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SF-16181 DESCRIPTION PHOTOCHROMIC OPTICAL ELEMENT
Technical Field [0001] The present invention relates to a
photochromic optical element wherein on the surface of an optical
substrate a photochromic coat layer and a hard coat layer are formed in
this order. More specifically, it relates to an optical element in which a
hard coat layer is formed on a pstosiremiold 0 coat layer containing a
(di)alkylamino group-containing photochromic compound, and the
photochromic compait@EcdsERomitChange dismatumevandis not discolored
to reddish.  Background Art 15[0002] Photochromic glasses
TRpetidsas stibegldsses by prompt color development outdoors where a
light containing ultraviolet light such as sunlight is applied to the glasses
[ 4Ad #nction as ordinary transparent glasses by color fading 20 indoors
where no such light is applied to the glasses. The demand for the
photochientie glessesiis rowingrinretent years Q003 och Asa Method- 41
for manufacturing plastic lenses having photochromic properties, there
© have been'kewaima methbd iF SE46283 fvhieh agphotachremiG e rate
compound is allowed to impregnate the surface of a lens having no
PpbRsERFSMIcCpfopetids fimpregratiorhmethat)za methed in whieh ameg in
photochromic compound is dissolved into a monomer, and the monomer
thd 8§ soffsrizelf 36 direpsy §ikbcephatochrontie lens: &kneading QFINirmass
method); and a method in which a layer having photochromic properties
e I fBfdirafter $bAhimesaefened to bsithe photochrandiceoat ayerbish romi o
formed on the surface of a plastic lens by using a coating liquid containing
CO% 0 phbEICHToRiGdGHhpBuRd (Werembker sometimesoreferred taas they
photochromic coating agent) (coatingmethod) . Among them, the coating
PRREHOUIREE & MeRPHEECN pristiphe theghotbchmomicqropertied carebenot
imparted easily to any lens substrates as compared with the other two
ChaRdfodst Bof154rstaRBe, ihthaahprbignation meethbd, itésideeassary to
use a soft lens substrate as the substrate lens so that a photochromic
compound may easily diffuse into it. Further in the kneading or in-mass
nal etr}od, a special monomer composition needs to be used in order to
reﬁizgﬁ%%dpﬁﬁtotochromic 20 properties. In contrast, in the coating
{ hod, there are no such restrictions in the substrates. [0004] When
a phiotochromic plastic lens is manufactured by the coating method, the
thickr%%%stof %t?hot,ochromic coat layer SF-16183 formed on the surface
of a Iens SubStrARS tHin® §RerefoRe . brileP® SbRIA bastitechnomicompt
at layer having practical color optical density, the coat layer needs to
Cogggﬁtac?r%/gep ic gérggm?@Egﬁ]%ﬁnﬂl?ﬁﬁ%iéh toRténtPaidie Wsisueh 5
ul ngg%cor%%mi compounds, chromene derivatives are widely used, and
especially from the VigWpbints G EXceliBht EslotRiRVERPrientand edpidses
rate, alkylamino group-containing or dialkylamino group-containing
andfcarﬁlg%%etanieodjer?\fat?v%% A2 'SOMEMTNEE BEEH tréfer &5 PatdI Deduehtstng

o ..10[0005] In addition, on the photochromic coat layer, a hard coat
1nd%3¥%)$hére O such fkght lg applied to theyglasses. The

demand:&n:thephotochromicglassesjf;growingjj1recentyears.
[0003]
As a method fer manufacturing plastic lenses having

photochromic properties, there have been known a method in
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lay&r+4g fargned in order to improve scratcg resistance of the optical
substrate. For instance, in the Patent Document 1, an example using a
hard coat ageint 1 (trade name TS56H, 15 manufactured by Tokuyama
Corp.) is described. In the Patent Document 1, when a hard coat layer is
formed on a photochromic coat layer, a hard coat liquid not containing a
tetaafkoxsy SHAREHEermethytiatioxycsilane ds Used because.githe, ..o 1.
pgt—lifggproblem of the hard coat agent (a storage period for 20 which the ‘
hareh §teag%?t‘%eé%%h?éféémopert@fsdoasealjmngxpgg@g;ggggtééfter
preparation of the hard coat agent is short). Patent Document 1: WO
2003019967 Pawnt Beeamknt 2: Japanese Patent Applicasion ais-Open.
8%16184 Publication No. 2003-342310 Disclosure of the Invention
Problenid'th bE SHHFEPBY i Fventien {00063 However; inthe.casethat _
the hargd coat layer is formed on the photochromic coat layer containing an
ﬁl%% miro é?(ﬂ.lﬁ-?:é?ﬁéiﬁi?ﬁglgh@tb*cﬁr@nﬂbgbmﬂadiof a@i@dkylgﬁggging or
grgyrg-contalnlng photochromic compound in high concentration, 10 the
coated 1end iy v & BRgiRtyetidish colorkten lightiis ot appligdhg
agggédggcted,color tones may not be realized and the redness may
xceed an AlowaDIS1EVE! 8¢ the tifreeérediordevelopment everrthough + o o
tt,kl]l% color %nzxs are pre-designed. Accordingly, an object of the present
inverttion i$ T prévent 18hede problerhs tiattheotor tones differ oM o5 -
g-sdcesicgrled color tones at the time of color development and fading; and
the Tedness i3 HevBIdhetFWhén Bhariacdat dayer isformechomthe,
hqt ﬁromig coat layer containing an alkylamino group-containing
pglhotgg fomic con S}ﬁﬁiﬂ“&a{ﬁﬁaﬂ%ﬂ@mﬁ@m growEcortainisgerred to as
+RR %c&r ic.compound in high congentration. [0007] The present
inv()elgntorsgkr%;hv%ofﬁ\l/ stigated AGtEaGMY the ehdsests thess problemsy chem,
+ gltheugh not particularly tied up to a theory, it is assumed as their cause
that a par%%?tr%etspf—q%%@ photbehtdmieredmpaeundinithe iphibsochramic
o1e9gkLlayermigrates to the hard coat layer, then metal oxide fine particles,
a curing catalyst and the ke cS1taind ihtRe hardicoatlayer interactwithn s
suhe alkylaminp group or the dialkylamino group 5 in the photochromic
compound, and t Sg%%reer%is"s“' %%p@%ﬁuﬁ?@ﬁtﬁe%t@@lt@oﬁs. For
in@ggglér)d by IE@ irradiation changes greatly. [0008] In order to inhibit the
redness, it will be effective 107t siimMate 6 redieel themetal oxide fineuse
a Particles.and the.o p catalyst in the hard coat layer. However, this
approach is not rea istéi’?:t ega%sgcehi ifd’iﬁ%ﬁﬁ%%b&ﬁﬂwaﬁ@ cbatlayers
phbavingsyfficient s ength. 0009] 15Accordingly, the present inventors
have carried out tf%ge invgsltlllsgtigr"?t Fromy thie §i‘¢g‘d\5ﬁ)iﬁf16f>p¥éventfhgrmeer in
thenigiatien gf.the. pﬂpl% hramic compound to the hard coat layer, and have
accomplish%d the pres%éﬁ invertion as deLERpEd BErWres Meawsfort ion

need@ving the PJQQ@@%[OQ%QLI to realize good phetochromic
properties. In contrast, in the coating method, there are no
such restrictions in the substrates.

[00047

When a photochromic plastic lens is manufactured by the

coating method, the thickness of a photochromic coat layer
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S%/I_?aéwlsgfor solving the problems provided by the present invention are as
ollows: [0011] SF-16186 (1)A photoc%romic optical element comprising
an optical substrate, a photochromic coat layer, and a hard coat layer that
are laminated in this order, wherein (1) the photochromic coat layer
comprises an alkylamino group-containing 5 photochromic compound
fandéet adishylaminp-grouprcontaining phatoshromiccomppundin.a (9ial |
amount of 0.1 to 10.0% by mass, and (ll) the hard coat layer is obtained
ibyedring achakskeniat agent-aomprising metak exide fine pavticles apdan ca1
organosilicon compound, and the hard coat agent containing as 10 the
calganesiliconcondpouna at least ore selectagkfromedthg greup consisting of
a tetraalkoxy silane, a methyl trialkoxysilane, and partial hydrolysates the
orenf drarameountof 10406000 by mass as expeassed by-Y%massbased,on
the total mass of the metal oxide fine particles and the organosilicon
proompounshfvith the 45 peviserthakwhenithe:organosiicopcompeundis &4,
partial hydrolysate of a partially hydrolyzable organosilicon compound, the
armass petheadrganésiticort bempoeag i thesabave:tatalimass iscthedpass
of the the partially hydrolyzable organosilicon compound). 20[0012] (2)The
dephotophramticaopticak plaméntiacearding i thel(dy).\wbetain dhe bard-eqating
agent for the hard coat layer further comprises an epoxy-containing silicon
orcaimpolmd amdfor agpartia-hydiolysaterthereaf card.a cisingeatalysts are
SF-16187 [0013] (3) The photochromic optical element according to the
s of@3 hwherein tvathdrdedoat agen? fdrdhé hacd:coatlayer centading)an
acetylacetonate complex as the curing catalyst. 5[0014] (4) The
[ OBR&tbchromic optical element according to the (3), wherein the hard coat
agent for the hard coat layer further comprises a quaternary ammonium
salt ahd/édd fuatrnasy phiosphoniun saftmi000Lb] (B)ya methodifol coat
producing a photochromic optical element in which an optical substrate, a
1 aprétdchrépfisredat layer S&nd echarbevatdayeraredaminatestiarthis orflerhe
comprising the steps of; applying a hard coat agent comprising metal
CPhxit1 5 HAS paRicfes aRg anioghabSHicon totipouhdtiemthedocument 1,
photochromic coat layer which is laminated on the optical substrate, and
AN cHARGEHE hari ECht agent t formtthedrrd toat IayeadshereiretHeshdd,
coat agent contains as the organosilicon compound at least one selected
magihhR He §iR7pP20 EBhEEaAY of aBtrhalk®xyesianeba fnethyh tridlkoRp tent
silane, and partial hydrolysates thereof in an amount of 10 to 60% by
POGHASE haded BIPRPtGtaF M asadT thevifstalcotiasmine particlesandtheomic
organosilicon compound (with the proviso that when the organosilicon
Coxbhmpolfitris® Al RParblyshtd of alplrtiaiRn S 16188 AyHrilyAml&oxy
. organosilicon compound, the mass of the organosilicon compound in the
S laRvenbtal ?n&g%‘ﬁgﬁfﬁe hasofthE part@lenydrolsaBlesrnmasiliednthe
compound). 5 Effects of the Invention [0016] The present invention
POt provitie e Bh Gt chhsmic St Eatdle At bbtaintersyr e daginged for
.method in which the photochromic coat layer contains an alkylamino 10
"R IGTS U EoRtairg HofERRIMIE EM putintl-&ifd ot Erdialkylefirie> realize
group-containing photochromic compound having excellent photochromic
X5 OhBHIESINGGH cOACETRrETGH BWotdiRgRb thlbmehtchrtreaiess 1s
does not occur at the time of no light irradiation and the color tones do not
Sho(,rﬁaln'ge at the time of 15 color development (the color tones do not differ
5 from the expected color tones) even when the hard coat layer is formed
28R the’ SRoTBERfontic cBSt rYer 1881 7FThe element mentioned in the
b empodiment (4) comprises 20 the hard coat layer formed by using the
2 R&rd cOHtAGERE cortaltif & HatdrA aR ArkdhidFAdalCand/dr 8- Open
quaternary phosphonium salt further has the following characteristics.
When hard coat layers are formed on photochromic coat layers or the
backsides of lens substrates, in general, the base layers SF-16189 are
chemically or physically etched as a pre-treatment in order to improve
adhesion of the hard coat layers. In the case of the optical element
according to the embodiment (4), the chemical etching with an agueous

alkaline solution can be
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t as the pre-treatment. Because the chemical etching with an

> aprleg put o >-treatm e
aqueous alkaline solution is simple, does‘ot need special equipment and
can double as washing of the lens substrate, the embodiment provides

advantages in terms of the production yield and cost. 10 Brief Description
of the Drawing [0018][Drawing 1] The drawing is a cross-section diagram
ill&strdtingea 1 orrepreseniative; ggrbpdiment for the photochromic optical
15 element of the present invention. Explanation of the Codes [0019]
1:Optical substrate 202:Primer layer 3: Photochromic coat layer 4: Hard
coat layer 5: Antireflection layer 10:Photochromic optical element

In the

S $618Hx Besbogefor Garpying Qut the Invention [0020]
following, embodiments of the present invention 5 will be described to be

rorPpreniseuith sefesancaito,the.drawing, 10021) As shown in Drawing
1, in a photochromic optical element 10 of the present invention, an optical
duls¥irate 1, a 10 photochromic coat layer 3, and a hard coat layer 4 are

laminated in this order. Between the optical substrate 1 and the
photochtiomierenat layet Bs aprier jayer,2 be.formed jn order to
@a}y?rd D Rithlheoptical £ ormed

improve the adhesion of the photochromic coat layer
he further formed on the

%Ub§@atep110€tlsahaf®raﬂﬁf3f@£gorﬂA@f@ léo%@aynln% i ad Liamiro
ally a

hard coat layer 4. Here, the antireflection layer 5 isus
8tive indexes, though

The ayor 1 smpifiod i 6 Drawing 1. AlCS oo Aot SHOMACRARENno
...
. between the photogm%oy%ifggatg _Ia%?e%%ﬁaenjag{h%gr?aﬁagsi%aﬁ gr #BEn light
oo besipevin syt s U L o ..
T e e S L O e
0

oSS tiarEs Seeherstenses foraysrglasses, 2ad window glasses f ﬁ%i gdgned

. . e pre-
Achouse.s and automobiles. Publicly known lenses for eye glas%es |
[ENses MiEide of plastibscsuchrasta:(eth)asky! o582 Pg}y%asrbggzg% event

h resin, an allyl resin, a thiourethane 10 resin, a urethane resin, and
BiBePoRy edis, aid tertdes marerotglass and-any lenses orreeygegg?%%eesd

may be used without particular restriction in the present invention.
de of

OB AR itas mbr prieteratiedo Lise laases; I@gg@lgﬁﬁegﬁtén& )
n (meth)acryl resin, a polycarbonate resin, an allyl resin, a 15 t iourethand”d
SR 2E R tHeh e Rogind, cartianthime poxy resin 00831 1, flastic lepses

o for eye glasses generally have curved surfaces, and their convex sUrtAREs
N EREoRECESmpHeatd witle thel rnpent p&gif%%%gﬁq@eaqptgﬂ{ggtsigg but in
cat suBstrate

the present 20 invention such lenses may be used as the op
TEOURTHSU Ay steblehes. Sitterthickn ess:ah the,aptisal sustate, 1 varies
depending on its applications and is not particularly restricted, but'in tfe
e

9T eToR ege Ylesadane thickness inaboutrse 200 MM JALexample;

[00o95-161812[0024]

The present inventors have investigated thoroughly the
causes of these problems, although not particularly tied up

to i i
a theory, it is assumed as their cause that a part of the
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Here, the optical substrate 1 may be treated by various kinds of surface
SFreafrh8nts. Examples of such surfacereatments include chemical
treatments using basic or acidic 5 aqueous solutions, polishing treatments
using polishing materials, plasma treatments using an
atmospheric-pressure plasma, a low-pressure plasma, and the like, and
p}QSE%F&g@@Q%r%%H atments, [Qggsfl)}]rgg§9§ﬁ'@ﬁyl@ OKJer (0 IMIYVEy rates
adhesion of the photochromic coat layer 3, it is preferable to form the
£ PN Igyer2 (?aélae sutface of the-opfical substrate e The pripes layee 2 o
may be formed of various kinds of primer resins used for this purpose, but

c%%fg'égx yethane-typearime tesing 45 ate preferably used inyiewfye r

venessto the photochromic coat layer 3. Details of such

1 Arethane-typeprimer tesios afe discloseddn WQ Q040 B Bad B8o group

thickness of the primer layer is not particularly restricted, but is usually

1 RO %tﬂé&ﬁ%&gﬁqp%mpouw, phoetachronicoat faves 3,60Reins: rum

an alkylamino group-containing photochromic compound and/or a

o Aialkylaming groupsgontaining phetochromic gompayndsthereinafter theses
are sometimes collectively referred to as the "(di)alkylam O SF-161813
Ig{gleg-§9ntaining photochromic compound") in a total amount of 0.1 to
10.0% by mass. The thickness of the photochromic layer is usually in the

1 d@pgg of 5to 100 pm. If the thickness is in this range, the above amount
ensures sufficient 5 photochromic properties. From the viewpoint of the
photoghromig charasteristics; 8 suifablesameuat ofithe(dialkytansinpective
group-containing photochromic compound varies depending on the

+ dhickness of the phateghremic caoat layersd: and theramesint iscpreierally the
in the range of 0.2 to 5.0% by 10 mass when the thickness is 20 to 50 um

c@ndhip the range-of 9.8He 0% ywmassyhen thedhiskeessds 89 #@B¥0oach
pm. [0027] When the photochromic coat layer 3 contains the

1 S(diadkylaminosgrodpreiaiking photochyemic-carnpoundpthe: f5Haigratien t
of the compound to the hard coat layer 4 will cause the redness. If the

1 adaeyntefithggompotneliis belayy thamtpyrer limit of the range, the
problematic redness will not be caused even if the compound migrates to

[ othvedrard coat layer 4, but the layer 3 does not have sufficient
photochromic properties 20 in such a case. Also, if the amount is beyond
the upperdinait, Atendsithde diftieutt ta dispetserthereompoundied out the
homogeneously in the photochromic coat layer 3. [0028] SF-161814 the

1 nichletivdaninergprcaniaining photachromio compouhdcaretalkyt gnoupson
generally having 1 to 10 carbon atoms, preferably 1 to 7 carbon atoms

o fatdarghvare-predarably-anmethybgreuE be anaetbytgroupl AWVben thed have
number of carbon atoms exceeds 5 the range, there is a tendency that the

acsynipesis iof these=campeunds isrdiffictlt. oAs suchl édifatkydanhime L ow .
group-containing photochromic compounds, chromene derivatives
represented by the following formula (1), especially the derivatives having
a molecular weight of 540 10 or more, are preferably used. [0029] In

Me thesfofmulas@) vtheginghia the striettre represented by the following
formula (2) is [0031] [0032] an "aromatic hydrocarbon ring" or an

[ oburishturated heterocyclic 20ring”. As the "aromatic hydrocarbon rings”,
there may be mentioned rings having 6 to 20 carbon atoms such as a
benzere S 164 8451lnng; @ haghthatenesmg rarvindénd nap hthalepeaasy; t
a ohenanthrene ring, a fluorene ring, and the like, and as the "unsaturated

inheteraecyclierimgs’s therelmaybe mentioned rings having 4 to 20 carbon
atoms and as a heteroatom 1 or 2 nitrogen 5 atom(s), oxygen atom(s),

[ 0 @ndl jsulfur atom(s), such as a thiophene ring, a benzothiophene ring, a
benzofurane ring, an indole ring, a quinoline ring, a carbazole ring, a
phenanthridine ring, and the like.
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[0033] 10As substituent groups Rs bonding to the ring, there may be
smengoned any groups belonging to the following group A. Here, "0" which
represents the number of the substituent groups that are bonded is an
integer of 0 to 6. [0034] 15[Group A]Alkyl groups having 1 to 8 carbon
atoms; alkyloxy groups having 1 to 8 carbon atoms; aryloxy groups having
5 to 10 carbon atoms; amino groups; amino groups substituted with an
(dikyl gfod REFNB OO RibdrPatomsS AR Brétifdiaing s Brioptical
carbon atoms, acyl groups having 1 to 9 carbon atoms, 20 a fluorine atom,
S P ek PR oyt 08! ART SFo LA B0 TG eKiRg Cafbor 2ver
atoms; halogen atoms such as fluorine, chlorine, or the like; perfluoroalkyl
CBRupS havifig AP chPobh ot BErtBB AT grétSs HaRiRS 1 ¥eBi c
carbon atoms; acyl groups having 2 to 9 carbon atoms; SF-161816
CAfoxyREToryPRRIUPE Having 345 6EHbER aBHREPAFRAGBATBORYI
roups having 7 to 11 carbon a}oms; arylalkyl groups having 7to 18
o RaRG ARG, RIS Affcs GrtisY NASUbMR BRI (a3 n o
substituted by a 5 hydrocarbon group_having 1 to 8 carbon atoms; alkyny!
PRGOS RATinG T8 Bor donts; Eha ARt GcH EIie gtduds Wnichtiaveas
nitrogen atom as a heteroatom and in which the nitrogen atom is bonded
ar}é tﬁg%¥rd&ﬁr§1?§ﬂe€§iﬂ3%tﬁﬁt%%? stiehPRs 2Ry RstidiMy P prodtflindiard coat
morpholino, 2- _uinol;z‘l, 10 pyrazolidine, quinuclidine, indole, indoline and
G as O e e P4 Gr Gl Haviny B 6 FinG 1imAG tarfon
atoms",.the "alkynyl groups having 1 to 8 carbon atoms", and the =
CLPRNSBeydIRGro HieH h &R a Titfrogeh At6Rf&s 2oRAEGIOM BRdNE 25
the structure to 15 be substituted”

which the nitrogen atom is bonded to
R A S A SIBERLE Bron ORI o ASThE SRR BB 2 U

eac
ther b tioned longing t followi B.
oOURT SOfErALp BT bIBURS AT T 1o BT A ARSHR 1272

roups having 1.to 8 carbon atoms; amino groups; amino groups .
ST ﬁﬁtle%jwﬁﬁdarnoglﬁﬁagﬁ%ﬁp%éevﬁé% 615 %a?ﬁnc)onugt%rﬁ%{ gﬁaﬁé’ g§8 ﬁp?y
halagen atoms such as fluarine, chlorine, or the like; perfluoroalkyl groups
e B S Pt bearie T BRLS bt or SR S HadTRs =2

r oms; hydroxyl group; amide groups; acyl groups havi

o L Nee RS T Al e

- tifuyt [ p tit . hydracarbon group 5 havin
s e KT e e L B Ha 48k

and i ' itro ' nded to the ring to be

ryiEBIoan 204 1 W e AR Al shonsel e g o e
coRSIIARNCILARIMBICR ALe Lomied By coRdansing e heleroevele,

groups with an aromatic hydrocarbon ring or an aromatic eterocycﬁlc ring.

3 R2.in t indepe I resen oup

ol H RlandR in the, tormula (1) indep: q?dafp%gg)flgyaag%i pie

represented by the following formula (3) ortorm

orwﬁ&@m%gr%?{{ alynsaturated heterocyclic ring”, or an "alkyl
group”. [0038] Ig3- an(J R2 may together form an "aliphatic

[O@/gﬂocarbon ring or an aromatic hydrocarbonring”. However, from the
viewpoint 20 of photochromic characteristics, it is particularly preferable

(2 that at|east,one of Rl,and %géa949i>@h@ﬁ%ﬁi@°é%&%i&ﬁsge@§8“%c (1),

hydrocarbon group or a (di)alkylamino-substituted unsatura

whdeterocyglic group. 100391, SEA161818 4G5-GH:YREA3) IR R7I00AQL 1 o,

-ea=Re-.(4) [0041]
comprises an epoxy-containing silicon compound and/or a

partial hydrolysate thereof, and a curing catalyst.
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5In the case when Rl and R2 independently represent a group shown in
s sthegfogmula (3) or the formula (4), R6/and R8 in the formulae (3) and (4)
represent an "aromatic hydrocarbon group” or an "unsaturated
heterocyclic group”, R7 represents a hydrogen atom, an alkyl group, or a
halogen atom, and p and 10 p' represent an integer of 1 to 3. [0042]
Here, as suitable "aromatic hydrocarbon groups", there may be mentioned
[Oglp%]enyl group and a naphthyl group, and as suitable "unsaturated

heterocyclic groups”, there may.be 15 mentioned a furyl i
(310 carBBrRROMRCEEREASI 8%%1)?% gnz%?ﬁi%%y?&%%%?g%gr%z%?g%}? 29,

group, a pyralyl group, an indolyl group, and.a triazinyl group,. These , _ ;
whegidhiat ﬁy&r%EQr&S%ia& esnér%o 'ﬂn%ga?ur%é: h% eargcgc 'ce-gEroups"aLlns

may contain a substituent group, and the substituent royps include
2N HENBRGINGH te 6?6%;@?[@3%@E&%ﬁﬁ% gﬁ%oﬁgﬁﬁ an
"unsaturated heterocyclic groups”, these groups are the same as those
‘htioned in the formula (3) or (4), and so are the suitable groups. [0044]

5In th hen Rl and R2 are "alkyl _
R eSS e Al Y fere o b peniones)

specifically a methyl group, an ethyl group, a b ,at I r

WhERgdShropsi &%ﬁ% a c?glo%?gﬁlﬁ g‘_:(c)g;lﬁp,‘Lé g%yglfy)ﬁ/é%ﬁ&?%)u%%ggg tr?e{%llégje
may be 10 mentioned as examples, [0045 d ase

co gethét fovf bR ApAAtE ygﬁ%nlc[élrﬁ)osr?1 :rLlﬁg o{}%z%egorgna%c 2harg

hydrocarbon rin ,tas these rings, there may be mentioned monocyclic
PPRFEGCArE8h ARGS 15 having 6 to 20 ring-forming carbon atoms, and
condensed polycyclic hydrocarbon rings or bridged cyclic hydrocarbon
an}oﬂps having 6 to 20 ring-forming carbon atoms. To these rings may be
(sponded, via a.spito bonding, 2 fluorene fag. 2 iyeantheacene dngeanc
Eyclo exane ring, an adamantan ring, 20 an indene ring, and the like.
:[0046), . R3 and R4 in the formula (1), gaeh independenty sepeaasnt ang
any groupnbe nging to the group B. However, in the formula (1), it is
2 fiecessancinal plleas one,t L 22 B3 Bl K- dAR0 2018y the
ana ﬁamlno group or a di alkylamino group or a group containing
2palkylaming 0rouR or 2 groLi Gasaning.a di allaminorgrouR K047y 1 de
ro

St%?ﬁong thé ene compounds represented by the formula (1), the

fi%g"%)é dsyepresgnted by thefollowing-formulag) 4e (R are particularly

pre e In view of photochromic characteristics such as the color optical

| a e, urability [0a48(@eompeunds: optical
ph?e%gr%i%%%%éb%\%‘oﬁ%g%%mula (5) [0049] [0050]  In the formula,

sul%%%qgl eaghhave thesame:meaning agBAard R2 imtbe dormutn (bt

1 and R12 each independently have the same meaning as R5 in the

1af%r919'%£&@£}?a§ﬁ8”%9£89@8§@ agent contains as thR1l, and
RiZisa (di)alkylamino group or a group containing a (di)alkylamino
orc%%%f@gc%ﬁng&hﬁe%ﬁe%@sﬁgta@@ iRtegeEelected from the group
consisting of a tetraalkoxy silane, a methyl trialkoxy silane,
and partial hydrolysates thereof in an amount of 10 to 60% by
mass based on the total mass of the metal oxide fine particles.

and the organosilicon compound (with the proviso that when the

organosilicon compound is a partial hydrolysate of a partially
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SF-161821 of 1 to 2. Among the compounds represented by the formula
g7 (3 gompounds in which R9 and/orgR1 is a (di)alkylamino-substituted
aromatic hydrocarbon group or a (di)alkylamino-substituted unsaturated
heterocyclic group 5 are particularly preferable. [0051] (b)compound
represented by the following formula (6) [0052] 10[0053] In the
formula, R13 and R14 have the same meaning as R1 and R2 in the
hydforitebl)e RABETPR16 B2eR iRdEpsHtEhty Have RS Safife MGning as
R5 in the formula (1); at least one of R19, R", , and R16 is a I(%g
orgalkgRirih6 GRoGP TR AFEU CERRIRRE S 1aFdI)EMTnb T rotp
independently represent an integer of 1 to 2; and L is any gro
tha&p’f@@rﬁéé%yﬁﬁé#@lmﬁﬁJf@rn?&lﬁé?fb?%gt]l%cfﬂléfg%f fo055]
(In the formulae, Prepresents an oxygen atom ora sulfur atom,represents
an alkylene group having 1 to 6 carbon 5atoms, and s, s', and s" represent
an integer of 1 to 4). Among the compounds represented by the
Ef fophElo®) FEempBURdL iARhich R13 and/or R14 is a
(di)alkylamino-substituted aromatic hydrocarbon group or a
[ 00@EPAIkylamino-substituted unsaturated heterocyclic group 10are
particularly preferable. [0056] (c)compound represented he followin
formUle(H 6657 1505 ‘SEL183828 5RU RS in-the f%%% ach’)';O ﬂé§,
R21, and R22 each independently have the same m eagin.%a% SCiH t@ge
op tbRRLISA A IEa SOt orR28 YR 10 (R0 1RP1 "Gd R2271S a (gu
alkylamino group or a group containjnga (di)alkylam o group; and v
PhOEPFESERid Sn fBEer 8 ¥ fio P At tr%é‘c@gpéﬁﬁﬁalg répresented by
the formula (7), compounds in which R16 and/or R19isa_ . .
grqERakyRndinB L BRAAET FPSMALC tﬁ%?&?élrgéjnaé] r%)%?)roraadlal kylamino
(di)alkylamino-substituted unsaturated heterocyclic_group ar ticularly
9T Qjieferable® i@fﬂ@%Qf@ESﬁ%ﬁﬁ% Fepres ﬁ%&ﬁb;}n fh el%ﬁov%%l%gf%%%?a

phégég£¥§%9§25¥§§2¥§{szﬁgNﬁféi concentration. According to

ass of
;HF ahd P

the element, the redness does not occur at the time of no light
irradiation and the color tenes do not change at the time of
color development (the color tones do not differ from the
expected color tones) even when the hard coat layer is formed
on the photochromic coat layer.

[0017]

The element mentioned in the embodiment (4) comprises
the hard coat layer formed by using the hard coat agent
containing a guaternary ammonium salt and/or a guaternary
phosphonium salt further has the following characteristics.
When hard coat layers are formed on photochromic coat layers

or the backsides of lens substrates, in general, the base layers



10

15

20

[0061] 15In the formula, R23 and R24 have the same meaning as R1 and
s pR&ingthe formula (1); R25 and R26 each independently have the same
meaning as R5 in the formula (1); at least one of R23, 24526 i R-, R2 ,
and Rs a (di) alkylamino group or a group containing  a (di)alkylamino
group; and w and w' each independently 20 represent an integer of 1 to 2.
Among the compounds SF-161824 represented by the fortmulat(%) order
arechpadngd FHGH R S3 Ghdfor RB4562 td)aIR i SUBStttedar 8%
hydrocarbon group or a (di)alkylamino-substituted unsatuE%teghe

to hermoeyelicgiin are farticlfrkAei&able. 518665 (e)edmpotnd ™ > ° ot

represented by the following formula (9) [0063] [0064] 10In the.formula,
thRXTP4riE RRSHATE e %ﬁ@ﬁ%ﬁ?ﬁné%s eaﬁa‘[ﬁﬁn fie orh‘?&é E%J‘g

R29, R30, R31, and R32each independently have the same meaning a
chrsiipahe F6ARIBI LY dtledsdt &%%%,%&3&5& IR e Bage

is a (di)alkylamino group or a group containrigg a &di)al I%mi 0 g{{gggiand
caxmhrck @ehatS MR pBhEaHthPRpFESENt arfintéger of 1 to 2. Among the

compounds represented by the formulaégg com ounds %_an igh RZ2Ls not
et ghdmm RS Ts A AFRIGRERIAo-SBDSGtTteS atomatic hydracarbon group or

a (di)alkylamino-substituted unsaturated eéerocy%ca group aree .

ne partieRsHpretaraIESI0 0085 €F1187895 (Heompound r%p(rjefsented]bti/nS

the following formula (10) [0066] [0067] 5In the formula, R 34
sul&¥e tHeesa rﬁgﬁ?ﬁﬁdr&?ﬁléﬁﬁ[‘ﬁg ‘ia‘nl;tﬁe% Yoarrrlr%ualg?f);iﬁé ?%%%%ﬁdthe
R37 each independently have the same meaning as R5 in the formula (1);
prafieasione HERI3, ‘ﬁf‘s‘% B3 R36, and R37 is a (di)alkyla ino group or a
group containing a (di)alkylamino group; the ring Q is an aliphatic 10
hydrocarbon ring; and y, y', and y" each independently represent an

integer of 1 to 2. tAmong th% co oungs represented by the formula (10),
BréghpBaRds iPvhith R33 aRd/or R348 (di) ) alkylamino-substituted

aromatic hydrocarban gr or a (di)alkylamino-substituted unsaturated
[ORdRtocyclic 15§/ Ere L[j[zjlrticularly preferable. [0068] In the present

invention, among the (di)alkxlaming— 9@%%#% MENe:CoMmpaunNdsi ng a
repred&ife8 i tHeFormutae (5) 1o (I%% c romene%ompounds having the
representative embodiment for the photochromic optical

element of the present invention.

Explanation of the Codes

[0018]

1: Optical substrate

2z Primer layer

3: Photochromic coat layer
4: Hard ccat layer

5: Antireflection layer

10: Photochromic optical element
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20following structures are more preferably used. SF-161826 [0069]

srOGH8 H ' CH3 [0070] SF-161827 1©@CH3 [0071] These
(di)alkylamino group-containing photochromic compounds may be used
singly or in a combination of two kinds 5 more. [0072] In addition to

the (di)alkylamino group-containing photochromic compounds, the
photochromic coat layer 3 may contain various kinds of publicly known
photochromic compounds 10 not containing the (di)alkylamino group as
described above. For example, photochromic compounds such as

Beftigittide chripdunisy $pifoskazire corpBaAds, Thromene compounds,

__and the like, are well known, and these compounds may be used in the

EOﬁ%r?é)s;’ent invention. 15[0073] As the above-mentioned flugimide
compounds, spirooxazine compound, and chromene compounds, the
compourd€desdrisetiindfordkapriiBstnes ffariése PatsR Mpglicatos ion

. SF-161828 Laid-Open Publication No. H2-28154 and S62-288830 and

1 No B2/ s58Eer AR NG 96112596 Thayp BE preferatiy usea fpo7afs 10 the
As the compounds having excellent photochromic properties, those

Ar3e&eibed in the JapanesePatentApplication Laid-Open Publication
N0.2001-114775,2001-031670,

[03661-011067,2001-011066,2000-347346,2000-344762,
2000-344761,2000-327676,2000-327675,2000-256347, .
2000%228878200b-2599+52000-2299 PA26B6 2203, ot ical element

10 2000-229972,2000-219678,2000-219686,2000-219685,
HI1-325738 BT 0864899 119701 71 HPRD-268176 Hodtspdsp1l . 2

N 09-124645, H08-295690, H08-176139, H08-157467, and the like may
PO P et Miitably tho- 100751 15AM0Rd HeSE PRGtOGHBIIE BoMpStnds: ted

int@%ggn¥g%ggiyp%etween the optical substrate 1 and the
photochromic coat layer 3, a primer layer 2 may be formed in
order to improve the adhesion of the photochromic coat layer
3 with the optical substrate 1. Also, an antireflection layer
5 may be further formed on the hard coat layer 4. Here, the
antireflection layer 5 is usually a laminate of plural
inorganic thin film layers having different refractive indexes,
though the layer is simplified in the Drawing 1. Also, though
not shown in the Drawing, the hard coat layer 4 and the
antireflection layer 5 may be formed on the backside of the
optical substrate 1. Further, though not shown in the Drawing,
an impact-resistant primer layer may be formed between the
photochromic coat layer 3 and the hard coat layer 4 or between

the backside of the optical substrate 1 and the hard coat layer
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photochromic compounds may be more preferably used because the
sFeompeunds have higher durability inphotochromic properties as
compared with other photochromic compounds and are excellent in
photochromic characteristics such as the color 20 optical density and the
fade rate. Among these chromene-type photochromic compounds, the
compounds having a molecular weight of 540 or more are preferably
4 ysedrBecatiseithe xonspbhrdsdre pheticalbrhhexéeliont indhd oslohanical
optical density and the fade rate. As examples of the compounds,
stérrBmiehe SF-161829 compounds represented by the formulae (5) to (10)
and not containing the (di)alkylamino group may be mentioned. These
[ 98Kotdchromic compounds not containing the (di)alkylamino group may be
used singly or in a combination of two kinds or 5 more. [0076] The
amoufifofthe photdchronmiciesimpotinds btherlthan the (dip) akylahsindar
group-containing photochromic compounds in the photochromic coat layer
re3istidsiialiy o 16 5% byarhadss Bl eHeSIO afiorRttis préfelabkrO 1 200%isna 1
mass when the thickness of the photochromic layer is 20 to 50 pm, and
SUhE EMGET BFeferabhEd R 2 O0HentEs3SAken the thitkndssigde sses
40 pm. If the total amount of the photochromic compounds is too low,
LogolGrEtcal BBASIBIAMRYBE beredEaRd HAEE thB G highnesisr dpticatye
density may be nonuniform because the compounds cannot be well
91 §iESETedRtb S ate RRTEHT GHEME &icRILBSI Arieti b Menemérsine thes v 1
the photochromic coating agent is inhomogeneous. Here, in the
I SSHSto ARG GRtIcaP B Ffe FEED-6F tidp tiffstition, #n hdérapethane
obtain 20 a suitable color development, it is preferable to make the
LeSantefitration of e Hhdidth thﬂpcac%mmm@ﬁﬁmn@m@ thickiesdrgre
the_photochromic coat layer 3 is thin, and to make the concentration low
Lyhed e thicknEsy s TtIC o074 SEELE1850°°° ™e BRotbthroffichout
coat layer 3 is formed hy appling a photochromic coating agent containing
2 e ENARG ARG GoubeEbr it PhOREhToNE SBstimd GR@SC 2117,
i toptionall the ad itiongkegh%tochrom#: compounds on the optical substrate
15°0r'6n thé piimer /et 2hd Ering THe Sgemt ThéSIfotaefdmikace of
coating agent comprises the.photochromic compounds as mentioned |,
e S b ARbTo e IETEAT OV er 4618 HoRSaL & - Toin, 2
thgg%toggb{n}lerizratiog initigtpr datrhg Ii1I:<e. Details %‘ such coating agents,
Are described in The Patent 10 DEtament T (WoZH0FI0T 198 APSHt tHe S 11
[05’? t Document 2 (Japanese Patent Application Laid-Open Publication
No. 2003-342310). [0078] In order to improve the durability of the
phot g icc ound, the rates of color development.and fading, and
15 moc}ﬁ é%ri]?i%y? gﬂ%%ﬁ/%g s%fc):ﬁ az%sys%rl%%?asnsig ?Ie%g%gr%%éﬁ/ts s glserEd
iH -ty fluarine-type surfactants, antioxidants, radical ,
o LA S0 ) Shearhars, R o shbrg doerig oot wich
ngOOloring pORNIS, Gy Al AgENs. O LESConl VB e PITE S
20 fragrances, plasticizers, silane coupling agents, amﬁhe ke ma§3 €
:nddled flodhe pholoduamis gogLiayer 3. The.addifen of gl oc 1
polymerization initiators may be preferable too. As sﬁgh additives, puballc?y
: n be ithout restriction. Details of these
s e e i S B Dooament 11 S5 2Fate
example 79] . p ic cqat layer of the present
! inventior%%%%rg%bnugntoc&?f tqg%eggéﬁg\%? #sol%%uéﬁ}g 10 583% ?/*r%égéf laanr Y
re2direlerably 1,10.10% by mags, [QO80LThe pholachromig coating agent, ;
used to form the photochromic coat layér 3 preterably has a viscosity of
abgggo@Ogocpz@tOZ%rB%ggntégggg%%e_ v@scosity of .the coating _10 agentin
this range, the coating layer may be easily formed in a large thickness,
specifically 5 to 100 um. Thus, the photochromic characteristics can be
sufficiently realized. Because the layer having expected thickness is
formed easily, the viscosity of the coating agent at 25C is more preferably
15 50 to 200 cp, and optimally 60 to 200 cp. [0081] The photochromic
coat layer 3 may be formed by applying the photochromic coating agent

and then curing it. As the coating method, publicly known methods such
ac enin cnatina 20 onrav coatina din coatinAa din-enin coatinad and the
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coating agent containing a photopolymerization initiator is irradiated with a
sV light to be cured and then is heated,to complete the polymerization.
When the curing is performed by applying light such as a UV light, publicly
known light sources 5 maybe used without any restriction. Specific
examples of the light sources include a super high-pressure mercury
lamp, a high-pressure mercury lamp, a low-pressure mercury lamp, a
[&eRdn lamp, a carbon arc, a germicidal lamp, a metal halide lamp, an
electrodeless lamp, and the like. The irradiation 10 time using these
sourcdsffly berdetarmined arbliskiiadepenting o thekiidzdhey various
absorption wavelength, and the sensitivity of the photopolymerization
“Idiflators the fHigkredsteRtHepHotochronfiERbgEayér, ainehthedikéaWhen
an electronic beam is used as the light source, the photochromic 15 coat
CIS7EiRay Beldired SRthoTe. pRctopbATdzatisntifitiat L6082 r acidic
Onto the obtained photochromic coat layer 3 is formed the hard coat layer
AP ERIoating thé PhdtodHremic fey@r kith Tonhe tHard Tbas |ayet sthieng
scratch resistance of the photochromic optical element 10 can be
M&frpFovets The tAtRAesS BE IERAR] doat IHyerd i3 UBDAN abdat PreEsure
pm. In the meanwhile, as hard coat agents for photochromic lenses
Plgbigifed by-thE coafifg Wiethbd2agénts #oftaiiifg Mé@t origd corona
SF-161833 fine particles and an organosilicon compound are usually
A1 FEe BEESRRERREWSoint of the pot-life, agents not containing a methy/
trialkoxy silane or a tetraalkoxy s lanearegenerally used. The methyl
[ %é%xy silanes and tetraalkoxy silanes 5 have high reactivity in the
siloxane-bond formation reaction as compared to alkoxy silane
compBEREEHAinY alrRIaRARFIohy B ERaif diRhadiaRt the
-ERox -containing silicon compound usually used as an organosilicon
p E&ﬁggﬁ?ﬁ%&ﬁ e Ferformantd orinRYTra ot Bgents Lohthinthg T imer
| thesezcomp unds 10.tends to be deteriprated when temperature is .
Shee&sed ARG SOIAGE Br this 2BSdiT s RURFEGASyénts fore Primer
laptgg:to hroami%len%es, a%Fnt not cpntainin? theserfomp,ounds are usually
dsed. Whan & photochromic Iaet 1388 not Coftait analantifg ins used
roup-containing photachromic compaund or a dialkylamino 15 .
£ Ogrgﬁﬁ 261 nlfgi%%%eﬁ hhbﬁilgccﬁﬁorn% ilccc%[r%ﬁgldﬁ FHRERS RSO YRSbRI BEAIN S

[ above conventignal hard coat agent is used. However, it has been |
B T Rt et P O A adt b8 Bl edtgr omic

Rbotaghromic cam ougfis, the redness that was not caused in the past

Coresuiltscyis generate i 608 ]SucqjlrlfL ﬁ{ae’l;F)E-}ra(f:-rsl%ntt Wgrﬁi%ﬁ?ﬁnroﬁeﬁgs are

: S8 40e DTEhle iy e, alove parigular system. the ard coatjayer 4 1. »
obtained by curing a hard coat agent containing Metal oxide fine particle

| s andanar 8§iii89'1 omepsocund. This hard coat SF-161834.agent .

lscontairrfﬁl)s at least one gf the o}:gla%%%ﬁ?bo%nuc%rﬁpso&r? %le”ia\étéa& #%Jrgn %he o 10

mdroup consisting of a tetraalkoxy silane, a methyl trialkoxy silane, and

partial hydrolysates of them as the organosilicon compound (hereinafter

rod may be 5 referred to as the specific silane compounds) in a specific
amount. [0084] Specifically, it is necessary that the total amount of
the speclific silane.compounds contained in-the hard coat agent 10 is 10 to
60% by mg)ss in terms of the alkoxy s%%ne aggéqacc)ﬁjtﬁg tgt%I ranti:j'(s %Z{H"éq ©

rJuetatoxide fine particles and the.organgsilicon compounds (herginafter

g thgtotal mass ma% xge referred tolas the gtan ar I?n&g/s%ss. W %ﬁ%&ﬁammo

grSReciicsiane compondsinelidedhe nanel DVAAVSAL. AR chese are
tetraalkoxy 15 silane or the methyl trialkoxy silane, it Is di icUTt to

sorfistgrpine the mass.of the hydralysate as will be mentigned later. fy
Therefore, the mass of thpg methyl trialkoxy silane or thg te?ra‘?aﬁkgx%/ag ane
prior to the partial hydrolysis is taken as the mass of the organosilicon
compound which is used for 20 the standard mass. When the hard coat
agent contains an organosilicon compound other than the specific silane
compounds and this compound is a partial hydrolysate of "a partially
hydrolyzable organosilcon compound”, the mass of this "partially

hydrolysable organosilicon compound" is taken SF-161835 as the mass
nf the oraanocilicon combnoiind which ie 1iced for the total mace The macce

=



10

15

20

the redness and a higher durability of the obtained hard coat layer, as the
sspeeifig silane compounds, it is prefefaple to contain the methyl trialkoxy
silane and/or the partial hydrolysate thereof as an essential component.
By containing 10 the methyl trialkoxy silane and/or the partial hydrolysate
thereof, the durability of the hard coat layer at high temperature is
improved, and thus, for instance, the cracking will not occur even if the
IO R Bigerfuried IHve percbntage phtiiedfiethyl tidlkoxy siadnent of
and/or the partial 15 hydrolysate thereof to the specific silane compounds
0 malybe 1096 byhieasor moks, &hd espedially 25% hyp hrassarmuote; ihayer
~ which case heat resistance at high temperatures maybe ensured.
1 Howeder: the pefdehtags &enivke praferably 50% byl mdsscortmbrekrapgs is
. particularly preferably 70% by mass or more. 20[0087] It is most
1hreferdbeto e thBmethyriaiexyHasa andfot the paitEdydrolysate
thereof as the specific silane compounds without the tetraalkoxy silane
PO RGPt BIRRRE 880  theTEom Sha 1887 0088 of The
tetraalkoxy silane contained in the hard coat agent is represented by
PISIESRYA SHHcFtHe e BEIRGA Silang FrEHBBYORY tRE irptheshe
formulae represents an alkyl group. 5 Plural "R"s which are present in the
{ThoRectiEtAaY IR W& SRME B diferent fRiT Bach BUdC Isnois preferables s
to use compounds in which all of "R"s are the same in view of availability.
ASRPNE et R0y h BlkyFERRP NG IStS RRRRII &fbks APview ster 3,
easiness in hydrolysis and 10 condensation. These may be used singly or
and & BEmbiEtioh oftwoTGAES BPMbré IFigRe tH vt pointd o High Saféty by
and reactivity, it is most preferable to use tetraethoxy silane as the
mat%?ra‘%i%?&f P Shmathyl TriffethBxy Silkfiedrdmithy PRictRe8esidnd - 3
as t ethyl trialkoxy silane. 15 Although monoalkyl trialkoxy silanes
tohg’\igegnsli)rﬁ iIdPStUCHRE o thEt SEThEIRE fifmethoxy sfidné O thtuse of
wwc}; compounds in which the alkyl group directly bonded to the Si atom or
thé alkyl group in the alkoxy group has two or more carbon atoms may
resulgfi ei\rﬁsucf i%ienkgrevegtion of redness, 20[0089] When the
tetraalkoxy SifAneaRd the ThethyT trifkoxy <SHARE forrTthE Fand ch&Bayer,
the. silanes are hydrolyzed and condensed (formally relJease an alcohol
o T Fane A At R Rare Lo ager R RERof, ©e
- -161838 be partially hydrolyzed.in the hard coat agent, and
ml}fﬁﬁ%ﬁﬂ% rﬁgy%b%]épfe%m ?%E héﬁ:oﬁqﬁoﬁrﬁsdréﬁgégeg@f by 80T Tase
[ -N(OH)n fn. represents.an integer of 1 to 3) and
th%l—%g}(%%{%?)n OéHﬂzﬁ(% rgeﬁﬁ?ggéﬁnt%%rg grﬁe%%?%? T%é? 3)° 1BEHEUIVEly Lower
: ther, be present ondensed pligomers of several
Ly 2 ) ocios T e Srog S s <5<
prese e and the oligomers are collectively referred o
evdGPES @I’?@ @6 o@ﬁ@%&%%%%iogo %rﬂﬁ %%redte(flgfaﬁk?%@% 4 rEDdlt

as the partial hydrolysates. enerally, 0X né’'a

endnemetbyhuialkoxy lane tead Iy ihe presence of water cven at relatively
low témperatures to be partially converted fo %artla?%yargfysat%s. mce

in Wedpactions affecied by;2 coexisting compoynd and thus is complex, i
is difficult to 15 identify ihé guantity and% ?ﬁe%o%ne %ﬁ%or? %? tﬁg%%?ﬁallmt !

i+ Duaysales, Rardbistepsan, s yeserhinvention, lne masses of, ...,
these partial hydrolysates are in terms of the tetraalﬁmxy sitane or the

in raglby}trialkoxy silane used as,the sfarting raw materials. 20[0091]
According to the present invention, altough the hard coat layer 4 contains

[ogpetal oxide fine particles and a curing catalyst, a dense matrix of the hard
coat layer is formed, and therefore prevents the photochromic compound
frome 3161839 yanslewing, fiomhe phatochiomc eoaLIayer 388, 1n
mentioned above, thereby preventing or reducing the redness in the
photochromic coat layer containing the (di)alkylamine group-containing
photochromic compound. 5[0092] The hard coat agents used in the
present invention are not so much different from those used
conventionally except that the specific amount of the specific silane
compounds as the organosilicon compounds is used. For example, as the

metal 10 oxide fine particles, fine particles of an oxide of a metal element
calected from <1 Al N <h Ta la Ee 7r <n Ti1 In W 7n and Ce



SF-161840 [0093] These metal oxide fine particles are usually used

sras# go0l. As the dispersion medium fqr the sols, alcoholic organic solvents
such as methanol, ethanol, n-propanol, isopropanol, t-butylalcohol,
n-butylalcohol, and the like are preferable, and methanol and 2-propanol
are particularly preferable. The percentage of the metal oxide fine
particles in the sol is preferably 10 to 40% by mass in order to prevent the

thgine parictes o seigansabls rethe idispeisicre aiedhrh c 10j009ind are
Examples of the preferably used sols containing the metal oxide fine

alpatticles iRelLtr et bidey di¢h ad-a methansicdisperses) siicaBorably

_ (manufactured by Nissan Chemical Industries, Ltd.), a methanol-dispersed

1 9% SnG2A00-SB20%55i02 EOFGsifiomatat bxiderset {manufadiied by oup
Nissan Chemical Industries, Ltd.), a methanol-dispersed

OF THER-ShoPiZMSB205 EeRihddie MetkPekideisdtimanifatard mEceeds

~_ Nissan Chemical Industries, Ltd.), a methanol-dispersed Sb205 metal

5 Lyt (miditFsctiie iBhyF RISSERCOh&Mmfdal PbmdaEiieaEiR), ahdthese

like. [0095] The amount of the metal oxide fine particles in the hard

corgagtagentdsetiihithe présentifvéritidh iy el detepmiHed arbitrarily
depending on the kind of the metal oxide, the SF-161841 intended

Ir PAysicarpRperics BIRE TNy Bbtai FET AT ESat I& e W ding on its
purpose, and the like, but the mass of the fine particles (not including the

de A&t dfthe digrersmnThediung b dish tasiAddrrmass isldsually 20
to 70% by mass 5 in terms of % by mass, preferably 25 to 60% by mass,

© SRR Ghtindally 50 45 BOYs by s Whiei? tiie Bftotint ofthe"ibil oxide 40
fine particles is less than 20% by mass, the scratch resistance of the coat

10 or | e Sine’ddh&iGi B&teeh the<bat layer and an inorganic layer formed
{0{5’%9\’ por deposition, and the like are 10 insufficient, and when the amount
is’above 70% by mass, the layer tends to crack. [0096] The hard coat
(Fgo pound and/qr a partial hydrolysate 15 thereof (hereinafter sometimes
refxrregtoastRe other organosilicon compound) other than the specific
sil quids. Heré, ds the other organosilicon compound, an
organostigén compound in which at least one alkoxy group is bonded to
{Oézgmpounds and/or partial hydrolysates thereof, which have been used in
the conventional hard coat agents, have a function to enhance the
compounds as ther organosilicon compounds is a pre
15 by Sh;161842 gmq%lir@g@}n%fltge pﬁ:sggt invention. [0097] Any
epoxy-containing organosilicon compound may be used without particular

agent useg, in the present invention may contain an organosilicon

the silicon atBin is preferably used. 20 Epoxy-containing organosilicon

adnegion ol the.atd goal javer, and s theise of ihase, arganasllieg. o
the o ferable

[ odgstriction as long as it is an 5 organosilicon compound having at least
one epoxy group in the molecule thereof, but there may be mentioned an
(Rg) anoslicon compound represented by the following formula (11) or a
pagttak hydrolysate thereof as a preferable compound from the viewpoint of
ct as meffioned above. 10[0098] (R38)A(R39) Si (OR) 3-A  In
thedermula (11), R and R38 each independently represent an alkyl group
[Od@ﬂng 1 to 3 carbon atoms, and A represents an integer of 0, 1 or 2. If
there is a plurality 15 of R or R38 in the molecule, they may be different
an Wilh &peh atherRand R33.are more, preferably amethylgroun or an eyl
group in view Of high safety and reactivity, andA is preferably O or 1.
20,0991 2QR3An the loppula (1) s s aroup errsseaied Rbpdolaying.
formula [0100] SF-161843

menticoned rings having 6 to 20 carbon atoms such as a benzene




[0101] or by the following formula [0102] 5 R4 [0103] [0104] R40
srand-R41 in the formulae independently represent an alkylene group
having 1 to 8 carbon atoms. The alkylene group 10 may be a linear or a
branched alkylene group, but from the viewpoint of availability a linear
group having 2 or 3 carbon atoms is preferably used. [0105] As such
_epoxy-containing organosilicon compounds, there 15 may be mentioned
r 1H%lyddBRRte Pyl tfifetioxtsilate, JiRFcidedproma rathydiftbthexy
siiane, y-glycidoxypropyl methyl diethoxy silane, y-glycidoxypropyl
PhEFStREXY Sidn e, el p A3 4-BpERS c1bRExy Bethynfimétoxyaidnas the
Among them, from the viewpoints of the adhesion with the lens and
" uRER 51844 thE LFSSHAKIRG T OpEHEES, v iRt SISy IeiftetRoRy rings
silane, y-glycidoxypropyl methyl dimethoxy silane, and partial or complete
haﬁ%&fbl@s‘é@eg QriePratfal @6AAEN3AR L6 theR e tefdtably ised: THewgen
maP/ be used singly or in a 5 combination of two kinds or more. [0106]
> atamifeé otREYGHRNGSIHET ComPbinds biter tR&FPTheSépoXyEontaiifg
organosilicon compounds, compounds represented by any of the following
CRIGHRLAGE (1278 (B4)&Rd 28 parBARIbSAtes thErebP useRy, an
. [0107] R42(R43)BS1(OR)3_1](12) (In the formula, R42 represents an
Indfddnic yiup Eortitiiy & Hydfdcithor ofédPR&ANG 2o’ carbon
atoms, a vinyl group, 15 a methacryloxy group, an acryl group, a mercapto
phﬁ?@ﬁ&}b?]a%&%in‘ﬁ%uﬁﬁ%%ﬁre]s&% an alkyl group having 1 to 3
carbon atoms; R represents an alkyl group having 1 to 3 carbon atoms;
[0%%Ad’B represents 0, 1, or 2.) (R44) Si (OR)4--c(13) 20(In the formula, R44
represent drogen atom, a vir%gl grou , an aryl group, or an alkyl
r

h
10 grou&%tﬁéﬁtﬁgﬁ?ﬁﬁhﬁ or8Es: ﬁrlé &RE &Y Al gFoUE havitig £ B2Y
e AN s S b R T RS b (A L4y S TE LR i yroup -

formyla, R45 represents a linear or a branched alkylen qup having 1 to
e arhion SIOG, RS A 7 6B LNt Sh ot GOt Ay T 3 010s

représen an & yl'group having
carban atoms; R,represents an alkyl group having 1 to 3 carbon atoms;
th%?\dalf?e%r%%gﬁtds alnsin?éjgelr%f%gﬁ% g# B %%e%i‘fic examples of the
089 pounds represented by the formulae (12) to (14) include n-hexyl
trimethoxy silane, n-octyl trimethoxy silane, n-octyl methyl
15 (efimsthexysilane, n-decyl fimethoxy silang, nso | rimethoxy,sila
E 10 ghylﬁrietﬁoxy%lgne, ;%en;ib trétﬁoxﬁ?l?ne%%dnﬁgﬁwﬁ %%%gfhdyxl;{ yﬂgky
gr&iigae,phany methyl dimethoxy silane, v'gxﬁ)\;ﬂ%t!sg%fgag% MW ng 5 to
trimethoxy sifane, vinyl tris(p-methoxyethoxyy) silarie, y-glycidoxypropy!
10 tmathoxy, silane, yamﬁyz@qywem%mewﬁy%;éiwted with

N-13(aminoethyl)y-aminopropyl trimethoxy silane,

an NR{amigogthylly-aminoprapy! meﬁywaﬂ%@ws%"%y-a%&%ﬂmy&mg

prd

triethoxy silane, N-phenyl-y-aminopropyl trimethoxy silane,

6 osMefcapiaprapyldmethgxy, silane, Dis(tigthoxysiylethane, .oy atons,
bis(trimethoxysilyl)ethane,
20 a fluorine atom, or the like; cyanc group; aryl groups having
6 to 10 ring-forming carbon atoms; halogen atoms such as
fluorine, chlorine, or the l1ike; perfluoroalkyl groups having

1 to 4 carbon atoms; perflucrocalkyloxy groups having 1 to 4

carbon atoms; acyl groups having 2 to 9 carbon atoms;
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20 bis(triethoxysilyl)hexane, bis(diethoxymethylsilyl)hexane,

s pbisgtiigmethoxysilyl)hexane, bis(dimethoxymethylsilyl)hexane,
bis(triethoxysilyl)octane, bis(trimethoxysilyl)octane,
bis(diethoxymethylsilyl)octane,
1-(triethoxysilyl)-2-(diethoxymethylsilyflethane, and a SF-161846
compound represented by the following formula (15). They may be used

al §pgcertindEomBifRiBA dfawdiinds GromBre:{obes] atoms;
OCH2CH2CH2-Si-(OCH2CF43)2 (15) 5[0109] Of the compounds

AT Yt ESEREE By theformbia (83). bis(Trifrethoxysiyhhe anens particuladyyl
preferable. [0110] The amount of the other organosilicon compounds used

ITRPEG tHENarFcoat Byeht oF BeopreseRtgentio iifaybe detarmmetnide
arbitrarily depending on intended physical properties and the like of the

9 rﬁﬁé’lﬁﬁoééﬁfé@%%l%%%@Iéf@%@%p@ﬁ@ﬂﬁ@%rﬁ@éﬁﬁﬁ@%@@ubﬁ’om the
viewpoint of the scratch resistance of the hard coat layer, the amount is

Y Gr&EaERP Bs FEIR3HS PESOREL ] Whiserf e ARour {@italy of iferspdcific sups
lane compounds based on the standard mass is 10 to 60% by mass, and

Na¥IBECIRIGCLE (BHTUR by RS the olaf ARERR_RVIThé Brganbsiicehich have
compounds (namely, the total mass of the specific silane compounds and

2 I the Bthef offaAssficoR RFSHUSNE preféiabi3bhe 80%Isamasston

. _based on the standard mass (namely, the total mass of the SF-161847

18 ohRI BT Gandsilidtn COmpeideis BreftabiytPiol 70%a5y maesbazdad on

1 the standard mass), when the amount of the specific silane compounds

“BEEEG bATRE StarkfaRd MabI8 1 50 40%% ol mass 1R8 1B ass of the
organosilicon compounds is 5 preferably 40 to 75% by mass based on the

PYSEHIard mMiss (RAMEN tha 156t masiithe SiHer digarmsficenrbazole.

e S9MP ungs is Ereferab? 0 to 60% b%/ mass based on the standard mass); |
and When the ante iRt the'spetific Silane cofpoaras BEserrdtPtha toms”,

“h gtangﬂd mass i§ %E to 35% b%( mass, the total mass of the 10
organosilicon compoundais Bréferabiy 40 1677088 byThass baséd on the

wpStandard assp%namel ,.the total mass of the other organosilicon

e O TS RES S Rk ket o o erhagsp™
10112] 1oF he viewpoint of the adhesion between the hard coat layer

anan%ﬁh‘é&laln%lgggfé&ior}lllgygglggf}tigrtfe(lml/ fb?rfl%o 6égotr?, tﬁqé%asra%%%g &nt-°

pe PLefgrahly contains epoxy-containing silicon.compound in an amount

© of 15 to 60% by maes%,?%n oﬁacgr%e?érrgb?y_ 50 1?6&" %65&1&%51 gna%%?%‘sed on

50{5@% §tandard mass . Here, 20 the masses of the partial hydrolysates are in
terms of the masses of the raw materials thereof. [0113] In the hard coat
agent, an-agidic aqueaus %%%tioqzlﬁ ysuall ded in_arder to hydrolyze
the organosilicon SF-1616848 comp(e)ur%dqil.g n%%u%ﬁ&%k%?v% acids %%/UP

pe PEUpEdithout,particular resiri ticgpO xamples of such acids include
inorganic acids such as hydrochloric acid, sulfuric acid, nitric acid,
o Phesphoric acid, and the like, and organic acids 5 such as acetic acid,
propionic acid, and the like. Among them, hydrochloric acid is preferably
cised figm the vigypaints glstorage, stabllly g e cogting sompasition ..,
and hydrolysis properties. A suitable‘concentration of the aqueous

» dydeoehloric, geid solufion,is 0.01.10 5 N, A prefer ount, 10 of water

7 in tghe aqueogs acid solution is O.al to 3 timeslth%e m%u t r'e(r%LIflgrie%OtogmupS

suitydrolyze.all of the hydiolysable groups, in the organosilicon compound,
[0114] As the curing catalyst Wr%ch igygddeg}t?g theqF:%r Ejgog%%%oa%ean%? mes

cy dhere;mayhe mentipped-aceivlaceionate complexes having central metal,
atoms such as Li(l), Cu(ll), Zn(ll), Co(ll), Ni(il), Be(Il);, Ce(ill), Ta(ifl),

11 3G Do Ml ok-86) 7 (11 Y, GoMRF eI, AL, GSUY). 2R,

V(IV), and the like; perchloric acid compounds such as
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20 perchloric acid, magnesium perchlorate , aluminum perchlorate., zinc
< perchlgrate, ammonium perchlorate, and the like; organometallic salts
such as sodium acetate, zinc naphthenate, cobalt naphthenate, zinc
octoate, and the like; and Lewis acids such as stannic chloride, aluminum
chloride, ferric chloride, SF-161849 titanium chloride, zinc chloride,
antimony chloride, and the like. These curing catalysts may be used singly
Por inla eonbiratiorkof twe kirelervmoe Withodt aayiprobletas Amopdrosxy 1
these catalysts, it is preferable to use the acetylacetonate 5 complexes,
g pariculad: dringinonpaceytacetorate womplexes; fromdthe viewpomts obms ;
the inhibition of the redness and less interaction of the catalyst with the
a ldiyaiiiplaihe grogp-eomairiag photodhtomie compounds f01k5] 10The
amount of the curing catalyst is not particularly restricted, but it is
N peferdbly 0105 e Bi0iparspmassy and Paktcllarye0ily thrs. 0qparts by roup
mass based on 100 parts by mass of the standard mass. However,
hamieny thetcurthgreatafysts: Bweperchloric acid compounds have high
reactivity 15 with the (di)alkylamino group-containing photochromic
heohfsotines! arapus b Biebe cempblinds are Usedrreslization of the om
inhibition effect for the redness tends to be difficult as compared with the
anGseth#ttheacebflabétohatEecompleRed aréasegTharetdre, when the be
perchloric acid compounds are 20 used as the curing catalysts, especially
SUYR AR drGERt 005 arE by TR AbFY based BRTEGYLparts By fivdssléfno,
the standard mass, it is preferable to make the amount of the specific
CHIRRETBATOURT 1596 B Mass B Wi’ Basddasiethe Snatlind prasieising
order to obtain a sufficient inhibition effect for the redness. SF-1618SO
ENGafiehy THEHE 5part Byitfiakd bF rdre 6iha PefchIoHE ARr E6mpolngsoT
is used as the curing catalysts based on 100 parts by mass of the
AT AR ER ThEsS RhE ZRREGHL F tie- §fecific silane compound based on the
g t(;;tbndard mass is preferably 15 to 60% by mass, more preferably 20 to
{ Z)}by mass, and particularly preferably 25 to 45% by mass. The amount
of the metal oxide fine particles in this case (not including the mass of the
dispe%ioﬁnr%egiuﬁ?istgl%f RBRF26 to 6094 BY FRASC Ridre prefiraby o5t 2
K%JUSO%e%&masst ag pad[;iﬁul%rl)ﬁ)referabg 30 10 to 45% by mass, based
96 hé Standard massY[0TIB]" L tORRE SREFRAAd! WhE the TRt actd -
of the a%%t}/lca%etgnate c%mRIex especially the latter is used as the curig%iC

AN Ayl SOMGEAT HmToTon SHRGPfor the 15 1EANESR EETHeHtameY

.when the amou\né1 ?Ltt}Le %ecifiq,silane compound based on the standard
or

mrrrlw%sé is?fO‘%nby mass ore; [0117] The hard coat agent used in the

Oerfgs?nt invention may preferably contain a quaternary ammonium salt

and/or a 20 quaternary phosphonium salt (hereinafter sometimes
collectivel erred to as the quaternary salt) in.order to improve the .
adhecélon Ce[?/{ve%%ythegﬁgrIC é%:)%at%l ggrénn?énaa f :épshuabs”fr%t%yo e reen t1ng
g:[}pt&gg%p{gic% er. By using the.hard coat agent containing the . :

orquaternary sa t?y%émre ect which endbles %ﬁ%ﬁ%ﬁ%ﬁ%&%@é’tﬁ%‘“p oLnt

+adhesion,of the hard coat layer.by. the chemical etching.using an alkaline

° Z%ueous solul%llon w‘ﬂ}c r%&?\ e o%lecv%/i’th Js”f'mﬁl% cﬁap%l?gﬁézﬁl g%& ddes not
é%%t._{_i%eﬁ%ec@ll ecqu' ment can be reali in_additien to the original effect

Pr such as 5 prevgntiég tri?g?esdnegg%t ?H’Ze imé o ng Iiglh% irfadiation and

areverpng.ealor tongs shift frarg the expected colorlonesat e me o,
color development. The chemical etcﬁung With an alkafine aqugous -

( djr_spclﬁlg ﬁﬁ%@g@ggggﬁgg @e viewpaint é)ft e rodzuctlon ield and
cost bé)cause it can wash thg%ensul %uﬁgt?atgcgsqvg\/gﬁ. Rlﬁ%%%hcthgmup'

[0dR hanism in which the addition of the quaternary salt causes the effect

is not clear, the improved adhesion is thought to be due to the functions of

the quaternary salt as a catalyst which accelerates a reaction of the epoxy

groups of the epoxy-containing 15 organosilicon compound, and as a

surfactant. [0118] As the quaternary salts, quaternary ammonium

salts or quaternary phosphonium salts in which a nitrogen atom or

phosphorus atom is bonded to an alkyl group having 1 to 4 carbon 20

atoms are preferable, and salts having a halogen atom as a counter ion
ara nrafarabhle <necifir evamnlac nf the Ariaternaryv ealie inchiide
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20 more, the whitening of the hard coat layer may occur, and thus such an

qpd 8#§lt Is not preferable. [0120] SF-1861853 with the acid hydrolysis
catalyst is added or an aqueous solultlon of the quaternary salt is added in
the step wherein the organosilicon compound is hydrolyzed in an aqueous
solution. 5[01211 The hard coat agent used in the present invention may
contain an organic solvent as appropriate. The organic solvent used

_(he_r_e'u will be capable of sufficiently dispersing the metal oxide fine
ﬁ‘é‘rt%%é’g (the dishersion medium in the 10 metal oxide fine particle sol is
al5o one of the organic solvents used herein). Suitable solvents are
volatile and can sufficiently dissolve the epoxy-containing silicon

[Gedmpound, tetraethoxy silane, the methyl trialkoxy silane, the curing
catalyst and the like. Specific examples of such solvents 15 include
alcohols such as methanol, ethanol, n-propanol, isopropanol, n-butanol,

,B?—pental(lﬁl, and the like; esters such as methyl acetate, ethyl

acetate,ppropyl acetate, ethyl propionate, methyl acetoacetate, ethyl
acetoacetate, ethyl lactate, and the like; ethers such as ethylene glycol 20

. Ovfonbisopropyl ether, ethylene glycol monoethyl ether, ethylene glycol
mono-n-propyl ether, ethylene glycol mono-n-butyl ether, ethylene glycol
mond-&Butyl etiver, phepy e glyBd| imakgmaathyh ether: propdens glygobup
monoethyl ether, propylene glycol mono-n-propyl ether, propylene glycol

sh@y] 61854 endnan-batyl Bthers propylénerghyjicol anometayletherin the
acetate, propylene glycol monoethyl ether acetate, dioxane, and the like;

foxatohes $dehaawatétonmes rcesgatetond adiacetohe algahok: anddhedikeip”
halogenated hydrocarbons such as 5 methylene chloride and the like;

O hyBrocarsens:sacteds hexanes hiepldre, cyclohtxaRé, bepzene toluene,
xylene, and the like. These solvents may be used singly, but a mixture of
hY {8 KIS SOMore s Breferhbinesae incorder ta onteal physical prepertiesd

, of the hard coat agent. 10[0122] Among these solvents, from the
P VISP SiRErof the dispedibiiity of the eta oxide fine particles, the
solubility to the aqueous acid solution used for the hydrolysis of the
y-containing silicon compound, tetraethoxysilane, 15 methyl triethoxy
silane, and the like, the easiness in evaporation at the time of coat layer
form3fiait afF e orAtatien GrePembeth eostiager s wreferable totisere
methanol, isopropanol, t-butanol, acetylacetone, diacetone alcohol,
& B thieRE iy <Ol MoroiBBSTopY| EfFRFParkd the lIREFZT THé ameout ofthe as
5 .org%%ic sQlvents is not particularly restricted, but is usually 50 to 100 parts
U hymass, aHtPpreferabiFl 05 tP56 Barts by TasPBased bAIOOa By
e 0ass of the standard mass. [0123] SF-161855 In the hard coat agent
Used TR The prakent FVRRBORTHAY Bohtaf AddfomEPAdHiNeS/ag thienyl
Ioa%%ropri%ée. S e%if,ic examples of such additives include surfactants,
9 Giftioxidante {aiizerd TNV RbsBrowrs ZahiHedbrifg @gents soyrolyl
. anti-static aggn&ﬂuorescent dyes, dyes, pigments, fragrances, and the
9T’ TRE tatar amdtnt bPiRse TditReS DHaed B 106 BERs byf FRSS of
“artgr% s%alndq_ra(;énass is preferably 0.001 to 10 parts by mass, and more
preferably 001 95 BP4H3 By RS, 18ftA 2417 53 A HerSLEGBRRS HAY 1 ¢
m%f nonionic, aniogic, and catjonic surfactants may be usgd, butitis
9 Diererable’to G8e the nBnioHrS Surtadaits? S ificexarmbresobsretdrapiyt
grousesd r}_%né?ni su factant%i clude a sorbitap fatty acid ester, a 15
Iy CerinéTaty acid 8&tEr, K d8CSGHERrihS fafty adiFester a propylene
{OO%'% ol/pentaerythritol fatty acid ester, a polyoxyethylene sorbitan fatty acid
ester, a polyoxyethylene sorbit fatty acid ester, a polyoxyethylene
glycerine fatty acid ester, a polyethylene glycol fatty acid ester, a 20
poly?o[f(}yeLtH?Ie%aesa@ikﬁl"%eeiﬁ5 s a%%‘fgy f/(?ﬁ%léarfe pRYIRErofphytBsRmer ke
polyoxyethylene polyoxypropylene alkyl ether, a polyoxyethylene alkyl
phenyl ether, a polyoxyethylene castor oil/hydrogenated castor oil, a
polyoxyethylene lanolin/lanolinalcohol/beeswax derivative, a SF-161856
polyoxyethylene alkylamine/fatty acid amide, a polyoxyethylene alkyl
phenyl formaldehyde condensate, a homogeneous polyoxyethylene alkyl

ether, and the like. The surfactants especially preferably include
cilicone-twvne and fliinrine-tvvnea crirfartante Ac the cilicone-tyvvine
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10 fluorine-containing carbon chain, and oligomers of

s rpedluproalkyl-containing esters, perflyoroalkyl-containing alkylene oxide
adducts, fluorine-type aliphatic polymer esters, and the like may be used.
Specific examples of the silicone-type surfactants and the fluorine-type
surfactants 15include "L-7001", "L-7002", "1-7604", and "FZ-2123" (all
manufactured by Nippon Unicar Company Ltd. ) , "Megafac F-470",

groMegafas RR405M s@id Megalaek 279e Yall marilfastordd by-Bainigponps
Ink and Chemicals Incorporated), "Flowrad FC-430" (manufactured by

ar S ihito ARSTBIVEELd: N aFRl BRI TR sE 0 arfaerants indy beousdd as &nd
mixture of two kinds or more. The amount of the surfactants added is

0 pigferabiy 0011 erh part By mass based on 100 parts by mass of the
standard mass. [0125] As the antioxidants, the UV stabilizer, and the UV

[ 081161857 absorber, a hindered amine light stabilizer, a hindered phenol
antioxidant, a phenol-type radical scavenger, a sulfur-type antioxidant, a
benzéttiazote EoRHOURN: é%élﬁ%ﬁ?ﬂeﬁéﬁe compolritt anethe likeshgymay

~be suitably used. These 5 antioxidants, radical scavengers, UV stabilizers,

be FRan v abeBreks Yaypbe e dida ffixthrd of Bvs kit orrheies 1gs the
addition, a surfactant may be used with the antioxidant, the UV stabilizer,

21 6Y thg (BB sofbkt. SRRFambtRAL of tieSE BRIGXRIBMES U stabilizers TaNd -
UV absorbers is preferably 10 0.001 to 5 parts by mass based on 100

2 BaktdbyHhas®of thestaRdaH MaSEN0126] SR fHYBhdtEHdmIe
optical element 10 of the present invention, the antireflection layer 5

cy ihed ththe HarG 15 ot fagler 45/ he Fsbr depositich g2y be
metal oxides such as Si02, Ti02, Zr02, and the like, or by the thin coating

meNE JRUTGamc poliiEr- Ahrimpact-resistant primer such as a urethane

Ogriéner may be applied between them, and further the processings and the

[ & (;ndary treatments such as an 20ant static treatment, a repellent
treatment, an anti-clou%in treatment, and the like may be carried out on
the atreHAEa el 510157 8¢ 161568 prakeht hetoH, fhe Pha b Lo

redness, (redness of developed color.tone) may be prevented or reduced
hydmcaﬁb R it hrg( ajnrgﬁﬁ‘gt%%ﬁro%i%gdoa?Fayté}?eSe

&Ven aifter the hiard éjo%t?élyer i§ fotmed o
. containing the (di)alkylaming group-containing photochromic campounds
g Caod o, LS8 gl i SAEa A R SAeS T e o°
oat layer is formed by using a hard coat agent containing the metal oxide
ha R avticis, The DrGNONIIcen ChmBocRas &rd T otiiny 10 Saralyets
not containing tetraethoxy.silane, methyl triethoxy. silane or
oo oot e S T et e e S i S g oom
irradiation (at the time ofcalor deve t) hotoc o_mi ptical
gree%men%beglorée an(?gfter the %%maé%ﬂ%?%e%g%%(%a% gﬁ%, thg BPLREse
; fifterence of 15 tha 2t valueslA(@)] befars and gfter the formation of the
: hg%z cogt fgyer?s more than 1.0."Ih"contrast, Jc%%fdi%g o the %a?d %%é? r 8
a: RYsNLAthe present invention Jg(@lis L. orJess | Hete, 10,8
l@glue means a* ("a" staﬁgm thg%IE1976 L*a*B’%%Eo%)]frgggjag&afCIE%%é,ng'
an aﬂﬂd%@é‘ypfn%b,taﬁl%' for instapge, as follows. The element is irradiated
with a xenon lamp L-2480 (300 W) SHL-100 (manufactured by
[0 amatsu Photonics K. K.) through a UV transmitting filter TV22 and a
SF-161859 thermal beam absorbing filter HA50 (both are manufactured

by H Qyén%% %Q%Q QHH&E ggC, ll)Ce\%iH}xaipl%%fﬁlé.Wﬁgﬁ '@'ﬁ 9 f?zﬁ?ere sent

mW/cm2 at 365 nm and 24 pW/cm? at 245 nm on the surface o

anf %f%elzgﬁgeﬁqad@&o&%fe&%g%qr- e deyeloped and.5 faded, )
color tones are measured with a Spectrophotometer (instant multi-channel

(1 photadetector MGRD,3000, manufaciured by Qtsukagglecironigs Coy - gs
Ltd.), and a* values aré determined by the color computation analysis
after the measurements. [0130] 10In the following, a method for
manufacturing the photochromic optical element 10 of the present
invention will be described. [0131] A method for manufacturing the
photochromic optical



15 element of the present invention produces the photochromic optical
element in which the optical substrate, the photochromic coat layer, and
the hard coat layer are laminated in this order. The method includes a
step wherein the hard coat agent copgaining the metal oxide fine particles
and the 20 organosilicon compound is applied on the photochromic coat
layer provided on the optical substrate, and then is cured to form the hard
coat layer, wherein the hard coat agent is the hard coat agent as
mentioned above. [0132] SF-161860 Specifically, the optical
RSUQEHE&@ % is rovideaqkfir talrg’% thre Lss‘,urgz;lcae tah;er of is washed. In order to
improve the adResior With the pﬁo?o&romic co Yé%ﬁ?%@@lﬁ'ﬁa%rea P
copticalngubsirate latRglatvérsupiectedta roopschinsnid areditaleplsnino
~_such as a corona treatment, a plasma treatment and the like, and the
grporlllr‘rDTer layer 2 may be formed as mentioned before. Formation of the
primer layer 2 is performed for instance by applying a coating solution
[Oﬁfm as the urethane-type primer resin and the like by publicly known 10
methods such as spin coating, spray coating, dip coating, dip spin coating,
and the like, and then curing the layer. [0133] Next, the
aforementiongd photochromic coating, solution is %ec%)n he optical
subst AT THar B the PR PAyEP (2, ERIAREN e ed (B ori g (1 the
c@hptoahdemip cest iiye Y. thbdb|lthvartmfdrooalbage)tits fpptegatidbarty
0 romic coatlayer 3 and cured to form the hard coaf layer,4 ang
B B AR T R A R e P
denddtielgriah tade et arhtb thiy el tinabyiiitptochromic optical 20 element 10.
When the hard coat agent is applied, it is preferable to use the agent as
soon as possible after preparation thereof from the viewpoint of pot-life
[CibveBEof. For example, the agent is used usually in 5 weeks or less after
th a}p:rengt;roatiorcl) an Sprgf%ablxtg&?bw%ekfcﬁ% Iv%is.s. yglhen!th SF-161861
agFe t shouldbe Used a?tersgelng Sbred fora rerfgtiveml’o% eriod, it is
preferable to carefully control such storing conditions as a temperature, a
idity, an atmosphere, and the like. For example, the pot-life may be

refractive inflex = 1.60) MRS (aplasticlens of athiourethane- based resin:
refractivedﬁdg ¥ =1.67) TE (a plastic lens of a thioepoxy- based resin:
refractive SF-161862 index = 1.71) SE (a lens of a methacryl resin and a
vinyl resin: refractive index = 1.60) [0137] 5 2) Primer components

[o'ﬁgb?seal PER402TP-4 (a moisuture-curable primer, manufactured by

Takeba);ashi Chemical Industry, Co,, Ltd.) Takeseal PFR 4 (a , )
moistfuteeciREBI¢a eRNhdhuigefitdipyg fakssmadneenagiealR and R

En'ﬂ%’%ﬁ‘r@%,(hﬁ‘?-?ﬁlﬁg}ﬂeﬁﬁrgbﬁaﬁ’ﬁﬂ@@'@i&&% RS AUINROREMRRaning as

[Radical-polymerizable monomers] , TMPT: trimgthylolprgpane _
Ririmdisafoymua (Nogh erelrir SiifomBr hdxaad)h (UsspiAdialkylamino
grPanuERCRIrggRl lesShiamialamy SROMISAEYrddd:) and q and ¢ each

represent an integer



10

15

EBG6A: polyester oligomerhexaacrylate (E81830, manufactured by
SEQ_;iE%%UCB Company, Ltd.) GMA: gi)icidyl methacrylate  BPE:
2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane 20- 9GDA:
polyethylene glycol diacryiate (average molecular weight of 532) BPE
Oligo: 2,2-bis(4-acryloyloxypolyethyleneglycolphenyl)propane with
average molecular weight of 776 SF-161863 [0139] [(Di)alkylamino
o fgioup-eantaining photechsamiccatpoapdsls BG40 be [03441: PC25) ,
[0142] 10[0143] [Photochromic compounds other than the (di)alkylamino
cogroupn dentaming phbtochremic’ camRYunids] sPC3 [0144] SF-161864
[0145] PC4[0146]5 [0147] PC5[0148] 10[0149] [Photocolymerization
(dinitraldrs] @G Hh2860kes mixtutesaf B-hydroxycytlghexyd phisoyl ketone and a
bis(2,6-dimethoxybenzoy1)-2,4,4-trimethyl-pentylphosphine SF-161865
(daxide ¥werght raticob3) tuted unsaturated heterccyclic group

are particularly preferable.

[0051]

(b) compound represented by the following formula (6)

[0052]

[0053]
In the formula, R and R'® have the same meaning as R!

and R® in the formula (1); R* and R'® esach independently have

the same meaning as R® in the formula (1); at least one of RY?,
rR*, R, and R*® is a {(di}alkylamino group or a group containing
a (di)alkylamino group; r and r’ independently represent an

integer of 1 to 2; and L is any group represented by the

fellowing formulae.

[0054]



CGlI 1870: a mixture of 1-hydroxycyclohexyl phenyl ketone and ‘
bis(2,6-dimethoxybenzoy1)-2,4,4-trimethyl-pentylphosphine oxide (weight
SEa1i6 bF 3:7) 5[0150] [Stabilzers] LS 765:
bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate [0151] [Leveling agents]
10- SiL 1: a silicone-type surfactant "L7001" (manufactured by Dow
Corning Toray Co., Ltd.) SiL 2: a silicone-type surfactant "FZ2104"
(manufactyred by Dow Corning Toray Co., Ltd.) [0152] 15[Silane coupling
t . y-methgcryloyloxypropyl trimethoxy silane [0153g ard
%ﬂ %"VE gmp,oné%seﬁl{ﬂét oxide fin’%ﬁ&’r igfes] 20~ SO T ‘Pﬂp“‘“
methanol-dispersed silica sol (solid content concentration of 30% by
mass, manufactured by Nissan Chemical Industries, Ltd.) SOL 2: a

methanol-dispersed Sn02-Zr02-Sb205-Si02 composite metal gxide soi
(solid content concentration of 30% gy mass, SF-161866 ?ﬁfactured

byl\ﬂ? 1§hemic Irmy:l_gtries, Ltd.)§SOL 3: a,pethangkdispersed
Tio2- n%jz-nggnTE'@OS GOMPOSI ltaL.oxid({g“l‘.’;ﬁ)l (sol

onten
concentration of 30% by mass, manutactured by NissanWj_ggL
Industries, Ltd.) 5 - SOL 4: a methanol-dispersed Sb205 metal oxide sol
(solid content concentration of 30% by mass, manufactured by Nissan
[ o@bemical Industries, Ltd.) [0154] [Methyl trialkoxy silane] 10- MTEOS:
methyl triethoxy silane [0155] [Epoxy-containing silicon compounds] GTS:

y-glycidexypropy timethoxpsiiane «GBS: y-glycidoxmropylmethyl o1 ¢y
dimethoxy silane 15 - ETS: 13-(3,4-epoxycyclohexyl)ethyl trimethoxy

a tsifanedD156l{Osheirorganesiican, campoypdsl, HTS; nahexy! Himethoxy, o,
silane An organosilicon compound B1 20[0157] 1-10

5 ate@H2GHZACH?2-S-(0GHZ0H3)Y2 Sptel8et [Wd8lnteger of 1 to 4).

Among the compounds represented by the formula (6),
compounds in which R and/or RY is a

(di)alkylamino-substituted aromatic hydrocarbon group or a
{di)alkylamino-substituted unsaturated heterocyclic group

1C are particularly preferable.

[0056]

(c) compound represented by the following formula (7)

[0057]

15 [0058]

In the formula, R*® and R'® have the same meaning as R'



BISSI: bis(trimethoxysilyl)hexane [0159] [Organic solvents] 5 - MeOH:
SF%eé?O%nol IPA: isopropanol TBA: t-ggtanol EGPE: ethylene glycol
onoisopropyl ether EGEE: ethylefie glycol monoethyl ether 10- LOBE:
ethylene glycol mono-t--butyl ether PGPE: propylene glycol
mono-n-propyl ether AcAc: acetylacetone DAA: diacetone alcohol DIO:
dioxane 15[0160] [Curing catalysts] CI: tris(2,4-pentanedionato)aluminum
andllB® G2i tisE2, 4cpentanedionata)ifon ki), GIdmeginesivm parchioratenc 1y
20[Example 1] 1. Preparation of lens element having cured photochromic
halayerfs therenssubsiiates MRB (a ptastic fensnofia thiourethanehasedone
resin: refractive index = 1.67) having a thickness of 2 mm was used. The
of eifistraté, wal fully'Jegreased SF=161868 with acetone gtakesed! a group
PFR402TP-4 (a moisture-curable primer, manufactured by Takebayashi
cothemicaldrdusity €ok 1 1ds) asdherpiimerand etbyacetateyvese mixeddjar
50 parts by mass each. To the mixture was added 0.03 part by mass of
5 ofSi2:5PRZ-2104 @ tevelingragentdsanafactiureddysDow Cerningtoray (7) ,
Co., Ltd.), and then the mixture was sufficiently stirred under a nitrogen
comfmaspirerertowiniformity tozgive' amprimér composition (A) (refer to Table
1). The composition was applied on the surface of the MRB lens substrate
{ dwith 110y spinicoatenti-DX2: (manafactured dyhvikasa £dophtdgr dhe lems 2
thus obtained was allowed to stand at room temperature for 15 minutes to
(dgivelxlehaselementhaving wtprimen byenj0161] Thers appyaxinately dug
of a polymerizable photochromic 15 composition was applied on the
arsuifacy of-thezabioveemehntionéd tens element having the primer layer by
spin coating. As the polymerizable photochromic composition,
10 [C€owiposition (1) prepared by the following method was used. [0162] 20
Preparation of Composition (I): Firstly, the radical polymer zable
(dinonomeise 2iEbiseprralady by vxybentdethbryphenylpropare/p6lyeth
ylene glycol diacrylate (average molecular weight of
[ 0889y/trimethylolpropane t methacrylate/polyester oligomer SF-161869
hexaacrylate (EB-1830, manufactured by Daicel-UCB Company,
£l.)/glycidyl methacrylate were mixed in a ratio of 40/15/25/10/10 parts

6- R (8

15 In the formula, R* and R* have the same meaning as R
and R® in the formula (1); R*® and R®® each independently have
the same meaning as R’ in the formula (1); at least one of R,
R*, ®*®, and R*® is a (di)alkylaminoc group or a group containing
a (dijalkylaminoe group; and w and w’ each independently

20  represent an integer of 1 to 2. Among the compounds



10

15

20

[0163] [0164] 10 0.6 part by mass of the photochromic compound (PC3)

ving the structure shown by [016(% [0166] SF-161870 the structure

8w by [0167] [0168] 5 were a %d, and the mixture was fully mixed.
Thereatfter, into the composition thus obtained were added 0.5 part by
mass of CGI 1800 (polymerization initiator mixture composed of
1-hydroxycyclohexyl phenyl ketone and

repis{2éndigrethoxybenzeoyhicd. 4, 4-trimetnpentyk hosphine 10 @xdern A
weight ratio of 3:1), 5 parts by mass of

R**his(152(2,6)G-pentaamethyl-4-piparidyl)sebasatenas stabilizer 08550y roup
mass of y-methacryloyloxypropyl trimethoxy silane as silane coupling

or agent and1k partiby massaf Sihidas leveling:agertd LhEAA%: Gcyelic
silicone-type 15 surfactant, manufactured by Dow Corning Toray Co.,

grhth), and the mixtueavas fully fixedta give the composition (1) (refer to
Table 2). The viscosity of the obtained polymerizable photochromic

[ 0eémposition (Composition (1)) at 25C was 130 cP. [0169] 20Under a
nitrogen atmosphere, the lens whose surface was SF-161871 coated with

{ethe Compasitioh (Hewas sradiatedwith memetal halide ianip whose oudput
at 405 nm was adjusted to 130 mW/cm2 on the lens surface, for 3 minutes

[ 0@Ad the coated layer was cured. Then, the heat treatment was carried out
in an oven 5 controlled at 120C and a cured photochromic thin layer was
obtained. Theﬁb{bckness of the layer can be controlled by altering the

(R@ digeng of the spin coating. The thickness of the cured photochromic

aiﬁjsted to 40 1 pm in the present invention. 10[0170] 2.

IS bstrate having cured photochromic layer In order

oric characteristics of the lens substrate having
the cured.phiatechrermic layer as(Bbtained above, the color optical density
was meagureg in the fRﬂTowing way. [0171] Firstly, the obtained lens
having the Yhgtechromic coat layer was caused to develop a color by
being irradiated with 20 xenon lamp L-2480 (300 W) SHL-100
(manufactured by Hamamatsu Photonics K. K.) through a UV transmitting

[CHkérUV22 and a heat-ray absorbing filter HA50 (both were manufactured
by HOYA CORPORATION) at 20C 12C and with a beam intensity of 2.4
mW/GM2 1865 hfifand24 Bw/ern B4sipatthe sirfeeewsiaheng as R'
SF5161872 polymer for 120 seconds. Then, the m%ximum absorption

ang Bvelengif vias esduret with a Bpecffophaftindter dinstantsrengent 1y
multi-channel photodetector MGPD 3000, manufactured by Otsuka

haﬁﬁuﬁhﬁﬂé@@%qmﬁaﬁ??ﬁe%%@? in the formula (1): at least one

of R*, R*®, ®¥, R, R¥, and R*® is a (di}alkylamino group or

sl
S

a group ceontaining a {di)alkylamino group; and x and x’ each
independently represent an integer of 1 to 2. Among the
compounds represented by the formula (2), compounds in which
R*" and/or R*® is a (di)alkylamino-substituted aromatic
hydrocarbon group or a (dijalkylamino-substituted unsaturated

heterccyclic group are particularly preferable.

[0065]



D optical density was determined as [E(120) - E(0)] which was the
Sﬂgigg; nce between an absorbance at this maximum absorption
waveélength [e(120)] and an absorbahde of the cured layer at this
wavelength without irradiation [e(0)]. [0172] 10The color optical density of
the lens element obtained by the above-mentioned method was 1.10 at
the maximum absorption wavelength of 588 nm, and thus the lens
(felemeniriasl.geod: phetoshroaie charagteristics; [0473] 16T he af valugs,at
the times of color development and fading were measured. The a* values
[ Oakthe times of color development and fading were 1.1 and -1.5,
respectively. Here, the term "at the time of color development" means the
time after the surfaﬁ%&he lens element was irradiated for 2 minutes with
F "intensity was set at the above intensity, and the
f color fading" (which corresponds to the time without
coloryeveélopment) means the time after the lens was allowed to stand in
ut,;qafter the irradiation with the xenon lamp for 2
0174] 3. Fggmation of hard coat layer Then,
gnt Helving the cured photochromic layer was coated with a
agent (a) which was prepared 5 in the following way. [0175]
Preparation dﬂzﬂégd coat agent (a): Firstly, 27.2 g of y-glycidoxypropyl
trimethoxy silane and 21.9 g of methyl triethoxy silane as the
. CBfghhosilicon compounds, and 11.8 g 10 of t-butylalcohol, 11.8 g of
acetylacetone, 37.6 g of methanol, and 5.2 g of ethylene glycol
5 monolgopropylfethenas th&brganit solvents wera mixatlelnte this sglution:’
was added 12.9 g of aqueous 0.05N hydrochloric acid solution while the
angoRitidmwaisethbrongtly stitred. AHe seilifionrwas Stired for b hopemiBnt 1y
after the completion of the addition. Then, 0.1 g of a silicone-type
haggrfadtans el expamet - 260 R manufacturbddnyuNippon Wnicar Gemspanyie
Lt(__j:ls.), 0.37 g m;;nris(g 4-pentanedionato)aluminum (I11), and 91.7 g of a
of rﬁethaﬁoqlfdi%per?eérsir‘ﬁl’}@l 1 (dalick contert contentrationof 20 30% byroup
mass, manufactured by Nissan Chemical Industries, Ltd.) were added and
COTEmixtiie Wasistirpedior Bramwrsy andRhehraged ovethight 2o giviel thiea t 1 ¢
hard coat agent (a) of the present invention (refer to Table 3). [0176)
10 hydporgydyn rivhe rass o the 'metakbartiélessothiniTalsie Sideclodes
the mass of the dispersion medium, and the mass of the metal oxide fine
rePafticidsts Hetermtif88 frovd the frfass of theehetar bidewuband dve
concentration of the metal oxide fine 5 particles. The mass of the "organic
TeRERERE-TR T bl Bobe Bt hittdE the RERSSPME disperdioh Mediuns/or
;4f0r the metal particle sol. The same applies for Tables 4, 8, 9, and 13.
R™ [6F771 Edafrd 6t felRarasctat abBHRE @Y WaseaFisHbid 7926 then group
following way. Specifically, the lens element having the cured
°F pRottthidmiciagBinas Teatdd by hedrond aiseRafRereshesmebethi o
1 sides) and immersed in 10%-NaOH agueous solution at 50C for 5
5 IrNRuRECTRE frehtet BlehiemtiF4<dipbéa in the hard coat agent (a), and
5 hen was lifted at a rate of 15 30 cm/minute so that the surface of the lens
O &Rétment having the photochromic cured layer was coated with the agent
(a). After the coating, the |lens element was dried at 70C for 20 minutes
and alfdwedtoPsigRa At 11HES0I 2 Hour$ 86 Matthe agent was cured to
df(gr:rqé hard coat layer having a thickness 200f about 3 microns. [0178]
(GIrh3 6N Blenieht HAR g e st FECAIETST SRARRE HRBIEEBARE Blfd by
- layer was_evaluated for the following items (1) to (4). SF-161875 [0179]
ThieBVAIRNS Of the Iensalenfent FisR d S nEnas Apehrande:e

50 fo%f()d .Scratch resistance: A 5 - Adhesiveness of the front side: 100/100
Rsivenass BF e biciédide M08 e ferably used.




Color optical density at the maximum absorption wavelength (588 nm):
ap ]%%?f a* value at the time of the calor development: 1.20 10- a* value at
|me of the color fading: -1.60 (Refer to Table 5) [0180] The hard
coat agent (a) was stored for 3 weeks according to the following item (5).
The properties of the hard coat 15 agent (a) were evaluated in the similar
manners to those described above. The results after 3 weeks were:

[0 Adpearance: good Scratch resistance: A Adhesiveness of the front side:
100/100 20 - Adhesiveness of the back side: 100/100 Color optical
density at the maximum absorption wavelength (588 nm): 1.03 a* value at
the timgo ha color development; 1.20 a* value at the time of the color

0 §?F 161876 (Refer to{Table 6) [0 81l Hryaluation items] (1)

recy, [coating unevenness, and

thig |i Srenyisu Iy obsesved, Fae € was evaluated as "good"
or "bad './[ 82 Scl atch re |sta ce he lens surface was rubbed
with a-3teefwoa (Bt‘fnstar #0000 manufactiired by NihonSteelWool Co.,

Ltd.) bac a h ten times at @F*I’@ad o1 kg, and the degree of

scratchmg W@uauy evaluated. The criteria of the evaluations were as

follows™'5 A: almost no scratching B: very slight scratching C: slight
scratching R;eefeagscratching E: the coating layer was peeled off.

20 0183] (31/ hesiveness The adhesiveness between the coat layer

HRdthe len s evaluated by the cross cut tape test in accordance with

JIS Specmcally cut lines at aBproxmater 1 mm SF-161877

Jation results were éxpressed by [remaining
squares]/lOO ‘é’ﬁuaré%’ The adhesweness evaluated here means the

[0070]
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10 The evaluations were made on both the front and back sides. With the

front side, the adhesiveness of the laminate having the photochromic layer
SEwaS8 determined, and with the backsi#lé, the adhesiveness between the

hard coat layer and the substrate was determined. Usually, the coat layer

is not practically 15 useful unless all the squares remain or only a few

squares are peeled off. [0184] (4) Color optical density and a* value

In the similar manners to those mentioned above, the 20color optical

composmonq_m the similar manner to that &

appearance scrat tesistEtishe adhé cal
den5|ty, jere evaluated. 5[0186] ]
HiCiiig at used to prepare the- position (A) in
Examp prlrr@r ompositions (B) to (D) were xing the
componeg Table 1. In 10 the similar used to
prepare dmic composition (1) in Exampieyl, p romic

composit q11) tal(VIl) were obtained by mixing the compghents shown
in Table 2. And, in Familar manner to that used to p re"ﬂ@ﬁ@ard
coat agent (a) in Example 1, hard coat agents (b) to (i) and 15 (1) were
roobtajined by mixing the components shown in Tables 3 and 4. Cured
photochromic layers were prepared in the similar manner to that of

Exampie 3y using the tleag:subs @&%ﬁpﬂa%ﬁvd@ﬁﬁfg@%&}wéh%m

photochromic compositions, and the hard coat agents shown in Table 5.
corhbewetns eptical density: 29 atthe maximum abserptionwwavelength,and,, ;o
the a* values at the time of color development and fading were evaluated.

mo¥haen, hard coat layers were laminated in the similar manner to that of
Example 1. The appearance, the scratch resistance, the adhesiveness,

[ Gthezgolor optical density at the maximum SF-161879 absorption
wavelength, and the a* values at the time of color development and fading
were Bvahuted e results are summasizeginnkable Sufhe steragei ng
stabilities are shown in Table 6. 5[0187] [Comparative Examples 1 and 2]

phirtthersimilac marmenstonthat used to preparetbe hard 6eat ageni(alimay
Example 1, hard coat agents (m) and (n) were obtained by mixing the

copbmponentd shewnt indBablegliThen] §keured photoshromitilayasswereds
formed in the similar manner to that of Example 1 by using the lens

nogupstratesptheqrirher compasitiphsames the-photochretsicccompesitisns e .
shown in Table 5. The color optical density at the maximum absorption

Fowavehmgle ane the atialues at thertimenofscadarcde vedofrhent. 45 aad
fading were evaluated. Thereafter, hard coat layers were laminated by

comBingtie hast coatagernits shownpnTable Sdh thensimilatnaanerds that.d
of Examplel. The appearance, the scratch resistance, the adhesiveness,

thehd tslor opticaldensityratthe maxiniim sbsooptiarnwdvetengthcand #ie in
a* values 20 at the time of color development and fading were evaluated.
thahpreseitsare signimagized in Table 5. The storage stabilities are shown
in Table 6. [0188] [Examples 11 to 14] SF-161880 In the similar

[ Ofniahiner to that used to prepare the hard coat agent (a) in Example 1, hard
coat agents (j) and (k) were obtained by mixing the components shown in
Tablé‘d. Hefe, 3 theepreparatioredf these hardeoabagentsg$2.9 g of an
aqueous 5 solution of 0.05N N-methylammonium chloride (corresponding

SPid fe'quatemayrsaitywas addedinstead of d@ gufdhe adueausipounds
solution of 0.05N hydrochloric acid used in the hard coat agent (a). Then,

deghifdd pRotbEhrofsi |8erENete foimed ipthecsimilar rearmekte thataf 1 on
Example 1. The color optical density 10 at the maximum absorption
wavelength and the a* values at the time of color development and fading
were evaluated. Thereafter, the hard coat layer was laminated in the
similar manner to that of Example 1 except that the hard coat agent
shown in Table 5 was used and the corona discharge treatment 15 which

was the pretreatment process prior to the application of the hard coat
aneant wac nnt carried niit biit the etechina of the nhotochromic laminate hy
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20 the color optical density at the maximum absorption wavelength, and
the a* values at the time of color development and fading were evaluated.
SFThé ¥ésults are summarized in Tabl€B. The storage stabilities are shown
in Table 6. [0189] SF-161881 [Table 1] Primer Commercially Diluent
solvent Leveling agent No available (parts by primer mass) (parts by
mass) (parts by mass) A Takeseal PFR402TP-4 Ethyl acetate FZ-2104

1a20-200% Fakesgal BERADZTE,2 Fihy acgiate £4521045 70 300-015
94/22850 and WO 96/14596 may be preferably used.
[0074]

As the compounds having excellent photochromic
properties, those described in the Japanese Patent Application
Laid-Open Publication No. 2001-114775, 2001-031670,
2001-011067, 2001-011066, 2000~347346, 2000-344762,
2000-344761, 2000-327676, 2000-327675, 2000-256347,
2000-229976, 2000-229975, 2000-229974, 2000-229973,
2000-22%8972, 2000-219678, 2000-219686, 2000-219683,
H11-322739, H11-286484, H11-279171, H10-298176, H09-218301,
HO9-124645, H08-295690, HOB-176139, HO8-157467, and the like
may be used suitably too.

[0075]

Among these photochromic compounds, the chromene-type
photochromic compounds may be more preferably used because the
compounds have higher durability in photochromic properties
as compared with other photochromic compounds and are
excellent in photochromic characteristics such as the color
optical density and the fade rate. BAmong these chromene-type
photochromic compounds, the compounds having a molecular
weight of 540 or more are preferably used, because the compounds
are particularly excellent in the cclor optical density and

the fade rate. As examples of the compounds, chromene
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C Takeseal PFR402TP-4 Ethyl acetate/butyl acetate L-7001 60 20/20
0.03 D Takeseal PER402TP-4 Ethyl acetate L-7001 80 20 0.03

SEviseo8ity at 25C (cP) 051 951 OTT 82T 761 1LT 591 Leveling agents
(parts by mass) 110

compounds represented by the formulae {5) to (10) and not
containing the (di)alkylamino group may be mentioned. These
photochromic compounds not containing the (di)alkylamino
group may be used singly or in a combination of two kinds or
more.

[0076]

The amount of the photochromic compounds other than the
(dijalkylamino group-containing photochromic compounds in the
pﬁotochromic coat layer 3 is usually 0 to 5% by mass, but the
amount is preferably C to 2.0% by mass when the thickness of
the photochromic layer is 20 to 50 um, and the amount is
preferably 0.3 to 2.0% by mass when the thickness is 30 to 40

um. If the total amount of the photochromic compounds is too

‘low, color optical density may be lowered, and if it is too

high, color optical density may be nonuniform because the
compounds cannot be well dissolved into a later~mentioned
radical-polymerizable menomer and thus the photoéhromic
coating agent is inhomogeneocus. Here, in the photochromic
optical element 10 of the present invention, in order to obtain
a sultable color development, it is preferable to make the
concentration of the photochromic compcounds high when the
thickness of the photochromic coat layer 3 is thin, and to make
the concentration low when the thickness is thick.

[0077)
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TITS TOTITS ST'0 zaTs *PO TITS 10 TITS T*0 TITS 10 FITS Si lane

coupling agents (parts by mass) L I IS' risi IS' 151 151 151 Stabilizers
SEddtepy mass) SOLSI SOLSI S9LSI SOLSI S9LS7 LS765 5 18765 5

Polymerization initiators (parts by mass ) SO 0081190 6'0 0081190 1 fi*O

The photochromic coat layer 3 is formed by appling a
photochromic ceoating agent containing the (di)alkylamino
¢roup-containing photochromic compound and optionally the
additional photochromic compounds on the optical substrate 1
oronthe primer layer 2 and curing the agent. The photochromic
ccating agent comprises the photochromic compounds as
mentioned above and as appropriate a radical-polymerizable
menomer, a photopolymerization initiator, and the like.
Details of such coating agents are described in the Patent
Document 1 {WO2003/011967) and the Patent Document 2 (Japanese
Patent Application Laid-Open Publication No. 2003-342310).
[0078]

In order to improve the durability of the photochromic
compound, the rates of coler development and fading, and
moldability, additives such as surfactants (leveling agents)
such as silicone~type and fluorine~type surfactants,
antioxidants, radical scavengers, UV stabilizers, UV
absorbers, mold-releasing agents, anti-coloring agents,
antistatic agents, fluorescent dyes, dyes, pigments,
fragrances,plasticizéxs,silanecouplingagents,andthelike
may be added into the photochromic coat layer 3. The addition
of thermal polymerization initiators may be preferable too.
As such additives, publicly known compounds may be used without

any restriction. Details of these additives are disclosed in
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0081100 60 OL81193 '0 0081100 C'0 0181100 '0 0181100
Photochromic compounds (parts by mass) HPC1/PC3/PC4 .0/0.6/0.4
SFpPC3 2.1/0.5 PC1/PC3/PC4 2.6/0.6/0.3 PC1/PC3/PC4 1.7/0.5/0.5
C'Z Tad P'0/9.0/0*Z P03/3d/zOd PC1/PC3/PC4/PC5 1.7/0.3/0.2/1.2
Radical pol}iMerizable monomers (parts by mass)

BPS/9GDA/TMPT/EB6A/GMA 40/15/25/10/10

enSRSOIAIOGOATURTIEBCAIGMA 40/20/20/10/10 BPE
Oligo/900A/TMPT/U6A/CMA 20/40/10/20/10

[ ¢ BRE/900A/TMPT/EBBA/06A/GMA 30/20/20/10/10/10 BPS
Oligo/BPE/900A/TMPT/EB6A/GMA 30/20/10/20/15/5 BPS

Oligof9GRA IMBTHBEANGMA 5OL10/20L5/5: BRS resent invention,
Oligo/900A/TMPT/SB6A/GMA 45/15/29/10/1

the amount of these additives is usually 1 to 20% by mass, and
preferably 1 to 10% by mass.
[0080]

The photochromic ccating agent used to form the
photochromic coat layer 3 preferably has a viscosity of 20 to
500 cp at 25°. By controlling the viscosity of the coating
agent in this range, the coating layer may be easily formed
in a large thickness, specifically 5 to 100 pm. Thus, the
photochromic characteristics can be sufficiently realized.
Because the layer having expected thickness is formed easily,
the viscosity of the coating agent at 25°C is more preferably
50 to 200 cp, and optimally 60 to 200 cp.

[o081]

The photochromic ccat layer 3 may be formed by applying
the photochromic coating agent and then curing it. As the
coating method, publicly known methods such as spin coating,
spray coating, dip coating, dip-spin coating, and the like may
be used without any restriction, and the spin coating is
particularly used because homogeneous layers are easily formed.
The curing method is not particularly restricted either, but

a preferably employed embodiment is a method wherein the
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coating agent containing a photopolymerization initiator is
irradiated with a UV light to be cured and then is heated to
complete the polymerization. When the curing is performed by
applying light such as a UV light, publicly known light sources
may be used without any restriction. Specific examples of the
light sources include a super high-pressure mercury lamp, a
high-pressure mercury lamp, a low-pressure mercury lamp, a
xenon lamp, a carbon arc, a germicidal lamp, a metal halide
lamp, an electrodeless lamp, and the like. The irradiation
time using these scurces may be determined arbitrarily
depending on the kind, the absorption wavelength, and the
sensitivity of the photopolymerization initiators, the
thickness of the photochromic coat layer, and the like. When
anelectronicbeamis usedas the light source, the photochromic
coat layer may be cured without a photopolymerization
initiator.

[0082]

Onte the obtained photochromic coat layer 3 is formed
the hard coat layer 4. By coating the photochromic layer with
the hard coat layer 4, the scratch resistance of the
photochromic optical element 10 can be improved. The
thickness of the hard coat layer 4 is usually about 1 to 5 um.
In the meanwhile, as hard ccat agents for photochromic lenses

obtained by the coating method, agents containing metal oxide
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fine particles and an organosilicon compound are usually used,
but from the viewpoint of the pot-1ife, agents not containing
azmethyltriaikoxysilan@cm:atetraalkoxysilanear@zgenerally
used. The methyl trialkoxy silanes and tetraalkoxy silanes
have high reactivity in the siloxane-bond formation reaction
ascompaxedtoalkoxysilanecompoundshavingezrelativelylong
carbon chain such as an epoxy-containing silicon compound
usually used as an organosilicon compound. Thus, the
performance of the hard coat agents containing these compounds
tends to be deteriorated when temperature is increased during
storage. For this reason, as hardcoat agents for photochromic
lenses, agents not containing these compounds are usually used.
When a photochromic layer does not contain an alkylamino
group-containing photochromic compound or a dialkylamino
group-containing photochromic compound, there is no problem
at all even if the above conventional hard coat agent is used.
However, it has been found that when a photochromic layer
contains at least one of the two photochromic compounds, the
redness that was not caused in the past results is generated.
[0083]

In the present invention, in order to solve the problem
in the above particular system, the hard coat layer 4 1is
obtained by curing a hard coat agent containing metal oxide

fine particles and an organosilicon compound. This hard coat
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agent contains at least one of the organosilicon compound
selected from the group consisting of a tetraalkoxy silane,
a methyl trialkoxy silane, and partial hydrolysates of them
as the organcosilicon compound (hereinafter these may be
referred to as the specific silane compounds) in a specific
amount.

[0084]

Specifically, it is necessary that the total amount of
the specific silane compounds contained in the hard coat agent
is 10 to 60% by mass in terms of the alkoxy silane based on
the total mass of the metal oxide fine particles and the
organcsilicon compounds (hereinafter the total mass may be
referred to as the standard mass). When the specific silane
compounds include the partial hydrolysate of the tetraalkoxy
silane or the methyl trialkoxy silane, it is difficult to
determine themass of the hydrolysate as will be mentioned later.
Therefore, the mass of the methyl trialkoxy silane or the
tetraalkoxy silane pricr to the partial hydrolysis is taken
as the mass of the organcsilicon compound which is used for
the standard mass. When the hard coat agent contains an
organosilicon compound other than the specific silane
compounds and this compound is a partial hydrolysate of “a
partially hydrolyzable organcsilcon compound”, the mass of

this “partially hydreclysable organosilicon compound” is taken
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as the mass of the organosilicon compound which is used for
the total mass. The mass of the metal oxide fine particles
which is used for the standard mass means the mass Qf the metal
oxide fine particles alone, and does not include the mass of
sol~dispersion medium 1f the fine particles are used as a sol.
[0085]

According te the hard coat layer 4 obtained by curing
the hard ccat agent composed of the composition as mentioned
above, the photochromic compound does not transfer from the
photochromic coat layer 3 to the hard coat layer 4. Therefore,
even though the hard coat layer 4 contains metal oxide fine
particles and a curing catalyst, the redness {redness of
developed color tone) caused by interaction of these
substances with the (di)alkylamino group-containing
photochromic compound does not occur cr is reduced. Hewever,
if the amount of the specific silane compound is too large,
the obtained hard coat layer 4 is brittle, and thus cracks may
be formed when the durability test (boiling test) is performed
under sever conditions such as, for example, in boiling water.
From the viewpoints of inhibition of the redness and durability
under sever conditicns, the amount of at least one member
selected from the group ccmpoesed of the tetraalkoxy silane,
the methyl trialkoxy silane, and the partial hydrolysates of

them {the specific silane compounds) contained in the hard ccat
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agent in terms of % by mass based on the standard mass is
preferably 10 to 50% by mass, more preferably 15 to 40% by mass,
and particularly preferably 15 to 35% by mass.

[0086]

From the viewpoints of a higher inhibition effect for
the redness and a higher durability of the obtained hard coat
layer, as the specific silane compounds, it is preferable to
contain the methyl trialkoxy silane and/or the partial
hydrolysate thereof as an essential component. By containing
the methyl trialkoxy silane and/or the partial hydrolysate
thereof, the durability of the hard coat layer at high
temperature is improved, and thus, for instance, the cracking
will not cccur even if the boiling test is performed. The
percentage of the methyl trialkoxy sialne énd/or the partial
hydrolysate thereof to the specific silane compounds may be
10% by mass or more, and especially 25% by mass or more, in
which case heat resistance at high temperatures may be ensured.
However, the percentage is more preferably 50% by mass or more,
and particularly preferably 70% by mass or more.

[0087]

It is most preferable to use the methyl trialkoxy silane
and/or the partial hydrolysate thereof as the specific silane
compounds without the tetraalkoxy silane and/or the partial

hydrolysate thereof.
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[0088]

The tetraalkoxy silane contained in the hard coat agent
is represented by Si(OR)s, and the methyl trialkoxy silane by
CH3Si (CR)3. "R" in these formulae represents an alkyl group.
Plural "R"s which are present in the molecule may be the same
or different from each other, but it is preferable to use
compounds in which all of "R"s are the same in view of
availability. "R" is preferably an alkyl group having 1 to
3 carbon atoms in view of easiness in hydrolysis and
condensation. These may be used singly or in a combination
of two kinds or more. From the viewpoints of high safety and
reactivity, it is most preferable to use tetraethoxy silane
as the tetraalkoxy silane, and methyl trimethoxy silane or
methyl triethoxy silane as the methyl trialkoxy silane.
Although monoalkyl trialkoxy silanes have a2 similar structure
to that of methyl trimethoxy silane , the use of such compounds
in which the alkyl group directly bonded to the Si atom or the
alkyl group in the alkoxy.group has two or more carbon atoms
may result in insufficient prevention of redness.

[oose;

When the tetraalkoxy silane and the methyl trialkoxy
silane form the hard coat layer, the silanes are hydrolyzed
and condensed (formally release an alcohol and are condensed)

to form a matrix of the hard coat layer. Therefore, they may
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be partially hydrolyzed in the hard coat agent, and thus they
may be present as the compounds represented by Si{OR),,{0H),
(n represents an integer of 1 to 3) and CH38i (OR)3.,(CH), (n
represents an inﬁeger of 1 to 3), respectively. Further, they
may be present as condensed oligomers of several (usually 2
to 3) molecules. In the present invention, the compounds
represented by the formulae and the oligomers are collectively
referred to as the partial hydrolysates.

[0090]

Generally, the tetraalkoxy silane and the methyl
trialkoxy silane react in the presence of water even at
relatively low temperatures to be partially converted to
partial hydrolysates. Since the reaction is affected by a
coexisting compound and thus is complex, it is difficult to
identify the quantity and the composition of the partial
hydrolysates, For this reason, in the present invention, the
masses of these partial hydrolysates are in terms of the
tetraalkoxy silane or the methyl trialkoxy silane used as the
starting raw materials.

[0091]

According to the present invention, altough the hard coat
layer 4 contains metal oxide fine particles and a curing
catalyst, a dense matrix of the hard coat layer is formed, and

therefore prevents the photochromic compound from
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transferring from the photochromic coat layer 3 as mentioned
above, thereby preventing or reducing the redness in the
photochromic coat layer containing the (di)alkylamine
group-containing photochromic compound.

[0092]

The hard coat agents used in the present invention are
not so much different from those used conventionally except
that the specific amount of the specific silane compounds as
the ocrganosilicon compounds is used. For example, as the metal
oxlide fine particles, fine particles of an oxide of a metal
element selected from Si, Al, Sn, Sb, Ta, La, Fe, Zr, Sn, Ti,
In, W, Zn, and Ce which have been used in the conventional hard
coat agents, may be used without particular restriction. 1In
addition, composite fine particles containing two or more
kinds of metal oxides selected from these metal elements may
be used. Specific examples include fine particles of Si0.,
AlzC3, Sn0z, Sby0s, TasC;, Laz0s, Fey0s, 2r0;, Sn0,, Ti0., InyCs,
WOz, Zn0, or S5e0;, and composite fine particles of two or more
kinds selected form these metal oxides. Thesemetal oxide fine
particles or composite metal oxide fine particles may be used
singly or in a combination of two kinds or more. Fine particles
having an average diameter of 1 to 300 nm are generally used,
and particles with 1 to 200 nm, and particularly 1 to 100 nm

are preferably used.
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[00293]

These metal oxide fine particles are usually used as a
sol. As the dispersion medium for the scls, alcoholic organic
solvents such as methanol, ethanol, n-propanol, isopropanol,
t-butylalcohol, n-butylalcohol, and the like are preferable,
and methanol and 2-propanol are particularly preferable. The
percentage of the metal oxide fine particles in the sol is
preferably 10 to 40% by mass in order to prevent the fine
particles from being instable in the dispersion medium.
[0Ge4]

Examples of the preferably used sols containing the metal
oxide fine particles include metal oxides such as a
methanol-dispersed silica sol (manufactured by Nissan
Chemical Industries, Ltd.}), a methanol-dispersed
Sn0z-7r0z~85b205-510; composite metal oxide sol (manufactured
by Nissan Chemical Industries, Ltd.), a methancl-dispersed
T10;-8n0;~2r0;-8b,0s composite metal oxide sol {(manufactured
by Nissan Chemical Industries, Ltd.), a methanol-dispersed
ShoCs metal oxide sol (manufactured.by Nigsan Chemical
Industries, Ltd.), and the like,

[C095]

The amount of the metal oxide fine particles in the hard

coat agent used in the present invention may be determined

arbitrarily depending on the kind of the metal oxide, the
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intended physical properties of the finally obtained hard coat
layer depending on its purpose, and the like, but the mass of
the fine particles (not including the mass of the dispersion
medium} based on the standard mass is usually 20 to 70% by mass
in terms of % by mass, preferably 25 to 60% by mass, and
optimally 30 to 60% by mass. When the amount of the metal oxide
fine particles is less than 20% by mass, the scratch resistance
of the ccat layer, the adhesion between the coat layer and an
inorganic layer formed by vapor deposition, and the like are
insufficient, and when the amount is above 70% by mass, the
layer tends toc crack.

[0096]

The hard coat agent used in the present invention may
contain an organosilicon compound and/cr a partial hydrolysate
thereof (hereinafter sometimes referred to as the other
organcsilicon compound) other than the specific silane
compounds. Here, as the other organosilicon compound, an
organcsilicon compound in which at least one alkoxy group is
bonded to the silicon atom is preferably used.
Epoxy-containing organosilicon compounds and/or partial
hydrolysates thereof, which have been used in the conventional
hard coat agents, have a function to enhance the adhesion of
the hard coat layer, and thus the use of these organcsilicon

compounds as the other organosilicon compounds is a preferable
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embodiment of the present invention.
[0C057]

Any epoxy-containing organosilicon compound may be used
without particular restriction as long as it is an
organosilicen compound having at least one epoxy group in the
molecule thereof, but there may be mentioned an crganoslicon
compoundrepresentedknfthefollowingformula(ll)cn:apartial
hydrolysate thereof as a preferable compound from the
viewpoint of the effect as mentioned above.

[0058]

{R3g)a(R39) 51 (OR) 3. (11}

In the formula {(11), R and Riy each independently
represent an alkyl group having 1 to 3 carbon atoms, and A
represents an integer of 0, 1 or 2. If there is a plurality
of R or Ry in the molecule, they may be different with each
other. R and R3s are more preferably a methyl group or an ethyl
groupjj1viewcﬁfhighsafetyandreactivity,and]&ispreferably
0 or 1.

10099]

Rzs in the formula {11} is a group represented by the

following formuls

[0100]
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[0101]
or by the following formula

[0102]

O
[0¢103]
[0104]

R4s and Ry; in the formulae independently represent an
alkylene group having 1 to 8 carbon atoms. The alkylene group
may be a linear or a branched alkylene group, but from the
viewpoint of availability a linear group having 2 or 3 carbon
atoms 1s preferably used.
f0105]

As such epoxy-containing organosilicon compounds, there
may be mentioned y-glycidoxypropyl trimetheoxy silane,
y-glycidoxypropyl methyl dimethoxy silane, y~glycidoxypropyl
methyl diethoxy silane, y-glycidoxypropyl triethoxy silane,
and B-(3, 4-epoxycyclohexyl)ethyl trimethoxy silane. BAmong

them, from the viewpoints of the adhesion with the lens and
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the crosslinking properties, y-glycidoxypropyl trimethoxy
silane, y-glycidoxypropyl methyl dimethoxy silane, and
partial or complete hydrolysates and partial condensates of
them are preferably used. These may be used singly or in a
combination of two kinds or more.

[0106]

As the other organcsilicon compounds other than the
epoxy—-containing organcsilicon compounds, compounds
represented by any of the following formulas (12) to {(14) and
partial hydrolysates thereof may be used.

[0107]

Rgz (Rg3) 851 (OR) 35 (12)

{In the formula, Ry, represents an organic group containing
a hydrocarbon group having 2 to 6 carbon atoms, a vinyl group,
a methacryloxy group, an acryl group, a mercaptc group, or an
amino group; Rys represents an alkyl group having 1 to 3 carbon
atoms; R represents an alkyl group having 1 to 3 carbon atoms;
and B represents 0, 1, or 2.)

(Rga) cS1{OR} 4¢ (13}

{In the formula, Ry represents a hydrogen atom, a vinyl group,
an aryl group, or an alkyl group other than a methyl group:;
R represents an alkyl group having 1 to 3 carbon atoms; and
C represents an integer of 1 or 2.}

(Rgs) p(RO) 3.p51~Rgs~51 (OR} 3-p{Ra7)p

-~
o
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(In the formula, Rye represents a linear or a branched alkylene
group having 1 to 8 carbon atoms; Rys and Ryy represent an alkyl
group having 1 ﬁo 3 carbon atoms; R represents an alkyl group
having 1 to 3 carbon atoms; and D represents an integer of 0
to 2.3

Specific examples of the compounds represented by the
formulae (12) to (14) include n-hexyl trimethoxy silane,
n-octyl trimethoxy silane, n-octyl methyl dimethoxysilane,
n-decyl trimethoxy silane, n-octadecyl trimethoxy silane,
ethyl triethoxy silane, phenyl triethoxy silane, dimethyl
dimethoxy silane, phenyl methyl dimethoxy silane, vinyl
triethoxy silane, vinyl trimethoxy silane, vinyl
tris(p-methoxyethoxy) silane, vy-glycidoxypropyl trimethoxy
silane, y-methacryloxypropyl trimethoxy silane,
N-B (aminoethyl)y-aminopropyl trimethoxy silane,
N-B (amincethyl)vy-aminopropyl methyl dimethoxy silane,
y-aminopropyl triethoxy silane, N-phenyl-y-aminopropyl
trimethoxy silane, y-mercaptopropyl trimethoxy silane,
pis(triethoxysilyl)ethane, bis{trimethoxysilyl)ethane,
bis(triethoxysilyl)hexane, bis(diethoxymethylsilyl)hexane,
pis{trimethoxysilyl)hexane,
bis(dimethoxymethylsilyl)hexane, bis{triethoxysilyl)cctane,
bis(trimethoxysilyl)octane, bis(diethoxymethylsilyl)octane,

1-(triethoxysilyl)-2-(diethoxymethylsilyl)ethane, and a
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compound represented by the following formula (15). They may
be used singly or in a combination of twe kinds or more.

[0108]

CHy

D=0 = OCH CH,CH g S { OCH,CHa)s

[(0109]

Of the compounds represented by the formula (13),
bis(trimethoxysilyl)hexane is particularly preferable.
(01101

The amount of the other organosilicon compounds used in
the hard coat agent of the present invention may be determined
arbitrarily depending on intended physical properties and the
like of the finally obtained hard coat layer depending on its
purpose, but from the viewpoint of the scratch resistance of
the hard coat layer, the amount is preferably as follows.
[(0111]

When the amount (total) of the specific silane compounds
based on the standard mass is 10 to 60% by mass, and especially
10 to 50% by mass, the total mass of the organosilicon compounds
(namely, the total mass of the specific silane compounds and
the other organocsilicon compounds) is preferably 30 to 80% by

mass based on the standard mass (namely, the total mass of the
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other organosilicon compounds is preferably 0 to 70% by mass
based on the standard mass); when the amount of the specific
silane compounds based on the standard mass is 15 to 40% by
mass, the total mass of the organosilicon compounds is
preferably 40 to 75% by mass based on the standard mass (namely,
the total mass of the other organosilicon compounds is
preferably 0 to 60% by mass based on the standard mass); and
when the amount of the specific silane compounds based on the
standard mass is 15 to 35% by mass, the total mass of the
organosilicon compounds is preferably 40 to 70% by mass based
on the standard mass (namely, the total mass of the other
organcsilicon compounds is preferably 5 to 55% by mass based
on the standard mass).

[6112]

From the viewpoint of the adhesion between the hard coat
layer and the antireflection layer optiocnally formed thereon,
the hard coat agent preferably contains the epoxy-containing
silicon compeund in an amount of 15 to 60% by mass, and more
preferably 20 to 50% by mass, based on the standardmass. Here,
the masses of the partial hydrolysates are in terms of the
masses of the raw materials thereof.

[0113]
In the hard coat agent, an acidic agqueous scluticn is

usually added in order to hydrolyze the organosilicon
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compounds. Any publicly known acids may be used without
particular restriction. Examples of such acids include
inorganic acids such as hydrochloric acid, sulfuric acid,
nitric acid, phosphoric acid, and the like, and organic acids
such as acetic acid, propionic acid, and the like. Among them,
hydrochloric acid is preferabiy used from the viewpoints of
storage stability of the coating composition and hydrolysis
properties. A suitable concentration of the agueous
hydrochloric acid solution is 0.01 to 5 N. Apreferable amocunt
of water in the aqueous acid solution is 0.1 to 3 times the
amount required to hydrolyze all of the hydrolysable groups
in the organosilicon compound.

[6114]

As the curing catalyst which is added to the hard coat
agent, thereHmykxamention@dacetylacetonatecmmplexeshaving
central metal atoms such as Li{(I), Cul(Il}, Zn(II), Co(II),
Ni(II), Be(II), Ce(III), Ta(IIl), Ti{III), Mn{(III), La(III},
Cr(I1l), V(III}, Co(III}), Fe(III}, AlL{III), Ce(lV), Zr(IV),
V{IV}), and the like; perchloric acid compounds such as
perchloricacid,nagnesiump@rchlorate,aluminmnperchlorate,
zinc perchlorate, ammonium perchlorate, and the like:
organcmetallic salts such as sodiumacetate, zinc naphthenate,
cobaltnaphthenate,zincoctoat@,andthelike;andl@wisacids

such as stannic chloride, aluminum chloride, ferric chloride,
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titanium chloride, zinc chloride, antimony chloride, and the
like. These curing catalysts may be used singly or in a
combination of two kinds or more without any problems. Among
these catalysts, it is preferable to use the acetylacetonate
cemplexes, particularly aluminum acetylacetonate complexes,
from the viewpoints of the inhibition of the redness and less
interaction of the catalyst with the (di)alkylaminc
group~-containing photochromic compound.

[0115]

The amount of the curing catalyst is not particularly
restricted, but it is preferably 0.05 to 5.0 parts by mass,
and particularly 0.1 tec 4.0 parts by mass based on 100 parts
by mass of the standard mass. However, among the curing
catalysts, the perchloric acid compounds have high reactivity
with the (di)alkylamino group-containing photochromic
compounds, and thus when these compounds are used, realization
of the inhibition effect for the redness tends to be difficult
as compared with the case that the acetylacetonate complexes
are used. Therefore, when the perchloric acid compounds are
used as the curing catalysts, especially in an amount of 0.5
part by mass or more based on 100 parts by mass of the standard
mass, 1t is preferable tomake the amount of the specific silane
compound 15% by mass or more based on the standard mass, in

order to chbtain a sufficient inhibiticn effect for the redness,
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Namely, when 0.5 part by mass or more of the perchloric acid
compounds is used as the curing catalysts based on 100 parts
by mass of the standard mass, the amount of the specific silane
compound based on the standard mass is preferably 15 to 60%
by mass, more preferably 20 to 50% by mass, and particularly
preferably 25 to 45% by mass. The amount of the metal oxide
fine particles in this case (not including the mass of the
dispersion medium) is preferably 20 to 603 by mass, more
preferably 25 to 50% by mass, and particularly preferably 30
to 45% by mass, based on the standard mass.

[0116]

On the other hand, when the lLewis acid or the
acetylaceteonate complex, especially the latter is used as the
curing catalyst, a sufficient inhibition effect for the
redness can be obtained when the amount of the specific silane
compound based on the standard mass is 10% by mass or more.
[0117]

The hard coat agent used in the present invention may
preferably contain a quaternary ammonium salt and/or a
guaternary phosphonium salt (hereinafter sometimes
collectively referred to as the guaternary salt) in order to
improve the adhesion between the hard coat agent. and the
substrate or the photochromic layer. By using the hard coat

agent containing the quaternary salt, an effect which enables
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to improve the adhesion of the hard coat layer by the chemical
etching using an alkaline agueous soluticn which can be done
with simple cperation and does not require special eguipment
can be realized in addition to the original effect such as
preventing the redness at the time of no light irradiation and
preventing color tones shift from the expected color teones at
the time of color development. The chemical etching with an
alkaline agueous solution is advantageous from the viewpoint
of the production yield and cost because it can wash the lens
substrate as well. Although the mechanism in which the
addition of the quaternary salt causes the effect is not clear,
the improved adhesion is thought to be due to the functions
of the gquaternary salt as a catalyst which accelerates a
reaction of the epoxy groups of the epoxy-containing
crganosilicon compound, and as a surfactant.

[C118]

As the quaternary salts, guaternary ammonium salts or
gquaternary phosphonium salts in which a nitrogen atom or
phosphorus atom is bonded to an alkyl group having 1 to 4 carbon
atoms are preferable, and salts having a halogen atom as a
counter ion are preferable. Specific examples of the
quaternary Salis include quaternary ammonium salts such as
tetramethyl ammonium chlcride, tetramethyl ammonium bromide,

tetra-n-butyl ammonium chloride, tetra-n-butyl ammonium
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bromide, dimethyl diiscopropyl ammonium chloride,
tetra-n-butyl ammonium acetate, tetra-isopropyl ammonium
chloride, and the like; and quaternary phosphenium salts such
as tetramethyl phosphonium chloride, tetramethyl phosphonium
bromide, tetra-n-butyl phosphonium chloride, tetra-n~butyl
phosphonium bromide, and the like. Among them, tetramethyl
ammonium chioride, tetramethyl ammonium bromide,
tetra-n-butyl ammonium chloride, and tetra-n-butyl ammonium
bromide are preferably used in view of availability and
improvement of adhesion.

[0119]

The amount of the quaternary salts added into the hard
coat agent (the total amount of the guaternary salts) may be
determined arbitrarily depending on the compcosition of the
hard coat agent or the quaternary salts used, but the amount
is preferably 0.001 to 1.0 part by mass, and more preferably
0.01 to 0.5 part by mass, based on 100 parts by mass of the
standard mass. A small amount of the salts may suffice in the
hard coat layer, and when the amount is 1.0 part by mass or
more, the whitening of the hard coat layer may occur, and thus
such an amount is not preferable.

(01207
In a preferable method for preparing the hard coat agent

with addition of the guaternary salt, a mixture of the sait
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with the acid hydrolysis catalyst is added or an agueous
solution of the guaternary salt is added in the step wherein
the crgancsilicon compound is hydrolyzed in an aqueous
sclution.

[0121]

The hard coat agent used in the present invention may
contain an organic solvent as appropriate. The organic
solvent used herein will be capable of sufficiently dispersing
the metal oxide fine particles (the dispersion medium in the
metal oxide fine particle sol is alsoc one of the organic
solvents used herein). Suitable solvents are volatile and can
sufficiently dissolve the epoxy-containing silicon compound,
tetraethoxy silane, the methyl trialkoxy silane, the curing
catalyst and the like. Specific examples of such solvents
include alcohols such as methanol, ethanol, n-propanol,
isopropancl, n-butanol, t-butancl, n-pentanocl, and the like;
esters such as methyl acetate, ethyl acetate, propyl acetate,
ethyl propionate, methyl acetoacetate, ethyl acetoacetate,
ethyl lactate, and the like; ethers such as ethylene glycol
monoiscpropyl ether, ethylene glycol monoethyl ether,
ethylene glycol mono-n-propyl ether, ethylene glycol
mono-n-butyl ether, ethylene glycol mono-t-butyl ether,
propylene glycol monomethyl ether, propylene glycol monoethyl

ether, propylene glycol mono-n-propyl ether, propylene gilycol



10

15

20

885 0)? 71al-10,,-1to .YOJco OC O to 11a) alfrle 100T 001 100T 001
OOT 1001 001 001 OOT 001 001 00Ol 06 001 06 1001 a)toa>0C
sr0{@J rac 001 OOT 001 00T 00E,4O00T

meno-n-butyl ether, propylene glycol monomethyl ether acetate,
propylene glyccl monoethyl ether acetate, dioxane, and the
like; ketones such as acetone, acetylacetone, diacetone
alcohol, and the like; halogenated hydrocarbons such as
methylene chloride and the like; hydrocarbons such as hexane,
heptane, cyclohexane, benzene, toluene, xylene, and the like.
These solvents may be used singly, but a mixture of two kinds
or more is preferably used in order to control physical
properties of the hard coat agent.
01221

Among these solvents, from the viewpoints of the
dispesibility of the metal oxide fine particles, the
solubility to the agueous acid sclution used for the hydrolysis
of the epoxy-containing silicon compound, tetraethoxy silane,
methyl triethozy silane, and the like, the easiness in
evaporation at the time of coat layer formation, and the
formation of a smooth coat layer, it is preferable to use
methanol, iscprecpancl, t-butanol, acetylacetone, diacetone
alcohol, ethylene glycol monoisopropyl ether, and the like.
The amocunt of the organic solvents is not particularly
restricted, but is usually 50 to 100 parts by mass, and
preferably 100 to 500 parts by mass pased on 100 parts by mass
of the standard mass.

[0123)
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In the hard coat agent used in the present invention may
contain additional additives as appropriate. Specific
examples of such additives include surfactants, antioxidants,
UV stabilizers, UV absorbers, anti-coloring agents,
anti~-static agents, fluorescent dyes, dyes, pigments,
fragrances, and the l1ike. The total amount of these additives
based on 100 parts by mass of the standard mass is preferably
0.001 to 10 parts by mass, and more preferably 0.01 to 5 parts
by mass.

[0124]

As the surfactants, any of neniocnic, anionic, and
cationic surfactants may be used, but it is preferable to use
thenonionicsurfactants.Specificexamplesofpreferablyused
nonionic surfactants include a sorbitan fatty acid ester, a
glycerine fatty acid ester, a decagricerine fatty acid ester,
a propylene glycol/pentaerythritol fatty acid ester, a
polyoxyethylene sorbitan fatty acid ester, a polyoxyethylene
sorbit fatty acid ester, a polyoxyethylene glycerine fatty
acid ester, a polyethylene glycol fatty acid ester, a
polyoxyethylene alkyl ether, a polyoxyethylene
phytosterol/phytostanol, a polyoxyethylene polyocxypropylene
alkyl ether, a polyoxyethylene alkyl phenyl ether, a
polyoxyethylene castor oil/hydrogenated castor oil, a

polyoxyethylene lanolin/lanolinalcohol/beeswax derivative, a
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polyoxyethylene alkylamine/fatty acid amide, a
polyoxyethylene alkyl phenyl formaldehyde condensate, a
homogenecus polyoxyethylene alkyl ether, and the like. The
surfactants especially preferably include silicone-type and
fluorine-type surfactants. As the silicone-type surfactants,
publicly known surfactants having a silicone chain (a
polyalkylsiloxane unit) as a hydrophobic group may be used
without any restriction. As the fluorine-type surfactants,
there is no restriction as long as the surfactants have a
fluorine-containing carbon chain, and oligomers of
perfluorcalkyl-containing esters, perflucroalkyl-containing
alkylene oxide adducts, fluorine-type aliphatic polymer
esters, and the like may be used. Specific examples of the
silicone-type surfactants and the fluorine-type surfactants
include “L-7001”, “L-7002", “1-7604”, and “FZ-2123"7 (all
manufactured by Nippon Unicar Company Ltd.), “Megafac F-4707,
“Megafac F-1405"7, and “Megafac F-479” (all manufactured by
Dainippon Ink and Chemicals Incorporated}, “Flowrad FC-430”
{manufactured by Sumitomo 3M Ltd.), and the like. These
surfactants may be used as a mixture of two kinds or moere. The
amount of the surfactants added is preferably .01 to 1 part
by mass based on 100 parts by mass of the standard mass.
[0125]

As the antioxidants, the UV stabilizer, and the UV
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absorber,akﬁmderedaminelightstabilizer,akuﬂderedphenol
antioxidant, a phenol-type radical scavenger, a sulfur-type
antioxidant, a benzotriazole compound, a benzophenone
compound, and the like may be suitably used. These
antioxidants, radical scavengers, UV stabilizers, and UV
absorbers may be used as a mixture of two kinds or more. In
addition, a surfactant may be used with the anticoxidant, the
UV stabilizer, or the UV absorber. The amount of these
antioxidants, UV stabilizers, and UV absorbers is preferably
0.001 to 5 parts by mass based on 100 parts by mass of the
standard mass.
[0126] |

In the photochromic optical element 10 of the present
invention, the antireflection layer 5 may be formed on the hard
coat layer 4 by the vapor deposition of metal oxides such as
510z, TiOz, ZrO,, and the like, or by the thin coating of an
organic polymer. An impact-resistant primer such as a
urethane primer may be applied between them, and further the
processings and the secondary treatments such as an
anti-static treatment, a repellent treatment, an
anti-clouding treatment, and the like may be carried out on
the antireflection layer 5.
(0127]

According to the photochromic optical element 10 of the
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present invention, the redness (redness of developed color
tone)maybepmeventedorreduced@venafterthehardcoatlayer
is formed on the photochromic ceat layer containing the
(di)alkylamino group-containing photochromic compounds in
high concentration.

[01287

For instance, in the case that a hard coat layer is formed
by using a hard coat agent containing the metal oxide fine
particles, the organosilicon compounds and the curing
catalysts, but not containing tetraethoxy silane, methyl
triethoxy silane or hydrolysates thereof, when a* values are
measured at the time of light irradiation {(at the time of color
development) of the photochromic optical element before and
after the formation of the hard coat layer, the difference of
the a* values{A(a*)] before and after the formation of the hard
coat layer is more than 1.0. In contrast, according to the
hard coat agent of the present invention, [A(a*)] is 1.0 or
less.

[0129]

Here, the ax* Vélue means a* ("a" star) in the CIE1876
{L*a*b*) color space (CIELAB), and it may be obtained, for
instance, as follows. The element ié irradiated with a xenon
lamp L-2480 (300 W) SHL-100 (manufactured by Hamamatsu

Photonics K. K.) through a UV transmitting filter UV22 and a



10

15

20

00 4J00 000 40 ca0 Il Il I. 1Al Al H000e 0 u)EO0-C',"CO 1,0,
C?U17,evIP oorxccV FS1V)Ci)LOO C..0-1-, 000 14El7.1 IHUN !
s¢IQIPP; 31 213 HUN HUN PUN EEaN HUN_

thermal beam absorbing filter HAS0C (both are manufactured by
HOYA CORPORATION) at 20°C & 1°C with a beam intensity of 2.4
mW/cm® at 365 nm and 24 uW/cm® at 245 nm on the surface of the
polymer for 120 seconds to develop a color. The developed and
faded color tones are measured with a spectrophotometer
{instant multi-channel photodetector MCPD 3000, manufactured
by Otsuka Electronics Co., Ltd.)}, and a* values are determined
by the color computation analysis after the measurements.
[0130]

In the following, a method for manufacturing the
photochromic optical element 10 of the present invention will
be described.

[0131]

A method for manufacturing the photochromic optical
element of the present invention produces the photochromic
optical element in which the optical substrate, the
photochromic coat layer, and the hard coat layer are laminated
in this order. The method includes a step wherein the hard
coat agent containing the metal oxide fine particles and the
organosilicon compound is applied on the photochromic coat
layer provided on the optical substrate, and then is cured to
form the hard coat layer, wherein the hard coat agent is the
hard coat agent as menticned above.

[0132]
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'XGCI1ETIPf-TE:L;T SF-161689 [0195] As can be seen in the
srExamples, in the photochromic opticghelements of Examples having the
hard coat layer formed by using the hard coat agent which contained the
specific amount 5 of the methyl trialkoxy silane, the hard coat layer was
formed without the change in the prescribed color tone, and the
photochromic optical elements were excellent in the appearance, the
scratélPfesistanee, lahd e aelhésivenessPintaoritmst, e photdckrdnficrst
optical elements in the Comparative Examples 10 1 and 2 which were
angptaliifeEby G3iRG thedizre Eoafagermicontainiiy thedmetiiy trialkegye the
silane in an amount less than the lower limit specified in the present
adngéntich vafidwed that e diffsfante 61thb davaltes [Ata9)béfore and the
after formation of the hard coat layer measured at the time of color 15
oPEdF@épmBREWAS FRork thal 106, T iHrésst 6frednessdaeks s of
formation of the hard coat layer was not prevented in the photochromic
L I §hticHt RletneRECHf TOMpaafive EXaRTiles 10196 iehysubdtraesent and
primer components, photochromic coat 20 layer components, and hard
thgodthkfer COApEASNIR LRGN 1He EXamples 1590 D7raRdities mentioned
Comparative Examples 3 to 7 are shown below. [0197] 1) Lens substrates
begprey1 8dtP TR ta plastit 1IERS P& ARy rdive Feffackiverfdépzmesoyor
. MRA (a plastic lens of a thiourethane-based resin: refractive index = 1.60)
LRI G plR¥tiE s 0fF o (TefHaed baReH Tésn: FetFittive Shitfex -

1.67) TE (a plastic lens of a thioepoxy- based resin: refractive index =
urf%ﬁ?newtype primer resin and the like by publicly known

methods such as spin coating, spray coating, dip coating, dip
spin coatiﬁg, and the like, and then curing the layer.
[0133]

Next, the aforementioned photochromic coating solution
is applied on the optical substrate 1 (or on the primer layer
2} and then cured to form the photochromic coat layer 3. Then,
the hard coat agent is applied on the photochromic coat layer
3 and cured toc form the hard coat layer 4, and optionally the
antireflection layer 5 is formed on the hard coat layer 4 by
a publicly known method to give the photoechromic optical
element 10. When the hard ccat agent is applied, it is
preferable to use the agent as soon as possible after
preparation thereof from the viewpoint of pot-life thereof.
For example, the agent is used usually in 5 weeks or less after

the preparation and preferably in 3 weeks or less. When the
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SE (a lens of a methacryl resin and a vinyl resin: refractive index - 1.60)
10[0198] 2) Primer components Takeseal PFR402TP-4 (a
< pmoisyture-curable primer, manufactgked by Takebayashi Chemical
Industry Co., Ltd.) Takeseal PFR 4 (a moisuture-curable primer,
manufactured by 15 Takebayashi Chemical Industry Co., Ltd.) [0199] 3)
Photochromic coat layer components [Radical polymerizable monomers]
TMPT: trimethylolpropane trimethacrylate 20 - UGA: urethane
agglijomerhidtaherylste{Us 6 LA niariufactered by Shin-Nakeiura Ghemicahg
Co., Ltd.) EB6A: polyester oligomer hexaacrylate (E31830, manufactured
Pehy PhicdllUCB Companylitd.)t CMAIGIjeidymethscrylates SFi161891 ng
BPE: 2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane 9GDA:
C%@%W@n@glﬁo’tamwa@%ver@@metumw@vgh@bmss@ﬁ@me and
Oligo: 5 2,2-bis(4-acryloyloxypolyethyleneglycolphenyl)propane having the
th %vgr]a‘g% moWétruIW@@h%‘of 76 (62001 {Diyalkyamiro groupocortaining
photochromic compounds] PC11 10[0201] [0202] PC22 [0203]
staring1892 392041 YPHEAHIBMRCOhTICURHS bthed thaptthe sphere with
(di)alkylamino group-containing photochromic compounds] - PC33 [0205]
2 62 L eag TO[0P0Y Rrasdsg [0208] posE fozgely not exceeding

20°C.
[0134]

In the following the present invention will be described
by Examples and Comparative Examples, but it is not restricted
to these Examples.

[0135]

Lens substrates, primer components, photochromic coat
layer components, and hard coat layer components used in
Examples 1 to 14 and Comparative Examples 1 and 2 are shown
below.

[0136]

1} Lens substrates

- CR (aplastic lens of an allyl resin: refractive index = 1.50)
- MRA (a plastic lens of a thiourethane-based resin: refractive
index = 1.60)

- MRB (aplastic lens of a thiourethane-based resin: refractive
index = 1.67)

- TE (a plastic lens of a thioepoxy- based resin: refractive
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5[0210] [Photopolymerization initiators] CGI 1800: a mixture of
1-hydroxycyclohexyl phenyl ketone and

SEbig(gl@dimethoxybenzoyl)-z,4,.4-trin%%thyl-pentylphosphine oxide (weight
ratio of 3:1) 10 - CGI 1870: a mixture of 1-hydroxycyclohexyl phenyl
ketone and bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentylphosphine
oxide (weight ratio of 3:7) [0211] [Stabilizer] 15- LS765:
is(1,2,2,6,6-pentamethyl1-4-piperidyl)sebacate [0212] [Leveling agents]

1nGigxl:7a Sikddne-type surfactant "L7001" (manufactured by Dow Corning
Toray Co., Ltd.) 20 - SiL 2: a silicone-type surfactant "FZ2104"

- Ghahufacturedby DewGorning TorynCod td Yy 18F16:894:[02E ] ract ive

_ [Silane coupling agent] TSL: y-methacryloyloxypropyl trimethoxy silane

1T[@214T5 4) $fard coat layer components [Metal oxide fine particles] SOL
1: a methanol-dispersed silica sol (solid content consentration of 30% by

[%éibht, manufactured by Nissan Chemical Industries, Ltd.) 10 - SOL 2: a
methanol-dispersed Sn02-Zr02-Sb205-Si02 composite metal oxide sol

2)(sBlid eBAterrRBASEMERION Of 30% by Weight, manufactured by Nissan
Chemical Industries, Ltd.) SOL 3: a methanol-dispersed

~ TRbeSRe2-ZFTR 6H205 tonipodite imetal oxidesot kSafidroontent,
consentration of 30% by weight, 15 manufactured by Nissan Chemical

mapdffiesr e P SOk hehaathanoldispérsel ShzbEmeralbxide sald . )
gggd content consentration of 30% by weight, manufactured by Nissan

~ EhEmmEaH iR tfes 2LRE Y OPIST 20etraliopsikme] TEOS actured by
tetraethoxy silane [0216] [Epoxy-containing silicon compounds] GTS:

T RATEbrofAfimathoky Enake YSEL618954 GDS: y-glycidoxypropyl
methyl dimethoxy silane ETS: 8-(3,4-epoxycyclohexyl)ethyl trimethoxy

[Oditthe [0217]  [Other organosilicon compounds] 5 - HTS: n-hexyl

trimethox%silane OTS: n-octyl trimethoxy silane
3) Photochromic coat layer componhents

[Radical-polymerizable monomers]

- TMPT: trimethylolpropane trimethacrylate

~ UBA: urethane oligomer hexaacrylate (U~6HA, manufactured by
Shin-Nakamura Chemical Co., Ltd.)

~- EB6A: polyester oligomer hexaacrylate (EB1830, manufactured
by Daicel~UCB Company, Ltd.)

- GMA: glycidyl methacrylate

- BPE: 2,2~bis(4—methacryloyloxypentaethoxyphenyl)propane
- 9GDA: polyethylene glycol diacrylate (average molecular
weight of 532)

- BPE Oligo:
2,2~bis(4wacryloyloxypolyethyleneglycolphenyl)propane with

average molecular weight of 776
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ODS: n-octyl methyl dimethoxy silane DTS: n-decyl trimethoxy silane
ODTS: n-octadecyl trimethoxy silane 10 - An organosilicon compound El
grl02d8: 2[0219]  [Organic solvergg] 15 - MeOH: methanol IPA:
isopropanol TEA: t-butanol EGPE: ethylene glycol monoisopropy! ether
EGEE: ethylene glycol monoethyl ether 20 - EGBE: ethylene glycol
mono-t-butyl ether POPE: polyethylene glycol mono-n-propyl ether
SF-161896 AcAc: acetylacetone DAA: diacetone alcohol DIO: dioxane
[ C[oP2D] 5[Curing catalysts] C11: tris(2,4-pentanedionato)aluminum (lI1)
C22: tris(2,4-pentanedionato)iron (Ill) C33: (2,4-pentanedionato)sodium
[ (Ba4adrmimenidmoparchlgpatect 2 C55nmagnesivoh perchioraten 02214 s 1
[Example 15] 1. Preparation of lens element
~ Ravingcuredphotochromiclayer InthesimilarmannertothatofExample 1, lens
substrate 15 having a primer layer was prepared. [0222] Then,
[O&pproximately 1 g of a photochromicpolymerizable composition was
applied on the surface of the above-mentioned lens element having the
primer fayeryy spin coating. As the 20 photochromic polymerizable

themixture thug;obtained, 2.0 parts by mass of the photochromic
compound2011FHaving the structure shown by the following

[0141]
- PC2

[0142]

(0143]

[Photochromic compounds other than the (di)alkylamino group
-containing photochromic compounds]

- PC3

[0144]
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formula: 10[0224] [0225] 0.6 part by mass of the photochromic compound
(2033) having the structure shown by 15[0226] SF-161898 [0227] and

s r0Apart by mass of the photochromig compound (PC44) having the
structure shown by 5[0228] [0229] were added, and the mixture was
fully mixed. Thereafter, into the composition thus obtained were added 0.5
part by mass of 10 CGI 1800 (a polymerization initiator mixture composed
of 1-hydroxycyclohexyl phenyl ketone and

Co., Ltd.), and_the mixture was fully mixed to give the composition (I')
(refer to Tagle ). The viscosity of the obtained photochromic 5
polymerizabteComposition (Composition (i')) at 25C was 130 cP . [0230]
Under a nitrogen atmosphere, the lens whose surface was coated with the
[Oé%IEHposition (I was irradiated with a metal 10 halide lamp whose output
at 405 nm was adjusted to 130 mW/cm2 on the lens surface, for 3 minutes
= &fd the coated layer was cured. Then, the heat treatment was carried out
in an oven controlled at 120C and a cured photochromic thin layer was
[0 5Bfained. The thickness of the layer can be controlled by 15 altering the
conditions of the spin coating. The thickness of the cured photocromic thin
lay as adjustegd to 40 1 pm in the present invention. [0231] 2.

E e having cured photochromic 20 layer In

ordy photochromic characteristics of the lens substrate

havjkg thie otochromic layer thus obtained, the color optical
(ié;n easured in the similar manner to that of Example 1.
0-SF- The color optical density of the lens element

having the phetoghromic cured layer obtained by the above-mentioned

method was @@ at the maximum absorption wavelength of 588 5 nm,

and thus the lens element had good photochromic characteristics. [0233]
{OIQ% }a* values at the times of color development and fading were

measured. The a* values at the times of color development 10 and fading
_ Were 1.0 and -1.5, respectively. [0234]

[0148]

OCH;

[0149]
[Photopolymerization initiators]
- CGI 1800: a mixture of 1-hydroxycyclchexyl phenyl ketone and

bis(2,6-dimethoxybenzoyl)—2,4,4mtrimethyi—pentylphosphine
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3. Formation of hard coat layer Then, the lens element having the
photochromic cured layer was coated with hard coat agent (aa) which was
srprgpared 15in the following way. [0235] Preparation of hard coat agent
(aa): Firstly, 170 g of y-glycidoxypropyl trimethoxy silane, 100 g of the
silicon compound (31), and 417 g of tetraethoxy silane were mixed. 20
Into this solution was added 200 g of aqueous solution of
0.05N-hydrochloric acid while the solution was thoroughly stirred. The
Ox 36kutiON WaE Stirked-for 5o ‘after the completion of the addition. Then,
1.5 g of a silicone-type surfactant (trade name "L-700", manufactured by
~ $6ppoh Unicar SH-16£3201 Chipany 141 F 160§0f magresidnte tone and
_perchlorate, 5409 of t-butyl alcohol, 590 g of dioxane, and 1000 g of a
o1 feth &6l dispéreEd 3Riea 20l (stlidcohtént dontbitatismot 30¥sphine
weight, manufactured by Nissan Chemical Industries, Ltd.) were added 5
OX ARG tHe FigtuFe WS stirell 8¢ Bhours, and then aged overnight to give
the hard coat agent (aa) of the present invention (refer to Table 8). [0236]
Eoé%%iing of the hard coat agent (aa) was carried out in 10 the following
way. Specifically, the lens element having the photochromic cured layer
L8 teed by a corona discharge treatment (both sides) and immersed
in 10%-NaOH aqueous solution at 50C for 5minutes. The treated element
= s dippedirtthertard cbaf a56R-@RS BHELhEnRIRS Ficty A § PREGFS
30 cm/minute so that the surface of the lens element having the cured
[%ﬁ&ﬂochromic layer with was coated with the agent (aa). After the coating,
the lens element was dried at 70C for 20 minutes, and allowed to stand at
'L$36C 8P 3} &4 that the agent was cured to form a hard coat layer
having a 20 thickness of about 2 microns. [0237 ., The lens element
™ iabiny tie Rard €6 Fafen ¢ e pRowERrorit tired EFérivas tured by
no8Y luated for the items (1) to ﬁ%as described in Example 1. SF-1618102
Orb e vaniatibnsof the' féhs'element resulted as follows;
_ %p%qrance.: good Sgrtatch resistance: A 5 - Adhesiveness of the front
= “100/T00" AdHESVenRSs ot the bagR Sidé-“rodi£00 ‘Bolbt Gpticar =2 by
Doge %it n%%thewt@%)éim absgnpéiog; wavelength (588 nm): 1.03 a* value
at the time of the cdlor 8é\7elobm'e t: 1.2 10- a* value at the time of the
[0?%'? fading: -1.3 (Refer to Table 10) [0239] The hard coat agent (aa)
was ‘stored for 3 weeks according to the following item (5) of the Example

S}EIH% PLAp! r£i%31 5 0of th é‘nard coat agent (aa) were evaluated in the
[ similar man%erst tﬁogseenﬁ scribed above. The results after 3 weeks

- e: : ch resistance: A 20 - Adhesiveness of the
}fﬂgﬁfsigﬁfg%gyﬁgﬁgﬁggﬁs%ﬁ;h% %I%Ets%)exﬁo%} Color

[O%@tjcal density at the maximum absorption wavelength (586 nm): 1.03 a*
value at the time of the color development: 1.1 SF-1618103

4) Hard coat layer components

[Metal oxide fine particles]

- SCL 1: a methanol—disperséd silica sol (solid content
concentration of 30% by mass, manufactured by Nissan Chemical
Industries, Ltd.)

- SOL 2Z: a methanol-dispersed Sn0;~Zr0;~Sb.05~S510, composite

metal oxide sol (solid content concentration of 30% by mass,
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a* value at the time of the color fading: -1.2 (Refer to Table 11) [0240] The
hard coat agent (aa) was stored for 5 weeks according 5 to the following
SFE?%H(E?) of the Example 1. The prop%rgies of the hard coat agent (aa) were
evaluated in the similar manners to those described above. The results

after 5 weeks were: Appearance: good 10 - Scratch resistance: A
Adhesiveness of the front side: 100/100 Adhesiveness of the back side:
100/100 Color optical density at the maximum absorption wavelength

ma(GEGEM)reA2:kb Nakvalue @t dhe Hne ofthe colordevetopment: 1.1 a*
value at the time of the color fading: -1.0 (Refer to Table 12) [0241]

~ [Exardples hf=tor2ih @hdGemparativelExarples 310 7)-20ndhe-similas i «
manner to that used to prepare the photochromic composition (I') in

me Example db, phbtochrarmic compesitiansnitdte fWH") wereobtained byas s,
mixing the components shown in Table V. In the similar manner to that

mapséad (¢ preghrd thél harkeoatrageint {aa)rindoxample 45, hasd
SF-1618104 coat agents (bb) to (mm) were obtained by mixing the

- BOmpéneatsrshidveminl Fakiles 8randi 9 s61redrpttotdchratnie: layers wese 1 d
prepared in the similar manner to that of Example 15 by using the lens

cogtbstratesh ttenprimen compbsitions; the photoetromie StcomRPDSIIORS s san
and the hard coat agents shown in Table 10. The color optical density at

Chéivel rakinbodiatisorption Wadelength and the a* values at the time of color
development and fading were evaluated. Then, hard coat layers were

[ Olanihated in the similar manner to that of Example 15. Then, the
appearance, 10 the scratch resistance, the adhesiveness, the color optical

[Melehsity attheliaximusd dserption wavelength, and the a* values at the
time of color development and fading were evaluated. The results are

- YikedriZeritihvPable 10t The the sfarage stabilities are shown in Tables
11 and 12. 15[0242] As can be seen in the Examples, in the

[0 bhetochromic optical elements of Examples having the hard coat layer
formed by using the hard coat agent which contained the specific amount

LEpPthe-tetraikoxy siafd, the Harg @oaelayes was formed 20 without the
change in the prescribed color tone, and the photochromic optical

- elementsveie SR BNERIIR tHe hbpBaraHeY tHeldaratkeh resistance, and
the adhesiveness. In contrast, the photochromic optical elements in the

~ Botiparatve EXARipIET SNt AfAichiwéiasbiamied By Usmg the hard
coat agent SF-1618105 containing the tetraalkoxy silane in an amount

~ Tesy'thBin the forEIRIEESGRES I i Brese REUBEHGH whvwehthat the
difference of the a* values [A(a*)] before and after formation of the hard

[0%35¢ layer measured at the time of color 5 development was more than

.0. The increase_of redness due to the formation of the hard coat layer

(O MG stav&Red hT e FIRGHBRHFSHRIL optical elements of Comparative

Examples. r- co ri0.) co(Y)-I ri.7r,
~ HT?EF%m%exyl tr%me goxy sfggne

- An organosilicon compound Bl

[0157]

CHy

Qz==C OCHQCHQCHZ_SIM(&:H?CHQ}Q
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[0ft LnioE-i Cf) (f) guesoegins ST TOOLC n.4 Toun Tong TOOLS
ST1TOOLS STTOOLS S'TTOOLS Agueous solutions used for

5 pydrelysis of organic silane compou (g) 1 0.05N Agueous hydrochloric
acid 200 0.05N Aqueous hydrochloric acid 175 |1 0.05N Aqueous
hydrochloric | acid 170 0.05N Aqueous hydrochloric acid 160

[0158]

- BISSI: bis{trimethoxysilyl)hexane

[0159]

[Organic soclvents]

~ MeOH: methancl

- IPA: iscpropancl

- TBA: t-butanol

- EGPE: ethylene glycol monoisopropyl ether

- EGEE: ethylene glycol monoethyl ether

- BEGBE: ethylene glycel mono-t-butyl ether

- PGPE: propylene glycol mono-n-propyl ether

~ AcAc: acetylacetone

- DAA: diacetone zlcohol

DIO: dioxane

[0160]

[Curing catalysts]

- Cil: tris(2,4-pentanedionato)aluminum (III)

- CZ2: tris(Z,4-pentanedionato)iron (III)

- C3: magnesium perchlorate

[Example 1]

1. Preparation of lens element having cured photochromic layer
As the lens substrate, MRB (a plastic lens of a

thiourethane-based resin: refractive index = 1.67) having a

thickness of 2 mm was used. The substrate was fully degreased
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0.05N Aqueous hydrochloric acid 170 0.05N Aqueous hydrochloric acid

175 0.05N Aqueous hydrochloric acid 175 Curing catalysts (g) 9 SSD 9

SSD_S'6 ITO T/S TID/SSO 1/V ZED/PPO 9 SSD 8SO Organic solvents
SEy SFBA/DIO 540/590 ITBA/DIO 626/440

with agetone. Takeseal PFR402TE-4 (a moisture-curable primer,
manufactured by Takebayashi Chemical Industry Co., Ltd.) as
the primer and ethyl acetate were mixed in 50 parts by mass
each. To the mixture was added 0.03 part by mass of 5112
(FZ-2104: a leveling agent manufactured by Dow Corning Toray
Co., Ltd.), and then the mixture was sufficiently stirred under
a nitrogen atmosphere to uniformity to give a primer
composition (A) (refer to Table 1). The composition was
applied on the surface of the MRB lens substrate with
spin-coater 1H-DX2 {manufactured by Mikasa Co., Ltd.). The
lens thus obtained was allowed to stand at room temperature
for 15 minutes to give a lens element having a primer layer.
[0l61]

Then, approximately 1 g of a polymerizable photochromic
composition was applied on the surface of the above-mentioned
lens element having the primer layer by spin cocating. As the
polymerizable photochromic composition, Composition (I)
prepared by the following method was used.

[0le2]

Preparation of Composition (I): Firstly, the radical
polymerizable monomers:
Z,Z—bis(4—methacryloyloxypentaethoxyphenyi)propane/polyeth
ylene glycol diacrylate {average molecular weight of

532) /trimethylolpropane trimethacrylate/polyester oligomer



MeO5/TBA/AcAC/EGPE 400/160/160/70 MeOH/TBA/AcAc 400/340/245
MeOH/IPA/OAA/EGEE 150/330/300/100 TEA/DIG 620/140 TBA/DIO
5762QK40 Other organosilicon compgunds (g) % By mass based on the
standard mass (U oo-c TO OT 001 141 ST1 OST SIB SIO6T ITT PT
001 TO PT -Epoxy -containing Silicon
- hexaacrylate (EB~1830, manufactured by Daicel-UCB Company,
Ltd.)/glycidyl methacrylate were mixed in a ratio of
40/15/25/10/10 parts by mass. Based on 100 parts by mass of
themixture thus obtained, 2.0 parts by mass of the photochromic
5 compound (PCl) having the structure shown by the fecllowing

formula:

10163]

[0164]
10 0.6 part by mass of the photochromic compound (PC3) having the

structure shown by

[0165]

;,-.»
O Q
)

O

[0166]

15 and 0.4 part by mass of the photochromic compound (PC4) having
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compounds (g) % By mass based on the standard mass (%) OLT SIC LT

| OLT SID '81 0OE SID 63 GTS/GDS 150/150 6Z OST SIC ST OLT SID

LI OLT SIC LT Tetraethoxy silane (g) % By mass based on the standard
SFiass¥96) LIP 30 F OTC 01 00C 63 OBE 63 OZE ZE

the structure shown by

[C167]

[01e8]

were added, and the mixture was fully mixed. Thereafter, into
the composition thus obtained were added 0.5 part by mass of
CGI 1800 (polymerization initiator mixture composed of
I-hydroxycyclohexyl phenyl ketone and

bis(2, 6~dimethoxybenzoyl)-2,4, 4-trimethyl-pentyl prhosphine
oxide in a weight ratio of 3:1)}, 5 parts by mass of
bis(1,2,2,6,6~pentamethyl-4d-piperidyl)sebacate as
stabilizer, 7 parts by mass of y-methacryloyloxypropyl
trimethoxy silane as silane coupling agent, and 0.1 part by
mass of SiL 1 as leveling agent (L-7001: a silicone-type
surfactant, manufactured by Dow Corning Toray Co., Ltd.}, and
the mixture was fully mixed to give the composition (I) {(refer
to Table 2). The viscosity of the obtained polymerizable
photechromic composition {(Composition (I)) at 25°C was 130 cP.
[0169]

Under a nitrogen atmosphere, the lens whose surface was
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OTE IC OTE IC Metal oxide fine particles sol (0) % By mass of metal
oxide fine particles based on the standard mass (11) 0001 VMS TE 0001

gl C SS6T TOOS EP 0001 (Mg% Z OSZT Ta08 8E OSET EZOS 8E
o) EGOS8C4-)ooto 4)zos-ioocozraBeeeD3PPaa

coated with the Composition (I} was irradiated with a metal
halide lamp whose output at 405 nm was adjusted to l3O_mW/cm2
on the lens surface, for 3 minutes and the coated layer was
cured. Then, the heat treatment was carried cut in an oven
controlled at 120°C and a cured photochromic thin layer was
obtained. The thickness ¢f the layer can be controlled by
altering the conditions of the spin coating. The thickness
of the cured photochromic thin layer was adjusted to 40 £ 1
um in the present invention.

[01701

2. Evaluation of lens substrate having cured photochromic

layer

In order to evaluate the photochromic characteristics
of the lens substrate having the cured photochromic layer as
obtained above, the color optical density was measured in the
following way.

(0171}

Firstly, the obtained lens having the photochromic coat
layer was caused to develop a color by being irradiated with
xenon lamp L-2480 (300 W) SHL~100 (manufactured by Hamamatsu
Photonics K. K.) through a UV transmitting filter UV22 and a
heat-ray absorbing filter HAL0 (both were manufactured by HOYA
CORPORATION) at 20°C £ 1°C and with a beam intensity of 2.4

W/ em? (3265 nm) and 24 pw/cm2 (245 nm)} at the surface of the
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155 Surfactant'(4) 8-1TOOLS S*110011 STTOOLS 91 TOOLS
0"ZTOOLn S'T TOO L7 Aqueous solutions used for hydrolysis of
s rrgajc silane compounds 04) 0.05N,Aqueous hydrochloric acid 1.75 '
0.05N Aqueous hydrochloric acid 200 0.05N Aqueous hydrochloric acid
166 0.05N Aqueous hydrochloric acid 120 0.050 Agueous hydrochloric
acid 140 0.050 Aqueous hydrochloric acid 90
polymer for 120 seconds. Then, the maximum absorption
wavelength was measured with a spectrophotometer
{instantaneous multi-channel photodetector MCPD 3000,
manufactured by Otsuka Electronics Co., Ltd.). The color
optical density was determined as [£(120) = €{0})] which was
the difference between an absorbance at this maximum
absorption wavelength [e£{120)] and an abscrbance of the cured
layer at this wavelength without irradiation [e£(0)].
[0172]

- The color optical density of the lens element obtained
by the above-mentioned method was 1.1C at the maximum
absorption wavelength of 588 nm, and thus the lens element had
good photochromic characteristics.

[0173]

The a* values at the times of color development and fading
were measured. The a* values at the times of color development
and fading were 1.1 and -1.5, respectively. Here, the term
“at the time of color development” means the time after the
surface of the lens element was irradiated for 2 minutes with
the xenon lamp whose intensity was set at the above intensity,
and the term “at the time of color fading” (which corresponds
to the time without color development) means the time after

the lens was allowed to stand in a dark place for 5 minutes

after the irradiation with the xenon lamp for 2 minutes.
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Curing catalysts (g) 9993 9 Soo C55/C334.5/0.5 9003 S'P 113 9
003 Organic solvents (4) TBA/DIO 620/140 MeOH/TBA/EGBE
450/450/100 ogilooz/ooslooz 2. 458/3VCV/SSI/HO4N 06S/SL8 010/3iSI
S FVedHiTBA/ACAC/EGPE

3. Formation of hard coat layer

Then, the lens element having the cured photcchromic
layer was coated with a hard coat agent {a) which was prepared
in the following way.
[0175]
Preparation of hard coat agent (a): Firstly, 27.2 g of
y-glycidoxypropyl trimethoxy silane and 21.9 g of methyl
triethoxy silane as the organosilicon compounds, and 11.8 g
of t-butylalcohol, 11.8 g of acetylacetone, 37.6 g of methanol,
and 5.2 g of ethylene glyccl monoiscpropyl ether as the crganic
solvents were mixed. Into this sclution was added 12.9 g of
agueous 0.05N hydrochloric acid solution while the solution
was thoroughly stirred. The solution was stirred for 5 hours
after the completion of the addition. Then, 0.1 g of a
silicone-type surfactant (trade name “L-700”, manufactured by
Nippon Unicar Company Ltd.), 0.7 g of
tris (2, 4-pentanedionato)aluminum (III), and 91.7 g of a
methanol-dispersed silica sol (solid content concentration of
30% by mass, manufactured by Nissan Chemical Industries, Ltd.)
were added and the mixture was stirred for 5 hours, and then
aged overnight to give the hard cecat agent (a) of the present
invention (refer to Table 3).

[0176]



10

20

400/160/160/70 TBA/010 875/500 Other organosilicon compounds (4) %
By mass based on the standard mass (P1 OPT TS 91] OZ/08 810/TE oi

srOGSPTS 30/30 OPZ TB 9Z 083-LE Epoxy -containing silicon
compounds (4) % By mass based on the standard mass (P1 OLT 810 61
OLT 819 LT GTS/ETS 130/50 OZ OLT $10 61

The mass of the “metal particle sol” in Table 3 i includes
the mass of the dispersion medium, and the mass of the metal
oxide fine particles is determined from the mass of the metal
oxide scl and the concentration of the metal oxide fine
particles. The mass of the “organic solvent” in Table 3 does
not include the mass of the dispersion medium for the metal
particle sol. The same applies for Tables 4, 8, 9, and 13.
(0177}

Coating of the hard coat agent (a} was carried out in
the following way. Specifically, the lens element having the
cured photochromic layer was treated by a corona discharge
treatment (both sides) and immersed in 10%-NaOH agueous
solution at 50°C for 5minutes. The treated element was dipped
in the hard coat agent (a), and then was lifted at a rate of
30 cm/minute so that the surface of the lens element having
the photochromic cured layer was coated with the agent (a).
After the ccating, the lens element was dried at 70°C for 20
minutes and allowed to stand at 110°C for 2 hours so that the
agent was cured to form a hard coat layer having a thickness
of about 3 microns.

[0178]

The lens element having the hard coat layer and the

photochromic cured layer was evaluated for the following items

(1} to (4y.
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019 S19 8S OLT $IP CZ Tetraethoxy silane (9) % By mass based on the
standard mass (9) 003 EZ LIP Z OSE 6 OL 8 | 0 JO Metal oxide fine

grharicles sot (4) % By mass of metal-oxide fine particles based on the
standard mass (9) 0031 VSOS zvj 0001 IsOsj 1TE 0001 -MOS 1 PE
Gobi 110.5Lb SSTS

[0179]

The evaluations of the lens element resulted as follows.
- Appearance: good
- Scratch resistance: A
~ Adhesiveness of the front side: 100/100
- Adhesiveness of the back side: 100/100
- Color optical density at the maximum absorption wavelength
(588 nm): 1.05
- a* value at the time of the color development: 1.20
- a* value at the time of the color fading: =-1.60
(Refer to Table 5)
(01801

The hard coat agent (a) was stored for 3 weeks according
to the following item (5). The properties of the hard coat
agent (a)} were evaluated in the similar manners to those
described above. The results after 3 weeks were:

~ Appearance: good

Scratch resistance: A

Adhesiveness of the front side: 100/100

— Adhesiveness of the back side: 100/100

Color optical density at the maximum absorption wavelength

(b88 nm): 1.03
- a* value at the time of the color development: 1.20

- a* value at the time of the color fading: -1.60
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ISOS 36 OP 0001 TAOSA.1(004-)tof401(:101=00 TT SSIT
Initial characteristics -1 Characteristics with photochromic layer plus hard

When -- color faded T 1-ZT-101-1- 31-'1-H 9.1- 9'T -
s 7%

{Refer to Table &)
[0181]
[Evaluation items)
(1) Appearance

With the coat layer, transparency, coating unevenness,
and the like were visually observed. The appearance was
evaluated as “good” or “bad”.
[0182]
(2} Scratch resistance

The lens surface was rubbed with a steel wool (Bonstar
#0000, manufactured by NihonSteelWool Co., Ltd.) back and
forth ten times at a load of 1 kg, and the degree of scratching
was visually evaluated. The criteria of the evaluations were
as follows.
A: almost no scratching
B: very slight scratching
C: slight scratching
D: clear scratching
E: the coating layer was peeled off.
[0183]
(3) Adhesiveness

The adhesiveness between the coat layer and the lens was
evaluated by the cross cut tape test in accordance with

JISD-0202. Specifically, cut lines at approximately 1 mm
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91-10-.0 0 S'0 When color developed 131 E | VT VT 1T 3.1 80
VT ZT 30 IVT 5.3 YE 1 Color optical density 0.1 0. T 50.1

S5F-1618 77

intervals were made on the lens surface with a cutter knife
to form 100 sguares. On the lens surface, a cellophane
adhesive tape (Cellotape, registered trade name, manufactured
by Nichiban Ceo., Ltd.) was applied strongly and then peeled
off in 90° direction relative to the surface at.once, and then
the squares wherein the coat layér remained were counted. The
evaluation results were expressed by [remaining sguares] /100
squares. The adhesiveness evaluated here means the
adhesiveness of all the layers laminated on the lens substrate.
The evaluations were made on both the front and back sides.
With the front side, the adhesiveness of the laminate having
the photochromic layer was determined, and with the back side,
the adhesiveness between the hard coat layer and the substrate
was determined. Usually, the coat layer is not practically
useful unless all the sguares remain or only a few sguares are
peeled off.
{0184}
{4) Color cptical density and a* value

In the similar manners to those mentioned above, the
color optical density and the a* value were evaluated.
[0185]
(5} Storage stability

After the coating composition was prepared, the

composition was stored at 20°C for 3 weeks. Then, coat layers
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001 EO 00T LO'T 801 SO'T 80'T 01'T LOT 86.0 0O0'T 30 001 TO'
I 0l X;rOC4E-885 885 980 685 885 885 880 985 885 |985
5136%1]3885 1665 085 880 3851685

were formed by using the compositions in the similar manner
to that described above, and then the appearance, the scratch
resistance, the adhesiveness, the color optical density, and
the a* value were evaluated.

(0186}

[Examples 2 to 10]

In the similar manner to that used to prepare the primer
composition (A} in Example 1, primer compositions (B} to (D)
were obtained by mixing the components shown in Table 1. In
the similar manner to that used to prepare the photochromic
composition (I) in Example 1, photochromic compositions (I7T)
to (VII) were obtained by mixing the components shown in Table
2. And, in the similar manner to that used to prepare the hard
coat agent (a) in Example 1, hard coat agents (b) to (i) and
(1) were obtained by mixing the componeﬁts shown in Tables 3
and 4. Cured photochromic layers were prepared in the siﬁilar
manner to that of Example 1 by using the lens substrates, the
primer compositioné, the photochromic compositions, and the
hard coat agents shown in Table 5. The color optical density
at the maximum absorption wavelength and the a* values at the
time of color development and fading were evaluated. Then,
hard coat layers were laminated in the similar manner to that
of Example 1. The appearance, the scratch resistance, the

adhesiveness, the color optical density at the maximum
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On CE Xla) COH Co 04CO (3L Cotfclcnco CD 0001 001 oinl 001
001 001 001 OOT 001 001 001 001 001 001 JOO1 10 Cot44Co

SFgl()&é) lot 0. M co co .

absorption wavelength, and the a* values at the time of color
development and fading were evaluated. The results are
summarized in Table 5. The storage stabilities are shown in
Table 6.

[0187]

[Comparative Examples 1 and 2}

In the similar manner to that used to prepare the hard
coat agent (a) in Example 1, hard coat agents (m) and (n) were
obtained by mixing the components shown in Table 4. Then,
cured photochromic layers were formed in the similar manner
to that of Example 1 by using the lens substrates, the primer
compositions, and the photochromic compositions shown in Table
5. The color coptical density at the maximum absorption
wavelength and the a* values at the time of color development
and fading were evaluated. Thereafter, hard coat layers were
laminated by using the hard coat agents shown in Table 5 in
the similar marner to that of Examplel. The appearance, the
scratch resistance, the adhesiveness, the color optical
density at the maximum absorption wavelength, and the a* values
at the time of color development and fading were evaluated.
The results are summarized in Table 5. The storage stabilities
are shown in Table &,

[0188]

[Examples 11 to 14]
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0001 001 001 001 001 001 001 001 0OO1 OO1 001 001 001 0O1
001 001 OOT OOT OUU44Co00 < <OMI< <V

SF-1618 80

In the similar manner to that used to prepare the hard
coat agent (a) in Example 1, hard coat agents {(J) and (k) were
obtained by mixing the components shown in Table 4. Here, in
the preparation of these hard coat agents, 12.9% g of an agueous
solution of 0.05N N-methylammonium chloride {(corresponding to
the guaternary salt) was added instead of 12.9 g of the aguecus
solution of 0.05N hydrochloric acid used in the hard coat agent
(a) . Then, cured phctochromic layers were formed in the
similar manner to that of Example 1. The color optical density
at the maximum absorption wavelength and the a* values at the
time of color development and fading were evaluated.
Thereafter, the hard coat layer was laminated in the similar
manner to that of Example 1 except that the hard coat agent
shown in Table 5 was used and the corona discharge treatment
which was the pretreatment process prior to the application
of the hard ccat agent was not carried out but the etching of
the photochromic laminate by immersing the laminate for 10
minutes in the 20% KOH aqueocus solution at 50°C was carried
out. The appearance, the scratchresistance, the adhesiveness,
the color optical density at the maximum absorption wavelength,
and the a* values at the time of color development and fading
were evaluated. The results are summarized in Table 5. The
storage stabilities are shown in Table 6.

[GLBY]
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81
[Table 1]
Primer | Commercially Diluent solvent Leveling agent
No available primer (parts by mass) {(parts by mass)
{parts by mass)
A Takeseal PFR402TP-4 Ethyl acetate FZ~2104
50 50 0.03
B Takeseal PFR402TP-4 Ethyl acetate PZ-2104
70 30 0.015
c Takeseal PFR402TP-4 | Ethyl acetate/butyl acetate | L-7001
60 20/20 0.03
D Takeseal PFR402TP-4 Ethyl acetate L-7001
80 20 ' 0.03
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[0195]

Ag can be seen in the Examples, in the photochromic
optical elements of Examples having the hard coat layer formed
by using the hard coat agent which contained the specific amount
of the methyl trialkoxy silane, the hard coat laver was formed
without the change in the prescribed color tone, and the
photochromic optical elements were excellent in the appearance,
the scratch resistance, and the adhesiveness. In contrast,
the photochromic optical elements in the Comparative Examples
1 and 2 which were obtained by using the hard coat agent
containing the methyl trialkoxy silane in an amount less than
the lower limit specified in the present invention, showed that
the difference of the a* values [A{a*}] before and after
formation of the hard coat layer measured at the time of color
development was more than 1.0. The increase of redness due
to the formation of the hard coat layer was not prevented in
the photochromic optical elements of Comparative Examples.
[0196]

Lens substrates, primer components, photochromic coat
layer components, and hard coat layer components used in the
Examples 15 to 27 and the Comparative Examples 3 to 7 are shown
below.

[0187]

1) Lens substrates
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- CR {aplastic lens of anallyl resin: refractive index = 1.50)
- MRA {a plastic lens of a thiourethane-based resin: refractive
index = 1.60)

- MRB (a plastic lens of a thiourethane- based resin: refractive
index = 1.67)

- TE (a plastic lens of a thiocepoxy- based resin: refractive
index = 1.71)

- SE (a lens of a methacryl resin and a vinyl resin: refractive
index = 1.60)

[0198]

2} Primer components

- Takeseal PFR402TP-4 (a moisuture-curable primer,
manufactured by Takebayashi Chemical Industry Co., Ltd.)

- Takeseal PFR 4 (a molsuture-curable primer, manufactured by
Takebayashi Chemical Industry Co., Ltd.)

[0199]

3) Photochromic coat layer components

[(Radical polymerizable monomers]

- TMPT: trimethylolpropane trimethacrylate

- UeA: urethane cligomer hexaacrylate (U-6HA, manufactured by
Shin-Nakamura Chemical Co., Ltd.)

— EB6A: polyester oligomer hexaacrylate (EB1830, manufactured
by Daicel-UCB Company, Ltd.)

- GMA: glycidyl methacrylate
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- BPE: Z,2-bis(4d-methacryloyloxypentaethoxyphenyl)propane
- 9GDA: polyethylene glycol diacrylate (average molecular
weight of 532)

- BPE Oligo:
2,2-bis(4~acryloyloxypolyethyleneglycolphenyl)propane
having the average molecular weight of 776

(02007

[ (DiYalkylamino group-ceontaining photochromic compounds ]
-~ PCl1

[0201]

et

{0
O

(0202]
- pC22

[0203]
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[0204]

[Photochromic compounds other than the (diYalkylamino
group-containing photochromic compounds]

5 =~ PC33

[0205]
P,

SNe

&

O

[0206]
- pC44

10 [0207]
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[0210]

[Photopolymerization initiators]

- CGI 1800: a mixture of l~hydroxycyclohexyl phenyl ketone and
bis (2, 6-dimethoxybenzoyl)-2,4,4~trimethyl-pentylphosphine
oxide {weight ratio of 3:1)

- CGI 1870: a mixture of l-hydroxycyclohexyl phenyl ketone and
bis (2, 6-dimethoxybenzoyl)=~2,4,4-trimethyl-pentylphosphine
cxide (weight ratio of 3:7)

[0211)

[Stabilizer]

- L3765: bis(1,2,2,6,6-pentamethyl~4-piperidyl)sebacate
[0212]

[Leveling agents]

= 5iL 1: a silicene-type surfactant “L7001” (manufactured by
Dow Corning Toray Co., Ltd.)

-~ SiL 2: a silicone-type surfactant “FZ2104” {(manufactured by

Dow Corning Toray Co., Litd.)
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[Silane coupling agent]

- TSL: y-methacryloyloxypropyl trimethoxy silane

(02147

4) Hard ccat layer components

[Metal oxide fine particles]

- S0L 1: a methanol-dispersed silica sol (sclid content
consentration of 30% by weight, manufactured by Nissan
Chemical Industries, Ltd.)

= S0L 2: a methanol-dispersed Sn0O:~ZrQ0,-Sbi05-510, composite
metal oxide sol (solid content consentration of 30% by weight,
manufactured by Nissan Chemical Industries, Ltd.)

- 50L 3: a methancl-dispersed Ti0;~8$n0,~Zr0,~5b,Cs compogite
metal oxide sol (solid content consentration of 30% by weight,
manufactured by Nissan Chemical Industries, Ltd.)

- 50L 4: a methanol-dispersed Sb;0s metal oxide sol (solid
content consentration of 30% by weight, manufactured by Nissan
Chemical Industries, Ltd.)

[0215]

[Tetraalkoxy silane]

- TEOS: tetraethoxy silane

[0216]

[Epoxy-containing silicon compounds]

- GTS5: y-glycidoxypropyl trimethoxy silane
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- GDS: y-glycidoxypropyl methyl dimethoxy silane

- ETS: $-(3,4-epoxycycleohexyl)ethyl trimethoxy silane
(02171

[Cther organosilicon compounds]

- HTS: n-hexyl trimethoxy silane

- OTS: n-octyl trimethoxy silane

- ODE: n-cctyl methyl dimethoxy silane

- DTS: n-decyl trimethoxy silane

- ODRTS: n-octadecyl trimethoxy silane

- An crganosilicon compound Bl

[0218]

CHy
0=c---ocH2m.zc:H2-—éi—(ocHyc:H3)?

[0219]

[Organic sclvents]

f

MeOH: methanol

- IPA: isopropanol

- TBA: t-butanol

-~ EGPE: ethylene glycol monoiscpropyl ether
- EGEE: ethylene glycol moncethyl ether

- EGBE: ethylene glycol mono-t-butyl ether

- PGPE: polyethylene glyccl mono-n-propyl ether
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I

— AcAc: acetylacetone

- DAA: diacetcne alcohol

- DIO: dioxane

[0220]

[Curing catalysts]

- Cil: tris(2,4~pentanedionato)aluminum (IIT)
- C22: tris(2,4-pentanedionato)iron (III)

- C33: (2,4-pentanedicnato)sodium

- Cd4: ammonium perchlorate

- C55: magnesium perchlorate

[0221)

[Example 15]

1. Preparaticn of,leﬁs element having cured photochromic layer

InthesimilarmannertothatofExamplel,lenssubstrate
having a primer layer was prepared.

[0222]

Then, approximately 1 g of a photochromic polymerizable
composition was applied on the surface of the above-mentioned
lens element having the primer layer by spin coating. BAs the
photochromic polymerizable composition, Composition (I')
prepared by the following method was used.

[0223]
Preparation of Composition {(I’): Firstly, the radical

polymerizable monomers:
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2,2—bis(4~methacryloyloxypentaethoxyphenyl}propane/polyeth
vlene glycol diacrylate (average molecular welght of
532)/trimethylolpropane trimethacrylate/polyester cligomer
hexaacrylate (EB-1830, manufactured by Daicel-UCB Company,
Ltd.) /glycidyl methacrylate were mixed in a ratio of
40/15/25/10/10 parts by mass. Based on 100 parts by mass of
thenﬁxturethusobtained,2.0partsbymassofthephotochromic
compound (PCl1l) having the structure shown by the following
formula:

[0224]

[0225]

C.6 part by mass of the photochromic compound (PC33) having
the structure shown by

[0226]
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[6227]
and 0.4 part.byﬁmass of the photochromic compound (PC44) having
the structure shown by

5 [0228]

[0229]
were added, and the mixture was fully mixed. Thereafter, into
the composition thus obtained were added 0.5 part by mass of
10 CGI 1800 (a polymerization initiator mixture composed of
l-hydroxycyclohexyl phenyl ketone and
bis(2,6—dimethoxybenzoyl)m2,4,4—trimethylwpentyl phosphine
oxide in a weight ratio of 3:1), 5 parts by mass of
bis(1,2,2,6,6—pentamethyl—4“piperidyl)sebacate as
15 stabilizer, 7 parts by mass of y-methacryleyloxypropyl

trimethoxy silane as silane coupling agent, and 0.1 part by
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mass of S5il 1 as leveling agent (L-7001: a silicone-type

surfactant, manufactured by Dow Corning Toray Co., Ltd.), and
the mixture was fully mixed to give the composition (I') {(refer
to Table 7). The viscosity of the obtained photochromic

polymerizable composition (Compesition (I7)) at 25°C was 130
ck.
(02307

Under a nitrogen atmosphere, the lens whose surface was
coated with the Compesition (I’) was irradiated with a metal
halide lamp whese output at 405 nm was adjusted to 130 mW/cm®
on the lens surface, for 3 minutes and the coated layer was
cured. Then, the heat treatment was carried out in an oven
controlled at 120°C and a cured photochromic thin layer was
obtained. The thickness of the layer can be controlled by
altering the conditions of the spin coating. The thickness
of the cured photocromic thin layer was adijusted to 40 £ 1
uym in the present invention.
[0231]
2. Evaluation of lens substrate having cured photochromic
lavyer

In order to.evaluate the photochromic characteristics
of the lens substrate having the cured photochromic layer thus
obtained, the color cptical density was measured in the similar

manner to that of Example 1.
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[cz232]

The color optical density of the lens element having the
photochromic cured layer obtained by the above-mentioned
method was 1.05 at the maximum absorption wavelength of 588
nm, and thus the lens element had good photochromic
characteristics.

[0233]

The a* values at the times of color development and fading

were measured. The a* values at the times of color development

and fading were 1.0 and ~1.5, respectively.

[0234]

3. Formation of hard coat lavyer

Then, the lens element having the photochromic cured
tayer was coated with hard coat agent (aa) which was prepared
in the following way.

[0235]

Preparation of hard coat agent {aa): Firstly, 170 g of
y-glycidoxypropyl trimethoxy silane, 100 g of the silicon
compound (Bl), and 417 g of tetraethoxy silane were mixed.
Into this solution was added 200 ¢ of agueous solution of
0.05N-hydrochloric acid while the solution was thorcughly
stirred. The solution was stirred for 5 hours after the
completion of the addition. Then, 1.5 g of a silicone-type

surfactant (trade name “L~-700”, manufactured by Nippon Unicar
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Company Ltd.), €.0 g of magnesium perchlorate, 540 g of t-butyl
alcohol, 590 g of dioxane, and 1000 g of a methancl-dispersed
silica sol (solid content concentration of 30% by weight,
manufactured by Nissan Chemical Industries, Ltd.} were added
and the mixture was stirred for 5 hours, and then aged overnight
to give the hard coat agent (aa) of the present invention (refer
to Table 8).

{023¢6]

Coating of the hard coat agent (aa) was carried out in
the fellowing way. Specifically, the lens element having the
photochromic cured layer was treated by a corona discharge
treatment (both sides) and immersed in 10%-NaOH aqueous
solution at 50°C for 5 minutes. The treated element was dipped
in the hard coat agent (aa), and then was lifted at a rate of
30 cm/minute so that the surface of the lens element having
the cured photochromic layer with was coated with the agent
(aa). After the coating, the lens element was dried at 70°C
for 20 minutes, and allowed to stand at 120°C for 3 hours so
that the agent was cured to form a hard coat layer having a
thickness cof about 2 microns.

(02371

The lens element having.the hard coat layer and the

photochromic cured layer was evaluated for the items (1) to

(4) as described in Example 1.



10

15

20

1, IL.1-1UT- When color developed VI 1'IEI TT1ZT1FT TT
V-0 ZT 01 V'T 00 190O0'TTI 11 Photochromic characteristics Color
SFQE)%C_‘[%J density 50'T 50'T 0"T 10.1 156)?1 SO'TO'T 60T OT'T

roz23s]
The evaluations of the lens element resulted as follows;

- Appearance: good

Scratch resistance: A

|

Achesiveness of the front side: 100/100

~ Adhesiveness of the back side: 100/100

- Color optical density at the maximum absorption wavelength
{588 nm): 1.03

- a* value at the time of the color development: 1.2

- a* value at the time of the color fading: -1.3

(Refer to Table 10)

[0239]

The hard coat agent (aa) was stored for 3 weeks according
to the following item (5) of the Example 1. The properties
of the hard ccat agent {(aa) were evaluated in the similar
manners to those described above. The results after 3 weeks
were:

- Appearance: good

Scratch resistance: A

- Adhesiveness of the front side: 100/100

i

Adhesiveness of the back side: 100/100

t

Color coptical density at the maximum absorption wavelength
(586 nm): 1.03

- a* value at the time of the color development: 1.1



10

15

20

120-EJ0-1 TI'T s0.190T 010001 40T %E MC4E-885 9841
889 989 984 eas 889 065 Z6S 069 884 1764 r"9 885 369 984 885
sr28%4gM 0V ma Pe bb 103

- a* value at the time of the color fading: ~1.2
(Refer to Takle 11)
[0240]

The hard coat agent (aa) was stored for 5 weeks according
to the following item (5) of the Example 1. The properties
of the hard coat agent (aa) were evaluated in the similar
manners to those described above. The results after 5 weeks
were:

- Appearance: good

- Scratch resistance: A

- Adhesiveness of the front side: 100/100

- Adhesiveness of the back side: 100/100

- Color cptical density at the maximum absorption wavelength
(588 nm): 1.02

- a* value at the time of the color development: 1.1
- a* value at the time of the color fading: -1.0
{Refer to Table 12)

t02417

(Examples 16 to 27, and Comparative Examples 3 to 7]

In the similar manner to that used to prepare the
photochromic compositicen (I') in Example 15, photochromic
compositions (II') to (VII') were cbtained by mixing the
components shown in Tablie 7. In the similar manner to that

used to prepare the hard coat agent {aa} in Example 15, hard
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coat agents (bb) to (mm) were obtained by mixing the components
shown in Tables 8 and 9. Cured photochromic layers were
prepared in the similar manner to that of Example 15 by using
the lens substrates, the primer compositions, the photochromic
compositions, and the hard coat agents shown in Table 10. The
color cptical density at the maximum absorption wavelength and
the a* values at the time of color development and fading were
evaluated. Then, hard cocat layers were laminated in the
similar manner to that of Example 15. Then, the appearance,
the scratch resistance, the adhesiveness, the color optical
density at the maximum absorption wavelength, and the a* values
at the time of color development and fading were evaluated.
The results are summarized in Table 10. The the storage
stabilities are shown in Tables 11 and 12.

[0242]

As can be seen in the Examples, in the photochromic
optical elements of Examples having the hard coat layer formed
by using the hard ccat agent which contained the specific amount
of the tetraalkoxy silane, the hard coat layer was formed
without the change in the prescribed color tone, and the
photochromicoptical@lementswereexcellentjj}th@appearance,
the scratch resistance, and the adhesiveness. 1In contrast,
the photochromic optical elements in the Comparative Examples

3 and 4 which were obtained by using the hard coat agent
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[0249] [Examples 28 to 30, and Comparative Examples 8 and 9]
Cured photochromic layers were prepared in the similar manner to that of
Example 1 by using the lens substrates, the 5 primer compositions, and
CotHeaphdtoghtdrmic-edmpesitiony showarir Tabled gandrthehdhe colom the
optical density at the maximum absorption wavelength and the a* values
Logethel iimétofcotst idelvetbpmehhand fading Wete evaluated. Ehereafter;hat
hard coat layers were laminated in the similar manner to that of Example
theodipy asinghe hard beardgentsshownifeFalile d8f The appardicer
the scratch resistance, the adhesiveness, the color optical density at the
fopmsdrham absorstior navelaigtn and thessurdes atthe timeofebdloplor
development and Lading were evaluated. The results are summarized in
deYabRPILThe'as storageStabilifedare Bhewhtin Tablke18f redness due

te the formation of the hard coat layer was not prevented in

the photochromic optical elements of Comparative Examples.
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[0249)]
[Examples 28 to 30, and Comparative Examples 8 and 9]
Cured photochromic layers were prepared in the similar
manner to that of Example 1 by using the lens substrates, the
primer compositions, and the photochromic compositions shown
in Table 14, and then the color optical density at the maximum
absorption wavelength and the a* values at the time of color
development and fading were evaluated. Thereafter, hard coat
layers were laminated in the similar manner to that of Example
1 by using the hard coat agents shown in Table 13. The
appearance, the scratch resistance, the adhesiveness, the
color optical density at the maximum absorption wavelength,
and the a* values at the time of color development and fading
were evaluated. The results are summarized in Table 14. The

storage stabilities are shown in Table 15.
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Industrial Applicability
[0253]

According to the photochromic optical elements of the
present invention, the redness does not occur or is reduced at
thetimeofcolorfading,evenafterthehardcoatlayerisform@d
on the photochromic coat layer containing the {(di)alkylamino
group-containing photochromic compound in a high concentration.
Therefore, the invention contributes to improvement of the

commercial value of the photochromic optical elements.
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28 example 29 | example 30 comparative example 8 comparative
example 9 SF-1618117 Industrial Applicability [0253] According to
the photochromic optical elements of the present invention, the redness
does not occur or is reduced at the time ©f color fading, even after the
- hard coat layer is formed on the photochromic coat layer containing the
~ (di)alkylamino group- contalnlng:gh ghromlc compound in a high
concentration. Therefore, the invention contributes to iniprovement of the
commercigl value,of fhe photocigmic optical cloments, .. A CLAIS. .
1A photo romic 05 emen comprising an o tlcalgsurb t%ate
phptotitioemic: eeatimemémsadw&m e W@qwla?@dm?é&ﬁn this
order, wheggire{l) the phetoghsaantkenat Iacyﬁr q@m@rls&ﬁpﬁaealky}anun@ﬁmino
group-containin otochromic cOmpoun d/or a d I aming
grcﬁﬁguﬁt)cﬁf‘athqwg r%’o:%% fomic co g%%n |H‘Da tota l’%10%?11%1 of B R omaming
1om%o@rm:asgompouaﬁm|9°tﬂérﬁ%t@éatllagfép-%/b®tam@d by curing a
hard coat a;g;em)qampﬂ&B@aﬂlﬂ@h%d@ﬂaetga&uﬁi@sa&wh aﬁdﬂ@aﬂo&ihﬁﬂﬁhino

compound hard C ata ent conta|lm as the nQ |con com
& g e

U
at @5 eese &m‘a t:OSI"EF]H t neogr %?J%SICIS%SIS IIR 011 te ra o%?y Scl;loaﬂ%!nmg
a mettiyl mﬁkanawmﬂdpﬁrfFﬁshW%m Megﬁurgraﬁpaﬁ%mreﬂ of 2

1010 {0:80%8:B)1mAsS ased tﬁ@lﬁb@’tﬁt&imp@ﬁm%m@k@ﬁ@&ﬁw&n an amount
- parficles ar%g }he orggrlgs,sgccgn A %?%1 (W%Iﬁéh RIS ﬁ@sttir‘?d the

organ05| icon com poun IS a partla ysate o a partla ro yzable
orgeRsaRIitaTCePMPOURR (YHE mag?ﬁﬁm@%rmﬁhﬁeﬁmmnwwm@d s 2
ab%;@@m&& dhe Baaﬁapﬁyh&@amalIyrgyfdmhyzahlenkﬁmgaﬂ&smﬁ@mf the
PIMcon ool AIRIASHOMIG ARULC 'AEOIARG P e
fein the hard coat agent ort coat ayer er comprises an
”epd;(ﬁﬂééﬁ{&’ﬁﬂﬁ@%ﬂ%'@ﬁ)compound and/or a partial hydrolysate thereof,
and a curing catalyst. 3. The photochromic optical element according
to claim 2, Whereif taerROREMETR B RGP theardiea A elgst dorthfign the

an %ﬁ%t)é@ﬁeﬁg&ﬁt%ﬁ%ﬂm&ﬁ %athﬁﬁurm@hﬁatﬁlh‘ﬁhses anfepdfi€containing silicon

photochromic optical elen 0 ceording to claim 3, wherein the hard coat -
agefit 16 the Ward cgaﬁay her comprises a quaternary ammonium

;al(t)tz(a)r;ﬂ/rc;rm 2 g g;ﬁ?ﬁi‘%ﬁs&ﬁ%%&‘éﬁcsaé Za AR G RRAUCING B e

20 hard coat agent {or the hard coat layer contains an acetylacetonate complex as the cunng

cawmlyst.

4, The photochromic optical siement according o claim 3, wheremn the
hard coat agent for the hard coat layer further comprses a quaternary ammonium salt

and/or a guaternary phosphonium salt.

25 . 3 A method for producing a photochromic optical element in which an
optical substrate, a photochromic coat layer, and a hard coat layer are laminated in this
order, comprising the steps of; apptying a hard coat agent comprising metal oxide fine
particles and an organosilicon compound on the photochromic coat layer which is
laminated on the optical substrate, and cunng the hard coat agent to form the hard coat

30 layer; wherein the hard coat agent contains as the organosilicon compound at least one
selected from the group consisting of 2 tetraalkoxy silane, a metnyl trialkoxy silane, and

partial hydrolysates thereof in an amount of 10 to 60% by mass based on the total mass of



optical substrate, a photochromic coat layer, and a hard coat layer are
laminated in this order, comprising the steps of; applying a hard coat
agent comprising metal oxide fine particles and an organosilicon
compound on the photochromie coat layer which is laminated on the
optical substrate, and curing the hard coat agent to form the hard coat 30
Iayer' wherein the hard coat agent contains as the organosilicon

ound .at Ie st one select f om the up consistin tetraalkox
S|Iane: Iz?tﬂmiet ?r%ﬂ&g@!gﬁgn%ddan mgl ?\ly%rolcfm es' ?h(érztnnt%t gROV° that

am s oha OrEsTRYEBY “r?tﬁ%%“ﬁ%tséc?dﬁ”ﬂ?é tmcaptwases o 2 1opgtigdly redeglyzable
oxidedineshastidaapand he ﬁf@@ﬂﬁ&ﬂ&&@aﬁ@éﬂﬂ@h‘ Reh{VuithdthesRravisg thal mass

when t‘he orgap1t SI|I§8 W%mgq |s a %(r)téatctg drol sat of a partially
hydro yza e organosilico oun e mass of the-0rganosilicon
compound in the above total mass is the mass_of the partially

hydrolyzabfe orgafoIiGH ¥BH SBLTR)S EBR! BRGIBRHR fPEsise! claim S.

element obtained by the process of claim 5. 10



