870877741 A1 I 00 0O 0 00RO

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO O

International Bureau

(43) International Publication Date
24 July 2008 (24.07.2008)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2008/087741 Al

(51)

21

(22)
(25)
(26)

(1)

(72)
(75)

International Patent Classification:
C09D 163/00 (2006.01) GO2B 1/04 (2006.01)
C09D 183/00 (2006.01)

International Application Number:
PCT/IP2007/050863

International Filing Date: 16 January 2007 (16.01.2007)

Filing Language: English

Publication Language: English
Applicants (for all designated States except US): MITSUIL
CHEMICALS, INC. [JP/JP]; 5-2, Higashi-Shimbashi
1-chome, Minato-ku, Tokyo, 1057117 (JP). AGENCY
FOR SCIENCE, TECHNOLOGY AND RESEARCH
[SG/SGJ; 20 Biopolis Way, #07-01, Centros, 138668 (SG).

Inventors; and

Inventors/Applicants (for US only): NAKAYAMA,
Norio [JP/JP]; c/o Mitsui Chemicals, Inc., 580-32, Na-
gaura, Sodegaura-shi, Chiba, 2990265 (JP). TAKAKI,
Toshihiko [JP/JP]; c/o Mitsui Chemicals, Inc., 580-32,
Nagaura, Sodegaura-shi, Chiba, 2990265 (JP). HE,
Chaobin [CN/SG]; c/o Institute of Materials Research
and Engineering, 3 Research Link, 117602 (SG). MYA,
Khine, Yi [MM/SG]; c/o Institute of Materials Research
and Engineering, 3 Research Link, 117602 (SG). XIAO,

(74)

(81)

(34)

Yang [SG/SG]; c/o Institute of Materials Research and
Engineering, 3 Research Link, 117602 (SG).

Agents: HAYAMI, Shinji et al.; Gotanda TG Bldg.
9F, 9-2, Nishi-Gotanda 7-chome, Shinagawa-ku, Tokyo
1410031 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

(54) Title: HARDCOAT COMPOSITION

(57) Abstract:

A hard coating composition including at least the following components (A) to (E): Component (A): A

& poly(methyl)glycidyl ether compound derived from a chain aliphatic polyol or a chain aliphatic polyether polyol, which may or may

& not contain a hydroxyl group, Component (B): A silsesquioxane compound containing a cationic polymerizable group, Component
: A silicate compound, Component (D): A silane compound containing a cationic polymerizable group, or a partial condense

X (C): A sili pound, Comp! D): Asil pound ining ionic polymerizable group partial condensed

compound thereof, or a mixture thereof, and Component (E): A cationic photopolymerization initiator, wherein the composition
includes 5 to 40 parts by weight of the component (A), 60 to 95 parts by weight of the total of the components (B), (C) and (D), and
0.1 to 10 parts by weight of the component (E), each based on 100 parts by weight of the total of the components (A) to (D).
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DESCRIPTION
HARDCOAT COMPOSITION
Technical Field

The present invention relates to a hardcoat composition

comprisingat:leasteapoly(methyl)glycidylethercmmpound,zacationic

polymerizable group-containing silsesquioxane compound, a silicate

compound,asilanecompoundand/orapartialcondénsedcompoundthereof,
and a cationic photopolymerization initiator, which composition has
high adhesion to thiourethane resins or resins obtained by thermal
ring-opening polymerization of thioepoxy compounds, high surface
hardness and scratch resistance, excellent weather resistance. The
presentinventionalsorelatestoahardcoatcompositionwhiéhcontains
substantially no solvent for dilution.
Background Art

Lenses made of resin haye rapidly come into wide use as lens
resins, for example, spectacle lenses, camera lenses, pickup lenses
used in optical recording and regenerating devices, and the like,
in replacement of glass lenses, from the viewpoints of light weight,
impact resistance, colorability and the like. For this purposg;
products of radical polymerization of diethylene glycol bis(allyl
carbonate)(hereinafter,abbreﬁiated1x>D.A.C.),polycarbonate(PC),
polymethyl methacrylate (PMMA) and the like have been conventionally
used heretofore. However, because these resins for lenses have

refractiveindexesndofabout1.491131.58,inordertoobtainoptical
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properties equivalent to those of glass lenses, it is necessary to
increasethecehterthickness,edgefhicknessandcufvatureofealens.
Thus, the lens becomes very thick in overall. Therefore, there has
been a demand for a resiﬁ having a higher refractive index.

As a solution for such problems, Patent Document 1 describes
a resin obtained by thermal polymerization of a thiol compound and
an isocyanate compound to form a thio-urethane bond, and this resin
has a refractive index ng of about 1.60 to 1.67.

Furthermore, Patent Document 2 describes a resin obtained by
thermal ring-opening polymerization of a thioepoxy compound to form
an epithiosulfide bond, and this resin has a refractive index ngq of
1.70 or higher.

Meanwhile, although the lenses made of resins have advantages
asdescribedabove,theyarehighlyinferiortoglasslensesinsurface
hardness and scratch resistance. ’Thus, as one of measures to handle
the problem, it has been essential to perform a hard coating treatment
toAprevent any scratch from forﬁing on the surface of a lens. As
a method of such hard coating treatments, many methods of curing a
compoéition including a polyfunctional (meth)acrylate monomer or
oligomerandaradicalphotopolymerizationinitiatorwithultraviolet
ray have been investigated, and various hard coating agents for PC
and PMMA have been developed and are widely used for industrial
purposes.

However, there still remain the following problems.

[1] A hard coating agent including a polyfunctional
(meth)acrylate monomer or oligomer having a functionality of 3 or

higher as the main component, has good hard coatability because a
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cured film formed from the hard coating agent has a high crosslinking
density. However, the film formed from the hard éoating agent
undergoes large shrinkage after curing, and has high residual strain
or residual stress. Thus, the hard coating agent may not have
sufficient adhesion depending on the resin on which the hard coating
agent is applied. Particularly, in the case of the above-described
thiourethane resin and thioepoxy resin, it is known to be difficult
to obtain sufficient adhesion.

[2] From the viewpoint of the recent attempts to reduce the
burden on the environment as much as possible, in order to reduce
the use of volatile solvents and to enable the recovery and recycling
of liquids to reduce waste materials, there will be a demand in the
future for a hard coating agent which does not contain any diluting
solvents. But, since polyfunctional (meth)acrylate monémers and
oligomers having a functionality of 3 or higher generally have high
viscosities, diluting solvents are needed. To decrease the viscosity
without using any diluting solventl, amethod of using a monofunctional
(meth)acrylate monomer having a functionality of 2 or lower as a
reactive diluent can be used. However, the hard coating agent using
the monomer often does not undergo complete curing, since the agent
is likely to be inhibited from polymerizing by oxygen. Even though
curing occurs, because the crosslinking density decreases almost
proportionally to the amcunt of the monofunctional monomer, there
is a problem that high hard coatability cannot be obtained.

Thus, a method of performing cationic polymerization induced.
by light is being investigated. Cationic photopolymerization is

advantageous over radical photopolymerization, in the points of not
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being affected by the inhibition of polymerization by oxygen, and
having relatively excellent adhesion due to the small shrinkage of
the produced film during curing when an epoxy compound or an oxetane
compound is used as the monomer. However, under the current
circumstances, sufficient hard coatability cannot be obtained.
Inaddition,PatentDocumént3describesacompositionincluding
a cationic photopolymerizable silsesquioxane compound (a), a
photocationic compound (b) other than (a), and a cationic
photopolymerization initiator (c). Specific examples of the
photocationic compound (b) include ethyl vinyl ether and the like
as those having a vinyloxy group; bisphenol F diglycidyl ether and
the like as those having an epoxy group; and
l,4—bis[(3—ethyl—3—oxetanylmethoxy)methyl]benzene and the like as
those having an oxetanyl group. Such a composition tends to have
a decreased curing rate, whén thé proportion of the cationic
photopolymerizable silsesquioxane (a) is increased to impart hard
coatability. Thus, the composition cannot have sufficient hard
coatability, and cannot have adhesion to thiourethane resins or
thioepoxy resins. Moreover, the cationic photopolymerizable
silsesquioxéne (a) generally has a high viscosity even in a liquid
phase, and consequently, the composition has an increased viscosity,
resulting in deteriorating smoothness as a film.
Evenifkahardcoatingagentwhichaddressestheabove—descriged
problems could be obtained, the thiourethane resins and thioepoxy
resins used as the substrate are in general known to have poor weather
resistance. Thus, the substrates themselves may undergo cohesive

failure under exposure to sunlight or rain, and as a result, there
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stillremainsaproblanofdeteriorationintheadhesionofthehardcoat
formed from the hard coating agent. |

Patent Document 1: Japanese Laid-open patent publication Nq.
9-110956

Patent Document 2: Japanese Laid-open patent publication No.
2002-194083 |

Patent Document 3: Japanese Laid-open patent publication No.

11-116682

Disclosure of the Invention
Itisanobjectofthepresentinventimltoprovidaahardcoating
agentwhichhashighadhesiontoathiourethaneresinoraresinobtained
by'thefmal,ring—openingjpolymerization.ofaithioepoxy'compound, high
surface hardness and scratch resistance. High smoothness containing
no or substantially no ailuting soivents, and a high curing rate and
excellent weather resistance are also achieved.
Theinventorsofthepmesenﬁinventionhavedevotedlyconducted
investigationtosolvetheabove—describedproblems. They found that
ahardcoatcompositionincludinéatléastapoiy(methyl)glycidylether
compound, a silsesquioxane compound containing a cationic
polymerizablegroup,asilicatecompound,asilanecompoundorapartial
condensed compound thereof or a mixture of such compounds, and ‘a
cationic photopolymerization initiator, and which are mixed af
specific compositional ratios, can be applied on a resin, because
the viscosity of the composition can be adjusted to a specific value
even though the composition contains substantially no solvent for

dilution;hashighadhesionﬁx)athiourethaneresincnraresinobtained
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by thermal ring-opening polymerization of a thioepoxy compound; has
high surface hardness and scratch resistance, and‘ﬁas high weather
resistance. It was also found that in the case of the composition
including a specific ultraviolet absorber, the composition has even
5 higher weather re;istance.

Thus, thg invention relates to the following:

[1] A hardcoat composition including at least the following
components (A) to (E):

Component (A): a poly (methyl)glycidyl ether compound

10 represented by Formula (1):

R2
R0
O N4 (1)
wherein R is a chain aliphatic residue or a chain aliphatic polyether
-residue which may contain a hj/droxyl group; R® is hydrogen or a methyl
group; and n; represents an-integer of 2 or larger;
15 Component (B): asilsesquioganecompoundcontainingzicationic
polymerizable group;

Component (C): a silicate compound represented by Formula (2):

84

0
R"’j[o—s:i—}n?—Rﬁ

%O

whereinR3toR6areeachindependentlyanorganicgrouphavingacationic
20  polymerizable group, hydrogen or an alkyl group; and n; represents
an integer from 2 to 10;

Component (D): a silane compound represented by Formula (3)
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orapartialcondensedcompoundthereof,orandxtureofsuchcompounds:
R—Si~OR®)
(R’ )3-n, 3)
wherein R’ is an organic group having a cationic polymerizable group;
R® and R® are each independently hydrogen or an alkyl group; and nj
represents an integer from 1 to 3; and
Compound (E): a cationic photopolymerization initiator,
wherein the composition comprises 5 to 40 parts by weight of
thecomponent(A),60to95partsbyweightofthetétalofthecomponents
(B, (C), and (D), and 0.1 to 10 parts by weight of the component
(E) , each based on 100 parts by weight of the total of the components
(A) to (D).
[2] The hardcoat composition according to [1], further
comprisingatleastoneultravioletabsorberascomponent(F},wherein
.the content of the component (F) is 0.1 to 10 parts by weight based
on 100 parts by weight of the components (A) to (D).
[3] The hardcoat COmpositién according to [1] or [2], wherein
the component (B) includes a closed type cage-shaped-like
silsesquioxane represented by Formula (4) ér a partially open type
cage-shaped-like silsesquioxane represented by Formula .(5), each
having at least one cationic polymerizable group:
(1) Closed type cage-shaped-like silsesquioxane:
(R*~S103/2) (4)

(ii) Partially open‘type cage-shaped-like silsesquioxane:
(R™-5103/2) n (01/2R*?) 145 (3)

(wherein n represents an integer from 6 to 18; m represents

0 to 3; and R to R'? each represent a cationic polymerizable group,
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hydrogen, an alkyl group, or a cyclopentyl group).

[4] The hardcoat composition according to any of [1] to [3],
wherein the component (B) includes a closed type cage-shaped-like
silsesquioxane represented by Formula (6) or a partially open type

5 cage-shaped-like silsesquioxane represented by Formula (7), each

having at least one cationic polymerizable group:

20 13 28
R R? OR
0 R 29
R o:\si g R o>3‘/ OR
NN 4\ N O\S/
o §<34, 0 \‘\R21 or®
18 ﬂ
OR\g O OR{@ 0 ,//
\S? \O’//QISI\RIS \S? \O’ /(S)'[\Rzz
i Si— ! Si—
~~ TN
Rﬁ O \ R24 (0] \ 23
R (6) (7

whereinf§3toR?°eachindependentlyrepresentacationicpolymerizable
group, hydrogen, an alkyl group, a cyclopentyl group, or a cyclohexyl

10 group.

[5] The hardcoat compbsitién according to any of [2] to [41,
which includes at least one or more ultraviolet absorber having a
maximum absorption wavelength of 320 to 400 nm (UV-A), as the Component
(F).

15 ‘[6] The hardcoat composition according to [5], wherein the
ultraviolet absorber having a maximum absorption wavelength at 320
to400nm(UV—A)isa2—hydroxybenzophenone—basedultravioletabsorber
represented by Formula (8):

R O OH

A
[// \\ N

R32 R (8)

20  wherein R* to R*? each independently represent a hydroxyl group, a
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hydrogen atom, an alkyl group or an alkoxy group.
[7] The hardcoat compoéition according to [5]} which includes
at least one or more of a triazine-based ultraviolet absorber and/or
a benzotriazole-based ultraviolet absorber as the ultraviolet
5 absorberhavingan@ximumabsorptionwavelengthof320to400nm(UV—A).
[8] The hardcoat composition according to [5], which includes
at least a 2-hydroxybenzophenone-based ultraviolet absorber in
combination with a triazine-based ultraviolet absorber and/or a
benzotriazole—basedultravioletabsorber,astheultravioletabsorber
10 having a maximum absorption wavelength of 320 to 400 nm (UV-A).
[9] The hardcoat composition according to any of [1] to [8],
which further includeseacompoundﬁhaving'a(jimethylsiloxane skeleton
represented by Fofmula (9) as component (G), in an amount of 10.0
parts by weilght or less based on 100 parts by weight of the total
15 of (A) to (D):
CHj
éF—O

CHs X (9)

wherein x; represents an integer from 1 to 10, 000.
[10] The hardcoat composition according to [9], wherein the
compound having a dimethylsiloxane skeleton is a polyether-modified
20 polydimethylsiloxane represented by Formula (10) or silsesquioxéne

bonded to the main chain or side chain of dimethylsiloxane:
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10
_ _

CHs CHa ( CH, 1 CHy
HzC—Si—O ?'1-0 Sl'i_O S[i—CHa
bo | (dne | L8] 5

(0]
&y
cI:H—R35
& s
Lok ]y (10)

wherein R¥ represents a hydrogen atom or an alkyl group having 1 to
4 carbon atoms; R represents a hydrogen atom, an alkyl group having
1 to 4 carbon atoms, a cationic polymerizable group, or an ethylenic
unsaturated group; ng and ns are each an integer from 1 to 5; x, is
an integer from 1 to 70; y is an integer from 1 to 30; and y/x, is
1 or less.

[11] The hardcoat composition according to any of [i] to [10],
which further includes silica nanoparticles as component (H), in an

amount of 10.0 parts by weight or less based on 100 partslby‘weight

.0f the total of components "(A) to (D).

[12] The hardcoat composition according to any of [1] to (111,
whereintheviscosityofthecompoéitionmeasuredbyaTypeEviscometer
at 25°C is 1 to 500 mPa-s.

[13] A molded article having a cured film formed by applying
thehardcoatcompositionaccordingtxzanyof [1] to[lé]<x1thesﬁrface
of the molded article, and then curing the composition.

[14] The molded article according to [13], wherein the molded
article is formed of at least one selected from a thiourethane reéin
or a thioepoxy resin.

[15]lenshavingeacuredcoatingfihnwhidnisformedbyapplying

thehardcoatcompositionaccordingixnanyof [1] to [12] on the surface

of the lens, and then curing the composition.
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The hardcoat composition of the invention is an
ultraviolet-curable hard coating agent which can be used for a
thiourethane-based resin obtaiﬁed by thermal polymerization of a
polythiol compound and a polyisocyanate compound (hereinafter,
referred to as a thiourethane resin) or a resin obtained by thermal
ring-opening polymerization of a thioepoxy compound (hereinafter,
feferred to as a thioepoxy resin), and is advantageous in that the
composition has high curability and excellent adhesion, scratch
resistance and weather resistancé, has substantially no volatile
components since the composition contain substantially no diluting
solvent,andexertslessburdenontheenvironmentsincethecomposition

can be recovered and recycled.

-Brief Description of Drawings

Fig. 1 shows the FTIR measurement results of
octa[2—(butoxymethyl)oxirane—diﬁethylsiloxy]~silsesquioxane.

Fig. 2 shows the ?°Si-NMR measurement results of
octa[2—(butoxymethyl)oxirane-dimethylsiloxy]—silsesquioxane.

Fig. 3 shows the FTIR measurement results of OX-SQ-H. -

Fig. 4 shows the ?°Si-NMR measurement results of OX-SQ-H.

Fig. 5 shows the respective ultraviolet absorption spectra of
2,2',4,4'—tetrahydroxybenzophenone, TINUVIN 400 (Ciba Specialt?
Chemicals, Inc.), and TINUVIN 1130 (Ciba Specialty Chemicals, Inc.).

Fig. 6 shows the light transmittance of the hard coating
composition prepared in Example 1.

Fig. 7 shows the light transmittance of the hard coating
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composition prepared in Comparative Example 1.

Best Mode for Carrying Out the Invention

Héreinafter, the present invention will be illustrated in
detail.

The invention relates to a hardcoat composition including at
least the following compohents (A) to (E):

Component (A): a poly (methyl)glycidyl ether compound
represented by the Formula (1);

Component(B):easilsesquioxénecompoundcmntaininga.cationic
polymerizable group;

Component (C): a silicate compound represented by the Formula

Component (D): a silane compound represented by tﬁe Formula
(3) or a partial condensed Compoﬁnd thereof, or a mixture of such
éompounds; and '

Component (E): a cationic'photopolymerization initiator,

wherein the composition includes 5 to 40 parts by weight of
thecomponent(A),60to95partsbyweightofthetotalofthecomponents
(B), (C) and (D), and 0.1 to 10 parts by weight of the component (E),
each based on 100 parts by weight of the total of the components (A)
to (D).

Furthermore, a hardcoat composition in the present invention
may further comprise at least one ultraviolet absorber as component
(F), in an amount of 0.1 to 10 parts by weight based on 100 parts
by weight of the total of (A) to (D).

The component (A) of the invention refers to the
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poly (methyl)glycidyl ether compound represented by the Formula (1):

R2
R—-0 ™
O ln,
wherein R is a chain aliphati‘c residue or a chain aliphatic polyether
residue which may contain a hydroxyl group; R? is hydrogen or a methyl
group; and n; represents aﬁ integer of 2 or larger.
According to the invention, the component (A) is preferably
a poly(methyl)glycidyl ether compound which may contain a hydroxyl
group, which compound is derived from a chain aliphatic polyol or
a chain aliphatic polyether polyol. The comE')onent (A) is a compound
having at least two or more of (methyl)glycidyl ether groups, and
can be prepared by various methods. A method of performing
condensation by dehydrochlorination of a chain aliphatic polyol or
a chain aliphatic polyether polyol having at least two or more of
hydroxyl groups, represented by Férmulas (11) to (17), and (methyl)
epichlorohydrin represented by Formula (18) , in the presence of a

basic compound, is generally used.

CH;
HOCH2),O0H (11 HO(CHz)rILD(CHz)sOH
CH; 15)
HO(CH2GHO)sCH2CHOH (12)
R® R¥ CHy(OCH,CH,)(OH
. Rz-f‘-—c::—CHZ(OCHZCHz)uOH
CHy(OCH,CH,)vOH
HOCH2CHCH20H
HO (13) (16)
HO HO HO
u OCHZ& CH20H HOCH2(’|JCH200H2CI)CH20H
! (14) HO HO

HO a7
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wherein p is an integer from 1 to 10; g is an integer from 0
to 10; r and s are each independently an integer from 0 to 10; t,
u and v are each independently an integer from 0 or 1 to 10; and R3¢
and R* each independently represent hydrogen or an alkyl group having
1 to 4 carbon atoms.

For the definition above, the alkyl group having 1 to 4 carbon
atoms may be specificallyAexemplified by a methyl group, an ethyl
group, a butyl group, an n- and i-propyl group, an n-, i- and t-butyl
éroup, or the like.

- R2
CI—HQC—(')\—-/CHQ
© (13
wherein R? represents hydrogen or a methyl group.

The compound rep;esented by the Formula (1) of the invention
may be specifically exemplified gy the following compounds.

As the compourid having two (methyl)glycidyl ether groups,
ethylene glycol (methyl) diglycidyl ether, triethylene glycol
di (methyl)glycidyl ether, tetraethylene glycol di (methyl)glycidyl
ether, polyethylene glycol di (methyl)glycidyl ether, glycerin
di (methyl)glycidyl ether, 1, 4-butanediol di (methyl)glycidyl ether,
1, 6-hexanediol di (methyl)glycidyl ether, neopentyl glycol
(methyl)glycidyl ether and the like may be mentioned.

Furthermore, as the compound having three or more glycidyléxy
groups, glycerin tri (methyl)glycidyl ether, trimethylolpropane
tri(methyl)glycidyl ether, pentaerythritol tri (methyl)glycidyl
ether, pentaerythritol tetra (methyl)glycidyl ether,

dipentaerythritol hexa (methyl)glycidyl ether, dipentaerylthritol
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penta (methyl)glycidyl ether, dipentaerythritol
tetra(methyl)glycidylether,carbitolpolyglycidylétherandthelike
may be mentioned.

A compound containing a group other thaﬁ the chain aliphatic
residue or the chain aliphatic polyether residue, specifically for
example, an aromatic residue, a chain aliphatic polyester residue,
an alicyclic aliphatic residue or the like, has insufficient hard
lcoatabilityu A compound containing a cationic polymerizable group
otherthanthe(methyl)glycidylethergroup,specificallyforexémple,
an alicyclic epoxy group or an oxetanyl group, tends to have
insufficient adhesion to a thiourethane resin or a thioepoxy resin.
Acompoundhavingonlyone(methyl)glycidylethergroupinthestructure
has insufficient curing rate or hard coatability. A compound having
a hydroxyl group in‘the_structure would be acceptable if the compound
contains two or more (methyl)glycidyl ether groups, and there would
benoadverseeffectdnthecuringrate,hardcoatabilityandadhesion.

These compounds are used_inaividually'or in combination of two
Or more species.

Thesilsesquioxanecompoundcontainingacationicpolymerizable
group as the component (B) according tothe inventionwill bedescribed.
According to the invention, any silsesquioxane compound containing
écmtionicpolymerizablegroupn@ykxaused,andthereisruaparticulér
limitation thereon. (The cationic polymerizable group will be
described later).

A silsesquioxane compound is a silane compound having a
fundamentalskeletoncfoormula(19),whichjj;obtainedkn/hydrolyzing

a trifunctional silane such as alkoxysilane, chlorosilane, silanol
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or the like. The compound is known to have an irregular form called
randomstructure,aswellasalédderform,acagestruéture(completely
fusedcagestructure)orapartiallyopenstructure(astructuremissing
a portion of the silicon étomsf from the cage strﬁcture, or a structure
havinga;xuﬂ:ofthgsilicon—oxygenbonds:n1thecagestructurecleaved),

and the like.

(19)

wherein R represents an organic group.

Among those, the silsesquioxane referred to as the cage-shaped
structure has excellent hard coatability, and it is preferable that
this<:agestructuresilsesquioxane:&sincludedjllthesilsesquioxane.
This structure is represented by, for example,

(i) a closed type caée—shaped—like silsesquioxane:

(R™-Si032)n - (4)
(i1) a partially open type'cage—shaped—like silsesquicxane:
(R™-8103/) n (01/2R™) Lin (5)
wherein n represents an integer from 6 to 18; m represents 0 to 3;
andRFotofﬁzeachrepresenteacationicpolymerizablegroup/hydrogen,
an alkyl group, a cyclopentyl group, or a cyclohexyl group.

(1) The value of n in the silsesquioxane of a closed typé
cage—shaped—likestructurerepresentedbyEbrmula(4)isanevennumber
of from 6 to 18, preferably from 6 to 14, more preferably 8, 10 or
12, and even more preferably 8, or a mixture of 8, 10 and 12.

For example, it is known  that (i-1): when n is 6, the

silsesquioxane has a triangular prismatic structure: (1-2) : when n
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is 8, the silsesquioxane has a hexahedral structure:
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(i-3): when n

ile,theSilsesquioxanehaéeapentagonalprismaticStructure;(i—4):

when n is 12, the silsesquioxane has an octahedral structure; and

(i-5): when n is 14, the silsesquioxane has an enneahedral structure

5 (they are represented by Formulas (20) to (24)).
(R-SiOsp)e (R-SiOz12)s (R-SiOar)10

T R R

" R R \. O’

o /SIE'\O o/\S,l/O\/Si/ /O/?l/ S\l\o
R\aéﬂJ”QV/R R\BﬁﬁF&\&ﬁﬂ\ R—fi? R 78—
/ N \ / Q \ P 0 REQ*#;@f/¥

o} i (o] fo) \ o} / é-___ "O'>S
/’Sl\\ R—Si- 0-- Si—R \O"‘ I ‘\ N
o Q \o" / d 1Y 0 RN
s pA Si L~ ! Si
R/SI\O/SI\ R/ \O/Sl\R g \O\S\i/o/ \R
(20) (21) INeY))
(R-SiO32)12 (R-SiOz12)14
R R R
\ M 7
R\.//O’Stfkof>$/R : o%r”O\\§%>\ R
/S'\o—éJ/o o el 0 &2 R/
\ N T S\
P R é,“Si-/-..R.O _____ , / ROl -07 NS
&\[ |/ULR —Si—R ﬁ“\\.&o‘ i
S(NO\sK/S\\ d o T St Si——R

Og70 0\‘6(/ N Y Ri : /

AN “\ VS \._0O" l\:_ ——

R O\‘Sli/o R /SI\O-*SIi—?—O/Sl\

R (23) R (24)

(i1) The partially open structure of the cage structure
represented by the Formula (5) represents (ii-1): a structure missing
a portion of the silicon atoms from the cage structure, or (ii-2):

10 a structure having a part of the silicon-oxygen bonds in the cage

structure cleaved. The wvalue of n is 6 to 18, and preferably 6 to

14 (they are represented by Formulas (25) to (29)).
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(R-Si0312)7(012R)3
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(R-Si0312)8(012R)z2

R R R R
\—OR \;—OR Rc33>\8i /SiLOR
o O/II "' o]
4 R OR R / ¢
R\S//’\O\Si/R \Si/ \‘O\Si{_R \Si//,‘/o\Si//R\
/ P Y\b / ? OR / 9 \ P
4 H 3 ! 5 @] R \ oO /
H O !0 (U o Bt S
\R;& /?!—R \R;sr' ° /‘“~§i——R \ ,c?s' f'_R
) / ; d
/ e / -~ Si si”
S S —
/SI\O/SI\R R/ —— 1\ R/ o— \R
(25) (26) (27)
. : !
(R-Si0312)8(012R )2 (R-SiO312)8(0112R )4
R R
/
,Ei _sOR —0—g" or
AN R o
R\S. ' O\S.//R\ \S‘/ S./
ROY \ o oS\ ~R
: o} RO
i o] ! 0 OR
QR ! O / Rt -Onee /
\ i /"‘§i—R ; i /“~§1—R
.'"O O - / O
/Sl\O/Sr RO /SI\O/SI\
R R R
(28)

The cage-shaped-like silsesquioxane may be a closed type

cage-shaped-like structure or a partially open structure, and has

no problem in view of hard coatability as long as the silsesquioxane

5 has a cage-shaped form.

Among the organic groups in the compound, it is desirable if

at least one of the organic .groups includes a cationic polymerizable

group. For the closed type cage-shaped-like structure containing

a cationic polymerizable group, the closed type cage-shaped-like

10 silsesquioxane represented by the Formula (6) may be mentioned to

be preferable, and for the partially open structure of the cage

structure containing a cationic polymerizable group, the partially

open type cage—-shaped-like silsesquioxane.representedknzthe Formula.

(7) may be mentioned to be preferable.
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19 R}Si O\.SI/R 2 Si\?s/OR or”
\Sli{lo\Si-O/\ \S/l///o\Si/

/ 0 \ ) 0 \\R21 e
o RS 0 | Q ‘5\\5 /

i/&\\vz EANE P N
Rﬁ \o/ [\ R{4 \O \ 9q

RIE(6) R )
wherein RY to R*® each represent a cationic polymerizable group,
hydrogen, an alkyl group, a ‘cyclopentyl group, or a cyclohexyl group.

The cationic polymerizable group is not particularly limited,

5 Dbut a preferred cationic polymerizable group may be exemplified by
a group having a (methyl)glycidyi ether groﬁp (a group containing
(2-methyl)oxirane), an oxetanyl group, an epoxy cyclohexyl group,
cravinylgroup. Fromtheviewpointsofcurability, hardcoatability,
adhesion, easy availability of the compound, and the like,

10  silsesquioxanes having the cationic polymerizable groups répresented

.by Formula (30) to (33) are preferred.

'

CF@
—<HZC>LOHZC C—CH, ‘<H20>0H20—C CH>
(30) Hs (31)
CF@
‘<HZC>'OH2C>< % }—&—{Hﬁ}OHZC R41
HQC _CH, HaC Ckb
(32 o (33)-

wherein R*® and R* each independently represent hydrogen‘ or

15 amethyl group; R* and R* each independently represent a methyl group

or an ethyl group; a, by, ¢, d; each independently represent an integer
from 1 to 10; and b; and d; each independently represent 0 or 1.

When the silsesquioxane contains an organic group other than
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the cationic polymerizable group, the organic group is preferably
hydrogen, an alkyl group having 1 to 4 carbeon atoms such as a methyl
group, an ethyl group, an n- or i-propyl group, an n-, i-, or t-butyl
group, or the like, a cyclopentyl group, a éyclohexyl group or the
like. R?*® to R in’particular are preferably a hydrogen (in this case
Si-OH: a silanol group).

The alkyl group as defined above is not particularly limited,
but more specific examples thereof include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a t-butyl group, an n-amyl group, an isoamyl group,
a hexyl group, an octyl group, and the like.

For the definition in the above, an alkyl group having 1 to
4carbonatomsmaybefavorablymentioned,andspecificexamplesthereof

include a methyl group, an ethyl group, an n- or i-propyl group, an

-n—, i-, or t-butyl group, and the like.

These compounds are used individually or in combination of two
or more species.

Specific examples of thg silsesquioxane having a cationic
polymerizablegroup,represéntedbytheEbrmﬁlas(30)to(33),include
tetradeca[2—(butoxymethyl)oxirane]—silsesquioxane (silsesquioxane
inwhichallofthefourteengroupsareZ-(butoxymethyl)oxiranegroups;
hereinafter, will be described in the same manner),
dodeca[Z—(butoxymethyl)oxirane]—éilsesquioxane,
deca[2—(butoxymethyl)oxirane]—silsesquioxane,
octa[2- (butoxymethyl)oxirane] -silsesquioxane,
hexa[2- (butoxymethyl)oxirane]-silsesquioxane,

tris[2-(butoxymethyl)oxirane]-ethyl-silsesquioxane
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(silsesquioxanehavingthree 2~ (butoxymethyl)oxirane groupsandethyl
groups for the remaining groups; hereinafter, will be described in
the same manner),

tris[2- (butoxymethyl)oxirane]-cyclohexyl-silsesquioxane,
tris[2—(butoxymethyl)oxirane]—cyclopentyl—silsesquioxane,
tris[2-(butoxymethyl)oxirane]-isobutyl-silsesquioxane,

2- (butoxymethyl)oxirane-ethyl-silsesquioxane,
é—(butoxymethyl)oxirane—cyclohexyl—silsesquioxane,

2~ (butoxymethyl) oxirane-cyclopentyl-silsesquioxane,

2- (butoxymethyl) oxirane-isobutyl-silsesquioxane,

2- (butoxymethyl) oxirane—-trisilanol-cyclohexyl-silsesquioxane
(silsesquioxane having three silanol groups, and having

2- (butoxymethyl)oxirane groups and cyclohexyl groups for the
remaininggroups;hereipafter,willkxadescribedjjlthesaménanner),
2- (butoxymethyl) oxirane-trisilanol-cyclopentyl-silsesquioxane,

2- (butoxymethyl)oxirane trisilanol-isobutyl-silsesquioxane,
2—(butoxymethyl)oxirane—disilanél—cyclohexyl—silsesquioxane,
2—(butoxymethyl)oxirane—disilanol—cyclopentyl—silsesquioxane,

2- (butoxymethyl) oxirane—-disilanol-isobutyl-silsesquioxane,

2- (butoxymethyl) oxirane-silanol-cyclohexyl-silsesquioxane,

2- (butoxymethyl)cxirane-silanol-cyclopentyl-silsesquioxane,

2- (butoxymethyl) oxirane-silanol~isobutyl-silsesquioxane,
tetradeca[2- (butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxane
(silsesquioxane in which all of the fourteen groups are
2—(butoxymethyl)oxirane—dimethylsiloxygroups;hereinafter,willbé
described in the same manner),

dodeca[2- (butoxymethyl) oxirane~dimethylsiloxy]-silsesquioxane,
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deca[2- (butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxane,
octa[2- (butoxymethyl) oxirane-dimethylsiloxy]~silsesquioxane,
hexa[2- (butoxymethyl)oxirane~dimethylsiloxy]-silsesquioxane,
tris[(2—(butoxymethyl)oxirane—dimethylsiloxy}—éthyl—silsesquioxa
ne,

tris[ (2- (butoxymethyl)oxirane)-dimethylsiloxy]-cyclohexyl-silses
quioxane,
fris[(2—(butoxymethyl)oxirane)—dimethylsiloxy]—cyclopentyl—silse
squioxane,

tris[(2- (butoxymethyl)oxirane)-dimethylsiloxy]-isobutyl-silsesqu
ioxane,

[ (2= (butoxymethyl)oxirane)-dimethylsiloxy]-ethyl-silsesquioxane,
[ (2- (butoxymethyl)oxirane)~dimethylsiloxy]-cyclohexyl-silsesquio

xane,

- [(2- (butoxymethyl) oxirane) -dimethylsiloxy]-cyclopentyl-silsesqui

oxane,
[(2—(butoxymethyl)oxirane);dimeﬁhylsiloxy]—isobutyl—silsesquioxa
ne,
[(2—(butoxymethyl)oxirane)—dimethylsiloxyj—trisilanol—cyclohexyl
~-silsesquioxane,

[ (2- (butoxymethyl)oxirane)-dimethylsiloxy]-trisilanol-cyclopenty
l-silsesquioxane,
[(2—(butoxymethyl)oxirane)—dimethylsiloxy]—trisilanol—isobutyi—s
ilsesquioxane,

[ (2~ (butoxymethyl)oxirane)-dimethylsiloxy]-disilanol-cyclohexyl—

silsesquioxane,

[ (2= (butoxymethyl)oxirane)-dimethylsiloxy]-disilanol-cyclopentyl
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-silsesquioxane,
[(2—(butoxymethyl)oxirane)—dimethylsiloxy]~disilanol—isobutyl—si
lsesquioxane,
[(2—(butoxymethyl)oxirane)-dimethylsiloxy]—silanol—cyclohexyl—si
lsesquioxane,
[(2—(butoxymethyl)oxirane)—dimethylsiloxy]—silanol—cyclopentyl—s
ilsesquioxane,
[(Zf(butoxymethyl)oxirane)-dimethylsiloxy]—silanol-isobutyl—sils
esquioxane,
tetradeca[Zf(butoxymethyl)—2—me£hyloxirane]-silsesquioxane,
dodeca[z—(butoxymethyl)—2—methyloxirane]—silsesquioxane,

deca[2- (butoxymethyl)—-2-methyloxirane] -silsesquioxane,
octa[2-(butoxymethyl)—2—methyloxirane]—silsesquiéxane,

hexa[Z-(butoxymethyl)—2—methyloxirane]—silsesquioxane,

-tris[2—(butoxymethyl)—2—me£hyloxirane]—ethyl—silsesquioxane,

tris[2—(butoxymethy1)—2—methyloxirane]—cyclohexyl—silsesquioxane,
tris[2—(butoxymethyl)—2—methylo$irane]—cyclopentyl—silsesquioxan
e, tris[2—(butoxymethyl)—2—methyloxirane]—isobutyl—silsesquioxane,
2—(butoxymethyl)—2-methyloxirane—ethyl—silsesquioxane,
2—(butoxymethyl)—2—methyloxirane—cyclohexyl—silsésquioxane,
2—(butoxymethyl)-2—methyloxirane—cyclpentyl—silsesquioxane,
2—(butoxymethyl)—2—methyloxirane—isobutyl—silsesquioxane,
2—(butoxymethyl)—2—methyloxirane—trisilanol—cyclohexyl—silseséui
oxane,
2—(butoxymethyl)—2—methyloxirane—trisilanol~cyclopentyl—silsesqd

ioxane,

‘2—(butoxymethyl)—2—methyloxirane—trisilanol—isobutyl—silsesquiox
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ane,
2- (butoxymethyl)-2-methyloxirane-disilanol-cyclohexyl-silsesquio
xane,
2—(butoxymethyl)—2—methyloxiréne—disilanol—cyclopentyl—silsesqui
oxane,

2~ (butoxymethyl)-2-methyloxirane-disilanol-isobutyl-silsesquioxa
ne,

2- (butoxymethyl)-2-methyloxirane-silanol-cyclohexyl-silsesquioxa
ne,

2— (butoxymethyl)-2-methyloxirane-silanol-cyclopentyl-silsesquiox
ane,

2- (butoxymethyl) ~2-methyloxirane~silanol-isobutyl~silsesquioxane,
tefradeca[(2—(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—sil
sesquioxane, )
dodeca[(2—(butoxymethyl)—Z—methyioxirane)—dimethylsiloxy]—silses
éuioxane, ‘
deca[(2—(butoxymethyl)—2—methyl§xirane)—dimethylsiloxy]—silsesqu
loxane,

octal[ (2- (butoxymethyl) ~2-methyloxirane)-dimethylsiloxyl-silsesqu
ioxane,

hexa [ (2- (butoxymethyl) -2-methyloxirane)-dimethylsiloxy]-silsesqu
ioxane,
tris[(2—(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—ethyl—éi
lsesquioxane,
tris[(2—(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—cyclohex‘
yl-silsesquioxane,

tris[(2- (butoxymethyl)-2-methyloxirane)-dimethylsiloxy]-cyclopen
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tyl-silsesquioxane,
tris[(2—(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—isobutyl
-silsesguioxane,
[(2—(butoxymethyl)—2—methquxirane)—dimethylsiloxy]—ethyl—siises
quioxane,
[(2-(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—cyclohexyl—s
ilsesquioxane,
[(2—(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—cyclopentyl—
silsesquioxane,
[(2—(butoxymethyl)—2—methyloxirane)—dimethylsiloxy]—isobutyl-sil
sesquioxane,

[ (2= (butoxymethyl) -2-methyloxirane)-dimethylsiloxy]-trisilanol-c
yclohexyl-silsesquioxane, |
[(2—(butoxymethyl)—Z—methyloxirane)—dimethylsiloxy]—trisilanol—c
yclopentyl-silsesquioxane, ~

[ (2= (butoxymethyl)-2-methyloxirane)-dimethylsiloxy]-trisilanol-i
sobutyl-silsesquioxane,

[ (2- (butoxymethyl) -2-methyloxirane) -dimethylsiloxy]-disilanol-cy
clohexyl-silsesquioxane,

[ (2= (butoxymethyl) -2-methyloxirane)-dimethylsiloxy]-disilanol-cy
clopentyl-silsesquioxane,

[ (2= (butoxymethyl) -2-methyloxirane)-dimethylsiloxy]-disilanol-is
obutyl-silsesquioxane, |

[ (2= (butoxymethyl) -2-methyloxirane) -dimethylsiloxy]-silanol-cycl
ohexyl-silsesquioxane,

[(2—(butoxymethyl)-2—methyloxirane)—dimethylsiloxy}—silanol—cycl

opentyl-silsesquioxane,
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[ (2- (butoxymethyl) -2-methyloxirane)-dimethylsiloxy]-silanol-isob
utyl-silsesquioxane,

tetradeca (3-ethyl-3-butoxymethyloxetane)-silsesquioxane,
dodeca(3—ethyl—3—butoxymethyloxetane)—silsesquioxane,

deca (3-ethyl-3-butoxymethyloxetane) -silsesquioxane,

octa (3-ethyl-3-butoxymethyloxetane)-silsesquioxane,

hexa (3-ethyl-3-butoxymethyloxetane)-silsesquioxane,

tris (3-ethyl-3-butoxymethyloxetane)-ethyl-silsesquioxane,

tris (3-ethyl—-3-butoxymethyloxetane)-cyclohexyl-silsesquioxane,
tris (3-ethyl-3-butoxymethyloxetane)-cyclopentyl-silsesquioxane,
tris(3—ethyl—3¥butoxymethyloxetane)—isobutyl—silsesquioxane,
3-ethyl-3-butoxymethyloxetane ethyl-silsesquioxane,
3-ethyl-3-butoxymethyloxetane cyclohexyl-silsesquioxane,
3-ethyl-3-butoxymethyloxetane cyclopentyl—silsesquioxané,
3-ethyl-3-butoxymethyloxetane isobutyl-silsesquioxane,
3~ethyl-3-butoxymethyloxetane
trisilanol—cyclohexyl—silsesquiéxane,
3-ethyl-3-butoxymethyloxetane
trisilanol—cyclopentyl—silseséuioxane,
3-ethyl-3-butoxymethyloxetane trisilanol—isobutyl;silsesquioxane,
3-ethyl-3-butoxymethyloxetane-disilanol-cyclohexyl-silsesquioxan
ey
3—ethyl—3—butoxymethyloxetane—disilanol—cyclopentyl—silsesquiéxa
ne,
3-ethyl-3-butoxymethyloxetane-disilanol-isobutyl-silsesquioxane,
3-ethyl-3-butoxymethyloxetane-silanol-cyclohexyl-silsesquioxane,

3-ethyl-3-butoxymethyloxetane-silanol~-cyclopentyl-silsesquioxane,
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3-ethyl-3-butoxymethyloxetane-silanol-isobutyl-silsesquioxane,
tetradeca[ (3-ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-silses
quioxane,
dodeca[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—silsesqui
dxane,

deca[ (3-ethyl-3-butoxymethyloxetane) -dimethylsiloxy]-silsesguiox
ane,

octal (3-ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-silsesquiox
ane,
hexa[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—silsesquiox
ane,
tris[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—ethyl—silse
squioxane,
tris[(3-ethyl-3-butoxymethyloxetane)-dimethylsiloxy]~-cyclohexyl-
silsesquioxane, |

tris[ (3-ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-cyclopentyl
-silsesqguioxane,
tris[(3-ethyl-3-butoxymethyloxetane)~-dimethylsiloxy]-isobutyl-si
lsesquioxane, |

[ (3—ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-ethyl-silsesqui
oxane,

[ (3-ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-cyclohexyl-sils
esquioxane, |

[ (3-ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-cyclopentyl-sil
sesquioxane,

[ (3—ethyl-3-butoxymethyloxetane)~dimethylsiloxy]-isobutyl-silses

quioxane,
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[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—trisilanol—cycl
ohexyl-silsesquioxane,
[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—trisilanol-cycl
opentyl-silsesquioxane,

5 [(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]-trisilanol—isob
utyl—silsesquiqxane,
[(3-ethyl—3—butoxymethyloxetane)—dimethylsiloxy]-disilanol—cyclo
hexyl-silsesquioxane,
[(3—ethyl—3—butoxymethyloxetane)—dimethylsildxy]—disilanol—cyclo

10  pentyl-silsesquioxane,
[ (3—ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-disilanol-isobu
tyl—siisesquioxane,
[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—silanol—cyclohe
xyl-silsesquioxane, |

15 .[(3—ethyl—3—butoxymethyloxe£ane)—dimethylsiloxy]—silanol—cyclope
ntyl-silsesquioxane,
[(3—ethyl—B—butoxymethyloxetanei—dimethylsiloxy]—silanol—isobuty
l-silsesquioxane,
tetradeca(3—methyl—3—butoxymethyloxetane);silsesqgioxane,

20 dodeca (3-methyl-3-butoxymethyloxetane) -silsesquioxane, -
deca (3-methyl-3-butoxymethyloxetane)-silsesquioxane,
octa (3-methyl-3-butoxymethyloxetane)-silsesquioxane,
hexa (3-methyl-3-butoxymethyloxetane)-silsesquioxane,
tris(3—methyl-3—butoxymethyloxetane)—ethyl—silsesquioxane,

25 tris(3—methyl—3—butoxymethyloxetane)—cyclohexyl—silsesquioxane,
tris(3—methyl—3—butoxymethyloxetane)-cyclopentyl—silsesquioxane,

tris(3—methyl—3rbutoxymethyloxetane)—isobutyl—silsesquioxane,



10

15

20

25

WO 2008/087741 PCT/JP2007/050863

29

3-methyl-3-butoxymethyloxetane ethyl-silsesquioxane,
3-methyl-3-butoxymethyloxetane cyclohexyl—silsesduioxane,
3-methyl-3-butoxymethyloxetane cyclopentyl-silsesquioxane,
3—methyl—3—butoxymethyloxetané isobutyl-silsesquioxane,
3—methyl—3—butoxymethyloxetane
trisilanol—cyc;ohexyl—silsesquioxane,

3-methyl-3-butoxymethyloxetane

trisilanol-cyclopentyl-silsesquioxane,

3-methyl-3-butoxymethyloxetane trisilanol—isobutyl—silsesquioxane,
3—methyl;3—butoxymethyloxetane
disilanol-cyclohexyl-silsesquioxane,
3-methyl-3-butoxymethyloxetane
disilanol—cyclopentyl—silseéquioxane,

3-methyl-3-butoxymethyloxetane-disilanol-isobutyl-silsesquioxane,

.3—methyl—3—butoxymethyloxeténe—silanol—cyclohexyl—silsesquioxane,

3-methyl-3-butoxymethyloxetane-silanol-cyclopentyl-silsesquioxan
e, 3—methyl—3—butoxymethyloxetané—silanol—isobutyl—silsesquioxane,
tetradéca[(3—methyl—3—butoxymgthyloxetane)—dimethylsiloxy]—silse
squioxane, |
dodeca[(3—methyl—3—butoxymethyloxetane)—dimethylsiloxy}—silsesqu
ioxane,
deca{(3—methyl—3—butoxymethyloxetane)—dimethylsiloxy}—silsesquib
xane,

octa[ (3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-silsesquio
xXane,

hexa[ (3-methyl-3-butoxymethyloxetane) ~dimethylsiloxy]-silsesquio

xane,
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tris[(3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-ethyl-sils
esquioxane,
tris[(3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-cyclohexyl
-silsesquioxane,
tris[(3—methyl—3—butoxymethyloxetane)—dimethylsiloxy]—cyclopenty
l-silsesquioxane,
tris[(3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-isobutyl-s
ilsesquioxane,
[(3—methyl—3—butoxymethyloxetane)—dimethylsilbxy]—ethyl—silsesqu
ioxane,

[ (3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-cyclohexyl-sil
sesquioxane,

[ (3—methyl-3-butoxymethyloxetane)-dimethylsiloxy]-cyclopentyl-si

lsesquioxane,

»[(3—methyl—3—butoxymethyloXétane)—dimethylsiloxy]—isobutyl—silse

1

squioxane,
[(3—methyl—3—butoxymethyloxetané)—dimethylsiloxy]—trisilanol—cyc
lohexyl-silsesquioxane,

[ (3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-trisilanol-cyc
lopentyl-silsesguioxane, |
[(3—methyl—3—butoxymethyloxefane)—dimethylsiloxy]—trisilanol—iso
butyl-silsesquioxane,

[ (3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-disilanol-cycl
ohexyl-silsesquioxane,
[(3—methyl—3—butoxymethyloXetane)—dimethylsiloxy]—disilanol—cycl'
opentyl-silsesquioxane,

[ (3—-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-disilanol-isob
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utyl-silsesquioxane,
[(3—methyl—3—butoxymethyloxetane)—dimethylsiloxyj—
silanol-cyclohexyl-silsesquioxane,
[(3—methyl—3—butoxymethyloxetane)—dimethylsiloxy]—silanol—cyclop
entyl-silsesquioxane,
[(3—methyl—3—bgtoxymethyloxetane)—dimethylsiloxy]—
silanol—isobutyl—silsesqﬁioxane, and the like.

Herein, for the cage-shaped-like organosilsesquioxane
containing a cationic polymerizable group, those commercially
available products also can be used, and examples thereof include
EPO415 (GlycidylCyclohexyl-P0OSS), EP0416
(GlycidylCyclopentyl-P0OSS), EP0417 (GlycidylEthyl-POSS), EP0418
(Glycidylisobutyl-POSS), EPO435 (Octahlycidyldimethylsilyl-POSS),
EP0O421 (TrisGlycidleyclohexyl—POSS), EP0420 |
(TrisGlycidylCyclopentyl-POSS), EPO422 (TrisGlycidylEthyl-POSS),
EPO423 (TrisGlycidylIsobutyl-POSS) (all manufactured by Hybrid
Plastics, Inc.; trade name), whiﬁh are disclosed in the Internet on
a website of the following address: <http:®//www. hybridplastics.
com/pdf/2006catalog. pdf>; |
PSS-Octa ( (3-propylglycidylether)-Dimethylsiloxy) substituted
(reagent by Sigma-Aldrich, Inc.), which is disclosed in the Internet
on a website of the following address: <http ' //www. sigma-—aldriéh.
co. jp/up_catalog/A—116. pdf>, oxetanylsilsesquioxane (0X-SQ),
oxetanylsilsesquioxane (OX-SQ-H) (trade names by Toagosei, Co., Ltd.;
trade name), which are disclosed in Toagosei Research Annual, TREND;
1999, No. 3 and Toagoseil Research Annual, TREND, 2004, No. 7, and

the like, which can be suitably used. This cationic polymerizable
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silsesquioxane is compatible with cationic polymerizable compounds,
unlike silica nanoparticles fhat are perfectly inofganic1naterials,
and thus, the cationic polymerizable silsesquioxane is easy to handle
and is excellent in moldability during film forming and the like.

The silicate compound, which is the component (C) according
to the invention, will be described. The silicate compound used in
the invention is a compoundhaving a fundamental skeletonof the Formula
(2), which is obtained by partially hydrolyzing tetrafunctional
alkoxysilane.

4

R
7
3 .
R'{O—Sll%g%R 6
O
RS 2)

whereinR3toR§areeachindependentlyanorganicgrouphavingacationic
polymerizable group, hydrogén or an alkyl group; and n,; represents
an integer from 2 to 10.

For the Formula (2), R® to R® each independently represent an
organic group having a cationic polymerizable group, hydrogen or an
alkyl group.

The alkyl group as defined above is not particularly limited,
but may be more specifically exemplified by a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a t-butyl group, an n—amyl group, an isocamyl group,
a hexyl group, an octyl group, a cyclohexyl group, or the like.

For the definition in the above, an alkyl group having 1 té
4 carbonatomsmaybe favorablymentioned, andspecificexamples thereof

include a methyl group, an ethyl group, an n- or i-propyl group, an
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n-, i- or t-butyl group, or the like.

Since this silicate compound is compatible.with cationic
polymerizable compounds, unlike silica nanoparticles that are
perfectlyinorganicmaterials, thissilicate compoundiseasytohandle
and is excellent in moldability during film fofming and the like.

Here,the;ilicatecompoundcontainingacmtionicpolymerizable
group, which contains at least one or more cationic polymerizable
groups on R?® to R®, can be prepared by an alcohol exchange reaction
of an alkoxy silicate and a cationic polymerizable group-containing
alcohol compound. The cationic polymerizable group i1s not
particularly limited, but asapreferredcationicpolymerizable group,
a group including a methyl glycidyl ether group (a group containing
(2-methyl)oxirane), an oxetanyl group, an epoxycyclohexyl group or
a vinyl group may be mentioned.

The silicate containing a cationic polymerizable group
according to the invéntion may be exemplified by silicate containing
a(methyl)glycidylethergroup(aéroupcontaining(2—methyl)oxiraneL
silicate containing an oxetanyloxy group, silicate containing an
epoxycyclohexyloxy group, or the like. From the viewpoints of
curability, hard coatability, adhesion, easy availability of the
compound, and the like, silicates having the cationic polymerizable

groups represented by Formulas (34) and (35) are preferred.

R* 43
—O—H,C—C—CH —O—HC R
O (34 ><
G4 H,C CH,
o] (35)

wherein R represents hydrogen or a methyl group; and R represents
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a methyl group or an ethyl group.

In addition, an alkoxysilicate which is not substituted with
a cationic polymerizable group also can form a three—-dimensional
network:structure]oygxroduciqg‘silanol.underliltraviolet irradiation
in the presence of a Lewis acid-generating type cationic
photopolymerization initiator, and then forming siloxane bonds, and

thus, the alkoxysilicate can be used for the invention.

+

=Si-0—R —% =Si—O0—H — = . =S8i—0—Si=
-ROH

wherein R represents an organic group.

It is preferablethat the alkoxy group does not have any residual
alcohol compound released after the silanol generation, and silicates
containing an alkoxy group having 1 to 4 carbon atoms, such as amethoxy
group, an ethoxy group, an n- or i—;;ropoxy group, an n-, i- or t-butoxy
group, or the like,'are preferred.

These compounds are used.albne or in combination of two or more
species.

Specific examples of the silicate héving a cationic
polymerizable group represented by the Formulé (22) or (23) include
tetrakis (oxiran-2-yl-methoxy)polysilicate,
tetrakis (2-methyloxyran-2-yl-methoxy)polysilicate,
tetrakis[(3-ethyloxetan-3-yl)methoxy]polysilicate,
tetrakis[ (3-methyloxetan-3-yl)methoxy]polysilicate, and the like.

As the alkoxysilicate which is not substituted with a cationic
polymerizable group, polymethoxysilicate, polyethoxysilicate,

polypropoxysilicate and the like may be mentioned.
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Here, for the silicate compound, those commercially available
compoundscanalsobet@ed,andexamplesthereofinclﬁde,asasdlicate
containing a (3-ethyloxetan-3-yl)methoxy group with n, being 5 in
average, oxetanylsilicate (0X-SC) (Toagosei Co., Ltd.; trade name)
and the like; and‘as a silicate having a methoxy group or an ethoxy
group, M Silicate 51 (methoxy group, n; = 4 in average), M silicate
60 (methoxy group, n; = 9 in average), Silicate 40 (ethoxy group,
n, = 5 in average) (all by Tama Chemicals Co., Ltd.; trade name),
and the like, which can be suitably used.

The silane compound or a partial condensed compound, which is
the component (D) according to the invention, will be described. The
silanecompoundusedfdrtheinvenﬁbmﬁisasilanecompoundrepresented
by the Formula (3) or a partial condensed compound.

RI—Si—~OR’) n,

(R )3, 3)
wherein R’ is an orgahic group having a cationic polymerizable group;
R® and R® are each independently.hydrogen or an alkyl group; and nj
repregents an integer from 1~to 3.

In the Formula (3), R’ is an organic group having a cationic
polymerizablegroup,andRBanngeachindependentlyrepresenthydrogen
or an alkyl group.

The alkyl group as defined above is not particularly limitéd,
but more specific examples thereof include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a t-butyl group, an n-amyl group, an isoamyl group;
a hexyl group, an octyl group, a cyclohexyl group, and the like.

For the definition above, an alkyl group having 1 to 4 carbon
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atomsmaybefavorablymentioned,andspecificexamplesthereofinclude
a methyl gfoup, an ethyl group, an n- or i-propyl‘group, an n—-, i-
or t-butyl group, and the like.

The cationic polymerizable group R’ of the silane compound is
not particularly limited, but groups including a (methyl)glycidyl
ether group, an oxetanyl group, an epoxycyclohexyl group and the like

may be favorably mentioned. From the viewpoints of curability, hard

coatability, adhesion, easy availability of the compound, and the

like, the silane compounds having cationic‘pélymerizable groups
represented by Formulas (36) and (37) are preferred.
R%4
—<H2c>ono—c’;\—-/CH2 ~ ~<H2C>OHZC R45
e O (36) f \j>x<j/
H,C_ CH,

(37
» represents a
methylgrouporenlethylgroup;andeixyfeachindependentlyrepresent
an integer from 1 to 10. |

These compounds are used alone or in combination of two or more
species.

Specific examples of this silane compound include
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane,
3-glycidoxypropyldimethylmethoxysilane,
3-glycidoxypropyltriethoxysilane,
3-glycidoxypropylethyldiethoxysilane,
3—glyciedoxypropyldiethylethoxysilane,

3-ethyl-3-{[3-(trimethoxysilyl)propoxy]methyl}oxetane,



10

15

20

25

WO 2008/087741 PCT/JP2007/050863
37

3-ethyl-3-{[3- (triethoxysilyl)propoxylmethyl}oxetane, and the like.
Sincethesecompoundshavelowviscosities,theycanléwertheviscosity
of the whole composition. The silane compounds can form a
three-dimensional network structure since both the cationic
polymerizable group and thé alkoxy group react under ultraviolet
irradiation in the presence of a Lewis acid-generating type cationic
photopolymerization initiator, and the compound can increase hard
coatability. Moreover, these compounds, also referred to as silane
coupling agents, have a function of promoting the adhesion to
thiourethane resins or thioepoxy resins. A silane compound having
a portion of the alkoxy groups partially condensed to increase fhe
reactivity of the compound may also be used, and preferably a mixture
of a silane compound and a partial condensated compound thereof is
used.

According to the invention, 5 to 40 parts by weight of the
component(A),andGOEo95partsbyweightofthetotalofthecomponents
(B), (C) and (D), based on 100 pérts by weight of the total of the
components (A) to (D), are used. If the component (A) is in excess,
sufficient hard coatability may not be obtained. If the component
(A)isinsufficient,théfilmbecomesbrittle,andsufficientadhesion
may not be obtained. More specifically, 5 to 40 parts by weight of
the component (B), 5 to 40 parts by weight‘of the component (C), énd
15 to 85 parts by weight of the component (D), based on 100 parts
by weight of the total of the components (A) to (D), are used. If
the component (B) is insufficient, sufficient hard coatability may
not be obtained. If the component (B) is in excess, the curing rate

is decreased, and thus, therreaction rate of the overall system may
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possibly be decreased. If the component (C) is insufficient, a

sufficient.curing rate or hard coatbility may not.be obtained. If
the component (C) is inexcess, the residual amount of unreacted silanol
groups or alcohol compounds generated as side products is likely to
be increased, and water resistance may be easily deteriorated. If
the component (D) is insufficient, sufficient dilution may not occur,

and further, the adhesion to thiourethane resins or thiocepoxy resins

may be deteriorated. If the component (D) is in excess, the residual

amount of unreacted silanol groups or alcohol.compounds generated
as side products is likely to be increased, and water resistance may
be easily deteriorated.

The cationic photopolymerization initiator, which is the
component (E) according to the invention, will be described.

The component (E) is not particularly limited as long as the
compound is able to initiafé cationic polymerization by light, and
any compound can be used. Preferred examples of the cationic
photopolymerization initiator include onium salts having a structure
represented by the following Formula (38). This onium salt is a

compound releasing Lewils acid after undergoing a photoreaction.

4

J .
R46g.R47h. R48i. R49j oW} [ MA k+l ]

(38)
whereinlf*represents a cation, and J represents an anion, the
cation being an onium ion; W represents S, Se, Te, P, As, Sb, Bi,
0, I, Br, Cl or N =N; R*, RY, R*®® and R* are identical or different
organic groups; g, h, I and j are each an integer from 0 to 3, while
(g+th+i+j) is equal to ((valency of W)y1); M is a metal or metalloid

constituting the central atom of a halogenated complex [MAy,]1; A is
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a halogen atom; 1 is the net charge of the halogenated complex ion;
and k is the valency of 1.

In the above formula, M is a metal or metalloid constituting
thecentralatonnxfahalogenatedcomplex[MAmi],ahdspecificexamples
thereof include Bf P, As, Sb, ‘Fe, Sn, Bi, Al, Ca, In, Ti, Zn, Sc,
V, Cr, Mn, Co and the like.

Furthermore,Ajj;ahalogenatom,andspecificexamplesthereof
include F, Cl, Br and the like.

FortheEbrmula(26),specificexamplescﬁftheoniumioninclude
diphenyliodonium, 4-methoxydiphenyliodonium,
bis(4-methylphenyl)iodonium, bis (4-tert-butylphenyl)iodonium,
bis (dodecylphenyl)iodonium, triphenylsulfonium,
diphenyl-4-thiophenoxyphenylsulfonium,
bis[4- (diphenylsulfonio)phenyl]sulfide,
bis[4—(di(4—(2—hydroxyethyi)phenyl)sulfonio)—phenyl]sulfide,n5—2
,4- (cyclopentadienyl) [1,2,3,4,5,6-n-(methylethyl)benzene]-iron (1
+), and the like. |

Specific examples of the anion for the Formula (26) include
tetrafluoroborate, hexafluorophosphate, héxafluorpantimonate,
hexachloroantimonate, and the like.

As the anion for the Formula (26), perchlorate ion,
trifluoromethanesulfonate ion, toluenesulfonate ion,
trinitrotoluenesulfonate ion, and the like may also be used instead
of the halogenated complex [MAg:1].

Also, as the anion for the Formula (26), aromatic anions may
be used instead of the halogenated complex [MAyx+;]. Specific examples

thereof include tetra (fluorophenyl)borate,
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tetra(difluorophenyl)borate, tetra(trifluorophenyl)borate,
tetra(tetrafluorophenyl)boréte, tetra(pentafluoréphenyl)borate,
tetra (perfluorophenyl)borate, tetra (trifluoromethylphenyl)borate,
tetra (di(trifluoromethyl)phenyl)borate, and tﬁe like.

Commercial;yavailableproductscanalsobeusedasthecationic
photopolymerization initiator, and Uvacure 1590 and 1591 (all
manufacturedby Daicel-UCBCo., Ltd.; trade name) , Adecaoptomer SP-100,
SP-170, SpP-172, SP-150 and SP-152 (all manufactured by Asahi Denka
Co., Ltd; trade name), and Rhodorsil 2074 (Rhodia, Inc.; trade name)
can be suitably used.

These cationicphotopolymerization initiators canbeusedalone
or in combination of two or more species.

According to the invention, the content of the component (E)

is usually 0.1 to 10 parts by weight, preferably 0.3 to 5 parts by

-weight, based on 100 parts By weight of the total of the components

(A) to (D). When the content of the component (E) is 0.1 parts by
weight or more, the curing statué of the resin composition becomes
better, which is desirable. On the other hand, from the viewpoint
of preventing elution of the cationic photopolymerization initiator
after curing, it is preferable to use 10 parts by weight or less.

Moreover, ifnecessary, acationicphotopolymerizationpromoter
can be used in combination. Specifically,
9,10-dimethoxy-2-ethyl-anthracene, 9,10-diethoxyanthracene,
2,4-diethylthioxantone, and the like may be mentioned.

In addition, a compound generating a cation species or Lewié
acid by heat, for example, a thermally latent cationic polymerization

initiator, can also be used in combination. Specifically,
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triphenylsulfoniumboron tetrafluoride, triphenylsulfoniumantimony
hexafluoride, triphenylsulfonium arsenic hexafludride,
tri (4-methoxyphenyl)sulfonium arsenic hexafluoride,
diphenyl (4-phenylthiophenyl)sulfonium arsenic hexafluoride,
p—t—butylbenzyltetrahydrothiopheniumantimonyhexafluoride,andthe
like; amonganiliniumsalt compounds, N,N-dimethyl-N-benzylanilinium
antimony hexafluoride, N,N-dimethyl-N-benzylanilinium boron
tetrafluoride, N,N-dimethyl-N-(4-chlorobenzyl)anilinium antimony
hexafluoride, andJN,N—dimethyl—N—(l—phenylethyl)aniliniUHlantimony
hexafluoride; among pyridinium salt compounds,
N-benzyl-4-dimethylaminopyridinium antimony hexafluoride,
N-benzyl-4~diethylaminopyridinium trifluoromethanesulfonate,
N- (4-methoxybenzyl)-4-dimethylaminopyridinium antimony
hexafluoride, N—(4—methoxybenzyl?—4—diethylaminopyridinium
antimonyhexafluoride,andtﬁelike;amongtoluidiniumsaltcompounds,
N, N-dimethyl-N- (4-methoxybenzyl)toluidiniumantimonyhexafluoride,
N,N—diethyl—N—(4—methoxybenzyl)£oluidinium antimony hexafluoride,
and the like; among phosphonium salt compounds,
ethyltriphenylphosphonium antimony hexafluoride,
tetrabutylphosphonium antimony hexafluoride, and the like; among
iodonium salt compounds, diphenyliodonium arsenic hexafluoride,
di-4-chlorophenyliodonium arsenic hexafluoride,
di-4-bromophenyliodonium arsenic hexafluoride, di-p-tolyliodonium
arsenic hexafluoride, phenyl- (4-methoxyphenyl)iodonium arsenic
hexafluoride, and the like may be mentioned.

Examples of commercially available thermally latent cationic

polymerization initiator include Sanaid SI-60L, Sanaid SI-80L, Sanaid
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SI-100L, Sanaid SI-80, Sanaid SI-100, Sanaid SI-145, Sanaid SI-150,
Sanaid SI-160 (all manufactured by SANSHIN CHEMICAL INDUSTRY CO.,
LTD.; trade name), and the like.

These initiators may be used alone or in combination of two
or more species. It is also possible to proceed the curing further
after light irradiation, by using heat in combination.

The ultraviolet absorber, which is the component (F) according
to the invention, will be describéd.

The ultraviolet absorber (F) used for the invention refers to
a compound which absorbs ultraviolet rays having a wavelength of 400
nm or less, and takes a staﬁle form without the compound itself
decomposing, such as dissipating the absorbed energy as thermal energy
or the like. According to the invention, the ultraviolet absorber

has a function of inhibiting deterioration of the thiourethane resins

- or thiocepoxy resins used as the substrate, by blocking ultraviolet

rays of 400 nm or less. As the ultraviolet absorber in general,
benzophenone-based ultraviolet ébsorbers, triazine-based
ultraviolet absorbers, benzot;iazole—based ultraviolet absorbers,
salicylic acid-based ultraviolet absorbers, cyanoacrylate-based
ultravioclet absorbers, inorganic oxides such as zinc oxide, titanium
oxide and the like, and the like may be mentioned. Among these, it
is preferable for the composition of the invention to contain at lea'st
one or more ultraviolet absorber having a maximum absorption
wavelengths in the region raging from 320 to 400 nm (UV-A), which
occupies about 90% of the solar ultraviolet rays, and the |
2-hydroxybenzophenone-based ultraviolet absorber represented by the

Formula (8) is particularly preferable because it absorbs up to near
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R32 R (8)
wherein R*! to R*® each independently represent a hydroxyl group, a
hydrogen atom, an alkyl group, or an alkoxy group.

This 2-hydroxybenzophenone-based ultraviolet absorber may be
more specifically exemplified by 2—hydroxybeﬂzophenone,
2,2"'-dihydroxyphenone, 2,4-dihydroxybenzophenone (Sumisorb 100,
Sumitomo Chemical Co., Ltd.; trade name),
2-hydroxy-4-methoxybenzophenone,
2-hydroxy—-4-methoxy~4"'-methylbenzophenone,

2,2’—dihydroxy—4-methoxybenzophenone,

'2,4,4"'-trihydroxybenzophenone, 2,2',4,4'-tetrahydroxybenzophenone,

2,3,4,4'—tetrahydroiybenzophenone,
2,3'",4,4"-tetrahydroxybenzophenone, or
2,2'—dihydroxy—4,4'—dimethoxybenzophenoner Among these,
2,2',4,4"-tetrahydroxybenzophenone, which has large absorption in
the region of from 320 to 400 nm (UV-A), especially in the region
of from 380 to 400 nm where the light quantity of solar light is large,
can be most suitably used. |
In addition, one or more triazine-based ultraviolet absorbers
or benzotriazole-based ultraviolet absorbers, which have different
maximum absorption wavelengths, can be used, and it is preferablé
since these absorbers can efficiently block ultraviolet rays of 400

nm or less.
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The triazine-based ultraviolet absorber may be more
specifically exemplified by'
2—[4—[(2—hydroxy—3—dodecyloxypropyl)oxy]—Z—hydroxyphenyl]—4,6—bi
s(2,4—dimethylphenyl)—1,3,Sftriazine/Z—[4—[(2—hydroxy—3-tridecyl
oxypropyl)oxy]-2-hydroxyphenyl] -4, 6-bis (2, 4-dimethylphenyl)-1, 3,
5-triazine (TINUVIN 400, Ciba Specialty Chemicals, Inc.; trade name),
or
2,4-bis (2,4-dimethylphenyl) -6~ (2~hydroxy-4-iso-octyloxyphenyl) -s
—triazine(TINUVIN411L,CibaSpecialtyChemicais,Inc.;tradename).

The benzotriazole derivative may be more specifically
exemplified by 2-(2-hydroxy-5-t-butylphenyl)-2H-benzotriazole
(TINUVIN PS, Ciba Specialty Chemicals, Inc.; trade name),
benzenepropionic acid,
3—(2H—benzotriazol—2—yl)—5—(1,1—dimethylethyl)—4—hydroxy—C7—9—al
kylester(TINUVIN99—2,CibéSpecialtyChemicals,Inc.;tradename),
octyl—3—[3—t—butyl—4—hydroxy—5—(5—chloro—2H—benzotriazol—2—yl)ph
enyl]lpropionate (TINUVIN 109, Ciga Specialty Chemicals, Inc.; trade
name), 2-(2H-benzotriazol-2-yl)-4, 6-di-t-pentylphenol (TINUVIN 328,
Ciba Specialty Chemicals, Inc.; trade name),
2-(2H-benzotriazol-2-yl)-4, 6-bis (1-methyl-1-phenylethyl)phenol

(TINUVIN 928, Ciba Specialty Chemicals, Inc.; trade name), or

~o—[3-[3-(2H-benzotriazol-2-yl)-5-(1,1-dimethylethyl) ~-4~-hydroxyph

enyl]-1l-oxopropyl]-ew—-hydroxy poly(oxo-1,2-ethanediyl) /
o-[3-[3-(2H-benzotriazol-2-yl)-5-(1,1~dimethylethyl) ~4-hydroxyph
enyl]—l—oxopropyl]—m—[3—[3—(2H—benzotriazol—2—yl)—5—(1,l—dimethy'
lethyl) -4-hydroxyphenyl]-1l-oxopropoxy] poly(oxy-1,20-ethanediyl)

(TINUVIN 1130, Ciba Specialty Chemicals, Inc.; trade name).
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According to the invention, the content of the component (F)
is usually 0.1 to 10 parts by weight, preferably 0.3 to 6 parts by
weight, based on 100 parts by weight of the total of the components
(A) to (D). When the content of the component (F) is 0.1 parts by

5 weightorgreater,Weatherresistanceisimproved,whichispreferable.
On the other hand, if the content is too high, curability may be
deteriorated, or coloration may occur, and thus, a content of 10 parts
.by'weight or less is preferable. 1In addition, the effect of adding
the ultraviolet absorber can be confirmed by performing a pseudo

10 exposure using a sunshine weather meter using a carbon arc lamp or
a xenon lamp.

The compound having a dimethylsiloxane skeleton represented
by the Formula (9), which is the component (G) according tothe invention,
will be described. In}general, those in which a part of the side

15 - chains of the dimethylsiloxane represented by the Formula (10) is
modified with polyether such as ethylene oxide, propylene oxide or
the like, and those having silsésquioxane attached to the

dimethylsiloxane main chain or to the side chains are suitably used.

Si—O
CHs

T
|

X 9)

20 wherein x; is an integer from 1 to 10, 000.
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cHs | CHs {cm 1 CHs
mo—§~o %Fﬂ ‘&—o §~cm
b | (g | | ], b

0

&,

<|3H-—R35

& ns

Ly (0

wherein R*® represents a hydrogen atom, an alkyl group having 1 to
4 carbon atoms;'Rylrepresehts a hydrogen atom, an alkyl group having
1 to 4 carbon atoms, a cationic polymerizable group or an ethylenic
unsaturated group; ng and ns are each an integér from 1 to 5; x, is
an integer from 1 to 70; y is an integer from 1 to 30; and y/x, is
1 or less.

Byaddingthecomponent(G),thesurfacetensioncanbeadjusted,
and thus, an effect of preventing eye holes upon coating the resin
surface or improving the smoothne;s of the coating can be obtained.
Furthermore, since the dimethylsiloxanelnoiety'tends to bleed to the
surface of the coating, the sliding properties are improved, and good
scratch resistance can be expecfed. Also, those modified with
polyether or attached with silsesquioxane are highly soluble.

The content of the component (G) is usually 10 parts by weight
or less, preferably 0.01 to 10 paftS'by'weight, more preferably 0.1
to 5 parts by weight, based on 100 parts by weight of the total of
the components (A) to (D). If the content is too low, the
above-described effects may not be sufficiently expected. If the
content is too high, there may be an adverse effect on the curability.
The surface condition may also be deteriorated.

Specific examples of the component (G) include commercially

-available products. As the dimethylsiloxane derivative having the
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side chains modified with polyether, BYK-306, BYK-307, BYK-333,
BYK-375, BYK-UV3500 and BYK;UV351O (all manufactufed by BYK-Chemie
GmbH; trade name) may be mentioned, and as the product having
silsesquioxane attached to the main chain or side chains,
oxetanylsilsesquioxane (0OX-SQSI20) (Toagosei Co., Ltd.; trade name)
may be mentioned.

When silica nanoparticles are added as the component (H),
hardness can be further improved. The average particle size of the
silica nanoparticles is from 2 nm to 1 um, buf a preferred average
particlesizeispreferablyfrom5nmto 500 nm. Iftheaverageparticle
sizeislessthanan,handling,ortheprocessofndxinganddispersimu
becomes difficult. If the average particle size is larger than 500
nm, the particles are likely to settle, and transparency may be

deteriorated. The shape of the silica nanoparticles is not

~particularly limited, and any of those having a spherical shape, a

plate shape, a layefed shape, a pillar shape, a fiber shape and the
like can be used. BAmong these, spherical particles are preferred
from the viewpoint of dispersibility. As the silica nanoparticles,
commercially available products such as Snowtex (Nissan Chemical
Industries, Ltd.; product name), Organosilicasol (Nissan Chemical
Industries, Ltd.; product name), Aerosil (Nippon Aerosil Co., Ltd.;
product name), Sildex (Asahi Glass Co., Ltd.; product name), Eé20
(Nippon Silica.Industrial Co., Ltd.; product name), Sylysia 470

(Fuji-Silysia Chemical Co., Ltd.; product name), and the like can
be used. ZAmong these, it is preferable to use silica sol dispersea

in an organic solvent, generally known as colloidal silica, as the

‘raw material. It is preferable to use these silica nanoparticles
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after preparing them as a dispersion in the silane compound of the
component (D). To obtain the nanoparticles in thié state, a method
of mixing colloidal silica which is dispersed in a solvent such as
methanol or the like, with the silane compound, and distilling off
thexnethanol1asing51rotary'evaporator. The content of the component
(H) is usually 10 parts by weight or less, and preferably 0.01 to
10 parts by weight, based on the total of the components (A) to (D).
If the amount of addition is less than 0.01 parts by weight, the effects
may not be fully expected. If the amount of addition is more than
10 parts by weight, the viscosity of the solution may increase, or
the storage stability may not be maintained.

For the composition of the invention, the viscosity of the
composition measured as the Type E viscosity at 25°C is preferably
1t0500n@a-s,morepreﬁerably2tolOOn@a-s,andstillmoreéreferably
5to50mPa-s. Whentheviscoéityisvdthintheabove—describedrange,
excellent handlability can ‘be obtained.

A cationic polymerizable cémpound other than the component (A)
may also be added in an amount of 5 parts by weight or less based
on 100 parts by weight of the composition of the inventién. Specific
examples thereof include monofunctional (methyl)glycidyl ether
compounds such as 2-ethylexyl (methyl)glycidyl ether, 2-ethylhexyl
diglycol (methyl)glycidyl ether, and the like; oxetanyl |
group-containing compounds such as
3-ethyl-3-(2-ethylhexyloxymethyl) oxetane,
di[l-ethyl (3~oxetanyl) Jmethyl ether, and the like;
fluorine—containingcompoundsrepresentedkn/Formulas (39) and (40);

and the like.
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R50
I . .
F3C+F,C OH,C—C—CH, F3C+F,C~+OH,C R51
o0 X
(39)

HyC CH,
(40)

wherein R represents hydrogen or a methyl group; R> represents a
methylgroup(M:anethylgroup;andm)and;>eachindependentlyrepresent
an integer from 0 or 1 to 10.

A chain aliphatic polyol or chain aliphatic polyether polyol,
to which (methyl)glycidyl ether groups are not attached, may also
be added in an amount of 5 parts by weight or less based on 100 parts
by weight of the composition of the invention. For example, the
above-described compounds represented by the Formulas (9) to (15)
may be mentioned.

A silane coupling agént may also be added in an amount of 5
parts by weight or less based on 100 parts by weight of the composition
of the invention. Specific examéles thereof include trifunctional"
silanes such as 3—chloropropyltrimethoxysilane,
vinyltrimethoxysilane, 3—methacryloyloxypropyltrimethoxysilane,
2—(3,4—epoxycyclohexyl)ethyltrimethoxysilane,
3-glycidyloxypropyltrimethoxysilane,
3-mercaptopropyltrimethoxysilane, 3-aminopropyltrimethoxysilané,
N—2—(aminoethyl)-3—aminopropyltrimethoxysilane,
3-ureidopropyltrimethoxysilane, 3-cyanopropyltrimethoxysilane,
3-morpholinopropyltrimethoxysilane,

N-phenylaminopropyltrimethoxysilane, and the like: and bifunctional

silanes, namely, bifunctional silanes having a part of the
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aforementioned trifunctional silanes substituted with alkyl groups,
phenyl groups, vinyl groups‘or the like, for example,
dimethyldimethoxysilane, phenylmethyldimethoxysilane,
vinylmethyldimethoxysilane,‘3—chloropropylmethyldimethoxysilane,
3—glycidoxypropylmethyldiethoxysilane, and the like.

Also, a photoresistant stabilizer, organic or inorganic dyes

or colorants may also be added in an amount of 5 parts by weight or

less based on 100 parts by weight of the composition of the invention.

Withinthescopeofnotimpairingtheperformance,a(meth)acryl
monomer may be blended in an amount of 5 parts by weight or less based
on 100 parts by weight of the composition of the invention. Specific
examples thereof include isoamyl (meth)acrylate, lauryl
(meth)acrylate,stearyl(meth)acrylate,butoxyethyl(meth)acrylate,
ethoxy—diethyleneglycol(meth)acrylate,Hethoxy—triethyieneglycol
(meth)acrylate, methoxy-polyethylene glycol (meth)acrylate,
methoxydipropyleneglycol(meth)acrylate,methoxy—diethyleneglycol
(meth)acrylate, phenoxyethyl (méth)acrylate, phenoxy—polyethyléne
glycol (meth)acrylate, tetrahydrofurfuryl (meth)acrylate, isobonyl
(meth)acrylate, 2—hydroxyethyl (meth)acryiate, 2-hydroxypropyl
(meth)acrylate, 2-hydroxy-3-phenoxypropyl (meth)acrylate,
(meth)acrylic acid, glycidyl (meth)acrylate,
2-(meth)acryloyloxyethyl succinate, 2- (meth) acryloyloxyethyl
phthalate, isooctyl (meth)acrylate, isomyristyl (meth)acrylate,

2-hydroxybutyl (meth)acrylate, methyl (meth)acrylate, ethyl

(meth)acrylate, n-butyl (meth)acrylate, isocbutyl (meth)acrylate,

-cyclohexyl methacrylate, benzyl (meth)acrylate,

(meth)acryloylmorpholine, perfluorococtyl (meth)acrylate,
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trifluoroethyl(H@th)acrylate,triethyleneglycoldi(meth)acrylate,
polyethyleﬁe glycol di(meth)acrylate, neopentyl glycol
di(meth)acrylate, 1,6-hexanediol di (meth)acrylate, 1,9-nonanediol
di (meth)acrylate, dimethyloltricyclodecane di (meth)acrylate ,
trimethylolpropang tri(meth)aérylate, ethylene oxide-modified

trimethylolpropane tri (meth)acrylate, pentaerythritol

tri(meth)acrylate, pentaerythritol tetra(meth)acrylate,

dipentaerythritol hexa (meth)acrylate, bisphenol A diglycidyl ether

(meth)acrylate adducts,
1,1,3,3,5,5fhexa((meth)acryloxy)cyclotriphosphogene,
1,1,3,3,5,5-hexa ((meth) acryloxyethyloxy)cyclotriphosphogene, and
the like.

Within the scope of not impairing the performance, other resin

components, specifically polyurethane resin, polyester resin,

-polyether resin, polystyrene resin, acryl resin and the like may be

added in an amount of 5 parts by weight or less based on 100 parts
by weight of the composition of‘the invention.

Filler,specificallytitgnia,zixconia,talc,polymerparticles
and the like may also be added to the composition of the invention.

In addition, in the case of adding a solvent to the composition
oftheinvention,loweralcoholssuchasnethylalcohol,ethylalcohol,
isopropyl alcohol and the like; dimethylformamide,
N,N'-dimethylacetamide, N-methyl-2-pyrrolidone, methylcellosolve,
ethylcellosolve,butylcellosolve,ethyleneglycol,tetrahydrofuran,
dioxane, toluene and the like may be used.

[Method of preparing the composition]

Thepreparationisnotparticularlylimited,anditmaybecarried
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out by any known method. An example of the methods is as follows.
First, desired amounts of the components (A) to (D) are mixed in an
opaque brown glass vessel or in a polymer vessel, and the mixture
is warmed (approximately SOEC or below) as necessary, and mixed
completely. Whilg the mixture is at room temperature (23°C), the
components (E), (F) and (G), and optionally other components as

necessary, are added to the mixture, and the formed mixture is

sufficiently mixed. The mixture is further sufficiently settled and

deaerated to obtain the final composition. Herein, mixing was
performed using a magnetic stirrer or an agitator, but it is preferable
to select a mixer, a shaker, a triple-roll or the like in accordance
with the amount or the viscosity of the composition.

[Coating method, curing method]

Inthe caseof coatingonasubstrate, methods suchasdipcoating,

- spin coating, spray coating and the like may be used. The thickness

of the coating is 0.01 to 100 um, preferably 0.1 to 20 pm, and more
preferably 1 to 5 um. If the thiékness is smaller than 0.01 um, good
hardcoatjperformancexnayluﬁ:bg observed. If the thickness is larger
than 100 pm, plane smoothness of the coating may not be obtained.
Astheultraviolet light sourceneeded in photopolymerization, various
mercury lamps of low pressure, high pressure and ultrahigh pressure,
chemical lamps, metal halide lamps, ultraviolet laser and the like
can be used.
[Evaluation methods for composition and cured film]
Evaluation of adhesion of the hardcoat:

The JIS-K5600-5-6: 1999 adhesion test (crosscut test) may be

used. Preferably, the condition after curing by photopolymerization
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is of Class 0 (the edges of cuts are complete and smooth so that there
is no peeled-off grid meshes), or of Class 1 (slighf peeling-off of
the coating at the cross points of cuts. The portion of the crosscuts
under the influence occupies obviously no more than 5%). Also, the
condition after the below-described weather resistance test is of
Class O to Class 2 (the coating is peeled off along the edges of cuts
and/or at the cross points. The portion of crosscuts under the

influence occupies obviously more than 5% but no more than 15%).

Scratch resistance test:

A test. of rubbing with steel wool (#0000) may be used, and
preferably, no scratch is observed after 10 shuttling movement under
a load of 500 g.

Ultraviolet curability

An ultraviolet light of 365 nm is measured, and the composition
is cured with a cumulative energy of 2 J/cm? or less, and particularly
preferably 1 J/cm? or less. -

- Weather resistance: A,pséudo exposure is performed using a
sunshine weather meter (light_source: a carbon arc lamp or a xenon
lamp/with tailwater). No peeling off is ébserved in the
above-described adhesion test after an exposure of 30 hr.

Evaluation of appearance:

The evaluation is performed by viewing with naked eyes, and
it is confirmed that defects such as eye holes, discontinuities,
non-smoothness, generation of an orange peel texture, and the like
are not observed.

Viscosity of composition:

The viscosity is measured as the Type E viscosity at 25°C, and
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the value is preferably 1 to 500 mPa*s, more preferably 2 to 100 mPa- s,
and still more preferably 5 to 50 mPa-s.
Storage stability of composition:
The stability of the composition is maintained preferably for
1mond1orlongerunderromntemperaturestorageand%Smonthsorlonger
under refrigerated (4°C) storage, and more preferably for 6 months

or longer under room temperature storage and 1 year or longer under

refrigerated (4°C) storage.

[Use of composition of the invention]

The composition of the invention exhibits excellent scratch
resistance and adhesion, and very high transparency, when applied
and cured on a substrate, and thus, the composition can be used in
a wide range application. In particular, the composition can be used

for thiourethane resins and thioepoxy resins, for which there have

been no desirable materials from the viewpoint of adhesion.

Hereinafter, the present invention will be described in more
detail with reference to Preparation Examples, Interpretation
Examples and Examples, but the invention is not limited to these

Preparation Examples, Interpretation Examples and Examples.

EXAMPLES
<Preparation and evaluation of a hard coating agent containihg

composition of the invention>

Preparation Example 1
<Preparation of thiourethane resin (1)>

36.4 g of m-xylylenediisocyanate represented by Formula (41),
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33.6 g of 1,2-bis(2-mercaptoethyl)thio-3-mercaptopropane

represented by Formula (42), 0.01 g of dibutyltin.dichloride, and
0.07 g of ZelecUN (STEPAN Company) as an internal releasing agent
were added and stirred, and the mixture was defcamed under reduced
pressure for 1 hou;. The mixture was filtered through a 1-um Teflon
(registerajtrademark)filter,andiﬂmglwasintroducedjjﬂx>aforming
mold including a glass mold and a gasket. While slowly heating this
mold from 40°C to 120°C, polymerization was performed for 20 hours.
Aftercompletionof thepolymerization, the reactionmixturewas slowly
cooled, and the resin was removed from the mold. The obtained resin
was subjected to annealing at 120°C for 3 hours, to obtain a resin

plate (thickness: 5 mm).

OCN“©”NCO
| (41)
~—SH ”

SH
___S/\/ (42)

Preparation Example 2

<Preparation of thiourethane resin (2)>

37.6 g of m-xylylenediisocyanate, 33.6 g of polythiol
represented by Formula (43), 0.01 g of dibutyltin dichloride, and
0.07 g of ZelecUN (STEPAN Company) as an internal releasing agent
were added and stirred, and the mixture was defoamed under reduced
pressure for 1 hour. The mixture was filtered through a 1—pm.Teleﬁ
(registered trademark) filter, and then was introduced into a forming

mold including a glass mold and a gasket. While slowly heating this
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mold from 40°C to 120°C, polymerization was performed for 20 hours.
Aftercomplétionofthepolymerization,thereactionmixturewasslowly
cooled, and the resin was removed from the mold. The obtained resin
was subjected to annealing at 120°C for 3 hours, to obtain a resin

plate (thickness: 5 mm).

Preparation Example 3

<Preparation of thioepoxy resin (1)>

70.0 g of bis(2, 3-epithiopropyl)disulfide represented by
Formula (44), 0.014 g of N,N-dimethylcyclohexylamine, and 0.07 g of
N,N—dicyclohexylmethylamine were added and stirred, and the mixture
was defoamed under reduced-pressure for 1 hour. The mixture was
filtered through a 3-um Teflon (registered trademark) filter, and
then was introduced into a forming mold including a glass mold and
a gasket, over 4 hours. This mold was kept warm at 30°C for 10 hours,
then themixture was slowlyheated from30°Cto 80°C, andpolymerization
was performed for 20 hours. After completion of the polymerization,
the reaction mixture was slowly cooled, and the resin was removed
from the mold. Theobtainedresinwassubjected1x>annealingat]20°C

for 3 hours, to obtain a resin plate (thickness: 5 mm).
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Preparation Example 4
<Preparation of thioepoxy resin (2)>
70.0 g of bis(B-epithiopropyl)sulfide represented by Formula
(45) and 0.35 gof tributylamine were added and stirred, and the mixture
5 was defoamed under reduced pressure for 1 hour. The mixture was
filtered through a 3-um Teflon (registered trademark) filter, and
then was introduced into a forming mold over 4 hours. This mold was
kept warm at 30°C for 10 hours, then the mixture was slowly heated
from 30°C to 120°C, and polymerization was performed for 20 hours.
10 Aftercompletionofthepolymerization,thereactionmixturewasslowly
cooled, and the resin was removed from the mold. The obtained resin
)

was subjected to annealing at 120°C for 3 hours, to obtain a resin

plate (thickness: 5 mm).

S - S
VA WS VAN
(45)
15 In addition, the resin plates produced in Preparation Examples

1 to 4 were immersed ina 1l wt$ aqueous solution of NaOH for 20 minutes,
then washed sufficiently with water, and dried at room temperature,
in order to eliminate the internal releasing agent adhered on the
surface before performing the evaluations to be described later.
20

Preparation Example 5

Octa[2- (Butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxan
e represented by Formula (46), which is a closed cage—structured'
silsesquioxane having a cationic polymerizable group represented by

25  Formula (31), as the component (B), was prepared in advance by the
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following method.

N LA
/\ /N (46)

10 g (9.84 mmol) of octadimethylsiloxy-silsesquioxane
represented by Formula (47) (a reagent from Sigma—Aldrich'Co.) was
dissolved in dry toluene under a moisture-proof environment, and then
10ml(78.72mmol)ofallylglycidyiether(areagentfromSigma—Aldrich
Co.) was added thereto dropwise with stirring. Then, 10 ml of a 2
mM solution of a platinum-1,3-divinyl-1,1,3,3-tetramethyldisiloxane
complex (O[Si (CHs),CH=CH;]Pt) (diluted in xylene) as a catalyst was
further added dropwiseAto the mixture. The mixture wasAheated to
50°C under a nitrogen.stream} and the reaction was carried out. The
reaction was continued for 24 hours or lonéer, and the reaction was
terminated after confirming that‘the absorption of Si-H (near 2250
cmt) disappeared in FTIR. Thergafter,toluenewasdistilledoffusing
a rotary evaporator. About 17 g of viscoﬁs but transparent
octa[2- (butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxane was

obtained.
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Interpretation Examplé 1

< Interpretation of
octa[2- (butoxymethyl) oxirane-dimethylsiloxy]~silsesquioxane
synthesized in Preparation Example 5>

The FTIR measurement results for
octa[2- (butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxane are
shown in Fig. 1. Peaks characteristic to the Si-0-Si bonding were
observed at 1090 cm™® and 1035 cm™. A peak characteristic to Si-OH
near 3300 cm™ was not observed. The *3i-NMR measurement results are
shown in Fig. 2. A very sharp peak was observed near -100 ppm. This
sharp peak is believed to be originating from a regular structure,
that is, the cage-shaped-like silsesquioxane structure. The
molecular weight was investigateq by GPC, and was found fo be Mn =
2110 and]ﬂw==2270 (Mw/Mn.=IL:O7), which are approximately consistent
with the value 1930 of the molecular weight calculated fromthe Formula
(46). From these, 1t was confifmed that
octa[2- (butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxane
having a closed cage-shaped-like structure was obtained by the

Preparation Example 5.

Interpretation Example 2

< Interpretation of silsesquioxane having oxetanyl group:
OX-SQ-H>

To specify the structure of silsesquioxane having an oxetanyl
group: OX-SQ-H (Toagosel Co., Ltd.), an interpretation was conducted

by the following method. The FTIR measurement results of OX-SQ-H
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are shown in Fig. 3. Peaks characteristic to the Si-0-5i bonding
were observed at 1090 cm™ and 1035 cm™?, while a peak characteristic
to Si-OH was observed at 3335 cm™}. The *?Si-NMR measurement results
are shown in Fig. 4. Very sharp peaks ware observed near —-48ppm,
-57ppm, and -66ppm. These sharp peaks are believed to be originating
from a regular structure, that is, atsage—shaped—like silsesquioxane
structure. From the above interpretation results, it was believed
that OX-SQO-H includes at least a partially open type cage-shaped-1like
silsesquioxane having a silanol group, or a mixture of a closed type
cage-shaped-like silsesquioxane and a partially open type

cage-shaped-like silsesquioxane having a silanol group.

Preparation Example 6

A partial condensate of 3—glycidoxypropyltrimethogysilane as
the component (D) was prepared.iﬁ advance by the following method.
236 g (1 mol) of 3-glycidoxypropyltrimethoxysilane and 27 g (15 mol)
ofionexchangedwaterweremixed,O.Bmlofal%solutionofhydrochloric
acid was added to the mixture, and the resulting mixture was stirred
at room temperature for 24 hours. 100 g of dry toluene was further
added to the mixture, and toluene and water were completely removed
by an evaporator to obtain a partial condensate of

3-glycidoxypropyltrimethoxysilane.

Preparation Example 7
Silica nanoparticles dispersed in

3~glycidoxypropyltrimethoxysilane as the component (H) was prepared

in advance by the following method. 33.3 g of colloidal silica
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(Organosilicasol, manufactured by Nissan Chemical Industries, Ltd.;
particle size of silica: 5 tb 10 nm, solids contenf by weight: 30%
by weight) dispersed in methanol was further mixed with 33.3 g of
methanol to dilute the silica to 15% by weight. 10.0 g of
3-glycidoxypropyltrimethoxysilane was added thereto and uniformly
stirred. Thendxturewasheatedto90°C,andthesolutionwasrefluxed
for 20 minutes. Thereafter, the solution was awaited to return to
the room temperature, and then 46.7 g of
3-glycidoxypropyltrimethoxysilane was further added thereto.
Methanol was-distilled off using a rotary evaporator, and a solution
having silica nanoparticles dispersed in
3-glycidoxypropyltrimethoxysilane in a proportion of 15% by weight

was obtained.

Example 1

13.6 g of trimethylolpropanetriglycidyl ether (Epolite 100MF
manufactured by Kyoeisha Co., Lﬁd; product name) as the component
(A), 18.2 g of silsesquioxane having an oxetanyl group: OX-5Q-H
(Toagoseil Cd.,_Ltd.) as the component (B), 4.5 g of M Silicate 51
(Tama Chemicals Co., Ltd.) as the component (C), 50 g of
3—glycidoxypropyltrimethoxysilaneenu113.7ggofzapartial.condensate
of 3-glycidoxypropyltrimethoxysilane prepared in advance in
Preparation Example 6, both as the component (D) (63.7 g in total);
4.5 g of SP-150 (Asahi Denka Co., Ltd.) as the component (E); 3.0
g of 2,2',4,4"'-tetrahydroxybenzophenone which is a
2—hydroxybenzophenone—baSedyultraviolet absorber, 0.75 g of TINUVIN

400 (Ciba Specialty Chemicals, Inc.) which is a triazine-based
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ultraviolet absorber, and 0.75 g of TINUVIN 1130 (Ciba Specialty
Chemicals,Inc.)whichisaabenzotriazole—basedultrévioletabsorber,
all as the component (F) (the absorption spectra of the respective
ultraviolet absorbers are shown in Fig. 3); and 1.8 g of a compound
in which silsesquioxane is bound to dimethylsilicone: 0OX-SQ-SI20
(Toagosei Co., Ltd.) as the component (G) were each precisely welghed

in a brown bottle, and sufficiently stirred. The mixture of the above

components was a transparent liquid with no turbidity. The mixture

was further sufficiently settled and deaerated at room temperature
(23°C) to yield a coating composition, which was evaluated by the

following methods.

Example 2

13.6 g of trimethylolpropanetriglycidyl ether as the component

- (A), a mixture of 13.6 g of OX-SQ-H and 4.6 g of

octa[2- (butoxymethyl)oxirane-dimethylsiloxy]-silsesquioxane

prepared in advance in Preparation Example 5 as the component (B)
(20 gin total); 9.1 gof M Silig:ate 51 as the component (C), a mixture
of50gof3—glycidoxypropyltrimethoxysilaneand9.lgpfthepreviously
prepared partial condensate of 3-glycidoxypropyltrimethoxysilane as
the component (D) (59.1 g in total); 4.5 g of SP-150 as the component
(E); 3.0 g of 2,2',4,4"'-tetrahydroxybenzophenone which is a

é;hydroxybenzophenone-basedﬁultravioletabsorber, O.75q;of'TINU§IN
400 which is a triazine-based ultraviolet absorber, and 0.75 g of
TINUVIN 1130 which is a benzotriazole-based ultraviolet absorber;

all as the component (F); and 1.8 g of 0X-SQ-SI20 as the component

(G) were eachpreciselyweighed inabrownbottle, andwere sufficiently
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stirred. The mixture of the above components was a transparent liquid
with no turbidity. The mixture was further sufficiently settled and
deaerated at room temperature (23°C) to yield a coating composition,

which was evaluated by the following methods.

Example 3

13.6 g of trimethylolpropanetriglycidyl ether as the component

(A), 18.2 g of oxetanylsilsesquioxane: OX-SQ-H as the component (B),

4.5 g of M Silicate 51 as the component (C), a mixture of 36.4 g of
3—glycidoxypropyltrimethoxysilane,and13.7gcﬁfapartialcondensate
of 3-glycidoxypropyltrimethoxysilane as the component (D) (50 g in
total); 27.3 g of the silica dispersion prepared in ad&ance in

PreparationExample'7asthecmmponeﬂt(H)(theamount<ﬂfsilicabeing

4.1 g); 5.0 g of SP-150 as the component (E); 3.0 g of

.2,2',4,4"-tetrahydroxybenzophenone which is a

2—hydroxybenzophenohe—baseclultraviolet absorber, 0.75 g of TINUVIN
400 which is a triazine-based uitraviolet absorber, and 0.75 g of
TINUVIN 1130 which is a benzotriazole-based ultraviolet absorber,
all as the component (F); and 1.8 g of OX—SQ—SIZO as the component
(G), were each precisely weighed into a brown bottle and sufficiently
stirred. The mixture of the above components was a transparent liguid
with no turbidity. The mixture was further sufficiently settled and
deaerated at room temperature (23°C) to yield a coating compositién,

which was evaluated by the following methods.

Examples 4 to 14

Coating compositions having the compositions indicated inTable
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1 were prepared in the same manner as in Examples 1 to 3, and were

evaluated by the methods described below.

Example 15

A coating composition having the composition indicated in Table
1 was prepared-in the same manner as in Example 1, except that no
ultraviolet absorbers of thecomponent (F) wereadded. The composition

was evaluated by the methods described below.

Comparative Example 1

13.6é;ofbisphenol]&diglycidyletherasenlaromaticdiglycidyl
ether replacing the Component (A), 18.2 g of OX-SQ-H as the component
(B), 4.5 g of M Silicate 51 as the component (C), 50 g of

3—glycidoxypropyltrimethoxysilane,and13.7gcﬁfapartialcondensate

.of3—glycidoxypropyltrimethéxysilane,bothasthecomponent(D)(63.7

g in total); 4.5 g bf SP-250 as the component (E}; 3.0 g of
2,2',4,4'—tetrahydroxybenzophenéne which 1s a
2—hydroxybenzophenone—based.u;traviolet absorber, 0.75 g of TINUVIN
400 which is a triazine-based ultravioletiabsorber, and 0.75 g of
TINUVIN 1130 which is a benzotriazole-based ultraviolet absorber,
allasthecomponent(F);and1.8g;ofacompoundinwhichsilsesquioxane
is bound to dimethylsilicone: 0X-SQ-SI20 as the component (G), were
eadnpreciselyweighedintoeabrownbottle,andsufficientlystirréd.
The mixture of the above components was a transparent liquid with
no turbidity. The mixture was further sufficiently settled and
deaerated at room temperature (23°C) to yield a coating composition.

The composition was evaluated by the methods described below.
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Comparative Example 2

13.6 g of 2-(3,4-epoxycyclohexyl) carboxylate as an alicyclic
epoxy compound replacing the component (A4), 18.2'g of OX-SQ~H as the
component (B), 4.5 g of M Silicate 51 as the component (C), 50 g of
3—glycidoxypropyltrimethoxysilaneand13.7¢gofeapartialcondensate
of 3-glycidoxypropyltrimethoxysilane, both as the component (D) (63.7
g in total); 4.5 g of SP-150 as the component (E); 3.0 g of
2,2',4,4"-tetrahydroxybenzophenone which is a
2-hydroxybenzophenone-based ultraviolet absérber, 0.75 g of TINUVIN
400 which is a triazine-based ultraviolet absorber, and 0.75 g of
TINUVIN 1130 which is'a benzotriazole-based ultraviolet absorber,
allasthecomponent(F);andl.8gofafxmpoundinwhichsilsesquioxane

is bound to dimethylsilicone: 0X-SQ-SI20 as the component (G), were

-each precisely weighed into a brown bottle, and were sufficiently

stirred. The mixtureé of the above components was a transparent liquid
with no turbidity. The mixture was further sufficiently settled and
deaerated at room temperature (23°C) to yield a coating composition.

The composition was evaluated by the methods described below.

Comparative Example 3

A coating composition was prepared as indicated in Table 2 by
precisely weighing into a brown bottle the components (B) and £he
components (C) to (G) in order, without adding the component (A),
and sufficiently stirring. The composition was evaluated by the

methods described below.
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Comparative Example 4
A coating composition was prepared as indicated in Table 2 by
precisely weighing into a brown bottle the components (A) and the
components (C) to (BE) in ofder, without addingAthe component (B),
5 and sufficiently ;tirring. The composition was evaluated by the

methods described below.

Comparative Example 5
A coating composition was prepared as indicated in Table 2 by
10 precisely weighing into a brown bottle the components (A) and (B),
and the components (D) to (G) in order, without adding the component
(C), and sufficiently stirring. The composition was evaluated by

the methods described below.

15 Comparative Example 6
A coating composition-was prepared as indicated in Table 2 by
precisely weighing into a brown bottle the components (A) and (B),
andthecomponents(C),(E)to(G)inorder,withoutaddingthecomponent
(D), and sufficiently stirring. The composition was evaluated by

20 the methods described below.

Comparative Example 7
60.0g;oftrimethylolpropanetriglycidyletherastﬂmacomponent
(A), 10.0 g of OX-SQ-H as the component (B), 1.7 g of M Silicate 51
25 as the component (C), 20.0 g of 3-glycidoxypropyltrimethoxysilane,
andS.Og;ofapartialcondensateof3—glycidoxypropyltrimethoxysilane,

both as the component (D) (25.0 g in total); 4.5 g of SP-150 as the



10

15

20

25

WO 2008/087741 : PCT/JP2007/050863

67

component (E); 3.0 g of 2,2',4,4"'-tetrahydroxybenzophenone which is
a2—hydroxybenzophenone—basédultravioletabsorber;O.75g;ofTINUVIN
400 which is a triazine-based ultraviolet absorber, and 0.75 g of
TINUVIN 1130 which is a benzotriazole-based ultraviolet absorber,
allasthecomponent(F);and]”8q;ofacompoundinwhichsilsesquioxane
is bound to dimethylsilicone: 0OX-SQ-SI20 as the component (G), were
each precisely weighed into a brown bottle, and were sufficiently
stirred. Thus, a coating composition was prepared and evaluated by

the methods described below.

Comprative Example 8

A coating composition was prepared as an acrylic coating
composition, by precisely weighing into a brown bottle 50 g of
dipentaerythritol triacrylate (DEHA), 20 g of pentaerythritol
triacrylate, 30 g of l,6—hexénediol.diacrylate (HDDA), 3 g of Darocur
1173(CibaSpecialtyChemicals,Inc.)asaradicalphotopolymerization
initiator, and 0.03 g each of BYR—UV35OO and BYK-UV3510 (BYK-Chemie
GmbH) inorder, andsufficientlystirring themixture. The composition

was evaluated by the methods described below.

Comparative Example 9

A coating composition was prepared as an acrylic coating
composition, by precisely weighing into a brown bottle 20 g of
pentaerythritoltriacrylate,80q;of1,6—hexanedioldiacrylate(HDDA),
3 g of Darocur 1173 (Ciba Specialty Chemicals, Inc.) as a radicai
photopolymerization initiator, and 0.03 g each of BYK-UV3500 and

BYK-UV3510 (BYK-Chemie GmbH) in order, and sufficiently stirring the
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mixture. Thecompositionwasevaluatedbythemethodsdescribedbelow.

Theevaluationofthehardcoatingagentwasperformedasfollows.

Each of the coating compositions of Examples 1 to 15 and
Comparative Examples 1 to 9 was applied on the resin plates of
Preparation Examples 1 to 4 by spin coating, and was irradiated with
a 160 W/cm type high pressure mercury lamp (light intensity at a
wavelength of 365 nm: 170 mi/cm®) to form a cured film (the curing
was performed in the atmosphere) . These samples were cured by storing
in a place at a temperature of 23°C and a relative humidity of 40
to 50%. Then, the film thickness was measured with a stylus type
surface profiler (DekTakIII, manufactured by Veeco Instruments,
Inc.).

[1] Viscosity of composition

The viscosities of the compositions of Examples 1 to 15 and
Comparative Examples 1 to 9 were ﬁeasured with a Type E viscometer
(Tokyo Keiki Co., Ltd.). The results are presented in Table 1 and
Table 2.

[2] Storage stability of composition

The compositions of Examples 1 to 15 énd,Comparative Examples
1 to 9 were respectively placed in brown sample bottles and.completely
sealed. The compositions were stored by standing still in a dark
room at room temperature for 1 month and then at 4°C for 6 months,
and were examined for any changes.

A: No gelation of the liquid, and no changes in the viscosity

B: No gelation of the liquid, but some changes in'the'viscosity

C: Gelation of the liquid

The results are presented in Table 1 and Table 2, and all of
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the compositions showed the result A, that is, no gelation of the
liquid and no changes in the viscosity, after being stored at room
temperature for 1 month and at 4°C for 6 months.

[3] Film forming propgrties (spin coat smoothness)

The compositions of Examples 1 to 15 and Comparative Examples
1 to 9 were app;ied.on the resin plate formed in Preparation Example
1 by spin coating at a.rateyranging'fronlo to 3000 rpm (rotation timé:
60 sec) to form films, and the formed films were evaluated as follows.

A: The film obtained after coating and curing is smooth, and
shows no defects such as eye holes, discontinuities, generation of
an orange peel texture, and the like. The film thickness is from
1 ym to 5 um.

B: The film obtained after coating and curing shows no defects
suchaseyeholes,discontinuities,generationofanorangepeeltexture/
and the like, and the film thickness is from 1 pm to 5 um. However,
the smoothness is slightly poor.

C: The film cannot be forméd.to a thickness from 1 um to 5 um,
or is not smooth after curingf Defects in the appearance such as
eye holes, discontinuities, generation ofvan orange peel texture,
and the like are recognized.

The results are presented in Tables 1 and 2.

[4] Curability

Curability was examined after the evaluation of film forming
properties, by irradiating using a high pressure mercury lamp of 160
W/cm (no ozone cut-off) . Fortheenergyofirradiation,thecumulativé
amount of irradiation of ultraviolet ray of 365 nm was measured. For

the confirmation of curing, the film was cured by storing in a place
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at a temperature of 23°C and a relative humidity of 40 to 50% for
lhour,afterUVirradiation,andthecasewherenotackinessisobserved
on the film surface, and no peeling-off is observed even after strongly
scratching with fingernails, is considered as complete curing.

AA: Complete curing with an amount of irradiation of 1 J/cm?
or less

A: Complete curing‘with an amount of irradiation of 2 J/cm®

B: No complete curing with an amount of irradiation of 2 J/cm?
or less

The results are presented in Tables 1 and 2.

[5] Adhesion test

Samples prepared by applying the compositions of Examples 1
toIHSandComparativeExamples1tx)9§ntheresinplatesofPreparation
ExamplesILto4,weresubjectedtotheJIS—K5600adhesiontesf(crosscut
test). First, 25 meshes of 1 mm? were formed by inserting cut lines
on the samples at an'interval of 1 mm using an equal-interval spacer
and a cutter knife. Furthermore,étransparent,lowpressureadhesive
tape was attached on the samples and peeled by pulling at an angle
of 60°, and the meshes remaining on the céat film‘were counted.

The evaluation was graded such that the case of Class 0 was
grade AA, the cases of Classes 1 to 2 were grade A, the case of Class
3 was grade B, and the cases of Classes 4 and 5 were grade C. '

Class 0: The edges of the cuts are completely smooth, and no
peeling—off is observed in any of the meshes.

Classl:Slightpeeling—ofﬁofthecoatingobservaﬂatthecrosé
points of the cuts. The affected area in the crosscut part obviously

does not exceed 5%.
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Class 2: Peeling—off of the coating is observed along the edges
of the cuts, and/or at the Cross points. The affected area in the
crosscut part obviously exceeds 10% but does not exceed 15%.

Class 3: Major peeling-off is occurring partiallyor fullyalong
the edges of the cgts, and/or peeling—-off is occurring partially or
fully invariouspartsof themeshes. The affected area inthe crosscut
part obviously exceeds 15% but does not exceed 35%.

Class 4: Major peeling-off isoccurring partiallyor fullyalong
the edges of the cuts, and/or peeling-off is ocburring'partially or
fullyinvariouspaﬁtsoftheneshes. The affected area inthe crosscut
part obviously exceeds 35% but does not exceed 65%.

Class 5: The extent of peeling-off is higher than Class 4.

The results are presented in Table 3.

[6] Scratch resistancé test

For the sample obtained by forming a film with each of the
compositions of Examples 1 to 15 and Comparative Examples 1 to 9 on
theresinplateofPreparationExaméle1,thefilmsurfaceswereabraded
with steel wool of #0000 (Nihgn Steelwool Co., Ltd.) under a load
of 1000 g or 500 g by shuttling 10 times, and the degree of scratching
was determined as follows with eye observance.

AA: No scratches in the area abraded under a load of 1000 g.

A: No scratches in the area abraded under a load of 500 g:

B: 1 to 10 scratches in the area abraded under a load of 500
C: 10 to 30 scratches in the area abraded under a load of 500

D: Numerous scratches in the area abraded under a load of 500
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The results are preéehted in Table 4.
[7] Transparency
For the samples obtained by forming films of the compositions
5 of Examples 1 to 15 and Comparative Examples 1 to 9 on the resin plate
of PreparativeiExample 1, the film appearance was observed with naked
eyes, and the transmittance was measured for a region of from 400
.nm to 600 nm using a film transmittance meter (Shimadzu UV2200).
A: A transmittance of 90% or higher in the region of from 400
10 nm to 600 nm
B: A transmittance of 80 to 90% in the region of from 400 nm
to 600 nm
C: A transmittance of 80% or lower in the region of from 400
nm to 600 nm
15 The results are presented in Table 4.
[8] Weather resistance
The samples prepared by f&rming films of the compositions of
Examples 1 to 15 and Comparatiye Examples 1 to 9 respectively on the
resin plate of Preparation Example 1, were exposed.using a sunshine
20 weather meter employing a carbon arc lamp and a sunshine weather meter
employing a xenon lamp (both from Suga Test Instruments Co., Ltd.)
for 30 hours, and then were examined for any changes in the adhesidn.
The adhesion was evaluated by the same method as described in the
"[5] Adhesion test" section.
25 In addition, when a sample was found to be disqualified in the
[5] adhesion test, the sample was not subjected to the present test.

[9] Hot water resistance



WO 2008/087741 PCT/JP2007/050863
73

The samples prepared by forming films of the compositions of
Examples 1 to 15 and Comparative Examples 1 to 9 reépectively on the
resin plate of ?reparation Example 1, were immersed in hot water at
90°C for 2 hours, and were examined for any chaﬁges in the external

5 appearance.

A: No changes in the external appearance

B: Some changes such as swelling and the like observed in the
film

C: Cracks observed in the film

10 The results are presented in Table 4.
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Table 3
Evaluation
[5] Adhesion
Prep.Ex. 1|Prep.Ex. 2|Prep.Ex. 3|Prep.Ex. 4

Example 1 AA AA AA AA

Example 2 AA AA "AA AA

Example 3 AA AA AA AA

Example 4 AA AA AA AA

Example 5 AA AA AA AA

Example 6 AA AA AA AA

Example 7 | = AA AA AA AA

Example 8 AA AA AA AA

Example 9 AA AA AA AA

Example 10 AA AA AA AA

Example 11 AA AA AA AA

Example 12 AA AA AA AA

Example 13 AA AA AA AA

Example 14 AA AA AA AA

Example 15 AA AA AA AA

Comp.Ex.1 AA AA AA AA

Comp.Ex. 2 B B B B

Comp.Ex. 3 B B C C

Comp.Ex. 4 A B B B

Comp.Ex. 5 B B B B

Comp.Ex. 6 A A B B

Comp.Ex. 7 AA AA AA AA

Comp.Ex. 8 G C C C

Comp.Ex. 9 C C C C

Table 4
Evaluation
[6] Scratch resistancd[7] Transmittance L8] Weather resistance rol H.Ot water
resistance
Carbon arc Xenon

Example 1 A A AA AA A
Example 2 AA A AA AA A
Example 3 A A AA AA A
Example 4 AA A AA AA A
Example 5 A A AA AA A
Example 6 A A AA AA A
Example 7 A A AA AA A
Example 8 A A - AA AA A
Example 9 A A AA AA A
Example 10 A A AA AA A
Example 11 A A AA AA A
Example 12 A A AA AA A
Example 13 A A A AA A
Example 14 A A A AA A
Example 15 A A A A A
Comp.Ex.1 D A B A A
Comp.Ex. 2 C A Not performed Not performed A
Comp.Ex. 3 A A Not performed Not performed A
Comp.Ex. 4 A C Not performed Not performed B (swelling)
Comp.Ex. 5 A A Not performed Not performed A
Comp.Ex. 6 B B B B A
Comp.Ex. 7 C A A A B (swelling)
Comp.Ex. 8 B A Not performed Not performed A
Comp.Ex. § D A Not performed Not performed A

If determined to be poor in the Adhesion test

5], Weather resistance test [8] was not performed




10

15

20

25

WO 2008/087741 PCT/JP2007/050863

78

If determined to be poor in the Adhesion test [5], Weather resistance
test [8] was not performed 4

For the samples of Examples 1 to 15, good results were obtained
for the evaluation of the items [1] to [9]. In Example 2 and 4 where
a closed cage—shaped—like silsesquioxane:
octa[2—(butoxymethyl)oxirane—dimethylsiloxy}—silsesquioxane was

used as a part of the silsesguioxane component, an improvement of

scratch resistance could be seen. It is assumed that the

silsesquioxaneofacﬂcsedcage—shaped—likestrubturehadaneffective
action on the improvement of scratch resistance. The hard coating

agent prepared in Example 1 was applied on quartz glass, and the light

transmittance thereof was measured. The measurement results are

plotted in Fig. 4. The transmittance of visible light of 400 nm or

longerwas90%<n:greater,whilelﬂtravioletlightof350rnnorshorter

- was mostly intercepted. As a result of not adding

2,2',4,4"-tetrahydroxybenzophenone, which is a
2—hydroxybenzophenone—basedultfavioletabsorber,inExamplesl3and
14, when a carbon arc lamp was used in weather resistance test,
peeling-off of the films was observed to a‘small extent, but not to
an extent to cause any problems. In the case of Example 15, slight
peeling off of the film was observed even when a xenon lamp was used,
as compared with the cases of Examples 1 to 14 where ultraviolet
absorbers were added. However, the evaluation of the weather
resistance test resulted in A, not having any problem. The light
transmittance was also measured in Example 15, likewise in Examplé

1. Themeasurement resultsarepresentedinFig.5. Itiscontemplated

that since ultraviolet rays of 350 nm or shorter are not obstructed,
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photodegradation of thiourethane resins proceeded, and the adhesion
was decreased. In the Comparative Example 1, bisphénol.Abdiglycidyl
etherwasusedas5H1aromaticdiglycidyletherreplacingthecomponenﬁ
(), and as a result, the resulting film showed ihsufficient scratch
resistance. In the Comparative Example 2, 2-(3, 4-epoxycyclohexyl)
carboxylate was used as an alicyclic epoxy compound replacing the

component (A), and as a result, the film showed insufficient adhesion

and scratch resistance. In the Comparative Example 3, the component

(A) was not added, and as a result, the resulting film showed
insufficient adhesion. In the Comparative Example 4, the component
(B) was not added, and as a result, the resulting film showed clouding
with insufficient transparency, and also insufficient water
resistance. In the Comparative Example 5, the component (C) was not

added,andasaresult,theresultingfilmshowedslightlyinsufficient‘

. adhesion. In the Comparative Example 6, the component (D) was not

added, and as a result, the composition had high viscosity, poor f£ilm
formingproperties,andtheresulﬂingfilmshowedinsufficientscratch
resistance. 1In the Comparatiye Example 7, since the proportion of
the component (A) was high, while the propértions of the components
(B) to (D) were low, the resulting film showed insufficient scratch
resistance. The acrylic coating composition of the Comparative

Example 8 showed insufficient adhesion and poor curability, and the
resulting filmshowed slightly insufficient scratchresistance. Also,
thecomposition'shighviscosityled1x>poorfilmjkmmingproperties.
The acrylic coating agent of the Comparative Example 9 had a lower

viscosity than the coating composition of the Comparative Example

8, and thus, the film forming properties were good. However, the
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coating agent showed remarkably poor curability, and the resulting

film showed remarkably poor'scratch resistance and adhesion.

Industrial Applicability
The composition of the invention includes a

poly(methyl)glycidyl ether compound, a silsesquioxane compound
containing a cationic polymerizable group, a silicate compound, a
‘silane compound or a partial condensated compound thereof, and a
cationicphotopolymerizationinitiatbr,astheéssentialcomponents.
Since the composition can form a éoat layer having excellent scratch
resistance when cured with ultraviolet radiation, the composition
is useful for the use in a coating agent and the optical material
field,specificallyfortheuseinpreventingreflectioninthehardcoat

of spectacle lenses, plasma displays, liquid crystal displays, EL

.displays and the like, for the use in the optical members for reading

high density optical recording media, optical filters and the like,
and for the use in a surface coéting agent for improving the
designability of plastic matgrials, metallic materials, ceramic
materials, glass materials and the like. |

In particular, since the composition has excellent scratch
resistance and adhesion to be used as a hard coating agent for the
surfaces(Ifthiourethaneresinsandthioepoxyresins,thecompositibn
can be widely utilized as a hard coating agent for spectacle lenses,
camera lenses, pickup lenses for optical recording and regenerating

devices, and the like.
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CLAIMS
1. A hardcoat composition comprising at least the following
components (A) to (E):
5 Component (A): a poly(methyl)glycidyl ether compound

represented by Formula (1):

R2
R0
O |n, (D
wherein R! is.a chain aliphatic residue or a chain aliphatic polyether
residue which may contain a hydroxyl group; R? is hydrogen or a methyl
10 group; and n; represents an integer of 2 or larger;
Component (B): a silsesquioxane compound containing a cationic
pélymerizable group;

Component (C): a silicate compound represented by Formula (2):

34

O
RQ{{)——QF—}{D—R6

T

2% ©

15 whereinR®toR%areeachindependentlyanorganicgrouphavingacationic
polymerizable group, hydrogen or an alkyl group; and n; represents
an integer from 2 to 10;
Component (D): a silane compound represented by Formula (3)
or a partial condensed compound of the silane compound, or a mixture
20 of such compounds:
RE—Si—OR®) n,
(R an 3)
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wherein R’ is an organic group having a cationic polymerizable group;
R® and R® are each independently hydrogen or an alkyl group; and ns
represents an integer from 1 to 3; and

Compound (E): a cationic photopolymerization initiator,

5 wherein the composition comprises 5 to 40 parts by weight of
thecomponent(A),60to95partsbyweightofthetotalofthecomponents
(B), (C), and (D), and 0.1 to 10 parts by weight of the component
(E), each based on 100 parts by weight of the total of the components
(A) to (D).

10
2. The hardcoat composition according to Claim 1, further
comprising at least one ultraviolet absorber as component (F),
wherein the content of the component (F) is 0.1 to 10 parts
by weight based on 100 parts by'weight of the total of the components

15 ~ (a) to (D).

3. The hardcoat composition according to Claim 1 or 2,
wherein the component (B) comprises a closed type
‘cage—shaped—like silsesquioxane represented by Formula (4) or a
20 partially open type cage-shaped-like silsesquioxane represented by

Formula (5), each having at least one or more cationic polymerizable

group:
(i) Closed type cage-shaped-like silsesquioxane:
(R1*~5103/2)n (4)
25 (ii) Partially open type cage-shaped-like silsesquioxane:
(R*-5103/2) n (01/2R™) 14m (5)

(wherein n represents an integer from 6 to 18; m represents
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0 to 3; and R*® to R'? each represent a cationic polymerizable group,

hydrogen, an alkyl group, or a cyclopentyl group)l

4. The hardcoat coméosition according to any of Claims 1 to 3,
wherein the'component (B) comprises a closed type

cage—shaped—like silsesquioxane represented by Formula {(6) or a

partially open type cage—éhaped—like silsesquioxane represented by

Formula (7), each having at least one or more cationic polymerizable

group:
20 . 13 27 28
R R OR
19 5 O\Si/ 2 O>Si oR”
N~ N0 /
7 O/ Sl(%‘b Io/ SI\ 21 30
R
d R‘s\ \ / o/ Rzi\ \ OR
o-Si Si o-Si Si
\ \\\1L//\ I Sod d\
Si OS-/O R Si 04~0 ’R?
Ri7 O \R16 (6) R24 O R23 (7)

whereinE93toE9°eachindepen&entlyrepresentacationicpolymerizable
group, hydrogen, an alkyl group, a cyclopentyl group, or a cyclohexyl

group.

5. The hardcoat composition according to any of Claims 2 to 4,
whichcomprisesatleastoneornwreultravioletabsorberhaving
amaximumabsorptionwaveléngthof320to400nm(UV—A),astheComponent

(F) .

6. The hardcoat composition according to Claim 3,
wherein the ultraviolet absorber having a maximum absorption
wavelength at 320 to 400 nm (UV-A) is a 2-hydroxybenzophenone-based

ultraviolet absorber represented by Formula (8):
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" O OH

[\\ 7 ‘
2N

Ré \R33 ®)

wherein R to R*® each independently represent a hydroxyl group, a

hydrogen atom, an alkyl group or an alkoxy group.

5 7. The hardcoat composition according to Claim 5,
which comprises at least one or more of a triazine-based
ultraviolet .absorber and/or a benzotriazole-based ultraviolet
absorber as the ultraviolet absorber having a maximum absorption
wavelength of 320 to 400 nm (UV-A).
10
8. The hardcoat composition according to Claim 5,
which uses at least a Z—hydroxybenzophenone—baseCiultraviolet
absorber in combination with a triazine-based ultraviolet absorber
and/orakenzotriazole—basedultrévioletabsorber,astheultraviolet

15 absorberhavingan@ximumabsorptionwavelengthof320to400nm(UV—A).

9. The hardcoat composition according to any of Claims 1 to 8,
which further comprises a compound having a dimethylsiloxane

skeleton represented by Formula (9) as component (G), in an amouht

20 of 10.0 parts by weight or less based on 100 parts by weight of the

total of (A) to (D):
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g
?F—O
CHs

X )

wherein x; represents an integer from 1 to 10,000.

10. The hardcoat composition according to Claim 9,
wherein the compound having a dimethylsiloxane skeleton is a
polyether—modifieclpolydimethylsiloxane.repreéentedknzFormula (10)

or silsesquioxane bonded to the main chain or side chain of

dimethylsiloxane:
CHa Sy N [ CHs 1 CH,
Hﬁ—?hﬂ ?—0 ?—o ?—Cm
CHs (?Fb)n4 [ CHa JXZCHa
?
i
Cl;H—"Ras
%, "
L&y o (10)

wherein R*® represents a hydrogen atom or an alkyl group having 1 to
4 carbon atoms; Rylrepresents~a'hydrogen atom, an alkyl group having
1 to 4 carbon atoms, a cationic polymerizabie group, or an ethylenic
unsaturated group; ng; and ns are each an integer from 1 to 5; x, is
an integer from 1 to 70; y is an integer from 1 to 30; and y/x2 is

1l or less.

11. The hardcoat composition according to any of Claims 1 to 10,
which further comprises silica nanoparticles as component (H),

in an amount of 10.0 parts by weight or less based on 100 parts by

weight of the total of components (A) to (D).
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12. The hardcoat composition according to any of Claims 1 to 11,
wherein the viscosity of the composition measured by a Type

E viscometer at 25°C is 1 to 500 mPa-s.

13. A molded article having a cured film formed by applying the
hardcoat composition according to any one of Claims 1 to 12 on the

surface of the molded article, and then curing the composition.

14. The molded article according to Claim 13,
wherein the molded article is formed of at least one selected

from a thiourethane resin or a thioepoxy resin.

15. A lens having a cured coating film which is formed by applying
the hardcoat composition according to any of Claims 1 to 12 on the

surface of the lens), and then curing the composition.
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