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(57) Abstract: The present invention relates to a curable silicone composition comprising: (A) an organopolysiloxane represented by
the average unit formula: (R'R2Si022)a(R*Si032)s(XO12)., wherein Rlis an alkyl group having from 1 to 12 carbon atoms, an alkenyl
group having from 2 to 12 carbon atoms, or a phenyl group; R? is an alkyl group having from 1 to 12 carbon atoms, an alkenyl group
having from 2 to 12 carbon atoms, a phenyl group, or an epoxy group-containing organic group, provided that at least one R* in a
molecule is the epoxy group-containing organic group; R* is a condensed polycyclic aromatic group or a condensed polycyclic aro-
matic group-containing organic group; X is an alkyl group having from 1 to 3 carbon atoms or a hydrogen atom, a is a number from
0.20 t0 0.60, b is a number from 0.40 to 0.80, a sum of @ and b is 1.00, and ¢ is a number from 0 to 0.5; (B) a curing agent; and (C) a
curing accelerator. The curable silicone composition forms a cured product having a high refractive index and an adequate elastic
modulus.
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DESCRIPTION

CURABLE SILICONE COMPOSITION, CURED PRODUCT THEREOF,
AND OPTICAL SEMICONDUCTOR DEVICE

Technical Field

[0001] The present invention relates to a curable silicone composition, a cured product
thereof, and an optical semiconductor device.
[0002] Priority is claimed on Japanese Patent Application No. 2013-043001, filed on

March 5, 2013, the content of which is incorporated herein by reference.

Background Art

[0003] Curable silicone compositions are used as sealing agents for LEDs, raw
materials for lenses, and the like due to their excellence in transparency and heat
resistance. Organopolysiloxanes, which are the main component of the curable silicone
composition, comprise any combination of siloxane units (M units) represented by the
general formula: R3SiO, siloxane units (D units) represented by the general formula:
R,Si0,p, siloxane units (T units) represented by the géneral formula: RSi103,,, and siloxane
units (Q units) represented by the formula: SiO4p, (in the formulas, R are the same or
different monovalent hydrocarbon groups). To increase fhe high refractive index of an
organopolysiloxane even higher, it is known that a condensed polycyclic aromatic group
suchas a naphthyln group or a condensed polycyclic aromatic group-containing organic
group such as a naphthyl ethyl group is introduced as an organic group in the molecular
chain. Itis also known that an epoxy group-containing organic group is introduced as
another organic functional group (see Patent Documents 1 and 2).

[0004] For example, Patent Document 1 discloses hydrolyzing and condensation
reacting di(1-naphthyl)dimethoxysilane or 1-naphthyl methyldimethoxysilane, and 3-
glycidoxyproijyl trimethoxysilane or 3-glycidoxypropyl methyldimethoxysilane. In
addition, Patent Document 2 discloses hydrolyzing and condensation reacting 9-
phenanthrene triethoxysilane, 3-glycidoxypropyl trimethoxysilane, and methyl
triethoxysilane, and hydrolyzing and condensation reacting 1-naphthyl triethoxysilane, 3-
glycidoxypropyl trimethoxysilane, and triethoxysilane.

[0005] However, the organopolysiloxane prepared in Patent Document 1 contains a
condensed polycyclic aromatic group such as a naphthyl group in a D unit, and an epoxy

group-containing organic group in another D unit or in a T unit. Such an
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organopolysiloxane has a large degree of molecular weight dispersity, and there is a
problem that a cured product obtained by curing this organopolysiloxane has significantly
low elastic modulus.

[0006] On the other hand, the organopolysiloxane prepared in Patent Document 2
contains a condensed pdlycyclic aromatic group such as a naphthyl group in a T unit, and
an epoxy group-contain}ng organic group in another T unit. ~ Although such an
organopolysiloxane has a small degree of molecular weight dispersity, there is a problem
that a cured product obtained by curing this organopolysiloxane has significantly high

elastic modulus.

Prior Art Documents

Patent Documents

[0007] .

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2010-
007057A

Patent Document 2: Japanese Unexamined Patent Application Publication (Translation of

PCT Application) No. 2011-504958A

Summary of Invention’
Technical Problem

[0008] An object of the present invention is to provide a curable silicone composition

that forms a cured product that is transparent and has a high refractive indéx and an
adequate elastic modulus. Another object of the present invention is to provide a cured
product that is transparent and has a high refractive index and an adequate elastic modulus.
Yet another object of the present invention is to provide an optical semiconductor device

with excellent reliability.

Solution to Problem

[0009] The curable silicone composition of the present invention comprises:

(A) an organopolysiloxane represented by the following average unit formula:
(R'R*Si021), (R*Si03) (XO112)e

wherein R' is an alkyl group having from 1 to 12 carbon atoms, an alkenyl group having

from 2 to 12 carbon atoms, or a phenyl gréup; R?is an alkyl group having from 1 to 12

carbon atoms, an alkenyl group having from 2 to 12 carbon atoms, a phenyl group, or an

€poXy group-containing organic group, provided that at least one R? in a molecule is the
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epoxy group-containing organic group; R? is a condensed polycyclic aromatic group or a
condensed polycyclic aromatic group-containing organic group; X is an alkyl group having
from 1 to 3 carbon atoms or a hydrogen atom; a is a number from 0.20 to 0.60, b is a
number from 0.40 to 0.80, a sum of a and b is 1.00, and ¢ is a number from 0 to 0.5;

(B) a curing agent; and

(C) a curing accelerator.

[0010]  In the formula for component (A), the epoxy group-containing organic group for
R?is preferably a glycidoxyalkyl group, an epoxycyclohexyl alkyl group, or an
oxiranylalkyl group, and R is preferably a naphthyl group or a naphthyl ethyl group.
Furthermore, relative to all of R' and R? in a molecule, at least 10 mol% is preferably
€poXy group-containing organic groups.

[0011]  In addition, the cured product of the present invention is produced by curing the
composition described above.

[0012]  Furthermore, the optical semiconductor device of the present invention is
formed by covering or sealing an optical semiconductor element with the composition

described above.

Effects of Invention

[0013] The curable silicone composition of the present invention is characterized by
forming a cured product that is transparent and has a high refractive index and an adequate
elastic modulus.  Also, the cured product of the present invention is characterized by
being transparent and having a high refractive index and an adequate elastic modulus.
Furthermore, the optical semiconductor device of the present invention is characterized by

having excellent reliability.

Brief Description of the Drawings

[0014]

FIG. 1 is a cross-sectional view of an LED that is an example of an optical semiconductor

device of the present invention.

FIG. 2 is a cross-sectional view of a lens that is an example of a cured product of the

present invention.

Detailed Description of the Invention

[0015] First, the curable silicone composition of the present invention will be

described in detail.
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[0016] Component (A) is an organopolysiloxane represented by the following average

unit formula:
(R'R?Si0,p), (R’SiO31)p (XO1)..

[0017] In the formula, R! is an alkyl group having from 1 to 12 carbon atoms, an
alkenyl group having from 2 to 12 carbon atoms, or a phenyl group. Examples of the
alkyl group for R include a methyl group, an ethyl group, a propyl group, a butyl group, a
cyclohexyl group, a cyclopentyl group, and a cyclooctyl group.  Of these, a methyl group
is preferable. Examples of the alkenyl group for R' include a vinyl group, an allyl group,
and a butenyl group. Of these, a vinyl group is preferable.

[0018] In the formula, R? is an alkyl group having from 1 to 12 carbon atoms, an
alkenyl group having from 2 to 12 carbon atoms, a phenyl group, or an epoxy group-
containing organic group. Examples of the alky! group for R? include the same groups
described forR!. Of these, a methyl group is preferable. Examples of the alkenyl group
for R? include the same groups described for R!,  Of these, a vinyl group is preferable.
Examples of the epoxy group-containing organic group for R? include glycidoxyalkyl
groups such as a 2-glycidoxyethyl group, a 3-glycidoxypropyl group, and a 4-
glycidoxybutyl group; epoxycycloalkylalkyl groups such as a 2-(3,4-epoxycyclohexyl)
ethyl group, a 3-(3,4-epoxycyclohexyl)propyl group, a 2-(3,4-epoxynorbornyl)ethyl group,.
and a 2-(3,4-epoxy-3-methylcyclohexyl)-2-methylethyl group; and oxiranylalkyl groups
such as a 4-oxiranylbutyl group and an 8-oxiranyloctyl group. Of these, a glycidoxyalkyl
group is preferable, and a 3-glycidoxypropyl group is particularly preferable. Note that,
in a molecule, at least one, or preferably at least two, R? are €poxy group-containing
organic groups. In particular, because the curability of the curable silicone composition
of the present invention is good, in component (A), the proportion of the epoxy group-

containing organic groups relative to all of R' and R? in a molecule is preferably at least 10

- mol%, and more preferably at least 15 mol%.

[0019] In the formula, R? is a condensed polycyclic aromatic group or a condensed
polycyclic aromatic group-containing organic group. Examples of the condensed
polycyclic aromatic group for R® include a naphthyl group, an anthracehyl group, a
phenanthryl group, a pyrenyl group, and such condensed polycyclic aromatic groups where
a hydrogen atom is replaced by an alkyl group such as a methyl group or an ethyl group;
by an alkoxy group such as a methoxy group or an ethoxy group; or by a halogen atom

such as a chlorine atom or a bromine atom.  Of these, a naphthyl group is preferable.
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Examples of the condensed polycyclic aromatic group-containing organic group for R>
include condensed polycyclic aromatic group-containing alkyl groups such as a naphthyl
ethyl group, a naphthyl propyl group, an anthracenyl ethyl group, a phenanthryl ethyl
group, and a pyrenyl ethyl group; and such condensed polycyclic aromatic groups where a
hydrogen atom is replaced by an alkyl group such as a methyl group or an ethyl group; by
an alkoxy group such as a methoxy group or an ethoxy group; or by a halogen atom such
as a chlorine atom or a bromine atom. The condensed polycyclic aromatic group-
containing organic group for R is preferably the condensed polycyclic aromatic group-
containing alkyl groups, and particularly preferably a naphthyl ethyl group. An
organopolysiloxane containing a condensed polycyclic aromatic group-containing alkyl
group as R? has relatively low viscosity, and thus the viscosity of the present composition
can be lowered.

[0020] In the formula, X is an alkyl group having from 1 to 3 carbon atoms or a
hydrogen atom. Examples of the alkyl group for X include a methyl group, an ethyl
group, and a propyl group. ~ Of these, a methyl group is preferable.

[0021] In the formula, a indicates a proportion of D units and is a number from 0.20 to
0.60, and b indicates a proportion of T units and is a number from 0.40 to 0.80. Note that
the sum of a and b is 1.00. This is because, when the value of a is greater than or equal to
the lower limit of the range described above, the cured product obtained by curing the
present composition will exhibit a good elastic modulus, and when the value of a is less
than or equal to the upper limit of the range described above, the cured product obtained by
curing the present composition will exhibit a high refractive index.

[0022] In the formula, ¢ indicates a proportion of a unit represented by the formula:
X0y, that is formed in the course of manufacturing component (A), and is a number from
0to 0.5. This is because when the value of ¢ is less than or equal to the upper limit of the
range described above, stability of component (A) itself will be enhanced. The above
units are preferably contained in the present composition because the adhesive properties
of the present composition will be enhanced, and/or the bonding properties toward
substrates of the cured product obtained by curing the present composition will be
enhanced.

[0023] The molecular weight of component (A) is not particularly limited, but from
the perspectives of excellent handling/workability and the like of the present composition,

the weight average molecular weight in terms of standard polystyrene, as measured by gel
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permeation chromatography, is preferably in a range of 400 to 5,000, more preferably in a
range of 500 to 3,000, and particularly preferably in a range of 1,000 to 2,000. A form of
component (A) at 25°C is not particularly limited, and examples of the form include ojl-
like, paste-like, resin-like, gum-like, and solid (powder).
[0024] Furthermore, the refractive index at 25°C and at a wavelength of 632.8 nm of
component (A) is preferably greater than or equal to 1.50, and particularly preferably
greater than or equal to 1.53. »
[0025] The method for manufacturing such an organopolysiloxane for component (A)
is a method comprising a step of, in the presence of an acid or an alkali, hydrolyzing and
condensation reacting:
a silane compound represented by the following general formula (I);

R'R*SiY,
wherein R! is an alkyl group having from 1 to 12 carbon atoms, an alkenyl group having
from 2 to 12 carbon atoms, or a phenyl group; R* is an €poxy group-containing organic
group; and Y is a hydrolysable group; and/or '

a siloxane compound represented by the following general formula (II):
HO(R'R*Si0),H
wherein R' and R* are synonymous with those described above, and m is an integer from 1
to 100; and
optionally, a silane compound represented by the following general formula (III):
R';SiY,
wherein R' and Y are synonymous with those described above; and/or
a siloxane compound represented by the following general formula (IV):
HO(R',Si0),H
wherein R' is synonymous with those described above, and n is an integer from 1 to 100;
with a silane compound represented by the following general formula (V):
RSiY; |
wherein R? is a condensed polycyclic aromatic group or a condensed polycyclic aromatic
group-containing organic group, and Y is synonymous with those described above.

[0026] The silane compound represented by the following general formula (I);
R'R'SiY,
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is a raw material for introducing a D unit having an €poxy group-containing organic group
to the organopolysiloxane for component (A).
[0027] In the formula, R' is an alkyl group having from 1 to 12 carbon atoms, an
alkenyl group having from 2 to 12 carbon atoms, or a phenyl group, and examples thereof
are synonymous with the groups described above. Of these, a methyl group is preferable.
[0028] In the formula, R* is an €poXy group-containing organic group, and examples
thereof include glycidoxyalkyl groups such as a 2-glycidoxyethyl group, a 3-
glycidoxypropyl group, and a 4-glycidoxybutyl group; epoxycycloalkylalkyl groups such
as a 2-(3,4-epoxycyclohexyl)ethyl group, a 3-(3,4-epoxycyclohexyl)propyl group, a 2-(3,4-
epoxynorbornyl)ethyl group, and a 2-(3,4-epoxy-3-methylcyclohexyl)-2-methylethyl
group; and oxiranylalkyl groups such as a 4-oxiranylbutyl group and an 8-oxiranyloctyl
group. Of these, a glycidoxyalkyl group is preferable, and a 3-glycidoxypropyl group is
particularly preferable.
[0029] In the formula, Y is a hydrolysable group, and examples thereof include an
alkoxy group, an acyloxy group, and a halogen atom. Examples of the alkoxy group for
Y include a methoxy group, an ethoxy group, and a propoxy group. Examples of the
acyloxy group for Y include an acetoxy group. Examples of the halogen atom for Y
include a chlorine atom and a bromine atom.
[0030] Examples of such a silane compound include 3-glycidoxypropyl
methyldimethoxysilane, 3-glycidoxypropyl methyldiethoxysilane, 3-glycidoxypropyl
ethyldimethoxysilane, 2-(3,4-epoxycyclohexyl)ethylmethyldimethoxysilane, 2-(3,4-
epoxycyclohexyl)ethylmethyldiethoxysilane, 4-oxiranylbutyl methyldimethoxysilane, 8-
oxiranyloctyl methyldimethoxysilane, 3-glycidoxypropyl methyldiacetoxysilane, 3-
glycidoxypropyl ethyldiacetoxysilane, 2-(3,4-epoxycyclohexyl)ethylmethyl
diacetoxysilane, 3-glycidoxypropyl methyldichlorosilane,. 3-glycidoxypropyl
ethyldichlorosilane, and 2-(3,4-epoxycyclohexyl)ethylmethyl dichlorosilane.
[0031] The siloxane compound represented by the following general formula (I1):
HO(R'R’Si0),,H
is also a raw material for introducing a D unit having an epoxy group-containing organic
group to the organopolysiloxane for component (A).
[0032] In the formula, R' is an alkyl group having from 1 to 12 carbon atoms, an
alkenyl group having from 2 to 12 carbon atoms, or a phenyl group, and examples thereof

are synonymous with the groups described above. Of these, a methyl group is preferable.
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Also, in the formula, R* is an €poxy group-containing organic group, and examples thereof

are synonymous with the groups described above. Of these, a glycidoxyalkyl group is

preferable, and particularly a 3-glycidoxypropyl group is preferable. Also, in the formula,

m is an integer from 1 to 100, preferably an integer from 1 to 50, and particularly

preferably an integer from 1 to 20. |

[0033] The silane compound represented by the following general formula (I1I):
R';SiY, |

is an optional raw material for introducing a D unit that is free of an €poXy group-

containing organic group to the organopolysiloxane for component (A).

[0034] In the formula, R' is an alkyl group having from 1 to 12 carbon atoms, an

alkenyl group having from 2 to 12 carbon atoms, or a phenyl group, and examples thereof

are synonymous with the groups described above. Of these, a methyl group is preferable.

Also, Y is a hydrolysable group, and examples thereof are synonymous with the groups

described above.

[0035] Examples of such a silane compound include dimethyldimethoxysilane,

dimethyldiethoxysilane, methylphenyldimethoxysilane, methylphenyldiethoxysilane,

methylethyldimethoxysilane, ethylphenyldimethoxysilane, diphenyldimethoxysilane,

diphenyldiethoxysilane, dimethyldiacetoxysilane, methylphenyldiacetoxysilane,

ethylphenyldiacetoxysilane, diphenyldiacetoxysilane, dimethyldichlorosilane,

methylphenyldichlorosilane, and diphenyldichlorosilane.

[0036] The siloxane compound represented by the following general formula (IV):
HO(R',Si0)H

is also an optional raw material for introducing a D unit that is free of an €poxy group-

containing organic group to the organopolysiloxane for component (A).

[0037] In the formula, R' is an alkyl group having from 1 to 12 carbon atoms, an

alkenyl group having from 2 to 12 carbon atoms, or a phenyl group, and examples thereof

are synonymous with the groups described above. Of these, a methyl group is preferable.

Also, in the formula, n is an integer from 1 to 100, preferably an integer from 1 to 50, and

particularly preferably an integer from 1 to 20.

[0038] The silane compound represented by the following general formula (V):

R3SiY;
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1s a raw material for introducing a T unit having a condensed polycyclic aromatic group or
a condensed polycyclic aromatic group-containing organic group to the
organopolysiloxane for component (A).

[0039] In the formula, R? is a condensed polycyclic aromatic group or a condensed
polycyclic aromatic group-containing organic group, and examples thereof are
synonymous with. the groups described above.  Of these, a naphthyl group and a naphthyl
ethyl group are preferable. ~ Also, in the formula, Y is a hydrolysable group, and examples
thereof are synonymous with the groups described above.

[0040] Examples of such a silane compound include naphthyltrimethoxysilane,
anthracenyl trimethoxysilane, phenanthryl trimethoxysilane, pyrenyl trimethoxysilane,
naphthyl triethoxysilane, anthracenyl triethoxysilane, phenanthryl triethoxysilane, pyrenyl
triethoxysilane, naphthyl ethyl trimethoxysilane, naphthyl propyl trimethoxysilane,
anthracenyl ethyl trimethoxysilane, naphthy! triacetoxysilane, anthracenyl triacetoxysilane,
phenanthryl triacetoxysilane, pyrenyl triacetoxysilane, naphthyl trichlorosilane,
anthracenyl trichlorosilane, phenanthryl trichlorosilane, and pyrenyl trichlorosilane.

[0041] The manufacturing method described above is characterized by, in the presence
of an acid or an alkali, hydrolyzing and condensation reacting the silane compound
represented by the general formula (I) and/or the siloxane compound represented by the
general formula (II), and optionally, the silane compound represented by the general
formula (III) and/or the siloxane compound represented by the general formula (IV), with
the silane compound represented by the general formula (V).

[0042] In the manufacturing method described above, the compounding amount of
each of the raw materials is such that the proportion of the D unit introduced to the
organopolysiloxane for component (A) (by using the silane compound represented by the
general formula (I) and/or the siloxane compound represented by the general formula (II),
and optionally, the silane compound represented by the general formula (III) and/or the
siloxane compound represented by the general formula (IV) as raw materials) will be a
number from 0.20 to 0.60, and that the proportion of the T unit introduced to the resulting
organopolysiloxane for component (A) (by using the silane compound represented by the
general formula (V) as a raw material) will be a number from 0.40 to 0.80.

[0043] Furthermore, the proportion of the silane compound represented by the general
formula (I) or the siloxane compound represented by the general formula (II), and the

optionally used silane compound represented by the general formula (III) or siloxane



10

15

20

25

30

WO 2014/136805 PCT/JP2014/055529

10

compound represented by the general formula (IV), for introducing the siloxane of the D
unit, is not particularly limited. However, from the perspective of the curability of the
present composition being good, the proportion of these compounds are at an amount
where the proportion of R* to all of R! and R* will be preferably at least 10 mol%, and
more preferably will be at least 15 mol%. _

[0044] Examples of the acid that can be used in the manufacturing method described
above include hydrochloric acid, acetic acid, formic acid, nitric acid, oxalic acid, sulfuric
acid, phosphoric acid, polyphosphoric acid, pblycarboxylic acid, trifluoromethane sulfonic
acid, and ion exchange resins. Furthermore, examples of the alkali that can be used in the
manufacturing method described above include inorganic alkalis such as potassium
hydroxide and sodium hydroxide; and organic base compounds such as triethylamine,
diethylamine, monoethanolamine, diethanolamine, triethanolamine, ammonia water,
tetramethylammonium hydroxide, alkoxysilanes having an amino group, and
aminopropyltrimethoxysilane.

[0045] In the manufacturing method described above, an organic solvent may be used.
Examples of the organic solvent include ethers, ketones, acetates, aromatic or aliphatic
hydrocarbons, and 3-butyrolactone; and mixtures of two or more types of such solvents.
Specifically, the organic solvents are exemplified by propylene glycol monomethyl ether,
propylene glycol monomethy! ether acetate, propylene glycol monoethyl ether, propylene
glycol monopropyl ether, propylene glycol monobutyl ether, propylene glycol mono-t-
butyl ether, 3-butyrolactone, toluene, and xylene.

[0046] In order to accelerate the hydrolysis and condensation reaction of each of the
components in the manufacturing method described above, water or a mixed solution of
water and an alcohol is preferably added. Preferred examples of the alcohol include
methanol and ethanol.  If an organic solvent is used and this reaction is accelerated by
heating, the reaction is preferably performed at the reflux temperature of the organic
solvent.

[0047] Component (B) is a curing agent of the present composition, and the curing
agent is not particularly limited as long as the curing agent reacts with an epoxy group in
component (A) to cure the present composition. Examples of component (B) include
phenol resins such as bisphenol A, bisphenol F, bisphenol AD, bisphenol S, tetramethyl
bisphenol A, tetramethyl bisphenol F, tetramethyl bisphenol AD, tetramethyl bisphenol S,
tetrabromo bisphenol A, tetrachloro bisphenol A, tetrafluoro bisphenol A, biphenol,
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dihydroxynaphthalene, 1,1,1 -tris(4-hydroxyphenyl)methane, 4,4-(1-(4-(1-(4-
hydroxyphenyl)-1-methylethyl)phenyl)ethylidene)bisphenol, phenol novolac, cresol
novolac, bisphenol A novolac, bromophenol novolac, and bromo bisphenol A novolac;
polyols that have hydrogenated aromatic rings of these phenol resins; alicyclic acid
anhydrides such as polyazelaic anhydride, methyltetrahydrophthalic anhydride, |
tetrahydrophthalic anhydride, methylhexahydrophthalic anhydride, hexahydrophthalic
anhydride, 5-norbornen-2,3-dicarboxylic acid anhydride, norbornan-2,3-dicarboxylic acid
anhydride, methyl-5-norbornen-2,3-dicarboxylic acid anhydride, methyl-norbornan-2,3-
dicarboxylic acid anhydride, cyclohexan-1,2,3-tricarboxylic acid-1,2 anhydride, and
cyclohexan-1,2,4-tricarboxylic acid-1,2 anhydride; alkyl-substituted glutaric acid
anhydrides such as 3-alkyl glutaric acid anhydride that may be branched and contains an
alkyl group having from 1 to 8 carbon atoms (e.g. 3-methyl glutaric acid anhydride), 2,3-
dialkyl glutaric acid anhydride that may be branched and contains an alkyl group having
from 1 to 8 carbons (e.g. 2-ethyl-3-propyl glutaric acid anhydride), and 2,4-dialkyl glutaric
acid anhydride that may be branched and contains an alkyl group having from 1 to 8
carbon atoms (e.g. 2,4-diethyl glutaric acid anhydride and 2,4-dimethyl glutaric acid
anhydride); aromatic acid anhydrides such as phthalic anhydride, trimellitic anhydride, and
pyromellitic anhydride; and a mixture of two or more of these. In particular, component
(B) 1s preferably an acid anhydride such as alicyclic acid anhydride, alkyl-substituted
glutaric acid anhydride, or aromatic acid anhydride; more preferably alicyclic acid
anhydride or alkyl-substituted glutaric acid anhydride; and particularly preferably
methylhexahydrophthalic anhydride, hexahydrophthalic anhydride, norbornan-2,3-
dicarboxylic acid anhydride, methyl-norbornan-2,3-dicarboxylic acid anhydride,
cyclohexane-1,2,3-tricarboxylic acid-1,2 anhydride, cyclohexane-1,2,4-tricarboxylic acid-
1,2 anhydride, or 2,4-diethyl glutaric acid anhydride. When the acid anhydride-based
curing agent is used as component (B), the refractive index of the cured product obtained
by curing the present composition will be easily controlled.

[0048] Although the content of component (B) is not particularly limited, the content
is preferably greater than or equal to 1 part by weight, more preferably greater than or
equal to 5 parts by weight, and particularly preferably greater than or equal to 20 parts by
weight, while the content is preferably less than or equal to 200 parts by weight, and
particularly preferably less than or equal to 160 parts by weight, per 100 parts by weight of

component (A), due to the capability of sufficiently curing the present composition,



10

15

20

25

30

WO 2014/136805 PCT/JP2014/055529

12

imparting the cured product obtained by curing the present composition excellent heat
resistance and light resistance, and lowering the moisture permeability of the cured
product.

[0049] Component (C) is a curing accelerator for accelerating the curing of the present
composition. Examples of component (C) include aliphatic amines such as ethylene
diamine, triethylene pentamine, hexamethylene diamine, dimer acid-modified
ethylenediamine, N-ethylamino piperazine, and isophoronediamine; aromatic amines such
as m-phenylenediamine, p-phenylenediamine, 3,3'-diaminodiphenyl sulfone, 4,4'-
diaminodiphenyl sulfone, 4,4'-diaminodiphenylmethane, and 4,4'-diaminodiphenylether;
imidazoles such as 2-methylimidazole, 2-ethyl-4-methylimidazole, 2-phenylimidazole, and
2-phenyl-4-methylimidazole; tertiary amines such as dimethyl benzylamine 1,8-
diazabicyclo[5,4,0Jundec-7-ene, and the salts thereof; phosphines such as
triphenylphosphine; phosphonium salts such as triphenyl phosphonium bromide and
methyltributyl phosphonium dimethylphosphate; aminotriazole; tin compounds such as tin
octylate and dibutyltin dilaurate; zinc compounds such as zinc octylate; and acetyl |
acetonates of metals such as aluminum, chromium, cobalt, and zirconium; and a mixture of
two or more of these.

[0050] Although the content of component (C) is not particularly limited, the content
is preferably greater than or equal to 0.01 parts by weight, and particularly preferably
greater than or equal to 0.1 parts by weight, while the content is preferably less than or
equal to 5 parts by weight, per 100 parts by weight of component (A), from the
perspectives of sufficiently accelerating curing of the present composition, suppressing
coloration of the cured product obtained by curing the present composition, and imparting
excellent heat resistance and light resistance to the cured product.

[0051] Furthermore, from the perspective of enhancing the light resistance and heat
resistance of the resulting cured product, epoxy compounds such as 3',4'-
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate, bis(3,4-
epoxycyclohexylmethyl)adipate, vinylcyclohexene dioxide, and hydrogenated bisphenol A
diglycidylether may be compounded in the present composition.

[0052] Although the content of the epoxy compound is not particularly limited, the
content is preferably less than or equal to 200 parts by weight, and particularly preferably
less than or equal to 100 parts by weight, per 100 parts by weight of component (A).
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[0053] The present composition may further contain an antioxidant from the
perspective of being able to suppress coloration of the cured product even when the cured
product is exposed to a high temperature environment for a long time.  As the antioxidant,
known antioxidants including hindered phenol type antioxidants such as 2,6-tert-butyl-p-
cresol, butylated hydroxyanisole, 2,6-tert-butyl-p-ethylphenol, stearyl-B-(3,5-di-tert-butyl-
4-hydroxyphenyl)propionate, 2,2-methylene bis(4-methyl-6-tert-butylphenol), 2,2-
methylene bis(4-ethyl-6-tert-butylphenol), 4,4'-thiobis(3-methyl-6-tert-butylphenol), 1,1,3-
tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane, 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-
butyl-4-hydroxybenzyl)benzene, and tetrakis[methylene-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate]methane; thioether compound type antioxidants such as dilauryl
3,3-thiodipropionate, dimyristyl 3,3 -thiodipropionate, distearyl 3,3’-thiodipropionate, and
pentaerythrityltetrakis(3-laurylthiopropionate); phosphorus atom-containing antioxidants
such as triphenylphosphate, 9,10-dihydro-9-oxa-10—phosphaphenanthrene-10-oxide, 10-
(3,5-di-tert-butyl 4-hydroxybenzyl)-9,10-dihydro-9-oxa-1 0-phosphaphenanthrene-10-
oxide, and 10-decyloxy-9,10-dihydr0-9-oxa—10-phosphaphenanthrene-10-oxide; and the
like can be used alone or in a combination of two or more.

[0054] Although the content of the antioxidant is not particularly limited, the content
is preferably greater than or equal to 0.01 parts by weight, and particularly preferably
greater than or equal to 0.05 parts by weight, while the content is preferably less than or
equal to 10.0 parts by weight, and particularly preferably less than or equal to 5.0 parts by
weight, per 100 parts by weight of the component (A), from the perspectives of sufficiently
suppressing coloration of the cured product and not lowering the light resistance of the
cured product even when the cured product is exposed to a high temperature environment
for a long time.

[0055] When the present composition is used as a sealing agent for an optical
semiconductor element, from the perspectives of increasing the refractive index of the
cured product and imparting excellent light extraction properties to optical semiconductor
elements such as LEDs, the present composition preferably comprises microparticles
containing a metal element such as Al, In, Ge, Sn, Ti, Zr, and Hf. In particular, from the
perspectives of excellence in enhancing the refractive index and excellence in optical
transparency, the microparticles are preferably microparticles containing Zr. The content
of the metal element in the microparticle is not particularly limited; however, to

sufficiently enhance the refractive index of the cured product, 80% or more of all metal
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elements present in the microparticle are preferably the metal elements described above.
The refractive index of this microparticle is preferably 1.50 or greater.  Also, although the
average primary particle diameter of this microparticle is not particularly limited, from the
perspectives of being able to suppress white turbidness of the present composition and to
suppress light scattering of the cured product, the average primary particle diameter is
preferably less than or equal to 20 nm, and particularly preferably less than or equal to 15
nm, while the average primary particle diameter is preferably greater than or equal to 3 nm.
[0056] Although the content of the microparticles are not particularly limited, from the
perspectives of enhancing the refractive index of the cured product obtained by curing the
present composition and not deteriorating the handling/workability of the present
composition, the content is preferably greater than or equal to 1 part by weight, and
particularly preferably greater than or equal to 5 parts by weight, while the content is
preferably less than or equal to 100 parts by weight, and particularly preferably less than or
equal to 80 parts by weight, per 100 parts by weight of component (A).

[0057] The present composition may contain a coupling agent for enhancing the
adhesion of the composition. Examples of the coupling agent include silane coupling
agents such as vinyl triethoxysilane, vinyl trimethoxysilane, 3-glycidoxypropyl
trimethoxysilane, y-methacryloxypropyl trimethoxysilane, y-aminopropyl
trimethoxysilane, N-phenyl-3-aminopropyl trimethoxysilane; and a mixture of two or more
of these coupling agents.

[0058] Although the content of the coupling agent is not particularly limited, from the
perspectives of enhancing the adhesion of the present composition and suppressing the
shrinkage of the resulting cured product, the content is preferably greater than or equal to
0.1 parts by weight while the content is preferably less than or equal to 5 parts by welght
per 100 parts by weight of component (A).

[0059] In addition, the present composition may contain silica fine powder, a high
molecular weight silicone resin, or the like to adjust the viscosity of the present
composition. In particular, because the silica fine powder works not only as a thickener
but also as a thixotropy imparting agent, the silica fine powder exhibits effects such as
controlling the fluidity of the present composition and/or preventing the precipitation of
fluorescent substances, and the like. Although the average particle diameter of the silica
fine powder is ﬁot particularly limited, from the perspective of not losing the transparency

of the present composition, the average particle diameter is preferably less than or equal to
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100 nm.  Also, because the silica fine powder has sufficient thickening effect and
thixotropy imparting effect, and because agglutination of the silica fine powder does not
increase too much, and dispersibility of the silica fine powder is good, the BET specific
surface area of the silica fine powder is preferably in a range from 30 m?/g to 500 mz/g.
[0060] The present composition may contain a diluent to improve the workability by
reducing the viscosity of the present composition. Examples of the diluent include
glycerin diglycidyl ether, butanediol diglycidyl ether, neopentylglycol glycidyl ether,
cyclohexane dimethanol diglycidyl ether, alkylene diglycidyl ether, polyglycol diglycidyl
cther, polypropylene glycol diglycidy! ether, trimethylolpropane triglycidyl ether, glycerin
triglycidy! ether, 4-vinylcyclohexene monoxide, vinyleyclohexene dioxidé, methylated
vinylcyclohexene dioxide, diglycidyl aniline, and a mixture of two or more of these.

[0061] The present composition may optionally contain additives such as an anti-

foaming agent, a coloring agent, a fluorescent substance, a modifying agent, a leveling

agent, a light diffusing agent, a thermally conductive filler, and a flame retardant.
[0062] The preparation method of the present composition is not particularly limited,
and examples include mixing, at room temperature or while heating, by using a mixer such

as a homo-disper, homomixer, universal mixer, planetary mixer, kneader, three roll mill, or

a bead mill. ‘
[0063] The cured product of the present invention will now be described in detail.
[0064] The cured product of the present invention is formed by curing the curable

silicone composition described above. The shape of the cured product of the present
invention is not particularly limited, and examples include a sheet-shape, a film-shape, a
convex lens shape, a concave lens shape, a Fresnel lens shape, a truncated cone shape, and
a square cone platform. The cured product bf the present invention can be handled alone
or in a state in which it covers, seals, or adheres an optical semiconductor element or the
like. A cross-sectional drawing of a lens that is an example of a cured product of the
present invention is illustrated in FIG. 2.

[0065] The cured product of the present invention is transparent and has a high
refractive index and an adequate elastic modulus. Although the elastic modulus of the
cured product is not particularly limited, for example, the storage elastic modulus is
preferably in a range of 1 to 50 MPa.  Also, the refractive index of the cured product is
not particularly limited; however, the refractive index at a wavelength of 632.8 nm of the

cured product at 25°C is preferably greater than or equal to 1.5.
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[0066] To manufacture the cured product of the present invention, compression
molding, transfer molding, injection molding, casting, dipping, powder molding, or the like
can be used. When using these methods, the heating temperature is generally in a range
from 100°C to 250°C, and the molding time is from several tens of seconds to several
minutes.  After the molding, it is preferable to further heat the resulting product for 30
minutes to 20 hours.

[0067] The optical semiconductor device of the present invention will now be
explained in detail.

[0068] The optical semiconductor device of the present invention is characterized in
that an optical semiconductor element is covered or sealed by a cured product of the
curable silicone composition described above. An example of this optical semiconductor
element is a light emitting diode (LED) chip. Examples of such an optical semiconductor
device include a light emitting diode (LED), a photocoupler, and a CCD.

[0069] FIG. 1 illustrates a cross-sectional view of a single surface mounted type LED,
which is one example of the optical semiconductor device of the present invention. In the
LED illustrated in FIG. 1, an LED chip 1 is die-bonded to a lead frame 2, and the LED
chip 1 and a lead frame 3 are wire-bonded by a bonding wire 4.  This LED chip 1 is
covered by a cured product 5 of the curable silicone composition of the present invention.
[0070] An example of a method of producing the surface mounted type LED
illustrated in FIG. 1 is a method of die-bonding the LED chip 1 to the lead frame 2, wire-
bonding the LED chip 1 and the lead frame 3 with a gold bonding wire 4, coating the LED
chip 1 with the curable silicone composition of the present invention, and then curing the

composition by heating at 50 to 200°C.

Examples
[0071] The curable silicone composition, the cured product thereof, and the optical

semiconductor device of the present invention will be described in detail hereinafter using
examples. Moreover, Me in the formulas is a methyl group, Ph in the formulas is a
phenyl group, Naph in the formulas is a 1-naphthyl group, and Ep in the formulas is a 3-
glycidoxypropyl group.  In addition, the characteristics of the organopolysiloxane were
¢valuated as follows. |

[0072]

[ Weight average molecular weight and dispersity]
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The weight average molecular weight (Mw) and number average molecular weight
(Mn) in terms of standard polystyrene of the organopolysiloxane were determined by gel
permeation chromatography using an RI detector.  The dispersity (Mw/Mn) was
determined from these values.

[0073]
[Refractive index]

The refractive index of the organopolysiloxane at 25°C was measured using an
Abbe refractometer.  As a light source, visible light (632.8 nm) was used.

[0074]
[Viscosity]

The viscosity at 25°C of the organopolysiloxane was measured using a rotational
viscometer VG-DA (manufactured by Shibaura System Co., Ltd.).
[0075]

[Epoxy equivalent weight]

From the structure identified by an analysis using nuclear magnetic resonance
spectroscopy, the epoxy equivalent weight (g/mol) of the organopolysiloxane was
determined.

[0076] |
[Methoxy group content]

From the structure identified by an analysis using nuclear magnetic resonance
spectroscopy, the methoxy group content (% by weight) in the organopolysiloxane was
determined.

[0077]

Additionally, the characteristics of the curable silicone composition and the cured
product thereof were evaluated as follows.
[0078]

[ Viscosity of the curable silicone composition]

The viscosity at 25°C of the curable silicone composition was measured using an
AR 500 (manufactured by TA Instruments). Note that the viscosity was measured using a
cone having a cone diameter of 20 mm, and a cone angle of 2° at 20 s,

[0079]

[Storage elastic modulus of the cured product]
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The curable silicone composition was heated for one hour at 150°C to produce a
film-like cured product having a 0.5 mm thickness. Next, by using an MCR 301
Rheometer (manufactured by Anton Paar GmbH), the 0.5 mm thick film sample was
sandwiched between parallel plates having diameters of 8 mm, and the storage elastic
modulus value at 25°C was measured by applying the following conditions: strain: 0.1 %;
frequency: 1 Hz; normal force: constant pressure of 5 N; and the temperature was raised at
a rate of 3°C/min from -10°C up to 50°C.

[0080]
[Refractive index of the cured product]

The refractive index at 25°C of the cured product prepared by the method described
above was measured using a prism coupler method. A 632.8 nm laser light source was
used for the measurement.

[0081] _
[Transparency of the cured product]

The transparency of the cured product prepared by the method described above was
confirmed visually. .

[0082]
[Reference Example 1]

49.67 g of 1-naphthyltrimethoxysilane, 14.69 g of 3-glycidoxypropyl
methyldimethoxysilane, and 47.49 g of toluene were placed in a reaction vessel provided
with an agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A
mixture of 0.07 g of 50% potassium hydroxide aqueous solution, 9.90 g of water, and 9.90
g of methanol was gradually added to the reaction vessel using the dropping funnel. After
the addition was completed, the mixture was refluxed for one hour. Produced methanol
and excess water was removed via azeotropic dehydration and then the resulting product
was reacted for eight hours in toluene at reflux.  After cooling, the resulting product was
neutralized using acetic acid.  After the neutralized salt was filtered, toluene and low-
boiling components were heated under reduced pressure to remove them by distillation.
Thus, 47.00 g of transparent brown solid (at room temperature) was obtained.

[0083] The solid was confirmed, by an analysis using nuclear magnetic resohance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula:

(EpMeSiO212)0.24 (NaphSiOsp)0.76 (MeO1,2)g.05.
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The epoxy equivalent weight of the organopolysiloxane was 740 g/mol. The methoxy
group content of the organopolysiloxane was 0.8 % by weight. The weight average
molecular weight (Mw) was 1,400. The dispersity (Mw/Mn) was 1.12. The refractive
index was 1.615. |
[0084]

[Reference Example 2]

37.25 g of 1-naphthyltrimethoxysilane, 33.05 g of 3-glycidoxypropyl
methyldimethoxysilane, and 53.03 g of toluene were placed in a reaction vessel provided
with an agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A
mixture of 0.07 g of 50% potassium hydroxide aqueous solution, 10.12 g of water, and
10.12 g of methanol was gradually added to the reaction vessel using the dropping funnel.
After the addition was completed, the mixture was refluxed for one hour. Produced
methanol and excess water was removed via azeotropic dehydration and then the resulting
product was reacted for eight hours in toluene at reflux.  After cooling, the resulting
product was neutralized using acetic acid. ~ After the neutralized salt was filtered, toluene
and low-boiling components were heated under reduced pressure to remove them by
distillation. = Thus, 53.70 g of transparent brown gum-like substance (at room
temperature) was obtained.

[0085] The substance was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula:
(EpMeSiO;2)0.s0 NaphSiOsp)o.50.

The epoxy equivalent weight of the organopolysiloxane was 350 g/mol. Almost no
methoxy group was observed, and the methoxy group content was less than 0.1 % by
weight. The weight average molecular weight (Mw) was 1,800. The dispersity
(Mw/Mn) was 1.20.  The refractive index was 1.568.

[0086]

[Reference Example 3]

37.25 g of 1-naphthyltrimethoxysilane, 33.05 g of 3-glycidoxypropyl
methyldimethoxysilane, and 58.22 g of toluene were placed in a reaction vessel provided
with an agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A
mixture of 0.07 g of 50% potassium hydroxide aqueous solution, 4.73 g of water, and 4.73

g of methanol was gradually added to the reaction vessel using the dropping funnel. After
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the addition was completed, the mixture was reﬂuxéd for one hour. Produced methanol
and excess water was removed via azeotropic dehydratidn and then the resulting product
was reacted for eight hours in toluene at reflux. ~ After cooling, the resulting product was
neutralized using acetic acid. ~ After the neutralized salt was filtered, toluene and low-
boiling components were heated under reduced pressure to remove them by distillation.
Thus, 56.95 g of transparent yellow liquid with a viscosity at 25°C of 1,600 mPass was
obtained.

[0087] The liquid was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula:
(EpMeSiOz12)0.49 (NaphSiOs2)o.51 (MeO12)0.20.

The epoxy equivalent weight of the organopolysiloxane was 370 g/mol. The methoxy
group content of the organopolysiloxane was 3.4 % by weight. The weight average
molecular weight (Mw) was 1,200, The dispersity (Mw/Mn) was 1.26. The refractive
index was 1.543,

[0088]

[Reference Example 4]

49.67 g of 1-naphthyltrimethoxysilane, 15.76 g of 3-glycidoxypropyl
trimethoxysilane, and 47.03 g of toluene were placed in a reaction vessel provided with an
agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A mixture of
0.07 g of 50% potassium hydroxide aqueous solution, 10.80 g of water, and 10.80 g of
methanol was gradually added to the reaction vessel using the dropping funnel.  After the
addition was completed, the mixture was refluxed for one hour. Produced methanol and
excess water was removed via azeotropic dehydration and then the resulting product was
reacted for eight hours in toluene at reflux.  After cooling, the resulting product was
neutralized using acetic acid. After the neutralized salt was filtered, toluene and low-
boiling components were heated under reduced pressure to remove them by distillation.
Thus, 56.95 g of transparent pale yellow powder (at room temperature) was obtained.
[0089] The powder was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula;

(EpSiO312)0.24 (NaphSiOs1) 76.
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The epoxy equivalent weight of the organopolysiloxane was 720 g/mol. Almost no
methoxy group was observed, and the methoxy group content was less than 0.1 % by
weight. The weight average molecular weight (Mw) was 2,200. The dispersity
(Mw/Mn) was 1.37. The refractive index was 1.623.

[0090]

[Reference Example 5]

50.00 g of 1-naphthylmethyl dimethoxysilane, 50.85 g of 3-glycidoxypropyl
trimethoxysilane, and 76.13 g of toluene were placed in a reaction vessel provided with an
agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A mixture of
0.07 g of cesium hydroxide monohydrate, 14.51 g of water, and 14.51 g of methanol was
gradually added to the reaction vessel using the dropping funnel. = After the addition was
completed, the mixture was refluxed for one hour. Produced methanol and excess water
was removed via azeotropic dehydration and then the résulting product was reacted for
eight hours in toluene at reflux. ~ After cooling, the resulting product was neutralized using
acetic acid.  After the neutralized salt was filtered, toluene and low-boiling components
were heated under reduced pressure to remove them by distillation. Thus, 76.20 g of
slightly yellow solid (at room temperature) was obtained. |
[0091] The solid was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula;
(NaphMeSiO3/2)0.49 (EpSiO31)0.51.

The epoxy equivalent weight of the organopolysiloxane was 350 g/mol. Almost no
methoxy group was observed,. and the methoxy group content was less than 0.1 % by
weight.  The weight average molecular weight (Mw) was 1,800. The dispersity
(Mw/Mn) was 1.36. The refractive index was 1.569.
[0092]
[Reference Example 6]

50.00 g of 1-naphthylmethyl dimethoxysilane, 50.85 g of 3-glycidoxypropyl
trimethoxysilane, and 3.54 g of dimethylpolysiloxane represented by the following

formula:

HO(Me,Si0O)oH,
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and 79.65 g of toluene were placed in a reaction vessel provided with an agitator, a
thermometer, a reflux tube, and a dropping funnel, and agitated. A mixture of 0.08 g of
cesium hydroxide monohydrate, 14.51 g of water, and 14.51 g of methanol was gradually
added to the reaction vessel using the dropping funnel.  After the addition was completed,
the mixture was refluxed for one hour. Produced methanol and excess water was
removed via azeotropic dehydration and then the >resu1ting product was reacted for eight
hours in toluene at reflux. ~ After cooling, the resulting product was neutralized using
acetic acid. ~ After the neutralized salt was filtered, toluene and low-boiling components
were heated under reduced pressure to remove them by distillation. | Thus, 79.22 g of
slightly yellow solid (at room temperature) was obtained.

[0093] The solid was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula;
(NaphMeSi02/2)0.45 (Me281022)0.10 (EpSiO31)0.45 MeO12)0.01.

The epoxy equivalent weight of the organopolysiloxane was 370 g/mol. Almost no

methoxy group was observed, and the methoxy group content was less than 0.1 % by

| weight.  The weight average molecular weight (Mw) was 1,700. The dispersity

(Mw/Mn) was 1.41. The refractive index was 1.561.
[0094]
[Reference Example 7]

59.40 g of phenyltrimethoxysilane, 66.10 g of 3-glycidoxypropyl
methyldimethoxysilane, and 91.00 g of toluene were placed in a reaction vessel provided
with an agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A
mixture of 0.13 g of 50% potassium hydroxide aqueous solution, 20.25 g of water, and
20.25 g of methanol was gradually added to the reaction vessel using the dropping funnel.
After the addition was completed, the mixture was refluxed for one hour. Produced
methanol and excess water was removed via azeotropic dehydration and then the resulting
product was reacted for eight hours in toluene at reflux. ~ After cooling, the resulting
product was neutralized using acetic acid. ~ After the neutralized salt was filtered, toluene
and low-boiling components were heated under reduced pressure to remove them by
distillation.  Thus, 90.80 g of transparent yellow liquid with a Viscosity at 25°C of 13,400

mPaes was obtained.
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[0095] The liquid was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following average unit

formula:
(EpMeSiO21)0.51 (PhSiO3/2) 49.

The epoxy equivalent weight of the organopolysiloxane was 300 g/mol. Almost no
methoxy group was observed, and the methoxy group content was less than 0.1 % by
weight. The weight average molecular weight (Mw) was 2,600. The dispersity
(Mw/Mn) was 1.34.  The refractive index was 1.513.

[0096]

[Reference Example 8]

59.40 g of phenyltrimethoxysilane, 66.10 g of 3-glycidoxypropyl
methyldimethoxysilane, and 101.35 g of toluene were placed in a reaction vessel provided
with an agitator, a thermometer, a reflux tube, and a dropping funnel, and agitated. A
mixture of 0.13 g of 50% potassium hydroxide aqueous solution, 9.45 g of water, and 9.45
g of methanol was gradually added to the reaction vessel using the dropping funnel.  After
the addition was completed, the mixture was refluxed for one hour. Produced methanol
and excess water was removed via azeotropic dehydration and then the resulting product
was reacted for eight hours in toluene at reflux.  After cooling, the resulting product was
neutralized using acetic acid. ~ After the neutralized salt was filtered, toluene and low-
boiling components were heated under reduced pressure to remove them by distillation.
Thus, 99.35 g of transparent yellow liquid with a viscosity at 25°C of 100 mPass was
obtained.

[0097] The liquid was confirmed, by an analysis using nuclear magnetic resonance
spectroscopy, to be an organopolysiloxane represented by the following avefage unit

formula:
(EpMeSiO;2)0.51 (PhSi03/2)0.49 (MeO112)0.21.

The epoxy equivalent weight of the organopolysiloxane was 310 g/mol. The methoxy

- group content of the organopolysiloxane was 4.1 % by weight. The weight average

molecular weight (Mw) was 1,400. The dispersity (Mw/Mn) was 1.28. The refractive
index was 1.491.

[0098]

[Practical Example 1]
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1.02 g of the organopolysiloxane prepared in Reference Example 1, which is
represented by the following average unit formula:

(EpMeSi0:/2)0.24 (NaphSiO312)0.76 (MeO112)o .05
0.98 g of an epoxy compound (3',4'-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate; Celloxide 2021P, manufactured by Daicel Chemical Industries Ltd.), 1.58 g of
an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN 5500E,
manufactured by Hitachi Chemical Co., Ltd.), and 0.0236 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.) were mixed to prepare a liquid curable silicone
composition,
[0099] This curable silicone composition was coated on a quartz glass plate and cured
by being heated for one hour at 150°C. The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 1.84 MPa. In addition, this cured
product had a refractive index of 1.5284 at a wavelength of 632.8 nm.
[0100] |
[Practical Example 2]

2.04 g of the organopolysiloxane prepared in Reference Example 2, which is
represented by the following average unit formula:

(EpMeSiO2)0.50 (NaphSiOs12)o.50,
0.95 g of an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN
5500E, manufactured by Hitachi Chemical Co., Ltd.), 0.0300 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.), and further toluene were mixed to prepare a toluene
solution of a curable silicone éomposition (concentration: about 30 % by weight).
[0101] This curable silicone composition was coated on a quartz glass plate.  After
the toluene was volatilized by air-drying for one day, the curable silicone composition was

cured by being heated for one hour at 150°C. The obtained cured product was clear and

colorless, and had a storage elastic modulus at 25°C of 30.3 MPa. In addition, this cured

product had a refractive index of 1.5524 at a wavelength of 632.8 nm.
[0102]
[Practical Example 3]
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1.99 g of the organopolysiloxane prepared in Reference Example 3, which is

represented by the following average unit formula:
(EpMeSi0212)0.49 (NaphSiOs12)o.51 (MeO12)0.05,

0.94 g of an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN
5500E, manufactured by Hitachi Chemical Co., Ltd.), 0.0195 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.), and further toluene were mixed to prepare a toluene

solution of a curable silicone composition (concentration: about 30 % by weight).

[0103] This curable silicone composition was coated on a quartz glass plate. ~ After

the toluene was volatilized by air-drying for one day, the curable silicone composition was
cured by being heated for one hour at 150°C.  The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 12.9 MPa. In addition, this cured
product had a refractive index of 1.5484 at a wavelength of 632.8 nm.
[0104]
[Comparative Example 1]

2.01 g of the organopolysiloxane prepared in Reference Example 4, which is

represented by the following average unit formula:

(EpSiO31)0.24 NaphSiOs12)0 76,
0.49 g of an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN
5500E, manufactured by Hitachi Chemical Co., Ltd.), 0.0236 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.), and further toluene were mixed to prepare a toluene
solution of a curable silicone composition (concentration: about 30 % by weight).
[0105] This curable silicone composition was coated on a quartz glass plate.  After
the toluene was volatilized by air-drying for one day, the curable silicone composition was
cured by being heated for one hour at 150°C.  The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 68.7 MPa. In addition, this cured
product had a refractive index of 1.6029 at a wavelength of 632.8 nm.
[0106]
[Comparative Example 2]

1.02 g of the organopolysiloxane prepared in Reference Example 4, which is

represented by the following average unit formula:



10

15

20

25

30

WO 2014/136805 PCT/JP2014/055529

26

(EpSi0312)0 24 (NaphSiO32)g 76,
099 ¢ of an epoxy compound (3',4'-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate; Celloxide 2021P, manufactured by Daicel Chemical Industries Ltd.), 1.57 g of
an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN S500E,
manufactured by Hitachi Chemical Co., Ltd.), and 0.0236 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.) were mixed to prepare a liquid curable silicone
composition.
[0107] This curable silicone composition was coated on a quartz glass plate and cured
by being heated for one hour at 150°C.  The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 1.46 MPa. In addition, this cured
product had a refractive index of 1.5379 at a wavelength of 632.8 nm.
[0108]
[Comparative Example 3]

2.07 g of the organopolysiloxane prepared in Reference Example 5, which is
represented by the following average unit formula:

(NaphMeSiO;2)0.49 (EpSiOs12)0 51,
0.95 g of an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN
5500E, manufactured by Hitachi Chemical Co., Ltd.), 0.0214 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.), 0.0158 g of a 10.8 % by weight toluene solution of
pentaerythritol tetrakis [3-(3,5-di-tert-butyl-hydroxyphenyl)propionate] as an antioxidant,
and further toluene were mixed to prepare a toluene solution of a curable silicone
composition (concentration: about 30 % by weight).
[0109] This curable silicone composition was coated on a quartz glass plate.  After
the toluene was volatilized by air-drying for one day, the curable silicone composition was
cured by being heated for one hour at 150°C.  The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 0.89 MPa. In addition, this cured
product had a refractive index of 1.5481 at a wavelength of 632.8 nm.
[0110]
[Comparative Example 4]

2.05 g of the organopolysiloxane prepared in Reference Example 6, which is

represented by the following average unit formula:
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(NaphMeSi02/2)0.45 (Me2Si0212)0.10 (EpSiO312)0.45s MeO12)0.01,

0.95 g of an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN
5500E, manufactured by Hitachi Chemical Co., Ltd.), 0.0205 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.), and further toluene were mixed to prepare a toluene
solution of a curable silicone composition (concentration: about 30 % by weight).
[0111] This curable silicone composition was coated on a quartz glass plate.  After
the toluene was volatilized by air-drying for one day, the curable silicone composition was
cured by being heated for one hour at 150°C.  The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of O.l 1 MPa. In addition, this cured
product had a refractive index of 1.5499 at a wavelength of 632.8 nm.
[0112]
[Comparative Example 5]

1.07 g of the organopolysiloxane prepared in Reference Example 7, which is
represented by the following average unit formula:

(EpMeSiO2)0.51 (PhSi10312)0.49,
0.97 g of an epoxy compound (3',4'-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate; Celloxide 2021P, manufactured by Daicel Chemical Industries Ltd.), 1.86 g of
an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN 5500E,
manufactured by Hitachi Chemical Co., Ltd.), and 0.0208 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.) were mixed to prepare a curable silicone
composition.
[0113] This curable silicone composition was coated on a quartz glass plate and cured
by being heated for one hour at 150°C. The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 8.0 MPa. In addition, this cured
product had a refractive index of 1.5073 at a wavelength of 632.8 nm.
[0114]
[Comparative Example 6]

2.00 g of the organopolysiloxane prepared in Reference Example 8, which is

represented by the following average unit formula:

(EpMeSi0,/2)0.51 (PhSi03/2)0.49 (MeO112)0.21,



10

15

20

25

WO 2014/136805 PCT/JP2014/055529
28

1.07 g of an acid anhydride curing agent (3- or 4-methyl-hexahydrophthalic anhydride; HN
5500E, manufactured by Hitachi Chemical Co., Ltd.), and 0.0154 g of a curing accelerator
(methyltributylphosphonium dimethylphosphate; Hishicolin PX-4MP, manufactured by
Nippon Chemical Industrial Co., Ltd.) were mixed to prepare a curable silicone
composition.

[0115] This curable silicone composition was coated on a quartz glass plate and cured
by being heated for one hour at 150°C. The obtained cured product was clear and
colorless, and had a storage elastic modulus at 25°C of 11.8 MPa. In addition, this cured

product had a refractive index of 1.5098 at a wavelength of 632.8 nm.

Industrial Applicability

[0116] The curable silicone composition of the present invention is cured to form a
cured product with a high refractive index, high transparency, and excellent heat resistance
and flexibility, and especially a cured product having a low water vapor permeability.
Therefore, the curable silicone composition can be used as an adhesive, a potting agent, a
protective coating agent, or an underfill agent for electrical/electronic use. In particular,
since the optical transmittance is high, the curable silicone composition is suitable as a

sealing agent or a covering agent for an LED element or as a lens forming material.

Description of Symbols

[0117]
1 Polyphthalamide (PPA) resin case
2 LED chip
3 Inner lead
4 Bonding wire
5 Cured product of the curable silicone composition
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CLAIMS

A curable silicone composition comprising:
(A) an organopolysiloxane represented by the following average unit formula:
(R'R*S10,1)a (R*S1031) (XO112)e
wherein R' is an alkyl group having from 1 to 12 carbon atoms, an alkenyl group
having from 2 to 12 carbon atoms, or a phenyl group; R* is an alkyl group having
from 1 to 12 carbon atoms, an alkenyl group having from 2 to 12 carbon atoms, a
phenyl group, or an epoxy group-containing organic group, provided that at least
one R? in a molecule is the epoxy group-containing organic group; R’ is a
condensed polycyclic aromatic group or a condensed polycyclic aromatic group-
containing organic group; X is an alkyl group having from 1 to 3 carbon atoms or a
hydrogen atom; a is a number from 0.20 to 0.60, b is a number from 0.40 to 0.80, a
sum of a and b is 1.00, and ¢ is a number from 0 to 0.5;
(B) a curing agent; and

(C) a curing accelerator.

2. The curable silicone composition according to claim 1, wherein, in component

(A), the epoxy group-containing organic group for R* is a glycidoxyalkyl group, an
epoxycycloalkylalkyl group, or an oxiranylalkyl group.

3. The curable silicone composition according to claim 1, wherein, in component

(A), R® is a naphthyl group or a naphthyl ethyl group.

4, The curable silicone composition according to claim 1, wherein component (A)

contains at least 10 mol% of epoxy group-containing organic groups relative to all of

R! and R? in a molecule.

5. The curable silicone composition according to claim 1, wherein component (B)

1s an acid anhydride-based curing agent.

6. The curable silicone composition according to claim 1, wherein a content of

component (B) is from 1 to 200 parts by weight per 100 parts by weight of component
(A).
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7. The curable silicone composition according to claim 1, wherein a content of
component (C) is from 0.01 to 5 parts by weight per 100 parts by weight of component
(A).

8. A cured product produced by curing the curable silicone composition described

in any one of claims 1 to 7.

9. The cured product according to claim 8, wherein a refractive index of the cured

product at 25°C at a wavelength of 632.8 nm is greater than or equal to 1.5.

10. An optical semiconductor device formed by covering or sealing an optical
semiconductor element with the curable silicone composition described in any one of

claims 1 to 7.
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