hecds Eﬁée%ve which is
characterized in that the IC rmelt viscosity at 150C is 0 poise or |ess

fromthe vj kot of excellent bal ance between flane retardancy and heat
resi stance. Therefore, it is preferably a novel phenol resin of the present
i nvention, whighodtas a structural site represented by the structural
formula shown below (1): 16 R "))- COOH)

After the completion of the reaction, condensation water, the unreacted
aldehydes (x3), phenols (x1) and solvents are removed by a conventional method such
10  asnormal pressure distillation or vacuum distillation. At this time, a heat treatment is
preferably carried out at 120°C or higher so as to obtain a phenol resin (I) which
substantially has no methylol group. The methylol group can be eliminated by
subjection to a heat treatment for a sufficient time at a temperature of 120°C or higher.
It is preferable to carry out the heat treatment at a higher temperature, preferably 150°C
15  or higher, so as to efficiently eliminate the methylol group. In this heat treatment, it is
preferable to distill with heating in accordance with a conventional method used to
obtain a novolak resin.
[0041]
The phenol resin (I) thus obtained is preferabiy a novel phenol resin of the
20  present invention, which is characterized in that the ICI melt viscosity at 150°C is 100
poise or less from the viewpoint of excellent balance between flame retardancy and heat
resistance. Therefore, it is preferably a novel phenol resin of the present invention,

which has a structural site represented by the structural formula shown below (1):



(1) N N KN~ wherein Rrepresents a hydrogen atom an aliphatic hydrocarbon
group having 1 to 4 carbon atons, an aromatic hydrocarbon group, a brom ne
atom or a chlorine atom the broken Iine portion represents a bond with
the other nolecular structure, and n and m5 represent integers of 1 to 4,
in the nolecular structure, wherein an ICl nmelt viscosity of the phenol
resin at 150C i sl OO poise or less. [0042] Also, the nelt viscosity of the
phenol resin (I) is particularly preferably from 30 to 100 poise in termns
of 1Cl melt viscosity at 150C fromthe viewpoint of the 10 excell ent
fluidity of the resin and the excellent bal ance between heat resistance and
flame retardancy of the cured article. The phenol resin (1) preferably
cont ai ns n@&gogen atons in 2 to 13% by nass in the nolecular structure. As
descri bed since the triazine skeleton contained in the resin
efficiently gq% to the flame retardancy, the phenol resin (1) exerts
an 15 excel nL/f¥ fetardancy even when the anount of nitrogen atons is
decr eased. ef ore, is worthy of special nmentioned that an excell ent
flame retardancy is exerted even when the anmpbunt of nitrogen atons is
drastically eased asltonpared with the anbunt of nitrogen atons of
about 20% i{n& s like a conventional ATN resin. As described above, the
amount of n en atons in the phenol resin (1) can be 20 decreased and the
mel t VISCOSIt of the phenol resin (I) decreases, and thus fluidity upon 17
melting is remarkably inproved. Consequently, workability is remarkably
i nproved whyreid RIRPERaESa hidrbfid atdis cOSlipatithyaro¢abon gidup Radppl keat i ons such
as printed circuit boards.

carbon atoms, an aromatic hydrocarbon group, a bromine atom, or a chlorine atom, the

broken line portion represents a bond with the other molecular structure, and n and m
5  represent integers of 1 to 4, in the molecular structure, wherein an ICI melt viscosity of
the phenol resin at 150°C is100 poise or less.

[0042]

Also, the melt viscosity of the phenol resin (1) is particularly preferably from
30 to 100 poise in terms of ICI melt viscosity at 150°C from the viewpoint of the

10  excellent fluidity of the resin and the excellent balance between heat resistance and
flame retardancy of the cured article.

The phenol resin (I} preferably contains nitrogen atoms in 2 to 13% by mass in
the molecular structure. As described above, since the triazine skeleton contained in
the resin efficiently contributes to the flame retardancy, the phenol resin (I) exerts an

15 excellent flame retardancy even when the amount of nitrogen atoms is decreased.
Therefore, it is worthy of special mentioned that an excellent flame retardancy is
exerted even when the amount of nitrogen atoms is drastically decreased as compared
with the amount of nitrogen atoms of about 20% by mass like a conventional ATN resin.
As described above, the amount of nitrogen atoms in the phenol resin (I) can be

20  decreased and the melt viscosity of the phenol resin (I} decreases, and thus fluidity upon



The content of nitrogen atons in the phenol resin (1) can be determ ned by
calculating fromthe total nmass of raw nmaterial conponents charged, the
charged mass of the 5 conmpound (x2) and the conpound (x4) and the mass of
nitrogen atoms. [0043] Furthernore, the nol ecul ar weight distribution

(Mv Mn) of the phenol resin (1) is preferably within a range of 2 to 5.
When MV Wn is 2 or nore, solvent solubility is inproved. In contrast, when
MV Mh is 5 or less, the flanme retardancy is 10 inproved. [0044] In order
to inpart both contradictory performances, heat resistance and flame

retar dancypef E‘l? emBReP9! 1mPFo%le@ ((ilan’sectugf?tlya%lﬂ%llﬁ’}f isGAhRRXMY iBtdas i n the

phenol resin I's pr adj usted fo be within a proper range. For

exanpl e, t B‘Fa QL B vééasﬁf?‘BPQ%féfhmE E@éb@ﬁcdti%n@i&fl a8 t¥d Wt dultidards.r ange
which satisfies a carboxyl group equival'ent of 1,500 g/ equivalent.

The cont enfpdfontdt BOKRbe D RHRSinlthe ﬁﬂéﬁolﬁ&%ﬁb carneo%ldateéqh)nedweamatﬂ@ erni ned by
calculating fromthe t %a mass of raw material conponents charged, the

mass of thﬁoﬁmtamaw&)ra&Waﬁﬂmmeﬁtbala@-asthefchﬁgédq%élof%oups [ 0045]
20 Exanples of the curing agent (I1) in the phenol résin conposition of the

presents W@&h@mmaﬁdﬂhd%oﬁﬁo@%dl(ﬂ%ﬂ@hehh&%kﬁlkragaﬁat&ﬁyl ng a structure in

which two maleinmdes are linked by an al kylene group and a pol yoxyal kyl ene
group, an aronatfgg4i smal eim de having a structure in which two mal ei m des
are linked by a phenylene group and a biphenyl ene group, a polyfunctional

nal ei ni de conmpoungihfinoMithdimaletMhiek Tbitali@iRiion 20w/ Sinponde ghdndl Rkinar omat i ¢
core of a phenol novolak resin via an al kyl group, hexam ne, 18 and an
epoxy resi (1) islphefa@plyivetiin 9Rmes bENtRS eVRGINIWMAand? 61 B6lel @Neat CONponent s, an
solubility is improved. In contrast, when Mw/Mn is 5 or less, the flame retardancy is
10  improved.
[0044]
In order to impart both contradictory performances, heat resistance and flame
retardancy, to the phenol resin (1), the amount of carboxyl groups in the phenol resin (I)
is preferably adjusted to be within a proper range. For example, the content of
15  carboxyl groups is preferably within a range which satisfies a carboxyl group equivalent
of 500 to 1,500 g/equivalent. The content of carboxyl groups in the phenol resin (I)
can be determined by calculating from the total mass of raw material components
charged, the mass of the compound (x2) charged, and the mass of carboxyl groups.
[0045]
20 Examples of the curing agent (II) in the phenol resin composition of the present
invention include an aliphatic bismaleimide having a structure in which two maleimides
are linked by an alkylene group and a polyoxyalkylene group, an aromatic bismaleimide
having a structure in which two maleimides are linked by a phenylene group and a
biphenylene group, a polyfunctional maleimide compound in which a maleimide group

25  isbonded to an aromatic core of a phenol novolak resin via an alkyl group, hexamine,



epoxy resin is particularly preferable fromthe viewpoint that the resulting
cured article has excellent electrical characteristics such as a | ow
dielectric constant and a low dielectric dissipation factor and al so the
remar kabl e effect of inproving heat resistance 5 is exerted. [0046]
Exanpl es of the epoxy resin include gpoxy resins derived fromdihydric
phenol s, such as a bi sphenol A type epoxy resin, a bisphenol F type epoxy
resin, a bisphenol S type epoxy resin, a bisphenol AD type epoxy resin, a
resorcin type epoxy 10 resin, a hydroqui none type epoxy resin, a catechol
type epoxy resin, a dihydroxynaphthal ene type epoxy resin, a biphenyl type
€pOXY T €Sy an@PFxyPresihet IrPdPpliERioR: RIBE BY bleddiP SnEASKONIEDiPponGRO%Y T esins
derived fromtri-" or higher polyhydric phenols, such as a phenol novol ak

type epoxypok®sdsih is Parbic@Iady ﬂ@@m@ﬁommm@p&ﬁe&hm& ﬂ%pulﬁn%&dréﬁ‘ﬁﬂbﬂ'e”e'[ hane
type epoxy resin, a tetraphenyl ethane type epoxy resin, 15 a

di cycl opemdsagéteR-dianal ciblidises sbitP LBRWNe1ERS fonsAnPima@ngbar al kyl type
epoxy resin, a biphenylaral kyl type epoxy resin, a naphthol novol ak type

epoXy r es{iBlectdic di3SipMidATh@bRdnidlsotiyPRMARAKY cffes of improRmR hehatsinfireol

condensed novol ak type epoxy resin, a naphthol-cresol condensed novol ak
type epoxy¥ek@&idn, an aromatic hydrocarbon formal dehyde resin nodified
phenol resin type epoxy resin, and a bi phenyl nodified 20 novol ak type epoxy
resin; and epoxgodegsi ns nodified with organophosphorus conpounds.

Furt hernore, epoxy resins obtained by glycidylation of a phenolic hydroxyl
group in the plRagiplds@$ibe epotypesih inoide Bpyxyxesihsddivas fivhedibytricng agent (11).
[0047] 25 In order to obtain an epoxy resin by glycidylation of the phenol
resin (1)phehols, shéh as a bisphenol A type epoxy resin, a bisphenol F type epoxy resin, a

bisphenol S type epoxy resin, a bisphenol AD type epoxy resin, a resorcin type epoxy
10  resin, a hydroquinone type epoxy resin, a catechol type epoxy resin, a
dihydroxynaphthalene type epoxy resin, a biphenyl type epoxy resin, and a
tetramethylbiphenyl type epoxy resin; epoxy resins derived from tri- or higher
polyhydric phenols, such as a phenol novolak type epoxy resin, a cresol novolak type
epoxy resin, a triphenylmethane type epoxy resin, a tetraphenylethane type epoxy resin,
15  adicyclopentadiene-phenol modified type epoxy resin, a phenolaralkyl type epoxy resin,
a biphenylaralkyl type epoxy resin, a naphthol novolak type epoxy resin, a
naphtholaralkyl type epoxy resin, a naphthol-phenol condensed novolak type epoxy
resin, a naphthol-cresol condensed novolak type epoxy resin, an aromatic hydrocarbon
formaldehyde resin modified phenol resin type epoxy resin, and a biphenyl modified
20  novolak type epoxy resin; and epoxy resins modified with organophosphorus
compounds.
Furthermore, epoxy resins obtained by glycidylation of a phenolic hydroxyl
group in the phenol resin composition may be used as the curing agent (II).
[0047]

25 In order to obtain an epoxy resin by glycidylation of the phenol resin (1), for




exanpl e, the phenol resin (1) may be reacted wi th epi hal ohydrins such as
epi chl or ohydrin, epibronohydrin, and [ 3-nethyl epi chl orohydrin using a
conventional nethod. [0048] 5 The conposition ratio of the phenol resin
(I') to the epoxy group in the epoxy H% sin corresponds a nolar ratio of a
phenol i ¢ hydroxyl group in the phenol Tresin (I) to an epoxy group in the
epoxy resin (phenolic hydroxyl group/epoxy group), is preferably fromO.8
to 1.2 fromthe viewpoint of curability and heat resistance of the cured
article. [0049] 10 The phenol resin conposition of the present invention

contains thg P@Eefh% él?oﬁ'réém {IJD;I)n af'f b 16 gl Lﬁﬂalé‘%@gl naLlclh) as essential

conponents. poOsSs 0 use | i'Sh with a pheno

novol ak r eg; &éoréw?d;] QAIbﬂa&\sﬁmm G Preu SR ATl LN OGRAIRAR, O et dehyde

reS|n-nDd| resin,” a pheno a“cresol “aral kyl
resin, 9@.@ aralkyl resin, a biphenyl - nDdlfled phenol resin, a 15
phenoltrlnet olnethane resin, a tetraphenol et hane resin, a naphthol
novol ak resin, ﬂﬂphthol phenol co- codensed novol ak resin, a

napht hol - cresol '¢o-dondensed novol ak resin, a biphenyl nodified phenol

resin, @an am ”OtT‘He%fn QSIg&ﬂe lb@ﬁthl?@ﬁé]%!l re"sﬁs(g% 1R eppkp)sglaﬁpmthée 0' ak resin,

and a bi sphenol nov sin ac Ing to the cations ahd required

characteri é&lh%ﬁrresignds@lqﬁ r 36 BE n@ﬁ&ﬁ}cﬁ&%ﬂ gfoug?ﬁ‘th@ ﬁ&o@?esffi(?)%

appropriately so as to allow a cu reacti etme n the enol resin (I)

and the cug] 8@xfeRAp i the kpd§ r@§1ﬁ’ﬁﬁ1@ﬁiolﬁ:%yﬁ}ﬂx¥l gro &, it ]Bl‘é‘fe%ly ng

accel erator i'nclude a phosphorous-based conpounﬁyaﬁﬁke rtiary am ne,
i m dazol e, z& 0 @ar ﬁ'oﬁ%éjvl@%ﬁ&}ht o?%hﬁabﬂh%ﬂd%e@t%ﬁsta&@%f a1t AMIN&iFOMP! ex

salt. 25 [0051]
[0049]

10 The phenol resin composition of the present invention contains the phenol resin
(I) and the curing agent (II) as essential components. It is also possible to use it in
combination with a phenol novolak resin, a cresol novolak resin, an aromatic
hydrocarbon formaldehyde resin-modified phenol resin, a phenol aralkyl resin, a cresol
aralkyl resin, a naphthol aralkyl resin, a biphenyl-modified phenol resin, a

15  phenoltrimethylolmethane resin, a tetraphenolethane resin, a naphthol novolak resin, a
naphthol-phenol co-codensed novolak resin, a naphthol-cresol co-condensed novolak
resin, a biphenyl modified phenol resin, an aminotriazine modified phenol resin, a
bisphenol A novolak resin, and a bisphenol F novolak resin according to the
applications and required characteristics.

20 {0050]

A curing accelerator can also be used appropriately so as to allow a curing
reaction between the phenol resin (I) and the curing agent (II) to proceed quickly.
Examples of the curing accelerator include a phosphorous-based compound, a tertiary

amine, imidazole, an organic acid metal salt, Lewis acid, and an amine complex salt.

25 [0051]



20 It is p055|ble to optlonally add vari ous conpound agents such as
inorganic fillers, thernocurable and thernoplastic resins used as nodifiers,
flame retardants, pignments, silane coupling agents, and rel easants to the
phenol resin conposition of the present invention according to the
applications. 5 [0052] Exanples of thgyinorganic filler include fused
silica, crystalline silica, alumna, silicon nitride, alum num hydroxide,
and magnesi um hydroxide. O these inorganic fillers, fused silicais
particularly preferable fromthe viewpoint that the fiIIing rate of the
inorganic filler can be increased. Both crushed fused silica and spherical

fused 10 sili thfsga&smewﬁl B aﬁﬂhﬁflbﬁaésﬁ%ﬁﬂa gis stich Asﬁmﬂgﬂl@rab' y used so

as to increase th anount O t'he fus |ca t 0 suppreéss an I ncrease

of melt vm&@%&moe&raaeap& HieRop 1559& ﬁ'ersin@hsedlats i€ MRk G L@l the particle
size distribution of the spherlca licais propérly adjusted so as to

i ncrease f)?ﬁleﬁt@mﬂaﬁe &Huprdfgea%%maeaddqakasamls ke pLQ{MS?stm c%élpmﬁmpw&x@r abl e

anount of the inorganic f er varies depending on the “"applications and

desired c g@@hﬁgmﬁﬁk@§ndmg@pﬂggﬁguhnn@ppI|cat|ons such as sem conduct or
encapsul ating material s e amount is preferably higher fromthe viewpoint

of a l4near exapoﬁgon coefficient and flanme retardancy, and is preferably
from 65 to 95% by nass, and particularly preferably from85 to 95% by nass,

based on the Z%WJS%fmmarﬁé fil&iendMRDbed sBfh "eré RANASEilit0Blumiten used in
applications such as conductive pastes and conductive films, conductive

fillers suGfomastrRle! A@hinemthydRRRR! andﬂﬁﬂéﬁ@ﬁﬁm@@ﬂroﬁﬁleuS@@the&@ﬁé@mcvar I ous
t her nocurabl e resins and thernoplastic resins can be used as the

fillers, fused silica is particularly preferable from the viewpoint that the filling rate of

the inorganic filler can be increased. Both crushed fused silica and spherical fused

10  silica can be used and spherical fused silica is preferably used so as to increase the
amount of the fused silica and to suppress an increase of melt viscosity of a molding
material. It is preferable that the particle size distribution of the spherical silica is
properly adjusted so as to increase the amount of the spherical silica.

[0053]

15 The preferable amount of the inorganic filler varies depending on the
applications and desired characteristics. When used in applications such as
semiconductor encapsulating materials, the amount is preferably higher from the
viewpoint of a linear expansion coefficient and flame retardancy, and is preferably from
65 to 95% by mass, and particularly preferably from 85 to 95% by mass, based on the

20  entire amount of the phenol resin composition. When used in applications such as
conductive pastes and conductive films, conductive fillers such as silver and copper
powders can be used.

[0054]

Various thermocurable resins and thermoplastic resins can be used as the

25  modifier, and examples thereof include a phenoxy resin, a polyamide resin, a polyimide



25 nodifier, and exanples thereof include a phenoxy resin, a polyam de
resin, a polyimde 21 resin, a polyetherimde resin, a polyethersulfone
resin, a polyphenyl eneether resin, a polyphenylene sulfide resin, a

pol yester resin, a polystyrene resin, .and a polyethylene terephthalate
resin. [0055] 5 Exanples of the flane retardant include a hal ogen conpound,
a phosphorus atom containing conpound, a nitrogen atom contai ning conpound,
and an inorganic flane retardant conpound. Specific exanpl es thereof

i ncl ude hal ogen conpounds such as a tetrabronobi sphenol A type epoxy resin

and a brongtigth plIeARriniAY Rls@ka h¥P&herSNRORY rdsBS b @blypﬁe?n?l%!ﬂ@&kb'i r&lP|r cont ai ni ng
conpounds, for exanple, phosphate esters 10 such as trinmethyl phosphate,

triethyl pﬁlﬂﬁﬂﬁﬂ%@rxe dulfideuath, aRfoReRBAtesin, 4 fdlystyreidnstinadmla popRaSRAAL €,
tri but oxyet hyl phosphate, triphenyl phosphate, tricresyl phosphate,

trixyl enyl tersph@smRiatgn. cresyl di phenyl phosphate, xylenyldi phenyl phosphate,
2- et hyl hexyl di phenyl phosphate, -tris(2, 6-di net hyl phenyl) phosphate, and
resorcin di phenyboghosphate, and condensed phosphate ester conpounds such
as ammoni um pol yphosphat e, 15 pol yphosphoric acid am de, red phosphorus,

phosphayi ¢ aci d Exdmpledionthe fRAR retdidahtkiid Hideds Ioxoper thyiboupldps plapladres i t rogen
at om cont ai ni ng conpounds such as nelam ne; and inorganic flane retardant

conpounds  gblcoasinit ABnipehd) diitxded @tom-C@GHEIRE dompylaie oaidda inctgdmic bor ate, and
cal cium borate. However, since the phenol resin conposition of the present
i nventi on fisncfandnt esmgmddi nSpdeHlc extmplsetht®obincitde RilbgantcorPoliddanme
retardancy even when a hal ogen-based flane retardant with a high
envi r onmengugh as bretrdeomobispladnolA §ge ephroapinansa biloanred phtail nbvigdalcyppounds,
nitrogen atom contai ning conpounds and inorganic flane retardant conpounds
are pref er gloky rasine ghasphorgs sthm-coatxinige édngpoandse faredanpls, phosphate esters
10 such as trimethyl phosphate, triethyl phosphate, tributyl phosphate, tri-2-ethylhexyl
phosphate, tributoxyethyl phosphate, triphenyl phosphate, tricresyl phosphate, trixylenyl
phosphate, cresyldiphenyl phosphate, xylenyldipheny! phosphate, 2-ethylhexyldiphenyl
phosphate, tris(2,6-dimethylphenyl) phosphate, and resorcin diphenyl phosphate, and
condensed phosphate ester compounds such as ammonium pelyphosphate,
15  polyphosphoric acid amide, red phosphorus, phosphoeric acid guanidine, and
dialkylhydroxymethyl phosphonate; nitrogen atom-containing compounds such as
melamine; and inorganic flame retardant compounds such as aluminum hydroxide,
magnesium hydroxide, zinc borate, and calcium borate. However, since the phenol
resin composition of the present invention is characterized in that it exerts an excellent
20  flame retardancy even when a halogen-based flame retardant with a high environmental
burden is not used, phosphorus atom-containing compounds, nitrogen atom-containing
compounds and inorganic flame retardant compounds are preferably used among the
above flame retardants.

[0056]

25 The phenol resin composition of the present invention can be obtained by



[ 0056] 25 The phenol resin conposition of the present invention can be
obtained by 22 wuniformy mxing the above phenol resin (1) and a curing
agent (Il) with optional conpound agents. In this case, in order to inprove
wor kability, the viscosity may be adjusted according to applications and

t hernocuring conditions. Exanples of the wusable solvent include, but are
not limted to, solvents having a boiling point of 160C 5 or |ower, for
exanpl e, al coholic solvents such as nethanol, ethanol, isopropyl alcohol,
met hyl cel |l osol ve, and ethyl cellosolve, aromatic hydrocarbonic sol vents
such as toluene and xyl ene, and non-al coholic polar solvents such as

acet one, mRifbiytly silidiyg thelabdb@hensteésiy({l) amiobeirink akeait giewitk ypthosabexanone, and

di met hyl f ormam de; and N-nethyl pyrrolidone. It is preferable to make an
appropr i atempelndapemsn daclds cisagn balet treimboveppirkability,ahs viacwdity kaymecur i ng
conditions. The phenol resin (1) and the curing agent (Il) may be m xed
af t er pr ehdjstoduadcbydirgrdiapglidatienssal vlenhotwingrendifiotshe Rxampleesfithe | vel y, the
phenol resin conposition, the epoxy resin and optional various conmpound
agents mayabbesoiviexeidcladel buhen notenisal tv.cotvenmhatieg atdidide poinasf 160°@dj ust t he
viscosity, followed by uniformmxing. 15 [0057] There is no limtation on
t he t her noclomiendorcadple doshodif selhentpiveh o methsnal, eticaaep a®iptdpyhalodhol,he present
i nvention, and the phenol resin can be cured under conventional curing
condi t i onmethipheclbsolvegnd etipkectivsol e, ampabehydrecaslemmic sdvents sh¢lgheer  t han t he
tenperature at which the resin conponent is softened, and is usually 120C or
20 hi gher talwahe 200 €y lone, badvern-alfiiwlic polangplteatspueinasacetons npsdintl iethyl ar | y
preferably within a range of 130 to 180C fromthe vi ewpoint of good

ol dabi | i kgtong\inegryl frobety Wgptoneheyclobpxagiete, and diciethyllformpareider and| Nr-medtiyti ned so as

to obtain a friction material having an ) _
pyrrolidone. It is preferable to make an appropriate selection according to the

10  applications and thermocuring conditions. The phenol resin (I) and the curing agent
(II) may be mixed after preliminarily adding the solvent to one of them. Alternatively,
the phenol resin composition, the epoxy resin and optional various compound agents
may be mixed and then the solvent may be added so as to adjust the viscosity, followed
by uniform mixing.

15 [0057]

There is no limitation on the thermocuring conditions of the phenol resin
composition of the present invention, and the phenol resin can be cured under
conventional curing conditions. The curing temperature may be the same as or higher
than the temperature at which the resin component is softened, and is usually 120°C or

20  higher and 200°C or lower. The curing temperature is particularly preferably within a
range of 130 to 180°C from the viewpoint of good moldability. After molding, the
molded article is preferably calcined so as to obtain a friction material having an
excellent heat resistance.

[0058]

25 Since the resulting cured article of the above-mentioned phenol resin



excel l ent heat resistance. [0058] 25 Since the resulting cured article of

t he above-nenti oned phenol resin 23 conposition of the present invention
has excellent dielectric characteristics when an epoxy resin is used as the
curing agent (I1), in addition to a rgzln conposition for a resist 1ink and
a binder for a friction material, n be used in a resin conposition for
a copper-clad lamnate, a resin conp05|tion for a encapsulating naterial of
el ectronic 5 conponents, a conductive paste, a resin casting material, an
adhesive and a coating material such as an insulating coating nmaterial.

[0059] = Thefpsti EQQOPM R dx@ﬁn&%@?Leeﬁl&&'d%l&?ﬂ‘&’&ﬁka%ie?@ﬁl&f hFeH% present

i nvention as e I’eSI conposi tion restist 1nk 1nc OI’ exarrpl e,

a method ofy, ggglfgrs]ﬁ%l ?ﬂ: 8&{%%91%%9% eﬂtaddff‘iﬁ? c?a[*?‘a@fn coft Bélﬁ&n Bpgré&‘ls{ iller to

t he phenol the ¢ gent pre are a conposition for

a resist i @&’Bﬂnﬁéﬂ}gréﬂi%n&?%%ﬁaf U bOliscf iff & Rsiil cohtplsifibn fd aP' | Nt €d

1
circuit boarg usi ng screen print ﬁC} curing t IE’IG COI’Tp(%@ItI on to obtain a

resi st “&pg&roﬁr‘ lﬁﬁﬁ ‘f"éb‘ir sﬁ?&%mrygﬁﬁ :;P% fa*@:ﬁ @E@Qﬁﬁgﬁnéﬁ&lm\{%mleétﬁ&}lé’de met hyl

cel | osol ve t hy ve acetate cel l osol ve
acet at & o‘fﬂrp%ﬂgrﬁ@@c&ﬂﬂ uctll sﬂayh ﬁ.cayt L il AR melgg, di oxol ane,
tetrahydro ropy ene nDno et acefate and” et hyl

|l actate. [QQ6Q4 &hﬁQ,t kﬁﬂ Ql¢ qﬁﬁ&.ponp03|t|on of the present invention
is used in the SB nl%ﬁ' r%gllon ﬁaterlal t he bi nder can be prepared

by using a subst@¢@ﬁ capable of 20 generating fornaldehyde under heating
such as hexanet% etetram ne or parafornal dehyde as the curing agent (I1)

and mxing with ﬁe%ﬁdﬁ%f@l@ﬁg ltfférlﬂﬁsﬂfl r&ﬂp&nﬁﬁ)sition of the present invention as

the resin composition for a resist ink includes, for example, a method of adding an
10  organic solvent, a pigment, a talc and a filler to the phenol resin (I) and the curing agent
(IT) to prepare a composition for a resist ink, applying the composition for a resist ink on
a printed circuit board using screen print and curing the composition to obtain a resist
ink cured article. Examples of the organic solvent include methyl cellosolve, ethyl
cellosolve, methyl cellosolve acetate, ethyl cellosolve acetate, cyclohexanone, dimethyl
15  sulfoxide, dimethylformamide, dioxolane, tetrahydrofuran, propylene glycol
monomethylether acetate, and ethyl lactate.
[0060]
When the phenol resin composition of the present invention is used in the
binder for a friction material, the binder can be prepared by using a substance capable of
20  generating formaldehyde under heating such as hexamethylenetetramine or
paraformaldehyde as the curing agent (IT) and mixing with a curing accelerator such as
imidazole or a derivative thereof, a carboxylic acid compound, amines or a BF; amine
compound. In order to prepare a friction material using such a binder for a friction
material, for example, a2 method of adding a filler and an additive to the above

25  components and thermocuring the mixture and a method of impregnating a fiber base



i mdazole or a derivative thereof, a carboxylic acid conpound, am nes or a
BF3 am ne conpound. In order to prepare a friction material using such a

bi nder for a friction material, for exanple, a nmethod of adding a filler
and an additive to the above 25 conponents and thernocuring the m xture and
a method of inpregnating a fiber base,24 material with the above conponents
and thernocuring the inpregnated fiber base material can be enpl oyed.
Exanpl es of the filler and the additive used herein include silica, barium
sul fate, calcium carbonate, silicon carbide, polynerized cashew oil,

nol ybdenum di sul fi de, al um num hydroxide, talc, clay, black |ead, graphite,

rubber S patddiflRE theabsid oRANOSTd thGRRBE AU HRSreo AR R POWIET .

[ 0061] When used as the binder for a friction naterial, a nmethod of using

this phengfsteriaBinbeCRPRASH ! | BRniples@BRI MARE b ih¥hidlife el BicPARGARt €ri al and
a curing agent followed™ by thernocuring can be enpl oyed. Exanples of the

fiber basgjigRbehildlsulfis | HRRIml Sarbafc@Nidh datth&d, Po SRRz cathe &8s fi ber,
ceram c fiber, asbestos fiber, carbon fiber, and” stainless steel fiber;

nat ural f ReLAcRIKE Bis@%ide AlPinu@ B deR, thich@hp bla@]@fkaéy%éﬁlﬁtte! @bh&gani ¢ fibers
such as pol yester and pol yam de fi bers. Exanples of the shape of the fiber

base guat ?ﬁﬂti@l'es,iaﬂﬁﬂiﬂﬂﬁ poRaEd cdppBiiowdeRBRd bialSfowdéar n, mat, and sheet. [0062]
15 The net hod of producing a resi'n conposition for a copper-clad | am nate

from the phenojggsgsi n conposition of the present invention includes, for
exanpl e, a nethod "of preparing a varnish using the phenol resin (1), an

epoxy resin as When Gsdiad theddieitt fdr hBictiondislerd), OHOBOH 6f S MERPhedJ063] 20
Exanpl es of the organic solvent include solvents include alcoholic solvents
resin composition in combination with a fiber base material and a curing agent followed
by thermocuring can be employed. Examples of the fiber base material include
10  inorganic fibers such as a glass fiber, ceramic fiber, asbestos fiber, carbon fiber, and
stainless steel fiber; natural fibers such as cotton and hemp fibers; and synthetic organic
fibers such as polyester and polyamide fibers. Examples of the shape of the fiber base
material include short fiber, long fiber, yarn, mat, and sheet.
[0062]
15 The method of producing a resin composition for a2 copper-clad laminate from
the phenol resin composition of the present invention includes, for example, a method
of preparing a varnish using the phenol resin (I), an epoxy resin as the curing agent (II),
and an organic solvent.
[0063]
20 Examples of the organic solvent include solvents include alcoholic solvents
such as methanol, ethanol, isopropyl alcohol, methyl cellosolve, ethyl celiosolve, and
propylene glycol monomethyl! ether; aromatic hydrocarbonic solvents such as toluene
and xylene; non-alcoholic polar solvents such as acetone, methy! ethyl ketone, methyl

isobutyl ketone, cyclohexanone, dimethylformamide, N-methyl pyrrolidone, and

25  dimethyl acetamide.




such as nethanol, ethanol, isopropyl alcohol, nethyl cellosolve, ethyl

cel l osol ve, and propylene glycol nononethyl ether; aromatic hydrocarbonic
sol vents such as toluene and xyl ene; non-al coholic polar solvents such as
acetone, methyl ethyl ketone, nethyl .sobutyl ketone, cyclohexanone,

di met hyl f ormam de, N-nethyl pyrrolidone, and 25 dinethyl acetam de. 25

[ 0064] The net hod of producing a copper-clad |amnate fromthe resin
conposition for a copper-clad | am nate includes, for exanple, the follow ng
nmet hod. Various reinforced base materials such as paper, a glass fabric, a
glass 5 nonmoveqPégﬁric, an aram d paper, an aramd fabric, a glass mat, and
a glass roving abric are inpregnated with a varni sh conposition prepared

by using the ph I 1 : XYadNI£Si i t (Il) and
MR mdifSd érﬁégduﬁgg{%ggsp&wad §Riniedont 1hE rGH LA oIBER

an organi ¢ sol vent, at a heating tenperature selected

accordi ng Fo?atcggpgg-icgrgtlﬁiflgcg%ﬁtﬁi{e%?@exaﬂgﬁfﬁéﬂlq\évi_ mbkf@od170C, to obtain a

prepreg as a c is cas the mxihg ratio of the 10 phenol

resin compositi 3 i . i i | y adj usted so
as to control t é%g%%?g%%g%?£¥%gﬁgggﬁﬁa}%ﬂ%ﬁéi%E%%ﬁ%gﬁﬁ%%%?% a range of 20

to 60%Dy PBSRven EBHAE N afliSid R %1' a|¥ni dtEnid TER Y Elaé"sf fRatl AH aﬂ@&s%ﬁ’oﬂﬂ% copper

foils are turther |am nated, owed by contact bonding with heating under

a pressureq@fic drelif ph@ndERwith aﬁvZI(ﬁis}thmisésiMe];aﬁ'm%i]{g tAspRSiof Rsig hours to

obtain the objective copper-clad | am nate. [ 0066]" The resin conposition for

a copper - C{ipdn gl i aPihe CiAEn AdOHER AR sd1ent,3h8 hed BEMedsiQf Ul _as an
interlayert?nguﬁg%?g% ﬁatgriaﬁ9%§ﬁ§n%3iIdupgpri%teg circSit b%ard. The

i nt er | ayer hdafifig!tedtpgeRilurl 8160t Pl ocdinehE tHRWilWRh PV Ehe $retémiByish thoar d can be
obt ai ned by
170°C, to obtain a prepreg as a cured article. In this case, the mixing ratio of the
10  phenol resin composition to the reinforced base material is preferably adjusted so as to
control the content of the resin in the prepreg within a range of 20 to 60% by mass.
[0065]
The resulting prepregs are laminated and copper foils are further laminated,
followed by contact bonding with heating under a pressure of 1 to 10 MPa at 170 to
15  250°C from 10 minutes to 3 hours to obtain the objective copper-clad laminate.
[0066]
The resin composition for a copper-clad laminate of the present invention is
also very useful as an interlayer insulation material of a buildup printed circuit board.
The interlayer insulation material of the buildup printed circuit board can be obtained by
20  amethod of mixing the phenol resin (I), an epoxy resin as the curing agent (II), the
organic solvent, a rubber and a filler among the above methods for preparing a varnish.
The method for producing a buildup substrate from the thus obtained interlayer
insulation material for a buildup substrate includes, for example, the following method.

[0067]

25 The interlayer insulation material for a buildup substrate is applied on a wiring



|

20 a met hod of m xing the phenol resin (1), an epoxy resin as the curing
agent (Il), the organic solvent, a rubber and a filler anong the above
nmet hods for preparing a varnish. The nmethod for producing a buil dup
substrate fromthe thus obtained interlayer insulation material for a
bui | dup substrate includes, for exa , the follow ng nethod. [0067] 25
The interlayer insulation nmaterial for a buildup substrate is applied on a
wiring 26 board with a circuit forned thereon using a spray coating mnethod
or a curtain coating method and predeterm ned through-holes are optionally
formed. The surface is treated wth a roughening agent and washed with hot

nater 10 bREIHEYGONPRIned Mk ONGdaPY sfoy BLdhl BeloZh ThRlipbhkhet 2l such

as copper ating treatnent | era ctroless®plating or

el ectropl gtipgahd @@&é{&{]ﬁned]atﬂl%u%l}ﬂﬁ%{'éﬁﬂg Bgﬁ‘&d&ﬂﬁ g:gﬁ%&. ! ‘fhc%r%éé Qizlig agent,

an al kali or an organic solven ui 'dup s ate can be obtalned by

optional | witﬁs&)&%@g%@g%@%ﬁ@a g&h R éﬂqg;tg?s%@de%&ngs !r&lﬁwaa%ghy. bui I'dup a

resin insulati a conauct or a pre étermned circuit

pattern. gﬂ{l tmdR G RALE sBEl’Ffas%gPe%ry TR MEsheAldaffiert ?Hb;{gir:]fg:ébrt]ﬁ resin

insul atin ayer as an outernost 1 ayer.” By cont act a resin-coated

coppers f Oi;llaetro‘(ljﬁr%k gﬂwbgoxf QR aﬁb{%\nﬁf‘fﬁﬁl&&t! AddGhe fd Jnﬂ%ﬁeﬁtqg&%iimzﬂ& on a

1
copper foil, I ng boar a circuit Tornmed thereon wth heating

at 170 t0,230Gn aRalp ¥} Amgaxﬁygﬁwnat €A bEuPSuRLaRUGR de BbhRRY by fOrmng a
roughened surface or performng the plating treatnent. [006%] 15 Specific

exanpl es %tio‘hﬁ'lﬁz RPPing 34JHOR PRk %p&ﬁﬁﬂ? bo 41RRafelF QﬁiﬂﬂlﬁiatrEé?ﬁ‘ of the
present inventi'on is used as the resin conposition for a encapsul ating

naterial plulaleid A § CSRITPRPAIES Pl fcs ERLEARAUG OTHRAGAPSUI at i g
material, a tape-shaped encapsulating agent of seri conductorS, a potting
type |iquidleenepREVART kihe@9RG forn@Ag the resin insulating layer as an outermost
10 layer. By contact-bonding a resin-coated copper foil, which is formed by semicuring
the resin composition on a copper foil, on a wiring board with a circuit formed thereon
with heating at 170 to 250°C, a buildup substrate can be produced without forming a
roughened surface or performing the plating treatment.
[0068]
15 Specific examples of the application when the phenol resin composition of the
present invention is used as the resin composition for a encapsulating material of
electronic components include a semiconductor encapsulating material, a tape-shaped
encapsulating agent of semiconductors, a potting type liquid encapsulating agent, an
under-filling resin, and an interlayer dielectric film of semiconductors.
20 [0069]
The phenol resin composition of the present invention is prepared for a
semiconductor encapsulating material using a method of preliminarily mixing the
phenol resin (1), an epoxy resin as the curing agent (II), optional additives such as

coupling agents and releasing agents, and inorganic fillers and sufficiently mixing using

25  an extruder, a kneader or a roll until a uniform mixture is obtained.



under-filling resin, and an interlayer dielectric filmof sem conductors. 20
[ 0069] The phenol resin conposition of the present invention is prepared for
a sem conductor encapsulating material using a nethod of prelimnarily

m xing the phenol resin (1), an epoxy esin as the curing agent (I1),
optional additives such as coupllng ents and rel easing agents, and
inorganic fillers and sufficiently m xing using 25 an extruder, a kneader or
aroll until a uniformmixture is obtained. 27 When used as the t ape- shaped
encapsul ating agent of seniconductors, it can be obtained by a method of

heating a resi n GRAPOShLL A1 B sﬁa&eﬁ%np%sﬁlaﬁétaag@(t%fge%ﬁ*a@@%rg R cad QLM 2

sem cured sheet, conver plraci ng the

encapsul at g, aoent , Lap gofh a@n%%%s%%ﬁ;%%&ﬁ nsaalaedg,e&te'ae & hﬁlc@swerawre

of 100 to ere y SO I'ng an conp uring it at

a tenper at g Qb (g b0 2RRECrhOBIOL enc txps%ﬁuggggﬁn@&ga gagao@%thwg type |iquid

encapsulatlng agent, onposi above techni que

I's opti O”a%rlcxps‘a?]a%ﬁghg&? é@oﬁ‘a%&k%@ﬁﬁuc&?ghz[a%aﬁ%tﬁﬁﬁ %Qtute 0f3BpLd €d on a

sem conductor’ c ctronic conponen Irectly cured.

[0071] W Pgeﬂ (o] is used
as the 5 ? El?ﬁr I"n ﬁklgégﬁﬁ&mﬁﬁﬂﬁéaﬁdoc %gmgntggli %Za?%lgérgt\ageg&rfp?gsm on flow
met hod of &ézgqellnlnarlly appl ying the phenol resin conposition of the
present invention on a substrate or a sem conductor device, sem curing and
heat i ng, therebﬁ @ﬂﬂerlng the sem conductor device to the substrate, and
conpletely curing e resin conposition.

" When used as the potting type liquid encapsulating agent, the resin

composition obtained by the above technique is optionally dissolved in a solvent and the
10  solution is applied on a semiconductor chip or electronic components, and then directly
cured.
[0071]
When the phenol resin composition of the present invention is used as the
under-filling resin, the resin can be obtained by a compression flow method of
15  preliminarily applying the phenol resin composition of the present invention on a
substrate or a semiconductor device, semicuring and heating, thereby adhering the
semiconductor device to the substrate, and completely curing the resin composition.
[0072]
The method of using the phenol resin composition of the present invention as
20  the interlayer insulation material of semiconductors includes, for example, a method of
mixing a curing accelerator and a silane coupling agent, in addition to the phenol resin
(I) and an epoxy resin as the curing agent (II) to prepare a composition, and applying
the composition on a silicone substrate using a spin coating method. 1In this case, since
a cured coating film is directly contacted with a semiconductor, a linear expansion

25  coefficient of the insulating material is preferably adjusted to a value close to the linear



[0072] The nethod of using the phenol resin conposition of the present
invention as 20 the interlayer insulation nmaterial of sem conductors

i ncl udes, for exanple, a nethod of mxing a curing accelerator and a sil ane
coupling agent, in addition to the phenol resin (I1) and an epoxy resin as
the curing agent (l11) to prepare a cogp05|t|on and applying the
conposition on a silicone substrate using a spin coating nmethod. In this
case, since a cured coating filmis directly contacted with a

sem conductor, a linear expansion 25 coefficient of the insulating materi al
is preferably adjusted to a value close to the |inear 28 expansion

coel 11 o1 o Bioh RBe(BERh ARG Lon iAo kO ARENER o IDHTAGKIDY due 1o a

di fferenc I near expansi on coe iclren enper at ure

envi r onmenfiored QQf fleal Qﬁ;aﬂﬁb#‘ 9&:@8&@&%95 h{r%ﬂ t&n&%{?ﬂé%}n %r&&?t e fromthe

phenol resin 5 conposition resent venti on inc for exanple, a
met hod of di spefgj; fine conductlve particles in the phenol resin
conposition to Lrepare a conposition for an anisotropic conductive film

and a met hod of T¢ gRALYH ég%ﬁﬁg%gc&ﬁﬁb 5|ve mﬁg?hé rEisﬁ]pnnectlon of

circuits or an ani SOtI’OpI ctive a IC]UId at room

tenper at ur &Qtu{nomﬂa przmt MEERRE ifluddt S8R hfeRlod FAEpAShE iR for an

lé2a
adhesi ve froﬁ1the phenol resin conp05|t|onaﬂg he present | nventi on

i ncl udes, §g¥gy resin (1),
curing agé&%ﬁ?ﬁl) aﬁﬁe%%g@%ﬂgﬁﬁfg%?ﬁgh<§E¥%¥% %%agpggg?gapﬂgg?vents and

addi tives aftlsotr PR InRORR M Sad mEASESS ﬁ@;ﬁ’a&i‘n@g 'ds% F&macomﬁéﬁhon kB 1s 15
possible to bond to various base materi‘al's by app ying the resin

conposi ti QPnnckBbd OByt A ARGHAHC BndhARRHEIRR A 8 hﬂﬁld%‘ﬁﬁﬁn heat i ng.
temperature.
10 [0074]

The method of preparing a resin composition for an adhesive from the phenol
resin composition of the present invention includes, for example, a method of uniformly
mixing the phenol resin (I), curing agent (II) and optional resins, curing accelerators,
solvents and additives at room temperature or under heating using a mixer. Itis

15  possible to bond to various base materials by applying the resin composition, followed
by standing at room temperature or under heating.

[0075]

The method of preparing a composite material from the phenol resin
composition of the present invention includes, for example, a method of preparing a

20  varnish from the phenol resin (I) and the curing agent (I} using an organic solvent so as
to adjust to a viscosity suited for purposes, impregnating a reinforced base material with
the varnish, heating the impregnated reinforced base material to obtain a prepreg, and
then laminating prepregs so as to impart pseudo-isotropy by gradually changing the
direction of the fiber, at last curing and forming with heating. Examples of the usable

25  organic solvent include solvents having a boiling point of 160°C or lower, for example,



[0075] The nethod of preparing a conposite material fromthe phenol resin
conposition of the present invention includes, for exanple, a nethod of
preparing a 20 varnish fromthe phenol resin (1) and the curing agent (I1)
using an organic solvent so as to adjyst to a viscosity suited for

pur poses, inpregnating a reinforced base material with the varnish, heating
the inpregnated reinforced base naterial to obtain a prepreg, and then

| am nating prepregs so as to inpart pseudo-isotropy by gradually changi ng
the direction of the fiber, at last curing and form ng with heating.

Exanpl es 0@8@%‘3& %Ht?su%? 2QhSARhA aﬁelnégnstog @gln&iﬂﬁmﬁ%e‘{ 10*36‘1\6& fg@ boiling

point of 1 omer or exanpl e, ’sol s such as

et hano! . ShIALCI:2A8ERY by BhaRial: om%aéaghchca%lt&eafg'avlgl%@ﬂ@ an@hopY!

cel | osol ve' aronati e Focarboni ¢ sol'Vents such as ne’and xyl ene; and

non- al Cohgkamegmg ﬁ%ﬁ%’ﬁ&ﬁa%&%n@%ﬁ@g%ﬁgﬁeﬂ@ Py epne. et hy!

i sobutyl ketone exanone, and ornanl heat

tenper at ur gy iRins APRLARLIBEELYRC! 6 RAAPGARELAR. LA dehe Kind of the

sol vent to ‘be used, 'but IS era thin a range ot 50 to 150C.

Exanpl es %ppgtgtﬁla{e%!’ @#E&%@c&é@? 14"k %Md%‘ftﬂe’b%l\}éﬁteco Be ubAH BQAs Eﬂef%?a[br YLos fabric.

polyester am de ber, an alumna fiber, paper

a gl ass “%Yiﬁ\ﬁ%f}?ﬁ%bff's@ to P02 aﬁk&ln@@mfthe é&f@cmﬂﬁkﬁ%pmm@& ass mat, and

a glass roving ric ereis nolimtation on the mxing ratio of the

resin conpongsy fidRd, p%%fetsﬂafeﬁf)tﬁ' z[“é(ﬁf/fﬁﬁge ﬁﬁ'&:ﬁr@ﬁlﬁirnh et r,bgsepBlignt of the

resin conponent in the prepreg prefer y set wthi'n'arange of 20 to

60% by mas glaFSQQle%ve hERARARkiA 53R AT KiHDM, PhLHR AGIRRL | nvent]on

is particu y usefu resih conposition for-a cop d I am nate

anong var i Rsoamid. C%bﬁ%n&'ﬁﬁﬁﬁﬁdﬁ% tﬁ@mﬁgﬁ’g’ﬁnf) LP e rélen ¥rSyRGcAhg OF 1T can

have both excellent flame retardancy and
10  the reinforced base material, and the content of the resin component in the prepreg is

preferably set within a range of 20 to 60% by mass.
[0076]
The phenol resin composition of the present invention is particularly useful as a
resin composition for a copper-clad laminate among various applications described
15  above from the viewpoint of it can have both excellent flame retardancy and heat
resistance, although it is a halogen-free curing system with a low environmental burden.
[0077]
The cured article of the present invention is obtained by molding and curing
the above-described phenol resin composition of the present invention and can be used
20  as laminates, cast articles, adhesives, coating films, and films according to the purposes.
As described above, the cured article is particularly useful as a copper-clad laminate for
a printed circuit board.
In order to cure the phenol resin composition of the present invention, the
phenol resin composition may be appropriately thermocured under proper temperature

25  conditions according to selection of the curing agent (1I), other components and



resi stance, although it is a halogen-free curing systemwith a | ow

envi ronnental burden. [0077] The cured article of the present invention is
obt ai ned by nol ding and curing the above-described phenol resin conposition
of the present invention and can be used 20 as |am nates, cast articles,
adhesives, coating filnms, and filns a&&ording to the purposes. As described
above, the cured article is particulartfy useful as a copper-clad | am nate
for a printed circuit board. In order to cure the phenol resin conposition
of the present invention, the phenol resin conposition nay be appropriately
t her nocured under proper tenperature 25 conditions according to selection
of the cur]j nt t. e d.30 lications.
Specificaﬁh@%aﬁﬁgissf%g%gpgﬂhgb¥%§%ggﬂggﬁigﬁgF%§ ity ggn?gﬁ%%gature

condi ti ons_ 0Of,. Qﬁﬁ@ EXAMPLES 5 [0078] The present invention wll be
describedéﬁﬁmgéﬁgrgsék om?by way of Exanples and Conparative Exanples. In
the followi ng, parts and percentages are by weight. [0079] The triazine
conmpound (x2) having a carboxyl group-containing aromatic 10 hydrocarbon
group andEéed@p¢@§ group as substituents on a triazine ring used in the

fol |l ow ng anples is benzoic acid guanam ne (hereinafter abbreviated to
"BAG') represg&pgﬂ by structural formula (4) shown bel ow, manufactured by
KK. NI SSEI KAGAKU 'KOGYCSHO. [ 0080] COCH

The present invention will be described in detail below by way of Examples
and Comparative Examples. In the following, parts and percentages are by weight.

[0079]

The triazine compound (x2) having a carboxyl group-containing aromatic

10  hydrocarbon group and an amino group as substituents on a triazine ring used in the

following Examples is benzoic acid guanamine (hereinafter abbreviated to “BAG™)
represented by structural formula (4) shown below, manufactured by KK. NISSEI
KAGAKU KOGYOSHO.

[0080]
COOH

%%

s

N~ SN
)I\ /l\
HoN N NH,

4)

15
The presence or absence of a methylol group of phenol resins obtained in the
following Examples and Comparative Examples, and the presence or absence of the
unreacted phenols (x1) and the unreacted aldehydes (x3), and the molecular weight
distribution were determined by the following procedures.
20 [0081]

<Presence or Absence of Aromatic Substituted Methylol Group and Methylol Group>



(4) N N 15 H2N NH2 The presence or absence of a nethylol group of phenol
resins obtained in the follow ng Exanples and Conparative Exanples, and the
presence or absence of the wunreacted phenols (xI) and the unreacted

al dehydes (x3), and the nol ecul ar mei% t distribution were determ ned by
the follow ng procedures. 20 [0081] <Presence or Absence of Aronmatic
Substituted Methylol Goup and Methylol Goup> 31 Using 13C-NWR, the
presence or absence of a nethylol group in a resin conposition was

exam ned. [0082] Apparatus "GSX270 Proton" manufactured by JEOL Ltd.

270MHz, I\/Easurl 3@ Mﬁinﬁl}ep%§¢”e r()a;l]%gwg% Q%myl‘?eg{%% @slrmed acetone

deuterated dlnet rence rial nethyl'silane In the
resul ting g t Mindyes carried out using a peak within a range of 55
to 70 ppn1wﬁﬁkﬁlggﬁgggﬁkgafly di stingui shed from noi se. The case where a
peak is observa&) s rated "observed", while the case where a peak is not
observed was rate 10 "not observed". [0083] <Content of Unreacted Phenols

x1)> Col u % G« 3 Tenper at ur e:
(170)C 15 I ar%gsn‘;)e?ilg?{g?g 5@%%%5%%%1'% HEOT Ktd3 270z, ﬁ%hé&?ﬁﬂg mp

5 Solvent: deuterated methanol or deuterated acetone, deuterated dimethyl sulfoxide

=

Reference Material: tetramethylsilane
In the resulting chart, judgment was carried out using a peak within a range of
55 to 70 ppm which can be clearly distinguished from noise. The case where a peak is
observed was rated “observed”, while the case where a peak is not observed was rated
10 “not observed”.
[0083]
<Content of Unreacted Phenols (x1)>
Column: 30% celite 545 carnauba wax 2 m X 3 mm ¢
Column Temperature: 170°C
15  Inlet temperature: 230°C
Detector: FID
Carrier gas: Ny gas, 1.0 kg/cm®
Measuring Method: Under measuring conditions of an internal standard method, the
amount of a monofunctional phenol in the phenol resin (I) was measured.
20 [0084]
<Presence or Absence of Unreacted Aldehydes (x3)>
Using FT-IR, the presence or absence of unreacted aldehydes in the phenol
resin (I} during the reaction was examined.
[0085]

25  Apparatus: FT/IR-500 manufactured by JASCO Corporation



1

Detector: FID Carrier gas: N2 gas, 1.0 kg/cn2 Measuring Method: Under
measuring conditions of an internal standard nethod, the anmount of a

nonof uncti onal phenol in the phenol resin (1) was neasured. 20 [0084]
<Presence or Absence of Unreacted Al dehydes (x3)> Using FT-1R, the presence
or absence of unreacted al dehydes in %?e phenol resin (l) during the
reacti on was exam ned. [0085] 25 Appdratus: FT/IR-500 manufactured by JASCO
Corporation 32 A reaction mxture was applied on a KBr plate and judgnent
was carried out using a peak attributed to an al dehyde group observed at
about 1700 cm -1 of the resulting chart. The case where a peak is observed
was rated "obseA

"not observed". Egﬁéﬁhéﬁa%gW%Q%@ﬁ%gigﬁgg%hﬁmgfgfﬁhghgﬁgﬁéc%%%ﬁég ﬂemas rated
o1 on v g AGNE B BB KD MBI RRA T U0
TOSCH R G o RN P SO GO R, 0 7, 00
Flow rate cast v&flefp z( ﬁgaﬂ is not observed was rated “not observed”.
5 [0086]
<Molecular Weight Distribution>
Using the following apparatus, molecular weight distribution was measured
under the following measuring conditions.
Apparatus:  “HLC-8220GPC” manufactured by TOSOH CORPORATION
10  Column: G2000HXLx2, G3000HXL, G4000HXI. 7.8 mm ¢ % 300 mm
Column temperature: 40°C
Detector: RI
Carrier solvent: tetrahydrofuran
Flow rate: 1.0 ml/min.
15  Measuring method: Under the same measuring conditions as in a polystyrene standard
method, the molecular weight distribution of the phenol resin (I) was measured.
[0087]
<Content of Nitrogen Atom in Phenol Resin>
The content of a nitrogen atom in a phenol resin was calculated from the total
20  charge mass of a raw material component, the charge mass of a compound (x2) and a
compound (x4), and the mass of a nitrogen atom.
[0088]
<Carboxyl Group Equivalent>
The carboxyl group equivalent was calculated from the total charge mass of a

25  raw material component, the charge mass of a compound (x2) and the mass of a



15 Measuring nethod: Under the sane neasuring conditions as in a polystyrene
standard nethod, the nol ecul ar weight distribution of the phenol resin (I)
was neasured. [0087] <Content of N trogen Atomin Phenol Resin> The content
of a nitrogen atomin a phenol resin calculated fromthe total 20
charge mass of a raw material conponent, the charge mass of a conpound (x2)
and a conpound (x4), and the nmass of a nitrogen atom [0088] <Carboxyl
Group Equival ent> The carboxyl group equival ent was cal cul ated fromthe
total charge mass of a 25 raw material conponent, the charge mass of a

conpound (éﬁgmgpgmhﬁe mass of a 33 carboxyl group. [0089] Exanple 1 In a
reactor equl pped wth a condenser, a nornmal pressure distillation apparatus

5 and a vacuum dyg4g7! | ati on apparatus, 940 parts of phenol, 185 parts of
BAC3 434 parts Jl.S@bfornalin and 3 parts of triethylamne were charged
and then af{gr,feating to 115C the reaction was carried out for 2 hours.
The tenperature was raised to 135C while normal pressure distillation is

carried out, anqnfaf}%?&&%aa{ PR WS ERdEARH a Wimdl Resdure BRHNS on hPfarkiRITPEr at ur e
was raised to 180C while normal pressure distillFation is 10 carried out

agai n and YaCuu,oh AistiliAd a‘ﬁgargﬁaagéi@ %g&% reﬁ’él, 188Qfarts bPBABDY3 4T RARYE Ng the

| ow boiling polnt conponent “Su eact ed nononer and water to

O 11, 804l 5505 iSRS 0 e /1

115°C, the reaction was carried out for 2 hours. The temperature was raised to 135°C
while normal pressure distillation is carried out, and the reaction was carried out for 2
hours. The temperature was raised to 180°C while normal pressure distillation is

10  carried out again and vacuum distillation was conducted at 180°C, thereby removing the
low boiling point component such as the unreacted monomer and water to obtain 780
parts of a resin having a softening point of 123°C. Hereinafter, this resin is referred to
as “phenol resin (A-1)".

A methylol group and unreacted aldehydes did not exist in a solid content of
15  the resulting phenol resin (A-1) and the amount of the unreacted phenol monomer was

0.1% by mass.

The measurement results of the molecular weight distribution are shown in Fig.

The content of a nitrogen atom of the phenol resin (A-1) was 7.2% by mass,
20  the carboxyl group equivalent was 975 g/equivalent, the ICI melt viscosity at 150°C
was 55 poise, and the molecular weight distribution (Mw/Mn) was 2.46.
[0090]
Example 2
In the same manner as in Example 1, except that 1080 parts of o-cresol was

25  charged, the reaction was carried out to obtain 840 parts of a resin having a softening



A nmet hyl ol group and unreacted al dehydes did not exist in a solid content of
15 the resulting phenol resin (A-1) and the anobunt of the unreacted phenol
nmononer was 0.1 % by nass. The neasurenent results of the nol ecul ar wei ght
di stribution are shown in Fig. 1. The content of a nitrogen atom of the
phenol resin (A-1) was 7.2% by nass, 0 the carboxyl group equival ent was
975 g/equivalent, the ICl nelt vi scosi y at 150C was 55 poise, and the
nol ecul ar wei ght distribution (MvV M) was 2.46. [0090] Exanple 2 In the
same nmanner as in Exanple 1, except that 1080 parts of o-cresol was 25
charged, the reaction was carried out to obtain 840 parts of a resin having

'a softenl Qint?’é]f IABQJ‘ H%Em%ﬂ'?%sl}?ﬁﬂsr}gge}rg& l?eno lse éﬁgzgr’ef rreq to as

"phenol S|n ( rou PEAR s did not

exist in ﬁ'ltetchgi(;l gro%g%ﬁ’ﬂﬁre&ftecf J]ﬁ’eh&gésg{,)ﬁ h&%x1spﬂeans%hd%81§t rﬂo?'ﬁ% é{h‘i’ti rount - of

t he unreac NonMer was € neasur enen ults of

mol ecul ar g%ﬁ%og&%m%% e a%%h?&tﬂé @nr%&?%bh&pol 'r:rg)%gg}%%y% 754, b“yorﬁé]‘ém of a

ni t rogen pheno resin ness, € car boxyl

gr oup eq“'rH@gl%ﬁ%‘re%% fesORY Mo?&‘dw%?@@ %ﬂﬂﬁtlléonf‘%lr? %vk%l}é'lﬁg%s' ty at 150C  was

45 poi se, e nD ecular werg $°3.29. [0091]
Exanpl $a3 10 1 npg, Jo‘ﬁ?e‘ﬁwfa Hng%%?&nM@QSﬁeq%f&gﬁgie%ppar lnbag essure

distilTation apparatus a’ vacuum parts of

phenol, 94,.R: Q{b})%lcgr mﬁglvggnp@{lst ISOQJT%IC%‘%C?% Eﬁe Id:?n4eltp\ﬁ§ct()§1t)pzftt 136% formalin

and 3 parts o mne Weré ¢
was 45 poise, and the molecular weight distribution (Mw/Mn) was 3.29.

[0091]

Example 3

10 In a reactor equipped with a condenser, a normal pressure distillation apparatus
and a vacuum distillation apparatus, 940 parts of phenol, 92 parts of BAG, 50 parts of
melamine, 434 parts of 41.5% formalin and 3 parts of triethylamine were charged and
then after heating to 100°C, the reaction was carried out for 2 hours. The temperature
was raised to 135°C while normal pressure distillation was carried out, and the reaction

15  was carried out for 2 hours. The temperature was raised to 150°C while normal
pressure distillation was carried out again, and the reaction was carried out for 2 hours,
followed by cooling to 95°C. In the reaction system, 170 parts of 41.5% formalin was
added dropwise and then after heating to 100°C, the reaction was carried out for 2 hours.
The temperature was raised to 135°C while normal pressure distillation was carried out,

20  and the reaction was carried out for 2 hours. The temperature was raised to 180°C
while normal pressure distillation was carried out again, and then vacuum distillation
was conducted at 180°C, thereby removing the low boiling point component such as the
unreacted monomer and water to obtain 730 parts of a resin having a softening point of
117°C. Hereinafter, this resin is referred to as “phenol resin (A-3)". A methylol

25 group and unreacted aldehydes did not exist in a solid content of the resulting phenol



then after heating to 100C, the reaction was carried out for 2 hours. The
tenperature was raised to 135C while nornmal pressure distillation was
carried out, and the reaction 15 was carried out for 2 hours. The
tenmperature was raised to 150C while noymal pressure distillation was
carried out again, and the reaction was carried out for 2 hours, followed
by cooling to 95C. In the reaction system 170 parts of 41.5%formalin was
added dropwi se and then after heating to 100C, the reaction was carried out
for 2 hours. The tenperature was raised to 135C while normal pressure

distillati fé@in\r@?)q‘ﬁa tHeGEh R oftﬁ@%?%te&jg%&ﬁ& fb B %@éo.ﬁ%;)ﬁyirﬁ%s.oufhef or 2

hours. The te ature was rai se 11 e normal essure

di stillati go, RS dnefelhIRG oM leABRRihARErbIGH bR idired 5l | ation  was
conducted at 180C, thereby renDV|n5 the I ow boi 1 ng point conponent such as

the unreacted NERQRRlenAdS WESRH aldh ORth@bikndBAsiRAL wak 8394 Bpmbsshavi ng a
softening point of 117C. Hereinafter, this resin is referred to as "phenol

resin (A 3éh'éca/bofsﬁtgmp%u%l_eﬂmm,m%/%qgr@%a;@19:I@h %;tws%sigia@wmt exist in a

solid content of the resulting pheno resin (A-3) and the amount of the

unreactsd RALHOHOIFDHUMRE MR uldr A%y diSRBSion (REv/MIBIRWDERENt resul ts of
nol ecul ar wei ght distribution are shown in Fig. 3. The content of a nitrogen

atom of the pheqpbqﬂesin (A-3) was 8.4% by nass, the carboxyl group

equi val ent was 1,825 g/equivalent, the ICl nelt viscosity at 150C 5 was 81
poi se, andcbipardiNStahiplc Wei ght di stribution (Mv M) was 2.95. [0092]
Conparative Exanple 1 I'n a reactor equi pped with a condenser, a nornal

pressure distil l1atiretaRpaippédsith ABshdensénamdima ipsdshdrt alstiDRioappgaratiys, 940
parts of phenol, 151 parts of nelam ne and 434 10 parts of 41.5% formalin

wer e char gel anduihantidhtierappaaius, 80 partd&QGendINES IRkt bRkmeRAGie a0 40Rs carri ed
out for 2 hours. The tenperature was raised to 135C while
10  parts of 41.5% formalin were charged and then afier heating to 100°C, the reflux
reaction was carried out for 2 hours. The temperature was raised to 135°C while
normal pressure distillation was carried out, and the reflux reaction was carried out for 2
hours. The temperature was raised to 180°C while normal pressure distillation was
carried out again, and then vacuum distillation was conducted at 180°C, thereby
15 removing the low boiling point component such as the unreacted monomer and water to
obtain 740 parts of a resin having a softening point of 136°C. Hereinafter, this resin is
- referred to as “phenol resin (A’-1)”. A methylol group and unreacted aldehydes did
not exist in a solid content of the resulting phenol resin and the amount of the unreacted
phenol monomer was 0.9% by mass. The measurement results of molecular weight
20  distribution are shown in Fig. 4.
The content of a nitrogen atom of the phenol resin (A’-1) was 13.6% by mass,
the ICI melt viscosity at 150°C was 100 poise, and the molecular weight distribution
(Mw/Mn) was 2.84.
[0093]

25  Examples 4 to 6 and Comparative Examples 2 to 4



normal pressure distillation was carried out, and the reflux reaction was
carried out for 2 hours. The tenperature was rai sed to 180C whil e nornal
pressure distillation was carried out again, and then vacuumdistillation
was conducted at 180C, thereby 15 renoving the |ow boiling point conponent
such as the unreacted nononer and wat®r to obtain 740 parts of a resin

havi ng a softening point of 136C. Hereinafter, this resinis referred to as
"phenol resin (A -1)". A nethylol group and unreacted al dehydes did not
exist in a solid content of the resulting phenol resin and the anmount of the
unreacted phenol nononmer was 0.9% by mass. The measurenent results of

mol ecul ar wei ghiccoRfinglioshe tdmyidsidionashewatinWiblé 0, fheol résin dhigpasitivhent of a

nitrogen atom of the phenol resin (A -1) was 13.6% by mass, the ICl nelt
Vi scosi t ywate ptéfatedigzhd @lloptrigarsth@iuhdtthen omeddamdbadondigioghihodlinHelavbut i on
(MV M) was 2.84. [0093] 25 Exanples 4 to 6 and Conparative Exanples 2 to 4
36 Accor th prgduce aidheble-eidpd sofpencisd hionate, iand Tebveridus ephleatains wesd n
conpositions were prepared by the followi ng method and then cured under
condi t i oneargérbam. bEhomesultsarghodude Tablelbubl e- si ded copper-clad | am nate, and
t hen various evaluations were carried out. The results are shown in Table
1. 5 [D094] <Prieplati on of Epoxy Resin Conposition> The phenol resin (A1),
t he phenol resin (A-2), the phenol resin (A-3) or the phenol resin (A -1)
obt ai ned KPrepdreticnbd\Epoxe Bpsie Compoditientpl es and Conparative Exanples were
m xed with an epoxy resin (B), and then the nonvolatile content (N Y.) 10 of
each conposi ti orhevphisndliresint (Ar1 adjeudicea resin G5, ithe phasal.resin (A-3) or the
phenol resin (A’-1) obtained in the above respective Examples and Comparative
Examples were mixed with an epoxy resin (B), and then the nonvolatile content (N.V.)
10  ofeach composition was finally adjusted to 55% by mass.
[0095]
<Conditions of Production of Laminate>
Base material: 180 pm, glass cloth “WEA 7628 H258"” manufactured by Nitto Boseki
Co., Ltd.
15  Numberofply: 8
Conditions of formation of prepreg: 160°C/2 min.
Copper foil: 35 pm, manufactured by Furukawa Circuit Wheel
Curing conditions: 200°C, 40 kg/cm? for 1.5 hours
Thickness after molding into plate: 1.6 mm
20  Resin content: 40%
<Conditions of Test on Physical Properties™>
Molding conditions: After subjecting to an etching treatment and removing a copper
foil, the appearance was visually observed. Samples which are free from chipping,

thin spot and measling and are uniformly molded were rated “Good”.

25 [0096]



[ 0095] <Conditions of Production of Lam nate> Base material: 180 pm gl ass
cloth "WEA 7628 H258" nmanufactured by Nitto Boseki Co., Ltd. 15 Nunber of
ply: 8 Conditions of formation of prepreg: 160C/2 min. Copper foil: 35 m
manuf act ured by Furukawa GCircuit Wee Curing conditions: 200C, 40 kg/cn?
for 1.5 hours Thickness after noldingTinto plate: 1.6 mm 20 Resin content:
40% <Condi ti ons of Test on Physical Properties> Ml ding conditions: After
subjecting to an etching treatnent and renoving a copper foil, the
appearance was visually observed. Sanples which are free from chi pping,

thin spot él’:l?lgsnigﬁgﬁﬁn m@%&hﬁ%:e Rﬂérk&éjg(},tﬂlg Lx?&@hi\ﬁ%&%atﬁ%&tea% '}??8&95% r 25 [ 0096]

37 dass ion Tenperature: ubject 0 an efic I'ng 1reatment
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subj ect i n% L. aRo@i6hi ng treatment and renmoving a copper foil, a test piece
(25 mm x 8 mr) "was allowed to stand for 2 hours under the conditions of
121C, 2.1 atmaggbg%?O%RH using a pressure cooker testing machine, and then
t he change in 1ght before and after the test was neasured. [0098]

5  Moisture Absorptivity: After subjecting to an etching treatment and removing a
copper foil, a test piece (25 mm X 50 mm) was allowed to stand for 2 hours under the
conditions of 121°C, 2.1 atm and 100%RH using a pressure cooker testing machine, and
then the change in weight before and after the test was measured.

[0098]

10  Dielectric Characteristics: After subjection to an etching treatment and removing a
copper foil, a dielectric constant and a dielectric dissipation factor at a frequency of 100
MHz and 1 GHz were measured using a device for evaluation of dielectric
characteristics (size of test piece: 75 mm % 25 mm X 2mm).

[0099]

15 Combustion Test: After subjection to an etching treatment and removing a copper foil,
a varnish for a combustion test was prepared by dispersing an aluminum hydroxide in a
proportion of 30% by mass based on the solid content in the epoxy resin composition,
and then a laminate was made under the same conditions as in the case of making the
above laminate. A test was carried out in accordance with UL-94 Vertical Test.

20 Oven Heat Resistance: Using a constant temperature bath equipped with an air
circulation device, a test piece (50 mm x 50 mm) was treated for one hour under the
conditions of 220°C, 240°C and 260°C. Test pieces free from blister and peeling on

one face and end surfaces were rated “Good”.



10 Dielectric Characteristics: After subjection to an etching treatnent and
renmoving a copper foil, a dielectric constant and a dielectric dissipation
factor at a frequency of 100 Miz and 1 GHz were neasured using a device for
eval uation of dielectric characteristics (size of test piece: 75 mmx 25 mm
X 2mm) . [0099] 15 Conbustion Test: Afj;)?r subjection to an etching treatnent
and renoving a copper foil, a varnish tor a conbustion test was prepared by
di spersing an al um num hydroxide in a proportion of 30% by nass based on
the solid content in the epoxy resin conposition, and then a |am nate was
made under the same conditions as in the case of nmaking the above |am nate.
A test was carrigdogut in accordance with UL-94 Vertical Test. 20 Oven Heat
Resi stance: Using a constant tenperature bath equi pped with an air
circul ati onggleyi ceomaosti@oﬁmleea@hémRmmﬁ%omn Wasst dfdtvathaligf one hour
under the conditions of 220C, 240C and 260C. Test pi‘eces free fromblister
and peel i Nn@e@iks oP8reiaGBcjand end surfaces were rated "Good". 38 [0100]
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Tabl e 1: Conposition Table of. Phenol Resin Conposition (Parts) and
Eval uati on Results of Cured Arti Igs -M&Eﬁ%@@ﬂﬂ&4 56 2
3 Phenol [resip-A1—70_Phenrol—resinr(-A—R)—70-Phefoltresih-A3)—70Fhenol
i ' 1 enOTreSIH Az j.,,. [N A%y Zo! 4l7 :\-\ 1 nl'\ 190 i1 19 t /
resin A -1 70 ‘E:QPTY—I“&{S N6 31363136 0136
ol resin (A=2) 70°
Phenol resin (A-3) 70
Phenol resin (A’-1) . 70
Epoxy resin: N-673 130 130 130 130
Epoxy resin: N-69) 20
Epoxy resin: 1121-N-80M 220
Parts | MEK 164 164 164 164 60
DMF 60
Dicyandiamide _ 5
2-ethyl-4-methylimidazole 0.1
{Aluminum hydroxide,
mixed only when a
combustion test is carried (86) (86) (86) (86)
out)
Molded state Good Good Good Good Good
Glass transition temperature Tg
(DMA) °C 200 198 204 211 151
Moisture absorptivity % 0.30 0.27 0.32 0.47 0.52
Dielectric 10 MHz 4.2 4.2 4.2 4.3 4.4
constant 1 GHz 4.2 4.1 42 4.4 42
Dielectric 10 MHz 0.012 0.011 0.012 0.013 0.016
dissipation factor | 1 GHz 0.014 0.011 0.013 0.014 0.016
Combustion test V-0 V-0 V-0 Self- V-0
extinguishing
Oven heat 220°C Good Good Good Good Good
resistance 240°C Good Good Good Good Poor
260°C Good Good Good Poor Poor
5 [0101]

Raw materials and abbreviations in Table 1 are as follows.
“N-673": cresol novolak type epoxy resin (manufactured by Dainippon Ink and
Chemicals, Inc. under the trade name of EPICLON N-673, epoxy equivalent: 211 g/eq.)
“N-690": cresol novolak type epoxy resin (manufactured by Dainippon Ink and
10  Chemicals, Inc. under the trade name of EPICLON N-690, epoxy equivalent: 216 g/eq.)

“1121N-80M”: brominated epoxy resin (manufactured by Dainippon Ink and Chemicals,



Epoxy resin: N-690 20 Epoxy resin: 1121-N-80M 220 Parts MEK 164 164 164
164 60 DM 60 D cyandiamde 5 2-ethyl-4-neth |limdazole 0.1 (Al um num
hydr oxi de, m xed only when a (86) (86) (86) (86) conmbustion test is carried
out) Ml ded state Good Good Good Good, Good dass transition tenperature Tg
200 198 204 211 151 (DwA) C Moisture a?bsorphwty % 0.30 0.27 0.32 0.47
0.52 Dielectric 10 Mz 4.2 4.2 4.2 4.3 4.4 constant 1 Giz 4.2 4.1 4.2 4.4
4.2 Dielectric 10 MHz 0.012 0.011 0.012 0.013 0.016 dissipation factor 1
Gz 0.014 0.011 0 013 0.014 0.016 Conbustion test V-0 V-0 V-0 Self- V-0

R A S e e I S L e
and abbr eV&ﬁﬁén%[‘ﬁoﬂv%laﬁ?ebéoﬁteglt:%()%) as follows.
“MEK”: methyl ethyl ketone

“DMEF”: dimethylformamide



!
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"N-673": cresol novol ak type epoxy resin (manufactured by Daini ppon |Ink and
Chem cal s, Inc. under the trade nane of EPICLON N-673, epoxy equivalent: 211
g/eq.) "N 690": cresol novol ak type epoxy resin (manufactured by Dai ni ppon
Ink and 10 Chemicals, Inc. under the trade name of EPI CLON N 690, epoxy
equivalent: 216 g/eq.) "1121N 80M': Péoninated epoxy resin (manufactured by
Dai ni ppon Ink and Chem cals, 39 Inc. under the trade nanme of EPI CLON
1121N-80M epoxy equivalent: 490 g/eq. (solid content), nonvolatile
content: 80% "MEK': nethyl ethyl ketone "DMF': dinethylfornmam de 40

CLAIM5 1. A phenol resin conposition conprising a phenol resin (1) having a
chem cal structure (A in which aq%ﬁiﬁﬂ$tic hydr ocar bon group substituted
with a carboxyl group 5 is bonded to a friazine ring, as a partial
structure in the nol ecular structure, and a curing agent (ll). 2. The
phenol resin conposition according to claim11, wherein the chem cal

(1) “shown 10 b3PhAR R oS odrhprignind ARRERE Bnming  BHELNZT O e
atom an g RBIA FinfWHEIP S AL R IR AN isRplsubitfted with a carboxyl group

5  is bonded to a triazine ring, as a partial structure in the molecular structure, and a curing

agent (11).

2. The phenol resin composition according to claim 1, wherein the chemical
structure (A) in the phenol resin (1) is represented by structural formula (1) shown

10  below:

(=),
|\/\| COOH) |
F

(1)
I}
/‘k /l .

‘ N
wherein R represents a hydrogen atom, an aliphatic hydrocarbon group having 1 to 4
carbon atoms, an aromatic hydrocarbon group, a bromine atom, or a chlorine atom, the

broken line portion represents a bond with the other molecular structure, and n and m

15  represent integers of | to 4.

3. The phenol resin composition according to claim 1, wherein the phenol resin
(D) having a chemical structure (A) in which an aromatic hydrocarbon group substituted
with a carboxyl group is bonded to a triazine ring, as a partial structure in the molecular

20  structure, has a molecular structure obtained by reacting phenols (x1), a triazine



carbon atons, an aromatic hydrocarbon group, a brom ne atom or a chlorine
atom the broken line portion represents a bond with the other nol ecul ar
structure, and n and m 15 represent integers of | to 4. 3. The phenol resin
conposi tion according to claim1, whergin the phenol resin (1) having a
chem cal structure (A) in which an aronatic hydrocarbon group substituted
with a carboxyl group is bonded to a triazine ring, as a partial structure
in the nolecular 20 structure, has a nol ecul ar structure obtai ned by
reacting phenols (xlI), a triazine 41 conmpound (x2) having a carboxyl

gr 0up- cont ot BLYRiAC: BXEEGE BRAPRoLE AR a?&ﬂatﬁ:?mydﬁﬁilﬂ}@n o Endin

substituents 'on the'triazine ri'ng, and al déhydes (x3). he” phenol resin

conposi ti Oﬂnﬁs%Rfugiaﬁ'guﬁsﬁtu%t@ioﬁ‘t&,triwﬁé &l add8ddhazixBe 5 conpound (x2)
havi ng a car boxyl “group-contai ning aromati ¢ hydfocarbon group and an am no
group as substituents on the triazine ring is a conpound represented by
structural fornmula (2) shown below. (R) I\~~COOH)n (2) N ~N HZN'N "' NH2

wherein R gepr esgRiphesbl R Q@EHsHbA Bcofiingdol MA@, GhbXEN e abpe group havi ng
1to4 10 carbon atons, an aronmatic hydrocarbon group, a brom ne atom or a

chlorine at@pouddek2) Ha\ﬂggda 'bzﬂbds)@mF@_@91@5nthim@g@c_hﬁat@fhyardcﬁkbén gRup ARearPhenol
resin conposition according to claim 3, wherein the phenol resin (I) is

obt ai ned byminbptdi@las keRGHicME ok tridhd M is aRbMPoEHIGERe&attddly Riri@urhl | azi ne 15
conpound (x4) except for the triazine conpound (x2), in addition to the

phenol s ( Xformula (2) shown below:

(%)
m
l\/\ COOH)
n
A
@)
N7 SN
//u\ 4J\\
H,NT N NH,
wherein R represents a hydrogen atom, an aliphatic hydrocarbon group having 1 to 4

10  carbon atoms, an aromatic hydrocarbon group, a bromine atom, or a chlorine atom, and

n and m represent integers of 1 to 4.

5. The phenol resin composition according to claim 3, wherein the phenol resin
(I) is obtained by further reacting with another amino group-containing triazine
15  compound (x4) except for the triazine compound (x2), in addition to the phenols (x1),

the compound (x2) and the aldehydes (x3).

6. The phenol resin composition according to claim 5, wherein the amino group-
containing triazine compound (x4) is at least one compound selected from the group

20 consisting of melamine, acetoguanamine and benzoguanamine.



t he conpound (x2) and the al dehydes (x3). 6. The phenol resin conposition
according to claim5, wherein the am no group- containing triazine conpound
(x4) is at |east one conpound selected fromthe group 20 consisting of
mel am ne, acet oguanam ne and benzoguanam ne. 42 7. The phenol resin
conposition according to claim1, whefein an ICl nelt viscosity of the
phenol resin (1) at 150C is100 poise or less. 5 8. The phenol resin
conposition according to claim 1, wherein the phenol resin (I) contains a
nitrogen atomin the proportion of 2 to 13% by mass in the nol ecul ar
structure. 9. The phenol resin conposition according to claim38, wherein the
phenol resin 10 (1) contains a carboxyl group contained in the resinin a
carboxyl group equivalent wthin a range of 500 to 1,500 g/equivalent. 10.
The phenol, r esiTheheRASEdih BdmpsRRA dbadih@tocdiainm, WheleHLICT hdie curing agent
(I'l') is an epoxy resin. 15 it. The phenol resin conposition according to

cl ai m 10, vibRite oNthe pEeHIP asint (o 156°@ ik WoGhoiseheldghienol resin (1) to the epoxy
resin corresponds to a nolar ratio of a phenolic hydroxyl group in the
phenol resin (1) to an epoxy group contained in the epoxy resin (phenolic
hydr oxyl group/epoxy group), wherein the nolar ratio is the range of 0.8 to
20 1.25 12, A CDHhedsltrésin Coriftisiioniabcopdih@io@slmbl, vibResinme phedg rdshie phenol
resin conposition according to any one of clainms 1 to 11. 25 13. A resin
conposi ti (dfcédridinda GIOPRET at6rh &l thle PAIpdAIER, 0of QAHPBYoiyiGask hethp ArM&ulak esi n 43

structure.

9. The phenol resin composition according to claim 8, wherein the phenol resin
1¢  (I) contains a carboxyl group contained in the resin in a carboxyl group equivalent

within a range of 500 to 1,500 g/equivalent.

10. The phenol resin composition according to claim 1, wherein the curing agent

(11} is an epoxy resin.

15
I1. The phenol resin composition according to claim 10, wherein a composition
ratio of the phenol resin (I) to the epoxy resin corresponds to a molar ratio of a phenolic
hydroxyl group in the phenol resin (T) to an epoxy group contained in the epoxy resin
{(phenolic hydroxyl group/epoxy group), wherein the molar ratio is the range of 0.8 to
20 1.2,

12. A cured article which is obtained by thermocuring the phenol resin

composition according to any one of claims 1 to 11.

25  13. A resin composition for a copper-clad laminate, comprising the phenol resin



conposition according to any one of clains Ito 11 and an organi c sol vent.
14. A copper-clad | am nate which is obtained by a process conprising the
steps of inpregnating a glass cloth with the resin conposition according to
claim13 to obtain a 5 prepreg, Ianingting a plurality of prepregs and
copper foils, and curing. 15. A pheno? resin which has a nolecular structure
obt ai ned by reacting phenols (xl), a triazine conpound (x2) having a
car boxyl group-containing aromatic hydrocarbon group and an am no group as
substituents on a triazine ring, and al dehydes 10 (x3), and also has a
structural, _site.represented by struct | ,.f.ornmuyl 1). shown below \ R
~~COOH) (ffmp Wlﬁ\?nk%cor\?ﬁlért%lgw éleroefﬁlréélgééir’] 0s1 laé)nﬁ?éro o%ltgaur? sgfvgl%‘ an aliphatic
hydr ocarbon group having 1 to 4 carbon atons, an aronatic hydrocarbon
group, a bromne atom or a chlorine atom the broken line portion
represents,a bo i t .70 [ r 15
representﬁﬁhtegggg (%kap%n%%gsﬂn? %gﬁnbééafépgg%#J§FWﬁ§gg&ﬁggg§ﬁ%an | C
melt viscosi f .t Ik ' (o] r..| .. 16. The
%%hlte né%mg il Sss g@&ﬂf?ith {h%%ffﬁl %n X Rition %ﬁcgﬂzﬁg%%pél]ﬁ% 1]% to obafa

phenol resi cco clarm ern enol” resin i s obtained

phenol ¢ 8P din | the"tHe “prclor’ et
comouna PR kARt IR P preBLl e GO LB AR i i on to the 44

phenol s (xl), the conpound (x2) and the al dehydes (x3). 17. The phenol resin
conposition according to claim 15 or 16, wherein the phenol resin contains

a nitroge Rsato mAi prﬂeﬁcn FesH RHRA E)Lsoepmi?femﬁall s?ru(]:tﬁ%) &Xaiﬁ@isrﬁl Jeﬂ:ti‘h? %h%lsec ul ar

(x1), a triazine compound (x2) having a carboxyl group-containing aromatic

hydrocarbon group and an amino group as substituents on a triazine ring, and aldehydes

10  (x3), and also has a structural site represented by structural formula (1) shown below:

(%),
hr§ﬁ COOH) |
s

(1)
i
LA

- N
wherein R represents a hydrogen atom, an aliphatic hydrocarbon group having 1 to 4
carbon atoms, an aromatic hydrocarbon group, a bromine atom, or a chiorine atom, the
broken line portion represents a bond with the other molecular structure, and n and m

15  represent integers of 1 to 4, in the molecular structure, wherein an ICI melt viscosity of

the phenol resin at 150°C is 100 poise or less.

16. The phenol resin according to claim 15, wherein the
the phenol resin is obtained by further reaction with another amino group-containing

20  triazine compound (x4) except for the triazine compound (x2), in addition to the



5 structure. 18. The phenol resin conposition according to claim15 or 16,
wherein the phenol resin contains a carboxyl group contained in the resin
in a carboxyl group equivalent wthin a range of 500 to 1,500 g/equivalent.

44

phenols (x1), the compound (x2) and the aldehydes (x3).

17. The phenol resin composition according to claim 15 or 16, wherein the phenol
resin contains a nitrogen atom in the proportion of 2 to 13% by mass in the molecular

5 structure.

18. The phenol resin composition according to claim 15 or 16, wherein the phenol
resin contains a carboxyl group contained in the resin in a carboxyl group equivalent

within a range of 500 to 1,500 g/equivalent.



