1 Title of the Invention: Coating Conposition and Photochrom c Opti cal
Article Technical Field: 5[0001] The present invention relates to a coating
conposition for formng a hard coating that exhibits a high scratch

resi stance when applied to the surfaces of optical base nmenbers such as

pl astic lenses. Particularly, the invention relates 10 to a coating
conposition for formng an opti num hard coating on the surfaces of

phot ochrom ¢ optical base nmenbers such as photochronmi c plastic |enses.
Backgr ouidtAet of15hgo@dpyention:|n order to inprove scratch resistance,
optical base maLgtig ScéMﬁas@ﬁiehaghaCPhsEéeﬁreﬁye bpei kaguhkagesecoat ed
wth a coating conpoSitioh which is, then, cured to Torma hard coating
which is transparent and is highly hard. The coating 20 conposition for
form ng such,a-hareé;eeating is, usually, blended with fine netal oxide
particles, such as a silica sol that is dispersed like a colloid in addition
to bed ng bl endéB0GLih an organosilicon conpound (curing conponent for

forming film o] i i r . rd
coating) 25 sat Sryes b hel BN RS ofd SRRy R e
adhesi onfoa fhembage ambairdr coaddngataat eéatuibentss al htigh3s.cra@@d3] On
t he ot her__han e t Qpt,j cal. ba ri h r Lr bove
har d coatrierl%‘ésiggnggpwg%%g%%&ﬁeg f(gr;csh.e %ﬁé@%gﬁhogﬂt %gtﬁrl%tﬁilc <%’%énéneeln{,so%grﬁaens
Whi ch, wisechusedpbasdbor sembese iRarntsi¢uladiyt eatheMintvdritghin aeliagias ng

ultrayi ol et rays, .such as sunligh ickly devel aps a color and .functions
s sfihor 6852 B4R AHrga e T hfobos et i Sinds 1R AR Y Such

i ght, pennthe thefaoksrof ophadeciotdbmandoptiecdl drss & snamilsh rearyu b as
transpareﬁt sgﬁctacles and iHs demand is increasing in recent 2 years. An
i bi bi ti BF OMCFREA™EnPLASIASs LFBERGd and a coating nethod have been known
for produci ng photochrom c | enses. The inbibition nmethod is a nethod
of inparg%ng phot ochromic properties to ordinary plastic | enses by having 5

the surfBEEXIFPUPReAStastic | enses without photochromic property inmbibe a
photoghrom ¢ coopoand. The in-mass nmethod is a nethod of directly

obt ai ni ng phot ochroni c | enses by di ssol ving a, photochrom ¢ congpund in a

monomer and polPnBFASENGCt ABPEBNEEFIRRCPhESSPEPBCC10PRE 1684t PAG et hod i s

a met hodmak efr@alisNgliéh hayEras{iNobAsBEHH e €RAL k)r fid gofbel chipm ¢
properties by applying a, curable conposition (photochrom c coating agent)

cont ai ni Ag CR2FABY0ERFERSE tdSRp G hofte theNsuSaEss T fafd @ &5k [ enses

and curi R@athRgCRRtERYis It HHrent and ARODRIghN9SRabBt hoflse d¥giGRpting
met hod, in principle, has an advantaqs of nore easily |ngart|ng phot ochrom ¢
a

propé? t | €9MPESAkyonetRr HRIBLAGIHIMP RakchCPRABIRSVE A2 bt HeP IfRtdRsls. For

exanpl e, ke kens Heedlidkide g RitdOn sIRiNAd 20sfustabsop pfd mpterial
whi ch permts the Ehotochronlc conpound to easily diffuse therein. The
ﬂ.

i n-nmass MeER6dsSednlike drreklpmhdn meskitisa osheindl bhendadrvith vl ch the
phot ochr @HyGnosilicon compound (curing component for forming film) such
as alkoxysilane in order to form a cured body (hard coating)
25 satisfying the above properties and exhibiting excellent
adhesion to the base member (see patent documents 1 to 3).
[0003]
On the other hand, one of the optical base materials that
require the above hard coating is a photochromic lens. The
30 photochromic lens is a lens which, when used outdoors where it
is irradiated with light containing ultraviolet rays, such as
sunlight, quickly develops a color and functions as sunglasses
and, when used indoors where it is irradiated with no such light,
permits the color to fade out and functions as ordinary

35 transparent spectacles, and its demand is increasing in recent



conpound di ssolves to a high degree to devel op favorabl e photochromc
properties. The coating nmethod, on the other hand, 25 inposes no such
limtations on the base nenber. [00052 Here, when the photochromc
plastic lens is produced by the coating nethod, the photochronic coating
formed on the | ens base nenber has a small thickness. To obtain a

phot ochrom ¢ 30 coating that devel ops a color of a practical density,
therefore, the coating nust contain the photochrom c conpound at ,a high

concent r 6858 A dRHP1dEAN BELRRS  aRB 1REFRRES BB Bh6CEERTENI ¢

conpoundget ANSBNHaBEBteA RR6RAEREr dpFbMatiMg PAYLHEhABmaH Nengeaup exhibits
particularly excellent coloring 35 property and a qulckI%.fadlng rate (see
Y

patent docunentie 4imptbiBioy mepued]ls a MEthoRaPH tBRRFhYNGhi ch is _
transpar EHEtéBﬁrEﬁ;Q%' %fﬂgagﬁtiés Al S QLB N 48 SUlhaers 9 nakeheehr om c

| enses produced bove various nethods in order to inprove scratch
resi st antbe Furfagafppé, thepntentidotantns WibheuropbstasheR®@Apl e of using a

coating §985&r£g8§ﬁt'ib&radﬁhaesemramef a6hgbefgby Tokuyama Co. being applied
on the photochromc coating that contains an am ne conpound in order to

i nprove cl ose Baketnonas® mekehe@nss 19 metkodepbedirgpt sy colitphgiagent is a
r oduct t nt s (Mot i .abl i:tion
P EBBE’UEE?QH% f?“gﬁﬁsﬁif dlas%%]]\glﬁrgj (??E)‘fllo't%c%r%'ﬂl%b c%lrr%%%%s it

containihg a silica so koxysi er than tetraal koxysilane. 15 20
Di scl osugemofiomhe bndeptilymerProbyetBet vobemssl ¥Bdthyst kéataventi on: [ 0007]

Howeyver, the e i a e thro [ t hat the
forﬁod\?\,i ng progf}g%sgé?%g]&s{(g%?&zoﬁa?% %o@%?ﬁgdigfzgg%%ﬁgdgo%?%é surfaces of
t he abovéphehtbnediphotathngin bavéngephotochromThaproperthes byed f or

ext ended i f time, th L ochrom n n.which har oating is
formed t@ ﬁg&?gaeghF r §E|Fgﬂpg%iggPér?b§8%88§5§%ﬁe,Cg géhgnaggggﬁeration
30 testingntsindonduet pdobychsbomgct hemennd ¥YéabheéheOsetrércX@5oanhfact ur ed

by Suga Lkenki ... (using xenop, arc Lanp of 2.5 kW under the conditions
of an ir?g ngfo%g?ﬁ engP?ycoFlﬁg g?ﬁﬂggﬁggggrens surface tenperature of
501:)5for 100 howos] (corresponds to a service life of about 5 years), the

degree, 35 01 VRSN SRl LRLALISN (Aot PSR ee ol g usng oxcoeds ¢
may havehashandadoahtagef ofnrdrenebbelphohpabtonycphoabichgotriat contains a
part Ul 8, BISLOCHT oI & pqmROURS M L0 AT 10 shoUR sl F ST conegntrat on. S
when t hemkensdbas met dwesiplid,r aticatedswisbdl ighthe RuiditErtich peehechr onic
| ens YRS, 1aL LSRN ok o Lhe phoGctyone costing hal
phot ochr @81 6asily diffuse therein. The in-mass method, on the other
hand, must use a special monomer in which the photochromic
compound dissolves to a high degree to develop favorable
photochromic properties. The coatingmethod, on the other hand,
25 1imposes no such limitations on the base member. '
[0005]
Here, when the photochromic plastic lens is produced by
the coating method, the photochromic coating formed on the lens
base member has a small thickness. To obtain a photochromic
30 coatingthatdevelopseacolbrofzapracticaldensity,therefore,
the coating must contain the photochromic compound at a high
concentration. Chromene derivatives are used as the above
photochromic compounds. Among them, a chromene derivative
having an amino group exhibits particularly excellent coloring

35 property and a quickly fading rate (see patent documents 4 and



10 conpound to adjust the color tone that is to be developed. In this case,
however, it often happens that the photochronic lens fails to devel op a
desired color tone but tends to exhibft a reddish color tone. Moreover, when
t-he hard coating is formed on the 15 photochrom c coating, the coating
conposition is poorly cured being affected by the photochrom c conpound that
is contained in the photochrom c coating at a high concentration making it
dlfflculg to forma hard coating having sufficiently high scratch
reS|stance 20[ 0008) It is, therefore, an object of the present
invention to prmmaﬁe a coating conposition capable of formng a hard coating
on the surfac%§ C?QXQH}'Cal Q%;GJEP@Q% %%%En%Sa%dphﬁghﬁ h Egaturlng
hi ghly cl osel y a erlng prébeFE excel Pe transpar § an excellent
scratch aksosicamesl on the sArrcﬁah&*rs olfj phOtO(ﬁhrhIBlpr]EEE’o’HS proeideshblys t o

prOV|de cQ osition capabl fornln a hard €90 tin n_the

Purt doosthf SRRy Serranre t BReRChT Cxfer ot ThEE i S e b e Rr e eREsar  ng
fornmed byoa exgaiplng Iaiephﬁdntvm‘mdfmuémsa dﬁeu&oegst dme atmnml:mﬂ uened probl em
of yellom1deter|orat| i i i

t her ect of the p nt invention is
to provi3e® %.E%EE|QQfQ§nﬁﬁﬁ§§qﬂaﬁ éﬁ%é@@@e f 8P§F §u§eﬁa% §8§PVﬁann t he
phot ochlr@dsnl bioa) apgltkat oﬁ@ﬁ@;p?@t@ch&@hﬁl @éaartﬁ:ngo&mmmﬁdt@w‘m an |
partl cul ar an amn rou effective event 35 the oye- nenti one
D ol omsabi 6 F B o tierore” TaRr oY (B &7 NS PP 508, L8R ng.

A stid | pasé hﬁmkﬁ)@i ectridfs thatphgsagentnyend iproduct @riodudede by phet ochromi ¢

optical article on thch t he above hard ioatln is formed and a net hod of
produci nBT EHEN s aPRP 1 5CABENNH ot S SBI GPREPLReCHR Beéﬁgon[ggggflnlng dAccordi ng

to the psesesh s@ye@ﬁdoalkbh§éelaﬁepb@MéQedhanceatraglﬁ@npeiuhhen
conpri si ng: ranul ar_silica having a grain size of not

| arger 10 tkmn?%ﬁﬁ?ﬁndocumean3 oqga%O%?T1%%%3§onpound conponent s cont ai ni ng

an epoxy grouppgggﬁgj@é@gn@ﬁgagosgﬁlgpﬁzpo@@@yn§2@@b§ and tetraal koxysi |l ane
(b2)at a nmass ratio (bl/b2) of 0.25 t (c) water; and 15(d)

a curd ng cataI@%EGQ%nﬁﬁ¢%m%©ta3co%%T%kT%bh2%@%l 834Bami num as a core neta

wherein the fipggianb@inshti£a {8) 1St COPt fhPEEN AP SRa BMRHNE-B8hehS TO 55
parts by nass, the water (c) is contained in an anount of 30 to 200 parts by

mass and the curing catal yst 20(d¥O280846At4aPAéd in an anbunt of 0.1 to 5.0

parts by mass pefotheglotRbn@mungpoi_shesispesgganul ar silica (a) and the
organosi |l i con conpound conponents (b) of 100 parts by mass. It is

desired that the coating conposition of the invention further contains a

“ﬁtQﬁTSObEQ&FOQuﬂé”bE év?ﬂ?eﬁ€lo§5 in an anount of 10 to 200 parts by nass
per the total anount o Ine granular silica (a) and the organosilicon

conpoundProhpenents p@)S@lvqoobpathg bpvenssona mass ratio (c/e) of the
water (c) and E@@O%?ter-soluble organi ¢ solvent (e) being 0.5 to 10.0.

However,thepresentinventorshavelearnedthroughtheir

study that the following problems arouse if a hard coating is
25 formed on the surfaces of the above-mentioned photochromic
lenses.

That is, when used for extended periods of time, the
photochromic lens on which the hard coating is formed tends to
exhibit yellowish color. For example, when an acceleration

30 testing is conducted by using the Xenon Weather-Ometer X25
manufactured by Suga Shikenki Co. (using a xenon arc lamp of
2.5 kW, under the conditions of an irradiation intensity of 40
W/m? and a lens surface temperature of 50°C) for 100 hours

(corresponds to a service life of about 5 years), the degree

35 of yellow deterioration (AYI) of the photochromic lens exceeds



30[ 0010] According to the present invention, further, there is
provi‘ded a photochrom c optical article conprising a photochronlc opti cal
hase member and a hard coating fornmeddon the surface of the photochronic
optical base nmenber, the hard 35 coating being obtained by curing the above
coating conposition 6 In the photochrom c optical article of the
present invention, is desired that: (1) the photochrom c optical
base menber has a hotochronlc coating forned on the surface of a

li ght - tr%n§n$¥%lhgf Yy LOOR) E@F | HBPECYEMRaBY e conposition that contains a

phot ochrom ¢ cappoig, @%6&&%&@%@%@ Hovdresl ohrd heostihgce of the

phot ochrom ¢ coating (2) the photochrom c coating is, obtained by
phot o- pofwwizqrhgh@ BhPABrErediposPat oRg tHat comtaing at PRER4EULBTone ki nd

of phot 0@59&&&&9{@ oung witBadie J_;wﬂ,% attrgmﬁraﬂébﬂeeﬁegagaohs a
plastic lens, and th otochrom c coatin as a Vickers' hardness of 0.3 to

10 k§/ m®n this case,4fhenehphechepmbsi l:elé%rﬁﬁmiﬁj teaexhAbaf Adighbdy; 15(5)

the am np g5 puR é@%@wﬁéﬂ%ﬂé Yiepd HéQ%%&inlEPa%Pa@& hAan 1At OBRL . (6)
t he substituent possesse he am no group is a heterocyclic group

cont ai ni ﬁgr*ahﬁrt rao@@@t@p@mommitenatmang hdve a har@rﬁqﬁlgrqnlfpra@daonet ero
atom a” é‘fi’ £ rRIctQSanﬁngLE’héwEo%rg ley e DeEEEQEYEI 1 ¢ group is not

| ar ger t Pe anno group 1s a Ao group; and (8)
t he photphht@cnhcoropc icoaip caundi wl eh exhinbi g o Ep degraer@tdfewehbbw:depe\dicor ation

(AYl ), of i.kr.adi gt t for 00 hour s
by ulsQ| ngca é%lﬁ@('ri]g% C dlqgl%f)c Eg V\{ggg Jé tk eaéc ha%sc%grg(g Bcl)‘!f dlré‘)et'}%rEJ r%{der
condi ti onsisfcage, hoadivatj art pfitenshappais 40aW e q:rmbtan:hrrdnalcb aEed sur face

emmer 3RS0 OO o RS AE SR B BRI,
article cedpissi ogldhetsheps of: form ng a photochrom c coating by
bt chr o o CTSGUTE haVidh B S FD Grett brt® SoTIGRCSR raREm Tt ng
menier, Bboaoadhromiagddtei oy ableecoatpnsgi ¢ompos dntlon As poorlfyornired a hard
Coatn0 By ARELIG, LU, AURLeLUBOLL ROsd, coRLIA COmION! Lon el Llle |
I nventi o ¥ BHotochromiite coaatinggae oaTosd icohdeintihe jpres@ntingnyent i on has
an importapt, Lepturs Lo, Lnaty LhqColREL3Eon 8 ng [LRE: Q1AM 8 hign
scratch resistance.

20 [0008]

It is, therefore, an object of the present invention to
provide a coating composition capable of forming a hard coating
on the surfaces of an optical base member such as a plastic lens
featuring highly closely adhering property, excellent

25 transparency and excellent scratch resistance.

Another object of the present invention is to provide a
coating composition capable of forming a hard coating on the
surfaces of a photochromic optical article having a
photochromic coating formed by a coating method, without

30 arousing the above-mentioned problem of yellow deterioration.

A further object of the present invention is to provide
a coating composition capable of forming a hard coating on the
photochromic coating that contains a photochromic compound
having, particularly, an amino group, effectively preventing

35 the above-mentioned problems of yellow deterioration, red



silica having a grain size of not |arger than 30 nm (b) 10 organosilicon

conpound conponents, (c) water, and (d) a curing catalyst conprising a

conpl ex having alum numas a core netal, and that the organosilicon conpound

conponents (b) contain an epoxy group-containing organosilicon conpound (bl)

and tetraal koxysilane (b2)at a predeterm ned mass ratio (bl/b2 =15 0.25 to

4.0), making it possible to forma transparent hard coating on various Kkinds

of optical base nenbers and, particularly, on plastic |enses maintaining

good adh@etayiprabeehyanfdPeXEefrehfdscratch resistance. Particularly, the

hard coating forgedh byrust dr t e &bOVEr COR | Pl SOMPOSHhT &R0 3 06feps scratch

resi stance which pertains to the top_|level as conpared with the hard

coat i ngsPBBY hfaed PhpteshEgmikeoRRdGAL et ke @@rﬂéngéFbi gy a1 Bp rehe

coating £ggposhtiensgintleantesentt hoNCEi BPokiscUn§dtRE Egheform ng a hard

coating on the surface of a photochrom c optical base menber such as a

phot dchr Yapes| éas, Sahdieghtbet Brabde®ssi ngui shed effect particularly when a

hard coati ng iFO%@§PEd on the surface of the photochrom c optical base

menber obtai ned by the coating nethod. That is, when the hard coating 30 is

formed on the Awededenafta hidephoesehtommenpidnal tibere ifemrovidacdld ens

arouse s p [ ng,.a deterioration after used for extended

peri ods g§ggﬁﬁ%.ggégﬁgég?gﬁsgggﬁﬁ%%gﬂghotochronic conmpound havi ng an am no

group invol vds)aa friokl gramilaedidécerhay g engr&on mivg chendtaddrgeat i ng by

usigg)thghgg ggaﬁkng conposition of the present invention, on the other

hand,” 871'S atconpani ed by none of the problens of yellow deterioration,

poor curing db)redgaeterldcanicampamdivcbpbeedescedbeainiing@eanplpexyappeari ng

| ater, th r ohl . i fi o] C i pti cal base nenber

cannot bgggﬁgvgﬁﬁgg1??3§n§kﬁﬁé8gi§$05ﬁe¥§ gggggogégEL%Pg (a) to (d) is

m ssi ng betrhaakprgdélenal (ed) attd masfs aabunt $bilgbAbtoSdt iXT ited 4d€spite t he

conponent s (ﬁ))t% &dé_ag% contai ned. [0014) The reasons for effectively

preventing t g pr8 Férhs OP 10 yell ow deterioration, poor curing and red

det €5 or at i ordby ausurdngheataadtisng cooppasihgoa ebmphexpreseatinimeenti on have

not been_c¢larified yet, but tge present inventors specul ate them as descried

bel ow. Tﬂng?g?mmﬁﬁnaaCﬂﬁ?dmg ating is formed on the surface of 15 the

pﬂot Ocﬂr om ¢ o‘phécairébtase ig15(=) grra@lmtlaiﬁrneﬁlbyat he) cm_tdd}gt_armiéw%n an

phot ochrom ¢c_conpo cont ai ned at a hi oncentratiQn.in a thin

phot ochrSijEngog?i ﬂg ?%r%cf’%rntﬁ ?Ray ﬂ?rsfsgc&?@f WARE TodCil caS HREEAADTSer i s

det eri or ahegh winiduraxygero tdwak opepaeas asy Maseughdt tige and mpakitag yerder the

irr 'atiay 20 with li%ht" Asa result, ib is cqgﬁidered hat the

photTthr & ¢ 8 oot € hiThia™s APEUPEWPERC e b BP At &2t PY JP Sk Péfded

peri ods ehettBealBambdas, othenphetinehgeahalaenpoundapraseanhdatha hi gh

concentration in_the thin coatingmcones in contact with the curin% cat al yst
a

at the tPREABPSELIFAY FREPEHAHI RGMPSNEBRBosP1i B, LPBWBAFAG PHe™@§Fability of

the curing catatyst asdiréfetBLOr€net BEaEUhYNBohSoPOOLbY 8Ff epked. Further,
when t he phot ochrom ¢ conpound has the am nQ group, it is considered that

the phot 6BNFBRTENCHIIdIR CORPBNESA MEdETsIP doibde RREANEE FrRKVeRt (Sden
i rragh at ed whtBmbh&htoHULO 1o thwD igh & Gy @faRepaser hd0 tiha 1amidRint

group- cont ai ni nqg phot ochrom c, conpound that has mgrated into the hard
coating SAdthddimengraBRART ki HECH A anestReGF WIS idd aqn coaPeand cl es

cont ai nedohPohBAtBalK) coRtIOMIparts by mass, W hBskhLa€08t { O UM | On Of
the present invention 35 containing the above conponents (a) to (d) at a

predet er HfRhed (9 ratd &Fhst wakSantelubd et aEdabhersaanenti te) Pidisilder ed t hat
the hardigoaphipg that is formed adheres to the photochrom c coating highly
closely and, besides, the fine granular silica (a) is honbgeneously and
firmMQ bonded &A&1Pixed in the hard coating. 5 Therefore, the hard coating
that is fOrnEdABééréiH?9909£H§5?£§§8§tti Geﬁgggﬁfafﬁgﬁgégg)tﬁér%-isnOt | ower

iR
than 150: and, particularly, no ower than ), 1d beconmes dense and
provided a photochromic optical article comprising a

photochromic optical base member and a hard coating formed on
the surface of the photochromic optical base member, the hard

35 coating being obtained by curing the above coating composition.



hi ghly hard since the nol ecul ar notion has been very limted therein. As a
resul't, the hard coating exhibits a very high 10 scratch resistance and
effectively avoids the transnission of oxygen through the hard coating. It
i's, therefore, nmade possible to effectively prevent the problem of yell ow
deterioration when used for extended periods of tinme, that presumably stens
fromthe deteriorated photochrom c conpound 15 due to the perneation of
oxygen under the irradiation with |ight. . s The_hard coating which is
Gonse and hi gt HF doasr RS Egh e 1@t val 2 ShhBHECSE { RAS REESRR ot ¢
conpoundifivent gy ait ngsi aeéoitbe bhsd:coating. Asa result, it is presumed

t hat despite t he phot ochrom c conpaound has an am no oup, .the.

i nteraction #i9éﬂBbPB8?88358Pﬁééﬁﬁngng8P86%?@%?&H%Bﬁb@hﬂg%SH&OPH§ fine

S :c :c ica padlsé‘cﬂhgsf@ﬂd%dt&ertﬁfh@rﬁxrﬂﬁt% Rrfolal Qligﬁﬁzl—ltedn@ﬁitigltii@rgahﬂeﬂmdrs ,
effectively prevented. Further, the curing catalyst used in the present 25
Chvert | oY) ERT RIS SR G RG KHETL D GoRRAtion aPhORG COEGIIGS || con
conpoundcafffolfid ¢ 0died d8icelatrd €xAt bhy BHFVIGRA oWl thE $@ppdié idy tMen wat er
is used in large appunts. 'As a result, the effect of the photochromc
conmpoundPNALPRBRI PREE0ERRBHTE/ | ayer is effectively suppressed and the probl em

30 of poor cypin@nkSpabtechiréphy avaikdad. ik08b%hined by Therefore, the
coating ngEOSItlon of the present invention can be nost desirably used

parti cul BRPYOTBPLYBREL AGNE har 2R bACORGOSH tied Lhet 08 tai nsnat 386SSchr oni ¢

optigpl basek3RdMBAPERoOBEALBRICDYohpBus@ati ng nethod. In particular, the
10 coating conposition has not so far been known that is capable of solving

the above par8ictharlpgbbrerekfnitbiearBenpen &S hamd asddd dgnss Redred on
the surfage Ofiotden POARL OB fy HRld %a{/iéﬁé?swelg?FElne;Qeéff@.rﬁ1t5 g coating

conposi tion of the present 5 invention is a nov conposi tion. For exanpl e,
a coati n§gésmposition using fine granular silica of not |arger than 100 nm

has her et of or,g,\b -hesi I iU .alum numas a
(9)DeqE Eﬂg‘é@cﬁ%m% Slogh %ug{ﬁaﬁ)‘%géf _a%x Aéa&\(ll\ﬁ to?gg‘éﬂ%

core netal has been known as a curlng C 1der st ood from
t he ¥act that{Snotbeagnhgocoenpupi hasm 10101 heted of myup baidh Kndwn that s
capabl e ggrggﬁugggﬁggusly solving all problens of yellow deterioration, red
deterioration and poor curing at the time of formng a hard coating on the
surface of tHé)phbeoshbsfiituepti palsskssednbiybéheolidinred rourt hes @oat i ng

t hod, 73 [ it t 5 ' ti had
o o PEEER8IERLEN SARLLRY ARTRGEL L% ert RECAS ALSEEN: Loy ot on bad
and a coaplirg qroup Rg &diatgste jatwint,haalunheumnise ra ofot ke et tad r @tatapm

predgferain ragi Nt _in.c .nati iLth e ,epoxy group-contai ni ng
silﬁggn g%nggﬁng%kggggggﬁggxggPpgngggh %mgg29%%26hégiéf Description of the
Drawi ng: [0018) the aminoFiggoup iis a sieetlikglamiwicewridupystarat i ng a

representativy egg %hggpt q%% : Pptochro .Q ticah. ase er of the
present 25 ir@én |§ i e%?h r?ileg &tléaarlr?ir (f:]Lc gt =t égﬁﬁ\sle%‘taﬁr%{ee[(? 17]
<Coat i ngy€onpesiétonrodiei enal Ay )cofpasikt iapget theni venihan ixontsai ns, as
30 essen&&aldcoggﬁngg §’1(a% %k;ig% %ngla silica, (b orggﬂg g!icon
conmpound cSﬁp%ﬁ s, (¢C) Wt ert Un 6%% oyl BRTEBT af (Hb coréfetal of
al udthunpés2abckWi ag aasaliyst. ofislighti nedert hteceandig iocospesi tanon of the
invention_is further.b endeg wi_th ﬁg 2addj tive conponents |ied onto
the 35 SUFFAGGOBIOR  PARERAF¥nD Bl Parthd Srbraeh e 1451 o W T
temperature of 50°C.
[0011]
According to the present invention, further, there is
30 provided a method of producing a photochromic optical article
comprising the steps of:
forming a photochromic coating by applying a curable
composition containing 0.1 to 10.0% by mass of a photochromic
compound having an amino group onto a light-transmitting member,

35 and curing the curable composition; and



11 coating which is transparent and exhibits excellent scratch resistance.
[0018] Fine Ganular Silica (a): 5The fine granular silica used in the
present invention has a grain size of7not larger than 30 nm That is, the
fine granular silica densely disperses in the hard coating presunably
contributing to increasing barrier property against oxygen and suppressing
t he phot ochrom ¢ conpound frommgrating 10 into the hard coating. For
exanple, if the fine granular silica havin? a grajin sjize in excess of 30 nm
is used, it bdesmegadief hped coasisgl b aRelubBY et be odPeye ekl PGA

det eri or@d10hd @ dpd¥ifdidrerhtdegheepnbPB8eRlohdEhecgt 2hg shdecetihfe fine
granular silica is not that of an aggregate thereof but is that of "primary

grai ns tH epfating (¢RAsitidize is smaller than 30 nm therefore, the fine
granul ar silica does not substantially contain coarse grains of which the
primary grain size is in excess of 30 nm or contains 20 coarse grains in an
anmount diffeas ahdme dhngemas®dand, particularly, |ess than 0.5% by nass.
The grain si ze[otbflzt]he fine granular silica can be neasured as observed by
using an electron ricroscope (TEM of a nmagnification of 150,000 tines.

[ 0020] 25The fIhee cgrannbacomppEthips obudie wrtisspdr sayent igm hggeads organi c
sol vent and i ; | spersio ol ugj.on. r re, the
grain sigﬁep%%{etasuredl%%/mﬁ?%% ?ﬁteacl s‘%glrggéonpas)(s)lél')tﬁ)rﬁl)éI %g%glflg gl y

speaki ngsilims durciend ratgoninfsite df gper siargeol thamn3 snmadj (8t ed by

sui tably di ng. a 30 di rsi0 i her et h t, t\h tration
becotes B aRDy et CRBELBEoMERhERD (O Ra s HFLA'E EPBEREL on o
support aeetreleys ts wompad sdagbencdnp e x draivechgad 1 nndmutneaper abureenebad, i s

observed. t hrough,the TE 0021] 35As wil be under.,sto from.the_above
e chine! Sbosr Aitpa Caed g

descri ptall% P&t 9438 anal arCER T ¢4 (Cé:)m oa{lvelnntgS aPdr SPRT&Pe2Bf not

| ar ger tdrox B0y ronprsath tan nirey | owgario il 1 son userabdynd bllehdeandnt o t he

coating conposjtion in a s e .of a_sql .obtained by being di ed in a
et er oo Dt s VRS et ar Y el Fenae 4SReReLer  as
dustlS AsOihe twatfresolmdtn@roganpessitbento forml £ obhodnspavent kbandbe
suitably use such_as. i so nol , et han nmet hanol or ethylene glycol. It

d ro oJe,
s, howeYEL0g SO AT OV e HIPTIse! (R T5TS bty TE KETENEES ndbhyl | sobu yl
ket one gsarfhi@ilytl pcadranp test 1O Thenséd ifai 150dih Bnd Ngloisd r aahéyiaygai | abl e.
For exanple, sols usin ter as a ogis ersant have _been placed in the market
by N SsaiF FERaKl HREGFOCBOICTh TR b AdE S Arer- SRORERVBREL Yanbiex OG,
Snowt ex Khrdnaydtexnd- fdmed Gy S0 Bndist g Soawad ecosOL Pl ompgant £onol vent as
a dlzgpers n nmedi une%gve been 15 placed in the mar keﬁ‘@bg Ni ssan Kagaku Kogyo
Co. 2P e M TAC W IR 2845 (IS PRESTIVE Y HISpEPDane Rt Adnol ) |
| PA- ST (cbhigersdniith st apar®l doat H9@2]obtained by using the known
coating compositions.
[0013]
The coating composition of the present invention is used
25 for forming a hard coating on the surface of a photochromic
optical base member such as a photochromic lens, and exhibits
a distinguished effect particularly when a hard coating is
formed on the surface of the photochromic optical base member
obtained by the coating method. That is, when the hard coating
30 is formed on the surface of the photochromic optical base member,
problems arouse such as poor curing and yellow deterioration
after used for extended periods of time. Besides, use of the
photochromic compound having an amino group involves a problem
of red deterioration. Forming the hard coating by using the

35 coating composition of the present invention, on the other hand,



In the present invention, it is npst desired to use the 20 fine granul ar
silicain the formof a soI by dispersing the fine granular silica in water
fromthe standpoint of obtaining nore8excellent effect and, particularly,
solving the problem of yellow deterioration of the photochrom c optical base
menber relying upon a conbination of the organosilicon conpound 25
conponents (b) and the curing catalyst (d) that will be described later. In
such a sol, it is consjdered that water .used as di spersign di um

cont ©§ but ST, PHYIR 721 1 D IS BaR oo b Lk BEG 5007 Cedifsonent s
(b) and, prSI deﬁln@h@rsyéﬁaaeseeiotbelbnne Maﬁﬂﬂhrbéldidas:@.rﬂbedaﬁ:hl vat ed.

Asa result 9 consi dered that the fine q!an%g? 5% densely and
honogeneBﬁ@W? 8?5%%?%%61?% }%%eﬂar T FHRIHSTD SR %Cf ooved

barrier prepechyomrgaidiii@xypase r{lé}ﬁkiéx} cannot be predarrﬁeheﬂf abherde fine
grang% ilica s used in the fz it is deslred t hat the
concehtrg |Bheo? PHe SgipPgne’ss ﬁgLESn l?h@laF%BQrgFoﬁ £s8l ution of fine

granul arpsbbbtarh$nkd 2atapgerohmdlnte 45%mby BBESs@ndd pakpieel atey, the
dlsperS|on solution is aC|d|c having a pH of 2 to 4. It is, further, desired

to use aCEMBPRPBE&N (36l LR 6F) cBﬁ?aFﬁPE@laegnall 5 ampunt of sodi um which is
of ten containegg@gsptabilizing ions. By using the dispersion solution of the
fine granular silica, the flne:granular silicais stably dispersed in the
coating composFRE cFEd$RRS i KOB It 9feid Ve 100 P4 VR T tch & Wy oMl amsy &t i on,

therg i syBQ18Ar heeukaprht Mbhat bBBroButhagf hAe geandkakribliagaonf Hyhe fine
gr anul ar S|I|ca as a whole has a grain size of not |arger than 30 nm

Gener al | $S1pgvidve FoatRBIpFRiRRH bheR cdpthe Arafend ABVBAL 18 Paghnet
effecti Vséxnpéﬁaﬁﬂfﬁéd%W b@wgcﬂeecbxf!%é%{ﬂ ARl s K aeellaw 4efLy i orat ed

if the grain size i1s s is désired to use an ultrafine granular
silica haoi dgsargedi hespye of for exanple, not larger than 7 nm and,

particularly, fhtp § nmhe%vatﬁgwgcém REEShARASLANAL LA add g Or anul ar

silica in the coafing c onmposi tion |ntolg%n5| eraplon b%omever It 1's desired
20 tHat the photocbfomhe eptiatdl neage ammesr eiaiged gnautm@ucp@tdfnmot

| arger t nm,i i L I §¢nQt liegs than 10% by
mass, no@§EB§8fg?a ngf%keﬁlgoggﬁégggésEgﬁg?gggst%t gpPe%@rably, 15 to 50%
by mass penceherahdobe anoanthofi phpeoghannliiar centiivg faxmed HOO%HEy nass.

25The 1 OUer (Lo NHB0L 1 A0, Sl §eal {06, OERPLLAL: 8 Lsadep T nm by

taking t pro ivity of Tine granu es an rAto cons ration.
[0025] Thbat|pmm@wa¢m¢enhnndghxxh@ahamd bbanied mmdertHHE(unﬂaduyﬂﬂbn

Itb??h lr}LC_br U gng rg u&% to d&% dgyecﬁr%%%tp@he tﬁ)@l%tto%tharl aim)unt (a +

the i ne are §rrifca (a e organosilico conpoun&lconponents
(b) thatcmmpbuhd dehmbnbedybaﬂeW1sh t@mopaafsehyusagsfoEr@mm@mmestandp0|nt

of scratch resistan of t t ai ned har tln and su essin

cracki ngp§trl?§ J’Q“rrge +10% - cué;elsnlg,esi nr%g’ar tFﬁ11 %Og?quﬂH.e fcorqlgoé‘{)fp%@rers 4 silica
i s bl endetd avheghlesiomadyhyranicm amothd uﬁldubdarﬂﬁb|mﬂmeslmm st aartd,
particul ar 45 p en the fine.granular sil.icais

Dl ended FACPhERRoPHF ol 9acab L PRe Shnblft CoFer e FLRd G 4 SPSiM i
cor rEspondspbeithenanmwdrinfg the @zsaﬂibllt:yobtfeu:tte iciu rti lney dasabysemrﬁ:o,l ution,
ad Lo AFBURECZL EhE cR0al PEodD. LI L BRELS OB AU LON S, el uded |0
conpoundphorpehenins c(dmpound has the amino group, it is considered that
the photochromic compound exhibits reddish color when it has
not been irradiated with light due to the interaction between
30 the amino group-containing photochromic compound that has
migrated into the hard coating and the fine metal oxide
particles such as fine silica particles contained in the hard
coating.
With the coating composition of the present invention

35 containing the above components (a) to (d) at a predetermined



10In the coating conposition of the present invention, the organosilicon
compound conponents (b) forma transparent cured body that serves as a
matri x when the coating conposition i% cured to formthe hard coating, and
the fine granular silica (a) disperses in the cured body fornmed by the
organosi li con 15 conpound conponents (b). The organosilicon conpound
conponents (b) are used in an anount of 85 to 45 parts by mass, preferably,

80 to 45 parts by nass and, nost preferably, 75 to arts by mass per the
total anAfto O aMBYNES, tR W WS hEmbagHanyt airs éiolfi iglerpd shatt hbe

or ganosutaapttofaeqﬂ Uﬂ?‘a@‘i@p%ﬁﬂéé a%ﬁt(é&)esof:ol@rﬁ)e PRSI MBS coBY i Hgl Ng the

organosili1con conp d conponents (b) and the fine granular silica“(a) in
such andUthiY|QlQ$£kﬂIanﬁﬂjhﬂ?hﬂﬂﬂan@@eséﬂ@ﬁcﬁrﬁ@§ﬂ§ﬁaﬁéél§ﬁ the B&rd

coating gy d&%cé% Bt ?.?r@?g &gd ’H?Rﬁ'f&'x% YRidie &l r%tbgetxgavm di ng

poor curing rence o e tinme of 25 curing
In the giesentoiawerie dmrd heoar Gamoshat con torpedndasoapbheht g1gBF nust

Forr aal KO e BB LB & D LT 2 hE o SRFOHRR 135 s 10 4.0
The epowammptacmm,almmgl@v@amm i b@@monmtmdaecmmea:aimmmmnd or
enhanci '191@%’1“5? S Ui dde har doqaaty %Igr Rl R%%eb%gb y T 08mi ted

XYSI a and

tetraal ko ane 1s a tetra unction si'l"ane compoun |s necessary for
form ng Ghémﬂxhcoamlngrwbmdm |$heehsedhamangng éshmbghsgbassryramghtlon

poi TO (T.%%%a C::I.h5]:Ie002 I(r:]gnef]f th f?gai\so %%qztl On %11%%0)% of

gr oup- co nlng orga 0T oun e ra koxyS|Iane (b2) are
used i n eopyet stlofoddie Eboviearditcoatikgng It jEossitd e fudte omadd o 5 form a
hard coatin Vi n ellent. scratch resistance which is,excellently
ndher eq ROFTHELS ot 5t FRRbErebR e Conh A% P EPELPR ST HELERF al S0 1)

pr event @étem@tﬁ'@imn suittdn assy¢! fow eetended apéohodsedf detime| otakiton and
poor curin t. occur at_the ti f form_ ng a hard coating on th surface
br L he TOF EHBLRCHY Gt am D rednlt N e Chab 5 otk BRABRCBY SMHe EBEPPHE Srot hod.
For 1examphe, t s\heie ghé s a t 1ren ePOXyx gyOnput@at at e NPrpagaaesbhi w@Ahconmpound
(bl) ornietraalkoxy5|lane (b2) is not used or even when the above two
conmponenttd Bt e used, some of the above probl enms can be sol ved but the above

probl ens cannothel hakel abbwal;wadmﬁ th@ehald anaf hagpLyitisatd 6 ¥ siode t he
above raﬁg For exanple, if hhe mass ratio (bl/b2 of t he epox
gr oup- cc ‘?‘h‘fh@e%\‘gsa‘rﬂ?sﬁqqscﬁ ec%‘b%ﬁﬁ?lr%‘ﬁﬁctctﬁ“f* ndEpem Qﬁ@ré d88ds 4.0,

it becompstdlithlel gatd doratfigign andepsesand , hat d scpptbifledathtt Respregr am of
red deterloratlon or the problem 20 of yeIIOM/deterloratlon cannot be

suf #0ci ert® PRAJIQFEFOMiC CREPRRSE Rasi %n(W?T&)gq%l%nﬁlhleetnFﬁaﬁcélQ@ on the
ot her hapgl, supgphessae patividdt WHe PhJtIdRRMMA ¢ caRRIUnRD ahdy ithg Ziwe form

t hi ckness,  decreasi ng. the adhesion to the optical _base nmenmber such as
pl astic $EhiCa RREEHG ¢herRdr | IRETREBERonENBOBFORREM28EpERHi tting cracks to

occur 'ndé@@&f@%&kf@ﬁii@géff@@@ﬁiely prefentbg. epoxy group-containi ng
organosilicon conpound (bl), there can be referabl%hused a silicon conmpound

havi ng an epoxERiitsip dhanwtyriRg £kt 2AsrA gtBubh e uRRe 88N Al koxy 30 group

in tie npheci Bsn fg”H¥§HE§)bed%ﬁﬂdéNW%t%P%R%U@Bo%ﬁ?%%éﬁ?tﬁgn@ﬁlhﬁﬁ ol | owi ng
formula (1) can be preferably used, (Rl)A(R2 wherein

RandRI - a@régam%bbwmmr@pqmaﬁnaé&ﬁ%ﬂwﬁldeém M ﬁyhlaggr s0pankad ng 1 to
3 carbon-@f pN®. cagdbility when water is used in large amounts. As a

result, the effect of the photochromic compound in the
photochromic layer is effectively suppressed and the problem
30 of poor curing is effectively avoided.
[0015]
Therefore, the coating composition of the present
invention can be most desirably used particularly for forming
a hard coating on the surface of the photochromic optical base

35 member obtained by the coating method. 1In particular, the



R2 is an epoxy group-containing organic group, and "A" is an integer of 0, 1
or 2. [00301 Concerning the groups R and RI-, the |ower al kyl groups 5 may
be those having carbon atons in a nurider of 1 to 3. Fromthe standpoint of
safety and reactivity, in particular, it is desired that R and 1R3 are

met hyl groups or ethyl groups. Further, "A" representing the nunber of R and
RI- is O or 1. That is, the above silane conpound desirably has 3 or 2

al koxy groups 10 fromthe standpoint of form ng a dense and hard, coati ng.
Fur t her  COREANR GITRES L LB AR MCY FOaEAFUPSPR HERBE: TRY HE foPakiites, the
pl uralityfdfolRialgreyebeodvé friafitcdraanpeabhent tigat 3 whehud hlaard t he
epoxy group-contalnlggmorganlc group_represent ed by %%f&%f% group

repr esenfACBYIt he FOFPet My ¥y ML gLt thecPhoRe Ptiitélein R3 is

an al kyl Bage @@t NavirRaré rbeef 2 BoA tahgEomsds Bt ISRV fieppaserirad by the
following fornmula (1B) : 25 R4- 30 (1 B) wherein R4 is an, al kyl ene

group’ ha¥NHgNtiep 8Scar BeKSAt GREPOFABAON - For examplerna GP&YiBBe groups
repr esentgelpby i B3oANds Ry i Mid1g rakrMe 32 ilataubasnéd Aa Bgwh (thlin Mo be those

of a straight chain or a . o
nm has heretofore been known and, besides, a complex containing

aluminum as a core metal has been known as a curing catalyst.
As will be understood from the fact that no coating composition
10 has heretofore been known that is capable of simultaneously
solving all problems of yellow deterioration, red deterioration
and poor curing at the time of forming a hard coating on the
surface of the photochromic optical base member obtained by the
coating method, therefore, the coating composition of the
15 present invention had not at all been known using a fine granular
silica of not larger than 30 nm and a complex (curing catalyst)
with aluminum as a core metal at a predetermined ratio of amount
in combination with the epoxy group-containing silicon compound,
tetraalkoxysilane and water.
20
Brief Description of the Drawing:
[0016]
Fig. 1 is a sectional view illustrating a representative
embodiment of a photochromic optical base member of the present
25 invention.
Best Mode for Carrying Out the Invention:
[0017]
<Coating Composition>
The coating composition of the invention contains, as
30 essential components, (a) a fine granular silica, (b)
organosilicon compound components, (c) water and (d) a complex
containing a core metal of aluminum as a curing catalyst. As
required, the coating composition of the invention is further
blended with known additive components, applied onto the

35 surface of a transparent member and is cured to form a hard



17 branched chain provided the nunber of carbon atons is in a range of 1 to
8. Fromthe standpoint of easy availability, however, it is desired that the
al kyl ene groups are those of the strailght chain having 2 or 3 carbon atons.
5[ 0033] Concrete exanpl es of the epoxy group-containing organosilicon
conpound represented by the above fornmula (1) include:

y-gl yci doxypropyl tri net hoxysi | ane, 10y-gl yci doxypropyl net hyl di net hoxysi | ane,
y- gl yci doxypr opyl pet hyl di et hoxysi | ane, y-glycidoxypropyltriethoxysilane, and
B (3, 4- SOBRYBYCIBRERy RS eERFNEPRREDRORPS FAREDLARDRGCERGANT SCPatch

y-gl yci desypsepyker i net hoxysil ane and 15
y-egcidoxyproP¥Ingthyldinethoxysilane are preferred fromthe standpoint of
cl ose adhesi on!¢®!%he optical base nmenber such as the plastic lens and the
crosslinking prepgiby. skurthera)the epoxy group-containing organosilicon
conpounds may be used 1h a syjngle kind or in a mxture of two or .nore kinds.
20[ 0034] P " ote L Rryar | Shes (b255ed et SR 55 Dferhprienitddpn

tetranet haxysidoden 4L£id agt Moty Siadraee: thahr 3pr AROXYShd@Nes, the fine

tetrai sopropoxysil ane and tetrabutoxysilane. Among them the
tetraeth6%§§PﬂéﬁeSF§15Peﬂ§9§§éyfﬂéﬁ??ﬁ§e§t&ﬁd68ﬁn%aéﬂ £534J &%l yzi ng rate of
the al kQFS).‘egﬁﬁ\HBlytéBﬂ@ﬂit%@ﬂpg ¢0SinctidS3Blg barrierPFéperty R inst _
organosi i con conmpound conponents (bé may include organosilicon conpounds in
addi t i onOK¥IER BEPPBEFSARE thiszphabegkr onsc aeapsi et £ 5pHa@iatiicsh
conpEyinds n +bRGEh 3Pk Dt EX TR L1 S TONG-F 5k £ 130y E 4k Bh KRyysidane
conpounds represented by the followng formulas (2) t0 (4). Al koxysilane
conmpoundhavippeaf graihasizp: 1IR5SEREEBSI PORPA- B2 )L swiisedl, n 1 t3 RS ome sz

hydrocar bR ¢grayR Paviigyd {fe Ba@¥dPY ol Bl e 18 M MWt Fi®xt Bn

met hacryl oxy group, an acrylic group, a mercapto group or an am no

gr oup- colivaknsngforgantcdgoses, R6 and R are, respectively,

al kyl groups hgybgg 1 to 53 carbon atons, and "B" is an integer of 1, 2 or

3. Al koxysil an on%ound of the formula (3): (R7)cSi (OR)4-c(3) wherein, 10R7
i s alhydrogen @hengraini syzegwduphe afiing yJrarolgr silica is not that

of an aggregate thereof but is that of primary grains thereof.

If the grain size is smaller than 30 nm, therefore, the fine
granular silica does not substantially contain coarse grains
of which the primary grain size is in excess of 30 nm, or contains

20 coarse grains in an amount of less than 1% by mass and,
particularly, less than 0.5% by mass. The grain size of the
fine granular silica can be measured as observed by using an
electron microscope (TEM) of a magnification of 150,000 times.

[0020]

25 The fine granular silica is usually dispersed in an
aqueous organic solvent or water, and is handled as a dispersion
solution. Therefore, the grain size is measured by drying the
dispersion solution. Concretely speaking, the concentration
of the dispersion solution is adjusted by suitably adding a

30 dispersion medium thereto such that the concentration becomes
0.1% by mass. Thereafter, the dispersion solution is dropped
on a support member such as carbon film, dried at room
temperature, and is observed through the TEM.

[0021]

35 As will be understood from the above description, the fine



or an al kyl group, Ris an alkyl group having 1 to 3 carbon atonms, and "C'
is an integer of 1 or 2. Al koxysilane conpound of the fornula (4): 15(R8) D
(RO)3_DSi-R8-Si (OR) 3-D (RI)D(4) whdrein, R8 is a straight-chain or
branched- chai n al kyl ene group having 1 to 8 carbon atons, R9
and R18 are al kyl groups having 1 to 3 carbon atons, 20R is an al kyl group
having 1 to 3 carbon atons, and "D' is an integer of O to 2. [0036]

Descri bed bel ow are concrete exanpl es of the al koxysilanes represented by

t he aboverawnghaf asiiya t @) Pavirgmet BYRLDI PbEROXE d1tad@rger than 30

met hyl triethysihl 8RE. | e diepydd idTeLBAxY Sy, @8BBenBe@Cimt 4 HIHEREBAXY 2l ane,
n-octyl met hyl di net hoxysi | ane, 30n-decyl trimethoxysil ane, .

n- oct adeeympe$ hetbxiysial ghateeehyd soilePhbRYBPHARE, bpnyAlistestIaskydi | ane,
dimet hy| 4l Rt D0XyS1LBNE: o SOANEOVI RS St UATRINAY S Ay 149will not
vinyltriethoxysilane, vinyltrimethoxysilane, vinyltris( 8 -methoxyethoxy)
sil arde, gegtyerdasyguopyl thd mdthosgfsetageluble organic solvent, an

?gh?ﬁgg?%f? 9§¥p£89¥éﬂ£i??ﬁhgéyﬁhE@QS?ghbged, such as isopropanol,
yl')y-am nopropyltrinet hoxysi | ane,
ethanol, methanol or ethylene glycol. It is, however, also
allowable to use methyl ethyl ketone, methyl isobutyl ketone
or dimethyl acetamide.

10 The silica sol is industrially available. For example,
sols using water as a dispersant have been placed in the market
by Nissan Kagaku Kogyo Co. in the trade names of Snowtex 0XS,
Snowtex OS, Snowtex O, Snowtex 0-40, etc. Sols using a
water-soluble organic solvent as a dispersion medium have been

15 placed in the market by Nissan Kagaku Kogyo Co. in the names
of Methanol Silica Sol, MA-ST-MS (dispersant; methanol), IPA-ST
(dispersant; isopropanol).

[0022]
In the present invention, it is most desired to use the

20 fine granular silica in the form of a sol by dispersing the fine
granular silica in water from the standpoint of obtaining more
excellent effect and, particularly, solving the problem of
yellow deterioration of the photochromic optical base member
relying upon a combination of the organosilicon compound

25 components (b) and the curing catalyst (d) that will be
described later. 1In such a sol, it is considered that water.
used as a dispersion medium contributes to curing (hydrolyzing)
the organosilicon compound components (b) and, besides, the
surfaces of the fine granular silica are activated. As a result,

30 it is considered that the fine granular silica is densely and
homogeneously dispersed in the hard coating to exhibit further
improved barrier property against oxygen.

{0023]
Further, when the fine granular silica is used in the form

35 of a sol, it is desired that the concentration of the solid



N- 8 (lam noet hyl)y-am nopropyl net hyl di met hoxysi | ane,

y-am nopropyl tri et hoxysil ane, N phenyl -y-am nopropyltrinmethoxysil ane,
1.0y- mer capt opr opyl t ri met hoxysi | ane, BiZk(triethoxysilyl)ethane,

bi s(trinmethoxysilyl)ethane, bis(triethoxysily)hexane,

bi s(di et hoxymet hyl si |l yl ) hexane, 15bi s(tri nmethoxysilyl)hexane,
bis(dinethoxynethylsiIyI)hexane bi s(triethoxysilyl)octane,

bls(trlnethox oct an bi s dleth net hyl sid.yl ) oct an and

201 (111 Gonoayent yud FE e T R aige BEeaN a3 1108 Lai ¢ on
to alkoxy5|iﬂne f&p@eseﬁted by the hpomaséoanuLapatﬂ)cnma¢4y, ithei s al so

al |l owabl e, to use al ko llane c resent ed the fol Lowi.ng fornul a
(5), 25 dispersion SOfgg 2%%@%%&2%?&@?%) i gy 3% e’ the

al koxysi faneheppprided epreseaided pey stiloe @cbmelémtmmttaan(la)g dem@i)l can be
used al one or &§%§ J m xed together in two or i s.desired that

Ki 3
the & koRJSHTE HEACLE R AR AL IR S SRR Bt e R

by nmass 2uPpig the tdatsple TN o0hittiba 6POKYe OF QLD G@MAIFY BF 1Qk@gnosi | icon
conpound bl% and tetraalkox si |l ane b2% of 100 parts by pass. That is, if
the al kokysi fane €5APBLAY Fé uSedisnste lVaPQépﬁﬁﬁﬁﬁt%n the 6BR&R&d hard

coating tesgssiheon €RASI i¥% 8pdaikesaides, it becomes difficult to prevent
t he yellow1deter|orat|on specific to the photochronm c optical base nenber

produced by thE9@%4ting nethod. According to the present invention,

thergfore, it is MRStpHestnedihpetteoN! ¥héve kinds Qér{:héu%gams' l'i con
conpound conponent s % e., the epoxy 10 group-containing organosilicon

conpoundliBi aéh@“t@ﬂrghﬁk§k9§|9§ﬁéu B?)SlFGGSQPf the f{Re Grgaddsin i con

conpounds¢@PANgat s (RY1é Mmides C@Péir{‘%m'r{d@rla@ dh& RSNt nventi on
may forma partly 15 hydrolyzed product or a partly édrolyzed condensat e

dependi ngenpsalilie beraverontbe phesechragicheprtdatilngassnpesPeirods Even in

this casgyq ﬂP?eg?fechgéﬁy rQQeHE@B'??bﬁObEQB a§ehh9eeggagegegs Yo used at
the above-fentioned ratio” of anounts. [0040] 8 (c):
15 yellow deteriorated if the grain size is small It is desired

to use an ultrafine granular silica having a grain size of, for
example, not larger than 7 nm and, particularly, 4 to 6 nm. By
taking the dispersion stability of fine granular silica in the
coating composition into consideration, however, it is desired

20 that the ratio of the ultrafine granules having a grain size
of not larger than 7 nm in the fine granular silica (a) is not
less than 10% by mass, more preferably, 10 to 50% by mass and,
further preferably, 15 to 50% by mass per the whole amount of
fine granular silica (a) of 100% by mass.

25 The lower limit value of grain size of the fine granular
silica is 1 nm by taking the productivity of fine granules and
handling into consideration.

[0025]
The fine granular silica (a) is blended into the coating

30 composition in an amount of 15 to 55 parts by mass per the total
amount (a + b) of the fine granular silica (a) and the
organosilicon compound components (b) that will be described
later of 100 parts by mass. From the standpoint of scratch
resistance of the obtained hard coating and suppressing

35 cracking at the time of curing, in particular, the fine granular



It is necessary that the coating conposition of the present invention
contains water in an amount of 30 to 200 parts by mass, preferably, 30 to
190 parts by mass and, nore preferablyy, 35 to 185 parts by mass per the
total amount of the fine granular 25 silica (a) and the organosilicon
conpound conponents (b) of 100 parts by mass. Water contained in an anount
as descri bed above nekes it possible to further heighten the gl ass
transition point of the cured body form ng the hard coating and to further
i mprove %1 bsed ytsadlihen'dngl mn@msﬁﬁ@mlssdﬁa@erﬁm@mtspafn&@ to ASheaksed 30

coati ng. ider h wat er
used in ?%e %%%ve n‘e tl onedj%arm 't acce(% 24?52;.'[ ea]srttt e h%r esdys?agegf Ebee
or ganosi fln@@r@mmi@msllﬁ;oqpoirmbtlgn@b)i 11artdhet fermurf agS@ht alhesampdhtacts nore

effectively, t| nga i Li C d
conponen % ?%§:&Q§ §§~e era |ng eC%EF%h 5? g&gg% bgﬁgttﬁgpgggunt of
wat e |ssshaﬁbmnuamnnmhéma@usperaa960huuaqnwangtﬂeremesntn§UWﬁtement a
dense an l i i f I revent

t he ellgﬂﬁ efngﬁgTa?g8n819§5r%?éﬁﬁ%xpﬁnﬂg{H gﬁgclgtggﬁapgggge menber
producedoﬁywahercoat|n@aUEthH b&udéberjibed Mater is used in an anount

| ar ger than thﬁ%?? ve range, it becones difficult to forma hard coating
having a unifo ckness. It is further considered that water used in the
10 aboveorgatooheicanvdonpacne! esapesehhe liypfeol ysis of the organosilicon
co und conpopen activates,the s ces of the fin ranul ar silica,
o hor by & nat Ay G595 SRS HTRTL OTOR R BPGAEST TR O Vg LEGmponent o
(b) and éh@aiﬁ@@ﬁlgé@ﬂldo@fpcﬁjdd eampbRehtsNly) ffioteda ftorarisig rertteaag eand har d
15 coatln(g?1 For exa i f conpar.ed fornln% a.hard coatlng on .t he sane
phot ochrBAf¥ ER@YC%. Y%%e??nﬁﬂﬁﬂtQﬁfly Sty Hre CRG4LRYg CCBRRS M P8N 180nt ai ni ng
the sanechiiee ’Qcﬁaﬂblhﬁrtl'sé |H.aCx&:l (at iGIgaresi |t|hfé0|f1€1@rf§@éﬁdl@@”§@m@&tas (b) and
curing c taI éd% in the sane aanunts t he gtlng 03|t|En cont ai ni ng
20 wat er (#h h?@ %uh’i‘st'i‘% ARERAYPRIPaPPETSE BYI HIRgOrHRPBFOBIER O yel | ow
det @ or abhPSuRd E8RpERGHESNIBNM C T | SRdaBSEl TRsWetosold as the above
range is satisfied. In particular, the coatlnggfonp05|t|on cont ai ni ng wat er

|
in an anSYRPORENRDt (RledL e HERA1HD ARAPOURY FhRED toafPiRAN&F BY MASE:| ess t han
120 partgrdbe BybIRs s @RS 4B’D§&r@lew abklas afal hE56 Jhee A0 parts thy mass

per the total ampunt of th |ne§%ranular silica Sa) and the organosilicon
conpound® e RHIeRMYsMEEF BeT 1 foted pporBaEs(a dxki bpf sthaahaya Tdneel | ent

ef f ect Lgfaﬁufgergma:é W%)Y‘éhb%é‘%ﬁ{)dr%@ﬂﬁb&fc&%mkgﬁbbﬁ%%sopt i cal
base nenber described already, the fine granular silica

(b) 405, phefad é[QIOyPaHF§ﬂ@,Y EFSn Rt BP18Y Ehe (F gsaassidd Gon CRBPPYNG of a

di sper si @Gméé?ﬁé'ﬁth(k{)SQMi tHNFEAE S 1GARBat BE1aBRUY) 9 NalehmBURL sbe
adjusted to lie_in the above range by taking into 35 consideration "t he
amount oft gk el leyreai memhancehacypspbresvstance gifuthehanheoakangl e, if
the a”“”@érﬁéd“@%eﬁsfﬁetéh@egohﬂlh?ecghéagiﬁheﬂ aRLYLI @RcbBLhoolg reach the
above- nenti oned tange of the anoun hen wat er nust be further
added. |¢V@h@1mer@@obfcmmemtoqﬁummem Wearks edclide, tiieeefdoes 5
not Sfrave fpipg added. Further, if the fine granular silica is used in the
formof a so bﬁ usi ng the mater sol ubl e organlc sol vent as a di spersion
medi um wat er Tbe added to reach the above-nentioned range of the anount
O araners 2 i elo AloChtl Btvodes dhi | LB APALhOLER; EoheLombyliblier. the
coating 10 conposi ti ten use ah acrd ueous solutrion for
accelera@@m@onhetﬁydbblwese aﬂdtemnlag epokliegopygRNEShEREDANGOMPOUNd
conponeng s éx‘%sli{‘céHCQ?ﬁB B?? FHGFQEPHQR% &QBeC?B??' ggd in the
coating conposition nus rein ove menti oned range by
t akidfg taeoambsinof ok maseerSleombé/héﬂ ph Dhé5atpd4aQUedHBes@@@lYon into

cons der b0 cb0S P bPAA AL 8L (Dhnpouna e LNCLABCRERSER,) nvent i on

is i 0 use a|n|n um as core et
(her ei na¢heanoiheradtefsirared £26h¢ draazd Abatmngltecx)theTlhaSmmamhtdte. ArTh(eoan ex

used as url catal yst effe tlvel cel erate he cur| of

o eanos FrEbne BRaSEEALERE Th rorbr EsnBES eI FTab O i ind B8 |
whi ch i snedeassahaviog fohmihg i assrd rca:nstntng)mmmmtls( B@hs&ndﬁa@m@i laent
scrafch jesistance put also effectively, .



25 suppresses the interaction with, for exanple, the am no group-containing
phot 6chrom ¢ conpound and, as a result, nmakes it possible to effectively
solve the problens of poor curing, yedld ow deterioration and red
deterioration specific to the photochrom c optical base nenber produced by
the coating 30 nethod. Further, effect of the Al conplex serving as
the curing catalyst (d) is exhibited to a conspi cuous degree when water is
used in large anmounts. Concretely speaking, the above effect is

conspi cuously EX®2®]ted when water is contained in an anmount 35 of,

preferably, n I 0; : , fer - not |ess
than 120 partgi%ygﬁgsépgﬁe, p%$?§%€}§¥13@%§e?g§% I?%Sﬁgté?éggl?%gﬁ 140 parts
by nmass peganheildcah compewndofbl hand pet rahkdaysslanedbld)ared seide
organosiljic o) t ; ; par, conpl ex
is used iurll gﬁogﬁggn&%ﬁ%%&ngg %%&83 ﬁkol%g&%ﬁot%s%yl@m%?st gﬁ}?f Ao

partitcul okm, a halrd codtdngahesiby emsslbent tderdtothalresrimiinqeawhilgh of t he

fi nul Wb h pLi b) of
100 part S pg rRALeAEYY BaRF el ok 18 BBk 4 ba T nE B e e e BRRH U chmpl ex
usi ng al praptiicasensclone aksalto notamdsntAla ldomiahiemofsuwatetays yaddioonat o,

et hyl acegtoacetate.and salicyl al.dehyde. Anmgn thenl.tgﬁag% compl ex ,of acetyl
Scet onat e Lerreraf Bl S8 AT STy AR 0 S nin gt s RS Ot her
curing cahael ysime ofi fombingt eohasd tantasgt he thepkexfhaei od ahenm num as a

cor tal 1s used.in amounts_as describ abave. anpl es. of the ofher

cor T cBbat ScHE8R s bl B35 R 880 B8R Uy ERIBIEy el ot hy
acet oaceratreeanfipial yeykal dehyide chat apokpggkbp)cottiGlihingZn(11), Co(ll),
N (1), Be(Ll), . Ce(l11Y, Ta(LLI), Ti(lll (L1, La(ll Cr(l1l),
V(I111), %%FP ?}?E%E’Pl %ﬁ’f,“p@(éi‘?\/;‘?lkr W\B%tﬁ?(%?xﬁ%fa'g% {'%%)e T4t at ons:
25peH:hI aska aei éseﬁwﬁ?ﬂsup@r&b%@é i@cag.‘dcdnpdiwrtlessiaxré Reyeat)| eyoades ofal um nulm
perchl orate, zinc per orate and anmmoni um per chl or at e; organi c neta
bal ts suthe:Rbat) S,€8h BF RO NHhiohinbhe, AROBRIRE GRS SR and 21 nc
octylmt epeanlll 3014w Sf ach&lSr&HUChH o5 HAMISL 1IGRH DA R WRMABLAM or i de,
ferric chloride, tataniumchloride, zinc chloride and antinpny chl oride.

Among t hEAT'IBhe EORPFERRERt af hi He AMdes (FF§1as (Bl doft At Bhei ePRBYL
desired. g%ag-@bheaiﬁbzhbr&rgﬁ@é VBt SorcempsRAd3Pnd ft & ERI ¥y, 1 driter e

AMOUNES Y e8s 10050187 heondd! Q¥  m et 3RS, L2DE) SR Ra 1t ves:
coating, and the program of red deterioration or the problem
20 of yellow deterioration cannot be sufficiently solved. If the
mass ratio (bl/b2) is smaller than 0.25, on the other hand, it
becomes difficult to form a hard coating having a uniform
thickness, decreasing the adhesion to the optical base member
such as plastic lens, causing the curing to become poor and
25 permitting cracks to occur in the hard coating.
[0029]
As the epoxy group-containing organosilicon compound
(bl), there can be preferably used a silicon compound having
an epoxy group as well as a hydrolyzing group such as alkoxy
30 group in the molecules. Concretely, a silane compound
represented by the following formula (1) can be preferably used,
(R")a(R?) S1 (OR) 3-a (1)
wherein,
R and R' are, independently fromeach other, lower alkyl

35 groups having 1 to 3 carbon atoms,



The coating conposition of the present invention nmay be 5 further bl ended

wi th’various known additives in addition to the essential conponents (a) to
(d) in a range in which they do not imgair the object of the present
i.nvention. For exanple, a water-soluble organic solvent may be added
to enhance the dispersion of the fine granular silica (a). The 10

wat er - sol ubl e organi ¢ sol vent can be used as a di spersion nedium of sol of
the fine granular silica (a). Desirably, the water-soluble organic solvent
favorably di ssol ®ési$hanoegarps igirionpr commpdmicgec omgendaist syrchip,,arhd he curi ng
catal yst (d), andAi..s i‘é°|a tiiln%.egg}n%rfetoe (ix%r}plzes i ncl ude: 15al cohols such as
met hanol , et hanol ;" n-pr opanol’, "i'Sopropanaol ,” n-but anol, t-butanol and

n- pent anol ; [0030ksters such as nethyl acetate, ethyl acetate, propyl
acetate, ethyl.propionate,, nmethyl t oacefiat ethyl a C and
met hyl | act at ec;(g)ri?)%fl%errlé %%%hg%%u%?aﬁfglaenn&e%l’yggle trlrﬁ)ﬁgirs%g%ggyﬁtrgﬁl esr,
et hylsenengy yio®| t hsw didhyingetdaarbore aypimesné ngbkyoohbeaonof nt proEy] &Erloer ,

et hyl ene_gl ycol no-n-butyl. et her,. et hy] ene, gl ycol no-t-but vl et her,

ot opy! ene g S Tty LSTHo R PO FSRLT bbE 81 YLOPTRISatHA" dhar”

propyl enge gl yedlth2fi Ramat R* promdt tetlheroups epyéehel ginoegls .noRarhieut,y|

et her, propylene glycol nonet hyl ether acetate, opyl.ene_gl_ycol nonoet hyl
et her acefat Ee%ﬁﬁgﬁi\{gkﬁﬁg,gh%nﬁm%er 33 k%t?)‘ﬁ sﬁsdt,sn%z;lsop%ée‘t oﬁrg,a)éa&ét’yl
acetone 8hd shecet oNearmd catitbourdd desEra gaias solorent alkexybgrosesd i n a
single kind but is ugual,lg, gs?d bei ng m xed toggt er in two or nore kinds
to t r bF OBr bper FFBRARAEAT 28T v SEBINFy2afiaPBRecl FkB26R £RETEBSri ng

conposi t PeAthéBP46he 85RNBAIR ha rabpveswateinsal phueaor ganbersanvemes, the

25 present _invention preferably uses nethanol, 1sopropanol,_t-butanol,

acet yl acBPbREY @?ac’é@%r@%aédﬁd odr RePhyt eRBY gP§ bt kit s FFBb R her from
the standppept of dispersing the fine granular silica (a), conpatibility
with the acid aqueous 5 solution used for deconposing the organosilicon
conpound conpoh@®2s) (b) and with water contained in a water dispersion
silipa sol, easyrwvRea]l théye;b@xi{%ﬁbﬁg-wﬁtQQﬁLh@QOaﬁQnier grB@psnoot h _
coating. Though there is no particCular limtation, the watér-soluble organic
sol vent FePuseENtAdAY Bnbam JHeYP rapnesemtied Ry taggkobtowbng doromlgart s by
mass andyqgpacticularly, 15 to 150 parts by mass per the total anount of the
fine granular silica (a) and the organosilicon conpound conmponents (b) of
100 parts by mass. Further, the water-soluble organic solvent used in an
anount at a ratio vvitp(ées ct go/vvater (c) 15(wat er/water-sol uble organic
solvent) in a range of20.510 B0. 0 makes it possible to forma snooth and
har & oat i ng vvithg:?/rregul arity in the thickness and without affecting the
property for prev ing the red deteri ora(t{ @n or yel | ow deterioration.

20[ 0047] As briefl P described above, further,” the coating conposition of the
present invention can be blended with the acid aqueous solution in order to

hydrolyze the %89@9§i§3ii@9n alkylene group having 1 to 8 carbon atoms,
or a group represented by the following formula (1B):

25
R4___

(1B)
30 0

wherein R* is an alkylene group having 1 to 8 carbon atoms.

[0032]

The alkylene groups represented by R® and R? in the above
35 formulas (12) and (1B) may be those of a straight chain or a



conpound and to accelerate the curing property. Though there 25 is no
partfcular limtation, representative exanples of the acid include such
j,norgani c acids as hydrochloric acid,lsulfuric acid, nitric acid and
phosphoric acid as well as such organic acids as acetic acid and propionic
acid. Fromthe standpoint of the preservation stability and hydrol ysis of
the 30 coating conposition, however, hydrochloric acid is preferably used.
The aci d aqueous solution is, preferably, a hydrochloric acid aqueous

sol ut i onbhanthgdamaidt Breyiadedt the noRmber of CRrRapaEORS iFhénam@mgeof wat er
|0 the agkch aqigousy sgh W OL sl d o Qe adly uakad Ahali dyfie nhele Arount of
water in the coating 35 conposition |'ies within the above-mentionéd range
and shoulitl ideparedithat 3hei akkylére srounms ave ddwwmeyof drhehpirelighitng al |
hydr ol yzi.ng- gr €00 I r of the organosilicon conpound
conponen?ggig)gggﬁgﬁ ghgrf?négg¥gﬁu?g§ﬁgflica (a) is used in the formof a
sol using wat et0@&33h di spersion nedium 5 the acid aqueous sol ution does not
have to be add c heco ngsjli,c n . onents (b)
provi ded the cgg?%g%ggoggggﬁﬁ?%nggo%ggi%éb%gtggoﬁgngﬁHg%%ﬁ%ﬁBsufficient for
hydr ol yzbngahheidlikorycgmpapsdofrephesengadobiyl tbenabornpotdindmodapdient s (b).
Fbmever,iQQQLtEQn of the acid aqueous solution 10 accel erates the

hydr ol ysi's, |%pfoves the wettability of the coating conposition to the
optical base npreAry Gk S dPgiA tHliastthoAyeris drse menber of fering advant age
fromthe standpoint of formng a hard coating featuring uniformthickness
and ¥ ghl y adh@ﬂd%?ﬁiqﬂﬁﬁﬁﬁﬂéi dlmethé&ﬁﬁjlﬂﬁﬁdng conposition of the
present i nvent oy 1RdRR x g ddiAme tHi kR thdd yeyidechayi th fine granul ar netal

oxides in addition to the fine granular silica in amounts in a range in
whi ch they do ﬁdtgliy%qx&wpéﬂg%ﬁet&mwh%nﬁ%. Here, 20 such fine

gr anul ar netalFmﬂ3#ﬁ;é§g%yéy&mbﬁ%gyfﬁékﬁypggﬁmgtﬁggygfqéﬁg_than 30 nmlike

the fine granular siljica (a) and should be used in trace anounts of not
| arger than 5 PEPRS bYeHasy 19y dioRYREAP YAtdufte ol Fante &rhnul ar silica

(a) end they10F OS] GAM fOTIRPLI SAHPONENT $n d L r OFp A PAE SFBYm MBSS.
25[ 0049] Further,” |1ke the conventi onal cpatlngﬁconp05|t|ons used for

form ng REPPARARNGL, Of el RUALARG SEORPIR LNFARPoF R h@3SFIRFRET MP&Rt i on can,

as requi pedchbepbhended) ¥hshaid iaré ed o £H41 Bl dd \Rosdiaty as rathagt,ant,
antioxidant, ultraviolet ray 30 stabilizer, ultraviolet ray absorber,
tint - pr et BRIIRRKRGEFRUP-SANTSLALNG AESAROSE ] LBPRIIMOURAS Maydoe pisGsent ,

perfume apdatBenbhkexihB08@] in a mixture bF R@bt b¢Ukdkre iklinks.desired to use
a surfactant for “35 form ng a hard coating having a uniformthickness. The
27 sttfactant 6P03AY one of the nonionic type, anionic type or cationic type

can be used. FAQ”téB§a§iﬁ8999ETEn@f(EE?PikhEYe Bgﬁemerexémglm@mgenic type
surfactant is desired. Preferred exanples of the nonionic type surfactant

i ncl ude: ts§saprthrxyatdpngei §ebspethogypédpng ., f Aetyapeoporysdd angecagl ycerin
fatty aCEQtFéH%grBEB%EQP%n@ ¥68le %tb%%rdél;}yiil]ta‘?u!e A ahﬁ)ﬂpg%t%rﬁ,ﬂtﬂe
pol yoxyet hyl ene sorbitan fatty acid ester, >I0polyoxyethyléne sorbit fatty
aci d est 8etrpethoxystihpnenasgbyedermetatfrpmating eseadpogaityeifhyl ene gl ycol
Lﬁ;t%55fghgfﬁ%&%ineﬂE)é%y%tfhlé'h%”%ﬁ'k%&'y gilel, RBLAVIXE! Byl enepiyt osterol
[0035]
Further, the organosilicon compound components (b) may
include organosilicon compounds in addition to those of (bl)
and (b2) above. As the other organosilicon compounds, there
30 can be exemplified mono-, di- and tri-alkoxysilane compounds
represented by the following formulas (2) to (4).
Alkoxysilane compound of the formula (2):
R®(R®) pS1i (OR) 43 (2)
wherein,

35 R®> is a hydrocarbon group having 1 to 6 carbon



15pol yoxyet hyl enepol yoxypr opyl eneal kyl ether, pol yoxyethyl eneal kyl phenyl
et her, pol yoxyet hyl ene castor oil cured castor oil,
pol yoxyet hyl enel anolin lanolin al cohol8 bees wax derivative,
20pol yoxyet hyl eneal kyl ami ne fatty acid am de, pol yoxyet hyl eneal kyl phenyl
f or mal dehyde condensate, and singl e-chai n pol yoxyet hyl eneal kyl ether. In
addition to the above surfactants, a surfactant of the 25 silicone type or
the fluorine type can_al so pe favorabl sed. .The silicone type surfactant
has the silicoReSBhaif YJp’?)Yga%&‘f%'i |aoi‘i%¥3‘ﬁﬁﬁ3{])°’%’s 9 WFar c%hé&ré Sup whil e
the fluorine typeupyrbantashphasgtbepcarban ahinoi deoapacpbnaainepyesent ed by
a perfluoroalkﬁl group-containing ester type 30 oligoner, a perfluoroal kyl
gr oup- cont ai ni RHIark§1 8h8YBxi de adduct and a fluorine type aliphatic pol ymer
ester. As the silR’cana- Rypee surdsisd @t se 1 ata haye dearpplianeihd i tde nar ket
t her e_ have beeS known "L-7001", "L-2002" and "1-7604" manufactured by N hon
Uni cat Co. As th&2FP8Brrh8"fyp8"95 surfactants that have been placed in the
mar ket, there haves'been ar28 ey "diZ-12128"omre3wf act ured by N hon Uni car
Co., "Nbﬁﬁfac F- 470", "Nb%afgc E- 1405" and "Nb% fac F-479" manufactured by
Dai ni ppoft KREYRAGARE EGTPORAG @I &iad OEBY480" Smanuf act ured by Sumitomo 3M
Co. 5[0051] (R") .sih®rghaove surfactants cangjusually, be used in one kind
or being m xed together in two or nore kinds. The surfactant is added in an
amount, desiraBR§¢IeiR-a range of 0.01 to 1 part by mass per the total anpunt
of the fine granul.af sshl hgAarcaknl@tand LheiaRAaERSul, CAM GO nponent s
(b) of 100 parts gy weigh?a [3052] In&?hg prggent ingghgﬁgﬁﬁpthe
above- ment i one@fvahi 8b¥YAdErPPPes are used in suitable anmounts dependi ng
upon the object kb jtaArdHsUldup HESAhd N SR AIWHrS delads L sd ot al
amount of the fine granular "silica (a) and the organosilicon conpound
conponents (b) in'&helcct imEImposh t1 o i%- naintained to be not |ess than
95% by m&%&g,@,n@%t SRS Ok neeFS ltdd 94%.by mass cal cul ated as solid
conponents. 2 [092&] _ he coating omposi tion of the present invention
can bz easily pRepaRed smpitdro§edeBusioyRmlxi ng t hé4above- nenti oned
conmponents toggfpeLi,CGenerally, however, it is desired that the fine
granular silica n a dispersion mediumof water or an 25 organic solvent is
ni xed toget her wik*hishe stgangbit-ichen ncompbradshedcirhas nepdiylene
gr oup- cont ai ni g L.l eop_c a traal koxysilane and with the
curing catalysggfgétﬂggigbeﬁtﬁg gggggggﬁe?gPﬁgf further, it is desired that
the coating conpd¥i ehdrRi’sape eddmledratpaboaringd to 20darhdremt3onst is to
be pseserved for tende iQ f . tine. The.coat | conposition is
appl%id onto the Pg)tjlrsf arhg)egalo la Q%foél ethearvmr%r%aciL c;cpot iBCéiaertk))aogle arFe Ser rg;ln% IS
cured to form a t'"Hhsparantirdrebdaraf dbate ). havi ng excel l ent scratch
resi stance and[éegg ably adhering to the optical base nenber. 35 The curing
is effected by "bDeing heated for a suitable period

Described below are concrete examples of the

alkoxysilanes represented by the above formulas (2) to (4).

25 methyltrimethoxysilane,
methyltriethoxysilane,
n-hexyltrimethoxysilane,
n-octyltrimethoxysilane,
n-octylmethyldimethoxysilane,

30 n-decyltrimethoxysilane,
n-octadecyltrimethoxysilane,
ethyltriethoxysilane,
phenyltriethoxysilane,
dimethyldimethoxysilane,

35 phenylmethyldimethoxysilane,



29 of tinme to a degree that wll not deteriorate the optical base nenber to
thereby volatilize the organic solvent and water contained in the coating
conposition. [0054] 5 <Hard Coating>19 The hard coating has a thickness
of , usually, about 1 to about 10 umwhen it is forned on the surface of, for
exanple, a plastic lens though it may vary dependi ng upon the use of the
optical base nenber. 10[ 0055] Further, the hard coating fornmed by
usi ng the coating conposition of the invention is very dense and its
mol ecul ar not iwmy lst niertyhdsye tlexhe For exanple, the hard coating (cured body)
has a gl ass transit, .ol i T f not |ower than 1501:, 15 particularly,
not | ower tha#ﬁﬁyiﬁfghéfﬂé%%él éggrably, not | ower than 1601: but the upper
limt of the gliassltdrianept-men hpaivett hoxynati llaingher t han 2001:. Here, the
glass transition point, i s neasyred by, the di.iferential scanning calorinetric
anal ysi s as wi I~ I& dEOXYPEEE Y HT TRLSHICEY SAg58Si ng | ater. 20[ 0056]
The Rard coat i pgmes heerry ldsype opiyd tiri madtihoix visid afniene granul ar silica (a) is
honogeneousl y di spersed and.is strongly fixed, a t herefore, has a very
i oh har dness N RdamiRe v co SRl pEopsl FRameR B xEaSAERE! “on the sur f ace
?f t he f25 phgtmcﬂr(ﬁl?di@ldé][ct&iyqalyfbaﬁﬁnbﬁﬁbpy%ﬂéﬁﬂymGﬁimb}Zhbl)Rys(if]!ahbng met hIOd
i.e., formed on the surface q e tochrom c coating), the Bayer val ue
can be increas@daﬂ&WQEFQngqgéFtEW§H%§%§N§/ particularly, not smaller than
6. The Bayer WM¢ﬁkﬁ§lap—bm$ﬁgﬂawgy$ﬁﬂﬂﬁﬁﬂﬂﬂiﬁéﬁigﬁgﬁﬂCh 30 resistance on
the surface of a lens, and is for finding a haze of when the surface of the
| end¥ s scr at cHeFSHFET OR PV deteMRtIEF YS3rnd@NSron in conparison with that of
a standard | ensi4 phoi ©chs0p8 £l gppdtgné N this case). The hard coating is
eval uated to 5§H$Frd_an is |j tie subject to be scratched if 35 the Bayer
val ue i s not iR heyy A eated to possess 30 scratch

resi stance conpod abt fetioked 1 pfhaxghass if the Bayer value is not snaller
than 6. [0057] As w be understood fromthe above glass transition 5 point

[ d
and the Bayer RAf (1 etx ot nhs tbpblR$¥30®r of the present invention is

veryisdense, hasfs pdihashexgel 1 @nfhsgd@é ch resistance. Besides, owing to
t hese properties, the coating conposition of the invention exhibits good

barrier properRys &ENPEROBRYRY ey bt ¥bbp?¥aR%s the migration of photochronic
10 conpound from the; ohb L¢H! Pl Lodeygs, t hat contains the photochrom c
conpound at a hjigh concentration. Therefore, the hard coating becones the
nost ef fecti vePwhERr imetROX % bl bPCEMeCsurface of the photochronic opti cal
base menber fqgﬁgdjpatﬁ$&¥ﬁé%%§1§ﬁiﬁﬁfGE%aﬂ@p hagd coating effectively

2 ; . :

prevents the 15 yel | ow deterjoration stemm ng fromthe deteriorated
photZdchromi ¢ chnpbtieltesy s blY he- pefdrathonyde thxigehy hhatkapect i vel y
prevents the rg@bgﬁjerioration stemmng fromthe interaction between the

am no group-contai ni ng photochrom ¢ conpound and the conponents in the hard
coating. 20Whekn aadhdidiematd nyl kexy ot hawe byeprespgntee kvathegakowpositi on of
the inveption rface.ef - th 1 i.ca r that is
formed by RaLB0at s no et Hod. Tt 6. oy Gl S e | G dStortaoayFonatavt )

t her eof cempbendvaetpaeeenbgd byrtheafpléowindeferinotat (bh, accel eration
testjshg. As 25 described in Exanpl es appearing later, the deterioration
acceleration testing is conducted by using a xenon arc lanp of 2.5 kWas a
source of light and by irradiatingylight undel the conditions of an
irradiation intensityfof 40 Wn2 nd an irradiated surface t enper at ure of

AY) 15 not | ar et ErdrO G S CHRPRYE T ear nod Bhat the yellow
deterioration is effegtively suppressed. ,
30
[0038]
The alkoxysilane compounds represented by the above
formulas (2) to (5) can be used alone or being mixed together

in two or more kinds. It is desired that the alkoxysilane

35 compound is used in an amount of not more than 10 parts by mass



[ 0058] Further, the hard coating that is fornmed on the surface
35 of the photochrom c optical base nenber effectively suppresses 31 the
i.nteracti on between the photochron c Zbnmpound and the catal yst conponent
and, therefore, effectively prevents poor curing. [0059] 5 <Application to

t he Photochrom c Optical Base Menber> As descri bed above, the coating
conposition of the present invention becones nost effective when it forns a
hard coating by being applied ognto the photochrom c optical base nmenber that
i's forniH@ratBéoFBEﬂ?oﬁBguBBaP?thByePﬁ Yc8RPPRGC2BLPADEPT Fig. 1
iI'lustrabegafosetitonadorgddued Ube )odn@ phatreE i yeidpiieab2ardd ¢log (e. g.,
phot ochrom ¢ | ens) having the ha[g coati forped thereon. [Q060] Referring
to Fig. PRArtAeLYHADENr dMas opri Ll thptd ?ﬁﬂﬁiﬁ%ﬂﬁnﬁﬂmﬂp ign&tEF at 10

has a hard eeatihggd haBuABLedtBE abph9heahhawtcceRtiagl 1base mmeber (e.g.,
phot ochrom c | ens) which conprises a light-transmtting nmenber 1 _such as a

pl astd c PERELAMPRE pRBE SERP orilcPRBAPAGHS TGt ® REFIERT FRRBEl 1o0A

sui tabl eqpeLrebrhRY8h FodSi PfOVtiodere oMM ARG d bpht chil afsdd tiehb@ rmenber 1
and t he phot ochrom c coatln%_B to i nprove the adhesion between them

Fur t her , PARIEAEH- P¥f FBEt FEATRAgeReEhRty PRCGPEYIHBRALONtRAcPRaF Eoat i ng 4.
Though sippbythbhustRét&€o1d, Fit91islmobeiddi ted &1d BSEI O a%RS k32 IS,
usually, "a lam nafe of a plurality of thin inorganic |ayers having different
i ndexes ef t@?l@ﬁgaQﬁﬁ}kﬂﬁPHs?qNDQﬂﬂ@ §9m9@p8§¢Eiﬁé)thinﬁJayéﬁse@pXWEta!

oxi des 5B?Bu§5c§hggin1h92o@'@gnéggci_@Bnbﬁoﬁ\BBbYl'anbtlr)" Bnlgayers of organic
hi gh nol écular materials. Shock resistant priners such as urethane priners
30 may b&eappbil&axymdvagnehdbidnti-reflection layers 5. Mreover, treatnments
such as antis&g??§9ireatnent, water-repelling treatnent and anti-foggi ng
treatment as as a secondary treatnment nmay be effected on the

anti-refl ecti oBheamgar® s iFuradre comphoaghcorporemnvg, (thénhdrel cosdtingg 4 and

the 35 antj-ref [ e for h k surface 32
of the | FSNPORLERSH BY kB BrBsPRY TpyBRsSn RRTESRh B BaREN: = Tuenti on
tge Har _oll_hydapilr_yged psoducied &ypaudi nghyheod yaedngonderpsst ¢ idepedesary Eed

phot ochr SACH i SefRs 8% i bk EER R aTh EBLBEY FBMES o ettt acl e

| ens (pl ast tbikerspewhholelas , néhelmer isheoppabbdkemosioc flayears 3heor t he
primer | r.2. 0 10ln Fig.,. 1, ;the light-transmttin nber. 1 may be a
known opt% %églgf)%rerg%%eg%éu%ﬁe(gsa%g%rb%c%ba% T ITIleglnhcsl(?)nreeg rvﬁ%laooﬁgfa%gloé]fn taS ‘house or
an aut onobil e WOWOUt any particular limtation but is, particularly
desiéébI%htgrsqggtacle | ens. [0064]

It is necessary that the coating composition of the
present invention contains water in an amount of 30 to 200 parts
by mass, preferably, 30 to 190 parts by mass and, more preferably;
35 to 185 parts by mass per the total amount of the fine granular

25 silica (a) and the organosilicon compound components (b) of 100
parts by mass. Water contained in an amount as described above
makes it possible to further heighten the glass transition point
of the cured body forming the hard coating and to further improve
closely adhering property and scratch resistance of the hard

30 coating.

Though the reason is not yet clear, it is considered that
water used in the above-mentioned amount accelerates the
hydrolysis of the organosilicon compound components (b), and
the curing catalyst (d) acts more effectively on the

35 polycondensation of the organosilicon compound components (b)



15The spectacle | enses may include known pl astic spectacle | enses nade from
(meth)acrylic resin, polycarbonate resin, allyl resin, thiourethane resin,
urethane resin and thi oepoxy resin, & well as glass spectacle lenses. In
t.he present invention, all of these spectacle | enses can be used w thout 20
limtation. Particularly, it is desired to use plastic spectacle | enses nade
from (neth)acrylic resin, polycarbonate resin, allyl resin, thiourethane
resin, urethane resin and t hi oepoxy resin. [0065] 25The plastlc spect acl e

| enses, #SER}$YatHAG R D W f 5REsSX P hg/ tbl (HEE AECMRE RdvHAEETi n t he

opti cal 18%h@N 1 St Rk hetdo FORYAY s WHAERS i nhbdRINE L aREEF faveneyr ved
surfaces of conplex shapes. According to the present inventiaon, such

spect acl @ q%@ﬂéé@%caééanasl% RELIfQHRed r ARSI § DSTPTSSF HefbeFuits or

form ng {HeppbetReheRa 9&%@@&@9%%5&6@gpgeﬁﬂagté whehout any probl em
The 11 ght - transnlttlng menber 1 may have a thickness that varies dependlng

upon % hePREOGh ¥ pBLE %anilfﬁ?tl%? .quqepéod%%m the gwadia BFBOLens has a

thi cknesgy, pfnapoui r 1,410 AbOUL, ZRO iMMar33k@068] 1a33er than The adblace of the
i ght- transnlttlng menber 1 may be treated in various ways. The surface
treat mentangg, bkt Pegorgandi éflgqubhehP cAPrr 2ahakdt CR3FHRIaNBEENE Aqueous
soIut|onugifgpmaghgbfngggeous solution, a polishing treatnent using a 5
pol i shi ng agent asma treatnent using an atnospheric plasma and a

| ow- pr essure plasis, fmtlaetw@mmlms%awg@ttW@@@wed[D@Gtﬂ]le The
pri SGeZIH«];r(?Ele?&Oan gnt h&gé‘&'?&?é?ﬁ 8}1%“}?%8?8&989508%%883“ ng 3
(cal ed Ot ocnromc ayer can or ne Sl ng  varil ous priner resins.

Fromt heosgandpol mcoofccamtamdmon@omha@tphd)bbc mmmﬂ@qm@sum@me@r t he
U et haneoBIIIPE RESfldf RACLINLAr Lo RERLREGPLX USatko TR AP ELARRY P rer
tern tion

resin haS been ¢ escri o2 learl - Open
W2004/ 0F84%ke thaghslhecen|sompopadtccmpanehta1Khtlend the f5npriner |ayer

has 2 "HEERGRS, Obu1 bRUALLY. <PBRYL 11k0uDPOLh: 4G o[ Q0BEL ana parfhe hard
coating s forne ronlc | ayer by applyi ng the
abovies nenbabneg. ccﬁmosaXarmiLe‘,olJlﬁ)\mnhWeZD bqurflonrgunlgpan heaat bngtulrn@

phot ochr gm Ia er 3 with the hard coatin hot ochrom c_ | ay

Exhi b s OPEPGv s PATERCP gL afRE tahy ekt narTBPooPT pPoRER: 7 0060] The

phot ochr ochtlh@yeomﬁos stiom rmhtta/lranpd; g saneuifdblee g2anadrpositliica

(hereina r referre, to as hotoghronlc curagkﬁ 6ﬂ$p05|tlon) t hat contalns
r

a conpou ha&RA 9 BOHP[ﬁﬁTRPQ?ﬂﬁﬁ EXTRBERERLYS r adi cal |y

pol yneri zabl ennaneneamandmauﬁalsynenezabaemngntbmpbsntlbal bawedlbsin@url ng and

has t hi ckness of, usuall about t 0_abqut 1 0 [ Unli ke
Chod® phiRbERrahiegh teambads henBoy SHABI % Ed B9 Y HaSI TR BROP et hod
and the bn- yms)wméhedlothemhaimhémmxamnmc bpseca&rmﬂre fnempiiertg t he
photochro | a ertgemggarts hot ochromni ¢ 8 gert % on the th|n 35

phot ochr Bt aFa Br EKecd Pﬁ?n%stﬁétbﬁ

coating composition containing water in an amount of not less
than 100 parts by mass, particularly, not less than 120 parts
25 Dby mass and, most desirably, not less than 140 parts by mass
per the total amount of the fine granular silica (a) and the
organosilicon compound components (b) of 100 parts by mass,
exhibits the most excellent effect for preventing the yellow
deterioration of the photochromic optical base member.
30 (0041]
As described already, the fine granular silica (b) is,
preferably, dispersed in water so as to be used in the form of
a dispersion solution (sol). In this case, the amount of water
must be adjusted to lie in the above range by taking into

35 consideration the amount of water contained in the dispersion



34 at a high concentration. The problem of yellow deterioration occurs when
the hard coating 4 is formed on the photochromc |ayer 3. However, the hard
coating 4 formed by using the coating2conposition of the present invention
makes it possible to 5 prevent the yellow deterioration. [0071] As

t he phot ochrom ¢ conpound, a chronene conpound is favorably used since it is
capabl e of exhibiting a high degree of photochrom c property with a thin
photochromic layer 3. 10 Anpbng the chronmene conpounds, a chronene derivative
havi ng @vlaiiem.gr 5ap exsamp fendtli bhalanrpwup ofand ber gaatpiasd annthg

phot ochr g o SR8t 1desir pblyn USRD ShOFE-hinLXGRLGSRLhYe devel ops
col or ar?g%srcsﬂgg] %%ﬁ)élrtlg)ﬁll c%l y fadeg.Q!iV\hen ?he har d c%ati ng 4 isg(feormed on
t he photadcthenmbmonayept vater hathen Wadiqredh Ut bsi hyrtherapfded. If

group- CQHALALAG BROLACN GG COMRAUME rAPHABhERLALALESSuLER dSeked
deterioration or poor curing presunably due to the interaction between the
phot bchrmati bavenpourrl geicesbnt Fartaeli ght core driteagirenudnd shéifhnes granul ar
silica Flfs[e M et B8 hang SOQEEL“QY“-ﬁ}’}bgntﬂé"”\gg@ef'ﬁ&?l&k?f‘é' dnis formed
by using e coating conposition o the present irven I on, however, the
probl emsxflvestt det er dasakiren cantegaom, cwatrg naatbeeciddedi vel yepckvent ed.

[ 0072] descri bed above,. the coati conposi tion qf the 2 resent

i nventi é%lee it glelnt%sloélreéjatrgggee?f%e@?evﬁ{{ércgurf%eo ar ec%a??ng rﬁaltzefo be
fornmed af tdvmindwat odbreirilé bayées3ribad istény nfarblyensi tige t deaimgo
group-cont ai ni. hot ochram ¢ conmpound.. [ 0073] 30Wen the phot ochrom c | ayer
Tl DI Tt g R 4GRS O i BHOt G o ¢ compound.

t he conpotuedse reyyi e tlseth ydr @l a8 gl andki audr g beff nighem ceghiegel heoni n two or
nore kinds. O, .the color tone nmay be adjusted by further using any other
phot OChr%%pCOLHW@e(%Sg.(,b%C'hrﬁﬁ'Eﬁgc oftp5arids” 88° wi Pﬂ%u?m%'rﬁqﬁooér oup) in
conbi natwatier tongadekral in e et inkecoBdposationaiusthdeagdnasted to

gr oup- cant ai,ni phot ochromi ¢ conmpound present in the photochronjc curing
Qonpos o1 s Efla el e fodRd hariie, BYoEaR a0 Tl arb imae FHbRF( he

st angpoidvntafirdel N ot gesed usdyedlis passedi o ik phet orde oat cohayer 3
though it 5 ma[y v%hy dependi ng upon the thickness of the photochrom c | ayer
3. Particularl >904t e anmi no group-containing photochrom c conmpound is used in
an amunfutihq cangeyHf H)2: to 5.0% by mass when the photochromic layer 3 is
to be formed maintai ni ng a t{hickness of 20 pmto 50 %m and in a range of 0.3
to 3.0% by 10 IfaEReH&EPa el PRENEEAP oM ic 1FayROB IRt £8 BEe Pof ARBIL &R nt ai ni ng

a thi cknasst £fn 3y MuAnAR M dOR Mk tAN N0 K DAPF €ON baitRinnge PEpEeghr omi ¢
Cornéounds: The am naq group Rossessed by _the am no group-containing 15
pho

Schrigiads donssiiRt Sy béPRAvéShadhe ProperPyeXsigfdadsadgfBEpng
represendfth Pyst MEfectNDeBf adbl dratSsibsid tuerilg &enekal |y, however, it

is desired to use a substituted am no groug havi ng"a substituent X fromthe
st andpoi NIVFOTH F T AGMEREBA| P PHBticT hPonianphrep&ly fooms g Bardr t her

desired dhati {PensuBsid hegak nedsnda ch}?%g%%%“tﬂéﬁélf’tién Qroi'macl k¥l group,

aryl group) having 1 to 10 carbon atons™ and, particularly, to 77 carbon

atons f ragm tenceskenfpoionateth esisiamerdtut Feerrffeatheebyocyclic group
may oBe fArgmd d Ned UH DG n @S DAL 850 A Q0B £ 81 LE0065M &L 0fBe tARIno

group-containing photochromic compound and, as a result, makes

it possible to effectively solve the problems of poor curing,
yellow deterioration and red deterioration specific to the
photochromic optical base member produced by the coating

30 method.

Further, effect of the Al complex serving as the curing
catalyst (d) is exhibited to a conspicuous degree when water
isused in large amounts. Concretely speaking, the above effect

" is conspicuously exhibited when water is contained in an amount

35 of, preferably, not less than 100 parts by mass, more preferably,



25 are constituting the amno group with two substituents X being bonded
thereto. In this case, it is desired that the heterocyclic group has carbon
atons in a number wthin the above-m2ationed range. It is further desired
that the nunber of the hetero atonms in the heterocyclic group is not |arger
t han 304. [0075] Preferred and concrete exanples of the substituted
am no group include dialkylam no groups having an al kyl group with 1 to 5
carbon atons, such as nmet h no group, dieth m no 35 roup. and

G butyl a5 EDaral BRoRgT L 1 T8 JBop ALY AGLRyb ZRE RSB Bup:

bi s( 2- hygls ©xeishyhd AN 41 pakr@ePhy Mas(2paet tigx ettt hagiune cng:llh}é, fiaephol i no

group; piperidino group; hexanethylenelnln th|o hol i no_group;
Dy T ol o GHERLaE G AAUPRGI SIS QOO ot PREPGRBEpC CBponent 8

N-net hyl phpesadi 0@ gEeE; b -my$®] i di nyl group; 2- qU|non1 group;
pyrazolldlne oup;. qui nucli dine group; indole grou |ndol%g§ group, and
car b&zol e gro&ﬁ‘ e PO PEIPACKep? 633%1 ditt P& 8RRPIelBf t‘??é“%é’t hrokP

conpounds 1§ i NGt ke sabaxe, Sp@ﬁti&tﬂsﬂl%m MOl HOUR 0 @aast%hbgnma@sconpound
havi ng a nol ecul ar "'wei ght of not |arger than 540 represented t he

f ol | owi NBEHeiRg dlofak mRauns)(a C‘:hlbdm?rfetbénﬁéﬂﬁdgéﬁnﬂﬂlérgéhéﬂﬁﬁ 8 mul a (6):
R 4 12n 48[ Ligr @ ds8astc A oRpBufkb &Bﬁ?gﬁgﬂﬁé By 40 1'839585%1;@% rgani c

group havi ng the above-nentioned substituted am no group 077] 20ln the
above gehefal forrmula (6), the ring X continuous to the pyran ring and
havijpg the groypmp is an aromatic hydrocarbon ring or an unsaturated
het erocyclic rlng As the aromatic hydrocarbon ring, there can be
exenplified rifiethemi nePBr @ 2RO ekl b opK AN @ﬁcmh%chmmk@heugsn@|ng,

ht hal h s
n?pg. a §P&m£1‘£ﬂt%§ nQeé‘QPé‘px’ﬁ‘é@%ie{‘ﬁciu&Q AP 8&%&185&? Ee?geﬁgg uor ene

rin e unsaturated heterocyclic ri , ere can be
exenpl i faedtonalgs, ledhiydgadet oa ot ate loowl aabmyh@bldemcﬂ@di fgnaore tbem, wo

ni trogen. AL O, GYPER &t OUBe Ly SHLELEN 2L OB aF PELELY, 37

15 [0044]

It is also allowable to use other curing catalysts in
combination so far as the complex having aluminum as a core metal
is used in amounts as described above. Examples of the other
curing catalysts may include:

20 complexes such as acetyl acetonato, ethyl acetoacetate
and salycylaldehyde containing Li(I), Cu(II), Zn(II), Co(II),
Ni(II), Be(II), Ce(III), Ta(III), Ti(III), Mn(III), La(III),
Cr(III), V(II1), Co(II1), Fe(II1), Ce(IV), Zr(IV), V(IV), etc.
as core metal atoms;

25 perchloric acids such as perchloric acid, magnesium
perchlorate, aluminum perchlorate, zinc perchlorate and
ammonium perchlorate;

organic metal salts such as sodium acetate, zinc
naphthenate, cobalt naphthenate and zinc octylate; and

30 Lewis acids such as stannic chloride, alumimum chloride,
ferric chloride, tatanium chloride, zinc chloride and antimony
chloride.

Among them, the complex containing zinc (II) as a core
metal is most desired. When other curing catalysts are used

35 in combination, there amounts may be the so-called catalytic



atonms, such as thiophene ring, benzothiophene ring, benzofuran ring, indole
ring, quinoline ring, carbazole ring and phenanthridine ring. [0078]
SFurther, R11 to R15 can be the foll @4 ng groups on condition that at |east
one of themis an organic group having the above-nentioned substituted am no
group. [0079] First, "o" representing the nunber of the groups R15
10 possessed by the ring Xis an integer of 0 to 6, and the group R15 is any
one of the follow ng groups "A'. Goups "A": alkyl group having 1 to 8
carbon a@®@8Rtat kyl oxy group having 1 to 8 carbon atons; 15aryl oxy group
having 5 to 10;ggfdpn atoms; unsubstituted anmono group; substituted am no
group having anyone of aIkyI group with 1 to 10 carbon atons, aryl group

with 6 t@therchddbhivesns, acyl group with 1 to 9 carbon atons or
fluorine at omfg. &3UbS %%51%9%618@ BIHQ%eééﬂ’ﬁ ARUR Gn WY\ SRt he Ting

has 6 to 10 carbon at ons, | ogen atom such as fluorine atomor chlorine
at om5 pefurtbevdllerdes wmphwx@lq knewn addbohves dmsadgetipudroiiieyl oxy

group hayj anﬁ ik c40 RO at Qs 25@% grpyrg%@% " 18ht9n§% y Ryt at ors;

alkoxycar onyl group aV|n 2 to car bon at aryl oxycar group
havi ng 7impaig thebohjacbnef ahglarkyengréupehéwpng 7 to 18 carbon atomns;

hydr oxy! group L8 9" QU er-so1 carggghi _J%ﬂg gPQ tituted

with a hydrocar on group '‘having 1to group having 1
to 8 car borerdtamss the dispersiometfetbeyitine gga@u@ahrasihfgca )ty ofére at om as

7 hefer o, §£8m §§1 ng‘%a% té’oihg flag, %%Yl's% hgﬁncg SPOES S Ay 34ch as 38
pyrroI| |nyI ho I no, razol i di ne,
qU|nucI|dfneol|oﬂothe fmdelgnenamdrcambazalea LOO@E&lﬂmmhg,thhegroups "A"
exenplifaggegggg?hbaheogagnigrgggvent favorably dissolves the

organosilicon compound components (b) and the curing catalyst

(d), and is volatile. Concrete examples include:

15 alcohols such as methanol, ethanol, n-propanol,

isopropanol, n-butanol, t-butanol and n-pentanocl;

esters such as methyl acetate, ethyl acetate, propyl
acetate, ethyl propionate, methyl acetoacetate, ethyl
acetoacetate and methyl lactate;

20 ethers such as ethylene glycol monoisopropyl ether,
ethylene glycol monoethyl ether, ethylene glycol mono-n-propyl
ether, ethylene glycol mono-n-butyl ether, ethylene glycol
mono-t-butyl ether, propylene glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol

25 mono-n-propyl ether, propylene glycol mono-n-butyl ether,
propylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate and dioxane; and

ketones such as acetone, acetyl acetone and diacetone
alcohol.

30 These organic solvents may be used in a single kind but
is, usually, used being mixed together in two or more kinds to‘
control properties such as viscosity and the 1like of the coating
composition.

[0046]

35 Among the above water-soluble organic solvents, the



5 al ki nyl group and heterocyclic group may have a substituent "B",
respectively. Described bel ow are concrete exanples of the substituent "B".
Substituents "B" alkyl group having2b to 8 carbon atons; 10al kyl oxy group
having 1 to 8 carbon atons; am no group; substituted am no group
havi ng an al kyl group with 1 to 10 carbon atons as a substituent; cyano
group; 15hal ogen atom such as fluorine atomor chlorine atom perfl uoroal kyl
group having 1 to 2 carbon atons; perfluoroal kyl oxy group having 1 to 2
carbon REAEESNhyERItRRUDEeEer el Yretes POERINOYr obiBORAYPARC2 to 9 carbon

at orms; t—@ﬁ’&‘%ﬁ?%@:‘é’ﬁgh aBeRURehay] e Lok & a LAIRA08r AltaBLedd gmpabilt ut ed
am de group substituted with a hydrocarbon group having ™1 to car bon at ons;

het er ocyRonel pRIQP YhAtAG Tal APIrGRfe 1§ taneipcdd) taC hed b Re e b9 2 @afid "Sonded vi a
the nitr ﬁr@ixf‘épn},iff&gﬂ 88 1-pyfpotiginyly pieerigéng-aadagpepe! i no; and

condense erocyclic group Inwhich the heterocyclic group is condensed
wi t h5an sebakior hseld obar bdecenpes brd akheronganesheiepncgenpeupfing. 30[ 0081]

In the ab y;gog&ﬁl@%aémf %&Matmatéyrwﬁe%i&éama’; _%%rt%,r HesReELL vl V.

aromati c hydrocarbon groups, unsaturated heterocyclic groups, or groups
represenseliioy sadle eeblow hat i biwylin feaning the)coatrusy BMAREPrmiBGEE| C) - FO8

nydrocar B i o e arheRen P S L PR IR RI KPS e o
hydr ocarwategr sabublderegaraic b leseplisf vk dhanph gmouptaddsaaphilyyl group.
havilh 400 20TEE BnL Gr St 0 Baf ek By hoFe il I g 8 we 9O
benzot hi 5§ pagteupy mberzsfutlie tgtaipampynt olfythgifane,granular silica

(a) and the organosilicon compound components (b) of 100 parts

by mass. Further, the water-soluble organic solvent used in

an amount at a ratio with respect to water (c)

15 (water/water-soluble organic solvent) in a range of 0.5 to 10.0
makes it possible to form a smooth and hard coating without
irregularity in the thickness and without affecting the
property for preventing the red deterioration or yellow
deterioration.

20 [0047]

As briefly described above, further, the coating
composition of the present invention can be blended with the
acid aqueous solution in order to hydrolyze the organosilicon’
compound and to accelerate the curing property. Though there

25 1s no particular limitation, representative examples of the
acid include such inorganic acids as hydrochloric acid,
sulfuric acid, nitric acid and phosphoric acid as well as such
organic acids as acetic acid and propionic acid. From the
standpoint of the preservation stability and hydrolysis of the

30 coating composition, however, hydrochloric acid is preferably
used. The acid aqueous solution is, preferably, a hydrochloric
acid aqueous solution having an acid concentration of 0.01 N
to 5 N. The amount of water in the acid aqueous solution should
be so adjusted that the whole amount of water in the coating

35 composition lies within the above-mentioned range and should



20 indolyl group and triazinyl group. These aromati c hydrocarbon
group and unsaturated heterocyclic group may have a substituent. As the
gubstituent, there can be exenplified@éahose substituents "B" exenplified
concerning the group R15. 25[0083] In the group of the formula (6a)
or the fornula (6b), R16 and R16 are the aromatic hydrocarbon groups or
unsat urated heterocyclic groups exenplified above, R1l7 is hydrogen atom

al kyl group having 1 to 8 carbon atons (e.g., nethyl group, ethyl 30 group,
butyl grioep?.1-batyltirespthesapeepy| ngeeaparyyépsphogyPlyedng edlcycl ohexyl
gr oup) t deRy. 28 kdky | Nt30ehe B ghnbQ134 dp084]
Further?ﬂ¥ﬁ€$g??g% t?%??@%rg%a Hbggpﬁﬁa,é?¥§ﬁgygﬁonatic §S?hy&r3carbon ring
f or med bgoRadund ARty Hen -nafhee the doneydravadbansilhga ofala i®onocyclic
structur Vi t 0 gaLb qggg Lt g he J5igy n@gsrdensed
poIycycl?%Qﬁy%?gg%?ggﬁ%}Pﬁgghgg}ﬁ%Qgﬁ?o é%:ar Sﬂg§% ngségﬁggﬁtu?@ﬂg t he

ri ng,5 orthe aaskhfinkedsgalutel ¢ty doesardomavienyo bk afidedeire decogpose

di hydro r i C n i n 1] i ring may
be 2pi 1 o POrAGT RS Y orb SonBp kA orin in B AT BROG L LR R coBEING 1 1, ¢
desired tbmpoaitieastortahes Rifleor iRl2ni smannansnéfgraeptsdbstit ut ed
aromatic,l drocar o] m_po, group:- L d rated
heterocy% SEQ%Y%g% hgggngi?ﬁgyaégggpﬁeﬁ?iBﬁgdgg §§?§§3§§§%aﬁ§ﬁ§%§%6ﬁp. Anong
t hem t heompbnenys oly-.subswevetredquiienidn gifotipe s ipaaquenhasiofutdsirr ed i n

Whi h ; : e ) di al k Y h
ot T anf e LR btpeS 16 hearor antRo SPBERVEP Bhet HEELAPRG i5vods. e the
substi t utedt angnoogposptisnboadedet opthealt bapesimember( pupbsitsi ame. That i s,

t he chronene, conpound exhi bi.ts n onl od phot achrom ¢ propert.i es but
50 t nePLBSL R BASH TS 6P PRl U DL R, L & LAdgpo I nT

det eri or atifarmitgpehard ¢Saeih@celatelri ndlumt tyvented cMies stal@hd g¢dating is
f ormed b% 6sina the coating conposition of the present invention. [0086]
In the aPOVETYBRePEPPEEF)ula (6), further, RL12 and Rl4 are the groups
exemy i fied as[othggpubstituents "B" for the group 25R15. [0087] As
descri bed al ready, at |east any one of _the groups R11 to R15 in the above

formula (6) is'Bh WRTGGFEHROIAG 18P T it RFPF SNt YRBERT hadiTRY £
subst i t uEgEtBATNOsGT O4IP1 y APDEGISE W 1ien CHT UTRNE OO WRdsa I efieRantied by the
general faqrmula (6), the conpounds represented by the followi ng fornulas (7)
to (12) BFEIpAPRI oIt f desiFredrlegmsind Cat ARAPBPHE 1 L BRI DT
properti §EisHCHha§ 86! 96t dBRSALY,  thad Agedat®F Kk |, 0n ¢ &5k St aege, 35[ 0088]
91 Conpounds represented by the fornula (7):; ) i
20 ° such fine granular metal oxides should have grain sizes of not
larger than 30 nm like the fine granular silica (a) and should
be used in trace amounts of not larger than 5 parts by mass per
the total amount of the fine granular silica (a) and the
organosilicon compound components (b) of 100 parts by mass.
25 [0049]
Further, like the conventional coating compositions used
for forming hard coatings, the coating composition of the
present invention can, as required, be blended with a variety
of additives such as surfactant, antioxidant, ultraviolet ray
30 stabilizer, ultraviolet ray absorber, tint-preventing agent,
antistatic agent, fluorescent dye, die, pigment, perfume and
the like.
[0050]
In particular, it is desired to use a surfactant for

35 forming a hard coating having a uniform thickness. The



wher ei n, R19 and R2 have the same nmeanings as Rl and R12 in the fornula
(6),.15R21 and R22 have the sane nmeaning as R15 in the fornula (6), at
l.east any one of RI9 to R22 is a grody having the above-nmentioned ani no
group and, particularly, the substituted am no group, and 20"q" and "q" are,
respectively, integers of 1 or 2. Anong the conpounds represented by
the above formula (7), a conpound is particularly desired in which R19

d/ R2 ' -subst it ut ed tic_hyd - bor '
g oup- U TIGFEA URSaTBY 2040 Pt EPBCYERT T o obigRS” 281 008SF CoHBoRAds

r epr esent&elidyit heyporaan de( 8ped. 42rdm the standpointwodr eskabiliR®3 and R24
have the sanme neani ngs as R11 and R12 in .the f.ornula (6), R25
e T kAl

and R26 RAVeV¢he MY BPR Irmiies L 5@) | PrefsE *rast any

one of R2vamPl&R6of Stite gfionpohdwi bgpéhsuabayeanenihobadeam no group and,

particul arly, substjtuted aq%nq%ﬁroup, r and r' are, respectively, 1 or

th
2, amd L is a SRR prasehiddt Yy one of the 20following fornula, H2 C
\ HHIs '--ERjryd&efh 7f&tty acid ester,

decaglycerin fatty acid ester,
propylene glycol pentaerythritol fatty acid ester,
polyoxyethylene sorbitan fatty acid ester,

10 polyoxyethylene sorbit fatty acid ester,
polyoxyethylene glycerin fatty acid ester,
polyethylene glycol fatty acid ester,
polyoxyethylenealkyl ether,
polyoxyethylenephytosterol phytostanol,

15 polyoxyethylenepolyoxypropylenealkyl ether,
polyoxyethylenealkylphenyl ether,
polyoxyethylene castor o0il cured castor oil,
polyoxyethylenelanolin lanolin alcohol bees wax

derivative,

20 polyoxyethylenealkylamine fatty acid amide,
polyoxyethylenealkylphenyl formaldehyde condensate,

and
single-chain polyoxyethylenealkyl ether.
In addition to the above surfactants, a surfactant of the

25 silicone type or the fluorine type can also be favorably used.

The silicone type surfactant has the silicone chain
(polyalkylsiloxane unit) as a hydrophobic group while the
fluorine type surfactant has the carbon fluoride chain as
represented by a perfluoroalkyl group-containing ester type

30 oligomer, a perfluoroalkyl group-containing alkylene oxide

adduct and a fluorine type aliphatic polymer ester. As the
silicone-type surfactants that have been placed in the market,
there have been known “L-7001”, “L-2002” and “1-7604"
manufactured by Nihon Unicar Co. As the fluorine type

35 surfactants that have been placed in the market, there have been



R27 0/ \ Il 2550R Sit wherein "P" is an oxygen atomor a sulfur atom R27
i san "al kyl ene group having 1 to 6 carbon atons, 30and s, s' nd s" are
i.ntegers of 1 to 4. Anmong t he 2Z8onpounds represented by the above
formula (8), a conpound is particularly desired in which R23 and/or R24 are
am no group-substituted aromatic hydrocarbon groups or am no

gr oup- substituted unsaturated heterocyclic groups. 35[0090] 43 Conpounds
represented by the formila (9): 10 wherein, R28 and R29 have t he
same nmeafiiy as? RA23n d“@ﬁ@f?%t¥ﬁ%df%ynﬂ%%o@Gynlcar Co., "Megafacpzg R31

and R32 hayep+t he\safilr Jeeani gy 25 JRkD "M ddtad er-auloxr hanBfacturedt pyeast any
one of R28 to R32 is a group havi ng t he above-nenti oned am no group and,

parti cul B&2iyirrer InlpKegakudde amar%i gFdapragnt’ v41°’%" PP EACUTRHRY t he
conpounds,hepsrsened, by the above fornula (9) , a conpound is particularly
desired in which R28 and/or R29 are am no group-substituted aromatic

hydr Scar bon grdUpxslbor ami no group-substituted unsaturated heterocyclic

groups. [0091]7S LRIROUNGF JRRNESELREAT BYubieyf Op8UlFed L) one k4hdwherein,

or being mixed together in two or more kinds. The surfactant
is added in an amount, desirably, in a range of 0.01 to 1 part
by mass per the total amount of the fine granular silica (a)

10 and the organosilicon compound components (b) of 100 parts by
weilght.

[0052]

In the present invention, the above-mentioned various
additives are used in suitable amounts depending upon the object

15 but are, usually, used in such amounts that the total amount
of the fine granular silica (a) and the organosilicon compound
components (b) in the coating composition is maintained to be
not less than 95% by mass and, particularly, not less than 97%
by mass calculated as solid components.

20 [0053]

The coating composition of the present invention can be
easily prepared by homogeneously mixing the above-mentioned
components together. Generally, however, it is desired that
the fine granular silica in a dispersion medium of water or an

25 organic solvent is mixed together with the organosilicon
compounds such as epdxy group-containing organosilicon
compound and tetraalkoxysilane and with the curing catalyst
just before the use. Generally, further, it is desired that
the coating composition is preserved at about -30 to 20°C when

30 it is to be preserved for extended periods of time.

The coating composition is applied onto the surfaces of
a predetermined optical base member and is cured to form a
transparent and hard coating having excellent scratch
resistance and favorably adhering to the optical base member.

35 The curing is effected by being heated for a suitable period



R33 and R34 have the sane neanings as RIl and RI2 in the forrmula (6),

R35 and R36 have the sane neaning as RI5 in the fornula 5(6), at | east
any one of R33 to R38 is a group havi2a®g t he above-nenti oned am no group and,
particularly, the substituted am no group, and w and w are, respectively,1
or 2. 10Anmong t he compounds represented by the above fornula (10), a
conpound is particularly desired in which R33 and/or R34 are am no
group-substituted aromati c hydrocarbon groups or am no group-substituted
unsat ur a@ed- it dcosydegregridifds wildosel dst ephpoahest e prddamleBasg t he
formul a . 0. L0y s 7 8 h a ani ngs as
R11 and éé%g?ﬂ ?%et?%fﬁg 2@§%§Fﬂ%é6? Eﬁ%,oﬁﬁgnﬁg sB2Yent NEndELEE h and
R42 havecohbataee hrabh@gcastRNG FampadiBOPBrmul a (6), at | east any one
of R37 to R42 (¢P94proup havi ng t he above-nenti oned am no group and,
particul arly, e substituted am no group, and x and x' are, respectively, 1
or 25 35AMang €hettospounds represented by the above fornmula (11), 45 a

conpound i s pﬁ{ﬁé | lct%ageiai rgdsiy tw&%e%:yo%nd(lgﬁaﬁgf Ao N o

group-substituted aromati drocar bon groups of am no oup-substituted
unsat ur adledutet®roanyehen gt dupformedOdh bh€omuofuds ofprieserkahpiy,t he

formul a éjﬁyéstic lens though it may vary depending upon the use of the
optical base member.
10 [0055]

Further, the hard coating formed by using the coating
composition of the invention is very dense and its molecular.
motion is very limited. For example, the hard coating (cured
body) has a glass transition point (Tg) of not lower than 150°C,

15 particularly, not lower than 155°C and, most desirably, not
lower than 160°C but the upper limit of the glass transition

point is not higher than 200°C. Here, the glass transition
point is measured by the differential scanning calorimetric

analysis as will be described in Examples appearing later.
20 [0056]

The hard coating is very dense and in which the fine
granular silica (a) is homogeneously dispersed and is strongly
fixed, and, therefore, has a very high hardness. When the hard
coating is formed, for example, on the surface of the

25 photochromic optical base member produced by the coating method
(i.e., formed on the surface of the photochromic coating), the
Bayer value can be increased to not smaller than 5 and,
particularly, not smaller than 6.

The Bayer value is an index for evaluating the scratch

30 resistance on the surface of a lens, and is for finding a haze
of when the surface of the lens is scratched under a
predetermined condition in comparison with that of a standard
lens (photochromic coating in this case). The hard coating is
evaluated to be hard and is little subject to be scratched if

35 the Bayer value is not smaller than 4 and is evaluated to possess



15wherein, R " and R' have the sane neanings as Rmand Rmin the fornul a
(6), R48, R' and Ru have the sane neaning as Rmin the fornmula (6), 20at
|.east any one of R43 to R47 is a groupo having the above-menti oned ami no
group and, particularly, the substituted amno group, a ring Qis an

al i phatic hydrocarbon ring, and y, y' and y" are, respectively, 1 or 2.
25Among the conpounds represented by the above formula (12), a conpound is
particularly desired in which R43 and/ or R44 are ami no group-substituted
aromat i c SAydtebar B8hsHRBUPSCHRPARR LS rohaduledt Pt 9t @8S uhb dthe &eater

het erocyghige0rQURSt RA94L 3@ARNG t he am no group-substituted chronene
conpounds represented by the above fornmulas (7) to (12), the present

i nvention parti€0Padly preferably uses the chromene conpounds having a
di al kyl am no gpQup;stcReasndbretByhar-BR 9HRURLASE%EARLI ki-ad keligy fromthe
st andpoi nt of %ﬁoté%%rgﬁicn35g§%o%ergkes. 46 47e 5 LOSQS] 5'I$hel
above> nerciiofedndnithe §eoes- ¥eRU&NItAE claditige COBWMESHIdSTM® Bdeused in one
Kind or bReleiXiiténOloh¥e %rglae%ég,nﬂardF Llaee pLanepet e e gpt ai ni ng
very excellent photochrom c properties yet effectively preventing the red
det eri or aeisdsteagsed Bysidieshardingaté righd o rmebuns tist g thee R tciod i ng
composi {40,061 he PLasent Dventlon. JAMBKSly Jdod Bassided lodss, @
chr omene compoun aving a &lalkylanlno group i'n conbinatio Wth chronene
conpound againsg @xygest iangt edpariessegr ¢l otigera tilean athehditaldoydamiicno group
among, the aBAVETRLORR] ghreneRe GATPQUNS hauing.the am ng,droup. 15 Vhen
t he am no "group-cont-ai ni ng-photochromc cahpounﬁ (chromene conmpound) is used
i n conbi pabitochasmdescombedndlaive hidiecbarahtecantient theerefors, ddsirably in
t he abov -E%ntioned r % by MBss, per t el&giable

. 0

conmposi ti e FpaﬁgnpuE?ﬁ@?eéégpﬁeﬁb%ﬁggff%ggh%§SWW%?i% (CL/ Yhe
chronmenethe surface of the photochromic optical base member formed by
the coating method. The hard coating effectively prevents the

15 yellow deterioration stemming from the deteriorated
photochromic compound due to the permeation of oxygen and
effectively prevents the red deterioration stemming from the
interaction between the amino group-containing photochromic
compound and the components in the hard coating.

20 When a hard coating is formed by using the coating
composition of the invention on the surface of the photochromic
optical base member that is formed by the coating method, the
degree of yellow deterioration (AYI) thereof can be evaluated:
by, for example, a deterioration acceleration testing. As

25 described in Examples appearing later, the deterioration
acceleration testing is conducted by using a xenon arc lamp of
2.5 kW as a source of light and by irradiating light under the
conditions of an irradiation intensity of 40 W/m? and an
irradiated surface temperature of 50C for 100 hours. In this

30 case, the degree of yellow deterioration (AYI) is not larger
than 3.5, fromwhich it is learned that the yellow deterioration
is effectively suppressed.

[0058]
Further, the hard coating that is formed on the surface

35 of the photochromic optical base member effectively suppresses



20 conpound (C') having the dial kylam no group and the chronene 48 conpound
(C2). having an am no group other than the dialkylamno group is in a range
of 0.0 to 5.0. [0096] It was nentionedl al ready that the above am no 5

gr oup- cont ai ni ng phot ochrom ¢ conpound may be bl ended in the photochromc
coating 3 (photochrom c curable conposition) in conbination with the

phot ochrom ¢ conpound w t hout havi ng the above am no group. Known exanpl es
of the other photochrom ¢ conmpound ma)r/] i ncl ude ful gi mde conpound,

spi r ooxa¥NBelBERPpEGHdCROPEEHCERr SRENENOSREHERHLC compoungs aikh the gi i de
conmpounda$R1K2eX88hPENEATPANAY Bl £\ AEENEr LMDy dMSFeh teAp sy
preferably uséed those conpounds that are disclosed in, for exanple,

JP- A- 2- 28¥5AN93P- A- 62- 288830, | eafl et of W94/22850 and | eaflet of 15

W96/ 14596. [0os9hn addition to the above conpounds, there can be further
used those conpounds havi ng excel |l ent photochrom c properties that are

di sclosedPPR1iPafignotol the7Ehoypchropa - §térel Pesa Yeoberioe7,

JP- A-2001- 011006, odB-A1 20005847346 :n20cdR: Ang0BBrghe1620n BrALRQ00 344761,
JP- A- 2000- 327676, JP-A-2000-327675, JP-A-2000- 256347, JP- A-2000- 229976,

JP- A- 2000229151 ny Pl 00 (o Q8T 410 JP-A fRE0G-VE2 99238, 13 Pf arps o0 Ezgh72,

JP- A- 2000- 8 - A-2000- 2% P+ A-2 - JP-A-:114322739,
IP-A-11- ggéﬁgé byyBeAp %19@?3‘%%%8%? A7 }%?l i -2‘%"3%0%%;&9

JP- A- 09- 12nb45, thRtAIe8L008E09, a JFhat QchuTBilgocoding 08y IR EDatiI8P5645767,
USP5061892,agd USPE2967861 ,L0PO7L - Agopg.L hgsg) oLper,cpRaLOgRoL M ¢ compounds,
the 30 c rt\fmene-ty e photochrom c conpounds exhibit photochrom c properties
mai nt ai niphg tichremilc ghticasiataitke tleay -t,hehot hehrphétokémehihawionpounds,
as well %%eeﬂgl%efldl %%tatﬁ?m' orfoq%@_%i tt¥1e%‘%%nf ading rate and can, therefore, be
used in COIfbi AALT ON Wit H the above-mentioned am no gr oup- cont ai ni ng chronene
conmpound. 35 Af©A§Ofthe chronene-type phot ochrom ¢ conpounds, further, the
49 conmpounds hayvi.ng_nol ecul ar._wei gh of ,not smal l.er than _54Q _exhi;hit
particul arly ohB&PEEARICSrof 1dendrty Sk PLaCR] Clee CPRaaar & as Fabl e, As
t he D% hegetkraidye destdpaands, ath&fehaana bieaedenpat fngd tlhen iohe toak nen
conpounds @ he. above fornulas (7) 5 to (1 wi t hqut. havi ng. ami no_group.
Thebhot ochPBRESCRoABsanaBE A ER BT S ETFIEEE ot San HAP Al AP Fr= ber ng

m xed t ogétilcdr comptiwesra imyktktndasmi 0028y nwWiese t Nesadh G grodiystciont ai ni ng
phot ochr &m’ C corrpounglr?%O%ﬁlhr onmene c%rrpoupid) IS us in conbination with the
ot her phdtd&hFSN & EORSETRES™ G G2 RS Ped TG (T EM'ent of the ot her
phot ochrom ¢ cqopeuands is 0.01 to 5% by mass in the photochrom c curable
conmpgsition. The photochrom.,c coatin has a thickness in a range of 5 to
100 2 Wt hi iy AES CrBe PTETGE AR BEnds s PREVOLRE, SRR EON o compounds
wor k to ilnpgartt-tpheisadhrdmoCmphbper 1 i85 tthea phvtbichirent cdegaeenghgntsised in
t he above-nentioned anpunt, i n _conbi nation wth tpe am no group-contai ni ng
phot ochr P& ¥Eny n@%@é’@] bed viesithg™ -he FBREREENr 8Ri ¢ Layer 3:

anti-reflection layer 5 may be provided on the hard coating 4.
Though simply illustrated in Fig. 1, the anti-reflection layer
25 51is, usually, a laminate of a plurality of thin inorganic layers
having different indexes of reflection, and is formed by
depositing thin layers of metal oxides such as Si0O;, TiO; and
2r0O; or by applying thin layers of organic high molecular
materials. Shock resistant primers such as urethane primers
30 may be applied among the anti-reflection layers 5. Moreover,
treatments such as antistatic treatment, water-repelling
treatment and anti-fogging treatment as well as a secondary
treatment may be effected on the anti-reflection layer 5.
Further, though not shown, the hard coating 4 and the

35 anti-reflection layer 5 may often be formed on the back surface



The photochrom c | ayer 3 containing the am no group-containing photochromc
conpound is formed by applying a photochronic curable conposition containing
t.he ami no group-containi ng photochrom2 conpound and the other 25

phot ochrom ¢ compound onto the transparent nenber 1 or the priner |ayer 2,
foll owed by curing. As briefly described above, the photochrom c curable
conposition is blended with a radically pol ynerizabl e nononer, a photo

pol ymeri zation initiator and the like in addition to the photochronmc
compound®f BbeThe IpkotEEREBHTE 1RGr BFMESortposi ti ons (coating agents) have
been closely deggeplped in the above-nentioned patent docunent 4
(V®2003/011967é and patent docunent 5 (JP-A-2003-342310). [DlOQ%g%n order to
i nprove the |i gAt thesPEeapRe, 1B%eRbI of  deReI R NP2t 9 thdihd 8 and

f or mabi | by uah nhhe he5@ oRRAMGC Rbapios 1¢aRo WG e riddabovicher eneanake added,
to the photochrom c curabl e conposjition, the additives such as surfactant

(1 evel i n§oa§éng) dof ormedsion; @snerAipe ryr sPeGsAcHe thepe YAt dant ,

radi cal - bh%l%'cﬂ&oﬁﬁ%%roﬁé@’@%r|i'sZ%he8&{r’é Rfatdi 8ldiavd ol et ok ol dravi ol et
ray absorber, releasing agent, anti-tinting agent, antistatic agent,
fIuorescéﬁ?CG?@}ed}@ﬁspﬂﬁaéﬁﬁ}cpéﬁﬂﬁﬁeVhﬁl tiag Aerdithen 4de coupl i ng agent
and the L S ~f yr. r 2desy t lend to> pol yneri zati on
initiatokb%%gfgﬁfgagfqﬁ?%%agd?ﬁFiggehggg bee%%ggggﬁdsed in, 10 for exanple,
t he patent doclf®ABl1. It is desired that the content of the

addi {4 ves suitaply; used q§§§g'_ ROPVE () S

part%%ularly, ?Ht%?#bgﬂbgﬁﬁass S%r t he cdgagﬁéﬁg%%ﬁﬁggkgyngg[%131;riSIt is
further opsilced meabetrheuphotechr spectaatablensonposivintovane fof 4 or mi ng

t he phot .Qmn at j . vy Si : 20 0

prefer abﬁgﬁlsggk?oggoéhggmggg?é rr‘gﬁ’/h%ggféeé%t#%,ﬁg%%u?%r Zlgjﬁﬁlgcpépjéiﬁg)d]ltust i ng
t he vi scasit pagft itchd aphigt delwrigabd youralsipe addermdesiltaren to |ie in the above
range, 20 it bﬁﬁﬁg@j easy to formthe photochrom c coating 3 nmintaining a
t hi ckness whi c ather as large as 5 to 100 gmso as to exhibit

photbeghr om ¢ plbpespéeesatbe d esisfefs nagntndegte&nopW®lpRes The spwttoohiem c
curing cqipasly 'm%.’éie"“%'r%& '(?nett*il.g a%‘}%}fﬂ?.r%%i‘%p??olﬁ%ﬂ%%n%ﬂcpé Ihed gy a known
met hod such™as spi'n coating, spray -‘coating, dip cdating or di'p-spi’'n coating
wi t hout adyylli mesahj oohidwrebhdneuterint neegpianec pasingawadrt hiogpater abl y
enpl oyed .t o.form a uni,.f arm goati ng w.th .ease. There_is. no particul ar

i LAl GRoATEnar S ihé mAed SPSEUATE (RESCH-abi8 50°cHrsa8 i on.

Desi r abl ynvenghotngchildmod chespgspenpasiti banbetenced e tised phioftoout

pol yperi zati.on i.ni tiagor, and,a_heat . pol rization initiator i.s used and is
P o0 by LBt Praar RREHTAPLAT AV r 451 OPeReFagEtoror el PRESHATs. fol | owed
by heat i ngeict acdrpl eheesheaqo| it i(hathpacr$bfielodsinSbolycarbdfeete t he
curing is etfectﬁq y the ir&@@jati n with |ight su;?]as ultraviolet rays, a
known sodfcelsf ritght &8t e U EF N i S0 *Eohdt & exanpl es
of the saeauhieepoikyl irghtin.ncl ude ul tra-hi gh pressure nercury |anp, high
pressure 5 ner r% | anmp, | owpressurenercury |anp, xenon |anp, carbon arc,
sterilizing |aﬁ§9 Retal halide | anp, and el ectrodel ess | anp. The tinme for
irraghating |ight BYadsiikg sEb@t&bQ‘ée 1e0ees @fsulailght, mayke cativierbl y

determ ned dependi ng upon the kind of the photo polynerizatjion initiator

bl ended ﬁHrFﬁgeﬁhothHB8n¥% the difigent advance 1n theé optical design,

further, the convex surfaces, in many cases, have curved
surfaces of complex shapes. According to the present invention,
such spectacle lenses can be used as the light-transmitting

30 member 1 for forming the photochromic layer 3 and the hard
coating 4 without any problem. The light-transmitting member
1 may have a thickness that varies depending upon the use without
any limitation. Here, however, the spectacle lens has a
thickness of about 1 to about 200 mm.

35 [0066]



10 conposition, absorption wavel ength and sensitivity, and thickness of the
phot ochromic layer 3. Further, an electron ray can be used as a source of
[ight. In this case, the photochrom g3layer 3 is fornmed by curing the
curabl e conposition w thout adding the photo polynerization initiator
thereto. 15 The curing by the irradiation wth light or electron ray nmakes
it possible to instantaneously formthe photochromc |ayer 3 offering such
advant ages as increasing the hardness of the surface and inproving the
scratch resisﬂéﬁt@urﬁﬁmﬁﬂkﬁ201h%ikwmhtnﬁﬂanﬁmiﬂﬁﬂng r@enfgrmeld ey desscri bed

above h kf%{sv djspt é"’“' Ghe WRYFIL tIHST e 2 ol ?{‘%% ofr{}- 3 to 10

kg/ mMMan |s re ativel its scratch resistance mu be |ncreased
Therefcw&xampﬂﬂmwﬁ(Qmﬁmuq914tmgatmﬁmEdUSFOQOB]b251FoaQMqu$h%0¥@tdoﬂbat|ng 4:

The har%]f%%t' 4944 %qfu% Eﬁ%dsg?c‘é't'ig fhéhFSETEﬁ%ﬁfgﬁ%QHﬁre&th@P&“ 10 gm by

appl yi ng 't he coating nposition 0 nventio curing It e coating
conpbsi tpqﬂmsmnmpgeeu m/péaﬁm@mmm vgdngan §pinespdatilegy lapnay

ol 1 00 7 B, PR AR el O e RE TR SRR R e

phot ochrom c IaMHEHB and the transparent menber 1 by heating for a suitable
period of trn%,to such 2 de 1at t hese basqjﬁynb rs. are not

deteri orat ed. lgsuzﬁrl?1 |t d SI d BBRIRA" he'coa ensglocnorﬁ)om}h on is
cur ed b)prb:mmglﬂfmaicedoatlngw &lelem/\phothahraﬁic JfayerﬂotahémsfdafmeadlS
#b :grefera | ower. t han_90C for an go m nut es and,
r SRPEBIY Y loﬁb?thbKREF HEFAR S0 E PB ot ?8980%%6’ oRR RSP [ 0106]
5The harmb that pingt det pomtd lazyedeS;:rhd)mirabowerLSreytaralnéJ@rﬂe\,erhﬁSS anhr gh
gl ass transit i ot aszges ri bed bov adh%res excellenéﬁy
djlhas

on Ol
ot ochranBetF 20ul s 1y A% £ERAN PS8R0 Fhe et hEbe TR 5 T
parti culpgdry clogle lyedssthabed, ithasleahlgb <ﬁtrratélﬁnées:bsﬂaanmldampleﬁerves as

s PSR YA e hhe, A0 PRt ool S E Lol g T Mg oot 19
p

photiechrgminte wRidyea nhasae tRITbBRhebBaVONY W DO ABcut ayeb 3bogdchoas yel | ow
deterioration or red deterioration and, further, effectively prevents poor

15 curingM-n form ng the hard coating 4. [0107] EXAMPLES The
invention wllfopesibe described with reference to Exanples and Conparative

Exanpl es to which onL% however, the 20 invention js in no way_|imted.
Descri bed belﬂthP@ &93tAN D 4sé SmERBBES Bgeﬁh?an&EﬂﬁPégmlﬁoﬁﬁbﬁénts used

for form ng, n&@mimmf&%@m@;ﬁ@ﬁ@mﬁeﬂoi%wé@rﬁyng t he
photochronlc Iayer 0108]. 25(1) Lens Base Menbers X resin plastic

| eng? reﬁ%%&ﬂgveikﬁﬂbﬁoatﬂnao hﬁRRhOTﬁFBﬁP@ﬂﬁa%éY?ésﬁnWbFﬁszhé hand,
refractiogat 1684 ,~thebfnotochromic layer 3 exhibits improved scratch

resistance and weather-proof property.
[0069] _
The photochromic layer 3 is formed by applying a curable
25 composition (hereinafter referred to as photochromic curable
composition) that contains a compound having photochromic
property (photochromic compound), a radically polymerizable
monomer and a polymerization initiator, followed by curing and
has a thickness of, usually, about 5 to about 100 um.
30 [0070]

Unlike those photochromic optical base members obtained
by the imbibition method and the in-mass method, the
photochromic optical base member forming the photochromic layer
3 imparts photochromic property relying on the thin

35 photochromic layer 3 which contains the photochromic compound



IVRB: - Thi our et hane resin plastic lens, refractive index 30= 1.67. POL:

Pol ycarbonate resin plastic lens, refractive index - 1.59. [0109] (2)
Conmponents for the Coating Conpositi®m. 35[Utrafine silica having a grain
size of not larger than 7 nn] 53 SOLI: Fine silica particles dispersed in
wat er. Snowt ex OXS manufactured by Ni ssan Kagaku Kogyo Co. Solid conponent
concentration; 10% by mass. Primary particle size of the silica; 4 to 7 nm
5pH =2 to 4. [Fine silica having a grain size of |arger than 7 nm but not
| ar ger ttap Bdghngoncentration. She2preplemacsofe Hl epeataiear iarafet Pranol |

manut acldd e DnbANASARLKA0RKH KAGY®D £2- rofined GOMIRNGIHoRNRRM 1t ] On)  30%

by weight. Primary particle size of the silica; 10 to nm pH=2to 4.
15S0L3: lRives $i | iHsaveyean,i thedadicspea seag idnf evrned bySiwvi@xhe ¢ratufn@t ur ed by

Ni ssan Ig_f&g@ : 0 41201 ] cent i.qn; %, by, s. Primary
particle si g%lgtg%éﬁgi }}%cgr%f%qﬁ:q n%%%%{:é tc}q{;.p%%%%l&: ine silica
part b cl egrediespertded viel vt aleteSnowmadyi adSmanuf act ur edbyNi ssan Kagaku Kogyo
Co. Solid com{%rbe?rit] concentration; 20% by mass. Primary particle size of the
silica; 8 to IT nm’ 25pH - 2 to 4. SOL5: Fine silica particles dispersed in

wat er. Snowt eRs0the mhotbatiromed lopmdossdn Kaghlnwméngy cofpowdasdls d

conpone cQ ntrati,on: 40%.b S i ar r.ti.cl e _sj 0 silica;
20 to 28°%M ;C)q(j[y:(lfgfjoghr}ce 4t %ﬁ”ﬁﬁaégg@% aga%(lrﬂ%olgtylélgcg.hé@?i%ei%%%onent

concent radt iphrot ROPHdMi argep et yrariye par thclre ot adfr dofiec slidyea; 340 to 50
nm i mary particle size égi.arreter%%of t he fine

o 1Ba eriee B Shrpmprencr e aiitet & SRS e RREs VA5 dBeRT T bS BRI o
amino group as a functional group (amino group-containing
photochromic compound) is most desirably used since it
excellently develops color and has its color quickly faded.
When the hard coating 4 is formed on the photochromic layer 3

15 that is formed by using the amino group-containing photochromic
compound, a problem arouses such as red deterioration or poor
curing presumably due to the interaction between the
photochromic compound present at a high concentration and the
fine granular silica present in the hard coating 4. When the

20 hard coating 4 is formed by using the coating composition of
the present invention, however, the problem of red
deterioration and poor curing can be effectively prevented.

[0072]
As described above, the coating composition of the

25 present invention exhibits its greatest effect when the hard
coating 4 is to be formed on the photochromic layer 3 that is
formed by using the amino group-containing photochromic
compound.

[0073]

30 When the photochromic layer is to be formed by using the
amino group-containing photochromic compound, the compounds
may be used in a single kind or being mixed together in two or
more kinds. Or, the color tone may be adjusted by further using
any other photochromic compounds (e.g., chromene compounds

35 without amino group) in combination. In general, however, the



That is, the dispersion solution of the fine silica was diluted with
ultra-pure water so that the solid conmponent 10 concentration was 0. 1% by
rass. The obtained diluted solution wés dropped in very snall anmounts onto a
mesh with a coll odi on nebrane manufactured by N hon Denshi Datum Co., dried
at roomtenperature for half a day, and was nmeasured by using an el ectron

m croscope (TEN; electron radi ati on-type transm ssion 15 m croscope, Tecnai

F20, nanufactured y Philips Electron Optics Co.) at an acceleratlon vol t age
of 200 k%¥a&ha af dF%ﬁnﬁ@lQ%Igéﬁ%PoFoﬂt?1R¥ng[Eﬁ?é?cP€P@éﬁo§PWP€HH Conpound

Conponegéﬂasgﬁ’t me%érmmcﬁhﬂt r&lﬁd(ﬁ%ﬂws)ltl%ls in a range
y-glyci oxypropyltrlnethoxy5|la

y- gl yci deky stespynakdivhy Pdil et H8x9§|kaéﬁ‘é‘S?eﬁ%.‘&ltﬁ’@x%?Fﬁﬂél(’EZ)f bsipgos:

tetraet hQXyshéREsuI MR 1 464 F se@tihoxnel bRBEoChPER1 &I 1 aPes 3 tho HVEECS:
met hyl tri et hoxysi | ane 30HTS: n-hexyl trinmet hoxysilane [0111] ter-Sol ubl e

Or gaii ¢ r%ywamsye%mmgé%m&b ickoeps &fofF BQMOQWJ@}P}’&FCOMI 55

EGPE: et Byl 569 Ke0d r PN RO PARRYS - &R 168 &E@t&éﬁ/ﬁ&h &onoet hyl
et her EGB}Ié et hyl ene rn';pcol nono-t - bﬁ%}lﬁg et her lPGP propyl ene J(L:]chol

mono- n- pFYPRPuURE Hes UBRINGD ak amditietiona DrIge difafeRohe i Gk MAGE12]
[Curing CaLal i’ﬁéséh@%b??m%ni%@% ? %E nHQ" 23 rfReGOhS i ABL2hind0d
tris(2,4-pentanedionato um nu ex contalning zinc as"a core
met al Cthbks¢3$4e©emﬂameUtoné@oymlmm@lhh a range of 0.3 to 3.0% by
10 mass when the photochromic layer 3 is to be formed maintaining
a thickness of 30 um to 40 um.
[0074]

Amino Group-Containing Photochromic Compounds:

The amino group possessed by the amino group-containing
15 photochromic compound may be have basic property, such as a
group represented by —-NH;, -NHX or -NX, (X: substituent).
Generally, however, it is desired to use a substituted amino
group having a substituent X from the standpoint of obtaining
excellent photochromic property.
20 It is further desired that the substituent X is a
hydrocarbon group (e.g., alkyl group, aryl group) having 1 to
10 carbon atoms and, particularly, 1 to 7 carbon atoms from the
standpoint of easy synthesis. Further, a heterocyclic group
may be formed including, as hetero atoms, nitrogen atoms that
25 are constituting the amino group with two substituents X being
bonded thereto. 1In this case, it is desired that the
heterocyclic group has carbon atoms in a number within the
above-mentioned range. It is further desired that the number
of the hetero atoms in the heterocyclic group is not larger than
30 4.
[0075]
Preferred and concrete examples of the substituted amino
group include dialkylamino groups having an alkyl group with
1 to 5 carbon atoms, such as dimethylamino group, diethylamino

35 group and dibutylamino group; diphenylamino group:;



15 Other curable catalyst C3: ammonium perchlorate [0113] (3) Priner
conponent for Photochromic: A noisture-curing priner "TAKESEAL PFR402TP-4"
20 manuf actured by Takabayashi Kagaku3&ogyo Co. [0114] (4) Photochromc
curabl e conposition conmponent (photochrom c coating conponent) [Radically
Pol ymeri zabl e Mononers] 25TMPT: trinet hyl ol propane trimethacryl ate EBBA:
pol yester oligonmer hexaacrylate (EB1830 nmanufactured by Dycel UCB) GVA:

gl ycidyl methacryl ate - 9CGDA: pol yet hyl ene gl ycol diacrylate
(aver age Phengdmeahy3@ndnghigrosp) bBBEG@ - hy dropmys(thydo ayicd @apwsliyet hyl ene
glycol Phemyly)l R 4RAYE L3MGLAARAMBEBEH! 3o MohaNEno Rub A puisldians

ol i gomer hexaacrylaté BPE: 2, 2-bi's (4-nethacryl oyl oxyethoxyphenyl)propane
35[ 0115] 9ro8 0 Phexamedhyhenieiatinen gueup; attbrigmog@hPdAmo grRUFA Xt ur e of

01 92, 6. B deen Dy b S g Do OESuRY, PARSES o S el gh
rati o3 3N7meCBylgi@erading xmeve jofl -pyinpdrckywiclosiesryl pheminddetlone and
P2 N RITE Srdlt BELRULL B2 RGPS Ll o
indolinyl group; and carbazole group.
[0076]
A representative example of the photochromic compound
10 having the above substituted amino group is a chromene compound
having a molecular weight of not larger than 540 represented
by the following general formula (6).

Chromene compound of the general formula (6):

R14
(RIS)O R|3
R2 - (6)
o
Rll
15
wherein at least any one of the groups R!! to R!” is an
organic group having the above-mentioned substituted
amino group.
[0077]
20 In the above general formula (6), the ring X continuous

to the pyran ring and having the group R!® is an aromatic
hydrocarbon ring or an unsaturated heterocyclic ring.

As the aromatic hydrocarbon ring, there can be
exemplified rings having 6 to 20 carbon atoms, such as benzene

25 ring, naphthalene ring, indenonaphthalene ring, phenanthrene

ring and fluorene ring.

As the unsaturated heterocyclic ring, further, there can
be exemplified rings having 4 to 20 carbon atoms and including

one or two nitrogen atoms, oxygen atoms or sulfur atoms as hetero



LS765: Bis(1, 2, 2,6, 6-pentanet hyl-4-pi per| dyl ) sebacat e | R&45: 15Et hyl ene
bls(oxyethylene)bls[3 (5-tert-butyl-4-hydroxy-mtollyl)propionate] [0117]
[.Level i ng Agent s] SiLl: s3ilicone-type surfactant, L7001,

manuf act ured by 20Toray-Dow Corning Co. SiL2: silicone-type surfactant,
FZ2104, manufactured by Toray-Dow Corning Co. [0018] [Silane Coupling Agent]
25TSL: y-net hacryl oyl oxypropyl trimet hoxysil ane [thers] NIVDEA:

N- net hyl di et hanol am ne [0019] 30[ Photochroni ¢ Conp PCLl: Am no
gr oup- coAt&MSi r@u@hﬁé‘n’é}héoﬁ%%%lfﬁdlgof bFHéOFBFPBWEH@ EJd?CJmlbénzofPran [ 0120]

PC2: Am pengl o4pgedat @iAgNdqahheTene ¢9RBouURdrehzbhe ehhownag fornula, 15
phenanthridine ring.
[0078]
5 Further, R! to R!® can be the following groups on condition
that at least one of them is an organic group having the
above-mentioned substituted amino group.
[0079]
First, “o” representing the number of the groups R’
10 possessed by the ring X is an integer of 0 to 6, and the group
R® is any one of the following groups “A”.

Groups “A”":

alkyl group having 1 to 8 carbon atoms;
alkyloxy group having 1 to 8 carbon atoms;
15 aryloxy group having 5 to 10 carbon atoms;
unsubstituted amono group;
substituted amino group having any one of alkyl group with
1 to 10 carbon atoms, aryl group with 6 to 10 carbon atoms, acyl
group with 1 to 9 carbon atoms or fluorine atom as a substituent;
20 © cyano group;
aryl group of which the ring has 6 to 10 carbon atoms;
a halogen atom such as fluorine atom or chlorine atom;
perfluoroalkyl group having 1 to 4 carbon atoms;
perfluorocalkyloxy group having 1 to 4 carbon atoms;
25 acyl group having 2 to 9 carbon atoms;
alkoxycarbonyl group having 2 to 9 carbon atoms;
aryloxycarbonyl group having 7 to 11 carbon atoms;
arylalkyl group having 7 to 18 carbon atoms;
hydroxyl group;
30 amide group;
N-substituted amide group substituted with a hydrocarbon
group having 1 to 8 carbon atoms;
alkenyl group having 1 to 8 carbon atoms;
heterocyclic group having a nitrogen atom as a hetero atom

35 and bonded to the ring X via the nitrogen atom, such as



[0121] 25PC3: Am no group-containing chronene conpound of the follow ng

formula, 58 [0122] PC4: Am no group-containing chronmene conpound of
t.he fol l owi ng fornula, Ove [0123] 38 PC5: Am no group-containing
chronene conpound of the following fornmula, 15 N C [ 0124] PC6:

Am no group-containing chronmene conpound of the followng formula, 59

l1-pyrrolidinyl, piperidino, morpholino, 2-quinolyl,
pyrazolidine, quinuclidine, indole, indoline and carbazole.
(00801
Among the groups “A” exemplified above, the aryl group,
5 alkinyl group and heterocyclic group may have a substituent “B”,
respectively. Described below are concrete examples of the
substituent “B”.

Substituents “B”

alkyl group having 1 to 8 carbon atoms;

10 alkyloxy group having 1 to 8 carbon atoms;
amino group;
substituted amino group having an alkyl group with 1 to

10 carbon atoms as a substituent;

cyano group;

15 halogen atom such as fluorine atom or chlorine atom;
perfluoroalkyl group having 1 to 2 carbon atoms;
perfluoroalkyloxy group having 1 to 2 carbon atoms;
hydroxy group;
amide group;

20 acyl group having 2 to 9 carbon atoms;
alkoxycarbonyl group having 2 to 9 carbon atoms;
N-substituted amide group substituted with a hydrocarbon

group having 1 to 8 carbon atoms;

heterocyclic group having anitrogen atomas a hetero atom

25 and bonded via the nitrogen atom, such as l-pyrrolidinyl,

piperidino and morpholino; and

condensed heterocyclic group in which the heterocyclic
group is condensed with an aromatic hydrocarbon ring or an
aromatic heterocyclic ring.

30 [0081]

In the above general formula (6), further, R'! and R'? are,
respectively, aromatic hydrocarbon groups, unsaturated
heterocyclic groups, or groups represented by the following
formula (6a) or (6b):



10 [0125] PO7: Am no group-containing chronmene conpound of the

fol I owi ng formul a, [0126] 25P08: Am no group-containing chronene conpound
af the following formula, 30 Ove 6&®[0127] PC9: Am no
gr oup- cont ai ni ng chronene conpound of the follow ng formul a, [ 0128]
PC10: Am no group-containing chronmene conpound of the follow ng fornmnula,
[ 0129] PCl11l: Am no group-containing chronene conpound of the foll ow ng
formul a, :
c=cH: R16
A17 , (6 a)
5

—— 18
‘éc—ct.R ~ (6b)

10
wherein R' and R!® may be bonded together to form an
aliphatic hydrocarbon ring or an aromatic hydrocarbon -
ring.
[0082]

15 As the aromatic hydrocarbon group, there can be

exemplified phenyl group and naphthyl group. As the

unsaturated heterocyclic group, there can be exemplified the

group having 4 to 10 carbon atoms, such an furyl group, thienyl

group, benzothienyl group, benzofuryl group, pyrrolyl group,
20 indolyl group and triazinyl group.

These aromatic hydrocarbon group and unsaturated
heterocyclic group may have a substituent. As the substituent,
there can be exemplified those substituents “B” exemplified
concerning the group R1°.

25 [0083]

In the group of the formula (6a) or the formula (6b), R'¢
and R!® are the aromatic hydrocarbon groups or unsaturated
heterocyclic groups exemplified above, R'” is hydrogen atom,
alkyl group having 1l to 8 carbon atoms (e.g., methyl group, ethyl

30 group, butyl group, t-butyl group, isopropyl group, cyclopropyl
group or cyclohexyl group) or halogen atom, and "p" and "p’'"
are integers of 1 to 3.
[0084]
Further, the aliphatic hydrocarbon ring or the aromatic

35 hydrocarbon ring formed by R'! and R'? together may be a



[ 013Q] PC12: Am no group-containing chronene conpound of the 35

followng formula, 61 5 10H300 [0131] PC13: Am no group-contai ning
chronene conpound of the followi ng fd&0ml a, [0132] 25PCl14: Ami no
group-cont ai ni ng chronene conpound of the following formula, 30 35 OCH3
OCH3 62 [0133] <Measuring the dass Transition Points (TQ) Cur ed

bodi es of coating conpositions prepared bel ow were neasured for their glass
transiti onPOLatSoh [ ha™ded MEhoO0c 11 I SRS 8L Mg 6 to 20 carbon
atoms constituting the ring, a condensed polycyclic hydrocarbon
ring having 6 to 20 carbon atoms constituting the ring, or a
crosslinked cyclic hydrocarbon ring. A fluorene ring,
5 dihydroanthracene ring, cyclohexane ring, adamantane ring or
indene ring may be spiro-bonded to the above rings.

[0085]

In the present invention, it is desired that at least
either R! or R' is an amino group-substituted aromatic

10 hydrocarbon group or an amino group-substituted unsaturated
heterocyclic group having the above-mentioned substituted
amino group. Among them, the amino group-substituted phenyl
group is particularly desired in which the substituted amino
group is a mono- or dialkylamino group such as methylamino group,

15 dimethylamino group or diethylamino group, and the substituted
amino group is bonded to the 4" position (p-position). That
is, the chromene compound exhibits not only good photochromic
properties but also the above-mentioned problem of red
deterioration. The reddeterioration, however, is effectively

20 prevented when a hard coating is formed by using the coating
composition of the present invention.

[0086]

In the above general formula (6), further, R'3 and R are
the groups exemplified as the substituents “B” for the group‘

25 R'.

[0087]

As described already, at least any one of the groups R'!
to RS in the above formula (6) is an amino group and,
particularly, a group having a substituted amino group. Among

30 the chromene compounds represented by the general formula (6),
the compounds represented by the following formulas (7) to (12)
are particularly desired from the standpoint of photochromic
properties such as color density, fading rate and light
resistance.

35 [0088]



The prepared coating conposition was heated in a container of an al um num
foil. at 1201: for one hour to obtain a cured body. The cured body was ground
down into a powder, about 20 ng therddf was wei ghed in an al um num pan
i'nstalled 10 in a differential scanning calorinmeter, DSC 6200, manufactured
by Sei ko Instrunment Co., and was subjected to the differential scanning
calorimetric analysis (DSC) by using alumna as a reference in an argon

at nosphere at a neasuring tenperature over a range of 0 to 3001: by

el evat i ngOPReURASNECRT BEaNKE pe 150 {7her minute. For the
DSC curve obtained by the above neasurenent an extrapolation line 1 was
drawn along a base ling before the start of phase transition (glass
transition), an extrg ation line 2 was drawn along a line during the phase
transition, and a p0| 30 where the extrapolation line 1 and the
extrapolation 2 | calculated as a glass transition point. [0134]
<Pr epar ati on of tions> Coating Conposition 1 25The

organosi licon co organi ¢ sol vent having the follow ng recipes
were m xed tog E# r, d to a sufficient degree. Organosilicon
conpound conponent ] Xy pr opyl-t-r @t hoxysi | ane (GIS) 53.4 g

t et raet hoxysil ane (Tra n- hexyl tri met hoxysilane (HTS) 4.7 g Organic
sol vents: net hanol (PEO Qvg 35t-butyl al cohol (TBA) 27.0 g 63

acetyl acet one (AcAc)~NR#0 g ethylene gl ycol nonoi sopropyl ether (EGPE) 12.0
9 1p To the gh@ave m xed sol ution were, next, added the 5 follow ng
conponents: |eveling aoént SiLl (silicone surfactant) 0.2 g

curingcatal ystCl (conpl ex containing Al as a core netal ) 0.63 g ultra-fine
silica SOLI S|I|ca articles di spersed in 10water, prinmary particle size of
not | arger tha'?‘ih "solid conponent concentration of 10% by mass), 189.0 g
The mi xture mastﬁﬁtmm@dR@ whokettlay sand nieghtinge abt ath and @ti ng

in the formula (6),

15 R?'! and R** have the same meaning as R'® in the formula
(6),
at least any one of R!® to R* is a group having the
above-mentioned amino group and, particularly, the
substituted amino group, and
20 "q" and "q'" are, respectively, integers of 1 or 2.
Among the compounds represented by the above formula (7),
a compound is particularly desired in which R and/or R*® are
amino group-substituted aromatic hydrocarbon groups or amino
group-substituted unsaturated heterocyclic groups.
25 [0089]

Compounds represented by the formula (8):




conpasition (1) of the present invention. The conposition of the coating
conposition was as shown in Table 1. In Table 1, 15 parts by mass of the
conponents are reference parts by mad® with the total anount of the fine
granul ar silica and the organosilicon conpound as 100 parts by nmass.

The cured body of the coating conposition was neasured for its glass
transition point (Tg) to be 163r. 20[0135] Coating Conposition 2 To
189.0 g of the ultra-fine silica, SO.I (having aprinmary particle size of not
| arger than 7 nn), was added 53.4 g of GIS

(y-glyci doxypropyl tri met hloXy¢++dne) as an organosilicon 25 conmpound, and the
m xture was stirred at rip enperature for 6 hours. Next, to the
above m xed sol uti on was pnlorgani ¢ sol vent of the follow ng recipe:
Organi ¢ sol vents: 30MEQ 68.6 g TBA (t-butyl alcohol) 27.55 g
(AcAc) acetyl aceton : EGPE (et hyl ene gl ycol nonoi sopropyl
etheﬁ% 12.2 g Next, {e—- xed sol ution were added; 35l eveling
agent, Si Ll (silicﬁnﬂﬁﬁnu g . 2,8 64 curipg)catalyst G (conplex
having Al as a core netal) the m xture was stirred at room
tenperature for 30 m nutes\Jt & ter, 21.8 g of tetraethoxysilane (TEQCS)
was added as the 5 orgaflosilficon“cgapound thereto, and the m xture was
stirred at room tenperafyresfor 12 hours to maturity to obtain a coating
conposition (2) of the prl€sent invention. The conposition of the coating

co ition and the glagigiransition poi nt of the cured body thereof were as
shown in Table 1. 10[0136] Coating Conposition 3 The fine silica,
organosi | i con wiempaimd conponents, organic solvent and | eveling agent
(surfactant) havi,ng { 20| LN ecl pes 2 1. X 0g r,iand stirred at
room 15 tenperatBreE¥gfIg hhgfg.g%%n%éggl?§§5E§§k4ggsﬁli%%ﬂgﬁgpersed in

wat er, prinmaryiparhtécfermik® 66) 8 to 11 nm solid conponent concentration of

20% b 19865 iL| {S:
(y- ol vci doxypr opl 1 PrebEnotyar ihe) Cefe e YR T Al i ermmdr 15,3
15 (6

4

at least any one of R® to R?® is a group having the
above-mentioned amino group and, particularly, the
substituted amino group, r and r’ are, respectively,

1 or 2, and L is a group represented by any one of the

20 following formula,
Ao e
C=C C P —P—R*~P—
‘6H S ) S' ) b] 2
R27
0] 7N
25 —~{rop—R7)., I or A

wherein "P" is an oxygen atom or a sulfur atom,
R¥ is an alkylene group having 1 to 6 carbon atoms,
30 and s, s’ nd s” are integers of 1 to 4.
Among the compounds represented by the above formula (8),
a compound is particularly desired in which R?® and/or R** are
amino group-substituted aromatic hydrocarbon groups or amino
group-substituted unsaturated heterocyclic groups.
35 [0090]



Organi c solvent: TBA (t-butyl alcohol) 79.4 g 25Leveling agent: SiL
(silicone surfactant) 0.44 g To the m xed sol uti on obtai ned above were added
tche fol | owi ng conponents: 300rganic <dl vents: EGBE (ethyl ene gl ycol
nono-t-butyl ether) 13.2 g DAA (diacetone alcohol) 20.9 g 0.05 N
hydrochl ori ¢ aci d aqueous solution (used for hydrolyzing the organosilicon
conpound) 17.8 g 35Curing catalysts: 65 C (conplex using Al as a core
nmetal) 0,64 g C2 (conplex using Zn as_a core g al) 0.15 g and the mxture
was furth® iS4\ heratur 8 FBr2202hours to obtain a coating
conposition (3) of the invention. The 5 conposition of the coating
conposition and the gl assR¥ransition point of the cured body thereof were as
shown in Table 1. [0137] (oating Conposition 4 To a mxed silica dispersion

wer e added organosili Csg pouRg canponents, organic solvents and |eveling
agenﬁ% (surfactants), i re was stirred at roomtenperature for 3
hours. M xed silica dis® >¢l ution: 15U ¢gna-fine silica SOLL (silica
di spersed in water, i yp Ptiled e size of not | arger than 7 nm solid
conponent concentration/p 10% by mass) 60.5 g Fine silica SOL5 (silica

di spersed in water, pridfary particle size of 20 to 28 nm solid conponent
20concentration of 40R¥), nmass) 120.5 g

10
wherein,
R?® and R?® have the same meanings as R'' and R'?
in the formula (6),
R*°, R3! and R* have the same meaning as R'® in the formula

15 (6),

at least any one of R*® to R¥ is a group having the
above-mentioned amino group and, particularly, the
substituted amino group, and

v is 1 or 2.

20 Among the compounds represented by the above formula (9), -
a compound is particularly desired in which R®® and/or R?° are
amino group-substituted aromatic hydrocarbon groups or amino
group-substituted unsaturated heterocyclic groups.

[0091]
25 Compounds represented by the formula (10):

(Ras)w'
I\\

30 7 | N e 1O
<R4\)w > R

35



Water, 45.0 g Organosilicon conpound conponents: GIS

(y-gl yci doxypropyl trimethoxysilane) 78.7 g TECS (tetraethoxysilane) 21.5 g
250rgani ¢ sol vents: TBA (t-butyl alcdfol) 39.7 g | PA (isopropyl alcohol)
20.5 g Leveling agent: SiLl (silicone surfactant) 0.40 g 30To the above

m xed solution were, further, added the follow ng conponents: Organic

sol vents: EGPE (et hyl ene gl ycol nonoi sopropyl ether) 40.4 g 0.05 N
hydrochl ori ¢ acjid agueous solution 25.4 g 35Curing catalyst: 66 O (conplex
cont ai ni ng Al "é%e’ée%b're metal )0.92 g and the mixture was further stirred at
room t enper at ur e Rfdrardd BOuUnsve ot hbt abine ameanti hgg eenpdsiandmRE4) of the

i nventi on. The,comgos%tion of éhe coating conposition and the gl ass
transition 5 pb?ntRofIQHBULRr 6% body thereof were as shown in Table 1.

[0138] Coating CeApesid R8N hhve the same re£®Bid g ROPMAsitHeoodmuhavi ng

qui t?:rbt he sane gorrposi tion as that of the coating conposition 4 was prepared
10 actordi ng t b h'procedure descri bed bel ow. The organosilicon
compound compone s 16837 oyolnGTSand” Ao 3 06 IEGEbupenavhngr ehezed by
being reacted with 25.5 g of a 0,05 N hydrochloric acid aqueous solution and
bei ng cool ed WRPAVEERERt SN a2 BN Pre%F P 3P dui BR ¥ Bhpetari¥Ye HBS nai nt ai ned

15 to be not highef;thesd 48kind §LbMS] 0on@f the obtained hydrolyzed product
of the organosilicon conpound was added to a silica-m xed dispersion

sol ution used foM @RE P efdcat FEFPECHINE 1vodt 9%y Zconposition 4. Next, to the
sol ufg on was gdged t%enlzéfﬁgéﬁnéé IS 13 M?_rtth% 688v¢E & QhuiBR1030.5 g of

| PA and 20 40.4 g of EGPE), 0.40 g of a leveling agept (silicone surfactant,
SiLl) and ©omRowndfiy raktimpleatlyl @esiged inanbicheRmi RPAVYOIWRS gttierred at
room t enpge At u I 8 Ly }ggﬁt KHRASI A milh@139] 25
Coat i ng@é%&?ﬁ%ﬁg&b@@i‘{&é Aé)l(t:%rg%ﬁn% orrpdoés%l on 4" Uhjas\?i%r;:gaf:T]It}i[ntQ)(a‘ t he
sane conpbosiprsnbatithhedofnshtucatefingetenpoyicrtionggouwns.prepared accordi ng
to a procedure[@§§§fibed bel ow.

15 Compounds represented by the formula (11):

20
=+ (11)
25
wherein,
R’? and R® have the same meanings as R!! and R'?
in the formula (6),
R*?" R*?, R* and R*? have the same meaning as R in the
30 formula (6),

at least any one of R¥ to R' is a group héving the
above-mentioned amino group and, particularly, the
substituted amino group, and

x and x’ are, respectively, 1 or 2.

35 Among the compounds represented by the above formula (11),



To the mxed silica dispersion solution used for the 30 preparation of the
coating conposition 4 was added the follow ng m xture: organosilicon
gonpound conponent: GIS 78.7 g organi4> solvents: TBA 39.7 g, IPA 20.5 g
lI'evel ing agent: SiLlIl (silicone surfactant) 0.40 g 35 and the m xture was
stirred at roomtenperature for 2 hours. 67 Further, 21.5 g of TECS was
added as an organosilicon conpound conponent thereto, and the m xture was
stirred at roomtenperature for another 2 hours. EFxgm to the _splution was

added a fi RPHPRURE 1D PR IFULAT ot deRiFehAVe P 1FEARE) 2nd4 05 B gade a 0. 05 N
hydr ochl ghii fioagt6upduenysi set sl i fomaei §. 1924 @ riso Widip £ &talaystng G ), and
the m xture was stirred at roomtenperature for 20 hours to obtain a coating
conposi t 95RURsubgtibptedatragtesapedi PREREOSYSAdC69ITPHBSat i ng conpositi ons
were prepared byoyhe sanme nethod as that of preparing the coating
conposition 3 but using the fine silica, organosilicon conmpounds, organic
sol veht sCOF ERES tedeby 5 s0gmabpi(ildhd (for hydrol yzing the
organosi | ane conpound) and | eveling agents (surfactant) shown 15 in Table 1.
The conpositions of the obtained co@kb&g.conpositions and the gl ass

'y ereof were as shown in Table 1.
20Coat i ng conpositions were prepared by
g the coating conposition 4 but using the
potinds, organic solvents, curing catalysts,
g agents (surfactants) shown in Tables 1
and 2. The conpositions\B bt al ngek coating conpositions and the
glass transition points of the ! ddi es thereof wer€ldd)shown in Tables
1 and 2. [0142] Coating ConpgSithon T | A coating conpositions was prepared
by the sane nethod 30 as thafl of prepaﬁ?ng the coating conmposition 3 but
using the fine silica, organod#ficon conpound, organic solvent, curing
catal yst, acid aqueous squtKGMﬂ@#or hydrol yzi ng the organosil ane conpound)
and | eveling agent (surfactant) shown in Table 2. The conposition of the
obt aitned coatiwgecempsition 35 and the glass transition point of the cured

body t her eof mereR“6%u§§I?hoﬂgvéntggbggmé'meanings as R! and RY

in the formula (6),

fine silica, organosilico
aci daqueous sol utions and

R*>, R*® and RY have the same meaning as R'® in the
formula (6),

20 at least any one of R*> to R* is a group having the
above-mentioned amino group and, particularly, the
substituted amino group,

a ring Q is an aliphatic hydrocarbon ring, and
y, vy’ and y” are, respectively, 1 or 2.

25 Among the compounds represented by the above formula (12),
a compound is particularly desired in which R*?® and/or R** are
amino group-substituted aromatic hydrocarbon groups or amino
group-substituted unsaturated heterocyclic groups.

[0094)

30 Among the amino group-substituted chromene compounds
represented by the above formulas (7) to (12), the present
invention particularly preferably uses the chromene compounds
having a dialkylamino group such as dimethylamino group as
exemplified below from the standpoint of photochromic

35 properties.



[0143] Coating Conposition 13 To a mixed dispersion solution containing a
fine silica 5 and an organi c solvent, were added organosilicon conpound
conponents, organic solvents and | evdl6i ng agents (surfactants), and the

m xture was stirred at roomtenperature for 3 hours. M xed di spersion

sol ution: Fine silica 50L5 (silica dispersed in water, primary
10particle size of 20 to 28 nm solid conponent concentration of 40% by
mass) 115.6 g Organic solvent; MOH (nmethanol) 115.6 g Organosilicon
conpound conponents: 15GTIS (y-glyci doxypropyltrinmethoxysilane) 44.8 g TECS
(tetraethoxysilane) 63.6 g Oganic solvent: TBA (t-butyl alcohol) 13.5 g
Leveling agent: 20SiLlI (silicone surfactant) 0.40 g To the above

m xed sol uti on wepes\further, added the follow ng conponents: Organic

sol vent: 25EGBE ( 8 gl ycol nono-t - bu et her) 13 59 0.05 N
hydrochloH#E’aC|d ¢ solution 32.2 g i sNCHsl  (conpl ex using
Al as a core jet 6 stirred at room
tenperature f . s to obtagin a ( 9 tion (13) of the

i nventi on. Tha—e f § ' t|on and t he gl ass

transition point pdy t he S. shown in Table 2. [0144]
35 Coating Conp A co# Dsi tion was prepared by
t he sane net hod preparlng theo&gat|‘> gonposition 2 but using the

fine

N(CHg);

N(CHg),




silica, organosilicon conmpound, organic solvent, curing catalyst, acid
aqueous sol ution and | eveling agent (surfactant) 5 shown in Table 2. The
conposition of the obtained coating conposition and the glass transition
poi nt of the cured body thereof were as shown in Table 2. [0145] Coating
Conmposition 15 10A coating conposition was prepared by the sane nethod as
that of preparing the coating conposition 4 but using the fine silica,
organosi |l i con conpound, organic solvent, curing catal yst, acid agueous
solution and |l eveling agent (surfactant) shown in Table 2. The conposition
of the obtained coating 15 conposition and the glass transition point of the
cured body thereof were as shown in Table 2. [014¢

7e.\ing Conposition 16
mn aqueous di spersion

To an aqueous silica dispersion solution containif
solution of fine silica and water, were added ,o
conponents, organic solvents and | eveling age

mXUNewwer‘datrmmm erature for 1 ! 4 ilica

di spersi on sol ugAQn Y'silica SOL5 (silica d| rsey | ter, primary
particle size @ m solid conponent congs j of  40% by mass)
72.0 g WAbE? N2 gan05|llcon conpound conpo :

(y- egC|doxy.

To the mxed s bt ai ned above were added the fol Png conponents
; TBA (t-butyl alcohol) 60. &% AcAd (acetyl acet one)
18.0 g MeOH (nethanol 0.6 g EGPE (ethyleq&,gk*gol nonoi sopr opyl
3

ether) 13.6 g 5Curi ng)oggft al yst:

[0095]

5 The above-mentioned amino group-containing chromene

compounds may be used in one kind or in a mixture of two or more
kinds. From the standpoint of obtaining very excellent
photochromic properties yet effectively preventing the red
deterioration caused by the hard coating formed by using the
10 coating composition of the present invention, however, it is
desired to use a chromene compound having a dialkylamino group
in combination with a chromene compound having a substituted
amino group other than the dialkylamino group among the
above-mentioned chromene compounds having the amino group.
15 When the amino group-containing photochromic compound
(chromene compound) is used in combination as described above,
the total content thereof is desirably in the above-mentioned
range, i.e., 0.1 to 10.0% by mass per the curable composition.
It is further desired that the mass ratio (C1/C2) of the chromene

20 compound (Cl) having the dialkylamino group and the chromene



C (conplex containing Al as a core netal) 3.36 g Leveling agent: SilLl
(silicone surfactant) 0.40 g and the m xture was further stirred at room
ttenperature for 3 10 hours to obt ai n44 coating conposition (16) of the
i'nvention. The conposition of the coating conposition and the gl ass
transition point of the cured body thereof were as shown in Table 2. [0147]
15 Coating Conpositions 17 and 18 Coati ng conpositions 17 and 18

were prepared. b sane nethod.as that o reparing the atin

conpon L aE (2T AETRa Eny feAE 4 it S5pBERORA M5 CEafpRlHi®g ol vent
curing catalp/sits iagqueasngolaf i®D used f@r the hydrol ysis of the 20

or ganosi | ane gﬂﬂﬂﬂnd and surfactant shown in Table 2. The conpositions of

t he obt ai ned ating conpositions and the glass transition points of the
cured bodi es tlhemes meertd ased lkoweady Taldte the [dHck8] adbhir(@at i ng Conposition

19 A coat.ing compgsi.tion 19 was prepayred by t S met hod as t hat
of pPepdHP TR AT b TS e TR, iny” Bre BEeRals: fT chRe

or ganosipgh eyt hoanpiot rcha tsialgr 8nt(photbichg osdicakbgtblaquempsssoliiohd obnused f or

t he hydrol ysi s of the organosilane 30 conpound and .surfactant shown in Table
2. The. CHROSTATISH O ThegoRhe Hech BURLF OIS i iaie n A or e St S
transitigpoywiadingd driipeur Bdohadgxbhplesf ot Reast B8OWhbtodiabbRid. [ 0149]
Conparative Cb%%ing qug%fitiﬁns 1 to 10 35 nggrative,coatin conposi tions
1 to 10 SRERCPIEPAY e CHdg ) Ul M SReC HRR P a S PR QC*G7 1 p P AY E he
coafipng Lmaskdneie leddowsd Ng the fine silica, organosilicon conpounds,

sol vents, curing catal ysts, aqueous solutions used for the hydrol%sis of the

or ganosi | ane denpfditnd E TGS LATRRANGhGRHE 5P R0l e Fompraid ositions
of the oif@dm&tk eeabblad; oS thanse phd rehapdhassed kddsd tompH@hats of the

cured bogl 55 (hergolYiere, a3, sheun Lo, Teble 55 {935,572
’ ’ ’
JP-A-62-288830, leaflet of W094/22850 and leaflet of
15 WO096/14596. |
In addition to the above compounds, there can be further
used those compounds having excellent photochromic properties
that are disclosed in JP-A-2001-114775, JP-A-2001-031670,
JP-A-200-011067, JP-A-2001-011066, JP-A-2000-347346,

20 JP-A-2000-344762, JP-A-2000-344761, JP-A-2000-327676,
JP-A-2000-327675, JP-A-2000-256347, JP-A-2000-229976,
JP-A-2000-229975, JP-A-2000-229974, JP-A-2000-229973,
JP-A-2000-229972, JP-A-2000-219678, JP-A-2000-219686,
JP-A-2000-219685, JP-A-11-322739, JP-A-11-286484,

25 Jp-A-11-279171, JP-A-10-298176, JP-A-09-218301,
JP-A-09-124645, JP-A-08-295690, JP-A-08-176139,
JP-A-08-157467, USP5645767, USP5961892 and USP6296785.

[0097]
Among these other photochormic compounds, the

30 chromene-type photochromic compounds exhibit photochromic
properties maintaining higher light resistance than the other
photochromic compounds, as well as excellent color density and
fading rate and can, therefore, be used in combination with the
above-mentioned amino group-containing chromene compound.

35 Among the chromene-type photochromic compounds, further, the
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compounds having molecular weights of not smaller than 540
exhibit particularly excellent color density and fading rate,
and are desirable. As the other chromene compounds, there can
be exemplified the chromene compounds of the above formulas (7)
to (12) without having amino group. The photochromic compounds
without amino group can be used alone or being mixed together
in two or more kinds.

[(0098]

When the amino group-containing photochromic compound
(chromene compound) is used in combination with the other
photochromic compounds, it is desired that the content of the
other photochromic compounds is 0.01 to 5% by mass in the
photochromic curable composition. The photochromic coating 3
has a thickness in a range of 5 to 100 gm. Within this range
of thickness, the other photochromic compounds work to impart
photochromic properties to a sufficient degree when used in the
above-mentioned amount in combination with the amino
group-containing photochromic compound.

[0099]

Forming the Phorochromic Layer 3:

The photochromic layer 3 containing the amino
group-containing photochromic compound is formed by applying
a photochromic curable composition containing the amino
group-containing photochromic compound and the other
photochromic compound onto the transparent member 1 or the
primer layer 2, followed by curing. Asbrieflydescribed above,
the photochromic curable composition is blended with a
radically polymerizable monomer, a photo polymerization
initiator and the 1like in addition to the photochromic compounds.
The photochromic curable compositions (coating agents) have
been closely described in the above-mentioned patent document
4 (WO2003/011967) and patent document 5 (JP-A-2003-342310).

[0100]

In order to improve the light resistance,

color-developing rate, fading rate and formability of the
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photochromic compound, further, there can be added, to the
photochromic curable composition, the additives such as
surfactant (leveling agent) of the silicone type or fluorine
type, antioxidant, radical-trapping agent, stabilizer against
ultraviolet rays, ultraviolet ray absorber, releasing agent,
anti-tinting agent, antistatic agent, fluorescent dye, dye,
pigment, perfume, plasticizer, silane coupling agent and the
like. It is further desired to blend a heat polymerization
initiator. Details of the additives have been disclosed in,
for example, the patent document 1.

It is desired that the content of the additives suitably
used as described above is 1 to 20% by mass and, particularly,
1 to 10% by mass per the curable composition.

[0101]

It is further desired that the photochromic curable
composition used for forming the photochromic coating 3 has a
viscosity (25°C) of 20 to 500 cp, preferably, 50 to 200 cp and,
most preferably, 60 to 200 cp. By adjusting the viscosity of
the photochromic curable composition to lie in the above range,
it becomes easy to form the photochromic coating 3 maintaining
a thickness which is rather as large as 5 to 100 um so as to
exhibit photochromic properties to a sufficient degree.

[0102]

The photochromic curing composition which is the coating.
agent can be applied by a known method such as spin coating,
spray coating, dip coating or dip-spin coating without any
limitation. 1In particular, the spin coating can be preferably
employed to form a uniform coating with ease. There is no
particular limitation either on the method of curing the curable
composition. Desirably, a photochromic curing composition
blended with a photo polymerization initiator and a heat
polymerization initiator is used and is cured by being
irradiated with ultraviolet rays or the like rays, followed by
heating to complete the polymerization.

[0103]
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When the curing is effected by the irradiation with light
such as ultraviolet rays, a known source of light can be used
without any limitation. Concrete examples of the source of
light include ultra-high pressure mercury lamp, high pressure
mercury lamp, low pressure mercury lamp, xenon lamp, carbon arc,
sterilizing lamp, metal halide lamp, and electrodeless lamp.
The time for irradiating light by using the above source of 1ight
may be suitably determined depending upon the kind of the photo
polymerization initiator blended in the photochromic curable
composition, absorption wavelength and sensitivity, and
thickness of the photochromic layer 3. Further, an electron
ray can be used as a source of light. In this case, the
photochromic layer 3 is formed by curing the curable composition
without adding the photo polymerization initiator thereto.
The curing by the irradiation with light or electron ray makes
it possible to instantaneously form the photochromic layer 3
offering such advantages as increasing the hardness of the
surface and improving the scratch resistance.

[0104]

The photochromic layer 3 formed as described above has
a Vickers’ hardness which, usually, lies in a range of 0.3 to
10 kg/mm? and is relatively soft and its scratch resistance must
be increased. Therefore, a hard coating 4 is formed.

[0105]

Forming the Hard Coating 4:

- The hard coating 4 is formed having a thickness of about
1 to about 10 um by applying the coating composition of the
invention and curing it. The coating composition is applied
by a known method such as spin coating, spray coating, dip
coating or dip-spin coating. The coating composition after
applied is cured depending upon the kinds of the base members
such as the photochromic layer 3 and the transparent member 1
by heating for a suitable period of time to such a degree that
these base members are not deteriorated. Usually, it is desired

that the coating composition is cured by being heated at not
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lower than 70°C for not less than 15 minutes, preferably, at
not lower than 90C for not less than 30 minutes and, most
preferably, at not lower than 100°C for not less than one hour.

[0106]

The hard coating 4 formed as described above is very dense,
has a high glass transition point as described above, adheres
excellently to the photochromic layer 3, has a Bayer value of
not less than 4 and, particularly, not less than 6, has a high
scratch resistance, and serves as a protection layer for the
photochromic layer 3.

The hard coating 4 that is formed effectively prevents
inconvenience specific to the photochromic optical base member
having photochromic layer 3, such as yellow deterioration or
red deterioration and, further, effectively prevents poor
curing in forming the hard coating 4.

[0107]

EXAMPLES

The invention will now be described with reference to
Examples and Comparative Examples to which only, however, the
invention is in no way limited.

Described below are the lens base members used in Examples,
components used for forming the coating composition and
components used for forming the photochromic layer.

[0108]

(1) Lens Base Members.
CR: Allyl resin plastic lens, refractive index = 1.50.

MRA: Thiourethane resin plastic lens, refractive index

= 1.60.

MRB: Thiourethane resin plastic lens, refractive index
= 1.67.

POL: Polycarbonate resin plastic lens, refractive index
= 1.59.

[0109]
(2) Components for the Coating Composition.

[Ultrafine silica having a grain size of not larger than 7 nm]

HHH 2 02
0 -H
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SOL1: Fine silica particles dispersed in water.
Snowtex OXS manufactured by Nissan Kagaku Kogyo Co.
Solid component concentration; 10% by mass.
Primary particle size of the silica; 4 to 7 nm.
5 pH = 2 to 4.

[Fine silica having a grain size of larger than 7 nm but not
larger than 30 nm]
SOL2: Silica sol dispersed in methanol, manufactured by
10 Nissan Kagaku Kogyo Co.
Solid component concentration; 30% by weight.
Primary particle size of the silica; 10 to 20 nm.
pH = 2 to 4.

15 SOL3: Fine silica particles dispersed in water.
Snowtex O manufactured by Nissan Kagaku Kogyo Co.
Solid component concentration; 20% by mass.
Primary particle size of the silica; 10 to 15 nm.
pH = 2 to 4.

20

SOL4: Fine silica particles dispersed in water.

Snowtex OS manufactured by Nissan Kagaku Kogyo Co.
Solid component concentration; 20% by mass.
Primary particle size of the silica; 8 to 11 nm.

25 PH = 2 to 4.

SOL5: Fine silica particles dispersed in water.
Snowtex 0-40 manufactured by Nissan Kagaku Kogyo
Co.
30 Solid component concentration; 40% by mass.
Primary particle size of the silica; 20 to 28 nm.

pH = 2 to 4.

[Fine silica having a grain size of larger than 30 nm]

35 SOL6: Silica sol dispersed in isopropanol, manufactured
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by Nissan Kagaku Kogyo Co.

Solid component concentration; 30% by mass.
Primary particle size of the silica; 40 to 50 nm.
pH = 2 to 4.

The primary particle size (diameter) of the fine silica
was measured for their diameters in a manner as described below.
That is, the dispersion solution of the fine silica was
diluted with ultra-pure water so that the solid component
10 concentration was 0.1% by mass. The obtained diluted solution
was dropped in very small amounts onto a mesh with a collodion
mebrane manufactured by Nihon Denshi Datum Co., dried at room
temperature for half a day, and was measured by using an electron
microscope (TEM; electron radiation-type transmission
15 microscope,TecnaiFZO,manufacturedbthilipsElectronOptics
Co.) at an acceleration voltage of 200 kV and a drawing voltage
of 4.2 kvV.
[0110]
[Organosilicon Compound Components]

20 Epoxy group-containing silane (bl)

GTS: vy -glycidoxypropyltrimethoxysilane
GDS: vy -glycidoxypropylmethyldimethoxysilane

Tetraalkoxysilane (b2)
25 TEOS: tetraethoxysilane

TMOS: tetramethoxysilane

Other silanes

MTEOS: methyltriethoxysilane

30 HTS: n-hexyltrimethoxysilane
[0111]
[Water-Soluble Organic Solvents]
MeOH: methanol
TBA: t-butanol
35 IPA: isopropyl alcohol
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EGPE: ethylene glycol monoisopropyl ether
EGEE: ethylene glycol monoethyl ether
EGBE: ethylene glycol mono-t-butyl ether
PGPE: propylene glycol mono-n-propyl ether

5 AcAc: acetylacetone
DAA: diacetone alcohol
[0112]

[Curing Catalysts]

Complex containing aluminum as a core metal

10 Cl: tris(2,4-pentanedionato)aluminum(III)

Complex containing zinc as a core metal

C2: bis(2,4-pentanedionato)zinc(II)

15 Other curable catalyst

C3: ammonium perchlorate
[(0113]
(3) Primer component for Photochromic:
A moisture-curing primer “TAKESEAL PFR402TP-4"
20 manufactured by Takabayashi Kagaku Kogyo Co.
[0114]
(4) Photochromic curable composition component (photochromic
coating component)
[Radically Polymerizable Monomers]
25 TMPT: trimethylolpropane trimethacrylate
EB6A: polyester oligomer hexaacrylate (EB1830
manufactured by Dycel UCB)
GMA: glycidyl methacrylate
9GDA: polyethylene glycol diacrylate (average molecular
30 weight, 532)
BPEO: 2,2-bis(4~acryloyloxypolyethylene glycol phenyl)
propane (average molecular weight, 776)
U6A: urethane oligomer hexaacrylate
BPE: 2,2-bis(4-methacryloyloxyethoxyphenyl)propane
35 [0115]
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[Photo Polymerization Initiators]
CGI1870:

A mixture of l-hydroxycyclohexylphenyl ketone and
bis (2, 6-dimethoxybenzoyl)-2,4,4-trimethyl-

pentylphosphineoxide (weight ratio, 3:7)

CGI1800:

A mixture of l-hydroxycyclohexylphenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-
pentylphosphineoxide (weight ratio, 3:1)

[0116]
[Stabilizers]
LS765:
Bis(1,2,2,6,6-pentamethyl-4~-piperidyl) sebacate
IRG245:
Ethylene bis(oxyethylene)bis[3-
(5-tert-butyl-4-hydroxy-m-tollyl)propionate]
[0117]
[Leveling Agents]
SiLl: silicone-type surfactant, L7001, manufactured by
Toray-Dow Corning Co.
SilL2: silicone-type surfactant, FZ2104, manufactured by
Toray-Dow Corning Co.
[0018]
[Silane Coupling Agent]
TSL: vy -methacryloyloxypropyltrimethoxysilane

[Others]
NMDEA: N-methyldiethanolamine
(0019]
[Photochromic Compounds]
PCl: Amino group-containing chromene compound of the

following formula,
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[0120]
PC2: Amino group-containing chromene compound of the
following formula,
15
20
[0121]
25 PC3: Amino group-containing chromene compound of the
following formula,
30

35
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[0122]
PC4: Amino group-containing chromene compound of the

following formula,

5
, )
10
OMe
[0123]
PC5: Amino group-containing chromene compound of the
following formula,

15
20
25

[0124]
PC6: Amino group-containing chromene compound of the

following formula,
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[0125]
PC7: Amino group-containing chromene compound of the
following formula,
15
20
[0126]
25 PC8: Amino group-containing chromene compound of the
following formula,
30

35
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[0127]
PC9: Amino group-containing chromene compound of the

following formula,

10

[0128]
PC10: Amino group-containing chromene compound of the

following formula,

NG SEs

20
[0129]
PC1l1l: Amino group-containing chromene compound of the
following formula, |
25

<
i
7 D
0]
c

: »

[0130]

PCl12: Amino group-containing chromene compound of the

COE
C

35 following formula,
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[0131]
PC13: Amino group-containing chromene compound of the

following formula,

[0132]
PCl4: Amino group-containing chromene compound of the

following formula,
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(0133]
<Measuring the Glass Transition Points (Tg)>

Cured bodies of coating compositions prepared below were
measured for their glass transition points (Tg) by a method
described below.

The prepared coating composition was heated in a
container of an aluminum foil at 120°C for one hour to obtain
a cured body. The cured body was ground down into a powder,
about 20 mg thereof was weighed in an aluminum pan installed
in a differential scanning calorimeter, DSC 6200, manufactured
by Seiko Instrument Co., and was subjected to the differential
scanning calorimetric analysis (DSC) by using alumina as a
reference in an argon atmosphere at a measuring temperature over
a range of 0 to 300C by elevating the temperature at a rate
of 20°C per minute.

For the DSC curve obtained by the above measurement, an
extrapolation line 1 was drawn along a base 1line before the start
of phase transition (glass transition), an extrapolation line
2 was drawn along a line during the phase transition, and a point
where the extrapolation line 1 and the extrapolation 2 intersect
was calculated as a glass transition point.

[0134]
<Preparation of Coating Compositions>

Coating Composition 1-

The organosilicon compound and the organic solvent having
the following recipes were mixed together and stirred to a

sufficient degree.

Organosilicon compound components:
v -glycidoxypropyltrimethoxysilane (GTS) 53.4 g
tetraethoxysilane (TEOS) 21.8 g
n—hexyltrimethoxysilane (HTS) 4.7 g

Organic solvents:
methanol (MEOH) 64.0 g
t-butyl alcohol (TBA) 27.0 g

n CO-HCc- al kl-1en RO U -H N-H-H-Si CECCC-H-P
7
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acetylacetone (AcAc) 27.0 g
ethylene glycol monoisopropyl ether (EGPE) 12.0 g

To the above mixed solution were, next, added the
following components:

leveling agent, SiLl (silicone surfactant) 0.2 g

curing catalyst Cl (complex containing Al as a core metal)

0.63 g

ultra-fine silica SOL1 (silica particles dispersed in

water, primaryparticle size of not larger than 7 nm, solid

component concentration of 10% by mass), 189.0 g
The mixture was matured a whole day and night to obtain a coating
composition (1) of the present invention. The composition of
the coating composition was as shown in Table 1. 1In Table 1,
parts by mass of the components are reference parts by mass with
the total amount of the fine granular silica and the
organosilicon compound as 100 parts by mass.

The cured body of the coating composition was measured
for its glass transition point (Tg) to be 163%C.

[0135]

Coating Composition 2

To 189.0 g of theultra-finesilica, SOL1 (having aprimary
particle size of not larger than 7 nm), was added 53.4 g of GTS
(v -glycidoxypropyltrimethoxysilane) as an organosilicon
compound, and the mixture was stirred at room temperature for
6 hours.

Next, to the above mixed solution was added an organic
solvent of the following recipe:

Organic solvents:
MEOH (methanol) 68.6 g
TBA (t-butyl alcohol) 27.55 g
(AcAc) acetylacetone 27.55 g
EGPE (ethylene glycol monoisopropyl ether) 12.2 g
Next, to the above mixed solution were added;

leveling agent, SiLl (silicone surfactant) 0.2 g

-H

CH)

0
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curing catalyst Cl (complex having Al as a core
metal) 0.63 g
and the mixture was stirred at room temperature for 30 minutes.
Thereafter, 21.8 g of tetraethoxysilane (TEOS) was added as the
5 organosilicon compound thereto, and the mixture was stirred at
room temperature for 12 hours to maturity to obtain a coating
composition (2) of the present invention. The composition of
the coating composition and the glass transition point of the
cured body thereof were as shown in Table 1.
10 (0136]

Coating Composition 3

The fine silica, organosilicon compound components,
organic solvent and leveling agent (surfactant) having the
following recipes were mixed together and stirred at room

15 temperature for 3 hours.
Fine silica:
SOL4 (silica dispersed in water, primary particle size
of 8 to 11 nm, solid component concentration of 20%
by mass) 198.0 g
20 Organosilicon compound components:
GTS (v -glycidoxypropyltrimethoxysilane) 54.4 g
TEOS (tetraethoxysilane) 15.3 g
Organic solvent:
TBA (t-butyl alcohol) 79.4 g
25 Leveling agent:
SiLl (silicone surfactant) 0.44 g

To the mixed solution obtained above were added the
following components:
30 Organic solvents:
EGBE (ethylene glycol mono-t-butyl ether) 13.2 g
DAA (diacetone alcohol) 20.9 g
0.05 N hydrochloric acid aqueous solution (used for
hydrolyzing the organosilicon compound) 17.8 g

35 Curing catalysts:
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Cl (complex using Al as a core metal) 0.64 g
C2 (complex using Zn as a core metal) 0.15 g
and the mixture was further stirred at room temperature for 20
hours to obtain a coating composition (3) of the invention. The
5 composition of the coating composition and the glass transition
point of the cured body thereof were as shown in Table 1.
[0137]

Coating Composition 4

To amixed silica dispersion solution containing the fine
10 silica of the following recipe and water, were added
organosilicon compound components, organic solvents and
leveling agents (surfactants), and the mixture was stirred at
room temperature for 3 hours.
Mixed silica dispersion solution:
15 Ultra-fine silica SOL1l (silica dispersed in water,
primary particle size of not larger than 7 nm, solid
component concentration of 10% by mass) 60.5 g
Fine silica SOL5 (silica dispersed in water, primary
particle size of 20 to 28 nm, solid component
20 concentration of 40% by mass) 120.5 g
Water 45.0 g
Organosilicon compound components:
GTS (v -glycidoxypropyltrimethoxysilane) 78.7 g
TEOS (tetraethoxysilane) 21.5 g
25 Organic solvents:
TBA (t-butyl alcohol) 39.7 g
IPA (isopropyl alcohol) 20.5 g
Leveling agent:
SiLl (silicone surfactant) 0.40 g
30 To the above mixed solution were, further, added the
following components:
Organic solvents:
EGPE (ethylene glycol monoisopropyl ether) 40.4 g
0.05 N hydrochloric acid aqueous solution 25.4 g
35 Curing catalyst:
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Cl (complex containing Al as a core metal) 0.92 g
and the mixture was further stirred at room temperature for 20
hours to obtain a coating composition (4) of the invention. The
composition of the coating composition and the glass transition
5 point of the cured body thereof were as shown in Table 1.
[0138]

Coating Composition 4’

A coating composition 4’ having quite the same
composition as that of the coating composition 4 was prepared
10 according to a procedure described below.
The organosilicon compound components (78.7 g of GTS and
21.5 g of TEOS) were hydrolyzed by being reacted with 25.5 g
of a 0.05 N hydrochloric acid aqueous solution and being cooled
with water so that a maximum liquid temperature was maintained
15 to be not higher than 40C. A solution of the obtained
hydrolyzed product of the organosilicon compound was added to
a silica-mixed dispersion solution used for the preparation of
the coating composition 4. Next, to the solution was added a
mixture of organic solvents (39.7 g of TBA, 20.5 g of IPA and
20 40.4 gof EGPE), 0.40 gof a leveling agent (silicone surfactant,
SiLl) and 0.92 g of a curing catalyst (Cl), and the mixture was
stirred at room temperature for 3 hours to obtain a coating
composition 4’.
[0139]

25 Coating Composition 4”

A coating composition 4” having quite the same
composition as that of the coating composition 4 was prepared
according to a procedure described below.

To the mixed silica dispersion solution used for the

30 preparation of the coating composition 4 was added the following
mixture:

organosilicon compound component: GTS 78.7 g

organic solvents: TBA 39.7 g, IPA 20.5 g

leveling agent: SiLl (silicone surfactant) 0.40 g

35 and the mixture was stirred at room temperature for 2 hours.
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Further, 21.5 g of TEOS was added as an organosilicon compound
component thereto, and the mixture was stirred at room
temperature for another 2 hours. Next, to the solution was
added a mixture of 40.4 g of an organic solvent (EGPE), 25.5
5 g of a 0.05N hydrochloric acid aqueous solution and 0.92 g of
a curing catalyst (Cl), and the mixture was stirred at room
temperature for 20 hours to obtain a coating composition 4”.
[0140]
Coating Compositions 5 and 6

10 Coating compositions were prepared by the same method as
that of preparing the coating composition 3 but using the fine
silica, organosilicon compounds, organic solvents, curing
catalysts, acid aqueous solutions (for hydrolyzing the
organosilane compound) and leveling agents (surfactant) shown

15 in Table 1. The compositions of the obtained coating
compositions and the glass transition points of the cured bodies
thereof were as shown in Table 1.

[0141}

Coating Compositions 7 to 11

20 Coating compositions were prepared by the same method as
that of preparing the coating composition 4 but using the fine
silica, organosilicon compounds, organic solvents, curing
catalysts, acid aqueous solutions and leveling agents
(surfactants) shown in Tables 1 and 2. The compositions of the

25 obtained coating compositions and the glass transition points
of the cured bodies thereof were as shown in Tables 1 and 2.

[0142]

Coating Composition 12

A coating compositions was prepared by the same method

30 as that of preparing the coating composition 3 but using the

fine silica, organosilicon compound, organic solvent, curing
catalyst, acid aqueous solution (for hydrolyzing the

organosilane compound) and leveling agent (surfactant) shown

in Table 2. The composition of the obtained coating composition

35 and the glass transition point of the cured body thereof were
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as shown in Table 2.
[0143]
Coating Composition 13

To a mixed dispersion solution containing a fine silica
5 and an organic solvent, were added organosilicon compound
components, organic solvents and leveling agents (surfactants),
and the mixture was stirred at room temperature for 3 hours.
Mixed dispersion solution:
Fine silica SOLS5 (silica dispersed in water, primary
10 particle size of 20 to 28 nm, solid component
concentration of 40% by mass) 115.6 g
Organic solvent;
MeOH (methanol) 115.6 g
Organosilicon compound components:
15 GTS (vy-glycidoxypropyltrimethoxysilane) 44.8 g
TEOS (tetraethoxysilane) 63.6 g
Organic solvent:
TBA (t-butyl alcohol) 13.5 g
Leveling agent:

20 SiLl (silicone surfactant) 0.40 g

To the above mixed solution were, further, added the
following components:
Organic solvent:
25 EGBE (ethylene glycol mono-t-butyl ether) 13.5 g
0.05 N hydrochloric acid aqueous solution 32.2 g
Curing catalyst:
Cl (complex usihg Al as a core metal) 0.72 g
and the mixture was further stirred at room temperature for 20
30 hours to obtain a coating composition (13) of the invention.
The composition of the coating composition and the glass
transition point of the cured body thereof were as shown in Table
2.
[0144]
35 Coating Composition 14
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A coating composition was prepared by the same method as
that of preparing the coating composition 2 but using the fine
silica, organosilicon compound, organic solvent, curing
catalyst, acid aqueous solution and leveling agent (surfactant)

5 shown in Table 2. The composition of the obtained coating
composition and the glass transition point of the cured body
thereof were as shown in Table 2.

[0145]

Coating Composition 15

10 A coating composition was prepared by the same method as
that of preparing the coating composition 4 but using the fine
silica, organosilicon compound, organic solvent, curing
catalyst,acidaqueoussolutionandlevelingagent(suffactant)
shown in Table 2. The composition of the obtained coating

15 composition and the glass transition point of the cured body
thereof were as shown in Table 2.

[0146]

Coating Composition 16

To an aqueous silica dispersion solution containing an

20 aqueous dispersion solution of fine silica and water, were added

organosilicon compound components, organic solvents and
leveling agents (surfactants), and the mixture was stirred at
room temperature for 15 hours.

Aqueous silica dispersion solution:

25 Fine silica SOL5 (silica dispersed in water, primary
particle size of 20 to 28 nm, solid component
concentration of 40% by mass) 72.0 g

Water 36.0 g
Organosilicon compound components:
30 GTS (v -glycidoxypropyltrimethoxysilane) 69.2 g
TEOS (tetraethoxysilane) 66.8 g

To the mixed solution obtained above were added the
following components:

35 Organic solvents:
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TBA (t-butyl alcohol) 60.0 g
AcAc (acetylacetone) 18.0 g
MeOH (methancl) 60.6 g
EGPE (ethylene glycol monoisopropyl ether) 13.6 g
5 Curing catalyst:
Cl (complex containing Al as a core metal) 3.36 g
Leveling agent:
SiLl (silicone surfactant) 0.40 g
and the mixture was further stirred at room temperature for 3
10 hours to obtain a coating composition (16) of the invention.
The composition of the coating composition and the glass
transition point of the cured body thereof were as shown in Table
2.
[0147]
15 Coating Compositions 17 and 18

Coating compositions 17 and 18 were prepared by the same
method as that of preparing the coating composition 16 but using
the fine silica, organosilicon compound, solvent, curing
catalyst, aqueous solution used for the hydrolysis of the

20 organosilane compound and surfactant shown in Table 2. The
compositions of the obtained coating compositions and the glass
transition points of the cured bodies thereof were as shown in
Table 2.

(0148]

25 Coating Composition 19

A coating composition 19 was prepared by the same method
as that of preparing the coating composition 13 but using the
fine silica, organosilicon compound, solvent, curing catalyst,
aqueous solution used for the hydrolysis of the organosilane

30 compound and surfactant shown in Table 2. The composition of
the obtained coating composition and the glass transition point
of the cured body thereof were as shown in Table 2.
[0149]

Comparative Coating Compositions 1 to 10

35 Comparative coating compositions 1 to 10 were prepared



00 - .,-P Cd cO caflr-"Tr crcrzi HdHcrHO F-1 V. 1-1 V.1-1 zr H-H-H m
oM .0(DO I ALc)01 HHH N (N rN 000000 .., ..... ..., ==,==-.. === HcrHcrHN
GLDODU r- Hzi CD WJ)01 HHH ... HHHHH Z107070Z0Z 0 Di (1) u)(I)u)

by the same method as that of preparing the coating composition

1 but using the fine silica, organosilicon compounds, solvents,

curing catalysts, aqueous solutions used for the hydrolysis of

the organosilane compound and surfactants shown in Table 3. The
5 compositions of the obtained coating compositions and the glass

transition points of the cured bodies thereof were as shown in

Table 3.

[0150]
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Bayer- Scratch Resistance (Measuring the Bayer Values) 35The surface of the
| ens base nenber wi thout hard coating 85 (uncoated |lens) and the surface of
tshe hard coating fornmed on the | ens bese nmenber (surface of the hard-coated
l-ens) were scratched as described below in conpliance with the Bayer testing
met hod (ASTM D- 4060 or ASTM F735-81). 5That is, the uncoated |ens and the
hard-coated | ens were inserted with their convex surfaces facing upward in a
pol i shi ng agent hol der having two holes of a dianmeter of 50 nmfromthe

| ower side of the hole. Next, 500 g of a commercially avail able polishing
agent (alum na/zirconia polishing agent produced by 10 SAI NT- GOBAI N CERAM C
MATERI ALS CANADA, INC.) was introduced into the polishing agent hol der. The
two | enses thus inserted were oscillated at an oscillation of 150 strokes a
mnute with a stroke of 4 inches for a total of 2 mnutes to polish and
scratch the surfades off the two | enses. 15Next, the | enses were neasured for
their haz¢ by using a gpectroneter (Haze neter nmanufactured by ;Sugg Shi nki
Co.) to fijnd & difiference i h the haze val ues before and after dcratjched to
thereby cql culate it he Hayefival ue,atpordi ng e t he of éﬂb§)w ng, formulla.

20Bayer v3l ue="Alii aze |(yrBoat ed)_/QikHaze ed coat iMeg) wher @A AHaze
(uncoat ed isjawal U obgartlgpﬁd by::skﬂ,lﬁracté r;@j he %azwgg@al ué'rr g)q‘;ibef ore the

t esting faom h§ Haze Mal,ugief afnddiehe teBing of, Bi® unceplled | dns, and

AHaze (hafld c&a@ing) ity & Dabue dytBioed wbt r ad ithep 25t aze val ue of
before th te%%ng’ i &n tgh%fﬁaze(%a%ﬁ\é of ti%f%é‘i th? t\%ﬁi ng@g ithe
hard-coat ¢d | ens. ! Theil arger the val ue,i the higher the surfade
har dness 4nd nore iexcelll ent the scratch resistance. Usually, the syrface is
hard if tlje value'tis 4 lor larger, and a hardness conparable 30 to tlhat of a
glass is gbtaiped;if the value is 6 or larger exhibiting very excell ent
scratch rgsistance. [0157] Adhesion Adhesi on of the c i

the lens |es @l datged [by ai35 crossicut tape testingiin conpl itanc

JIS D02033 386§ : @ [Thatiis, by ybing a gaitter knigie, grooygs wegre fornmed
in the nfﬁg_ﬁpf it e afd :¢Bat i nd il nt ai,3i 0g” a g4p uf? abolR J%mo form
100 frarfrq.5 An mdhesi vy ebiQphang e (@I ape Freithf act & edJpy |Ni chi ban
Co.) wag{tTdhgl »istucK theteon, arfdi5 was pul | ed andijpeel ed &fif at| one tine
in a dinedtl ohHbf:90 fAjom t he surface thereofi to count: the nunber t he
frames i-[:pg;) tmgshard coating remai ni ng thereon. The eval uat ed
result 4 expressed as' (nunber of the frames having the hard coatijng)/ 100.
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Preparati on of a Photochrom c Curable Conposition (A) A m xture of
the radically polynerizable nononers of the follow ng recipe was prepared. 5

M xture of fhe radigallyfpolynerizable nononers: BPEO 40 parfs by mass 9GDA
15 parts byamass TMAT 25|parts by nass EB6A 10 parts by nassj 10GVA 10 parts
by mass To JL00 part¥ by fquss of the m xturef the rdically}polynerizable
mononers, the fol |l o fig phet ochromi-€ conpourds were added: ajr no
gr oup- cont aj ni ng chrgomye~ conmpound PCl 2.0 15parts by mass am no
gr oup- cont aj ni ng chtogend conpound P02 0.6 parts by mass am ho
group-cont ajni ng chrqreng conpound P03 0.4
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parts by mass 20 and the m xture was dissolved with ultrasonic waves at 70C
for 30 m nutes. To the thus o?bained conposition were added the
fol |l owi ng conponents: photo polynerizdtion initiator CE 1870 250. 35 parts by
mass stabilizer LS7655 parts by mass silane coupling agent TSL7 parts by
mass | eveling agent SiLIO.1 part by mass and the m xture was stirred to a
sufficient degree to prepare 30 a photochrom c curable conposition (A . The
t hus obtainedﬁﬂﬂgkﬂchronlc curabl e conposition (A) exhibited a viscosity at
251: of 130 ¢ The conponents bl ended in the phot ochromi ¢ curable
conposition (A) and the viscosity thereof were as shown in Table 355. 91
[0163] Preparation of the Photochrom c Curable Conpositions (B) to (P)

By using the radjcally polynerizabl e nononmers, photochromc co unds,
pol ymerifation ihitiajors, 5 stabilizers, S|Iane coupling agentd and
I evel i ngl agent s Shown|in Table 5 in amountsishown iniTable 5, it
phot ochr nlcoeﬂnp05|t ons (B) to (ﬁ) wer e prepared by the s ne t hod as
t hat of rep%»?ng fhe photochronlc iconposi tiion (A) “TRe conpohe s bl ended
in the photaghy ot @ cyirall e 10 @Dﬁh8§|t|on§‘PB) te &Pr and ghéfir| viscosi ties
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[0153]

In the following Examples and Comparative Examples, hard
coatings were formed on the surfaces of the ordinary plastic
lenses by using the coating compositions prepared as described

5 above, and were evaluated for their appearance, steel wool
scratch resistance, Bayer scratch resistance and close adhesion
in compliance with the methods described below. Ten pieces of
lenses having the hard coating were prepared in each of the
following Examples and Comparative Examples for evaluation.

10 Table 4 shows the most poorly evaluated results of appearance
and steel wool scratch resistance of the lenses among ten pieces
of lenses. Table 4 further shows average values of Bayer
scratch resistance and close adhesion of ten pieces of lenses.

[0154]

15 Appearance

Presence of cracks in the hard coating was observed by
eyes to evaluate the appearance on the following basis.
O: Transparent and no crack was recognized.
X: Cracks developed and the appearance was obviously
20 poor.
[0155]

Steel Wool Scratch Resistance

The surfaces of the lenses (surfaces of the hard coatings)
were rubbed with a steel wool (BONSTAR #0000 produced by Nihon
25 Steel Wool Co.) ten round trips while applying a load of 1 kg
thereto, and the scratched degree was evaluated by eyes on the
following basis.
A: Were not almost scratched.
B: Scratched to only a slight degree.
30 C: Scratched a little.
D: Scratched.
E: Hard coating was peeled.
[0156]

Bayer Scratch Resistance (Measuring the Bayer Values)

35 The surface of the lens base member without hard coating
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(uncoated lens) and the surface of the hard coating formed on
the lens base member (surface of the hard-coated lens) were
scratched as described below in compliance with the Bayer
testing method (ASTM D-4060 or ASTM F735-81). |

5 That is, the uncoated lens and the hard-coated lens were
inserted with their convex surfaces facing upward in a polishing
agent holder having two holes of a diameter of 50 mm from the
lower side of the hole. Next, 500 g of a commercially available
polishing agent (alumina/zirconia polishing agent produced by

10 SAINT~-GOBAIN CERAMIC MATERIALS CANADA, INC.) was introduced
into the polishing agent holder. The two lenses thus inserted
were oscillated at an oscillation of 150 strokes a minute with
a stroke of 4 inches for a total of 2 minutes to polish and scratch
the surfaces of the two lenses.

15 Next, the lenses were measured for their haze by using
a spectrometer (Haze meter manufactured by Suga Shinki Co.) to
find a difference in the haze values before and after scratched
to thereby calculate the Bayer value according to the following
formula.

20 Bayer value = AHaze (uncoated)/AHaze (hard coating)
wherein AHaze (uncoated) is a value obtained by
subtracting the haze value of before the testing from the
haze value of after the testing of the uncoated lens, and
AHaze (hard coating) is a value obtained by subtracting

25 the haze value of before the testing from the haze value
of after the testing of the hard-coated lens.

The larger the value, the higher the surface hardness and
more excellent the scratch resistance. Usually, the surface
is hard if the value is 4 or larger, and a hardness comparable

30 to that of a glass is obtained if the value is 6 or larger
exhibiting very excellent scratch resistance.

[0157]

Adhesion
Adhesion of the coating to the lens was evaluated by a

35 cross-cut tape testing in compliance with the JIS D-0202.
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the surface of the hard coating maintaining a gap of about 1
mm to form 100 frames. An adhesive cellophane tape (Cellotape
manufactured by Nichiban Co.) was strongly stuck thereon, and

5 was pulled and peeled off at one time in a direction of 90°
from the surface thereof to count the number of the frames having
the hard coating remaining thereon.

The evaluated result was expressed as (number of the
frames having the hard coating)/100.

10 [0158]
<Example 1>

A lens base member CR having a thickness of about 2 mm
and two convex surfaces on both sides thereof was dipped in an
aqueous solution maintained at 60°C and containing 10% by weight

15 of sodium hydroxide, and was etched with an alkali by using an
ultrasonic washing device for 10 minutes. After etched with
the alkali, the lens base member was washed withdistilled water
and with hot water of 50°C to remove the remaining alkali,
followed by drying at room temperature for 2 hours. The lens

20 base member was dip-coated with the coating composition 1 at
20C and at a pull-up speed of 30 cm/min. Thereafter, the
coating composition was pre-cured in an oven maintained at 70°C
and was cured at 120°C for one hour to thereby obtain a
hard-coated lens forming a hard coating of a thickness of 2.6

25 um on both surfaces of the lens base member CR.

The hard-coated lens was evaluated for its appearance,
steel wool scratch resistance, Bayer scratch resistance and
close adhesion to obtain the results of appearance: O, steel
wool scratch resistance: A, Bayer scratch resistance (Bayer

30 wvalue): 7.4, and adhesion: 100/100 as shown in Table 4.

[0159]
<Examples 2 to 5>

Hard coatings were formed on the surfaces of the lens base
members CR by being coated in the same manner as in Example 1

35 Dbut using the coating compositions 3, 9, 10 and 18 prepared above,
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and were evaluated for their properties. The results were as
shown in Table 4 which also shows the thicknesses of the hard
coatings.
[0160]
5 <Comparative Examples 1 to 9>
Hard coatings were formed on the surfaces of the lens base
members CR by being coated in the same manner as in Example 1
but using the comparative coating compositions 1 to 9 prepared
above, and were evaluated for their properties. The results
10 were as shown in Table 4 which also shows the thicknesses of
the hard coatings. The comparative coating composition 9
(Comparative Example 9) developed much cracks after the curing
and, therefore, its appearance was not evaluated.
[0161]
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WL-11-11-11-11-1ir) r- U 1-1 X 96 §80165] In the foll owi ng Exanpl es
and Conparative Exanpl es, photochrom c | enses were prepared by the coating
met hod by using the above photochrom c curable conpositions (A to (P) and,
5 thereafter, hard coatings were fornmed on the surfaces of the photochromc
| enses by using the coq;igg copposi Lions _preparefd above to thereby prepare
phot ochrom ¢ hgrd{coat ¢ nses andat 0 eval uate | he photochrom c properties,
red deterioratilon| yedl etel] orafl on &hd Vitkprs' hardness in addition to
the 10 above- mgntilonedl fr Bpert Bps i & confian@ pith the nmethods descri bed
bel ow. Here, tgn pi eGeszlor each of the photockhrofic | enses and the

phot ochrom ¢ hgrd{coated | enses were prepared i nf each of the follow ng

Exanmpl es and npqratiw@ Exanpl es for evaluationf Tables 6 to 8 show average
val ues of photdqchfqom c W5 properties, red deteripration, yellow
deterioration gnd|Vi akeils' hardness, [0166] Eval pation of the Phorochronic
Properties and qu$péﬁéj|orat|on To eval Uat e the| photochronic properti es,
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20 density was neasured according to the foll ow ng nethod.

The sanpl e

|l ens was irradiated with light emtted froma xenon |anp L-2480 (300 W
SHL- 100 manuf actured by Hamanatsu Ph&%nics Co. through an ultraviolet ray

transm ssion filter UV22 and a heat ray absorption filter HA50 (both of
whi ch 25 manufactured by Hoya Co.) to develop a color. The conditions of
irradiating light were as described below Conditions of irradiating |ight:
Anbi ent temper pt ureg %%t il Beamintensity on the sample |ens surface:
30365 nm = 2.4 MV cRg 345 nm = 24 gWonR |oradiationatimeo 120 secpnds
A maxi num alpsof pt ivom|wavel eRgt h @f wheh delel opithg altol o was ,foufid by
using a spe¢trpph@ gfeBer (8nstaBt anegus 38 mul £ - ch@nel Sphot o defect or
MCPD3000) nuf acfuRdd—by Gtsuka— 97 Bensht Kogyo Co— Further, an tbsorbancy
[E (120)] af the maxi num absorption wavel ength of when devel opi ng col or
and an absofbancy [E|(0)] at the above wavel ength of when the lens}is not
being irradijated w©h Iight were found, and a difference 5 between|the two
was eval uat¢d fs @ &l or de(;nsity(.\l Cblgr densitymf E 120)C; E (0).
Further, a*{walue$ Hdre measured when developi ng. a col or &d when {adi ng.
Here, the al-yplwe stlafids f8r a Yeddi$h cof®or afd is“a* i ™ a CE19]6
(L*a*b*) cowqy gp&cm (CIELAB). Further, 10 "when devel oping a col of"
referred tolhe i%s*™dfter the sanple lens surface was irradiated th the
| i ght of thq(iénon | gnp havi ng the above intensity for 2 m nutes éld "when
fadi ng" (colf@spbndg|to when devel oping no color) is after the sanple |ens
irradiated\Mg 1Q[gq?enon lanp for 2 mnutes was left to 15 stand §n a dark
pl ace for 5{m put @sof « «<The rged deteriqgratign cam be e@val uatedjrelying
upon the thd${qhrgdg*-val ues. - That is, the red deterioratitn can be
eval uat ed bdsed s g|difference in the a*-value of when the photochromc
| ens 20 havi then kgrd coating (photochrom c hard-coated lens) is
devel opi ng e?%)lor and is fading and on a difference in the a*-val §es of
when t he (ggzhroﬁid | ens wi thout the hard coating (photochrom ¢_dncoat ed
l ens) is \ O)ping g color and is fading. The larger the differ e, the
| arger the| qegjee of |rgd 25~det eni orag on gchangj ng nto ped cgl ar The
smal l er tfg|& 1fer@nde on The ofher %Lnd, t he hi gher the ef fect J ¢r
preventing| ffhe redSddterioration. [0167] Evaluation of the Yell o®
Deteriorab] qn |30THe |deterioration accel eration testing was conducied to
eval uat e Ehe yel |l ow deterioration by the irradiation with |ight.
That is, the sTnphe ghot ochrom c | ens was deteriorated in an accel ¢rated
manner by e ilrraglidtion with | i ght by using 35 the XenogDVéaEper-Cneter
X25 (xenoal grcilarp qf<2.5 RW = o ﬁ 0 . .
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98 mgnuf actured by Suga Shi kenki Co. under the conditions of an irradiation
intensity of 40 WnR2 and a | ens surfqgihtenperature of 50C for 100 hours.
Next, by using an SM col or conputer ( T) manufactured 5 by Suga Shi kenk
Co., YI(YIO0) of before the accelerated deterioration and Yl (Ylloo) of after
the accel erated deterioration were neasured to find a degree of yell ow
deterioration according to the followng fornula and to evaluate the yell ow
deterioration. épgggree of yellow deterioration (AYl) = YI 100 - VYID

The smal | er thé degree of yellow deterioration ( AYl) , the snmaller the
degree oPrgpbrewidat efi ar Bhpdbachtomhe Cunsbdet Epmpesétiionattdd and the nore

excel l ent the A C ag@% fait I .eriqrati [ Vi ckers
Har dness ( Hv) é?/ﬁ u}‘gcltdrslk[g;é 1(:8 ﬁe crlfa oql\#i?kl?reEpgyggg%géggﬁea%%ﬁ%iﬁ-o%lQ%]e

manuf act fivédolyniyhrsoipwawsei pre@aredt he phot ochromc | ens

(photochyom.g Unceatrd Lenskayhlngt hig:hard.caahbng uas 20 measured for
its Wi ckerd" “Aar dness Hy. at 1'sS; "a Square sanple of about 5 nm was
cut out from tBRREQhot@gbaoins cowrmcast ed | ens base nenber, set onto a sanpling
plate, a dianD?QDAn dgtaggg slﬁysged onto it with a load of 10 g, the

| ength (d) of e i nderfed %iéﬁo A% 1ine was neasured, 25 and the Vickers
har dness Hv wasMBal cab gpedt sicdeprmbisg to the followng fornula, Hv (kg/ne) =
1.8543 p/d2 p: ti | oad (,0.01 kg) d: length of indented diagonal I|ine
(mm) 30[0169] Eég npf@ Qﬁféﬁe%%r%ﬁ?%n of a Photochromic Lens A

| ensibase nmenberaAMRBLOfpartdilsknesss of 2 nm was prepared, dewaxed w th
acetone to a s ffL@bent degree, treated in a 5% 35 goaﬁun1h¥dr0ﬁgde aqueous

sol ution mai nt aPnetd’ aP2EBE PBrMass 98t ntRgt BLXTRASHR Ehrff oG ngYwat er for

4 m nut epolymshedanibhméhshel s gdvatfyl g inQiphed cdhrélic tempdiinayt es, and
was dried at 70%:._hbxt, a noi sture-curing priner (TAKESEAL PFR402TP-4 5
manuf act WFER BY'9¢dkebayashi Kagaku Kogyo Co.) and an ethyl acetate were

n xed togetheragasd yRoap-asRUatnohgS56hpahnéteb¥orBstndandito 2@ nixed
solution was added 0.03 parts by mass of the leveling agent SiL2 (silicone

surf%%tant)._The m xture was sufficiently stirredP@htfl YtMpéEane
honmpgeneous i Na@ino group-containing chromene compound PC2 0.6

parts by mass
amino group-containing chromene compound PC3 0.4
parts by mass
20 and the mixture was dissolved with ultrasonic waves at 70C for
30 minutes.
To the thus obtained composition were added the following
components:

photo polymerization initiator CGI1870

25 0.35 parts by mass
stabilizer LS765 5 parts by mass
silane coupling agent TSL 7 parts by mass
leveling agent SiLl 0.1 part by mass

and the mixture was stirred to a sufficient degree to prepare
30 a photochromic curable composition (A). The thus obtained
photochromic curable composition (A) exhibited a viscosity at
25C of 130 cP.
The components blended in the photochromic curable
composition (A) and the viscosity thereof were as shown in Table
35 5.



10 niitrogen atnosphere to thereby obtain a prinmer conposition. By
using a spin coater, 1H DX2, manufactured by M kasa Co., the surfaces of the
MRB | ens base menber were spi n-coated®Mith the primer conp05|t|on The MRB

| ens base nmenber was left to stand at roomtenperature for 15 mnutes to
prepare a |l ens 15 base nenber (priner-treated |l ens) having a priner |ayer of
a thickness of 7 gm Next, the surfaces of the above priner-treated | ens was
spi n- coat ed mﬁLg §$fut 1 g of the photochrom c curable conposition (A,
irradiated wt h avi ol et rays under the 20 conditions described below in
a nitrogenegaSaanan&ﬂhEhePhnﬁbmﬁnmmmﬁanrhbéamkm@dsftxmnsuamnuiamperature
oven naintaineﬁ at 1101: to obta ﬂ}aLﬁ f bi ens having a photochromc
coating of a tRYcRARRY bPe4BIIACHHY Y %9?5} 2y PPPRAf &t i on conditi ons:
25Sour cephdtbthbbmiD Buhboﬂndstlpgl9&69@5@tménuiﬁ¢tmaedrby Fusi on UV Systens

Irradlatlon 01 ,30The t hus
pr epz%jed tﬁBﬁg&ﬁ?5ﬁT cSJrer?f%e g ) \?ﬁgse@%ﬁjﬁ%v%*rbg %J'tesn]tpﬁn]b:’f’(?(‘fﬁlr oni c
properti &a ¢abner5densamyhntsedhd@heﬁhorabnens(athéabheiochebhmw
deteriorati on AYl and Vi ke har dness % coj or den3|% X|nun1
Cbeor ptl BmeRTAL SREER(EY EGL) Heta D e ca by, bh e AbretboBi ao t Ha ool or 35

was 1.3, od@ Vp‘!fébé@lwgeﬁhéaghagowﬁomic1coM9bls§?W15ﬁt gajoration 100 AYl was
11.1, and ckers' hardness was 5 . These results are shown in Table

6. [0171] Prepg?%tF%ﬂp8?e%t®h8%%%ﬂ?6niﬁ Hag dPohPelr eBAs C8BFPUSIi ng a corona
di schar geofig¥keeioill 1B Prel(p) Manafaed i od sy shidviclsUge €8 as tdHwabave
photochronlc | ens was treated with corona discharge for 30 seconds and was,
further, épbﬁeé in a 20% NaOH aqueous sol ution naintained at 601: for 10

m nutes. The thysehfeated photochronic | ens was dipped in 10 the coating
conposition | prepared above, and was pulled up at a rate of 30 cmMmn. to
apply the hard coating conposition 1 onto the surfaces thereof. Next, the
hard coating conposition 1 was dried at 70t for 10 m nutes, cured at a
tenmperature of 1101: for 2 hours to forma hard coating of a thickness of
about 15 3 gmto thereby obtain a photochrom c hard-coated | ens. The
phot ochrom ¢ hard-coated | ens was evaluated for a variety of properties to
obtain the following results which are al so shown in Table 6. Appearance: 0
20St eel wool scratch resistance: A




Bayer scratch resistance:

7.3 Adhesi veness: 100/ 100 Col or density at a

maxi mum absor pti on wavel ength of 588 nm 1. 01 25a*-Val ue when devel opi ng
color: 1.4 a*-Value when fading: -1.22Degree of yellow deterioration3.5

[0172] <Exanples 7 to 44 and Conparative Exanples 10 to 20>

30 Phot ochrom c

| enses (uncoated) were prepared by the sanme nethod as that of Exanple 6 but
using the | ens base nenbers and photochrom ¢ curabl e conpositions shown in
Tables 6 to 8, and were evaluated in the sane manner as in Exanple 6 to

obtain th
shown in

phot ochr o
phot ochr o
eval uat ed
shown in

conposi ti
Exanmple 1
occurred

eval uat ed
phot ochr o
but using
same nmann
phot ochro
i.e., ah
Co.) to t
in the sa
8. [0174]

Table 5

resul t

as shown in Tables 6 to 8. 35By using the compositions

ables 6{to 8, further, 101 hard coatings were fornmed ¢n the above
i ¢ ens¢s by the sameonet had as that ob Exanpl e 6 40 obptain
i ¢ thar gf1cdated Bepsess, Fhe Bhet ochion & har docaat €9 S efses were
|nﬂ@>m@mm§W%gWB@@e§Qo@@mﬂﬂe@@IsSas
ableedba| © o anpl e &, qgweve dhas cused 8he caataen
bn & af t,ér Preseed abP’ 201:“for She noft h. n Chnparative
Bt s used the conparative coating position 9, cragks have
much: +n—he hard 10 coating, and the photochrom c |ens S not
except the appearance. [0173] <Conparative Exanple 21>]A
M c | ens|was prepared by the sanme nethod as 15 that of anple 6
the | eng base nenber shown in Table 8, and was evaluat¢d in the
br as i n|Exanpl e 6o Furtier, aohardogoatigg was fornmed ¢n the above
i ¢ Eens |by using & commercialTy avail ak) & coating sition,
fr d- Boatilng agenty (TS5FH t rdde nahe! 2& mmnuf act ured-by Tokuyana
. . . X (&)
ner eby ot aiinva Pha} ochr Omi ch@ar d-Eagat edf) Lens\owhi chewds Jeval uat ed
.. < ~ SN < EGH .
mgnnerl a® &n xafpl &) 6 t omobt aien the &F §sul BsTas 3§ in Table
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[0165]

In the following Examples and Comparative Examples,
photochromic lenses were prepared by the coating method by using
the above photochromic curable compositions (A) to (P) and,
thereafter, hard coatings were formed on the surfaces of the
photochromic lenses by using the coating compositions prepared
above to thereby prepare photochromic hard-coated lenses and
to evaluate the photochromic properties, red deterioration,
yellow deterioration and Vickers’ hardness in addition to the
above-mentioned properties in compliance with the methods
described below. Here, ten pieces of each of the photochromic
lenses and the photochromic hard-coated lenses were prepared
in each of the following Examples and Comparative Examples for
evaluation. Tables 6 to 8 show average values of photochromic
properties, red deterioration, yellow deterioration and
Vickers’ hardness.

[0166]

Evaluatrm1ofthePhorochromicPropertiesandRed[mterioration

To evaluate the photochromic properties, the color
density was measured according to the following method.
The sample lens was irradiated with light emitted from
a xenon lamp L-2480 (300 W) SHL-100 manufactured by Hamamatsu
Photonics Co. through an ﬁltraviolet ray transmission filter
UV22 and a heat ray absorption filter HA50 (both of which
manufactured by Hoya Co.) to develop a color. The conditions
of irradiating light were as described below.
Conditions of irradiating light:
Ambient temperature: 20C + 1C
Beam intensity on the sample lens surface:
365 nm = 2.4 mW/cm?
245 nm = 24 uW/cm2
Irradiation time: 120 seconds
A maximum absorption wavelength of when developing a
color was found by using a spectrophotometer (instantaneous

multi-channel photo detector MCPD3000) manufactured by Otsuka
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Denshi Kogyo Co. Further, an absorbancy [ ¢ (120)] at the
maximum absorption wavelength of when developing a color and
an absorbancy [¢ (0)] at the above wavelength of when the lens
is not being irradiated with light were found, and a difference
between the two was evaluated as a color density.

Color density = ¢ (120) - ¢ (0).

Further, a*-values were measured when developing a color
and when fading. Here, the a*-value stands for a reddish color
and is a* in a CIE1976 (L*a*b*) color space (CIELAB). Further,
“when developing a color” referred to here is after the sample -
lens surface was irradiated with the light of the xenon lamp
having the above intensity for 2 minutes and “when fading”
(corresponds to when developing no color) is after the sample
lens irradiated with the xenon lamp for 2 minutes was left to
stand in a dark place for 5 minutes.

The red deterioration can be evaluated relying upon the
thus found a*-values.

That is, the red deterioration can be evaluated based on
a difference in the a*-value of when the photochromic lens
having the hard coating (photochromic hard-coated lens) is
developing a color and is fading and on a difference in the
a*-values of when the photochromic lens without the hard coating
(photochromic uncoated lens) is developing a color and is fading.
The larger the difference, the larger the degree of red
deterioration (changing into red color). The smaller the
difference, on the other hand, the higher the effect for
preventing the red deterioration.

[0167]

Evaluation of the Yellow Deterioration

The deterioration acceleration testing was conducted to .
evaluate the yellow deterioration by the irradiation with
light.

That is, the sample photochromic lens was deteriorated
in an accelerated manner by the irradiation with light by using

the Xenon Weather-Ometer X25 (xenon arc lamp of 2.5 kW)
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manufactured by Suga Shikenki Co. under the conditions of an
irradiation intensity of 40 W/m? and a lens surface temperature
of 50C for 100 hours.
Next, by using an SM color computer (SM-T) manufactured
5 by Suga Shikenki Co., YI(YIp) of before the accelerated
deterioration and YI(YI;p) of after the accelerated
deterioration were measured to find a degree of yellow
deterioration according to the following formula and to
evaluate the yellow deterioration.
10 Degree of yellow deterioration (AYI) = YIiq - YIo
The smaller the degree of yellow deterioration (AYI),
the smaller the degree of yellow deterioration of the lens after
deteriorated and the more excellent the resistance against the
yellow deterioration.
15 [0168]

Vickers’ Hardness (Hv)

By using the Micro-Vickers’ hardness meter (MHT-1)
manufactured by Matsuzawa Seiki Co., the photochromic lens
(photochromic uncoated lens) without the hard coating was

20 measured for its Vickers’ hardness Hv.

That is, a square sample of about 5 mm was cut out from
the photochromic uncoated lens base member, set onto é sampling
plate, a diamond indentater was pushed onto it with a load of‘
10 g, the length (d) of the indented diagonal line was measured,

25 and the Vickers’ hardness Hv was calculated according to the
following formula,

Hv (kg/mm?) = 1.8543 p/d?

p: testing load (0.01 kgqg)

d: length of indented diagonal line (mm)

30 [0169]
<Example 6>

Preparation of a Photochromic Lens

A lens base member MRB of a thickness of 2 mm was prepared,

dewaxed with acetone to a sufficient degree, treated in a 5%

35 sodium hydroxide aqueous solution maintained at 50C for 4
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minutes, washed with flowing water for 4 minutes, washed with
distilled water maintained at 40°C for 4 minutes, and was dried
at 70C.

Next, a moisture-curing primer (TAKESEAL PFR402TP-4

5 manufactured by Takebayashi Kagaku Kogyo Co.) and an ethyl
acetate were mixed together each in an amount of 50 parts by
mass, and to the mixed solution was added 0.03 parts by mass
of the leveling agent SilL2 (silicone surfactant). The mixture
was sufficiently stirred until it became homogeneous in a

10 nitrogen atmosphere to thereby obtain a primer composition.

By using a spin coater, 1H-DX2, manufactured by Mikasa
Co., the surfaces of the MRB lens base member were spin-coated
with the primer composition. The MRB lens base member was left
to stand at room temperature for 15 minutes to prepare a lens

15 base member (primer-treated lens) having a primer layer of a
thickness of 7 pum.

Next, the surfaces of the above primer-treated lens was
spin-coated with about 1 g of the photochromic curable
composition (A), irradiated with ultraviolet rays under the

20 conditions described below in a nitrogen gas atmosphere, and
were heat-treated in a constant temperature oven maintained at
110C to obtain a photochromic lens having a photochromic
coating of a thickness of 40 £ 1 um.

Ultraviolet ray irradiation conditions:

25 Source of light; D Bulb-mounting F3000SQ manufactured

by Fusion UV Systems Co.

Output; 150 mW/cm® (405 nm)

Irradiation time; 3 min.

[0170]

30 The thus prepared photochromic lens (uncoated) was
evaluated for its photochromic properties (color density), red
deterioration (a*-value), yellow deterioration AYI and
Vickers’ hardness. The color dénsity at a maximum absorption
wavelength of 588 nm was 1.05, a*-value when developing color

35 was 1.3, a*-value when fading was -1.1, yellow deterioration
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AYI was 11.1, and Vickers’ hardness was 5.1 kg/mm?. These
results are shown in Table 6.

[0171]

Preparation of a Photochromic Hard-Coated Lens

By using a corona discharge device, MultiDynel,
manufactured by Navitus Co., the above photochromic lens was
treated with corona discharge for 30 seconds and was, further,
dipped in a 20% NaOH aqueous solution maintained at 60°C for
10 minutes. The thus treated photochromic lens was dipped in
the coating composition 1 prepared above, and was pulled up at
a rate of 30 cm/min. to apply the hard coating composition 1
onto the surfaces thereof. Next, the hard coating composition
1 was dried at 70C for 10 minutes, cured at a temperature of
110°C for 2 hours to fdrnla hard coating of a thickness of about
3 um to thereby obtain a photochromic hard-coated lens.

The photochromic hard-coated lens was evaluated for a
variety of properties to obtain the following results which are
also shown in Table 6.

Appearance: O

Steel wool scratch resistance: A

Bayer scratch resistance: 7.3

Adhesiveness: 100/100

Color density at a maximum absorption wavelength

of 588 nm: 1.01

a*-Value when developing color: 1.4

a*-Value when fading: -1.1

Degree of yellow deterioration AYI: 3.5

[0172]
<Examples 7 to 44 and Comparative Examples 10 to 20>

Photochromic lenses (uncoated) were prepared by the same
method as that of Example 6 but using the lens base members and
photochromic curable compositions shown in Tables 6 to 8, and
were evaluated in the same manner as in Example 6 to obtain the
results as shown in Tables 6 to 8.

By using the compositions shown in Tables 6 to 8, further,

HHHH
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hard coatings were formed on the above photochromic lenses by

00QO0OO0O0DO
n

the same method as that of Example 6 to obtain photochromic
hard-coated lenses. The photochromic hard-coated lenses were
evaluated in the same manner as in Example 6 to obtain the results
5 as shown in Table 6.
Example 8, however, has used the coating composition 2
after preserved at 20°C for one month.
In Comparative Example 18 that has used the comparative
coating position 9, cracks have occurred much in the hard
10 coating, and the photochromic lens was not evaluated except the
appearance.
[0173]
<Comparative Example 21>
A photochromic lens was prepared by the same method as
15 that of Example 6 but using the lens base member shown in Table
8, and was evaluated in the same manner as in Example 6.
Further, a hard coating was formed on the above
photochromic lens by using a commercially available coating
composition, i.e., a hard-coating agent (TS56H, trade name,
20 manufactured by Tokuyama Co.) to thereby obtain a photochromic
hard-coated lens which was evaluated in the same manner as in
Example 6 to obtain the results as shown in Table 8.
[0174]
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As will be obvious from the above Examples, the optical
articles having hard coatings formed by using the coating
compositions of the present invention exhibit Bayer scratch
resistances that are improved by more than two folds as compared
to the optical articles having hard coatings formed by using
the coating compositions of Comparative Examples. Further,
the photochromic hard-coated lenses having hard coatings formed
by using the coating compositions of the present invention
exhibit nearly the same a*-value as that of the uncoated
photochromic lenses; i.e., develop the intended color tones
without almost tinted in red. Besides, the photochromic
hard-coated lenses of the present invention are little
yellow-deteriorated even after used for extended periods of
time making it possible to decrease the degree of yellow
deterioration (AYI) to be not larger than 3.5 and, particularly,.
not larger than 3.0 yet offering good appearance, scratch

resistance and adhesiveness.
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Claims:

1. A coating composition comprising:
{a) a fine granular silica having a grain size of not larger than
30 nm;
{b) organosilicon compound components containing an epoxy group-
containing organosilicon compound (bl} and tetraalkoxysilane (b2)at a
mass ratico (bl/b2} of 0.25 to 4.0;
{c) water;
{d} a curing catalyst comprising a complex containing aluminum as a
core metal; and
{e) a water-soluble organic solvent in an amount of 10 to 200 parts
by mass per total amount of said fine granular silica (a) and said
organosilicon compound components (b) of 100 parts by mass;

wherein said fine granular silica (a) is contained in an amount
of 15 to 55 parts by mass, said water {c) is contained in an amount
of 30 to 200 parts by mass and said curing catalyst (d) is contained
in an amount of 0.1 to 5.0 parts by mass per the total amount of said
fine granular silica {(a) and said organosilicon compound components
(b} of 100 parts by mass, and

wherein said organosilicon compound components {b) are
contained in an amount of 85 to 45 parts by mass per the total amount
of said fine granular silica {a} and said organocsilicon compound
components (b) of 100 parts by mass, and

wherein a mass ratic (c/e} of water (c) and the water-soluble

organic solvent (e) is 0.5 to 10.0.

2. A photochromic optical article comprising a photochromic
optical base member and a hard coating formed on a surface of. said
photochromic optical base member, said hard cecating being the one

cbtained by curing the coating composition of claim 1.

3. The photochromic optical article according to claim 2, wherein
said photochromic optical base member has a photochromic coating
formed on the surface of a light-transmitting member by curing a
curable composition that contains a photochromic compound, and said

hard coating is formed on the surface of said photochromic coating.
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4. The photochromic optical article according to claim 3, wherein
said photochromic coating is obtained by photo-polymerizing a curable

composition that contains at least one kind of photochromic compound.

5. The photochromic optical article according to claim 3, wherein
said light-transmitting member is a plastic lens, and said

photochromic coating has a Vickers' hardness of 0.3 to 10 kg/mm”.

6. The photochromic optical article according to claim 4, wherein

said photochromic compound has an amino group.

7. The photochromic optical article according to claim 6, wherein

said amino group has a substituent with 1 to 10 carbon atoms.

B. The pheotochromic optical article according to claim 7, wherein
sald substituent possessed by the amino group is a heterocyclic group
containing a nitrogen atom constituting the amino group as a hetero
atom, and the number of the hetero atom in said heterocyclic group is

not larger than 4.

9. The photochromic optical article according to claim 7, wherein

the amino group is a dialkylamino group.

10. The photochromic optical article according to claim 3, wherein
said photochromic optical article exhibits a degree of yellow
deterioration (AYI) of not larger than 3.5 when it is irradiated with
light for 100 hours by using a xenon arc lamp of 2.5 kW as a source
of light under the conditions of an irradiation intensity of 40 wW/m?

and an irradiated surface temperature of 50°C.

11. A method of producing a photochromic optical article comprising
steps of:

forming a photechromic coating by applying a curable
composition containing 0.1 to 10.0% by mass of a photochromic
compound having an amino group onto a light-transmitting member, and

curing said curable composition; and
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forming a hard coating by applying the coating composition of
claim 1 onto saild photochromic coating and curing said coating

composition.

12. A photochromic optical article prepared by the process

according to claim 11.






