DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM PRODUCTI ON
METHOD THEREOF, AND MAGNETI C RECORDI NG AND REPRODUCI NG
WRRBARYSELS Priority is clainmed to Japanese AppbdTan20a81020247

No. 2005-050878, filed February 25, 2005, Japanese
Application No. 2005-082053, filed March 22, 2005, and
Japanese Application No. 2005-172199, filed June 13,
2005, which are incorporated herein by reference. This
application al so clai BESKRRIPIHNt pursuant to 35
US C 11 9(e) (1) of U S. Provisional Application No.
60/ 658, 145, filed on March 4, 2005. TECHN CAL FI ELD
The present invention relates to a magnetic recording
NPUASTIGC EENS ANDIMETHOD FOR RRODUECINGLLASTIC LENS
producti on nethod of the magnetic recordi ng nedi um
and a magnetic recordi ng and reproduci ng appar at us.
BACKGROUND ART Hard di sk drive (HDD) which are one

FIEY e OF TREUIRVENTEOMN di ng and reproduci ng appar at us,
have currently reached a recording density of 100

Qi t sThAPre &M, 1hbehﬁoﬁ%bgatbg‘@(§ alP18stieRIARAVRIBM n hRtireflection
recording density wll continue in the future at an

coﬁﬁﬂaﬂgﬁr ol &fic Phi J?ﬁ?/ﬁl mémwmr ptdudsetinasnt of

etirc recordi ng heads, and the developnent of
magneti c recordi ng nedluns sui tabl e for high recording
density is being advanced. It is required for magnetic

rd di sk drive to increase
]&4§§E$ggord?ﬁgF§ﬁ% ?ﬁ?Eﬁﬁﬁrnprove coercive force and
tore medi um no thC rec
ol uﬁﬁa%@anﬁ%r AR PP ool TRO TR B REEERE Biuse of their
. talfil arela nated o ate for Cq.
Lighkes, at 58 %‘H@t P@f‘faﬁ’d tpﬁ8‘6935§§ﬂ%’ggy eablhty’
i.n r ubstrate u a magnetic
“rﬁgt‘&?lcﬁ %tyrr%%‘o}iﬁ %Fﬁﬂ?{ﬂﬂﬂegﬁa’é@?‘g{‘%@ and glass
substrates ar e used. Anrﬁi ubstrat is a
mi r r OIS q\ybsegﬁrg);o%q erﬁ‘ e loescapt
filmformed on the substrate to a thi ckness of

theypdorsx they arg proviand mith aekaidotudacedegadms JaysT fo prptgction
surface which is further mrror finished. For the two
frany perntehesy| Moreansst plasts, emaeeraeeaaoeletmﬁpmé@rsldgdafgether
and crystallized glass. For either glass substrate,
withenwintireflestionrfilon ohithiedteed dogtimgdeyeiCty praveny, suirface
magneti ¢ recordi ng nmedi uns generally used in hard disk
reflectien. dlhisramgrediactionrfder cofermesyler v4imr, dgrositipe from an
alloy or the like, Ni-A type alloy), a nonnagnetic
inorpaericedbsthace .ay'@he (cQGofaCe layers Om ;T]astiy pensdsl wptabutdéo the
like), a magnetic layer (Co-Cr-Pt-Ta, Co-Cr-Pt-B type
high lg@yliey of peadtiddehseand a protective |ayer (carbon or
the like) are sequentially deposited on a nonnagnetic

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

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

Abbe’s number. This optical material is based on a compound which has one
1



| ayer conprising liquid lubricant is forned. A
Co-Cr-Pt-Ta alloy, Co-Cr-Pt-B alloy, and the like are
wais@d/ogsEed he magnetic |ayer are alloys, which POMiraeR0247
Co as the principal conponent. The Co alloy takes a
hexagonal cl ose-packed structure (hep structure) which
has an axis of easy magnetization in its Caxis. For a
-recording nethod of the magnetic recordi ng nmedi um
or meneeilauﬂ”lda lipkages @SeSbmang nzniecyde rapeinalis6 Wagrepox groups
recording, and a Co alloy is generally used for t
angirgridtioepoiky| groups tBetemitSEo@fmemt-spZ aneé ¥ (%@%Iﬂbﬂﬂ)w)tdﬁclose
C-axis of the Co alloy is oriented parallel to
plastiniegbet havisighdierthti @y redhané Btrhbﬁu‘é&ﬁﬁldhfls%btamed by reaction
per pendi cul ar nmedium the Caxis of the Co alloy is
betwéans galyiesaendits ¢bapouadidifl Q@Bﬁﬁﬁﬂﬁﬂ' (Gl g§{}ﬁ{)ﬁ ‘having

Accordingly, in the case of in-plane recor

active hgtdadden gﬂb%ltpst h@a¢enbbOYmbfit Qrdlgé'ﬂ)% @o&ggugé&lﬂag)mg

pl ane or the ( 11-0) plane. To |ncrease t cor
twoeRméne BbrdEoetbtpd AE MRl UNs, I s necessary

t o decrease nedi umnoi se. Non- Pat ent Docurrent 1 bel ow

descriReapavd-Reatt ﬂe 196 & thgéltlgl? Irgﬁgctag(t; ?I?‘iefxe

is effective to ma e average cry

reqq*‘%@%&%“‘“ﬁ‘)%ﬁﬁfé‘l e Buth L Ll hh ol PR g1 o hien
%lﬁ%@?&%&% OS] et a bt R oot iRt FRiroment,

th BB ol | Strrl%i%?léﬂxef” G drcm aroa iggraRpesition of

oGRS TR Bl Sl S50, B Sl 1y
decrgasi ng. medi um noj se to redyce the average

f01“&‘rys q foatingsrmpesision g rred affies appéicgtiann Qneeway to
Bb ti egn of the Co alloy smaller. Since the Co
lm%ﬂ“i o”y tgghr BACtier mdex| tpyh g#@m contingdayer i hyoysing mesal
ge easi | geon@ndered that formatigon of Co alloy film
oxide fineinartie qgéu&tltmumdrca@@e)drmnglal high meérdctivedndex,
‘gli neter and the grain size distribution of the Co
Seigyed mniFlagent Docwmenbebrandepgiveadbalbmt  Stheie hoe otiertways
varleta/ of elenents to Cr inproves its properties.
as @igeloped Do Datemt Docwmlents descl 8 g nt bedbwaddiHelydavefve Tihe use
to Cr is effective. Patent Document 2 bel ow-descri bes

of m¢tad oatts finepaotichstsol 6f rutsleefypecitaneumRatidstas [2he WaRting
3 below reports that addition of Mo and Wo C is

comygfdseieon ve theate of chnpusita bxiteafite Paktdles BOCWREH iSformed
bel ow report that it is effective to construct an

fromredencleat phatiele dxd towtih@Vgley cobédig ha‘I‘ﬁeQ[uc@@axt Peiticles is
princi pal conponent but a different add| tional

forrabé iR .a domPpedieNtollP SIERdN SieMAh a'xtutﬂﬁ -t9B8 by R&hlite of

that addition of oxygen and nitrogen t

titaROMEEHI Q¢ iatdUnE Ok fRAtanlday 8fat \(l:\‘l% Fd;ret}%énﬁosea tascoerosilj

princi pal conponent, is effe at'ent

oxidPPREIHEEH HRRIAA D 8 HRAEN bx fRPL A &8F Eﬁﬂnnﬁh{l tmde which

Publ i cati on
covers the nuclear particle.

The antireflection film to be formed on the hard coating layer with a

high refractive index has recently been disclosed in Patent Document 9 given
, 4



No. Sho 63-197018 [Patent Docunent 2] United States

Pat ent No. 4652499 [Patent Docunent 3] Japanese
who@sasisned Patent Application, First PublicatPOnIM005/020247

Sho 63-187416[ Pat ent Docunent 4] Japanese Unexam ned

Patent Application, First Publication No. Hei 7-73427

[ Pat ent Docunent 5] Japanese Unexam ned Pat ent

Application, First Publication No. 2000-322732 [ Patent

belRE Uitor §in P Sesclarexaniiiesh fRaifRRtioARin ¢8tdraibd from a
First Publication No. Hei 11-283235 [Patent Docunent

codthnE¥H ApBantifiaiRbtpNate d §9A8 39 chAIM EPhrtRIEY KBV Bh low
Japanese Unexam ned Patent Application, First «
oA BASD D WS ATA4 AR D IEPOMERSs Hn i

i R el AR R Bl Bl Mg Wit oy by

[ i.nl e t.he n net | d Qat | ayer. As
noa{g?rsen@hagldéb]#)sa@fg%sgsgs}%sgat & %g%l %ﬁ?ﬁngﬁ; Eéﬁlﬂ}ni npr ovi ng
[Pt he ;p)nma net {1 undercoat. | ayer, mcronization of the
E\12eY goecu %tt I 1ine particle dianeter and i nprovenent

of orientati of . the, Cr alloy, and [ ce mat ching
i th deissse a@pt Task Spel N e T2 he & ol oy
use or the nonmagnetic undercoat |layer has Cr as its
[P%tte'r“gé(k?é‘lm%‘bﬁ'n@onent, the characteristics thereof
mainly originate fromthe inherent characteristics of
. Aial%\arr%ﬁ%tﬁnf heatbdicapenilie. Igé’s‘i"@ﬁ‘l@@ t he
nonmagneti ¢ undercoat |ayer of the magnetic recording
[P%f@@ltlﬂqﬁ%‘@é‘ﬁﬁeg consequent |y narrowed. A nunber of
attenpts using a O alloy in the nonmagnetic undercoat
| ayerdapaness epté@@@'@ﬂenth)-F}&@e’iﬂl‘l@Bg@mnt 7, it has
been proposed that the noise can be inproved by using
[Patiens Dapynedritcl has a B2 structure (AINi, Al Co, Al Fe,
and the |ike) asthe nonmagnetic undercoat |ayer, thus
maki ndppdreesgrRatens iLaed jopeh iNo. 20PAe342253 | m smal | er.
However, since it is difficult to make the coercive
[Pdtent Ddcangentty] use of an Al-Ni alloy, and it is
difficult to make rectangularity ratio of the coercive
f or ceJdpargselBateae Laid-apeANo. Bdeial -30Y517 he
reproduction out put becones smaller, as a result,
[Pdteay Digunistglns to realize a high recording density.
In Patent Docunent 8, it has been proposed that the

noi seJGaihdae PARhOYRAM BYeA ORI N26He2 W or MTi
alloy, or Wi alloy on an oxide orientation control

[P dehDdéehent 7]

Japanese Patent Laid-open No. Hei 2-255532
[Patent Document 8]

Japanese Patent Laid-open No. 2000-204301
[Patent Document 9]

Japanese Patent Laid-open No. 2003-222703

DISCLOSURE OF THE INVENTION
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as MgyO. However, elenental substance of Mo or W or
all oys such as MoTi and WIi have a limt to the
walewr®2Ee i N noi se, and are unable to cope w tPCEJIP2005/020247
recording density exceeding 50 Guits/in2. The present
i nvention has been carried out to solve the
above-nenti oned problens with an object of providing a
magnetic recording mediumwhich is able to cope with a
hi gherThe 8bpuk-merdimeid anticefleegoetfiln rehhdisng FRGNIhih
whi ch has a higher coercive force and a | ower noise, a
fipohas ai conffmaenief theemedfexpansioa de@net iha t¥¢RE Qinfirlying
and reproduction apparatus. In order to solve the
hatibee tpnp byersand hengy @ 20é1siinVRAE QbsisBin@. I T8t dvaf being a
earnest investigation and effort, has conpleted the’
veyesentorganierfilnorit by siréaply 4#d6d biahetilerlying hard coating
characteristics of the magnetic recording and
layepuadikei a1girapganal mstifdTecbign’ R ?aﬁge bbl LDk &
type alloy, or a MoV type alloy as t épﬁ%ﬁﬁgg%éFE%ﬂ%Dn' In
othederorda itliayasily BadridrBitd®iSAY: enh doayention .
relates to the foll ovvilng. (%L; %%‘gb%é@%gﬁ}%édocro&wlayer 18
pdBRdh Wi R8P b S Dth @lar £ 44 S under coat
| ayer, a nonnagnetié”%n?§§%§§$§%§%?§§-HYh%nﬁ%Bﬂ%¥?%?

ddtaMerate@NWith i@t ective layer, lamnated in the
ascendi ng or(fer on a nonmagneti c substrate, wherein at

| east . i d _nonmagnet i.c_under coat |ayer is _
const F?%fpellg Q%IS{ ggjr%]l%%ncvgﬁ%8?1’@%?%8&?-"&%%0&‘33% f‘éli?épbng . Itis
- I .ch conprises.at | east one el ement
e PR AR P B oonerids naTmcdonandioh axibits
- Lenent .sel ected fromthe B group consistin
out AR iy B it SmEE e i tcieetranped endoe sumom o
e C.grou onsj,sting of No, Ta, and Ti. (2) A
el e YReGaN Hy shedmuianibe Sption Shindilmformed thereon. I
..non neti l%nger coat |ayer, a stabilizing |ayer, a
18 ﬁBﬂ% r?i’t"?cgoi P8 Pt tiaveRlien to providesgmethed dauptiduging
| ayer, a netic . layer, and a protective | ayer,
supl piilastda o oresllines ; 4

1 errelling amwesgher thsistanca andringignesistance.

SUbSttﬁt g,ﬁ,afﬁand said stabilizing layer is

ant i f eP'f S¥apAsRecE &f the poegsingdnventen desidgnai hplhai€lens
wherej n at | east one |ayer of said nonmagnetic

compaetoba plagiir lens bosagnatenizdda yard continkdag®oneited on the
body-centered cubic crystal alloy conprising at |east

plagitis’lene hepe neatierid cand nonrtthe fleotiba il RUFANEOP the hard
consisting of C and V, at |east one el enent sel ected

cogtingrayes, Bhgrainphe dreidsdoatiggOfhy P ideie Whidne ﬁ)trrﬂe‘?i?ﬁbm a

one el enment selected fromthe C group consisting o
coatmg Jappasitioni con¢@ninp et W@gRLbiHontay QA)”&%C[TQ%J d&¥ined below:

according to either one of claim1l and claim 2,

(Ahimer g micionidehin sk ti6RRNRNERE aﬁ%é?ﬁgé‘bﬁftgae%gin%ter of 1 to
crystal alloy used in said nonmagnetic undercoa

200 aymandtcbﬁtamg%e Bita SRR Gkefh M%gﬂgﬂégt@]ef&gg}‘aggtgd(B) an

total content 10 to 60 at%
orghbosilichs cBroRisd pgesertl By R WedhaChrdQit 3¢ 8B Liwhore

R! denotes an organic group of carbon number 2 or more which has reactive
groups capable of polymerization and X! denotes a hydrolyzable group), and

the antireflection film is an organic thin film which has a refractive index
4



and the elenment selected fromthe C group has a tota
content of 10 to 60 at% (4) The magnetic recording
woreboysdercor di ng to any one of claim 1l throughCDiR008020247
3, wherein the nulticonmponent body-centered cubic
crystal alloy used in said nonmagneti ¢ undercoat | ayer
has a body-centered cubic structure, and the lattice
-constant is from3.05 to 3.20 A (5) The nagnetic
lowecthati tigptnefdiherh adcmadingglatyer Bpynoolees 0ha€10ai hidd also hds a
t hrough claim4, wherein said nonmagnetic internedi ate
thichyess cobpro 466 mh. | east one el enental netal or all oy
selected fromthe group consisting of CoCr all oys,

CoCr PThalsbeytid aspbct of Bue Brdsays inftidndedigedly Wégiag}ic lens

The magnetic recordi ng nedi um according to any on

as defingyl 1h Rhe ¥Rt abgddn wheWiglt@leNngatfhif Bf?{ea%gﬂxt?é %Jﬁﬁtéflgf with a

coupling layer conprises at |east one elenmenta

el gy SEIRS S oy A QAR RODE L i ¥ i
xR (kBT of G rRRRRARE L R b BT xid2 ana
ha? %g%}ﬁgg?g?rgnw&eﬁé%%pgfw{ go 2@ ﬁﬁ’gﬁe? T CC! ﬁlt (ranr rlredi ate

or oup o HRRe gt B roR o BHioR 3esidas ap g Blastispgns as

group consi St
R | CoCrPt zZr all . Pt Ta .
co BN R Sy om0k B BT vl
inclity [FOEECHR GG & PRC/DalhBihs FTSeitas ormeg Rk & a nuclear

ynder cglgt Iaﬁe_r has a nﬁl_ti | ayer structure including a
PaLR WILY AtEE Y PeCrttaditecoginasy d @6 gponenasitecyxidaof at
..l east one el ement selected fromthe group consisting
titapiuay ox ,alﬂf tinoxide oxja, coppasite oide pfitijanam oxideaytar oxide
onprising a nulticonponent body-centered cubic :
ang ?ﬁpgipaloxa ¢.And (iD)a watinglpyericompesed of agomestisite oxide of
.according to any one of claim1 through claim?7,
siligprepide and giraoriveynaidec awodepasi@toidy ef stiasnaxide and
mul tilayer structure containing a |ayer conprising
aluppiuna pkislesor Raginpakite pxideasfisiBconibkideppironeinim oxide and
body-centered cubic crystal alloy. (10) The magnetic
alungoomd priglenediidncavasrttenmdenapyrtivhe of claim 1
through claim9, wherein said nagnetic |ayer conprises
at | dasording taltheypresdrdnednfioamidicgsanie 988 fskigiGticles
of CoCrTa alloys, CoCrPtTa alloys, CoCrPtB all oys, and
inc@igOr RddMntoithe daltlicoating 18yeN®Bafl SIBA U SKIEET Bhcause of
fromTa , Cu, and Ag) alloys. (11) The nagnetic
thistf ﬁﬁﬁpdﬂ;}iﬁ@nﬂeﬂé UEr@e6Lifl Meydroh &Y hORE rfrallifd Mdex. In
roug

addition, titanium oxide with a rutile-type crystallite (rutile-type titanium
oxide) is low in optical activity, unlike titanium oxide with an anatase-type
crystallite (anatase-type titanium oxide) which generates a strong oxidizing
power to decompose organic matter when it receives light (UV) energy. The
optical activity of titanium oxide is due to the fact that electrons in the

‘valance band get excited upon irradiation with light (ultraviolet rays),
5



cl ai m 10, wherein said nonmagnetic substrate is a
gl ass substrate or a silicon substrate.(12) The
wWor@n®e93469 r ecor di ng nmedi um accordi ng to any onBCD#P2005/020247

claim11 through claim210, wherein said nonmagnetic
substrate is a substrate where a filmconprising NP

or a NP alloy is formed on the surface of a substrate

el ected fromthe group of Al, A alloy, glass, and
thenepy gener §t3§1g/5\hﬁé?ﬂ(f§eﬁ)fa€b€fdd@idﬂﬂ% freg redicsls which i
drecording medi um having at | east a nonnmagnetic

BFfIRP e gaayematte miun bisgin etiongi axtidizivglpawer.| aRfile-8ype
magnetic |ayer, and a protective |ayer lam nated in
Uit aiing pdite Wrmarestabie biean anatdist typleci taieRed N ddtin terms of
| east one | ayer of said nonmagnetic undercoat |ayer 1s

thamsalienerey alny lerml it igenoRaBeRErPAMY 6RBEAEEHIS U fius the hard
C

crystal alloy. (14) A nmethod of produci ng a nmagnet|

cqasty Hiyeg inediporaedv il 1aitilb 2956 tRa ARG bEcels in weather
undercoat |layer, a stabilizing |ayer, a nonrragne%l C

respatpheagnt djggit, redi ARBAE tin€ THRYAti i |18, -
layer |aninated in the gscendi ngu;)%g%lag_ﬁﬂg{ @Bic\ﬁ 15 & thin

orpaniwfig) isnGisler b fto MBITR BafRbth APl By | RYeason,

is antiferromagnetically ‘bonded to sal ghe

tH . i .no net.i
egplaBtic YE Adcok @A toXHe PrR%Eht V)(/ei@fo% 1{%%?15%%2 ﬁ)lé%st'eather

under coat |ayer is constituted a mu

reBRANNEGER & 185t GBIt tdeySt al al loy. (15) A magnetic
recordi ng and reproduci ng apparatus conprising a

MR L R SR E R —.

claim1 throug
cal . cesel nformgti on .on sajd magnetic
I TR o Ol T RE e P BV IE: Dar sl
-1 cross-sectional. view show ng a first
Cogtﬁé‘é‘g%%ﬁct"ﬁl&%“gtep"éﬁ‘ & liFitanigm ﬁﬁﬁfﬁ?e@% tiegAeiong composite
dj of. the present .inventign. FIG 2 is a
Oxg&reeoétgt-q%s,aéﬁlfrbﬂ’é]l%ev lé’\/?’gﬂ%\%inggﬂldc%@é‘ﬁé- e fyedi thas rutle-type

perpendi.cul ar magnetic recordi ng nmedi um of the present
titRROER G0 Epperadds freg ngdisens gmagtlaneé abaiely therefore, it is
exanpl f,,a magnetic recording and reproduci ng
de%ﬁﬁgﬁaﬁﬁg the Dc%gea&rlé%rémles %ﬁ/ﬁ?ﬂgicomPOESBeioerﬁdeDels@ﬂHmd @vered
.of the Reference Synbol s] 1Nonmagnetic substrate, 2
Wlﬂ?) ArFQYHRASEEE arde pEBIconHxide agd Moreoagatoxide, a composite oxide
Intermedj ate | ayer, 4 Magnetic |ayer, 5 Protective
of F’Z&?@P OX§lq yhd iaéwnuay@xige or 8t @mpositengxilay€kilidn oxide,
. Nonmagnetic coupling layer, 10 Magnetic recording
ZARRRIUGHPXIE AbdyAbuminwwomidé.ngAIthdugthd 2 MBS d:Gicles
recordi ng and reproduci ng apparatus, 13 Mediumdrive
gengiate fiee nadigeds havirend stidngheddilng poweni duchlBeRe5Pals are
reproduction signal processing system BEST MODE FOR

ungtaRiey kNG dAPPRIAE WNVEREYOda 5 €hrolighN®WoatiBAAGEE Gwing to
recordi ng medi umaccording to a first enbodinent of

the catalytic action of the coating layer. Thus the hard coating layer

incorporated with the inorganic oxide fine particles is superior in weather

resistance and light resistance and it does not deteriorates the antireflection

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

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



the present invention. The magnetic recordi ng nmedi um
10 shown in FIG | is one in which a nonmagnetic
waemeneded | ayer 2, a nonmagnetic internmedi at ePCEYEN0053020247
a magnetic layer 4, a protective layer 5, and a
lubricant film®6 are sequentially lamnated on a
nonmagneti c substrate 1. FIG 2 shows a nagnetic

rdin diium according to a second enbodi nent of
I{eﬁgsgﬁ?%esgﬂﬁﬁ}i\?é’ﬁ?’isgﬁ‘ﬁcﬁhe magneti ¢ recordi ng medi um
10 sho ifg FIG2 is gne in which a nonnagnetic i
under coat® Hﬁ@} a%’e“é ofthe Presenignieyion Fesides in the plastic lens
no(gqr}agne_u c coupli ng | ayer 8, a magnetic layer 4, -
% GHHE Wearngee obthe fiastitd tird aapécthayBerdindh® antireflection
fﬁequenti ally lam nated on a nonmagnetic substrate 1.

Hels /1 ATgaInEithur Slindorsiedvinomm Eding cd)rﬁp@sitti%%mtgﬂﬁng the
designed tqQ prevent thermal fluctuation of the
crEgeaents (Byand (Ghdefinedjbelowe r ecor di ng medi um
utilizing this technol ogy, since nmagnetization
(E) r @mquaaomﬂlcOM/@omnﬁﬂl xtépk@éé@itéd %&%h@‘ge%%lyformula of
Rlsg%/%éted, g;e section participating in magnetic .

g dwtermBAden6tdcol 0 ik ial |

becones thinner than the thic nels%?% ?ﬁgﬁ{gfeaact%e groups
capadilerof potythegzAiibm RTAGKEIRILC, | byl i ble f. he
SNR to be inmproved. On the ot he}hﬁgﬁg?&?pgﬂllg%%%’g*%j&%notesa
hydrdlymbiugrbhp;qh&omll;ia@ﬁt@giéb%{) because total -

(vol ume of crystal grains of the ol e recording | ayer
(Gecsilra Ay grtidesRdl, ilizing:-this technology is
general |y cgl l'ed an A}é@ #r%&lv]ﬁ%&gparqmﬁe diameter of'1 to 150 nm.

(Ant i FEXd SREHEL, | y2Caupl ed Medi a),. or an SFM . _

(Syntheti c Fgr r%ﬂ}rt;(g*raé%’ihc i afre 1cotycarapeynd, fyactions as
a DI Bakhy A di . As the nonmagnetic

substrate 1 O?%élgghgrfgggﬁfmﬁ:ﬁg fePgpnegt zgggwhmb is silica fine

SHREL & tallic material such as A, and
Pl |’o§??§§§3§%3?fr§ﬁﬂem“8ﬂe’& filmmade of NP or Ni P

al | oy r IS _proyvjided. As the nonmagnetic substrate - -

1, norr1If rretigftﬂia{cs P E%ﬁlﬁhﬁ Rresppt inkendionseesidasriartheslastic lens as

j 104G s4 | igon carbide, carbon, and resin may be :
d“'?s,’lee ,I%E’iheoflﬁgr' AR CENW BRT NP hesiNgapfiaipaytitldsrarkdmllow ones,

yeen f.orned on ubstrate nade of nonnetallic .
‘ H?rlg? ers?lé‘fanﬁ% Pﬁéﬁﬁééc??nﬁlgwteﬁ éhe gpfrective inderadfotticad ntireflection

fr the point .of surface snoothness, one type
ﬁl?’eﬁg‘éf%é’ %Fs?ﬁsgp% e gitferemice an refradtise iaddsebetiwben the

Qarﬂi cular, fromthe point of cost and durability, it
antireflgction film ard the hgrd seating layearsad enyshehkithed

| ags or apporphous gl ass nay be used. As anorphous
a“gﬂrﬁﬁg‘ftl@éﬁ@?% pur pose soda-lime gl ass, -

al um no-borosilicate glass, or alumno-silicate gl as

may béhestdh aapeet off thetmiekeneithvehens, rekideRiiH The plastic lens as

crystallized glass may be used.. As a ceramc '
de§ned tn she fifth ssprctr etebaidythersincs Khg rp'arl'ﬁ!cmsql’%q;ﬂgse which

mat eri al thereof of general purpose al um num oxi de,
haye pngvrerage padscleatidntdter bf #@to a50irs Rl J‘?éf?ﬁiti index

conponent can be adopted. Since |owering of the ¥9 ying
ranr@ngiftornfl.16¢o Te®Meti c head is required to increase

the recording density, it is preferable to increase

t he sThd @s@nth aspect of ’_che present invention resides in the plastic lens

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



snoot hness of the nonnmagnetic substrate 1. That is to

say, it is preferable for the surface average
wo owghyiges Ra of the nonmagnetic substrate 1t oP@EIIR005/020247

greater than 2 nm and preferably not greater than

Inm It is preferable to formtexture mark by texture

processi ng on the surface of the nonmagnetic substrate

1. In texfure processing, it is desirable for the

CARBP GO 9t Ghe 8338 coatiag daven fuatkerstomttaine 4 polyguni@isnal ehoxy

not less than 0.1 nmand not greater than 0.7 nm (nore
CPBPRRGPSYEhAsompenent k&h 0. 1 nm and not greater than

0.5 n and still nore preferably not less than 0.1 nm

and nothgpelfenctional (po3$ compoulidoinniiowedaidRbsidh between the

strengtheni ng the magnetic anisotropy in the

plaistic bakse meatersd] adtid thot hard datinieldyRenelt sk %%&Qb%bgthé water

medium it is preferable for the texture mark to be
refstatapde afthiokarht@ltyng Myl @l fepuks FRR{NiALy t Fﬁ{ﬁb?&‘ coating
lIt is preferable for the m cro-wavi ness (V\&X 0 e

ager.f ake inornadaehper-ausditad £htlrdfRcBBn han

0.3 nm (nore preferably not grelgaltelrc tﬂanhb?%&%(%s.ésa
pretedtiver fibh dor iy hARE® cdd ti g la v 8Ll ; etic

head, it is preferable tlg?rra}%g thebg%rf a%télg@\?gﬁg% on film
(winiclg e shikar@fniatilhdas ko @R ' thechant er ed

surface of (:hngfmc er portion Ig]fﬁ{%?htgaﬁr a%gtl&gaitaﬁgrgﬁaés
whReGesisla . Nqh HARLAT HRJmLe preferabl

not greater than 9.5 nh’%ﬁéﬁ%él%%lw&uwl?%ﬁ P\'f\%‘}e’{tér?,he
hdrdlcof Ll g .a.surface average

r ough nles%flgsl ag? ! gl%rrngg%ﬁérkﬁﬁ arﬁgneéléla&ce% ¥ eﬁﬁ{lerbg/es&sttiap% aggvell as
wates $b{iaee d.oughness nmeasuring apparatus P-12 (product

of KLM Tencor). The nonmagnetic undercoat |ayer 2 is

fornme . tic substrate. It i.s preferable
to usghg%ﬁégﬁaggéﬁ%?g?g}bﬁy%sé’ é?%‘i‘f‘té(?fbif‘%ﬁl@?%r;’sﬁ the plassig lens
el enent selected fromthe

- 1 .conpr i at. |l east on
as glﬁlggd%c% s?ﬁﬁ?enﬁr%ﬁ%aw% {EDegts, |vehetein ke epatingt
elected.fromthe B group consisting of Mo and W and
CO%POF%%%} fog ﬁgleé}agﬁéqﬁglél& ¥epfuthenmcanteins gs bl component (D)

ancoonsi st.wg of Nb, Ta and Ti. Mreover, it is also
pref BPHO RN CARPOURE 1epreentedby dhe |geastaldoemeille vk RESSiX2,.,
d from isintotal 10 to 60at %

( F‘el e&ga &he A grou
VPR LoftBAtessr Cas hydaecarber sevepeht demites hdey drobmable group,
g group iis in total 10 to 80at % and the content of
angurisdher 1onelbisearganosidicen cethpouarh fubtheg ignoiips Harikility
total 10 to 60at % It is further desirable the
(particy]ardwperdok revidianrehtetiedharbeeating sk, al | oy has a
lattice constant within a range of 3.02 to 3. 14
A. AddThe pmtdf asplectrefitte presbnasnntih revideMn heP1aRAS lens
an effect of expanding the lattice constant, and is
as defivedin anzldne ofithielfirspes bihthhshebtsTRHRERO WY Edh iy
al | st.él—lowever, in recent years, because of the
compesitiandor thd herd eddtimel 500 Fh AN ; l
the increased additi ol%eoaf:y@Pt tote%:f):@lfé\tlal(;gilg,E tgﬁgo{nﬁg%ggm) a
disilhn&eomipoayid reprederitay ® o -8tR4L )
Co al l o;ls, a I\r?'ged to fu?’?ﬁgffbgggg%gﬁ{'ﬁ!eggggaof“?i%f:gﬂwmﬁ%&m
(wixee R d R4®ach denotes a Ci-6 hydrocarbon group, X3 and X4 each

denotes a hydrolyzable group, Y denotes an orgahic group containing a

carbonate group or epoxy group, and m is O or 1). This disilane compound
8



emerging. &, W M, and V all take the same bcc
structure, and their lattice constants are 2.88 A for

w@e00689s860 A for W 3.14 A for M, and 3.02 A fPCT/YL20050020247
opti mal matching with Co alloys or Ru alloys with a Pt
content of 8 to 16 at% Cr and V are too snall, and W
and Mo are too large. To resolve this problem it is

tt tant by addit S
lﬁ&fe%%é R E&d ﬁ%g%é WI}%% tl/ & Fn(gf/g%%ns 352P1e§éﬁ?naclle {n(’)cg the Hard
Cbgﬁggggg% in Japanese Pat ent Appl i cation No. ;

5,

200 and it is possible to achieve an opti nal

mat chi Ln..the i nvention, this way of
t hi nki ?g \kﬁgt}bﬁwé) igge PAPRETE lﬁﬁﬁﬂl@@wp@demn a method for
centere ubic crystal alloy with .a lattice
2@%%‘?8%@ HeJ‘P g‘ 3%11% dnalufing the stepsdd foym ogron thaglidie: lens
Iar e |lat e constant. Nb (3.30 A), Ta (3.30 A), Ti
%}o“tﬁ\ Elaﬁ'éa rdrfoatmgdiaxes o @ et inapdsilibn cWhtdnthg at
? rraII lattic constant V, C5 so that the optinmm
the corpanpats @ andi(BMefomadebeloas shown i n t he
(éﬁuesent exanpl e, in the case of a ternary or higher
I {I}Oé'g%@r@ﬂde ﬁ@@ypa}md:ﬂefﬁrh&mivmgKHma@é gb@iarﬁbleoc‘haﬁieter of 1to
present invention, it was confirnmed that th
2 (P1apaenérqogtammamanmmmdmmm@&atﬂlmﬁéf@@smlftg
33 20 A. To the nulticonponent body-centered cubic
ry%lll argandspljcart cdmpednd mepmeﬂwmﬂﬁé EEn MBI E6.GR 86:iffta of
iC as

er 2 of the present invention, an el enent

1 Xdu v herer R déhetes di‘ﬁolrému@gﬁﬁﬁ) of38Bh Qﬁlrﬁ;)]els%g)p naﬁ*e

addl tional elenents includes B, C, Al,

whifch Ies remntivehgroupkeaphblel of ﬂ%@ﬁgﬁﬁo%%rndtggd Ié%ftegra

content of the additional elenents to be no

hytdraly z2B8leagLoup)f ahild EotiR 20 at % he
ef fect of gf r:gi a%ove rreinrf)gll %Iﬁg@]é grg%%‘ﬁ%(é:t?sg A5 eb%? 1¢ thin
filay e andacH RIRRS el ' f.the t.otal content
s 0.1 ato A gngg%% St ot aFerysIgeffar%wednfeﬁ 9y’ex fan that of
theﬂfa@dtcogfmgrlﬁy@ﬁgy o0 g:/l?%r? Beﬁ)t a%cia Séﬁéaa? ﬁlcifnegs e 50 to

of addi ng i's especia
150aith! i but es to noi se reductlon In a S|tuat|on wher e
t he nonmagneti ¢ undercoat |ayer 2 of the present

| 'anvnﬁ”?.hg%Er%v%ﬁ%ﬁ?%%%5f§t§1ﬁt%rfggﬁfc%§fé§ \oPySeidesdni oy mathod
for Bloine Rty £ D1 oMY e Ry btk oishervrct, wherehothe
indERfle S e Rag%%es %&H%@ﬁ&g@@f‘%&é’é&%y&mm awpmposite
oxidg Qﬁl&%@%‘ XA&‘? SPF@E‘? \%}df SLa P%F}iﬁlﬁ)élég nxesdlemfrtwgta;?gm\o/bmde

al l,o or a ype alloy may al so be used. It
tin, &Qgeg{liﬂ %ll‘“‘émt ?f&fiet ‘P’Féd AVihamhacgage paofickehdiameter of 1 to 200
nmnonmagnetl c undercoat |ayer 2 of the present invention
I's within a range of 10 A to 300 A. Wen a thickness
of t n netic undercoat layer 2 filmis |less than
10 A a3nect abtly preseat invertiod Fesides in the method for

producing a plastic lens as defined in the eleventh aspect, wherein the
inorganic oxide fine particles include those which have a core/shell type

structure formed from (i) a nuclear particle composed of a composite oxide of
9



nonmagneti ¢ undercoat |ayer 2 becones insufficient,

lowering its coercive force. |If the nonmagnetic
waemeneded | ayer 2 filmthickness exceeds 300 BCT/i#2005/020247

magneti ¢ ani sotropy of the magnetic layer 4 in the

circunferential direction decreases. More desirable is

a mul ti conponent body-centered cubic crystal all oy

filmwith a filmthickness in the range of 5 Ato 100
tlténuﬁn@kldl@i(ﬁﬂ tH oRideTorad &(ﬁﬁpb‘ﬁY@&deérof%lMIIﬂl?l (%Sﬂﬂe tin okide

oy, a RuAl type alloy or the ke with a

an%imlﬁ&ﬂieéﬁd'e Nytifiea LABE tPfe fy%r Z%.:lglt% gégn(ﬁ(n)' a?‘ c {; ?’%&/

or 1 nNprovi ng t e COGT’CIVG rect angul a

COI&I?% %@??gt(?b OQ'MZS OXl (I.)E s1 lé?lﬁ 8§i(fea£&cﬁ Z{I'Q(SI’IIRI ox1de a

I ne rlentatlono rrultlco

cox%ﬁgéﬁtg %Q{ oetds1ﬁg<gﬂ §x1 yasl{flillnu%%ll% 0X] hﬁr Q%@Hﬁ%@ﬁe oxide of

ercoa aye ave
silep SO o iy SRtk Foy Hifh ffgers the nuclear
partéglget ﬁe&%ﬁﬁé@f@{fﬁ%ﬁgg@l@ @;ﬁlgg{gggggegtﬁrl"e%gﬁg% (ra%ggaénic thin
i S BRI G S o AT R e g conting

reco roduction perf for_exanple SNR, can
lasgsg. O@S 5@ mﬁsﬁw %ié‘e%érn(iﬁ fqrts excelinmHl weatherrasisfance
of the present invention, it is desirable to use a
angdigHtirgpisianehg a hep structure and having a lattice
constant matching sufficiently well to, for exanple,
t he (1D tlpﬂrmtgfawhet Mhﬁﬁgﬁ@@mcmwnd@pncramdeayerthe method
t her ebeneath. For exanple, it is desirable to use a
forrmtoduicklg & pdastat bglsmsngﬂrmimmmy ah¢ of the tauhet tfwadfbh
the group consisting of a CoCr type alloy, a CoCrPt
aspsgbe, wheéxsin tRe organiRthal fibp, asRde antikéleatibnyfil is fosmed from
desirable that the filmthickness of the nonmagneti.c
a doatiagredti isétibayentnim the ¢depormngs (8) aha (8)tdefiked balow.
When a filmthickness of the nonmagnetic internedi ate
(F) ayglorganssiliess compoun réprdsated gttt genbeiltfaimam of
effect of the nonmagnetic undercoat layer 2 is

RORAGEIX5, G i 6Rhe AR5 dbBofRentbMRAiOEESup Bat twlefgrbﬁg
filmthickness of the nonmagnetic interned ate | ayer

capaisiettpoliReAvatibs; HE abﬂéteg%cg{r?hkféf@ﬁ’rb&ﬁ?d)ﬁ}g Xdenotes a
i ncrease in noise. For the magnetic |ayer

hy&f&?%ﬁle'g}wﬁih%‘o drt1,la§1ddlefs'(saph)? that the magnetl c
ayer 4 is selected fromthe group consisting of a

(Gpo @c ﬂn%}ﬂgﬁucl@s @%Vg%ogh &tvlég%geBﬁ%ﬁ?ﬂe ﬁﬁangFél;aoft YE§ 156‘ nm.

a type, oy, or

Co Cr’{fﬁ& Bﬁuﬁ‘g%rté%g paelctz 8¥th{§{eﬁs%ﬁ§ e o(#rprésqgescﬁxsgménethod
ol RURET oy ] B B B S50 g

at % t 6 _at% For exanple, in the case of
8115333‘1@356018%#@§8ﬁ8w|°d§? “from the point of view of

SNR | emen esirable to have a Cr .content

Tn t hohe 3 naﬁl afee%ﬁff»ﬁ Prosefty }anSnEPnJSﬁ’td@ﬁtmt egpgthod

range of 8?%to 16 a nd a B ¢caontent in the range
ford?ro ugxr%@@ die any p the thipteeathang fourteenth

Co-Cr-Pt -
aspects, wherein the silica fine particles are those which have an average

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



B-Ta type alloy, fromthe point of SNR inprovenent, it

is desirable to have a O content in the range of 10

W@ es42y at% a Pt content in the range of 8PEL/3820a5/020247
16 at% a B content in the range of 1 at%to 20 at%
and a Ta content in the range of 1 at%to 4 at% For
exanple, in the case of a Co-Cr-Pt-B-Cu type all oy,
fromthe point of view of SNR inprovenent, it is
desdrable to have a Cr content in the range of 10 at%
to 27 at% a Pt content in the range of 8 at%to 16 3
at% a B content in the range of 2 at%to 20 at% and .
a Cu content in the range of 1 at%to 10 at% For ,

BESP! B FOIE ' s RLs t ype all oy,

from muﬁemo%ﬁﬁéﬁgﬁﬁa@‘ﬁ%ﬁ&ﬁi s desirable

to hav ent. i.n,the range of 10 at%to 27 at%

Lot eone SRR ek Bion S Candrusd i itls dhe spamdimonte of the
| [ e.of .2 at%to 20 at% and a Cu

gg{ﬁeglﬁim?é%)tﬁ ef°F3'ir1?gé’ 133tic lepsgnd fhegneitnd for produding the plastic

fdHsCk the magnetic layer 4 is greater or equal

to Slor'lﬁlr%hge ‘%ﬁlebroglﬁngnﬁsoa’ﬁﬁ’ BH @#wm nestitetheaicope of the
lLyctuation, however it is desirable that the

#’l %HE n Ill'llilo

ITmt |cekne§s is less or equal to 40 nm when high

recor di %néi i i s_,de%r ed. This is because if the
filmtHhi cknegy® T Hm g im the pregantiinventien of cathposed of a
and_it becones unable to

i cJdayver 4 iLncreases, a
%%?g?trl]énds el%,ﬁll nglléar}agcg ﬁ)@r& &paidag tavegdonued onthnplasti®ns base
ic_l,ayer 4. have a multil ayered structure,
%ﬁ%}ﬁ}e apd; ?%’@%‘%&E‘P@cﬁ]ﬂ?@% @D%/itﬂ hadt] tyatied Bgleir N0l iy
ral it materials fromthe listing of materials
B eBishd in Pho ConBiaskion ofhe kavel evaginetlngot an@ind S

d by. mul {.|.] ayered, structure, fromthe
%/Iﬁﬁe%glgm%/‘% ?%IP r g&’&ﬂ' 8 maspbe audnitomep sviere e e 18y SNR
ifera}raCt ristic nmprovenent, it is desirable to form

ePREneteerdpelastieiansbasn materiad amdghettard coating layer.

inter ia&e | ayer (3, formed by any one of a i
Co- Cr - PPE B2Riic B base syateriabis omdReriRl @hitl hasal high,

. .Co- -PL-B type. alloy. Fromthe viewoint of
"?%8@5“69 P'é’gr?‘o ?J b?ilﬁﬁpeé‘é"ﬂﬂ@dxdﬂs aotinulySHe aireswly @vhAkbR ones
bi mp ov&@msnt, At is desirable for the top layer to

U5 50 ese whickyiltbhbeplevalappdanahe dyture. aTGe-rehtdalBhould
t%tge ﬁlvl oy. For the stabilizing |ayer 7 of the present
PIAVERRYY diave i refiactiweiindex vodaowerthani 80, on ARrERIIE v ailable
from Lhe gr%gﬂp consisting of a CoCrzr type alloy,  a
TEERta b high riragtieomdex ypa catripoyndshdes B thy Bflecule
alloy, a CoCrPtZr type alloy, a CoCrPtTa type all oy,
ORCBPIGE fypeiide Nakages (SSTatd RRpdryRgoab lkeM/od thibdoxy
desi rzibl e that the filmthickness of the stabilizing
#Y0Per 1715 a0 pptiealanatarial whichthat Hoth 30hikh Mkcihe iﬁ%{%d a
hI tﬁi ness of the stabilizing layer 7 is |less than

18 “fﬁ& SSRBPPT. 2i Plaeredy enothermptizaberatbahlBaving the

magneti zation, and the stabilizing |layer 7 does not
- thiorethane piayelare vehicl ic obtplised by FBRHRON&I G AYET 4,
théo%sg_h t he nonmagnetic coupling | ayer 8 between the
paly&biofisecyapateyenpaund dntihecomgneatd e“subﬁ)égfpofvthhél éo%@%nd)

b filmthickness of the stabilizing |ayer exceeds
avmee gnachwe hydrogen group. A compound having two or more mercapto

4

groups in the molecule falls under the same category.
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beconme | arge, causing an increase in noise. For the

nonmagneti c coupling |ayer 8 of the present invention,
wo toobs9desi rabl e to select a material from t hePQr/ore005/020247

consisting of Ru, Rh, Ir, C, Re, an Ru type alloy, an

Rh type alloy, an Ir alloy, a C alloy, or an Re

alloy. In particular, it is further desirable to

utili Ru. If the filmthickness of Ruis

appr oxi ifag@ppoung having fe thmnidlesule wagnetordindifide linkhges

I ncreases to the maxi num which is desirable. For the i
(S3Bberd aesenawyegroppandor tieiokayer gfug ndlsd0$5i SdmbR, -

ufe a conventionally known material, for exanple, a ,
bis(piepoxvpepailsés wifide artibbis(2, 3 SipGhioproapyDai&ulifde (which are
contai ning those as their principal conmponents. For
(thivdepmuyt @atpoendsheving, orid disalfitksiinRREE it BiRd mdd1€edlb) B well
thickness is in the range of 1 nmto 10 nmfromthe
ag/ble@arqpﬁt}ﬁopm;&g@di_ehﬁi)ﬁ@tmﬁe,rmg@%-bﬁithﬁ’@;ﬁlop91<ﬂ91&’io)ethane

i ncreasing durability, when the protective layer 1s ’
bia{§yT fepithie 304-Hithhaklghtaink)sul8ger di ng medi um  Magneti ¢
spaci ng expresses the distance between the read/wite

Lehﬁtrﬁaheca‘,5{6&@(2@@19&11;@@?9}%}39&& magnetic |ayer
4. The narrower the nmagnetic spaci ng becones, the nore

1’BhﬂS@l’$@Pftﬁmﬂ§ldiﬂl%lh?é%ﬁ§rﬁgeﬁﬂﬁ{eact eristics inprove.

Since the protective | aye exl sts between the
e R ok P2 PR U PR Bel R Ghio) 4
bR B P B kBR8P e Dobicporrone
S 5 B AR e ot

[ cessary.lt, i.s desirable for the magnetic
Tresb T30S HR35 Betiseh A15nE 6 i Aompisen o B0k AGe amother.
rese i nventi ta have.a nefi zation orientation
Pt ol peydPiiunihaded Wie mowstieroyaonmere st iononnate
| ess. tlgage 1. 11)(. The rra%n tization orientation ratio is
graNns nclides, for eupple, liphagie nolyispey asiate earmosmidisasuch as

tdirecti..on/coercive force in the radial direction). If
ethylengdiisesyanate oirimet brlene idisoexanate; 8 4nbtrineshytivanne
..1.05, an inprovenment in the magnetic characteristics,
dl@%%eﬂfr&ﬁ) besawietlylpae diisocrarthtanalicyrlioyeipisbcy adtbe
el ectromagneti c transfer characteristics, for exanple
compRUnggEchcispphotsmei diswey Thatemagmentizatalpisocyanate
orientation ratio is defined as the rati o between the
compeneilysuchrasexyligne diigdepanates suffareohizhint AEEhAHR
. and the coercive force (Hc) in the radial direction.
Polsidsesy enatebeapsends) suchesdiv@sdehagtahie tHe) STREAE o matic
recordi ng medi um has becone high, the magnetization
sulfideqrl pisbgranatkicompuidas siidat 2-i86cya@Mté Phef 4G8583nate
In the present invention, to supplenent the above
pheaylatifideh e romgiit disalf ddnpslyiseby At ohfl dudh daf s&&$ s
resi dual magnetization anount 1s used together. ﬁe
: blsfmgafmeyaﬁ@ﬁelp(h@nﬂ)dmﬂﬁaé%lf@é&lté%?%i&%hé Bglyisocyanate

resi dual magnetization anmount IS
compounds, such as 2,5-diisocyanate tetrahydrothiophene; aromatic

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

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



as the ratio between the residual magnetizati on anount
in the circunferential direction (Mt) and the
WO e®badesaby magneti zati on anount in the radi al dPCEIR20€020247
(Mt) (MtOR = Mt in the circunferential
direction/ Mt in the radial direction). If the
magneti zation orientation ratio of the residual
rra nefization amount is not |less than 1.05, and nore
ap %F’ﬁ'%moytﬁmmg@%@haﬁwmdymptlancymmte\cenmuuﬂd@, tlh¢h as
magneti.c characteristics, for exanple the coercive 3
th@%b@?'lmlwamﬁmn .in the el ectromagnetic y
transfer characteristics, for exanple SNR, PWO0, can ,
be obtBhepalytinind haypeg twomirtmorfe tHiel gajupe iafthRn8l6ule. which
MtOR is in an ideal situation where all of the ’
updereses addotien msadfort Wethneigngbéve - fenfoaka e%io&? %&Sapé n
the circunferential direction, and in this situation
thinep @igngimiupa and afo(tiie)syagnes gEAids)BhehidRMaR My Hatd O
ble&;ggs zero, so that it beconmes infinite. For
polfyemehsampornt Iefvihd ewdRgiebizZalkl Id | 49
and magneti zation o?i ent at i of?&?ﬁbtg r?ﬁ%ﬂ%ﬁﬁ%&?ﬂl&ule
whixdnistiepaé deofte @ e, oo | | Iythi
Magnet or%eter) isrw used E}/%\@O%Mslﬁg\%wawﬁf Ee;gg}%nﬁoéy%\‘l(’]acompound
ivag aakkh WaedH Hi i) atus utilizi
P above. ma | oada seBRcavY 1hat ARYBN ik pefistihee
anthbegt +&istaaes di ng and reproduci ng apparatus 12 shown
in FIG 3 conprises a magnetic recording nmedi um 10
wth - ' ation shown in FIG 1, or a mmgnetic
recor di %m%e%%tm 11 with a configuration shown in FIG
2, a j j it 13.that .rotates.the magnetic
recor g?%l ] H?ﬁ*g|Hﬁer{nt%f(%ﬂ1 (irﬁanéc Ffﬁgé%‘é? PXCIREiRg qvomale rings, and t
. oduges theg,information in the magnetic
AopBEat AT MReh BRI G5, " Thecugeni rrerlig maysba ok or more
' . npves, t he gnetic head 14 with respect to
seldELA b HBRY BF B et ook hbia groups, ahenlic erswwed
hert&%rco(gucti on Si ﬁal rocessing system 16. The record
repro EFC%W%WSSPIS Qﬁag% sanGhed aljphatie gwups, abkyclicgroups,
he?eroceés the data input fromthe outside and send the
SOV A SHFPRRS OBt REngauHEr ptomean the chaind pFe esmpbhad
hrﬁ@roducti on signal fromthe magnetic head 14 and send
shpyld hayeone of morg prefgrablydwot dremongneciaaphemd t He thivagtoups
. in the magnetic recordi ng and reproduci ng apparatus 12
1n gpe l“P‘Fge?:#léseﬂ‘lheicﬁmﬂqnﬁlmamdtawnhyrmpw@roups in addition to the
(magnet oresi stance) elenent utilizing a giant

mersapiomntbyithiagreunst f ect (GWVR) as the reproduction
el ement, but al so a nmagnetic head nore suitable for

hi gh Flee pebiithipl dempiotypduepedsdiasd by R gehnePEMor #Si1A % bBve
tunnel magnetoresistance (TMR) effect, and the |ike,

inchegesh éoneemp eyt 25 rtnimexcapbe 4ragaRsitaneecor di ng and
reproduci ng apparatus 12 of the present Invention uses

3, Sadimegneep tame thydridh dgmersipti 2L dithiapdfiiacfa has a smal |

aver age roughness and small m cro-wavi ness. -Therefore

3-mercaﬁthmeﬁfylt195ﬂ'ﬂﬁekéﬁﬁt@"ﬂe,@'d@ﬂﬁﬁ%é netic transfer
characteristics, the magnetic recording and ‘

3-ni@Raptbigé thglthio-1,7 -dimercapto-2,6-dithiahepatne,

3,6-dimercaptomethyl- 1,9'dimercapt0'2,5,8'trithianonane,

3,7-dimercaptomethyl- 1,9'dimercapto-2,5,8'trithianonane,
13



apparatus is one with good error characteristics when
the magnetic head is used at a low floating height in
WwW@emen94e decr ease the spaci ng | oss. Accor di ngPeDIR2065/020247
above- nmenti onedrmagneti c recordi ng and reproduci ng
apparatus 12, it becones possible to manufacture a
magneti ¢ recordi ng nedium suitable for high recording
nsity. Next, ane exanple of a nmanufacturing nethod
4g§ﬂfrf}8¥‘??é’éﬂ’é‘le?}&3%f g@' 1 eT§apkad2.ont tthiadoaget o t he 4
3present invention is explained. For the nonmagnetic i
slﬁﬁgqqpé?’éleil}yléh)ﬁ"éﬁnqlﬁép@llgétdlahmhMBej als nentioned .
above may be used as substrate for the nmagnetic ,
SiBetAdteRgeHdthio 1.oodimgreapto- 2 Abigratananpl e, a
substrate,iénused, in which a 12 nm N P plating has
1deer tebpkie emaammetlguuub}eahané,hp,ngmgttgfraq@g(h?echﬁto.
Ni P flated Al substrate). First, texture processing Is
mgshyithip)propare, éuft,deetemfamhﬁ:aRJitthm,@Dﬁﬁtﬁiatﬁﬂ%%ﬁﬁgt e,
such that texture nmarks having striations are forned
L4e9,a 2t teimndlemcapto 206, 7 dttet @S BiddbAB L2090 (1 ines/ m) on
the surface of the substrate. For exanpl e, a texture
2iBodialopl 1 ddbimricHeckGolr Q1816 87 @Ak tHia 41 7. 8EbEAN DY) MO ne
processing (al so known as "mechani cal texturée
Z,Brmﬁ,&%ﬂmgaﬁhi@sj,mg-@cghgﬁqhﬁ,@’r asive grain and/or a
free abrasive grain to formtexture striations to a
4,beie(ndmapwn@thﬂaho}-@,Sﬁdfth?d}aégoo (lines/m) on the
surface of a glass substrate. kot exanple, a grinding
4,6&ﬁ§(m@c§pﬁﬁﬁ%ﬂmig).g@Hﬁﬁfa%i th the surface of the
substrate, and a grinding slurry containing the
2-Bid(ipdi ' LME LR 1.$ SERP i bet ween t he
AR KB SRR T BB et ot o

substrate and e grin
R S PTBR AV A%S e sy g componmds
S L2 i bR TR sktote RpAier 1000 rom 1

rat 0 PREhBob NS tneldie dor RRRBOI100 TLimin. 1t 1S

] i bl feed,the grinding tape at a speed in the
4 ‘?‘gﬁ%é’q‘&f‘eﬁiﬁ%l %%&ﬂlofg&l@éawélﬁhwl represgniposisy bhe farmula (1)
bef%lz ect %raigiiilze of the abrasive grain contained in

O PERF AT RrIEeL fefrakis(Spmeygamippropionatgerepie @r26d iy the

0. t. D90 (the grain size is deterni ned when the
foré’b‘ﬁ&@ g@’é)%ﬁé’éi%%&gﬂh@pr@na@eamg byrthe $89muld (3)below.

possible to press the tape at a pressing force in a

to 15 kgf (9.8 Nto 147 N (relative

gﬁgggggiﬁgﬁhgﬁ{order tqifjormthe texture mark at a

line densistmz(;ﬁ%t | ess than 7500 (lines/mM) (nore

pref erably no ss than 20000 (lines/mm), it is
desirable to set these conditions. It is desirable for
the surface average roughness Ra of the NiP plated Al
supstilate with texture @mprks formed on its surface, to
HCHOCCHEHSHhge of 0.1 nmto 1 nm( 1 Ato 10 A, or
preferably 0.2 nmto 0.8 nm(2 Ato 8 A). It is
possible to apply texture processing with additional
osd{'I | Btion. Oscillation is an operation where at the
sane time as the tape is being put in notion in the
cilcin$trential direct{®n of the substrate, the t ape
isfng@g in the radial direction of the
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substrate. It is desirable for the oscillation

condition to be 60 tines/mn to 1200 tinmes/mn. As a
woreiohoes4ed texture processing, it is possibl e pPOI/IERE05020247

met hod where texture mark is formed at a line density

of not less than 7500 (lines/m). O her than the

af orenenti oned nechani cal texturing nethod, a nethod

using a fixed abrasive grain, a method using a fixed

(whBRd R ORE R aiBl 06k dsishd gt AR EcIBERAGRSINY, Can be i
used. For measuring the Il rne density of the texture 8

Hsmﬁﬂang@ﬂzg}%‘ as a neasurenent device, an
'AFM (At'om ¢ Force croscope product of Digital

I nstrument §HBSH (US)), can be used. The measur enent

conditions|of the line density -are as follows. The

scan w dt CHSCHsuBM.$Heaggan rate is 1 Hz, the nunber

of sanpl es the node is tapping node. An

AFM scan |C¥%§%?gzob?gﬁned by scanning the probe in

t he radi al ﬂ%ﬁfCtlon of the glass substrate which is

t he sanple |atten order is set at 2 dinensions,

so @3R8l Phanedlééle Aot 06 D8creBH aMBLHH) i s a type of
flattening processing, is carried out with respect to

t he XTBXitstrafioY répdeseRfed wtﬁéﬁﬁmtﬂw@) hBoReldehamd sy

flattening correction on the inmge. respect to a
extt@té %oggem%aﬁdg Rosefl Oy gﬁe ﬁﬁ%lﬂés Yﬁpbélow.
mmis Set, |ne ensity mnt t he

reglon of the box |s calculated. The Iine density 'S
cal cul ated by converting the total nunber of zero
crossover points along both the X axiscenterline and
the Y axis centerline to a 1nmscale. That is to say,
the line density is the nunber of peaks and troughs of
the texture marks in the radial direction on a 1mm
scal e. Each section in the sanple plane is neasured,
and the average val ues and standard devi ati ons of t he
measur enent val ues thereof, are cal cul ated. The
-average value is deterntned as the line density of the
texture striations of the glass substrate. The nunber
of nmeasurenent are set at the nunber of sections from
whi ch the average val ue and standard deviation is

cal cul ated. For exanple, the neasurenent nunber can be
made to be 10 points. Furthernore, when the average
val ue and standard devi ation are cal cul ated from 8 of
these points, excluding the maxi num val ue and the

m ni rum val ue, abnornmal neasurenent val ues can be
excluded, and it is possible to inprove the

measur enent accuracy. After the NiP plated A
substrate has been washed, it is installed inside the
chanber of a deposition device. The N P plated Al
substrate is heated to 100 to 4000C as required. The
nonmagneti ¢ undercoat |ayer 2, the nonmagnetic
internmedi ate layer 3, and the magnetic layer 4 are
formed on the nonnagnetic substrate by a sputter

nmet hod (for exanple a DC or RF nagnetron sputterlng
nmet hod). The operating conditions for

15



form ng the above-nentioned | ayers by a sputtering
nmet hod, for exanple, are as follows. The sputtering
wa@oendiosi4ens for form ng each filmon the N P pPel/arbodd/020247
substrate, for exanple, can be set as follows. The
deposi ti on chanmber used for deposition is evacuated
until the vacuum |l evel is reached in the range of 10
4Pa to 10 7Pa. Sputter deposition is perforned by
acconmmodat i e gICﬁsgﬁ substrate, having the texture 4
mark forme gn iItg &lrface, in the chanber, and 3
“JA)SChHS(Q{zOHzSQHeCt CHSCH:ZHfBY | ntroducing an A gas as a ,
sputter gas. ﬁ 2 s tine, a electric power supplied
for di schargﬁ gS tontrolled in a range of 0.2 kWto
2.0 kW an ﬁ adj usting the discharge tinme and
supplied p the desired fil.mthickness can be
opt ai Hﬁmzm;sggndec}lzszmch%g{rpl e of a formati on nethod
of the magneth ord| ng nmedi umi.s shown bel ow. The
nonmagneti c h‘ér at layer of a thickness of 3 to 15
nmis fornmed by ug [y a sputtering target conprising a
nmul ti corrponent bo centered cubic crystal alloy, Cr,
a O type aSCHy, ﬁleCHECHIﬁH(e on the nonmagnetic
strate. ¥ls_the nonmagnetic internmediate |ayer 3
at” a thicknegs of |1 to 10 nmis fornmed by using a
sput t B§GHhgHaSEHget CHdMpri sing Ru al l oy. Next, the
magnetic |ayer 4 of a thickness of 10 to 40 nmis
forned by Hy aCB&ﬂteri ng target conprising a
Cr Ta type éHL(gyC a CoCrpt type alloy, a CoCrPtTa
type all oy, E’tBtype all oy, a CoCrPtBTa type
alloy, a C(H BCGHIS)Hpe all oy, a CoRuTa type alloy, or
the | ive layer 5 of a thickness
of 1 fﬂgﬁ%mﬁ% f%ﬁﬁggm conventional ly known
§put tering rrenhgdﬁgr pl asma CVD net hod. Next, if
r equi ubrdicating |ayer 6 is forned bya
conveéﬁeﬁq'bﬁgﬁssw knbad CB¥HnSthet hod or di p method. The
above-ne H ed rmgnetl c recording nediumis furnished
with a ng hﬁgneti ¢ under coagykpyer 2 made of a

mul ti conpgRemCHzpdy- centere ‘Cubi ¢ cr ystal all oy.
&Be\rkgég % the nmedi um noi seCKSOH,;tiRSHecr eased. FIG 3
kb )

anple of a ndne di ng and
repr oducmgcmgggmat us usi ngéqgrir@r(jggﬁ/e ment i oned
magneti c jrecordi ng nedi um &]'mgcmggsgtl ¢ recording and

r epr oduciCHgpHappar at us 12 shown in FIG 3 is furnished
Wi th a magnetic recordi ng nedium 10 of the

abov e PRdi 19 Eith o BOTH G, 36 é’i‘amﬁlé’“ﬂ‘i’@“‘ﬂe%dﬁ’t@e%l)etﬁ@r

that rotates the magnetic recordi ng nmedium’l

1, ZT@ﬂfh‘ﬂe'd?t}ﬁglaq 4—%&&?@&{}%%? ré%ﬁy&'ﬁg, {581 Qﬁﬁfﬁy%dgﬁte

Information’in erragnetlc recor |ngme

trlﬁx‘%@gy%@x\x[\fﬁta%@'t}ls%éll{)glsrkolta%)ahaf{ﬁie\f MRyEy the magnetic

respec gnet c recording nedium

teth Quiskih AhBERA S P AGUGLL QDS gpal processing syst em

e Tec répraodu |gna processi ng system

16 i & .able t ;
hexisisCFiFrEpbPe éﬁ’%%éfeang}pef@awﬂn‘%ﬁg}n% iR tate),
1, PARS S p ol e R O O 18- A Lo e e

3, 6-dichloro- 1,2-dimercaptobenzene,

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



magneti ¢ head 14 and send the data to the outside. The
magneti ¢ head 14 used in the magnetic recordi ng and
WO 26098469 ng apparatus 12 of Hie present i nvenPCDIP20aR020247
only uses an MR (rmagnetoresi stance) elenment utilizing
a gi ant magnetoresi stance effect (GW) as the
reproduction elenent, but also uses a GWR el enent
esi stance (TMR) effect and the

u_siglq a&.u}gigﬂ magnet or es
mrreleRsditiokinigykylensghithiol anshd nore suitable for L
igigh ,rgacor ding density. The using a TMR el enent makes
1; r§6§ “Bleacartopyeryldsotyaareates i n recor di ng density. .
Since the above-nentioned magnetic recording and ,
r epr odbies nglyapgrazatilesondosidntobs hesanirth thB@lastic lens base
magnetic recording nmedi um 10 using a nulti conponent
miggeisie bntagr lpel preyizired dyymisingal polythiol b@ﬁpﬁaﬂﬂﬁgﬁgté C
(g&gercoat | ayer 2, nedi um noi se can be decreased.
thigy) monyien 3 tesperp dumml exaeph@duateh SAAYM GRidL AL e
operational effects of the present i%n\%ent}ogn@’i};grgk‘%req‘he
pdly merivabiagaepbsitBubsioad PrdfodablyUsetheok L& Qi N P
film (thickness 12 nm fo?rred by “el ectcpoﬁﬁggé&%a?a
pdepesiddtion @ralie forchadep&ly ERfS WS €2kl
(outsi de di ameter 95 nm P hsi %e &?anetgférqﬁgg%n%for example,
tektiheknafsed (AHD ATWim@ng)] |G S AVET 808 1 Qughness
Ra of the substrat em\l/vas%?%?@E%gfu?%%glegﬁggﬁﬁkogﬁgmmme’

dipEIOfHH Tk @ UiBuBIBASSRIAKIAD 4p substrate

surface. The above- ofdmagheti c substrate 1
triB cAR CRINRE ' nber, of, a ,DC.magnetron
rsputte$ devi ??e&?xwhae&%?)cgégg.lpué%ﬁlﬁf,(S%’da%fter t he
tEVBADE  1ME ua to a vacuumlevel of 2x1 0 7
© T%r r (Xh\?@a%x% 'pa;f,ﬁgtpr?g‘/fﬁ‘aﬁﬁﬁ RB cAE g i isee anajpend
: nonmagheti c. undercoat_ | ayer 2 was
isBRl S one At S SPTRPLE iR Gl ascanamine,
: S pr.ovi ded.to haye anultilayer structure, by
echABEA R, B R Ribe, Sat FriPUdhmian) ore et indichloride
oNpI i, Si . Cr, VNQNb loy (Cr: 50 at% V: 20 at% Mb:
an OA‘%EQ%%Y%%I} %l(g‘rlglfl ) @iﬁ)rﬁowrr the pplyanerdzable apmposition may
o Fithiﬁﬁg)ess 2 nn)@:aﬁde of Cr. Next, a nonmagnetic
PPRPE i RCRRoFgEad With 4 Liglht stabilizemp ndwdeantiofdanasn
df rms?. Next, magnetic Ia¥ers 4 were provided. A first
adiHaontq the Rolymerizatianeatalvss. nm) conprising a CoCr PtB
al | oy flCo: 60 at% Cr: 25 at% Pt: 14 at% B: 6 at%
vas fEReRiastinlens ipnsualy bireparedennedstpdlpmerizagion which
._second magnetic |ayer (thickness 10 nm conprising a
InVesesFeastinlg e pdymesizaniogopound intda cRuity BdedMseBuent
15 at% was forned.

polymerization (curing) by heating or irradiation. The cavity is formed in
two round glass molds tightly assembled by means of a gasket or an adhesive
tape attached to their sides. In this way it is possiblé to obtain the plastic
' lens base material having a high refractive index.
The plastic lens according to the present invention is composed of

the plastic lens base material having a high refractive index and a hard

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



When form ng each of the above-nentioned |ayers, Ar
was used as the sputtering gas, and the pressure

wo bmseeficmas nmai ntained at 6 niforr (0.8 Pa). NeXt/JpP2005/020247
protective layer 5 (thickness 3 nm conprising carbon
was forned by CVD. Next, a lubricating |ayer 6
(thickness 2 nm was forned by spreading a | ubricant
conprising perfluoropoly ether on the surface of the

ler¥ £¢c@8dingetol t@l‘égfreﬁentaﬁﬂlehlﬁﬁmni@%ﬁhb@ fFif %ﬂ%a@ﬁug‘%ﬂ@émlon
10 was obt ai ne Thereafter, a glide test was

RELAMIRAI4SE P¥e PoibbHEN {8@) 8ind M)t de el hei ght of ,
o0 Alf mglnﬁgh whi ch vvabs th ese(?gstn CQOBr?dItI c?%}béiﬁ‘g record

(A} eRhAdUaLd &Bd@fffﬁ ARNGEs RhviddEaRG6 r%%a[ﬁﬁi‘eegﬂa%?ter of 1 to

recor ng medi uns O was exam ned usi a read

206% r epr od‘ill ﬁg %b%%lgg#&ldgfm%@lfﬁ tgﬁ%%%}'}%taﬁotre the

reco ormance

R e e
o R T G T A LR

record re roduct i on mance, e e
WHISS Hap P i REIRS RGP B ES L oA Geri e
h ga(gyetl c resi Et ance (GWR) elenent in its reproduction
y Fhle 8f4Plised. The rreasur ement of noi se was
nmeasu gbythelgfte%gl ise frgml MHz to 375 kFC
equi valP BRI rd S0RtIRE Ry Pagavermesihenplastigdens
written. The reproduction output was neasured at 250
acgqrding ththeateseat sayentien isyfosmrdrom & coajgng composition
(reproduction output/int egral nojse from1l MHz to 375
condaaningyf leaserhe coraporerty)(A) pad Ehalefimededownt of the
coercive force (Hc) and the rectangularity ratio (S*),
(Annimgdrgenicoxige ifuw pawideswitca rufipetymyaestalipe bpeitgan
measur enent devi ce (ROL900, product of Hitachi
av&tagetpartmle Gregheerdfigto00 fdapad cdntsaaingse domposite eide of
nmeasurenent of the magnetization orientation ratio
tit@ R)m axddd Ard vagoeidezatd composienbeide@f titahiwm(dMidER)in oxide
of the residual nagnetization anount, a VSM (BHV- 35,
anfirsiddeoat oxitleRi ken El ectrical Co. (Japan)) was used.
[ Exanpl es 2-120] Conparative Exanples 2 and 120 were

(Bpr epdrgdnosiliogn th@psand repyéenséd byttué eABFR I IOPmSdTBS
al l oy conposition as those of Exanple shown in Tabl e

R1$iX8XGRREe ROdenBPdASh B4 418 c36GHBH caVMIS S@Rbek QYCﬁ'rme"e
CrVMoNb al | oy of the nonmagnetic undercoat |ayer 2 of

wlﬁmmg Gedctidd grddifs SEBMotHsk hf&?iaticﬁy%d SO okEL a

les 1 to 5 having differen oy conpositions, and

hyhPQyraaeelbgpy.ecor di ng medi um of Exanple 2 to 120
yegkaiyblt 3 Ie){l c recording and reproduction properties

g;pfggﬁgmat o7 188 g Py R R b iR BRERRANR i e
WhW%éigl? OE‘)WH‘}IGH Thardt fheh 1')51N§'t1c lens (having a high refractive

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

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

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



FI ELD OF THE | NVENTI ON The present invention rel ates
to a plastic lens with an antireflection coating of
woe@andaet hin filmand a nethod for producti onPehareato20247
BACKGROUND OF THE | NVENTION Pl astic | enses are wi dely
used in the field of eyeglass because of their lighter
wei ght than gl ass | enses, good noldability,
processability, dyeability, and high safety (wth good
seleBRIBHBALA] ISh WIS AKATR), LaHPCTS! W, a8 | fnd 0 HERLAIR tReir
soft and vulnerable to scratches, ‘therefore, they arg B
miREQM) I8Hd Wk LB daan fa s Jr@ﬁf/g&ﬁ@&éi@@o&@é@rcofﬁ ining two or
protection from scratches. reover, plastic ehees }
t oV f E antireflection, =
m R Rl O e et B B S A TP Bl
reflectj.on.. This.antirefhectio Llmis formed b
cob@infiktbhunit BRI SH b riato Clndes g BeaRY nave many
surface | ayers o | asiic l,enses contribute tqg the
adiihtiesal P op DEYSTNLoT aEREYE (E AP err daudopfing laver
high refractjve index are, bein evel oped t o pr.oduce .
whieh megffea Highe™ peisaciiee indekeand they fsehze sk dpriasdetractive
. plastic lenses for eyeglass with a_high refractive
indeeith fdessomarat Hade Sthademeplasade fitgmagdiclgry  The latter
epi sul fi de-based plastic | enses, Patent Docunent 1
offersi thmadwninge vt sedvciag caackpeitbat opattsrdwing guring due to
both a high refractive index and a hi gh Abbe's nunber.
metpi exislgsi(whichhdetariamte thetayhness af therbeudh dosiing hayexsif
oneor nore disulfide |linkages (S-S) in one nolecule
pregetandargeasmepoky. gy, thambirganihixide dine pamtighes
Pat ent Docunments 2 and 3 (given bel ow) disclose
coptsasingtitanses okale axg higblyt bffectivet imiepstting highwhicltive
is obtained by reacti on between a pol yi socyanate
indomaothredh artcaattoogiownd (1i ke pol ythiol) having active
hydr ogen groups. Patent Docunent 4 discl oses conmpound
havi ngnfoveuanteiprthenmoeggniio ogidefifie partibles ohetiuigy titanium
The above-nentioned plastic lens with a high

oxfckéfpi(%@tth‘(éGfollﬁ(ilri?ﬂ(%1 pesblefrewhehaisetiRg fharde talaxt dd fdrah@rhard
fornmed thereon should al so have a high refractive

coatifi@Xaye?. PTeteAtm SHige fxetLanestddrWwhREE $t rel':ew@%qxgﬂtf(tmdenergy,

requi renent, the hard coating layer is usually forne

théfeBP R nePatihB% SR SkidifhePor10AARY ddoMp SRIBPEC
i ncorporated wth netal oxide fine particles in so

mdtR6M (Thgs mcwi&?@?&ﬁde&'ﬁeg ak rﬁégﬁéﬁr &f :SseB?tical actiyity

application. One way to I npart a efractive 1nde

hef&nﬁﬁ%r.b‘a% ﬁféafésﬁgt, 't%ﬁiu&%ﬁdé U&Aﬁgng{fggla constituent in the

hard coating layer decomposes organic matter, such as silane coupling agent
as another major constituent, on account of its optical activity. This
decomposition makes the hard coating layer opaque after use for a long period
" of time and eventually cracks and peels the hard coating layer. This is
undesirable from the standpoint of durability.

One way to suppress the optical activity inherent in inorganic oxide

fine particles containing titanium oxide is to incorporate them with metal
19



oxide fine particles (including titanium dioxide)

having a high refractive index, as disclosed in Patent
whewanets 5 and 6 gi ven bel ow. There are ot hePCT@B2805#R0247

di scl osed in Patent Docunents 7 and 8 given bel ow ~

They involve the use of netal oxide fine particles sol

of rutile-type titanium oxide as the coating

conmposition or the use of conposite oxide fine

oxRREUbECE or FY) WiichMbissrih mg{i% h&Vn Mfé}?&rwgfémhg{mh

and coating | ayer covering e nuclear particles T's

uv 955:‘%990 bé %‘s@rb“e‘&rﬁ&pﬁtéﬁu%? ok fiteS 8 %}h@H Sert aﬁ[&v‘ xt':ﬁrsq‘eaching

rutile-type crystadllite of t1tani um oxi
tltg?ﬂ x?(f@jl l@?sféglﬁfeg)(l d}é I%ﬁ&%%%%{ﬁa@%@& Sfﬁlg partlcles

wi?ﬂ Fhr%s%u n?%fnqﬁg F%I%%Pltg %‘ﬁ? 6%, t @llilctl %%til]lg?é&e}éfgljﬁ r?énploy Al

i ref 0 be or ne
P B AR A v
rayy eﬁl’cése@%@?? e %Sf» %ﬂﬁpﬁﬁéfﬁarcgp eRif4s Gdipy  These

f|ne artlclgls havi ny refractlve i nde so..t hat

m%@ﬁélf? BEA e glespmpe ’roé’c? qrgﬁmqm ttem, puchyas silangi c
in fil dg}ﬂsaref tlvehg§ ovverthanthat of
Co‘e §agent guhichgs |aa>y 9ntashe 8axd caating layerand hg werganic
has_a thickness of 50 to 150 nm_ [ Patent Docunent | ]
oxig fipeBarples gentadninobaning oxisde, esperrpldngompgsispoxide fine
Docunent 2] Japanese Patent Publication No. Hei
pantiggs gon{appinghtitusgnentde3potaturte de weathar resastanspemowever,
No. Hei 5-148340 [Patent Docunent 4] Japanese Patent
the¢yailoe opkromNgibweC0-i8az25g fet pafradboeuimelex sBlmichbasese
Pat ent Lai d-open No. Hei 1-301517 [Patent Docunent 6]
comhpprerk wetlPhit entun axtlcopsad NoneHei 2- 263902 [ Pat ent
Docunent 7] Japanese Patent Laid-open No. Hei 2-255532

[ Pat elittapoouroxide Bhs Japeneasds Bdcenital fuirthogdledNmnatase, rutile,
2000- 204301

and brucite. Titanium oxide of the former two crystal forms is in industrial
use but that of the last crystal form is unstable and remains of academic
interest.

Titanium oxide in general industrial use is that of rutilé crystal form.
The consumption of anatase-type titanium oxide is about .one-tenth that of
rutile-type titanium oxide. Anatase-type titanium oxide finds use in
applications where degree of white color is most important and its optical
activity can be ignored, and rutile-type titanium oxidé is used in applications

“where the minimal optical activity is most important.
According to the present invention, it is possible to eliminate the

disadvahtages of titanium oxide arising from its optical activity by selectively

employing inorganic oxide fine particles containing titanium oxide with a
20



[ Pat ent Docunent 9] Japanese Patent Lai d-open No.

2003- 222703 DI SCLOSURE OF THE | NVENTI ONW The
w@bmemosrent i oned antireflection film which i SP@NJIP2005/020247

organic thin film has a coefficient of thernma

expansi on close to that of the underlying hard coating

| ayer and hence it excels in heat resistance. However,

being a very thin organic film it is strongly
rutild-egiceryRyallibe. URdeild-yymotibakichne 0idead BYREr Wehitks:

an inorganic antireflection filmfornmed by vapor 5

re$l8RAREHARNa high&t h@factRicdRidekthhf a@ﬁﬁhéé’-t%g% ﬁiﬁé}]ﬁ&% edide,

if the underlying hard coating layer is p

an\gfe}?e% [theSRbatAIE 8x%%ﬁ%9?%t%§@§$ﬁ%ﬂgﬁﬁlsggﬂ?ﬁ%ﬁ'tﬁtanium

econes deteriorated wt .- re t1on
i . . ¢ £ or . . .
oo SRS R0 M MR ARy bl Pty ove
tit%ﬁ[glﬁ{l‘@?{'i&& h?é kPé\pélt @&glsécm%%nla‘gfgﬁgfaép Ir tg/f)gt%%tﬁgggmaonque.

resistance w a mni
ef.fect on..the, organi nti.refl.ectijon,thin filmf d
THE TS 2oy e EROMEr R by bEdia R fln ety FayehiReseby
to provide a net.hod for produc] such a plastic |ens
eehGrelity hgtrhetfene Pkt ich Wrdtppath SiBbic hgtfl” Such
he first .aspect aof the present jinyentiaon resi in a
a hyog PEOERE TSRS AUPar bl Ha CIE Hegrradieals w3k dree
hard. coating layer formed on the plastic.lens base ,
radisg [y WICh ogsHY arhea R DR Wih HE D FAEY chitengloctrons in
hard coating |ayer, wherein_the hard coating |ayer is
the Kalagse dandsiy Graniym puidea SoHtleryre diposim; ide is more
containing at |east conmponents (A) and (B) defined
stabde S feams ofdraptreineray) dharf anetasartype tidenhawiaxgdarmnd hence
average particle dianeter of 1 to 200 nm and
the frmzgmgengratasdeis fneoxiadicals tham theilatter. t yReerefore, the hard
crystallite, (B) an organosilicon conmpound represented
codpyng hay qyervatainihg rotile tygieRti Saniling whiteee Rt sdienetathen
organi ¢ group of carbon nunber 2 or nore which has
reqietacice \sm dgli ghiipse sistpabé andfhemek itrdoezadl deteaivdatélthe
denotes a hydrol yzabl e group), and the antireflection

anfiréfledtsorafilrar(gdricle i$ hithid otganibifith) fasned tedreaat i Tus, the
i ndexl ower than that of the hard coating |ayer by no

red@6isigtplasti®ledd andlalrsweAtier @sidbhld288 1ight 20sikfarl0
nm The second aspect of the present invention resides

i n t NEh@kasild-6ypeisamiting 8kidaeshould HRefek i b StbAFPEE form of
wherein the inorganic oxide fine particles wth a

cotapbéit& ok iRCw hYEh ¥l dd £nd NI L:RAE0MPRS bR p¥itd Sxfte
titani umoxide and tin
containing titanium oxide has the rutile crystal form. The amount of
titanium oxide and tin oxide in the inorganic oxide fine particles (in terms of
TiO2 and SnO2 respectively) should be such that the rétio of T102/Sn0O; ranges
‘from 1/3 to 20/1, preferably from 1.5/1 to 13/1 (by weight). If the amount of
SnOs is reduced from that specified above, the crystal form changes from

rutile to anatase and becomes the mixed crystal composed of rutile form and

anatase form or becomes the anatase form. By contrast, if the amount of
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oxi de or a conposite oxide of titaniumoxide, tin
oxi de and silicon oxide, and have an average particle
walzaneeasd of 1 to 200 nm The third aspect of PEEIP2005/020247
present invention resides in the plastic lens as
defined in the second aspect, wherein the inorganic
oxide fine particles include those which have a
g re/.shell type structure formed from (i) a nuclear
15ilprEeaged from that speqifipd abpyethiel drystad domndedodbs an®
. conposite oxide of titaniumoxide and tin oxide or a
Integ st tea wiilp dermsbet ween irutlofirdeof titamioxi deidanthd rutile form
silicon oxide, and (ii) a coating |ayer conposed of a |,
of tigrrade + eThid etystil formi differoRioteratith eiyseATbE® PHiGSium
a conposite oxide of silicon oxide and al um num oxi de
oxige, and dhpastgams odileofins phiticles eshtieni él&%ﬁ%’&ﬁﬁ)ﬁ}l dgide
and al um num oxi de, which covers the nucl ear particle.
hape adowiengefractine ipd@sent i nvention, the inorganic
oxide fine particles incorporated into the hard
coat i e haemtadnitaiuinl haaéh ol Hean PR Al LT Re
conposition, the hard coating |layer has a hig
inarghnacisive finedeiticlds @Adbi 1O, & i LA &
rutile-type c?;%t al | i'(t e %%%tgiralfg?%ﬁh?%gﬁisggz\gg%%eé‘)%wely)-
shouldIbevéch hRitithalradeldfVi ' L4 AR H9: Y He W Eh
an anat ase-type cr %tdafl\ql‘ 194{38:%(2%%%&%%_*%3&?}@ ?rg)?ﬁrﬁre%erably
fro@X1 B toviBah(bgeR pidh 2 to
deconposeth%anigﬁ%%f?ggtﬁ 2%8?{3?£%é1%g%ﬁﬁﬁéﬁngeggesﬁ0n1
50/ [ b i tani oxj de is due
PP Re} ARe el Beal Tl b R by VAT "BatE mdeicds the
' ' di;ationam.th Li.ght. (ultraviolet .
s EHeEh RO JHAITCDT SHiddh pxiff dwntaus s thecs @hitivycpnd

rays),t
: H-adi -wWhich.! dec ose organi tter by =
dish R o e e ic BB DRIIFE. 1 5B amq e atiO: is
' [ e stable, than. anatase-type titani um oxide
redbd o (R SpEhAly aRAYs dhe dRargndrc exide fgempaptides beeyme
few free radicals. Thys the hard coating |ayer
poor r%féc?F%‘Hi ¥@&1®/§1§He%ﬁfﬁt&- t§§@0¥mta§hi 1fi the amardxd §iqiis
. weat her resistancg and |ight resistance, and the
Increaspd g’?% gf‘?g ﬁp?qlﬁﬁa @gzﬁvwhegnargamﬁ owidgafine paitickps improve
. not. deterjiorated by the hard coating |ayer. For this
in stabilify and dspersibility | hansindesinadilndetreasdien pefraetive index.
invention is superior in weather resistance and |ight
r esi SVgRdBe ragdetype tianiyne oxitd eaniemntiomveid deb owe g nieRa el Eree
present invention nmay be in the form of inorganic
radigpise Fhigehglds tiud asth caseavhentel fhe-inppearicysidd fink articles
. containing a conposite oxide of titaniumoxide and tin
inclygingetiganiame omjresist & compdgite bxidet @k Al 8% t#8.ortrhBre species
oxi de and silicon oxide. Even this rutile-type
in addition to titanium oxide.

Consequently, the hard coating layer on the blastic lens according to

* the present invention should preferably be formed from a coating composition
containing at least the following components (A) and (B).

A) indrganic oxide fine particles having an average particle diameter of 1 to

200 nm, the particle of which is formed from (i) a nuclear particle with a
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titani um oxi de generates free radicals (nentioned
above), therefore, it is desirable that the nuclear
w@200bi0ed4es of sai d conposite oxide shoul d be cpyvBIRd05/020247
with a conposite oxide of silicon oxide and zirconium
oxi de, a conposite oxide of silicon oxide and al um num
oxi de or a conposite oxide of silicon oxide, zirconium
oxjde and al ym num oxi de. Al though the nucl ear
%@et Waee%rya@ﬂg};%ﬁ@npp%eéi olairempesitavkivy of titaringm oxide and tin
oxi di zi ng power, such free radicals are unstable and 8
O%Fl?é':.eé)ﬁ pestppsite oxideyoffiteainum eude, tihexobahhd gili@vesxide, and
Qwing to the catalytic action of the coating |ayer. ,
(i eoating baed commdsag of ayempasiter podabesilitbhbxide and
I'norganic oxide fine particles is superior in weather
2y Mupsideandoningsiterasds bsitieonnstidd a @ afuMPhum oxide or a
deteriorates the antireflection film (which is a thin
cagnpesntecoXiderf siloromeakitlbesie@miufosxitbisnd S¢S BRide. which
plastic lens according to the present invention is
coyepethonutleanpatrtieler esi st ance and |ight resistance. i
(B')I'he fourth aspect of the present invention resides in
heampbegtricsili@iscaspsiaid ' | !
third aspects, vvher%i n tgégﬁgﬁf?‘%gﬁyggﬁ g(%n%ljia]?rf;ﬂgljiné&ltaanoon
RiGi¥anivehdrel R! 8éhbel @& Coml Si4ion
cont ai ni ng the conponent 35%‘%%3% (grg%é?l?friﬁgg e Popore
which leds Q@8R Srb i the
general for wlsgabgggg%ﬁ?&ggg)g?%yﬁ glﬁlgéﬁﬁé%gld%l derefes

hyditoBiZ4B M SrffHup havi ng reactive groups capabl e of
pol ynmeri zation; R6 denotes a C.-6 hydrocarbon group;

< 0 o BB ¥ A Brionel e HUY rabe) agenium
o KR e OFF B2k @it R 3108 s ravisrir o e crttation of
LR i O LSRR RS dros B gt stons oidicing
pof R b EpaSy fbtenif e DR benitanouet oridd genorates

e; fourth aspect, wherein the silica fine particles
midH less s %ﬁ@s than angtase txre Htaniupnexidel eeanam the former

are

. | ower tfle gefr ctive index of the antireflection film
1S |0LF SIRPIe thraddedgttendn dermepbheat emengyf r Etverer) nutthe-type
Yp

: betvveenHiPhe, ntireflection filmand the hard coating
titanim ox &eBPYRfes Kemarfree vidieslsi o teféfort, it is desirable to

cover the surface of nuclear particles of corhposite oxide with a composité
oxide of silicon oxide and zirconium oxide and/or aluminum oxide. This
covering layer extinguishes through its catalytic action the free radicals
generated in the nuclear particles (which have a strohg oxidizing power but
~ are unstable) while they are passing it.
The content of titanium oxide and tin oxide or the content of titanium
oxide, tin oxide and silicon oxide in the nuclear particles is the same as

mentioned above. However, the content of silicon oxide, zirconium oxide, and
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The sixth aspect of the present invention resides in

the plastic lens as defined in the fifth aspect,
wob@se93a64 he silica fine particles are those wiThPZoasn20247

an average particle dianeter of 20 to 150 nmand a

refractive index ranging from1.16 to 1.39. The

sevent h aspect of the present invention resides in the

plastic lens as defined in any one of the first to

al$in¥h BmAsHEE 1S thebe ik li}%r%ﬁ@hi@ﬁf&@ﬁlﬁ% tHeQ1dREd hE%ollows.
hard coating |ayer further contains a polyfunctional 4

ePOXY (ORI RS Wk tHIRBBEH: 102 r isTﬁ)?nhed from a composite
pol yfuncti onal epoxy conpound i npfoves adhesion }

o881 E kA FxaaenBirk! fho SRR AL Ao

2Bl Q' %wpgatﬁgbaggp U éerhkseegeeéggz; 40,780} B2k Rely)

coating layer. | C vapor -

i refl ection fi f L.on . ratective,fil r
snitd BEREEL B shIbah UG H208 oF S50k Fibed Slrbim RO/ to
ilmigwhjgh.is i,n ic fil i o thinth
9of1, Thier b Bopin B a8 U EE0 weih® o 8 Abutnd 2o,
addition, the flexibjlity thus imparted prevents the
exfiiils ‘bEaoRg heyEFned s dERToy TN BARGE LoD free
esjstance as well, as water resistance. The eighth
raé@a@ufoﬁﬁ ﬁ’érfﬁﬁS@&eﬁt AFMBFAYErSRIN Welhs patg [est thereby
| ens. as defined.in any of the first to seventh
prepgydme theframation pbcUBRRGERGISZET-i oS tlar reswdt. Hhedree
coating layer further contains as the conponent (D) an
radicglnganarptashinc thfpbuslgar ppriéelenmeigrate tonthegrréacy of the
 formula of R2 nSi X2 4 n (where R2 denotes a Cl1-3
Ingyganbrerige dingr pagicleq therrhyesxidizingl the prednie myatdap, If the
and nis O or 1). This organosilicon conmpound further
aniqydrof Zreriabeds than geecifiedliabovey the reswhngemiasirgniagpr has a
o the hard coating |layer. The ninth aspect of the '
coppasesiruchurerttutadvesamtdentain drivmghl Zisatomns ensrapsfree radicals.
defined in any one of the first t o eighth aspects,
Thaisetled fret radonadd pageracad ds the anclear paltticlantdigass tathe
| ayer further contains as the conponent (E) a-disilane
sugfaopofitite epEeaRId:Ede lﬁbnetﬂmrtfcwmh@rew%m&iziﬁg?ﬂlm%gémc

Si (R4 m-X43-m (where R3 and R4 each denotes a G -

mdtysy €eaeben group, X3 and X4 each
(b) In the case where the coating layer is formed from a composite

oxide of silicon oxide and aluminum oxide, the amount of silicon oxide and
aluminum oxide in the coating layer (in terms of SiO2 and Al:O3 respectively)
should preferably be such that the ratio of SiO2/Al2O3 ranges from 60/40 to
99/1, preferably from 68/32 to 95/5 (by weight). If the amount of AlxO3
- exceeds the above-mentioned range, there will be many Al atoms to trap free
radicals but the increased Al atoms prevent the formation of compact coating

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

migrate to the surface of the inorganic oxide fine particles, thereby oxidizing
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denotes a hydrol yzabl e group, Y denotes an organic

group containing a carbonate group or epoxy group, and
woreaos/ 085469 1) . This di sil ane conpoundi ncr easesPCTi@P2005/020247

curing rate when the coating conposition is nmade into

the hard coating |ayer. The tenth aspect of the

present invention resides in a nethod for producing a

plastic lens, including the steps of form ng on the

th®bAsiie h&R6r. bagehguines i ofA1b@Y; Pa‘é@tthﬁﬁ sp@¥iffed dIReathe
coatlng COﬁpOSItIOﬂ contalnlng at | east the conponents 3

reeﬁﬁhn%"&aﬁ%)g ¥ett nad ab&JnQ;\;f\éct(s@udtﬁ% 8P 6eLAbEEO ﬂaTﬁ enough

particles having an average particle dianeter o

A12880R o apgh ‘ﬁ%t@ 418, tTh?E"ﬂH@fPéé sigdlvafhfs{ge%erated in the

rutile-type cryst B) an organosi1Tcon co nd

nua tepsa%ﬂtcfe% BYerhle 8 ?H(? Ea}f]aft %%H%L ﬁ%ﬂl%l (fj%dé W?l% par%]des,

es an or nIC group o

h h of polynerlzatlon
th%kr%glﬂﬂ% o%eglgé gy%? ngégr#]éﬁ% f}g grlgup) and form ng on
t he hard tin n or anuc thlg? .
anti 1 81| dBPsPany PYHATR BR cRAERE Fustisderined e romppsice
tha at of..the har.d coat er by no Ies t han
oxileg Séﬁ%"‘b?%‘élehé’%c%f“f‘ﬁ‘i‘ BRidst ng iRty Gdan he fbunt of
el eventh aspect of a ent i nventi on resides ég )
siline gxd %o?dr%mﬁr@a #Sfi WM OxIde i the a%eml% yey (in
t he h ect, wherein the i.ngrgani c oxide fi
terﬁ%$ P#t g}@@ 2Hmé1 %93?@59%@9&))/5310&1@ pr%feéWd?%swh that the
osite oxide of titanium oxide and tin oxide or
rafe@ 8Py ZZch@ HA193) rpnges frenbRBidco &/ rprsfersdly fiwm 95/5 to 73
silicon oxide, and have an average particle dianmeter

(byoweightd 2bthertotairemowat pf Ar@s padiAleds exeeeds dbent

invention resides in the nethod for producing a
abpveastantidnensrarged héneedill he mene Ve vadtAl atopectq trap free

wherein the inorganic oxide fine particles include
radicalseb wihilechintaessed Zmoaed Abeltdémt preveitr thet form sft mmnefcompact

from (i) a nuclear particle conposed of a conposite
coatingl éayadrt i Asniherpeomltd ehafidetradicats den@fated o thesiukckar

oxi de of titaniumoxide, tin oxide and silicon oxide,

pawitlbs anigiihid ® thepaudisgessfahlei thergadid okide) fine paaticled, thereby
| ayer conposed of a conposite oxide of silicon oxide

oxfEingl the WghiOmiadfer. AICHENRSAL £mexhelef BFOS 'a!anQQQOs is less
oxi de and al um num oxi de or a conposite oxide of

thz§1'1 khEQtic@Hbd0e, ﬁierfé%awﬂﬂg eX4198g mr%m RERLE g&ucture but
whi ch covers the nucl ear particle. The inorganic fine

do@@fl&l &iaisehbned z@bﬁMeApmgﬁg] %ﬂap PEJRM Calsh Vl‘}féi d Bhe free
as the antireflection fil rom ng deteriora by
rad R8s Wil rG 08 i he nuclear particles migrate to the surface of the
inorganic oxide fine particles, thereby oxidizing the organic matter thereon.
Incidentally, the thickness of the coating layer should be 0.02 to 2.27
‘nm, preferably 0.16 to 1.14 nm, from the above-mentioned standpoint.
The composite oxide constituting the nuclear particles denotes a

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

titanium oxide and tin oxide (including doped composite oxide) or a composite
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| ayer. Thus the nethod gives a plastic | ens excelling
i n weat her resistance and |ight resistance. The

wao bioshesaet h aspect of the present invention reBCTER003020247
the nethod for producing a plastic lens as defined in
any one of the tenth to twelfth aspects, wherein the
organic thin filmas the antireflection filmis forned
froma coating conposition containing the conponents

soliffsoRitth 62iddefidieda Reh@dsite Bklcﬁqclﬁgﬂi@%%hﬁds‘éﬁrbf t1tan1um
conmpound represented by the general fornula of

oxId20 & add; and WS d?éd@ @ﬂlghﬁﬁné Hoped %BhfpoQ{Rg ngl@éj)v I ng ,

react ive gr oups capa e of po ynerl zation enot es

Mdkebher, e re:eﬁlg)b@&e o&i&&'&nsﬁuﬁ%@%@%&&%ﬂégﬁlﬂﬁ@?%ﬁd/or the

group! g is and 'S I ca

cofighe %%&?HQ?F‘E’&%%‘Z%R?%% BRE R, S BB O ey Ojn‘{ﬂsoant
tesfERlAERr bhe MM P o al%s 3§§f BB b PRe
of 't hi'ﬁ‘%tﬁ'géaa?ﬁse Pttt Qmﬁoﬁé?&flﬁég}%ﬁ%pamdes

duci n

co R P LA PO AR 'Sﬁ% heag Efs'trg‘?l‘%s\}qﬁéiao@q%wwfeaably g

| es are those whi.ch have a
to Bﬁﬁnﬂ W arcaeragt bogtcls ABGIRY SRS {BRRdRRy dhe fine
ex ranging from1l.16 tol, 39. EST MODE FOR CARRI NG
&J%eﬁ“ﬁﬁpelfl Jrléﬂl%éuﬁa& dfm@ waer the hagd cpating layer is
concerned with the enbodi nents f_the present invention
formepd pp she plagticlenshasamaatarialivet Bodeing pravsade ungorme
plastic | ens. These enbodi nents arc not intended to
shriakagp enditedused ple shrinkagp ratee givingwase foom haTdeoating layer
plastic | ens according to the present invention s
lackonp oegaired harghess. i Withren busmgeataaticld disanétardn excess of
coating layer formed on the plastic | ens base
200wrey fheel finapdricleamive eifsk éc i whitkiHardfonnmg laget ich is not
hard coating layer. It i characterized in the
suttable foatopoabfisé.ne hard coating |ayer and the
antireflection film There nay be an instance where a
pri meThé ay@igainse oxiderfpaspartidéyesnitaimegphadeitgpt elt8nium
base material and the hard coating |layer. The plastic
oxidengapdeeudddt Abhaloriii condmh&tibawithiotheBdraaficdkide fine
refractive index. The material includes not only the

paftiEle§Nfhichey@l 6:38L € 0PHES or more metals selected from Si, Al, Sn, Sb,

Ta, Ce, La, Fe, Zn, W, Zr, and In (includingAtheir mixture), and/or composite
oxides containing two or moré species of metals.
Typical examples of the inorganic oxide fine particles may be in the
form of inorganic oxide fine particles containing rutilé-type titanium oxide
“having an average particle diameter of 1 to 200 nm which are colloidal
dispersion in a dispersing agent (such as water, alcohol, and any other organic
solvents). A commercial product is available from Catalysts & Chemicals

Industries Co., Ltd. under a trade name of “Optolake”. It is a sol of inorganic
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but al so those which will be developed in the future.

The material should preferably have a refractive index
woeoobois9 t han 1. 60. A currently avail abl e mat BCT/a#2005/020247

with a high refractive index is a conpound having in

t he nol ecul e one or nore disulfide |linkages (S-S) and

an epoxy group and/ or t-hioepoxy group. It is an

lﬁﬁefc rraterlal whi ch has both a high refractive
ox eRarticlps §avmman avaragsepartitie deamstandtshey 10 nm, the

optical material having the thiourethane structure
p%ﬁil‘%,lﬁ of vhiph as frvands/froen6l Rorcbertnyemnticle with a rutile- type ¢

p0|y$thI0)IS anat e conpound and a conpound (such as
ciygtaiie gbmcpoﬁ@i; ahdcohmostty oxideaot titeeniayed b2 i %Rmde or a

Aconmpound having two or nore mercaptn groups in the
campesitd exidaldfsitamdiemn ddide tamexidt ﬁg&éﬂlcomﬁﬁdf%lﬁc{)ﬂﬂda

having in the nol ecul e one or nore disulfide ages
cqasip) layed campeped i greotpositd/oXidd bf SEREX x| %9? irconium

i ncl udes, for exanple, bis(2,3-epoxypropyl)d su fde
oxide, deshPoditepiidy SAUREM didsWrdd SRk

(t hi o) epoxy conpounds havi ng one di sum%%xﬁa aaecomﬁ)osme
oxifle oftpilRod| Xid@Si¥@hliuSoxide and al

bi S(2. 3-epi thi Opropy] lél ; hxllo§ ra}gt ha ummum oxide, which covers the
mlim@;(ﬁpﬁrt@cgét hi opr opyl di t hi 0) et hane

bi s( 6, 7-epi t hi o- 3, 4-di t hi ahept ane)sul f de, 4

dith | dit hi '
I i o Lfi‘slizaezl%gisge%:x t%%é(?eoggiegﬁ#ﬁ?%%e ib,e 19 h%egted with an

Rodlligéd ¢ iLthignet-h hi op ,
Orrh%pyl di tlﬁl oe Ha hlggg ﬁgx{) Ogﬁgx%wéa/rb)z?ﬁﬁhg a01d éuc as tartaric
gdg th|o ithio pPropane (mhlch are
ae .ng ‘%%%é%&é‘iﬁ%%‘un d B%ég SOl LR G i e coating
COH in the nol ecul e These conpounds may be used
one or [ n corrbi nati on with one another. The conpound
awnq‘h e two or nore |so(th|o)c¥anate

gr oups T1i¢ gﬁﬂ%@ lc‘f’% FOI@QHHB% forgyniaee ¢oatme yickedsmnat e

ounds u s et hyl ene diisocyanate, trinethylene
m%f’ @88@}%%3 fc“élc 1021‘3{ ArHeneionaly and tafiadonstaomdlesiloard

ng hyb dllsocyanate alicyclic polyisocyanate
00%18%8 s ULERCR tERAtMesBRAB e ascmpdiphadveith ar ovithowt

ha g}l o]o anate conpounds, such as xylyl ene
y olygabla grazmst aSmllrf&}eetreapﬂnmetnmhould preferably be

§$|yISOC anat e conpounds, such as
ac %}Eﬁfi// @rﬁtftmxdmmabﬂ@grommtzt withil@Hd&oups of the fine

onlsocyanate conpounds, such as 2-isocyanate
paﬁh Al how ¢ eac hudenlpzaiie mybsps fiayegamhorahhin #igidu:i de
pol yi socyanat e conpounds, such as
YéﬂﬁYﬂSJsocyanatephenyl)dlsulflde sul fur-cont ai ni ng
alicyclic polyisocyanate

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

These organosilicon compounds and amine compounds should

preferably be added in an amount of 1 to 15 wt% for the 1norganic oxide fine
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compounds, such as 2,5-diisocyanate
t et rahydr ot hi ophene; aromatic pol yi sot hi ocyanate
weopoesaes, such as 1, 2-dii sot hi ocyanat e benzePer/JP2005/020247
al i phati c pol yi.sot hi ocyanate conpounds, such as
1, 2-di i sot hi ocyanat e et hane; and sul fur-cont ai ni ng
al i phati c pol yi sot hi ocyanat e conpounds, such as
t hi obi s(3-i sot hi ocyanate propane). The pol yt hi ol
paptioledg two or nmore thiol groups in the nolecule, which?
under goes addition reaction with the above-nentioned
epoxyThe dupd andhimepnkyf Gicimegaaiecthide finbiphexanale -
groups, should preferably be a polythiol conpound ,
detrawiingdtbyother desirezl herdiaet angn@fiRetive ihl8x Mre6 YWiount
which is represented by the general fornula bel ow
shdtidspedénablly be 5QOIRIORER, SRSl 16%6 BOW% M@giﬁ i1t%8 hard
refractive index and good inpact resistance an eat

cod i SHMPOSitioM erFitR ASBAURSIVADy SRGMN K oLAS! &}éeﬁn% particles do

excluding aromatic rings, and t denotes an I ntég

ﬂ-' A . i i . . e ..mre .
o N LG VRS ST e
largle'aﬁﬂ&lﬁﬁt‘} tHE FHRSpa HRI& ORYE! rﬁc]gi'iﬁ%%sthe%%skiln% Y Ahd

ranched al | phat’i ¢ groups, alicyclFic grou

[ . containing sul fur atons in the
| ad{?@ﬁﬁs@m&g{fgég &b 9

chai n. onpourid shoul d have one or nore
(pref . Or re r capt onet hyl t hj roups .in
one no €§h¥g£ﬂﬁﬁ%nagﬁn Jﬁgfﬁﬁsﬁ%g@@pﬂé?ﬁgggﬁgﬁWBGﬁgngﬁhe
! .0. t r capt onet.hyl .t hi o. groups, . The
cofi11 Wi Br BohoSe B FEBH 26N 4 8 srivegEhishar rearessmied by
above incl ude : exanpl e, -
th‘ﬁ gezn%rai ?9%1?1@3%%%9(2% h npé)ﬁggﬁgs,lhcon compound functions as a
.3, 3-.di percapt onmet h 5- di mer capt o- 2, 4-di t hi apent ane,
bm%-eﬁé?rcgfﬁ %ﬂ& ngw'r capt o- 2, 4- di t hi apent ane,
3-ner%apLo t hyl t hi o-1, 7-di mer capt o- 2, 6-di t hi ahepat ne,
S b- ditRe e%oaﬁéemm&r@wm a/Ca-arrgania gicaponaviag a
SM-di mer capt onet r}yl -1 ~-di mercapt o d
reactive PR 6aRAlepigodymerizapronwihhsh i sedededdremptinyPgup,
,8-trithianoane, i S-nmercaptonethyM b-di nercapto”.
allyl-grouR; asikigraroup, methacrylic group, 1-methylvinyl group, epoxy
3- nmer capt onet hyl t hkr |, 5- di mer capt o- 2-t hi apent ane,
group} nproapiet grakips (yne gpiunesdeyhhbigopep endamino group. X!
~ 1,1, 3, 3-tetraki sdnercapt onet hyl t hi o) rropane, 1|,4,8,|
denotes arhyslrelyzapieofudicbion@l graoup, twihialiidekaies, for example, alkoxyl
l,4,9,12-tetranmercapto-2,6, 7,11 -tetrathi adodecane,
gropp3sdeh i mdthéxpyranpdithbkelgrodp 2kl fdtBbxyetdokfigtonp),
, 7-hept a dithiol,
halogen group (such as chloro group and bromo group), and acyloxy group.

There should be three hydrolyzable groups, so that they form the
three-dimensional crosslinked structure. If the nurﬁber of hydrolyzable
- groups 1s two or less, the resulting coating film is poor in wear resistance.
The organosilicon compound as the component (B) includes, for
examplé, vinyltrialkoxysilane, vinyltrichlorosilane,

vinyltri(B-methoxy-ethoxy)silane, allyltrialkoxysilane,
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2,3 5,6 ;8,9-hexathia-I|, 10- decangdi th ol ,
' 5-bi rcapt onet hyl t hi o) -1, 3-di t hi orane,
W(iz(gmlgi);%angr caBt omet hy);l thio)-1,3-dithiane, PCT/JP2005/020247
2- bi s(mer capt onet hyl t hi o) met hyM 3-di t hi aet hane, and
2-(2,2-bi s(mercaptonet hyl t hi o) ethyl) -1,3 dithiaethane
. The se conpounds may be used alone or in conbination
wi th one another. Qther polythiols incl uple, for
a@&YéHHEOPXTWﬁIk@H%m)metha,cﬁ’ldeﬂnopyltnaak@gtsﬂane, ;
anedi thi ol represented by the formula (1) below, 4
Visarnderxrmpy tsialkexysalane( 3"(f&ﬁ‘t'eﬁmmbmleQ?Bt&hyltri,alkoxysi’lane,
representlgg byui he ;lorenm&ég))mgelbgdvl\g I?r']dlkt et r.zi\t hi ol .
a Herx thalkaxystlane; 2 ® yltrialkoxysilane,
ml—%(%—%%—%SCI—IZC&O—QSH () SCH2CH2SH 0 O(CI—|2(ICI¥|ZCH2

SH)
Rl R2 e dhrejorBoiddshetliee Rimphlenti®) @Y ach
is a group sellfeeg? ed fromH, -CH2SH, -CHZSCHZ%-bES !

cappbBtdtion GHICHRCHRGHeran M&&W%dl)ﬂ%@é‘éégﬁw at

one nol ecul e has four or nore SH groups.

hydtalpdibifal thetpeahantabetfyctt he formula (3) above
%uﬁ%es, for exanple, those conmpounds represented by

Lg ?ZHfZ ﬁ%ﬁ%&%%@n@@%@ %@%ﬁéﬁé%(ﬁe@ould preferably

bqg?i(c)zbhbrg(ragg% itvdgg}tl E&lﬁ))lyé{tﬁigi,%ﬁ%ﬁgb%yh%or%%ﬁl%l ap ,the component (C).

1,4- bm}@"‘}%ﬁfﬂﬂ&iona@t@x&f @glgl}%ﬁgld ig{ptrg{rgsgg(\{ﬁgsligrtl %’etween the
hard coating layer and the plastic base material. It also imi)roves the water
resistance of the hard coating layer and imparts ﬂe‘xibility to the hard coating
layer. The antireflection film formed from an Inorganic material by
deposition functions as a protective film for the hard coating layer; however,
the antireflection film in the form of organic thin film is very thin and hence
the hard coating layér needs water resistance. In addition, the antireflection
film in the form of organic thin film is formed from the coating solution by
application and subsequent baking (for curing). Baking sometimes causes
cracking to the hard coating layer. (The h‘ard coating layer experiehcés
baking twice, once for itself and once for the antireflection film.) The hard
coating layer is also subject to cracking upon exposure to heat cycle and UV
rays. The polyfunctional epoxy compound, which imbarts flexibility to the
“hard coating layer, prevents the occurrence of cracking and hence improves
yields and weather resistance.

.The polyfunctional epoxy compound includes the following: aliphatic

epoxy compound, such as 1,6-hexanediol diglycidyl ether, ethyleneglycol
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trimethyl ol propane tris(thioglycolate),
pentaerythritol tetrakis(2-nercaptoacetate),
wale@entaey yt hrit ol hexaki s( 3- ner capt opr opi onat BQT/JP2005/020247
di pentaerithrytol hexaki s(2-nmercaptoacetate),
1, 2- di mer capt obenzene, 4-nethyl -1, 2-di mer capt obenzene,
3,6-dichloro-1|, 2-di nercapt obenzene,
3,4,5,6-tetrachl oro-1, 2-di mer capt o-benzene, o
diglytdye ettt d{é!tﬁ%rle,n\éég*c&y bigleeiag 64Hed! tridthyleneglycol diglyéidyl
-cylylenedithiol, and | -tris 3
et R TBStE AP R {01 A5 YI5 812 b Bher) ndRSe th éﬁ%l' liBlyci
composition to %le ma%lg ii(!l%’tqio thenpl aest ?’Iclz I %goglaaé%ymdyl efher,
profIghe A cgmiaq/lﬁggmﬁlﬁegoeg%giyfo 1y BolRAL N Ao ther,

npou I'SO ate conpou
: ' . ' | [ I
e o Bl R o AR G PR Ty PR
| ' ' I ¥t hj . ich
noRFIIFILEAREEN SRR AL b EMIREY BiiiRger el
. di_ net b | ami [ hyl | l.am ne,
il ST YRR e R el Bl by b BN A A Bl
tridipethyl am t hyl 1), i md | h
erigia by TR GERGHO). ChRe b aIolpSer ate EatAP Y orln
e oA ey AR e e, o TPl et
G ePLFIaE MY AP U ErI0l 4P CREDIAGE. < her Svpeasisthaito
pol yneri zabl e conposition nmay optionally be - _
trighycisbp sithew pentaeryihritelieten lriylzetrheam%lpantaerythntol
antjoxidant in addition to the polynerization
teteaghyicidstl ethrew sprhiseli tetragheciilyl etheal anyd priglysidsd ethecabt
pol yneri zati on whi ch invol ves casting the
tri@@'gy@dxzamsd)ismymmmeﬁ into a cavity and subsequent

pol ymeri zation (curing) by heating or irradiation. The

alicpalid gpdxy domrpachd, suchasrisopitbrghad®l nglgsidyil gtiidryand
assenbl ed by neans of a gasket or an adhesive tape

bisa Ralkyddxt oy dlbkéxylprapeme diglytcidyl evhgrit i s possible to
obtain the plastic |ens base material having a high

ardrahtia@poxg comg@and] baclphastidrciredizlpaapy éiheg Biephégol A
present invention is conposed of the plastic | ens base

dighpeiari athel}auismeﬁom?ghﬁry@fdﬁ@thy@ bidpARn BB iglyadd ether,

coating layer formed thereon. The hard coating |ayer
o-fIRUElIL REid ARsIpbias! Jéﬁife@,nﬁh@ﬁﬂ‘?foq’b@{ bOyLDRi 18388, and cresol

invention is formed froma coating cofposition

nog(él:%}){%dl%@l@cﬁfyllem t he conponents (A) and (B) defined
Of these epoxy compounds, the following aliphatic epoxy compounds

are preferable.
1,6-hexanediol diglycidyl ether, diethyleneglycol digljrcidyl ether,
" triethyleneglycol diglycidyl ether, trimethylolpropane triglycidyl ether,
glycerol diglycidyl ether, glycerol triglycidyl ether, and triglycidyl ether of
tris(2'hydroxyethyl)isocyanate.

The amount of the polyfunctional epoxy compound should be 4 to 22
30



(A) inorganic oxide fine particles having an average
particle dianeter of 1 to 200 nm and cont ai ni ng
Wo 2doand4ne oxi de with a rutile-type crystallitepCt/B20em20247
organosi |l i con conpound represented by the general
formula of RLSIi X1 (where Rl denotes an organi c group
of carbon nunber 2 or nore which has reactive groups
capabl e of &ol ynmerization and X1 denotes a
Wi Parysalorly grte #9) wit¥ofdsesobidse Eitdeidrmount betHapslyfunctional
coating |ayer coveri nlg the plastic I ens according to i
eRMY preremd inexeessivaly smals tedhbrdoostis®¥Mydids poor in ¢
conposi tion containing at |east the conponents (A) and |,
adiBysicre to beel ubdeolwing Basé notgeini, ov aberdesist e AL 1%d:8Bility.
with arutile type crystallite ‘having an average
Poear flexibdityi magtlead 06 cladking Q@er;? BalingOfheh Bh&Snireflection
conposite oxide of titaniumoxide and tin oxide or a
filrofwitti 4 dovoxedeting inddxné Pned 6 thé har&%b&l@ngﬁ&*yer. If the
silicon oxide, (B) an organosilicon conpoun
amepnestthepolyyuidiora o i9f b ok Quier
denot es anﬁo?gani c gr g%p %fcgfgg%gﬁ lﬁﬁﬁtg%r%ll‘;zggrl%rgh%ard
conbingflahas id fasit invBadiups capabl e of pol ymeri zati on
and X1 denotes a hydrol yzabl e group). The hard coating
| ayer T3heaidadi : | I ndex ich
i s higher or %ﬁ@ﬁﬁgﬁn{? %&%Pafig@aqp;ﬁ%éﬁ%erlSzlr%\[\g]preferably
bel ih@YF ' j i gelexh -y . about 0.03.s0 that
i t prﬂotgagee(gwggl F}%{ Ee‘??é?%éﬁ%ﬂe@f %@% 15 9 QAR QpLEEeR forgpound

rebRARRE P LYSHB oK AR QDAY o3 oD et ractive { ndex:

y I ncorporaticon wth inor Ye fine particles
havi n [ Cl.i j ndex. e concrete, the
i nor gg%?}éggg ?&ée%lirn%éfapﬁtqeéllog%g %;Eg-sg'%da'ggar negyeupr such as
- YOI t elected fromAl, Sn, Sh, Ta, Ce, La, Fe,
Vlgﬂ, ge'iﬂﬁz?h?’r RIOUR ROy LG gt r, Rsthachaic efaupy Jrmpthylvinyl
1rgrl(rgl?{/eoroxcoI orless transparent conposite oxides ‘
BT ROt AR i O R P CHROSTOHB ¢ PN QBT OP: 3508y ANP SEPrazs cAmino

exanmpl es,, i norgani ¢ oxide fine particles containing
grmﬁﬁsﬁn{l@mg, ﬁfgvfg SEOWP.oHIG BFORIEIEr0WPi nddso, Xidlemobeea
h Bave nﬁgy advantages. . That is, they will be adaptive

yeolyrable grore. Wineh dudesyalkeys} guinsh sndeds naethiogheroup,

refractive index, and they realize the desired
ethoxyy grovpy and magshomye thaxyl sreup ahwlogen ghaupgtseh agehddro group
a-ng ide fine particles. The latter offers the advantage
f

IPEYUSIONG, &ndaayign gramupoc ausD ouii nExaurplagofitie: §0ane
nmet al _oxi des (which deteriorate the toughness of the

comppungd saeludg tetrpalkoxy sitase vinyliribitags dlmehsdthy T koxy
_the inor%anic oxi de fine particles
silane, and allyltrialkoxy silane.
The organosilicon compound as the component (D) improves
durability (especially scratch resistance) of the coatiﬁg film. The amount of
* the component (D) should preferably be 2 to 15 wt% for solids. With an
amount less than 2 wt%, it produces no effect. With an amount more than 15

wt%, it makes the coating film opaque and causes cracking. These

compounds may be used alone or in combination with one another. Also, the
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contai ning titaniumoxide are highly effective in
inparting a high refractive index to the hard coating

wo 2006/09546f ort unat el y, the inorgani c oxi de fi NBCT/JP2005/020247
particles containing titani um oxi de pose the follow ng
probl em when used as the netal oxide for the hard
coating layer. Titanium oxide gets excited when it

' | i ght ergy, thereb enerating a
oLEEEIYEE 4G badhe vt oRY sSedcampmiably be used dfter
rrg%leg.. (This characteristic properties are referred i
hty as 1<§pti cal activity hereinafter.) As the result, y
titani H’] oxide contained as a constituent in the hard )
coat i n’E f S9Rng seppsian &fgf@ﬁi}@rdmoaam,g lagrenshsuld preferably
si.| ane coupl jng agent as another major constituent, on
bg dnenrrerajedifusthestwishitha component ﬂ«:ﬁ whiele (P @sdild compound
makes the hard coating | ayer opaque after use for a
TeRgREeHE hydthsr ganeral fmunelaenftiakt $i(RE AE KSR, pegl. s
the hard coating layer. This is undesirable fromthe
st andddi the formada above,tB? a b ®wayhtdensbdPs €% K ocarbon
opti cal}eact ivity inherent in inorganic oxide fi'ne
et sutleas aetthyl growp téthghpreabudel b ; a
};g;én wi t h et al oxi des (of g:e opr) Fe? ghil{:pgvgg@%@ﬁb\/ggd
P graup ngXa ahidg¥esackodehsagthm ] be
absorbed by titani um oxi de, or m};}%ﬁigg%%%%&msﬁlg?sas alkoxyl
gmoeRs ncgding atithox ki, AGKPEFoURad ErbiSRLRGS, LS
a

I norgani c oxide fine particles w ose CO |%)|(¥1§roup’

hadoggo gir¢vepOpictiedingfi ' o eppl Al
oxi de orprr OXi degv\hi(tcszllr?e%rro g‘g? X{Hreféléd/}?% ?@%I%,Sarbfgﬁgﬂéi%group.
mhy 0 drr Bdi Bide@Bt M - ml Si. oxi de
whose conpact Bgéilgl %Hgg%@rlhggo?g glgtv?n ?E%?@Qn%ﬁggup Or epoxy
groBps ules éi{e%’;ﬁiﬁe@ﬁ?l%@}?%i tion of the organic matter,
such as silane coupling agent, which is applied onto
the hard coating |ayer. The inorganic oxide fine
particles containing titanium oxide, especially
conposi t e oxi deHIOHIOCP@HLEIg-eS containing titanium
oxi de, contribute tollweather resistance; however, they
doe not contribute t® increasing the refractive index
so nuch as conpared with titani um oxi de used al one.
Ti tani um oxi de has three kinds of crystal forns called
anatase, rutile, and brucite. Titanium oxide of the
former two crGHaC.CHMCBCHAEH.0Hj-Ndustrial use but that
of the last crystal fdrmis unstable and remains of
acadenmic interest. Tit%nium oxide in general
i ndustrial use is that of rutile crystal form

—CHzCHzO('J;OCHzCHzO(I.I':OCHz)CHz—
0] 0]

-CHzCHzCHzOﬁOCHzCHzOﬁOCHzCHzCHz-
0] o]
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The consunption of anatase-type titaniumoxide is
about one-tenth that of rutile-type titani um oxide.
wae@bagded ype titani um oxi de finds use in appl PCEITP2008020247
where degree of white color is nost inportant and its
optical activity can be ignored, and rutile-type
titanium oxide is used in applications where the
m nimal optical activity is nost inportant. According
to the present invention, it is possible to elininate ¢
the di sadvantages of titaniumoxide arising fromits ¥
opti cal HLHRYGORY2GHIACHLHPGOCHKIHBYi ng i nor gani c )
oxi de fine parthcles containi titani um oxide with
arutile-type crystallite. Rutile-type titani um oxide
has better weather resistance and a hi gher refractive
i ndex than anatase-type titani um oxide, and hence the
i norganic oxide fine particles containing rutile-type
titani woHeSHGe.0OeHAH:00RDHOCTEHICHIC R
refractive-index!! In addition,lrutile-type titanium
oxi de has | ower %ptical activi?y t han anat ase-type
titanium oxide. The latter easily gets excited when
irradiated with light (UV rays), thereby generating a
strong oxi di zi ng power which deconposes organic
matter. Such o) [,di.zi Ng power is attributable
to OH free ragpﬁgﬁgﬂgﬁgﬁh%gﬁfree radi cal s whi ch occur
when irradiation with light (UV rays) excites
el ectrons in the val ance band in titani um oxi de.
Rutile-type titaniumoxide is nore stable (in terns of
heat energy) than anatase-type titani um oxi de, and
hence the f e I radi cal s than the
| atter. ThMQEZQGQ%%§§§féW§ﬁZEyer cont ai ni ng
rutile-type titaniunooxpde(ﬁxcels i n weat her
resi stance and |ight resistance and hence it does not
deteriorate the antireflection film (which is a thin
organic film fornmed thereon. Thus, the resulting

plastic le I,V si,stance and |i ght
resi st anceeﬁﬁ(ﬁ%%éw@j @g‘énﬁﬁéﬁféﬁﬁc@'ﬁrde shoul d
preferably be impthe f & m of cgnposite oxide with tin
oxi de and silicon oxide. The conposite oxide
containing titanium oxide has the rutile crystal form
The anmount of titaniumoxide and tin oxide in the

i norganic oxide fine particles (in ternms of Tiqgq 2and
Sng 2r especGHieHy)CEHORHEOBk@Hzh t hat the ratio of
Ti 2/ Sn2 ranges froml1l/ ] to 20/ 1, preferably from
1.5/1 to 13/1 (by ight)Y. If the anmount of Snqg 2is
reduced fromthat specified above, the crystal form

changegedd @iFILHE 'cbﬁmﬂo%nﬁ@éiﬁ?% e %914%%@@% 5@9 KHo¥&process,

crystal conposed of ‘rutil rman orm or

WP SRS R ARER o e PG IPP Lant Bl EmATOUN

rom that specified above, the

trigfl%%s%arfeo&ﬂa Qgglgﬂ}agsalwxylation. Another process involves addition

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

The disilane compound increases the curing rate of the coating
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intermediate rutile formbetween rutile form of
titaniumoxide and rutile formof tin oxide. This
wa@eyshgd4ed orm di ffers fromrutile crystal formP@©f/JP2005/020247
titani um oxi de, -and the inorganic oxide fine particles
contai ni ng such titaniumoxi de have a | ower refractive
i ndex. The anmount of titanium oxide, tin oxide and
Csilic.on oxide in the inorganic oxide fine particles
TRROPYHs  ofheringreasedppring tate @uaamedhiewetviped Bashg time)
1be such that the ratio of Tiq 2/Snq 2ranges from 1/3 4
tVerEdie PospRib Al Justrand impitities stiking by tNEEGH )¢ 80Fkace
the ratio of (TiQ2 + Snq 2)/Siq 2ranges from50/45°to
dgyng amletasioab thefebyrmifibsthg piedd. 2 Mbyeow&«,gﬂe?mdm@%he
groduq_es the sane effect as nentioned above. Silicon
elfxetod immpovingsdydubilitabedidivigahe abhspey o Rl flo Rigal Bfoxy
i norgani c OXi dg fine particles. If the anount o% I'q .
canpowed| et nfalang defdcts rehf dLerabans) oh *ﬂﬁe bARE 9flbefial less
y an

oxide fine particles becone poor in stabillit
vidildpersibility. By contrast, if the anount of Siq 2is
i ncreased fromthat specified above, the inorganic

oxi de Thee@mpaint iof kRS diTRHRV@ 1 L d
di spersibility t())ut undesi rablnl)lllyb eccfglgélghi}bﬁ%?egﬁpgﬁ’? \7°’et° 40

tWopxrtidarlvt i o - h1t apj . de_nment,i oned

o aner 2t o P ke Y BELAL" 0 (R LSSy Thhn At does
3H0dubet ' LCo-0Xi .ine particles

e e B A e e A B o RB e ifriely large amount
aRad ahd} : r r: cies. in addition to tjtanium

T ao e S B IR RRE xE sk rrnd hieeBn thagot it of

thelcagtiin %Ogrﬂ,%oﬁccor ding to the present invention should
preferably be formed froma coating conposition

cont aki ; ast the f.ol J,ow ng. conponents (A) and

(B). ?&)erlﬁgﬁgl?‘ AT OSHon f9r h@%%%( foateg wer meaxhe
. rticle.diangter of 1 tQ 200 nm the particle
inGH LRI ARDLhi e o rife fcgg%‘/%‘i fal%bwﬂgl eaingas ppssiklewithout

h eptype crystallite conposed of a conposite oxide

caffly %‘i')t abrebresd diring gatalnsts imgluse parchlazetmbsichaspérdhloric
a !((%{ titanium oxiﬁe, tin oxide and silicon oxide, and

G APROBLAN iRy ate, eofppasaesnmpemdositer aoxiydecatbnate

silico i de_.and zirconium oxi de, a conposite oxide
haéﬁngsﬁﬂlmgﬁrb@d Eodiy I‘él(llbn BedDokledE Ik ﬂaénﬁib ARHASD); Mn(11D),

gl;ﬂ[)dg ﬁﬁfi [ icon.oxide, zirconium oxide and al um num
Lafllily O, SIS o119, Hige (RUI AKFIT) aBa(T€), &r(10B) 02N (V) as the

or ganosi | i con conmpound represented by the general
ceqtéphmeéab:ﬂtom,&‘simme(,mnm Rid dewdt &s gBitid) JBBIVEs 86idYBnd

of ‘carbon nunber 2 or nore
metal salt of organic acid. Of these examples, magnesium perchlorate and
acetylacetonate of AI(III) or Fe(III) are preferable from the standpoint of
curing condition and pot life. The amount of the catalyst should preferably

“be 0.01 to 5.0 wt% for solids.
The coating composition for the hard coating layer may optionally be

diluted with a solvent, such as alcohol, ester, ketone, ether, and aromatic

solvent.
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whi ch has reactive groups capable of polynerization

and X1 denotes a hydrol yzabl e group). As nenti oned
w@bwemys4apon irradiation with light (UV rays), PCT/IR2003020247

oxi de generates OH free radicals and H2 free radicals

t hrough excitation of electrons in its val ence band.

These free radi cal s have a strong oxidi zi ng power to

deconpose organic nmatter. Rutile type titani um oxide

gener Athescomtinty ¢esposition fonthehhsd tb@dﬂn@ﬁ@é&ﬁa&)ﬁ?@ionaﬁy be

titani um oxi de because the fornmer is nore stable than
intowpdratddewitntiecfoliowih g Additi EEi0ym a HIOMBY @ ts in addition td the

rutile-type titanium oxide still generates some free ,
aboadiahtionddles@ipohentd. t NtxdhelABlc8nipduaaY gﬁxaﬁgg active agent

surface of nuclear particles of conposite oxide Wlt‘h a ’

artTAAE dpRne XUV orbéy, lae@foxPdd e dmr%ééggé),ruip R 8ye,

and/ or al um num oxi de. This coverli ng
Flééslgg Vé%rezgl such as

PSR BB Geat
. : r LH9:.unst.abl e ile .
RSB UA b OACT TR R B0 Bl e o
' ' : t of..titanium oxjide, tin oxide
prbblrde £ BhuhBGa800F P oo NN 5 B perPratngiar

cudSd B Bti oned above. However, the content of silicon
ox1 de, “zirconi um oxi de, andal um num oxide in the

coveripng. .l ayern. shoul referably be sel ected . as
ol T o M licAROH, o BEEHELRAY bt Sormit vy df siyebleite

feorned froma co site oxide of silicon oxide and
P3O B RO WP aLTePR 80 dhs st lens bassrmasarasl @rnprove
d irco iumoxiég]g in the coating layer (in terns of Siq
adbegion batyespdbdaseverterialiand thesartinghy. b8 uehomriace
that the tio of Siq 2/Zrq 2ranges from50/50 to
tr@féﬁfﬂ%ﬂéﬁ‘&%@r@aw w5ham abkaprelor 4¢ig sabitym pr aldurface
the amount of ZrO2 exceeds the above-nentioned range,
actifg agent .| Rolishing witlzinargenic emorgaanc fine@artidlesahnd but
the increased Zr atons cause strain in the coating
appHgaiion vhpriahegr or plasmd.ng the formation of conpact
coating |ayer. As the result, the free radicals
gener Application oé theicoadimg panpbsitien miagrat eccomplisded by
~surface of the inorganic oxide fine particles, thereby
dippingi spimgontimgnspeay coatitd,abll dohtine oaMuwndo@fngr QA ftsr
| ess than specified above, the resulting coating |ayer
aphHeatao,ctheawiatiig sodtitios i9diiedd85hodting A0 Ui 1o BPUIRr Zbveral
atons to trap free radicals. Thus, the free radicals
hogenerHiwdtheretib@baitle@ahe RRkired BatiMcdiIai e to the
surface of the inorganic oxide fine particles, thereby

oxi di Pheghick@esd 8RtHeChard coating layer should preferably be 0.05 to
30 pm. A thickness smaller than 0.05 pum is not enough to realize the
fundamental performance. A thickness larger than 30 pm is detrimental to
~ surface smoothness and optical performance.
The plastic lens according to the present invention has an
antireﬂéction film on the hard coating layer. The present invention is

characterized in that the antireflection film has a refractive index which is
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matter thereon. (b) In the case where the coating
layer is fornmed froma conposite oxide of silicon
wo@0desane al um num oxi de, the anpunt of sili chPCT/DB0eR020247
and al um num oxide in the coating |ayer (in terns of
Si 2 and Al 2q 3respectively) should preferably be such
that the ratio of SiQ2/ A 203 ranges from60/40 to
99/1, preferably from68/32 to 95/5 (by weight). If
lowe thasuthatof Ahp dardcoatiag layer bp avdesettian0ad 420 ekat tHe
there will be many Al atons to trap free radicals but i
apfgeflertiovalibin inanareaviqrhéudiim hheirigos vhick@Bs9bf 50 to 150 nm.
conpact coating layer. As the result, the free s
r adi callze gegrariathin filmtcoastititiegehpantireflesidh G1atie do?
the surface of the inorganic oxide fine particles,
spasdiebly wsitdezidngt loagersgahhs thakbeve-shécifibg rBfREAVe Hdox and
Al 28 is less than specified above, the resulting
thidatdssg Tayety bagormabfeach sslidonetrasmh Rty oS AO i
contain enough Al atons to trap free r’adi%a?g(%lﬂh%%(fxy resin,
utdthaheé eesihadiclaming eahabethd kb hSloREGr8 R coBAihhELE Sy
mgrate to the surface of the in’oré)anﬁgqu%oggglbﬁﬁlgn with
othar késihes, It hakeh¥o BEifsHddd Brohb f HoIa Ghsi i
t hereon. (c) Ig the case where ?ﬁg{ coatsfbrﬁgﬁfgéf8§lrﬁs§‘10ne orin
congsiRBeiohNeIthatBeFBRSHdEer X 881 QfneSIdshF RN, R A8 a0 o o
zi rconi um oxi de, and al um n%?lnlginledll&c’hfgsep?%{?ﬁ?eé? view of its
hesitlres120a 06, dRemid ' ' na. al um num oxjde in
FoacdlaR Rl A scdifh R Rt o o

the coating | ayer erns o

g ef erably be such that the ratio
GBI SIN oL AL LA S8 PRl Bl " 20 St

irf 95/5 to 7/[3 (h ight). If the total
toRRERORR I AT AR, RS it pbabetE e o imbhe Fomed fine

el W ll.be.many Zr and Al atgns to trap free

e BERS (o B PisbritE MR D Ad var TabiomEvpiedent B an
- ion, of. c act .coat.ing |layer. As the result, the
mé eag? (If {anualr%gearl %‘Cg‘é rcgtué’b‘?e}lr?oglﬂr“élcﬁlﬁﬁ dhea sak hagresium fluoride

igrate to t.he surface of the inorganic oxide fine
Sopa?%tdictﬁ?@élfn%]‘?f@?"éiﬁfogxi dizing the organic natter. If

t he tgtdgl .amount of Zrq 2 and AI2A3 is |ess than

speci Fi%€§ ARG ersatie thisshilm iis foroved by gvdtayecedsaiom the
conpact structure but does not contain enough Zr and
CO{ING CHMPOBIHIQYY eqntpiiagthdicomiponeTiheaitl) aind (G) defined below.
( radicals generated in the nuclear particles mgrate to
F)t hanoggaaesliesn corappund gepresenkediby thegepeardlifor@sia of

t hereby oxidizing the organic matter thereon.
RoRiePdentalwhere RE dehoteressrgai¢ beowohaiiig teartive groups

should be 0.02 to 2.27 nm preferably 0.16 to 1.14 nm

cagatdenof pelyaheriea tiemt Rodenotet an0pohHdrochibors eRAGS i X®denotes a
oxi de constituting the nuclear particles denotes a

hydrolyzable group; qis O or 1; and ris 0 or 1)

(G) silica fine particles having an average particle diameter of 1 to 150 nm.
An inorganic film formed by dry process (such as vapor deposition

and sputtering) is poor in heat resistance on account of a large difference in

coefficient of thermal expansion from the underlying organic hard coating

layer. By contract, the organic thin antireflection film formed by wet process
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conposite solid solution oxide and/or a conposite
oxi de cluster conposed of titanium oxide and tin oxide
w@ eoveloesdsng doped conposite oxide) or a conposPCEIRAOIH20247
sol uti on oxi de and/or a conposite oxide cluster
conposed of titaniumoxide, tin oxide, and silicon
oxi de (including doped conposite oxide). ' Moreover,
_the conposite oxide constituting the nuclear particles
15pl668 GRInareblota ¢ragking duringyhdaeire eoapanidterhyshaliSifference
_oxide containing OH groups at termnals or one which 3
upegeffigiend of Shesna hexpzomspas fiom blyslhat@dodih gl @ayel1€ Therefore. it
avsrggﬁ particle diameter of the inorgani;iOX|de fine )
ex@i4 irchest camidtanoe NgIn htldiicHvext 10 c6R0nd '
range of 1 to 200 nm preferably'%ﬁﬁo 30 nﬁ?ﬁbygﬂhgﬁ
appaeraage apdrdonsplex dhcilieiesanRAARNisA2P td ARy Sie fine
particl es experience bridging during drying (whén the
hard cFias dbnRgdi@gesup ] ' ens b O
mat eri al) .f%ri dgi ngp g?ﬁel‘\%g%t?%dggr}’l Bo?nmmslﬁ?ﬂwn 1é\ﬂgae aoryga(%veimh 18
anh OEEIGES $ak t L VI [ a hard .
e o s Aol TP HOm imelude,

coating layer |a
' [ [ t j f 20 th
e L TN R —
PG ey Pl Db P et B G it Fioupy pd B e pusrocarbon

oxi de fine par
' al pne or in combinatjon with other
Db epRRente YRR oRBfeer ol il Eipthy Legium ahghevous.
- tals selected fromS,, A, Sn, Sb, Ta,
b B8P el RSy DR, 53 PHnd n0 i mol beiwiirelnznble group
Lxture). and/ o onposi te axi des containing two or
' eﬁ%gr(sg%g%%g?’ X pelydesy r exqmy Eagli@%&h@t%@ gicht aemethoxy group,
ethnor ani ca&)a: de fine particles may be in the form of
PEOF BEHIR: 2 Tethoxvethayy srqups hedegen aravp sush aechlppe group
tJtani um oxi de having an average particle dianeter of
andl hronaggroim, amdcaeyAe%®y &89umsi dal di spersion in a
di spe)'rgi ng agent. (such as water, alcohol, and any
ot her 18f QAR BosiBrem gempound asribecoal papread (E) incdudes, for
avai l able from Catal ysts & Chem cals Industries Co.
exppple, Hazttriplkexyril anepwingfltridppoosaleate, 1t is a sol of
_inorgani coxi de fine particles having an average
Vllﬂdﬁltl?fc-n@thpmtlarrxsaﬁl@m,cam;atmmkokyﬁlm,ti cle of which
is formed from (i) a nuclear particle with a
acpylexyrropyBeialkexysstaalel nfethaonpesastopltaitROBRSIAR,
oxide of titaniumoxide and tin oxide or a conposite
meshadeylotypropgldiathosyhtbthylsianexy c@@&ﬁirhbmﬂa%)g%gane
and (ii) a coating |ayer conposed of a conposite oXide
[3'(6]‘4_'epd)Xymgnl_oh_léKSﬂH'e&hﬁltiiaﬂk&fysﬂﬁh_@Xhﬁ%caﬁoﬁ?%ﬁ%’?ﬁliaﬁ(oxysﬂane
oxi de of silicon oxide and al um num oxi de or a ’
y-anninppsigdydtioxikdeySilagé | i con oxi de, zirconi um oxi de and
al um num oxi de, which covers the

N-B(aminoethyl)-y'aminopropylmethyldialkoxysilane,l and tetralkoxysilane,
The silica fine particles as the component (G) include, for ex,a'mple,

silica sol which is prepared by dispersing silica fine particles (having an

average 'particle diameter of 1 to 150 nm) into water, alcohol, or an organic

solvent to make colloid. It is desirable to prepare the silica sol from silica
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nucl ear particle. The inorganic oxide fine particles
may be surface -treated with an organosilicon
W@ e0wpoesadg am ne conmpound, or carboxylic acid PcUaIR0a020247
tartaric acid and malic acid) so as to inprove their
di spersion stability in the coating conposition. The
organosi |l i con conpounds for surface coating includes
onal , difunctional, trifunctional, and

nonof unct i
flflgtr}agflllgf?@(h%\ﬁgg @F?%ﬁ’élrﬁéﬁmdQSIdSur Sach holkat BERbrous s1hca
na be acconplished with or w thout hydrolysis of
H9 MFW&%’@H’E@’ gt lﬂ)’b%r reﬁmﬁtmeelmdnesahanrmhdmubéj fine particles on
preferably be acconplished such that hydrol yzabl e
WS) Baaeor Sﬂ‘-‘{emt @n‘t@nedl ﬁ)henﬁntWchhIHh% d)wvtréxcj!‘e?]:sactlve lndex
however, hydrol yzabl e groups may partly remain w thout
tmﬁmcﬁgt@ﬁ‘ THEheeiore, thengeitivtg fihel dedesinih S EubX AEAbE- silica
ammoni um al kyl ami ne (such as et hyl am ne,
fine ipertiyleartiases ldve opfirapyVeaindik addskiredr opy! ani ne),
aral kyl am ne (such as benzylam ne), alicyclic am ne

(such Ese gboer mdnfRhedddlon KlaPQf(ﬁfE' difcd ﬁl&‘l%g)a%ﬁcles will be

nmonoet hanol am ne and tri et hanol am ne

d dgnl d
axcibedshl h 60N d SLARPRUHESfoABH i RG] n’?h 1 A %ép V\E%S can be

preferably be added in an anount

prodeced by 3hBirke thoddEsElb 8P I bﬁéu?e?‘se NG RE 3)2)%8 unt

of the inorganic oxide fine particles are ned

2001 -288c dESITE 84 dBﬁ‘i‘QB‘I%St% s%gh%t gﬁ{;geaﬁ%ft vﬁq j’g?}é @iagp AR ayprage

anmount shoul d preferabl y

pér@lc@dﬂn{etfe%f,fze'tFGi%o' Ay B3chl Sﬁﬁ%'lx? COMPRR eI, with

an excessi ve y SI’TH

a h
Sk S U ATTE et e o

coat i

usg. cra kln to the coatlng filmand
S Q%%ﬁfé&? EERAGHv BT O astaunof amall ppeasity.  With an

adver
the onent onstituting the coating
av‘éP o}g&ﬁl on df%?lef%g%ﬁ%‘?rdt 1?@@‘“}: rsilied partiglas abakesthe
or% &’? the general formula R1SI X . This
rgan05| chorrpound functions a s a binder for the

7 SR a5 v o e
.- %r{e&@aﬁéz ChemFale afsemiesiGohdddyhhdena supts name of
“Tllﬂf{{? L{}XJ \aflln?ly‘lL’ (r)%lf\/?E” ep’?‘l)ie commercial product is disperse sol
containing hollow or porous silica fine particles having an average particle
diameter of 20 to 150 nm and a refractive index of 1.16 to 1.39.

The coating composition for the antireflection film may be
incorporated with, in addition to the components (F) énd (G), a variety of
‘resins, such as polyurethane resin, epoxy resin, melamine resin, and
polyolefin resin, urethane acrylate resin, and epoxyacrylate resin, a variety of

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

It is desirable to add a fluorine-containing polymer or a fluorine-containing
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group, mercapto group, cyano group, isocyano group,
and am no group. X1 denotes a hydrol yzabl e functi onal
w@emap9s4ehi ch i ncl udes, for exanple, al koxyl grPOLP2005/020247
(such as net hoxy group, ethoxy group, and
nmet hoxyet hoxy group), hal ogen group (such as chloro
group and brono group), and acyl oxy group. There
shoul d be three hydr oI%zabI e groups, so that they form
MAROReT; Werediuse fhe seRchye sademk sbhe fluaring reentinih$ @olymér
Eu er of hégrolyzable groups is two or less, the i
S |Rr|e§ﬁjaé> be Age T highiis optined bywedymeesiiag ance. The .
organosi | i con conpound as the conponent (B) 1 ncludes, y
flpgringscompriaing viytltmpaokex psid ase be one which has functional
vinyltrichlorosilane, vinyltri(
groupstindxperizakie) withaother components.
al l'yl'trial koxysilane, acryl oxypropyltrial koxysil ane,
met hacFlyd aoatprgpymhposisloksy shé & having a low refractive index
g- gl yci doxypropyl tri al koxysi | ane, _
miayfopt e lyclye didttody Witk 2 ¥blvend! KRRYA whdl€alcohol, ester, ketone,
nmer capt opropyl tri al koxysi | ane, and A
etheanambpranpytit cbBlek@xysi | ane. These sil ane conpounds
as the conponent (B) may be used in conbination with
one afmid@atiddécR¥Sditioh T8y ti5d h USBW Ald-Llive ;
hydrol ysi s fcﬁg)t heir enhanced g%egﬁ?h%hg%cgeﬁ?%bve index,
whRIRRSthire b 8feddRil g&% Lomaoul d 0
oreferably be ihcor bgt?)g?cé) 4Kﬂ93£ 2%59?1888{1?’658@ pbsifica
fifOPRAYNEs as thde . Ihe pal yfuncti onal ,
epoxy cosrrpound ?Igl%gg\g/gg(@d %%ﬁ’ 883885@%3’6? IpAIrPeLppd with a
s L LN Lastic base.material. It also.
i twheqpﬂo‘kﬂ?egsigé IEIV@S' ot HEE Losrfage active

| mproves the water r n

e e Rl TR SV & oBhe i Pt i b e stabilicing agent

ayer.
LRQr i terjal .deposj tjon fuynctions as a
o B IARNE PR RIS apdhinRERLp bal Mgorespedye. Riiealeble dye,
antireflection filmjn the formof organic thin
ﬂ‘i"?igsrﬁeing dx¥8r§’zn§ RIGMERE wﬂ%%s ¢tIyap dmpsave bhe teateng
rnee%s vvartgﬁ{ resistance. |n addition, the '
PropHHes AL theoPeaoTRARse eh@ueddifnt organic thin film
is fo d fromthe coating solution by application and
subs e{[,iﬁg AtetRareess for drmng thy) antdedflectiondet iwids a low
éauses_ cracking to the hard coating layer. (The hard
reizaciysrdedyacludase fareaseasploallinping wimanimg epraping, and
itself and once for the antireflection film) The hard
flowgngi nghe djepingorapivninginethod is desicdblago &R a thin film (50
exposure to heat cycle and UV rays. The pol yfuncti onal
to éé&xx;m thiekband, cwiviedtsuirfazardfpladtexidpisl i ty to the hard
coating | ayer, prevents the occurrence of cracking and
henc eWihepribeemtyiefledtionfimveatihg low a8 hSlaRE Sndex is formed on

the hard coating layer, it is desirable to perform pretfeatment on the surface
“of the hard coating layer. The pretreatment includes, for example, polishing,
UV-ozone cleaning, and plasma etching, which make the surface of the hard
coating 1ayer hydrophilic (with a contact angle 6 not larger than 60°).

The antireflection film is formed in the following manner. First, an
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The pol yfunctional epoxy conpound includes the
follow ng: aliphatic epoxy conpound, such as |,6
weooanedsol di gl yci dyl et her, ethyl enegl ycol di pCyar2i99/020247
et her, diethyl enegl ycol diglycidyl ether,
triethyl enegl ycol diglycidyl ether,
t et raet hyl enegl ycol di gl ycidyl ether,
nonaet hyl enegl ycol diglycidyl ether, propyleneglyco
ongagbsidicdy lcoptpvemd ak freomh poregity @ lis dilgbed vddH agtdhnic *
tripropyl eneglycol diglycidyl ether, §
sol edirtapnd ik enegltyrpodol diigh ¢ gileh wateelor dilute hydrochloric acid or
nonapr opyl enegl ycol diglycidyl ether, neopentylglycol )
addtiglactd dy hyéidlgze thé gt gtaiodilicodl dd@ip Aind)GPREMIKLS). Y @lica fine
hydr oxypi valic acid ester, trinethyl ol propane
pattiglaccaditle @Ihiponedt (OIRARYiS)dHLRIA AN &4 '
et her, egceroF diglycidyllgéhgr, gI§EeF%%Mf%$%%§%thFﬂnwe
a €318 dishabirendth AeshsitBriobPSe 581 Wiy ceny) -
triglycggyl et her, diglycergf tetr35?§g+éyl eeﬁgp?ukﬂ
diBSEsRRT W AU dddoto {He ' BRI DL 9!
gt o 41 SNYELAE 64 e R AT e

tetragl yci dyl I pent etr
re loliQlori ' et i i dyl
ShitEte mRR o iy L D AU MR O B P it P
[ di ol .diglycidyl .
R e oD AR A BHEEH ot iy ebayred the
: [ d,. . [

OcGh A BB £ SR ST B9 SO conting
R e L R S
vol.ak pol ggI X&i yl ether, and cresol novol ak '

SOE ﬁg&ﬁ; &BH&H\/ et 'a @nqelpégaetlgbb;ghquh}g@ Huwt%, fibe coating

&&l | om ng ali phatic _epox.f conpounds are preferable.

SO, A9esRef Bive dt desiEschim dhirkness esemyhenayithe bifting rate is
gigl cidyl ether, triethyleneglycol diglycidyl ether,

re ‘r“F%%t‘h eollipPaR RECGESS gF Yhe ayimkaridirevolupiver Bl increased in the
di gl yci dyl ether | ycerol triglycidyl ether, and

SPHYIER\PEPERSS, anfdhe %ﬂm thigknedsyid nmneet ssabilydaygmat With a
The amount of the pol yfunctional epoxy conpound shoul d

comgendrataorp bowes thyar Discwt%r the Soatng@Solmtin daes mldids a desired

If the amount of the polyfunctional epoxy conmpound is

filmxtdhaesiass eyenrthiouightthe lifting ratatis grbayey in thed@®hih process
adhesion to the underlying base material, water

or tke nsndreresf remdluticxishiediutyd iPoé spirenhBiprbéessMByd kB %Im
to cracking during baking when the antireflection film

thickhess & wnvecessatiiyvemaldesn additiod, BdrQRiA DD ERGng rate or
coating layer. If the anount of the polyfunctiona

redyminy the mpowing: ofsre@¥RREH] ¥alstshaled8n doRBnBY PR Whirface,

| ayer is poor in hardness.
and this defect cannot be eliminated by addition of a surface active agent.
After application onto the plastic lens, the cbating solution is cured
'by heating or irradiation with UV rays. In this way the antireflection film is
obtained. However, curing by heating is desirable. The heating

temperature is properly determined in consideration of the make-up of the

coating composition and the heat resistance of the plastic lens. It is usually
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The coating conposition for the hard coating | ayer
shoul d preferably be incorporated with the conponent

W@ D)op/osasch i s an organosilicon conpound repr eBenirEdodnzo247
t he general formula of R2 nSi X24-n- In the above
formula, R2 denotes a Cl-3 hydrocarbon group, such as
vinyl group, allyl group, acrylic group, nethacrylic
group, 1-nethyl vinyl group, epoxy group, nercapto

5000 BNV° CC paéfer 4519 HD td BHFYRAN0 group, am no group
nmet hyl group, ethyl group, and propyl group. Also, X2
denot Bhe Fhitkaess YZaR! Sn@FditRtion e shoelausies, al e of 50 to
groups, such as nethoxy group, ethoxy group, an

1505HROWALHO0hi G648 0uhRYS: BEOHPThe S AS.AA) gi?ﬁldoesjnot

group and brono group, and acyl-oXy group nis

prgcliﬂ?{é%@éf@&.t hﬂmes* igleal ."i]'H?i‘éBé%‘i‘-thQ% %H@ﬂbfn&&ﬁ?ﬂl&o lould be

ane, vinyltrialkoxy silane, nethyltrialkoxy si

o LR o R SR v
L R
ongB iRl 30 2 BBl 38Rt A S BUBER R e

tin i | m opaque and causes cracking. These
Ofigﬁ)p@uﬂéé may be used al one or in conbination with one

anot her. Al so,, theorganosi]icon conpound as the
conpoﬁéﬁen?%fdsff%ar H1Rg éﬁ%s 3stiselens adoahieg 1o the present
. hydrolysis. The coating conposition for the hard
INYIHIQE SHEPBrarates Al Serably be incorporated
further with the conponent (E%ﬁyhich is a disilane
(Dc ofrhe urethod gnebistes adfirsf stee ofjfsranag drothaplastr lxasbass
I(RB.mM Y Si(RAM_ X43-m In the fornula above, R3 and
materieh ehhatshestadinglager from aowatingcognpegition gohtaging at least
met hyl group, ethyl group, butyl group, vinyl group,
thanempheeyts @veupl (Bidlefnbdiselewcindiaset@sd step of forming on the
hydr ol yzabl e group, such as al koxyl groups including
hand cbabtiyg dayapan ergrody thirofihn wnah matireflydidofymorhich, has a
hal ogen groups including chloro group and brono group,
refaactiee i dpgylogre@thamthat 6f tiie Hardeadeingt Bgeabyai@dddésCthan 0.10

group having a carbonate group or epoxy group. It is

an@x@8phh$ aethidielew.of 50H3AEDRRCH2 CH2-

(A) inorganic oxide fine particles having an average pafticle diameter of 1 to
200 nm and containing titanium oxide of rutile crystal structure,

(B) an organosilicon compound represented by the general formula of
R!SiX13 (where R! denotes an organic group of carbon number 2 or more
which has reactive groups capable of polymerization énd X! denotes a
“hydrolyzable group).

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

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

the components (A) and (B) defined below and a second step of forming on the
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IO -CH2CH2CH20COCH2CH2CH2- |1 O - CH 2CH20C0CH CH20COCH

CH2- Il Il OO -CH 2CH2CH20OCOCH 2CH20COCH 2CH2CH2- | |

WO R00©02k69 CH2 CH2 OCOCH2 CH2 OCH2CH2OCOCH2CH2- | | pET/6P2005/020247
- CH2CH2 CH2 OCOCH2CH2OCH2 CH2 OCOCH2CH2CH2- 1l Il O O
- CH2CH2CH2OCCH- CHCOCH2CH2CH2- 1i v " O O -CH 2CH2COCH

2CH CHCH 20CCH 2CH2CH2- - CH 2CH20CCH- CHCOCH2CH2- Hv O

0 These disilane compounds may be synthesized by any
hﬂ%ﬁ?\a 1 %i@é@ an\py &ﬂrﬁrﬁﬁ blyigt f1lam asddi antireflextiom film which has a

betmeen di al Iyl carbonate and trichlorosilane and
r@ﬁ%iwlﬂl@%dﬁ‘y?athm thalh@ﬁﬂln@rhapﬂa@emg layer ¥eR0t less than0.10
addition of trichlorosilane to a conmpound havi ng ,
andaded baah thickmess ofipalsb d56fnmgdi ti on reaction at both
termnals and an epoxidi zable functional group in the
(4)n nigorgramic cxnde fns mmglcmsﬂmwhghh%eﬁé@ pﬁi‘ﬁblleatﬁﬁmeter of 1to
compound i ncreases the curing rate of

2@®ani agdcoptEininga coﬁi}%sit@@x@@@@ﬁtlﬁéﬁlhﬁg oﬁﬁfeear((gf'ﬁ% oxide or a
hence the reduced curing tine) |lowers the possibility

confipattitst oxéidd of jpthivh &Xidd, itek bRletdhd Bic6A %35&9 withface
during application, thereby i mproving yields.

rutfleagpecrydthllpjeoduces the effect of inproving
dyeabi lity, reducing the amount of pol yfunctiona

(B Py organosilicon compound represented by the general formula of
R!SiX13 (where R! denotes an organic group of carbon number 2 or more
which has reactive groups capable of polymerization and X! aenotes a
hydrolyzable group).
(3)  The method for producing the plastic lens according to the present
invention is characterized in that the inorganic oxide fine particles defined in
(2) above include those which have a core/shell type structure formed from (i)
a nuclear particle composed of a composite oxide of titanium oxide and tin
oxide or a composif;e oxide of titanium oxide, tin oxide and silicon oxide, with a
rutile-type crystallite, and (ii) a coating layer composed of a composite oxide of
silicon oxide and zirconium oxide, a compoéite oxide of silicon oxide and
aluminum oxide or a composite oxide of silicon oxide, zirconium oxide and
aluminum oxide, which covers the nuclear particle.

(4) The method for producing the plastic lens according to the present

‘invention is characterized in that the organic thin film as the antireflection

film is formed from a coating composition containing the components (F) and

(G) defined below.

(F) an organosilicon compound represented by the general formula of
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conmpound, and maki ng defects (such as scratches) on

the base material |less visible. The anount of the
wale@sigiaes conpound shoul d preferably be 3 to 40CTWE£005/020247

particularly 5 to 20 % for solids. An excessively

smal | amount does not produce the effect of

accel erating reaction. An excessively |arge anount

makes the coati nlg filmpoor in water resistance and
R&RSeRi&Asqt treherst K1 flérotes anherganat grogpsind vihigaRaciibe groups

coati ng conmposi tion for the hard coating |ayer may be i
capabde pbpelyebiiatior Ridémges atGi-ylsg droahtthnugih gy rxsngmotés a

is possible without catalyst). Preferred curing
hydxodyyzpdils grog;ugis per thandatie (@uph as perchloric

aci d, anmoni um perchlorate, and nagnesi um
(Per silitafatea)artates khangtanaterdpayj aiglc@atahﬁetezrath'r)o 150 nm.
( ﬁhoélll}il)meNlL(%l) Beg&l) H(;,e(l Iél) éTa(I 1), Ti(

5 d hethed fdrlprod the, pI¥Etit lens I I

AT, Ce(l\/)ﬁ Zr(l\% or V(I a%t()hglcgtr?f?{aeﬂ’leg?a?

in&bAtibnaFcAfraciEFined a¢ tHa( ﬁﬂacglh@ﬁ fﬂteytﬁdﬂﬁﬁes &&Y‘%lééds it kéﬂ’above

and netal salt of organic acid ese exa

ardBHIRS HALBRIbsat e and acetyl acet onat e of AI (rer)
or Fe(lll) are preferable fromthe standpoint of

(6%g?‘g@%&ﬂgﬂ%ﬂc{rgﬁgaﬁ?in%ewlégtiﬁft%gs ?&Bg o0 O/tthF(H,resent
TR IR PR A L GEATD v
S 8L B B AT g

ona corporated with the
# c(:)’%qﬁ%e)gg%nglpgeéggmgf%%rﬁﬁ “Hfrounts in addition to
h ve-nmenti oned conponents. Metal chel ate
[E&aﬁ%) % surface active agent antistatic agent, W
absor b’fﬁé ant xi dant. sperse dye,. oil-soluble dye,
pi gment ° PABT HPB?\‘PV@né’H fescriied i 10 gRre Hetail with
t abi IJEZ| ng P gm such_as hi ndered am ne and hi ndered
re%ﬁ elesinlewyvehichgreonet inendeshta reptpict plae séape
and curing rate of the coating solution and the
%@Pforrrance of cured film Before application of the
coat.i ng corrp05|t| on, it is desi rabI e to perform
Quplgs ®ANHY paratiiee Hay ® base material to
|npr ove adheS| on between the base mat eri al and the
coat i hgamiples 1 so8namlCoagmrative Examples 1 to 5 that follow

demonstrate the effect produced by each component in the coating
composition for the hard coating layer to be formed on the plastic lens
according to the present invention. The resulting plastic lenses were
evaluated in the following manner. |
(1) Moisture resistance
Lens samples are allowed to stand in a thermo-hygrostat at 60°C and
100 RH% for 7 days. (Model PR-1G, from Espec Kabushiki Kaisya) Those

samples which show no change in the surface are rated as “good”, and those
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treatnment includes treatnent with an al kaline or acid
solution or a surface active agent, polishing with

WO pm6gesasT or organic fine particles, and appl PCEIF2005/020247
of primer or plasma. Application of the coating
conposition may be acconplished by di pping, spin
coating, spray coating, roll coating, or flow coating.
After application, the coating solution is dried by

sateplesghigh stow sligidciariger instheenatfadechutsareThtistichaye
is obtained the desired coating film The thickness of

aachptdbde dre vatddnas 'fay€r shoul d preferably be 0.05 to 30 .
nm At hi ckness snmaller than 0.05 mmis not enough to ,
(BeaWesheheedistudmeent al perfor mance. At hi ckness | arger
than 30 nmis detrinental to surface snoothness and
opt i Cilen@@afnqﬂ@@@@exﬁb@dpﬂoaéﬁhﬁsﬂi%@%@&%%i“%é@ri( Jdag

present invention has an antireflection filmon e

WIBHL- S UNH CNrohf Beka TERE Iﬂgﬁﬁﬁﬁtnti(ﬂ}{,emjd.pafﬂfa enon lamp for
characterized in that the antirefl ection fll mxhas a

80 Bbuct TRy iswhi hd; har
coating | afe?ﬁg‘?sﬁgnfgggﬁltlﬁgﬁ%g 1 %%%ai%r%e %%g raf%dd

acebidihef [ i I organic thin filmhaving a
t hi ck%eggﬁgffag%&%dogﬁ%%rﬁ% The organic thin film
const ig ut:i antireflection filmis not
speci f()?calx{yicﬁr%e}g%eri cted so long as it has the
above(§peq%Lhﬁg refractive index and thickness. It may
be formed froma silicone resin, acrylic resin, epoxy
resin, urefhane resin, nelamne resin, or the like,
al one or in-conBi nation with other resins. It may al so
be fokned:from nononers of such resins alone or in
conbi nat i ®F°HPEh ot her nononers. Silicone resin is

(:@r eﬁ&gg}abl e i.n vjew of its heat resistance, chem cal .

esTOPEHER of SHTECE dFeatinglaver Ahad comteng Hvier emiddow xafractive

. (}.‘li I@é,of silicone resin has a low refractive index. It

index {ayer)-apl e t o incorporate the silicone resin with an
inorganic matter in the formof fine particles to

Thepirce warnagdares dradcoatingddyersand dowaefiactonrfiley). is
Such an _jnaorganic matter includes colloidal sol, such

tested dp1 adhesion to thehersy basef maseriakamokdingtd HA Drag02 (cross
fluoride sol. A desirable organic thin filmis forned

cupiesibt Dhoeesfacs phmlemesamald isgsoribedosithi DRniforih aientivgl and
t he cogqonent s (F) and (G defined below. (F) an

hovizgared glitdotimscunpoenvals epleseoerhalyl 00NeGEBEEA made, each
formula of RS rR6qSi X54g-r (where R5 denotes an

megsgamigc]l guadyy hawinng A piet iof eelisphtise tape (“Cello-tape” from

Nichiban Co., Ltd.) is firmly pressed against the squares and abruptly pulled
in the direction at an angle of 90° to the surface. The number of squares of
coating film remaining on the surface is visually couﬁted. Adhesion is rated
~according to the following criterion.

© :100% squares remain

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

A *not less than 50% nor less than 95% squares remain
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capabl e of polynerization; R6 denotes a Cl1-G
hydr ocar bon group; X5 denotes a hydrol yzabl e group; q
W0 2000/028469 ; and r is O or | ) (G silica finePCT/JP2005/020247
particles having an average particle dianeter of 1 to
150 nm An inorganic filmformed by dry process (such
as vapor deposition and sputtering) is poor in heat
resi stance on account of a large difference in
coef f i €i enlespthah&Ofabaexqeansimaninf r om t he under| yi ng
organic hard coating |layer. By contract, the organic
@hi fcaatchrefistahcotesti | m f orned by wet processis |ess
vul nerabl e to cracking during heating on account of a |,
smal | Icirfsf emeples arg rabbéd watlesteediwddd €staai w%ﬁp#?@@(?ﬂ‘om
fromthe hard coating |ayer. Therefore, it excels iIn
Niygatn Sesl Wesld., Lod pesthhidhe tWetindO688S g?ﬁaﬁfof‘i’. . The
vacuum apparatus and conplex facilities an ence i g

rubbeyl dagnSla ke Qidual FNex Ah ORI for SEAHRREERAASER . RYaR: to
in the formul a above (which is an organic group %aV|n§

thecfalbiwYi8g 8FiGsIsn capabl e of pol yneri zation) incl ude,
for exanple, vinyl group, allyl group, acrylic group,
‘qﬂEﬁ&ﬁQ&yhi@’Q&ng, epoxy group, nercapto group, cyano
group, and am no group. The G -6 hydrocarbon group
repreggnt-egh RygR6 i ncludes, for exanple, nethyl group,
et hyl group, butyl group, vinyl group, and phenyl
groupg)The7Hygrolyzable group represented by X5
i ncl udes, for exanple, al koxyl group such as mnethoxy
groupzkeLQp§y4group, and met hoxyet hoxy group, hal ogen
group such as chloro group and brono group, and
acyl oxy group; The organosilicon conmpound as the
conmponent (ﬁf i ncl udes, for exanple, vinyl

riglkoxysilane, vinyltrichlagrasilane, vinyltri
(@_ ngf Wi@toﬁ’o éﬁ"gvrﬁé’auféﬂl ;ﬂ%f]f i far kb here spating (layer.
acryl Qxypr.opyl tri al koxysi | ane,
net h a&%‘?’ﬁk‘% l”%?pgy‘lnlaﬁﬁ ﬁ%%ﬁéi Ragihe of propylene glycol methyl ether
cryl oxypropyl di al koxynet hyl si | ane,
a@mp%% EQ,BWIP}{P éllllngy(é,lRE\%%/,Aﬁﬂ’-’ ¢@nanercially available from
epfx cyclohexyl) ethylt rial koxysil ane, ‘
Cata Y@gi)%foﬁhéﬁym iladrpekyes Canditdg Eiptotakepyl 207 (JARIGRYAS)”
. silane , N-b(aminoethyl)-
1s gsghtonspinpg 2w of iabkgamis okateefinapdrtieles dhkwing an average
silane. The silica fine particles as the conponent (G
partfigletiemeter o£XQmphedispétsedan snbthaltiolthieSp At RBAHLE HM is
diifersing silica fine particles (having an average
forpagat froheadivwietepaifcld compdSl ohdorhpéditeestide of altaaleh oxide,
~or an organic solvent to make colloid. It is desirable
tint @xige eparslitdre ogide withsotufileoffpsi driy 6@RMIAL RA 4 £64ESe layer
havi ng pores or interstices inside. Such hollow or

copposedBostdmpesitd GeidB I kilfdofS @Y Gnd AiRNREuME a8 A YE whose
index than solid silica fine particles on

surface is further modified with a coupling agent.) The resulting mixture

4

“was further mixed with 226 parts of y-glycidoxypropyltrimethoxysilane and
40 parts of glycerol polyglycidyl ether (“Denacol EX-313” from Nagase
Chemicals, Ltd.). To the resulting mixed solution was added dropwise with

stirring 62 parts of 0.1N aqueous solution of hydrochloric acid. The solution
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account of gas or solvent contained therein which has
a lower refractive index than silica itself.
wabmeedase, the coating filmcontaining such hedT/oRr2005/020247
silica fine particles has a low refractive index as
desi red. The above-nenti oned holl ow or porous silica
fine particles will be described in nore detail in the
following. The silica fine particles can be produced
why stileednfer HollowlissoibaHdwid td apanefe Pahedts. Lapdaepsied
No. 2001-233611. It is desirable to select those i
sopatrion etexs added!8 hants odFefle) agfyPasdtbahe Sh@BEHhs 0F silicone
20 to 150 nmand a refractive index of 1.16 to 1. 39. ,

sub4dtann(‘aveoauepar Nighsh Urasmt €5mpanl! Gimtodn 2% \Wiution
the silica particles do not give the desired | ow

waebfifed f6e 4 A% LH fR6REN o fark Ry 2@%@8@..t yI‘}Elxg 8% as
average particle dianmeter larger than nm e
i34 i : i €761 il azy.. Th
O BRI QIR ALATEL AT A e
f Ik . & Chenj.calis
cepnpeshation SRR EULEOTERLALTHE 1 GISTLSR Brer

I ndustries Co., ! .
di spetsiigife st frok F4SENTS ro%'g?%wﬁ%’? %f%cgfi iyl ether
. i . . 2
arfEL00F bR Dy %{fl&?@ﬁ@é@%ﬁfﬁéﬁeo%%n”%cfi%ilf e ail% from
e G S A T

.and, (Q, .a variety of. resins, such as pal yurethane

1s fs0f ﬁ?&f&%waé‘igit% 0{1%105%% %‘gﬁ ﬁp@ Mtlséwbaémgnan average
resin,. uretha acrylate resin, and epoxyacryl ate

periigle liadicfar poi) 90 fiHEreAan TaghiRnel, the PattIge af which is
acryl.ate, epqu, and vinyl, for such resins. It is

formaed from @ nerleakpartiole spmpesed oheamnpsite puidgradititaniam oxide,

. fluarine -containingnononer_to reduce the refractive

tiny prrde anphalicpn gxideewithonratity-tipepotygradlite rowd al coating layer
preferably be one which is obtained by polynerizing a

compppebef ermpewite exitiernd silicopl oxide emer zisrwhiaisaxide, ané whose
whi ch has functional groups polynerizable with other

sutfgap enburther Tvdifiedwiitly aconplisitigent ) orThdeedudsiap mixtur
having a |l ow refractive index nay optionally be :

wagh funthed mixed witho22@ partssfghglasiderypropyri@bthoxy@ghae and
ket one, ether, and aromatic solvent. The coating

10¢ prptsoft teorarhethdxiyeilhayer Toithd résuloiwg i ¥cacddlutioh e added
whi ch contains an organosilicon conpound as the

drepaiseveith stiryingniRGphiteaf Di ¢ apacbussA8td8 It drochloric acid.
conponent (G, may optionally be incorporated wth a

The solution was stirred for 4 hours and allowed to stand for 24 hours. To

the aged solution were added 2 parts of Fe(III) acetyl acetonate and 5 parts of
silicone surfactant (“L-7001” from Nippon Unicar Coﬁlpany Limited). The

“solution was stirred for 4 hours and allowed to stand for 24 hours. Thus
there was obtained a coating solution (abbreviated as H-2) for the hard
coating 1ayer.

(8) Preparation of coating solution (H-3) for the hard coating layer.
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smal | anmount of the follow ng additives. Curing

catal yst, surface active agent, antistatic agent, W
wa@b®enirasy anti oxi dant, |ight-heat stabilizi ngpamarnos/020247

such as hindered am ne and hi ndered phenol, disperse

dye, oil-soluble dye, fluorescent dye, and pignent.

These additives inprove the coating properties and the

performance of cured film The wet process for form ng

the apth8hkeGasaRallé FOMMITE ParkoOvf pRIpya&Hd ¥BcbHR%hyl ether
i ncludes, for exanple, dipping, spinning, spraying,

ananfbdd e Qf “CBB@oleQH'lQQZQ!IlRU' mms)@c%m&dl@ ilable from
desirable to forma thin film (50 to 150 nmt c%

Ca@aB}‘é’Eé’?{jCﬁHﬁﬁ@él I fiugfﬁxﬁs[ cs gRs. W;ﬁeléﬁ%euz Z (11RU- 7/A8)”

antirefl ection owre t|ve|n 'S

is K% (glt%]n té’x%r 20 rren &' ik %yi? e fihd %\?1&1%%@ Igflggm% 49 average

per orm pr e sur ace
ti S, [ ,ex
paffifte Jlims¥ihe 1d %ﬁ%ﬁﬁlﬁééﬁsﬁﬁqﬁ%ﬁ%oﬁﬁﬂa > il TRk is
make the surfage rd coa
forﬁ%ﬂf E'ﬁm ot R I someb g O b R3fe ?gﬁlb"#%&ﬁlde tin
60) . antlrfletlonfllmlsf din.t
oxtdlg ind PlisOharils v paReleidbe St e L arfpating laver
the c onent . iluted wi.th an organi c sql ven
comRgsThar SIRaPEH améism? Hisen exige pad igtodiugy ogflpyiad whose
drochloric acj. r .acetic acid to gydrolyze t he
Subﬁ%@%ﬂﬁ)m hepm WL ajcoupbpgageny-)” Sifheckespitipg mixture
particles as. the corrponent (G are dispersedin an
wagrigather maradenith b7 Qpapisrad vaslysidogyarensd ramsitbexssikamea 101
concentration of 5 to 50 wt% The col |l oi dal di spersion
parts ofdetenmethonpsdanetansh4@ partscofiglyearob poiyebyridyl ether
conpound. The resulting m xture is given a surface
(“‘Rextacob EXg8h3” from Naghse &ieoribals, L‘hdlg-l o¥o dhetreswting mited
necessary. After thorough stirring, there is obtained
soltmndess rdded dabpwiseswitht stinring 164 panteott @.4N aqueous solution
(solids basis) of the coating solution is adjusted to
of By&rdochldiac atih [Itef @latiby wiad stil@dvioPe Hoairs el alid@wed to
of solids after curing. Wth a concentration higher
steritbfor1Bt Wodhs. t e theaddadgsclotivh iviired@Ri A pairveofFe(111)
desired fil mthickness even though the lifting rate is

acétglidesdniabe hRa ThH Rtk sHIRSE SurfictiRE(DMEE ®ém Nippon
revolution is increased in the spinning process, an

UdiB&r ColdPady EXRRES).| STHOESCERANAS ¥tilRIdRr 4\/1‘61@83&nd allowed
concentration lower than 0.5 wt% the coating solution

to l@@aﬁﬁi PRI OhY&rd 48Rl @frk Y ambﬁmﬁé%ogeiﬁg sblipgh the

ifting rate is increased in the dipping pFocess or

(aBievIHBRES n}gf3)ff81\/?+¢1}rhh?(ﬁcé ihEfiged in the spinning

process, t he I ckness “I's unnecessari | Yy

(lﬁnaﬂ’llepalrgmeﬂ%iftchgﬂngis@ﬁ{t?(ﬁf‘ (%) EBethd hhid BodtBh& 18er.

A mixture was made from 261 parts of propyiene glycol methyl ether
" and 1000 parts of “Optolake 1120Z (11RU-7/A8)” commercially available from
Catalysts & Chemicals Industries Co., Ltd. (“Optolake 1120Z (11RU-7/A8)”
1s a sol éontaining 20 wt% of inorganic oxide fine particles (having an average

particle diameter of 10 nm) dispersed in methanol, the particle of which is
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reduci ng the nunber of revol ution causes uneven
coating on the lens surface, and this defect cannot be
webiogiyrased by addition of a surface active ageait/JP2005/020247
After application onto the plastic |lens, the coating
solution is cured by heating or irradiation with U
rays. In this way the antireflection filmis obtained.
However, curing by heating is desirable. The heating
f%‘r‘?dﬁ‘affb F‘é“i“%eg r%?)'é%‘ﬁl? corapesed peepmpositmexiderddttitanivh oxide,
t.t he .gake- up..of the coating conposition and the heat i
Wefice andestieon pxids) wtthi o rutalestypetcrystaikiteglangsg ct £t 0ayer
C, _preferably 80 to 140 C. The thickness of the ;
CARPPY ‘Pé@ﬂlm’ﬁltq oxids lod silicobeoxide ahd #izoogeu@f 0:88e tohd whose
150 nm W¢th a thickness outside this range, the
s@ifere e fratheromoflified wodsanouplingdgent.) t THef feeltind Mixture
refractive index ofthe antireflection filmshoul d be
wag dnrtheatmixed wthfmemesfofqrg1yaabxp§robgmﬂﬁéﬁ{d>wsngne 63
hard coating l|ayer is not smaller than 0.10, ’
pprtefoédidlanenatmpomid ENSKar0 fidm TokS aRiLE8! ablay) 88k 40
smal Iﬁeghiahan 0.20. To be concrete, thé refractivé’
pantdef ghverdlpdigglyvidyd etk @Bedhicdl BR-313” - -
Lg}e;hod for pr od%gi ngmt he@B(Igast [ géll}:g%sglg&cg%ﬁiﬂgg S g}ﬁ%mlcals’
s €fu thenkenliing vhiked WoTE | ' . The .
nmet hod i ncl udes g first st e%ﬂggs?ﬁ&gr%an%&gﬁjl§%é)nb}f %{%‘E‘ileg 60
pdrensf DA agabehis %luﬁlo%aéﬂlﬁﬁ%&lﬁl%gﬁl E" ThE g?@tfo%’asvlgg gtirred

conposition containing at ‘|l east the conpone

fot B)hailgkiandy] ep nof, . fornmi,ng,on the
o tad e B0 538 B P TR T e
dIRHi 7 §f j ' j s.a refractive index | ower

Ran T et g%?ﬂ:%@ ﬂ%?&%’ég&{&?%g ﬁt%;?é‘:a %WWStO‘%ISé‘é‘?n@rﬁdﬁfactant

(“1769 la%nilll\ﬁ?ggﬁ% ﬁlc&p i&)ﬁ%}s‘g’sﬂhﬁ{%%ﬁgo a’f;}?g\g&wé@&ﬁ\)was stirred

i norgani c oxide fine par
| i of 1t nm ang, cont ai ni ng _
fof Holufs Snl AT L éagfoé}rsst béltslﬁlé}“e VB obtained a
: [+ 1.C (of0) und r. sented by the general
0 6?%?@1&% n%l |r§(npa?te\ﬂ@ls£%§?%ﬂkﬁ hardepading liyergr oup
@f p rb(%n nunber \% or re \ﬁgi§h has reactive groups
CapabiPe 8HOBSILFRRHRE solwhom - B fortehard goating layer.
hydr o}é%&gl e g,r oup) . é;rZ) The nmet hod includes a first
step PR W@sdRade drase 26dinartepbptapsdenaglycobimeshyl ether
Bgl:@ coat i ng“baéﬁr froma coating conposition :
ang 430 pa16s obf Opealake 14204 S3RBh AL 1) AyorantbréB) lyckeddihgde
£ bel ow and second step of form ng on thehard coating
ropy {r@talystofogahemieals AndustricesCan Ladt i ¢“Efftekikicon 207 m

(dﬁi ch has a refractive index |lower than that of the
SHHdiap/ddat iiag salyentainimoR0Ivetds of heorgAniclékide fine particles

(having an average particle diameter of 10 nm) dispersed in methanol, the
particle of which is formed from a nuclear particle cofnposed of composite

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

agent.) The resulting mixture was further mixed with 226 parts of
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and al so has a thickness of 50 to 150 nm (A)

i norgani c oxide fine particles having an average
w@abigddes di aneter of 1 to 200 nm and cont ai ni POT/&P2005/020247

conposite oxide of titaniumoxide and tin oxide or a

conposite oxide of titaniumoxide, tin oxide and

silicon oxide, with a rutile type crystallite. (B) an

organosi |l i con conpound represented by the general

Y-%?éi%k%%ﬁfpgﬁ%ﬁhéﬂhdﬁ%ﬁﬁﬁe Bllddmlghﬁ% @rgl%&aﬁb&gggﬁaggﬂ eé?er

car unber 2 or nore whic

has reactive
« 0 ' j 1 ot . .
CIFRRE| BIORIPLYIE AR ORI A0 95 B renlups pied

solglh:ﬁﬁlt W%(sa laﬁﬁ%%%ﬁﬁ?ﬁéﬁ%ﬁ@sﬁﬁﬁl% %9%%%8 bmﬁﬁf %(gﬂe(;\f's solution

aracteri ze e I norgani c oxi de

of Eg@%oic‘flllc?rslc gelfd.lngfﬂlelt Qol&giz){l%)ég V%tili*r% lfgxd i(ﬁ(ﬁ)r%erﬁn# %ligwed to

e a corers ype’s re Torme
st et A RBlse T RS0 BoB e BsS PR GAde P acety)
AL S PR VIGAR B
Cop RO S el Ph SaptipBet s serublosr Bpercent aipaed to

and _al umi num oxi de Qr a conposite oxide of silic

n .
stagid e 24 hoisni driwsdheae avas ehtamatianceziiag soliiem (abbreviated
covgrs t he nucl ear particle. (4) The nethod for

as gF-6y fien thy hawd enating laveens according to the present
invention is characterized in that the organic thin

(@i | Paeparatienafcpadngsotution fili6hipstheohardicoatong dayer.
coating conposition containing the conponents (F) and
(G démddrévlaswnadefroam 264 gertsof pxopylamnglygoldmethyl ether
represented by the general fornmula of R5 rR6qSi X54q-r

an(vito0ep B%s d€Opbsake 102GARI (A 1BEbUMASHAcomaneredadly weailable
groups capabl e of polynerization; RGdenotes a C -6

froy drasabrsbo & Ghonpcal¥XIndasaiesCa., Ly df@ptohiiecl IROAID!
gisOor 1," andr is O or 1) (G silica fine

(11RUt7/8BESishays NG ndfindi € 2832t % af ihsrganit &dk €ineoparkidles
150 nm (5) The nethod for producing the plastic |ens

(hE68rGi AeeriagetpietiRlediiMetePVEND iRA) dEpehdast QetRatbli the
that the silica fine particles defined in (4) above

pafi€le W 100h A fRIPH Y FrodN8Shud@r JARiIB LA o0& of composite
produci ng the plastic | ens according to the presen?
oxide of titanium oxide, tin oxide and silicon oxide with a rutile-type
crystallite, and a coating layer composed of composite oxide of silicon oxide
and aluminum oxide, and whose surface is further modified with a coupling
agent.) The resulting mixture was further mixed with 226 parts of
y-glycidoxypropyltrimethoxysilane and 40 parts of glyﬁerol polyglycidyl ether
‘(“Denacol EX-313” from Nagas;z Chemicals, Ltd.). To the resulting mixed
solution was added dropwise with stirring 62 parts of 0.1N aqueous solution

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

stand for 24 hours. To the aged solution were added 3 parts of Fe(III) acetyl
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invention is characterized in that the silica fine

particles defined in (5) above are those which have an
war@eagaeparti cl e diameter of 20 to 150 nm andP@r/JP2005/020247

refractive index ranging from1.16 to 1.39. [Exanples]

The present invention will be described in nore detail

wth reference to exanpl es bel ow, which are not

intended to restrict the scope thereof. Exarrpl es 1to

ac&oﬁﬁ@e gﬁmﬁﬁtb‘(ﬁ si@MR| K fakth Rt B1FGP! £5mL g}%})d% @@ﬁicar

Conparative Exanples 1 to 5 that foll ow denonstra

% SLﬁﬁitea OGPHﬁgoﬁgﬁw B GRIFP ﬁﬁt4 haugggng%ﬁto At

t1on or t oatlng ayer to orne on ,

stlfIERBERrd T ACOR AR I RGRARE SHTNER) [ Bbreviated

resulting StIC enses were eval ua

ol isture resistance Lens sanpl es
as&?ed)g owe%g]i (gatt x%layera t her no- hygrostat at 600C and

0 RHVf
(RapkEmAer kg o £§3¥3%ﬁ%§®%%5ﬁ d f%rle%ﬁaﬁffaﬁmn%ﬁ%e
in the surface are ra and.t hos
i crESRINGAET Fgfman R Bheaflate of pEe ek gﬁmgfp thyl ether
ctically_acce bl fair", '

anflelfiganos bf SDnrdake aie0eRhibhl 2BAg) ﬁB%’éﬁelf%al&Y available

sunshi ne weat her neter (Mdel WEL-SUN | from Su
fropa S1atplysts fnehemdeals Indysyrieg €p., At Qen&pﬂtﬁiﬁkef bk2

hours. They are visually exam ned for surface change
(BRH25/ABE disare @@r@nﬁglmagt%‘v%mf GWW@IW pxigeifine payticles

change O : cloudy D : cracki ng geel ing (3) Adhesion
(hayving af average gweticle diayeeter o0& Bdimbdisprysddayremetihanolovhe

refractive index layer). The surface treating |ayer
pafhdedfvdachng forayed frmmd al roveleaf patidle nofmipbsdd bEcdmposte

for adhesion to the | ens base material according to
oxiHeD BB exids stinutxide ah)l .silidom exidé adeh af rdileaype

sanple is scribed with a knife in vertical and
crystallite, and a coating layer composed of composite oxide of silicon oxide,
zirconium oxide and aluminum oxide, and whose surface is further modified
with a coupling agent.) The resulting mixture was further mixed with 226
parts of y-glycidoxypropyltrimethoxysilane and 40 parts of glycerol
polyglycidyl ether (“Denacol EX-313” from Nagase Chemicals, Ltd.). To the
resulting mixed solution was added dropwiée with stirring 62 parts of 0.1N
aqueous solution of hydrochloric acid. The solution was stirred for 4 hours
and allowed to stand for 24 hours. To the aged solution were added 3 parts of
Fe(III) acetyl acetonate and 5 parts of silicone surfactant (“L-7001” from
‘Nippon Unicar Company Limited). The solution was stirred for 4 hours and
allowed to stand for 24 hours. Thus there was obtained a coating solution

(abbreviated as H-7) for the hard coating layer.

(8) Preparation of coating solution (H-8) for the hard coating layer.
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hori zontal directions at intervals of Imm so that 100

squares are made, each neasuring 1 nmmby 1 mm Apiece
wo@booeehi4ephane tape ("Cell o-tape” from N chi barCZor2005/020247

Ltd.) is firnly .pressed agai nst the squares and

abruptly pulled in the direction at an angle of 90 to

the surface. The nunber of squares of coating film

remai ning on the surface is visually counted. Adhesion

i s rathdoaizegsdintipn @bbheviatdd ankhg) forithetiagh cobfihg layer was

100% squares remain O : not less than 95% nor |ess i
prapared @0 vhe gamessay esanrprBparatién betise tdamoaubRh (H-1) for

| ess than 95% squares renmi nX | ess than 50% squar es ;
threehaichedadin Stayat, adxcept tsd tatheesol 68 indrgBBiSAIRE EhedS frticles was

rubbed with steel wool (steel wool #0000 from N ppon

repllead B alsoCoontalihithe) 20 at8N6F inbBe4180 okidEs i '
| oad of 1 kg. The rubbed sanpl esgareovi suafligg)%gilgrﬁﬁsr%avmg

i aw DfiRSe dithewd ' i ' i
. cri ?ﬁgireg?]. "1" (poor )rqiiﬁl%gﬁ%(ﬁg%gso%?n{( gg‘et?%{)ﬁ%g%aglide of
Ridhois@ofned 5 ' i ' i
T R
A RSB e S 28 | ene col
tlmatﬁl’%yl 6}§td her ang%(i%%gmpar?t 3 po# Bﬁa%{sgﬁté/%gy%x%iﬂ{ »and a

coﬁﬁ%@h}éﬁ&)rﬁpﬁw &J'n@)(gs)fteﬁt?)gli!a ?P agitct)frlgq%né&e?%xglg%%cgn%m oxide,

Chem cal s I ndustries 0
ALV BB RO AP S0 St 0 S
TR o il PHIAE Tt Gyt & el dodustmes Co.
LG FRA3h b ue Pt o Ot P widlafl te, “and a

O B o GRPBRecael ot SOk b Dard soeting layer

it URGORREEGTHHER (A RsyiUpHiAsIE0) dat i bard conting layer was
préﬁ%@i@ﬁ: ypropyl tri met hoxysi |l ane and 40 parts of

olAfaf Wavdgs IreprRnaratipereddbe cextigg 3oldtian(H-2) for

I\lg\%a e Chem_cal s, Ltd.ij. To the resulting m xed
the bard coatingdavergexcapt shat ske spldf inorganic oxide fine particles was

replaced by a sol containing 20 wt% of inorganic oxide fine particles (having
an average particle diameter of 8 nm) dispersed in methanol, the particle of
which is formed from a nuclear particle corhposed of composite oxide of
titanium oxide and silicon oxide with an anatase-type crystallite, and a
coating layer composed of composite oxide of silicon oxide and zirconium oxide,
and whose surface is further modified with a coupling agent. The composite
“oxide sol is commercially available from Catalysts & Chemicals Industries Co.,
Ltd. under a trade name of “Optolake 1120Z (U-25/A8)".
(10 Preparation of coating solution (H-10) for the hard coating layer.

A coating solution (abbreviated as H-10) for the hard coating layer
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stirring 62 parts of 0.1N aqueous sol ution of

hydrochl oric acid. The solutionwas stirred for 4 hours
wanaeadidsemed to stand for 24 hours. To the ageBCT/JP2005/020247

solution were added 3 parts of Fe(lll) acetyl

acetonate and 5 parts of silicone surfactant ("L-7001"

from N ppon Unicar Conpany Limted). The sol ution was

stirred for 4 hours and allowed to stand for 24 hours.
wIhpsepdredanvhe solmaimagdasaircppangtionlofitheBoating solution (H-3)

(abbreviated as H 1) for the hard coating |ayer. (2) 4
foPtbednad icoating lapat ergepgahat ithe s¢HbAhot @anit Rgidafifle particles

coating layer. Am xture was made from 146 parts of ;
was ogylaead bglaysdlcoredihyhg 20 ket% an thok@RRi ¢l fﬁilce pballrticles

abl e

"Opt ol ake 1120Z (11RU-7/A8)" comercially aval
o St e g D et kg e
Pt gk o OB, L4120 B oo
PS8 RO A AN AT Byt an
bR T sk P P0G Oxitle R LB M B

pe crystall Ite,’ dnd 3" coat g [ 4ye 'e
x5 GATPRRGEATHREE P hurthed BRI BFTR o F G Rer o The

0ose surrtace 1Is
COfmiﬁxbegicfleVr{}gﬂi‘%g g@t "s)pcg:qge% eg'llll}l’ tﬁll\'gﬁamexftrgrrnec %aﬁygt%réz IF}{emicals

- | doxypropyltrinet hoxysil gne and. 10 ts _of
et PR RS » TER et Pl Diriglae Rt 2o TP
s gdded dropw se with stirrin 20 parts of 0.1N
<*§%ue ’EF%’%B&BPP\(IBMHO Hngseluaen @lﬁiﬁ) 35'%# the haed eqating kayer.
was ski rrg.d foi 4 hzullgs and allowed to stand for 24
hour s** ¢P8 olyaan {abhueveatedasciatd der theyhardcerting layer
alsi{iél 1) cetgl acetonate and 5 parts of silicone
Wag RIeRArghin the sameIVaY psin Mrpparation ebvheGmmpingsolution (H-4)
Limted). The solution was stirred for 4 hours and
for,h santsngiyergrxeent boal the St of inorgaainasidetftrei pexticles
a coating solution (abbreviated as H 2) for the hard
wasgeplangdibyy amol ¢@ytamiag2hwit¥nofahorgemtit ngideofing panticles
(H>3) for the hard coating layer.A mixture was nade
(haviog aavaverage pastichr diayhatee ofBymn) dispehsdd il Methansl, the
1000 parts of "Optol ake 1120Z (11RU-7/ A8)"
paroelrefovlchyis dwanédloem hirmulEat pantidls cémpbesd 68Esmposite
Industries Co., Ltd. ("Optolake 1120Z (11RU-7/A8)" is
oxplesdltitamumtmi ovidg a2d sitifor0bxidecw BANICafXtadR-thbBRrystallite, and
particles (having an average particle dianeter of 10
a coajingdilaper sadpbsed® dbansdsitel AP bilbs FRiddh8Ridc®nium
formed froma nuclear particle conposed of conposite
oxidle, hh#lavhos® QLR istfhrtheriHedi#Rd with apa{héﬂmgi& i N e
rutile-type crystallite, and a coating yer c%npose

coripoSi0eTBRRe! ] R bSE nfircRilly £AN1BIL HorRthtaly¢OR! BMemicals

oxi de, and whose
‘Industries Co., Ltd. under a trade name of “Optolake 1120Z (U-25/A8)”.
(12) Preparation of coating solution (C-1) for low refraction film.

A mixture was made from 18.8 g of propylene glycol monomethyl

ether (PGME for short hereinafter) and 8.1 g of y-glycidoxytrimethoxysilane.
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surface is further nodified wwth a coupling agent.)
The resulting m xture was further mxed with 170 parts
w@booggh3sed doxypr opyl tri net hoxysil ane, 101 part BCDIP2005/020247
tetranet hoxysil ane, and 40 parts of glycerol
pol ygl yci dyl ether ("Denacol EX-313" from Nagase
Chemcals, Ltd.). To the resulting m xed sol uti on was
added dropwi se with stirring 104 parts of 0.1N aqueous
T thereaHtion myduae Wasr dddesdcdwpwike with stining\is g of 0.1N *
stirred for 4 hours and allowed to stand for 24 hours.
aqueausesodgiaon 96 hytirerhlowe acild d thrdsubting sohftidie Gaklstirred for
acetyl acetonate and 5 parts of silicone surfactant .
5 hourg 00l this sol WNigp emasdddedr 2000 mpaailidd g&,}t@g,)tam‘[ﬁ? 20 wt%
solution was stirred for 4 hours and allowed to stand
sdllishs, Rhittois somiitensiallyerveniliide Gl AlVALE BAEWBRicals
solution (abbreviated as H3) for the hard coating
Indageries Cb), Rrde pavdet ia0ia 8 ne@dd bMTERIUVILY L ‘T4?(2('I” .4)%%%111021 sol
the hard coating layer. A m xture was nmade from

Betbgcoi CamanSIBLA 0 T s Sk S 0. B
e T, oo Rbgpaidl = SRR mehTRESHE B% Sipic was
RS 1 0 S RN O a0 1
g OEdiNaa sutfigt %r(ti?é@4”%ofg4¢wiéﬁ)ﬁ%z@?1§cgﬁg§$rr&§g}}? Limited).

nucl ear particle conposed ‘
. o oxiad d sili ; Cth
Al R S0 Bss il RoR Wi oie Shisiieha SagfEroasonip saion
. st e.0xi dev,of silicon. oxide .and_zirconi um _
coRlaiBP 04 Gt TURe sbit S PinE bR tinBARf Pl s Alated with
| i nt.). The resul ti m xtyre. was further
11%0pxggkml}21%§%u op confaining 306 ppm o sﬁicone surfactant (“L7604”
i doxypropyl t ri met hoxysi lane, 63 parts of disilane
fr(;élg 188884%(81,&%&_ any ggnmyagﬁtecéhgrq_qg@ gtirramg) there was
arts of glycerol. polyglycidyl ether ("Denacol EX-313"
ob EPBﬁa ﬁaﬁoﬁgﬁﬁfém@& fl§¥ %E“E pw refractioe ﬁsmswhtd}ng)nﬁai«mjabout
| ut.i.on s added dropwi se with stirring 60 parts of
105 léa-uefggs QARG splubionyy desigmaced as&&ild. The
(]fsggl uéri&on vv?s SoFfi”tgd f0£m4 h%r&?:ﬁc?rnd all oned to stand
r PR&]YI8N 0T goang sgbttiayol (i howr eefpatdéch Alh.
parts of Fe(lll) acetyl acetonate and 5 parts of
sili C‘@ﬁ@xﬁu}’ﬁ‘ wesanadé¢ filony (18_]8'gﬁ)f prop¥lppeglidol @tinomethyl
t}gé?rg(%any Limted). The solution was stirred for 4 hours
e

4tYEnked shorthareinafier)2hd8.r ¢ of FalisidB8i L@ hoxysilane.
obtai ned a coating solution (abbreviated as H4) for

To the rosuldingomt x tnge Iveyendddbdrdpwepakdth 8rfhgCRAt K. 1N
solution (H5) for the hard coating |ayer. Am Xture

aq:;ﬁﬁles:aﬂatibnmﬁ}@ﬂ‘ﬂ'oﬂﬁbﬁﬁ a@fd.prﬂﬁ)é/&&fiﬁtiﬁg%ﬁhti&?ml stirred for

5 hours. To this solution was added 20.7 g of silica sol containing 20 wt%
“solids, which is commercially available from Catalysts & Chemicals .

Industries Co., Ltd. under a trade name of “Oscal 1435”. This silica sol 1s a

dispersion of solid silica fine particles (having an average particle diameter of

45 nm) in isopropanol. After thorough mixing, the solution was incorporated
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and 1030 parts of "Optol ake 1120Z (8RU- 25/ A17)"
comercially available from Catal ysts & Chenmical s
wo pba®6es Co., Ltd. ("Optol ake 1120Z ( 8RU- 25P@WTD2005/(20247
a sol containing 20 wt % of inorgani c oxide fine
particles (having an average particle dianmeter of 10
nm dispersed in nethanol, the particle of which is
fornmed froma nuclear particle conposed of conposite
with @84cr of AN EnHu@roseisdepolyirerisdtitn ertelyst]drab.00%i H6f silibone
with a ryti I e-type cryst allite, and a coating |ayer i
sunfagte st & 1676043 fpoei Nip poxi Unicat Girhpaon Iomitkel) and frer stirring
Zi rconi um oxi de, and whose surface_ is f_urt her nodified |,
and tiissalwonm|thege ageribtyinbden s®gk|dohtfitgBoXitih S c¥BEaining 20%
further mxed wwth 226 parts . -
sobfdg- gIMds ewekpoapivlgt Jol GE6H 035,31 d) angs @tdtiOwna f
gl ycerol polyglyci g;l et her ("Denacol EX-:%l%‘z111 %1?4dmg0fPGME
soNagas oIt B60 phintl of silitoné BErfaesiHtt (N9efHiX i
sol uti on was addedbdr opw se W trhasti rrclr ng % %gfnt Igh%?on
UBichN Cuingeby L3Rlitdd) ONA%erMHIF ALH Qiksn s & ohtai
sol uti onﬁg\/\g‘g st ilrred forer4 hour’s %ﬁ}f a ’IC%I\%E%%OS osl%tg%eda
cobOingZbl QA Jor MR IR+ AL P ERL R ded 3 .parss ..
of Ige(l 1) a%retyl acet oﬁ%tl(épgg% ‘gﬂlﬁgﬁ{ogl t%%%ssd‘?‘%“éo‘ﬁz/" solids.
TEYchaGh3NMoL{tids (P8 | ppon Uni car Conpany
Li r(r:ited ST éégg{)gﬁlgfﬁg%gsﬂs?%r ed for 4 hours and

el ygefl to stand for 24 hours. Thus there was obtai ned
_‘%t—a

coating solution (abbreviated as H5) for the hard
(v 6) s PR e RYons LR Gol e wak BRI Eitg tsdens with
I 264 parts .o r opyl .ene glycaql, nethyl ether and
2 ﬁeé%tagey?l leéfo%-lcé%l by %ﬁérf“ilfz‘ﬁfg&% e?&fﬁg}ng&g):f 25 emimin). - The
cqQmerci.a va [ om al ysts em cal s
pl?%g‘%ﬁsilé? @%Pctf’ﬁge‘?ﬁo My @rpp)fzme madgtrom sby lenssbase
a sol1 copnt ai ni,ng 20 Wt % of | norganic oxide fine
Al e S thRATNRRY SOV eEGITRSS o fan sheire hereimefien) of 10
nm djispersed in _nethanol, the particle of which is

f or metHR15& Hah fdlasggd bwety dreng emBOEdfon BOmnipoes tied

&i(i de of titaniumoxide, tin oxide and silicon oxide
bajinghak 120¢ for 1§Qmisnyes. al Thusthexaovas duatnetalleydrcoating

conposed of conposite oxi de of silicon oxide and
layary&iSnium Gickle, Tathe tihosebtsumddimsi aseunthbaialnwdi hbplied the

with a coupling agent.) The resulting m xture was
abpye-meatiorieded- WsalbtidBypdipping{with a lifting rate of 10 cm/min),

.ygl yci doxypropyl tri met hoxysilane and 40 parts of
Dippyeewas fgtdwel beibdkingtbe00tC Bena8O miEXtal 3" TH O Mere was

Nagase Chemicals, Ltd.). To the resulting m xed
obohed adenvadthdded eifpubiorefikht NTRE ithidkdgs2f B teutflg layer

0. 1N aqueous sol ution of hydrochloric acid. The
was dl0uhimom dvelse séfirhétede ifextboolrating 13Vt owed 187,
The thus obtained lens was,tested for moistu.re resistance, weather
‘resistance, surface layer adhesion, and scratch resistance according to the
method mentioned above. The lens obtained in Example 1 was satisfactory

in all of moisture resistance, weather resistance, surface layer adhesion, and

scratch resistance.
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stand for 24 hours. To the aged solution were added 3
parts of Fe(lll) acetylacetonate and 5 parts of

W@ edoboered surfactant ("L-7001" from N ppon Uni BEE/JP2005/020247
Conpany Limted). The solution was stirred for 4 hours
and allowed to ' stand for 24 hours. Thus there was
obt ai ned a coating solution (abbreviated as H 6) for
the hard coating |ayer. (7) Preparation of coating

Exg@hpleidn (H7) for the hard coating layer. A mxture 4
was made from 264 parts of propyl ene glycol nethyl 3

et herTﬁQ@b$Q§Qné}§t;i61§ed3H-§ DAt Fal 1T t@%%vl%)?(ﬁébi'ng

commerci.ally available from Catal ysts & Chem ca

BB IR A0 AR o s
foxﬁ.‘?g 'iﬁdl‘ﬁh%és &H%‘%?%%rgtgﬁ 3966C %61 £SO hiﬁ!uﬁ?sg' gﬁi?ﬁvail{}é%eivgas

Sperse anol , e partic

obbFhBE% RNl SR A3 b G SRR e ARTRE o base
coa

m it Sets o G MBS B S barttonP P eS8 bycop e wieh a
1tk R RO ALy TRtng s o dr bpe ot b0-2fr 180

. I ti ] f. h ' d with 226 f '
migt3e5 i TS BBy 27  WistiRes e Pa S O AdoHOre Bt D ARim . The

glycero] .pol yglycjdyl ether ("Denacol -313" from
th@gﬁ%ow g layen wjas 3 nfth anildge |r?5§gtlm sadex of the

sol ution was added dropwi se with stirring 62 parts of
00@111&1%15@?@6@% 1shi-uti on of hydrochloric acid. The

solution was stirred for 4 hours and allowed to stand

for 2Eheghnrs obtrgned dengywasJested fon mmstaraddeistangeamesither

of Fe(lll) acetyl acetonate and 5 parts of silicone
resjeaneet suntfage’ laypo @tthesiommanidseoatcbimesmta@enpaoyding to the

Limted). The solution was stirred for 4 hours and
methbdueentioned above. orTRetldieuigainkius Ekemgledsy absatisfadtory

a coating solution (abbreviated as H7) for the hard
in etladfimgistaseeresift8hcErepather irosistfncepatirfage kptewtddhesion, and

(H-8) for the hard coating | ayer. Acoating sol ution
scifaabibresistated. as H 8) for the hard coating | ayer was

prepared in the sane way as in preparation of the
Exe@atlersp solution (H1) for the hard coating |ayer,

except that the sol of inorganic oxide fine particles

was r'eRé abede erticld FOSLaIRIdEwAS appHealto IV 83Mifping

oxide fine particles (having an average particle
(wihaBEShe PhteSdB cHIAROT SEpphd WL #Rwed BE aPRALYiRESt 80°C

of which is formed froma nuclear particle tonposed- of

. . |t AR . ' i .

o STRARLIC 24 Bake bt 120 O RPI MBS THERURE the

obtA11BR %,elgar‘af ca gg&oﬁa'yteﬁ f?.éi}ﬂﬁ tB{ckS.'i l’f‘oct%ré t%)gsdo%tgﬂl%d lens base

Zl rconi um oxi

material was applied the above-mentioned C-1 solutién by dipping (with a
‘lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The

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

coating layer was 1.37.
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and whose surface is further nodified wth a coupling
agent. The conposite oxide sol is commercially
wa@r@blogdabe from Catal ysts & Chem cal s | ndust r i BGT/fRkr005/020247
Ltd. under a trade nanme of "QOptol ake 1120Z (U 25/ A8)"
(9) Preparation of coating solution (H9) for the hard
coating layer. Acoating solution (abbreviated as H 9)
for the hard coating |ayer was prepared in the sane
way asThentlpreepitainddlensiwadtestod formmoahivé redistadcd) weather
for the hard coating |ayer, except that the sol of
resresages isuriacedeyés adhgaon, ondscroach repbnrerd al@}éoﬁhﬁg ko the
contai ning 20 wt % of inorganic oxide fine particles
metead ngnaivnadertage. paheilehs obiAned eh FxfarSpR
di spersed in nmethanol, the particle of V\Iﬁll)ch@rvs?sfsg}lsf%cmry
inf alb6f ﬁldﬁstﬁdr@&ésﬁﬁdﬁdecbv%aﬁl@ém%%aﬁﬁe GREBASIT E?exo ?§s18£ and
titani um oxi de and silicon oxide Wi th an anat ase ype "’
sceatcht@ldthBece.and a coating | ayer conposed of conposite
oxi de of silicon oxide and zirconium oxi de, and whose
Esathpacg is further nodified with a coupling agent. The
conposite oxide sol is conmercially available from

e ot S TCDCOTGke: HHO0 (Ll el (35T Minping
PO P BTN Al ai i P 9

coat |ng ayer ng SO

Wway as I n

f he har coa pt that the_sol
Ob@# %ﬁorfé%ﬁi o t)’(?%l A% plg?‘tﬁ%a%s ’ﬁ%gher E}b‘llsa llb%‘fi lens base
Qnt ai ni 0 %of i no ide fine
m%%m‘iaraessamﬁ%# fie ok i °‘é%8?%’§&’"§§r¢uk$ Ufipriken Sppne Gvith a
sperseg {)n meth t.he particle of which is forned
PEHAEE R é&}fmp}a t IRping s wdlogreddunpakingatok9ere fir 180
tltanl U’ﬁmOXI de and sjlicon oxide with an anatase-type
et ol 1 e thesedvas ebtainag o lapewish @d@Welcefnictmnﬁhm t Fhe
[ de silicon oxide and zirconi um oxi de, _and whose
th@@ﬂfeﬁ% the ¢qatinmlayiesavas 2Qnm andghe 0‘lf11alct1ge agéent of fie
conposite oxide sol is comercially available from
cogtanglgxarswas (1:H’e7m cals Industries Co., Ltd. under a
trade nane of "Optol ake 1120Z (TJ-25/A8)". (11)
Pr epafheitbns obtaioadilens wakuested fbm&&ﬁurbabsisb@d@wbather
coating layer. A coating solution (abbreviated as
registiancef ourfatelayar ddhesionngntayestchas sprLpas ot dinkt® the
sane way as in preparation of the coating solution
method mémtiondibabavel CRiadt lotg dhasated @XERRIpldatw 4 SGhctory
of inorganic oxide fine particles was replaced by a
in ablofancisture 1egistAnvd, % et hed 9688 e OXh AR )Ry adhesmn and
particles (having an average parti cl e di ameter of

scramdh désspamsed i n net hanol , the
Example 5

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

obtained a hard coating layer, 2.5 pm thick. To the thus obtained lens base
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particle of which is formed froma nuclear particle
conposed of conposite oxide of titanium oxide and
W@ 2dob/omeDXi de wi th an anat ase-type crystal | i tBCT/#r20052020247
coating | ayer conposed of conposite oxide of silicon
oxi de and zirconi um oxi de, _and whose surface is
further nodified wwth a coupling agent. The conposite
oxi de sol is commercially available from Catal ysts &
ma(tleemlwdsappiamkthe ebox@omenltiodledL(hd@olﬁtlbhfb@redlﬁ?mag Q{;lth a
" Opt ol ake 1120Z (U-25/A8)". (12) Preparation o
liftingtrang ofs 00 ¢ii/arin]. C-Djpping wasollotveddy Baking 49 1(’90°C for 180
m xture was nmade from 18.8 g of propyl ene glycol
mimosTet Mivhs Shérerw 4 PEME A aIBAS bibehabRAIRIiAES: 1The
g of g-glycidoxytrimethoxysilane. To the resulting

thitknbss 6f WRScRAHRA 6P MsST) Wil Bndtthe hbBGcAve i8d@f oPrrEN
aqueous sol ution of hydrochloric acid. The resulting

co;&%gqéﬁ}w@§1937 rred for 5 hours. To this solution was
added 20.7 g of silica sol containing 20 w % solids,

A Al S
re%gﬁ%gb ﬂﬁ' &1 Ep'a%ih%{o‘lncﬁna% étchareg{ ﬁ IS\%?Z?%@& ing to the

i'ca riné aV|ng
o AT SRR £ s

rlzatlo catal and 0
in Q12 F ol el AREE o6+t Binch BecU s adhesion, and
‘%‘ﬁ? Li i ted). After stirring and di ssol uti on,
se LeSKE @056t ai ned a stock coating sol ution containing

Ex ZO%JSZI ids. This stock coating solution (35.3 g) was
with 114.7 g of PQVE sol ution containing 300

ppm si|icone surfactant ("L7604" from N ppon Uni car
rPAYS apntiogedet-§ pelusioghwas appliad to by wWasping

obt aj ned a coating solution for the |low refraction

(with akifhin g rrtesH 38 e n@ﬂb’gut Diprigigswas Gdlowrid sy etadiymgg at 80°C

solution is designated as C1| . (13) Preparation of
forc¥aminytescind bakingn2}20°6; faraWd(r einatesi ofThisl therdwas

m xture was made from 18.8 g of propyl ene glycol
obtgdmerhethard contiorg JapeV2.5 pm thickt Hertherthit ebjained 18nd base

g of g-glycidoxytrinethoxysilane. To the resulting
materaliwaswapledddd drovpwhertivhéd C31isbhitigh By Aigpigls (RifiNa

aqueous sol ution of hydrochloric acid. The resulting

liftsod vatiecrf Mbaamahin)r eDippindwhedsBowd® b&rﬁaiclﬁga'ﬁtllmnc%ﬁ 180
added 20.7 g of silica sol containing 20 wt% solid

mimhtesh Thusohees il dbtated b dLwithomGRtralMetisn &lm. The
Chem cal s I ndustries Co. Ltd. under a trade nane of

thitisesal ofma@oauﬁgua;(@ﬂ WhS®059k drfl T SPRESI Ok STPhbd
silica fine particles (having an average particle
coallinpRiyer wofs 1.37.
The thus obtained lens was tested for moisture resistance, weather
 resistance, surface layer adhesion, and scratch resistance according to the
method mentioned above. The lens obtained in Example 6 was satisfactory

in all of moisture resistance, weather resistance, surface layer adhesion, and

scratch resistance.
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45 nm) in isopropanol. After thorough m xing, the
sol ution was incorporatedwith 0.04 g of Al (CoH/q 2)3
wa@sooa/opsaby mer i zati on catal yst and 0.015 g of sPCT/arR065/020247
surfactant ("L7604" from N ppon Unicar Conpany
Limted). After stirring and dissolution, there was
obt ai ned a stock coating solution containing 20%
solids. This stock coating solution (35.3 g) was
Extithpleel Wi th 114.7 g of PGVE sol ution containing 300
ppm of silicone surfactant ("L7604" from N ppon Unicar
Conpamheldbovead ntibhé & H-Thol @R wilsl 430104 td @Sveoﬁl‘@ﬁ)pmg

obtai ned a coating solution for the I'ow refraction

(wﬁtﬂ A hehacobt 36 B /AR mpgj{ﬁ%glas%nowea%g%@mﬁ%g at 80°C

solution is designated as C

foﬁ?@‘f&ﬂiﬁ@é hﬂﬁ%l&"h% a$ Qlogbi 96: 126 fﬁggltggd TRug tff&% Jvlﬁs]

| ens V\Atharefrac:lveln ydlpplng
ObS? od Elf:dt Hg¥d g&ﬁﬁ% Il:%;seo %%ﬁhé | ganArrgﬁ eh?r omntis’aﬁlégq geﬁ’ss base
o BIEERS Ebflied Pho RENAEaiR BB 5 Boh Ty R E itk o
LA Bk of TR RV RHET.. Pl RS o Ehoxr el Ee%mlasé’tgwgﬁror 180
m e g %Pﬁ%o‘é{t%g\% husﬂ%ﬁlﬁi‘fa@% h SCOLTER R Bl The
thgé@ ?ggfg%%&sn% 1 84 paea g %h%gfi@rf?iﬁ‘l}w‘dﬁé@eﬂ'ﬁg%,he

ther? was obt ai ned a Iens with alowrefraction film
cogfpelayekwagd-of- the coating Iayer was 90 nm and the
refracgl ve index of the coatin ayer was 1.37. The
thus &bedhHe@blaimedigss M@@ttéata%oﬁorm¢1§t1meererses§a9ccarthher
weat her resistance, surface |ayer adhesion, and
regigtancehswelere lases e dhestan iamgl scvatdieresttthnce aecoriloneth the
above. The | ens obtained in Exanple 1 was satisfactory
mé¢thodithentioned sbave rEhé emndeainehirhExamgde Stwas satisfactory
surface | ayer adhesion, and scratch resi stance. Exanpl e
in 2lMéfemaistues mwamne,dwéhﬂme(rlesﬁtstme\;vaarfap@ layd 4dheSHA, and
by dipping (wwth a lifting rate of 35 cmmn). D pping
scrxwsh fresistavedt. by air drying at 80 C for 30 minutes and
baki ng at 1200C for 120 minutes. Thus there was
Exabtplerted a hard coating layer, 2.5 mmthick. To the
t hus obtained | ens base material was applied the
aboveTheaboosete ftidned U isolutih FaBRipplicdWold8W by dipping
lifting rate of 10 cmmn). Dipping was fol |l owed by

(whrdkd higing rd€00f35 @Hl/lillﬁg MD1ghaSs wib @&15\9@(! Sy‘@@sdrymg at 80°C
obtained a lens with a low refraction fil

for 30 minutes and baking at 120°C for 120 minutes. Thus there was

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

material was applied the above-mentioned C-2 solution by dipping (with a

" lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180

minutes. Thus there was obtained a lens with a low refraction film. The

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

coating layer was 1.46.
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t hi ckness of the coating |layer was 90 nm and t he

refractive index of the coating |ayer was 1.37. The
wo bus/ogdasai ned | ens was tested for npi sture reBCBIR0E#)20247

weat her resistance, surface | ayer adhesion, and

scratch resi stance according to the nmethod nenti oned

above. The lens obtained in Exanple 2 was satisfactory

in all of noisture resistance, weather resistance,

sur f ackhe Hyes obidieed tems wasl tested fahmobstiusé 288i8tance weatﬁer

Exanpl e 3 The above-nentioned H-3 sol uti on was applied
resest8Bue, yrfiqepaper @dhedion, dnd semach 2b8s@inc@% B dThB)o the

Di pping was followed by air drying at 80 C for 30 ,
metimed e mithedaddiove. afI‘th@QoniinéSQn'Eﬁihgl% 8 Mésiwati factory

there was obtained a hard coating layer, 2.5 nmt Ok
inTall ofiendibtuse absiatNRR, MAShHAERiISRRES | sﬁirfmsla?BPtLlHﬁgsion and

t he above-nentioned C-1 solution by dipping (W a ’
sdrifchi Rgigtahee. Of HARe6&%, Th PR i

baking at 100 C for 180 ?nl%%}gégEka}%ﬁgg?h%ggE%g }ther m
reflRt et I bd i opphb LBk khe

¢Gdhan &BQeﬁéég‘nﬁEkQﬁﬂgﬁ&f a6y nglé rgﬂ%cttvﬂgy was

t hi ckness of the coating yer was 90 nm an

mE8§uRAld Vehd MHESmAr th@q'eﬁg?tﬁ%i@? chfYgy was 1.37.The
ste r

t hus obtained | ens was te Oor nol sture resistance,

coBphiaivd BshalAnGge. surface layer adhesion, and
sScratch resrstance according to the nethod nentioned
above ' | ol N anple 3 s, sat i.sfactory
Do o e BT AR, AR PSR RS ot

in all of noisture res '
I i,on . tch si stance. _
R R UL RO R ot s b o B dppimecs s0°c

\/ ‘di QRI Wi lifting rate of 35 cnimn).
ol 30 By etk at ipoleiton 140 Seinicn0 Binothas was
L nut nd baking at 1200C for 180 m nutes. Thus
obERined i N RnHt 14YRR o damthich. | Bherthus abtainedhicsk base
TO tage thus obtained | ens base material was applied
maherial RRRCOMAT 8 He BheaboegsmentismedyC-di spbivign bi dippig (with a
bl fting fate of 10 cnimn). Digﬁ)i ng was foll owed by
lifjngirate at 1960/ mindr Rywingwasiollowedst bakimewes100°C for 180
obtained a lens with a lowrefraction film The
minytes neEBupthengevanabiaiged aylens wesh adownnedruttionefilm. The
refractive index of the coating |ayer was 1.37. The
thickngsoof Hienesatingnkayensvasedd ach hnd theirsfraceve ¢5d6t 8NER low

weat her
refraction film was 1.37.

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

‘resistance, but was poor in weather resistance.

Comparative Example 2

The above-mentioned H-9 solution was applied to SSV by dipping

(with a lifting rate of 35 cm/min). Dipping was followed by air drying at 80°C
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resi stance, surface |ayer adhesion, and scratch
resi stance according to the nethod nenti oned above.
wabmeloewasy obt ai ned i n Exanpl e 4 was sati sf act opgr/ireoad/ 20247
of noisture resistance, weather resistance, surface
| ayer adhesion, and scratch resistance. Exanple 5 The
above-nentioned H5 solution was applied to SSV by
dipping (wwth a lifting rate of 35 cmmin). D pping
qu/a‘gdp panntssetndbhaking afr 32@@ for HI0@ihotes30 THuriRSe 3Rt
bakl nd? at 1200C for 120 m nutes. Thus there was
the hardicentingdayey, 2dyem, thicle nfthé lﬂhﬁgobﬂ-aﬁnéﬂ?ens bése
thus obt ai ned | ens basenaterial was applied the
mgitexiel wanicparesldwThl thea hovie anehsioté d pi- I‘@Ol(d‘Mdrhbﬁdlpmng (w1th a
lifting rate of 10 cmimn). Di-pping was foll by
lifsirkg rageatl 10080GnFOr TAPpIMgwHE o1l b?%ﬁngﬁ% 100°C for 180
obtained a lens with a [ow refraction he

mummksne%@fth@h@w@@aibtamédaa/Pénsvw&h%@lm%q gHﬁﬂ%m The
refractive index of the coating |ayer was °3 e’

tHitkisesglif aha %Gaﬁlﬁgia}yﬁswhﬁgber%f:ﬁfd {algihféff'e{c%l\re HRL A5 Ee 1ow

weat her resistance, surface [ayer esi on
re$calonfile Wast pRg¢e according to the nethod nmentioned
above. The | ens obtained in Exanple 5 was satisfactory

in al ImHef t R sHtdfed l%ﬁ's%z?snfe%te(y\fo%trﬂgfstr epts gef?t&%g%%é weather

surface | ayer adhesion, and scra resis
| ut
retgioé@%'ﬁéé\(/ee ts)gr%tég é?f}ég}v dﬂ@%ﬂ&ﬂ 4}1(?§crﬁgc}fgqsistégg%gcgﬁrﬁﬁxfgﬁo tdhe
d 8Q0C f
m%*%?l@%ﬂﬁ%% L pRE° TRy 1uto l?t@?f 196 Fomps tvprigample 2 was

neda ard co | a 2.5 mmt hi ck.
salfS¥{Eolh BIRDF Refleice. 588acd ik hdonion. apgiseaaton
mentioned C-1..solution by dipping (Wwth a

re%l:gf%lﬁ%gg?lgtweascﬁoofdncwarﬁhﬁf registiicy was fol | owed by

Cob ki ng. at-1000 or 180 m nutes. Thus there was
ﬁﬁ%ﬁ%@%—m €@ith a lowrefraction film The
t hi ck@gss of the CoatOng | ayer was 90 nm and the
r ef r at PP POV R ARSDI3Pnedh B 10 spludipn wyeappdied toFHSV byelipping
( E gﬁ?t ai ned ens was test ed for npisture resistance,
w liftang gatese a?ﬁ:%m/ BUYf adippinewaadolésiehby amdrying at 80°C
ratch resi stance according to the nethod nenti oned
for, ig%ygnuw,?eap@ haking at 430°C forEkGplieubesnasTinad ilnfrachay y
in all_ of noisture resistance, weather resistance,
obtaiped ghe hayd coadnedayer, 2dhgm thick. The thus obtained lens base

3

material was coated with the above-mentioned C-1 solution by dipping (with a
lifting rate of 10 cm/min). Dipping was followed by baking at 100°C for 180
minutes. Thus there was obtained a lens with a low refraction film. The
thickness of the coating layer was 90 nm and the reﬁactive imdex of the low
" refraction film was 1.37.
The thus obtained lens was tested for moisture resistance, weather
resistanée, surface layer adhesion, and scratch resistance according to the

method mentioned above. The lens obtained in Comparative Example 3 was
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scratch resi stance. Exanple 7 The above-nenti oned H>7

sol ution was applied to SSV by dippin'g (with a

. WO edosioysger at e of 35 cnmimin). Dipping was -fol | orentiiegos020247
air drying at 80 C for 30 minutes and baking at 120C

for 120 m nutes. Thus there was obtained a hard

coating layer, 2.5 mmthick. To-the thus obtained |ens
base material was applied the above-nentioned C |

safisfadtdr9Ninofkit iRl Aekiétainch, Surfhdd Jal 2@1’ hdh6sieh, 20d scratch 4
cmmn). D pping was fol | owned by baking at 100 C fo 5

reé%ﬂ@enbhﬁﬁzasﬂvﬁ ih RESRhBRseNBaicBed a lens with a |0W
refraction fil'm The thickness of the coating |ayer

Colsardfivanndpidg refractive index of the coating

Tayer was 1.37. The thus obt ai ned | eris was tested for

o1 SUYRE abGOL M AN Ered P E 1B 520818 10 K0 bk WBbing

adhesi on, and scra F'esi stance acco

(iR BRI AE PhLCSIOLS ag%ﬁp. o B RS A, b o AR of s0-C

was Sa actory In ure YESIS

for!%(l’?tgfhl%rﬁté SHhIbaRGE déiﬁl?%?io déﬂlﬁ‘ég ﬁ@hﬁa@?ﬁgafw
obfidpdd 5RE 1 @ﬁ?ﬁﬁﬁ?l%}rﬁ&%&%ﬁ%‘l‘ lfg‘aéla‘usy a?me'érltﬁllﬁ ase

80 C for 3 tes, and bakJn
m%ﬁﬁ@?&es PRt Pkt Eheabovsomanies Qa@& Bﬁgil 1pipg; (with a
.25 mm thj ck. .To’t he_thuys-obt aj ned Iens base mat eri al :
18 TR K0 o BbovRinRiRg MHOAIoN20g) bikiog aay100°c for 150
dipping (wth a lifting rate of 10 cnmimn).
mipgies. o?l‘b%ﬂlew wak Phigiaed adepewith algw wfwt@@ ﬁhnhusThe
there was obtained a lens with a lowrefraction film
thirkaessplctheceoatsrg layer st 9hgm apdtheaefraotivenindex ofihe low
refractive index of the coating layer was 1.46.The
refracigon b mi wee 1i¥hs was tested for noisture resistance,
weat her resistance, surface | ayer adhesion, and
scr at The thss sbtained dewowaisrigstied foh mmasthod resistamredveather
above. The lens obtained in Exanple 8 was satisfactory
resistaalck, edrfatd kiyer eadhesiont andecravehtresistd s stcandidg to the
- surface | ayer adhesion, and scratch resistance. _
mdthod eentidmhel hbose. i ﬁl‘l@@d’ﬁ@d débt8idedNghsCompaeativgMianple 4 was
reflectivity than the lenses in Exanples 1 to 7. (The :

satifolcenliivihyiseare reastdanes agfidedapet bﬂHeﬁbnt hed scratch
reflectivity curve.) Conparatl ve Exanpl e 1

. res1stance but was poor n weather re51stance

Comparatwe Example 5

The above'mentioned H-8 solution was applied to SSV by dipping
(With a lifting rate of 35 cm/min). Dipping was followed by air drying at 80°C
for 30 minutes and baking at 120°C for 18l)minutes Thus there was -
- obtained the hard coating layer, 2.5 pm thick. The thus obtained lens base
material Was coated with the above ment1oned C 2 solut1on by d1pp1ng (W1th a
| lifting rate of 10 cm/mm) D1pp1ng was followed by bakmg at 100°C for 180

" minutes. Thus th_ere_was obtained a lens with a:low refraction film. The
A T : .




The above-nentioned H 8 sol ution was applied to SSV by
dipping (wth a lifting rate of 35 cmimn). Dipping
wor®ehed4sbowed by air drying at 80 C for 30 m neXEIP20054020247
baki ng at 1200C for 180 m nutes. Thus there was
obtai ned the hard coating layer, 2.5 nmthick. The
thus obtained | ens base material was coated with the
above-nentioned C I solution by dipping (with a
thi¢kngsspfithe soating dayen wis PO 1 ppichtheneefrd aiveoingid xkyf the 1dw
baki ng at 1000C for 180 m nutes. Thus there was §
refitstcionefiloa wasnb46i th a low refraction film The /
t hi ckness of the coating |ayer was 90 nm and t he ,
r ef r aditievehuisnateaimfd kehe wantasedd &atmosthird PoM@Snde Sfeather
The thus obtained | ens was tested for noisture
resBtastaBaefacedaydieadlieson ANl erast Fag6andY @tcording to the
adhesi on, and scratch resistance according to the

motidiose i€ 8AdvaboThe 1dhEobtifie @Bt Ugshialive Example 5 was
Conparative Exanple 1 was satisfactory in noisture

poo@sh S Ber rédiffaaet. | BiRbondhBsd Rihs 18RS $6 ’b@thqgh in reflectivity,
resi stance, but was poor in weather resistance: ’

ERITRALSH 8 SRR By R, SPONESTRALASRAC RS ol ot or
25 ) 1 4P RPL SR8 SO N A L0 o o e

8Q0Cfor 20 m nutes a

L UL A RN T —

. Al ted w th the above-nentioned C I
msrﬁé{aﬁ{l#) %ﬁ %@g?%&aﬁatlywﬁ@wkﬁf“ ng rate of 10
Ta% rp n). Dipping was followed by baking at 1000C for

m nutes. Thus there was obtained a lens with a | ow
refractippfilm The thickness of the coating |ayer

Wl hGAyeerehe r i.ve| stiidety-t hepl.ow .,
r efS%g 9tllein onOlb’iglynid\wlsegs?%leT eptdpydtromeai ﬁléeér?lgﬁghwa
t dsted fpethawi st urd FEHEt Cehoxyeahher roé‘é’isg?ﬁﬁce,

[72)

H-gur f goe | ayerjadhesi on, ..and pcrat g resijstance

H-8CCOKgi ng TO [he mgthod et oned4Q\buvc. The—tens

q- 'ia5 edr T Copparatve Exanpte 2 was—sgti-stactery n
Fei-stirerresistance—surf layePVadheqi on, lhd

H-dd, 250h | e sknce | butlOwas poor 88 weatlher

H-pgsi 80ance. Odhpar ati ve-Exanpl e 340he alove- nenti oned

| 'H-B|10560! ut i ortonas gpplied to| SSV hy dipping (with a

H-Filftpog fate 1gf 35 |cnim.n). D ppi gg Was [T ol Foned by
air drying at 800C _
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for 30 m nutes and baking at 120 C for 180 m nutes.

Thus there was obtained the hard coating | ayer,

wa hioek9s4dhe t hus obtai ned | ens base materi al
wi th the above-nentioned C-I|
alifting rate of 10 cmmn).

baki ng at 1000C for

180 m nut es.

2.5 mm

VBGT/ ER20652020247
solution by dipping (wth
Di ppi ng was foll owed by

Thus there was

obtained a lens with a lowrefraction film The
Tablg 8kness of the coating layer was 90 nmand the

a'al

1

\ADQ

Y
J||III

27
o1

Tefragtive T ngex—of —the—+ow trefracti W 1

The t HU®2@tst ai ﬁ’eﬁmgens was tested fof noisture Reflectivity

resi st|gftlo weatitior reMbi&tuan aveathr T ACEEIBY @rg raich | at bottom of

adhesi|qp,.and | § L regghst anetAce Jfad}‘%e t|Qedidfince | reflectivity

nmet hod 1RA |onggﬂ£a ove. The llens obt ai'héd in curve

Compatatt \v:e ample 34 wassatilsfactorly in moilsture
Example{ otlandk ity LayE&eoddhesi®n. And Qcr dt chO Low
Exapie? stlandk2 but @k poofaim \eat®er [esi@t arlce. O | Low
Exaignpariat iHr8 Exanpltie 4 TBeodbove-@ent | on@ H|Il © Low
Exaisfd 4t ilonHrAaS applied togesy by c@ppl ng @Vlth a D fTiNg 1o
Exah@ € QT $P5CM M By OF PRLOT v _s@on @uy arT |y| N9 ow
Exan?tle?ﬁ C )3 3nRnutes—an lb_clknl atT120-C—Ffor Q 6 T

F A6 S—FRts-thare—wWas o8t ailned>t hel hard cd ow
Exampple by | 2B 7 + n€ IThBoedys oPai ned @ns bas@ Low
}éxalwﬁﬁt%rl al Hids coafedd wi t Goodhe abc@e nent @ned GO High
OmBAGRt ' W lji fting rateof |10
Exam%@l?; Ef!)on%?pg Egc\l’}ge(foppg%( t!( g‘ ng©::n“ 100 fo Low
Exalﬂ;gﬁwe fijnuites. Thu@]therlel'«\a/ﬁs gbtakned a I@ns i t® a | owLow

tTon it _The thicknessof —the—coating—tayer

Eiﬁ“ﬁﬁéﬁ@c 1 %8nd th@'lrefra e index of 1R Iqw © Low
Comvaeitrvactlﬁnufl as 1. IThe thus optajned|lens was
gxamn&&f ed _far stiire rlesP®%nte. Wweat her F esilst arce Low
om . .
B *:f‘fngla?fr adpes! ?E;G?,iu‘;f o e Pl TR | Hish

obt aiTed abpatEHoRbAL TXSle EXBIR thep1WBS SHd SIRBIANY 1N

noi sture resistance, surface |ayer adhesion, an
Cofifyadh € e &I i RRCE0 @%hthé H @(L }Tge form%d from
OVEe- Nen

resi st ance. mpar at i ve Exanpl e 5 The
thé'HgS $Q I QBat’i@é s%ﬂﬂ%r?&d(r)g 1910%% Lg%x%eoﬂhg g)laT(cheg c@ntammg

lifting rate of cnim ppi Ng was

oy o F SRR P
t hus t al

| titzgﬁai"si'ltéﬁ Bgideaé()%rstitate% Mﬁ&llt% Oxigg % ﬂ% otlher oxides

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

ne partlc esw
The
plastic lens sample in Example 8, which has a low refraction film formed from
the C-2 coating solution of solid silica fine particles, has a high reflectivity
measured at the bottom of the reflectivity curve. The plastic lens sample in
A Comparative Example 5, which has the hard coating layer formed from the
H-8 coa’ping solution of inorganic oxide fine particles containing anatase-type

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

solution C-2 of solid silica fine particles, has high reflectivity measured at the
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materi al was coated with the above-nenti on?dlg 2
solution by dipping (wwith a lifting rate o
W@ 2I0GI09Y69 Diyppi ﬁg was followed by baking at 10801K2005/020247
180 mi nutes. Thus there was obtained a lens with a | ow
refraction film Thethickness of the coating |ayer was
90 nmand the refractive index of the low i refraction
filmwas 1.46. The thus obtained | ens was tested for
betpmt afitherneflestivty eurve antds poesis tvanctker fsidtagee | ayer !
adhesi on, and scratch resistance according to the i
- met hodnrmimtlonetheiblmem 1&¢he shmipdeOht BkARDIE D and Com aratlve
Conparative Exanple 5 was poor in weather resistanc
Etomede 8 whidtehheashé agd cotihg 18y ahformeBakb B iV dohYing
whi ch was neasured as the bottom of the reflect|V|t

satutive. nof@bhﬁhﬂdﬂ@tlw\ﬁ&l@ﬁ‘i\ﬁcﬁcﬁﬁil@léﬁy ‘é@m‘i)foug]] easC +d}1gv\})onent

conmposition for th ard coating | ayer

of
e e U PIE e

Oabl® aalW 4R (ﬁﬁhﬂ%ﬂa‘%ﬂre’zﬁfié 'iésv% 5%10{\%) 18¥1ehave the hard

V\éat her Adhesi on for” hard for
cohiRigSIhPBE fo e 9c§at§111'é g(ﬁ?x 10 Ccro%'f%l:f;plﬁg)ayé? ?gzlnﬁqsilicon

refraction [ayer reS|stance Freflectivi

H2 Cl
AR L Byl S R T o e
E£#H 391&9 d-0y% %ﬁ%gm%arauv%&l#%z%np& :rrgl l: g
C- od O Low &xan
0 Lo%%gg%ﬁp@l demon tra?e oW t'l?((a pnqy&nlcn'(_)l-ngl gi)oxfo od

compound varies in its effect depending on its amount. Incidentally, the

plastic lens samples were evaluated in the following manner.
(1) Heat resistance test (crack occurring temperature):
The lenses obtained in the examples were fitted into the eyeglass
frame, and the assembled eyeglass is heated in an oven at 40°C for 30
minutes. After heating, the eyeglass was allowed to stand at room
| temperature for 30 minutes. The lenses were visually examined for cracking
by using a camera obscura. Ifno cracking' occurred, heating was repeated for
30 minutes in the oven at a temperature raised by 10°C and the visual
examination was repeated. This procedure was repeated until the heating
temperature reached 100°C. The temperature at which obvious cracking
~occurred was designated as crack occurring temperature. The results wefe
rated according to the following criterion.
'© * very high heat resistance (with a crack

occurring temperature of 100°C or above)
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Example 2 H9 C 1 Fair Low Conparative Exanple 3 H10
C- 1 Good Low Conparative Exanple 4 HH c-i Good O Low
w@ewpasEtd ve Exanple 5 H8 C- 2 Good O High It PGI/JP2005/020247
apparent from Table 2 that the plastic |lens sanples in
Conparative Exanples 1 to 5, which have the hard
coating layer forned fromthe H8 to H 11 coating
sol uti ons of inorganic oxide fine particles containing
anat age- t ypight heagniesstandedeyithmecrpoknctwrrigat her L
resi stance al though the titani um oxide constitutes §
conposi t e texipberaturecoffBr td 80%¥H wi t h ot her oxi des and y
assunes the form of conposite oxide covered with a ,
coating |dyerheathesi¥tastd Grvithnsci®@lRceuiiingExanpl e 8,
which has a low refraction filmfornmed fromthe C 2

coating sakitgeantle apldldovirlbwar thag7pecs i cles, has a
high reflectivity neasured at the bottomof the

(Ef ARk desg:Ur ve. The plastic |ens sanple in
Conparative Exanple 5, which has the hard coating

| ayer He@sresiHdsn te, idn%.s%](&gﬁlieggve%g!e F)bgeﬂi 90f sug_s]ilw?e

i norgani c oxide fine parti s cont ai ning anat as

w«%ét‘l@?jouﬂ‘e%&j WenehdeAbs ?axlﬂgffaf‘ilgﬁ‘ﬁ%ﬁlggé %g%fq%é | }:crmist@éxd in a

ormed fromthe coating s

thEi-28- ' , ' {l ectd yit asured at .

t hebo%%é@ft%ﬁh@a ?)Z ‘Pdeg?l%lﬁé yﬁgbfr%%nﬁesm&g%‘?e frgating layer
' | St o | Lh agddition, th | asfic |ens
(R RAng B LA B bttt R lip RS owstd s SheSmtenne lens
e hard coati a ormed fromt coati ng

balsg g?{ﬁ?lileglnalnaé:forc(%ﬂg &P :‘ﬁﬁb Q{f@ E%P% ‘E}Hctteﬁg]n aFF yace of a lens
conmpound as the.conponent (C), are_slightly poor in

Sa%‘?qgtvfﬁsescfgé‘%‘ﬁ%fﬁ‘c%. 1 SIB,Vetr?;Féa]S?’&‘%i’ioélzpéﬁ%l Cgﬁ‘#ﬁl%@ atn

. anpl 2 and a Conpar ati ve Exanples 2 and 3,

m%ivgﬁ* ?e@dsnb I8 tﬁa}? 3890%3111%@8 Ve mads; gaeh megpuring 1 mm by 1
coatj ng sol.ut] on, cont ai nd":‘ng t he organosilicon conpound

M ¢ hBICEs b 6AeoR 1) tanexcEpllpahaped dram NichibascEat, ditd.) was
resi stance. Exanples 9 to 11 and Conparative Exanpl es

firgly pyesserhagaingk Hipsezanse rmssabrupslshpulleden the direction at an
pol yfuncti onal epoxy conpound varies in its effect

angleein?( g the snrfacanoThe numbérefwciarys of beatph@§lincremaining
| ens sanples were evaluated in the follow ng manner

on the surface was visually counted. Adhesion was rated according to the

-' following criterion. |

© 100 squares remain

O 195 to 99 squares remain

A 150 to 94 squares remain

X less than 49 squares remain

(3) Weather resistance test:

Weather resistance was evaluated by observing cracking after
exposure to a sunshine weather-o-meter for 120 hours.

(4) Scratch resistance test:
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(1) Heat resistance test (crack occurring tenperature)

. The |l enses obtained in the exanples were fitted into
wo bweeyaegd ass frame, and the assenbl ed eyegl asBCT/$P2005/020247

heated in an oven at 40 C for 30 minutes. After

heati ng, the eyeglass was allowed to stand at room

tenperature for 30 mnutes. The | enses were visually

exam ned for cracking by using a camera obscura. If no

cr acki The den¢is40pleswaid AgbbISWIBRBEER 0 LEOF) FroMt_HHpon
in the oven at a tenperature raised by 10 C and the 3

St¥élsWabl €%aTitadt toOth IVa% tremfegdmdwasmaawqhdy%e 'gﬂé ubbed
repeated until the heating tenperature reached 100 é ,

satdfled VERENKUHIB, Efa Mt o R¥E AR S hAG KL Qgrcﬁ)gﬁpg%dtlﬂ"\?ge

desi gnated as crack occurring. t-enperature.

fOIWﬁ’%%ﬁeqﬁ%cor ding to the followng criterion. (c)

very eat resistance (with a crack occurring
wq 00 C or above)O : high heat resistance
l(sgq&?g&ﬁ(gc(gg%@curri ng tenperature of 80 to 90 C) X :
| ow hgst . s_iéstance (wth a crack occurring
tenperature equal to or lower than 70 C) (2) Adhesion
test ~ Beforge adhesion test, |ens sanples were exposed
to a sunshine weather-o-nmeter with a xenon |anp for
120 hours.and allowed to stand in a therno-hygrostat
at 6 aéd 9 RH% for 7 days. The surface treating
I ayeraa(hard_ oating layer and low refraction film was
tested fof alihesion to the Iens base materi al
E accgrdi ng to JI SD-0202 (cross cut test). The surface
€lens sanple was scribed with a knife in vertical
and horizontal directions at intervals of Imm so that
(D oBownaticacofhard ceatiag lageh neasuring 1 nmby 1 mm
Api ece of cell ophane tape ("Cell o-Tape" from N chi ban
Co., Amaixtuyesvasimailg frome S8aquhragaf pspylere glycal pethpbether
abruptly pulled in the direction at an angle of 90to
angd b Osparftaoé ‘Ophdaka il @PZd8REGBSMEKT)d tomaariciadlyf available from
remai ni ng on the surface was visually counted.
Capdlysts &nChemicas dddastriesiCog Litd. t (O ftoldkevd 1RDZ (SRU-25/A17)"
criterion. (c) " 100 squares remain O: 95 to 99
is 8 qohemsaimmgi 20 Bt% Einbeghic sgidy Bte papmtlds (having an average

particle diameter of 8 nm) dispersed in methanol, the particle of which is

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

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

was stirred for 4 hours and allowed to stand for 24 hours. To the aged
66



X less than 49 squares remain (3) Wather resistance
test: Weather resistance was eval uated by observing
wa@e@ekdsag af t er exposure to a sunshi ne weat her BETE2005/020247
for 120 hours. (4) Scratch resistance test: The | ens
sanpl es were rubbed with steel wool #0000 (from Ni ppon
i Steel Wol Co., Ltd.) to-and-fro ten tinmes under a
| oad of 1 kg. The rubbed sanples were visually
sobuxtao mweate faclid edclr. ﬁmh%omn‘l&h@@ty@@@@ﬂdﬂa‘ﬁ@, 0.9 ﬂah‘?s of sﬂlcone
followng criterion. "1" (poor) to "10" (good) 10 -

sudf£otdnt (‘G- 01 SromN¥pporBUhicaalPhpa (LﬂmEé’d)”ﬁhHolnS 1E'arts of
hard coating | ayer Am xture was made ?Irom 88 parts o ,

HereD Y heidgi At (OAnRI Gy 24 NeForB KW R "
' " Opt ol ake 11207 I(ISRU- 25/ ALT) " con?rergllléaﬁ %ﬁ%@gﬁ Industry Co.,

Liidnom
(e oyt 3u% (RATAE) Ryl OIS R thel ki coprigg aver.

% . .
aver gg‘g egg?tge{:éll églgﬁgﬁg%afesr%fl &?Ednﬁ 3%3%2) legg}%n(wmh a lifting
rat®bP88 Ay /nki AP pB{ I{ni%ose aifroerr}rrgrgg %g%g}’é for 30

nuci ear partlc e Slt

| d i th .
BB e *f89@gﬁasﬁnu%'eggffﬁg%&w@%ﬁbg@gad
degfregq{gqgsg V&%s'gg’gﬁ%%@:g'l:t oxi de and zirconi um

rther nmodi fied with a

(Z)P:npﬁ,gl [ ng *Oﬁg(%‘q(%lt%@}{ggtlée?il ting mxture was further

g-gly ropyltri thoxyS| ane and 25 parts of
gl yce&bﬁqﬁ%g F‘Ex‘i}{rﬁ@flﬁ%‘?ta(l yO&na Bapketand ynderwemt plasma
ase Chenical s .. To.the resulting m xed

tr%?&?‘tﬁr}tofﬁr %95865%%%%3%%@1%%@@%@@ 30 parts of

0.1 N aqueous solution of hydrochloric acid. The
D%P%Pf&ﬁcw stHrtioed O oA 04 Tostir s and al | owed to stand

for 24 hours. To the agedsol ution were added 1.6 parts
Cugrrepde (0410 @e"etyl acetonate, 0.3 parts of silicone 5

surfactant ("L 7001" from Ni ppon Uni car Conpany
Voltiaget @#)+0.4ddV 1. 3 parts of

Then, the lens was coated with the coating solution C-1 for the low refraction
- film by dipping (with a lifting rate of 10 cm/min). Dipping was followed by
air drying at 80°C for 30 minutes and baking at 100°C for 180 minutes.
Thus there was obtained a low refraction ﬁlm, about 100 nm thick. The lens
was further treated with a fluorine-containing silane coupling agent to impart
water repellency.
Example 10
(1) Formation of hard coating layer
A mixture was made from 138 parts of propylene glycol methyl ether
and 688 -parts of “Optolake 1120Z (8RU-25/A17)” commercially available from

Catalysts & Chemicals Industries Co., Ltd. (“Optolake 1120Z (8RU-25/A17)”
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phenol antioxidant ("Antage Crystal"™ from Kawaguchi
Chem cal Industry Co., Ltd.). Thus there was obtai ned
w@2meavi4ng sol ution for the hard coati ng | ayerpPCile005/020247
coating solution was applied to the | ens by dipping
(with alifting rate of 35 cmmn). D pping was
followed by air drying at 80 C for 30 m nutes and
baking at 120 C for 90 m nutes. Thus there was
isgh seli geagainieg @O 1% of haorganomoxidg ﬂrm/palnt102e§(h‘ﬁmhglaqlkaverage
(2) Formation of antireflection film The | ens was
ppitzdedidmeieradténin dispersodk efethadol nte paeticledd B AR 1s’
treatment for 60 seconds under the follow ng
focowedi fromnes nublegr partitlev@eupdse dBT compblteXoxie 3f ‘Eli@arlﬁmm 0x1de
Current: 70 10 mA Voltage: 0.6 0.1 kV Then, the lens
tinaxidoah e dilvonoxtilie wiok ki Mdils Aps f @hatah
refraction filmby dipping (W {yﬁ %tg{llitﬁggﬁgt e&)aftﬂ}i%)layer
cotmpdBed)of cOpRisite osade bPsilio¥E dx
for 30 m nutes and baki ng at 18%30%5(1! gg{:%%%&rln%&l%ge%gd whose

sukfii® ikFarthevato@ificd WRH eﬁcétﬁ)’l’iﬂﬁ&%@%)’ onT%é Irg%%ﬁl DM hixture

100 nmthick. The lens was furt treate

4 paithee ' .
Voat o P IO A0 ROy A L B0 R AP ine ana
fr ,
e PSR T Tt et PR oBEEX oy B MR e
12 rc aIIy Y abl e
CHEEIGARIRL2P ST CHA Ao TR bty debpidae wih
16'1’?(5) 8RU- 25/ cont ai ni n )
Stl\(/l\;tr@g ;?6 ?éor gani gl\c(lm AgEOHs Aé“%’z?ﬁ‘?%yéﬁofw&y’tcr?gcl he solution
Y arti cl e di ter 8 n di spersed in
W ARG B 4#@0‘3%(@? OGF G st tor 2 Roero r dinthe aged
cl ear artl e, conpos nposi te oxi de of
SOH{%O&M Gﬁ‘gé‘gfia 1.8 par f&g(gﬁbag‘?tb’l aeptopRteld. fibahtseof silicone
t rystalljite, and a coating _|ayer conposed
Sult.#l t%@g‘gf f‘af@ 18¥p1§3in| Vamar &xempanndimitashnanenl.3 parts of
se surface is further nodified wwth a
ph@BB T"M”r@x‘g@&q? Antage Grystall fram Kaw agechidthdmicahéndustry Co.,
&, with 106 parts of
Lta‘a Ih(ﬂlé BF%WStth%ﬁdoa(y@am@ngO]@mmn%r mheﬂrﬁirdfcoatmg layer.
gl ycer ol pol yglycidyl ether ("Denacol EX-313" from
Thmg(aagén elyitioal was apglipd tF ohe hens lows digping ifitkedame way as in
sol uti on was added dropwise with stirring 30 parts of

Exgmplr Stpufesostizohatd contidg m&durochl oric acid. The

sol uti on
(2) Formation of antireflection film

The lens underwent plasma treatment in the way as in Example 9.
Then, the lens was coated with the coating solution C-1 for the low refraction
film by dipping. Dipping was followed by baking. The lens was further
‘treated with a fluorine-containing silane coupling agent to Impart water |
repellency.

Example 11

(1) Formation of hard coating layer
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was stirred for 4 hours and allowed to stand for 24

hours. To the aged solution were added 1.8 parts of
wao-eqobhdpeacet yl acetonate, 0.3 parts of sili coPer/Jp2005/020247

surfactant ("Lr7001" from Ni ppon Uni car Conpany

Li m'ted), and 1.3 parts of phenol antioxidant ("Antage

Crystal " from Kawaguchi Chemical Industry Co., Ltd.).

Thus there was obtained a coating solution for the

hard goatttuge wayeina déHiem CIEt hags 50 brdyBn¥asy P f@ﬁétﬁgh ¢thex
to the lens by dipping in the same way as in Exanp

aridosd®parishe “Dptelakeatizng SRIB25/4 2)) E@ﬁﬁﬁéfcmwsvaﬂable from
antireflection film The | ens underwent plasna

CAdtaBRt RN Chiethib AR MAsSed CoE1aAp! € @ptoﬁl@é“ 11@6%(5%1]%0525/A17)”

was coated with the coating solution C I for

is ﬁesfo[ @&ﬁﬂa‘?ﬂn‘f% PONwRYs 6f ?B'r?%mchﬁ)c[’é fie %tl&&lsl(ﬁﬁﬁoré)gn average

baki ng. The 1ens was er treated wit

P+ S A RSO A PR
ol PO T 01 B e o

1 bl f I
ke S SR Ot R o i B R ver
nt al ni,n 0 vvt%.of I nar gani.c

CO%sPOa% B imhasits ofick” fﬁé@?%@&f}e Zifeoan pie. and whose
gl BireRer Ptbod B atia e cpan | B Feslippsenignre

coqnp site oxjde of titaniumoxide, tin qxide and

w BrefWikh KOG pats ofer elystdaxyprenylfyimethgrysilane and
coatln | ayer conposed of conposite oxide of silicon
50garge Ogﬁbﬂ@mldmlﬁ’ gliridyl geherdnbenned] X 14182 deom Nagase
further nodified with a coupling agent.) The resulting
Chenyicalse Lids. f Totthe resulting mixed sdetioarwss aflded dropwise with
ygl yci doxypropyl tri nmet hoxysil ane and 50 parts of

stigripgeibpaytslof @y &V dgieeushenlutivDed dydirodilogi 3itid.r dhhe solution
Nagase Chem cals, Ltd.). To the resulting m xed

w asod tutre & foxd shoautsl aaiddarlbm@d;a) stiamid for i2arhangs30 Tpaht aigefl
0.1 N aqueous solution of hydrochloric acid. The

soboiant were ndded 2i ¥ pertsfofFedlIfoacesy backtahhawed? partstand
for 24 hours. To the aged sol ution were added 2.1

mgardssumfpdrehldrhje, A8 pyktsasfadibesieesur@aotapa(tls 70017 from
magnesi um perchlorate, 0.3 parts of silicone

- Nippoh dbiieat CompaAB3OLimite@NMPPBpd#é 6£phERMPAMoxidant
Limted), and 1.3 parts of phenol antioxidant

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

was obtained a coating solution for the hard coating layer. This coating
solution was applied to the lens by dipping in the same way as in Example 5
to form the hard coating layer. |
(2) Formation of antireflection film
The lens underwent plasma treatment in the way as in Example 9.
Then, the lens was coated with the coating solution C-1 for the low refraction

film by dipping. Dipping was followed by baking. The lens was further
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("Antage Crystal" from Kawaguchi Chem cal |ndustry

Co., Ltd.). Thus there was obtai ned a coating sol ution
wo evoedsaehar d coating layer. This coating sol upCDIP20a58020247

applied to the lens by dipping in the sane way as in

Exanple 5 to formthe hard coating | ayer. (2)

Formation of antireflection film The | ens underwent

plasma treatnment in the way as in Exanple 9. Then, the
trésted with cflabedewohbainleg sahé oguslbhgbient & impoft whter

|l ow refraction filmby dipping. D pping was foll owed i
repylldadsi ng. The lens was furthertreated with a fluorine .

-containing silane coupling agent to inpart water S ,

CoaepetdtencExamplo@par ati ve Exanple 6 (1) Fornation of
hard coating layer Am xture was made from 197 parts of

(1pr myﬂn@eﬁm%ﬂml d it %her and 625 parts of
" Opt ol ake 1120Z (8RU-! 5/ commercially avail abl e

from aahalist Sy 1?{'3 SIQWE bF ﬁf’(gﬁqene ?‘igg ol metgﬁl ether

(" Optol ake 11202 isas con ni ng
anfl §99 afﬂgq{fgl@gft{}la ﬂ‘%o&' @ﬁf@gﬁyérﬁ)g%g&gﬁgﬂc )havallable from

average part

SIS R T —

Xi de and

ith
S s AR A b
By e M e
oxﬁg u(g 0%9 taﬁggcg th)ap%- ne 1(8% %(S)Ililllptolsg(g ofmcgglg{)seltewg)?ldteuorftt{]t%uum oxide,

. Q- ropyé t hoxysi | ane and 63 parts of
tmg?’géé % OFtdedyithed Katile tymenciystalbse, 3usl a cpafing layer
Nag as em cal s, Lt(er;) To the resulting m xed
CO@@P&? comBosiRiawdgralsHicn gwitn and #ir¢omgumioidet sndfvhose
1N aqueous solution of hydrochloric acid. The
sus%ﬁw Birthes mpdifiedwitla counbngsagend.) al Thowsbul ingtmidure
for 24 hours. To the aged sol ution were added 2.2
W%@aﬁuﬂ"@i@‘fmpé?(d with &&eayﬂs dweglgudbﬁypfhp&lnambsh@iysﬂane and 63
magnesi um per chl or at e, 3 parts of silicone -
pastsrdfaglyearpl polyehandyl e‘thern( Wepeol BX-853” KEOﬁpNﬁgase Chemicals,
Limted), and 1.3 parts of phenol antioxidant ("Antage
Lty ysﬁ‘althe resudtik@nagrahiol Chienivead alldedidtdpvise withts@irking 24
-~ This coating solution was applied to the | ens by
padispdiny N aqidrussaietivayf agdidchfnadntd. 9 THe §ufbhas stirred
hard coating | ayer.
for 4 hours and allowed to stand for 24 hours. To the aged solution were

added 2.2 parts of Fe(III) acetyl acetonate, 0.7 parts of magnesium
perchlorate, 0.3 parts of silicone surfactant (“L.-7001” from Nippon Unicar
Company Limited), and 1.3 parts of phenol antioxidaht (“Antage Crystal”

from Kawaguchi Chemical Industry Co., Ltd.). This coating solution was'
applied to the lens by dipping in the same way as in Example 9 to form the
hard coéting layer.

(2) Formation of antireflection film
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(2) Formation of antireflection filnThe | ens underwent
plasma treatnent in the way as in Exanple 9. 5 Then,
WO bmelogsasy was coated with the coating sol uti onPCFIP20a020247
the low refraction filmby dipping. D pping was
foll owed by baking. The lens was further treated wth
a fluorine-containing silane coupling agent to inpart
wat er repell enc Conparative Exanple 7 (lI) Formation
of harkheleasi ‘H’qurmﬁ Phasma iren tmeen tnimddhef wamnat5a E);ag[mgle 9.
of propyl ene glycol nethyl ether and 625 parts of
Thegpt thiedkas maxoateRy-its tid 7)aticg sukrtziraCl y favaie 188! @ fraction
from Catal ysts & Chenicals Industries Co., Ltd.
film Qytdippiceg. 1 Rigping Rubll6w e byi balaingo! TRMoak m@f&@her
wt % of i norganic oxide fine particles (having an
tra&mda!gfthpaiﬂnllocim: cnapiiag sdhnd cotplidHRehs €8 imPart water
nmet hanol, the particle of which is forned froma
repalbeey. part| cl e conposed of conposite oxide of
titaniumoxide, tin oxide and silicon oxide with a

Combhl£tivey Pgagiplst7al | i te, and a coating | ayer conposed
of conposite oxide of silicon oxide and zirconium

(1pxiRéemaaiith YR&A &UtiBCRyes further nmodified with a
coupling agent.) The resulti ng m xture was further

m xed AWl R uké Qv AR
g- gl yci doxypropyl tri ITEt?]OX1y5SZI %rrﬂse Ogg(rjo%ylenetgsycé)# methyl ether

ardl @%bﬁktsp(ﬁ'l “thHk‘%%’idlm'R[? 297§ O:CPI%X 36%%&1&% h9Rlable from

Nagase Chemi cal s u

Catalykes & Cih IR AR 28 yg.’rtgchl A5 @R RU%sia17y

N aqueous solu | on
PSR P b P ST e
pef Bl uBndiBt bt kgt fisber i petipind; fhdomeiaaef adriehnis
foxélé?c} grogx% apr];1 ! gz}erlggftilcgﬁ Itggllg]%)?)g% ggp go%lpé? g{(&%)offt?tg%l&msomde
i G G ISP BB Rt R agyaiibmguicha Chetingrteyer

le 9 to formthe i hard coating | ayer.
CO?@PW—%P%&%% oxiqlei af silieoe 933 de fandraiTdemienexide, and whose
derwent_ plasma treatnent in the way as in Exanple 9.
Surlfr%é‘h 1s fyrghepmodified #ath adowplingtagent atThegresolltinganixture
G for the low refraction film by di ppi ng. D pping
wagdyrthar miked withobl ngrtsTife- glegaisoxpsrdpyttrirethoxysilane and 5

parts of glycerol polyglycidyl ether (“Denacol EX-313” from Nagase Chemicals,

Ltd.). To the resulting mixed solution was added dropwise with stirring 47
parts of 0.1 N aqueous solution of hydrochloric acid. The solution was stirred
for 4 hours and allowed to stand for 24 hours. To thé aged solution were

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

from Kawaguchi Chemical Industry Co., Ltd.). This coating solution was
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treated with a fluorine -containing silane coupling
agent to inpart water repellency. Table 3 bel ow shows
wao bweneusn (by wei ght) of solids (after baki ngdCT/sP20652020247
hard coating |ayer on the | ens produced in Exanples 9
to 11 and Conparative Exanples 6 and 7. Table 4 bel ow
shows the results of evaluation test of the coating
| ayer forned in these exanples. Table 3 Table 4 Heat
ap@liad kb the dems By dap pimgAdhthe same esiysisancExample @tﬁ@eﬁ)rmg;he
resi stance Exanple 9 Not occurred Exanple 10 No
haod coatieg l&xanpl e 11 No occurred Conparative No y
occurred Exanple 6 O Conparative Exanple 7 OO ,
(2)CcFarmetiohtofiamtiefledtibh&ilm he hard coating | ayer has
good scratch resistance and sufficient hardness if the

amunThefled uadesveMOpMEMC@RtmBhDEL théay as, 1n Example 9.
apol yfuncti onal epoxy compound) accounts for

Theh%ekd 1driiewh 9tah teBOk1tdSthdSoRting XX €51 Fof Ehelilow ,lréfractlon

is also noted that the hard coating | ayer resi st

filer REHigpngf t ﬂi{)ﬁﬁ%e@ta\@ %ol de? pakidde ’hﬁ@ﬁel{se&f'a? tf{'ﬂ:}%%r

test on accoun he wel anced’ wat er "resi stance

trea€q Witk hihdihiNe- C!){ltdlﬁl Sci?&l?;g;é(ﬁ&eﬁsﬂbg%%nce o &ngart water

coatlng 'ayer excels In
re}%/\ég 2t ed by the results of cracking test to neasure
y resist ance The hard coating layer is poor in

e a'?r%%nlt ‘lhle WP TAT SWQ k%&%% st P eting im
the R RPN %b%?r%v Hradpperk h' hE “agderkitg o

h
CO?%P%E&&F%??@W 4087 diIS  neLow ot aanl oty

evaluation test of the coating layer formed in these examples.

Table 3
Comparative
Example Example
9 10 11 6 7
Composite sol of rutile titanium oxide | 60 55 50 50 50
| y-glycidoxypropyltrimethoxysilane 30 30 30 25 48
| Glycerol polyglycidyl ether 10 15 20 25 2
Table 4
Hegt ' Adhesion Cracking d.ue Scr'atch
resistance to weathering | resistance
Example 9 © © Not occurred ©)
Example 10 O O No occurred O
Example 11 © @) No occurred O
Comparati
Exa nI: ple 61ve © © No occurred O
Comparative
Example 7 O O Occurred @)

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

and sufficient hardness if the amount of glycerol polyglycidyl ether (as a
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Therefore, it will find use as hi gh-performance
eyegl asses. In addition, the nethod for producing the
w@bk@shdsaed ens according to the present inventi PCT/MR2P0IN20247
used to produce such hi gh-performance plastic
| enses. CLAIMS 1. Aplastic | ens conposed of a plastic
| ens base material, a hard coating layer formed on the
&& StIC I ns base materjal, and an antireflection film
t%’é’xﬁ &PE ﬁgCQWe dor dte 28 wit% huf thargtal sohds as
.coating layer is one which is formed froma coating
1%@?\??}5%9 ¢$ 8rtoddnt di i alpoanotedabat tenbarkosastifPlay@itesBls ¢
defi ned below, (A) inorganic oxide fine particles
ciagkingader a%ea?etgé heatinigainethei ot tresisednde teet 3QhHUANSF the
containing titaniumoxide with a rutile-type
wellgstlantdd watBlesastancgand ldxibidity COMPRUIG hBREEREN @2 hard
by the general fornula of R Si X1 (where Rl denotes an
coatgeniayeg eacyls oh veethen rewisteice 2sAhdBatEd W'tﬁg ﬂagﬁlts of
reacti ve groups capabl e of pol ynerization and
craekigete st td\itasly aagheF fidtandsd the antiref | eCt ion
filmis an organic thin filmwhich has a refractive

i ndex Thevkigrd darid d@ﬁiye(?fls bbér H?Béiaiﬁ%'iétﬁggé %ﬁr (ﬁ%gg)on or is
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R5 r R6QSi X54qr (where R5 denotes an organi c group
havi ng reactive groups capabl e of polynerization) R6
walewenesen CL hydrocarbon group! X5 denotes a PCT/JP2005/020247
hydrol yzabl e group; gis Oor I andr is Oor 1), (Q
silica fine particles having an average particle
dianmeter of 1 to 150 nm 5. The plastic lens a s
defined in Caim4, wherein the silica fine particles
are hollow ones. 6. The plHdsAIMS! ens a s defined in
Caimb5, wherein the silica fine particles are those
whi ch have an average particle dianmeter of 20 to 150 .
nm and a refractive i ndex ranging fron11.16 to 1.39. s
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and the antireflection film is an organic thin film which has a

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

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

3. The plastic lens as defined in Claim 2, wherein said inorganic
‘oxide fine particles include those which have a core/shell type structure |
formed from (i) a nuclear particle with a rutile-type crystallite composed of a
composife oxide of titanium oxide and tin oxide or a composite oxide of

titanium oxide, tin oxide and silicon oxide, and (ii) a coating layer composed of
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denotes an organi c group of carbon nunber 2 or nore
whi ch has reactive groups capable of polynerization
and X1 denotes a hydrol yzabl e group); and form ng on
the hard coating |ayer an organic thin filmas an
a ambpositd exitle of sflidom atide Andasroant@hraaas Ve ch B th Q%I bf
than that of said hard coating |ayer by no | ess than i
silfcoh®oxidel andsdubsinum bkidekiies sodpoSife bRidbMY diffkorldxidEhe -
met hod for producing a plastic [ens as defined In S
zircbaiumh bidehed el imeRith bdE IRRLG Qiiede sfiid;ﬁuaégi p&kﬁae.
contain a conposite oxide of titanium oxide an I'n
oxl de4or The ﬁﬂ_ﬁfﬁ‘i’@letr%_ é%xéléf?néﬁ irf Cieﬁﬂi FM)&&% thteI Qntireﬂection
oxi de and silicon oxide, wth a rutile-type
filgr j : ' dj.anet er .of
UEF STt CRAFRLR (EnAD) Bh A aPlg o JUER o eRing the
comPPheR @@Qﬁﬂpﬁpi ﬁ%éaﬂ%ﬁ -wherei n said inorganic
I'c

oxi de fine par es 1 nclude those which have a a

/ 1. f d ' |
(P ob o pahouililE bRt ERLERTE bY R BebefhdbeutH o
ani um oxi.de and.tin oxide or a

; i te oxidengf, ti
RO RaCr v e GRPHERS HebplSiint it Er St hayekeaghiye eroups

ih;i.con oxide nd. £ i coaf,i ng l.ayer. conposed_of a
ca %b&sgippivwa%ﬁw @f‘ ﬁ%’&% S Gt e REAESCATh & AR % grnotes a
0 site oxide . of silicon oxide and al um num oxi de
hy@’lco‘:l%g%gﬁﬁ&g??’eq 5%P @5 loandin 3sQar ki de, zi r coni um oxi de
(and.al%pinun1QQidi, whi ch covers said nucl ear
pa?’tbfcél tne partiepg ASHHO AN RYPTgoRRIdINe d2aprtastdfcl tehB0 nm.
as defined in daim10, wherein the organic thin film
as the ahb¢ plasticiens msidafinedsint Glanmdd i wherein ¢batsilign fine
conposition containing the conponents (F) and (G
paxfeslesare bBellow,ones) an or ganosi | i con conpound
represented by the general fornula of RS rR6qSi X5
4- g- r6.( whiee plaicdenstagdedimedriga®iadmoF ouhetwdnithg silica fine
reactive groups capable of polynerization; R6 denotes
parfiatps araihirsecwhishrhagreoam avertigedenticts diahyraf\20aiel 50 nm
roup; gis Oor | ; andr is Oor | ) (G silica fine
antgarxteiﬁtaceiszehadémgaagﬁx@vﬁbﬁgb.1|6a;bt1i.39,e dianeter of 1 to
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7. The plastic lens as defined in Claim 1, wherein the coating

’

composition for the hard coating layer further contéins a polyfunctional epoxy
compound as the component (C).
8. The plastic lens as defined in Claim 1, wherein the coating
composition for the hard coating layer further contaiﬁs as the component (D)
~an organosilicon compound represented by the general formula of Rz‘nSiX24--n
(where R2 denotes a Ci-3 hydrocarbon group, X2 denotes a hydrolyzable group,
and n is 0 or 1.

9. The plastic lens as defined in Claim 1, wherein the coating
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14. The method for producing a plastic |ens as defined
in Cam 13, wherein the silica fine particles are
whedoboss4senes. 15. The nmethod for produci ng a pPEBEIF2005/020247
lens as defined in Clainm4, wherein the silica fine
particles are those which have an aver age particle
di ameter of 20 to 150 nmand a refractive index
ranging from1.16 to 1.39. _ ;
composition for the hard coating layer further contains as the component (E) a
disilane compound represented by the formula X33-m*Si(R31)- Y-Si(R4m) - X441
(where R3 and R¢ each denotes a Ci-6 hydrocarbon group, X3 and X each j
denotes a hydrolyzable group, Y denoteé an organic group containing a
carbonate group or epoxy group, and m is O or 1).
10. A method for producing a plastic lens which comprising the
steps of:
forming on a plastic lens base material a hard coating layer from a
coating composition containing at least the cﬁmponents (A) and (B) defined
below,
(A) inorganic oxide fine particles having an average particle diameter of 1 to
200 nm and containing titanium oxide with a rutile-type crystallite,
(B) an organosilicon compound represented by‘ the general formula of
R1SiX13 (where R! denotes an organic group of carbon number 2 or more
which has reactive groups capable of polymerization and X! denotes a
hydrolyzable group); and
forming on the hard coating layer an 6rganic thin film as an
antireflection film which has a refractive index lower than that of said hard
coating layer by no less than 0.10 and also has a thickness of 50 to 150 nm.
11. The method for producing a plastic lens as defined in Claim 10,
wherein said inorganic oxide fine particles contain a c.omposite oxide of
‘titanium oxide and tin oxide or a composite oxide of titanium oxide, tin oxide
and silicon oxide, with a rutile-type crystallite, and have an average particle

diameter of 1 to 200 nm.

12. The method for producing a plastic lens as defined in Claim 11,
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wherein said inorganic oxide fine particles include those which have a
b

core/shell type structure formed from (i) a nuclear particle with a rutile-type
crystallite composed of a composite oxide of titanium oxide and tin oxide c:r a
composite oxide of titanium oxide, tin oﬁide and silicon oxide, and (ii) a
coating layer composed of a composite oxide of silicon oxide and zirconium
oxide, a composite oxide of silicon oxide and aluminum oxide or a composite
oxide of silicon oxide, zirconium oxide and aluminum oxide, which covers said
nuclear particle.

13. The method for producing a pléstic lens as defined in Claim 10,
wherein the organic thin film as the antireflection film is formed from a
coating composition containing the components (F) and (G) defined below,
(F) an organosilicon compound represented by the general formula of
R5,R6,SiX5;.q+ (where R5 denotes an organic groﬁp having reactive groups
capable of polymerization; R6 denotes a C1-¢ hydrocarbon group; X5 denotes a
hydrolyzable group; qis 0 or 1; and r is 0 or 1)
(G) silica fine particles having an average particle diameter of 1 to 150 nm.

14. The method for producing a plastic lens as defined in Clam 13,
wherein the silica fine particles are hollow ones.

15. The method for producing a plastic lens as defined in Claim14,

wherein the silica fine particles are those which have an average particle

diameter of 20 to 150 nm and a refractive index ranging from 1.16 to 1.39.

77



