SPECIFICATION

ADHESIVE COMPOSITION FOR LAMINATING ELECTROMAGNETIC

STEEL SHEET

TECHNICAL FIELD
[0001] The present invention relates to an adhesive
composition for laminating an electromagnetic steel

sheet.

BACKGROUND ART

[0002] In a stator or a rotor of an electric motor, a
generator, a transformer, and the like, for example, a
laminated core is conventionally used. In the laminated
core, a plurality of electromagnetic steel sheets is
generally bonded and laminated with an adhesive
composition.

[0003] Regarding a laminated core, for example, Patent
Document 1 discloses that an adhesive layer of a
laminated electromagnetic steel sheet is composed of an
organic resin (for example, an epoxy resin) having a
glass transition temperature or a softening temperature
of 50°C to 150°C.

[0004] Patent Document 2 relates to an annular laminated
core material and a method for manufacturing an annular
laminated core material, and discloses that when a

laminated sheet of aramid paper, which is used as an



insulating sheet against the laminated core material, is
manufactured, a resin composition composed of an epoxy
group-containing phenoxy resin and a polyamide resin is
used as an adhesive.

[0005] Patent Document 3 relates to a method for
manufacturing an adhesion type laminated core in which a
plurality of iron core thin plates laminated is bonded
with an adhesive, and the like, and discloses that as

one index showing heat resistance of an adhesive, a
tensile strength of the laminated core after held at
300°C for 1 hour in a nitrogen atmosphere is preferably
equal to or more than 30 MPa.

[0006] Patent Document 4 relates to a laminated core

that is used for a rotor of a motor, a stator of a motor,
a transformer, or the like, and a method for
manufacturing the same, and discloses a non-oriented
electromagnetic steel sheet composition including a

first composition, which contains a water-soluble epoxy
resin and an inorganic nanoparticle that is Si0Oz, TiOg2,
Zn0, or a combination thereof, and an inorganic additive,
which is phosphoric acid (H3PO4), sodium hydroxide (NaOH),
or a combination thereof, wherein the inorganic
nanoparticle is substituted by a terminal substituent of
the water-soluble epoxy resin, and the epoxy resin is a
polyfunctional epoxy resin having equal to or more than

3 epoxy groups.
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SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0008] In order that a laminated core may exhibit high
performance under the service conditions, a cured
product (adhesive cured product) obtained from an
adhesive composition for a laminated electromagnetic
steel sheet is required to have excellent toughness, as
shown in Patent Document 3. Particularly in recent
years, regarding toughness of an adhesive cured product,
the adhesive cured product is required to have a high
yield stress over a wide temperature range including
high temperatures (for example, equal to or higher than
120°C). Specifically, for example, a yield stress as
measured under the conditions of 25°C is required to be

equal to or more than 60 MPa, and a yield stress as



measured under the conditions of 140°C is required to be
equal to or more than 20 MPa.

However, obtaining an adhesive cured product
having such excellent toughness as above from the
conventional adhesive composition is extremely difficult.
[0009] Next, when an electromagnetic steel sheet to
which an adhesive composition has been applied is used
in the manufacture of a laminated core, the adhesive 1is
required to be free of tack.

Regarding an electromagnetic steel sheet to which
an adhesive composition has been generally applied,
first, an adhesive composition is applied onto a surface
of the electromagnetic steel sheet and dried, and
thereafter, the electromagnetic steel sheet is
transported or stored in a state where the
electromagnetic steel sheets are superposed upon each
other (for example, a state where the electromagnetic
steel sheet is rolled up). If the adhesive has tack in
the above state, the adhesive adheres to another
electromagnetic steel sheet during transportation or
storage, and when the rolled electromagnetic steel sheet
is unrolled in order to use the steel sheet, the
adhesive sometimes peels off from the electromagnetic
steel sheet to which the adhesive is supposed to adhere.
Besides, in a punching step, the adhesive composition on
the electromagnetic steel sheet sometimes adheres to a

punching apparatus or the like.



On this account, when the electromagnetic steel
sheet is simply laminated (before the electromagnetic
steel sheet is finally bonded to form a laminated
electromagnetic steel sheet), the adhesive composition
that has been applied to the electromagnetic steel sheet
needs to have excellent tack-free properties.

[0010] Moreover, even if the electromagnetic steel sheet
to which an adhesive composition has been applied is
stored for a long time, the adhesive composition for
laminating an electromagnetic steel sheet is required
not to be decreased in adhesive performance of the
adhesive composition (to be excellent in adhesive
performance after long-term storage).

[0011] In the above circumstances, the present inventors
have evaluated a cured product obtained from a
composition containing an epoxy resin such as bisphenol
A type and a common phenoxy resin, referring to Patent
Documents 1 and 2. As a result, it has been found that
the glass transition temperature (heat resistance) of
such a cured product as described above does not
increase, and hence tack-free properties of the adhesive
composition after applied, toughness of the adhesive
cured product at high temperatures, and maintenance of
adhesive performance after long-term storage are
insufficient.

Besides, it has been found that even if the

above-mentioned phenoxy resin and epoxy resin are



changed and Tg (heat resistance) of the resulting
adhesive cured product is just increased, the yield
stress (toughness) of such a cured product as above does
not increase, and hence tack-free properties of the
adhesive composition after applied are not improved
either (Comparative Example 1).

Next, the above-mentioned epoxy resin has been
changed to an epoxy resin having a softening temperature
of 50°C to 150°C and/or an equal to or higher than tri-
functional epoxy resin. As a result, it has been found
that Tg (heat resistance) of the resulting adhesive
cured product increases, and the yield stress at room
temperature increases, but with that alone, toughness of
the adhesive cured product under the high temperature
conditions and maintenance of adhesive performance after
long-term storage are insufficient (Comparative Examples
3 and 5).

[0012] Therefore, it is an object of the present
application to provide an adhesive composition for
laminating an electromagnetic steel sheet, which has
excellent tack-free properties before preparation of a
laminated electromagnetic steel sheet, has excellent
adhesive performance even after long-term storage, and
provides an adhesive cured product having excellent

toughness over a wide temperature range.

MEANS FOR SOLVING THE PROBLEM



[0013] In order to solve the above problem, the present
inventors have earnestly studied. As a result, they
have found that the desired effect is obtained by an
adhesive composition including an equal to or higher
than tri-functional epoxy resin (A), a phenoxy resin (B)
having a glass transition temperature exceeding 120°C in
an uncured state, and an amine-based latent curing agent
(C), wherein the epoxy resin (A) contains an epoxy resin
having a softening temperature equal to or higher than
60°C, a content of the phenoxy resin (B) is a specific
amount, and a glass transition temperature of the
resulting adhesive cured product exceeds 160°C, and they
have arrived at the present invention.

[0014] [1]

An adhesive composition for laminating an
electromagnetic steel sheet, including:

an epoxy resin (AA) containing an epoxy resin (A)
having equal to or more than 3 epoxy groups in one
molecule,

a phenoxy resin (B) having a glass transition
temperature exceeding 120°C in an uncured state in
differential scanning calorimetry, and

an amine-based latent curing agent (C), wherein:

the epoxy resin (A) contains an epoxy resin
having a softening temperature equal to or higher than

60°C,



a content of the phenoxy resin (B) is 20 to 80
parts by mass based on 100 parts by mass of the epoxy
resin (AA), and

a glass transition temperature of the resulting
adhesive cured product in differential scanning
calorimetry exceeds 160°C.

[2]

The adhesive composition for laminating an
electromagnetic steel sheet according to [1l], wherein
the phenoxy resin (B) contains at least one selected
from the group consisting of a phosphorus-containing
phenoxy resin (Bl), a fluorene-containing phenoxy resin
(B2), and a bisphenol S skeleton-containing phenoxy
resin (B3).

[3]

The adhesive composition for laminating an
electromagnetic steel sheet according to [1] or [2],
wherein the epoxy resin having a softening temperature
equal to or higher than 60°C contains a phenol novolac
type epoxy resin (Al) and/or a cresol novolac type epoxy
resin (A2).

[4]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of [1]
to [3], wherein a content of the epoxy resin having a

softening temperature equal to or higher than 60°C is



equal to or more than 50% by mass in the whole amount of
the epoxy resin (AA).
[5]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of [1]
to [4], wherein the epoxy resin (A) further contains an
epoxy resin having an N,N-diglycidylamino group, and a
content of the epoxy resin having an N,N-diglycidylamino
group is equal to or less than 50% by mass in the whole
amount of the epoxy resin (AA).

[6]

The adhesive composition for laminating an
electromagnetic steel sheet according to [5], wherein
the epoxy resin having an N,N-diglycidylamino group
contains an epoxy resin (A3) represented by the formula
(1) described later and/or an epoxy resin (A4)
represented by the formula (2) described later.

[7]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of [1]
to [6], wherein a content of the amine-based latent
curing agent (C) is 5 to 70 parts by mass based on 100
parts by mass of the epoxy resin (AA).

[8]

The adhesive composition for laminating an

electromagnetic steel sheet according to any one of [1]

to [7], further including a toughening agent (D).
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The adhesive composition for laminating an
electromagnetic steel sheet according to [8], wherein
the toughening agent (D) has an average particle
diameter of 0.005 to 0.6 um, and contains a core-shell
type toughening agent (D1).

[10]

The adhesive composition for laminating an
electromagnetic steel sheet according to [8] or [9],
wherein a content of the toughening agent (D) is 1 to 30
parts by mass based on 100 parts by mass of the epoxy
resin (AA).

[11]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of [1]
to [10], wherein a content of a bifunctional epoxy resin
is 0 to 40% by mass in the epoxy resin (AA).

[12]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of [1]
to [11], wherein the adhesive cured product has a yield
stress equal to or more than 60 MPa, as measured under
the conditions of 25°C in accordance with JIS K 7161,
and has a yield stress equal to or more than 20 MPa, as
measured under the conditions of 140°C in accordance
with JIS K 7161.

[0015] [13]
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An iron core having an electromagnetic steel
sheet and an adhesive layer that are laminated
alternately, wherein the adhesive layer is formed of the
adhesive composition for laminating an electromagnetic
steel sheet according to any one of [1] to [12].

[14]

The iron core according to [13], wherein the
adhesive layer has a yield stress equal to or more than
60 MPa, as measured under the conditions of 25°C in
accordance with JIS K 7161, and has a yield stress equal
to or more than 20 MPa, as measured under the conditions

of 140°C in accordance with JIS K 7161.

EFFECT OF THE INVENTION
[0016] The adhesive composition for laminating an
electromagnetic steel sheet according to the present
invention has excellent tack-free properties from
application to an electromagnetic steel sheet until
manufacturing of an iron core (a laminated core), is
excellent in adhesive performance even after it is
stored for a long period of time before the above
manufacturing, and provides an adhesive cured product
having excellent toughness over a wide temperature range.
The iron core formed of the adhesive composition
for laminating an electromagnetic steel sheet according

to the present invention has excellent adhesive
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performance and is excellent in toughness over a wide

temperature range.

DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, embodiments of the present invention
will be described in detail. However, the description
of the constituent features given below is one example
of an embodiment of the present invention, and the
present invention is not limited to the following
contents unless the gist of the present invention is
modified.

In the present specification, the expression "to"
in relation to numerical range is used as an expression
including numerical values before and after it.

The method for manufacturing each component
described in the present specification is not
particularly restricted unless otherwise noted. For
example, a conventionally known method can be mentioned.

Regarding the adhesive composition for laminating
an electromagnetic steel sheet according to the present
invention, a case where at least one of the tack-free
properties, the adhesive performance, and the toughness
is superior is sometimes represented by the expression
"the effect of the present invention is superior™ in the
present specification. Regarding an iron core formed of
the adhesive composition for laminating an

electromagnetic steel sheet according to the present
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invention, the same shall apply to the case where at
least one of the adhesive performance and the toughness
is superior.

[0018] [Adhesive composition for laminating
electromagnetic steel sheet]

The adhesive composition for laminating an
electromagnetic steel sheet according to the present
invention (the composition of the present invention) is
an adhesive composition for laminating an
electromagnetic steel sheet, including:

an epoxy resin (AA) containing an epoxy resin (A)
having equal to or more than 3 epoxy groups in one
molecule,

a phenoxy resin (B) having a glass transition
temperature exceeding 120°C in an uncured state in
differential scanning calorimetry (DSC measurement), and

an amine-based latent curing agent (C), wherein:

the epoxy resin (A) contains an epoxy resin
having a softening temperature equal to or higher than
60°C,

a content of the phenoxy resin (B) is 20 to 80
parts by mass based on 100 parts by mass of the epoxy
resin (AA), and

Tg of the resulting adhesive cured product in
differential scanning calorimetry exceeds 160°C.

[0019] It has been found that since the composition of

the present invention includes not only an epoxy resin



- 14 -

having a softening temperature equal to or higher than
60°C but also a phenoxy resin (B) having an excellent
cohesive force, that is, having Tg exceeding 120°C, the
resulting adhesive cured product can develop not only a
yield stress under the conditions of 25°C but also an
excellent yield stress over a wide temperature range
including high temperatures. The above matter is
thought to be the greatest feature of the composition of
the present invention.

Hereinafter, the components contained in the
composition of the present invention will be described
in detail.

[0020] <<Epoxy resin (AA)>>

The composition of the present invention includes
an epoxy resin (AA). The epoxy resin (AA) is a compound
having a plurality of epoxy groups.

The composition of the present invention can
maintain high adhesion reliability for an
electromagnetic steel sheet by including the epoxy resin
(AR) .

In the present invention, the epoxy resin (AA)
does not contain a phenoxy resin (B) described later,
and does not contain a toughening agent (D) described
later.

[0021] -Epoxy equivalent of epoxy resin (AA)
An epoxy equivalent of the epoxy resin (AA) is

preferably equal to or less than 1000 g/eq, more



_15_

preferably 100 to 500 g/eq, from the viewpoint that the
effect of the present invention is superior.

In the present invention, the epoxy equivalent of
the epoxy resin can be measured by adding a brominated
tetraethylammonium acetate solution and performing
titration with a 0.1 mol/L perchloric acid-acetic acid
solution using an automatic potentiometric titrator
(manufactured by Hiranuma Sangyo Co., Ltd., COM-1600ST)
and using chloroform as a solvent in accordance with JIS
K 7236.

[0022] -Molecular weight of epoxy resin (AA)

Molecular weight of the epoxy resin (AA) is
preferably equal to or more than 100 and less than 5000
from the viewpoint that the effect of the present
invention is superior.

The molecular weight of the epoxy resin (AA) can
be calculated from the epoxy equivalent and the number
of epoxy groups of the epoxy resin (AA).

[0023] <Epoxy resin (A)>

The epoxy resin (AA) contains an epoxy resin (A)
having equal to or more than 3 epoxy groups in one
molecule.

The number of epoxy groups present in one
molecule in the epoxy resin (A) can be equal to or less
than 20, and from the viewpoint that the effect of the
present invention is superior, the number thereof is

preferably 3 to 12.
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[0024] -Content of epoxy resin (A)

From the viewpoint that the effect of the present
invention is superior, a content of the epoxy resin (A)
is preferably equal to or more than 50% by mass, more
preferably equal to or more than 70% by mass, still more
preferably equal to or more than 90% by mass, in the
epoxy resin (AA). If the content is less than 50% by
mass, Tg of the cured product cannot be sufficiently
increased, and a heat resistance issue remains.

[0025] <Epoxy resin having softening temperature equal
to or higher than 60°C>

In the composition of the present invention, the
epoxy resin (A) contains an epoxy resin having a
softening temperature equal to or higher than 60°C.

The composition of the present invention is
excellent in the tack-free properties, the adhesive
performance, and the toughness by containing the epoxy
resin having a softening temperature equal to or higher
than 60°C.

The epoxy resin having a softening temperature
equal to or higher than 60°C has equal to or more than 3
epoxy groups in one molecule because it belongs to the
epoxy resin (A). The epoxy resin having a softening
temperature equal to or higher than 60°C is sometimes
referred to as "a solid epoxy resin".

[0026] :Softening temperature
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In the present invention, the softening
temperature of the solid epoxy resin is equal to or
higher than 60°C, and from the viewpoint that the effect
of the present invention is superior, it is preferably
60 to 110°C. If it is higher than 110°C, coating
properties of the adhesive to a steel sheet are
deteriorated, and adhesive force is sometimes lowered.
From the viewpoint that the effect of the present
invention is superior, the solid epoxy resin preferably
contains an epoxy resin having a softening temperature
of 60 to 80°C and/or an epoxy resin having a softening
temperature higher than 80°C and equal to or lower than
110°cC.

In the present invention, the softening
temperature of the epoxy resin can be determined in
accordance with JIS K 7206:2016.

[0027] From the viewpoint that the effect of the present
invention is superior, the solid epoxy resin preferably
contains a phenol novolac type epoxy resin (Al) and/or a
cresol novolac type epoxy resin (A2), and more
preferably contains the epoxy resin (Al) and the epoxy
resin (A2).

[0028] -Phenol novolac type epoxy resin (Al)

The phenol novolac type epoxy resin generally
refers to a reaction product of a phenol novolac resin

and epichlorohydrin. The phenol novolac type epoxy
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resin (Al) is, for example, a compound represented by
the following formula (6).

[0029] [Formula 3]

/\
OCH,CHCH, OCHZCHCHZ OCH2CHCH2

OO0 -

In the formula , n is equal to or more than 1,
and can be equal to or less than 18. The above n is
preferably 1 to 10 from the viewpoint that the effect of
the present invention is superior.

[0030] -Cresol novolac type epoxy resin (A2)

The cresol novolac type epoxy resin generally
refers to a reaction product of a cresol novolac resin
and epichlorohydrin. The cresol novolac type epoxy
resin (A2) 1is, for example, a reaction product of a
cresol novolac resin and epichlorohydrin, which is
represented by the following formula (7).

[0031] [Formula 4]

o
/ \
OCH,CHCH, OCH20HCH2 OCH20HCH2

eien i

In the formula (7), n is equal to or more than 1,
and can be equal to or less than 18. The above n is
preferably 1 to 10 from the viewpoint that the effect of

the present invention is superior.
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[0032] -Content of solid epoxy resin

From the viewpoint that the effect of the present
invention is superior (particularly, tack-free
properties are superior, and electromagnetic steel
sheets are hard to adhere closely to each other), a
content of the solid epoxy resin (when the solid epoxy
resin contains the epoxy resin (Al) and the epoxy resin
(A2), the content refers to the total content of these)
is preferably equal or more than 50% by mass, more
preferably equal to or more than 60% by mass, still more
preferably equal to or more than 70% by mass, in the
whole amount of the epoxy resin (AA). If the content is
less than 50% by mass, sufficient tack-free properties
are not obtained, and steel sheets sometimes adhere
closely to each other during storage.
[0033] -Epoxy resin having nitrogen atom

From the viewpoint that the effect of the present
invention is superior, the epoxy resin (A) preferably
further contains an epoxy resin having a nitrogen atom
(also referred to as a nitrogen-containing epoxy resin),
and more preferably contains an epoxy resin having an
N,N-diglycidylamino group (following structure).

The nitrogen-containing epoxy resin does not
contain an epoxy resin having a softening temperature
equal to or higher than 60°C.

[Formula 5]
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In the above structural formula, * represents a
bonding position.

The epoxy resin having an N,N-diglycidylamino
group (also referred to as a glycidylamino group-
containing epoxy resin) preferably has 1 to 2 N,N-
diglycidylamino groups in one molecule.

The glycidylamino group-containing epoxy resin
may further have an epoxy group other than the N,N-
diglycidylamino group (an epoxy group such as a glycidyl
group or a glycidyloxy group) .

When the glycidylamino group-containing epoxy
resin has one N,N-diglycidylamino group in one molecule,
it may further have an epoxy group other than the N,N-
diglycidylamino group.

In the nitrogen-containing epoxy resin, a group
having an epoxy group such as an N,N-diglycidylamino
group can be bonded to an equal to or higher than
divalent linking group. The linking group is not
particularly restricted. For example, a hydrocarbon
group can be mentioned, and a hydrocarbon group having
an aromatic hydrocarbon group is preferable.

[0034] -Epoxy resin (A3), (A4)
From the viewpoint that the effect of the present

invention is superior, the glycidylamino group-
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containing epoxy resin preferably contains an epoxy
resin (A3) represented by the following formula (1)
and/or an epoxy resin (A4) represented by the following
formula (2), and more preferably contains at least the
epoxy resin (A4). When the glycidylamino group-
containing epoxy resin contains the epoxy resin (A4), it
may further contain the epoxy resin (A3).

[Formula 6]

(0]

(1)
[Formula 7]

0 o
-0~ 0
<
(2)

[0035] The nitrogen-containing epoxy resin is preferably
liquid under the conditions of room temperature (25°C).

The nitrogen-containing epoxy resin has equal to
or more than 3 epoxy groups in one molecule because it
belongs to the epoxy resin (A).
[0036] -Content of epoxy resin having nitrogen atom

A content of the nitrogen-containing epoxy resin

(when the nitrogen-containing epoxy resin contains the

epoxy resin (A3) and the epoxy resin (A4), the content
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refers to the total content of these) is preferably
equal or less than 50% by mass, more preferably 10 to
40% by mass, still more preferably 20 to 30% by mass, in
the whole amount of the epoxy resin (AA).

[0037] From the viewpoint that the effect of the present
invention is superior, a content of the epoxy resin (A4)
is preferably 10 to 40% by mass of the whole amount of
the epoxy resin (AA). If the content thereof is less
than 10% by mass, sufficient heat resistance is not
obtained, and if the content thereof is more than 40% by
mass, sufficient tack-free properties are sometimes not
obtained.

From the viewpoint that the effect of the present
invention is superior, a content of the epoxy resin (A3)
is preferably 0 to 20% by mass of the whole amount of
the epoxy resin (AA).

[0038] :‘Epoxy resin other than epoxy resin (A)

The epoxy resin (AA) may further contain an epoxy
resin other than the epoxy resin (A) having equal to or
more than 3 epoxy groups in one molecule (another epoxy
compound) .

Examples of the above-mentioned another epoxy
compound include a monofunctional epoxy compound having
one epoxy group in one molecule and a bifunctional epoxy
resin (an epoxy resin having 2 epoxy groups in one

molecule) .
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Examples of the bifunctional epoxy resin include
bisphenol type epoxy resins, such as a bisphenol A type
epoxy resin, a bisphenol F type epoxy resin, a
brominated bisphenol A type epoxy resin, a hydrogenated
bisphenol A type epoxy resin, a bisphenol S type epoxy
resin, and a bisphenol AF type epoxy resin; and epoxy
resins having a bisphenyl group, such as a biphenyl type
epoxy resin.

When the composition of the present invention
further contains another epoxy compound, it preferably
contains a bifunctional epoxy resin, and more preferably
contains a bisphenol A type epoxy resin.

[0039] -Content of another epoxy compound

From the viewpoint that the effect of the present
invention is superior (particularly tack-free
properties), a content of another epoxy compound is
preferably 0 to 40% by mass, more preferably 0 to 10% by
mass, 1n the epoxy resin (AA).

[0040] <<Phenoxy resin (B)>>

The composition of the present invention includes
a phenoxy resin (B) having Tg exceeding 120°C in an
uncured state in differential scanning calorimetry (DSC
measurement) .

The composition of the present invention is
excellent in the tack-free properties, the adhesive
performance, and the toughness by containing the phenoxy

resin (B).
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A resin obtained by polymerizing a low-molecular
weight epoxy compound is conventionally referred to as a
phenoxy resin, and the phenoxy resin (B) does not
contain the epoxy resin (AA). Besides, the phenoxy
resin (B) does not contain a toughening agent (D)
described later.

[0041] -Specific examples of phenoxy resin (B)

Examples of the phenoxy resin (B) include a
phosphorus-containing phenoxy resin (Bl), a fluorene-
containing phenoxy resin (B2), a phenoxy resin having a
bisphenol skeleton, a phenoxy resin having a novolac
skeleton, a phenoxy resin having a naphthalene skeleton,
and a phenoxy resin having a biphenyl skeleton.

Among these, the phenoxy resin (B) preferably
contains at least one selected from the group consisting
of a phosphorus-containing phenoxy resin (Bl), a
fluorene-containing phenoxy resin (B2), and a bisphenol
S skeleton-containing phenoxy resin (B3) from the
viewpoint that the effect of the present invention
(particularly toughness) is superior, and more
preferably contains a bisphenol S skeleton-containing
phenoxy resin (B3) from the viewpoint that heat
resistance and adhesive properties to an electromagnetic
steel sheet are excellent in addition to the above
viewpoint.

[0042] <Phosphorus-containing phenoxy resin (B1l)>
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The phosphorus-containing phenoxy resin (Bl) is a
phenoxy resin having phosphorus.

From the viewpoint that the effect of the present
invention is superior, the phosphorus-containing phenoxy
resin (Bl) preferably has a skeleton represented by the

following formula (B1-1).
R']
H ) R’ H m

(B1-1)

[Formula 8]

In the formula (B1l-1), R! each independently
represents a hydrogen atom or a methyl group, m and n
are each independently equal to or more than 1, and m+n
can be a value corresponding to a weight-average
molecular weight of the phenoxy resin (B) described
later.

[0043] <Fluorene-containing phenoxy resin (B2)>

The fluorene-containing phenoxy resin (B2) is a
phenoxy resin having fluorene.

From the viewpoint that the effect of the present
invention is superior, the fluorene-containing phenoxy
resin (B2) preferably has a skeleton represented by the
following formula (B2-1).

[Formula 9]



_26_

(B2-1)

In the formula (B2-1), R! each independently
represents a hydrogen atom or a methyl group, p and g
are each independently equal to or more than 1, and p+qg
can be a value corresponding to a weight-average
molecular weight of the phenoxy resin (B) described
later.

[0044] <Bisphenol S skeleton-containing phenoxy resin
(B3)>

The bisphenol S skeleton-containing phenoxy resin
(B3) is a phenoxy resin having a bisphenol S skeleton.

From the viewpoint that the effect of the present
invention is superior, the bisphenol S skeleton-
containing phenoxy resin (B3) preferably has a skeleton
represented by the following formula (B3-1).

[Formula 10]

O OO

(B3-1)
In the formula (B3-1), R! each independently
represents a hydrogen atom or a methyl group, r and s

are each independently equal to or more than 1, and r+s
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can be a value corresponding to a weight-average
molecular weight of the phenoxy resin (B) described
later.

[0045] In the formula (B1l-1), the formula (B2-1), and
the formula (B3-1), an end of each structural formula is
not particularly restricted. For example, an epoxy
group or a hydrogen atom can be bonded to the end. When
an epoxy group is bonded to the end, the end and the
epoxy group can be bonded through a linking group. The
linking group is not particularly restricted.

[0046] <Glass transition temperature of phenoxy resin
(B) >

In the composition of the present invention, a
glass transition temperature (Tg) of the phenoxy resin
(B) in an uncured state in differential scanning
calorimetry (DSC measurement) exceeds 120°C.

The "phenoxy resin (B) in an uncured state"
refers to a phenoxy resin (B) in a state before it is
added to the composition of the present invention.

When the Tg of the phenoxy resin (B) to be
contained in the composition of the present invention is
within the above range, an adhesive cured product
obtained from the composition of the present invention
is excellent in the toughness and the adhesive
performance.

[0047] Regarding the glass transition temperature of the

phenoxy resin (B), a DSC curve in a temperature range of
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50°C to 370°C was measured by increasing the temperature
up to 370°C at a temperature increase rate of 15°C/min
using a differential scanning calorimeter DSC-50
manufactured by SHIMADZU CORPORATION. A temperature at
the first inflection point of the DSC curve was regarded
as a glass transition temperature of the phenoxy resin
(B) .

[0048] When the phenoxy resin (B) has an epoxy group,
the epoxy equivalent of the phenoxy resin (B) is
preferably equal to or more than 5000 g/eq from the
viewpoint that the effect of the present invention is
superior. Intermolecular chemical bonding of epoxy
resin (A) /phenoxy resin (B) takes place, and even if
phase separation occurs in the cured resin, interfacial
strength is ensured, thereby easily maintaining
toughness.

The phenoxy resin (B) may not have an epoxy group.
[0049] :‘Weight-average molecular weight of phenoxy resin
(B)

From the viewpoint that the effect of the present
invention is superior, a weight-average molecular weight
of the phenoxy resin (B) is preferably 30,000 to 500,000,
more preferably 35,000 to 100,000. In the case of less
than 30,000, sufficient toughness is not obtained, and
in the case of more than 500,000, wviscosity of an
adhesive liquid increases, sometimes resulting in

difficulty in uniform coating of a steel sheet.
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In the present invention, the weight-average
molecular weight (Mw) of the phenoxy resin can be a
standard polystyrene conversion value measured by gel
permeation chromatography (GPC method) using
tetrahydrofuran as a solvent.

The weight-average molecular weight (Mw) of the
phenoxy resin may be a catalog value.

[0050] <Content of phenoxy resin (B)>

In the composition of the present invention, a
content of the phenoxy resin (B) is 20 to 80 parts by
mass based on the whole amount 100 parts by mass of the
epoxy resin (AA). If the content of the phenoxy resin
(B) is less than 20 parts by mass, toughness of the
resulting adhesive cured product sometimes becomes
insufficient. If the content of the phenoxy resin (B)
exceeds 80 parts by mass, Tg of the resulting adhesive
cured product cannot exceed 160°C.

[0051] <Amine-based latent curing agent (C)>

The composition of the present invention includes
an amine-based latent curing agent (C).

For curing an epoxy resin, several methods are
known. An acid anhydride and a phenol-based curing
agent improve adhesive strength but exhibit a slow
curing rate, so that they are not suitable for the
present invention. A usual polyamine curing agent
causes too rapid curing, so that it is not suitable for

the present invention.
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Since the composition of the present invention
includes the amine-based latent curing agent (C), the
effect of the present invention (particularly adhesive
performance after long-term storage) is excellent.

In the present invention, a latent curing agent
means a curing agent capable of initiating reaction by
heating or the like. Differently from a usual curing
agent that undergoes reaction at room temperature (25°C
or the like), the latent curing agent does not undergo
reaction at room temperature, or even if it undergoes
reaction, the reaction is very slight.

The amine-based latent curing agent (C) has a
nitrogen atom, and can function as a curing agent for
the epoxy resin (AA) and/or the phenoxy resin (B). 1In
the present invention, the phenoxy resin (B) does not
have an epoxy group, or even if it has an epoxy group,
Mw of the phenoxy resin (B) 1s higher than that of the
epoxy resin (AA). Hence, it is thought that the greater
part of the amine-based latent curing agent (C) reacts
with the epoxy resin (AA).

[0052] -Specific examples of amine-based latent curing
agent (C)

Examples of the amine-based latent curing agent
(C) include dicyandiamide, modified polyamine,
hydrazides, 4,4'-diaminodiphenyl sulfone (DDS), ureas
such as DCMU: 3-(3,4-dichlorophenyl)-1,1-dimethylurea,

an imidazole-based compound such as 2-ethyl-4-
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methylimidazole, and melamine. These may be used singly,
or may be used in combination of two or more.

From the viewpoint that the effect of the present
invention is superior, the amine-based latent curing
agent (C) preferably contains at least one selected from
the group consisting of dicyandiamide, ureas, 4,4'-
diaminodiphenyl sulfone, and an imidazole-based compound,

more preferably contains a combination of
dicyandiamide and ureas and/or an imidazole-based
compound, or 4,4'-diaminodiphenyl sulfone (4,4'-
diaminodiphenyl sulfone may be used singly), and

still more preferably is a combination of
dicyandiamide and 3-(3,4-dichlorophenyl)-1,1-
dimethylurea, or 4,4'-diaminodiphenyl sulfone.

[0053] :Content of amine-based latent curing agent (C)

From the viewpoint that the effect of the present
invention is superior, a content of the amine-based
latent curing agent (C) (when the amine-based latent
curing agent (C) contains a plurality of amine-based
latent curing agents (C), the content refers to the
total content of the plurality of amine-based latent
curing agents (C)) is preferably 5 to 70 parts by mass
based on 100 parts by mass of the epoxy resin (AA).

When the amine-based latent curing agent (C)
contains dicyandiamide and ureas, the total content of

the amine-based latent curing agents (C) is preferably 5
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to 20 parts by mass based on 100 parts by mass of the
epoxy resin (AA).

When the amine-based latent curing agent (C)
contains 4,4'-diaminodiphenyl sulfone, a content of the
amine-based latent curing agent (C) 1is preferably 25 to
50 parts by mass based on 100 parts by mass of the epoxy
resin (AA).

[0054] :Toughening agent (D)

The composition of the present invention
preferably further includes a toughening agent (D) from
the viewpoint that the toughness of the resulting
adhesive cured product is superior.

The toughening agent (D) refers to a compound
capable of further imparting toughness to the resulting
adhesive cured product.

The toughening agent (D) is preferably composed
of a polymer having flexibility.

Examples of the toughening agent (D) include
core-shell type, a rubber-modified epoxy resin, and a
urethane-modified epoxy resin.

The toughening agent (D) is not contained in any
of the epoxy resin (AA), the phenoxy resin (B), and the
amine-based latent curing agent (C).

The toughening agent (D) may or may not react
with the amine-based latent curing agent (C), the epoxy

resin (AA), or the phenoxy resin (B).
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[0055] From the viewpoint that the effect of the present
invention (particularly toughness) is superior, the
toughening agent (D) preferably contains at least one
selected from the group consisting of core-shell type, a
rubber-modified epoxy resin, and a urethane-modified
epoxy resin; more preferably contains a core-shell type
toughening agent; and still more preferably contains a
core-shell type toughening agent (D1) and having an
average particle diameter of 0.05 to 0.2 um.

[0056] :Core-shell type toughening agent

In one preferred embodiment, the core-shell type
toughening agent is particulate.

The core-shell type toughening agent has a core
layer and a shell layer.

Examples of the core-shell type toughening agent
include a rubber particle of two-layer structure
composed of a glassy polymer as a shell layer of an
outer layer and a rubbery polymer as a core layer of an
inner layer, and a rubber particle of three-layer
structure composed of a glassy polymer as a shell layer
of an outer layer, a rubbery polymer as an intermediate
layer, and a glassy polymer as a core layer. The glassy
polymer is composed of, for example, a polymer of methyl
(meth)acrylate and/or a polymer of styrene. The rubbery
polymer is composed of, for example, a butyl acrylate
polymer (butyl rubber), silicone rubber, or

polybutadiene.
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[0057] -Average particle diameter of toughening agent
(D)

From the viewpoint that the toughness of the
resulting adhesive cured product is superior and the
viewpoint that Tg is not lowered, an average particle
diameter of the toughening agent (D) is preferably equal
to or more than 0.005 um and equal to or less than 0.6
um, more preferably equal to or more than 0.05 um and
equal to or less than 0.2 um. In the case of less than
0.005 um, dispersion of the particles in the epoxy resin
is deteriorated, and in the case of more than 0.6 um,
heat resistance is sometimes deteriorated.

[0058] The average particle diameter of the toughening
agent (D) refers to a particle diameter at a cumulative
value of 50% (50% volume cumulative diameter), which is
determined by measuring particle size distribution on
the volume basis using a laser diffraction particle size
distribution measuring device. The laser diffraction
particle size distribution measuring device is, for
example, a laser diffraction light scattering type
particle size distribution measuring device "Microtrac
MT3000 II Series" manufactured by MicrotracBEL Corp.

The matters regarding the core-shell type
toughening agent and the average particle diameter of
the toughening agent (D) are the same as those regarding
the core-shell type toughening agent (D1).

[0059] -Rubber-modified epoxy resin
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The rubber-modified epoxy resin is an epoxy resin
which has equal to or more than 2 epoxy groups and a
skeleton of which is a rubber.

Examples of the rubber that forms the skeleton
include polybutadiene and acrylonitrile butadiene rubber
(NBR) .

From the viewpoint that the effect of the present
invention is superior, an epoxy equivalent of the
rubber-modified epoxy resin is preferably equal to or
more than 200 g/eq and equal to or less than 500 g/eq.
[0060] -Urethane-modified epoxy resin

The urethane-modified epoxy resin is an epoxy
resin which has equal to or more than 2 epoxy groups and
a skeleton of which is polyurethane.

The polyurethane that forms the skeleton is not
particularly restricted as long as it is a polymer
having a plurality of urethane bonds and/or urea bonds.

From the viewpoint that the effect of the present
invention is superior, an epoxy equivalent of the
urethane-modified epoxy resin is preferably equal to or
more than 200 g/eq and equal to or less than 500 g/eq.
[0061] :Content of toughening agent (D)

When the composition of the present invention
further includes the toughening agent (D), a content of
the toughening agent (D) (in the case of equal to or
more than 2 toughening agents (D), the content refers to

the total content of the equal to or more than 2
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toughening agents (D)) is preferably 1 to 30 parts by
mass, more preferably 5 to 20 parts by mass, based on
100 parts by mass of the epoxy resin (AA). In each of
the case of less than 1 part by mass and the case of
more than 30 parts by mass, the toughening effect is
hard to emerge, and heat resistance is deteriorated.
[0062] (Additives)

The composition of the present invention can
further include various additives when needed as long as
the effect of the present invention is exerted.
Examples of the additives include a filler, a reaction
retarder, an anti-aging agent, an antioxidant, a pigment,
a dye, a plasticizer, a silane coupling agent, a
thixotropic agent, a tackifier, a flame retardant, an
antistatic agent, an ultraviolet light absorber, a
surfactant, a dispersant, a dehydrating agent, and a
solvent.

[0063] :Solvent

Examples of the solvent include ketone-based
solvents, such as acetone, methyl ethyl ketone (MEK),
and cyclohexanone; ester-based solvents, such as ethyl
acetate and butyl acetate; aliphatic solvents, such as
n-hexane; alicyclic solvents, such as cyclohexane; and
aromatic solvents, such as toluene, xylene, and
cellosolve acetate.

An amount of the solvent is preferably 80 to 300

parts by mass based on 100 parts by mass of the epoxy
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resin (AA). In the case of less than 80 parts by mass,
the composition is thickened to make uniform coating
difficult, and in the case of more than 300 parts by
mass, it is difficult to coat the steel sheet surface
with good accuracy of adhesive layer thickness.
[0064] The method for manufacturing the composition of
the present invention is not particularly restricted,
and for example, the composition can be obtained by
mixing the above-mentioned epoxy resin (A), phenoxy
resin (B) and amine-based latent curing agent (C), and
another epoxy compound, the toughening agent (D), and
various additives, which can be used as needed, using a
stirring machine such as a mixer.
[0065] The composition of the present invention can be
used as an adhesive composition that is used for
laminating an electromagnetic steel sheet.
[0066] The composition of the present invention can be
cured under the conditions of, for example, 140 to 250°C.
The curing temperature is preferably equal to or higher
than a temperature at which the amine-based latent
curing agent (C) is activated. During the curing,
application of pressure may be carried out.

After curing, the composition of the present
invention becomes the above-mentioned "adhesive cured
product obtained from the composition of the present

invention" or an adhesive layer of an iron core formed
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of the composition of the present invention described
later.

[0067] <Glass transition temperature of adhesive cured
product>

In the present invention, a glass transition
temperature of the adhesive cured product (or the
adhesive layer; the same shall apply hereinafter)
obtained from the composition of the present invention,
in differential scanning calorimetry, exceeds 160°C.

When the glass transition temperature of the
adhesive cured product exceeds 160°C, the composition of
the present invention is excellent in toughness even at
high temperatures.

From the viewpoint that the effect of the present
invention is superior, the glass transition temperature
of the adhesive cured product is preferably equal to or
higher than 180°C, more preferably 200 to 280°C.

[0068] :‘Method for measuring glass transition
temperature of adhesive cured product

Regarding the glass transition temperature of the
adhesive cured product, a DSC curve in a temperature
range of 50°C to 370°C was measured by increasing the
temperature up to 370°C at a temperature increase rate
of 15°C/min using a differential scanning calorimeter
DSC-50 manufactured by SHIMADZU CORPORATION.

In the present invention, a temperature at the

first inflection point of the DSC curve was basically
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regarded as the glass transition temperature of the
adhesive cured product (adhesive layer).

When the adhesive cured product had a phase
structure such as a sea-island structure or a co-
continuous phase structure and the DSC curve showed
glass transition temperatures of a plurality of resins
that formed the above phase structure, a glass
transition temperature of a resin whose content in the
adhesive cured product was higher or a glass transition
temperature of a matrix resin (not domain) was regarded
as the glass transition temperature of the adhesive
cured product (adhesive layer).

In the present invention, the content of the
epoxy resin (AA) is higher than that of the phenoxy
resin (B), and hence, in the resulting adhesive cured
product, the content of a cured product of the epoxy
resin (AA) and the amine-based latent curing agent (C)
is higher than that of the phenoxy resin (B) and can
become dominant.

[0069] <Yield stress at 25°C 2 60 MPa>

From the viewpoint that the effect (particularly
toughness) of the present invention is superior and that
the iron core is not easily broken or deformed even if
the iron core is subjected to high-speed rotation, a
yield stress of the adhesive cured product obtained by
curing the composition of the present invention, as

measured under the conditions of 25°C, is preferably
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equal to or more than 60 MPa, more preferably 80 to 200
MPa.
[0070] <Yield stress at 140°C = 20 MPa>

From the viewpoint that the effect (particularly
toughness) of the present invention is superior and that
the iron core is not easily broken or deformed even if
the iron core is subjected to high-speed rotation under
the high temperature conditions, a yield stress of the
adhesive cured product obtained by curing the
composition of the present invention, as measured under
the conditions of 140°C, is preferably equal to or more
than 20 MPa, more preferably equal to or more than 35
MPa.
[0071] It has been conventionally said that the
temperature of a rotor with embedded permanent magnets
during continuous rotation increases up to about 140°C
when cooling with an engine o0il or the like is not
carried out (Reference: HIRANO Satoru, "Denki jidosha yo
mota kozo wo mogisita kaiten nijuento nai no netsuryudo
tokusei (in Japanese) (Thermo-Fluid Characteristics in
Rotating Coaxial Cylinders Simulating an Electric
Vehicle Motor Geometry)", p. 9, 2013, Dissertation 12102
Kou No. 6725 in Graduate School of University of
Tsukuba). Therefore, it is thought that when the yield
stress of the adhesive cured product, as measured under
the conditions of 140°C, is equal to or more than 20 MPa,

strength (toughness) of the adhesive cured product can
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be sufficiently maintained under the high temperature
conditions even if cooling with an engine o0il or the
like is not carried out, and that when the composition
of the present invention is applied to a laminated core
(iron core), deformation or breakage of the laminated
core during high-speed rotation can be suppressed.
[0072] The adhesive cured product preferably has a yield
stress equal to or more than 60 MPa, as measured under
the conditions of 25°C in accordance with JIS K 7161,
and a yield stress equal to or more than 20 MPa, as
measured under the conditions of 140°C in accordance
with the same; and more preferably has a yield stress
equal to or more than 85 MPa, as measured under the
conditions of 25°C in accordance with the same, and a
yield stress equal to or more than 35 MPa, as measured
under the conditions of 140°C in accordance with the
same.

[0073] In the present invention, the yield stress
(tensile yield stress) of an adhesive cured product
obtained by curing the composition of the present
invention, at 25°C is measured under the conditions of
25°C in accordance with JIS K 7161:2014. The yield
stress of the adhesive cured product at 140°C is
measured under the conditions of 140°C in accordance
with JIS K 7161:2014.

[0074] [Iron core]
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The iron core formed of the composition of the
present invention is an iron core in which an
electromagnetic steel sheet and an adhesive layer are
alternately laminated, and the adhesive layer is formed
of the adhesive composition for laminating an
electromagnetic steel sheet according to the present
invention.
[0075] When the adhesive layer is formed of the
composition of the present invention, this iron core
favorable for the present invention has excellent
adhesive performance and is excellent in toughness over
a wide temperature range. On this account, it is
thought that this iron core is not easily broken or
deformed even if it is subjected to high-speed rotation
under the wide temperature conditions including high
temperatures.
[0076] The adhesive composition for laminating an
electromagnetic steel sheet, which is used for this iron
core, 1is not particularly restricted as long as it is
the adhesive composition for laminating an
electromagnetic steel sheet according to the present
invention (referred to as a "composition" simply in an
iron core formed of the composition of the present
invention) .

Besides, the electromagnetic steel sheet that is

used in the iron core formed of the composition of the
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present invention is not particularly restricted. For
example, a conventionally known one can be mentioned.
[0077] The adhesive layer preferably has a yield stress
equal to or more than 60 MPa, as measured under the
conditions of 25°C in accordance with JIS K 7161, and
has a yield stress equal to or more than 20 MPa, as
measured under the conditions of 140°C in accordance
with the same.

The above yield stresses of the adhesive layer in
the iron core formed of the composition of the present
invention are the same as yield stresses of the above-
mentioned adhesive cured product obtained by curing the
composition of the present invention.

[0078] (Adhesive force to electromagnetic steel sheet)

Regarding adhesive force of the adhesive of the
present invention to an electromagnetic steel sheet,
shear strength at 25°C and/or 140°C in accordance with
JIS K 6850 is preferably equal to or more than 7.0 MPa.
[0079] (Manufacturing method)

The manufacturing method for an iron core formed
of the composition of the present invention is not
particularly restricted as long as it uses the
composition of the present invention. The manufacturing
method is, for example, a manufacturing method having:

a coating step of coating an electromagnetic steel sheet

with the composition,
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a punching step of punching out the electromagnetic
steel sheet obtained in the coating step,

a laminating step of laminating punched electromagnetic
steel sheets after the punching step, and

a curing step of heating a laminate obtained in the
laminating step to integrate the laminate.

[0080] -Coating step

The coating step is a step of coating an
electromagnetic steel sheet with the composition of the
present invention.

The method for coating the electromagnetic steel
sheet with the composition is not particularly
restricted. Examples of the method include a roll
coating method, a gravure coating method, an air doctor
coating method, a blade coating method, a knife coating
method, a rod coating method, a kiss coating method, a
bead coating method, a cast coating method, a rotary
screen method, a slot orifice coating method, a spray
coating method, an inkjet method, a spin coating method,
and an electrodeposition coating method.

[0081] In the coating step, at least one surface of the
electromagnetic steel sheet is coated with the
composition.

[0082] -Thickness of composition after coating

After the coating step, the thickness of the
composition after the composition is applied and dried

is preferably 1 to 20 um, particularly preferably 2 to
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10 um, taking into consideration unevenness of the
electromagnetic steel sheet, ease of pressure bonding
the electromagnetic steel sheets, and the like.

[0083] :‘Drying step

When the composition that is used in an iron core
formed of the composition of the present invention
contains a solvent, it is preferable to provide a drying
step of removing the solvent from the composition after
coating. After the drying step (after the coating step
unless the drying step is provided), a composite
material in which the composition of the present
invention has been applied to the electromagnetic steel
sheet can be obtained.

Examples of a drying method in the drying step
include hot air drying, induction heating, and vacuum
heating.

It is preferable to carry out drying until the
composition on the electromagnetic steel sheet reaches a
non-sticky state (so-called tack-free) through the
drying.

[0084] The temperature in the drying step is not
particularly limited. However, if the reaction of the
epoxy resin proceeds excessively, adhesion during curing
becomes insufficient, but on the other hand, if the
reaction does not proceed at all, tack occurs depending
on the formulation of the epoxy resin, and a problem of

blocking between steel sheets arises. In order to
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increase productivity in the coating and the drying
steps, it is preferable to carry out drying at a
relatively high temperature for a short time.
Specifically, drying is preferably carried out at equal
to or higher than 150°C for a few seconds to a few tens
of seconds.
[0085] The composite material obtained as described
above may be stored in a state where the composite
material is wound in a roll shape or a coil shape, or in
a state where the composite material is folded up. The
adhesive layer of the composite material is excellent in
tack-free properties, and therefore, when a folded
composite material is unfolded for use, the adhesive
layer does not peel off from the composite material.
[0086] :Punching step

The punching step is a step of punching out the
composite material. Examples of the method for punching
out the composite material include shearing work. The
shape of the composite material punched out is not
particularly restricted.
[0087] -Laminating step

The laminating step is a step of laminating the
composite materials punched out in the punching step.

The number of the composite materials used for

laminating is not particularly restricted.
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The composite materials are laminated in such a
manner that the electromagnetic steel sheet and the
composition are alternately laminated.

[0088] :Curing step

The curing step is a step of heating a laminate
obtained in the laminating step to integrate the
laminate.

The heating temperature in the curing step is
preferably 130 to 300°C.

When pressure is applied in the curing step, the
pressure applied is preferably 0.1 to 10 MPa.

In the curing step, methods for heating and
applying pressure are not particularly restricted.

After the curing step, an iron core formed of the

composition of the present invention can be obtained.

EXAMPLES
[0089] Hereinafter, the present invention will be
described with examples. The present invention is not
limited to the examples.
[0090] [Electromagnetic steel sheet]

A non-oriented electromagnetic steel sheet having
a yield strength of 200 to 550 MPa and a sheet thickness
of 0.15 mm was used.
[0091] [Adhesive composition for laminating

electromagnetic steel sheet]
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Components of Table 1 described below were used
in the formulations (part(s) by mass) shown in the same
table, and these were mixed under the conditions of 25°C
to manufacture compositions.

The amounts of the phenoxy resin (B) and YP-50
shown in Table 1 are each a net amount of the phenoxy
resin. The amount of the toughening agent (D) is a net
amount of the toughening agent.

[0092] Details of the components shown in Table 1 are as
follows.

(Equal to or higher than tri-functional epoxy resin (A))
(Solid epoxy resin)

Phenol novolac type epoxy resin: phenol novolac type
epoxy resin having 7 epoxy groups in one molecule, epoxy
equivalent 190 g/eq, trade name EPPN-201, manufactured
by Nippon Kayaku Co., Ltd., softening temperature 65 to
78°C, solid at room temperature (25°C)

Cresol novolac type epoxy resin: cresol novolac type
epoxy resin having 3 to 10 epoxy groups in one molecule,
epoxy equivalent 209 g/eq, trade name YDCN-704A,
manufactured by NIPPON STEEL Chemical & material Co.,
Ltd., softening temperature 87 to 93°C, solid at room
temperature (25°C)

[0093] (Nitrogen-containing epoxy resin)
‘Nitrogen-containing epoxy resin (1): trifunctional
epoxy resin represented by the following formula (1),

epoxy equivalent 97 g/eq, trade name EP-3950E,
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manufactured by ADEKA CORPORATION, liquid at room
temperature (25°C)

[Formula 11]

b
LU

‘Nitrogen-containing epoxy resin (2): tetrafunctional
epoxy resin represented by the following formula (2),
epoxy equivalent 110 g/eq, trade name YH404,
manufactured by NIPPON STEEL Chemical & material Co.,
Ltd., liquid at room temperature (25°C)

[Formula 12]

o o
-0

(2)
[0094] (Epoxy resin other than epoxy resin (A))
Bisphenol A type epoxy resin: bisphenol A type epoxy
resin, bifunctional, molecular weight 380, epoxy
equivalent 19045 g/eq, Epikote 828, manufactured by
Mitsubishi Chemical Corporation, liquid at room
temperature (25°C)
[0095] (Phenoxy resin (B) having Tg exceeding 120°C)
-YPS-007: phenoxy resin having bisphenol S skeleton,
manufactured by NIPPON STEEL Chemical & material Co.,
Ltd.; Tg in uncured state exceeds 120°C; Mw equal to or

more than 40,000 and equal to or less than 100,000
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[0096] -ERF-001: phosphorus-containing phenoxy resin,
manufactured by NIPPON STEEL Chemical & material Co.,
Ltd.; Tg in uncured state exceeds 120°C; Mw equal to or
more than 40,000 and equal to or less than 100,000
[0097] ‘F-Resin: fluorene-containing phenoxy resin
prepared in the following manner; Tg in uncured state
exceeds 120°C; Mw equal to or more than 40,000 and equal
to or less than 100,000
- -Preparation of F-Resin

In a cyclohexanone/toluene mixed solvent, 1.02
mol of bisphenol A type glycidyl ether and 1.0 mol of
9,9-bis (4-hydroxyphenyl) fluorene (following structure)
were allowed to react with each other in the presence of
a catalytic amount of 2-ethyl-4-methylimidazole
(manufactured by SHIKOKU CHEMICALS CORPORATION, 2E4MZ)
at a temperature of 150°C to 170°C for 8 hours, and
thereafter, a solution containing a fluorene-containing
phenoxy resin with a solid content of 40% by mass was
obtained.

[0098] [Formula 13]

HO | l OH
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[0099] The fluorene-containing phenoxy resin obtained is
referred to as "F-Resin". The structure of F-Resin is
represented by the following formula (B2-2).

[Formula 14]

HOTO O
OO

(B2-2)

In the formula (B2-2), R! each represents a methyl
group, p and g are each independently equal to or more
than 1, and p+g is a value corresponding to the above
weight-average molecular weight.

[0100] - (Comparison) YP-50: bisphenol A type phenoxy
resin having Tg of 84°C, trade name YP-50, manufactured
by NIPPON STEEL Chemical & material Co., Ltd., Tg 84°C,
Mw 60,000 to 70,000 (catalog value)

[0101] (Toughening agent (D))

-Kane Ace MX-154 (core-shell type toughening agent
(D1)): mixture containing core-shell type rubber
particles in a proportion of 33% by mass; core-shell
type rubber particles function as a toughening agent;
trade name Kane Ace MX-154, manufactured by KANEKA
CORPORATION; a value shown in the column of Kane Ace MX-
154 is a net amount of core-shell type rubber particles

in Kane Ace MX-154; average particle diameter 0.1 um
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‘EPR-21 (rubber-modified epoxy): rubber-modified epoxy
resin, trade name EPR-21, manufactured by ADEKA
CORPORATION, epoxy equivalent 200 g/eq

[0102] (Amine-based latent curing agent (C))
Dicyandiamide: EH-3636AS manufactured by ADEKA
CORPORATION

-DCMU: 3-(3,4-dichlorophenyl)-1,1-dimethylurea,
manufactured by Hodogaya UPL Co., Ltd.

-DDS: 4,4'-diaminodiphenyl sulfone, manufactured by
Wakayama Seika Kogyo Co., Ltd.

[0103] (Solvent)

Cyclohexanone

[0104] (Evaluation of adhesive cured product)
Measurement of glass transition temperature (Tg)

Each composition manufactured as above was cast
on a release film in such a manner that the thickness
became 200 pm, and it was cured in an oven at 150°C for
1 hour. Using the resulting adhesive cured product,
differential scanning calorimetry (DMC measurement,
temperature increase rate 10°C/min) was carried out to
measure a glass transition temperature of the adhesive
cured product.

The results are set forth in the column "Glass
transition temperature of adhesive cured product" of
Table 1.

-Evaluation criteria
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In the present invention, Tg of the adhesive
cured product exceeds 160°C.
[0105] (Evaluation of adhesive cured product: toughness)

A tensile specimen of each composition
manufactured as above was prepared by the following
method in accordance with JIS K 7161 (2014).
[0106] -Preparation of tensile specimen

Using each composition manufactured as above, a
tensile specimen was prepared in accordance with JIS K
7161 (2014). First, each composition manufactured as
above was cast on a release film in such a manner that
the thickness became 100 um, and thereafter, wvacuum
defoaming was carried out for 3 days. Next, the film
obtained was cured in an oven at 150°C for 1 hour. The
resulting adhesive cured product was punched out into a
Type 1 dumbbell shape to prepare a tensile specimen.
[0107] -Tensile test

Using each tensile specimen prepared as above, a
yield stress of the adhesive cured product (adhesive
layer) obtained from the composition of the present
invention was measured by a universal testing machine
5966 model with a constant temperature bath
(manufactured by Instron Corporation) under the
conditions of 25°C or 140°C and 50%RH + 5%RH in
accordance with JIS K 7161:2014. Yield stresses of 5
tensile specimens for each cured product were measured

under the conditions of a tensile rate of 5 mm/min, a
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gauge length of 20 mm (using a contact extensometer),
and a distance between chucks of 40 mm, and an average
value of them was calculated.

Yield stresses (average values) under the
conditions of 25°C are set forth in the column
"Toughness at room temperature (stress/MPa@25°C)" of
Table 1.

Yield stresses (average values) under the
conditions of 140°C are set forth in the column
"Toughness at high temperature (stress/MPa@l40°C)" of
Table 1.

[0108] -Evaluation criteria for toughness

In the case where the yield stress at 25°C
(evaluation of toughness at room temperature) was equal
to or more than 60 MPa, and the yield stress at 140°C
(evaluation of toughness at high temperature) was equal
to or more than 20 MPa, toughness was evaluated as good
not only under the conditions of room temperature but
also under the conditions of high temperatures.

In the case where the yield stress at 25°C was
less than 60 MPa, or the yield stress at 140°C was less
than 20 MPa, toughness was evaluated as poor.
[0109] (Tack-free properties of composition after
drying)
-Evaluation method for tack-free properties

Each composition manufactured as above was cast

on an electromagnetic steel sheet in a thickness of 20



_55_

um, and it was held in an oven under the conditions of
130°C for 30 minutes to dry the solvent in each
composition.

The results are set forth in the column "Tack-
free properties after drying" of Table 1.

Evaluation criteria for tack-free properties

In the case where the composition after drying
did not feel sticky when touched with finger, tack-free
properties were evaluated as very good, and this is
indicated by circle symbol (o).

In the case where the composition after drying
felt sticky when touched with finger, but when the
finger was pressed against the composition after drying
and then released, the composition after drying did not
peel off from the electromagnetic steel sheet, tack-free
properties were evaluated as fair, and this is indicated
by triangle symbol (A).

In the case where the composition after drying
felt sticky when touched with finger, and when the
finger was pressed against the composition after drying
and then released, the composition after drying peeled
off from the electromagnetic steel sheet, tack-free
properties were evaluated as poor, and this is indicated
by cross symbol (x).

[0110] (Evaluation of adhesive composition: shear
strength)

-Shear strength (initial stage)
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Two electromagnetic steel sheets were prepared,
and on one of the electromagnetic steel sheets, each
composition manufactured as above was cast in a
thickness of 6 um, and it was held in an oven at 130°C
for 10 minutes to dry the solvent in each composition.

On the composition after drying that was on the
electromagnetic steel sheet, the other electromagnetic
steel sheet was laminated to prepare a laminate, and the
laminate was cured in an oven at 160°C for 1 hour to
obtain a specimen.

Using the specimen, an initial shear strength was
measured under the conditions of 140°C in accordance
with JIS K 6850. The results are set forth in the
column "Shear strength (initial stage)/MPa@l140°C"™ of
Table 1.

[0111] -Shear strength (40°C 6 months)

Two electromagnetic steel sheets were prepared,
and on one of the electromagnetic steel sheets, each
composition manufactured as above was cast in a
thickness of 6 um, and it was held in an oven at 130°C
for 10 minutes to dry the solvent in each composition.
Thereafter, the electromagnetic steel sheet having the
composition after drying was stored in an oven at 40°C
for 6 months.

On the composition that was on the
electromagnetic steel sheet after storage for 6 months,

the other electromagnetic steel sheet was laminated to
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prepare a laminate, and the laminate was cured in an
oven at 150°C for 1 hour to obtain a specimen.

Using the specimen, a shear strength was measured
under the conditions of 140°C in accordance with JIS K
6850. The results are set forth in the column "Shear
strength (40°C 6 months)/MPa@l40°C" of Table 1.

[0112] -Evaluation criteria for decrease of adhesive
strength after long-term storage

In the case where the initial shear strength and
the shear strength after storage for 6 months were each
equal to or more than 7.0 MPa, a decrease of adhesive
strength after long-term storage was evaluated as having
been able to be suppressed.

In the case where the initial shear strength was
equal to or more than 7.0 Mpa, but the shear strength
after storage for 6 months was less than 7.0 Mpa, a
decrease of adhesive strength after long-term storage
was evaluated as having been unable to be suppressed.

In the case where the initial shear strength was
less than 7.0 Mpa, an adhesive strength under the high
temperature conditions was evaluated as originally low.

[0113] [Table 1]



58

T

0'6

16

6

€1

56

5’6

ST

g

€8

L8

g

SL

'8

og

'8

8

'8

€8

J0bT@edw/(Syauow 9 2,0b) Wbua.as seays)

S°2

96

8'6

8'6

ST

86

8'6

0Z

£'6

L6

68

86

S'6

$'6

8'6

8'6

2,0pT®edn/(96e3s [eriul) buR.As Jevys

buiAip seye senadod say-yoe] |

s

ST

S8

OE

L

(20T /s

by 30

Z01

801

SL

08

(353

58

8

98

(252

135) wooy Je

S8T

0£T

0TT

07Z

08T

124

0€T

0£Z

0ST

00Z

0cT

07T

(44

01T

07T

P44

[244

01T

0TT

$1T

07z

0cz

022

(2] Pnposd
pand dAIsaype jo amjeseduse) uonisues ssep)|

e

bLE

YLE

1334

(A4

1534

134

1244

bLE

29¢

69¢

65E

¥8E

+8E

¥8E

1

bLE

YLE

69€

(301

80

(744

1144

0zz

092

09z

[i:14

09T

05T

0E

{44

1124

(U44

01z

01z

(144

(44

44

(1144

(244

o1z

01Z

01Z

BuouexayopA)|  uBAj0S

L4

1ad

134

[€)]

SAa| e

Bupnd

WAl ey

ta4

k4d

[

s

[43

zr

(41

{43

A3

(48

a

kad

A s

k43

peseq

apiweipueAnd sty

(Axodo poyipow-saqqru) TZ-¥d3| (a)

ot

o1

ot

oL

ot

ot

ot

ot

or

01

01

ot

ot

ot

ot

or

ot

[

ot

ot

s

(7 G) yusbe buwaybnoy|  juabe b

adA3 fpy ) bST-XW 20V due)

£€

[©)]
(A+8 61) 06-dA| Yimuo
suedwod

uisas-4f  De0ZT

SE

T00-443 mh. Buiaey

og

0L

3

a1

SE

s€

(g) uises
£00-SdA| Axoudyd

00T

leuonpunyg ‘uisas Axoda adAy v jouaydsig

[$2)

ey eyl0
utsat
Axoda

€

0f

13

Of

ot

og

0g

0E

0€

ot

0g

ot

(U3

o€

14

‘(z) uisas Axoda but

252 32 pinby ‘jeuoipunyen3)y
uoo-uabo.aiN| (v) uisas

01

0T

o1

L3

[us

0T

0T

ot

0T

01

ot

o1

01

oT

ot

[

3

ot

257 18 pinbyj ‘jevonpunyuy|  Axodd

(1) uises Axoda Bujurequoo-uabo.qy| feuoduYy

[4s

(43

[as

[4s

[4s

[49

[A)

1

(49

a

A3

[4s

(a3

49

[4s

43

3E6 03 £8 anjeiadwia) bulsoyos| 43 ueyd
‘uises Axods adAy dejonou joseso| +24BH o

124

2

87 01 59 Simeidiua; buleyos| O b3
‘uisas Axoda adA3 sejonou [ouByd

S

\4

£

81

[A}

9T

z

143

£T

T

113

0T

adwexg aanesedwo)

3idwexy aagesedwo)

31dwex3 aanesedwoD;

dydwexy

ajdwex3 aanesedwio))

adwexg

Djdwiex3 aanesedwo)

T 3iqeL




_59_

[0114] As shown by the results of Table 1, in

Comparative Example 1 in which the content of the

phenoxy resin (B) was lower than the predetermined range,
the toughness under the room temperature conditions was
poor, and the tack-free properties were poor.

In Comparative Example 2 in which the content of
the phenoxy resin (B) was higher than the predetermined
range, the glass transition temperature of the resulting
adhesive cured product was low, the toughness under the
high temperature conditions was poor, and the adhesive
strength was low both before and after long-term storage.

In Comparative Examples 3 and 5 in which the
phenoxy resin (B) was not contained, but a phenoxy resin
having a glass transition temperature equal to or lower
than 120°C in an uncured state was contained instead,
the glass transition temperature of the resulting
adhesive cured product was not low, but the toughness
under the high temperature conditions markedly decreased,
and the adhesive strength under the high temperature
conditions was low both before and after long-term
storage.

In Comparative Example 4 in which the
predetermined epoxy resin (A) was not contained, but a
bifunctional epoxy resin was contained instead, the
glass transition temperature of the resulting adhesive
cured product was low, the toughness was poor not only

under the room temperature conditions but also under the
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high temperature conditions, the tack-free properties
were poor, and the adhesive strength was low both before
and after long-term storage.

[0115] On the other hand, the composition of the present
invention had excellent tack-free properties before
preparation of a laminated electromagnetic steel sheet
and exhibited excellent adhesive performance even after
long-term storage, and the resulting adhesive cured
product had excellent toughness over a wide temperature
range.

[0116] From the above results, it is thought that an
iron core formed of the composition of the present
invention is not easily broken or deformed even if it is
subjected to high-speed rotation under the wide
temperature conditions including high temperatures,
because the iron core formed of the present invention
has an adhesive layer formed of the composition of the
present composition, and the adhesive layer is excellent
in adhesive performance and toughness over a wide
temperature range.

[0117] This application claims a priority of Japanese
Patent Application No. 2021-102360 filed on June 21,
2021, the entire disclosure of which is incorporated

herein.
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CLAIMS

[Claim 1]

An adhesive composition for laminating an
electromagnetic steel sheet, comprising:

an epoxy resin (AA) containing an epoxy resin (A)
having equal to or more than 3 epoxy groups in one
molecule,

a phenoxy resin (B) having a glass transition
temperature exceeding 120°C in an uncured state in
differential scanning calorimetry, and

an amine-based latent curing agent (C), wherein:

the epoxy resin (A) contains an epoxy resin
having a softening temperature equal to or higher than
60°C,

a content of the phenoxy resin (B) is 20 to 80
parts by mass based on 100 parts by mass of the epoxy
resin (AA), and

a glass transition temperature of the resulting
adhesive cured product in differential scanning
calorimetry exceeds 160°C.

[Claim 2]

The adhesive composition for laminating an
electromagnetic steel sheet according to claim 1,
wherein the phenoxy resin (B) contains at least one
selected from the group consisting of a phosphorus-

containing phenoxy resin (Bl), a fluorene-containing
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phenoxy resin (B2), and a bisphenol S skeleton-
containing phenoxy resin (B3).
[Claim 3]

The adhesive composition for laminating an
electromagnetic steel sheet according to claim 1 or 2,
wherein the epoxy resin having a softening temperature
equal to or higher than 60°C contains a phenol novolac
type epoxy resin (Al) and/or a cresol novolac type epoxy
resin (A2).

[Claim 4]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of
claims 1 to 3, wherein a content of the epoxy resin
having a softening temperature equal to or higher than
60°C is equal to or more than 50% by mass in the whole
amount of the epoxy resin (AA).

[Claim 5]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of
claims 1 to 4, wherein the epoxy resin (A) further
contains an epoxy resin having an N,N-diglycidylamino
group, and a content of the epoxy resin having an N,N-
diglycidylamino group is equal to or less than 50% by
mass in the whole amount of the epoxy resin (AA).
[Claim 6]

The adhesive composition for laminating an

electromagnetic steel sheet according to claim 5,
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wherein the epoxy resin having an N,N-diglycidylamino
group contains an epoxy resin (A3) represented by the
following formula (1) and/or an epoxy resin (A4)
represented by the following formula (2):

[Formula 1]

(0]

{ O

[Formula 2]

0 0
-0~ 0
<
(2)
[Claim 7]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of
claims 1 to 6, wherein a content of the amine-based
latent curing agent (C) is 5 to 70 parts by mass based
on 100 parts by mass of the epoxy resin (AA).
[Claim 8]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of

claims 1 to 7, further comprising a toughening agent (D).

[Claim 9]
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The adhesive composition for laminating an
electromagnetic steel sheet according to claim 8§,
wherein the toughening agent (D) has an average particle
diameter of 0.005 to 0.6 um, and contains a core-shell
type toughening agent (D1).

[Claim 10]

The adhesive composition for laminating an
electromagnetic steel sheet according to claim 8 or 9,
wherein a content of the toughening agent (D) is 1 to 30
parts by mass based on 100 parts by mass of the epoxy
resin (AA).

[Claim 11]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of
claims 1 to 10, wherein a content of a bifunctional
epoxy resin is 0 to 40% by mass in the epoxy resin (AA).
[Claim 12]

The adhesive composition for laminating an
electromagnetic steel sheet according to any one of
claims 1 to 11, wherein the adhesive cured product has a
yield stress equal to or more than 60 MPa, as measured
under the conditions of 25°C in accordance with JIS K
7161, and has a yield stress equal to or more than 20
MPa, as measured under the conditions of 140°C in

accordance with JIS K 7161.



