DESCRIPTION HARDENING COMPOSITION AND HARDENED PRODUCT THEREOF Technical
Field [0001] The present invention relates to a hardening composition with low viscosity and
superior handling characteristics and a hardened praduct which is obtained by hardening the
hardening 10 composition and has superior light-shielding effect, heat resistance and molding
prosessability, and optionally has superiorelectricalconductivity. Thehardenedproduct is useful as a
light-shielding component for various optical eguipmepts sutch as a camera, a video camera, a copying
machine and a developing 15 machine. Background Art [0002] In recent years, a product functioning
as a camera or a video 20 camera has been rapidly made small enough to be put in a pocket and
carried or to be optionally mounted on other electronic devices such as a mobile phone. Because of

the compact size ofthese\anptisat equipmenisiha nsed-as-heen IBSraasing yearhy year to lighten

and reduce the size of components constituting those 2 equipments. [0003] In general, a
light-shielding material used for a camera or the like has been primarily a metal. But, in view of

lightening
58 Technical Field

(G001}
The present invention relates to a hardening composition
with low viscosity and superior handling characteristics and a
nardened product which is obtained by hardening the hardening
10 composition and has superior light-shielding effect, heat
registance and molding prosessability, and optionally has
superior electrical conductivity. The hardened product is useful
as a light-shielding component for various optical equipments such
as a camera, a video camera, a copying machine and a develcping

15 machine.

Background Art
[0002]
In recent years, a product functioning as a camera or a video
20 camera has been rapidly made small enough to be put in a pocket
and carriedor tobe optionally mounted on other electronic devices
such as a mobile phone. Because of the compact size of these
optical equipments, the need has been increasing year by year to

lighten and reduce the size of compcnents constituting those



5 and reducing the size of the component and achieving cost reduction, the switching to a plastic
material such as a resin film was desired. As a resin film used for the light-shielding component, for
example, JP-2008-138068A (Patent Document 1) discloses that a resin obtained by dispersing carbon
blacks in a polyester film will 10 provide a film with high light-shielding effect. JP-H04-009802 (Patent
Document 2) discloses a process for coating both faces of a synthetic resin film with a thermosetting
resin compgajg%ﬁgmgaiqing carbon blacks to provide a light-shielding film. [0004] 15However, recent
tendency to adopt a production process using reflow soldering to increase the productivity demands
that the resi for a lens unit of a camera withstand the reflow soldering process. The
light-shielding film as exemplified above, because having a low glass transition temperature (Tg) as a

20 component and having no r fIOV\ésgldeﬂggsr%%?nce cannot be Rroducgd the production

process including t & reflow 56 dering plr Ccess. r%%r}gaéngrﬁﬁ%%ro&llf’ceflvity%%sano‘?%%%ﬁa

improved. 09 én1%q<deieti}?2§t e@g%ht-ghielojjng materi’%\l i§ req}girgd to 3 have good molding

processability. FUrthermore, when tSed for s dombonert for pracision equishient. i makerid is

requir%d to ha et]é gligctrical g%nductivitylg;ls needed, to reduce troubles due to static electricity. 5
aten

Citation List oeliments foo0s[ Patéin DERREH! 131 3008386682 0 PAERAEHoctment 2:
JP-H04-009802A Summary of the Inventjon Problem to be Solved by the Invention [0007] 15It is an

object of th%hﬁ’g%jn?m igﬁjta Br]o?/ﬁ]%lg material suchasarésin filmwas desired.

As aresin filmused for the light-shielding component, for example,
JP-2008-138068A (Patent Document 1) discloses that a resin
obtained by dispersing carbon blacks in a polyester film will

10 provide a film with high light-shielding effect. JP-H04-009802
{(Patent Document 2) discloses a precess for coating both faces
of a synthetic resin film with a thermosetting resin composition
containing carbon blacks to preovide a light-shielding film.
[0004]

15 However, recent tendency to adopt a production process using
reflow soldering to increase the productivity demands that the
resin used for a lens unit of a cameraz withstand the reflow
soldering process. The light-shielding filmas exemplified above,
because having a low glass transition temperature (Tg) as a

20  component and having no reflow soldering resistance, cannot be
produced in the production process including the reflow soldering
process. For this reason, the productivity has not been improved.
[0005]

In addition, the light-shielding material is reguired to



hardening composition which can give a light-shielding component and the like for various optical
equipments such as a camera, a video camera, a copying machine and a developing machine and
which can solve the problem associated with conventional technology. 20[0008] That is, it is an
object of the present invention to provide a hardenithhg composition with superior handling
characteristics which can give a hardened product with superior light-shielding effect, heat resistance
and molding processability, and 4 optionally with superior electrical conductivity. Means for Solving

the Probleaw[@099b6The prgsentinveniotssmate earnest.study taehievethe abeve objgctand found
out a hardening composition has low viscosity and superior handling characteristics when comprising

silica finecpartieles surface-tieated withispegificisilane compoungds:a {aeth)acrdate-havingtwo or
more ethylenically 10 unsaturated groups and being free from cyclic structure, a (meth)acrylate having

an ethylenically amsaturated 1greupandnaving analicyslicistiucture »a golymerization dnitigtor and
black inorganic fine particles. They also found out that the hardening of the above hardening

composition canprovideia 45 hardened product which has superior light-shielding effect, heat
resistance and molding processability, and optionally with superior electrical conductivity and which
can e suitably used for a light-shielding component for various optical equipments such as a camera,
a video camera, a copying machine and a developing 20 machine. [0010] Specifically, the present
inventionqis summarized-as follows: [1]A hardening composition comprising: 5 silica fine particles (a),
a (meth)acrylate (b) having two or more ethylenically

Patent Documents

[0006]

Patent Document 1: JP-2008-138068A

10 Patent Document 2: JP-HC4-009802A

Summary of the Invention
Problem to be Sclved by the Invention
00071
i5 It is an object of the present invention to provide a
hardening composition which can give a light-shielding component
and the like for various optical equipments such as a camera, a
video camera, a copying machine and a developing machine and which
can solve the problem associated with conventional technology.
20 [0008]
That is, it is an object of the present invention to provide
a hardening composition with superior handling characteristics
which can give a hardened product with superior light-shielding

effect, heat resistance and molding processability, and



unsaturated groups and being free from cyclic structure, a (meth)acrylate (c) haying an ethylenically
unsaturated o group and having an alicyclic structure, a polymerization initiator (d) and black inorganic
fine particles (e), wherein the silica fine particles (a) are surface-treated with a silane compound (f)
represented by the following general formula (1) add a silane 10 compound (g) represented by the
following general formula (2). [0011] [Chem. 1] [0012] 15In the formula (1), R' representsa hydrogen
atom or a methyl group, R2 represents an alkyl group having 1 to 3 carbon atoms or a phenyl group,
R3 represgrits artaydiggen atons opa:hydrocarbon graud haying ddo ldicarbon atoms; g represents an
integer of 1 to 6; and r represents an integer of 0 to 2. 20[0013] [Chem. 2]
Means for Solving the Problem
[00G9]
5 The present inventors made earnest study to achieve the
above object and found out a hardening composition has low
viscosity and superior handling characteristics when comprising
silica fine particles surface-treated with specific silane
compounds, & (meth)acrylate having two or more ethylenically
10 unsaturated groups and being Ifree from cyclic structure, a
(meth)acrylate having an ethylenically unsaturated group and
having an alicyclic structure, a polymerization initiater and
black inorganic fine particles. They also found out that the
hardening of the above hardening composition can provide a
15 hardened product which has superiocr light-shielding effect, heat
resistance and molding processability, and opticnally with
superior electrical conductivity and which can be suitably used
for a light-shielding component for variocus optical eguipments
such as a canera, a video camera, a copyingmachine and a developing
20 machine.
[CC10]
Specifically, the present invention is summarized as

follows:

(1] A hardening composition comprising:



[0014] In the formula (2), R4 is an alkyl group having 1 to 3 carbon 5 atoms or a phenyl group which
may have a substituent; R5 is a hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms;
s is aninteger of 0 to 6; and t is an integer of 0 to 2. 5 [2] The hardening composition as described
in [1], wherein the (meth)acrylate (b) is a (meth)acrylate having three 10 ethylenically unsaturated
groups and being free from cyclic structure. [3] The hardening composition as described in [1] or

[2], wherein the silica fine particles Iaﬁg%aéne(% py surface-treating silica fine particles which have
not been 15 surface-treated with 5 to 25 parts by mass of the silane compound (f) based on 100 parts

by mass of the silica fin§1 articles and with 5 to 25 parts by, mass of the silane compound ( ibased on
100 parts by mass of tﬁeésl%@aaf;%n%yggr%gles?b? & 4TW1% hté‘r“’ci)enﬁ]lé c%nr%%%siﬁg% ghsedéégﬁg din any
one of 20[11]1 Q wherein the glass transition temperature of a 7 homopolymer of the (meth)acrylate
(b) and the g éss%g #gﬁsglﬁgn ?é:rcﬁggrsatl?rré%f%eﬁélrﬁoppglef/?nefre%?l%hecé/rﬁ thyactylats {d) are 150C or

higher. [5] The hardening composition as described in a ne of 5[1] to [4], wherein the black

inorganic fine partiaeﬁgggl)eazglﬁgaf;#o%e% lectéd friomthe %F% 851115?&1'{]953 ot CaiBoH BES,

titanium black and carbon nanotubes. ({[/ 1. The hardening composition as described in any one of
|

[1] to [4], whérain the Blatk noiganit fite Farticies (&F A T8 Earbon blacks and/or titanium black.

a polymerization initiator {(d) and

black inorganic fine particles (e), wherein the silica fine
particles (a) are surface-treated with a silane compound (L)
represented by the following general formula (1) and a silane

10 compound (g} represented by the following general formula (2).
[0011]

{Chem. 1]

H,0==C——C——0—(CH,);—SiR% (OR%),.,

S —
LT eE——

[00.12]

15 In the formuia (1), Rlrepresents5ahydrog@natomcn7an@thyl-
group, R? represents an alkyl group having 1 to 23 carbon atoms
or a phenyi group, R3_represents a hydrogen atom or a hydrocarbon
group having i to 10 carbon atoms; g represents an integer of 1

to 6; and r represents an integer of 0 to 2.

20 [0013]



[7] The hardening composition as described in [6], wherein the carbon blacks and/or titanium black
have a number average particle diameter of 5 to 200 nm. [8] The hardening composition as
described in any one of 15[1] to [4], wherein the black inorganic fine particles (e) are carbon blacks
surface-treated with a silicone resin. [9] The hardening composition as described in [8], wherein
the carbon blacks surface-treated with a silicone resin have a number average particle diameter of 5 to
200 nm. 20 &@ﬂ'hezqardenlng composition as described in any one of [1] to [4], wherein the black
inorganic f|ne particles (e) are carbon nano tubes, [11] The hardening composition as described in
[10], wherein the carbon nanotubes have an average diameter of 0.5 to 8 200 nm and an average
Iength of 100 nm « O-pm=—===_ [12] The hardening composition as described in any one of [1] to [11],
S OOO mPacs. [13] A hardened product formed by hardening the

rlbed in any one of [1] to [12]. [14] A light-shielding film

) s " 10[0015] According
' ‘Flor handling

Ad 15 optionally with superior electrical conductmty There is also

provided a oo the hardening composition. (2)

[0014]
In the formula (2), R* is an alkyl group having 1 to 3 carbon
5 atoms or a phenyl group which may have a substituent; R° is a
hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms;
s is an integer of 0 to €; and t is an integer of 0 to 2.

[2] The hardening composition as described in I[1}1,

wherein the (meth)acrylate (b) is a (meth)acrylate having three
10 ethylenically unsaturated groups and being free from cyclic
structure.

[3] The hardening composition as described in [1] oxr [2],
wherein the silica fine particles (a) are obtained by
surface-treating silica fine particles which have not been

15 surface-treated with 5 to 25 parts by mass of the silans compound
(f) based on 100 parts by mass of the silica fine particles and
with 5 to 25 parts by mass of the silane compound {(g) based on
100 parts by mass of the silica fine particles.

[4] The hardening composition as described in any one of

20 [1] to [3], wherein the glass transition temperature of a



Embodiment for Carrying out the Invention [0016] 20Hereinafter, the present invention will be
described in detail. [0017] [Hardening Composition] The hardening composition of the present
invention 9 comprises silica fine particles (a), a (meth)acrylate (h) having two or more ethylenically
unsaturated groups and being free from cyclic structure, a (meth)acrylate (c) having an ethylenically
unsaturated group and having an alicyclic structure, a 5 polymerization initiator (d) and black inorganic

fine particlgs,(e), ‘%El‘f?ﬁ#r thesiiea fing parlicles.(p) are syfpcedieaiad wilhs 5eﬁéﬁg%'a”§17acrylate

compounds. He einatt ese structural components wi
used herein means metha ylah and/or an acryl%te 10[?018]h<S|I|ca ine Particles (a

silica fine particles (a) usedin t%e STESBREMVSTGH aré SUltABIY Patticies With af : a\i%lfggi Eb%or%cl

diameter of 1 to, 10% nm. When the average particle diameter is less than 1 nm, 15 the resultant
hardening compog i0n tends to have increased viscosity and have a limited content and inferior

dispersibility of the sjlica fing particles (a) therein, Whlch tends to lead to.insufficient heat resistance of
a hardened producés gtam%%l%ykh ése%l%gqhecﬁf d&ring Composition ]fhgr%ﬂwdf?efaal¥oofé?eﬂ£d 20 to

as a harde ?ﬂ £od CJ)g When the avera @grtl%e diameter js more than 100 nm, the resultant
product mari/ ave |n eriar apﬁ)eﬁ?a%e d fethanicar properfied. (86182 40" ‘E&)e@, mé&re ieterably 1
to 50 nm, stlll ore referab 5 to 50 nm, most preferably 5 to 40 nm in view of controlling the

viscosity ofaﬁ’l rﬁ’ﬁlﬁ COEssTioh 56 48 fo falAwithin S PPErbrdble afife SRR GUePage pérticle

diameter of the S|I|ca fine particles
titanium black and carbon nanotubes.

[6] The hardening composition as described in any one of
{1] to [4], wherein the black inorganic fine particles (e} are

16 carbon blacks and/or titanium black.

{73 The hardening composition as described in 167,
wherein the carbon blacks and/or titanium black have a number
average particle diameter of 5 to 200 nm.

[8] The hardening composition as described.in any one of

15 [1] to [4], wherein the black inorganic fine particles (e) are
carbon blacks surface-treated with a silicone resin.

[9] The hardening composition as described in [8],
wherein the carbon blacks surface-treated with a silicone resin
have a number average particle diameter of 5 to 200 nm.

20 [10] The hardening compositicn as described in any cne of
{1] to {4], wherein the black inorganic fine particles (e) are
carbon nanotubes.

[11] The hardening composition as described in [10],

wherein the carbon nanotubes have an average diameter of 0.5 to



5 (a) can be obtained as follows. The silica fine particles are observed with a high-resolution
transmission electron microscope (manufactured by Hitachi, Ltd.; H9000), and an image of 100 silica
particles is arbitrarily selected in an observed image of the fine particles and are averaged by a
publicly known image data 10 statistical processinggmethod, thereby to give a number average particle
diameter defined as the average particle diameter. [0020] In the present invention, in order for the
hardened product to have increased amount of the silica fine particles (a), a 15 mixture of silica fine
particles with differentzaverage padiple diametarsomay be wused: 4n additien, as the silica fine particles
(a), a porous silica sol or a complex metal oxide of silicon with aluminum, magnesium, zinc or the like

may be used. [0021}20The contentof the silisadineparticlesda)dn the; bardening sompgasitien is
preferably 20 to 80% by mass, and in view of the balance between the heat resistance and

environmental fesistance of;the-handeped pradict and fhe visggsity,obthechagdening composition, the
content is more preferably 40 to 60% by mass. 11 When the content is 20 to 80% by mass, superior

fluidity of the hardening camposiion-and dispessibility-f the silicafineparticles(a) in the, hardening

composition are achieved, and therefore the hardening composition can readily provide a hardened 5

prodyct having-sufficient sfrength, heat Lesistange and.envirenmental resistance. [0022] The silica fine

particles (a) of the present invention have been surface-treated with a silane compound (f) and a

silane 10 compoung(g). xha&§g§h@~%iﬂ%aefﬂa%9$rti%§ﬁa) sphtained by syriace;yeating silica fine
|

particles which have not been surface-treated with the silane compound(f) and the silane

product as described in [13].

Effect of the Invention
10 (00157
According to the present invention, there is provided a
hardening composition with superior handling characteristics
which can give a hardened product with superior light-shielding
effect, heat resistance and melding processability, and
15  optionally with superiocr electrical conductivity. There is also

provided a hardened product of the hardening composition.

Embodiment for Carrying out the Invention
[0016]
20 Hereinafter, the present invention will be described in
detail.
(0017}
[Hardening Composition]

The hardening composition of the present invention



compound (g).Hereinafter, each silane compound will be described.A method for surface-treating the
silica fine 15 particles (a) will be described later. [0023] <Silane Compound (f)> The silane
compound (f) is represented by the following generakformula (1). 20[0024] [Chem. 3] 12 [0025]

In the formula (1), RI represents a hydrogen atom or a methyl group, R2 represents an alkyl group
having 1 to 3 carbon atoms 5 or a phenyl group, R3 represents a hydrogen atom or a hydrocarbon

group havi 10 carbon atams; o1 integer.of , and r represents.an integer of 0
to 2. [0026]%%%é9}%ncgr§§rﬂ fs%%m%?d n%%g%(r%?n%)%s%?)ﬁ tg h(évéegﬁgc%gg edei %8 v%c}ogltay and have

storage sighiliy. B3.1s prelerably 4, mel graue.¢ (s RTeLab 3. and e prsferably 0 Whep R2 s
present, R2 Is preferably a me hyéln' group.

cyclic structure, a (meth)acrylate {(c) having an ethylenically
unsaturated group and having an alicyclic structure, a

5 polymerization initiator (d) and black inorganic fine particles
(e), wherein the silica fine particles (&) are surface-treated
with specific silane compounds. Hereinafter, each of these
structural components will be described. The (meth)acrylate used
herein means a methacrylate and/or an acrylate.

10 (0018}
<8ilica Fine Particles (a)>

The silica fine particles (a}) used in the present invention

are suitably particles with an average particle diameter of 1 to
100 nm. When the average particle diameter is less than 1 nm,

15 the resultant hardening composition tends to have increased
viscosity and have a limited content and inferior dispersibility
of the silica fine particles (a) therein, which tends to lead to
insufficient heat resistance of a hardened product obtained by
hardening the hardening composition (hereinafter also referrad

20 to as a hardened product). When the average particle diameter
is mere than 100 nm, the resultant product may have inferior
appearance and mechanical properties.
(0019}

The average particle diameter of the silica fine particle



[0027] The silane compound (f) is used in order to decrease the 15 viscosity of the hardening
composition, to improve the dispersion stability of the silica fine particles (a) in the hardening
composition through the reaction with a (meth)acryl%e (b), described later, to decrease the hardening
shrinkage when hardening the hardening composition and to provide the hardened 20 product with
molding processability. That is, when the silica 13 fine particles are not surface-treated with the silica
compound (f),.the_resultant h q_Ldeni com ositgqp H”de irably has increased viscosity, and.significant
hardening s(r%rfnl%asg?\#vﬂ%r%g r%ae? gne&f and the resﬁrifangt Jat%(eﬁng(f Srgd:uecl??srﬁ%?ipgsifgabil) brittle and
has cracks, [0028] Examples of the silane compaund (f) include: : . . :
y-acryloxyprﬁ[é)nf)yﬁn |%E%tﬁ§lér)n%ﬁgf%§]§f Iz%ng ,Oyfggﬁl/ oi?p}f()lgy moefh(f/i)cﬁ r%%ﬁ%ﬁ& a}—i}e1 g viscos ity
10y-acryloxypropyldiethylmethoxysilane, y-acryloxypropylethyldimethoxysilane,

y-acryloxyp%gpyg/ r‘%mé%%%%ﬁ&%,%9§1é?§lg§<§/’ﬁr%%y%?m%%§é)thg)%r)]/‘]sflla‘ﬁégnln & preferable
y-acryloxypropylmethyldiethoxysilane, 15y-acryloxypro Idieg %ethox silane, ,
y-acryloxypropy %thnggjeéfh%&%i%%%,p)ﬁﬁgr%/i:ox ;Sgr)%)%g‘ﬁrﬁ%ﬁo?( s% ne; MY % ine perticies

-methacryloxypropyldimethylmethoxysilane, y-methacryloxypropylmethyldimethoxysilane,
y 5 yh%yaﬁ%ybe o gégnemiés fol%owsm f%Ezﬂ%lg%a ff%e paxtféles are

observed with a high-resolution transmission electron microscope
{(manufactured by Hitachi, Ltd.; H2000), and an image of 100 silica
particlésjﬁiarbitrarilyselectedineﬂlobservedimageof"HM;fine
particles and are averaged by a publicly known image data
10 statistical processing method, thereby to give a number average
particle diameter defined as the average particle diameter.
[0C20]
In the present invention, in order for the hardened product
te have increased amount of the silica fine particles (a), a
15 mixture of silica fine particles with different average particle
diameters may be used. Inaddition, as the silica fine particles
(a), a porous silica sol or a complex metal oxide of silicon with
aluminum, magnesium, zinc or the like may be used.
(00211
20 Theconﬁenthfthesilicafiﬁeparticles(a):u1thehardening
composition is preferably 20 to 80% by mass, and in view of the
balance between the heat resistance and environmental resistance
of the hardened product and the viscosity of the hardening

compesition, the content is more preferably 40 to 60% by mass.



20y-methacryloxypropyldiethylmethoxysilane, y-methacryloxypropylethyldimethoxysilane,
y-mefhacryloxypropyltrimethoxysilane, y-methacryloxypropyldimethylethoxysilane,
y-methacryloxypropylmethyldiethoxysilane, 14 y-metpacryloxypropyldiethylethoxysilane,
y-methacryloxypropylethyldiethoxysilane, and y-mef’hacryloxypropyItriethoxysiIane. [0029] 50f these,
in view of preventing the silica fine particles (a) from aggregating in the hardening composition,

decreasing the viscosity and improving the storage stability of the hardening, composition, preferable
are: y-acr;g/lltg?(fléﬁf)1 (:?To%y%iréé\% ty?r%ﬁfxy%ﬁagg, %ﬁ%ﬁ/lg%y%srépﬁﬁ%ﬁﬁﬁaﬁn th%%}gi g =he

y-methacryrlloxy r%pyldimeth%/lmethox Si Iggg, y&methacrylo&ﬁh%ro ylgith dimethoxysilane,
i 0

y-acryloxypropyltrimethoxySitans -and §-methachisxypropyitriniet '1an&e afid Mdré prefBfable 15

is y-acrylox gr?_pyl imethoxysilane. These can be used in compination of two or more kinds. [0030]
These silahé Eorhpotinds' iy céﬁbeﬁB?od%%gﬁ}%%i&?rﬁ%%trﬁg%oﬂﬁeora&@]c%mercﬁfé

available. 2 [OO;%] In the surface-treatment of the silica fine particles, the silane compound (f) is
usually used an anamtors 16 25 aHs BYRR&es: Pref&ably ABh 20 paH s Bir rdsa r fors

preferably 12 to 18 parts by mass, based on 100 parts by mass of the silica fine 15
5 " product having sufficient strength, heat resistance and

environmental resistance.
[0022]
The silica fine particles (a) of the present invention have
been surface-treated with a silane compound (f) and a silane
10 compound (g). That is, the silica fine particles (a) are obtained
by surface~treating silica fine particles which have not been
surface-treated with the silane compound (f) and the silane
compound {g). Hereinafter, each silane compound will be
described, A method for surface-treating the silica fine
15 particles {a) will be described later.
[0023]
<Silane Compound {(f)>
The silane compound (f) is represented by the following
general formula {1).
20 [0024]

{Chem. 3]



particles which have not been surface-treated. When the silane compound (f) is used in an amount of
less than 5 parts by mass, the hardening composition has increased viscosity and may be gelled
because of the silica fine particles (a) having 5 deteﬁigrated dispersmbility in the hardening
composition. When the amount is more than 20 parts by mass, the silica fine particles (a) may
aggregate. If the surface-treatment of the silica fine particles involves the use of an organic solvent
dispersion liquid of the silica fine particles, the aforementioned mass of the silica 10 fine particles
refers only to the mass oﬁﬁﬂe silica particles per se dispersed in the organic solvent. [0032] When
the hardening compositior contains a large amount of acrylates (an acrylate (b) and an acrylate (c)
mentioned later), 15 the silane compound (f) is preferably a silane compound having an acrylic group,
i.e., represe y-the-general formula (1) wherein RJ=.is a hydrogen atp ﬁ%ﬂgﬂ the hardening
composition ains a large amourt of methacrylates (& nibthacrytate by &ﬂhacrylate (c)
mentioned later), the silane compao (f) is 20 preferably a silane compound having a methacrylic
group, i.e., represented by the gengfal formula (1) wherein 121 is a methyl group. In such cases,
hardening reaction easily takes plgCe when the hardening composition of the present invigti nis
hardened. [0033] 16 <Silane Compound (g)> The silane compound (g) used in the présent
invention is represented by the following general formula (2). [0034] [Chem. 4] (CH )SiR4t (OR5)34
(2) [0035] (9045 e formula (2), R4 is an alkyl group having 1 to 3 carbon atoms or a phenyl group

which may have a substituent; R5 is a 1
In the formula (1), R represents a hydrogen atom or a methyl

group, R? represents an alkyl group having 1 to 3 carbon atoms
5 or a phenyl group, R’ represents a hydrogen atom or a hydrocarbon
group.having 1 to 10 carbon atoms; g represents an integer of 1
to 6; and r represents an integer of ¢ to 2.
[0026]
In order for the hardening composition to have decreased
10 viscosity and have storage stability, R® is preferably a methyl
group, g ispreferably 3, and r ispreferably 0. When R? ispresent,
R? is preferably a methyl group.
[0027]
The silane compound (f) is used in crder to decrease the
16 wviscosity of the hardening composition, to improve the dispersion
stability of the silica fine particles (a) in the hardening
composition through the reaction with a {(meth)acrylate (b),
described later, to¢ decrease the hardening shrinkage when
hardening the hardening composition and to provide the hardened

20  product with molding processability. That is, when the silica



10 hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms; s is an integer of O to 6; and t
is an integer of O to 2. A substituent may be bonded to the phenyl group as long as not impairing the
effect of the present invention. Examples of the substitnent bonded to the phenyl group to form a
group include 15 a methyl group, an ethyl group, a méthoxy group, a hydroxyl group, a carboxylic
group, a fluoro group, a phenyl group and a naphthyl group. [0036] In view of decreasing the viscosity

of the hardening 17 composition, RS is, preferably a methyl grou is preferably O or 1, and t.is
preferably 0.1 R4pi%%$é"s(%%,sRﬁ% pre er%@gaar%%tﬁ’yﬁ%%l% f@gﬁ] %&hesnl?h%%ﬁggﬁﬁglf}%ﬁicles

are reacted with the silane com Qundcl(g the silica fine particles are given hydrophobicity on the
surface and z§1\7e ir%ésoveﬁecﬁél[?etr%fbl ity)liﬁr? fhe organic %\1}1&% and At the’ §§Vr%§ltﬁﬁ%,lﬁ/aveh§lfperior

compatibiliti/ ry(\‘/jithu_ghe@lgte‘}rr-imsentio.ned (metg)acrylate ¢). As a result thereof, the 10 hardenjng

composition ¢an have decreased vigdosity Cimpraved storade Stabilty ahd IGvered &er HBSorptivity.

[0038] Ex%mpl s of %;e silane compound (g) include: phenyldimethylmethoxysilane,

15phenylmethyidifethoxySifané Shenhyidiethifiet g Sfae pheryisthyidimetHadERanal Ly

phenyltrimethoxysilane, phenyidimethylethoxysilane, 20phenylmethyldiethoxysilane,
phenyéjiet éLtEB)]Q?sH%ﬂg, HRe Cracke .

[6028]
Examples of the silane compound (£f) include:
y~acryloxypropyldimethylmethoxysilane,
y-acrylexypropylmethyldimethoxysilane,

10 y-acryloxypropyldiethylmethoxysilane,
y-acryloxypropylethyldimethoxysilane,
y-acryloxypropyltrimethoxysilane,
y-acryloxypropyldimethylethoxysilane,
v-acryloxypropylmethyldiethoxysilane,

i5 y-acryloxypropyldiethylethoxysilane,
y—-acryloxypropylethyldiethoxysilane,
y-acryloxypropyltriethoxysilane,
y-methacryloxypropyldimethylmethoxysilane,
y-methacryloxypropylmethyldimethoxysilane,

20 y-methacryloxypropyldiethylmethoxysilane,
y-methacryloxypropylethyldimethoxysilane,
v-methacryloxypropyltrimethoxysilane,
y-methacryloxypropyldimethylethoxysilane,

y-methacryloxypropylmethyldiethoxysilane,



phenylethyldiethoxysilane, phenyltriethoxysilahe, benzyldimethylmethoxysilane, 18
benzylmethyldimethoxysilane, benzyldiethylmethoxysilane, benzylethyldimethoxysilane,
benzyltrimethoxysilane, 5benzyldimethylethoxysilanfZl benzylmethyldiethoxysilane,
benzyldiethylethoxysilane, benzylethyldiethoxysilane, and benzyltriethoxysilane. 10[0039] Of
these, in order for the hardening composition to have decreased viscosity, improved storage stability

and improved environmergal resistance inclug%%g lo eied ater ahsorptivity, preferable are:
. e =
RethoNSIL

15phenyldimethylm%?ﬁg%ysﬁgﬁg,Lﬁﬁ{éfr?y?rﬁg%y oxyEi ane, Splﬁ ﬁ?l%lfethylmethoxysilane,

henylethyldimethoxysilane, and
P ylethy v)ﬁethacryloxypropylethyldiethoxysilane, and

v-methacryloxypropvltriethoxysilane.
[0029]

5 Of these, in view of preventing the silica fine particles
(a) fron&aggregating'in‘ihe hardening compositiocon, decreasing the
viscosity and improving the storage stability of the hardening
compesition, preferable are:

y-acryloxypropyldimethylimethoxysilane,

16 y-—acryloxypropylmethyldimethoxysilane,
yv-methacryloxypropyldimethylmethoxysilane,
y-methacryloxypropylmethyldimethoxysilane,
y-acryloxypropyltrimethoxysiiane, and
y-methacryloxypropyltrimethoxysilane; and more preferable

15 is vy-acryloxypropyltrimethoxysilane.

These can be used in combination of two or more kinds.
[0030]

These silane compounds (f) can be produced by publicly known
methods, or are commercially available.

20 00211
In the surface-treatment of the silica fine particles, the

silane compound (f} is usually used in an amount of 5 to 25 parts
by mass, preferably 10 to 20 parts by mass, more preferably 12

to 18 parts by mass, based on 100 parts by mass of the silica fine



phenyltrimethoxysilane, and more preferable is 20phenyltrimethoxysilane. These silane compounds
can be used in combination of two or more kinds. [0040] These silane compounds (g) can be
produced by publicly known methods, or are commercially available. 19 [0041] In the
surface-treatment of the silica fine particles, the silane compound (g) is usually used in an amount of 5
to 25 parts by mass, preferably 10 to 20 parts by mass, more preferably 12 5 to 18 parts by mass,

based on 1 rts-oy mass of the silica fine particles which have not been surface-treated. When the
silane com gﬁ%é&%uﬁg %aﬁaa‘ﬁoﬁr?tto I%egrs1 tﬁélﬁ\qéap%(?tétbryer%%%g'thgﬂﬁgﬁjg%ekfneg o %%%ition
has increasegl vi(s)cons(ijty d msayubsee%el:ll%d or Iea}_f(lj to athamlelned proguct %avint% inferior heat 10
resistance. When the amount is more than 20 ﬁar?sdgy Mass, the silica fin [?aar '&83?5) W‘Fa%ls'
aggregate. é%tgeﬁurfgce-treatment of th%silica fine particles invalves the use of an arganic solvent

dispersion liquid of the-siicafine particles. tHe AfdrentéiitfonddiHass 6ftha sita e pATticIES 15
refers only to & e mass of the silica particles per, se dispersed in the organic solvent. [0042] When
the total anfount of the’ Siiane"GomBound i antthé Sflané tBmpdma Yy isifore than 56 pare by
mass baseg on 100 20 parts by mass of the silica fine patrticles, because of the excessive amount of
the tredting 5&&%}@1@%‘%&%8&%@& e silieafire PARRTEE R AccIRmpEnid B a rd5edion
between silica particles, which may result in the aggregation.or gelation. [0043] 20 <(Meth)acrylate
(b)> Exampieg§ &ﬂﬁ&?ﬁmérﬁ)%leﬁzfaﬁﬁ)aﬁa%ﬁ%%% G S Bthylehigdhy GRsatrated § d being

free from cyclic structure used in the present invention include multi-functional
(a) may aggregate. 1If the surface-treatment of the silica fine

particles involves the use of an organic solvent dispersion liguid
of the silica fineparticles, the aforementionedmass of the silica
10 fine particles refers only to the mass of the silica particles
per se dispersed in the organic solvent.
[0032]
When the hardening composition contains a large amount of
acrylates (an acrylate (b) and an acrylate (c) mentioned later),
I5 the silane compound (f) is preferably a silane compound having
an acrylic group, i.e., represented by the general formula (1)
wherein R is a hydrogen atom. When the hardening composition
contains a large amount of methacrylates (a methacrylate (b) and
methacrylate (¢) mentioned later), the silane compound (f) is
20  preferably a silane compound having a methacrylic group, i.e.,
represented by the general formula (1) wherethliseamethylgroup,
In such cases, hardening reaction easily takes place when the
hardening composition of the present invention is hardened.

[0033]



5(meth)acrylate such as: trimethylolpropanetri(meth)acrylate, pentaerythritoltri(meth)acrylate,
pentaerythritoltetra(meth)acrylate, dipentaerythritoltetra(meth)acrylate, 10dipentaerythritolpen
a(meth)acrylate, dipentaerythritolhexa(meth)acrylate sand trimethylolpropanetrioxyethyl(meth)acrylate.
Inadditiontotheabove,a multi-functional urethane(meth)acrylate free from cyclic structure can be 15
mentioned. These may be used alone or in combination of two or more kinds. The "cyclic structure”
used herein sefegs, to @&gﬁgg@@rir@g,)ahetero ring and a cycloalkyl ring. [0044] When the
hardening composition of the invention containing 20 these is hardened, a hardening product with
superior heat resistanceds formed. JQO45]0Of these, in.view of the heatresistance,of the hardened 21
preferable, and those with the glass transition temperatures of the homopolymers being 150C or
higher are preferable..In cP%EiFL{!?Je most pggg@l% &gipge}hxlg%gggne(tggmeth)acrylate, which has a
glass 5 transition temperature of the homopolymer being 200C or higher and has relatively less
hardening %@@l@jge among multi-functional(meth)acrylates. [0046] The glass transition temperature of
the homopolymer’is 10 measured by the following method. In 100 parts by mass of the (meth)acrylate
(b), payt byi@ﬁéﬁl Of gdiphenyl-(2,4,6-trimethylbenzoyl)phosphineoxide (product name: Speedcure
TPO-L, manufactured by Nihon Siber Hegner K.K.) as a photopolymerization initiator is dissolved.
Then, a glass 15 substrate (50 mm x 50 mm) is coated with the solution so that a hardened film will
=] he coating film is irradiated with an irradiating device equipped with an
np at 3 J/cm2 to harden the coating film. The hardened film is cut into a

~(CHy)s~SIR? (OR%)34

have a thickness g#-166-pm-
ultra-high pressuyf@ mercury ey
strip of 5 mm x40 mm, and

(2)

[0035]
In the formula (2}, R* is an alkyl group having 1 to 3 carbon
atoms or a phenyl group which may have a substituent; R’ is a
10 hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms;
5 is an integer of 0 to 6; and t is an integer of 0 to 2. A
substituent may be bonded tec the phenyl group as long as not
impairing the effect of the present invention. Examples of the
substituent bonded to the phenyl group to form a group include
15 amethyl group, an ethyl group, a methoxy group, a hydroxyl group,
a carboxylic group, a flucro group, a phenyl group and z naphthyl
group.
10036]
In view of decreasing the viscesity of the hardening

20 cbmposition and providing the storage stability of the hardening



20 the strip is used as a specimen. With the specimen, measurement is carried out using DM56100
(manufactured by SEIKO Electronics Industries Ltd.), at a tensile mode, at temperatures ranging from
20C to 300C, by elevating temperature at a rate of 2G/min, at a frequency of 1 Hz, to give a peak
temperature of a tan 6, which SF-2186 22 is defineé{ as a glass transition temperature. [0047] The
(meth)acrylate (b) used in the present invention is blended preferably in an amount of 20 to 500 parts

by mass baggglgogri 10Q partssby m _slse%fetpggil.'%?aafi%%eggirggé%srvghich have not. b%en g%riac%-treated.

In view of the viscosity of the hardening composition, smr%lgthbﬁitf} ‘of the silica fine particles

(a) in the hardening campositio ea,resista of the hardened product, the blended
amount is more rﬁrg?eggﬁ/ g% té%%%gi%% %aE s%y m%ési%siiﬁ%ngrléepsrgpe?éb y 50 ?0%%%pearrf£sb b)?] mass.
When the béer}{ged%%ér?ount is less than 20 parts by mass, the hardening composition has increased

viscosity and m%;? g&lre%l.l%hen the blended amount is more than 500 parts by mass, the hardening

compositio 58§§Lgnificant shrinkage when hardened, which may 15 result in a hardened product
having Wargage or cracks. [0048] <(Meth)acrylate (c)> The (meth)acrylate (c) having an

ethylenically unsatyrated group and having an alicyclic structure is used in order to provide 20 a
harder?’ed product ﬁ%ﬁeg ?e&%tﬂ;ﬁgg a Jgjgnﬁ?&grﬁg%taﬂ rEiStdrice At td' debredsd the'sHiikage in

hardening. In particular, a (meth)acrylate having an ethylepically unsaturated group and having an
alicyclic strﬁ@fﬁ?@ [ e?gl)abl)tlt'}ﬂ%e%g ExSmples ofistth (et doriiatds felnael Ssipba g 25 v

cycloalkyl(meth)acrylates such as: cyclohexyl(meth)acrylate, 4-butylcyclohexyl(meth)acrylate,
dicyclopentahyf(Rietijathiate, Fitsc ?)‘éﬁté‘ﬁWﬁ?éfﬁ%é?frlﬁ@?H?c&%k%bﬁfa&i@nﬁl@ﬁeﬂﬁgé@lﬁé%e,

bornyl(meth)acrylate, '
solvent, and at the same time, have superior compatibility with

the later-mentioned (meth)acrylate {c). As a result thereof, the
10 hardening composition can have decreased viscosity, improved
storage stability and lowered water absorptivity.
[0038]
Examples of the silane compound (g) include:
phenyldimethylmethoxysilane,
15 phenylmethyldimethoxysilane,
phenyldiethylimethoxysilane,
phenylethyldimethoxysilane,
phenyltrimethoxysilane,
phenyldimethylethoxysilane,
20 phenylmethyldiethoxysilane,
phenyldiethylethoxysilane,
phenylethyldiethoxysilane,
phenyltriethoxysilane,

benzyldimethylmethoxysilane,



isobornyl(meth)acrylate, tricyclodecanyl(meth)acryiate, 10tricyclodecanedimethanoldiacrylate, and
adamantyl(meth)acrylate; benzyl(meth)acrylate; and tetrahydrofurfuryl(meth)acrylate. In addition
to the above, an urethane(meth)acrylate having 15 an alicyclic structure can be mentioned. These may
be used alone or in combination of two or more kinds’ [0049] Of these, in view of the heat
resistance of the hardened product, preferable are (meth) acrylates with the glass transition 20

temperatures of th%g%morgol%mer (%eingg}lSOC or higher. The method for measuring the glass
transition temperattire of the %}ijﬁlo?p iier iR Re destribed above. [0050] SF-2186 24 heat resistance

and environmental resistance of the hardened product, preferable are dicyclopentanyl(meth)acrylate
and adamantyl(mefﬁ?%@/l%?&eaw&%%&%?é’rﬁbI]ea@%’damantyl(meth)acrylate, which has a high glass
transition 5 temperature of a homopolymer. [0051 The alicyclic structure refers to a structure
where carbon atorr}%eé}‘éyaln%mﬂf%ﬁ}ﬁéb‘?’éﬁé Bffan aromatic ring structure. [0052] 10The
(meth)acrylate (c) used in the present invention is blended preferably in an amount of 5 to 400 parts by
mass based on 106’ BARE by mMEEL bR fine particles which have not been surface-treated. In
view of the viscosity of the hardening composition, the dispersion stability of the silica fine particles 15
(a) in the hardeniné@@ﬁb&gﬁ%ﬁ?éﬁ&ﬁ@ﬁéé’ﬁéé%féhce of the hardened product, the blended
amount is more preferably 10 to 200 parts by mass, still more preferably 20 to 100 parts by mass.
When the blended afibtint 76 /e3% tHar blpartsbylmass, the hardening composition has increased

viscosity and may be gelled. When the
benzyldiethylethoxysilane,

benzylethyldiethoxysilane, and

benzyltriethoxysilane.
10 [0039]

Of these, in order for the hardening composition to have
decreased viscosity, improved storage stability and improved
environmental resistance including lowered water absorptivity,
preferabxle are:

15 phenyldimethylmethoxysilane,
phenylmethyldimethoxysilane,

phenyldiethylmethoxysilane,

phenylethyldimethoxysilane, and

phenyltrimethoxysilane, and more preferable is

20 | phenyltrimethoxysilane. These silane compounds can be
used in combination of two or more kinds.
[0040]
These silane compounds (g) can be produced by publicly known

methods, or are commercially available.



20 blended amount is more than 400 parts by mass, the hardened product may have cracks or have
inferior heat resistance and environmental resistance. [0053] <Polymerization Initiator (d)> SF-2186
25 Examples of the polymerization initiator (d) used in the
presentinventionincluderadical-generating photopolymerizat on initiatorsand heat polymerization
initiators. These may be used alone or in combination of two or 5 more kinds. [0054] Examples of the
photopolym (5|5%t_£ﬁn initiators include: benzophenone, benzoinmethylether, 10benzoinpropylether,
diethoxyacetophénone, 1-hydroxy-phenylphenylketone, 2,6-dimethylbenzoyldiphenylphosphineoxide,

2,4, 6-trimethylbenzoyldiphenylphosphineoxide,and e ,
15dipheny|-(2,4,6-t$|[r%etf ﬁb%%g)g]ﬁﬁ Josphithedxite.”t “PFhéde phbtdpdiymefizatién fitiafof$ may be

used in combination of two or more kinds. £0055 The content of the photopolymerization initiator in the
silane compound {g) 1s usually used in an amount of’5 to 25 parts

by mass, preferably 10 to 20 parts by mass, more preferably 12

5 to 18 parts by mass, based on 100 parts by mass of the silica fine
particles which have not been surface-treated. When the silane
compound (g) 1s used in an amount of less than 5 parts by mass,
the hardening composition has increased viscosity and may be
gelled or lead to a hardened product having inferior heat

10 resistance. When the amount is more than 20 parts by mass, the
siiica fine particles (a) may aggregate. If the
surface-treatment of the silica fine particles involves the use
of an crganic solvent dispersion liquid of the silica fine
particles, the aforementioned mass of the silica fine particles

15 refers only tc the mass of the silica particles per se dispersed
in the organic solvent.

[C042]

When the total amount of the silane compound (£} and the

silane compound {(g) is more than 50 parts by mass based on 100

20 parts by mass of the silica fine particles, because of the
excessive amount of the treating agent, the surface-treatment of

the silica fine particles 1is accompanied by a reaction between
silica particles, which may result in the aggregation or gelation.

[0043]



20 hardening composition may be such amount as to appropriately harden the hardening composition.
Based on the entire hardening composition, the content is preferably 0.01 to 10% by mass, more
preferably 0.02 to 5% by mass, still more preferably Q.1 to. 2% by mass. When the photopolymerization
initiator is added in too SF-2186 26 large amount, t% hardening composition may have inferior
storage stability, may be colored, or when crosslinked to provide a hardened product, may be

crosslinked< %rag%rﬁlr% as tg_) causilkF Eroblem such as fractures in hardening. In addition, there may 5

be possible ont Stioh 3fta@pp us because of increased emission gas component in

high-temperature treatment. On the other hand, when the photopolymerization initiator is added in too
small amount, the FABRiNG of tHe Iifg?%er{iﬁa%}ah‘?p%gﬁi]oﬁ%ay( %é insffficight. 16700561 EXEmples of
the heat polymerization initiators include: benzoylperoxide, diisopropylperoxycarbonate,
t-butylperoﬁ%&yé‘(ﬁ(} heRandatd)! 131 =aiERexyigeroxy)Gaibnekang free from cyclic
1,1-di(t-butylperoxy)cyclohexane, 2,2-di(4,4-di-(t-butylperoxy)cyclohexyl)propane, .
t-hexylperoxXyprépyihanogafborate - Butfipeioxyrdeicatif include multi-functional
20t-butylperoxy-3,5,5-trimethylhexanoate, t-butylperoxylaurate, t-butylperoxopropylmonocarbonate,
t-butyPerox§S-éth§hexyRichocamboriste, t-hexylperoxybenzoate,

trimethylolpropanetri(meth)acrylate,
pentaerythritoltri (meth)acrylate,
pentaerythritoltetra (meth)acrylate,
dipentaerythritcltetra{meth)acrylate,

10 dipentaerythritolpenta (meth)acrvlate,
dipentaerythritclhexa (meth)acrylate, and
trimethylolpreopanetrioxyethyl (meth)acrylate.

In addition to the above, a multi-functicnal
urethane (meth)acrylate free from cyclic structure can be

15 mentioned. These may be used alone or in combination of two or

more kinds. The “cyclic structure” used herein refers to a
benzene ring, a hetero ring and a cycloalkyl ring.
[00447

When the hardening composition of the invention containing

20 these is hardened, a hardening product with superior heat

resistance is formed.
[0645}

Of These, in view of the heat resistance of the hardened

product, those having three ethylenically unsaturated groups are



SF-2186 27 2,5-dimethy1-2,5-di(benzoyiperoxy)hexane, t-butyiperoxyacetate,
2,2-di(t-butylperoxy)butane, t-butylperoxybenzoate, n-butyl-4,4-di(t-butylperoxy)valerate,
di(2-t-butylperoxylsopropyl)benzene, dicumylperoxide, di-t-butylperoxide,
2,5-dimethy1-2,5-di(t-butylperoxy)hexane, 10t-but %:umylperoxide, di-t-hexylperoxide,
p-menthanehydroperoxide, 2,5-dimethy1-2,5-di(t-butylperoxy)hexane-3,
diisopropylbenzenehydroperoxide, 151,1,3,3-tetramethylbutylhydroperoxide, cumenehydroperoxide,
bty Iy r G SR S TS 3 R By B E L CHans ELon Catpersrirls oF
2,2-azobis(4-methoxy-2,4-dimethylvaleronitrile, 202,2-azobis(2,4-dimethylvaleronitrile),
dimethy1-22'SaZoBRP Meth§iptopishate), 2,2 az6bists whethy bt redifierable. In
1,1-azobis(cyclohexane-I-carbonitrile), 2,2'-azobis(N-(2-propeny1)-2-methylpropionamide, SF-2186 28
1-((I-cyanofinéthy' &'y Jazdifstmatide £2 224%0bi&(N-buty1-2-methylpropionamide), and
2,2'-azobis(N-cyclohexy1-2 ethylpropionamide). [0057] 5The content of the heat polymerization
initiator in the*tethylolpropanetri (methjacrylate, which has a glass

5 transition temperature of the homopolymer being 200°C or higher
and has relatively less hardening shrinkage among
multi~-functional {(meth)acrylates.

[0046]
The glass transition temperature of the homopolymer is

10 measured by the fellowing method. In 100 parts by mass of the
(meth)acrylate {(b), 1 part by mass of
diphenyl-(2,4,é-trimethylbenzoyl)phosphineoxide (product name:
Speedcure TPO-L, manufactured by Nihon Siber Hegner K.K.) as a
photopolymerization initiator is disselved. Then, a glass

15 substrate (50 mm x 50 mm) is coated with the solution so that a
hardened film will have a thickness of 100 um. The coating film
is irradiated with an irradiating device equippéd‘ with an
ultra-high pressure mercury lamp at 3 J/cm? to harden the coating
film. The hardened film is cut into a strip of 5 mm x 30 mm, and

20  the strip is used as a specimen. With the specimen, measurement
is carried out using DMS6100 (manufactured by SEIKO Electronics
Industries Ltd.), at a tensile mode, at temperatures ranging from
20°C to 300°C, by elevating temperature at a rate of 2°C/min, at

a freguency of 1 Hz, to give a peak temperature of a tan &, which



hardening composition is preferably 0.01 to 5% by mass, more preferably 0.1 to 2% by mass, based
on the entirg arde) ing composition. When the heat polymerization initiator is added in too large
amount, the hardening composition may have inferi%rzlo storage stability, maybe colored, or when
crosslinked to provide a hardened product, may be c¢rosslinked so rapidly as to cause a problem such
as fractures in hardening. In addition, there may be possible contamination of apparatus because of
increased emisgion.gas component in high-temperature treatment. On the 15 other hand, when the
heat polymerization initiator is added i too Smalt anoun ,etlﬁg%%?&éﬁiﬁg of the hardening composition
may be ins%@igi&eﬂ. [0058] When the photopolymerization initiator and the heat 20 polymerization
initiator are ‘'used in combination, the total contents of these polymerization initiators is preferably 0.01
to 10% by mass, mare preferably 0.02 to 5% by mass, based on the entire hardening composition.
[0059] SF-2186 2§Q?§|aéﬂ‘?&%fbﬁﬁf@i§iﬁé%aﬁ%/&eélﬁé%@ 10 B mBles bf e BRAFR Horganic fine

particles (e%ilsed in the present invention include: . acetylene black, lamp black, furnace black,
ketjen black "5 Tt mal bracicart the k& WhER HHe Cofleclivély reférrad 1o astcarbea blasasd

carbon particles such as graphite, carbon nanotubes, active carbon and perylene black; titanium black;
10combositdoxide Btk pigHentStorifed ftent inetdloxideS st A chpper bkitie, BRFGMIWH oxide,
iron oxide (including mars black, ferrite and magnetite ) , manganese oxide and cobalt oxide, titanium
nitride, titamBRToRyRitritfeS iidideitim disulfid&Hredidyaofmesas s6ntdifed theraindBazedblack
pigments such as aniline black; organic black pigments such as cyanine black; ivory black; peach
bbck;and%ﬂﬂﬁg@&ﬁ%ﬁ@(ﬁ§§ﬁ@%ﬁﬂﬁgsi0nstabiiitywyfthesiiicafinegmxticles

{a) in the hardening composition, and the heat resistance of the

hardened product, the blended amount is more preferably 30 to 300
10 parts bymass, still.mére]preferably'SOtx:ZOO parts by mass. When

the blended amount is less than 20 parts by mass, the hardening

composition has increased viscosity and may be gelled. When the

blended amount is more than 500 parts by mass, the hardening

composition has significant shrinkage when hardened, which may
15 result in a hardened product having warpage or cracks.

[0048]

<(Meth)acrylate (c}>

The (meth)acrylate (¢} having an ethylenically unsaturated

group and having an alicyclic structure is used in order to provide
20 a hardened product with heat resistance and environmental

resistance and to decrease the shrinkage in hardening. In

particular, a (meth)acrylate having an ethylenically unsaturated

group an& having an alicyclic structure 1s preferably used.

Examples of such {(meth)acrylates include



pigments. Black pigments obtained by mixing organic pigments of  three colors of red color, green
color and bL#themcﬁ%r an be the 20 black inorganic fine particles (e). [0060] Of these, carbon
blacks and fitanium black are preferable, and in vie g)f light-shielding effect and image characteristics,
carbon blacks are particularly preferable. A mixture of carbon SF-2186 30 blacks and titanium black
can be used. As the carbon blacks, those commercially available can be used, and the number

average paéticé%gm%% gé r%gf ig Ipri“;-;?{%%'y Ssut&z%osom, more preferably 10 to 100 nm in view of

dispersibility%nd reso & the number average particle diameter is less than 5 nm, uniform

dispersion is difficult. When theln m ?lr average E)grticle diameter is more than 200 nm, the resolution
tends to be inferior(féz(%ﬁ Ot View 6 élecf‘r?éa?coﬁductivity, carbon nanotubes are preferable.As the

carbon nanotubes, Q%setc mme rc?llﬁya}ilabtlfb)can be used, and the average diameter thereof is
preferably 0.5 to 300 At fnore praferably Tto 2007 mhY THE Bverage length thereof is preferably 100
nm to 50 pm, more ,referqbl 200 15 nm to 20 pm. [0062] The average particle diameter of the black

inorganic fine particteS {8 aViRg A Héiatilely Sr&if 4458 ratio such as carbon blacks and titanium

black can be obtained as follows. The black
5 dicyclopentenyl (meth)acrylate,

dicyclopentadienyl {(meth)acrylate,
bornyl (meth)acrylate,
iscbornyl (meth)acrylate,
tricyclodecanyl (meth)acrylate,
10 tricyciodecanediméthanoidiacrylate, and
adamantyvyl (meth)acryvlate;
benzyl (meth}acrylate; and
tetrahydrofurfuryl {meth)acrylate.
In addition to the above, an urethane (meth)acrylate having
16  an alicyclic structure can be mentioned. These may be used alone
or in combination of two or more kinds.
[0049]
Of these, in view of the heat resistance of the hardened
product, preferable are (meth)acrylates with the glass transition
20 temperatures of the homopolymers being 150°C or higher. The
method for measuring the glass transition temperature of the
homepolymer is as described above.
00507

Of the (meth)acrylates exemplified above, in view of the



20 inorganic fine particles are observed with a high-resolution transmission electron microscope
(manufactured by Hitachi, Ltd.; H9000) and 100 black inorganic fine particles are arbitrarily selected in
an observediimageof the fine particles and are averaged by a publicly known image data statistical
processing SE-2186 31 method, to give a number &ferage particle diameter defined as the average
particle diameter. [0063] When the black inorganic fine particles (e) are carbon 5 nanotubes, the
average diameter and the average length thereof are measured as follows. Carbon nanotubes are
dispersed arftffixettot 4 sample tdble 618 SEMISEdrHing Efdction Mizroseoparwith adoubie-faced
adhesive tape or the like, and observed with a FESEM (Field Emission Scanning Electron
Microscop&®r PRER ‘tens & 20Hidieds pidces ofithecarben hanothlbas Hie abitrarlyselestdd in an
observed image and are averaged by a publicly known statistical processing method, to give the
average digmeterOnthesthesivand] #telength oftide carbew Aanotubestis Gbtainée as follows. A
slight amount of carbon nanotubes is dispersed in 15 a solvent such as ethanol. Then, the dispersion
liquid is poarediara-slighteiiount onicars aluminum foilzand drigd} ahd theassbserved sithiaSEM.
Then, tens to hundreds pieces of the carbon nanotubes are arbitrarily selected in an observed image

and are averaged-ayca pablicly knownafata gtatistical processing method, 20 to give the average
length. [0064] Specific examples of the carbon blacks include: Asahi#120, Asahi#90, Asahi#78,
Asahi#80, Agahi#80L, Asahi#75,Asahi#73,Asahi#70,SANBLACK900,SANBLACK300, SF-2186

The alicyclic structure refers to a structure where carbon
atoms are annularly bonded, except for an aromatic ring structure.
[0052]

i0 The {(meth)acrylate {c) used in the present invention is
blended preferably in an amount of 5 to 400 parts by mass based
on 100 parts by mass of the silica fine particles which have not
been surface-treated. In view of the viscosity of the hardening
composition, the dispersion stability of the silica fine particles

15 {a} in the hardening composition, and the heat resistance of the
hardened product, the blended amount is more preferably 10 to 200
parts by mass, still more preferably 20 to 100 parts by mass. When
the blended amount is less than 5 parts by mass, the hardening
composition has increased viscosity and may be gelled. When the

20 blended amount is more than 400 parts bymass, the hardened product
may have cracks or have inferior heat resistance and environmental
resistance.
[0053]

<Polymerization Initiator (d)>



32 SANBLACK200,SANBLACK905,SANBLACK305,SANBLACK?215and SANBLACKX15
manufactureg bé/ hi Carbon Co.,Ltd.; SpecialBlack550,SpecialBlack350,SpecialBlack250,
SpeC|aIBIack100 and SpecialBlack4 manufactured 9 Degussa; 5SMA100, MA220, MA230, #52, #57
and #45 manufactured by Mitsubishi Chemical Corporation; BLACKPEARLS480 manufactured by
Cabot Corporation; SHOBLACK manufactured by Cabot Japan K.K; RAVEN410, RAVEN420,

RAVEN450, RAVE&J;;Q%) %U&PQ&E%IOA’\% J_,Qllzg%% manufaqtured by ljqumblgn Carbgn
#2

NITERON#300, NITERON#200H, NITE 00IS and N T-R man actured be Ippon
Techno-C Q%[L,gﬁ’ Ltd.; granular oducts of DENKA CK FX 35 and HS-100 manuf ctured by
Denki Kagagku Kogyo Kabush %ﬁKaIE%a and 15SEAST! g §EAST9 SEAS MQPSIEe 6,9
SEAST600 SEtASTé TOKABI_ACK#SSOO IF TOKABLAC&(#SQ}(P IVJC/F and TOKABLACK#7550SB/F
manufactu ed by a/ht?arjbon ijo Ltd J[86 on the othér Rand, §>pe ficéx azrﬁﬁleg of the

carbon nanotu es %O |nclud VGCF e name), V CF H gade nankg VGCF-S %rade name) and
VGCF(trade hame)-X manu acetauredmb owa Den o CBREARPI el AFCFR

Meijo Arc SO manufagtured by Meijo Nano Carbon Co., Ltd.
i} more Kinds.

[0054]
Examples cf the photopolymerization initiators include:
benzophenone,
benzoinmethylether,
10 benzoinpropylether,
diethoxyacetophenone,
l-hydroxy-phenylphenylketone,
2, 6-dimethylbenzoyldiphenylphosphinecoxide,
2,4, 6-trimethylbenzoyldiphenylphosphineoxide, and
15 diphenyl- (2,4, 6-trimethyibenzoyl)phosphineoxide.
These photopolymerization initiators may be used in
combination of two or more kinds.
[0055]
The content of the photopelymerization initiator in the
20 hardening compesition may be such amount as to appropriately
harden the hardening composition. Based on the entire hardening
composition, the content is preferably 0.01 to 10% by mass, more
preferably 0.02 to 5% by mass, still more preferably 0.1 to 2%

by mass. When the photopolymerization initiator is added in too



SF-2186 33 [0066] As the black inorganic fine particles (e), those given hydrophobicity on the
surface are preferable in view of improving light-shielding effect by improving dispersibility. In order to
5 impart hydrophdBiity to the surface, for example, a method can be mentioned in which the surface
is coated with a hydrophobicity-imparting agent by treating the surface with one or more
hydrophobicity-imparting agents selected from the group  consisting of silicone resins, alkoxysilane
resins, silane 10 coupling agents, and higher aliphatic acid salts. [0067] Examples of the
hydrophobiéify-Fifpaftiidiage At nthides highe Caiptatic e compoandssubhmishighe? miiphatic
acid glyceryl, higher aliphatic acids, higher aliphatic acid 15 polyvalent metal salts,and higher aliphatic
sulfates polgvalent-fietal sais: Highef alcohsid-andderivativestiherdofnargansfiucrine conspounds
such as perfluorinated or  partially fluorinated higher aliphatic acids and higher alcohols; 20 and
organosilicorf E6mPpOLNES sdtivhis Siizone tesing, silhhe leodipling agents]. slkexysilanes petorosilanes

and silazanes. In
problem such as fractures in hardening. In addition, there may

3 be possible contamination of apparatus because of increased
emission gas component in high-temperature treatment. On the
other hand, when the photopolymerization initiator is added in
too smalil amcunt, the hardening of the hardening composition may

be insufficient.

10 [0056]
Examples of the heat polymerization initiators include:
benzoylperoxide,
diiscpreopylperoxycarbonate,
t-butylperoxy{Z2-ethylhexanoate),

15 1,1-di{t~hexylperoxy)cyclohexane,

1,1-di{t-butylperoxy)cyclohexane,
2,2-di{4,4-di-(t-butylperoxy)cyclchexyl)propane,
t-hexylperoxypropylmonocarbonate,
tmbutylpeﬁoxymaleicacid,

20 t-butyliperoxy-3,5,5~trimethylhexanocate,
t-butylperoxylaurate,
t-butylperoxopropylmonocarbonate,
t~-butylperoxy-2-ethylhexylmonocarbonate,

t-hexvylperoxybenzoate,



particular, in view of practical effect, the silicone resins and silane coupling agents are preferable, and
the silicone resins. SF-2186 34 are more preferable. [0068] As the silicone resins, for example,
dimethylpoﬁfsﬂg%gne, methylhydrogenpolysiloxane, and methylphenylpolysiloxane are preferable. In
particular, dimethylpolysiloxane is preferable. [006 As the silane coupling agents, for example,
y-acryloxypropyldimethylmethcxysilane, y-acryloxypropylmethyldimethoxysilane,

10y-methacryloxyp 0%31/I imetrtltﬁrynethoxysilane, y-methacryloxypropylmethyldimethoxysilane,

y-acryloxypropyltrifiethoxyafane’ -methacyiGyHr Sy etk Sx SRR e
phenyldimethylmethoxysilane, 15phenylmethyldi e hoxysilane, phenyldiethylmethoxysilane,

phenylethyldimethxyailare Pard piésitrintéthoxysilane are preferable. In particular,
y-acryloxypropyltrimethoxysilane, and 20phenyltrimethoxysilane are more preferable. [0070] The

surface-treatment frethGth4Sing Hhe’ SHORE Yading B fre silane coupling agents has no limitation, and

can be, for example, any of a wet method and a dry method. However, preferable SF-2186
t-butylperoxvbenzoate,

5 n-butyl-4, £4~di (t-butylperoxy)valerate,
di(2-t~butylperoxyisocpropyl)benzene,
dicumylperoxide,
di-t-butylperoxide,

2, 5~dimethyl-2, 5-di (t-butylperoxy) hexane,

10 t-butyvlcumvylperoxide,
di-t-hexylperoxide,
p-menthanehydroperoxide,

2, 5~dimethyl-2, 5-di (t-butylperoxy}hexane-3,
diisopropylbenzenehydroperoxide,

15 1,1,3,3-tetramethylbutylhydroperoxide,
cumenehydroperoxide,
t-butylhydroperoxide,

Z2,3-dimethyl-2, 3-diphenylbutane,

2,2-azobis (4~methoxy-2, 4-dimethylvaleronitrile,
20 2,2 ~azobis(2,4-dimethylvaleronitrile),

dimethyl-2,2' -azobis (2-methylpropionate),

2,2"~azobls (Z-methylbutyronitrile),

l,1"-azckis(cyclohexane-l-carbonitrile),

2,2"~azobis (N~ (Z-propenyl)-2-methylpropionamide,



35 is the wet method, by which the surface of the particles becomes completely wet by the
hydrophobicity-imparting agents and uniform surface-treatment can be carried out. [0071] The
amount of th T@/H?cﬁphobicity-imparting agent to be added may be such amount as to coat a part of or
a whole of the surface of the black inorganic fine pa?tﬁ:les, an ingredient. The amount of the
hydrophobicity-imparting agent to be added cannot be generalized, but the addition in an excessive
amount 10 uneconomically results in precipitation in more amount than the amount precipitated on the
surface of the black-inbfdartie’ i@ pariiés Vi SmbuRE 67 the Maifdsitobicity-imparting agent to be
added is usually 0.5 to 20% by mass, preferably 0.5 to 10% by mass, more preferably 1 to 6% by
mass, based on the black IFGrGARIE TS il bartiches: WhHET tic- a8dmon amouitss less than 0.5% by
mass, the hydrophobicity may be low and the dispersibility may be insufficient. When the addition
amount is more thaty 2093 ags hereselutisn ay Be Idweredo[oo72320%hRe content of the black
inorganic fine particles (e) in the hardening composition may be such amount as to ensure sufficient
light-shieldingteffelct and appropriately keep the fluidity of the hardening composition. Based on the
entire black inorganic fine particles, the content is preferably 0.1 to 20% SF-2186 36 by mass, more
preferébly 0.5 to 15%yanassstillaiorelsreferably o0 100829y hrass i Wheietheblack inbrganic
fine particles (e) are added in too large amount, the dispersion in the hardening composition may be
disrupted drdnfisrhay leaetodiaferiophandling® Eharcieristics becausgof laggregation ande
significant viscosity increase. When the black inorganic fine particles (e) are added in too small
amount, thettigheshielding’effect or électricalrconducthsity snaycbe inisaffielent. @073} 10Fhehardening
composition of the present invention may comprise, as needed, leveling agents, antioxidants,
ultraviolet absagrbents; solvents) qigiments fillers sughasiother inorganic fllers; reactivei diluents,
dispersants and other modifiers, as long as the characteristics such as the viscosity of the 15
compositioncand: thedweat nesistance lof theshardened prociyet are nohimpaireds {074} Examples of the
leveling agents include polyether modified

10 storage stability, may be colored, or when crosslinked to provide

a hardened product, may be crosslinked so rapidly as to cause a
problem such as fractures in hardening. In addition, there may
be possible contamination of apparatus because of increased
emission gas component in high-temperature treatment. On the
15 other hand, when the heat polymerization initiator is added in
too small amount, the hardening of the hardening composition may
be insufficient.
[0058]
When the photopolymerization initiator and the heat
20 polymerization initiator are used in combination, the total
contents of these polymerizatiocn initiators is preferably 0.01
to 10% by mass, more preferably 0.02 to 5% by mass, based on the
entire hardening composition.

[0059]



dimethylpolysiloxanecopolymers,polyestermodified 20
dimethylpog/ii_l%aéﬁecopolymers,polyethermodified methylalkylpolysiloxane copolymers, aralkyl
modified methylalkylpolysiloxane copolymers, and quyether modified methylalkylpolysiloxane
copolymers. [0075] SE -21 86 37 Examples of the fillers and the pigments include calcium
carbonate, talc, mica, clay, Aerosil (trade name), and barium sulfate, aluminum hydroxide, zinc
stearate, ziggloxiqg, dgxide.ang,azo pigments.. 5[00 6]6 xamples of the dispersants include:
SOLSPERSE 300 ,@6 "SPERSE 5000, EéPEﬁ%EZ 9 %o, SOLSPERSE 11200, SOLSPERSE
12000, SOLSPERSE 13240, S ERSE 13650, SOLSPERSE 13940, SOLSPERSE 16000,
SOLSPERSE 170 ,%‘Eﬁ@ﬁﬁ%gﬁf& %g,ﬁt‘?@ﬁﬁh%g 20606280t S¥ 21666, *"

0

SOLSPER§E82400050 SOLSPERSE 240000R, SOLSPERSE 26000, SOLSPERSE 27000,
SOLSPERSE28000; €OLSPERSES5000" PERSE 32500, SOLSPERSE 32550, SOLSPERSE

32600, SOLSPERSE 33000, SOLSPERSE 34750, SOLSPERSE 35100, SOLSPERSE 35200,
SOLSPERSE 3606&%&%5%%@% 600215 SOPSPERSE B7860° S8 'SPERSESS8506 Ck
SOLSPERSE 39000, SOLSPERSE 41000, SOLSPERSE 41090, SOLSPERSE 43000, SOLSPERSE
44000° SOTEPERSEXEU00, 6L SPERSE#7000! 'SBILSPERSE 53665 'SOY SPERSE SA000,
SOLSPERSE 55000, SOLSPERSE 56000, SOLSRERSE 71000, SOLSPERSE 76500, SOLSPERSE
X300, SOIFPLITE 0825, BERPIUS 0510, 20 SOLPLUS 0520, SOLPLDS 0530, SOLPLUS 0540,
SOLPLUS 06310, SOLPLUS L300, SOLPLUS L400, SOLPLUS K200, SOLPLUS 210, SOLPLUS 500,
SOLPLUS 700 anGSOWPLES 31 hfahifactured Byakibtiz6l-Japark Limited Ok lekers DOPRLTSB, Floren

DOPA-153, Floren DOPA-15BHFS, SF-2186 38
carbon and perylene black;

titanium black;

10 composite oxide black pigments formed frommetal oxides such
as copper oxide, chromiumoxide, iron oxide (including mars black,
ferrite andmagnetite), manganese oxide and cobalt oxide, titanium
nitride, titanium oxynitride, molybdenum disulfide or alloys of
metals contained therein;

15 azo black pigments such as aniline black;

organic black pigments such as cyaniﬁe black;

ivory black; peach black; and anthraguincne organic black
pigments. Black pigments obtained by mixing organic pigments of
three colors of red color, green cclor and blue color can be the

20 black inorganic fine particles (e).

[0060]
Of these, carbon blacks and titanium black are preferable,
and in view of light-shielding effect and image characteristics,

carbon blacks are particularly preferable. A mixture of carbon



FlorenDOPA-17BE, Floren DOPA-22, Floren DOPA-33, Floren DOPA-44, Floren G-600, Floren
G-700, Floren G-820, Floren G-900, Floren NC-500, Floren. KDG-2400, Floren G-700AMP, Floren
G-7000MEA FlétérPWK-13E and Floren WK-20 manufactured by Kyoeisha Chemical 5Co., Ltd.; and
AJISPER P3-821, AJISPER P3-822, AJISPER F3-880, AJISPER PN-411 and AJISPER PA-111
manufactured by Ajinomoto Fine-Techno Co., Inc. In particular, those with low polarity are preferable,
with 10 specific examples including but not limited thereto SOLSPERSE 3000, SOLSPERSE 11200,
SOLSPERSEAZ65G 'SOLSPERSE 13946, SOUSPERSE 16060; SOt SPERSE #7060, SOLSPERSE
21000, Floren DOPA-153, Floren DOPA-15BHFS, Floren G-600, Floren 0-820, Floren 0-900 and
Floren NC-500™FHiéseidisersarits canltse used alohe o filcombifationel5of:tlve or mose kinels.
[0077] The dispersant is added usually in an amount in terms of a solid matter of 5 wt% to 100
Wt%, prefeizibly- 10 W% 96 80496, nidre preferably 20:wits 1@ BO W%, based 66 therblackdmerganic
20 fine particles. When the addition amount is less than 5 wt%, the dispersibility may be insufficient,
and when thesidaitisnlamburitceXddeds 100 witky prépeitieseof thée hardened graduct may be .
significantly affected. [0078] SF-2186 39 Containing these various components, the hardening
compasitioliiof the: presentiinventioreususdly s @ viseosity 0f 1001 rotatidresumber 4 rompetp 20000
(rotation number: 0.4 rpm) mPa s when being a resin composition having light-shielding effect a alone,
and usuallyzhag awiscositypef:500>(rotdtion aiiibier:4 rpm) te/460000H rotationwimber: 03 £pm)
mPa.s when being a resin composition having both light-shielding effect and electrical conductivity.
The viscosity heieinds dieasered with anBxtype viscontatenRY-iLh & LIRA (manufacturad Hy:Brookfield
Engineering 10 Laboratories, Inc.) using a spindle No. 41 under the condition of 25C. That is, the
hardening cempositiohwf the present invention has extremely low viscosity even without containing a
solvent, and has superior handling characteristics. This is attributed to high dispersion stability
achieved byithe 115 surface-treated silica fine particles (a) and black inorganic fine particles (e). [0079]
<Method For Producing Hardening Composition> The hardening composition of the present invention

can he In view of electrical conductivity, carbon nanotubes are
preferable. As the carbon nanotubes, those commercially
available can be used, and the average diameter thereof is
preferably 0.5 to 300 nm, more preferably 1 to 200 nm. The average
length thereof is preferably 100 nm to 50 um, more preferably 200

15 nm to 20 pm.

(00621

The average particle diameter of the black inorganic fine
particles (e) having a relatively small aspect ratio such as carbon
blacks and titanium black can be obtained as follows. The black
20 inorganic fine particles are observed with a high-resclution
transmission electron microscope {(manufactured by Hitachi, Ltd.;
H9000) and 100 black inorganic fine particles are arbitrarily
selected in an observed image of the fine particles and are

averaged by a publicly known image data statistical processing



20 produced, for example, by sequentially carrying out: the step (Step 1) of surface-treating the
silica fine patticles:dispersed in an organic solvent with the silane compounds (f) and (g) to obtain the
silica fine particles (a); the step (Step 2) of having the, (meth)acrylates (b) and (c) SF-2186 40 added
to the silica fine particles (a) and uniformly mixed; the step (Step 3) of distilling and desolvating the
organic solvent and water from an uniformly mixed liquid of the silica fine particles (a) and the

(meth)acrylates,(b) and,(e); #nd, 5 the step,(Siep é@_ogmw;@edeg%@@gza&ig@ﬂﬁi&iat%rs@%laend the

black inorganic fine particles (e) added to a composition obtained through the distillation an

desolvation, and 'fog'jrglg/tq]gﬁeéj and dispgetsed to provide a hardening composition. Hereinafter, each
step will be described. 10[0080] (Step 1) In Step 1, the silica fine particles are surface-treated with

the silane %%gds (f) and (g). The surface-treatment is carried out as follows. The organic solvent
dispersion liquid 15 of the silica fine particles are introduced into a reactor, and with stirring, the silane

compounds (f) andm(g)%gret%%d nd stirred and mixed. Then, water.and g catalyst necessary to
hydrolyzing the silane compouﬁ%jlsga?g further added a% ns?irrgéﬁﬁelr%%ﬁo ?gf/gélro y%% tié' sitane

compaunds and carry out 20 condensation polymerization qn the surface of.the silica fine particles.
0ot T AR e SISt e St FRE FAHICIES (o) &1a dadtwith Being

f AVELAGE
ed later, it Is pre?era
dispersed i{g]ranrg)er %ﬂigés Ivgn%bfil:-Zl% 4& gg this accouné, the use of an organic solvent dispersion
liquid of thé sifica fine par iclés in

8'SlirfacetréAthERT Can advaRtagSoudhy providathe sifiéa fine

articles (a) dispersed jn the organic_solvent. The organic solvent dispersion liquid
P (gn é)sampietkagf% of a SkEM (Scagn9ng Electré% Micrgscope) with

a double-faced adhesive tape or the like, and cbserved with a FESEM
(Field Emission Scanning Electron Microscope). Then, tens to
10 hundreds pleces of the carbon nanotubes are arbitrarily selected
in an observed image and are averaged by a publicly known
statistical processing method, to give the average diameter. On
the other hand, the length of the carbon nanotubes is obitained
as follows. A slight amount of carbon nanotubes is dispersed in
15 a solvent such as ethancl. Then, the dispersion liguid is poured
in a slight amount onto an aluminum feil and dried, and then
observed with a SEM. Then, tens to hundreds pieces of the carbon
nanotubes are arbitrarily selected in an observed image and are
averaged by a publicly known data statiétical processing method,
20 to give the average length.
[0064]
Specific examples of the carbon blacks include:
Asahi#120, Asahi#90, Asahi#78, Asahi#80, Asahi#80L,

Asahi#75, Asahi#73, Asahi#70, SANBLACKOQO, SANBLACK300,



5 of the silica fine particles can be produced by a publicly known method, or are commercially
available as8 0 such as SNOWTEX IPA-ST (manufactured by Nissan Chemical Industries, Ltd.)
[0082] The disappearance of the silane compoundsgrgrough 10 hydrolysis can be confirmed by gas
chromatography. With a gas chromatography (manufactured byAgilen(- Technologies Japan, Ltd.,
6850 type), the residue amount of the silica compounds can be measured by internal standard method

in a hydrog me.ionjzation detector, g a nonpolar column (manufactured by J&W
15Techn0|o§g%g%%@%@émp%?éﬁ%ie“%?% rE5'[23 300 P%‘F’S%CIE& erature %I%Fée%flisOC/rﬁﬁﬁ and
using He a i at a flow rate of 1.2 cc/min, whereby the disappearance of the sllane
compounds§ &\rpgégh%rﬁ%%%’)lysi?%%ﬁ%ec&&ﬁﬁ%ed. 4083 F0RS destridet Zbové Gn the Ltd- 7

surface-treatment of the silica_fine particles, the silane compound (f) is usually used in an amount of 5
to 25 parts by massHrefetabiyL0t0°20 parts BYAnass, o preterably 28518 Parabinass, based
on 100 parts by mass of the silica fine particles which have not been surface-treated. SF-2186 42 The
silane compB&Td (o) StARS uSEHiInrRT ahfouit BFS to D8 5By Hass LareRSEBRAED to 20 parts
by mass, more preferably 12 to 18 parts by mass, based on 100 parts by mass of the silica fine
particl@s which ha\}\ép‘rjr&e{xeeﬁ%%?f%ce-%%g?é& [O%)@%] 5 TrheRAinifiiuim BRvouReerwaRs neEessary

to carry out the hydrolysis is one time the sum of the mol number of an alkoxy group and the mol
number of %W%ﬁh@ﬁ%t%@%@ﬁé%pounds (f) and (g). The maximum amount is ten
times thereof. 10 When the amount of water is excessively small, the hydrolysis speed is extremely
low, which may betinéebRéicat Anb 1Ead to mabifieienht Bkirfaeetreatinent Cohversely, when the
amount of water is excessively large, the silica fine particles (a) may form a gel. 15[0085] The
hydrolysis reactionistiaii Hivonees thedisereica tatafisefor tHethwdrdlysis reaction. Specific examples
of such catalysts include: inorganic acids such as hydrochloric acid, acetic acid, 20 sulfuric acid
and phosphoric acithVENQrganiBZciadsisiich as\ormicacid Rpréplonidacid JoXait -ERE, biakd koluene

sulfonic acid, benzoic acid, phthalic acid, and maleic acid;
10 LCS0Z manufactured by Columbian Carbon;

NITERON#300, NITERON#ZCOH, NITERON#200IS and NITERON#200
manufactured by Nippon Techno-Carbon Co., Ltd.:
granular products of DENKABLACK FX-35 and HS-100
manufactured by Denki Kagaku Kogyo Kabushiki Kaisha; and
15 SEASTOH, SEASTS, SEASTTEM, SEAST6, SEAST600, SEASTSH,
TOKABLACK#8500M/F, TOKABLACK#8300M/F and TOKABLACKETSS508SR/F
manufactured by Tokal Carbon Co., Ltd.
[0065]
On the other hand, specific examples of the carbon nanoctubes
20  include:
VGCF (trade name), VGCF-H (trade name), VGCF-S {trade name)
and VGCF(trade name)~X manufactured by Showa Denko K.K.; and
Meijo Arc APJ, Meijo Arc FH and Meijo Arc SO manufactured

by Meijo Nano Carbon Co., Ltd.



alkali catalysts such as potassium hydroxide, sodium SF-2186 43 hydroxide, calcium hydroxide, and
ammonia, og _@% tals; metal alkox des; organic tin compounds such as dibutyltin dilaurate,
5 dibutyltin dioctylate, and dibutyltin diacetate; meta}ggelatecompoundssuchas
aluminumtris(acetylacetonate), taniumtetrakis(acetylacetonate), titaniumbis 10titaniumbis(
sopropoxy)bis(acetylacetonate), zirconiumbis(butoxy) is(acetylacetonate), and zirconiumb

s(isopropox w%@fetylacetonate); and boron compounds such as boron butoxide and boric acid.
[0086] 150f these, in view of achieving solubility in water and sufficient hydrolysis speed, hydrochloric
acid, acetic acid, maleic %(gd ng oron com%ounds are preferable, These catalysts can be used alone

5 (Y St 1 RAE hydtelysis feactioh ©f thedditie

or in combination of fwo or more mdsﬂ%g
compound§1 }g& dh(gg) Y, involve the use of non water soluble catalysts, but preferably involves the

an ma
use of waterSoluble catalysts. THe USe Of Watsr“s6iBIE BEiafyts t6r hydroieisreaction 48 préferable

because WEQI‘] the Wgter soluble catalyst js dissolved
ight-shlelding effett by improving dispersibility. In order to

5 impart hydrophobicity to the surface, for example, a method can
be mentioned in which the surface is coated with a
hydrophobicity-imparting agent by treating the surface with one
or more hydrophobicity-imparting agents selected from the group
consisting of silicone resins, alkoxysilane resins, silane

10 coupling agents, and higher aliphatic acid salts.

[0067] |
Examples of the hydrophobicity-imparting agents include:
higher aliphatic acid compounds such as higher aliphatic
acid glyceryl, higher aliphatic acids, higher aliphatic acid
15 polyvalent metal salts, and higher aliphatic sulfates
pelyvalent metal salts;
higher alcohols and derivatives thereof;
organoflucrine compounds such as perfluorinated or
partiallyfluorinatedhigheraliphaticacidsandhigheralcohols;
20  and
organcsilicon compeounds such as silicone resins, silane
coupling agents, alkoxysilanes, chlorosilanes and silazanes. In
particular, in view of practical effect, the silicone resins and

silane coupling agents are preferable, and the silicone resins



SF-2186 44 in an appropriate amount of water and added into a reaction system, the catalyst can be
uniformly dispersed. [0088] The addition amount of the catalyst used for hydrolysis 5 reaction is not
particularly ﬁr’%ﬁé&,g@ut is usually 0.1 to 10 parts by mass, preferably 0.5 to 5 parts by mass, based on
100 parts by mass of the silica fine particles. If the stifface-treatment of the silica fine particles involves
the use of an organic solvent dispersion liquid of the silica fine 10 particles, the aforementioned mass
of the silica fine particles refers only to the mass of the silica particles per se dispersed in the organic
solvent. [0089F TR T&adtichte &ture in the hydrolysis reaction is not 15 particularly limited, but is
usually in the range of 10 to 80C, preferably in the range of 20 to 50C. When the reaction temperature
is excessivélg%wq,jthe hydrolysis speed is extremely low, which may be uneconomical and lead to
insufficient surface-treatment, When the reaction temperature is excessively 20 high, the gelation

reaction tends to také pageS {00907 ¢ IPRA PSachicH thne e carnddg otibthecydrelysis+is meot
particularly limited, but is usually in the range of 10 minutes to 48 hours, preferably in the range of 30

minutes to % HoVirs' Y SECSFEE 45 Jo0DAT* angn S, He-suradestodtient maybe tarried out by

successively using the silane compound (f) and the silane compound (g), but is preferably carried out
by usirty both &t @ftie i a Siighasthge i view &f Reikingl the readtion:process simypliéied and. efficient.
[0092]
{0069]
As the silane coupling agents, for example,
Yy—acryloxypropyldimethylmethoxysilane,
y-acryloxypropylmethyldimethoxysilane,

16 y—methacryloxypropyldimethylmethoxysilane,
y-methacryloxypropylmethyldimethoxysilane,
v—acryloxypropyltrimetﬁoxysilane,
v—methacryloxypropyltrimetﬁoxysi1ane,
phenyldimethylmethoxysilane,

15 phenylmethyldimethoxysilane,
phenyldiethylmethoxysilane,
phenylethyldimethoxysilane, and
phenyltrimethoxysilane are preferable. In particular,
y-acryloxypropyltrimethoxysilane, and

20 phenyltrimethoxysilane are more preferable.

[CO7C]
The surface-treatment method using the silicone resins or

the silane coupling agents has no limitation, and can be, for

example, any of a wet method and a dry method. However, preferable



(Step 2) A method for mixing the silica fine particles (a) and the 10 (meth)acrylates (b) and (c) is not
particularly dimitedg but for example, there can be mentioned a method in which the mixing involves the
use of mixing machines such as a mixer, a ball mill aad a triple roll mill under room temperature
condition or under heating condition; and a method in which, in the reactor where 15 Step 1 was
carried out, with continuous stirring, the (meth)acrylates (b) and (c) are added and mixed. [0093]

The silica fing parbicles: (@) are prefasgolysilea fine nativies.disnersed inap.qraanic solyentin view of

the 20 dispersibility in the hardening composition.The organic solvents are pre ergf)sly tﬁggén%gpable of

dissolving organi t i ' rdening sition (such as the later-mentioned
(meth)acryla(tgéﬁ'i?b@)e ;ér?nﬁl rﬁgﬁ%aﬁjér:%% Ii(llc )%%&?%?86%@ & l@i%r%%?e%tgf %e%%&ﬁg 'Solvents

include alcgm@alé%tggg%aeﬂ%rgt an Iglyg:ol ggh}grr%e%ecayge of the easiness of the desolvation in the
later-mentioned desolvation step in which the organic solverit is removed from the mixed liquid of the

silica 5 fine[%%rgigl}es (a) and the (meth)acrylate (b) and the (meth)acrylate (c), preferable are alcohol
organic solvents such as methanol, ethanol, isopropylalcohol, butylalcohol, and n-propylalcohl; and

ketong; organic solyents such as methylethylketone and methylisobutylketone. 10[0095] Of these,
isopropylalcohol is%é‘?tﬁ‘:“&%‘%f& ppgtgtrg @%ﬁiﬁ/ﬁ% Re %Fﬁé5¥iné¥“p§)a?ﬁ<§g§‘Eﬁ%@b@i‘é@ﬁ]added

isopropylalcgho{j%re us%d, the hardening composition after desolvation has lower viscositg/ than when

other solvents are Lsed. and this ahardeéning L5 csmpositionHading16wSiScodifPcan betsbly

prepared. [9993] (3;[ p 31){ . In Step 3, in order to distill and desolvate (hereinafter, these are
collectively referre ?baé:s deS8RAIOH an Jrganic 2d SoREnt aRd-water dromh the uieralP Hibted liquid

of the silica fine particles §a) and the, gmeth)acrylat,es (b) and (c), the mixed liquid is preferably heated
under reduited gss pgirophobicd t "to be added cannot be

y=lmparting agen
generalized, but the addition in an excessive amount
10 uneconomically results in precipitation in more amount than the
amount precipitated on the surface of the black inorganic fine
particles. The amount of the hydrophobicity-imparting agent to
be added is usually 0.5 to 20% by mass, preferably 0.5 to 10% by
mass, more preferably 1 to 6% by mass, based on the black inorganic
15 fine particles. When the addition amount is less than 0.5% by
mass, the hydrophobicity may be low and the dispersibility may
be insufficient. When the addition amount is more than 20% by
mass, the resolution may be lowered.
(0072}
20 The content of the black inorganic fine rparticles (&) in
the hardening ceomposition may be such amount as to ensure
- sufficient light~shielding effect and appropriately keep the
fluidity ¢f the hardening compositicn. Based on the entire black

inorganic fine particles, the content is preferably 0.1 to 20%



[0097] SF-2186 47 of the balance between the prevention of aggregation and gelation and
desolvation speed, the temperature is more preferably 30 to 70C, still more preferably 30 to 50C.
When the t(?‘rﬁ'péljac-i@re is too high, the hardening composition may have considerably lowered 5 fluidity
or become gelled. [0098] The vacuum degree i educing pressure is usually 10 to 4000 kPa. In
view of achieving the balance between desolvation speed and the prevention of aggregation and
gelation, the vacuum. degree 10 is more preferably 10 to 1000 kPa, most preferably 10 to 500 kPa.
When a vafdé BEthévACIGPIEGreBas too targe: the teSolvatisr spetlis Bxismaieibas ahich is
uneconomical. [0099] Preferably, the composition after the desolvation has 15 substantially no solvent.
The word "subistaftiafy’ REréiA Hieand tHat thé achidl Produeticiief & hatdened produce asifig the
hardening composition of the present invention does not require another desolvation step. This means
specificallyR&t fhiétedidiie &mpuhtéfihedrganic solvent dnhdngatei imtherharbleningr2B:composition
is preferably 1% by mass or less, preferably 0.5% by mass or less, more preferably 0.1% by mass or
less. [0100F HitSEhL3, iprioned the désoivation &1 hatt by neass or SF2186<48i by massidf the
composition after the desolvation.The polymerization inhibitor is used to prevent the polymerization

5 characteristics because of aggregation and significant viscosity

increase. When the black inorganic fine particles (e) are added
in too small amouﬁt, the light-shielding effect or electrical
conductivity may be insufficient.

[0073]

10 The hardening composition of the present invention may
comprise, as needed, leveling agents, antioxidants, ultraviolet
absorbents, sclvents, pigments, fillers such as other inorganic
fillers, reactive diluents, dispersants and other medifiers, as
long as the characteristics such as the viscosity of the

15 composition and the heat resistance of the hardened product are
not impaired.

[0074]

Examples of the leveling agents include polyether modified

dimethylpolysiloxane copolymers, polyester modified
20 dimethvlpolysiloxane copolymers, polyether modified
methylalkyipolysiloxane copolymers, aralkyl modified

methylalkylpolysiloxane copolymers, and polyether modified
methylalkylipolysiloxane copolymers.

[0075]



reaction of the components in the hardening composition during and after the desolvation step and
during the storage ©f the 5 composition. Examples of the polymerization inhibitor include
hydroquinone,hydroquinonemonomethylether,benzogyinone, p-t-butylcatechol, and
2,6-di-t-buty1-4-methylphenol. These can be used alone or in combination of two or more kinds. [0101]
10Step 3 may be carried out in apparatus prepared solely for this step after the uniformly mixed liquid

of the sica fine parigle(ql.and (meff)acrlples (o) And () which experienced step 2 s ransterred o

the apparatus. Alternatively, when Step 2 was carried out in the reactor where Step

15Step3c ied out in the same reactor where Step 2 was carried out. [0102] (Step 4) A
method for %g\ﬁﬁa?%g%bly%eﬂ:fiat%ﬁ%fiatcg%?%’ar?‘de 20 ?ﬁejpblggﬁﬁ%?ggﬁi%?i e paticles {e)dtded to
a compositigp loféag._iged t ﬁ%li%huth% dg%i(l}lgl{ti%eangi%%soslvgtion, and uniformly mixed and dispersed is
not particularly limited. However, for example. thére can be mentionéd A mEthad in WiHichthe Fnixing is
carried out %E&OOQA temgeggty}re with a mixing machine such as a SF-2186 49 mixer, a ball mill and a
triple roll mill; a method n?w%ictnsih a reactor where Steps 1 to 3 were carried out, with continuous

stirring5 the)[%yfrggrization initiator (d) is added and mixed, and separately, the black inorganic fine
particles (e) are added

Examples of the dispersants include:
SOLSPERSE 3000, SOLSPERSE 5000, SCLSPERSE 5000, SOLSPERSE
11200, SOLSPERSE 12000, SOLSPERSE 13240, SOLSPERSE 13650,
SOLSPERSE 13940, SOLSPERSE 16000, SOLSPERSE 17000, SOLSPERSE
10 18000, SOLSPERSE 20000, SOLSPERSE 21000, SOLSPERSE 24000SC,
SOLSPERSE 24000GR, SOLSPERSE 26000, SOLSPERSE 27600, SOLSPERSE
28000, SOLSPERSE 32000, SOLSPERSE 232500, SOLSPERSE 32554,
SOLSPERSE 32600, SOLSPERSE 33000, SOLSPERSE 34750, SOLSPERSE
35100, SOLSPERSE 35200, SOLSPERSE 36000, SOLSPERSE 36600,
15 SCLSPERSE 37500, SOLSPERSE 38500, SOLSPERSE 38000, SOLSPERSE
41000, SOLSPERSE 41090, SOLSPERSE 43000, SCLSPERSE 44000,
SOLSPERSE 46000, SOLSPERSE 47000, SOLSPERSE 53095, SOLSPERSE
54000, SOLSPERSE 55000, SCLSPERSE 56000, SCLSPERSE 71000,
SOLSPERSE 76500, SOLSPERSE X300, SOLPLUS C825, SOLPLUS D510,
20 SOLPLUS D520, SOLPLUS D530, SOLPLUS D540, SOLPLUS DP310, SOLPLUS
L300, SOLPLUS L400, SOLPLUS K200, SOLPLUS 210, SOLPLUS 500,
SOLPLUS 700 and SCLPLUS 210 manufactured by Lubrizol Japan
Limited;

Floren DOPA-15B, Floren DOPA-~15B, Floren DOPA-15BHFS,



5 thereto, and the mixing is carried out at room temperature with a mixing machine such as a mixer, a
ball mill, a tri;;le roll mill and a bead mill; and a method in which the black inorganic fine particles (e)
are added to'thé %@ﬁﬁposition obtained by carrying out Steps 1 to 3, and are mixed at room
temperature with a mixing 10 machine such as a mixér, a ball mill, a triple roll mill and a bead mill, and
then the polymerization initiator (d) is added and mixed. [0103] The hardening composition obtained by
having the 15 polymerization initiator (d) and the black inorganic fine particles (e) added, mixed and
dispersed may bEHiIl At as HEedet> THe ABlioR & cCahiad BURRE FerhdveForaigm Siibstarice such as
rubbish in the hardening composition. A filtration method is not particularly limited, but preferable is a
pressure filtrafigis 20méthod ushey atfilter 6f & mémbiae ypé? 8 carthidgetyse 8P the liKeowith a
pressure filtration pore diameter of 1.0 pm. [0104] Via the above respective steps, the hardening
compositiol ‘of fHe prederitinventioh tah b prédducedThetidrdating $R-@186 50 -cbfipnsition of the
present invention contains the silica fine particles (a), a structural component, treated with the specific
silane compekids) afie-thereford éVerrwithdtit-éontaining acsolvent, hasHewaisdosityrand: superior
handling characteristics. 5[0105] The hardening composition of the present invention, by being
harderfed, Beécomés a-hardered product which can be used as a light-shielding component for various
optical equipments such as a camera, a video camera, a copying machine and a developing 10
machine. In additiohytHEPEdm pasitien,, if usedsalbre B8-itid 2 cambe appliedto-a hardening black resin
composition for nk jet used to produce a color filter by ink jet method. [0106] <Method For Producing
Hardened Prodlict> 458\2arseningthel hardeningreampaesition withe present inventions the,hardened
product is obtained. As a hardening method, there can be mentioned, for example, a method in which
active energy.ray is:applied so that the ethylenically unsaturated groups of the (meth)acrylates (b) and
(c) are crosslinked,7 and 20 a method in which heat is applied so that the ethylenically unsaturated

groups are heat palymesizedcTihese netheds.cambesombings; {187k preferable, with
10 specificexamplesincludingknn:notlimitedtheretoSOLSPERSESOOO,
SCLSPERSE 11200, SOLSPERSE 13650, SOLSPERSE 13940, SOLSPERSE
16000, SOLSPERSE 17000, SCLSPERSE 21000, Floren DOPA-15B, Floren
DOPA-15BHFS, Floren G-600, Floren G-820, Floren G-900 and Floren
NC-500. These dispersants can be used alone or in combination
15 of two or more kinds.
[0077]
The dispersant is added usualiy in an amount in terms of
a solid matter of 5 wt% to 100 wt%, preferably 10 wt% to 80 wtk,
more preferably 20 wt% to 60 wt%, based on the black inorganic
20 fine particles. When the addition amount is less than 5 wt%, the
dispersibility may be insufficient, and when the addition amount
exceeds 100 wt%, properties of the hardened product may be
significantly affected.

[0078)



SF-2186 51 ray such as ultraviolet, the photopolymerization initiator is incorporated into the hardening
composition in the above Step 4. If the hardening composition is hardened by heating, the heat
polymerizatiom initidtor is incorporated into the hardening 5 composition in he above Step 4. If the
photo-hardening and the heat-hardening are carried8ut in combination, both the photopolymerization
initiator and the heat polymerization initiator are incorporated in the above Step 4. [0108] 10The
hardened product of the present invention can be obtained, for example, by applying the hardening
composition of the present ihviestiort b the stifaéebfa grasaslate adlastichsiateha mistal ptate, a
silicon wafer or an electronic equipment component made by combining these materials, and by active

energy 15 BB idaihg The Raklenimg:may e eadied ostisoth bybactive energy say andfby
heating. [0109] As a method for applying the hardening composition, for example, there can be
mentioned Al¢odtifwith arbaredater; ah 20mlpplicatdr; aldiévoatdr] arspincbater, 8 spraycbater, a
curtain coater, a roll coater or the like; coating by screen printing; and coating by dipping. [0110]
SF-2186 52:ventidreto el applied=on the substratelismoepantiguladyhlimiteéd ahd tag bé teontrolled
appropriately in accordance with a purpose. In view of moldability, the amount is preferably such that a
coating filn® bbtained:aftershardeénintpireatmient by activets €hergyaay ahdionhbyheating withhave a
film thickness of 10 um to 5 mm, and the amount is more preferably such that the film thickness will be
20 pm to 3tmn JOT1IN] Ifithethardeningwedmmpasitior) 8f therpreseat iavention issing a resin
composition having both light-shielding effect and electrical
conductivity. The viscosity herein is measured with a B-type
viscometer DV-III ULTRA (manufactured by Brookfield Engineering
10 Laboratories, Inc.) using a spindle No. 41 under the condition
of 25°C. That is, the hardening composition of the present
invention has extremely low viscosity even without containing a
sclvent, and has superior handling characteristics. This is
attributed to high dispersion stability achieved by the
15 surface-treatedsilica fineparticles {a} andblack inorganic fine
particles (e}.
[0079]
<Method For Producing Hardening Composition>
The hardening composition of the present invention can be
20 produced, for example, by seguentially carrying out:
the step (Step 1) of surface-treating the silica fine
particles dispersed in an organic sclvent with the silane

compounds (£} and {g) to obtain the silica fine particles {a);

the step (Step 2) of having the (meth)acrylates (b) and (g)



10 hardened by active energy ray, the active energy ray used for hardening is preferably an electron
ray and a ”%@L‘%{% a wavelength ranging from ultraviolet region to infrared region. Regarding a light
source that can be used, a light source for ultravioleg' , for example, an ultra-high pressure mercury
light 15 source and a metal halide light source; and a light source for visible light is, for example, a
metal halide light source and a halogen light source; and a light source for infrared ray is, for example,
Cﬁ. Jc;]}l%d%itign tréergtoﬂ furthert%xaﬂ@e?}ir‘sclude a light source such as laser and

e e

a halogen light squrc 11ica firle parcic o :
LED. 20[0112 The hardening by active energy ray may be, a8 hedded followet i drther

hardening through heat treatm annealing treatment). In this case, the heating temperature is
preferably in the raggg O%B%Pto?% g.ql'elheO r%gea i% ifnﬁeg%%gptaerféiréﬁﬁ T Er-5786 55 the Fargeof 10
minutes to 368 mf@g;es.&%l%?;lt pythe hardening composition of the present invention is hardened
by heat tre&tment. the heating temperaturd s preferably s i theSrante B8 (07200, mbre Breferably
in the range of 100 totllSCC:)E:éWhen the heating temperature is_lower than 80C, the heating is

necessary for IGng&rtime, Which 1ends'fo beé Tnétoromicar Whdr the Reatiifteiperatiité is higher

than Zg)OC, in addition to higher energy cost, more time is needed to raise 10 temperatureand lower
tempefature, which t6hdat6%e ((Histonbmital. R4} 9 trhetdrdeRingerihe hatddiing eomposition
by heat polymerization may be, as needed, followed by further hardening through heat treatment
(annealing ¥F@atrﬁ&ﬂ). i fhiseEREXthd AS1EHtingG tehhPératird isisrefarably in thé fangetof 150 to
200C. The heating time is preferably in the range of 5 minutes to 60 minutes. [0115] <Hardened
Product> 20 TErtendd prodict 8 tHe p t ifventiés sl xcellentirpightdshisldingteffect, heat
resistance and molding processability, and therefore can be used for a light-shielding component, e.g.,
a light-shigtdifig fiih! ForvarbusoptRal effpmehtrsuciess alcamera alvideoxcamerad endopying

machine SF-2186
composition. Hereinafter, each step will be described.

10 [0080O]
(Step 1}

In Step 1, the silica fine particles are surface-~treated
with the silane compounds (f) and (g). The surface-treatment is
carried out as follows. The organic solvent dispersion liguid

15 of the silica fine particles are introduced into a reactor, and
with stirring, the silane compounds (f) and {g) are added, and
stirred and mixed. Then, water and a catalyst necessary to
nydrolyzing the silane compounds are further added and stirred
thereby to hydrolyze the silane compounds and carry out

20 condensation polymerization on the surface of the silica fine
particles.

[0081]
As described later, it is preferable that the silica fine

particles {a) are used with being dispersed in an organic solvent.



54 and a developing machine. [0116] The hardened product of the present invention is obtained
by hardening.the.hardening composition containing the 5 (meth)acrylates (b) and (c) with a high glass
transition temperature of the homopolymer, and thert—ifore has excellent heat resistance. [0117] The
hardened product of the present invention has excef’lent 10 heat resistance: when the hardened
product is heated in nitrogen atmosphere, the 5% weight loss temperature is usually 280C or higher,

preferably 300C.or higher, more preferably 320C or higher. When the 5% weight loss temperature in
heating is I?)j%ve%t Jan %% %Lfrfl&r’egérﬁp}lesierlyg%a%% v%%%enf‘h% ﬁ%i&fe%%*a Srb%lﬁ‘?:tr@lt%%dlfjo?‘i%dan active

matrix dispga%/ e%ehn%ent substrate, the producgijf)n process thereof may have problems such as warpage

and deflection, or possib ylcC:jraackfs,l8re COREAMINGLIGH of dpparatus PREAGSE of ihcfedied emission gas
componentai hai1 h-temperature treatment, [0118] 20The hardened product of the present invention
has excelléht IightShie 8i%%gyef¥)e}%?%eli Sshidldingfeffect tanie evaliateddy Gsifgdpieal density
(OD value), The optical density depends on the thickness of a hardened film and the content of fine
particles. Thﬁs}_’gé:)é)ﬁ(%ﬁﬁjoﬂ SiticaFBénsity 1578 TER1865 Yargbtét: TRE Fiffr ticKAessish the
content of the black inorganic fine particles needs to be controlled. The hardened product obtained
from tHe h&ttenity Ebmposition 6f fielireSemanvantibh caRBRIGEEd For & lighRshieldingeeribonent
for various optical 5 equipments such as a camera, a video camera, a copying machine and a
developindfnathie. °Fhé opticaliERSAeduiredTor fiese 88e8TS T wrdrhitier, prefEfaBiy 0 or
higher, more preferably 4.0 or higher. When the optical density is below 1.0, the light-shielding effect
may be inslﬁﬁgc"réﬁt. {BERAmEIEE [6FL 9} HeVéinaRar, Ghepresent imdntion Wikt beldeseribed in

00821
The disappearance of the silane compounds through

10 hydrolysis can be confirmed by gas chromatography. With a gas
chromatography (manufactured by Agilent Technologies Japan, Ltd.,
6850 type), the residue amount of the silica compounds can be
measured by internal standard methed in a hydrogen flame
ionization detector, using a nonpolar column (manufactured by J&W

15 Technology, Ltd.), at a temperature of 50 to 300°C, raising
temperature at a rate of 10°C/min, and using He as a carrier gas
at a flow rate of 1.2 cc/min, whereby the disappearance of the
silane compounds through hydrolysis can be confirmed.

[0083]

20 As described above, in the surface~treatment of the silica
fine particles, the silane compound (f) is usually used in an
amount of 5 to 25 parts by mass, preferably 10 to 20 parts by mass,
more preferably 12 to 18 parts by mass, based on 100 parts by mass

of the silica fine particles which have not been surface-treated.



detail with reference to Examples, but the present invention is 15 not limited to the following Examples
as long as not missing the gist. [0120] (Example 1) [Preparation of Hardening Composition] 20Into a
separable ffask216® parts by mass of an isopropyl alcohol dispersion type colloidal silica (the silica
content: 30% by mass, the average particle diametér? 10 to 20 nm, product name: SNOWTEX IPA-ST,
manufactured by Nissan Chemical Industries, Ltd.) was charged. Then, into the separable flask, 4.5
parts by mass SF-2186 56 of y-methacryloxypropyltrimethoxysilane and 4.5 parts by mass of
phenyitrimetAGxysithfs Sveraiahsty aldl) stirfed aHd Miked SEGrthar, 209 passby mass of0.£825% by
mass HC1 solution was added, and stirred at 20C for 24 hours. The silica fine particles 5 were in this

way surfacédreiated Bfoﬁﬁr@%idepé@f@”e?ﬁéﬁ liflitl ofthersikidafing particlesn@ig2dferaiThe
disappearance of y-methacryloxypropyltrimethoxysilane and phenyltrimethoxysilane through hydrolysis
was confirméd by 16 gaschtomatographyd(@ranlifactured yeAgienTechnologies Japan] Ltck, 6850
type). The measurement was carried out by internal standard method in a hydrogen flame ionization
detector, usihgea penpolar eslumni (hamdaetured:byp 9&W Technolegy retdt)edt a temperature of 50 to
300C, by raising temperature at a rate of 15 10C/ n, and using He as a carrier gas at a flow rate of 1.2
cc/mird EightHoitsaftertheHC1lsolutionwasadded, phenyltrimethoxys laneand
y-methacryloxypropyltrimethoxysilane disappeared. [0122] 20Then, into 100 parts by mass of the
dispersion liquid offhe minimum amount of water necessary to carry out the
hydrolysis is one time the sum of the mol number of an alkoxy group
and the mol number of a hydroxyl group bonded to the silane
compounds (£) and (g). The maximum amount is ten times thereof.
10 When the amount of water is excessively small, the hydrolysis speed
is extremely low, which may be uneconomical and lead to
insufficient surface-treatment. Conversely, when the amount of
water is excessively large, the silica fine particles {a) may form
a gel.
15 [0085]

The hydrolysis reaction usually invelves the use of a
catalyst for the hydrolysis reaction. Specific examples of such
catalysts include:

inorganic acids such as hydrochloric acid, acetic acid,

20 sulfuric acid and phosphoric acid;

organic acids such as formic acid, propionic acid, oxalic

acid, para toluene sulfonic acid, benzoic acid, phthalic acid,

and maleic acid;

alkali catalysts such as potassium hydroxide, sodium



the silica fine particles (a), 22.5 parts by mass of trimethylolpropanetriacrylate (product name: Viscoat
#295, manléfg.gt%%%by Osaka Organic Chemical Industries Ltd., Tg of the homopolymer: >250C) and
22.5 parts by mass of SE-2186 57 adamantylmathagylate (product name: ADMA, manufactured by
Osaka Organic Chemical Industries Ltd., Tg of the homopolymer: 180C) were added and uniformly
mixed. Thereafter, with stirring, a volatile content was removed by heating under reduced pressure 5
at 40C and Pa thereby to_ obtain a silica dispersion resin composition. The amount of the volatile
content rerr}lﬁ]as\)/eltlelé)v}\%g1 %2.4% (ysgrct:sl %}ir%l} s@r ﬁ?%ﬁQSu%%%qﬁgﬁ}?yr} 16 95 parts by mass of the silica
dispersion 10 resinocgrg%oséti%n t%sltge black inorganic fine particles, 5 parts by mass of carbon blacks
surface-treated with dﬁnethylpo ysiloxane (a granular product of DENKABLACK treated with
dimethylpolysiloxa?ne T'prgdt&{(itkname: S106-5, manufactured by Daito Kasei Kogyo Co., Ltd., the
number average par icle diame?éir%%%’o to 50 nm) was added and the mixture was kneaded with a
planetary mixer thereby to completely disperse the carbon blacks, wherehy a light-shielding resin
composition 1 was Obtained. [0124] THe SUHA 8 Sre&tMicht Gihe EbGY blatks viih s rate,
dimetl%ylp?xlslsiloxarle was carried out by the following method. Into 100 g of the carbon blacks put in
and fidwn Witt 3 21 féRschel Phiker B850l Gith prepared by dissoRfitg8 g6t dimethypolysiloxane
(manufactured by Shin-Etsu Chemical Co., Ltd., KF96-100CS) in 100 g of isopropylalcohol was added
dropwise SF-2186"68 &nd mixed. THEafSr, isopropyteltshiel@as removed Byvacuum drying at
80C. The residue was further heated at 180C for4 hours and then air-cooled to room temperature
thereby to prepare®stiffatBWeatéd cafsoniacks: Bje1ss)] - Further, with 100 parts by mass of the
light-shielding resin composition 1, as the photopolyme ization initiator, 4 parts by mass of diphenyl
(2, 4, 6-trimethy1bEnZéy D) ‘BHospRmebRide (plodueE AaREa Speedcure TPO-L, manufactured by Nihon
SiberHegner K.K.), 10 and, as the heat polymerization initiator, 1 part by mass of
t-butylperoxy(2-etHyltiekaheats) protiuek Hames PERBUTYE S, aeriutactured by NOF Corporation)

were mixed thereby to obtain a hardening composition 1 (BR-1).
10 - titeniumbis{isopropoxy}bis(acetylacetonate),

zirconiumbis (butoxy)bis {acetylacetonate), and

zirconiumbis (isopropoxy)bis{acetylacetonate); and

boron cempounds such as boron butoxide and boric acid.
0086}

15 Of these, in view of achieving solubility in water and
sufficient hydrolysis speed, hydrochloric acid, acetic acid,
maleic acid and boron compounds are preferable. These catalysts
can be used alone or in combination of two or more kinds.
[0087]

20 In Step 1, the hydrolysis reaction of the silane compounds
(£) and (g) may involve the use of non water soluble catalysts,
but preferably involves the use of water soluble catalysts. The
use of water soluble catalysts for hydrolysis reaction is

preferable because when the water soluble catalyst is dissolved



[0126] 15The hardening composition 1 obtained was found to have a viscosity of 300000 mPaTs. The

viscosity w

Engineering

20[0127]

9 minutes t
evaluate th

r_ngflg%red with a B-type viscometer DV-1Il ULTRA (manufactured by Brookfield
abora

ories, Inc.) using a spindle No. 41 at a rotation number of 0.05 rpm, at 25C.

The composition of components used to prepare the hardening composition 1 is set forth
in the following Table 1. [0128] [Preparation of Hardened Film] SF-2186 59 <Active Energy Ray

Hardening and Heat Hardening> _ The hardening composition | was applied on a substrate, using a
L an TODrL ge -moung %w te% ”EE Q%@ T f
spacer of 200 Um. Then. the front tace and the back face E56H Rat & §1&sS prate Pt thErdoHT The

of Rigat treatment was carried out at 120C for

coating flln}\ggs 5 |rtrag|atecd with %51 |rrad|,a)§]|<g? ewcdeﬁ,ue?g?:upped with an ultra-high pressure mercury

lamp at 3 J/cm?2 fivere

Q/Fo bé& Hardéned T ter

to completely harden the coating film. [0129] 10This hardened film was used to

re
E&&%@/ing properties. The result thereof is set forth in Table 2. [0130] [Property Evaluation
Method] <Molding Processabhility> 15The hardened film was evaluated based on the following criteria

which indicates the €Xte 10 WHIGH e rErRien8d filh Swhen Deerd ot a giass Subsstratesdah be

processed without fractures or cracks.

5]

10

20

reaction is not particularly limited, but is usually 0.1 te 10
parts by mass, preferably 0.5 to 5 parts by mass, based on 100
parts by mass of the silica fine particles. If the
surface-treatment of the silica fine particles involves the use
of an organic solvent dispersion liquid of the silica fine
particles, the aforementioned mass of the silica fine particles
refers only to the mass of the silica particles per se dispersed
in the organic solwvent.

[0089]

The reaction temperature in the hydrolysis reaction is not
particularly limited, but is usually in the range of 10 to 80°C,
preferably in the range of 20 to 50°. When the reaction
temperature is excessively low, the hydreolysis speed is extremely
low, which may be uneconomical and lead to insufficient
surface-treatment. When the reaction temperature is excessively
high, the gelation reaction tends to take place.

[0090]

The reaction time for carrying out the hydrolysis is not

particularly limited, but is usually in the range of 10 minutes

to 48 hours, preferably in the range of 30 minutes to 24 hours.



[0131] 20A: the hardened film can be processed (peeled) without fractures and cracks. [0132] B:
the hardened film has no fractures, but partially has cracks. SF-2186 60 [0133] C: the hardened film
has cracks %\ﬁtﬁzp‘o%‘;r3 processability (peelability). [0134] 5 <Light-Shielding Effect> All light
transmittance (%) of the hardened film obtained was theasured with the use of a Color, Oil & Haze
Measuring Instrument (manufactured by Nippon Denshoku Industries, Co., Ltd., COH400), and from a
value obtain%d, an OD value was calculated 10 and the light-shielding effect was evaluated based on
the following“ctitérla. [0135] A: all light transmittance -< 0.01% (OD value4) B: 0.01% < all light
transmittancel% (4 > OD value >. 2) 15C: 1% < all light transmittance10% (2 > OD valuel) D: all light

transmittance > 1096300 GBlue < 1 EHEAREGGancE FbRStabifity>be carried out by

successively using the silane compound (£) and the silane compound
(g), but is preferably carried out by using both at a time in a
5 single stage in view of making the reaction process simplified
and efficient.
[00%2]
{(Step 2)
A method for mixing the silica fine particles {(a) and the
10 (meth)acrylates (k) and (c¢) 1s not particularly limited, but for
example, there can be mentioned a method in which the mixing
involves the use of mixing machines such as a mixer, a ball mill
and a triple roll mill under room temperature condition or under
heating condition; and a method in which, in the reactor where
15 Step 1 was carried out, with continuous stirring, the
(meth)acrylates (b) and (¢) are added and mixed.
[0093]
The silica fine particles (a) are preferably silica fine
particles dispersed in an organic sclvent in view of the
20 dispersibility in the hardening composition. The organic
solvents are preferably those capable of dissolving organic
components contained in the hardening composition {such as the
later-mentioned (methj)acrylate (b) and (meth)acrylate {(c)).

[0094]



The hardened film obtained was heated at 270C for | minute, and was allowed to cool down at room
temperature for | minute. 20 This step was repeated three times, and thereafter, the form stability of
the hardenquﬁ?r}cﬁﬁt was evaluated based on the following criteria. [0136] A: the hardened product
has no warpage, and the hardened film SF-2186 61 fs not broken. [0137] B: the hardened product
has warpage of 1 mm or less per 5 cm, but the hardened film is not broken. 5[0138] C: the hardened
product has warpa%e of more than 1 rum and 5 mm or less per 5 cm, but the hardened film is not
broken. [0139]  “BRE Rsrddnka robiticPhaswarpage of mord ffam 53R per 55 CIG or the
hardened film is broken. [0140] <5% Weight Loss Temperature> The hardened film obtained was
treated witlF tHeEtise of FE-DIAYGRdnufdctGred-by SERGY Efectdnidd mdEstiesses., Bd.) itnitrogen
atmosphere at temperatures ranging from 20C to 500C, by raising temperature at a rate of 10C/min,
whereby theS%-Weightlosstehiperatireivas obtahied Te RarteneaTilftRiRhia HigHervaloe of the

5% weight loss temperature represents a hardened film with superior heat resistance. 20[0141]
(Example DPreparafion bEFardéningCompoditien] theThé sathe procédurtas tExamplal was

repeated except that trimethylolpropanetriacrylate was added in an amount of 50 parts
5 fine particles {a) and the (meth)acrylate {(b) and the

(meth)acrylate (c¢), preferable are alcohol organic solvents such
as methancl, ethancl, isopropylalcohol, butylalcohol, and
n-propylalcohl; and ketone crganic solvents such as
methylethylketone and methylisobutylketone.
i0 [0095]

Of these, isocopropylalcchol 1is particularly preferable.
When the silica fine particles (a) dispersed in isopropylalcohol
are used, the hardening composition after desolvation has lower
viscosity than when other solvents are used, and thus a hardening

15 composition having low viscosity can be stably prepared.

(Step 3)
In Step 3, in order to distill and desolvate (hereinafter,
these are collectively referred to as desclvation) an organic
20 solvent and water from the uniformly mixed liguid of the silica
fine particles (a) and the (methj)acrylates (b) and (c), the mixed
liquid is preferably heated under reduced‘pxessure.
[0057]

The temperature is preferably kept at 20 to 100°C. In view



SF-2186 62 by mass and adamantylmethacrylate was added in an amount of 10 parts by mass,
whereby agar%rg%g composition 2 (BR-2) was obtained. [0142] 5The composition of components
used to prepare the hardening composition 2 is set farth in the following Table 1. [0143] [Preparation of
Hardened Film] As in Example 1, the hardening composition 2 was hardened 10 by active
energy ray and by heating thereby to obtain a hardened film. [0144] This hardened film was used to

e ] N DR DA B ST S,
R e S T S e
175C). wherghy a flardsning coniposition 3 (BR:3) was ghtaineq, [0148) SE 218083 e 1o
too high, the hardening composition may have considerably lowered
5 fluidity or become gelled.
[oces;

The vacuum degree in reducing pressure is usually 10 to 4000
kPa. In view of achieving the balance between desclvation speed
and the prevention of aggregation and gelation, the vacuum degree

10 is more preferably 10 to 1000 kPa, most preferably 10 to 500 kPa.
When a value of the vacuum degree is too large, the desclvation
speed is extremely low, which is uneconomical.

[0089]

Preferably, the composition after the desolvation has

15 substantially no solvent. The word “substantially” herein means
that the actual production of & hardened product using the
hardening compesition of the present invention dees not require
another desolvation step. This means specifically that the
residue amount of the organic solvent and water in the hardening

20 composition is preferably 1% by mass or less, preferably 0.5% by
mass or less, more preferably 0.1% by mass or less.

[C100]

In Step 3, prior to the desolvation, 0.1 part by mass or

less of a polymerization inhibitor may be added based on 100 parts



The composition of components used to prepare the hardening composition 3 is set forth in the
following T@Le;%é%lﬂ] [Preparation of Hardened Film] 5As in Example 1, the hardening composition
y a

3 was hardénet ctive energy ray and by heatin% EEhereby to obtain a hardened film. [0148]

This hardened film was used to evaluate the properties as 10 in Example 1. The result thereof is set
forth in Table 2. [0149] (Example 4) [Preparation of Hardening Composition] The same procedure as in
Example 1 was repeated ?xcgpr)lt that 15 the | %Tt-shieldiing resin compaosition was, constituted of 98

Q S C

35 : -Sid 2 patts by fiass Gt thé Brack inotganic fine

parts by mz?s% of thé silica disbersion Fedined lp%@iitioar“l
particles, Wheﬁeb a harqce.ning composition 4 (BR-4) was obtained. [0150] 20The composition of
components Usé etglp‘%gpé”r%n’[hlerhlgjrgéﬁi% cornpositor 4 i8 &V fth ihtRe RGHoWiRg Table: 270151]
[Preparation of Hardened Filmé As in Example 1, the hardening composition 4 was hardened SF-2186

64 by active Bhargy fay and By HeafiRg Hereby 18 obtain e fardehnBd filmposition during

and after the desolvation step and during the storage of the

5 composition. Examples of the polymerization inhibitor include
hydroguinone, hydroguinonemonomethylether, benzeoguinone,
p—t~buty1catéchol, and 2, 6-di-t-butyl-4-methylphenol. These
can be used alone or in combination of two or more kinds.
[0101]

10 Step 3 may be carried out in apparatus prepared solely for
this step after the uniformly mixed liquid of the silica fine
particles (a) and (meth)acrtlates (b) and (c) which experienced
Step 2 is transferred to the apparatus. Alternatively, when Step
2 was carried out in the reactor where Step 1 was carried out,

15 Step 3 can be carried out in the same reactor where Step 2.was
carried out.

[0102]
(Step 4)
A method for having the polymerization initiator (d) and

20 the black inorganic fine particles (e) added to a composition
obtained through the distillation and desolvation, and uniformly
mixed and dispersed is not particularly limited. However, for
example, there can be mentioned a method in which the mixing is

carried out at room temperature with a mixing machine such as a



[0152] This hardened film was used to evaluate the properties as 5 in Example 1 The result
thereof is set forth in Table 2. [0153] (Example 5) [Preparation of Hardening Composition] The
same procetfure a8 tn Example 1 was repeated except that 10 the photopolymerization initiator was
not used, whereby a hardening composition 5 (BR-3)%vas obtained. [0154] The composition of
components used to prepare the hardening composition 5 is set forth in the following Table 1. 15[0155]
[Preparation of Hardened Film] <Heat Hardening> The hardening composition 5 was applied on a
substrate, TSR 4 spacef of 200 tin 2THerR, the Frokr face and iHe back fade 20 eachwiad-a glass plate
put thereon. The coating film was subjected to heat treatment at 120C for 9 mlnuteg and c_ompletely
hardened. 0156 * 0 Thaltratde g6 fifm bbtainéd wiascusedrtoievalgate the properties asinExample
1. The result thereof is set forth in SF-2186 65 Table 2. [0157] (Example 6) [Preparation of Hardening
CompOSMOﬁ?iffingr the polymerization initiator (d) is added and mixed,

and separately, the black inorganic fine particles (e) are added

5 therete, and the mixing is carried cut at room temperature with
a mixing machine such as a mixer, a ball mill, a triple roll mill
and a bead mill; and 2 method in which the black inor rganic fine
particles (e) are added to the composition obtained by carrying
out Steps 1 to 3, and are mixed at room temperature with a mixing

10 machine such as a mixer, a ball mill, a triple roll mill and a
bead mill;, and then the polymerization initiator {(d) is added and
mixed.

[0103]
The hardening composition obtained by having the
15 polymerization initiator (d) and the black inorganic fine
particles (e) added, mixed and dispersedmaybe filtrated as needed.
The filtration is carried out to remove foreign substance such
as rubbish in the hardening composition. A filtration method is
not particularly limited, but preferable is a pressure filtration
20 method using a filter of a membrane type, a cartridge type or the
like with a pressure filtration pore diameter of 1.0 um.
[0104]
Via the above respective steps, the hardening composition

of the present invention can be produced. The hardening



5The same procedure as in Example 2 was repeated except that the photopolymerization initiator was
not used, W§§L 8<5)6h<';1rdening composition 6 (BR-6) was obtained. [0158] The composition of
components used to prepare the hardening 10 compagsition 6 is set forth in the following Table 1.
[0159] [Preparation of Hardened Film] As in Example 5, the hardening composition 6 was
hardened by heating, thereby to obtain a hardened film. 15[0160] The hardened film obtained was

used to evaluate the properfies as in Example 1..The result thereof is set forth in Table 2. [0161]
20(Example 7) Preparg%%)n (?T Hardehing g%pé’éllﬁgﬁ]%mnTﬁg %E?nzénﬁro%égur%l 'R Exariple 3 was

repeated except that the ?Doto olymerization.initiator was not used,‘wgr?reb a hardening composition
7 (BR-7) w (s\a]ogéitgg%eed? g 21 6%6]: f(fl%ﬁfal STHe Gomposition-af¢o B&ﬁﬁht@h@sg@ 5 prepare the

hardening GaRsiton. 15, sedorth i e lipwing fable 1101631 SlFeparation of Hardened Filml

has low viscesity and superior handling characteristics.
5 [0105]
The hardening composition of the present invention, by being
hardened, becomes & hardened product which can be used as a
light-shielding component for various optical eguipments such as
a camera, a video camera, a copying machine and a developing
10 machine. In addition, the composition, if used alone as it is,
can be applied to a hardening black resin composition for ink jet
used to produce a color filter by ink jet method.
[01086]
<Method For Producing Hardened Product>
15 By hardening the hardening composition of the present
invention, the hardened product is obtained. BAs a hardening
method, there can be mentioned, for example, a method in which
active energy ray is applied so that the ethylenically unsaturated
groups of the (methj)acrylates (b) and (¢} are crosslinked; and
20 a method in which heat 1is applied so that the ethylenically
unsaturated groups are heat polymerized. These methods can be
combined,
[0107]

If the hardening composition is hardened by active energy



As in Example 5, the hardening composition 7 was hardened by heating, thereby to obtain a hardened

film. [0164]

The hardened film obtained was used to evaluate the 10 properties as in Example 1.

The result théreot ibset forth in Table 2. [0165] (Example 8) [Preparation of Hardening Composition]
15The same procedure as in Example 4 was repeated except that the photopolymerization initiator
was not used, whereby a hardening composition 8 (BR-8) was obtained. [0166] The composition
of components used to prepare the hardening 20 composition 8 is set forth in the following Table 1.
[0167] [Prepéaratioh ©F HafdeRed Fitin P L et AsthExahiple Botherkardeaingocompasitien 8wass
hardened by heating, thereby to obtain a hardened film. SE-2186 67 [0168] The hardened film
obtained was tsé8 & evaldaie ttie propénies asin Examplesl. Theresult therebbisssetiferthdin Table

2. 5(Example 9) [Preparation of Hardening Composition]

10

15

20

If the hardening composition is hardened by heating, the heat
polymerization initiator is incorporated intoc the hardening
composition in the above Step 4. If the photo-hardening and the
heat-hardening are carried out in combination, both the
photopolymerization initiator and the heat polymerization
initiator are incorporated in the above Step 4.

[0108]

The hardened product of the present invention can be

obtained, for example, by applying the hardening composition of
the present invention on the surface of a glass plate, a plastic
plate, a metal plate, a silicon wafer or an electronic equipment
component made by cembining these materials, and by active energy
ray or by heating. The hardening may be carried out both by active
energy ray and by heating.

[0109]

As a method for applying the hardening composition, for

example, there can be mentioned a coating with a bar coater, an
applicator, a die coater, a spin coater, a spray coater, a curtain
coater, a roll coater or the like; ccating by screen printing;
and cocating by dipping.

(01107

The amcunt of the hardening composition of the present



The same procedure as in Example 5 was repeated except that the composition was as shown in
Table 1, wherebx a hardening composition 9 (BR-9) was obtained. The composition of components 10
used to pre%g"rgrk?efihardening composition 9 is set forth in the following Table 1. [0169] [Preparation of
Hardened Film] The hardening by heating was carriedl out as in Example 5 15 except that the heating
temperature and the heating time were changed to 230C and 16 minutes, respectively, thereby to
obtain a hardened film. [0170] The hardened film obtained was used to evaluate the 20

roperties 48 I Example ™ THe ra8HH tistebfis sBEfORRMT Table2 J(Examble o) [Preparation of
p p - .
Hardening Composition] The same procgdurqe as in Example 5 was repeated except that SF-2186 68
the compositir: wis 241shGRh in T abid E "Rhérshyad RarieHig-Carpositio A 107 @R-20) wasobtained.
The composition of components used to prepare the hardening composition 10 is set forth in the
following TABIE IPE[A71] fPréparation BP Hardenet BilmFhe aTie hardeningedoniposition 10 was
hardened by heating as in Example 5 to obtain a hardened film. [0172] 10The hardened film obtained
was used tbréValGafetheing £ilm obtained after hardening treatment by active
5 energy ray and/or by heating will have a film thickness of 10 pm
to 5 mm, and the amount is more preferably such that the film
thickness will be 20 um to 3 mm.
[0111]
If the hardening composition of the present invention is
10 hardened by active energy ray, the active energy ray used for
hardening is preferably an electron ray and a iight with a
wavelength ranging from ultraviclet region to infrared region.
Regarding a light source that can be used, a light source for
ultraviolet is, for example, an ultra-high pressure mercury light
15  source and a metal halide light source; and a light source for
visible light is, for example, a metal halide light source and
a halogen light source; and a light source for infrared ray is,
for example, a halogen light source. Inaddition thereto, further
examples include a light scurce such as laser and LED.
20 [0112]
The hardening by active energy ray may be, as needed,
followed by further hardening through heat treatment {annealing

treatment). In this case, the heating temperature is preferably

in the range of 80 to 200°C. The heating time is preferably in



properties as in Example 1. The result thereof is set forth in Table 2. (Example 11) [Preparation of
Hardening ggg%)ogiéion] 15The same procedure as in Example 9 was repeated except that the
n wa

compositio :!’“as shown in Table 1, whereby a hardening composition 11 (BR-11) was obtained.

The composition of components used to prepare the ardening composition 11 is set forth in the
following Table 1. 20[0173] [Preparation of Hardened Film] The hardening composition 11 was
hardened b%/ heating asin x?a[%m le 5 to obtain a hardened film. [0174] SF-2186 69 The hardened
film obtained Was Tis&d tS evaltiate the ropéfties adih Bxdiiple 1. The result thereof is set forth in

Table 2. (C Fglpa%jtive Example 1) 5[Preparation of Hardening Composition] The same procedure
asin Examg g Was repeated except that trimethylolpropanetriacrylate and adamantylmethacrylate
were replaced with adamantylmethacry ate alone, whereby a hardening composition 12 (BR-12) was
obtained. The compdsitibf of 16¢epthertd tissd t6- prepare the hardermg cémpositiont2is set
forth in the following Table 1. [0175] [Preparation of Hardened Film] During the preparation, the
composition betae gelied ahd- 15 & Hardéned fifnt B6HET b E pRgpared.e is preferably

& in the range of 80 to 200°C, more preferably in the range of 100
to 150°C. When the heating temperature is lower than 80°C, the
heating is necessary for longer +time, which tends +to be
uneconomical. When the heating temperature is higher than 2060°C,
in addition to higher energy cost, more time is needed to raise

10 temperature and lower temperature, which tends to be uneconomical.
01147

The hardening of the hardening composition by Theat
polymerization may be, as needed, followed by further hardening
through heat treatment (annealing treatment). In this case, the

13  heating temperature is preferably in the range of 150 to 200°C.
The heating time is preferably in the range of 5 minutes to 60
minutes.
[0115]
<Hardened FProduct>

20 The hardened product of the present invention is excéllent
in light-shielding effect, heat resistance and molding
processability, and therefore can be used for a Light-shielding
component, e.g., a light-shielding film, for various optical

equipments such as a camera, a video camera, a copying machine



(Comparative Example 2) [Preparation of Hardening Composition] The same procedure as in
Example 9 was_ repeated except that trimethylolpropanetrimethacrylate and adamantylmethacrylate 20
were replacse%w\%/%g%rimethonIpropanetrimethacrylate alone, whereby a hardening composition 13
(BR-13) was obtained. The composition of componén4ts used to prepare the hardening composition 13
is set forth in the following Table 1. [0176] SF-2186 70 [Preparation of Hardened Film] The

hardening cor’gposiﬁt@n 1ﬂ11 was hardened by heating at the same heating temperature for the same
heating tim& as if EXanple - thereki o dbtain a hardened film. 5[0177]  The hardened film

obtained Wzﬁsﬁ%to evaluate the properties as in Example 1( The result thereof is set forth in Table
2. (Comparati ample 3) 10[Preparation of Hardening Composition] The same procedure as in
Example 9 was repeated except that the silica fine particles were not used and the composition was as
shown in Table 1, WhErél5y 4 Rardfering dompasfidm E4RBREMA) was BB e ebipbsRdn of
components used to prepare the 15 hardening composition 14 is set forth in the following Table 1.
[0178] [PrephratibA of Hardéned ifin] THe1FEERIRg by HeRfTY Bl fie safifc hédfing @mperdture

for the same heating time as in Example 9 was attempted, but it 20 was impossible to obtain a
hardered filfFéapable bEBERG evidhlatedd (¢) with a high glass transition

temperature of the homopolymer, and therefore has excellent heat
resistance.
{01171
The hardened product of the present invention has excellent
10 heat resistance: when the hardened product is heated in nitrogen
atmosphere, the 5% weight loss temperature is usually 280°C or
higher, preferably 300°C or higher, more preferably 320°C or higher.

When the 5% weight loss temperature in heating is lower than 280°C,
for example, in a case where this hardened product is used for

16  anactivematrixdisplayelement substrate, the production process
thereof may have problems such as warpage and deflection, or
possibly cracks, or contamination of apparatus Dbecause of
increased emission gas component in high~temperature treatment.
[0118]

20 The hardened product of the present invention has excellent
light-shielding effect. The light-shielding effect can be
evaluated by using coptical density (0D value). The optical
density depends on the thickness of a hardened film and the content

of fine particles. Thus, depending on optical density to be



[0179] All of the hardened products obtained in Examples 1 to 11 SF-2186 71 and heat resistance. It
is believed that the heat resistance is attributed to the superior crosslinking structure constructed by
the inorganié paftiéiés and the monomers contained in the composition. It is believed that the
light-shielding effect 5 results from the balance of thé Tomposition contributing to the superior
dispersion of the black inorganic fine particles. [Example 12] (Preparation of Electrically-Conductive
Hardening Composition) Into a separable flask, 125.3 parts by mass of an isopropyl 10 alcohol
dispersion typé ¢BliGidal shies (the silicecésrentc30% bycwasstheodverage particlerdiameterc 10 to 20
nm, product name: SNOWTEX IPA-ST, manufactured by Nissan Chemical Industries, Ltd.) was
charged. THer! nté e separablecfiabk, 6.8 partsbyrnass beg-methaeryloxypropyiirimethoxysilane
and 4.5 parts by mass of 15 phenyltrimethoxysilane were added, and stirred and mixed. Further, 3.6
parts by madatef 018825% by thass HCEsélutionawasaddédrand stirredhat-20G for. 34 houis The
silica fine particles were in this way surface-treated to provide a dispersion liquid of the silica fine
particles (a}320[0E80Fed The disappédranbe of gimethacnploxypropylrimethoxysitane anda 1
phenyitrimethoxysilane through hydrolysis was confirmed by gas chromatography (manufactured by
Agilenf Techuolagies Japan; dtd 3 6850dype)r Theameaserementavas, casried out By internal, SE-2186
72 standard method in a hydrogen flame ionization detector, using a nonpolar column (manufactured

by J&W Teghnotogys tad Jprdta tempefatare of b6 tos30QG 1by saising;teraperatwe ata ratg.qb
10C/min, and using He as a carrier gas at a flow rate of 1.2 cc/min. 5 Eight hours after the HC1

s(t))lllétion wassadded; phenylirimetiioxysilane-aad yrnethaaryloxyprepytrimethoxysilane.disappeared.
[ ] 4.0 or higher. When the optical density is below 1.0, the
iight-shielding effect may be insufficient.
10
Examples
[0119]
Hereinafter, the present invention will be described in
detail with reference to Examples, but the present invention is
15 not limited to the following Examples as long as not missing the
gist.
[0120]
(Example 1)
[Preparation of Hardening Composition]
20 Into a separable flask, 100 parts by mass of an isopropyl
alcohol dispersion type colloidal silica (the silica content: 30%
by mass, the average particle diameter: 10 to 20 nm, proﬁuct name:

SNOWTEXIPA—ST,manufacturedby&ﬁﬁsanChemicalIndustries,Ltd.)

was charged. Then, into the separable flask, 4.5 parts by mass



Then, into 100 parts by mass of the dispersion liquid of 10 the silica fine particles (a), 28.2 parts by
mass of trimethylalpropanetriacrylate (product name: Viscoat #295, manufactured by Osaka Organic

Chemical industries Ltd., Tg of the homopolymer: >250C) and 28.2 parts by mass of
adamantylmathacrylate (product name: ADMA, manufactured by Osaka 15 Organic Chemical
Industries Ltd., Tg of the homopolymer: 180C) were added and uniformly mixed. Thereafter, with

stiring, 2 volatle foptant was remaved iy heating,underreduged pregsure.at 49C and 100 kka
positi volatle Contant Feftoved

thereby to obtain a silica dispersion resin composition.” The amount of the e

was 90.5 20pafts by mases0152L . Subseauenthfo 96 parts by mase ofhe siica dispersion resi

composition, as the black inorganic fine particles, 4 parts by mass of carbon nanotubed %pro uct
name: VGG (trade name); SE-2186 nufagtyye 2%’ showa Denko K.K.; the average diameter:
150 nm, the average Iength:pza%m) wa%%gdée% andLgﬁga (—:'530 w%l)tﬁ a| Slgﬁe{—gfg miser theréby f5°
completely_disperse the carbon nanotubes, wher, a light-shielding resin composition 15 was
obtained. f[%lja:%%’ angﬁgthgﬁevgﬁﬁ%gg péar‘}fé Byzer%ésosugfsthis ig-Shieldifgresh Rerpbskiph 15, as
the heat pg}g@griﬁ\ti Qi itiator, 1 part by mass of t-butylperoxy(2-ethylhexanoate) (product name:
PURBUTYL0; manu?éc%%re"&ﬁgy ﬁ%ga&%rpgfa?%%?gvéﬁsonﬁxre%, %\%%rngiﬁpae h3rd&hing eBAfhosition
15 (BR-lS)jgt %geasgseiitateaw§§ ogtaig%d%iT e composition of components used to prepare the
hardening composition 15'1s SetTorth i t e%oﬁoswiﬁ% able 3. [Preparation of Hardened Film]

The harden't@g(i mposition 15 was hardened by heating at the 15 same heating temperature for the

same heat[ng ime as in Example 9 thereby to obtain a hardened film. [0184] The hardened film
obtained was use%o eyaluate the ré%)roperties as in Example 1, and to measure the volume

resistivity 20 for the' evAILEH&H Bf e i ctHe Al ConduR Vil PR BYAR At S idsufithsient 1986t forth in

Table 4. [0185] %method for measuring the volume resistivity is as follows,
and pheny trimethoxysilane through hydrolysis was confirmed by

10 gas chromatography (manufactured by Agilent Technologies Japan,
Ltd., 6850 type). The measurement was carried out by internal
standard method in a hydrogen flame ionization detector, using
a nonpolar column {(manufactured by J&W Technology, Ltd.), at a
temperature of 50 to 300°C, by raising tempefature at a rate of

16 10°C/min, and using He as a carrier gas at a flow rate of 1.2 cc/min.
Eight hours after the HCL solution wWas added,
phenyltrimethoxyéilane and
y-methacryloxypropyltrimethoxysilane disappearsd.

[0122]

20 Then, into 100 parts by mass of the dispersion liguid of
the silica fine particles (a), 22.5 parts by mass of
trimethylolpropanetriacrylate (product name: Viscoat #2595,
manufactured by Osaka Organic Chemical Industries Ltd., Tg of the

homopolymer: >250°C) and 22.5 parts by mass cof



[0186] SF-2186 74 <Volume Resistivity> The hardened film was prepared on a glass substrate.
On the hardened film, a silver paste (product name: Dotite 0-550, manufactured by Fujikurakasei Co.,
Ltd.) was aﬁﬁli“e%lt%%repare 5 measurement points. Then, a resistance value between two points was
measured with a resistance meter, and converted irPterms of the volume between the measurement
points, thereby to obtain a volume resistivity. [0187] 10The volume resistivities of the hardened films
prepared from the hardeninﬁﬁgompositions 1 to 11 obtained in Examples 1 to 11 were also measured

by the above HBtHbd THe "eVATTAtGH fedis R o aracset Tolth-in Tamié ¢ Exarphy 132 ka

15[Preparation of Hardening Composition] The same procedure as in Example 12 was repeated
except thatth@ 2arsorrAgrctubes (protiict hame: VECF{Eraele drneRananufastiured byeSiowa Denko
K.K.) were changed to carbon nanotubes (product name: VOCE (trade name)-H; manufactured by
Showa Deriko 80 RIS theraverafe thdmetermisoeaim, tHé avemgedsngthii byt ivheielsy a 2
hardening composition 16 (BR-16) was obtained. [0188] The composition of components used to
prepare the’ Rartlehirity €6mp6&itioras B5Er T6rth vthesfoliowing Talsle 3 cSRA86:75:[0189%

[Preparation of Hardened Film]
5 at 40°C and 100 kPa thereby to obtain a silica dispersion resin

compositicn. The amount of the volatile content removed was 72.4
parts by mass.
[0123]
Subsequently, to 95 parts by mass of the silica dispersion
10 resin composition, as the black inorganic fine particles, 5 parts
by mass of carpon blacks surface-treated with
dimethylpolysiloxane (a granular product of DENKABLACK treated
with dimethylpolysiloxane, product name: SI06-5, manufactured by
Daito Kasei Kogyo Co., Ltd., the number average particle diameter:
15 30 to 50 nm) was added and the mixture was kneaded with a planetary
mixer thereby to completely disperse the carbon blacks, whereby
a light-shielding resin composition 1 was obtained.
[0124]
The surface~treatment of the carbon blacks with
20  dimethylpolysiloxane was carried out by the following method.
Into 100 g of the carbon blacks put in and flown with a 1L Henschel
mixer, a solution prepared by issolving 5 g of
dimethypolysiloxane (manufactured by Shin-Etsu Chemical Co.,

Ltd., KF86-100C8) in 100 g of isopropylalcohol was added dropwise



The hardening composition 16 was hardened by heating as in Example 12 thereby to obtain a
hardened film. [0190 The hardened film obtained was used to evaluate the properties as in
Example 12 Fiel@dSult thereof is set forth in Table 4. (Example 14) 10[Preparation of Hardening
Composition] The same procedure as in Examplé 12 was repeated except that the carbon
nanotubes (product name: VGCF (trade name); manufactured by Showa Denko K.K. ) were changed
to carbon nanotubes (product name: VGCF (trade name)-S; manufactured by Showa Denko 15 K.K.,
the averagé ORAMERREB0 n! ke aléfie 1LAGIE IDYPr): WHerdby ashardening ompositiom 7
(BR-17) was obtained. The composition of components used to prepare the hardening composition 17
is set forth fthertelihg Tablel3 0k} 20fPreparfation ef Harderret FilrmE 0°C The Harndening
composition 17 was hardened by heating as in Example 12 thereby to obtain a hardened film. [0192]
SF-2186 76 PfopeRied as i Exafmpisl1X Thavesult theteof istsutdorthhinsFahle 4.o(Examplerts)
[Preparation of Hardening Composition] 5The same procedure as in Example 12 was
repeatedextepithat the earbod nanoribes(product name: VGCF (trade name); manufactured by
Showa Denko K.K. ) were changed to carbon nandtubes (product name: Meijo-Arc AP-J;
manufacturedtBy? Me.jo Nano Carbon Co., Ltd., the average diameter: 1.4 nm, the average length: 5 10
pm), whereby a hardening composition 18 (BR-18) was obtained. The composition of components

used to prepare thé&hardeningrcompositiors18 isisetferth inthenfollowjng Tabie:3ding resin

composition 1, as the photopolymerization initiator, 4 parts by
mass(IEdiphenyl(2,4,6—tzimethylbenzoyl)phosphineoxide(product
name: Speedcure TPO-L, manufactured by Nihon Siber Hegner K.K.),

10 and, as the heat polymerization initiator, 1 part by mass of
t-butylperoxy{2-ethylhexanoate) (product name: PERBUTYL 0,
manufactured by NOF Corporation) were mixed thereby to obtain a
hardening compesition 1 (BR-1).

[0126]

15 The hardening composition 1 obtained was found to have a
viscosity of 300000 mPa-s. The viscosity was measured with a
B-~type viscometer DV-III ULTRA (manufactured by Brookfield
Engineering Laboratories, Inc.) using a spindle No. 41 at a
rotation number of 0.05 rpm, at 25°C.

20 [0127]

The composition(xEcomponents‘usedtm>preparetjmzhardening
composition 1 1s set forth in the following Table 1.
10128]

[Preparation of Hardened Film]



[0193] [Preparation of Hardened Film] 15The hardening composition 18 was hardened by heating as in
Example 12thereby to obtain a hardened film. [0194] The hardened film obtained was used to
evaluate the properties as in Example 12. The result thereof is set forth in 20Table 4. (Example 16)
[Preparation of Hardening Composition] The same procedure as in Example 12 was repeated with
the similar composition as in Example 9 except that the carbon blacks SF-2186 77 in Example 9 were

changed to&gglggggaggg:p&i (Rroduet pame; VGCE (gtr%%%gagl&?}@é i mnag@factured by Showa Denko

K.K.), the average diameter: 150 nm, the average length: 6 pm), Where_t)y a hardening composition 19

(BR-19) was obtaingd, Tpgrc(%@l%%s'tio 9%% ]g[%gyp&qeritshyggg gtg &gfnele%acﬁl {r%e rQarSdu«:-zQ_iFr]F%c:Qﬁmposition

19is set forth in the following Table 3._ 01 [Preparation o _ %é%ening
e B Iy D e B Do e s e i
result there@!xé%s%ag%’tha!n g?glgsél' plate put thereon. The ccecating film was
§ irradiated with an irradiating device equipped with an ultra-high

pressure mercury lamp at 3 J/cm® thereby to be hardened.

Thereafter, further heat treatment was carried out at 120°C for

9 minutes thereby to completely harden the coating film.

[0129]

10 This hardened film was used to evaluate the following
properties. The result thereof is set forth in Table 2.
r¢130]

{Property Evaluation Method]
<Molding Processability>

15 The hardened film was evaluated based on the following
criteria which indicates the extent to which the hardened film,
when peeled from a glass substrate, can be processed without
fractures or cracks.

[0131]

20 A: the hardened film can be processed (peeled) without

fractures and cracks.
[0132]
B: the hardened film has no fractures, but partially has

cracks.



15(Example 17) [Preparation of Hardening Composition] The same procedure as in Example 12
was repeated yxg't{ngtge similar composition as Example 16 except that the
trimethylolpropanetrimethacrylate in Example 16 was.changed to 20 dipentaerythritolhexaacrylate,
whereby a hardening composition 20 (BR-20) was obtained. The composition of components used to
prepare the hardening composition 20 is set forth in the following Table 3. [0197] SF-2186 78
[Preparatio;ﬁg—gagdened Film] The hardening composition 20 was hardened by heating as in
Example 12 thereby to obtain a hardened film. [0198] 5The hardened film obtained was used to

evaluate the properties, as.in Example The result thereof is set forth in Table 4. (Example 18)
[Preparation of Har%énﬁ?éeggﬁn%%%ﬁi%%l]zﬁ'me %grsnecﬁr%%gau%lgg i ERAmple 12 Wa%gﬁe 2ated with
the similar éCOén o%tﬁniais in Example 16 except that the trimethylolpropanetrimethacrylate in
Example 16°'was éhangedyto ‘pentaerythritoltriacrylate, whereby a hardening composition 21 (BR-21)
was obtainig EQ% composition of components used to 15 prepare the hardening composition 21 is set
forth in the Ol_l)'OWI g Table 3. [0199] [Preparation of Hardened Film]

5 <«Light-Shielding Effect>
All light transmittance (%) of the hardened film obtained
was measured with the use of a Color, 01l & Haze Measuring
Instrument (manufacturedby Nippon Denshoku Industries, Co., Ltd.,
COH400), and from a value obtained, an OD value was calculated
10 and the light-shielding effect was evaluated based on the
following criteria.
[0135]
A: all light transmittance £ 0.01% (0D value 2 4)
B: 0.01% < all light transmittance < 1% (4 > OD value 2 2)
15 C: 1% < all light transmittance £ 10% (2 > 0D value 2 1)
D: all light transmittance > 10% (0D value < 1)
<Heat Resistance Form Stability>
The hardened film ocbtained was heated at 270°C for 1 minute,
and was allowed to cool down at rcocom temperature for 1 minute.
20  This step was repeated three times, and thereafter, the form
stability of the hardened product was evaluated based on the
following criteria.
[0136]

A: the hardened product has no warpage, and the hardened film



The hardening composition 21 was hardened by heating as in 20 Example 12 thereby to obtain a
hardened film. [0200] The hardened film obtained was used to evaluate the properties as in
Example 15F Fsult thereof is set forth in Table 4. SF-2186 79 (Comparative Example 4)
[Preparation of Hardening Composition] The safie procedure as in Example 16 was repeated
except that trimethyiolpropanet rimethacrylate and adamantylmethacrylate were replaced with
adamantylmethacrylate alone. During the synthesis, however, the composition became gelled and an
intended hardehify toRpd&ition 22 (BR-22) could not be obtained. The composition of components
used to prepare the hardening composition 22 is set forth in the following Table 3. 10(Comparative
Example 5) ﬂlﬂrjef)?aﬂation of Hardening Composition] The same procedure as in Example 16 was
repeated except that trimethylolpropanetrimethacrylate and adamantylmethacrylate were replaced with
trimethylolropanetfietifdctfiafalohadthé 15 Conpésitsit of Eorhpbiiefits dsedtaprepareithe
hardening composition 23 is set forth in the following Table 3. [0201] [Preparation of Hardened Film]
The hardening‘onipdsitiei 281545 Rarbiénéd byHedtifigle®rin 20 Example 16 thereby to obtain a
hardened film. [0202] The hardened film obtained was used to evaluate the properties as in
Example 16°TRéE result thereof is set forth in Table 4. SE-2186 80

C: the hardened product has warpage of more than 1 mm and 5 mm
or less per 5 cm, but the hardened film is not broken.
[0139]
D: the hardened product has warpage of more than 5 mm per 5 cm,
10 or the hardened film is broken.
[0140]
<5% Weight Loss Temperature>
The hardened film obtained was treated with the use of TG~DTA
(manufactured by SEIKO Electronics Industries, Co., Ltd.) in
15  nitrogen atmosphere at temperatures ranging from 20°C to 500°C,
by raising temperature at a rate of 10°C/min, whereby the 5% weight
loss temperature was obtained. The hardened film with a higher
value of the 5% weight loss temperature represents a hardened film
wiﬁh supericr heat resistance.
20 [01471]
{(Example 2)
[Preparation of Hardening Compositicn]
The same procedure as in Example 1 was repeated except that

trimethylolpropanetriacrylate was added in an amount of 50 parts



(Comparative Example 6) [Preparation of Hardening Composition] The same procedure as in Example
16 was repeated-gxgept that  the silica fine particles were not used and the same composition 5 as
shown in Table 3 was used, whereby a hardening c%@position 24 (BR-24) was obtained. The
composition of components used to prepare the hardening composition 24 is set forth in the following
Table 3. [0203] 10[Preparation of Hardened Film] The hardening by heating of the hardening

Pardoned i ol not b6 Sbtaed: 0304] TSATaTn Rurdoren i aré SN ExamBles 12

hardened film could not be obtained. the har pro Xamples 12
to 18 showed supeyior malding processability, light-shielding effect, heat resistance a (ielectrical
conductivi\tl\g.a The reaglon Wﬁy ’theNSL(Jgpreer%o}F hgéti}%éig?ed%%%gan% %?‘I?—SS%H%JR?IHQ Effeé%\%/v_e% obtiined is
as described with rg%%ard to result indicated in the Table 2. 20 It is believed that the superior electrical
conductivity was achieved by superior dispersion of the carbon nanotubes in the composition system

resulting in [Igﬁzc}rpation of the conductive circuit. 81 1"1912 1TV19.12 16N1601.

-

5 The composition of components used to prepare the hardening
compesition Z is set forth in the following Table 1.
[0143]
[Preparation of Hardened Film]
As in Example 1, the hardening composition 2 was hardened
10 by active energy ray and by heating thereby to obtain a hardened
film.
(01447
This hardened film was used to evaluate the properties as
in Example 1. The result thereof is set forth in Table 2.
15 [0145]
(Example 3)
[Preparation of Hardening Composition}
The same procedure as in Example 1 was repeated except that
adamantylmethacrylate was changed to
20  dicyclopentadienylmethacrylate (product name: FA-513M,
manufactured by Hitachi Chemical, Co., Ltd., Tg of the
homopolymer: 175°C), whereby a hardening composition 3 (BR-3) was
obtained.

[0146]
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The composition of components used to prepare the hardening
composition 3 is set forth in the following Table 1.
{01471.
[Preparation of Hardened Film]

5 As in Example 1, the hardening composition 3 was hardened
by active energy ray and by heating thereby to obtain a hardened
film.

[0148]
This hardened film was used to evaluate the properties as
10 in Example 1. The result thereof is set forth in Table 2.
(01483
(Example 4)
[Preparation of Hardening Composition]
The same procedure as in Example 1 was repeated except that
15 the light-shielding resin composition was constituted of 98 parts
by mass of the silica dispersion resin composition and 2 parts
by mass of the black inorganic fine particles, whereby a hardening
composition 4 {BR-4) was obtained.
[C15C]
20 The composition of components used to prepare the hardening
composition 4 is set forth in the following Tabkle 1.
[0151]
[Preparation of Hardened Film]

As in Example 1, the hardening composition 4 was hardened
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by active energy ray and by heating thereby to obtain a hardened
film.
[0152]

This hardened film was used to evaluate the proparties as
in Example 1. The result thereof is set forth in Table 2.
[C153]
(Example 5)
[Preparation of Hardening Composition]

The same procedure as in Example 1 was repeated except that
the photopolymerization initiator was not used, whereby a
hardening composition 5 (BR-5) was obtained.
[0154]

The compositicn of components used to prepare the hardening
composition 5 is set forth in the following Table 1.
[0155]
[Preparation of Hardened Film]
<Heat Hardening>

The hardening composition 5 was applied on a substrate,
using a spacer of 200 um. Then, the front face and the back face
each had a glass plate put thereon. The coating filmwas subjected
to heat treatment at 120°C for 9 minutes and completely hardened.
[0156]

The hardened film obtained was used to evaluate the

properties as in Example 1. The result thereof is set forth in
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Table 2,
F0157]
(Example &)
[Preparation of Hardening Composition]

The same procedure as in Example 2 was repeated except that
the photopolymerization initiator was not used, whereby a
hardening composition 6 (BR-6) was obtained.

[0158]

The composition of components used to prepare the hardening
composition 6 is set forth in the follewing Table 1.

[0159]
[Preparation of Hardened Film]

As in Example 5, the hardening composition 6 was hardened
by heating, thereby to obtain a hardened film.
[cl60]

The hardened film obtained was used to evaluate the
properties as in Example 1. The result thereof is set forth in
Table 2.

[01e1)
(Example 7)
[Preparation of Hardening Composition]

The same procedure as in Example 3 was repeated except that
the photopolymerization initiator was not used, whereby a

hardening composition 7 (BR-7) was obtained.
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[0162]

The composition of components used to prepare the hardening
composition 7 is set forth in the following Table 1.

[0163]
tPreparation of Hardened Film]

As in Example 5, the hardening compesition 7 was hardened
by heating, thereby to obtain a hardened filim.
[0164]

The hardened film obtained was used to evaluate the
properties as in Example 1. The result therecof is set forth in
Table 2.

[0165]
(Example 8)
[Preparation of Hardening Composition]

The same procedure as in Example 4 was repeated except that
the photopolymerization initiator was not used, whereby a
hardening composition & (BR-8) was obtained.

[016¢6]
The composition of components used to prepare the hardening
composition 8 is set forth in the following Table 1.
(01677
[Preparation of Hardened Film]
As 1n Example 5, the hardening compositicn 8 was hardened

by heating, thereby to obtain a hardened film.



zsVINOV eVIAldal 16.9-9019 1IPA dispersion colloidal silica' ,Silane compound (0 ,Silane
compound {g)-'siliga fine particles (a) dispersion liquid (Meth)acrylate (b) (Meth)acrylate (c) Silica
dispersion resin composition Black inorganic fine patticles (e) Polymerization initiator (d) surtace
treatment of silica fine

[01es]

The hardened film obtained was used to evaluate the
properties as in Example 1. The result thereof is set forth in
Table 2.

5 (Example 9)
[Preparation of Hardening Compeosition]

The same procedure as in Example 5 was repeated except that
the composition was as shown in Table 1, whereby a hardening
composition & (BR-2) was obtained. The composition of compenents

10 used to prepare the hardening composition 9 is set forth in the
following Table 1.
[0169]
[Preparation of Hardened Film]
The hardening by heating was carried out as in Example 5
15 except that the heating temperature and the heating time were
changed to 130°C and 16 minutes, respectively, thereby to cbtain
a hardened film.
[0170]
The hardened film obtained was used to evaluate the
20 properties as in Example 1. The result thereof is set forth in
Table 2.
(Example 10)
[Preparation of Hardening Composition]

The same procedure as in Example 5 was repeated except that
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the composition was as shown in Table 1, whereby a hardening
composition 10 (BR-10) was obtained. The composition of
components used to prepare the hardening composition 10 is set
forth in the following Table 1.

5 [0171]
[Preparation of Hardened Film]

The hardening composition 10 was hardened by heating as in

Example 5 to obtain a hardened film.
[0172]

10 The hardened film obtained was used to evaluate the
properties as in Example 1. The result thereof is set forth in
Table 2.

(Fxample 11)
[Preparation of Hardening Composition]

15 The same procedure as in Example 9 was repeated except that
the composition was as shown in Table 1, whereby a hardening
composition 11 (BR-11} was obtained. The composition of
components used to prepare the hardening composition 11 is set
forth in the following Table 1.

20 6173}

[Preparation of Hardened Film]
The hardening composition 11 was hardened by heating as in
Example 5 to obtain a hardened film.

[0174]
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The hardened film obtained was used to evaluate the
properties as in Example 1. The result thereof is set forth in
Table 2.

(Comparative Example 1)
[Preparation of Hardening Composition]

The same procedure as in Example 9 was repeated except that
trimethylolpropanetriacrylate and adamantylmethacrylate were
replaced with adamantylmethacrylate alone, whereby a hardening
composition 12 (BR-12) wsas obtéined. The composition of
components used to prepare the hardening composition 12 is set
forth in the following Table 1.

[0175]
[Preparation of Hardened Film]

During the preparation, the composition became gelled, and
a hardened film could not be prepared.

(Comparative Example 2)
[Preparation of Hardening Composition]

The same procedure as in Example 9 was repeated except that
trimethylolpropanetrimethacrylate and adamantylimethacrylate
were replaced with trimethylolpropanetrimethacrylate alone,
whereby a hardening composition 13 (BR-13) was cbtained. The
composition of compohents used to prepare the hardening
composition 13 is set forth in the following Table 1.

[0176]
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[Preparation of Hardened Film]

The hardening composition 11 was hardened by heating at the
same heating temperature for the same heating time as in Example
9 thereby to obtain a hardened film.

(0177}
The hardened film obtained was used to evaluate the

properties as in Example 1. The result thereof is set forth in

Table 2.
(Comparative Example 3)
[Preparation of Hardening Composition]

The same procedure as in Example 9 was repeated except that
the silica fine particles were not used and the composition was
as shown in Table 1, whereby a hardening composition 14 (BR-14)
was obtained. The composition of components used to prepare the
hardening compeosition 14 is set forth in the following Table 1.
[0178]

[Preparation of Hardened Film]

The hardening by heating at the same heating temperature

for the same heating time as in Example 8 was attempted, but it

was impossible to obtain a hardened film capable of being

evaluated.

[0179]

All of the hardened products obtained in Examples 1 to 11

showed superior molding processability, light-shielding effect
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and heat resistance. It is believed that the heat resistance is
attributed to the superior crosslinking structure constructed by
the inorganic particles and the monomers contained in the
composition. It is believed that the light-shielding effect
results from the balance of the composition contributing to the
superior dispersion of the black incrganic fine particles.
[Example 12]
(Preparation of Electrically-Conductive Hardening Composition)
Into a separable flask, 125.3 parts by mass of an isopropyl
alcohel dispersion type colloidal silica (the silica content: 30%
by mass, the average particle diameter: 10 to 20 nm, product name:
SNOWTEX IPA~ST, manufactured by Nissan Chemical Industries, Ltd.)
was charged. Then, into the separable flask, 6.8 parts by mass
of y-methacryloxypropyltrimethoxysilane and 4.5 parts by mass of
phenyltrimethoxysilane were added, and stirred and mixed.
Further, 3.6 parts by mass of 0.1825% by mass HCl solution was
added, and stirredat 20°C for 24 hours. The silica fine particles
were in this way surface-treated to provide a dispersion liguid
of the silica fine particles (a).

[0180]

The disappearance of y-methacryloxypropyltrimethoxysilane
and phenyltrimethoxysilane through hydrolysis was confirmed by
gas chromatography (manufactured by Agilent Technologies Japan,

Ltd., 6850 type). The measurement was carried out by internal
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standard method in a hydrogen flame ionization detector, using
a nonpolar column (manufactured by J&W Technology, Ltd.), at a
temperature of 50 to 300°C, by raising temperature at a rate of
10°C/min, and using He as a carrier gas at a flow rate of 1.2 co/min.
Eight hours after the HCl solution was added,
phenyltrimethoxysilane and
y-methacryloxypropyltrimethoxysilane disappeared.

[0181]

Then, into 100 parts by mass of the dispersion liguid of
the silica fine particles (a), 28.2 parts by mass of
trimethylolpropanetriacrylate (product name: Viscoat #295,
manufactured by Osaka Organic Chemical Industries Ltd., Tg of the
homopolymer: >250°C) and 28.%2 parts by mass of
adamantylmathacrylate (product name: ADMA, manufactured by Osaka
Organic Chemical Industries Ltd., Ty of the homopolymer: 180°C)
were added and uniformly mixed. Thereafter, with stirring, a
volatile content was removed by heating under reduced pressure
at 40°C and 100 kPa thereby to obtain a silica dispersicn resin
composition. The amount of the volatile content removed was 90.5
parts by mass.

(0182}

Subseguently, to 26 parts by mass of the silica dispersion
resin composition, as the black inorganic fine particles, 4 parts

by mass of carbon nanotubes (product name: VGCF (trade name};
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menufactured by Showa Denko K.K.; the average diameter: 150 nm,
the average length: 8 pm) was added and kneaded with a planetary
mixertherebytx>campletelydispersetﬂwacarbonnanotubes,whereby
a light-shielding resin composition 15 was obtained.
5 01831
Further, with 100 parts by mass of this light-shielding
resin composition 15, as the heat polymerization initiator, I part
by mass of t-butylperoxy(2-ethylhexancate) (product name:
PURBUTYL O; manufactured by NCF Corpecration) was mixed, whereby
10 a hardening composition 15 (BR-15) at a paste state was obtained.
The composition of components used to prepare the hardening
composition 15 is set forth in the following Table 3.
[Preparation of Hardened Film]
The hardening composition 15 was hardened by heating at the
15 same heating temperature for the éame heating time as in Example
9 thereby to obtain a hardened film.
[0184]
Thé hardened f£ilm obtained was wused to evaluate the
properties as in Example 1, and to measure the volume resistivity
20 for the evaluation of the electrical conductivity. The
evaluation result thereof is set forth in Table 4.
[0185)]

Amethod for measuring the velume resistivity is as follows.

[0186]
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<Volume Resistivity>

The hardened film was prepared on a glass substrate. On
the hardened film, a silver paste (product name: Dotite D-550,
manufactured by Fujikurakasei Co., Ltd.) was applied to prepare
measurement points. Then, a resistance value between two points
was measured with a resistance meter, and converted in terms of
the volume between the measurement points, thereby to obtain a
volume resistivity.

[0187]

The volume resistivities of the hardened films prepared from
the hardening compositions 1 to 11 obtained in Examples 1 to 11
were also measured by the above method. The evaluation results
thereof are set forth in Table 4.

(Example 13)
[Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated except that
the carbon nanotubes (product name: VGCF (trade name);
manufactured by Showa Denko K.K.) were changed to carbon nanotubes
(preduct name: VGCE (ftrade name)-H; manufactured by Showa Denko
K.K., the average diameter: 150 nm, the average length: 6 um),
whereby a hardening composition 16 (BR-16) was obtained.
[0188]

The compositicn of components used to prepare the hardening

composition 16 is set forth in the fcllowing Table 3.
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[0189]

[Preparation of Hardened ¥Film]
The hardening composition 16 was hardened by heating as in
Example 12 thereby to obtain a hardened film.

[0150]

el

The hardened £ilm obtained was used to evaluate the
properties as in Example 12. The result thereof is set forth in

Table 4.
(Example 14)
10 [Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated except that
the carbon nanctubes (product name: VGCE (trade name);
manufactured by Showa Denko K. K. ) were changed to carbon nanotubes
{product name: VGCF (trade name}-S; manufactured by Showa Denko

15 K.K., the average diameter: 8C nm, the average length: 10 umj ,
whereby a hardening composition 17 {(BR-17) was obtained. The
compecsition of components used to prepare the hardening
composition 17 is set forth in the following Table 3.

[0191]

20 [Preparation of Hardened Film]

The hardening composition 17 was hardened by heating as in
Example 12 thereby toc obtain a hardened film.

[0192]

The hardened film obtained was used o evaluate +he



¥FREFFFCO**1-1Cr) 85 1031. 19'9 117 18.0El. 1LZ 1" 106

10

I5

20

5F-2186
76

properties as in Example 12. The result thereof is set forth in
Table 4.

(Example 15)

[Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated except that
the carbon nanotubes (product name: VGCF (trade name):
manufactured by Showa Denko K.K.) were changed to carbon nanotubes
{(product name: Meijo-Arc AP-J; manufactured by Meijo Nano Carbon
Co., Ltd., the average diameter: 1.4 nm, the average length: 5

Y

pm) , whereby a hardening composition 18 (BR-18) was obtained. The
compesition of components used to prepare the hardening
composition 18 is set forth in the following Table 3.
[0193]
{Preparation of Hardened Film)

The hardening composition 18 was hardened by heating as in
Example 12 thereby to obtain a hardened film.
101947

The hardened film obtained was used to evaluate the
properties as in Example 12. The result thereof is set Fforth in
Table 4.
(Example 16)
[Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated with the

similar composition as in Example 9 except that the carbon blacks
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in Example 9 were changed to carbon nanotubes (product name: VGCF
(trade name)-H; manufactured by Showa Denko K.K.), the average
diameter: 150 nm, the average length: 6 pm), whereby a hardening
composition 19 (BR-19) was obtained. The composition of
components used to prepare the hardening composition 19 is set
forth in the following Tzable 3.

{0195]

[Preparaticon of Hardened Film]

The hardening composition 19 was hardened by heating as in
Example 12 thereby to obtain a hardened film.

[0196]

The hardened film obtained was used to evaluate the
properties as in Example 12. The result thereof is set forth in
Table 4.

(Example 17)
[Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated with the
similar composition as in Example 16 except that the
trimethylolpropanetrimethacrylate in Example 16 was changed to
dipentaerythritolhexaacrylate, whereby a hardening composition
20 (BR~20) was cobtained. The composition of components used to
prepare the hardening composition 20 is set forth in the following
Table 3.

[0197]
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[Preparation of Hardened Film]

The hardening composition 20 was hardened by heating as in
Example 12 thereby to obtain a hardened film.

[0198]

The hardened £ilm obtained was used to evaluate the
properties as in Example 12, The result thereof is set forth in
Table 4.

{Example 18)
[Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated with the
similar composition as 1in Example 16 except that the
trimethylolpropanetrimethacrylate in Example 16 was changed to
pentaerythritoltriacrylate, whereby a hardening composition 21
(BR-21} was obtained. The composition of components used to
prepare the hardening composition 21 is set forth in the following
Table 3.

[0199]
[Preparation of Hardened Film]

The hardening composition 21 was hardened by heating as in
Example 12 thereby to obtain a hardened film.

[02CC]

The hardened film obtained was used to evaluate the
properties as in Example 12. The result thereof is set forth in

Table 4.
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(Comparative Example 4)

[Preparation of Hardening Composition]

The same procedure as in Example 16 was repeated except that
trimethylolpropanetrimethacrylate and adamantylmethacrylate
were replaced with adamantylmethacrylate alcne. During the
synthesis, however, the composition became gelled and an intended
hardening composition 22 (BR~22) could not be obtained. The
composition of components used to prepare the hardening
composition 22 is set forth in the following Table 3.
(Comparative Example 5)

[Preparation of Hardening Compositicen]

The same procedure as in Example 16 was repeated except that
trimethylolpropanetrimethacrylate and adamantylmethacrylate
were replacedwith trimethylolpropanetrimethacrylate alone. The
composition of components used to prepare the hardening
composition 23 is set forth in the following Table 3.

[0201]
[Preparation of Hardened Film]

The hardening composition 23 was hardened by heating as in
Example 16 thereby to obtain a hardened film.

[0202]
The hardened film obtained was used to evaluate the

properties as in Example 16. The result thereof is set forth in

Table 4.
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(Comparative Example 6)
[Preparation of Hardening Composition]

The same procedure as in Example 16 was repeated except that
the silica fine particles were not used and the same composition
as shown in Table 3 was used, whereby a hardening composition 24
(BR-24) was obtained. The composition of components used to
prepare the hardening composition 24 is set forth in the following
Table 3.

[0203]
[Preparation of Hardened Film]

The hardening by heating of the hardening composition 24
was attempted as in Example 16, but the composition was not
hardened at all, and a hardened film could not be obtained.
02047

All of the hardened products obtained in Examples 12 to 18
showed superior molding processability, light-shielding effect,
heat resistance and electrical conductivity. The reason why the
superior heat resistance and light-shielding effect were obtained
is as described with regard to result indicated in the Table 2.
It is believed that the superior electrical conductivity was
achieved by superior dispersion of the carbon nanotubes in the
composition system resulting in the formation of the conductive

circuit.
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Industrial Applicability
[0209]
The hardening composition of the present invention

comprising the silica fine particles surface-treated with the
53 specific two kinds of silane compounds, the specific two kinds

of (meth)acrylates, the polymerization initiator and the black

inorganic fine particles has low viscosity and superior handling

characteristics.

[0210]

10 Further, the hardening composition, by being hardened, can
give a hardened product which has superior light~shielding effect,
heat resistance and molding processability and which can be
suitably used for a light-shielding component and the like for
various optical equipments such as a camera, a video camera, a

15 copying machine and a developing machine. In particular, the
composition containing carbon nanctubes as the black inorganic
fine particles provides a product further having superior

conductivity.

20
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CLAIMS
1. A hardening composition comprising:

gilica fine particles (a),

a (meth)acrylate (b) having two or more ethylenically
unsaturated groups and being free from cyclic structure,

a {meth)acrylate (c) having an ethylenically unsaturated
group and having an alicyclic structure,

a polymerizaticon initiater (d) and

black inorganic fine particles {e}, wherein the silica fine
particles (a) are surface-treated with a silane compound (f)
represented by the following general formula (1) and & silane

compound (g) represented by the following general formula (2):

[Chem. 1]

ﬁj

HC==C G0 (CH,)y—SIR? (OR%)y,,

|

O (1)

{in the formula (1), Rlrepresentseahydrogenatomcnranﬁthyl
group, R® represents an alkyl group having 1 to 3 carbon atoms
or a phenyl group, R® represents a hydrogen atom or a hydrocarbon
group having 1 to 10 carbon atoms; g represents an integer of 1

to 6; and r represents an integer of 0 to 2,



SF-2186 89 Industrial Applicability [0209] The hardening composition of the present invention
comprising %t}e_%igg fine particles surface-treated with the 5 specific two kinds of silane compounds,
the specifictwo Kinds of (meth)acrylates, the polymgiization initiator and the black inorganic fine
particles has low viscosity and superior handling characteristics, [0210] 10Further, the hardening
composition, by being hardened, can give a hardened product which has superior light-shielding effect,
heat-resista,n&g and molding processability and which can be suitably used for a light-shielding
component'"andetrﬁé I%Zﬁ for various optical equipments such as a camera, a video camera, a 15
copying machine and a developing machine. In particular, the composition containing carbon
nanotubes as the‘plack Nk

20 SF-2186 H‘ 1.Avhardening composition comprising: silica fine particles (a), a

{r more e nically unsar ups and being free from cyclic
(© hayigg mwﬁ@?ﬁwﬁ@%ﬁ%@ group and haying an alicyclic

(2)

structure,
structure, a poly

(in the formula (2), R*is an alkyl group having 1 to 3 carbon
atoms or a phenyl group which may have a substituent; R° is a
5  hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms;

5 is an integer of 0 to 6; and t is an integer of 0 to 2.

2. The hardening composition as claimed in claim 1,
wherein the (meth)acrylate (b) is a {meth)acrylate having three
10 ethylenically unsaturated groups and being free from cyclic

structure.

3. The hardening composition as clilaimed in claim 1 or
2, wherein the silica fine particles (a) are obtained by
16 surface~treating silica fine particies which have not been
surface~treated with 5 to 25 parts by mass of ﬁhe silane compound
(£) based on 100 parts by mass of the silica fine particles and
with 5 to 25 parts by mass of the silane compound (g) based on

100 parts by mass of the silica fine particles.

20

4. The hardening composition as claimed in any one of



10black inorganic fine particles (e), wherein the silica fine particles (a) are surface-treated with a silane
compound f;ﬂre resented by the following general formula (1) and a silane compound (g) represented
by the follo rn@%@r@eral formula (2): [Chem. 1] (in the formula (1), RI- represents a hydrogen atom or
a methyl group, R2 represents an alkyl group hayin& to 3 carbon atoms or a phenyl group, R3
represents a hydrogen atom or a hydrocarbon  group having 1 to 10 carbon atoms; q represents an
integer of 1 20 to 6; and, r represents an integer of O to 2, SF-2186 [Chem. 21 (in the formula (2), R4
is an alkyl GropHaving Tto™3 caboh %{&nﬁb? abHeny Grotp WHidK thay HaR A sibstitient2R5 is a
5 hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms; s is an integer of O to 6; and t

is an integet VIO 2™ " 2! ThahalliEhingtompasiton' ks ciified it cRIMSE Wiére theo ™

(meth)acrylate (b) is a (meth)acrylate having three
temperature ©f & homopolymer of the (meth)acrylate {c) ars 150°C

or higher.

5. The hardening composition as claimed in any one of
claims 1 to 4, wherein the black inorganic fine particles (e} are
at least one selected from the group consisting of carbon blacks,
titanium.black and carbon nanotubes.

10

6. - The hardening composition as claimed in any one of
claims 1 to 4, wherein the black inorganic fine particles (e) are

carbon blacks and/or titanium black.

15 7. The hardening compesiticon as claimed in claim 6,
wherein the carbon blacks and/or titanium black have a number

average particle diamster of 5 to 200 nm.

8. The hardening compositicn as claimed in any one of
20 claims 1 to 4, wherein the black inorganic fine particles (e) are

carbon blacks surface-treated with a silicone resin.

9. The hardening composition as ¢laimed in claim 8,

wherein the carbon blacks surface-treated with a silicone resin



10 ethylenically unsaturated groups and being free from cyclic structure. 3. The hardening
composition;as glaimed in claim 1 or 2, wherein the silica fine particles (a) are obtained by 15
surface-treating silica fine particles which have not heen surface-treated with 5 to 25 parts by mass of
the silane compound (f) based on 100 parts by mass of the silica fine particles and with 5 to 25 parts
by mass of the silane compound (g) based on 100 parts by mass of the silica fine particles. 20

SF-2186 92,claims, 1,10.3, whereip,the glass transition.temperature of 2 hamopolymer of the

(meth)acrylate (b) and the glass transition temperature of a homopolymer of the (meth) ry ate (c) are
150C or higher. 5. The hardening composition as claimed in any one of claims 1 to 4, wherein
the black inorganic fine particles (e) are at least one selected from the group consisting of carbon

blacks, titanium black and carbon nano qu . -8:-Ihe hardening composition.as claimed in any one of
claims 1 to 4, wherein the black Enorgar{;% |§e%arlllgc es éﬁoeﬁea(:%argcg;lgﬁfré%gs andforfitaniam black.

157.The hardening composgition as claimed.in claim 6, wherein.the.carbon blacks and/or titanium black
have a number average par’ticbre %iraerh'"gten%r of gb%af(% jhrﬁr?.fg?ﬂéCﬁéﬂd%%ir?gaggrﬁﬁst‘)l&ﬁo eafs Claimed in
any ong of 20r I%msﬂlalt;%%h\gggrein the black inorganic fine particles (e) are carbon blacks
surface-tredfed with a silicone rasin. 9.The hardening composition as claimed in claim 8, SF-2186 93

11. The hardening composition as claimed in claim 10,
wherein the carbon nanotubes have an average diameter of 0.5 to
200 nm and an average length of 100 nm to 50 pm.
10
12. The hardening composition as claimed in any one of

claims 1 to 11,'which has a wviscosity of 30 to 2000 mPa-s.

13. A hardened product formed by hardening the hardening

15 composition as described in any one of claims 1 to 12.

14. A light-shielding film comprising the hardened

product as described in claim 13.

20



have a number average particle diameter of 5 to 200 nm. 10. The hardening composition as
claimed in any one of claims 1 to 4, wherein the black inorganic fine particles (e) are 5 carbon
nanotubesi'-2144&. The hardening composition as claimed in claim 10, wherein the carbon nanotubes
have an average diameter of 0.5 to 200 nm and arfdverage length of 100 nm to 50 pm. 10 12.
The hardening composition as claimed in any one of claims 1 to 11, which has a viscosity of 30 to
2000 mPa.s. 13. A hardened product formed by hardening the hardening 15 composition as
described in any one of claims 1 to 12. 14. A light-shielding film comprising the hardened product
as described in claim 13. SF-2186 94 ABSTRACT The present invention is directed toahardening 5
composition comprising silica fine particles (a)2& $met)acrylate (b) having two or more ethylenically
unsaturated groups and being free from cyclic structure, a (meth)acrylate (c) having an ethylenically
unsaturated group and having an alicyclic structure, a polymerization initiator (d) and black inorganic
fine 10 particles (e), wherein the silica fine particles (a) are surface-treated with a silane compound (f)
represented by thelfellowing general fermiia(l)iandia sarne compound (g) representedithe
following general formula (2): [Chem. 1]

5  composition comprising gsilica fine particles (a), a

(meth)acrylate (b) having two or more ethylenically unsaturated
groups and being free from cyclic structure, a (meth)acrylate (c)
having an ethylenically unsaturated group and having an alicyclic
structure, a polymerization initiator (d) andblack inorganic fine

10 particles [(e), wherein the silica fine particles (a) are
surface-treated with a silane compound (f) represented by the
fellowing general formula (1) and a silane compound (g)
represented by the following general formula (2):

[Chem. 1]

R?

HyC===C e G0 (CHy)¢— SiR% (OR%)s.,

|

{in the formula (1}, erepresentseahydrogenatomcn:aﬂ@thyl

o

15 (1)

group, R? represents an alkyl group having 1 to 3 carbon atoms

or a phenyl group, R?.represents a hydrogen atom cor a hydrocarbon

group having 1 to 10 carbon atoms; g represents an integer of 1
200 to 6; and r represents an integer of 0 to 2,

{Chem. 2]



(in the formula (1), RI-representsahydrogenatomoramethyl group, R2 represents an alkyl group having
1 to 3 carbon atoms or a phenyl group, R3 represents a hydrogen atom or a hydrocarbon group having
1 to 10 cafborzatdms; g represents an integer of 1 20 to 6; and r represents an integer of 0 to 2,
[Chem. 2] SF-2186 95 (CH2),-SiR41 (OR5)3-t (2)2fin the formula (2), 124 is an alkyl group having 1
to 3 carbon atoms or a phenyl group which may have a substit ent; R5isa hydrogen atom or a
hydrocarbon group having 1 to 10 carbon atoms; 5s is an integer of O to 6; and t is an integer of O to 2.

—(CH,)—SiRY (OR®),,

(2)

(in the formula (2), R is an alkyl group having 1 o 3 carbon
atoms or a phenyl group which may have a substituent; R° is a
hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms;

5 s is an integer of 0 tc 6; and t is an integer of 0 to 2.



