FI'TM FORM NG COATI NG SOLUTI ON AND SYNTHETIC RESI N LENS FI ELD OF THE

| NVENTI ON 5 The present invention relates to a filmformng coating
sdlution, and- Jhis SheetHaaBeen Replagedhr t i cul ar a synthetic resin | ens, having a
fi**m formed fro olution. More specifically, the invention
relates to a co for formn on a substrate, a filmwhich 10
i3 colorless and transparent, has a high ¥efractive index and is excellent

i —~hot water resistance, weathering resistance, |ight resistance, scuffing
resi stance, abrasion resistance, inpact reagrgkance, flexibility, dyeing
prnoperties and adhesion to a substrate nmade of glass or 15 plastic. The

i nvention al so relFaies-FORMINGY COACING 565UDION FENDWE YNTHEIS CA RESIN CaNs film
of a high refractive index formed fromthe coating solution on its surface
and is free frominterference fringe. 20 BACKGROUND COF
THE | NVENTI ON Vari ous processes have been heretofore proposed in order to
form on a substrate made of pIasﬁﬂBLBLQQLSEEQUﬁﬂﬂﬂﬂagboat filmhaving a
r@fractive i_ndex higher than or al nost equal to that of the substrate. 25
IQ_this conRection, B¢ PEeIREPYEHOR Fedphprche 8l FEbr-FRERIng|

carbonate resin is excellent.in safety, processability and ashi onabl eness
as conpared wit FPRFHEIOHY ?n'arﬁf“ﬁzfg %"‘g’ﬁ afage(ioﬁﬁ ?%’EB"W e recently

with the 2 dgyel QOO &l A¥dnd SeRioPd ERTAMEGHRea "RESh S coating

! solution. More specifically, the invention relates to a

coating solution for forming, on a substrate,'a film which

; 10 is colorless and transparent, has a high refractive index

&- "and is excellent in hot water resistance, weathering

L; resistance, light resistance, scuffing resistance, abrasion

resistance, impact resistance, flexibility, dyeing

- properties and adhesion to a substrate made of glass or

: 15 plastic. The invention also relates to a synthetic resin
_ - lens which has a hard coat film of a high refractive index
é L_ formed from the coating solution on its surface and is free
. ; from interference fringe.

20 BACKGROUND OF THE INVENTION

- Various processes have been heretofore proposed in

iﬁ order to form, on a substrate made of plastic or glass, a

‘ hard coat f£ilm having a refréctive iﬁdex higher than or
§ L, almost equal to that. of the substrate.

; 25 In this connection, a lens formed from a diethylene
L glycol bisallyl carbonate resin is excellent in safety,

?i processability and fashionableness as;éompaﬁéd?ﬁiq&.%‘g§%s§§

h: lens, and has rapidly come into wide use receﬁtiy:;1£% gﬁeaé

i _

_



t echni que and t hei r—eonbimed téechni que. However, the diethylene glycol

bi sal Iyl carbonate r ggjsBnddfges Beandeplared i ve i ndex of 1.50, which is |ower
than that of a glass | hus a near-sight lens forned fromthis
resin has a drawback t m\ m “\‘Mu | ens has a larger thickness in its
peri phery than the gla e field of synthetic resin lens for
spectacles, therefore, it has been actively tried to devel op techniques for
ththning the lens by using 10 resin materials of a high refractive index.
For exanpl e, hi glevedfoprenitvefi adex-reflacthbertedimitaid, nGaadr ebaact i ve

i ndex of 1.60 or nore are proposed in Japanese Patent Laid- Open

P i cations No.tet33dhlel a8d, theiricemdinedsechhiyme .27 ERH@VEEI0LhES

On the other hand, the plastic lens for spectacles is susceptible to
squffing, so th@he¢W§1§@ﬁf8&¥Céi Phéablﬁ%t¢%FbQﬂﬁ$qs?%ﬁ%@eb@ﬁl? pesvrgbive
with a silicon based hard coat | m  However, if this nethod_is agplled to

a high- refract Een@éx ire vnwpéﬁg hév*?@FE1FQﬁq%%9ﬁtv€fiﬁd@%aéﬁ 8ot

| th 1.54, i f d i f.f

I LI TR AT i 0D B
appear ance. a\@%%;?ggggg QQPfi‘”féfr‘s Pk?a{se li?e'rcﬂq Qﬂﬁ 5. in its

54331/ 1986 and |sc 0sSe a coatl ng |ch
cqlloidal di spetgi,q h%frys'thhﬁoﬂhg' e%as‘s iéﬁk@ pa:m 't@JeeSflléaadokfn @,HEné hbcon

based filmform'ng Coating solution (film formng coating solution elng

al; S|O rgflerred t ¥e3in’ QAL Ei!BrCQﬁE@’éaél@@, sl ffd, ek has' sekacadtMelya
C oi da '
%“ tried to develop techniques for thinning the lens by using

10 resin materials of a high refractive index. For example,

F”f

i__ high-refractive index resin materials having a refractive
ééi: index of 1.60 or more are proposed in Japanese Patent Laid-
' I, Open Publications No. 133211/1984, No. 46213/1988 and No.

i = 270859/1990.

%i' 15 On the other hand, the plastic lens for spectacles is
;gLf susceptible to scuffing, so that the surface of the plastic
éét; lens is generally provided with a silicon based hard coat
§; film. However, if this method is applied to a high-

ggLJ refractive index resin lens having a refractive index of

§§§ 20 not less than 1.54, interference fringe is produced by a
séL“ difference of the refractive index between the resin lens
;}L; and the coat film, resulting in bad appearance. To solve

this problem, Japanese Patent Publications No. 54331/1986

and No. 37142/1988 disclose a coating technique in which a
25 colloidal dispersion of silicon dioxide fine particles used

in the silicon ‘based film-forming coating solution (film-

forming coating solution being also referred to as "coating

composition" hereinafter) is replaced with a colloidal

L



3 dlsper5|on of nmﬂm Hmﬂkamk ﬁ“ﬁlne particles, such as those of A, Ti,

Zr;, Sn or Sb OXId refractive index. Further, Japanese
quent Lai d- Cpen 301517/1989 di scl oses a process for
préparing a conpoun |tan|un1d|OX|de and cerium di oxi de; Japanese

Patent Lai d- Open Publlcatlon No. 264902/1990 di scl oses conpound i norganic
oXide fine particles of Ti and Ce; and Jdbanese Pat ent Lai d- Open
Publication No. 68901/1991 di scloses a technique for treating conpound

oxi de fine partiggkgar@iod of 1fnoffartitd clidaXirdas Patbiales) 8RR 44 Cibse
conpound to use for a coating solution. Mreover, Japanese Patent Lai d-Open
Pibl i cation No. 02182/, 1993 Birscsmses Sb rwldieqoalhvﬁnbrracnmgnl péfgaeoipound
oxide fine particles of Ti and Fe or compound oxide fine 15 particles of
Ti;,» Fe and Si. EndesxanPhethehenJapaywdeoibddlenti spedsOpancPull icariorSiNear Sb
oxi.de fine particles is used in the coating conpositions described in
Japanese Pat ent 3PYBRT7£3P89ndis@loTNB 3 PEIZEesEnfoRoprepaning o8 sconpound
hiigh-refractjve index 20 resin lens having a refractive index of not |ess
than 1.54, the PALePfek ERBRIYR| Mxise e cesdrmi Ajosbder ndepaneseRasent

be red h that of th
curt 19 Can be (PUCHLLR BuSELL A ST cAS0ERTSR, i ldses oot o
de of Al Sh |
STracti ve | ndebiBroRRbCConidR e HetniRn, o i Enh EeL CRa opbse
perfectly inhi bbét{aﬂfz‘ i.Qf.&L(B rlﬁ.ﬁolf rdg%&%ﬁoﬂot hggbE5189PSEI S fodi N9 a

reiractlve I ndex of not [ess t
technique for treatlng compound oxide fine particles of Ti,

L‘ 10 Ce and Si oxides with an organosilicon compound to use for
) a coating solution.
L, Moreover, Japanese Patent Laid-Open ?ublication No.
| 2102/1995 discloses a hard coat film containing compound
bt oxide fine particles of Ti and Fe or.compound oxide fine
§ 15 particles of Ti, Fe and Si.
- For example, when a colloidal dispersion of Al, Zr, Sn
L. or Sb oxide fine particles is used in the coating
1 compositions described in Japanese Patent Publications No.
L- 54331/1986 and No. 37142/1988 for a high-refractive index

20 resin lens having a refractive index of not less than 1.54,
= the interference fringe on the resulting coating film after
L; curing'ean be reduced to a certain extent as compared with
} that of the silicon based coating solution. However, if

: L; fine particles of inorganic oxide of Al or Sb are used,

. 25 there is a limit on the increase in refractive index of the
— coating film, and thus it is impossible to perfectly
? inhibit the interference fringe on the lens substrate
- having a refractive index of not less than 1.60. The
|



4 ‘r eason t herTais Sheef Mas eplacedd t hat al t hough these inorganic oxide fine
particles per ﬁprefractive I ndex of not |ess than 1.60, they
arg generally flor ganosi | i con conpound or an epoxy resin as a
matrix of a 5 coating conposition, so that the anbunt of the particles is
reduced by the anpunt of the matrix in the conposition, and thus the
refractive index of the coat filmis low# than that of the |ens substrate.
Further, since the dispérsibility of Zr or Sn inorganic oxide fine ' :
particles 10  i-8a4Bst BhbBekbriNe d@ididercd thabBSRALABLGhI LAREANDRrdhic
obtained with a | arge anount of the particles. On the other hand, use of a
coH oi dal di spepgide 6indi panoighes eaxxigde hiaivee aphighckefraat ive oitdew) of
conposition not only can provide the resulting filmwith a refractive index
of; about 15 1n6€@ dessptbabhelatBe the ardesgehelraily higedrwithramti ve

i ndex than the aforenentioned inorganic oxides, but also nakes it possible
to define an inprggdpdsidicantCUrPOURIbOfaN BPoKY| FEGLRhAA a Miteix 0B e
Hawever, the filmformed froma coating conposition containing Ti Q2 has a
2d_ di sadvam agECRRARITFERPPS1Eeh@R i &ha&/\/tpﬁ fREUREaPReERAPrESI e des
so that Ti Q2 indu econposi ti on of ni.c_conponents in the, conpositjon

sych as the orgﬁﬁggé? cB%n@%ﬁmﬁﬂﬁﬁ?%noéﬁﬁgze88§§1Feépntgﬁdc?ﬂ%%Sltlégi and
deteri ti th i r f f . th i p,sub | ti
D Fetucedt PP the BhfFacyve Madisl of chatchee PuihPls" Pofer (fiRap | [
poor adhesion tppLpe,supsirplgs dubddite0at FigeAQFPOSiALENLgONt ai ni ng

cqﬂpound oxi de

dispersibility of Zr or Sn inorganic oxide fine particles

10 is unstable in the matrix, a transparent film cannot be

obtained with a large amount of the particles. On the
L; other hand, use of a colloidal dispersion of Ti inorganic
P . oxide fine particles in a coating composition not only can
: - provide the resulting film with a refractive index of about
. 15 1.60 or more because TiO, itself has a higher refractive
Lﬁ index than the aforementioned inorganic oxides, but also
L_ makes it possible to define an intended ref:active index of
the film within a wide range. However, the film formed
L— from a coating composition containing Tioé has a
?_ 20 disadvantage that TiO; is extremely low in the weathering
- resistance, so that TiO; induces decomposition of organic
L‘ componéhts in the composition such as the organosilicon
- compound or the epoxy resin and thus deterioration of the
_L~ film on the surface of the resin substrate, resulting in
N 25 reduced film durability. A further disadvantage of this
= film is poor adhesion to the substrate.
é: In the coating composition containing compound oxide
' fine particles of titanium dioxide and cerium dioxide
-



fine particles of titaniumdioxide and cerium di oxi de 5 described in
Japanese Patent Laid-Open Publications No. 264909/ 1990 and No. 68901/ 1991,
ori in the coating composition containing conpound oxide fine particles of
tiTani um di oxi de and iron oxide described in Japanese 5 Patent Lai d- Open
Publication No. 2102/1993, titaniumdioxide is used for inproving its

weat hering resistance, in the formof a cdmpound oxi de with cerium di oxi de
or=iron oxide, but the Tilns obtained fromthese coating conpositions are

Still insufficiggbcknbheiCHBeEddl P dftS IalianeEen Pl 108RL NS @Y o
fill s obtained fromthe coating conpositions containing a conpound sol of
these oxides argganpg/0v9bes8d O Oreghol N gaGedr YRatRe 8Sathrgrefractive
index of a plastic |ens has been increased, it has become possible to make
thHe 15 thi cknessomposibeibensostaihiig conpoeindr exitibefphaspartiehss hafi ng
such a high refractive index is treated by a nulti- coating nethod to
provi de t her eontatanidmcdioxidé mndrniddrucicde drsanibedeihedapamese | m
Because the multi-coating nmethod produces distortion of the plastic |ens
substrate, 20 tPRatewhsLaideOren Puhkicatigmedodr 8ppad1993, pkthamiumuch
defects, a soft primer |ayer for absorbing shock is provided between the
pl:astic | ens an@l®®idfatg v3ed f?#rﬁmﬂq?vﬁﬁﬁh16§s§?aﬁgﬁéﬁ%9,r?$&§ﬁ§Q9QMHi?

fringes take plgﬁe %f the_refractive,inde i_mer., | is different
fefe iron

f..th .
from 25 that of FBsTT ot SORPYTHL R AS g’l&%}‘sfe:?gfrj‘l’?oé%%’?ﬁ% or

i oxide, but the films obtained from these coating
1 !

= compositions are still insufficient in the weathering
L; 10 resistance. Additionally, cured films obtained from the
; coating compositions containing a compound sol of these
L, - oxides are more or less colored.
1 In recent years, as the refractive index of a plastic
— lens has been increased, it has become possible to make the
P 15 thickness of the lens smaller. Therefore, the plastic lens
LT having such a high refractive index is treated by a multi-
L- coating method to provide thereon a hard coat film, aﬁd
. further an anti-reflection film. Because the multi-coating
- " method produces distortion of the plastic iens substrate,
g' 20 the lens is easily broken when dropped. To prevent such
=~ defects, a soft primer layer for absorbing shock is
i; providéa between the plastic lens and the hard coat film.
.- In this case, however, interference fringes take place if
. L~ the refractive index-of the primer layer is different from
4 25 that of the substrate, so that it is desired to form a
— primer layer having a refractive index equal to that of the
?2 substrate.
(-]
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primer |ayer having a refractive index equal to that of the substrate. 6
OBJECT OF THE TNVENTTON The present invention is intended to solve the

probl ens assodhiaSies: Has BeenRleplaced i or art as descri bed above, and it is an

obj ect of the i ovide a coating 5 solution capable of form ng
afilmwhich is transparent, has high refractive index and is
exicel l ent in hot water resistance, weathefing resistance, |ight resistance,

scuffing resistance, abrasion resistance, inpact resistance, flexibility,

dyei ng properties and 10 adhesi QBRIEQT 30FS UBFE MAVENTILONI S anot her obj ect of
the invention to provide a coating solution capable of form ng a hard coat
fi'‘tm which is col orl @he, preaespaievent iexceld dmtendedutabsblvy el free from
Interference fringe, on a resin lens having a 15 refractive index of not

| ess than 1.54. problemsaasaethatredbyiddt tdfe irdoirnaesht Bgndescpiload dabeve hi n
sywt hetic resin I ens having such a hard coat filmon its surface. )
SUVBCUFFI NGY OFamfdEitNyENERCpb2ect of thendayegitignt 5OoRECHEPR R  Ce3eing
priesent inv§$tion provi des a filgﬁforntng coat,ing solution conprisin

g a
fipe particw at 80LBRPSENEEERPIR ShdE MRS & FitReWhiRB Hir EPERFLRES @bound
oxi de conprising oxides of (J)_titagniu Ii,) sili.con_and, (iil | rconj um
and or _al uni nunfrsBepareRt, itds id i lanaibe ipeSEonftuit heElent 1n
prief erably hot water resistance, Weathering resistance, light

resistance, scuffing resistance, abrasion resistance,

]
i
-

impact resistance, flexibility, dyeing properties and
L; 10 adhesion to a substrate. .
| It is another object of the invention to provide a
L, coating solution capable of forming a hard coat film which
| is colorless, transparent, excellent in durability and free
! - from interference fringe, on a resin lens having a
"L‘ 15 refractive index of not less than 1.54. It is a further
object of the invention to provide a thin synthetic resin
L_ .lens having such a hard coat film on its surface.
s SUMSCUFFINGY OF THE INVENTION
g 20 According to one aspecﬁ, the present invention
= provides a film-forming coating solution comprising a fine
Lﬁ particﬁiate compound oxide and a matrix, the fine
) particulate compound oxide comprising oxides of (i)
L- titanium, (ii) siliceon and (iii) zirconium and/or aluminum.
: 25 As the fine particulate compound oxide, preferably
- used are (A) a colloidal fine particulate compound oxide
; _ composed of a core and a cover thereon, the core comprising
1 titanium oxide, and the cover comprising silicon oxide and
.



used are (A) a colloidal fine particulate conpound oxi de conposed of a core
and a cover thereon, the core conprising titanium oxide, and the cover
conprising silicon oxi de and zirconiumoxide, or (A') a colloidal fine
particul ate conpound oxi de conposed of a core and a cover thereon, the core
conprising a fine particul ate conpound oxide of titanium and SI|ICOﬂ, or of
titanium silicon and 5_zirconium and thé cover conprising at |east one
oxde sel ected fromsilicon oxide, zirconiumoxide and al um num oxi de.
Viewed froma f uitdeeniampeatide} herpiasend collemitdadn finev pdesiguighéheti c
resin lens conprising a resin lens 10 substrate having a refractive index
of-not | ess t haromp®ngn@xadei Fampesed ghf rafeers iars iandevepr thedednontide
surface of the substrate, said filmbeing formed froma coating solution
conprising a fi GOTBaCOMPHSLBICBNEELRPIN R HE £ORPONNE OXAERePR the fine
pat i cul ate conpqund ,oxi de i.ne parélculate conmpound

oxi de conpr|3|n§16§P& d(F}}fF?ﬂnl?ﬁnéé\qﬁt%ﬂﬁqqyoﬁ r&°fi PY zi rconi um
and the matr %8@ .at Iea ﬁnecco oungd sehgctﬁ&]fro orggnoglllcon
cagpounds ré%re?éﬁ lHV tﬁ@ B FoRf g™ fOrRA = 1% ePReRI* 182 a
hydrocarbon group,af.. %r9m09£9980916§§ae51éﬁfBHnﬁahoB&aeraﬁa Qigﬁfﬁ&m

gnoup having a net acr group, a nercapto group, an am no group or
epoxy group, Rzokgd@_hydrocarbon group of 1 to 4 carbon atons, R3 is a

; Viewed from a further aspect, the present invention
t

- . . . - .
provides a synthetic resin lens comprising a resin lens

10 substrate having a refractive index of not less than 1.54

_ and a film of high refractive index provided on the surface
.i, of the substréte, said film being formed from a coating

i solution comprising a fine particulate compound oxide and a
§§L4 matrix, wherein the fine particulate compound oxide is

; 15 (a) a fine.particulate compound oxide comprising
;;hJ oxides of (i) titanium, (ii) silicon and (iii) zirconium;
E;L; and the matrix is
§; (B) at least one compound selected from organosilicon
?EL.- compounds represented by the following'formula:

,; 20 R1R2aSi (OR3) 3_,
Q;L" wherein Rl is a hydrocarbon group of 1 to 6 carbon atoms, a
i‘ vinyl éioup, or an organic group having a methacryloxy
- group, a mercapto group, an amino group Or an epoxy group,
: L; R? is a hydrocarbon group of 1 to 4 carbon atoms; R3 is a
é?i; 25 hydrocarbon group of 1 to 8 carbon atoms, an alkoxyalkyl
- group or an acyl group, and a is 0 or 1, hydrolyzates

i; thereof and partial condensates of the hydrolyzates; and

-
l as Been Re laced
\\\\\\\\\\\\\\\\\\\\\ﬁ\\

—



[ .
25 hydr ocarbon group of 1 to 8 carbon atons, an al koxyal kyl group or an
acyl ‘group, and a is 0 or 1, hydrolyzates thereof and partial condensates
of t he hydrol yzates; and 8 wherein the coating solution further
cofpri ses at | east oné conponent selected from (C) at |east one compound
sel-ected from organosilicon conpounds represented by the follow ng fornula:
5 [err] wherein R4 is a hydrocarbdh group of 1 to 8 carbon atoms, an
aPkoxyaIkyI group or an acyl group, hydrolyzates thereof and parti al
condensates of the hygepbyRatRs; cdddiriy fdd1tRdht FGHLARES Qéméfﬁégsf%t| east
one el ement 10 selected fromSi, A, Sn, Sh, Ta, Ce, La, , Zn, W Zr
and | n, and/or aeasﬁeoﬁaré¢ﬁp6ﬁént(3§myaﬂaa @xbfe conprising oxides of at
| east two el enents selected fromSi, A, Sn, Sb, Ta, Ce, La, Fe, Zn, W Zr,
In.and Ti, with the gCpvasoléeast aend iquappant selattedofiponnorgandakeilicon
capprising oxides of 15 Zr, Ti and Si is excluded;. (E) at |east one
conpound sel ect edmpeundpotepresentadh by dwey foddpwindsfopwhldydri c al cohol s
and phenol s, polycarbox%$jc aci ds and anhydrides thereof; (F) at |east one
c@npound seﬁécted frotm{PRNder ed ani ne 20 conpounds; and (G at |east one
conmpound sel ected from am no acids, netallic acetyl acetonates,

am nes,
organi c acid rreY’}é?F?%ns%ﬂJss apé‘rYé’IﬂoGlaFEmﬁcgﬂou%aq’? st dt° fercaihasm; @tomsy

ag_ds and an alkoxyalkyl group or an acyl group, hydrolyzates thereof

- “and partial condensates of the hydrolyzates;

= (D) a fine particulate oxide of at least one element
L; 10 selected from Si, Al, Sn, Sb, Ta, Ce, La, Fe, Zn, W, Zr and
In, and/or a fine particulate compound oxide comprising
: 1_ oxides of at least two elements selected from Si, Al, Sn,
. sb, Ta, Ce, lLa, Fe, 2n, W, 2r, In and Ti, with the proviso
: L'. that a fine particulate compound oxide comprising oxides of
i LJ 15 Zr, Ti and Si is excluded;
; (E) at least one compound selected from polyfunctional
E_ epoxy compounds, polyhydric alcohols and phenols,
- polycarboxylic acids and ahhydrides thereof;
_ LJ (F) at least one compound éelected from hindered amine
S 20 compounds; and
: - (G) at least one compound selected from amines, amino
' i; acids,'ﬁetallic acetylacetonates, organic acid metallic
b salts, perchloric acid, salts of perchloric acid, acids and
é L. metallic chlorides.
" 25
.
w [ —
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netalllc chlorld @ﬁLED DESCRI PTI ON OF THE | NVENTI ON
Hi gh- Refractive ng Coating Solution First, the
high-refractive i i ng coating 5 solution accordlng to the
i nvention is desc -refractive index filmform ng coating
sol ution of the |nvent|on conprlses a natéix and a fine particulate
conpound oxi de. .. Fine particul at€ conpound oxide As the fine
L‘tlculate conpound oxide in the coatlng solution, a flne particul ate
conpound oxi de conpri si ng DETHELEL p ; T) IV pNand (iii)
zi'rconi um and/ or al uminumis used 15 That |s the conpound oxi de
used according to the invention is any one of conpound oxi des conpri si ng:
(1). oxides of Ti, Si and Zr (2) OXIdeS Of.TI Si, Zr and AI and (3)
oxi des of Ti, Si anéis P Ry (LQALARE ,
be~hydrated or hydroxylated at | east in part. The conpound OX|de used I n
the invention prefer EBFFthathg hﬁ%h‘fﬁﬁ%@?ﬂk¥QM%ﬂﬂ§¥eggéﬂ fOFBIBGOCﬂﬂ¥1%%re
preferably to 300 nm When the nean ar1|cle di anet er exceeds 800

nr- the resul ti RGIPEARP: BRESTH"BeGh rﬁﬂY%ﬂF}Q@eééngeﬁﬁaﬁﬁﬁ -wher eas when

th? mean particle d'@HEtB gh-refractlve index film-forming coating

- solution of the invention comprises a matrix and a fine

particulate compound oxide.

-
10 Fine particulate compound oxide
-
. As the fine particulate compound oxide in the coating
L. solution, a fine particulate compound oxide comprising
! oxides of (i) titanium, (b) silicon and (iii) zirconium
g-“; © and/or aluminum is used.
52' 15 That is, the compound oxide used according to the .
- invention is any one of compound oxides comprising:
%1_ (1) oxides of Ti, Si and Zr,
‘gf. (2) oxides of Ti, Si, 2r ahd Al, and
§§L~ (3) oxides of Ti, Si and Al.
5{' 20 The fine particulate compound oxide may be hydrated or
S hydroxylated at least in part.
{4 Tﬁe compound oxide used in the invention preferably
; has a mean particle diameter of 1 to 800 nm, more
e preferably 2 to 300 nm. When the mean particle diameter
:ﬁy” 25 exceeds 800 nm; the resulting film tends to be whitened and
L= become opaque,'vhereas when the mean particle diameter is
i{ less than 1 nm, the resulting film shows an insufficient
hardness and thus poor scuffing resistance and abrasion
L,



7i 10 resistance, and al so the
refractive index of t be increased sufficiently. The fine
particul ate conpound he invention conprises oxides of (i)
ti-tanium (ii) silicon 5 and (iii) zirconiumand/or alum num preferably in
a:particle structure conposed of a core lhd a cover thereon, the core
cdnprising fine particulate titanium oxide, and the cover conprising
silicon oxide apgdsZif£Q0e UMK desd LR al-Ri38 1RQEROGENENL Ai 1T "fine
particulate 10 conpound oxide (A" hereinafter), or a conpound oxide
céaposed of a cesgnéPdb@ LEvEEasddesurFie iewnki.sing a fine particul ate
conpound oxi de conprising titaniumand silicon oxides, or a fine
particul at e conpoundTii fitne qrgprt istulgtle icompomndsokidenused m ridoni um
oxides, and the cover 15 conprising at |east one oxide selected from
silicon oxide, inhvenhiom eonrksisas] cdidesned di) destandamy r 64k csialsicdn ne
particul ate_conpound oxide (A )" hereinafter). The conponent (A) is

descri bed b8l ovand &bihl | zineoniaue Gns@rapdvBingRe E%é%kﬁﬁb&Y(yg ds a fine
20 particul at e coppound oxi de conposed of _a core conprising fine

particul ate tit%ﬁ¥%£$ i%ﬁ??ﬁﬁ?ﬁf(ég%ﬁosﬁﬁePgoﬁ EBFBr PRY Ry Ve IPSHEMe and
zkiconiunloxide. The cquound oxi de..fi ne pgntiilgs oftthis stru turecﬁre
preferred becausR® sTREF e MW&”%?W@SP&F AE8LRER bEtAREYP QEide, an

the cover comprising silicon oxide and zirconium oxide

IeLs"s than 1 nm the ﬁ%ﬁgiﬁiﬁ

i é-éms an insufficient hardness and thus
pgor scuffing resista 1 nﬁ

(referred to as "component (A)" or "fine particulate
i- 10 compound oxide (A)" hereinafter), or a compound oxide
composed-of a core and a cover, the core comprising a fine
L; particulate compound oxide comprising titanium énd silicon
| oxides, or a fine barticulate compound oxide comprising
— titanium, silicon and zirconium oxides, and the cover
{ 15 comprising at least one oxide selected from silicon oxide,
- zirconium oxide and aluminum oxides (referred to as "fine
14 particulate compound oxide (A')" hereinafter).
| The component (A) is described below in detail.
L As described above, the component (A) is a fine
§"' 20 particulate compound oxide composed of a core comprising
F‘ fine particulate titanium oxide and a cover thereon
i; compriéing silicon §xide and zirconium oxide. The compound
. oxide fine particles of this structure are preferred
L. because stable weathering resistance can be assured.
. 25 The refractive index of the titanium oxide is in the
~ range of 2.2 td;2.7 depending on its crystalline structure,
L, which is higher than that of oxide of Al, Zr, Sn or Sb.
However, a film which is obtained by coating and curing a
-

r



L4
25 The refractive index of the titani unTm«Sld%HaquemRﬁEedr ange of

2.2
ta 2.7 depending on its crystalline structure, than that of
oxide of A, Zr, Sn or Sb. However, a filmuwhic y coating and

curing a coat’ing sol ution, which contains a coIIO|daI di spersi on of
titani um oxide and a silicon coupling agff I's poor in the weathering
resi stance, so that deterioration of th Il mtakes place because of

Idmerlng of adhesi on between the 5 filmand the substrate or deconposition
of .the vehicle cngtedgesblunlbhe which coffmimsasocolipitihe dhépens i eof
phenonenon takes place is presumably that titanium oxide absorbs
ul¥raviolet Ii ghutammoomdszan@nat@JUe:qttqqmleag Fhentenbs nedonsin dfhe
titani um oxi de and zirconiumoxide in 10 the conpound oxide can inhjbit
tHis activati on%SRthRPEARPURESKPERICANCEQ i1y Setre 1pEatheni Af ¥oei Sikhce of

the tit d th d oxide of tit i d

cer i um oxi do. f«ﬁﬁg‘#aﬂﬁggrﬁ?ﬁe@s%?qfiﬁfﬁ)°““ °§>1§?3 Regton hptiec she
rpared Wi t ] art d

Ciltani um an -?&éﬁ?‘a&'ﬁﬁe pabree o SombteBLSp) BETEHE v Ei el U,

| nprove weat her apgr@a'geakamﬁe Rl ef{gnt el a%hd‘%hyat lQH%a @#&&é’f

zi:rconi um oxi de ani um oxi d I's prefera eSS t han

0\%5 If the a”?ﬁ@hoﬁénéhrﬁgﬁéé”ﬁiﬁbe f@“ﬁ¥%§d%ah@9 Eﬁ&getléaﬁlﬁﬁféféaéve
i ndex of the filmis lowered, so that the weight ratio of ZrQ2/TiQ2 iIs

preferably not aBserbBaildfabiobyt flidHierofc @B Rong2bhametd Ve fadeivated.
pﬁiticulate oxi des
The combined use of titanium oxide and zirconium oxide in

10 the compound oxide can inhibit this activation of titanium

oxide, and imbrove the weathering resistance of the
: a; titanium oxide much more than a compound oxide of titanium
o oxide and cerium oxide. Furthermore, since zirconium oxide
§ - ié less colored as compared with cerium oxide, the fine
é{'; 15 particulate compound oxide of titanium and zirconium can
- provide a more colorless film. In order to improve
l- weathering resistance of the titanium oxide, a weight ratio
of zirconium oxide to titanium oxide (Zr0,/TiQjz) is
% L; preferably not less than 0.05. If the amount of zirconium
;;g 20 oxide is too large, the refractive index of the film is
; — lowered, so that the weight ratio of 2Zr0,/TiO, is
. {: preferably not more than 10.0.
By further combining these two fine particulate oxides
D _ _
: L, with fine particulate 'silicon oxide, the resulting film can
;{~ 25 Dbe enhanced in hardness and adhesion to the anti-reflection
-éL~ layer. The amount of silicon oxide used is preferably in
L the range of S éo 80 % by weight based on the total amount
- of the inorganic oxides. When the amount of silicon oxide
g

-



wi Th fine particulate silicon oxide, the resulting filmcan 25 be
enhanced in hardness and adhesion to the anti-reflection [ayer. The anount
of, silicon oxide used is preferably in the range of 5 to 80 % by wei ght
baed on the total ampunt of the i norgani ¢ oxi des. \Wen the anmount of
silicon oxide 12 is less than 5 % by weight, satisfactory effect is not
exerted. Wen the anpbunt thereof is norel2han 80 % by wei ght, the
refractive index is conSiderably | owered. The fine particul ate conpound
oxide (A) is descrtibed beLow in detail. The fin articul ate_conpound
oxi de (A') is cdiipoS&d BEaﬁ o%%b%dw %5§ﬁwuf%§ﬁﬁf%§%8§VtF§uF8 e*2oBound
oxide of 1itani ugLapdssi|hign O dGRoudt dHRUETS RokbCeRaANdgZE GO um
oxi des, and a coOver thereon conprising at |east one oxlde selected from
silicon oxide, gzikgRR, UPhaxLderaddi ¢ WHAMIAXidasidBeablpe1Bastigul ate
cdgpound oxide (A} preferably has the follow ng structure: (1) a

particul ate core of @heofRAYNPaskiclel Lsudnpogdl bxlideanaum asddeséiissa or
ti:tanium silicon and zirconium in which silicon atom or silicon atom and
zi,r coni um atSm begownihodetgilli spersed in the crystal lattice of titanium
oxide in the formof a solid solution, and (2) a cover on the particulate
core conprising at 20he Einetpaneioxliate swimpovad Pradesi(hi' tohs oxemposed

zi;rconi um oxi de and al um num oxide in a single-layer or nulti-Iayer
- of a core comprising a fine particulate compound oxide of

titanium and silicon oxides, or titanium, silicon and

= zirconium oxides, and a cover thereon comprising at least
i; 10 one oxide selected from silicon oxide, zirconium oxide and
é aluminum oxide.
L« The fine particulate compound oxide (A') preferably
‘ j; has the following structure:
T (1) a particulate core of a compound oxide comprising
f 1; 15 titanium and silicon, or titanium, silicon and 2irconium,
? _ in which silicon atom, or silicon atom and zirconium atom '
::L; are uniformly dispersed in the crystal lattice of titanium
{on oxide in the form of a solid solution, and
L‘ (2) a cover on the particulate core comprising at
. 20 least one oxide selected from silicon oxide, zirconium
é'L' oxide and aluminum oxide in a single-layer or multi-layer
":L; structﬁ;e.

In the fine particulate compound oxide (A'), titanium,
§ L; silicon, zirconium and aluminum are preferably céntained,
§§r“ 25 in terms of TiO,, SiOz, Zr0O, and Al,03, in such amounts that

= a weight ratio'gioz/Tioz is 0.073 to 1.133, a weight ratio
f'i; Zr0,/Ti0, is 0 to 0.400, and a weight ratio Al,03/TiO; is 0

: . ectively.
i to 0.0133, resp * y This-Sheet Has Been RTlaced
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structure. In tmlsfShaeHggg;,; |}ge e conpound oxide (A), titanium silicon,
Z|rcon|un1and alu ably cont ai ned, 25 interms of [err] in
ch amount s that,wm'&m bﬁ 0 SIR/TIixR is 0.073 to 1.133, a wei ght
ra o ZrR2/TiR is and a weight ratio [err] is 0 to 0.0133,
respectively. 13 When the fine particul ate conpound oxide (A) conprises
oxides of titanium silicon and zirconiub3 a weight ratio SIQ2/TiQ2 is
0.973 to 1.133, preferably 0.09 to 0.400, and a weight ratio ZrQ2/TiQR is
00 L0 0100 () PiBlar 2REY 000080 AR coMiRlnb8xELAC (RATLI Cu Al &

caonpound oxide (A') conprises oKXl titanium silicon, zirconium and
allgmi num a wei % ke Skidedi 68 t&&ﬂ?& t% 1% cbA3 angl e&e&aﬁwmo 89 to

0. 400, a wei ght FIO Zr2/ Ti2 1s 0.001 to 0.400, preferably O. 002 t o

0. 320, and 10 aeu@hghtratabl Sl@@/TJ]OZI 45000003 te D.1ERB3 prefrmaiall ¥.09001

t a_0.010. Wen the fine particul ate conpound oxi de (A') conprises oxides of
titanium silicto 8nd08, uahdum weigki grat iatZdnd,f8i0] is (0.00A3 to 014083,
preferably 0.09 to 0.400, and a weight ratio [err] is 0.0005 to 0.0133, 15
preferably @ Oopreﬁeaablg 0FPB2Zn Bo cdal2hhg Jbilan ithe Edneaparhiycuhatéine
partlculate conmpound oxide (A) haV|ng [err] of less than 0.073, [err] of

| ess than 0. 001compopads pxite| £AS) t¢RMPILFFFODXiges| ph §1’-tﬁ¥lghmwe%1%hb¢¢mg

Tqﬂlstance zirconium and aluminum, a weight ratio SiO;/TiO, is 0.073

to 1.133, preferably 0.09 to 0.400, a weight ratio

= 2r0,/Ti0, is 0.001 to 0.400, preferably 0.002 to 0.320, and
i: 10 a weight ratio Al;03/Ti0O; is 0.0005 to 0.0133, preferably
. 0.001 to 0.010. When the fine particulate compound oxide
E L; (A') comprises oxides of titanium, silicon and aluminum, a
| weight ratio Si0,/TiQ; is 0.073 to 1.133, preferably 0.09
j L to 0.400, and a weight ratio Al,03/TiO; is 0.0005 to 0.0133,
; i;' 15 preferably 0.001 to 0.010.
§ From a coating solution containing the fine.
égl_ particulate compound oxide (A') having Si0,/TiO; of less
g . than 0.073, 2r0z/TiO; of less than 0.001, or Al;03/TiO; of
% L* less than 0.0005, a film of high weathering resistance
éét; 20 cannot be formed on the substrate according to
% circumstances. On the other hand, when SiOé/TiOz is more
L_ than 1."133, Z2r0,/Ti0, is more than 0.400, or Al,03/TiO, is
:,“ more than 0.0133, the refractive index of the fine
é?L; i particulate compound oxide (A') becomes low. In order to
§1‘ 25 obtain a film of high refractive index from a coating
= solution contaiqing such fine particulate compound oxide
%5i; (A') of low refractive index, a large amount of the fine
i‘ _ particulate compound oxide (A') has to be used, and this is
3



20 cannot be fornmed on the substrate according to circunstances. On the
other hand, when SiIQ2/TiQ2 is nore than 1.133, [eérr] is nore than 0.400, or
[etj] is nore than 0.0133, the refractive index of the fine particulate
conmpound oxide [err] becones low. In order to 25 obtain a filmof high
refractive index froma coating solution containing such fine particulate
conpound oxide (A') of lLow refractive intlx, a large amount of the fine
particul ate conpound oxide (A') has to be used, and this is 14

econoni cal |y di %@@lﬁ_@ﬂ&%g‘i@?sdiga&bgn@éé@é{fé 1D Qe ProvlEtisheow fh a film
of: high-refractive index. I'n the fine particul ate conpound oxi de core,
titani um siliceibaietater ¥28hUE 24 Em Ps £fRIAD! B6 fGARaveedndeR . terms of 5
[err] in such amounts that a weight ratio [err] is 0.053 to 0.429 and a
wei ght ratio [err] ignOtfAelfineOpd8PPicukspecionpdiund dddei berpar ticahbm,
coapound oxi des descri bed above, including (A) and [err], are preferably
surface treatedsilikohOand eigaoodunhizon mrefeosaid yocoataanede tonpeuns. oBy
this surface_treatnent, the dispersed state of the fine particulate,
canpound oxiYe T&R2beS3PaRNd Z2@2f o SUThFEYRITESd LHRLL RnieidhE hedkdRit i ng

i raviol o 15 BAPRARLORc U ik &8 B aPHcand e Selen kiR, At Rir n

pthicuIate conpo g xide_suyrface nodified with an organosilicon conpound
or an am ne coggogﬂ ﬁ&s rﬁgHoVEaSPeCtlvely.

D The fine particulate compound oxides described above,
[

including (A) and (A'), are preferably surface treated with

L: 10 an organosilicon compound or an amine compound. By this

5 surface treatment, the dispersed state of the fine

L; particulate compound oxide can be stabilized for a long

i period of time in the coating solutioﬁ containing the
; L compound oxide and the matrix, even when an ultraviolet

. 15 curing resin is used as the matrix. Furthermore, the fine

- particulate compound oxide surface modified with an

i;' organosilicon-dompound or an amine compound has improved
Eim reactivity with and affinity for the matrix, so that a film
L formed from a coating solution containing the surface-

{ 20 treated fine particulate compound oxide is superior in

- -hardness, transparency and scuffing resistance to a film

L; formed'from a coating solution containing a fine

i particulate compbund oxide without the surface treatment.

L& Additionally, the surface-treated fine particulate compound
Ty 25 oxide has much more improved affinity for a solvent used in
B the coating solution, as compared with compound oxide

i: without the surface treatment. '

This Sheet Has Been Relilaced
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réﬁctivity with and affinity for the matrix, so that a filmforned froma
coating solution containing the surface- 20 treated fine particul ate
conpound oxide is superior in hardness, transparency and scuffing
resistance to a"filmformed froma coating solution containing a fine
particul ate conpound oxide wi thout the surface treatnent. Additionally, the
syrface-treated fine particul ate conpoudd 25 oxi de has much nore inproved
afffinity for a solvent used in the coating solution, as conpared mﬁth

compound oxi de i hopb { DEABHH A ald SRAERRE: or RS Fifie TGS

surface of the fine particu I'de, any orga I con conpound

kngwn as a si | apgmGSEURk 59i A Hny %r%@?xlo%)@l?ib@n 88t bhnd™h i RILRET Y
sel ect ed depending, for exanple on tthe type of a matrix or 5 a sol vent

used in the coatingnéotsbpDingfaddit iikvenblogabEXpnph@si®imdhede properly
or,ganosi | i con conpounds used herein i nclude nonofunctional silanes
represented by saketvedudep&iBHEnG,( Rdrs examplliy| ogriohk, t ypehehyd nmgtaux, ox
vinyl group, or an organic group having methacryl oxy group, a mercapto 10
group, an a® noagsolyent wsedpuk\theyr cvptingds¥liusien hgfirthe Zabtentgooup)
e.g., trinmethylsilane, dinethylphenylsilane and di methylvinylsilane;
difunctional sil anesE?‘@‘bPle%\‘érﬂ%d'-hﬁ/ ORRANPEL iFan FOSHQUNGS gised herein

di met hyl si | ane and di.phen i lane; trifunctinal silanes represent ed by
the formul a RS ¥3¢led 8 ‘H}H%ﬁqnéﬂ-e s &nﬁﬁeﬁﬁ’é“i’?%‘iéﬁﬂ the LT onal

_skLanes represeﬂg§ukl%§ is an alkyl group, a phenyl group, a vinyl group,
e

or an organic group having methacryloxy group, a mercapto

10 group, an amino group or an epoxy group, and X is a

?ﬂ hydrolyzable group), e.g., trimethylsilane,
L. dimethylphenylsilane and dimethylvinylsilane; difunctional
. silanes represented by the formula RySiX,, e.qg.,

- L dimethylsilane and diphénylsilane; trifunctinal silanes
. 1S represented by the formuia RSiX3;, e.g., methylsilane and
= phenylsilane; and tetrafunctional silanes represented by
L;' the formula Si¥X,4, e.g., tetraalkoxysilane such as

P tetraethoxysilane. 1In thé surface treatment, the silane
L— compounds may bg used before or after the hydrolyzable
P 20 groups are hydrolyzed. After the treatment, the

E L' hydrolyzable groups are preferably in the state of being

. {;' reacte&.witﬁ -0OH groups of the fine particles, but a part
‘ of them may remain in the unreacted state.

é L_ Examples of the amine compounds include quaternary

: 1- 25 ammonium compounds; alkylamines, such as ethylamine,
— triethylamine,'@sopropylamine and n-propylamine;
{ aralkylamines, such as benzylamine; alicyclic amines, such
L
- s Sheet Has Been Re laced
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the formula Si X4, e.g., tetraal koxysilane such as tetraethoxysilane. In the
surface treatnent, the silane conpounds nmay be used before or after the
hydrol yzabl e 20 groups are hydrol yzed. After the treatment, the
hydr ol yzabl e groups are preferably in the state of being reacted with -CH
groups of the fine particles, but a part,of themmy renmain in the
unreacted state. Exanples of the am ne dgﬁpounds I ncl ude quaternary 25
anftoni um conmpounds; al kyl am nes, such as ethyl anine, triethyl anine,

i sopropyl am ne asdpipptdagyhem apd alledkylaminess, sscbhagsmbrozyhanoheanine
alli cyclic amnes, such 16 as piperidine; and al kanol am nes, such as
nmoroet hanol ani pedahdiethappdnaningni ne. The nodification of the surface of
the fine particul ate conpound_ oxide with the organosilicon _conpound 5 or

t he am ne conpound c@hebBodaficabientoftheigustace: RE FhAef PRt cul ate

rer d oxide i ded to, f | al cohol | uti f th
o ganosi | con CBRFBUFELBES: FEREARAS DR INAD EAEOEIBRTEhL ARTRNEOBROURM er
A oved T o o anbrar BRo i Pe SarRdiHe ar e, ki B8R gk FanERbibEa e | v,
Th i dicf i Lap. I dj t
T he hpoveoorkhEabhaRs RNt Mot ifl (RO BaBACLRD LD DVl 2o o

of_water and 155, gheghel. s8idciderofaald Mtdah®siesbbhi BOMPLYAY 8 the
amine compound, then a given amount of water and if
= necessary a catalyst are added, and the resulting mixture

10 is allowed to stand at room temperature or heated for a

_ given period of time.
: L; The surface modification can also be carried out by
adding the hydrolyzate of the above compound and the fine
% - particuiate compound oxide to a mixture of water and
. 15 alcohol, and then heating the resulting mixture.
- The amount of the organosilicon compound or the amine
L_ compound may be properly determined depending on the amount
%EN of the hydroxyl groups present on the surface of the fine
% L- particulate compound oxide.
p 20 |
L= Matrix
' E; Aé‘the matrix in the coating solution of the
_. invention, conventional coating resins, such as acrylic
§ L_ resiné, melamine resins, ultraviolet curing resins,
N 25 urethane resins and phosphagene resins, are employable.
EiL* Also empldyable as the matrix is aﬁ least one compound

5 selected from organosilicon compounds represented by the
following formula: ] T
This Sheet Has Bee,
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-
The amount of the organosilicon conpound or the am ne conpound nmay be
properly determ ned depending on the anount of the hydroxyl groups present
op the surface of the fine particulate conpound oxide. 20 Matrix As the
matrix in the coating solution of the invention, conventional coating
resins, such as acrylic resins, nelamne resins, ultraviolet curing resins,
2b urethane resins and phosphagene reslhs, are enployable. Al so enployable
a5 the matrix is at | east one conpound sel ected from organosilicon
conmpounds representgﬁRgxiqbggfgjIomﬁng f ormul a: 17 [err] wherein [err]
i§ a hydrocarbon group of 1 to & carbon atons, a vinyl group, or an organic
group having a,RRERIRr kLOXy QU o Gh PBIC RRpIbEUR: +8N6 AFA oD ALl 22N
epoxy group, 5 R2 is a hydrocarbon group of 1 to 4 carbon atom R3 Is a
hydrocarbon gr ¢gpyaf giohﬁ, 80828 0BrJAPIE , grvuRine@ingl kY he8ha8Py DExn acyl
geoup, and a is 0 or 1, hydrolyzates thereof and partial condensates of the
hydrol yzat es (gyebapyed mereaptoogpomentar Bninteigeiongf ber an 4Poxy grouphhen
tthe conponent (A) is used as the fine particul ate conpound oxide in the
coating soluti BA b$ aheydrecarhamn gndwp ofnpotient ¢&rbos ataieRilig ased as
the matri x. Exanples of the organosilicon conpounds represented b

i hydrocarbon group of 1 to 8 carbon atoms, an alkoxyaf%yl
[
b group or an acyl group, and a is 0 or 1, hydrolyzates

thereof and partial condensates of the hydrolyzates

"

(referred to as "component (B)" hereinafter).
L_ 10 When the component (A) is used as the fine particulate
: compound oxide in the coating solution of the invention,
? i; the component (B) is preferably used as the matrix.
| Examples of the organosilicon compounds represented by
P the above formula include methyltrimethoxysilane,
: {; 15 ethyltriethoxysilane, me;hyltriethoxysilane,
: . ﬁethyltriacetoxysilane, phenyltriethoxysilane,
L; dimethyldimethoxysilane, phenylmethyldimethoxysilane,
i vinyltrimethoxysilane, vinyltriethoxysilane, vinyltris(B-
; — methoxyethoxy) silane,
. 20 y-glycidoxypropyltrimethoxysilane,
C

Y-glycidoxypropyltriethoxysilane,
Y-glycidoxypropylmethyldimethoxysilane,

Y-glycidoxypropylmethyldiethoxysilane,

.

ﬂ-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,

25 +y-methacryloxypropyltrimethoxysilane,

O

N—B(aminoethyl!jy-aminopropyltrimethoxysilane,

N-B (aminoethyl) ~y-aminopropylmethyldimethoxysilane,

I

i U
This Sheet Has Been
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thé above formula include methyl trimethoxysilane, 15 ethyltriethoxysilane,
met hyl tri et hoxysil ane, nethyltriacetoxysilane, phenyltriethoxysilane, '
di: et hyl di met hoxysi | ane, phenyl net hyl di met hoxysi | ane,

viyl tri net hoxysi | ane, vinyltriethoxysilane, vinyltris([err]-
met.hoxyet hoxy) si | ane, 20 [err]-glycidox%gropyltrinethoxysilane,
[err]-glycidoxypropyltriethoxysilane, 1

[ err]-gl yci doxypropyl net hyl di net hoxysi | ane,

[err]-glycidoxygr L@y iQ§$Q§%§' .
[err]-(3,4-epox§c§g¥% ex If@?h t 'né%%§§§2?ﬁﬁﬁéfaﬁ% and
[ecr]-nmethacryl I IR DRl hdRGs i Nah&! T | These organosilicon

(am noet hyl)-[err]-am nopropyl trinethoxysilane, N-[err] (Qam noethyl)
-[err]-am nopr OcPi{rhﬁ@ﬁHaé G 0N YSed ARigalye o] 1AMEBRBLARYLSA T et hoxysi | ane,
18 N-phenyl -[err]-am nopropyltrimethoxysiTane and

[err]-mercaptopropyl thé netdenysil fdth chipdindksdarespreE€RasDyNesedls nay be
used singly or irn conbination. The organosilicon conpounds are preferably
used 5 Wi t hGut witkhbdbwend , selvait crothubtelry agdrolyaefoiara op@hant corspdndent
such as al cohol in the presence of an acid. The hydrolysis may be carried
out before or as¢kvenhesuchjaamsldadwml donpbengresenceedt wen haciwd. fiThe
particul ate conpound oxide. The anmount of the filmform ng conponent 10
dérived from t Hey@¥rghneks |maw e FRfdied o3t kefesaporcafteB)the the cured

filmis preferably in the range of 10 to |, . ) )
; organosilicon compound is mixed with the fine particulate

-
compound oxide. The amount of the film-forming component
L‘ 10 derived from the organosilicon compouhd as the component
(B) in the cured film is preferably in the range of 10 to
i 90 % by weight. If the amount thereof is less than 10 % by
[ weight, the adhesion between the substrate and the film may
= be lowered. The amount thereof more than 90 % by weight
‘ L; 15 may decrease the adhesion between the cured film and an
) anti-reflection layer made of an inorganic material when
L; such an anti-reflection layer is provided on the cured
( film.
)
f —
20 Other components
L '
When the component (A) is used as the fine particulate
L_ compound oxide and the component (B) is used as the matrix
: in the coating solution of the invention, the coating
- solution may further ‘contain at least one component
; 25 selected from the following components (C) to (G). In the
coating solution of the invention containing the fine
- -

i

"
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96”%)by weight. If the anmount thereof is |less than 10 % by wei ght, the
adhesi on between the substrate and the filmmy be | owered. The anount
thereof nore than 90 % by weight” 15 nmay decrease the adhesion between the
cuTed filmand an anti-reflection |ayer made of an inorganic material when
such an anti-reflection layer is prOV|dgﬂ%on the cured film 20

CIher conponents \Wen the conponent (A) used as the fine particul ate
compound oxi de and the conponent (B) is used as the matrix in the coating
sol ution of thepaputotilate tdepcnsd idxgidol (A'i)ontheyshmet bemponerttals) ats
|.east one conponent 25 selected fromthe follow ng conponents (C) to (Q.
| n=t he coati ng sbbuei mayoélstebé raded.on containing the fine 19
particul ate conpound oxide (A ), the same conponent(s) as above nay al so be
added. Conponent (C) 5 The conponent (C) is at |east one conpound

sel,ected from organogilicon conpounds represented by the follow ng fornul a:
§9ﬁ9€¥%%%f§£% 10 an

[err] wherein R4 is group of 1 to 8 carbon atons,
al-koxyal kyl gdroup or roup, ..hy.droly ate t hereof and,parti al
candensat es of t he h§€ Fof %ﬁééPtTﬁB é SEcpfsCauRgy ?%rs?%%qﬁﬁﬁpose
of "easily. adj ustigg bP§ah 8L PELIY & dn[b%%d%f refesEithh! BY hd " {dhing
- formula:
Si (ORY) 4
- wherein R? is a hydrocarbon group of 1 to 8 carbon atoms,

10 an alkoxyalkyl group or an acyl group, hydrolyzates thereof

and partial condensates of the hydrolyzates.
; L; The component (C) is used for the purpose of easily
adjusting the refractive index of the resulting film with
§ L- 'keeping the transparency of the film and for the purpose of
'} : 15 accelerating a curing rate of the coating film. By the use
= of the component (C), the refractive index of the cured
% i; film can be readily adjusted to match the refractive index
g:- of the lens substrate, and good adhesion between the cured
§ L_ film and the anti-reflection layer can be attained even in
B 20 a decreased amount of the fine particulate compound oxide.
= Mofeover, the tetrafunctional organosilicon compound as the
P componéht (C) can accelerate the curing rate of the coating
; E‘ film and inhibit_discoloration of a dyed lens substrate,
1L, which tends to occur-especially when a coating film is
25 formed on a substrate made of a sulfur-containing urethane
é L* resin, resulting in a minimum change in color tone of the
B - dyed lens after the film formation.

o ‘—~—-f5_
L Thsﬁma
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k€epi ng the transpage of e filmand for the purpose of 15

accel erating i g r?e\éfﬁe ° Aat he coating film By the use of the

conmponent (C), ' dﬁml ‘index of the cured filmcan be readily

atj usted to nmaff ive index of the |lens substrate, and good

adhesi on between the cured filmand the anti-reflection |ayer can be

ittained even in 20 a decreased anourdOof the fine particul ate conpound
i de. Moreover, the tetrafunctional organosilicon conpound as the

component () can agGehgialeof Neng Wdi1th ARl 19haNe£AAbLYG; Lo and

[ dye ens substrate, which.tends to occur

i:nhi bit discoloration o
especi al |y whepompeQabsNinéLlhde | Setiamet iR 18Red t4beheh8xfBILakdE, a

~sul fur-containing urethane resin, resulting in a mninmm change in col or
tione of the dyedtkapgsopbkgsilite fidetfOlgotriopodxysildfefxanpl es of the
tietrafunctional organosilicon conpounds include tetranethoxysilane,

t et r aet hoxysi | aserabetoapsbpanxeg sitetnmpietagisidpnepokgsrhacetoxysilane,

t:et r abut oxysi | ane, tetraphenoxysilane, tetraacetoxysilane, 5 -

tiet r aal | yl Skystetnsaliploaks slanemttahaakisgdypethanpethoxy) silane,
tetrakis(z-ethglbutoxy)siIane and tetrakis(2- ethyl hexyl oxy)silane. These
organosi | i con BekpBkAESZNAYNBEPREXE )AHGNE @nd feksabifs®ron. The
@rganosilicon. co unds_are preferably used wi thouyt ,a solvent, or after
fydr ol yzed 10 StRKIBAXELGEK) 11314 an ThaRe, OZG2808hFOR rCOPROPALS dFRE B%  an

acid. The anount_qf the . filmform conponent . derived fromthe
ﬂetrafunctionaPssaggﬁgg}¥i%5&“&6%%@%ﬁ5&3§ukhe%he organos191c3n compounds

are preferably used without a solvent, or after hydrolyzed

10 in an organic solvent such as alcochol in the presence of an

-
acid. The amount of the film-forming component derived
L; from the tetrafunctional organosilicon compound as the
, component (C) in the cured film is preferably in the range
L‘. of 0 to 50 % by weight. If the amount thereof is more than
L: 15 50 % by weight, the film after cured may be easily cracked.
L Componept (D)
F The component (D) is a fine particulate oxide of at
: L; : | least one element selected from Si, Al, Sn, Sb, Ta, Ce, La,
! 20 Fe, 2Zn, W, 2r and In, and/or a fine particulate compound
~ oxide comprising at least two elements selected from Si,
L‘ Al, Sn;-Sb, Ta, Ce, La, Fe, Zn, W, 2Zr, In and Ti, with the
- proviso that a fine particulate compound oxide comprising
L. oxides of Zr, Ti and Si is excluded. The component (D) is

25 used for the purpose of optimizing a refractive index of

—

the reéulting film, adhesion to the substrate, dyeing

property of the film, heat resistance of the film, etc.

T

depending on the type of the lens substrate. The component



c6ﬁponent (O iTTTTﬁ?TﬁF?ir?TT—~T§—preferably in the range of 0 to 50 % by
wei ght. | f the arrhisSheet R Nore than 15 50 % by weight, the film
after cured may be ' _ d. Conponent (D) The conponent (D) is a
fine particulate o st one el enent selected fromSi, A, Sn
Sh,. Ta, Ce, La, 20 Fe, Zn, W Zr and In, and/or a fine particulate
conpound oxi de conprising at least two knents selected fromSi, A, Sn,
Sb+ Ta, Ce, La, Fe, Zn, W Zr, In and Ti, with the proviso that a fine
particul ate co n ' I.S] oxi.des .of Z [ Sk 1S excluded.
The conponent ?B?Pigs%%gfﬁlg% o‘ge{lﬁeﬁ){;&%%osfgrgf (r)gp%i (F’nggf?\lga%i refractive

I ndex of the re Lpg: L4 | fghesd : heest | y y of
the film heat c?%%‘lsés?%h%% (g}f\ t he %ﬁltcgf tg %geggﬁgéﬁﬁgf%ng%ﬁ%é?'y%erp%{ e'tt he
lens substrat e. cJhsicOrPoNesd defidled Rbdve, PRal RaebtYorsad o¥gdria: f orm of a
cqlLl oidal dispersion of fine particles of inorganic oxides, in the

conbi nati on as skelvesd. abdpesificaldiygr thie dnoeggaic cosbiesrmre Speki,fically,
the inorganic oxides are Si(2, 5 [err] and [err]. In any case, the
particle di anetkk2Qss SnbberSdCs,i Faslm Cefge bi2Cabobe2Qs.t &n®G - WA, THEOKi nd
of the conponent (D) used in the coating solution of the invention and the
anount t her eof Qet el FOY fésﬁepgh%i?@rwlt%ém&rf LBm

performance. For inpraoving, dispersion stability of the fine )
— preferably in the range of about” 1l to 30 nm. The kind of

| the component (D) used in the coating solution of the

- invention and the amount thereof can be determined
3 10 depending on the aimed film performance.
For improving dispersion stability of the fine
' L‘ partibles in the coating solution, it is possible to use
fine particles having been treated with an organosilicon
— compound or an amine compound in the same manner as
éi 1S described above.
—
3 : E)
- The component (E) is at least one compound selected
L from polyfunctional epoxy compounds, polyhydric alcohols
.5 20 and phenols, polycarboxylic acids and anhydrides thereof,
- and is used for the purpose of enhancing dyeing property of
L; the reéhlting film or improving durability of the film.
o Examples of the poiyfunctional epoxy compounds include
L. diglycidyl ethers of'dihydric alébhols and phenols, for
to 25 example, alkylene glycols such as (poly)ethylene glycol,
L propylene glycé%, polypropylene glycol or neopentyl glycol,
a catecohol and resorcinol; and di- or triglycidyl ethers of
t‘ trihydric alcohols such as glycerol and trimethylolpropane.
L; _



p'“'é‘rticles iﬂ/ﬁﬂmﬁ;ﬂion, It is possible to use fine particles

havi ng been tq{yph Has rganosili con conpound or an am ne conpound in
tthe sane manne
ar |l east one c

ed above. Conponent (E) The conponent (E) is
d from pol yfunctional epoxy conpounds,

pol yhydri c al cohol's 20 and phenol s, polgcarboxylic aci ds and anhydri des

thereof, and is used for the purpose of %nhancing dyei ng property of the

ﬂesulting filmor inproving durability of the film Exanples of the

pol yfunctional epoxy.appResnds tRe! pisiey i vcidongiBeradophehbysr i ¢

dl cohol s and phenols, for 25 exanpl e, al kyl ene glycols such as

(tpol y) et hyl ene jglyeak, dRhgBYLenselgbend ,ambiptRimeny, edergkyample; neopentyl

gl ycol, catecohol and resorcinol; and di- or triglycidyl ethers of

tiri hydri c al colhdkylenehgagcglyceunch and(goliyeithyledner gpanel, pré@ykemerpl es

af, the pol yhydric al cohol s and phenol s include di hydric al cohols and :

phenol s, for egdwxgld, erPkyptepyelye dykvericorneopenyét ayeErak, gtyeesohol

propyl ene ycol , pol ypropyel ne gl ycol or. neopentyl glycol, catecohol 5 and

riesor ci nol %tr PROJEREOEF&BALF stﬁga‘fhé’sc AARNGIS gHEht APNBLKGEEPhraPdne; and

further polyvinyl, alcohol. Exanples of_ polycarbaoxyl.ic_acids include malonic

aci d, succinictgﬁmﬁF ¥EPEPE°BE$%? %&éﬁéﬁ%? i&P&ﬁéFBV& 3&?8?? rthpht halic
cid, terephthalic agide LUsgH' SN LR8IMY1 ! Yeids! 260RLEFEEALY acig,

succinic acid, adipic acid, azelaic acid, maleic acid,

orthphthalic acid, terephthalic acid, fuscuffingic acid,
| 10 itaconic acid and oxalacetic acid.
- Examples of the anhydrides of the polycarboxylic acids
: L_ include succinic anhydride, maleic anhydride,  itaconic
| | anhydride, 1,2-dimethylmaleic anhydride and phthalic
i L anhydride.

15 The amount of the film-forming component derived from
the component (E) in the cured film is preferably in the

range of 0 to 40 % by weight. When the amount thereof is

more than 40 % by weight, the adhesion of the cured film to

: s _ an anti-reflection layer made of an inorganic material,

- 20 which is formed on the cured film, may be lowered.

L

-

| The component (F), at least one hindered amine

L_ compound, is used for the purpose of improving dyeing

25 property of the coating film. Examples of the hindered

e amine compoundé_include bis(2,2,6,6~-tetramethyl-4-

[ piperidyl)sebacate, 1-{2-(3-(3,5-di-t-butyl-4-

- hydroxyphenyl)propionyloxylethyl}-4-{3-(3,5-di-t-butyl-4-

i



anhydri de, nale I taconi ¢ anhydride, 1,2-dinethylnaleic

anhydri de and p |de. 15 The amount of the filmformng

conrponent deri ved fron1the conponent (E) in the cured filmis preferably in

the range of 0 to 40 % by wei ght. Wen the anmount thereof is nore than 40 %

bzﬁmelght t he adhesion of the cured fiR3hto an anti-reflection | ayer made
an inorganic material, 20 which is forned on the cured film may be

e e, OO SR SRR 6E)) 32| €361, Al @l?fl%qﬁe%?ﬁt fe

cpating film ne_ n ncl ude
bi s(2, 2, 6, 6- tetranet%sll-ﬁféf—;t[??ggiﬁ%g%éﬁgg%g]éa?e& =124 d%S(S 5-di -t-butyl -

-hydroxyphenyl)rﬁfmazasﬁﬁEQM4%Ghﬁhheéaha £ 345dbnd - MHBEZbyloxy22, 2, 6, 6-
hiydr oxyphenyl ) pr opi onyl oxy} -2, 2, 6, 6- tetranethylplperldlne

8-benzyl -7, 7, E)ﬁbﬁﬂﬁﬂéﬁnyﬂpmpﬁ&ddnbylSiaaeﬁyl 3-dodecyl-7,7,9,9-
't{iazaspiro 4,5]undecane-2,4-dione, 4-benzoy|oxy-2,2,6,6-

t et r anet hyl di prietiremethydcdt, 3, 83tdddeagbi7o 4 85 Bundecane-2, 4-dione,
teétramethyl -1, 3, 8-triazaspiro[4, 5] undecane- 2, 4- di one, di et hyl

SUCC|nate/l-(2<hvuﬁ3u¢eﬁWﬂQﬂnﬁtﬁjérdﬁthdQO%NQﬁhxkﬁT%ﬂhMQ§ﬂ%UF6e?vévﬁe
pol ycondensat e, pol y{[ 6-(

t et r anet hyl but W%td-’rﬂml?@etrﬁfi&??négéYQ,QWSFFﬁt?rZ ol 16-(1,1,3,3-
tetrarret hyl - 4- %&erl d&:'l’?yl'ﬂu C})']lf)lg)&Qggt Ty!ieglet[lgléz:l.néﬁz 4-diyl}[2,2,6,6~-
'L-.‘

E3<arrp| es of t_Ffé @m&? he pol ycar boxylic acids include succinic

tetramethyl-4-piperidyl) imino]lhexamethylenef{ (2,2, 6, 6-

L; 10 tetramethyl-4-piperidyl)imino]}, N,N'-bis(3-

aminopropyl)ethylenediamine/2, 4-bis[N-butyl-(1,2,2,6,6-
L_ pentamethyl—4-piperidy1)amino]—6—chloro—1,3,5-triaiine
! condensate and 2-(3,5-di-t-butyl-4-hydroxybenzyl)-2-n-
: - butylmalonic acid bis(1,2,2, 6, 6-pentamethyl-4-piperidyl) .
:i _ 15 The upper limit of the amount of the component (F) is
- desirably 3 % by weight based on the total solid content in
- the coating solution. When the amount thereof is more than
3 % by weight, the cured film may be lowered in the
L- hardness and the resistance to hot water.
- 20 |
S Component (G}
L‘ Tﬁé.componént (G) is at least one compound selected
| from amines, amino acids, metallic acetylacetonates,
L_ organic acid metallic salts, perchloric acid, salts of
: | 25 perchloric acid, acids and metallic chlorides. The
L component (G) ig used as a'curing catalyst to accelerate
§' curing of silanol or epoxy groups and thus accelerate the
- film-forming reaction. Particular examples of the'curing
-

.



10h‘tetranethyl-4-piperidyl)inino]}, N, N - bi s( 3-

anmi nopropyl ) et hyl enedi am ne/ 2, 4- bi s[ N-butyl - (1, 2, 2, 6, 6-

pent anmet hyl - 4- pi_peri dyl )am no] - 6-chloro-1, 3,5-triazi ne condensate and

2-13,; 5-di -t - butyl - 4- hydr oxybenzyl ) - 2-n- butyl mal oni ¢ acid
bis(1,2,2,6,6-pentanet hyl -4-piperidyl). 15 The upper limt of the
anount of the conponent._(F) is desirabl Y24 % by wei ght based on the total
sotid content in the coating solution. Wien the anount thereof is nore than
3 % by weight, theatysed fhtmusByahendOVehRG ia? hheubgnidness, and the _
resistance to hot water. 20 Conponent (G The conponent (G Is at |east one
coapound sel ect egibeaglaiines, gaahidineidifd piRuahlidinaeeayinc eaonas essuch
organic acid netallic salts, perchloric acid, salts of 25 perchloric acid,
adi ds and net al bscgtigkdnesdemetalhic cacgyiattetOBptes, usedhags aa bumimgmn

catal yst to accelerate curing of silanol or epoxy groups and thus

accel erat e the Bcetvilecetagateacchoenivaradetyllacetenapeestbtanhk curing

24 catal ysts include_am nes, such as n-butylam ne, triethylanm ne, guanidine
and bi guani & neacgrvhacatraate sapd GRbalty dcedylacehrnate acergratet3mkd es,
such as aIuninun1ac§iglaceionate, chromi um acet yl acet onat e, titq@gl 5
acet yl acet onat e™§h81td6aPRE8 et SPR ADEAE I AGERRESacE 4R FeRaPRTRERAS G /s
such as sodi um aegLat enaghPReRPD! NENR! Gcr§AARk! RAPRLRCOBE fLal 1 OCtyl ate

and tin octyl at

| perchloric acid, perchlorates, such as ammonium perchlorate

— and magnesium perchlorate; acids, such as hydrochloric .
f 10 acid, phosphoric acid, nitric acid and paratoluenesulfonic
- acid; and metallic chlorides or Lewis aéids, such as SnCl,,
L‘ AlCl;, FeClj, TiClys, 2nCl; and SbClj.
i In the use of the curing catalyst, the type and the
g e amount thereof can be determined depending on the
;l 15 composition of the coating solution, etc.
Elq The upper limit of the amount of the componeht (G)
é L_ used is desirably 5 % by weight based on the total solid .
content in the coating solution. When the amount thereof
; — is more than 5 % by weight, the cured film may be lowered
: 20 in hardness and resistance to hot water.
§L= The coating solution of the invention may further
;g contaiﬁ, if desired, various additives such as surfactants,
;. antistaﬁic agents, ultraviolet light absorbers,
£ L; antioxidants, dispersé dQes, oil-soluble dyes, fluorescent
35! 25 dyes, pigments, photochromic compounds and thixotropic
L‘ agents, in smal; amounts, to improve coating property of
: L‘ the coating solution and.performahce of the film formed
- l : therefrom. 'This Sheet Has Been Replaced
- T



perchloric acid, perchlorates, such as ammoni um perchl orate and magnesi u

perchl or at e;
acid and paratol uenesul fonic acid; and netallic chlorides or Lew s acids,

such as [err],

aci ds, such as hydrochloric 10 aci d, phosphoric acid, ni't

Terr]. In the use of the curing catalyst, the type and th

anmount thereof can be determ ned depending on the 15 conposition of th
goating soluti-on, etc. The upper limt db the ampunt of the conponent (G
used is desirably 5 % by wei ght based on the total solid content in the
coating solution. Wen the amount thereof is nore than 5 % by weight, th
cured filmmay be |owered 20 I n hardness and resistance to hot water.

doating sol ution of

may further contain, if desired, vario

additives such as surfactants, antistatic agents, ultraviolet |ight

absor bers,
dyes, pignents,

anpunt s,

V|sc05|ty and @vaRsration rate 6fF ¢

At

L

—-

ARGt apa e ideg Lo

—

- e

—

[__'

anti oxi dai SrgéiniResse veyieSmai be S@sad| £n RIS cddtiageseant idh

phot ochrom ¢ conpounds and thi xotropi c agents, in snal

t o i narfothe daivieng ipnoper tg joktt ke cosl idramlanttirat iand in the

perfornance of the filmformed therefrom 25 Organi c solvent An organ
Solvent nay5tmaQQaaing1adiyta@@tpmgcgataoloauofa¢¢m$enﬂmﬂﬂw o scosatjyuendt he
solid concentration in the 5 coatlnggsolutlon or_ control surface tension,

10

15

20

25

goating SVuRIWH.

Examples of the organic solvents which may be used in
the invention include alcohols, such as methanol, ethanol
and isopropyl alcohol; cellosolves, such as methyl
cellosolve and ethyl cellosolve; glycols, such as ethylene
glycol; esters, such as methyl acetate and ethyl acetate;
ethers, such as diethyl ether and tetrahydrofu;an; ketones,
such as acetone and methyl ethyl ketone; halogenated
hydrocarbons, such as dichloroethane; aromatic
hydrocarbons, such as toluene and xylene; carbdxylic acids;
and N,N~dimethylformamide. These solvents may be ﬁsed

singly or in combination.

p for P . Film-F . . . Solut.i
The coating solution of the invention can be prepared
by any conventional process using the fine particulate
compouﬂa oxide and the matrix, and optionally other
components, as described above. It is preferred that a sol
in which the colloidal fine particulate compound oxide ié
dispersed in water and/or an organic solvent is first

prepared and thgn the resulting sol is used to prepare the

coating solution.

cet Has Been Replaced: -
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Eiénples of the organic solvents which may be used in the invention include
al.cohol s, such as nethanol, ethanol and isopropyl alcohol; cellosolves,
such as nethyl 10 cel l osol ve and ethyl cellosolve; glycols, such as

etTlyl ene glycol; esters, such as nethyl acetate and ethyl acetate; ethers,
such as diethyl ether and tetrahydrofurgﬂ% ket ones, such as acetone and

nmet hyl ethyl ketone; hal ogenated hydroc on such as di chl oroet hane;
aremati ¢ 15 hydrocarbons, such as tol uene and xyl ene; carboxylic acids; and
N, N- di met hyl f or mam deheddeise reolspadificay ihét usdn songtlye @rogessorflminat i on.

Process for Preparing Film Forning Coating Sol ution 20 The coating
selution of therreparingtharcdampounsharddebgodny Bapwesesdtir PISPEFIngsi ng
the fine particul ate conpound oxide and the matrix, and optionally other

conponents, as deiRk iRy Lhe fing pasticpéate he@MERE Q¥dghi @ e

col | oi dal ane articulate co und 9x|de is 25 , dispersed in water and/or
an organi c sol P?§§? i %#E%Ea Qﬁdaphgﬁg?ﬂbcr%% ?W?mﬂ%%ﬂ149§qﬁ$ed to

prepare thesco % |on terld 3 g no specific. | imtation on the
process for “prepd to oﬁﬁh 5k|d3 i %‘%r%%EESP¥QW SR GE so
in which the fip %EP% und v s6d r
and/or an organlc %Eﬁ%ééﬁ dﬁ%ﬂw% 2 d§§b€§s£g% 6§ &%fi%iéﬁi 3$ag§g§bIV|ng
ajzirconi um corgeidyl and a S|I|con conpound in a dlsper5|on of col | oi dal
tirani um

A sol in which the fine particulate compound oxide

—

(A') is dispersed in water and/or an organic solvent can be
L, 10 prepared by, for example, a process comprising the steps

of:
L_ (a) adding hydrogen peroxide to a gel or a sol of
; hydrated titanic acid to dissolve the hydrated titanic
Lﬁ acid, and heating the resulting titanic acid aqueous
| 15 solution in the presence of a silicon compound or in the
L‘ | presence of a silicon compound and a zirconium compound to
L. yield a sol in which a fine particulate compoundloxide of
| colloidal titanium oxide and silicon oxide, or colloidal
L_ titanium oxide, silicon oxide and zirconium oxide is

20 dispersed, and

- (b) mixing the sol with at least one compound selected
; from siiicon compounds, zirconium compounds and aluminum
- compounds, followed by heating the resulting mixture with
L; keeping the mixture alkaline.
{ 25 The steps (a) and (b) are described below in detail.
L
;_' Step (a) T ——
— This Sheet Has B laced’
L Wi



oxide. A sol in whith—thefineparticul ate conpound oxide (A ) is dispersed -
In water and/or an OfEadhed HEBY, 1a6@an be 10 prepared by, for example, a .
process conprising th : addi ng hydrogen peroxide to a gel or a
sot of hydrat ed"tit'anﬂllmgﬂ“ﬂmgm Eol ve the hydrated titanic acid, and
heating the resulting gqueous 15 solution in the presence of
a.silicon conmpound or in the presence of27a silicon conpound and a zirconium
corpound to yield a sol in which a fine particul ate conpound oxi de of

col l oidal titanium Ol‘fj det_T and sill io(%on oxilde r .col Igi d]gtl td taniiu ioxi de,

sitl i con oxi de and zittoniuft 4déh & 6 8&%@?&%‘&? antd3H)¢ AXihd X he sol
wi.th at | east kL Ry nd | '
conmpounds and %ﬁ%%%?ﬁ?&t&?g{oﬁg\%g&hi}gl?lg%lt| ng the%rye?u eff&%r‘ﬁﬁ xture
Wi th keeping the, fliXitde ldedlid1@cié® used heFBen SiLNfed® @ Addudy €
déscribed below i'n detail. Step (a) 27 First, a sol or a gel of hydrated
titanic acid i stfgpnieth:titel HRitaee @aaaventandan | yydiexite By the term
"hydrated titanic acid" used herein is nmeant to include titani um oxide

hf{_dr ate andStit ani unthey o dthe S0l or gelhefi, hydrited snitamigalcial or to

hydrated titanic acid or to a m xture thereof, an aqueous hydrogen peroxide
is added to a mixture thereof, an aqueous hydrogen peroxide is added to

s dissolve the hydrated titanic acid, to prepare a
. homogeneous aqueous solution. In this procedure, it is
Lﬂ preferred that the system is heated at a temperature of not
10 1lower than about 50 °C and/or stirred, if necessary. If

the concentration of the hydrated titanic acid in the

[

aqueous solution is too high, dissolving of the hydrated

titanic acid needs a long period of time, or the

-

undissolved gel is precipitated, or the resulting agqueous

15 solution becomes too viscous. Therefore, the TiO,

[

concentration in the aqueous solution is-preferably not
L‘ more than about 10 % by weight, more preferably not more
than about S5 % by weight.
e In the preparation of the aqueous solution, if the

| 20 amount of the hydrogen peroxide added is in such an amount

~ that Hy0,/TiO; (by weight) is not less than 1, the hydrated
L‘ titanié acid can be perfectly dissolved into aqueous

| solution. The Hy0,/TiO, (by weight) is preferably 2 to 6.
L; The aqueous solittion of hydrated titanic acid (titanic
@ 2S5 acid aqueous solution) prepared above is then mixed with a
— silicon compouhq or a zirconium compound. Examples of the
L. silicon compoﬁnds used herein include silica gel, silica

sol, silicic acid_solutions and alkali metal silicates.



dlssolve t he hydﬁﬁl | t n| acid, to prepare a honbgeneous aqueous
splution. In this -'“?% preferred that the systemis heated at a
uenperature of not an about 50 [err] and/or stirred, if
necessary. |f th ' of the hydrated titanic acid in the
aqueous solution is too high, dissolving of the hydrated titanic acid needs
q | ong period of tinme, _or the undissol\vzgl gel is precipitated, or the

resul ting aqueous 15 sol uti on becomes too viscous. Therefore, the TiO2
concentration gueo S Nn.is refer b noy. n_.about 10
% by wei ght, ngggkggggeggb#ﬁe Q%H%%?e ﬁ%n‘ﬁﬁbu §¥§Eﬁae 1n8ﬁ§Q§ 1% the

peparation of shiigsadyequs;sobaiton od a ﬂz&gaf%gaggnanaf %ie?xwerogen

per oxi de added I's In su an anount t y weight) Is not |ess
than 1, the hyghakedshitaBhCcamrbsursdd é}fa RErRGk ebﬁ@rehe«rsg &Y Co@ QRS
solutron The [err] (by weight) is preferably 2 to he aqueous sol ution
of hydrated t|g@ﬁggyasrdlﬁtcb@miﬁaéibn,zga%$e@que@m§ .solution) prepared
bove is then m xed with a silicon conpound or a ziIrconi um conpound.

anpl es ofS t he sil subaequenblndsthis erbhartding mickude $5| heatgdltosalica
sol, silicic acid solutions and al kali netal silicates. 28 Exanpl es of
the zirconi um tempeuatyrenef upke femajanirotsdlower thganBe ¥ t L£ dhiedes,
hydrOX|des and al koxi de. These silicon conpounds and 2|rcon|unrconpounds
ey be used siRERY1BY FAMPBRATWER | bh hidhgfedhapethe boiling point of the

, dlsper31on medium, the heating may be carried out in an

l

N

autoclave. As a result, there can be obtained a sol in

[
L‘ 10 which a fine particulate compound oxide core of titanium

and silicon, or titanium, silicon and zirconium is
L.' dispersed.
L‘ Step (b)
! 15 The step (b) is described below in detail.
%J To_the sol of fine particelate compound oxide core
L‘ obtained as above, a silicon compound and a zirconium
i compound and/or an aluminum compound are added in
é L prescribed amounts, and they are mixed. Examples of the
.i _ 20 silicon compounds used herein include silica gel, silica
: - sol, silicic acid solutions and alkali metal silicates.
: L‘ The zirconium compound and the aluminum compound are
preferably selected from inorganic éalts, organic salts,
i L— oxides, hydroxides ah& alkoxides, respectively. These
§5 25 compounds are preferably used in the form of an aqueous
§ - solution or slﬁ;ry. For example, as for the zirconium
;- compound, it is preferred to use an aqueous solution of
| hydrated zirconium oxide, which can be prepared by
L



—

Subsequently, the resm{ﬁi‘g@ m xture is heated to a tenperature of

5

preferably not | owdhis : P “ I'f the heating tenperature is higher
than the boiling pojn H

out in an autocl ave. there can be obtained a sol in 10 which

ersion nmedium the heating nmay be carried
a fine particul ate conpound oxi de core of titaniumand silicon, or
titanium silicon and zirconiumis di sp&®ed. Step (b) 15 The step
(bY is described belowin detail. To the sol of fine particul ate conpound
oxi de core obt aj Ve, | A4 u ; j i Senaynd
and/or an al um hggng%g;n%%ﬁ% azr%cgdydle‘gpi%r?qg?ggc??nggaﬁn%ﬁ#\%tg?&]air\%gthey are
mxed. Exanpl eso@{dé hgndtherdi ddSaly HR/MRVLRAS pde6HiHET €6 Nthd Chtdieatsdd | ca
gel, silica sol, silicic acid solutions and alkali netal silicates. The
zi rconi um conpogigc@nthrh hexdam num conpound are preferably selected from
I porgani c salts, organic salts, oxides, hydroxides and al koxi des,
respectively. These Zhe mixigooeinmntaiaimpgetéeabby afethe ncorysodred mxafdean
agueous solution or slurry. For exanple, as for the zirconium conpound, it
is preferred tocose amddtheotsl smutdamposndnpdr thedl tke chaiheated de  whi ch
can be prepared by 29 hydrolyzing a zirconiumsalt to obtain,h¥drated
zi rconi um oxi dePE@Ee¥RRY Rk r?gf"fﬁfd%@@é‘n 8QeroxfHe! tkeaRiddh Fdieafid ¥ coni um

oxi de. . .
{. : alkaline. As a result, there can be obtained a sol in

which the fine particulate compound oxide core covered with

- silicon and zirconium and/or aluminum oxides is dispersed.
; lO Alternatively, the mixture containing the sol of the
- fine particulate compound oxide core and the silicon

L‘ compound is heated to preferably not lower ﬁhan 80 °C with

[ keeping the mixture alkaline, to prepare a sol in which the
— fine particulate compound oxide covered with silicon oxide
| 15 is dispersed. To the sol, a zirconium compound and/or an
- aluminum compound is then added, and‘the resulting mixture
i; is heated to preferably not lower than 80 °C. As a result,

there can be obtained a fine particulate compound oxide
composed of the fine particulate core obtained by the step
20 (a) and a two-layer cover, wherein the core is covered with

- silicon oxide, which in turn is further covered with

zirconium oxide, aluminum oxide or both oxides.

The coating solution of the invention can be obtained

~

by mixing the fine particulate compound oxide with the
T 25 matrix and if necessary other components.
; L‘ In the usé_of the compound oxide sol as prepared above
f in the preparaﬁion of the coating solution of the
- invention, the compound oxide sol may be concentrated, or
L’



L-‘ e
The m xture contai ni he conpound oxide 5 core and the silicon

ng the sol of
conpound or the | iThisSpeet eplace referably not lower than 80 [err] with
keepi ng the m xture ﬁB result, there can be obtained a sol in
whi ch the fine partf d oxide core covered with silicon and

zi rconi um and/ or al um num oxi des is dispersed. 10 Al ternatively, the
nm xture containing the-sol of the fine3garticul ate conpound oxi de core and
thre silicon conmpound is heated to preferably not |ower than 80 [err] with
keeping the m xture a%kaline S

t 0, prepane. a l, in_which the fine
particul ate cofpoufi PR s vene dyaplafansy ) sé%ﬁnépaer? sed. To
the sol, a zir | nquQ$ / Qn, an . 1N u | ,
and the resul tl(d\%gé#ng%ﬁgfe I S hea 'eg: eo%pl%lg#g‘?ag%g%gggl %ﬁteéét%%%@%g&r] .
As a result, tpgégag@ﬁeﬁg ﬁggegémggﬁéégtggtga(ticulate conpound oxi de
canposed of the Tine particulate core obtained by the step 20 (a) and a
two-layer cover, whehetie plegdiich @FVehedcwht ingl 5bT@PiSX) dehe Which in
tiurn is further covered with zirconium oxide, alum num oxide or both
qQxi des. Th& coadmpgusdl oide sdl ey beveldtrecnlgadibpepdedi hedarbyorgatiing t he
fine particulate conpound oxide with the 25 matrix and if necessary ot her
conponents. | nsoheentefof the axafingndodxitdensobrait prapdredidmmsead t he
preparation of the coating solution of the invention, the conpound oxide
sl may be condERe¥gtlkel seivent zHsplaegheps Yibhethedrgansd|sakient is

di spl acement to form an
o performed.

The fine particulate compound oxide is contained in

‘ 10 the coating solution of the invention in such amounts that

-

- when titanium, silicon, zirconium and aluminum contained in

L. the compbund oxide are converted to TiO;, SiO;, Zr0O; and

{ Al,;03, respectively, the total weight of TiO,, $i0;, 2r0,

— and Aly0; is 5 to 500 parts by weight, preferably 10 to 300
15 parts by weight, based on 100 parts by weight of the

— )

; matrix.

L, In the preparation of the coating solution of the

‘- invention, the above-mentioned compound oxide sol is

— preferably used, but a powder of fine particulate compound

% 20 oxide may.be also used as far as the compound oxide can be

- monodispersed in the coating solution.

_§nhs;xa&g_ﬂinh_ﬂilm

L— The substrate-wfﬁh a film according to the invention

g | 25 is described below.

- The coatiﬁg solution of the invention can be applied

LJ to wvarious substrateé to form a film or a hard coat film

having a high refractive index.



drbanosol. Further, the m xture obtained after the solvent replacenent may
be concentrated. In the preparation of the coating solution, the 5 conpound
oxi de sol nmay be directly dispersed in an organic solvent for the coating
solution, or if may be dispersed after the solvent displacenent with an
organi c solvent is perforned. The fined?articulate conpound oxide is
contained in 10 the coating solution &lthe invention in such amounts that
whlen titanium silicon, zirconiumand al um num contained in the conpound
oxi de are convertedrhe sgbstratdl A2@3 har@SReaE! YELM. ndPend o Aligiei ght of
[err] and [err] is 5 to 500 parts by weight, preferably 10 to 300 15

parts by wei ghtefbaseiivenidfdx piaidludes wWargbusobnébestdh rax.glasd he
preparation of the coating solution of the invention, the above-nentioned
conpound oxi dessbstraterafdrpldst icsalbstubate .podpecidicdling, pehdne daat e
canpound 20 oxi de may be al so used as far as the conpound oxi de can be
nmonodi spersed be mantioned igasidus iapticgdbdenaee yuch & | spsttaachehsianst e
with a fil g according to the invention 25 is described below_ The coating
ol uti on of t handnganeranlensy HRHMMS dspdayaeionensubsiterss YPki®gn a

filmor a hard coat fi|lmhaving a high.refractive index. 31
: glass, wlndow gldss, cé%ting f?ims gor automobiles, light

L cover for automobiles. The substrate for forming thereon a

film of high refractive index other than the hard coat film

= includes a primer film for plastic lens.
L; 10 The thickness of the film formed on the substrate
B surface is preferably in the range of 0.05 to 30 um, though
L_ it varies depending on the purpose of the substrate with a
e film. |
é L The substrate with a film according to the invention
% L; 1S can be prepared in the following manner. The surface of
% the substrate as mentioned above is coated with the coating
: L; solution of the invention by means of, for example, dip
: i coating, spin coating, spray coating or flow. coating, and
L the solution is dried to form a film which is then heated
i ¢ 20 at a temperature lower than the thermal resistance
E.L‘ temperature of the substrate. In the case of the lens
! L: substréée having a heat distortion temperature of lower
than 100 °C, spin coating is preferably used because the
é L, lens substrate does not need to be fixed by a fixing tool.
i; 25 When the substrate is a resin lens, the film is desirably
— formed by coatiqg the substrate with the coating solution
% and then heating it to dryness at a temperature of 40 to
- -
. | 200 °C for several hours. TmsmwalhsB“mFWIN”d
"



The substrate for a hard coat filmhaving a high refractive index includes
various ones such as gl ass substrate and plastic substrate. Specifically,

t Here can be nentioned various optical |enses such as spectacle lens 5 and
carmera |l ens, various display elenent filters, |ooking glass, w ndow gl ass,

coating filnms for autonobiles, light cover for autonobiles. The substrate
for formng thereon a filmof high refr&Zive index other than the hard
coat filmincludes a primer filmfor plastic lens. 10 The thi ckness

of Lo Fiim formed onihieasubst o) s i (RG9 s rgfgi,eisbweara AR, O

0..05 to 30 [err], thou varies ose o

substrate wth g Hzenif h fsebgfté@aﬁaeg ts*al%tflblnm 8REOL tmﬂ nventi on

15 can be prepared Int | ow ng ‘manner. Thé sur ace the substrate
as mentioned abpyemi §c6624 Mg VEd erd1a RRa!iBe eahuseogsr@[saﬁé@ By Ut 9l by
néans of, for exanple, dip coating, spin coating, spray coating or flow
coating, and thgh&osubsbrate witiedHe doating bblat ibnh Céindl sthdren heated 20
at a tenperature lower than the thermal resistance tenperature of the

su_lgst rate. Bn theradsatihgtie wints & uhitiraatie leaviight teatuxs Sthey tfidm.
tenperature of lower than 100 [err], spin coating is preferably used
because the | ens subiRrehe Reeparaiioees thebsubskeat®ywith i&ifigm ool . 25
Wien the substrate is a resin lens, the filmis desirably fornmed by coating
t 8 substrate mﬁ?%°¥ﬂén%d%?|?ﬁfs&ﬂYﬁQQ%?nan&h?héHrﬁéﬁﬁl%ﬁ the (PRFVIRES at a

tenperature of 40 t éﬁgﬂiné reé?”gr 1tR°%BSa1ka11, an acid or a

L_

surfactant, or abraded with inorganic or organic fine
L. 10 particles, or subjected to primer treatment or plasma
- treatment, so as to improve the adhesion between the lens
L_ substrate and the film.
= Synthetic Resin Lens
{- 15 The synthetic resin lens according to the invention is
&‘ described below in.detail.
L_ . | The synthetic resin lens of the invention is a typical
| example of the substrate with a filﬁ, and comprises a resin
- lens substrate having a refractive index of not less than
) 20 1.54 and a film of high refractive index provided on the
= substrate, said film being formed from the coating solution
L; containing the .component (A) as the fine particulate
: compound oxide, the component (B) as the matrix, and
L- © further at least one'ﬁomponent selected from the components
| 25 (C) to (G), as described above (referred to as "coating
= .composition of'che invention"'hereinafter).
L‘ It is an object of the invention to provide a thin

R . \\

synthetic resin lens of good appearance and high ﬂhs&ma}{

_ I



o -
32 When an ultraviolet curi LQsin is used as a matrix conponent of the
coating sol uti oFis§ y with a filmaccording to the invention can
he prepared by c trate with the coating solution and then 5
ifTradiating it w i et light to cure the film In the
preparation of the substrate with a filmaccording to the invention, the
surface of the substrate may be beforeB@and treated with an alkali, an acid
or a surfactant, or abraded with inorganic or organic fine 10 particles,
or. subjected t ' I e d"eH i Olop reat ; IJTRERVeE the
adhesi on bet m%%\%ﬂﬁlierf{%%'s%bst rlﬁ)gbgﬁg%?ﬁghf ??mg@%ljﬁrtl etl%(s: &%gg'rrglf%ns 15
Tre synthetic ¢@stind SSS1RCTEH HNE HeO ihent A¥ANT | BFr | SordasariPed bel ow in
detail. The synthetic resin lens of the invention is a typical exanple of
the substrate syhthetic |msiandeampf sdghareésastieasimdst nalrddwyving a
rnefractive index of not less than 20 1.54 and a filmof high refractive
i ndex provi decoarentheappibistatdtons dave bekem bedagahdrkasid fapemn .t hd tcdst iang
solution cgntai ning the conponent (A) as the fine particul ate conpound

oxi de, theSconbortdirr (B)jest tdfe thet Anvenshdnf et preevide | 4dtino synsbesdtent
selected fromthe conponents 25 (€ to (Q, as described above (referred

to as "coatingF%ﬁ#ﬁx%ﬁQﬁ(ﬁP?ﬁSHﬁﬁ§ﬁcﬁéeﬁ?Véﬁg pefblmafermed finom £hen . opj ect

;*lndt Eieg‘hnve“t ' Ot Pnd SN (¥ Tn2Y RhDERE Son®S For SRer®do ] SR RANCe
f. lens substrate preferably has a refractive index of not
= less than 1.54, and further, various properties are
i; 10 required, such as transparency, dyeing property, heat
resistance, water absorption property, flexural strength,
L; impéct strength, weathering resisténce and processability.
4 Therefore, the lens substrate is preferably made of, for
— example, sulfur-containing urethane resins or (meth)acrylic
_é' 15 resins. |
- Fdrther, by providing a single-layer or multi-layer
L; anti-reflection film made of an inorganic material on the
curéd film, light reflection can be reduced or light
; - transmission can be improved, whereby the function as the
;g”' 20 spectacle lens can be much more enhanced. The anti-
- - reflection film can be formed using inorganic materials,
L such as Si0, SiOp, SisNs, TiO,, Zr0,, Al,03;, MgF, and TayOs,
. by a thin film forming method such as vacuum deposition.
¢ L. Preferred lens substrates are now described in more
} 25 detail.
= One of thé_preferred lens substrates is a sulfur-
_ L‘ containing resin lens substrate, which can be prepared by
'! injecting a mixture of a polyisocyanate compound and 4-
L



3§‘durabi|ity, and this object can be attained by using the coating
solution of the invention. For obtaining a synthetic resin Iens of high
refractlve i ndex, various patent applications have been made and |aid open.
It~is a5 further object of the invention to provide a thin synthetic resin
lens for spectacle having a filmformed fromthe coating solution of the

i nvention. For such thin lens, the lens ¥bstrate preferably has a
réfractive index of not |less than 1. 54, and further, various properties are
10 required, ﬁéféaﬁéohé@ﬁfpaﬁefma&tﬂbﬁﬂ1”%—B&QB@&EM&oheﬁépféﬁéﬁ%éﬁ"ﬁy
wat er absorption property, | exur al trength I npact strength, weathering
rdsi st ance and phecessabwingyfodmerefane, the lens substrate is preferably
made of, for exanple, sulfur-containing urethane resins or (neth)acrylic 15
resins. Further, by providing.a single-layer or multi-layer anti-reflection
filLm made of an inorganic material on the cured film light reflection can
be reduced or |ight transh$CB2GteSEHCHEH2%Br oved, wher éby the function as

t he 20 spébtacle | ens can be nuch rore enhanced. The anti- reflection
fil m can be fornmed using inorgani c mdteFHad®, such as [err] by a thin film
forn1ng met hod such as vacuum depositi on. Preferred | ens substrates are now
described in nore detail. One of the preferred | ens substrates is a

5
syl fur- contain?ﬂﬁ;?EsPﬁnY%ﬁ@ygﬁﬁﬁQQ%uQ?tnﬁHlcWeESﬁPB@PE?Eﬁﬁﬁﬁﬁﬁtw

represented by the following formula (2):

10

= 0
L t-
L; C{CH20CCH2CH2SH) 4 (2)
:
L— 15 into a mold consisting of a glass form and a gasket, where
P the mixture is thermally polymerized.
? - Examples of the polyisocyanate compounds include
i; tolylene diisocygnate, diphenylmethane diisocyénate,
_ polymeric diphenylmethane diisocyanate, toluidine
L; 20 diisocyanate, naphthalene diisocyanate, hexamethylene
diisocyanate, isophorone diisocyanate, xylylene
; — diisocyanate, hydrogenated xylylene diisocyanate,
5 hydrogenated diphenylmethané diisocyanate, tetramethyl
&f xXylylene diisocyanate, 2,5-
L‘ 25 _bis(isocyanatemethyl)bicycio[2,2,l]heptane, 2,6-
: bis (isocyanatemethyl)bicycle(2,2,1]lheptane, 3,8-
L4 bis(isocyanatemethle£ricyle[5,2,1,025]—decane, 3,9~
i E_ bis(isocyanatemethyl)tricyclo[S,2,1,025]—decane, 4,8-

bis (isocyanatemethyl)tricyclo(5,2,1,02.6]-decane, 4,9-

L‘ 30 bis(isocyanatemethyl)tricyclo(5,2,1,02.6]-decane and dimer
(Jr717decane and din

o i



iﬁTecting a m xture of a polyisocyanate conpound and 4- 34

mer capt onet hyl -3, 6-dithio-1, 8-octadithiol represented by the foll ow ng
formula (1): [err] and/or pentaerythritol tetra(3-mer.captopropionate)
represented by ‘the following formula (2): 10 [err] 15 into a nold
consisting of a glass formand a gasket, where the mxture is thermally
polynerlzed Exanpl es of the polylsocyaﬁite conpounds i nclude tolyl ene
dr+ socyanat e, di phenyl net hane dii socyanate, polyneric di phenyl net hane

di i socyanate, Gghui dijRgo2PandtlsoCyRAN ndidRAL IR 8Re Qll§ﬂﬁ¥§@@ée
hexanmet hyl ene dii socyanate, isophorone diisoCyanate, xylylene diisocyanate,

hivdr ogenat ed xwbyhereddpreaayesat vivfd maairaleed pdoplieay! argahane

di i socyanate, -tetranethyl xylylene diisocyanate, 2,5- 25

bi' s(i socyanat eqebbybhbirayel ndai£idd hepddurt,s 2f6these polyisocyanate

bi_s(i socyanat enet hyl ) bi cycl o[ 2, 2, 1] hept ane, 3, 8-

bis(isocyanatenempybhdsicythe$6 Polyisgdijanatec aompo8nds may be used
bj s(isocyanatenethyl)tricyclo[5,2, [err]] -decane, 4,8-

bL§(|socyaﬁhteﬁéng}y)Prleyccgm?hmaqlomecane 4,9- 30

bi s(i socyanatenethyl)tricyclo [err] -decane and dine
_ The polyisocyanate compound and the thiol compound may

i

— be used in such amounts that a molar ratio NCO/SH

(functional group) is in the range of usually 0.5 to 3.0,

= preferably 0.5 to 1.5. Further, additives such as internal
fi 10 release agents, chain extending agents, crosslinking
- agents, light stabilizers, ultraviolet light absorbers,
L; antioxidants, colorants such as disperse dyes and oil-
. soluble dyes, and reaction catalysts may be properly added
- to.the material. On the sulfur-containing urethane resin
éi 15 1lens substrate thus obtained, a cured film formed from the
= coating solution of the invention is provided, whereby a
L; speétacle lens having good appearance, good film
. durability, high refractive index, high Abbe's number and
L4 excellent impact resistance can be obtained.
; 20 A further preferred lens substrate is a (meth)acrylic
- resin lens substrate which can be formed from a copolymer
L‘ of a ménomer represented by the following formula (3):
| RS X_ .  CHs X 5
. 1 R

CH2=('2-('2 (OR6-)—;1— o) F@- o_(Rso,_n_ llC =CH
B . 0 Cx CHj X 0 3)
{ 25
- _—
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\§5 acid diisocyanates. Al so enployable are all ophanate nodified products,
.biuret nodified products and i socyanurate nodified products of these

pol yi socyanat e conpounds. These pol yi socyanate conpounds may be used 5
Tingly or in conbination. The polyi socyanate conpound and the thiol
.conmpound may be used in such anpbunts that a nolar ratio NCO SH (functional
‘group) is in the range of usually 0153@)3.0, preferably 0.5 to 1.5.
Yurther, additives such as internal 10 rel ease agents, chai n extending

agents, Crossyhékéng RYGH S HyidHdlest abbhi 81 S . méb Ay B\ g3, IRSQRE

-absorbers, antioxidants, colorants such as disperse dyes and oil- soluble
dyes, and reaCliGih oat SHESHH(OHNEH, beX propetivdraddedatomt be ashalogén On the
sul fur-cont ai ni ng urethane resin 15 | ens substrate thus obtained, a cured

filmformed fabomtdeheodthary Slolatinen efhdt heandvenareneash pawvindezjerher eby

a spectacle lens having good appearance, good filmdurability, high
refractive i neR&iSHY RO é&ﬁe@ﬂ?&rﬁﬂ@ﬂ &fd Oegcl| +ent<|Hpand rtdient ance can be

.obt ai ned. _20 A further preferred lens substrate is a (neth)acrylic
(resin lens suBRIYBRELZRRLS) ‘E‘H}Pp“}?é"f ormed froma copol yner of a nonomer

represent ed by {hesLobl oud gk (LI Sherl 918 nonoRrdNELSIEAd Hy°

-hydr ogen at om or
i the formula (3) include 2,2-bis(3,5-dibromo-4-

{meth) acryloyloxyethoxyphenyl)propane, 2,2-bis(4-

b . (meth) acryloyloxyethoxyphenyl)propane and 2,2-bis[4- (B~

E ? 10 hydroxy-y- (meth) acryloyloxyethoxyphenyl)propoxyphenyl]-
%ﬁ propané.

1; Examples of the other polymerizable monomers inélude
- aromatic monofunctional vinyl monomers, such as styrene,
i« chlorostyrene, bromostyrene and a-methylstyrene; aromatic
. 15 polyfunctional vinyl monomers, such as divinylbenzene and
- its chiorine- or brominé-substituted derivatives;

L; monofunctional (meth)acrylate monomers, such as methyl

E (meth)acrylate, ethyl (meth)acrylate, 2-hydroxyethyl

i: (meth)acrylate, glycidyl methacrylate, benzyl methacrylate,
:‘1 20 phenoxy methacrylate and cyclohexyl methacrylate;

~ polyfunctional (meth)aérylic monomers, such as ethylene
i: glycolIAi(meth)acrylate, diethylene glycol.

. di(meth)acrylate,'triethylene glycol di{(meth)acrylate,

L; tetraethylene glycol'di(meth)acrylate, propylene glycol
B 25 di(meth)acrylate, dipropylene glycol di (meth)acrylate,

= di(meth)acrylatg of butanediol; thiol compounds, such as
L; those represented by the formulae (1) and (2), and further
P " This Sheet Has Been Replaced
NN




[é?r] or [err] X is a hydrogen atom or a hal ogen atom ot her than fluorine,
and mand n are each an integer satisfying the condition of [err] and other
5. pol ymeri zabl € nmononer. Exanples of the (nmeth)acrylic nononers represented
by=the fornula (3) include 2,2-bis(3,5-dibrono-4-

(met h) acryl oyl oxyet hoxyphenyl ) pr opane, §72-bis(4-

(et h) acryl oyl oxyet hoxyphenyl ) propane and 2, 2-bis[4-([err]- 10
hydroxy-[err]- (meth) acryl oyl oxyet hoxyphenyl) propoxyphenyl]- propane.
Exanpl es of theestherysbrited andl ectontmercapinsaeiets) snaffhese monomers
monof unctional vinyl nononers, such as styrene, chlorostyrene, bronostyrene
ahd [err]-nethyﬁgtéﬁeHé?daﬁéﬁﬁiyc°{51?Kﬁ®WQ&RﬁqRﬂﬂal vinyl nononers, such as
di vi nyl benzene and its hIorngéﬁor brom ne-substituted derivatijves;

monof unct i onal (et Hf'atf§ &P OREPSeSS AF St TRty 3 FRPRPSLF VPt e,
hyl th | ate, 2- t h. | . glyci | at e,
beny! ot hacr soaPEEesh ol BRCELREYS BYMAAR or e SEERIMELPELENTT Y 2
| yf ti | ' | | |
8 (et hy ey ol STopek Fel ck8elPBITY St b0 £hANAaF 46RO Lo 29,3,

dr(”Eth)acrylab@:wb@bh%ebBYBﬁﬂérgbU e 4B ifrlorledt €8s Rh9RY¥EE8HC: Aty CH!
25- di(nmeth)acrylate, dipropylene glycol di(neth)acrylate,

di (met h) acryl am@1af cousasedngl oft & glasonmpmndmd sUeasket! herereephesent ed
by“the formulae (1) and (2), and further 37
composition is thermally polymerized and/or
L; photopolymerized. During this process, to the monomer

10 composition may be added conventional thermal

polymerization initiators such as organic peroxides and azo
i; compounds and/or conventional photopolymerization
_ initiators such as those derived from acetophenones,
1; benzoins and benzophenones, and further, other additives,
- 15 such as crosslinking agents, light stabilizers, 'ultraviolet
— light absorbs, antioxidants, and colorants sﬁch as disperse
g'. dyes, oil-soluble dyes and pigments. On the (meth)acrylic
= resin lens substrate thus obtained, a cured film formed
'i; from the coating solution of the invention is provided,
. 20 whereby a spectacle lens having good appearance, good film
L- durability, high refractive index and high flexural

strengﬁh can be obtained.

.

A further preferred lens substrate is a resin lens

substrate formed from 'a copolymer of a (meth)acrylic

O

. 25 monomer and/or a vinyl monomer, both having a sulfur atom
L. and an aromatic ring, and other polymerizable monomer. The
1 ' (meth)acrylic monomers and the vinyl monomers having a

i I S
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pentaerythrltol etra(ner cetate). These nononers may be used
aneg or in co B*mRé gm0l di ng process, preferably, a conposition
conposed of 20 to of the (nmeth)acrylic 5 nononer represented
by™t he above for ﬁto 20 % by wei ght of other polynerizable
mononer is injected into a consisting of a glass formand a gasket,
where the conposition is thermally polyﬁnylzed and/ or phot opol yneri zed.
Diring this process, to the nononer conp05|t|on may be added

t | th | {1 t,1 at d
and. 520 Compountitl BN Bro b Sa”ﬁéa'm%bﬁéfaﬁra%y%%% 3¢ AR AR S cuch
th d ; :
Fur ther . ot her SR Ty cr e R oy SR el B Png REBRIEN PR ™)

stabilizers, ultraviolet |ight absorbs, ant|OX|dants and colorants such as

diisper se dyes, 0|I-solubt§{dyes and plgnents (neth)acrylic resin

| ens substrate thus obtalned r fi ornmedifromthe coating solution
of the invention is ﬁHg#Ce@{S*@m e@sp&ﬁ-@é@j ens havi ng good
anearance good filmdurapilift hi gh r acti i ndex and hi gh fl exural
strength can be obt ai ned. further preferred | ehs substrat@)is a resin

| ens substrgte formed froma copolyner of a (nmeth)acrylic 25 nonomner

and/ or a vi nononer, ORith having a sul fur atom gnd an aronmatic ring, and
otTer polynerlzable non The (meth)acrylic noRonmers and the vinyl
‘mononers having a '

CH2— C—CH2
L | O:E-O-Rs-s R @ R%-S-R%. o-c=o

. (5)
U
. wherein R7 is a hydrogen atom or a methyl group, and R® and
i. R? are each an alkylene group of 1 to 9 carbon atoms.
1; 10 i Examples of the other polymerizable monomers are
— aromatic monofunctional vinyl monomers, aromatic
L: polyfunctional vinyl monomers, monofunctional
(meth)acrylate monomers, polyfunctional (meth)acrylic
L_ _ monomers and thiol compounds, and include those used for
. 15 preparing the (meth)acrylic resin as described above.
L‘ These monomers may be used singly or in combination.
';' In the molding process, preferably, a composition
: - composed of 20 to 80 % by weight of the (meth)acrylic
i; monomef-and/or vinyl monomer having a sulfur atom and an

20 aromatic ring, and 80 to 20 % by weight of other
polymerizable monomer 'is injected into a mold consisting of

a glass form and a gasket, where the composition is

. O

thermally polymerized and/or photopolymerized. During this

process, to the monomer composition may be added -

-

25 conventional thermal polymerization initiators such as



38 sul fur atom and an aromatic ring are, for exanple, a conpound
represented by the following forrmula (4) or (5) Thi€s#3et Has Been Replaced
C%B [err] wherein [err] is a hydrogen atomor a I Jflknd [err] and
[err] are each -an al kyl ene group of 1 to 9 carbo . Exanpl es
of .the other polynerizable nononers are aromatic orunctional vinyl
mpnoners, aromatic pol yfunctional vinyl 3gononmers, nonof uncti onal

(et h)acryl ate nmononers, polyfunctional (neth)acrylic nononers and thi ol

conpounds, and include those used for 15 preparing t@f net h)acr,yli ¢ resin
a$ descri bed aHﬁW%?n*ﬁuﬂﬁ§Qﬁﬁﬂﬁ§eP§dnﬁ§°b€gﬂ8 Bnds Ryt Q# qQ?Qﬁﬂﬂﬁ°ﬁ§§ion. In

t ke mol di ng progess referably, a.conpasition conposed of 20Q.t % by
WtE| ght gf thgo( cf%:n‘sjpa_ fﬁ_r@'z tﬁ‘g g;éggfggriizw 2% otri%orsf%é‘\zlel;g?’%a&%ﬁ ur
atom and an éﬁﬁ? , 0

pQLymneri zabl e rr%;\o rﬂélsaﬁérﬁléjqeg_t%%%oi n_tsoggarrbo?/% %%%%}%ﬁsn'g_aéga gfltgsg'form
and a gasket, VA& tRGARS! ISueh b EPESERL hyiRe! dgBd 7ed i/ or

phot opol yneri zed. During this process, to the nonomer” conposition nay be
_acﬁged_ 25 cofverstaiiali ey, Ml tpehioRetZ At fRE APsdHRE OrantSWHidRts, 38d
organi c peroxi des and azo conmpounds and/or conventional photopol ynerization
i ni-tiators suclcalotdnmse sieth \aad dilsperaeetipps e noibess o hiylzoidyesaathd
bénzophenones, and further,

-~ pigments. On the resin lens substrate thus obtained, a

cured film formed from the coating solution of the

.

invention is provided, whereby a spectacle lens having good
L: 10 appearance, good film durability, high refractive index and
- _high heat resistance can be obtained.
L;
- EFFECT OF THE INVENTION
O

According to the present invention, the refractive

15 index of the film formed on a substrate can be freely

r

controlled by varying the composition of the fine

L; particulate compound oxide and the quantity ratio of the

i matrix to the compound oxide in the coating solution.

— Thus, the refractive index of the film can be made equal to

{? 20 that of the substrate as described above, to eliminate

= interference fringes caused by a difference of the

L, refracéive index between the substrate and the film. On
the other hand, the refractive index of the film can also

L~ be made much higher than that of the substrate, to increase

v 25 extremely the surface glossiness of the substrate. The

- film of such ekgremely high refractive index is excellent

é: in the ultraviolet light shielding effect because the fine

. particulate compound oxide in the film contains titanium



Ao
ot her additives, such as crosslinking agents, Light 5 stabilizers,
ultraviolet I|ight absorbs, antioxidants, and colgrants such as disperse

dyes, oil-soluble dyes and pignents. On the resi H¥ H dt hus
obfTained, a curéd filmformed fromthe coating sol nvention is
provi ded, whereby a spectacle |ens having good 10 good film
durability, high refractive index and hi4¢® heat resistance can be obtained.
EPPECT OF THE | NVENTI ON According to the present invention, the refractive
oy modex of 1 M5l T LG8 2cSHBSHAR © GRb i biagl Y S6aAt £ ol bY
varying the conpOsition of the fine r{icul ate compoudnd’oxi de and the
quantity ratio vioi}%brigt k¥4l Q«t e ol tey i i ; i ol ution.
Thus, the refragh've I'n e&bég ?ﬁegf$§nican gﬁﬁa e g%ﬁg %ngg% 89tﬁat of
the substrate ag ki Bgdmabove, to elimnate interference fringes caused
by.a difference of the refractive index between the substrate and the film
On the other hand, tirger €ilAcEbyRednsiexcid Sursstiiate ©3ingl shebeibmde much
hi:gher than that of the substrate, to increase 25 extrenely the surface
glossi ness d§ t fermilngt cabtingTheldtion odf saheh iewenerdehy iki ghloelessti ve
index is excellent in the ultraviolet Iight shielding effect because the
firne particul at $reaspaareotorndeckeel lent i imashesdions toi thai gubstrapeoxi de

as its major conponent. Accordingly, such filmis favorably used as a
coating fil mfoMeathering ggsyFtance, light resistance, flekibility and

dyeing property. Moreover, because of its high hardness,

this film is excellent in scuffing resistance and abrasion
i; 10 resistance, and therefore is suitable for various optical
: lenses such as spectacle lens and camera lens, various
E'L- display element filters and looking glass. If a hard coat
gfiﬁ _ film of high refractive index is formed on the surface of
- the substrate such as'looking glass, window glass or
égi; ' 15 display element filter, using the coating soluﬁion of the
5_ invention, prior to forming a colorless, transparent and
%gL_ multi-layer. anti-reflection film of high surface hardness,
an object can be clearly seen through the substrate with
§ e thé hard coat film. If such an anﬁi—reflection film as
;' 20 mentioned above is formed on a display element surface, an
- illuminant such as a fluorescent light is not reflected in
ETL; the diéplay element surface, so that the visualized image
is made sharp and fatigue of eyes can be prevented.
;iL: The film of high'refractive index formed on the
;;ff 25 substrate using the film-forming coating solution of the
i invention is cdlorless, transparent and excellent in
-fQ: weathering resistance, dyeing property and_flexibility, and
é'_ the refractive index of the film can be made equal to that -



tﬁﬁcoat film The filmformed on the substrate usin h%kfhhph q formng
coating solution of the invention is colorless, it excel | ent
in adhesion to the substrate, weathering resi st%ﬁﬁ maﬂ \ﬁﬁstance,
flexibility and-dyei ng property. Moreover, becau har dness,
this filmis excellent in scuffing resistance and abrasion 10 resistance,
and therefore is suitable for various optlcal |enses such as spectacle |ens
ang canera | ens, various display elenment filters and | ooking glass. If a
hard coat film | gh | ve_l s farned on the_.surf

substrate such §t§ Pégkls{rléggﬁgésés’, ?/é nrkg‘ow 61% sglgrEl (fgn {)ﬁi fS%Yé]Sﬁ/ efg@ﬁ%ﬁ&%s

filter, using the EQﬂéLnﬁ'fﬂlf@f‘ﬂléglikthhgventi0”1 prior to formng a
2 a mul ¢ ”

col orl ess, transparent an | -Tayer anti-reflection filmof high surface
hardness, an object paptRerf!BprpyowRBhd Ar euslat Be1aubsthed es Mk heidrie hard
caat film If such an anti-reflection filmas 20 menti oned above is
formed on a di sgbayifgeseiut Soi fGF hedlinvientiionadh &usPneleid | s B5 QRlis
liight is not reflected in the display el ement surface, so that the

viisual i zed iSmagsubstratie sauipy andedfataapiseofindgesofah. b¢ or emamrd,eca The
fiTm of high refractive index formed on the 25 substrate using the
fi.l-mform ng codighgwebvhtiard dthimesynphetticonesincbens| erich tisinspar ent
and excellent in weathering resistance, dyeing property and flexibility,
‘armd the refract P¥eeihBB% b YeRFNSTINL HAPsHétaRGe efdafuraPihity angfree

P from interference fringe and coloring of cured film can be

obtained.
i; 10 Furthermore, if an anti-reflection film made of an
inorganic material is laminated on the cured film, surface
% L; reflection is inhibited and a function as spectacle lens
;- can be much more improved.
3 L 15 EXAMPLE
- The present invention will be further described with
L; refefence to'the following examples, but it should be
- construed that the invention is in no way limited to those
é L- examples. |
" 20
- Examoie 1
L’ (1) Préﬁaration of coating solution

Into a flask equipped with a stirrer were introduced

41.15 g of ethyl celldsolve, 38.44 g of y-

25 glycidoxypropyltrimethoxysilane and 4.13 g of

tetramethoxysilane in this order with stirring. Then,
12.90 g of 0.05N hydrochloric acid was added, and the

mixture was stirred for 30 minutes. Subsequently, 0.04 g



of "t he substrate, so that the filmcan be favorably used as—a~ﬁrrner film

for- plastic lens. Further, by providing a cureﬁﬂﬂwlntfor @t he
coating solution of the i nvention on a synthet|dh$ substrate
having a refractive index of 1.54 or nore, a I|gh i ﬁln synt hetic
resin lens which is excellent in weathering re5|s bility and
free frominterference fringe and col ord2zg of cured filmcan be obtained.
16~ Furthernore, 7if an anti-reflection filmnmade of an inorganic

I I d. h f fl .Lnhibited
e Pl nee oSS SRR SRRl Tyt LaEe AR SEHAR Rkl
EXAMPLE The presen nﬁ?es%%%tkpﬁ ﬁo&ﬁg %H§t§§r q§§ rl%§§jd@ %hf %Lerence to

the follow ng exa constrie thé invention is in
no way |imted a&é*kﬁﬁ d29 2R ded il eRAMRLI @R19bs600k! ”9
s@lution Into égfla equli ppe g Stlff%?éaé%% |ntr05§ieg 41. fS of

ethyl cell osol s Fardher efdoted,25heghysztaﬁé<yﬂ@ﬁﬁﬂdﬁdu@uﬁvoaihckéaeaaad
4:13 g of tetranethoxysilane in this order with stirring. Then, 12.90 g of

OQSN hydr oBhl athen aclilbweas taddedndaad 0hT rfott amehwsssforraglut@,r (=Y
m nut es. Subsequently, 0.04 g

obtain a coating solution. The above sol contained a fine
b particulate compound oxide of titanium dioxide/zirconium

dioxide/silicon dioxide in a weight ratio Ti0,/Zr0,/Si0; of

68/17/15, the solid concentration of the sol was 20.5 % by
L; 10 weight, and the compound oxide had such a particle
structure that a core of a solid solution of TiO, and ZrO,
L_ ~ was covered with Si0,.
A
— (2) Preparation of plastic lens substrate
g" 15 A mixture of 87 g of 4-mercaptomethyl-3,G-dithio-l,s-
T~ octanedithiol, 94 g of m-xylylene diisocyanate, 0.02 g of
L; dibutyltin dilaurate, 0.15 g of an internal release agent
_ and 0.09 g of 2-({5-methyl-2-hydroxyphenyl)benzotriazol was
L thoroughly stirred and then deaerated in vacuo'(s mmHg) for
b 20 60 minutes. Thereafter, the mixture was injected into a
= mold consisting of a glass form and a gasket, then kepﬁ at
L_ 40 °C fer 7 hours and heated from 40 °C up to 120 °C over a
period of 10 hours in a heating furnace to polymerize the
i- monomers. After cooling, the glass form and the gasket
tf 25 were removed to obtain a sulfur-containing urethane resin
= lens.
\_. The lens thus obtained had a refractive index of 1.66
. and an Abbe's number of 33.
!



4£~of a silicon surfactant (available from N ppon—bUnaika¥K-K—,. trade nane:
L-7604) and 103.39 g of a sol of a fine particulqﬁglggqgg nd._oxi de

di'spersed in nethyl cellosolve was further added, cRlaced
EEHM" hours for
I ne

t Horoughly stirfed and 5 then allowed to stand at

aging, to obtain a coating solution. The above sol

particul ate conpound oxi de of titanium @&3xide/zirconiumdioxide/silico
di‘oxide in a weight ratio Ti Q2/zZrQ2/Si 2 of 68/ 17/15, the solid '
concentration of the sol was 20.5 % by 10 weight, and the conpound oxi de
had such a particle structure that a core of a solid solution of Ti2 and
Zre2 was covereg3yﬁ$gr&§£{&n dR) oA &PHald on of plastic lens substrate 15
A mxture of 87 g of 4-nercaptonethyl-3,6-dithio-1,8- octanedithiol, 94 ¢
of mxylylene diisocyraasel £dr-Qort HBinidiPuirkthbRedbbauh aléns Cpddpdrd an

I ni.er nal rel ease agent and 0.09 g of

2- (5- et hyl - 2- hysox ypas nyhndesedtin azd wWay WwedghtgoF ysodi i ety darsk ideen
deaerated in vacuo (5 mrHg) for 20 60 m nutes. Thereafter, the m xture
\/\Qg i nj ect e@ i ndAguaocus| solwnkirstfow Somimugleass thennvasbed apd kdtied hen kept
at 40 [err] for 7 hours and heated from40 [err] up to 120 [err] over a
peri od of 10 hoTiereaftehecneynfanecoft thgolgnsrvas cortewditdr thexft er
cooling, the glass formand the gasket 25 were rempved to obtain, a

SUT'f ur - cont ai ni PEREHRY NEAELE RN PreRaredria thasPrATRABER af HedshaPin

refiractive I nde,of, 3,66 A a0 AR S MIBET Bl Satng sotution

‘ coating.
L
(soclution for forming a hard coat film) was applied to the
E; 10 1lens surface at a low speed of revolution and the excessive
. coating solution was removed at 2,500 rpm for 1 second.
L After the resulting coating film was precured at 120 °C for
\ 30 minutes and cooled, the other surface of the lens was
- also coated under the same conditions as above. The lens
L; 15 with the coating films was heated at 120 °C for 3 hours to
cure the films. Each of the cured films had a thickness of
L 2.3 pm. |

Separately, the sulfur-containing urethane resin lens
obtained above was dyed with a commercially available dye

20 for plastic lens (Umber D for Seiko Placks) in a dyeing

— -

bath at 90 °C for 3 minutes. The lens thus dyed was

provided on both surfaces with the films as described

r

above. The transmittance of the lens was measured using a
: l, spectrophotometer (MCéD-lOOO, manufactured by Otsuka Denshi

25 K.K.) before and after the film formation to obtain a color

-

difference. As a result, AE,, was 0.5, and a conspicuous
iﬂ change in color tone was not visually observed.
{
—

c



437(3) Formation of cured film The sul fur-containing urethane resin |ens
prepared above was inmmersed in a 5 % by wei ght of sodi um hydroxide 5
aqueous solution for 5 mnutes, then washed and dried. Thereafter, one
surface of the 1ens was coated with the coating solution prepared in the
procedure (1) by spin coating. In the spin coating, the coating solution
(solution for formng a hard coat filn4das applied to the 10 | ens
siface at a | ow speed of revolution and the excessive coating solution was

renoved at 2, 50?4[);%%;’?%%1]?8%@%%ié‘%ﬁge&@f?‘é?ﬁ'ii ng coating filmwas

pr:;fécured at 120 m nutés and Cc00 e other surface of the

| ens was al so coat edryd&ind m%vqageaceagéai B8 3% AR &s HRRveeWasld with
the coating filns was heated at 120 [err] for 3 hours to cure the filns.

Each of the curggpddddmdadgont Gagkpeasmaf a?. 2n [Aitdut 208t @ ¥n VBEuo
sylLfur-contai ning urethane resin | ens obtai ned above was dyed with .a
comercial ly aveod @30 esebondd) antothpkaeshi & tiehs drdinbareflefcniobeifkamPvasks)
in a dyeing bath at 90 [err] for 3 mnutes. The |lens thus dyed was provided
on bot h surbaceommead byheracuums depodét ton be dTlad cand: 1 -Hes llecaion Lagacchad
the | ens was neasured using a spectrophotoneter (MCPD 1000, manufactured by
Qt suka Denshi &5 five 1 avaseSErEchHeafeEPose 9 IHh%eor ARP2oP Qe 0B N a

coLor difference, P neatlt hehtl e Gilts 3463 SOURPLRLCHESNAN0e 11

cbtor tone was

: surface toward the outside. In the anti-reflection film

thus formed, the optical thi.ckness .of the Si0,; layer on the

_1; 10 1lens surface side was about A/4, the total optical

N thickness of the Zr0O, layer and the intermediate SiQ; layer
L was about A/4, the optical thickness of the 2rQ; layer was
\ about A/4, and the optical thickness of the topmost $iO,

- layer was about A/4 (design wavelength A: 510 nm). '

?f 15 The synthetic resin lens obtained by the above process
- was evaluated by the following performance tests, and the
L results are set forth in Table 1.
e (1) Appearance

?‘ 20 The appearance was evaluated by visually observing

- color of the undyed lens (colorless lens).

_' (2) Transmittance

L; The undyed lens -(colorless lens) was measured on the

25 mean visible light transmittance by a spectrophotometer.

» ‘“M
{3) Interference fringe

¥ This Sheet Has Been RTlaced .

o (RATD



44‘(4) Formation of anti-reflection filmThe I ens having a cured film
formed as above was exposed to argon gas -plasma at an out put of 200 Win
vgcuo for 30 seconds, and thereon a thin anti-reflection filmwas 5 fornmed
by~vacuum deposition. The anti-reflection |ayer had a five-layer structure
conposed of [err] and [err] layers lamnated in this order fromthe |ens
surface toward the outside. In the anti 4%flection filmthus fornmed, the
opri cal thickness of the [err] layer on the 10 | ens surface side was
about [err] the totap ppyh€ads tdi chinescehtt Ramgr #8s! A¥8E Bvthd N&eflected
intermediate [err] layer was about [err], the optical thickness of the ZrQ2
| ayer was aboutofiethé badls t herfade crjailnditc knesackf bhbegtomi@starderr] | ayer
was about [err] (design wavelength [err]: 510 nm. 15 The synthetic
resin | ens obt abcedrbsntd eofibovica itese pattesrnevalisad eldy byhe hiidghdl | owi ng
parformance tests, and the results are set forth in Table 1. (1) Appearance
20 The appeerfereng@swasy Nisradd yopbeesueatl yooheds®itthe col or of the
undyed lens _(colorless lens). (2) Transm ttance The undyed | ens, (col orless
|2,Lns> was mPasulBEerferercesfringm hasedhra thghfoltawind t¢EHE IR a

roph r. Interferen frin 4
SR?Ct ophot omet € (&&: Ngefafhézéxiatter%eis obgerved.

— BB: A rainbow pattern is slightly observed.

CC: A rainbow pattern is conspicuously observed.

i
P
L]

L; 10 (4) Scuffing resistance
On the lens, steel wool of #0000 was moved back and

L; forth ten times under a load of 1 kg/cm2. Then, the

\ condition of the film was observed.

L* AA: Scuffing is hardly observéd.

. 15 BB: Scuffing is slightly observed.

~ CC: Scuffing is greatly observed.

L.

. (5) Adhesion

= The lens was immersed in a hot watér at 70 °C for 2

i‘ 20 hours. Then, the cut was made on the surface of the lens

~ laterally and longitudinally with a knife to give 11

é_ paralléi lines at intervals of 1 mm so as to form 100 cells

. on the lens surface. A cellophane tape was adhered to the

L, lens surface with the cut cells and then separated. The
i 25 number of the cells on which the film was not peeled and

— still remained were counted.

‘k_, J—

(6) Weathering resistance This Sheet b,

N i

-



ALTight of a fluorescent |anp was nade to be reftected-on the+ens surface
agai nst a bl ack background, and occurrence of fhgﬁﬁi&mﬁa&? ép?a”?i caused by

the light interference was visually observed to fterference
fri'nge based on“the following criteria. AA: No rml Eﬂ ﬂIF i s observed.

BB:. A rainbow pattern is slightly observed. CC ernis

conspi cuously observed. 10 (4) S&Gfing resistance On the |ens,

steel wool of #0000 was noved back and forth ten times under a | oad of
[err]. Then, the congjii f I, b d : ffl ' rdly
observed. 15 B Sl SR I R R A
great |y observedavi5labbiesian Fa |sHIkaMRS KTRES SEdri D5@ KWliravat ehea, 70
[err] for 2 20 hours. Then, the cut was made on the surface of the lens

| at'eral |y and | engi foliowlhy tedts adge fcariraegi wet 11 parallel |ines at

i nervals of 1 mMmmso as to form 100 cells on the | ens surface. A cellophane
t ape was adhered to {he Appeasandeace with the cut cells and then separat ed.
The 25 nun%er of the cells on which the filmwas not peeled and stil

remei ned wePe count eBhe (FYPEYTANRG WAG eysilypsrdeby viguahky |rrenyingexposed

to a xenon long life fadeoneter
' color of the undyed lens (colorless lens).

(% (ii) Transmittance

The undyed lens (colorless lens) was measured on the

C

. mean visible light transmittance by a spectrophotometer.
- 10 (iii) Adhesion
fﬁ The exposed surface of the lens was subjected to the
L; same crosscut tape test as in the above-mentioned adhesion
L‘ test (5).
?t 15 Example 2
Lf A coating solution was prepared in the same manner as
L‘ in Example 1 except ?hat the sol was replaced with 103.39 g
. of a sol of a fine particulate compound oxide dispersed in
L— methyl cellosolve. This soi contained a fine particulate
[ 20 compound oxide of titanium dioxide/zirconium
FJ dioxide/silicon dioxide in a weight ratio Ti0,/Z2r0,/8i0; of
L; 68/17/i5, the solid concentration of the sol was 20.5 % by
. weight, and the compound oxide had such a three-layer
i, particle structure that a core of TiO, was covered with
- 25 2zr0, and further covered with SiO,.

i L’ On the samg sulfur-containing urethane resin lens
D substrate as produced in_EXample 1, cured films were formed
%ﬁ in the same manner as in Example 1 except that the coating
g



(avail abl e from Suga Shikenki K. K.) for 150 hours. Then, the foll ow ng
tests were carried out. (i) Appearance 5 The appearance was

eval uated by visually observing color of the undyed |ens (colorless |ens).
(iT) Transmttahce The undyed | ens (colorless |ens) was neasured on the
mean visible light transmttance by a spectrophotoneter. 10 (rii)
Adhe5|on The exposed surface of the | en#Zvas subjected to the same crosscut
tape test as in the above-nentioned adhesion test (5). 15 Exanmple 2 A
coating sol utl ofo st oK PRERELAd) ddafeS IR RABET P! BuR@TPLfnd 1RIE Wen

that the sol was replaced with 103.39 g of a sol of a fine particulate
ceapound oxi de 4li epesiemskd rbm.wtympel basahéefllmThars & i ot ddiabm fine
particul ate 20 conmpound oxi de o i t ani um di oxi de/ zi r coni um

di'oxi de/ si | i confiimxigle prowidesi @i inaExampleriZr 02/ Si 2 of 68/ 17/15, the
sQlid concentration of the sol was 20.5 % by wei ght, and the conpound oxi de
had such a three-| ayBhe peyrtildta s tnasdnudenshabtained ebpfthie Gibaves pomoEssd
with 25 Zr2 and further covered with [err]. On the sane

sul fur - cont & niwas \eeahested &y rtheer$§m§up§rfar@aaeep¢mgﬁ in Breanple 1,
cured filns were formed in the same nmanner as in ExaqPIe 1 except that t he

coating 47 1. The results are set forth in Table

L
. Example 3
= A coating solution was prepared in the same manner as
; 10 in Example 1 except that the sol was replaced with 103.39 g
; of a sol of a fine particulate compound oxide dispersed in
L. . methyl cellosolve. This sol contained fine particulate
o compound oxide of titanium dioxide/zirconium
- dioxide/silicon dioxide in a weight ratio Ti0,/Zr0,/SiO; of
T' 15 68/17/15, the solid concentration of the sol was 20.5 % by
Lﬁ weight, and the compound oxide had such a three-layer
L; : particle structure that a core of Ti0O, was covered with
| - 2r0, and further.covered with Si0; and had been surface-
L treated with methyltrimethoxysilane.
. 20 On the same sulfur-containing urethane resin lens
- substrate as produced in Example 1, cured films were formed
lﬂ in the same manner as in Example 1. except that the c¢oating
- solution prepared above was used. The cured films had each
L, a thickness of 2.2'um. On one film, an.anti—reflection

Ly 25 film was provided as in Example 1.

- The synthetic resin lens obtained by the above process
L; was evaluated by the same performance tests as in Example

1. The results are set forth in Table 1.

_ gt




sofution prepared above was used. The cured filnms had each a thickness of
2.3 [err]. On one film an anti-reflection filmwas provided as in Exanple
1. The synthetic resin | ens obtained by the above process 5 was eval uat ed
by~t he sane performance tests as in Exanple 1. The results are set forth in
Table 1. Exanple 3 A coating sol ution igprepared In the sane manner as 10
in Exanple 1 except that the sol was r2%1 ced with 103.39 g of a sol of a
fitme particul ate conpound oxi de dispersed in methyl cellosolve. This sol
contai ned fine particul ate conpound oxide of titanium di oxide/zirconium
diioxide/silicon dioxide in a weight ratio TiQ2/ZrQ2/Si Q2 of 15 68/ 17/ 15,
the solid concentrathAfrenfstdmedat wasomGehptrayunei fbit, 2 ansekse conpound
oxi de had such a three-layer particle structure that a core of Ti Q2 was
covered with [eprécipititu¥eomert mmi@deai whsSpbge avied heelr b evhi ghivifyacar
trneated with methyltrinmethoxysil ane. On the sane
sul fur - cont ai ni Hee ueARERE $@éﬁ°?-qr§n§fs@5§tnpé\?§ hsapd ofludE iBP Exanpl e 1,
cured films were forned ipn the sa manner, as_i n Exa except that the
coating sol St i ORTRFERLT i A HAS \&e&é’éﬂl 1ﬁ*hEh€uF%ﬂt$ ‘Fn%é'fé’ﬂ‘%'gc‘# a
t NT ckness of 2. %&%ﬂ%i% On one film an anti-reflection 25 filmwas
provided as in ﬁ The synthetic resin | ens obtained by the above
process was eval uat ed by the sanme perfornmance tests as in Exanple 1. The
ré&sults are set forth in Table 1.

Example 4
— (1) Preparation of coating solution
f 10 Into a flask equipped with a stirrer were introduced

37.87 g of ethyl cellosolve, 34.01 g of y-

1 glycidoxypropyltrimethoxysilane and 21.90 g of

~
~ tetraethoxysilane in this order with stirring. Then, 21.79
Lﬁ g of 0.05N hydrochloric acid was added, and the mixture was
P 15 stirfed for 30 minutes. Subsequently, 0.04 g of the same
- silicon surfactant as used in Example 1 and 84.44 g of a

;: sol of a fine particulate compound oxide in methyl

’ cellosolve was further added, the mixture was thoroughly

L stirred, and then, all&wed to stand at 0 °C for 24 hours

[ 20 for aging, to obtain a coating solution. The above sol

- contained fine particulate compound oxide of titanium

E“= dioxidé}zirconium dioxide/silicon dioxide in a weight ratio
f‘ Ti02/Zr0,/S102 of 68/16/16, the solid concentration of the
L; sol was 20.5 % by weight, and the compound oxide had such a
; 25 three-layer particle structure that a core of TiQ, was

L covered with 2r0O, and further covered with SiO, and had

? | been surface-treated with methyltrimethoxysilane.

This Sheet Has B
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48" After stored at roomtenperature for 2 weeks, precipitation of particles
was observed very slightly in the coating solutions of Exanples 1 and 2,

but no 5 precipitation was observed-in the coating solution of Exanple 3.
Exanple 4 (1) Preparation of coating solution 10 Into a flask
eqU|pped with a stirrer were introduced 37.87 g of ethyl cellosolve, 34.01
g of [err]- egC|doxyprppyItr|nethoxyS|H§he and 21.90 g of : :
tétraethoxysilane in this order with stirring. Then, 21.79 g of 0.05N

hydrochlori c acislh wBseggded; otk tha sttt %ﬁs\/\@ébé@ratétl rred for 30
m-nutes. Subsequently, 0.04 g of the sane silicon surfactant as used in

Exanpl e 1 and 84.44 g mixeus®lonf13 4 bE pantheryeheiconpath @< de in
met hyl cel |l osol ve was further added, the m xture was thoroughly stirred,

and then, aIIowndr¢apﬁmpwmbrnndtdkﬂrﬂpOfgrof4mhmylﬁléﬁb diimoaginat.e,t 0
ohtain a coating solution. The above sol contained fine particul ate
conpound oxi de ©f018tanfimlibuwilddinzidicbhpuiddi ofi LR/ ®ief cun iditedindd i n a
weight ratiq TiQ2/ZrQ2/Si 2 of 68/16/ 16, the solid concentration of the sol
was 20.5 %%y weehgese A thanh bhddRd 9oRE dé - hATRYRFORY 25 -t hree- | ayer

particle structure core of, Ti was. covered wth Zr and further
covered with Si¢gt %ié‘?’?érﬁ gw?FeEPQHOWI?W et HAS %iarﬂé’( hoxysi | ane.
4?~ deaerated in vacuo (5 mmHg) for 60 minutes. Then, the

mixture was injected into a mold consisting of a glass form

—

and a gasket and was polymerized under the same heating
? 10 conditions as in Example 1. After cooling, the glass form
%‘ and the gasket were removed to obtain a sulfur-containing
é_ urethane resih lens. |

The lens thus obtained had a refractive index of 1.59

~ and an Abbe's number of 36.
- 15
-

{(3) Formation of cured film
i; " The sulfur-containing urethane resin lens prepared
i above was immersed in a 5 % by weight of sodium hydroxide
lﬁ aqueous solution for 5 minﬁtes, then washed and dried.
i 20 Thereafter, cured films were formed on the resin lens in
- the same manner as in Example 1 except that the coéting
i. solutidh prepared. in the procedure (1) was used. The cured

films had each a thickness of 2.5 um.

r—ﬁ

The transmittance of the lens having been dyed in the

25 same manner as in Example 1 was measured using a

[—

spectrophotometer (MCPD-1000, manufactured by Otsuka Denshi

K.K.) before and after the f£film formation, to obtain a

This Sheet Has Been Re: laced
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(2Y Preparation of plastic |lens substrate A mixture of 130 g of
pentaerythritol tetra(3- nercaptopropionate), 100 g of mxylylene
diii socyanate, 0.018 g of dibutyltin dichlori deThis(Shde8Has Beén Replacedt er nal

5
rétease agent and 0.115 g of 2-(2'-hydroxy-5'-t : ﬁumlmﬂenzotri azol
a gl a

was thoroughly stirred and deaerated in_vacuo ( m nut es.

Then, the m xture was injected into a nmdOd consisting o ss formand a
gasket and was pol ynerized under the sane heating 10 conditions as in
Example 1. After, cool. gl ass .far d e ket ,we renoved to
obtain a sulfuﬁy%%% é#ﬁﬁ%geﬁgé‘ha%% egﬁghﬁghséaﬂhg%?eﬁé4th%gdo%tained had
a.refractive index aof 1 59 n,Abhe.s nunmber of 3. 15 (3),.F t ] of
cured film The SUIFRFSEOHt ac?‘r%?lﬁ% ar ef:ﬁ%lﬂlé #’J%%T’ nW?ser{qu;prvélﬁé’r(aé& Yag%’\%r%’%@ .
inrersed in a 5 %by weight of sodium hydroxi de aqueous solution for 5
minutes, then washed and dried. 20 Thereafter, cured filns were fornmed on

the resin lens (4} ARV @htaS b1 EXIB ecyexcept that the coating
solution prepared in the procedure (1) was used. The cured filns had each a

thi ckness of§ 2.5 [ergn thEhaednsanafihanceusé fimm Ipnsvid 26 heervejyad in
t he 25 same manner as in Exanple 1 was neasured using a spectrophotoneter
(MCPD- 1000, nmurarftdcingfdedniont Sulla Weasfiormed. In hfeo rsmmendthaamhieer aishdnfi| m

f?ination; to obtain a
Example 1.

The synthetic resin lens obtained by the above process

- was evaluated by the same performance tests as in Example

E; 10 1. The results are set forth in Table 1.

L Example 5

i (1) Preparation of coating solution

= Into a flask equipped with a stirrer were introduced

B 15 68.18 g of methyl cellosolve, 13.12 g of y- B

- glycidoxypropyltrimethoxysilane, 27.58 g of ¥y~

L‘ glycidoxypropylmethyldiethoxysilane and 16.91 g of

| tetramethoxysilang in this order with stirring. Then,

= 18.02 g of 0.05N hydrochloric acid was added, and the

{ : 20 mixture was stirred for 30 minutes. Subsequently, 50.05 g

- of a sol of a fine particulate compound oxide in methanol,

L_ 5.67 g of glycerol diglycidyl ether (available from Nagase
Sangyo K.K., trade name: Denacohol EX-313), 0.04 g of a

L- silicon surfactant (aﬁailable from Nippon Unika K.K., trade

i 25 name: L-7001) and 0.4713 g of magnesium perchlorate as a

- curing catalysﬁ_were added in this order and dissolved.

15 The above sol contained a fine particulate compound oxide

of titanium dioxide/zirconium dioxide/silicon dioxide in a



50 col or d|fferencqms§§a§hggéyhglmgﬁrr] was 0.4, and a conspi cuous change

in color tone was n erved. (4) Fornatlon of anti-reflection
fil m5 On th%“ﬂﬂMﬁ cure filmprovided as above, an .
anmti-reflection-fil t he sanme manner as in Exanple 1. The

synthetic resin | ens obtained by the above process was eval uated by the
same perfornmance tests as in Exanple 1051 1. The results are set forth in
Table 1. Exanple 5 (1) Preparation of coating solution Into a flask

equi pped ui th 2,51 5ht Cales eridl adsetod e 491328, OLneboylace! | osol ve.

1?y12 g of y- OXyprop 3’ methioxysi 'an
| d I I d
gLycl doxypropy E'Bﬁ@ééhék&éf@ﬁyéf t’irgéeos’z%ﬂ w%$ géOSN % Jqéi té}%y&ié ane in

this order with stirring dro oric acld was
added, and the GmpHurtdUsLid@shad i $ucdf af g; r%@cmhwé@éctu@b@fawwéam Yt 05
g.of a sol of a flne particul ate conpound oxide in nethanol, 5.67 g of

gl ycerol di gl ycadygbdl &d hesltadven | @b T d,r andN2ages € sSaogeereld. béltht sade aradre:
Denacohol EX-313), 0.04 g of a silicon surfactant (available from N ppon
Urm ka K. K., Stranad 25een nauefade-#0fEt eah o ik h4 diReghokydipgineel s qres chl or at e
as" a curlng catal yst were added in this order and di ssol ved. The above sol
contained a f|n@hpaitthﬁnmaxiuXﬁnﬁﬂﬂuﬁh%qw§d b §t@a@|@h1@ﬁﬁkﬁ@€/Zﬂrbonram

dil oxi de/ si l i con dioxide in a
e for aging, to obtain a coating solution.

l
l

(2) Preparation of plastic'lens substrate

i- 10 A mixture of 50 g of styrene, 48.5 g of 2,2-bis(3,5-
dibromo-4-methacryloyloxyethoxyphenyl) propane, 2.8 g of

L; diethylene glycol bisallyl carbonate, 1.5 g of diisoprobyl

| peroxydicarbonate and 0.2 g of 2-(S5-methyl-2-

~ hydroxyphenyl)benzotriazol was thoroughly stirred and

i 15 injected into a mold consisting of a glass form and a

- gasket. The system was heated at 30 °C for 4 hours, then

L heated from 30 °C up to 50 °C over a period of 10 hdurs,
further heated from 50 °C up to 70 °C over a period of 2

. hours, then heated at 70 °C for 1 hours and finally heated

20 at 80 °C for 2 hours. After cooling, the glass form and

- the gasket were removed to obtain a methacrylic resin lens.

L_ Tﬁé lens thus obtained had a refractive index of 1.59

) and an Abbe's number of 32.

| 25 - (3) Formation of cured film

- The methaé;ylic lens prepared above was subjected to
plasma. treatment in a plasma surface treatment apparatus

fﬁ (available from Shinku Kikai Kogyo K.K.) under the

-



51 weight ratio [err] of 64/16/20, the solid concentration of the sol was
30 % by weight, and the conpound oxi de had suctra particle stnucaure that a
core of a solid solution of [err] and [err] is ciséhag and 5 had
beéen surface-treated with di nethoxydi pheyl sil ane. ture was
allowed to stand at O[err] for 24 hours éor agi ng oating
solution. (2) Preparation of plastic | eAd substrate 10 A mxture of
50~g of styrene, 48.5 g of 2, 2-bis(3,5- :

di br ono- 4- net handiaonsy efthaxy pienyldpr peaeot 2.0 Glmidi, etahybaspugl! ycol
bijsal | yl carbonate, 1.5 g of diisopropyl peroxydicarbonate and 0.2 g of
24 5- et hyl - 2- dopaoxfpidénW, ) bemactininadedremsof Hordodghlry agd Br edeahdng5
injected into a nold consisting of a glass formand a gasket. The system
was heated at 30neef] Jloisegondars, Theen thatlkens maa 30atedr fith thes0
[err] over a period of 10 hours, further _ heated from 50 [errL up to 70
[err] over a p&Yatdng sPlysdrs PrRRAredatrdthg ravqesure (@ Pyhbepssanf

fiinally he ed&%%ﬁ at .80 [err] for 2 hours. fter cooling, the glass form
and the gasket ERHBFedtt 8 BBEEiHPaF?Eﬁrﬁﬁﬁ i/585n %5ﬁ§? ?ﬂ% | ens

th bt ai ned had f ti I .of 1.59 and o f_32. 25
(ES’SF& mat i on GRS FREncoRELRE Radh Fag St Hlopateet BRT S e

nrTher e o R SR £, PR ot vl PEheRRaLs! 2
; 2.2 um.
= Separately, the lens was dyed with the same.dye as
L‘ 10 used in Example 1. The total light transmittance of the
dyed lens was 53 %, and the lens showed good dyeing
L‘ properties.
L— {4) Formation of anti-reflection film
} 15 On the lens having a cured film provided as above, an
- anti-reflection film was formed in the same manner as in
!, Example . 1.
—
, The synthetic resin lens obtained by the above process
L. was evaluated by the same performance tests as in Example
- 20 1. The results are set forth in Table 1.
et
I.__ Example 6
_ To a coating solution prepared in the same manner as
L_ in Example 5 was added 0.1 g of bis(2,2,6,6~tetramethyl-4-
B 25 piperidyl)sebacate (trade name: Sanol LS-770, available
= from Sankyo Co., Ltd.) as a hindered amine compound, and
§ the ﬁixture was aged as in Example 5.
L_



52 conditions of an air flow rate of 100 M/ M Ny e t power of 50 W a
vacuum degree of 0.2 Torr and a treating time of cpieeh, t he | ens
mif coated with the coating solution prepared inl M ﬂ (1) by neans
o]

5 dip coating at a take up rate of 15 cm sec. ing, the
coating filmwas cured at 120 [err] for hours to forma cured film The
cured filmhad a thickness of 2.2 [err]s Separately, the lens was dyed with
t ke same dye as 10 wused in Exanple 1. The total light transmttance of
the dyed | ens was 5drba ametHdeeylees rebanelegoosusbaiaie MhaRe wass. (4)
Formation of anti-reflection film15 On the lens having a cured film
provi ded as ab@pmeparedarand pefeteebiced finl theasarieomeathdm ashdns Exempdendy as
in Exanple 1. The synthetic resin |lens obtained by the above process was
eval uat ed by t e cwes Ffblino wasnformedt $nathe ns@emnne20 ab. iTh&xpapdet § are
sé; forth in Table 1. Exanple 6 To a coating solution prepared in the sane
nmenner as i n BEFAFRE Fhads tAedEeasinggseiubian poerpnd ahoyee Ry usedys

pi peri dyl)sgbacate (trade nanme: Sang| .LS-770, avai]able from Sankyo Co.,
Ltd.) as a in&g’lee&a'ﬁ’rﬁqwg a, tghﬂk{‘ﬁﬁsn‘?‘?t%i: s aged as in Exanpl e

S 53 Separately, the lens was dyed with the same dye as

L_ used in Example 1. The total light transmittance of the
dyed lens was 35 %, and the lens showed better dyeing
L* property than the lens of Example 5.
10 On the film of the lens substrate, an anti-reflection

- film was formed in the same manner as in Example 1.
L_ The synthetic resin lens obtained by the above process
; was evaluated by the same performance tests as in Example
L. 1. The results are set forth in Table 1.

15
Example 7
(1) Preparation of coating solution

Into a flask equipped with a stirrer were introduced

—

37.87 g of methyl cellosolve and 34.01 g of ¥y-
20 glycidoxypropyltrimethoxysilane in this order with
— stirring. Then, 9.34 g of 0.05N hydrochloric acid was

added,.and the mixture was stirred for 30 minutes.

Subsequently, 0.04 g of the same silicon surfactant as used
. in Example 1, 84.44 g of a sol of.a fine particulate
| 2S5 compound oxide in methanol and 21.17 g of a dispersion of
— colloidal silica in methanol (solid concentration: 30 % by
weight, trade name: Oscal 1132, available from Catalysts &
- Chemicals Industries Co., Ltd.) were added in this order,
L_



Ot a nethacrylic resin |l ens substrate which was prepared and pretreated in
the same manner as in Exanple 5, a cured film was.f Qf{jBlech Refldoal same manner
as in Exanple 5 except that the coating soluti &N e was used. 5
The cured filmhad a thickness of 2.3 [err]. Se mmmﬂﬁ ens was dyed
with the sane dye as used in Exanple 1. _The tota nsmttance of
the dyed lens was 35 %_and the lens shofted better dyei ng property than the
| ens of Exanple 5. 10 On the filmof the lens substrate, an
anti-reflectiondd ltHevas i@ thalsNthBeoSgRRy Bk S ITheDsddRlee sb1 The
synthetic resin I ens obtained by the above process was eval uated by the
sape perfor mneprtesifeda ifinexpaptécllaidecsmsslnid atiRlesRIf ftatbhium Tabl e
1. 15 Exanple 7 (1) Preparation of coating solution Into a flask equi pped
with a stirrer dienddertziodwoddm3di8zidedsibitdy|dixetidesdlive aedght. @atdgoof
[err]- 20 gl ycidoxypropyltrimethoxysilane in this order with stirring.
Then, 9.34 g ofrs@zdénowé%%mforﬁad1§éi1&:wa§eaaaba@ eeRFeEaRbauoL khe
stirred for_30 m_nutes. Subsequently, O 04 of the same silicon surfactant

ai_r used in Exaffle was @8 .51 %gP¥r weight, o?n‘ég‘FW‘?lé:?S‘ém“}%I%‘tlé‘eZ@ad €¥RBoand
rde i th | d21. 17 9. ' ' f | 1 oid I [

orrie | e g b L et ol spersonl Sl dp g 5a, 1
ayai l abl e from 3l ed S0 CALS, S0, 8n Chis [Wdibidr Wl naddgdeh

t k¢s order,
!

surface-treated with methoxytrimethylsilane. Then, the

— mixture was allowed to stand at 0 °C for 24 hours for

L, '10 aging, to obtain a coating solution.

L. (2) Preparation of plastic lens substrate

. 40 g of styrene was mixed with 60 g of p-bis(2-

!

- methacryloyloxyethylthio) xylylene represented by the

i 1S formula '

. . |CH3 : !CH‘_),

y CH2=$ , C=CH,

_ 0=C-OCH,CH,SCH, ‘@ CH,SCH,CH,0-C=0

I .

. 0.7 g of t-butylperoxy-2-ethylhexancate and 0.2 g of 2-(5-
methyl-2-hydroxyphenyl)benzotriazol, the mixture was

{

- thoroughly stirred and injected into a mold consisting of a

i 20 glass form and a gasket. The system was heated at 50 °C

g .

for 8 hours, then heated from 50 °C up to 80 °C over a

period of 5 hours, further heated from 80 °C up to 120 °C

over a period of 4 hours and finally heated at 120 °C for 2
l_. hours. After cooling, the glass form and the gasket were

25 removed to obtain a methacrylic resin lens.

—



di! OXI de in a weight ratio Ti Q2/ZrQ2/ Si 2 of 68/

conicentration of the 5 sol was 20.5 % by meight und oxi de had
such a four-layer particle structure ths% a core of TiO2 is covered with
Sii2, ZrA2 and SiQ2 in-this order and h been surface-treated with
methoxytri met hyl sil ane. Then, the mixture was allowed to stand at O [err]
for 24 hours for 10 Tragilens tthusbobiriaedobadng sefrtddtmive (iddeRr efadabbon
off plastic lens substrate 40 g of styrene was mxed with 60 g of p-bis(2-
met-hacr yl oyl oxyandyan Hbed\a yluewerr fr 88ented by the 15 fornula CH3

CH3 [err] 0.7 g of t-butyl peroxy-2-ethyl hexanoate and 0.2 g of 2-(5-
n¢thy|-2-hydroxypheny|)benzotriazol the m xture was thoroughly stirred and
I nlected into a Id cons,i sti gl ass form and a gasket. The

syst em was heat & KO HQQﬁF&?SPr§gh%b}§ then heated from50 [err] up to

80 d o furth heat ed f t 1
LT over 8 portod e Farhrlevils FERLA TeflE o atp el ahhver ot dPms2agfly .

Af ter cooling, trhea[ e aés%yf UTghd oENSo 82t Chy dES Side a1 18Rt 8bR 2

nmet hacrylic resin
L 5 minutes, then washed and dried. Thereafter, the lens was

54 and the mxture was thoroughly stirred. The above sol yned a fine
particul ate conpound oxi de of titanium di oxi defhisiS ﬁ ﬁﬁltde/ silicon

coated with the coating solution prepared in the procedure
L‘ (1) by dip coating at a take up rate of 12 cm/sec. After
10 the coating, the coating film was cured at 120 °C for 3

hours td form a cured film. The cured film had a thickness

L of 2.0 um.
L- (4) Formation of anti-reflection film
| 15 On the lens having a cured film provided as above, an
- anti-reflectioh film was formed in thé same manner as in
L- Example 1.
The synthetic resin lens obtained by the above process

L_ was evaluated by the same performance tests as in Example
: 20 1. The results are set forth in Table 1.
L
L. Example 8

(1) Preparation of coating solution
l{ Into a flask equipped with a sﬁirrer were introduced

25 68.18 g of methyl cellosolve, 13.12 g of ¥-

L- glycidoxypropylgrimethoxysilane and 27.58 g of y-

i glycidoxypropylmethyldiethoxysilane in this order with

stirring. Then, 8.41 g of 0.05N hydrochloric acid was



55 The | ens thus obtained had a refractive i ndex—of 1,59 and:% Abbe' s
nunber of 35. (3) Formation of cured film5 Thissheaimas my Ic resin

| éns prepared above was inmmersed in a 5 % by wel \hydroxide
aqueous solution for 5 mnutes, then washed and m ' ter, the lens
was coated wth the coating solution prepared in procedure (1) by dip
coating at a take up rate of 12 cmisec.5&fter 10 the coating, the coating
fi+mwas cured at 120 [err] for 3 hours. to forma cured film The cured

filmhad a thi ciaess gha?efel fiklurd Ao FAUTLION BL 3Bt haheEbection i1 m 15

Oh the lens having a cure m provi ded as above, an anti-reflfection film

was formed in heseAWBNERPNE502651 § FXAHY &zhe EBE SYNERRLI ?af@:?éﬁlé@é‘s
obt ai ned by the above process was eval uated by the sanme performance tests

as in Exanpl e 2@mpound dhedeess t stairumelidxdidel ziikcbakbe 1. Exanple 8 (1)
Preparation of coating solution Into a flask equipped with a stirrer were

i ntroduced 25 dio&idg/gidficoetdidxidd | osalethanbl. 432 gsell frrEkample 7;

gl yci doxypr opyl tri net hoxysi |l ane and 27.58 g of [err]-

gl yci doxyprdpy A8y bdp&t hbeysthendispendiion ofdepliotitdadt siting. iffhen, 8.41
g of 0.05N hydrochloric acid was

; methanol as used in Exggile 7; 5.67 g of glycerol

L; diglycidyl ether (available_from Nagase Sangyo K.K., trade
name: Denacohol EX-313), 0.04 g of a silicon surfactant
(available from Nippon Unika K.K., trade name: L-7001);

10 0.4713 g of magnesium perchlorate as a curing catalyst aﬁd

0.05 g of bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate

(trade name: Sanol LS-765, available from Sankyo Co., Ltd.)
as a hindered amine compoﬁnd were added in this order and
dissolved. The mixture was allowed to stand at 0 °C for 24

15 hours for aging, to obtain a coating solution.

r—

(2) Preparation of plastic lens substrate
40 g of 4-mercaptomethyl-3, 6-dithio-1,8~octanedithiol,

60 g of hydrogenation diphenylmethane diisocyanate, 0.1 g

o

' 20 of dibutyltin dilaurate, 0.1 g of an internal release agent
and 0.09 g of 2-(5-methyl-2-hydroxyphenyl)benzotriazol were
mixed,.the mixture was thoroughly stirred and deaerated in
vacuo (5 mmHg) for 60 minutes. The mixture was injected

into a mold consistihﬁ of a glass form and a gasket, then

—

; 25 kept at 40 °C for 7 hours and heated from 40 °C up to 120
- °C over a period of 10 hours in a heating furnace to
L; polymerize the monomers. After cooling, the glass form and



aaﬁed, and the mxture was stirred for 30 m nutes. Subsequently, 50.05 g of
the same sol of fine particul ate conpound oxi de of th&gﬁ&mmmmwﬂi

di oxi de/ zi rconi um di oxi de/ si |l i con di oxide in ndh in Exanple 7;
5-21.98 g of the sane dispersion of colloidal si \‘““ﬁ“ | as used in
Example 7; 5.67 g of glycerol diglycidyl_ether ( rom Nagase
Sangyo K. K., trade nane: Denacohol EX-gié), 0.04 g of a silicon surfactant
(&vail able from Ni ppon Uni ka K K., trade nane: L-7001); 10 0.4713 g of
nmagnesi um per chh@r 3b@kds @etHl Faflotad &ty Ebtith & @21%¥uef-containing

bis(1, 2, 2,6, 6-pentanet hyl -4-pi peridyl)sebacate (trade nane: Sanol LS-765,
avai | abl e fromypagkgaeCeesiht depsas a hi ndered am ne conpound were added in
this order and dissolved. The mixture was allowed to stand at 0 [err] for
24 15 hours for agrTheg, leosobhasnobtaimdd Mpda weifaactie Pndpar afi bn6of
plastic |l ens substrate 40 g of

4- mer capt onet hghd3a8- dbbki' 8- ausbertafietd t hiol, 60 g of hydrogenation

di phenyl net hane diisocyanate, 0.1 g 20 of dibutyltin dilaurate, 0.1 g of
an internal®rel ease agent and 0.09 g of

27 5- met hyl - 2- hydr oxyphenyl ) benzotri azp] were nixed, the nixture was

t horoughl y stir édFS%EaHééﬂrH?eﬂufﬁd (5 mHg) for 60 minutes. The

e 58 “Rept o agnblbb BpERbdnERIRLAL keilor F633R, 1ERE. BOAoRE804C)
[err] over a peppod 0hs!0nigutsal % N5 D JAIGHECE el QoRRLNTRs26x 46

mononers. After cooling, ass forma
~ aqueous solution for 5 minutes, then washed and dried.

| 10 Thereafter, the lens was coated with the coating solution

- prepared in the procedure (1) by dip coating at a take up
L‘ rate of 12 cmjsec. After the coating, the coating film was
i cured at 120 °C for 3 hours to form a cured film. The

- cured film had a thickness of 2.5 um.

B 15 Separately, the lens was dyed with the same dye as

= used in Example 1, and the total light transmittance of

L‘ the dyed lens was 40 %, and the lens showed good dyeing

! - properties.

| 20 (4) Formation of anti-reflection film

- On the lens having a cured film provided as above, an
i anti-réflection film was formed in the same manner as in
- Example 1.

L; The sfnthetic resin lens obtained by the above process
: 25 was evaluated by the same performance tests as in Example
L‘ 1. The_fesults_are set forth in Table 1.

Example 9



t he gasket were renpved to obtain a sul fur-containing urethane resin |ens.
The | ens thus obtained had a refractive index of 1. 60 and an Aqu's nunber

of 42. 5 (3) Formation of cured film The sul f ur ThioSkesti FRafane resin

| ens prepared dbove was i Mmersed in a 5 % by wei \ ydr oxi de
aqueous solution for 5 minutes, then magﬁed and . reafter, the
| éens was coated with the coating sol uti prepared I n the procedure (1) by

dip coating at a take up rate of 12 cmisec. After the coating, the coating
filmwas cured @) BXedagratliohopof3chatisgtsofwrinm cured film The cured

filmhad a thickness of 2.5 [err]. 15 Separately, the |l ens was dyed
with the sane dye adnisead ifdagkasphéppedanith e stdraler wgte tintneducednce

of the dyed | en s 40 % d.the_lens.sho ood ei ng properties. 20
(4) Formation &8 - i P&%“&%?’V&nc?%#?r?%"%\e’,ff- &% g a cured film

ptovided as abowe, .an .anti- | fI s for. i e, same manner as
I n Exanpl e 1.‘ﬁ$ %5%%ﬁi§h°€9?é§?ﬁg#gﬁéY%£g%¥%éH“§fﬁ§%§ gb%%eyprocess 25
| | uatgd by t f test i n.Ex le 1., The, | t
i S AT BB EP DAt L g s fYurld R AR bl G
- stirring. Then, 8.41 g of 0.05N hydrochloric acid was

L‘ | added, and the mixture was stirred for 30 minutes.
Subsequently, 50.05 g of the same sol of fine particulate
— compound oxide of titanium dioxide/zirconium

10 dioxide/silicon dioxide in methanol as used in Example 7;

r“"f

22.38 g of a sol of a fine particulate compound oxide of
L_ tin oxide/tungsten oxide in methanol (solid concentration:
| 30 % by weight, having been treated with triethylamine);
. 5.67 g of glycerol diglycidyl ether (available from Nagase
: 15 Sangyo K.K., trade name: Denacohol EX-313); 0.04 g of a
L silicon surfactant (available from Nippon Unika K.K., trade
_i- name: L-7001); 0.4713 g of magnesium perchlorate as a
_ curing catalyst and 0.05 g of bis(1,2,2,6, 6-pentamethyl-4~
L, piperidyl) sebacate (trade name: Sanol LS-765, available
20 from Sankyo Co., Ltd.) as a hindered amine compound were
L‘ added in this order and dissolved. Then, the mixture was
;u allowed-to stand at 0 °C for 24 hours for aging, to obtain
- a coating solution.
-
. 25 (2) Formation of cured film
L The same sulfur-containing uréthane resin lens as
i prepared in Example 1 was immersed in a 5 % by weight of
~ sodium hydroxide aqueous solution for 5 minutes, then
L



Iy Preparati on of coating solution Into a flasﬂﬁs ummmg a stirrer
mere I ntroduced 68.18 g of nethyl cellosolve, h“ﬂ
egC|doxypropyItr|nethoxy5|lane and 27.58 g of y ’
gl-yci doxypr opyl iret hyl di et hoxysil ane in this order mn “Then, 8.41
g of 0.05N hydrochloric acid was added, _and the m xture was stirred for 30
nnnutes Subsequent |y, 50.05 g of the séﬁb sol of fine particulate conmpound
oxtde of titanium di oxi de/zirconium 10 dioxide/silicon dioxide in methanol
as used in Exargighdd & 3Riedf aheekadted, ftRe IoHd iwdd alRceanpaundegxi de
off ‘tin oxide/tungsten oxide in nmethanol (solid concentration: 30 % by
weight, havi ng deening esdlart iwint pricpaetdyianthe)prdcddune ofl)glbyc eliel
di gl ycidyl ether (avail able from Nagase 15 Sangyo K K., trade nane:
Denacohol EX- 313)at indsty oftakesivpi cehesaff hZ:tam»tse(ca.valﬁﬁtlﬁre theomobitppgn
Udika K. K., trade nane: L-7001); 0.4713 g of magnesi um perchl orate as a

curing catalystthﬁuFQﬁQﬁ¥Q;ﬁﬂimoﬁ§€lcgr2d6a5 pebt EndomyB- hours to form a

plperldyl)sgbacate trade nape: Sanqgl |S-765, avai)able 20 from Sankyo
., Ltd s £Heidridd® -anilhe EBEﬁSuﬁalM%daﬂo@ququrﬁ &% 24ér Hiind

dissol ved. Th h d d for 24 h
Cor o) g, 1o obt i SebRe TaR LREE whg & ?%w%}?ﬁ%e&frjﬂﬁfr e ed rilm
The same sul fur %cgtﬁ{ ’E:I?agxlp‘ir etlhagﬁﬁr Eﬁé”tJ:@Qf rf?:r s lo 1t[&a§é%nBL€eEljie

i mersed in a5 y wel ght of $o ydr oxi de ueous solution
mnutes, then 4ued lens was 38 %, and the lens showed good dyeing

— properties.
- 10
{(3) Formation of anti~reflection film

| ) On the lens having a cured film provided as above, an

(-

i anti-reflection film was formed_in the same manner as in
g Example 1.

n 15 The synthetic resin lens obtained by the above process
- was evaluated by the same performance tests és in Example
L‘ 1. The results are set forth in Table 1.

L. Comparative Example 1

i 20 (1) Preparation of coating solution

- Into a flask equipped with a stirrer were introduced
| — 41.15 é-of ethyl cellosolve, 38.44 g of y-

- glycidoxypropyltrimethoxysilane and 4.13 g of

L‘ tetramethoxysilane in this order with stirring. Then,

: 25 12.90 g of 0.05N hydrochloric acid was added, and the

- mixture was sti;red for 30 minutes. Subsequently, 0.04 g
{' of the same silicon surfactanﬁ as used in Example 1 and
—

103:39 g of a sol of a fine particulate compound oxide in



59 washed and dried. Thereafter, the |lens was C CRhiseSHeevirss B

coat i ng
solution prepared in the procedure (1) by dip co '] cein rate of
12 cm sec. After the coating, the coating film: Eﬂl‘ﬂ/’ [err] for 3
hoturs to forma 5 cured film The cured film had a 2.6 [err].

Separately, the lens was dyed with the sane dye as used in Exanple 1, and
the total light transmttance of the dyé@® |l ens was 38 % and the lens"
shewed good dyei ng properties. 10 (3) Formation of anti-reflection film On
the | ens havin red . fil oyji ded bove i-reflection filmwas
formed in the %5%%3#36%§#9§§4%§ -eggpﬁéa?a ?% thﬁg(ﬁﬂ#ﬁ@ géﬁ%%%f?ErFeggé

| éas obt ai ned 8 S S I 3
Qﬁpﬁé&%ﬁ%n&ﬁ%ﬁ% afBSt RYA %girc?ﬂscfﬁ:c{r;%la%%tp%r er fgpce

tests as in Exa e results are set _ e 1. Conparative
Exanple 1 20 (D1 HRRY FJroRgihgG0tbi BBt &9h US| &dhdiHP d1fcddh .€dghaped Wi th
a.stirrer were introduced 41.15 g of ethyl cellosolve, 38.44 g of y-

gl yci doxypr opyldbdweetdeax yintaiacdnd £ihd pgapfidetatamicrponsid argdenokhi s
onder with stirring. Then, 25 12.90 g of 0.05N hydrochloric acid was added,
and the m x§ur &iwanistn chiekider ceé@inmndieside Siisiemuentiloxide. G4 g eéighe
same silicon surfactant as used in Exanple 1 and 103:39 g of a sol of a
fine particu|Eungté@hﬁa&degggéﬁng1of 68/17/15, the solid concentration of

|

L the sol was 20.5 % by weight, and the compound oxide had

g been treated with tetramethoxysilane.

—

L_ 10 (2) Formation of cured film

_ The same sulfur-containing urethane resin lens as

— ' prepared in Example 1 was immersed in a 5 % by weight of
sodium hydroxide aqueous solution for S5 minutes, then

- washed and dried. Thereafter, the lens was coated with the

i_ 15 coating solution prepared in the procedure (1) by spin

‘ coating under the same conditions as in Example 1. After

L_ the coating, the coating film was cured undér the same
conditions as in Example 1 to form a qured film. The cured

- films had each a thickness of 2.2 um.

i 20 Separately, the sulfur-containing resin lens obtained

- ‘above was dyed with a commercially available dye for

L; plastié lens (Umber D for Seiko Placks) in a dyeing bath at

, 90 °C for 3 minutes. The lens thus dyed was provided.with

La the same film as described above. The transmittance of the

3 25 1lens was measured using a.spectrophotometer (MCPD-1000,

- manufactured by_Otsuka Denshi K.K.) before and after the

_ film formation, to obtain a color difference. As a result,



60 met hyl cell osolve were added in this order, ThesHEl LS Was t hor oughl y
stirred;, and then allowed to stand at O [err] fo e acglgi ng, to
obtain a coating solution. The above sol contai n mw ’cul ate
compound oxi de of 5 titanium dioxide/cerium diox oxi de in a
wei ght ratio Ti @2/ CeQ2/Si 2 of 68/17/15¢4the solid concentration of the sol
was 20.5 % by weight, and the conpound oXi de had been treated with

t e+r anet hoxysi | ane. 10 (2) Formation of cured film The sane

sul f ur - cont ai niAE,yIwaishdne ,r esidy d eron sgsl queapmaradthnige B lsr] etk ivaer sed
in a5 %by weight of sodi um hydroxi de aqueous solution for 5 mnutes, then
washed and dri etbt Theseallerobsdevédns was coated with the 15 coating
solution prepared in the procedure (1) by spin coating under the sane
conditions as in Exanple 1. After the coating, the coating filmwas cured
unnder the same conditions as in Exanple 1 to forma cured film The cured
films had each 63 Fekmkionfod anterrgflegtion filmeparately, the

sul fur-containing resin _|Iens obtai ned above was_dyed with a conmercially

avai | abl e dye for plUs{ERE IERS (AHHERI R rORrbi KolpiREKRE)ded 25 BRAYRY LAt h
at 90 [err] for 3 mnutes. The Lens thus_dyed was provided with the sane
fLInlag deLcritﬁﬂF%ﬁﬁﬁéﬁEQ§%9?r%ﬁé#ﬁY?%nE%X%?dtH% SRR SRR T3 utRd
ui;ng a spectrqﬂn§ﬁ9ﬂ$tfr (MCPD- 1000, manufactured by O suka Denshi K K.)
befo er e Ti

re and aft mformation, to obtain a color difference. As a
r§sult, The synthetic resin lens obtained by the above process
| .
ot was evaluated by the same performance tests as in Example

10 1. The results are set forth in Table 1.

¥ Into a flask equipped with a stirrer were introduced

L. 54.63 g of ethyl cellosolve and 38.09 g of y-

él 15 glycidoxypropyltrimethoxysilane in this order with

~ stirring. Then, 10.46 g of 0.05N hydrochloric acid was

L.- added, and the mixture was stirred for 30 minutes.
Subsequently, 0.04 g of the same silicon surfactant as used

L; in Example 1 and 96.83 g of a sol of antimony.pentaoxide in

{ 20 methanol (available from Nissan Kagaku Kogyo K.K., solid

~ concentration: 30 % by weight) were added, the mikture was

ﬁ- thorouéhly stirred, and then allowed to stand at 0 °C for

%‘ 24 hours for aging, to obtain a coating solution.

L, On the sulfur-containing urethane resin lens having a

. 25 refractive index of 1.66 prepared in Example 1, a cured

L film was formed_in the same manner as in Example 1 except -

% : that the coating solution prepared above was used. The

- cured films had eacﬁ a thickness of 2.2 um. On the film,

L‘



observed. (3) Formation of anti-reflection f|| the | ens havi ng
arcured filmprovided as above, a anti-reflect orned in the
sdrre manner as in Exanple 1. The synthetic resin | ens ed by the above
process was eval uated by the sanme perfogpance tests as |n Exanple 10 1.
The results are set forth in Table 1. Conparative Exanple 2 Into a flask
eddi pped with a stirrer were introduced 54.63 g of ethyl cellosolve and
38.09 g of [errdn argiqrefterbdn dpiAn Mafketiaiidadnd ithe Hame MAney 13
stirring. Then, 10.46 g of. 0. 05N hydrochloric acid was added, and the
mixture was stidGSKFIREI APt es. Subsequently, 0.04 g of the same

silicon surfactant used | 9 3
pent aoxi de in 20 arf‘a?int( avan')% er%se“\‘ el |°g)§% n%ageﬂyu tElogyo ‘1¥a°1<5°rr5% 5%

trat t
T rrod. “ana i AP IR G ey UOHE AR b aalig e RS 4L A b re,

obtain a cogting SO I MLk tanee %éﬁ‘ Worda i Wdk diret hane resin lens
haV|ng a 25 refractive |ndex of 1.66 prepared in Exanple 1, a cured film

was fornmed in the samR FEHHHIniATditdOCERIR Lens: tpivipbddie dyeat iih0 the
sol ution prepared above was used. The cured filns had each a thickness of
2{? [err]. Onddae fidrimer as in Example 1 was measured before and after

61 [err] was 0.6, and a conspi cuous change i #h Wﬂu a§ BéeR Répkzed1Ot Vi sual |y

the film formation, to obtain a color difference. As a

: result, AE,, was 2.0, and a change in color tone was

10 visually observed.

Comparative Example 3

Into a flask equipped with a stirrer were introduced

69.21 g of ethyl cellosolve and 51.98 g of ¥-

-

| 15 glycidoxypropyltrimethoxysilane in this order 'with

- stirring. Then, 14.27 g of 0.05N hydrochloric acid was

| added, and the mixture was stirred for 30 minutes.

- Subsequently, 0.04 g of the same silicon surfactant as used'

1— in Example 1 and 64.54 g of a sol of a fine particulate
20 compound oxide of titanium dioxide/cerium dioxide/silicon

L?- dioxide in methyl cellosove were added, the mixture was

{ - thoroudhly stirred, and then allowed to stand at 0 °C for

- 24 hours for aging, to obtain a coating solution.

L; On the same sulfur-containing urethane resin lens

| 2S5 having a refractive index of 1.59 prepared in Example 4, a

L. cured film was - formed in the same manner as in Example 1

excebt that the;coating solution prepared above was used.
~ The cured films had each a thickness of 2.3 um. On the



62 an anti-reflection filmwas provided in the sane nmanner as—described
above. The synthetic resin lens obtained by the above pro 853, 4nas eval uat ed
b.ngthe sanme performance tests as in Exanple Sﬁssﬁﬁﬁ%‘i’ are set forth
im Table 1. The transmittance of the | ens havi \ -'“;the sane
nmanner as in Exanple 1 was measured befgpse and m [ formation, to
opbtain a color difference. As a result, AEab was 2.0, and a change in col or
tene was 10 visually observed. Conparative Exanple 3 Into a flask equi pped
with a stirrer fkére PRt POGdcEGLEGCELOg SflBt WpF BEPNaSEPyvdnafessage g of
yr 15 gl yci doxypropyl tri methox iilane inthis order with stirring. Then,
14, 27 g of 0.0§Nnﬁ?6r8§hFBr55a5§i8 was added, and the mixture was stirred
for 30 mnutes. Sub uent 0.04 g.of .the s .Si liigon _surfactant as used
| Exanpl e 1 and 64159 SVBFREcds Tofid #pAs aFerEeraPE shY BBRYBLREOSEFRe
of  titanium digxid ' di.oxi.de/ sLli.cC Loxide i h I wer e
aﬁhed, t he nixgé%egagghkﬁgpbb hF&gsghb%eggrghgé?ﬂgﬁ g %géeggtgﬁsF§%®¥§F 0
[err] for Z heursqhar ragliids b2eOlbRl Bo?tfORhi Rdb3e! 4tion. On the same

sul fur-containing urethane resin lens 25 having a refractive index of 1.59
prepared. i n Exanpl ethe @raHemdtibhieves £Renednsnhblengapeefbaged a8 thHe
Exanpl e 1 except that the coating solution prepared above was used. The

cured fil ms hagamechaanthi akndasEabmpla fewap. meastibed before and after
-y

the film formation, to obtain a color difference. As a
( .
L; result, AE,, was 2.1, and a change in color tone was

10 visually observed.

"

Comparative Example 4

The synthetic sulfur-c¢ontaining urethane resin lens of

Example 1 but not provided with an anti-reflection film had

1S a visible light transmittance of 88 %.



63 film an anti-relfection filmwas provided in the sane manner as in
Exanple 1. The synthetic resin | ens obtained bmih&maHaMﬂmﬂR R&dS was

eyal uated by the sane perfornmance tests as in Ex
ake set forth

formation,

provided with an anti-reflection filmhad 15 a visible

of_88 %

in Table 1. The transmittance of t
t he same manner as in Exanple 1 was nezggred bef orea

to obtain a_col or
change in color tone was 10

Weat heri ng Resi stance ance

Tr ans-

anpce Col orl es

par ent

)

L

—

(-

—

e

-

-

di fferenc

As a result,

ok

win

AEab was 2.1, and a

e results

been dyed in

he fi

visual |y observed. Conparative Exanple 4 The
synt hetic sul fur-containing urethane resin | ens of Exanple 1 but not -
l'ight transmttance

64 Table 1 Scuf f Appear- Taklsnd- | nt er- ing Adhe-
mttance ference Re- si on Appear -
(94 Erings sist } nce si.on
A Scuff a
Appear- | Trans- | Inter- ;;? ‘ A& rLE§§§t§érﬂqg rb& M Snce
ance Pmitta%{:g‘ 1sférence Re- P sion JA%‘ﬁefq-' " Trans- Adhe-
(%) Fringe | sist- ance mittance| sion
ance
Colorless Colorless
Ex.1 trans— 98.5 AA AR 100 | trans- 97.0 100
parent _parent
Colorless Colorless
Ex.2 trans- 98.5 AA AA 100 trans- 98.0 100
parent parent
Colorless Colorless
Ex.3 trans- 98.5 AA AA 100 trans- 98.0 100
parent . _parent
Colorless Colorless
Ex.4 trans- ?8.5 AA AA 100 trans- 98.1 100
parxent parent
Colorless Colorless
Ex.5 trans— 98.5 AA AA 100 trans— 97.2 100
__parent parent
Colorless Colorless
Ex.6 trans~ 98.5 AA AA 100 trans- 97.4 100
parent parent
Colorless Colorless
Rx.7 £rans- 98.5 AA AA 100 trans- 98.1 100
parent _parent
Colorless Colorless
Ex.8 trans~ 98.5 AR AA 100 trans— 98.1 100
parent fparent
Colorless Colorless
Ex.9 trans~ 98.5 AA AA 100 trans- 98.0 100
parent _parent
Comp | Slightly : Slightly
Ex.l | vellowed 98.5 AA AA 100 _yvellowed 95.2 100
i 1l
Comp | sLIhe Y| 98.5 cc AA | 100 | Yellowed | 93.1 100
Comp | slightly Slightly
Ex.3] yvellowed 98.5 AA AA 100 vellowed 94.5 50




EXT2 Cblorle§”’””iﬁf?;¥ﬁ’~;1mm&A AA Col orl ess 98.0 100
tr.ans- parent. This Sheet Has parent Col orl ess
Cdl orl ess Ex. 3 é\“\\%\‘“\\\\“\\\ 98. 5 AA AA 100

980 100 p parent Ex.4
trans 100 trans- 98.1
100 parent 65 parent Ex.5 Col orl ess
98+-5 AA AA Col orl ess 97. trans- parent
parent Col orles Col orless Ex.6 trans-
98.5 AA 00 trans- 97. 4 100 parent
parent Col orles 0 : . 98.1
oG ol orl ass 1) pP&paration ¥ dispers?dn soiO8f é??gégP%&?$lat?rans-
98.5 AA tltaﬁfum/sﬂiﬁhon édﬁyﬁhnd ox1de9§o%e : 100 parent
parent Ex.8 Col orl ess Col orl ess 98.1
trans- parent To an aqueous solutlon of tltanlumasehfaﬁk.Gnunarent
98.5 AA AA 100 Col ourl ess 98.0 100 Conp
Sllightly CoSp coye¢htmation: 98.45 % by we@ght) wasAsdlowlgO@ddedeld owed
9371 100 Conp Vel lowed = 98.5 AA AA 100 Slightly
94..5 - 5oaque@gsEgmmgn¥g;M}th stirring, to obtain a white slurry of

- pH 8.5. The slurry was filtered and washed to obtain a

cake of hydrated titanic acid gel having a solid

concentration of 9 % by weight.
; 10 To 5.55 kg of the cake were added 6.06 kg of a 33 %
aqueous hydrogen peroxide and 13.4 kg of pure water. The
L_ mixture was heated at 80 °C for 5 hours to obtain 25 kg of
‘ a titanic acid agueous solution (Ti0O2 concentration: 2.0 %
i .
- by weight). The titanic acid aqueous solution was yellow
Q 15 brown and transparent, and had pH of 8.1.
- Then, a mixture of 187.3 g of a silica sol having a
L_ mean particle diameter of 7 nm and a SiQ; concentration of
: 15 % by weight, 9 kg of the titanic acid aqueous solution
L4 ’ as obtained above and 10.8 ké of pure water was heated at
| 20 200 °C for 96 hours in an autoclave. Then, the resulting
= colloidal solution was concentrated to obtain a Sol in
L~ N which é-fine particulate titanium/silicon compound oxide
_ core is dispersed and which had a solid concentration of 10
L; % by weight (solution A).
: 25
L

(2) Preparation of zirconium compound solution
To an aqueous solution of 263.2 g of zirconium

oxychloride in 4,736.8 g of pure water containing 2 % by



(T) Preparation of. dispersion sol of fine particulate titaniumsilicon
conpound oxi de core To an aqueous solution of titaniumsulfate (TiG2 5
concentration: 0.4 %by weight) was slowy added 15 % aqueous ammpnia with
stirring, to obtain & white slurry of pH 8.5. The slurry was filtered and
washed to obtain a cake of hydrated titanic acid gel having a solid
concentration of 9 % by weight. 10 66 To 5.55 kg of the cake were added
6-~06 kg of a 33 % aqueous hydrogen peroxide and 13.4 kg of pure water. The
m xture was heg t r i td tanic
aci d aqueous SO%Engn ?TI %géé%ln%ngntlﬁla?%“% %% g&bg,ynwgz,s ‘%HT e %t I tanic
aci d agueous s I r0 apgparent, nadpH of
8.1. Then, a mQ %&r)ggoﬁ%%% %Hvo(%&aalsnlbal \(;graiug.g? %gvﬁﬁggagneair‘lﬁ@p%rtlclyg
di amet er of 7 Rasapil gefe lamd esigdattioopbehihSaYechke Wb ghig & Zg.0f the
tltanlc aci d aqueous sol ution as obtai ned above and 10.8 kg of pure water
was heated at 26ncerfPat tonm]of ar0 36 Hyowedghtt .anTausbcyave. thd heake twees
resulting colloidal solution was concentrated to obtain a sol in which a
%ﬁne parti Gul asddedt 254 ugn of |pwon wadrgpoamd Guirtiberoadded ali Kkt ramkaus

ich had a solid concentration of 10 % by weight (solution A). 25 (2)
Preparation ofsglntbhnuh¢d@#ﬁﬁnﬁhﬁsmﬂ&ﬂﬂn§naibaghnaqueg@sngfLRQQﬂPQﬁ 263. 2

g of zirconium oxychloride in 4,736.8 of pure water containing 2 % by
— hydrogen peroxide was added, and the mixture was heated to

obtain 305 g of a solution of zirconium in aqueous hydrogen

peroxide having a 2r0O; concentration of 2 % by weight
g 10 (solution B).
L; (3) Preparation of silicic acid solution
: Commercially available water glass was diluted with
L‘ pure water and dealkalized using a cation exchange resin,
2 15 to prepare 945 g of a silicic acid solution having a SiQ,
- concentration-df 2 % by weight.
L‘
'E (4) Preparation of compound oxide sol
LJ : 1 ké of the solution A was diluted with 4 kg of pure
i 20 water to a solid concentration of 2 % by weight, and the
- liquid was heated to 90 °C. Then, 305 g of the solution B
l_ and 945-g of the silicic acid solution were added, and the
resulting mixture waé heated at 200 °C for 18 hours in an
L_ autoclave. Thereafter, the mixture was concentrated in a
{0 25 conventional manner to obtain an aqueous sol of fine
L particulate comgound oxide of titanium oxide, silicon oxide
{ and zirconium oxide. The aqueous sol was transparent or
— -

This Sheet Has Been
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(-



66 wei ght of zirconium in terms of [err], was—added—t59 aqueous ammoni a
to obtain a slurry of pH 8.5. The slurry was filj£grd pode®epiedt o obtain

a.cake having a ZrQ2 concentration of 10 % by mel f the cake
was 5 added 154 g of pure water and further added Hmmmtg solution to
make the m xture al kaline. 90 g of aqueous hydrog s added, and
the m xture was heated to obtain 305 g 67 a solution of zirconiumin
adgweous hydrogen peroxide having a zZrQ concentratlon of 2 % by melght 10
(solution B). (3 Pre lon of silici C tion

avai l abl e wat er® *%h% %saé“dl TR W Eﬁrge Plé'la%%n g‘% allozne(?fys?‘lona a
cation exchange g e {é to prepare 945 g of a silicic acid solution
having a Si Q2 co %cen ation of 2 %by weight. (4) Preparation of conpound
oxi.de sol 1 kg of thgh&o) %H&%l@@é@%l@h' HbQdumi Wﬂaéef‘)g & tHE &A0 wagwat er
tq_a solid concentration of 2 % by weight, and the liquid was heated to 90
[err]. Then, 30@1@p1&cédﬁhiﬂnlﬁeﬂm&nslandna45hg 961 tdes Stdricdrtt radied $@ @tion
were added, and the resulting mxture was heated at 200 [err] for 18 hours
in an autocSavesoﬂimw¢nﬁdentraﬂnanndftGﬂe%mag vehgient rtizd exbtaim a2b
conventional manner to obtain an aqueous sol of fine particul ate conpound
oxi de of titanicrgandsia, of Idampeund deidadconsisningn @fitdd.armgm aqideus sol

mas transparent or 67
silicon oxide and zirconium oxide (sol A;). The organosol

had a mean particle diameter of 10 nm, a weight ratio

- 2r02/Ti0; of 0.0705 and a weight ratio Si0,/TiO, of 0.3746.
10
[
~formi i
. To a reaction vessel was introduced 276.1 parts by

weight of y-glycidoxypropyltrimethoxysilane, and thereto

— was slowly added 64.2 parts by weight of a 0.01N HC1

?' 15 aqueous solution with stirring,.while the tempefature of

- the vessel was kept at 10 °C, to hydrolyze the Y-

L; glycidoxypropyltrimethoxysilane.' To the resulting solution
were added 100.2 parts by weight of ethanol and 215 parts

L— by weight of isopropanol to form a matrix.

: 20 To the matrix solution was added 1,173.4 parts by

- weight of the sol A; and was further added 10.03 parts by

L_ weight-df aluminum acetylacetonate, followed by thoroughly
stirring, to obtain a hard coat film-forming coating

L. solution (3;).

: 25

= Example 11

L; Following to the procedure of Example 10 (4) except

that 865 g of the solution B was used, an organosol of



sfTghtly seni-opaque and had a solid concentration of 20 % by wei ght. Then,
t he di spersion nmedium (water) of the sol was displaced with nethanol, and
the sol was concentrated to a 5 solid concentration of 20 % by weight, to
obtain an organosol of conpound oxi de consisting of titanium oxide, silicon
oxi de and zirconium oxide (sol [err]) The organosol had a nean particle

di aneter of 10 nm a weight ratio [err]68f 0.0705 and a weight ratio
SR/ Ti @2 of 0.3746. 10 Preparation of hard coat -filmform ng coating
solution To a reaction vessgl Jd.ntroduged. 276. 1 par.ts by .aeight of.

or] ol ye dox SPEITEL et RosyRet sherdatt FHEFb BB ot sie g%ase
parts by weigh . HCL, - a S | ut | Syl r gl i t he
t emperat ure of %tnﬁfe z\?ggzgg’ljﬂvr{l/agxﬁgei%f gyg% Té‘?r%,rﬁ%& ﬁgﬁ}&%i}zeehtl%gleferr%?

gl yci doxypr opylitir inft aevey @i k@ight Teat he 2610300500 UL0ON YE6E 20Jdeqiak00. 2
parts by wei ght of ethanol and 215 parts by weight of isopropanol to forma
matri x. 20 obtal@eldhe matri x solution was added 1,173.4 parts by wei ght
of the sol [err] and was further added 10.03 parts by wei ght of al um num
agftylacet ate, folUsdngdtbe shdrdpghs yhard reaaty filo-doraingachatilngoat
frimformng coating solution [err]. 25 Exanple 11 Following to the
proceduré of Es@ipitdony (A2) wascprepargd g8b tiefsamige MaHNEE| 8f BNWESamRLe,
ah- or ganosol 020

.
L

Example 12
i 10 Following to the procedure of Example 10 (4) except
. that 3,175 g of the silicic acid solution was used, an
L; organosol of compound oxide consisting of titanium oxide,
? silicon oxide and zirconium oxide, which had a mean
— particle diameter of 11 nm, and a weight ratio Si0,/TiO; of
|- 15 0.734, (sol A3), was obtained. -
L Example 13

'Following to the procedure of Example 10 (1) for

— | obtaining the solution A except that the amount of the
B 20 silica sol was varied, a sol of fine particulate
- | titanium/silicon compbund oxide core having a weight ratio
L' SiOz/(fioz + 81i0;) of 8/100 was prepared. Then, this sol
, was mixed with the solution B and the silicic acid solution
L. as prepared in Example 10, to prepare an organosol of
I 25 compound oxide consisting of titanium oxide, silicon oxide
5 .

and zirconium oxide, which had a mean particle diameter of

15 nm, a weight ratio Zr0,/Ti0O; of 0.066 and a weight ratio

P ' This Sheet Has Been Re'ilaced
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68 conpound oxi de consisting of titanium oxide, _silicoen oextde—and zirconi um

oxi de, which had a nean particle dianmeter of 1112 a cfRepled r ati o
[ferr] of 0.200, (sol A2), was obtained. 5 ¢ Wil err] a hard
coat filmformng coating solution [err] was prep m‘ me. manner as

i n Exanpl e 10. Exanple 12 10 Following to of Exanpl e
10 (4) except that 3,175 g of the silich® acid solution was used, an
organosol of conpound oxi de consisting of titaniumoxide, silicon oxide and

zi rconi um oxi de,; ' iqgwl ntixcl e dj e f nd_a wei ght
riatio [err] of %fé’w”ga%gﬁf 0'?'so T e(lrg%]l) A\ﬂ/aé g%%?énecﬁ"%am;a#pnl%g fg- ggl | owi ng
ta the procedu l.gy 10 (1) for obtaining the solution A except that
the amount of ?ﬁgﬁgﬁgxﬁgpﬁ?%é sol was varied, a sol of fine particulate

ti tani un silicon cograugdtR¥i §61CRJ L NNEHY cRavekdih-ffhPhepl FHHiHSR +

Si @) of 8/ 100 was prepared. Then, this sol was mxed with the sol ution B
and the silici goaeitdonol(nl) ovasprEmirsedn RheXxaaRkendfnesd aPrigpaandle
arganosol of 25 conpound oxi de consisting of titanium oxide, silicon

oxi de and Zrcaoi.um oxi de, which had a nean particle dianmeter of 15 nm a
weight ratio [err] of 0.066 and a weight ratio

L Example 14

: Following to the procedure of Example 10 (1), to the
=~ mixture of the titanic acid aqueous solution, the silica
L‘ 10 sol and the pure water was further added 130 g of the

' solution B as a zirconium compound, to prepare a sol of

- fine particulate compound titanium/silicon/zirconium oxide
! core. Then, following to the procedure of Example 10 (4),
= from this sol, the solution B and the silicic acid

. 15 solution, an organosol of compound oxide consiéting of

a titanium oxide, silicon oxide and zircoﬁium oxide, which
L_ had a mean particle diameter of 10 nm, a weight ratio

: Zr0,/TiO, of 0.086 and a weight ratio Si0,/TiO, of 0.377,
L» (sol Aj;'), was prepared.

g 20 Using the sol A;', a hard coat film-forming coating
= solution (A;') was prepared in the same manner as in

L_ Examplé 10.

L. Example 15

- 25 Following to the procedure of Example 10 (4) except
L

that in addition to the solution A, the solution B and the

silicic acid solution, 20 g of an aqueous solution of

[~

sodium aluminate (Al;03 concentration: 0.3 % by weight) was

[



69—[err] of 0.292, (sol [err]) in the same manner as in Exanple 10 (4).
Usi ng t he sol

r

solution, the

and the silicicaci

[err], a hard coat filmform ng coating solution (A4) was

priepared in the same manner as in Exanple 5 10. Exanple 14 Followi ng to the
pLucedure of Exanple 10 (1), to the m xture of the titanic acid agueous

silica 10 sol and the pure water was further added 130 g of
the solution B as a zirconi um conpound, A® prepare a sol of fine
parti cul ate conpound titanium silicon/zirconiumoxide core. Then,

following to the,BEASEANLEs Ol BATRLE1Sctthe LOATLLRLSCR0he L0650 iig on B

Sol ution, an oOrganoso ound oxide

consi sting of bk agludh ph des Al 10N o 6130, ZLEEORLUR SYIdle il oh had

a mean particle diameter of 10 nm a weight rafio

err|] of 0.086 and a

wei ght ratio Si £Pnis¥m bx e, Wwhild@Phalehr hbaWepapt £086 e@iaméter of 10Jsi Ng

a hard coat filmformng coating solution [err] was prepared
in the same nmanme; asweighixargtie MrOEXa0plef 6. PS5, a weibhkl eathg to the
priocedure of Exanple 10 (4) except that in addition to the solution A the
sdl ution B 8nd $#@2/Nildcpf AcB@A4608nd | drwe iZthty naft ign AdgQeRiD2s OlfuDi. 600 Bf
sodi um al uninate [err] concentration: 0.3 % by wei ght) was

t he sol

|
[

—-

r— =

[err],

10

15

20

25

{sol Bj1), was prepared.
Using the sol B;, a hard coat film-forming coating

solution (B3;) was prepared in the same manner as in Example

10.

Example 16

In the same manner as in Example 15 except that the
amount of the sodium aluminate was varied so that tﬁe
weight ratio Al;03/TiO; became 0.010, a sol of compound
oxide consisting of titanium oxide, silicon o_xi.de,
zirconium oxide and aluminum oxide, v.ﬂhich had a mean
particle diameter of 11 nm, (sol Bjy), was prepared.

Using the sol Bz, a hard coat film-forming coating

solution (By;) was prepared in the same manner as in Example

15.

mJl

In the same manner as in Example 15 except that'the
solution B was not u's‘éd, a methanol sol of compound oxide
consisting of titanium oxide, silicon oxide and aluminum
oxide, which héd a mean particle diameter of 10 nm, a

weight ratio Si0,/TiO; of 0.3746 and a weight ratio

Al,03/Ti0O; of 0.0007, (sol Cy), was prepared.

(MR
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70 further used, a nethanol sol of conpound oxide consisting of titanium
oxi de, silicon oxide, zirconium oxide and al um num oxi de, which had a nean
particle diameter of 10 nm a weight ratio [err] of 0.0705, a weight ratio
5= [err] of 0-3746 and a weight ratio [err] of 0.0007, (sol [err]), was
prepared. Using the sol Bl, a hard coat filmformng coating solution [err]
ﬁgs prepared in the sane manner as in Expnple 10. 10 Exanple 16 In the same
nner as in Exanple 15 except that the anopunt of the sodium al um nate was
varied so that the wei ratio_[err] % me O, 010 a_sol, of compound 15

)xi de consi sting ofUFFgSnFHﬁ16?}d@J COREdEI1BTT g R AN %Nd

alL.um num oxi de, xh'c ?g a nmean artl gsnete of 11 nm (sogglerﬂ%
was prepar ed. E@'Hbl?ﬂe IR ﬁ 180 St PRTTF f BF TR %mﬂq i on
’err] was prepibed in the sane nanner as in Exanple 20 15. Exanple 17 In
t.he sanme manner"as in Exanple 15 except that the solution B was not used, a
nethanol sol of conpound oxide 25  consisting of titanium oxide, silicon
oxi de and al um num oxi de, which had a nmean particle dianeter of 10 nm a
ﬁelght ratigp [ 3746 and a weight ratio [err] of 0.0007, (sol

[€rr]) was prepare :
: In the same manner as in Example 17 except that the

L‘ weight ratio Si02/TiO; was véried to 0.3746 and the weight
! ratio Al;03/Ti0Oz was varied to 0.0100, a methanol sol of
- compound oxide consisting of titanium oxide, silicon oxide
L; 10 and aluminum oxide, which had a mean particle diameter of
| 10 nm, (sol Cz), was prepared.
- Using the sol Cz, a hard coat film—forming coating
: solution (Cz) was prepared in the same manner as in Example
L
10.
- 15
Example 19
L. | Into a reaction vessel was introduced 1,000 g of the
| sol A;. To the vessel were then added 56 g of
F’ me;hyltrimethoxysilane and 20 g of pure water, and the
i 20 mixture was heated at 50 °C for 18 hours. After the
- unreac;gd methyltrimethoxysilane was removed, the reaction
L mixture was concentrated to obtain a methanol sol of
| compound oxide consisting of titanium oxide, silicon oxide
- and zirconium oxide Héving been surface-treated with
25 methyltrimethoxysilane, which had a solid concentration of
_ - 30.5 % by weigﬁt, {sol As).
o _¥,ﬂ___ﬂ__—,______——~
B a5 Been Replaced
| \\II\\\\\\\\\\\\\I\I\\\I\



71 Usi ng the sol [err] a hard coat filmformng coating solution [err] was
prepared in the sane 'manner as in Exanpl e 10. 5 Exanple 18 In the same
manner as in Exanple 17 except that the weight ratio Si2/Ti 2 was vari ed

t 6~0. 3746 and the wei ght ratio A1203/Ti O2 was varied to 0.0100, a nethanol
sql of conpound oxi de consisting of titanium oxide, silicon oxide 10 and
allum num oxi de, which had a nean partlclg dianeter of 10 nm [err], was
prepared. Using the sol C2, a hard coat filmform ng coating sol ution (C2)
was prepared in the gy EHYYo19S al Rakxagphe £D1m-1fo iy &dR36k on vessel
was introduced 1,000 g of the sol [err]. To the vessel were then added 56 g
ofmet hyl tri metsmhytsidran@sandaz0pgepéredr én watte rsamsn channer2 @ snidesgrébads
heated at 50 [err] for 18 hours. After the unreacted nethyltrinethoxysil ane
was renoved, thaebawaction mxture was concentrated to obtain a nethanol so
of__compound oxi de consisting of titanium oxide, silicon oxide and zirconium
oxi de havi ng been surface-treated with 25 nmet hyl t ri met hoxysi | ane, whi ch

o :
h?d a solldsconcentratlon of 30.5 % by weight, (sol [err]). 72

[
In the same manner as in Example 19 except that the

methyltrimethoxysilane was replaced with

vinyltriethoxysilane, a methanol sol of compound oxide

o 'consisting of titanium oxide, silicon oxide and zirconium
; 10 oxide having been surface-treated with vinyltriethoxysilane
- (sol Ag) was prepared.
L‘ Using the so0l, a hard coat film-forming coating
; solution (Ag) was prepared in the same manner as described
L- above.
- 1S5

i In the same manner as in Example 19 except that the
— sol A; was used in place of the sol A; and
| ' tetraethoxysilane was used in place of the
- 20 methyltrimethoxysilane, a methanol sol of compound oxide
L. consisting of titanium oxide, silicon oxide and zirconium
| oxide having been surface-treated with tetraethoxysilane,
— (sol A7) was prepared.

Uéing the sol, a hard coat film-forming coating
- 25 solution (A7) was prébared in the same manner as described
L‘ | abdve. |
'L Example 22 —_—
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USTng the sol, a hard coat filmforning coating solution [err] was prepared
In the sane manner as descri bed above. 5 Exanple 20 In the sane manner as

i h Exanpl e 19 except that the methyltrinmethoxysilane was replaced with
vimyl tri et hoxysil ane, a nethanol sol of conpound oxide consisting of
titani um oxide, silicon oxide and zirconium 10 oxi de havi ng been
surface-treated with vinyltriethoxysiladd (sol A6) was prepared. Using the
sel, a hard coat filmform ng.coating solution (A6) was prepared in the

sanme nmanner as descrhﬁne‘%h@b&\{qee &%%ngaggl Z%XAxF%ié‘f‘zf od N§l, S in

Exanpl e 19 except tha e so used in p sol err] and
t etraet hoxysi | ang; P;,r&q.g_‘ s(lll%‘h% Rhst 18404 d tdé r(_g{éﬁoxym | ane, a
nmet hanol sol of conpo nd OXI conS|stan % lnq%%?%nroX| , Silicon oxide

and zi rconi um %t%é\ﬁ'\’dﬂﬂsﬂ%@ié syr fnéEﬁathaJ;@ﬂ cyftébxﬁ;ﬂ;drﬁft&a%és' | ane,
(§9I A7) was prepared. Using the sol, a hard coat filmformng coating 25

solution (A7) vesngispaighs rtluﬂammrrexmaénes1B:Ec<desar:1due¢rm&\iecoﬁ>mﬁipl e
22 73

3 S oxide having been surface-treated with

, trimethylchlorosilane (sol Ag) was prepared.

- Using the sol, a hard coat film-forming coating

; solutioem(Ag) was prepared in the same manner as described
- ' above:h“ |

I' 10

- Example 23

In the same manner as in Example 21 except that y-

—

glycidoxypropyltriethoxysilane was used in place of the
tetraethoxysilane, a methanol sol of compound oxide

15 consisting of titanium oxide, silicon oxide and zirconium

I

oxide having been surface-treated with y-

glycidoxypropyltriethoxysilane (sol Ag) was prepared.

-

Using the sol, a hard coat film-forming coating

: solution (Ag) was prepared in the same manner as described
- 20 above.
E_ 15 the same manner as in Example 19 except that the

sol B; was used in place of the sol A;, a sol of compound
L 25 oxide having been surface-treated with
: methylﬁrimethoxysilane (sel B3) was prepared
- Using the'eol, a hard coat film-forming coating
Z solution (B3) was prepafed in the same manner as described
—_

\
above. This Sheet Has
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In the same manner as in Exanple 21 except that trimethylchlorosilane was
used in place of the tetraethoxysilane, a methanol sol of conpound oxide
consisting of titanium oxide, silicon oxide and zi rconium 5 oxi de having
béen surface-treated with trimethyl chlorosilane (sol [err]) was prepared.
Using the sol, a hard coat filmformng coating solution [err] was prepared
in the sane manner as descri bed above. 18 Exanple 23 In the sane manner as
i n~Exanpl e 21 except that y- glycidoxypropyltriethoxysilane was used in
pl ace of the tetraethoxysilane, a nmethanol sol of conpound oxide 15
consisting of titanium oxide, silicon oxide and zirconium oxide having been

surf ace- treateqh%%ﬁQ&XFgglyC|doxypropyltriethoxysiIane (sol [err]) was
prepared. Using € SO a hard coat filmformng coating solution [err]
was prepared in the AR JTRANG n@AndESES | glﬂatlo%b%\fena%aaaehe #4140 the
sape manner as in Exanple 19 except that the sol [err] was used in place of

the sol [err], rdnglcoatin ?uedlaémnoxmo@(é}@a&gob%&@ewrftﬁae by sased
Wi t h nethyltrlnethoxy5|lane B3) was prepared Using the sol, a hard
cOat filmfdrmipagteodtyl wgigbtubifohh€ BSY1 vty warsepaedd innplaee safret sk as

descri bed above.
5 A;, a hard coat film-forming coating solution (B';) was

— prepared.
[ .

10 Into a separable flask equipped with a stirrer and a
L‘ condenser was introduced 2,000 g of the sol A;. To the

flask were added 89 g of tetraethoxysilane and 1,800 g of

pure water. The mixture was reacted at 50 °C for 1 hour
'L_ and cooled. Then, the reaction mixture was concentrated by
15 ultrafiltration to the oxide concentration of 20 % by
— -weight, to obtain a methanol.sol having a water content of
0.3 % by weight.
= To 100 g of the methanol sol was added 3. 6 g of y-
: methacryloxypropyltrimethoxysilane, and the mixture was
20 reacted at 80 °C for 1 hour and cooled. Then, to the
L reaction mixture was added 20 g of 2-hydroxyethyl acrylate,
followed by vacuum distillation at 40 °C, to obtain a sol
— of compound oxide consisting of titanium oxide, silicon
é oxide and zirconium oxide, which had an oxide concentration
Ld_ 25 of 46 % by weight (sol D).
i_ To 58.3 g.of the sol D was added 20 g of an

ultraviolet curing urethane resin (DH-700, available from

\
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74 Exanple 25 In the sane manner as preparation of hard coat film formng
coating solution in Exanple 10 except that 2,315 5 parts by weight of the
sal [err] was used in.place of the sol [err], a hard coat filmformng
coatlng sol ution [err] was prepared. Exanple 26 10 Into a separable
flask equipped with a stirrer and a condenser was introduced 2,000 g of the
sol [err]. To the flask.were added 89 g ©F tetraethoxysilane and 1,800 g of
pure water. The mixture was reacted at 50 [err] for 1 hour and cool ed.
Then, the react hgingi-xt UkSgRs KORCENJ Akt by auhhkaf Ebh Akt OR-EQrhitgy Oxi de
dncentratlon of 20 % by weight, to obtain a methanol sol having a water
content of 0.3 Yol ingi gblutilen 1) g of the methanol sol was added 3. 6 g
of [err]- nethacryl oxypropyltrimethoxysilane, and the m xture was 20
reacted at 80 [err] for 1 hour and cooled. "Then, to the reaction mxture
was added 20 g Bkamphed2dxyet hyl acrylate, foll owed by vacuumdistillation
at 40 [err],_to obtaln a sol of conpound oxide consisting of titanium
oxi de, si |i &n BreRa LK Edrardneoatd€ilihi ch had an oxi de concentration
29 . of 46 % by melght (sol [» To 58.3 g of the sol D was added 20 g of an
ul traviol et curing uAeP?%Nﬁ??QQﬂ?F%[m¢lﬂﬁ9 agrdiclabl(@rPirem U-4000,

| available from Mitsubishi Gas Kagaku K.K.) was immersed in

| a 13 % NaOH aqueous solution at 47 °C for several minutes
L; and then thoroughly washed with water.

10 The polycarbonate molded article thus treated was then
. immersed in each of the hard coat film-forming coating -
g solutions A; to Ag, A;l, B, tQ-B3, and C; to C,; of Examples
- 10 to 24, then taken out at a rate of 80 mm/min, dried at
i_ 90 °C for 18 minutes, and heated at 104 °C for 90 minute;

15 to cure the coating film, so as to form a hard coat film.

; Properties of hard coat film

i

= The hard coat film thus formed was evaluated on the

5 following properties. The results are set forth in Table

| 20 2.

L_ (a) Refraction property

; The reflection interference spectrum of the surface of

L the hard coat film was analyzed to obtain a refractive
.'L; index of the film. The hard coat film having a refractive
| 25 index of not less than 1.58 was ranked as AA.

i

| (b) Scuffing resistance

L;
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75 Dai hachi Kagaku K. K.) to obtain a hard coat filmforning coating
n3|Ut|0n (D). Exanple 27 5 Preparation of hard coat film A pol ycarbonate

| ded article (Upiron U-4000, avail able from M tsubishi Gas Kagaku K K.)

imMmersed in a 13 % NaCH aqueous solution at 47 [err] for several:

n1nutes and then thoroughly washed with_water. 10 The pol ycar bonat e
nol ded article thus treated was then i mférsed in each of the hard coat
fﬂ+n}forning coating solutions [err] to [err] [err] [err] to [err] and"
[err] to [err] of Exgimlifs nkdd @odd riliRNokakes ikt Pigkd fHa@u?x 80spmLM N,
dni-ed at 90 [err] for 18 minutes, and heated at 104 [err] for m nut es 15
ta_.cure the coatf nh dmlxn3 sm,astteelf gpolachaf ot atad |Idaned3|b(a|ukr ands of
hard coat film The hard coat filmthus forned was eval uated on the
fol | owi ng propefdrtas.téhe imesuhinglear @ 3oadf of th kgvdblte 20b2théahard
Refraction property The reflection interference spectrumof the surface of
the hard coat fédah viislmmilbly ddhet steplawnod. r eTheicieaned wfescuffihg £l m
The hard coagt filmhaving a refractive 25 i ndex of not |ess than 1.58 was
ranked as (Hhe Feiin M?gs VeSualdyc ebserygd onant L hfarfd ldb aast evmlyatede

test piece haV|n a siz
P béged on the following criteria.

AA: The film is-hardly scuffed.

BB: The film is slightly scuffed.

(.

CC: The film is greatly scuffed.

‘ 10
—
ﬂ (c) Appearance
L, The substrate with a hard coat film, which had high
; transparency and was hardly colored, was ranked as AA.
i :
L; 15 (d) Dyeing property

The substrate with a hard coat film was immersed in
L_ hot water containing three kinds of disperse dyes of red,

blue and yellow at 92 °C for 5 minutes, and the e%tinction

_ ratio at a wavelength of 550 nm was measured using a SM

20 color computer (manufactured by Suga Shikenki K.K.). The
hard coat film was evaluated based on the following

criteria.

AA: The extinction ratio is not less than 30 %.
- BB: The extinction ratio is not less than 20 % and
e 2S5 less than 30 %.

— CC: The ekginction ratio is less than 20 %.

(e) Weathering resistance

This Sheet Has Béen Rerlaced
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of 71 cmx 3 cm steel wool of #0000 was noved back and forth ten tines
under a load of 2 kg/cn2 to rub the hard coat filmwth the steel wool. The
degree of scuffing of 5 the filmwas visually observed, and the filmwas
eval uat ed based on the following criteria. AA: The filmis hardly scuffed.
BB: The filmis slightly scuffed. CC. The filmis greatly scuffed. 10 (c)
Appear ance The substrate with a hard cod film which had high transparency
and was hardly colored, was ranked as AA 15 ' (d) Dyeing property The

substrate with a har i ' | . wat ggﬂ}ﬁ”gi hr ee
kitnds of disperse d;@gfg?hfggF%§¥ﬁ§t22§E§§?§O%?%? eﬁ%ﬁ 0 ﬁ?ﬁ&%es,
and the extinctd P dlidratled MPGRLERIEBSET £5501 N HAS IRASIHELG USing a SM
20 col or conputer (nmanufactured by Suga Shikenki K K'). The hard coat

fi,l mwas eval uajeat Hasadt@t t@EanuFacewrsd BYi $8Fd ash ANk & .&Xhi,NGhiaoR
ratio is not less than 30 % BB: The extinction ratio is not |ess than 20 %
and 25 | ess t hathaiyeoinC@ppHaraaciel waki obseatvéed. i STHe sedran o0 clange)

WWeat heri ng resistance 77 The substrate with a hard coat filmwas
subjected t® was evaluated by the three criteria, AA, BB and CC.

After the exposure test, total light transmittance and

L_ yellow index (AY) weré measured.

~ (£) Antidim

i 10 The substrate with a hard coat film was placed between
S—

a black background and a three-wavelength type daylight

o fluorescent lamp, and the light pat;ern transmitted by the
substrate and reflected on the background was visually

L' observed. The antidim caused by the hard coat film was

i 15 evaluated by the three criteria, AA, BB and CC.

1; (g) Long-term stability

| Using the hard qoét film-forming coating soclution

LQ stored at 10 °C for 25 days or 45 days, a hard cocat film

; 20 was formed in the same manner as described above. The film
- was evaluated on the above-mentioned properties (a) to (d)
L‘ and (f;, and the results were compared with those of the

B hard coat film formed immediately after the preparation of
» the hard coat film-forming coating solution. The

\ 25 difference was evaluated by the three criteria, AA, BB and
= Ccc. )

{h) Adhesion ~This Sheet Has Been Re
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an_accel er at ed expe%trr—er—ﬁ?’st/i‘or 400 hours usi ng a weat heronet er

(manuf act ur ed by o , and a change in appearance was
ohserved. The degr mas eval uated by the three criteria, AA
BB—and CC. Aftef t m%m , total light transmttance and yell ow
I ndex (AY) were rre Ant|d|m10 The substrate with a hard

cdat filmwas placed bet vveen a bl ack ba@®@round and a three-wavel ength type
dayl i ght fluorescent |anp, and the light pattern transmi tted by the

substrate and refle Loun S Vi

antidi m caused by tﬁié % %é%@%a%% w%sﬁi‘fg@ gég %e‘ﬁ 'gg %1 fn a
criteria, A\ Bfhangh(&r di)7d-oposhe ﬁ‘ﬁ&é?f"t'?néﬁ'%et gﬁthWa‘;al ﬁ{ag
filmformng coatlng solution stored at 10 [err] for s or 45 days, a
hard coat filmgte y@scdsy ree dre tﬂlelns&rm&faeen@ateﬁaﬂwcu@ed above. The
filLm was eval uated on the above-nentioned properties (a) to (d) and (f),
and the resul t sLovescwdinzellad wiitthh a ked€eotot Bevball pardliel nifmygred

i rmedi ately after the preparation of the hard coat filmform ng coating
sdl-ution. The 2tntexid¥srahde mmsceas tat fdrivylohecehieconriherfidm AA, BB

and CC. (h) Adhesion 78 The substrate with a hard coat filmwas i nmersed
i n-a hot wat er surfare er 4 gedrlophaser $arehwas adkered apd Gthen separated

L— to observe whether the film was peeled off or not.

| 10 Example 28

"-— Using the coating solution (B';) obtained in Example

25, a hard coat film was formed on the surface of a plastic

—

lens (refractive index: 1.67, trade name: MR-7, available

L' from Mitsui Toatsu Chemicals, Inc.) in the same manner as

15 in Example 27. Then, the properties of the film were
L. evaluated. The results are set forth in table 2.
i The refractive index of the hard coat film (thickness:
— 2.4 um), as obtained by analysis of the reflection
L; 20 interference fringe of the film surface, was 1.68.
{ Exanmple 29
= Thg polycarbonate molded article was subjected to the
Ed same treatment as in Example 27. The molded article thus
- treated was coated with the coating solution (D) obtained
L; 25  in Example 26 by spin coating (2,000 rpm) and then
; irradiated with a ultraviolet light of a high-pressﬁre
| mercury lamp té_cure the coating film, so as to form a hard
? coat film. The properties of the hard coat film was
%- evaluated. The results are set forth in Table 2.



the surface of the film surface | aterally and longitudinally with a knife

to give 11 parallel lines at 5 intervals of & rm 100 cells on
the filmsurface. A cellophane tape was adher edy; gﬂmhﬂgﬁwﬁ caded to

observe whether the filmwas peeled off or not.
coating solution [err] obtained in Exanple 25, a
on the surface of a plastic lens (refra@ ve ind

Usi ng t he

T

aveilable fromMtsui Toatsu Chenmicals, Inc.) in the same manner as 15

Exanpl e 27. Then, the properties of the filmwere evaluated. The results
are set forth in table 2. The refractive index of the hard coat film
(tddi ckness: 2

-4Ei£ﬁéi%;ﬂﬁs obt ai ned by anal ysis of the reflection
interference fringe of the filmsurface, was 1.68. 20 The pol ycarbonate
mol ded article was smpjE00d d oft khesase A edf BREmpe 23 Waanpkbaed7800heg
malded article thus treated was coated with the coating solution (D)

obt ai ned 25

—

10

15

20

25

m was forned
e name: MrR-7,

in

| ff Bttt e o Ipsodwien aadt thg n2ZxO@e ryg watrhunheli strinaedat ed
wi'th a ultraviolet Iight of a high-pressure nercury lanmp to cure the
cdating fil
coat filmwas evaluated. The results are set forth in Table 2. 79

Exanpl e 30 To Ic@uepuypdfoxige sonsistingopf Eiahphu Pxdde adddd ®YO ogide

sin e ratdny evapeaatocotd Hbtain Thenetriyple radldo sufl viehsoiand

and zirconium oxide, which had an oxide concentration of 30
% by weight, (sol A'g).

' Then, 500 g of the sol A'g was mixed with 500 g of an
aqueous dispersion of an urethane elastomer (concentration:
30 % by weight, trade name: Superflex 150, available from
Dai-Ichi Kogyo Seiyaku éo., Ltd.) to prepare a high-
refractive index primer coating solution.

Separately, a plastic lens (refractive index: 1.67,
trade name: MR-7, available from Mitsui Toatsu Chemicals,
Inc.) was immersed in a 13 % NaOH aqueous solution at 47 °C
for several minutes and then thoroughly washed with water.

The;eafter, the plastic lens was immersed in the
primer coating solution prepared above, taken out at a rate
of 95 mm/min, heated at 85 °C for 120 minutes and further
heated at 104 °C for 60 minutes, to form a primer film on
the lens surface.

On the primer film of the plastic lens, a hard coat
film was formed in thé same manner as in Example 27 using
the hard coat film-forming coating solution (A;).

SubsequenﬁLy,_the plastic lens with the high-
refractive index primer film and the high-refractive index

hard coat film was further provided with a multi-layer film



of nethyl cellosolve, and the mixture was vacuumdistilled 5 in arotary
evaporator to obtain a nethyl cell osol ve sol-ﬁf‘éﬁﬁﬁﬁund OXIde conS|st|ng
of! titani um oxide, silicon oxide and 2|rcon|unhﬁsmd as an oxi de
comcentration of 30 % by weight, (sol [err]). he sol [err]
was mixed with 500 g of an 10 aqueous spers hane el ast oner
(concentration: 30 % by-wei ght, trade n Super ex 150 avail able from
Dai- | chi Kogyo Seiyaku Co., Ltd.) to prepare a high- refractive index
primer coating Bgl 4htQlm Sepasatebn, a8 phaekhmphlens (apl{rachedp thdex:

1..67, 15 trade name: MR-7, available fromMtsui Toatsu Chemcals, Inc.)
was |nnersed |npaoﬁér&&éhCHfaqheohardobuatoﬁ1am ﬁ&s[eva}uabedsénethb same
m nut es and then thoroughly washed with water. Thereafter, the plastic |ens
was i mersed i nmahnepr ReincBaampdesdlut i Bhepreputed abeveett Skehhodn at a
rate 20 of 95 mmmn, heated at 85 [err] for 120 m nutes and further
heated at 104 [E@P}efgr 60 m nutes, to forma priner filmon the | ens
surface. Onthe priner film of theégiastl Iens ard coat f|]l mwas

formed in t§e same rafheRehs FheR QélV&F@S et?ﬁpﬁ%rﬁl Bt was

fiTmforning coatj Subseg ently stic leps with

olug on [err% € pg
t he hi gh- refraﬁ? gcﬁﬁae p??néwp Fansﬁa ﬁ@cﬁlbﬁs efr ﬁ i VBPRfHex hard
fil f h
gg,gg o1 on"as 1HeLhetaRea LIS VALhCA LN ob@VBY [bbicalB) BYo¥BEHY Four
kinds of steel balls (weight: 16.2 g, 100 g, 200 g, 400 g)
- on the lens, and the lens was evaluated by occurrence of

10 cracking. The results are set forth in Table 3.

- In the same manner as in.Example 10 except that the
: sol A; was replaced with a sol of compound oxide consisting
- 15 of titanium oxide, iron oxide and silicon oxide -{Optorake
L_ 1130F, available from Catalysts & Chemicals Ind. Co.), a
‘ hard coét film-forming coating solution (E;) was prepared.
L‘ | Using the coating solution (E;), a hard coat film was
g formed in the same manner as in Example 27, and then, the
- 20 properties of the hard coat film were evaluated. The
1_ results are set forth in Table 2.
-
In the same manner as in Example 10 except that the

L_ 25 sol A; was replaced with a sol of compound oxide consisting

of titanium oxide, cerium oxide and silicon oxide (Optorake
- 11307, available from Catalysts & Chemicals Industries Co.,
. Ltd.), a hard coat film-forming coating solution was
= prepared. Using this coating solution, a hard coat film



pFBperties of the hard coat filmwas evaluated in the sane manner as in
Exanpl e 27. The results are set forth in Table 2. 5 Further, the
pliastic lens with the. above filnms was subjected to an inpact resistance
test. The |npact resi stance test was carried out by vertically dropping
four kinds of steel balls (weight: 16.2 g, 100 g, 200 g, 400 g) on the

| ens, and the | ens was .eval uated by occ®Ience of 10 cracking. The
results are set forth in Table 3. Conparative Exanple 5 In the same nmanner

oo oni o HaSXFERhed " LA Sl nElhlr'8Y LRPRALERILN 3T, Bdflifln

conpound oxi de consr s anlun1OX|de rrom oxide an

oxide (Optor aketﬂé?’ﬂfmpé?‘if@iéétﬁie HHP R 2bYst 81 $m QPEPL Cad $1hdikq CO. 'J)he
hard coat filmforning coating-solution [err] was prepared. Using the
coating sol uti oped@Ifs ., are hedtd Txadh filll mawas borned in the same manner as

i n_Exanpl e 27, and then, the 20 properties of the hard coat filmuwere

eval uat ed. The results are set forth in Table 2. Conparative Exanple 6 In
t he same mafnerCempal rgnBxanlenxicept that the 25 sol [err] was
replaced with a sol of conpound oxi de consisting of titanium oxide, cerium
oxide and silicon oxImetl@mmk@m@go/as dnaekabbte f 2 orexeert chat &he

Chem cals I ndustries Co. a hard coat filmform ng coatin sqlutlon

wqi prepared. URTR €97% %kkﬂ" Q&H9UFP3ﬁln§ ROFECtoRt (By)) pMrepaggd

Example 10 and a plastic lens (refractive index: 1.67,

.

trade name: MR-7, available from Mitsui Toatsu Chemicals,

[ -
ﬁ 10 1Inc.) were used, a hard coat film was formed.
— Subsequently, the plastic lens with the hard coat film
P was further provided with a multi-layer film by vacuum
-
deposition as in Example 1 (4) and then subjected to the
b same impact resistance test as in Example 30. The results
. 15 are set forth in Table 3.
L’.
=
-
{
-
.
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-
; R ——
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was formed in the same manner as in Exanpl e 27, and then the properties of
the hard coat filmwere evaluated. The results are set forth in Table 2. 5

Conpar ati ve Exanple 7.1n the same nmanner as i n TS

hard coat filmforming coating solution [err] pr

plastic lens (
Mit sui Toat su
Subsequent ly,

16
I nc.

refractive |ndex
Chem cal s.. 10

7,

wer 54

e narre
sed,

I

le 10 and a
ble from
a hard coat filmwas forned.
the plastic |ens mnth the hard coat filmwas further provided

@Sgien&ﬁﬁ};d t hat the

with a multi-layer film by vacuum deposiddien 2aspyn Exanple 1 (4) and then

subjected to t

he sane i npact

resi stance test as in Exanple 30. The results

15 are set forth in Table 3. 82 T Ie%(l) Coat | ngj SQ! Ution
[ er r] Refr acti 682 tion A;I\ k‘l /\A.§ 14, B1 AEZ /—\v‘—;\l C2
AA Scuffing RepkéfraBEfon Properdd  AA an AAan AAaa Afna | AA | AA | AA | an
Appear ance scuffing R S,AA o AA [ AA | AA | AA| AA @ﬁ AR a aa | oaa
Dyei ng Propert 3Suffing Resigtance s | 00 1 KA AR DD A A
Weat heri ng Pr opesdear&iange i n appedrancé aa AAax- Maa Maa AA | AA | an
. 0 N . t:
AA_ AA  AA Tptal light transmttaFce (/@M 97,2 P78 | %xd %% 9 7 ,111;27 9.2
97.8 96.5 97%“?@?% 09 —H—— 0P o8 0o43 —
0.2 1.7 1.4 pmdatfieping Property AA  |AA [AA | AA AAL AA AN
AA‘._. AA Change in appearance AR AA AA AA AA AA AA Aa AA
; Total light
{ transmittance (%) | 97.2| 97.697.3]97.0|97.1}97.9]97.8] 96 97.0
L _
Yellow index (Ay) | 0.9 1 0.4 | 0.3 1.1}10.8]0.3]0.2}12.7] 1.4
| Antidim AA AA | Aan | aa | aa aA | aa
Adhesion AR | aa | aa | Aaa | AaAn | aa AR | AaA | aa
; Stabili
— After 25 days an | ma | aa | aa | aa | Aa | an | aa
_. After 45 days. AA | an [ an | an \A | AA | Aan | an | aa
-
N Table 2 (II)
| 5
— Coating Solution Ag Ag Az Ag Ag . B3 B'1 [ p Ex.30 |
.| | Refraction Property aAa A7 A2 AA AA aAA V.3 AR AA
- Scuffing Resistance AA AA AA AA AA AA AA AR AA
Appearance AA | aA | AA | AA | AR | AA | AR | AA | aA
I
' Dyeing Property AR AA an | aa | Aan | aa AA | AA AA
_ - Change in appearance An AA AA AA AA AR AA AA AR
Total -1ight
¢ transmittance (%) | 97.5]|97.6]98.0|97.6}97.6|97.9/97.5]97.3} 97.1
= Yellow index (AY) | 0.5 0.4 0.3] 0.4/ 0.4] 0.3} 0.5]0.4] 0.7
o Antidim . AR | aa AA | AA | Aa AA | aa
| .
— Adhesion AA AA AA | aa | . an | aa AA AR AA
- After 25 days aA | 2aa AA | AA AA | aa AA AA
3 After 45 days AA | aa | aAaa | an | an | an | an | aa AA
- —
L‘.



Adhesi on

Stablllty After
Afiter 45 days
Coat i ng Sol ution

Pr;'oper ty
Appear ance

AA \\éat hering

—

L

[T

AA  AA AA  AA AA  AA AA  AA  AA
25 days AA AA AA AA  AA AA AA  AA  AA
A  AA AA AA AA AA AA AA Table 2 (I1)
[err] [err] Refraction Property AA  AA
AA AA  AA AA Scuggi ng Resi stance AA  AA AA
AA  AA AA Appear anc AA  AA AA  AA
AA AA Dvei ng Property “AA AA AA AA AA
AA Weat hering Proper rgbCBapgerim appearance AA  AA
AA AA AA AA Total light transmttance (% 97.5 97.6
'c s 97.3 97. 1YeIIOW|ndex [err] 0.5 0.4 0.3
Oa};lﬂg j l% onLHnt o5 Comp.E AA AA AA
RechtloAAPrleﬁ Adhési onaa AA AA  AA AA  AA
AA AA Alter 25 days AA  AA AA  AA AA  AA
AGuEfing Registance ol aa B2 ps Lon ML AA AA L AA
|Appeaedniceq Sol ution BB C0¢D Exess __CHnp. Ex. 6 Refracti on
AA AA Scyffi n&_‘Rey st ange AA AA
Dyelng Property .
—BB BB—Dyerng—Froperty AA
Megpheiting Property
Change in appearance cC cC
Total light
transmittance (%) 94.7 94.4
Yellow index (AY) 3.2 3.5
Antidim AA AA
Adhesion AA AR
stabil
After 25 days AR A7
After 45 days AA BB
Table 3
16.2 g 100 g 200 g 400 g
Ex. 29 not not not not
cracked cracked cracked cracked
Comp.Ex. 7 cracked cracked cracked cracked
_\
This Sheet Has



Change i n appearance CcC CC Total light transmitance (%

21..7 2;}\ id;](gls: g\r/]v i ndex [err] Ai 2 Ai gt QH“'““EIAMIH}III “I“I
* C aple =

25—days T AA AA After 45 days AA

316.2 ¢ 100g 200g 400g Ex. 29  not not not
not cracked cracked cracked 84 cracked Conp. Ex. 7 cracked
cracked cracked cracked 84 What is clained is: 1. A

filmform ng comhhfgisotuaimedcheprising a fine particul ate conpound oxi de
and a matrix, the fine particul ate conpound oxi de conprising oxides of: 5
(L titanium (ii) silicon, falm-formingicaaringnsaddtavnakbonpriising. a fine
filmformng coating solution as clainmed in 10 claim1l1, wherein the fine
particul ate conpauhiicokatie cempoynd d¢xide pad iac masiréxecohpeuidnexi de
cqnprising oxides of (i) titanium (ii) silicon and (iii) zirconium and
the matrix i s Particulate compound oxide comprising oxides of:

; 5 (i) titanium,

f- (ii) silicon, and

iJ (iii) zirconium and/or aluminum.

L~ 2. A film-forming coating solution as claimed in

n 10 claim 1, wherein the fine particulate compound oxide is

- (A) a fine particulate compound oxide comprising

L_ ‘oxides of (i) titanium, (ii) silicon and (iii) zirconium;
and the matrix is

L. | (B) at least one compound selected from organosilicon

. 15 compounds represented by the following formula:

- RIR2,5i (OR3) 3.5

E  wherein R! is a hydrocarbon group of 1 to 6 carbon atoms, a

jﬁ vinyl group, a methacryloxy group, or an organic group

L_ having a mercapto group, an amino group Or an epoxy group,

- 20 R2 is a hydrocarbon group of 1 to 4 carbon atoms, R3 is a

- hydrocarbon group of 1 to 8 carbon atoms, an alkoxyalkyl

{ group 6} an acyl group, and a is 0 or 1, hydrolyzates

- thereof and partial condensates of the hydrolyzates; and

i‘ wherein the coating solution further contains at least

- 25 one component selected from

Li (C) at least one compound selected from organosilicon

: compounds represented by the following formula:

Si (OR%) 4 S T

" This Sheet Has Been
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(O o et one g o el e o) 1) uummmmruun

group of 1to 6,ca
organi ¢ group haV| roup, an amno group or an epoxy gtoup, *20*
R2.is a hydrocarbon group of 1 to 4 car&g atons, R3 is a hydrocarbon group
of: 1 to 8 carbon atons,-an al koxyal kyl up or an acyl group, and ais O
or~1, hydrolyzates thereof and partial condensates of the hydrol yzates; and
wherein the coaih8gesnl R iid  Hyididcarddhagisupt of eBsto 25 carth cyGw)ent
sel ected from (C) at |east one conpound sel ected from organosilicon
canpounds repr eapnétklokyalkel fgidumiory droraayllagrepy; | hydr8bysdieei thd¥eds a
hydr ocarbon group of 1 to 8 carbon atons, an al koxyal kyl group or an acyl
grioup, hydr ol yzandspaheiabfcendenpsateslol dingehydredyattedz hydrol yzat es;
(DL a fine particulate oxide of at | east one elenment 5 selected fromSi,
A, Sn, Sb, Ta, Ce, KR) #Fefing pagtiqulai® oxidgn@foptalease 9Reteienedte
conpound oxXi e co r|S|n oxi des of at least two elepents selected fromSi,
Al;, sn, Sb, =Ct om Z s L zrSP e PRand 311 Cewi tA tFRr pfwio $hanh
flne partlculat nd X de comprd Si OXI f, 10. and Si is
exel uded; (E) a? 1e§§$y% e C%H%%J% sé?g' &d S %8§P§8Iy¥u%%t?%WP?181ng

oxides of at least two elements selected from Si, Al, Sn,

(B) at | east one ,ﬁl%rgﬂig ggsg,h&g faed from organosilicon 15 conpounds .

—

{" Sb, Ta, Ce, La, Fe, Zn, W, Z2r, In and Ti, with the proviso

- that a fine particulate compound oxide comprising oxides of

L; 10 Zr,.Ti and Si is excluded;

B {(E) at least one compound selected from polyfunctional

L_ epoxy compounds, polyhydric alcohols and phenols,

(- polycarboxylic acids and anhydrides thereof;

L; (F) at least one compound selected from hindered amine

( 15 compounds; and

- {(G) at least oné compound selected from amines, amino

i‘ acids, metallic acetylacetonates, organic acid metallic
salts, perchloric acid, salts of perchloric acid, acids and

L) metallic chlorides.

. 20 .

~ 3. The film-forming coating solution as claimed in

{ claim é, wherein the fine particulate compound oxide (&) is

- composed of a core and a cover thereon, the core comprising

L, titanium oxide and the cover comprisihg zirconium oxide and

- 25 silicon oxide.

| 4. The film-forming coating solution as claimed in

%ﬁ claim 2 or claim 3, whefein the surfaces of fhe fine

§

—



ep'hc?xy conpounds, pol,y%ﬁQri c_al Ec-)(-ihol s and phenol s, polycarboxy+e—-acids and

anhydri des t her &b one conpound sel ected from hindered am ne

§ Shegt n
15 ~ conpounds; “Eﬁl\igﬁf one conpound sel ected from ﬂmmmmm”m"
acids, netallic I s, organic acid netallic salt3s® S lm
aci-d, salts of, perchloric acid, acids and netallic chlorides. 20 3.8 Mhé +
fiill mform ng coating seolution as cl ai med6in cl ai m 2, wherein the fine
particul ate conpound oxide (A) is conposed of a core and a cover thereon,
the core conprigdfgidlida dfimhexicdtpandnt NEAT Ox&dl/ SOMHd SddiporientOnDyMa@¥i de
and 25 silicon oxide. 4. The filmformng coating solution as clai ned
in—claim?2 or cimeahel] wittdr @m origanssilices ofmpdiend ioe abhiamiing t he
repl acenent sheet Date: 22 MAR 86 particles of the conmponent (A) and/or
t he conponent (®mpgund.reated with an organosilicon conpound or an anine
canpound. 5 5. The filmformng coating solution as clained in
claim1, wherein the fine particul ate conpound oxide is conposed of a core
and a cover _.thereon,_ the core conprising a fine particul ate cqonpound oxi de

conpri sing i tani um3nd e é&lJrf““gPrQlinn%oﬁﬁmg R Ao Rso G@ 1BRAgén

conprisin . . . X . .
—PD 9 claim 1, wherein the fine particulate compound oxide is
— . composed of a core and a cover thereon, the core comprising |

a fine particulate compound oxide comprising titanium and

silicon, or a fihe particulate compound oxide comprising
;m' 10 titanium, silicon and zirconium, and the cover comprising
ij at least one oxide selected from silicon oxide, zirconium
L;' oxide and aluminum oxide.
-
L 6. The film-forming coating solution as claimed in
Ef 15 claim 5, wherein the fine particulate compound oxide in the
= core is in the form 6f a solid solution of silicon oxide
L; and titanium oxide, or silicon oxide, zirconium oxide and
- titanium oxide.-
9
.- 20 7. The film-forming coating solution as claimed in
— claim 5 or claim 6, wherein the fine particulate compound
f7 oxide éontains titanjium, silicon, zirconium and aluminum,
%f in terms of TiO;, Si0;, 2r0, and Al,03, in such amounts that
i; a weight ratio Si0,/TiO, is 0.073 to 1.133, a weight ratio
l 25 2r0/Ti0O, is 0 to 0.400, and a weight ratio Al,03/TiO, is 0
L to 0.0133, respectively. |
{
L
]



10 titanium silicon and zirconium and the cover conprising at |east one
oxi de selected fromsilicon oxide, zirconium oxide and alun1nﬂﬂu

The filmformng coating solution as clained in 15 claimb5 m,m,"mf””m
fine particul ate conpound oxide in the core is in the form of

solution of silicon oxide and titaniumoxide, or silicon OXIde 2|rcon|um
OXIde and titani um oxide. 20 7. 87 The filmformng coating sol ution
as'claimed in claim5 or claim6, wherein the fine particul ate conpound
oxi de contains titagum I n of Ti 2,
Si2, Zrx and A1288§ [ angéucfhﬂgdr]rgSﬁnsﬁtahg?g%@ngl ght Hﬂ]’ ratio %’E@%.F[%Z

0073 to 1.13%ny owd B¥ diting 25to 7, Oihdi&8ni end 0 bt s At afl\ﬂ%' ght
ratio [err] is 0 to 0.0133, respectlvely : The filmform ng
coating soILn|pnrﬁmnuﬂahenabmpmuaﬂyo&ﬂdeOisCtﬁéﬁﬁe&iﬁitH’adeﬁdﬁdbgﬂTicon
swface of the fine particulate conpound oxide is treated with an

or ganosi | i con cammpaund ar aan agiinge comppondd. 9. The filmform ng coating
solution ag clainmed in any one of clains 5 to 8, wherein the fine
particul ate conpound oxide is a colloidal fine particul ate conpound oxi de
prepared by a process conprising the steps of: 10 (a) _adding
hydrogen per oxi de to a g}‘é\ 5#1§"§8Irméf‘gh9@$‘a3&féﬂj Fehuian &5 ¢ladmgdsdol ve
the hydrated tianig 4p 4,300 BoEh' BY L5465 Uid Thad LA Aghd 0ueons

compound oxide is a colloidal fine particulate compound

oxide prepared by a process comprising the steps of:

é; : 10 (a) adding hydrogen peroxide to a gel or a sol of

- hydrated titanic acid to dissolve the hydrated titanic

L; acid, and heating the resulting titanic acid aqueous
solution,hin the presence of a silicon compouna or in the

. presence of a silicon compound and a zirconium compound to

o 15 yield a sol which is a colloidéi dispersion of a fine

jﬁ particﬁlate compound oxide comprising titanium oxide and

;; silicon oxide, or titanium oxide, silicon oxide and
zirconium oxide; and

- (b) mixing the sol with at leaSt.oné compound selected

L 20 from a silicon compound, a zirconium compound and an

- aluminug compound, followed by heating the resulting

1; mixture with keeping the mixture alkaline.

L; 10. A synthetié‘résin lens comprising a resin lens

P 25 substrate having a refractive index of not less than 1.54

L and a cured fiim provided on the substrate, said cured film

i; being formed from the coating solution as claimed in any

one of claims 2 to 4.
This Sheet Has Been Reilaced
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solution, in the presence of a silicon compound or in the sence of a
stlicon corrpound and a zirconium conpound to 15 yield a SOU mulﬂ,m””"l
CO||OIda| di spersion-of a fine particul ate compound oxide c

tTtani um oxi de and silicon oxide, or titaniumoxide, silicon OXIde and
zi-rconi um oxi de; and (b) m xing the solggith at |east one conpound sel ected
20 froma silicon compound, a zirconium conpound and an al um num conpound,

fol | oned by heating the resulting mxture with keeping the mxture
al.kaline. 10. A synthetic resin lens conprising a resin |ens 25 substrate

h f nd f I N . d fj | ded
on'the substrate, kit chretPTRIADaST aFnEd P Br et cober i Re G 1 on as
clai med 0 anyegpenol £hALIE o Uk _reriBickbn isHNbECL +Clﬁ<§égan shiens as

clainmed in clarm having an anti-re ction I nor gani c

rat eri al Ian1n@&@grpglttgmfhg@ghfddlﬁheSC%%edAf§yﬁghet|c resin lens as :
claimed in claim 10 or claim 11, wherein the |lens substrate is forned from

a“sul fur-c@ntaining urethane resin obtained by the reaction of one or nore
mer capt o conpounds represented by the 10 followi ng fornulae (1) and (2):
. HSCH2CH2SCH2CHCH2SHL2. A synthdtlic S@di0H28Hs as claimed in claim 10 or

claim 11, wherein the lens substrate is formed from a
sulfur-containing urethane resin obtained by the reaction
[ of one or more mercapto compounds represented by the

10 following formulae (1) and (2):

HSCH,CH, SCH,CHCH, SH (1)
L |
L SCH>CH»SH
15
_ and
- 0
: |
T _ C (CH20CCH2CH2SH) 4 (2)
; with one or more polyisocyanates.
13. A synthetic resin lens as claimed in claim 10 or
Li 25 claim 11, wherein the lens substrate is formed from a
- copolymer of a monomer represented by the following formula
- (3) :
L“ ' Rs X CH3 X $5
. I
CH2=é-C (ORHY— O @ ?@ O—(R‘SO)—I-; C-C=CH,
b 1 m ]
Vi
° X CH, X o (3)
3 30

wherein RS is a -hydrogen atom or a methyl group, R® is

CH,CH, or CH2CH(OH)CHp;, X is hydrogen atom or halogen atom

This Sheet Has Been Reilaced
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15 and [err] (2) 20 with one or nore polyi socyanates—43—A
synthetic resin lens as clained in claim10 or 25 claim 11, wher

| ens substrate is fornmed froma copol ynmer of a nononer repreHW‘E@@& “‘“‘
forlowing formula (3): 30 [err] wherein [err] is a''f 1 am *
or.a nmethyl group, [err] is [err] or [egg] X is hydrogen atom or hal ogen

at:om 89 other than fluorine, and mand n are each an integer satisfying

t e condition of [errgé and ot her polénerizable nmononer. 5, 14. A
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