DESCRI PTI ON  PHENOLI C RESI N, PRODUCTI ON METHOD AND
USE THERECOF TECHNI CAL FI ELD [ 0001] The present
invention relates to a phenolic resin useful for a
nol ding material, various binders, a coating
material, a lamnating material or the like; a
production nethod thereof; and an epoxy resin

composi tion using as Qgent for an epoxy
resin them or a curé%:sugg ance thereof. In

spegkkbtat | ¥s1i hepmsegenton et aNTebakesnbRESE
phenolic resin having flanme retardance, fast curing

property and | ow nelt viscosity, which is useful for
a curing agent for epoxy resin-based sem conduct or
TECKHeHIAIng Yatleri al s, and a production nethod thereof.
CKGROUND ART [0002] As a nethod for sealing a
[00 i conductor, a resin-sealing wth an epoxy resin
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sol dering, a present problem

sealing materials, and a production method thereof.

BACKGROUND ART
[0002]

As a method for sealing a semiconductor, a resin-sealing
with an epoxy resin is generally used in view of good balance
of economical efficiency, productivity and physical properties,
and among them, the resin-sealing composed of an o-cresol
novolac-type epoxy resin and a phenol-novoiac curing agent and
-an incrganic filler such as silica has beenusedwidely. However,
in recent years, with a largelr size LSI chip, a thinner/more
compact size package, and change of a packaging system or the
like, performance required to a sealing material has been
changed largely, and sufficient response by a conventional epoxy
resin sealing material has become difficult, in respect to

* humidity resistance, heat resistancs, reliability or the like.



is generation of crack or peeling of a package
acconpanied with abrupt vaporization and expansi on
of absorbed noisture. In particular, with increasing
use of lead-free solder in recent years, this
probl em has becone increasingly serious. In

addi tion, use of a brom ne conpound or an anti nony
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epoxy resin conposition obtained by using such a

[00pRénolic resin as a curing agent, had a drawback
having inferior curing property, as conpared with an
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As a curing agent satisfying such requirements, there has
been noticed a phenolic resin having a biphenyl skeleton derived
fromaid,d’ —bismethy_lbj_phenyl- compound and phencls (for example,
see Patent References 1 and 2). Howevler, an epoxy resin
composition obtained by using such a phenclic resin as a curing
agent, had a drawback having inferior curing property, as
compared with an epoxy resin composition obtained by using a
phenclaralkyl resin derived from a 4,4’ -xylylene compound and
a phenol as a curing agent. Still more, temperature of a
kneading roll or a kneader in produéing semiconductor sealing
materials or the 1like is equal to or lower than 120°C, and

temperature equal to or higher than this makes producticn of

sealing materials difficult because of generation of a problem



of viscosity increase or the |like, caused by a
reaction between an epoxy resin and a curing agent
in kneadi ng. Therefore, as a curing agent or an
epoxy resin used in this application, one having a
softening point of equal to or |ower than 100C,
preferably equal to or lower than 80C is desirable.
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molandrmat | cwalglehydesmailer r edct | ohobetweerelt  viscosity,
4, 4' -bi snet hyl bi phenyl conpound and 3

crystalllzatlon tends to occur more easily, resulting in abrupt

increase in softening point.

[0005]

Patent Reference 1: JP-A-2000-—123092

Patent Reference 2: JP-A-2000-226498

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[000¢€]

Accordingly, the present inventors have studied a way to
obtain a éhenolic resin having improved curJ_'.ng property,
viscosity characteristics, flame retardance or the like,
‘without substantially impairing characteristics of a phénolic
resin having the above biphenyl skeleton, and as a resﬁlt, Tound
that by the addition of a specific amount of an aromatic aldehyde

in a reaction between 4,4'-bismethylbiphenyl conmnpound and



phenol s, a phenolic resin with desired property can
be obtained. Therefore, it is an object of the
present invention to provide a phenolic resin having
i mproved properties, a production nethod, and use
thereof. Summary [0007] According to a first
aspect, there is provided a phenolic resin
phdRfrgseant eshdnoltite frekhiow witigeresdlreflorpubeeriyl) can  be

A0 LRIV 2L, LM HEEC2 (e Nyl

1nﬁ%ﬂ€ﬂon9rQ%p Qrovafeary! GROwPLiPradgded thatingachmptoved
of (m+n + 1) may be the sane or different. R2

prqrsaré;rieérryla grodpct ppovirgeigods ftd ébth BEIRES -of m may
be the sane or different. And m and n are integer,
provided that m+ nis from2 to 30, and nin is from
surle@@% t o 50/50). [0009a] |In a second aspect, there is
rovided a phenolic resin obtained by reacting a
[Oﬁ%ﬁnols represented by the followng general formula
(2khcca-biiphenyd conpoinst r eppesent edhdéye t hies  provided a

fol | owi ng gener al fornul aromat i
Phesiadeity dE s FogHedaead oby Ehe ol 1 guiiy “gedéraral Formila
(1 pformula (4): 4 [Fornula 2]

OH OH
}l{2
7 m g n
[0009]

(wherein R' is a hydrogen and a C; to Ce alkyl group or

[0008]

[Formula 1]

an aryl group, provided that each of R's of (m + n + 1) may
be the same or different. R? is an aryl group, provided
that each of R’s of m may be the same or different. And m
and n are integer, provided that m + n is from 2 to 30, and
m/n is from 5/95 to 50/50).

[000%a]

In a second aspect, there is provided a phenolic resin
obtained by reacting a phenols represented by the following
general formula (2), a biphenyl compound represented by the
following general formula (3} and an aromatic aldehyde

represented by the following general formula (4):



OH (2) ZOR [Formula 3] XH2C\ / CH2X (3) [Formula
4 R2 CHO (4) (wherein RL in the formula (2) is a
hydrogen and a C1 to C6 al kyl group or aryl group; X
inthe formula (3) is a halogen, an OH group or an
OCH3 group; and R2 in the formula (4) is an aryl
group). [0009b] In a third aspect, there is provided
[Folml® hgd for producing the phenolic resin as
I'scl'osed above, characterized in that the phenols
represented by the above general formula (2), the
biphen¥i conpound represented by the above genera
fornul.}{S) and the aromatic al dehyde represented by
t he ablowe, general fornula (4) are subjected to a
n the pre€dnce of an acid catal yst,
pr ovingde that X in the fornula (3) is an OH group or
group. [0009c] In a fourth aspect, there is
provided the nmethod for producing the phenolic resin
as di scl osed above, 4a characterized in that the
phenol s represented by the above general fornula
AFy1at Hé bi phenyl conpound represented by the above
general formula (3) and the aronmatic al dehyde

represe ch by, above general _fornmula (4) are
e PO 2
provi dey_t Wat Y4

C5hX n t heYPresence of water,
[Formula 4]

[F

R CHO (4)

(wherein R! in the formula (2) is a hydrogen and a C; to Cg
alkyl group or aryl group; X in the formula (3) 1s a
halogen, an OH group or an OCHz group; and R? in the formula
(4 is an aryl group).

[0005b]

In a third aspect, there is provided a method for
producing the phenolic resin as disclosed above,
characterized in that the phenols represented by the above
general formula {2), the biphenyl compound represented by
the above general formula (3) and the aromatic aldehyde
represented by the above general formula (4) are subjected
to a reaction in the presence of an acid catalyst, provided
that X in the formula (3) is an OH group or an OCHz group.

[000S¢c]
Tn a fourth aspect, there is provided the method ifor

producing the phenolic resin as disclosed above,

13



the formula (3) is a halogen. [0009d] In a fifth
aspect, there is provided a curing agent for an
epoxy resin conprising the phenolic resin as

di scl osed above. [0009e] In a sixth aspect, there is
provided an epoxy resin conposition containing the
curing agent for an epoxy resin conprising the

cha?%f?ﬁ$i&%%ggmntﬁétdtﬁél@&édoabowepraﬁdnaad bpoxyie above
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et substance obtained b
theCHHAG t HEn&POXY Acasiuna cdﬂpo&mﬁldduasa@pggt@§edaldehyde
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as_di cIo above. [0010] In addltlon
thetﬁ % ﬁ? d%sé?géurzﬁgﬁso relates to a phenolic |
[Oooeaun obt ai ned by reacting phenols represented by
ﬁ{ﬁfo' Idfw\%tr}g gggg&@l ol 315(2 roal@é@hgnyjurlng agent

represented by the fol [ ow ng
forfoarrul app8y, andian camﬁﬁawegm H%ﬁyd@h%%ojrje‘br 5%t 2°

dlsg¥og6§|£8g$gmnng general formula (4) [0011] [Formul a
[000%e]

Tn a sixth aspect, there 1is provided an epoxy resin
composition containing the curing agent for an epoxy resin
comprising the phenolic resin as disclosed above, and an
epoxy resin.

[0009f]

In a seventh aspect, there is provided an epoxy resin
cured substance obtained by curing the epoxy resin
composition as disclosed above.

[0009g]

In an eighth aspect, there is provided a semiconductor
device obtained by sealing a semiconductor element by using
the epoxy resin composition as disclosed above.

[0010]

In addition, the present disclosure also relates to a
phenolic resin obtained by reacting phenols represented by
the following general formula (2}, a biphenyl compound
represented by the following general formula (3), and an

aromatic aldehyde

4b



(2) R [Formula 3] XH2C CH2X (3) [Formula 4] R? CHO
(4) [0012] Wherein RL in the fornmula (2) is a
hydrogen and a C1 to C6 al kyl group or an aryl
group; X in-the formula (3) is a halogen, an CH
group or an OCH3 group; and-R2 in the formula (4) is
an aryl group. The above phenolic resin can be

1_ repebiaitewed By theulfjcaqokiggt geactreactoampieferably in a

nolar ratio of the total of the biphenyl conpound

. [00Xnd the aronamtic al dehyde relative to the phenol of

~ from0.10 to 0.60, and in a ratio of the aromatic

[Fomgehyde / the bi phenyl conpound (reaction nolar
ratio) of from 5/95 to 50/50. [0013] In the above
reacti Q in the case where X in the formula 5 (3)
is an ©H group or an OCH3 group, it can be carried

r{ he presence of an acid catalyst, and in the

e Xin theyfornul-a (3) is a halogen, it can
be db gd out in the presence of water. [0014] The
prﬁt- ’/aisclosure also relates to a curing agent
for~an epoxy resin conposed of the above phenolic
resin, and an epoxy resin composition containing the

[Forabohee 3lphenolic resin and an epoxy resin, and stil
nore an epoxy resin cured substance obtai ned by
curing the sane. :

[Formula 4]

R~ CHO )

[0012]

Wherein R® in the formula (2) is a hydrogen and a C; to Cg
'élkjl group or an aryl group; X in the formula (3) is a halogen,
an OH group or an OCHa group; and R® in the formula (4) is an
aryl group. The above phencolic resin can be obtained by
subjecting to a reaction preferably inamolar ratio of the total
of the biphenyl-compound and the aromatic aldehyde relative to
the phenol of from 0.10 to 0.60, and in a ratio of the aromatic
aldehyde /'the}oiphenyl compouhd (reaction molar ratio) of from
5/95 to 50/50.

[0013]

In the above reaction, in the case where ¥ in the formula



ADVANTAGES OF THE | NVENTI ON [ 0015] According to the
present invention, there can be provided a phenolic
resin having | ow softening point and |ow nelt
viscosity, which is useful for a nolding material,
various binders, a coating material, a |am nating
(3atier il OWrgidi | ékean Syem, %Wmi'tc &P 8arried out
. particularly useful as a curing agent for epoxy
10y é:glien,prﬁ&nicﬁ e dastCivheradtyst,s arseditf othe case where

X semygandg S ing, 1% 1 pable of formng. an ,
epoxy reggﬁgg%nggii??o% hggﬁﬁégioﬁ%n%?? 9?3%%%?%?$.Out n

theagresenee ngl property, | ow water absorbing property,

roprgh adhesion property, |ow elastic nodulus at high
tenperature and excellent flame retardance. BEST

EVBODE MENTs &0R GARRYb NG &A1 IHE-ENVENTT N QQLB]Ld Ny gent
a phenalic resin represented by the above genera

LOF oMUl P TY , TRALT s CRTRGAPEgEH afiF a20eve o OB Tallkiyd Tesin,

angrodn, cbokyexaaphe, GAgIRLRYbLAOr WP AR SLNY the  apove
roup, a n-propyl group, an isopropyl ‘group, a
Phanplry | Tyt Bupah@nansebatyl rgeonp, andt sbuflyl mgreumn a&poxy
srpentydg any I a,t- | group, a n-hexyl
regrOup or #%S&E%gé;ogﬁggﬁegr§& g?%b%g €%$ il e, a
phenyl group, a p-tolyl group or the |like, provided

&ac f + n + 1) may be the sane or
ADiﬁﬁiﬁwen?ﬁoF#ELEyS%g&EQN, one in which all of R's
[OGr= hydrogens is preferable because raw materials are

Io% cost, and show an excellent performance as a
cufichgTagBAt £Or LBA ePBR§eREsi IVENtiaddi titderd ncan  be

prpfierel i £ pashp1kepresei eﬁavpﬁg“i%wabsoov & a;')oint and
formula (1), R2 is an aryl group, provide
low melt viscosity, which is useful for a molding material,
various binders, a coating material, a laminating material
or the like. Such a phenolic resin is particularly useful
as a curing agent for epoxy resin, and in the case where it
is used for semiconductor sealing, it is capable of forming
an epoxy resin composition having low melt viscosity, fast
curing property, low water absorbing property, high

adhesion property, low elastic modulus at high temperature

and excellent flame retardance.

BEST EMBODIMENT FOR CARRYING OUT TER INVENTION
[0016]

In a phenolic resin represented by the above general
formula (1), R' is a hydrogen and a C; to Cs alkyl group,

for example,



that each of Res of mmy be the sane or different,
for exanple, a phenyl group, a tolyl group, a
napht hyl group, a bi phenyl group or the like is

i ncluded, and in particular, one having a phenyl
group is preferable. In addition, in a phenolic resin
represented by the above general formula (1) , mand
n._are integer or-|larger, and it nmay be a

& MERhYHUPEORR - 13 e&#l%@éownd% ARy EF‘PF@r ettt l@apaepyl

| der f I ‘
ol DA RE A agt v APRE UF ey 6t trPRRYS Y
-pépoyjprghew@éﬁyi Ot Q 5491 PRGRI B! £-nbOOL Hrou or
phénol ic resin represented by the above general

the fLokavlea af Lyyean-des olibaisnedndly: r €abkhpy ghengl sp-toliyl
- represented by the follow ng general fornmula (2), a

grouy phehyt tompoumbrieincesbatedachyof Resfof | owirng + 1) may
jeneral formula (3) and an aromatic al dehyde
FegenPBEd bt eralt ol ITEWHRg géMerar P%?n%ﬂld“’}(l@h all of

%ﬁé’lgs](%sé ST e Beciyme b oA Ao o
COST!: h%n@bQMSwaﬁr%&@@ligﬂt %q:ﬁcﬂ_)maq{c% tageaséﬁflncja%g%]ﬁt for

in the above fornmnul a , and X in the above
an efp@ﬁd?Ulrésﬂﬁ) i §e) aajdnailqgen,lrae @Hegwy@ ©fs B fgd@sented

group. In general, by o

by the above general formula (l) , R® is an aryl group, provided
-thét gach ef R’s _of m may be the same or different, for e‘xemple,
a 'p.henyl group, a toljrl group, a naphthyl group, a biphenyl group
or the like is included, and in particular, one haviﬁg a phenyl
group is preferable. In addition, in a phenolic resin
represented by the above general formula (1), mandn are integer
of 1 or ierger} and it may be a mixture of two or more kinds
having differenﬁ value of m and/or n. In consideration of melt
viscosity, one having an average value of m + n of f.rom 2 to
30, preferable from 2 to 15 is preferable. |
[0017] |

A phenclic resin represented by the above general formula
{1) can be obtained by reacting phenols represented by the
following general formula (2), a biphenyl compound represented
by the following general formula (3) and an aromatic aldehyde
represented by the following general formula (4}:
[0018]

[Formula 5]



the reaction of (2), (3) and (4), there are generated
not only a phenolic resin represented by the genera
formula (1), but also phenolic resins correspondi ng
to those having m= 0 or n =0 in the genera
formula (1) , therefore, in the case where a ,
phenolic resin corresponding to the general formula
(1) is desired to.be obtained, they nmay be renoved
fromthg reaction products. However, even when the
- above feaction product (a phenolic resin), which
conta phenolic resins corresponding to those
havi =0 or n %2D in the general formula (1), is
useosa t is as a curing agent for an epoxy resin,
anp&poxy . resin conposition having desired
performance can be obtained, 8 therefore, the above
r enov operation is not required usually. [0020] As
[F0$m£¥%ﬂ§ represented by ‘the general fornula (2), there
are included specifically phenol; o-, m, or
p-cresol, ethylphenol, n-propyl phenol,
[ but yl phenol , t-anyl phenol,
wt@HeXol , an@)the like. In
parti ct 7 phg IS a suitable raw material. [0021]
In addition, in a biphenyl conpound represented by
‘the -general formula (3), X is a halogen, for
exanple, a chlorine, a bromne, an iodine; an OH
[Forl@hQup r an OCH3 group, and specifically,
4, 4" - bi schl or onet hyl bi phenyl ,
4,4' - bi sbronmonet hyl bi phenyl,
R ' CHDsi odorkd? hyl bi phenyi , 4,
4' - bi shydr oxynet hyl bi phenyl ,
"4, 4' - bi smet hoxynet hyl bi phenyl, or the like is
exenplified. [0022] Still nore, as an aronatic
[0Cidldehyde represented by the

R' and R* in the above formulae (2) and (4) are the same

as R! and R? in the above formula {1), and X in the above formula
(3) is a halogen, an OH group or an.OCH3 group. In general, by
the reaction of {(2), (3) and (4), theré are genérated not only
a phenolic resin representéd by the geﬁéral formula {1), but
a2lso phenolic resins corresponding to those having m = C oﬁ n
= 0 in the general formula (1), therefore, in the case Where
a phenclic resin corresponding to the general formula (1) is
desired to be obtained, they méy be removed from the reabﬁion
products. However, even when the above reaction product (a
phenolic resin), which contains phenolic resins corfesponding
to those having m = 0 or n = 0 in the general formuia.(l), is
used as it is as a curing agent for an epoxy resin, an epoxy

resin composition having desired performance can be obtained,



general formula (4), there is included specifically
benzal dehyde, p-tolual dehyde, napht hyl al dehyde, -

"~ bi phenyl al dehyde or the like. It is particularly
preferable to use benzal dehyde. ,[0023] 1In the
reaction of the above (2), (3) and (4), in order to
obtain a phenolic resin having suitable nolecul ar

weLght and .excellent performance.as a curin ent
theyeide, Eh6,aPT G FRTOVEL GROBT et Ot ADIT0 & boRF P50 Sl 1y
{00%@ reaction in a nolar ratio-of the total of the ,
Lghenyl conpound and the aromatic al dehyde relative

t ong hsndanokeplr-EEAM0. B 10 QbRranr ebenabh y( £y Ofhere

0.15to 0.40, and in a ratio of the aromatic al dehyde
are/ ihel\Qichi pheryl ftoapdbundolesatt i an-,nohay rati @-aksol,

- from5/95 to 50/50, preferably from 10/90 to 55/45. .

ethyhehebove hepepoirhaiirbe 1eapFpPRPRClat routylphenol,

temperature of from abqut 60 taq 150C.for from apout
a3 TSR0 Wodr 1o A i e 81 ot Bt bencador g THkS:  In
t. . That .i.s,. in. in the
parfELEHE oeTE 47 i e O s 5 Dup, the
[00fEACtion is necessary to be carried out in'the
presence of an acid catalyst, and in the case where X
i NIt heddiorimn,a 1Bk ibd phengdemontdoandeaeprosecasd bey the

initiated in the presence of trace anount of water,
gengnal i Frrwidia i(on, Khes a dactidrncdiPheXpibye ess et ipyriae,

hydrogen hal i de generatjng, by the reaction. [0024]
2 DR RO AcHY KIS EN Wit SEAPRET S8 OF 13 (HeP dibovaia

ool EHELL O £ LB g ahosptor € i,

_ u rochlori ¢ -aci 6rganic acid
- 4, 48UShsBsoxd A 1a6igheRANZENE  sul fonic acid, toluene

sul foni c aci d,” netthané sul fonic acid,
4,4’ -bisiodomethylbiphenyl, 4, 4’-bishydroxymethylbiphenyl,
4,4’ -bismethoxymethylbiphenyl, or fhe like is exemplified.
[0022] |

Still more, ag an aromatic aldehyde represented by the
general formula (4}, there 1is included specifically
benzaidehyde, p-tolualdehyde, naphthylaldehyde, -
biphenylaldehyde or the like. It is particularly preferable to
use benzaldehyde. -

[0023]

In the reaction of the above (2}, (3) and {4}y, in order
to obtainaaphenolic resin having suitableliolecuiar'weight and
excellent performance_as a curing agent for an epoxy resin, it
is preferable té’carry'out the reaction in a molar ratio of the
total of the biphenyl compound and.the aromatic aldehyde

relative to the phehol of from 0.10 to 0.60, preferably from

0.15 to 0.40, and in a ratio of the aromatic aldehyde / the



ful uoromet hane sulfonic acid; and a Friedel-Crafts

catal yst such as zinc chloride, stannic chloride,
- ferric chloride, "diethyl sulfate nay be used al one

or in conmbination. In the case where a phenolic

resin of a reaction product is used in an

el ectronics material application such as

._.sem.caonduct o eal i.n f j [ [

o1 oS BORURLET SRR p Bl SR Y o2 G PR P e o

'pie?élfehﬁgz aGigh cad adystoi §5pi ef erabl exnbecavsgct hydr egenbe
hal 1 de can be renoved easily froma condensati on

carfBacC b traxtefneuadarerefiucetd. ppess e to] 0025¢ fdByfrom
removi ng unreacted raw materials (for exanple,

abophdnobs)( houesct ilon thepporisenese (rorbeganpl ef shyaragEat-
hal i des or nethanol) the catalyst (for _exanple,

ThatyidodRl B1F CarG MG thel| e forgrnlar 634 1o =n OH group

or %gg%zg:%%%%% :tg'gé: tgeoanct@o)x(lt lirsenggggégl?g ’tpé/ }54:' %aarg_’q\éa out

ction, "undér reduce ressure,

in PheNAIJCLeshR, anaieR Es:a1y8acti o B adUCtaakannbee x |
sep rateg. In such a reaction product, as described

in @bov@rmphangli c ikesiENsgenpr ths posaing i ccdhdse imaviinged
m=0or n=0in the general formula (1) are

in tilvcbudedncas el taces amophenof i watrassi Ande ppeaddit idprpy the

the general- fornula (1). By renoving a rt of or .al
reagher BN DEHRTpHERBFFE hest r}i‘éfdxif&HF’é‘slB%ggﬁgg?fbelf%g’@ by

having m= 0 or 'n =.0in the general formula (1) , '

Ehe 1835 S1H a reaction product, purity of the phenolic

[ooﬁfﬁi” represented by the general formula (1) can be
_ I ncreased. However, even when a phenolic resin, which

i snd he aboyeareagki-orhpr eduche Ussdusedias abbvesseaction,

desired performance can be shown as a curing agent
an floprgankpoayidesiuth ahepbPepborineaghdve HPeraticomcid,
bl RIAIELDg PUL L L ok veusl Ly Lo e s ok
-sulfonic écic_i, toluene sulfonic acid, methane sulfonic acid, -
fuluorcmethane sulfonic acid; and a _Friede’l—Crafts c'atally'st
éuch ‘as zinc chloride, sténnic chioride, ferric chloride,
diethyl sulfate may be used alone or in combir.w_,at.ion.' In the case
where a phenolic resin of a reaction product is used in an
électronics material application such as semiconductor sealing, |
presence of acid residue is not preferable; therefore, use of .
hydrochloric acid as the acid catalyst is preferable, because
hydrogen halide can be rémoved easily from a condensation
reaction mixture under reduced pressure.
[0025]

By removing unreacted raw materials (for example, phenols),

reaction byproducts (for example, hydrogen.halides or methanol)

the catalyst (for example, hydrochloric acid) or the like from

10 :



phenolic resin, according to charging ratio of raw

materials, 1in the general .formula (1),there is

obt ai ned one having a range of ratio of mand n of

from5/95 to 50/ 50, preferably from 10/90 to 55/ 45;

and in-addition, average value of mis fromO0.05 to

2.5, preferably from0.2 to 1.2; .average val ue of n

s fromO0.7 to 5.Q, preferably from 1. 0 2.6;

%—“Eeéb%f‘ nue r@ra%li?nn TS CEFBm ‘ib‘iajtlbec% (%’Y the  above
refer. t if

concﬁ) nsaec o@n\% u Pn und%r redu@@cﬁjgggsgﬁ fn\é%%%oj)l Pééln,

in a rang
whlé@/ §Q a Rigl-enabl Mddy@tw/@éh 19 49£60ratdy addid i 9fkn a
melt viscosity at 150Ci's in a range of from 10
reaaﬁ@ltﬁDO miRadyctpr ef e abdasdridmed 5wl 80 ghiRacdicl nresins
addi tion, because the above separation operation
cormﬁmndiezﬂjtedkm‘@sm‘r@g Wi €rpl B cRARi ek pemeln: fpgarla
to renove unreacted_raw materials,and the like in_the

aab’%ﬁ/emcrléia?&qfoﬁspﬁ"@&&cﬁs ?sPOSRAMY T eEPEGEESAFeG LY
the C%Jenra%t Jbilgn?moia fljjd.qu él‘?%‘%m? @?Ett&_a%rlg fpa@és of

ching and |fy I'on "produc
the @Aén&ﬂlaé a.»e%latr@ r&%ﬁﬂé&ép%ﬁaqnap%ath@@ea%avﬂg S~ 0 or n
i'sol ation as an anor phous sol'id having a softening
= (0 poi the G3hSrK220dymala f fiom ahout sheht 8 B8O ciam beoduct,
possi bl e. [0026] A phenolic resin, which is the :
purahovd teagticow lgrodasin msimzEawedednby Hibe geyeral formula
generally has excellent transparency, |low  nelt
@@@&ﬁswyrw%dnmﬂﬂwetrerf%‘éﬁ%waﬁa ar%]@%%lﬂaﬁ]aesmr which
cel | ent roceSS|n rfor c Therefore, it
% b es ATt hoor RaelT an s Seth i’ b hasps, d5¥lred
perf%érﬂ’ge fa@aheﬁleaghoﬁnlaagnanéhh;@ag 4349 i)y 9h éﬁ&;} Ir@m,
I's particularly useful for a curing agent
theﬂ@ﬂ%ﬁe J eshd, apodei Bpthetcase fwhrereellﬂahcllﬂgU§>adla§ as not
- curing agent in epoxy .resin-based sen conductor
ususkhy i rEgruineEcer i absfortaV@@fa@eﬁmI@Qﬁltpp@vﬂ-m pigclam mixed

epoxy I‘eSI n COfT'pOSI tion
phenoli¢ resin, according to charglng ratio of raw materials,

a

in the general formula (1) ,there is obtained one having a range
of ratio of m and n of from 5/95 *r;_o 50/50, prefe:_:ably from 10/90
to 55/45; and in addition, average value of m is from 0.05 to
2.5, preférably from 0.2 to 1.2; averag-e value of'n is from 0.7
to 5.0, preferably from 1.1 to 2.6; average value of m + n is
from i.l to 7.0,’ preferably from 1.1 to 5.0; and average value
of m / averége value of n is in a range of from 5/95 to 50/50,
' preferably from 10/90 to 40/60. In additiOn, ICI melt viscosity
at 150°C is in a range of from 10 to 200 mPa-s, preferably from
50 to 180 mPa-s. In addition, bec'ause the above separation
cperaticon under reduced pres<sure, which is-carried out in order
to remove unreacted raw materials and the like in the above

reaction product, is usually carried out at a temperature of

11



havi ng fast curing property, as well as | ow noisture
absorbing property, |low elastic nodulus at high
temperature, high adhesion property, and excellent
flame retardance. [0027] As an epoxy resin that can
be used with the above phenolic resin in the above
epoxy resin conposition, there is included; for

e P R S O IR Y I S e
rea®@ihgr pEMBSc@QLCB(A fn@ﬁt%@é’@@ olfisaﬂze@ 21y h&f@c!l pr¥R8on as

_epoxy resin, bi sphenol F-type epoxy resin, a
it el e50h1 10N ag Ary RecepBXn s e8lRd rmvahr@nglsoftemng point
" “novol ac- type epoxy resin, a biphenyl-type epoxy _
(J1g esi207)aofhénoftbapehyl é@atl@leOfy‘pean dpoxyeTedile. an
epoxi dat ed substance of an aral kyl resin having
[00 Ierne bondi ng forned by phenol, naphthol or the

li_ke:

dr”‘n;FHf

XA Lo IR Ek0aBh oo

OXY T €SI

obt gmihq%t hape- ré%aﬂi% ﬁ@gxé’xéas_’ﬂeﬁtolfréﬁbepalréﬁﬁzy,alow

ym

éster-type epoxy resin; and

: merﬁlxmc‘slc@wlw ae- &yﬁ@l@p@gytéﬁpegatfffeS@gaw;anﬂesmsrlent

may be

used al one or i n conbination. In

proaemsindgepat fomardcduniliicme £ omsi $tawcebe ipedkehast m@ldmg

modul us at high tenperature, flame retardarnce or the
matqnied, Vanieugr SEEeLsBSe o %%tﬂdl%ﬂnaﬁefr&ﬁ&m gndPrippEing

e

n, bt ph | -
age S:henol bl%)%%g y%g§h afdPiRNEeRK E¥Qewﬁ@f8(y1ﬂ' e_L% Wse® as a

aral kyl -t ype epoxy resin; and

curieppxadated isubgiance refsian-arslkyk exﬁﬁ&rﬁdﬁt&i@mg sealing
xyl yl ene bonding forned by phenol, naphthol or the
matdniled.s,[ 0028] capabbaicifngrovidangpoxgpemsiasintcamposition

preferable to use a curing
having fast curing property, as well as low moisture absorbing

: property, low elastlc modulus at high temperature high adhesion

property,
C[0027}

As an

and excellent flame retardance

epexy resin that can be used with the above phenolic

resin in the above epoxy resin composition, there is included,

for example, an epoxy resin having two or more epoxy groups in

‘amolecule, for example, a glycidyl ether-type epoxy resin such

as a bisphehol A-type epoxy resin, abisphenol F-type epoxy resin,

a cresol no‘volac—type epoxy.resin, a phencl novolac-type epoxy

resin, a biphenylntylae epoxXy resin, a vhenclbipehylaralkyl-type

epoxy resin, an epoxidated substance of an aralkyl resin having

xylylene bonding formed by phenol; naphthol cr the like; a

dicyclopentadiene-type epoxy resin, a

dihydreoxynaphthalene-type epoxy resin, a triphenolmethane-type

12



accel erator in conbination. As such a curing
accel erator, a known curing accelerator to cure an
epoxy resin with a phenol resin-based curing agent
can be used, and for exanple, there is included a
tertiary am ne, a quaternary anmoni um salt,
indazoles and a tetraphenyl borate thereof, an
epofif 98856 cﬂpgﬁghifﬁe; cogpornd, andihoratect 88580fre sARE and
uat ernary phosphoniumsalt™ or the lNke.” In nore
a gﬁﬁ&%ﬂﬁja@ﬁhbytgbaeégok§ ragludedriaseeebbaky reamaemay be
such ‘as triethylamne, triethyl enedi am ne, '
usedearizyldioret hybambheat2pnd, Batedssideration of humidity.
- (di.net hyl am nonet hyl ) phenol, _ ‘
resisigigicaz abc PEREES C4N0T UREEC B8Rl YN diFTIRR IR % LdeRe
as. 2-methylimdazole, 2,4-dinet | i dazo
ret AT Of Rty RRT dbbot B PICARERUIT M ara &
mu12 ARR h%lnﬁ§gglbgbggzQE%inaﬁa958§Qh§h§”H¥Hﬂﬁﬂy% rings
conpound such”“as tri phenyl phosphi ne, _
selddiLUtYLRNO SRR -FeincthikinED - Bpbly| pheiny khphosphi bésphencl
. tri(nonyl phenyl ) phosphi ne; tetraphenyl phosphoni um
T F~t e rgphanylebdnat e, bighesviaphery Ephros phositma
tetranaphthoic acid borate or the like. Anobng these
pheplL i Rherot Arewkiar é¥PEhEBPFY SR SPRopaRd y2lprepoxidated

reliability, an.organic.phosphene c Qun oy,
sub R o 7 BRBLEHONT AR BB r RAr Y perais Hoglind formed
by BIGIEf abl2n h3029) (LAl Qs epoxy resin composition

- € present “invention, an inorganic filler, a
[Oog@ypling agent, a nold rel easing agent,  a colorant,

a flame retardant, a flame retardant auxiliary, a ‘

| oim stiress odgenteporytteesin kétneypbefesdel e £p use a curing

necessary, by the addition or reaction in advance.
acceberaldit iion COBHERAEN-ngPSagBAT s2 B B (s igTator, @

combi nati on.- an exanpl e of _such other._ curin
kno%@éﬁf%?“iﬁ&FSﬁgFétPﬁcﬁﬁd%ﬂrg %%é%gﬁyhgggﬂgCW}%%%%phgnol
resin-based curing agent can be used, and for example, there
is included a tertiary amine, a guaternary ammonium salt,
imdazoles and a tetraphenyl borate thereof, anorganic phosphine
compound and borate thereof, and a gquaternary phosphonium salt
or the like. Inmore specifically, there is included a tertiary
amine such as triethylamine, triethylenediamine,
benzyldimethylamine, 2,4,6-tris(dimethylaminomethyl)phenol,
1,8-diazabicyclo (5, 4,0)undecene-7; an imidazole such as '
2-methylimidazole, 2,4-dimethylimidazole,
2-ethyl-4-methylimidazole, 2-phenylimidazole, |
2-phenyl-4-methylimidazole; an organic phosphine compound such
as friphenylphosphine, tributylphosphine,
tri(p-methylphenyl) phosphihe, tri (nonyiphenyl}phosphine;

tetraphenylphosphonium tetraphenylborate,

13



phenol aral kyl resin, a phenol bi phenyl aral kyl resin, a
phenol napht hyl aral kyl resin, a naphthol aral kyl resin,
‘a triphenol met hane-type novolac resin and the |iKke.
[0030] In the case where the above epoxy resin
conposition is used for sem conductor sealing, the
addition of an inorganic filler is essential. As an

tetf%@"ﬁ&iagfaﬁﬁﬁéﬂbﬁﬁ R AT 1A Tech the Like.
al | | 2 |
B0, 1888, G SLATSLLLCRL s

rellké@'l'lli@ys u EBaBEgQﬁl& hﬁhb b%ﬁl@ indNdotPoui@r tdrc Wl &uaternary
anorphous silicCa, crystalline silica or the like is

-phoﬂmﬁﬁﬂmﬁbheatbﬂnadglbppatelt5|§rpfef£bhble to use a
spherical filler having w de size distribution, so
[00Z8d to enabl e cl osest ‘packing, in order to increase

conmpoundi ng anmount, of the fj lIer e i ntai
eXEEP| S ETREIAABPRPL SO 003 1 0% AL the s eerEfn”E R

| h f
o A8 e TR e a0 e,

a coliddyhsi | anerdnydesetafy &HH0H |f@@@1et ypeadad auxiliary, a
epoxysi | ane-type, or a titani umtype agent; as an

- low exaspkea@én@a dwluher élikashay bgentsd, ctarnn@ccmasa/m by the
paraffin wax, stearic acid, nmontanoic acid,

addiglopolcaf .mané;mma\mrngacbvwwxﬂn G 6P t REDRFKEUTing

age%%ﬁw%‘?a?w%%'d? armemf BB aRL - AP & o bR o Ches

curﬂ%loo 2nat.ed . epoxy J %S' f}ﬁﬁ;ﬁa@flao Coqrf&%g%acaresm, a

or g conpoun ition

he@dlaeréqn‘a?r'le e 2 o ar@ T E@rﬁﬁlﬂlg@@ﬁyhaﬂéykyﬁnt rEBDY, a
trioxidé or the I'ike is include As an exanpl e of

pherdiedebwhsliaesad kyagentesisi | i @oneapbbbetarabdy¥ i egesin, a

nitrile-rubber, nodified '
: trlphenolmethane type novolac resin and the like.
[0030] N

In the casé where the above epoxy resin composition is used

for semiconductor sealing, the addition of an inorgariic filler
is essential. As an example of such an inorganic fli'ller,' there
is includéd amorphous silica, crystaliine silica, alumina,
- glass, calcium silicate, gypsum, calciﬁm carbonate, magnesite,.
caly, talc, mica, magnesia, barium sulfate or the like, ‘and in
particular, amorphous silica, crystalline silica or the like
is preferable. 1In addition, it is preferable to uée a spherical .
filler..having wide size distribution, so as tc enable closest
packing, in rorder to increase compounding amount of the filler
while méintéinimg excellent moldability.

[0031]

‘As an éxaﬁnple of the coupling agent, there is exemplified
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but adi ene rubber, nodified silicone oil or the |ike
‘is included. [0032] As for conpounding ratio of an
phenolic resin of the present invention and an epoxy
resin, in consideration of heat . resistance,
mechani cal characteristics or the like, equivalent
ratlo of a hydrexide group / an epoxy group is

ef er abl e of

. Sashean, pln%ne@e%% 525 a%n  Fetebshet lantwpe. =

Vln$£§%§ @ ?ﬁg?ﬁgaﬁ$€% ent tf%M%?Q%) ggrOX| Schpe;

or agr,rmmﬁaﬁn tqn%ag@:ﬁ@kl Bsish §2bmSle 8 a@ob@rém@agmyggent
ratio. It is preferable that a curing accelerator is

carysgek | nad, r@mgaﬁﬂiﬁrWHHD dtearsc paids bynbenght acid,
relative to 100 parts b i ght of the epoxy . resin,
901Y?11%%¥%|W BN DR EF ﬁ@fYéhéFﬁéPeWs‘%lﬂ%slld?erv@ﬂdoé§ a
ertle Still .nmore n,ap_epoxy resin comp
oL PG s S %&a&# Satigr e T8 br S BT R o ome
ni ¢ I ound y
ree A Epb e &5 (SRR %ﬁ%ﬁ?‘é’eﬁt%t%@ e8sin, a

hal@g)é‘fpoch)rﬁp&ﬁhd) Na Egmw&nﬁig arbrifos der ivhe heak:; and in
resi stance, noldability (nelt viscosity, fIU|d|ty)
add] oerst pessn ekBmpl epef ayﬁlalrmwwaaeaiazatbauxpuany, antimony

property or _the |ike, althou it differs alittle :
Qrﬁd“%ﬂalkﬁﬁdi prcluged no%@aﬁi‘ gxpiplept thebdaBptAsss

2ger L BeF dothbtdit | B e C?Laﬁz%rﬁééﬁ%%lﬁﬁﬁgf T fged
'butécﬁér{g Hﬂﬁgf-cé mgﬁaltﬂ%% g?iléHBé {H: lt}ﬁerﬂl)ﬁienegs %@ﬁ%liu%

raw nmateri a prede &F i ned. for
[00dy; @ m Xxer, and then addi ng kneadlng treatnent by

using a hedated roll or a kneader or the -like, and

stAd Fomurenmyurchiold n@t&mdfsmﬂl p&iehbd:atlr@rs,infcriﬂ tbaedesent

by crushing to a suitable size and tablet making, if
,:anqs{g@égzasa,a@d an epoxy resin, in consideration of heat
res:Lstance, mechanical characteristics or the like, equivalent
‘ratio of a hydroxide group / an epoxy group is preferably in
a ra'nge of from 0.5 to 1.5, in particular, from 0.8 to 1.2. In
addition,eveninthecaseoﬁqqmbineduseQfoth@rcuringagents,
it is preferable that equivalient ratio of a hydroxide group/an
epoxy group is seét so as to be the above ratio. It is preferable
that a curing accelerator is used in a range of from 0.1 to 5
parts by weight relative to 100 partis by weight of the epoxy
resin, in consideration of curing characteristics or various
properties. Still more, in an epoxy resin composition for -
semiconductor sealing, it ispreferable that an inorganic filler
is compounded so0 as to occupy a ratio of from 60 to 93% by weight

in total composition, in consideration of soldering heat

resistance, moldability (melt viscosity, fluidity), low stress
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or the like. A nolding material obtained in this way
can be used for sealing a sem conductor, for
exanpl e, by transfer nolding at |ow pressure to
manuf acture a sem conductor device. Curing of an
epoxy resin conposition can be carried out at a
tenperature range of, for exanple, from 100 to 250C

EXAMPLE [ 003 le1] Into eck flask
DO A S i T o alb%eﬁait PR Pk abar ey & Bhe TShs: sittous

e 32505® darePoniin e g 199 g e s trb B

[oo8kjbenzal dehyde were charged, and tenperature was
ralsed and the inside of the system becane a slurry
St atea ajenAiGlandtladnd iunither ohye difspobyetasiat @ fabn 7865xy
to start generation of HCl. The system was
resiai arapnedtaen 0T ¥ erol3linanrsitaaridlst kherapie mcluded a

. ubj ected tg _heat treatnent at 150C for 1jour.
metéeﬁer%# n§UEfEeRFRELY e i wﬁ%‘?]@raﬁér i 78 %F@F&@lés in

preij%te%nlnggdratltrlacppﬁe OF(amﬁlﬁ%l I Pgag %ajbmalln ta|'111|<:1 tﬁt aga?ddlng

Was no resi reac

kneﬂdﬁngdtggia&ﬁ@rﬁ@tﬂy|uk%.'1B|§erhe@'ﬂ@dbﬁﬁ']??ldle%y(ﬂﬁeaagg bt the
: confirmed wi'th gas chromat ography that they were

11kal,l ah@ast Ul mdXd ey cemlieid emdfsctihdireastion, byllowed
subjecting the systemto reduced pressure, HC1 and.

by erpeatredophenvltatdenbhed anditddlefenalkigg emiweeeessary,
removed exterior of the system By treating the

or t&gﬁstléﬂfﬁund%mo%@aaaé@fﬁ@ﬁslup@tﬁﬂﬁaﬂw HoWh ey SR bErised
foraée%]? ?h gsge?nll%ual %265_101 g%flggc%ﬂf?se " %et %Ct ﬁggggz{lﬂ%}dlng

nore-w Pograp a3

at Y@@ ﬂ@@ﬂzx‘%u%o%‘dﬂ@fad@iﬂg 38! @bﬂgcéﬁd&é@& dte%l)é'eel douring
.0 g of a pale brown-yellow sh transparent
of dwmpb@ytrdsirrbcdhpcysmed:abyb@ ryestrakebi st H0n) temperature

range of, for example, from 100 to 250°C.

- EXAMPLES
[0034]
. [E.xample 1]
Into a four-neck flask equipped with.a discharging spout
at the lowér part, 582.6 g {6.20 moles) of phenol, 420.0 g (1.67
moles) of 4,4"-dichloromethylbiphenyl and 19.7 g (0.19 mole)
of benzaldehyde were charged, and temperature was raised and
the inside of the system becarﬁe a slurry state at 70°C and an
uniformly dissolved state at 78°C to start generation of HCI.
The system was maintained af_ 80°C for 3 hours, and still more
subjected to heat treatment at 150°C for 1 ‘j cur. HC1 generating
from a reaction was vaporized outside as it is, and trapped in

alkali water. 1In this stage, there was no residue of unreacted
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phenolic resin (1). [0035] Softening point, based on
JI'S K2207, of this phenolic resin (1) was 75C. In
addition, nelt viscosity at 150C, neasured wth an
ICl nelt visconeter, was 120 nPas. Still nore,

equi val ent anount of a hydroxyl group, neasured by an
acetylation back titration nethod, was 208 g/ eq.
[0036] A chart obtained by nol ecul ar wei ght

4, 4MeEIHITRRE O 1hiehepienobhe nesidnidbhyele, anafd- NE&  was
met hod, by using a JM5-700 high resolution nmass

confietnest o thmgas ach voredt byr &y thtad. they showrll weBLGed.
1. In addition, the phenolic resin (1) was dissolved '

Aftenierpdetdrat ed HP At ST 0aYdE PG SEALRY Bie system to

13G NVR neas nt. A usual .13C-NMR spectrumis.
re S T AoPT G L T 404T ST oRc ARG, BT LREFplR.e the
 systH GlL AT & GRRAY %xcﬁfefﬁ%‘?r(:ioffyit%% skbRdmOf HArheNalgMye
groups, a spectrum of DEPT135 and a spectrum of

sysBEPT90ear - @asdy Phrawzdrz Fk&al B¢ @owindoi 30 kbr 3 hpneC,
as well as a spectrumof FIG 2 was shown also in

resEhGl 3phenctlo hakemeconpar | dsredzs] emnyl nopdentywidl ygas
measurenent conditions of 17 '3C NVR were as _

Chremg {RERREP Appardt ifs : TINMF ECA4D0°duper ¥BAdEEEIEn OB F- RS

et F BRI 190 e 260t Enihe HeCRBET UM Rt Rcke s Lowieh

crafSEA Ao EL e QA o e DEET SELDO) 5o
pheRbTi ®seeonrds 1)observati on side) ‘
10035]

Softening point,‘ based on JIS K2207, of this phenolic resin
(1) was 75°C. 1In addition, melt viscosity at 1i50°C, measured
with an ICI melt viscometer, was 120 mPars. Still more,
equivalent amount of a hydroxyl group, measured by an
acetylation back titration method, was 208 g/eq.

[0036]

A chart obtained by molecular weight measurement on the
phenolic resin (1) by an FD-MS method, by using a JMS-700 high
resolution mass detector manufactured by &EOL Ltd., is shown
in FIG. 1. 1In addition, the phenclic resin (1) was dissolved
into deuterated dimethylsulfoxide to carry out FPC-NMR
measurement. A usual “SC-NMR spectrum is shown in FIG. 2. In
addition, among DEPT methods, which are.capable of specifying
kind of carbon-atom groups, a spectrum of DEPT135 and a spectrum
of DEPTS0 are each shown in FIG. 3(a) and in FIG. 3(b}, as well
as a_spectrum of FIG. 2 was shown also in FIG. 3(c}, to make

comparison easier. Incidentizlly, measurement conditions of
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Proton 90 pul se: 11 m croseconds (irradiation side)
Measur enment tenperature: 40C [0037] A peak at the
vicinity of from35 to 55 ppmin FIG 2 is one
derived froman aliphatic structure, and a peak at
the wvicinity of from2115 to 156 ppmis one derived
froman unsaturated structure. In addition, in FIG
3, anmong upward peaks in DEPT135, a peak not

13C —lppeasiagas EDEREN is derived froma nethyl group;
a downward peak in DEPT135 is derived froma
méiipplrenasgr giip;-ECAA O 0 pwar o pea®us hl PERTO0MEs 2gerraeds
froma nethlne roup, and anong usual spectra, one

manyGC tapgseh %‘ a-of upward and downward in

rived froma quaternary carbon.

FI@Fa% gl%%éf%§'pr§glded anal ysis result supporting
St ¥mep tChemnedl: structure represented by FIG 1,
in such a way that the phenolic resin (1) has no
meUkyklgmethsdpr esenbn ttmpete otposegdl iofg anatdtchly| ene
group, nethine group and a quaternary carbon; a
qu@@@?n@ﬁ?h@drbBﬁPEQOnéﬁdong?%%@ in an aliphatic
rﬁgg?n and |t IS quaternary carbon having an

Distructure; and a met hyl ene group is

Lyed %'oyﬁms%n b ﬂhe&bgecgﬁa%%@g@wg ich alde)

aI| ati ¢ ‘met Ayl éne grou 0038]

I't E%%o@ll aiiof p@q,sef r Qm hﬂ@i@sébbﬂ@& UL 2k r2dedySirs saned)
mol ecul ar wei ght peaks in FIG 1, that, in the

pherhirereedi tenfBratuRe:add°R2 in the gener al
formula (1) correspond to hydrogen, and there are
[C03'hcl uded a pol ymer (nol ecul ar wei ght 548) with nF

e ek <%, BB TREs RS Eh L Pl et B Sobp i BTy 2 s

onea{i'%rfv%d fr&?l YARL l&&oﬂglﬁﬁu's‘% u\é/%_hQQt, %ﬂgz)a ‘ﬁﬂetalﬁ '5‘%2 the

a pol yner ecul
vicinity of from 115 to 156 ppm is one derived from an unsaturated

structure. In addition, in FIG. 3, among upward peaks in DEPT135,
a peak not appearing in DEPT20 1s derived from & methyl group;
a downward peak in DEPT135 is derived from a methylene group:;
an upward peak in DEPTS0 is derived from a methine group; and
among usual spectra, one not appearing in any of ﬁpward and
~downward in DEPT135 is one derived from a gquaternary carbon.
B FIG. 2 and FIG. 3 provided analysis result supporting strongly
a chemical structure represented by FIG. 1, in such a way that
the phenolic resin (1) has no methyl groups present, it is
composed of a methylene group, methine group and a quaternary
carben; a quaternary carbcon is not observed in an aliphatic
region and it 1is qua-ternary carbon having an unsaturated
structure; and a methylene group is Qbserved only in an aliphatic

region and it is an aliphatic methylene group; or the like.
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wei ght 1092) with m=1 and n=3; a pol yner (nol ecul ar
wei ght 1274) wth m=2 and n=3; a polyner (nolecular
wei ght 1365) with me1 and n=4; as well as various
- polymers corresponding to mF0 and n = 1 or nore
(ol ecul ar wei ght 366, 638, 910, 1182, 1455), and
n=0 and m= 1 or nore (nolecul ar wei ght 276, 458).
[0039] [Exanple 2] By carrying out in the sane S
[0oBBNNer as in Exanple 1, except that chargi ng anmount
of phenol was 624.2 g (6.64 noles) , charging anount
of 19, #asdicchlrarfdret, hyitsinphehyse was r850ubay Ehal3¥9sis and
nol es) and chargi ng anount of benzal dehyde was 63.3
molgcyupapoieising) Peakegin FiGofla Prite BroRRtyRIPTRM kh resin
trans ent (w thout turbidi aused b
(1) ¢ FOGTR 1Y 28t T BT BRERs T o rebt 10 B R azogen,
andSPELED pi%lhde%a%egog LS (£22Q4n1 9F 0 $nPhenol G tn
resin 2) was /9C. In addition, nelt viscoSity at
m=1150Cn=eas WGmen {Hoddch Ghr R tghti SGONBLETh mw@Sad@Gi=1;
nmPas. Still nore, equivalent anount. of a hydroxyl
a pglyopr f(reasiredbhwedghtadetdyl atitbnmbackndi trdit iorpolymer

met hod, was 191 aéeq.l[0040 [Exanple 3] By carryin
(modREUL AT e Fane CHANNEY S Ta g 2ELalpf e 21 PoéxBBpt (malpcular

weitﬁg?gscﬁ%r ERA &@ﬁggﬁé%f;ﬁ PRERA i8S (R8Teduthd feddnt 1274)
with fi=odhgal.or . O i 1 m=
b Y L T R S o

and®+#) as 38210asgvefisupabel provw-seidedposlliing to m=0 and
transparent (without turbidity caused by

n =cr pstadte zZatdleculpmewel gt r 366 n 6G3) Ma&, dbite&d,néd>5) , and
Sof t eni ng_ poi nt, based on JI'S K2207, of this phenolic

n=0r a8fln™ T3} Wad T, M ddiaT ol 2 Wrsdddity at

[OO%@?'C’ nmeasur ed '

[Example 2]
By carrying out in the same manner as in Example 1, except
fha’.c"charging amount of phenol was 624.2 g (6.64 moles), charging
amouﬁt of 4.,. 4’ —-dichloromethylbiphenyl was 350.0 g (1.39 moles)
and charging amount of benzaldehvde was ©3.3 g (0. 60 mole), 598.3
g of a pale brown-yellowish transparent (without turbidity
caused by crystallization) phenclic resin (2} was obtained.
Softening point, based on JIS K2207, of this phenolic resin
(2) was 7%°C. 1In addition, melt viscosity af 150°C, measured
with an ICI melt viscometer, was 120 mPa-s. Still more,
equivalent amcunt of a hydréxyl group, .measured by an
acetylation back titration method, was 191 g_/eq.
- [0040]
iExample 3]

By carrying out in the same manner as in Example 1, except
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with an I1Cl nelt visconeter, was 100 nPas. Still
nore, equival ent anount of a hydroxyl group,
neasured by an acetylation back titration method,
was 201 g/eq. [0041] [Exanple 4] By carrying out in
the same manner as in Exanple 1, -except that
char gi ng anount of phenol was 641.5 g (6.82 nol es)
charging amount of 4,4'-dichloronethyl bi phenyl was
tha@&a@g@n%%ﬁﬁn@éﬁ@hen@d\ﬁﬁb @5gi.BGy anPUho0ks), charging
benzal dehyde was 17.4 g (0.16 nole) , 535. 1 g of a
amopat e b pdh-geth bwt shethabspahenyl (@aist BodUt0 oud bi dptyoles)

caused by crystallization) phenolic resin
andshagiocied. an%mte@uf REDFGHRED Woies e 6 - 319s! @(2%?‘01813 592.0

g O&Pls%&g}t 0%1%8%'1%‘1(&5%# V\%ra%}i?%rerh a dlltthI Q.ﬂ:‘ turbldlty
cau¥é§c}9{zm Ssta‘éﬁ}r oxy grévl‘%ﬂcgllme%un le)“ ¥akeBbtained.

anoun nmeasur ed
acgbyt@ﬁmﬁpb@ﬁ{s tiddat bansrekkedy, \I&Estﬂ-ﬂfgp@/eﬁ@llc resin
[0042] [Exanple 5] By carrying out in the sane
-,(3)nua]$1e76°a€s |ﬁnEa<®<ﬂrptEon, rexteptisedsittychar §bAJC arrmearured
' phenol was 668. 8 7.11 nol es chargin anmount
Wlth ap 410 Bilor Hﬁféf:ﬁiﬂle IeﬁherfWSV\é 038§agsg (Ptigl more,

equév?ge)‘%land CI"?:ar %ggg gnpxugtr 9{ beé]%caallfpgeh%%%s\/\%%dSA]b); an

thouts drurbi-gi t
ace@%useégﬁy %?@st %%lzatlgﬁ§é %LJF?%:¥ESFZG( )yma

[oo@btai ned. Softening point, based on JI S K2207, of
this phenolic resin (5) was 73C. In addition, nelt
[Exwimptes#iy at 150C, nmeasured with an ICl nmelt
visconeter, was 70 nPas. Still nore, equival.ent
anBHrta oY IR hGBE oy 1Lt GaPLe MBRREF & By ple 1, except

that charging amount of phenol was 641.5g (6.82 moles), charging

amount of 4,4'~dichloromethylbiphenyl was 370.0 g (1.47 moles)
and charging amount of benzaldehyde was 17.4 g (0.16mole) , 535.1
g of a ‘pale brown-yellowish transparent (without turbidity
caused by crystzllization) phénolic resin (4) was ob.tained.
Softening point, based on JIS K2207, of this phenolic resin
(4) was 71°C. In addition, melt viscosity at 150°C, measured
with an ICI melt viscometer, was 80 mPa-s. Still more,
equivalent amount of a hydroxyl group, measured by an
acetylation back titration method, was 198 g/eq.
[0042]
{Example 5]
By carrying out in the same manner as in Example 1, except
that charging amount of phenol was 668.8 g (7.11moles), charging
amount of 4,4’-dichloromethylbiphenyl was 300.0 g (1.19 moles)

and charging amount of benzaldehyde was 54.3 g (6.5l mele), 529.5
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acetyl ation back titration nethod, was 191 g/eq.
[0043] Exanple 6 By carrying out in the sane manner
as in Exanple 1, except that chargi ng anount of
phenol was 702.2 g (7.47 noles) , charging anount of
4, 4" -di chl or onet hyl bi phenyl was 225.0 g (0.90 nol e)
and chargi ng anount of benzal dehyde was 95.0 g (0.90
nole) , 524.4 g of a pale brown-yellow sh
g of rangpaeenkolw-tB0UbwE 8K bitdiahygpatansedwbyhout turbidity
crystallization) phenolic resin (6) was obtained.
causSof tenionyspeilitizabasad phedp$ik2297in ofSh has shdashiee -

resin (6) was 76C. In addition, nmelt viscosity at ;
 15EELARRY Rt whER R e Siet 40 St SMeERheRgs orpesin
{5) %%37358.' lIrEmar cé)itieoqll“ll \ﬁ%ll%mvigggggégo%(t %M,pﬁggsured

group,” mMéasured Dy an’ acetyl ation ck titrat’ion

witHeLRodc Wage 148 \9/s88mek 8044]wad ExaMpls - £l As€POXYmore,
resin A represented by the follow ng general fornula

equi®lertroamsliat8] 021 HCHYErdRA \ ghoup, Ghadhfd) by an
(wherein Gis a glycidyl group; and n is a nunber of

acetfylogrhibnt dackO): i(Hriapheny mardioky| wegpedt esi e- NC- 3000P,
with an equival ent weight of an epoxy group of 272

1604ileq, produced by Nippon Kayaku Co., Ltd.), the

Exaghfn%gic resin (1) obtained in Exanple 1, fused

‘ 1% ca and a phosphorous-type curing accel erator

g 28r3é Ic{ai;:&??iﬂ%l Hhoskhenkd PRenolAld) a¥erl:£ ExaRBeUnded xaptr
that charging amount of phencl was 702.2 g (7.47 moles) ; charging
amount of 4,4’-dichloromethylbiphenyl was 225.0 g (0.90 mole)
and charging amount of benzaldehyde was 95.0 g (0.90mole), 524.4
g of a pale brown-yellowish transparent {(without turbidity
caused by crystallization) phencolic resin (6) was obtained.

Softening point, based on JIS K2207, of this phenclic resin
{6) was 76°C. In addition, melt viscosity‘at 150°C, measured
with an ICI melt viscometer, was 70 mPa's.r Still more,
eguivalent amount of a hydroxyl group, measured by an
acetylation back titration method, was 178 g/eq.
(00447
[Example 7]

An epoxy resin A represented by the following general

formula (5):

[Formula 8]
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shown in Table 1, and after sufficient m xing, they
were subjected to two-roll kneading at 85C 3C for 3
m nutes, then cooled and crushed to yield a
conmposition for nolding. This conposition for

nol di ng was nol ded by using a transfer nol ding

machi ne at 175C for 2 mnutes under a pressure of 100
kgf/cn2, and then subjected to post curing at 180C
for 6 hours to yield test pieces for testing water
apgorption rate, flexural nodulus, oglass transition
tenmperature (Tg) and flane retardange. - [ 0045]

' [ e jdRks. wer e nmeasur ed

5Qr ptiop,rate
; gfecti E}é a

: - fpl e shap @ mm di anet er
x 3 mm to water absorption at 85C for 168 hours '

under at.nosphere.qf.a relative, humdity, of 85%
(g Er GSorpEREN PRl TP = Fither dasbd VG E T ahBURL. £°
afil ] [ - hefgr.e t ) aX S0
10) [{?Ol?aerw(l%ag xlurt rr%g%ﬂlﬁé %ei%q(gﬁa' %gﬁl ﬁé was et
welfBaSH b abopYeorcedrding Mo, JbSodke8d by REpBEn Kayaku
standing still a rectangular strip wth a sanple
Co. slidpk )of tBO phdifokid remini fl ataissptedeinft:28@Cf by fitked

_mnutes. [0047] (3) Gass transition tenperature
s1ligy) LPRBar exparRtOiPRUEII Wit wWaSHEES ur C B eIk O .

BTl SN R RN OC RN RS e

shoRi At Ofzihe [L', Nealy exPansi Qrficient mixing, they were

subjected to two-roll kneading at 85°C + 3°C for 3 minutes, then

cooled and crushed to y:‘Leld a composition for molding. This
composition for molding was molded by using a transfer molding
machine at 175°C for 2 minutes under a pressure of 100 kgf/cn?,
and then subjected to post curing at 180°C for 6 hours to yield
test pieces for testing water absorption rate, flexural modulus,
glass transiticon tTemperature (Tg) and _flame retardance.
[0045] |

Properties of these molding materials were measured by the
fellowing methods.
(1) Water absorption rate

Water absorption rate was measured by subjecting a circular
disk with a sample shape of 50 mm diameter x 3 mm, to water
'absorption at 85°C for 168 hours under atmés_phere of a relative
humidity of 85%. |

Water absorption rate (%) = (increased weight amount after

treatment / weight before treatment) x 100
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coefficient. [0048] (4) Flanme retardance By using a
sanple with a thickness of 1.6 mm a width of 10 nm
and a length of 135 mm flane retardance was
eval uated by neasurenent of after flane tine
according to UL-V94. [0049] These evaluation results
are shown in Table 1. [0050] [Exanple 8] A
conposition for nolding was prepared in the sane
[oo4@nner as in Exanple 7 except that the phenolic
resin (2) obtained in Exanple 2 was used instead of
(2} theespherlolmicciulesi n (1) obtained in Exanple 1, and
conpounding rati o was set as shown in Table

, and
eﬁé}wnadﬂmﬁéﬂ-ésfwaéén%aﬁw% Guto9The ?%%%ﬂf%ﬂsn%rt& JIs
itten do eth n Tabl.e [.QO
k693 i BPORETES o H 1By S e oathin | pEATR Satb1e
shap@Y¥hko 2%1ﬁ§ thEX%th%m$s§E%§@tofﬁﬂm°th§09hﬁﬁ%hh%tes
resin (3) obt ai ned i'n Exanpl e was used instead of
Qoihp phenolic resin (1) obtalned in Exanple 1, and

conpounding rati o was set as shown in Table 1, and’
(3)(ﬁﬁﬁ$ﬁnﬁnanaﬂﬂﬂqnﬁtammﬁr@épﬂﬁedT@wt The results are

witten down together in Table 1. [0052 [Eﬁ? | e _
10} o A o FGETOITH S WS 7 By (VA" under

con$§%+?p 4§ ogigﬁﬁgp ur%ng gsln%X%SEE BEaé éhﬁzgﬂﬁﬂ%!l%nd

Tg was determined as an inflexion point of the linear expansion
coefficient.

{00487 .

(4) Flame retardance

By using a sample with a thickness of 1.6 mm, a width of
10 mm and a length of 135 mm, flame retardance was evaluated
by measurement of after flame time according to UL-V94.
[0049]

These evaluation results are shown in Table 1.

“[0050]
[Example 8]

A compesition for molding was prepared in the same manner
as in Example 7 except that the phenolic resin (2) obtained in
Example 2 was used instead of the phenolic resin (1) obtained
in Example 1, and compounding ratio was set as shown in Table
1, and evaluation thereof was carried out. The results are
written down together in Table 1.

[0051]
[Example 9]

A composition for molding was prepared in the same manner
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Exanpl e 4 was used instead of the phenolic resin (1)
obtained in Exanple 1, and conpounding rati o was set
as shown in Table 1, and eval uation thereof was
carried out. The results are witten down together
in Table 1. [0053] [Exanple 11] A conposition for
nol di ng was prepared in the sane nmanner as in
Exanpl e 7 except that the phenolic resin (5) obtained

as 10 pE4RnRl ¢ e‘&ai%&t ysed ipst Eﬁgr&i@fi& he.fahenah i §oF £sidy in

(1) obtained Exanpl e 1, and conpoundi ng rati o was

Exafifle a5 wshRowRehnidabied df tand eialoldid essihe(epfonas ned
carried out. The results are witten down together

in Exafald €,1anf006dpoulcimar aetve wwamsiteas Ahown in Table
conposition for nolding was prepared in the sane

i, ﬁﬁﬁn@Fal%%t}%PE&%%ﬁ?%f7w%§0§ﬁfr%%%to%t' The results are

.phenol bi phenyl ar al kyl in. (having an 1Cl nelt
wr1 PRGOS SRS 1y an 1 el ¢
rop¥bgconmeter, of 90 nPas, and an equival ent wei ght of a
hydr oxyl group of 205 g/eq) represented by the
[Exheplewioyy general fornula (6) (wherein n is a nunber
of from1l to 10), was used instead 24 of the
phénoitipesid¢dion ¢y nbtdiredidn PEgRAPEE In &M@ Same manner

_ co ounding rati o was set as shown in Table 1, and .
as SN ARG tHeF R TRAE RS PRERCOUE. THHE! ridduPbEaghed in

-Exa%h&%;?q$%g$%ﬁép%%tE%é?agfgﬁég]gﬁgﬁéiiéLregﬁ%rQEBaoé@ained
in Example 1, and compounding ratio was set as shown in Table
1, and evéluation thereof was carried out. The results are
written down together in Table 1.
[0053]
‘[Example 11]

A composition for molding was prepared in the same manner
‘as in Example 7 except that the phenoclic resin (3) obtained in
Example 5 wasrused instead of the phenolic fesin (1) obtained
- in Example 1, and compounding ratio was set as shown in Table
1, and evaluation therecf was carried out. The results are
written down together in Table 1.
[0054]
Comparative Example 1

A compesition for molding was prepared in the same manner
as in Example T_except that a phenolbiphenylaralkyl résin
(having an ICI melt viscosity at 150°C, measured by an ICI melt
viscometer, of 90 mPa-s, and an equivalent weight of a hydroxyl
group of 205 g/eq) represented by the following general formula

(6) {wherein n is a number of from 1 to 10), was used instead
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[ Conpar ative Exanple 2] A conposition for nolding was
prepared in the sane nmanner as in Exanple 7 except
that a phenol aral kyl resin (having an 1C nelt
viscosity at 150C, neasured by an I1Cl nelt
visconeter, of 90 nPa-s, and an equival ent wei ght of
a hydroxyl group of 168 g/eq) represented by the
foll owi ng general formula (7) (wherein n is a nunber

of tbk premilid @ekih (WASSHtSEthddshertudle tthenphemgbuading
resin (1) obtained in Exanple 1, and conpoundi ng
ratiqamas was setslaswshiowTabicTdhl end, eantuavibudthiemeot was
thereof was carried out. The evaluation results, are
CAriRWANEn TA 823Ul T PEEHA Bt U] deHP GAIethAZRG L0 ifipble
1 H (7) n [0056] 25 [Table 1] Exanpl es Conparative
" Exanples 7 8 9 10 11 1 2 Raw materials (parts by
[FoMBightd; Epoxy resin (A) 85.0 86.8 85.0 85.5 87.7
- 84.8 91.8 Phenolic resin (1) 62.8 Phenolic resin (2)
61.0 Phenolic.resin (3) 62.8 Phenolic resin (4)
6204 Phenolic resin (5) 60.0

OO -

[0055]
[Comparative Example 2]

A composition foerolding was prepared in the same manner

-as in Example 7 except that a phenoliaralkyl resin (having an
ICI melt viscoesity at 150°C, measured by an ICI melt viscometer,
of 90 mPa-s, and an equlvalent weight of a hydroxyl group of
168 g/eq) represented by the following general formula (7}

{(wherein n ig a number of from 1 to 10), was used instead of

the phenolic resin (1) obtained in Example 1, and compounding

ratio wes set as shown in Table 1, and evaluation therecf was

carried out. The evaluation results are shown in Table 1.

[Formula 10]

OH OH

[0056]
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Phenol bi phenyl aral kyl resin 63.0 Phenol aral kyl resin

56.4 Curing accelerator 2.25 2.25 2.25 2.25 2.25

2.25 2.25 Silica 850 850 850 850 850 850 850

Mol di ng curing property /Fluidity GCelation tine

(sec) 34 38 36 40 39 37 36 Torque (175C, 60 sec)

kgfcm8.6 9.4 9.4 4.2 3.9 6.0 85 Torque (175C, 90

sec) kgfcm 16.7 17.3 17.4 12.2 12.6 13.9 17.4 Torque
Tag;gsg 300 sec) kgfcm 21.6 22.0 21.9 19.2 19.9 19.8

7 /i Qr‘nclf\l (17'—'\ El n\mfncfnr\ Pas—21 19 17 17

14 17 19 Property of cured %%q@%e G ass | Comparative

transition tenp. (C)[ 124 125 _124"1 122 120! 18famples

Fl exural strength (MPay 42 28322 22 20 PAL R4 1 2
rawFhEOUE &l s mpdukus, (MPR) 430 460 430410 400 480 52D
weifh@ME retardance eval uatijon Finax (sec) 9 8 p 8 7/9

] , o ;
qul;%a féa‘il‘rﬁ' (SECY 29718 31 2218 o [ 3L s JHIGPIEIT, Vo0
U V vV=U 1 |AAA rt 'S djfract ST O0U D
COHpa Qﬂnan ':v\g%rﬁ! es—/—to—11,——ahd—Copparaiive
Ph' -'feiﬁﬁlﬁfﬁﬁ those of |Bdafples 7 to 11 ar not.e
Phexcbid ergsim &)t her of curing |@2eperty in nol dinglor
chéhal Th tyesias ©onpared wi tlh ong in Coaparati ve Exanple
PhdnoBNE rédhadction, |[those of [Exanples Tehop L1 haye
Phell %l%%er%}l%}?&kyﬁﬂ?e@% ronftenpgrature, as well 38 ]
SO L 1 dl A dITE T'1TE, daS [COIT red Win one 11
Phuataral iyt esin o 10T S o 56.4
coTTrpParat EXapr-e—i 1T aouurir 1 UlIT,j CITPUST U
| CUBLBAQRC R TN havb 2t igher gl ad |t and P Pop 2 2] 2.25
Silica 850 | 850 | 850 | 850 | 850 850 850
Molding curing property
/Fluidity ' _
Gelation time (sec) 34 38 36 40 39 37 36

Torque (175°C, 60 sec) kgi-em| 8.6 | 9.4 | 9.4 | 2.2 | 3.9 | 6.0 | 8.5
Torcque (175°C, 50 sec) xgfecm| 16.7|17.3|17.4(12.2|12.6] 13.9 | 17.4
Torque (175°C, 300 sec) kgfeam | 21.6|22.0]21.9]19.2|19.9]| 19.8 } 24.7
viscosity (175°C, Flowtester) Pa's | 21 19 17 17 14 17 19

Property of cured substance ) . .
Glass transition temp. (°C) | 124 125 124 121 122 120 117
Flexural strength {(MPa) | 22 28 22 22 20 24 24
Flexural modulus (MPa) | 430 | 460 | 430 | 410 ; 400 430 520

Flame retardance evaluation

Fmax (sec) - 9 8 6 8 7 9 19

Ftotal (sec) 49 48 47 49 48 50 91

Judgement v-0 | v-0 | V-0 | V=0 | v-D0 | V-0 | V-1
{0057]

It is understood by comparison between Examples 7 to 11,
and Comparative Example 1, that those of Examples 7.to 11 are
more excellent in either of curing property in molding or
fluidity, as compared with one in Comparative Example 1, and
in addition, those of Examples 7 to 11 have higher glass
transition temperature, as well as shorter after flame time,
as compared with one in Comparative Example 1. In addition,

those of Examples 7 to 11 have higher glass transition
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tenperature, and nore excellent flane retardance, as

conpared wth an exanpl e where a phenol aral kyl resin

of Conparative Exanple 2 is used as a curing agent.

BRI EF DESCRI PTI ON. OF THE DRAWNGS [0058] Fig. 1 is a

wei ght spectrum of the phenolic resin (1). obtained

in Exanple 1. Fig. 2 is a 13C NWR spectrum of the

above phenolic resin (1) . Fig. 3 is each spectrum
tem%grgﬁﬁrQEPM§1’or(ebEngEI%QtaEgaﬁé)reﬂ'@_f&?énd@_t Bedzohpkred

13C- NMR spectrum of the above phenolic resin (1)

witl7 a6l aixEsplel whaphenobhéend estal kebr eseht edf bgohperative:

foll owi ng general formula (1): [Formula 1] OH 2 CH
Exa@HleR2ZHCs /us2C as/a\curHZ #4€1)- R m R n (wherein

R is a hydrogen and a C7 to C6 al kyl group or an

aryl group, provided that each of (m+ n + 1) R's

y r [ R2 is an aryl group,
BRI%?oeggggE?ﬁa@ﬁg%ghT%g é%&%ﬁy be the same or
[OO@igf]ferent. And mand n are an integer, provided that

m+ nis from20 to 30, and mn is from5/95 to

50£3Q).. 1 2s. aTheighenddpect eshnofcthe dpngnddicl abeid, (1).

wherein, in the general fornula (1), all of Rs are
obtlydedgeén, Eaamobé| Lof Res are phenyl group.

Fig. 2 is a L3c_NMR spectrum of the above phenolic resin
(1) . ‘
Fig. 3 is each spectrum of (&) DEPT135, (k) DEPTS0 and {c)

usual method, in a *C-NMR spectrum of the above phenolic resin

(LY.
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3. A phenolic resin obtained by reacting a phenols
represented by the followi ng general formula (2), a
bi phenyl conpound represented by the foll ow ng
general fornula (3) and an aromatic al dehyde
Tepresented by the foll owi ng general«formula (4):
[Formula 2] OH (2) X0 [Forrmula 3] 28 XH2C / CH2X (3)
[Formula 4] R2 CHO (4) (wherein Rl inthe formula (2)
Claigsa hydrogen and a O 'to C6 alkyl group or aryl
group; X in the formula (Sg is a hal ogen, an OH
1. Igpbapebic apsOeH:proipnthByRAS ﬁoih@m@ﬁf gahgred)fqrauia
an aryl group) . 4. The phenolic resin according to
Jélaim 3., wherein a reaction nolar ratio of the
tal t he bi phenyl conpound and the aromatic
[FO%ﬁagﬁyg relative to the phenol is fromO0.10 to 0. 60,
and the aronatic al dehyde/the bi phenyl conpound
(re i on nol ar tio) is from5/95 to 50/50. &y The
pheﬂﬁﬁ eﬁrn fg?oroing to claln13 or 4, mheré?% he
phe ar el peeno ; ) ;

al” 150C i's fy ‘ - 7. A et hog
produci ng the phenollc resin accordlng to any one of
clains.3 to 6, characterized in that the phenols
represented by the above general formula (2), the

(whirphany] lSc@rﬁmmeremré%@n@edt%ﬁst#&sélb&r@u@eﬁérearﬁ aryl

ol A LR, and the aromatic Al dghyde fepresepted by
different. RZlS an aryl group, provrded that each of m R%’s may
be the same or different. And m and n are an 1nteger, ‘provided
that m + n is from 20 to 30, and m/n is from 5/95 to 50/50).
- 2. The phenoiic resin according to claim 1,JWherein, in the
general formula {1}, all ef Rls are hydrogen, aﬁd,all of R?e are
phenyl group. ‘

3. A.phenollc resin obtalned by‘reactlng'a phenols represented
by the follow1ng general formula (2), a biphenyl compound
represented by the following general formula (3) _and an aromatic
aldehyde represented by the following general formula {4}):

- [Formula 2]
OH

)

R

[Formula 3]
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are subjected to a reaction in the presence of an
acid catalyst, provided that Xin the formula (3) is
an OH group or an OCH3 group. 8. The nethod for
produci ng the phenolic resin according to any one of
clainms 3 to 6, characterized in that the phenols 29
represented by the above general formula (2), the

bi phenyl conmpound represented by the above genera
formula (3) and the aromatic al dehyde represented by

the ab , ormula (4) are subjected to a
XEBCH i pse@teXof wat €¥), provided that X
in the fful 2 is a halogen. 9.'A curing agent

for an epoxy resin conprising the phenolic resin
according to any one of clainms 3 to 6. 10. An epoxy
resin conposition containing the curing agent for an
[FoBRoXy 4esin conprising the phenolic resin according
to any one of clains 3 to 6, and an epoxy resin. 11.
The epoxy resjn conposition according to claim 10,
Rt conﬂ&gning an i.norganic filler. 12. The
epoxy resin conposition according to claim10 or 11,
further containing a curing accelerator. 13. The

(B H0CP TeTTWH OH)| S5U B FEE S dahdugofs aLkyL
seolf Mg Bl R PR BAES GUOSEoR R O 1o o
o ah OBl Rad by Seal 11 'S s et rar o Srdneue)
4. The vsERE1 L Ber&pDx b drTidineoaposiiimrs, acterding: treaction
_ claim 13. 30 Abstract Disclosed is a phenolic resin

- moldmaviahgofofames tetal dantles bfigsenyl compound and the aromatic;

_ aldehyde_relatix}e to the phenol is from 0.10 to 0.6C, and the

rai“omatic aldehyde/the biphenyl compound (reaction melar ratioc)

is from 5/95 to 50/50- _

5. The phenolic relsin according to claim 3 or 4, wherein the

. phenols are phenol, and the aromatic aldehj’de is benzaldehyde.

6 The phenolic resin according to any one of -claims 3 to 5y
whereih an ICI melt viscosity at 150°C 1s from 1.0 to 200 mPa-s.

7. R method for producing the phenclic resin according to any
one of claims 3 to 6, characterized in that -the phencls

represented by the above general formula (2), fhe biphenyl
compound represented by the above general formula (3) and the
aromatic aldehyde represented by the above general formula (4)

are subjected to a reaction in the presence of an acid catalyst,

provided that X in the formula (3) is an OH group or an OCHs group.

8. The method for producing the phenolic resin according to any

one of claims 3 to 6, characterized in that the phenols
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curing property and low nelt viscosity, which is
useful for a curing-agent for epoxy resin-based

senm conductor sealing nmaterials. Al so disclosed are
a met hod for producing such & phenolic resin and use
of such a phenolic resin. Specifically disclosed is
a phenolic. resin obt ai ned by reacting a phenol a

TR LR SR O T

_ [ n

comg%gnﬁyaéﬁ%%w SRRt} BRI g e
ardhBe :ar o1@dH wicak-dehydehtbg @yaﬂﬁat Bybbk al %@Hﬁ@yﬂd( 4)
~ (rolar ratio) is fromb5/95 to 50/50. SO

arespebj ¢ccal Ity adrszdiosed s tae §pexgna:e31ﬂ1waomnospmxmrded

composed of such a fhenollc resin and an epoxy
thatedj an Bhe formula (3) is a halogen.

nyl

9.~A curing agent for an epoxy resin comprising the phenolic
fesin accqrding to any one of claims 3 to 6. | “
10. An epoxy resin compesition containing the curing agent for
an epoxy resin comprising the phenolic resinracéording to ahy
one of claims 3 to 6, and an epoxy resin.

11, The epoxy resin compoéition according to claim 10, further
contaihing an indrganic fiiler.

1 12. The epoxRy resiﬁ éompésition_according to claim 10 or 11,
further containing a curing accelerator.

13. The epoxy resin composition according to any one of claims
10-to 12, which is used for semiconductor sealing.

14. An epoxy resin cured substance obtained by curing the epoxy .
resin compoéition according to ény'one of claims 10 to 13.
15. A semiconductor device obtainedﬁby.éealing a semiconductor
element by using the epoxy resin compoesition according to claim

13.



