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

s %%e;éia%£é{ #’Sﬁl@eln@i\éhef\éggteggoc% Q%k?e&co%%coiesin useful
econom Tal “efficiency, productrvity -and physrica
for P4 ORSIdi:RP mat@d an0Rd -1 Bam HikReckesi 8-S8A i material,
conposed of an o-cresol novol ac-type epoxy resin and
a lamiphérol- mnavet agl our thy ladgent aandodwart icrongahbd thereof;
filler such as silica has been used w dely. However,
andjan rgeet reeans CoONPPRL Bl Par geing ik 8 Shréhppagent for-an
t hi nner/ more conpact size package, and change of_.a
PO R g s PEr DR e R REC B b amc A F e 1LY,
theg;%efse%etaﬁbggnﬁgﬁrf la’é@ss tl%)egn }P&%‘ %elsgﬁgﬁ]—ﬁ‘in%%ame
ufficient response by a conventional epoxy T esi

ret SEMANY, Mater baki R Ree®, dinkf L6Wide1t Di588PLEY, tWhich
hum dity resistance, heat resistance, reliability or
is usegulli ker a during agent for epoxy resin-based semiconductor

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.



For exanple, in heat treatnent in soldering, a
present problem is generation of crack or peeling of
a package acconpanied with abrupt vaporization and
expansi on of absorbed noisture. In particular, with
i ncreasing use of |ead-free solder in recent years,
this probl em has becone increasingly serious. In

addi tion, .use of ,a brom or an_anti

FOr AT, LhooRTeriTHAITY: USoaORa B P Srerhr ddrsLen
o A GG G/ TRETE T Rat bogn foL] Faq acimied with

abrdgvekappentaofc@nNan@pPexpahesbn F absdtbedy Bgesture. 1In
havi ng | ow noi sture absorption, |ow elastic nodul us

paraf csbbderwing tienperatinge uard oéxtetd-etee adhdsironn recent
properties. In addition, there has been desired a
veafgvel|ldpmenpreffleih Bpex\PTERTR RCACREBIIMY agéFious. In
d&fficult in cgybusiion and has excel lept_flane g
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con@ggfigﬁgﬂ? %Setcg%rse ahérstamg_efgtggrﬁé d h%gpgggﬂl t&examined
resi n havihg a bi phenyl skeleton derive rom a
frofh, énvhi-saRbhyd i phesydmeonmpound and phenol s (for
exanpl e, see Patent References 1 and 2). However, an
[008Bdxy resin conposition obtained by using such a
phenolic resin as a curing agent, had a drawback
hadFRETARRSEY ortleaws Mep privper t9esiaed GoRpXPEAPTERR @R a7
e&ox% resin _conposition gb%ained gy usLng a tior
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tenperature of a neadi ng rofl or”a kneader in
adhREQdUCiRgpseRieonduch opdaealibAy thBEErhad sboenthesired a
like is equal to or lower than 120C, and tenperature
devedoatlnent of i gheoxy hamsihi er nakasrimodgenitodidficult in

combustion and has excellent flame retardance.
[00C4]

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



sealing materials difficult because of generation of
‘a problem 2 of viscosity increase or the I|ike,
caused by a reaction between an epoxy resin and a
curing agent in kneading. Therefore, as a curing
agent or an epoxy resin used in this application, one
havi ng .a softening point of equal to or |ower than

of V:IJ.QQ951t 1%%%%%%'@)’0?% 16807 L oVeT phhan-B80C i$, between
desirabt e he “other hand, it is-desired that

an &Ry \_feeg@saﬁd/ d S:deMfligatagaanlth.ﬁl Bgead BAPEr i@ fore, as
region of a curing agent or an epoxy resin, in order
a cumngeigere wmeht eppsgosetyn [umed mnntﬁxﬂrﬂppkﬁaatmwhenone
: a large quantity of inaorganic fillers are
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.easily, - resulting in abrupt ‘increase in softening
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Pat ent Reference 2: JP- A-2000- 226498 DI SCLOSURE OF

quaniNNEYNTP ON IPROBEEVS TELBESSOL VETS BYOTPEUNNSENTIMONCh  are

d t t .
s SUIALLLD BOGPT L SR o TRrBIo e Chor e has Ry te=iale.
oAt o e e
in dH@abbivBddeRanast el i BhHCS prolghenald Gy eXHihghavkh8ge

t he above bi phenyl .skel eton, and-as a result, found
molecular weight smaller to lower melt viscosity,
crystallization tends to occﬁr more easily, resulting in abrupt
increase in softening point. |
[0005] |
Patent Reference 1: JP-A-2000-129092

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 phenolic
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



that by the addition of a specific amount of an

aromati c al dehyde in a reaction between

4, 4" - bi snet hyl bi phenyl conpound and 3 phenols, a

phenolic resin with desired property can be

obt ai ned. Therefore, it is an object of the present

invention to provide a phenolic resin having inproved
phefdAREr t hesphandirieductsan mettiod deandedseptdrereiaf . can  be

Sunmary [ 0007 According to_a first aspect e
Obq%#ﬁﬁQOV|deEh%r%ﬂ%ﬁ%4|c”?e °n F8pr@RLY cfed(%C - % BEesent
mJeQHl%w ngogeg%ahdéorﬂw@qer&cll)m [-0008] h[aFrara@ul ampkoved

HC H2C CH2 H (1 mR n 0009

c(pm:écrl@sn R1PredHChyER 0ge %ﬁhd %nf&:luﬂ‘teo té@f§| gr oup

or an aryl group, provided that each of Rls of (m+

n+ 1) my be the sane or different. R2 is an aryl
sunmgrteoyp, provided that each of Res of mmay be the

or different. And m and n are integer, provided

044t m+ nis from2 to 30, and nmnis fromb5/95 to

50/p52Q%rdi09098d 4 n fAirsecordpaspect fheéhereid s provided a

provi ded a phenolic resin ta by reactin
Ph?ﬂﬂ%ﬁﬂs?%%%ﬁé%@ﬁ?@@n5§dtﬁ%’ﬂgfﬂ3&ﬁﬂ§w{8gngﬁgﬁr%%r%ﬁfmula
1(2), a biphenyl conpound represented by the

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):

(1)



foll owi ng general fornmula (3) and an aromatic

al dehyde represented by the foll ow ng genera

formula (4): 4 [Formula 2] OH (2) ZO R [Formul a 3]

XH2C \ / CH2X (3) [Formula 4] R2 CHO (4) (wherein R1

in the formula (2) is a hydrogen and a Cl1 to C6

al kyl group or aryl group; X in the formula (3) is a

en; an OH group or an OCH3 group; and R2 in the

[FOE%F§%|E] (4) is an aryl group). [0009b] In a third

aspect, there is provided a nmethod for producing the

phenolkﬁlresin as di scl osed above, characterized in

that tfheé phenols represented by the above genera

for ), the biphenyl conpound represented by

the dbove|general f@nula (3) and the aromatic

al dehy represented by the above general fornula

(4)g4are subjected to a reaction in the presence of

an acid catalyst, provided that X in the fornula (3)

is an OH group or an OCH3 group. [0009c] In a fourth

aspect, there is provided the nethod for producing
[FQﬁ%Elﬁhéﬁolic resin as disclosed above, 4a

XH,C \__ / \“ / CH, X (3

[Formula 4]

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



characterized in that the phenols represented by the
above general formula (2), the biphenyl conpound
represented by the above general formula (3) and the
aromati c al dehyde represented by the above genera
formula (4) are subjected to a reaction in the
presence of water, provided that X in the fornula
cha£§été§1ﬁaﬁai@geﬁat[@Q@9@henbmsarkpﬁeheaspécby tther gbove

rovided a curi gent. fo
seneombr FSFRGLE nd Sphentls ooT AP hs COHFEa hecd abova oS P
the[GQaQQQ@ gbRefaBi Xrmagpect3) t hede tle prowhdsdcamldehyde
OXy resin _composition contai he ur age
rePF%?e%ﬁﬁ%pBthP85|%ngoﬁﬁrls%ng trggéheﬁgﬁléh325|n {i?ted
to dl&@b@&@dnabﬁvabeamde&@ncep@xy‘mxgﬁq1 qnyﬂyﬂgp thatg X in

seventh a ect ere, provi ded an e '

. ] poxy resin
ecE?Eﬁugﬁbéf e ob A eglby curing the epoxy resin

[OOOQﬂpOSItlon as di scl osed above. [0009g] 1In an eighth

gf%‘e dé e 5 BEQV' ded.a sem ?QBGMé@fa demiier; agent

y sea ng a sem conductor el enent. by usin
Fort hanepewxyesrfﬁSGGrrp@Q’mPFéﬁl%% dFsg| oBREPabbve. T°3HT 2F

dlsEQP % D addition, the present disclosure also
3 0 a phenolic resin obtained by reacting
EOOpﬁemoIs represented by the follow ng general formula

Z%P béPQ@@y5s%%EEOUﬁﬂmnﬁﬁpiﬁsgmbeddby talwe epoxy resin
comp051gﬁgggc%igggglngoiggl%uglng ageﬁ% for an epoxy resin
comprising the phenolic resin as disclosed above, and an
epoxy resin.

[0008f£]

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



aromati c al dehyde 4b represented by the foll ow ng
general fornmula (4) [0011l] [Formula 2] OH (2) R
[Formula 3] XH2C CH2X (3) [Fornula 4] R? CHO (4)
[0012] Wherein RL in the fornula (2) is a hydrogen
and a C1 to C6 alkyl group-or an aryl group; Xin
_ the formula (3) is a halogen, an OH group or an OCH3
- repX¥ufiredans RRel Fdihewfiommgleactd)l formmia af4). group.
' The above phenolic resin can be obtained by
. [00Bubj ecting to a-reaction preferably in a nmolar ratio
~of the total of the biphenyl conpound and the
[Fogmglfatdlc al dehyde relative to the phenol of from
0.10 to 0.60, and in a ratio of the aromatic
aldehngg%/ t he bi phenyl conpound (reaction nol ar
ratio)jof from 5/95 to 50/50. [0013] In the above
¥oR, in the case where X in the formula 5 (3)
group or ap)CCH3 group, it can be carried
he presence of an acid catalyst, and in the

v’é}e Xinthe formula (3) is a halogen, it can

caig
be*carried out in

[Formula 3]

[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



the presence of water. [0014] The present disclosure
also relates to a curing agent for an epoxy resin
conmposed of the above phenolic resin, and an epoxy
resin conposition containing the above phenolic
resin and an epoxy resin, and still nore an epoxy

Iesisn aoured Shgt anees PbbH @ cur ANe. SAB, iy on
.( ANVANTAGES. C TRE | AT o\fq[e%o% Keodti Ny 23 the ou°
10 reSe M SSRPERt 9N, 21t HEHe! caa-aders thr owicdeich atkr}hemam Cwhere

H@SiRhaWw 0 of t.eni I Nt d._lownelt . ,
K Feeost o T o oar B Pgets Rl hmrerpipd out in
thgaPressnee nelersater coat i ng material, a lam nating
ropggerial  or the like. Such a phenolic resin is

particularly useful as a curing agent for epoxy

resthe pndsenttHleéseaseurbentsbl rel§td8€8of 4 curing agent

em _conductor sealing, it is capable of formng an

fo%p&?y TREEIh toRposiOMBASRaAviGy Hev ABPYevindeosilty, resin,

anflashn CWbbhg p&%@@htyCdmﬁH&ﬁﬁﬁ%.aQ%Q&gg%gngrogﬁﬁ}yébove
hi gh. adhesion property, low elastic nD_qu at  hi gh
PReRMPET af &t &7 ad @Rcebbant rebame retlasdandemoBESEn epoxy

MENT R . HE | NVENTI.ON [0016] In
reff%%e”nm e L%ggiagér%e%%’ggé%édg%yc%ﬁle“%b‘b% &r al
formula (1), RL is a hydrogen and a C1 to C6 al kyl

roup, an et hyl
20 B B SRETRVENSAAR an [ 2opropyl oroup. a
[O(i3jut yl group, an isobutyl group, a t-butyl group, a
According to the present invention, there can be
provided a phenoclic resin having low softening point and
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,



n- pentyl,an isoanyl group, a t-anyl group, a n-hexyl
group or the like; or an aryl group, for exanple, a
phenyl group, a p-tolyl group or the like, provided
that each of Rs of (m+ n + 1) may be the sane or
different. In particular, one in which all of R's
are hydrogens is preferabl e because raw naterials are

| ow. cost, and shOM/an excel | ent perfornmance as a
a mebhyil n@r%‘@%ntal? Gith YalngéBBRy "fléélFﬁfOHYlJr d8aiPr oH? ippPEoPyl

o RIEEPETE TR X APOr G B o Brod Bod ol hat ken 2

—n&frResqaf a 1 ent
pe;gﬁ% & lg&%ﬁ%%y grou%,ﬁga?gls#&gﬁ%u%, aﬁﬁg%lﬁﬁoup .

the gnmep,oraalba@berg/io@ Ofpr edfarigle: | & keehyligielupdes p-andy:
- in particular, one having a phenyl qroup IS
groyw efrethabl Bikdn reddiidesh thit aapherlRe ¢lsim+ n + 1) may
r epr esent ed b¥ t he above general fornmula (1) , and
be tﬁlealsémﬁnf’ég‘é% f%Felitor ﬂnaﬁgaértl%arnoaeyl%émch all of
re of two havi different. valu

R's aFe h% Jz’ﬁ%e“% lﬁ r? ¢ esra rea SSRUGE %gr% mET RS £y 10w

cost%n%nﬁaghBQ 2 QVEL UL,V alher PfnAck BSOS éﬁf’fﬂo% %;]%nt for

0, preferable from2 to 15 is preferable

n dpleokkeinesi h repiesent ed by phenab@&ermrx@presented
formula (1) can be obtained by reacting phenol s

by thepaleeﬂsmtmebﬁili ermfidkl b nRgenearakriér godep { Provaded
: bi phenyl conpound represented by the following -
thafgéﬁ@ha@f ROFrRIT & 118y Bdhan sarenaf i tdirdenydefor example,

a pheﬁﬁi%}‘}%%lezg? %lé/qgﬁﬁffsu}b?l\éw( Jggplgtel'rl]ﬁ grof.lgt e p](181)1y1 group
or the like is included, and in particular, one having 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 from 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]



R _. [Formula 6] XH2C CH2X (3) [Forrmula 7] R? CHO
(4) [0019] RL and R2 in the above fornulae (2) and
(4) are the sane as Rl and R2 in the above fornul a
(1) , and X in the above formula (3) is a hal ogen,
an OH group or an OCH3 group. In general, by the
reaction of (2), (3) and (4), there are generated not
only a phenolic resin represented by the genera
formulgg(1l), but also phenolic resins corresponding

~to thoge having m= 0 or n = 0 in the genera
f or ng 1) , therefore, in the case where a
phe resin corr@ponding to the general formila
(1) desired to be obtained, they may be renoved

the reaction products. However, -even when the
above reaction product (a phenolic resin), which
cont ai ns phenolic resins corresponding to those
[Fo [ éﬂn1= O or n=20in the general fornula (1), is
used as it is as a curing agent for an epoxy resin,
an epoxy resin conposition having desired ,
perf or obtai ned, 8 therefore, the above
‘ : Qs Xr equi r €Y usual ly. [0020] As
ent ¢d by the general fornmula (2), there
are included specifically phenol; o-, m, or
‘p-cresol, ethyl phenol, n-propyl phenol,
i sopr opyphenol, t-butyl phenol, t-anyl phenol,
[Forimhexyljphenol , phenyl phenol, and the like. In
particul ar, phenol is a suitable raw nmaterial.

R%- CHO @

[0019]

R' and R* in the above fornmlae {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,



[0021] In addition, in a biphenyl conpound

represented by the general fornmula (3), Xis a-
“hal ogen, for exanple, a chlorine, a bromne, an

I odi ne; an OH group or an OCH3 group, and

specifically, .4,4"-bi schl oronet hyl bi phenyl ,

4, 4" - bi sbrononet hyl bi phenyl

.therz}é_é%%%qul %W%%ﬁ%ggﬁg%ﬁ’rétion is nét required usually.

{00?@ ' - bi snet hoxynet hyl bi phenyl ; or the like is
exenplified. [0022] Still nore, as an aronmatic

al dehyle Jieprepented: by bihechgenslalalf espbhda (A), there
there is included specifically benzal dehyde,

arep-iotualadehydecinaphl hyl abdehyte, o-hi phepylat deghydesol,
- or the like. It is particularly preferable to use

ethpbpbeardehyderrfRpRglenaly t hECPEARYPIAT D thdwhdwdienol,
2),. (3). and (4), in order  to obtain a enoli ¢,
c-ab Gk A TSRS ot e Herghe 3RH Do cbHFent 10
e curi e y resin, it
parP b PR S i e LB R, Ll
[oos@jio of the total of the biphenyl conpound and the
aromati c al dehyde relative to the phenol of from
0.10 4ddixi6H, prefeebdipherfrlomon®obhdt pePrdfeniamd b tae
ratio of the aromatic al dehyde / the 9 biphenyl '
genepapotrdlieedSt i- o h®| arha heye), gforf pEATBLOL @ ghlorine,

50/ 50, preferably from 10/90 to 55/45. The above
2 DIURERE orit arP B e ic &y iBd SR RatCTa Fefher H1PE 0RT om

 aoaBRHLER 0, 1606 Lan o AR ghtgn0 houS, 1T

- 4,4th@igggghawggﬁ§jﬁﬂﬂ%éﬂyq;fornula (3) is an OH group
4,4" ~bisiodomethylbipﬁenyl, 4 P —'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 obtain a pher_lolic resin having suitable molecular weight and
excellent perfomance__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 phénol of from 0.10 to 01.60, preferably from

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



or an OCH3 group, the reaction is necessary to be

carried out in the presence of an acid catal yst, and
- in-the case where X in the fornmula (3) is hal ogen,

the reaction can be initiated in the presence of

trace amount of water, and in addition, the reaction

can be progressed by a hydrogen halide generating, by

._the reaction 0024]. [ at al ‘

oiolde’ FRnEa e el Tob i o giin 5085 %o,
prefS  ANQSANQKI & @ed@l, tsuEEpIEC aphd, sHLBYEr 06BEBI b€ can be

aci d; "an organic acid such as oxalic acid, benzene
carsitd enkcane dembelrueneesut flonircalacht,60rebhabe®C for from

sul fonic acid, fuluoronethane sulfonic acid; and a
abor iledel 1 Crafurs ,cdrakpst preseiraPrzrhseehborf decatalyst.

stannic chloride, ferric, chloride, ,diﬁgpyl sul fate
The iy héluseRl CRTHAETS ff EBnbidtaidiial 43¢ his BREF droup

wh a_ph [, i n.of ' ' d
or JH5. PURIOL 0 o 8 GRELLERprofust Jpatsatons

in - SR HQY oL rSgdl LBgq ~RFEEseBEe Mg agl ke e whdre X

= not pre%gggbﬁg;%?hg?efo?e, uge of hydrochloric acid

in @se thenmcild (gat alsystibgepr et beabtast because bayidiadganed
hal i d&é can be renoved easily froma condensati on

in tleaptreeanmd xtlrteragr@motaueédigrasssand, 1poadditiqy the
renovi ng unreacted raw materials (for exanple, .

reaghpISf, PerRBeer 8RS BY grbdu it _I(szérl éaiﬁﬁ?eg T ogen oY

th hal i des or nethanol) the catalyst (for exanple, : '

e hytoctioric acid) or the like from 10 a

[Ooggpdensation reacti on m xture obtained by the above
condensati on reaction, under reduced pressure, a

phenahi £cirEsbRalyalti €hat a beastddoin prredabbyecandidon,

separated. In such a -
an inorganic .acid such as phosphoric acid, sulfuric acid,
hydrochloric acid; an organic acid-such as oxalic acid, benzé;ne
-sulfonic écic_i, toluene sulfonic acid, methane sulfonic acid, -
fuluorcmethane sulfonic acid; and a _Friede’l—Crafts c'atally'st
such 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 :



reaction product, as described above, phenolic resins
corresponding to those having m= 0 or n = 0 in the
general formula (1) are included, as well as a
phenolic resin represented by the general formula
(1). By removing a part of or all parts of the
phenolic resins corresponding to.those having m= 0

0] h | . f I h
Sl D e AT L LS () 90 SHED
h
cont SRLESENL Ut e e AL LULRsSh), S B rpen

whiks iQeaag%%%tw%%ﬁﬁﬁﬂadyﬂxﬂﬁén hS YsEEr@sed! I such a
desired performance can be shown as a curing agent

reafotoran wpedoct,esias  ddwenefore, dthersgboydcopédati pasins
for enhancing purity is not wusually required. As for

co rm@g@i@m@ﬁqaaomvmcsm@h OaPl”rﬁlee%l inﬁﬂ@w@em%raie@ﬁmula
accordlng t o char rati o of wmterials, in_th
ﬁ?‘er%ﬂc | é‘s( %’Fl&héﬁe i 8P 8‘6‘? HRe e TRRFERGA=C "oy

\ rat m 5 )
ene S OEC LA B, T A0 0l TP 0,0 B o
the %M@Lé’aﬂé&r&f dBr'r%sEBﬁ@l%gc}@ot Shode haPigf %’( abbyor n
fromO0.2 to 1.2; average value of nis from0.7 to _

= 0 S.r0ther gfeﬁéabﬂyféfx@ma i1)t,0 2 saver agesadl e efotutt,
nis froml.1lto 7.0, preferablyfroml.lto 5.0; :
purbind cdvehagheralie refimreraascaged/ay idcofeneisl ifpraula
: ranigyof from5/95 to 50/50, preferablg from 10/ 90
) C8RAT BOCTERSddi VRV SHRP Hhen SRRl G shchich

is éget §Pp er%acg{fqrphlga%c?? 00 r:[Pasfisch)f e{ﬁiefpl Xsf r %@51red

ecause abové
per§%r§éé Q‘%n B@egﬁé%ﬁrhé*'r&dgﬁr&ﬁgu&?&l’@rﬁ%ﬁsﬁfﬁe@pm Ghsin,

is carried out in order to renove unreacted raw
therat@rd al shangdbbhe bpkeatibohh&cabeweaneeagt parity is not

product, is usually carried out at a tenperature of
usualllﬁqtmlulr@c’or Bisgher atered30@nHnsifienchhnguandg mized

sol idifying the
phenolic resin, according to charglng ratio of raw materials,

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



reaction product in a nelt state obtained by said
operation as it is, isolation as an anorphous solid
havi ng a softening point- (JI'S K2207) of from about

50 to 80C can be possible. [0026] A phenolic resin,
whi ch is the above reaction product obtained in this"
way, generally has excellent transparency, |low nelt

[ nol
o Loy S S Lo LR g e
rea&%.dﬁsggoéﬁcé J,qpl dfn@ﬂt SRl eLi @boa MRS Byssﬁc!f‘%t%{e%at?on as

coati grraerla a amnatlng materlal

it ikt i@l@fﬂdmﬁbaﬁﬁ WrdSefhdh f @bladainiing aagefterfioig point
" epoxy resin, and in the case where it is used as a .
(TIC WAy ) a@énﬁrom epony SPesin3BaEedaserd corriudtior-
sealing materials, it is capable of prOV|d|ng an
[09%&%oxy resin conposition having fast curing property,

| | t b
P Ut B MG ohper dPaPREVRI BReahed) BRoduct
obtaqrn%[eieiﬁ%hl%r\ga§xﬁ:@ne%l yj gaE é)%eq_rl%%@cl%ar[%dncy%low

an epoxy resimt can e used with the above

- mel PRERAHsG £y 881 8 holdhegabenpeepoxye resjivrc amposktedhent
there is i ncluded; for exanple, an epoxy resin -

prodesps img pmf@rmammee epeyredraups it rrarabenlsesube,a fﬂ@ﬂ»dlng
exanpl e, gl yci dyl ether-type epoxy resin such as a

mate’dﬂ@}iherﬁ’@lrlﬁéﬂtsyﬁéné]&éﬁy PesFeRt HDimFedar - Fat yp@inating

et SRR LTS e oSy S A YRSy SR B 5, Barina
agenetp%& fg%&gpgglsgﬁenghal ghyhar éEL%'wﬁé/zR? LEAXYised as a

resin, af ed substance of an aralkyl resin

curibayi Bgenii)” ¥ eré@acb@ﬁdlr%lﬁ—p&mcbys@hgmdth kekling
or the |ike; di cycl opent adi ene-type epoxy resin, a

mat ediitajidy, oxiynapd:ﬁgmblemeftgp@vegmxy aresPIRY gesin Composlticn
triphenol nmet hane-type
having fast curing property, as well as low moisture absorbing

, property, low elastlc modulus 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 rt'he abocve epoxy resin eompositj_on, 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 pheﬁolbipehylaralkyl—type
epoxy resin, an eporidated 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



12 epoxy resin or the like; a glycidyl ester-type
epoxy resin; and a glycidylam ne-type epoxy resin.
These epoxy resins may be wused alone or in
conbi nation. In consideration of hunidity
resi stance, |ow elastic nodulus at high tenperature,
flame Tretardance or the like, it is preferable to
'epo?%e@i%f ikfunci i onal ‘ﬁ%@?d?@'%éﬁ' eNavh Hg HEBAY:; and
romatic rings seTec?e from a-two-functional epoxy
a gl@sidyisdeReasyaebepphgnetsih-t ypesepexpxiyesbnina may be
bi phenyl -type epoxy resin; a '
usegphenoleiogrhény bamali kytibype Bpoxgnaigsivatigndognhumidity
epoxi dated substance of _an aral kyl resin having,
resigiafiene Ioonai-agi6r Redulyy pheRdt: TRIBMIFGIUSy (HE™e
l.i ke. [002 n.curing.of an_._epoxy resin, it is
r etﬁ%@%ﬁ’l%ﬁ%g hr%gea %gr FhgPTac gg_%éir/%t%c} T @
mulé&%ﬂﬁé%ﬁ&ﬂ%ﬂht?ées%ﬁgx9 CUELAOLAGERY GRA1P ar dha thROWA ngs
curing accelerator to cure an epoxy resin with a
seldhenolr rohes itRrPaseR taWhang «pgert radim bactised,a atdphencl
. exanple, there is-included a tertiary amne, a
| F-typRtegadr Yeammpniauimiphknyl -itygaz ebesy aresin: a
tetraphenyl borate thereof, an organi c phosphine
pheroHprRydad 2bévaré YPRe PROKY &RE1E7 gt dhaiRrxidated

cun TRl U 220 ) DS hesgh IR P IS Womea
oy B R A Re S, AT tri e |
[oof@lj met hyl am nomet hyl ) phenol, ' |

1, 8-di azabi cycl o( 5, 4, 0) undecene-7; an im dazol'e such

asin 2unkhdplfian dazelye;eim, dicrmet py¢fendalazobe,use a curing

2-et hyl -4-nmet hyl i m dazol e, 2-phenylim dazol e, -
accolprrsy Aa inafigazol B8 ARCBr gami it phasptilsgator,. a
kno‘t%i?i. Ou:?ﬂdgpagggﬁﬁz%é}:tog:l Egec?%g_'gha?ﬁpe@o@{%’ resin with a phenol
resin-based curing agent- can be used, and for example, there
is included a tertiary afnine, a guaternary ammonium salt,
imdazcles é’nd 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
aminé such aé triethylamine, t-riethylenediamine,
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—metﬁylimidazole, 2—-phenylimidazole, |
2—phehyl—ﬁl—methylimidazole; an organic phosphine compound such
as friphenylphosphine, tributylphoéphine,
tri(p-methylphenyl) phosphihe, tri (nonyiphenyl}phosphine;

tetraphenylphosphonium tetraphenylborate,

13



tri (p-methyl phenyl ) phosphi ne, o

tri (nonyl phenyl ) phosphi ne; tetraphenyl phosphoni um
‘tetraphenyl borate, 13 tetraphenyl phosphoni um
tetranaphthoic acid borate or the Iike. Anong these,
in view of | ow water absorption property or -
reliability, an organic phosphene conpound, or a

uat er nar hosphani.um quat.ernary_borate.is_ :
tetieBesvdBrBsrBoROT 3 AN oty o 68 Fh Tabipds PR
Amonmc tthlggepr %ﬁe{?%e%ngﬁn b\gnwiat@g L0985 Hdn fﬁ]:lﬁp%rrﬁr_yaor
_ é%uleng agent, "a nold releasing adent, "a Colorant,
rel@dihang, r §5%9@thcapﬁb§?§ih@t abEein@UXId imaljhatarnary
| ow stifess agent or the Iike may be used, if
phodmeessar ynabyrhhey addateonsopreactdhlon i n advance.
In addition, other curing agents may be used in
[0CZdnbi nation. As an exanple of such other curing
agents, there are.included.a.phenol.novol ac .resin
 pREAGI & SHGY FESTR, C%mlﬁ‘ﬁ%ﬁgi“g? pﬂ?gﬁwaﬁfaﬁeyﬂt FeSFR R
.phenol t-hyl ar al LNag@nharhi bok aral dod: Jeshdnt ,
aﬁJgorggFgﬁgﬁgﬂﬁggh%hé¥F€%gH%o%%€%€'E%s?n an thé'ffkg.
a cd10Q30t, An:idg case mhene theiabeveeepexynt esidiliary, a
conposition is used for sem conductor sealing, the
- low atldebboageit an: iher dafiecmé iyl berusdds éSseatésaryls banthe
exanpl e of such an inorganic filler, there is . )
additicihuded rarstgiiousisiddeaicer ysﬁfhlalq%lﬁ'llri @&her curing
alum na, glass, calcjumsilicate /PSU cal ¢ci um
agentF Bkdie ISraghBsTTE R eat 9o ¢ Sp?n%yﬁ%éﬁpﬁl%aﬁe ) other
cur 3 syl T %]El%r%r d.e j{d Gy 10 o PAT GMhAL: resin, a
Ao Phous ‘sitica, crystalline silica or the like 1Is
phefyiefienabhe. Jdviaddi thonpnidndipiphehorabhexyd usesan, a
spherical filler having wi de size distribution, so
phem@slizphenghkeadlkgdestresin, a naphtholaralkyl resin, a

tfon,

. triphenolmethane-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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packing, in order to increase conpoundi ng anmount of
‘the filler while nmaintaining excellent noldability.
[0031] As an exanple of the coupling agent, there is
exenplified 14 a silane coupling agent such as a
mer capt osi | ane-type, a. . vinylsilane-type, an
- amnosilane-type or an epoxysilane-type, or a
. titaniumtype agent: as_an exanple of a, nol
» perll T T OB nauel B B Fe P Radenerems . 2
- i, OR [ ' l ef.i ' : _
T BT oroup o CERe T T Re et as e Cal Gogap eneEvpe,
or aCarhan Bh-ackOagthe; bk c ASmale exapbed ek18akl B gent,
retardant, there is included a hal ogenated epoxy
carp@ghan, vax, halaogerf iconpoundstaaphosphbdusmoofrpoond ecid,
the like; and in addition, as an exanple of a flane
PolyetefHamiaaliaving v casbrimdity 9TPEPoRT dehorlitfe Binkeas a

cordFylciaty 05 20 Searple o {hS. ok Siessy 09 one
e BUa ErenEybbey R0 51 bhsosensils ophl LikEs, o

hal e otditod@sd N Of phderiiese donpdiMRNtHIrORhaNd 138 ; €RAYY in

resin, in consideration of heat resistance,
addeicdranecan ehamad teri stiilesnoretheddnkepxédiizval entimony
_ratio of a hydroxide ro%f / an epoxy group is :
trignidepadiie Lhked s G f r & D0 5XeEPAe 5 the low stress
articular, from0.8 to 1.2. In_.,addition, even.in, _,
agefie. BaLathPocanta JERTGHLoE nBi Ear? ngueh s TooELed
butdFfidi ﬁ:%gggre rﬁMffe%%Yﬂ S?Be rOa_LtlI c9¥ (Efne_ai 'n%edig)ﬁ_'n%%.uded.
group/ an” €pbxy group 1s sét soas to be the above
[003&atio. It is preferable that a curing accelerator is:

used in a range of from0.1 to 5 parts by weight
r Alatfovesdnpd0liipay tst by ofedypheabli besgpoxyf the present

invention and an epoxy resin, in consideration of heat
reéistance, 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 curihg characteristics or various
properties. Still ﬁore, 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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resin, in consideration of curing characteristics or
various properties. Still nore, in an epoxy resin
conposition for sem conductor sealing, it is
preferable that an inorganic filler is conpounded so
as to occupy a ratio of from60 to 93% by weight in
total conposition, in consideration of soldering heat
resi stance, nnldabilit§_ nmelt viscosit yi di

f )
POPGR LYY 1 bSE WIS AGSEFPY L ToRERBEErY afbfs%?ﬁ 1okS. ‘Htnougn
: LLy. qn Like ough fer
tv BLEBEEN A SreE atetea s Mt a7 e Eh0-Brbbha) S
[ooazgeneral nethod in the case of preparation of an

epoxy resin conposition as a nolding material, there

| sAenggstedad meehdddf ehesubbe cifepikbyantxi vy aeh @foxy

raw materials in predeternmned ratio, for exanple,
respp gomprettiamors Hemadding md@m@qlngthﬁ@at reninpjuded a

_ a heated roll_or a kneader-or the |ike, and
metEPFil If%réuﬁl%%ﬁl%ﬁ IS i BRFR c&di ofv f 81|aF“-8%éalS in

preggtcé%%pleggrat i Cf'heoi t%g«{lalen Si' Z€ ?ng rﬁabl et ?gh aé ing

necessary, ng ma eflap al ne

kne'aﬂj_ht}' Br¥RYnSAN e ised af 9%3%@@' ot aals QM GARLHEt OF . the
: for éxanple, by transfér nolding at.|low pressure to

11kﬁanuﬁacEﬂtblam&&nwgomﬂmﬁhﬁmgdﬁyie£d16UEnlgt1@ﬁ afiollowed
epoxy resin conp03|t|on can be carried out at a

by ¢eppeing (ioea swigdlef siteoraelampllet faloma 00t REESIT Y,
EXAVPLES [0034] [Exanple 1£ Into a four-neck flask.

or thfilpEed w fnﬁlglagm@a&g fedReddm FhS Mewerapkerused
582.6.9 (6.20. nDI phenol nol e

forogéigﬂgg&aéﬁF1 % PEFp eny?xanéﬂig rfﬁsfﬁrﬁ%?g%lng

at low pressure to manufacture a semiconductor device. Curing

of an epoxy resin composition can be carried out at a temperature

range 0of, for example, from 100 te 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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of benzal dehyde were charged, and tenperature was
raised and the inside of the system becane a slurry
state at 70C and an uniformy dissolved state at 78C
to start generation of HCl. The system was

mai ntai ned at 80C for 3 hours, and still nore
subjected to heat treatnent at 150C for 1jour. HCL
generating from a reaction was vaporized outside as

4, 411idichloran@thiapaetenyl abkal inavatrdehividiet hi snst age, was
there was no residue of unreacted 16

confli #edliwdhhogesethydhi pberapbharnthaienhaydedyde; Llangact ed.
was confirmed with gas chronmat ography that they were

After |compdetdan off tee Jé%@@ule?rmrwofsubaécicéaatt% Sygem to
t t

reafHPl BELLRA LS oY SRl aa Lo Rt TEetprran it ehe

syst&oyed t.[tf:ﬁi'e?f e9<ft the Syt e @gsﬂzéﬁat 89 48+ ing the

syst em unde reduce pressure finally dowi to 30 torr

sys@dm Lb@er ré@&té’d@irdﬂé@&@ fheeane dwain detertredragmy 150°C,
nore with gas chromatography. This reaction product

reswhsa dr pivenolt hbechkme nedht adetigrad B59C, mooeyiwlich gas
594.0 g of a pale brown-yellow sh transparent

chr?lwmﬁpmur bi'dtty EBSEPBYPEPFITEI Wﬁ?a@réml out while

LG R e A 0 g
1
tralﬁ%gé%rﬁ? Wﬂ:ﬁoﬁtsc@ﬁﬁﬂ:{l % éQ&e&E@ﬁ}ﬂéﬁys%Iﬂz@hon

vi sconeter, was 1 mPas. St
pheB6L ¥ atditn armunt of a hydroxyl group, neasured by an
acetylation back titration nethod, was 208 g/eq.
{00BBD36] A chart obtained by nol ecul ar wei ght
measurenent on the phenolic resin (1) by an FD-MS

rre%‘h@é?mﬁ}ﬂ E@FHE &aﬁ@ 2De" Hi 5%207 (o th:¥s 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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resol ution mass detector manufactured by JEOL Ltd.,
is shown in FIG 1. In addition, the phenolic resin
(1) was dissolved into deuterated dinethyl sulfoxide
to carry out 13C-NVMR neasurenent. A usual 13C NWR
spectrumi-s shown in FIG 2. In addition, anong DEPT
nmet hods, which are capable of specifying kind of
car bon-atom groups, a spectrum of DEPT135 and a
13C - ctatima of fDEREGN are each shown in FIG 3(a) and
in FIG 3(b), as well as a spectrumof FIG 2 was
shomeraitss |ﬁNEPEEAQ@@)Suwﬁrﬁﬁkéuc%bﬁbéqk§ﬁﬁ-é@@ﬁéﬁtusr
InC|dent|aIIy neas rement conditions of 17 '3C NWR
garatus JNM ECA400
S d [ BU- apparatus, manufactured b
Jéﬁﬁﬁ%gg.%%ugﬁgUs nggghred 13C Measurenent nethgd
Usiial-retdaed: nBrelen conpl ete decoupling nmet hod DEPT
met hod: DEPT90 and DEPT135 Pul se wi dth: Carbon 90
pullseallfiemhctoseeconds (abpeevatdermowlde)g mRrtdicon 90
pul se: 11 m croseconds (irradiation side)
Nb@@@?eﬁ@ﬁboﬁenﬁgPﬁﬁgrénd4@E?T©@%7] A peak at the

VICInIt from35 to 55 ppmin FIG 2 is one
%%45% "an aliphatic structure, and a peak at

th%ar‘ﬂo%' Bl el SLLOT LD L8 106,80 bise SR IR] Ui

froman unsat trated s;ructure. tion

3, FERRG @@Wagg 1peaks1i fﬂl@E_BEé@éndsa PegkdNotion sa.de)

appearing in PT90 i s derived fron1a nmet hyl group;

a Mvmwenckrie e ripe RERFE3S 40SCderi ved from a

met hyl ene grou
[0037] y g P

marn

A peak at the- vicinity of from 35 to 55 ppm in FIG. 2 is
one derived from an aliphatic structure, and a peak at the
vicinity of from 115 to 156 ppm is one derived from an unsaturated
structure. Inaddition, in FIG. 3, among upward peaks in DEPT135',l
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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an upward peak in DEPT90 is derived froma nethine
group; and anong usual spectra, one not. appearing in
any of upward and downward in DEPT135 is one derived
-froma quaternary carbon. FIG 2 and FIG 3 provided
anal ysis result supporting strongly a chem ca
structure represented by FIG 1, in such a way that
the phenolic resin (1) has no nmethyl groups present,
[00Bg]is conposed of a nethylene group, nethine group
and a quaternary carbon; a quaternary carbon is not
obSer wed iaglzan fdkidphdtricon tegsensamdcitra$ qoafgsmar ynd
carbon having an unsaturated structure;, and a

molﬁ@%%éf@quo@&a.@ éasléli@edlorﬁ?gﬁmn lalnthﬁuw%lc resin
] 2%%%%]8 BB TR PSR, Wl
andS{e%gféuaﬁlh |n ﬁieg e%cq}ne&exemgytw@%%é 44%) rith

I'tTc resin

m—llihdIma1ge@@kﬁ@nkﬁrmmbae&diaeamaﬁﬁﬁpmdooombumﬁﬁge@md11 1;
and there are included a polyner (nolecul ar wei ght

a psﬂgmemjtmplanﬂlaﬂuWaight @2@dlwﬁﬁh (bl endl @2 wed gitlymer
730) with m=2 and n=1,; | ymer %nnlecular wei ght

moé%)llwmﬂrabf éﬁ@zh—@lﬂh%@ 9ﬁ€rn” 61 BELVBREIwWETgHcular
nd n=2;. .a polyner t

wet §B0 R0 LT R E50 e RE B (Bl Eetil vrbEbRL27)
274 t - u -

wlt%S%S% %ﬁ?ﬁyﬁgz%lgﬁgy%é% ggg%gxﬁ%asgggbﬁgugggg rrersml

andC@£49$ﬂ9m@lﬂ9abovﬁfﬂoﬁ@KboIWmeﬁs(ﬁoﬂﬂﬁédeMMH@Cubam*O and
wei ght 366, 638, 910, 1182, 1455), and n=0 and m= 1

n =dr owoner¢ noldegiuderwee ghitt 2765, 458) . 910039182, E4akpl eand

2] By carrying out in the same manner__as in Exanple
n= Olangx’@e‘ptl or more (molecular weight 276, 458).

[0039]
[Example 2]

By carrying out in the same manner as in Example 1, except
tha’.c charging amount of phenol was 624.2 g (6.64 moles), charging
amount 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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t hat chargi ng anount of phenol was 624.2 g (6.64

nol es) , charging anount of

4, 4" -di chl oronet hyl bi phenyl was 350.0 g (1.39 nol es)
and chargi ng anount of benzal dehyde was 63.3 g (0.60
nole) , 598.3 g of a pale brown-yell ow sh
transparent (w thout turbidity caused by
crystallization) phenolic resin (2) was obtained.

tha@Q%b%@Eﬂgd%ﬂmm;oP@ﬁ@ﬂmﬂﬁwéé%G&ZBQﬂ{70®4hhﬂ%s@b&ﬂﬁh@@ng
resin (2) was 79C. In addition, melt viscosity at
amoldb0Qf Apasudechl awdhedny liCiphety] wascohiet@g, (WasS IR0 es)
mPas. Still nore, equivalent anount of a qurox I
And GGu DAETSIREdo bipean A Aeeriicar b 1hack (31 19 Boigh, 5920
, t hod s 191 g/eq. .[0040 Examl e, 3]..By_.carryi.ng . :
T Gui O RE er e THRARETE 2 e CRp ey
t ' t..of #Hgggy-émy% 1..5y0,6%. ;
Cau%?e@?@%ﬁ%&ﬁ%ﬁzﬂoﬁ%u e 1 L6 (5) wké- BAtained.
4, 4o rei el pponet hWiaahenyltavas2840.dF ¢hid pBenatliesesin

and chargi ng anount of benzal dehyde was 61.5 g (0.58
(3) meke)76°069210 agdotien pahel broiwwrasldyowitsh50°C, measured
o transparent-{mﬁthout turbidity caused by .
withr gy o1G3 ZBeHony i5RERGIRE 1 o83t £9) Wad Bbt aiffed! more.
- Softenin oi nt, sed on JI S K2207, of this phenolic
caupgal e ( JFTUAL 768 Fn QUAECESh. Ao TeeHEy Sy © an
ace%ggawgioﬂ?x??éﬁ{ ad: + M b 2Md Ghodel o igmoppler, was 100

as. Sti nore, equival ent anount of "a hydroxyl
[oogroup, measured by an acetylation back titration

nmet hod, was 201 g/eq. [0041] [Exanple 4] By carrying
[Exemplendi he sane manner as in Exanple 1, except that

chargi ng amount of phenol was 641.5 g, (6.82 noles) ,

Chgygcpah'@ylng out in the same manner as in Example 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 crystallization) phenolic 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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anmount of 4, 4'-dichl oronet hyl bi phenyl was 370.0 g
(1.47 noles) and charging anount of benzal dehyde was
17.4 g (0.16 nole) , 535. 1 g of a pale
brown-yel | ow sh transparent (w thout turbidity
caused by crystallization) phenolic resin (4) was
obt ai ned. Softening point, based on JI S K2207, of
this phenolic resin (4) was 71C. In addition, nelt
g ofWiscpailtybabwh5QC) 1ovasur edanspbhean (Eithelit turbidity
vi sconeter, was 80 nPas. Still nore, equival ent
causamimt cofysgalydrexybngr phppokeasoeedn biblarvas obtained.

acetyl ation back titration_nmethod, was_ 198 g/ed., :
O (ﬁ?léﬂenl[ngx%‘hﬁll%! bPsBg amr Ly ey Bt OF Mlﬁeplg%lh@gﬁ%c resin
ner, , ih Exanpl.e 1, , '
o) ARSI SRPLS SRIE bt e g, Lo

witf a8, 4cdi g or eethykbiphenyls was 300.-Q.9 (349 more,

nol es) and chargi ng anmount of benzal dehyde was 54. 3
equirdI&ntblapehler , 052% 5 hy2rakyaf @rpabge measured by an
brown-yel | owm sh transparent (w thout turbidity
acetplEdEdrbpastky stidinkitiani oayhekenokbclPesifEdS5) was
obt ai ned. Softening point, based on JI S K2207, of
[C04%i s phenolic resin (5) was 73C. In addition, melt
Exagﬁ gqfity at 150C, neasured wth an ICl nelt
‘ Wstometer, was 70 nPas. Still nore, equi val ent

arpunt of, 1 ghyeE Oy kne" SiiRe ABASY 84 1Y E8Bmple 1, except
acetylation back titration nethod, was 191 g/ eq.

thaf 0043inpPeamuine 6f BYiefalrysini§oauR d N7t 4emsaee) pahrerging
- as in Exanple 1, except that chargi ng anount of
amowhternd] 4wds-202h2ogopZtBylbbbely]l warkgitng Jatbdt refte)
and Lc‘r:hglrzggilglﬂgm%ru%r{eé? )Qe?lizgl?tgg%{llyd\gagas? %g 8 gg ( (S O 909 I(f)\o eg ?)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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and chargi ng anount of benzal dehyde was 95.0 g (0.90
nmole) , 524.4 g of a pale brown-yell ow sh
transparent (without turbidity caused by .
crystallization) phenolic resin (6) was obtai ned.

Sof teni ng poi nt, based on JIS K2207, of this phenolic
resin (6) was 76C. In addition, nmelt viscosity at
150C, neasured with an ICl nelt visconmeter, was 70
nmPas. Still nore, ‘equivalent amount of a hydroxyl
gpaup, measured by an acetylation(gﬁck titration

gt hod, was 178 g/eq [0044] [Exanple 7] An epoxy

» d by general fornul a

H ( n
| 5 @ nung%r of
f €si n, NC 3000P,
MAth an equi val ent melght of an epoxy group of 272

cend St é"s?éﬁ?ﬂw@%ﬁ%”@?yﬁwExz‘ﬁp% ik ok ifrom 1 to

[0 peyEu a erat
&*ﬂu T Has HoR o) haha) Gt &) e & C nmaumay e
weight &i an SO drbufabEer 1 ard;, apterussd fycNeppon Kayaku
m xi ng, they were subjected to two-roll kneadi ng at
Co.85€d.3C fbe Bhenoliesesthenl) cdglzdchegnin clxsgirde 1o fused
yield a conposition for nolding. This conpositiaon
511%%@ nmoRBFAng as d%WQﬁRPQ§PUEéﬂﬁ@“% t renstrEr rnﬁ?ﬁ@%frator:w

??ﬂ%ﬁﬁphOSp or?lro}zphrgn%litaecs UQJ%?:re gor%goeéﬁc’ ercf3 1n alra io

shown in Table 1, ‘and after sufficient 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 absorptlon rate

Water absorption rate was measured by subj ecting 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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and then subjected to post curing at 180C for 6 hours
to yield test pieces for testing water absorption
rate, flexural nodulus, glass transition tenperature
(Tg) and flanme retardance. [0045] Properties of
these nol ding materials were neasured by the
follow ng nmethods. (1) Water absorption rate Water
absorption rate was neasured by subjecting a circul ar
[o0gdisk with a sanple shape of 50 mmdiameter x 3 nm to
wat er absorption at 85C for 168 hours under
} dtIrospteer eoofulasr el ative humidity of 85% Water
absorption rate (%9 = (increased wei ght am)ugcgJf after

t rige Rl mofeilgat W%%fmﬁaesw%ﬂat%@@? » 1DOF D AE T1°

) _El.exur u j;{exur rmgq][ Sg re g
K69 o0 GicBL AR FosH S KeOTE TR TEr SPaRRi Rg b 1T R1e
shaﬁ;@%t@@@wt afy St i With aeméégﬁlege Shang cef £80 10 lrgrp@tés

i n at nosphere of 260C for 10 mi nutes. [0047] (3)
ooﬁ]ass transition tenperature (Tg) Linear expansion
~coefficient was neasured by TMA under condition of ‘a

) t@hpes dtnares ittdicgi ngnpatretofre5CTAImi nute, and Tg was
det erm ned as anlaneX|on pai nt  of thellng g
expetA oI XRBET LI R {VOAE] VAH) B RHES ebardine@der
condYe 54 "% & SRS WL 2241:6Kn6880hs s b b il fing
Tg was determined as an inflexion point of the linear expansion
coefficient.
(004871 .
(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]
[Exampie 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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10 mm and a length of 135 mm flanme 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
manner as in Exanple 7 except that the phenolic
resin (2) obtained in Exanple 2 was used instead of -

as Ll?%x%?n%ggl ¥ GIESIN bk Qgéabﬂggoli@_r@%qqp:(@} 1ob%ed in

compounding ratio was set as shown in Table 1,

Exafpdd Udtiz@nukbhar enbtvas carthedmrtol itheeseaulls a@itined
witten down together in Table 1. [0051] [Exanmple 9]
in Breaupbodit eod Eompnohding wabipregarsed as thewsaie Table
manner _23 as in ExanPIe 7 except that the phenol.ic
1, pedi AVESYabini Hedr et EXANPRET 32%allused 1 stedt tr are

sin .(1) tained in Exanple 1, and

.the phenolic r
wrl%Eﬁ%o?ﬁ%ﬁrﬁf%%ﬁﬁ%f\&ﬂsT kie%lsl‘shovm in Table 1, and
[op€yal uation thereof was carried out. The results are

witten down together in Table 1. [0052] [Exanple
[Ex3fp1A Tonposition for nolding was prepared in the

same manner as in Exanple 7 except that the phenolic

r edi epnppsidhitai fied meldiEans e piepasedsiad thestend rofnner
-~ the phenolic resin (1) obtained _in Exanple 1, and )
as Eofoimtieng PHFIRC VS s S SaBNERBIAC| TP bl (@) PPtapged in
Exaxenﬁille ug thlraosn utsg%r ?qu.fst\é\%é 89 r’H}g dpl'?eurgdl i-lc_:hq:ers?%m{&? c%’gained
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.
[0053]
‘[Example 11]

A composition for molding was prepared in the same manner
‘as in Example 7 except that the phenclic resin (5) obtained in
Example 5 was used instead of the phenolic resin (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 1n Example 7 except that a phenolibiphenylaralkyl resin
(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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witten down together in Table 1. [0053] [Exanple
11] A conposition for nolding was prepared in the
same manner as in Exanple 7 except that the phenolic
resin (5) obtained in Exanple 5 was used instead of
the phenolic resin (1) obtained in Exanple 1, and
conpounding ratio was set as shown in Table 1, and
eval uati on thereof was carried out. The results are
of theipheno doywrasaget herobte itadd enlex4d b4l akdrpapauhdeng
Exanpl e 1 A conposition. for nolding was prepared in
ratihessasetraanshovasin Tabianpl eafidexcaptat et tdereot was
phenol bi phenyl aral kyl resin (having an | Cl nelt
Car%ﬁ%%%%?tyﬁﬂeﬁSﬁ@it%€é§dﬂ@§#ﬁnQﬁWP%PgﬁépﬁralsolnTable
vi sconeter, of 90 nPas, and an equival ent wei ght of a
hydroxyl group of 205 g/eq) represented by the
Fogﬁﬂléwyng general formula (6) (wherein n is a nunber
of fron11 to 10), was used instead 24 of the
phenolic resin_(1) obtained in Exanple 1 and -
cogpoundi ng ratio was set as showngyn Table 1, and
b [ The results are
[ Formul a 9]

[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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as in Exanple 7 except that a phenol aral kyl
(having an 1C nelt viscosity at 150C, neasured by

an I Cl nelt visconet

er,

of 90 nPa-s,
equi val ent wei ght of a hydroxyl
represented by the foll ow ng genera
(wherein n is a nunber

of from1 to 10),

resin

was used

i nstead of the phenolic resin (1) obtained in

[Tabxanmphe 1, and conpounding

and an
group of 168 g/ eq)
formula (7)

rati o was set as shown in

Table 1, and evaluation-thereof was—-ecarred—out—TFhe
eval uation resul ts are showngn faklse 1. [ Fofqrapreptive
10 OHOH i HZC \/|[CH2 H (7) ~n [0056] 25! [ Faypdes
1] Exanpl es Conparat|veé |Exanples |[7i8 9 1D 1111 p 2
rawr@WABRLBr Lalss(parts| by veight)) Epoxy resinl (A 85.0
mmiégqg 85. 0 .5'5 7.7 B4.8191.8| Phenpoliciresip (1)
iy ST TeeTT L2 R 0 [RACLC: TEST L) P
P]_'l ICITOTT La I-col'ldrié; ;!) k;LG%,L.é ]II':n:CIeIEI fOb MNeST 11T (9) U.”U
Phenolic resin (2) 61.0
Phenolic resin (3) 62.8
Phenolic resin {4) 62.2
Phenolic resin (5) - 60.0
Phenclbiphenylaralkyl resin 63.0 |
Phenolaralkyl resin 56.4
Curing accelerator 2.25|2.25|2.25 2,251 2.25]| 2.25 | 2.25
Silica 850 | 850 | 850 | 850 | 850 | 850 | €50
Molding curing property
/Fluidity ' _
Gelation time (sec) 34 38 36 40 29 a7 36
Torque (175°C, 60 sec) kgf-cm| 8.6 9.4 9.4 4.2 3.9 6.0 8.5
Torcue (175°C, 90 sec) kgfrew|16.7 | 17.3|17.4112.2112.61 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 1l 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 tempsrature,

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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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 Molding curing property /Fluidity

Gelation time (sec) 34 38 36 40 39 37 36 Torque

(175C, 60 sec) kgfcm8.6 9.4 9.4 4.2 3.9 6.0 8.5

Torque (175C, 90 sec) kgfcm 16.7 17.3 17.4 12.2 12.6

13.9 17.4 Torque (175C, 300 sec) kgfcm21.6 22.0
tem%érgtﬁgez AH Ghoke 8x2417enVi 8698k t¥etldRG el QW compared

ester) Pas 21 19 17 17 14 17 19 'Property of cure

witsubst m&p@eamdﬂeal’bsl thefolempl k¢ C) rd24n 126 t2dpdPdtive:

122 120 117 Flexural strength (MPa) 22 28 22 22 20
Exapd1242 FbexsedlasodutwsifdPayed30 460 430 410 400 430

520 Flane retardance evaluation Finax (sec) 9 8 6 8

7 9 19 Ftotal (sec) 49 48 47 49 48 50 91 Judgenent

ol b il 0T 1 1 e oo

[opGanparative Exanple 1, that those of Exanples 7.to 11
aré nore excellent in either of curing property in
molrdigng 10k s fal wididnt #Hseconparetfl whéhpheroine resin (1)
Conparative Exanple 1, and in addition, those of

obtEdarpl és ¥xewpld have higher glass transition

te erature, as well as shorter _after flanme tine, as .

i8red wWFth oneMVR TBRADEFHP VB Bxamhiwe Phgpolic resin
addltlon those of Exanples 7 to 11 have hlgher

dlass transition 26

Fig. 3 is each spectrum of (&) DEPT135, (b} DEPTY0 and (c)

(1)

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

(LY.
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tenperature, and nore excellent flane retardance, as
conpared wi th 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 resi-n (1). obtained
in Exanple 1. Fig. 2 is a 13C NWR spectrum of the
above phenolic resin (1) . Fig. 3 is each spectrum

Claths¢a) DEPT135, (b) DEPT90 and (c) wusual nethod, in
a 13C-NWR spectrum of the above phenolic resin —( 1)

1. Pphehal hsresin yeptregriied Pasiie Fepleder ggnpyat fermula’
fO||0MAng general formula (1): [Formula 1] OH 2 CH
)eH RHC/ H2C\ / \ ! CHZH (1) RmRn (wherein

hydrogen and a C7 to C6 al kyl group or an

[Fog?v# froup, provi ded that each of (m+ n + 1) R's

may be the sanme or different. R2 is an aryl group,

provhged that eagh of in Res may be the same oryy

di ff-rent; and n are an |nteger provi de t at

d
€P ; no n15/95
t Rel _gehgra fo a O\ all of

(wherein R' is a hydrogen and a Ci to Cs alkyl group or an aryl

H (1)

») o
% i

' groﬁp, provided that each of (m + n + 1) R's may be the same or
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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phenyl group. 3. A phenolic resin obtained by

reacting a phenols represented by the foll ow ng

general formula (2), a biphenyl conpound represented

by the followi ng general formula (3) and an aromatic
al dehyde represented by the followi ng general fornula

(4): [Formula 2] OH (2) X0 [Formula 3] 28 XH2C /

CH2X (3) [Fornula 4 R2 CHO (4) (wherein R in the

fornmula (2) is a hydrogen and a C to C6 al kyl group

- ; the fornmula (3) is a halogen, an

GHoHp; and(BH2 in the formla (4)

" 4. The phenolic resin according
to claim3., wherein a reaction nolar ratio of the
total of the biphenyl conpound and the aromatic
‘al dehyde relative to the phenol is fromO0.10 to 0. 60,

[Foaneid he aromatic al dehyde/the bi phenyl conpound
(reaction nolar.ratio) is fromb5/95 to 50/50. 5. The
phRenolic resin according to claim3 or 4, wherein the
RrerfalQ are ﬂﬁ%nol, and the aromatic al dehyde is 4
benzal dehyde. 6. The phenolic resin according to any
one of clains 3 to 5, wherein an ICl nelt viscosity
at 150C is from10 to 200 nPas. 7. A ne hoﬁ for

(wherHu& g the pRERBTE d 20 ebf i ReE5PEPREETD ahy toone2dfYL

claims _3.to_6, characterized jn.t . he 0
IOl A EaNLed BYPE e b GOMarlE 1o mife (37 o =0 Of
grcn% BQ%HWY(IJCI—_Ig group; and R? in the formula (4).is anaryl group) .

4. The phenclic resin accordin-g to claim 3, wherein a reaction

B molar ratio of thetotal of the biphehyl 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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conmpound represented by the above general fornula (3)
and the aromatic al dehyde 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 OCH3 group. 8.
The nmet hod f or producing t he phenolic resin according

zepRstlenony e” AR iy TR Aol DiEbeny1
“CO %ﬁ%l A= Véggseﬁ l?ﬂfyglrﬁﬁlu%yéb?%gn‘ggggp?]f %r%q_%t F(‘g bé(nd the

he above genera ar onat
arcahdehyspidigplesept-ed-By cihey abayepgenefalefar @‘B'rﬁui 4) (4
~ are subjected to a reaction in the presence of water,
arepsobn deded tthat 2Xeaatidwe frotiel ar¢dgncs cf haltegerpromded
' A curing_agent for an epoxy resin conprising the
thaﬁhgnépl Eherm%cb})dl#&j a haryEhe of clains 3 to

y resin conpositi.on containing, th

9_-“‘“‘&?%@%@% J* &P PG GoRBEISTRG Ehe phenolic
resffieaghial '{b AGEOT D% Ol OGO Claims 3 to

‘an e oxy epoxy reS|n

10 .CRANGSI & @es@ﬁcc%rypdwlﬂporpI@rmall%mﬁ;%ﬁ@e;ruung agent for
containing an inorganic filler. 12. The epoxy resin

an epnppsr&sxnwo@m@maeung thecbhenvlcaredilh acktourthey to ahy
containing a curing accelerator. 13. The epoxy resin
onec@hpesENdN3 de drdidi tan argeBnervTinl aims 10 to 12,

' ich is used.for senm conductor sealin 14. An epox
1. WEE? (P RAYe §° SH TR Dbt At r?ef&wl@m%gcltw éaoxﬁurgher

conESﬁ ogpo 3 fi&g to any one of clainms 10

%gng %@ Ek nlcoﬁgf or devi ce obtained by

12, S@ﬁlal ngoﬁy%l@?%@éﬁltl%@r@iﬂoﬁidﬁsH:Bgcﬂ_EQmePQXd(r 11,
resin conposition according to claim .

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 obtained by Seali-ng a semiconductor

element by using the epoxy resin composition according to claim

13.



30 Abstract Disclosed is a phenolic resin having
flame retardance, fast curing property and | ow nelt
viscosity, which is useful for a curing agent for
epoxy resin-based sem conductor sealing materials.
Al so disclosed are a nmethod for producing such a
“phenolic resin and use of such a phenolic resin.
apsSpgeifically disclosed is a phenolic resin obtained
by reacting a phenol, a bisnethyl bi phenyl conmpound
anpi anl esefabicpakdehyde cati nsehi nAfl ahé etthatiabbe, fast
nmolar ratio of the total of the bisnethyl bi phenyl
curgpapLPRE i ante lavomal t cvabdehyide réliahi ve veethk for a
phenol is .10 - 0.60, and the aromatic al dehyde/the
CufEP%rTé’t‘i‘F%tbi PRENYAPCXYonpBtht PABFAr SSHECENINETPFontealing
nat2E99180 930,450 speal L Gal Ly, di 56l 0566hio: AP cucn a
“époxy fesin conp05|F|on conposed o such & ﬁﬁeﬁ%llc

pheh8$i8 ANd AREPEXY J€%uRh 3lphenolic resin. Specifically
disclosed is a phenolic resin obtainéd by reacting a phenol,
a bismethvlbiphenvl compound and an aromatic‘aldehyde af such
a ratic that themolar ratic of the total of thebismethylbiphenyl
compound and the aromatic aldehyde relative to the phenol is
0.10 - 0.60, and the aromatic aldehyde/the bismethylbiphenyl
rcompc‘)und (molar ratio) is from 5 /95 to 50/50. Also specifically
disclosed is an epoxy resin composition composed of such a

phenclic resin and an epoxy resin.
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