1 DESCRIPTION HARDENING COMPOSITION AND HARDENED PRODUCT THEREOF 5 Technical
Field The present invention relates to a hardening composition with low viscosity and superior
handling characteristics and a hardened product whjch is obtained by hardening the hardening 10
composition and has superior light-shielding effect, heat resistance and molding prosessability, and
optionally has superiorelectricalconductivity. Thehardenedproductisuseful as a light-shielding
component for various optical equipments sygh-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 o be
optionally mounted on other electronic devices such as a mobile phone. Because of the compact size

ofthese optical equipments, e e s besn ngleasing yeREDY ¥e Ao igien and redue the size

of components constituting those 2 equipments. n general, a ing material
used for a camera or the like has been primarily a metal. But, in view of lightening 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-ZO%S-l%%%%gﬁc@%te%Srﬁ OC%:TI]Jment 1) discloses that a resin obtained by dispersing carbon blacks in
a polyeste 6'88 1\/gill 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
composition contaﬁigg carbonnglacks to %r,ovidergiigggghielding film. [00041 15However, recent

o an

tendency to adopta préjdruecﬁ%n pr(%‘é}e%%nusjir?él t ardening composition
with low viscosity and superior handling characteristics and a
hardened product which is obtained by hardening the hardening

10 composition and has superior light-shielding effect, heat
resistance and molding prosessability, and optionally has
superior electrical conductivity. The hardenedproduct is useful

as a light-shielding component for various optical eguipments such

as a camera, a video camera, a copying machine and a developing

i5 machine.

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

lighten and reduce the size of components constituting those



reflow soldering to increase the productivity demands that the resin used 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 reflow soldering resistance,
cannot be produced in the production process including the reflow soldering process. For this reason,
the productivity has not been improved. [OHS] 3 have good molding processability. Furthermore, when
used for a g mp%ggmgo_r precision equipment, the material is required to have electrical conductivity,
as needed, to reduce troubles due to static electricity. 5 Citation List Patent Documents [0006] Patent
Document EJO‘ (983%008-138068A 10 Patent Document 2: JP-H04-009802A Summary of the Invention
Problem to be Solved by the invention [0007] 15It is an object of the present invention to provide a
hardening composition which can give a light-shielding compaonent and the like for various optical

SHHON WINCA Can qive ﬂgcms“iqa_engm ITP rz,aE g%év%%%iﬁg ﬁfé{%%lrﬁae and

equipments such as a%arr}r?era, a wdeoigamera, a copyi machine an
which can solve the problem associated with conventional technology. 20[0008] . | That s, itis an
object of the pﬁ%gegf%%%lrﬁ%rg o B’rg\ﬁa@%rﬁaﬁﬁeanftﬁ%“éagfn"‘ipo]s%%r‘i \A%l}'éhv Vér?dcT] hardirg 9
charagterisétlilcg ¥vh'ch can ngive a harde%e%product with su eriori!zi:%ht-shieldin\g effect, heat resistance
and moldifig processabiity: Ard 4 Sptionally WRRSUpeTiordlctitat ESndGctvity: Means forselving
the Problem [0009] 5The present inventors made earnest study to achieve the above object and found

out a hardehing Eomposition Ras fov Visto S dnd Supenor handling Sharadtbfidiis fReh corprising

silica fine particles surface-treated with s%eciji,c silane compounds, a (meth)acrylate having two or
more eth @ﬁ@s in 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 process for coating both faces
of a synthetic resin film with a thermosetting resin composition
containing carbon blacks to provide 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 camera 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



10 unsaturated groups and being free from cyclic structure, a (meth)acrylate having an ethylenically
unsaturated group and having an alicyclic structure, a polymerization initiator 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 superior light-shielding effect, heat resistance and molding processability,
and optionally with superior electrical conductivity and which can be suitably used for a light-shielding

componery; oy varipus QRICAl euiBments such 45, caneta. 3 de0 SAmera, A copying Machine and

a developing 20 machine. [001 peci |ce{1l§/, tHe present invention is summarized as foffows: [1]A

hardening&g orgétig{l %onllprisin . S.silica fine particles (a), meth)acrylate (b) having two or
more ethylen:%l'gﬂy Unsafurated gr%ﬁﬁé %Irl]debqe"fﬁ§ ree t‘or%apcl:?/cﬂné:l sgtérz(ufc i;]llrle,lSy s %%%%g{cry?ate (c)
having an ﬁggyéeré fg&%nsatyr%tgd Jroup and having aenea(qlc&cllggtr%%tgr%ea Pogl%%rlzatl n initiator

(d) and lack morgarﬁgafli*ne panr icles J(g)J: WhHeréin the silicd fine partléfes (a)fare Surface-treated

with a s Iag% co%g)o“und (? regfreisg][\,t[ed by the following general formula (1) and a silane 10 compound

(9) representea yttﬁg 6l o%\(/:lng geneyeil formula (2). [0011] [Chem. 1] [0012] 15In the formula (1), RI

represents a hydrogen atom or a methyl 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
carbon at%mi%;aqﬁgeé)rgeﬁrgg an integer of 1 to 6; and r represents an integer of 0 to 2. 20[0013] 6

Patent Documents
[0006]
Patent Document 1: JP-2008-138068A

10 Patent Document Z: JP-HU04-009802A

Summary of the Invention
Froblem to be Solved by the Invention
[0007]
15 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 eguipments 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



[Chem. 2] (cH2)s-siR4t (OR5)3_ (2) [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 ig an integer of 0 to 6; and t is an integer of O to 2.
[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

hardeninggemposition as, describgekin 1 or 2] wherein the. siliga fine-payticles (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 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. [4]

The hardening.compoesition asdescribedinany.pne of 20[1] to [3], wherein the glass transition
temperature of a 7 homopolymer of the (meth)acrylate (b) and the glass transition temperature of a

homopolyrp@@ ot the (meth)acrylate (c) are 15000 or higher. [5]The hardening composition as
described in any one of [1] to [4], wherein the black inorganic fine particles (e) are at least one

selected from the group Gonsistingqf carhon blagks, tit @9%@%% @ﬂ% arbon_nanotuhes. 6The

hardening composition as described in any one of whereln the black inorganic ﬁne

particles O(I%@[geloo@f@% blagks %dé%t't%wmQ'aﬁlsmem[ZLTh&@%fggD@o pmpositionas
viscosity and superior handling characteristics when comprising
silica fine particles surface-treated with specific silane
compounds, a (meth)acrylate having two or more ethylenically
10 unsaturated groups and being free from cyclic structure, a
(meth)acrylate having an ethylenically unsaturated group and
having an alicyclic structure, a polymerization initiator and
black inorganic fine particles. They alsoc found ocut that the
hardening of the above hardening composition can provide a
15 hardened product which has superior light-shielding effect, heat
resistance and molding processability, and optiocnally with
superior electrical conductivity and which can be suitably used
for a light~shielding component for various optical equipments
such as a camera, a video camera, a copyingmachine and a developing
20  machine.
[0010]
Specifically, the present invention is summarized as

follows:

(1] A hardening composition comprising:



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 composition as

described in any ope;af [1] to.[4], %%rggp the bl %18 inorganic fine particles (e) are carbon nanotubes.
[11] The hardening compos%t)ljb% aﬁg escri%edsin?l ], wherein the carbon nanotubes have an average

diameter of 0.5 to _8 200 d verage length of 100_.nm tg 50 pm, il ZZ]]OThe hardening
composition as de‘?scrzi@e%@ig:}a%r%/r?r?e%fg [1]%[%’[1 avﬁf%:% h%g% v?s%oﬁ?yrgf S%Lt%y %H’%E’%ﬂéf

[13] A harg%r%%q ﬁroadyct,fogrmgd téy Qar(&ieg([}niqqthe fhrarge, iP 5 %or(njggsiti%r% as d@glqribed in any one of
[1] to [12]. [ Zﬁ A ﬁghtfﬁlgl%mg film comp%sing ffie hardened proauct ds'described in [13]. Effect

of the Invention 10[0015 Accaording t §1 resent invention, there is provided a hardening
composition with s%p%ﬁ%%%éﬁgﬁﬁé %ﬁ“ae?ag? riiftll%g whicht cart %%\?éléé art efr)é%l ﬁr%aﬁgtuv%ﬁg %C&perior
Iight-ghieldigg eﬁeggige,aégqsrilstan%e aTd molg'jng proces ability, and 15 optionally with superior
electrical gondi%tivfty. There isalso paro%iagﬁ a'frardened prddict of the hardening composition.

Embodiment for Carrying out the Invention [0016] 20Hereinafter, the present invention will be
descﬂbedindeunﬁ[ %fnerlzatlon inltliator (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 a silane

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

[Chem. 1]

HoC===C——C——0——(CH,);—SiR% (OR%)s,,

Horsean
TR

o012

15 In the formula (1), R represents a hydrogen atom or a methyl
group, R° represents an alkyl group having 1 to 3 carbon atoms
or & phenyl group, RErepresents a hydrogen atom ¢r a hydrocarbon
group having 1 to 10 carbon atoms; g represents an integer of 1
te 6; and r represents an integer of 0 to 2.

20 [0013]



[Hardening Composition] The hardening composition of the present invention 9 comprises silica 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 angethylenically unsaturated group and having an
alicyclic structure, a 5 polymerization initiator (d) and black inorganic fine particles (e), wherein the
silica fine particles (a) are surface-treated with specific silane compounds. Hereinafter, each of these
structural companents will be described, The (meth)acrylate used herein means a methacrylate and/or
an acrylate. 10[0018] <Silica 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 s&51es5TaN 1 nm, 15 the resultant hardening composition tends to have increased
viscosity and ha{€ a limited ¥@ntent and inferior dispersibility of the silica fine particles (a) therein,
which tends tg/léad to insufficteqt heat resistance of a hardened product obtained by hardening the
hardening cofrfposition (hereinafipr-alse-refgrred ﬁ? t%sgg‘ﬁ%eﬂéy R@?qu, When the average
particle diameéter is more than 1060 nm, the tesult F’produc ma§ ave infetior appearance and
mechanical progerties. [0019]/10 (a) is more preferably 1 to 50 nm, still more preferably 5 to 50 nm,
most preferably 3 te-48-r-ilf view of controlling the viscosity of the hardening compositjon so as to fall
within a preferable value. The average particle diameter of the silica fine particles 5 (a) be
obtained as follows. The silica fine particles are observed with a high-resolution transmission electron
microscopFO@@zatr)}ufactured 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 proc %si@lgem thod fger(eﬁy t%gijyg a nganil?(er average article d'?ntwgt%r degci%ed as the
average particle diameter. 86%& it

the presen mveﬁ/t:lLor?,rin rder for the hardéned product to
have increased amount of the silica fine particles (a), a 15 mixture of silica fine particles with_different
avera?ge p%:‘%t?cnlles d?arméate%h%%;\; elised: In%&&?ﬁo#ﬁéﬁ% he ‘Silica flsn%gpsé?rﬁgl%gfgy, z% porlosusasilica sol
or a complex,metal oxi?:e of silicon with aluminum, magnesium, zinc or the. like may be used. [0021]
20The co%?é%fggﬁé SilicA fine partic é:sofaﬁ%?ﬁle ral?ég—:?n?rrﬂi8\f:}(“)l?ﬁ;’pofs,i?i%rrl1 ?% ﬁr%%%g?ﬁlfﬁﬁ’% 80% by
mass, andS iniviewnof .th% balance fe&ween he heat rgsi,stance and environmental resjstance of the
hardened praduétand the Vidcosity of the Rérdahihgcompsaition: the Bbnteht i mdré preferably 40 to

60% by mass. 11 . . : .
[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] cr [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 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.
[4] The hardening composition as described in any cone of

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



When the content is 20 to 80% by mass, superior fluidity of the hardening composition and
dispersibility of the silica fine particles (a) in the hardening composition are achieved, and therefore the
hardening composition can readily provide a hardened 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), gre pbtained *E}Séurﬁfﬁ%%?'&%é‘ggg@ﬂ@ fing particles yhich have not been ; .,

surface-treated with the silane compound the silane compound (g).Hereinafter, each silane

compound will be described.A methad for surface:treating the silica fine 15 particles (a).wi
described g’]é?e[oﬁgﬁr gS%ng%gr%B ﬁ%‘g Tﬁg ot %%g ngﬁzcch%%%ﬁ% t(ﬁp iicrgp?ers%n]:év)g i&sthe
following %eﬁnqrﬁlgfi%ryyla (1). 20[0024] [Chem. 3] 12 [0025] In the formula (1), R1- representsa

hydrogen atom or a methyl group, R2 represents an alkyl group having 1 to 3 carbon atoms 5 or a

pheny! group, RS3 representsca frydiogen.atom.of 3 hygrosarbon aroup faving 1 19,10 garbor atoms; g
represents an integer of 1'to 6; and r represents an integer of 0 to 2.

-

5 [1] to {4}, wherein the black inorganic fine particles (e) are
at least cne selected from the group consisting of carbon blacks,
titanium black and carbcen nanctubes.

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

10 carbon blacks and/or titanium black.

[7] The hardening compesition 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 compesition 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 composition as described in any one of

[1] to [4], wherein the black inorganic fine particles (e} are

carbon nanotubes.

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

wherein the carbon nanotubes have an average diameter of 0.5 to



[0026] In order for the hardening composition to have decreased 10 viscosity and have storage
stability, R3 is preferably a methyl group, q is preferably 3, andrispreferably0. WhenR spresent, R2 is
preferably a methyl group. [0027] The silane compaund (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)acrylate (b), described later, to

decrease @g@@gﬁjegm shrin age gvhgnl%anrg?ging éh@ har g{\i@%cg position and to provide the
i g i

LI . .
hardened 20 product with molding processability. That is, when the si ich' 13 fine particles are not
surface-treated wit, t@ sil{,%a comp und. g), the resuil ant hardening composition undesirably has
increased viscosity{,llan?d signﬁiéa%t ﬁ%? en ng %thﬁﬁﬁagEel \?vﬂe%shgred%%lé rggrqzjtﬁearréguﬁgﬁt ﬁﬁrdened

product is esira brittle and has cracks. [0028] Examples, of the silane compound (f) include:
y-acryloxy gn?pyTé)lmb@t{h? IMe‘fﬁlolxcf/gilgjr?es, yc—}acvryl/l%)g&s)r%%}f/lrﬁ?h%%ir%&h%ﬁ@l%c% s

10y-2cryloxypropyjdietyimethonysiane o agloRpropyletdMehon SIaNG:. ;. dons ng

y-acryloxypropyltri oxysilane, y-acrytoxypropyldime oxys'ilane,

y-acryJoxypropylmethyldiethoxysilane, 15y-acryloxypropyldiethylethoxysilane, y-acryloxypropylethyld
SeIone Fas e A oSy rop et

ethoxysilana Y- acryloxypropyittietioxysiahe. -mbthatiyios ethoxysilane,

y-methacryloxypropylnethyldimethoxysilane, 20y-methacryloxypropyldiethylmethoxysilane,
y-methacryloxypro% hy% gﬁ%@éﬁ&ﬁe@%ﬁﬁwa&%ﬁyp% ﬁpﬁ%%ﬁ’&ysmaﬁe,hardened

y-methacrg?g&gr&?ygj S| mgéhgé??g@gﬂgge,{;i-?rnle}hacryloxypropylmethyldlethoxysﬂane,

Effect of the Invention
10 [0015]

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 molding processability, and

16 optionally with superior electrical conductivity. There is also

provided a hardened product of the hardening composition.

Embodiment for Carrying cut the Invention
[0016]
20 Hereinafter, the present invention will be described in
detail.
[0017]
[Hardening Compositicn]

The hardening composition of the present invention



14 y-methacryloxypropyldiethylethoxysilane, y-methacryloxypropylethyldiethoxysilane, and
y-methacryloxypropyltriethoxysilane. [0029] 50f these, in view of preventing the silica fine particles (a)
from aggregating in the hardening composition, deggeasing the viscosity and improving the storage
stability of the hardening composition, preferable are: y-acryloxypropyldimethylmethoxysilane,
10y-acryloxypropylmethyldimethoxysilane, y-methacryloxypropyldimethylmethoxysilane,
y-methacryltexypropyknethyldimethexysilane; yiacsyloxyprepylitinethoxysitene: and) having
y-methacryloxypropyltrimethoxys lane; and more preferable 15 is y-acryioxypropyltrimethoxysiiane,

These canthe usednin-combinatien of fwo prunere-kinds.{8030L up s Thesessilane eemposnds (f) can
be produced by publicly known methods, or are commercially available. 20[0031] In the

surface-tregtment of the.siica fine particles, the silane somppund.(f)-is, usHally: 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 paits hyrmass efithesilicasfine; 1§ patticles which,have et heen-surfacestreated. When the
silane compound (f) is used in an amo of less than 5 parts by mass, the hardening composition has

incregsedyviscosity- and may, bergelled hecause ofithesilicadine padicles{(ay having 5deteriorated

dispersibility in the hardening composition. When the amount is more than 20 parts by mass, the silica

fine particles,(a) may-agaregate. dfithe surface-treatment of the silica, fine partieles involves the use of
an organic solvent dispersion liquid of the silica fine particles, the aforementioned mass of the silica 10
fine particies,refers.nly 49 the;mass of thgsllica-particles;per.se, dispersed in the qrganic sglvent.
structural components will be described. The (meth)acrvlate used
herein means a methacrylate and/or an acrylate.
10 [ocig]
<Silica 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 compositiocn (hereinafter also referred
20 to as a hardened product). When the average particle diameter
is more than 100 nm, the resultant product may have inferior
appearance and mechanical properties.
[0019]

The average particle diameter of the silica fine particle



[0032] When the hardening composition contains a large amount of acrylates (an acrylate (b) and
an acrylate (c) mentioned later), 15 the s.lane compound (f) is preferably a silane compound having an
acrylic group, e., represented by the general formul,ao(l) wherein Rl is a hydrogen atom. When the
hardening composition contains a large amount of 'anethacryIates (a methacrylate (b) and methacrylate
(c) mentioned later), the silane compound (f) is 20 preferably a silane compound having a methacrylic

group, .€., Ie Pr%sse%gg”% y%tﬁ(g ene r%'\;/{/%ﬁer?lg 'Elﬁeg][) Vr\{?hn?reslg :Bl _jLS r%%r%%r?%fgtﬁeu]pé Icl)rl sughtca?(@ I:l is

hardening reaction easi es place hardehing compo e presé(nt inven

hardened. [0033] 16 <Silane Compound (g)> . The silane compound, (g) used in the present
vertion B eSSt by SO NOG Senal rth s 0, [0S a1 (CHE) 2Bired (ORS)34
(2) [0035 n the formula (2), R9 is an alkyl group haying 3 carhon atoms or a phenyl group
which ma;lf) a\%1 a ZTJ%E itient: RS 6 iﬁlh%/%%lgésnoa?osm 'oF a tiydrolarbon group having 15 10
carbon at%rgi; Sis a%}ilnteagver of 0to 6; and tis an integer of %Q 2. A suybstituent may be honded to the
phenyl group as long as riot impaftifg the &ftéct of the Presentinvention "B xahiside’of the stbstituent
bonded to the phenyl| group to form a group include 15 a methyl group, an ethyl group, a methoxy
grougf a h)éafox(il?ar % A eatBOTlicrons, a fitisro grotp, %%‘?e?@l §rotip é’r‘?dfgh% Rthyt gFfoup.

[0036] In view of decreasing the viscosity of the hardening 17 composition, R5 is preferably a methyl

group, s i prEfErably 6'or L 2and 1S preterably 6 if RATS Fred8nt RE 1S pletsiably a5natRP group.

(manufactured by Hitachi, Ltd.; H3000)}, 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 processing method, 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 different average particle
diameters may be used. In addition, as the silica fine particles
(&), & porous silica so0l or a complex metal oxide of silicon with
aluminum, magnesium, zinc or the like may be used.

[0021])

20 The content of the silica fineparticles (a) in the hardening
composition is preferably 20 to 80% by mass, and in view of the
balance petween the heat resistance and environmental resistance
of the hardened product and the viscosity of the hardening

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



[0037] 5When the silica fine particles are reacted with the silane compound (g), the silica fine particles
are given hydrophobicity on the surface and have improved dispersibility in the organic solvent, and at
the same time, have superior compatibility with the;later-mentioned (meth)acrylate (c). Asa 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:

phenyldimethyimethoxyshlang: 15phenylmethyldimethoxysilang, phenyldiethylnethoxysilane,

phenylethyldimethoxysilane, phenyltrimethoxysilane, phenyldimethylethoxysilane,

20phenylmethyldiethgxysilane, Phenyldiethylethoxysilane phenylethyldiethaxysilane,;  ¢: e

phenyltriethoxysilane, benzyldimethylmethoxysilane, 18 benzylmethyldimethoxysilane,

benzyldiethylmethoxysilans, benzylethvidimethoxysilane, benzyltrimethoxysilang.cveq.  and

5benzyldimethylethoxysilane, benzylmethyldiethoxysilane, benzyldiethylethoxysilane,

benzylethyldiethoxysilane. and-benzyltiethoxysilane ,10[0039L - 4 ; Qf these. n.oraer forthe hardening
composition to have decreased viscosity, improved storage stability and improved environmental
resistance,ingluding lowerad water absprtivity, preferaple-are: 13phenyldimefhylmethoxysilane,
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]



phenylmethyldimethoxysilane, phenyld'ethylmethoxysilane, phenylethyldimethoxysilane, and
phenyltrimethoxysilane, and more preferable is 20phenyltrimethoxysilane. These silane compounds
can be used in combination of two or more kinds. [0Q40] 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 100 parts by m@;s% of the silica fine particles which have not been surface-treated. When the

resistance. Yhen-the-amaunt is mare than 20 parts b ss, the silica fin feles (a) may
aggregate. | I’%?surfaceeatme 1of the sﬁa fine pmgﬁwmﬁg%e‘gé id-erganic solvent
dispersion liquid of the silica fine particles, the aforementioned mass of the silica fine particles 15
refers only to the mass of the silicd jparticles per se dispersed in he organic solvent. [0042] When
the total amount of the silane com@pund (f) and the silane compound (g) is more than 50,pasts by
mass based on 100 20 parts by mass of the silica fine particles, because of the excessivg a?;wount of
the treatin Oag%g]ajt, the surface-treatment of the silica fine particles is accompanied by a reaction
between stic rticles, which may result in the aggregation or gelation. [0043] 20 <(Meth)acrylate
(b)> Examples of the d%meth)acrylate (b);having two or more ethylenically unsaturated groups and
being free from cytlic Stuctireiséd i the pré<amt Fventionineiide fliFuAtoAaT Strethacrylate
such as: trimethylolpropanetri(meth)acrylate, pentaerythritoltri(meth)acrylate,

pentaeryti#fioitétra(methFEG R dip&htadhytiritoféirdimétRYadiylate, t© 3 carbon atoms
10dipentaerythritolpenta(meth)acrylate, dipentaerythritolhexa eth)acrylate, and
trimethylofpropanetiokyetiylitRatnjachiaie fradditisntotReassie, ARl fdnétigngr ccarbon

group having 1 to 10 carbon atoms; g represents an integer of 1

to 6; and r represents an integer of 0 to 2.
[c0ze]
In crder for the hardening composition to have decreased
10  viscosity and have storage stability, R® is preferably a methyl
greup, g is preferably 3, and r is preferably 0. WhenRzispresent,
R? is preferably a methyl group.
(00273
The =zilane compound (f) is used in order to decresase 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)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 i1s, when the silica



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. [0044] When the hagdening composition of the invention containing 20
these is hardened, a hardening product with superior heat resistance is formed. [0045] Of these, in
view of the heat resistance of the hardened 21 preferable, and those with the glass transition

temperatuges,f ihe:ramopalyaiats,heing 420G or Nighar arg prefefable. 1o partieyla fastpreferable

is trimethylolpropanetri(meth)acrylate, which has a glass 5 transition temperature of the homopolymer

being 200¢ o higher.and has relatively jess hardening shrinkage among, desirabl

; ! h
multi-functional(meth)acrylates. [0046] The glass transition temperature of the homopglymearsls 10

meastred fythe Jollonipg metbod, In 100 partay Frass of the (mettVagiate () 4 partay mass of

diphenyl-(2,4,6-trimethylbenzoyi)phosphineoxide uct name: Speedcure anufactured by

Nihon Sib%r '}Jﬁ@ rdK'Ks? %I%?t(%po% ,eriz%tiog initiator is dissolved. Then, a glass 15 substrate
(50 mm x 58 mm %s éoatél?w?%h the s%futr%nasmo that a %Pdeear?eg Film Will have aufh%c ness % 100 pm.

The cgati E{'Q}i%”ggigt d \évitg§gcigadiating device equipped with an ultra-high pressure mercury
lamp at 3 J/cm2 to harden Ré coating filin. The hardened film is cut into a strip of 5 mm x 30 cam, and

20 the stri%%ﬁg?d 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

20C to 300C, by elevating temperature at a rate of 2C/rain, at a frequency of 1 Hz, to give a peak
temperature of a%}ﬁaé?pw iich %19:-5%56 %ﬁig Ia%fiﬁ@@%g%nﬁgfaraa@i%fﬁ@mperature. [0047]

The (meth)acrylate (b) used in the present invention is blended preferably in an amount of 20 to 500
parts by mass based’s Eﬁﬁﬁﬁyﬁdﬁ%’@ hALE BN Sitics fiKa bafidies which have not been
surface-treated. In view of the viscosity of the hardening compasition, the dispersion stability of the
silica fine particles’ (8)H YH& KRG €6 pditlon APt hes Pésistance of the hardened product,
the blended amount is more preferably 30 to 300 10 parts by mass, still more preferably 50 to 200
partd by mass. Wher tHe/ bieRdBd Aottt f-1e8d i 98 pak HiFmass, the hardening composition
has increased viscosity and may be gelled. When the blended amount is more than 500 parts by

mass, the hardeniig?CompoEition RRS sighificarit BriiigésaréiRardened, which may

v-acryloxypropyltrimethoxysilane,
v-acrylozypropyldimethylethoxysilane,
y-acryloxypropylmethyldiethoxysilane,

15 y-—acryloxypropyldiethylethoxysilane,
y-acryloxypropylethyldiethoxysilane,
y-acrylozxypropyltriethoxysilane,
y-methacryloxypropyldimethylmethoxysilane,
y-methacryloxypropylmethyldimethoxysilane,

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

yv-methacryloxypropylmethyldiethoxysilane,



15 result in a hardened product having warpage or cracks. [0048] <(Meth)acrylate (c)> The
(meth)acrylate (c) having an ethylenically unsaturated group and having an alicyclic structure is used
in order to provide 20 a hardened product with heat jesistance and environmental resistance and to
decrease the shrinkage in hardening. In particular, a (meth)acryla e having an ethylenicallv
unsaturated group and having an alicyolio structure is preferably used. Examples of such

(meth)acrylates include: 5E-2186-23 gycipalkyl(meth)acrylates, syeh as: cyclohexyl(meth)acrylate,
4-butylcyclohexyl(meth)acrylate, dicyclopentanyl(meth)acrylate, 5dicyclopentenyl(meth)acrylate,

dicyclopentadienyl(meth)acrylate, bornylmethjacnylate, isobornyl(meth)acryiate

tricyclodecanyl(meth)acrylate, 10tricyclodecanedimethanoldiacrylate, and adamantyl(meth)acrylate;

benzyl(meth)acrylg‘t%@,pgatgg%mggw%xli@g@@gg@%.i 1 ane [N addition to the above, an

urethane(meth)acrylate having 15 an alicyclic structure can be mentioned. These may be used alone
orin combﬂ@%tiﬁqyj 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

e g . T Leb AP v el rpstan e o
{a) fromaggregating in the hardening composition, decreasing the
viscosity and improving the storage stability of the hardening
composition, preferable are:

v-acryloxypropyldimethylmethoxysilane,

10 v-acryloxypropyimethyldimethoxysilane,
y-methacryloxypropyldimethylmethoxysilane,
y-methacryloxypropylimethyldimethoxysilane,
y-acryloxypropyltrimethoxysilane, and
yv-methacryloxypropyltrimethoxysilane; and more preferable

15 is vy-acryloxypropyltrimethoxysilane.

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

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

20 [0031]

In the surface-treatment of the silica fine particles, the
silane compeund (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



24 heat resistance and environmental resistance of the hardened product, preferable are
dicyclopentanyl(meth) crylate and adamantyl(meth)acrylate, and most preferable is
adamantyl(meth)acrylate, which has a high glass tramsition 5 temperature of a homopolymer. [0051]
The alicyclic structure refers to a structure where carbon atoms are annularly bonded, except for an
aromatic ring structure. [0052] 10The (meth)acrylate (c) used in the present invention is blended
preferablygn aniameunt.of: 20 KAQ Patishy masshased-en- 100 pads by mass of the silicafine
particles which have not been surface-treated. In view of the viscosity of the hardening composition,
the dispersionstabitity @f the silicadine padicles s () #F the-hardening sompesition, and she heat
resistance of the hardened product, the blended amount is more preferably 10 to 200 parts by mass,

still more preferably 20-t0-100-parts-by mass. When the blended amauntds legs than p parts by mass,

the hardening composition has increased viscosity and may be gelled. When the 20 blended amount is

more than400 parts by faass: the hardened produetmay:have gracks; enhave ipiqriormlg%sistance

and environmental resistance. [0053] <Polymerization Initiator (d)> SE-2186 25 Examples of the

polymerization. initiatar () @?Qﬂ@i@%ﬁﬁelsﬁ'yny{%ngﬁ@ir}?&lﬁ%%@ﬁ@'%ﬁ%@g%j,on . When
photopolymerizationinitiatorsandheatpolymerization initiators. These may be used alone or in

combination, f1we.1:5 more kinds, J0054] Examples of the phatopglymerization ipitiatars,include:

benzophenone, benzoinmethylether, 10benzoinpropylether, diethoxyacetophenone,

1-hydroxy-phenylphenylketone .2,6-dimethylbenzeyldiphenylphgsphingexide, 2.4.1 5 -, £ine

6-trimethylbenzoyldiphenylphosphineoxide,and

particles involves the use of an organic solvent dispersion ligquid
of thesilica fine particles, the aforementionedmass of thesilica
10 fine particles refers only te the mass of the silica particles
per se dispersed in the organic solvent.
00321
When the hardening composition contains a large amount of
acrylates (an acrylate (b) and an acrylate (¢) mentioned later),
15 the silane compound (f) is preferably a silane compound having
an acrylic group, i.e., represented by the general fermula (1)
wherein R' is a hydrogen atom. When the hardening compcsition
contains a large amount of methacrylates (a methacrylate (b) and
methacrylate (c¢) mentioned later), the gilane compound (f) is
20 preferably a silane compound having a methacrylic group, i.e.,
represent&ibythegeneralformula(1)wherehﬁRlisaﬂmthylgroup,
In such cases, hardening reaction easily takes place when the
hardening composition of the present invention is hardened.

[0033]



15diphenyl-(2,4,6-trimethylbenzoyl)phosphineoxide. These photopolymerization initiators may be
used in combination of two or more kinds. [0055] The content of the photopolymerization initiator in the
20 hardening composition may be such amount as {@ 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 Qg%g}(bm@o%é%]&@ %g)la)rge amount, the hardening composition may have inferior
storage stability, may be colored, or when crosslinked to provide a hardened product, may be
crosslinked so rapidly. as {q cause. g.prghlem sush as fractyres jn.hardening. 10 addition, therg may 5
be possible contamination of apparatus because of increased emission gas component In
high-temperature.t .On;the I’g) n Vr:? n the phetopolymerization initiator is added in too
small amo%ﬁaé%r(% %%%gﬁ%gy of t}?wge i%r gé}ﬁé%% p?o%%tfgingm?a%%@%guf icient. 10[0056] Examples of
the heat p?l(y?‘ﬁfigzation initiators include: benzoylperoxide, diisopropylperoxycarbonate,
t-butylperoxy(2-ethylhexanoate), 151,1-di(t-hexylperoxy)cyclohexane,
1,1-di£t-bué)é%eerl;gxy)@/clohexane, 2,2-di(4,4-di-(t-butylperoxy)cy lohexyl)propane,
t-hexylperoxypropylmonocarbonate, t-butylperoxymaleicacid,
20t-butylperoxy-3,5,5-trimethylhexanoate, t-butylperoxylaurate, t-butylperoxopropylmonocarbonate,
t-butylperoxy-2-ethydhexydmenocarbonate, t-hexylperoxybenzoate,

- (CHa)e—SiR% (OR®)y

(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;
s 1s an integer of 0 to 6; and t is an integer of 0 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
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 fluocro group, a phenyl group and a naphthyl
group.
[0036]
In view of decreasing the viscosity of the hardening

20 composition and providing the storage stability of the hardening



SF-2186 2,5-dimethyl-2,5-di(benzoylperoxy)hexane, t-butylperoxyacetate,
2,2-di(t-butylperoxy)butane, t-butylperoxybenzoate, n-buty1-4,4-di(t-butylpe.oxy)valerate,
di(2-t-butylperoxyisopropyl)benzene, dicumylperoxide, di-t-butylperoxide,
2,5-dimethy1-2,5-di(t-butylperoxy)hexane, 10t-bu y c ylperoxide, di-t-hexylperoxide,
p-menthanehydroperoxide, 2,5-dimethy1-2,5-di(t-butylperoxy)hexane-2,

diisopropydbgpzenehydroperoxide 16151 3:3sieframethyibuty thysdraperoxide sumenefydroperoxide,
t-butylhydroperoxide, 2,3-dimethy1-2,3-diphenylbutane,

2,2-azob's{4-methoxy-2,4-dimethylvaleronitrile, 202:2razobis(2.4=dimethylvaleropitdle), - ap 1
dimethy1-2,2'-azobis(2-methylpropionate), 2,2'-azobis(2-methylbutyronitrile),

1,1'-azobig(cyclohexa flécg@ponitr e), 2,2'-azobis(N-(2-propenyl)-2-methylpropionamide, SF-2186 28
1-((2-cyano-1-methylethyl)azo)formamide, 2,2'-azobis(N-buty1-2-methylpropiona de), and 2,2'-azob
s(N-cyclohexyi-2-methylpropionamide). [0057] 5The content of the heat polymerization initiator in the
hardening composition is preferably 0.01 to 5% by mass, more preferably 0.1 to 2% by mass, based

on thg entire hardgning compasition.When.the heat palymerizatian initiatar is added in foq large

amount, the hardening composition may have inferior 10 storage stability, maybe colored, or when

crossiinked dn paide hardsfied pradustTiay b ctossinied a0 raply as J9.calse s proplem such

as fractures in hardening. in addition, there may be possible conta apparatus ecguse of

increased Oqgni§§i8nsqﬁgf%oggp%%?éggﬁ%glgéeé%%gg&urgitrseaé@seggﬁg mfe 15 other hand, when the

heat polymerization initiator is amount, the hardening of the h%?dgrﬁﬁg%%)(r:nposition
may be ingyfigient. [0058) When,the photopolymerization.niiator.and the hear 20 aalymerization
initiator are used in combination, the total conterits of these Bcg)ilymerlza(t‘}loﬁj iniflators is pre%erably 0.01
to 10% by mass, mofe prefetably. 90719 RYe Y. mass, based oq the entire hardening compgosition.
10 hardening composition can have decreased viscosity, improved
storage stability and lowered water absorptivity.
[0038]
Examples ol the silane compound {g) include:
phenyldimethyimethoxysilane,
15 phenylmethyldimethoxysilane,
phenyldiethylimethoxysilane,
phenylethyldimethoxysilane,
phenyltrimethoxysilane,
phenyldimethylethoxysilane,
20 phenyimethyldiethoxysilane,
phenyldiethylethoxysilane,
phenylethyldiethoxysilane,
phenyltriethoxysilane,

benzyldimethylmethoxysilane,



[0059] SF-2186 29 <Black Inorganic Fine Particles (e)> Examples of the black inorganic fine
particles (e) used in the present invention include: acetylene black, lamp black, furnace black,
ketjen black, thermal black and the like, which are ¢allectively referred to as carbon blacks; carbon
particles such as graphite, carbon nanotubes, active carbon and perylene black; titanium black;
10composite oxide black pigments formed from metal oxides such as copper oxide, chromium oxide,

iron oxide (including mays htack; fefrte-and magnetites),, manganese oxide and cobalt oxide, titanium
nitride, titanium oxynitride, molybdenum disulfide or alloys of metals contained therein; 15azo black

pigments such as@ailine hlack; rganie hlackpigments such as cyanine black; ivory black; peach
black; and anthraguinone organic black pigments. Black pigments obtained by mixing organic

pigments of  three colars+of yed; eplor.green colgrand 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 charactaristics .carbon blacks are particularly preferable. A mixture of
carbon S1-2186 30 blacks and titanium black can be used. As the carbon blacks, those commercially

availaple can be %@QZ%QQ!{ the-pumber avgrage patticle diameter thereof is preferably 5 to 200 nm,
more preferably 10 to 100 nm in view of dispersibility and resolution. 5 When the number average

particle diameter iﬁé@ﬁ@&%a&!@@%&?@?ﬁﬂ%@ is difficult. When the number average particle
n

diameter is more than 200 nm, the resolutioh tends to be inferior. [0061]
benzyldiethylethoxysilane,

benzylethyldiethoxysilane, and

benzyltriethoxysilane.
10 r0039]

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

15 phenyldimethylmethexysilane,
phenylmethvlidimethoxysilane,

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.



10In 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 m, more
preferably 200 15 nm to 20 pm. [0062] 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 asyfeiews. The black 20 inorganic fine particles are observed with a high-resolution
transmission electron microscope (manufactured by Hitachi, Ltd.; 119000) and 100 black inorganic fine

particles are arbitrayjly. selected-in-an pbserved.image ot thefing particles,and are averaged by a

publicly known image data statistical processing SF-2186 31 method, to give a number average

particle diameter defined as the, average, padicle diameter. [0063] When the black inarganjg fine

particles (e) are carbon 5 nanotubes, the average diameter and the average length thereof are

measured s plws. Gathan nenaiuipes ate disnsrsed apd fiyed n 3.s3r0ple.table, 91 6

(Scanning Electron Microscope) with a double-faced adhesive tape or the like, and obsefved with a

FESEM 0%%'%5;@@%@9 ggﬁﬁigg,ﬂ?ggcga thrfibéaog%g Q%é%‘ggg fo 10 @H@%%q;i@s%s of the

carbon nanotu are ar y selected in an obse ima are averaged by a pujbﬂcly known

statistical r%%féif@ meﬁhod to give the ayerage diameter. On th% oéherg nd t IengT of the
i t " - L - 1. gl b
carbon na%(a)tu esis %b‘%;alﬁg as%;ﬁogfvg. A sﬁ@ t mount of carr%%nenanotu%eeé1 IS gpsérse%ﬁ% 15a

solvent such as ethanol. Then, theegls%er5|onall|gg|9n|§ %Oﬁl‘ din atsrqult gmount onﬁg{)an aluminum foll

and dried,céjﬁné) then obsqe}rvéﬁ witha S T\Afa?hen, tens to hundreds pieces df ?ﬁéﬁ Earbon handtubes are

arbitrarily selecied in an, ohserved image;and are averaged by 2 publicly known data statstical
processing method,
gelled or iead to a hardened product having inferior heat
10 resistance. When the amount i1s 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 fine particles
15 refers conly to the mass of the silica particles per se dispersed

in the crganic solvent.

[0042]

When the total amount of the silane compound (f) and the
silane compound (g) is more than 50 parts by mass based on 100
20 parts by mass o©of the silica fine particles, because of the
excessilive ameount of the treating agent, the surface-treatment of
the silica fine particles is accompanied by a reaction between

silicaparticles, whichmay result in the aggregation or gelation.

[0043]



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,SANBLACK900,SANBLACK300, SF-2186 32 SANBLACK200,
SANBLACKX15 SpecialBlack550, SANBLACK305,SANBLACK215and by AsahiCarbonCo.,Ltd.;
SpecialBlack350,SpecialBlack250, SpecialBlack100 and SpecialBlack4 manufactured by Degussa;
MA100, MAZ20, MA230Q, #52.#57, and #45 manufactured by Mitsubishi Chemical Corporation;
BLACKPEARLS480 manufactured by Cabot Corporation; SHOBLACK manufactured by Cabot Japan

KK RAVENALD, RAVEN4Z0, RAVENGS0, RAYENS00 and UNIPUREBLACK 10).Co02

manufactu d by Columbian Carbon; NITERON#300, NITE H, NITERON#200IS and

NITERON t A ' T hno-Carbo o . rgulrrrd t ch
DENKABL%@I%%%%%%%%%@O%I%%fa%& e%(%%gen %ﬁaggﬁl %ogfy%ogKab%s%rﬁgi I%giiffa; and 15

SEAST9H §ﬁﬁ§ S tHM, 16, SEA 0,. SEASToH TO%A%LA_K#8500MUE
TOKAB |_ASC“|<;/;683cl):(l)g'if\/ef/|:g gF%T %g%A%Eﬁ\g?%%o‘gEg thgr?)lﬁajé?ﬁ%edf%? TER% JC;%r%%ﬁ 'CS ) Frdl. [0065]
On thg oth(ent; hc%fja g%e ifi% exam fsag the carbon nanotubes 20 include: VGCF(trade name),

VGCF-H (traﬁe name y%%fF%u trade'name) and VGCF(trade name)-X manufactured by Showa
Denko K.K.; and trimethylolipropanetri (meth)acrylate,

pentaerythritoltri (meth)acrylate,
pentaerythritoltetra {meth)acrylate,
dipentaerythritoltetra (meth)acrylate,

10 dipentaerythritolpenta (meth)acrylate,
dipentaerythritolhexa{meth)acrylate, and
trimethylolpropanetricoxyethyl (meth)acrylate.
in addition to the above, a multi-functional

urethane {(meth)acrylate free from cyclic structure can be

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

more kinds. The “cyclic structure” used herein refers to a
benzene ring, a hetero ring and a cycloalkyl ring.
0044]

When the hardening composition of the invention containing

20 these 1s hardened, a hardening product with superior heat

resistance is formed.
[0045]
Cf these, in view of the heat resistance of the hardened

product, those having three ethylenically unsaturated groups are



Me jo Arc APJ, Me jo Arc FH and Meijo Arc SO manufactured by Meijo Nano Carbon Co., Ltd.
SE-2186 33 [0066] As the black inorganic fine particles (e), those given hydrophobicity on the
surface are preferable in view of improving light-shiglding effect 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

hydrophobici-impasting agents selected fram the group.consisting. of sillicone resins, alkoxysilane

resins, silane 10 coupling agents, and higher aliphatic acid salts. 0067] Examples of the

hydropho@gig-mgggﬁgg%s i}g(é‘lqug:ptj}i%eé aggq%qéoﬁ%%cggéo unds s gglas hig{]er aliphatic acid

glyceryl, higher aliphatic acids, higher aliphatic aci lent meta salts,an§ highenr aliphatic

sulfates p Im@%mﬂa}l q@g;thigggrf@lgg@qlé and derivatives thereof; organofluorine

compounds such as perfluorinated or partially fluorinated higher aliphatic acids and higher alcohols; 20

and _ organgsiicon compaundis.suchias siicpns resine, siane.coupling.agerts, alkoxysianes,

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 34 are mare preferable. [0068]
As the siI?(%{:naenrsels?nls??o;%gygr%%?aﬁetﬁgl pi%rfs?fb?(%ﬁg?rjf%%eyfhxlfoeréagn%f)?lgsﬁo%ng,l ar

methylpheg}yépﬂj%sglog;%% are, ggeferlabges. In é)gfritécpuj[arlr di ertml}por%/gilgé%r}? is preferable. [0069] As
the silane coupling agents, for ex mpgfe, y-acry ox;}pro%y? |methyﬁ1 etho)&ysi?ane,

y-acryloxyr%%%yi mg&hrycl:dti meth(ix%%g%@le;,a1COQ/§TaeICheaSc.ryloxypropyldimethylmethoxysilane,

ioria
[004¢6]

The glass transition temperature of the homopolymer is

10 measured by the following method. TIn 100 parts by mass of the

{(meth)acrylate (b), 1 part by mass of

diphenyl- (2,4, 6-trimethvlibenzoyl)phosphineoxide (product name:

Speedcure TPO-L, manufactured by Nihcn Siber Hegner K.K.) as a

photeopolymerization initiator is dissolved. Then, a glass

15 =substrate (50 mm x 50 mm) is coated with the sclution so that a

hardened film will have a thickness of 100 um. The coating film

is irradiated with an irradiating device equipped with an

ultra-high pressure mercury lamp at 3 J/cm® to harden the coating

film. The hardened film is cut intoc 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 SEIKQ 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 frequency of 1 Hz, to give a peak temperature of a tan &, which



y-methacryloxypropylmethyldimethoxysilane, y-acryloxypropyltrimethoxysilane,
y-methacryloxypropyltrimethoxysilane, phenyldimerhylmethoxysilane, 15phenylmethyldimethoxysilane,
phenyldiethylmethoxysilane, phenylethyldimethoxysilane, and phenyltrimethoxysilane are preferable.
In particular, y-acryloxyprooyltrimetboxysilane, and 20phenyltrimethoxysilane are more preferable.
[0070] The surface-treatment method using the silicone resins or the silanb coupling agents has
no limitatign, angrean:befor examples any-0f & wetmethoghand a.dry method. However, preferable
SF-2186 35 is the wet method, by which the surface of the particles becomes completely wet by the
hydrophohigity-imparting agents and uniform surface-treatment can be carried out. [0071J The
amount of the hydrophobicity-imparting agent to be added may be such amount as to coat a part of or

a whole of the surface of{he black.ipgrganic fine partiglesn,an ingredignt. The ameynt;of the 5
hydrophobicity-imparting agent to be added cannot be generalized, but the addition in an excessive

amount 19, upgeenomicaly results inprecipitationdn more,amount thap the, amount precipitated on the

surface of the black inorganic fine particles. The amount of the hydrophobicity-imparting agent to be

added is ygually 9.5 10 20% by massprefetably 0.5.to 20%.by mass. mare, prefarably.1.tg 6% by

mass, based on the black inorganic 15 fine particles. When the addition amount is less than 0.5% by

mass, the,fyciophbici may.he low and.he dispersibilly ay be.insuficien, When the, adition

amount is more than 20% by mass, the resolution may be lowered. [0072 20The content of the black

rorgal thsgticles() i L bagleno complln s e such ot g o s gl

light-shielding effect and appropriately keep th on. Based on the

entre black inoigape fne pariles, the conent s preferably 0.1 0 20% SF-2180.36 by rass, more

preferably to 15% by mass, stilfmore preferably 1.0 to 12% by mass. en the black Inorganic

fine particles are,added in too lar mount, the dispersion in the hardening co Siti ay be
disrupted gﬁﬁﬁ%%erﬁagﬁgg %oti’nf%%((gr%ﬁ%% |r?gdSaé?‘l%"rlgpétleFst?é%rb%gaﬁ%geo%aék%}{egg?%ﬁ agr?
sign'ifd')cant viscosity increase. W en the black Lg]é)qré%%r}ic fg}g @g%i Igs ge are added in to%&rgnnall

ucti i

amount, the ﬁgﬁt-s izeﬂl%ic’nsg’e?fié(i: or electrical con %ty may be insu icient: 75S-

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

compositicn 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)acrvlate (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 envircnmental

resistance and to decrease the shrinkage in hardening. In

particular, a (meth)acrylate having an ethylenically unsaturated

group and having an alicyclic structure 1is preferably used.

—

Examples of such (methacrylates include



[00731 10The hardening composition of the present invention may comprise, as needed, leveling
agents, angipxiglants, ultraviolet absorbents, solvents, pigments, fillers such as other inorganic fillers,
reactive diluents, dispersants and other modifiers, 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
dimethylpalysiloxanecapehunersspolyesternodified 20 .
dimethylpolysiloxanecopolymers,polyethermodified methylalkylpolysiloxane copolymers, aralkyl

modified methylalkylpolysiloxane copglymers,jand polyether modified methylalkylpolysiloxane
copolymers. [0075] SF-2186 37 Examples of the fillers and the p lents include calcium

carbonate, talc, micay,glay, Aerosili(trade pame), and bariym sulfate, aluminum hydroxide, zinc
stearate, zinc oxide, red oxide and azo plgments 5[0076] Examples of the dispersants include:

SOLSPERSE 30009, §%) OE%% I%OO&W %CI.;:FE%OOO SOLSPERSE 11200, SOLSPERSE
12000, SOLSPERSE 13240, SOLS SE1l 650 SOLSpERSE 13940, SOLSPERSE 16000,

SOLSPERSE 17099,.SQLSPERSE ;% ggggaggg%@% 20000, SOLSPERSE 21000,
SOLSPERSE 2400050, SOLSPERSE 240000R, SOLSPERSE 26000, SOLSPERSE 27000,

SOLSPERSE 2800Q0,. g 0&%&%@ R%i) gg %%§§ 3@2500 SOLSPERSE 32550, SOLSPERSE
32600, SOLSPERSE 33000, SOL 475 PERSE 35100, SOLSPERSE 35200,
SOLSPERSE 360%% g%%&%ﬁg%%ggo 15 SOLSPERSE 37500, SOLSPERSE 38500,

SOLSPERSE 390 SOLSPERSE 41090, SOLSPERSE 43000, SOLSPERSE
44000, SOLSPERSE 46000 L RSE 47000, SOLSPERSE 53095, SOLSPERSE 54000, SOLSP

RSE 55000, SOLSPERSE 5, §5ER% 71000, SOLSPERSE 76500, SOLSPERSE X300,
SOLPLUS 0825, sstOLPLLC?O 10, 20, S 0520, SOLPLUS 0530, SOLPLUS 0540, SOLPLUS
DP310, SOLPLUS (306 56 E’J%YL4 Eﬁfu 4300, SOLPLUS 210, SOLPLUS 500,

SOLPLUS 700 and SOLPLUS 210 m%%éred b&/ Lubrizol %apan Limited; Floren DOPA-15B, Floren
DOPA-15B, Floren DoAY {ECTYLatd) ant

adamantyl (meth)acrylate;
benzvli{meth}acrylate; and
tetrahydrofurfurvl {imeth)acryvlate.
In addition to the above, an urethane(meth)acrylate having
15 an alicyclic structure can be mentioned. These may be used alone
or in cembination of two or more kinds.
[004G]
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
homopolymer is as described above.
[0050]

Cf the {(meth)acryvlates exemplified above, in view of the



FlorenDOPA-17HF, Floren DOPA-22, Floren DOPA-33, Floren DOPA-44, Floren G-600, Floren
G-700, Fleyen/G820, Floren G-900, Floren NC-500, Floren KDG-2400, Floren G-700AMP, Floren
G-700DMEA, Floren WK-138 and Floren WK-20 manufactured by Kyoe sha Chemical 5Co., Ltd.; and
AJISPER PB-821, AJISPER PB-822, AJISPER PB-880, AJISPER PN-411 and AJISPER PA-111
manufactured by Aj nomoto Fine-Techno Co., Inc. In particular, those with low polarity are preferable,

with 10 spesgHic examplesinsludingbut net limited thereto-SQLSPERSE 3000,30L3RERSE;11200,
SOLSPERSE 13650, SOLSPERSE 13940, SOLSPERSE 16000, SOLSPERSE 17000, SOLSPERSE

21000, Floren REPA-159; HerepDQPA;1SBHES cFloren, 6:600, Floren-0-820, Floren. 0-990-and

Floren NC-500. These dispersants can be used alone or in combination 15 of two or more kinds.

[0077] . dhedispersantds added usually in an amount intetms of a sglid-matter of 5 wt% to 100

wit%, preferably 10 wt% to BO wt%, more preferably 20 wt% to 60 wt%, based on the black inorganic

20 fine pagicles, When ihe.addiion amaunt igass han.s wigh, the disnersibilty may,be Inyfficient,

and when the addition amount exceeds 100 wt%, properties of the"hardened product may be

significantly.affected., [0078% %Fg&@g&% ne £ontaining these various components, the hardening
composition of the present invention usuallsgl has a viscosity of 100 (rotation number: 4 rpm) to 20000

(rotation n r; 0.4 rpm) mPa s when being a resin composition having light-shielding effect 5
alone, an usualﬂy has a viscosity of 500 (rotation number: 4 rpm) to 400000 (rotation number: 0.03

rpm) mPa.s when.being a.resin composition having both light-shielding effect and electrical
conductivity. The \I/?;cosi‘fy ( r%n is %easgréld“ \(/%vitﬂ%a %-t?/p%e%vi%cgrﬁ%%e%rt VallY 'I?‘FISACFrﬁA%r?ﬁfactured

by Brookfield Enga[neering 19 Lalbogtor(ijes Ian usincgfa spindle No. %l under the condigion of 25C.
. E Oma re annuiar 0}{1 Igh ed, (%eﬁ) O Iaroma 1([, ﬁln%.struc ure. .
That is, the hardening composition of the presént invention has extremely Tow ViScosity even without

containingﬁ(.?g&\gent, and has superior handling characteristics. This is attributed to high dispersion
stability achieved by the 15 surface-treated silica fine particles (a) and black inorganic fine particles
(e). [Q079] <Meth glFor Pr % cin Har ening Composition> The hardening composition of the present
invegn ion can be g Sro u%oé : f%f%%éranqﬁ?e, &/Eeﬁt%gtié@ c%kﬁrﬁi/ir%rgﬁt?n the's étpj(%rtleplf) of

face-treating the silica fi ticles di ed in an organic ent with the silane compounds (f)
and (0) ORI e ST e e e 1) S o (ot BF of HAFG THE (RERIBE SR8 E) and ()

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, thedispersionstabilityof thesilica fine particles
15 {a} in the hardening compcsition, 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
compoesition has increased viscosity and may be gelled. When the
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 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 (c); and 5 the step (Step 4) of having the polymerization initiator
(d) and the black inorganic fine particles (e) added to a composition obtained through the distillation
and desolvation, and uniformly mixed and dispersed to provide a hardening composition. Hereinafter,
each step will be described=10[0080L(SteR e i A0SteR 15 the-silica fine particles;arg, +ne
surface-treated with the silane compounds (f) and (g). The surface-treatment is carried out as follows.

The organic-salyent dispersign, iquid 15-0f the silicafing,particles aregg@g@écledd}@}gé@ eactgr, and
with stirring, the silane compounds (f) and (g) are added, and stirred and mixed. Then, waterand a

catalyst negessansto hydrolyzing the silane compounds ayg further.added apd stirred thereby to

hydrolyze the silane compounds and carry out 20 condensation polymerization on the surface of the

siica fine pasticles. J0081] As. described fater, jtis preferable, that the silica fine, SF:2186 41,0n this

account, the use of an organic solvent dispersion liquid of the silica fine particles in the
surfage-treatment can.advantageously provide the silica fine particles (a) dispersed in the organic
solvent. The organic solvent dispersion liquid 5 of the silica fine particles can be produced by a publicly
known mep@%%, L are commercially available as products such as SNOWTEX IPA-ST (manufactured
by Nissan Chemical Industries, Ltd.) [0082] The disappearance of the silane compounds through 10

hydrolysis can be i b chr 0 hy. With a gas chromatography (manufactured by
Agilent Technologfl%%glﬁl{ pgr% thf aggé]o%%%%‘%ee&? ujézaarﬁ%l?r?t ojfl%glé S ?é%%%réﬁ’b%h‘é(g%an be
measured by intew&llstan%ard method in a hydrogen flame ionization detector, using a nonpolar
column (manufacturec?%%/D %Wﬁ%‘l’echnology, Ltd.), at a temperature of 50 to 300C, raising
temperature at a rate og%QC/er@iQ ggg#g,irng He as a carrier gas at a flow rate of 1.2 cc/min, whereby
the disappearance of the silane gompounds through hydrolysis can be confirmed. [0083] 20As

desrilabed above, in %hzeosll%{g‘%cgétﬁaet%e& ,Of the silica

diethoxzyacetophenocone,
l-hydroxy-phenylphenylketone,
2, 6~-dimethylbenzoyldiphenylphosphineoxide,
2,4,6-trimethylbenzoyldiphenylphosphineoxide, and
15 diphenyl-{(2,4, 6-trimethylbenzoyl)phosphineoxide.
These photopolymerization initiators may be used in
combination of tweo or more kinds.
[0055]
The content of the photopolymerization initiator in the
20 hardening composition may be such amount as to appropriately
harden the hardening compesition. 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



fine particles, the silane compound (f) is usually used in an amount of 5 to 25 parts by mass,
preferablyskQ to12Q: 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 beergsurface-treated. SF-2186 42 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 to 18 parts by mass, based on 100 parts by mass of the silica fine particles

which haveneasbeeisufacedeated 43l0084] - ompthe Minimum-amoUat of waternegessary 4o carry
out the hydrolysis is one time the sum:of the mol number of an alkoxy group and the mol number of a

hydroxyl gieup bonded tathe silane-compeunds{f) ang(g). Thesgaximum amountisjen imes
thereof. 10 When the amount of water is excessively small, the hydrolysis speed Is extremely low,

which may, he sinesgnemical. and |%@é&t%@S@FS@QE%ﬁﬁ%@?'%ﬁtﬂé%ﬁd@gn\é%rs%'& whea the amount
of water is excessively large, the silica fine particles (a) may form a gel. [0085] The hydrolysis

reaction usualiipyolvesithg uise.of a catalyst forthe fydrolysis reaction, ;Spegific examples, of such

catalysts include: inorganic acids such as hydrochloric acid, acetic acid, 20 sulfuric aCid and

phosphorig acid, s  ; 91ganic.acids such asformic agid, propionic,acid, oxalic acid, para talugne

sulfonic acid, benzoic acid, phthalic acid, and maleic acid; alkali catalysts such as potassium

hydroxide,godium, 5F;2186.43 hydioxide; caiciym hydrexide, and.ammonia, organic metals, metal

alkoxides; organic tin compounds such as dibutyltin dilaurate, 5 dibutyltin dioctylate, and

dibutyltin diacetate; 1 ggalmggategg@p@gﬁ&gﬁé&m%sﬂ%%U{g&ﬁi%%f%yﬂa%%t%n%@added in

titaniumtetrakis(acetylacetonate), titan is(acetylacetonate),

bt A b b Sk gt et e
zirconiumbis%sopropoxy%tbis ac’etylacetonatee); and Boron compounds such astboron butoxide and

boncacmbe insufficient.

10 [0C506]

Examples of the heat polymerization initiators include:
benzevlperoxide,

diisopropylperoxycarbonate,
t~butylperoxy({2-ethylhexancate},

15 1,1~di{t-hexylperoxy)cyclchexane,
1,1-di{t-butylperoxy)cyclochexane,
2,2-di(4,4-di-(t-butylperoxy)cyclohexyl)propane,
t-hexylperoxypropylmonocarbonate,
t-butylperoxymaleicacid,

20 t~butyiperoxy-3,5,5-trimethylhexancate,
t-butylperoxylaurate,
t-butylpercxopropyimeonocarhenate,
t-butvylperoxy-Z-ethylhexylmonccarbonate,

t-hexylpercxybenzoate,



[0086] 150f these, in view of achieving solubility in water and sufficient hydrolysis speed, hydrochloric
acid, acetigmacid,gnaleic acid and boron compounds are preferable. These catalysts can be used alone
or in combination of two or more kinds. [0087] 20In,Step 1, the hydrolysis reaction of the silane
compounds (f) 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;watef seluble catalyst is dissalyed Sk=2186 A4 apnappropriate amount of water
and added into a reaction system, the catalyst can be uniformly dispersed. [0088] The addition amount

of the catalyst usag_fgﬁ{;ygwg%§6{g@@tmi’s not particularly limited, but 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

surface-treatment of the; silicafine particles involyes 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 particl@%%{}:; '%g!%gli&%%rganic solvent. [0089] The reaction temperature 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 torﬁ_q%t\/)\/llﬂgg the ﬁ%igg&@@gﬁé@gg%wjfg%giggly low, the hydrolysis speed is
] ' lead t

extremely low, which may be uneconomical an insufficient surface-treatment. When the

reaction temperatyre is_exc S iV ) igh, t ti reaZci n tends to take place. [0090] The
yie 1> 8xcg %g%%e%o @gg‘sgﬁggﬁgﬁ%er} %Qe

reaction time for carrying out th drolysis is rticularly limited, but is usually in the range of 10
minutes to 48 hou&g,crﬁr%fefag%(ggigré%range of 30 minutes to 24 hours. SF-2186 45 [0091] In Step
1, the surface-treatment %ﬁfy e carried out by successively using the silane compound (f) and the

silane compound &%Q%%ﬁ%@%‘}gfg&jw out by using both at a time in a

2,5-dimethyl-2, 5-di (t~-butylperoxy)hexane,
10 t-butylcumylperoxide,
di-t-hexylperoxide,
p-menthanehydroperoxide,
2,0~dimethyi~-2, 5-di (t-butylperoxy)hexane-3,
diisopropylbenzenehydroperoxide,
15 1,1,3,3-tetramethyibutylhydroperoxide,
cumenehydroperoxide,
t-butylhydroperoxide,
Z2,3-dimethyl-2,3-diphenylbutane,
Z2,2~azcbhis (d~-methoxy-2,4-dimethylvaleronitrile,
20 Z2,2"-azebis(2,4-dimethvlvaleronitrile),
dimethyl-2,2" -azobis{Z2~-methylpropionate),
2,2"-azobis{Z2-methylbutyronitrile),
1,1’ —azokbis{cycichexane~1l~carbonitrile),

2,2"—azokbis (N-(Z~propenyl)~Z~methylpropionamids,



5 single stage in view of making the reaction process simplified and efficient_ [0092] (Step 2) A
method for,mixing the silica fine particles (a) and the 10(meth)acrylates (b) and (c) is not particularly
limited, but for example, there can be mentioned afgethod in which the mix 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, fmethacrylates th) andi(¢), are added, and mixed. [0093] The silica fine
particles (a) are preferably silica fine particles dispersed in an organic solvent in view of the 20

dispersibility in thehardeping.compositien. The qrganic solvents.are preferably, those capable of
dissolving organic components containedyin the hardening composition (such as the later-mentioned

(methyacrylate (b) an (metRIRCoRte.(e) (0094) SE-2A86.46 - o Examples,ai he organic solvents

include alcohols, ketones, esters, and glycol ethers. Becausé of the easiness of the desolvation in the
later-mentjoneghdesolvation step in which the organic solvent is removed from the mixed liquid of the
silica 5 fine particles (a) and the (meth)acrylate (b) and the (meth)acrylate (c), preferable are alcohol

organjc solvents skgh astpethanol, ethanol,.isopropylalcohal, ggftyi%ﬁOQ%’i%q%gfg%O%ﬁa@QQ"" and

ketone organic solvents such as methylethylketone and methylisobutylketone. 1 9 Of these,

isopropyl IS: parti s le. e silica fi rti Igs a) dis %ged in
| yarll%%é&%%r Ig%ﬁlggggqg@p%yvr%%% IE?%”? B?valt%on %5 c%jlf\\’/?/er v?ssc!’osﬁ)s} fhan when

isopropylalcohol are dsed, the hardening composition a eso S

other solvents.are Ugf‘a(} and thus ahardening 15 composition having low viscosity can be. stably
prepared. 009%]( (Step'3)” ~ In Stép 3?% order t dli)s%ﬁ%%d %%s&%%te?Rérﬁﬁaaf%?ﬁﬁggé'%?e

collectively referred.to as desolvation) an organic.20 solvent and water from the.uniformly, mixed liquid
of the silica fir r%opsé"r%élgg (a)%%]%qh%%(?ngt%ﬁa%c&?a]tgg ?bﬁléznadt (1(33)n thzénrjﬁtl:xjé%rg%ﬂié %s apcgg]feeéaﬁﬂl/ heated
under redyced pressure. [0097

o0 Large amoun

the hardening composition may have inferior
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
156 cother 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 polymerizaticon initiator are used in combination, the total
contents of these polymerization initiators is preferably 0.01
te 10% by mass, more preferably 0.02 to 5% by mass, based on the
entire hardening composition.

[0059]



SF-2186 47 of the balance between the prevention of aggregation and gelation and desolvation speed,
the tempekgture;is snore preferably 30 to 70C, still more preferably 30 to 50C. When the temperature is
too high, the hardening composition may have consigerably lowered 5 fluidity or become gelled. [0098]
The vacuum degree in reducing 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 t0,100Q. kPa, mostpreferably; 10;to,598.kPa. When a value of the vacuum degree
is too large, the desolvation speed is extremely low, which is uneconomical. [0099] Preferably, the

composition after thedesolvation bas 15 substaptially.no solvent. The werd csubstantiallyj herein

means that the actual production of a hardened product using the hardening composition of the

present inyenfion,does.potrequire angther desglvation 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

oSS, preferably 0.guthy, Mass o lees, MU RIHISRADY, 078y dass of jess (0100 Ip SieR 3, prior to

the desolvation, 0.1 part by mass or SE-2186 48 by mass of the composition after the vation.The
polymerization inhipitgy is ysed,to prevent the polymerization é%g;caﬁ'getojf J5 gompopeqis n fge
hardening composition during and after the désolvation step and during the storage o thé
compositiqn, E@gag%%lgs gﬁ[g‘%ek%glymerization inhibitor include hydroquinone,
hydroquinonemonomethylether, benzoquinone, p-t-butylcatechol, and 2,6-d L.
uty1-4-methylpher(1:(%lgkg1§§e %afntti)g Pesgdsalcc:xrrfe ar ir% (:omlbjcneatiorg1 9 %/\Illonornr% reblggds. [9”101;3 10Step 3
may be carried out in apba?atus prepared so ec?y f6F this step’aﬁer e uniform ? mIXédalqu,I:ILCY of the
silica fine gartg:geg (gll)1 ﬁ”d me h ggr} es, g{b) and (c) which experienced Step 2 is transferred to the
apparatus. Aftermative , when ep 2'was carried out in the reactor where Step 1 was carried out, 15

Step 3 can be carrie QHE In H}hg faag}(e:_ reactor where Step 2 was carried out.

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 cyanine black;

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

20  Dblack 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



[0102] (Step 4) A method for having the polymerization initiator (d) and 20 the black inorganic fine
particles (g)-addeg;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
SF-2186 49 mixer, a ball mill and a triple roll mill; a method in which in a reactor. where Steps 1 to 3
were carrigd Qut.svith-continyous.stirring the pelymerizatiominitigtor-(ch is, added and mixed..and
separately, the black inorganic fine particles (e) are added 5 thereto, and the mixing is carried out at
room temperatre with a mixing maghine such as @ mixery a ball mill, adriple el mill and.a bead mill
and a method in which the black inorganic fine particles (e) are added to the composition obtained by

carrying oyt steps, 1.to3; apd.are mixgd atypom temperature with azmixigg 39 saghine 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. [0303] T fiydening sormposifon,obiained Bychayiag.the.15 polymerizalion atar (o) and the
black inorganic fine patrticles (e) added, mixed and dispersed may be filtrated as needed. The filtration
s cargled guLlp remove fnrelan syfstance sich as ubbishJp e haudening.compasition. A filration
method is not particularly limited, but preferable is a pressure filtration 20 method using a filter of a
membrane t cartri e or the_like, with.a pressure filtration. pore diameter of 1.0 pm, [01041
Via the ab%v%%regs%;ecé\% %s%%ﬁlt%% hhérsde%% E%)%n%géftion @é%lgg eO gélrlrl{w%gsrltioﬁ%? ﬁr%ég %resent
invention gantains the siiga fine partcles (2), a struclyeal. somponent. treated with the, specifie silane
compounds, and théerefore even without containing a solvent, has low viscosity and superlor%andllng

characteriggcsi,r@lOS]

grror.
[0061]

10 In view of electrical conductivity, carbon nanotubes are
preferable. Az the carbon nanotubes, those commercialily

avallable 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 um.

[0C62]

The average particle diameter of the black incrganic fine
particles {e) havinga relatively small aspect ratic such as carbon
placks and titanium black can be cobtained as follows. The black

20 inorganic fine particles are observed with a high-resclution
transmission electron microscope {manufactured by Hitachi, Ltd.:
H2000) and 100 black incrganic fine particles are arbitrarily
selected in an cbserved image of the fine particles and are

averaged by a publicly known image data statistical processing



The hardening composition of the present invention, by being hardened, becomes a hardened product
which cande ysed-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 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. [0106] <Method For Producing Hardened Product> 15By hardening the

hardening,compositien of the presentinvention, the pardened productis obtained., As g hardening

method, there can be mentioned, for example, a method in which active energy ray is applied so that

the ethylegigg@é%@sq;gﬁtgg groups.of the (meth)acrylates (b) and (c) are crosslinked; and 20 a
method in which heat is applied so that the ethylenically unsaturated groups are heat polymerized.

These me an be combined. [0107] 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 Qp@egt_lig%ghgQ%%%gﬂywegggtéor%ggggﬁ% ia%%g (%qo.r%tgg irgg }%%§ardgning

5 composition in the above Step 4. If the p ardening a rdening are carried out in

combjnation. boih e photgpolymerzation iator and the Jeat pobmerzalon ot ate

incorporate e abdve Step 4. ardened product o presernit invention can be

obtained, for example, by agplying the hardening, compositon.of the present invention gn thesurface
of a glass plate, a plastic plate, a metal platé, a silicon warer or an electronic equipment component

made by combining these materials an%@/ ctive energy 15 ray or b ating. The hardening may be
carried out both Bﬁg&%ﬁ\% Eﬁ%rfg?/ r%;f/ ah bﬁgaﬁﬁggr[b%&]gfec g 3que? %%%%‘F%B&@in‘“éﬂ%%

hardening cgmpositiop, for example, there can be n}]l%n‘rtigned_aaco fi %with bar coater, an 20
applicator® a die Coater: 5 Spin coater’ & Spray coateta ¢litain &)d:fjég, 5]?&?%0‘%& Fthe TikE- coating
bysmeen{¥EgT8;%ﬁigg?ggl%%gggggb[%Eggéégglggéggscope). Then, tens to
10 hundreds pieces of the carbon nanctubes 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 nancotubes is cobhtained
as follows. A slight amount of carbon nanotubes is dispersed in
15 a solvent such as ethancl. Then, the dispersion liquid is poured
in a slight amount onto an aluminum foll and dried, and then
ocbserved with a SEM. Then, tens to hundreds pieces of the carbon
nanctubes are arbitrarily selected in an cbserved image and are
averaged by a publicly known data statistical processing method,
20 to give the average length.
[COG4]
Specific examples of the carbon blacks include:
Asahi#120, Asahi#90, Asahi#78, Asahi#80, Asahi#f0L,

Asahi#75b, Asahi#73, Aszhi#70, SANBLACKSQ0O, SANBLACK300,



invention to be applied on the substrate is not particularly limited and can be controlled appropriately in
accordancepwith a purpose. In view of moldability, the amount is preferably such that a coating film
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 pm to 3
mm. [0111] If the hardening composition of the present invention is 10 hardened by active energy ray,

the active epgray-ray used for bardeningdsreferabiyan glegtion ray anghaslight yith-a wavelength
ranging from ultraviolet region to infrared region. Regarding a light source that can be used, a light

source forgutraialekis; for example,an ultrashigh,pressiue mercupylight 15 seurce ang a metal halide
light source; and a light source for visible light is, for example, a metal halide light source and a

halogen light souree; .and.a fight sousee for infrared; ray-for example, a h%lgggqgg@tl%%g olh addition

thereto, further examples include a light source such as laser and LED. 20[0112] The hardening

oy active enatal iy maybe gsdieedede lleweddihen hauening. thrayah hegliteatment

(annealing treatment). In this case, the heating temperature is preferably in the rahge of 80 to 200C.

The heating time ig prefgrabiyis, 1 2186 88 heyrange of 40 glinuites to GO.MILes JOLL3],, I the
y

hardening composition of the present invention is hardened by heat tréatment, the heating

temperatulgﬁjcss_%rﬂesrggly&g}&g?rgng% ﬁé?%%@ l29 C more preferably in the range of 100 to 150C.

When the heating temperature is lower t C, thé heating is necessary for longer time, which tends

to be uneconomica} Yhen the heating lemperaure is higher-than 2006, in addion to higher energy
cost, more time is needed to raise temperature and lower témperatur ,Whlcﬁ?erids to be

uneconomical. [Olgﬁr BIfM;I e hard%gi(r:\g ofél&e har%erl?i%%cqm gsitigr) }l?’yaheat polymerization may be,
y fur

as needed, followed Rer har enlng%ﬁrougﬁ%eaef reatrné t(%mnealm’g treatment). In this case,

the 15 heating te IS p ly in th £.150 to 200C. The heating time is preferably in
the range of 5 mi%et\%?ﬁggé fnir%gggﬁ%%&] zali{i‘ar e%ge%’Prgé‘Hcﬁg C]’h%rl"ndar &%ﬁj B t5f the
pl’eSféf[ inﬁ%@téoj‘ iS excgllent in Ii%gshiglg'r% ffect, heat resistance and molding processability, and

theréfore can bé used 1614 lightshidlding componeht. &4 4 fight-shielding film, for various optical

equipments such g amer video camera, a copying machine
quip N%%E%ON%?OS, N}:TERON#.ZGOH,m&I ERON#200IS and NITERON#200

manufactured by Nippon Techne-Carbon Co., Ltd.:
granular products of DENKABLACK FX-35 and HS-100
manufactured by Denki Kagaku Kogyo Kabushiki Kaisha; and
15 SEASTO9H, SEASTY9, SEASTTHM, SEAST6, SEAST600, SEASTSH,
TCKABLACK#8500M/F, TOKABLACK#8300M/F and TOKABLACK#7550SB/F
manufactured by Tckal Carbon Co., Ltd.
[0065]
On the other hand, specific examples of the carbon nanotubes
20 include:
VGCE (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 Carbeon Co., Ltd.



SF-2186 54 and a developing machine. [0116] The hardened product of the present invention is
obtained byshardgning the hardening composition containing the 5 (meth)acrylates (b) and (c) with a
high glass transition temperature of the homopolymey, and therefore has excellent heat resistance.
[0117] 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 280C
or higher, preferably 300C or higher, more preferably 320C or higher. When the 5% weight loss
temperature in heating is lower than 280C, for example, in a case where this hardened product is used

for 15 an active matrix,display: element substrate, t@grpe(o%%c}igg &rgges%bt{are%g@ hﬁ/@é}{oblems

such as warpage and deflection, or possibly cracks, or contamination of apparatus because of

increased,epission gasomponent In biahtemneratuse featment. [94191 2910e hagslenge product of

the present'invention has excellent light-shielding effect. The light-shielding effect can be evaluated by

using optigal %?P—SL% Qj[])d\?{%%éf ec%pgﬁh%g}%tyi%e?o f dss on %%%t%j;kness agggjeern%d film and

the content of fine particle epending on optical density to 5186 targeted,tﬁe film

thickr)oess%1 e content g Iil? hlack inarganic fine particles needs to_be controlled. The hardened
product obta%r??atrj froﬁt e&ua? é”rﬁ%%anpc}:sl}?ct?ons of ﬁ%cgr’es%eﬁf inev}é%ﬁgg canbe' Sg%c? gfjorcéa &

light-shielding component for various gptical 5 equipments_such as.a camera, a video,.camera, a
copying m%%hinréleaﬁ%lg agé)eloﬁi%g mwgghfn%e. Tﬁg%ptigzﬁ Ifjfé%lgfzfy reﬁ%ire& ?oa?ttﬁgse ﬁ"!slgcgl is 150 or

higher, preferably 2.0 or higher, more preferably 4.Q or higher. Whep the optical density is below 1.0,
the light-s ?é?aloé%%%tcrﬁgy blemi%’:élﬁfﬁ%fé%t.aﬁfv Eanyplgsgfﬁl dj¢ Qhﬁe?éfﬁaﬁgr?tﬁ’ébpegéﬁ

n
invention will be described i%d%tfil with reference to Examples bLét the present invention is 15 not

limited to fHe folowing EXaRiples 58 ohg A% Act mMisding te-gist J0F501 R xanple 1) TPFépRtion of

HardeningcCom,position] e . . . ,
onslsting” of silicone resins, alkcexysilane resins, silane

16 coupling agents, and higher aliphatic acid salts.
[0067]
Examples of the hydrophobicity-imparting agents include:
higher aliphatic acid compeounds such as higher aliphatic
acid glyceryl, higher aliphatic acids, higher aliphatic acid
15  polyvalent metal salts, and higher aliphatic sulfates
polyvalent metal salts;
higher alcohols and derivatives thereof;
organcfluorine compounds such as perflucrinated or
partially fluorinated higher aliphatic acids and higher alcohols;
20 and
organosilicon compounds 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



20Into a separable flask, 100 parts by mass of an isopropy! alcohol dispersion type colloidal silica (the
silica content. 3Q%-by mass, the average particle diameter: 10 to 20nm, product name: SNOWTEX
IPA-ST, manufactured by Nissan Chemical Industrigg, Ltd.) was charged. Then, into the separable
flask, 4.5 parts by mass SF-2186 56 of y-methacryloxypropylt methoxysilane and 4.5 parts by mass of
phenyltrimethoxysilane were added, and stirred and mixed. Further, 2.9 parts by mass of 0.1825% by
mass HCI solutign was.added, and.stirred at 20C for 24 hours. The silica fine particles 5 were in this
way surface-treated to provide a dispersion liquid of the silica fine particles (a). [0121] The
disappearanegsefy-methacryloxypropyltrimethoxysilane and phenyltrimethoxysilane through hydrolysis
was confirmed by 10 gas chromatography (manufactured by Agilent Technologies Japan, Ltd., 6850
type). The measurﬁgw%%tevvém%%%%%Qyﬂgt?r%&s%qgle@%ée @Mé@ﬁ%ﬁﬂ%@%@?'zaﬂon

detector, using a nonpolar column (manufactured by J&W Technology, Ltd.), at a temperature of 50 to

300C, b isi 0C/min, i i tafl te of
y ralsi W@%ﬁﬁ%ﬁfﬁ%&éﬁ& min %Qtﬁﬁ%- On%%ﬁé?é%ﬁ%ﬂ%%a%ea oy rate o

1.2 00/mmEighthoursaftertheHCIsolutionwasadded, phenyltrimet

y-methacryloxypropylrimethg s.ailgg. C%S_L e %1. [Qg. sz%/ Then, into 100 parts by mass of the
dispersion¥liquid on 1¥1e s‘ilica(ilf:w)fé partflcles%’, E2?%.5 %a'rtf %%Eé?é% frime hygol'BF:oe?a%re?arﬁ?aﬁc%late
(product n%’t%g/'scoat #295, manufacturedbyOsaka Organic Chemical Industries Ltd., Tg of the
homopolymer: >250C) and 22.5 parts by mass of SE-2186 57 adamantylmathacrylate (product name:

ADMA, manufacttjzglesd Qxeg)sakfa%reqaél(i)%c Jevmi(:aall I%q}qsgrie%%@., T I(r)\f Téa homopolymer: 180C) were
added and uniformly mlxed.s'llhereafter, Wi §ﬁrin§, a'volatile Contérit was removed by heating under

reduced pressure at 40C and 100 kPa tlglerebét;})] ?bta}[i%a silicaldispersion resin composition. The
r

amount of the volatilé 8&“@%%?58\%’& Was T h p%ﬁs ?/X gsls.zf&f%] Subsequently, to 95 parts by

mass of the silica dispersign 10 resin compagsition, as the black_ inorganic fine particles, 5 parts by
mass of carbon blgé"lécgl}#%{e}fﬁég clv%ﬁwt%?fr#é?ﬁ{ﬂeﬁgglgffé’feﬁ%ea@%ranular product of DENKABLACK
trea (ﬁ with dimet\feﬂg;l sionanI]:, groduct name: 5106-5, manufact,u}red by Daito Kasei Kogyo Co.,
Ltd., the number a e‘eg"yélﬁgﬁig CHERTETEY 1590050 Amy WasYadded &id the mixture was kneaded
with a planetary mixer thereby to completely disperse the carbon blacks, whereby a light-shielding
resin composition { W&& obtained*Yrropylmethyldimethoxysilane,

y-acryloxypreopyltrimethoxysilane,
y-methacryloxyprepyltrimethoxysilane,
phenvylidimethylmethoxysilane,
15 phenylmethyldimethoxysilane,
phenyldiethylmethoxysilane,
phenylethyldimethoxysilane, and
phenyltrimethoxysilane are preferable. In particular,
v-acryloxypropylirimethexysilane, and
20 phenyltrimethoxysilane are more preferable.
(00707
The surface~treatment method using the silicone resins or
the silane coupling agents has no limitation, and can be, for

example, any ¢f a wet method and a drymethod. However, preferable



[01241 The surface-treatment of the carbon blacks with 20 dimethylpolysiloxane was carried out by the
following metheds to 100 g of the carbon blacks put in and flown with a 1L Henschel mixer, a solution
prepared by dissolving 5 g of dimethypolysiloxane ¢manufactured by Shin-Etsu Chemical Co., Ltd.,
KE96-100CS) in 100 g of isopropylalcohol was added dropwise SF-2186 58 and mixed. Thereatfter,
isopropylalcohol was removed by vacuum drying at 80C. Theresiduewasfurtherheatedat 180C for4

hours and thenair-geoledoroam temperature. thereby to. prepare surface-treated carban blacks.
5[0125] Further, with 100 parts by mass of the light-shielding resin composition 1, as the

photopoly@@ﬂg%%wi@t@%g@ﬁé by, }Qikﬁ;i.@leigli%ééaﬁf@%%”%%%ﬂ)ﬂi‘%?ﬁhf‘é%de
(product name: Speedcure TPO-L, manufactured by Nihon Siber Hegner K.K.), 10 and, as the heat
polymerization-initiator,- 1_part. by mass of {-butylperoxy(Z:ethylhexanoate) (product name: PERBUTYL
0, manufactured by NOF Corporation) were mixed thereby to obtain a hardening composition 1 (BR-1).
[0126] 151'[%Ia§rpening composition 1 obtained was found to have a viscosity of 300000 mPa-s. The
viscosity was measured with a B-type viscometer DV-1Il ULTRA (manufactured by Brookfield
Engingering Laboﬁ%rigﬁ 9 gjgimglgﬁ lcﬁlj% N9, 41 a rotation.number of 0.05 rpm, at.25C.
20[0127] The compogi%n of c5mpor§entse%se81fo 1|oré/paj"r%%%é: Raé?c?eﬁl %ngo%%o%t%%die gs set forth
in the following, Tahle 1, [0128] [Preparation of Hardened Film] SF-2186 59 ive Energy Ray
Hardenin% d eéstﬁgrd:énﬁcl)ndgrit “* The %%?&erﬁnaac%%gési ion1 “\fvllé%qup?ﬁcf 58'53 asglfb%):ca?e, using
a spacer of 200 pm., Then,.the front face and the back face each had a glass plate put thereon. The
coating fil%f\?/_v%g%r%%g %teiél1 \?vﬁﬁaa%*i(r:radllgﬁna%%ﬁ:céﬁgqstﬁp%% V@ﬁﬁ%ﬁﬁtﬁz—hig?%%e%éml?r‘énr%ercury

lamp at 3 J/, thereby to be hardened. Thereafter, further heat treatment was carried out at 12000
for & min. e (harbb) 16 SO Rtely Herdai the Costhg AT {o128] o Andey Earrof’iE

generalized, but the addition in an excessive amount

[.....i

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 hydrophoblcity may be low and the dispersibility may
be insufficient. When the addition amount is more than 20% by
mass, the resclution may be lowered.
t0072]

20 The content of the black inorganic fine particles (e) in
the hardening composition may be such amcunt as to ensure
sufficient light-shielding effect and appropriately keep the
fluidity of the hardening composition. Based on the entire black

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



10This hardened film was used to evaluate the following properties. The result thereof is set forth in
Table 2. [@130]{Rroperty Evaluation Method] <Molding Processability> 15The hardened film was
evaluated based on the following criteria which indigates the extent to which the hardened film, when
peeled from a glass substrate, can be processed without fractures or cracks. [0131] 20A: the hardened
film can be processed (peeled) without fractures and cracks. [0132] B: the hardened film has no

fractures, Q#tr%@al%aé% acks. 952186 60.[0133] C; the hardened film.has,cracks,with poor
processability (peeiablllty). 0134] 5 <Light-Shielding Effect> All light transmittance (%) of the

hardened filrg oltained was measureghwith the yse.ofa ?8!9%%%%@"5&%%& Instrument

(manufactured by Nippon Denshoku I_ndu_strles, Co., Ltd., COH400), and from a value_ obtai_ne(_j, an OD
value was_calculated 10 and thehtzshielding effect was evaluated.hased.an m?efoﬂg%ﬂ@ﬂ%?a-

[0135] A: all light transmittance n 0.01% (OD value B 4) B: 0.01% < all light transmittancel% (4 > OD
Vame[32kompositionnﬁykxadisruptedandtﬂﬁxsmayleadtx)inferiorhandling

5 characteristics because of aggregation and significant viscosity
increase. When the black inorganic fine particles (e) are added
in too small amount, 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, solvents, pigments, fillers such as other inocrganic
fillers, reactive diluents, dispersants and cther modifiers, as
long as the characteristics such as the viscosity of the

15 composition and the heat resistance of the hardened product are
nct impaired.

(0074]

Examples of the leveling agents include polyether modified

dimethylipolysiloxane copolymers, polyester modified
20 dimethylpolysiloxane copelymers, polyether modified
methylalkylpolysiloxane copolymers, aralkyl modified

methylalkylpolysiloxane copolymers, and polyether modified
methylalkylpolysileoxane copolymers.

[0075]



15C: 1% < all light transmittance10% (2 > OD value B 1) D: all light transmittance > 10% (OD value <
1) <Heat Resistapee Form Stability> The hardened film obtained was heated at 270C for 1
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 hardened product was evaluated based on the
following criteria. [0136] A: the hardened product has no warpage, and the hardened film SF-2186 61

is not broken. [0137] -Bi-thehardened product has.warpage of 1Jnayerless per acmhut the

hardened film is not broken. 5[0138] C: the hardened product has warpage of more than 1 mm and 5

mm or less pef,8:cm.butthe @,arqﬂ@g,ﬁl@ﬂaﬁpt hroken; [0130] ., .. Ditheshardened prodyct has

warpage of more than 5 mm per 5 cm, 10 or the hardened film is broken. [0140] <5% Weight Loss

Temperat%r@ffateTh&Qﬁﬁggﬂ%ﬂﬁg}j&%@z%@si was dreated with.the uge of TGDTA(nagutactured by

SEIKO Electronics Industries, Co., Ltd.) in 15 nitrogen atmosphere at temperatures ranging from 20C
to 500C, bélggisé%tegpi%@t}gg at a rate of 10C/min, whereby the 5% weight loss temperature was
obtained. The hardened film with a higher value of the 5% weight loss temperature represents a
hardeged f[lmyv(gtp superior heat resistance. 20[0141] (Example 2) [Preparation of Hardening
Composition] The same procedure as in Example 1 was repeated except that

trimethylolpropanetyagrylate was qdded jn.an.amoupt.of, 30 parts .

SOLSPERSE 3000, SOLSPERSE 5000, SOLSPERSE 8000, SCLSPERSE

11200, SOLSPERSE 12000, SOLSPERSE 13240, SOLSPERSE 13650,

SOLSPERSE 13940, GSOLSPERSE 16000, SOLSPERSE 17000, SOLSPERSE

16 18000, SOLSPERSE 20000, SCLSPERSE 21000, SOLSPERSE 240008C,

SOLSPERSE 24000GR, SCLSPERSE 26000, SCLSPERSE 27000, SOLSPERSE

28000, SOLSPERSE 32000, SOLSPERSE 32500, SOLSPERSE 32550,

SOLSPERSE 32600, SOLSPERSE 33000, SOLSPERSE 34750, SOLSPERSE

35100, SOLSPERSE 35200, SOLSPERSE 36000, SOLSPERSE 36600,

15 SOLSPERSE 37500, SOLSPERSE 38500, SOLSPERSE 39000, SOLSPERSE

41000, SOLSPERSE 41080, SOLSPERSE 43000, SCLSPERSE 44(QC0,

SOLSPERSE 46000, SCLSPERSE 47000, SOLSPERSE 5309%, SOLSPERSE

54000, BSOLSPERSE 55000, SCLSPERSE 56000, SOLSPERSE 71000,

SOLSPERSE 76500, SOLSPERSE X300, SOLPLUS (€825, SOLPLUS D510,

20 SOLPLUS DHZ0, SOLPLUS D530, SOLPLUS D540, SOLPLUS DP310, SQOLPLUS

L300, SOLPLUS L4400, SOLPLUS K200, SOLPLUS 210, SOLPLUS 500,

SOLPLUS 700 and SCLPLUS 210 manufactured by Lubrizol Japan
Limited;

Fleoeren DOPA-15B, Floren DOPA-15B, Floren DOPA-15BHFS,



SF-2186 62 by mass and adamantylmethacrylate was added in an amount of 10 parts by mass,
whereby ashargleping composition 2 (BR-2) was obtained. [0142]  The composition of components
used to prepare the hardening composition 2 is setfgrth 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

evaluate the properies:as 7th Examnle bokhe resulk-ihereof ipsat ferh inilable 2,015{0149]

(Example 3) Preparation of Hardening Compositionf The same procedure as in Example 1 was

repeated except thai adamantyimethaerylatewagchangedto 20 dicyelopentadiegylmethacrylac_e
(product name: FA-513M, manufactured by Hitachi Chemical, Co., Ltd., Tg of the homopolymer:

175C), wherels haidening.composiien? (BR:3) wes obpingd 0146] 52166 6300y The

composition of components used to prepare the hardening composition 3 is set forth ollowing

Tante 1. 1247 Rrenarsdangl d1arrisped Fimbe R 2 @mls Lot MRIARIDY SarmRqRitian 3 was
5 Co., Ltd.; and
AJISPER PB-821, AJISPER PB-822, AJISPER PRB-880, AJISPER
PN-411 and AJISPER PA~-111 manufactured by Ajinomoto Fine-Techno
Co., Inc.
In particular, those with lowpolarity are preferable, with
10 specificexamples including but not limited thereto SOLSPERSE 3000,
SOLSPERSE 11200, SOLSPERSE 13650, SOLSPERSE 13940, SOLSPERSE
16000, SOLSPERSE 17000, SOLSPERSE 21000, Floren DOPA-15R, Floren
DOCPA-15BHES, Floren G-600, Floren G-820, Floren G-900 and Floren
NC-500. These dispersants can be used alone or in combination
156 of two or more kinds.
[0077]
The dispersant is added usually in an amount in terms of
a solid matter of 5 wt% te 100 wt%, preferably 10 wt% to 80 wth,
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
dispersikbility may be insufficient, and when the addition amcunt
exceeds 100 wti, properties of the hardened product may be
significantly affected.

[0078]



by active energy ray and by heating thereby to obtain a hardened film. [0148] This hardened film
was used tg-evalyate the properties as 10 in Example 1. The result thereof is set forth in Table 2.
[0149] (Example 4) [Preparation of Hardening Compgsition] 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,¢rpesition 4{BRs4) was obtained. J0130]20The composition of.components
used to prepare the hardening composition 4 is set forth in the following Table 1. [0151] [Preparation of

Hardened Filpl As r@l%%a@e'ecﬂethige%@ﬁe'%me%mora 4was hardened . SE-2186,64 by active
energy ray and by heating thereby to obtain a hardened film. [0152] This hardened film was used

to evaluate e praperties,as,§ in.Example . The fesylidhersafis setforih.ip Table . JOL5R) (Example

5) [Preparation of Hardening Composition] The same procedure as in Example | was repeated

except thaf 10, tQ%RQ?lt%%Q'}{%‘%”EQE% initialor was, notused, whergby a fardening compgsition 5

(BR-5) was obtained. [0154] The composition of components used to prepare the hardening

ComeSItI%rlgr@§e££%tggﬂ£q%§9|§1a | J?QCBO%]. Fﬂlog‘fls&_]()(} rotation number: 4 rpm)

to 400000 (reotation number: 0.03 rpm) mPa-s when being a resin
composition having both light-shielding effect and electrical
conductivity. The wviscosity herein 1s measured with a B-type
visceometer DV-III ULTRA (manufactured by Brookfield Engineering
10 Laboratories, Inc.) using a spindle Neo. 41 under the condition
of 25°C. That is, the hardening compecsition of 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 by the
i5 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 sequentially carrying out:
the step (Step 1) of surface-treating the silica fine
particles dispersed in an crganic solvent with the silane
compounds (f) and {(g) to cbtain the silica fine particles (a};

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



[Preparation of Hardened Film] <Heat Hardeni The hardening composition 5 was applied on a
substrate, s -.ysing a spacer of 200 pm. Then, the front face and the back face 20 each had a glass
plate put thereon. The coating film was subjected tg heat treatment at 120C for 9minutes and
completely hardened. [0156] The hardened film obtained was used to evaluate the SF-2186 65 Table
2. [0157] (Example 6) [Preparation of Hardening Composition] 5The same procedure as in Example 2

was repeatedexcept thatthe ohotapalymerization; initiator was natused, whereby a:hardening

composition 6 (BR-6) was obtained. [0158] The composition of components used to prepare the

hardening 10 comppsition 8, is setfort) i Ihé{@LO%!‘_’E@QJ&@g&-é@%@%&%@aﬁ% of Hardgned Film]

As in Example 5, the hardening composition 6 was hardéned by heating, theréby to obtain a hardened

film. 15(0160] . The-hardened film gbtained yvasysed 1a.gvaluate,ing properties as o Fxample 1.
The result thereof is set forth in Table 2. [0161]
fine particles (a} and the (meth)acrylates (b) and (c¢); and
5 the step (Step 4) of having the polymerization initiator
{(d} and the black inorganic fine particles {e) added toc a
compositicn obtained through the distillation and desolvation,
and uniformly mixed and dispersed to provide a hardening
composition. Hereinafter, each step will be described.
10 (00801
(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 sclvent dispersion ligquid

15 of the silice fine particles are introduced into a reacter, and
with stirring, the silane compounds (f) and (g) are added, and
stirred and mixed. Then, water and a catalyst necessary to
hydrolyzing 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.

[oo8l]
As described later, it is preferable that the silica fine

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



20(Example 7) [Preparation of Hardening Composition] The same procedure as in Example 3 was
repeated gxeept that the photopolymerization initiator was not used, whereby a hardening composition
7 (BR-7) was obtained. SF-2186 66 [0162] Thg,composition of components used to prepare the
hardening composition 7 is set forth in the following Table 1. [0163] 5[Preparation of Hardened Film]
As in Example 5, the hardening composition 7 was hardened by heating, thereby to obtain a hardened

fim. (0164, cn: Thehaydened Mm ofiaed was usedlo evalugle ine,1q praneytics pdy Rxample 1.

The result thereof is set forth in Table 2. [0165] (Example 8) [Preparation of Hardening Composition]

L5The same procedure s in Example 4.Was repeated exaept thg@%ﬁ%@ggﬁxf@ﬁééﬁﬁoeA?J“atof

was not used, whereby a hardening composition 8 (BR-8) was o he composition

of componeyts ysed Lo preparg i hardening 20 compasition § js getforh in the fplowing Tgble 1.
[0167] [Preparation of Hardened Fi m? Asin ExampILe 5, thgghar&enlng Cc mposmopn was
hardened PM hceﬁaéingrgggeltgy tsoogt%rtéaeirptq hafgleen%drgle%ic solvent dispersion liguid
5 of the silica fine particles can be produced by a publicly known
method, or are commercially available as products such as SNOWTEX
IPA-ST {manufactured by Nissan Chemical Industries, Ltd.)
[0082]
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 iInternal standard method in & hydrogen flame
ionizaticn 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 hydrelysis 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.



SF-2186 67 [0168] The hardened film obtained was used to evaluate the properties as in Example
1. The resyjt therepf is set forth in Table 2. 5(Example 9) [Preparation of Hardening Composition]
The same procedure as in Example 5 was repeateghexcept that the composition was as shown in
Table 1, whereby a hardening composition 9 (BR-9) was obtained. The composition of components 10
used to prepare the hardening composition 9 is set forth in the following Table 1. [0169] [Preparation of

Hardenedthe bardening by heating was carried out g5 in Example 2,13,except that the heating

temperature and the heating time were changed to 130C and 16 minutes, respectively, thereby to

obtain a h@&%%ﬁlrﬂa@g,?%lrefermpa{ee@sdﬁﬂ%g@@% was.useq fo evaluate e, 20

properties as in Example 1. The result théreof is set forth in Table 2. (Example 10) [Preparation of

Hardening Gomposiina] The same piocedlice as i Example S.uss jepeated exagp) that, 57,2166 68

the composition was as shown’in Table 1, whereby a har position 10 (BR-10) was obtained.

The compesition of cor ents used o prepare t rdening.compasiti 0 is set forth in the
following Tatl)ﬁe 1? 53[%171 eFPrepare%ft%llon gf §a%%%£§%ﬁln]gﬂggﬁ$§;%fs e%]oltn%g%éomposition 10 was
hardeéned Pé(d})eﬁing as in Example 5 to obtain a hardened film.

The 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 (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 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 [G0BS]

The hydrolysis reaction usually involves 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
acld, para tecluene sulfcenic acid, benzolc acid, phthalic acid,
and maleic acid;

alkali catalysts such as potassium hydroxide, sodium



[0172] 10The hardened film obtained was used to evaluate the properties as in Example 1. The result
thereof is set.forth én Table 2. (Example 11) [Preparation of Hardening Composition] 15The 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[0173] [Preparation of

Hardened;Fjlml, 1 sEhe bardening eompesition 11.was hardened by heating as in Example S to
obtain a hardened film. [0174] SF-2186 69 The hardened film obtained was used to evaluate the

properties as in Example;l-The result.thereof is set forth in Table 2. (Comparative Example 1)
5[Preparation of Hardening Composition] The same procedure as in Example 9 was repeated
except that trimethylalpropanetriacsylate and adamantylmethacrylate were replaced with
adamantylmethacrylate alone, whereby a hardening composition 12 (BR-12) was obtained. The

composition of 10 ogpopents ysed é%ﬂg%raﬁ{sgheﬂﬁ}en@g comRosian 1g 1o gesforh,nahe

following Table 1. [0I75] [Preparation of Hardened Fi uringthe preparation, the

compgsiti_gﬂg @% g@llg%b%%ﬁ@@harggge% {igﬂg%lgi%otgfa%rg@g%eedf (Comparative Example 2)
[Preparation of Hardening Composition]
metal crielate compounds such as
aluminumtris {(acetylacetonate),
titaniumtetrakis{acetylacetonate),
titaniumbis (butoxy)bis{acetylacetonate),

10 titaniumbis (isopropoxy)bislacetylacetonate),
zirconiumbis (butoxy)bis (acetylacetonate), and
zirconiumbis {isopropoxy)bis(acetylacetonate); and
boron compounds such as boren 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 pe used alone or in combination of two or more kinds.
[0087]

20 In Step 1, the hydreolysis reaction of the silane compounds
(f)} 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 1is

preferable because when the water scluble catalyst is dissolved



The same procedure as in Example 9 was repeated except that trimethylolpropanetrimethacrylate and
adamantykmethagrylate 20 were replaced with trimethylolpropanetrimethacrylate alone, whereby a
hardening composition 13 (BR-13) was obtained. The composition of components 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 composition 11 was hardened by heating at the same heating

temperatute, fqr, the same. heating ime-as 7 Exarple 9:theighy to,obtain.a.hardepad film. 5[0177]

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

set forth i bl ve.EX P f Hardening Composition] The
inf.a sa%@%g&paég&k &-Example3)-HQlPraparatian of

same procedure as in Example 9 was repeated except that the silica fine particles were not used and
the compogs@t%\ﬁvas as shown in Table 1, whereby a hardening composition 14 (BR-14) was obtained.
The composition of components used to prepare the 15 hardening composition 14 is set forth in the

following Table 1. {%36784(£P5Eap§5%tlogh%fd;lﬁrdggqug Thgl é enlgggygoegtl 09@“ € same

heatlng temperature for the same heatlng time as Iin xam was attempte ut It%% was

|mpo%s|blej\_,g ghztg apgr%%negmé%é%p ble ?f bfmrg %vaéuatgd [0179 AII git Qqa denedl%roducts

obtained in Examp esltoll and *heat resistance. |s > Believe e heat resistance

is attributed tothe superlorcrossll ing struc cons ctedb e inor an| articles and.the
oIt o %ﬁﬁ‘he% ey Bhaga on o

monomergcontal e¥j in‘the co%posmon leved shleldlrfg e

parts by mass o©f the silica fine particles. If the
surface-treatment of the silica fine particles involves the use
of an organic solvent dispersion ligquid 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.
[0C89]
The reaction temperature in the hyvdrolysis reaction is not
15 particularly limited, but is usually in the range of 10 to 80°C,
preferably in the range of 20 to 50°C. When the reaction
temperature is excessively low, the hydrolysis speed is extremely
low, which may be uneconcmical and lead to insufficient
surface~treatment. When the reaction temperature is excessively
20 high, the gelaticon reaction tends to take place.
[0co0]
The reaction time for carrying ocut the hydrolysis is not
particularly limited, but is usually in the range of 10 minutes

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



5 results from the balance of the composition contributing to the superior dispersion of the black
inorganic fine padigles. [Example 12] (Preparation of Electrically-Conductive Hardening Composition)
Into a separable flask, 125.3 parts by mass of an isapropyl 10 alcohol 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 @‘I@@@,ﬁe parts by mass of y-methacryloxypropyltrimethoxysilane and 4.5 parts by mass of
15 phenyltrimethoxysilane were added, and stirred and mixed. Further, 3.6 parts by mass of 0.1825%
by mass HC1 solution was.added, gnd sfirred at. 20¢. fot. 24 hours, The siliea fine particles were in this
way surface-treated to provide a dispersion liquid of the silica fine particles (a). 20[0180] The
disappearance oLy methacodoxypronylrimethonysiang and phenylirmetoxysiane Jyrough fydrolysis
was confirmed by gas chfomatography (manufactured by Agilent Technologies Japan, Ltd., 6850
type). The measure t i t by ipternal -2186 72 sta d method in a hydrogen
flame ioniz(argu?o'n g%tgl?c%,\%%%g%g ﬁ?&%lﬁa}/&%%ﬁ% nlwgdgrér‘%lctgusrég %y%%%?/ 'Fe“cﬁnglﬁijﬁ Lét/r&.)?at a
temperature of 50 tq 300C, by raising temperature at.a rate of 10C/min, and using. He.as_a cgrrier gas
2t 2 ow 1308 S22, S EgRERours SRCTHE HILE sorton o Sdant pren e etosgsiane
and y-metgagrylogﬁ/fropé/rllt{imethoxysilane disappeared. [0181] Then, into 100 parts by mass of the
dispersion ﬁqui&o G e silica fine particles (a), 28.2 parts by mass of imethylolpropanetriacrylate
(product n - Viscoat #295, manufactured by Osaka Organic Chemical Industries Ltd., Tg of the
homopolymer: >éSOC) and 28.2 parts by mass of adamantylmathacrylate (product name: ADMA,
manufactl;[gd bé/% aka 15 Organic Chemical Industries Ltd., Tg of the homopolymer: 180C) were
added and TRSmMAY mixed. Thereatfter, with stirring, a volatile content was removed by heating under
reduced pressure at 40C and 100 kPa thereby to obtain a silica dispersjon resin composition. The
amount of the vol&tilB Tonteht r8dved Was 53({3% 56 part by MasE 185125 Stbsdgtentty, to 96
parts by mass of the silica dispersion resin composition, as the black inorganic fine particles, 4 parts
by miss of BRSO FidrotabES (PRduct hahTe: V& ER frads anvd) 2 'SR 21 88 7 harfitactiréd by
Showa Denko K.K., the average diameter: 150 nm, the average length: 8 pm) was added and kneaded
with a plaf&ERy irfixer THEEBY T6-Completély bisparsk thetarbsiinarotibes whéreby Hiight-shielding

resin composition 15 was obtained. ‘ .
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 methed in which, in the reactor where
15 Step 1 was carried out, with continuous stirring, the

(methlacrvlates (b} and {c} are added and mixed.

[0093]

The silica fine particles (a) are preferably silica fine

particles dispersed 1in an organic solvent in view of the
20 dispersibility 1n the hardening composition. The organic

solvents are preferably those capable of dissolving organic

components contained in the hardening composition (such as the

later-mentioned (meth)acrylate (b) and (meth)acrvlate (c)).

[0084]



5[0183] Further, with 100 parts by mass of this light-shielding resin composition 15, as the heat
polymerizatjonsinitiator, 1 part by mass of t-butylperoxy(2-ethylhexanoate) (product name: PURBUTYL
0; manufactured by NOF Corporation) 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 composion 15 s haigensd by heaing aLhe 15 same heating emperature 0t the same

heating time as in Example 9 thereby to obtain a hardened film. [0184] ardene

obtained vg%%g@%d, toaqyglusgeytg&pr%pﬁ{ggg as inExam Ig ;Ogndcgg?m%%ssl{ﬁé@es volume resistivity

20 for the evaluation of the electrical conductivity.The evaluation result thereof is set forth in Table 4.

[0185] A maethod farmeasyring the valume [existiviyi; as llows, [0186] 3 -2156,74 sVolme
Resistivity> The hardened film was prepare& on a glass substrate. i the hardenéd fi m, a silver

paste (proguetname; pefte 0-550. maguiaciured by Fpikyrakasel Go..Ligl) was applieq o prepare 5
measurement points. Then, a resistance value between two points was measured with a reésistance
meter, and. converted in.terms of the volume between the measurement points, thereby to obtain a
volun?e re%féﬁ\%ty.ﬁjﬁﬁg]] e volume <~?%%?stivJ[|:;£|¥ees, ofEt g%a}gécﬁe@ fifhs pré%greaa%%r/n tﬁ%%ardening
compositic%?ﬂse% tz 1%}9b{ained in>ExamgI s 1to 11 were ilso measured by the %bove method. The
evaluation resuﬁ theréof are éé:t forth i Tante ﬁ?(%igrﬁp & ‘1%5) 5?5%%%?&88 Y?Féd?&eﬁfh%h
Composition] J;I'Qe same pro edur(ie,as in Examg)le 2.was repeated except that the carbon

4 narhe) ThaRFactured By Showe Berks KRy weté thanged

nanotube$§ fproraﬁct ame’ VG ﬁpa?

to carbon nanotubeiéﬁ)lroduct name: VGCF (trade name)-H; manufactured by Showa Denko 20 K.K.,

the avera§e Biarrater 150, thé BferageiiBhgh: 6 Gmy WHéreby P hiRiEhing cEMpositich™16

(BR-16) was obtained. [0188] )
methylethylketone and methylisobutylketone.

10 [0085]
Of these, isopropylalcchol is particularly preferable.
When the silica fine particles (a) dispersed in isopropylalcohol
are used, the hardening composition after desolvaiion has lower
viscosity than when other solvents are used, and thus a hardening
15  composition having low viscosity can be stably prepared.
[0C9¢]
(Step 3)
In Step 3, in order to distill and desclvate (hereinafter,
these are collectively referred to as desolvation) an organic
20  solvent and water from the uniformly mixed liquid of the silica
fine particles (a) and the (meth)acrylates (b) and (c), the mixed
ligquid is preferably heated under reduced pressure.
[0G97]

The temperature is preferably kept at 20 to 100°C. 1In view



The composition of components used to prepare the hardening composition 16 is set forth in the
following Tahle 3 [SF-2186 75 [0189] [Preparation of Hardened Film] The hardening composition
16 was hardened by heating as in Example 12 thergpy to obtain a hardened film. 5[0190] The
hardened film 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 4.2 was,repeatediexcent.that;ihe garhon, napotubes (productname: VGCE (trads name);

manufacturedbyShowaDenkoK.K.) were changed to carbon nanotubes (product name: VGCF (trade

name)-S; manufactyredby Showa.Renke 15 K& the average digmeter; 80 pm. fe average, length:

10 um), whereby a hardening composition 17 (BR-17) was obtained. The compositioh of components

used 0 prspafe ¢ Patdepiog comRoElian 7 s seLfoihin i foluing Table 3 10351

20[Preparation’of Hardene ning composition 17 was WLf/'heajtﬁﬂg asin

Exaimple 12 herely o o rhardned i, [0152) SES21R0 properes a5 Pxpmple 42, The

result thereof is sét forth in Ta Example 15) [Preparation of hardening Composition e same

procegure %%E% Ig 2 repeat xcept that the carbon nanotubes (product name: VGCF
(trade name); man aturcgjbde f)\élé % og(/%%ggr?io K.K.) were changed to carbon nanotubes (product

name: Me'jepﬁgg{&P-J; manufactured by Meijo Nano Carbon Co., Ltd., the average diameter: 1.4 nm,
the average length: 5

The vacuum degree in reducing pressure is usually 10 to 4000
kPa. 1In 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 value ¢f the vacuum degree is too large, the desclvation
speed is extremely low, which is uneconomical.

[0099]

Preferably, the compcosition after the desolvation has

15 substantially no solvent. The word “substantially” herein means
that the actual production of a hardened product using the
hardening composition of the present invention does not reguire
ancther descolvation step. This means specifically that the
residue amcunt 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 lesgs.

[0100]
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



10 pm), whereby a hardening composition 18 (BR-18) was obtained. The composition of components
used to prggal_:rzel;%‘ug hardening composition 18 is set forth in the following Table 3. [0193] [Preparation
of Hardened Film] 15The hardening composition 18 Ez\/as hardened by heating as in Example 12
thereby 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 20 Table 4. (Example 16) [Preparation of

Hardening. Composition e S r re a xample 12 was r ed with the, similar
g.Gomposition] « . Ty %@%gfﬁ%s %gt%ra ple.12 was repeated with the,s

composition as in Example 9 except that the carbon blacks SF-2186 77 in Example 9 were cehanged

to carbon s duct - VGCF (trade e)-1-1: manufactured by Showa Denko K.K.),
the ave ra&g egg %Fr}[:]gegte["?( Bitgjofg:]gm Et% e%vle%é e jfeb[ n gLfﬁ Q? rrTJ]Em% %’F}%}Té%}yga%%?d & ﬁ%é%%%nlp%%[%t ion 19

(BR-19) wggaocb%aiggd. }h%ggmcpgsitign of.5 corgpgggngaursf?d | to épre are t(glei a{g%ning com osition
19 is set forth in tjhe"foﬂowmg TablrgpS.Tgfgﬁ [Preparation o Har élnedjﬁﬁmf Tﬁe ardening

compositiorll?-éQ was harg%neddby Q?%tiq:%as in Jﬁo Example 12 therel%y to ol%tgiln a harggn%d film.
o i

[0196] & hiardened film Obtained was used to evaluate: %ngfopgﬁieg as'in %%(ample 12. The

result thereof is set farth in Table 4.115(Ex le 17) EPre aration of Hardening Compositio The
same’procedlite as'in %(amgl}éaﬁ)wgé répeated with the s%ﬁgrt&é’rﬁpégi%h%é% Ei%ﬁﬁiplf 16 except
that the trime hon!Propanetrimethac late in Example 16 was changed to 20 _

dipentaer HAtTHAKACHTate, wHotehy & HebaRmING EORBoSHIbN 36 (BR-20)34% BRI The

composition of components used to preOE)are the h.ardenin% comqposition 20 is set forth in the following
Table 3 p-t~butylcatechol, and Z,e6-di-t-pulyl-4-methylphenol. Thege

can be used alone or in combination of fwo 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 Z 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 ocut 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 compoesition
obtained through the distillation and desolvation, and uniformly
mixed and dispersed is not particularly limited. However, for
example, there can be mentioned a methced in which the mixing is

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



[0197] SF-2186 78 [Preparation of Hardened Film] The hardening composition 20 was hardened
by heating _i§1] )gample 12 thereby to obtain a hardened film. [0198] 5The hardened film 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] 10The same procedure as in Example 12 was
repeated with the similar composition as in Example 16 except that the

trimethylolpropanetri etr;L crylate in Example 16 was changed,to pentaerythritoltriacrylate, whereby a
hardening%%)%r%p%’sit?g:lb 5 %(Bélé% \7}/2)(5()1 o%tg"lﬁ(le f‘% he %%?Lng%}éatfoh of é“oer%é’r?;m% uws@é/jdct% 15' prepare
the hardening composition 21 is_set forth in the_ following Table 3. [0199] [Preparation of Hardened
Film] = %’%%%%er"%a%%m%oes%lsorﬁ 2%%235 P’\Jéarﬁ%nqég %§]h%%ti%6tds iH%E)%é)r#pfenff Hﬁsereby to
obtain a haslrdejgedgilm. LIQPZOO ol H'll'ehe,haar gged filng obtained g/ S ysed to e\glgaththe roperties as
in Exampleﬁﬁ. The fesut thereoris set fort innTalﬁ]eafaﬁ-ﬁl 791(305‘%%3 tVe B 8@’4)

i ing Compositio
Uﬁepamm%%gfgggg%gggl;3 Ehg Eféck inorganic fine particles (&) are added

& thereto, and the mixing is carried out at room temperature with
a mixing machine such as a mixer, a ball mill, a triple roll mill
and a bead mill; and a method in which the black inorganic fine
particles (e) are added to the composition obtained by carrying
out Steps 1 to 3, and are mixed at rocm 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 dispersedmay be filtrated as needed.
The filtration is carried out to remove foreign substance such
as rubpish in the hardening compesition. 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 tThe present invention c¢an be produced. The hardening



The same procedure as in Example 16 was repeated except that trimethylolpropanetrimethacrylate
and adamantylmethacrylate 5 were replaced with adamantylmethacrylate alone. During the synthesis,
however, the composition became gelled and an intgnded 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. 10(Comparative Example 5) [Preparation of Hardening Composition]

The same prperdure as4n Example 16 was repeated excapt that timethylelpropanetrimathacrylate

and adamantylmethacrylate were replaced with trimethylolpropanetrimethacrylate alone. The 15

compositien, of copanents used-to.prepare the hardening composition 23:ig %@Eéoggé% ihg following

Table 3. [0201] [Preparation of Hardened Film] = The hardening composition 23 was hardened

by heating.as iy, 20 Example 16 thereby, to.abtain.a hardened film. [02021 ;. ; The %%fﬂsgﬁq film

obtained was used to evaluate the properties as in Example 16. The result theréof is set forth in Table

4. SF-2186,80 (Gamparative fxamplg 6) [Breparation, ghhiardening, Gomposition] ., The same

procedure as in Example 16 was repeated except that the silica fine particles were not used and the
same500m$@§gigp 5 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 Tabl [%ZLO 1Q[Preparation.qof Hard Film The hardenin heating of the
hardening compog%%n 4%/]%%1é?t%rgg%ggsl%lg%aﬁﬂ%gﬁ?B%ts t%rétc%rrﬁ\ﬁ%gi i%%rg\’/;}gyngte hardened at
all, and a ardgnedéllmk():(e)uld not bg O}Qtalg%%e[g204gol<§/%“t0f tr}leih%rdened r$roducts obtained in

Examples Do 18 showed gLIFSGSI‘iOI’ mofcﬁng proce@sablﬁt(f/, Iig%t-sﬁ|eId[|:r°15Lgn e éect,unseea(iL résistance and

electrical can civi}ty.g?&reason why the s Berior heat resistance and Iil?ht-shieldin effect were
edw

t
q}l;te_s%rl ith-regar ?c%’?ens%l indicared iR theabie'2. 281t balieved thbt e

obtained iS :5%

superior electrical conductivity was aggig;/gd bgf superior dis%erscigp of the garbog nangtub%es in the
the'dnddctacirelt. #7< & ceve-oping

compositign g)?sr%gr%ar’esﬁltiﬁfé“ ity the forination 6

100 machine. In addition, the compositicn, 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 det method.
{0100}
<Method For Producing Hardened Product>

15 By hardening the hardening composition of the present
invention, the hardened product 1is 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 (¢} are crosslinked; and

20 a method in which heat 1s 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
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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
polymerization dinitiator 1s incorporated into the hardening
composition in the above Step 4. If the photo-hardening and the
heat-hardening are carried out in combination, both the
photepelymerization initiator and the heat polymerization
initiator are incorporated in the above Step 4.

[0108]

The hardened product of the present invention can be
cbtained, 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
compenent made by combining these materials, and by active energy
ray or by heating. The hardeningmay be carried out both by active
energy ray and by heating.

[0108]

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 rcll coater or the like; coating by screen printing;
and coating by dipping.

[0110]

The amount of the hardening composition of the present
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invention to be applied on the substrate is not particularly
limited and can be controlled appropriately in accordance with
a purpose. In view of moldability, the amount is preferably such
that a coating £ilm obtained after hardening treatment by active
energy ray and/or by heating will have a film thickness of 10 um
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
hardened by active energy ray, the active energy ray used for
hardening is preferably an electron ray and a light 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
source and a metal halide light socurce; and a light source for
visible light is, for example, a metal halide light source and
a halogen light source; and a light scurce for infrared ray is,
fTor example, a halogen 1ight source. Inaddition thereto, further
examples include a light socurce such as laser and LED.

[0112]

The hardening by active energy ray may be, as neesded,

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
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the range of 10 minutes to 60 minutes.
[0113]

If the hardening composition of the present invention is
hardened by heat treatment, the heating temperature is preferably
in the range of 80 tec 200°C, more preferably in the range of 100
to 150°C. When the heating temperature is lower than 80°C, the
heating 1is necessary for longer time, which tends to be
uneconomical. When the heating temperature is higher than 200°C,
in addition to higher energy cost, more time is needed to raise
temperature and lower temperature, which tends to be uneconomical.
[0114]

The hardening of the hardening composition by heat
polymerization 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 150 to 200°C.
The heating time 1s preferably in the range of 5 minutes toc 60
minutes.

[C115]
<Hardened Product>

The hardened product of the present invention is excellent
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 wvarious optical

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



9133

10

15

20

lgtz 96 - Example| 2 Foot St St 601, 09 01. 196 9

SE-218%6
54

and a develceping machine.
[C116]

The hardened product of the present invention is obtained
by hardening the Thardening composition containing the
{(meth)acrylates {(b) and {(c) with a high glass transition
temperature of the homopolymer, and therefore has excellent heat
resistance.

[0117]

The hardened product of the present invention has excellent
heat resistance: when the hardened product is heated in nitrogen
atmosphere, the 5% weight loss temperature 1s usually 280°C or
higher, preferably 300°C or higher, more preferably 320°C or higher.
When the 5% welght loss temperature in heating is lower than 280°C,
for example, in a case where this hardened product is used for
an activematrix display element substrate, the production process
thereof may have problems such as warpage and deflection, or
pessibly c<¢racks, or contamination of apparatus because of
increased emission gas component in high~temperature treatment.
[0118]

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

cf fine particles. Thus, depending on optical density to be
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targeted, the film thickness or the content of the black inorganic
fine particles needs to be controlled. The hardened product
obtained from the hardening composition of the present invention
can be used for a Ilight-shielding component for various optical
5 eguipments such as a camera, a video camera, & copying machine
and a developing machine. The optical density required for these
uses is 1.0 or higher, preferably 2.0 or higher, more preferably
4.0 or higher. When the cptical density is below 1.0, the
light-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
glst.
[0120]
(Example 1)

[Preparation of Hardening Composition]

20 Into a separable flask, 100 parts by mass of an iscpropyl
alcohol dispersion type collceidal 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, intc the separable flask, 4.5 parts by mass
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of y-methacryloxypropylirimethoxysilane and 4.5 parts by mass of
phenyltrimethoxysilane were added, and stirred and mixed.
Further, 2.% parts by mass of 0.1825% by mass HCl solution was

added, and stirred at 20°C for 24 hours. The silica fine particles

were in this way surface-treated to provide a dispersion ligquid

ot

of the silica fine particles (a).
[0121]

The disappearance of y-methacryloxypropyltrimethoxysilane
and phenyltrimethoxysilane 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 temperature at a rate of

15 10°C/min, andusing He as a carrier gas at a flow rate of 1.2 cc/min.
Eight hours after the HCL solution was added,
phenyltrimethoxysilane and
y-methacryloxypropyltrimethoxysilane disappeared.

(0122]

20 Then, intc 100 parts by mass of the dispersion liquid of
the silica <fine particles (a), 22.5 parts by mass of
trimethylelpropanetriacrylate (product name: Viscoat #2985,
manufactured by Osaka Crganic Chemical Industries Ltd., Tg of the

homopolymer: >250°C) and 22.5 parts by mass of
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adamantylmathacrylate (product name: ADMA, manufactured by Osaka

Organic Chemical Industries Ltd., Tg 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 cbtain a silica dispersion resin

o

composition. The amount of the volatile content removed was 72.4
parts by mass.
10123]
Subsequently, to 95 parts by mass of the silica disgspersion
10 resin composition, as the black inorganic fine particles, 5 parts
by mass ot carbon 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 11 Henschel
mixer, a solution praepared by dissclving 5 g of
dimethypolysilexane (manufactured by Shin-Ftsu Chemical Co.,

Ltd., KF96-100CS) in 100 g of iscpropylalcohol was added dropwise
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and mixed. Thereafter, isopropylalcohol was removed by vacuum
drying at 80°C. The residue was further heated at 180°C for 4 hours
and then air-cooled to room temperature thereby to prepare
surface-treated carbon blacks.
(0125]

further, with 100 parts by mass of the light-shielding resin
compesition 1, as the photopolymerization initiator, 4 parts by
mass of diphenyl (2,4, 6-trimethylbenzoyl)phosphineoxide (product
name: Speedcure TPC-L, manufactured by Nihon Siber Hegner K.K.),
and, as the heat polymerization initiator, 1 part by mass of
t-butylperoxy{Z-ethylhexancate) (product name: PERBUTYL O,
manufactured by NOF Corpcration) were mixed thereby to cbtain a
hardening composition 1 (BR-1).

[012¢6]

The hardening compoesition 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 Brookfiel
Engineering Laboratories, Inc.) using a spindle No. 41 at a
rotation number of 0.05 rpm, at 25°C.

[0127)]

The composition of components used to prepare the hardening
composition 1 i1s set forth in the following Table 1.

[0128]

[Preparaticn of Hardened Film]
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<Active Energy Ray Hardening and Heat Hardening>

The hardening composition 1 was applied on a substrate,
using a spacer of 200 pm. Then, the front face and the back face
zach had a glass plate put thereon. The coating f£ilm 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 tc completely harden the coating film.
[0128]

This hardened film was used to evaluate the following
properties. The result thereof is set forth in Table 2.
[0130]

[Property Evaluation Methcd]
<Molding Processability>

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

[G131]

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

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

cracks.
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[0133]
C: the hardened film has cracks with poor processability
{(peelability) .

[0134]

ot

<Light-Shielding Effect>
All light transmittance (%) of the hardened film obtained
was measured with the use of a Color, Cil & Haze Measuring
Instrument (manufactured by Nippon Denshoku Industries, Co., Ltd.,
COH400), and from a valus obtained, an 0D value was calculated
10 and the light~shielding effect was evaluated based on the
following criteria.
[0135]
A: all light transmittance < 0.01% (CD value 2 4)
B: 0.01% < all light transmittance £ 1% (4 > OD value 2 2)
15 C: 1% < all light transmittance £ 10% (2 > OD value 2 1)
D: all light transmittance > 10% (OD value < 1}
<Heat Resistance Form Stability>
The hardened film obtained was heated at 270°C for 1 minute,
and was allowed to coel down at room temperature for I 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
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is 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 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 cr the hardened film is broken.
[C140]
<5% Weight TLoss Temperature>
The hardened filmobtalined was treatedwith the use of TG~DTA
(manufactured by SEIKO Electronics Industries, Co., Ltd.) in
15 nitrogen atmosphere at temperatures ranging from 20°C teo 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 hardenad film
with superior heat resistance.
20 [0141]
(Example 2)
[Preparation of Hardening Composition]
The same procedure as in Example 1 was repeated except that

trimethylolpropanetriacrylate was added in an amount of 50 parts
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by mass and adamantylmethacrylate was added in an amount of 10

parts by mass, whereby a hardening composition 2 {(BR-2} was

obtained.

(01427
5 The composition of compeonents used to prepare the hardening

composition 2 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 cbtain a hardened

This hardened film was used to evaluate the properties as
in Example 1. The result thereof is set forth in Tabls 2.
15 (01457
{Example 3}
[Preparation of Hardening Composition]

The same procedure as in Example 1 was repeated except that

adamantylmethacrylate wWas changed To
20 dicyclopentadienylmethacrylate (product name: FA-513M,
manufactured by Hitachi Chemical, Ceo., ©Ltd., Tg of the

homopolymer: 175°C}, whereby a hardening composition 3 (BR-3) wasg

cbhtained.

[01l46]
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The composition of components used to prepare the hardening
compesition 3 1s set forth in the following Table 1.
[(0147]
[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.
[0149]

(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
bymass of the black inorganic fine particles, whereby a hardening
compogition 4 (BR-4) was obtained.

[0150]

20 The composition of components used to prepare the hardening
composition 4 is set forth in the following Table 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 cobtain a hardened

film.
[0152]
This hardened film was usaed fTo aevaluate the properties as

in Example 1. The result thereof is set forth in Table 2.

[0153]
(Example 5)
i Preparation of Hardening Composition]

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

The composition 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 compcesition 5 was applied on a substrate,
using a spacer of 200 pm. Then, the front face and the back face
each had a glass plate put therecn. The coating filmwas subjected

to heat treatment at 120°C for 9 minutes and complietely hardened.

[0156]
The hardened film obtained was used to evaluate the

properties as in Exampie 1. The result thereof is set forth in
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Table 2.

[C157]

{(Example 6)

[Preparation of Hardening Composition]

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

(01587

The composition of components used to prepare the hardening

10 composition € 1s set forth in the following Table 1.

[0159]
[Preparation of Hardened Filmi

As in Example 5, the hardening composition 6 was hardened
by heating, thereby to cbtain a hardened film.

15 [0160]

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

[0161]
20 {(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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[6le2]

The composition of components used to prepare the hardening
composition 7 is set forth in the following Table 1.
[0163]

5 [Preparation of Hardened Film]

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 therecf is set forth in

Table 2.
[01635]
(Example 8)

[Preparation of Hardening Composition]

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

[0166]
The composition of components used tc prepare the hardening

20

composition 8 is set forth in the following Table 1.

[0167]
[Preparation of Hardened Film}

As in Example 5, the hardening composition 8 was hardened

by heating, thereby to obtain a hardened film.
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[0168]

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

5 (Example 9)
[Preparation of Hardening Composition]

The same procedure as in Example 5 was repeated except that
the composition was as shown in Table 1, whereby a hardening
composition 9 (BR-9) was obtained. The composition of components

10 used to prepare the hardening composition 9 is set forth in the
following Table 1.
[C169]
[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 obtain
a hardened f£ilm.

[0170C]

The hardened £ilm 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 & hardening
composition 10 (BR-10) was obtained. The composition of
compeonents used to prepare the hardening composition 10 is set
forth in the following Table 1.

5 [C171]
[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 f£ilm obtained was used to evaluate the
properties as in Example 1. The result thereof is set forth in
Table 2.

(Example 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
compesition 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 [0173]

[Preparation of Hardened Film}
The hardening composition 11 was hardened by heating as in
Example 5 fo obtain a hardened £ilm.

[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)
5 [Preparaticon of Hardening Compositicn]
The same procedure as in Example 9 was repeated except that
trimethylolpropanetriacrylate and adamantyimethacrylate were
replaced with adamantylmethacrylate alone, whereby a hardening
composition 12 (BR-12) was obtained. The composition of
10 components used to prepare the hardening composition 12 is set

forth in the following Table 1.

(01751

[Preparaticon of Hardened Film]

During the preparation, the composition became gelled, and

15 & hardened film could not be prepared.

(Comparative Example 2)

[Preparation of Hardening Compositicn]

The same procedure as in Example 9 was repeated except that

trimethylolpropanetrimethacrylate and adamantylmethacrylate
20 were replaced with trimethylolpropanetrimethacrylate alone,
whereby a hardening composition 13 (BR-13) was obtained. The
composition of components used to prepare the hardening
composition 13 is set forth in the following Table 1.

01761
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[Preparaticn 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 compesition 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 ¢ 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 incrganic particles and the monomers contained in the
composition. It i1s belleved that the light-shielding effect

results from the balance of the composition contributing to the

it

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 iscpropyl
10 alcohol dispersion type colloidal silica (the silica content: 30%
by mass, the average particle diameter: 10 to 20 nm, product name:
SNOWTEX IPA-3T, 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
15 phenyltrimethoxysilane were added, and stirred and mixed.
Further, 3.6 parts by mass of 0.1825% by mass HC1 solution was
added, and stirred at 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).
20 (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 ocut 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, andusing He as a carrier gas at a flow rate of 1.2 cc/min.
b5 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
10 the silica fine particles (a), 28.2 parts by mass of
trimethylelpropanetriacrylate {(product name: Viscoat #2935,
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
15 Organic Chemical Industries Ltd., Tg 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 dispersion resin
composition. The amount of the volatile content removed was 90.5
20 parts by mass.
[0182]
Subseguently, tc 896 parts by mass of the silica dispersion
resin composition, as the black inorganic fine particles, 4 parts

by mass of carbon nanctubes (product name: VGCF (trade name);
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manufactured by Showa Denko K.K., the average diameter: 150 nm,
the average length: 8 um) was added and kneaded with a planetary
mixer thereby to completely disperse the carbon nanotubes, whereby
a light-shielding resin composition 15 was cbtained.

[0183]

Further, with 100 parts by mass of this light-shielding
resin composition 15, as the heat polymerization initiator, 1 part
by mass of t-butylpercxy(Z~ethylhexanocate) {(product name:
PURBUTYL O; manufactured by NOF Corporation) was mixed, whereby
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 #ilm]

The hardening composition 15 was hardened by heating at the
same heating temperature for the same heating time as in Example
¢ thereby to obtain a hardened film.

[0184]

The hardened film cobtained was used to evaluate the
properties as in Example 1, and to measure the volume resistivity
for the evaluation of the electrical conductivity. The
evaluation result therecf is set forth in Tables 4.

[0185]
Amethod for measuring the volume resistivity is as follows.

[0186]



99 17

10

15

20

WOCI. LZ LZ 06 lo( OrrTx1-Cple15.93 89 ti 9.921. Z.8Z lz.ez 96

SF-2186
74
<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
therecf are set forth in Takle 4.

{(Example 13)
[Preparation of Hardening Composition]

The same procedure as in Example 12 was repeated except that
the carbon nancotubes (product name: VGCF (trade name);
manufactured by Showa Denko K.K.) 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 um),
whereby a hardening composition 16 (BR-16} was obtained.
[0188]

The composition of components used to prepare the hardening

composition 16 is set forth in the following 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.

[C190]

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

(Example 14)
[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 Denkc K.K.) were changed to carbon nanctubes
{product name: VGCF (trade name)-3; manufactured by Showa Denko
K.K., the average diameter: 80 nm, the average length: 10 um),
whereby a hardening composition 17 (BR-17) was obtained. The
composition of components used to prepare the hardening
compesition 17 1s set forth in the following Table 3.

[0191]
[Preparation of Hardened Film]

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

[01¢z2]

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

(Example 15)

[Preparation of Hardening Composition]

3 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 Nanc Carbon
Co., Ltd., the average diameter: 1.4 nm, the average length: 5

10 um}, whereby a hardening composition 18 (BR-18) was obtained. The
compoesition of components used to prepare the hardening
composition 18 is set forth in the following Table 3.

(0193]
[Preparation of Hardened Film]
15 The hardening composition 18 was hardened by heating as in

Example 12 thereby to obtain a hardened £ilm.

The hardened film obtained was used to evaluate the
properties as in Example 12. The result thereof is set forth in
20 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 nanctubes {product name: VGCF
(trade name)-H; manufactured by Showa Denko K.K.), the average
diameter: 150 nm, the average length: 6 um), whereby a hardening
composition 19 (BR-19) was cobtained. The compesition of
components used to prepare the hardening composition 19 is set
forth in the following Table 3.

[G195]

[Preparation of Hardened Film]

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

[019¢]

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

(Example 17)
[Freparation 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 obtained. 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 oktain a hardened £ilm.
0198}

5 The hardened film 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]

10 The same procedure as in Example 12 was repeated with the
similar composition as in Example 16 except that the
trimethylelpropanetrimethacrylate in Example 16 was changed To
pentaerythritoliriacrylate, whereby a hardening compesition 21
(BR-21) was obtained. The composition of components used to

15 prepare the hardening composition 21 is set ferth in the following
Table 3.

[0129]
[Preparation of Hardened Film]
The hardening composition 21 was hardened by heating as in

20 Example 12 thereby to cbtain a hardened film.

[CZ00]
The hardened £film obtained was used to evaluate the
properties as in Example 12. The result therecf 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 alone. During the
synthesis, however, the compesition 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 Composition]

The same procedure as in Example 16 was repeated except that
trimethylolpropanetrimethacrylate and adamantylmethacrylate
were replaced with trimethylolpreopanetrimethacrylate alone. The
composition of components used to prepare the hardening

composition 23 is set forth in the feollowing Table 3.

[Preparation of Hardened Film]

The hardening composition 23 was hardened by heating as in
Example 16 thereby tc 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.
[0204]

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
achileved by superior dispersion of the carbon nanotubes in the
composition system resulting in the formation of the conductive

circult.
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V '0" Hardening resin composition 19L-ao 9L2 18 -aEi r 6[--S oz-eig [?-as 17-c3 3-H8 BR-24 |
Examples d;t0,11, Example 12 Example 13 Example 14 Example 15

89

Industrial Applicabkility
[0209]

The hardening composition of the present invention
comprising the silica fine particles surface-treated with the

3 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 egquipments such as a camera, a video camera, a

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

conductivity.

20



Example 16 Example 17 Example 18 Comparative Example 4 Comparative Example 5
Comparatiélg_@%ple 6 SF-2186 89 Industrial Applicability [0209] The hardening composition of
the present invention comprising the silica fine part?';qjes surface-treated with the 5 specific two kinds of
silane compounds, the specific two kinds of (meth)acrylates, the polymerizalion initiator and the black
inorganic fine particles has low viscosity and superior handling characteristics. [0210J 10Further, the
hardening composition, by being hardened, can-giye g-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 nanotubes,as the hlack Ji:né)ég_anig fingnparticl%igrovides aPég%ucj further having superior

conductivity. 20 SF-2186'90 ELAIMS 17A %aréDeOnSlrjfg cor%p%glzﬁ A compqu'sing: silica fine particles (a),
silica fine particles (a),

) a (meth)acrylate (b} having two or mcre 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
10 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 a silane
compound (g) represented by the following general formula (2):

[Chem. 1}

C——0——(CHy)q—SiR* (OR%)3.,

O (1)

{in the formula (l),erepresentszahydrogenatomcn:anethyl
group, R? represents an alkyl group having 1 to 3 carbon atoms
or a phenyl group, R3represents a hydrogen atom or a hydrocarbon
group having 1 to 10 carbon atoms; g represents an integer of 1

20 to 6; and r represents an integer of ¢ to 2,



5a (meth)acrylate (b) having two or more ethylenically unsaturated groups and being free from cyclic
structure, 4 (é’%eth)acrylate (c) having an ethylenically unsaturated group and having an alicyclic
structure, a po ymerization initiator (d) and 10b|ack9|£10rgan|c 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 a s lane compound (g) represented by the following general formula (2): [Chem. 1]

(in the for }ahg) BI] represents a hydrogen atom or a methyl 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 carbon atoms; q represents an integer of 1 20 to 6; and r represents an integer of 0 to
2, SF-2186 91 ' YCH2)6-SiR4t (OR5)34 (2) (in the formula (2), R4 is an alkyl group
having 1 to 3 g 'a_ a phenyl group which may have a substituent; R5 is a 5 hydrogen atom

ora 9. 110 1 QLQ§ i %er of 0 to 6; and t is an integer of 0
mposmo@ﬁ%&‘me rg%laﬁ@ Srdin the (meth)acrylate (b)isa

to 2. 2.
yrompmsifion as claimed in claim 1 or 2, wherein the silica flngggartlcles (@) are

3. The hardenin
obtained by

{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 te 10 carbon atoms;

s 1s 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
i0 ethylenically unsaturated groups and being free from cyclic

structure.

3. The hardening compesition as c¢laimed in claim 1 or
2, wherein the silica fine particles ({(a) are obtained by
15 surface-treating silica fine particles which have not been
surface-treated with 5 to 25 parts by mass of ﬁhe silane compound
(f} based on 100 parts by mass of the silica fine particles and
with & 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



15 surface-treating silica fine particles which have not been surface-treated with 5 to 25 parts by mass
of the silar% 98@?8“”(1 (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 to 3, wherein the glass transition temperature of a homopolymer of the
(meth)acrylate (b) and the glass transition temperature of a homopolymer of the (meth)acrylaue (c) are
150C or h_i(gﬁgims - SE.C')I'hg har%erggggoqpositign as cha}l_jged.iggn ogemof C_,J:%ig‘s 1 to 4, wherein

- . W o dsSs 1 e e ure o
the black inorganic fine partiCles (€) are at least one selected from the grouﬁ)conssﬁng of carbon

blacks, titanium black and carban nanotubes. 6..The hardening.c osition as claimed in any one of
claims 1 t?)]'ﬂfﬂ\%}ﬁ%? in the B?a(t:%i |heorab%%{|:'::gf?r?ecﬁgr}t% es ( %)aré”:1 Iggrk%ﬁgblgéﬁés Snal%‘:’r”f‘i%]“ntid'r%nblack.
157.The hardenin co_mgosition as claimed in claim 6, wherein the carbon blacks and/or titanium black
have a nu%%%?%@% At partide WiAMEfer 6F 810200 Hin. &' ThB Hardehifg Bonfpodifién hstlaimed in
any one of 20 claims 1 to 4, wherein the black inorganic fine particles (e) are carbon blacks
surface-tréated With a silicone resin. 9.The hardening composition as claimed in claim 8, SF-2186 93
have a number average particle diameter of 5 to 200 nm. 10. The hardening composition as
claiméd in any one of claims 1 to 4, wherein the black inorganic fine particles (e) are 5 carbon
nanotubes. 11. The hardening composition as claimed in claim 10, wherein the carbon nanotubes
have an average diameter 8F0. 50 SHOMIA & &I AveragR 18Rgth GH0t hrh o B0 p " E0°% 12,
The hardening composition as claimed in any one of claims 1 to 11, which has a viscosity of 30 to

2000 mP&43 ™S T 43 ‘K niliddrfed pFotuc féfmfed A7 fing the Rardenig>f5 Cdmpdsition as

described in any one of claims 1 to 12,
at léast 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 composition as claimed in claim 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 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.

G. The hardening composition as claimed in claim 8,

wherein Tthe carbon blacks surface-treated with a silicone resin



14. A lightshielding film comprising the hardened product as described in claim 13.

10

15

20

SE-2186
93

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

carbon nanotubes.

il. 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.

12. The hardening composition as claimed in any one of

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

i3. A hardened product formed by hardening the hardening

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

14. A light-shielding film omprising the hardened

product as described in claim 13.



