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1 DESCRIPTION PHOTOCHROMIT OPTICAL ELEMENT Technical
Field [0001] 5 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 photochromic lé}ggéﬁg%rlg%taining a (di)alkylamino
group-containing hromjc compound, and the photochromic
compound does r%l@é@é%%{%g{ﬁ ﬁaﬁjﬁg ﬁ%%trs R%F%ggglored to reddish.
Te arglégraoandiArlt 15 [0002] Photochromic glasses function as sun glasses
%y prompt coﬁofj‘development outdoors where a light containing
{Objg(ﬁlviolet light such as sunlight is applied to the glasses and function as
ordinary transparent glasses by color fading 20 indoors where no such
light is. applied to the glasses. The demand for the photochromic glasses
5 OrO g SEE ST 005 AL 2 ARGy ARG Pae="
lenses having photochromic properties, there have been known a method
T e SRR CpgirG Kl e s Il A tog be. =

surface of a lens having no photochromic propertie L%/im regnatjon .
pb?#ec')tﬁgld)o;m a Cr:ne(ftﬁgg in? . \ich grb%o o?:hargﬁig gc%?np%‘ nedﬁsa(%gsoﬁ%g@?n%m
maonaomer, and the monomer is 5.polymerized tq directly give a__ .
th T L . ; ,
gﬁo%c%?gmlc %e%lée(kngg&%eiocram‘%éssl me ﬁ% Q;C%1?1d(;ca‘f}/melflhéjci3 nhich
=1 8184 having: pheloghieimic properties (hereimalter somelipes feferred o

w0

rayer s) ocnromic
coat layer containing a (di)alkylamino group~containing
photochromic compound, and the photochromic compound does not

change 1ts nature and is not discolored to reddish.

Background Art
(00023

Photochromic glasses function as sun glasses by prompt
color development outdoors where a light containing
ultraviolet light such as sunlight is applied to the glasses
and function as ordinary transparent glasses by color fading
indoors where no such light is applied to the glasses. The
demand for the photochromic glasses is growing in recent years.
(00031

As a method for manufacturing plastic lenses having

pvhetochromic properties, there have been known a method in
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the photochromic coat layer) is formed on the surface of a plastic lens by
using a coating liquid containing a 10 photochromic compound
(hereinafter sometimes referred to as the photochromic coating agent)
(coating method) . Among them, the coating method has a merit that, in
principle, the photochromic properties can be imparted easily to any lens
%ﬁ&ﬁa@sp&%oé&ﬁﬁé%l\ﬁitﬁﬂ@&ﬂ%ﬁt\ﬁé nfeth8dS FéroL 5 insteweare the
the impregnation method, it is necessary to use a soft lens substrate as
T sA0Strate 18ng 86 I PHOtSEhroRiE E5RpEEAE niaipessily diffuse
into it. Further in the kneading or in-mass method, a special monomer
oMiposiith- e dE6 Bedistddn BREEIS rédlize §66d phbtorheermicond o
pro erties. In contrast, in the coating method, there are no such
FStHRHSIS it SUTSIraRsS. 0004] AVAER Ahotoctitentié pldatic dererist s
mﬂnufact.ure(%t)b the coating method, the thickness of a photochromic
B8 Tyt 5 fonfedt e e SUrHOR oF GRS SHBSFARASHAIE THEIRASHENG of
in order to obtain a photochromic coat layer having practical color optical
density Sthes c?écfcfﬁ)ierarfé%dg t5'8oRREh AT pHStoERrcit R AtETd NG
d i%r%go centration. As such 5 photochromic compounds, chromene

Ervaivesare Witi8R et Sand eEpesiaiy-frsm tHe viewpomes s red to as

t%xgeg%ngccolgr develo ment}and ragid,fade rate, alkylamino
group-containing -or distkramingSgroup contsififg cHtofehedervativest a
re_sometimes used %refer to Patent Documents 1 and 2). 10 [0005) In
Faddition, on the %I‘Yofd FrohiE cGatiayer anard et dayer R samead in
l[p)%rove scratch rgsiztance,of the optical substrate. For instance,
a

rder t
5 %%ﬁg @aﬁentlﬁogﬁm RELC an'SXanpIe tsing & HAFd cBEFagEiRE L {REdEC &5
t%%ﬂ5%£§gggkomic::oating‘agent)(coatingﬁﬁthod). Among them,

the coating method has a merit that, in principle, the
photochromic properties can be imparted easily to any lens
substrates as compared with the other two methods. For
instance, in the impregnation method, it is necessary 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 method, a special monomer composition
needs to be used in order to realize good photochromic
properties. In contrast, in the coating method, there are no
such restrictions in the substrates.
[0004]

When a photochromic plastic lens is manufactured by the

coating method, the thickness of a photochromic coat layer
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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 tetraalkoxy silane nor a methyl
trialkoxy silane is used because of the pot-life problem of the hard coat

£ 398AL(a sterage perad for, 20.which the hard coat agent keeps physical, ..

properties to realize expected effects after preparation of the hard coat

1 Rg8ALES- shord), Latent Doeyment 1, WQ 2003/01196 ¢ Ratent, Dacument . .
2: Japanese Patent Application Laid-Open 4 Publi¢ation No.

=2093-342310.pisglosyre of the|oveptign Eg}bé%mﬁée@g Sojved by the .

Invention 5 [0006] However, in the case that the hard coat layer is formed

oP8thephatochromic coatdayer containing.an, alkylamino group:containing

photochromic compound or a dialkylamino group-containing

o RBeLoohremic.co in high,concentation 10 the.coated;lens may, s o4 |

have a slightly reddish color when light is not applied, and expected color

adenessmayinothe realized rand;the sedngss may exceedan allowable

level at the time of color development even though the color tones are

ddre-tesianed.o Agcerdinglyr aR ohigetof thepregentinvention istoprevent.

i5 these problems that the color tones differ from pre-designed color

o fones: akthestime of gelor development andfading. aad iheiredness.is are
developed when the hard coat layer is formed on the photochromic coat

s dayer Grataingan akylaming  groupreoniainingphatoehromic eompound
or a dialkylamino 20 group-containing photochromic compound in high
[ mongentration. [0007] The present inventors have investigated thoroughly
the
In addition, on the photochromic coat layer, a hard coat

layer is formed in order to improve scratch resistance of the
optical substrate. For instance, in the Patent Document 1,
an example using a hard ccat ageint 1 {(trade name TSH6H,
manufactured by Tokuyama Corp.) 1s described. In the Patent
Document 1, when a hard coat layer is formed on a photochromic
coat layer, a hard coat liguid not containing a tetraalkoxy
silane nor a methyl trialkoxy silane is used because of the
pot-life problem of the hard coat agent (a storage period for
which the hard coat agent keeps physical properties to realize
expected effects after preparation of the hard coat agent is
short).

Patent Document 1: WO 2003/0119%67

Patent Document 2: Japanese Patent Application Laid-Open
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causes of these problems, although nét particularly tied up to a theory, it
is assumed as their cause that a part of the 5 photochromic compound in
the photochromic coat layer migrates to the hard coat layer, then metal
oxide fine particles, a curing catalyst and the like contained in the hard
coat layer, interact wi %}he Eﬁgl ino group or the dialkylamino group 5
PLilr? ?h%cgﬁét%h%%iggc% |5'c;3 1f‘:lé?d thus an emission spectrum of the
photochromic compound by light irradiation changes greatly. [0008] In
order to inhibit the redness, it will be effective 10 to eliminate or reduce
Dgréecjwoetal oxid%fin%é) ticles and the curing catalyst in the hard coat
tayer Rowever, th a?)%}g%@ﬁ “i§hot realistic because it is difficult to
obtain har% coat layers havin fficient strength. [0009] 15 Accordingly,
Pﬂ%%%nssen C|Jnv%e%t(;;‘sxr/%e]hva%% cégr]ri%é Bu fh%@%h%%ﬂgation from the
[Q{b%lﬁgoint of preventing the migration of the photochromic compound to
Re hard coat layer, and have accomplished the present invention as
described below. 20 Means for Soa/i e Problems OiO&Meansf r
solving e Probleims E’r?b%iggé’ Byt %r%ré%gnfh?nrven %Cjin(%a §as JFoljrdc’wg.c’rmed
O% 1] 6 .(1) A photochromic optical element comprising an optical .
O AR 2 R i SO I 8 i B AT SO o ko
laminated in this order, wher in(éll)kthe hotochromic coataea r comprises
Sl e el ot R T

[

g g%gwggW%%9%%%5%%%%@%E&omic<:ompound;m1highcmncentration,

the coated lens may have a slightly reddish color when light
is not applied, and expected color tones may not be resalized
and the redness may exceed an allowable level at the time of
color development even though the color tones are pre~designed.
Acceordingly, an obliect of the present invention is to prevent
these problems that the color tones differ from pre-designed
color tones at the time of color development and fading; and
the redness 1s developed when the hard coat laver is formed
on the photochromic coat layer containing an alkylamino
group-containing photochromic compound or a dialkylamino
group-containing photochromic compound in high concentration.
[0007]

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

tec a theory, it i1s assumed as thelr cause that a part of the



photochromic compound in a total anfount of 0. 1 to 10.0 % by mass, and
(1) the hard coat layer is obtained by curing a hard coat agent comprising
metal oxide fine particles and an organosilicon compound, and the hard
coat agent containing as 10 the organosilicon compound at least one
selectgd from the n%gou consjs tin %f a tet@géko:i(g §gan§, a methﬁ}

L
phtﬂgﬁ(%xff%ﬁéﬁe?oa o puar(fliaﬁrhy rolysates thereor iy an gmc%t?ﬁieo% ?orates

0 0
to&%ﬁﬁbyh macfsc%sa%xaressed b%{ Yo mass gﬁllsegxgrééhef%oggl mass of the

oxXidé fine partlca]gg%hd Hg%réafntos icbh compound R/ﬁfn fhe 15 " =

co
. proviso th t\{vhen the organasilicon compound.is a partial h (?rol sate of
X AR Yty A orGatosifoon CompoUMG. the frads ot the /"

. _organasilicon compound in the.above total mass is the mass of the th
R oy A e A Gt PGty 30 (0612 Oy he o B0
5 inpf%?;[ochrornyc8£y8%lielement accgrdlré%g) ;Chgu(%),a wherein the hard coal .

agen? fgrl'r1 the¥rard coat Ié:yoemrpi‘ﬁﬁﬁer' comprises an gpgﬁggﬁt%?niﬁ =

ilicon compound and/or a_partial hydrolysate thereof, and ag ring1
Ofia%%l?/sﬁ%fo %ﬁgbl The %rﬁ%?ouc%é]or%'r\é éi&%%ﬁelle%ﬁsgn%aac%‘oré{mg (6t ees
Y(ezg \/}{lherein the hard coat agent for the hard coat layer contains an
g'*ace‘(iy dcetonate complex as the curing catalyst. 5 [0014] (4) The
O%I'E% chromic optical element according to the (3), wherein the hard coat
[ . :
agent for the hard coat layer further comprises a quaternary ammonium

salt andjor,a { “z?t%%g‘aﬁh%‘{%ph . £alt1Q [0015],(9) A MEOAARL . ;

producing a photochromic optical element in which an opfical substrate, a
10 tcpgygﬁqggyg%%?géﬁﬁkgqgmemetal oxide fine particles and the

curing catalyst in the hard coat layer. However, this approach
is not realistic because it 1is difficult to obtain hard ccat
layers having sufficient strength.

[0009]

15 Accordingly, the present inventors have carried out the
investigation from the viewpoint of preventing the migration
of the photochromic compound to the hard coat layer, and have

accomplished the present invention as described below.

20 Means for Sclving the Problems
[G010] |

Means for solving the problems provided by the present
invention are as follows.

[0011]
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a hard coat layer are laminated in this @rder, comprising the steps of;
applying a hard coat agent comprising metal oxide jr fine particles and an
organosilicon compound on the photochromic coat layer which is

laminated on the optical substrate, and curing the hard coat agent to form
the hard coat layer; wherein the hard coat agent contains as the
btganodiliedr Eemipoemd at dedst one selected fronvtherdrolipg28n optical
consisting of a tetraalkoxy silane, a methyl trialkoxy silane, and partial
HydFolsates thekdot in ahmomicoll0 te60% bya mass basetl opdhe 1ayer
total mass of the metal oxide fine particles and the organosilicon
CopBfd @Rt Riesstovist that whéa thew brgansilicon chmpoundisa omi o
partial hydrolysate of a partially 8 hydrolyzable organosilicon compound,

Ghe masy s theoBRgaricsflicon cohipourdnthe aboye totat massris the
mass of the partially hydrolyzable organosilicon compound). 5 Effects of

ARe iRErH F0P2BPPHE Preseritnventon tanprovide thecphotoehroalie ing
optical element obtained by a coating method in which the photochromic
PEGH P4y Br VbHMRERA @l [ammé 20agkcupecaritainiriy. photothramiey mass,
compound and/or a dialkylamino group-containing photochromic
2085 mpouhd-Raving ek catreht L ghistachromic: propettieyimchighng a hard coat
concentration, According to the element, the redness does not occur at
SfHEtimE OFmbRyHR dirfalietibn sk the doter tbaes tolmot chargeat the
time of 15 color development (the color tones do not differ from the
CERPEAED colditoneEPevER witsH i hafd teattayerdy formedronthei ng as
tEhotochromic coat layer. [0017] The element mentioned in the

OGEREHT (4) COMTEELO 2D Ihethhfth 65a® lyercfbrmbddy using tkeg roup

hard, coat agent
consisting of a tetraalkoxy silane, amethyl trialkoxy silane,

and partial hydrolysates thereof in an amount of 10 to 60% by
mass as expressed by % mass based on the total mass of the metal
oxide fine particles and the ocrganosilicon compound (with the
roviso that when the organosilicon compound is a partial
hydroclysate of a partially hydrelyzable organosilicon
compound, the mass of the organosilicon compound in the above
total mass is the mass of the the partially hydrolyzable
organosilicon compound) .
[0012]
{2 The photochromic optical element according to the (1),
wherein the hard coat agent for the hard coat layer further
comprises an epoxy-containing silicon compound and/or a

partial hydrolysate thereof, and a curing catalyst.
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containing a quaternary ammonium salt and/or a 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 9 are chemically or physically
etched as a pre-treatment in order to improve adhesion of the hard coat
[ P8\yets$. In the case of the optical element according to the embodiment (4)
, the chemical etching with an aqueous alkaline solution can be 5 carried
{dut aslthe prectrsativieritiBecadse the ehemieatl etchingdiittvanadieous’)
alkaline solution is simple, does not need special equipment and can
vl asveashing of B lersestbSfrate; tive eatsbdiment providesontains
advantages in terms of the production yield and cost. 10 Brief Description
anpf ise Draddiiy- (0GB} [Prawingl]aFhetdrawingr isral crossasection diagram
illustrating a representative embodiment for the photochromic optical 15
[ Hidrhent of the present invention. Explanation of the Codes [0019] 1:
Optical substrate 20 2: Primer layer 3: Photochromic coat layer 4: Hard
(Cbat |dyer Biwrithefiectibhdayet 108 Phoicehforhiceptcal elament toe (3),
Best Mode for Carrying Out the Invention [0020] In the following,
whﬁﬁﬁé&nggﬂsQﬁgﬂagﬁﬁgn@qﬁ@hﬂﬁﬁr the hard coat layer further

comprises a guaternary ammonium salt and/or a guaternary
phesphonium salt.

[0015]

{5) 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 crder, comprising the
steps of; applying a hard cocat agent comprising metal oxide
fine particles and an organcsilicon compound on the
photechromic coat layer which is laminated on the optical
substrate, and curing the hard coat agent to form the hard coat
layer; wherein the hard coat agent contains as the
organosilicon compound at least one selected 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 organcsilicon compound (with the proviso that when the

organosilicon compound is a partial hydrolysate of a partially
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5 will be described to be more precise with reference to the drawing.
[0021] As shown in Drawing 1, in a photochromic optical element 10 of
the present invention, an optical substrate 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 photochromic coat layer 3, a primer layer 2 may be

hyfbrmed-zinbarder tey improve:theradhesion:ofdhe photechsemic ceatdayer 3
with the optical substrate 1. Also, an antireflection layer 15 5 may be

o rfysthes fdrimechondhe dand coatlayesdcMere; the lantireflectionlayrebdsc £
usually a laminate of plural inorganic thin film layers having different

t heefractive indexesy draughe thel ayer isssimplified tmthedgawing 11, Also,
though not shown in the Drawing, the hard coat layer 4 and the 20
antireflection layer 5 may be formed on the backside of the optical
substrate 1. Further, though not shown in the Drawing, an

E fimgact-redistant plimesdayierrmay be formed between the photochromic
coat layer 3 and the hard coat layer 4 or between the backside of the

[ 0gptical substrate 1 and the hard coat layer 11 4 in order to improve the
adhesion of the layers and mechanical strength. [0022] As the optical
substidtes 1y there s nopartidular Garestriction sand therptmay beromic
mentioned publicly known optical substrates such as lenses for eye

opglasses, srehwintonbglasses! foyheusesandgutomakilesi Rublicly knoins
lenses for eye glasses include lenses made of plastics such as a (meth)

phadrythesini g polyearbonate resint anaflykmesial athiourethane 10 resin,
a urethane resin, and a thioepoxy resin, and lenses made of glass, and

gramp lerees Faneyesgidsses shay beusedwitiout and/or a dialkylamino

group-containing photochromic compound having excellent
photochromic properties in high concentration. According to
the element, the redness does not occur at the time of no light
irradiztion and the color tones do not change at the time of
color development {(the color tones do neot differ from the
expected color tones) even when the hard coat layer is formed
on the photochromic coat layer.
(001771

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

orthebacksidesoflenssubstrates,ingeneral,thebaselayers
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particular restriction in the present inyention. Especially, it is more
preferable to use lenses for eye glasses made of (meth)acryl resin, a
polycarbonate resin, an allyl resin, a 15 thiourethane resin, a urethane
resin, and a thioepoxy resin. [0023] Plastic lenses for eye glasses
generally have curved surfaces, and their convex surfaces are often
areomplicated Witk rtisd vedem plograsshsfdesoptivet deSigALBEDR tHeorder
present 20 invention such lenses may be used as the optical substrate 1
towithipue @yastoblehes: Tife tHickiesEdiIRe bphidEdibstrate Tharfedse of
depending on its applications and is not particularly restricted, but in the
thesefdrieps griseasthedfieRiESS B ABoGIEIEPOO Mimefor examplé 2
0024] Here, the optical substrate 1 may be treated by various kinds of
chenfacd treafhénts. EXampies aFBRASurfakk? freBfméRtsindiaRe can be
chemical treatments using basic or acidic 5 aqueous solutions, polishing
cafeaemsiusiiy PORSHAG ThARHERS PlasmBareHR NS Gsifg eht ca1
atmospheric-pressure plasma, a low-pressure plasma, and the like, and
et gbrona WistharyFeamvents] [R5 216 Espedialy if ctdBPSimpiove 1ot
adhesion of the photochromic coat layer 3, it is preferable to form the
nepAnfpeRyer 2o tRSrface of i optivaP sabstate? BIFRE primér fayef S
2 may be formed of various kinds of primer resins used for this purpose,
subgtpartieuldryeurstRaAS IAsE prinfeF +8SiA s are- pretérably UsedTinView'
of adhesiveness to the photochromic coat layer 3. Details of such
Praféifanetype-friMer PésifS dfe disclosed in WO 2004/078476. The
thickness of the primer layer is not particularly restricted, but is usually
about 1 to 10

Brief Description of the Drawing
(00181 [Drawing 1]

The drawing is a cross-section diagram illustrating a
representative embodiment for the photochromic optical

element of the present invention.

Explanation of the Ccdes

(0019]

1: Optical substrate

2 Primer layer

3: Photochromic coat layer
4: Hard coat layer

5: Antireflection layex

10: Photochromic cptical element



10

15

20

pm. 20 [0026] The photochromic coat layer 3 contains an alkylamino
group-containing photochromic compound and/or a dialkylamino
group-containing photochromic compound (hereinafter these are
sometimes collectively referred to as the "(di)alkylamino 13
group-containing photochromic compound”) in a total amount of 0. 1 to
10. 0% by mass. The thickness of the photochromic layer is usually in the
range of 5 to 100 pm. If the thickness is in this range, the above amount

Be ghsMres:sfficiedt b:photachbarmic properties: £ram the viewpoint of the
photochromic characteristics, a suitable amount of the (di) alkylamino

[ 0 @gEAUp-containing photochromic compound varies depending on the
thickness of the photochromic coat layer 3, and the amount is preferably
in theCrange: of 012 tav% .08 byritooass mhenthe: thickiress:-is 20 toys0 phorn:
and in the range of 0.3 to 3.0% by mass when the thickness is 30 to 40

wipin.Je02é:\Whiersttie phatechromic coatdayer rcantairsttheesnce to the
(di)alkylamino group-containing photochromic compound, the 15

drawgragion of the compound to the hard coat layer 4 will cause the redness.
If the amount of the compound is below the lower limit of the range, the

[ Opedblematic redness will not be caused even if the compound migrates to
the hard coat layer 4, but the layer 3 does not have sufficient
photochremis properties 20 gn suchazcase tAlso ribthie-amount #s. beyendn t
the upper limit, it tends to be difficult to disperse the compound

1Chothogenepushy=ittherphetachromiccoatayer=3. 8028 Flae alkyl groups
contained in the alkylamino group in 14

photochromic coat laver 3, and a hard coat layer 4 are laminated

in this order. Betwesen 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. Alsc, an antireflection layer
5 may be further formed con the hard coat laver 4. Here, the
antireflection laver 5 is usually a laminate of plural

inorganic thin film lavers having different refractive indexes,
though the layer is simplified in the Drawing 1. Also, though
not shown in the Drawing, the hard coat laver 4 and the

antireflection laver 5 may be formed on the backside of the
optical substrate 1. Further, though not shown in the Drawing,
an lmpact-resistant primer layer may be formed between the
photochromic coat layer 3 and the hard ccat layer 4 or batwesan

the backside of the optical substrate 1 and the hard coat layer
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the (di) alkylamino group-containingﬁppotochromic compound are alkyl
groups generally having 1 to 10 carbon atoms, preferably 1 to 7 carbon
atoms, and are more preferably a methyl group or an ethyl group. When
the number of carbon atoms exceeds 5 the range, there is a tendency that
the synthesis of these compounds is difficult. As such (di)alkylamino

4 groupcontaningphofechraMicieemPednsls, €heomeper dervativeshanical
represented by the following formula (1) especially the derivatives having

sta gjeeular weight of 540 10 or more, are preferably used. [0029] (1 R4 t
R5 !0 " R3 2 (1} R [0030] In the formula (1) , the ring in the structure

[ oepresented 15 by the following formula (2) is [(0031] (R5) 0 ...(2)
[0032] an "aromatic hydrocarbon ring" or an "unsaturated heterocyclic 20
ring”. As the<'apgatic: hydrgeadicn Brgs’, there reay be nmeptiened tbgs
having 6 to 20 carbon atoms such as a benzene 15 ring, a haphthalene

rding; ancindencnaphthatene tpd, a rghenanthraneting, & flupreneringt i ca 1
and the like, and as the "unsaturated heterocyclic rings”, there may be

sunentiened ringshhaving:4 se 20rearkop=atoras and asadeterpatonyl of 2o s
nitrogen 5 atom(s), oxygen atom(s), and sulfur atom(s), such as a

f dhiopheseding, @ henzethiophenre ringulaldenzefuraneningganes for eye

glasses include lenses made of plastics such as a {(meth)acryl
resin, a polycarbonate resin, an allyl resin, a thiourethane
resin, a urethane resin, and a thicepoxy resin, and lenses made
of glass, and any lenses for eye glasses may be used without
particular restriction in the present invention. Especially,
it is more preferable to use lenses for eyve glasses made of
(meth)acryl resin, a polycarbonate resin, an allyl resin, a
thiourethane resin, a urethane resin, and a thicepoxy resin.
(00223

Plastic lenses for eve glasses generally have curved
surfaces, and thelr convex surfaces are often complicated with
the recent progress of the optical design, but in the present
invention such lenses may be used as the optical substrate 1
without any problems. The thickness of the optical substrate
1 varies depending on its applications and is not particularly
restricted, but in the use for eye glasses, the thickness is

about to 200 mm, for example.
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indole ring, a quinoline ring, a carbazole ring, a phenanthridine ring, and
the like. [0033] 10 As substituent groups R5 bonding to the ring, there
may be mentioned 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

[ td6Bigarbon atoms; alkyloxy groups having 1 to 8 carbon atoms; aryloxy
groups having 5 to 10 carbon atoms; amino groups; amino groups
substitiged witthamatkyt gioaplhating tletd 10 carbentateais: anphgroupsou s
having 6 to 10 carbon atoms, acyl groups having 1 to 9 carbon atoms, 20

kinflgorine atont,zordhe tiketoyariegrouiy; amg geeups having 6ug l8ce

- ring-forming carbon atoms; halogen atoms such as fluorine, chlorine, or

t the thken perflucrdalkyl greups-having ek tndwaros atgmisasic or acidic
perfluoroalkyloxy groups having 1 to 4 carbon atoms; acyl groups having

a Qi@ sariohudtdnTs; 1 6oalkos@cadohylegroups: havingi2:to 9ehilsdnng
atoms; aryloxycarbonyl groups having 7 to 11 carbon atoms; arylalkyl

magreups: haying I7atont8 tarsomatonss; hydroxybgroupnasmde rgroupsgssure
N-substituted amide groups substituted by a 5 hydrocarbon group having

pliator@ carbohcatops; atkyrny| gicupsz having 1ttbs8 ¢arbon atorhs;andna
heterocyclic groups which have a nitrogen atom as a heteroatom and in

daglsich tee nitrogehratdis is bonded to the structure to be substituted, such
as 1-pyrolidinyl, piperidino, morpholino, 2-quinolyl, 10 pyrazolidine,

[ (fuddclidine, indole, indoline and carbazole. Here, the "aryl groups having
6 to 10 ring-forming carbon atoms"”, the "alkynyl groups having 1 to 8
carboh 2EcTAS'E Bhd the Usterocyelic groups sviich haken niffoges atom

as a heteroatom
photochromic coat layer 3, it 1s preferable to form the primer

layer 2 on the surface of the optical substrate 1. The primer
layer 2 may be formed of various kinds of primer resins used
for this purpose, but particularxly urethane-type primer resins
are preferably used in view of adhesiveness to the photochromic
coat layer 3. Details of such urethane-type primer resins are
disclosed in WO 2004/078476. The thickness of the primer layer
is not particularly restricted, but is usually about 1 to 10
pm.
[0026]

The photochromic coat layer 3 contains an alkylamino
group-containing photochromic compound and/or a dialkylamine
group—-containing photochromic compound (hereinafter these are

sometimes collectively referred to as the “(dijalkylamino
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and in which the nitrogen atom is bopgded to the structure to 15 be
substituted" each may contain a substituent group. [00351 As the
substituents, there may be mentioned any group belonging to the
following group B. [00361 20 [Group BI Alkyl groups having 1 to 8 carbon
atoms; alkyloxy groups having 1 to 8 carbon atoms; amino groups; amino

g ronoups osuthstituted pitharcalkyhdroupdraving: 210 16: carbonhatoms;unt of
cyano group; halogen atoms such as fluorine, chlorine, or the like;

0 . petfludroalkyllgyaupsshaviiig 4 td2 carbonsatomsh 7pipetfudroalkyloxXya yer
groups having 1 to 2 carbon atoms; hydroxyl group; amide groups; acyl

i sgroups Haying 2t10<0 carbon atonis;talkbfycanonyl grades having 2490 1s

carbon atoms; N-substituted amide groups substituted by a hydrocarbon
ingroupsS:evirg, 11068 carbor atomsrteterosychcgroupSiwhiehtave a
nitrogen atom as a heteroatom and in which the nitrogen atom is bonded
phtottheringrtb b e substituted, .sudtras: 1 Pyxolidirpt ppijperidin®d, nierpholino,
corondensed heterocyclic groups which are formed by condensing 10 the
phieterdoychic. gratps:with eniaromatic hydsocarbdnd eingraruan ardmatie
heterocyclic ring. [0037] R1 and R2 in the formula (1) independently
( drepredent an grauprepresemtec: by thresfollowing foromuila (3)rordomautes@) e s
15 an "aromatic hydrocarbon group", an "unsaturated heterocyclic ring",
deprearn lalkylgroup?. [0038F Risand R hrayrtbgéether form anctadiphatiger 3,
hydrocarbon ring or an aromatic hydrocarbon ring". However, from the
anviewpeim 20 of phetarhedmicéHaradteristies, ieisgarticularly to 5.0% by
mass when the thickness is 20 to 50 um and in the range of 0.3
to 3.0% by mass when the thickness is 30 to 40 jum.
[0027]

When the photochromic coat layer 3 contains the
(dijalkylamino group-containing photochromic compound, the
migration of the compound to the hard coat laysr 4 will cause
the redness. If the amcunt of the compound is below the lower
limit of the range, the problematic redness will not be caused
even 1f the compound migrates to the hard coat layer 4, but
the layer 3 does not have sufficient photochromic properties
in such a case. Also, if the amount i1s beyond the vpper limit,
it tends tobe difficult to disperse the compound homogenecusly
in the photochremic coat laver 3.

[0028]

The alkyl groups contained in the alkylamino group in



preferable that at least one of R1 R2is a (di)alkylamino-substituted
aromatic hydrocarbon group or a a(:{ql alkylamino-substituted unsaturated
heterocyclic group. [0039] 18 =C j-R6 (3) R7 [0040] fC=C+RB (4) P
[0041] 5 In the case when R' and R2 independently represent a group
shown in the formula (3) or the formula (4) , R6 and R8 in the formulae

t he(3pANd (Alrepresentan saromatic-yer ecarhon gromipinaranorpsatsaied
heterocyclic group”, R7 represents a hydrogen atom, an alkyl group, or a

alRalogen aioncard-pand A8 represent andateger. ofdotas3. J0042)HHere;
as suitable "aromatic hydrocarbon groups”, there may be mentioned a

1 dehenyt greup andaraphthyl groupnand asysyitable lynsatdeated ! group
heterocyclic groups”, there may be 15 mentioned a fury! group having 4 to
or lhcarbematoms; @ thigmd rgroup, abeszethienyt group, ashenzofupdecds
group, a pyroiyl group, an indolyl group, and a triazinyl group. These
5  théaronatic hydeocarbeon groupss andyunsaturaied heteroyalics gedupsiese
may contain a substituent group, and the substituent 20 groups include

corthess helonging trthewgroup B.s [@043] Indhig ease/whenR- and RZ are
an "aromatic hydrocarbon 19 groups" or an "unsaturated heterocyclic
gr QEOURS, these gupscaredhesame asithosementionedirethe formula

(3) or (4), and
derivatives represented by the following formula (1),
especially the derivatives having & molecular weight of 540
10 or more, are preferably used.
(0029]
R4
(Rﬁ )° Ra
‘ . {1
R
[0030]
In the foermula (1), the ring in the structure represented
15 by the following formula (2} is

[C031]

(e Jo

(D)

[0032]
an “aromatic hydrocarbon ring” or an “unsaturated heterocyclic
20 ring”. As the “aromatic hydrocarbon rings”, there may be

mentioned rings having 6 to 20 carbon atoms such as a benzene
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so are the suitable groups. [0044] %gn the case when R1 and R 2 are
"alkyl groups”, there may be mentiohed alkyl groups having 1 to 8 carbon
atoms as the alkyl groups, and specifically a methyl group, an ethyl
group, a butyl group, a t-butyl group, an isopropyl group, a cyclopropyl
group, a cyclohexyl group, and the like may be i0 mentioned as
ri@xamples-Q0As] in-ihe case, when R and R2:tegetherdasm analiphatic
hydrocarbon ring or an aromatic hydrocarbon ring, as these rings, there
ph4nay, bgmestienedymanacyclic bydrocaraon sngstlischavikg 6 t120as the
ring-forming carbon atoms, and condensed polycyclic hydrocarbon rings
w108 ridgedcyclichydsesarbon greups hating-6 e20uingdaringecarion s
atoms. To these rings may be bonded, via a spiro bonding, a fluorene
natingg & dibygroanthracene sing, aneyelohexaneding: amadamantarie ringen
20 an indene ring, and the like. [0046] R3 and R4 in the formula (1) each
at drdependenily sepresent( any gradp belohging tosthesgroupB:iHewewer, in
the formula (1), it is necessary that at least one of R1 R2 R3 R4 R' 20
+h RpreneeR8iis @, (d) alkylapine growp er & (g alkylamine group:ord groupn
containing a (di)alkylamino group or a group containing a (di)alkylamino
1n@toup..{0847] 5 Ameng the.ehtoimene sompotnds tepresentedeby the
formula (1) , the compounds represented by the following formulae (a) to
phh) afe patticutarly-reterabledintriewlof jphotochromic  characteristics such
as the color optical density and fade rate, and the durability.
{00331

As substituent groupsiﬁ bonding to the ring, there may
pe mentioned any groups belonging to the following group A.
Here, “o” which represents the number of the substituent groups
that are bonded is an integer of 0 to 6.
[00341
[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 alkyl group having 1 to 10 carbon atoms, aryl groups having

& to 10 carbon atoms, acyl groups having 1 te ¢ carbon atoms,
a fluorine atom, or the like; cyano group; aryl groups having
& to 10 ring-forming carbon atoms; halogen atoms such as
fluorine, chlorine, or the like; perfluoroalkyl groups having
to 4 carbon atoms; perfluorcalkyloxy groups having 1 to 4

carben atoms; acyl groups having 2 tc 9 carbon atoms;
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10 [0048] (a) compounds represented by the following formula (5) [0049]
{R12 \1Ja'10 (d) RO (R'tl 19 [OO%@] 15 In the formula, R9 and R10
each have the same meaning as R1 and R2 in the formula (1) ; R" and
R12 each independently have the same meaning as R5 in the formula (1)
; at least one of R9, R10, R'Y, and p'12 is a (di) alkylamino group or a

;1 9psonginino adakyianing osoun; and.a pnd g eagh sepresent an,

integer 21 o Among the compounds represented by the formula

ar(P)oGQmREURMS, in which R andipr R10 is & (dialkylamipgs, subgtituted 1

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

grigierogyelic group S.argspadiculatly preferable., [051], (b EB[I}IPPUQﬁide
represented by the following formula (6) [0052]YL (R16) " J R14 ...(6)

o-BI3-(RIRE0.0053) 1 the frmula. 3.0 RL4 bve e sae meaning

R1 and R2 in the formula (1); R and R16 each independently have

hydrocarboen group having 1 tc 8 carbon atoms; alkynyl groups
having 1 to 8 carbon atoms; and heterocyclic groups which have
a nitrogen atom as a hetercatom and in which the nitrogen atom
is bonded to the structure fto be substituted, such as
lepyrolidinyl, piperidince, morpholinc, Z-guinolyl,
pyrazcolidine, guinuclidine, indocle, indoline and carbazole.
Here, the “aryl groups having ¢ Lo 10 ring-forming carbon atems”,
the “alkynyl groups having 1 to 8 carbon atcms”, and the
“heterocycllic groups which have a nitrogen atom as a heteroatom
and in which the nitrogen atom is bonded te the structure to
be substituted” each may contaln a substituent group.
[0035]

As the substituents, there may be menticned any group
belonging to the following group B.
[0036]
[Group B] Rikyl groups having 1 to 8 carbon atoms; alkyloxy
groups having 1 £o 8 carbon atoms; amince groups; amino groups
substituted with an alkyl group having 1 te 10 carbon atoms;
cyano group; halogen atoms such as fluorine, chlorine, or the

like; perfiuorcalkyl groups having 1 to Z carbon atoms;



10

20

the same meaning as R5 in the form Ig (1) ; at least one of R13 R'R'5,
and R16 is a (di) alkylamino group or‘a group containing 15 a
(di)alkylamino group; r and r' independently represent an integer of 1 to 2;
and L is any group represented by the following formulae. [0054] 22 R17
or Pc )P [0055] (In the formulae, P represents an oxygen atom or a sulfur

patom; BiLsepiesenis analkyWenggraupihaving &4e6-camonmd atomssoxyl

and s, s', and s" represent an integer of 1 to 4). Among the compounds

grepresented:by dhe formulade), egmpednds inwhich Rl 3and/enRlkisdus ;
(di)alkylamino-substituted aromatic hydrocarbon group or a

a {di}aldaminersubstitttgsunsaturaied heterocyediergsaup tknare

particularly preferable. [0056] (c) compound represented by the following

nigromda (4):{QR57kR20 RZHBRY s{HsRIB(RZ2)w 15{0828|datben group

formula, R18 and R"9 have the same meaning as R1 23 and R2 in the

nfarmula (1) R20 cR2dcand Rogeach independently have the same
meaning as R5 in the formula (1); at least one

heterocyclic groups which have a nitrogen atom as a hetercatom
and in which the nitrogen atom is bonded to the ring te be
substituted, such as l-pyrolidinyl, piperidino, morpholino,
corondensed heterocyclic groups which are formed by condensing
the heterocyclic groups with an aromatic hydrocarben ring or
an aromatic heterocyclic ring.

[0037]

R' and R® in the formula (1) independently represent a
group represented by the following formula (3) or formula (4),
an “aromatic hydrocarbon group”, an “unsaturated hetercocyclic
ring”, or an “alkyl group”.

[0038]

R! and R® may together form an “aliphatic hydrocarbon ring
or an aromatic hydrocarbon ring”. However, from the viewpoint
of photochromic characteristics, it 1s particularly
preferable that at least one of R' and R? is a
{diYalkylamino-substituted aromatlic hydrocarbon group or a
(ditalkylamino=-substituted unsaturated heterocyclic group.

[0039]



20

of RR19, R20, R2i, and R22 is a (di) alkylamino group or a group
containing a (di) alkylamino group; aril v represents an integer 5 of 1 to 2.
Among the compounds represented by the formula (7), compounds in
which R18 and/or R19 is a (di)alkylamino-substituted aromatic
hydrocarbon group or a (di)alkylamino-substituted unsaturated
heterocyclic group are particularly preferable. 10 [0059] (d) compound
-\ll@pfg ed by gtfe following formula (8) [0060] (R261w R24 (8) (R25)w
F§23 ! '[0061] 1!3 n the formula, Res and R24 have the same meaning as
R- and R2 in the formula (1); R25 and R26 each independently have the
ﬁimeaning as R5 in the formula (1) ; at least one of R23, R24, R25,
26 is 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.

W&r@ﬁﬂ_ggcompo ds 24 represented by the formula (8) , compounds in
—m ich"R23 and/or ‘R24is a (di)alkylamino-substituted aromatic

hydrocarbon group or a (di)alkylamino-substituted unsaturated
O%%t@ ocyclic group are particularly preferable. 5 [0062] (e) compound
représented by the following formula (9) [0063] (R 3 Rso 11 ~-- 29

In the case when R* and R* independently represent a group
shown in the formula (3) or the formula (4), R® and R® in the
formulae (3) and (4) represent an “aromatic hydrocarbon group”
or an “unsaturated heterocyclic group”, R’ represents a
hydrogen atom, an alkyl group, or a halogen atom, and p and
p’ represent an integer of 1 to 3.

(0042}

Here, as suitable “aromatic hydrocarbon groups”, there
may be mentiocned a phenyl group and a naphthyl group, and as
sultable “unsaturated heterocyclic groups”, there may be
mentioned a furyl group having 4 to 10 carbon atoms, a thienyl
group, a benzothienyl group, a benzofuryl group, a pyrolyl
group, an indolyl group, and a triazinyl group. These
“aromatic hydrocarbon groups” and “unsaturated heterocyclic
groups” may contain a substituent group, and the substituent
groups incliude those belonging to the group B.

[0043]

- . 1 . ;
in the case when R' and R are an “aromatic hydrocarbon



10

15

20

/1\R28 ., (g) R27 (R82) X, [0064] 10 In the formula, R27 and R29 have
the same meaning as R1 and R2 i the formula (1) ; R29, Rao R31 and
R32 each independently have the same meaning as R5 in the formula
(1); at least one of R27, Res R29 Rao R3', and R32 is a (di) alkylamino
group or a group containing a (di)alkylamino group; and x and x' each 15

gr érl%esoe ndentlywepresent an integer.of 1102, Among,the ~compounds-oups

represented by the formula (9), compounds in which 23'and/or R 28 is a

arddda y%%%!@%@U%B%eﬂé(‘éwi&dhmr%@%b%ﬂﬁB?&B Off or (4), and

(di)alkylamino-substituted unsaturated heterocyclic group are particularly

so PLeferalle. 20,1065] 25, (f) compound represented by the following
formula (10) [0066] (R3S) (835) Y Y /1~ R34 ...(10) R33 Rs7)Y, 0067]

§4nthe formula, R33 and R34 have the same meaning as R and R2 in
the ;ormula (1) ; R35, R36, and R37 each independently have the same

meaning.4s.RoJ0 the farmpla (1), &t Igast one ,af R33 PIAR3ES RE6randay

R37 is a (di) alkylamino group or a group containing a (di)al kylamino

pe HAYR: 106 189.Q is,analiphgtc 10.hydrogarbanding; Ad:Y, ¥, 8 ¥s the
each independently

alkyl groups, and specifically a methyl group, an ethyl group,

a butyl group, a t-butyl group, an isopropyl group, a

cyélopxopyl group, a cyclohexyl group, and the like may be

mentioned as examples.

[0045]

In the case when R and R? together form an aliphatic
hydrocarbon ring or an arcmatic hydrocarbon ring, as these
rings, there may be mentioned monocyclic hydrocarben rings
having 6 to 20 ring-forming carbon atoms, and condensed
polycyclic hydrocarbon rings or bridged cyclic hydrocarbon
groups having 6 to 20 ring-forming carbon atoms. To these
rings may be bonded, via a spirc bonding, a fluorene ring, a
dihydroanthracene ring, a cyclohexane ring, an adamantane ring,
an indene ring, and the l1like.

[0046]

2> and R® in the formula (1) each independently represent

any group belonging to the group B. However, in the formula

(1}, 1t is necessary that at least one of R, R?, r?, RS, RY,



1

—
(82

or?8 éoloé
CH3 H3
cofe Ai8IGHS N(CH3)2 HETNAGHS [A.07Q) 27 j~f CH3N(CH I\ I~

represent an integer of 1 to 2. Among the compounds represented by the
formula (10) , compounds in which R83 and/or R34 is a (di)alkylamino-
substituted aromatic hydrocarbon group or a (di)alkylamino-substituted
unsaturated heterocyclic 15 group are particularly preferable. [0068] In
the present invention, among the (di)alkylamino-substituted chromene

Re,C%fneow‘dssf%prﬁéff;%{gya}&enfgr@y (8),t0(10), ¢hromene ; o group

compounds having the 20 following Structures are more preferably used.

8% HS&CEQJ;'}{Q%H'%‘%ZH %lg Fuk Al HIGQT %%H% QCH3 g‘?&b‘

O CHs N(C 6C H3 '‘CH3 CHs H,co

[0047]

Among.the chromene compounds represented by the formula
{1}, the compounds represenfed by the following formulae (&)
to (f) are particularly preferable in view of photochromic
characteristics such as the color optical density and fade rate,
and the durability.
[0048]
(a) compounds represented by the fcllowing formula (5)

[0049]

[0050]

Tn the formula, R® and R'C sach 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’
RY, R, and R is a (di}alikylamino group or a group containing

a {di)alkylamino group; and g and g" each represent an integer



H300 40CH3 OCH3 H3C'N~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
ofjp’ggt .ont mc':% t}egéd&)&l{k (lj%rpl'd{? gre%'ijlpe S?H%%glggdt%%o%rﬁgﬁ_a (5,
example, photochromic compounds such as flugimidé compounds,

coﬁ%i[)% ig&}fg@f)&gngs, g%@me;n%mmrg%o%nds, and the 'like, are well

own, and these compounds may be used in the present invention. 15

(d qoa?ﬂg\fg%n%buovsla@ﬁ9*&%%%%“a@%%%gemy&_@géaégggox%@% or a
nd, an

compo chromene compounds, the compounds described in, for

e , 1he Japanese icati g ligati
<eEER e e e Ao 3 id o ybtcnion

5 aIgr%g@piycﬁgq.l@odg%]e@gﬁ%ggmpounds having excellent photochromic
5 properties, those described in the Japanese Patent Application
[Ob%ifi Open Publication No. 2001-114775, 2001-031670, 2001-011067,
2001-011066, 2000-347346, 2000-344762, 2000-344761, 2000-327676,

(bioooé”&KggZénBOQ%;Péé*éZt@@OQ' 2997 6¢ 2000:229975, 200922987 4,
000-229973, 10 2000-229972, 2000-219678, 2000-219686,

[O%@gq-219685, H11-322739, H11-286484, H11-279171, H10-298176,
H09-218301, H09-124645, H08-295690, H08-176139, H08-157467, and
the like

(B}

10 [0053]
Tn 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, R, and R*® is a (di)alkylamino group or a group containing
15 a2 (dijalkylamino group; r and r’ independently represent an
integer of 1 to 2; and L 1is any group represented by the
foillilowing formulae.

[C054]



may be used suitably too. [0075] 15 Among these photochromic
compounds, the chromene-type phptochromic 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 20 optical density and the fade rate. Among these chromene-type

npfochzpinic compeunds, the compounds having a molecular _weight of

re pf%ﬂab{{‘g‘sed, bec ompeuﬂmﬁﬁarpt-u-ka-rly
excellent inthe'color optical aensity and the fade'rate. As examples of the
compounds, chromene 29 compounds represented by the formulae (5) to
(10) and not containing the (di)alkylamino group may be mentioned.
These photochromic compounds ngt containing the (di)alkgl&dmino group
may be used singly QL in a combina%n of two kinds or % mo?éx[0076]
The‘iﬂﬁdwﬂﬁé’% Jromic compounds Biher th&hthe (di)FP
alkylamino group-contaifling ph&B‘é‘Qo_anc compounds in '
photochromic coat layer 3 is usually 0 to 5% by mass, Buttheé 10 amount
is preferably 0 to 2.0% by mass when the thickness of the photochromic

{Olg%gﬁlis 20 to 50 pm, and the amount is preferably 0.3 to 2.0% by mass
whe

the thickness is 30 to 40 pm. if the total amount of the photochromic
compgﬁnd is too_low, color optical density may be lowered, and if it is
too 15 Hight SotoroplicaFdensitythay Ba HoAlnifomT BEcanSE fie & Sulfur

compgounds cannot be wel| dissolved into a later-mentioned

** ical-polyPérizabie thomdnter and thus 1he Photothrotfic: chatify SHERPT

is inhomogeneous. Here, in the photochromic optical element 10 of the
5 . .
atﬁr“é%én?%vesnflorsl, if oa?aéir to obthif = ==t art integer Oﬁl 1to 4.

Among the compounds represented by the formula (6),
compounds in which R*® and/or R is a
(dijalkylamino-substituted aromatic hydrocarbon group or a
(di)alkylamino-substituted unsaturated heterocyclic group

10 are particularly preferable.

(0056]

() compound represented by the following formula (7)

[0057]

RZO

RQ

RTQ

O‘Q o
R

(R22),
15 (00581

1 1 .
In the formula, R'™ and R' have the same meaning as R*



20 a suitable color development, it is preferable to make the

concentration of the photochromic €gmpounds high when the thickness of
the photochromic coat layer 3 is thin, and to make the concentration low
when the thickness is thick. [0077] 30 The photochromic coat layer 3 is
formed by appling a photochromic coating agent containing the

dialkylamino_group:-containing.phatechromic cempound and optionall
an#hggégdif%ﬁalfp otoctiro tﬁ#:’cogmpooti}ndé ont e?{optlgc%?gubrslﬁg el %egr%;’r?]
nagiodimeriayer 2 and euring ine agent, The photoghromie coatiag agegt,.
r'1a‘vc%mpreizsessaﬂlle Shoatoéhr%mlc compounds as” mentioned above and as
Appropriate a radical-pol @ji§abLe onomer,-a h%tgpQ,I%rQ rgzjgt'o
of %?tiatolgrf, ar% theliké. %e ails o‘fssﬁcﬁrg:bgﬁng g@%ﬁﬁé aregaesﬁibedélngt e -
Patent,10 Documen 02003/011967) and th tDocument 2
ce aaplannlens% aP(z‘;%elnﬁ%p%ﬁ\é ion’ ané%lﬁje'n% I&%%%%%%%OB-M%%% .er
-10078].In order to improve the durability of t e photoghr C -compoun
> e fates o?iénﬁgrgd%lggldﬁjrlnn AtaRd faéﬁ%,egn 15 mglga ity add?tiveiﬂ '
Cosug@l as suﬂr@c‘tﬂ nts geﬁebingnacg/e&s)ﬁuctﬂ as silicone-type and
ﬁﬁorme-?yp‘e surfactants, antioxidants, radlca?scavengers, UV stabilizers,
(aLY: phsorhers mokieleasind agepts, aptkeolgring,agenis, antsialico,
a&;ents, uorescent dyes, dyes, pigments, 20 fragrances, plasticizers,
afinecquplingacenls. and e ke, may.ba added Jita ae photachyonis,
coatlayer 3. The addition of ‘thermal polymerization initiators may be

,grefer ble t O'rA S %Qagggyg)g,‘publicly known compounds may be
T é\j/?thco:ﬂt aan"ﬂ“ﬁfre friction. Details of these additives are disclosed in 31
10 [Qi@ggl?atent Document 1, for example.

(d) compound represented by the following formula (8)

(00601

Oo 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%*, R*®, and R?*® is a (dijalkylamino group or a group containing

a (dijalkylaminc group; and w and w’ each independently

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



[0079] In the photochromic coat layer of the present invention, the
amount of these additives is usuallZ 4 to 20% by mass, and 5 preferably 1
to 10% by mass. [0080] The photochromic coating agent used to form the
photochromic coat layer 3 preferably has a viscosity of 20 to 500 cp at
25C. By controlling the viscosity of the coating 10 agent in this range, the

__.coating layer may, be easily formed in a large thickness, specificall
*e%%%sﬁr%?%ﬁeubyayhe ‘é%‘ a é%jh compoands 1n Wh%:ﬁkg %gé(?or

e r _ - X e L
S; the phéjto romi aracteristics can be sufficiently

s« realized, . Because the layer having expected thickness is f r;g ea %/
S e e el S b S e L e R
ox (2 204 PRIMAN G to 209, ¢b. 0081 T phelachiamic gaal iyl 3 may
be form yyapp;?ylng e photochromic coating agent and then curing'it.
As the _coating. method,-.publicly known, methods such as spin coating, 20
gr%%?ayagoeatﬁ]%%gafpcgggtﬁ%@f &fg-%g%r}x%aiierlg, and the like may be used
5 [O%\gtgfut any restriction, and the spin coating is particularly used because
omogeneous layers are easily formed. The curing method is not
articularly restricted either, bu ref aQJ emQ% %@prgdhrge tg' a
(e ethSSIS%Oe‘%S% the 32 Sc%na%i%é a%gygn%%nta}énjing a p%topély%erizgtiin
{OH%. tor 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 5 may be used
W hout thction. Specific examples of the light sources include a
(R Fhigh=préssmf@ mercury lamp, a high-pressure mercury lamp, a

low-prg nercury lamp, a xenon lamp, a carbon arc, a germicidal
lamp, a me 228
9
RZ?
(R%2) x.
{0064
10 In the formula, R? and R*® have the same meaning as R*

and B? in the formula (1); rR*®, R*?, R™, and R3? each independently
have the same meaning as 8% in the formula (1); at least one
of RY, r®®, R%?, rR¥®, R, and R* is a (dijalkylamino group or
a group containing a (di)alkylamino group; and x and z’ sach
15  independently represent an integer of 1 to Z. Among the

compounds represented by the formula (9), compounds in which
%7 and/or R*® is a (dilalkylamino-substituted aromatic
hydrocarbon group or a (di)alkylamino-substituted unsaturated
heterocyclic group are particularly preferable.

20 [0065]
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lamp, an electrodeless lamp, and the like. The irradiation 10 time using
these sources 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
an electronic beam is used as the light source, the photochromic 15 coat
layer may be cured without a photopolymerization jnitiat r%go 21 Ont

(£ o BTG BOLRTGTTE oA bt ST OR s et Chat By Cr o

{Ogg ;oating the photochromic layer with 20 the hard coat layer 4, the

- 15 ch resistance of the photochromic optical element 10 can be
improved. The thickness of the hard coat layer 4 is usually about 1 to 5
pm. In the mea (més) s hard coat agents for photochromic lenses

(R Ret doating method, agents containing metal oxide 33 fine
p an organosilicon compound are usually used, but from the
viewp®o life, agents not containing a methyl trialkoxy silane or
a tetraalko re-generally used. The methyl trialkoxy silanes and
tetraalko ave high{fé3ctivity in the siloxane-bond formation
reaction pmparétfio alkoxy silane compounds having a relatively long

> ihlas an epoxy-containing silicon compound usually used

silicdn compound. Thus, the performance of the hard coat

[ ts containing these compounds 10 tends to be deteriorated when
temgerature is increased during storage. For this reason, as hard coat
agents,for pholochramic Ignses, auents pot,containing hese.compgunds -
are usually bsed,"Whétf a photochromic layer does not contain an

an@yiaming grotip:containjag photochyamic.comgotind,or.adialkylaming. . ,

group-containing photochromic (’:ompéuﬁcri‘, there is no probl

as an organo

have the sams meaning as R® in the formula (1); at least one
of R, »¥, 8%, r%, and R*" is a (dijalkylamino group or a group
containing a {di)alkylamino group; the ring Q¢ is an aliphati
hydrocarboen ring; and vy, y', and y’’ each independently
represent an integer of 1 to 2. Among the compounds
represented by the formula (10}, compounds in which R*? and/or
R’ is a {dijalkylamino-substituted aromatic hydrocarbon group
or a {dijalkylamino~substituted unsaturated heterocyclic
group are particularly preferable.
(0068}

In the present invention, among the
(di)alkylamineo-substituted chromene compounds represented by
the formulae (5) to (10}, chromene compounds having the

following structures are more preferably used.



{0069,?

Hp

at all even if the above conventional hard coat agent is used. However, it
has been found that when a photo@omic layer contains at least one of
the two photochromic compounds, the redness that was not caused in the
past results is generated. 20 [0083] In the present invention, in order to
solve the problem in the above particular system, the hard coat layer 4 is
obtained by curing a hard coat agent containing metal oxide fine particles
d an organosilicon compound. This hard coat 34 agent contains at
leas- one of the organosilicon compound selected from the croup
consisting of a tetraalkoxy silane, a methyl trialkoxy silane, and partial
=

Jydrol sat 5"&5 them as the organesilicon compound (hereinafter these
may. ed to as the specific silape ¢
0841 pemﬂcalklé Jtis ) c ga

ar hjo nds’contained i
60% b ’md};st;gmof the atkoxy silafie~hased on the total mass of the
meta!%?r‘ﬁe F S particles and th C@rgahgg icon compounds (hereinafter
the total-mass"may be referred to as the standard mass) . When the
specificgé‘ia!an pounds include the partial hydrolysate of the
tetraalkoxy 15 gjlane or the methyl trialkoxy silane, it is difficult to
determine th&'mas% of the hydrolysate as will be mentioned later.
Lhgrefore, ’ ass of the methyl trialkoxy silane or the tetraalkoxy silane
i [ ial hydrolysis is taken as the mass of the organosilicon

o) in a specific
he total amount of the

co yhdwhich is us: d for 20 the stgtadard mass. \yhen the hard coat
agent con#ai rganosilicon co otfier than the specific silane
compou { pouyxkis ate of "a
/\P
N NP
HaC” TCHg
2

[0070]
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partially hydrolyzable organosilcon compound", the mass of th=is
"partially hydrolysable organosilicopeompound” is taken 35 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 of the metal oxide fine particles alone, and does
not include the mass of 5 sot-dispersion medium if the fine particles are
used as a sol. [0085] According to the hard coat J2
curing the hard coat agent composed of the co
above, the photochromic compound does n
photochromic coat layer 3 to the hard coat

ayer /

though the 5131 coat Ia er4 ﬁu S metaltaxié C

curing catghy e reginess }Qggne’sg of develop rto e) cau§éd by
H|n e @]@ bstances with the (di)alkylaminoig comtaining

i OC BTG mpound does not occur or i iced: , if the

amouni e spg silane compound is too laxgs ed hard
coat layer 4 is briftle, jand thus cracks may be for ed wheq the durability
test (bongrtejst) iStperformed under sever condlf?cﬂél?such as for

example, in boiling . 20 From the viewpoints of in

redness and durability Under sever conditions, the amount of at Iéast one
member selected from the group composed of the tetraalkoxy silane, the
LOfétnyl trialkoxy silane, and the partial hydroiysates of them (the specific
silane compounds) contained in the hard coat 36 agent in terms of % by

mass Da%88 offthesstaidartmass 1 praferdbiy 1818 5008 ByIRasS Thbre

preferably 15 to 40% by mass, and particularly preferably 15 to 35% by
cq%aggqﬁég%Ty e uséd 81ng y 0r in a combination of two kinds

more.
(00727

In addition to the (di)alkylamino group-containing
photochromic compounds, the photochromic coat layer 3 may
contain varicus kinds of publicly known photochromic compounds
not containing the (di)alkylamino group as described above.
For example, photochromic compounds such as flugimide
compounds, spirooxazine compounds, chromene compounds, and
the like, are well known, and these compounds may be used in
the present invention.
[0073]

As the above-mentioned flugimide compounds,
spircexazine compeund, and chromene compounds, The compounds

described in, for example, the Japanese Patent Application
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5 From the viewpoints of a higher inhibition effect for the redness and a
higher durability of the obtained hargé:oat 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
10 the methyl trialkoxy silane and/or the partial hydrolysate thereof, the
durability of the hard coat layer at high temperature is improved, and

Lathusofardnstance dheicracking willmod osgurzenersié the boling tastdswo
performed. The percentage of the methyl trialkoxy sialne and/or the

9 4partiab 35 hydrolysate thareof tenthe specific=silanercompesntls may be
10% by mass or more, and especially 25% by mass or more, in which

7 ocasgel heat resistance at high temperatures may be ensured. However, the
percentage is more preferably 50% by mass or more, and particularly
preferably: AeYedeynmassdy marei 2§ (60381t isnnoshprefetiablestocuse the
methyl trialkoxy silane and/or the partial hydrolysate thereof as the

prepecificisilane reosapounds Withoutthentetraalkoxys siibaeandlopithe partiabn
hydrolysate thereof. 37 0088) The tetraalkoxy silane contained in the hard

Lacoft @gent tsirgpresented by Si (QR)14,1and7the, methyl Hiakexyosilane by
CHSSI(OR)3. "R" in these formulae represents an alkyl group. 5 Plural

2J'R!'s jehicke are present inl theemoleruie-may beaheXaie dradifiérent from
each other, but it is preferable to use compounds in which all of "R"s are

2 (the samerinviewf cavailability. "RI($ prefareibly, ad @ik giaud Raving 1
to 3 carbon atoms in view of easiness in hydrolysis and 10 condensation.

2 (Rhesepay be USeESiagly orin acanibifatay of twokind 8ebdre. From
the viewpoints of high safety and

2000~229972, 2000-21%678, 2000-219686, 2000-219685,

H11-322739, H11-286484, H11-279171, H10-288176, HOS9-218301,
HO8-124645, HOB-295690, H08-176139, H08-157467, and the like
may be used suitably too.
100751

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

the fade rate. BAs examples of the compounds, chromene
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reactivity, it is most preferable to use tetraethoxy silane as the tetraalkoxy
silane, and methyl trimethoxy silane,@r methyl triethoxy silane as the
methyl trialkoxy silane. 15 Although monoalkyl trialkoxy silanes have a
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
coimpinsufficiartpreventiordofrgdness. 20rfo089¢ When tie tetraalkoxy not
silane and the methyl trialkoxy silane form the hard coat layer, the silanes
coafezpydroly et ariticendensed (fornmtlyrelezse be aleotiol @necare These
condensed) to form a matrix of the hard coat layer. Therefore, they may
phgg dsé: partiatlydiytrelyzed imthe lvard ool agent: and tHus ey haay be
present as the compounds represented by Si (OR) 4-, (OH) n (n
S rrgpireBEntsian Wiegesont o 3P antdrCH3SHOR)Y3:E AlOH)R {n tieprésemts or
an integer of 1 to 3) , respectively. Further, they 5 may be present as
tegéndensed oligomers of several (usually 2 to 3) molecules. In the present
invention, the compounds represented by the formulae and the oligomers
[ O&rétdollectively referred to as the partial hydrolysates. [0090] 10
Generally, the tetraalkoxy silane and the methyl trialkoxy silane react in
the préensecoiiatel dveh BRYEREDEIYIGW teRTFeranfesas berpahmllythe
converted to partial hydrolysates. Since the reaction is affected by a
(ddoedstinbrasmp ol and thusds coRpRROE PEHFRUQs 15 dentiy the the
quantity and the composition of the partial hydrolysates. For this reason,
PHAYREHFESELT ifveftion Hié massessorthese harfiaPRyamolysdtes dratnthe

terms of the tetraalkoxy silane or the methyl trialkoxy silane used as the
amount 1s preferably 0 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 cptical density may be lowered, and if it is too
high, color optical density may be nonuniform because the
compounds cannct be well dissolved into a later-mentioned
radical-polymerizable monomer and thus the photochromic
coating agent i1s inhomogeneous. Here, in the photochromic
optical element 10 of the present invention, in order to obtain
a suitable color development, 1t is preferable to make the
concentration of the photochromic compounds high when the
thickness of the photochromic coat layer 3 1s thin, and to make
the concentration low when the thickness is thick.

[0077]
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starting raw materials. 20 [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 tR& hard coat layer is formed, and
therefore prevents the photochromic compound from 39 transferring from
the photochromic coat layer 3 as mentioned above, thereby preventing or
reducing the redness in the photochromic coat layer containing the
(d)alfylaming - Gronpeseiaining photgehogni compannd. BJOBREL RS
hard coat agents used in the present invention are not so much different

snirem-those:used conventignally. except Jthat the specificamount,ofthen

specific silane compounds as the organosilicon compounds is used. For

g rEXIRIE, @asi@fﬂaeg%a@&é%ﬁ% pagicles, fige pagticles ofan oxide ot

a metal element Selected from Si, Al, Sn,”Sb, Ta, La, Fe, Zr, Sn, Ti, In,

| a b Zny,and &’?0“&'8@1%@@% sedhixtheconventional hard ,¢0atr 2 e 1

agents, may be used without parficular restriction. In" addition, composite

o r]]:icgﬁ’ padicles.containing twa ox more 15 kinds.ofmetal @xides,selectethm:

rom these metal elements may be used. Specific examples include fine

c RGeS 5102 - 41203, 5002y, 50205, 1220%,/1-8203058203.34102s
Sn02,Ti02, In203, W03, ZnO, or Se02, and composite fine particles of

me0; oFmerekinds selected f%@zﬁ‘ﬁ?§% metaloxides. -these metal oxide, 1 ¢

fine 20 particles or composite metal oxide fine particles may be used
moiagly;or i a.combination, of twa Kinds armere, Fine pattiglas, daving-an

average diameter of i to 300 nm are generally used, and particles with 1
pde200:nm; apd particulady 4 tg J09nm. ate preferablydisets 40he patent
Document 1 (WO2003/011967) and the Patent Document Z (Japanese
Patent Application Laid-Open Publication No. 2003~342310) .
[oo78]

In order to improve the durability of the photochromic
compound, the rates of color development and fading, and
moldability, additives such as surfactants (leveling agents)
such as silicone-type and flucorine-type surfactants,
antioxidants, radical scavengers, UV stabilizers, UV
absorbers, mold-releasing agents, anti-coloring agents,
antistatic agents, fluorescent dyes, dyes, pigments,
fragrances, plasticizers, silane coupling agents, and the like
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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[0093] These metal oxide fine particles are usually used as a sol. As the
dispersion medium for the sols, alc%qolic organic solvents such as
methanol, ethanol, n-propanol, isopropanol, 5 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
thdingaparticlesdfromdiging jnstakleda the dispersion medium. 10 [0094]
Examples of the preferably used sols containing the metal oxide fine
[ o pagticles include metal oxides such as a methanol-dispersed silica sol
(manufactured by Nissan Chemical Industries, Ltd.), a
methanotigispersed b SnO2-Z6@2-Bh2eb-Si02neompasie imetalaxiden,
sol (manufactured by Nissan Chemical Industries, Ltd.), a
theethanakdispersed « THA2-SnNQR2-LrOR-Sh 205 compasite metal oxide, sahd
(manufactured by Nissan Chemical Industries, Ltd.), a
proteihanqldispersed 0$bBO5 metal oxide sol (manufactured by Nissan
Chemical 20 Industries, Ltd.), and the like. [0095] The amount of the
[ oo@tal oxide fine particles in the hard coat agent used in the present
invention may be determined arbitrarily depending on the kind of the
metaltddetbheddn intehded physical propettiessefthedindtlyobtaired
hard coat layer depending on its purpose, and the like, but the mass of
phthesiine padicles @otlingladintg the firassiof the aispersien angdimm) ba8edo
on the standard mass is usually 20 to 70% by mass 5 in terms of % by
S50mass, prefeeghly 2% 1o 6084 by hidssy anide optimatiy 30ytoc80%Hey massing
When the amount of the metal oxide fine particles is less than 20% by
agmass, thetscratcharesistante 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 25°C is more preferably
50 to 200 cp, and optimally 60 to 200 cp.
(00811

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 as spin ceating,
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 elither, but

a preferably employed embodiment is a method wherein the
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of the coat layer, the adhesion between the coat layer and an inorganic
layer formed by vapor deposition, and the like are 10 insufficient, and
when the amount is above 70% by nass, the layer tends to crack. [00961
The hard coat agent used in the present invention may contain an
organosilicon compound and/or a partial hydrolysate 15 thereof
(hereinafter sometimes referred to as the other organosilicon compound)

oYber than the. spegiic siang, compounds. Here,as,the;oher i« s aror 15

organasilicon compound, an” organosilicon compound in which at least

1 ONE;alkoxy: arouRp is, bapded to.the silicon.atom is, preferably used-20.4 +,

Epoxy-containing organosilicon compounds and/or partial hydrolysates

cdhgreot. mhich bave.heen used i the,ganventional hard caatagenisyeq ny

have a function to enhance the adhesion of the hard coat layer, and thus

aghe psg phthese arganasilicor; gampoundsas the thererganasilicon, » ce s

compounds is a preferable 42 embodiment of the present invention.

nd Q094 T ANY-Epoxycentaining organesilicon compound may beseds or the

without particular restriction as long as it is an 5 organosilicon compound

1:having.at leastone epoxy aroup inthe, melecule dhgreof hutthere maybe ,

mentioned an organoslicon compound répresented by the following

f apartial, bydrolysate, t af refera ,
niermyadll).oeaparial -hydrolysate there ;ﬁ%@@u%fﬁaﬁ%%gg][’}g%}%}gp a

from the viewpoint of the effect as mentioned above.

xHB39) SHOR) 3-A4dd) In the formula-£11): Band R38 eacthnetal nalide
independently represent an alkyl group having 1 to 3 carbon atoms, and

1dmgepresentsan injegerek0. Lop 2. Hiberes aplualitythne irradiation
Time using these sources 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
an electronicbeam is used as the light scurce, the photochromic
coat layer may be cured without a photopolymerization
initiator.
(00827

Cnto the obtained photochromic coat layer 3 is formed
the hard coat layver 4. By ccating 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 coat agents for photochromic lenses

obtained by the coating method, agents containing metal oxide
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15 of R or R38 in the molecule, they may be different with each other. R
and R38 are more preferably a metlg)gl group or an ethyl group in view of
high safety and reactivity, and A is préeferably 0 or 1. [0099] 20 R39 in the
formula (11) is a group represented by the following formula [0100] 43
_C"2-0-R40\/ O [0101] or by the following formula [0102] R4010
[0103] [0104] R40 and R41 in the formulae independently represent an

f 1 akylene graupshaving:l de Seaskan atomsc The alikdene groupa 10maye=d,
be a linear or a branched alkylene group, but from the viewpoint of

buavailahilita linearmgroud haying:2 erckearbon, akewsis preferablytusati ng

[0105] As such epoxy-containing organosilicor.compounds, there 15 may
a rhecmentionediy-glyeidoxypropyt timethpxy sitans; s-glycidexypropytrally

methyl dimethoxy silane, y-glycidoxypropyl methyl diethoxy silane,
usy-glycidexypropyhiriethoxyisilane, ant(3(3,4-epoxyeyicietisxylethyl Lanes

trimethoxy silane. Among them, from the viewpoints of the adhesion with
hathe lehgrant:44tivity in the siloxane-bond formation reaction
as compared to alkoxy silane compounds having a relatively long
carbon chain such as an epoxy-containing silicon compound
usually used as an organcsilicon compound. Thus, the
performance of the hard coat agents containing these compounds
tends to be deteriorated when temperature is increased during
storage. For this reascn, ashardcoat 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 conventiocnal hard coat agent 1s used.
Howewver, it has been found that when a photochromic layer
contains at least cne of the two photochromic compounds, the
recdness that was not caused in the past results is generated.
[0083]

In the present invention, in order to solve thes problem

in the above particular system, the hard cocat layer 4 is

obtained by curing a hard coat agent containing metal oxide

fine particles and an organosilicon compcund. This hard coat



15

20

the crosslinking properties, y-glycidoxypropyl trimethoxy silane,
y-glycidoxypropyl methyl dimethox%gilane, and partial or complete
hydrolysates and partial condensates of them are preferably used. These
may be used singly or in a 5 combination of two kinds or more. [0106] As
the other organosilicon compounds other than the epoxy-containing
organosilicon compounds, compounds represented by any of the

agdatowingfarmulae(12xtosl4)andcl0 partiabhydrotysatestereatmay e
used. [0107] R42(R43)5Si(OR)3-s (12) (In the formula, R42 represents

se hc@rganicrgroupreontaining @hydretarbonogrosiptheaving 24o:6/carbbane,
atoms, a vinyl group, 15 a methacryloxy group, an acryl group, a

a meercapta ghoLips ox anammno=group; Ré3repedsenysi an afled gesup havingm
1to 3 carbon atoms; R represents an alkyl group having 1 to 3 carbon

a5 atorasp andrk saprésents Oyndy onr2d) (R44)rSNEOR p4-ct(18F 20r(ény/ thes
formula, R44 represents a hydrogen atom, a vinyl group, an aryl group, or

reAaatkyl group othérdhapsecmethylgroap: Roeppesents antalkyl groapific
having 1 to 3 carbon atoms; and C represents an integer of 1 or 2.)

am{R45)N(RO)3-nSi-R46-Si(OR)3-n(R47)n (14) 45 (In the formula, R46
represents a linear or a branched alkylene group having 1 to 8 carbon

[Catoms; R45 and R47 represent an alkyl group having 1 to 3 carbon
atoms; R represents an alkyl group having 1 to 3 carbon atoms; and D
repreSentsidn imtéder ofiG 5 to RecSpevifiy examples:of thetedmpoonds of
represented by the formulae (12) to (14) include n-hexyl trimethoxy

theilapecific 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
organosilicon compounds (hereinafter the total mass may be
referred to as the standard mass). When the specific silane
compounds include the partial hYdrolysate of the fetraalkoxy
silane cor the methyl trialkoxy silane, it is difficult to
determinethemaséofthehydrolysateasmdllben@ntionedlater.
Therefore, the mass of the methyl trialkoxy silane or the
tetraalkoxy silane prior to the partial hydrolysis is taken
as the mass of the organosilicon compound which 1s used fo;
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 corgancsilcon compound”, the mass of

this “partially hydrolysable organosilicon compound” is taken
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n-octyl trimethoxy silane, n-octyl methyl dimethoxysilane, n-decyl
trimethoxy silane, n-octadecyl trimethoxy silane, 10 ethyl triethoxy silane,
phenyl triethoxy silane, dimethyl di?n%thoxy silane, phenyl methyl
dimethoxy silane, vinyl triethoxy silane, vinyl trimethoxy silane, vinyl
tris(~-methoxyethoxy) silane, y-glycidoxypropy! trimethoxy silane,
y-methacryloxypropyl trimethoxy silane, 15 N-(3(aminoethyl)y-aminopropyl

2 s timethoaxy silane. N-(3amingsthy)y-aminoprpyl methyldimathoxed for

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

+nlrimethoxy,silane, y+nercapiopropyktimetbexy sidneie fine particles
bis(triethoxysilyl)ethane, bis(trimethoxysilyl)ethane, 20

wnRisitriethoxysilyhhexane sbistdisthoxymethylsilyBhexangs ss of the metal

bis(trimethoxysilyl)hexane, bis(dimethoxymethylsilyl)hexane,

oxRisktriethoxysilyhactane, bis(rimethoxysiylogtaneinciude the mass of
bis(diethoxymethylsilyi)octane,

so(Higthoxysily)-2:(diethoxymethyisitylletbane sand 8 46 compaund a sol.
represented by the following formula (15) They may be used singly or in a

[ oe@mbination of two kinds or more. [01Q8] r CH3 O=C OCH2CH2CH,-
Si-(0CH2CH3)2 2 1 5) 5[0109] Of the compounds represented by the

formula. (13) 4 his(trimethoxysilihexane is padicularkypreferable v [QA10] ng

The amount of the other organosilicon compounds used in 10 the hard
+ Heoatagen of the presentdnyvention faytbe deterpined iabitiarilyentioned

depending on intended physical properties and the like of the finally
a%ﬁ@ipwrgﬂ@%@%ﬁ%%gﬁ@@&ﬂsdoes not transfer from the
photochromic coat laver 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)alkylaminoc group-containing
photochromic compound does not occur or is reduced. However,
if the amount of the specific silane compound i1s 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 bolling water.
From the viewpoints of inhibition of the redness and durability
under sever ceonditions, the amount of at least one member
selected from the group composed of the tetraalkoxy silane,
the methyl trialkoxy silane, and the partial hydrolysates of

them (the specific silane compounds) contained in the hard coat
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purpose, but from the viewpoint of the scratch resistance of the hard coat
layer, the amount is preferably as fo?l]l ws. 15 [0111] When the amount
(total) of the specific silane compounhds 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 20 the other organosilicon compounds) is preferably 30 to
ag 8000 by massbasedpnthesstandarddnass hamelysthentotalnass ef the
47 other organosilicon compounds is preferably 0 to 70% by mass based
prohdhestandard dnass)s Whes sheraimeupt efthesspegifie slanes by mass,
compounds based on the standard mass is 15 to 40% by mass, the total
andassrofitbeorganosiicon-eemppounds ish peferply 48 40 75% by mass
based on the standard mass (namely, the total mass of the other
r cosganosilicon compounds is preferably 0 to 60% by mass based on the
standard mass) ; and when the amount of the specific silane compounds
based ofitheh standakg siassdsdS © 3hayhy mass, ihe tofakmass oftheor
10 organosilicon compounds is preferably 40 to 70% by mass based on
théhe stangagd=mass (hameldy, thedtatal masg effthehethestarganosilicon coat
compounds is preferably 5 to 550 by mass based on the standard mass).
1af0i21: 45 keomsghe viewpeinl ehthecadhesionibetween the hafd eeat = to
layer and the antireflection layer optionally formed thereon, the hard coat
coagentpreferahby-contains the epayxy-contairing nsilican compoand ik an

amount of 15 to 60% by mass, and more preferably 20 to SO % by mass,
hybasdd enthestandart mass: Here; 20ithé masgesiofithe pagtialontaining

hydrolysates are in terms of the masses of the raw materials thereof.
thPId8thyl 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 boiling test is performed. The
percentage of the methyl trialkoxy sialne and/or the partial
hydrolysate therecf to the specific silane compounds may be
10% by mass or more, and especially 25% by mass or mocre, 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

hydreclysate therect.
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In the hard coat agent, an acidic aqueous solution is usually added in
order to hydrolyze the organosilicon 4B compounds. Any publicly known
acids may be used without particula¥ restriction. Examples of such acids
include inorganic acids such as hydrochloric acid, sulfuric acid, nitric
acid, phosphoric acid, and the like, and organic acids 5 such as acetic
acid, propionic acid, and the like. Among them, hydrochloric acid is
{O%rgéqrably used from the viewpoints of storage stability of the coating
composition and hydrolysis properties. A suitable concentration of the

aqueays hydraghlor. agSolulionis 0 010 & N. A preferable amatnt, 10
of water in the aqueous-acid solution 1s 0.1 to 3 times ﬁe amount

s Semiecloudiolipeallatine hydovsable.grpype. e rganosiicen .,

compound. e curing catalyst w ed to the hard coat

CH%@ia@@ﬂ’gt,herefmaé’rp%ﬁéeé‘éioﬂ‘;ﬂn% Ié%';.ﬁ l%%” é‘?ﬁ?mp'ex%% DavIng. o

central metal atoms such as Li(l), Cu 0 ,S I\ﬁf’ll), Be)( ),

p1GedH). ~Eadll), TiW), Madll), Ladly. i%r(J#Q@VI&UHe%B(ﬂQ)m% . A'%'S) ame

Ce(lV), Zr(lv_), V(IV), an_d the like; perchloric a}ud compounds suc_ﬁ
o PeIehlericacid amagnesium %%ﬁ%@@rageu@'%gmy@ B%@Pé%rs‘g%h?z'egl use

perchlorate, ammonium Perchlorate, and the like; organometallic salts

coaMeh asigodium, acetate, zing naphthenate, copaltnapht %m;%e%iinsf

octoate, and the like; and Lewis acids such as stannic chloride, aluminum

aveerde, feq] _chl.oggideig%q'tg@ggg}glﬂ%orgg, zing chloride, antimony, 1 ¢,

chloride, and the like. TheSe curing catalysts may be used’singly or in a

3 combination gf two kingds.or mere.withqutany; problems,Ameng  these
catalysts, it is preferable to use the acetylacetonaté

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 silans, and méthyl trimethoxy silans or
methyl triethoxy silane as the methyl trialkoxy silane.
Although monoalkyl trialkoxy silanes have a similar structure
to that of methyl trimethoxy silane , the use of such compounds
in which the alkyl group directly bonded to the 8i atom or the
alkyl group in the alkoxy.group has two or more carbon atoms
may result in insufficient preventicn of redness.
[(0089]

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 condansed)

to form a matrix of the hard coat layer. Therefore, they may
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5 complexes, particularly aluminum acetylacetonate complexes, from the
viewpoints of the inhibition of the redness and less interaction of the
catalyst with the (di)alkylamino groﬁ’&-containing photochromic
compound. [0115] 10 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 to 4.0 parts by mass based on 100 parts by mass of the standard

be% Mﬂ%%yé%z@g Qq{iQ%qu{Qyﬁt%ég% %%%Igficaqgidthus they
compounds

have high reactiv@ty 15 with the (di)alkylamino
maJOUP-ERRtaining phatpchromis -compoynds. and-thus when these, ,_ (on) ,

compounds are used, realization of the inhibition effect for the redness

(repds fa be difficult as comparedwiththe gase thatiheacetydacetppate (n

complexes are used. Therefore, when the perchloric acid compounds are

r20used as the euring catalysts, gspeciallydn an.amaunt of @5, partby e ney

mass or more based on 100 parts by mass of the standard mass, it is

naRreferable.to.make the ameunt of the spegific silane Loppaund 13%:by , 2

mass or more based on the standard mass, in order to obtain a sufficient

inAipit] tfar th Sp2@ < e QR P
+ dnhibitigm effect far the redness 5@ sNamely, when: Q.3 partby mnds

more of the perchloric acid compounds is used as the curing

rRNased.on 100-parts-by nass ot the standard mass.the amount ofdhe:i vely

specific silane "compound based on the standard mass is preferably 15 to

r 5095 by mass. mare preferably 20.19.00% by #maass, and particularly
preferably 25 to 45% by mass. The amount of the metal oxide fine

[ (agticles in this case (not including the mass of the dispersion medium) is
preferably 20 to 60% by mass, more preferably 25 to 50% by mass, and

particylarly preferably 30 1Q.tor4t00yRpass, kased-erutherstandard; 1
mass. [0116]

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
idéntify the guantity and the composition of the partial
hydrolysates. For this reascn, in the present invention, the
masses of these partiazl 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 1s formed, and

therefore prevents the photechromic compound from
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On the other hand, when the Lewis acid or the acetylacetonate complex,
especially the latter is used as the Léring catalyst, a sufficient_ inhibition
effect for the 15 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 20 quaternary phosphonium
t r $ak fhereinaftersometimesn, soliectivelyirefersad to asdheuaternarysaly d
in order to improve the adhesion between the hard coat agent and the
ab&ubstrate-ordhe phetectiremic:layer. Bysusing dhe hard-egat agent the
containing the quaternary salt, an effect which enables 51 to improve the
phadbesien:of thebatd cegilayerby therchemieak etehing Usifigan atkaline
agueous solution which can be done with simple operation and does not
gr Eeguire-specialiequipment cande reatizee tn.addition to the original effect
such as 5 preventing the redness at the time of no light irradiation and
[ o peventing color tones shift from the expected color tones at the time of
color development. The chemical etching with an alkaline aqueous
solutioh s ladvantageoussisomshesdewpaint ref thequreductiovyietd andare
cost because it can wash the lens 10 substrate as we'll. Although the
nomechanisth iriwhichr-the: addiion:ofdbe quaternannsalt cavses the effecipt
is not clear, the improved adhesion is thought to be due to the functions
thefthenguatesndry saltas arcatalyst whiclhpaecelerates aareactioncafithés as
epoxy groups of the epoxy-containing 15 organosilicon compound, and as
tha surfactant: [0448]Asrthe guidernany salts, quaternanpammonitinesaisal
or quaternary phosphonium salts in which a nitrogen atom or .
oxide fine particles, fine particles of an coxide of a metal

element selected from &i, &l, Sn, 8k, 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. In
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 310,
Aleg, Sn0s, Sb205, Tas0s, Laz0i, Fex0sz, Zr0,, &nl;, TiOQ, Eﬁ203,
WO;, Zn0, or 35e0;, and composite fine particles of two cor 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. Fineparticles
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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phosphorus atom is bonded to an alkyl group having 1 to 4 carbon 20
atoms are preferable, and salts havﬂa a halogen atom as a counter ion
are preferable. Specific examples of the quaternary salts include
Quaternary ammonium salts such as tetramethyl ammonium chloride,
tetramethyl ammonium bromide, tetra-n-butyl ammonium chloride,
tetra-n-butyl ammonium 52 bromide, dimethyl diisopropyl ammonium
[0 Chlride, tetra-n-butyl ammonium acetate, tetra-isopropyl ammonium
chloride, and the like; and quaternary phosphonium salts such as
tetrarmethyt phesphoniuia shioride, tetramethykphespheniun § bremide.s a
tetra-n-butyl phosphonium chloride, tetra-n-butyl phosphonium bromide,
soand the like: Ameong-thesy, tetramethyb ammorivns chiorids, detiamethyn i ¢
ammonium bromide, tetra-n-butyl ammonium chloride, and tetra-n-butyl
soamaniugt romidesatespreferabiyh used in vieprofavadapilitg apddnol,
improvement of adhesion. [0119] The amount of the quaternary salts
t~added inte she bard -coatagent (thetotalametat ofithe quaterpamesalts) ¢,
may be determined arbitrarily depending on the composition of the 15
anhard: chanhageahar e goaternary salts used chutthe amoant 12 preferahiye
0.001 to 1.0 part by mass, and more preferably 0.01 to 0.5 part by mass,
pebasedand 00parts=bynatass afstheestdndardomass.cA smallarmountafithes
salts may suffice in the hard coat layer, and when the amount is 1.0 part
prby masslyr 2@ mose Athe Wwhitering of theolardcoat |ayesmay. octur, ande
thus such an amount is not preferable. [01.20] In a preferable method for
paprepating thie dardedatagentt aithsadditionhaf the gpaterbary saltj aum.
mixture of the salt 53
(00943

Examples of the preferably used sols containing themetal
oxide fine particles include metal oxides such as a
methancl-dispersed silica sol (manufactured by Nissan
Chemical Industries, Ltd.), a methancl-dispersed
Sn0p~-2r0,-5b05~310:; composite metal oxide sol {manufactured
by Nissan Chemical Industries, 1td.), a methancl-dispersed
Ti0,;~8n0;-72r0,~5by0s composite metal oxide sol (manufactured
by Nissan Chemical Industries, Ltd.), a methancl-dispersed
Sbo0s metal coxide sol (manufacturedrby Nissan Chemical
Industries, Ltd.}), and the like.
[0095]

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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with the acid hydrolysis catalyst is added or an aqueous solution of the
quaternary salt is added in the step wherein the organosilicon compound
is hydrolyzed in an aqueous solutioh? 5 {012[] 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 10 metal oxide

j_ng%%&’é‘gi%'r‘?gss?i ésa?'%or%%% of the.organic, solyents ysgd hetely) » sugable

vents are volatile ‘and can su?fiuenty dissolve the epoxy-containing

1a§£%0a£§g}&oi%§'&?tﬁ%ﬁiggagpgﬂ@%% the methy! friglkoxy silang. the. o o o

uring catalyst and the ecific examples of such solvents 15

th@clﬂ%eealfs:g%@?&%@ as Methanel, ethanal, n-propangly isppropanal, < on
n-butanol, |

t-butanol, n-pentanol, and the like; esters such as methy

me%(i%tf%e b%tgghaggtactﬁe pé?%a%?&aﬁ?a s%thiyé RiQ Bié)ﬂ o qu*? 0% by mass

acetoacetate, ethyl acetoacetate, ethyl lactate, and the like; ethers such

1ras elylene-glycal, 20 manoisoprapyl gther athyleng glyeol monagethyl,

ether, ethylene glycol mono-n-propyl ethér, ethylene glycol mono-n-butyl

orfi0gL ethyiene glysel mopgd-butylgther: propylene alyeol menometiy ; 4.

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

£ :6fber, propylene glyeal 54 . mono-hsbutyl.ether, propydens gcole i stance

monomethyl ether acetate, propylene glycol monoethyl ether acetate,

o dioxane, and.the like;ketongs such asiacetone, acatylacetone, diacgtone

alcohol, and the like; halogenated hydrocarbons such as 5 methylene

i M%%%engat%@yk%@w@ogyoq&?éqda@g@%@@n,hemnem like are
cyclohexane, benzene, toluene, xylene, and the like. These solvents may

i P&, wsed - singly, but @ mixdwe-ofdwoddnds <5 above 70% by mass, the

layer tends to crack.

[0096]

The hard coat agent used in the present invention may
contain an organosilicon compound and/or a partial hydrolysate
thereof (hereinafter sometimes referred to as the other
organosilicon compound) other than the specific silane
compounds. Here, as the other organcsilicen compound, an
organosilicon compound in which at least one alkoxy group is
bonded to the silicon atom 1s preferably used.
Epoxy-containing organosilicon compounds and/cr partial
nydrolysates 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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or more is preferably used in order to control physical properties of the
hard coat agent. 10 [0122] Among these solvents, from the viewpoints of
the dispesibility of the metal oxide ffr#e particles, the solubility to the
agueous acid solution used for the hydrolysis of the epoxy-containing
silicon compound, tetraethoxy silane, 15 methyl triethoxy silane, and the
like, the easiness in evaporation at the time of coat layer formation, and

@mgged Ig{g%%tio&oft%gmg%@ gﬁ@t Iﬁ){%_\ 1’1 i§ (prrlewferable to use methanol,

isopropanol, t-butanol, acetylacetone, diacetone alcohol, ethylene glycol
{O@g}p?isopropyl ether, and the like. 20 The amount of the organic solvents
is not particularly restricted, but is usually 50 to 100 parts by mass, and

prefesaly 10010, 800 parts by mass hased on 100 parts Mgss, AN o

standard mass.[0123] 55 In the hard coat agent used e present

wiipigntion may; contaip additional additives as appropriate. Spegific

examples of such additives include surfactants, antioxidants, UV

or3fahilizers, LV, a@éﬁ%ﬁdaﬂgmgigg agents, %ﬁ@tié%aﬁ%ﬁigt%?alin the

uorescent dyes, dyes, pigments, Tragrances, and the'like:

moAmoyALof these additives -hased gn 100.parts by mass of the-standard

mass is preferably 0.001 to 10 parts’by mass, and more preferably 0.01

colR RAHS- by, mass 1401242 As the syrfactants,.any ofnonionic, partial

anionic, and cationic surfactants may be used, but it is preferable fo use

nyed1qrinic surfactants. Specific examples.of praferably used, nppionic
surfactants include a sorbitan fatty acid ester, a

viewpeolint of the effect as mentioned above.
(00981

(Rag)a (Ras) S1 {OR} 3-n Vil

In the formuia (11}, R and Riy sach 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 Rz in the molecule, they may be different with each
other. R and Rz are more preferably a methyl group or an ethyl
group inview of high safety and reactivity, andA is preferably
0 or 1.
(0099]

Rys in the formula (11) is a group represented by the
fellowing formula

[0100]
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15 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 fatty4tid ester, a polyoxyethylene
glycerine fatty acid ester, a polyethylene glycol fatty acid ester, a 20
polyoxyethylene alkyl ether, a polyoxyethylene phytosterol/phytostanol, a
polyoxyethylene polyoxypropylene alkyl ether, a polyoxyethylene alkyl
phenyl ether, a polyoxyethylene castor oil/lhydrogenated castor oil, a
polyoxyethylene IarpjnllanolinaIcohoI/beeswax derivative, a 56
polyoxyethytePre-alidylamine/fatty acid amide, a polyoxyethylene alkyl
ﬁﬁylyformaldehyde condensate, a homogeneous polyoxyethylene alkyl
etker, and the like. The surfactants especially preferably include
silicone-type and 5 fluorine-type surfactants. As the silicone-type
[5%@ tants, publicly known surfactants having a silicone chain (a
polyalkylsiloxane unit) as a hydrophobic group may be used without any
o J_[e%trictj%rja. S m[eoflli%rineft pe surfactants, there is no restriction as long
as the surfactants hale a 1o fitd ﬁne-containing carbon chain, and
[8{4(%?”165 of perfluoroalkyl-containing esters, perfluoroalkyl-containing
alky éne oxide adducts, fluorine-type aliphatic polymer esters, and the like
may be used. Specific examples of the silicone-type surfactants and the
fluorine-typ& strfactants 15 include "L-7001", "L-7002", "1-7604", and

egafac F-1405", and "Megafac F-479" (all manufactured by
Ink and Chemicals Incorporated) , "Flowrad FC-430"

surfactants added is preferably 0.01 to 1 part
[0103]

[0104]

Ryp and Ry: in the formulae independently represent an

- alkylene group having I 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.

[0105]

As such epoxy-containing crganosilicon compounds, there
may be mentioned y-glycidoxypropyl trimethoxy silane,
y-glycidoxypropyl methyl dimethoxy silane, y-glycidoxypropyl
methyl diethoxy silane, y-glycidoxypropyl triethoxy silane,
and £-(3,4-epoxycyclohexyljethyl trimethoxy silane. Among

them, from the viewpoints of the adhesicn with the lens and



20

by mass based on 100 parts by mass of the standard mass. [0125] As the
antioxidants, the UV stabilizer, and the UV 57 absorber, a hindered amine
light stabilizer, a hindered phenol efh‘%ioxidant, a phenol-type radical
scavenger, a sulfur-type antioxidant, a benzotriazole compound, a
benzophenone compound, and the like may be suitably used. These 5
antioxidants, radical scavengers, UV stabilizers, and UV absorbers may

tndesadas amixture of twokinds or more,in ;addition, . sukagtant may,

be used with the antioxidant, the UV stabilizer, or the UV absorber. The

: amount.of these antioxidants, U\ stabilizers, andy absorhers isng
. preferat\)flay-/f 0?%‘%01 tg%ppigrlg by ma%sb based on 100 parts by mass of the

p&§¥¥3¥”gfn@§ﬁ59%%@]Mﬁ@?d&§@%¥E%”W%nggﬂﬁﬁ%meﬁéﬁgéﬁg%%es of

present invention, the antireflection layer 5 may be formed on the hard

thdm %qaé'@@é?xémegva@%dep%@%0&33%@%@%%3@%@5y%i@s%, in a
Ti02, Zr02, and the like, or by the thin coating of an organic polymer. An

coMBRagtresistant primensychsas,a Hrethane primer may be applied
between them, and further the processings and the secondary treatments

ro$yeh as an 20 anti-static treatment, a repellent treatment, an anti-clouding
treatment, and the like may be carried out on the antireflection layer S.

[0127] Aceeding:te the phatoshramisapticalglement 10-ofdhed8an the
present invention, the redness (redness of developed color tone) may be

epBravented of raduced.eyen-after the hard epatlayer, izfarpeghensthe
photochromic coat layer containing the

represented by any of the following formulae (12) to (14} and
partial hydrolysates thereof may be used.
(01071

Rez (Rg3) 881 (OR) 3. (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 mercapto group, Or an
amino group; Ry; 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 Z2.)

{Raq) cS1(0R) ¢¢ {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.}

{Ras)p (RO)3-pS1-Rss~S1 (OR) z-n{Rav)p (14)
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(di)alkylamino group-containing photochromic compounds in 5 high
concentration. [0128] For instance, in the case that a hard coat layer is
formed by using a hard coat agent%ntaining the metal oxide fine
particles, the organosilicon compounds and the curing 10 catalysts, but
not containing tetraethoxy silane, methyl triethoxy silane or hydrolysates
thereof, when a* values are measured at the time of light irradiation (at

(rahedime ofcolar develapment),of the photoghroic epfical glementbeiore,

and after the formation of the hard coat layer, the difference of 15 the a*

grcyaw%%{a@f)ﬂ before.and after the formatian.af fhe barg coat layer is) 11

more than 1.0. In contrast, according to the hard coat agent of the

groesenjauention, [4ax)]is 1.0 of Jess. [0129] 20.Here, the a valuey roup
means a* ("a" star) in the CIE1976 (L*a*b*) color space (CIELAB), and it

naPiq);be ohtamned, for, instance, as follows. Jhe slement is,irragdiated with &
xenon lamp L-2480 (300 W) SHL-100 (manufactured by Hamamatsu

t+ o Phofonics K. K. ) through a UV transmitting filter UV22 and a 59 thermal
beam absorbing filter HA50 (both are manufactured by HOYA

CORPQRAFIQON) 2L 200¢ 5 1Cswith 2 beam intgnsity-of 24 WLMZ at+ re
365 nm and 24pW/cm2 at 245 nm on the surface of the polymer for 120

£ o SeaRds tojgevelgp arcolor The developed.and 5 faded geloy tanes:are,

measured with a spectrophotometer (instant multi-channel photodetector

n-MGRD 3000, manufackied fy Ofsuka-klectraries Cos s hidr)oaphatine,
values are determined by the color computation analysis after the
n—g]%agyr%mgﬂ&h[9§§ob 10 4 the follgwing; a-pethod: ies manufaciuinge ,
ethyl triethoxy silane, phenyl triethoxy silane, dimethyl
dimethoxy silane, phenyl methyl dimethoxy silane, vinyl
triethoxy silane, vinyl trimethoxy silane, vinyil
tris(f-methoxyethoxy) silane, vy-glycidoxypropyl trimethoxy
silane, y-methacryloxypropyl trimethoxy silane,
N-f (aminoethyl)vy-aminopropyl trimethoxy silane,
N-f (amincethyl)y-aminoprepyl methyl dimethoxy silane,
v-aminopropyl triethoxy silane, N-phenyl-y-amincpropyl
trimethoxy silane, y-mercaptcpropyl trimethoxy silane,
bis{triethoxysilyl)ethane, bis(trimethoxysilyl)ethane,
Dis{triethoxysilyl)hexane, bis(diethoxymethylsilyl}hexane,
bis{trimethoxysilyl)hexane,
bis{dimethoxymethylsilyl)hexane, bis(triethoxysilyl)octane,
bis{trimethoxysilyljoctane, bis{diethoxymethylsilyl)octane,

i1-{triethoxysilyl)~2-{diethoxymethylsilyl)ethane, and a
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photochromic optical element 10 of the present invention will be
described. [0131] A method for manufacturing the photochromic optical
15 element of the present inventionQpE?oduces 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

co@Bdhe 20.arganosilican.compounghis applied anthe:photoghromie, @??%zéy
ar

layer provided on the optical substrate, and then is cured to form the

be COALAYER Wherein the-hard coat agentis the, hardcoal agentas more .
mentioned above. [0132] 60 Specifically, the optical substrate 1 is

roPpravided first and the surface thereof is washed. In order to improve the
adhesion with the photochromic coat layer, the surface of the optical
substrate 1 may be subjected to various kinds of 5 treatments, such as a
corgna treatment, a plasma treatment and the like, and the primer layer 2
may be formed asffentioned Hefore. Formation of the primer layer 2 is

o=par @@ggtmgnséanquwcagpl ing a coating solution such as the
urethane-type primer resin and the like by publicly known i0 methods
such as spin coating, spray coating, dip coating, dip spin coating, and the
like, and then curing the layer. 02331 Next, the aforementioned
photochromic coating solution is applied on the optical substrate 1 (or on

s othegorimer layer 15 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 cyred-to-formtbe fiard cpablayeedrand pptienallydbenala (13),

bis{trimethoxysilyl)hexane 1s particularly preferable.
(01107}

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 cobtained 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 ocrganosilicon compounds
{(namely, the total mass of the specific silane compounds and
the other organosilicon compounds) is preferably 30 to 80% by

mass based on the standard mass (namely, the total mass of the
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antireflection layer 5 is formed on the hard coat layer 4 by a publicly
known method to give the photochromic optical 20 element 10. When the
hard coat agent is applied, itis 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 61 agent should

otr?eer“%e‘igg‘i%%fs%@%?jaorce&nfgé&f&éa%%p@-ﬂe peried, i is preferable t0ass

carefully control suc storing conditions as a temperature, a humidity, an

n= Almosphere, and the like, Ear.example, the potfife maye prelonged by; ¢

storing the agent under the conditions of a dry atmosphere with a

sifi et l%%ﬁg%fn'}?é exceeding. 25¢ . preferablynotexceeding 206, [9334Ly
e follo

n the f Ing the present invention will be described 10 by Examples

ma 80d Gamparative Examples, butit is.not restricted to theseexamples.

0135] Lens substrates, primer components, photochromic coat layer

preomponents,and hard coatlayer componentsaised 15 Exampleshday,
14 and Comparative Examples 1 and 2 are shown below. [0136] 1) Lens

rnaubstrates - CR (a plastic lens,of-an allyl fesin: refractiveripdexasl.5@) 20

- MRA (a plastic lens of a thiourethane-based resin: refractive index =

pré‘gg}éM Bdat@ag@f%'%}s_ ﬁggéh.@é‘@_ﬁaﬂﬁ' l@ﬁée@{%ﬁﬂéf&fr%ﬁiyg} ; and
index = 1.67) - TE (a plastic lens of a thioepoxy- based resin: refractive
when the amount of the specific silane compounds based on the
standard mass is 15 to 35% by mass, the total mass of the
organcsilicon 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).
[0112]

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

(01131
In the hard coat agent, an acidic aqueous solution is

usually added in order to hydrolyze the organcsilicon
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62 index = 1.71) - SE (a lens of a methacryl resin and a vinyl resin:
refractive index = 1.60) [0137) 5 2) Primer components - Takeseal
PFR402TP-4 (a moisuture-curable ggmer, manufactured by Takebayashi
Chemical industry Co., Ltd.) - Takeseal PFR 4 (a moisuture-curable
primer, manufactured by Takebayashi Chemical Industry Co., Ltd.) 10
[0138] 3) Photochromic coat layer components [Radical-polymerizable
monomers] - TMPT: trimethylolpropane trimethacrylate - UGA: urethane
COBRGURE hexaaetyRitE (G BHA SrafUfEtTdd BY7 156hiHNakamar Lt
Chemical Co., Ltd.) - EB6A: polyester oligomer hexaacrylate (EBI830,
Pahanbtaciired® by DdiceicB %6%}?&%/9 L) SBRAAGyCidyrtnelude
. methacrylate - BPE: 1 _ ‘ , i
119 SU5E MRty DY Ioky PEntREti G phehylfpdbafe S0 8BDA. 214
_polyethylene gl)gcol diacrylate (average molecular weight of 532) - BPE |
N5 2 isEPEERISyIoKy FolyéthytatiedisiColphéfiyl) froparedfit © ¢ ds
__average molecular weight of 776 .63 0139] i
augc:%@p'g

g BhOORORE SO BECRST T 1ot s HSCRFCHRE™

th%g%%loric acid is preferably used from the viewpoints of
storage stability of the coating composition and hydrolysis
properties, A suitable concentration of the agueous
hydrochlicric acid solution is 0.01 to 5 N. Apreferable amount
of water in the agueous acid solution is 0.1 tec 3 times the
amount reguired to hydreclyze all of the hydrolysable groups
in the organosilicon compound.

[0114]

As the curing catalyst which is added to the hard coat
agent, theremay be mentioned acetylacetonate complexes having
central metal atoms such as Li(I), Cul(ll), Zn{il}, Coi{ll},
Ni(II),'Be(II), Ce(IITI), Ta(ITIT), Ti(III), Mn{III), La(IIIl),
Cr{III}, V{III), Co(IIIl}), Fe(III), AL(III}), Ce(IV}, Zr(1V),
V{IV}, and the like; perchloric acid compounds such as
perchloricacid, magnesiumperchlorate, aluminumperchlorate,
zinc perchlorate, ammonium perchlorate, and the like;
organometallic salts such as sodium acetate, zinc naphthenate,
cobalt naphthenate, zinc octoate, and the 1like; and Lewlis acids

such as stannic chloride, aluminum chloride, ferric chloride,
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- PC2 [0142] H3CO\'\ 0 ocH, Hac' 'CH, 10 [0143] [Photochromic
compounds other than the (di)alkylamino group -containing photochromic
compounds] - PC3 [0144] 64 F N 6f~I [0145] - PC4 [0146] F OCH3 N
OF 50CH3[0147] - PC5 [0148] / OCH3 N O OJ ~0 OCH3 10 [0149]

titanium chloride, zinc chloride, antimony chlcride, 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
complexes, particularly aluminum acetylacetonate complexes,
from the viewpoints of the inhibition of the redness and less
interaction of the catalyst with the (di)alkylamino
group~-containing photochromic compound.

F0115]

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 to 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, it is preferable tomake the amount of the specific silane
compound 15% by mass or more based on the standard mass, in

order to obtain a sufficient inhibiticn effect for the redness.
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[Photopolymerization initiators] - CGI 1800: a mixture of
1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trihethyl-pentylphosphine 65 oxide
(weight ratio of 3:1) - 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) 5 [0150] [Stabilzers] - LS 765:
] bis£1,2,2 6,6-pentamethyl-4-piperidyl)sebacate [0151] [Leveling agents]
Nagg -SSiL‘"TF‘aPsﬁ’icénB-Wﬁe RYrfAESNMt L7086 TS(ManGfittaet by Dow 2°14
Corning Toray Co., Ltd.) - SiL 2: a silicone-type surfactant "FZ2104"
CORaHIfAt e d By DEw CoMmifg Tordy €6-1d 151828 %15 f8ilare P37 TS
coupling agent] - TSL: y-methacryloyloxypropyl trimethoxy silane, [015
Y 53¢ Coat TayerCBmponBRts® [Metal BS?I%%%at}ﬁﬁe%ﬁ’%fﬁﬁéﬁi%“e
methanol-dispersed silica sal (solid content concentration of 30%.b .
COMRRE Mt AEGuRaY Bi??qiéﬁ%ﬁjéﬁﬂ&&‘isﬁmdh%tr?é%‘?ﬁ&?%b&oiz }fae 60%
methanol-dispersed_Sn02-Zr02-Sb205-Si02 composite metal oxide sol .
oY i CoNERE CBRGERATIon or 409 by sty 68" han TAALFEd by MSdH ¥
Chemical industries, §t‘—g - SOL 3: a methanol-dis ersged 1 g
P53 8R02-2102°5620520MpSsite rhatal BXE Sol(solid Boffart: °x1ee

.concentration of 30% by mass, X .
fine part%c?es inot;{g cdse {(not including the mass of the

dispersion medium) is preferably 20 to 60% by mass, more
preferably 25 to 530% by mass, and particularly preferably 30
to 45% by mass, based on the standard mass.

r011e}

On the other hand, when the Lewis acid or the
acetylacetonate complex, especially the latter is used as the
curing catalyst, a sufficienﬁ 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.
(01171

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

agent containing the guaternary salt, an effect which enables
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manufactured by Nissan Chemical Industries, Ltd.) 5 - SOL 4: a
methanol-dispersed Sb205 metal oxide sol (solid content concentration of
30% by mass, manufactured by Nissan Chemical Industries, Ltd.) [0154]
[Methyl trialkoxy silane] 10 - MTEOS: methyl triethoxy silane [0155]
[Epoxy-containing silicon compounds] - GTS: y-glycidoxypropy! trimethoxy
silane - GDS: y-glycidoxypropyl methyl dimethoxy silane 15 - ETS:
B-(3,4-epoxycyclohexy|)ethyl rimethoxx ilane _[Q156] [Other .
o SRR oo OO L H e o) HR SO I Eb gchenical
.0 anosilicon compound Bl 20%0157 H3 O=C_, hich he 4
= BCHECHZC 2 S (OCRECI )2 D 67 [0188] UBIgg vhich can be done
 bis(trimethoxysilyl)hexane_[015 %Or anic solvents] 5 - McOH: methanol
Sy i besss len R RS i e s iR
manoisopropyl ether - EGEE: ethylene glycol monoethyl ether 10 -
o E e REAE Yol T L Bl B 1% PUPE: Bramyiaegvodie =2

opy
prggggEq-éQQXEFggﬁness at the time of no light irradiation and

preventing color tones shift from the expected color tones at

‘the time of color develcopment. The chemical etching with an

alkaline agueous solution is advantageocus from the viewpolnt
of the production vield and cost because it can wash the lens
substrate as well. Although the mechanism in which the
addition ¢f the guaternary salt causes the effect is net clear,
the improved adhesion is thought to be due to the functions
of the guaternary salt as a catalyst which accelerates a
reaction of the epoxy groups of the epoxy-containing
crganosilicon cempound, and as a surfactant.
(01187

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

tetra-n-butyl ammonium chloride, tetra-n-butyl ammonium
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- AcAc: acetylacetone - DAA: diacetone alcohol - DIO: dioxane 15 [0160]
[Curing catalysts] - CI: tris(2,4-pentanedionato)aluminum (lll) - C2:
tris(2,4-pentanedionato)iron (lll) - C82magnesium perchlorate 20
[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 dne%r‘eased 68 with acetone. Takeseal PFR402TP-4 (a

O fibidttire-Curable Brinet;: MAMARSUréd By Tak8bayashi Etfemical
Industry Co., Ltd.) as the primer and ethyl acetate were mixed in 50 parts
tehy Mass”8aeh. TOME mikiufe 7ad HRidetd®-63 partByf RS ABICE 52T
(FZ-2104: a leveling agent manufactured by Dow Corning Toray Co.,
SRR GRd thef themixtife WA stticient stifred GRgér aimffogah s Sueh
atmosphere to uniformity to give a primer,  composition (A) (refer to ‘Ik'lable‘
351y S EEMPYSitOrATHE CAppiie - Br trie SGrfats of T MRB [Brig SPhonium
b substrate with 10 spin-coater 1H-DX2 (manufactured by Mikasa Co., Ltd.).
“Phe G8ns tiUs GoRIMEY Was R0RRE 16 SEhdAt1obnt fempératire for s’
hminutes to give a lens element having a primer layer. [0161] Then, vl
PR SRR imatBy T §of S pofhferizable pHictochfdinie? 15 Edmpasiticr Wakshy
applied on hf surface of the above-mentioned, len elem%pt having the
rBiheH Ry EF bY Spitteodting: AETHRY polsiierizabie pRétsEhRfomic
£ 3BROSHION. SFoTRCsiton (. penargd by.tng following methad was HSetun
bromide are preferably used in view of availability and
improvement of adhesion.
rorie]

The amount of the guaternary salts added into the hard
coat agent (the total amount of the quaternary salts) may be
determined arbitrarily depending on the compositicn of the
hard cocat agent ¢or the guaternary 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 cr
more, the whitening of the hard coat layer may cccuyr, and thus

such an amount is not preferable.

[0120]

In a preferable method for preparing the hard coat agent

with addition of the guaternary salt, a mixture of the salt
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[0162] 20 Preparation of Composition (1): Firstly, the radical
polymerizable monomers:

2,2-bis(4-methacryloyloxypentaeth@®dphenyl)propane/polyeth ylene
glycol diacrylate (average molecular weight of 532)/trimethylolpropane
trimethacryiate/polyester oligomer 69 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 £arts bQ/
Witlass6r fetmiXtiire thusSotamens 276 bats byHass of ufe® 24w=ou
hotochromic 5 compound (PC1) having the structure shown by the .
S0 Rilionli or it oA 3T Fe 65 NGy 0189 56 0 pR by RRGL b e
photochromic_.compound (PC3) having the structure shown by 0165§ N F

the CHI 061 15-aht 6B BY masd SFhe pHotschrBnfe cBmpoun

EPC4) having 70 the structure shown by [0167] FOCH3 ON O/0F
solutlon.

[g1211

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 scl is alsc 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, ethancl, n-propanol,
isopropancl, n-butanol, t-butanol, n-pentanol, and the like;
esters such as methyl acetate, ethyl acetate, propyl acetate,
ethyl propionate, methyl acetocacetate, ethyl acetoacetate,
ethyl lactate, and the like; ethers such as ethylene glycol
monoisopropyl ether, ethylene glycol monoethyl ether,
ethylene glycol monc-n-propyl ether, ethylene glycol
mono-n-butyl ether, ethylene glycol monc-t-butyl ether,
propylene glycol monomethyl ether, propylene glycel monoethyl

ether, propyvlene glycol mono-n—propyl ether, propylene glycol
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OCH3 [0168] 5 were added, and the mixture was fully mixed. Thereatter,
into the composition thus obtained were added 0.5 part by mass of CGI
1800 (polymerization initiator mixtug& composed of 1-hydroxycyclohexyl
phenyl ketone and bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-peenyl
phosphine 10 oxide in a weight ratio of 3:1), 5 parts by mass of
bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate as stabilizer, 7 parts by
mass of y-methacryloyloxypropyl trimethoxy silane as silane couplin

MR, é.fb%?trby%%%]o?%‘?Lgllé(§Fé\véﬁﬁ‘h%"é‘b@é’rﬂl}-%@fzraacgtat@’
silicone-type 15 surfactant, manufactured by Dow Corning Toray Co., ,

0 QR S5 ThE TRKIPE TR rRE fo GRE 6 SomPOSHON () (afer 5

. Table 2) . The viscosity of the obtained polymerizable photochromic

L3 ie®mgidsitidiT feomposition 17 AP 25e wie® 85?%6%9] 50-Ondera*
nitrogen atmosphere, the lens yvhose surface was 71 coated with the

al%%"rﬁr')OSiﬁBHI(ﬁ}i}\?asli?ﬂéﬁratél&mﬁﬁ;]e&ﬁ%?§ Eg & faip Whosg Butpltat
405 nm was adjusted to 13%m§§// m2 on the lens surface, for 3 minutes |

me bW RB TS Tayer WAS tlfed: THen, tHE heaf freaiment WAs carhed out

in an oven 5 controlled at, 120C and a cured photochromic thin.layer wa
heghtdifiedYhethickAESs of the fyer c%#‘r?e%%ﬁtr%l‘{’él& By’ aftdr n%gxﬁ‘ﬁe\ﬂl"l}%e :

conditions of the spin coating. The thi kne%%pf the.c%gdéaho ochromic

Thg5if BayervaS dbjusted 8547 I Uhvinthe présent ifvention- i fd"l%djlfds
Evaluation of Iegls subsfrate haying cured photochromic_layer,In order to
o= eVatate the” pliotsERromic Eharac eristics DLEOL pRYS:E
properties of the hard coat agent.
r0122]
Among these solvents, from the viewpoints of the
dispesibility of the metal oxide fine particles, the

scolubility to the agueous acid solution used for the hydrolysis

of the epoxy-containing silicon compound, tetraethoxy silane,

methyl triethoxy silane, and the like, the easiness in

evaporation at the time of coat layer formation, and the
formation of a smooth cocat layer, it is preferable tc use
methanol, isopropanol, t-butanol, acetylacetone, diacetone
alcohol, ethylene glycol monoisopropyl ether, and the like.
The amount 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 based on 100 parts by mass
of the standard mass.

[0123]
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of the lens substrate having the cured photochromic layer as 15 obtained
above, the color optical density was measured in the following way.

[0171] Firstly, the obtained lens havihg the photochromic 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 filter UV22 and a heat-ray absorbing filter HA50 (both
were, ufactured by HOYA CORPORATION) at 20C , 1C and with a
peat IOHE o1 0 4 AWIERD oy i 24 BVIER? (At i) 8 e

cofiface oLihe 72 polymet for, 120 seconds, Then, the maximym

] iate. fi
absorption” wavelength was meéasured Wit g%gcﬁoghotorﬁgﬁ% e

instantaneous multi-channel photodetector MCPD 3000, manufacture
LI IO Lo Bl The €101 ORtcA dentily wae P oatte,

determined as%e( ) - €(0)] which was, the dilfjerejnce between an
DAt this S ol e Seog f (00§ 3 an

bsorbafnce of the %gredf ia;}yer at this wavelengtg V\éithou ilrr%(gﬁté%n [e(0)]

AR [0172]°10 Tha%olor dptical density of theXlent elemertt dbtained by the

above-mentione ethad was 1.10 at the.maximum rption L
e, i o BLRE AT Sl b
baggg
a

%%eiiétéc -5[9%753138[% _Q %*f"*%\ﬁllf%ss%té@%ﬁ@&%%fs%o'i’%g;ﬁ?@ﬂ%%

;
nd fading were meas he a* values at the times of co

nd fadi 1 -1. | : , t
O i o7 E8br Aovelapihent” Msans 1o e Gt i Gucs Bthe"

bqu@seégment was irradiated for 2 minutes with 20 the xenon lamp whose
intensity was set at the above intensity,

(01247

As the surfactants, any of nonlionic, enionic, and
cationic surfactants may be used, but it is preferable to use
the nonionic surfactants. Specific examples of preferably used
nonionic surfactants include a sorbitan fatty acid ester, a
glycerine fatty acid ester, a decagricerine fatty acid ester,
a propylene glycol/pentaerythritol jatty acid ester, a
polyoxyethylens sorbitan fatty acld ester, a polyoxyethylene
sorbit fatty acid ester, a polyoxyethylene glycerine fatty
acid ester, a polyethylene glycol fatty acid ester, a
polyoxyethylene alkyl ether, a polyoxyetnylene
phytostercl/phytostancl, a polyoxyethylene polyoxypropylene
alkyl ether, a polyoxyethylene alkyl phenyl ether, a
polyoxyethylene castor oill/hydrogenated castor oll, a

pelyoxyethylene lanolin/lanclinalcohol/beeswax derivative, a
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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 &fter the irradiation with the xenon
lamp for 2 minutes. 73 [0174] 3. Formation of hard coat layer Then, the
lens element having the cured photochromic layer was coated with a hard
coat agent (a) which was prepared 5 in the following way. [0175]

Preparation of hard coat agent (a): Firstly, 27.2 g of y-glycidoxypropy!
PO {HREHOXYSHENE i f@ft&&ﬁﬁ%ﬁﬁf%naﬁf&y@ﬁéﬁ& asthe
prganosilicon compaounds, and 11. 8 10 of t- b éi%;:ohol 11.8 of
I

PO LB T etdE ST . é%ﬁneﬁ%m REB2 g% &ﬁ&&ﬁ}&s

monoisopropyl ether as the or%h%lc solvents were m|x§ 5 nto this
ri

RORSRABA Wis BAded 5% § bF CAfuebus0-08N Hydrodh Rid'<difition” €

while the solution was thoroughy The tion was stirred for5
RGBT SheT TRE o bSO e St SHERC 0L § B3 Eype and

silicone-type surfact t (trade name "-700" anufact red b
iﬁﬁ%a’?%o‘fﬁﬁﬁn@‘f_’tdﬁcé Y8 s, 4t peﬁt%t?i]éa%rﬁafo %%m%qu ﬂo‘%l;an S

nd 91. of a methanol- dls% ed sjlica SOIéﬁ Ild conten concentratlon

PUGHIG @5% B PRadt M ATIRE %ymgsan emicAl Tndustids, 1d.)

qed nd the mixture was stirred for5h urs and then a
P Og e%g‘ffr?o“g PR fid Coat agBnt () o HE” prese%f mverﬁ[tlloﬁe(befer?

%ble 3). h01764 74 The mass oithec"meﬁ@artlcle sol" in TablefalCtants
WlmciDudesa} & mass of‘Lﬁ'ue 8sper5|on medlum antlﬁﬁe nerss otutﬁe metal "’

there 1s no restriction as long as the surfactants have a
fluorine-containing carbon chain, and cligomers of
perflucroalkyl-containing esters, perfluorcalkyl-containing
alkylene oxide adducts, fluorine-type aliphatic polymer
esters, and the like may be used. S3Specific examples of the
silicone-type surfactants and the fluorine-type surfactants
include “L-70017, “L-70027, “1-76C4", and “FZ-21237 (ail
manufactured by Nippon Unicar Company Ltd.}, “Megafac F~4707,
“Megafac F-1405", and “Megafac F-479” (all manufactured by
Dainippon Ink and Chemicals Incorporated), “Flowrad FC-4307
(manufactured by Sumitomo 3M Ltd.), and the like. These
surfactants may be used as a mixture of two kinds or more. The
amount of the surfactants added is preferably 0.01 to 1 part
by mass based on 100 parts by mass cf the standard mass.
[0125]

As the antioxidants, the UV stabilizer, and the UV

r
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oxide fine particles is determined from the mass of the metal oxide sol
and the concentration of the metal oxide fine 5 particles. The mass of the
"organic solvent" in Table 3 does natiinclude 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 10
the following way. Specifically, the lens element having the cured
photochromic layer was treated by a corona discharge treatment (both
ab§aeDRandAnierssE ih A0IAR A0 HgBE6ls Sbfiftion at/soTifgr st phenol
minutes. The treated element was dipped in the hard coat agent (a), and
2Yhef e fiffed atRN2RE oF 18O ciififidte $6°#IERHE Surface of i ferisoe
element having the photochromic cured layer was coated with the agent
ANa} Afterthe caatiiy) BR-ens Tlefie SORRS dfidd at 70E P R0=hfinGtes
and allowed to stand at 110C for 2 hours so that the agent was cured to
CHBRA Y HarPESattiafer iaiing d hieRnss DBRorabte 3-micdroRg 0178]
The lens element having the hard coat layer and the photochromic cured
anhyérwas Bvanatédicithe I6RNARG ftéfrs 1) BT@Y. 75 16170 BIE UV
evaluations of the lens element resulted as follows. - Appearance: good -
aRSG et distanks: A IABReSiVERESS bEtIREroNEsien 260AD0eTe . In
Adhesiveness of the back side: 100/100 - Color optical density at the
kit doSorpiien Waveldgth P88 RM) 1 85 Tacvalielihétite of he

the color development: 1_.20
UV stabilizer, or theé 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.
[01Z6] |

In the photochromic optical element 10 of the present
invention, the antireflection layer S may be formed on the hard
coat layer 4 by the vapor deposition of metal oxides such as
S102, TiC:, Zr0;, and the like, or by the thin coating of an
crganic 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.
101271

According to the photeochromic optical element 10 of the
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10 - a* value at the time 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 ofthe hard coat 15 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 20 - Adhesiveness of the back
side: 100/100 - Color optical density at the maximum_absorption )
PLRavRfengty e(%%é‘?ﬂn):‘g. FEMNERR atthetinie ofthetoloroped color
development: 1.20 - a* value at the time of the color fadipng: -1.60 76
O TEG TS 11 5T] TEVRROHITHIERE T ADEaranes & ViiT thaves

. _caqat layer, transparency, coating unevenness, and the like were visuyally
190BSGIEA. The AppeRNIiE WAS TEVaNAB ae*obd® oF i TeA 821 12)

( dS rafch esistance 10 The lens surface r\:@s rubtked with a steel woo] |
Shistar #0000, antfactired by NiFonSt&nWosi o, - L Back akd
hifol_rlthct(g:‘n ctim S g%aA%ad of 1 kg, and the degree of scratching was visually
Svalliated The critelia of the evaluations were as follows. 15 A: almost no
E(ﬁczrgﬁching B: very slight scratching

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 organcsilicon 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* valuesiA{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 a* value means a* ("a" ster) in the CIE1976
{L*a*b*} ccleor space (CIELAB), and it may be obtained, for
instance, as follows. The element is irradiated with a2 xenon
lamp L-2480 (300 W) SHL-100 {(manufactured by Hamamatsu

Photeonics K. K.} through s UV transmitting filter UV22 and a
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C: slight scratching D: clear scratching E: the coating layer was peeled off.
20 [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 77 intervals
were made on the lens surface with a cutter knife to form 100 squares.
On the lens surface, a cellophane adhesive tape (Cellotape, registered

trade name, manufactured _by Nichi C%:o. Ltd.) was applied_strongl
thea%néat%e eggg%%%ogf% n gofdﬁfécc?iﬁnl%%?)a ivgjtgttﬂeas}ﬂerfa?c%éngt%ﬁc%e?én By
then_the squares wherein the goat Jayer,r mair&gd were ounteg. Th
S

HOUR (ORBORET IR VG diecsod by [Faminhe Salares/iP0  5dudt - 4

The,adhesiveness evalyated.here means, the adhesiveness of all the -
mw/Iacf/nersaIg\rr‘?i%/agtem(ﬁn o%rﬁf‘ealgn%q\]s?l%%traat%. r}1 g1TH% ec’\/%llLﬁiéllttleoriiﬁ’él \%vgearlé: QF’na8 e%lﬁe

both the front.and back sides. With the front side, the.adhesiveness of the
pngfrﬂ?n%t%e%%r\%r?g ﬁ}eecsﬁétsoc C?o%%g étltfe? v%a%od&e?gr'min:ng ai%dv%wtﬁ%ﬁ% ghd

ack side, the adhesiveness between the hard coat layer %%dm'ﬁ &
fagﬁgst?gt‘eé ﬁaéod%?grrﬁiﬁeedr.nﬁ%ﬁgﬁy, thé coat I%yg%iscncﬁogj?actfca ?/ 15

. ful unl It | I I f
Y L or ST Ry At SF GalLE I the SSF BRarE 1o

C Sity and a* value Int
) . . .
o QO PRSI b 20 ol onlil ool o e SLa o
bymggéxggﬁgg’gg%putation 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 i1s applied on the photochromic coat
layer provided on the optical substrate, and then 1s cured to
form the hard ccat layer, wherein the hard coat agent i1s the
hard ccat agent as mentioned above.

01321
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composition was stored at 20C for 3 weeks. Then, coat layers 78 were
formed by using the compositions in the similar manner to that described
above, and then the appearance, thglscratch resistance, the
adhesiveness, the color optical density, and the a* value were evaluated.
5 [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 18 tgef

Simil&FRERNErfothit uSed 8 prepare tHe phbtochromic Lompostion (1) = ©

in Example 1, photochromic compositions (I1)_to (VI1) we eoptainred by _
An G (R CORore e ERewiin SRBIES: ATRE i THE S ar MR Ada: "
dthat used to prepare the hard coat agent ga%_in Example 1, hard coat
aChGBAR (LY 15 ) dhd 181y Wers Bbtained by mib ponen

er. Lh ace of the
Xing the tompone fts

shown in Tables 3 and 4. Cured photochromic Jayers were prepared in

P S imiBl HARAS to 115 bf EXaple £ By g the e SUb&n s, e

¢ -Blimer sompositions. the phatochtomic sompositions. and the hard.coat .,
gents shown in abie s The tolor oﬁtlcaﬁ" eﬁs?‘typ @altri € maximum
absorption wavelength and the a* valugs at th tin}e of C(ialor development
£ ; d
“b &nd{ading Siere SValGAGH- Then’ hard cogblayrs Were farinaled i the

imilar manner to that of Example 1. The appearance, the sgratch
o oL e SAasiteneas tHe LU oLts sty dtohe S uae™

iné%aal?:sé) r%t?iéo navﬁvag ¥§1Ier? tg’ ‘Ecl:nodatthjtra n‘%%c \éa&liﬁlsc%totg est hn%% 0£ & Olt%e. .
evelopment a INng were evaluated. e results are summarized in
urg%l?llae n5é I “Ic1 ?psé Olgzglemset% b;,liggjs.r? €8 gO\lgpl ein l-E.Z%(bée l%’ 5;119% %Z]c 1y known
methods such as spin coating, spray coating, dip coating, dip
spin coatiﬁg, and the like, and then curing the layer.
(01337

Next, the aforementioned photochromic coating scluticon
is applied on the optical substrate 1 (or on the primer layer
2) and then cured to form the photochromic ceoat layer 3. Then,
the hard coat agent is applied on the photochromic coat layer
3 and cured to 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 photochromic optical
element 10. When the hard cocat 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 1s used usually in 5 weeks or less after

the preparation and preferably in 3 weeks or less. When the
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[Comparative Examples 1 and 2] In the similar manner to that used to
prepare the hard coat agent (a) inggxample 1, hard coat agents (m) and
(n) were obtained by mixing the components shown in Table 4. Then, 10
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 optical density at
agethe AiaxirhUinabsorstict waviehgth ahd 15sla Valdes at fie finkiof On¢
color development 15 and fading were evaluated. Thereafter, hard coat
perfaydrs werd Japitdted By ising tieiarEl-cobt ageRtstSHovit i TabR™S i
the similar manner to that of Examplel. The appearance, the scratch
con@gkistance AheadiEEifeness e ColBHBPEET Yterfsity 4t the PRgkimum nd
absorption wavelength, and the a- values 20 at the time of color
thedevidiepmdin arrfasmbtwerd evalaated ! ThaREuRs afe SURMIS Tz etin
Table S. The storage stabilities are shown in Table 6. [0188] [Examples
storf f 14} 86 ARRE S ARAr ThanTer o that B8 eité e ETRE RAFd Boat 0
agent (a) in Example 1, hard coat agents (j) and (k) were obtained by
2 tRIKAG RS EBMMPOREHSSSHERT I Table 4: HeF8 SR tHe préidratibATr 4179
these hard coat agents, 12.9 g of an aqueous 5 solution of 0.05N
200Q-methylammonium chloride (corresponding to the quaternary salt) was
added instead of 12. 9 g of the aqueous solution of 0. 05N hydrochloric
[ Olattd used in the hard coat agent (a) . Then, cured photochromic layers
were formed in the similar manner to that of Example 1. The color optjcal
densty TOatithe HRERiARIM SESHEBH walelgRgt and the #6vafRS A9
the time of color development and fading were evaluated. Thereafter, the

by Rae o TayBF viaE RAfiRaedS TR gimigr Put 1t 15 not zestricted

to these Examples.
[0135]

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

[0136]

1Y Lens substrates

- CR {aplastic lens of an allyl resin: refractive index =1.50)
- MRA uiplasticlensofaathiourethane—basedxesin:refractive

e

index = 1.60)

- MRBE (aplastic lens of a thiocurethane- based resin: refractive

index = 1.67)

T

- TE {(a plastic lens of a thioepoxy- based resin: refractive
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manner to that of Example | except that the hard coat agent shown in

Table 5 was used and the corona désﬁcharge treatment 15 which was the
pretreatment process prior to the application of the hard coat agent was
not carried out but the etching of the photochromic laminate by immersing
the laminate for 10 minutes in the 20% KOH aqueous solution at 50C was
carried out. The appearance, the scratch resistance, the adhesiveness,
in@6sthe cblorigptical density at the maximum absorption wavelength, and
the a* values at the time of color development and fading were evaluated.
- SHhd aeselts aré sumimarized;/in TablenSaTdhe: storage stabilities are-shawnes
in Table 6. [0189] 81 [Table 1] Primer Commercially Diluent solvent
intewekng agént No available primer (parts by mass) (parts by mass)
(parts by mass) A Takeseal PFR402TP-4 Ethyl acetate FZ-2104 50 50
(0003 B Takeseal PFR402TF-4 Ethyl acetate FZ-2104 70 30 0.015 C
Takeseal PFR402TP-4 Ethyl acetate/butyl acetate L-7001 60 20/20 0.03
2) DFfakeseat #RA02TRs4 Ethyl acetate L-7001 8020 0.03 .+U No ON
UNNWOtOONNNN HLUM(NONCIf~LD >ro-H--H-rH
- Takeseal PFR402TP-4 (a moisuture-curable primer,
manufactured by Takebayashi Chemical Industry Co., Ltd.)
- Takeseal PFR 4 (a moisuture-curable primer, manufactured by
Takebayashi Chemical Industry Co., Ltd.)
[0138]
3) Photochromic coat layer components
[Radical-polymerizable monomers]
- TMPT: trimethylolpropane trimethacrylate
- UBA: urethane oligomer hexazacrylate (U~6HA, manufactured by
Shin-Nakamura Chemical Co., Ltd.)
- EB6A: polyester oligomer hexaacrylate (ER1830, manufactured
by Daicel-UCB Company, Ltd.)
~ GMA: glycidyl methacrylate
- BPE: 2,2Z-bis{4-methacryloyloxypentaethoxyphenyl)propane
- 9GDA: polyethylene glycel diacrylate (average molecular
weight of 532)
- BPE Oligo:
Z2,2-bis(4-acryloyloxypolyethyleneglycolphenyl) propane with

average molecular weight of 776
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[ (Di)alkylamino group-containing photochromic compounds]

- pCl

[0140]
L e
ﬂl!! 0

N
5 HiC™ CH,
[0141]
~ PC2
(01427
10 [0143]

[Photochromic compounds cther than the (di)alkylamino group
~containing photochremic compounds]
- PC3

(0144]
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\H\ i of O0000O ui HOO4VtIONmAN03NHH

[0145]
- PC4

[0146]

5
[0147)
- PCH
[0148]
O OCH;
9e’e
(Y
SENe
OCH,
10 [0149]

[Photopolymerization initiators)

bis (2, 6-dimethoxybenzoyl)-2,4, 4-trimethyl

CGI 1800: amixture of l-hydroxycyclohexyl phenyl ketone and

-pentylphosphine
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(G0OOOrHIi OuHOaHH 00-H>UZH>>>NJ~C (0 Y U
HNHmMOOOO 4iOrVC)H()¥%@I4 H'NNNNmiHOaOaOa
o~robbbHHHH NVUOO"tOm(Om NOHroaUaHaHaH 'H
0'0O.r{0.10OHO.{ OH.CNOOOOOO10ao HCaoaoaONH
Cbff.S.~y.CFC+". FC, .G

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

oxide (weight ratioc cof 3:7)

[C150]

[Stabilzers)

- LS 765: bis(l1,2,2,6,6-pentamethyl-4~piperidyl) sebacate

[0151]

[Leveling agents]

- 8iL 1: a silicone-type surfactant “L7001” (manufactured by

Dow Corning Toray Co., Ltd.)

~ 8iL 2: a silicone-type surfactant “FZ2104" (manufactured by

Dow Corning Toray Co., Ltd.)

(01521

[Silane coupling agent]

- TSL: y-methacryloyloxypropyl trimethoxy silane

4) Hard coat layer components

[Metal oxide fine particles]

- 80L 1: a methanol-dispersed silica sol (solid content
concentration of 30% by mass, manufactured by Nissan Chemical
Industries, Ltd.)

- S0L 2: a methanol-dispersed Sn0;-Zr0;-Sk,05~510; composite

metal oxide sol {solid content concentration of 30% by mass,
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- 5CL 3: a methanol-dispersed Ti0:-5n0;-Zr0,;~-Sb;0s; composite

metal oxide sol (solid content concentration of 30% by mass,

manufactured by Nissan Chemical Industries, Ltd.)

- 80L 4: a methanol-dispersed 8b;0s metal oxide sol (solid

content concentration of 30% by mass, manufactured by Nissan

Chemical Industries, Ltd.)

(01547

[Methyl trialkoxy silane]

- MTECS: methyl triethoxy silane

[C155]

[Epoxy-containing silicon compounds]

- GT3: v-glycidoxypropyl trimethoxy silane

- GDS: y-glycidoxypropyl methyl dimethoxy silane

- BETS: B-(3,4-epoxycyclohexyl)ethyl trimethexy silane

[0156]

[Other organcsilicon compounds)

- HTS: n-hexyl trimethoxy silane

- An organcsilicon compound Bl

[0157]

CHy

O==C OCHQCH QCHE""“SEM(%HQCHg)g
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-'HONNN_mJriO NHHOLNUDbE/N-eHAmMENN .-VNN 21
Nfn HCNO NHHOO0) WHNOwroQ _NNOAH (+7DNGN90

{OW§51}1M/C

- BISSI: bis{trimethoxysilyl)hexane
[0159]

[Organic sclvents]

f

MeOH: methancl

- IPA: isopropanol

- TBA: t-butanol

- EGPE: ethylene glyccl monoisopropyl ether

- EGEE: ethylene glycol monosthyl ether

- EGBE: ethylene glycol mono-t-butyl ether

~ PGPE: propylene glycol mono-n-propyl ether

~ AcAc: acetylacetone

- DAA: diacetone alcohol

- DIC: dioxane

(01607

[Curing catalystis]

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

- C2: tris{Z,4-pentanediconato)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.€7) having a

thickness of 2 mm was used. The substrate was fully degreased
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O)OUO~UHewH-HNHN-INrHNrINrl4)u>4tHm~a'ti-lO O~
~1H OHmmr-ifemm@O(m.0roO-IO.HMOHOras OH d-
oWOOHCMIT(r)COOlfn (nfTGEOTr-ic* mbCIimOIlroAUa Iw
ro~voco rao.aoao CUU rorolCoUJUlU:nUOU7U OON
VNON <A< UUUINHNomInN LUN\ Uo otiUIllUtiUN OW
ooaodroUr!lr+ LmHrllLnri~-.

with acetone. Takeseal PFR402TP-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 SiLZ
(FZ-2104: a leveling agent manufactured by Dow Corning Toray
Co., Ltd.), and then themixture was sufficiently stirred under
a nitrcgen atmosphere teo uniformity to give a primer
composition {AY {refer to Table 1l). The composition was
applied on the surface of the MRB lens substrate with
spin-coater 1H-DXZ (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.
(0161}

Then, approximately 1 ¢ of a polymerizable photochromic
composition was applied on the surface of the above-mentioned
l@ns.element having the primer laver by spin coating. As the
polymerizable photochromic composition, Composition (I)
prepared by the following method was used.

{0162}

Preparation of Compesition (I): Firstly, the radical
polymerizable monomers:
2,2-bis(4d-methacryloyloxypentaethoxyphenyl)propane/polyeth
ylene glycol diacrylate (average molecular weight of

532) /trimethyvlolpropans trimethacrylate/polyvester oligomer
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“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
the mixture thus obtained, 2.0 parts by mass of the photochromic
compound (PCly having the structure shown by the following
formula:

(0163}

\ ,‘{ Q

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

structure shown by

[0166]

and 0.4 part by mass of the photochromic compound {PC4) having
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[0168]

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 composad of
I-hydroxycyclohexyl phenyl ketone and

bis (2, 6-dimethoxybenzoyl)-2,4,4-trimethyl-pentyl phosphine
oxide in a weight ratioc of 3:1), 5 parts by mass of
bis(1,2,2,6,6~pentamethyl-4-piperidyl)sebacate as
stabilizer, 7 parts by mass of y-methacryloyloxypropyl
trimethoxy silane as silane coupling agent, and C.1 part by
mass of 3il 1 as leveling agent (L-7001: a silicone-type
surfactant, manufactured by Dow Ccrning Toray Co., Ltd.}, and
the mixture was fully mized to give the conposition (I} (refer
to Table 2). The viscosity of the cbtained polymerizable
photochromic composition (Compesition (I)) at 25°C was 130 ¢P.
[0169]

Under a nitrogen atmosphere, the lens whose surface was
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codiRO M E Qe EB@%MQEH‘ MmN R Mira L NEsh Xyith & metal

halide lamp whose output at 405 nm was adjusted to 130 i / 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 photochromic thin layer was adjusted to 40 £ 1

um in the present invention.
01701
2. Evaluation of lens substrate having cured phetochromic
lavyer

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.
(01711

Firstly, the obtained lens having the photochromic coat
layer was caused to develop a color by being irradiated wit
xenon lamp L-2480 (300 W) SHL-100 {(manufactured by Hamamatsu
Photonics K. K.} through a UV transmitting filter UVZZ and a
heat~ray absorbing filter HAS0 (both were manufactured by HOYA
CORPORATION) at 20°C = 1°C and with a beam intensity of 2.4

mW / cm? {365 nm) and 24 pw/cm? (245 nm) at the surface of the
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polymer for 120 seconds. Then, the maximum absocrption
wavelength was measured with a spectrophotometer
(instantaneous multi-channel photodetector MCPD 3000,
manufactured by Ctsuka Electronics Co., Ltd.). The color
cptical density was determined as [g (120} - £(0}] which was
the difference between an absorbance at this maximum
absorption wavelength [g(120) 1 and an absorbance of the cured
layer at this wavelength without irradiation [£(0)].

(0172]

. The color cptical 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 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 coleor 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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Then, the lens element having the cured photochromic
layer was coated with a hard c¢coat agent (a) which was prepared
in the following way.

[C175)

Preparation of hard coat agent {al: Firstly, 27.2 g of
v—glycidoxypropyl trimethoxy silane and 21.9 g of methyl
triethoxy silane as the organcsilicon compounds, and 11.8 g
of t-butylalcohol, 11.8 g of acetylacetone, 37.6 gof methanol,
and 5.2 g of ethylene glycol moncisopropyl ether as the organic
solvents were mixed. Into this solution was added 12.9 g of
aquecus C€.05N hydrochloric acid solution while the solution
wés thorcughly stirred. The solution was stirred for 5 hours
after the completion ¢f 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(Z,4-pentanedionato)aluminum (III), and 91.7 g of a
methanol-dispersed silica scol (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 cvernight to give the hard cocat agent {a) of the present

invention (refer to Table 3.

[0176]
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oxide fine particles is determined from the mass of the metal
oxide sol and the concentration of the metal oxide fine
particles. The mass of the “organic sclvent” in Table 3 does
not include the mass of the dispersion medium for the metal
particle scl. The same applies for Tables 4, 8, 4%, and 13.
(01773

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 corcna discharge
treatment (both sides) and immersed in 10%-NaOH aqueous
sclution at 50°C for 5 minutes. The treated elemsnt was dipped
in the hard coat agent (a}, and then was lifted at a rate of
30 c/minute so that the surface of the lens element having
the photochromic cured laver was coated with the agent (a).
After the coating, 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 2 microns.
[0178]

The lens element having the hard coat layer and the
photochromic cured layer was evaluated for the following items

(1) to (4.
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- Appearance: good

- Scratch resistance: A

i

Adhesivensss 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)
[0180]

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

t

Cclor optical density at the maximum absorption wavelength
{588 nm): 1.03
- a* value at the time of the color development: 1.20

- a* value at the time of the colcor fading: -1.60
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(01813

[Evaluation items]

(1} Appearance

With the coat layer, transparency, ccating 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 Ce., Ltd.) back and

forth ten times at a load of 1 kg, and the degree of scratching

was visually evaluated. The criteriz of the evaluations were

as follows.

A

B:

C:

D:

E:

almost no scratching
very slight scratching
slight scratching
clear scratching

the cozting layer was peeled off.

{0183]

{3) Adnesiveness

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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to form IAO sguares. On the lens surface, a cellophane
adhesive tape (Cellotape, registered trade name, manufactured
by Nichiban Co., Ltd.) was applied strongly and then peeled
off in 90° direction relative to the surface at once, and then
the sguares wherein the cecat layér remained were counted. The
evaluation results were expressed by [remaining squares]/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 sqguares remain or only a few sguares are

peeled off.
[0184]
(4} Color optical density and a* value
In the similar manners to those mentioned above, the

color optical density and the a* value were evaluated.

101857
(8) 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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As 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 layer 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,

wellle e.%%&eggf%;goicu%g | elemen s%g;gg 98%0%“\5%@"?{9@%%%%%&%:

2 which were obtained by using the coat agent containing the met

£ o tglkaxy silang i an.amount less %Qn@%@%ﬁ&a@i}ﬁ%gfiﬁiﬁ% %‘ﬁratch

present invention, showed that the difference of the a* values [A(a*

roefore and aftey, farmation,of the hargicoat layer measired éb%it%})? Ung

color 15 development was more than 1.0. The increase of redness due to

th@eafgrryaaggg o‘]‘gg}e@hg%g%tég@r was not prevented in the

photochromic optical elements of Comparative Examples. [0196] Lens
Eog%l%atrates, primer components, photochromic coat 20 layer components,
and hard coat layer components used in the Examples 15 to 27 and the

[E@QH}PP&%“‘? Igéaqj@ées 3 to 7 are shown below. [0197] 1) Lens
substrates 90 - CR (a plastic lens of an allyl resin: refractive index = 1.50)

"MRA(a plastic;lens of g thiawethanerbased.resinrefractiye. index Er imer

1.60) MRB (a plastic lens of a thiourethane- based resin: refractive

coRdex 164 TE (& H'aﬁi&&?ﬁ% of a thiospoxy-Based resinrefraglive, (n)
index = 1.71) - SE (a lens of a methacryl resin and a vinyl resin: refractive
were cobltained by mixing the components shown in Tabkle 1. In
the similar manner to that used tc prepare the photcochromic
composition (I) in Example 1, photochromic compositions (II)
to {VII) were obtained by mixing the components shown in Takle
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 sirﬁilar
manner to that of Example 1 by using the lens substrates, the
primer compositicns, 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 scraftch resistance, the

adhesiveness, the color optical density at the maximum
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index = 1.60) 10 [0198] 2) Primer components - Takeseal PER402TP-4 (a
moisuture-curable primer, manufactured 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 oligomer

. hexaacrylate (U-6HA, manufactured by, Shin-Nakamura Chemical Co.,

abi‘fd_?FE%%,&’;ap(ﬁyg&%}:%ng%ﬁﬁger“ﬁ&a%&@,%&“fﬁﬁ&é%?%gﬁ“&gc?uf%%dbﬁf
Daicel-UCB Company, Ltd.) - GMA: glycidyl methacrylate 91 ,BPE;

% 5 A ety ey IR TRthOR Gy propans - SGDA. > =7
olyethylene glycol diacrylate, (average molecular. weight of 332) - BPE .

Sm%‘i‘%]é?“ %%%I?s%ﬁogcﬁ%l%ylox%(glysé%h%ean%egI)?ctoﬁlpﬁewr,:fyﬁ?p?gpgﬁg ﬁgﬁﬁg Hn

Talghleea\éerage molecular weight of 776 [0200] [(Di)alkylamino
group-containing photochromic compounds] - PCIl 10 [0201] H3C"CH,
{OEQ%P}Z] - PC22 [0203] 92

[Comparative Examples 1 and 2]

In the similar manner toc that used to prepare the hard
coat agent (a) in Example 1, hard coat agents (m) and (n) were
obtained by mixing the compecnents 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 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 by using the hard coat agents shown in Table 5 in
the similar manner 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 6.

[0188)

[Examples 11 to 14]
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0 OCH3 HYCCH3 [0204] [Photochromic compounds other than the
(di)alkylamino group-containing photochromic compounds] 5 - PC33
[0205] 0 J N ; Cad [0206] - PC44 #§[0207] F OCH3 s)~N O C)jaF
OCH3 93 [0208] - PC55 [0209] OCH3 O N OCH3 5 [0210]
[Photopolymerization initiators] - CGI 1800: a mixture of
1-hydroxycyclohexyl phenyl ketone and

bis(2,6:d, ;2.4 A-trimethyl-pentylphosaing . .4 to prepare the hard
coat agent (a) in Example 1, hard coat agents (3) 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 C.05N N-methylammonium chloride {(corresponding to
the gquaternary salt) was added instead of 12.9 g of the agqueous
solution of 0.05N hydrochloric acid used in the hard coat agent
(a). Then, cured photochromic layers were formed in the
similar manner to that of Example 1. The color eptical density
at the maximum abscrption wavelength and the a* values at the
time of color development and fading were evaluated.
Thereafter, the hard ccat 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 coat agent was not carried out but the etching of
the photochromic laminate by immersing the laminate for 10
minutes in the 20% KOH agueous solution at 50°C was carried
out. 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 ©.

[0189]



oxide (weight ratio of 3:1) 10 - CGI 1870: a mixture of 1-hydroxycyclohexyl
phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trigriethyl-pentylphosphine oxide (weight
ratio of 3:7) [0211] [Stabilizer] 15 - LS765:
his(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate [0212] [Leveling agents]
SiL 1: a silicone-type surfactant "L7001" (manufactured by Dow Corning
Toray Co., Ltd.) 20 - SiL 2: a silicone-type surfactant "FZ2104"

T3 fiahutdctured by Dow Corning Toray Co., Ltd.) 94 [0213] [Silane

[ prigedplingagent=15L: y-methacryleyloxyprepyktrimethoxy silaner{02kAfgent
No 4) HardcoatlayercomponentsifMetal oxidesfine particles] - $O12qtsy by mass)

sol(solid_content..consentration-of 1309%-b\v.
Ha-Cconient--consentration-o1

& Weightg@%ﬁﬁﬁ?&cﬁﬁ%ﬂ%flpﬂfs.saggz%ﬁe?ﬁ:i%%ﬁﬁdustries, Ltd.) 10??5@2: a

5 methangidispersed Sn92=2r02:§h205:Si02.composite metakaxide 5ot
(solidjcantent consentration of 30% by weight, manufactured bydNssan

¢ Chemicakindustriessbtt}~4SOLt 8y a methanoldispessedate | L-7001
Ti02-$A0D2-7r02-Sh205 comphsite’ metal oxide sol (solid cantedf

P consentirgtisi bff3696 by weig ﬁfghiﬁ AEthifattured by Nissar Ef_@%n%’cal

rioe 1 +d-) Ol -A-— o matihanol-dienerce

lndrc Ao mmathanaol-di A.Sh20L -matal-aex 1
ITTOCSTTC S EtuUy) OUTTHF AT TarmiortiSpeTstU "ol ZUu J 1T ialr UATUT SUT
(solid content consentration of 30% by weight, manufactured by Nissan
Chemical Industries, Ltd.)
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[0215] 20 [Tetraalkoxy silane] - TEOS: tetraethoxy silane [0216]
[Epoxy-containing silicon compounds] - GTS: y-glycidoxypropyl trimethoxy
silane 95 - GDS: y-glycidoxypropyi methyl dimethoxy silane - ETS:
5-(3,4-epoxycyclohexyl)ethyl trimethoxy silane [02171 [Other

cilicaon-combpounds]l 5 - HIS- n-hexvi-trimeth i - .
organosilicen-compounds}-5—HiS:-p-hexyltrimethexy silane - OTS:
n-octyl tyifethoxy silane - QDS n-o ctyl methyl dimethoxy silane - DTS:
-~ L . . .
n-decyl timethoxy silane - ODTS: nioctadecyl trimethoxy silane 10 - An
organosilicorgcompaund. B1119218] 'H3 0=c a.2GH, gw st-~ocw,cw3>, 2
) jag] =] H
[0219] [Ctganic solvents}=15= NeDH: Methadno] ~1PA: isopropanol - TEA:
t-butanal; EGPE: ethyl?ne plycol moncisopropyl ether - EGEE: ethylene
glycol %nge@hirgl ether 20 - EGBE: ethylene glycol mono-t-butyl ether -
PGPE: glg}ef@)ﬂen% lyeol mong-n J’@PYLG@QV% AcAc: acetylacetone
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- DAA: diacetone alcohol - DIO: dioxane [0220] 5 [Curing catalysts] -
C11: tris(2,4-pentanedionato)aluminum (1) - C22:

tris(2,4-pentanedionato)iron (I1) 4 G33: (2,4-pentanedionato)sodium -
C44: ammonium perchlorate i0 - C55: magngsjum perchlorate [0221]
[Examplé 15] 1. Preparation of lens element;having cured photachromic

layer Inihe simjlar man

r to that oEExample L, lens substrate| 1p having
a pnmer“ﬂayer was prep réd. @2 2] ﬁheﬁ app dxm’?ately Egdta

bn-the-sdrface of

IV aeS

phOtOC rnmlr‘ poly |\Imar|7 Y pnclhnn Was apnllnr*l

the above-mentioned lens elem ntihaving the primer layer by spin

coating. As the 20 photochrfimic polynierizable cdinposition,“Composition

(I prepared by the follo
Composition (I'): Firstly,

I'cge yadical _Ig/meriza@

ing me hod Was used. [6223] Fre;ﬁarcttlon of
_ qmonamgrg a7
2,2-bis(4zréthacryloyloxypentaethoxy/phenyl)progane/golyeth yiene
glycol didchylate |(averagednblecula ﬁ/élght of %E)Itrimetliyﬁ)lp o;fane
trimethadryldte/polyester aliéocqne h:exaacry atg:;(%l%\-l& S(En@ana

ctured

by Daic¢t- ©CB Company 53 td.)/glyeidyl metheerylate Were Tixed in a
ratio of 407¥5725/10/10 parts by mass.Based on F00 partS’ by mass of

the mixture thus |obtained, 2. 0 parts by mass of the photochromic
compounds(PC11) having the structlire shown by the following

- ~
.

Curing
catalys
(g}

Cl
0
ci
o
Cl

[~

0.

MeCH/TBA/ACAC

/EGPE
MeOH/TRA/AcAcC

/EGPE
MeCH/TBA/ACAC

Organic
solvents
=37.6/11.8
/11.8/5.2
=41.3/11.8
/11.8/5.2
/EGPE

33.9/11.8
/11.8/5.2

TBA/DOX
28.7/29.8

compounds

(g}
% By mass based on

the standard

organcsilicon
mass (%)

Other
MNone
None

Nene

None

Epoxy-containing
silicon compounds

(g}
% By mass based on

the standard
mass{%}

42
GTS

GTS
27
36
GTS
31,1

24.1

11.7/7.5

GTS/GDS
26

30

based on the
standard

triethoxy
mass{%}

silane

(q)
% By mass

Methyl

28
14.
20

27

35
21.9
30

% By mass of mebal
oxide fine
particles based on
the standard

Metal oxide fine
mass (%)

particles sol
tg)

SOL1
i
36
50L1
S50L1

91
38

10191
[Table 3]

34
30L1
110
45

Hard coat
agents
(&)

b

C
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formula: 10 [0224] O~ H3C/ "CH3 [0225] 0.6 part by mass of the
photochromic compound (PC33) having the structure shown by 15 [0226]

98 NIOF Cod [0227] and 0.4 part by mass of the photochromic
compound (PC44) having the structure shown by 5 [0228] F (c)CH3 NI O
c/ F OCH3 [0229] were added, and the mixture was fully mixed.
= Thereafter, into théﬁcorgpo sitlon thus obtained were added 0.5 part by
= mass of £0 CGI 1880 (a_polymerization initiator mixture composed of
1-hydroxyeyelohexyl-phenylt-ketone and
bis(2,6-dimethoxyhenzoyl)-2,4,4-trimethyl-pentyl phosphine oxide in a
Weight ratid of 3:1), 5 parts py mass of
, Bis(1,2,2,6 6-perjtamethyl-4-piperidyl)sebacate as 15 stabilizer, 7 parts by
2 mass pf|\emethacryfpyloxypropyl trimethoxy silane as silane coupling
L agent, aril 9.1 part gyESQ
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mass of SiL-1as leveling agent (L-7001: a silicone-type surfactant,
manufactured by Dow Corning Toray Co., Ltd.), and the mixture was fully

mixed fogive the composition (1) (refer tToTable 7). THe yiscosity of the
obtaineég photochromic b polymerizable composition (Composition (1)) at
25C weis 130 ¢P. [0230] Under a nitrogen atmosphere, the lens whose
surfacgtwas cqated with-the Compasition (I' ) was irradiated with a metal
10 hah:‘téJamp whose ot;{tput*at 40&nmvas adjustedito! 130 mW/cm2 an
the len&surface! for 3 minuted and the Chated fayer Was. c|ited. TRen, the
heat treatment was carried out in an oven ¢ontrolled at 120C and a cured
photochromic thin layer was obtainedy The thickgess of the lager canibé
controlled:by 15 altering| th& condit ong of the spig coating. [Thg thickness
of the qéirgd photocromi¢zhin layer \ﬁ’/a:s adjuis e%l 040 1 p@ i the
presen ‘;imventlcn [0231];24 Evalu twon of len § strate hcxgirjg cured
photoc ¥éhic 20 layer Im%der to gajyate SHhotochromig = &
characterfsfics of the lens Substrate-having thbacﬁlréd phptoglEcmic ldyer
thus obgairteg, the color opzblcal de |tgwas easu%eﬂ the similar
mannet 6 thatof Exampfe 4.-100 [6232} The lBrCOpTIC | gensityof the
lens element having the | photochromic cured I}a\yer obtained by the
above-mentioned method was 1,0p at the maximum absorption
wavele gﬁw of 588 5 nm| and thus the lens element had good
photochgamic character StICSw[0¢’3 B8] - bk
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The 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 [L.0 and -1.5, [respectively. [0234] 3. Formation of hard coat layer
Then, the lens element having the photochromic cured layer was coated
with hard coat agent (as) which was prepared 15 in the following way.

< [0235] Preparation®f hardicoat agent (as): Firstly, 170 g of

o

= y-@lycido%yp@p Itf@etﬁoxy ilane, 100 g of the silicon compound (BI),

I

and-417gof fetrae e were mixed. 20 Into this solution was
added 200 g of aqueous solution of 0.05N-hydrochloric acid while the
Solution wa$ thoroughly stirred. The solution was stirred for 5 hours after
_ the completion of the-addition. Then, 1.5 g of a silicone-type surfactant

3 (fradeinagme 00", mangfactured by Nippon Unicar 101 Company Ltd.) , 6.
3 @ g of megriesium perghlorate, 540 g of t-butyl alcohol, 590 g of dioxane,
< and 1 )OCEa?UDf am t%é;nol-dispersed silica so! (solid content concentration
z of 30% by weight, manufactured by Nissan Chemical Industries, Ltd.)

© Were adgedhand thetfixture was stirred for 5 hours, and then aged

© Gvérnight” t6 givel the Hafd doat agent (aa) of the present invention (refer

to Table 6). [0236] Coating pf the hard coat agent (aa) was carried out in
10 thej fallowing way. Specifically, the lens element having the
~ phgtochtomic cured layer was treated by a corona discharge treatment
< (beth sides) and immersed in |oo-NaOH aqueous solution at 50C for 5
S mirutes. Fhe treated element was dipped

MeOH/TBA/ACh
38.3/11.8
/11.8/5.3

c/PGPE
MeQH/TBA/ACA

«/PGPE
MeOH/TBA/ACA

29.1/11.9
/11.9/5.3
c/EGPE

37.6/11.8
/11.8/5.2

None
None
None

ETS
6
35
GT3
45
59
GTS
38
59

Zz1
Z28
None
None

36

SOL1

106.3
sOL2

SOLL
91.7

a1
91
41
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in the hard coat agent (as) and the s liffed at a rate of 15.3

cm/minute so that the suiface @115 tens<edgment having. thbo crired
B . ESQ\ R0 O P T O e R A [« Eat I 2ErY SUPS NS I .
photochromic layer wittéwas coated th"%tfeag?mtc;(a@)vﬁf,téfrtre coating,
the lens element was drjed-at70Cfor 20 imytes a4 wetto stand at
120C fgr 3 houts so thaZtgthe agent was cured tq form a hard coat layer
having a 20 thickness afiabout Rumierens. {0287 1 [Fhe-lens.element
! 1
having the hard Boat layer andthe—photochriontccuret layerwas
evaluated fog the items|(1) to (4) as|described;in Examplej1; 102 [0238]
4
The evaluations of the lens.elementresylted as follows; |- Appearance:
good - Scra{t@h resistang¢e: A 53 BRdhEsBeness vidife fiorikt SiES100/100 -
Adhesiveneg; af the baék Side= 10606 - Cotgropticat density at the
maximum a orption wavelength (588 nm):{1.03 - a* value at the time of
the colofr deg\z’elogﬁ]ent: §2 103 &8s atifediihe ofths ook fading:
i 3] fu SO LY D LU0 LD L D0 W0 D i juy U A i
-1.3 (Refer t‘p_Tab!el 1 [0239] hie \ard-¢ Cti enht-(as)was-stored for 3
weeks gccortling to the foIIown;j&em (5) of the Example 1. The
properties 15 ofitBe hard coat/agent (as) were| evaluated in the similar
L 4] . 4 N - e .
manners to téos@gﬂgscnbed abg\gg he @%gugg S 26KS, were: -
Appearancezgodd  Scratch resist AT T T
5 1%,
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[0194]

20 - Adhesjveness of the front side: 100/100 - Adhesweness of the back
side: 100/100 - Color coptical dens tion
wavelengthl (586 nm): |98 - a* va
= U W= H ] i
development: 1.1 103 —a*valy g:-1.2
(Refer to Table|11) [0240] The d for 5
weeks according 5 to the follqwi The
properties of the hard soat age e-similar
mannets to; those descrbed abogve, were: -
Appearance: good 10 4Scratch resistande! A < Adhesivengss|of the front
. 0 |3 . N\ .
side: 1C0/1)§0 : Adhes veness of the back side: 1%0/103 - Color optical
. o e iwlr oo e 0w 1 oy
density at the maximurti gbsonptidn wavelergiiy (588 mas =102 15 - a*
£ e frt gt et | b fedd LB R ] i ed § o] | e .
value at the @lmE 6f the CAlor.develd p*nm}f' 117 aH value atThe time of
the colar fa:t]ng.g-g.o (Refer to,lable12) {02411 JExamples 16 to 27, and
PR gt (& @il |l (o o w©
Compatative Examples-3-to 7]%18 firtiesmei|armrannerto/fiat used to
prepare theZphgtechromic compaosition: (1) in Example 15, photochromic
compositions (T :I"a to (VII') were| obtained by imixing the icomponents
shown in Table{¥ilh the similagmamersehataised toprepare the hard
& m, et e frd el | e e fed | ] O [
coat agent (4a)in-Example-15, Hard-104 ¢oatiagents(bb} 6 (mm) were
obtained by@nlxiﬁhg the componhents
4] w P
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15

20

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 photochra@mgic 5 compositions, and the hard coat
agents shown in Table 10. 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 15. Then, the appearance, 10 the
[02pdtch resistance, the adhesiveness, the color optical density at the
maximum absorption Wavelength and thﬁ a* values_at th tnpe % coIQr

develSprhigfit 8fd Rftfing Werd EoalrAtsd - the LI e A

op Table 10. The the st orage stablllihs arg sh w%hn ?bleg L1Jl§nd 1 ormed
10542] ﬁéeé%%nﬁess% AR Eanples) h the pHotochrSmic &’p?lca
elements of Exami%)les havm}[%If % gcoat Iagler formed b usﬂm amunt

DY K& dohb et Whith At &S 5EGHiE Amotnt 5f TRE Tatraaikoxy

silane, th rd coat layer was formed 20 witho tthe change in theF o
ot ptrggcrr'i%%%ﬁlaﬁbﬁéﬁgﬁﬁ the Sﬁol’octh% War Were" Ormed

mic optlcaﬁelem fts Were™
excellent in th%ﬁ pearance, the scratch, E)es C§tan<‘le and th

"1 aResiveRss Bitrast, e pHotochromic opf’cé:i elehants ithe tMe

nCom arative Exam les an% # vghv!?chr\éveerg obt%lneg b¥1 Lé%ngﬁtheeha},rgnce
PR QSR AGER T08PSontainiig The TetraAlkoxy Sifane in an amount 165s th: ’
the Iower I|m|ts ecmed in the 3% tlnggntlon showed that the .

thalfﬁe?eﬁlce of the'a vé’lues [Gfa cforé and a E?I%Frﬁatlon of the har

thyer measur[ed t the time of color 5 development was more.than ,
' herease o at nesES ﬁg othn% for tﬁ’e I[&q}]%ﬂt%aerr‘?ard cc:éoat aygr =S
1 Vﬁvaé "?tﬁh?c‘;?l{l‘tﬁcé%% th%{’a? chramic,ortcal elements of Comparative

xamples

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 laver 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.
[019¢]

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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—Mwﬁﬂhyﬁfgggfilenscﬁfathiourethane—basedresin:refractive

index = 1.60}

- MRB (aplastic lens of a thiourethane- basedresin: 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

Z) Primer components

~ Takeseal PFR40Z2TP-4 (a moilsuture—-curable primer,
manufactured by Takebayashi Chemical Industry Ce., Ltd.)

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

[0199]

3) Photochromic cocat layer components

[Radical polymerizable monomers]

- TMPT: trimethyloclpropane trimethacrylate

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

- EBG6A: polyester oligomer hexaacrylate (EBL1830, manufactured
by Daicel-UCB Company, Ltd.]

- GMA: glycidyl methacrylate
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- BPE Oligo:
Z2,2-bis{4-acryloyloxypolyethyleneglycolphenyl)propane
having the average molecular weight of 776

[02060]

[ (Di)alkylamino group-containing photochromic compounds]
- PC1l1

(02017

[0202]
- PC22

[0203]



10

OZHHH'a“r'>CHbV ~ulll wo000000O uolno.noOotoo
Hnoto arnrrrrrr v, w-Ha-.-~aN.HNaaacl ~~-00oc~0~"0
~0 acNNNNHNNH OOLblskLLL Oaaaaaaa'O00100
‘OO ONNNNNNNN N, ,ittOaa''~'~aaaNbO'b"O'O'tTO'0
0>>~0QQh QQQQ O0HOzzzzizzz HOroNEOHINbOHOro

- ObOdOb'~"'CIE--0ffo Or-c.O00Ho00OO00NVIONIP O 0Ot
OOUrUr UHUror UH Q.Cu-lomNomHort.-~om.-~om,-~

HeroH MOHNN CHUU dNO1-t--uttor-rINO-Ctoto

[02047
[Photochromic compounds other than the (dij)alkylamino

group~containing photechremic compounds]

- PC33
[0205]
“
)’
N 0 F
0
)
O
[0206]
- PC44
102073
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~ PC55

[06209]

[0z10]

[Photopolymerization initiators]

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

- CGI 1870: a mixture of 1-hydroxycyclchexyl phenyl ketone and
bis (2, 6-dimethoxybenzoyl)-2,4,4-trimethyl-pentylphosphine
oxide (weight ratio of 3:7) |

62117

[Stabilizer]

-~ 1L5765: bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate
(02123

[Leveling agents]

- 8iL 1: a silicone-type surfactant “L7001” (manufactured by
Dow Corning Toray Co., Ltd.)

- 8iL 2: a silicone-type surfactant “FZ2104” {(manufactured by

Dow Corning Toray Co., Ltd.)
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[ellane coupling agent]

- T8L: y-methacryloyloxypropyl trimethoxy silane

[0214]

4) Hard cocat layer componsnts

[Metal oxide fine particles]

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

- S0L 2: a methanol-dispersed Sn0,;-Zr0,;-5b;0s-310, composite
metal oxide sol (so0lid content consentration of 30% by weight,
manufactured by Nissan Chemical Industries, Ltd.)

- 80L 3: a methancl-dispersed Ti0,-5n0;-Zr0;-Sb,05 composite
metal oxide sol (solid content consentration of 30% by weight,
manufactured by Nissan Chemical Industries, Ltd.)

- 80L 4: a methanol-dispersed S$b;0s metal oxide sol (sclid
content consentration of 30% by weight, manufactured by Nissan
Chemical Industries, Ltd.)

[0215]

[Tetraalkoxy silane]

~ TECS: tetraethoxy silane

(0216]

[Epoxy-containing silicon compounds]

- GTS: y-glycidoxypropyl trimethoxy silane
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20-[00OOrJENH<nCOHt+1 COHO COHOBIOJHCICOH C1
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uo tir C,plIOOHCONOOHONHONHONO, N '

- BTS: B-(3,4-epoxycyclohexyl)ethyl trimethoxy silane

[0217]

[Other organosilicon compounds]

- HTS: n-hexyl trimethoxy silane

- OTS: n-octyl trimethoxy silane

- ODS: n-octyl methyl dimethoxy silane

- DTS: n-decyl trimethoxy silane

- ODTS: n-octadecyl trimethoxy silane

- An ocorgancsilicon compound B1

[0z218]

CHj

OF== G — OCH sCH, CH S—(OGH,CHa)y

[0219]

[Organic solvents)
- MeCH: methancl

~ IPA: iscpropancl
- TBA:; t-butanol

- EGPE: ethylene glycol monoiscpropyl ether

!
i

GEE: ethylene glycol meonoethyl ether
-~ EGBE: ethylene glycol meno-t-butyl ether

~ PGPE: polyethylene glycol mono-n-propyl ether
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- ﬁﬁﬁ@: acetylacetone
- DARA: diacetone alcohol
- DIO: dioxane
(02203
[Curing catalysts]
- Cl11l: tris{2,4-pentanedionato)aluminum (III)
- C22: tris(2,4~-pentanedionato)iron (I11)
- C33: (2,4~pentanedionato)sodium
- C44: ammonium perchlorate
- C55: magnesium perchlorate
[0221]
[Examplie 15]
1. Preparation of leﬁs glement having cured photecchromic layer
In the similarmanner to that of Example 1, lens substrate
having a primer layer was prepared.
(02221
Then, approximately 1 g of a photochromic pelymerizable
composition was applied on the surface of the above-mentioned
lens element having the primer layer by spin ccating. As the
photochromic polymerizable composition, Composition {I7)
prepared by the following method was used.
[0223]
Preparation of Composition (I7}: Firstly, the radical

polymerizable monomers:
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2,21%@%”hgﬁéiﬂééf?loyloxypentaethoxyphenyl)propane/polyeth

viene glycol diacrylate {average molecular weight 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
the mixture thus obtained, 2.0 parts by mass of the photochreomic

compound (PC1l1l) having the structure shown by the following

formula:

[0224]

[0225]

0.6 part by mass of the photochromic compound (PC33) having
the structure shown by

[0226]
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[0227]

and 0.4 part by mass of the photochromic compound (PC44) having
the structure shown by

[0228]

[0229]

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

bis (2, 6-dimethoxybenzoyl)~2,4,4d-trimethyi-pentyl phosphine
oxide 1n a weilght ratio of 3:1), 5 parts by mass of
bis(l,2,2,6,6-pentamnethyl-4-piperidyl) sebacate as
stabilizer, 7 parts by mass of y-methacryloyloxypropyl

trimethoxy silane as silane coupling agent, and 0.1 part by
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the mixture was fully mixed to give the composition (I') {refer
to Table 7). The viscosity of the obtained photochromic
polymerizable composition {(Composition (I')) at 25°C was 130
cPb.
[02301

Under a nitrogen atmosphere, the lens whose surface was
coated with the Composition (I’) was irradiated with a metal
halide lamp whose output at 405 nm was adjusted to 130 miW / cm?
on the lens surface, for 3 minutes and the coated layer was
cured. Then, the heat treatment was carried ocut in an ovan
controlled at 120°C and a cured photochromic thin layer was
obtained. The thickness of the layer can be controlled by
altering the conditicns of the spin coating. The.thickness
of the cured photocromic thin layer was adjusted to 40 = 1
um in the present invention.
[0231]
2. Evaluation of lens substrate having cured photochromic
layer

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

manner to that of Exanple 1.
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method was 1.05 at the maximum absorption wavelength of LEB
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 layer

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

[0235]

Preparation of hard coat agent {aa): Firstly, 170 g of
v-glycidoxypropyl trimethoxy silane, 100 g of the silicon
compound (Bl}, and 417 g of tetrzethoxy silane were mixed.
Inte this scluticn was added 200 g of agueous solution of
0.05N~hvyvdrochloric acid while the solution was thoroughly
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 Wippon Unicar



10

20

fYvyOO0000000000000O0 phOOOOOOOOOOOOO
OO OmM~00.-1'0r4f4'iv-iNNNONNNTfil0IV1 Lv UmNyIUjLp
viOOIOOOO0OI0O0O0O00I0)AB0I000 UUyromuyuw

~~FCI[AtocCI2b1C?<FCIOU~"M~ | (UNUas va~00000 Mv~-ml
rn~In om.-INLlolnmaNmM omOwL ITITTIFIIENNEjijll ve~mON
QLU40 aVOO)y,ypOIONNOW 4)~-NmMONTf41.-il0OOIH

AR TR A NOr o0 AR s LI,
algogégf)gbg(ﬁnwf diozane, and 1000 g of a methancl-dispersed
silica sol (solid content concentration of 30% by weilght,
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).

[0236]

Coating of the hard coat agent (aa) was carried out in
the following way. Specifically, the lens element having the
photochromic cureﬁ layer was treated by a corona discharge
rreatment {(both sides) and immersed in 10%-NaOH agueous
soluticon 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 ccating, 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 of about 2 microns.

[0237]

The lens element having the hard coat layer and the

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

{4y as described in Example 1.
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- Appearance: good

-~ Seratceh resistance: A

- Adhesiveness of the front Side: 100/100

-~ Adhesiveness of the back side: 100/100

- Color optical density at the maximum absorption waveiength
(588 nm): 1.03

- a* value at the time of the color development: 1.Z

- 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 coat agent (aa) were evaluated in the similar
manners to those described above. The results after 3 weeks
were:

- Appearance: good

i

Scratch resistance: A

- Adhesiveness of the front side: 100/100C

1

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
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[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 ageﬂt (aa) were evaluated 1in the similar
manners to those described above. The results after 5 weeks
were:

- Appearance: good

- Scratch resistance:; A

- Adhesiveness of the front side: 10C/100

- Achesiveness of the back side: 100/100

- Coleor optical 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)

[(0241]

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

In the similar manner to that used to prepare the
photochromic composgition (I’) in Example 15, photochromic
compositicns (II') to (VII') were obtained by mixing the
components shown in Table 7. 1In the similar manner to that

used to prepare the hard coat agent (aa) in Example 15, hard
preg 1
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the lens substrates, the primer compositions, the photochromic
compositions, and the hard coat agents shown in Table 10. 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 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 eiements of Examples having the hard coat layer formed
by using the hard coat agent which contained the specific amount
of the tetraalkoxy silane, the hard ceoat layer was formed
without the change in the prescribed color tone, and the
photochromicoptical elements were excellent in the appearance,
the scratch resistance, and the adhesiveness. In 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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112 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 substeates, the 5 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,
hgrd coat I% ers were laminated infhe similar manner to that of Eﬁamp-l%
“CH0% by Uding the hiard' Sodt Agents shown'in Table 3 The Eppearafice;
. _the scratch resistance, the ,adhesiveness, the color gptical density at the .
o Bbeo oL e aEngie TR e JAU S ot B e B

development and fading_ were evaluated. The results. are summarized in
T A s s e ae Sumnzel
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te the formation of the hard coat layer was not prevented in

the photochromic optical elements of Comparative Examples.
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[Examples 28 to 30, aﬁd 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 te 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 absorpticn 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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m o m 117 | Industrial Applicability [0253] According to the photochromic
- A=) . .
optical elements of the Jpresent invention, the redness does not occur or
is reduged at 5%he timé f colef-fiading~even after the hard coat layer is
formed |on the photochfomic doat|layer|containing the (di)alkylamino
.. i . . .
group-containing photaghromic compound in a high concentration.
Therefare, the inventiof¥ gontributes to jmprovement of the commercial
value of the photdchromic optiest 8l@mehts. 10
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118 CLAIMS [1] A photochromic optical element comprising an optical
substrate, a photochromic coat layer, and a hard coat layer that are
laminated-jrthisorderSwierein(fy the photochromic coat layer
comprises an alkylaminq,group-c o}wtaining photochromic compound
and/or a dialkylamino @rétﬁa-cf&ﬁ& mingrphotochromic compound in a total
amount of 0.1 {o 10.0%bY " mass, land (M) the hard coat layer is obtained
by curing alpard 10 coat agent/comprising metal oxide fine particles and
an organosilicon compeung, the.hard coat agent containing as the
organosilicon cémpoun atléastone sele¢ted from the group consisting
of a tetraalkbxy silane,ia methyl trialkoxy silane, and partial hydrolysates
thereof in art amofint of 1D:to 60%.hy 15 mass based on the total mass of
the metal obﬁde.gi:@e paftidles and ihe organosilicon compound (with the
provisothatZwhen the forgangsiticoncompound is a partial hydrolysate of
a partially h&dr@lfgzablexorganosil N conjpound, the mass of the
gtal

(@]

(Y]

organosilicof crgr;gpouné i thesabave t mass is the mass of 20 the
- a%) g 1) [ U ) .
partially hydﬁoly,zaible_argnnnc licoh.ompaund). [2] The photochromic
optical glemgnt according to clain{ 1, wherein the hard coat agent for the
hard coat Igger fuetiier comprisgs|an epoxy-containing silicon compound
. s T3 L] QIO .
and/or a parglal £ #9¢ hydrolysatetheredf and a curing catalyst. [3] The
photochromie optical element according tojclaim 2, wherein the hard coat
agent far thezhaed.cbdt layer contains 5 an acetylacetonate complex as
. -l o o . .
the curing catalyst; @4@ The photoehkram|e optical element according to
claim 3,| whéreifj Tie hard coaf agent far te hard coat layer further
comprises axquaternary ammanium;salt and/or a quaternary
s 1088
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10 phosphonium salt. [5] 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 thig @rder, comprising the 15 steps of;

applying 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 curing the hard coat agent to form

the hard coat layer; wherein the hard coat agent contains as the
InstganssiiéoRbmibound lat 20 least one selected from the group

consisting of a tetraalkoxy silane, a methyl trialkoxy silane, and partial
[4%ffdlysates thereof in an amount of 10 to 60% by mass based on the

total mass of the metal oxide fine particles and the organosilicon

comp&Gd FARE the provisd tabhenTRE bigaitsiicon Coripsimd 196 she

a partial hydrolysate of a-partially hydrolyzable organosilicon compound,
DERE PRdsS BY i dffandsiiRoFFEBIRPEUAA Sih thetaBGFetiotaF mMass Retpesd at

mass of the partially hydrolyzable organosilicon compound).5 ,
the time of color fading, evenafter the hard coat layer is formed

on the photochromic coat layer containing the {(dilalkylamino
group~containing photochromic compound in a high concentration.
Therefore, the inventlon contributes to improvement of the

commercial value of the photochromic optical elements.
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CLAIMS

[1] A photochromic optical element comprising an optical
substrate, a photochromic coat layer, and a hard coat layer that
are laminated in this order,

wherein {I) the photochromic coat layer comprises an
alkylamino group-ceontaining photochromic compound and/or a
dialkylamino group-containing photochromic compound in a total
amount of 0.1 to 10.0% by mass,

and (II) the hard coat layer is obtained by curing a haxd
coat agenit comprising metal oxide fine particles and an
crgancsilicon compound, the hard coat agent containing as the
organosilicon compound at léast one selected 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
hydroliyzable organcsilicon compound, the mass of the

rganosilicon compound in the above total mass is the mass of

the partially hydrolyzable organcsilicon compound) .

2] The photochromic optical element according to claim 1,
wherein the hard coat agent for the hard coat layer further

comprises an epoxy-containing silicon compound and/or a partial
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hydrolysate thereof, and a curing catalyst.

[3] The photochromic optical element according to claim 2,
wherein the hard coat agent for the hard coat layer contains

an acetylacetonate complex as the curing catalyst.

[4] The photochromic optical element according to claim 3,
wherein the hard coat agent for the hard coat layer further
comprises a guaternary ammonium salt and/or a guaternary

phosphonium sait.

[51 A method for producing a photochromic optical element in
which an optical substrate, a photochremic ccat 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 photochromic
coat layer which is laminated on the optical substrate, and
curing the hard coat agent to form the hard coat layer; wherein
the hard cecat agent contains as the organosilicon compound at
least one selected 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 metzl oxide fine particles and the organosilicon

compound (with the proviso that when the crgancsilicon cempound
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is a partial hydrolysate of a partially hydrolyzable
organosilicon compound, the mass of the organosilicon compound
in the above total mass is themass of the partially hydrolyzable

crgancsilicon compound).



