EP 3 858 885 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 858 885 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
08.05.2024 Bulletin 2024/19
Application number: 19865626.6

Date of filing: 26.09.2019

(51)

(52)

(86)

(87)

International Patent Classification (IPC):

C08G 59/62 (2006.01) C08J 5/18 (2006.01)
CO8K 3/38(2006.01) CO8K 9/04 (2006.01)
CO8L 63/00 (2006.07) CO9K 5/14 (2006.01)

Cooperative Patent Classification (CPC):

(C-Sets available)

C08J 7/0427;C08G 59/621;C08J 5/18; CO8K 9/04;
CO09K 5/14; C08J 2363/00; C08J 2463/00;
CO08K 2003/385 (Cont.)
International application number:
PCT/JP2019/038007

International publication number:
WO 2020/067364 (02.04.2020 Gazette 2020/14)

(54) COMPOSITION FOR FORMING HEAT CONDUCTIVE MATERIALS, HEAT CONDUCTIVE
MATERIAL, HEAT CONDUCTIVE SHEET, DEVICE WITH HEAT CONDUCTIVE LAYER, AND FILM

ZUSAMMENSETZUNG ZUR FORMUNG VON WARMELEITFAHIGEN MATERIALIEN,
WARMELEITENDES MATERIAL, WARMELEITENDE PLATTE, VORRICHTUNG MIT

WARMELEITENDER SCHICHT UND FILM

COMPOSITION POUR FORMER DES MATERIAUX THERMOCONDUCTEURS, MATERIAU
THERMOCONDUCTEUR, FEUILLE THERMOCONDUCTRICE, DISPOSITIF AVEC COUCHE

THERMOCONDUCTRICE, ET FILM

(84)

(30)

(43)
(73)
(72)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 28.09.2018 JP 2018185541
09.11.2018 JP 2018211400
09.11.2018 JP 2018211507
09.11.2018 JP 2018211644
09.11.2018 JP 2018211405

Date of publication of application:
04.08.2021 Bulletin 2021/31

Proprietor: FUJIFILM Corporation
Tokyo 106-8620 (JP)

Inventors:

HITOMI, Seiichi

Kanagawa 258-8577 (JP)

TAKAHASHI, Keita

Ashigara-kami-gun, Kanagawa 258-8577 (JP)

(74)

(56)

NIORI, Teruki

Ashigara-kami-gun, Kanagawa 258-8577 (JP)
HAYASHI, Daisuke

Ashigara-kami-gun, Kanagawa 258-8577 (JP)

Representative: Hoffmann Eitle
Patent- und Rechtsanwailte PartmbB
ArabellastraBe 30

81925 Miinchen (DE)

References cited:
WO-A1-2010/140674
WO-A1-2015/127179
WO-A1-2016/125664
JP-A-S59 157 114
JP-A-2013 159 759

WO0-A1-2013/030998
WO0-A1-2016/093248
CN-A- 109 651 596
JP-A- 2004 093 816
JP-A- 2016 094 599

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 3 858 885 B1

(52) Cooperative Patent Classification (CPC): (Cont.)

C-Sets
C08K 9/04, CO8L 63/00




10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a thermally conductive material-forming composition, a thermally conductive
material, a thermally conductive sheet, a device with a thermally conductive layer, and a film.

2. Description of the Related Art

[0002] Inrecentyears, a power semiconductor device used in various electrical machines such as a personal computer,
a general household electric appliance, and an automobile has been rapidly miniaturized. With the miniaturization, it is
difficult to control heat generated from the power semiconductor device having a high density.

[0003] In order to deal with such a problem, a thermally conductive material, which promotes heat dissipation from
the power semiconductor device, is used.

[0004] Forexample, JP2013-089670A discloses a "heat dissipation member ... consisting of a thermosetting adhesive
containing boron nitride particles (A), an epoxy resin (B), and a phenolic resin (C), ... used to dissipate heat through the
insulating resin layer (claim 1)". As the phenolic resin (C), a phenol novolac resin has been proposed.

[0005] Furthermore, for example, JP2013-089670A discloses a "thermally conductive sheet for a semiconductor mod-
ule which is interposed between a heat dissipation member and a semiconductor element in a semiconductor module
including a module body comprising the semiconductor element and the heat dissipation member for dissipating heat
generated by the semiconductor element, and comprises an epoxy resin layer consisting of an epoxy composition,
wherein the epoxy composition contains an epoxy monomer represented by General Formula (1), a phenol-based curing
agent represented by General Formula (2), and boron nitride particles or aluminum nitride particles, and the boron nitride
particles or aluminum nitride particles are contained in a form of aggregated particles".

)
Ph®—C — Ph’ e (2)

WO02010140674A1 discloses an epoxy resin composition from which a cured product having a heat resistance and a
heat transfer rate can be obtained. Specifically, the document discloses an epoxy resin composition comprising an epoxy
resin, a curing agent and an inorganic filler having a heat transfer rate of 20 W/m-K or more, which contains, as said
curing agent, a phenol compound obtained by reacting one or more compounds with a hydroxybenzaldehyde, and/or,
as said epoxy resin, an epoxy compound obtained by further reacting the aforesaid phenol compound with an epihalo-
hydrin.

SUMMARY OF THE INVENTION

[0006] As aresult of an examination of the insulating resin layer described in JP2013-089670A, the present inventors
found that there is room for improvement in thermally conductive properties.

[0007] Furthermore, as a result of an examination of the thermally conductive sheet for a semiconductor module
described in JP2013-089670A, the present inventors found that there is room for improvement in thermally conductive
properties.

[0008] For example, it was found that in the epoxy composition described in JP2013-089670A, a hydroxyl group in
the phenol-based curing agent is easily adsorbed with boron nitride due to hydrogen bond interaction or the like, which
inhibits an appropriate crosslinking polymerization reaction between the phenol-based curing agent and the epoxy
monomer. That is, it was clarified that improving adsorptivity between the phenol-based curing agent and the boron
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nitride is one of factors which improve thermally conductive properties of the thermally conductive sheet.

[0009] Therefore, in one aspect of the present invention, an object of the present invention is to provide a thermally
conductive material-forming composition from which a thermally conductive material having excellent thermally conduc-
tive properties can be obtained.

[0010] Moreover, another object of the present invention is to provide a thermally conductive material formed of the
thermally conductive material-forming composition, a thermally conductive sheet, and a device with a thermally conductive
layer.

[0011] In addition, in one aspect of the present invention, an object of the present invention is to provide a film from
which a thermally conductive sheet having excellent thermally conductive properties can be prepared.

[0012] Moreover, another object of the present invention is to provide a thermally conductive sheet prepared using
the film, and a device with a thermally conductive layer.

[0013] As aresult of a thorough examination conducted to achieve the objects, the present inventors have found that
the objects can be achieved by the following configuration.

[0014] The presentinvention is defined by the claims. The following aspects and embodiments thereof are useful in
understanding the present invention.

<<First aspect of present invention>>

[0015] In the first aspect is disclosed,
a thermally conductive material-forming composition according to claim 1, comprising:

an epoxy compound;

one or more kinds of phenolic compounds selected from the group consisting of a compound represented by General
Formula (1) and a compound represented by General Formula (2); and

an inorganic substance

OH

Arl—L" } L2 Ari (D

ml
[0016] In General Formula (1), m1 represents an integer of O or greater;

n1 and n2 each independently represent an integer of 2 or greater;

L' represents -C(R2)(R3)- or -CO-;

L2 represents -C(R4)(R®)- or -CO-;

Ar! and Ar2 each independently represent a benzene ring group or a naphthalene ring group;

R and R® each independently represent a hydrogen atom, a halogen atom, a carboxylic acid group, a boronic acid
group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group;

R2 to RS each independently represent a hydrogen atom, a hydroxyl group, a halogen atom, a carboxylic acid group,
a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group;

Qa2 represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a carboxylic acid group, a boronic
acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group; and

in a case where there are a plurality of L?’s and Q?’s, the plurality of L2’s may be the same as or different from each
other and the plurality of Q&'s may be the same as or different from each other, and

in a case where m1 represents 0, L' represents -CH(OH)- or -CO-; and
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R7
(OH)M (OH)HZ

(2)

R! m2 RS

in General Formula (2), m2 represents an integer of O or greater;

n1 and n2 each independently represent an integer of 2 or greater;

R and R® each independently represent a hydrogen atom, a halogen atom, a carboxylic acid group, a boronic acid
group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group;

R7 represents a hydrogen atom or a hydroxyl group;

QP represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a carboxylic acid group, a boronic
acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group; and

in a case where there are a plurality of R”’s and QP’s, the plurality of R”’s may be the same as or different from each
other and the plurality of Q®’s may be the same as or different from each other.

[0017] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position, in which a hydroxyl group content of the phenolic compound is 12.0 mmol/g or greater.

[0018] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position in which a molecular weight of the phenolic compound is 400 or less.

[0019] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position in which the epoxy compound has a biphenyl skeleton.

[0020] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position in which the inorganic substance includes an inorganic nitride.

[0021] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position of the previous embodiment, in which the inorganic nitride includes boron nitride.

[0022] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position, further comprising a surface maodifier for the inorganic substance.

[0023] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position of the previous embodiment, in which the surface modifier has a fused-ring skeleton or a triazine skeleton.
[0024] In one embodiment according to the first aspect is disclosed, the thermally conductive material-forming com-
position, further comprising a curing accelerator.

[0025] In one embodiment according to the first aspect is disclosed, a thermally conductive material obtained by curing
the thermally conductive material-forming composition.

[0026] In one embodiment according to the first aspect is disclosed, a thermally conductive sheet consisting of the
thermally conductive material of the previous embodiment.

[0027] A device is disclosed with a thermally conductive layer comprising:

a device; and
a thermally conductive layer which is disposed on the device and includes the thermally conductive sheet of the
previous embodiment.

<<Second aspect of present invention>>

[0028] In the second aspect is disclosed,
a thermally conductive material-forming composition comprising:

a phenolic compound;

an epoxy compound; and

boron nitride,

in which the phenolic compound has a hydroxyl group content of 10.5 mmol/g or greater, and an adsorption amount
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of 0. 12 mg or less with respect to 1 g of the boron nitride.

[0029] In one embodiment according the second aspect is disclosed, the thermally conductive material-forming com-
position, in which the hydroxyl group content is 12.0 mmol/g or greater.

[0030] In one embodiment according the second aspect is disclosed, the thermally conductive material-forming com-
position, in which the adsorption amount of the phenolic compound is 0.01 mg or greater with respect to 1 g of the boron
nitride.

[0031] In one embodiment according the second aspect is disclosed, the thermally conductive material-forming com-
position in which an adsorption amount of the epoxy compound is 0.20 mg or less with respect to 1 g of the boron nitride.
[0032] In one embodiment according the second aspect is disclosed, the thermally conductive material-forming com-
position in which the epoxy compound has a biphenyl skeleton.

[0033] In one embodiment according the second aspect is disclosed, the thermally conductive material-forming com-
position, further comprising a surface modifier for the boron nitride.

[0034] In one embodiment according the second aspect is disclosed, the thermally conductive material-forming com-
position, further comprising a curing accelerator.

[0035] In one embodiment according the second aspect is disclosed, a thermally conductive material obtained by
curing the thermally conductive material-forming composition.

[0036] Inone embodiment according the second aspect is disclosed, the thermally conductive material of the previous
embodiment, which is molded into a sheet shape.

[0037] Inone embodiment according the second aspect is disclosed, the thermally conductive material of the previous
embodiment, in which a density ratio X determined from Expression (1) is 0.96 or greater;

Density ratio X = activity measured density of thermally conductive material determined by
Archimedes method/theoretical density Di of thermally conductive material determined by Expression (1)
Expression (DI)

Expression (DI)

Di = Df x V{/100 + Dr x Vi/100

[0038] In Expression (DI), Di means a density of a theoretical thermally conductive material T which consists of an
organic nonvolatile component and an inorganic substance including the boron nitride;

moreover, a content mass Wf of the inorganic substance in the thermally conductive material T is equal to a content
of an inorganic substance in the thermally conductive material-forming composition. Furthermore, a content mass
Wr of the organic volatile componentin the thermally conductive material T is equal to a value obtained by subtracting
the content of the inorganic substance from a content of a total solid content in the thermally conductive material-
forming composition;

Df is a density of the inorganic substance.

Dr is a density of the organic nonvolatile component and is 1.2 g/cm3;

Vfis a volume percentage of a volume of the inorganic substance in the thermally conductive material T to a volume
of the thermally conductive material T and is a value determined by Expression (DII);

Expression (DII)
Vi = (W1/Df)/((W1/Df) + (Wr/Dr)) x 100

Vris a volume percentage of a volume of the organic nonvolatile component in the thermally conductive material T
to the volume of the thermally conductive material T and is a value determined by Expression (DlIl);

Expression (DIII)
Vr =100 — Vf.
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[0039] In one embodiment according the second aspect is disclosed, a thermally conductive sheet comprising the
thermally conductive material of either of the two previous embodiments.

[0040] In one embodiment according the second aspect is disclosed, a device with a thermally conductive layer
comprising:

a device; and
a thermally conductive layer which is disposed on the device and includes the thermally conductive sheet of the
previous embodiment.

[0041] According to one aspect of the present invention, it is possible to provide a thermally conductive material-
forming composition from which a thermally conductive material having excellent thermally conductive properties can
be obtained.

[0042] Moreover, according to the present invention, it is possible to provide a thermally conductive material formed
of the thermally conductive material-forming composition, a thermally conductive sheet, and a device with a thermally
conductive layer.

[0043] Accordingtoone aspectofthe presentinvention, itis possible to provide a film from which a thermally conductive
sheet having excellent thermally conductive properties can be prepared.

[0044] Moreover, according to the present invention, it is possible to provide a thermally conductive sheet prepared
using the film, and a device with a thermally conductive layer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0045] Hereinafter, a thermally conductive material-forming composition, a film, a thermally conductive material, a
thermally conductive sheet, and a device with a thermally conductive layer according to an embodiment of the present
invention will be described in detail.

[0046] The following constituent elements are described based on the representative embodiments of the present
invention in some cases, but the present invention is not limited to such an embodiment.

[0047] Moreover, in the present specification, the numerical range expressed using "to" means a range including the
numerical values listed before and after "to" as a lower limit value and an upper limit value.

[0048] Furthermore, in the present specification, an oxiranyl group is a functional group which is also referred to as
an epoxy group, and for example, a group, in which two adjacent carbon atoms of a saturated hydrocarbon ring group
are bonded to each other through an oxo group (-O-) to form an oxirane ring, and the like are also included in the oxiranyl
group. The oxiranyl group may or may not have a substituent (a methyl group or the like), if possible.

[0049] In the present specification, the description of "(meth)acryloyl group" means "either or both of an acryloyl group
and a methacryloyl group”. Moreover, the description of "(meth)acrylamide group" means "either or both of an acrylamide
group and a methacrylamide group".

[0050] In the present specification, an acid anhydride group may be a monovalent group or a divalent group. In a case
where the acid anhydride group represents a monovalent group, an example thereof includes a substituent obtained by
removing any hydrogen atom from an acid anhydride such as maleic acid anhydride, phthalic acid anhydride, pyromellitic
acid anhydride, or trimellitic acid anhydride. Moreover, in a case where the acid anhydride group represents a divalent
group, the divalent group means a group represented by *-CO-O-CO-* (* represents a bonding position).

[0051] In addition, in the present specification, a substituent or the like, which is not specified whether to be substituted
or unsubstituted, may or may not have an additional substituent (for example, a substituent group Y which will be
described later), if possible, as long as the desired effect is not impaired. For example, the notation of an "alkyl group"
means a substituted or unsubstituted alkyl group as long as the desired effect is not impaired.

[0052] Furthermore, in the present specification, in a case where the description of "may have a substituent" appears,
the type of a substituent, the position of a substituent, and the number of substituents are not particularly limited. Examples
of the number of substituents include 1 and 2 or larger. Examples of the substituent include a group of monovalent
nonmetallic atoms excluding a hydrogen atom, and the substituent can be selected from the following substituent group
Y, for example.

[0053] In the present specification, examples of a halogen atom include a chlorine atom, a fluorine atom, a bromine
atom, and an iodine atom.

[0054] Substituent group Y:

a halogen atom (-F, -Br, -Cl, -1, or the like), a hydroxyl group, an amino group, a carboxylic acid group and a conjugated
base group thereof, a carboxylic acid anhydride group, a cyanate ester group, an unsaturated polymerizable group, an
oxiranyl group, an oxetanyl group, an aziridinyl group, a thiol group, an isocyanate group, an thioisocyanate group, an
aldehyde group, an alkoxy group, an aryloxy group, an alkylthio group, an arylthio group, an alkyldithio group, an aryldithio
group, an N-alkylamino group, an N,N-dialkylamino group, an N-arylamino group, an N,N-diarylamino group, an N-alkyl-



10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

N-arylamino group, an acyloxy group, a carbamoyloxy group, an N-alkylcarbamoyloxy group, an N-arylcarbamoyloxy
group, an N,N-dialkylcarbamoyloxy group, an N,N-diarylcarbamoyloxy group, an N-alkyl-N-arylcarbamoyloxy group, an
alkylsulfoxy group, an arylsulfoxy group, an acylthio group, an acylamino group, an N-alkylacylamino group, an N-
arylacylamino group, a ureido group, an N’-alkylureido group, an N’,N’-dialkylureido group, an N’-arylureido group, an
N’,N’-diarylureido group, an N’-alkyl-N’-arylureido group, an N-alkylureido group, an N-arylureido group, an N’-alkyl-N-
alkylureido group, an N’-alkyl-N-arylureido group, an N’,N’-dialkyl-N-alkylureido group, an N’,N’-dialkyl-N-arylureido
group, an N’-aryl-N-alkylureido group, an N’-aryl-N-arylureido group, an N’,N’-diaryl-N-alkylureido group, an N’,N’-diaryl-
N-arylureido group, an N’-alkyl-N’-aryl-N-alkylureido group, an N’-alkyl-N’-aryl-N-arylureido group, an alkoxycarbonylami-
no group, an aryloxycarbonylamino group, an N-alkyl-N-alkoxycarbonylamino group, an N-alkyl-N-aryloxycarbonylamino
group, an N-aryl-N-alkoxycarbonylamino group, an N-aryl-N-aryloxycarbonylamino group, a formyl group, an acyl group,
an alkoxycarbonyl group, an aryloxycarbonyl group, a carbamoyl group, an N-alkylcarbamoyl group, an N,N-dialkylcar-
bamoyl group, an N-arylcarbamoyl group, an N,N-diarylcarbamoyl group, an N-alkyl-N-arylcarbamoy! group, an alkyl-
sufinyl group, an arylsulfinyl group, an alkylsulfonyl group, an arylsulfonyl group, a sulfo group (-SO5;H) and a conjugated
base group thereof, an alkoxysulfonyl group, an aryloxysulfonyl group, a sulfinamoyl group, an N-alkylsulfinamoyl group,
an N,N-dialkylsulfinamoyl group, an N-arylsulfinamoyl group, an N,N-diarylsulfinamoyl group, an N-alkyl-N-arylsulfi-
namoyl group, a sulfamoyl group, an N-alkylsulfamoyl group, an N,N-dialkylsulfamoyl! group, an N-arylsulfamoyl group,
an N,N-diarylsulfamoyl group, an N-alkyl-N-arylsulfamoyl group, an N-acylsulfamoyl group and a conjugated base group
thereof, an N-alkylsulfonylsulfamoy! group (-SO,NHSO,(alkyl)) and a conjugated base group thereof, an N-arylsulfonyl-
sulfamoyl group (-SO,NHSO,(aryl)) and a conjugated base group thereof, an N-alkylsulfonylcarbamoyl group
(-CONHSO,(alkyl)) and a conjugated base group thereof, an N-arylsulfonylcarbamoyl group (-CONHSO,(aryl)) and a
conjugated base group thereof, an alkoxysilyl group (-Si(Oalkyl);), an aryloxysilyl group (-Si(Oaryl)3), a hydroxysilyl
group (-Si(OH)3) and a conjugated base group thereof, a phosphono group (-PO3H,) and a conjugated base group
thereof, a dialkylphosphono group (-POs(alkyl),), a diarylphosphono group (-POs(aryl),), an alkylarylphosphono group
(-POg(alkyl)(aryl)), a monoalkylphosphono group (-POsH(alkyl)) and a conjugated base group thereof, a monoaryl-
phosphono group (-PO3H(aryl)) and a conjugated base group thereof, a phosphonooxy group (-OPO3H,) and a conju-
gated base group thereof, a dialkylphosphonooxy group (-OPO5(alkyl),), a diarylphosphonooxy group (-OPOs(aryl),),
an alkylarylphosphonooxy group (-OPOs(alkyl)(aryl)), a monoalkylphosphonooxy group (-OPOsH(alkyl)) and a conju-
gated base group thereof, a monoarylphosphonooxy group (-OPOsH(aryl)) and a conjugated base group thereof, a
cyano group, a nitro group, an aryl group, an alkenyl group, an alkynyl group, and an alkyl group.

[0055] These substituents may or may not form a ring by being bonded to each other, if possible, or by being bonded
to a group substituted with the substituent.

<<First aspect of present invention>>
[0056] Hereinafter, a first aspect of the present invention will be described in detail.
[Thermally conductive material-forming composition]

[0057] In the first aspect of the present invention, a thermally conductive material-forming composition (hereinafter,
also simply referred to as a "composition") according to the embodiment of the present invention contains an epoxy
compound, a phenolic compound, and an inorganic substance.

[0058] Moreover, the phenolic compound is one or more kinds selected from the group consisting of a compound
represented by General Formula (1) and a compound represented by General Formula (2).

[0059] The mechanism by which the objects of the present invention are achieved with the composition according to
the embodiment of the present invention, which adopts the constitution described above, is not always clear, but the
present inventors estimate as follows.

[0060] Thatis,inthe composition accordingto the embodimentofthe presentinvention,ingeneral, the epoxy compound
acts as a so-called main agent, and the phenolic compound acts as a so-called curing agent. Here, it is estimated that
since the phenolic compound has a predetermined structure, a dense crosslinked structure is likely to be formed, and
thermally conductive properties of the obtained thermally conductive material are improved.

[0061] In addition, a thermally conductive material formed of the composition according to the embodiment of the
present invention also has favorable adhesiveness. Moreover, favorable insulating properties (electrical insulating prop-
erties) can also be imparted to the thermally conductive material formed of the composition according to the embodiment
of the present invention.
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Hereinafter, the components contained in the composition will be described in detail.
[Phenolic compound]
[0062] The composition according to the embodiment of the present invention contains a phenolic compound.
[0063] The phenolic compound generally acts as a so-called curing agent in the composition according to the embod-
iment of the present invention.
[0064] The phenolic compound is one or more kinds selected from the group consisting of a compound represented
by General Formula (1) and a compound represented by General Formula (2).

<Compound represented by General Formula (1)>

[0065] General Formula (1) will be shown below.

OH

Ar'-L" i L2 A,;i (1)

mi

[0066] In General Formula (1), m1 represents an integer of O or greater.

m1 is preferably 0 to 10, more preferably 0 to 3, even more preferably 0 or 1, and particularly preferably 1.

[0067] In General Formula (1), n1 and n2 each independently represent an integer of 2 or greater.

n1 and n2 are each independently preferably 2 to 4, more preferably 2 or 3, and even more preferably 2.

[0068] In General Formula (1), R and R8 each independently represent a hydrogen atom, a halogen atom, a carboxylic
acid group, a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group.
[0069] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. The alkyl group may or may not have a substituent.

[0070] An alkyl group moiety in the alkoxy group and an alkyl group moiety in the alkoxycarbonyl group are the same
as the aforementioned alkyl group.

[0071] R!and R® are each independently preferably a hydrogen atom or a halogen atom, more preferably a hydrogen
atom or a chlorine atom, and even more preferably a hydrogen atom.

[0072] In General Formula (1), L' represents -C(R2)(R3)- or -CO-.

[0073] L2 represents -C(R4)(R5)- or -CO-.

[0074] R2to RS each independently represent a hydrogen atom, a hydroxyl group, a halogen atom, a carboxylic acid
group, a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group.

[0075] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. The alkyl group may or may not have a substituent.

[0076] An alkyl group moiety in the alkoxy group and an alkyl group moiety in the alkoxycarbonyl group are the same
as the aforementioned alkyl group.

[0077] R2toRS5areeachindependently preferably ahydrogen atom or a hydroxyl group and more preferably a hydrogen
atom.

[0078] L'and L2 are each independently preferably -CH,-, -CH(OH)-, or -CO- and more preferably -CH-.

[0079] In a case where m1is O, L1 is -CH(OH)-, or -CO-.

[0080] In a case where m1is 1, L' and L2 are each independently preferably -CH,-.

[0081] Furthermore, in General Formula (1), in a case where there are a plurality of R#'s, the plurality of R¥'s may be
the same as or different from each other. In a case where there are a plurality of R%’s, the plurality of R’s may be the
same as or different from each other.

[0082] In General Formula (1), Ar! and Ar2 each independently represent a benzene ring group or a naphthalene ring
group.

[0083] Ar' and Ar2 are each independently preferably a benzene ring group.
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[0084] In General Formula (1), Q2 represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a
carboxylic acid group, a boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group.

[0085] Q2 represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a carboxylic acid group, a
boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group.

[0086] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. The alkyl group may or may not have a substituent.

[0087] An alkyl group moiety in the alkoxy group and alkoxycarbonyl group and an alkyl group moiety in the alkoxy-
carbonyl group are the same as the aforementioned alkyl group.

[0088] The phenyl group may or may not have a substituent.

[0089] Q2 is preferably bonded to a para position with respect to a hydroxyl group of a benzene ring group to which
Qa2 is bonded.

[0090] Q2 is preferably a hydrogen atom or an alkyl group and more preferably an alkyl group. The alkyl group is
preferably a methyl group.

[0091] Furthermore, in General Formula (1), in a case where there are a plurality of L2s and Q¥’s, the plurality of L2's
may be the same as or different from each other and the plurality of Q®'s may be the same as or different from each other.

<Compound represented by General Formula (2)>

[0092] General Formula (2) will be shown below.

R?
(OH)1 (OH)p2

(2)

R' m2 RS
Qb

[0093] In General Formula (2), m2 represents an integer of O or greater.

[0094] m2 is preferably O to 10, more preferably 0 to 3, even more preferably 0 or 3, and particularly preferably 0.
[0095] In General Formula (2), n1 and n2 each independently represent an integer of 2 or greater.

[0096] n1 and n2 are each independently preferably 2 to 4, more preferably 2 or 3, and even more preferably 2.
[0097] In General Formula (2), R and R8 each independently represent a hydrogen atom, a halogen atom, a carboxylic
acid group, a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group.
[0098] R'and R8in General Formula (2) are the same as R! and R® in General Formula (1), respectively.

[0099] In General Formula (2), R represents a hydrogen atom or a hydroxyl group.

[0100] In a case where there are a plurality of R”’s, it is preferable that at least one R7 represents a hydroxyl group.
For example, in a case where m2 represents 3, it is preferable that at least one R7 among three R”’s represents a
hydroxyl group, and more preferable that one R7 represents a hydroxyl group.

[0101] In General Formula (2), QP represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a
carboxylic acid group, a boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group.

[0102] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. The alkyl group may or may not have a substituent.

[0103] An alkyl group moiety in the alkoxy group and alkoxycarbonyl group and an alkyl group moiety in the alkoxy-
carbonyl group are the same as the aforementioned alkyl group.

[0104] The phenyl group may or may not have a substituent.

[0105] QP is preferably a hydrogen atom.

[0106] Furthermore, in General Formula (2), in a case where there are a plurality of R”’s and QP’s, the plurality of R”’s
may be the same as or different from each other and the plurality of QP’s may be the same as or different from each other.
[0107] The phenolic compound is preferably the compound represented by General Formula (1) from the viewpoint
that the insulating properties of the obtained thermally conductive material are superior.

[0108] The lower limit value of the hydroxyl group content of the phenolic compound is preferably 11.0 mmol/g or
greater, more preferably 12.0 mmol/g or greater, and even more preferably 13.0 mmol/g or greater. The upper limit value
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thereof is preferably 25.0 mmol/g or less.

[0109] Moreover, the hydroxyl group content means the number of hydroxyl groups (preferably, phenolic hydroxyl
groups) contained in 1 g of the phenolic compound.

[0110] Furthermore, the phenolic compound may or may not have an active hydrogen-containing group (carboxylic
acid group or the like) capable of a polymerization reaction with an epoxy compound, in addition to the hydroxyl group.
The lower limit value of the content (total content of hydrogen atoms in a hydroxyl group, a carboxylic acid group, and
the like) of an active hydrogen in the phenolic compound is preferably 11.0 mmol/g or greater, more preferably 12.0
mmol/g or greater, and even more preferably 13.0 mmol/g or greater. The upper limit value thereof is preferably 25.0
mmol/g or less.

[0111] The upper limit value of the molecular weight of the phenolic compound is preferably 600 or less, more preferably
500 or less, and even more preferably 400 or less. The lower limit value thereof is preferably 192 or greater and more
preferably 300 or greater.

[0112] One kind of the phenolic compounds may be used singly, or two or more kinds thereof may be used.

[0113] Moreover, the composition according to the embodiment of the present invention may contain a compound
(also referred to as an "other active hydrogen-containing compound") having a group capable of reacting with an epoxy
compound, which will be described later, in addition to the aforementioned phenolic compound (the compound repre-
sented by General Formula (1) and/or the compound represented by General Formula (2)).

[0114] Inacase where the composition contains an other active hydrogen-containing compound, a mass ratio (content
of other active hydrogen-containing compound/content of phenolic compound) of a content of the other active hydrogen-
containing compound to the content of the phenolic compound in the composition is preferably greater than 0 and 1 or
less, more preferably greater than 0 and 0.1 or less, and even more preferably greater than 0 and 0.05 or less.

[0115] Preferred examples of the compound represented by General Formula (1) or General Formula (2) will be shown
below.
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[Epoxy compound]

[0116] The composition according to the embodiment of the present invention contains an epoxy compound.

[0117] The epoxy compound generally acts as a so-called main agent in the composition according to the embodiment
of the present invention.

[0118] The epoxy compound is a compound having at least one oxiranyl group (epoxy group) in one molecule. The
oxiranyl group may or may not have a substituent, if possible.

[0119] The number of oxiranyl groups contained in the epoxy compound is preferably 2 or larger, more preferably 2
to 40, even more preferably 2 to 10, and particularly preferably 2, in one molecule.

[0120] A molecular weight of the epoxy compound is preferably 150 to 10,000, more preferably 150 to 2,000, and
even more preferably 250 to 400.

[0121] An epoxy group content of the epoxy compound is preferably 2.0 to 20.0 mmol/g and more preferably 5.0 to
15.0 mmol/g.

[0122] Moreover, the epoxy group content means the number of oxiranyl groups contained in 1 g of the epoxy com-
pound.

[0123] The epoxy compound is preferably a liquid at room temperature (23°C).

[0124] The epoxy compound may or may not exhibit liquid crystallinity.

12



10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

[0125] That s, the epoxy compound may be a liquid crystal compound. In other words, the epoxy compound may be
a liquid crystal compound having an oxiranyl group.

[0126] Examples of the epoxy compound (which may be a liquid crystalline epoxy compound) include a compound
(rod-like compound) which has a rod-like structure in at least a portion thereof, and a compound (disk-like compound)
which has a disk-like structure in at least a portion thereof.

[0127] Hereinafter, the rod-like compound and the disk-like compound will be described in detail.

<Rod-like compound>

[0128] Examples of the epoxy compound, which is a rod-like compound, include azomethines, azoxies, cyanobiphe-
nyls, cyanophenyl esters, benzoic acid esters, cyclohexane carboxylic acid phenyl esters, cyanophenyl cyclohexanes,
cyano-substituted phenylpyrimidines, alkoxy-substituted phenylpyrimidines, phenyldioxanes, tolans, and alkenylcy-
clohexyl benzonitriles. In addition to these low-molecular-weight compounds described above, high-molecular-weight
compounds can also be used. The aforementioned high-molecular-weight compounds are high-molecular-weight com-
pounds obtained by polymerizing rod-like compounds having a low-molecular-weight reactive group.

[0129] Examples ofa preferred rod-like compound include a rod-like compound represented by General Formula (XXI).

General Formula (XXI): QI-LMI-AT L 13 ML 114-A112. 112.Q2

[0130] In General Formula (XXI), Q! and Q2 are each independently an oxiranyl group, and L1, L112, 113 and L114
each independently represent a single bond or a divalent linking group. A111 and A'12 each independently represent a
divalent linking group (spacer group) having 1 to 20 carbon atoms. M represents a mesogenic group.

[0131] The oxiranyl groups represented by Q' and Q2 may or may not have a substituent.

[0132] In General Formula (XXI), L1117, L112, 113 and L114 each independently represent a single bond or a divalent
linking group.

[0133] The divalent linking groups represented by L1, 112, 113, and L114 are each independently preferably a
divalent linking group selected from the group consisting of -O-, -S-, -CO-, -NR112- .CO-O-, -O-CO-0-, -CO-NR 12,
-NR112-CO-, -O-CO-, -CH,-0O-, -O-CH,-, -O-CO-NR112- -NR"12-CO-0O-, and -NR112-CO-NR12-, R112 is an alkyl group
having 1 to 7 carbon atoms or a hydrogen atom.

[0134] Among them, L113 and L'14 are each independently preferably -O-.

[0135] L' and L''2 are each independently preferably a single bond.

[0136] In General Formula (XXI), A111 and A112 each independently represent a divalent linking group having 1 to 20
carbon atoms.

[0137] The divalent linking group may contain heteroatoms, such as oxygen atoms and sulfur atoms, which are not
adjacent to each other. Among them, an alkylene group, an alkenylene group, or an alkynylene group, each of which
has 1 to 12 carbon atoms, is preferable. The aforementioned alkylene group, alkenylene group, or alkynylene group
may or may not have an ester group.

[0138] The divalentlinking group is preferably linear, and the divalent linking group may or may not have a substituent.
Examples of the substituent include a halogen atom (a fluorine atom, a chlorine atom, and a bromine atom), a cyano
group, a methyl group, and an ethyl group.

[0139] Amongthem, A1 and A112 are each independently preferably an alkylene group having 1 to 12 carbon atoms
and more preferably a methylene group.

[0140] In General Formula (XXI), M represents a mesogenic group, and examples of the mesogenic group include
known mesogenic groups. Among them, a group represented by General Formula (XXIl) is preferable.

General Formula (XXII): -(W1-L15) -w2-

[0141] In General Formula (XXII), W' and W2 each independently represent a divalent cyclic alkylene group, a divalent
cyclic alkenylene group, an arylene group, or a divalent heterocyclic group. L115 represents a single bond or a divalent
linking group. n represents an integer 1 to 4.

[0142] Examples of W! and W2 include 1,4-cyclohexenediyl, 1,4-cyclohexanediyl, 1,4-phenylene, pyrimidine-2,5-diyl,
pyridine-2,5-diyl, 1,3,4-thiadiazole-2,5-diyl, 1,3,4-oxadiazole-2,5-diyl, naphthalene-2,6-diyl, naphthalene-1,5-diyl, thi-
ophene-2,5-diyl, and pyridazine-3,6-diyl. In a case of the 1,4-cyclohexanediyl, the compound may be any one isomer
of structural isomers of a trans-isomer and a cis-isomer, or a mixture in which the isomers are mixed at any ratio. Among
them, a trans-isomer is preferable.

[0143] Each of W! and W2 may have a substituent. Examples of the substituent include the groups exemplified in the
aforementioned substituent group Y, and more specifically, examples of the substituentinclude a halogen atom (a fluorine
atom, a chlorine atom, a bromine atom, and an iodine atom), a cyano group, an alkyl group having 1 to 10 carbon atoms
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(for example, a methyl group, an ethyl group, a propyl group, and the like), an alkoxy group having 1 to 10 carbon atoms
(for example, a methoxy group, an ethoxy group, and the like), an acyl group having 1 to 10 carbon atoms (for example,
a formyl group, an acetyl group, and the like), an alkoxycarbonyl group having 1 to 10 carbon atoms (for example, a
methoxycarbonyl group, an ethoxycarbonyl group, and the like), an acyloxy group having 1 to 10 carbon atoms (for
example, an acetyloxy group, a propionyloxy group, and the like), a nitro group, a trifluoromethyl group, a difluoromethyl
group, and the like.

[0144] Inacase where there are a plurality of W1’s, the plurality of W1's may be the same as or different from each other.
[0145] In General Formula (XXII), L115 represents a single bond or a divalent linking group. Examples of the divalent
linking group represented by L'15 include the specific examples of the divalent linking groups represented by L1 to
L114, such as -CO-O-, -O-CO-, -CH,-O-, and -O-CH,-.

[0146] In a case where there are a plurality of L115’s, the plurality of L115’s may be the same as or different from each
other.

[0147] Examples of a skeleton preferable as the basic skeleton of the mesogenic group represented by General
Formula (XXII) will be shown below. Substituents may be substituted in these skeletons of the mesogenic group.

-O-O- OO
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[0148] Among the skeletons, a biphenyl skeleton is preferable from the viewpoint that the thermally conductive prop-
erties of the obtained thermally conductive material are superior.

[0149] Moreover, the compound represented by General Formula (XXI) can be synthesized with reference to the
method described in JP1999-513019A (JP-H11-513019A) (WO97/000600A).

[0150] The rod-like compound may be a monomer having the mesogenic group described in JP1999-323162A(JP-
H11-323162A) and JP4118691B.

[0151] Among them, the rod-like compound is preferably a compound represented by General Formula (E1).

é N E1 s =\ ___|E g \
| E2 {LEE_LE%_C\ o
®7 pe 4/ ( )
|_E4

LE4)le

[0152] In General Formula (E1), LE"’s each independently represent a single bond or a divalent linking group.
[0153] Among them, LE! is preferably a divalent linking group.

[0154] The divalent linking group is preferably -O-, -S-, -CO-, -NH-, -CH=CH-, -C=C-, -CH=N-, -N=CH-, -N=N-, an
alkylene group which may have a substituent, or a group consisting of a combination of two or more thereof, and more
preferably -O-alkylene group- or -alkylene group-O-.

[0155] Moreover, the alkylene group may be any one of linear, branched, or cyclic, but is preferably a linear alkylene
group having 1 or 2 carbon atoms.

[0156] The plurality of LET’s may be the same as or different from each other.

[0157] In General Formula (E1), LEZs each independently represent a single bond, -CH=CH-, -CO-O-, -O-CO-,
-C(-CH3)=CH-, -CH=C(-CH3)-, -CH=N-, -N=CH-, -N=N-, -C=C-, -N=N*(-O")-, -N*(-O")=N-, -CH=N*(-O")-, -N*(-O")=CH-,
-CH=CH-CO-, -CO-CH=CH-, -CH=C(-CN)-, or -C(-CN)=CH-.

[0158] Among them, LEZ’s are each independently preferably a single bond, -CO-O-, or -O-CO-.

[0159] Inacasewhere there are a plurality of LEZ’s, the plurality of LE2’s may be the same as or different from each other.
[0160] In General Formula (E1), LE3’s each independently represent a single bond, a 5-membered or 6-membered
aromatic ring group or a 5-membered or 6-membered non-aromatic ring group, which may have a substituent, or a
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polycyclic group consisting of these rings.

[0161] Examples of the aromatic ring group and non-aromatic ring group represented by LE3 include a 1,4-cyclohex-
anediyl group, a 1,4-cyclohexenediyl group, a 1,4-phenylene group, a pyrimidine-2,5-diyl group, a pyridine-2,5-diyl group,
a 1,3,4-thiadiazole-2,5-diyl group, a 1,3,4-oxadiazole-2,5-diyl group, a naphthalene-2,6-diyl group, a naphthalene-1,5-
diyl group, a thiophene-2,5-diyl group, and a pyridazine-3,6-diyl group, each of which may have a substituent. In a case
of the 1,4-cyclohexanediyl group, the group may be any one isomer of structural isomers of a trans-isomer and a cis-
isomer, or a mixture in which the isomers are mixed at any ratio. Among them, a trans-isomer is preferable.

[0162] In particular, LE3 is preferably a single bond, a 1,4-phenylene group, or a 1,4-cyclohexenediyl group.

[0163] The substituents contained in the groups represented by LE3 are each independently preferably an alkyl group,
an alkoxy group, a halogen atom, a cyano group, a nitro group, or an acetyl group, and more preferably an alkyl group
(preferably having one carbon atom).

[0164] Furthermore, in a case where there are a plurality of substituents, the plurality of substituents may be the same
as or different from each other.

[0165] Inacase where there are a plurality of LE3’s, the plurality of LE®’s may be the same as or different from each other.
[0166] In General Formula (E1), pe represents an integer of O or greater.

[0167] In a case where pe is an integer of 2 or greater, a plurality of (-LE3-LE2 -)’'s may be the same as or different
from each other.

[0168] Among them, pe is preferably O to 2, more preferably 0 or 1, and even more preferably 0.

[0169] In General Formula (E1), LE#'s each independently represent a substituent.

[0170] The substituents are each independently preferably an alkyl group, an alkoxy group, a halogen atom, a cyano
group, a nitro group, or an acetyl group, and more preferably an alkyl group (preferably having one carbon atom).
[0171] A plurality of LE4's may be the same as or different from each other. Moreover, in a case where le described
below is an integer of 2 or greater, a plurality of LE4's in the same (LE4),, may also be the same as or different from each
other.

[0172] In General Formula (E1), le’s each independently represent an integer of 0 to 4. Among them, le’s are each
independently preferably 0 to 2.

[0173] A plurality of le’s may be the same as or different from each other.

[0174] The rod-like compound preferably has a biphenyl skeleton from the viewpoint that the thermally conductive
properties of the obtained thermally conductive material are superior.

[0175] In other words, it is preferable that the epoxy compound has a biphenyl skeleton and more preferable that the
epoxy compound in this case is a rod-like compound.

<Disk-like compound>

[0176] The epoxy compound, which is a disk-like compound, has a disk-like structure in at least a portion thereof.
[0177] The disk-like structure has at least an alicyclic ring or an aromatic ring. In particular, in a case where the disk-
like structure has an aromatic ring, the disk-like compound can form a columnar structure by forming a stacking structure
based on the intermolecular n-n interaction.

[0178] Specific examples of the disk-like structure include the triphenylene structure described in Angew. Chem. Int.
Ed. 2012, 51, 7990 to 7993, or JP1995-306317A (JP-HO07-306317A), and the trisubstituted benzene structures described
in JP2007-002220A and JP2010-244038A.

[0179] The disk-like compound preferably has three or more oxiranyl groups. The cured substance of the composition,
which contains the disk-like compound having three or more oxiranyl groups, tends to have a high glass transition
temperature and high heat resistance.

[0180] The number ofoxiranyl groups contained inthe disk-like compound is preferably 8 or smaller and more preferably
6 or smaller.

[0181] Specific examples of the disk-like compound include compounds which have an oxiranyl group at at least one
(preferably, three or more) of terminals in the compounds or the like described in C. Destrade et al., Mol. Crysr. Liq.
Cryst., vol. 71, page 111 (1981); edited by The Chemical Society of Japan, Quarterly Review of Chemistry, No. 22,
Chemistry of liquid crystal, Chapter 5, Chapter 10, Section 2 (1994); B. Kohne et al., Angew. Chem. Soc. Chem. Comm.,
page 1794 (1985); J. Zhang et al., J. Am. Chem. Soc., vol. 116, page 2655 (1994); and JP4592225B.

[0182] Examples ofthe disk-like compound include compounds which have an oxiranyl group at atleastone (preferably,
three or more) of terminals in the triphenylene structure described in Angew. Chem. Int. Ed. 2012, 51, 7990 to 7993 and
JP1995-306317A (JP-HO7-306317A) and the trisubstituted benzene structures described in JP2007-002220A and
JP2010-244038A.

[0183] The disk-like compound is preferably a compound represented by any one of Formula (D1), ..., or Formula
(D16) from the viewpoint that the thermally conductive properties of the thermally conductive material are superior.
[0184] First, Formulae (D1) to (D15) will be described, and then Formula (D16) will be described.
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[0185] Furthermore, in the following formulae, "-LQ" represents "-L-Q" and "QL-" represents "Q-L-".

DD
QL

QL—

(D3)

QL

LQ
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(D13) (D14)

[0186] In Formulae (D1) to (D15), L represents a divalent linking group.

[0187] From the viewpoint that the thermally conductive properties of the thermally conductive material are superior,
L’s are each independently preferably a group selected from the group consisting of an alkylene group, an alkenylene
group, an arylene group, -CO-, -NH-, -O-, -S-, and a combination thereof, and more preferably a group obtained by
combining two or more groups selected from the group consisting of an alkylene group, an alkenylene group, an arylene
group, -CO-, -NH-, -O-, and -S-.

[0188] The number of carbon atoms in the alkylene group is preferably 1 to 12. The number of carbon atoms in the
alkenylene group is preferably 2 to 12. The number of carbon atoms in the arylene group is preferably 10 or smaller.
[0189] The alkylene group, alkenylene group, and arylene group may have a substituent (preferably, an alkyl group,
a halogen atom, cyano, an alkoxy group, an acyloxy group, or the like).

[0190] Examples of L will be shown below. In the following examples, a bond on a left side is bonded to a central
structure (hereinafter, also simply referred to as a "central ring") of the compound represented by any one of Formula
(D1), ..., or Formula (D15), and a bond on a right side is bonded to Q.

[0191] AL means an alkylene group or an alkenylene group, and AR means an arylene group.

L101: -AL-CO-O-AL-

L102: -AL-CO-O-AL-O-
L103: -AL-CO-O-AL-O-AL-
L104: -AL-CO-O-AL-O-CO-
L105: -CO-AR-O-AL-

L106: -CO-AR-O-AL-O-
L107: -CO-AR-O-AL-O-CO-
L108: -CO-NH-AL-

L109: -NH-AL-O-

L110: -NH-AL-O-CO-

19



(]

10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

L111: -O-AL-
L112: -O-AL-O-
L113: -O-AL-O-CO-

L114: -O-AL-O-CO-NH-AL-

L115: -O-AL-S-AL-

L116: -O-CO-AL-AR-O-AL-O-CO-

L117: -O-CO-AR-O-AL-CO-

L118: -O-CO-AR-O-AL-O-CO-

L119: -O-CO-AR-O-AL-O-AL-O-CO-
L120: -O-CO-AR-O-AL-O-AL-O-AL-O-CO-
L121: -S-AL-

L122: -S-AL-O-

L123: -S-AL-O-CO-

L124: -S-AL-S-AL-

L125: -S-AR-AL-

L126: -O-CO-AL-

L127: -O-CO-AL-O-

L128: -O-CO-AR-O-AL-

L129: -O-CO-

L130: -O-CO-AR-O-AL-O-CO-AL-S-AR-
L131: -O-CO-AL-S-AR-

L132: -O-CO-AR-O-AL-O-CO-AL-S-AL-
L133: -O-CO-AL-S-AR-

L134: -O-AL-S-AR-

L135: -AL-CO-O-AL-O-CO-AL-S-AR-
L136: -AL-CO-O-AL-O-CO-AL-S-AL-
L137: -O-AL-O-AR-

L138: -O-AL-O-CO-AR-

L139: -O-AL-NH-AR-

L140: -O-CO-AL-O-AR-

L141: -O-CO-AR-O-AL-O-AR-

L142: -AL-CO-O-AR-

L143: -AL-CO-O-AL-O-AR-

[0192] In Formulae (D1) to (D15), Q’s each independently represent a hydrogen atom or a substituent.

[0193] Examples of the substituent include the groups exemplified in the aforementioned substituent group Y More
specifically, as the substituent, the reactive functional group, the halogen atom, the isocyanate group, the cyano group,
the unsaturated polymerizable group, the oxiranyl group, the oxetanyl group, the aziridinyl group, the thioisocyanate
group, the aldehyde group, and the sulfo group can be mentioned.

[0194] Here, in a case where Q is a group other than the oxiranyl group, it is preferable that Q is stable with respect
to the oxiranyl group.

[0195] Moreover, in Formulae (D1) to (D15), one or more (preferably two or more) Q's each represent an oxiranyl
group. Among them, from the viewpoint that the thermally conductive properties of the thermally conductive material
are superior, it is preferable that all Q’'s each represent an oxiranyl group.

[0196] Furthermore, itis preferable that the compounds represented by Formulae (D1) to (D15) do not have -NH- from
the viewpoint of stability of an oxiranyl group.

[0197] Amongthe compounds represented by Formulae (D1)to (D15), from the viewpoint that the thermally conductive
properties of the thermally conductive material are superior, the compound represented by Formula (D4) is preferable.
In other words, the central ring of the disk-like compound is preferably a triphenylene ring.

[0198] From the viewpoint that the thermally conductive properties of the thermally conductive material are superior,
the compound represented by Formula (D4) is preferably a compound represented by Formula (XI).
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R12 R11

R15 ,RTB

R0 R Formula (XI)

[0199] In Formula (XI), R11, R12 R13, R14 R15 and R each independently represent *-X11-L11-P11 or *-X12. 12y 12,
[0200] Moreover, * represents a position bonded to a triphenylene ring.

[0201] Among R, R12, R13 R4, R15 and R18, two or more are *-X11-L11-P11 and it is preferable that three or more
are *-X11-L11-p11,

[0202] Among them, from the viewpoint that the thermally conductive properties of the thermally conductive material
are superior, it is preferable that any one or more of R'! or R12, any one or more of R13 or R4, and any one or more of
R15 or R16 gre *-x1-L11-p11,

[0203] It is more preferable that R11, R12, R13, R14, R15, and R'6 are all *-X"1-L11-P11, Moreover, it is even more
preferable that R11, R12, R13, R14, R15, and R'6 are all the same.

[0204] X'''s each independently represent a single bond, -O-, -CO-, -NH-, -O-CO-, -O-CO-0O-, -O-CO-NH-, -O-CO-
S-, -CO-0-, -CO-NH-, -CO-8-, -NH-CO-, -NH-CO-O-, -NH-CO-NH-, -NH-CO-S-, -S-, -S-CO-, -S-CO-0O-, -S-CO-NH-, or
-S-CO-S-.

[0205] Amongthem, X11:s are each independently preferably -O-, -O-CO-, -O-CO-0-, -O-CO-NH-, -CO-O-, -CO-NH-,
-NH-CO-, or -NH-CO-O-, more preferably -O-, -O-CO-, -CO-0O-, -O-CO-NH-, or -CO-NH-, and even more preferably -O-
CO- or -CO-O-.

[0206] L'"s each independently represent a single bond or a divalent linking group.

[0207] Examples of the divalent linking group include -O-, -O-CO-, -CO-0O-, -S-, -NH-, an alkylene group (the number
of carbon atoms is preferably 1 to 10, more preferably 1 to 8, and even more preferably 1 to 7), an arylene group (the
number of carbon atoms is preferably 6 to 20, more preferably 6 to 14, and even more preferably 6 to 10), or a group
consisting of a combination thereof.

[0208] Examples of the alkylene group include a methylene group, an ethylene group, a propylene group, a butylene
group, a pentylene group, a hexylene group, and a heptylene group.

[0209] Examples ofthe arylene groupinclude a 1,4-phenylene group, a 1,3-phenylene group, a 1,4-naphthylene group,
a 1,5-naphthylene group, and an anthracenylene group, and a 1,4-phenylene group is preferable.

[0210] Each of the alkylene group and the arylene group may have a substituent. The number of the substituents is
preferably 1 to 3 and more preferably 1. The substitution position of the substituent is not particularly limited. As the
substituent, a halogen atom or an alkyl group having 1 to 3 carbon atoms is preferable and a methyl group is more
preferable.

[0211] Itis also preferable that the alkylene group and the arylene group are unsubstituted. It is particularly preferable
that the alkylene group is unsubstituted.

[0212] Examples of -X'1-L11- include L101 to L143 which are the aforementioned examples of L.

[0213] P represents an oxiranyl group. The oxiranyl group may or may not have a substituent.

[0214] X'2is the same as X1, and the suitable conditions thereof are also the same.

[0215] L'2is the same as L', and the suitable conditions thereof are also the same.

[0216] Examples of -X12-L12- include L101 to L143 which are the aforementioned examples of L.

[0217] Y12 represents a hydrogen atom, a linear, branched, or cyclic alkyl group having 1 to 20 carbon atoms, or a
group obtained by substituting one methylene group or two or more methylene groups in a linear, branched, or cyclic
alkyl group having 1 to 20 carbon atoms with -O-, -S-, -NH-, -N(CH3)-, -CO-, -O-CO-, or -CO-O-.

[0218] Ina case where Y12is a linear, branched, or cyclic alkyl group having 1 to 20 carbon atoms or a group obtained
by substituting one methylene group or two or more methylene groups in a linear, branched, or cyclic alkyl group having

in Y12 may be substituted with halogen atoms.
[0219] Specific examples of the compound represented by Formula (XI) include compounds which have an oxiranyl
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group at at least one (preferably, three or more) of terminals in compounds described in paragraphs 0028 to 0036 in
JP1995-281028A (JP-H07-281028A), JP1995-306317A (JP-H07-306317A), paragraphs 0016 to 0018 in
JP2005-156822A, paragraphs 0067 to 0072 in JP2006-301614A, and Liquid Crystal Handbook (published by MARUZEN
Co., Ltd. in 2000), pp. 330 to 333.

[0220] The compound represented by Formula (XI) can be synthesized based on the methods described in
JP1995-306317A (JP-H07-306317A), JP1995-281028A (JP-HO07-281028A), JP2005-156822A, and JP2006-301614A.
[0221] In addition, from the viewpoint that the thermally conductive properties of the thermally conductive material are
superior, the compound represented by Formula (D16) is also preferable as the disk-like compound.

R'i?)(

AZX - [c\3X

N
R18X A4)( R’FQX (D16)

[0222] In Formula (D16), A2X, A3%, and A4X each independently represent -CH= or -N=. Among them, A2X, A3X_ and
A%X are each independently preferably -CH=.

[0223] R17X, R18X and R19X each independently represent *-X211X.(Zz21X.x212X) . -| 21X.Q. * represents a position
bonded to the central ring.

[0224] X211Xand X212X each independently represent a single bond, -O-, -CO-, -NH-, -O-CO-, -O-CO-O-, -O-CO-NH-,
-O-CO- S-, -CO-0-, -CO-NH-, -CO-S-, -NH-CO-, -NH-CO-0O-, -NH-CO-NH-, -NH-CO-S-, -S-, -S-CO-, -S-CO-0-, -S-CO-
NH-, or -S-CO-S-.

[0225] Z2'X's each independently represent a 5-membered or 6-membered aromatic ring group or a 5-membered or
6-membered non-aromatic ring group.

[0226] L2'X represents a single bond or a divalent linking group.

[0227] Q has the same definition as Q in Formulae (D1) to (D15), and the preferred conditions thereof are also the
same. In Formula (D16), at least one (preferably all) Q among a plurality of Q’s represents an oxiranyl group.

[0228] n21X represents an integer 0 to 3. In a case where n21X is 2 or greater, a plurality of (Z21X-X212Xy's may be
the same as or different from each other.

[0229] Here, it is preferable that the compound represented by Formula (D16) does not have -NH- from the viewpoint
of stability of an oxiranyl group.

[0230] The compound represented by Formula (D16) is preferably a compound represented by Formula (XII).

R'I?

AZ*’/ ‘AB
SN
R18 A R (X1 1)

[0231] In Formula (XII), A2, A3, and A% each independently represent -CH= or -N=. Among them, A2, A3, and A% are
each preferably -CH=. In other words, it is also preferable that the central ring of the disk-like compound is a benzene ring.
[0232] R'7, R'8 and R'9 each independently represent *-X211-(z21-X212) , \-| 21-p21 or *-X221.(722-X222) ,,-Y22, *
represents a position bonded to the central ring.

[0233] Two or more among R'7, R'8, and R'® are each *-X211-(z21-X212) ,,-1 21-P21, From the viewpoint that the
thermally conductive properties of the thermally conductive material are superior, it is preferable that R17, R18, and R19
are all *-X211-(221-X212)n21-L21-P21.

[0234] Moreover, it is preferable that R7, R18, and R19 are all the same.

[0235] X211, X212 X221 and X222 each independently represent a single bond, -O-, -CO-, -NH-, -O-CO-, -O-CO-O-,
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-O-CO-NH-, -O-CO- S-, -CO-0-, -CO-NH-, -CO-S-, -NH-CO-, -NH-CO-O-, -NH-CO-NH-, -NH-CO-S-, -S-, -S-CO-, -S-
CO-0-, -S-CO-NH-, or -S-CO-S-.

[0236] Among them, X211, X212 X221 and X222 gre each independently preferably a single bond, -O-, -CO-O-, or -O-
CO-.

[0237] Z2'and Z22 each independently represent a 5-membered or 6-membered aromatic ring group or a 5-membered
or 6-membered non-aromatic ring group, and examples thereof include a 1,4-phenylene group, a 1,3-phenylene group,
and an aromatic heterocyclic group.

[0238] Thearomaticring group and the non-aromatic ring group may have a substituent. The number of the substituents
is preferably 1 or 2 and more preferably 1. The substitution position of the substituent is not particularly limited. As the
substituent, a halogen atom or a methyl group is preferable. It is also preferable that the aromatic ring group and the
non-aromatic ring group are unsubstituted.

[0239] Examples of the aromatic heterocyclic group include the following aromatic heterocyclic groups.

B

\A42 '*“-Alﬂ

[0240] In the formulae, * represents a portion bonded to X211 or X221, ** represents a portion bonded to X212 or X222,
A#1 and A42 each independently represent a methine group or a nitrogen atom. X4 represents an oxygen atom, a sulfur
atom, a methylene group, or an imino group.

[0241] It is preferable that at least one of A4! or A42 represents a nitrogen atom, and more preferable that both A%1
and A42 represent nitrogen atoms. Moreover, X4 is preferably an oxygen atom.

[0242] In a case where n21 and n22, which will be described later, are each 2 or greater, a plurality of (Z21-X212)'s
may be the same as or different from each other and a plurality of (Z22-X222)'s may be the same as or different from
each other.

[0243] L2"s each independently represent a single bond or a divalent linking group, and have the same definitions as
L' in Formula (XI). L21is preferably -O-, -O-CO-, -CO-0-, -S-, -NH-, an alkylene group (the number of carbon atoms is
preferably 1 to 10, more preferably 1 to 8, and even more preferably 1 to 7), an arylene group (the number of carbon
atoms is preferably 6 to 20, more preferably 6 to 14, and even more preferably 6 to 10), or a group consisting of a
combination thereof.

[0244] In a case where n22, which will be described later, is 1 or greater, examples of -X212- 21-include L101 to L143
which are the aforementioned examples of L in Formulae (D1) to (D15).

[0245] P21 represents an oxiranyl group. The oxiranyl group may or may not have a substituent.

[0246] YZ22’s each independently represent a hydrogen atom, a linear, branched, or cyclic alkyl group having 1 to 20
carbon atoms, or a group obtained by substituting one methylene group or two or more methylene groups in a linear,
branched, or cyclic alkyl group having 1 to 20 carbon atoms with -O-, -S-, -NH-, -N(CH;)-, -CO-, -O-CO-, or -CO-O-, and
have the same definitions as Y12 in General Formula (XI), and the preferred ranges thereof are also the same.

[0247] n21 and n22 each independently represent an integer of 0 to 3, and are each preferably an integer of 1 to 3
and more preferably 2 or 3 from the viewpoint that the thermally conductive properties are superior.

[0248] Preferred examples of the disk-like compound include the following compounds.
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[0249] Furthermore, in the following structural formulae, R represents -X212-| 21.p21,
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[0250] Regarding the details and specific examples of the compound represented by Formula (XIl), compounds which
have an oxiranyl group at at least one (preferably, three or more) of terminals in the compound described in paragraphs
0013 to 0077 in JP2010-244038A can be referred to.

[0251] The compound represented by Formula (XIl) can be synthesized based on the methods described in
JP2010-244038A, JP2006-076992A, and JP2007-002220A.

[0252] In addition, from the viewpoint that stacking is reinforced by reducing an electron density to make it easy to
form a columnar aggregate, it is also preferable that the disk-like compound is a compound having a hydrogen-bonding
functional group. Examples of the hydrogen-bonding functional group include -O-CO-NH-, -CO-NH-, -NH-CO-, -NH-CO-
O-, -NH-CO-NH-, -NH-CO-S-, or -S-CO-NH-.

<Other epoxy compounds>

[0253] Examples of other epoxy compounds except for the aforementioned epoxy compound include an epoxy com-
pound represented by General Formula (DN).
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[0254] In General Formula (DN), nPNrepresents an integer of 0 or greater, and is preferably 0 to 5 and more preferably 1.
[0255] RPN represents a single bond or a divalent linking group. The divalent linking group is preferably -O-, -O-CO-,

-CO-0-, -S-, an alkylene group (the number of carbon atoms is preferably 1 to 10), an arylene group (the number of
carbon atoms is preferably 6 to 20), or a group consisting of a combination thereof, more preferably an alkylene group,
and even more preferably a methylene group.

[0256] As the other epoxy compounds, a compound in which an oxiranyl group is fused is also mentioned. Examples
of such a compound include 3,4:8,9-diepoxybicyclo[4.3.0]nonane.

[0257] Examples of the other epoxy compounds include, in addition to the aforementioned epoxy compounds, a
bisphenol A type epoxy compound, a bisphenol F type epoxy compound, a bisphenol S type epoxy compound, a bisphenol
AD type epoxy compound, and the like, which are glycidyl ethers of bisphenol A, F, S, and AD; a hydrogenated bisphenol
A type epoxy compound, a hydrogenated bisphenol AD type epoxy compound, and the like; a phenol novolac type
glycidyl ether (phenol novolac type epoxy compound), a cresol novolac type glycidyl ether (cresol novolac type epoxy
compound), a bisphenol A novolac type glycidyl ether, and the like; a dicyclopentadiene type glycidyl ether (dicyclopen-
tadiene type epoxy compound); a dihydroxypentadiene type glycidyl ether (dihydroxypentadiene type epoxy compound);
a polyhydroxybenzene type glycidyl ether (polyhydroxybenzene type epoxy compound); a benzene polycarboxylic acid
type glycidyl ester (benzene polycarboxylic acid type epoxy compound); and a trisphenol methane type epoxy compound.
[0258] One kind of the epoxy compounds may be used singly, or two or more kinds thereof may be used.

[0259] A ratio of the content of the epoxy compound to the content of the phenolic compound in the composition is
preferably such that an equivalent ratio (the number of oxiranyl groups/the number of hydroxyl groups) of the oxiranyl
group of the epoxy compound to the hydroxyl group of the phenolic compound is 30/70 to 70/30, more preferably such
that the equivalent ratio is 40/60 to 60/40, and even more preferably such that the equivalent ratio is 45/55 to 55/45.
[0260] Moreover, the ratio of the content of the epoxy compound to the content of the phenolic compound in the
composition is preferably such that an equivalent ratio (the number of oxiranyl groups/the number of active hydrogens)
of the oxiranyl group of the epoxy compound to the active hydrogen (hydrogen atom in a hydroxyl group or the like) of
the phenolic compound is 30/70 to 70/30, more preferably such that the equivalent ratio is 40/60 to 60/40, and even
more preferably such that the equivalent ratio is 45/55 to 55/45.

[0261] Furthermore, in a case where the composition contains an other active hydrogen-containing compound, a ratio
of the content of the epoxy compound to the total content of the phenolic compound and the other active hydrogen-
containing compound is preferably such that an equivalent ratio (the number of oxiranyl groups/the number of active
hydrogens) of the oxiranyl group of the epoxy compound to the active hydrogen (hydrogen atom in a hydroxy! group or
the like) is 30/70 to 70/30, more preferably such that the equivalent ratio is 40/60 to 60/40, and even more preferably
such that the equivalent ratio is 45/55 to 55/45.
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[0262] In addition, the total content of the epoxy compound and the phenolic compound in the composition is preferably
5% to 90% by mass, more preferably 10% to 50% by mass, and even more preferably 15% to 40% by mass with respect
to the total solid content of the composition.

[0263] Furthermore, the total solid content means components forming a thermally conductive material, and does not
contain a solvent. The components forming a thermally conductive material mentioned here may be components of
which the chemical structures are changed by being reacted (polymerized) in a case of forming a thermally conductive
material. Moreover, in a case where a component is the component forming a thermally conductive material, the com-
ponent is considered to be a solid content even in a case where a property of the component is liquid.

[Inorganic substance]

[0264] The composition contains an inorganic substance.

[0265] As the inorganic substance, any inorganic substances, which have been used in the related art in an inorganic
filler of a thermally conductive material, may be used. As the inorganic substance, from the viewpoint that the thermally
conductive properties and insulating properties of the thermally conductive material are superior, an inorganic nitride or
an inorganic oxide is preferable.

[0266] A shape of the inorganic substance is not particularly limited, and may be a granule shape, a film shape, or a
plate shape. Examples of a shape of the granular inorganic substance include a rice grain shape, a spherical shape, a
cubical shape, a spindle shape, a scale shape, an aggregation shape, and an amorphous shape.

[0267] Examples of the inorganic oxide include zirconium oxide (ZrO,), titanium oxide (TiO,), silicon oxide (SiO,),
aluminum oxide (Al,O3), iron oxide (Fe,O5, FeO, or Fe;0,), copper oxide (CuO or Cu,0), zinc oxide (ZnO), yttrium
oxide (Y503), niobium oxide (Nb,O5), molybdenum oxide (MoOs), indium oxide (In,O5 or In,0), tin oxide (SnO,), tantalum
oxide (Ta,Oj), tungsten oxide (WO5; or W,0O5), lead oxide (PbO or PbO,), bismuth oxide (Bi,O3), cerium oxide (CeO,
or Ce,0s), antimony oxide (Sb,05 or Sb,05), germanium oxide (GeO, or GeO), lanthanum oxide (La,03), and ruthenium
oxide (RuOy).

[0268] Only one kind of the inorganic oxides may be used, or two or more kinds thereof may be used.

[0269] The inorganic oxide is preferably titanium oxide, aluminum oxide, or zinc oxide, and more preferably aluminum
oxide.

[0270] The inorganic oxide may be an oxide which is produced by oxidizing a metal prepared as a nonoxide in an
environment or the like.

[0271] Examples of the inorganic nitride include boron nitride (BN), carbon nitride (C3N,), silicon nitride (SizNy4), gallium
nitride (GaN), indium nitride (InN), aluminum nitride (AIN), chromium nitride (Cr,N), copper nitride (CusN), iron nitride
(Fe4N), iron nitride (FesN), lanthanum nitride (LaN), lithium nitride (LizN), magnesium nitride (Mg3N,), molybdenum
nitride (Mo,N), niobium nitride (NbN), tantalum nitride (TaN), titanium nitride (TiN), tungsten nitride (W,N), tungsten
nitride (WN,), yttrium nitride (YN), and zirconium nitride (ZrN).

[0272] Only one kind of the inorganic nitrides may be used, or two or more kinds thereof may be used.

[0273] The inorganic nitride preferably contains an aluminum atom, a boron atom, or a silicon atom, more preferably
contains aluminum nitride, boron nitride, or silicon nitride, even more preferably contains aluminum nitride or boron
nitride, and particularly preferably contains boron nitride.

[0274] A size of the inorganic substance is not particularly limited, but from the viewpoint that the dispersibility of the
inorganic substance is superior, an average particle diameter of the inorganic substances is preferably 500 um or less,
more preferably 300 wm or less, and even more preferably 200 um or less. The lower limit thereof is not particularly
limited, but is preferably 10 nm or greater and more preferably 100 nm or greater from the viewpoint of handleability.
[0275] For the average particle diameter of the inorganic substances, in a case where a commercial product is used,
the value listed in the catalog is adopted. In a case where a value is not listed in the catalog, as a method for measuring
the average particle diameter, 100 inorganic substances are randomly selected using an electron microscope, particle
diameters (major axes) of the respective inorganic substances are measured, and the arithmetic mean thereof is deter-
mined.

[0276] Only one kind of the inorganic substances may be used, or two or more kinds thereof may be used.

[0277] The inorganic substance preferably contains at least one of an inorganic nitride or an inorganic oxide, more
preferably contains at least an inorganic nitride, and even more preferably contains both an inorganic nitride and an
inorganic oxide.

[0278] The inorganic nitride preferably contains at least one of boron nitride or aluminum nitride and more preferably
contains at least boron nitride.

[0279] A content of the inorganic nitride (preferably boron nitride and/or aluminum nitride) in the inorganic substance
is preferably 10% to 100% by mass and more preferably 40% to 100% by mass with respect to the total mass of the
inorganic substance.

[0280] The inorganic oxide is preferably aluminum oxide.
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[0281] From the viewpoint that the thermally conductive properties of the thermally conductive material are superior,
the composition more preferably contains at least inorganic particles having an average particle diameter of 20 um or
greater (preferably, 50 wm or greater).

[0282] A content of the inorganic substance in the composition is preferably 40% to 95% by mass, more preferably
50% to 95% by mass, and even more preferably 60% to 95% by mass with respect to the total solid content of the
composition.

[Surface modifier]

[0283] The composition according to the embodiment of the present invention may further contain a surface modifier
from the viewpoint that the thermally conductive properties of the thermally conductive material are superior.

[0284] The surface modifier is a component which modifies the surface of the aforementioned inorganic substance.
[0285] In the present specification, "surface modification” means a state where an organic substance is adsorbed onto
at least a portion of a surface of an inorganic substance. A form of the adsorption is not particularly limited, and may be
in a bonded state. That is, the surface modification also includes a state where an organic group obtained by desorbing
a portion of an organic substance is bonded to a surface of an inorganic substance. The bond may be any one of a
covalent bond, a coordinate bond, an ionic bond, a hydrogen bond, a van der Waals bond, or a metallic bond. In the
surface-modified state, a monolayer may be formed on at least a portion of the surface. The monolayer is a single-layer
film formed by chemical adsorption of organic molecules, and is known as a self-assembled monolayer (SAM). Moreover,
in the present specification, the surface modification may be performed only on a portion of the surface of the inorganic
substance, or may be performed on the entire surface thereof. In the present specification, a "surface-modified inorganic
substance" means an inorganic substance of which the surface is modified with a surface modifier, that is, matter in
which an organic substance is adsorbed onto a surface of an inorganic substance.

[0286] That is, in the composition according to the embodiment of the present invention, the inorganic substance may
form a surface-modified inorganic substance (preferably, a surface-modified inorganic nitride and/or a surface-modified
inorganic oxide) in cooperation with the surface modifier.

[0287] As the surface modifier, surface modifiers, which is known in the related art, such as carboxylic acid such as
a long-chain alkyl fatty acid, organic phosphonic acid, organic phosphoric acid ester, and an organic silane molecule
(silane coupling agent) can be used. In addition to the aforementioned surface modifiers, for example, the surface
modifiers described in JP2009-502529A, JP2001-192500A, and JP4694929B may be used.

[0288] Furthermore, the composition (preferably, in a case where the inorganic substance includes an inorganic nitride
(boron nitride and/or aluminum nitride)) preferably contains a compound having a fused-ring skeleton or a triazine
skeleton as the surface modifier.

<Surface modifier A>

[0289] As the surface modifier, for example, a surface modifier A described below is preferable. Moreover, the surface
modifier A is a surface modifier having a fused-ring skeleton.
[0290] The surface modifier A satisfies the following Conditions 1 and 2.

* Condition 1: the surface modifier A has a functional group (hereinafter, also referred to as a "specific functional
group A") selected from the following group P of functional groups.

(Group P of functional groups)

[0291] A functional group selected from the group consisting of a boronic acid group (-B(OH),), an aldehyde group
(-CHO), an isocyanate group (-N=C=0), an isothiocyanate group (-N=C=S), a cyanate group (-O-CN), an acyl azide
group, a succinimide group, a sulfonyl chloride group (-SO,Cl), a carboxylic acid chloride group (-COCI), an onium group,
a carbonate group (-O-CO-0O-), an aryl halide group, a carbodiimide group (-N=C=N-), an acid anhydride group (-CO-
O-CO- or a monovalent acid anhydride group such as maleic acid anhydride, phthalic acid anhydride, pyromellitic acid
anhydride, and trimellitic acid anhydride), a carboxylic acid group (-COOH), a phosphonic acid group (-PO(OH),), a
phosphinic acid group (-HPO(OH)), a phosphoric acid group (-OP(=0)(OH),), a phosphoric acid ester group
(-OP(=0)(ORB),), a sulfonic acid group (-SO5H), a halogenated alkyl group, a nitrile group (-CN), a nitro group (-NO,),
an ester group (-CO-O- or -O-CO-), a carbonyl group (-CO-), an imidoester group (-C(=NRc)-O- or -O-C(=NRc)-), an
alkoxysilyl group, an acrylic group (-OCOCH,=CH,), a methacrylic group (-OCOCH(CH3)=CH,), an oxetanyl group, a
vinyl group (-CH=CHy,), an alkynyl group (a group obtained by removing one hydrogen atom from alkyne, and examples
thereof include an ethynyl group and a prop-2-yn-1-yl group), a maleimide group, a thiol group (-SH), a hydroxyl group
(-OH), a halogen atom (a F atom, a Cl atom, a Br atom, and an | atom), and an amino group.
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[0292] Theacyl azide group means a group represented by the following structure. Moreover, *in the formularepresents
a bonding position. A counter anion (Z°) of the acyl azide group is not particularly limited, and examples thereof include
a halogen ion.

Z@

O
| o
C—N=N

[0293] The succinimide group, the oxetanyl group, and the maleimide group represent groups formed by removing
one hydrogen atom at any position from the compounds represented by the following formulae, respectively.

~ O =0
~ O O

[0294] Furthermore, the onium group means a group having an onium salt structure. The onium salt is a compound
which is generated in a case where a compound having an electron pair not being involved in chemical bonding forms
a coordinate bond with another cationic compound through the electron pair. Generally, the onium salt contains a cation
and an anion.

[0295] The onium salt structure is not particularly limited, but examples thereof include an ammonium salt structure,
a pyridinium salt structure, an imidazolium salt structure, a pyrrolidinium salt structure, a piperidinium salt structure, a
triethylenediamine salt structure, a phosphonium salt structure, a sulfonium salt structure, and a thiopyrylium salt struc-
ture. Moreover, a type of the anion used as a counter is not particularly limited, and known anions are used. A valence
of the anion is not particularly limited, examples of the anion include monovalent to trivalent anions, and a monovalent
or divalent anion is preferable.

[0296] As the onium group, among them, a group having an ammonium salt structure represented by General Formula
(A1) is preferable.

*

P
L P

[0297] In General Formula (A1), R'Ato R3A each independently represent a hydrogen atom or an alkyl group (including
all of a linear alkyl group, a branched alkyl group, and a cyclic alkyl group). The number of carbon atoms in the alkyl
group is, for example, 1 to 10, preferably 1 to 6, and more preferably 1 to 3. M- represents an anion. * represents a
bonding position. Moreover, the alkyl group may further have a substituent (for example, the substituent group Y).
[0298] The aryl halide group is not particularly limited as long as the aryl halide group is a group in which one or more
halogen atoms are substituted on an aromatic ring group. The aromatic ring group may have any one of a monocyclic
structure or a polycyclic structure, but is preferably a phenyl group. Moreover, examples of the halogen atom include a
fluorine atom, a chlorine atom, a bromine atom, and an iodine atom, and a fluorine atom is preferable. Furthermore, the
aryl halide group may further have a substituent (for example, the substituent group Y).

[0299] Specific examples of the aryl halide group include a fluorophenyl group, a perfluorophenyl group, a chlorophenyl
group, a bromophenyl group, and an iodophenyl group.

[0300] The phosphoric acid ester group is not particularly limited as long as the phosphoric acid ester group is a group
represented by -OP(=0)(ORB),. Examples of RB include a hydrogen atom or a monovalent organic group. Here, any
one or more of RB’s represent a monovalent organic group. Examples of the monovalent organic group include an alkyl
group (including all of a linear alkyl group, a branched alkyl group, and a cyclic alkyl group) and an aryl group. The
number of carbon atoms in the alkyl group is, for example, 1 to 10, preferably 1 to 6, and more preferably 1 to 3. Moreover,
the alkyl group may further have a substituent (for example, the substituent group Y). Furthermore, the aryl group is not

k3
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particularly limited, but examples thereof include a phenyl group and a pyrenyl group.

[0301] The halogenated alkyl group is not particularly limited, but examples thereof include a group in which one or
more halogen atoms are substituted on an alkyl group having 1 to 10 carbon atoms. The number of carbon atoms in the
alkyl group (including all of a linear alkyl group, a branched alkyl group, and a cyclic alkyl group) is preferably 1 to 6 and
more preferably 1 to 3. Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom, and an
iodine atom, and a fluorine atom, a chlorine atom, or a bromine atom is preferable. Moreover, the halogenated alkyl
group may further have a substituent (for example, the substituent group Y).

[0302] The imidoester group is not particularly limited as long as the imidoester group is a group represented by
-C(=NRC)-0- or -O-C(=NRC)-. Examples of RC include a hydrogen atom and an alkyl group (including all of a linear alkyl
group, a branched alkyl group, and a cyclic alkyl group). The number of carbon atoms in the alkyl group is, for example,
1 to 10, preferably 1 to 6, and more preferably 1 to 3. Moreover, the alkyl group may further have a substituent (for
example, the substituent group Y).

[0303] Furthermore, the imidoester group may have an onium salt structure by a coordinate bond between an electron
pair not being involved in chemical bonding of imine nitrogen and another cation (for example, a hydrogen ion).

[0304] The alkoxysilyl group is not particularly limited, but examples thereof include a group represented by General
Formula (A2).

General Formula (A2): *-Si(ORD),4

[0305] In General Formula (A2), RD’s each independently represent an alkyl group (including all of a linear alkyl group,
a branched alkyl group, and a cyclic alkyl group). * represents a bonding position.

[0306] The alkyl group represented by RP is, for example, an alkyl group having 1 to 10 carbon atoms, preferably has
1 to 6 carbon atoms, and more preferably has 1 to 3 carbon atoms.

[0307] Specific examples thereof include a trimethoxysilyl group and a triethoxysilyl group.

[0308] Moreover, the alkyl group may further have a substituent (for example, the substituent group Y).

[0309] The amino group is not particularly limited, and may be any one of a primary amino group, a secondary amino
group, or a tertiary amino group. Specific examples thereof include -N(RE), (RE’s each independently represent a
hydrogen atom or an alkyl group (including all of a linear alkyl group, a branched alkyl group, and a cyclic alkyl group)).
The number of carbon atoms in the alkyl group is, for example, 1 to 10, preferably 1 to 6, and more preferably 1 to 3.
Moreover, the alkyl group may further have a substituent (for example, the substituent group Y).

[0310] The number of the specific functional groups A in the surface modifier A is not particularly limited as long as
the number thereof is 1 or larger. Moreover, the upper limit thereof is not particularly limited, but is preferably 15 or
smaller. Among them, from the viewpoint that the dispersibility of the surface-modified inorganic nitride is superior, the
number thereof is preferably 1 to 8, more preferably 1 to 3, and even more preferably 1 or 2.

[0311] - Condition 2: the surface modifier A has a fused-ring structure containing two or more rings selected from the
group consisting of an aromatic hydrocarbon ring and an aromatic heterocyclic ring.

[0312] The aromatic hydrocarbon ring is not particularly limited, but examples thereof include a monocyclic aromatic
hydrocarbon ring having a 5- or higher membered ring. The upper limit of the number of ring members is not particularly
limited, but is 10 or smaller in many cases. As the aromatic hydrocarbon ring, a monocyclic aromatic hydrocarbon ring
having a 5-membered or 6-membered ring is preferable.

[0313] Examples of the aromatic hydrocarbon ring include a cyclopentadienyl ring and a benzene ring.

[0314] The aromatic heterocyclic ring is not particularly limited, but examples thereof include a monocyclic aromatic
hydrocarbon ring having a 5- or higher membered ring. The upper limit of the number of ring members is not particularly
limited, but is 10 or smaller in many cases. As the aromatic heterocyclic ring, for example, a monocyclic aromatic
heterocyclic ring having a 5-membered or 6-membered ring is preferable.

[0315] Examples of the aromatic heterocyclic ring include a thiophene ring, a thiazole ring, an imidazole ring, a pyridine
ring, a pyridazine ring, a pyrimidine ring, a pyrazine ring, and a triazine ring.

[0316] The condensed structure is not particularly limited as long as the condensed structure is a fused-ring structure
containing two or more rings selected from the group consisting of an aromatic hydrocarbon ring and an aromatic
heterocyclic ring, but from the viewpoint that the effects of the present invention are superior, among them, a fused-ring
structure containing two or more aromatic hydrocarbon rings is preferable, a fused-ring structure containing two or more
benzene rings is more preferable, and a fused-ring structure containing three or more benzene rings is even more
preferable. Moreover, the upper limit of the number of the aromatic hydrocarbon rings or the aromatic heterocyclic rings
contained in the condensed structure is not particularly limited, but is, for example, 10 or smaller in many cases.
[0317] Specifically, the fused-ring structure having two or more aromatic hydrocarbon rings is preferably a condensed
structure which consists of a fused ring selected from the group consisting of biphenylene, indacene, acenaphthylene,
fluorene, phenalene, phenanthrene, anthracene, fluoranthene, acephenanthrylene, aceanthrylene, pyrene, chrysene,
tetracene, pleiadene, picene, perylene, pentaphene, pentacene, tetraphenylene, hexaphene, and triphenylene, and from
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the viewpoint that the effects of the present invention are superior, among them, a condensed structure consisting of a
fused ring containing two or more benzene rings is more preferable, a condensed structure consisting of a fused ring
containing three or more benzene rings is even more preferable, and a condensed structure consisting of pyrene or
perylene is particularly preferable.

[0318] From the viewpoint that the dispersibility is further improved, the surface modifier A is preferably a compound
represented by General Formula (V1) and more preferably a compound represented by General Formula (V2).

[0319] Hereinafter, the compound represented by General Formula (V1) and the compound represented by General
Formula (V2) will be described, respectively.

(Compound represented by General Formula (V1))

X—=Y ), o

[0321] In General Formula (V1), X represents an n-valent organic group which has a fused-ring structure containing
two or more rings selected from the group consisting of an aromatic hydrocarbon ring and an aromatic heterocyclic ring.
[0322] X represents an n-valent organic group (n is an integer of 1 or greater). n is not particularly limited as long as
n is an integer of 1 or greater. Moreover, the upper limit thereof is not particularly limited, but is preferably an integer of
15 or less. Among them, from the viewpoint that the dispersibility of the surface-modified inorganic nitride is superior, n
is preferably 1 to 8, more preferably 1 to 3, and even more preferably 1 or 2.

[0323] Examples of the fused-ring structure containing two or more rings selected from the group consisting of the
aromatic hydrocarbon ring and the aromatic heterocyclic ring in X include the structures described above, and the
preferred aspect thereof is also the same as described above.

[0324] The n-valent organic group represented by X is not particularly limited as long as the organic group has a fused-
ring structure containing two or more rings selected from the group consisting of an aromatic hydrocarbon ring and an
aromatic heterocyclic ring, but from the viewpoint that the effects of the present invention are superior, a group formed
by extracting n hydrogen atoms from a fused ring containing two or more rings selected from the group consisting of an
aromatic hydrocarbon ring and an aromatic heterocyclic ring is preferable.

[0325] Moreover, the condensed structure may further have a substituent (for example, the substituent group Y) in
addition to the specific functional group A.

[0326] Y represents a monovalent group represented by General Formula (B1), a monovalent group represented by
General Formula (B2), or a monovalent group represented by General Formula (B4), or represents a divalent group
represented by General Formula (B3), which is formed by bonding a plurality of Y’s to each other, in a case where n
represents an integer of 2 or greater.

[0327] In other words, in a case wherenis 1, Y represents a monovalent group represented by General Formula (B1),
a monovalent group represented by General Formula (B2), or a monovalent group represented by General Formula (B4).
[0328] In a case where n represents an integer of 2 or greater, Y represents a monovalent group represented by
General Formula (B1), a monovalent group represented by General Formula (B2), or a monovalent group represented
by General Formula (B4), or represents a divalent group represented by General Formula (B3), which is formed by
bonding a plurality of Y’s to each other. Moreover, in a case where n is 2 or greater, the plurality of Y’s may be the same
as or different from each other.

[0329] Furthermore,inacasewhere represents adivalent group represented by General Formula (B3), the compound
represented by General Formula (V1) is represented by General Formula (V3).

[0320]

77N
X L®  (V3)
N

[0330] In General Formula (V3), X has the same definition as X in General Formula (V1). Moreover, L3 has the same
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definition as L3 in General Formula (B3).
General Formula (B1): *1_L1p1

[0331] In General Formula (B 1), L' represents a single bond or a divalent linking group.

[0332] The divalentlinking group is not particularly limited, but examples thereof include -O-, -S-, -NRF- (RF represents
a hydrogen atom or an alkyl group), a divalent hydrocarbon group (for example, an alkylene group, an alkenylene group
(for example, -CH=CH-), an alkynylene group (for example, -C=C-), and an arylene group), a divalent organic group (a
carbonate group (-O-CO-0O-), a carbodiimide group (-N=C=N-), an acid anhydride group (-CO-O-CO-), an ester group
(-CO-0O- or -O-CO0-), a carbonyl group (-CO-), an imidoester group (-C(=NRC)-O- or -O-C(=NRC)-)) in the group P of
functional groups, and a group obtained by combining these groups.

[0333] Examples of the combined group include -(divalent hydrocarbon group)-X111-, -X111-(divalent hydrocarbon
group)-, -(divalent hydrocarbon group)-X111-(divalent hydrocarbon group)-, -X'11-(divalent hydrocarbon group)-X111-(di-
valent hydrocarbon group)-, and -(divalent hydrocarbon group)-X!11-(divalent hydrocarbon group)-X'11-. Moreover,
-X111is -O-, -S-, -NRF-, a divalent organic group in the group P of functional groups, or a group obtained by combining
these groups. The total number of carbon atoms in the combined group is, for example, 1 to 20 and preferably 1 to 12.
[0334] P! represents a monovalent organic group (a boronic acid group (-B(OH),), an aldehyde group (-CHO), an
isocyanate group (-N=C=0), an isothiocyanate group (-N=C=S), a cyanate group (-O-CN), an acyl azide group, a suc-
cinimide group, a sulfonyl chloride group (-SO,CI), a carboxylic acid chloride group (-COCI), an onium group, an aryl
halide group, an acid anhydride group (examples thereof include a monovalent acid anhydride group such as maleic
acid anhydride, phthalic acid anhydride, pyromellitic acid anhydride, and trimellitic acid anhydride), a carboxylic acid
group (-COOH), a phosphonic acid group (-PO(OH),), a phosphinic acid group (-HPO(OH)), a phosphoric acid group
(-OP(=0)(OH),), a phosphoric acid ester group (-OP(=0)(ORB),), a sulfonic acid group (-SO5H), a halogenated alkyl
group, a nitrile group (-CN), a nitro group (-NO,), an alkoxysilyl group, an acrylic group (-OCOCH,=CH,), a methacrylic
group (-OCOCH(CH3)=CHy,), an oxetanyl group, a vinyl group (-CH=CH,), an alkynyl group (a group obtained by removing
one hydrogen atom from alkyne, and examples thereof include an ethynyl group and a prop-2-yn-1-yl group), a maleimide
group, a thiol group (-SH), a hydroxyl group (-OH), or a halogen atom (a F atom, a Cl atom, a Br atom, and an | atom))
in the group P of functional groups.

[0335] *!represents a position bonded to X.

General Formula (B2): *2.12.p2

[0336] In General Formula (B2), L2 represents a divalent linking group including a divalent organic group (a carbonate
group (-O-CO-0-), a carbodiimide group (-N=C=N-), an acid anhydride group (-CO-O-CO-), an ester group (-CO-O- or
-O-CO-), a carbonyl group (-CO-), or an imidoester group (-C(=NRC)-O- or -O-C(=NRC)-)) in the group P of functional
groups.

[0337] Examples of L2 include a divalent organic group in the group P of functional groups, and a group obtained by
combining a divalent organic group in the group P of functional groups with a linking group selected from the group
consisting of -O-, -S-, -NRF- (RF represents a hydrogen atom or an alkyl group), and a divalent hydrocarbon group (for
example, an alkylene group, an alkenylene group (for example, -CH=CH-), an alkynylene group (for example, -C=C-),
and an arylene group).

[0338] Examples of the combined group include -(divalent hydrocarbon group)-X112-, Moreover, -X112- is a divalent
organic group in the group P of functional groups, or a group obtained by combining a divalent organic group in the
group P of functional groups with a divalent group selected from -O-, -S-, and -NRF-. The total number of carbon atoms
in the combined group is, for example, 1 to 20 and preferably 1 to 12.

[0339] PZrepresents a monovalent organic group. The monovalent organic group represented by P2 is not particularly
limited, and examples thereof include an alkyl group. The number of carbon atoms in the alkyl group is, for example, 1
to 10, preferably 1 to 6, and more preferably 1 to 3.

[0340] *2represents a position bonded to X.

General Formula (B3): *31. 3.+32

[0341] In General Formula (B3), L3 represents a divalent linking group including a divalent organic group (a carbonate
group (-O-CO-0-), a carbodiimide group (-N=C=N-), an acid anhydride group (-CO-O-CO-), an ester group (-CO-O- or
-O-C0-), a carbonyl group (-CO-), or an imidoester group (-C(=NRC€)-O- or -O-C(=NR¢)-)) in the group P of functional
groups.

[0342] Examples of L3 include a divalent organic group in the group P of functional groups, and a group obtained by
combining a divalent organic group in the group P of functional groups with a linking group selected from the group

37



10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

consisting of -O-, -S-, -NRF- (RF represents a hydrogen atom or an alkyl group), and a divalent hydrocarbon group (for
example, an alkylene group, an alkenylene group (for example, -CH=CH-), an alkynylene group (for example, -C=C-),
and an arylene group).

[0343] Examples of the combined group include -(divalent hydrocarbon group)-X113-(divalent hydrocarbon group)-,
-(divalent hydrocarbon group)-X113-, -X113-(divalent hydrocarbon group)-, and -X113-(divalent hydrocarbon group)-X 13-,
Moreover, -X113- is a divalent organic group in the group P of functional groups, or a group obtained by combining a
divalent organic group in the group P of functional groups with a divalent group selected from -O-, -S-, and -NRF-. The
total number of carbon atoms in the combined group is, for example, 1 to 20 and preferably 1 to 12.

[0344] *31and *32 represent positions bonded to X. That is, L3 forms a ring together with two different carbon atoms
on a fused-ring structure represented by X.

General Formula (B4):

11

a—aLpt),

[0345] In General Formula (B4), L4 represents an (m!! + 1)-valent linking group.

[0346] m'! represents an integer of 2 or greater. The upper limit value of m'! is not particularly limited, but is, for
example, 100 or less, preferably 30 or less, more preferably 20 or less, and even more preferably 15 or less. The lower
limit value of m11 is not particularly limited, but is preferably 4 or greater.

[0347] The linking group represented by L4 is not particularly limited, but examples thereof include an (m'! + 1)-valent
aromatic hydrocarbon ring and a group represented by General Formula (M1).

X222 442

221

%41 __nx221 (M1)

( E22 1) o

[0348] In General Formula (M1), X221 and X222 each independently represent a single bond or a divalent linking group.
The divalent linking groups represented by X221 and X222 have the same definitions as the divalent linking group rep-
resented by L' in General Formula (B1).

[0349] EZ221 represents a substituent. Examples of the substituent represented by E221 include the groups exemplified
in the substituent group Y

[0350] m221 represents an integer 2 to 5. Among them, m221 is preferably 2 or 3.

[0351] m222 represents an integer O to 3.

[0352] Here, m221 + m222 represents an integer 2 to 5.

[0353] *41represents a position bonded to X.

[0354] *42represents a position bonded to P4.

[0355] Among them, the group represented by General Formula (M1) is preferably a group represented by General
Formula (M2).
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223

S

w41 ——xEes

( Ezzz} o

[0356] In General Formula (M2), X223, X224 and X225 each independently represent a single bond or a divalent linking
group. The divalent linking groups represented by X223, X224 and X225 have the same definitions as the divalent linking
group represented by L' in General Formula (B1).

[0357] EZ222 and E223 each independently represent a substituent. Examples of the substituents represented by E222
and E223 include the groups exemplified in the substituent group Y m223 represents an integer 1 to 5. Among them, m223
is preferably 2 or 3. m224 represents an integer 0 to 3.

[0358] m225 represents an integer O to 4.

[0359] m226 represents an integer 2 to 5. Among them, m226 is preferably 2 or 3.

[0360] Here, m224 + m226 represents an integer 2 to 5. Moreover, m223 + m225 represents an integer 1 to 5.

[0361] *4!represents a position bonded to X.

[0362] *42represents a position bonded to P4.

[0363] P# has the same definition as P in General Formula (B1).

[0364] *4represents a position bonded to X.

(Compound represented by General Formula (V2))

[0365]

(V12X 1) | (v2)

n

[0366] In General Formula (V2), X!1 represents an (n1! + n12)-valent organic group which has a fused-ring structure
containing two or more rings selected from the group consisting of an aromatic hydrocarbon ring and an aromatic
heterocyclic ring.

[0367] X' represents an (n!! + n'2)-valent organic group (n'! and n'2 are each independently an integer of 1 or
greater). n!1 and n12 are not particularly limited as long as n'! and n12 are each independently an integer of 1 or greater.
Moreover, the upper limit of n1 + n12 is not particularly limited, but is preferably an integer of 15 or less. Among them,
from the viewpoint that the dispersibility of the surface-modified inorganic substance is superior, n'! + n12 is preferably
2 to 8, more preferably 2 or 3, and even more preferably 2.

[0368] Examples of the fused-ring structure containing two or more rings selected from the group consisting of the
aromatic hydrocarbon ring and the aromatic heterocyclic ring in X! include the structures described above, and the
preferred aspect thereof is also the same as described above.

[0369] The (n'! + n'2)-valent organic group represented by X' is not particularly limited as long as the organic group
has a fused-ring structure containing two or more rings selected from the group consisting of an aromatic hydrocarbon
ring and an aromatic heterocyclic ring, but from the viewpoint that the effects of the present invention are superior, a
group formed by extracting (n1" + n12) hydrogen atoms from a fused ring containing two or more rings selected from the
group consisting of an aromatic hydrocarbon ring and an aromatic heterocyclic ring is preferable.

[0370] Moreover, the condensed structure may further have a substituent (for example, the substituent group Y) in
addition to Y'! and Y12,

[0371] Y contains a functional group selected from the following group Q of functional groups. Functional groups
exemplified in the following group Q of functional groups correspond particularly to groups which tend to have excellent
adsorptivity to an inorganic substance (in particular, an inorganic nitride), among the functional groups exemplified in
the group P of functional groups.

39



10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

[0372] Moreover, Y12 contains a functional group selected from the following group R of functional groups. Functional
groups exemplified in the following group R of functional groups correspond to groups which have a function of easily
promoting the curing of the composition, among the functional groups exemplified in the group P of functional groups.

(Group Q of functional groups)

[0373] A functional group selected from the group consisting of a boronic acid group (-B(OH),), an aldehyde group
(-CHO), an isocyanate group (-N=C=0), an isothiocyanate group (-N=C=S), a cyanate group (-O-CN), an acyl azide
group, a succinimide group, a sulfonyl chloride group (-SO,Cl), a carboxylic acid chloride group (-COCI), an onium group,
a carbonate group (-O-CO-0O-), an aryl halide group, a carbodiimide group (-N=C=N-), an acid anhydride group (-CO-
O-CO- or a monovalent acid anhydride group such as maleic acid anhydride, phthalic acid anhydride, pyromellitic acid
anhydride, or trimellitic acid anhydride), a phosphonic acid group (-PO(OH),), a phosphinic acid group (-HPO(OH)), a
phosphoric acid group (-OP(=0)(OH),), a phosphoric acid ester group (-OP(=0)(ORB),), a sulfonic acid group (-SO3H),
a halogenated alkyl group, a nitrile group (-CN), a nitro group (-NO,), an ester group (-CO-O- or -O-CO-), a carbonyl
group (-CO-), an imidoester group (-C(=NRc)-O- or -O-C(=NRc)-), and a halogen atom (a fluorine atom, a chlorine atom,
a bromine atom, and an iodine atom).

(Group R of functional groups)

[0374] A functional group selected from the group consisting of a carboxylic acid group (-COOH), an alkoxysilyl group,
an acrylic group (-OCOCH,=CH,), a methacrylic group (-OCOCH(CH3)=CH,), an oxetanyl group, a vinyl group
(-CH=CH,), an alkynyl group (a group obtained by removing one hydrogen atom from alkyne, and examples thereof
include an ethynyl group and a prop-2-yn-1-yl group), a maleimide group, a thiol group (-SH), a hydroxyl group (-OH),
and an amino group.

[0375] In General Formula (V2), specifically, Y11 represents a monovalent group represented by General Formula
(C1) or a monovalent group represented by General Formula (C2), or represents a divalent group represented by General
Formula (C3), which is formed by bonding a plurality of Y1!'s to each other, in a case where n!' represents an integer
of 2 or greater.

[0376] In other words, in a case where n'1is 1, Y11 represents a monovalent group represented by General Formula
(C1) or a monovalent group represented by General Formula (C2). In a case where n'1 represents an integer of 2 or
greater, Y11 represents a monovalent group represented by General Formula (C1) or a monovalent group represented
by General Formula (C2), or represents a divalent group represented by General Formula (C3), which is formed by
bonding a plurality of Y1*’s to each other. Moreover, in a case where n'! is 2 or greater, the plurality of Y1’'s may be
the same as or different from each other.

[0377] Furthermore, in a case where Y11 represents a divalent group represented by General Formula (C3), the
compound represented by General Formula (V2) is represented by General Formula (V4).

y'? 12 x(/MS (V4)

[0378] In General Formula (V4), X1, Y12, and n12 have the same definitions as X!, Y12, and n'2 in General Formula
(V2), respectively. Moreover, M3 has the same definition as M3 in General Formula (C3).

General Formula (C1): *1-M1-Q1

[0379] In General Formula (C1), M represents a single bond or a divalent linking group. The divalent linking group
represented by M has the same definition as L1, and the preferred aspects thereof are also the same.

[0380] Q' represents a monovalent organic group (a boronic acid group (-B(OH),), an aldehyde group (-CHO), an
isocyanate group (-N=C=0), an isothiocyanate group (-N=C=S), a cyanate group (-O-CN), an acyl azide group, a suc-
cinimide group, a sulfonyl chloride group (-SO,CI), a carboxylic acid chloride group (-COCI), an onium group, an aryl
halide group, an acid anhydride group (a monovalent acid anhydride group such as maleic acid anhydride, phthalic acid
anhydride, pyromellitic acid anhydride, or trimellitic acid anhydride), a phosphonic acid group (-PO(OH),), a phosphinic
acid group (-HPO(OH)), a phosphoric acid group (-OP(=0)(OH),), a phosphoric acid ester group (-OP(=0)(ORB),), a
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sulfonic acid group (-SO4H), a halogenated alkyl group, a nitrile group (-CN), a nitro group (-NO,), or a halogen atom
(afluorine atom, a chlorine atom, a bromine atom, and an iodine atom)) in the group Q of functional groups. *! represents
a position bonded to X1.

General Formula (C2): *2-M2-Q2

[0381] In General Formula (B2), M2 has the same definition as L2, and the preferred aspects thereof are also the
same. Q2 represents a monovalent organic group. The monovalent linking group represented by Q2 has the same
definition as P2, and the preferred aspects thereof are also the same. *2 represents a position bonded to X1.

General Formula (C3): *31.M3-*32

[0382] In General Formula (B3), M3 has the same definition as L3, and the preferred aspects thereof are also the
same. *31 and *32 represent positions bonded to X'1. That is, M3 forms a ring together with two different carbon atoms
on a fused-ring structure represented by X'1.

[0383] Y'2represents a monovalent group represented by General Formula (D1) or a monovalent group represented
by General Formula (D2).

General Formula (D1): *1.W1-R1

[0384] In General Formula (D1), W' represents a single bond or a divalent linking group. R represents a carboxylic
acid group, an alkoxysilyl group, an acrylic group, a methacrylic group, an oxetanyl group, a vinyl group, an alkynyl
group, a maleimide group, a thiol group, a hydroxyl group, or an amino group. *1 represents a position bonded to X11.
Moreover, R represents a functional group exemplified in the group R of functional groups.

[0385] The divalent linking group represented by W1 has the same definition as L', and the preferred aspects thereof
are also the same.

[0386] *!represents a position bonded to X'1.

General Formula (D2):

*Z—WZ‘FRZ m2

[0387] In General Formula (D2), W2 represents an (m21 + 1)-valent linking group.

[0388] m2! represents an integer of 2 or greater. The upper limit value of m2! is not particularly limited, but is, for
example, 100 or less, preferably 30 or less, more preferably 20 or less, and even more preferably 15 or less. The lower
limit value of m21 is not particularly limited, but is preferably 4 or greater.

[0389] R2represents a carboxylic acid group, an alkoxysilyl group, an acrylic group, a methacrylic group, an oxetanyl
group, a vinyl group, an alkynyl group, a maleimide group, a thiol group, a hydroxyl group, or an amino group. Moreover,
R2 represents a functional group exemplified in the group R of functional groups.

[0390] The (m2! + 1)-valent linking group represented by W2 has the same definition as L4, and the preferred aspects
thereof are also the same.

[0391] *2represents a position bonded to X1,

[0392] A molecular weight of the surface modifier A is, for example, 150 or greater, is preferably 200 or greater from
the viewpoint that the dispersibility of the surface-modified inorganic nitride is superior, and is preferably 2,000 or less
and more preferably 1,000 or less from the viewpoint of solubility.

<Surface modifier B>

[0393] In addition, it is also preferable that the surface modifier is a surface modifier B described below.
[0394] The surface modifier B is a compound represented by General Formula (W1).
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[0395] In General Formula (W1), X represents a benzene ring group or a heterocyclic group, each of which may have
a substituent. That is, X represents a benzene ring group which may have a substituent or a heterocyclic group which
may have a substituent.
[0396] The heterocyclic group is not particularly limited, but examples thereof include an aliphatic heterocyclic group
and an aromatic heterocyclic group. Moreover, examples of the aliphatic heterocyclic group include a 5-membered ring
group, a 6-membered ring group, a 7-membered ring group, and a fused ring group thereof. Furthermore, examples of
the aromatic heterocyclic group include a 5-membered ring group, a 6-membered ring group, a 7-membered ring group,
and a fused ring group thereof.
[0397] In addition, the fused ring group may contain a ring group other than a heterocyclic group, such as a benzene
ring group.
[0398] Specific examples of the aliphatic heterocyclic group are not particularly limited, but include an oxolane ring
group, an oxane ring group, a piperidine ring group, and a piperazine ring group.
[0399] Examples of a heteroatom contained in the aromatic heterocyclic group include a nitrogen atom, an oxygen
atom, and a sulfur atom. The number of carbon atoms in the aromatic heterocyclic group is not particularly limited, but
is preferably 3 to 20.
[0400] Specific examples of the aromatic heterocyclic group are not particularly limited, but include a furan ring group,
a thiophene ring group, a pyrrole ring group, an oxazole ring group, an isoxazole ring group, an oxadiazole ring group,
a thiazole ring group, an isothiazole ring group, a thiadiazole ring group, an imidazole ring group, a pyrazole ring group,
a triazole ring group, a furazan ring group, a tetrazole ring group, a pyridine ring group, a pyridazine ring group, a
pyrimidine ring group, a pyrazine ring group, a triazine ring group, a tetrazine ring group, a benzofuran ring group, an
isobenzofuran ring group, a benzothiophene ring group, an indole ring group, an indoline ring group, an isoindole ring
group, a benzoxazole ring group, a benzothiazole ring group, an indazole ring group, a benzimidazole ring group, a
quinoline ring group, an isoquinoline ring group, a cinnoline ring group, a phthalazine ring group, a quinazoline ring
group, a quinoxaline ring group, a dibenzofuran ring group, a dibenzothiophene ring group, a carbazole ring group, an
acridine ring group, a phenanthridine ring group, a phenanthroline ring group, a phenazine ring group, a naphthyridine
ring group, a purine ring group, and a pteridine ring group.
[0401] The heterocyclic group represented by X is preferably an aromatic heterocyclic group.
[0402] Among them, X is preferably a benzene ring group or a triazine ring group and more preferably a triazine ring
group.
[0403] In acase where X has a substituent, the substituent preferably includes a specific functional group B which will
be described later.
[0404] In General Formula (W1), n represents an integer of 3 to 6, and n groups represented by [-(L),-Z] are bonded
to X.
[0405] In General Formula (W1), the group represented by [-(L"),,-Z] is a group which is directly bonded to X.
[0406] L"s, which can be presentin a plurality of numbers, each independently represent an arylene group which may
have a substituent, an ester group (-CO-O- or -O-CO-), an ether group (-O-), a thioester group (-SO-O- or -O-SO-), a
thioether group (-S-), a carbonyl group (-CO-), -NRN-, an azo group (-N=N-), or an unsaturated hydrocarbon group which
may have a substituent.
[0407] Moreover, RN represents a hydrogen atom, or an organic group which has 1 to 10 carbon atoms and may have
a substituent.
[0408] The number of carbon atoms in the arylene group represented by L1 is preferably 6 to 20, more preferably 6
to 10, and even more preferably 6. Among them, the arylene group is preferably a phenylene group.
[0409] In a case where the arylene group is a phenylene group, a position bonded to an adjacent group (the groups
are two groups among X, L1, and Z, and a case where the two groups are both L' is included) is not particularly limited,
and the groups may be bonded at any one position of an ortho position, a meta position, or a para position, and are
preferably bonded at a para position. The arylene group may or may not have a substituent, and preferably does not
have a substituent. In a case where the arylene group has a substituent, the substituent preferably includes the specific
functional group B which will be described later.
[0410] In a case where L' is an ester group, a carbon atom in the ester group is preferably present on a side of X. In
a case where L1 is a thioester group, a sulfur atom in the thioester group is preferably present on the side of X.
[0411] The unsaturated hydrocarbon group represented by L' may be linear or branched, and may have a cyclic
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structure. The number of carbon atoms in the unsaturated hydrocarbon group is preferably 2 to 10, more preferably 2
to 5, even more preferably 2 or 3, and particularly preferably 2. Here, the aforementioned number of carbon atoms does
not include the number of carbon atoms contained in the substituent that the unsaturated hydrocarbon group can have.
An unsaturated bond of the unsaturated hydrocarbon group may be a double bond (-C=C-) or a triple bond (-C=C-). The
unsaturated hydrocarbon group may or may not have a substituent, and preferably does not have a substituent. In a
case where the unsaturated hydrocarbon group has a substituent, the substituent preferably includes the specific func-
tional group B.

[0412] In a case where RN in -NRN- represented by L is an organic group which has 1 to 10 carbon atoms and may
have a substituent, RN is preferably an alkyl group which has 1 to 10 carbon atoms and may have a substituent, preferably
an alkyl group which has 1 to 5 carbon atoms and may have a substituent, and preferably an alkyl group which has 1
to 3 carbon atoms and may have a substituent. The alkyl group may be linear or branched, and may have a cyclic
structure. RN is preferably a hydrogen atom.

[0413] m represents an integer of 0 or greater. m is preferably an integer of 0 to 10, more preferably an integer of 0
to 5, even more preferably an integer of 0 to 2, and particularly preferably an integer of 1 or 2.

[0414] In a case where mis 0, Z is directly bonded to X.

[0415] In a case where m is 1, L1 is preferably an arylene group which may have a substituent, an ester group, an
ether group, a thioester group, a thioether group, a carbonyl group, -NRN-, an azo group, or an unsaturated hydrocarbon
group which may have a substituent, more preferably an arylene group which may have a substituent, an ester group,
an ether group, a carbonyl group, or an unsaturated hydrocarbon group which may have a substituent, and even more
preferably an ester group, an ether group, a carbonyl group, or an unsaturated hydrocarbon group which may have a
substituent.

[0416] In a case where mis 2, [-(L"),-Z] is [-L1-L1-Z], L bonded to X is preferably an arylene group which may have
a substituent. In this case, L' bonded to Z is preferably an ester group, an ether group, a thioester group, a thioether
group, a carbonyl group, -NRN-, an azo group, or an unsaturated hydrocarbon group which may have a substituent, and
more preferably an ester group or an unsaturated hydrocarbon group which may have a substituent.

[0417] In a case where m is greater than 2, a plurality of L"'s in [-(L"),-Z] may be the same as or different from each
other, but it is preferable that L"’s bonded to each other are different from each other.

[0418] In General Formula (W1), (L")~ is preferably a group represented by General Formula (Lq). That is, the group
represented by [-(L1)-Z] is preferably a group represented by [-L2-Z],

General Formula (Lq) -L3-

[0419] L2represents a single bond, -O-, -CO-, -COO-, a phenylene group, -C=C-, -C=C-, -phenylene group-COO-, or
-phenylene group-C=C-.

[0420] Zrepresents an aryl group or a heterocyclic group, each of which may have a substituent. That is, Z represents
an aryl group which may have a substituent or a heterocyclic group which may have a substituent.

[0421] The number of carbon atoms in the aryl group represented by Z is preferably 6 to 20, more preferably 6 to 14,
and even more preferably 6. Examples of the aryl group include a phenyl group, a naphthyl group, and an anthracenyl
group.

[0422] Examples of the heterocyclic group represented by Z include the heterocyclic groups which can be used as X.
Moreover, the heterocyclic group represented by Z preferably exhibits aromaticity.

[0423] Among them, Z is preferably an aryl group, more preferably a phenyl group or an anthracenyl group, and even
more preferably a phenyl group.

[0424] It is also preferable that Z has a substituent and more preferable that the substituent includes the specific
functional group B which will be described later. The number of substituents contained in one Z is preferably 0 to 5, more
preferably 0 to 2, and even more preferably 1 or 2.

[0425] It is preferable that at least one among the plurality of Z’s has a substituent including the specific functional
group B.

[0426] The total number of the specific functional groups B included in the substituents of the plurality of Z's in the
surface modifier B is preferably 1 or larger, more preferably 2 or larger, and even more preferably 3 or larger.

[0427] The upper limit of the total number of the specific functional groups B included in the substituents of the plurality
of Z’s in the surface modifier B is not particularly limited, but is preferably 15 or smaller, more preferably 10 or smaller,
and even more preferably 8 or smaller.

[0428] As described above, in General Formula (W1), n represents an integer of 3 to 6. The respective groups repre-
sented by a plurality of [-(L"),,-Z]'s may be the same as or different from each other.

[0429] Thatis, in General Formula (W1), a plurality of m’s may be the same as or different from each other, in a case
where there are a plurality of L"'s, the plurality of L"’s may be the same as or different from each other, and a plurality
of Z’'s may be the same as or different from each other.
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[0430] Itis also preferable that the plurality of m’s are all the same. Moreover, it is preferable that the plurality of m’s
all represent integers of 1 or greater, and also preferable that the plurality of m’s all represent integers of 2 or greater.
[0431] Itis also preferable that the plurality of [-(L"),,-Z]'s have the same configuration except for the substituents of
Z, and also preferable that the plurality of [-(L1),,-Z]'s have the same configuration including the substituents of Z.
[0432] n s preferably 3 or 6.

[0433] In a case where a group which can be used as (L1),,, or Z is present in [-(L"),,-Z], the group is assumed to be
(L"), For example, in a case where [-(L")-Z] is [-benzene ring group-benzene ring group-halogen atom], the benzene
ring group on the left side is (L"),, and is not Z. More specifically, in the aforementioned case, a form in which "m is 1,
L'is a phenylene group (arylene group), and Z is a phenyl group (aryl group) having a halogen atom as a substituent"
is satisfied, and a form in which "mis 0 and Z is a phenyl group (aryl group) having an aryl halide group as a substituent"
is not satisfied.

[0434] In addition, the surface modifier B represented by General Formula (W1) preferably has four or more benzene
ring groups. For example, it is also preferable that the surface modifier B has a triphenylbenzene structure.

[0435] Moreover, itis also preferable that the surface modifier B represented by General Formula (W1) has a total of
four or more benzene ring groups and triazine ring groups. In this case, for example, it is also preferable that X is a
triazine ring group.

(Specific functional group B)

[0436] The surface modifier B preferably has one or more specific functional groups B and more preferably has two
or more specific functional groups B.

[0437] The specific functional group B is a group selected from the group consisting of a boronic acid group, an
aldehyde group, a hydroxyl group, a carboxylic acid group, an isocyanate group, an isothiocyanate group, a cyanate
group, an acyl azide group, a succinimide group, a sulfonyl chloride group, a carboxylic acid chloride group, an onium
group, acarbonate group, an arylhalide group, a carbodiimide group, an acid anhydride group (monovalentacid anhydride
group), a phosphonic acid group, a phosphinic acid group, a phosphoric acid group, a phosphoric acid ester group, a
sulfonic acid group, a halogen atom, a halogenated alkyl group, a nitrile group, a nitro group, an imidoester group, an
alkoxycarbonyl group, an alkoxysilyl group, an acryloyl group, a methacryloyl group, an oxetanyl group, a vinyl group,
an alkynyl group, a maleimide group, a thiol group, an amino group, and a silyl group.

[0438] Among them, as the specific functional group B, a hydroxyl group, an amino group, an acid anhydride group,
a thiol group, a carboxylic acid group, an acryloyl group, a methacryloyl group, or a vinyl group is preferable.

[0439] Furthermore, the hydroxyl group means a group in which an -OH group is directly bonded to a carbon atom.
Forexample, the -OH group presentin a form of being included in a carboxylic acid group (-COOH) is not a hydroxyl group.
[0440] The alkoxycarbonyl group is not particularly limited as long as the alkoxycarbonyl group is a group represented
by -CO-0O-Rf. Rf represents an alkyl group (including all of a linear alkyl group, a branched alkyl group, and a cyclic alkyl
group).

[0441] The number of carbon atoms in the alkyl group represented by Rfis, for example, 1 to 10, preferably 1 to 6,
and more preferably 1 to 3.

[0442] Moreover, among the specific functional groups B, the functional groups which overlap with the specific functional
group A are as described for the specific functional group A.

[0443] In a case where the surface modifier B has a plurality of specific functional groups B, the plurality of specific
functional groups B may be the same as or different from each other.

[0444] A position where the specific functional group B is present is not particularly limited, and for example, the
specific functional group B may be included in the substituent of X in General Formula (W1), may be included in the
substituent of L in a case where L' is an arylene group or an unsaturated hydrocarbon group, or may be included in
the substituent of Z.

[0445] Moreover, the specific functional group B may be bonded to a group other than the specific functional group B
to form one substituent.

[0446] Furthermore, the plurality of specific functional group B may be included in one substituent.

[0447] The substituent including the specific functional group B is preferably a group represented by General Formula
(Rx), a group represented by General Formula (Ry), or a group represented by General Formula (Rz).

General Formula (Rx) -Lx1-Qx
General Formula (Ry) -Ly'-Qy
General Formula (Rz) -L21-Sz-(Lz2-Qz)
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[0448] In General Formula (Rx), Lx! represents a single bond or a divalent linking group.

[0449] The divalent linking group is not particularly limited, but represents, for example, any one kind selected from
the group consisting of -O-, -CO-, -NH-, and a divalent hydrocarbon group, or a divalent linking group obtained by
combining two or more kinds thereof.

[0450] The divalent hydrocarbon group may further have a substituent (for example, the group exemplified in the
substituent group Y).

[0451] Examples of the divalent hydrocarbon group include an alkylene group, an alkenylene group (for example,
-CH=CH-), an alkynylene group (for example, -C=C-), and an arylene group (for example, a phenylene group). The
alkylene group may be any one of linear, branched, or cyclic, but is preferably linear. Moreover, the number of carbon
atoms thereof is preferably 1 to 10, more preferably 1 to 6, and even more preferably 1 to 4.

[0452] Lx!is preferably a single bond, -AL-, -O-, -O-CO-, -O-AL-, -AL-CO-, -O-AL-O-, -O-CO-AL-, -CO-O-AL-, -AL-
NH-CO-, -O-AL-O-AL-, -CO-0O-AL-O-, or -O-AL-O-Ar-.

[0453] AL represents an alkylene group having 1 to 10 carbon atoms (the number of carbon atoms is preferably 1 to
6 and more preferably 1 to 4).

[0454] Arrepresents an arylene group which has 6 to 20 carbon atoms (a phenylene group is preferable). Moreover,
in a case where Lx! is "-O-AL-O-Ar-", Ar in "-O-AL-O-Ar-" is bonded to Qx.

[0455] Qx represents a monovalent specific functional group B. Specific examples thereof include an aldehyde group,
a hydroxyl group, a carboxylic acid group, an isocyanate group, an isothiocyanate group, a cyanate group, an acyl azide
group, a succinimide group, a sulfonyl chloride group, a carboxylic acid chloride group, an onium group, an aryl halide
group, a phosphonic acid group, a phosphinic acid group, a phosphoric acid group, a sulfonic acid group, a phosphoric
acid ester group, a halogen atom, an acid anhydride group, a halogenated alkyl group, a nitrile group, a nitro group, an
alkoxycarbonyl group, an alkoxysilyl group, an acryloyl group, a methacryloyl group, an oxetanyl group, a vinyl group,
an alkynyl group, a maleimide group, a thiol group, an amino group, an oxiranyl group, and a silyl group.

[0456] In General Formula (Ry), Ly represents a divalent linking group including a carbodiimide group, a carbonate
group, or an imidoester group. The divalent linking group represented by Ly! may include a carbodiimide group, a
carbonate group, or an imidoester group, and may be combined with another linking group. Examples of the other linking
group include an alkylene group. For example, Ly! may be an -alkylene group-Ly3-alkylene group-. LyS represents a
carbodiimide group, a carbonate group, or an imidoester group.

[0457] Qy represents a monovalent organic group. The monovalent organic group represented by Qy is not particularly
limited, and examples thereof include an alkyl group. The number of carbon atoms in the alkyl group is, for example, 1
to 10, preferably 1 to 6, and more preferably 1 to 3.

[0458] In General Formula (Rz), s represents an integer of 2 or 3. s is preferably 2.

[0459] Lz'represents agroup which can be represented by Lx!, and the preferred conditions thereof are also the same.
[0460] A plurality of Lz2’s each independently represent a single bond or a divalent linking group.

[0461] The divalent linking group is not particularly limited, but represents, for example, any one kind selected from
the group consisting of -O-, -CO-, -NH-, and a divalent hydrocarbon group, or a divalent linking group obtained by
combining two or more kinds thereof.

[0462] The divalent hydrocarbon group may further have a substituent (for example, the group exemplified in the
substituent group Y).

[0463] Examples of the divalent hydrocarbon group include an alkylene group, an alkenylene group (for example,
-CH=CH-), an alkynylene group (for example, -C=C-), and an arylene group (for example, a phenylene group). The
alkylene group may be any one of linear, branched, or cyclic, but is preferably linear. Moreover, the number of carbon
atoms thereof is preferably 1 to 10, more preferably 1 to 6, and even more preferably 1 to 4.

[0464] Lz2 is preferably a single bond, -AL-, -O-, -O-CO-, -O-AL-, -AL-CO-, -O-AL-O-, -O-CO-AL-, -CO-O-AL-, -AL-
NH-CO-, -O-AL-O-AL-, -CO-0O-AL-O-, -O-AL-O-Ar-, or -O-Ar-.

[0465] AL represents an alkylene group having 1 to 10 carbon atoms (the number of carbon atoms is preferably 1 to
6 and more preferably 1 to 4).

[0466] Ar represents an arylene group which has 6 to 20 carbon atoms (a phenylene group is preferable).

[0467] Szrepresents an (s + 1)-valent linking group.

[0468] As Sz, an (s + 1)-valent aromatic ring group is preferable. The aromatic ring group may be an aromatic hydro-
carbon ring group or aromatic heterocyclic group, and is preferably a benzene ring group or a triazine ring group.
[0469] Qz represents a monovalent specific functional group B.

[0470] A plurality of Qz's each independently represent a group which can be represented by Qx, and the preferred
conditions thereof are also the same.

(Compound represented by General Formula (W2))

[0471] The surface modifier B is preferably a compound represented by General Formula (W2).
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[0472] In General Formula (W2), the definitions of L2 and Z are as described above. Moreover, a plurality of L&’s may
be the same as or different from each other. A plurality of Z's may be the same as or different from each other.

[0473] T’s each independently represent -CRa= or -N=. Ra@ represents a hydrogen atom, a monovalent specific func-
tional group B, or -L2-Z. The definitions of L2 and Z are as described above.

[0474] For example, in a case where all of T's are -CR3= and all of R®’s are -L2-Z, the compound represented by
General Formula (W2) has six groups represented by -L3-Z.

[0475] Moreover, inacase where all of T's are -N=, the compound represented by General Formula (W2) has a triazine
ring.

(Compound represented by General Formula (W3))

[0476] As the compound represented by General Formula (W2), a compound represented by General Formula (W3)
is preferable.

b
(R%)p
Ar
La

N (W3)
1L
\Ar

\(Rb

Ar” L

(R}, )

[0477] In General Formula (W3), the definition of L2 is as described above. Moreover, a plurality of L®s may be the
same as or different from each other.

[0478] Ar'seachindependently representanaryl group. As a suitable aspect of the aryl group, an aryl group represented
by Z can be mentioned.

[0479] RP’s each independently represent a substituent including the specific functional group B. The definition of the
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specific functional group B is as described above. Moreover, the substituent including the specific functional group B is
preferably a group represented by General Formula (Rx), a group represented by General Formula (Ry), or a group
represented by General Formula (Rz).

[0480] p’s each independently represent an integer of 0 to 5. p’s are each preferably 0 to 2. In particular, among three
p’s in General Formula (W3), an aspect 1 in which two p’s are 0 and one p is 1, or an aspect 2 in which three p’s are all
1 is preferable.

[0481] In General Formula (W3), T!’s each independently represent -CR°= or -N=. R¢ represents a hydrogen atom,
a monovalent specific functional group B, or -La-Ar-(Rb)p. The definitions of L2, Ar, RP, and p are as described above.
[0482] A molecular weight of the surface modifier B is preferably 300 or greater and more preferably 350 or greater
from the viewpoint that the dispersibility of the surface-modified inorganic nitride is superior. Moreover, from the viewpoint
that the solubility is excellent, the molecular weight of the surface modifier B is preferably 3,000 or less and more
preferably 2,000 or less.

[0483] The surface modifier B can be synthesized according to known methods.

<Other surface modifiers>

[0484] In addition, it is also preferable that the composition (preferably, in a case where the inorganic substance
includes an inorganic oxide (aluminum oxide or the like)) contains an organic silane molecule (preferably, a compound
having an alkoxysilyl group) as the surface modifier. Examples of the organic silane molecule include the surface modifier
A, the surface modifier B, and other surface modifiers which do not correspond to the both surface modifiers.

[0485] Examples of the organic silane molecule which is the other surface modifier include 3-aminopropyl triethoxysi-
lane, 3-(2-aminoethyl)aminopropyl triethoxysilane, 3-aminopropyl trimethoxysilane, 3-(2-aminoethyl)aminopropyl tri-
methoxysilane, N-phenyl-3-aminopropyl trimethoxysilane, 3-mercapto triethoxysilane, and 3-ureidopropyl triethoxysi-
lane.

[0486] One kind of the surface modifiers may be used singly, or two or more kinds thereof may be used.

[0487] In a case where the composition contains a surface modifier, a mass ratio (content of surface modifier/content
of inorganic substance) of a content of the surface modifier to the content of the inorganic substance is preferably 0.0001
to 10 and more preferably 0.0001 to 5.

[0488] Furthermore, a mass ratio (total content of surface modifier A and surface modifier B/content of inorganic nitride)
of the total content of the surface modifier A and the surface modifier B to the content of the inorganic nitride (preferably,
boron nitride and/or aluminum nitride) is preferably 0.0001 to 10 and more preferably 0.0001 to 5.

[0489] A mass ratio (content of organic silane molecule/content of inorganic oxide) of the content of the organic silane
molecule as the surface modifier (preferably, the organic silane molecule which is the other surface modifier) to the
content of the inorganic oxide (preferably aluminum oxide) is preferably 0.0001 to 10 and more preferably 0.001 to 5.

[Curing accelerator]

[0490] The composition may further contain a curing accelerator.

[0491] A type of the curing accelerator is not limited, and examples thereof include triphenylphosphine, 2-ethyl-4-
methylimidazole, a boron trifluoride amine complex, 1-benzyl-2-methylimidazole, and the compound described in par-
agraph 0052 in JP2012-067225A.

[0492] One kind of the curing accelerators may be used singly, or two or more kinds thereof may be used.

[0493] Inacasewhere the composition contains a curing accelerator, a mass ratio (content of curing accelerator/content
of epoxy compound) of a content of the curing accelerator to the content of the epoxy compound is preferably 0.0001
to 10 and more preferably 0.001 to 5.

[Dispersant]

[0494] The composition may further contain a dispersant.

[0495] In a case where the composition contains a dispersant, the dispersibility of the inorganic substance in the
composition containing the epoxy compound and the phenolic compound is improved, and thus superior thermal con-
ductivity and adhesiveness can be achieved.

[0496] The dispersant can be appropriately selected from commonly used dispersants. Examples thereof include
DISPERBYK-106 (produced by BYK-Chemie GmbH), DISPERBYK-111 (produced by BYK-Chemie GmbH), ED-113
(produced by Kusumoto Chemicals, Ltd.), AJISPER PN-411 (produced by Ajinomoto Fine-Techno Co., Inc.), and REB
122-4 (produced by Hitachi Chemical Company, Ltd.).

[0497] One kind of the dispersants may be used singly, or two or more kinds thereof may be used.

[0498] In a case where the composition contains a dispersant, a mass ratio (content of dispersant/content of inorganic

47



10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

substance) of a content of the dispersant to the content of the inorganic substance is preferably 0.0001 to 10 and more
preferably 0.001 to 5.

[Solvent]

[0499] The composition may further contain a solvent.

[0500] A type of the solvent is not particularly limited, and an organic solvent is preferable. Examples of the organic
solvent include cyclopentanone, cyclohexanone, ethyl acetate, methyl ethyl ketone, dichloromethane, and tetrahydro-
furan.

[0501] In a case where the composition contains a solvent, a content of the solvent is preferably such that the con-
centration of the solid content in the composition is 20% to 90% by mass, more preferably such that the concentration
is 30% to 85% by mass, and even more preferably such that the concentration is 40% to 85% by mass.

[Method for producing composition]

[0502] A method for producing the composition is not particularly limited, known methods can be adopted, and for
example, the composition can be produced by mixing the aforementioned various components. In a case of mixing, the
various components may be mixed at a time or mixed sequentially.

[0503] A method for mixing the components is not particularly limited, and known methods can be used. A mixing
device used for the mixing is preferably a submerged disperser, and examples thereof include a rotating and revolving
mixer, a stirrer such as a high-speed rotating shear-type stirrer, a colloid mill, a roll mill, a high-pressure injection-type
disperser, an ultrasonic disperser, a beads mill, and a homogenizer. One kind of the mixing devices may be used singly,
or two or more kinds thereof may be used. A deaeration treatment may be performed before and after the mixing and/or
simultaneously with the mixing.

[Method for curing composition]

[0504] The composition according to the embodiment of the present invention is subjected to a curing treatment to
obtain a thermally conductive material according to the embodiment of the present invention.

[0505] A method for curing the composition is not particularly limited, but a thermal curing reaction is preferable.
[0506] A heating temperature during the thermal curing reaction is not particularly limited. For example, the heating
temperature may be appropriately selected within the range of 50°C to 250°C. Moreover, in a case where the thermal
curing reaction is performed, a heating treatment may be performed a plurality of times at different temperatures.
[0507] The curing treatment is preferably performed on the composition which is formed in a film shape or a sheet
shape. Specifically, for example, the composition may be applied to form a film, and a curing reaction may be performed.
[0508] In a case where the curing treatment is performed, it is preferable to apply the composition onto a substrate to
form a coating film, and then cure the coating film. In this case, after further bringing the coating film formed on the
substrate into contact with another substrate, the curing treatment may be performed. A cured substance (thermally
conductive material) obtained after the curing may or may not be separated from one or both of the substrates.

[0509] Furthermore, in a case where the curing treatment is performed, after applying the composition onto different
substrates to form respective coating films, the curing treatment may be performed in a state where the obtained coating
films are in contact with each other. A cured substance (thermally conductive material) obtained after the curing may or
may not be separated from one or both of the substrates.

[0510] During the curing treatment, press working may be performed. A press used for the press working is not limited,
and for example, a flat plate press may be used, or a roll press may be used.

[0511] In a case where the roll press is used, for example, it is preferable that a substrate with a coating film, which
is obtained by forming a coating film on a substrate, is sandwiched between a pair of rolls in which two rolls face each
other, and while rotating the pair of rolls to cause the substrate with a coating film to be passed, a pressure is applied
in a film thickness direction of the substrate with a coating film. In the substrate with a coating film, a substrate may be
present on only one surface of a coating film, or a substrate may be present on both surfaces of a coating film. The
substrate with a coating film may be passed through the roll press only once or a plurality of times.

[0512] Only one of the treatment with the flat plate press and the treatment with the roll press may be performed, or
both the treatments may be performed.

[0513] In addition, the curing treatment may be completed when the composition is in a semi-cured state. The semi-
cured thermally conductive material according to the embodiment of the present invention may be disposed so as to be
in contact with a device to be used or the like, and then further cured by heating or the like to be finally cured. It is also
preferable that the device and the thermally conductive material according to the embodiment of the present invention
are attached to each other by heating or the like during the final curing.

48



10

15

20

25

30

35

40

45

50

55

EP 3 858 885 B1

[0514] Regarding the preparation of the thermally conductive material including a curing reaction, "Highly Thermally
Conductive Composite Material" (CMC Publishing CO., LTD., written by Yoshitaka TAKEZAWA) can be referred to.
[0515] A shape of the thermally conductive material is not particularly limited, and the thermally conductive material
can be molded into various shapes according to the use. Examples of a typical shape of the molded thermally conductive
material include a sheet shape.

[0516] Thatis, itis also preferable that the thermally conductive material according to the embodiment of the present
invention is a thermally conductive sheet.

[0517] Furthermore, the thermally conductive properties of the thermally conductive material according to the embod-
iment of the present invention are preferably isotropic rather than anisotropic.

[0518] The thermally conductive material preferably has insulating properties (electrical insulating properties). In other
words, the composition according to the embodiment of the present invention is preferably a thermally conductive
insulating composition.

[0519] For example, a volume resistivity of the thermally conductive material at 23°C and a relative humidity of 65%
is preferably 1010 Q-cm or greater, more preferably 1012 Q-cm or greater, and even more preferably 1014 Q-cm or greater.
The upper limit thereof is not particularly limited, but is generally 1018 Q-cm or less.

[Use of thermally conductive material]

[0520] The thermally conductive material according to the embodiment of the present invention can be used as a heat
dissipation material such as a heat dissipation sheet, and can be used for dissipating heat from various devices. More
specifically, a device with a thermally conductive layer is prepared by disposing a thermally conductive layer, which
contains the thermally conductive material according to the embodiment of the present invention, on a device, and thus
the heat generated from the device can be efficiently dissipated by the thermally conductive layer.

[0521] The thermally conductive material according to the embodiment of the present invention has sufficient thermally
conductive properties and high heat resistance, and thus is suitable for dissipating heat from a power semiconductor
device used in various electrical machines such as a personal computer, a general household electric appliance, and
an automobile.

[0522] Furthermore, the thermally conductive material according to the embodiment of the present invention has
sufficient thermally conductive properties even in a semi-cured state, and thus can also be used as a heat dissipation
material which is disposed in a portion where light for photocuring is hardly reached, such as a gap between members
of various devices. Moreover, the thermally conductive material also has excellent adhesiveness, and thus can also be
used as an adhesive having thermally conductive properties.

[0523] The thermally conductive material according to the embodiment of the present invention may be used in com-
bination with members other than the members formed of the present composition.

[0524] For example, a sheet-shaped thermally conductive material (thermally conductive sheet) may be combined
with a sheet-shaped support in addition to the layer formed of the present composition.

[0525] Examples of the sheet-shaped support include a plastic film, a metal film, and a glass plate. Examples of a
material of the plastic film include polyester such as polyethylene terephthalate (PET), polycarbonate, an acrylic resin,
an epoxy resin, polyurethane, polyamide, polyolefin, a cellulose derivative, and silicone. Examples of the metal film
include a copper film.

[0526] A film thickness of the sheet-shaped thermally conductive material (thermally conductive sheet) is preferably
100 to 300 pwm and more preferably 150 to 250 pm.

<<Second aspect of present invention>>

[0527] Hereinafter, a second aspect of the present invention will be described in detail.

[Thermally conductive material-forming composition]

[0528] A thermally conductive material-forming composition (hereinafter, also simply referred to as a "composition")
according to the embodiment of the present invention contains a phenolic compound, an epoxy compound, and boron
nitride.

[0529] Moreover, the phenolic compound (hereinafter, also referred to as a "specific phenolic compound") satisfies

the following conditions.

(1) A hydroxyl group content is 10.5 mmol/g or greater.
(2) An adsorption amount is 0.12 mg or less with respect to 1 g of boron nitride.
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[0530] With the aforementioned configuration, a thermally conductive material obtained by the composition according
to the embodiment of the present invention has excellent thermally conductive properties.

[0531] The action mechanism is not always clear, but the present inventors estimate as follows.

[0532] A feature point of the composition according to the embodiment of the present invention is that the specific
phenolic compound is used. In the composition according to the embodiment of the present invention, the specific
phenolic compound acts as a curing agent for the epoxy compound which is a main agent. By setting the adsorption
amount of the specific phenolic compound with respect to the boron nitride to be equal to or less than a predetermined
value, in the composition according to the embodiment of the present invention, a reaction rate of a crosslinking polym-
erization reaction between the epoxy compound and the specific phenolic compound is high, and a uniform crosslinking
polymerization reaction between the epoxy compound and the specific phenolic compound is likely to proceed. As a
result, itis estimated that the thermally conductive properties of the obtained thermally conductive material are improved.
[0533] Moreover, it is estimated that since the hydroxyl group content of the specific phenolic compound is equal to
or greater than a predetermined value, a dense crosslinked structure is likely to be formed, and this also improves thus
the thermally conductive properties of the obtained thermally conductive material.

[0534] Furthermore, a thermally conductive material formed of the composition according to the embodiment of the
present invention also has favorable adhesiveness. Moreover, favorable insulating properties (electrical insulating prop-
erties) can also be imparted to the thermally conductive material formed of the composition according to the embodiment
of the present invention.

[0535] Hereinafter, the components contained in the composition will be described in detail.

[Phenolic compound]

[0536] The composition according to the embodiment of the present invention contains a phenolic compound (specific
phenolic compound)which has a hydroxyl group content of 10.5 mmol/g or greater, and an adsorption amount (hereinafter,
also referred to as a "boron nitride adsorption amount") of 0.12 mg or less with respect to 1 g of the boron nitride.
[0537] The specific phenolic compound generally acts as a so-called curing agent in the composition according to the
embodiment of the present invention.

[0538] The hydroxyl group content of the specific phenolic compound is 10.5 mmol/g or greater, more preferably 11.0
mmol/g or greater, even more preferably 12.0 mmol/g or greater, and particularly preferably 13.0 mmol/g or greater.
Moreover, the upper limit value thereof is not particularly limited, but is preferably 25.0 mmol/g or less and more preferably
23.0 mmol/g or less.

[0539] Furthermore, the hydroxyl group content means the number of hydroxyl groups (preferably, phenolic hydroxyl
groups) contained in 1 g of the specific phenolic compound.

[0540] The specific phenolic compound may have an active hydrogen-containing group (carboxylic acid group or the
like) capable of a polymerization reaction with an epoxy compound, in addition to the hydroxyl group. The lower limit
value of the content (total content of hydrogen atoms in a hydroxyl group, a carboxylic acid group, and the like) of an
active hydrogen in the specific phenolic compound is preferably 10.5 mmol/g or greater, more preferably 11.0 mmol/g
or greater, even more preferably 12.0 mmol/g or greater, and particularly preferably 13.0 mmol/g or greater. The upper
limit value thereof is preferably 25.0 mmol/g or less and more preferably 23.0 mmol/g or less.

[0541] The adsorption amount (boron nitride adsorption amount of the specific phenolic compound) of the specific
phenolic compound with respect to 1 g of the boron nitride is 0.12 mg or less, preferably 0.10 mg or less, and more
preferably 0.08 mg or less. The lower limit value thereof is 0.00 mg or greater and preferably 0.01 mg or greater.
[0542] In the present specification, the boron nitride adsorption amount of the specific phenolic compound is defined
as an adsorption amount with respect to 1 g of boron nitride "SGPS" produced by Denka Company Limited.

[0543] Furthermore, as described above, the boron nitride adsorption amount is defined as an adsorption amount with
respect to 1 g of boron nitride "SGPS" produced by Denka Company Limited, but according to the examination by the
present inventors, it has been confirmed that even in a case where SGPS is replaced with another boron nitride, there
is a tendency to exhibit the same adsorption behavior as SGPS.

[0544] Examples of a method for measuring the boron nitride adsorption amount of the specific phenolic compound
include a method using an ultraviolet-visible absorption spectrum. The method is specifically as follows.

<<Method using ultraviolet-visible absorption spectrum>>

[0545] First, asolution containing a predetermined amount of the specific phenolic compoundis prepared, an ultraviolet-
visible absorption spectrum of the solution is measured, and an absorbance X at an absorption maximum wavelength
is determined. Thereafter, a predetermined amount of boron nitride (boron nitride "SGPS" produced by Denka Company
Limited) is added to the solution, an ultraviolet-visible absorption spectrum of the resultant is measured, and an absorb-
ance Y at an absorption maximum wavelength is determined. From the absorbance X (absorbance of the solution before
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the addition of boron nitride) and the absorbance Y (absorbance of the solution after the addition of boron nitride), the
adsorption amount (mg) of the phenolic compound with respect to 1 g of the boron nitride is calculated.

[0546] The upper limit value of the molecular weight of the specific phenolic compound is preferably 600 or less, more
preferably 500 or less, even more preferably 450 or less, and particularly preferably 400 or less. The lower limit value
thereof is preferably 110 or greater and more preferably 300 or greater.

[0547] One kind of the specific phenolic compounds may be used singly, or two or more kinds thereof may be used
in combination.

[0548] Hereinafter, specific compounds which can be used as specific phenol will be described.

[0549] Examples of the specific phenolic compound include a compound represented by General Formula (1-0) and
a compound represented by General Formula (2-0).

<Compound represented by General Formula (1-0)>

[0550] General Formula (1-0) will be shown below.

[0551] In General Formula (1-0), m1 represents an integer of O or greater.

[0552] m1 is preferably 0 to 10, more preferably 0 to 3, even more preferably 0 or 1, and particularly preferably 1.
[0553] In General Formula (1-0), na and nc each independently represent an integer of 1 or greater.

[0554] na and nc are each independently preferably 1 to 4, more preferably 2 to 4, even more preferably 2 or 3, and
particularly preferably 2.

[0555] In General Formula (1-0), R! and R® each independently represent a hydrogen atom, a halogen atom, a
carboxylic acid group, a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl
group.

[0556] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. Moreover, the alkyl group may have a substituent.

[0557] An alkyl group moiety in the alkoxy group and an alkyl group moiety in the alkoxycarbonyl group are the same
as the aforementioned alkyl group.

[0558] R'and R® are each independently preferably a hydrogen atom or a halogen atom, more preferably a hydrogen
atom or a chlorine atom, and even more preferably a hydrogen atom.

[0559] In General Formula (1-0), R7 represents a hydrogen atom or a hydroxyl group.

[0560] Itis preferable that at least one R7 among R”’s, which may be present in a plurality of numbers, represents a
hydroxyl group, and more preferable that all of R”’s represent hydroxyl groups.

[0561] In General Formula (1-0), LX! represents a single bond, -C(R2)(R3)-, or -CO-, and is preferably -C(R2)(R3)- or
-CO-.

[0562] L*2 represents -C(R#)(R5)- or -CO-, and is preferably -C(R#)(R®%)- or -CO-.

[0563] R2to RS each independently represent a hydrogen atom or a substituent.

[0564] The substituents are each independently preferably a hydroxyl group, a halogen atom, a carboxylic acid group,
aboronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group, and more preferably
a hydroxyl group, a halogen atom, a carboxylic acid group, a boronic acid group, an aldehyde group, an alkyl group, an
alkoxy group, or an alkoxycarbonyl group.

[0565] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. The alkyl group may have a substituent.

[0566] An alkyl group moiety in the alkoxy group and an alkyl group moiety in the alkoxycarbonyl group are the same
as the aforementioned alkyl group.
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[0567] The phenyl group may have a substituent. In a case where the phenyl group has a substituent, it is more
preferable to have 1 to 3 hydroxyl groups.

[0568] R2toR5areeachindependently preferably ahydrogen atom or a hydroxyl group and more preferably a hydrogen
atom.

[0569] Lx! and L*2 are each independently preferably -CH,-, -CH(OH)-, or -CO- and more preferably -CH,-.

[0570] Among them, in a case where m1 is 0, L' is preferably -CH,-, -CH(OH)-, or -CO-.

[0571] In a case where m1is 1, LX! and L*2 are each independently preferably -CH,-.

[0572] Furthermore, in General Formula (1-0), in a case where there are a plurality of R%'s, the plurality of R¥s may
be the same as or different from each other. In a case where there are a plurality of R5’s, the plurality of R%’s may be
the same as or different from each other.

[0573] In General Formula (1-0), Ar! and Ar2 each independently represent a benzene ring group or a naphthalene
ring group.

[0574] Ar! and Ar2 are each independently preferably a benzene ring group.

[0575] In General Formula (1-0), Q2 represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a
carboxylic acid group, a boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group.

[0576] The alkyl group may be linear or branched. The number of carbon atoms in the alkyl group is preferably 1 to
10. The alkyl group may have a substituent.

[0577] An alkyl group moiety in the alkoxy group and an alkyl group moiety in the alkoxycarbonyl group are the same
as the aforementioned alkyl group.

[0578] The phenyl group may have a substituent.

[0579] Q2 is preferably bonded to a para position with respect to a hydroxyl group of a benzene ring group to which
Qa2 is bonded.

[0580] Q2 is preferably a hydrogen atom or an alkyl group. The alkyl group is preferably a methyl group.

[0581] Among them, in a case where both Ar! and Ar2 are benzene ring groups, Q2 is preferably an alkyl group.
[0582] Furthermore, in General Formula (1-0), in a case where there are a plurality of R”’s, L*2’s and/or Q@’s, the
plurality of R”’s may be the same as or different from each other, the plurality of L*2’s may be the same as or different
from each other, and/or the plurality of Q®’s may be the same as or different from each other.

<Compound represented by General Formula (2-0)>

[0583] General Formula (2-0) will be shown below.

(OH)ny

(OH)nx

(R1 )4~nx E
(QB)me

[0584] In General Formula (2-0), m2 represents an integer of O or greater.

[0585] mz2 is preferably O to 10 and more preferably 0 to 4.

[0586] In General Formula (2-0), nx represents an integer of 0 to 4.

[0587] nxis preferably 1 to 2 and more preferably 2.

[0588] In General Formula (2-0), ny represents an integer of 0 to 2.

[0589] In acase where there are a plurality of ny’s, the plurality of ny’'s may be the same as or different from each other.
[0590] Itis preferable that at least one ny among ny’s, which may be present in a plurality of numbers, represents 1.
For example, in a case where m2 represents 1, it is preferable that one ny represents 1. In a case where m2 represents
4, it is preferable that at least one ny among four ny’s represents 1, and more preferable that two ny’s each represent 1.
[0591] In General Formula (2-0), nz represents an integer of 0 to 2.

[0592] nzis preferably 1.
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[0593] In General Formula (2-0), the total number of nx, ny’s which can be present in a plurality of numbers, and nz
is preferably 2 or larger and more preferably 2 to 10.

[0594] In General Formula (2-0), R! and R® each independently represent a hydrogen atom, a halogen atom, a
carboxylic acid group, a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl
group.

[0595] R!and R®in General Formula (2-0) are the same as R' and R® in General Formula (1), respectively.

[0596] In a case where there are a plurality of R"'s, the plurality of R’s may be the same as or different from each
other. In a case where there are a plurality of R®’s, the plurality of R®’s may be the same as or different from each other.
[0597] In General Formula (2-0), QP represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a
carboxylic acid group, a boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group.

[0598] The alkyl group may be linear or branched, preferably has 1 to 10 carbon atoms, and may have a substituent.
[0599] An alkyl group moiety in the alkoxy group and an alkyl group moiety in the alkoxycarbonyl group are the same
as the aforementioned alkyl group.

[0600] The phenyl group may have a substituent.

[0601] QP is preferably a hydrogen atom.

[0602] Inacase where there are a plurality of QP’s, the plurality of Q®’s may be the same as or different from each other.
[0603] Specific examples of the compound represented by General Formula (2-0) include benzenetriol (preferably
1,3,5-benzenetriol).

[Epoxy compound]

[0604] The composition according to the embodiment of the present invention contains an epoxy compound.

[0605] The epoxy compound generally acts as a so-called main agent in the composition according to the embodiment
of the present invention.

[0606] The epoxy compound is a compound having at least one oxiranyl group (epoxy group) in one molecule. The
oxiranyl group may have a substituent, if possible.

[0607] The number of oxiranyl groups contained in the epoxy compound is preferably 2 or larger, more preferably 2
to 40, even more preferably 2 to 10, and particularly preferably 2, in one molecule.

[0608] A molecular weight of the epoxy compound is preferably 150 to 10,000, more preferably 150 to 2,000, and
even more preferably 250 to 400.

[0609] An oxiranyl group content of the epoxy compound is preferably 2.0 to 20.0 mmol/g and more preferably 5.0 to
15.0 mmol/g.

[0610] Moreover, the oxiranyl group content means the number of oxiranyl groups contained in 1 g of the epoxy
compound.

[0611] The epoxy compound is preferably a liquid at room temperature (23°C).

[0612] For the same reason as the aforementioned specific phenolic compound, that is, from the viewpoint that the
adsorptivity with respect to the boron nitride is suppressed and the thermally conductive properties of the thermally
conductive material are further improved, the adsorption amount (boron nitride adsorption amount of the epoxy com-
pound) of the epoxy compound with respect to 1 g of the boron nitride is preferably 0.20 mg or less, more preferably
0.15 mg or less, and even more preferably 0.10 mg or less. Moreover, the lower limit value thereof is 0.00 mg or greater.
[0613] Examples of a method for measuring the boron nitride adsorption amount of the epoxy compound include the
method using an ultraviolet-visible absorption spectrum as described above.

[0614] The epoxy compound may exhibit liquid crystallinity.

[0615] That is, the epoxy compound may be a liquid crystal compound. In other words, the epoxy compound may be
a liquid crystal compound having an oxiranyl group.

[0616] Examples of the epoxy compound (which may be a liquid crystalline epoxy compound) include a compound
(rod-like compound) which has a rod-like structure in at least a portion thereof, and a compound (disk-like compound)
which has a disk-like structure in at least a portion thereof.

[0617] Hereinafter, the rod-like compound and the disk-like compound will be described in detail.

(Rod-like compound)
[0618] Examples of an epoxy compound which is a rod-like compound include the same compounds as the epoxy

compound which is the rod-like compound described in the first aspect of the present invention, and the preferred
conditions thereof are also the same.
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(Disk-like compound)

[0619] Examples of an epoxy compound which is a disk-like compound include the same compounds as the epoxy
compound which is the disk-like compound described in the first aspect of the present invention, and the preferred
conditions thereof are also the same.

(Other epoxy compounds)

[0620] Examples of other epoxy compounds except for the aforementioned epoxy compounds include the same
compounds as the other epoxy compounds described in the first aspect of the present invention, and the preferred
conditions thereof are also the same.

[0621] One kind of the epoxy compounds may be used singly, or two or more kinds thereof may be used in combination.
[0622] A ratio of the content of the epoxy compound to the content of the specific phenolic compound in the composition
is preferably such that an equivalent ratio (the number of oxiranyl groups/the number of hydroxyl groups) of the oxiranyl
group of the epoxy compound to the hydroxyl group of the specific phenolic compound is 30/70 to 70/30, more preferably
such that the equivalent ratio is 40/60 to 60/40, and even more preferably such that the equivalent ratio is 45/55 to 55/45.
[0623] Moreover, the ratio of the content of the epoxy compound to the content of the specific phenolic compound in
the composition is preferably such that an equivalent ratio (the number of oxiranyl groups/the number of active hydrogens)
of the oxiranyl group of the epoxy compound to the active hydrogen (hydrogen atom in a hydroxyl group or the like) of
the specific phenolic compound is 30/70 to 70/30, more preferably such that the equivalent ratio is 40/60 to 60/40, and
even more preferably such that the equivalent ratio is 45/55 to 55/45.

[0624] Furthermore, in a case where the composition contains an other active hydrogen-containing compound, a ratio
ofthe content of the epoxy compound to the total content of the specific phenolic compound and the other active hydrogen-
containing compound is preferably such that an equivalent ratio (the number of oxiranyl groups/the number of active
hydrogens) of the oxiranyl group of the epoxy compound to the active hydrogen (hydrogen atom in a hydroxy! group or
the like) is 30/70 to 70/30, more preferably such that the equivalent ratio is 40/60 to 60/40, and even more preferably
such that the equivalent ratio is 45/55 to 55/45.

[0625] In addition, the total content of the epoxy compound and the specific phenolic compound in the composition is
preferably 5% to 90% by mass, more preferably 10% to 50% by mass, and even more preferably 15% to 40% by mass
with respect to the total solid content of the composition.

[0626] Furthermore, the total solid content means components forming a thermally conductive material, and does not
contain a solvent. The components forming a thermally conductive material mentioned here may be components of
which the chemical structures are changed by being reacted (polymerized) in a case of forming a thermally conductive
material. Moreover, in a case where a component is the component forming a thermally conductive material, the com-
ponent is considered to be a solid content even in a case where a property of the component is liquid.

[Boron nitride]

[0627] The composition according to the embodiment of the present invention contains boron nitride (BN).

[0628] A shape of the boron nitride is not particularly limited, and may be a granule shape, a film shape, or a plate
shape. Examples of a specific shape of the granule shape include arice grain shape, a spherical shape, a cubical shape,
a spindle shape, a scale shape, an aggregation shape, and an amorphous shape.

[0629] An average particle diameter of the boron nitride is preferably 500 pwm or less, more preferably 300 um or less,
and even more preferably 200 um or less, from the viewpoint that the dispersibility of the boron nitride is superior. The
lower limit value thereof is not particularly limited, but is preferably 10 nm or greater and more preferably 100 nm or
greater from the viewpoint of handleability, and is even more preferably 20 wm or greater and particularly preferably 50
wm or greater from the viewpoint that the thermally conductive properties of the thermally conductive material are superior.
[0630] For the average particle diameter of the boron nitride, in a case where a commercial product is used, the value
listed in the catalog is adopted. In a case where a value is not listed in the catalog, as a method for measuring the
average particle diameter, 100 particles of boron nitride are randomly selected using an electron microscope, particle
diameters (major axes) of the respective particles of boron nitride are measured, and the arithmetic mean thereof is
determined.

[0631] A content of the boron nitride in the composition is preferably 20% to 95% by mass, more preferably 30% to
95% by mass, and even more preferably 35% to 95% by mass with respect to the total solid content of the composition.

[Optional components]

[0632] The composition may contain materials other than the specific phenolic compound, the epoxy compound, and
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the boron nitride, and examples thereof include other inorganic substances except for the boron nitride, a surface modifier,
a curing accelerator, and a solvent.
[0633] Hereinafter, various components will be described in detail.

<Other inorganic substances except for boron nitride>

[0634] The other inorganic substances are not particularly limited, and any inorganic substances, which have been
used in the related art as an inorganic filler of a thermally conductive material, may be used.

[0635] As the other inorganic substances, an inorganic oxide or an inorganic nitride (excluding boron nitride) is pref-
erable. Moreover, the other inorganic substances may be inorganic oxynitrides.

[0636] Each shape of the other inorganic substances is not particularly limited, and may be a granule shape, a film
shape, or a plate shape. Examples of the granule shape include a rice grain shape, a spherical shape, a cubical shape,
a spindle shape, a scale shape, an aggregation shape, and an amorphous shape.

[0637] Examples of the inorganic oxide include zirconium oxide (ZrO,), titanium oxide (TiO,), silicon oxide (SiO,),
aluminum oxide (Al,O3), iron oxide (Fe,O5, FeO, or Fe;0,), copper oxide (CuO or Cu,0), zinc oxide (ZnO), yttrium
oxide (Y503), niobium oxide (Nb,O5), molybdenum oxide (MoOs), indium oxide (In,O5 or In,0), tin oxide (SnO,), tantalum
oxide (Ta,Oj), tungsten oxide (WO5; or W,05), lead oxide (PbO or PbO,), bismuth oxide (Bi,O3), cerium oxide (CeO,
or Ce,03), antimony oxide (Sb,0O5 or Sb,05), germanium oxide (GeO, or GeO), lanthanum oxide (La,03), and ruthenium
oxide (RuO,).

[0638] One kind of the inorganic oxides may be used singly, or two or more kinds thereof may be used in combination.
[0639] The inorganic oxide is preferably titanium oxide, aluminum oxide, or zinc oxide.

[0640] The inorganic oxide may be an oxide which is produced by oxidizing a metal prepared as a nonoxide in an
environment or the like.

[0641] Examples of the inorganic nitride (here, boron nitride is not included) include carbon nitride (C35N,), silicon
nitride (SizN,), gallium nitride (GaN), indium nitride (InN), aluminum nitride (AIN), chromium nitride (Cr,N), copper nitride
(CusN), iron nitride (Fe4N), iron nitride (Fe3N), lanthanum nitride (LaN), lithium nitride (LizN), magnesium nitride (MgsN,),
molybdenum nitride (Mo,N), niobium nitride (NbN), tantalum nitride (TaN), titanium nitride (TiN), tungsten nitride (W5,N),
tungsten nitride (WN,), yttrium nitride (YN), and zirconium nitride (ZrN).

[0642] One kind of the inorganic nitrides may be used singly, or two or more kinds thereof may be used in combination.
[0643] Theinorganicnitride preferably contains an aluminum atom or a silicon atom, more preferably contains aluminum
nitride or silicon nitride, and even more preferably contains aluminum nitride.

[0644] An average particle diameter of the other inorganic substances is not particularly limited, but is preferably 500
wm or less, more preferably 300 um or less, and even more preferably 200 um or less, from the viewpoint that the
dispersibility is superior. The lower limit value thereof is not particularly limited, but is preferably 10 nm or greater and
more preferably 100 nm or greater from the viewpoint of handleability.

[0645] As a method for measuring the average particle diameter, 100 inorganic substances are randomly selected
using an electron microscope, particle diameters (major axes) of the respective inorganic substances are measured,
and the arithmetic mean thereof is determined. Moreover, in a case where a commercial product is used, the value listed
in the catalog may be used.

[0646] One kind of the other inorganic substances may be used singly, or two or more kinds thereof may be used in
combination.

[0647] In a case where the composition according to the embodiment of the present invention contains the other
inorganic substances, the upper limit value of the content of the other inorganic substances is preferably 50% by mass
or less and more preferably 40% by mass or less with respect to the total mass of the inorganic substance. Moreover,
the lower limit value thereof is not particularly limited, but is, for example, 5% by mass or greater.

[0648] In addition, the content (which means the total content of the boron nitride, and other inorganic nitrides except
for the boron nitride which can be optionally contained) of the inorganic nitride in the composition according to the
embodiment of the present invention is preferably 10% to 100% by mass and more preferably 40% to 100% by mass
with respect to the total mass of the inorganic substance.

<Surface modifier>

[0649] The composition according to the embodiment of the present invention may further contain a surface modifier.
The surface modifier is a component which modifies surfaces of the aforementioned boron nitride and the other inorganic
substances except for the boron nitride, which can be optionally contained (hereinafter, also simply referred to as an
"inorganic substance").

[0650] In the present specification, "surface modification" means a state where an organic substance is adsorbed onto
at least a portion of a surface of an inorganic substance. A form of the adsorption is not particularly limited, and may be
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in a bonded state. That is, the surface modification also includes a state where an organic group obtained by desorbing
a portion of an organic substance is bonded to a surface of an inorganic substance. The bond may be any one of a
covalent bond, a coordinate bond, an ionic bond, a hydrogen bond, a van der Waals bond, or a metallic bond. In the
surface-modified state, a monolayer may be formed on at least a portion of the surface. The monolayer is a single-layer
film formed by chemical adsorption of organic molecules, and is known as a self-assembled monolayer (SAM). Moreover,
in the present specification, the surface modification may be performed only on a portion of the surface of the inorganic
substance, or may be performed on the entire surface thereof. In the present specification, a "surface-modified inorganic
substance" means an inorganic substance of which the surface is modified with a surface modifier, that is, matter in
which an organic substance is adsorbed onto a surface of an inorganic substance.

[0651] Thatis, in the composition according to the embodiment of the present invention, the inorganic substance may
form a surface-modified inorganic substance in cooperation with the surface modifier. Furthermore, from the viewpoint
that the adsorption of the specific phenolic compound and the epoxy compound can be further suppressed, itis preferable
that the boron nitride forms a surface-modified boron nitride in cooperation with the surface modifier.

[0652] As the surface modifier, surface modifiers, which is known in the related art, such as carboxylic acid such as
a long-chain alkyl fatty acid, organic phosphonic acid, organic phosphoric acid ester, and an organic silane molecule
(silane coupling agent) can be used. In addition to the aforementioned surface modifiers, for example, the surface
modifiers described in JP2009-502529A, JP2001-192500A, and JP4694929B may be used.

[0653] In addition, the composition preferably contains a compound having a fused-ring skeleton or a triazine skeleton
as the surface modifier. The compound having a fused-ring skeleton or a triazine skeleton exhibits excellent surface
modification properties for the inorganic nitride.

<Surface modifier A>

[0654] As the surface modifier, for example, a surface modifier A is preferable. Moreover, the surface modifier A is
the same as the surface modifier A described in the first aspect of the present invention.

<Surface modifier B>

[0655] Furthermore, itis also preferable that the surface modifier is a surface modifier B. Moreover, the surface modifier
B is the same as the surface modifier B described in the first aspect of the present invention.

(Other surface modifiers)

[0656] In addition, in a case where the composition contains an inorganic oxide (aluminum oxide or the like), it is also
preferable to contain an organic silane molecule (preferably, a compound having an alkoxysilyl group) as the surface
modifier. Examples of the organic silane molecule include the surface modifier A, the surface modifier B, and other
surface modifiers which do not correspond to the both surface modifiers.

[0657] Examples of the organic silane molecule which is the other surface modifier include 3-aminopropyl triethoxysi-
lane, 3-(2-aminoethyl)aminopropy! triethoxysilane, 3-aminopropyl trimethoxysilane, 3-(2-aminoethyl)aminopropyl tri-
methoxysilane, N-phenyl-3-aminopropyl trimethoxysilane, 3-mercapto triethoxysilane, and 3-ureidopropy! triethoxysi-
lane.

[0658] One kind of the surface modifiers may be used singly, or two or more kinds thereof may be used in combination.
[0659] In a case where the composition contains a surface modifier, a mass ratio (content of surface modifier/content
of inorganic substance) of a content of the surface modifier to the content of the inorganic substance is preferably 0.0001
to 10 and more preferably 0.0001 to 5.

[0660] Furthermore, a mass ratio (total content of surface modifier A and surface modifier B/content of inorganic nitride)
of the total content of the surface modifier A and the surface modifier B to the content (which means the total content of
the boron nitride, and other inorganic nitrides except for the boron nitride which can be optionally contained) of the
inorganic nitride is preferably 0.0001 to 10 and more preferably 0.0001 to 5.

[0661] A mass ratio (content of organic silane molecule/content of inorganic oxide) of the content of the organic silane
molecule as the surface modifier (preferably, the organic silane molecule which is the other surface modifier) to the
content of the inorganic oxide (preferably aluminum oxide) is preferably 0.0001 to 10 and more preferably 0.001 to 5.

<Curing accelerator>
[0662] The composition may contain a curing accelerator.

[0663] A type of the curing accelerator is not limited, and examples thereof include triphenylphosphine, 2-ethyl-4-
methylimidazole, a boron trifluoride amine complex, 1-benzyl-2-methylimidazole, and the compound described in par-
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agraph 0052 in JP2012-067225A.

[0664] One kind of the curing accelerators may be used singly, or two or more kinds thereof may be used in combination.
[0665] Inacasewhere the composition contains a curing accelerator, amass ratio (contentof curing accelerator/content
of epoxy compound) of a content of the curing accelerator to the content of the epoxy compound is preferably 0.0001
to 10 and more preferably 0.001 to 5.

<Dispersant>

[0666] The composition may contain a dispersant.

[0667] In a case where the composition contains a dispersant, the dispersibility of the inorganic substance in the
composition containing the epoxy compound and the specific phenolic compound is improved, and thus superior thermal
conductivity and adhesiveness can be achieved.

[0668] The dispersant can be appropriately selected from commonly used dispersants. Examples thereof include
DISPERBYK-106 (produced by BYK-Chemie GmbH), DISPERBYK-111 (produced by BYK-Chemie GmbH), ED-113
(produced by Kusumoto Chemicals, Ltd.), AJISPER PN-411 (produced by Ajinomoto Fine-Techno Co., Inc.), and REB
122-4 (produced by Hitachi Chemical Company, Ltd.).

[0669] One kind of the dispersants may be used singly, or two or more kinds thereof may be used in combination.
[0670] Ina case where the composition contains a dispersant, a mass ratio (content of dispersant/content of inorganic
substance) of a content of the dispersant to the content of the inorganic substance is preferably 0.0001 to 10 and more
preferably 0.001 to 5.

<Solvent>

[0671] The composition may contain a solvent.

[0672] A type of the solvent is not particularly limited, and an organic solvent is preferable. Examples of the organic
solvent include cyclopentanone, cyclohexanone, ethyl acetate, methyl ethyl ketone, dichloromethane, and tetrahydro-
furan.

[0673] In a case where the composition contains a solvent, a content of the solvent is preferably such that the con-
centration of the solid content in the composition is 20% to 90% by mass, more preferably such that the concentration
is 30% to 85% by mass, and even more preferably such that the concentration is 40% to 85% by mass.

[Method for producing composition]

[0674] A method for producing the composition is not particularly limited, known methods can be adopted, and for
example, the composition can be produced by mixing the aforementioned various components. In a case of mixing, the
various components may be mixed at a time or mixed sequentially.

[0675] A method for mixing the components is not particularly limited, and known methods can be used. A mixing
device used for the mixing is preferably a submerged disperser, and examples thereof include a rotating and revolving
mixer, a stirrer such as a high-speed rotating shear-type stirrer, a colloid mill, a roll mill, a high-pressure injection-type
disperser, an ultrasonic disperser, a beads mill, and a homogenizer. One kind of the mixing devices may be used singly,
or two or more kinds thereof may be used in combination. A deaeration treatment may be performed before and after
the mixing and/or simultaneously with the mixing.

[Method for curing composition]

[0676] The composition according to the embodiment of the present invention is subjected to a curing treatment to
obtain a thermally conductive material according to the embodiment of the present invention.

[0677] A method for curing the composition is not particularly limited, but a thermal curing reaction is preferable.
[0678] A heating temperature during the thermal curing reaction is not particularly limited. For example, the heating
temperature may be appropriately selected within the range of 50°C to 250°C. Moreover, in a case where the thermal
curing reaction is performed, a heating treatment may be performed a plurality of times at different temperatures.
[0679] The curing treatment is preferably performed on the composition which is formed in a film shape or a sheet
shape. Specifically, for example, the composition may be applied to form a film, and a curing reaction may be performed.
[0680] In a case where the curing treatment is performed, it is preferable to apply the composition onto a substrate to
form a coating film, and then cure the coating film. In this case, after further bringing the coating film formed on the
substrate into contact with another substrate, the curing treatment may be performed. A cured substance (thermally
conductive material) obtained after the curing may be separated from one or both of the substrates.

[0681] Furthermore, in a case where the curing treatment is performed, after applying the composition onto different
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substrates to form respective coating films, the curing treatment may be performed in a state where the obtained coating
films are in contact with each other. A cured substance (thermally conductive material) obtained after the curing may
be separated from one or both of the substrates.

[0682] During the curing treatment, press working may be performed. A press used for the press working is not limited,
and for example, a flat plate press may be used, or a roll press may be used.

[0683] In a case where the roll press is used, for example, it is preferable that a substrate with a coating film, which
is obtained by forming a coating film on a substrate, is sandwiched between a pair of rolls in which two rolls face each
other, and while rotating the pair of rolls to cause the substrate with a coating film to be passed, a pressure is applied
in a film thickness direction of the substrate with a coating film. In the substrate with a coating film, a substrate may be
present on only one surface of a coating film, or a substrate may be present on both surfaces of a coating film. The
substrate with a coating film may be passed through the roll press only once or a plurality of times.

[0684] Only one of the treatment with the flat plate press and the treatment with the roll press may be performed, or
both the treatments may be performed.

[0685] In addition, the curing treatment may be completed when the composition is in a semi-cured state. The semi-
cured thermally conductive material according to the embodiment of the present invention may be disposed so as to be
in contact with a device to be used or the like, and then further cured by heating or the like to be finally cured. It is also
preferable that the device and the thermally conductive material according to the embodiment of the present invention
are attached to each other by heating or the like during the final curing.

[0686] Regarding the preparation of the thermally conductive material including a curing reaction, "Highly Thermally
Conductive Composite Material" (CMC Publishing CO., LTD., written by Yoshitaka TAKEZAWA) can be referred to.
[0687] A shape of the thermally conductive material is not particularly limited, and the thermally conductive material
can be molded into various shapes according to the use. Examples of a typical shape of the molded thermally conductive
material include a sheet shape.

[0688] Furthermore, the thermally conductive properties of the thermally conductive material according to the embod-
iment of the present invention are preferably isotropic rather than anisotropic.

[0689] [Physical properties of thermally conductive material]

[Volume resistivity]

[0690] The thermally conductive material preferably has insulating properties (electrical insulating properties). In other
words, the composition according to the embodiment of the present invention is preferably a thermally conductive
insulating composition.

[0691] For example, a volume resistivity of the thermally conductive material at 23°C and a relative humidity of 65%
is preferably 1010 Q-cm or greater, more preferably 1012 Q-cm or greater, and even more preferably 1014 Q-cm or greater.
The upper limit thereof is not particularly limited, but is generally 1018 Q-cm or less.

[Density ratio X]

[0692] In addition, in the thermally conductive material, a density ratio X determined from Expression (1) is preferably
0.96 or greater. The density ratio X of 0.96 or greater means that the generation of voids (pores) in the thermally
conductive material is suppressed. The density ratio X is more preferably 0.99 or greater from the viewpoint that the
thermally conductive properties of the thermally conductive material are superior. Moreover, the upper limit value of the
density ratio X is 1.

[0693] The composition according to the embodiment of the present invention suppresses the adsorptivity of the
specific phenolic compound and the epoxy compound with respect to the boron nitride to be low, and thus tends to have
a low viscosity. In particular, in a case where each molecular weight of the specific phenolic compound and the epoxy
compound is smaller and/or the leveling of each molecule of the specific phenolic compound and the epoxy compound
is lower, the adsorptivity with respect to the boron nitride is likely to be lower, and thus the viscosity of the composition
is likely to be lower. It is estimated that in a case where the viscosity of the composition according to the embodiment
of the present invention is lower, the generation of voids is further suppressed in the obtained thermally conductive
material, and the density X tends to easily satisfy the aforementioned value.

Density ratio X = activity measured density of thermally conductive material determined by

Archimedes method/theoretical density Di of thermally conductive material determined by Expression (1)
Expression (DI)
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Expression (DI)
Di = Df x V{/100 + Dr x Vi/100

[0694] In Expression (DI), Di means a density of a theoretical thermally conductive material T which consists of an
organic nonvolatile component and an inorganic substance including the boron nitride. That is, the thermally conductive
material T means a hypothetical thermally conductive material which consists of the inorganic substance including the
boron nitride and the organic nonvolatile component and does not include voids (pores).

[0695] Moreover, a content mass Wf of the inorganic substance in the thermally conductive material T is equal to a
content of an inorganic substance in the thermally conductive material-forming composition. Furthermore, a content
mass Wr of the organic volatile component in the thermally conductive material T is equal to a value obtained by
subtracting the content of the inorganic substance from a content of a total solid content in the thermally conductive
material-forming composition. The definition of the total solid content is as described above.

In Expression (DI), Df is a density (g/cm3) of the inorganic substance.

[0696] The density of the inorganic substance is a real density measured by a pycnometer method.

[0697] Moreover, in a case where a type of the used inorganic substance and a density value of that type of the
inorganic substance are known, the known density value may be used as a density of the inorganic substance. For
example, the density of boron nitride is generally 2.3 g/cm3, and the density of aluminum oxide (alumina) is generally
3.9 g/cm3.

[0698] In a case where the known density value is used as the density of the inorganic substance, and a case where
the thermally conductive material contains two or more kinds of inorganic substances, a density of the entire inorganic
substance is determined by weight-averaging the densities of the respective inorganic substances with content propor-
tions (volume fractions) of the respective inorganic substances.

[0699] Furthermore, a method for specifying the type of the inorganic substance contained in the thermally conductive
material and the content proportion thereof is not limited, and known methods (observation with an electron microscope,
an infrared spectroscopy, and/or energy dispersive X-ray analysis) can be used.

[0700] In Expression (DI), Dris a density (g/cm?3) of the organic nonvolatile component. The organic nonvolatile com-
ponent in the thermally conductive material according to the embodiment of the present invention is mainly a polymer
of the specific phenol and the epoxy compound, a density of this polymer is generally 1.2 g/cm3, and thus the density
of the organic nonvolatile component represented by Dr is assumed to be 1.2 g/cm3.

[0701] InExpression (Dl), Vfis a volume percentage of a volume of the inorganic substance in the thermally conductive
material T to a volume of the thermally conductive material T. Vf is specifically a value determined by Expression (DIl).

Expression (DII)
Vi = (W1/Df)/((W1/Df) + (Wr/Dr)) x 100

[0702] Moreover, (Wf/Df) means a volume (cm3) occupied by the inorganic substance in the thermally conductive
material T. (Wr/Dr) means a volume (cm3) occupied by the organic nonvolatile component in the thermally conductive
material T.

[0703] In Expression (Dl), Vris a volume percentage of a volume of the organic nonvolatile component in the thermally
conductive material T to the volume of the thermally conductive material T. Vr is specifically a value determined by
Expression (DIII).

Expression (DIII)
Vr=100 - Vf

[0704] More specifically, the theoretical density Di is determined by the following method (combustion method).

[0705] The content mass of the inorganic substance can be measured by using a general ash content measuring
method. That is, a film is treated (subjected to a combustion treatment) at 500°C to 550°C for 4 hours or longer using a
crucible made of platinum, quartz, or ceramic, and incinerated until the residues have a constant weight. The weight
after the combustion treatment is defined as the content mass (Wf, unit: g) of the inorganic substance contained in the film.
[0706] Thereafter, a value of a mass obtained by subtracting the measured content mass (Wf, unit: g) of the inorganic
substance from the mass (WO, unit: g) of the thermally conductive material before the combustion treatment is defined
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as the content mass (Wr, unit: g) of the organic nonvolatile component in the thermally conductive material T.

[0707] From these values, a volume percentage (Vf) of the volume occupied by the inorganic substance in the thermally
conductive material T is determined according to Expression (DII). Moreover, a volume percentage (Vr) of the volume
occupied by the organic nonvolatile component in the thermally conductive material T is determined according to Ex-
pression (DIII).

[0708] Finally, a density (Di, unit: g/cm3) of the thermally conductive material T is calculated according to Expression
(D).

[0709] In addition, in a case where formulation of the thermally conductive material or formulation of a composition
(thermally conductive material-forming composition) for forming the thermally conductive material is known, the theo-
retical density of the film may be determined by performing calculation from the formulation.

[0710] For example, in a case where the thermally conductive material-forming composition consists of an inorganic
substance, a solvent (an organic solvent and the like), and other components (a phenolic compound, an epoxy compound,
a surface modifier, and the like), a thermally conductive material is assumed to be formed of only the inorganic substance
and the other components.

[0711] Then, a mass (Wf, unit: g) of the inorganic substance is used. Next, the other components are regarded as the
organic nonvolatile component, and a total mass of the other components is used as the mass (Wr, unit: g) of the organic
nonvolatile component.

[0712] From these values, a volume percentage (Vf) of the volume occupied by the inorganic substance in the thermally
conductive material T is determined according to Expression (DII). Moreover, a volume percentage (Vr) of the volume
occupied by the organic nonvolatile component in the thermally conductive material T is determined according to Ex-
pression (DIII).

[0713] Finally, a density (Di, unit: g/cm3) of the thermally conductive material T is calculated according to Expression
(D).

[Use of thermally conductive material]

[0714] The thermally conductive material according to the embodiment of the present invention can be used as a heat
dissipation material such as a heat dissipation sheet, and can be used for dissipating heat from various devices. More
specifically, a device with a thermally conductive layer is prepared by disposing a thermally conductive layer, which
contains the thermally conductive material according to the embodiment of the present invention, on a device, and thus
the heat generated from the device can be efficiently dissipated by the thermally conductive layer.

[0715] The thermally conductive material according to the embodiment of the present invention has sufficient thermally
conductive properties and high heat resistance, and thus is suitable for dissipating heat from a power semiconductor
device used in various electrical machines such as a personal computer, a general household electric appliance, and
an automobile.

[0716] Furthermore, the thermally conductive material according to the embodiment of the present invention has
sufficient thermally conductive properties even in a semi-cured state, and thus can also be used as a heat dissipation
material which is disposed in a portion where light for photocuring is hardly reached, such as a gap between members
of various devices. Moreover, the thermally conductive material also has excellent adhesiveness, and thus can also be
used as an adhesive having thermally conductive properties.

[0717] The thermally conductive material according to the embodiment of the present invention may be used in com-
bination with other members except for the members formed of the present composition.

[0718] Examples of a material obtained by combining the thermally conductive material according to the embodiment
ofthe presentinvention with the other members include a thermally conductive sheet. Examples of a specific configuration
of the thermally conductive sheet include a configuration in which a sheet-shaped support and a sheet-shaped thermally
conductive material disposed on the support are provided.

[0719] Examples of the support include a plastic film, a metal film, and a glass plate. Examples of a material of the
plastic film include polyester such as polyethylene terephthalate (PET), polycarbonate, an acrylic resin, an epoxy resin,
polyurethane, polyamide, polyolefin, a cellulose derivative, and silicone. Examples of the metal film include a copper film.

Examples

[0720] Hereinafter, the present invention will be described in more detail based on Examples. The materials, the
amount and proportion of the materials used, the details of treatments, the procedure of treatments, and the like shown
in the following Examples can be appropriately changed within a range that does not depart from the gist of the present
invention. Accordingly, the scope of the present invention is not limitedly interpreted by the following Examples.

[0721] In addition, Examples A and Bare shown below, and Example numbers, table numbers, or the like mentioned
in each Example refer to Example numbers, table numbers, or the like in each Example. For example, Example 1
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mentioned in Example B refers to Example 1 in Example B. Similarly, Table 1 mentioned in Example B refers to Table
1 in Example B.

«Example A: Example according to first aspect of present invention»

[0722] Hereinafter, Example according to the first aspect of the present invention will be described.
[Preparation and evaluation of composition]

[Various components]

[0723] Various components used in Examples and Comparative Example will be shown below.
<Phenolic compound>

[0724] Phenolic compounds used in Examples and Comparative Example will be shown below.
[0725] Moreover, the phenolic compounds used in Examples were synthesized with reference to US4992596A.

OH OH OH OH | OH OH
HO O O O OH HO 0 OH

Molecular Weight: 352.39 Molecular Weight: 421.27
A-1 A-2
O @ O "
OH
Molecular Weight: 384.38 Molecular Weight: 384.38
A-3 A-4

St 61 OH OH OH
Molecular Weight: 192.17 Molecular Weight: 248.23

A-5 A-6
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OH OH OH
Molecular Weight: 452.51
A-7

<Epoxy compound>

Molecular Weight: 348.44
D-1

[0726] Epoxy compounds used in Examples and Comparative Example will be shown below.

[0727] Moreover, the following B-5 is a mixture of two kinds of epoxy compounds (trade name: EPOTOHTO ZX-1059,

produced by Tohto Kasei Co., Ltd.).

L a Vs W e G

Molecular Weight: 298.34

B-1

oI

Molecular Weight; 152,18
B-3

Me
5oL )0

Molecular Weight: 340.42

& -

Molecular Weight: 312.37

B-5

62

Molecular Weight: 354.45

B-2

Molecular Weight: 222.24
B-4

ol lelong

?)\/0“ Ov*<40

Molecular Weight: 586.61

B-6
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NP ACCRCO R

Molecular Weight: 556.61
B-7

O
o]

o

Molecular Weight: 278.26

B-8

e
~0
NZQ

Molecular Weight: 1099
B-9
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Molecular Weight: 1800
B-10

<Inorganic substance>

[0728] Inorganic substances used in Examples and Comparative Example will be shown below.
"PTX-60": aggregation-shaped boron nitride (average particle diameter: 60 um, produced by Momentive)
"PT-110": flat plate-shaped boron nitride (average particle diameter: 45 um, produced by Momentive)
"AA-3": aluminum oxide (average particle diameter: 3 um, produced by Sumitomo Chemical Co., Ltd.)
"AA-04": aluminum oxide (average particle diameter: 0.4 pum, produced by Sumitomo Chemical Co., Ltd.)
"S-50": aluminum nitride (average particle diameter: 55 um, produced by MARUWA Co., Ltd.)
"HP40 MF100": aggregation-shaped boron nitride (average particle diameter: 40 um, produced by MIZUSHIMA
FERROALLOQY CO., LTD.)

<Curing accelerator>

[0729] PPh; (triphenylphosphine) was used as the curing accelerator.

<Solvent>

[0730] Cyclopentanone was used as the solvent.

<Dispersant>

[0731] DISPERBYK-106 (polymer salt having an acidic group) was used as the dispersant.

<Surface treatment agent for aluminum oxide (organic silane molecule)>

[0732] The following compound was used as the surface maodifier for aluminum oxide.

(MeO)3SivH

<Surface modifier for inorganic nitride>

[0733] Surface modifiers for an inorganic nitride used in Examples and Comparative Example will be shown below.
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[Preparation of composition]

[0734] A curing liquid was prepared by formulating the epoxy compound and the phenolic compound of each combi-
nation shown in Table 1 below in an equivalent (amount in which the number of oxiranyl groups in the epoxy compound
is equal to the number of hydroxyl groups in the phenolic compound).

[0735] The aforementioned curing liquid, solvent, dispersant, surface modifier (the surface modifier for aluminum oxide
and the surface modifier for an inorganic nitride), and curing accelerator were mixed in this order, and then the inorganic
substance was added thereto. The obtained mixture was treated for 5 minutes with a rotating and revolving mixer
(manufactured by THINKY CORPORATION, AWATORI RENTARO ARE-310) to obtain a composition (thermally con-
ductive material-forming composition) of each Example or Comparative Example.

[0736] Here, the addition amount of the solvent was set such that the concentration of the solid content in the com-
position was 50% to 80% by mass.

[0737] Furthermore, the concentration of the solid content in the composition was adjusted for each composition within
the above range so that the viscosities of the compositions were about the same.

[0738] The addition amount of the curing accelerator was set such that the content of the curing accelerator in the
composition was 1% by mass with respect to the content of the epoxy compound.

[0739] The addition amount (total of all inorganic substances) of the inorganic substance was set such that the content
of the inorganic substance in the composition was a value (% by mass) shown in Table 1 with respect to the total solid
content of the composition.

[0740] Moreover, the inorganic substances were used after being mixed so that a ratio (mass ratio) of contents of the
respective inorganic substances satisfied a relationship shown in Table 1.

[0741] The addition amount of the dispersant was set such that the content of the dispersant in the composition was
0.2% by mass with respect to the content of the inorganic substance.

[0742] The addition amount of the surface modifier for aluminum oxide was set such that the content of the surface
modifier for aluminum oxide in the composition was 0.2% by mass with respect to the content (total content of AA-3 and
AA04) of the aluminum oxide. Moreover, in a case where the composition did not contain aluminum oxide, the surface
modifier for aluminum oxide was not used.

[0743] In a case where the surface modifier for an inorganic nitride was used, the addition amount of the surface
modifier for an inorganic nitride was set such that the content of the surface modifier for an inorganic nitride in the
composition was 0.3% by mass with respect to the content (total addition amount of PTX-60, PT-110, HP-40 MF100,
and S-50) of the inorganic nitride.
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[Evaluation]
<Thermally conductive properties>

[0744] The prepared composition was uniformly applied onto a release surface of a release-treated polyester film (NP-
100A, manufactured by PANAC CO., LTD., film thickness of 100 wm) by using an applicator, and left to stand at 120°C
for 5 minutes to obtain a coating film.

[0745] Two polyester films with such a coating film were prepared, and after laminating the coating film surfaces with
each other, two polyester films with a coating film were hot-pressed (treated for 1 minute at a hot plate temperature of
65°C and a pressure of 12 MPa) in the air to obtain a semi-cured film. The obtained semi-cured film was treated with a
hot press (treated for 20 minutes at a hot plate temperature of 160°C and a pressure of 12 MPa, and then for 90 minutes
at 180°C and a normal pressure) in the air to cure the coating film, thereby obtaining a resin sheet. The polyester films
on both surfaces of the resin sheet were peeled off to obtain a thermally conductive sheet having an average film
thickness of 200 pum.

[0746] The evaluation of thermally conductive properties was performed using each thermally conductive sheet which
was obtained by using each composition. The thermal conductivity was measured by the following method, and the
thermally conductive properties were evaluated according to the following standards.

(Measurement of thermal conductivity (W/m-k))
[0747]

(1) By using "LFA 467" manufactured by NETZSCH, the thermal diffusivity of the thermally conductive sheet in a
thickness direction was measured through a laser flash method.

(2) By using a balance "XS204" manufactured by METTLER TOLEDO, the specific gravity of the thermally conductive
sheet was measured through an Archimedes method ("solid specific gravity measuring kit" was used).

(3) By using "DSC320/6200" manufactured by Seiko Instruments Inc., the specific heat of the thermally conductive
sheet at 25°C was determined under a temperature rising condition of 10 °C/min.

(4) The thermal conductivity of the thermally conductive sheet was calculated by multiplying the obtained thermal
diffusivity by the specific gravity and the specific heat.

(Evaluation standards)

[0748] The measured thermal conductivity was classified according to the following standards, and the thermally
conductive properties were evaluated.

"A+": 15 W/m-K or greater

"A": 10 W/m-K or greater and less than 15 W/m-K
"B": 8 W/m-K or greater and less than 10 W/m-K
"C": 5 W/m-K or greater and less than 8 W/m-K
"D": Less than 5 W/m-K

[0749] The results are shown in Table 1.

<Insulating properties>

[0750] A volume resistance value of a thermally conductive sheet, which was prepared in the same manner as in the
evaluation of "Thermally conductive properties", at 23°C and a relative humidity of 65% was measured using a HIRESTA
MCP-HT450 type (manufactured by Nittoseiko Analytech Co., Ltd.).

(Evaluation standards)

[0751] The measured volume resistance value of the thermally conductive sheet was classified according to the
following standards, and the insulating properties were evaluated.

"A": 1014 Q-cm or greater

"B": 1012 Q-cm or greater and less than 1014 Q-cm
"C": 1010 Q:-cm or greater and less than 1012 Q-cm
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"D": Less than 1010 Q-cm
<Adhesiveness>

[0752] Atensile shear test based on JIS K 6850 was performed using copper plates as adherends and the composition
as an adhesive.

[0753] Moreover, a test specimen was prepared by laminating two copper plates (size: 100 mm X 25 mm X 0.3 mm)
with each other with an adhesion area of 12.5 mm X 25 mm.

[0754] The curing conditions of the composition were the same as those in a case where the thermally conductive
sheet was prepared in the measurement of the thermally conductive properties.

[0755] Forthetest, TENSILON UNIVERSAL MATERIAL TESTING INSTRUMENT RTc-1225A was used, and a tensile
rate was 0.05 mm/s.

(Evaluation standards)

[0756] The measured breaking stress was classified according to the following standards, and the adhesiveness was
evaluated.

"A": 5 MPa or greater
"B": 4 MPa or greater and less than 5 MPa
"C": 3 MPa or greater and less than 4 MPa
"D": Less than 3 MPa

[Results]

[0757] Table 1 will be shown below.

[0758] InTable 1, a column of "Specific skeleton" indicates whether the used epoxy compound has a biphenyl skeleton.
A case where the requirement is satisfied is indicated as A, and a case where the requirement is not satisfied is indicated
as B.

[0759] A column of "Number of functional groups" indicates the hydroxyl group content (mmol/g) of the used phenolic
compound.

[0760] A column of "Surface modifier" indicates the type of the used surface modifier for an inorganic nitride.

[0761] [Table 1]
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[0762] From the results shown in the tables, it was confirmed that a thermally conductive material having excellent
thermally conductive properties can be obtained by using the composition according to the embodiment of the present
invention. Moreover, it was confirmed that the aforementioned thermally conductive material also has excellent insulating
properties and adhesiveness.

[0763] Itwas confirmed thatin a case where the hydroxyl group content of the used phenolic compound is 12.0 mmol/g
or greater, the thermally conductive properties and adhesiveness of the obtained thermally conductive material are
superior (results of Examples 28 to 38, 65, and 66, and the like).

[0764] It was confirmed that in a case where the molecular weight of the used phenolic compound is 400 or less, the
thermally conductive properties and adhesiveness of the obtained thermally conductive material are superior (results of
Examples 28 to 38, 65, and 66, and the like).

[0765] It was confirmed that in a case where the used epoxy compound is a compound having a biphenyl skeleton,
the thermally conductive properties of the obtained thermally conductive material are superior (results of Examples in
which B-1 or B-2 is used as the epoxy compound, and the like).

[0766] It was confirmed that in a case where a compound having a fused-ring skeleton or a triazine skeleton is used
as the surface modifier, the thermally conductive properties of the obtained thermally conductive material are superior
(results of Examples 1to 5, 7 to 9, and 11 to 16, and the like).

«Example B: Example according to second aspect of present invention»

[0767] Hereinafter, Example according to the second aspect of the present invention will be described.
[Preparation of composition]

[Various components]

[0768] Various components used in Examples and Comparative Examples will be shown below.
<Phenolic compound>

[0769] Phenolic compounds used in Examples and Comparative Examples will be shown below.
[0770] Moreover, the phenoliccompounds A1to A4 used in Examples were synthesized with reference to US4992596A.

Molecular Welght: 384.38 Molecular Welght: 384.38
A-3 A4
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HO OH
Molecular Weight: 3068.3€
A-5 Molecular Weight: 474.56
Alﬁ
OH

HOQOH no @ on

Molecular Weight: 186.21
WMolecular Weight: 126.11 9

A-7 A-8

OH
D1

<Epoxy compound>

[0771] Epoxy compounds used in Examples and Comparative Examples will be shown below.
[0772] Moreover, the following B-5 is a mixture of two kinds of epoxy compounds (trade name: EPOTOHTO ZX-1059,
produced by Tohto Kasei Co., Ltd.).

5oL IA)0~G S0l I

Molecular Weight: 298.34
B-1 Molecular Weight: 354.45

B-2

oI, @

Molecular Weight: 152.19

B3 =

Molecular Weight: 222.24
B-4
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Me
oo )
6] (8] ,
Me ™ é‘yf\a O@ 0’\,{10
Malecular Weight: 340.42 CH,

oD e T

Molecular Weight: 556.81
Molecular Weight: 312.37

B-5 B-6

?)\,0 O~ O Qv"\?
Molecular Weight: 556,61
B-7

ﬂoM CH,
?}\VQ O 0 0 |
5 1o

Molecular Weight: 278.26
B-8 E-1

<Inorganic substance>

[0773] Inorganic substances used in Examples and Comparative Examples will be shown below.
"PTX-60": aggregation-shaped boron nitride (average particle diameter: 60 um, produced by Momentive)
"AA-3": aluminum oxide (average particle diameter: 3 um, produced by Sumitomo Chemical Co., Ltd.)
"AA-04": aluminum oxide (average particle diameter: 0.4 pum, produced by Sumitomo Chemical Co., Ltd.)
"HP40 MF100": aggregation-shaped boron nitride (average particle diameter: 40 uwm, produced by MIZUSHIMA
FERROALLOQY CO., LTD.)

<Curing accelerator>

[0774] PPhj (triphenylphosphine) was used as the curing accelerator.

<Solvent>

[0775] Cyclopentanone was used as the solvent.

<Dispersant>

[0776] DISPERBYK-106 (polymer salt having an acidic group) was used as the dispersant.

<Surface treatment agent for aluminum oxide (organic silane molecule)>

[0777] The following compound was used as the surface maodifier for aluminum oxide.
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(MeO)?,Si\/“H@

<Surface maodifier for inorganic nitride>

[0778] Surface modifiers for an inorganic nitride used in Examples and Comparative Examples will be shown below.

HQ"JMQ "

CHO
HO
Q}\_\ CHO
O,

[Adsorption amount of phenolic compound with respect to boron nitride]

[0779] Each phenolic compound (10 mg) used in Examples and Comparative Examples was dissolved in each ace-
tonitrile (100 mL), and further diluted to 1/10 to obtain a solution. Moreover, in a case where the phenolic compound
was not dissolved in acetonitrile, tetrahydrofuran (THF) was used instead of acetonitrile. An ultraviolet-visible absorption
spectrum (measuring device: UV-3100PC manufactured by Shimadzu Corporation) of the obtained solution was meas-
ured, and an absorbance X at an absorption maximum wavelength was determined.

[0780] Thereafter, boron nitride "SGPS" (0.5 g; and it corresponds to "content (g) of boron nitride in solution" in
Expression (2)) produced by Denka Company Limited was added to the solution (20 mL = 0.2 mg of phenolic compound
is contained; and it corresponds to "content (mg) of phenolic compound in solution" in Expression (2)), and the mixture
was stirred for several seconds. After stirring, a supernatant liquid of the obtained solution was filtered with a filter of
0.45 um. By using the obtained filtrate, an ultraviolet-visible absorption spectrum (measuring device: UV-3100PC man-
ufactured by Shimadzu Corporation) of the filtrate was measured in the same manner as described above, and an
absorbance Y at an absorption maximum wavelength was determined.

[0781] Subsequently, the absorbance Y of the filtrate, which was obtained by the addition of boron nitride, measured
at an absorption maximum wavelength with respect to the absorbance X of the solution, to which boron nitride was not
yet added, measured at an absorption maximum wavelength was calculated, and the adsorption amount (mg) of the
phenolic compound with respect to 1 g of the boron nitride was calculated by Expression (2).

Adsorption amount (m tent f i 1
] P C (me) content (mg) o E absorbance Y
Expression(2)  withrespectto lgof = phenolic compound E T e | content (g) of boron nifride
. . . L absorbance X
boron nitride e solution . ) 1 solution
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[Adsorption amount of epoxy compound with respect to boron nitride]

[0782] For each epoxy compound used in Examples and Comparative Examples, the adsorption amount (mg) with
respect to 1 g of the boron nitride was calculated in the same manner as in the section of [Adsorption amount of phenolic
compound with respect to boron nitride].

[Preparation of composition]

[0783] A curing liquid was prepared by formulating the epoxy compound and the phenolic compound of each combi-
nation shown in Table 1 below in an equivalent (amount in which the number of epoxy groups in the epoxy compound
is equal to the number of hydroxyl groups in the phenolic compound).

[0784] The aforementioned curing liquid, solvent, dispersant, surface modifier (the surface modifier for aluminum oxide
and the surface modifier for an inorganic nitride), and curing accelerator were mixed in this order, and then the inorganic
substance was added thereto. The obtained mixture was treated for 5 minutes with a rotating and revolving mixer
(manufactured by THINKY CORPORATION, AWATORI RENTARO ARE-310) to obtain a composition (thermally con-
ductive material-forming composition) of each Example or Comparative Example.

[0785] Here, the addition amount of the solvent was set such that the concentration of the solid content in the com-
position was 50% to 80% by mass.

[0786] Furthermore, the concentration of the solid content in the composition was adjusted for each composition within
the above range so that the viscosities of the compositions were about the same.

[0787] The addition amount of the curing accelerator was set such that the content of the curing accelerator in the
composition was 1% by mass with respect to the content of the epoxy compound.

[0788] The addition amount (total of all inorganic substances) of the inorganic substance was set such that the content
of the inorganic substance in the composition was a value (% by mass) shown in Table 1 with respect to the total solid
content of the composition.

[0789] Moreover, the inorganic substances were used after being mixed so that a ratio (mass ratio) of contents of the
respective inorganic substances satisfied a relationship shown in Table 1.

[0790] The addition amount of the dispersant was set such that the content of the dispersant in the composition was
0.2% by mass with respect to the content of the inorganic substance.

[0791] The addition amount of the surface modifier for aluminum oxide was set such that the content of the surface
modifier for aluminum oxide in the composition was 0.2% by mass with respect to the content (total content of AA-3 and
AA-04) of the aluminum oxide. Moreover, in a case where the composition did not contain aluminum oxide, the surface
modifier for aluminum oxide was not used.

[0792] In a case where the surface modifier for an inorganic nitride was used, the addition amount of the surface
modifier for an inorganic nitride was set such that the content of the surface modifier for an inorganic nitride in the
composition was 0.3% by mass with respect to the content (total addition amount of PTX-60 or HP-40 MF100) of the
inorganic nitride.

[Preparation of sheet-shaped thermally conductive material]

[0793] The prepared composition was uniformly applied onto a release surface of a release-treated polyester film (NP-
100A, manufactured by PANAC CO., LTD., film thickness of 100 uwm) by using an applicator, and then the obtained
composition film was dried at 120°C for 5 minutes to obtain a coating film.

[0794] Two polyester films with such a coating film were prepared, and after laminating the coating film surfaces with
each other, two polyester films with a coating film were hot-pressed (treated for 1 minute at a hot plate temperature of
65°C and a pressure of 12 MPa) in the air to obtain a semi-cured film. The obtained semi-cured film was treated with a
hot press (treated for 20 minutes at a hot plate temperature of 160°C and a pressure of 12 MPa, and then for 90 minutes
at 180°C and a normal pressure) in the air to cure the coating film, thereby obtaining a resin sheet. The polyester films
on both surfaces of the resin sheet were peeled off to obtain a sheet-shaped thermally conductive material having an
average film thickness of 200 pm.

[Various evaluations]
[Density ratio]
<Measurement of actually measured density of thermally conductive material>

[0795] The actually measured density of the thermally conductive material was measured through the Archimedes
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method ("solid specific gravity measuring kit" was used) by using a balance "XS204" manufactured by METTLER TO-
LEDO.

<Measurement of theoretical density of thermally conductive material>

[0796] The theoretical density of the thermally conductive material was determined by performing calculation from the
formulation of the composition according to the method described in the specification. In this case, the density of the
boron nitride was calculated as 2.3 g/cm3, and the density of the aluminum oxide (alumina) was calculated as 3.9 g/cm3.
[0797] Furthermore, the theoretical density of the thermally conductive material prepared in Example 1 was determined
also using the combustion method described in the specification, and the theoretical density obtained by the combustion
method was closely consistent with the theoretical density determined through the calculation from the formulation of
the composition.

[0798] Thedensityratio X (actually measured density/theoretical density) was calculated based on the obtained actually
measured density and theoretical density, and was classified according to the following standards.

<Evaluation standards>
[0799]

"A": The density ratio X was 0.99 or greater
"B": The density ratio X was 0.96 or greater and less than 0.99
"C": The density ratio X was less than 0.96

[0800] The results are shown in Table 1.
[Thermally conductive properties]
<Measurement of thermal conductivity (W/m-k)>

[0801] The evaluation of thermally conductive properties was performed using each thermally conductive material.
The thermal conductivity was measured by the following method, and the thermally conductive properties were evaluated
according to the following standards.

(1) By using "LFA 467" manufactured by NETZSCH, the thermal diffusivity of the thermally conductive material in
a thickness direction was measured through a laser flash method.

(2) By using a balance "XS204" manufactured by METTLER TOLEDO, the specific gravity of the thermally conductive
material was measured through an Archimedes method ("solid specific gravity measuring kit" was used).

(3) By using "DSC320/6200" manufactured by Seiko Instruments Inc., the specific heat of the thermally conductive
material at 25°C was determined under a temperature rising condition of 10 °C/min.

(4) The thermal conductivity of the thermally conductive material was calculated by multiplying the obtained thermal
diffusivity by the specific gravity and the specific heat.

<Evaluation standards>

[0802] The measured thermal conductivity was classified according to the following standards, and the thermally
conductive properties were evaluated.

"A+": 15 W/m-K or greater
"A": 10 W/m-K or greater and less than 15 W/m-K
"B": 8 W/m-K or greater and less than 10 W/m-K
"C": 5 W/m-K or greater and less than 8 W/m-K
"D": Less than 5 W/m-K

[0803] The results are shown in Table 1.

[Insulating properties]

[0804] A volume resistance value of a thermally conductive material, which was prepared in the same manner as in
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the evaluation of "Thermally conductive properties”, at 23°C and a relative humidity of 65% was measured using a
HIRESTA MCP-HT450 type (manufactured by Nittoseiko Analytech Co., Ltd.).

<Evaluation standards>

[0805] The measured volume resistance value of the thermally conductive material was classified according to the
following standards, and the insulating properties were evaluated.

"A": 1014 Q-cm or greater
"B": 1012 Q-cm or greater and less than 104 Q-cm
"C": 1010 Q-cm or greater and less than 1012 Q-cm
"D": Less than 1010 Q-cm

[0806] The results are shown in Table 1.
[Adhesiveness]

[0807] Atensile shear testbased on JIS K6850 was performed using copper plates as adherends and the composition
as an adhesive.

[0808] Moreover, a test specimen was prepared by laminating two copper plates (size: 100 mm X 25 mm X 0.3 mm)
with each other with an adhesion area of 12.5 mm X 25 mm.

[0809] The curing conditions of the composition were the same as those in a case where the thermally conductive
material was prepared in the measurement of the thermally conductive properties.

[0810] Forthetest, TENSILON UNIVERSAL MATERIAL TESTING INSTRUMENT RTc-1225A was used, and a tensile
rate was 0.05 mm/s.

<Evaluation standards>

[0811] The measured breaking stress was classified according to the following standards, and the adhesiveness was
evaluated.

"A": 5 MPa or greater
"B": 4 MPa or greater and less than 5 MPa
"C": 3 MPa or greater and less than 4 MPa
"D": Less than 3 MPa

[0812] The results are shown in Table 1.
[Results]

[0813] Table 1 will be shown below.

[0814] In addition, in Table 1, "BN adsorption amount (mg/g)" in a column of "Phenolic compound" indicates the
adsorption amount (mg) of the used phenolic compound with respect to 1 g of the boron nitride.

[0815] "Number of functional groups" in the column of "Phenolic compound" indicates the hydroxyl group content
(mmol/g) of the used phenolic compound.

[0816] Moreover, "BN adsorption amount (mg/g)" in a column of "Epoxy compound" indicates the adsorption amount
(mg) of the used epoxy compound with respect to 1 g of the boron nitride.

[0817] "Number of functional groups" in the column of "Epoxy compound" indicates the content (mmol/g) of the oxiranyl
group in the used epoxy compound.

[0818] "Specific skeleton" in the column of "Epoxy compound" indicates whether the used epoxy compound has a
biphenyl skeleton. A case where the requirement is satisfied is indicated as A, and a case where the requirement is not
satisfied is indicated as B.

[0819] Furthermore, a column of "Surface modifier" indicates the type of the used surface modifier for an inorganic
nitride.
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[0820] As is clear from Table 1, with the compositions of Examples, a thermally conductive material having excellent
thermally conductive properties can be formed. Moreover, it was confirmed that the aforementioned thermally conductive
material also has excellent insulating properties and adhesiveness.

[0821] Further, itis clear that in a case where the composition according to the embodiment of the present invention
contains a surface modifier for boron nitride, the thermal conductivity of the obtained thermally conductive material is
superior (comparison between Example 1 and Example 2, and comparison between Example 4 and Examples 5 and 7).
[0822] Furthermore, it is clear that in a case where the epoxy compound contained in the composition according to
the embodiment of the present invention has a biphenyl skeleton, the thermal conductivity of the obtained thermally
conductive material is superior and the density ratio X is evaluated as "A" (in other words, the generation of voids is
further suppressed) (comparison between Examples 4 and 10 and Examples 11 to 16).

[0823] In addition, it is clear that in a case where the hydroxyl group content of the specific phenolic compound
contained in the composition according to the embodiment of the present invention is 12.0 mmol/g or greater, the thermal
conductivity of the obtained thermally conductive material is superior (comparison between Example 4 and Examples
17 to 21). Meanwhile, it is clear that in a case where there is no adsorption amount of the specific phenolic compound
with respect to 1 g of the boron nitride, the insulating properties of the obtained thermally conductive material and the
adhesiveness of the composition tend to be decreased (results of Example 20).

Claims
1. A thermally conductive material-forming composition comprising:
an epoxy compound;
one or more kinds of phenolic compounds selected from the group consisting of a compound represented by

General Formula (1) and a compound represented by General Formula (2); and
an inorganic substance,

OH

(OH)qs [ & _(OH)p
AL~ t—L2—Ar M
% N

ml

in General Formula (1), m1 represents an integer of O or greater;

n1 and n2 each independently represent an integer of 2 or greater;

L' represents -C(R2)(R3)- or -CO-;

L2 represents -C(R4)(R®)- or -CO-;

Ar! and Ar2 each independently represent a benzene ring group or a naphthalene ring group;

R and R® each independently represent a hydrogen atom, a halogen atom, a carboxylic acid group, a boronic
acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group;

R2 to RS each independently represent a hydrogen atom, a hydroxyl group, a halogen atom, a carboxylic acid
group, a boronic acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group;
Qa2 represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a carboxylic acid group, a
boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group; and

in a case where there are a plurality of L?’s and Q?@’s, the plurality of L2’s may be the same as or different from
each other and the plurality of Q&'s may be the same as or different from each other, and

in a case where m1 represents 0, L' represents -CH(OH)- or -CO-; and
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R?

(2)

in General Formula (2), m2 represents an integer of O or greater;

n1 and n2 each independently represent an integer of 2 or greater;

R and R® each independently represent a hydrogen atom, a halogen atom, a carboxylic acid group, a boronic
acid group, an aldehyde group, an alkyl group, an alkoxy group, or an alkoxycarbonyl group;

R7 represents a hydrogen atom or a hydroxyl group;

QP represents a hydrogen atom, an alkyl group, a phenyl group, a halogen atom, a carboxylic acid group, a
boronic acid group, an aldehyde group, an alkoxy group, or an alkoxycarbonyl group; and

in a case where there are a plurality of R”’s and QV’s, the plurality of R”’s may be the same as or different from
each other and the plurality of QP’s may be the same as or different from each other.

The thermally conductive material-forming composition according to claim 1,
wherein a hydroxyl group content of the phenolic compound is 12.0 mmol/g or greater.

The thermally conductive material-forming composition according to claim 1 or 2,
wherein a molecular weight of the phenolic compound is 400 or less.

The thermally conductive material-forming composition according to any one of claims 1 to 3,
wherein the epoxy compound has a biphenyl skeleton.

The thermally conductive material-forming composition according to any one of claims 1 to 4,
wherein the inorganic substance includes an inorganic nitride.

The thermally conductive material-forming composition according to claim 5,
wherein the inorganic nitride includes boron nitride.

The thermally conductive material-forming composition according to any one of claims 1 to 6, further comprising a
surface modifier for the inorganic substance.

The thermally conductive material-forming composition according to claim 7,
wherein the surface modifier has a fused-ring skeleton or a triazine skeleton.

The thermally conductive material-forming composition according to any one of claims 1 to 8, further comprising a
curing accelerator.

A thermally conductive material obtained by curing the thermally conductive material-forming composition according
to any one of claims 1 to 9.

A thermally conductive sheet consisting of the thermally conductive material according to claim 10.
A device with a thermally conductive layer comprising:
a device; and

a thermally conductive layer which is disposed on the device and includes the thermally conductive sheet
according to claim 11.
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A thermally conductive material-forming composition comprising:

a phenolic compound;

an epoxy compound; and

boron nitride,

wherein the phenolic compound has a hydroxyl group content of 10.5 mmol/g or greater, and an adsorption
amount of 0. 12 mg or less with respect to 1 g of the boron nitride,

wherein the adsorption amount is measured as described in the description.

The thermally conductive material-forming composition according to claim 13,
wherein the hydroxyl group content is 12.0 mmol/g or greater.

The thermally conductive material-forming composition according to claim 13 or 14,
wherein the adsorption amount of the phenolic compound is 0.01 mg or greater with respect to 1 g of the boron nitride.

The thermally conductive material-forming composition according to any one of claims 13 to 15,
wherein an adsorption amount of the epoxy compound is 0.20 mg or less with respect to 1 g of the boron nitride.

The thermally conductive material-forming composition according to any one of claims 13 to 16,
wherein the epoxy compound has a biphenyl skeleton.

The thermally conductive material-forming composition according to any one of claims 13 to 17, further comprising
a surface modifier for the boron nitride.

The thermally conductive material-forming composition according to any one of claims 13 to 18, further comprising
a curing accelerator.

A thermally conductive material obtained by curing the thermally conductive material-forming composition according
to any one of claims 13 to 19.

The thermally conductive material according to claim 20, which is molded into a sheet shape.
The thermally conductive material according to claim 21,
wherein a density ratio X determined from Expression (1) is 0.96 or greater,

Density ratio X = activity measured density of thermally conductive material
determined by Archimedes method/theoretical density Diofthermally conductive Expression (1)
material determined by Expression (DI)

Expression (DI)
Di = Df x V{/100 + Dr x Vi/100

in Expression (DI), Di means a density of a theoretical thermally conductive material T which consists of an
organic nonvolatile component and an inorganic substance including boron nitride;

a content mass Wf of the inorganic substance in the thermally conductive material T is equal to a content of an
inorganic substance in the thermally conductive material-forming composition, and a content mass Wr of the
organic nonvolatile component in the thermally conductive material T is equal to a value obtained by subtracting
the content of the inorganic substance from a content of a total solid content in the thermally conductive material-
forming composition;

Df is a density of the inorganic substance;

Dr is a density of the organic nonvolatile component and is 1.2 g/lcm3;

Vf is a volume percentage of a volume of the inorganic substance in the thermally conductive material T to a
volume of the thermally conductive material T and is a value determined by Expression (DIl); and
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Expression (DII)
Vi = (W1/Df)/((W1/Df) + (Wr/Dr)) x 100

Vris a volume percentage of a volume of the organic nonvolatile component in the thermally conductive material
T to the volume of the thermally conductive material T and is a value determined by Expression (DIll),

Expression (DIII)
Vr=100 - Vf.
23. A thermally conductive sheet comprising the thermally conductive material according to claim 21 or 22.
24. A device with a thermally conductive layer comprising:
a device; and
a thermally conductive layer which is disposed on the device and includes the thermally conductive sheet
according to claim 23.
Patentanspriiche
1. Warmeleitfahiges Material-bildende Zusammensetzung, umfassend:
eine Epoxyverbindung;
eine oder mehr Arten von phenolischer Verbindungen, ausgewahlt aus der Gruppe bestehend aus einer durch
die allgemeine Formel (1) dargestellten Verbindung und einer durch die allgemeine Formel (2) dargestellten

Verbindung; und
eine anorganische Substanz,

OH
(OH)n1 /K A OH)2
SAr-LH 2 ag M
\

mil

worin in der allgemeinen Formel (1) m1 eine ganze Zahl von 0 oder grofier darstellt;

n1 und n2 jeweils unabhangig eine ganze Zahl von 2 oder grofier darstellen;

L' -C(R2)(R3)- oder -CO- darstellt;

L2 -C(R#)(R5)- oder -CO- darstellt;

Ar! und Ar2 jeweils unabhangig eine Benzolringgruppe oder eine Naphthalinringgruppe darstellen;

R und R8 jeweils unabhzngig ein Wasserstoffatom, ein Halogenatom, eine Carbons&uregruppe, eine Boron-
sauregruppe, eine Aldehydgruppe, eine Alkylgruppe, eine Alkoxygruppe oder eine Alkoxycarbonylgruppe dar-
stellen;

R2 bis RS jeweils unabhangig ein Wasserstoffatom, eine Hydroxylgruppe, ein Halogenatom, eine Carbonsé&u-
regruppe, eine Boronsauregruppe, eine Aldehydgruppe, eine Alkylgruppe, eine Alkoxygruppe oder eine Alko-
xycarbonylgruppe darstellen;

Q2 ein Wasserstpffatom, eine Alkylgruppe, eine Phenylgruppe, ein Halogenatom, eine Carbonsauregruppe,
eine Boronsauregruppe, eine Aldehydgruppe, eine Alkoxygruppe oder eine Alkoxycarbonylgruppe darstellt; und
wenn mehrere L2 und Q2 vorliegen, die mehreren L2 gleich oder voneinander verschieden sein kénnen und die
mehreren Q2 gleich oder voneinander verschieden sein kénnen, und
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wenn m1 0 darstellt, L -CH(OH)- oder -CO- darstellt; und

R?

(2)

worin in der allgemeinen Formel (2) m2 eine ganze Zahl von 0 oder grofRer darstellt;

n1 und n2 jeweils unabhangig eine ganze Zahl von 2 oder groRer darstellen;

R und R® jeweils unabhingig ein Wasserstoffatom, ein Halogenatom, eine Carbonséauregruppe, eine Boron-
sauregruppe, eine Aldehydgruppe, eine Alkylgruppe, eine Alkoxygruppe oder eine Alkoxycarbonylgruppe dar-
stellen;

R7 ein Wasserstoffatom oder eine Hydroxylgruppe darstellt;

QP ein Wasserstoffatom, eine Alkylgruppe, eine Phenylgruppe, ein Halogenatom, eine Carbonsauregruppe,
eine Boronsauregruppe, eine Aldehydgruppe, eine Alkoxygruppe oder eine Alkoxycarbonylgruppe darstellt; und
wenn mehrere R7 und QP vorliegen, die mehreren R” gleich oder voneinander verschieden sein kénnen und
die mehreren QP gleich oder voneinander verschieden sein kénnen.

2. Warmeleitfahiges Material-bildende Zusammensetzung gemaf Anspruch 1,
worin der Hydroxylgruppengehalt der phenolischen Verbindung 12,0 mmol/g oder mehr betragt.

3. Warmeleitfahiges Material-bildende Zusammensetzung gemafl Anspruch 1 oder 2,
worin as Molekulargewicht der phneolischen Verbindung 400 oder kleiner ist.

4. Warmeleitfahiges Material-bildende Zusammensetzung gemaR irgendeinem der Anspriiche 1 bis 3,
worin die Epoxyverbindung ein Biphenylgeriist aufweist.

5. Warmeleitfahiges Material-bildende Zusammensetzung gemaR irgendeinem der Anspriiche 1 bis 4,
worin die anorganische Substanz ein anorganisches Nitrid umfasst.

6. Warmeleitfahiges Material-bildende Zusammensetzung gemal Anspruch 5,
worin das anorgnaische Nitrid Bornitrid umfasst.

7. Warmeleitfahiges Material-bildende Zusammensetzung gemaR irgendeinem der Anspriiche 1 bis 6, ferner umfas-
send einen Oberflachenmodifizierer fir die anorganische Substanz.

8. Warmeleitfahiges Material-bildende Zusammensetzung gemafR Anspruch 7,
worin der Oberflachenmodifizierer ein kondensiertes Ringggerust oder ein TriazingerUst aufweist.

9. Warmeleitfahiges Material-bildende Zusammensetzung gemaR irgendeinem der Anspriiche 1 bis 8, ferner umfas-
send einen Hartungsbeschleuniger.

10. Warmeleitfahiges Material, erhalten durch Harten der warmeleitfahiges Material-bildenden Zusammensetzung ge-
maf irgendeinem der Anspriiche 1 bis 9.

11. Warmeleitfahiges Blatt, umfassend das warmeleitfahige Material gemaf Anspruch 10.
12. Vorrichtung mit einer warmeleitfahigen Schicht, umfassend:

eine Vorrichtung; und
eine warmeleitfahige Schicht, die auf der Vorrichtung angeordnet ist und das warmeleitfahige Blatt geman
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Anspruch 11 umfasst.
Warmeleitfahiges Material-bildende Zusammensetzung, umfassend:

eine phenolische Verbindung;

eine Epoxyverbindung; und

Bornitrid,

worin die phenolische Verbindung einen Hydroxylgruppengehalt von 10,5 mmol/g oder gréRer und eine Ad-
sorptionsmenge von 0,12 mg oder weniger in Bezug auf 1g des Bornitrids aufweist,

worin die Adsorptionsmenge wie in der Beschreibung beschrieben gemessen wird.

Warmeleitfahiges Material-bildende Zusammensetzung gemaf Anspruch 13,
worin der Hydroxylgruppengehalt 12,0 mmol/g oder gréRer ist.

Warmeleitfahiges Material-bildende Zusammensetzung gemaf Anspruch 13 oder 14,
worin die Adsorptionsmenge der phenolischen Verbindung 0,01 mg oder mehr, bezogen auf 1 g des Bornitrids,

betragt.

Warmeleitfahiges Material-bildende Zusammensetzung gemaR irgendeinem der Anspriiche 13 bis 15,
worin die Adsorptionsmenge der Epoxyverbindung 0,20 mm oder weniger betragt, bezogen auf 1 g des Bornitrids.

Warmeleitfahiges Material-bildende Zusammensetzung gemaR irgendeinem der Anspriiche 13 bis 16,
worin die Epoxyverbindung ein Biphenylgeriist aufweist.

Warmeleitfahiges Material-bildende Zusammensetzung gemaf irgendeinem der Anspriiche 13 bis 17, ferner um-
fassend einen Oberflachenmodifizierer fiir das Bornitird.

Warmeleitfahiges Material-bildende Zusammensetzung gemaf irgendeinem der Anspriiche 13 bis 18, ferner um-
fassend einen Hartungsbeschleuniger.

Warmeleitfahiges Material, erhalten durch Harten der warmeleitfahiges Material-bildenden Zusammensetzung ge-
maf irgendeinem der Anspriiche 13 bis 19.

Warmeleitfahiges Material gemafl Anspruch 20, das zu einer Blattform geformt ist.
Warmeleitfahiges Material gemal Anspruch 21,
worin das Dichteverhaltnis X, bestimmt durch den Ausdruck (1), 0,96 oder groRer ist
Dichteverhaltnis X = tatsachlich gemessene Dichte des warmeleitfahigen

Materials, bestimmt durch das Archimedes-Verfahren/theoretische Dichte Di des Ausdruck (1)
warmeleitfahigen Materials, bestimmt durch den Ausdruck (DI)

Ausdruck (DI)

Di = Df x VE/100 + Dr x Vr/100

worin im Ausdruck (DI) Di die Dichte eines theoretischen warmeleitfahigen Materials T bezeichnet, das aus
einer organischen nichtfliichtigen Komponente und einer anorganischen Substanz, die Bornitrid umfasst, be-
steht;

worin der Mengenanteil WF der anorganischen Substanz in dem warmeleitfahigen Material T gleich zur Menge
einer anorganischen Substanz in der warmeleitfahiges Material-bildenden Zusammensetzung ist, und der Men-
genanteil Wr der organischen nichtflichten Komponente in dem warmeleitfdhigen Material T gleich zu einem
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Wert ist, der durch Subtrahieren des Gehalts der anorganischen Substanz von einem Gehalt des Gesamtfest-
stoffgehalts in der warmeleitfahiges Material-bildenden Zusammensetzung erhalten wird;

Df die Dichte der anorganischen Substanz ist;

Dr die Dichte der organischen nichtfliichtigen Komponente ist und 1,2 g/cm3 ist;

Vf der prozentuale Volumenanteil eines Volumens der anorganischen Substanz in dem warmeleitfahigen Ma-
terial T am Volumen des warmeleitfahigen Materials T ist und ein Wertist, der durch den Ausdruck (Dll) bestimmt
ist; und

Ausdruck (DII)

vt = (wE/Df)/((WE/DEf) + (Wr/Dr)) x 100

worin Vr ein prozentualer Volumenanteil eines Volumens der organischen nichtflichtigen Komponente im war-
meleitfahigen Material T am Volumen des warmleitfahigen Materials T ist und ein Wert ist, der durch den
Ausdruck (DIll) bestimmt ist,

Ausdruck (DIII)

Vr = 100 - VE.

23. Warmeleitfahiges Blatt, umfassend das warmeleitfahige Material gemafl Anspruch 21 oder 22.
24. Vorrichtung mit einer warmeleitfahigen Schicht, umfassend:
eine Vorrichtung; und
eine warmeleitfahige Schicht, die auf der Vorrichtung angeordnet ist und das warmeleitfahige Blatt geman
Anspruch 23 umfasst.
Revendications
1. Composition pour la formation de matériaux thermoconducteurs comprenant :
un composeé époxy ;
un ou plusieurs types de composés phénoliques choisis dans le groupe constitué par un composé représenté

par la formule générale (1) et un composé représenté par la formule générale (2) ; et
une substance inorganique,

/

(OH 0" i ! AOH)nz

i Ar
R7 \ AN g
mi

dans la formule générale (1), m1 représente un nombre entier de 0 ou plus ;
n1 et n2 représentent chacun indépendamment un nombre entier de 2 ou plus ;
L' représente -C(R2)(R3)- ou -CO- ;

ASAN
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L2 représente -C(R4)(R5)- ou -CO- ;

Ar! et Ar2 représentent chacun indépendamment un groupe cyclique benzéne ou un groupe cyclique
naphtaléne ;

R1 et R8 représentent chacun indépendamment un atome d’hydrogéne, un atome d’halogéne, un groupe acide
carboxylique, un groupe acide boronique, un groupe aldéhyde, un groupe alkyle, un groupe alcoxy ou un groupe
alcoxycarbonyle ;

R2 a R5représentent chacun indépendamment un atome d’hydrogéne, un groupe hydroxyle, un atome d’haloge-
ne, un groupe acide carboxylique, un groupe acide boronique, un groupe aldéhyde, un groupe alkyle, un groupe
alcoxy ou un groupe alcoxycarbonyle ;

Qa2 représente un atome d’hydrogéne, un groupe alkyle, un groupe phényle, un atome d’halogéne, un groupe
acide carboxylique, un groupe acide boronique, un groupe aldéhyde, un groupe alcoxy ou un groupe
alcoxycarbonyle ; et

dans un cas ou il existe une pluralité de L2 et de Q?, la pluralité de L2 peuvent étre identiques les uns aux autres
ou différents les uns des autres et la pluralité de Q2 peuvent étre identiques les uns aux autres ou différents
les uns des autres, et

dans un cas ou m1 représente 0, L' représente -CH(OH)- ou -CO- ; et

R?

dans la formule générale (2), m2 représente un nombre entier de 0 ou plus ;

n1 et n2 représentent chacun indépendamment un nombre entier de 2 ou plus ;

R1 et R® représentent chacun indépendamment un atome d’hydrogéne, un atome d’halogéne, un groupe acide
carboxylique, un groupe acide boronique, un groupe aldéhyde, un groupe alkyle, un groupe alcoxy ou un groupe
alcoxycarbonyle ;

R7 représente un atome d’hydrogéne ou un groupe hydroxyle ;

QP représente un atome d’hydrogéne, un groupe alkyle, un groupe phényle, un atome d’halogéne, un groupe
acide carboxylique, un groupe acide boronique, un groupe aldéhyde, un groupe alcoxy ou un groupe
alcoxycarbonyle ; et

dans un cas ou il existe une pluralité de R7 et de Qb, la pluralité de R7 peuvent étre identiques les uns aux
autres ou différents les uns des autres et la pluralité de QP peuvent étre identiques les uns aux autres ou
différents les uns des autres.

Composition pour la formation de matériaux thermoconducteurs selon la revendication 1,
dans laquelle une teneur en groupe hydroxyle du composé phénolique est de 12,0 mmol/g ou plus.

Composition pour la formation de matériaux thermoconducteurs selon la revendication 1 ou la revendication 2,
dans laquelle un poids moléculaire du composé phénolique est de 400 ou moins.

Composition pour la formation de matériaux thermoconducteurs selon I'une quelconque des revendications 1 a 3,
dans laquelle le composé époxy a un squelette biphényle.

Composition pour la formation de matériaux thermoconducteurs selon I'une quelconque des revendications 1 a 4,
dans laquelle la substance inorganique inclut un nitrure inorganique.

Composition pour la formation de matériaux thermoconducteurs selon la revendication 5,
dans laquelle le nitrure inorganique inclut du nitrure de bore.

Composition pour la formation de matériaux thermoconducteurs selon I'une quelconque des revendications 1 a 6,

93



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

EP 3 858 885 B1
comprenant en outre un modificateur de surface pour la substance inorganique.

Composition pour la formation de matériaux thermoconducteurs selon la revendication 7,
dans laquelle le modificateur de surface a un squelette a cycle fusionné ou un squelette triazine.

Composition pour la formation de matériaux thermoconducteurs selon I'une quelconque des revendications 1 a 8,
comprenant en outre un accélérateur de durcissement.

Matériau thermoconducteur obtenu par durcissement de la composition pour la formation de matériaux thermocon-
ducteurs selon I'une quelconque des revendications 1 a 9.

Feuille thermoconductrice constituée du matériau thermoconducteur selon la revendication 10.
Dispositif doté d’'une couche thermoconductrice comprenant :
un dispositif ; et
une couche thermoconductrice qui est disposée sur le dispositif et inclut la feuille thermoconductrice selon la
revendication 11.
Composition pour la formation de matériaux thermoconducteurs comprenant :
un composé phénolique ;
un composé époxy ; et
du nitrure de bore,
dans laquelle le composé phénolique a une teneur en groupe hydroxyle de 10,5 mmol/g ou plus, et une quantité
d’adsorption de 0,12 mg ou moins par rapport a 1 g du nitrure de bore,

dans laquelle la quantité d’adsorption est mesurée comme décrit dans la description.

Composition pour la formation de matériaux thermoconducteurs selon la revendication 13,
dans laquelle la teneur en groupe hydroxyle est de 12,0 mmol/g ou plus.

Composition pour la formation de matériaux thermoconducteurs selon la revendication 13 ou la revendication 14,
dans laquelle la quantité d’adsorption du composé phénolique est de 0,01 mg ou plus par rapport a 1 g de nitrure
de bore.

Composition pour la formation de matériaux thermoconducteurs selon I'une quelconque des revendications 13 a 15,
dans laquelle une quantité d’adsorption du composé époxy est de 0,20 mg ou moins par rapport a 1 g du nitrure

de bore.

Composition pour la formation de matériaux thermoconducteurs selon I'une quelconque des revendications 13 a 16,
dans laquelle le composé époxy a un squelette biphényle.

Composition pour la formation de matériaux thermoconducteurs selon 'une quelconque des revendications 13 a
17, comprenant en outre un modificateur de surface pour le nitrure de bore.

Composition pour la formation de matériaux thermoconducteurs selon 'une quelconque des revendications 13 a
18, comprenant en outre un accélérateur de durcissement.

Matériau thermoconducteur obtenu par durcissement de la composition pour la formation de matériaux thermocon-
ducteurs selon I'une quelconque des revendications 13 a 19.

Matériau thermoconducteur selon la revendication 20, qui est moulé en une forme de feuille.
Matériau thermoconducteur selon la revendication 21,
dans lequel un rapport de densité X déterminé a partir de I'expression (1) est de 0,96 ou plus, Expression (1)

Rapport de densité X = densité réellement mesurée du matériau thermoconducteur déterminée par le procédé
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d’Archiméde/densité théorique Di du matériau thermoconducteur déterminée par I'expression (DI)

Expression (DI)
Di = Df x Vf/100 + Dr x Vr/100

dans I'expression (Dl), Di désigne une densité d’'un matériau thermoconducteur théorique T qui est constitué
d’'un composant non volatil organique et d’'une substance inorganique incluant du nitrure de bore ;

une masse de teneur Wf de la substance inorganique dans le matériau thermoconducteur T est égale a une
teneur d’une substance inorganique dans la composition pour la formation de matériaux thermoconducteurs,

et une masse de teneur Wr du composant non volatil organique dans le matériau thermoconducteur T est égale a
une valeur obtenue en soustrayant la teneur de la substance inorganique d’une teneur d’'une teneur solide totale
dans la composition pour la formation de matériaux thermoconducteurs ;

Df est une densité de la substance inorganique ;

Dr est une densité du composant non volatil organique et est de 1,2 g/cm3 ;

Vfest un pourcentage volumique d’'un volume de la substance inorganique dans le matériau thermoconducteur
T parrapport a un volume du matériau thermoconducteur T et est une valeur déterminée par I'expression (DII) ; et

Expression (DII)
VFf = (WF/Df)/(WF/Df) + (Wr/Dr)) x 100

Vf est un pourcentage volumique d’un volume du composant non volatil organique dans le matériau thermo-
conducteur T par rapport au volume du matériau thermoconducteur T et est une valeur déterminée par I'ex-
pression (DIII),

Expression (DlIII)
Vr =100 - Vf

23. Feuille thermoconductrice comprenant le matériau thermoconducteur selon la revendication 21 ou la revendication

24. Dispositif doté d’'une couche thermoconductrice comprenant :

un dispositif ; et
une couche thermoconductrice qui est disposée sur le dispositif et inclut la feuille thermoconductrice selon la
revendication 23.
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