WD 2006/ 095469 PCT/ JP2005/ 020247 DESCRI PTI ON PLASTI C
LENS AND METHOD FOR PRODUCI NG PLASTIC LENS FI ELD OF
THE | NVENTI ON The present invention relates to a
PO2896/085468ns with an antireflection coating BET/IP2005/020247
organic thin filmand a nmethod for production thereof.
BACKGROUND OF THE | NVENTION Pl astic | enses are w dely
used in the field of eyeglass because of their

lirghter wei ght than gl good nol dability,
processability, dyeabi iﬁ%bﬁfgﬁ@% gh safety (wth *
good resistance to breakage). However, plastic |enses
are soft and vulnerable to scratches; therefore, they ’
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are sonetines provided further wth an antireflection.
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om an i norgani c substance.
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plastic lenses for eyeglass with a high refractive

i ndex i nclude urethane-based plastic | enses and

I%SCR@I&% %@ﬁﬁg}ﬁmfmes. Pat ent Docunent 1

rven belo I'scloseés an optical material having
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nunber tical material i's base
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Lok b S 5 SR DAY,
tﬁ&leﬂxjal t‘:ﬂe)y Jl%vﬂt%gided with a hard surface coating layer for protection
from scratches. Moreover, plastic lenses are sometimes provided further
with an antireflection film on the hard coating layer to prevent surface
reflection. This antireflection film is formed by vapor depoéitibn from an
inorganic substance. The surface layers on plasﬁc lenses contribute to the
high quality of plastic lenses.

New materials with a high refractive index are being developed to
produce thin and light plastic lenses. The most widespread plastic lenses for
eyeglass with a high refractive index include urethane-based plastic lenses
and episulfide-based plastic lenses. Patent Document 1 (given beiow)

discloses an optical material having both a high refractive index and a high

Abbe’s number. This optical material is based on a compound which has one
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active hydrogen groups. Patent Docunent 4 discloses-a
‘conpound having two or nore nercapto groups in the
nol ecul e. The above-nentioned plastic lens with a high
refractive index requires that the hard coating | ayer
formed thereon should al so have a high refractive
index to prevent interference fringes. To neet this

requirement, the hard coating layer is usually formed
anosi | i con compound
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plggtiadensendiaying the deonretbhne siyctireanhichig bBKIiSEY by reaction
having a high refractive index, as disclosed in
basgtesnta plyinveyanats @poiingi areha bekpound HRLE p%%%hﬂﬂ)“‘ﬁaving
ways as disclosed in Patent Docunents 7 and

adseledwydropery growel. v Pdthet Dseu@bn e el ek Qlecd‘ﬁlg(?u]il% having

particles sol of rutile-type titanium oxid

tweoart inoge cerpastiotdgronps o thdmolieglof conposite oxi de
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has a refractiveé in

0.10 d al h
as §Ralkag éﬂs @éférggﬁ?%u%%%esﬁ?ng %nglven bel%nw gI‘}fege a?g o?her ways

t hi ckne
as disclosed in Patent Documents 7 and 8 given below. They involve the use

of metal oxide fine particles sol of rutile-type titanium oxide
as the coating composition, or the use of composite oxide fine particles sol, the
particle of which is formed from a nuclear particle and its coating layer.
The nuclear ' particle is composed of a composite
‘solid-solution oxide with a rutile;type crystallite of titanium oxide and tin oxide,
and  the coating layer is composed of a composite .oxide of silicon oxide and

zirconium oxide and/or aluminum oxide, which covers the nuclear particle.
The antireflection film to be formed on the hard coating layer with a

high refractive index has recently been disclosed in Patent Document 9 given
, e



[ Patent Docunent 1] Japanese Patent Lai d-open No. He
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antireflection film which is an organic thin film
thiw fitme bas pirefractive indarelomer thapshal ofithellwed watingdeyer by
of the underlying hard coating |ayer and hence it
ns»d@é$ thamOH&zand alsp degrecihickinae vEP0 thdbBgma. very thin
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underl ying hard coating layer is poor in weather
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DISCLOSURE OF THE INVENTION
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deteriorated with tine. The present invention was
conpleted in view of the foregoing. It is an object

of the present invention to provide a plastic |ens

WD OPO/ER4Pbi t s out st andi ng weat her resi st ancBCHIRE005/020247
light resistance with a mninmum of deteriorating

ef f ect on the organic antireflection thin filmforned

t her eon. i s anot her object of the pr esent
[ nvent| t net hod for i,ng. such a
pl astic ng’ ogéce%rﬁf%ﬁ%dl Wtﬁgfﬁté?n i agnerganghthin

resent i nvention
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RetcdRRRtaSw AR 1hgani ¢ group of carbon number 2 or nore
whi ch has reactive groups capable of polynerization
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antireflection filmis an ofg

@n bBfetast ﬂh\éepfegtgi?t)ﬁn% hﬂ}ﬂﬁﬁz?‘ hpoavgd% gaﬂ:&ﬁ%fl%ieglg v{r}%ﬂ gxhibits

coating |ayer ess

SRk EIIgRS m%fatﬁtgr fe‘%m];glg c?gs | irlligﬁwze%ge ggl{:c? gp 1thoa gﬁtggﬁnhlga of

present invention reS|

digbribafing BB i ti ‘%ea%ttire %ﬁfﬁ%ﬂ}lpgﬁ&(? gél%aft ereon.

oxi de fine particles rar g

it inh@tHe#Obgedt &8 tﬂé‘?rés'eﬂt e%%l Stloﬁ%rgg eosI tgh cﬁfolgdtp?g ucing

titani um oxi de n oxi e an
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cOhpbsed dMEpRALLI1EAEBadd Gk H&?alt Q%Sa%d\@gaﬁng layer formed on the
plastic Iens base material, and an antireflection film formed on the hard
coating layer, wherein the hard coating layer is one which is formed from a
coating composition containing at least components (A) and (B) defined below:
(A) inorganic oxide fine particles having an average particle diameter of 1 to
200 nm and containing titanium oxide with a rutile-type crystallite, (B) an
organosilicon compound represented by the general formula of R1SiX13 (where
R! denotes an organic group of carbon number 2 or more which has reactive

groups capable of polymerization and X! denotes a hydrolyzable group), and

the antireflection film is an organic thin film which has a refractive index
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have a core/shell type structure fornmed from (i) a

nucl ear particle conposed of a conposite oxide of
titaniumoxide and tin oxide or a conposite oxide of
“titaniumoxide, tin oxide-and silicon oxide, with a

rutile-type crystallite, and (ii) a coating |ayer

conposed of a conposite. oxide of silicon oxide and

zi rconi'um oxi de, a conposite oxide of silicon oxide

and al um num oxjde or a conposite oxide of silicon
108%3'1' ,anztlhlaé ehtharhard et gl agre o vy monbe 6 tlgken 0.1\@‘5]&{]3]_80 has a

covers the nuclear particle. According to the present
thigkpensi B0 tonkb0 mor gani ¢ oxi de fine particles

incor%orated into the hard coating |ayer contain

titani th@mrdiaaSIBB:ota]ﬁ_xhe Qiresdrtti miveatPASiekidRR. int i ke lens as defined

in ggatfl ng | ayer has a high refractive index. In.
AirtEhASPETY SHieuftidhel snatigahicaoxideifine pypidcles

crystallite (rutile-type titanium oxide) is lowin

opt i caFoRigtn aicoy positkokéde ¢fttetantiindide awl thh &fde or a composite

anat ase-type crystallite (anatase-type titanium

oxidxiodejtantiu o884’ Aald LARSnOKGh 2% Qﬁmgé'- 3{& crystallite
deconpose organic matter when it receives ?lg f B

i.cal Aactivity.. o i tani um oxi de is due
amfgggﬁénf%c? a?‘%&%ﬂg"ﬁg éﬁ?%geri (%/f k {?eéé{ﬁlﬁfnanc e band get
excit ' i @t ith.light (ultraviolet , _
Py P U dopE A O Aol e ifon s d ot lanéic lens as defincd in

rays),
HO2 free radicals. which deconpqose organic matter by
the;seeppd A5pgH V@WB}%F IHERARIC @giele s pagsicles mwhidenthose which

ha@xi glecdrg/shRIie tifalkificthan f@flﬂégsﬁbw R®. %i L3R Um gé}tg(ﬁe

interms of thermal energy an ence it generat
very few free resthpadesl. offAusnihesifeabglide CoORE L NGunP¥SSde and tin
incorporated with rutile-type titani um oxide excels In

oxid@at hebompBs§its bafe i Sik 5l apog. . apd.the . :
antir ef?rengt ion film %ﬁmﬂa}%Hg?éxgﬁt ﬁlﬁlng‘g@re g%rhcpéﬂﬁoflnﬁmfi@ with a
] teri ted hy.the hard coating |layer. For this )
?“tfri‘gggg% ,C%%t%iel%& ﬁélﬁi () 2 pratipg, g%éﬁfn@ﬂ%()&ﬂldeofpa goamosite oxide of
'l'i nvention is superior in weather resistance and |ight
s1hGoRsdlg dud zimeaTymiode, mygeeandsitemixide oksitieowseidlei and Mewminum

'(g(esent invention may be in the formof inorganic
oxicxprie doimmeospiardiidé ef silicoh oide)tdit@mbwReoaaY $hdl AhbSinum oxide,

which covers the nuclear particle.

According to the present invention, the inorganic oxide fine particles
incorporated into the hard coating layer contain titanium oxide. Because of
* this composition, the hard coating layer has a high refractive index. In
-addition, titanium oxide with a rutile-type crystallite (rutile-type titanium
| oxide) is low in optical activity, unlike titapium oxide with an anatase-type
crystallite (anatase-type titanium oxide) which generates a strong oxidizing
‘power to decompose organic matter when 1t receives light (UV) energy. The
. optical activityr of titanium oxide is due to the fact that electrons in the

‘valance band get excited upon irradiation with light (ultraviolet rays),
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containing a conposite oxide of titaniumoxide and tin
oxi de or a conposite oxide of titaniumoxide, tin

oxi de and silicon oxide, with a rutile-type
crystallite. Even this rutile- type titanium oxide
generates free radicals (nentioned above), therefore,
it is desirable that the nuclear particles of said

conposité oxi de should be covered wth a conposite
a

1 iLli-con, ox] and zir.coni_ um oxi de,
?%ﬁ%%’sﬁ’ {’eéiseE%JFlEEQthﬁ g ¢lp @ad Q2 flea madivalowihsa,
Qfec%nﬁgg@%i te oxide of silicon oxide, zirconium
oxI de Pand A matteyddeinstrnog ghiditiegpoatear Rutile-type
gﬁrt icles, generate free radicals having a strong
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%@f@er&&n@i&ey ‘tpass t hr ough ta;rcoati ng : ayer '
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Thus the hard coating | ayer i n‘f:lfgr por at ed dv}n&tglﬁ' tﬁgrus the hard

Forirminyer dreatporitng wish tritile syfeStiENREE id] . her
resistance and |ight resistance and it doelcslég}é}flﬁgtm weather

tretdanee anddighteesistdncef heg theantibAdBophkch ﬁ%ﬁ{@e}s hai in

organic film formed thereon. For this reaso

gasiq Gl brsnetakaedbngeld Gyt o nt i is.
?uperi or in weather 1(;a\lc;\l) O%g/%g}ggﬁgw}%ﬁm%f GEWWSOH»

thegilastinbmseaudotdigBtio tBS b$ fourth aspect o
the present- Fnvent ?o-(r)r r egi %%g??%v%ﬁgonpﬁé@tpﬁ@wé’_ﬁé"’ea&Ler

mgefstameck amd Bkt eagsiahct he first to third aspects,
wherein the antireflection filmis an organic thin

i:(; :?; ﬁﬁgg%%%%&?%ﬁhﬁ%@gg&?gg& i g ?hﬁ’?s%%zix:z%?t%org gaeay be
A T AT ) S
congan, SCoMpa L B0 B35 GG EEPELE
oxide of ti%%ngs{gf&%aé ?@%ﬁﬁo!ﬁ%& ?ﬁi@n%%ﬂ?é‘epéw%g' ;agtiﬂr%;ty;n (g;gﬂa;lm- Even this rutile-
type tigﬁilf‘;'ﬁ? ?Jgic{}'néégﬁggﬁeg%iﬁl%%ﬁé%g ?@{é@ﬁiapgg BHOYT o aroms is
d%ﬁg&ﬁ%lﬁgf]ﬂ?egﬁg@%gggéﬁﬂ%}gé of gallildrgom%rc])gitg Igiidceosn}.f)oeﬂg rllate covered
with a composite oxide of silicon oxide and zirconium oxide, a composite oxide
.of silicon oxide and aluminum oxide or a composite oxide of éilicon oxide,
zirconium oXi'de and aluminum oxide. Although the nuclear particles
- generate free radicals having a strong oxidizing power, such free radicals are
unstable apd disappear while they pass through the coating layer owing to
the catalytic action of the coating layer. Thus the hard coating layer
incorporated with the inorganic oxide fine particles is superior in weather
resistance and light resistance and it does not deteriorates the antireflection

film (which is a thin organic film) formed thereon. For this reason, the

plastic lgns according to the present invention is superior in weather
6



particles, adjusts the refractive index. The fifth

aspect of the present invention resides in the plastic
lens as defined in the fourth aspect, wherein the

W0l 20009546he particles are hol |l ow ones. Hol | oRCBIR2DASH20247
fine particles can |ower the refractive index of the
antireflection film thereby increasing the

.difference in refractive index between the

apédisiahleeahl Uy Hk! the hard coating |ayer and
enhanci ng thg& aﬁ%%gdﬁ%gbti on effect. The sixth aspect

of the ' ' resides.in the plastic |ens i
25 | dof | agenret (R bethd B Rt iniRabgn Absidne s phe plstio lens
f heg | 0 iL.ch . have an average .
part ?fgllaée& idlfgl?rfé? g‘% g%‘%ﬂ%%%tt\ga féﬁdrﬁﬁpﬁﬁtﬁ’ Wheesip 4Be japsireflection

| AL Xs ah JDGH LT ‘ 1.39. The seventh aspect
of t hséapr e%%ntg ﬂl‘l{}ﬂ\?glr?t} F%lﬁn%cggrioajeg'c%m?ﬁ§°IBP8§§1P§'q0§Fﬁmng the

a& HeR@d (M /D f first to sixth aspects,
mggg n the ’coat?(%)g&?iﬂ%%ﬁ%y 095469 PCT/ JP2005/ 020247

AEIP QS &4 : yating l.qyer further
cont ai ns ggﬂg%lﬁgof%%%? %Ig? 9%%8??/%3@%%@“5%31@9@“1? of
ERARRYSEXH, L Grhers RAINEY Q?xtdrggxgﬁlc &b %ﬁ&pﬁ%:%g%w groups

. I nproves adhesi on between the
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vapor - deposited antire t1on functions as a

A i e B A G 50
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mtﬁﬂesnaajﬁ@ﬂ@reﬂ&%iv%ii%ﬁf&. aspect of the present
invention resides in the plastic lens as defined in

22%/“ ?Léﬂlﬂéeﬁfﬂh bshed: Of ERY 5%&8119?1&%%%?@ L iilq tflg glastic leﬁs as
defined in the fourth aspect, wherein the silica fine particles are hollow ones. |

: Ho;llow silica fine particles can lower the refractive index of the antireﬂecti.on
film, therebj increasing the difference irn refractive index between the |

antireflection film and the hard coating layer'and enhancing the

antireflection effect.

The sixth aspect of the present invention resides in the plastic lens as
defined in the fifth aspect, wherein the silica fine particles are those which

| have an average particle diameter of 20 to 150 nm and a refractive index

ranging from 1.16 to 1.39.

The seventh aspect of the present invention resides in the plasticlens

as defined in any one of the first to sixth aspects, wherein the coating
7



conposition for the hard coating |ayer further

contains as the conponent (D) an organosilicon

compound represented by the general formula of

RINBPP4468 (where R2 denotes a Cl- 3 hydr ocar BPONIP2005/020247
group, X2 denotes a hydrol yzable group, and nis 0 or
1). This organosilicon conpound further inparts
durability (particularly scratch resistance) to the

%gjg: ' ry The ninth _aspect  of the present
i nv no;‘sli)cgc# E%glklgél;% rfl Gogtine ?}}Yggtf}l{t?lpgﬁ%ntaggs @ pblyfedctional epoxy
a5 e first ei ght h aspects, wherein the
cog%ﬁgdqisog#%ocgwogﬁnﬁ gq)‘t he hard coating | ayer

j E) a disilane

compound i dpoduas s Aot h ERRr W taproves adhesion betweon the
PRt AR R e G Taves. 2 Rcexa imaetwes the water
EaSkRe By BRI ARG BRkPad fmbipsclerpbiey b isubard coating
A o anOrBlnic Ve Yo it8A e A aaRn brndtipreamicn
e AR VPR B¥Thver RBete: ff anprotiasiongiie

O A€ 2 BT oraghe BT de s R uiecharel gy lavox nevds

R e P U e 406 HeRip ol ps imparsesbprayonss the
AR arRpBer by 30k i Shyheeh RRRees reafatanscns wel as

Whid? @sictddde-type crystallite, (B) an organosilicon
conmpound represented by the general fornula of

nonber 15 SREHE Al e by e PP fort SR ocibtnlaotag Toms
BRI AT BB ikl o NI a8oachd S Rexkp thscomtint, 1

PR RO W00 WEF pERL ek AR Sl ap th o pgnans ()
an5gahidlicth dfinpithLeitebdfof b thS RS Hrmela O RI-30,.

(where R? denotes a C13 hydrocarbon group, X2 denotes a hydrolyzable group,

andnisOor 1). This organosilicon-compound further imparts durability
(particularly scratch resistance) to the hard coating layer.
The ninth aspect of the present invention resides in the plastic lens

as defined in any one of the first to eighth aspects, wherein the coating

- composition for the hard coating layer further contains as the component (E) a
disilane compound represented by the formula X33-mSi(R3m)-Y-Si(R4m) X431,
(where R2® and R4 ,eaqh denotes a Cj-¢ hydrocarbon group, X3 and X4 each
denotes a hydrolyzable group, Y denotes an orgahic group containing a

. carbonate group or epoxy group, and mis O or 1). This disilane compound
8 _



The el eventh aspect of the present invention resides

in the nmethod for producing a plastic | ens as defined

in the tenth aspect, wherein the inorganic oxide fine

particles with a rutile-type crystallite contain a

- conposite oxide of titaniumoxide and tin oxide or a

conposite oxide of titaniumoxide, tin oxide and

%%gﬁcon oxide, with a rutile-type crystallite, and :
eages theenayes raterwheh ehd bR 1,..t0.200 nm The -

twel fth aspect of the pregg%t Lﬁ%éﬁ?ﬁ%ﬂhpﬂé$8€§ﬂ1H“?ﬁbehard

ptinglldyer. producing a plastic lens as defined in the
el eventh aspect, wherein the inorganic oxide fine
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resy :
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of PFOHRAHYE eaopPasanable efipolysmatetdtiRcaad XaM3RE Of
hé(ﬁe temh to twelfth aspects, wherein the organic
PHT PGP xh@}fbfﬁrBIlaEIMed{arﬁidomihé 1f95ed %{gm 2
ﬁlcoa{gl ng con%gsLU on containing the conponents () ¢ fhin
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15ﬁr oups capabl e of polynerization; R6 denotes
yHPocarbon group; X5 denotes a

The eleventh aspect of the present invention resides in the method -

for producing a plastic lens as defined in the tenth aspect, wherein the

tl L3 . - . . - ’
| 1n oxide and silicon oxide, with a rutile-type crystallite, and have an average
particle diameter of 1 to 200 nm.
. . . o
he twelfth aspect of the present invention resides in the method for
producing a plastic lens as defined in the eleventh aspect, wherein the
Inorganic oxide fine particles include those which have a core/shell type

 structu ' j
| re formed from (i) a nuclear Particle composed of a composite oxide of
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hydrol yzable group; gis O or 1; and r is 0 or 1) (Q
silica fine particles having an average particle

di aneter of 1 to 150 nm The fourteenth aspect of the
pioeeaiosisavent i on resides in the nmethod for PCDMRRISNG0247
a plastic lens as defined in the thirteenth aspect,
wherein the silica fine particles are holl ow ones.

The fifteenth aspect of the present invention resides

in the nmethod for producing a plastic |ens as defined
fitardny ofide hedttin pxide nirla cntbdstierdxédndivitaspecssde, tin otide
wherein the silica fine particles are those which have
amd siliepageide; path & chidldiametrgstatiite? Bnd ¢iill % Qoating dulex
refractive index ranging from1.16 to 10 WO

2008/s04 54 6 ToREHAIIP2E0 daditebn oxid8Gand aircBRHSIM belde, ROR
CARRI NG OQUT THE, | NVENTION The fol | owm ng descri ption
dosnsrie exxmddofditibon diade mnddilnennsmodxidder apoagestie oxide of
invention for the plastic I ens and the nethod for
plicvuciide, tir@nphastkiide ahdaduminme saidmyivddehrentarsdhe nuclear
not intended to restrict the scope of the present

narvight i dihe Mheggpliadinepartnksaetiordiabgve praveat phe segnic thin
i nvention is conposed of a plastic |ens base

fhen es the antiréfiactionddn frgm being detemerterhby tibe bhaad toating

| ens base material, and an antireflection filmforned
layen hdhvsrtdie goetthiodgives/z plastic lens exdelling irewieatibri nesishence
conbi nation of the hard coating | ayer and the

amnek lightf teststamee.f i Im There nay be an instance where a
prinmer |layer is interposed between the plastic |Iens

base matke thirtesnth akpedtaf thepresenyindvension redides ph sls¢ inethod
| ens base material is a material which has a high
ferpragaicinga phassic. lemh as dafived it ahyohe ¢ shertantbribytwelieh
current|y avajlable ones but also those which will be
agpedh opherein thyerganic thin fitheantheantateflohdon dilm is formed from
preferably}- have a. refractive index _no |ower than
ajcogbingmopinostiinn ontainingishe componeits| (Fhand (@) Hefihed below.
refractive index is a conpound having in the nolecule

(F) an organosilicon compound represented by the general formula of

R5,R8,SiXb4.q+ (Where RS denotes an organic group having reactive groups
capable of polymerization; R¢ denotes a C)-¢ hydrocarbon group; X5 deﬁotes a
hydrolyzable group; qisOor 1; and ris Qor 1)
(G) silica fine particles having an average particle diameter of 1 to 150 nm.
The fourteenth aspect of the present invention resides in the method
for producing a plastic lens as defined in the thirteenth aspect, wherein the
silica fine particles are hollow ones.
The fifteenth aspect of the present invention resides in the method
for producing a plastic lens as defined in any of the thirteenth and fourteenth
aspects, wherein the silica fine particles are those which have an average

‘particle diameter of 20 to 150 nm and a refractive index ranging from 1.16 to
10



one or nore disulfide linkages (S-S) and an epoxy
group and/or thioepoxy group. It is an optica
mat eri al which has both a high refractive index and a
WOR06A9BY s nunber. There is another optical Pel/@nRN0sa20247
havi ng the thiouretbane structure which is obtained

by reaction between a poly(thio)isocyanate conpound
and a conpound (such as pol ythiol conpound) having an
active hydrogen group. A conpound having two or nore
medSf8pto groups in the nolecule falls under the same
category. 11 WD 2006/ 095469 PCT/ JP2005/ 020247 The
conpound having in the nolecule one.or nore disulfide
i nka es S—g) and an epoxy group and/or thioepoxy :
orBEB T MORIFOR CarimUT THE INVENTION
bIS(2 3 egoxypropyl)d|sulf|de and _
T4 bt ) ooy conpounte Mo ne SRchMBSfBAR: pmbpdimentyofch
t iﬁe‘?’ﬂtgm{ﬁ)’/@}oggr\ﬁbé plastie legs and the method f

1%%2 3-epi t hi opropyl di t hi o) net hane, or producing the plastic

hese embegiapytsdire oo jietehded to regtrict the scope of the
bIS 6, 7~ epi t hi o-3, 4-di t hi ahept ane) sul fi de,
*‘t?ﬁ‘ttm%wz 5- bi s(2, 3- epi t hi opropy! di t hi omet hyl ),

1 3- bl%él 1 gﬂérnp ropyldlth|one t hyl ) benzene,
1, 6- bi s(‘2eR éﬁﬁl? Bpryling thibereebrt)indek o iRt st of

rgg%gidl t h| oet {aﬁ, -t hi ahexane, and
%?Wmﬂﬂﬁ%ﬂfﬂmem en ¢hé bRt NEns base

hi.0)epoxy co ds haV|n two or nore disulfide
I |&ln tag"‘é1 Pﬁ af‘H’gR E’@ @l o tipohactscomingiayess e qy i

nbi-nat J on W|th one anot her. The conpound
ﬁ‘g}%}%&“@?‘ﬁeﬁ?%&% not the hardcastingtlbye) oydees €

c 0 rrp ou n%ﬂ&l é&g‘f} ngme?e“ﬁg Ir{’gﬁ’é‘ @gilﬁfggg ;é'lrv;e g,ollz}llrlnzz? %i: ?et: °
Sl
[ sophorone Il socyana %’?Pcﬂ?rg)?é“ 4'1 F@é‘%ﬂah@ﬁehigh

g‘ﬁzi&fﬁ %ﬁf glug?lrléﬁna lﬁialtqc Ud%IB ICPI%E P@&;ﬁm%ﬁmlﬂﬂe ones
bue Bls@%h@ées{vhﬁﬁcgyﬁf@g Eé‘Q}aﬁtl!;}}é"ld)irsx L Ifgtetzre ar %gg tn:llzfterial should

preferably have a refractive index no lower than 1.60. A currently available

i

muaterial with a high refractive index is a cbmpound having in the molecule

~ 0pe or more disulfide linkages (S-S) and an epoxy group and/or thivepoxy
group. It is an optical material which has both a high refractive index and a

‘high Abbe’s number. There is another optical materiﬂ having the

- thiourethane structure which is obtained by reaction between a

poly(thio)isacyanate compound and a compound (such as polythiol compound)

having an active hydrogen group. A compound having two or more mercapto

groups in the molecule fails under the same category.
11



sul fi de polyisocyanate conpounds, such as 2-isocyanate
phenyl - 4-i socyanat e pgenylsuLflde; aromati c disul fide

i socyanat e conmpounds, such as
gﬁg%kaW§%@yanatepggnyl)disulfide; sul f ur - cont BCHIRPG05/020247
alicyclic polyisocyanate conpounds, such as
2,5-diisocyanate tetrahydrothi ophene; aromatic
pol yi sot hi ocyanate conpounds, such as

1,2- di ' ?ﬂ& Qb&g)\éﬁ?l h%gbenze@ge mgff: hateI gr more disulfide lmkages

pol yi sot hrocy f
SR TR PRI A %ga%poag%g%ﬁ 91.%8 ¢ ghaermemple, -
e
%E%%?S%%&?Qﬁ?{&%%ﬁ l &q%@aigé:lth%%éowl%;itﬂ:ﬁgp (wlgch are
e no
A R R H@agmhﬁmwﬁgﬁ
gg%g@%ﬁﬂﬁbgréﬁéﬁ)gﬁlgz y%uDgi%gg : Igfii%é’h‘ﬁ Jethane,
h I I
B&‘%E%P%M?%%F%sen AP r f”oﬁmn;j! ”:bh|w
TFg%m§%$¥gg??%gﬁgﬂg€gﬂﬂﬁdﬂﬂ%gﬁjﬁfﬁggiﬁgzﬁLfggngﬁ and
2’?3%%%?%@3@%@1) gﬁ%ﬁéﬁ!ﬁ% 2 SMEEYE rings, and t y
T T T LR R
het |
?ﬁ%ﬁ%ﬁ"‘é S i %I%%%lﬁe% ?‘?’%m HLOPgPG E%&w“n
@hioforfoll o] "&Bﬁs ha@ﬁiﬁ?\?& ¥E| g‘#&i‘ﬁﬁ‘a i:ggﬁg‘lﬁﬁn{jln olecule,

sul fur ato in the ¢

PR QoI PSR ds Qﬁﬁ; 56 ALY 2l 09' in Com%?%t&% Withrpme another.

mer capt onet hyl t i o groups in one

COMPOUMHe RBMAANE HIRAS % %%Pe%ﬁ eyfvh agg }:qtf)lao ﬂuo)cyanate

mer capt onet hyl thio gro e po

gfrrg?ﬁiggﬁﬁp(lf% ?c}i’ éyﬁ?nl%lg neys atg %&”'sﬁﬁfﬁ%‘éﬁﬁgﬁﬁguﬁgs Such as
ethylene diisocyanate, trimethylene diisocyanate, 2,4,4-tr1methylhexane
diisocyanate, and hexamethylene diisocyanate; alicyclic polyisocyanate.
compounds, such as isophorone diisocyanate, aromatic polyisocyanate
compounds, such as xylylene diisocyanate; 'sulfur'containing aliphatic
polyisocyanate compounds, such as bis(isocyanatemethylsulfide; aromatic
sulfide polyisocyanate compounds, such as -2-isocyanate phenyl-4-isocyanate
phenylsulfide; aromatic disulfide polyisocyanate com}:)ounds, such as

: bis(4-isocyanatephenyl)disulﬁde; sulfur-containing alicyclic polyisocyénate
compounds, such as 2,5-diisocyanate tetrahydrothiophene; aromatic

polyisothiocyanate compounds, such as 1,2-diisothiocyanate benzene;

aliphatic polyisothiocyanate compounds, such as 1,2-diisothiocyanate ethane;
12



3, 3-dinercaptonethyL;1, t

5-di mer capt o- 2, 4- di t hi apent ane, o

3- mer capt onet hyl - 1, 5- di ner 6apt o- 2, 4- di t hi apent ane,
womawgcwenet hyl t hi o-1, 7-di mer capt o- 2, PCT/JP2005/020247
6- di t hi ahepat ne, - 3, 6-di ne rcaptomet hyl -1, 9 -di nercap

to -2, 5, 8 -trithianonane, 3, 7-dinercap tonethyl-1,
9-di mercapto -2, 5, 8 -trithianonane, 13 WO

[ JP2005/.020247 . . _ |
paak ﬁg’?’?i‘?‘ﬁ f&%ﬁ%ﬁggiﬁ?ﬁ?ﬂw swidore |
ét-héﬁiﬁﬁﬁéﬁgﬁ‘%ﬁgﬁ%@%ﬁ{orret hyl t hi o- 1, 5- g
di-mer cag§,grdi Bl dRe0LAN re thio] ropRsan the molecule, which
L T PP o) sy, e o
i S48 NP R R, 15

- - 3D} 0- 6, 7,11-tetrathjiadodecane
;shg)eglo)tl% Ig%(ﬁ%szggg ?sgogéehg?)tizxixgﬁetghrrzfs, s%ouida preferably be a
%),o tglcgcgﬁ%%ﬂggg}%ﬁ?ng fwg(,) L pioge 8%&}'8??%1‘8]"?5 in the molecule
i&rﬂébl% Fé;%%?%;%?%%g%ﬁhé %’Fﬁ%r@} ’frir?ﬁugiagl?elllﬁ{vgﬂ'ghls polythiol compound
' hi . Lt hi th’l.-l,3-dithi et hane, and
B S A R e YRy o 9o mwesctomsience

may be used a!one or in conbi nation
\}I\nﬁfeﬁﬁgﬁg&gﬁgﬁér. O her pol ythiols include, er

exanpl - o
4- rrenfcg?bt(%(rjrgt?%@qt- 3,6-dithio-1, 8-octanedithiol

repr esqHead Myeddifs £ roggélﬁc (régﬁdg*é r%lggl\gmlgé Q%:&?@rq{%grnigg ,Oz!md t

tetraki 3(3- mer capt opr opt gnat chior o e% by the
Torml (o Sber o 2P BB af o e ofmore
selddeddiEobh Anear or branched aliphatic groups, alicyclic groups,
heterocyclic groups, or linear or branched aliphatic groups, alicyclic groups,
heterocyclic groups containing sulfur atoms in the ch_ain. The compound
should have one or more (preferably two or more) mercaptomethylthio groups
in one moiecule. Thé compound may have mercapto groups in addition to the
mercaptomethylthio gfoups.
The polythiol compound represented by the general formula above
- includes, for example, 1,2,5-trimercapto-4'thiapentane,
3,3-dimercaptomethyl-1,5 'dimercapto-2,4-dithiapenténe,
"3 mercaptomethyl- 1,5-dimercapto-2,4-dithiapentane,
3-mercaptomethy1thio-1,7'dimercapto-2,6-dithiahepatne, '
3,6-dimércaptomethy1-1,9-dimercapt0'2,5,8'trithian0nane,

3,7-dimercaptomethyl-1, 9-dimercapto-2,5,8*trithian0nane,
13



- S 3) 1
2) C (CH20CCH2CH2SH) 4 R R2 |1 | HGS-CH (
ilR(S %?4 14(V\D 2006/ 095469 PCT/ JP2005/ I020t24g f(\/\Arwnellr_le
nd R4 each is a group selecte ro ,
§1@@§2@95§3€i—|ngH2CH28H, CH2SH . | . CHSCH2CH2 SP{- T/g805/020247

has four
SCH2CGH2SH | -CHSH so that one nol ecul e
oC:r_Qrmre SH groups.) The tetrathiol represented by the

formula (3) above includes, for exanple, those

, : , (9
comuudtyap gl SN AL (3,

bel ow.

1 COH2-S-b2  HSCH2 (B)
CHASH CE256H S .
0 DO Dot o S O R T A ano

3'mercaptomethylthio-1,5 -dimercapto-2-thiapentane,

s

1, 1,2,2-tetrakis(mercaptomethylthio)etﬁane, 1,1,3,3-tetrakis(mercapto-
methylthio)propane, 1,4_,8,11-tetramercapt0-2,6,10'trithiaundeéane,
1,4,9, 12-tetramercapto-2,6, 7,11-tetrathiadodecane,
2,3-dithia-1,4-butanedithiol, 2,3,5,6-tetrathia-1,7 -heptadithiol,
2,3,5,6,8,9-hexathia-1, 10-decanedithiol,
4,5-bis(mercaptomethylthio)'1,3-dithiorane, |
4,6'bis(mercaptomethylthio)'1,3-dithiane,
2-bis(mercaptdmethylthio)methyl'1,3'dithiaethane, and
2-(2,2'bis(mercaptomethylthio)ethyl)- 1,3-dithiaethane. These compounds
may be used alone or in combination with one another.

| Other polythiols include, for example,
4-mercaptomethyl-3,6-dithio-1,8-octanedithiol represented by the formula (1)
below, pentaerythritol tetrakis(3-mercaptopropionate represented by the

formula (2) below, and tetrathiol represented by the formula (3) below.

HSCHzCHzSCHz(IJHCHzSH M
SCH:CH.SH
0
f (2)
C (CH0CCH:CH,SH) 4
R Rt
oo '
HC-S-CH (3)
kR

14



CH2SH HSCH2 CH2SCH2CH2SH (C) CH S-CH HSCHz CH2SCH2
CH2SH HSCH2 CH2SH (D) CH S-CH HSCHz CH2SH

HSCH2CHz SCH2 CH2SCH2CH2SH (E) CH S-CH HSCH2CH2SCHz
T28EHRRAId2SH CH2SH | CHzSH CCO HSCHzCH2SH | PCTYP2biB020247
S- 6H (G CHSCH2CH2SH CHSCH2CH2SH ~HSCH2CH2SH |
CH2SCH2CHZSH CH2SH Ot her pol ythiols include, for

exanpl e, di (2-nercaptoethyl)ether, 1,2-ethanedithiol,

1, 4-butanedithiol, ethyleneglycol dithioglycolate,

(whereﬂ:h‘y R&| Y, (amdrﬁ** ¢achsistahgrogbysetdctadefrom

pentaerythritol tetrakis(2-nercaptoacetate), i
Hi, pere3idy (EsS CdeCHbBRaki s( 3- ner capt opr opi onate), /
di pentaeri t tr[_iég hexaki s( 2- mer capt oacet at e) , :
1, 2-di merca hzene, 4-nethyl-1, 2-di mercapt obenzene,

3, 6-di chl or §- -di apt obenzene,
3,4,5,6-tef géﬁﬁwggfi C1‘rer(:apto benzene,
o- xyl yl enedCHSEHCHSH\DO 2006/ 095469

PCT/ JP2005/ 620247 . m xyl yl enedi t hi ol ,
p- xyl yl enedCHBEDI , and

so that one molecule has four or more SH groups.)
The tetrathiol represented by the formula (3) above includes, for

example, those compounds represented by the formulas (A) to (G) below.

15



1, 3, 5-tris(3 -nercaptopropyl)isocyanurate. The

pol yneri zabl e conposition to be made into the plastic
| ens base naterial nay be prepared by mxing a

PO We198469 conpound with a (thio)isocyanate cBEHIRMNEG/020247
or a conpound having a (thio)epoxy group. The
pol yneri zabl e conposition should preferably be
incorporated with a polynerization catalyst for
(t hi o) epoxy group, which includes, for exanple,
tert1ary amli$€H. (sQHiSHas di met hyl benzyl ami ne,

e

trldlnethylantﬂpge fy! phenol ), and i m dazoles (such as:
‘et hyl methyli m dazol e). The pol ynerization catalyst for
i socyanat e éitSﬂHa I sot hi ocyanate includes, for exanple,

hyl aim ne, et hyl enedi am ne,
:Y:Bgt hﬁﬁﬁﬁ?ﬁﬁ ﬁand @EP@?@H& ani ne) and di butyltin

d| chl ori de aﬁﬁ—ﬁféﬁt hyltin dichloride. Mreover, the
pol yneri zabl e conp Sﬁion may optionally be
i ncorporated with ght stabilizer and an
ant i oxi dant H50H: adCH:8CK0H:ASH t he pol ymeri zation
C:’-\!F lyst. The ﬂa{_/\ggé' c lens is usually prepared by cast

meri zati of [ i nvol ves casting the
pol ymeH$(4hEH:8CompCHifE i nto a cavity and subsequent
pol ymeri zat| on (cur| nﬁg) by heating or irradiation. The
cavity is f8 wo round gl ass nolds tightly
a$Benbl ed by S]_SCI.Pf a gasket or an adhesive tape
attachedto eir Bldes In this way it is possible to
obtain the Pdlbti cCH:ns base material having a high

o éi‘ﬁfﬁgmﬁ?f on FESEBca of the plastic | ens

b e materi al a high refractive index and a

har d 15qat t hereon. The hard coating
| ayer cove W%C}izt hgé%$@g¢¥ﬁ 17 Il ens according to the
present ip§SHtion is formed froma coating conposition

k]

containin at | east the confihEnts (A) and (B) defined
bel ow. (AYH§WHGSthi ¢ oxi de ﬂlﬁgfﬁﬁ“ cl es having an
ayer ggespeticle diametgn o 2 _

|

(’IHSCHzCHzSH (!:ESSC;;CC};SSHH

CH:SH Bt

Other polythiols include, for example, di(2-mercaptoethyl)ether,
1,2-ethanedithiol, 1,4-butanedithiol, ethyleneglycol dithioglycolate,
trimethylolpropane tris(thioglycolate), pentaerythritol
tetrakis(2-mercaptoacetate), dipentaerythritol ‘

* hexakis(8-mercaptopropionate), dipentaerithrytol hexakis(2-mercaptoacetate),
1,2-dimercaptobenzene, 4-methyl-1,2-dimercaptobenzene,
3,6-dicHlor0°1,2-dimercaptobenzene,

3,4,5,6-tetrachloro-1,2-dimercapto-benzene, o-xylylenedithiol,
16



200 nm and containing titaniumoxide with a

rutile-type crystallite, (B) an organosilicon conpound

represented by the general formula of RLSi X13 (where

WP 2065198468 an organi ¢ group of carbon nunber BCTIP2085020247

whi ch has reactive groups capable of polynerization

and Xl denotes a hydrolyzable group). To be nore

specific, the hard coating | ayer covering the plastic

|8 j g he ;present .invention is forned

frgﬁglg@ggggﬂiﬁg%c%@ﬁ%eﬁefi%lﬁa #B%t ai ning at |east the 35

CIOSTBORRI0S- defined below. (A) inorganic '

oxi de %ﬁ?%@?@ggﬁﬁ%%ﬁ@u € average particle !

di anet . and..cont ai ni ng a conposite ‘
ox; de. orhprizhdhizble BOUBARORTH B thinte G140 3h0 ompsosilews base
A dGia®in 4+ | hde.. tin oxide. and silicon oxide,
wWth a rué{t)}i %%B% peg‘?;(?’;‘?sf?‘éfl‘r% ?é’f)iy((j”g}"léﬂmé’f)&&ﬁd@lthiacon
GHIDH r y. the gengral. fornul a of

KPR SREMGY O LM SEREE rine st Bl etorssmun.  The
HRRES i Z & el s_Leactive.groups capahle of

gol ymﬁi Zat F%Eﬁﬁgsﬁg%ﬁfﬁgléﬁa reegergghﬁ}f/‘af‘gq"y?‘gﬁlt“éi Hidum) .

?gl?d@iﬂtﬁﬁ.a&dgggs{: %S&%ﬁ%@%&g @eﬁc , S{ﬁlﬁﬁa&g&%ﬁ%%@ esgple,

ractive in
by oD aRbiRe S R R s i ey g lasmine,
ey g ant DI, Wb ORI BT, 30 Dot on i th
T ae R h e ] BBl B gani ¢ oxi de
e R b T 03570 Rt s arempnaigyna
‘e, yenk ieRydcs tor amBle. Sapineorihoyts (gl as ot amine,
e oy e AL ] W ch R S Sl B i Gichlorice
ARl dinfdtBP1tid QithRiri N9 M&feﬂ{)#] e ﬁigﬁguer}?zva%lea cg]lggggsition may

refractive i ndex and hence Rave
optionally be incorporated with a light stabilizer and an antioxidant in

addition to the polymerization catalyst.

The plastic lens is usually prepared by cast polymerization which
mvolves casting the polymerizable compouhd into a cavity and subsequent
polymerization (curing) by heating or irradiation. The cavity is formed in
two round glass molds tightly assembled by means of a gasket or an adhesive
tape attached to their sides. In this way it is possiblle to obtain the plastic

“lens base material having a high refractive index.
The plastic lens according to the present invention is composed of
the plasfic lens base material having a high refractive index and a hard

coating layer formed thereon. The hard coating layer covering the plastic
17



advantages. That is, they will be adaptive to the

future hard coating |ayer which needs a higher
refractive index, and they realize the desired

refractive index with a |less anmount than other netal
oxide fine particles. The latter A offers the advantage

of reducing cracking that occurs during curing due to

net al oxi des (which deteriorate the toughness of the
hard coating layer if present in |arge amounts).
lemhascordineg tmtheyardsenbiimtions fpantd Ges a GABY dtibsition
titanium oxide are highly effective in inparting a
conitgiming tut dextsit \the comperehts (A)andaiB) deSidn@lbayer -
(Agnfort unately, the inorganic oxide fine particles

orihai g okidedin rt&?ié@ﬁaﬁ%f%ea' of Berlagh LOWM;

when used as the éJrrg%tlal oxi de for thea%g %@%ﬁ%ﬁ%&&%mm
20008 and bR O HESdS ¥R &y hHYES

[ight (UV) ene?ﬂgg?/;, t her eby gene?g%lwg %glﬁ%ﬁ%ﬂlff&
(BYXiai &lgdoRititeh cHiipol i Sl
(Thi's c ar act er icgftﬁlpc Sg%gﬁﬁf@gg@da?%@?%g%%r forinila of
RIOPX 1,03/ hed 6 tH 1Y) Loaf: t resul t
PR R lonbreceh BLAALE Blodn APcdrBln 1ifithes o mhageg

titani um oxi
W e Y e R S e PRt Brand b RE e Roenee

its optical activity. This
hyg'g%lg%%@% r|O§)iﬁ)'makes the hard coating | ayer opaque

after for a lang, period of tjme and eventually,

crac k'gg §§ @%geﬁpscﬁ??e “ﬁf‘aﬁarfg&%ﬂt%iqygy &pvermpg ¢he plastic lens

ndesirall e fromthe standpoint of durability. One way
acg{%’égﬂﬁ)fﬂ @tesplﬁﬁggﬁme 10%3?W@@?n%erc@ﬁtsmgwommsgm c

xi.de fine rticles containing titaniumoxide is to
contAGAILES HisromRonante 4 e Wlielous) bebsso
(A)PCT/JPZOOSIO 0247 oxides (of Ce or Fe) which absorb

UVIIZGR0NRK e HRe pagHeleswavel engt h than UV r aysavieg be

absor bed Py titani umoxide, or which screen UV rays
averagemagficle dipmatenpbkitel 00 mys rindrcondgining neomapisieexide of
- ... the inorganic oxide fine particles wth those.
tlt%%lﬁfi’épmd%ga%ﬁa@qﬂﬂ%moaicge:so.osrcromh?erofatrhtarﬁem aveiylej Hntoxide

| oy Al oxide or Zr oxide which traps free radicals

an‘ggﬁ@ﬁat%d%ymthraamnala-mwwtauue,

(B) an organosilicon compound represented by the general formula of
R1SiX1; (where R denotes an organic group of carbon number 2 or more
which has reactive groups capable of polymerization and X! denotes a
hydrolyzable group).

The hard coating layer should preferably have a refractive index

which is higher or lower than that of the plastic lens (having a high refractive

" index) by about 0.03 so that it produces no interference fringes. The hard

coating layer is usually made to have a high refractive index by incorporation
- with inorganic oxide fine particles having a high refractive-index. To be

concrete, the inorganic oxide fine particles are oxides of one or more metals
18



rays, or to enploy Si oxide whose conpact film
confines free radicals. These neasures prevent
deconposition of the organic matter, such as sil ane
BOIDe/G95468gent , which is applied onto the harBCOYRRDINIGO247
| ayer. The inorganic oxide fine particles containing
titanium oxi de, especially conposite oxide fine
particles containing titani umoxide, contribute to
weat her resistance; however, they doe not contribute
sedectad fieras A gSH,HEb, MRef, ICs Liny Fej TuleW, £ Inyiahd 43 (@elnrngdheir
with titanium oxi de used al one. Titani um oxide has i
mhxteeek iandorabloriess tednsparert @alpositeanidadsentdining 8vo or
and brucite. Titanium oxide of the former two crystal .
morerspécsed of medlst rQfthesesgamples, hadrgafictdxédd Aat particles
crystal formis unstable and remai ns of academ c
¢omtamasg titTntvem osiechdvden highgefmcaiveiindessind AlenosRave many
that of rutile crystal form The consunption of
ahandsges. y Jhatiis,chiep withliededdpgivatiowhe dnbaredntri chhtiig dhyer
rutile-type titani um oxi de. Anatase-type titani um
whichendeidn dshigber refrackpel index, mnbtiwlyaralide ghedesifeduftactive
color is nost inportant and its optical activity can
ipdex grith edesscamdonut tHae othpe mdtahoxidenfore fherticksus 8theilatter
O?FEZEI ications where the mininmal optical activity is

8 therpdvantage ofiveduciing grackinghéhasroeswrst durve cariog duetto
Is possible to elimnate the disadvantages of :
metad oxidesdwihieh detiesionafefthetpiglnenstaf thé havd cwdting yer if
sel ectively enploying inorganic oxide fine particles
rresandi inilarge amanntah oYhus thetinoxgadic yide e/ 10054B8
PCT/ JP2005/ 020247 rutile-type crystallite.
crotainmyg fiprninm exidemre highdy leffective iremmpedinga high refractive
resistance and a higher refractive index than
1pdex besthe harsl edating laexi de, and hence the inorganic
oxide fine particles containing rutile-type titanium
oxi de H@ﬁ@tﬁn%@ﬂﬁpéhaﬁmvaayiw@ge fioe pactitlee confadeing titanium
addition, rutile-type titanium oxide has |ower
ogpsta rese thefoNowing irahleam atheneuseyss thetmetal wxisk foe the hard
The latter easily gets excited when irradiated with
cpaighe lasey: r Bitgnium jexidstgets excited when it receives light (UV) energy,

thereby generating a strong oxidizing power which decomposes organic

matter. (This characteristic properties are referred to as optical activity

- hereinafter) As the result, titanium oxide contained as a constituent in the
hard coating layer decomposés organic matter, such as silane coupling agent
as another major constituent, on account of its optical activity. This
decomposition makes the hard coating layer opaque éfter use for a long period

- of time and eventually cracks and peels the hard coating layer. This is

" undesirable from the standpoint of durability.

One way to suppress the optical activity inherent in inorganic oxide

fine particles containing titanium oxide is to incorporate them with metal
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generating a strong oxidi zing power whi ch deconposes
organic matter. Such a strong oxidizing power is
attributable to OH free radicals and HO2 free

Wai0eE9s160hi ch occur when irradiati on with | i Bt/Ig2e08/02024
rays) excites electrons in the valance band in :
titanium oxide. Rutile-type titaniumoxide is nore

stable (in terns of heat energy) than anatase-type
titani um oxi de, and hence the former generates | ess

éxides tafidlecal Be)twisiohtahsothaUVerays Feeied ameghdheateledgth thhn
coating layer containing rutile-type titani um oxide §
Y¥owlys to bewbaotbed byr @&steneddent whightscresi BVange raaching
hence it does not deteriorate the antireflection film,
fitariot éxsde t Another genyi is thirkplacé oherabrghricanide fiheparticles
the resulting plastic | ens excels in weather

wihi thbsmamtandng cghposiés bsitdlasc efuither anotiblee waypis to employ Al
titani um oxi de should preferably be in the form of

@odp ok Lt exideivdeichitraps free oadidelsgrdersited bynrmdiaigon With UV
conposite oxide containing titanium oxide has the

raysi ¢retocamyplios|Sifoxida withee eomapant fdm canifines ifvre mdicds.anfhese
tin oxide in the inorganic oxide fine particles (in
mersuyes prevEnd ZeerrdpSition rof she organdt ywattdrosmah desidareh

that the ratio of Ti @/ Sn2 ranges from 1/3 to 20/1,
qonpliog ageyt, fwlich is spnliedontdy the(lmrdweathglaydrf The inorganic
amount of =~ Sn02 is reduced fromthat specified above,
axiide Bry panlicles contehringditaniwmoxids, ekpediallnpanpsstangide fine
becomes the m xed crystal conposed of rutile-form and
Rarhickes sonnming tiised omeaxidh eontrabetedovratheBresianca dtowever,
i f the amount of 21 Sn02 is increased fromthat

thew dre neticasibatte thinaregsingithé vefiratiincoimdexan much as
intermediate rutile formbetween rutile form of
companedmidxiibaninpgoxideiused algrem  of tin oxide.. This
crystal formdiffers fromrutile crystal form of

tit ani Grrnusm @aidedras thivee kinslsopfierystek fotmsfdatled anatase, rutile,
particles containing such titani umoxide have a |ower
angrhraeitey eTitagm oxkde efifberformer twe aryistah foxndés in imlustrial
oxide and silicon oxide in the inorganic oxide fine
usabpt shetsof the lagherystal fonois uspekleamad spopins of academic
respectively)  should be such that the ratio of :
1tegestsn02 ranges from 1/3 to 20/ 1, preferably

Titanium oxide in general industrial use is that of rutilé crystal form.
The consumption of anatase-type titanium oxide is about .one-tenth that of
rutile-type titanium oxide. Anatase-type titanium oxide finds use in
applications where degree of white color is most important and its optical
activity can be ignored, and rutile-type titanium oxidé 1s used 1n applications
“where the minimal optical activity is most important.
According to the present invention, it is possible to eliminate the
disadvahtages of titanium oxide arising from its optical activity by selectively

- employing inorganic oxide fine particles containing titanium oxide with a
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from1.5/1 to 13/1 (by weight) and the ratio of (Ti Q2
+ Sn2)/Si 2 ranges from 50/45 to 99/1, preferably
from70/30 to 98/2 (by weight). Sn02 produces the
Va0&sset as nentioned above. Silicon oxi dePCTHPR005630247
the stability and dispersibility of the inorganic
oxide fine particles. If the anmount of SIQ2 is
reduced fromthat specified above, the inorganic oxide
fine particles become poor in stability and
xitdlpdype biystalite.ByRuthe typettitanfumnxidarbanbetibr Gic@fhdrs *
i ncreased fromthat specified above, the inorganic '
rosisdiende ared pdvighey! vefrachiye dndex thansandsaké-typatithnium oxide,
dispersibility but undesirably decrease in refractive .
amganceabénnpmm@ oxide fingrparticlesrontaiokigleutilertype tgdnium
above generates free_ radicals. This holds true in the
eade haye peomparaivelydigh refraddve indexpalt pdfldion, rutile-type
i.ncluding titaniumoxide is a conposite oxide
tasmiwmrende haployermnticad peldvidy tham angtiisei type tdanium oxide.
titani um oxi de. Consequently, the hard coating |ayer
e latterfagtly igety exvitedcebeniintgdinged wivgh lightsdAY rays), thereby
i nvention should preferably be formed froma coating
geaRang ﬁ@ﬁroncgm&zm&@ovmr whightdechmpperd engianig matter. Such
conponents (A) and _(B)._(A). .inorganic oxide fine
Pelreng Pudizing pAY RS altibagebledp (G R feeediadinale AndfHQ: frge
280 nm the particle of which is forped from (i) a
raaicelawhiphqccer whep lmadinden with laglzto@}é £3Yd egsitefeelegtrons in
tLitaniun1oxide and tin _oxide or a conposite oxide of
£ Vatansmbsdde, titaniug,qxide. andmtdler type titeiwe, oxide is more
rutile-type crystallite, and (ii) a coating |ayer
skap SaeteTErs of heatrpnerayd than gaatase-type tianiu iodedeanad hence
girconiun1oxide, a conposite oxide of silicon oxide
the dormergangrates lesdren radisassban the lattere Jheseforedhe hard
oxj.de, zirconium oxi de and al um num oxi de, = which
cRERE Laser coRtinEg THettyRe Sitapmym aRidsrayaplsSnl Weher
. canmpound represented by the general forpula of
regisiance apdhighd repistrncgtanyd hencsnp daccnegrdaiprigratedhson
nunber 2 o re. .which has reactiye groups capabl e of
agbie 1°zla@iﬂbnﬁwgm ixja than orgamy ﬁlwy s ehsreoryr oliys, the

. resulting plastic lens excels in weather resistance and light resistance.

The rutile-type titanium oxide should preferably be in the form of
composite oxide with tin oxide and silicon oxide. The composite oxide
containing titanium oxide has the rutile crystal form. The amount of
ti_tanium oxide and tin oxide in the inorganic oxide fine particles (in terms of
TiO2 and SnO; respectively) should be such that the r;atio of TiO2/SnO3 ranges

‘from 1/3 to 20/1, preferably from 1.5/1 to 13/1 (by weight). If the amount of
Sn0sz is reduced from that specified above, the crystal form changes from
rutile to anatase and becomes the mixed crystal composed of rutile form and

anatase form or becomes the anatase form. By contrast, if the amount of
21



As nentioned above, upon irradiation with light (W
rays), titanium oxide generates OH free radicals and
HO2 free radicals through excitation of electrons in
its val ence band. These free radicals have a strong
oxi di zing power to deconpose organic matter.
Rutile-type titanium oxide generates nuch |less free
radi cal s than anatase-type titani um oxi de because the
BAOFES indr8af8d frofd ARG t ter in perns of
heat energy. However, ng;ﬁl@g at%)g‘ééé%hf’ic%%’fﬂr@(b@@mes an
Bitbth e SRR v AEES fof igals.. Therefore, it is
desirable to covgirTF?' éa%ﬁgu?ﬁ%goémo‘? W@BP‘é‘aerXp%@ apd rutile form
X tig OURRSI tr@;QX%l Fth a.conposite. oxide of silicon
ox| de and zﬁ?lg)gﬁ?ny%i%@’f%ﬁ% TOM HHt6icRYabfdrae of fibdsium
hes through its catalytic

SR PR g 0l 8B5S paraiias tentpimins sunbifitenium oxide

tiel i ch have a strong oxidizing power but
%%g%‘?garbf(egja%ﬁeﬂ@ﬁ?ﬁey are passing it. The content
of titagpiumoxide,and tin oxide or the content of

titani dm® YRPHRE of itansumgexidedin pkide emdosilicen bRidilia the
iﬁ@m ear gﬁé}& cles is the sane as nentioned above.

RRAPar © o RRElesEindprng o Tiy, Sa 02 AnCSINLBspectively)
gxi fﬂeh angt*%g%tV\D 2006/ 095469 PCT/ JP2005/ 020247 K
SAPBI P& ek Fart the xatie (fIOISIDY myees SoavillS fr 20/2! pRfYrably

be ﬁel ect ed a% follows. (a) In the case where the
froga s ¥d toayét (b weightband theratic PTGk 465100,k nges from
éi% i con oxi de and zirconi um oxi de, the anount of
58145 foov?/dx perderatdy fooim GO/A0UM IHE Aey Woighhe GDaD) Bfhduces the
layer (in terms of Si2 and Zr02 respectively) “should
spgfedtesb g mhentiondd abare. t Selidont dxed@mShd¥eh %ﬁQ%ta{tﬁriigfﬁnd
from50/50 to 99/1, preferably from65/35 to 90/
d{swraﬂbﬂgtmqf.theﬁnomnmmm fioke parfidleseXHaSES hHqnt of 810y is
mvgﬁnenttlhgg:deégnggb thgre Wi | g;g(many Zr atons to
redugpdilren peafisd bhbvd, RBe inG i i
strain in the coating |ayer, thregfﬁgby lﬁggg%ﬁﬂgﬁgﬁ%eome
bqagripethbilityfambdispetsiiciong.i My Lauehst ﬁsthgréqn§ ulftg;d,he
free thlrenadi cals generated in the nuclear particles 2
ingy rémo thiae spedifiad abebe, the ind | | ine.
paﬁsiacl es, thergby oxi di zi’rsggtl%der%g{l%?rﬁ%e ﬁé%?@g{ml‘ef lmprove

intdtebility and dispersibility but undesirably decrease in refractive index,

Even the rutile-type titanium oxide mentioned above generates free

‘radicals. This holds true in the case where the inorganic oxide fine particles
~ including titanium oxide is a composite oxide containing two or more species
in addition to titanium oxid;a.

Consequently, the hard coating layer on the it)lastic lens according to

'. the present invention should preferably be formed from a coating composition
containing at least the following components (A) and (B).
(A) indrganic oxide fine particles having an average particle diameter of 1 to

- 200 nm, the particle of which is formed from (i) a nuclear particle
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amount of Zr02 is less than specified above, the
resulting coating |ayer has a conpact structure but
does not contain enough Zr atons to trap free
radi cals. Thus, the free radicals generated in the
nucl ear particles mgrate to the surface of the
i norgani c oxide fine particles, thereby oxidizing the
organic matter thereon. (b) In the case where the
coating layer is formed, fyfoma conposite oxide of
sic{ i con oxi de andCRIPOR§hohs exrpesite pridarfuitanoim oxide and tin
0x1del @om comipdeitadehid e {4 e i coating |ayer -
(in ternms of Si02 andﬂ%%g@%ggéc%ﬁyg%aniﬁ%ﬁgﬂ oXde, with a
rifigf- S LIC t the.ratio of Si02/Al1203 ranges
fr om%rég}? %S?‘gh‘%#ﬁ G’grae(fﬂ W5 \AYPF sempspeshok m coBpBsitbyxide of
&l iog%tx [ f.the appunt of Al zO3 exceeds the
2500 S 1Y RGP IR e Xiden & rcempiost te weri demof/si Bborab Bids aid aluminum
O}tfihg%ﬂfree ragi cgldz'but the increased Al atons prevent

"Gy PREN PO tep bxicle nyfl @i conaad dlé) Brir doR Vi ' ;
result, the free radicals generated i]%htoﬁéﬁ%%gﬁea%?mmum oxide,

Wblarhctcmeesthérh@‘cﬁgtaeﬂaqtﬁjée surface of the inorganic
(ngi de fine particles, thereby oxidizing 24 WO

0081 005N GBI IROTY IRZPHHID i ter, |

R{g&gﬁa&oﬁg of A1203 i s’ | e@%ggéggggpg%gagﬁ%f%@uﬁ%
Vingreddadlémetel ayieh tructure but

does not cont ai I‘rf;mé:enougﬁgs}lzlﬁ gg?gﬁ,,s@?%tbtor%arbuqlﬁ;%ﬁ or more

whistl lowl wactivusroupecd i bAAGAHAENS AL L Lhe

nucl ear particles mgrate to e sur

hyidrolygabiecgxapdle fine particles, thereby oxidizing the
organic matter thereon. (c) In the case where the

coat i Ag théyféné® abh LQM.a .CoMposi i.e jde of =
silicon oxi deI,1 ziartg‘faér{:%l %Léxi géétl%n‘g'l% flﬁhﬁﬁﬁ/d“%y e titanium
oxi de, and

oxideegaaimutds OH fal lrhﬁﬁﬂlso%{cf ﬁ 2 . cgpgfané(ig s thegugh efcitation of

alum numoxide in the co

eleBtidAs 142 r ectively) should preferably
e such t h‘éiﬂ%? ﬁ%i’gggt i gﬁg‘?e %F%ﬁ?‘{)z?gﬁlaﬁeﬁﬁﬂ‘s)lgmai@emg
oweP M A& 2n f erabl Ltom95/5 to 7/3 (by
P wei ght) . I}%@Steﬁ%r%?g?% agt u ug\ie st up oode genertss
- ' d , there will b ny Z d
m%ﬁ%s@ﬁ@t\! eaRAld aﬁlegrrxgt%ggtype %gmv]\;lm qxid% br(re?:azse tr:heatr']ormer

atonms to trap
18 more stable than the latter 1n terms of heat energy. However, rutile-type
titanium oxide stilj generates some free radijcals, Therefore, it is desirable to
cover the.surface of nuclear particles of corhposite oxide with a composite
oxide of silicon oxide and zirconium oxide and/or aluminum oxide. This
'covering layer extinguishes through its catalytic action the free radicals
generated in the nuclear particles (which have a stroﬁg oxidizing power but
' are unstable) while they are passing it.
The content of titanium oxide and tin oxide or the content of titanium

-oxide, tin oxide and silicon oxide in the nuclear particles is the same as

menti 113 i i
oned above. However, the content of silicon oxide, zirconium oxide, and
23 |



radi cal s but the increased Zr and Al atons prevent the
formati on of conpact coating |layer. As the result,

the free radicals generated in the nuclear particles
MQA0BGS5468 t he surface of the inorgani ¢ oxi dePET/MRR005/020247
particles, thereby oxidizing the organic matter. If

the total anmobunt of ZrQ2 and A1203 is less than

speci fied above, the resulting coating |layer has a
conpact structure but does not contain enough Zr and
alunaings oxidetin dpe roesingtivenskoultnreferably o sdocted as follows.
radi cal s, generated in the nuclear particles nmigrate to*
the suf®@ackn the ease whererthaspeting laserfis fernped from ®somposite
t hereby _oxidi zing the organic _matter thereon. :
oxde gepiligpp pxiderang preqmiBmcoxide tthe aveeuntf silagperoxide and
should be 0.02 to 2.27 nm  preferably 0.16 to 1.14
#HESONi WA fR 1 Hasy coating lager inderme 96 SHY2 anth ErQenprpsictively)
oxi de constituting the nuclear particles denotes a

showd ereferaldy bg ssigh thabiheosatipeolFiPetrOs renapoipme50/50 to
oxi de cluster conposed of itani um oxide and tin

T dereferablutirrydpde 20GbE waishi: dél theramovahplo&iQe
25 %é_‘%o / 095469 PCT/ JP2005/ 020247 solid solution

GeP dAhavenentionagd rangsy thre willheemagyigaiemsdp trap free

ti E’%Ti Em oxj de, tin oxide, and silicon oxide

Yedirals, Ph&l@dwé%ﬁseé%@mé cgRpeiatrain jphercasting Jager, thereby
congosi t e, oxi de (_:onsflt ituting the nuclear particles
BRYPRIANG fe fmationyol copnachfgatiee layesnpds therenpdt she free
oglcgllf containjng OH groups at_. termnals or one which

radeals epta i thenvdleprgrarticlesmisratr) iothegairiageeot the

.avera e%%art' cle djaneter of the .inorganic oxide fine
1pgreandt eelde e Raviclrs: tharghy amdasingdhs meganic ratter. ¢ Abthe

range qf t.0.200.nm preferably 5 to 30 nm Wth an
%@3&9@ Zﬁi}zﬂﬁ 1458 thAR sPERed BRpY e the rasliingRoating layerchas a
particles experience bridging during drying (when the
hEwpgct Harrivge ﬁ%@oe? 5Ot setAtcRaa 2 ploamg foctrpg igeasepicals.

m shri nkage and

terial). Bridging prevents unifor
ﬂgﬁubé"sh%eﬁ éﬁ@ﬁ? Srﬂ@é]&éaﬁeétle,ti@irmc;?@rrnag@deé migkatecto the

s SIS o es BTk GOOrepy ovadiemmgnhetdrganic
l'ééﬁ?fgﬁ]ﬁ}%%a(!ﬁgltes give rise to a white hard coating | ayer

(b) In the case where the coating layer is formed from a composite
oxide of silicon oxide and aluminum oxide, the amount of silicon oxide and
aluminum oxide in the coating layer (in terms of SiOg and AlzO3 respectively)
should preferably be such that the ratio of SiO2/Al203 ranges from 60/40 to
99/1, preferably from 68/32 to 95/5 (by weight). If the amount of AlO3
- exceeds the above-mentioned range, there will be many Al atoms to trap free
radicals but the increased Al atoms prevent the formation of compact coating

layer. As the result, the free radicals generated in the nuclear particles

migrate to the surface of the inorganic oxide fine particles, thereby oxidizing
24



sui table for optical use. The inorganic oxide fine
particles containing rutile-type titanium oxide may

be used al one or in conbination with other inorganic

B W86/8954@ particles, which are oxi des of onBCHHP200Y0247
netal s selected fromSi, A, Sn, Sbh, Ta, Ce, La, Fe,

Zn, W Zr, and In (including their m xture), and/or
conposite oxides containing two or nore species of
metal s. Typi cal exanples of the inorganic oxide fine

Br engenismadierp elfithe pmeourttod dlgds isdesytmincspeeifitel dhave, the
particles containi.ng rutile-type titani um oxide 3
Haviltiae sentang Favge hes atJommpact istmstare oft does o2 0ntmim enough
whi ch are col | oidal _dispersion in a dispersing agent :
Abatamato tapdree radiesiel | Thwel thafrasitadicads gemérated in the

sol vents). A comercial product is available from
waglanyparfiesmagtiade b the srnface ¢fdde dnorgamicioxide dieve marticles,
trade nane of "Optolake"”. It is a sol of inorganic 26
Sereky exidizipgthe eraanipmatiny thereprer age particle

dianet?r of 8 to 10 nm the particle of whichis .

f or med @r o the)cage wihere she penting layer dvfosned foomea composite
cQnpo iée oxi de of titanium oxide and tin oxide or a
%%e% isop eridle, gircaninanexide.candialuminym exide, thrjamount of
sj.licon oxide, with a rutile-type crystallite, and )
S(dl?ﬁ)n g atirepinmexide andolamisnmoxidape she eoatingtayer (in
silicaqn,.oxide and zirconi um oxi de, a _conposite oxide
t6¥m§i°8 %&@P} B eaada MOy reppentine lybshetld grreterallypisssuch that the

zirconi um oxi de and al um num

i de of sili Lde.

134100 SIORERG £ Malk rahos RN hbidt Brederablis from 9515 to 7/3

[ hor i\ C iide fine particles may be surface-treated

(tLM’ t“fﬁggﬂt)- of’é‘éﬁ&é’ﬁli%ww%@@cﬂn Qe cBenedeihel, or
arboxylic acid (sych as tartaric acjid and nmalic

ai’é’iva)m 1 %t’@nigﬁ{ﬁ e WiHdiermany faragidoh! aftoas o trop ifree

the coating . conposition. The organosilicon conmpounds
rﬁawagiﬁlﬂfaaee WGERASAG 4 ierduleatomioiie emic theoigamation of compact
di f.ung¢ti onal , hri fulgctt%;&ggj and tetrafunctional

c@afing dayero i§ tHE Sesuhy & yackieate genergjeden the nuclear

acgc nBIished with or_ wthout. .. i
particles migrate to the surface of the inorganic oxide fine particles, thereby

oxidizing the organic matter. If the total amount of ZrOs and AlzQs is less
than specified above, the resulting coating layer has a compact structure but
does not contain enough Zr and Al atoms to trap free radicals. Thus, the free
radicals generated in the nuclear particles migrate to the surface of the
_inorganic oxide fine particles, thereby oxidizing the organic matter thereon.

Incidentally, the thickness of the coating layér should be 0.02 to 2.27
'nm, preferably 0.16 to 1.14 nm, from the above-mentioned standpoint.

The composite oxide constituting the nuclear particles denotes a

composite solid solution oxide and/or a composite oxide cluster composed of

titanium oxide and tin oxide (including doped composite oxide) or a composite
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hydrol ysis of hydrol yzabl e groups. Surface treatnent
shoul d preferably be acconplished such that

hydrol yzabl e groups react with -OH groups of the fine

P& 200809882 however, hydrol yzabl e groups may pBETABR005/020247
remai n wi thout hydrolysis. The am ne conpound

i ncl udes, for exanple, ammoni um al kyl am ne (such as
et hyl am ne, triethylam ne, isopropylanine, and
n-propyl am ne), aral kylam ne (such as benzyl am ne), .
silidespditiion amdscandderch cormppsipreriide shystereminposed of titanium
al kanol am ne (such as nonoet hanol am ne and

ex¥ilettimasidenaneé pilicpnexedeoiinelnding dawd wonpsitedsidald -
am ne conpounds should preferably be added in an :
Memeaver.ghe composite ariderenstibeing hgantleavrarieclés and/op the
WO 2006/ 095469 PCT/ JP2005/ 020247 particles. The kind
cpadingriayen may berfecompegitmbirduake asideicantaining OFegraape at
determi ned by the desired hardness and refractive

tiepepanals pr @ng ek pasip gpataipe the egsnposie lydratagboxitdes
especially 10 to 50 wt% for solids in the hard coatin
conpos The giyerage pathislegiometpy of thesivgrganieotide findparticles
fine particles do_ not jnpart sufficient wear

qopsining Hsaniym peide sherldgbg in the nange odd texddswmy praferably 5
| arge anpunt, the fine particles cause cracking to the
tooi g MWithaamyesagepaisle digmeter ginedlsr thay 1 muethe fine
organosi l i con conpound_ as the conponent &B) ) _
%%gkqsnefpﬁﬁgn%@ld@@gtdwgl&éraﬁegi when thehardeoafipgilayer is
coating |ayer is one which is.represented by the

fguped ap the plantic lnpshxasmateriallor Baideing prayentorporm
functions as a binder for the hard coating_ layer. In
shikage podirsdneesathepghrinkageaate, aying Begkom ba§<¥ eRpting layer
having a . reactive group capable of polynerization,
lagkigg rfﬁ%u%f ga%f%esﬁr OWI&F aplavgragsppartigl Jlampter o excess of

rylic group, nethacrylic group, 1-nethylvinyl group,
@@cﬁ&} ﬁgﬁ ?a#gﬁ%%@vs Tgedop whytenrdrisapinsilatryahieh is not

. group,.and ami no group. Xl
s%u:agﬁa for optica use.g P

b

The inorganic oxide fine particles containing rutile-type titanium
oxide may be used alone or in combination with other inorganic oxide fine
particles, which are oxides of one or more metals selected from Si, Al, Sn, Sb,
Ta, Ce, La, Fe, Zn, W, Zr, and In (including-their mixture), and/or composite
- oxides containing two or more species of metals.

Typical examples of the inorganic oxide fine particles may be in the
form of inorganic oxide fine particles containing rutilé-type titanium oxide
“having an average particle diameter of 1 to 200 nm which are colloidal
dispersion in a dispersing agent (such as water, alcohol, and any other organic
solvents). A commercial product is available from Catalysts & Chemicals

Industries Co., Ltd. under a trade name of “Optolake”. It is a sol of inorganic
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denotes a hydrol yzabl e functional group, which

i ncl udes, for exanple, al koxyl group (such as nethoxy
group, ethoxy group, and net hoxyet hoxy group),

hal ogen group (such as chloro group and brono group),
and acyl oxy group. There should be three hydrol yzable

groups, so that they formthe three-dinensiona

crosslinked structure. 1f the nunber of hydrol yzable

ol .S .t r l.ess, the resulting coating filmis

A0 Bl iR Havif 2 Abavorsis prtgialodidrmeion st 8p0l0 e She
exanpl e,

AT AR S ol ) buicbrarqrstileane,

vinyltri((3- mséhoxy- et hoxy) si | ane,
al lyltr i“&m iof ArioMpEi dOXRBOE tDBB46S oxide and tin oxide or a
PCT/ JP2005/ 020247 acryl oxyproepyl tri al koxysi | ane,

cH?magg ypcgi@@}tf;ﬁt@}ium @tllale,xt;ps okaleeand/silicon oxide, - with a
; ltria Xysl | ane
r{(%lsﬂ_l'é(lgﬂ%%(éé gﬁ@é‘}@ EHP‘FL@| %Qqﬁtkﬁg Iﬂﬁsﬂeap‘kmi@yse‘d ahe composite oxide of

Sg}ecr caa%g%?r ogyl_t rial koxysi | ane, and
ey 8By I7ticralks oyedd, amempbstisexidd aNalieOTBLMA%Sd aluminum
gi%et he conponent (B) may be used in conbination with
opitle @rotdaposiv bR silideYo:S B W; S e ums :
hydrol ysis for their enhanced &f %g??u#hogiqgggpﬁr?dummum oxide,
whestdrk 91 coating layer should
prefer agl y eflglg{cll%dg ré{p}gfrcget‘ed with a pol yfunctional -

epoxy ThenpoupshidodNenise BEP‘E% § e be sull gesleegted with an

pol yfuncti onal epoxy conpou I nproves

orgenvsdiooh Bempatddcoak) the plastic base .
Tater al .y Panedcamine i dliEid, M ek Dole i fulhor artasic

adidhantan gli€ aaid) Rg ] ts flexibiljty.to the |
hard coat i ng )I aﬁg%q%ﬁz[}g@n#@gﬁ%gﬁl% SP”}hlhﬂ%/ Bt Hgicoating

cohfp@iitadh.i norganic material by deposition functions as
a protective filmfor the hard coating | ayer; however,

s L A

filmis very thin an enc

' ce. ..l ddition, th _
Ty PP ALRRCALARE Fint Rl ok tegrpiionsh mleaa m

antireflecflon _ _ T
conolane AR BRAAR MY BEhhu Bk gPemt bows
hy8#$&3 of hydrolyzable groups. Surface treatment should preferably be
- accomplished such that hydrolyzable groups react with -Oﬁ grb'ups of the fine
particles; however, hydrolyzable groups méy partly remain without
hydrolysis.

The amine compound includes, for example, ammonium, alkylamine
- (such as ethylamine, triethylamine, isopropylamine, And n-propylamine),
- aralkylamine (such as benzylamine), alicyclic amine (such as piperidine), and
alkanolamine (such as monoethanolamine and triethanolamine).

These organosilicon compounds and amine compounds should

pxefe_rably be added in an amount of 1 to 15 wt% for the inorganic oxide fine
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cracking to the hard coating |layer. (The hard coating

| ayer experiences baking tw ce, once for itself and
once for the antireflection film) The hard coating
WayA9P6/§98463| so subj ect to cracki ng upon exposuPETARR005/020247
heat cycle and UV rays. The pol yfunctional epoxy

" conpound, which inparts flexibility to the hard
coating layer, prevents the occurrence of cracking and

]iqc(ﬁ i mproves yields and weat her resistance. The
Uhct i onal epoxy conpound i ncludes the follow ng: ;

S R b T e
Fhrery @%ﬂﬂ é‘s?rﬁf#&'%‘ LhBAFativ Biipe, oifhe sokerer,
%}g)ﬁllggﬁh&gra% 8&) ‘&F’f}%‘%&?f\fm ehg to 5%W%@w§ls9@§he hard
%P?l:o op;ﬂ/?f)o'ﬁﬁt hsg (W q;h % s %/q%gelf g;n%lu%%l t?h%l ﬁgé ggtlcles do
AR ERECRE e %%'trﬁw é'&%ﬁw %%%gcmn?ﬁ " BRe RgResssively
IEI~ ?%r)%oml% ghg ﬁn%ﬁa&%fg gngge E’f%% %tgqe%/ﬁ%glﬁg,géﬂm and

e ri met hyl ol propane triglycidyl
EQ&F“ ({QESF)H lygl yci dyl ether, gl ycer ol

Bf 5?%@3‘%?‘*% B n&yﬁlpé‘:eéfa's e %Péfv@ B (ot agtiguing the

c@ﬁﬂ?ﬁ coxﬂ %B%{]E gadyctéqral(g&gy I%yﬁ%:rs oer{ﬁh‘gémhdg F?PWSPFEﬂd by

ent er
et yddymehe%?%% 050 B B B
3?%"*?@.1 b B R S var oxyeycl 8323;% opane
fedor ot ﬂ*é. ShOge I RLOT! Gegfig ﬁe%@%?tgfﬁ @@5 fng a
regafcgﬁf% erbhBaEng. OEpgiy%k% {0&1 : e i SHSAP G o Firgi group,
SRR e ki e
group, mercapto group, cyano group, isocyano group, and amino group. X!

~

denotes a hydrolyzable functional group, which includes, for example, alkoxyl

/

group (such as methoxy group, ethoxy groﬁp, and methoxyethoxy group),
halogen group (such as chloré group and bromo group), and acyloxy group.
There should be three hydrolyzable groups, so that they form the
three-dimensional crosslinked structure. If the nuﬁber of hydrolyzable
* groups is two or less, the resulting coating film is poor in wear resistance.
The organosilicon compound as the component (B) includes, for
éxamplé, vinyltrialkoxysilane, vinyltrichlorosilane,

vinyltri(f-methoxy-ethoxy)silane, allyltrialkoxysilane,
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hese epoxy conpounds, the follow ng aliphatic
gLo;y conpgunés gPe preferable. 1,6-hexanedi ol
di gl yci dyl ether, diethyleneglycol diglycidyl ether, o247
W0 205 eAegl ycol di gl ycidyl ether, trinethyl BEPIRIPRHNS
triglycidyl ether, glycerol diglycidyl ether, f
gl ycerol triglycidyl ether, and triglycidyl ether o
tris(2- hydroxyethyl)isocyanate The anmount of the

|d be 4 to 22 30 WO |
zoo%fd*géi”dé@”%%ﬂﬁg S tuo Feialloarsias, to *
%ﬁ%ﬁ:‘%ﬁ ﬁzﬂria‘iﬁmj Sha}‘ﬁ’p% u%?"&?é’él@“sﬁ"&@r%rhgltalaﬂkoxyml‘ane,
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underlying se na eriar | o dndne
dur i ng. bk e ﬂ%@%&sﬁiﬁél CBRA 9\ Ay erueed in
MURRE Yol &geen%%%"th%r EEoyF el épzﬂﬁat? O%@ftzr }
GYAPEIYSE fbﬁtl?éif@ﬁﬁéﬂn%ﬁiheﬁe@;ge the hard coating |ay

is poor in hardness oati ng corrp03| tion for the
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. ner al for
SO TBOMDSratk Rt SRRl SB35 °%‘§§§*‘ b g cgnggzgent (©.
V .
ey GBS Aot i ik it

BaaUEbatBROMY e S h AU Rhe PRIERHRe gnatteﬁgﬂl ¢ éﬁ??ﬂf)‘? {zgg fﬂﬂes the water

i socyano group, amn grou
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layeR FEhdBAGFN6CHHRA lfﬁﬁxafo?ﬁ:llaﬁ)@org a2 mog%ﬂmc material by

nmet hoxyet hoxy group, 0gen “groups,

s 0 or
roomacHbRTRs I RHRor R B tIACKY S nr R Blitale I Bowever
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the hard coating layer needs water resistance, In addition, the antireflection

film in the form of organic thin film is formed from the coating solution by

application and subsequent baking (for curing). Baking sometimes causes

cracking to the hard coating layer. (The hard coating layer expenences
baking twice, once for itself and once for the antireflection film.) The hard
coating layer is also subject to cracking upon exposure to heat cycle and UV
rays. The polyfunctional epoxy compound, which imi)arts ﬂexibilit& to the
“hard coating layer, prevents the occurrence of cracking and hence improves
yields and weather resistance.

’The polyfunctional epoxy compound includes the following: aliphatic

€poxy compound, such as 1,6-hexanediol diglycidyl ether, ethyleneglycol
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The organosilicon conpound as the conponent (D)

inproves durability (especially scratch resistance)

of the coating film The anmount of the conmponent (D)
wioawbaoopreef erably be 2 to 15 wt % for solids. WET/P2005/020247
anmount less than 2 wt% it produces no effect. Wth an
anount nmore than 15 w% it nakes the coating film
opaque and causes cracking. These conmpounds may be

used al one or in conbination wth one another. Al so,
diglycidyl\Wth e &/t BPle46 8lyPaITdig 32008 /e0RE? tidethyid@apdydol titglﬁcldyl
conpound as the conponent (D) should preferably be 3
atber téfraethyléanyedlydo) digycidileethertriong e thyimasilydod diglecidyl ether,
the hard coating | ayer should preferably be
propplepeghicelddigiycidyd rethn Higrbpyleorplycandiglycjdylethdr, i s a

di sil ane conmpound represented by the general fornula
toiprBleBe¢IREm) digiicidsd rjhotd Btrapropylene glyoolndilly cadyd eeher,

R3 and R4 each denotes a Cl-6 hydrocarbon group, such
mmapeepyleneglpenqd drglybidly] giheupnedpenyylghroligiglydidgliether,
dg]lroup, and phenyl group. X3 and X4 each denotes a
1gbiculyy edldreofgreopentydlztol dhydabkypiyalic geidwsteri ncl udi ng

nmet hoxy group, ethoxy group, and net hoxyet hoxy group,
tiahetdatolprapaps diglycidel athechtrometlyrlolppopme: trigipridgt ether,
and acyloxy group. mis O or 1. Y denotes an organic
dywupl dighiondylether; bbrard toieligpddretbeodyglycaroligiglydidylsether,

exenplified bel ow. -CH2CH20COCH2CH2- I O
diglsieenad Griglyodshe Guaoiizlyderol tetraghradrizober, @Ielﬁta@@ihxﬁtoa‘:
H2CH2 11 11

triglycidyl ether, pentaerythritol tetraglycidyl ether, d1pentaerythr1tol
tetraglycidyl ether, sorbitol tetraglycidyl ether, and triglycidyl ether of
tris(2-hydroxyethyl)isocyanate;
alicyclic epoxy compound, such as isophoronediol diglycidyl ether and
bis-2,2-hydroxycyclohexylpropane diglycidyl ether;
aromatic epoxy compound, such as resorcin diglycidyl ether, bisphenol A
diglycidyl ether, bisphenol F diglycidyl ether, bisphenol S diglycidyl ether,
o-phthalic acid diglycidyl ether, phenol novolak polyglycidyl ether, and cresol
novolak polyglycidyl ether. -

Of these epoxy compounds, the following aliphatic epoxy compounds
are preferable.
1,6-hexanediol diglycidyl ether, diethyleneglycol digl}'rcidyl ether,
" triethyleneglycol diglycidyl ether, trimethylolpropane triglycidyl ether,
glycerol diglycidyl ether, glycerol triglycidyl ether, and triglycidyl ether of
tris(z-hjdroxyethyl)isocyanate.

The amount of the polyfunctional epoxy compound should be 4 to 22
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%o?ﬂ@%ﬂbﬂiiéﬁg%g cl)%tp 6 Rl BB bk whel fhe abareflection

and ensuin [
film (with a low reactive index) is formed on the hard coating layer. If the

amount of the polyfunctional epoxy compound is excessively large, the hard
coating layer is poor in hardpess.

The coating composition for the hard coating layer should preferably
be incorporated with the component (D), whiﬁh 1s an organosilicon compound
represented by the general formula of R2,8iX2,. | |

In the above formula, R denotes a Ci-3 hydrocarbon group, such as
vinyl group, allyl group, acrylic group, methacrylic group, 1-methylvinyl
group, epoxy group, mercapto group, cyano group, isocyano group, amino
group, methyl group, ethyl group, and propyl group. Also, AX2 denotes a
hydrolyzable group, which includes alkoxyl groups, such as methoxy group,
ethoxy group, and methoxyethoxy group, halogen groups, such as chloro group
ﬁnd bromo group, and acyloxy group. nisOor 1. Examples of the silane
compound include tetraalkoxy silane, vinyltrialkoxy silane, methyltrialkoxy
silane, and allyltrialkoxy silane.

The organosilicon compound as the component (D) improves
durability (especially scratch resistance) of the coatiﬁg film. The amount of

" the component (D) should preferably be 2 to 15 wt% for solids. With an
| amount less than 2 wt%, it produces no effect. With an amount more than 15
wt%, it makes the coating film opaque and causes cracking. These

compounds may be used alone or in combination with one another. Also, the
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The di sil ane conpound increases the curing rate of the
coating 33 WD 2006/ 095469 PCT/ JP2005/ 020247

conmposition. The increased curing rate (and hence the
WOPRGAYS46%ri ng time) |owers the possibility BET/ERI85/020247
and inmpurities sticking to the coating surface during
application, thereby inproving yields. Mreover, it
produces the effect of inproving dyeability, reducing

t rganoEilicin e5mpehd HEEhL £ TR d
maki ng defectsp(such as SCratc egp)gﬁ8¥ énﬁggggﬂ’beusmiéﬁEY
negtcrolyals. | ess  vi si bl e. The anobunt of the disilane !
compound shoul d preferably be 3 to 40 w%

. 0 . . ,
par ti cullae leyating GordBoditith fhesﬂiﬂeddczb];aft@n& lgggx? g’ﬁélﬁﬁl&eferably

smal | anmount does not prodﬁce_t
dedekeparited foedel wabh th X565 L& ge, amount
makes the coating filn1pogr fn m£¥§?¥?%§% %ﬁggﬂgﬁdmnumund

shpresentedtiietHROtedeirhABfoffhuld BEXED a‘si(ﬁ%ﬁ?—'ﬁ%%@?ag;;? be

coating conposition for the har&lcoatlng

i ncor pdmaledornulh ab&H, W%n‘&%‘%%ﬁi&e‘n@téégg g,ﬂ-r;];i}ﬁ'érrci)c%%bon

is possible without catalyst). erre

B, patls ab Bedthg P RRAG BLIRA kS SHAD] BRBCLERN Urbp, and

agid, armmoni um per chl orat'e,” and magn

gl e)X3 aaatyl ' Zn(,l 1),

e ek S BNy
1 u
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acid, and nmetal salt of organic acid

mxiafpirels, Yrdgneisk uwh Qenal | onat e

of AL(111) or Fe(lll )&gre p@g?%?lggfkgg??gmc%ﬁﬁgg%}oup OF epoxy
soapdplli istexefmplifisdi bagiowondi ti on and pot life. The

amount of the catalyst should preferably be 0.01 to

5.0 wt% for solids. The coating conposition for the

hard coating layer may optionally be diluted with a

sol vent, such = 2§M6§F5Nﬁcuster, ket one, ether, and
aromatic solvent. g ,
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34 WD 2006/ 095469 PCT/JP2005/ 020247 The coati ng
conposition for the hard coating |ayer may optionally
be incorporated with the followi ng additives in snal
WORUH9546A addition to the above-nentioned FPCT/AP2005/020247
conmponents. Metal chel ate conpound, surface active
agent, antistatic agent, UV absorber, anti oxidant,

di sperse dye, oil-soluble dye, pigment, photochronic
conpound, and |ight-heat stabilizing agent such as

hi ndered am ne and hi ndered phenol. These additives .
| prove ttk?—l@ﬁbbﬁ&Hz(ﬁ-‘z@@ﬁEél?z%O@mCﬁ#r' ng rate of the’
coati ng solutionilland the perfoldmance of cured film
Before applicati®n of the coatPng conposition, it is ¢
desirable to performsurface treatnment on the plastic

| ens base material to inprove  adhesi on between the
base material and the coating film Such surface

{1 eal MeNioy BElcuiSeodieAldBNbN YRRk BlKal | ne or aci d
sol ution surfl.ace active dgent, po ishing with

i norgani c or orgéhic fine partPcles, and application
of primer or plasma. Application of the coating
conposition may be acconplished by dipping, spin
coating, spray coating, roll coating, or flow coating.
After applica ng solution is dried by
heating at 40 f%Pgﬁﬁ%ﬁggﬁﬁg%%eral hours. Thus there

i s obtained the desir®d coating film The thickness of
the hard coating | ayer should preferably be 0.05 to

30 pm A thickness smaller than 0.05 pmis not enough
to realize the fundanmental performance. A thickness

Lar ger t hanciflngin Im?@abﬁcm surface
P

snoot hness opticy r mance he pl astic |ens
accordi ng to the presmnt i n¥enti on has an
antireflection filmon the hard coating | ayer. The
present invention is characterized in that the
antireflection filmhas a refractive index which is 35

—~CH2CH2C0CH2CH-CHCH20CCH2CH:2CH2-
(l; o’ I
0

-CHzCHzOﬁCH—CHCOCHzCHz-

_
o9 ¢

These disilane compounds may be synthesized by any known process,
which involves addition reaction between diallyl carbonate and
trichlorosilane and ensuing alkoxylation. Another pfocess involves addition

“of trichlorosilane to a compound having functional groups capable of addition
-reaction at both terminals and an epoxidizable functional group in the inner
part and ensuing alkoxylation.

The disilane compound increases the curing rate of the coating -
33 -



WO 2006/ 095469 PCT/ JP2005/ 020247 | ower than that of

the hard coating |ayer by no |l ess than 0.10 and t hat

tile antireflection filmis an organic thin film
WRAMA%84F hi ckness of 50 to 150 hm The or ganPEEdRPG§/020247
filmeconstituting the antireflection filmis not
specifically restricted so long as it has the
above-specified refractive index and thi ckness It

N&RYn R i ”B‘Fhé Ahed! clu&‘ﬁl%rat ﬁll&cl{lﬁ&ge:: Irr% ng(i anéng time)

epoxy resin, urethane resi
oy 5 RS S?%Pt’p o K8 B id i i b b6 };é‘aimwfac;
AP P O

OREt 68ImpR9 Y t?ﬁi“a%ﬂ ciax{ é}l r%@:oﬁ}lﬁgép(gygwlonal epoxy

antirefl ection

leBip@ahtly £nd RHA%ne I L rporate the
silicone resin wt hggﬁ&“l %g%gﬁl?c a&glﬁsg %ﬁe e matarigh less
vidiBle. particles to i nprove surface hardness and adj ust
refractive index. Such an inorganic matter includes

| | oi ik Afis fLpor
ol ) “and s aftount W theAahnd ffinblnd SN Brghirke 5% 40
tzvl‘u%n phrtielbsly! DETEG WY, WalsoREQCCRS d\ gatrg'l_.w}e ¥ Hm?%mount does

conposi tion contali ni ng the corrponen

fef praeicd ehéBifect (dfhcdle Nt 'célf)ﬁ 0 n#%o Oq%ggeéy j@;g_e qpount

represented by the genera

fukes eh&RBoASNOHBR havi r eac

gr oups capgﬁ?e oIP%po y?f@?‘%l‘z:raetg’l{sg%& %gﬁ Q@Qtélfe of
ihedioaciaghelutgsRup; X5 denotes a hydrol yzabl e group; q
is Oor 1; and r is 0 or 1) (G silica fine particles

havi ng Tha c@MﬁhQ%S §1ttio | i@r %@Hﬁf@ (L.oaq:En ](a'érglé Fl}?agrsl?q/ apor

An i norganic f|Im ry proces

1de(n@3r&ﬂedﬂmtﬁf&dmﬁmg éa&ﬁl PXal'tﬁo@é%%uﬁ n%ga?eﬁ(%sgflgaltwsi NG

on account of a large diffferenc

cabedysm) PXéI@ﬂ%H%rfﬂg%QtEgvgt%@ﬁid%éé}g}ﬁﬁ)ggfeﬂqswh as perchlorlc

coating |layer. By contr

aail, iahehbetin 98 rdHlb
ot eehbaii: %@C;I'_ H] Pl‘zﬂci):g ge/[ﬁ(;%%lza%}‘xemtm BEPC%T(?raté ag\leacetonate

having Cu(II), Zn(II), Co(ID), Ni(II), Be(ID), Ce(IID), Ta(IID), TiIII), Mn(TII),
La(I1D), Cr(I1D), V(III), Co(IID), Fe(IID, AI(III), Ce(IV), Zr(IV), or VAIV) as the

central metal atom, -amine, amino acid (suéh as glycine), Lewis acid, and
metal salt of organic acid. Of these examples, magnesium perchlorate and
| acetylacetonate of AI(III) or Fe(III) are preferable from the standpoint of
curing condition and pot life. The amount of the catélyst should preferably
" be 0.01 to 5.0 wt% for solids.
The coating composition for the hard coating layer may optionally be
dlluted Wlth a solvent, such as alcohol, ester, ketone, ether, and aromatic

solvent.
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Is less vulnerable to cracking during heating on

account of a small difference in coefficient of

t hermal expansion fromthe hard coating |ayer.

WOX0BFIb4? it excels in heat resistance. |n BHIRZ0EY)20247

wet process needs no vacuum apparatus and conpl ex
facilities and hence is easy to carry out. The organic
group represent ed by R5 in the forrmul a above (which is

pol yor TS ETRIE saoberton FckhedauPebag inyer mapoptionally be
St BBl bt Sy el Doty e groun, epoxy the
eﬁmée?tﬁ%s%é%ﬁﬁé‘eswﬁy 8 oo, gweiage active agen,
LAy s ponf i i
e Bt ﬁﬁ#ﬁ%&?& gﬁsﬁilgﬁeineagéw %0 agaehsudh as
gd%ﬁ%% ARREE fod Bipdtind PAEHEhe ToBaNEh  QHphomer b soating
P/’i%l?ﬁiil?ﬁ %ﬁqll gpg\é'g Eé#; r{j t?fekcgé i%lglsg{]utlon and the performance of

lfi r| ((3-net hoxy- et hoxy) si | ane,
I al koxysi | ane, acryl oxypropyltrial koxysilane,
I | ane,

g: Egg rﬁ%,é zag’lpglg%ltaﬁrl 'gfblz(,ox {q%,q:oglp}poghtéon );t is desirable to

I T
J@{ AR OA S OB%{ttgl gglﬁ%o $+1lgﬁ@nd the coating film. Such surface

- am nopropy
S B P A S
SRR DS SRR B
PRt Ao R385 o organic sol vent to make
L0 ke SO A sy
BBk CA8 AAMLIRRL SR Bhe| MIFLALNES: hOY Bting”  Atter
application, the coating solution is dn_ed by heating at 40 to 200°C for several
hours. Thus there is obtained the desired coating film,
The thickness of the hard coating layer should preferably be 0.05 to
30 pm. A thickness smaller than 0.05 pm is not enough to realize the
fundamental performance. A thickness larger than 30 nm is detrimental to
- surface smoothness and optical performance.
The plastic lens according to the present invention has an

antireflection film on the hard coating layer. The present invention is

_characterized in that the antireflection film has a refractive index which is
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fine particles have a lower refractive index than

solid silica fine particles On account of gas or

sol vent contained therein which has a | ower refractive

MFEIS/095468n silica itself. Therefore, the coab¢HIFZPIS039247

contai ning such hollow silica fine particles has a

|l ow refractive index as desired. The above-nenti oned

hol | ow or porous silica fine particles will be
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|ncorporated with, in a

@idcdiPhratd thalshifdohe b sin’ §fh ik IH%H%J}ll@%ndﬁ%ely oy %h ]qnnof fine

resin, epoxy resin, nel am ne resi

Iiaﬁ-sﬂclbs td ﬁﬁip?@&@s@‘fﬁé@ BLRINEES hild a8 a @ﬂst %Qﬁégftacé 1 g.uch an

resin, a vari ety of nononers,

in0rgAnAd Mhat@RAXYIudBE dolYdiBd] solf QlchS ns, .
desirable to add a fluor] nSéOlc%%tha%ﬁgliﬁgg%ll e8’runé fluoride

sbl, wedl dadeiaaNflabAie 9,138 WO 2006/ 095469
PCT/ JP2005/ 020247 nononer to reduce the. refractive

i ndex. A'ﬂharﬁbléergﬂﬁlc%% &R E%ﬂﬁ’é&/ (Net i)Pgé'ésF from éh%

preferably be one which is o talned
coating composition containing the components (F) and (G) defined below.

(F) an organosilicon compound represented by the general formula of
R5R6,SiX%.q.r (Where R® denotes an organfc group having reactive groups
capable of polymerization; RS denotes a Ci- hydrocarbon group; X5 denotes a
hydrolyzable group; q is 0 or liandris 0 or 1)
(G) silica fine particles having an average particle diameter of 1 to 150 nm.
An inorganic film formed by dry process (such as vapor deposition
and sputtering) is poor in heat resistance on account of a large difference in
coefﬁcieht of thermal expansion from the underlying organic hard coating

layer. By contract, the organic thin antireflection film formed by wet process
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fluorine-containing vinyl nononmer and al so be one

whi ch has functional groups polynerizable with other
conmponents. The coating conposition for the |ayer
M20AE%a4dPow refractive index may optional | yPE®IP2005/020247
diluted with a solvent, such as water, alcohol, ester,
ketone, ether, and aromatic solvent. The coating
conposition for the layer with a | ow refractive index,
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Eﬂﬁldfa'ﬁtn'drlﬁgéheo%& @}no xfy 'aﬁllf m. I!’,x é]for med in thegas chloro group

foI ["'ow manner

fﬁrﬁ%&p?@(@’zg 73&?’?5?'%08' l'icon compound as the

componen Wt h an or ganic solvent, and

e T S Oy A S L, o
e%gﬁﬂ@swhhyﬁﬁﬁn?&%ﬁ&ﬂg v1nylt1qgﬁl%rosa{ e, Silica fine
vinyltri(f-methoxy-ethoxy)silane, allyltrialkoxysilane,
acryloxypropyltrialkoxysilane, methacryloxypropyltriaikoxysilane,
methacryloxypropyldialkoxymethylsilane, ;rg_lycidoxypropyltrialkoxysilane,
ﬁ'(3,4-epoxycyclohexyl)-ethyltrialkoxysilane, mercaptopropyltrialkoxysilane,
y-aminopropyltrialkoxysilane,
N -B(aminoethyl)-y-aminopropylmethyldialkoxysilane,. and tetralkoxysilane.

The silica fine particles as the component (G) include, for exa-mple,

silica sol which is prepared by dispersing silica fine particles (having an
average barticle diameter of 1 to 150 nm) Into water, aleohol, or an organic

- solvent to make colloid. It is desirable to prepare the silica sol from silica
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particles as the conponent (G are dispersed in an

organi c solvent to prepare a colloid dispersion with

a concentration of 5 to 50 wt% The coll oi dal

WOWYSH] is added to the solution of the — PCT/AP2005/020247
organosi |l i con conpound. The resulting mxture is

given a surface active agent, UV |light absorber,
antioxidant, etc., if necessary. After thorough
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or the number of revol ution |
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coating on the lens surface, and't

bartadlé damasted obyo asldbb | '119{‘ afll afrefiil E%‘ ?n&e‘i{ %f‘éf%é‘g? ?#8 With

After application onto the plastic |ens

@ huetage pavticly ddmdayr RAMNEN
rays. In'this vvaymt he antir e%lag{:%? g%r?%h?tshi)a P62 not

gibe dheddsirédWRY esfra@iVel itdeP¥n I?ﬂ%@(;ddﬁ%f 'sfhﬁ?gg){ogﬁlye 1{}16 an

heating tenperature is proper erm ne

awensgapaetide dighefeh ¢arpak ehap 186 Jnli'ethe]%‘ﬂ?%d B%I-tlcl § make the

conposition and the heat resistance o

dregasic thin fidmUgisgl |y 40 WO 2006/ 095469
PCT/ JP2005/ 020247 50 to 200C, preferably 80 to 140C.

The ¢ hthi heHowas: foheuatich Gt Rlbs e, 4N
the range of 50 to 150 nm tshdlr%%%%gépggilgﬁ gpailable

e ot ot &%“ﬁ?‘?é‘?ﬁi\?ﬁ‘?ﬁﬁ?ﬁﬁgfx'Lé? s I BadeRlait 5,
“THRUEYWULdd BEECUME”. The commercial product is disperse sol |
containing hollow or porous silica fine particles having an average particle
diameter of 20 to 150 nm and a refractive index of 1.16 to 1.39.
The coating composition for the antireflection film may be

incorporated with, in addition to the components (F) énd (@), a variety of
‘resins, such as polyurethane resin, epoxy resin, melamine resin, and,
polyolefin resin, urethane acrylate resin, and epoxyacrylate resin, a variety of

monomers, such as methacrylate, acrylate, epoxy, and vinyl, for such resins.

It is desirable to add a fluorine-containing polymer or a fluorine ‘containing
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such that the difference, fromthat of the underlying
hard coating | ayer is noL sgaager t han O.}g}ably o

not smaller than 0.15, nore pre
gkg;ﬁéggL%an 0.20. To be concrete, the.refracPCl/ErP20051020247
i ndex should be in the range of 1.30 to 1.45. The
met hod for producing the plastic lens according to the
present .invention is sunnarized as follows. (1) The
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| ayer an organic thin f| m as an an
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properties and the performance of cured film.

¥

The wet process for forming the antireflection film with a low
refractive index includes, for example, dipping, spinning, spraying, and
flowing. The dipping or lspinning method is desirable to form a thin film (50
to 150 nm thick) on a curved surface of plastic lens.

When the antireflection film with a low refractive index is formed on
the hard coating layer, it is desirable to perform pretr'eatment on the surface
“of the hard coating layer. The pretreatment includes, for example, polishing,
UV-ozone cleaning, and plasma etching, which make the surface of the hard

coating iayer hydrophilic (with a contact angle 8 not larger than 60°).

The antireflection film is formed in the following manner. First, an
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conposi te oxide of titanium oxide, tin oxide and
silicon oxide, with a rutile-typechys:ﬁLI|éﬁérgﬁ) an
il d t

%%gggaéggéCoglgfgggu?mhgfgrEfegeﬁoteg an o?gahﬁﬁ”@@%%ﬁﬁu7
of carbon nunber 2 or nore which has reactive groups
capabl e of polynerization and Xl denotes a .
hydrol yzabl e group). (3) Thﬁ nmet hod Ior proﬁgcgﬂglghe

' en i nventi
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&?ﬁB%oHot?éggB dean'ea%ﬁ %ﬁgqsh%grﬁg ﬁ{ t}bgl?et g;p%gsr&e is
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concentration lower than 0.5 wt%, the coating solution does not give a desired
film thickness even though the lifting rate is increased in the dipping process
 or the number of revolution is reduced in the spinning process, and the film
thickness is unnecessarily small. In addiﬁion, increasing the lifting rate or
reducing the number of revolution causes uneven coating on the lens surface,
and this defect cannot be eliminated by addition of a surface active agent.

After application onto the plastic lens, the céating solution is cured
“by heating or irradiation with UV rays. In this way the antireflection film is
obtained. However, curing by heating is desirable. The heating
t_emperai:ure is properly determined in consideration of the make-up of the

coating composition and the heat resistance of the plastic lens. It is usually
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are hollow or porous ones. (6) The nethod for
produci ng the plastic |l ens according to the present
invention is characterized in that the silica fine
B 2W00@989def i ned in (5) above are those whi eQTARAHES/620247
an average particle dianeter of 20 to 150 nm and a
refractive index ranging from1l.16 to 1.39. [Exanples]
The present invention will be described in nore detail
with reference to exanples bel ow, which are not 4'
PAte 3, trreferablyi 81 ta 0 €cope thereof. Exanples 1 to
8 and Conparative Exanples 1 to 5 Exanples 1 to 8 and
Conpar dheihickaesp pEthejantgreflection filw|showld be rotist ratge of 50 to
the effect produced by each conponent -in the coating -
sorposi tWish & Bricknrssioateide dhisi nagee atherantirdflection fdoh does not
the plastic lens according to the present invention.
mrasduce dtglefiealy plhssrafradtivedndexef the anvtateflectdn ifiimt $teuld be
follow ng manner. (1) Misture resistance Lens sanples
sk hat é‘ge diffeyenesairam vhad of hoe nndexlyinsshand eontB@Gageniis not
100 RH% for 7 days. (Model PR-1G from Espec Kabushi ki
gapdomihan®d8, reedengbds nohswhlleh tham®. 16hmeye preferaldy not
surface are rated as "good", and those 43 WO
snakendsadd 26.CTTg be gomretey tag refragiiedndansboulsdmin the range
(31 ight change in the surface but are practically
deedtabi4e- are rated as "fair". (2) Wather resistance
Lens sappl es are exposed to a sunshine weather neter
( Model Thpppethod fexpradustnastheplrside lansaacconding toshe present
Ltd.). with a xenon |l a for 80 hours. They are
EVeREeR §8 %m%&?df%ﬁrfgﬁmﬁﬁace change and rated

(as:cordingto_thefollovvintg criteria. . i
1) The méthod includes a first step of forming on the plastic lens base

:
3

material a hard coating layer from a coating composition containing at least

the components (A) and (B) defined below and a second step of forming on the

hard coating layer an organic thin film as an antireflection film which has a

refractive index lower than that of the hard coating layer by not less than 0.10

and also has a thickness of 50 to 150 nm,

(A) inorganic oxide fine particles having an average pafticle diameter of 1 to

200 nm and containing titanium oxide of rutile crystal structure,

(B) an organosilicon compound represented by the general formula of

R1SiX!; (where R! denotes an organic group of carbon number 2 or mbre

which has reactive groups capable of polymerization énd X1 denotes a
“hydrolyzable group).

(2) The method includes a first step of forming on the plastic lens base

material a hard coating layer from a coating composition containing at least

the components (A) and (B) defined below and a second step of forming on the
' 4]



no change O cloudy A :cracking X : peeling (3)
Adhesi on of surface treating Iagler ghard ?oatl?g I;ay(re]g

| ow refractive index layer). The surface treati
%@@W@M?d coating layer and |ow refracti on PETHRGSH20247
tested for adhesion to the | ens base materi al
according to JI'S D-0202 (cross cut test). The surface
of a lens sanple is scribed with a knlfe in vertical

i v f
RaE DR EIR arf GRBE 31@%@"%%% Sj:fgxeo%"ﬁiw Shich hisk a
A R I S LA 4 0
%%H%&?}f]gggttﬁ%ﬁ‘pﬁgé gf ggo n the d| rect| on at an

angl’e o e .nunber of squares of
he. surface is vis
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i 9 t han %
B O Bl
20
R e i 9;’1%25‘215?’%‘4} wit sl putley

stance test Lens sanples are rubbed
{I\A&thﬁ%{)ék%téﬁ le(st eel- wool #0000 from N ppon Steel

el g0 SRS P
%ﬁlﬁf@?ﬁer@w"&eﬁ?g%r%??géa%iggro(ug X &I Cﬁaebcgg nggwt (%% or more
which has reactive groups capable of polymerization and X! denotes a
hydrolyzable group).
(3)  The method for producing the plastic lens according to the present
invention is characterized in that the inorganic oxide fine particles defined in
(2) above include those which have a core/shell type structure formed from (i)
a nuclear particle composed of a composite oxide of titanium oxide and tin
oxide or a composipe oxidé of titanium oxide, tin oxide and silicon oxide, with a
rutile-type crystallite, and (ii) a coating layer composed of a composite oxide of
silicon oxide and zirconium oxide, a compoéite oxide of silicon oxide and
aluminum oxide or a composite oxide of silicon oxide, zirconium oxide and
aluminum oxide, which covers the nuclear particle.
(4) The method for producing the plastic'llens accor&ing to the present
‘invention is characterized in that the organic thin film as the antireflection
film is formed from a coating composition containing the components (F) and

(@) defined below.

(F) an organosilicon compound represented by the general formula of



O:7to6 :5t04 X :3tol (1) Preparation of coating
solution (H1) for the hard coating layer. A m xture

was nmade from 264 parts of propyl ene glycol nethyl
BI0R896/0984¢8. 1000 parts of "Optol ake 11207 ( 11RRETIR2805/020247
commercially available from Catalysts & Chem cal s

I ndustries Co., Ltd. ("Optolake 1120Z (11RU-7/A8)" is

a sol containing 20 wt % of inorganic oxide fine

ticle, di t f 10
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d
“9&{9‘3‘? %‘oeﬁfyl% Kot ﬁﬁ%y@%ﬁtﬁﬁsnaﬁacorémqo@r&@ Rypsent
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gpé# added dropV\nse w th stlrrlng 62 parts of
aqueo S

0s“ldﬁ’l tFon of hydrochl oric acid. The

i G fﬁ?odvi‘gﬁ§9$§4c§ﬁ§4%9p§%*§’%s°é’%ﬁé%%§ﬁ thi PR
{a{@g%g Jaace %rr?a éé&aen g‘%&?}fgg@'ﬁgﬁ par e(%gqﬁff‘?r’%glllﬁr{p) above
bitenf 00kl g, ﬁfaszgr%%ze:&a%%w@swam e M enta
Ao Al Ao 13 B 800, * e har d coat g

ﬂE%éﬁ{] (J(Z) Preparation of coating solution (H2) for
coating layer. A mxture was nade from 146

b 0ot o PSSR Mo ledanonary 9etaRla il o
&fé&%ﬁf@}(&é}!aﬁ@%iﬁ?%@}gﬁéfé Hgtulsnttcrelll ed to restrLictdthe scope
thereof.

Examples 1 to 8 and Comparative Examples 1 to 5

Examples 1 to 8 and Condparative Examples 1 to 5 that follow
demonstrate the effect produced by each cdmponent in the coating
composition for the hard coating layer to be formed on the plastic lens
according to the present invention. The resulting plastic lens;es were
evaluated in the following manner. -

- (1) Moisture resistance

Lens samples are allowed to stand in a thermo-hygrostat at 60°C and

100 RH% for 7 days. (Model PR-1G, from Espec Kabushiki Kaisya) Those

samples which show no change in_the surface are rated as “good”, and those
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iIs a sol containing 20 wt % of inorganic oxide fine
particles (having an average particle dianmeter of 10

nm di spersed in nmethanol, the particle of which is

W 98E09546dm a nucl ear particle conposed of coRGBHER2085/020247
oxi de of titaniumoxide, tin oxide and silicon oxide
wth arutile-type crystallite, and a coating |ayer
conposed of conposite oxide of silicon oxide and

i.rconi um. gxi.de d whose . surface is further
SRR i o8 s guiibe pliniaee Pubre pmgtisniyur e |
f her mxed with 226 parts of ?
%gﬁ%&%&&ﬁ%ﬁg?fﬁaﬁet hoxysil ane and 101 parts of ‘
t ehyr tRoxysil ane. To the resulting m xed sol ution !
wg% %g@zer&‘%ﬁ%@g with stirfring 120 parts of 0.1N
aqueous; sol ut i on of h¥dro hloric acid. The solution
was stiTred ToPes hoaFRss &"&Iﬁ‘%\ﬁgkflﬁt weathegdneter (Mlodel

T d [ugi d 2 t f
PR NUNCEG, Bond Bies TEptlnsnSntets 1o Sl hoemen lamp for
f "1-7001".. f Ni Unj Co
BY oSy T e P e M ool OF putfape Phamdiomd rated
teand f 4 h . Th th
%%({Ogﬁgd&)ghgoa ?Vﬁﬁl%;%fﬁf]iagﬁr?abbrg\s;i at egr:sWﬁE’Z) f or

t he har . ' | ayer. (3) Preparation of coating
sol uti o@; (EI?O%HB;}%Q the hard coating layer. 46 A

m xt ur gywas, Jipde from 178 parts of propylene glycol
nmet hyl ‘et her ard 1000 parts of "Optol ake 1120Z
(11RU- A A8).;. ] rcially available from Catal ysts &

Cheni cal s I ndust?i es Co., Ltd. ("Optolake 1120z
(11RU'3(A8)pléeii{°1 a sol containing 20 wt % of inorganic
oxi de fine par fcles (having an average particle

PP VRiBRoBh of e Bk PleBRRE ey Pally coiies b aofeuaniractive

-9& 9_ite oxide of titaniumoxide, tin oxide and
lsi?}?cgn %xi de with a rutile-type crystallite, and a

R B ISR oGR8 T S S
4 o VP PR 0P IS e o
ol st | S REARY Il (ERL RIONNL o0 et s n I ERRe 2 vertical and
hBRYHaY Fibetiofil BE intervals of 1lmm, so that 100 squares are made, each
measuring 1 mm by 1 mm. A piece of cellbphane tape (“Cello-tape” from
Nichiban Co., Ltd.) is firmly pressed against the squares and abruptly pulled
in the direction at an angle of 90° to the surface. The number of squares of
coating film remaining on the surface is visually couﬁted. Adhesion is rated
" according to the following criterion.

© :100% squares remain

O  :not less than 95% nor less than 100% squares remain

A :not less than 50% nor less than 95% squares remain
44



("Denacol EX-313" from Nagase Chemicals, Ltd.). To the
resulting mxed solution was added dropwi se with
stirring 104 parts of 0. IN agueous solution of
WPR00Etb48# i ¢ aci d. The solution was stirred fRCT/AP2005/020247
hours and allowed to stand for 24 hours. To the aged
solution were added 2.5 parts of Fe(lll) acetyl
acetonate and 5 parts of silicone surfactant ("L-7001"

from N ppon, Unjcar any Limted). The solution was

sti rred%oflefsﬁhﬁéom%rg%%ﬁamo stand for 24 !
hgﬁgrs Thuys there s obtained a coating solution !
( SBoreSrRlgtetesatapeetest or the hard coating |ayer. (4)
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L4 Catai%sts & Chem cal.s é?dustricgg Co., Ltd. )
%ﬁ of aRE T 2B IRUPTRGFAMABS lor scrateags apdratadnorgrding to
0% i-naorgani.c oxi de fine particles (having an
gﬁ/ee%g%gm%g%??r&?% di aneter of 10 nn) dispersed in
et l,. ke, particle of which is 47 WD 2006/ 095469
%B?%Q(SBS;@Z@Q formed froma nuclear particle
conposes of osite oxide of titaniumoxide, tin
oxi de gd s]iq:é%g%n oxide with a rutile-type
crystal it:e, td d a coating | ayer conposed of
conposite oxide of silicon oxide and zirconi um oxi de,
and whose :5s%riace is further nodified with a coupling
agent.) The resulting m xture was further m xed with
170 pants .of, vy gl yci doxypropyl trimet hoxysilane, 63
parts of disilane conpound ("NSK-100" from Tokuyama
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o e L UL BRSO SR 2
T e W R
LN P85 104 360 A s 1
id ol Oktainlin @ BN BR AP E3K oSRIPARY pht T Syt om average
particle diameter of 10 nm) dispersed in methanol, the particle of which is

formed from a nuclear particle composed of composite oxide of titanium oxide,
tin oxide and silicon oxide with a rutile-type crystallite, and a coating layer
composed of composite oxide of silicon oxide and zirconium oxide, and whose
sﬁrface is further modified with a coupling agent.) 'I;he resulting mixture
“was further mixed with 226 parts of y-glycidoxypropyltrimethoxysilane and
- 40 parts of glycerol polyglycidyl ether (“Denacol EX-313” from Nagase
Chemicéls, Ltd.). To the resulting mixed solution was added dropwise with

stirring 62 parts of 0.1N aqueous solution of hydrochloric acid. The solution
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for 4 hours and allowed to stand for 24 hours. Thus
there was obtained a coating solution (abbreviated as
H 4) for the hard coating |ayer. (5) Preparation of
WO00649548| uti on (H5) for the hard coating |BgEIL200%/020247
m xture was made from 264 parts of propyl ene gl ycol
nmet hyl ether and 1030 parts of "Optol ake 1120Z
(8RU- 25/ A1l7)" comrercially available from Catal ysts &
Chem cal sl ndustries ., Ltd. ("Optol ake 11207 '
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By SFiaf ok 4 b 4R allontas ongfand demhbeweor Thombere was
i de of silicon oxide . and zircaqnium oxi de, and whose
Qpeteda paatins tola -mﬁgab?lre@aatﬁﬁﬁﬁé-li&rpqhe&garda:gemlg)layer.
T sultin xture was. further m xed with 226 parts
S AR08 DsBabE selhtinatiba) Gr0e hard coating lajer
- gl ycidoxypropyl tri hoxysij | ane gnd 4Q parts of
él 3cgr & mb%ﬁq% %’c“'ira?&g tﬁoﬁbﬁﬁ Pﬁﬁér?géa?m@@%g@colr wethyl ether
Chem S d lting mxed
BP0 iRt X0Riadk e BT DY chmarom papeailabie from
egMs_sol.ution  of ochloric acid. Th
ot IR 4 QRSP raditysles Lol " Top sk bl LR UM
far. 24 hours. e .aged solution were added 3 parts
%f% if‘i”fﬁa)‘mé‘ée%@i"%é’é WeTRabE aide gnséw@cl@r: haying @weaverage
factant  ("L=-7001"\ from N ppon Uni car Conpany L
%lf?ﬁcfee%%m%reg@o(?ﬂm) gﬁSRﬁé'%el\‘gsf‘f?’reE}ba‘? r the nygiicle afighich is
fg,L ga\@l%gignu%iand fglr 24 houra. Thus there was . )
OBPST Hey! & TEHAT R lisle tomgesed 96 Ferppesiteoxide of tiggnivgs oxide,
hard 1C i ng .l,ayer.. (6)..Preparatij of coating
bl P8 ST e St RaRhiIChaRe rgetalbiss ani mfotineslaver
rom 264 rts .of propyl ene gl ycol nethyl
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was further mixed with 226 parts of y-glycidoxypropyltrimethoxysilane and

101 parts of tetramethoxysilane. To the resulting mixed solution was added
dropwise with stirring 120 parts of 0.1N aqﬁeous solution of hydrochloric.acid.
The solution was stirred for 4 hours and allowed to stand for 24 hours. To
the aged solution were added 2 parts of Fe(ITI) acetyl acetonate and 5 parts of
silicone surfactant (“L-7001” from Nippon Unicar Coﬁlpany Limited). The
“solution was stirred for 4 hours and allowed to stand for 24 hours. Thus
- there was obtained a coating solution (abbreviated as H-2) for the hard
coating iayer.

(8) Preparation of coating solution (H-3) for the hard coating layer.
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(11RU-7/A8)" is a sol containing 20 w % of inorganic
oxide fine particles (having an average particle

di aneter of 10 nn) dispersed in nethanol, the

particle of which is formed froma nuclear particle
conposed of conposite oxide of titaniumoxide, tin
oxide and silicon oxide with a rutile-type
crystallite, and a coating |ayer conposed of conposite
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.solution was.stirred for 4 hours and allowed to stand
digrgpterpothlitpm) drporsed tyowibohok thepaside afidddciipfrted from a
of Fe(l1D acetyl 49 WD 2006/ 095469 PCT/ JP2005/ 020247
nualvet gratielasinposedrdf $ofipositkiRane owa%@ﬁﬁm%id§,"diﬁ 696 and
from N ppon Unicar, Conpany Limted). The solution
silBa bidd w8eh £ htife- al | owed tq" tand for 2
Thour . Thus t%giﬁge %j;g %Tg?g%}]lg% a c%g?al%ﬁlbg iaéieﬁtclo oséd of
eviated .as H 6) for, the hard coating | ayer. 7
CO@Q%E‘? 8%"[&&0%&?&%’5\?’?% g4 %}qu)@ﬁummée,famdg Wh@gfh a\ufac(:e 38 further
oating layer. A mxture was nmade from 264 parts of

mogiised Make ageypbng meenyd ether and 1030 heresulighg mixture
" %‘t | ake 1120ZAL (8RU-25/ A8)" commerci ally ‘avail abl e
wasHynt g mixesh with daos viglueidexsmaspdrimathdxysilane, 101
("Opt ol ake 1120ZAL (8RU-25/A8)" is a sol containing
papls gittedramethoxyitine, exiddt) parve o glycewl eslyelyadynethan
~average particle dianeter of 8 nm dispersed in
( D?éﬂﬁ’ﬁgﬂl){‘) 3thefromalNegasceCbemiduls HoAidS. f Bbrihd réswhing mixed
nucl ear particle conposed of conposite oxide of
solutioanivasmdsted dropwise oxithl etiamia gsitd moms ofk0. A& aiitidows solution
rutile-type crystallite, and a coating | ayer conposed
of laydnoghiosi 2@doxiTle sofutsod waemtivxidifer 4 ziure emidutioxédeo
and al um num oxi de, and whose surface is further
stamddiof i2dchours. To the aged solution were added 2.5 parts of Fe(IIT)

acetyl acetonate and 5 parts of silicone surfactant (“L-7001” from Nippon
Unicar Company Limited). The solution was stirred for 4 houfs and allowed
to stand for 24 hours. Thus there was obtained a coating solutioﬁ
(abbreviated as H-8) for the hard coating layer.
- (4) Preparation of coating solution (H--4) for the hard coating layer.
- Amixture was made from 261 parts of propyiene glycol methyl ether
" and 1000 parts of “Optolake 1120Z (11RU-7/A8)" commercially available from
Catalysts & Chemicals Industries Co., Ltd. (“Optolake 1120Z (11RU-7/A8)”
18 a sol éontaining 20 wt% of inorganic oxide fine particles (having an average

. particle diameter of 10 nm) dispersed in methanol, the particle of which is
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with a coupling agent.) The resulting m xture was

further mxed with 226 parts of

y- gl yci doxypropyl tri met hoxysi |l ane and 40 parts of
WO2080/9F469 pol ygl yci dyl et her (" Denacol . EX- 313PCTARAIS/020247
Nagase Chem cals, Ltd.). To the resulting m xed

sol uti on was added dropwi se with stirring 62 parts of

0. 1IN aqueous sol ution of hydrochl oric acid. The
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sol ution (abbreviated as H ar

(Bly ePrepasation 6Pesadthd §b1ﬁﬂsn§§!n§) 2% Ratd o t,ggoa]{ap,“ on

of the coating solution
| ayer , A exgeie wadnadeEraAl 269 pd i BOb BRI HIRE HFcd ' Siny1 other

particles was
and 1030 parts of “Optolake 1120Z (8RU-25/A17)" commercially available

from Catalysts & Chemicals Industries Co.., Ltd. (“Optolake 11207
(8RU-25/A17) is a sol containing 20 wt% of inorganic oxide fine particles
- (having an average pal_'ticle diameter of 10 nm) dispersed in methano], the
-particle of which is formed from a nuclear particle coﬁposed of composite

- oxide of titanium oxide, tin oxide and silicon oxide with a rutile-type
crystallite, and a coating layer composed of composite oxide of silicon oxide
and zirconium oxide, and whose surface is further modified with a coupling

agent.) The resulting mixture was further mixed with 226 parts of
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repl aced by a sol containing 20 wt % of inorganic oxide
fine particles (having an average particle dianeter

of 8 nm dispersed in nmethanol, the particle of which

WO 081849 f r om a nucl ear particle conposed of PCTAP2005/020247
conposite oxide of titanium oxide and silicon oxide

Wi th an anatase-type crystallite, and a coating |ayer

~ conposed of conposite oxide of silicon oxide and

zi rconi um oxi de, and whose surface is further ;
yrgbicidaxgpwirsfirame thptysignaigea 0 poirts efglposit polyglicittyl ether
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CRented EX-BAAUEPN Regaee Chemicals,Jitder dotthadesultimg mixed
"Optol ake 1120Z (U-25/A8)". (10) Preparation of !
whatiomy asaldded sopwistoyithetirting Gfparts ofi0.ilhjagegmis.solution
coating solution (abbreviated-as H 10) for the hard
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was prepared in the sane way as in preparation of the
and forg24 bowuts. orfo(the 3iged fsolutiomewener afldedal pagps|odyFefIID) acetyl
except that the sol of inorganic oxide fine particles
aegtonadp paddararys af sidicone perfhretant (10700 ) faemi Ninpgarfiicar
oxide fine particles (having an average particle
Crmperefinited).r i The splupion seas strrrﬁéfqraéhgqu dred allowed to
particle of which is formed froma nuclear particle

stanp Hyedt boursongdeisttkereowne ebifined s ganting srlwdwra@bbreviated
silhﬁon oxide with an anatase-type crystallite, and a

asdatd ey theyhardcenpegdayet conposite oxide of silicon
2 i de and zirconium oxide, and whose surface is
r t hespapaidpR cEepatingseution SHr¢lfontmhardrepatinglayesi t e
oxi de sol_ s commercjally available from Catal ysts &
Chermi cAMixtyredwyas made irem 264 parts atieropylencaglscilanethyl ether

" Qpt ol ake 11207 (U-25/A8)". &%i} P&gparation_of )
2094000 azts of |QRF0(41F91]1])2C%"‘<1! (R RS sommergiallyyasailahle
coating solution (abbreviated as H11) for the hard
, ahalys i &rChemicaly lstystries Qo Réds aliPnielpkeasl 12AL
reparation of the coating solution (H4) for the
(LY 88Y iin g sohgentainingelit Wi of inorganis oxide fingmgaticies
oxi.de fine particles  was replaced by a sol containing
(baying ongrvernen Barfide digmeteriohd0puan) digpesed in anethgngh the
aver.a article diianeter of 8 nm dispersed in
pﬂgttltﬂg% pv?n@lhgs ormed%rom a nuclear pa@tlcle coFinposed of composite
oxide of titanium oxide, tin oxide and silicon oxide with a rutile-type
crystallite, and a coating layer composed of composite oxide of silicon oxide
and aluminum oxide, and whose surface is further modified with a coupling
~agent) The resulting mixture was further mixed with 226 parts of
y-glycidoxypropyltrimethoxysilane and 40 parts of glycerol polyglycidyl ether
‘(“Denacol EX-313” from Nagase Chemicals, Ltd.). To the resulting mixed
solution was added dropwise with stirring 62 parts of 0.1N aqueous solution

of hydroéhloric acid. The solution was stirred for 4 hours and allowed to

- stand for 24 hours. | To the aged solution were added 3 parts of Fe(III) acety!l
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particle of which is formed froma nuclear particle
conposed of conposite oxide of titanium oxide and
silicon oxide with an anatase-type crystallite, and a
Beuaeys468yer conposed of conposite oxide of BCTARQ#H020247
oxi de and zirconium oxide, and whose surface is
further nodified wwth a coupling agent. The conposite
oxi de sol is commercially available from Catal ysts &
Chemicals Industries Co., Ltd. under a trade nane of
A@podtakardld padtsofsdspaspurfactod)t (H-#pat afroanNofpon Unicar,
coating solution (CG1) for lowrefraction film A K
fompang hisdtedhdeThe solut®nswas stirned dpry 4 dwerghyd allowed to ‘
nononet hyl ether (PGVE for short hereinafter) and 8.1 ¢
gfaofl for 34 hoirox yErisihehe wesiobbmined a5@aDg2R06! Q9 ifReviated
PCT/ JP2005/ 020247 To the resulting m xture was added

2 HpWii foe the hardcdatiiglgyer.2 g of "0. IN aqueous sol ution

of hydrochloric acid. The resulting solution was

§f7} r Peepdration®fisoating sqlmtioni &I-Zbfontthe hand soaiddg iry29. 7

g of silica sol containing 20 wt% solids, which is

commer & midtyrewais|inagderom264naxts pf prorglGhe giycal methyl ether
I ndustries Co., Ltd. under a trade name of "THRULYA

amb 030 it of ' Optrdake 126%A I (SRY Y ABS reovfmbwiid imavailable
silica fine particles_(having an average particle
faomarfeatelysss &6Ohemyicaln Indunsriep flvol LtdAf (& ptotakeol APOZAL

m xing, the solution was_ incorporated with 0.04 g

(ERN '(?gf@ﬁ?’b@)assaszoat@m@m%@ WA %t ¢tgnowm¢ yuideding padickes

%@of silicone surfactant ("L7604" from N ppon Uni car
(Bavingran average pprticlardiamesar of/§ my) divpetsessiol metlomol, the
there was obtained a stock coating sol ution

regticki divkjck dsformadaommh nyclsapprricdecomgosed of Gopmposite
(35.3 9g) was diluted with 114.7 g of PGVE sol ution

axait off thiandgueoncide i pxige| 4nsoviicasueide weibh a(ruiiletupe

from Ni ppon Unicar Conpany Linmted). After thorough
cgystalitagand pepatingdayeamonnnsed af conposite exideof silichpoxide,
the |ow refraction filmwhich contains about 4.7%
ZispRigan ofidesanbatumiguan prideoand yhose synfaceds Autiprimodified
(13) Preparation of coating solution (G2) for |ow

wigh proupling pepnt.) AThexeswlsings e was dprther snigedwith 226

propyl ene gl ycol nononet hyl .
parts of y-glycidoxypropyltrimethoxysilane and 40 parts of glycerol

polyglycidyl ether (“Denacol EX-313" from Nagase Chemicals, Ltd.). To the
resulting mixed solution was added dropwiée with stirring 62 parts of 0.1N
aqueous solution of hydrochloric acid. The solution was stirred for 4 hours
and allowed to stand for 24 hours. To the aged solution were added 3 parts of
Fe(III) acetyl acetonate and 5 parts of silicone surfactént (“L-7001” from
‘Nippon Unicar Company Limited). The solution was stirred for 4 hours and
allowed to stand for 24 hours. Thus there was obtained a coating solution
(abbreviated as H-7) for the hard coating layer.

(8) Preparation of coating solution (H-8) for the hard coating layer.
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ether (PQVE for short hereinafter) and 8.1 g.of
y-gl yci doxytri nmet hoxysilane. To the resulting m xture
was added dropwi se with stirring 2.2 g of 0. IN
BR8] ut i on of hydrochl oric acid. The reBUl/AR20¢5/020247
solution was stirred for 5 hours. To this solution
was added 20.7 g of silica sol containing 20 wt %
solids, which is comercially available from Catal ysts
& Chem a n nder a trade nane
of %ICO?LH% Sop#mnsdagg}”‘?"éaategé!sdﬂ §51 gor féﬁeé}?efdsnoehneﬂayer was
arti.cl es (havi n average

Aot 58 bl BF o S v o 5P sawions lntion -1 for
%88%?6%&%%%“ s B 8 S o o
O 0 g A S e L Al o i T g
BT e A%tteii)sé“ LR S omit hominrage o
S Bk R S B b Sy
GO CER N R ST G
L1 58 S A AP 2 Sl S b i
TSI e AL S RSBt SR Sbpose
%%1%%%%1313 Sty ?.vaﬁ)gafb S6bin'Ba g@dex of 1m1qq4§)industnes Co.,
A I gfﬁmﬁm o gorstion
3 R DB RS PR RER
BT I g
S A SRR 016
AR R M P
replaced by a sol containing 20 wt% of inorganic oxide fine particles (having
an average particle diameter of 8 nm) dispersed in methanol, the particle of
which is formed from a nuclear particle composed of composite oxide of
titanium oxide and silicon oxide with an anatase-type crystallite, and a
coating layer composed of composite oxide of silicon oxide and zirconium oxide,
and whose surface is further modified with a coupling agent. The composite
oxide sol is commercially available from Catalysts & Chemicals Tndustries Co.,
Ltd. under a trade name of “Optolake 1120Z (U-25/A8)".
(10) Preparation of coating solution (H-10) for the hard coating layer.

A coating solution (abbreviated as H-10) for the hard coating layer
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obtained a lens with a lowrefraction film The

t hi ckness of the coating |layer was 90 nm and the

refractive index of the coating |layer was 1.37. The

MaMGsEoned | ens was tested for noisture reBCEHIRMNEE20247

weat her resistance, surface |ayer adhesion, and

scratch resistance according to the method nentioned

above. The |lens obtained in Exanple 1 was satisfactory
ure resistance, weather resistance,

Wbﬁ%%régar%i}ﬁ} a%?o*i‘?é%‘? By 2348 Pr&B?%t%%l viddesoative SOMIcWiﬁ -3)
a%ro SRR B 175 SHIREFBR: Woesoo Bpfmauaabis ogsl Aye particles
8%08% Dtepplaiey %(?%%eigrr%\%gaﬂﬁp Amclinsanlys
@5 IR e85 Bl e i Sroren.
RS AT Rt aéﬁrﬁ'% s of composic
J(i]f((igo@gltfr:l alti%aoe;?u‘éo %Q%Wc# Rﬁ?g%ﬂtg%&aqsq*{égeytx%gysb%lhte and
% %né%%sfcomgs@oaﬁwﬁé{%ﬁa&gt ERLAL, -
RIS KRRl w&ﬁrﬁl@?a@ 5851' 2 chalivg dEevandde
ik P AR D S o
ﬁf?ﬂl\éﬁ‘les 5 ﬁg‘%gts u?cget al g%&%o%tﬁékm@é%z(ﬁfg%%S i
e M e %qluﬁﬂaéﬁﬁ.iﬁtéﬁﬂiﬁ?ﬁa# eSipreo
(0SS B A Bl P15 S
%é;ﬂﬁe%‘i‘ir@@ﬂ'l Pl?é(éé}ge %vtaylézsolcﬁ Igr%rpa%astgor?] oP t tee(%atl-ggus%lt}t?er ?H 4)
for the hard coating layer, except that the sol of inorganic oxide fine particles
was replaced by a sol coz_ltaining 20 wt% of inorganic oxide fine particles
(having an average particle diameter of 8 nm) dispersed in methanol, the
particle of which is formed from a nuclear particle composed of composite
oxide of titanium oxide and silicon oxide with an anatase-type crystallite, and
a coating layer composed of composite oxide of silicon oxide and zirconium
oxide, and Whos_e surface is further modified with a coupling agent. The
composite oxide sol is commercially available from Ca;talysts & Chemicals
" Industries Co., Ltd. under a trade name of “Optolake 1120Z (U-25/A8)”.
(12) Preparation of coating solution (C-1) for low refraction film,
'A mixture was made from 18.8 g of propylene glycol monomethyl

ether (PGME for short hereinafter) and 8.1 g of y-glycidoxytrimethoxysilane.
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obtained a hard coating layer, 2.5 gmthick. To the
t hus obtai ned | ens base rmteLi ald. was ap?l ! tGﬂ t he
above-nmentioned C-1 solution by dipping (w a
WOr20p6igs46at e of 10 cnmimi n). Dipping was fol | oMeTInegos/020247
baking at 100C for 180 minutes. Thus there was
obtained a lens with a lowrefraction film The
t hi ckness of the coating Iayer was 90 nm and the

activ |nde of the g.layer was 1.37. 55 WO,
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above

fednalipp {1 8h U1 ?ﬁ gm%ﬁr' g&ﬁs cPAeE Eﬁ?lg)élig {{?ngcg? there was

surf ace ayer a
obtained a coating solution for the low refraction film which contains about

4.7% solids. This coating solution is designated as C-1.
(13) Preparation of coating solution (C-2) for low refraction film.
A mixture was made from 18.8 g of propylene glycol monomethyl
ether (PGME for short hereinafter) and 8.1 g of y-glycidoxytrimethoxysilane.
| To the resulting mixture was added dropwise with stirring 2.2 g of 0.1N
aqueous solution of hydrochloric acid. The resulting solution was stirred for
5 hours. To this solution was added 20.7 g of silica 361 containing 20 wt%
“ solids, which is commercially available from Catalysts & Chemicals .
‘Industries Co., Ltd. under a trade name of “Oscal 1435”. This silica sol isa
dispersibn of solid silica fine particles (having an average particle diameter of

- 45 nm) in isopropanol. After thorough mixing, the solution was incorporated
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Exanpl e 5 The above-nmentioned H5 solution was applied
to SSV by dipping (with alifting rate of 35 cnmimin).

Di ppi ng was followed by air drying at 80C for 30
WOEDSHAd baki ng at 120C for 120 mi nutes. TROBJRAMEYI30247
was obtained a hard coating layer, 2.5 pmthick. To

the thus obtained | ens base 56 WD 2006/ 095469

PCT/ JP2005/ 020247 material was applied the
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sur‘?%t%%g%# Tl AR, orgeéﬁfﬁlﬂr%géq FataS, obtained a
PR gy %‘a&%m R ST oS S
%%ﬁ"%%ﬂﬁ%h&g% RS Bar 84120 M nutes. Thus there
mémfu%iai ned a hard coating layer, 2.5 gmthick. To

S obtained | ens base material was applied the
g i S SRl o one e
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Dlppmg was followed by air drying at 80°C for 30 mil_mtes and
baking at 120°C for 180 minutes. Thus there was obtained a hard coating
layer, 2.5 pm thick. To the thus obtained lens base material was applied the
above-mentioned C-1 solution by dipping (with a lifting rate of 10 cm/min).
Dippi_ng was followed by baking at 100°C fbr 180 minutes. Thus there was
obtained a lens with a low refraction film. The thickness of the coating layer
was 90 nm and the refractive index of the coating layer was 1.37.

The thus obtained lens was tested for moisture resistance, weather

‘resistance, surface layer adhesion, and scratch resistance according to the
method mentioned above. The lens obtained in Example 1 was satisfactory
in all of mmsture resistance, weather resistance, surface layer adhesion, and

scratch resistance.
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resi stance, surface |ayer adhesion, and scratch
resi stance according to the nethod nentioned above.
The | ens obtained in Exanple 6 was satisfactory in
WO 20809M8P st ur e resi stance, weat her resi st ancBCTAP2005/620247
surface | ayer adhesion, and scratch resistance. 57 WD
2006/ 095469 PCT/ JP2005/ 020247 Exanple 7 The
above-nmentioned H 7 solution was applied to SSV by
dipping (with alifting rate of 35 cmmin). Dipping
owed by air drying at 80C for 30 m nutes and
baklng at 120C for 120 m nutes. Thus there was )
obt ai nddeabexe dnedenasyt hgantiop waspanlitdde. SS6 bwnlépping
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thy a liftingiraircef & qm/smn}t | Bitpmpg wasdpHevesby indrying at 80°C
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%&J.Wﬁ e foalwg, By RS Shawm Ang theirafragivesadensnfithed

to .SSY by dip glng (with a lifting rate of 35 cmmn).

"BF‘BBg @Y‘%ﬁa‘gaﬁf #37owed by air drying at 80C for 30
120 m nutes. Thus there

m nut e Ki 120C for

obhat %a‘atah%?cg S A kpshesl kox maistnrg regigtance, weather
the thus o tal ned I S base materi al . was applied the
rﬁf}é‘é?élcﬁeﬂr ¥fiedgyer 2 etieR Kl spatphgisistanes aeoRding to the

i,ng rate of 10 c D| ing was followed b
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in all of moisture resistance, weather resistance, surface layer adhesion, and

scratch resistance,

Example 3
The above-mentioned H-3 solution was applied to SSV by dipping

(with a lifting rate of 35 cm/min). ]jipping was followed by air drying at 80°C
for 30 minutes and baking at 120°C for 180 minutes. Thus there was
obtained a hard coating layer, 2.5 pm thick. To the thus obtained lens base
material was applied the above-mentioned C-1 solutic.)n by dipping (with a
lifting rate of 10 em/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The
thi_ckneés of the coating layer was 90 nm and the refractive index of the

coating layer was 1.37.
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m nutes. Thus there was obtained a lens with a | ow
refraction film The thickness of the coating |ayer

was 90 nmand the refractive index of the coating
WH2006/6884591. 46. 58 WO 2006/ 095469 PCT/ JP2005/ BCDZRL#05/020247
The thus obtained | ens was tested for noisture

resi stance, weather resistance, surface |ayer

adhesi on, and scratch resistance according to the

nmet hod The | ens obtained in Exanple 8‘
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85? ht W82l | owed by air drying at 80C for 30
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the abdds TRaYerBRBGHOReY He pRlitign Was appiinchtp $SW i dipping
£ rat e, of cm mn) . Dipping s followed by
(ieh %3%2{‘%6@?% coifgpin) | Rigriag wﬁﬁfgﬁpwed by drying at 80°C
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bR aneos Bifko 8 feat 1103 mch arlgw; Sfeaqtien fim. The
tRIRBLALL c%é?i%llgyezr was 90 nm and the refractive index of the

coating layer was 1.37.

The thus obtained lens was tested for moisture resistance, weather
resistance, surface layer adhesion, and scratch resistance according to the
method mentioned above. The lens obtained in Example 4 was satisfactory
in all of moisture resistance, weather resistance, surface layer adhesion, and
scratch resistance.

Example 5

The above-mentioned H-5 solution was applied to SSV by dipping
(with a lifting rate of 35 c/min). Dipping was followed by air drying at 80°C
for 30 nﬁnutes and baking at 120°C for 120 minutes. Thus there was

obtained a hard coating layer, 2.5 pm thick. To the thus obtained lens base
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The above-nentioned H 9 solution was applied to SSV by
dipping (with a lifting rate of 35 cnimn). D pping
was followed by air drying at 80C 59 WO 2006/ 095469
WORNEFReB3/ 020247 for 20 minutes and baki ng BCT/IF200G/020247
for 180 mnutes.. Thus there was obtained the hard
coating layer, 2.5 gmthick. The thus obtained | ens
base material was coated with the above-nentioned G 1
solutlon by dj.p (with a_ lifting rate of 10
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fhogss o %%FO%&%@%W%&@ W andc¥he rediastizg dedex of the

ac? ﬂ &g met hod nenti oned above. The | ens
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noi st u ance surface | ayer adhesion, and

scrat cﬁ% E‘é‘?? tHped %W%Eesfﬁ% riTRoiiueepistance, weather

resi st ance. ar atj ve Exanple 3_.The above-nmenti oned

TSI} E‘H’%?F gr aﬂbw@a gl spmatqly Tegistanerpaccording ta the

[ifting rate f350 m g was foll owed by

“&?‘ih°8‘rI§P’P18°%% apRve- ¢ Peéenwhﬁﬁe%@:{] Hhipapiag was spstEactory
g ]f8 Thus thﬁgﬁ; obt ai ned the hard

188‘ ke Hﬁ"ﬁss‘;‘féfrres? GG ER re?ﬁéﬁ%%gubfaﬁealweﬁ afppgion, and

materi al was coated with the above-nentioned C1

Sgra}stﬁ]ff%ﬂswc& pping (With a lifting rate of 10

E:fnim n)6 Di ppi ng was foll owed by baking at 100C for
utes. Thus there was obtained a lens with a

I fi k f th t
| ayer - hGE Abo mentimenat pepluttan ves la%agﬁdgq S8Re duping
fil 1.37. The. th I
Kgoeraid r%'& TP PR/ s DiREINE VaadHiomon s e camee at 80°C
fo%*l“g(f %Gﬁ#gea rl%é'a? I]QOa(rJ] ?orsfioa mlgu{e?ss' %‘31%2 %_}elere was

accord
obtained a hard coating layér, 2.5 pm thick. To the thus obtained lens base

material was applied the above-mentioned C-1 solution by dipping (with a
Lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The
thickness of the coating layer was 90 nm and the refractive index of the
coating layer was 1.37.

The thus obtained lens was tested for moistl.;re resistance, weather
" resistance, surface layer adhesion, and scratch resistance according to the
method mentioned above. The lens obtained in Example 6 was satisfactory
in all of .moisture resistance, weather resistance, surface layer adhesion, and

scratch resistance.
57



met hod nenti oned above. The | ens obtained in
Conparative Exanple 3 was 60 WO 2006/ 095469
PCT/ JP2005/ 020247 satisfactory in noisture
Wes1086/9088, surface | ayer adhesion; and scr at BETAP2005/020247
resi stance, but was poor in weather resistance.
Conparative Exanple 4 The above-nentioned H 11
solution was applied to SSV by dipping (with a
|ifting rate of 35 cmnmin). Dipping was followed by |
' lei’ng at 80C for 30 minutes and baking at 120C
for 180 m nutes. Thus there was obtained the hard
coat i ngThexgiqve - mentipned Hi € rolutivae wasisppliedinSHVItlendipping
Ea,se mat eri al was coatrsd with the above-nentioned C1 -
With lsngrade phsthgmmindn  Rippingwagfollawed diy aip drying at 80°C
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phipined\p havd copping tpvene-p em ghicky e Tp thie ghet obtaenddlens base
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Paderdyl was applied theahesimentiered fihsplationtssdipping byith a
]ggrface I?tyler dhesi on, and scratch resistance
W EtRGT L8 coHmmbedhipaingwes doldavedhby bakimgeat HHEC for 180

obt ai ned Lln C‘ﬁrrpar ative, ExarrrlJI e 4 was, satisfactory in
mintes, e Thus thergeas oktgineg e lens withplewsrafractiomdfilm. The

cratch _resistance, but was poor_in weather.
thicknass aE the coating layey waa R my arddeyedrastiypandex of the

3

above-nenti oned H 8 solution was applied to SSV by
Grhpelave was 371 i fting rate of 35 cmnin). Dipping

was followed b air _drying at 80C for 30 m nutes and
ok o The 1E5eebtaned i fufasted SHaOHEPoHatnos, woather
obt ai ned the hard cggti_ng | ayer, 2.5 pmthick. The
IPRIFEA M anTiaee 1agRE 2Baeson A Eserafchresistaagerroprdingttp dhe
abgve- ment.i on C2 [ ytion by dipping (wwth a _
PP r@e?%?%ef?db%- cmﬂﬂys obspethyl fxampde I gvasisatisfactory
.b%ﬁgrﬁgat 100C for 180 I nutes. Thus there was )
BB & B RISENCHIS ST RGeS, Fepbhpr wopishrRte furiprelaypradhesion, and
scratch resistance.
Example 8
The above-mentioned H-1 solution was applied to SSV by dipping
(with a lifting rate of 35 cm/min). Dipping was followed by air drying at 80°C
for 30 minutes and baking at 120°C for 120 minutes. Thus there was
obtained a hard coating layer, 2.5 pm thick. To the thus obtained lens base
material was applied the above-mentioned C-2 solution by dipping (with a
~ lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The

thickness of the coating layer was 90 nm and the refractive index of the

coating layer was 1.46.
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61 WO 2006/ 095469 PCT/JP2005/ 020247 thi ckness of the
coating layer was 90 nmand the refractive index of

the low refraction filmwas 1.46. The thus obtai ned
WEn06@e846Pest ed for noi sture resistance, weat REF/JIP2005/020247
resi stance, surface layer adhesion, and scratch

resi stance according to the nethod nentioned above.

The | ens .obtained in Conparative Exanple 5 was poor

in weat her . yesistanc Mor eover he | ens tends to be
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o ANE é’s {6 bottom of the reflectivity curve.)

Comparative Example 1

The above-mentioned H-8 solution was applied to SSV by dipping
(with a lifting rate of 35 cm/min). Dipping was followed by air drying at 80°C
for 30 minutes' and baking at 120°C for 180 minutes. Thus there was
obtained the hard coating layer, 2.5 nm thick. The thus obtained lens base
material was coated with the above-mentioned C-1 solution by dipping (with a
lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The

 thickness of the coating layer was 90 nm and the refractive index of the low

refraction film was 1.37.

‘The thus obtained lens was tested‘ for moisture resistance, weather
resistance, surface layer adhesion, and scratch resistance according to the
method mentioned above. The lens obtained in Comparative Example 1 was
satisfactory in moisture resistance, surface layer adhésion, and scratch

resistance, but was poor in weather resistance,
Comparative Example 2
.The above-mentioned H-9 solution was applied to SSV by dipping

- {with a lifting rate of 35 cm/min). Dipping was followed by air drying at 80°C
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resistance, surface layer adhesion, and scratch resistance according to the
- method mentioned above. The lens obtained in Comparatix.re Example 2 was
satisfactory in moisture resistance, surface layer adhesion, and scratch
resistance, but was poor in weather resistance.
Comparative Example 3
The above-mentioned H-10 solution was applied to SSV by dipping
(with a lifting rate of 35 cm/min). Dipping was followed by air drying at 80°C
for 30 minutes and baking at 120°C for 180 minutes. Thus there was
obtained the hard coating layer, 2.5 pm thick. The thus obtained lens base
material was coated with the above-mentio‘ned C-1 solution by dipping (with a
lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The
.thickness of the coating layer was 90 nm and the refréctive index of the low
" refraction film was 1.37.
The thus obtained lens was tested for moisture resistance, weather

resistance, surface layer adhesion, and scratch resistance according to the

method mentioned above. The lens obtained in Comparative Example 3 was
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the C-2 coating solution of solid silica fine
particles, has a high reflectivity neasured at the
bottom of the reflectivity curve. The plastic |ens
. Warare09549 Conpar ati ve Exanpl e 5, which -has -t PETAR0E/020247
coating layer formed fromthe H8 coating solution of
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Com aratlve Exam Ie

The above- mentmned H-8 solution was applied to SSV by dipping
(w1th a lifting rate of 35 cm/mm) Dipping was followed by air drying at 8G°C
for 30 minutes and baking at 120°C for 18b‘minut.es Thus there was
-obtained the hard coating layer, 2. 5 um thick. The thus obtained lens base
material was coated with the above- mentloned C 2 solutlon by d1pp1ng (Wlth a
_ hftmg rate of 10 cm/mm) Dlppmg was followed by bakmg at 100°C for 180 |

' mmutes. Thus there was obtamed a lens with a:low refractlon film. The




tenperature reached 100C. The tenperature at which
obvi ous cracking occurred was designated as crack
occurring tenperature. The results were rated
WOt 0 the following criterion. very hi BEI/AR85/020247
resi stance (with a crack occurring tenperature of
100C or above) 64 WO 2006/ 095469 PCT/.P2005/020247 O
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(3) Weat her

resi stance test:
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(4) Scratch
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E’iaHPﬂﬁand & 7compakilt e|oxFad of s@icon &ide ar@ Low
Exppple 8 i lumFbkj db. @®d Whdd®d slurf 8ce | s fQirt her O High
_ C%a‘ia’f“reed w-5h A ceypli ng}d%gegt ) «The|regyl tifng A1 xturep o
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It is apparent from Table 2 that the plastic lens samples in

Comparative Examples 1 to 5, which have the hard coating layer formed from

the H-8 to H-11 coating solutions of inorganic oxide fine particles containing

anatase-type titanium oxide, are poor in weather resistance although the

titanium oxide constitutes composite oxide fine particles with other oxides

and assumes the form of composite oxide covered with a coating layer. The

plastic lens sample in Example 8, which has a low refraction film formed from

the C-2 coating solution of solid silica fine particles, has a high reflectivity

measured at the bottom of the reflectivity curve.

The plastic lens sample in

' Comparative Example 5, which has the hard coating layer formed from the

H-8 coating solution of inorganic oxide fine particles containing anatase-type

titanium oxide and also has a low refraction film formed from the coating

solution C-2 of solid silica fine particles, has high reflectivity measured at the
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Chemcals, Ltd.). To the resulting m xed sol uti on was
added dropwi se with sti rrihlng 30 pargs '(I)'L 0. 1I Dltion

us sol ution of hydrochloric acid. e So
aggze"gﬁf?%‘iﬁéd for 4 hou)r/s and al |l owed to stand PGF/JE2005/020247
hours. To the aged 66 WO 2006/ 095469 PCT/ JP2005/ 020247
solution were added 1.6 parts of Fe(lll) acetyl )
acetonate, 0.3 parts of silicone surfactant ("L-7001

o OB BRy “‘%1 6%t R éfé%sémgpirte%weaftggﬁ#éstggééﬁg 7o
?ﬁ?af o B8R e P%\S“Fh%“ﬁwgaﬁr%i’]g 38 Gl & and fombarative
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R tb%g%n% S D TR A A v ety S——
E@fﬁé{? FERRAF ol BB Tbr 5@%%1% TiAdsf dhe Plioat samples in
t I eat rren?lafn o] r'r:'l %ﬂ)& %&tﬁg S‘Jéﬁa%ﬂﬁﬁg\g do‘%/m"i‘f]@lc}l have the hard
%?‘&%la%i o Bouce g %?‘%lgflo%%?%gﬁéﬂé thiergasiticon

he |
AL A AN il
s 9 B E drying at 80C

80 m nutes

d " f| I about
100" nm E%ﬁ"e‘s?%?@ons i lﬁa Bty B sl ey
[ ne oupli.ng a en 0 .i
ShHprE 01000 S iwdmwgm
1519@&% !B éﬁle%é%ﬁéﬁ%aﬁ?@g}nﬁle fo IB\ONETI]lgl 13;1%1 n%i't 50

propyl ene gl'ycol
(1) Heat resistance test (crack occurring temperature):

The lenses obtained in the examples were fitted into the eyeglass

frame, and the assembled eyeglass is heated in an oven at 40°C for 30
minutes. After heating, the eyeglass was allowed to stand at room

' temperature for 30 minutes. The lenses were visually examined for cracking
by using a camera chscura. Ifno cracking. occurred, heating was repeated for
30 minutes in the oven at a temperature raised by 10°C and the visual
examination was repeated. This procedure was repeated until the heating
temperature reached 100°C. The temperature at wﬁich obvious cracking

" occurred was designated as crack occurring temperature. The results wefe

rated according to the following criterion.

.© very high heat resistance (with a crack

occurring temperature of 100°C or above)
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and 688 parts of "Optol ake 1120Z (8RU- 25/ Al7)"
comercially available from Catalysts & Chem cals

I ndustries Co., Ltd. ("Optolake 1120Z (8RU 25/ A17)"

WD 0B/PeB8/ 095469 PCT/ JP2005/ 020247 is a sol PCTAP2005/620247
contai ning 20 wt % of inorganic oxide fine particles
(having an average particle dianmeter of 8 nm

di spersed in nmethanol, the particle of which is’

f or med cl Lar. article conpogsed of conposi te
oxi de o nl'”iﬁh FAtRr e ancet(s"ﬁﬁbﬁlcﬁ%c ustipgcon oxi de

vvitharutl al It and a coating | ayer
conposed oféeggﬂ%gg‘i‘ eéoof%)si | i con oxi de and ‘
zi rconi ym oxi d and ose urface is further ¢
nodi fi e 'OF’ gé%ori?ﬁ’r% e (é"é a)crqqieochgmpg, ng m xture
was further_m xed with

y- gl yci doxy%%?f?rer?&uﬁgﬁgﬁow than 7030 parts of

glyice YycCi dyI et her ("Denacol EX-313" from
N%asf%gh %5 Ltd.). To the resulting nixed

S S M PR g .
S wﬁ‘%‘%%%r? Bl SRR S 8 5530 o
R e e
gﬁgﬁgg&éﬁ ok Bt 1B TR Sao AR Tor Aoy o the lens
bR maldhdh >acc R L gf@@%gg&%g&ﬁm@ gf’glb@gggg% of a lens
3540 U b LS L AL o
DR D el b P T hafer rn aed °@af' %%ﬂ%eﬂ% by 1
IS AR o
AR Aol S
dﬂﬁ?@&f 9(%5 Bl sUSRE.! CRGY nuESEIBE Spires of coating film remaining
on the surface was visually counted. Adhesion was rated according to the
. following criterion. |
© 100 squares remain
O 195 to 99 squares remain
A 150to 94 squares remain
X ‘less than 49 squares remain
(8) Weather resistance test:
Weather resistance was evaluated by observing cracking after
exposuré to a sunshine weather-o-meter for 120 hours.

(4) Scratch resistance test:
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(1) Formation of hard coating | ayer 68 WD 2006/ 095469
PCT/ JP2005/ 020247 A m xture was nade from 187 parts

of propyl ene glycol nmethyl ether and 625 parts of

W8/ ERE91120Z (8RU- 25/ A17)" commerci al |y avBCT/aRA065/020247
from Catalysts & Chem cals Industries Co., Ltd.

("Optol ake 1120Z (8RU-25/Al7)" is a sol containing 20

wt % of i norgani c oxide fine particles (having an
average rticle |aneter of 8 nm dispersed in

met hanol et Bs 5apples wexss rufbed avith steed wooli#00Q0 faom Nlppon

e co ed of conposite oxide of
SF Sf??ﬂh%. id‘éi) torg feutae thpes yhderca foaskefdekgi t Fharubbed
ruti]e-t ytalllte andacoatl%ﬁdilag conposed -
SRR |et"’<—:1S piexamined for seragshiegea ted pcemriling to the

Eoi]& and whose surface is further nodified with a
mlpﬁﬁr’é"g‘%ﬁ’ﬂ ) The resulting mxture was further

O@ rts of
{EEP 65‘% t-ri met hoxysilane and 50 parts of
gl ycer@ pglrﬂygélym dyl ether ("Denacol EX-313" from

Nagase Ltd.). To the resulting m xed
sol uti dded dropwi se with stirring 30 parts of
0.1 N aquédus solutlon of hydrochloric acid. The
sol uti s stirred for 4 hours and allowed to stand

for 24 ou s 4To the aged solution were added 2.1
parts gj (.I ) acetyl acetonate, 0.7 parts of
magnesi um' hlorate, 0.3 parts of silicone

gurfagt%ant ( L- 7001" from Ni ppon Uni car Conpany

, and 1.3 parts of phenol antioxidant
PG (4P S L T ™

| zz: o i A SR B bl G5 e

BB S SR B AL i e o

c%ﬁgﬁrs%ﬁ%tc LR 5 S B SR oSS
isa %oj; (ﬁnltt%%glag%y VB%& pﬁé{org%éicpghg )&%%glpﬁgclflg.%ﬁhawgg Ia?lgaverage
particle diameter of 8 nm) dispersed in methanol, the particle of which is

formed from a nuclear particle composed of composite oxide of titanium oxide,
tin oxide and silicon oxide with a rutile-type crystallite, and a coating layer
composed of composite oxide of silicon oxide and zirconium oxide, and whose
surface is further modified with a coupling agent.) The resulting mixture
was further mixed with 106 parts of y-glycidoxypropyitrimethexysilane and

' 25 parts of glycerol polyglycidyl ether (“Denacol EX-313” from Nagase |
Chemicals, Ltd.). To the resulting mixed solution was added dropwise with
stirring .30 parts of 0.1 N aqueous solution of hydrochloric acid. The solution

was stirred for 4 hours and allowed to stand for 24 hours, To the aged
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69 WD 2006/ 095469 PCT/JP2005/ 020247 treated with a
fluorine-containing silane coupling agent to inpart

wat er repellency. Conparative Exanple 6 (1) Fornation
B0 WaePS¢dat i ng | ayer A nixture was nade fr onPQBIP2005/020247
parts of propylene glycol nethyl ether and 625 parts

of "Optol ake 1120Z (8RU 25/ Al7)" comercially

avai l able from Catalysts & Chem cals Industries Co.,

Ltd.. ("Optol ake 1120Z (8RU-25/A17)" is a sol
éﬁﬂ%ﬂ‘hﬁvﬁbe %@f% b6 parts@grigpiHilbacptyhrcetonnte pRBuiastesf silicone
hayi ; rage nparticle diameter of 8 nm ?
%P%&&gﬁgyh%ﬁéﬁ aﬁ’oﬁ}PR% piear iGomep 9ty Limided), end 1.3 parts of

formed froma nyclear particle conposed of conposite !
pRrael atioRidant (ipEgederystaly fros aw agmehs Chowaeml dnilussry Co.,

o TR N .
zi rconidm oxi de, and whose surface s further

modi f i e VRIS LOURIR WG AgBHed Yo the lansdiy dipRipaniwitlupdifting
S o B By D T e biAe 077 ah B aelirine g BOEC i 30
RUfSEs S 68 190G For Seplomin o Qe theramae abtained the
G R REdR e 87 B Wy ochi or ¢ acid. The

B o e et ol ot | on ere | acded 2.3
agnes L ChE FakpdfEorostaly tiadpsket snd ederwent plasma
FHPENID: R redcuandes B Srke nifiansdant (- Ant age
T T )
ARG RSer (3) Formation of antireflection
Voli{a®e/8.6 0.1 kv
Then, the lens was éoated with the coating solution C-1for thé low refraction
. film by dipping (with a lifting rate of 10 cm/min). Dipping was followed by
 air drying at 80°C for 30 minutes and baking at 100°C for 180 minutes.

Thus there was obtained a low refraction ﬁlm, about 100 nm thick. The lens
was further treated with a fluorine-containing silane coupling agent to impart
water repellency.

Example 10

(1) Formation of hard coating layer

A mixture was made from 138 parts of propylene glycol methyl ether

and 688 parts of “Optolake 1120Z (SRU-25/A17)" commercially available from

Catalysts & Chemicals Industries Co., Ltd. (“Optolake 11207 (8RU-25/A17)"
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WD 2006/ 095469 PCT/ JP2005/ 020247 The | ens under went
plasma treatment in the way as in Exanple 9. Then, the

| ens was coated with the coating solution C1 for the
WORpEHEt i on  film by dipping. D pping was POI/iReAgN20247
by baking. The lens was further treated with a
fluorine-containing silane coupling agent to inpart

water repellency. Conparative Exanple 7 (1) Formation
made from 152 i

0 0 00 48 e S S B g
R A e T,
ot R el P AR ot of s v
AR o Ao PR SR s Mooatin lver
O S e P S0 TR S5 S oo s
UL M B S 2 g ), BB it
A LR LE S
B MG A H A RS B3 from s
Ghissial, MY U SIS C RS, XAl o
S SIS PN, G L PO St
80 HHRA 20 1R LAl alBled So BN it Bourigda the peed
288550 Roe BN ) Y b BEQPIBLS) oo 5% Sk i
Aol CL T WP, €8 COMBRRY LIS P09
) ERMBEHERL (SRS AN Sou 80T oty o,

1R&Y JRR009082074 obtained a coating solution for the hard coating layer.

. This coating solution was applied to the lens by dipping in the same way as in
. Example 9 to form the hard coating layer.

- (2) Formation of antireflection film

The lens underwent plasma treatment in the way as in Example 9.

Then, the lens was coated with the coating solution C-1 for the low refraction
film by dipping. Dipping was followed by baking, 'I“he lens was further

‘treated with a fluorine-containing silane coupling agent to impart water
repellency.

Example 11

(1) Formation of hard coating layer
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applied to the lens by dipping in the sane way as in
Exanple 9 to formthe hard coating |ayer. (2)

Formati on of antireflection film The | ens underwent
PlO28PE09%468at nent in the way as in Exanple 9. POHER005/020247
the lens was coated with the coating solution G1 for

the lowrefraction filmby dipping. Dipping was .
foll owed by baking. The lens was further treated with

eter 4 BRENFENES s e 16EPSHEH oRep IRB ehaobmeshy! diher
P 8PPl ik b Bbedl Biaofr smsnrsiaty anetate rom
%@%@té&ﬁe@%r@ ﬁaﬁtr?%g‘%g o%gcf' EQ%@E%@%%@&RU a1y
ot R b R R i o819 183 e hinton v
o lﬂéﬁf# E’Ifg %'?)d b 55&1?%&2 aa@l gee pertige gfwhich is

R G Mo Wbt et o
45 Zivfea SlEl%gl'bE Btk ridle '%Bl?e EvrbEe occur§§tgn§|bayer

T0: rtgf)f com osd ed;eg? roggﬁggn oxlde anlx)mggo%lijlrn!nec()j}u e, and whose
surface 1s further modified with a coupling a;gent.) The resulting mixture
was further mixed with 106 parts of Y-glycidoxypropyltrimei;hoxysilane and
50 parts of glycerol polyglycidyl ether (“Denacol EX-313” from Nagase
Chemicals, Ltd.). To the resulting mixed solution was added dropwise with
stirring 30 parts of 0.1 N aqueous solution of hydrochloric acid. The solution
was stirred for 4 hours and allowed to stand for 24 hours. To the aged
solution were added 2.1 parts of Fe(III) acetyl acetonate, 0.7 parts of
magneéium perchlorate, 0.3 parts of silicone surfactant (“L-7001” from
~ Nippon Unicar Company Limited), and 1.3 parts of phenol antioxidant

(“Antage Crystal” from Kawaguchi Chemical Industry Co., Ltd.). Thus there

was obtained a coating solution for the hard coating layer. This coating

solution was applied to the lens by dipping in the same way as in Example 5

to form the hard coating layer. |
(2} Formation of antireflection film

The lens underwent plasma treatment in the way as in Example 9.
Then, the lens was coated with the coating solution C-1 for the low refraction

film by dipping. Dipping was followed by baking. The lens was further
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Exanple 7 It is noted that the hard coating | ayer has
good scratch resistance and sufficient hardness if
t he amount of gl ycerol polyglycidyl ether (as a 72 WO
WOOBP@E5%69 PCT/ JP2005/ 020247 pol yf unct i onal PE€p@BeY05/020247
compound) accounts for 4 to 22 wt% of the total solids
as in Exanples 9 to 11. It is also noted that the
hard coating | ayer resists cracking after repeated
heating.in the heat resistance test on account of the |,
feepted ¥ithne Syoraesontaiging sine valingegent o impatt water
al sg noted that the hard coating |ayer excels in !
Y8FY-r esi st ance as indicated by the results of
racki ntg test tqQ neasure weather resistance. The hard
é@%ﬁéﬂ]ﬂg—&)or in heat resistance and adhesi on
poor i rdness i f the anount of the :
&3 ylfsq}ﬁ%’c 1% %’ tiRgdAmInd i s  excessively small or
| arge, respectively. EXPL(] TATI ON | N | NDUSTRY The
pI ast i c‘\ Wixurg seasy A fos {82 partet propyoneelxsal methyl ether

wi thout . reflectio nd is superior in scratch
‘§ b2 aree ol P\R%‘ék‘ﬁéﬂ%%f (5% 25/4!#121?éf)mr%ercmllwwﬂable from

/

. f I dd
{Jaé‘fy#a%hﬁl fifals Rodueieieg ¢ q?eL%» (Foptat ks LA ARG /A17
to the present_jnvention may used to produce such
fiog! SR RIRRER L wh o a%ftm%raaews@g ﬁ@e[p@rapf?ﬁ)( hayigggimaverage

t I d. of | ast I b
RitE R R o B e ARy e ot hamila DTl PR hich is
ireflection filmformed

ens ase rmt rial d an
%Pd‘u l?fﬂfélc ea%?éﬁlpoaﬁﬁé’ﬁ EPRPPFILe pEidg of sephgn oxide,

f t
te%ﬁ%@gi O EGU PROR S BT UFL SV D BB CH B St coning ayer
defi ne el ow, |no nlc oxi de fine particles
ﬁkPC’ﬁ‘@ g C%%?Séff Xde P lémap taé‘rd ﬂsrcoylm axade, ARdabose

t ai. n

SPOCRI s 23

was further mixed with 88 parts of y-glycidoxypropyltrimethoxysilane and 63

titanium oxi de Wth a rutil
Hzﬁl d w1t a coupthng agent.) eI‘he resulting mixture

- parts of glycerol polyglycidyl ether (“Denacol EX-3 13" from Nagase Chemicals,
Ltd). To the resulting mixed solution was added dropwise with stirring 24
parts of 0.1 N aqueous solution of hydrochloric acid. The solution was stirred
for 4 hours and allowed to stand for 24 hours. To the aged solution were
added 2.2 parts of Fe(III) acetyl acetonate, 0.7 parts of magnesium
perchlorate, 0.3 parts of silicone surfactant (“L-7001” from Nippon Unicar
Company Limited), and 1.3 parts of phenol antioxidaﬁt (“Antage Crystal”
“from Kawaguchi Chemical Industry Co., Ltd.). This coating solution was'
applied to the lens by dipping in the same way as in Example 9 to form the
hard coatlng layer.

(2} Formation of antireflection film
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(B) an organosilicon conpound represented by the

general fornmula of RISIi Xla (where RI denotes an

organi ¢ group of carbon nunmber 2 or nore which has
WO2806/028468r oups capabl e of pol yneri zati on anBCHIP2005/020247
denotes a hydrol yzabl e group), and the antireflection
filmis an organic thin filmfornmed froma coating
composi tion contai ni ng the corrponents (F) and (Q

ropr esont B Ao A B AR Benbih R i W e omsm dgenid o
h
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.10 and al so has 'a thickness of 50 to 150 nm [C aim

@ m?_?afaﬁlr@ﬁt)da‘&l !ISF?S as defined in Caim1l, wherein
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covers said nuclear par

cbﬁﬁ@s&ﬁoﬁ%ﬁﬁﬁ%ﬁ’te' idd & Jlidon ég@ﬁg %hﬁ%l&%ﬁi&%i %246{ @nﬁéﬁgose

parti cles are OW ones.
e A A )5 e

vs?gﬁ'{gl?irlllgi fn?zg{?na ?vlg:_lg 1*5%&?%19@'}%0138)&%%% ﬂ%rl&le; 11%51 aneand 5

pafts S lyR8ebl goldlycil] &hdk PredaloPEX P 41y Rgass €a'}hen(lglcals

Ltd.). To the resulting mixed solution was added dropwise with stirring 47

- parts of 0.1 N aqueous solution of hydrochloric acid. The solution was stirred
for 4 hours and allowed to stand for 24 hours. To th;e aged solution were

" added 1.7 parts of Fe(IIl) acetyl acetonate, 0.5 parts of magnesium |
perchlorate 0.3 parts of silicone surfactant (“L-7001” from Nippon Unicar
Compaﬁy Limited), and 1.3 parts of phenol antioxidant (“Antage Crystal”

from Kawaguchi Chemical Industry Co., Ltd.). This coating solution was
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conposition for the hard coating |ayer further

contains a pol yfunctional epoxy conpound as the
component (C). (Claim 71 The plastic |lens as defined

WO 2906j096469Cl aim 1 to 6, wherein the coating PCT/AJP2005/020247
conposition for the hard coating |ayer further

contains as the conponent ()) an organosilicon

compound represented by the general formula of

R2nSi X24-n (where R2 denotes a Cra hydrocarbon group,
9@“@@%@ ’%nﬁﬁar%avwgﬂpéhg SBES, WA as in Exagple 91tp form the
{ICI(gi mt%e plastic lens as defined in any of aim
ARpOR &n the coating conposition for the ‘
rds coating J ayer .furth contai ns as the conponent
{‘?22)% rma&}qna#é“%br(?ﬁﬁ%tﬁ%ﬁi%pr esented by the fornula
X3a- m §i - Y- Si (R4AmM,- X4a-m (wher e and R4 each 74
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gidgctive index |ower than that of said hard coating
aver by no less than 0.10 and also has a thickness
of 50 to 150 nmfrom a coat| ng ]ﬁo Si t1 0caRataival NY
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O or 1) (G silica fine particles having an average
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4

Table 4
Heat ' . Cracking due | Scratch
resistance Adhesion to weathering | resistance
| Example 9 © © Not occurred O
Example 10 @ @) No occurred Q
Example 11 © © No occurred ©
Comparative o o
Example 6 No occurred O
Comparative
Example 7 O O Occurred ©

It is noted that the hard coating layer has good scratch resistance

and sufficient hardness if the amount of glycerol polyglycidyl ether (as a
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[ aim10) The nethod for producing a plastic lens as
defined in daim9, wherein said i no; g?nlt C OXi dexifldge
articles contain a conposite oxide o i tani um oxi

gf@@ot)d:’m&&i de or a co%osi te oxide of titaniReu/amedese20247
tin oxide and silicon oxide, with a rutile-type
crystallite, and have an average particle diameter of
1to 200 nm [Caim1l] The nmethod for producing a

_ 1) The method for producing a
AP B SR EFiaCRal PeePbEtd e thiach weotahe eeral solids as

b

AR EPDPRES BN, 1 151555 Pl Biof phe hard coating layer rosists -
EPARIE Bk e BBTRR B T thESay resia Rt s AP decountof che
I 0N DK 05y PR, 21000 LAVET
P T, RS oo PRI BBk Su e epsot by e rohic of

Cil e B L Rl e B bR 121 The ot hod

aner o1 mER APl Tol o P 28 RSt ErstnpPt Bl Rbasion oris
RS nhphe s 5 HE DR o BB AT el sPommepmpound B
SRahr T Satet AR WIS el act tve  ndex

ranging from1l.16 to 1.39. 75

EXPLOITATION IN INDUSTRY

The plastic lens according to the present invention is clear without
reflection and is superior in scratch resistance and weatherability.
Therefore, it will find use as high-performance eyeglasses. II} addition, the

method for producing the plastic lens according to the present invention may

- . be used to produce such high-performance plastic lenses.
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[Claims]
(Claim 1] A plastic lens composed of a plastic lens base material, a hard coating layer

formed on the plastic lens base material, and an antireflection film formed on the hard
coating layer, wherein the hard coating layer is one which is formed from a coating
composition containing at least components (A) and (B) defined below,

(A) inorganic oxide fine particles having an average particle diameter of 1 to 200 nm and
containing titanium oxide with a rutile-type crystallite,

(B) an organosilicon compound represented by the general formula of R1SiX13 (where Rl
denotes an organic group of carbon number 2 or more which has reactive groups capable of

polymerization and X! denotes a hydrolyzable group),
and the antireflection film is an organic thin film formed from a coating composition

containing the components (F) and (G) defined below:

(F) an organosilicon compound represented by the general formula of R5:R6¢SiX5;qx (where
R5 denotes an organic group having reactive groups capable of polymerization; R¢ denotes a
C1-6 hydrocarbon group; X5 denotes a hydrolyzable group; q is 0 or 1; and ris 0 or 1),

(G) silica fine particles having an average particle diameter of 1 to 150 nm,

the organic thin film has a refractive index lower than that of the hard coating layer by no
less than 0.10 and also has a thickness of 50 to 150 nm.

[Claim 2]  The plastic lens as defined in Claim 1, wherein said inorganic oxide fine
particles with a rutile-type crystallite contain a composite oxide of titanium oxide and tin
oxide or a composite oxide of titanium oxide, tin oxide and silicon oxide, and have an average
particle diameter of 1 to 200 nm.

{Claim 3] The plastic lens as defined in Claim 2, wherein said inorganic oxide fine
particles include those which have a core/shell type structure formed from (i) & nuclear
particle with a rutile-type crystallite composed of a composite oxide of titanium oxide and tin
oxide or a composite oxide of titanium oxide, tin oxide and silicon oxide, and (ii) a coating
layer composed of a composite oxide of silicon oxide and zirconium oxide, a composite oxide of
silicon oxide and aluminum oxide or a composite oxide of silicon oxide, zirconium oxide and
* aluminum oxide, which covers said nuclear particle.

[Claim 4]  The plastic lens as defined in Claim 1, wherein the silica fine particles are
hollow ones. J

{Claim 5] The plastic lens as defined in Claim 4, wherein the silica fine particles are
those which have an average particle diameter of 20 to 150 nm and a refractive index
ranging from 1.16 to 1.39.

~ [Claim 6] The plastic lens as defined in any of Claim 1 to 5, wherein the coating
composition for the hard coating layer further contains a polyfunctional epoxy compound as
the component (C). '

{Claim 7]  The plastic lens as defined in any of Claim 1 to 6, wherein the coating
composition for the hard coating layer further contains as the component (D} an
organosilicon compound represented by the general formula of R2%uSiX24n (where R? denotes a
Ci3 hydrocarbon group, X2 denotes a hydrolyzable group, and n is 0 or 1).

[Claim 8] The plastic lens as defined in any of Claim 1 to 7, wherein the coating
composition for the hard:coating layer further contains as the component (E) a disilane
compound represented by the formula X33-n-Si(R3n)-Y-Si(R4m)-X43-m (where R3 and R4 each
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denotes a C1 hydrocarbon group, X3 and X# each denotes a hydrolyzable group, Y denotes an
organic group containing a carbonate group or epoxy group, and m is 0 or 1).
[Claim 9] A method for producing a plastic lens which comprising the steps of:

" forming on a plastic lens base material a hard coating layer from a coating
composition containing at least the components (A) and (B) defined below,
(A) inorganic oxide fine particles having an average particle diameter of 1 to 200 nm and
containing titanium oxide with a rutile-type crystallite,
(B) an organosilicon compound represented by the general formula of R1SiX!s (where R
denotes an organic group of carbon number 2 or more which has reactive groups cap able of
polymerization and X! denotes a hydrolyzable group); and

forming on the hard coating layer an organic thin film as the antireflection film

which has a refractive index lower than that of said hard coating layer by no less than 0.10
and also has a thickness of 50 to 150 nm from a coating composition containing the

components (F) and (G) defined below,
(F) an organosilicon compound represented by the general formula of R5:R8:SiX%-qr (where

R5 denotes an organic group having reactive groups capable of polymerization; Rf denotes a
C1-s hydrocarbon group; X5 denotes a hydrolyzable group; g is O or 1; and ris O or 1

(@) silica fine particles having an average particle diameter of 1 to 150 nm.
[(Claim 10} The method for producing a plastic lens as defined in Claim 9, wherein said

inorganic oxide fine particles contain a composite oxide of titanium oxide and tin oxide or a
composite oxide of titanium oxide, tin oxide and silicon oxide, with a rutile-type crystallite,

and have an average particle diameter of 1 to 200 nm.
(Claim 11] The method for producing a plastic lens as defined in Claim 10, wherein said

inorganic oxide fine particles include those which have a core/shell type structure formed
from (i) a nuclear particle with a rutile-type crystallite composed of a composite oxide of
titanium oxide and tin oxide or a composite oxide of titanium oxide, tin oxide and silicon
oxide, and (i) a coating layer composed of a composite oxide of silicon oxide and zirconium
oxide, a composite oxide of silicon oxide and aluminum oxide or a composite oxide of silicon
oxide, zirconium oxide and aluminum oxide, which covers said nuclear particle.

(Claim 12] The method for producing a plastic lens as defined in Clam 9, wherein the

stlica fine particles are hollow ones.
{Claim 13] The method for producing a plastic lens as defined in Claim 12, wherein the

silica fine particles are those which have an average particle diameter of 20 to 150 nm and a
refractive index ranging from 1.16 to 1.39.
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