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RESI N, EPOXY RESI N COMPCSI TI ON AND CURED PRODUCT THEREOF (Detai | ed
Description of the Invention) (Technical Field to which the Invention
Bel ongs) The present invention relates to a nodified epoxy resin, an

epoxy resin conmposition and a cured product thereof usable for producing

I nsul ating naﬂerials for electric and el ectronic conponents typified by
that used for encapsul ating a sem conductor, various conposite naterials
typified by |am nated boards (printed-wiTing boards) and CFRP (carbon fiber
reinforced plastics)gppéfigehyfgnand coating materials. (Prior Art)

Epoxy resins having exce Ient wor kabi l'ity and al so curing products thereof
havi ng excel’lht@mfthéhwentlooal properties, heat resistance, adhesive

R g e e T e Rt
mat eri al s, ad@m@?R@mJ@pmomt erials. (Problemto be Solved by the

| nvent i on) However, a higher purity and further inprovenent in the
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vi scosity fgi'eéhhclﬂ'fﬁgd?o&r*nﬁﬂ)ﬁ{el}n% foBAh g)xtent are demanded because of the

recent rapid progress lecTiTe and el ectronic fields. On the other
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time, the r@wtevialsstypifiedrloyetamivatedaboards | (printed-vdsing boardy) and CERP n@ndm filige
wor kabi | i tyr&{}g{;c%gf asﬂsi,@?ﬁ'e%?es ndcgﬁrfng aqgﬂfal s were made on the epoxy
]

resin conpositlons emands, they are not
(Prior Art)

Epoxy resins having excellent workability and also curing products thereof having

excellent electrical properties, heat resistance, adhesive properties, moisture resistance (water
resistance), etc. are widely used in the fields of, for example, electric and e]gctronic
; components, structural materials, adhesives and coating materials.

(Problem to be Solved by the Invention) l

However, a higher purity and further improvement in the properties such as heat resistance,
moisture resistance, adhesion and low viscosity for filling a filler to a high extent are
demanded because of the recent rapid progress in the electric and electronic fields. On the
other hand, it is desired that the epoxy resin is in a solid form at room temperature for
improving the workability. As a structural material, the epoxy resin is demanded to be light in
weight and to have excellent mechanical properties when it is used as an aerospace material or
a material for tools and equipment for leisure and sports and, at the same time, the resin is
demanded to have a low viscosity so as to improve the workability thereof. Although various
proposals were made on the epoxy resin compositions for satisfying the demands, they are not
yet satisfactory. _
(Means for Solving the Problem)

After intensive investigations made for the purpose of developing the modified epoxy

resins, epoxy resin composition ap_d cured product thereof having the above-described
properties, the inventors have completed the presenf invention.

Namely, the present invention relates to:



yet satisfactory. (Means for Solving the Problem After intensive

I nvestigations nade for the purpose of devel oping the nodified epoxy
resins, epoxy resin conposition and cured product thereof having the
above-descri bed properties, the inventors have conpl eted the present

I nvention. Nanely, the present invention relates to:

REPLACEMENT SHEET . - 2- (1) a
nodi fi ed epoxy resin obtained by the glycidylation of a mxture of (a) a
phenol conpound represented by the formula (1): [err] wherein X
represents a hydrocarbon group or hydrd%&hydrocarbon group having 1 to 14
carbon atons, a represents an integer to 6, b represents an integer of
1 to 5, R s(ideprmedified 2ppopd r@grenbtamcmw ahmw@gﬂnhcat efrp mixhyelraf 8} Bophegeloup
having | to .group independently from each ot her,
and n repreggn g&gggg%éﬁgfgfﬁmﬁ%nﬁﬁ ‘chis | to 10 and (b)

4, 4" -di hydr oxybi phenyl ; Cﬂqd avi ng @HKokteni ng point of not higher than
120[ err] Cand not | ower wherein the conmponent (a) and
conmponent (b) are con igga conmponent (b) to conponent
(a) ratio of below 0.2 . (2) the nodified epoxy resin
accordlng to the aboves| A1,6 t he anount of

(R)a

wherein X represents a hydrocarbon group or hydroxyhydrocarbon group having 1 to 14
carbon atoms, a represents an integer of 1 t6 6, b represents an integer of 1 to 5, R's represent
a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 8 carbon atoms or an aryl
- group independently from each other, and n represents an average number which is 1 to 10
and (b) 4,4’-dihydroxybiphenyl, and having a softening point of not higher than 120°Cand not -
lower than 60°C,

(2) the modified epoxy resin according to the above item (1), wherein [1.6 X the amount of '
the component (b) in the mixture of components (a) and (b)] / {[the amount of ihe component
(a) in the mixture of components (a) and (b)] X [1+56/hydroxyl group equivalent of
component (a)]} is not higher than 0.3,

(3) the modified epoxy resin according to the above item (1) or (2), wherem X in the formula
(1) is a hydrocarbon group having 8 to 14 carbon atoms,

(4) the modified epoxy resin according to any of the above items (1) to (3), wherein the
compound of the formula (1) is 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane,

(5) the modified epoxy resin according to any of the above items (1) to (3), wherem the
compound of the formula (1) is that represented by the formula (2):
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t he conponent (b) in the m xture of components (a) and (b)] / {[the anount
of the conponent (a) in the m xture of conponents (a) and

(b)[err][1+56/ hydroxyl group equival ent of group equi val ent of
conponent (a)]) is not higher than 0.3, (3) the nodified epoxy resin
according to the above item (1) or (2), wherein Xin the fornmula (1) is a
hydr ocar bon group having 8 to 14 carbon atons, the nodified epoxy resin
according to any of the above iten(1) t8-(3), wherein the conpound of the

formula (1) d,s 1. 1-bis-(4-hydrox nyl }-.3 5-1ri. |- | ghexane
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total of mononuclear to trinuclear components is not larger than 20% by weight in the
_ component (a),
(10) the modified epoxy resin according to any of the above items (6) to (9), wherein the
component (a) is an alkylphenol novolak obtained by condensing an alkylphenol with
fdrmaldehyde in the presence of a hydroxycarboxylic acid having a carboxyl groupl and an
alcoholic hydroxyl group in the molecule as the catalyst,
(11) the modified epoxy resin according to any of the above items (7) to (10), wherein the
component (a) is an o-cresol novolak having a softening point of not higher than 100°C,
(12) the modified epoxy resin according to any of the above items (1) to (11), wherein the
component (a) and component (b) are contained in the mixture in a component (b) to
component (a) ratio by weight of not higher than 0.4,
(13) the modified epoxy resin according to any of the above items (1) to (11), wherein the
component (a) and component (b) are contained in the mixture in a component (b) to
component (a) ratio by weight of below 0.25 and at least 0.05,
(14) an epoxy resin composition containing the modified epoxy resin as set forth in any of the
above items (1) to (13), |
(15) the epoxy resin composition according to the above item (14), which is prepared for
encapsulating a semiconductor, and

(16) a cured product produced by curing the epoxy resin composition as set forth in the above

item (14) or (15).
(Mode for Carrying Out the Invention)
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(10) the nodified epoxy resin according to any of the above itens (6) to
(9), wherein the conponent (a) is an al kyl phenol novol ak obt ai ned by
condensi ng an al kyl phenol with fornal dehyde in the presence of a

hydr oxycar boxyl i ¢ aci d having a carboxyl group and an al coholic hydroxyl
group in the nolecule as the catalyst, (11) the nodified epoxy resin
according to any of the above itens (7) to (10), wherein the conponent (a)
is an o-cresol novol ak having a softenigpg point of not higher than
100[err]C, (12) the nodified epoxy resin according to any of the above
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with an the amount of (b) in the mixture of (a) and (b)] /{[the amount of (a) in the mixture of (a) and
(] X (1+56/hydroxy! group equivalent of (a)]} is preferably not higher than 0.3 and at least
0.05. When the amounts of (a) and (b) are not within the above-described range, the
following problems might occur: crystals may be formed in the course of the synthesis of the
modified epoxy resin; and as for the properties of the cured, modified epoxy resin, the
properties peculiar to the cured epoxide may become remarkable to cause troubles in the heat
resistance and moisture resistance; the modified epoxy resin synthesized by using the low
molecular (a) may be neither crystalline nor solidified ; and the lowering in the viscosity may
be insufficient. |

Examples of the compounds of the formula (1) usable herein include bisphenol A,
bisphehol F, 1,1-bis-(4-hydroxyphenyl)-cyclohexane,
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, terpene diphenol, phenol novolak,
polymers of phenols / dicyclopentadiene, polycondensates of phenols / xylylene glycols,
compounds of the above formula (2), polycondensates of phendlé and a compound of the
formula (2), polycondensates of phenols / hydroxybenzaldehydés, and alkylphenol novolaks
prepared by condensing phenols having an alkyl group with formaldehyde. However, the
compounds of the formula (1) are not limited to those listed above. Examples of the phenols
in the polycondensates include phenol, cresol, xylenol, tert-butyl-cresol and naphthol.
However, the phenols are not limited to them.
Among these compounds, preferred compounds are ;

l,l-bis-(4-hydroxyphenyl)—3,3,5-trirﬂethy]—cyclohexane, terpene diphenol, polymers of phenols

/ dicyclopentadiene, polycondensates of phenols / xylylene glycol, compounds of the above



epi hal ohydrin. Even though the glycidylation product of the conpound of the
formula (1) used singly is in a semsolid or liquid form the nodified
epoxy resin having a high softening point can be obtained while keeping the
viscosity equal to or. lower than that of the conpound by the glycidylation
thereof in the formof a mxture with 4, 4'-di hydroxybi phenyl. Even though
the mxing ratio of (b)/(a) in the phen@l_ mxture is not particularly
limted, the weight ratio of (b)/(a) is usually not above 0.4, preferably

| ess than 0.25 and_at leasf 0.05. [1. t he amount, Qf ) 40 the mxture
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indicates that the number of the aromatic rings in the molecule of the alkylphenol novolak is x.
The weight ratio of the x-nuclear components to each other can bé determined by GPC (gel
permeation chromatography) or the like.

The alkylphenol novolaks having a smaller low-nuclear component content as described
above can be obtained by, for example, a method wherein the low-nuclear component is
removed by the molecular distillation or washing with water, or a method wherein the
mononuclear dimethylol compound and dinuclear dimethylol compound are once synthesized
and then they are condensed with an excess alkylphenol. However, the costs of these methods
comprising many steps are high. This problem can be solved by, for example, a method
wherein an alkylphenol is condensed with forrﬁaldehyde in the presence of a
hydroxycarboxylic acid having both an alcoholic hydroxyl group and a carboxyl group in the
molecule as the catalyst as described. in Japanese Patent Laid-Open No. 3257/1996. By this
method, an'alkylphehbl novolak containing a smaller amount of a low-nuclear component and
having a narrower molecular weight distribution than those obtained by using a conventional

catalyst can be obtained.



-5- formula (2), polycondensates of phenols / hydroxybenzal dehydes and
al kyl phenol novol aks,

1, 1- Bi s- (4- hydr oxyphenyl ) -3, 3, 5-tri net hyl - cycl ohexane, conpounds of the
above fornmula (2) or -al kyl phenol novol aks are particularly preferred. In
t he al kyl phenol novol aks, o-cresol novol aks and particularly o-cresol
novol aks havi ng a softeni ng point of not,above 100[err]C are preferred.
One of the characteristic features of tF® rodi fi ed epoxy resin of the
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alkali metal hydroxide used may be in the form of an aqueous solution thereof. In this case,

this method may be conducted as follows: the alkali metal hydroxide is continuously added
and simultaneously water and the epihalohydrin are continuously distilled out of the reaction
mixture under reduced pressure or atmospheric pressure, the obtained distillate is separated,
water is removed and the epihalohydrin is continuously returned into the reaction mixture,

In this method, the amount of the epihalohydrin used is usually 0.5 to 10 mol, preferably
1.0 to 6.0 mol, per equivalent of hydroxyl group in the phenol mixture. The amount of the
alkali metal hydroxide used is usually 0.5 to 1.5 mol, preferably 0.7 to 1.2 mol, per equivalent
of hydroxyl group in the phenol mixture. - Wheﬁ an aprotic polar solvent such as dimethyl
sulfone, dimethyl sulfoxide, dimethyl-formamide or
1,3-dimethyl-2-imidazolidinone is added, the modified epoxy“resin having a low hydrolyzable
halogen concentration as defined below is obtained. Such a2 modified epoxy resin is suitable for

use for encapsulating electronic materials. The amount of the aprotic polar solvent used is



- 6- The hydroxycarboxylic acids used for the reaction include lactic
acid, malic acid, mandelic acid, tartaric acid, citric acid, etc. They are
usabl e either singly or in conbination of two or nore of them Further,
they are usable together wth hydrochloric acid, sulfuric acid, oxalic
acid, p-toluenesulfonic acid, etc. The anount of the hydroxycar boxylic acid
S usually 0.01 to 5.0 nol, preferably .05 to 4.0 nol, still preferably
0.1to 3.0 nol, for 1.0 mol of formal dehyde. The condensation reaction may
be conduct edisedllyss 1oe2d0t by ewight, preferably Q0 td 100%119 Wisighit, Sbasef diréthetdpﬁmlohydrm
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gpr 0: IhCI p?' %{veﬁt‘iﬂgVe@ﬁe §M6ﬁht6b°f tﬂé GRtEhry A ifn salf iﬁetthﬂyéasé W d.601 to2 mol,
i met hyl -formam de or
preferably 0.05 to 0.1 mol, per equivalent of the hydroxyl group in the phenol mixture. The

amount of the alkali metal hydroxide is usually 0.8 to 1.5 mol, preferably 0.9 to 1.1 mol, per
equivalent of the hydroxyl group in the phenol mixture.

Usually the excessive epihalohydrin, a solvent, etc. are removed from the reaction product
by heating undér reduced pressure afler washing it with water or without washing, the
reaction product is dissolved in a solvent such as toluene, methyl isobutyl ketone or methyl
ethyl ketone, an aqueous solution of an alkali metal hydroxide such as sodium hydroxide or
potassium hydroxide is added thereto and the reaction is conducted again to obtain the
‘modified epoxy resin of the present invention having a low hydrolyzable halogen
concentration. The amount of the alkali metal hydroxide used is 0.01 to 0.2 mol, preferably
0.05 to 0.1 mol, per equivalent of hydroxyl group of the phenol mixture. The reaction
temperature is usually 50 to 120 °C  and the reaction time is hsually 0.5 to 2 hours. After the
completion of the reaction, the by-produced salts are removed by filtration, washing with

water, etc., and then the solvent such as toluene, methyl isobutyl ketone or methyl ethyl



1, 3-di et hyl - 2-i m dazol i di none is added, the nodified epoxy resin having a
| ow hydrol yzabl e hal ogen concentration as defined below is obtained. Such a
nodi fied epoxy resin is suitable for use for encapsul ating el ectronic
materials. The amount of the aprotic polar solvent used is

-7- usually 5 to 200% by wei ght, preferably 10 to 100% by wei ght, based on
t he epi hal ohydrin. The reaction is accel erat ed al so by addi ng an al cohol
such as methanol or ethanol or a cyclic8ther such as 1, 4-di oxane ot her
than the apgygs lg@ﬁﬁﬂédt\ﬁ?ib)sﬁgaﬁﬁ%ﬁnder l'éauéela'p?es?nﬂ@?o obthiR tRVHS Btz &g r3@ Grgen
concentration is higher than that obtained by using the aprotic polar
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resin in dhairiﬁgrbel)oaﬂdep&ééelﬁ%}atﬂamwwxﬁg)fonﬁulﬁ)om refl UXI ng the resultant

m xture for several ten mnutes and conducting the titration with a silver
nitrate sol ution. C sent invention can
be obtained al so by co ' ctyon of th urg of the phenol

m xture with the exce ' ' e pres e of p quaternary

ammoni um salt such as hl ori de, tetrapethyl anmoni um
brom de or trimethyl be de as the catal ypt usually at 50
to 150 [err]C for | td.\ dh al kali netal hydroxide such as
sodi um hydr oxi de or pot‘~ s&i um. hydrCf t+-éle in the formof the sgh{d or an
aqueous sol ution there? to the obygywed hal ohydrin ether}of "the phenol

m xture and conducti ng Y& reaction at 20 to 120 [err]C fpr 1 to 10 hours
to close the ring of the halohydrin ether, thereby obtainjng the nodified
epoxy resin of the present ngunt' of the qpaternary ammoni um
salt in this caselsooopto ea‘bly005t001m)l per
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Usual ly the excgI S ve epi hal ohydrin, a so|lvent, etc. are rem)ve romthe

reaction pFeRRHpility! N&mmp@nensﬁ%frth? ERPOXE EFINGYithseagh etheris B?Pf Reesand durther fhet h
wat er or wibhgily BRekig Yesistdhte) of the epoxy resin composition is improved when the product

is incorporated into the epoxy resin composition of the present invention as will be described

below. :

The softening point of the modified epoxy resin of the present invention is not above i20
-°C and not below 60 °C. When the softening point is below 60 °C, the storability is poor and,
on the contrary, when it is above 120 °C, the workability is impaired in kneading the epoxy
resin composition with a kneader or the like and the kneading of the epoxy resin composition

. becomes uneven. -
The description will be made on the epoxy resin composition of the-present invention.

In the epoxy resin composition of the present in?ention, the modified epoxy resin of the
present invention is usable either singly or in combination with another epoxy resin. In the
latter case, the relative amount of the modified epoxy resin of the present invention is
preferably at least 30% by weight, particularly at least 40% by weight, based on the whole
epoxy resins. _

Examples of other epoxy resins usable in combination with the modified epoxy resin of the
present invention include bisphenols, polycondensates of phenols (such as phenol,

alkyl-substituted phenols, naphthol, alkyl-substituted naphthol, dihydroxybenzene or



reaction product is dissolved in a solvent such as tol uene, nethyl isobutyl
ket one or nethyl ethyl ketone, an aqueous solution of an alkali netal

hydr oxi de such as sodi um hydroxi de or potassi um hydroxi de is added thereto
and the reaction is conducted again to obtain the nodified epoxy resin of
the present invention having a | ow hydrol yzabl e hal ogen concentrati on. The
anmount of the alkali netal hydroxide used is 0.01 to 0.2 nol, preferably
0.05 to 0.1 nol, per equival ent of hydroXyl group of the phenol mixture.

The reacti on, erature i.s ual Ly .50 to 120 [err nd..t he ,yeaction tine
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hal ogen concen on. - nmodi fi'ed epox I nventi on
t hus obt ai nedableeither sisghporinrthe formlof a eomhisation bf twocermuere ofithemyvi ng a bond

represented b%ntahp?effer%é gmo%%ngn%rtﬂylep%é @si.n Jo%rpcr)!ition of the present invention contains a
curing agent. The curing agents usable herein include amine compounds, acid anhydride
compounds, amide cbmpounds, phenol compounds, etc. Examples of the curing agents usable
herein include diaminodiphenylmethane, -
diethylenetriamine, triethylenetetramine, diaminodiphenylsulfone, isophoronediamine,
dicyandiamide,- polyamide resin synthesized from linolenic acid dimer and ethylenediamine,
phthalic anhydride, trimellitic anhydride, pyromellitic anhydride; maleic anhydride,
tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride, methylnadic anhydride,
hexahydrophthalic anhydride, methylhexahydrophthalic anhydride,  bisphenols,
polycondensates of phenols '('such as phenol, alkyl-substituted phenols, naphthol,
alkyl-substituted naphthols, dihydroxybenzene or dihydroxynaphthalene) and an alidehyde,
polymers of phenols and a diene compound, polycondensates of phenols and an aromatic
dimethylol, biphenols and modified biphenols, imidazole, BF,-amine complexes and guanidine
derivatives. The amount of the curing agent used is preferably 0.5 to 1.5 equivalents,
particularly 0.6 to 1.2 equivalents, per equivalent of epoxy group of the epoxy resin. When
the amount of the curing agent is below 0.5 equivalent or above 1.5 equivalent per equivalent
of epoxy group, the curing might be incomplete and the excellent properties of the cured
product might not be obtained. | -

The curing agent may be used in combination with a curing accelerator. Examples of the
curing accelerators usable herein include imidazoles such as 2-methylimidazole,
2-ethylimidazole and 2-ethyl-4-methylimidazole; tertiary amines such as
2-(dimethylaminomethyl)phenol and 1,8-diaza-bicyclo(5,4,0)undecene-7; phosphines such as
triphenylphosphine; and metal compounds such as tin octylate. The curing accelerator is used,
if necessary, in an amount of 0.01 to 15 parts by weight for 100 parts by weight of the epoxy
resin. T

The epoxy resin composition of the present invention may further contain, if necessary,

various additives such as an inorganic filler, e. g. molten silica, crystalline silica, porous silica,



wherein X, R a and b are the sane as defined in the above fornula (1) in
its nol ecule. Therefore, as conpared with a nmere m xture of the glylcidyl
derivatives (a) and (b), the conpatibility of the conponents of the epoxy
resin with each other is inproved and further the storability (bl ocking
resi stance) of the epoxy resin conposition is inproved when the product is
I ncorporated into the epoxy resin conposition of the present invention as
wi |l be described bel ow. The softenrﬂg'point of the nodified epoxy
resin of NGy MiGs ol Wl Mhichs. BitinAAMBnkeOsifeoi A SfiEb Wirhle (1258 ©
When the softening pornt 1s bel ow 6 [err]C, the storabifity is podr and,
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in kneadi ng the epoxy.resin c sition with a kneader he |i ke and the
neadi ng of PHASpBFHFLEF FrOp BN P SIEEECUNLE iy Bok-reefine JESL 84 on
wi Il be madgidment;Rs weRaxVarloB§iRnkci8Mmag tdsingn of the present invention. In
the epoxy resin conposition of the present invention, the nodified epoxy

resin of the pPartiearly whenthe epoxysesin edshposition fasreneapsatingdy semiconduatoniata bh

wi t h anot her oxy.resin, ln the |atter case .t [ i
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resins. Exanpl es of other epoxy resins usable in conbination with the
nodi fi ed ep&RPNEENFOBPOSIOR- present i nvention incl ude bi sphenol s,
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-9- di hydr othaaheve-descabesd) componeniincthel edlasive ampurits daseribed faboee prsl & prefarted aise
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bi phenol s, gﬁey%?fgﬁo)lgn?cﬁgsﬁxﬁgﬁggém%ngﬁﬁgﬂmi ch are glycidyl derivatives of
al cohol s, al i cYhe¢ epoxgpesiy composition of the ipebsbr rinveati@penyber axsilyneured) tly @l methold/ |
ester epoxy resins. These exanp)es by no neans limt the epoxy resins. They
are usabl ¢ SITREO ERrkNayRJR e Prioparts Borampis (e AP BioARF of fheiRfesogh inveatien of
them | N can BE 8618Ink® By BISRAEhERking tHtCep8RPreYin VAR the GRTRQABEAtiaRAA, iDhedelibry,
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present invention contains a . . . . .
a curing accelerator, an inorganic filler, an additive and a thermosetting resin by means of, if

necessary, an extruder, kneader, roll or the like to obtain the epoxy resin composition of the
present invention, molding the epoxy resin composition by a melt casting method, transfer
molding method, injection molding method or compression molding method and, if necessary,
heating the obtained product to 80 to 200 °C. The cured product of the present invention can
be obtained also by dissolving the epoxy resin composition of the present invention in a
solvent such as toluene, xylene, acetone, methyl ethyl ketone or methyl isobutyl ketone,
impregnating a base material such as glass fibers, carbon fibers, polyester fibers, polyamide
fibers, alumina fibers or paper with the obtained solution, heating and drying the.impregnated
ba§e material to obtain a prepreg and molding the prepreg by a hot press method.

In this case, the solvent is used in an amount of usually 10 to 70% by weight, preferably 15
to 65% by weight, based on the sum of the epoxy resin composition of the present invention
and the solvent.

(Examples)

The following Examples will further illust.rate the present invention. The Examples by no
means limit the present invention. The epoxy equivalent, melt viscosity, softening point and
weight ratio of x-nuclear components to each other were determined under the conditions

described below. In the Examples and Comparative Examples, parts are given by weight.,



curing agent. The curing agents usable herein include am ne conpounds, acid
anhydri de conpounds, am de conpounds, phenol conpounds, etc. Exanples of
the curing agents usable herein include diam nodi phenyl net hane,

di et hyl enetriami ne, triethylenetetram ne, diam nodi phenyl sulfone,

i sophor onedi am ne, dicyandi am de, pol yam de resin synthesized from
linolenic acid dinmer and et hyl enedi am ne, phthalic anhydride, trinellitic
anhydride, pyronellitic anhydride, mal ettlanhydride, tetrahydrophthalic

anhydri de, %ﬁ@x&%ﬁﬁi@ﬂx ropht hal i ¢ anhydri de, nethyl nadi c anhydri de,
c” “tannhy

hexahydr opht ha Tide, met hyl hexahydr opht hal i ¢ anhydri de,

bi sphenol s, poTyceooy eqitatent Ofas pétemsihed byauméthabagebeding|to JI8 Kyi236 deltthe uiied
phenol s, napht hql , al kyl -substituted naphthols, dihydroxybenzene or

di hydr oxynaggP’lFtr "33&*9%and an al dehyde, pol ymers of phenols and a di ene
conpound, poRngandeRsiaies of phenols and an aromatic dinethylol, biphenols
and nodi fi ed bi phenols, imdazole, BF[err]-am ne conpl exes and guani di ne
derivatives. Te melodssosityfwasidetepuinedhay theeone plateniethed piriéPekably 0.5 to 1.5
equi val ent s, rticul ar 0.6 to 1 i val en .per ui val ent of epoxy
group of the (&}g Sl;’/gnrge ?ck’%evﬁ%??p?ﬂ%ué e er?ﬁ'gé‘(':'gcr%fnﬁggagent is below 0.5

equi val ent or (sbmdactlbfSRESEARGHEYUIPMENTJIONMDON) LuD.)epoxy group, the
curing mght be inco.rrgl ete and the excellent properties of the cured
product m ght GRoeNge ¢ angeriaeasuringTQgo 20P) g agent may be used in

conbi nati on WiARoit 6Edabipek: Q;_:gslieb_@tlg]. Exanpl es of the curing accelerators
usabl e herein 1 nclude 1 mdazoles su as 2-net hylim dazol e,

2-ethylim d@&fkﬂmm'et hyl 4-met hyl i m dazol e; tertiary am nes such as
2ot e B S e T
octyl ate. TI@BIwkihglgesh_mn&:er ator is used, if necessary, in an anmount of
The epoxy r oei hREGBLERED aribR B ibrras Suriics IR BAPeHEL P ALRER S BN o,
i f necessar ynto wars PET bafidl fheN R t94fhd #5a SdhslaRCicABBaturd bdth 81 35 © 18r 72RdreN
silica, crystalline silica, porous silica, .
-10- and the welding state of the epoxy resin was examined. The results of the examination are
given according to the following criteria in a column of the blocking resistance in Table 5:
©: The marbles were not welded with each other.
O: Although the marbles were slightly welded, they could be separated by hands.
A: The marbles were considerably welded. The trace of the marbles was recognized.
X: The marbles were completely solidified to form a mass of the resin.
®Weight ratio of x-nuclear components:
~ The sample was analyzed with a GPC analyzer, and the weight ratio of them was
determined from area percentages of the peaks corresponding to the respective components.
* GPC analysis conditions:
Columns: Shodex KF-803 (two) + KF-802.5 (two)
Column temperature: 40 °C
Solvent: tetrahydrofuran
Detection: UV (254 nm)
Flow rate: 1 ml/min.
Example 1
55 parts of 1,1-bis-(4-hydroxyphenyl)-3,3,5;-tlimethy]cyclohexane, 15.6 parts of
4,4"-hydroxy-biphenyl, 194 parts of epichlorohydrin (hereinafter referred to as "ECH"), and



alum na, zircon, calciumsilicate, calciumcarbonate, silicon carbide,
silicon nitride, boron nitride, zirconia, alumnumnitride, forsterite,
steatite, spinel, mullite, titania and talc in a powdery, spherical or
crushed form a silane coupling agent; a nold-rel easing agent; and a
pigment; as well as various thernosetting resins. Particularly when the
epoxy resin conposition for encapsulating a sem conductor is to be
obt ai ned, the anount of the above-descril@ed i norganic filler to be used is
usual ly 80 to 92% by weight., preferably 83 to 90% by weight and still
preferably & Pwsgéy%'whﬁewaque Gtsangsietered Epx PM%@?)nW%rs dgblata  grqctor.

The epoxy r?ﬁéwwe&rm%gtamméd Bﬁ@otﬂﬁ% Ritioh."I%EH 59 Barts oPRR 436U Ysodium
honbgeneously “'m xi ng-t he above-descri bed conponents i n the relative anmounts
descri bed ahysirexidesolutmnprasfcentirgusiy droppedrin tlfe solutip forarpseipd of 4hourg while the

sem conduct ors. The epox Si onposi ti of the present,d nventj.on
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exanpl e, t hgagitnedasth@fsthdu@éd (vie BCH S0 tvated GRANIGT Bthe ReobidpRiwepsicddted

t horoughly m xing the epoxy resin with the curing agent and, 1t necessary,
a curing.ace epareted from eachwithpn and then pply ECH s the grganipdayen wag retuaedriiethe ng
resin by ne f apl : W to
bt ai n tho B0 Ak wBRERBRARY of (R ofipind OF i SREAE ek Aol o, e
epoxy r esi nreactiqrozdstdondudiyd z 46€1Ct for 2 hburs gndatt700«; for 3o nsnutes towbthimgreaetidnod,

i njection nolding /et hod or, conpressi on nol din t hod and, if necessary,
neat i ng ¢ he BT HUTF SHUSAT VS SR rass o PP SR REDE] P e S AIOBETEAS he
present i nv@ifietlnNslfoRideCeRBdsadpitBlbretydtn Mis distifdl off #6mithe o NEEY uhds iHating
conposition of the present invention in a solvent such as toluene, xylé€ne,
acet one, neWer redurkd pressusme 200 parts A methyloisebuiyl krtope was apdash ogihatresidieatonase
material suglyoRs gl ass fibers, carbon fibers, polyester fibers, polyam de

fibers, alumna fibers.or paper with the obtained solution, heating and
dryi ng the i npThygmathetlisbiagyl kekinersolation waobeatddrtod70piCepndg parts ofiB0% ameduze

prepreg by a ot es t hod. ., this case he sol yent., is ed i,n an
irount of - g Wt Shuefips addegiercln o ¢t e HactPn Kicbhas WBS fapton
based on t hiquidwaiepédtaileRashid Witk watet QRN @ wdsh BolMfior 3@ bBEEARutrhinVeNnt i on
and the solvent. (Exanples The foll ow ng Exanples will further

i lustrate thethsp &gt ISPW?E‘M%:WWHM@% re th oihlayerehirhgatingander rrduced
present | nvgRidiRito obthh P o?%'ﬂ&iiffeﬁtegoﬁjeéei% Eﬁhﬁg?ﬁg&)}’eserﬁ% ffid19. PO! Nt

and wei ght ratio of Xx-nuclear conponent wer e det er m ned
under the cBraiplédns described bel ow. In the Exanples and Conparative
Exanpl es, par t’ﬁwagagle%rgc%gurg%svt\ﬁalt %P hkample 1 was répeated except that the amount of ECH

was altered to 150 parts. As a result, 95 parts of the modified epoxy resin (E2) of the present

invention was obtained.
Example 3.

The same procedure as that of Example 1 was repeated except that the amount of ECH
was altered to 100 parts. As a result, 93 parts of the modified epoxy resin (E3) of the present
invention was obtained. '

Example 4

The same procedure as that of Example 2 was repeated except that the amounts of
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,4,4™-hydroxybiphenyl and 40% aqueous
sodium hydroxide solution were altered to 59 parts, 12.5 parts and 53 parts, respectively. As

a result, 96 parts of the modified epoxy resin (E4) of the presént invention was obtained.
Example 5 ’



[ err] Epoxy equival ent: The epoxy equival ent was determ ned by a nethod
according to JIS K-7236, and the unit thereof was g/eq. [err] Melt

Vi scosity: The nelt viscosity was determ ned by the cone plate nethod at
150 [err]C Measuri ng machine: cone plate (ICl) high-tenperature

vi sconet er (a product of RESEARCH EQUI PMENT (LONDON) LTD.) Cone No. :
3 (range of neasuring: Oto 20 P) Al it of sanple: 0.15 0.01 ¢

[ err] Sof teni ng point: The softening poi'nt was deternined by a nethod

according to JI s 7%‘134 s/ rﬂr@éeﬁﬁ 39 &S| ot m%ﬂedzs“’gﬁ%kg" gfu?niei” ?Pé%hétes' n

in the form of marbles havin ianeter of aro
PET bottl e, l,tli‘mm(4l-laﬁtoxyphwk){3c8 §-trinsethyloyelobextnet ewpermplaced buith 58 sa‘m[ eofr ] C

f 72 h h Th
osul ts of PREeRehRficlE! Bhendt aongne oiPe ety BPYoL PRI RRn ST E Fotea | 1
a col um of péitke 8! ‘b)cymgtheaﬁioaﬁ@@m 41-erdﬁtghﬂaeﬁyl and 4b%r£cﬂ].leou'5fk6diﬁﬂﬂ@|dﬁﬁudéer e
not wel ded vmth each ot her. [err] ough the marbles were slightly

vel ded, t hesehetion ‘Mefseahs@ﬂépalﬂé’dpw qnéréasparts respetively. The afasuly 83 pags ef the
consi der abl Yo Hﬁl&&iﬁ?&%-{:&ﬁ\ Q%S?gﬁfhgg gh%sw§lng?ecognl zed_ [err]: _ The
et rpseil

mar bl es were conp Iy s rma Mass the resin. [err]Wight
rati o of x-Bxmhpaé conponents: The sanpl e was anal yzed with a GPC

o Kéeé’eai‘é‘dcé??eﬁ%ﬁ%r ochile pLolb ity SXUOMBO RGNS FPeRl SHEPy ahe
fzss; T ot e et et o L3R4
Fl ow r at e: J&)’ﬂfl’ﬁ g}yco] polycondensate (Milex X1-225-4L; a product of Mitsui Toatsu Chermcals
Inc.; softening point: 52 °C) and the amounts of 4,4-hydroxybiphenyl and 40% aqueous
sodium hydroxide solution were altered to 17.5 parts and 52 parts, respectively. As a result,
95 parts of the modified epoxy resin (E6) of the present invention was obtained.
Example 7
The same procedure as that of Example 2 was repeated except that
l,1-bis-(4-hydroxyphenyl)—3,3,5-trimethylcyclohexane was replaced with 54 parts of.terpene
diphenol (YP-90; a product of Yasuhara Chemical Co., Ltd.) and that the amounts of
4,4-hydroxybiphenyl and 40% aqueous sodium hydroxide solution were altered to 17.5 parts
and 52 parts, respectively. As a result, 97 parts of the modified epoxy resin (E7) of the
present invention was obtained.
Example 8
The same procedure as that of Example 2 was repeated except that
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane was replaced with 62 parts of a

compound [softening point: 155°C, m=1.1 (average)] represented by the following: formula

3):
T_H / /=\' . /OE
<\ —>, CHs <\:\// \ 7 CHz \_} (3)

m

and that the amounts of 4,4-hydroxybiphenyl and 40% aqueous sodium hydroxide sofution
were altered to 12.5 parts and 46 parts, respectively. As a result, 95 parts of the modified

epoxy resin (E8) of the present invention was obtained.



Example 1 55 parts of

1, 1- bi s- (4- hydroxyphenyl)-3, 3,5-trinmethyl cycl ohexane, 15.6 parts of

4, 4' - hydr oxy- bi phenyl, 194 parts of epichlorohydrin (hereinafter referred
to as "ECH') and ' -12-
100 parts of dinmethyl sulfoxide (hereinafter referred to as "DVBO') were
fed into a reactor. They were heated anMstirred to obtain a solution. Then
54 parts of 40% aqueous sodi um hydroxi de sol uti on was conti nuously -dropped
in the sol utBxampfedr a period of 4 hours while the tenperature was kept at
45 [err] C and the pressure in the reactor was kept at 45 Torr. The reaction
was thus conduct ed Whsi IsameCprogedareaasethali of | Examplord WS tisReatede gokeenby thakr e

cool ed and sepai.alhs ch2Qt P@E.Fg t i yer

was retur ne?’?g{sga?l 2%J°r)8ac'§‘}g\)?§.]’3%ftp g’?@ﬁ%‘@%ﬁﬁe%ge 0 taﬁlg %&oﬁrlgﬁégpg?ﬂo?he

aqueous sodi/salidyl/aldehyile polgaindérisate (soflering paiot: 100 “wamelt vischsty: 22 B) antbthptethe | C

for 2 hours and at .70, [err or 30, m hutes to .obtain r tion mxtuyre.

After repeatBPUREO A LY/S{'#Y&H&?‘B’F a‘ldo‘{go pApIRUSSeim l}ygl;%@a sgﬁﬁf"ﬁgef?@“ﬁ‘r"'gaﬁct s

and di met hyly1758pdrand @6 paets; P&spectinbly NAS b PSR 94pare Bf Mt Siddlified dp®iyirein ED)tofe

oi | layer under heating under reduced pressure. 200 parts of nethyl

i sobutyl ketthapresant inyention was obtained.esi due to djssolve it. The net hyl

i sobut yl ke_té;ag’gﬁaolloution was heated to 70 [err]C and 4 parts of 30% aqueous
XI

sodi um hydr o sol ution was added thereto to conduct the reaction for 1
hour. The reacti on Thequamie wpocedupe adsedhat \wisBrainple th was erepeated | excépe tias h

o1 1 om 1 no BPR Y DERoR:tA T R ol s et ST RrP bRl <
% et 22 mE‘rmdi fri se%byeﬂaawdé ??&ﬂgﬂ&tquoﬁeﬂﬁg%ﬁﬁﬁm | NEeiieh Rcodty2ODIF add that
procedure as that of Exanple 1 was repeated, except that the anmount
of ECH was dhe ameunts of144™-ydraxgbiphesylyande 406t aquospspsadium dydronide folutipn ayere
epoxy resin 4E2h 1§ fls.?s_*},%n%ﬂ%%a&é}‘f@sﬂé&ﬁay."‘% aquuﬁl ﬂﬁdparg&ﬁm fiodified epoxy
resin (E10) of the present invention was obtained.
Example 11 _

Thé same procedure as that of Example 2 was repeated excépt that
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane was replaced with 83 parts of phenol /
salicyl aldehyde polycondensate (softening point: 120 °C ) and that the amounts of
4,4'-hydroxybiphenyl and 40% aqueous sodium hydroxide solution were altered to 17 parts
and 104 parts, respectively. As a result, 145 parts of the modified epoxy resin (E11) of the
present invention was obtained.

Comparative Example 1

The same procedixre as that of Example 1 was repeated except that. 81 parts of only
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane was used _
without using 4,4'-dihydroxybiphenyl. As a result, 105 parts of an epoxy resin (R1) was
obtained.
Comparative Example 2

The same procedure as that of Comparative Example 1 was repeated except that
I,l-bis-(4-hydroxypi1enyl)-3,3,5-trimethylcyc]ohexane was replaced with 84 parts of
dicyclopentadiene / phenol polymer (DPP series of Nippon Petrochemical Co., Ltd.; softening
ﬁoint: 89 °C). Asaresult, 107 parts of an epoxy resin (R2) was obtained.

Comparative Example 3



The sane procedure as that of Exanple 1 was repeated except that the anount
of ECH was altered to 100 parts. As a result, 93 parts of the nodified
epoxy resin (E3) of the present invention was obtained. Exanple 4 The
sanme procedure as that of Exanple 2 was repeated except that the amounts of
1, 1- bi s- (4- hydroxyphenyl ) -3, 3, 5-tri net hyl cycl ohexane, 4, 4' - hydr oxybi phenyl
and 40% aqueous sodi um hydroxi de solution were altered to 59 parts, 12.5
parts and 53 parts, respectively. As a result, 96 parts of the nodified
epoxy resin (E4) of the present inventiopswas obtained. Exanple 5

- 13- The sane procedure as that of Exanple 2 was repeated

except that 1,1-bis-(4-hydroxyphenyl)-3,3,5-trinethylcycl ohexane was
replaced with 58 parts of dicycl opentadi ene / phenol polyner (DPP series of
Ni ppon Pet r ocherTheasan€oprocddude as siut tof rCamapapative tExa@ple[ kb wap Gepeataddexchpt that

anounts of 4,4, .- r oxybi ph nd .4Q0% aqueous sodi.um,hydr gxi de, s ti on
were ot or ed ERE TP BN, s hnaire RARRRE Sy Fepint N B e e e
parts of theanpel-ALedpromst vf MisiTdalsh ObEmichls, In¢. coBiiing poia 52 FC) WAS a result,
obt ai ned. Exanple 6 . The sane, procedure as that of Exanple 2 was
repeat ed excd@ppagsefanepaxyjesio (Bd)wagobteipstheny! ) - 3, 3, 5-tri net hyl cycl ohexane

was repl ace@imdabiivéd ERARfIS40f pPhenol / xylylene glycol polycondensate
(M1 ex XL-225-4{;E; la pr%ﬁéﬁ:? of Mtsui Toatsu Chemicals, Inc.; softening

poi nt: 52 [ err] (heasathet procadupzing shad fof ACotpaatiste dxginplehk mas rapeiteiOéscapfuthatis

;espoct vel b1 Re B RylbRe BTy S B Blleiiboron nBF SRl tg L P lprore

present i nveiphed] (YR AtpbdiRH of P4AINIa&Chémical Co., Ltd. )T NAs aaeRultD 100 paks 6f &
that of Exanple 2 was repeated except that :

1, 1- bi s- (4- §RRIVTRSPRAywas obtained. ¢ r i met hyl cycl ohexane was replaced with 54
parts of teigyaf}arative Example 5 :

The same procedure as that of Comparative Example 1 was repeated except that
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane was replaced with 100 parts of phenol /
biphenyldimethanol polycondensate (softening point: 155 °C) and that the amounts of both
epichlorohydrin and MIBK were altered to 250 parts. As a result, 118 parts of an epoxy resin
(RS)' was obtained.

Comparative Example 6

The same procedure as that of Comparative Example 1 was repeated except that
1,}-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane was replaced with 51 parts of phenol /
salicyl aldehyde polycondensate (softening point: 110 °C, ICI viscosity: 9.2 P). As a result, 75
parts of an epoxy resin (R6) was obtained. ' '

The properties of the modified epoxy resins of the present invention and comparative
epoxy resin obtained in the above Examples and Comparative Examples are shown in Tables 1
to 3.



di phenol (YP-90; a product of Yasuhara Chem cal Co., Ltd.) and that the
anmounts of 4, 4'-hydroxybi phenyl and 40% aqueous sodi um hydr oxi de sol ution
were altered to 17.5 parts and 52 parts, respectively. As a result, 97
parts of the nodified epoxy resin (E7) of the present invention was
obt ai ned. Exanple 8 The sane procedure as that of Exanple 2 was
repeat ed except that 1, 1-bis-(4-hydroxypgenyl)-3,3,5-trinmethylcycl ohexane
was replaced with 62 parts of a conmpound gsoftenlng point: 155[err]C, n¥l.1
(average)] represented by the follow ngTegteula (3): [err] and t hat
the anpbunts of 4,4 ' -hydroxyhiphenyl and 40% aqueous soadium hydroxide
solution were alfered to &&mﬁuparts and 46 p rts Pespedtiwely. As a
result, 95 partsfof the nodl T ed epoxXy [Tt gt&) —th E{esenx rTvgnt i on
was obt ai ned. Epoxy cquivalent (g/eq) 211 219 1 - 1R6 ixanpl e

9 The i@m,,ipg m%e as that ofg7 Exém;d e P d9as |r ggeatied ggexqept
that 1,1-bis-(4- =88 5=tjrmeth (I:fgjr’;nknexwe wasjreptacgd with

45.6 parts of pheisht "F°°§§(I(fbvl al dehydd p&tye ate_(soff edi ng®poilnt :
110 [err]C, nelt viscosity: 9.2 P) and that the amounts of

4, 4' - hydr oxybi phenyl and 40% aqueous 503' Bgéh%drom de solution were altered
to 17.5 parts and 66 parts, respectivel result, 94 .parts of the

Lt

nodi fi ed epoxy r estri—(ES—ef—the—pfesentrrAveton—yas—ohtatneg:
Examples 6 7 8 9 10 1
Epoxy cquivalent (g/eq) 233 28 256 |16 166 165
Softening point (°C) 81 9 | o7 |8 |8 87
Melt viscosity (P) 05 03 06 | o5 | os 05
Table 3
t .
Comparative Examples 1 2 3 4 5 -6
"Epoxy equivalent (g/eq) 26 |42 |22 {242 [262 168 -
Softening point (°C) 54 55 52 49 61 54 °
Meht viscosity (P) 04 0.6 o5 | o4 | o8 0.8

Examples 12 and 13 and Comparative Examples 7 and 8

1 (one) hydroxyl group equivak;nt of a curing agent [a phenol novolak resin (PN-80; a
product of Nippon Kayaku Co., Ltd. having an melt viscosity at 150 °C of 1.5 P, softening
point of 86 “C and hydroxyl group equivalent of 106g/eq)] was added to 1 epoxy group -
equivalent of each of the modified epoxy resins (E2) and (E5) obtained in the Examples and
epoxy resins (R1) and (R2) obtained in the Comparative Examples.

Then 1 part of a curing accelerator (triphenylphosphine) was added to 100 parts of the
epoxy resin. A resin molding was prepared from the resultant mixture by the transfer mélding
and cured at 160 °C for 2 hours and then at 180 °C for 8 hours.

The properties of the cured product thus obtained are determined to obtain the results

shown in Table 4.



Exanpl e 10

The sane procedure as that of Exanple 2 was repeated

except that 1, 1-bis-(4-hydroxyphenyl)-3,3,5-trinethylcycl ohexane was
replaced with 77.8 parts of phenol / salicyl al dehyde pol ycondensate

(softening

point: 110 [err]C, nelt viscosity: 9.2 P) and that the anmounts

of 4, 4" -hydroxybi phenyl and 40% aqueous sodi um hydroxi de sol ution were

altered to

18.6 part and 100 parts, respectively. As a result, 141 parts of

the nodified epoxy resin (E10) of the present invention was obt ai ned.

Exanple 11 The same procedur eTablehhit of Exanple 2 was repeated
except that 1,1-bis-(4-bydroxyphenyl)-3 b-trinethyl cycl ohexane

repl aced with 83 parts of ‘phenol / salicyl al dehyde po yco@gﬂﬁt
(softening point] 120 [err]C ) and that fhe_anopnts of X 'phenyl
and 40% aqueous $oadi um hydroxi'de sol utioh wite hit&ed d 104
parts, respectivulgyoxyﬁsi,,a result, 145 pa t sgpf heEjTDd gin (E
1) of the presenf—TTnventiomr was obtarmed]Conpaiative The
same procedure a$ClfeEnsien temantPe 1 was [epWite e‘)?éep of
only 1, 1-bis-(4; l@qu,@pfxwmgﬁ,‘@x{,;,glﬁmw mej byl tyciphe M t hout
usi ng 4, 4' -di hydyoxybrphenyr—As—aresut-{—105parts—o n (R1)
was obt ai ned. ColgFas e destivainefiplmn? THe shrme?ro of

Conpar ative Exanple | was repeated except that
1, 1- bi s- (4- hydroxyphenyl)-3, 3, 5-tri methyl cycl ohexane was replaced with 84

parts of di CyC’rﬁhOﬁ%Eélgh«P&@re/ deRAGRed uiRdk XIKEE%g&Fﬁg frg t'id?xiéﬁ\t: sMQQIFHﬂ apﬂ%m

Pet r ochem cal

teni ng polnt a resu

parts of anExamples 17deilR agdCpmparstivelfixainplesi]2 ©ddpar at i ve Exanpl e 3

-15-

Glass transition temperature (TMA): TM-7000 (a product of Shinku-Riko Inc.)
temperature elevation rate: 2 °C/min

Copper foil peeling strength: determined according to Jis C-6481 (peeling strength)

Izod impact test value: determined according to JISK 7710.
Example 14

96 parts of an o-cresol novolak (softening point: 80 °C, 14 wt. % of dinuclear qorﬁponent,
16 wt. % of trinuclear component and 15 wt. % of tetranuclear component), 18.6 parts of
4,4-hydroxybiphenyl, 400 parts of ECH and 100 parts of dimethyl sulfoxide were fed into a
reactor, and heated and stirred to obtain a solution. 100 parts of 40% aqueous sodium
hydroxide solution was continuously dropped therein for a period of 4 hours while the
temperature was kept at 45 °C and the pressure in the reactor was kept at 45 Torr. In the
course of the reaction, ECH and water distilled off by the azeotropy were cooled and
separated from each other, and only ECH which was in the organic layer was returned into the .
After the completion of the dropping of the aqueous sodium hydroxide solution, the reaction
was conducted at 45 °C for 2 hours and at 70 °C for 30 minutes to obtain a reaciotn
mixture. Then, the reaction mixture was repeatedly washed with water to remove salts
formed as the by-products and dimethy! sulfoxide, excess epichlorohydrin was distilled out of
the oil layer by heating under reduced pressure. 300 parts of methyl isobutyl ketone was
added to the residue to obtain a solution. |

The solution in methyl isobutyl ketone was heated to 70 °C, and 5 parts of 30 wt. %

aqueous sodium hydroxide solution was added to the solution. After bonducting the reaction

for 1 hour, the reaction solution was repeatedly washed with water until the wash solution had



The sane procedure as that of Conparative Exanple | was repeated except
that 1, 1-bis-(4-hydroxyphenyl)-3,3,5-trinethylcycl ohexane was replaced with
85 parts of M| ex XL-2254L; a product of Mtsui Toatsu Chemicals, Inc.,
softening point: 52 [err]C). As a result, 109 parts of an epoxy resin (R3)
was obt ai ned. Conparative Exanple 4 . The sane procedure as that of
Conparative Exanple | was repeated except that

1, 1- bi s- (4- hydr oxyphenyl )-3, 3, 5-t ri nettd8tycl ohexane was repl aced with 84
parts of terpene di phenol (YP-90; a product of Yasuhara Chem cal Co.,

Ltd.). As a beewué¢ neutfal0 Then tmcthyl 1sabutgl;icekgner\em mst(IIRnpumétl@mlblamroby heating

Exogp rrglr gt Ilv\(/avé'él ?rr%ggﬁeg Prespus FS? Etﬁxgtalrgg PRt 6f fdSdiita eB Rlin ?Emegﬁﬂe Présent

1- bi s- (4- hy divesiiememhe )noa;ffed&pbxy Fesin(EN Dy hho bbined hatasn ey csgaitalent: & 1830
parts of phenol / bip hené °2‘sm9t hanol pol ycondensat e(softeni ng point: 155
[err] ©) and spRening printohd aggt meJbyipeogipt A bF-ohydrin and M BK were al tered
to 250 part%g(éﬁpaﬁresult 118 parts of an epoxy resin (R5) was obtai ned.
Conmparative ik The sane procedure as that of Conparative
Exanpl e 1 was rHeeamedcgrecedayetasttieatof Example 1 was repeated in Example 14 except that the

1, 1- bi s- (4- d 5 t h L aced wi
par s of pnaHPSa HEURL s Sl it SOOUDRE SRR, AOUTRCIAVPB A TR Rpint pE 83
[err]C, 1Q i %ﬁ@%bﬁtxmmg % IBY - wefisht 3f §iRSdidclear’ &mnbﬁ 0§%3y WEEMYof teiEhdleat RE)

was obt ai ned. properties of the nodified epoxy resins of the
present i nveaqmpgnpnamd 6tp by acight of tetsapudleas icampeneat. nAd 4 res@lhel S2beasts of the

_E)igtrpl €s a“%&ﬁ%aép%k} ye%inl;(’ﬁﬁ)&ﬁﬁe feSent OYRioh Wad 3Blafid 1 The Hrodified epoxy resin
(E13) thus obtained had an epoxy equivalent of 192, softening point of 88 °Cand melt
viscosity of 0.6 P.

Example 16
The same procedure as that of Example 12 was repeated in Example 14 except that the

o-cresol novolak was replaced with another o-cresol novolak having a softening point _of 91 .
and containing 3% by weight of the dinuclear component, 8% by weight of trinuclear
component and 39% by weight of tetranuclear component. As a result, 151 parts of the
modified epoxy resin (E14) of the present invention was-obtained. The modified epoxy resin
(E14) thus obtained had an epoxy equivalent of 191 gleq, softening point of 91 °C and melt
viscosity of 1.1 P,
Comparative Example 9

The same procedure as that of Example 12 was repeated in Example 14 except that
4,4'-diydroxybiphenyl was not used and 120 parts of only o-cresol novolak was used. As a
result, 162 parts of an epoxy resin (R7) was obtained. :

- - Comparative Example 10

The same procedure as that of Example 13 was repeated in Example 15 except that’
4,4'-diydroxybiphenyl was not used and 120 parts of only o-cresol novolak was used. As a
result, 162 parts of an epoxy resin (R8) was obtained.
Comparative Example 11

The same procedure as that of Example 14 was repeated in Example 16 except that
4,4-diydroxybipheny! was not used and 120 parts of only o-cresol novolak was used. Asa
result, 162 parts of an epoxy resin (R9) was obtained.



Table 1 Exanpl es 1 2 3

4 5 Epoxy equi val ent (g/eq) 211 215 219
221 226 Softening point ([err]Q 87 89

93 84 89 Melt viscosity (P)0.3

0.4 0.5 0.5 0.6

Table 2 Exanpl es - 6 7 8 9

10 11 Epoxy equivalent (g/eq) 233 228 256 166
166 165 Sof t eni ng poi nt-¥%err] C 81 79 97
86 86 87 I\/Elt viscosity (P) 0.5 0.3

0.6 0.5 0.5

Table 3 The prog;gmgsa@rglt lplqtémg(@ﬁﬁp@g of the gpoxy resins (E12) to (E14) obtained iy

g 62 E{gmples IEQQ gx faﬁ(ﬂ# \4(8 rgsﬂ)ts rq?ﬁ/ t?ftiw @zﬁned in Cog%én%twe Ex%@(aes 9 to? g

49 61 were testeB4o obtain the feiilts shimoéﬁably 5(P) 0.6 0.5
0.4 0.8 0.8 Exanpl es 12 and 13 and Conpar at | ve Exanples 7 and
8 1 (one). hydroxyl group equival ertabdfe & curi ng agent [a phenol

novol ak resin (PN-80; a product of N ppon Kayaku Co., Ltd. having an nelt
viscosity at 15Q [err]C of 1.5 R, softent,pg poi nt {of 86 &o%rig and qydr.oxyl
group equi val entf of - 1069/ eq) ] S g—t-o—fepoxygrot—eathpraleny of

each of the nodilfied epoxy resins (42)] ad¥l (|E5}6 ot ained ihﬂthe Ecanpl es
and epoxy resi fsépg,gjn)m@gg &B3) Phdoai eghai n [ty Cdrpar atli vy EXapw! eq.

Sofiening point (°C) 89 88 91 55 55 62
Melt viscosity (P) 0.4 0.6 L1 0.9 0.8 1.6
Blocking resistance ' o o o X x A

- Examples 17 to 19 and Comparative Examples 12 to 14

1 (one) hydroxyl group equivalent of a curing agent [PN-80 (a phenol novolak resin
produced by Nippon Kayaku Co., Ltd.) having an melt viscosity at 150 C of 1.5 P, softening
point of 86 and hydrox'yl group equivalent of 106 gfeq)] was added to 1 epoxy group
equivalent of each of the modified epoxy resins (E12) to (E14) obtained in the Examples and
the epoxy resins (R7) to (R9) obtained in Comparative Examples. Then 1 part of a curing
accelerator (triphenylphosphine), for 100 parts of the epoxy resin, was added to the obtained
mixture. A resin molding was prepared by the transfer molding method and then cured at 160
°C for 2 hours and then at 180 °C for 8 hours.

The properties of the cured product thus obtained were determined to obtain the results

shown in Table 6.
Table 6
Ex. ~ Comp. Ex.
17 18 19 12 13 14

Epoxy resin E2 | E13 | En4 R7 | R8 | Ro’
Glass transition temp. (°C) 146 151 157 147 152 159
Izod impact test value

13 14 15 1 1
(kg/mm?) > 1
Copper foil peeling strength ' ’

24 23 25 24 .
(kefem) 22 24




Then 1 part of a curing accel erator (triphenyl phosphine) was added to 100
parts of the epoxy resin. A resin nolding was prepared fromthe resultant
m xture by the transfer nolding and cured at 160 C for 2 hours and then at

180 [err]C for 8 hours. The properties of the cured product thus
obtained are determned to obtain the results shown in Table 4.

-17- Tabl e 4

EX. Conp. EX.

12 13 7 8 Epoxy resin

E2 E5 R1 R2 -20- dass transition tenp. ([err]C
149 136 148 137 Copper foil peeling strength
(kg/cm 2.5 2.7 2.4 2.6 | zod i npact test val ue

(kg/ i er r] ) Exandple 20 23 16 20 The properties

were determ ned under the follow ng conditions (the sane shall applg in
Exanpl es 17 to The sade piosgrhwreins thet piExasiple; 2 Mastrepeateyl -in Exaraplg Ssexcepirtbatt then
tenmperature (

. : Riko ;
t enper at ure el'dva ?légl/h‘rlg?’ge}?qu(ﬁ%g%ﬂaﬁ mwﬁﬁl 64 b&%@rm@?@dp%fe*? P]agmes OP’e“H*ét h:
det erm ned akavingtd saftehing pomt Gf 84.8°C ap @ed1ingndsthe amgody of 4,4l-dipdtokybitenyl tagd t
val ue: determ ned accor gi n o JIS K 7710. @a{g&l ga 14 96 parts of .a
o-cresol novil7aRayeoys 54 ?‘HS‘Y Qride solatipry werp prtere party, o 44 | Tgspectively.
component,  Asa result, 95 parts of a modified epoxy resin (E15) of the present invention was obtained.

The modified epoxy resin (E15) thus obtained had an epoxy equivalent of 255, softening point
of 90 °C and melt viscosity of 0.8 P.
Examples 21 to 24 and Comparative Examples 15 to 18
Each of the modified epoxy resins (E12) to (E15) obtained in the Examples and epoxy
resins (R7) to (R9) and YX-4000 (a product of Yuka Shell Epoxy K.K.; epoxy equivalent:
- 196) [hereinafter referred to as (R10)] as the epoxy resin was mixed with a curing agent
[PN-80 (a phenol novolak resin; a product of Nippon Kayaku Co., Ltd.) having a softening
point of 86 °C], curing accelerator (triphenylphosphine), silane coupling agent (KBM 403; a
product of Shin-Etsu Chemical Co., Ltd.), mold-releasing agent (finely pulverized carnauba; a
product of Toa Kasei K.K.), antimony trioxide, brominated epoxy resin (BREN-S; a -product
of Nippon Kayaku Co., Ltd.) and spherical silica (average particle diameter: 30 £ m) and
pulverized silica (average particle aiameter: 5 /£ m) in a proportion (parts) given in Table 7,
kneaded with a double-screw roll, pulverized and tabléted. The spiral flow of the product was
determined under the following conditions to obtain the results shown in Tables 8 and 9:
Mold: a mold according to EMMI-1-66
Mold temperature: 170 C

Transfer pressure: 70 kg/cm?



16 wt.

di met hyl
obtain a soluti

- hydr oxybi ph

on.

enyl ,

% of tri.nuclear conmponent and 15 w.
18.6 parts of 4,4
sul foxi de were fed into a reactor,
100 parts of 40% aqueous sodi um hydroxi de sol uti on was

% of tetranucl ear conponent),
400 parts of ECH and 100 parts of
and heated and stirred to

continuously dropped therein for a period of 4 hours while the tenperature
was kept at 45 [err]C and the pressure-3dIr the reactor was kept at 45 Torr.

In the course of the reaction,

organic layer was returned into the.

ECH and water distilled off by the azeotropy
were cool ed and separated from each otdegle nd only ECH which was in the

After the conpletion of the dropping

of the aqueous fpodi um hydroxi de solutiqgp, the re ction S lconductej at 45
[err]C for 2 hoFrs and at 70 [prrgferT38—finutg¢s—terebtg-A—areae] ot n

m xture. Then, fhe reaction mikit¥rd Was|r®pdat®dly ¥apht¥d wi¥hiwdt el to
renove salts folrfmpln,as t he by-pregdyces fngs di Bt hyky syl £504i d@, {exgeps

epi chl or ohydri nfWas distiftted ouT r&rnt‘g Ty e Dy heatr g T reduced
pressure.. 300 parts—et—rethyH—i-Sebyid 1 ‘m}m‘mw +-d-helfsiHue to
obtain a sol utijfmingsgent The sol uss o ¥n Lrri,‘ih\/lﬂl spBut v| 34ketloe Weks hpated to
70 [err] C, and Bopgbddudf 30 VE g %jaquepus Jodhum hydr oxi de ;soljugj op was
added to the sofguiom —After—cpondugtT gy the jreacitom for —ttoun; l—I'IJF .
reaction sol utijeTfBueline en, shedlul tH Vat %Lﬁm i1 tihd wz&sﬁ;ol ution
had molodaes neut r al] 4Thgn4netp hyl i sobyit yl ket orle swa$ distilled
out of the oil [l QxR «e.heatin gindeg r=dyced6prqasgure d o foltalns 15K parts
of the nodified ' J.L g—thEprygsemtrventro— g fied
epoxy resin (El gWMWJE#“Qi nald¥had b ‘HY\ ﬁqu A ehtt® off 180 %ofk eni ng
poi nt of 89 [erj$iGicane nelt vifsmosiisy o ad. 4. anpjem 1960  [adhel same
procedure as t Moyl g2l e Apps b PEPLET 11,5 Exapp! 526;4 625 C € Plgy T N t he
0- cresol novol dak—was—reptacet—wth--another—o—cresSor—novelak—ha+reg—a

softening point of 83 [err]C and contai ning 5% by wei ght of the dinucl ear
conponent, 25% by wei ght of trinucl ear corrponent and 26% by wei ght of

tetranucl ear conponent. As a result,
A’resin mold was prepared from the tal

le?sagbttasme%fas Ei(t,]s%ribed above by the transfer
molding method under conditions comprising 175 °C and 120 sec. Immediately thereafier,
the properties thereof were determined as described below to obtain the results shown in
Tables 8 and 9:

Hardness of hot molding;

hardness meter (D type) immediately after the molding. The test pieces were the same as

The hardness of the molding was determined with a Shore

those used for determinating the water absorption as described below.
The obtained resin molding was postcured at 160 C for 2 hours and then at 180 °C for 8
_hours, and the following properties thereof were examined:
Glass transition temperature: determined in the same manner as that of Examples 10.and
11. _
Water absorption: the weight gain (%) after boiling a test piece in the form of a disk
having a diameter of 50 mm and thickness of 4 mm in 100 °C water for 24 hours.

A 16-pin 42 alloy lead frame loaded with silicon chips was encapsulated with the
above-described tablets by the transfer molding under conditions comprising 175 °C, 120
seconds and 70 kgfcm? and then postcured at 160 °C for 2 hours and then at 180 °C for 8
hours. The properties of the SOP simulated element thus obtained were determined to obtain

the results shown in Tables 8 and 9.



nodi fied epoxy resin (E13) of the present invention was obtained. The
nodi fi ed epoxy resin (E13) thus obtai ned had an epoxy equival ent of 192,
softening point of 88 [err]C and nelt viscosity of 0.6 P. Exanple 16

The sane. procedure as that of Exanple 12 was repeated in Exanple 14 except
that the o-cresol novol ak was replaced with another o-cresol novol ak having
a softening point of 91 and containing 3% by wei ght of the dinuclear
conponent, 8% by wei ght of trinuclear conponent and 39% by wei ght of
tetranucl ear conponent. As a result, 151 parts of the nodified epoxy resin
(E14) of the present invention was obtained. The nodified epoxy resin (E14)
t hus obtai ned had an epoxy equi val ent ef22391 g/eq, softening point of 91
[err]C and nelt viscosity of 1.1 P. Conparative Exanple 9 The sane
procedure as that of Exanple 12 was repeated in Exanple 14 except that

4, 4' - di ydr oxybRe¢fleengrckipgprapertiess cEhezsauiple 2Gs pwisturized umiet yorglitione 5685 11O1EsHAK

was used. AgRpp efl% +JRak A resi,n (R7), wa bt aj ne

Conpar ati ve Exg{r{p e qeéeﬁn%ﬁjgﬁégﬂgﬁnﬁ?g%@ﬁgé(énné%seldﬁgi% 9 e'E@?‘?‘BT gt %&sfm

repeat ed i n1B8xseapids. 1Thevosjde drinks afd 4he Geslits oty both afxdes WEIhe Aie ?&&%é@d
k. was used.” As a result, 162 parts of an

120 parts of_only, o-cresol, noyol
epoxs r esi neﬁ%‘fgmctg%{“ﬁm‘?éﬂgg‘eg%%&'ﬁ‘?R%’"Eﬁéarrpl e 11 The sane procedure

t hat of Ex b ddt: i .
4,4 -di ydr oxéfm‘?{?ﬁ%‘?‘eﬁ" A e R AR el R st 30, CLo0 st o

was used. Ad BYuninutes) 200 tiares,sthe putside emcksyanddbe peeliizOdn bath soifices bLthe die

-19- pad were examined and the number of the defects was counted.

Table 8
Example 21 22 23 24
Epoxy resin E12 E13 El4 El5
Spiral flow (inch) 33 32 30 34 .
Hardness of hot molding 85 85 85 80
Glass transition temperature (°C) . 147 151 . 157 140
Water absorption (%) 0.22 023 022 0.20
Reflow cracking properties (number of defects/number of fest samples)
Moisturization time: 24h 0/20 020 0/20 0/20
Moisturization time: 48h 120 | 2n0 2120 0720
Moisturization time: 72h 2/20 S/20 4/20 0/20

Temperature cycle test (number of defects/number of test samples)
120 0720 120 0720




The properties and bl ocking resistance of the epoxy resins (E12) to (El4)

obtained in

Exanples 14 to 16 and epoxy resins (R7) to (R9) obtained in

Conparative Exanples 9 to 11 were tested to obtain the results shown in

Tabl e 5. Table 5
Ex. Conp. Ex. 14 15
16 9 10 11 E99§y equi val ent (g/eq) 189 192
189 196 194 191 oftening point ([err]C 89
88 91 55 55 62 ~ Melt viscosity (P) 0.4
0.6 1.1 0.9 0.8 1.6 Table 9Bl ocki ng resi stance
[err] [eri] [err] [err] [err] [err
Exanples 17 to 1go,grgg“m§lﬁgtlve Exanpl eq 125t 0|1416 1 {70nq). ydjoxyl
group equi val enp—ot—a—etrtng—agent— P80 j(a—ptrenot—Tovptak—TgsTmprioduced
by Ni ppon Kayak{Em®ay resint d.) having an nelt| vildcodit# at] 158 erlr 1804 1.5 P,
softeni ng poi n‘S[gnfal ﬁ)@ &n,g hydr oxyl group eq%val en§3 of 10;@ g/ eq)] was
added to 1 epoxp—gretp—edui-vratent—ef—each—of—th¢nodi-fTed—epgxy—Teyi ns
(E12) to (E14) pﬂtrdnessstﬂhotmotdhe Exanpl es_and #he ¢po¥ rksi8s (IR t4 (R9)
obtained in Corroa[aat"la;l/s o Ex Hgaugc Then 1 parh-,of aeiri pgysgacdekgr ator
(triphenyl phospphe) *f of—t-heepoxyfrestwas—a ) the
obt ai ned m xt ur pWals abssnﬁnn ) di ng was preplar e®2by t 22t | andRer] nBfHiing
met hod and then RYHo& S mgleéo%e i&' homber 0P i ESordddaddigp at 180 [ern] C for
8 hours. Thp < ottretTthus—optareg—were
determ ned to opMaiswrizafive ties 2 s shown in i;amz‘b g. /20 420 4 020
I‘;‘b' eb 18 | Moisturizatiop fime: 48 h e |9 FXione | oo

Moisturization time: 72 h 2020 | 20720 20/20 0720

Temperature cycle test (number of defects/number of lest samples)

1720 | 19720 1920 0/20.

It is apparent from Tables 1 to 6 that the modified epoxy resins of the present invention
have a higher softeﬁing point and are more excellent in the workability and the storébility of
the composition than those of the comparative epoxy resins (an ;ﬁmodiﬁed epoxy resin)
obtained by epoxidizing only the compound of the formula (1), while the properties of the
cured, modified epoxy resins of the present invention are substantlally the same as those of the
comparative epoxy resin, Particularly when the modlﬁed epoxy resin of the present invention
is used for forming the composition for encapsulating semiconductors, the high filling of the
resin with a filler to a high extent is even made possible while it was impossible in the prior art,
and the product is superior, in the moldability and heat resistance, to an ordinarily used epoxy
resin highly filled with the filler while the merits of the unmodified e.l‘aoxy resin are still kept as
will be understood from Tables 8 and 9, since the viscosity of the modified epoxy resin is
lower than that of the unmodified epoxy resins. |
(Effect of the Invention)

The modified epoxy resin of the present invention has a high softening point, excellent
workability and storability (being not blocked) and a low melt viscosity. Therefore, the
modified epoxy resin of the present invention is very useful for producing insulating materials

for electric and electronic elements (such as high reliability



Epoxy resin E12 E13 E14 R7 R8 R9

G ass transition tenp. ([err]C 146 151 157 147 152 159
| zod i npact test val ue 13 14 IS 11 13 14
(kg/mmierr]) Copper foil peeling strength (kg/cm

2.4 2.3 2.5 2.4 2.2 2.4

- 20- Exanpl e 20 The sane procedure as that of Exanple 2 was repeated

in Exanple 8 except that the conpound of the formula (3) was replaced with
64 parts of a conmpound of the same formyla having a softening point of 80
[err]C and n¥1.3 and the anpbunts of 4,4'-diydroxybi phenyl and 4096aqueous
sodi um hydr oxi de- sol ution were altered to 12 parts and 44 parts,

respect i vekdmicdiiudior tasdpsula@iy aﬁfehas)ofxa:ﬁnﬁedilﬂdt&d(saaow ;frﬂ.sédnw{rﬁ%%oams)t he
present invention was obtained. The 'nodified epoxy resin (EL5)

obt ai ned h¥Rfiqus compesitesnatpsials pif edd?y Q&‘,’, adbgsivengndopiéngmatefialgo [err] C and
melt viscosity of 0.8 P. Exanples 21 to 24 and Conparative Exanples 15 to
18 Each of the nodified epoxy resins (E12) to (E15) obtained in the
Exanpl es and epoxy resins (R7) to (R9) and YX-4000 (a product of Yuka Shel
Epoxy K. K.; epoxy equivalent: 196) [hereinafter referred to as (R10)] as
the epoxy resin was mxed with a curing agent [PN-80 (a phenol novol ak
resin; a product of N ppon Kayaku Co., Ltd.) having a softening point of 86
[err]C], curing accel erator (triphenyl phosphine), silane coupling agent
(KBM 403; a product of Shin-Etsu Chem cal Co., Ltd.), nold-rel easing agent
(finely pulverized camauba; a



product of Toa Kasei K. K. ), antinony trioxide, brom nated epoxy resin
(BREN-S; a product of N ppon Kayaku Co., Ltd.) and spherical silica
(average particle dianmeter: 30 [err] r’r) and pul veri zed silica (average

particle dianmeter: 5 [err]m in a proportion (—papt—sé—@—veﬁ—m—ﬁble 7,

kneaded with a doubl e-screwroll, pulverized an i ral £ ow
of the product was determ ned under the foll owi ml(““”mmclmbt ain the
results shown in Tables 8 and 9: Mol d: a nol ing te BWMM

Mol d tenperature: 170 [err]C Transfer pressure. 70 kg/cnerr]

-21- Table 7

Ex. Conp. EX. 21 22 23
24 15 16 17 18 ~25Epoxy resin E12 E13
E1l4 E15 R7 R8 R9 R10 62
62. 62 66 63 63 62 63 Curing agent

35 35 35 31 34 34 35 34 Curing

acel erator  (Claims)1 1 1 1 3 1 1 1 1 3
Si | ane coupli'ng agent 7 7

Mol d-r el easi g a@emodlf ed4epoxy résin obtamttd by the zglycldylatlﬂ“ of a m"ﬁ“fe of (a), a Phenoh
Ant i nony tdoxid 6 6 6 6
Br oni nat ed e68§‘9°'r"?eds'i°8'esi‘§°d byformilpg®: 1o ° 5 %y 5 s
Spherical silica 610 610 610 610 610 610 610 610

Pul veri zed silica 260 260 260 260 . 260

260

AN o)

wherein X represents a hydrocarbon group or hydréxyhydrocarbon group having 1 to 14
carbon atoms, a represents an integer of 1 to 6, b represents an integer of 1 to 5, R's represent
a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 8 carbon atoms or an aryl
group independently from each other, and n represents an average number which is 1 to 10
and (b) 4,4"-dihydroxybiphenyl, and having a softening point of not higher than 120 °C and
not lower than 60 °C,

2. The modified epoxy resin according to claim 1, wherein [1.6 X the amount of the
component (b) in the mixture of components (a) and (1] /{[the amount of the component (a)
in the mixture of components (a) and (b)] X [1+56/hydroxyl group. equivalent of component
()]} is not higher than 0.3, |

3. The modified epoxy resin according to claim 1 or 2, wherein X in the formula (1) is 2
hydrocarbon group having 8 to 14 carbon atoms. -

4. The modified epoxy resin accordiné to any of claims 1 to 3, wherein the compound of the
formula (1) is 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane.

5. The modified epoxy resin according to any of claims 1 to 3, wherein the compound of the

formula (1) is that represented by the formula (2):

o i FEE




A resin nold was prepared fromthe tabl ets obtained as desc —abave‘by
the transfer nolding nmethod under conditions conprising 175 d 120
sec. Imrediately thereafter, the properties thereof “ﬁ“\“gﬂ
described bel ow to obtain the results shown in Tab

Har dness of hot nol ding: The hardness of the nol ding was detern1ned with a
Shore hardness neter (D type) imrediately after the nolding. The test

pi eces were the same as those used forpgeterm nating the water absorption
as descri bed bel ow. The obtained resin nolding was postcured at 160

[err]C for 2 hours n at 180 [err]C for 8 hourg nd the foll ow ng
properties thereof xam ned;: 4.ass tranS|t| on_te X
11. Wat er

determned in the ép’er t Qes 19 an
absorption: the a f(%‘\afy 2t es®y )|¢c 'n @he formof a
di sk having a dia f 50 ness of 4 b n 100 [err]C water
for 24 hours. t A‘l pin 42 aIon | ead frane Ilp dec) pnth silicon chips
was encapsul at ed wk h#the above-described tablets By.the transfer nol di ng
under conditions copprising 175 [err]C, 120 second§ fl@d 70 kg/cnferr] and
then postcured at @ [err]C for 2 hours and then at 180 [err] C for 8
hours. The properties of the SOP sinulated el enent thus obtained were

determ ned to obtain the results shown in Tables 8 and 9.

wherein ¢ represents an integer of 1to 6, d represents an integer of 1 to 5, P's represent a _
hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 8 carbon atoms or an aryl
group independently from each other, and m represents an average number which is 1 to 10.
6. The modified epoxy resin according to claim 1, wherein the component (a) is an
alkylphenol novolak.
7. The modified epoxy resin according to claim 6, wherein the component (a) is o-cresol
novolak.

8. The modified epoxy resin according to claim 6 or 7, wherein the value of (weight of the
dinuclear component) / (weight of the trinuclear component) is not higher than 0.4. . ‘
9. The modified epoxy resin according to any of claims 6 to 8, wherein the relative amount of
the tetranuclear component is at least 30% by weight and the relative amount of the total of
mononuclear to trinuclear components is not larger than 20% by weight in the component (a).
10. The modified epoxy resin according to any of claims 6 to 9, wherein the component (a) is
an alkylphenol novolak obtained by condensing an alkylphenol with formaldehyde in the
presence of a hydroxycarboxylic acid having a carboxyl group and an alcoholic hydroxyl group
in the molecule as the catalyst.

11. The modified epoxy resin according to any of claims 7 to 10, wherein the 'component (a)
is an o-cresol novolak having a softening point of not higher than 100 °C.
12. The modified epoxy resin according to any of claims 1 to 11, wherein the component (a)
and component (b) are contained in the mixture in a component (b) to component (a) ratio by
weight of not higher than 0.4.
13. The modified epoxy resin according to any of claims 1 to 11, wherein the coinpon.ent (2)
and component (b) are contained in the mixture in a component (b) to component (a) ratio of
below 0.25 and at least 0.05,

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED




-22- Ref | ow cracking properties: The sanple was noi sturized under
conditions of 85 [err]C/85% RH for a predeterm ned period of tinme and then
imrersed in a soldering bath at 260 [err]C for 10 seconds. The outside
cracks and the peeling on both surfaces of the die—pad—were exam ned and

t he nunber of the defects was counted. Tenper After
repeating the tenperature cycle tests (-50 [err](ﬂmlmﬂmlﬁmﬁﬂmo

[err] /30 m nutes) 200 tinmes, the outside cracks e peel sng*on both
surfaces of the die pad were exam ned and the nunber of the defects was

count ed. Tabl e 8

Exanpl e 21 22 23 24
Epoxy resin E1227- E13 El4 E15
Spiral flow (inch) 33 32 30 34
Har dness of hot nol di ng 85 85 85 80
G ass transition tenperature ([err]C 147 151 157 140
Wat er absorption (% 0. 22 0. 23 0. 22

0. 20 Ref | ow cracki ng properties (nunber of defects/nunber of test
sanpl es) Moi sturization time: 24h 0/ 20 0/ 20

0/ 20 0/ 20 Moi sturization time: 48h 1/ 20

5/ 20 4/ 20

21 20 2/ 2014, An epoy ?%}nz%ompositiM? icgﬁthﬁﬁfnéQBé %rc])ditﬁieér%boxgzzrgsin as set forth in 2&1413% gf
claims 1 to 13. ' .

15. The epoxy resin composition according to claim 14, which is prepared for encapsulating a
semiconductor.

16. A cured composition produced by curing the epoxy resin composition as set forth in claim
H4or15. '

-_

This Sheet Has Been

W
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REPLACED



Tenperature cycle test (nunber of defects/nunber of test sanples)

1/ 20 0/ 20 1/ 20 0/ 20

-23- Table 9 Conparative
Exanpl e 15 16 17 18

Epoxy resin R7 R8 R9

R10 Spiral flow (inch) 25 23

23 33 Har dness of hot nol djng 80 80

85 . 75 3 ass transitionteT#pf‘é’rature ([err] O 147

153 15 .1 r r ptd (&

0. 22 0. gleLE' . gIED OE:%&E RBaéﬁp’ &‘tel%‘%WRﬁsaIc |%Od‘4%9%1p'1é]|-’ql\ll e%N? nunber
of defects/nunber of PW%I'S)THEREOF Moi sturization tinme: 24 h

2/ 20 5/ 20 4/ 20 0/ 20 Moi sturization tinme: 48 h

7/ 20 11/ 2Qctract -10/ 20 0/ 20 Moi sturization time: 72 h

20/ 20 - 20/ 20/ 20 0/ 20 Tenperature cycle test (nunber

of def ect s/ n(@roblemdiTd thinsAHBY; in havi .
17/ 20 10/ 20 . 19/ 20 0/'3%1)6” oxy resin having an clevated softening pojaifrem an epaxy6

that the modfFPERfViDg oW softenisg pbint withqut emeifying theapibpepties T\ e @urE& BRSct and
e

sof t eni ng potdimpré\ ths & | lent .in fhe workability and t
storability of the conpggzla'g’ﬁixfﬁgﬁeaﬁ{°?%9%° Tt SPRYEY Eegmsampesitian. epoxy resins

(an unnodi fi@deaélpwa\ésg'ﬂl)emhﬁlaﬁyed by epoxidizing only the conpound of

the formul a (l)A V%%Ot he properties of the cured, nodified epoxy resins

of the present AUENISTPOXY desin phirined bnadding hé-ditaydro x3biphdi9b & #Epdciifed DPhenal
e

conpar ati ve &psporind @id Bpoxidbihd when the nodified epoxy resin
present inventi.gn Po E’;‘é i '%Elh%m mixture; an epoxy resin composition containing the

modified epoxy resin; and cured product thereof.



i s’uséd for form ng the corrp05|t|on for encapsul ati ng sem CDBBBMGEMENTVEHEET
high filling of the resin with afiller to a high extent is|epennage ™
possible while it was inpossible in the prior art, and the prp ?oq/q@- 099
superior, in the noldability and heat resistance, to an ord| nprFl eé
epoxy resin highly filled with the filler while the nerits pfithe

unnodi fied epoxy resin are sti N kept as2will be understood}from Tabl es 8
and 9, since the viscosity of the nodified epoxy resin is | OWerthan thar

of the unmodiX i &dnadilisdy epcxyimsn obfaitfel yt thef glydidyldtionenftd arjture of Tea phetdti ed
epoxy resi nchnp&hﬁ rg@%gﬁ%&td b&%efnmugygpas a high softening point, excellent
bi

wor kabi lity and stor Ity bl ocked) and a | ow nelt viscosity.

Therefore, the nodified gpoxy resin OHt e present invention is very useful
for producing insulatin %t/zrl al s ectric and electronic el enents

(such as high reliabil ™)
;{é Iatlng\ érlal s), lam nated plates (such as

- 24- sem cqnduct or - e

printed-wring boards) a’sl us cowpf s'r‘,t nmaterl als typified by CFRP,
adhesi ves and coating te,:pl al s. &

-

(R)a

wherein X represents a hydrocarbon group or hydroxyhydrocarbon group having 1 to 14
carbon atoms, a represents an integer of 1 tb 6, b represents an integer of 1 to 5, R's represent
a hydro_gen atom, a halogen atom, a hydrocarbon group having 1 to 8 carbon atoms or an aryl
" group independently from each other, and n represents an average number which is 1 to 10
and (b) 4,4'-dihydroxybiphenyl, and having a softening point of not higher than 120°Cand not
lower than 60°C, and wherein the component (a) and component (b) are
contained in the mixture in a component (b) to component (a) ratio of
below 0.25 and at least 0.05.

. .
he. mod ol orvessry AL o o o At A a
e = 2.2 S A, aCCGoOFaIRER C HE—a-DONVG B 5 REREIN D R ~ianlallia 0

5 g = o4 B

the component (b) in the mixture of components () and (b)] / {[the amount of the Component
(a) in the mixture of components (a) and (b)] X_ 6hydroxyl group equivalent of
component (a)]} is not higher than 0.3;

(3) the modified-epoXy resin according to the above item (1) or (2), wherein X in the formula

£33 huvadraesnthoan-cerana-having Q ¢4 RS
rarocarbon-group-having-8-to14 :::'

é’)‘ the modlﬁed epoxy resin according to any of the above itemg (1) +e~(3); wherein the
compound of the formula (1) is 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane,
the modified epoxy resin according to any of the above item{ (1)-te—3); wherein the

compound of the formula (1) is that represented by the formula (2):

CHy —% (2)
(P}d
! 4
) AMENDED SHEET | Ve 274
& 2 a0 l’(o\




-25- * (Cainms) 1. A nodified epoxy resin obtained by t EE]IL%MENL&@;
of a mxture of (a) a phenol conpound represented by the mila (1): [er}]
wherein X represents a hydrocarbon group or hydroxyhydroc r gronp VWi hg
| to 14 carbon atons, a represents an integer of 1 to 6, gresents an
integer of | to 5, R s represent a hydrogen atom a hal ogdn tatem—a """
hydrocarbon group having | to 8 carbon atons or an aryl grjoup independe
fromeach other, and n represents an ax@xage nunmber which § fo 10 and
(b) 4,4 -dih droxyb| phenyl ,. and havi ng .a softeni ng point of ngt higher than
120 [err]C \agrdeln&trew@ms aHakegodrie)ted EReestmerRInteeehel Lihhdnerapresent 2and
conponent ( t. o9 &qué}?ent
(a) ratio l@?%reﬁov% 5@%@ afbod, Q% g}(&%&%ﬁg}oﬂg%ﬁ(ﬁeﬁ’ﬁgﬁI’E}Exrlb(e)g)ate&n%xy resin
accordi ng tgromamdencpdmbrfmweaﬁzlioﬁenxanm regresents ao avarkgs nomhgroneh is(IBp 10n t he
m xture of conpone a). and b 1. /{[{;he, anount of the component. (a) in

t he mxtur T EONDONERt ey C o e A o D i G i A1 2 v‘.) : '. SOEPENHAT T of
conmponent  (aMyighehsl Ho@blakl] gher than 0.3. 3. The n-- e epoxy resin

accordlngto claim] _ or 2, wherelnX Are (1)

hydr ocar bor(7 br E]ﬁ“ﬁ%ﬁﬁd ROXY FeSinag pg,ghthgta@ﬁge 1tem (6), wherem the component (a) is
B=CIESOL-NOMO k
' ’ (),

(3%' the modified epoxy resin according to the above item £6)-er{#; wherein the value of
(weight of dinuclear component) / (weight of trinuclear component)lis not higher than 0.4,

@) the modified epoxy resin according to the above item £6)-er—7), wherein the relative
amount of the tetranuclear component is at least 30% by weight and the relative amount of the
total of mononuclear to trinuclear components is not larger than 20% by weight in the

component (a),

& vy )

noadibioad oo A N-—RaAarrding .Y = ha - e 6 0 Y
ot - POATY v O = v O OOV S > Y
- 2

component (a) is an alkylphenol novolak obtained by condensing an alkylphenol with
formaldehyde in the presence of a hydroxycarboxylic acid having a carboxyl groi . and an
alcoholic hydroxyl group in the molecule as the catalyst,

(11) the modified epoxy resin according to any of the above items (7) 46 (10), wherein the
component (a) is an o-cresol novolak having a softening point of notHigher than 100°C,

(12) the modified epoxy resin acc;c;rding to any of the above“items (1) to (11), wherein the
component (a) and component (b) are contained in the mixture in a component (b) to
component (a) ratio by weight of not higher than 0.4,

(13) the modified epoxy resin according tg4ny of the above items (1) to (11), wherein the
component (a) and component (b) aré contained in the mixture in a component (b) to
component (a) ratio by weight ofbelow 0.25 and at least 0.05,

(14) an epoxy resin composifion containing the modified epoxy resin as set forth in any of the
above items (1) to (13X

(15) the epoxy-tesin composition according to the above item (14), which is prepared for
encapsulagifig a semiconductor, and

(16)4 cured product produced by curing the epoxy resin composition as set forth in the above

< £3 4N LI 0N
AL Wil AV \i2).

(Mode for Carrying Out the Invention)

AMENDED SHEET )
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Thie fodifi ed epoxy resin accordingto any of clains 1 to 3, wherein the

conpound of the fornula (1) is

- bi s- (4- hydr oxyphe m HL“ hyl - cycl ohexane. 3. HE}q KN Ny
resin according ton c |L v to 3, wherein the co.,,vtmmfw
formula (1) is that represented by the fornmula (2): herrl

- 26- wherein c represents an integer of | jtag 2 Od dp1388ent g
an integer of | to 5, P s represent a_zglydrogen atom g Halogen atom a

hydr ocarbon group having 1 to 8 carbon™atons or an aryl{ group’
I ndependently from each other, and mrepresents an avertage—purher which iis

| to 10. 6. The nodi fied epoxy resin according to claiml1, wherein the
conponent (a) is an al kyl phenol novolak. 7. The nodified epoxy resin
accordi ng t(€lams m 6, wherein the conponent (a) is o-cresol 4. The

{rﬁgl fied CROXY [ ?r%d?ﬁe?icggorxc)irl rrtl,gn to%ta?rlegl br? gh’e éwgéy%t%nt g}e a \{nailctlsz?e %ff (g)\,\gl rg)olof

compound represented by the formula (1):

(1)

wherein X represents a hydrocarbon group or hydroxyhydrocarbon group having 1 to 14
carbon atoms, a represents an integer of 1 to 6, b represents an integer of 1 to 5, R's represent
a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 8 carbon atoms or an aryl
group independently from each other, and n represents an average number which is 1 to 10
and (b) 4,4™-dihydroxybiphenyl, and having a softening point of not higher than 120 C and
not lower than 60 °C, and wherein the component (a) and component (b) are

contained in the mixture in a component (b) to component (a) ratio of
below 0.25 _and atr least 0.05

o6 26—€PO ESiR—aCeorading 6-Ciai MNeirelt . " e _amoun 0 De
- >

component (b) in the mixture of components (a) and (b)] /{[the amount of the Component (a)

in the mixture of components (a) and (b)] X [1+56/hyéra group. equivalent of component
(a)]} is not higher than 0.3.

3. The modified€poxy resin according to claim 1 or 2, wherein X in the formula (1) is a
Nvare

arbhan oy b o 2 to
Caroe FFOUP 3 o0 G-caioon-atom
5 >

% The modified epoxy resin according to any of claim$ 1-+4e-3, wherein the compound of the
formula (1) is 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane.

,5‘?_ The modified epoxy resin according to any of claim$ 1+4e-3; wherein the compound of the
formula (1) is that represented by the fdrmula 2):

AMENDED SHEET
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dlnuclear conponent) / (weight of the trinuclear conponent).is_not higher
than 0.4. 5. The_—n:gdrr—f—l—eek—e'pcrxy"’em n according to any of R:E

wherein the rel at ‘m n‘u“ t et ranucl ear conponent i T
by wei ght and the\“ﬁ “nwunu l of the total of nononucljegr to trinucl egr
conponents is not l+argertthtan 20% by wei ght in the conpongn ébﬂ.ﬂﬁ@.ﬁﬂ@e

nodi fied epoxy resin according any of clains 6 to 9, wher¢in_the conponen
(a) is an al kyl phenol novol ak obtai ned,gy condensing an a kylphenol W Th
formal dehyde in the presence of a hydroxycarboxylic acid kew-hRg—a-carboxyl
group and an al cohal droxyl group in the nolecul Ff the catal yst. 11.

o}

The nodified epoxy_ according to any of clains 10, wherein the
conponent (a) is r esol né'\m k/ﬁaw(ng a softg/h—l n oi nt of not higher
than 100 [err]C 42 paxy estrHaccongil anf2) of clains 1
to 11, wherein thejegnppnent ( nd onent (b) 414 cgntained in the

mxture in a comz‘o ent, b) to corrponent (a) ratio b weu t of not higher

m ﬁified epoxy resin according t‘,,any of clains 1 to 11,
mhereln the conpon nt (a) and conponent (b) are coqg ,bned in the mxture in
I

a conponent (b) ttPkonponent (a) ratio of 0.25 and at | east
0. 05. : -27-

wherein ¢ represents an integer of 1 to 6, d represents an integer of 1 to 5, P's represent a
hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 8 carbon atoms or an aryl

group independently from each other, and m représents an average number which is 1 to 10.

alkylphenol novolak.
7. The modified epox;

é' The modified epoxy resin accordmg to claim 6—0}—7- wherein the value of (welght of the
dinuclear component) / (weight of the trinuclear component) is not higher than 0.4.

,5.— The modified epoxy resin according to any of clalmfﬁ-tjé—&, wherein the relative amount of
the tetranuclear component is at least 30% by weight and the relative amount of the total of
mononuclear to trinuclear components is not larger than 20% by weight in the component (a).

.
g O B b-to-Ywhereth-the-component{a)is

an alkylphenol novolak obtained by condénsing an alkylphenol with formaldehyd€ in the
presence of a hydroxycarboxylic acid having a carboxyl group and an alcoholi€ hydroxyl group
in the molecule as the catalyst.

11. The modified epoxy resin according té any of .claims 716 10, wherein the component @
is an o-cresol novolak having a softening point of net higher than 100 °C.

12. The modified epoxy resin according to any of claims 1 to 11, wherein the component (a)
and component (b) are contained-ifi the mixture in a component (b) to component (a) ratio by
weight of not higher than 074,

13. The modified epoxy resin according to any of claims I to 11, wherein the component (a)
and component (b) are contained in the mixture in a component (b) to component (a) ratio of

2low-0 and-a g Q.05
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14. 'An’ epoxy resin conposition containing the mod ﬁEHﬂF\G&MBNT (SHERT fas set
forth in any of clains 1 to 13 15 The epoxy res

cpr di ng
A

Lot comoel t.“”S'nCBr' ; ﬁmmmm ﬁZ‘pZBLi‘ty' ML S e 2&
forth in claim 14 or /

H

-27-

14. An epoxy resin composition containing the modifie epoxy resin as set forth in any of

¢claims 1 to 13.

15. The epoxy resin composition according to claimy/14, which is prepared for encapsulating a
semiconductor.
16. A cured composition produced by curing the epoxy resin composition as set forth in claim

14 or 15.
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