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(54) THERMALLY CONDUCTIVE RESIN COMPOSITION AND ELECTRONIC DEVICE

(57) The thermally conductive resin composition
containing: 5 to 95 parts by weight of a copolymer (a)
having a (meth)acrylic monomer unit A having an anionic
group, a (meth)acrylic monomer unit B having a cationic
group, and a silicone (meth)acrylic monomer unit C; 95

to 5 parts by weight of a silicone resin (b); and 500 to
3000 parts by weight of a thermally conductive filler (c)
having a thermal conductivity of 10 W/mK or more,
wherein a total content of the copolymer (a) and the sil-
icone resin (b) is 100 parts by weight.
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Description

Technical Field

[0001] The present invention relates to a thermally conductive resin composition and an electronic device using the
same.

Background Art

[0002] The amount of heat per unit area generated from heat-generating electronic components such as CPU (central
processing unit) in personal computers is becoming very large with downsizing and higher power of these electronic
components. This amount of heat reaches even about 20 times that of clothes irons. The cooling of such a heat-generating
electronic component is necessary for preventing the failure of the heat-generating electronic component over a long
period.
[0003] In the cooling, a metal heat sink or housing is used, and further, a thermally conductive material is used for
efficiently transferring heat from a heat-generating electronic component to a cooling part such as a heat sink or a
housing. When a heat-generating electronic component is in contact with a heat sink or the like without a thermally
conductive material, air microscopically exists at the interface therebetween and hinders thermal conduction. Hence, a
thermally conductive material, instead of the air that exists at the interface, is allowed to exist between the heat-generating
electronic component and the heat sink or the like, thereby efficiently transferring heat.
[0004] The thermally conductive material includes, for example, thermally conductive pads or thermally conductive
sheets formed in a sheet shape in which a thermally conductive filler is filled into a thermosetting resin, thermally
conductive greases that permit coating or thin film formation in which a thermally conductive filler is filled into a resin
having fluidity, and phase-change thermally conductive materials that soften or fluidize at operating temperatures of
heat-generating electronic components.
[0005] Heat radiation materials in a sheet shape, which are easy to handle and are excellent in long-term shape
retentivity, have large contact thermal resistance and are inferior in automatic implementation to a grease state. Accord-
ingly, in recent years, heat radiation greases have been increasingly used with a thickness of 0.3 mm or more where
sheets have typically been used.
[0006] Such a heat radiation grease includes, generally in a resin, an inorganic filler surface treated by a silane coupling
agent and the like. A surface treatment agent other than a silane coupling agent which has been known is, for example,
a copolymer including a polybutadiene constitutional unit, a constitutional unit having a hydrolyzable silyl group, and a
constitutional unit having a polysiloxane skeleton (for example, see Patent Literature 1).

Citation List

Patent Literature

[0007] Patent Literature 1
Japanese Patent Laid-Open No. 2018-062552

Summary of Invention

Technical Problem

[0008] However, a blend with a low-molecular compound such as a silane coupling agent generates voids by volatil-
ization with the heat generation of an electronic component, thereby reducing heat radiation performance. Use of the
high-molecular-weight surface treatment agent as disclosed in Patent Literature 1 poses another problem of increasing
a grease viscosity and reducing coating performance (fluidity).
[0009] When a heat radiation grease which uses the conventional surface treatment agent and a dispersant is retained
for an extended period of time at a high temperature, it has been revealed that distribution rupture is caused and cracks
occur due to the reagglomeration of a filler so that heat can no longer escape efficiently, reducing heat radiation char-
acteristics. Such reduction in heat radiation performance also induces the reduction in reliability of electronic devices.
[0010] The present invention was made in light of the above problems and aims to provide a thermally conductive
resin composition that has good fluidity without being limited by the type of a thermally conductive filler, can maintain
the dispersibility of a thermally conductive filler even when retained for an extended period of time in a state of high
temperature, and can prevent voids and cracks, and an electronic device using the same.
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Solution to Problem

[0011] The present invention was made in light of the above problems and has been accomplished by finding that use
of a copolymer (a) comprising predetermined monomer units can solve the above problems.
[0012] More specifically, the present invention is as follows.

[1] A thermally conductive resin composition comprising:

5 to 95 parts by weight of a copolymer (a) having a (meth)acrylic monomer unit A having an anionic group, a
(meth)acrylic monomer unit B having a cationic group, and a silicone (meth)acrylic monomer unit C;
95 to 5 parts by weight of a silicone resin (b); and
500 to 3000 parts by weight of a thermally conductive filler (c) having a thermal conductivity of 10 W/mK or
more, wherein
a total content of the copolymer (a) and the silicone resin (b) is 100 parts by weight.

[2] The thermally conductive resin composition according to [1], wherein
the anionic group comprises one or more selected from the group consisting of carboxy groups, phosphate groups,
and phenolic hydroxy groups.
[3] The thermally conductive resin composition according to [1] or [2], wherein
the (meth)acrylic monomer unit A further has an electron-withdrawing group bound to the anionic group.
[4] The thermally conductive resin composition according to any one of [1] to [3], wherein
the cationic group comprises one or more selected from the group consisting of primary amino groups, secondary
amino groups, tertiary amino groups, and quaternary ammonium salts.
[5] The thermally conductive resin composition according to any one of [1] to [4], wherein
the (meth)acrylic monomer unit B further has an electron-donating group bound to the cationic group.
[6] The thermally conductive resin composition according to any one of [1] to [5], wherein
a weight average molecular weight of the copolymer (a) is 5,000 to 500,000.
[7] The thermally conductive resin composition according to any one of [1] to [6], wherein
a total content of the (meth)acrylic monomer unit A and the (meth)acrylic monomer unit B is 0.05 to 90 mol% based
on the total 100 mol% of the (meth)acrylic monomer unit A, the (meth)acrylic monomer unit B, and the silicone
(meth)acrylic monomer unit C.
[8] The thermally conductive resin composition according to any one of [1] to [7], wherein
a content of the (meth)acrylic monomer unit A is 0.03 to 85 mol% based on the total 100 mol% of the (meth)acrylic
monomer unit A, the (meth)acrylic monomer unit B, and the silicone (meth)acrylic monomer unit C.
[9] The thermally conductive resin composition according to any one of [1] to [8], wherein
a content of the (meth)acrylic monomer unit B is 0.1 to 10 mol% based on the total 100 mol% of the (meth)acrylic
monomer unit A, the (meth)acrylic monomer unit B, and the silicone (meth)acrylic monomer unit C.
[10] The thermally conductive resin composition according to any one of [1] to [9], wherein
a content of the silicone (meth)acrylic monomer unit C is 10 to 99.5 mol% based on the total 100 mol% of the
(meth)acrylic monomer unit A, the (meth)acrylic monomer unit B, and the silicone (meth)acrylic monomer unit C.
[11] The thermally conductive resin composition according to any one of [1] to [10], wherein
a molar ratio of the (meth)acrylic monomer unit A to the (meth)acrylic monomer unit B is 0.01 to 50.
[12] The thermally conductive resin composition according to any one of [1] to [11], comprising
0.01 to 5 parts by weight of a surface treatment agent (d) based on 100 parts by weight of the thermally conductive
filler (c).
[13] The thermally conductive resin composition according to any one of [1] to [12], wherein
a viscosity of the silicone resin (b) is 1 to 10,000 mPa·s as a value measured at a shear velocity of 10 sec-1 at 25°C.
[14] The thermally conductive resin composition according to any one of [1] to [13], wherein
the silicone resin (b) comprises polyorganosiloxane (b-1-1) having neither an addition reactive functional group nor
a condensation reactive functional group.
[15] The thermally conductive resin composition according to any one of [1] to [13], wherein

the silicone resin (b) comprises
polyorganosiloxane (b-1-2) having two or more alkenyl groups in a molecule and
polyorganosiloxane (b-1-3) containing two or more SiH groups in a molecule.

[16] The thermally conductive resin composition according to any one of [1] to [13], wherein
the silicone resin (b) comprises polyorganosiloxane (b-1-4) having two or more hydroxyl groups and/or alkoxy groups
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in a molecule.
[17] The thermally conductive resin composition according to any one of [1] to [16], wherein
the thermally conductive filler (c) is one or more selected from the group consisting of aluminum, aluminum hydroxide,
aluminum oxide, aluminum nitride, boron nitride, zinc oxide, magnesium oxide, and diamond.
[18] An electronic device comprising

a heat generator, a heat sink, and the thermally conductive resin composition according to any one of [1] to [17]
or a hardened product thereof, wherein
the thermally conductive resin composition or the hardened product is disposed between the heat generator
and the heat sink.

Advantageous Effects of Invention

[0013] The present invention can accordingly provide a thermally conductive resin composition that has good fluidity
without being limited by the type of a thermally conductive filler, can maintain the dispersibility of a thermally conductive
filler even when retained for an extended period of time in a state of high temperature, and can prevent voids and cracks,
and an electronic device using the same.

Description of Embodiments

[0014] Hereinafter, embodiments of the present invention (hereinafter, referred to as "the present embodiment") will
be described in detail but the present invention is not limited thereto and numerous alterations can be employed without
departing from the scope of the disclosed subject matter.

[Thermally conductive resin composition]

[0015] The thermally conductive resin composition of the present embodiment comprises: 5 to 95 parts by weight of
a copolymer (a) having a (meth)acrylic monomer unit A having an anionic group, a (meth)acrylic monomer unit B having
a cationic group, and a silicone (meth)acrylic monomer unit C; 95 to 5 parts by weight of a silicone resin (b); and 500 to
3000 parts by weight of a thermally conductive filler (c) having a thermal conductivity of 10 W/mK or more, wherein a
total content of the copolymer (a) and the silicone resin (b) is 100 parts by weight.
[0016] With the above copolymer (a) being used, the thermally conductive resin composition of the present embodiment
can maintain the dispersibility of the thermally conductive filler (c) even when the thermally conductive filler (c) is highly
filled into the silicone resin (b). Particularly, with the copolymer (a) being used, diverse thermally conductive fillers can
be used, and the thermally conductive resin composition is capable of preventing voids and cracks even when retained
for an extended period of time at a high temperature.
[0017] With an unreactive one being used as the silicone resin (b) as described later, the thermally conductive resin
composition of the present embodiment can circumvent, for example, the inhibition of reaction of the silicone resin (b).
With this, for example, the handleability as a grease tends to be more improved.

[Copolymer (a)]

[0018] The copolymer (a) has a (meth)acrylic monomer unit A having an anionic group, a (meth)acrylic monomer unit
B having a cationic group, and a silicone (meth)acrylic monomer unit C. The copolymer (a) of the present embodiment
can maintain the dispersibility of the thermally conductive filler (c) even when retained for an extended period of time in
a state of high temperature because of the above constitution. The reason therefor is considered as below but not limited
thereto.
[0019] A predetermined potential difference is caused at an interface where two different substances are in contact
as in the surface of a dispersoid dispersed in a disperse medium, and counter ions are attracted, whereby an electrical
double layer consisting of a stationary phase and a diffuse double layer is formed. The spread of counter ions at the
surface of a dispersoid is also called the thickness of an electrical double layer. When dispersoid particles come closer
to each other, counter ions overlap thereby increasing the force of repulsion. The copolymer (a) of the present embodiment
having both anionic groups and cationic groups in a molecule is considered to have an action for increasing the thickness
of this electrical double layer. More specifically, one of the anionic group and the cationic group of the copolymer (a) is
placed close to the surface of the dispersoid as the counter ion. The other group which does not function as the counter
ion (subion) is placed farther than the surface of the dispersoid at which a subion layer can further be formed. The thus
increased thickness of an electrical double layer at the surface of the thermally conductive filler (c) can apply electrostatic
repulsion at a farther distance from the surface of the dispersoid where the Van der Waals force acts, whereby the
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copolymer (a) is considered to be capable of well maintaining the dispersibility of the dispersoid even when retained for
an extended period of time in a state of high temperature.
[0020] In the present embodiment, the "monomer" refers to a monomer having a polymerizable unsaturated bond
before polymerization, the "monomer unit" refers to a repeating unit constituting a part of the copolymer (a) after polym-
erization and derived from a predetermined monomer. (Meth)acryl includes acryl and methacryl, and the (meth)acrylic
monomer includes (meth)acrylate and (meth)acrylamide. Hereinafter, the "(meth)acrylic monomer unit A", etc. is also
simply called the "unit A", etc.

((Meth)acrylic monomer unit A having an anionic group)

[0021] The (meth)acrylic monomer unit A is a repeating unit having an anionic group. The anionic group is not particularly
limited, and examples include carboxy groups, phosphate groups, phenolic hydroxyl groups, and sulfonate groups. Of
these, one or more selected from the group consisting of carboxy groups, phosphate groups, and phenolic hydroxyl
groups are preferable. With such a group, the dispersibility of the dispersoid tends to be more improved.
[0022] The unit A further preferably has an electron-withdrawing group bound to the anionic group. Such an electron-
withdrawing group is not particularly limited as long as it has an action for stabilizing the anion of the anionic group. For
example, usable is an acrylic monomer including an electron-withdrawing substituent such as halogen in the α-position
of the carbon atom of a carboxy group. With such a group, the dispersibility of the dispersoid tends to be more improved.
[0023] The unit A preferably has no electron-donating group bound to the anionic group or has a low electron-donating
group. Such an electron-donating group is not particularly limited as long as it has an action for destabilizing the anion
of the anionic group. For example, usable is an acrylic monomer including no electron-donating substituent such as a
methyl group in the α-position of the carbon atom of a carboxy group. With such a structure, the dispersibility of the
dispersoid tends to be more improved.
[0024] Such a (meth)acrylic monomer is not particularly limited, and examples include acrylic acid, methacrylic acid,
acid phosphoxypropyl methacrylate, acid phosphoxypolyoxyethylene glycol monomethacrylate, acid phosphoxypolyox-
ypropylene glycol monomethacrylate, phosphoric acid-modified epoxy acrylate, 2-acryloyloxyethyl phosphate, 2-meth-
acryloyloxyethyl acid phosphate, 4-hydroxyphenyl acrylate, 4-hydroxyphenyl methacrylate, 2-methacryloyloxyethyl suc-
cinic acid, and 2-acrylamido-2-methylpropanesulfonic acid. Of these, acrylic acid, 2-methacryloyloxyethyl acid phos-
phate, 2-methacryloyloxyethyl phosphate, 4-hydroxyphenyl methacrylate, and 2-acrylamido-2-methylpropanesulfonic
acid are preferable, with acrylic acid being more preferable. With the inclusion of the unit derived from these monomers,
the affinity to the dispersoid is more improved, and the dispersibility of the dispersoid tends to be more improved. The
unit A can be used singly, or two or more can be used in combination.

((Meth)acrylic monomer unit B having a cationic group)

[0025] The (meth)acrylic monomer unit B is a repeating unit having a cationic group. The cationic group is not particularly
limited and is preferably, for example, one or more selected from the group consisting of primary amino groups, secondary
amino groups, tertiary amino groups, and quaternary ammonium salts. Of these, tertiary amino groups are more pref-
erable. With such a group, the dispersibility of the dispersoid tends to be improved.
[0026] The unit B further preferably has an electron-donating group bound to the cationic group. Such an electron-
donating group is not particularly limited as long as it has an action for stabilizing the cation of the cationic group. For
example, usable is an acrylic monomer including an electron-donating substituent such as a methyl group in the α-
position of the carbon atom of an amino group. With such a group, the dispersibility of the dispersoid tends to be more
improved.
[0027] The unit B preferably has no electron-withdrawing group bound to the cationic group or has a low electron-
withdrawing group. Such an electron-withdrawing group is not particularly limited as long as it has an action for desta-
bilizing the cation of the cationic group. For example, usable is an acrylic monomer including no electron-withdrawing
substitute such as a carboxy group in the α-position of the carbon atom of an amino group. With such a structure, the
dispersibility of the dispersoid tends to be more improved.
[0028] Such a (meth)acrylic monomer is not particularly limited, and examples include 1-aminoethyl acrylate, 1-ami-
nopropyl acrylate, 1-aminoethyl methacrylate, 1-aminopropyl methacrylate, dimethylaminoethyl methacrylate, diethyl-
aminoethyl methacrylate, t-butylaminoethyl (meth)acrylate, dimethylaminoethyl methacrylate quaternary salts, 1,2,2,6,6-
pentamethyl-4-piperidyl methacrylate, 2,2,6,6-tetramethyl-4-piperidyl methacrylate, and dimethylamino ethylacrylate
benzyl chloride quaternary salts. Of these, 1,2,2,6,6-pentamethyl-4-piperidyl methacrylate and 2,2,6,6-tetramethyl-4-
piperidyl methacrylate are preferable, with 1,2,2,6,6-pentamethyl-4-piperidyl methacrylate being more preferable. With
the inclusion of the unit derived from these monomers, the affinity to the dispersoid is more improved, and the dispersibility
of the dispersoid tends to be more improved. The unit B can be used singly, or two or more can be used in combination.
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((Meth)acrylic monomer unit C)

[0029] The (meth)acrylic monomer unit C is a silicone(meth)acrylic monomer unit and is a (meth)acrylic monomer
including no cationic group or anionic group in a molecule and having a silicone group.
[0030] Given that the copolymer (a) is mixed with a resin composition including a thermoplastic resin or a thermosetting
resin, the (meth)acrylic monomer C preferably has a skeleton with high affinity or compatibility with the resin used in the
resin composition. The (meth)acrylic monomer C has, as such a skeleton, a silicone skeleton such as dimethyl siloxane,
methylphenyl siloxane, or diphenyl siloxane. With such a skeleton, the compatibility with a resin to be disperse medium
is more improved, and the dispersibility of the dispersoid in the resin composition tends to be more improved.
[0031] Such a (meth)acrylic monomer is not particularly limited, and examples include (meth)acrylic monomers having
the siloxane skeleton such as α-butyl-ω-(3-methacryloxypropyl)polydimethylsiloxane. The unit C can be used singly, or
two or more can be used in combination.
[0032] The number average molecular weight of the (meth)acrylic monomer C is preferably 300 to 20000, more
preferably 1000 to 15000, and further preferably 3000 to 12500. When a number average molecular weight of the
(meth)acrylic monomer C is 300 or more, the affinity to the disperse medium is more improved, and the dispersibility of
the dispersoid tends to be more improved. When a number average molecular weight of the (meth)acrylic monomer C
is 20000 or less, the viscosity of the composition obtained when the copolymer (a) is mixed with other resins and other
ingredients more reduces, and the handleability tends to be more improved.
[0033] The total content of the unit A and the unit B is, based on the total 100 mol% of the unit A, the unit B, and the
unit C, preferably 0.05 to 90 mol%, more preferably 0.2 to 80 mol%, and further preferably 0.5 to 75 mol%. When the
total content of the unit A and the unit B is 0.05 mol% or more, the affinity to the disperse medium is more improved,
and the dispersibility of the dispersoid tends to be more improved. When the total content of the unit A and the unit B is
90 mol% or less, the viscosity of the composition obtained when the copolymer (a) is mixed with other resins and other
ingredients more reduces, and the handleability tends to be more improved.
[0034] The content of the unit A is, based on the total 100 mol% of the unit A, the unit B, and the unit C, preferably
0.03 to 85 mol%, more preferably 0.05 to 80 mol%, and further preferably 0.10 to 75 mol%. When a content of the unit
A is 0.03 mol% or more, the affinity to the disperse medium is more improved, and the dispersibility of the dispersoid
tends to be more improved. When a content of the unit A is 85 mol% or less, the viscosity of the composition obtained
when the copolymer (a) is mixed with other resins and other ingredients more reduces, and the handleability tends to
be more improved.
[0035] The molar ratio of the unit A to the unit B is preferably 0.01 to 50, more preferably 1.0 to 45, and further preferably
5.0 to 40. When a molar ratio of the unit A to the unit B is within the above range, the affinity to the disperse medium is
more improved, and the dispersibility of the dispersoid tends to be more improved.
[0036] The content of the unit B is, based on the total 100 mol% of the unit A, the unit B, and the unit C, preferably
0.1 to 10 mol%, more preferably 1.0 to 7.5 mol%, and further preferably 1.0 to 5.0 mol%. When a content of the unit B
is 0.1 mol% or more, the affinity to the filler tends to be more improved. When a content of the unit B is 10 mol% or less,
the handleability derived from the viscosity of the copolymer (a) tends to be more improved.
[0037] The content of the unit C is, based on the total 100 mol% of the unit A, the unit B, and the unit C, preferably
10 to 99.5 mol%, more preferably 20 to 95 mol%, and further preferably 25 to 90 mol%. When a content of the unit C is
10 mol% or more, the handleability derived from the viscosity of the copolymer (a) tends to be more improved. When a
content of the unit C is 99.5 mol% or less, the affinity to the filler tends to be more improved.
[0038] The weight average molecular weight of the copolymer (a) is preferably 5,000 to 500,000, more preferably
7,000 to 150,000, and further preferably 10,000 to 100,000. When a weight average molecular weight of the copolymer
(a) is 5,000 or more, the copolymer (a) can maintain the dispersibility even when retained for an extended period of time
in a state of high temperature, and the increase in hardness of the composition can be inhibited. When a weight average
molecular weight of the copolymer (a) is 5,000 or more, the shape retentivity of the composition when blended with the
thermally conductive filler (c) and resins is improved, and the resistance against slipping and dripping of the composition
becomes better when coated on a slanting surface or perpendicular surface. When a weight average molecular weight
of the copolymer (a) is 500,000 or less, the viscosity of the composition obtained when the copolymer (a) is mixed with
other resins and other ingredients more reduces, and the handleability tends to be more improved. The weight average
molecular weight can be determined by GPC (gel permeation chromatography).
[0039] The content of the copolymer (a) is, based on the total 100 parts by weight of the copolymer (a) and the silicone
resin (b), 5 to 95 parts by weight, preferably 5 to 70 parts by weight, and more preferably 5 to 50 parts by weight. When
a content of the copolymer (a) is within the above range, the fluidity and the dispersibility of the thermally conductive
filler are more improved and the voids and cracks are more prevented.
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[Production method of the copolymer (a)]

[0040] The method for producing the copolymer (a) of the present embodiment is not particularly limited, and a known
polymerization method for a (meth)acrylic monomer can be used. Examples of the polymerization method include radical
polymerizations and anionic polymerizations. Of these, radical polymerizations are preferable.
[0041] The thermal polymerization initiator used for the radical polymerization is not particularly limited, and examples
include azo compounds such as azobisisobutyronitrile; and organic peroxides such as benzoyl peroxide, tert-butyl
hydroperoxide, and di-tert-butyl peroxide. The photopolymerization initiator used for the radical polymerization is not
particularly limited, and examples include benzoin derivatives. Known polymerization initiators used for the living radical
polymerization such as ATRP and RAFT can also be used.
[0042] The polymerization conditions are not particularly limited and can be suitably adjusted in accordance with an
initiator, a boiling point of a solvent, and additionally the kind of monomers to be used.
[0043] The addition sequence of monomers is not particularly limited and, for example, the monomers are mixed and
the polymerization is initiated in the light of synthesizing a random copolymer, or the monomers are added sequentially
to the polymerization system in the light of synthesizing a block copolymer.

[Silicone resin (b)]

[0044] The silicone resin (b) is not particularly limited, and examples include non-curable silicone resins and curable
silicone resins. The silicone resin (b) can be used singly, or two or more can be used in combination.
[0045] The non-curable silicone resin is not particularly limited as long as it neither has a functional group that is
contained in the curable silicone resin described later and contributes to curing, nor is used in combination with a catalyst.
Examples of its molecular form include linear polyorganosiloxane, cyclic polyorganosiloxane, and three-dimensionally
crosslinked polyorganosiloxane. Of these, linear polyorganosiloxane is preferable, and a silicone oil which is linear
polyorganosiloxane is more preferable. With such a non-curable silicone resin being used, the fluidity and the dispersibility
of the thermally conductive filler are more improved and the voids and cracks tend to be more prevented.
[0046] The curable silicone resin is not particularly limited, and a conventionally known one can be used. Examples
of the form of its hardening include addition curable silicone resins, condensation curable silicone resins, and peroxide
curable silicone resins. The curable silicone resin can also be classified into onecomponent type including all hardening
components, and two-component type which is hardened by mixing two agents.
[0047] The viscosity of the silicone resin (b) is, as a value measured at a shear velocity of 10 sec-1 at 25°C, preferably
1 to 10000 mPa·s, more preferably 10 to 5000 mPa·s, and further preferably 50 to 2000 mPa·s. When a viscosity of the
silicone resin (b) is within the above range, the fluidity and the dispersibility of the thermally conductive filler are more
improved and the voids and cracks tend to be more prevented. When a plurality types of silicone resins (b) are used in
mixture, the above viscosity is the viscosity of the whole silicone resin (b) mixture.
[0048] The content of the silicone resin (b) is, based on the total 100 parts by weight of the copolymer (a) and the
silicone resin (b), preferably 95 to 5 parts by weight, more preferably 95 to 30 parts by weight, and further preferably 95
to 50 parts by weight. When a content of the silicone resin (b) is within the above range, the fluidity and the dispersibility
of the thermally conductive filler are more improved and the voids and cracks are more prevented.
[0049] The silicone resin (b) may be a non-curable silicone resin and a curable silicone resin used in combination.
Examples of such a combination include combinations of a non-curable silicone resin and an addition curable silicone
resin, combinations of a non-curable silicone resin and a condensation curable silicone resin, and combinations of a
non-curable silicone resin, an addition curable silicone resin, and a condensation curable silicone resin. Of these, com-
binations of a non-curable silicone resin and an addition curable silicone resin are preferable.
[0050] Hereinafter, specific forms of the silicone resin (b) will be illustrated.
[0051] When the non-curable silicone resin is used, the silicone resin (b) preferably includes polyorganosiloxane (b-
1-1) having neither an addition reactive functional group nor a condensation reactive functional group. Such polyorga-
nosiloxane (b-1-1) is not particularly limited, and examples include polydimethylsiloxane, polymethylphenylsiloxane,
polydiphenylsiloxane, and copolymers and modified forms thereof. Examples of the modified forms include forms in
which some methyl groups or phenyl groups are modified with alkyl, aralkyl, fluoroalkyl, polyether, or the like.
[0052] With such polyorganosiloxane (b-1-1) being used, the thermally conductive resin composition does not have
to undergo hardening reaction and can therefore eliminate influence ascribable to the hardening reaction. Examples of
the influence ascribable to the hardening reaction include the influence of addition of a catalytic component for the
hardening reaction on the composition, the influence of a by-product of the hardening reaction on the composition, the
influence of inhibition of hardening, the influence of shrinkage, etc. ascribable to the hardening reaction, and the influence
of handling so as not to or so as to cause the hardening reaction of the composition. Hence, with such polyorganosiloxane
(b-1-1) being used, the thermally conductive resin composition can have much better handleability.
[0053] When the addition curable silicone resin is used, the silicone resin (b) preferably includes polyorganosiloxane
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(b-1-2) having two or more alkenyl groups in a molecule and polyorganosiloxane (b-1-3) containing two or more SiH
groups in a molecule. In this silicone resin (b), the alkenyl groups of the polyorganosiloxane (b-1-2) and the SiH groups
of the polyorganosiloxane (b-1-3) cause addition reaction in the presence of a platinum catalyst so that hardening
proceeds. Such an addition reactive silicone resin (b) generates no by-product during hardening and can therefore
eliminate the influence of the by-product on a hardened product.
[0054] The two or more alkenyl groups in the polyorganosiloxane (b-1-2) are not particularly limited, and examples
include vinyl groups bound to silicon atoms.
[0055] The polyorganosiloxane (b-1-2) and polyorganosiloxane (b-1-3) are not particularly limited, and examples in-
clude ones having a structure where two or more methyl groups or phenyl groups of polyorganosiloxane are substituted
with alkenyl groups such as vinyl groups or SiH groups, for example, polydimethylsiloxane, polymethylphenylsiloxane,
polydiphenylsiloxane, and copolymers and modified forms thereof.
[0056] The position of binding of the alkenyl groups and the SiH groups in a molecule of the polyorganosiloxane (b-
1-2) and polyorganosiloxane (b-1-3) is not particularly limited. In the case of linear polyorganosiloxane (b-1-2), the alkenyl
groups may be bound to the side chain thereof, may be bound to the ends, or may be bound to the side chain and the end.
[0057] When the condensation curable silicone resin is used, the silicone resin (b) preferably includes polyorganosi-
loxane (b-1-4) having two or more hydroxyl groups and/or alkoxy groups in a molecule. These hydroxyl groups and/or
alkoxy groups of the polyorganosiloxane (b-1-4) cause condensation reaction so that hardening proceeds. Such a
condensation curable silicone resin (b) tends to be more insusceptible to the inhibition of hardening than the addition
curable type.

[Thermally conductive filler (c)]

[0058] The thermal conductivity of the thermally conductive filler (c) is 10 W/mK or more, preferably 15 to 3000 W/mK,
and more preferably 30 to 2000 W/mK. When a thermal conductivity of the thermally conductive filler (c) is 10 W/mK or
more, the thermal conductivity of the thermally conductive resin composition tends to be more improved.
[0059] The thermally conductive filler (c) is not particularly limited, and examples include aluminum, aluminum hydrox-
ide, aluminum oxide, aluminum nitride, silica, boron nitride, zinc oxide, magnesium oxide, diamond, carbon, indium,
gallium, copper, silver, iron, nickel, gold, tin, and metal silicon. Of these, one or more selected from the group consisting
of aluminum, aluminum hydroxide, aluminum oxide, aluminum nitride, boron nitride, zinc oxide, magnesium oxide, and
diamond is preferable. With such a thermally conductive filler (c) being used, the thermal conductivity of the resin
composition tends to be more improved.
[0060] The average particle size based on volume of the thermally conductive filler (c) is preferably 0.1 to 150 mm,
and more preferably 0.1 to 120 mm. When an average particle size of the thermally conductive filler (c) is within the
above range, the fluidity and the dispersibility of the thermally conductive filler are more improved and the voids and
cracks tend to be more prevented. When a plurality of types of thermally conductive fillers (c) are used, the average
particle size of each thermally conductive filler (c) preferably satisfies the above range. When a plurality of types of
thermally conductive fillers (c) are used, the fluidity and the dispersibility of the thermally conductive filler can be enhanced,
even if the filler content is high, by blending particles from large to small particle sizes at an appropriate ratio in consid-
eration of the average particle size of each thermally conductive filler (c) so as to attain dense filling.
[0061] The content of the thermally conductive filler (c) is, based on the total 100 parts by weight of the copolymer (a)
and the silicone resin (b), 500 to 3000 parts by weight, preferably 750 to 2800 parts by weight, more preferably 1000 to
2600 parts by weight, and further preferably 1500 to 2600 parts by weight. When a content of the thermally conductive
filler (c) is within the above range, the fluidity and the dispersibility of the thermally conductive filler are more improved
and the voids and cracks are more prevented.

[Surface treatment agent (d)]

[0062] The thermally conductive resin composition of the present embodiment may further comprise a surface treatment
agent (d) which surface treats the thermally conductive filler (c). By comprising such a surface treatment agent (d), the
fluidity and the dispersibility of the thermally conductive filler are more improved and the voids and cracks tend to be
more prevented.
[0063] The surface treatment agent (d) is not particularly limited, and examples include silane coupling agents including
epoxysilane such as γ-glycidoxypropyltrimethoxysilane and β-(3,4-epoxycyclohexyl)ethyltrimethoxysilane; aminosilane
such as aminopropyltriethoxysilane, ureidopropyltriethoxysilane, and N-phenylaminopropyltrimethoxysilane; and hydro-
phobic silane compounds such as phenyltrimethoxysilane, methyltrimethoxysilane, octadecyltrimethoxysilane, and n-
decyltrimethoxysilane. The method for surface treating the thermally conductive filler (c) with the surface treatment agent
(d) is not particularly limited, and, for example, a known wet treatment method or dry treatment method can be used.
[0064] The content of the surface treatment agent (d) is, based on 100 parts by weight of the thermally conductive
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filler (c), 0.01 to 5 parts by weight, more preferably 0.02 to 2 parts by weight, and further preferably 0.05 to 1 parts by
weight. When a content of the surface treatment agent (d) is within the above range, the dispersibility of the thermally
conductive filler (c) tends to be more improved.

[Electronic device]

[0065] The electronic device of the present embodiment comprises a heat generator, a heat sink, and the above
thermally conductive resin composition or a hardened product thereof, wherein the thermally conductive resin composition
or the hardened product is disposed between the heat generator and the heat sink. In this electronic device, the heat
generator and the heat sink are thermally bonded via the thermally conductive resin composition.
[0066] The heat generator herein is not particularly limited, and examples include heat-generating electronic compo-
nents such as motors, battery packs, circuit boards used in the in-vehicle power supply system, power transistors, and
microprocessors. Of these, electronic components used in an in-vehicle power supply system for vehicles are preferable.
The heat sink is not particularly limited as long as it is a part constituted for the purpose of radiating heat or absorbing heat.
[0067] The method for bonding a heat generator and a heat sink via the thermally conductive resin composition is not
particularly limited. For example, the electronic device can be obtained by bonding a heat generator and a heat sink
using the hardened or semi-hardened thermally conductive resin composition heated in advance, or a heat generator
and a heat sink are joined using the thermally conductive resin composition and then bonded by heating to obtain the
electronic device. The heating condition is not particularly limited and examples include a condition of 25°C to 200°C
for 0.5 hours to 24 hours.

Examples

[0068] Hereinafter, the present invention will be described more specifically in reference to Examples and Comparative
Examples. The present invention is in no way limited by the following examples.

<Monomer for preparing copolymers (a)>

[0069] The following raw materials were used for polymerization of the copolymers of Examples.

((Meth)acrylic monomer A having an anionic group)

[0070]

(A-1) Acrylic acid, manufactured by TOAGOSEI CO., LTD.
(A-2) 4-hydroxyphenyl methacrylate, manufactured by Seiko Chemical Co., Ltd.
(A-3) 2-Methacryloyloxyethyl acid phosphate, "LIGHT ESTER P-1M" manufactured by KYOEISHA CHEMICAL Co.,
LTD.
(A-4) 2-Acrylamido-2-methylpropanesulfonic acid, manufactured by Tokyo Chemical Industry Co., Ltd.

((Meth)acrylic monomer B having a cationic group)

[0071] (B) 1,2,2,6,6-Pentamethyl-4-piperidyl methacrylate, "ADEKA STAB LA-82" manufactured by ADEKA CORPO-
RATION

((Meth)acrylic monomer C)

[0072] (C) α-Butyl-ω-(3-methacryloxypropyl)polydimethylsiloxane), "Silaplane FM-0721", manufactured by JNC Cor-
poration, number average molecular weight 5,000

<Preparation of copolymers (a)>

(Copolymer 1)

[0073] The preparation of the copolymers was carried out by the following method. First, 100 parts by weight of
(meth)acrylic monomers consisting of acrylic acid: 15 mol%, 1,2,2,6,6-pentamethyl-4-piperidyl methacrylate: 2.0 mol%,
and α-butyl-ω-(3-methacryloxypropyl)polydimethylsiloxane: 83 mol% was added to an autoclave with a stirrer. Then,
0.05 parts by weight of azobisisobutyronitrile (manufactured by Tokyo Chemical Industry Co., Ltd.) as an initiator were
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added to 100 parts by weight in total of (meth)acrylic monomers and 1000 parts by weight of a mixed solution as a
solvent having a volume ratio of toluene (guaranteed reagent) to 2-propanol (guaranteed reagent) = 7:3 were added,
and the autoclave was purged with nitrogen. Subsequently, the autoclave was heated in an oil bath at 65°C for 20 hours
to carry out the radical polymerization. After completion of the polymerization, deaeration was carried out under reduced
pressure at 120°C for 1 hour thereby to obtain Copolymer 1.
[0074] A polymerization percentage based on 100% of the monomer amount charged was 98% or more when analyzed
by the gas chromatography analysis. Based on this finding, the ratio of each monomer unit the copolymer had was
estimated to be about the same as the monomer ratio charged.
[0075] Further, the weight average molecular weight of the obtained Copolymer 1 was determined using the GPC (gel
permeation chromatography) method as a weight average molecular weight in term of standard polystyrene. Measure-
ment conditions are as follows.

High-speed GPC device: "HLC-8020" manufactured by TOSOH CORPORATION

[0076]

Column: 1 column of "TSK guard column MP (xL)" manufactured by TOSOH CORPORATION having 6.0 mm ID
3 4.0 cm, and 2 columns of "TSK-GELMULTIPOREHXL-M" manufactured by TOSOH CORPORATION having 7.8
mm ID 3 30.0 cm (number of theoretical plates 16,000 plates), total 3 columns (number of theoretical plates as a
whole 32,000 plates)
Eluent: Tetrahydrofuran
Detector: RI (differential refractometer)

(Copolymers 2 to 13)

[0077] The radical polymerization was carried out by the same method as in Copolymer 1 in the exception that the
monomers having the compositions shown in Tables 1 to 4 were used thereby to obtain Copolymers 2 to 13. The
polymerization ratios of the obtained Copolymers 2 to 13 were all 98% or more, and thus the ratio of each monomer unit
the copolymer had was estimated to be about the same as the monomer ratio charged. Further, the weight average
molecular weight was determined in the same manner as in the above.
[0078] The monomer compositions shown in Tables 1 to 4 were described by molar ratio (%). The molar ratio was
calculated from the addition amount and molecular weight of each monomer. The molar ratio of α-butyl-ω-(3-methacry-
loxypropyl)polydimethylsiloxane was calculated based on weight average molecular weights thereof.
[0079] The compositions and weight average molecular weights of Copolymers 1 to 13 synthesized as described
above are shown in Tables 1 to 4 below.

<Raw materials for preparing resin compositions>

(Silicone resin (b))

[0080]

• Silicone oil: "KF-96-100CS" manufactured by Shin-Etsu Chemical Co., Ltd., dimethyl silicone oil, viscosity 100 mPa·s
• Silicone oil: "KF-96-300CS" manufactured by Shin-Etsu Chemical Co., Ltd., dimethyl silicone oil, viscosity 300 mPa·s
• Silicone oil: "KF-96-1000000CS" manufactured by Shin-Etsu Chemical Co., Ltd., dimethyl silicone oil, viscosity

1000000 mPa·s

(Thermally conductive filler (c))

[0081]

• Aluminum oxide: manufactured by Denka Company Limited, "DAW45", average particle size: 45 mm, thermal con-
ductivity 35 W/mK

• Aluminum oxide: manufactured by Denka Company Limited, "DAW20", average particle size: 20 mm, thermal con-
ductivity 35 W/mK

• Aluminum oxide: manufactured by Denka Company Limited, "DAW05", average particle size: 5 mm, thermal con-
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ductivity 35 W/mK

• Aluminum oxide: manufactured by Denka Company Limited, "ASFP40", average particle size: 0.4 mm, thermal
conductivity 35 W/mK

• Boron nitride: manufactured by Denka Company Limited, "SGP", average particle size: 18 mm, thermal conductivity
80 W/mK

• Aluminum nitride: manufactured by MARUWA Co., Ltd., "S-50", average particle size: 50 mm, thermal conductivity
170 W/mK

• Aluminum nitride: manufactured by MARUWA Co., Ltd., "A-05-F", average particle size: 5 mm, thermal conductivity
170 W/mK

• Aluminum nitride: manufactured by MARUWA Co., Ltd., "A-01-F", average particle size: 1 mm, thermal conductivity
170 W/mK

• Magnesium oxide: manufactured by Denka Company Limited, "DMG120", average particle size: 120 mm, thermal
conductivity 60 W/mK

(Silane coupling agent)

[0082]

• n-Decyltrimethoxysilane: manufactured by Dow Toray Co., Ltd., "DOWSIL Z-6210 Silane"

[0083] The average particle size of the thermally conductive filler (c) was measured using a "laser diffraction particle
size analyzer SALD-20" manufactured by Shimadzu Corporation. For an evaluation sample, 50 ml of pure water and 5
g of the thermally conductive filler to be measured were added to a glass beaker, stirred using a spatula, and subsequently
dispersed for 10 minutes in an ultrasonic cleaner. The dispersion of the dispersed thermally conductive filler was added
drop by drop using a dropper to a sampler part of the analyzer to carry out the measurement at which an absorbance
was stabilized. D50 (median diameter) was employed for the average particle size.

<Preparation of resin compositions>

(Examples 1 to 22 and Comparative Examples 1 to 7)

[0084] The copolymer (a), the silicone resin (b), the thermally conductive filler (c), and the silane coupling agent were
mixed according to the composition shown in Tables 1 to 4 to prepare a resin composition. The evaluation described
below was performed using each resin composition obtained. The results are shown in Tables 1 to 4.

[Viscosity]

[0085] In a rotary rheometer MARS III, manufactured by Thermo Scientific, with a 35 mmφ-parallel plate as the upper
jig, the resin composition was placed on a 35 mmφ-lower plate temperature controllable by a Peltier element, compressed
to a thickness of 1 mm by the upper jig, the part stuck out was scraped off, and the measurement was carried out at
25°C. A viscosity at a shear velocity of 1 to 10 s-1 was measured.

[Crack resistance]

[0086] A sample, which was obtained by preparing two 76 mm-square non-alkali glass plates, coating the resin com-
position at the center of one of the glass plates in such a way as to have a diameter of 20 mm and a thickness of 1 mm,
interposing the composition with the other glass plate, was retained under the environment of 150°C, and a heat resistance
test was carried out. After 24 hourretention, the presence or absence of cracks was visually confirmed.
[0087] Specifically, a photograph of the test piece after the heat resistance evaluation test was taken, and the image
data was binarized using an image processing software. In the binarized image, the black parts show the gaps caused
by cracks of the resin composition, and the white parts show the parts where the resin composition exists. An image
binarized like this for each of Examples and Comparative Examples was created, and a crack resistance rate was
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calculated based on the image. More specifically, an area ratio of the black parts was calculated from the entire area
and defined as a crack rate. The evaluation criteria for the crack resistance are shown below.

A: Crack rate of 0% or more and less than 1%
B: Crack rate of 1% or more and less than 5%
C: Crack rate of 5% or more and less than 15%
D: Crack rate of 15% or more

[Bleed-out resistance]

[0088] On a 76 mm-square frosted glass, 0.65 g of the resin composition was coated in a substantially circular shape.
The coated glass was allowed to stand for 24 hours in an oven at 150°C, and then taken out of the oven. When bleed-
out is found, the liquid ingredients seeped out and formed a gray circle around the resin composition in a substantially
circular shape. Using the size of this circle as the indicator for a bleed amount, the maximum length from the edge part
of the white resin composition to the edge of the gray circle was defined as the bleed-out amount and evaluated.

[Thermal conductivity]

[0089] The resin composition was interposed between a cuboidal copper jig with an embedded heater and having an
end of 100 mm2 (10 mm 3 10 mm) and a cuboidal copper jig equipped with a cooling fin and having an end of 100 mm2

(10 mm 3 10 mm), and a thermal resistance was measured with a gap thickness ranging from 0.05 mm to 0.30 mm,
thereby calculating a thermal conductivity from the thermal resistance and the thickness gradient to be evaluated. The
thermal resistance was calculated by retaining electricity of 10 W applied to the heater for 30 minutes, measuring a
temperature difference (°C) between the copper jigs, and using the following expression: 
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Industrial Applicability

[0090] The thermally conductive resin composition of the present invention has industrial applicability to heat radiation
greases and the like for thermally connecting a heat generator and a heat sink in an electronic device.

Claims

1. A thermally conductive resin composition comprising:

5 to 95 parts by weight of a copolymer (a) having a (meth)acrylic monomer unit A having an anionic group, a
(meth)acrylic monomer unit B having a cationic group, and a silicone (meth)acrylic monomer unit C;
95 to 5 parts by weight of a silicone resin (b); and
500 to 3000 parts by weight of a thermally conductive filler (c) having a thermal conductivity of 10 W/mK or
more, wherein
a total content of the copolymer (a) and the silicone resin (b) is 100 parts by weight.

2. The thermally conductive resin composition according to claim 1, wherein
the anionic group comprises one or more selected from the group consisting of carboxy groups, phosphate groups,
and phenolic hydroxy groups.

3. The thermally conductive resin composition according to claim 1 or 2, wherein
the (meth)acrylic monomer unit A further has an electron-withdrawing group bound to the anionic group.

4.  The thermally conductive resin composition according to any one of claims 1 to 3, wherein
the cationic group comprises one or more selected from the group consisting of primary amino groups, secondary
amino groups, tertiary amino groups, and quaternary ammonium salts.

5. The thermally conductive resin composition according to any one of claims 1 to 4, wherein
the (meth)acrylic monomer unit B further has an electron-donating group bound to the cationic group.

6. The thermally conductive resin composition according to any one of claims 1 to 5, wherein
a weight average molecular weight of the copolymer (a) is 5,000 to 500,000.

7. The thermally conductive resin composition according to any one of claims 1 to 6, wherein
a total content of the (meth)acrylic monomer unit A and the (meth)acrylic monomer unit B is 0.05 to 90 mol% based
on the total 100 mol% of the (meth)acrylic monomer unit A, the (meth)acrylic monomer unit B, and the silicone
(meth)acrylic monomer unit C.

8. The thermally conductive resin composition according to any one of claims 1 to 7, wherein
a content of the (meth)acrylic monomer unit A is 0.03 to 85 mol% based on the total 100 mol% of the (meth)acrylic
monomer unit A, the (meth)acrylic monomer unit B, and the silicone (meth)acrylic monomer unit C.

9. The thermally conductive resin composition according to any one of claims 1 to 8, wherein
a content of the (meth)acrylic monomer unit B is 0.1 to 10 mol% based on the total 100 mol% of the (meth)acrylic
monomer unit A, the (meth)acrylic monomer unit B, and the silicone (meth)acrylic monomer unit C.

10. The thermally conductive resin composition according to any one of claims 1 to 9, wherein
a content of the silicone (meth)acrylic monomer unit C is 10 to 99.5 mol% based on the total 100 mol% of the
(meth)acrylic monomer unit A, the (meth)acrylic monomer unit B, and the silicone (meth)acrylic monomer unit C.

11. The thermally conductive resin composition according to any one of claims 1 to 10, wherein
a molar ratio of the (meth)acrylic monomer unit A to the (meth)acrylic monomer unit B is 0.01 to 50.

12. The thermally conductive resin composition according to any one of claims 1 to 11, comprising 0.01 to 5 parts by
weight of a surface treatment agent (d) based on 100 parts by weight of the thermally conductive filler (c).

13. The thermally conductive resin composition according to any one of claims 1 to 12, wherein
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a viscosity of the silicone resin (b) is 1 to 10,000 mPa·s as a value measured at a shear velocity of 10 sec-1 at 25°C.

14. The thermally conductive resin composition according to any one of claims 1 to 13, wherein
the silicone resin (b) comprises polyorganosiloxane (b-1-1) having neither an addition reactive functional group nor
a condensation reactive functional group.

15. The thermally conductive resin composition according to any one of claims 1 to 13, wherein

the silicone resin (b) comprises
polyorganosiloxane (b-1-2) having two or more alkenyl groups in a molecule and
polyorganosiloxane (b-1-3) containing two or more SiH groups in a molecule.

16. The thermally conductive resin composition according to any one of claims 1 to 13, wherein
the silicone resin (b) comprises polyorganosiloxane (b-1-4) having two or more hydroxyl groups and/or alkoxy groups
in a molecule.

17. The thermally conductive resin composition according to any one of claims 1 to 16, wherein
the thermally conductive filler (c) is one or more selected from the group consisting of aluminum, aluminum hydroxide,
aluminum oxide, aluminum nitride, boron nitride, zinc oxide, magnesium oxide, and diamond.

18. An electronic device comprising

a heat generator, a heat sink, and the thermally conductive resin composition according to any one of claims
1 to 17 or a hardened product thereof, wherein
the thermally conductive resin composition or the hardened product is disposed between the heat generator
and the heat sink.
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