DESCRI PTI ON
Title of Invention: EPOXY RESIN COVPOSI TI ON, CURED PRODUCT,
AND ELECTRI CAL OR ELECTRONI C COVPONENT
Technical Field
[ 0001]

The present invention relates to an epoxy resin
conposition, a cured product, and an electrical or
el ectronic conponent. Mdre particularly, the present
invention relates to an epoxy resin conposition (A) having
superior electrical properties and optical properties, an
epoxy resin conposition (B) containing the epoxy resin
conposition (A) and a curing agent and havi ng superi or
curability, and a cured product and an electrical or
el ectroni c conponent that are produced by curing the epoxy
resin conposition and that have superior crack resistance
and heat resistance.

Background Art
[ 0002]

Epoxy resins have been used in a w de range of fields,
such as adhesives, paints, and electrical and el ectronic
mat eri al s, because they are cured with various curing agents
into cured products that typically have, for exanple,
superior mechani cal properties, heat resistance, and
el ectrical properties. In particular, hydrogenated

bi sphenol -type epoxy resins, in which hydrogen is added to



aromati c epoxy resins, have been wdely used in the opti cal
field.
[ 0003]

PTL 1 describes a nethod for producing a glycidyl
group-containing alicyclic conpound having a | ow chlorine
content in the presence of an ether group-containing al cohol,
and a | ow viscosity epoxy resin conposition containing the
gl yci dyl group-containing alicyclic conpound and havi ng
superior electrical insulation and weather resistance.

[ 0004]

PTL 2 discloses a nethod for produci ng a hydrogenat ed
bi sphenol -type epoxy resin by ring hydrogenation of a
bi sphenol A-type epoxy resin and a bi sphenol F-type epoxy
resin in the presence of a heterogeneous rutheni um catal yst
containing a specific silicon dioxide support.

[ 0005]

PTL 3 describes a nethod for producing an alicyclic
epoxy conpound having an i nproved hue by sel ectively
hydrogenating the aromatic ring of an aromatic epoxy
conpound in the presence of a hydrogenation catal yst and
conducting a reaction in the presence of a reaction sol vent
havi ng an ester solvent content of 50% by nass.

[ 0006]
PTL 1: JP2002-97251A
PTL 2: JP2007-515276A



PTL 3: JP2003-212955A
[ 0007]

Wth the recent rapid devel opnment of the electronics
i ndustry, optical nmaterials have been increasingly required
to have high levels of electrical properties, optical
properties, curability, crack resistance, and heat
resi st ance.

[ 0008]

The hydr ogenat ed bi sphenol epoxy resins described in
PTLs 1 to 3 are insufficient in terns of optical properties,
such as transparency, curability when cured, and crack
resi stance and heat resistance as a cured product.

Summary of | nvention
[ 0009]

The present invention ainms to provide an epoxy resin
conposition (A) having superior electrical properties and
optical properties, an epoxy resin conposition (B)
cont ai ning the epoxy resin conposition (A) and having
superior curability, a cured product and an el ectrical or
el ectroni c conponent that are produced by curing the epoxy
resin conposition (B) and that have superior crack
resi stance and heat resistance.

[ 0010]
The i nventor has found that the epoxy resin conposition

(A) having a specific conmposition and the epoxy resin



conposition (B) containing the epoxy resin conposition (A)
and a curing agent solve the above problens, |eading to the
conpl etion of the invention.
[ 0011]

The gist of the present invention lies in the foll ow ng
[1] to [9].
[0012]
[1] An epoxy resin conposition (A), conprising an epoxy
resin having a structure represented by fornmula (1)
descri bed bel ow (hereinafter, referred to as an "epoxy resin
(1)") and an epoxy resin having a structure represented by
formula (2) described below (hereinafter, referred to as an
"epoxy resin (2)") and/or an epoxy resin having a structure
represented by fornmula (3) described bel ow (hereinafter,
referred to as an "epoxy resin (3)"), 89.0%to 99.9% by nmass
of the epoxy resin (1) and 0.1%to 11.0% by mass of the
epoxy resin (2) and/or the epoxy resin (3) being contained
in 100% by mass of a total of the epoxy resin (1) and the
epoxy resin (2) and/or the epoxy resin (3),
[ 0013]
[ Chem 1]
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[ 0014]

In the formulae (1), (2), and (3), each X is a direct
bond or a divalent |linking group selected from-S&-, -0, -
CO, -C(CF3)2-, -S-, and a hydrocarbon group having 1 to 20
carbon atons, R!'s are each a hydrogen atom a hydrocarbon
group having 1 to 10 carbon atons, or a hal ogen el enment and
are optionally the sane or different, two R's bonded to two
adj acent carbon atons of one of cycl ohexane rings are
optionally taken together to forma ring structure having 4
to 20 carbon atons, and n is an integer of 0 to 2.

[ 0015]

[2] The epoxy resin conposition (A) according to [1],
wherein in formulae (1) to (3), each X is an isopropylidene
group, each Rl is a hydrogen atom and n is O.

[ 0016]

[ 3] The epoxy resin conposition (A) according to [1] or [2],



wherein a total chlorine content (according to JI'S K7043-3)
is 1,000 ppmor |ess.

[0017]

[4] The epoxy resin conposition (A) according to any one of
[1] to [3], wherein an epoxy equivalent is 176 to 186

g/ equi val ent.

[0018]

[5] The epoxy resin conposition (A) according to any one of
[1] to [4], wherein a value of a Hazen col or nunber (APHA
val ue: according to | SO 6271-2:2004) is 12 or |ess.

[0019]

[6] An epoxy resin conposition (B), conprising 100 parts by
mass of the epoxy resin conposition (A) according to any one
of [1] to [5] and 0.01 to 1,000 parts by mass of a curing
agent .

[ 0020]

[7] A cured product obtained by curing the epoxy resin
conposition (B) according to [6].

[ 0021]

[8 An electrical or electronic conponent obtained by
curing the epoxy resin conposition (B) according to [6].

[ 0022]

[9] An optical conponent obtained by curing the epoxy resin
conposition (B) according to [6].

Advant ageous Effects of Invention



[ 0023]

According to the present invention, it is possible to
provi de the epoxy resin conposition (A) having superior
el ectrical properties and optical properties, the epoxy
resin conposition (B) containing the epoxy resin conposition
(A) and having superior curability, the cured product and
the electrical or electronic conponent that are produced by
curing the epoxy resin conposition (B) and that have
superior crack resistance and heat resistance.

Description of Enbodi nents
[ 0024]

Enbodi nents of the present invention will be described
in detail below. The follow ng description is an exanpl e of
an enbodi ment of the present invention. The present
invention is not limted to the foll ow ng description as

long as it does not exceed the gist thereof.

When the expression "to" is used in the present
specification, it shall be used as an expression including
numeri cal val ues or physical property val ues before and
after the expression.
[ 0025]
[ Epoxy Resin Conposition (A)]

An epoxy resin conposition (A) according to the present
i nvention contains an epoxy resin having a structure

represented by formula (1) described bel ow (hereinafter,



referred to as an "epoxy resin (1)", in sone cases) and an
epoxy resin having a structure represented by fornula (2)
descri bed bel ow (hereinafter, referred to as an "epoxy resin
(2)", in sone cases) and/or an epoxy resin having a
structure represented by fornula (3) described bel ow
(hereinafter, referred to as an "epoxy resin (3)", in sone
cases) and is characterized by containing 89.0%to 99. 9% by
mass of the epoxy resin (1) and 0.1%to 11.0% by nass of the
epoxy resin (2) and/or the epoxy resin (3) in 100% by nass
of the total of the epoxy resin (1) and the epoxy resin (2)
and/ or the epoxy resin (3).
[ 0026]

Herei nafter, the proportion of the epoxy resin (1) in
100% by mass of the total of the epoxy resin (1) and the
epoxy resin (2) and/or the epoxy resin (3) is sonetines
referred to sinply as "epoxy resin (1) content"”, and the
proportion of the epoxy resin (2) and/or the epoxy resin (3)
in 100% by mass of the total of the epoxy resin (1) and the
epoxy resin (2) and/or the epoxy resin (3) is sonetines
referred to sinply as "epoxy resin (2)/(3) content".
[ 0027]
[ Chem 2]
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[ 0028]

In the formulae (1), (2), and (3), each X is a direct
bond or a divalent |linking group selected from-S&-, -0, -
CO, -C(CF3)2-, -S-, and a hydrocarbon group having 1 to 20
carbon atons, R!'s are each a hydrogen atom a hydrocarbon
group having 1 to 10 carbon atons, or a hal ogen el enment and
are optionally the sane or different, two R's bonded to two
adj acent carbon atons of one of cycl ohexane rings are
optionally taken together to forma ring structure having 4
to 20 carbon atons, and n is an integer of 0 to 2.

[ 0029]

The epoxy resin conposition (A) of the present
invention is defined as an "epoxy resin conposition" because
it contains multiple conponents, such as the epoxy resin (1)
and the epoxy resin (2) and/or the epoxy resin (3). However,

in the technical field of epoxy resins, an "epoxy resin" may



al so be obtained as a "conposition" consisting of nmultiple
conponents as well as those consisting of a single conmponent.
For this reason, the epoxy resin conposition (A of the
present invention is sonetines described as an "epoxy resin"
or sold as an "epoxy resin” in the art and in the market.

In the art, an "epoxy conpound (uncured)"” is called an
"epoxy resin".

[ 0030]

In fornulae (1) to (3) descri bed above, each X is
preferably a direct bond or a hydrocarbon group having 1 to
10 carbon atons, nore preferably a direct bond, a nethyl ene
group, or an isopropylidene group. Mst preferably, each X
is an isopropylidene group.

[ 0031]

Each R! is preferably a hydrogen atomor a nethyl group
nost preferably a hydrogen atom
[ 0032]

In fornmulae (1) to (3) described above, n is preferably
O0to 1, nost preferably 0. A larger n results in a |arger
nol ecul ar wei ght, increasing the viscosity and the softening
tenperature. This may | ead to poor handleability.

[ 0033]

Multiple R\'s present in fornmula (1) may all be the sane

or different, and multiple X' s present therein when nis 1

or nore may be the sane or different. However, they are



preferably the sanme, because in the case of different
conpounds at the tinme of the distillation of the epoxy resin
(1), adifficulty lies in the distillation operation due to
different boiling points. The sane is true for R's and X' s
in fornmulae (2) and (3).

Xs, R's, and n"s in fornulae (1) to (3) may be the
sanme or different anong fornmulae (1) to (3). However, from
t he vi ewpoi nts of ease of adjustnent of each conponent
content in the epoxy resin conposition (A and ease of
production, X's, RI's, and n's in the respective structura
formul ae are preferably the sanme anong fornmulae (1) to (3).

[ 0034]
[ Conposition of Epoxy Resin Conposition (A)]

From the viewpoi nts of obtaining superior electrica
properties and optical properties, superior curability as an
epoxy resin conposition (B), described bel ow, containing a
curing agent, and superior crack resistance and heat
resi stance, the epoxy resin conposition (A) of the present
invention is characterized by containing the epoxy resin (1)
and the epoxy resin (2) and/or the epoxy resin (3), 89.0%to
99. 9% by mass of the epoxy resin (1) and 0.1%to 11.0% by
mass of the epoxy resin (2) and/or the epoxy resin (3) being
contained in 100% by mass of the total of the epoxy resin
(1) and the epoxy resin (2) and/or the epoxy resin (3). A

hi gher epoxy resin (1) content and a | ower epoxy resin (2)



and/ or epoxy resin (3) content tend to result in a |ower
Hazen col or nunber of the epoxy resin conposition (A). For
t he epoxy resin conposition (B), an increase in crosslink
density and a reduction in coefficient of |inear expansion
i nprove the crack resistance. In addition, the glass
transition tenperature is high, thus inproving the heat
resi stance. A lower epoxy resin (1) content and a hi gher
epoxy resin (2) and/or epoxy resin (3) content tend to
result in deteriorations in crack resistance and heat
resistance in the case of the epoxy resin conposition (B)

[ 0035]

From the viewpoint of nore effectively obtaining the
effect of the present invention by containing the epoxy
resin (1) and the epoxy resin (2) and/or the epoxy resin (3),
preferably, the epoxy resin (1) content is 90.0%to 99. 0% by
mass, and the epoxy resin (2) and/or epoxy resin (3) content
is 1.0%to 10.0% by nass. Mdre preferably, the epoxy resin
(1) content is 92.0%to 98.0% by mass, and the epoxy resin
(2) and/or epoxy resin (3) content is 2.0%to 8.0% by nass.
Particularly preferably, the epoxy resin (1) content is
95.0% to 98.0% by nmass, and the epoxy resin (2) and/or epoxy
resin (3) content is 2.0%to 5.0% by nass.

[ 0036]
In the epoxy resin conposition (A) of the present

i nvention, the proportion of the epoxy resin (2) and/or the



epoxy resin (3) to the epoxy resin (1) is preferably 0.1%to
13% by mass, nore preferably 1% to 12% by nass.
[ 0037]

The epoxy resin (2) and the epoxy resin (3) have the
sane nol ecul ar wei ght and the sane nunber of hydroxy groups;
thus, it is difficult to distinguish between them and
anal yze their contents. For this reason, the term "epoxy
resin (2) and/or epoxy resin (3)" is used in the present
i nvention. The epoxy resin conposition (A) of the present
invention may contain only one of the epoxy resin (2) and
the epoxy resin (3) or both of the epoxy resin (2) and the
epoxy resin (3). In a nethod for producing the epoxy resin
conposition (A) described bel ow, the epoxy resin conposition
(A) containing both of the epoxy resin (2) and the epoxy
resin (3) is produced. It is difficult to separate the
epoxy resin (2) fromthe epoxy resin (3) by, for exanple,
purification. Thus, when the epoxy resin conposition (A is
produced on an industrial scale, it is easier to analyze the
"epoxy resin (2) and/or epoxy resin (3)" content than to
anal yze each of the epoxy resin (2) content and the epoxy
resin (3) content of the epoxy resin conposition (A).

[ 0038]

The epoxy resin conposition (A) of the present

invention may usually contain other conponents other than

t he above epoxy resins (1) to (3).



[ 0039]

The ot her conponents are chlorine inpurities that are
by-products in the reaction processes of fornmulae (1) to (3)
formed in the production of the epoxy resin conposition (A
of the present invention. The term"chlorine inpurities" is
a generic termfor chlorine atom (C)-containing organic
subst ances and conpounds, such as conpounds cont ai ni ng
chlorine atons in their structural formnulae, that are by-
products fornmed in the production of the epoxy resin
conposition (A).

[ 0040]

The anmounts of the other components contained in the
epoxy resin conposition (A of the present invention are
preferably 3% by mass or |less, nore preferably 2% by nmass or
| ess, even nore preferably 1% by nass or |ess. Wen the
anounts of the other conponents contained are |arge, the
necessary anounts of epoxy resins (1) to (3) contained
cannot be ensured, thus failing to sufficiently provide the
effects of inproving the electrical properties, the optical
properties, the curability as an epoxy resin conposition (B)
t he crack resistance, and the heat resistance.

When the epoxy resin conposition (A) of the present
i nvention contains the other conponents, the total of the
epoxy resins (1) to (3) and the other conponents is 100% by

nmass.



[0041]

The amounts of epoxy resins (1) to (3) and the other
conponents contained in the epoxy resin conposition (A of
the present invention can be nmeasured, for exanple, by ge
permeati on chromat ogr aphy analysis (hereinafter, referred to
as "GPC anal ysis") under the follow ng conditions.
| nstrument: Tosoh HLC-8220L GPC
Detector: R
Mobi | e phase: tetrahydrofuran (containing BHT)

Flow rate: 0.8 nL/mn

Col um: Tosoh TSKgel &000HxlI + GLOOOHxI x 2
Col um tenperature: 40°C

[ 0042]

[ Epoxy Equi val ent]

The epoxy resin conposition (A) of the present
i nvention preferably has an epoxy equivalent of 178 to 186
g/ equi val ent fromthe viewpoints of achieving superior
curability as the epoxy resin conposition (B) containing a
curing agent, superior crack resistance, and heat resistance,
nmore preferably 178 to 181 g/equivalent fromthe vi ewpoints
of inmproving the above characteristics. The epoxy
equi valent in the above specific range seemngly results in
t he superior characteristics described above.

[ 0043]

The "epoxy equival ent” used in the present invention is



defined as "the mass of an epoxy resin containing one
equi val ent of epoxy groups” and can be nmeasured according to
JI'S K7236- 1955.
[ 0044]
[ Hazen Col or Nunber]

In the epoxy resin conposition (A) of the present
i nvention, fromthe viewoint of obtaining superior optical
properties as an epoxy resin, the Hazen col or nunber is
preferably 12 or less. Fromthe viewpoint of further
i mproving the optical properties, this value is nore
preferably 9 or less, particularly preferably 8 or |ess.
The Hazen col or nunber of |ess than or equal to the above
upper limt seemingly results in superior optical properties.
A smal |l er Hazen col or nunber is nore preferred, and the
lower limt is not limted to a particular val ue.
[ 0045]

In the present invention, the "Hazen col or nunber" can
be nmeasured according to | SO 6271-2: 2004.
[ 0046]
[ Total Chl orine Content]

In the epoxy resin conmposition (A) of the present
i nvention, fromthe viewoint of obtaining superior
electrical reliability as an epoxy resin, the total chlorine
content is preferably 1,000 ppmor |less (ppmby mass). From

t he viewpoint of further enhancing electrical reliability,



the total chlorine content is nore preferably 750 ppm or
| ess, particularly preferably 700 ppmor less. The total
chlorine content of |less than or equal to the above upper
limt results in superior electrical properties, optical
properties, curing properties as the epoxy resin conposition
(B) containing a curing agent, and a cured product having
superior crack resistance and heat resistance. A |ower
total chlorine content is nore preferred, and the | ower
limt is not limted to a particul ar val ue.
[ 0047]

The "total chlorine content” is the anmpount of chlorine
atons (Cl) contained in the epoxy resin conmposition (A).

In the present invention, the "total chlorine content”
can be neasured according to JI'S K7243- 3.
[ 0048]
[ Met hod for Produci ng Epoxy Resin Conposition (A)]
<Raw Mat eri al Aromati c Epoxy Resin>

A net hod for producing the epoxy resin conposition (A)
of the present inventionis not limted to a particul ar
met hod. The production of the epoxy resin conposition (A)
of the present invention by conducting a hydrogenation
reaction using an aromatic epoxy resin as a raw nmaterial is
preferred because the epoxy resin conposition (A of the
present invention can be efficiently produced.

[ 0049]



An exanple of a preferred aronatic epoxy resin to be
used as a raw material is an epoxy resin having a structure
illustrated in fornula (4) below (hereinafter, referred to

as an "aromatic epoxy resin (4)").

[ 0050]
[ Chem 3]
R R’ R R’
. X 0, C,Hz\cl|.|—cH2 D@X \@,o/\w
o) OH o
R R1 A R? Rt “nae (4)
[ 0051]

In fornmula (4) above, R''s, each X, and n are defined
the sane as in formulae (1) to (3).
[ 0052]

Preferred specific exanples of the aromatic epoxy resin
(4) include bisphenol-type epoxy resins, such as bi spheno
A-type epoxy resins, bisphenol F-type epoxy resins,
3,3 ,5 5 -tetranethyl -4, 4' -bi phenol -type epoxy resins, and
4, 4" - bi phenol -type epoxy resins; bisphenol A novol ac-type
epoxy resins; and napht hal enedi ol -type epoxy resins. Anong
t hese, bi sphenol A-type epoxy resins are nore preferred.
These aromatic epoxy resins (4) nmay be used alone or in
conbi nation as a m xture of two or nore.
[ 0053]

Because it is suitable as a raw materi al before the



hydrogenation reaction to efficiently obtain the epoxy resin
conposition (A) of the present invention, an aromatic epoxy

resin wth the followng qualities is preferably used as the
aromati c epoxy resin (4).

[ 0054]

The epoxy equival ent of the aromatic epoxy resin (4) is
preferably 165 to 194 g/equivalent, fromthe viewpoint of
achi eving the above-nentioned suitable range of the epoxy
resin (1) content of the epoxy resin conposition (A).

The total chlorine content of the aromatic epoxy resin
(4) is preferably 2,000 ppmor |ess, particularly preferably
1,500 ppmor |less, fromthe viewoint of achieving a total
chl orine content of the epoxy resin conposition (A of 1,000
ppm or | ess.

[ 0055]
<Distillation of Aromatic Epoxy Resin>

The epoxy resin conposition (A) of the present
invention is preferably produced by perform ng the
hydr ogenati on reaction of aromatic epoxy resin (4). The
aromatic epoxy resin (4) is preferably distilled in advance
before the aromati c epoxy resin (4) is subjected to the
hydr ogenati on reaction because it is easy to control the
proportions and anmounts of epoxy resins (1) to (3) contained
and even the total chlorine content of the epoxy resin

conposition (A).



[ 0056]

In this case, the tine for the distillation is
preferably, but not particularly limted to, 5 to 30 hours,
nore preferably 6 to 15 hours.

The tenperature and pressure during the distillation
are not limted to particular values. The tenperature is
preferably 130°C to 240°C, nore preferably 210°C to 230°C
An excessively high distillation tenperature nmay cause
deconposition of the aromatic epoxy resin (4). At a too |ow
distillation tenperature, a high degree of vacuumis
required. This is not an industrially advantageous nethod.

The distillation pressure is preferably a reduced
pressure of 0.001 to 1 Torr, and nore preferably 0.001 to
0.01 Torr.

[ 0057]

The distillation is preferably perforned at a fraction
of 70% or |ess, such as 40%to 60% When the distillation
is perforned at a fraction of nore than 70% the oligoneric
conponent of the aromatic epoxy resin (4) tends to increase
to cause a difficulty in controlling the conponent contents
of the epoxy resin conposition (A of the present invention
within the above suitable ranges.

[ 0058]
A distillation nethod is not limted to a particul ar

method. Distillation is preferably perforned with a thin-



filmdistillation apparat us.
[ 0059]

The physical properties of the aromatic epoxy resin (4)
obtained by distillation are not particularly limted. The
epoxy equivalent is preferably 165 to 180 g/ equi val ent
because it is easy to control the epoxy resin (1) content of
t he epoxy resin conposition (A) in the above-nentioned
suitable range. The total chlorine content is preferably
1,500 ppmor less, particularly preferably 1,000 ppm or |ess.
[ 0060]
<Hydr ogenati on Reacti on>

A hydrogenation catal yst used in the hydrogenation
reaction is preferably a catal yst containing an el enent of
the platinumgroup as an active conponent. A rhodi um
catal yst or rutheniumcatalyst is preferred. The
hydr ogenation catalyst is preferably a catal yst conposed of
t he active conponent supported on a carbonaceous support.
Exanpl es of the carbonaceous support include activated
carbon, graphite, and carbon bl ack. Anong these, activated
carbon or high-surface-area graphite is particularly
preferred. The carbonaceous support usually has a specific
surface area of 5 to 3,000 n?¥/g, preferably 50 to 1,500 n%¥/ g,
and usually has a particle size of 5 to 500 um
[ 0061]

As a nmethod for preparing a hydrogenation catal yst, for



exanpl e, a nmethod described in JP11-217379A may be enpl oyed.
The amobunt of a catalytic netal conponent mxed in the

resul ting epoxy resin conposition (A) varies in accordance
with a nmethod for preparing a hydrogenation catalyst. The
catal ytic netal conponent can be renoved in a purification
process descri bed bel ow.

[ 0062]

The hydrogenation reaction is preferably perforned in
the presence of a reaction solvent having an ester solvent
content of 50% or nore by mass fromthe viewpoint of
achieving a good hue of the resulting epoxy resin
conposition (A).

[ 0063]

Exanpl es of the ester solvent include fatty esters,
carbonates, and |actones. Fatty esters are particularly
preferred. In view of handling, fatty esters having a
boiling point in the range of 50°C to 180°C under nor nal
pressure are preferred. Exanples of such fatty esters
i nclude nmethyl acetate, ethyl acetate, propyl acetate, butyl
acetate, anyl acetate, nethyl propionate, propyl propionate,
butyl propionate, nethyl butyrate, ethyl butyrate, and
met hyl isoval erate. Anobng these, acetates and propi onates
are preferred. Specifically, ethyl acetate, propyl acetate,
butyl acetate, and nmethyl propionate are preferred. Ethyl

acetate is particularly preferred.



[ 0064]

The ester solvent may be m xed with an ether solvent,
an al cohol solvent, or a paraffin solvent, which is wdely
used in the conventional art. In this case, the proportion
of the ester solvent is usually 50% or nore by nass,
preferably 90% or nore by mass, of the m xed sol vent.
Preferably, an ether solvent is substantially not contained.
Specifically, the ether solvent content is preferably 1% or
| ess by nmass.

[ 0065]

The anobunt of the reaction solvent used is usually 0.05
to 10, preferably 0.1 to 3, as a mass ratio with respect to
the rawnmaterial aromatic epoxy resin (4). A too snal
anmount of the reaction solvent typically results in poor
hydrogen di ffusion due to the high viscosity of the raw
material, leading to a low reaction rate and | ow selectivity
of the hydrogenation reaction. An excessively |arge anount
of the reaction solvent results in |ow productivity and is
econoni cal | y di sadvant ageous.

[ 0066]

The reaction tenperature is usually 30°C to 150°C,
preferably 50°C to 130°C. A too |ow reaction tenperature
results in a lowreaction rate and requires a | arge anount
of hydrogenation catalyst and a long tine to conplete the

reaction. An excessively high reaction tenperature results



not only in an increase in side reactions, such as

hydr ogenol ysi s of epoxy groups, but also in an increase in
t he amount of elution of the catalytic netal conponent,

|l eading to a deterioration in the quality of the resulting
epoxy resin conposition (A).

[ 0067]

The reaction pressure is usually 1 to 30 MPa,
preferably 3 to 15 MPa. A too |low reaction pressure results
inalowreaction rate and requires a | arge anount of the
hydr ogenation catalyst and a long tine to conplete the
reaction. An excessively high reaction pressure requires a
| arge-scale facility, which is econom cally di sadvant ageous.
[ 0068]

As a reaction nethod, a |iquid-phase suspension
reaction or fixed-bed reaction can be used. |In particular,
t he |iqui d-phase suspension reaction is preferred.

[ 0069]

Hydr ogen nay be introduced by a circulation system or
may be introduced in an anount corresponding to the
consunption. Hydrogen can also be introduced and di spersed
in the liquid. Hydrogen can also be absorbed by being
entrained in the liquid fromthe gas phase by neans of
stirring or the Iike. The end point of the reaction can be
determ ned by anal ysis using hydrogen absorption nonitoring

or sanpling.



The degree of hydrogenation of the aronmatic rings of
the aromatic epoxy resin (4) is preferably 85% or higher.
An even hi gher degree of hydrogenation can al so be achi eved.
[ 0070]

After conpletion of the reaction, if necessary, the
catalyst is separated fromthe reaction solution by, for
exanple, filtration or centrifugation. Then the reaction
solvent is renoved by distillation to obtain a desired
product. The renoval of the reaction solvent by
distillation is usually performed at 50°C to 200°C
preferably 70°C to 150°C, under reduced pressure. The
resi dual amount of the reaction solvent is usually 1% or
| ess by mass, preferably 0.2% or |ess by mass, fromthe
vi ewpoi nt of the influence on the environment during use,
particularly odor. The lower limt of the residual anobunt
of the reaction solvent is usually 0.001% by mass. Further
removal of the reaction solvent by distillation requires a
| ong heating time and may reduce the stability of the
resulting epoxy resin conposition (A). The introduction of
an inert gas, such as nitrogen, is effective in further
reduci ng the residual amount of the reaction solvent.

[ 0071]

The concentration of the catalytic nmetal conponent in

t he epoxy resin conposition (A) obtained by the

hydr ogenation reaction is usually 0.01 to 50 ppm The



concentration of the catalytic nmetal conponent in the epoxy
resin conposition (A) can be reduced to such a | ow
concentration by using an ester solvent as the solvent and
by selecting conditions for the preparation of the catalyst
used in the hydrogenation reaction and conditions for the
hydrogenation reaction. To reliably further reduce the
concentration of the catalytic nmetal conponent in the epoxy
resin conposition (A), it is nore preferable to performthe
purification process using the adsorbent described bel ow
[ 0072]
<Purification Process>

Exanpl es of the adsorbent used in the purification
process include activated carbon, activated clay, ion-
exchange resins, and synthetic adsorbents. Anong these,
activated carbon is preferred. The type of activated carbon
is not limted to a particular type. Various types of
activated carbon produced fromvarious raw materials, such
as coconut shell raw materials, wood raw materials, and coal
raw materials, can be used. The specific surface area of
the activated carbon is preferably in the range of 500 to
3, 000 n#/g.

The active surface of the adsorbent can be acidic,
neutral, or basic, preferably basic. Exanples of the basic
adsor bent include solid basic conpounds, such as nagnesi um

oxi de, and basi c ion-exchange resins.



[ 0073]

The purification process nmay be performed by either a
batch contact treatnment with a powder adsorbent or a
circulation treatnment to a packed bed of a granul ar
adsorbent. As the powder adsorbent, an adsorbent having an
average particle size of 1 to 1,000 umis preferred. For
t he granul ar adsorbent, an adsorbent havi ng an average
particle size of 1 to 10 nmis preferred.

[ 0074]

The anount of adsorbent used varies in accordance with
the type of adsorbent, but is usually 0.01%to 100% by mass,
preferably 0.1%to 20% by nmass, nore preferably 0.2%to 10%
by mass with respect to the epoxy resin conposition to be
purified.

[ 0075]

The tenperature during the adsorption treatnent is
usually 0°C to 100°C, preferably 10°C to 80°C. The state of
the adsorption treatnent is preferably a state containing a
solvent in terns of the workability, recovery rate, and
adsorption efficiency. The type of solvent is not limted
to a particular solvent as long as the epoxy resin is
di ssol ved therein.

[ 0076]
The above purification process is usually perforned

bef ore the hydrogenation reaction solution is concentrat ed;



thus, the reaction solvent is suitably used as it is as a
sol vent during the adsorption treatnent. The sol vent

content is usually 5% to 80% by mass as a concentration in
the solution to be subjected to adsorption treatnent. A too
smal | amount of solvent results in high viscosity of the
treatment solution, leading to | ow adsorption efficiency.

[ 0077]

The adsorption treatnment can be performed by m xing the
adsorbent with the reaction solution after the hydrogenation
reaction without separating the hydrogenation catal yst, and
t hen separating both the catal yst and adsorbent by solid-
liquid separation. This nmethod has the follow ng advant ages.
[ 0078]

In other words, when the solid-liquid separation of the
catalyst is performed w thout an adsorbent in the reaction
solution after the hydrogenation reaction, the solid-liquid
separation performance is deteriorated by the stickiness of
organi ¢ substances attached to the catal yst surface. In
contrast, when the solid-liquid separation of the catal yst
is performed with the adsorbent (especially, activated
carbon) according to the above nmethod, good solid-liquid
separation performance is achieved. Even in this nethod,
the renoval efficiency of the catalyst is al nost the sane.
In the case of performng the solid-liquid separation of the

catal yst along wth the adsorbent, the anount of adsorbent



used is preferably 1 to 30 tinmes by mass the anount of
cat al yst.
[ 0079]

The amounts of epoxy resins (1) to (3) conponents
contained in the epoxy resin conposition (A) of the present
i nvention can be controlled by conbining the requirenments of
the reaction conditions of the hydrogenation reaction
descri bed above.

[ 0080]
[ Epoxy Resin Conposition (B)]

The epoxy resin conposition (B) of the present
i nvention contains at |east the epoxy resin conposition (A
of the present invention described above and a curing agent.

The epoxy resin conposition (B) of the present
i nvention can be mxed with, for exanple, other epoxy resins
ot her than the epoxy resin conposition (A) of the present
invention (hereinafter, referred to sinply as "ot her epoxy
resins", in some cases), a curing accelerator, an inorganic
filler, and a coupling agent, as appropriate.

[ 0081]

The epoxy resin conposition (B) of the present
i nvention containing the epoxy resin conposition (A) of the
present invention has superior curing properties, such as
curability, and gives a cured product that sufficiently

satisfies the various properties required for various



applications. The use of the epoxy resin conposition (B) of
the present invention having superior curability enables an
i nprovenent in productivity in various applications.

[ 0082]

[ Curing Agent]

The curing agent in the present invention refers to a
substance that contributes to the cross-linking reaction
and/ or chain extension reaction between epoxy groups of the
epoxy resin.

In the present invention, even what is usually called a
"curing accelerator” is regarded as a curing agent if it is
a substance that contributes to the cross-1linking reaction
and/ or chain extension reaction between epoxy groups of the
epoxy resin.

[ 0083]

The curing agent content of the epoxy resin conposition
(B) of the present invention is preferably 0.1 to 1,000
parts by nmass, nore preferably 500 parts or |ess by nass,
even nore preferably 300 parts or |ess by nass, based on 100
parts by nmass of the total epoxy resin conponent as a solid
cont ent.

In the present invention, the "solid content” refers to
conmponent s excl uding the solvent, and includes the solid
epoxy resin, a sem-solid material, and a viscous liquid

mat eri al .



The "total epoxy resin conponent” corresponds to the
anount of epoxy resin contained in the epoxy resin
conposition (B) of the present invention. Wen the epoxy
resin conposition (B) of the present invention contains only
the epoxy resin conposition (A, the "total epoxy resin
conponent™ corresponds to the anmobunt of epoxy resin in the
epoxy resin conposition (A). Wen the epoxy resin
conposition (B) of the present invention contains the epoxy
resin conposition (A) and other epoxy resins, the "total
epoxy resin conponent” corresponds to the sum of the epoxy
resin in the epoxy resin conposition (A) and ot her epoxy
resins.

[ 0084]

The curing agent is not limted to any particul ar
curing agent, and all those generally known as epoxy resin
curing agents can be used. Exanples thereof include
phenolic curing agents, am ne curing agents, such as
al i phatic am nes, polyether am nes, alicyclic am nes, and
aromati c am nes, acid anhydride curing agents, isocyanuric
acid derivative curing agents, am de curing agents, tertiary
am nes, and i m dazol es.

[ 0085]

The epoxy resin conposition (B) of the present

i nvention containing an acid anhydride curing agent, an

i socyanuric acid derivative curing agent, or a phenolic



curing agent can have superior curability, crack resistance,
and heat resistance. Thus, it is preferable to contain an

acid anhydride curing agent, an isocyanuric acid derivative
curing agent, or a phenolic curing agent as the curing agent.

From the viewpoi nt of heat resistance, it is preferable
to contain an acid anhydride curing agent or an isocyanuric
acid derivative curing agent.

The use of imdazole is also preferable fromthe
vi ewpoi nt of allowing the curing reaction to proceed
sufficiently and inproving the heat resistance.

[ 0086]

A single type of curing agent nay be used al one, or two
or nore types nmay be used in conbination. Wen two or nore
types of curing agents are used in conbination, they may be
pre-m xed to prepare a curing agent m xture before use, or
each of the curing agents may be separately added and m xed
si mul t aneously when the conmponents of the epoxy resin
conposition (B) are m xed.

[ 0087]
<Aci d Anhydri de Curing Agent>

Exanpl es of the acid anhydride curing agent include
aci d anhydrides and nodi fied acid anhydri des.

Exanpl es of acid anhydri des include phthalic anhydride
(phthalic acid anhydride), maleic anhydride, trinmellitic

anhydride (trinellitic acid anhydride), pyronellitic



anhydri de, benzophenonetetracarboxylic anhydride,
dodecenyl succi ni ¢ anhydri de, poly(adipic anhydride),
pol y(azel ai ¢ anhydri de), poly(sebacic anhydride),
pol y(et hyl oct adecanedi oi ¢ anhydri de), pol y(hexadecanedi oic
anhydride), tetrahydrophthalic anhydride (tetrahydrophthalic
aci d anhydride), nethyltetrahydrophthalic anhydride
(et hyl t et rahydropht hal i ¢ aci d anhydri de),
nmet hyl hexahydr opht hal i ¢ anhydri de (nethyl hexahydrophthalic
aci d anhydri de), hexahydrophthalic anhydride
(hexahydropht hal i c acid anhydri de), nethyl him c anhydri de,
trial kyl tetrahydrophthalic anhydri de,
met hyl cycl ohexenedi car boxyl i ¢ anhydri de,
nmet hyl cycl ohexanet et racar boxyl i ¢ anhydri de, ethylene glyco
bis(trinellitic dianhydride), het anhydride, nadic anhydride,
met hyl nadi ¢ anhydride, 5-(2,5-dioxotetrahydro-3-furanyl)- 3-
met hyl - 3- cycl ohexane-1, 2-di car boxyl i ¢ anhydride, 3, 4-
di car boxy-1, 2, 3, 4-t et rahydr o- 1- napht hal ene succi nic
di anhydri de, 1-nmethyl -dicarboxy-1, 2,3, 4-tetrahydro-1-
napht hal ene succini ¢ di anhydri de, glutaric anhydride,
di met hyl gl utari c anhydri de, diethylglutaric anhydride, and
succi ni ¢ anhydri de.
[ 0088]

Anong t hese acid anhydride curing agents, phthalic
anhydride, trinellitic anhydride, hexahydrophthalic

anhydri de, tetrahydrophthalic anhydri de,



met hyl hexahydr opht hal i ¢ anhydri de, nethyltetrahydrophthalic
anhydride, glutaric anhydride, dinethylglutaric anhydride,
and diethylglutaric anhydride are preferably used.

[ 0089]

Exanpl es of nodified acid anhydrides include products
obt ai ned by nodi fying the above-described acid anhydri des
with glycols. Exanples of glycols that can be used for the
nodi fi cation include al kyl ene glycols, such as ethyl ene
gl ycol, propylene glycol, and neopentyl glycol, and
pol yet her glycols, such as pol yethyl ene gl ycol s,
pol ypropyl ene gl ycols, and pol ytetranet hyl ene gl ycol s.

Furt hernore, polyether glycol copolynmers of two or nore
types of these glycols and/or polyether glycols can also be
used.

[ 0090]

For such a nodified acid anhydride, it is preferable to
nodi fy 1 nol of an acid anhydride with 0.4 nol or less of a
gl ycol. Wen the anmount of nodification is |ess than or
equal to the above-nentioned upper limt, the epoxy resin
conposition does not have an excessively high viscosity and
thus tends to have good workability, and the rate of the
curing reaction with the epoxy resin also tends to be good.
[ 0091]

These aci d anhydride curing agents descri bed above may

be used alone or in conmbination of two or nore in any



conbi nati on and anmount m xed.
[ 0092]

When such an acid anhydride curing agent is used, the
acid anhydride curing agent is preferably used in such a
manner that the equivalent ratio of functional groups in the
curing agent to epoxy groups in all epoxy resin conponents
in the epoxy resin conposition (B) is in the range of 0.8 to
1.5. Wthin this range, unreacted epoxy groups and
functional groups of the curing agent are less likely to
remai n, which is preferred.

[ 0093]
<l socyanuric Acid Derivative Curing Agent>

Exanpl es of the isocyanuric acid derivative curing
agents include 1, 3,5-tris(1-carboxynethyl) isocyanurate,
1,3,5-tris(2-carboxyethyl) isocyanurate, 1,3,5-tris(3-
car boxypropyl )i socyanurate, and 1, 3-bi s(2-carboxyet hyl)

i socyanur at e.
[ 0094]

Anmong t hese isocyanuric acid derivative curing agents,
1,3,5-tris(3-carboxypropyl) isocyanurate is preferably used.
[ 0095]

These isocyanuric acid derivative curing agents
descri bed above nay be used alone or in conbination of two
or nore in any conbination and anount m xed.

[ 0096]



When such an isocyanuric acid derivative curing agent
is used, the acid anhydride curing agent is preferably used
in such a manner that the equivalent ratio of functiona
groups in the curing agent to epoxy groups in all epoxy
resin conponents in the epoxy resin conposition (B) is in
the range of 0.8 to 1.5. Wthin this range, unreacted epoxy
groups and functional groups of the curing agent are |ess
likely to remain, which is preferred.

[ 0097]
<Phenol i ¢ Curing Agent>

Exanpl es of the phenolic curing agents include novol ac
phenol i ¢ resins obtained by condensati on or co-condensation
of phenols, such as phenol, cresol, resorcinol, catechol,
bi sphenol A, bisphenol F, phenyl phenol, and am nophenol,
and/ or naphthols, such as a-naphthol, B-naphthol, and
di hydr oxynapht hal ene, w th al dehyde group-contai ni ng
conmpounds, such as fornal dehyde, benzal dehyde, and
sal i cyl al dehyde, in the presence of an acid catalyst;
phenol - aral kyl resins synthesized from phenol s and/ or
napht hol s and di net hoxy- p- xyl ene or
bi s( met hoxynet hyl ) bi phenyl ; aral kyl -type phenolic resins,
such as bi phenyl ene-type phenol -aral kyl resins and napht hol -
aral kyl resins; dicycl opentadi ene-type phenolic resins, such
as di cycl opent adi ene-type phenolic novol ac resins and

di cycl opent adi ene-type napht hol novol ac resins, synthesized



by copol yneri zati on of phenols and/or naphthols and

di cycl opent adi ene; triphenyl met hane-type phenolic resins;
t erpene-nodi fi ed phenolic resins; p-xylylene and/or m

xyl yl ene-nodi fi ed phenolic resins; nelam ne-nodified
phenolic resins; cycl opentadi ene-nodi fied phenolic resins;
and phenolic resins obtained by copol ynerization of two or
nore thereof.

[ 0098]

The anount of the phenolic curing agent added is
preferably 0.1 to 1,000 parts by nmass, nore preferably 500
parts or | ess by mass, even nore preferably 300 parts or
| ess by mass, particularly preferably 100 parts or |ess by
mass, based on 100 parts by mass of all epoxy resin
conponents in the epoxy resin conposition (B).

[ 0099]
<Am ne Curing Agent>

Exanpl es of the ami ne curing agents (excluding tertiary
am nes) include aliphatic am nes, polyether am nes,
alicyclic amnes, and aromati c am nes.

[ 0100]

Exanpl es of aliphatic am nes include ethyl enedi anm ne,
1, 3-di am nopropane, 1, 4-di am nopropane, hexanethyl enedi am ne,
2, 5-di et hyl hexan®et hyl enedi am ne,
tri met hyl hexanet hyl enedi am ne, diethyl enetri am ne,

i m nobi spropyl am ne, bi s(hexanethyl ene)triam ne,



triethylenetetram ne, tetraethyl ene pentam ne, pentaethyl ene
hexam ne, N-hydroxyet hyl enedi am ne, and
tetra(hydroxyet hyl) et hyl enedi am ne.
[0101]

Exanpl es of pol yetheram nes include triethyl ene glycol
di am ne, tetraethyl ene glycol diamne, diethylene glycol
bi s(propyl am ne), pol yoxypropyl ene di am ne, and
pol yoxypr opyl ene tri am ne.
[0102]

Exanpl es of the alicyclic am nes include
i sophor onedi am ne, nethacenedi am ne, N am noet hyl pi perazi ne,
bi s(4- am no- 3- net hyl di cycl ohexyl ) net hane,
bi s(am nonet hyl ) cycl ohexane, 3, 9-bi s(3-am nopropyl) -
2,4,8,10-tetraoxaspi ro(5, 5)undecane, and norbornenedi am ne.
[0103]

Exanpl es of the aromatic am nes include tetrachl oro-p-
xyl yl enedi am ne, m xyl yl enedi am ne, p-xylyl enedi am ne, m
phenyl enedi am ne, o-phenyl enedi am ne, p-phenyl enedi am ne,
2, 4- di am noani sol e, 2, 4-tol uenedi am ne, 2, 4-
di am nodi phenyl net hane, 4, 4' -di am nodi phenyl net hane, 4, 4'-
di am no-1, 2-di phenyl et hane, 2, 4-di am nodi phenyl sul fone,
4, 4" -di am nodi phenyl sul fone, mam nophenol, m
am nobenzyl am ne, benzyl di et hyl am ne, 2-
(di met hyl am nonet hyl ) phenol, tri et hanol am ne,

nmet hyl benzyl am ne, o- (m am nophenyl ) et hyl am ne, ao- (p-



am nophenyl ) et hyl am ne,

di am nodi et hyl di net hyl di phenyl net hane, and o, o' - bi s(4-
am nophenyl ) - p- di i sopropyl benzene.

[ 0104]

These am ne curing agents descri bed above may be used
al one or in conbination of two or nore in any conbination
and m xing ratio.

[ 0105]

Such an am ne curing agent is preferably used in such a
manner that the equivalent ratio of functional groups in the
curing agent to epoxy groups in all epoxy resin conponents
in the epoxy resin conposition (B) is in the range of 0.8 to
1.5. Wthin this range, unreacted epoxy groups and
functional groups of the curing agent are less likely to
remai n, which is preferred.

[ 0106]

Exanpl es of the tertiary am nes include 1, 8-

di azabi cycl o(5,4,0)triethyl enedi am ne7, triethyl enedi am ne,
benzyl di met hyl am ne, triethanol am ne, dinethyl am noet hanol,
tris(dinmethylam nonet hyl ) phenol, and

di met hyl am nomet hyl phenol .

[0107]

These tertiary am nes descri bed above nay be used al one
or in conbination of two or nore in any conbi nati on and

m xing ratio.



[ 0108]

Such a tertiary amne is preferably used in such a
manner that the equivalent ratio of functional groups in the
curing agent to epoxy groups in all epoxy resin conponents
in the epoxy resin conposition (B) is in the range of 0.8 to
1.5. Wthin this range, unreacted epoxy groups and
functional groups of the curing agent are less likely to
remain, which is preferred.

[ 0109]
<Am de Curing Agent>

Exanpl es of the am de curing agents include
di cyandi am de and derivatives thereof and pol yam de resins.
[0110]

The ami de curing agents may be used alone or in
conbi nation of two or nore in any conbination and rati o.
[0111]

When such an am de curing agent is used, the am de
curing agent is preferably used in an anount of 0.1%to 20%
by mass based on the total of all epoxy resin conmponents in
t he epoxy resin conposition (B) and the am de curing agent.
[0112]
<| m dazol es>

Exanpl es of the im dazol es include 2-phenylimnm dazol e,
2-ethyl -4(5)-nmet hyl i m dazol e, 2-phenyl -4-nethylim dazole, 1-

benzyl - 2- net hyl i m dazol e, 1-benzyl -2-phenyli m dazole, 1-



cyanoet hyl - 2-undecyl i m dazol e, 1-cyano-2-phenyli m dazole, 1-
cyanoet hyl - 2-undecyl i m dazole trinellitate, 1-cyanoethyl-2-

phenylim dazoliumtrinellitate, 2,4-diamno-6-[2'-

nmet hyl i m dazolyl-(1")]-ethyl-s-triazine, 2,4-diamno-6-[2"-

ethyl-4"-methylimdazolyl-(1")]-ethyl-s-triazine, an

i socyanuric acid adduct of 2,4-diamno-6-[2'-

nmet hyl i m dazolyl-(1")]-ethyl-s-triazine, an isocyanuric acid
adduct of 2-phenylim dazol e, 2-phenyl -4, 5-

di hydr oxynet hyl i m dazol e, 2-phenyl - 4- et hyl - 5-

hydr oxynet hyl i m dazol e, and adducts of epoxy resins and the

above i m dazol es.

I m dazol es can al so be comonly cl assified as curing
accel erators because of their catalytic ability. In this
i nvention, however, they are classified as curing agents.
[0113]

These i m dazol es descri bed above may be used al one or
in conbination of two or nore in any conbination and ratio.
[0114]

Wien such an im dazole is used, the imdazole is
preferably used in an amount of 0.1%to 20% by mass based on
the total of all epoxy resin conponents in the epoxy resin
conposition (B) and the i m dazol e.

[0115]
<Ot her Curing Agents>

In the epoxy resin conposition (B) of the present



i nvention, other curing agents can be used in addition to

the curing agent. O her curing agents that can be used in

t he epoxy resin conposition (B) of the present invention are
not particularly limted. Al curing agents that are
comonly known as curing agents for epoxy resins can be used.

O her curing agents nay be used al one or in conbination
of two or nore.

[ 0116]
[ O her Epoxy Resins]

The epoxy resin conposition (B) of the present
i nvention can further contain other epoxy resins in addition
to the epoxy resin conposition (A) described above. The
i ncorporation of other epoxy resins enables inprovenents in
t he heat resistance, stress resistance, noisture resistance,
and flame retardancy of the epoxy resin conposition (B) of
the present invention.

[0117]

O her epoxy resins that can be used in the epoxy resin
conposition (B) of the present invention are all epoxy
resins other than the epoxy resins (mainly epoxy resins (1)
to (3)) contained in the epoxy resin conposition (A
descri bed above.

Speci fic exanpl es thereof include bisphenol A-type
epoxy resins, trisphenol nethane-type epoxy resins,

ant hr acene-type epoxy resins, phenol-nodified xylene resin-



type epoxy resins, bisphenol cycl ododecyl -type epoxy resins,
bi sphenol diisopropylidene resorcinol-type epoxy resins,

bi sphenol F-type epoxy resins, bisphenol AD-type epoxy
resins, hydroqui none-type epoxy resins, nethyl hydroqui none-
type epoxy resins, dibutyl hydroqui none-type epoxy resins,
resorcinol -type epoxy resins, methylresorcinol-type epoxy
resins, biphenol-type epoxy resins, tetranethyl biphenol-type
epoxy resins other than the epoxy resins (1) and (2) in the
epoxy resin conposition (A), tetranethyl bi sphenol F-type
epoxy resins, dihydroxydi phenyl ether-type epoxy resins,
epoxy resins derived fromthi odi phenol s,

di hydr oxynapht hal ene-type epoxy resins, di hydroxyanthracene-
type epoxy resins, dihydroxydi hydroant hracene-type epoxy
resins, dicyclopentadi ene-type epoxy resins, epoxy resins
derived from di hydroxystil benes, phenol novol ac-type epoxy
resins, cresol novol ac-type epoxy resins, bisphenol A-type
novol ac epoxy resins, naphthol novol ac-type epoxy resins,
phenol aral kyl -type epoxy resins, naphthol aral kyl -type epoxy
resins, biphenylaral kyl-type epoxy resins, terpenephenol -
type epoxy resins, dicyclopentadi enephenol -type epoxy resins,
epoxy resins derived from condensation products of pheno

and hydr oxybenzal dehyde, epoxy resins derived from
condensati on products of phenol and crotonal dehyde, epoxy
resins derived from condensati on products of phenol and

gl yoxal , epoxy resins derived from co-condensati on resins of



phenol s and fornmal dehyde with heavy oils or pitches, epoxy
resins derived from di am nodi phenyl net hane, epoxy resins
derived from am nophenol s, epoxy resins derived from

xyl enedi am nes, epoxy resins derived from

met hyl hexahydr opht hal i ¢ aci d, and epoxy resins derived from
di ner aci ds.

These may be used al one or in conbination of two or
nore in any conbination and m xing ratio.
[0118]

[ Curing Accel erator]

The epoxy resin conposition (B) of the present
invention preferably contains a curing accelerator. The
i ncorporation of the curing accel erator enabl es shortening
of the curing tinme and | owering of the curing tenperature,
facilitating the production of the desired cured product.
[0119]

Speci fic exanples of the curing accel erator include,
but are not Iimted to, phosphorus-containi ng conpounds,
such as or ganophosphi nes and phosphoni um sal ts,

t etraphenyl boron salts, organic acid dihydrazides, and boron
hal i de am ne conpl exes.
[ 0120]

Exanpl es of phosphorus-contai ni ng conmpounds that can be

used as curing accel erators include organophosphi nes, such

as triphenyl phosphi ne, di phenyl (p-tolyl)phosphine,



tris(al kyl phenyl ) phosphi ne, tris(al koxyphenyl) phosphi ne,
tris(al kyl al koxyphenyl ) phosphi ne,
tris(di al kyl phenyl ) phosphine, tris(trial kyl phenyl) phosphi ne,
tris(tetraal kyl phenyl ) phosphi ne,
tris(dial koxyphenyl) phosphi ne,
tris(trial koxyphenyl) phosphi ne,
tris(tetraal koxyphenyl ) phosphi ne, trial kyl phosphi nes,
di al kyl aryl phosphi nes, and al kyl di aryl phosphi nes; conpl exes
of these organophosphi nes with organoborons; and adduct
conmpounds of these organophosphi nes and conpounds such as
mal ei ¢ anhydri de, qui none conpounds, e.g., 1,4-benzoqui none,
2, 5-tol uqui none, 1, 4-napht hoqui none, 2, 3-
di met hyl benzoqui none, 2, 6-di net hyl benzoqui none, 2, 3-
di met hoxy- 5- net hyl -1, 4- benzoqui none, 2, 3-di net hoxy-1, 4-
benzoqui none, and phenyl -1, 4- benzoqui none, and
di azophenyl nmet hane.
[0121]

Anong t he above-nentioned curing accel erators,
or ganophosphi nes and phosphonium salts are preferred.
Or ganophosphi nes are nost preferred.
[0122]

A single type of curing accel erator anong the above-
menti oned curing accelerators may be used alone or in
conbination as a mxture of two or nore in any conbi nation

and rati o.



[ 0123]

The curing accelerator is preferably used in a range of
0.1 weight to 20 parts by nass, nore preferably 0.5 parts or
nore by mass, even nore preferably 1 part or nore by nass,
nmore preferably 15 parts or |ess by nass, even nore
preferably 10 parts or |ess by nass, based on 100 parts by
mass of all epoxy resin conponents in the epoxy resin
conposition (B). Wen the curing accelerator content is
nmore than or equal to the lower limt described above, a
good curing acceleration effect can be provided. Wen the
curing accelerator content is less than or equal to the
above upper limt, the desired curing properties are easily
obt ai ned.

[ 0124]
[Inorganic Filler]

The epoxy resin conposition (B) of the present
invention can be mxed with an inorganic filler. Exanples
of the inorganic filler include fused silica, crystalline
silica, glass powders, alum na, calciumcarbonate, cal cium
sulfate, talc, boron nitride, and titanium oxide. These may
be used alone or in conbination of two or nore in any
conbi nation and m xing ratio.

[ 0125]
When the inorganic filler is used in the epoxy resin

conposition (B) of the present invention, the inorganic



filler is preferably m xed in the range of 60%to 95% by
mass of the entire epoxy resin conposition (B)

[ 0126]

[ Mol d Rel ease Agent]

The epoxy resin conposition (B) of the present
invention can be mxed with a nold rel ease agent. Exanples
of the nold rel ease agent that can be used include natural
waxes, such as carnauba wax, synthetic waxes, such as
pol yet hyl ene wax, higher fatty acids, such as stearic acid
and zinc stearate, and netal salts thereof, and hydrocarbon
mol d rel ease agents, such as paraffin. These may be used
al one or in conbination of two or nore in any conbination
and m xing ratio.

[0127]

When the epoxy resin conposition (B) of the present
invention is mxed with the nold rel ease agent, the anount
of the nold rel ease agent mxed is preferably 0.1 to 5.0
parts by mass, nore preferably 0.5 to 3.0 parts by nass,
based on 100 parts by mass of all epoxy resin components in
t he epoxy resin conposition (B). Wen the anount of the
nol d rel ease agent mxed is within the above range, good
rel easability can be achieved while the curing properties of
t he epoxy resin conposition (B) are maintained, which is
preferred.

[ 0128]



[ Coupl i ng Agent]

The epoxy resin conposition (B) of the present
invention is preferably m xed with a coupling agent. The
coupling agent is preferably used in conbination with the
inorganic filler. The incorporation of the coupling agent
enabl es an i nprovenent in the adhesi on between the epoxy
resin serving as the matrix and the inorganic filler.

[ 0129]

Exanpl es of the coupling agent include silane coupling
agents and titanate coupling agents.
[ 0130]

Exanpl es of the silane coupling agent include epoxy
sil anes, such as y-glyci doxypropyl trimethoxysil ane, 7v-
gl yci doxypropyl tri et hoxysil ane, and B-(3, 4-
epoxycycl ohexyl ) et hyl tri met hoxysi | ane; am nosil anes, such as
y- am nopropyl tri et hoxysi | ane, N-pB(am noet hyl ) y-
am nopropyl tri nmet hoxysi | ane, N B(am noet hyl) y-
am nopr opyl et hyl di net hoxysi | ane, y-
am nopropyl tri net hoxysi | ane, and y-
urei dopropyl tri et hoxysil ane; nercaptosilanes, such as 3-
mer capt opr opyl tri met hoxysi | ane; vinylsilanes, such as p-
styryltrimethoxysilane, vinyltrichlorosilane, vinyltris(p-
nmet hoxyet hoxy) si | ane, vinyltrimethoxysil ane,
vinyltriethoxysilane, and y-

met hacryl oxypr opyl tri met hoxysi | ane; and epoxy, am no, and



vi nyl polyner-type sil anes.
[ 0131]

Exanpl es of the titanate coupling agent include
i sopropyl triisostearoyl titanate, isopropyl tri(N
am noet hyl -am noethyl ) titanate, diisopropyl
bi s(di octyl phosphate) titanate, tetrai sopropyl bis(dioctyl
phosphite) titanate, tetraoctyl bis(ditridecyl phosphite)
titanate, tetra(2,2-diallyloxynethyl-1-butyl)
bi s(ditridecyl)phosphite titanate, bis(dioctyl pyrophosphate)
oxyacetate titanate, and bis(dioctyl pyrophosphate) ethyl ene
titanate.

[0132]

These coupling agents may be used alone or in
conbi nation of two or nore in any conbination and rati o.

[ 0133]

When the coupling agent is used for the epoxy resin
conposition (B) of the present invention, the anount of the
coupling agent mxed is preferably 0.1 to 3.0 parts by nass
based on 100 % by nmass of all epoxy resin conponents. Wen
t he amount of the coupling agent mxed is nore than or equa
to the lower limt described above, the effect of
i ncorporating the coupling agent on an inprovenent in the
adhesi on between the epoxy resin serving as a matrix and the
inorganic filler tends to be inproved. Wen the anmount of

the coupling agent mxed is | ess than or equal to the upper



limt described above, the coupling agent is less likely to
bl eed out fromthe resulting cured product.
[ 0134]
[ & her M xing Conponent s]

The epoxy resin conposition (B) of the present
i nvention can be m xed with conponents ot her than those
descri bed above (sonetines referred to as "other m xing
conmponents” in the present invention). Exanples of other
m xi ng conponents include flane retardants, plasticizers,
reactive diluents, and pignments, which can be appropriately
i ncor porated as needed. The incorporation of conponents
ot her than those described above into the epoxy resin
conposition (B) of the present invention is not hindered.
[ 0135]

Exanpl es of the flame retardants used in the epoxy
resin conposition (B) of the present invention include
hal ogenated flame retardants, such as brom nated epoxy
resins and brom nated phenolic resins; antinony conpounds,
such as antinony trioxide; phosphorus flane retardants, such
as red phosphorus, phosphates, and phosphi nes; nitrogen-
containing flane retardants, such as nel am ne derivati ves;
and inorganic flanme retardants, such as al um num hydr oxi de
and magnesi um hydr oxi de.
[ 0136]
[ Cured Product]



The epoxy resin conposition (B) of the present
i nvention can be cured to produce a cured product of the
present invention. The cured product of the present
i nvention produced by curing the epoxy resin conposition (B)
of the present invention has superior properties in terns of
curability, crack resistance, and heat resistance.

[ 0137]

A nethod for curing the epoxy resin conposition (B) of
the present invention is not particularly limted. The
cured product can be usually produced through a
t hernosetting reaction by heating. The curing tenperature
during the thernosetting reaction is preferably selected in
accordance with the type of curing agent used, as
appropriate. For exanple, when an acid anhydride curing
agent is used, the curing tenperature is usually 80°C to
250°C. The addition of the curing accelerators to these
curing agents can al so reduce their curing tenperatures.

[ 0138]

The reaction tinme of the thernosetting reaction is
preferably 1 to 20 hours, nore preferably 2 to 18 hours,
even nore preferably 3 to 15 hours. At a reaction tine of
nore than or equal to the lower limt described above, the
curing reaction tends to proceed sufficiently, which is
preferable. At a reaction tine of |ess than or equal to the

upper limt described above, a deterioration due to heating



and energy | oss during heating can be easily reduced, which
is preferable.
[ 0139]

The cured product produced fromthe epoxy resin
conposition (B) of the present invention has superior
curability, crack resistance, and heat resistance.

[ 0140]

The epoxy resin conposition (B) of the present
i nvention can preferably give a cured product in which when
the gel tine is measured at 120°C with a No. 153 Gel Tine
Tester (nmagnetic type) avail able from Yasuda Sei ki
Sei sakusho, Ltd., the neasurenment result is within 34
m nutes. A shorter gel tine of the cured product results in
a shorter nolding cycle to obtain the cured product, which
is preferable.

[ 0141]

The epoxy resin conposition (B) of the present
i nvention can preferably provide a cured product having
specific properties described below. That is, the cured
product is subjected to analysis with a therno-nmechani cal
anal yzer (TMA, TMA/ SS6100, avail able from Sei ko I nstrunents
Inc.) in conpression node. The first tenperature increase
is performed at 5 °Cmn (from30°C to 200°C). The first
tenperature decrease is performed at 10 °Cmn (from 200°C

to 30°C). The second tenperature increase is perforned at



5°Cmn (from30°C to 200°C). The glass transition
tenperature (Tg) and the coefficient of |inear expansion
(a2) at Tg or higher at the second cycle are neasured. The
cured product has an coefficient of |inear expansion (a2) of
182 ppmor less and a glass transition tenperature (Tg) of
125°C or higher. A lower coefficient of |inear expansion
(a2) of the cured product results in smaller thernma
expansion at high tenperatures, which is preferabl e because
thermal stress is less |likely to be caused and thus cracks
are not easily fornmed. A higher glass transition
tenperature (Tg) results in snmaller changes in physical
properties, which is preferred.
[ 0142]
[ Appl i cati ons]

The epoxy resin conposition (A) of the present
i nvention has superior electrical properties and opti cal
properties. The epoxy resin conposition (B) of the present
i nvention containing the epoxy resin conposition (A) of the
present invention has superior curability. The cured
product of the epoxy resin conposition (B) of the present
i nvention has superior crack resistance and heat resistance.
[ 0143]

The epoxy resin conposition (A) and the epoxy resin
conposition (B) and its cured product of the present

i nvention can be effectively used in any application where



these properties are required. They can be suitably used in
any of the follow ng applications: for exanple, optical
materi als; paint fields, such as el ectrodeposition paints
for autonobiles, heavy-duty anticorrosion paints for ships
and bridges, and paints for coating the inner surface of
beverage cans; electrical and electronic fields, such as

| am nat es, sem conductor-encapsul ating materials, insulating
powder paints, and coil inpregnation; civil engineering,
construction, and adhesives fields, such as seismc

rei nforcenent of bridges, concrete reinforcenent, flooring
materials for buildings, linings for water supply facilities,
dr ai nage and perneabl e pavenent, and adhesives for vehicles
and aircraft. Anong these, they are particularly useful for
el ectrical or electronic conponents and optical materials.

[ 0144]

The epoxy resin conposition (B) of the present
invention may be cured and then used for the aforenentioned
applications, or may be cured in production processes for
t he af orenenti oned applications and then used.

EXAMPLES
[ 0145]

Wiile the present invention will be described in nore
detail with reference to exanples, the present invention is
not limted to the foll ow ng exanples as |long as the gist

thereof is not exceeded.



[ 0146]
[ Producti on and Eval uati on of Epoxy Resin Conposition (A)]
[ Exanples 1 to 3 and Conparative Exanples 1 to 7]

Anal yti cal nethods and physical property neasurenent
met hods of the epoxy resin conpositions produced in Exanples
1 to 3 and Conparative Exanples 1 to 7 are described bel ow.
[0147]

(1) Conposition Analysis of Epoxy Resin Conposition:

Under the follow ng conditions, the area percentages of
"epoxy resin (1)", "epoxy resin (2) and/or epoxy resin (3),"
and "ot her conponents" of the epoxy resin conpositions
produced i n exanpl es and conparative exanples were anal yzed,
and the mass percentages were cal culated fromthe area
percentages. The other conponents are epoxy resins other
than the epoxy resins (1) to (3).

I nstrunment: Tosoh HLC-8220L GPC

Detector: R

Mobi | e phase: Tetrahydrof uran (contai ni ng BHT)

Flor rate: 0.8 nL/mn

Col um: Tosoh TSKgel &G2000Hx|I + GLOOOHxI x 2

Col um tenperature: 40°C
[ 0148]

(2) Total Chlorine Content:
The total chlorine content was anal yzed according to

JI'S K7243- 3.



[ 0149]
(3) Epoxy Equival ent:

The epoxy equi val ent was anal yzed according to JIS
K7236- 1955.
[ 0150]
(4) Hazen Col or Nunber

The Hazen col or nunber was anal yzed with a UV-visible
spectrophot onet er according to |1 SO 6271-2: 2004.
[ 0151]
[ Exanpl e 1]

First, 1,000 g of a Mtsubishi Chem cal Corporation
"] ERB28EL" bi sphenol A-type epoxy resin (where in fornula
(4), X = isopropylidene group, R = hydrogen atom n = 0,
epoxy equi val ent = 186 g/equivalent, and total chlorine
content = 1,300 ppn) was distilled with a centrifugal thin-
filmdistillation apparatus at a tenperature of 220°C and a
reduced pressure of 0.003 Torr to recover a fraction of 50%

(500 g) over 6 hours, thereby providing a distilled

bi sphenol A-type epoxy resin (epoxy equival ent 171
g/ equi val ent, and total chlorine content = 800 ppnm.
[0152]

In a 1-L induction stirring autoclave, 400 g of the
resulting distilled bisphenol A-type epoxy resin (epoxy
equi valent = 171 g/equivalent, and total chlorine content =

800 ppm, 100 g of ethyl acetate, and 2.4 g of a 5% by nass



rhodi um graphite catal yst (N.E. CHEMCAT Corporation) as a
hydrogenati on catal yst were placed. The autoclave was
purged with nitrogen and then hydrogen. The hydrogenation
reacti on was conducted at 110°C and a hydrogen pressure of 8
MPa until al nbst no hydrogen absorption occurred. The
reaction tinme was 180 m nutes.

The hydrogenati on catal yst was renoved fromthe
reaction solution by filtration with 5C filter paper.

Then the reaction solvent was renoved at 100°C under
reduced pressure while nitrogen was blown at a low flow rate,
t her eby providing an epoxy resin conposition (A of Exanple
1
[ 0153]

[ Exampl e 2]

An epoxy resin conposition (A of Exanple 2 was
produced as in Exanple 1, except that the anobunt of the
hydrogenation catal yst was 1.2 g and the hydrogenation
reaction tinme was 360 m nutes.

[ 0154]
[ Exanpl e 3]

An epoxy resin conposition (A of Exanple 3 was
produced as in Exanple 1, except that the anobunt of the
hydr ogenati on catal yst was 4.8 g and the hydrogenation
reaction tinme was 90 m nutes.

[ 0155]



I n Conparative exanple 1, the reaction was conducted in
accordance with Exanple 1 described in JP2002-97251A.
[ 0156]

[ Conpar ati ve Exanple 1]

In a 500-m stainless steel autoclave equipped wth an
el ectromagnetic stirrer, 40 g of "Epotohto YD 8125"
bi sphenol A diglycidyl ether (epoxy equivalent = 172
g/ equi val ent, available from Tohto Kasei Co. Ltd.), 120 g of
propyl ene gl ycol nononethyl ether, and 1.0 g of a 5% by nmass
rhodi un graphite catal yst (N. E. CHEMCAT Corporation) were
pl aced. The system was purged wi th hydrogen. Hydrogenation
was then conducted at 50°C and a hydrogen pressure of 4.9
MPa (50 kg/cn?) for 5 hours under stirring.

After the conpletion of the reaction, the catal yst was
removed by filtration. The solvent was renoved at 150°C and
266 Pa (20 Torr) to give an epoxy resin conposition of
Conpar ati ve exanple 1.

[ 0157]

In Conparative exanples 2 to 4 below, the reactions
were conducted in accordance with Hydrogenati on exanpl es 5,
6, and 7 using catalysts produced in accordance with
Exanpl es descri bed in Japanese Unexam ned Patent Application
Publ i cation (Translation of PCT Application) No. JP2007-
515276.

[ 0158]



[ Conpar ati ve Exanple 2]

In a 1.2-L pressure-resistant autoclave equi pped with a
gas supply tube (700 rpm} and a sanpling tube, 21 g of
catal yst (Catalyst D, Ru content: 1.7% by mass) was packed
in a catal yst cage, heated to 50°C along with 600 g of a
40 % by mass sol ution of | owoligoneric bisphenol A
bi sgl yci dyl ether (distilled product, EEW= 171
g/ equivalent) in THF containing 4.5 % by mass water, and
hydr ogenat ed at a hydrogen pressure of 250 bar. After a
reaction tinme of 24 hours, the autoclave was cooled to room
tenperature and depressurized. The reaction batch was then
removed. Fine fragnments that had been mechanically abraded
fromthe catal yst were separated off by neans of a filter.
An aliquot of the colorless reaction product was subjected
to solvent renoval with a rotary evaporator (conditions: oi
bath tenperature: 130°C, vacuum 5 to 10 nmbar, 15 m nutes)
to give an epoxy resin conposition of Conparative exanple 2.
[ 0159]
[ Conpar ati ve Exanpl e 3]

In a 1.2-L pressure-resistant autoclave equi pped with a
gas supply tube (700 rpn) and a sanpling tube, 21 g of
catal yst (Catalyst D, Ru content: 2.0% by nmass) was packed
in a catal yst cage, heated to 50°C along with 600 g of a 40%
by mass sol ution of | owoligoner bisphenol A bisglycidyl

ether (distilled product, EEW= 171 g/equivalent) in THF



containing 4.5 % by mass water, and hydrogenated at a
hydrogen pressure of 250 bar. After a reaction tinme of 11
hours, the conversion of the aromatic was conpl ete accordi ng
to 1HNVMR The autoclave was cooled to roomtenperature and
depressurized. The reaction batch was then renoved. Fine
fragnents that had been nechanically abraded fromthe

catal yst were separated off by neans of a filter. An

al i quot of the colorless reaction product was subjected to
solvent renoval with a rotary evaporator (conditions: oi
bath tenperature: 130°C, vacuum 5 to 10 mbar, 15 m nutes)
to give an epoxy resin conposition of Conparative exanple 3.
[ 0160]

[ Conpar ati ve Exanpl e 4]

In a 1.2-L pressure-resistant autoclave equi pped with a
gas supply tube (700 rpnm) and a sanpling tube, 17.9 g of
catal yst (Catalyst D, Ru content: 2.0% by nmass) was packed
in a catal yst cage, heated to 50°C along with 600 g of a 40%
by mass sol ution of | owoligoner bisphenol A bisglycidyl
ether (distilled product, EEW= 171 g/equivalent) in THF
containing 4.5 % by mass water, and hydrogenated at a
hydrogen pressure of 250 bar. After a reaction tinme of 14
hours, the conversion of the aromatic was conpl ete accordi ng
to 1HNVMR The autoclave was cooled to roomtenperature and
depressurized. The reaction batch was then renoved. Fine

fragnents that had been nechanically abraded fromthe



catal yst were separated off by neans of a filter. An

al i quot of the colorless reaction product was subjected to
solvent renoval with a rotary evaporator (conditions: oi
bath tenperature: 130°C, vacuum 5 to 10 mbar, 15 m nutes)
to give an epoxy resin conposition of Conparative exanple 4.
[0161]

In Conparative exanples 5 and 6 bel ow, the reactions
wer e conducted in accordance with Exanple 1 described in
JP11- 269159A.

[0162]
[ Conpar ati ve Exanpl e 5]

In a four-necked flask equi pped with a rotary stirrer,
a decanter, a thernonmeter, and a gas inlet, 1,215 g (5 nol)
of hydrogenated bi sphenol A, 580 g of xylene, and 15 g of
tin(lV) chloride pentahydrate were placed. After 1,110 g
(12 nol) of epichlorohydrin was added dropw se at 100°C over
60 m nutes, stirring was continued for another 30 mnutes to
conplete the addition reaction. Then, 35 g of
benzyl tri nmet hyl ammoni um chl oride and 1,130 g of a 50%
aqueous sodi um hydroxi de sol ution were added to the m xture,
followed by stirring at 80°C for 5 hours to conplete the
ring-closing reaction. Sodiumchloride fornmed as a by-
product and unreacted sodi um hydroxi de were renoved by
washing with water. The water and solvent in the reaction

m xture were renoved at 120°C and 3 Torr for 1 hour to give



1,860 g of a crude product (crude reaction product-A). Then,
2 g of 2,6-di-tert-butyl-4-nethyl phenol serving as an
antioxidant was dissolved in the above crude reaction
product. A centrifugal nolecular distillation apparatus
(Mbdel Ms-150 nol ecul ar distillation apparatus, avail able
from N ppon Sharyo Co., Ltd.) with an evaporation surface

di ameter of 150 mm and a residence tine of 1 second or |ess
for the treatnment liquid was used. The liquid was
circulated for 1 hour at a feed rate of 3 L/h at 70°C

After that, the operating conditions were adjusted to a
vacuum of 0.005 Torr, a feed rate of 1.5 L/h, and an
evaporation surface tenperature of 135°C. Here, 5% by nass
of the fore-running relative to the amount of liquid fed was
steadily distilled off to give an epoxy resin conposition of
Conpar ati ve exanpl e 5.

[0163]

[ Conpar ati ve Exanpl e 6]

An epoxy resin conposition of Conparative exanple 6 was
produced as in Conparative exanple 5, except that in the
distillation wwth the centrifugal nolecular distillation
apparatus (Model Ms-150 nol ecul ar distillation apparatus,
avai |l abl e from N ppon Sharyo Co., Ltd.), 5% by mass of the
fore-runni ng was changed to 1% by nass relative to the
anount of liquid fed.

[ 0164]



I n Conparative exanple 7, the reaction was conducted in
accordance with Exanple 1 described in JP2003-212955A.
[ 0165]

[ Conpar ati ve Exanple 7]

In a 1-L induction stirring autoclave, 400 g of a
M t subi shi Chem cal Corporation "jER828EL" bi sphenol A-type
epoxy resin (epoxy equivalent = 186 g/equivalent), 100 g of
ethyl acetate, and 2.4 g of a 5% by nass rhodi uni graphite
catal yst (N. E. CHEMCAT Corporation) as a hydrogenation
catal yst were placed. The autoclave was purged with
nitrogen and then hydrogen. The hydrogenati on reaction was
conducted at 110°C and a hydrogen pressure of 8 MPa unti l
al nrost no hydrogen absorption occurred. The reaction tine
was 180 mi nutes.

The hydrogenation catal yst was renoved fromthe
reaction solution by filtration wwth 5Cfilter paper. Then
t he reaction solvent was renoved at 100°C under reduced
pressure while nitrogen was blown at a low flow rate,

t her eby providing an epoxy resin conposition of Conparative
exanpl e 7.
[ 0166]

Table 1 (Table 1A and Table 1B) presents the anal ytica
results of the epoxy resin conpositions obtained in Exanpl es
1 to 3 and Conparative exanples 1 to 7.

[0167]



[ Tabl e 1]
<Table 1A>
Example
1 2 3
Epoxy resin (1) [% by mass] 95.0 | 90.0 | 98.0
. Total of epoxy resin (2) and epox
Cg?g;ys':éos?nd res?n (%/) [% b; r31ass] P50 | 100 | 20
composition (A) Other components [% by mass] 0 0 0
Proportion of epoxy resins 52 1 111 | 2.0
(2):(3)/epoxy resin (1) [% by mass]
Total chlorine content [ppm] 700 | 750 | 700
Epoxy equivalent [g/ equivalent] 181 | 186 | 178
Hazen color number [-] 8 9 7
<Table 1B>
Comparative example
1 2 3 4 5 6 7
Epoxy resin (1) [% by mass] 87.0( 70.0 | 71.0 | 65.0 | 60.0 | 62.0 | 75.0
Czrgffsirt;os?nof Total ofezfrf’(‘%’)r[‘?,/i'gﬁ:g:] ePOXY | 130 | 30.0 |29.0(35.0| 0.0 | 0.0 |15.0
comp)ésition Otr;er compone;nts [% by mass] | 0 0 0 | 0 |40.038.0/(10.0
roportion of epoxy resins
(2)-(3)/e%oxy resin ?1)[)‘/% by mass] 1494281408538 0 01200
Total chlorine content [ppm] 700 | 700 | 700 | 700 [>5000/>5000{1200
Epoxy equivalent [g/ equivalent] 190 | 207 | 208 | 215 | 213 | 214 | 200
Hazen color number [-] 15 (13 |13 | 13 | 10 | 10 | 15

[ 0168]

[ Producti on of Epoxy Resin Conposition (B) and Eval uation of

Cured Product]

[ Conparati ve exanple 4 to 6 and Conparative exanples 8 to

14]

The eval uation nethods for the epoxy resin conpositions

obtained in Exanples 4 to 6 and Conparative exanples 8 to 14




and their cured products are described bel ow.
[0169]
(1) Gel Tinme at 120°C

The gel tine of each of the unifornmly m xed epoxy resin
conpositions having fornul ations given in Table 2 (Table 2A
and Table 2B) was neasured with a No. 153 Gel Tinme Tester
(magnetic type) avail able from Yasuda Sei ki Sei sakusho, Ltd.

The foll ow ng were used as a curing agent and a curing
accel erator.

Curing agent: "R kacid M+ 700" (4-
nmet hyl hexahydr opht hal i ¢ anhydri de/ hexahydr opht hal i c
anhydride = 70/30) avail able from New Japan Cheni cal Co.

Ltd.

Curing accel erator: "Hi shicolin PX-4M"

(et hyl tri butyl phosphoni um di net hyl phosphat €) avail abl e from
Ni ppon Chem cal Industrial Co., Ltd.

[0170]

(2) a2 (Coefficient of Linear Expansion at Tg or Hi gher) and
Tg (d ass Transition Tenperature) (TMA):

Two gl ass plates each having a nold rel ease PET film
attached were provided. A nold was formed by adjusting the
spaci ng between the glass plates to 4 mmwith the two nold
rel ease PET filnms facing inward.

Each of the uniformy m xed epoxy resin conpositions

having the fornul ations given in Table 2 (Table 2A and Tabl e



2B) was poured into this nold. The conposition was heated
at 100°C for 3 hours and then at 130°C for 3 hours to
produce a cured product.

The resulting cured product was cut into a cylindrical
shape with a dianeter of 1 cmand a thickness of 4 nmto
produce a test piece.

The test piece was subjected to analysis with a therno-
nmechani cal anal yzer (TMA, TMA SS6100, avail able from Sei ko
I nstrunents Inc.) in conpression node. The first
tenperature increase was perfornmed at 5 °Cmn (from30°C to
200°C). The first tenperature decrease was perfornmed at
10 °Cdmn (from200°C to 30°C). The second tenperature
increase was perfornmed at 5 °Cmn (from30°Cto 200°C). a2
and Tg were neasured at the second cycle.

[0171]

Table 2 (Table 2A and Table 2B) presents the eval uation

results.

[0172]
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[ Tabl e 2]
<Table 2A>
Example
4 5 6
Epoxy resin composition (A) of Example 1 pﬁqrgssgy 100
Formulation | Epoxy resin composition (A) of Example 2 pﬁqrgssgy 100
of epoxy ars b
resin Epoxy resin composition (A) of Example 3 pmassy 100
composition oarts by
B .
(B) Curing agent s 91 | 89 | 93
: parts by
Curing accelerator mass 1 1 1
Gel time (120°C) minutes 32 | 34 | 30
o2 ppm 175 | 182 | 173
TMA Tg °C 130 | 125 | 133
<Table 2B>
Comparative example
819 (10111213 |14
Epoxy resin composition of
Comparative example 1 parts by mass | 100
Epoxy resin composition of
Comparative example 2 parts by mass 100
Epoxy resin composition of
Comparative example 3 parts by mass 100
Formulation Epoxy resin composition of
of epoxy Comparative example 4 parts by mass 100
resin Epoxy resin composition of
composition Comparative example 5 parts by mass 100
Epoxy resin composition of
Comparative example 6 parts by mass 100
Epoxy resin composition of
Comparative example 7 parts by mass 100
Curing agent parts by mass | 87 |80 | 79 | 77 | 77 | 77 | 80
Curing accelerator partsbymass | 1 | 1 |1 [ 1| 1]1]1
Gel time (120°C) minutes 35|40 |40|38|36|38|35
TMA o2 ppm 1881202{202|209|208|206|188
Tg °C 120{115{115{110{110{112{120
[ 0173]

[ Eval uati on of Results]




Table 1 indicates that each of the epoxy resin
conpositions (A of Exanples 1 to 3, in which the
conpositions of the epoxy resins (1) to (3) are within the
speci fied ranges of the present invention, has a |ow total
chlorine content and thus superior electrical reliability
and has a | ow Hazen col or nunber and thus is superior as an
optical material, conpared with the epoxy resin conpositions
of Conparative exanples 1 to 7
[ 0174]

Table 2 indicates that the cured products of the epoxy
resin conpositions (B) of Exanples 4 to 6 containing the
epoxy resin conpositions (A) of Exanples 1 to 3 have
superior curability, low |inear expansion, and heat
resi stance, conpared with the cured products of the epoxy
resins of Conparative exanples 8 to 14.

[ 0175]

Taken together, it can be seen that the epoxy resin
conpositions (A) of Exanples 1 to 3 and the epoxy resin
conpositions (B) of Exanples 4 to 6 are superior to the
epoxy resin conpositions of Conparative exanples 1 to 7 and
Conparative exanples 8 to 14.

[ 0176]

The present invention has been described in detail with

reference to specific aspects. However, it wll be

understood by a person skilled in the art that various



nodi fications can be made w thout departing fromthe spirit
and scope of the invention.

The present invention contains subject matter rel ated
to Japanese Patent Application No. 2019-152125 filed on
August 22, 2019, the entire contents of which are

i ncorporated herein by reference.



CLAI M5

[Caim1]

An epoxy resin conposition (A), conprising an epoxy
resin having a structure represented by forrmula (1)
descri bed bel ow (hereinafter, referred to as an "epoxy resin
(1)") and an epoxy resin having a structure represented by
formula (2) described below (hereinafter, referred to as an
"epoxy resin (2)") and/or an epoxy resin having a structure
represented by fornmula (3) described bel ow (hereinafter,
referred to as an "epoxy resin (3)"), 89.0%to 99.9% by mass
of the epoxy resin (1) and 0.1%to 11.0% by mass of the
epoxy resin (2) and/or the epoxy resin (3) being contained
in 100% by nmass of a total of the epoxy resin (1) and the
epoxy resin (2) and/or the epoxy resin (3),

[ Chem 1]

R'l R1
/* CH —CH, + X 0%
o ° (1)
R R!
4 R? R D Rl i
CH
b P TN A X
S?/“b_<:)y»\<:>_o g: CH, o*C:>¢\<:> dAE:
k =y Rt Jn R R “en (2)
X R R R
CH
Q,x ~<:I|>-o’ 2\(|ZH — CH,+ O _Qx ‘q}"’/\/\""
OH R? Rt »nm (3)
1 1
R R -

where in formulae (1), (2), and (3), each Xis a direct bond




or a divalent linking group selected from-S&-, -0, -CO,
-C(CF3)2-, -S-, and a hydrocarbon group having 1 to 20 carbon
atons, R!'s are each a hydrogen atom a hydrocarbon group
having 1 to 10 carbon atons, or a hal ogen el enent and are
optionally the sanme or different, two RI's bonded to two

adj acent carbon atons of one of cycl ohexane rings are
optionally taken together to forma ring structure having 4
to 20 carbon atons, and n is an integer of 0 to 2.

[Caim 2]

The epoxy resin conposition (A) according to Claim1,
wherein in formulae (1) to (3), each X is an isopropylidene
group, each Rl is a hydrogen atom and n is O.

[ O ai m 3]

The epoxy resin conposition (A according to Caim1l or
2, wherein a total chlorine content (according to JI S K7043-
3) is 1,000 ppmor |ess.

[ O ai m 4]

The epoxy resin conposition (A) according to any one of
Clainms 1 to 3, wherein an epoxy equivalent is 176 to 186
g/ equi val ent .

[ O ai m 5]

The epoxy resin conposition (A according to any one of
Claims 1 to 4, wherein a value of a Hazen col or nunber (APHA
val ue: according to | SO 6271-2:2004) is 12 or |ess.

[ aim 6]



An epoxy resin conposition (B), conprising 100 parts by
mass of the epoxy resin conposition (A) according to any one
of Clains 1 to 5 and 0.01 to 1,000 parts by mass of a curing
agent .

[Caim7]

A cured product obtained by curing the epoxy resin
conposition (B) according to C aim 6.

[ O ai m 8]

An el ectrical or electronic conponent obtained by
curing the epoxy resin conposition (B) according to C aim6.
[Caim9]

An optical conponent obtained by curing the epoxy resin

conposition (B) according to Claim 6.



