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Description

TECHNICAL FIELD

[0001] The present application relates to a curable composition and its use.

BACKGROUND ART

[0002] A light-emitting diode (LED), particularly a blue or ultraviolet (UV) LED having an emission wavelength of
approximately 250 nm to 550 nm, is a high-brightness product using a GaN-based compound semiconductor such as
GaN, GaAIN, InGaN, or InAlGaN. In addition, it is possible to form a high-quality full-color image by a method of combining
red and green LEDs with a blue LED. For example, a technique of manufacturing a white LED by combining a blue or
UV LED with a fluorescent material is known. Such LEDs are widely used as backlights for liquid crystal displays (LCDs)
or as light.
[0003] Since light emitted from an LED has high linearity, it may be necessary to disperse the light in various directions.
When the high-linear light is directly observed with the naked eye, the eyes may be very tired, and in some cases, may
be damaged. To disperse the high-linear light, inorganic particles such as silica may be blended to an encapsulant of
the LED, but the blended inorganic particles may precipitate due to density difference, or increase viscosity of a resin,
thereby having an effect on processability. While it may be considered that light is scattered by blending polymer particles,
since the polymer particles do not usually have sufficient heat resistance or light resistance, discoloration may be a
problem when the particles are used for a long time.
[0004] As an LED encapsulant, an epoxy resin having high adhesive strength and excellent mechanical durability is
widely used. However, the epoxy resin has a lower light transmittance in a blue light or UV ray region, and low light
resistance. For example, Patent documents 1 to 3 present techniques for solving the above-described problems.

[prior art]

[0005]

Patent document 1 : Japanese Patent Publication No. H11-274571
Patent document 2 : Japanese Patent Publication No. 2001-196151
Patent document 3 : Japanese Patent Publication No. 2002-226551

[0006] Document WO2011/090364 discloses curable compositions comprising an alkenyl functional linear polyorga-
nosiloxane, an alkenyl functional polyorganosiloxane containing some branching and a silicon-hydride functional com-
pound.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEM

[0007] The present application provides a curable composition and its use.

MEANS FOR PROBLEM SOLVING

[0008] The present application provides a curable composition including components that can be cured by hydrosi-
lylation, for example, a reaction between an aliphatic unsaturated bond and a hydrogen atom. The curable composition
includes a polyorganosiloxane having an average empirical formula of Formula 1 (hereinafter, referred to as "polyorga-
nosiloxane (A)"); a polyorganosiloxane having an average empirical formula of Formula 2 (hereinafter, referred to as
"polyorganosiloxane (B)"); and a compound of Formula 3 (hereinafter, referred to as "compound (C)").

[Formula 1]  (R1
3SiO1/2)a(R1

2SiO2/2)b(R1SiO3/2)c(SiO4/2)d

[Formula 2] (R2
3SiO1/2)e(R2

2SiO2/2)f(R2SiO3/2)g(SiO4/2)h

[Formula 3] HiYjSiO(4-i-j)/2

[0009] In Formulas 1 to 3, R1, R2, and Y maybe each independently an epoxy group or a monovalent hydrocarbon
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group, a may be 0 or a positive number, b may be a positive number, c may be 0 or a positive number, d may be 0 or
a positive number, b/(b+c+d) may be 0.65 or more, e, f, g, and h may each be 0 or a positive number, f/(f+g+h) may be
less than 0.65, i may be 0.2 to 1, and j may be 0.9 to 2. Here, at least one or both of the components of Formulas 1 and
2 are aliphatic unsaturated bonds, and may include an alkenyl group. Accordingly, at least one of R1 and/or at least one
of R2 may be an alkenyl group. In addition, as to be described later, for example, when the component of Formula 1
includes an alkenyl group, and the component of Formula 2 does not include an alkenyl group, a curable composition
has the same average empirical formula as that of the component of Formula 2, and further includes a component
including at least one alkenyl group. In another embodiment, when the component of Formula 1 does not include an
alkenyl group, and the component of Formula 2 includes an alkenyl group, the curable composition has the same average
empirical formula as that of the component of Formula 1, and may further include a component including at least one
alkenyl group.
[0010] The expression "polyorganosiloxane is represented as a certain average empirical formula" used herein means
that the polyorganosiloxane is a single component represented as the certain average empirical formula, or a mixture
of at least two components, and an average of compositions of components in the mixture is represented as the average
empirical formula.
[0011] The term "M unit" used herein may refer to a monofunctional siloxane unit possibly represented as (R3SiO1/2)
in the art, the term "D unit" used herein may refer to a bifunctional siloxane unit possibly represented as (R2SiO2/2) in
the art, the term "T unit" used herein may refer to a trifunctional siloxane unit possibly represented as (RSiO3/2) in the
art, and the term "Q unit" used herein may refer to a tetrafunctional siloxane unit possibly represented as (SiO4/2). Here,
R is a functional group binding to a silicon (Si) atom, and may be, for example, a hydrogen atom, an epoxy group, or a
monovalent hydrocarbon group.
[0012] The term "epoxy group" used herein may refer to, unless particularly defined otherwise, a monovalent residue
derived from a cyclic ether having three ring-forming atoms or a compound including the cyclic ether. The epoxy group
may be a glycidyl group, an epoxyalkyl group, a glycidoxyalkyl group, or an alicyclic epoxy group. An alicylic epoxy group
may refer to a monovalent residue derived from a compound including an aliphatic hydrocarbon ring structure, and a
structure of an epoxy group formed by two carbon atoms of the aliphatic hydrocarbon ring. The alicyclic epoxy group
may be an alicyclic epoxy group having 6 to 12 carbon atoms, for example, a 3,4-epoxycyclohexylethyl group.
[0013] The term "monovalent hydrocarbon group" used herein, unless particularly defined otherwise, may refer to a
monovalent residue derived from a compound composed of carbon and hydrogen or a derivative thereof. For example,
the monovalent hydrocarbon group may include 1 to 25 carbon atoms. The monovalent hydrocarbon group may be an
alkyl group, an alkenyl group, an alkynyl group, or an aryl group.
[0014] The term "alkyl group" used herein may refer to, unless particularly defined otherwise, an alkyl group having 1
to 20 carbon atoms, 1 to 16 carbon atoms, 1 to 12 carbon atoms, 1 to 8 carbon atoms, or 1 to 4 carbon atoms. The alkyl
group may have a linear, branched, or cyclic structure. In addition, the alkyl group may be optionally substituted with at
least one substituent.
[0015] The term "alkenyl group" used herein may refer to, unless particularly defined otherwise, an alkenyl group
having 2 to 20 carbon atoms, 2 to 16 carbon atoms, 2 to 12 carbon atoms, 2 to 8 carbon atoms, or 2 to 4 carbon atoms.
The alkenyl group may have a linear, branched, or cyclic structure, and may be optionally substituted with at least one
substituent.
[0016] The term "alkynyl group" used herein may refer to, unless particularly defined otherwise, an alkynyl group
having 2 to 20 carbon atoms, 2 to 16 carbon atoms, 2 to 12 carbon atoms, 2 to 8 carbon atoms, or 2 to 4 carbon atoms.
The alkynyl group may have a linear, branched, or cyclic structure, and may be optionally substituted with at least one
substituent.
[0017] The term "aryl group" used herein may refer to, unless particularly defined otherwise, a monovalent residue
derived from a compound including a benzene ring or a structure in which at least two benzene rings are condensed or
connected by a covalent bond with one or two carbon atoms, or a derivative thereof. In the range of the aryl group, a
functional group conventionally referred to as an aralkyl group or arylalkyl group may be included, in addition to a
functional group conventionally referred to as an aryl group. The aryl group may be, for example, an aryl group having
6 to 25 carbon atoms, 6 to 21 carbon atoms, 6 to 18 carbon atoms, or 6 to 12 carbon atoms. The aryl group may be a
phenyl group, a dichlorophenyl group, a chlorophenyl group, a phenylethyl group, a phenylpropyl group, a benzyl group,
a tolyl group, a xylyl group, or a naphthyl group.
[0018] As a substituent that may be optionally substituted to an epoxy group or a monovalent hydrocarbon group, a
halogen such as chlorine or fluorine, a glycidyl group, an epoxyalkyl group, a glycidoxyalkyl group, an epoxy group such
as an alicyclic epoxy group, an acryloyl group, a methacryloyl group, an isocyanate group, a thiol group, or a monovalent
hydrocarbon group may be used, but the present application is not limited thereto.
[0019] The polyorganosiloxane (A) may have, for example, a linear or partially-crosslinked structure. The term "linear
structure" may refer to a structure of a polyorganosiloxane composed of the M and D units. In addition, the term "partially-
crosslinked structure" may refer to a sufficiently long linear structure of a polyorganosiloxane, which is derived from the
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D unit, and to which the T or Q unit, for example, the T unit is partially introduced. In one embodiment, the polyorga-
nosiloxane having a partially-crosslinked structure may refer to a polyorganosiloxane having a ratio of the D unit with
respect to all D, T and Q units, that is, b/(b+c+d) of 0.65 or more, or 0.7 or more to less than 1. When the polyorganosiloxane
(A) is linear, b/(b+c+d) is 1.
[0020] In the average empirical formula of Formula 1, a, b, c, and d are molar ratios of respective siloxane units included
in the polyorganosiloxane (A). For example, when the sum (a+b+c+d) of the molar ratios is adjusted to be 1, a may be
0 to 0.5, or 0.01 to 0.15, b may be 0.3 to 0.98, or 0.5 to 0.9, c may be 0 to 0.3, or 0 to 0.2, and d may be 0 to 0.2, or 0
to 0.1. When the polyorganosiloxane (A) has a partially-crosslinked structure, c may be 0.01 to 0.30. In addition, b/(b+c+d)
may be 0.65 or more, 0.65 to 1, or 0.7 to 1. When the polyorganosiloxane (A) has a partially-crosslinked structure,
b/(b+c+d) may be 0.65 or more, or 0.7 or more, and less than 1, 0.65 to 0.97, or 0.7 to 0.97. As the ratios of the siloxane
units are controlled as described above, suitable physical properties according to applications can be ensured.
[0021] The polyorganosiloxane (A) may or may not include an aliphatic unsaturated bond or at least one functional
group including the same, for example, an alkenyl group. When the polyorganosiloxane (A) includes the functional group,
at least one of R1 in Formula 1 may be an alkenyl group. In this case, a ratio (Ak/Si) of moles of total aliphatic unsaturated
bonds or functional groups including the same (Ak) with respect to moles of all silicon atoms (Si) in the polyorganosiloxane
(A) may be 0.2 or less, or 0.15 or less. The ratio (Ak/Si) may also be 0.01 or more, or 0.02 or more. When the polyor-
ganosiloxane (A) includes the aliphatic unsaturated bond, by controlling the ratio (Ak/Si) as described above, curability
may be suitably maintained, leakage of unreacted components from a surface of the cured product may be prevented,
and crack resistance of the cured product may be excellently maintained. As described above, when the polyorganosi-
loxane (A) does not include an aliphatic unsaturated bond, when necessary, the curable composition may further include
a polyorganosiloxane having the same average empirical formula as that of the polyorganosiloxane (A), that is, the
average empirical formula of Formula 1, at least one of R1 being an alkenyl group, and having the above-described ratio
(Ak/Si) (hereinafter, referred to as "polyorganosiloxane (D)").
[0022] The polyorganosiloxane (A) may or may not include at least one aryl group, for example, an aryl group binding
to a silicon atom. For example, according to the presence of the aryl group or the control of the ratio, a relationship in a
refractive index between components may be controlled. When the polyorganosiloxane (A) includes an aryl group, at
least one of R1 in Formula 1 may be an aryl group. For example, the ratio (Ar/Si) of moles of the aryl groups (Ar) binding
to all silicon atoms included in the polyorganosiloxane (A) with respect to moles of the all silicon atoms (Si) in the
polyorganosiloxane (A) may be 1.5 or less. The ratio (Ar/Si) may be, for example, 0.5 or more.
[0023] In the above range, a difference in a refractive index between the polyorganosiloxane (B) and the compound
(C) may be controlled in a suitable range. Accordingly, the composition may have excellent processability and workability,
and moisture resistance, light dispersity, light transmittance, and hardness, after curing.
[0024] The polyorganosiloxane (A) may include a unit of Formula 4 and a unit of Formula 5 as D units.

[Formula 4] (R1R2SiO2/2)

[Formula 5] (R3
2SiO2/2)

[0025] In Formulas 4 and 5, R1 and R2 are each independently an epoxy group or a monovalent hydrocarbon group,
and R3 is an aryl group. In one embodiment, the R1 and R2 may be each independently an alkyl group.
[0026] In the polyorganosiloxane (A), a ratio (Dm/Dp) of moles of the siloxane unit of Formula 4 (Dm) with respect to
moles of the siloxane unit of Formula 5 (Dp) may be, for example, approximately 0.3 to 2.0, 0.3 to 1.5, or 0.5 to 1.5.
Within such a range of the ratio, excellent light transmittance and mechanical strength, no surface stickiness, and long-
lasting durability by controlling moisture and gas permeability can be ensured.
[0027] A percentage (1003Dp/D) of a ratio of moles of the siloxane unit of Formula 5 (Dp) with respect to moles of
all D units (D) included in the polyorganosiloxane (A) may be approximately 30% or more, 30% to 65%, or 30% to 60%.
Within such a range of the percentage, light transmittance and mechanical strength are excellent, there is no surface
stickiness, and moisture and gas permeability can be controlled to ensure long-lasting durability.
[0028] A percentage (1003Dp/ArD) of a ratio of moles of the siloxane unit of Formula 5 (Dp) with respect to moles of
a D unit including an aryl group (ArD) among all D units included in the polyorganosiloxane (A) may be 70% or 80% or
more. The upper limit of the percentage (1003Dp/ArD) is not particularly limited, and may be, for example, 100%. Within
such a range of the percentage, the composition can exhibit excellent processability and workability, before curing, and
excellently maintain mechanical strength, gas permeability, moisture resistance, light transmittance, refractive index,
light extraction efficiency, and hardness, after curing.
[0029] When the polyorganosiloxane (A) has a partially-crosslinked structure, it may include a unit of Formula 6 or 7.
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[0030] In Formula 6, R4, R5, and R6 are each independently an alkyl group having 1 to 20 carbon atoms, an alkenyl
group having 2 to 20 carbon atoms, or an aryl group having 6 to 25 carbon atoms. In Formula 6, at least one of R4, R5,
and R6 may be an alkenyl group. In addition, in Formula 6, R6 may be, in another example, an aryl group, for example,
an aryl group having 6 to 25 carbon atoms, 6 to 21 carbon atoms, 6 to 18 carbon atoms, or 6 to 13 carbon atoms, or a
phenyl group.

[0031] In Formula 7, R7 is an aryl group having 6 to 25 carbon atoms, R8 to R10 are each independently an alkyl group
having 1 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, or an aryl group having 6 to 25 carbon
atoms, and R11 is an alkyl group having 1 to 20 carbon atoms or an aryl group having 6 to 25 carbon atoms. In Formula
6, at least one of R8 to R10 may be an alkenyl group.
[0032] The polyorganosiloxane (A) having an illustrative partially-crosslinked structure may include at least one of the
units of Formulas 6 and 7. The unit of Formula 6 or 7 is of a type in which a silicon atom of the D unit and a silicon atom
of the T unit among the siloxane units included in the polyorganosiloxane (A) are directly bound to each other by means
of an oxygen atom. When the polyorganosiloxane (A) is a mixture of at least two components and represented as an
average empirical formula of Formula 1, it may include at least one of single components having the unit of Formula 6
or 7. The polyorganosiloxane including the unit of Formula 6 or 7 may be prepared by, for example, ring-opening
polymerization which will be described later. According to the method, a polyorganosiloxane including the unit of Formula
6 or 7, and minimized silicon atoms binding to an alkoxy group and silicon atoms binding to a hydroxyl group can be
prepared.
[0033] The polyorganosiloxane (A) may have a ratio (OR/Ak) of an area (OR) of a peak derived from an alkoxy group
binding to a silicon atom with respect to an area (Ak) of a peak derived from an alkenyl group binding to a silicon atom
in a spectrum obtained by 1H NMR of 0.05 or less, 0.03 or less, 0.01 or less, 0.005 or less, or 0. In the above range,
suitable viscosity can be exhibited, and other physical properties can be excellently maintained.
[0034] The polyorganosiloxane (A) or the polymerization product including the same may have an acid value obtained
by KOH titration of 0.05 mgKOH/g or less, 0.03 mgKOH/g or less, 0.01 mgKOH/g or less, or 0 mgKOH/g. In the above
range, suitable viscosity can be exhibited, and other physical properties can also be excellently maintained.
[0035] The polyorganosiloxane (A) or the polymerization product including the same may have a viscosity at 25 °C of
500 cP or more, 1,000 cP or more, 2,000 cP or more, 3,000 cP or more, 4,000 cP or more, 5,000 cP or more, 7,000 cP
or more, 9,000 cP or more, or 9500 cP or more. In the above range, processability of the curable composition and
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hardness after curing may be suitably maintained. The upper limit of the viscosity is not particularly limited, and the
viscosity may be, for example, 300,000 cP or less, 100,000 cP or less, 90,000 cP or less, 80,000 cP or less, 70,000 cP
or less, or 65,000 cP or less.
[0036] The polyorganosiloxane (A) or the polymerization product including the same may have a weight average
molecular weight (Mw) of 1,000 to 1,000,000 or 1,000 to 100,000. The term "weight average molecular weight" used
herein may refer to a conversion value with respect to standard polystyrene measured by gel permeation chromatography
(GPC). Unless particularly defined otherwise, the term "molecular weight" used herein may refer to a weight average
molecular weight. In the range of the molecular weight described above, moldability, and hardness and strength after
curing of the curable composition can be suitably maintained.
[0037] The polyorganosiloxane (A) may be prepared by ring-opening polymerization of a cyclic siloxane compound.
For example, the polyorganosiloxane (A) may be a component included in a ring-opening polymerization product of a
mixture including the cyclic polyorganosiloxane. The polymerization product may include a low molecular weight cyclic
compound, along with the polyorganosiloxane (A) according to the polymerization result. The term "low molecular weight
cyclic compound" may be a cyclic compound, for example, cyclic polyorganosiloxane, having a molecular weight of 800,
750 or less, or 700 or less. The polymerization product may include a low molecular weight cyclic compound in an
amount of, for example, 10 weight% or less, 7 weight% or less, 5 weight% or less, or 3 weight% or less. The lower limit
of the ratio of the cyclic compound may be, for example, 0 weight% or 1 weight%. By controlling the above-described
ratio, a cured product having excellent long-term reliability and crack resistance can be provided.
[0038] The low molecular weight cyclic compound may include, for example, a compound represented by Formula 8.

[0039] In Formula 8, R12 and R13 may be each independently an alkyl group, R14 and R15 may be each independently
an aryl group, q and r may be 0 or a positive number, and a sum (g+r) of g and r may be 2 to 10, 3 to 10, 3 to 9, 3 to 8,
3 to 7, or 3 to 6.
[0040] The cyclic polyorganosiloxane included in the mixture forming the polyorganosiloxane (A) by ring-opening
polymerization may be, for example, a compound represented by Formula 9.

[0041] In Formula 9, Ra and Rb are each independently a monovalent hydrocarbon group, and o is 3 to 6.
[0042] The cyclic polyorganosiloxane included in the mixture forming the polyorganosiloxane (A) by ring-opening
polymerization may be, in another example, a mixture of a compound of Formula 10 and a compound of Formula 11.
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[0043] In Formulas 10 and 11, Rc and Rd are alkyl groups, Re and Rf are aryl groups, p is a number of 3 to 6, and q
is a number of 3 to 6.
[0044] In Formulas 9 to 11, specific kinds of Ra to Rf, specific values of o, p, and q, and ratios of the components in
the mixture may be determined by, for example, a desired structure of the polyorganosiloxane (A).
[0045] When the polyorganosiloxane (A) has a partially-crosslinked structure, the mixture applied to the ring-opening
polymerization may further include, for example, a compound having an average empirical formula of Formula 12, or a
compound having an average empirical formula of Formula 13.

[Formula 12] [RgSiO3/2]

[Formula 13] [RhRi
2SiO1/2]p[RgSiO3/2]q

[0046] In Formulas 12 and 13, Rg to Ri are each independently a monovalent hydrocarbon group, p is 1 to 3, and q
is 1 to 10. When the polyorganosiloxane having an average empirical formula of Formula 13 has a partial cage structure,
p may be 1 to 2, and q may be 3 to 10.
[0047] In Formulas 12 and 13, specific kinds of Rg to Ri, specific values of p and q, and ratios of the components in
the mixture may be determined by, for example, a desired structure of the polyorganosiloxane (A).
[0048] When the cyclic polyorganosiloxane, for example, at least one of polyorganosiloxanes of Formulas 9 to 11,
reacts with a polyorganosiloxane having a cage or partial cage structure such as Formula 12 or 13, a polyorganosiloxane
having a desired structure may be synthesized at a suitable molecular weight. In addition, according to the method, by
minimizing a functional group such as an alkoxy group or a hydroxyl group binding to a silicon atom in the polyorganosi-
loxane or a polymerization product including the same, a desired product having excellent physical properties may be
prepared.
[0049] In one embodiment, the mixture applied to ring-opening polymerization may further include a compound rep-
resented by Formula 14.

[Formula 14] (RhRi
2Si)2O

[0050] In Formula 14, Rh and R’ are each a monovalent hydrocarbon group.
[0051] In Formula 14, a specific kind of the monovalent hydrocarbon group or a blending ratio in the mixture may be
determined by a desired polyorganosiloxane (A).
[0052] A reaction of each component in the mixture may be performed in the presence of a suitable catalyst. Accordingly,
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the mixture may further include a catalyst.
[0053] As the catalyst, for example, a base catalyst may be used. A suitable base catalyst may be, but is not limited
to, a metal hydroxide such as KOH, NaOH, or CsOH; a metal silanolate including an alkali metal compound and a
siloxane; or a quaternary ammonium compound such as tetramethyl ammonium hydroxide, tetraethylammonium hy-
droxide, or tetrapropylammonium hydroxide.
[0054] A ratio of the catalyst in the mixture may be suitably selected in consideration of desired reactivity, and for
example, may be 0.01 to 30 parts by weight, or 0.03 to 5 parts by weight with respect to 100 parts by weight of a total
weight of the reaction products in the mixture. In the specification, unless particularly defined otherwise, units "parts by
weight" refer to a weight ratio between components.
[0055] In one embodiment, the reaction of the mixture may be performed in the presence of a suitable solvent. As a
solvent, any kind of solvent that can serve to suitably mix the reaction product in the mixture, that is, a disiloxane or
polysiloxane, with the catalyst, and does not interfere with reactivity may be used. The solvent may be, but is not limited
to, an aliphatic hydrocarbon-based solvent such as n-pentane, i-pentane, n-hexane, i-hexane, 2,2,4-trimethyl pentane,
cyclohexane, or methylcyclohexane; an aromatic solvent such as benzene, toluene, xylene, trimethyl benzene, ethyl
benzene, or methylethyl benzene; a ketone-based solvent such as methylethylketone, methylisobutylketone, diethylke-
tone, methyl n-propyl ketone, methyl n-butyl ketone, cyclohexanone, methylcyclohexanone, or acetylacetone; an ether-
based solvent such as tetrahydrofuran, 2-methyl tetrahydrofuran, ethyl ether, n-propyl ether, isopropyl ether, diglyme,
dioxine, dimethyldioxine, ethyleneglycol monomethyl ether, ethyleneglycol dimethyl ether, ethyleneglycol diethyl ether,
propyleneglycol monomethyl ether, or propyleneglycol dimethyl ether; an ester-based solvent such as diethyl carbonate,
methyl acetate, ethyl acetate, ethyl lactate, ethyleneglycol monomethylether acetate, propyleneglycol monomethylether
acetate, or ethyleneglycol diacetate; or an amide-based solvent such as N-methyl pyrrolidone, formamide, N-methyl
formamide, N-ethyl formamide, N,N-dimethyl acetamide, or N,N-diethylacetamide.
[0056] The reaction of the mixture, for example, a ring-opening polymerization, may be performed by adding the
catalyst at a reaction temperature ranging from, for example, 0 °C to 150 °C, or 30 °C to 130°C. In addition, a reaction
time may be controlled within a range of, for example, 1 hour to 3 days.
[0057] The polyorganosiloxane (B) included in the curable composition may be, for example, a crosslinkable polyor-
ganosiloxane. The term "crosslinkable polyorganosiloxane" may refer to a polyorganosiloxane essentially including a T
or Q unit as a siloxane unit, and having a ratio of a D unit with respect to a sum of all D, T, and Q units, for example,
(f/(f+g+h)) in Formula 2, of less than 0.65.
[0058] The polyorganosiloxane (B) may or may not include an aliphatic unsaturated bond such as an alkenyl group.
When the polyorganosiloxane (B) includes an aliphatic unsaturated group, at least one or two of R2 in Formula 2 may
be alkenyl groups. For example, the ratio (Ak/Si) of moles of the alkenyl groups (Ak) with respect to moles of all silicon
atoms (Si) in the polyorganosiloxane (B) may be 0.4 or less, 0.35 or less, or 0.3 or less. The ratio (Ak/Si) may be, for
example, 0.05 or 0.15 or more. When the polyorganosiloxane (B) includes an aliphatic unsaturated bond, as the molar
ratio (Ak/Si) is controlled as described above, reactivity may be suitably maintained, and leakage of unreacted components
from a surface of the cured product may be prevented. In addition, hardness, crack resistance, and thermal and shock
resistance of the cured product can be excellently maintained. As described above, when the polyorganosiloxane (B)
does not include an aliphatic unsaturated bond, as needed, the curable composition may further include a polyorganosi-
loxane having the same average empirical formula as the polyorganosiloxane (B), that is, the average empirical formula
of Formula 2, at least one of R1 being an alkenyl group, and having the above-described ratio (Ak/Si) (hereinafter,
referred to as "polyorganosiloxane (E)").
[0059] The polyorganosiloxane (B) may or may not include at least one aryl group. For example, according to the
presence of the aryl group and/or the control of its ratio, a relationship in a refractive index between components can
be controlled. When the polyorganosiloxane (B) includes an aryl group, at least one of R2 in Formula 2 may be an aryl
group. For example, a ratio (Ar/Si) of moles of the aryl group (Ar) with respect to moles of all silicon atoms (Si) in the
polyorganosiloxane (B) may be 1.2 or less. The ratio (Ar/Si) may be, for example, 0.4 or more. As the molar ratio (Ar/Si)
is controlled as described above, a relationship in the refractive index with the polyorganosiloxane (A) can be controlled
within a desired range, and a refractive index, gas permeability, moisture permeability, thermal and shock resistance,
crack resistance, and hardness of the cured product, and viscosity of the composition can be suitably maintained.
[0060] In the average empirical formula of Formula 2, e, f, g, and h are each a molar ratio of siloxane units. For example,
when a sum of the molar ratios (e+f+g+h) is adjusted to be 1, e may be 0 to 0.5 or 0.05 to 0.5, f may be 0 to 0.5 or 0 to
0.3, g may be 0 to 0.95, 0.2 to 0.95, or 0.2 to 0.85, and h may be 0 to 0.3 or 0 to 0.2. Here, the structure may be controlled
such that (e+f)/(e+f+g+h) becomes 0.2 to 0.7 or 0.2 to less than 0.7. In addition, in the polyorganosiloxane (B), f/(f+g+h)
may be less than 0.65, or 0.5, 0.4, or 0.3 or less. In addition, in Formula 2, g/(g+h) may be 0.8 or more. The lower limit
of f/(f+g+h) is not particularly limited, and for example, f/(f+g+h) may be more than 0. In addition, the upper limit of g/(g+h)
is not particularly limited, and for example, g/(g+h) may be 1.0.
[0061] The polyorganosiloxane (B) may have a viscosity at 25 °C of 5,000 cP or more, or 1,000,000 cP or more, and
thus processability before curing and hardness after curing can be suitably maintained.
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[0062] The polyorganosiloxane (B) may have a molecular weight of, for example, 800 to 100,000, or 1,000 to 100,000.
As the molecular weight is controlled to 800 or more, moldability before curing and strength after curing can be effectively
maintained, and as the molecular weight is controlled to 100,000 or less, the viscosity can be maintained at a suitable level.
[0063] A method of preparing the polyorganosiloxane (B) may be, for example, a method of preparing a polysiloxane
conventionally known in the art, or a method similar to that of preparing the polyorganosiloxane (A) such as ring-opening
polymerization.
[0064] The curable composition may further include a silicon compound including a hydrogen atom binding to a silicon
atom (hereinafter, referred to as "silicon compound (C)"), which may be the compound of Formula 3. Formula 3 may
be, for example, an average empirical formula of the silicon compound (C). The silicon compound (C) may have at least
one or two hydrogen atoms binding to a silicon atom.
[0065] The silicon compound (C) may serve as a crosslinking agent for crosslinking a composition by a reaction with
a functional group containing an aliphatic unsaturated bond of a polyorganosiloxane. For example, crosslinking and
curing may be performed by an addition-reaction of a hydrogen atom of the silicon compound (C) with an aliphatic
unsaturated bond of an alkenyl group of the polyorganosiloxane (A) and/or the polyorganosiloxane (B).
[0066] A ratio (H/Si) of moles of a hydrogen atom (H) binding to a silicon atom with respect to moles of all silicon atoms
(Si) of the silicon compound (C) of Formula 3 may be 0.2 or more, or 0.3 or more. The ratio (H/Si) may also be 0.8 or
less, or 0.75 or less. As the molar ratio (H/Si) is controlled to 0.2 or more, or 0.3 or more, curability of the composition
can be excellently maintained, and as the molar ratio is controlled to 0.8 or less, or 0.75 or less, crack resistance and
thermal and shock resistance can be excellently maintained.
[0067] The silicon compound (C) may or may not include at least one aryl group. For example, according to the
presence of an aryl group and the control of its ratio, a relationship in a refractive index with the polyorganosiloxane (A)
may be controlled. When the silicon compound (C) includes an aryl group, at least one of Y in Formula 3 may be an aryl
group. For example, a ratio (Ar/Si) of moles of the aryl group (Ar) with respect to moles of all silicon atoms (Si) included
in the silicon compound (C) is 1.5 or less. The ratio (Ar/Si) may be, for example, 0.3 or more. As the molar ratio (Ar/Si)
is controlled as described above, the relationship in the refractive index with the polyorganosiloxane (A) can be controlled,
the refractive index and hardness of the cured product can be maximized, and the viscosity and crack resistance of the
composition can be suitably maintained.
[0068] The silicon compound (C) may have a viscosity at 25 °C of 0.1 cP to 100,000 cP, 0.1 cP to 10,000 cP, 0.1 cP
to 1,000cP, or 0.1cP to 300cP. In the above range of the viscosity, the processability of the composition and the hardness
of the cured product can be excellently maintained.
[0069] In addition, the silicon compound (C) may have, for example, a molecular weight of less than 2000, less than
1000, or less than 800. When the molecular weight is 1000 or more, strength of the cured product may be degraded.
The lower limit of the molecular weight of the silicon compound (C) is not particularly limited, and may be, for example,
250. In the silicon compound (C), the molecular weight may refer to a weight average molecular weight, or a conventional
molecular weight of the compound.
[0070] A method of preparing the silicon compound (C) is not particularly limited, and may employ a conventional
method of preparing a polyorganosiloxane known in the art, or a method similar to that of preparing the polyorganosiloxane
(A).
[0071] The curable composition satisfies Equation 1.

[0072] In Equation 1, A is a refractive index of any one component of the polyorganosiloxane (A), the polyorganosiloxane
(B), and the silicon compound (C), and B is a refractive index of a mixture of the other two components of the polyorga-
nosiloxane (A), the polyorganosiloxane (B), and the silicon compound (C). The refractive index may refer to a refractive
index with respect to light having a wavelength of 450 nm. In Equation 1, an absolute value of a difference between A
and B may be, in another example, 0.04 or more, 0.05 or more, 0.06 or more, 0.07 or more, or 0.08 or more. The absolute
value of a difference between A and B may be, for example, 5 or less, 4.5 or less, 4 or less, 3.5 or less, 3 or less, 2.5
or less, 2 or less, or 1.5 or less.
[0073] In Equation 1, A may be a refractive index of the polyorganosiloxane (A), and B may be a refractive index of a
mixture of the polyorganosiloxane (B) and the silicon compound (C). In another example, in Equation 1, A may be a
refractive index of the polyorganosiloxane (B), and B may be a refractive index of a mixture of the polyorganosiloxane
(A) and the silicon compound (C).
[0074] In the relationship of Equation 1, the component exhibiting the refractive index (A), that is, the component
exhibiting a different refractive index from that of the mixture of the other two components, as described above, may or
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may not include a functional group participating in hydrosilylation such as an alkenyl group. However, to achieve suitable
physical properties, the functional group participating in hydrosilylation, for example, an alkenyl group or a hydrogen
atom binding to a silicon atom may be included.
[0075] When respective components are selected to satisfy Equation 1, for example, the component (that is, the
component having a refractive index A) having a different refractive index from the other two components (that is, the
mixture having a refractive index B) may be phase-separated, and scattering or dispersion of light due to the difference
in the refractive index between the components may be caused. Accordingly, for example, when the curable composition
is used as an encapsulation material of an LED, linearity of the LED can be effectively controlled.
[0076] As described above, the relationship in the refractive index may be controlled according to, for example, the
presence of the aryl group of the polyorganosiloxane or the silicon compound, and/or the control of the ratio thereof. To
control the relationship in the refractive index, one or two components of the polyorganosiloxane (A), the polyorganosi-
loxane (B), and the silicon compound (C) do not include an aryl group, and the other component(s) includes an aryl
group. For example, the polyorganosiloxane (A) may not include an aryl group, and the polyorganosiloxane (B) and the
silicon compound (C) may include an aryl group, or the polyorganosiloxane (A) may include an aryl group and the
polyorganosiloxane (B) and the silicon compound (C) may not include an aryl group.
[0077] In another example, the polyorganosiloxane (B) may not include an aryl group, and the polyorganosiloxane (A)
and the silicon compound (C) may include an aryl group, or the polyorganosiloxane (B) may include an aryl group and
the polyorganosiloxane (A) and the silicon compound (C) may not include an aryl group.
[0078] Ratios of respective components in the curable composition may be controlled according to a type satisfying
Equation 1. One component having the refractive index A in Equation is included in the curable composition in an amount
of 0.1 parts by weight to 30 parts by weight with respect to 100 parts by weight of the other two components having the
refractive index B. For example, the polyorganosiloxane (A) may be included in the curable composition in an amount
of 0.1 to 30 parts by weight relative to 100 parts by weight of a total weight of the polyorganosiloxane (B) and the silicon
compound (C), or the polyorganosiloxane (B) may be included in an amount of 0.1 parts by weight to 30 parts by weight
relative to 100 parts by weight of a total weight of the polyorganosiloxane (A) and the silicon compound (C). Within the
above range, the scattering characteristics of light can be controlled in a suitable range, and the mechanical strength of
the cured product can be ensured. The units "parts by weight" used herein may, unless particularly defined otherwise,
refer to a weight ratio between components.
[0079] In addition, here, the silicon compound (C) is included in the curable composition to the extent that a ratio (H/Ak)
of moles of a hydrogen atom (H) binding to a silicon atom included in the silicon compound (C) with respect to moles of
all aliphatic unsaturated bonds included in the curable composition or functional groups including the same, for example,
all alkenyl groups included in the polyorganosiloxane (A) and/or the polyorganosiloxane (B) is 0.5 or more, or 0.7 or
more. The silicon compound (C): is included in the curable composition to the extent that the ratio (H/Ak) is 2.0 or less,
or 1.5 or less. Accordingly, a composition that exhibit excellent processability and workability before curing, exhibit
excellent crack resistance, hardness, thermal and shock resistance, and adhesiveness, after curing, and does not cause
whitening or surface stickiness under harsh conditions can be provided.
[0080] The curable composition may further include a hydrosilylation catalyst. The hydrosilylation catalyst may be
used to stimulate hydrosilylation. As the hydrosilylation catalyst, any conventional component known in the art may be
used. As such a catalyst, a platinum-, palladium-, or rhodium-based catalyst may be used. In the specification, a platinum-
based catalyst may be used in consideration of catalyst efficiency, and may be, but is not limited to, chloroplatinic acid,
platinum tetrachloride, an olefin complex of platinum, an alkenyl siloxane complex of platinum, or a carbonyl complex
of platinum.
[0081] A content of the hydrosilylation catalyst is not particularly limited as long as the hydrosilylation catalyst is included
at a catalytic amount, that is, an amount capable of serving as a catalyst. Conventionally, the hydrosilylation catalyst
may be used at 0.1 ppm to 500 ppm or 0.2 ppm to 100 ppm based on an atomic weight of platinum, palladium, or rhodium.
[0082] The curable composition may further include a tackifier in order to enhance adhesiveness to various substrates.
The tackifier is a component capable of improving self-adhesiveness, particularly, to a metal and an organic resin. The
tackifier may be, but is not limited to, a silane having at least one or two functional groups selected from the group
consisting of an alkenyl group such as a vinyl group, a (meth)acryloyloxy group, a hydrosilyl group (SiH group), an epoxy
group, an alkoxy group, an alkoxysilyl group, a carbonyl group, and a phenyl group; or an organic silicon compound
such as a cyclic or linear siloxane having 2 silicon atoms to 30 silicon atoms, or 4 silicon atoms to 20 silicon atoms. In
the specification, one or at least two of the tackifiers may be additionally mixed.
[0083] The tackifier may be included in the composition in a content of 0.1 parts by weight to 20 parts by weight relative
to 100 parts by weight of a total weight of other compounds included in the curable composition, for example, the
polyorganosiloxane (A), the polyorganosiloxane (B), and/or the silicon compound (C), but the content can be suitably
changed in consideration of desired improvement in adhesiveness.
[0084] The curable composition may further include one or at least two of additives including a reaction inhibitor such
as 2-methyl-3-butyne-2-ol, 2-phenyl-3-1-butyne-2-ol, 3-methyl-3-pentene-1-yne, 3,5-dimethyl-3-hexene-1-yne, 1,3,5,7-
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tetramethyl-1,3,5,7-tetrahexenylcyclotetrasiloxane, or ethynylcyclohexane; an inorganic filler such as silica, alumina,
zirconia, or titania; a carbon-functional silane having an epoxy group and/or alkoxysilyl group, a partial hydrolysis-
condensation product thereof or a siloxane compound; a thixotropic agent such as a haze-phase silica that can be used
in combination with polyether; a conductivity providing agent such as metal powder of silver, copper, or aluminum or
various carbon materials; or a color adjusting agent such as a pigment or dye as needed.
[0085] The curable composition may further include, for example, inorganic particles. The particles may satisfy Equation
2.

[0086] In Equation 2, P is a refractive index of the curable composition or a cured product thereof excluding the
particles, and Q is a refractive index of the particles. The refractive index may be, for example, a refractive index with
respect to light having a wavelength of 450 nm. An absolute value of the difference between P and Q may be, in another
example, 0.08 or less, 0.07 or less, or 0.05 or less.
[0087] The particles can prevent precipitation of a fluorescent material that may be blended into the curable composition,
enhance heat resistance, heat radiating property, and crack resistance, and improve overall reliability. In addition, the
particles can serve as described above, and maintain transparency the composition or cured product to enhance, for
example, brightness of the device.
[0088] As the particles, as long as satisfying Equation 2, for example, various kinds of particles used as a filler may
be used. In one embodiment, the particles may have a refractive index (Q) of 1.40 or more, 1.45 or more, 1.48 or more,
1.50 or more, or 1.55 or more.
[0089] As the particles, for example, silica (SiO2), organo silica, alumina, alumino silica, titania, zirconia, cerium oxide,
hafnium oxide, niobium pentoxide, tantalum pentoxide, indium oxide, tin oxide, indium tin oxide, zinc oxide, silicon, zinc
sulfide, calcium carbonate, barium sulfate, aluminosilicate, or magnesium oxide, and may be porous or hollow particles.
[0090] The particles may have an average diameter of, for example, 1 nm to 50 mm, or 2 nm to 10 mm. When the
average diameter is 1 nm or more, the particles may be uniformly dispersed in the composition or cured product thereof,
and when the average diameter is 50 mm or less, the dispersion of the particles can be effectively performed, and
precipitation of the particles can be prevented.
[0091] The particles may be included in an amount of 0.1 to 30 parts by weight or 0.2 to 10 parts by weight relative to
100 parts by weight of a total weight of the polyorganosiloxane (A) or the polyorganosiloxane (B) and the silicon compound
(C). When the content of the particles is 0.1 parts by weight or more, excellent inhibition of the precipitation of a phosphor
or enhancement of reliability of the device can be ensured, and when the content of the particles is 30 parts by weight
or less, processability can be excellently maintained.
[0092] The curable composition may further include a fluorescent material. In this case, a kind of a fluorescent material
which can be used is not particularly limited, and for example, a conventional kind of a fluorescent material applied to
an LED package may be used to realize white light.
[0093] Another aspect of the present application provides a semiconductor element, for example, an optical semicon-
ductor element. The illustrative semiconductor element may be encapsulated by an encapsulant including a cured
product of the curable composition. Examples of a semiconductor element encapsulated by an encapsulant include a
diode, a transistor, a thyristor, a photocoupler, a CCD, a solid-phase image pick-up diode, a monolithic IC, a hybrid IC,
an LSI, a VLSI, or a light-emitting diode (LED). In one embodiment, the semiconductor element may be an LED.
[0094] The LED may be formed by stacking a semiconductor material on a substrate. The semiconductor material
may be, but is not limited to, GaAs, GaP, GaAlAs, GaAsP, AlGaInP, GaN, InN, AlN, InGaAIN, or SiC. In addition, as the
substrate, monocrystalline sapphire, spinel, SiC, Si, ZnO, or GaN may be used.
[0095] In addition, to prepare the LED, when necessary, a buffer layer may be formed between a substrate and a
semiconductor material. As the buffer layer, GaN or AlN may be used. A method of stacking a semiconductor material
on a substrate may be, but is not particularly limited to, MOCVD, HDVPE, or liquid growth. In addition, a structure of the
LED may be, for example, a monojunction including an MIS junction, a PN junction, and a PIN junction, a heterojunction,
or a double heterojunction. In addition, the LED may be formed using a single or multiple quantum well structure.
[0096] In one embodiment, an emission wavelength of the LED may be, for example, 250 nm to 550 nm, 300 nm to
500 nm, or 330 nm to 470 nm. The emission wavelength may refer to a main emission peak wavelength. As the emission
wavelength of the LED is set in the above range, a white LED having a longer lifespan, high energy efficiency, and high
color expression can be obtained.
[0097] The LED may be encapsulated using the composition. In addition, the encapsulation of the LED may be per-
formed only using the composition, and in some cases, another encapsulant may be used in combination with the



EP 2 878 633 B1

12

5

10

15

20

25

30

35

40

45

50

55

composition. When two kinds of encapsulant are used in combination, after the encapsulation using the composition,
the encapsulated LED may also be encapsulated with another encapsulant. Alternatively, the LED may be first encap-
sulated with the other encapsulant and then encapsulated again with the composition. As the other encapsulant, an
epoxy resin, a silicon resin, an acryl resin, a urea resin, an imide resin, or glass may be used.
[0098] To encapsulate the LED with the composition, for example, a method including injecting the composition into
a mold beforehand, dipping a lead frame to which the LED is fixed therein, and curing the composition, or a method
including injecting the composition into a mold into which the LED is inserted and curing the composition may be used.
As a method of injecting the composition, injection by a dispenser, transfer molding, or injection molding may be used.
In addition, as other encapsulating methods, a method of dropping the composition on the LED, screen printing, coating
the composition by screen printing or using a mask and curing the composition, and a method of injecting the composition
into a cup in which the LED is disposed on its bottom by a dispenser and curing the composition may be included.
[0099] In addition, the composition may be used as a diamond material fixing the LED to a lead terminal or package,
or a passivation layer or package substrate on the LED as needed.
[0100] When it is necessary to cure the composition, the curing is not particularly limited, and may be performed, for
example, by maintaining the composition at a temperature of 60 °C to 200 °C for 10 minutes to 5 hours, or in 2 or more
steps at suitable temperatures and for suitable amounts of time.
[0101] A shape of the encapsulant is not particularly limited, and for example, may be a bullet-shaped lens, planar
shape, or thin film shape.
[0102] In addition, further enhancement of performance of the LED may be promoted according to conventional meth-
ods known in the art. To enhance performance, for example, a method of disposing a reflective layer or light collecting
layer on a back surface of the LED, a method of forming a complementary coloring part on its bottom, a method of
disposing a layer absorbing light having a shorter wavelength than the main emission peak on the LED, a method of
encapsulating the LED and further molding the LED with a hard material, a method of inserting the LED into a through
hole to be fixed, or a method of contacting the LED with a lead member by flip-chip contact to extract light from a direction
of the substrate, may be used.
[0103] The optical semiconductor, for example, the LED may be effectively applied to, for example, backlights for
liquid crystal displays (LCDs), lights, various kinds of sensors, light sources of a printer and a copy machine, light sources
for an automobile gauge, signal lights, pilot lights, display devices, light sources of planar-type LEDs, displays, decora-
tions, or various kinds of lights.

EFFECTS OF THE INVENTION

[0104] A curable composition having no problems of discoloring even when used for a long time due to excellent
processability, workability, heat resistance, and light resistance can be provided. The curable composition which can
scatter light, and disperse linearity of light when used as an encapsulant of an optical semiconductor such as an LED
can be provided.

MODE FOR CARRYING OUT TE INVENTION

[0105] Hereinafter, a curable composition according to the present application will be described in further detail with
reference to Examples and Comparative Examples, but the scope of the curable composition is not limited to the following
Examples. Hereinafter, the abbreviation "Vi" refers to a vinyl group, the abbreviation "Ph" refers to a phenyl group, and
the abbreviation "Me" refers to a methyl group.

1. Measurement of light transmittance

[0106] A curable composition was injected between two glass substrates spaced approximately 1 mm apart from each
other and cured at 150°C for 1 hour, thereby preparing a planar sample having a thickness of 1 mm. Subsequently, light
transmittance of the sample in a thickness direction with respect to a wavelength of 450 nm was measured using a UV-
VIS spectrometer at room temperature and then evaluated according to the following criteria.
<Criteria for evaluating light transmittance >
s: light transmittance of 70% or more
3: light transmittance of less than 70%

2. Evaluation of light scattering degree

[0107] A curable composition was injected between two glass substrates spaced approximately 2 cm apart from each
other and cured at 150°C for 1 hour, thereby preparing a planar sample. Subsequently, the cured planar sample was
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placed on a letter-printed paper, and the letters were observed with the naked eye, thereby evaluating a light scattering
degree according to the following criteria.

<Criteria for evaluating light scattering degree>

[0108] s: the letters printed underneath were not recognized with the naked eye
3: the letters printed underneath were recognized with the naked eye

3. Evaluation of heat resistance

[0109] A curable composition was injected between two glass substrates spaced approximately 1 mm apart from each
other and cured at 150°C for 1 hour, thereby preparing a planar sample having a thickness of 1 mm. The sample was
left at 150°C for approximately 500 hours, and the occurrence of yellowing or not was observed, thereby the sample
was evaluated according to the following criteria.

<Criteria for evaluating heat resistance>

[0110] s: yellowing was not observed
3: yellowing was observed

4. Evaluation of refractive index

[0111] Refractive indexes of respective components of the curable composition were measured with respect to light
having a wavelength of 450 nm using an Abbe refractometer.

Example 1

[0112] A curable composition was prepared by mixing 30 g of a polyorganosiloxane of Formula A, 100 g of a polyor-
ganosiloxane of Formula B, 200 g of a polyorganosiloxane of Formula C, and 50 g of a polyorganosiloxane of Formula
D, blending a catalyst (platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane) to have a content of Pt(0) of 5 ppm, and
uniformly mixing the resulting mixture. Here, an absolute value of a difference between a refractive index (A) of the
polyorganosiloxane of Formula A and a refractive index (B) of a mixture of the polyorganosiloxanes of Formulas B, C,
and D was 0.09.

[Formula A] (ViMe2SiO1/2)2(Me2SiO2/2)40

[Formula B]  (ViMe2SiO1/2)2(Me2SiO2/2)20(Ph2SiO2/2)15

[Formula C] (ViMe2SiO1/2)2(PhSiO3/2)8

[Formula D] (HMe2SiO1/2)2(HMeSiO2/2)0.5(Ph2SiO2/2)1.5

Example 2

[0113] A curable composition was prepared by mixing 30 g of a polyorganosiloxane of Formula E, 300 g of a polyor-
ganosiloxane of Formula F, and 70 g of a polyorganosiloxane of Formula G, blending a catalyst (platinum(0)-1,3-divinyl-
1,1,3,3-tetramethyldisiloxane) to have a content of Pt(0) of 5 ppm, and uniformly mixing the resulting mixture. Here, an
absolute value of a difference between a refractive index (A) of the polyorganosiloxane of Formula E and a refractive
index (B) of a mixture of the polyorganosiloxanes of Formulas F and G was 0.07.

[Formula E] [ViMe2SiO1/2]2[Me2SiO2/2]40[MeSiO3/2]5

[Formula F] [ViMeSiO2/2]2[PhSiO3/2]6.5

[Formula G] [HMe2SiO1/2]2[HMeSiO2/2]0.5[Ph2SiO2/2]1.5



EP 2 878 633 B1

14

5

10

15

20

25

30

35

40

45

50

55

Example 3

[0114] A curable composition was prepared by mixing 30 g of a polyorganosiloxane of Formula H, 100 g of a polyor-
ganosiloxane of Formula I, 20 g of a polyorganosiloxane of Formula J, and 20 g of a polyorganosiloxane of Formula K,
blending a catalyst (platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane) to have a content of Pt(0) of 5 ppm, and uni-
formly mixing the resulting mixture. Here, an absolute value of a difference between a refractive index (A) of the poly-
organosiloxane of Formula H and a refractive index (B) of a mixture of the polyorganosiloxanes of Formulas I, J, and K
was 1.1.

[Formula H] (ViMe2SiO1/2)2(Me2SiO2/2)20(Ph2SiO2/2)20

[Formula I] (ViMe2SiO1/2)(Me3SiO1/2)3(SiO4/2)2

[Formula J] (ViMe2SiO1/2)2(Me2SiO2/2)70

[Formula K] (Me3SiO1/2)2(HMeSiO2/2)35

Comparative Example 1

[0115] A curable composition was prepared by the same method as described in Example 1, except that the polyor-
ganosiloxane of Formula A was not used.

Comparative Example 2

[0116] A curable composition was prepared by the same method as described in Example 3, except that the polyor-
ganosiloxane of Formula H was not used.

Comparative Example 3

[0117] A curable composition was prepared by the same method as described in Example 1, except that the polyor-
ganosiloxane of Formula A was not used and 30 g of polystyrene particles were blended instead.

Claims

1. A curable composition satisfying Equation 1 and which comprises:

(A) a polyorganosiloxane having an average compositional formula of Formula 1;
(B) a polyorganosiloxane having an average compositional formula of Formula 2; and
(C) a compound of Formula 3, and
wherein one or two of the polyorganosiloxane (A), the polyorganosiloxane (B), and the compound (C) does not
comprise an aryl group, and the other component comprises an aryl group:

[Formula 1] (R1
3SiO1/2)a(R1

2SiO2/2)b(R1SiO3/2)c(SiO4/2)d

[Table 1]

Light transmittance Light scattering degree Heat resistance

Example

1 O O O

2 O O O

3 O O O

Comparat ive Example

1 X X O

2 X X O

3 X X X
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[Formula 2] (R2
3SiO1/2)e(R2

2SiO2/2)f(R2SiO3/2)g(SiO4/2)h

[Formula 3] HiYjSiO(4-i-j)/2

where R1, R2, and Y are each independently an epoxy group or a monovalent hydrocarbon group, with the
proviso that at least one of R1 or at least one of R2 is an alkenyl group; a is 0 or a positive number, b is a positive
number, c is 0 or a positive number, d is 0 or a positive number, b/(b+c+d) is 0.65 or more, e is 0 or a positive
number, f is 0 or a positive number, g is 0 or a positive number, and h is 0 or a positive number, f/(f+g+h) is
less than 0.65, with the proviso that g and h are not simultaneously 0; i is 0.2 to 1, j is 0.9 to 2, and A is a
refractive index of any one component of the components (A) to (C), and B is a refractive index of a mixture of
the other two components of the components (A) to (C),
wherein the ratio (H/Ak) of moles of a hydrogen atom (H) binding to a silicon atom included in the silicon
compound (C) with respect to moles (Ak) of all alkenyl groups included in the polyorganosiloxanes (A) and (B)
is 0.5 to 2.0; and wherein the one component having the refractive index A in Equation 1 is included in the
curable composition in an amount 0.1 parts by weight to 30 parts by weight with respect to 100 parts by weight
of the other two components having the refractive index B, where refractive index is determined in accordance
with the method outlined in the description.

2. The curable composition according to Claim 1, wherein A in the Equation 1 is the refractive index of the polyorga-
nosiloxane (A), and B in the Equation 1 is the refractive index of the mixture of the polyorganosiloxane (B) and the
compound (C).

3. The curable composition according to Claim 1, wherein A of the Equation 1 is the refractive index of the polyorga-
nosiloxane (B), and B in the Equation 1 is the refractive index of the mixture of the polyorganosiloxane (A) and the
compound (C).

4. The curable composition according to Claim 1, wherein at least one of R1’s in Formula 1 is an aryl group.

5. The curable composition according to Claim 1, wherein at least one of R2’s in Formula 2 is an aryl group.

6. The curable composition according to Claim 1, wherein f/(f+g+h) in Formula 2 is 0.4 or less.

7. The curable composition according to Claim 1, wherein g/(g+h) in Formula 2 is 0.8 or more.

8. The curable composition according to Claim 1, wherein at least one of Y’s in Formula 3 is an aryl group.

9. An optical semiconductor encapsulated by the cured composition of Claim 1.

10. A liquid crystal display comprising the optical semiconductor of Claim 9 in a backlight unit.

11. A light apparatus comprising the optical semiconductor of Claim 9.

Patentansprüche

1. Härtbare Zusammensetzung, die Gleichung 1 erfüllt und umfasst:

(A) ein Polyorganosiloxan mit einer durchschnittlichen Zusammensetzungsformel der Formel 1;
(B) ein Polyorganosiloxan mit einer durchschnittlichen Zusammensetzungsformel der Formel 2; und
(C) eine Verbindung der Formel 3, und
wobei eines oder zwei vom dem Polyorganosiloxan (A), dem Polyorganosiloxan (B) und der Verbindung (C)
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nicht eine Arylgruppe umfassen und die andere Komponente eine Arylgruppe umfasst:

[Formel 1] (R1
3SiO1/2)a(R1

2SiO2/2)b(R1SiO3/2)c(SiO4/2)d

[Formel 2] (R2
3SiO1/2)e(R2

2SiO2/2)f(R2SiO3/2)g(SiO4/2)h

[Formel 3] HiYjSiO(4-i-j)/2

worin R1, R2 und Y jeweils unabhängig voneinander eine Epoxygruppe oder eine monovalente Kohlenwasser-
stoffgruppe sind, mit der Maßgabe, dass mindestens eines der R1 oder mindestens eines der R2 eine Alkenyl-
gruppe ist; a 0 oder eine positive Zahl ist, b eine positive Zahl ist, c 0 oder eine positive Zahl ist, d 0 oder eine
positive Zahl ist, b/(b+c+d) 0,65 oder mehr ist, e 0 oder eine positive Zahl ist, f 0 oder eine positive Zahl ist, g
0 oder eine positive Zahl ist, und h 0 oder eine positive Zahl ist, f/(f+g+h) kleiner als 0,65 ist, mit der Maßgabe,
dass g und h nicht gleichzeitig 0 sind; i 0,2 bis 1 ist, j 0,9 bis 2 ist, und A ein Brechungsindex einer beliebigen
Komponente der Komponenten (A) bis (C) ist, und B ein Brechungsindex eines Gemisches der beiden anderen
Komponenten der Komponenten (A) bis (C) ist,
wobei das Verhältnis (H/Ak) von den Molen eines Wasserstoffatoms (H), das an ein in der Siliciumverbindung
(C) enthaltenes Siliciumatom gebunden ist, zu den Molen (Ak) aller in den Polyorganosiloxanen (A) und (B)
enthaltenen Alkenylgruppen 0,5 bis 2,0 beträgt; und
wobei die eine Komponente mit dem Brechungsindex A in Gleichung 1 in der härtbaren Zusammensetzung in
einer Menge von 0,1 Gewichtsteilen bis 30 Gewichtsteilen, bezogen auf 100 Gewichtsteile der beiden anderen
Komponenten mit dem Brechungsindex B, enthalten ist, wobei der Brechungsindex gemäß dem in der Be-
schreibung beschriebenen Verfahren bestimmt wird.

2. Härtbare Zusammensetzung gemäß Anspruch 1, wobei in Gleichung 1 A der Brechungsindex des Polyorganosilo-
xans (A) ist, und in Gleichung 1 B der Brechungsindex des Gemisches aus dem Polyorganosiloxan (B) und der
Verbindung (C) ist.

3. Härtbare Zusammensetzung gemäß Anspruch 1, wobei in Gleichung 1 A der Brechungsindex des Polyorganosilo-
xans (B) ist, und in Gleichung 1 B der Brechungsindex des Gemisches aus dem Polyorganosiloxan (A) und der
Verbindung (C) ist.

4. Härtbare Zusammensetzung gemäß Anspruch 1, wobei mindestens eines der R1 in Formel 1 eine Arylgruppe ist.

5. Härtbare Zusammensetzung gemäß Anspruch 1, wobei mindestens eines der R2 in Formel 2 eine Arylgruppe ist.

6. Härtbare Zusammensetzung gemäß Anspruch 1, wobei in Formel 2 f/(f+g+h) 0,4 oder weniger beträgt.

7. Härtbare Zusammensetzung gemäß Anspruch 1, wobei in Formel 2 g/(g+h) 0,8 oder mehr beträgt.

8. Härtbare Zusammensetzung gemäß Anspruch 1, wobei mindestens eines der Y in Formel 3 eine Arylgruppe ist.

9. Optischer Halbleiter, verkapselt mit der gehärteten Zusammensetzung gemäß Anspruch 1.

10. Flüssigkristallanzeige, umfassend den optischen Halbleiter gemäß Anspruch 9 in einer Hintergrundbeleuchtungs-
einheit.

11. Lichtvorrichtung, umfassend den optischen Halbleiter gemäß Anspruch 9.

Revendications

1. Composition durcissable satisfaisant à l’Équation 1 et qui comprend :
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(A) un polyorganosiloxane ayant une formule de composition moyenne de Formule 1 ;
(B) un polyorganosiloxane ayant une formule de composition moyenne de Formule 2 ;
(C) un composé de Formule 3, et
dans laquelle un ou deux du polyorganosiloxane (A), du polyorganosiloxane (B) et du composé (C) ne comprend
pas un groupe aryle, et l’autre composant comprend un groupe aryle :

[Formule 1] (R1
3SiO/2),(R1

2SiO2/2)b(R1SiO3/2)c(SiO4/2)d

[Formule 2] (R2
3SiO1/2)e(R2

2SiO2/2)f(R2SiO3/2)g(SiO4/2)h

[Formule 3] HiYjSiO(4-i-j)/2

où R1, R2 et Y sont chacun indépendamment un groupe époxy ou un groupe hydrocarboné monovalent, à
condition qu’au moins un de R1 ou au moins un de R2 soit un groupe alcényle ; a est 0 ou un nombre positif, b
est un nombre positif, c est 0 ou un nombre positif, d est 0 ou un nombre positif, b/(b+c+d) est 0,65 ou plus, e
est 0 ou un nombre positif, f est 0 ou un nombre positif, g est 0 ou un nombre positif, et h est 0 ou un nombre
positif, f/(f+g+h) est inférieur à 0,65, à condition que g et h ne soient pas simultanément 0 ; i est de 0,2 à 1, j
est de 0,9 à 2, et A est un indice de réfraction de l’un quelconque composant des composants (A) à (C), et B
est un indice de réfraction d’un mélange des deux autres composants des composants (A) à (C),
dans laquelle le rapport (H/Ak) de moles d’un atome d’hydrogène (H) se liant à un atome de silicium inclus dans
le composé de silicium (C) par rapport aux moles (Ak) de tous les groupes alcényles inclus dans les polyorga-
nosiloxanes (A) et (B) est de 0,5 à 2,0 ; et
dans laquelle le composant ayant l’indice de réfraction A dans l’Équation 1 est inclus dans la composition
durcissable en quantité de 0,1 partie en poids à 30 parties en poids par rapport à 100 parties en poids des deux
autres composants ayant l’indice de réfraction B, où l’indice de réfraction est déterminé conformément au
procédé expliqué dans la description.

2. Composition durcissable selon la revendication 1, dans laquelle A dans l’Équation 1 est l’indice de réfraction du
polyorganosiloxane (A), et B dans l’Équation 1 est l’indice de réfraction du mélange du polyorganosiloxane (B) et
du composé (C).

3. Composition durcissable selon la revendication 1, dans laquelle A dans l’Équation 1 est l’indice de réfraction du
polyorganosiloxane (B), et B dans l’Équation 1 est l’indice de réfraction du mélange du polyorganosiloxane (A) et
du composé (C).

4. Composition durcissable selon la revendication 1, dans laquelle au moins un des R1 dans la Formule 1 est un
groupe aryle.

5. Composition durcissable selon la revendication 1, dans laquelle au moins un des R2 dans la Formule 2 est un
groupe aryle.

6. Composition durcissable selon la revendication 1, dans laquelle f/(f+g+h) dans la Formule 2 est 0,4 ou moins.

7. Composition durcissable selon la revendication 1, dans laquelle g/(g+h) dans la Formule 2 est 0,8 ou plus.

8. Composition durcissable selon la revendication 1, dans laquelle au moins un des Y dans la Formule 3 est un groupe
aryle.

9. Semi-conducteur optique encapsulé par la composition durcie selon la revendication 1.

10. Affichage à cristaux liquides comprenant le semi-conducteur optique selon la revendication 9 dans une unité de
rétroéclairage.
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11. Appareil d’éclairage comprenant le semi-conducteur optique selon la revendication 9.
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