10

15

20

25

- resi stance

DESCRI PTI ON HARDCOAT COMPCSI Tl ON Techni cal Field The
present invention relates to a hardcoat conposition

woaoprassi4ng at | east a poly (nethyl) glycidyl echgr2007/050863

conpound, a cat ionic polyneriﬂable gr oup- cont ai ni ng
si | sesqui oxane conpound, a silicate conmpound, a sil ane
conpound and/or a parti al & 8 conpound t her eof,
and a cationic photopolynmerization rnitiator, which
conposi tion has high adhesi on to thiourethane resins
or resins obtained by thermal ring-opening

pol yneri zati on of thi o) | gh surface

har dness and scratch ggg?é%@ﬁé&ﬁﬁgﬁﬁhqéﬂn weat her

resi stance. The present invention also relates to a

har dcoat conposition which contains substantially no

t¢o|vent&fgg?gilution. Background Art Lenses made of
v

%ﬁﬁﬂ%cﬁ Bidly come into wide use as |ens resins,

for eﬁ%nple, sgectacle | enses, canera |enses, pickup

| enses ‘GsBESPRNbpt FER T 1AL didiatGsake® refererast ngomposition
devices, and the like, in replacenment_ of glass |enses,
FFEHERBI A e hpol he PO (Mefhy IweigRt dyi mder compound, a cationic
colorability and the like. For this
FOIPES&Z2abt B HRIP GONFdNERD pblsaaguiananencofpound, a silicate
di et hyl ene gl ycol bis(allyl carbonate) (hereinafter,

CRBBrEY P ated t ey ompound and /sl year bbadten{PCyed compound thereof,

pol ynet hyl met hacryl ate (PMMA) and the |ike have been
a@@n@éﬁgp@ﬁépqQhotopolymerlzatlon.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 purpose;
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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used heretofore. However, because these resins for

| enses have refractive indexes nd of about 1 .49 to 1
wOo3a8s/0877a10r der to obtain optical properties eqerCyapmnt/050863

to those of glass lenses, it iéznecessary to increase

the center thickness, edge thickness and curvature of

éﬁéﬁgﬁ%iégué ibggeh?n%%en%ggp%fvﬁgg§%PL%ﬁ%%gig%ﬁgg:$éFessary to

herefore, there has a dem

el chgliseLue Ldese A RLILLOD LOL SN 1 en

probl ens, Patent cumen _
1oL B B0 KIRLAER O, 8 L S compoung andan
T Pl o A RSN B lien 5 e PP bRSTAVY cbRdex.

i 0chok E8HbGUND T FOFM GROBHTAM GRHEFY deCoRer | describes
S SR e e L 2 L0, o an
e P F T b2 G ren Lao T suPRheeuFRrHiTes Goadq a0d this resin

h i St . Thus, as one of neasures to handl e
h%%;%L%SEﬁgﬁ]iV%nﬁgge%é%hOésééﬁFFaﬂ-6% per¥dr’m a hard

ati eatnent to prevent any scratch from form ng .
gﬁ th&%ﬁﬁ@@r‘af 2 98Hs Poguget ntdasd rofoesue hedrairmd obtained by

oating treatnents, many methods of curing a
t SEﬂBEi¥+Qﬁr?Rﬁﬂ%ﬂﬂ REL¥"pBl 73 bt ioddnal tiimetok vacowpated to form
monomer . or ol i gomer and a radi cal photopol ymerization
PN PPEREHP S F i borgyi anettiviay teave baermr inefesticdatethdex ny of

and various hard coating agents for PC
0 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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and PMVA have been devel oped and are wi dely used for
i ndustrial purposes . However, there still remain the

woabdiswsrmag probl ens. [1] hard coating agent i neCudpPng7/650863

pol yfunctional (neth) acrylate hpnoner or oligoner
having a functionality of 3 or higher as the main

as gaod hard coatability because acured o

PR RSt T EB 1 D COMHid ML A" s can hitgh Crosslinking

rosslinking density. However, the filmformed from
C?%Iésh rd b8§??’ﬁ§'a Pt i gFes FEPgetbhar hakdgeoafiey agent
curing, and has high residual strain or residpal ‘
%Qcﬁ%%og?esrﬂ%?etw ScdEtshGuagReEt areyhasthimveesidual strain
suffici ent adhesi on depending on the resin on which
The Ferdedo aER§ Sagehtus s taspihiead. cpaFinguéaenty, mamn not have

the case of the above-described thiourethane resin and
%L}ﬁe%ecﬁm FERPHLOR depenRaparen shberef #if poultitio thbt @hnd coating
sufficient adhesion. [2] Fromthe viewoint of the
FECEN L SaARRMAS t Barbdoetarhe Hur dba orpd fehie ranmentdescribed

as much as possible, in order to reduce the use of
Wolatieteags| yent’s d théoepaby eestian, r étoveriyicamdto be difficult
reC{fIing of liquids to reduce waste naterials, there
Gl 190t na syéfhAtienh adlessigrure for a hard coating
agent which does not contain any diluting solvents.
But, di2dc&rpnl Yhenciswrminy et theaceyéat ea ARy S Aldduce the
oligoners having a functionality of 3 or higher
byedenaPhy thavenhi gimnerscesi tiues, adi boss11gl S0l MEMI1SIcA €0 reduce
needed. To decrease the viscosity w thout using any
tdiel use od volaiehts salmehhodief tosinagla MRaeidRetirgnaly 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 monomers 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 solvent, a method 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



(rmeth) acryl ate nononer having a functionality of 2 or

| oner as a reactive diluent can be used. However, the
woaoes/svati ng agent using the nononer often doeeTaRL007/050863

undergo conpl ete curi ng, si nce % he agent is likely to

be i nhibited from pol yneri zing by oxygen. Even though

Héﬁﬂdﬂéf%%EH%a’b CORYSE, fg%t %%S%Eiﬂkhgﬁgﬁgg%%{%ﬁ R @xygen, and

decreases al nost propor |gna y to I That. 1 on
LOE r, there is a problemthat. hi .
oSBT e e e T A e o Fet hog grakage of
] t.oni c.pol ynerization induced by light is
B R T B B s Bhoe oY (oo sz 2 oxetane
t agegus over radi cal photopol ynerization, in the
BOEREEarSnEe s 1y GHT dtsay {REPHAT b e gme current
I rization by_oxygen, and having_relatively ‘
g %%%%Eﬁ?caaheé‘i%%l%{%ﬁ e @ﬁé@bl&ﬁﬁwnﬁa@@obsz hbtained.
d fi.lmduring curing when an epoxy conpound or .
gﬁogﬁ%ﬁ@%@ﬁlﬁg&ﬁ&gﬁn& Q%Cég“eé% 3 ﬂ%S%fmﬁea comp@eveion including
under, the current_ circunmstances, sufficient hard
ac&ﬁEéBPIlFtQhﬁﬁ?ﬁ%]tyni%?em@@tb&ienédisleﬁqééléxﬁnfengommm (a), a
go%unent 3. describes_a conposition including a
beg

PEAFcOPhot SIS | Pablodhsir] $Bsquilax anend onprainicdnic
a) , a photocationic conpound (b) other than (a) ,
Pg'ﬁ ORo¢ it Bh Rt HHvtigpdliyeri Zat orSpetifiat exafrplles of the
Speci fic exanpl es of the photocationic cpnpound (b) .
10 pphREpgakieRhy| CamaRHncet(ver iandudaectixk wathesdehauhdgthe 1ike
a vinyl oxy group; bisphenol F diglycidyl ether aqd t he
apj kkoaR Rvddw Ravinglexy epmupigbdgpheant & didslbicidyl ether and
(3-et hyl - 3- oxet anyl met hoxy) methyl] benzene and the
tL?kéibg 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
15 a decreased curing rate, whén the 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
20 silsesquioxane (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.
Even if a hard coating agent which addresses the above-described
problems could be obtained, the thiourethane resins and thioepoxy
25 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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those having an oxetanyl group. Such a conposition
tends to have a decreased curing rate, when the

wonropmstison of the cationic photgpolynerizabIePCTUPﬂmwmm&B

sil sesqui oxane (a) is increased to inpart hard
coatability. Thus, the conposition cannot have _

§ﬂiiiQEﬁanQé&Qc@Q@%ﬁgﬁ&éﬁ%%%6?H%faﬂ%ﬂ9hu9§&§ﬁ%$£%§§&?gahardcoat

to thiourethane resins or | oepoxy Tresins.

Ebemea 400 CHRDAROBOLYARIARRLES] | Spodul pxane (2

general ly has a high visco even in a liquid phase,

and cofsgegue .CO ition _has an increased _, .
vi scosity, rgéég??%g%Tn gg?%#%%ﬁziﬁl g??ﬁﬁé?ﬁﬁﬁgépﬁglécatlon-NQ-
§i{fpgdven if a hard coating agent which addresses the

above-descri bed problens could be obtained, the

thi ourgthanepresils. and Ghi.oe O%gaﬁggggg%gae‘iwgfﬂgﬁicaum No.

substr are in genéral

t . Thus, the substrates thenselves may
%ﬁﬁﬁfﬁgﬂ%ghesive failure under exposure to sunlight or

rain, .and as a'res%é%h therestill remains a problem of

det er i Gr AL 0P T H S he “adh&3RTIETT LERE-AaeR EsdEentopwetlication No.

for hard coating agent. Patent Docunent 1
Jféggkggg Lai d- open patent publication No. 9-110956

Pat ent Docunent 2 : Japanese Lai d-open patent
publicati on No. 2002-194083 Patent Docunment 3 :

Japanese Lai_d-open patent publication No. 11-116682
Dlﬁs%gloﬁgﬁfeeoﬁf thpelrYRint 3TN

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



It is an obj ect of the present invention to provide a
hard coati ng agent which has high adhesion to a
wohi@wsetshane resin or a resin obtained by thepamlarP2007/050863
ri ng- openi ng pol ymeri zati on of @ thi oepoxy conpound,
hi gh surface hardness and scratch resistance. Hi gh
s.containi.ng no or substantially no diluting

?ol \?ltg%ﬁgi %lnr? ao%?nglﬁl%cap%%epapet%oéx%élhwovwmfmound; has
& '%h?%%%ea e @Iso achj eved, The inventors of the
present i nventf onhavedereeeal yr eorfdirciced and has high weather
| nvest | atiOﬂ to solve the above-described problens .

5y TOURd that"% Fdc@cbaEne orisiitl dhei Asbaddhg et composition

Jleast..a poly (nmethyl) glycidyl ether compound, a
lsr}ciaéléig&gl %X%??&%BLFHE‘W% APAgrhetattitonicomposition has even
5 hpol nerizggle group, a silicate conpound, a sil ane '
cpSuiGeeregparfiatarendensed compound t hereof or a
m xture of such conpounds, and 'a cationic
photoEgP§nEFP§a¥F6ﬁH¢¥@Riﬁﬁhﬂtesaﬁ@ whieclioat ewhhyed at
specific conpositional ratios, can be applied on a
resi n[lhetabzederrt iamosiity oof inheudbmpast tieastCcaRebeol 1owing
adjusted to a specific value even though the
COBRPBSTIEF oA LoR® alf)s: substantially no sol vent for
di lution; has high adhesion to a thiourethane resin or
a restAmBBRANhedby: theraisl (meithgl ppent DGy DOd YHEF | Zakd RHhd
of a thioepoxy conmpound; has high surface hardness and
10 reprasente@shwtBmwoeilaand)has hi gh weat her resistance.
It was also found that in the case of the conposition

i ncl udi ng spechfic ultraviol et absorber, the
conposhti n has™™vep hi gher weat her resistance. Thus,
+Oh r tes to the follow ng:

the i

' O |n, (D)
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):

R4
i
R"’j[o—Si—}o—Rﬁ
-
O
RS )

. 3 6 ,
whereinR’toR%areeach independentlyanorganic group havingacationic

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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[1] A hardcoat conposition including at |east the
foll owi ng conponents (A) to (E) : Conponent (A): a

woabos/ogmai hyl ) gl yci dyl et her conpound represeRCEAPIIY7/050863

Formula (1) : wherein RL is a 6hain al i phatic residue
or a chain aliphatic polyether rﬁ3|due whi ch nﬁzth
I S en.or a
o B AR e B or et b er ot s o Pp B gt compounds:
Conpo mt ayﬁgwgssllsequ|oxane conpound containing a
catio y Qable group; Conponent (C) : a _
silicate ound repr ented by Fornmula (2) : wherein
R3t o Rﬁar 91Qéﬁ‘alndep ently anhogganic group hﬁxlrg
| yneri zabl e grou rogen or an a
herRg"D %gaﬁsggrﬁrsou%nh?%ré@é AV polyDerizable group;
gnen A | ane conpound represented by
Fggr il a (3§§Eh %Fh ?R‘?%e%ﬁdéﬁgéeg%mmm alfkyleofoup; and nj
or m xture of _such npounds : wherein R7 is an
r%%;%%e@tSrSBplﬂaggﬁﬁ g“@&fﬁ&ﬁi@rp@mﬁnerlzable gr oup;
R8 an% ach independently hydrogen or an al kyl
gr oup; Cm@ﬁ gE?ep?e%%#&?P%ﬁ1Hhﬂﬁﬂ?ﬂiymﬁémzatlgnSlnltlator,

and Coppound . a cationic photopol ynerization
i ni ti &06FEHh %u%%ﬂ?@l&éﬁﬁo@%@éﬁ%@rﬁa@sé@ Batios 4y weight of

ts by weight of the conponent (A), 60 to 95 parts
t@'ﬁ?r P@%&en&r 8% )hebQ 5P &P RAr sty eohpbhehthe(B)tal(dd thabdmponent s

% ), and O 1 to 10 parts by wei ght of the conponent
? ’ (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:
(i) Closed type cage-shaped-like silsesquioxane:
(R*-S103/2) (4)

(ii) Partially open‘type cage-shaped-like silsesquioxane:
(R"~8103/2) n (O1/2R*) 14, (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,



(E) , each based on 100 parts by weight of the total
of the conponents (A) to (D) . [2] The hardcoat
woaopasii4ion according to [1] , further conpri BCHMgPAD7/050863
| east one ultraviol et absorber %&s conponent (F)
, Wwherein the content of the conponent (F) is 0.1 to 10
i ased on 100 parts by weight of the
}E%&n%%%%\r/{t \si%( %)Iitkty?) O @rh%yﬁg? S&RHSsit i on
accor dj ng 1] .or [2 wher.ei n the conponent, (B)
i ncl udﬂe‘g aTIh%I %%%%Ci’?/‘;[aeéoé‘%)goei DedSFPKeLRY IS sqyi e%ahk]l to [3],
e d by Formula_ (4) ar partially open type
“@%g%gs g%%d9P¥§8n§nFs@%hU%H%ﬂﬁ%*%ébFégéﬁ?eHYEﬁ'Cage‘Shaped—like
;gﬁggg 10&5% each having at |east one cationic
ol et 2ABTE HFRUBTSRTT §Yofedmhype( ©age- shapstialke open type
si | sesqui oxane:; 10-Si B/ 2)n (4) (ii) Partially open
° e 52%5833ﬁégsdéﬁﬁ%sgﬂ%%%%im%en(cmubyﬁom@la n(7), each
(O.172R12 )i + 5 wherein n represents an integer
f‘far"&r%ge%olfé?@nﬁg?épéé%?ﬁﬂsc Py rizahdeRaOoup: R12
eacgorepresent a cationic polynerizable group,n
hy® oger. an &f kyl group, or 7%pepbpen yl group) .
R4 ]o- ?Emhérdéoat conposi ti @k @t ordiggR o any of [1]
t &3] ~gphfr ei n the conponegt(B)ifcl udes a cl osed
t Yp€ cagelstaped-|i ke sil sesf@ oxan \Eegﬁgsented by
Rful a (§) /or a partially pgg typ €9ge-shaped-like
. i

sia ui ne represented ~5Qr nu 7) , each
g‘§%§gogf2?{Ru P sg Q\YTZLJ\R)
R o 4 S X
R16 (6) R R 23 (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
LJ

R32 R (8)

20 Wherein R to R*® each independently represent a hydroxyl group, a



10

15

20

havi ng at | east one cationic polynerizabl e group:

wherein R13 to R30 each independently represent a
woabisme7ai pol ymeri zabl e group, hydrogen, an al Rgi/JP2007/050863

group, a cycl opentyl group, or % cycl ohexyl group. [5]

The hardcoat conposition according to any of [2] to

4ﬁﬂ¥ whi ch includes_at |east one or nore ultraviol et

SASEr 28T ngRal bXH n¥FREDSYT R 6 kmavebengph of 320

to 400 _ran (UV-A) , as the. Conponent (F). [6] The

har dcodt! EBRPGEIAGGHT aerppe et @cesrdinbedreilhlt herich includes

uliraviolet absor ber havi ng a nmaxi mum absor ption

AavefBhgif af BXF 0§ Abeipganetvaagdiul taaviolet absorber and/or

2- hydr oxybenzophenone- based ul t ravi ol et absor ber

3 BFPESERL 8AChY PR pdll Bl )V o heie pibisnrR8E 85 R3S wacteviolet
i ndependent |y represent a hydroxyl group, ahydrogen
a&?@ﬁgeéﬂ?adllm a [ B oL e Rt koxyage bapgtH 7F 3Thezo 400 nm (UV-A) .
hardcoat conposition according t o [5], which includes

at | ed§t B herdeens ecrposittricaz kneobased tul 6 ayidlieh includes
absor ber and/or a benzotri azol e-based ul travi ol et
agbsBRBEr 2 a2 shydeoxiyheraadarblestonabbasbdr uhavingp Be X8 Ber in
absorption wavel ength of 320 to 400 nrti (UV-A) . [8]
cPrbinak deoavicompdstitddmeabesedi ngttaviblet Whsdvber and/or a

i ncludes at | east a 2-hydroxybenzophenone- based
banephyvietetedbsordel t ravicomt siatd e MiddtiBe ultraviolet absorber
triazine-based ultraviol et absorber and/or a
henrot 2 i werol e asethttriavi abet1ahgorbef , 320 s:d ®0 nm (Uv-a) .
"ultraviol et absorber having a nmaxi mum absor pti on

wavel eaptThe Harddatrocd@fos Bt ddMrording 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
of (A) to (D): |

CHj

I
?i—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
polydimethylsiloxane represented by Formula (10) or silsesquioxéne

bonded to the main chain or side chain of dimethylsiloxane:
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[9] The hardcoat conposition according to any of [1] t
o [8], which further includes a conpound having a

wdizomtoeyl4si | oxane skel eton represented b y For rarap£09)/050863

as conponent (G, in an anount 18 f 10.0 parts by
wei ght or |ess based on 100 parts b y weight o f the

total of Eﬁo o (D :— rein X i represents an
integer fiém|1 % 10,/090§" 10]%*fhe har dcoat
conpostETam g Egp, c&i n the conpound
havi ng a di;nmet highsih] oxanecskel edign is a

pol yet her - no if%ed pollydi met hyd si | oxane represented b
y Formula (10) gﬁ siyl 9esqui oxane bonded to the main
chain or sid di n.lof| di met hyl si | oxane: wherein R-, 35
represents ajh a?ﬁben atomor an al kyl group having 1
to 4 carbon atefis; 4 represents a hydrogen atom an
al kyl group haviktig 1 tlg 4 c4iBpn atons, a cationic

ol ymerizabl e group, or an ethyl enic unsaturated '
”8}%‘%/?;&:“ ﬁfaaﬁ]ar%S%n%w SYERORN| Ft By er fRoM Y gréup &ving 1 to
%s ag integer froml to 70; y is an integer from1l to

§2T8R8 JHKSisRT pepresenty e1hvdtrodmpdonatan alkyl group having
cgnposition according to any of [1] to [10] , which
 GPt h&RTPREI 3ERES sl Fehlprahe pelvinelrégahse companent {iHethylenic
, In an anpount of 10.0 parts by weight or |ess based
WP 0g 5 8Ft 3T BYP inglaghndots e eethl anfimmpondrbm (Ao 5; x, is
to (D) . [12] The hardcoat conposition according to
SnyN6RIRE] fxem[U o Mheweiln theinieposifinpmofl the30; and y/x, is
conposition neasured by a Type E visconeter at 25C is
11 oo 1566 nPa- s.

[11] The hardcoat composition according to any of [1] 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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[13] A nolded article having a cured filmformed by

appl yi ng the hardcoat conposition according to any of
wOposta74412] on the surface of the nolded arti eCeJPanm050863

then curing the conposition. [14] The nol ded article

according to [13] , wherein the nolded article is

formed of at |east one selected froma thiourethane

resin or a thioepoxy resin. [gS] Iers_haviﬂg ﬁ ?ggggt

coat i filmwhich is formed by applying the ha

con‘pogi%tei i}ﬁrg&%F dFAgPed &, ot [tie tevenejoonishen

ﬁgyface o% the lens, and then curing the . .

S S8 S PLFERCHREP har lREA L CRRipes iagiet shithecamventionl for a

LS an Ltraviolet-curable hard coating agent mhlch'caq
t@&o&ggg FB?“%@%%@d@?%@héﬂé?ﬁé@@ﬂbwethnrmblapobﬁnémazatlon of a
t her pral _pol yneri zation of a polythiol conpound and q
PB&WFEB&%&@@%W@ HHerisionaktets cefieowed {eAsimrter,
thiourethane resin) or a resin obtained by therna
TPLRGEBPE 7 poFrmtTeidianen rebia) tow @epexyn Cobpiitll by thermal
hereinafter, referred to as a thioepoxy resin) , and
rﬁggﬁagﬁﬁ%%@éﬁﬁ%WWQ¥ﬁ4ﬂ§iOPhefC@np@$¢¢pmxyiumn§6ugﬁ (hereinafter,
curability and excellent adhesion, scratch resistance
rgheriRdtHer s ésthiaapexy hassisubs bant ialdgvarca@iatd b8 that the
conponents since the conposition contain substantially
CRBPEF} B o asolhiaht cuantbiétert snbesschlraten pihdhien, scratch
envi ronnent since the conposition can be recovered and
regtyeieer Brd efeadbscer rptiionante Driasd ngsodtigit ik19ROWS volatile
the FTIR neasurenent results of
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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woremsseaent results of octa [ 2-

octa [2- (butoxynethyl )oxirane-dinmethylsiloxy]
-sil sesqui oxane . Fig. 2 shows the 29Si - NV\R
( but oxynet hyl PCT/JP2007/050863

oxi rane-di net hyl sil oxy] -silsédquioxane . Fig. 3
lhows the FTIR nmeasurenent results of OX-SQH Fig. 4

Shpss 299 S results of OX-SQ H.
Fi g. Slﬂg%gm%%eﬁgyrgggggcté%‘gg%ﬂ%%i aértpng orption
spectra of 2,2" ,4,4 -tetrahydroxybenzophenone,

TINUVIN 400 (G ba Specialty Chenical IS I Inc. )5 agidg .
1 1.hg. Speci al t emcals, Inc. ). .
th%mugq%e%ﬁgggg??ﬁﬁgrr@ﬁ a‘h%ee v %Rard coati ng

in Ex le 1 . Fig. 7 shows the .
P ot TR B B B D et apoBEt 1 bt strated in

f red in Conparative Exanple 1 . Best Mbde for
O%écfea??}i'ng Qut the Invention Hereinafter, the present

[ ion.will be illustrated in detail. The invent‘i on ‘
Lgrg?géet%n%?%%vaﬁaﬁﬂaéﬁﬁpagi%iQﬁ¥qqﬂ@¢u@©mgoartueagmcludlng at

| ow C onents (A to (E) : Conponent (A): a
ltgg%f (Q”Ln@,t ﬁd?/j:?o o‘%i%ﬂﬂ‘p%‘té@?s dénpsandEr epresent ed by
the Farnmula (1) ; Conponent g:g) : a silsesqui oxane
conpolRBPRRAREI Mhhy 3 R @itk yBoby el dy Abéehar atmpound
Conmponent (C) : a silicate conpound represented by the
rﬁgggﬁﬁgt%%)@y the Formula (1);
Component(B):easilsesquioxanecompoundcmntaininga.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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Component (D) : a silane conpound represented by the
Formula (3) or a partial condensed conpound thereof,

wono@/os7at ur e of such conmpounds; and Conponent PCENP2003050863

cationi c photopol ynerization iaBtiator, wherein the

conposition includes 5 to 40 parts by weight of the
arts by weight of the total

nt (A Q0 to 95

’%?Ppﬁ eec é”ﬁéfﬁ gyé*sithe é)’maﬁan%l BSPregftediby ghepFormula (1) :
parts by ghts20f, t he conponent (E) , each based on
100 p is|b /mgigb of the total of the conponents (A)
to (D) the a hardcoat conposition in the
present i ventlé% y f(ly t her conprise at |east one

traV|q!et absor ber as conponent (F), in an anount of

ef 8 H0 par £RabYy AMergRt i passd due 206 paris abyphet hbitpolyether
of the total of (A to (D) . The conponent (A) of the
SRS W?%f“@ﬁsc?%t%#feadmﬂr(qmlrgtquxgd Réiidyhyéthesen or a methyl
conpound represented by the Formula (1) : wherein Rl
9P icRafnNal T§a I resinddategea cha? noml latwd: C
pol yet her residue which may contain a hydroxyl group;
R2 isPeyarddges be Bhemtimantgooupthandomponespr @entsS preferably
an integer of 2 or larger. According to the invention,
& Relydnpoinent oY wyidsl priéker abhyoundotiy dhimebkhytdntain a hydroxyl
gl yci dyl ether conpound which may contain a hydroxyl
9grewp, skt hcounpouhd § sledéviededrdmom éhgh@idl iphatic polyol or
al i phatic polyol or a chain aliphatic polyether
apehgybh alTbpdatorponersti{ed) pbyal comperusdmbarémg @) is a compound
| east two or nore of (nethyl) glycidyl ether groups,
hawdng 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 Fermulas (11) to (17), and (methyl)
epichlorohydrin represented by Formula (18) , in the presence of a

basic compound, is generally used.

CH,
HO(CH2)pOH
(CH2)p (11) HO(CHz)rIC(CHz)sOH
CH
> (15)
HO(CH2CHO)qCH2CHOH |
é . [, (12)
R CH,(OCH,CH,)OH
. RE—C')—CHZ(OCHQCHz)uOH
CHy(OCH,CH,)vOH
HOCH2C|:HCH20H
W (13) (16
H(l) H? Hcl)
HOCHA-CHAOM HOCH2(’|JCH200H2CI)CH20H
l HO HO

HO 17



can be prepared by various nethods . A nmethod of
perform ng condensation by dehydrochlorination of a
woheiswszi4i phati ¢ pol yol or a chain aliphatic petyariver/0s0863
pol yol having at |east two or Wére of hydroxyl groups,
represented by Fornulas (11) to (17), and (nethyl)

epi chl rin.represented Fornmula (18), in the
pPeseﬁ§%3%¥%apb5§i "o 6ﬁﬂﬂ?¥9? gererdll ¢ dsedn Imi@yer from 0

: 2 CH2)SO H CHs (15) HO( 1 4
Y e BT s A | T e T Y160 drTeghn SHwegorto 107 €,
{ B T% SeD 8978 ge Y i 1 aPerelEm 0 oF 1 to 10; and K

[ ly an integer fromO or 1 to 10; and R36

R R Gt R P AR GR Ry PEDR e SURE Ry Irayen ianroup having
al kyl gro g having 1 to 4 carbon atons . For the

5 1d§P¥ﬁi%FEﬁ BbdveSt he al kyl grorpfhaélgg 1 totﬁ Farbon

be specifically exe ifie y a nethy

S:SHEF%E%tQﬁI?f&?§F6&6P %ﬁéﬁﬁ, Eggr@ikﬂl-@monp mnding 1 to 4 carbon
i -propyl group, an n-, i- and t-butyl group, or the
AORS. MK P i FPFEL gldye sremydfogenbpra anatetyiylgroup, an ethyl
group. The conpound represented by the Fornula (1) of
IEREPY iy EREYSnIPRIP banspeeind taptypek emplif | @d nby ihend t-butyl

fol |l ow ng conpounds.
group, or the like.

. R2
CI—HQC—(')\—-/CHZ
10 ©  (18)
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,
15 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
20  (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,

25 dipentaerythritol hexa (methyl)glycidyl ether, dipentaerylthritol



10

15

20

25

A s the conpound having two (nmethyl) glycidyl ether

groups, ethylene glycol (methyl) diglycidyl ether,
wonbestisylsene gl ycol di (nmethyl) glycidyl ether pCT/JP2007/050863

tetraethyl ene glycol di (nmethyllp glycidyl ether,

pol yet hyl ene glycol di (nethyl) glycidyl ether, _

Ixce in di_ (methyl) glﬁcidyl‘ether, 1, 4-butanedio

13? FFETNL Gy ether,  dipentrsatddiicloldi
nmet hyl) glycidyl ether, neopentyl glycol (nethyl)
é??%?éVﬂﬂéﬂﬁ@ﬁy§ﬁéyﬂﬁéﬂﬁﬂﬂﬁaﬁ%ﬁﬂﬂiHnﬂuglyumﬁyletherandthelike
Furthernore, as the conpound having three or nore
B Y RS 8N Ogiesups, glycerin tri (methyl) glycidyl

ether, trinethylol propane tri (methyl) glyecidyl ethgr,

pent agk PRPPESH epitineihy|s) ggbypi dyherettiem, the chain aliphatic
pentaerythritol tetra (methyl) glycidyl ether,
?ﬁiﬂﬁﬂﬁﬁ@ﬁyth@iQhﬂifh@ﬂapbﬂﬁﬂhy¢911ﬁ§h&udybséﬁhey,specifically for
di pentaeryl thritol penta (nmethyl) glycidyl ether,
Qﬁ%@ﬁ#ﬁeﬁ?thr@@%ﬂiQeﬁﬁad@ﬁﬁthy¢hagiwdﬁ@%bt@thﬁélyester residue,
carbitol polyglycidyl ether and the |ike may be
ateritliiowed icAat doppaund oontdiciong taeglokp, HhheridhaiFicient hard
-the chain aliphatic residue or the chain aliphatic
PpoitpdiAért yr esh dumpspectbhtal hynd or cexabphe, p@ymerizable group
aromatic residue, a chain aliphatic polyester residue, :
el ifoycthe (mbtphal Tycbsideenor gt bep) Ek8cifdSally for example,
insufficient hard coatability. A conmpound containing a
agatilapiyclpal ypexy zabbep ghoum eRennthagrbhg, (FEIAY!Yo have

gl ycidyl ether group, specifically for exanple, an
ialsudyd i ene poktye Graaupood @il xelkannk SEOUP ot gnds: d oxy resin.
have insufficient adhesion to a thiourethane resin or

AacdniyicoeRiay IreSdll.y one (methyl)glycidyl ether groupinthe structure
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
be no adverse effect on the curing rate, hard coatability and adhesion.

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

The silsesquioxane compoundcontainingacationic polymerizable
group as the component (B) according tothe inventionwill bedescribed.
According to the invention, any silsesquioxane compound containing
é cationic polymerizable group may be used, and there is no particulér
limitation thereon. (The cationic polymerizable group will be
described later).

A silsesquioxane compound is a silane compound having a
fundamental skeleton of Formula (19), which is obtained by hydrolyzing

a trifunctional silane such as alkoxysilane, chlorosilane, silanol



A compound having only one (nethyl )glycidyl ether
group in the structure has insufficient curing rate or
woaom/osvat abi |l ity. A.conpound havi ng a hydr oxyPCcgup20p7/050863
in the structure would be acceptable if the conpound
contains two or nore (methyl) glycidyl ether groups,
ang there would b e no adverse effect on the curing
Fatr8e hHY coREaPPIRIYNdi¢ hebiwsitonhaThese icarpaladsform called
are used individually or in conbination of two or nore
m§$?ucﬂﬂ¥%ﬂ4%@%éhﬁéﬁéhékkﬂmﬁuumdacegé&kmﬂnguae(completely
cationic polynerizable group as the conponent (B)
@QﬁﬂQﬁf?Qquﬂ?q)ﬁVéﬁPﬁOhi&llYOD@HdESutthE@(astructuremissing
According to the invention, any silsesqui oxane
RPPeLIRICEortab il Agon adatisofi @n pbkyrrerd 2ablhet @FOUBrMBYt ruct ure
be used, and there is no particular limtation
5 heéng@rpayThé toatsiddiconpokygen brabike rgrioupasé kb rh8ture cleaved)
described later) . A silsesquioxane conpound is a
agi| she &bkpound having a fundamental skel eton of
Formula (19) , which is obtained b y hydrol yzing a
trifunctiomal silane such as al koxysi |l ane,
- chl or asi ., silanolor the |like. The conmpound is
known to hayve an irregular formcalled random
structure, @s well as a ladder form a cage structure
(conpletelylfusedc@gg structure) or a partially open
structure (a structurem ssing a portion of the silicon
wheoabn R amepies age a5t ighHhie, g86yd. structure having a
part of the silicon-oxygen bonds in the cage structure
CIeaVEﬂdng‘U&ﬁ@etnﬁmibKQse@@@ié&éhéQré?QEgéﬁQ£§aQQjmacage—shaped
organi c group
10 structure has excellent hard coatability, and it is preferable that

4

this<:agestructuresilsesquioxane:&sincludedjllthesilsesquioxane.
This structure is represented by, for example,

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

(R™-Si032)n - (4)
15 (ii) a partially open type cage-shaped-like silsesquioxane:
(R™-8103/2) n (01/2R™) 1am (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.

20 (1) The value of n in the silsesquioxane of a closed typé
cage—shaped—likestructurerepresentedbyEbrmula(4)isanevennumﬁer
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

25 silsesquioxane has a triangular prismatic structure; (i-2): when n



Anong those, the silsesquioxane referred to as the
cage-shaped structure has excellent hard coatability,
wanasiog7i4s preferable that this cage structurePCT/JP2007/050863
si | sesqui oxane is included in lHe sil sesqui oxane. This
structure is represented by, for exanple (i) a closed
e-shaped-li ke silsesq |oxan (R,10-Si O 3/2)n
{%5’89 (Y 31?,61%%%%&%% Sohcganed Shaped ke’ (50 wen o
ﬁe %ﬁ%@ 1- S|03/ )n(0 2R12) wherein n _
rep és r%%9 ggpefﬁﬁh?g BaignaﬁPFéEPé eREIOctyre; (i-4):

%5 Ré% EB ach represent a
¢ ?q(ﬂn%§ Iy ?l?h FeSgr ne Wpdr GgeACtaledr&y|structure; and
g g cycl,opentyl group, or, a cycl ohexyl group. (i)
hee ValliEnNdt 15t the & L33l sadirehas att enasabiedype structure
ﬁgge shaped-Ii ke structure r ﬁgesented by Formula (4)

Sh EFek SRERBEREBE PY oRP B R =18(2r &ler@l)y -f rom 6
to 14, nore preferably 8 , 10 or 12, and even nore
pr(&-8i@ht)y 8 , or a M(R-Gi@yHE 8 , 10 and (R-SiBk)10
exanpke, it is known- that (i-1) : when nis 6 , the
S|Ise$qU|oxane has a tﬁlan ul ag prlsnatlc'ﬁtrqptqﬁ@
(i-2yi >™owhen ni s 8 , grh desqui oxane gés a\\j\

jmuékﬂstructuﬁegaLy13g<> when n Iw%&l@ t he 6% -

sy Squﬂoxane has a pgntaqon I prlsnatlc\tgrggkﬁf'
q - ;pen ni s , the & /sequ|oxa e‘g

ottahedn struct ur e} Satd |&5T" when nd"s l14, bﬁ%
mLsg,QUboxane has aﬁxenn edral structiye (|t hey e
R epr esent For mul a §(20) to (24) )F %K lﬁkﬁd/a\
3/ 224 (R-Si q 3/ 2) 14 (21) L@
(R-SiO32)12 (R-SiOz12)14
R & R
R —Si—0~_~ . ,\Si/ O—g7
Emf10g4/5>&\ ) R Ny R
/ l‘\ R Q 20N C:) R Ry \ /
o N\ o O} - Si
/ R ‘O‘SIEN-O _________ SR R\si.\Si/o N\ 5
i S O SETN L,
O\ﬁ/égl\\b\\sf/ : W/&% R} é d
R™ \OQ‘Si/O/ R \Si’\o’Si\;.'O\ 1/
| R/ oﬁs,\——o R
Ro(23) R (24)

(1i) 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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(ii) The partially open structure of the cage

structure represented by the Fornula (5) represents

wQi20080087741a structure mssing a portion o f thecsigP200050863
atons fromthe cage structure, 18r (ii-2) : a structure
having a part of the silicon-oxygen bonds in the cage
structure cleaved. The value of nis 6 to 18, and

Siokabl® o 14 (th tedby r

25) topbé')@R; (R- s. qg%/%%’( li@(qR Si ﬁQm"’%(OWR)Z
3/2) & Ol/ 2R) 3 (R—SI 3/ 2) (RO/ZR)Z (R—SJ03/2) R R
d(0i L8RS} (R-Si q 3/ 2)d(o/gjay¢07he cage- shaped- I"Pk% SEOR
s*i‘\Lss’,esqu oxane may be a BLgS /e‘g tyPle cage- shaped*«LVﬁﬂo\ //OR\
st rjuct r \ch a partially gpenostxucture and has nq, \ o
prohl emJd view of hard c at abi . as long as the }\ © /

si | seé'qw o¥amn® has a cage- slﬁ&ped fsorm Anong t he o\S' 7"“§i_R

or |c F8ups in the co und, S,I/P i s desirable iy a/sl/o

st onexof the or gani ¢ groups kncludes a cati ohic’ %

pol yri@5) zabl e group. For thd&26) osed type 27

cage-shaped-1li ke structure containing a cationic

pol ynmeri zabl e group, the cl osed type cage-shaped-|ike

-si | sesqui oxane represented by the Forrmula (6) may be

menti oned t(R-Bi@xprpedempl e, and f(R-Si08pa0LILR)M ¥ :

open structure of the cage structure containing a

cationic pol ymerj zabl e _gr.oup, the partRrall é open type

cage- shaped- I i ketsi | s€Squl oxane repr esoe?'rt/ \W—PFhe

Formul a (7). rjnﬁl b@\ai‘ﬁsl oned to be ﬁo{ﬁgragﬂe wher ei n

R13t o RPSQO/eaqsh r\ep esent a cat h@/nl co?JoI\yFrerl zabl e

group, hydrogen, ¢ aon a k¥ group, a CFLIQCp t,yc1 group,

o r a cycl ohexy’ c/ hecatlonlcpﬂy rizabl e

group i s not Sparot,kqul ar| y limteap— sl\o/s.

28) 09 "

The cage—shaped—like silsesquioxane may be a closéd type
cage-shaped-like structure or a partially open structure, and has
no problem in view of hard coatability as long as the silsesquioxane
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
silsesquioxane represented by the Formula (6) may be mentioned to
be preferable, and for the partially open structure of the cagé
structure containing a cationic polymerizable group, the partially
open type cage—-shaped-like silsesquioxane.representedknzthe Formula.

(7) may be mentioned to be preferable.



but a preferred cationic polynerizable group may b e
exenplified b y a group having a (nethyl) glycidyl
webtb@rosgroup (a group containing (2 -nethyl) oRCTAPE)7/)50863
a n oxetanyl group, a n epoxy &yclohexyl group, or a
vinyl group . Fromthe viewpoints o f curability, hard
coatability, adhesion, easy availability o f the
coﬁﬁ@un andrthe 1ike, silse’ujoBkanesyhaving the
Qﬂuye |C~Bbt§ner|zable grouﬁ%gﬁe resefted b y Fornmul a
(37T 0§38 are " preferréd//"ek R 38 and R 39
e ctv i ndeped ently represent dr og heﬁ hrA net hyl
BQ R O/énd R 41 each i ende Iy, represent a
ngghyL\\ pug 0 r a n et hyl oe@e\\a &\ , ¢, d2
h in penﬁéﬁtly representéan i egerrfrom1 t o 10;
@nd Fo>1 and d i_each i ndegén rry\gepresent Oor 1
When t h&' S|Isé§ ui oxane contains an or ga i) group
ot her thanthe catlonlc pol ymeri zabl e group, the
wireyarine Rjt dup K°S quaf ereghiepenydrogehiomic apddsmegricapple group,
having 1 to 4 carbon atons such as a nethyl group, an
hetdnydgegr, oamp 2 Ly lngraup i apnopyegitolipyrarp ner ad eycbohexyl group.
t-butyl group, or the like, a cyclopentyl group, a
cycl ofithey baygi anjpc golyheriizkile RE® WOl K3t papattutatBy 1imited,
are preferably a hydrogen (in this case Si-OH a
5 Isid anpkefeoupd catbheial kylygeolpalabe dafdupedagbior eexesnpli fied by
not particularly limted, but nore specific exanples
d heroapf handhgde aueiyiy) glgraddy,l anhekhyltogs oup,gm@up containing
n- propyl group, an isopropyl group, an n-butyl group,
@rniesoil pkigroap, antebitadylgpewpp, adnnepdyy @fdidhexyl group,
an i soanyl group, a hexyl group, an octyl group, and
dihevink®group. Fromthe viewpointsof curability, hardcoatability,

adhesion, easy availability of the compound, and the like,
10  silsesquioxanes having the cationic polymerizable groups represented

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

‘ CH3 lla
—<HZC>LOHZC C—CH, % %s.—émc}owc—c CH2
o (30) CH3 J (1)
CH3
‘<HZC>'OH2C>< % }—&—{Hﬁ}OHZC R41
HQC _CH, HaC CH2
(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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For the definition in the above, an alkyl group having
1 to 4 carbon atons may be favorabl ynentioned, and

wepeusiogii exanpl es thereof include a nethyl greapJPan7/050863

et hyl group, an n- or i-propyl 2§roup, an -n-, i-, or
t-butyl group, and the |like. These conpounds are used

I ndi vidual ly or in conbination of two or nore speci es.

SecT 1T A RBEE<5E 2 RLC PT B QUK A6 RAYH BEoBS 15 Preferably
cationic polynerjzable group, represented by the
%émﬁ%% €305 1%L (PP PA¥LNde tet f s gtoms such as a methyl
(butoxynethxg% oxi rane] -silsesqui oxane ‘ ‘
ISPV Re SGUP BXEh § TPHPwWhE I R -aP loforioy 1f gteueerngnougs, or t-butyl
are 2- (butoxynethyl) oxirane groups; hereinafter,

P PYP b TdESer + bt i avd opsms Yimginen), a dowdoack?l group or the
( but ox thyl) oxirane] -silsesquioxane, deca [2-

Ihr oxgrretmﬂ % 1pxpaanetulayi bsesqeifexabey atydrpgen (in this case
(but oxymet hyl ) oxirane] -sil sesqui oxane, hexa [ 2-
Forlbxyrstiignplogiceape} - sil sesqui oxane, tris [2-

(but oxynet hyl ) oxirane] .

- et hy|Tred bdE3guioXxanefsilé Sesediaboarel havimgatrbieel@rly limited,
(but oxynet hyl ) oxirane groups and ethyl groups for the
rerraiomengpgrolips exkepéesat herso ik 1bee deserdliadgkbup, an ethyl
the sane manner) , tris [2- (butoxynethyl) oxirane]

gy, 0hexytpsopeespuigxane, isopsopRt druigxurehvhdyl group, an
oxirane] -cyclopentyl-silsesquioxane, tris [2-

(swtapingtbyb) oxi-bangll gis@butyl nShhfEiRXaBR, i £samyl group,
(but oxynet hyl ) oxirane-ethyl -sil sesqui oxane,

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[2- (butoxymethyl) oxirane]-silsesquioxane,
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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2- (butoxynet hyl) oxirane-cycl ohexyl -sil sesqui oxane,
2- (butoxynethyl) oxirane-cycloperityl-silsesqui oxane,

wa-20(gmataxynet hyl ) oxirane-i sobutyl -sil sesqui oramgp2087/050863

(but oxynet hyl) 21

oxi rane-trisilanol -cycl ohexyl -si | sesqui oxane

(si | sesqui oxane having three silanol groups, and

traivli s g2HL ok nedvaymiegh Deeddd (tartexymetipy Landi cyed ghexys and ethyl
groups for.the remai ning groups; hereinafter, will be

gesgrs fed The thensiamegrgmoeps; , h@re {tafiteeymethyl e described in
oxi rane-trisil anol -cycl opentyl -si |l sesqui oxane, 2-
tHeutsemgmeahyk) ) oxi r ane

trisilanol-isobutyl-silsesquioxane, 2- (butoxynethyl)
toxdisr[@rdbditskympohy t yck bhexe/] -sidsgrqyiloxaleesgduioxane,

(but oxynet hyl )
tdisr[@rdbditsklyanohy T yck bpemnd W eal lcgrsgyiloxaneesduioxane,

(but oxynet hyl)
tisr[@rgbiitsklbAaBehyl pebutyte siilseaqlyiloxaneesduioxane,

(but oxynet hyl )’

BXpldBeyikkBR0) oy ehobexylysid iSesuiua%aige, 2-

- (but oxynet hyl)

0OXiudBeyack BR0) o8y £h0pesfyl ot 8esquisaxaneoxdne,
(but oxynet hyl)

Zlﬂhh%6§yﬁbkﬁp ) ok SODME V& éadﬁaﬁﬂny@&qg@sqh§5£§Q§Ca [ 2-
(but oxynet hyl ) oxirane- nethyIS|ony] -si | sesqui oxane

2@3%h§%§?ﬂbﬁﬁ9m¢okﬂr¥ﬂéﬁfbéﬁdtyﬂ éﬂr%esauakgsﬂegrOUDs

are 2- (butoxynethyl) oxiranée-dinethyl’sil oxy groups;

ZhQ%%%B§F%$Eh%m®5£1£Ehék%¥¥éf¥§$dﬂl goﬁ%&? f§§gquloxane

dodeca ut oxynet hyl) oxirane- oxy

§¥l%%%%gﬁb2§ﬁgehg§fﬁg[@%rééngﬁ¥gﬁﬁﬁt%a%éps, and %Fv1ng

oxi rane-di net hyl sil oxy] -silsesquio

ZLQ%EQEX§EEEMg 8%%2§§§ é&ggggngﬁﬁ w&éﬁLPexyl groups for the

- si I 'sesqui ox ut oxy

r%ﬁbﬁﬁgﬁthﬁﬁﬁﬂ¥lﬁé£@fﬁgftéEJ@f%ﬂ%é%%%g%lbedjjlthesamenanner),

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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tris [(2- (butoxynethyl) oxirane-di nethylsil oxy]
-ethyl -silsesquioxa ne, tris [(2- (butoxynethyl)

woxdosasepl - di met hyl si | oxy] -cycl ohexyl -sil ses |UTOR20®)50863

tris [(2- (butoxynethyl) oxirape) -dinmethylsiloxy]

-cycl opentyl -sil se squi oxane, tris [(2- (butoxynethyl)

oxi rane) -dinethylsiloxy] -isobutyl-silsesqu ioxane,

feca [T blhupeprEeihnl) ) oxii raneydink by ba/lsidydxyli lsesquioxane,

-et hyl -si | sesqui oxane, [(2- (butoxymnethyl) oxirane)

ol nEt-hiduidxaxgthydy okdhergtd snd Seslpiiloxydne i Ipe8quioxane,

(but oxynet hyl ) oxirane) -dinethylsil oxy]

hexec] Dpenthdxysieltbed g okl oraaedifd 2y (diltcowy metihykquioxane,

oxi rane) -dinethylsiloxy] -isobutyl-silsesquioxa ne,

£ [ (buttoxypetieyhy 1 oxki aned-d thaetdididxgiykthyl-silsesquioxa
-trisilanol -cycl ohexyl -silsesquioxane, [(2-

r{dut oxynet hyl ) oxirane) -dinmethyl sil oxy]

-trisilanol-cycl 6penty 1-sil sesqui oxane, [(2-

il ppy-nEtutylkymexhryanexirdhaptdithsidydei]l oxy] —cyclohexyl-silses
-trisilanol-isobutyl-s ilsesquioxane, [(2-

qunidsoxayaret hyl ) oxi rane) -di net hyl sil oxy]

--di sil anol -cycl ohexyl si | sesqui oxane,

tris[(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

ogane,
[(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



[ (2- (butoxynethyl) oxirane) -dinethylsiloxy]
-di si l anol -cycl opentyl -si | sesqui oxane, [(2-
wOhodspgyset hyl ) oxirane) -di nethyl sil oxy] PCT/JP2007/050863
-di sil anol -i sobutyl -si |sesqui 8%ane, [ (2-
(but oxynet hyl) oxirane) -dimethylsiloxy]
-SJIanoI | ohexyl -si |sesqui oxane, [ (2-
%ﬁpf'OX|rane) -di net hyl si | oxy]

nol -cycl opentyl -s il sesqui oxane, 2-

Eéu_t M@F}"Q&P%%é?eldﬁﬁéﬁwlﬁuwg ~disilanol-isobutyl-si
-silanol-isobutyl sils esqui oxane, tetradeca [2-
YIRRBPFEORYI ) - 2- met hyl oxi rane] - si | sesqui oxane,
dodeca 2- (butoxynethylz - 2- met hyl oxi r ane]

L&A @%@ﬁmﬁahgl geenae) -dinatdwyimdtliopy)l -silanol-cyclohexyl-si

- 2-met hyl oxi rane] -silsesqui oxane, octa [2-
5 Isrenpranhyl ) - 2- met hyl oxi rane] -sil sesqui oxane, hexa
&2- but oxymet hyl ) -2-nmet hyl oxirane] -silsesqui oxane,

Fstquzoxybatbxy hexhyane k-2Himstthpllediloayé}-silanol-cyclopentyl-s
-ethyl - si | sesqui oxane, tris [2- (but oxynet hyl)
ilzavshpkarer ane] - cycl ohexyl - si | sesqui oxane, tris [2-

(but oxynet hyl ) -2-nethyl oxi rane]

- @ydloperyypetsy] sesimmxarmimstiyliss 1p2y ] bl axymes sy)tyl-sils

- 2- et hyl oxi rane] -isobutyl-silsesqui oxane, 2-
eSatioxynet hyl ) - 2- met hyl oxi r ane- et hyl - si | sesqui oxane,

2- (but oxynet hyl)

10 tezlﬁdﬁhyKéXIbahexymﬁﬂhyknqﬂ—mﬁﬂhgaﬁqmménéangllQesquloxane,

(but oxynet hyl)

dogleat] Ry [(loxt o ayree clygl penindtisilosesgqtbgxanese 2quioxane,

(but oxynet hyl) _ _ _

dezanetliphosk yasehy BomHnd t18illcxesgue pxa8N€sesquioxane,
octa[2-(butoxymethyl)—2—methyloxirane]—silsesquioxane,
hexa[Z-(butoxymethyl)—2—methyloxirane]—silsesquioxane,'

15 . tris[2—(butoxymethyl)—2—meﬁhyloxirane]—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,

20 2—(butoxymethyl)—2—methyloxirane—cyclohexyl—silsesquioxane,
2—(butoxymethyl)-2—methyloxirane—cyclpentyl—silsesquioxane,
2—(butoxymethyl)—2—methyloxirane—isobutyl—silsesquioxane,
2—(butoxymethyl)—2—methyloxirane—trisilanol—cyclohexyl—silsesqui
oxane,

25 2—(butoxymethyl)—2—methyloxirane—trisilanol~cyclopentyl—silsesqd

loxane,

‘2—(butoxymethyl)—2—methyloxirane—trisilanol—isobutyl—silsesquiox
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2- (butoxynet hyl)
-2-met hyl oxi rane-tri sil anol - cycl ohexyl -si | sesqu

woxers@g7A1 ( but oxynet hyl) PCT/JP2007/050863

-2-nmet hyl oxi rane-trisilanol -cyglopentyl -sil sesqu

i oxane, 2- (butoxynethyl)

-2-met hyl oxi rane-trisil anol -i sobutyl -sil sesqui oxane,

ane,(but oxynet hyl )

- 2-raet hyl oxi rane-di si | anol - cycl ohexyl -si | sesqui o
aqﬂhgtqumﬁﬁbyékyﬁemﬁyhyloxirane-disilanol—cyclohexyl—silsesquio
- 2-met hyl oxi rane-di si |l anol -cycl opentyl -si |l sesqu

@»éne, 2- (butoxymethyl)

- 2- met hyl oxi rane-di si | anol -i sobutyl -si |l sesqui oxa ne,

2~ (Hubgtgmerblyhy P -methyloxirane-disilanol-cyclopentyl-silsesqui
- 2- met hyl oxi r ane-si | anol - cycl ohexyl - si | sesqui oxa ne,
Zanhut oxy et hyl )

- 2- met hyl oxi rane-si | anol - cycl opentyl -si | sesqui ox ane,

22- (ustxgaagtrat/fy P -nethyloxirane-disilanol-isobutyl-silsesquioxa
- 2- et hyl oxi rane-si | anol -i sobutyl -si | sesqui oxane,

rdeet radeca [(2- (butoxynethyl) -2-nmethyl oxirane)

-di net hyl sil oxy] -sil sesqui oxane, dodeca [(2-

A-bu@eprmichyil) ) ~2- et hyl oxi fane)s -dinet-kyksbhexy]l -silsesquioxa
-sil ses qui oxane, deca [(2- (butoxynethyl)

meg- et hyl oxi rane) -di methyl siloxy] -silsesqu ioxane,

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



10

15

20

25

octa [(2- (butoxynethyl) -2-nethyl oxirane)
-di met hyl si l oxy] -silsesqu ioxane, hexa [(2-

woOhoisapgyaet hyl ) - 2- et hyl oxi rane) -di met hyl si | 8&yjIP2007/050863

-silsesqu ioxane, tris [(2- (bd@boxynethyl)
- 2-met hyl oxi rane) -di nmet hyl sil oxy] -ethyl-si
ggfs ui oxane, tris [(2- (butoxynethyl)
== T SEAHPEREF 7 - di met hyl si | oxy] - cycl ohex

| -sj) sesqui oxane, tris 2- (butoxymeth
e%&§4ﬁ%ﬂﬁaﬁaoﬁgﬁgfhy&pﬁgr%%pgyiqﬁgqagg)—dfﬁé%hylsiloxy]—isobutyl
-cycl opentyl -sil sesqui oxane, tris [(2- (butoxynethyl)
~SLIRASHA IO 8ne) -dinethyls iloxy] -isobutyl

-si | sesqui oxane, [22- (but oxynet hyl ) -2-net hyl oxirane) .
[ o niypremesky] ) —érrgkhgl pxbeanp)i vikamed hyle2loxy] ~ethyl-silses
(but oxynmet hyl ) -2-methyl oxirane) -dinmethyl sil oxy]
qepvetadifexyl -s i | sesqui oxane, [(2-.(butoxynethyl)

- 2-met hyl oxi rane) -di met hyl si | oxy]
[ Grelopenyypeshly s e squinekhnkox { fahe )(Holitestyuyd sy by ] -cyclohexyl-s
- 2-met hyl oxi rane) -di nethyl siloxy] -isobutyl-si
islespaivdpaaes, [ (2- (butoxynmet hyl) -2-nethyl oxirane)

-di net hyl sil oxy] -trisilanol-c ycl ohexyl -si
[sesolniudraymethiy2) - but okyhet indrje )—2timetthyl Xl bapg) cyclopentyl-
-dimet hyl siloxy] -trisilanol-c
syidll spemtipkaskl sesqui oxane,

[ (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,



[ (2- (butoxynmethyl) -2-nethyloxirane) -dinethylsiloxy]
-trisilanol-i sobutyl-sil sesqui oxane, [(2-
woOhoismsymaet hyl ) - 2- net hyl oxi rane) -di met hyl si | 8gyjIP2007/050863
-di silanol -cy cl ohexyl -s il sesg@i oxane, [(2-
(but oxynet hyl ) -2-net hyl oxi rane) - di net hyl si | oxy]
-di silanol -cy clopentyl - silsesqui oxane, [(2-
[((But(bxyosyingthy 1 D=2reméyh vioriaree) ~diimethylLsi Loxy] -silanol-isob
-disilanol-is obutyl-sil sesquioxane, [(2-
Ythydt-exyseshyliipxae pet hyl oxi rane) -di net hyl si |l oxy]
-silanol -cycl ohexyl -sil sesqui oxane, [(2-
HeltutoeyadBhgthyi 23 Alethyx pxe tharlexetdnret-byl sebanydxane,
-silanol -cycl opentyl -silsesquioxane, [ (2-
ddaigicax Brethy Ly 3-Bunet hwdioxr raedanel-sel bgb gl oxyhe,
-silanol -isob utyl-silsesqui oxane, tetradeca

5 dB3eaBhykh3ibatbuyoryhyt oxet-atene)sisi desquioxaars,
dodeca ( 3-et hyl - 3- but oxynet hyl oxet ane)
octial (SesfUiyDxanpyut degmhe By Biutdan?) byt 0xysgthykaxet ane)
-si | sesqui oxane, octa (3-ethyl-3-butoxynethyl oxet ane)
IreSial (3684 Hiy DX 3RBut BLtae { By Bt and) byt 0 xpegtihykexel ane)
-si | sesqui oxane, tris (3-ethyl-3-butoxynethyl oxetane)

@yl =shkse3qui0¥2PRe t h§iSketane) —ethyl-silsesquioxane,
(3- et hyl - 3- but oxynet hyl oxet ane) -cycl ohexyl -

Silsyesadhoxaneput bk $mé Bn ¢l dwd tadrd) ey BBERYH 0¥ €1 888jui oxane,
-cycl opentyl -si | sesqui oxane, tris

10 f3=qBhykn31 byt gxysRLhYE 9¥ESaN@ne) ~cyclopentyl-silsesquioxane,
-|sobutyI-S|Isequ|oxane,
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,

15 3-ethyl-3-butoxymethyloxetane isobutyl-silsesquioxane,
3~ethyl-3-butoxymethyloxetane
trisilanol—cyclohexyl—silsesquiéxane,
3-ethyl-3-butoxymethyloxetane
trisilanol-cyclopentyl-silsesquioxane,

20 3-ethyl-3-butoxymethyloxetane trisilanol—isobutyl;silsesquioxane,
3-ethyl-3-butoxymethyloxetane-disilanol-cyclohexyl-silsesquioxan
ey
3—ethyl—3—butoxymethyloxetane—disilanol—cyclopentyl—silsesquiéxa
ne,

25 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- et hyl - 3- but oxynet hyl oxet ane et hyl -si | sesqui oxane,
3- et hyl - 3- but oxynet hyl oxet ane cycl ohexyl -

wenb@astui oxane, 3-ethyl - 3- but oxynet hyl oxet anePCT/JP2007/050863

cycl opentyl -si | sesqui oxane, 27

3- et hyl - 3- but oxynet hyl oxet ahe i sobutyl -si | sesqui oxane,

3- et hyl - 3- but oxynet hyl oxet ane trisil anol -cycl ohexyl -

Sresby Yud o B tdihypxed gt 6y apohyl sxettane-silsesquioxane,
trisilanol-cycl opentyl -sil sesqui oxane,

Bebragec3i bt axdyntetndudretyarethyloxetane) ~dimethylsiloxy]-silses
trisilanol-isobutyl-silse.squioxane ,

Suebhyhe S- but oxynet hyl oxet ane- di si | anol - cycl ohexyl - si

sesqui oxan e |,

Sode by [ { 5wt wkyirgidtyd:oxetraye ode sahaned iyt ypeiitody]sisi 1sesqui
| sesqui oxa ne, 3-ethyl

o8ahdt oxymet hyl oxet ane-di si | anol -i sobut yl -

si | sesqui oxane, 3-ethyl -3-but oxynet hyl oxet ane-

setanob-syioy DiEXytosineseyqukexane) ~dimethylsiloxy] -silsesquiox
3- et hyl - 3- but oxynet hyl oxet ane-

shkanol - cycl opentyl - si | sesqui oxane, 3- et hyl - 3- but oxynet

hyl oxet ane-si | anol -i sobutyl -si | sesqui oxane, tetradeca

b€8a et byd £ 13y Ul-oxymt Ridtoxebaseine fi-avhdt si 4 106Ky ] -silsesquiox

-si | ses qui oxane, dodeca
E£43; et hyl - 3- but oxynet hyl oxet ane) -di nmet hyl st | oxy]
-S|Isequ| oxane, deca

ﬁéﬁa??@yétﬁ&iﬁgibﬁﬂﬂﬁﬁm@t%§§b§8@ineg*ﬂﬁ&éﬁﬁfﬂéﬁ@@ﬂy] —-silsesquiox

-sil sesqul oX ane,
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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octa [ (3-ethyl-3-butoxynet hyl oxet ane) -di nmethyl sil oxy]
-si |l sesqui ox ane, hexa .
WO esasIl - 3- but oxynet hyl oxet ane) - di met hyl si | 8&yjIP2007/050863
-sil sesquiox ane, tris 28 _
[ (3-ethyl -3-but oxynet hyl oxet ane) -dimethyl sil oxy]
-eth | -sil se squi oxane, tris
[¢3- ét:hylr -k SRyl coesrans rdige ey hyl 5okwkyirisilanol-cycl
-cyclohex | si | sesqui oxane, tris
pb@xw-hw %emwo@@am,hw oxet ane) -di met hyl si | oxy]

cl opent -si | sesqui oxane, tris
g ethyl = QﬂﬁQﬁ@m&ﬂﬂﬁﬂqxﬁéaaﬁé)diMEhBYhyiS@iywqdrl51lanol —-cycl
-|sobutyl si | sesqui oxane,

PP@néYhy$i¥§¢ﬂHui@yﬁﬂﬁhyIoxetane) - di met hyl si | oxy]

-et hyl si |l sesqui oxane, .

[ (3= etinyl-3-thutaspretiploaxehane)d: e ey hyd Sotwpdtrisilanol-isob
-cycl ohexyl -si s esqui oxane, _ _

[t 8L et hide Sybiut:maayet hyl oxet ane) - di met hyl si | oxy]

-cycl opentyl -sil sesqui oxane,

[ (3-etinyl -B-huicoxyrrihiploaxet ase)dekwmf iyl 549x3i silanol-cyelo
-i sobutyl -sil ses qui oxane,. 28 _ _
béiﬁ}ﬁi@ds&é@&&ﬁ%ﬂﬂgthyloxetane) - di net hyl si | oxy]

-trisilanol -cycl ohexyl -sil sesqui oxane, .
[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—disilanol—cyclo
pentyl-silsesquioxane,
[ (3—ethyl-3-butoxymethyloxetane)-dimethylsiloxy]-disilanol-isobu
tyl—siisesquioxane,
[(3—ethyl—3—butoxymethyloxetane)—dimethylsiloxy]—silanol—cyclohe
xyl-silsesquioxane, |
.[(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,
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,
tris(3—methyl—3—butoxymethyloxetane)—cyclohexyl—silsesquioxane,
tris(3—methyl—3—butoxymethyloxetane)-cyclopentyl—silsesquioxane,

tris(3—methyl—3rbutoxymethyloxetane)—isobutyl—silsesquioxane,
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[ (3-ethyl -3-but oxynet hyl oxet ane) -di et hyl sil oxy]
-trisilanol -cycl opentyl-silsesqui oxane,

wO(eesastml - 3- but oxymnet hyl oxet ane) - di net hyl si | @kylIP2007/050863

-trisilanol-isob utyl-silsesqui®xane,

[ (3-ethyl -3-but oxynet hyl oxet ane) -di et hyl sil oxy]

-di sil anol -cycl o hexyl -si | sesqui oxane,

Brreehky T I P BrrosyaBlxetengnerhy Ui skt dyssil asarle,

-di sil anol -cycl o pentyl -sil sesqui oxane,
BBekhnyt3-3owintpnatdtniypxerenaneycldhary hys sidexqg]ioxane,
-di silanol -isobu tyl -sil sesqui oxane,

B (Be eyt 3-Fwirpmatdtiyixetenaneyclapaet N siloxyduioxane,
-silanol -cycl ohe xyl - sil sesqui oxane,

BtBeeh it 3-owii-omatgtfiyixecehantyobdt et divl sé dcpxiydxane,
-silanol -cycl ope ntyl -sil sesqui oxane, "

BtBe e hiA 3-but:garetiyixexehane) - di net hyl si |l oxy]
-silanol -i sobuty "1-sil sesqui oxane, tetradeca

{ Bi set dvyd 1-3=aritaheyat-hyllexetanexans, | sesqui oxane,
dodeca (3~net hyl - 3- but oxynet hyl oxet ane)

3 sié SIeETHE -ax A ynde ey 103efehBy| - 3- but oxymet hyl oxet ane)

-si | sesqui oxane, octa (3-nethyl-3-butoxynet hyl oxet ane)

t 51 SRS -0xANIp XA -(63188E8Y L 0221t oxynet hyl oxet ane)

-sil sesqui oxane, tris (3-nethyl-3-butoxynethyl oxet ane)
3€ﬁ@yﬁy§434ﬂﬁﬂbkyﬁéﬂm%loxetane 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
xane,

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

xane,
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tris (3-nethyl-3-butoxynet hyl oxet ane)
-cycl ohexyl - si | sesqui oxane, tris

wO2e0smisiml - 3- but oxynet hyl oxet ane) -cycl openty PCT/JP2007/050863

1-si |l sesqui oxane, tris 30

( 3- net hyl - 3- but oxynet hyl oxet ane)

-i sobutyl -si | sesqui oxane, 3- net hyl - 3- but oxynet hyl oxet an
ErésmyB—metBgquﬁMH&nxymébmyﬂdx¢haaebHﬂomyﬂmyigdIn&ykuﬁthyl sils
cycl ohexyl - si | sesqui oxane,

dshmtibyknd; but oxymnet hyl oxet ane

cycl opentyl - si | sesqui oxane,

8riret hgtmdt byl oxywEiHmetetak&etane) ~dimethylsiloxy] —cyclohexyl
i sobutyl - si | sesqui oxane,

3shiethybuBoRahoxynmet hyl oxet ane

trisilanol-cycl ohexyl -sil sesqui oxane,

3r el hylmdt Ryt ox VBRI RtelAR et ane) - -dimethylsiloxy]-cyclopenty
trisilanol-cycl opentyl-sil sesqui oxane,

3- BBl Bybg31 ik exymet hyl oxet ane
tr|S|IanoI-|sobutyI si | sesqui oxane,

%rﬂgqthmé Ryt XV N EOXet ARG et ane) - ~dimethylsiloxy]-isobutyl-s
di sil anol cycl ohexyl - si | sesqui oxane,

§1ggg§ 3= but oxymet hyl oxet ane
di si | cyc1openty| si | sesqui oxane,

% geﬁgyﬁ%fL?uﬁﬁ%%%gﬁégﬁ%?é§%%g§g?h Fﬁ@@ﬁ léfﬁj z%“ﬁf%yl 81lsesqu

esquil oxa oxet%ne Sl

hexyl - si | sesqui oxane,
§5¥g%% - S- but oxynet hyl oxet ane-si | anol - cycl opent yl - si

S e O T SR CanaeRRL- ST aRbY LT Sty ooy -2i1
% U|oxane t etradeca
f

ey y éB butoxynethyloxetane) - di et hyl si | oxy]

S
(37
?élse %@f %ﬁ%l qgﬁapgﬁgggﬁé)dlmethy151loxy] cyclopentyl si
d

T
|QS&PXIS|ony]--S|Isesqu

e Xane

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

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

[ (3-methyl-3-butoxymethyloxetane)-dimethylsiloxy]-trisilanol-cyc
lopentyl-silsesqguioxane, |
[(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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i oxane, deca [(3-nethyl-3-but oxynet hyl oxet ane)
-di met hyl si l oxy] -silsesquio xane, octa

wOQeessmstayl - 3- but oxynet hyl oxet ane) -di et hyl si PaxXygP2007/050863

-si | sesqui 0 xane, hexa 31

[ (3- et hyl - 3- but oxymnet hyl oxet ane) -di net hyl si | oxy]

-sil sesqui o xane, tris

LWE3-lretlhpkesgubokaxg et hyl oxet ane) - di met hyl si | oxy]
-ethyl-sils esqui oxane, tris .
[[((3-methylL-3-but oxymet Iyl axetanre )-didiniyhyl 3ok pxy]

-cycl ohexyl -silsesquioxane, tris

B@3-amel hylyeBobak pkyset dydqxiet-ame), - di met hyl si | oxy]

-cycl openty 1-sil sesqui oxane, tris _

[[((3-methyl - 3-but oxytwet iyl oxatare )-aidemBY Dyt 86k PXYdi 1ancl-cyclop
-i sobutyl -s il sesqui oxane, .
Ea3yreshykedqghubxyapet hyl oxet ane) -di met hyl si | oxy]
-ethyl -sil sesqu i oxane, _ _

[ (3-fet Ayl - 3- it Oxyreet Hyl eataRe - a1 b AR byt 8ok Pxy]

-cycl ohexyl -sil sesqui oxane, . .

B 3anBt hykoBn byt oxyTet dwliosatranehnadi Aet hyksi | oxy]

-cycl opentyl -si | sesqui oxane, _ _
[(3'nEHEYEi§'bﬂ@QXVN@t5@@é”§ﬁé§@aLliﬁb”828355é19§§gquioxane

-isobutyl-sifse squi oxane,

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),

EPO421 (TrisGlycidylCyclohexyl-P0OSS), EP0420

. {TrisGlycidylCyclopentyl-POSS), EP0422 (TrisGlycidylEthyl-P0OSS),

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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[ (3- et hyl - 3- but oxynet hyl oxet ane) -di net hyl si | oxy]
-trisilanol -cyc | ohexyl -sil sesqui oxane,

wPeesmstayl - 3- but oxynet hyl oxet ane) -di et hyl si POXyMP2007/050863

-trisilanol-cyc |opentyl-silse I oxane,
[ (3- et hyl - 3- but oxymnet hyl oxet ane) -di met hyl si | oxy]
-trisilanol-iso but yl-s ilsesqui oxane,

k6 3s8B4HYd 2 3n b Uls0x¥iB4 Hith DX @t BRJa t-ididTRE Byl $hd #X¥db1le compounds,
-di sil anol -cycl ohexyl-s il sesqui oxane,

L6231 retdili-3r BHhexy et ByL oxelang)e p@x‘f%ktﬂibsiﬂ%a]nic materials,

-di silanol -cycl opentyl - silsesqui 0xane,

Rbd-drdet fwd Brbuhoxyirmt i 0%ehane); r A RLikyLskl Pﬁ()é]asy to handle

-di sil anol -i sobutyl - si | sesqui oxane,

élﬁﬁ E@t&ééﬁl%‘é QM'FEE;}l‘&%'}o‘l’i&*tgnﬁﬁri% MBI Y1 &0 and the 1ike.

anol - cycl ohexyl - si | sesqui oxane,

[(3' ne'&‘fi'gls'_l@i[:pégipé(y n@(ehﬁggﬂ igl{@é I'yclr@oln%l){:] (C) according
-silanol -cyclop entyl-siTsésqui oxane,

- hyl - 3- | - i vl Si - .
EbrEfB et o, OfY TR et aed, - LI 3L dnsonnd used in

si |l anol -iso sesqul oxane, a

QHE 15'1@8:&9?@?%@?gﬁ?%ﬁlgcgp§%%1?$g§b é%%\%%%gfasr}%?eolg’é:on of the Formula

contai ning a cat | Z roup; t
zgm&%is | LJYesr Zég?acla%inr%loﬁéjgfr %%ué%tj:%lﬂ/Slgyglaglyzeirycf’acdétr%q‘qmctional

giggi%¥4%§glohexyl-PCSS) , EPO416 '
ch y cl opentyl - PCSS) , EPO417
(G ycidyl Et hyé; PCSS) , EPO418

|
O
|
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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(dycidylisobutyl-PCSS) , EPO435
(Cct ahl yci dyl di net hyl silyl -PCSS) , EPO421

wORoasa@mei dyl Cycl ohexyl - POSS) , EPO420 PCT/JP2007/050863

(Trisd ycidyl Cycl opentyl - POSS) 33 EPO422

(Tri sd ycidyl Et hyl - PCSS) , EPO423

(Trisdycidyllsobutyl-PCSS) (all manufactured by

hyprid & asthws;l lgmwup, bradbenahig., which are

disclosed in the Internet on a website of the

f ol | ons igcaddiiesssi<hdatte compownd by beomlpdaiilicsvith cationic

com pdf /200 bcatal og. pdf>;, PSS-Ccta

106 By opyd gl & cday Rirldier,) unDh et byl s¢d oxanosdihsitd et @that are

(reagent by Sigma -Aldrich, Inc. ), which is disclosed

b8r t8er 1 PL 86 AGin DOmat ¥ebsi § erristhei ot evhpguaddE@SSy tohandle

<http : //wwv. sigma - aldrich. co. jp/up_catal og/A-

348 is psfcnliexet anyksibhsesqut pxane (dP€iSQ) forming and the like.

oxet anyl si | sesqui oxane (OX-SQ H) (trade nanmes by

Toagosgéye Cohe s@;thcatter&%o@@@&aontawﬁg PEL Dbl §8EPmerizable

i n Toagosei Research Annual, TREND, 1999, No. 3 and

ggiﬁgﬁ%hi@@%&%i%na@ 1edRENh e 20040 M0 caf i on@BApb@nerizable
i ke,

whi ch can be suitably used. This cationic

HPLYPErIZ bl gsidssesgyi @é%&ﬂa%e@ogpaéﬁ bl1&. Mdih % Bhange reaction

ionic polynerizabl e conpounds, unlike silica

o2 ah kb e§iltir@ét@5ﬁdp§rJa%@Li)L’mXCL;FkZIﬁ@%Picza'mteea:%ﬁfcontaining

thus, the cationic polyneriza si I 'sesqui oxane i s
Faslnds, Sl antods, GXCPLLEto iyl b L 05
SO el 1, RIROAS O AEERUILA OIS RGO s v,
LRI 90 AR foANAL Y| 09,5y AAGITRRLEL BBl Bontaining
P¥9£8%H§if5&ffﬂ%kﬂﬁuﬁ%té§8€£ny1 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.

[1?42 45
—O—H,C—C—CH —O—HC R
O @4 ><
G4 H,C CH,
o] (35)

wherein R represents hydrogen or a methyl group; and R represents
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al koxysi | ane. wherein R3to R6are each independently an
organi ¢ group having a cationic polynerizable group,

woydispgeraior an al kyl group; and n2 represent sPam/JrP2007/050863

integer from2 to 10. For the Brnula (2) , RBto R6

each i ndependently represent an organic group having a
cationi c polynerizable group, hydrogen or an al kyl

gr BepLyTherelRyer rlougtiasl defduped above is not

particularly Iimted, but may be nore specifically

exenpl Lfi addbyien methypll kgrpapl icatetdnilchgisupyt ambstituted with
n- propyl group, an isopropyl group, an n-butyl group,

ancesoboi 9| pgkouprizelldburylupgrdap, can fieanyd igroupsdimensional
an i soanyl group, a hexyl group, an octyl group, a
ogtivohkxdrugitoue, bpproHecingesilBaplttheladefii brdvomldtnirradiation
t he above, an alkyl group having 1 to 4 carbon atons

iy bkef avesabty nehtd dred,s and dspeaefatieyarpbescationic

t hereof include a nethyl group, an ethyl group, an n-

photeps Dpydr Pfdtion dRAtiator prard bHEY £ HnAWR;, s 0L okd¥ee bonds, and
like. Since this silicate conpound is conpatible with

catibpnt e pol yovey s Zal £ « Gapowedssciinfbkerisd | i6fention.
nanoparticles that are perfectly inorganicmaterials
,this silicate cenpound is easy to handle and is

excel | i N dabi ity during, filmformng and {.he. ..
Iikgl.i %5 thesi | i cati IC(S:II)I‘EgIIJnd cont ai ni ng a_éI O—si=
cationic polynerizable group, which contains at |east

one or nore cati-BMH pol yneri zabl e groups on R3 to R6,
can be prepared by an al cohol exchange reaction

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
containinganalkoxygrquphaving];U)4carbonatoms,swﬂlasanethoxy
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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of an al koxy silicate and a cationic polynerizable
gr oup- cont ai ni ng al cohol conpound. The cationic

woabosmsriszabl e group is not particularly |imtedT/Jgpn7/050863

as a preferred cationic pol yneniszabl e group, a group

including a nethyl glycidyl ether group (a group

containing (2-nethyl )oxirane) , an oxetanyl group, an
epoxycjetreheéxoy the cup igrata vomydurgt,otthoraycdenercially available
mentioned. The silicate containing a cationic

pohyomtd g abhe Igroabk uae ap rashidrag:dng lidset hamwent i naluey, be a silicate
exenplified by silicate containing a (nethyl) glycidyl
ebhesigimy e (B-groud cetbak-o-pl) hethaey ytduoxiirsne) heing 5 in
silicate containing an oxetanyl oxy group, silicate

§08tahd) NkaarBNeXY6y-akehexyd Iy (@aypse@rce he 1ike. trade name)
Fromthe viewpoints of curability, hard coatability,
éﬂﬁeﬁié)&ik%asﬁnaV@é|aﬂ@iﬂliibﬁt@fhatxhﬁ’@%”ﬁ@tlﬂgxyadg@odﬂ']%r an ethoxy
i ke, silicates having the cationic polynerizable

groups M enaneserted: byndaidil 3so(34) nAnd4(39)a®r®ge), M silicate
preferred. wherein R42 represents hydrogen or a nethyl

86 OWRa+ 130l RAZ [reprgsent san nBtdbd g oun 195228 2bhYbthoxy group,

‘group. In addition, an al koxysilicate which is not

ﬁyb§ﬁiEHF%@eW%@@)a(%QEiByiﬁaﬁéﬂdﬂgﬁﬂd§¥¥ %0950%@d6539rade name) ,

can forma three-di nensional network structure by

phadugl n;gilgé',' 3ol cindey ggé' LLavkgy etykggadiation in the

presence of ‘a Lews acid-generating type cationic

ohet PELELLA Lot AL Bos L BB B, s 1

si | oxané bon cate can
HRSQm %%n%%% t@yg%gbggingﬁx>theinvention,vﬁjj_bedescribedJ The

silanecompoundusedfdrtheinvenﬁbmﬁisasilanecompoundrepresented
by the Formula (3) or a partial condensed compound.

R—Si—-OR®
(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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Si-O R-si-O H. Si-O Si -ROHwereinR
represents an organic group. . It is preferable that

woOhersalBkmaxy group does not have any residual abPcolp007/050863

conpound rel eased after the silgnol generation, and

silicates containing an al koxy group having 1 to 4

carbon atons , such as a nethoxy group, an ethoxy
QEGMQma@%dﬁaﬁﬂrdbﬂymﬂnﬁﬁbﬂﬁd%&hdQ@e@ﬁfldexéMpieQHﬁ@ﬂaof1nclude
group, or the like, "are preferred. These conpounds

argetised A ONE ah LRhGONBEOE) oh of- bWoi Obr S € group, an n-, i-
species . Specific exanples of the silicate having a

6at tophey POh YIRS, zakl e @ quiker.epresented by the
Formula (22) or (23) include tetrakis

(oxi r amn2-od - RiiRoxy) yReLyshbi £alRud B @Kt fe sil
(2 et hyT ooyt an-2 51 ~Het hoxy) poTySFl | care et Fals compound i

E&@ S&Pﬂiéﬁ%ﬁfﬂ}’%Jthe@EtBgﬁybeg%%ySI%fﬁﬂfﬁg %et%@%hgl glycidyl

3- et hyl oxet an- 3-yl) hoxy I cat

!e{:fﬁgr g“r%u I@B&%ﬁéﬁ% qﬁac;\%? V‘Qh%@&x%;c%ﬁoﬁg%i gtf%)tu%dand the like

Mﬁth a cationic poly

4 #Mﬂ?E995¥§E* G o %byetpﬁ§%%%£|§§%ﬁ?01ntscﬁfcurabllltyy hard

of ypr opoxysi cate and t he

conmer Cli ava e conpounds can SO be US

| t f t t
%geée?h@?eoxeel;aﬁlo dﬂqr)cpnéﬂ[ oy aé/’rlrol %ME a%r?lcgopgeﬁ/lﬁrgel n%a%le groups
?Yg:j%g%%tn%c§<% arﬁllrsnlu.lllla%at %6( O§n§ § eospellef%)rr‘ed'. td.;

‘<H2C>OHZC C—CH; - ~<H2C>OHZC>(R45

(36) d
H,C_ CH,
(37)

QEQ{:SQ{] fajt‘[fge/ a%he th%a%#plagfg%fakgf oun th cganpogﬂg, and the

- wherein R* represents hydrdgen or a methyl group; R* 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,
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and the like; and as a silicate having a nethoxy group
or an ethoxy group, MSilicate 51 (methoxy group, n =
wa 2003%/08va@1age) , Msilicate 60 (nethoxy group, PATAPH0T/050863
average) , Silicate 40 (ethoxy3mgroup, n2 =5 in
average) (all by Tama Chem cals Co., Ltd.; trade
name), and the |ike, which can be suitably used. The
3sielagi-8empduitr Detoyesilivl) propdeys vdtbhpoveitanahipel the 1ike.
is the conponent (D) according to the invention, wll
she cdesesiclgohp olinel stidvankowonpoesid issed Heyr cameower the viscosity
invention is a silane conpound represented by the
Jforchsl @aho3y oompoparidal Cbrdehdade corpoemts wear dioym 2
R7 is an organic group having a cationic polynerizable
tgrewpdiR8nandnR0 aseeweak hs i maeperdennkcy hythogea ortignic
al kyl group; and n3 represents an integer from1l to 3
polfetrheaboenykaup 3and Re il kaxyorganpc rgpoupuhder ngliaraviolet
cationic polymerizable group, andR 8and R9 each
irrdepandent id Y neepreseitte bydr ogetsarciadtgdigdatgmgupype cationic
The al kyl group as defined above is not particularly
gHdtcbed ymBut 2B 8nspert fd o xanfl eset benpotnd nednidencrease hard
met hyl group, an ethyl group, an n-propyl group, an
dé%ﬂ%%@@l%ygrQMK&eéﬁbﬂ1'Q%E%E GrRHn®) h3ebutede e@lpo as silane
a t-FutyI group, an P-anyl group, an isoanyl group, a
ingf tan At ¥ 2 OEQMP: 1 dh O Ihewingr @4, a@Rdsion t
{ggﬁmlp%egﬁggr f he d%finition above, an glkgl g?oup °

%ﬁ%?d%%t%a Q 4o5a3Fbonata®, R yOres{ayor abky 1ARAt E@f®Sind having
specific exanples thereof i ncl ude a nethyl group, ‘
éﬂﬁo%kg¥h g ovp alﬁgkymgrgﬁpg'ﬁgf%ﬁglﬁy‘3Hﬁde%%eaftoiiﬂcrease the
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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t-butyl group, and the like. The cationic
pol yneri zabl e group R7 of the silane conpound is not

woaodasiosti4ar |y |imted, but groups including a eaeta)/050863

gl yci dyl ether group, an oxeta group, an

epoxycycl ohexyl group and the I'i’ke may be favorably
mentioned. Fromthe viewoints of curability, hard
poeatabi {iby, detthesdan, easynavabhsiiddd y(of itthensufficient, a
conpound, and the |ike, the silane conpounds having

§aEE O EnPUWIRIJ ZaRkecgr PARS JRANAIERLLHD YoF BIW RS ined. 1f
(36) and (37) are preferred. wherein R44 represents

PydeegeBneht acyetdyh cgraup; tﬁé@ers(iﬁﬁgi%h%oﬁm J@ﬁ%ﬁ%aﬁted silanol
group or an ethyl group; and e to f each independently
59@%}9§Qﬂ; a@thB&eQ&ﬁn%éﬁ&fg éeﬁ%g%?edTﬁ%gd%oBPQ&@gg‘s a;Lrselikely to

used al one or in conblnation WO Or nore Sspecl es

.o hi . . | .
}§Qeﬁ{cff%ase&ia,nﬁln%] WQ{Z@E %sxng‘/éi%lﬁ’{kgengn%gpggngaéﬁy l'!:%%erlorated. If

3- gl yci doxypropyltrinet
|G r gpyl I XY Sdds . :
%gl%@?ggéégr g%y#g?&nﬁqqﬁlg%ﬂgkyssﬁﬂéﬁg’%ht dilution may not occur,

A PO AL IO L A0 e rosins ox chicspony resins

%é)?g%éczé$?fgﬁ%c§)%§@é@l .di %If;@%er E%hh??%gﬁé{(#ﬁrfs i%_ gy& lss,_ %_he residual

oXysily 0po .
L TR U A TR e —
gsavs%deolgvrg&gg’ggifsi ?Lké&g}ee/o %%nirllcoz\fl\eeafset ,ea\rllidsvcl:ggeig yresistance 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.
6_ o P47 48 J* | s
R e R*he R4%je R49 -W} [ MA k+ ]
(38)

wherein J* 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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of the whol e conposition. The silane conpounds can
forma three-di nensi onal network structure since both

woheospati4oni ¢ pol yneri zabl e group and the al KoRgTIPBIUP050863

react under ultraviolet irradiadon in the presence of

a Lew s acid-generating type cationic

phot opol yneri zation initiator, and the conpound can

anca bagen kdooh; coatalbiba hyt dprepyerf, thhdsel apptigtdsonplex ion;
also referred to as silane coupling agents, have a

bodcki bs die pradmtdyngft e adhesi on to thiourethane

resins or thioepoxy resins. A silane conpound having a

porti obnofhd dcalck axymgl apps ipast natdy comrderdddibdoconstituting
increase the reactivity of the conpound may al so be

vBedenandlprohes Bhhylagahit s ecablaxJiMrANG , CONPOLEEE fic examples
and a partial condensated conpound thereof is used.

HBE0EEE Nhd1uddes, i venlsi, 0Bb, Srép W), part sy cegi gt of, zn, sc,
t he conponent (A), and 60'to 95 parts by weight of the

votel, ofinf he capanentiskeB) , (C) and (D) , based on
100 parts by weight of the total of the conponents (A)

to (D ruréh&msed. alifs &g 1componan, 4M s E%ch@l%)@éga?lﬁ)les thereof

sufficient hard coatablllty may not be obtai ned

the1qeapenent, (Y dry ideufifikgi ent, the fil mbecones
brittie, and sufficient adhesion may not be obt ai ned.

More spge 'tﬁ'lb%lln}ﬁlas i@ 4gp@@5_§§c k@%a@ﬁlggtofotﬁhé I%%lum ion include
conponent (B) , 5 to 40 parts by wei ght

COﬁ%@ﬂfﬁlo&églumfﬂﬂiﬁgiﬂd%fg pRéh §1€ Yorfeight of the

onent , bas par y wei ght of the

EQE?h—ﬁgtﬁ§ﬁbﬁéﬂg¥¥¥336%1@ﬁh EQSQE&tef%Ebﬁ%§¥khéﬁyl ) 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
- (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:].

Also, as the anion for the Formula (26), aromatic anions may
be used instead of the halogenated complex [MAys+1]. Specific examples

thereof include tetra (fluorophenyl)borate,
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the conponent (B) is insufficient, sufficient hard
coatability may not be obtained. If the conponent (B)

wOo068mseMcess, the curing rate is decreased, ardTiub2097/050863

the reaction rate of the overaldpsystem maypossi bly be
decreased. If the conmponent (C) is insufficient, a

sufficient curing rate or hard coatbility may not be
sktaptddflupropeceyphporerite ( Cetirs (tmiéXuessphemel ) borate,

resi dual amount of unreacted silanol groups or alcoho
tetpelndsrgéherntpitkasl Sidm tpr, odett-s (pbentaRelyrdphdreyl) borate,

i ncreased, and water resistance may be easily
deteni(peafdordphemel )domparentet D) ({51 f NsddnetigNibhenyl)borate,
sufficient dilution may not occur, and further, the

adbesi(ab (t oif hiotsmdttane gresiyns bokatBi 08paXyhé €5i AS.

maybe deteriorated. If the conponent (D) is in excess,

the resbtlnakbcaapuptval 16pI€@ebadcsk|aR 1 G B8PS elas the cationic
al cohol conpounds generated as side products is likely

bBobepbDgheasesh i and el &t JreSbetaneacBY DPso®asid Y1591 (all
deteriorated. The cationic photopol ynerization

mahhfééﬂure@BFQ%lk§lLU@BQQﬁDQﬂﬁﬂt ﬁﬁgd@ﬁgﬁéﬂ'ﬂ&e&Qoé%EherSP 100,
i nvention be described. The conponent (E)

Q@LEV@U|§@1372"Bﬁiygoaﬁnho§ﬁLf§?tI@%lCHQHQEQQtﬁ§e@Q%ﬁAsah1 Denka
to initiate cationic polynerization by |ight,

@@nPQHﬂﬂ Q%Bdgenﬁﬁgd aRHQQﬁﬁﬂﬁgﬂQXQUpheﬁﬁﬂﬁi heInc ; trade name)
cationi c photopol ymerization initiator nclu é oni um

gght@ehggipgbpysﬁgéﬁture represented by the follow ng
Formul a (38) This oniumsalt is a conpound rel easing

Lewi s agid.af %gbngegﬁkﬁghggyﬁepbgégf&?ghigfatgrscanbeusedalone

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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F6g RA7T h RA 8i RA 9 WM k+l ) wherein J+
represents a cation, and J represents an anion, the

woabisma7aei ng an oniumion; Wrepresents S, SeCTrR00R050863

, As, Sb, Bi, 0, I , Br, d onpiN N,; R46, RA7T , R48
and R49 are identical or different organic groups; g ,
h, | and j are each an integer fromO to 3 , while

t gitbHénty ) sulsf @qual béoorf (eat@ftyoofddy rkiphgny Mukfanium antimony
metal or netalloid constituting the central atom of a

hek agemnet etk ,c apilpenyVAkit TohivA bssehid ogem fAh@wAidE,i S

the net charge of the hal ogenated conplex ion; and k

t6i { henai @REhafyld sullfonibe absyeit ofierd Bluddide,a
nmetal or netalloid constituting the central atom of a

a 1@@@; k@fﬁlt@?&o&)ﬁﬂ%nﬂ?l}su@ﬁgnﬁmcéfééin@(maﬁﬁuorlde,
tﬁ%reo ﬁﬁg?ude B, P, Sh, Fe, Sn, Bi, A, Ca,

%fk ﬂﬁtyigbn£¥&té%naH?&roMﬁlo§ﬁeﬁﬂ@m%ﬁ%1hbh§hexafluorlde and the

urthernore, Ais a halogen atom and specific

Pf@@p5ﬁ§n%B%ﬁ@QBlhﬂ%EQQQxﬁpodgde,ﬁfbﬁQﬁﬂkﬁ% yhLkepeFP¥lanilinium

the Fornu (26) , specific exanples of the oniumion

1? M1dad@N1 gy élﬂéEHQi(qul]Q&?Wla{rﬁdﬂmf&m boron
4- net yl phenyl) 'i odoni um bis

d%gffu&ﬁé’é p%wld)lrringlgﬁl' Ny 4%1%1&989&?291%%{13@1%11;111 antimony

nium triphenyls

SLBRETN PRI S b B s g ovinony
(2 DY S0 P SN DL RSV, 01 1 G
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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,4- (cyclopentadienyl) [1,2,3,4,5, 6-h- (nethylethyl)
benzene] -iron (1 + ), and the |ike. Specific exanples

wohodasiws7ani on for the Fornula (26) include tetpat/Jr2007/050863

| uor obor at e, hexaf | uorophosphate, hexaf

| uor oanti nonat e, hexachl oroanti nonate, and the |ike. -

A s the anion for the Fornmula (2 6 ) , perchlorate

$0AR10QT, fSahaadob®t hanesmafionat €10 ®n Sahelidefesld § osaneid SI-150,
ion, trinitrotoluenesul fonate ion, and the |ike may
shsoidesussd i (rdileadnafbctheetiabp et CATpIIERT.[ MADUSTRY CO.,
+i ] . Also, as the anion for the Fornula (26) |,

BTONAt CadninGiee )aynkd eheseédkenst ead of the

hal ogenat ed conplex [ MAk+i ] . Specific exanples

t her eofhé s liude it=etoras (hlupeoplenyd Jorkorat @t @bmdination of two
(di fl uorophenyl) borate, tetra (trifluorophenyl)

bprad® sbetias(t ety afd HoEEPheIRAN1PBBabEocd&d the curing further
(pent af | uorophenyl ) borate, tetra (perfluorophenyl)

Hetat eii#fﬁi e fddiafliear opet Dxk phenydy Horedn i dLLtitch .
(di (tritluoromethyl) phenyl) borate, and the |ike.

Comrer-ghalh¥ ravabl apl & dy:educt $htan i alae BenHs8EnBS(F) according
the cationic photopolynerlzatlon initiator, and

aght elrikﬁze%&l%d %é%li LRl beorpufagt ured by

Dai cel - Utd.; trade nanme) , Adecaoptoner SP-100,
SP- :|-701‘he'S 1%Z%V1§Ee%5go%%ép %‘5 éé'at!l ldeHBHgafﬁ%@éjﬂ_&yrefers to
Asahl Denka Co., Ltd; trade nane) Rhodor si

Q%Jo%’ndl s ch {b%%%b%%”?%r%l@ §H Eqpixylﬁ&bgdwaJ th of 400
Catl nic photopolynerization initiators can e use

I%Jnogf less, and takes a stable 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 ;absorbers, triazine-based
ultraviolet absorbers, benzot\riazole—based ultraviolet absorbers,
salicylic acid-based ultraviolet absorbers, cyanoacrylate-based
ultraviolet 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



or in conbination of two or nore species. According to
the invention, the content of the conponent (E) is
woomligy740. 1 to 10 parts by wei ght, preferabl yrQTaprP1007/650863
parts by weight, based on 100 parts by weight of the
total of the conponents (A) to (D) . Wen the content
of the conponent (E) is 0.1 parts by weight or nore,
the suring status of the resin conposition becones
better, which is desirable. On the other hand, from
the vieypoint of prgmsenting elution of the cationic
 phot op&l yneri zBRtion|initiator after curing, it is
prefera\\ arts by weight or Iess.
Mor eovef, | a cationi cphot opol ynmeri zati on
pr onot c iin conbi nation. Specifically, 9
,IC)dinp/ OXy- 2- et cant hracene, 9
,10-di5@%oxyanthracen¢€m2 aﬁ-diethylthioxantone, and
the like may be nentioned. I'n addition, a conmpound

SEDEL AL I @, Gabi m%iegénagnl:fyﬂ §e%§+€erpcy.ah b okl group, a

exanple, a thermally latent cationic ['yherization
e R T o Ral T U PaRT Log Doy onL TR o f de,
i ph |_foni ' fl ' .
trip aﬂ%%i%fp%@#&%&ggk%ggﬁg?gﬁgL astd | Q%r?y%olet absorber may be

triphen arseni ¢ hexafluor1 de,

4- hV/s) I | foni [ fl i de,
44T her) oL LSO 5oL Lo 0 e,
fluarid -t -butylb | tet dr ot hi opheni ,
R L T MY
| d N, N- di pet hyl - N- lanilini
e T SR U JO

5¥H§ﬁ}oxy—4—methoxybehzophenone,

2-hydroxy—-4-methoxy~4"'-methylbenzophenone,
2,2'-dihydroxy—-4-methoxybenzophenone,
'2,4,4'—trihydroxybenzophenohe, 2,2',4,4"'-tetrahydroxybenzophenone,
2,3,4,4'—tetrahydroiybenzophenone,
2,3',4,4‘—tetrahydroxybenzophenéne, 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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tetrafluoride, N, Ndinethyl-N (4-chlorobenzyl)
ani | i ni um anti nony hexafl uoride, and N, N-di net hyl -

wORe@hsmsli et hyl ) anilini um anti nony hexaf| uori 8eT/JR2007050863

pyri di ni um salt conpounds, 44

N- benzyl - 4- di met hyl am nopyri di ni um anti nony
hexaf | uori de, N-benzyl -4-di et hyl anm nopyri di ni um
trifluachemerhanesetbonad el dtavidlaet AbxybBeZYhdy be more
- 4- di met hyl am nopyri di ni um anti nony hexafl uoride, N
chenrhexybengyénprheBeiy| am nopyri di ni um anti nony
hexaf |l uori de, andthelike; anong tol uidiniumsalt

QOrmglﬂl(lQShy&\!rbkwMMcyN'oAyﬂbr@glmmﬁé%?nzyﬂlj}droxy henyl]-4, 6-bi
t ol ui di ni um anti nony hexaf!l uori de di e I&

c4omet hoxybepZYhIn$ 0l Ui o, m%mlaa&hem@y[memﬁlwf% 3-tridecyl
and the |ike; anong phosphonlun1salt conpounds,

ethykbpip F@ﬂyj phosphani MRt i meny - B@é abl yo&iﬂ»ﬁ@uhylphenyl)

t et rabut yl phosphoni um ant i nony hexafl uori de, and

I5Lh<_%la§maeqTm@wmmcﬁaéib&@E@eyQ%y C‘ﬂ'eﬁ%ﬁik' %%m U@ade name),
arseni ¢ hexafl uoride, 'di-4-chl or ophenyli odoni Um

eni c hexafluorlde di - 4- br onophenyl i odoni um ar seni c
hexaf | uori de, -p-tol yliodoni um arseni ¢ hexafl uori de,

PN g O ACEEn a ersn
EFEQQHHECﬁ%&bﬁlﬁ%ﬁlﬁﬂ%fbéE?Egggg ﬂ%ﬁg% %%tﬁ%%é tﬁfdename).

yneri zati on initiat'or inc

2SO o0y A0 SRSl SO0, o
g§g§%§%%y£§dbg S@ﬁ?g%ﬁigﬁEM'QA%uk“Fkﬁﬂﬁgicx}H éég%dtrlazole
(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
—[3—[3—(2H—benzotriazol-2—yl)—5—(l,l—dimethylethyl)—4—hydroxy§h
enyl]-l-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).



These initiators may be used al one or in conbination
of two or nore species. It is also possible to proceed
woheospsri4mg further after |ight irradiation, bpCcugrPng7/050863

heat in conbination. The ultravi®l et absorber, which
is the conponent (F) according to the invention, wll
be described, The ultraviolet absorber (F) used for
t he i nPERPFSRNY diertdier dnxerbhpfouridiansirelicabsof bshe component (F)
ultraviolet rays having a wavel ength of 400 nm or
L8s4Suahly thikdedca 18t BBFES floy Medidifeupreferabhpduntl to 6 parts by
itself deco osing, such as dissipating the absorbed
gréfhY, drgarecialOierygis by vakaht ket tAecbetahgft dhcheomponents
i nvention, the ultraviolet absorber has a function of
i(Ahi bP t [Pl d&heni bhat ¢omtoft oifethhi conethame (®siiss 000 parts by
t hi oepoxy resins used as the substrate, by bl ocking

5 vukighVpoleteatays wiatded renistahess s iagprdel, which ispreferable.
ul travi ol et absorber in general, benzophenone-based
Ont Fawi otletr diFsut,berfs ther icankaet basedowl| htgly) ahetability may be
absorbers, benzotriazol e-based ul traviol et absorbers,
datecidbrateati drbasled-atlitonavapbetuapsorbess, a content of 10 parts
-cyanoacryl at e- based ul travi ol et absorbers, inorganic
byiwegysuch assziic poxifdeablet amedaiicdenanthdé keffect of adding
like, and the |like may be nentioned. Anong these, it
tse pukf exatd e f albddreaorpasbt i 0onOfrhd® bPURMADMING a pseudo
contain at |east one or nore ultraviol et -absorber

10  oeaposngra wmxigramsahshipg i b ivehengthssifgthedr@@W08rc lamp or
raging from320 to 400 nm (UV-A) , which occupies
aboettord0%mgf. t he solar ultraviolet rays, and the

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.

O—B—0

I | T

w w
O

X 9)

20 wherein x; is an integer from 1 to 10, 000.
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2- hydr oxybenzophenone-based ul travi ol et absorber
represented by the Fornula (8) is particularly

wonedsasadai e because it absorbs up to near400 nECT/JP2007/050863

wherein R31 to R33 each indeperdent|y represent a
hydr oxyl group, a hydrogen atom an al kyl group, or an
al koxy group. Thi s 2-hydr oxybenzophenone- based

ul t ravi ol bsaHber y| Io8; noreq,specifically
G hyer d* dﬁhy dj,hyd én@ESn gphénone
-di hydro e e r Qxy z
(Sun1gorb % ,q "t gﬁiéa %Co. , Ltd. ; trade
nane) , 2-hydroeXy- 4-nmethoxyben zophenone , '
2- hydr oxy- 4- Koxy - - met hyl benzophenone, 2,2
- di hydr oxy- 4-|metcHeR{pbenzophenone, 2, 4, 4'

-trihydroxyb n hengpe, 2 ,2 ',4 ,4
"-tetrahydro yb%mzophenone (g ,4,4
-t et rahydr oxybenzophenone , 2, , 4,4

WhQHmwarmwmﬂmhanhpérog@ﬂi aﬂ:or@ a'rﬂlamk@f"lmﬁfoép ﬁav1ng 1 to
' -di met hoxybenzophenone . Anpng these 2,2

4 ceboahydooxy péhzephesenes arhi,ahobas a{tﬂﬁrgeaﬁkbglq{ﬁt b?@up having
in the region of from320 to 400 nm (UV-A) ,

espedi adtyon mtidne ,r egton ofid p@@ﬁé@ﬂ:%f&%ma\‘a?@n ethylenic
the 1ight quantlty of solar light is large,” can

ursttsuitieablgy oupedn, ldhaaddiddcORacBNBnOEnfREEr From 1 to 5; X, is
triazi ne-based ul travi ol et absorbers or

arenzotegieaz ghrembases 1 £ ravisohgt 1 APSGEDLEF Sy Whirgh sRav nd y/%, is
di f ferent maxi num absor ption wavel engt hs, can be "use
]amd;ubsbs preferabl e

By adding the component (G), the surface tension can be adjusted,
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 dimethylsiloxane moiety tends to bleed to the
surface of the coating, the sliding properties are improved, and good
scratch resistance can be expectled. 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 paftsby 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



since these absorbers can efficiently bl ock

ultraviolet rays of 400 nmor |ess. The triazi ne-based
wahoosagial et absorber may be nore specifical | yPCT/IP2007/050863

exenplified by 2 - [4- [(2-hydrexy-3~dodecyl oxypropyl)

oxy] -2-hydroxyphenyl] -4, 6-bi s (2,

4-di met hyl phenyl) -1, 3 , 5-triazinel/2- [4-

sige hyfer oxy 1@dirfigeCc yii tox ppl opyhg r pX3YK~306, BYK-307, BYK-333,

- 2-hydroxyphenyl] -4, 6-bis (2, 4-dinethylphenyl)

BXK€§73}tBﬁKaENBéOOT&mmAHﬂK4UW151@!balﬁﬂﬁﬁm&ﬁédtured by BYK-Chemie

Chenmicals, Inc. ; trade name) , or 2 ,4-bis (2,

meﬁf“ﬂﬂﬁdqﬂmamﬂ>)mﬁ@'béZmBMﬂi@M&dﬁ'iﬁﬂ*égnﬁﬂéobiBB§E¥l%aving

-s -triazine (TINUWIN 411L, G ba Specialty Chencals,

$nsesquiradeenanehchedhec bena ots i 2zel £ deyd AV eni®ys,

be nore specifically exenplified by 2-

5 c(}ﬂeﬂl@tdfl@i)&-s@siquﬁb&ﬁh@hWS)QS'I%U‘)b@@@@dc{é@f@b?, (L-@&\]L,Nl:lr\!ade name)
PS, Ciba Specialty Chenicals, Inc.; trade nane)
enzene@repoesdc acid, 3- (2H benzotriazol-2-yl) -5-

(1, 1-dinethylethyl) -4-hydroxy-Cr-9-al kyl esFer
(TINUMIH¥O9+24 6l BanSpect ab1ys qlﬁénafcﬂie? dsNEne: cE&SQEent (H),
nane) , octyl-3- [3-t-buty|-4-?ydroxy-éi onate
r [ > 2 e [ .
RN 100 & e eporii T et sl PR size of the
trd azQkr 3-¥l) e5 4
%?ﬂ}rﬁ&t i %28?5&%22@9 l(éTI NOVI % é’gﬁs?oé b5 speki aRypterred average
qals: : . |
R e b ?S?ﬁéf@ potomm, | 1€ the sverge particie
; 5 e . bhe , ,

s%%g??i?%%s%%gﬁ?%%#éﬁg¥%%%fﬁiQg&ggﬁgﬁgfﬁﬁﬁé%dx1nganddlsper51on
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

15 " particularly limited, and éﬁy 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

20 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

25 Dbe used. Among 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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- [3- [3- (2H benzotriazol-2-yl) -5- (1
1-di nethyl ethyl) -4-hydroxyph enyl] -1-oxopropyl]

wowesdsydraxy poly (oxo-1, 2-ethanediyl) / a- [ 3PCTAEP2007/050863

(2H benzotriazol -2-yl) -5- (1, 48di nethyl ethyl)

-4- hydroxyph enyl] -1-oxopropyl] -w [3- [3-

(2H benzotri azol -2-yl) -5- (1, 1-dinmethy |ethyl)

2 LRy dPBRYPHEHY | Jhem agxapdbpoxydiolip tbrysillane compound of the
20-ethanediyl) (TINUVIN 1130, C ba Specialty

cRBRPeans, (Inc. Tot ¢kickimame) nAvecpadinglde® ithehis state, a method
i nvention, the content of the conponent (F) is usually
of1miwing grdrtsidny @eéilghe, wipie ersbligpp@rletioif Pardisent such as
by wei ght, based on 100 parts by weight of the total
pbthheotonpaientld ke A) wioh (D)e silher thepoom enindidithel1ing of £
conponent (F) is 0.1 parts by weight or greater,

weatmerharedi st mg e fetdmprospdrawvhi chThe @sefarabliehe component
On the other hand, if the content is too hi gh,

¢br abs | ngyaltay lde pdeter ber atedht osr Cld ¥, atan@n pi8¥erably 0.01 to
occur, and thus, a content of 10 parts by wei ght or

Legsaitss pyetetgibt £ balsedaddi tHorothhe effiRCEopboRd H9a) to (D).
the ultraviol et absorber can be confirnmed by
perherandighteo pseiddei eXAeSESs UBEAD .3 13HSHY He w‘é%$5*8§fthe effects
nmeter using a carbon arc lanp or a xenon lanp . The
QPPN b Euing axgeaetdy! sid exansnsket &3O®%ddition is more than
represented by the Fornmula (9) ,which is the conponent

(©paecOHgi RgibAL] hend Rvedany Wl £h@escglei§ﬁrdnbﬁgy #Hcrease, or

general, those in which a part of the side chains o

the diomidylsidioxane ke rﬁéenbsdmgyné{]&‘;?&oﬁf nul a (10)

is nodified with polyether such as et ene oxi de,
pr0py|ﬁ$¥5ﬂH@(E%ﬂﬁbsﬁﬁgoh'EQiﬁdeiﬁ€%§%ﬁ$Ev”ﬂH% viscosity of the

si | sesqui oxane attached to

composition measured as the Type E viscosity at 25°C is preferably
1t0500n@a-s,morepreﬁerably2tolOOn@a-s,andstillmoreéreferably
Sto 50mPa-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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di met hyl si |l oxane main chain or to the side chains are
suitably used. wherein x i is an integer from1l to

woQoBd8whaer ei n R>35 represents a hydrogen at ompPCa&IP2007/050863

al kyl group having 1 to 4 carbamy atons; R34 represents
a hydrogen atom an al kyl group having 1 to 4 carbon
atons, a cationic polynerizable group or an ethyl enic
unsaturated grou aﬁ4 and n5 are each an integer from
l1to/5 X2 is a |nteger froml to 70; y is an

tFﬁ '%DO entJ?G) \E'_Q%e gﬂr%/{a)éé ithél 8:1 Eéﬁ pE2 & Sﬂ %g

adj usted,” Gand thusO an_effect of preventing\eye boles\j><i
upon coating the resi BDurface or i mproving the

smoot hness of the coating can be obtained. HC CHa
Furthernore, since the dimethylsiloxane noiety tends O (40)
to bleed to the surface of the coating, the sliding

properties are inproved, and good scratch resistance

wlaar &in expecsetbseNtsonyihegen ®dif id Wit BrBQFyeﬁhef:epresents a
or attached wth sil sesqui oxane are highly sol uble

nidreh gogtend oefart Q’@hj{iplj@@{iﬁman(j@ aﬁé%)lé%%@! J.ﬁ(d rgc?err{'tsly represent
by wei ght or less, preferably o 10 parts

i Phtegdrorfroal ef erahl foolé.to 5 parts by weight,
based on 100 parts by weight of the total of the

conmponerhs i 1ighd{{)c pohﬁzo“@r %ﬂﬁ&ﬁ”@fi@ﬁe&% ?%WYSEH%I polyol,

above-described effects may not be su

expacited. mh :yll?g@i RELEDE &Sy I.O?;yr%'u%@e e Stng¥taghed may also

adver se effec he cur abi sur

O RGEHOM @Vaﬁ\bﬁgtb@f deLerid O xﬁgi%l"%?ecf Eess @clt on 100 parts

of the conponent I ncl ude ¢
by weight of the comp051tlon 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 exam]loles 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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avai | abl e products. As the dinethylsiloxane derivative
havi ng thesi de chains nodified with pol yether,

wa8YhosBR®B41 BYK- 307, BYK-333, BYK-375, BYK- UV3508Caup2007/050863

BYK- UV3510 (all manufactured byOBYK-Cheni e GrbH, trade

name) may be nentioned, and as the product having

S|Ises ui oxane attached to the main chain or side

% aF e fo&%%%;f,rféﬁp%%w%&éﬁéap@x SEg)uteToagds el kyl groups,
, Ltd trade nane) may be nentioned. Wen silica

ﬂ%%%]arqlf%%é% dr@vadgEqURS phetkonbbkentiqiHexample,

hardness can be further inproved. The average particle

%Jrlﬁ%t@flcﬁﬁ@etéqq&y@salﬁaﬁopah@nzhe@tmslcmmm@mmm@ nm

but preferred average particle size is preferably

Y%%Nﬁ@?ﬁhﬁkdiﬂﬁN@Oﬁwﬁlﬂﬁnehe3amm&qqppqnpyhméhhyﬂdiaet50xys11ane,

| ess than 2 nm handling, or the process of m xing and

@T%b&ﬂsi@wmtdyﬂﬂuem@xyﬁlam aret age pdieicl e

size is larger than 500 nm the particles are likely ‘

to sethls®, andhotanspesendy stapibezdet estgumiiedr Theérganic dyes

shape of the silica nanoparticles is not particularly

9% matledandsdmanya bfo tleosedbavimgna asphati 6als $ape, b@ weight or

‘pl ate shape, a |layered shape, a pillar shape, a fiber

strapbaaad drh@00 ideetedny beigheds AMBnR®niesed osdethealnvention.
particles are preferred fromthe vi ewpoi nt of

di spervsiithiin tlye sAspt be it 1mga NAREPBRE bel€srmance, a (meth)acryl
commerci al |y avail abl e products such as Snow ex

r{dcssanm&herd babndadust i @Soukttof ;5 PALENYy ﬁ@i@%t or less based
Organosi li casol (N ssan Chem cal Industries,

ot 0d0giaaBy we RABIOST t HeNESROS AT G5 blt' 1@% 1nv%ﬁglen Specific
product nane), Sildex (Asahi dass Co., Ltd.; product
dai@)lesEZ2@reof include isoamyl (meth)acrylate, lauryl
(meth)acrylate, stearyl (meth)acrylate, butoxyethyl (meth)acrylate,
ethoxy-diethylene glycol (meth)acrylate, methoxy—triethyl'ene glycol
(meth)acrylate, methoxy-poiyethylene glycol (meth)acrylate,
methoxydipropylene glycol (meth)acrylate, methoxy-diethylene glycol
(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, perfluorcoctyl (meth) acrylate,



(Nippon Silica Industrial Co., Ltd.; product nane),
Sylysia 470 (Fuji-Silysia Chemcal Co., Ltd.; product
woaom)og7and the |i ke can be used. Anong these, PCT/JPH07/050863
preferable to use silica sol dbipersed in an organic
sol vent, generally known as colloidal silica, as the
raw material. |t is preferable to use these silica
F N a i \Fepaateg tiHehag caediaperlsibmeth) acrylate,

t he silane. conpound of the conponent (D) . To obtain
RPY STAROAY i9dives i AL mpsh eyl ate netdrpensly Lngkiyngl
colloidal silica which is dispersed in a solvent such
Es(mfgtharely et ey hé, frikexanedinl i (sielthneccpipoand,, Bndnanediol
distilling off the nethanol using a rotary evaporator.
Fhieneddnteanty left ey hdivehppheht r{dyclisiarsmal By (hOthastsylate ,
by wei ght or less, and preferably 0.01 to 10 parts by

5 iy lsdsedpenct hel (wedl) afrithe orpoReehs 6A) déomodified
(D) . If the anpbunt of addition is less than 0 .01
fpeimted iyl odpirgbinet hel éhé gt scmala gt deathelklbyhritol
expected. If the anmount of addition is nore than 10
par e thy acwgilght, phetyéesedstityo Oftdthe (@etH) hopy I@ye,
-increase, or the storage stability may not be
dﬁmemtabmedhrEbDlﬂhﬁﬁﬁmﬁﬁmsbhkgmaﬁé,t$&%ﬂﬂéﬁ5ﬂﬁﬂﬁhg%gﬁﬁdyl ether
viscosity of the conposition neasured as the Type
(westiosictry late258€ucss preferably 1 to 500nPa-S, nore
preferably 2 to 100 nPa- s , and still nore preferably

10 15 1t,68, 305Pa-Bex¥ene tHes o EIcHs)) iy d19 W bAbBphHene,
above-descri bed range, excellent handlability can be
1oht, 8, Bed, SAheRk i 0fk€nh PRAARBIKZ_RhE1629P8 i S?Jﬂ%
t he conponent (A) naypalso beéaddgd igpaﬁﬂgﬁ%ﬁﬁﬁkb 5 ene, and
thar ttskby wei ght or | ess based

Within the scope of not impairing the performance, other resin
components, specifically polyurethane resin, polyester resin,

15 -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.

20 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, methylcellosol&é,
ethylcellosolve,butylcellosolve,ethyleneglycol,tetrahydrofuran,

25 dioxane, toluene and the like may be used.

[Method of preparing the composition]

Thepreparationisnotparticularlylimited,anditmaybecarried
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on 100 parts by weight of the conposition of the
i nvention. Specific exanples thereof include

wouosiogmai i onal (rmethyl) gl ycidyl ether conmpourds/JB20011050863

as 2-ethylexyl (methyl) glycidy2 ether, 2-ethyl hexyl

di gl ycol (nmethyl) glycidyl ether, and the I|ike;

oxet anyl group-containi ng conpounds such as 3-ethyl - 3-

pot ebhiyarhiexyicory methpt) dxetasapldi of 1tlet lydthods is as follows.
(3-oxetanyl) ]nethyl ether, and the |ike;

Fliusti meigrachipmiongteonpouredsomppnesent @d by FOi rmurteasmixed in an
(39) and (40); and the like.wherein R 50U represents
hydoogenrarn alnetshylesgedupr Rblargpresentesaaigt Byl the mixture
group or an ethyl group; and o and p each

i adependedntdpprepimeseity &0 °Cnbegbeldwomd wgcdsdaryl0and mixed
A chain aliphatic polyol or chain aliphatic polyether
pohydetelp. Wihdhe( AREhyl ¥t gty cldydt etdver tgmpepstare (23°C), the
not attached, may al so be added in an amobunt of 5
pampSnby:seight o) less (sasednancgOfopartss &Mlé’!eicgi’r%)onents as
of the conposition of the invention. For exanple, the

Ab6¥ s Heg Lrd e th L auNdscr APkeses) eshdytd e diddsture is

(9) to (15) may be nentioned. A silane coupling agent

BRYr 8k son e, added. i maNnageurs of roPadt SubYi Wekghty Qkttled and
| ess based on 100 parts by wei ght of the conposition

atad herdaventdiininSRed fric.exappbesit hef eokichBehUdgixing was
trifunctional ' silanes such as

gegb&ﬂﬁ@@ﬁgwlﬁ,ta%@ﬁé@w&i@f@r o¥iayd d T SRINOXYE Lk ANEy referable
- met hacr yl oyl oxypr opyl t ri net hoxysi | ane,

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



10

15

20

25

2- (3, 4-epoxycycl ohexyl) ethyltrinmethoxysilane,
3-glycidyl oxypropyl trinme thoxy silane,

wG-20mroszqa1 opr opyl t ri met hoxysi | ane, PCT/JP2007/050863

3-am nopropyl tri net hoxysi | ane, sh2- (am noet hyl)

- 3-am nopropyl tri met hoxysi | ane,

3-urei dopropyl tri net hoxysi |l ane,

B eofanbrropyl the melokexySichAregre complete and smooth so that there
3- nor phol i nopropyl tri met hoxysi | ane,

i pleengt dailnebf apyild merbehpXxyst lodn€laandl t (ke ilghkepe@hthg-off of
bi functional silanes, nanely, bifunctional silanes

e cngt anpartt tloé drioeafmriertentd £ aued .t r Thapetitanal of the crosscuts
silanes substituted with al kyl groups, phenyl groups,

wide tgeoipsl vendd@daukbeesf obvexspl @o more than 5%). Also, the
di net hyl di net hoxysi | ane, phenyl net hyl di net hoxysi | ane,
adriyitienhylfderethoxysiddrisscribed weather resistance test is of
3- chl or opr opyl net hyl di met hoxysi | ane,

A=gly 0l tOXypBEPY | fRihybat Bihiaxypbtasg oPNd1bhg tikedges of cuts
Al so, a photoresistant stabilizer, organic or

drifganic t@&ée&r@éscﬁbﬂrﬁ@@t S T'BEEYF@!r»ﬁQero@dgﬁgsé&h@‘ under the
amount of 5 parts by weight or [ess based on 100 parts

By Meinglt cetubhescepPosidiPindfe tdhan meeption, M%If@' fhan 15%
the scope of not inpairing the performance, a (ne

acryl .nepenRenmRYsherhhendedsi n an amount of 5 parts
by weight or |ess based on 100 parts by weight of the

conpogi k@R of Ehgbhﬂé‘eﬁfﬂl{’r&te%ﬂe%Jdlc @627R) € a%]r‘r%?hljlsed' and

t hereof include isoanyl (ne acrylate Iaury

AL EaLe y Sﬂ@%@ﬁatgmybbggfﬁ at te?zu o &ﬁﬁﬂ%&@%ment under

acrylate "et hoxy-di et hyl ene gl'yco acry

Jretexyrt shgt gyl ene gl ycol (et h) acrylate,
nmet hoxy- pol yethyl ene glycol (neth) acryl ate,

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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met hoxydi propyl ene gl ycol (neth) acryl ate,
nmet hoxy- di et hyl ene gl ycol (neth) acryl ate,

wohersagyat hyl (neth) acryl ate, phenoxy- pol yet hpC®aR2007/050863

gl ycol (nmeth) acrylate, tetrahgdrofurfuryl (mneth)

acryl ate, isobonyl (meth) acrylate, 2-hydroxyet hyl

(meth) acrylate, 2-hydroxypropyl (neth) acryl ate,
Phéryddoryl-Brpheaoxyly dpgyd S0 oetR) sacngteapesfénaithy 2 to 100 mPa- s,
acrylic acid, glycidyl (meth) acrylate, 2- (nmeth)

and yd oyl loxyetehypirefecebhat B, t@-5¢ medr)s .acr yl oyl oxyet hyl
pht hal ate, isooctyl (neth) acrylate, isonyristyl

(et h)- atrodeatee st2bhydtpxygbutyhpdsetinn:acryl at e

met hyl (meth) acrylate, ethyl (neth) acrylate, n-butyl

(et h)Trec sykat @ity sobuhyl cémpidit iaar ybateinteyielcohpxygferably for
nmet hacryl ate, benzyl (neth) acrylate, (neth)

hapytbydmbopheat under peoh tempaaantiye §t@td)e and 6 months or longer
acrylate,trifluoroethyl (neth) acrylate, triethylene
whyeolredirigeebipdacs Y atstorpaky ebhyl tdiee Predelradily for 6 months
(meth) acrylate, neopentyl glycol di (nmeth) acryl ate,

dr . 1dbrgrexanedi otodh tefipehitacs Widmgel an8- DQﬂﬁﬁﬁGEOIO?ger under

di (meth) acrylate, dinethyloltricyclodecane di (neth

26F M pdreatledd qaﬁhylgtag@@@ne tri (nmeth) acryl ate,
et hyl ene oxi de-nodified trinethylol propane tri (neth)

acryl atigse RENtRABERELLA! oFrEhd Matidn@yl at e,
pentaerythritol tetra (nmeth) acrylate,

di pent@es o%QEleﬁxéf(Eﬁ%rvnﬁﬂﬂfﬂd%t%xh@b§9?eg§%efﬁent scratch
di gl yci dyl her (meth) acrylate adducts, 1 ,1, 3,3

h XYV. 3]
rés rbg?%lcfse( @%ﬁhéggé%iﬁgt han&)é};éyﬁ}o)?yg?‘ hy %gg?gfency, when applied

éﬂ@”éﬂfédaggsghgﬁﬁg%%aﬂ%ndand 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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the like. Wthin the scope of not inpairing the
performance, other resin conponents, specifically

woabosisetshane resin, polyester resin, -polyetheCTUrRE0OT)S50863

pol ystyrene resin, acryl resin°and the like may be
added in an anmount of 5 parts by weight or |ess based

PRt B8 LS IO L

%é‘@?ﬁﬁg%%%?@i A hibes 209, Loyl L., Sﬁitﬁsng ﬂgorider and
h

brart: oh. AT aR SPCBRaNCtRH 55 TRyl APCBAD So1oating agent

g‘%h ﬁ-f%llﬁcﬁghm SOB{‘\SD Haagl%ﬁgo' ?Qg%:xgq% éJé%o’amed under reduced

N- et hyl - 2 rrolidone, IceIIosoIve

B’fﬁ??‘&%‘? |f&§o)r(\;éourbut mévlvs%{vﬂev@aseﬁmeeﬁff@ ghygeph @ L-um Teflon
tetrah drof uran, di oxane, toluene and the |ike (y

isedis %@@%SHaQ?mﬁFEbgﬁﬁﬁﬁrtHEK%B%%%§¥¥ﬁ%ﬁﬁroﬂﬂ§e Jiﬂx’aformlng
preparation is not particularly limted, anditmyb

Ratfiddndipyg aﬁyf%ﬁbmﬁlﬁéﬁﬁ%a-g@ah%&anﬂhélafS%@wJY'heatlng this
methods is as follows. First, desired anmpbunts of the
@@hﬁdﬁéﬁ%§O(ﬂ)t@du¥t$3apélﬁm§€%F@§#9ﬂﬂW@ﬁaa%%f%ﬁ@ﬁﬁlfor 20 hours.
gl ass vessel or in a polymer vessel, and the m xture
REtamcraglehppn @iltﬁﬁtpéilWW@%P%@P@\F@G%W%W&IF was slowly
and m xed conpletely. Wile the mxture is at room
teaped atance ther GG ) wast Frncsthhentehq Epld. (Fheegtained resin
(G , and optionally other conponents as necessary,

e sidefeettar thee apngeliieg athd ANE fornddhonsaurte pdtain a resin

plate (thickness: 5 mm).

OCN NCO
«©ﬁ @D

—SH sH
___S//\\\//S‘I_l
___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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sufficiently mxed. The m xture is further
sufficiently settled and deaerated to obtain the fina

woaopasii4i on. Herein, m xing was perforned usi RgTAP2007/050863

magnetic stirrer or an agitator56o but it is preferable
to select a mxer, a shaker, a triple-roll or the |ike
i n_accordange wi th the amount or the viscosity of the
E8HOST dN. [ Evatdithg mePREBS T 8d T AP meshBEr fPAmeRefor 20 hours.
case of coating on a substrate, nethods such as. dip
608t REIPS B RO BAILNSE C Lifiredyi Zedarinnd harthadid dn kiex tiae was s lowly
be used. The thickness of the coating is 0.'d to 100
AfPlepr el Abpyresin was2pemeiied dndmnbhe medel. er Blpe yphtained resin
to 5mn. If the thickness is smaller than 0.01 mm,
gasdsiiigeist toerhoerbave amyl HOIC FeroBskewes. Hd obtrein a resin
thickness is larger than 100 mm, plane snoot hness of
phateobthihgkmss :ndt mpe .obt ai ned. A s the ultraviol et
| i ght source needed in photopol ynerization, various
mercury | anpsHE—h ow pr Bre, high pressure and
ul t rahrgh pressur ¢, chéni apPs] netal halide
|l anps, ultraviotet |asqgr d the like can b e used.
[ Eval uati on net hods-§ conmposition and cured filn
Eval uati on of adhesion of the hardcd48) The
JI S-K5600-5-6: 1999 adhesion test (crosscut test) nay
be used. Preferably, the condition after curing by
phot opol yneri zationis of Class O (the edges of cuts
are coppdedeadinch Reidiesa that there is no peel ed- of f
grid neshes) , or of ass 1 (slight peeling-off of
the coapidgh@ittdie & agS RPorl;Srekiguts)>The portion
of the crosscuts
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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under the influence occupies obviously no nore than
59 . Also, the condition after the bel ow descri bed

woraisher74i esi st ance test is of Cass 0 to C as8C2/JIP100®050863

coating is peeled off along thé&é7edges of cuts and/or

at the cross points. The portion of crosscuts under

the i nfluence occupi es obviously nore than 5% but no

nor e t AERPABYRHLON ﬁ"rﬁﬁ\?éﬁf desi stance test: A te st of

rubbing with steel wool (#0000) may be used, and

pr ef er abrsLa 4Ry 56y @tfchhiloepbser yediaf f2r>10 shuttling

nmovenent under a |load of 500 g . U traviol et

cur abi 101§ gAnfubi s iriegligthilopglbbyal s8651iam ftepreasite@dby Formula
and the conposition is cured with a cumnul ati ve energy

645 R2anfdm32 oot Lesbutahdmpae tiecrlalded pidbet abéy, ind the mixture
J/icm 2 or less. Weat her resistance: A pseudo exposure

was prefomest wsierg radsorghpnes sest hesr metresur.l | gheé mixture was
source: a carbon arc lanmp or a xenon lanmp/w th

faltewderohroudd pedtungTeffon s(xhserneadd mrbfemark) filter, and
above- descri bed adhesion test after an exposure of 30

thren keal Uat rotuofd dppeas afweii nEheo M adwit i4ORchBs. This mold was
‘performed by viewi ng with naked eyes, and it is

logf iwared athat *defectld suasasteye Hd @S.xture was slowly heated
di scontinuities, non- snoothness, generation of an

orange ‘geeb 126wy esncapdliherhizkeianerdwipahspivedror 20 hours.
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).

LSAAS/\LS&

(45)

In addition, the resirlplatés 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.

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

Formula (31), as the component (B), was prepared in advance by the
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Viscosity of conposition: The viscosity is neasured as
the Type E viscosity at 25 0C, andthe value is

wonedsasadaiy 1 to 500 nPa- s , nore preferably BcrarHo@os0863

nmPa- s , and still nore preferably 5 to 50 nPa-s.
Storage stability of conposition: The stability of the
conmposition is maintained preferably for 1 nonth or
fodAgeringnd#etEhPdom t enper ature storage and 6nonths or
-longer under refrigerated (4 O0C ), storage, and nore
prdﬂg_gbly fbr 6 nDnthsr | ong under room
tenperé?hte/§tmr§%;59ﬁ d}\ or | onger under

frigerat QLQL\j' of conposition of
th QTKE;¥42§ C>The&cdnpé‘ t of the invention

e hlblts eT Iugnt % Bayt resi gtance and adhesi on,
/_\__

st cy n applied and cured on
%ubstrate hn@ tﬁy e co osition can be used in
an é’appllcék on. particular, the
conp03|t| n\can be dsed for t hi :kthane resins and
t hi oepoxy resins, for which there have been no
desiral] ¢ net.eni ahslf r om ddieaddmyvioilnti lokyadiésieequioxane
Herei nafter, the present invention will be described
Hdp iy taet Byl rovhill & efsemeneeréag&iefarcat sanmExahptiesh Co.) was
Interpretation Exanpl es and Exanpl es, but the

dineNtieRNi h Sirfoto 1udAd eddé o atiheser Rreefpadoatsl @vironment, and then
Exanpl es, Interpretati on Exanpl es and Exanpl es.

FXAMRLES7 sRERP AL 4 DIy 1BHTy €va) uat hen (afrea ghard enatidigh-Aldrich
agent contal ni ng

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 (CHsz),CH=CH;]Pt) (diluted in xylene) as a catalyst was
further added dropwiseA to the mixture. The mixture was Aheated 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. Ther.eafter, toluenewasdistilledoffusing
a rotary evaporator. About 17 g of viscoﬁs but transparent

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

obtained.




10

15

20

25

conposition of the invention> Preparation Exanple 1
<Preparation of thiourethane resin (1)> 36.4 g of

wowrnoslogtmmnedi i socyanat e represented by Fornmul apC#4p2007/050863

,33.6 g of 1 ,2-bis (2-mercaptbethyl)

t hi o- 3- mer capt opr opane represented by Fornula (42),
0.01 g of dibutyltin dichloride, and 0.07 g of Zel ecUN
( STEPAN Conpany) as an internal releasing agent were
added and stirred, and the. m xture was defoaned under

r educethymEmessieéibor Etahple.1 The m xture was filtered
through a 1-mm Teflon (registered trademark) filter,
and t hemn@spiretebdocedfi nto a form ng nold i ncl udi ng
a glass nmold and a gasket. While slowWy heating this
o ) F+ @utd yethol 120 06he-qioheprterliszidtoixgi ~wad sesquioxane
performed for 20 hours. After conpletion ofthe

Pl dHETiiZat iion prepereeact i Drampdd e was sl owly

cooled, and the resin was renoved fromthe nold. The

obt ai nek rEsif neasusehbaet edsidtanngal ing at 120 0C
for 3 hours, to obtain a resin plate (thickness: 5 m

oc@ﬁﬁpamﬁﬁﬂdﬂimg%ﬁymbngréﬁﬁﬁﬁiﬁéﬂﬂyﬂbﬂﬂbx@@L@dﬂgbBQHﬁoxane are
resin (2)> 37.6 g of mxylyl enediisocyanate, 33.6 g of

Dol Ripleigept esertad Brakarul as{ A3)to @n@lsg-0fsi bonding were
di butyltin-dichloride, and 0.07 g of Zel ecUN (STEPAN

SOIDan 42518801 Bteradh melseasing AgHk Wekeadddedsand to si-OH

stirred, and the m xture was def oaned ynder reduced
rﬁé%?%%b?_ ér{?grx{\ﬂashgé”{ .ob5RevaLEXT Uf1ge WaS fNiviRt e L6l A dHHOPesults are

1-mm Tef

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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(registered trademark) filter, and then was introduced
into a formng nold including a glass nold and a

wgasdsas774v\hi |l e slowly heating thisnold from 40p0QIPI07/050863
120 0C , polynerization was petfornmed for 20 hours.
After conpletion of the polynerization, the
reactionm xture was slowy cooled, and the resin was
Fegaedf ionmfile vl Bedte BErachedipesPntgaihe S1-0-51 bonding
subj ected to annealing at 120C for_3 hours, to obtain
weresbacpiatet L006kaessane 4eFHD criPy epat e ifoReEk iR @cteristic
3 <Preparation of thioepoxy regsin (1)> 70.0 g of bis
(@ Si308pia hickhsespyl) 2di SBX Fde -r éreschirdthpersrrgrant results
(44), 0.014 g of N, N-di net hyl cycl ohexyl am ne, and 0.07
greofsii dircyébehéxy| Vet hydharmmecaksevaddedoaggved near —48ppm,
stirred, and the m xture was defoaned under reduced
P8 sy enfloré6ppiour Thdhe shiexpures Mgasré Petldea@dt e baghriginating
a 3-mm Teflon (registered trademark) filter, and then
s anteqdicedt batouse f dhaitnigs mel chgencihagieny 1d kgl sislssesquioxane
nmol d and a gasket, over 4 hours. This nold was kept
yermelre300Erdart O draures intheprébet o inagse lwas s$kowky believed
heated from 300C to 80 0OC, and pol ynerization was
pesf oxred-fiam2Qdeeusts 1cAbt ar peoid Bl opeoft ihecage-shaped-1like
pol yneri zation, the reaction m xture was slowy
00t &shuichrihBat €54 e WasSanheloyethf,r om4 e xmolré. ofleeclosed type
obtai ned resin was subjected to annealing at 120 0C
én%essﬁ“!ﬁié&lit]& @htigeBgaibeeshe Phdate ddhiicknegssped type

). (44)Preparation Exanple 4 <Preparation of

thioepoped-esivd (NBesquioxane 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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70.0 g of bis (b-epithiopropyl) sulfide represented by
Formula (45) and 0.35 g of tributylam ne were added
wandsasimied, and the m xture was def oaned undecT/JP2007/050863
reduced pressure for 1 hour. EhRe mxture was filtered
through a 3-mm Tefl on (registered trademark) filter,
and then was introduced into a formng nmold over 4
(OB$ S0 s Thi Sa 981, dmuasE kephradbm ot s 3h 0BehbcalOnlostsies, Ltd.;
then the m xture was slowy heated from30 Cto 120 0C

par@lEL P WeIdfzatloanes penoonipdsddid20dmiens. bAf werght: 30%
conpl etion of the polynerization, the reactionm xture

p¥ase shiow Yo canledd andnthRanes wasasurermy ed xbriomithe33.3 g of
nol d.” The obtained resin was subjected to anneal i ng at

md20: 90 fos 3 hew she @i0btai Boalbesby phedlec. 10.0 g of
(thickness: 5 mm . (45) In addition, the resin plates

3P5P§H£§gx% - G EP i@ Pl <% anpheswds t @dde dveihe renmeas@duniformly
ihal w% aqueous solution of NaOH for 20 m nutes,

sthepwashed gifdid 808 heavwel kol &, asddndrdcditdonneantef luxed
tenperature, i'n order to elimnate the interna

L8l 8N4, Nt radbes ed O drhe stuifaes Beé Awdited to return to
“performng the evaluations to be described |ater.

hEePaLAL %gxﬁ%%%{g}l{,o%n@ttﬁehh e( Bugoyymet hyl )

OoXi rane- xy] -silsesqui 0xan e represented

32§}§85g8£2§é§£}¥FrfﬁgfﬂBg 13 26L0%8d eagenst ragddy athereto.

esqui i q aV|n? a cationic polynerizable group

resente . : .
P A A Blen f B I SRR (B o sorucion
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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109 (9.84 mmol) of octadi nethyl sil oxy-sil sesqui oxane
represented by Formula (47) (a reagent from

wei2grsmsA4dri ch Co.) was dissolved in dry tol uereTurmer/050863

a noi sture-proof environment, aad then 10 M (7 8 .72

mmol ) of allyl glycidyl ether (a reagent from

Sigma- Aldrich Co.) was added thereto dropwi se with
stiravigletTresorb@rm knef 0a72 eiwEoTINUVIN dfl38 (Ciba Specialty
platinum1, 3-divinyl-1, 1,3 ,3-tetranethyldisiloxane
Cloapl @ 0I1Si ) FEHE) 26H=raoPt)a{@lid-Utesed wl g veipd)et absorber,
as a catalyst was further added dropw se to the

a1l Xtay eheThempbxent e( Mas( theatbdotrpt 56 (P amider od the respective
nitrogen stream and the reaction was carried out. The

G Eaciviofl svasbsonbensesrd atha#h houFsg 0r3)l;0agérl . &ird offthe compound
reaction was termnated after confirmng that the

B SW PEth o 1ofe sSirildxbheat s2B86Gnd md ) dissppearidd come: OX-SQ-SI20
FTIR Thereafter, toluene was distilled off using a
(DbaGYs€Vapor atal..) Abatife ddmgodntyi(S¢ausrebabch precisely weighed
transparent octa [2- (butoxynethyl)

OXial BRer bRt hy) sindoxyd £ +Sidraasgstt bxede. Waie mixture of the above

.obtained.Interpretation Exanple 1 < Interpretation of

86hBoh&nt £ MalsoX yieiduaremti Lage: dividhybsthaxydity. The mixture
-sil sesqui oxane synt hesi zed in Preparation Exanple 5>

whs FlHRdeasurenephtl ¢sddiisl dDbnactgad¢@ated at room temperature
(but oxynet hyl ) oxirane-di net hyl-sil oxy] -sil sesqui oxane

5 g°8Novn 3}'_{151%1 & cbatiRgaksmgbal ardgf ivgliich t@st Bealuated by the
i -OSi bonding were observed at 1090 cm 1 and 1035 cm

to118uPeaknhiact eristic to Si-OH

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
of 50gof 3-glycidoxypropyltrimethoxysilaneand9.1lg Qf thepreviously
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

2“—hydroxybenzophenone-based ultraviolet absorber, 0.75 g of TINU'VIN
400 which is a triazine-based ultraviolet absorber, and 0.75 g of
TINUVIN 1130 which is a benzotriazole-based ultraviolet absorber,ﬁ

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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near 3300 cm 1 was not observed. The 29Si - NMR

nmeasurenent results are shown in Fig. 2 . A very sharp
woeals/osz@1 obser ved near -100 ppm This sharp peak/Jp®07/050863

believed to be originating froma regular structure,

that is, the cage-shaped-1ike sil sesqui oxane

structure. The nol ecul ar wei ght [ [

b R SEmeSe Dhe WL e ete a5 g arent Liauia

(MM Mh = 1.07) , which are approxi mately consist qﬁ

wiithhne Hetpdicd & v1 93Bh o fuitha holat éPéFh%iﬁmf%%& ¥ tred and

fromthe Formula (46) . Fromthese, it was confirned .
depstrasetaa ZOOMHLEBRGFEEHA Y 28xF1 difeY 4 HBth P FLBRyomPOsLtion,

- si | sesqui oxane having a cl osed cage-shaped-|ike

wetiraie tiarse ewad usbedi Redtlhy fhlel PHephrgthefSExanpl e 5

Interpretation Exanple 2 < Interpretation of

si | sesqui oxane havi ng oxetanyl group: OX-SQ H> To

speci fy the structure of silsesqui oxane havi ng an

oxet ampangileup: OX- SQ H (Toagosei Co. , Ltd. ), an

interpretati on was conducted by the foll ow ng nethod.

The FTIR ogasureimeathyiesiytopaot tOXgSge Hiy & edlhewna$ the component
Fig. 3 . Peaks characteristic to the Si-OSi bonding

wer e1ebsef vedadt ADA0s idmek qandx2085 @mSD-Hibs | Eheacpepknent (B),

characteristic to Si-OH was observed at 3335 cm 1 .

The 298 MNVR imeasursanest thestdrsorane $Opwe imiffuge 4£.36.4 g of
Very sharp peaks ware observed near -48ppm -57ppm

aneh v BGeRPMp r g3 e rshat hopeakbaras eahelliseVerof e deertial condensate

originating froma regular structure, that is, a
Sage-ghapedikepyilk semnguhoxasttlane 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‘—tetrahydroxybenzdphenoﬁe 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 composition,

which was evaluated by the following methods.

Examples 4 to 14

Coating compositions having the compositions indicated inTable
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structure. Fromthe above interpretation results, it
was believed that OX-SQ H i ncludes at |east a
woandsiiati4y open type cage-shaped-|ike sil sesquiPoxarmo7/050863
having a silanol group, or a né&kture of a closed type
cage-shaped-1i ke sil sesqui oxane and a partially open
type cage-shaped-1i ke silsesqui oxane having_a sil ang
gWeup. PPERPReAti b B SAPRen8NREhatT 114 E&sRBRSat et Qf3, and were
3-gl yci doxypropyl trinet hoxysil ane as the conponent (D)
avas upitepabyethe nneidvade edgncnite SElleWi-ng et hod. 236
g (1 nol) of 3-glycidoxypropyltrinmethoxysilane and 27
g (15 nmol) of ion exchanged water were m xed, 0.5m |
of a 1% solution of hydrochloric acid was added to the
m Xt uExamaie fLhe resulting m xture was stirred at room
tenperature for 24 hours. 100 g of dry tol uene was
f urt hey cedidiaty tomphei vl ot beeinardetoinpers tded redierated in Table
were conpletely renoved by an evaporator to obtain a
Pardd plrepamdensat enof same manner as in Example 1, except that no
3- gl yci doxypropyl tri met hoxysil ane. Preparation Exanple
W 1SidviiGA chaeRaeirel &fsc it sqegaadht (F) wereadded. Thecomposition
~3-gl yci doxypropyl trinmethoxysilane as the conponent (H)

WaS RBRared by advaneenbys tdwsdmldeawivegomet hod. 33.3
g of colloidal silica(O ganosilicasol, manufactured b
y Nissan Chemical Industries, Ltd. ; particle size of
silica: 5to 10 ran, solids content b y weight: 30%b

y meigﬁh%d@a§g%@sg§ahplgpihanol was further m xed wth
33.3 g of nmethanol t o dilute the silica to 15%b vy
Wel ghtlB .]6O§Q>fgafs;§henol Adiglycidyl ether as an aromatic diglycidyl
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—glycidoxypropyltrimgthoxysilane,and13.7gcﬁfapartialéondensate
.of3—glycidoxypropyltrimethéxysil;ne,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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3-gl yci doxypropyl tri met hoxysi | ane was added thereto

and uniformy stirred. The m xture was heated t o 90
wO0Qogs/0andit he sol uti on was refluxed for 20 m nBCESP2007/050863

Thereafter, the solution was afdited to return to the

roomtenperature, and then 4 6.7 g of

3-gl yci doxypropyl tri net hoxysi | ane was further added

thereto. Methanol was-distilled off using a rotary

evaporat or qu o having silica nanoparticles
dlspefge %§‘§1y ; Eopyltrinethoxysilane in a

om0 ﬁéya. B A SR RO v

f K h duct
eaoo§<yt ﬁg?ﬂgg}}%@t L a(c,&)ng ggfsoﬁl%é’fnegltl é%)sq&%%a%;)ﬁwg?ﬂ ﬁé H as the

an oxet anyl . grou Toagosei Co., Ltd.) as the
b (b 5 G M%M@qqecétleasltkeqwm@mtcé%, 50 g of
Co. Ltd as t he conponent (O, o f
GRS GNP B LY EE LR F%&%a%én%@ 739 pfgp epraial condensate
partial condensate of
%f T LY FHEPBRIRAR LG HEER bRy ¥R | Anee pPephredincadvemes: (D) (63.7
in Preparatlon Exanple 6 , both as the conponent (D)
9 63 £oFaln it bt al y; Oﬁ §P gl o0 faspEhEsFopeakntDéRka ©o0 ,g of
Ltd ) as the conponent (E); 3.0 gof 2,2 "',4 ,4
2,2 et 4y Geb % berzopresvreigle mdiigh is a
hydr oxybenzophenone- based ul travi ol et absorber, 0.75
2ghddfrﬁf<|§/¥]©mzNphenoce}basgb@étalawom‘erﬂ'h@@Irb,erl, ne¢.)5 g of TINUVIN
which is a triazine-basedul traviol et absorber, and
49.079hg cbf 1F| AUVE AR AB9-KGidoh uSpeevablyt 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 bréwn bottle, and were sufficiently
stirred. The mixtureé of the above components was a transparent liquid
with no turbidity. Thexnixturelwés 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.



Chemcals, Inc. )which is a benzotriazol e- based
ul traviol et absorber, all as the conponent (F) (the
wahsmrogti4son spectra of the respective ultravi olPetr/Jr2007/050863
absorbers are shown in Fig. 3)g6and 1.8 g of a
conmpound i n which silsesqui oxane is bound to
di net hyl silicone: OX-SQ SI 20 (Toagosei Co. , Ltd. ) as
t he cOnppaeati(G)Esmeneledch precisely weighed in a
brown bottle, and sufficiently stirred. The m xture of
t he ahovestcionpopentsinasnaras prsparedtas ilqdigahipehimdable 2 by
turbidity. The m xture was further sufficiently
psetlkely aneli glearey dtrew at browm behpée athe equpgoente (A) and the
yield a coating conposition, which was eval uated by
cbheohehtewi oy tret (ldsin Exdepl, ew2tigut Gaqfligly the component (B),
trimet hyl ol propanetriglycidyl ether as the conponent -
5  abd) sudfitxéntey oftil3rihq ofheXeS@pésHnbrd weisg evlelugtad by the
[ 2- (butoxynethyi) oxirane-dinethylsiloxy]
meshbaesgusexaped pwepased i n advance in Preparation
Exanple 5 as the conponent (B) (20 g in total) ; 9 .1
g of MSilicate 51 as the conponent (C) , a m xture of
50 gof 3-glycidoxypropyltrinethoxysilane and 9 .1 ¢

of t he pre%i-ausly PELRsI&ecE partial condensate of
3-gl yci doxypropyl tri net hoxysilane as the conponent (D)

(59. 1 70cbBe 18t ModmpoAtiod Rhs kbl casat hendianpeent Table 2 by
(E); 3.0 gof 2 yo ,4 ,4 ' -tetrahydroxybenzophenone
IGhR el 2c okenz gphenops: basadicubbnpyhehes () and (B),
10 p\g%.s(%%ﬁel?’, TR o TINVIN 400 whi ch 15 & -
A QEEQ§iﬁg5H%%t%|RB?Wk9u@$ BhsHRer , w kb &: 28d8n8fthe 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



TINUVIN 1130 which is a benzotriazol e-based
ul traviol et absorber, all as the conponent (F); and
wa 280898041 OX- SQ Sl 20 as t he conponent (G wer ePeaab2007/050863

preci sely weighed in a brown bettle, and were
sufficientlystirred. The m xture of the above
conponents was a transparent liquid with no turbidity.
CHeomiexttut®) was Of arathér 23 uftf # Eieat Tah wtasvdgraegphenone which is
deaerated at roomtenperature (23 0C) to yield a
LDl ydugp scanposiphienonenbiack dwds revablat ed soybepre 0.75 g of TINUVIN
follow ng nethods . Exanple 3 13. 6 g of
400 metikil akpaopanet fhetlyas ey luletreer cdstt Reseohponentd 0.75 g of
(A) ,.18.2 g of oxetanyl silsesqui oxane: OX-SQ H as the
TONPANENL 30 Byhich. bs gp dferM@idiiacatle-bdsad theraviolet absorber,
component (C) , a mixture of 36.4 g of

5 éﬂﬁﬁy@hdabmpb@ankt yred b X y8 igl cefine coapdud@ in#hg abf sial sesquioxane
partial condensate of

3 poyetdex ynepyhi ki retbaxy HX-8-A2 0 he dorpompone(d) (G), were
(50 g intotal); 27.3 g of the silica dispersion

H@pyediisB1gdvangeed niff € panaidwen bbxanpl, eaddasetdiesufficiently
conponent (H (the anount of silica being 4.1 g); 5.0

fﬁréﬁD 150u35 4 heaeonpossitod BioBwal Pr&paed 2nd, évaluated by
4 -tetrahydroxybenzdphenone which is a

i ynpede neephenehenbased ul travi ol et absorber, 0.75
g of TINUVIN 400 which is a triazine-based uItraV|oIet

10 absorber, and 0.75 g of TINUIN 1130 which is a
benzotri azol e-based ul travi ol et absorber, all as the

conporteg}&pl%%l,vea@g{a;ﬂ p8eggof OX-SQ SI20 as the

component wer e each precisely weighed into a

G
composition, by precisely weighing into a brown bottle 50 g of
dipentaerythritol triacrylate (DEHA), 20 g of pentaerythritol

15 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.

20

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),

25 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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with no turbidity. The m xture was further
sufficiently settled and deaerated at roomtenperature

wO02808087741t 0 yield a coating conposition, whi cRCWaB2007/050863

eval uated by the follow ng netédds . Exanples 4 to 14

Coating conpositions having the conpositions indicated

in Tabl el were prepared in the sane manner as

rExAvsees BN GOBPOS KRR £ BY R YRR ERY Eyeﬂﬁéhﬁéﬁﬁsagrlbedbelow
descri bed bel ow. Exanple 15 A coating conpositi.on

havi nghetry doridSndioms trECae el PhaTapt 822 Rﬁ%omed asfollows.
prepared in the same manner as in Exanple 1 , excep

that mechl fatghel @pabb@@rmm%mwswép@ef@ﬁ@leﬁ)1\%%15 and
added. The conposition was eval uated by the nethods
egerabetebBkenrl Epnparatd weEempdlieds or3thg gepin plates of
bi sphenol A diglycidyl ether as an aromatic diglycidyl

Rateiperraté phaBkagp Lére 10bAPoRENtRY{AP0AT1sg2 gnamaox Bg¢iated with

as the conponent (B), 4.5 g of MSilicate 51 as the

cdpiomentn €gpe BOgh pfessure mercury lamp (light intensity at a
3- egC|doxypropyItr|nethoxy3|lane and 13 .7 g of a
waaidliealgttondeAs aten of1 B> gily cind bnypﬁhpy1twpne5H-fllm (the curing
xysi |l ane, both as the conponent (D) (63.7 g in total);
whBpgr 0f rik 260 tasa tthesgemeonenThé & sa8pleg wfre2cyized by storing
",4 ,4' -tetrahydroxybenzophenone which is a

i2r hy gnexygbenzaphenpaeabased Ll23°avieakdet ablatbee  hiGuitlity of 40
5 g of TINUVIN 400 which is a triazine-based

4 tgavi ofeén absies berim ad knéssgwab hbbblrad 1d86h whisslylus type

IS a benzotriazol e-based ul traviol et absorber,
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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wOXeB@8B420 as t he component (G

all as the conmponent (F ) j;and 1 .8 g of a conpound in
whi ch sil sesqui oxane is bound to dinethylsilicone:
wer e each pr ecraeri097/050863

wei ghed into a brown bottl e, an sufficiently stirred.
The m xture of the above conponents was a transparent

fﬁ&uééhﬁ@gftﬂB%énéﬁg&gbt¥heTP§s@i§gﬂgﬁjﬂﬁ§igur%ge§g%%F%on of the

sufficiently settled and deaerated 'at roomtenpe
Comee T ovee BT ot o "Dy LPRES bl otk Gosiegtored ot oo
%sé%%&§§§%$gﬁ%§yeﬁgégggéﬁgﬁ% 242%9%%I§%F%%3?F% epoxy

o 80 1w Tl ABRSSHCRE SR SR i Sharosse)

3 ol y o TR AP aRy F LT st h GRSy B aRe! &Rg113 Goppagative Bramples
BT VAT BPOBgI T EEnERYLT kS FoFReddin Resparation Bxample
PRPRRED AP0 L Bl 0 otz i 8 Shof o0 Bt om cime.

' ~tetrahydrox nzophenone which is a

F K60 o BRrD UphidRe e babed UTThb] BreHeassoBRICa 75 follons

g of TINUVIN_ 400 which is a triazine-based ultraviol et

absor Ber Th&nd16M 7% (R igrecr PO NCQa BN Gvfitch Cugiag is smooth, and
enzotriazol e-based ultraviol et absorber, all as the ‘

%@*ﬁoﬁ]@n?e?ﬁt? Hd: £s. 8Yg ples copeond inniwhpeh generation of

si | sesqui oxane is bound to dinethylsilicone: y .

OX-ZOSI208d tRETEBAPOoMeht tHe)Likrer eTeachi br ediisdiness is from

wei ghed into a brown bottle, and were sufficiently

IStH% %&d.5 PRe mi xture of the above conponents was a

transparent liquid with no turbidity. The m xture was

furt hét: Shefiicieabryinedtdfd¢rapdating 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



deaerated at roomtenperature (23 C) to yield a

coati ng conposition. The conposition was eval uated by
woheosmstaods described bel ow. Conparative ExanpCeJPB05050863

coating conposition was preparéd as indicated in Table

2 by precisely weighing into a brown bottle the

conponents (B) and thge conponents (C) to i n_orgder, o
ali Eh&GrPsdathget At & n%oaﬁgta (rﬁ;ta,tgé{%dh%fﬂ%%%ﬁre fﬁg}e fo 50% for
stirring. The conposition was eval uated by the.nethod

essor | BERCBEY SKFOHNDAR BL] P8 KBTI T 9K CHRE PR noss -5 observed
conposition was prepared as indicated in Table 2 b

Qi eles SeLi sMEiTgisien RIIchEe P2 B BARC B S PIH e@o%%%éﬁitgr strongly
(A) and the conponents (C) to (E) in order, wthout

SUwitrg irige WeShpBRBABIIB) 1S, avitl GATLOsTERt Py SPIPLERg. curing.
The conposition was eval uated by the nethods descr.i bed

5  bel owAXComparatteecExbng| el B Ancameng Torpdsitiadd Mast 1 J/cn?
prepared as indicated in Table 2 by precisely weighing
dmtiess brown bottle the conponents (A) and (B) , and
the conponents (D) to (G in order, without adding the

conporrentCo@)l et eandrsuff vitlemm yarsrint jofg irTheiation of 2 J/cm?
.conposition was eval uated by the nethods descri bed
bel ow.B :Colspasmb 1 etee Exariphew Bt acoandnyt cdhposadiahiomet 2 I/ cm?
prepared as indicated in Table 2 by precisely weighing
dMtieess brown bottle the conponents (A) and (B)
10 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
15 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.
20 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.
25 Classl:Slightpeeling—ofﬁofthecoatingobservaﬂatthecrosé

points of the cuts. The affected area in the crosscut part obviously

does not exceed 5%.
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and the conponents (C) , (E) to (G in order, w thout

addi ng the conponent (D) , and sufficiently stirring.
woheospsmaosi ti on was eval uated by the nethods #eTaP00®050863

bel ow. Conparative Exanple 7 Q.0 g of

trimethyl ol propanetriglycidyl ether as the conponent

(A, 10.0 g of OX-SQ H as the conmponent (B), 1.7 g of

M Si | ¢l 25 1Persl i fidnpbivérst cqat)in@ds @Rpegfved along the edges

3-gl yci doxypropyl trimethoxysilane, and 5 .0 g of a
oparhé alutcondengatreabf the cross points. The affected area in the

3-gl yci doxypropyl tri net hoxysil ane, both as the
ceosponte aftD)ol(muBly iexceetlal 1% 4b6t (dafs SR FXxaped 15%.
t heconmponent (E) ; 3.0 g of 2 ,2',4 ,4
' -t et ¢ Bdwsl BoMdenzophenone Mhi €hcegraing partially or fully along
2- hydr oxybenzophenone- based ul travi ol et absorber, 0
thdSedhyedf ol DWIN )0 ankli/oh pseling-iceffi ne-basedring partially or
ultraviol et absorber, and 0.75 g of TINUIN 1130 which
£1:81 @ 1BeRZAlIsaZOH e bASRE ndshieavi oftet adbsotbérnrealiln @se crosscut
the conponent (F) ; and 1 .8 g of a conmpound in which
pakt Sesethexpnetsedpind ot oudi Aekhyhst | éxened 35%.
OX- SQ SI 20 as the conponent (G, were each precisely

vei gheda k86 v J50op&e Dot dlsnr andcwrreisybhireianlyyr fully along
stirred. Thus, a coating conposition was prepared and

t% zécll{fése%fbtﬁet He: SethegS r0gseT i et trel evo c&onpied ivsetially or

npl e 8 A coating conposition was prepared as an

fﬁﬁﬁ%k%%é%%gdéﬁbf@ggg%ﬂéﬁth&& PreshgebytvRiaghknth the crosscut
Intdo a brown bottle 50 g of dipentaerythritol

s BB 014 e 0 g pmmtopeyt et s
(HDDA%lasg 9:th£x%§%éﬂt of peeling-off is higher than Class 4.

The results are presented in Table 3.

[6] Scratch resistance 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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1173 (G ba Specialty Chemcals, Inc.) as a radica
phot opol yneri zation initiator, and 0.03 g each of

waYbhoswgd3ad0 and BYK- UV3510 (BYK-Chem e GrbH) i RCOOBENT/050863

and sufficiently stirring thenyxture. The conposition

was eval uated by the nethods described bel ow.

Conparative Exanple 9 A coating conposition was

gprepared as an acrylic coating conposition, by

preci sely weighing into a brown bottle 20 g of

pent aghyt leistidle st eracpyésteie@0iry Twble 46- hexanedi ol

di acrylate (HDDA) , 3 g of Darocur 1173 (G ba

Speci g7ty Tehespeakscyl nc.) as a radi cal

phot opol yneri zation initiator, and 0.03 g each of

BYK- U¥3500hanshnipies dBE 20n B CoeniiagGhilitds off oheergmpositions
and sufficiently stirring them xture . The conposition
J¥asxevpl gatiedbyl 1 had mddieds tdescExdesled awo Bhen the resin plate
eval uation of the hard coating agent was perforned as
Joblepsrat Eag mxaihpl Bel centifidcappest dnonwasfodameldesith naked
1 to 15 and Conparative Exanples 1 to 9 was applied on

e 1 @sian tpkat esn ohi Pr eRed ald Ddaxanplbesol &ordgtyh of from 400

_Spin coating, and was irradiated with a 160 Wcm type

M G RIORS S %sr_’fﬁgcw ¥il@amprdh dghit dddeeRgitky @Bh@madzu UV2200) .
wavel ength of 365 nm 170 nWcm2) to forma cured

film @.he cush B Wash RefobIBh 4 Mildhe rat ADSRNe @)l on of from 400
These sanples were cured by storing in a place at a

I&ﬁqﬁpngp%&lof 23 0C and a relative humdity of 40 to
% Then, the filmthickness was neasured with a

styl us; .t ype SHEhaceaREOfdd &l (Bekdakl) londmeruefiact Eethrom 400 nm
by Veeco Instrunments, Inc. ).
to 600 nm

C: A transmittance of 80% or lower in the region of from 400
nm to 600 nm

The results are presénted 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
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.

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
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[1] Viscosity of conposition The viscosities of the
conpositions of Exanples 1 to 15 and Conparative

waxerspisea1l to 9 were neasured with a Type E vPETURBD®050863

(Tokyo Reiki Co., Ltd.) . The f8sults are presented in

Table 1 and Table 2 . [2] Storage stability of

conposi tion The conpositions of Exanples 1 to 15 and |
ConparHt§ e &fpPEsPared \E@Fé‘lfl@ggéjc‘f‘?\% ijﬁl gegesitions of
in brown sanple bottles and. conpletely seal ed.. The,

BoHoLT T iloRe W PBISEYMRRI L Vst BRaTAGSStS TP ? FesRgatk vely on the
roomat roomtenperature for 1 nonth and then at 40C

fo71i6 nteehsl RFrRPakatel X BrrRRdefor VakP tHARERRC inahot water at
No gel ation of the liquid, and no changes in the

N Cedsin ¢ Bouro gl gerenednintrd [foguprdy Brangsomen the external
changes in the viscosity C: Celation of the liquid
Jpecaezuld.s are presented in Table 1 and Table 2 , and

all ofthe conpositions showed the result A, that is,

no gelatidon dfandes linqihd antennathapigesrdnte he

viscosity, after being stored at roomtenperature for

1 nonthk: @wtheathd0@:$ osudh aenshisl 118} aFid kheokiggbserved in the
properties (spin coat snoothness) The conpositions of

Exanples 1 to 15 and Conparative Exanples 1 to 9 were

applied on the resin plate fornmed in Preparation

Exanpl @: ICdnclepigbseaateidngnatha £ate ranging fromO to

3000 rpm (rotation tinme: 60 sec) to formfilns, and

t he formed-dddinss wetee pevaknatedinasTéiold os .



is froml mmto 5 mMn

L

generati on of an orange peel PCENP200B)50863

The fil mthickness

and shows no defects such as eye hol es,

l'i ke.

-

The filmobtained aftey, coating and curing shows

The fil mobtained after coating and curing is
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B :

1 to 10 scratches
of 500 g -

C:

waonadroszrsi oad of 500 g -

area abraded under
presented in Table 4

in the area abraded under
10 to 30 scratches
D :

a | oad

in the area abraded

Numer ous scr at che®CTaP100®050863

a | oad of 500The results are
[7] Transparency For the

sanpl es obtained by formng filns of the conpositions
TdbExahples 1 to 15 and Conparative Exanples 1 to 9 on

+ta aof

t he r gsi-n—plgte—of—Preparativre—bxafrphe 1 , the film
appearance wgs_observe AR naked eyes, and the
transiittancqg was neasgineesibor a regijon of from 400 nm
to 60Q nm usi filmtrahsm-ttanreced net er ( Shi madzu
Uv220Q) . A :|Prebr Afsnt £iBiseEx difremofior hi gher in the
regi on_Exdmpferidm 480 Innf4 o ROAAn h BA A transnittance of
80 to (dowmRled th%ﬁﬁbgiﬁﬁ —frem4dd—mto 600 nmC: A
transr TG Ok A 80% WA TOWER Tjm ANE[regi on of from
400 nMERE] NRATNE RLSUI T sAarle piegented in Table 4
. [8] atpkear] r 88| st ante [ThaAsgnphRS |prepared by
f or m rigexdniple ofAt he ABnposPRi dnsABf IExanples 1 to 15
and Cd pletdi b, AR N AA L 14 AA SAA L ctivel h
- Bxarol 9 L - APAKS = AR 1 T RRP ely on the
Fesin et abs i arghi om gXanpigal|, were exposed
US| NQ [@&xarB3 TN NRA 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 [8] 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
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weat her neter enploying a carbon arc lanp and a
sunshi ne weat her neter enploying a xenon |anp (both

wonwsoSuga Test Instrunents Co., Ltd.) for 30 ROwuB2007/050863

and then were exam ned for any7ehanges in the

adhesi on. The adhesi on was eval uated by the sane

nmet hod as described in the "[5] Adhesion test”
Becetennihaddddbeimner Wherheardhaplen westf 6dhd Wegther resistance
disqualified in the [5] adhesion test, the sanple was

ettt sl ectsediottopelmEopnedent test. [9] Hot water

resi stanceThe sanples prepared by formng filns of the
conposidd ohs sHmxenpf ésaiptleslb tandd Copear ¢ $wkt s were obtained
Exanples 1 to 9 respectively on the resin plate of

B e pavcat vohudixamplog dhe iwerme [hhersdd]in hoExaapée Zaend 4 where
90 C for 2 hours, and were exam ned for any changes in

i hel ederamje-appearantre Ailsdeqeharges: i n the

external appearance B : Some changes such as swelling

ada t he(du ks yakservedxi pahbedindth @ s i @-adks idbsenpuédxane was
inthe filmThe results are presented in Table 4

udad! £ blaklre brcenti suesedPhiabire: ZhaklogedtTabheidpfovement of

.determned to be poor in the Adhesion test [5] ,

Veathet sesisttanee cbest b8] suwas. nate per besurddFenat hehe
sanples of Exanples 1 to 15, good results were

obt ainiad 4.0ind heaevakuatd-ge-ehabbe-it rEBtkdlbtt@ehO9H an effective
In Exaimple 2 and 4 where

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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a cl osed cage-shaped-Ii ke sil sesqui oxane: octa [2-
(but oxynet hyl ) oxirane-di net hyl sil oxy] -sil sesqui oxane

woasosusedias a part of the silsesqui oxane conpeaEaP200a050863

i mprovenent of scratch resistarmwce could be seen. It is

assuned that the sil sesqui oxane of a cl osed

cage-shaped-li ke structure had an effective action on

phios odrprodahiat off thEpareHanss reeaneRratRedRgdand the adhesion
coating agent prepared in Exanple 1 was applied on

wasadé zrep oes.,  AndhtehEohpghat i yadsanplante bisebeppl iagdiglycidyl
neasured. The neasurenent results are plotted in Fig. 4
ctherThes tisadsiw dnt anosavic dilgilpredyl givhesfrefirgigg gre component
| onger was 90% or greater, while ultraviolet |ight of

(350 amicrs ahoridrt , wabe mestuly iingt £ te pthetedAsnsur Eisgilqnt scratch
of not adding 2 ,2 ',4 ,4 '-tetrahydrbxybenzophenone,
Ahichangea 2Ehytheoxypbpazapiendrempdsed, 1Bt (G wlpekycyclohexyl)
absorber, in Exanples 13 and 14, when a carbon arc
daampxwastesedsi nsekadhen réscgtanceepesy , cpaeduintyreiflacing the
of the filns was observed to a small extent, but not

dopdmeeXt e, badcalserasl tpriobe €dim showdrbivaséfofient adhesion

- Exanpl e- 15, slight peeling off of the filmwas

LRS8E¥EHcR R iWianca . Xenpahk agnpsas: tisedixasp tolpatrtes component
wWth the cases of Exanples 1 to 14 where ultraviol et

absqrkerstwangeagdedd dHovevwersultd)e terealreatii ohingf f1he showed
weat her resistance test resulted in A, not having any

HQB Wi cTheabih@ditod F ananiid adeeawas i &k StxamastAedcia component
Exanpl e 15, likewise in Exanple 1 . The nmeasurenent

IESULES A 8adEgsenbiess bneddlt, Sthe lde s teagt £ ahedled 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



that since ultraviolet rays of 350 nmor shorter are
not obstructed, phot odegradati on of thiourethane resins
wonoesastad, and t he adhesi on was decreased. | nPCIAP2007/050863
Conparative Exanple 1 , bisphe&iol A diglycidyl ether
was used as an aromatic diglycidyl ether replacing t he
conponent (A) and as a result, the resulting A W
cohbwed dmen falevest TeERBkRIALY &SI0% GHEBDL{ Htyhend the resulting
Conparative Exanple 2 , 2- (3, 4-epoxycycl ohexyl) ,
f@ambthWaﬂer@m%rkﬁhkNERPQﬁWSQWﬁéﬁélF@Séﬁ%%%c% (fresion.
repl aci ng the conponent (A) , and as a result, the
filmshowed insufficient adhesion and scratch
resi stance. In the Conparative Exanple 3 , the
Iecnporneai ApPlivasbhbttwmdded, and as a result, the
resulting filmshowed insufficient adhesion. In the
5  Conparaki vembranpien 4of ithre icompodent ipBludas Aot
added, and as a result, the resulting film showed
p@UQu&engymnghycmspifeth&mﬂcdmgmmgdarencylsaﬁ@ua¢%%ﬁe compound
insufficient vater resistance. In the Conparative
orampheny a theiconpganenteGrands godupddedsibmhtas cgmpound, a
~result, the resulting filmshowed slightly
dinsufef icepatinadbesi opartinl ewrtemsatati cemprang| ehérgof, and a
the conponent (D) was not added, and as a result, the
GANRRS Icthiest dpad Yiiegh zuits oasirtiy,i apoar, s the éesﬁmhgal components.
properties, and the resulting filmshowed insufficient
10 SR ehe r@sipdanGen &in tthenConpanal ayer Bxarplgeedcellent scratch
since the proportion of the conponent (A was high,
il e he RheROELEeaSybih he reeaporentsd{ Biidw, (D)e composition
were low, the resulting filmshowed insufficient
%ﬁr %%lr%%&sEﬁ@C§seTﬂ§eﬁQﬂ%hh.3C@§Ehﬁgaﬁ@”ﬂﬂ§ldpﬂﬂpaﬂ material
ébnparat|ve Exanpl e showed i nsufficient adhesion

ﬂ%dlceo%eéﬂl%gllﬁﬁor andutben preventingreflectioninthehardcoat
of spectacle lenses, p‘lasma displays, liquid crystal diéplays, EL

15 .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 mate‘rials, metallic materials, ceramic
materials, glass materials and the like. |

20 In particular, since the composition has excellent scratch
resistance and adhesion to be used as a hard coating agent for the
surfaces of thiourethane resins and thioepoxy resins, the compositibn
can be widely utilized as a hard coating agent for spectacle lenses,
camera lenses, pickup lenses for optical recording and regenerating

25 devices, and the like.
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resulting filmshowed slightly insufficient scratch

resi stance. Al so, the conposition 's high viscosity
woedsiog7aoor filmform ng properties . The acr pCiraPr2007/050863

coating agent of the Conparati&e Exanple 9 had a | ower

viscosity than the coating conposition of the

Conparative Exanple 8 , and thus, the filmformng

rti es were good. However, thecoating agent showed

remar kably poor curability, and the resulting film

showed remarkably poor scratch resistance and

adhesi on. Industrial Applicability The conposition o

t-he i AvéatridepatnePudesl aipol SoNmiEtsiyl9) ayl YERaY té?hé@llowmg

compound, a sil sesqui oxane conpound containing a

watdooyeing spdRynepi 2Bbke group, a silicate conpound, a

sil ane conpound or a partial condensated conpound

t her ecfompamend dab i: oai Lo phhepa) Yirelniczavilogthairt canpeund

as the essential conmponents . Since the conposition

Ay dseinmeal bgatolcayéa khavi ng excel | ent scratch

resi stance when cured with ultraviolet radiation, the

conposition is useful for the use in a coating agent

and the optical tgrial field, specifically for the

use iR [ flection in the hardcoat of
spect acl e | enses, plasnadﬂssplays, liquid crystal
di spl ays, EL dISp ay$'and'Yhe like, for the use in the

optical nmenbers for reading high density optica
wrecaridi pYieedicaaiaptliiedathic! tesisdhwmndrtzhehdikeliphdtfiorpolyether
the use in a surface coating agent for inproving the

desi gpaphh bh¥nBf cphesin & ppdesidl §roupt @’li€hydrogen or a methyl
materials, ceramic materials, glass materials and the
di&k&; 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

@)
Rijro—s:.ijanz)—Rﬁ

2% ©

whereinR}*toR%areeachindependentlyanorganicgroup havingacationic
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
of such compounds:

RI—Si—OR%) y

(R an 3)
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In particular, since the conposition has excell ent

scratch resistance and adhesion to be used as a hard
woaaisiosr4agent for the surfaces of thiourethaneCTaB0%050863

and thi oepoxy resins, the conpgsition can be w dely

utilized as a hard coating agent for spectacle |enses,

canera | enses, pickup | enses for optical recording and
whegenemati ngndendaes; gandptheerilnioke .cGltAloMEclpolynerizable group;

har dcoat conposition conprising at |east the foll ow ng

RE OLMOBEN Be (McHt dridEpendEamponieydrd¢dn e pol glimetdydyp; and n;
gl yci dyl ether conpound represented by Fornmula (1):

rehergbat Rlah Sinegdhai frad iphat 3¢ resdi due or a chain
ali phatic pol yether residue which may contain a

hydr ox¥hp8LR4PIER2 4 Scdwidiragemhort ogoiehbyt zgt bap; imhdiator,
ni represents an integer of 2 or |arger; Conponent

(B) : wReSkhaesion QrdNes iGARROLBEp £OM QI NIty 48 pattomC weight of
pol yneri zabl e grioup; Conponent (C) : a silicate

t&%%&b%%ern%wﬁgs,e@@ ed By HAUIRY Ae{dht o WhRrItnIR3E the components

are each i ndependently an organic group having a

tiopic pabypsyi zabl & ar aupaohydregeny ofeamialdelcn .
%ﬂéu8;5ang nzpﬁébresents an intgger fr%nw%ﬂ?% fg? e componen

é@gﬁ§$§?}>ég%rbn@uﬁi anesGarpeupd: reprasendedt BY the components

( a partial condenSed conpound of the
ébl%%e(89qpound, or a m xture of such conpounds:

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

" (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
partially open type cage-shaped-like silsesquioxane represented by
Formula (5), each having at least one or more cationic polymerizable
group:
(1) Closed type cage-shaped-like silsesquioxane:
(R1?-5103/2)n (4)
(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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(3)wherein R7 is an organic group having a cationic
pol yneri zabl e group; R8 and R9 are each independently

woydrspgeraior an al kyl group; and n3 represent sPam/JP2007/050863

integer froml1l to 3 ; and Comgaund (E) : a cationic
phot opol yneri zation initiator, wherein the conposition
conprises 5 to 40 parts by wei ght of the conponent
0(#) ,3:60ntR'I5-p&'T saloy vehehienTt at pettothf PofygEizable group,
components (B), (C, and (D), and 0.1 to 10 parts by
hywi-ghén pf ant hel lgopoirent,  OE) 2, craéhrdaised BPUR0 part s
by wei ght of the total of the conponents (A) to (D)
2 . The hardcoat conposition according to Caim1 ,
further conprising at-|east one ultraviol et -absorber
4as compeneatdd{dat ,comersitnonheccondeny of arhe of Claims 1 to 3,
conponent (F) is 0.1 to 10 parts by wei ght based on
100 pankseby weé ghdmmdndrte (Bot abmptithe &orboRRht&HEA)
to (D) . 3 . The hardcoat conposition according to
cGLaL Bhdpea- 2i ke WiElaisytiteanenpepeas e Bpd conpfemes.aa (6) or a
cl'osed type cdge-shaped-1i ke sil sesqui oxane
pLERA 83 et S8k pRr BHiba-{Hapar-1a Keasti il abbyudpemd yepresented by
cage- shaped-|i ke sil sesqui oxane represented by Formul a
E(J:r}?nu’lae@ﬁﬂ RAVhNGRlng lhgasda Hnenerofmaoe eCedt D icc polymerizable
ol ynmeri zabl e group: (i) C osed type cage-shaped-Iike
g§gh§¢squioxane: (R 10-Si0 3/2)n (4)

20 . 13 R2 OR 28

29
19 \Si/O\Si/R R O>Si/ OR
\S/i{lo\s 3 \S/i{/O\Si/
[e) ‘\Fizb [e) \\R21 OR30
R|8\ / : st\
] Si P Si o>Si Si
o i
\I. S o TE N1 Y g R
Sl\ -9 R / ~__-Si
R/7 o \R R24 0 N2

16 (6) (7)
wherein R*¥*toR*° each independently represent acationicpolymerizable
group, hydrogen, an alkyl group, a cyclopentyl group, or a cyclohexyl

group.

5. The hardcoat composition according to any of Claims 2 to 4,
which comprises at least one ormore ultraviolet absorber having
amaximumabsorption waveléngth 0f320t0 400 nm (UV-A), as the Component

(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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(ii) Partially open type cage-shaped-Iike
sil sesqui oxane: (Ru -Si0 3/2 )n (O 172R12 )1+m (5)
wOwb@ros77ain represents an integer frome6 to 18PCmP2007/050863
representsO to 3 ; and R10 to &2 each represent a
cationic polynerizabl e group, hydrogen, an al kyl
group, or a cyclopentyl group) . 4 . The hardcoat
conposidsi on a€rord to any of Clainms 1 to 3,
wherei'n t he cqnmpongnt (B) conprises a closed type
cage-s squi oxane represented by Fornmul a
(6) orla parti al n type cage-shaped-1ike
si |l sesqui ne r ebwnted by Formula (7) , each
havin%¥3t | east one sfore cationi c polynerizabl e
group Rwherein R13 t B R3G8pach i ndependent|y
represent a cationic polynerizable group, hydrogen, an
Wdiain gfbup, RE ewechopratyéndgollp, mwprasent| shexytoxyl group, a
group . 5 . The hardcoat conposition according to any
W d R tdnt 0ad alwhi chreonpsi ses adtkolkgagiroope or
nore ul traviolet absorber having a maxi num absor pti on
wavel engt h of 320 to 400 nm (UV-A) , as the Conponent
(F) . 6 . The hardcoat conposition according to Caim
b, Whereim e ul Ebaybel et orbserheti hawonglaimagi mum
absorption wavel ength at 320 to 400 nm (UWV-A) is a
2- hydrgxyhenzepheranesbasedst! shavdOlneireakgorbetiazine-based
represented by Fornula (8):wherein R31 to R33 each
dndependent Ly J-eBESS 8At /8 hy A yd t G010 e -BalRidr ageRaviolet
atom an al kyl group or an al koxy group.
absorber as the ultraviolet absorber having a maximum absorption

wavelength of 320 to 400 nm (UV-A).

.8; The hardcoat composition a;cording to Claim 5,
which uses at least a Z—hydroxybenzophenone—baseCiultraviolet
absorber in combination with a triazine-based ultraviolet absorber
and/orakenzotriazole—basedultrévioletabsorber,astheultraviolet

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 amoght
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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7 . The hardcoat conposition according to Caimb5 ,

whi ch conprises at | east one or nore of a
woni@asnai based ul travi ol et absorber and/ or a PCT/JP2007/050863

benzotri azol e- based ul travi ol eg5absorber as the

ul travi ol et absorber having a maxi mum absor ption

wavel ength of 320 to 400 nm (UV-A) . 8 . The hardcoat

conmposition cording to Caim5 , which uses at | east

gxiybenzophenone- based ul traviol et absorber in

th a triazine-based ultraviolet absorber
ri azol e- based ultravi ol et absorber, as
| ol et absorber having a nmaxi mrum absorpti on
3of QZOQBO 400 nm (UV-A) . 9 . The hardcoat
conposition accordrng to any of Clains 1 to 8 , which
further conprises a conpound having a di nmet hyl sil oxane
haletror, r eppesantied dy irofeyara £¢6) astcohponeht (G
in an anount of 10.0 parts by weight or |ess based on
100 parts by weight of the total of (A to (D
wherein x i represents an integer from1 to 10, 000.

1D. Thﬁné‘@fa@@@@btc@ﬁﬁﬁaisl{:@dﬂn agcasiing tto Claim 9,,
~wherein the conpound havi ng a di net hyl sil oxane

skel et @S atpel ¥6h ndﬂhﬂv&nbed Pohatdivetinyxsinkoxhaketon is a
represented by Formula (10) or sil sesqui oxane bonded

%é? Jdiadrihahaibe 981 G 1ahaisn 18kade reipbhsshicexane Formula (10)
erein R35 represents a hydrogen atom or an al kyl

é? AE% dﬂ%x%n%obﬁngéﬁbge 8 O'Ra i IR J1@PIeSeftd® ahain of
ydr ogen aton1 an al kyl group havi ng

dimethylsiloxane:
CH, Sy N [ CHs 1 CHy
Hﬁ—?hﬂ ?—0 ?—o ?—Cm
CHj, (?Fb)n4 [ CH; JX20H3
?
*
Cl;H—“Ras
R
L or* y 0 (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 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, 1s

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

welght of the total of components (A) to (D).
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1 to 4 carbon atons, a cationic polynerizable group,
or an ethylenic unsaturated group; n and n5 are each

wanoisgeger from1l t o 5 ; X is an integer frorCLJIPmO7/050863

70; y is an integer froml to 8®; and y/x2 is 1 or

| ess. 11. The hardcoat conposition according to any of

Clains 1 to 10, which further conprises silica

nanoparticles as conmponent (H) , in an anount of 10.0

parts by weight or |ess based on 100 parts by wei ght

1¢f. t h&htohakdopat ompurnsitts qrARCERr¢ D) . 4P anphef Claims 1 to 11,
har dcoat conposition according to any of Cains 1 to

11, wweeekennt hbevissossity off tthe conposition reagyiasdby a Type
by a Type E visconeter at 25 0Cis 1 to 500 nPa-s. 13.

FA vinlcded tart atl 85havingl a&elrtéd offal-m.f or med by

appl ying the hardcoat conposition according to any one

of Clainms 1 to 12 on the surface of the nol ded

article, and then curing the conposition. 14. The

1l ded aptidebeaactoldimgring @ aumed3filmefeimed Heyy applying the
nol ded article is fornmed of at | east one selected from

v dddicakr ebRpbeit esh@iomiiy eepaxy swsidf Cl5inA leps 12 on the
having a cured coating filmwhich is fornmed by

AR NG it hechabdaeat a eo1pDs, tdran aeeordirnggt ohanyomofosition.
Claims 1 to 12 on the surface of the lens', 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.



