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SF-1731 1 DESCRIPTION PROCESS FOR PRODUCING

SF~PHBOTOCHROMIC OPTICAL ARTICLES TECHNICAL FIELD [0001] 5
The present invention relates to a process for producing optical articles
such as a photochromic plastic lens or the like. TECHNICAL
BACKGROUND [0002] A photochromic eyeglass has such properties that
in the 10 outdoors where lighiSdaglu@ngitraviolet ray such as sunlight
are irradiated, its lens colors speedily and thereby it functions as a
SUTglass; wiilern e nteriowharersuohRightaeratc kradiaedcits kens
discolors and thereby it functions as a normal eyeglass. The demand of

TECHNE @photachramic eyeglass has 15 been increased in recent years. 0003]
Known examples of a process for producing a plastic lens having

[0 oghptochromic properties are a method for impregnating the surface of a
lens having no photochromic properties with a 20 photochromic

conrpeuRd-grereinafter seferred tedmpregnating, prosess)s Fnethed @ficing
coating the surface of a plastic lens with a coating agent which comprises

opt fegurable composition having, mheteatremicpropesties.(hereinafter e 11 ke,
referred to photochromic coating agent) and then curing, and thereby

TECHN@UHING Fe&iR Sty 31 2

[0002]

A photochromic eyeglass has such properties that in the
outdoors where lights including ultraviolet ray such as sunlight
are irradiated, its lens colors speedily and thereby it functions
as a sunglass, while in the interior where such lights are not
irradiated, its lens discolors and thereby it functions as a
normal eyeglass. The demand of the photochromic eyeglass has
been increased in recent years.

[0003]

Known examples of & precess for producing a plastic lens
having photochromic properties are a method for impregnating the
surface of a lens having no photochromic properties with a
photochromic compound (hereinafter referred to impregnating
process), a method of coating the surface of a plastic lens with
a coating agent which comprises a curable composition having

photochromic properties (hereinafter referred to photechromic

coating agent) and then curing, and thereby providing a resin
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layer having photochromic properties (photochromic coat layer)
sF-ha&reinafter referred to coating methogl) , and a method for producing a
photochromic lens directly by dissolving a photochromic compound in a
monomer and polymerizing them 5 (hereinafter referred to in-mass
method). Among these methods, the coating method has an advantage

laapabier of: gimplytgiving ophietacheeraictprepertigsdoarty-dlens substiatesiyer)
in principle as compared with the other two methods. For example, in the

(hdmptegrfating methedrit is necessary 16 gsenaseficupstate in 1gwhichia for
photochromic compound can be easily diffused, as a substrate lens. In

prdbedimassmethed; iHs necessan:dedised aSPeeRy menpmer ssolving  a
composition in order to exhibit good photochromic properties. However,

phdbeseating methas-deesinot have suehadestriction opsubsiiates: 45 +them
[0004] As a process for producing a photochromic lens by the coating

(hepethads thereriseknawndmethod ot Using: Re@ PhoteciHemic£OaINGhoas,
agent, a curable composition which comprises a radical polymerizing

theMEPAMEN SORLINIRG aadical 29 pelymerizing. m.ﬁfctpvmu? silangly i ng

group or a group capable of generating a silanol group by hydrolysis, an

pho®BNe-CAMpo %pé?g?eEhQE?%%”ﬂ%E%msE’QHQ‘H%§B‘§CT8 'c}m%@h%ple as

(referred to Patent Document 1) There is, furthermore, a known method

ol A e O Y ™
impregnating method, it is necessary to use a soft substrate in
which a photochromic compound can be easily diffused, as a
substrate lens. In the in-mass method, it is necessary to use
a special moneomer composition in order to exhibit good
photochromic properties. However, the coating method does not
have such a restriction on substrates.

[0004]

As a process for producing a photochromic lens by the
coating methed, there is a known method of using, as a
photochromic c¢oating agent, a curable composition which
comprises a radical polymerizing monomer containing a radical
polymerizing monomer having a silanol group or a group capable
of generating a silanol group by hydrolysis, an amine compound,
and a photochromic compound in specific amounts (referred to

Patent Document 1}. There is, furthermore, a known method of

using, as an adhesive primer, a polyurethane resin layer which
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resin and/or its precursor in order to improve adhesion in the case of
SF-using the photochromic coating agert (referred to Patent Document 2) .
When a photochromic coating lens is produced by 5 using the composition
described in Patent Document 1 as a photochromic coating agent and
directly applying the composition on a substrate, the adhesion of a
comphatochramiceeat layerawith: isomie kingdsief substratessis semetimes et hane
lowered and come away in an accelerated test with boiling that high

resiemperatgie and high 2Q-hamidity copditions aremssumed: YMeenthe in the
above adhesion primer is used, the adhesion is improved and thereby

casflmsepanatiom sathbe prevested; Patent Rocument Lriaterpationab patent
Publication 03/011967 Pamphlet Patent Document 2: International

Docitkblieation 04{048476 Bamphlet rbnPISCLQEURE Qi EHESINVENTIQN by
OBJECT OF THE INVENTION [00051 However, in the method disclosed

usiHyPalgst docHmant<; when 20 a subgtratg whichswrfagg isgasly 1 as a
immersed in applying a primer, such as an optical substrate made of

phoPalcarhonate s used. 1he substiate swiface is peeessaytRdbeorposition

previously coated with a” crosslinking film such as hard coat layer before

on @@M@Q9aegm%&ﬂ%@%@ieﬁegﬁo@igg&@Hﬂ%&@ysrdbigéeysglﬁﬁ with

SF-1731 4 that a photochromic coating agent is hardly immersed inthe

somd® r'ﬂ?{d@Y%’f Tsn% gfngg’t\gge@_ & 8%%8 GQW@C fgx?g 09 Sggg&isc ome away in

an accelerated test with boiling that high temperature and high
humidity conditions are assumed. When the above adhesion primer
is used, the adhesion 1s improved and thereby film separation
can be prevented.

Patent Document 1: International Publication 03/011967 Pamphlet

Patent Document 2: International Publication 04/078476 Pamphlet

DISCLOSURE OF THE INVENTION
OBJECT OF THE INVENTION
[0005]

However, in the method disclosed in Patent document 2, when
a substrate which surface is easily immersed in applying a prinmer,
such as an optical substrate made of polycarbonate is used, the
substrate surface is necessary to be previcusly coated with a
crosslinking film such as hard coat layer before applying a

primer. Moreover, after forming a primer layver, it is revealed
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applied with a spin coating method, uncoated portions where the coating
s¥-1agent does not adhere are induced an the primer layer 5 surface and
thereby the yield is occasionally lowered. (0006] Under the circumstances,
it is an object of the invention to provide a process for adhering a
photochromic coat layer having good photochromic properties with a

thatsubstratersuchras,1@ plastie lens fikmbnand stablyrusing apfigeramthout the
affecting the coating properties of a photochromic coating agent. MEANS

prifQRISOLYING T HESUBIEGIh 00T | dtis:generallyiknown that dhg gent is
wetting properties of a 15 surface are improved by applying etching

appleaimeninThesgforec yariods elehing methods fera primeriayer (fekre the
example, physical etching method such as plasma or corona etching; and

coachemieal- giching metheds with acid, erbasig substapceshhays-been layer
conducted, but sufficient effects cannot be obtained. 20 [0008] Therefore,

surdbe presentinvaniors haye heemstudied on. yarioys, primers,inqrdgr to
-~ find a primer capable of formlng a primer layer having good wetting

[ooggeperties for a photochromic coating agent and also capable of bonding
a photochromic layer SF-1731 5 with a substrate well. They found that

gooshigsplisareqhiained. using an emulsion canigining S LEIIARG fe5i0; o,
as a primer. Thus, the present invention asrl)eerfaccomp lis

to provide a process for adhering a photochromic coat layer

having good photochromic properties with a substrate such as

plastic lens firmly and stably using a primer without affecting

the coating properties of a photochromic coating agent.

MEANS FOR SOLVING THE SUBJECT

[0007]

It is generally known that the wetting properties of a
surface are improved by applying etching treatment. Therefore,
varilous etching methods for a primer layer (for example, physical
etching method such as plasma or corona etching; and chemical
etching methods with acid or basic substances) have been
conducted, but sufficient effects cannot be obtained.

(00081

Therefore, the present inventors have been studied on

various primers in order to find a primer capable of forming a

primer layer having good wetting properties for a photochromic

coating agent and also capable of bonding a photochromic layer
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[0009] 5 The first invention is a process for producing an optical article
SF~TORIPrising a laminate structure consisting of an optical substrate, a
photochromic layer formed from a coating solution containing a
photochromic compound and a primer layer therebetween, wherein the
surface of the optical substrate and 10 the photochromic layer are bonding

wittheosgh she pimerlayer, which psocess 6ampyises thessteps of-A bt ained
forming the primer layer on the surface of the optical substrate by

us iapplying:@a PEMer eeMpHSINGan emulsionerntaining a8 yrethaRetesin, s,
and 15 (3) forming the photochromic layer on the primer layer formed in

thethe-stepfA). {00 Therseconddrventionds aprocessifor producing the
optical article according to the first invention wherein the primer is 20 an

[ 0 cemulsion containing a urethane resin having at least one group selected
from a silanol group, an acryloyloxy group, a methacryloyloxy group and

an epoxy greyp. {0014} The third inventign is g pracess f%?f@%(;m% an

optical SF-1731 6 article according to the first invention or secon

optW@ptiggtmeée&mgﬂm%@%aqgwyﬁ%cg%@{gﬂ%% urgthape fesin. ¢
having a skeleton derived from polycarbonate polyol. [0 1%]

an optical substrate, a photochromic layer formed from a ceating
solution containing a photochromic compound and a primer layer
therebetween, wherein the surface of the optical substrate and
the photochromic layer are bonding through the primer layer,
which process comprises the steps of:

(A) forming the primer layer on the surface of the optical
substratekn/applyingeaprimercomprisingEﬂlemulsioncontaining
an urethane resin; and
(B) forming the photochromic layer on the primer layer formed
in the step(d).

[C010]

The second inventiocn is a process for producing the optical
article according to the first invention wherein the primer is
an emulsion containing a urethane resin having at least one group
selected from a silanol group, an acryloyloxy group, a
methacryloyloxy group and an epoxy group.

[0011]

The third invention is a process for producing the optical
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5 The fourth invention is a process for producing the optical article
sr-m\esarding to the first invention wherein the process comprises forming the

primer layer by applying the primer with a spin coating method in the step

(A) and forming the photochromic layer by applying a photochromic

coating solution with a spin 10 coating method in the step (B). [0013] The
art fifthénwertiondsan apticatarticle obtainatle bycthe-production precesstion,

described in the first invention. [0014] 15 The sixth invention is an optical

whe asticle tmwhichi &z roftical substrate:is formed:-flomipelycarbenateane resin
obtainable by the production process described in the first invention.

hav BRFECTE QR EHEINVENTION {0015] 20 Aceendiigta-theqroduction
process of the present invention, using an emulsion containing a

0o urethane resin as an adhesive primer, a substrate such as plastic lenses
for eyeglasses and a photochromic layer can be properly bonded without

det%@@i@ﬂx@‘}@@%ﬁ@u@wfii@%i%@BE‘&E‘Q a3 3L, 2 pROtachromic .21
coating agent. The primer used in the invention is an emulsion type and

art £andnake-a pames layerhy.a simple drying ypethod hy.only remoying.a, .. o

dispersion medium. In conventional moisture curable type primers which

com@f8 EWedeBy.argaction. It b.is necessary tg control the.curing.cpndifians ;¢
efore applying

a spin coatingmethod in the step (A) and forming the photochromic

layer by applying a photochromic coating soluticn with a spin

coating method in the step (B).

[0013]

The fifth invention is an optical article cbtainable by
the production process described in the first invention.
[06014]

The sixth invention 1s an optical article in which an
optical substrate is formed from polycarbonate, obtainable by
the producticn process described in the first invention.
EFFECT OF THE INVENTION
[0015]

According to the production process of the present
invention, using an emulsion containing a urethane resin as an
adhesive primer, a substrate such as plastic lenses for

eyeglasses and a photochromic layer can be properly bonded

without deterioration of coating properties in applying a
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a photochromic coating agent, while the primer of the present invention
s~ Thesia merit such that it is unnecessary to control the curing conditions.
Moreover, since the dispersing medium used in the emulsion type primer
is basically an aqueous type, it is 10 unnecessary in the present invention
to cover with a crosslinking film such as a hard coat layer before applying

phothelprimereven: ifising asubstrate.mageifiem amaterial haying lowen+ 1 on
solvent resistance such as polycarbonate or the like. [0016] 15 In the

is anasewof 415y the erulsion type pimeh theadhesion sieadthis;1e drying
occasionally lower as compared with using the moisture curable type

me t H¥HESy Howevereidthercase of using-a irimeemade fromangauision ona1
containing a urethane resin having a specific group, high adhesion

mo i SSieRgth ganpe-obtataed -and 2Q a;substrate and,a phatochramiclayer, ;-

can be properly bonded with firm adhesion properties so as to resist a

is reevelesy, fos exampls; b@ﬂ@%ﬁﬁbﬁf@&ﬁi%k@% pEimermade from 1,

a emulsion containing a urethane resin having a skeleton derived from

a ph%%é-gﬁ%cﬁnf_)@l%l%qr?%fea%w,et%%ﬂgs%ié %QHRQ?V&@ g;lﬁésyt:ires?nt

transition temperature (Tg) of from 0 to 100C, and the stress relaxation o

invehiesUlting primer layer is high hecayse 1@%%@&%@%&6 | PgscE%{“rrt_?y the

above range. Furthermore, a 5 photochromic coat layer can be prope

cur HODAesLwithayt curing, L 2 high tempgrature, in forming the photochromic, _
coat layer.

in the emulsion type primer is basically an agueocus type, it is
unnecessary in the present invention to cover with a crosslinking
film such as a hard coat layer before applying the primer even
if using a substrate made from a material having low solvent
resistance such as polycarbonate or the like.

[0016]

In the case of using the emulsion type primer, the adhesion
strength 1is occasionally lower as compared with using the
moisture curable type primer. However, in the case of using a
primer made from an emulsion containing a urethane resin having
a specific group, high adhesion strength can be obtained, and
a substrate and a photochromic layer can be properly bonded with
firm adhesion properties so as to resist a severe test, for
example, boiling.

In the case of using a primer made from a emulsion

containing a urethane resin having a skeleton derived from
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On these account, even when a thick photochromic coat layer having a
sp-1thigkness of from 20 to 50 m is formgd on a thin substrate having a large
difference in thickness between the center and 10 the periphery and
having a center thickness of lower than 1 mm, excellent optical articles
having little distortion caused by deformation can be prepared because

polydeferpatian of asubstiate: gavsed hystress i pglymerization.shrinkage ; ¢ o
and deformation in heat curing are not invited. 15 [0017] Due to the

t rariifethane resin,having 1g inthe abeverangs, eBefi@Ta;eé?qglﬁiaddﬁ%g% Bress

coated primer can be shortened. When the primer layer is drie

rednsuffisientlys the wettingpraperties rare tendsdo bedowered inapplYINg +p.
the photochromic coating 20 agent. When the primer layer is wholly

uretGO¥EECd YL SRIN £oaling, it4$,NeGESSATY 10 UISe-g,larger a’PBE'%%frtr{HSre , a

photochromic coating agent, while when the emulSion containing the

photWethane;resin, having a §k@'§£0%geg%%gygeﬁyp@xg%@&na&ecﬁo%@dm;;_ng

good wetting propertiés can be obtained even'if the drying time is

at @RIl %Qeaﬁﬁ_t%@ﬁﬂgsé@@ﬁégg)ﬁ%ﬁ%&%{%‘ﬁ%%g}e Layer.

amount of the photochromic coating agent | Furthermore,
Tgyer

on ipcessollhepresany iveption can 4 royide,opfical atigles having
only excellent optical properties and p otochromic properties, butalso

. hanical properti h as impact resistance or the like.
havfﬁf%%ﬁfc%nggsgg%%é%%Zu%o%%;ﬂﬁ?é%ormegcxzathinsubstrate

having a large difference in thickness between the center and
the periphery and having a center thickness of lower than 1 mm,
excellent optical articles having little distortion caused by
deformation can be prepared becausé deformation cf a substrate
caused by stress in polymerization shrinkage and deformation in
heat curing are not invited.

[(0017]

Due to the urethane resin having Tg in the above range,
the time required to dry a coated primer can be shortened. When
the primer layer is dried insufficiently, the wetting properties
are tends to be lowered in applying the photochromic coating
agent. When the primer layer is wholly covered by spin coating,
it is necessary to use a larger amount of the photochromic coating
agent, while when the emulsion containing the urethane resin
having a skeleton derived from polycarbonate is used, good

wetting properties can be obtained even if the drying time is
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BEST EMBODIMENT FOR CARRYING OUT THE INVENTION 10 [0019]
sr-1nthe production process of the present invention, on at least one surface
of an optical substrate such as plastic lens substrate or the like (herein,
the optical substrate means a substrate having a pair of front and back
main surfaces made from 15 an optical material) , a primer layer is formed

shotisingan emdlsion camfaining @ urethaneskesing and ondhe prinenlayaraint
photochromic layer is formed. The primer layer formed using the

of teaulsionteartaipingthe suethanesgsinhasgeod wetting properties to the
photochromic coating agent and is capable of 20 enhancing the adhesion

' 00 lxetween the optical substrate and the photochromic layer. [0020] it is
presumed that the use of the primer made from the emulsion containing

themirethanegsin leadstosuchaxceliant 55173110 effects dug tothe .

presence of a group or an atomic group having surface-active functions in

proﬁﬂe@0@§§9é§@eHE%ﬁ@HEha%%Wﬁﬁguﬂ@%j@ﬁﬁ%egyggyleﬁﬁ optical

self-emulsifying type urethane resin. 5 That is, it is considered that by the

prog¥esenceaf the, smylsifying agent gr.the;groun having surface active. . -y

functions on the surface of the primer layer made from thé urethane resin

proApplied onthe,surface of ap.opfical substrate as apadhesive primer, the
surface tension of the interface of the primer layer

BEST EMBODIMENT FOR CARRYING OUT THE INVENTTION

[0019]

In the production process of the present inventicn, on at
least one surface cf an optical substrate such as plastic lens
substrate or the like (herein, the optical substrate means a
substrate having a pair of front and back main surfaces made from
an optical material), a primer layer is formed using an emulsion
containing & urethane resin, and on the primer layer, a
photochromic layer is formed. The primer layer formed using the
emulsion containing the urethane resin has good wetting
properties to the photochromic coating agent and is capable of
enhancing the adhesion between the optical substrate and the
photochromic layer.

[0020]
It is presumed that the use of the primer made from the

emulsion containing the urethane resin leads to such excellent
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10 with the photochromic coating agent coated thereon is lowered. Itis

SF-1alsa considered that the wetting praoperties of the primer surface are
improved by the functions of a 'little amount of water present on the
surface. [0021] 15 Optical substrate The optical substrates used in the
invention have particularly no limitation as long as they have optical

ef fararsniissianw propertiess Examplésdhgreofymay ineludecglasses cand having
plastic lenses and known optical substrates such as window 20 glasses

sur ffer:-houses oradtomahiles sitis: padicatarly-pretefred terusesplasticlenagsnt
0022] Examples of the plastic lenses used in the invention are known

contenesewhich are=used as poplastic denscnawgnamelysSE-L7 33k urethane
thermoplastic resin lenses such as (meth)acrylic resin and polycarbonate

resigsin lenses; and crosslinking resin lenses such as polyfunctional
(meth)acrylic resin, allyl resin, thiourethane resin, urethane resin and
thioepexy 1esin fenses. &-hhthepreddction:proegsstofdhe presente of the
invention, the surface where the urethane resin emulsion primer will be

emulappliod ds; preferably-fabricated from a-three-dimensienal arosslinkede« 1 ons
material. Since the aqueous emulsion containing a urethane resin,

on thevever hardlydissQlves aibermoplasticresincas,10.compared-with a-c s 1

solvent type primer, the production process of
applied on the surface of an optical substrate as an adhesive
primer, the surface tension of the interface of the primer layer
with the photochromic coating agent coated thereon is lowered.
It is also considered that the wetting properties of the primer
surface are improved by the functions of a little amount of water
present on the surface.

[0021]

Cptical substrate

The optical substrates used in the invention have
particularly no limitation as long as they have optical
transmission properties. Examples thereof may include glasses
and plastic lenses and known optical substrates such as window:
glasses for houses or automobiles. It isparticularlypreferred
To use plastic lenses.

[0022]
Examples of the plastic lenses used in the invention are

known ones, which are used as a plastic lens now, namely,
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the present invention can be used suitably for plastic lenses made from
sr-1hg thermoplastic resin such as polycarbonate resin or the like.
Furthermore, an optical substrate on whose surface a silicon or acrylic
hard coat layer formed may be used as the 15 optical substrate.
Moreover, an optical substrate subjected to a treatment such as etching

the paohie=alse used.J0023]cREmer madgp of Yrethaneresi-cantainbsin and
emulsion The urethane resin-containing emulsion used as the 20

poladhesiveprimee inithe presert;invention saayibe any of an-aih inwalek such
type (O/W type) and a water in oil type (W/0 type). Emulsions containing a

as digpersedyrethane resin ina:collgidal, pasticle state,or a mpre bulky resin,
particle state in a water or a dispersing medium which comprises a

thiduixue ohanrganic selvent3f-1/431:12 hawng high affinity. with water, . . o,

and a water are preferable in that it is unnecessary to use an organic

In Selventiuhich attacks. the-substrate.and the emulsigns, ate.gasy fo handle, ..

because the viscosity of those can be easily lowered. 5 [0024 In the case

whe the disgersing medium of the emulsion, comprises.a mixture of %%gagla@éc is

solvent having high affinity with water and a water, examples of t

pre PN solveptiiseinay inalue alcohols.sush.as mehanl, elhanal and .

isopropyl 10 alcohol; glycois such as ethylene glycol, propylene glycol,
mat2P8:8UtY! glygal theirethers, Nomethy| pytolidons, dMevl, & retnane
resin, however, hardly dissolves a thermoplastic resin as
compared with a solvent type primer, the production process of
the present invention can be used suitably for plastic lenses
made from the thermoplastic resin such as polycarbonate resin
or the like., Furthermore, an optical substrate on whose surface
a silicon or acrylic hard coat layer formed may be used as the
optical substrate. Moreover, an optical substrate subijected to
a treatment such as etching can be also used.

[0023]

Primer made of Urethane resin-containing emulsion

The urethane resin-containing emulsion used as the
adhesive primer in the present invention may be any of an oil
in water type (O/W type) and a water in oil type (W/0 type).
Emulsicons containing a dispersed urethane resin in a colloidal
particle state or a more bulky particle state in a water or a

dispersing mediumwhich comprises a mixture of an organic solvent
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sulfoxide; and methoxy propyl acetate. The content of these organic
SF-1suivents is usually from 0.1 to 50 %1y mass based on the total mass of

the emulsion, and preferably 1 to 10 % by mass 15 for maintaining the

adhesion or appearance. [00251 Since the dispersed particle diameter

(average particle diameter) of the urethane resin in the emulsion depends
havionythel dindiof theiurgthaneresi, dhe kind of the emulsihdng ageat-201c in

optionally used and the emulsifying method, it cannot be defined

thatcategocaliy. B skamtheriewpoint of good wetting vRroperies-of the ac ks
coat layer formed, the dispersed particle diameter is preferably less than

the H00%Are whileformibesviewpoitofihe optiel transpargney 9Ehe se the
primer layer, it SF-1731 13 is preferably less than 500 nm, particularly

visduelergblydessithan 409 nse. Q0261 The urgthang resin contained in the
emulsion which is the 5 primer used In the present invention means a

[0 0zpplyurethane resin obtainable by allowing a compound having isocyanate
groups present in the molecule to react with a compound having active

hydregen,and is,a genexic namefara polymer.having g urethane, yrea, ; .,

carbamic acid, amine, amide, allophanate, biuret, 10 carbodimide,

comwgg%@nmiu{@ﬁp@ie@e&ei%qrgg@y@tgosi%ﬂgehg@ﬁb@gﬁ@e%f'%g ity

above urethane resin may be a Urethane resin having ck

witHSQQ¥%H?§H¥Q¥Raﬁé@?p¥§ﬁmﬁﬁgé“S%k%%e organic solvent used may

include alcohols such as methanol, ethanol and isopropyl
alcohol; glycols such as ethylene glycol, propylene glycol, and
butyl glycel; their ethers; N-methyl pyrrolidone; dimethyl
sulfoxide; and methoxy propyl acetate. The content of these
organic solvents is usually from 0.1 to 50 % by mass based on
the total mass of the emulsion, and preferably 1 to 10 % by mass
for maintaining the adhesion or appearance.
[0025]

Since the dispersed particle diameter (average particle

diameter) of the urethane resin in the emulsion depends on the

“kind of the urethane resin, the kind of the emulsifying agent

optionally used and the emulsifyingmethod, it cannot be defined
categorically. But, <from the viewpoint of good wetting
properties of the coat layer formed, the dispersed particle
diameter is preferabiy less than 1000 nm, while from the

viewpoint of the optical transparency of the primer layer, it
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isocyanate groups are s-caprolactam, butanone oxine, 1,2-pyrazole,
Sr-1T,2 4-triazole, di-isopropanol aminej 35 3,5-dimethyl pyrazole and
diethylmalonate. [0027] Examples of the isocyanate group-having
compound suitably usable as the raw material of the polyurethane resin
are: (1) aromatic isocyanate compounds such as tolylene diisocyanate,
is p20#4glighenymetiicane BiiSocyanate; xylylenerdiiseeyanatesoly less than
1,5-naphthalene diisocyanate, toluidine diisocyanate, phenylene
100 disocyanate, 4,4-diphenyldiisocyanate, dianicidine diisocyanate,
4,4-diphenylether diisocyanate, triphenylmethane triisocyanate or
[0028K-1731 14 tris(isocyanatephenyl)thiophosphates and tetramethylxylene
dii.socyanate; (2) aliphatic isocyanate compounds such as

trimethylhexamethyleae diisesyanate chexamethyleng 18 disoeyanate; s the
isophorone diisocyanate, hydrogenated 4,4-diphenylmethane

prirdisogyanate, hyckogenatagixylene diisogyanates ysips diiseeyanate, resin
lysine ester triisocyanate, 1,6,11-undecane triisocyanate,

obtalj;ﬁﬂﬂ§@cygﬁat§i%ﬂ§q%n§tec@f@mar}%éi%%hgé@c‘g?mﬁ% groups

triisocyanate and 10 bicycloheptane triisocyanate; (3) polyisocyanate

preLOMPAUNds,er palyisocyanate oligomer, coMPOUNgs aRIAINGDIE by o 4 v i ve

combining these aromatic isocyanate compounds and/or these aliphatic
hydﬂ%%%&?,naéﬁg%pguﬁgﬁé’?ﬁ%qqame for a polymer having a urethane,
urea, carbamic acid, amine, amide, allophanate, biuret,
carbodimide, uretonimine, urethodione or isocyanurate structure
in themolecule. Th@aboveurethaneresinn@yk&aaurethaneresin
having a blocked isocyanate group. Examples of the blocked
isccyanate groups are g-—caprolactam, butanone oxine,
1,2-pyrazcle, 1,2,4-triazole, di-isopropanol amine,
3,5-dimethyl pyrazole and diethylmalonate.
[0027]

Examples of the isocyanate group-having compound suitably

usable as the raw material of the polyurethane resin are:
(1) aromatic isocyanate compounds such as tolylene diisocyanate,
4, 4~diphenylmethane diisocyanate, xylylene diisocyanate,
1, 5-naphthalene diiscocyanate, toluidine diisocyanate,
phenylene diisocyanate, 4,4-diphenyldiisocyanate, dianicidine
diisocyanate, 4,4~diphenylether diisocyanate,

triphenylmethane triisococyanate or
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active hydrogen-having compound in a combining ratio such that 15 the
SF-lisadyanate compounds remain by vanous methods; (4) polyisocyanates
containing at least one or more sulfur atoms or halogen atoms in the
molecule; and (5) modified products of the above polyisocyanates, biuret,
isocyanurate, allophanate and carbodiimide. 20 [0028] Concerning the
trisattive hydrogesshaving compasingssuitably susedias avawraatesipk of thee
polyurethane resin, examples of the active hydrogen-having group may
di isncyde gompounds having an amino group, hydroxyl group and mercapto
group. From the SF-1731 15 viewpoint of the reaction rate with an
(2) isqcyenate groupo bydroxyk grorp-baving conpeurds are preferable, and
further polyol is particularly preferable. The hydroxyl group-having

tr ircompoundsa peeferabbnbave 2 40 6 functianal geaups. apd particularly 5
preferably have 2 to 4 functional groups from the viewpoint of maintaining

d1 1 geogflm-properiesof the primer s[0023LExamples of the hydioxy!
group-having compounds are (1) polyester polyol; (2) polyether polyol, (3)

4, 4-holystherester 10-polyal; (pelyester amide.palyal,.(5) acryl polyol, (6)
polycarbonate polyol, (7) polyhydroxy alkane, (8) polyurethane polyol,

diidbelymixiures oy sificanpolyal. When the yrethane é%%'gf?‘{”é?i{‘rggén e e,
emulsion has a™ glass transition temperature (Tg) of preferably Fom 0 o
1,69§¥Kﬁndecane triisocyanate, 1,8~diisocyanate-4- isccyanate

methyloctane, 1,3, 6~hexamethylene triisocyanate and

bicycloheptane triisccyanate;

(3} polyisocyanate compounds or polyisccyanate oligomer

compounds obtainable by combining these aromatic isocyanate
compounds and/or these aliphatic isocyanate compounds with an
active hydrogen-having compound in a combining ratio such that
the isocyanate compounds remain by various methods:
(4) polyisocyanates containing at least one or more sulfur atoms
or halogen atoms in the molecule; and
(3) modified products of the above polyisocyanates, biuret,
isocyanurate, allophanate and carbodiimide.
(0028]

Concerning the active hydrogen-having compound sultably
used as a raw material of the polyurethane resin, examples of
the active hydrogen-having group may include compounds having

an amino group, hydroxyl group and mercapto group. From the
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15 the primer layer obtained from it has a high stress relaxation force and
sF-high temperature curing is unnecessayy in forming the photochromic coat
layer, moreover, the quick drying properties are excellent. When the
urethane resin has a skeleton derived from polycarbonate polyol, it is

preferred in the present 20 invention to use (6) polycarbonate polyol as a

vietaw naterfat b theawethane resinhacause the Jg6an-kegasily ,S%tgtaﬁ%%yl
above range. [0030] (1) Examples of the polyester polyol may include

gropolesterSF-d43h 46, aolyisobiainable:py allowing a-dibasic.acid such : .

as terephthalic acid, isophthalic acid, adipic acid, azelaic acid or sebacic

par@@@h@é§E¥3$YB%3%%%§%QOHQR9!F?QQSQ@QN?%dQﬂQﬂg@gw&aéﬁmﬁgunds

such as ethylene glycol, propylene glycol, 5 diethylene glycol, butylene

oreO8€oh neopentyl glycal, 611@1')?1@@{'&%}1(:%1% t‘ylé!r?dp%%tgg@éuﬁ arly
3,3-dimethylol heptane, polyoxyethylene glycol, polyoxypropylene glyco

pre & Rolytetramethylene etherglycol, oL a rg%ta{sgh%%%% and palyester . ¢

polyols obtainable by ring opening polymerizing 10 lactones such a

= 1 Polycaprola polyvalerolactone. or_ poly (P-methyll-7-valerolactone)
" mﬁ%}éﬁ?p&{)& E?gr%leglﬁf@heg%%%{%r% psol)go%, m%lyein%%%eprdyether polyols

[Ooggﬁainable by polymerizing an oxirane compound such as 15 ethylene
oxide, propylene oxide, butylene oxide or

Examples of the hydroxyl group-having compounds are (1)
polyester polyol, (2) polyether polyol, (3) polyether ester
polyol, (4) polyester amide polyol, (5) acryl polyol, (6)
polycarbonate polyol, (7) polyhydroxy alkane, (8) polyurethane
polyel, their mixtures or silicon polyel.

When the urethane resin contained in the emulsion has a
glass transition temperature (Tg) of preferably from 0 to 100°C,
the primer layer obtained from it has a high stress relaxation
force and high temperature curing is unnecessary in forming the
photochromic coat layer, moreover, the guick drying properties
are excellent. When the urethane resin has a skeleton derived
from polycarbonate polyol, it is preferred in the present
invention to use (6) polycarbonate polyol as a raw material of
the urethane resin because the Tg can be easily set to the above
range.

[0030]

{1) Examples of the polyester polyol may include polyester



10

15

20

tetrahydrofuran, using, as an initiator, water or a low molecular weight
sr-poiyol such as ethylene glycol, propytene glycol, trimethyol propane or
glycerin. [0032] 20 (3) Examples of the polyether ester polyol may include
polyether ester polyols obtained by reacting a dibasic acid such as
terephthalic acid, isophthalic acid, adipic acid, azelaic acid or sebacic

pol@sid oo dialkyd ester thgreof of aumixturesthegeofauith-thesabeve sychn  as
polyether polyol. SF-1731 17 [0033] (4) Examples of the polyester amide

terd9itolamay-inciude those pbtained hyadding asraw-material of A i ¢ acid

aliphatic diamine having amino groups such as ethylene diamine,

or skIepylene diamineS orhexamethylene digning ¢ the raw material ofthe. .

polyesterification reacted product and reacting them on the

to rRalyesierficgtign reactian J0034L() Fxamples of the aervd ROl Y 1

include those obtained 10 by copolymerizinig a polymerizable monomer

a1 ethRyingiane bydraxyl groypin,eng molecule suich as V' g1ycol
1gg%lylate, hy%r%ypropyl acr%te, hydrocgyé%:tyl acrylategcgsrt ggrﬂ JLyCot,
H%lol

1. 6-Soespanding meihacryli, acid derivagves Wit achiic acid.s methaery
acid or their esters. 15 [0035] (6) Examples of the polycarbonate po?yo
hepﬂgﬂ%vmgg%vgg§%thylene glycol, polyoxypropylene glycel or
polytetramethylene etherglycel, or a mixture thereof; and
polyester polyols obtainable by ring opening polymerizing
lactones such as polycaprolactam, polyvalerolactone or
poly {B-methyl-y-valerclactone) .
[G031]

(2) Examples of the polyether polyol may include polyether
polyols obtainable by polymerizing an oxirane compound such as
ethylene oxide, propylene cxide, butyiene cxide or
tetrahydrofuran, using, as an initiator, water or a lowmolecular
weight pelyol such as ethylene glycol, propylene glycol,
trimethyol propane or glycerin.

(00327

(3) Examples of the polyether ester polyol may include
polyether ester polyols obtained by reacting a dibasic acid such
as terephthalic acid, isophthalic acid, adipic acid, azelaic
acid or sebacic acid, or a dialkyl ester thereof or a mixture

thereof with the above polyether polyol.



U1

10

15

20

obtained by reacting one or two glycols selected from the group
SF-~Icosisting of ethylene glycol, propytene glycol, 1,3-propane diol,
1,4-butane diol, 1,5-pentane diol, 1,6-hexane diol, 20
3-methyl-1,5-pentane diol, 1,9-nonane diol, 1,8-nonane diol, neopentyl
glycol, diethylene glycol, dipropylene glycol, 1,4-cyclohexane diol,
[003134-cyclohexane dimethanol, bisphenol A and hydrogenated bisphenol A
with dimethyl carbonate, diphenyl carbonate, ethylene carbonate or

phospenex Sl A3l 18 [0836]dd) fxamplesefithe polyhydroxy:alkang:1ude

may include liquid rubbers obtained from isoprene or butadiene, or

thobtained by copplymerizingbutadiare with-acrylamide, 5[003¢1 @)iamine
Examples of the polyurethane polyol may include polyols having a

havidigthane bopddn gaesmelesues Examples o1 thosee may-NClude 1H08earm i e

obtained by reacting polyether polyol, polyester polyol or polyether ester

or Polyolreachhaving ag1Qmolecularweightof 200, o 5000 withan ¢ 1 e

isocyanate group-containing compound having at least two isocyanate

po15EHOURS (iR onemalecyle, in. amalepymier atio %'é!gggf@fuxpﬂ&%n the
group of less than 1, preferably not more than 0.9. [0038] 15

polfégg@fm% Ig\ﬁ/dyol&gglg{y\&{ght polyols may be mixed in addition to
the above hydroxyl group-having compounds.
(00341

(5) BExamples of the acryl polyol may include those obtained
by copolymerizinig a polymerizable monomer having one hydroxyl
group in one molecule such as Thydroxyethyl acrylate,
hydroxypropyl acrylate, Thydroxybutyl acrylate or their
corresponding methacrylic acid derivatives with acrylic acid,
methacrylic acid or their esters.

[0035]

(6) Examples of the polycarbonate polyol may include those
obtained by reacting one or two glycols selected from the group
consisting of ethylene glycol, propylene glycol, 1,3-propane
diol, 1,4~butane diocl, 1,5-pentane diol, 1,6-hexane diol,
3-methyl-1, 5-pentane dicl, 1,9%-nonane diol, 1,8-nonane diol,
neopentyl glycol, diethylene glycol, dipropylene glycol,
l,4-cyclohexane diol, 1,4-cyclohexane dimethanocl, bisphencl A
and hydrogenated bisphenol A with dimethyl carbonate, diphenyl

carbonate, ethylene carbonate or phosgene.
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Examples of the low molecular weight polyols may include glycols used
sr-1ferthe production of polyester polyals such as ethylene glycol, propylene
glycol, 1,3-propane diol, 1,4-butane 20 diol, 1,5-pentane diol, 1,6-hexane
diol, 1,9-nonane diol, 1,8-nonane diol, neopentyl glycol, diethylene glycol,
dipropylene glycol, 1,4-cyclohexane diol or 1,4-cyclohexane dimethanol,
[ 00 3gycerin, trimethylol propane and pentaerythritol. Moreover, it is possible
to simultaneously use monois such as SF-1731 19 a methanol, a ethanol,

propamois; Hntarese 2-ethylhexanel, davryy alcohol ongigan alcehel. 1 quid

[0039] The urethane resin contained in the emulsion has a 5 molecular

rubpreight(pumbesaverage molesular weight)efpreferably som$§000 g by
5,000,000, and specifically from 100,000 to 200,000 from the viewpoint of

copdIopeing strength between the; primer layer -obtaiged from it and
photochromic coat layer. From the viewpoint that the primer layer

oo Pbtained from it has excellent adhesion 10 and high stress relaxation
functions, the urethane resin has a glass transition point (Tg) of

preferably.from.0 4 100C, mare preferably 20 ta 990G, Tg can ke easily ;4e

measured, for example, using a specimen obtainable by applying the

polm@%{%@fq%g%i@guﬂ%%ok% In-order; to-emulsity theuethang (esin it . ;o
is essential that the urethane resin is a self-emulsifying urethane which
may h@%%iggic 9&888'0%8{%’1‘}?@8&'1890“%858‘8a%%m'ﬁgi%ncﬂ@émgpolyol,
polyester polyol or polyether ester polycl, each having a
molecular weight of 200 to 5000 with an isocyanate
group-~containing compound having at least two isocyanate groups
in one molecule, in a mole number ratio of NCO group to OH group
of less than 1, preferably not more than 0.9.
[(0038)

Furthermore, low molecular weight polyols may be mixed in
addition to the above hydroxyl group-having compounds,

Examples of the low molecular welight polyols may include
glycols used for the production of polysster polyols such as
ethylene glycol, propylene glycol, 1,3-propane diol, 1, 4-butane
diol, 1,5-pentane diol, 1,6-hexane diocl, 1,9%-ncnane diol,
1,8=nonane diol, neopentyl glycol, diethylene glycol,
dipropylene glycol, 1,4-~cyclohexane diol or 1,4-cyclohexane
dimethanol, glycerin, trimethylol propane and pentaerythritol.

Moreover, it 1s possible to simultaneously use monols such as
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a surface active function (emulsifying function) in the resin structure, or
sr-thye urethane resin is forcedly emulsified with an 20 emulsifying agent.
From the viewpoint of maintaining the good wet properties of the primer
layer to the photochromic coating agent for a long time, the urethane
resin contained in the emulsion is preferably the self-emulsifying type.

a mid0Al) SF183120 Thegrou-epateatic grouphiaving a sprfaee acive ano s,
function which is contained in the self-emulsifying urethane resin is not

1auparticularhnlimited asdeng-as it4s agreup or atomic group having high
affinity with water and capable of emulsifying the 5 urethane resin in

[ 00 water. Preferable examples of the group or the atomic group are a group
or an atomic group having an anionic surface-active function such as a

sulfeny group: asa carbaxyl ngroup, ©x theinalkali mefal salis, alkyl amine;
salts or amine salts; a group having a nonionic surface-active function

mo1 886N 40 g8 agydroxyl grup oL a-pRlyalkylenealycol and.3 grouparan i,

atomic group having a cationic surface-active function Such as an amino

£ r o @OURES an alkyhaminagroyp, QEf%I?Hf‘HJfQ'ﬂ_iEf%iPoﬁ@tﬁcﬂr@d'@’%%ug%i?o 00

acid salts. Among them, the emuision containing the self-emulsifying

£r oxHrn‘?H@%E‘%%%E%"}th%%g@ﬂ‘??l% QEQ}?%%H‘?@E&E%‘%& of an a@if?%cf layer

surface-active function, especially containing a an alkyl amine sa

obt SAROXMIC acid %@%HE B‘%@F E‘%?:i%.%%’&“}e ispreferably used, because

the emulsion has relatively high stability an fie resulting
that the primer layer obtained from it has excellent adhesion_
and high stress relaxation functions, the urethane resin has a
glass transition point (Tg) of preferably from 0 £o 100°C, more
preferably 20 to 20°C. Tg can be easily measured, for example,
using a specimen ocbtainable by applying the emulsion and drying.
[0040]

In order to emulsify the urethane resin, it is essential
that the urethane resin is a self-emulsifying urethane which has
an ionic or nonionic functional group or an atomic group having
a surface active function {emulsifying function) in the resin
structure, or the urethane resin is forcedly emulsified with an
emulsifying agent. From the viewpoint of maintaining the good
wet properties of the primer layer to the photochromic coating
agent for a long time, the urethane resin contained in the
emulsion 1s preferably the self-emulsifying type.

(00471
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photochromic lens has good durability. 20 [0042; In the preparation of the
sr- seffsemulsifying urethane resin-contajning emulsion, an introducing
method of the group having a surface-active function typically includes a
method of reacting a hydrophilic group-containing compound with the
SF-1731 21 isocyanate group-containing compound and neutralizing with

a newdralizing-agenicand herebyprepating the-group af alopic Lgmup-+ ; on
having a surface active function. [0043] 5 Examples of the hydrophilic

wh 1 GOUP-CORtaiAg oMMPeHRds. Maydnclude eompoundsdiaving at leastiang .+
active hydrogen group in the molecule and also having a hydrophilic

pa rgfeun skak; as an CAFROXYS gDy a:sulfonic acid grouR, A sulfnalg grouR.,
an epoxy group or a polyoxy alkylene group. 10 [0044] Examples of the

havivgrophiic graup-centaining campounds, may inchude. sulfonis . ; fying the

acid-containing compounds such as 2-oxyethane sulfonic acid, phénol

ureSyianic,acid,sulfobgnzaic acid, sulfqsyceinic, Q%iﬂpg'éfylfg E’opﬁg'géi?oup or

acid, sulfanilic 15 acid, 1,3-phenylene diamine-4,6-disulfonic aci

the &fdiami 89%6 Ne-2-8 UJPQina&iE' =2 %et%‘{ﬂ'}éeﬁ Ltg%é?s%%_ r R(%Lﬁr‘? tgzrfl ionic

polyols obtainable by copolymerizing these compoun

sur 9&%@*’38@%”9&9@&%&1 %J%Léxchligs g ' %'19 i@%@ﬁ}?l c? £%%i;9 ngcra%idéa rboxyl
- 2,2-dimethylol butyric acid, 2,2-dimethylo

group, or their alkall metal salts, alkyl amine salts or amine
salts; a group having a nonionic surface-active function such
as a hydroxyl group or a polvalkylene glycol; and a group or an
atomic group having a catioﬁic surface-active function such as
an amino group or an alkyl amino group, or their sulfonic acid
salts or alkyl sulfonic acid salts. Among. them, the emulsion
containing the self-emulsifying urethane resin having the group
or the atomic group of an anionic surface-~active function,
especially containing a an alkyl amine salt of carboxylic acid
in the urethane resin structure is preferably used, because the
emulsion has relatively high stability and the resulting
photochremic lens has good durability.
[0042]

In the preparation of the self-emulsifying urethane
resin-containing emulsion, an introducing method of the group

having a surface~active function typically includes a method of

reacting a hydrophilic group~containing compound with the
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20 valeric acid, dioxymaleic acid, 2,6-dioxy benzoic acid or 3, 4-diamino
sF-1Ibenizoic acid, and derivatives theregf; and carboxyl group-containing
compounds obtained by reacting an active hydrogen group-having
compound with an acid anhydride such as maleic anhydride, phthalic
anhydride, succinic anhydride, SF-1731 22 trimellitic anhydride or
isogysometitic aahydride, :anch desivativgsdhercofdn the preparatiomef therh =
urethane resin emulsion, these hydrophilic group-containing compounds

‘neutcamibe: usedzsirgly primgoatbination eftwe:orimere:kindsr5 (@045 1a thai

case of using the compounds containing an anionically hydrophilic group

grossichas:earbaxy graup-er sulfanie graup.t isoreferred to use a
neutralizing agent in order to dissolve or disperse a resulting

[0 ¢ 4e0lyurethane resin 10 satisfactorily. [0046] Examples of the neutralizing
agents may include tertiary amines such as ammonia, triethyl amine,

triethangbamine, rtriigopropanal amineg.drimethyl amine 9 dimethybmoounds
ethanol amine; 15 alkali metals such as sodium hydroxide, potassium

may RYArexide ol 6alcium hydroxide: andhydrexides %I(?éli@-beﬂg}af'@:%@?'group

These can be used singly, or in combination of two or more kinds. [0047]

in %t%g@e{ﬂfgmgrﬁg%%GQJQE_EQUASIWM%M§%Q§rglgﬂegll_rl]ch as a
forcedly, it is possible to use a nonionic emulsifying

carboxyl group, a sulfonic acid group, a sulfonate group, an
epoxy group or a polyoxy alkylene group.
[0C443

Examples of the hydrophilic group-containing compounds
may include sulfonic acid-containing compounds such as
Z-oxyethane sulfonic acid, phenol sulfonic acid, sulfobenzoic
acid, sulfosuccinic acid, S-sulfoisophthalic acid, sulfanilic
acid, 1, 3-phenylene diamine~4, 6~disulfconic acid or
Z2,4-diaminoctoluene~5-~sulfonic acid, or derivatives thereof or
polyester polyols obtainable by copolymerizing these compounds;
carbexyl group-containing compounds such as 2,2-dimehylocl
propicnic acid, 2,2-dimethylel butyric acid, 2,2-dimethylol
valeric acid, dioxymaleic acid, 2,6-dioxy benzoic acid or
3,4-diamino benzoic acid, and derivatives thereof; and carboxyl
group~-containing compounds cobtained by reacting an active

hydrogen group-having compound with an acid anhydride such as

maleic anhydride, phthalic anhydride, succinic anhydride,
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agent, an anionic emulsifying agent, a cationic emulsifying agent, an
sp-1amphoteric emulsifying agent or a pretective colloid type compound
which comprises a surface active agent such as carboxylic acid methyl
cellulose or polyvinyl alcohol. These SF-1731 23 emulsifying agents may
be also added to the emulsion containing the self-emulsifying urethane

t rinf@sin: The wettingpropedies gf- the primerdo the substrate.can-bee, and
improved by such an emulsifying agent. 5 [0048] Known nonionic

der i&/AYISIMRGR0ENLS ean be,used as.1he - RORIeRIS QMPUISIYING-a98Nine resin

Examples thereof may include polyoxyethylene alkylether,

| e I 1 I e
e St 13 oo e Sl ™

usecPOAX‘R%’EW%%”%Q'VEBIMF‘{‘%M%SH‘V&”%Q%'V%VFB{EB%'GQ%'MEQ"

polyoxypropylene glycol, polyoxyethylene aliphatic acid ester,
00 4Qioﬂyoxyethylene sorbitan aliphatic acid ester, sorbitan aliphatic acid ester,
glycerin aliphatic acid monoester, sucrose aliphatic acid ester, 15 aliphatic

acid alkanol amide, polyexyethylene alkylamide, pohyoxyelhylene, ;o
polyoxypropylene §kylamide, p(?lgoxye ylene gl ylaminoéther, d

. _polyoxyethylene polyoxypropylene alkylaminoether, polyoxyethylene ,
o N B e oL Bt ae Gy iy om e
... alkyl 20 phosphogic acid ester salt, acetylene ?I‘ ohol and polyether der
920 Hiodified diallg FpolySitoxane Gopolgmer. Twa or miore oftese > °=9e= =

dissolve or disperse a resulting pclyurethane resin
satisfactorily.
[004¢6]

Examples of the neutralizing agents may include tertiary
amines such as ammonia, triethyl amine, triethanol amine,
triisoprepanol amine, trimethyl amine or dimethyl ethanol amine;
alkali metals such as sodium hydrexide, pctassium hydroxide or
calcium hydroxide; and hydroxides of alkali earthmetals. These
can pbe used singly, or in combination of two or more kinds.
[0047]

As the emulsifying agent used for emulsifying the urethane
resin forcedly, it is possible to use a nonionic emulsifying
agent, an anionic emulsifying agent, a cationic emulsifying
agent, an amphoteric emulsifying agent or a protective colloid
type compound which comprises a surface active agent such as

carboxylic acid methyl cellulose or polyvinyl alcohol. These
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emulsifying agents may be combined for use. [0049] Known anionic

g7~ 1emulsifying agents can be used as the anionic SF-1731 24 emulsifying
agent. Examples thereof may include alkylaryl sulfonate, alkyl sulfonate,
dialkyl sulfosuccinate, polyoxyethylene alkylaryl phosphate,
polyoxyethylene alkylaryl ether sulfate, alkylnaphthalene sulfonate,

mu POMOXyEethylene Ssstysy) phenylethes sulfate andralkyhsulfate, TWeOF i ning

more of these emulsifying agents may be combined for use. [0050]

the KROWDGAORICeMUIsifying agents.can; be used as;the: catiopicagentics of

Examples thereof may include monoalkyl amine 10 and salts thereof,

the Biylimethy aming.and salts dherenf, diglkyldimethylaming andisalls; £y i ng

thereof, imidazolinium and salts thereof, alkylbenzyl dimethyl quaternary
ag =rammonium and salts thereof, benzyl pyridinium and salts thereof, alkyl

pyridinium and salts thereof, and polyoxyethylene alkylbenzyl ammonium
[OO@@F 15 salts thereof. Two or more of these emulsifying agents may be

combined for use. 10051] Known amphoteric emulsifying agents can be

) o e %%ﬁt‘me %ﬁ‘fﬁ?ﬁﬁﬂém&%ﬁ%@@y&%ﬁfnﬁg@ﬁ%p'%ﬂh%@ MAENGlYde 1, o

kyl-N-carboxyme mmonium betaine,

non JNidialkylaminaaliylene cabosylate and N NN-UialkY D SUOBkYENS g
ammonium etal O Oor more

polycxyethylene alkylether, polyoxyethylene polyoxypropylene
alkylether, polyoxyethylene alkylphenylether, polyoxyethylene
pelyoxypropylene alkyliphenylether, peolyoxyethylene glycel,
polyoxyethylene polyoxypropyleneglycol, polyoxypropylene
glycel, polyoxyethylene aliphatic acid ester, polyoxyethylene
sorbitan aliphatic acid ester, sorbitan aliphatic acid ester,
glycerinaliphatic acidmonoester, sucrose aliphatic acidester,
aliphatic acid alkanol amide, polyoxyethylene alkylamide,
polyoxyethylene polyoxypropylene alkylamide, polyoxyethylene
alkylaminoether, polyoxyethylene polyoxypropylene
alkylaminoether, polyoxyethylene acetylene glycol,
polyoxyethylene polyoxypropylene acetylene glycol, alkyl
phosphoric acid ester salt, acetylene alcohol and polyether
modified dialkyl polysiloxane copolymer. Two or more of these
emulsifying agents may be combined for use.

[0049]

Known anionicemulsifying agents can be used as the anionic
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of these emulsifying agents may be combined for use. SF-1731 25 [0052]

s -1 order to prepare the primer used-jn the present invention, the urethane
resin is emulsified by the usual method. For example, when the anionic
self-emulsifying urethane emulsion is 5 prepared, the polyisocyanates
compound is allowed to react with polyol and carboxylic acid

emu EQUR-NAYINgRAlyol to sypthesize an isqcygrals terminated pre-palymer » 1

having a carboxylic acid structure in the molecule, and then the

sul PEg:polymer ig) peutralized with,alkylamine and-added intg watetand 5 v,

emulsified, 10 and then chain-extended by a polyamino compound,

po1me{rfﬁ@%tﬁgﬂt@ﬁerséigg@_'aoggﬁ%&'gsﬁgtegPi}a@' it ane. thergbythe. s ary1
urethane resin-containing emulsion is prepared. J0053] The use of the

et [n-canaini I an ive pri I
o0 banding bema R LD Sk o Sladue fonsaa oy ey Lene
styfyE9 %@Sﬁl%%?ng%ﬁcﬂ%mécﬁ@ygﬁ 1«1—5}&“%’&Q%Be{'é“a“%%heo%oa“”z% of

properties’in app e photochromic coating agent on the prlmeﬁ%yer.

tnehough the adnesion.on that cccgsion I higher, than the adhesion
without 20'h mggthe primer Irgyé/r, it 1s Sometimes Iower than the

EOO?KQ esion by using a primer of a moisture-curing type urethane resin,
depending on the kind of urethane resin contained in the emulsion. The
present inventors have been stydied on the urethane resins contajned in

the ‘SriSioh& in-ordet to-Soive thebe probidima “As 27 ©¢ used as the
cationic agent. Examples thereof may include monoalkyl amine
and salts thereof, alkyltrimethyl amine and salts thereof,
dialkyldimethyl amine and salts thereof, imidazoliniumand salts
therecf, alkylbenzyl dimethyl quaternary ammconium and galts
thereof, benzyl pyridinium and salts thereof, alkyl pyridinium
and salts thereof, and polyoxyethylene alkylbenzyl ammonium and
salts therecf. Two or more of these emulsifying agents may be
combined for use.
[0051]

Known amphoteric emulsifying agents can be used as the
amphoteric emulsifying agent. Examples thereof may include
N,N-dimethyl-N-alkyl-N-carboxymethyl ammonium betaine,
N,N-dialkylaminoalkylene carboxylate and
N,N,N-trialkyl-N-sulfoalkylene ammonium betaine. Two Or more

of these emulsifying agents may be combined for use.
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SF-1731 26 a result, théy' found that when a specific functional group is
gr-1Rtsaduced into the urethane resin, it is possible to obtain the adhesion
same as that in the use of the primer of the moisture-curing type urethane
resin. 5 [0054] Firstly, the present inventors found that high adhesion
strength can be obtained stably in the case of using an adhesive primer
rooscemprising the emulsion containing the urethane resin having at least one
group selected from a silanol group, a group 10 capable of producing a
sitanl grgupbyalialysis. anaaloyian aroup. amelhacloylony . s o,
group and epoxy group, and using, an adhesive photochromic coating
the ageatsuchasbe aoent, copipining Ap AiQe compoud forexample.
amine compounds other than hindere amﬁ]‘ne, such as triethanol amine),
eva 1%?‘1%%‘%@“8@‘3 259 t@geaggp and th%reb for example, the . | .
HgEabstrate and the aé‘ﬁotogwromic*laéenrmc"a%lbey da %f%%t%‘%ﬁ“yaggn%‘é’ﬁ ﬁﬁon s
firm., adhesion resistant to_a severe test such as boigif or the like. .
eI aontl they Tound hat o an SURSSN bt fOrNEE o’ GACT 157

1 emulsion containing a urethane resin having at least one group 20
POL%e e&%ﬁf?&%%ﬁé%%%ﬁo@%&% 8%%%%26‘3 M gfh%é?? %y GroUp anfony € an

iso theg1 lrgbg\e/ae %%%%ficngrougs is used, the hir?]h adhesion strength sameas
TS aBove Case CAl be Tedhiz8d T bMG oty the PhBERIRYL e acid

coating agent containincg the amine compound but also the photochromic

SErBatinG agent fles oM theaHife coHifouhdt 8F- 173 opre-polymer  is

neutralized with alkylamine and added inte water and emulsified,
and then chain-extended by a polyamino compound, thereafter, the
residual organic solvent is distilled off and thereby the
urethane resin-containing emulsion is prepared.
(00537

The use of the urethane resin-containing emulsion as an
adhesive primer provides good bonding between the substrate such
as plastic lenses for eyeglasses and the photochromic laver
without deteriorating the coating properties in applying the
photochromic coating agent on the primer layer. Although the
adhesion on that occasion is higher than the adhesion without
having the primer layer, it is sometimes lower than the adhesion
by using a primer of a moisture-curing type urethane resin,
depending on the kind of urethane resin contained in the emulsion.
The present inventors have been studied on the urethane resins

contained in the emulsions in order to solve these problems. As
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[0055] Therefore, in the process of the present invention, it is preferred to
Sro ﬁ%fhe primer which comprises the.emulsion containing a urethane resin
aving a least one group selected 5 from the group consisting of a silanol
group, a group capable of preparing a silanol group by hydrolysis, an
acryloyloxy group, a methacryloyloxy group and epoxy group on the
a r&gﬁﬂi?”éﬂ% t i Qegvgtoh&tlochromic cc():a}Ltigjg a%%ntc ontainifg an

amine compoun u'[ er than hlnfenrea a?ﬁllﬁe, SUC?'I as trie ﬁgﬁ(ﬁ arglr%%fl e

85 ribed Iat. r, is used. Among of these, from the vi point of ease 0
i R L S/ ohg e the SrmCIRasT EORa B tbe

urethane Jesin hawngtigltalgasgL onet%;oup selected frohm a S|Iano%/%roup a

adh%?c:)Luopncapalltﬂe of preparing a* Silarol grol by Aydrolysis, BA B& oyl%gy the

o4 Jrou and a 15 mgthacryloegtlo%(%égrogﬁp, and it is most preferred to use the
&rmu SOI’?%E%P&%’“I’]&Q%G Uréthand e 'ﬁﬁé{?ing at least one group
wo’gﬁl}ected from a silanol group and an acryloyloxy group. [0056]
urthermore, when the photochromic coating agent free from 20 an
amine compound such as triethanol amine, as described later, is used, it
is preféied Yo us8thB ERiAgibn CoREHting the Arethdne fedin AaviAg s ion
least one group selected from an_acryloyloxy group and a_ _
S L R B RASYIBky GroBh RS &fkiision, HhE GrRETaRE regimmayTurtlersive
. have at least one group selected SF-1731 28 from the group consisting of
prlrﬁ%laﬁ@%ﬁﬁﬁ}&%r@@ﬁCﬁﬁ‘&‘&élon containing the urethane resin

having at least one group selected from a silanol group, a group
capable of producing a silancl group by hydrolysis, an
acryloyloxy group, a methacryloyloxy group and epoxy group, and
using, an adhesive photochromic coating agent such as the agent
containing an amine compound {for example, amine compounds other
than hindered amine, such as triethanol amine), as a photochromic
coating agent, and thereby, for example, the substrate and the
photochromic layer can be satisfactorily bonded with firm
adhesion resistant to a severe test such as boiling or the like.
Secondly, they found that when an adhesive primer formed from
an emulsion containing a urethane resin having at least one group
selected from the acryloyloxy group and methacryloyloxy group
among the above specific groups i1s used, the high adhesion
strength same as the above case can be realized in using net only
the photochromic coating agent containing the amine compound but

also the photochromic coating agent free from the amine compound.
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of preparing a silanol group by hydrolysis and an epoxy group. When the
SF_f\%}iloyloxy group and/or a methac%lgyloxy group coexist with these
groups, it is preferred to coexist with the 5 silanol group because of ease
of manufacture. [0057] The amounts of these specific groups can be
represented by the total mmol of these specific groups contained in 100g
the urethane resin, wherein total mmol is a value determined by 10
dividing the total number of the specific groups contained 100 g of the

“remﬁef%@etiy yqgadro, 3, pumber an Fé‘“'%%‘é‘%éhengggi%”é bY ;¢ is
1000. These specific groups are contained in an amount of pre eraBI’y

from 0.5 tg 200 mmol/100 g-urethane resin, particularly preferably from .
PE 66 100 mrﬁ%l/llb%eg-l}r%%a%é: Tesin. 1@%@& tﬁ%mﬁéﬁgﬁ% re“s?iqrel3 hag a5+ on

least one %rogpes%ected from an acr#/Io onyl%rggg %nd a

cont 1 ,
on rr?étﬂégrﬁglloyloxy groaurf)e,2 thé ajm%u%?g theSe groups |srf)?ef%3f§bll§} ffso% ?LCtEd

‘ to 50 mmol/lOOCgéurqth%ne resi% More%ver, hen the emulsion
Lo ontaining the Urethane Telih is an’ aniontd Self-Bhiliisitying BrétHEngapable
emulsion, the amount of these 20 groups is preferably from 0.1 to 5
of pé&&%éﬂ%ﬁﬁ&r&aﬁ}%%ﬁyRrBPﬁngﬁboé-‘éaaﬁlaléﬁt%ﬁ%é} PhEiYF RO R
functional group and an atomic group having a surface active function.
& MGHOSE] AL e MEHh S 61 Rudtcg Wes& SpEicBrodlss mtd SELAL 392°
the urethane resin, it is possible to employ the following method. That is

the 1§ ERy e nethod Aiseiodetn IPAA-HW19FH 2869 tami ning an anine

compound other than hindered amine, such as triethancl amine,
as described later, is used. Among of these, from the viewpoint
of ease of marnufacture, 1t is further preferred to use the
emulsion containing the urethane resin having at least one group
selected from a silancl group, a group capable of preparing a
silanol group by hydrolysis, an acryloyloxy group and a
methacryloyloxy group, and it is most preferred to use the
emulsion containing the urethane resin having at least one group
selected from a silanol group and an acryloyloxy group.
[0056]

Furthermore, when the photochromic coating agent free from
an amine compound such as triethancl amine, as described later,
is used, it is preferred to use the emulsion containing the
urethane resin having at least one group selected from an
acryloyloxy group and a methacryloyloxy group. Inthis emulsion,

the urethane resin may further have at least one group selected
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be used as the method of introducing a silanol group and a group capable
SF_1<J;§>£eparing a silanol group by hydr%)%vsis. In the above 5 method, by
reacting a compound having at least two active hydrogen groups in one
molecule (compound A) , a compound having at least two isocyanate
groups in one molecule (compound B) , and a compound having at least

F ne_active hydrogen group capable of . reacting with at least one
oS oL o ocile nd T & iy iRg sheon gHBuF o201

campound C), the urethane resin_having a silanol group and/or a group

of pf:%ea fe'}“g)j"igpfaepsalr‘linagnaO 57]5i %8})5%)&/&39 ygronSs;f“ssisaf)lr((%pp%ﬁe8.p OX? group-
Specifically, after an isocyanate terminated prepolymer havin

e ORI ekt SHrucire (e GIestls o <IniRGSIAaT by FENRG Y £57°1P

olyisocyanate compound (compouynd B) , a polyol (compound A) and .a
oo T aain A e AT AT blond (RkRaRFR) e Hrepdhriaie the

neutralized with alkylamine and the resulting prepolymer is added into

S1130ker SAQ ShUSIHEY ShdtheR2 fife CONMIRBINE T 5HE R chain extender

are dissolved therein to extend 20 the chain, and then the organic solvent

"00%hained is distilled off and thereby the emulsion containing the urethane
resin having a silanol group and/or a group capable of preparing a silanol
grotp By diaIySisds préfaredSBECEA31C3G 0059] ASthé GormpotRdented
it is preferred to use a hydrolyzing silicon group-containing compound

by %iﬁ@%ﬁlafﬁw@,ﬂawg%% $Hefive hyfrohePgroupcapabless tdactitys of
with an isocyanate

the urethane resin, wherein total mmol is a value determined by

dividing the total number of the specific groups contained 100
g of the urethane resin by Avogadre’ s number and multiplying the
gquotient by 1000. These specific groups are contained in an
amount of preferably from 0.5 to 200 mmol/10C g-urethane resin,
particularly preferably from 1 to 100 mmol/100 g-urethane resin.
When the urethane resin has at least one group selected from an
acryloyloxy group and a methacryloyloxy group, the amount of
these groups is preferably from 1 to 50 mmol/100 g-urethane resin.
Moreover, when the emulsion containing the urethane resin is an
anionic self-emulsifying urethane emulsion, the amount of these
groups is preferably from 0.1 to 5 equivalents, more preferably
from 0.5 to 2 equivalents on the basis of a functional group and
an atomic group having a surface active function.

[0058]

As the method of introducing these specific groups intoe
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5 group, and having an alkoxy group as a hydrolyzing silicon group.
SF- ﬁ?mples of the compound are y-(2-aminoethyl)aminopropyl trimethoxy
[ |er, y-(2-aminoethyl)aminopropyl2t lethoxy silane,
y-(2-aminoethyl)aminopropyl methyl dimethoxy silane,
y-(2-aminoethyl)aminopropyl methy! diethoxy silane, 10 y-aminopropy!

trimethoxy silane, y-aminopropyl triethoxy silane, y-aminopropyl methyl
the GRS By R HEROby ety o Sartel GHEgetehod.
h compgunds, it i§ referred tg use the comp,oundDhavin%]ag least tv¥o active
“8 hytifogenidups. WHER tHe ComMpduhtRard uded the hydrolyzing shicon~a"
b roup can be 15 introduced, into the intermediate part of the molecule of
© HR& “pdfyurathdiie résin Qndthe ptopentad Such as WehtREfMg Aisistaricec P
and solvent resistance are improved. The compound, C is used in an
AP AMSUATSHER et R Groporfich bIFRivE RYrogeRt gitlpsin the the above
hydrolyzing silicon group-containing compound to 20 residual isocyanate
meLBsup iR ¥heli88Eyariale RImAifERY HepoRjfiéids Frefet&Bis frore.08 % 1 ve
1.0, more preferably 0.1 to 0.8. [0060] When an acryloyloxy group, a
hyd RRSRACEAGHERY §FoGp BremlSEIL731 3P BpBR§réup IS iMPERRiEeras 3 ng
specific group, a compound having a terminal hydroxyl group and an

at ®iVibyIoky §RpY foroEessEa epmpound D alcompseuid pravinga 3), and

terminal hydroxyl group and a methacryloyloxy group (compound E), or a
& CEBRBUhdi8 heVhg:& teARinal MiyErasl greup aAd earepaxpgogmpable of

(compound
reacting with at least one isocyanate group in one molecule and

a hydrelyzing silicon group (compound C}, the urethane resin
having a silanol group and/or a group capable of preparing a
silanol group by hydrolysis is prepared. Specifically, after
an isccyanate terminated prepolymer having a carboxylic acid
structure in the molecule 1is synthesized by reacting a
polyisccyanate compound (compound B}, a polyol {compound A) and
a polyol having a carboxylic acid group (compound A), the
prepolymer is neutralized with alkylamine and the resulting
prepolymer is added into water and emulsified, and then, the
compound C and a chain extender are dissolved therein to extend
the chain, and then the corganic solvent remained is distilled
off and thereby the emulsion containing the urethane resin having
a silanol group and/or a group capable of preparing a silanol

group by hydrolysis 1s prepared.
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F) is used in place of the compound C in the above method, and a
SF_{@ i?ual isocyanate group in the iso%anate prepolymer is reacted with
hé terminal hydroxyl group in these compounds. As the compounds D
and E, (meth)acrylate compounds wherein 10 (meth)acrylate means
acrylate and/or methacrylate, such as 2-hydroxyethyl acrylate,
(00 Z5hydroxyethyl methacrylate, polyethyleneglycol (meth)acrylate,
po%ypropyleneglycol (meth)acrylate, polybutyleneglycol (meth)acrylate,

pol%}etrgpeth%lene I¥ ol (meth)acrylate %an be &rl]sed. As the 15 .
comgounbe F?gf%%% ,8socr(bitd1 Lpo]fysglfljcrlgy Ether z;lcvclané1 Saetearml:ilt;’(acimlyzlnq
. . hydroxyl group and trimethylol propane, polyglycidylether having a
G hnar hyetowst Eng s k: :
L ST BB Al BE TSR e RS b uRas BHOF Ao tiBatA =
sor2na ognt such that the progorti,on of terminal hydroxyl group in the .
cOMpolndR 45 Te SETR G 208 aTat8 gréfieom the isbyanats térmmfdfdd te
repolymer is, greferabl from 0.05 to 1.0, more preferably 0.1 to O.B.
IEOYF061] THEAMOHM t S FeBifiCgralips, which'dré ihtrGatced e -
the urethane resin, can be regulated by controlling SF-1731 32 the
ExampiGiit of each’tt thé SBRIBEUAS T fo Flused: 2[0bB2E Fhe Litethanepasiny 1
. contained in the emulsion used in the process of the present invention
trimgshRe aboveldetfic grinps 5 ahb drorepvern pisteratiphias a triethoxy
crosslinking structure prepared by reacting three-functional or
s 1 14p@r-furclisnarpolps Withlagrinopropyl methyl dimethoxy silane,
Y- (2-aminoethyl)aminopropyl methyl diethoxy silane,
y—amincopropyl trimethoxy silane, y-aminopropyl triethoxy silane,
y-amincpropyl methyl dimethoxy silane and y-aminopropyl methyl
diethoxy silane. Of these compounds, it is preferred to use the
compound having at least two active hydrogen groups. When the
compounds are used, the hydrolyzing silicon group can be
intreduced into the intermediate part of the molecule of the
polyurethane resin and the properties such as weathering
resistance and solvent resistance are improved. The compound
C is used in an amount such that the proportion of active hydrogen
group in the hydrolyzing silicon group-containing compound to
residual isocyanate group in the isocyanate terminated
prepolymer is preferably from 0.05 to 1.0, more preferably 0.1

to 0.8.

[0060C]

When an acryloyloxy group, a methacryloyloxy group or an
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isocyanate group. [0063] The emulsion containing such a urethane resin
-1 ?\failable 10 commercially or as g reagent. Examples thereof are as
follows. 0064] (1) Examples of the urethane resin emulsion free from the
above specific groups are Takelac W-615, Takelac W-6010, Takelac
W-6020, Takelac W-6061, Takelac W-511, Takelac W-405, Takelac 15

epo%%q 08,8 ali%'a‘iW'PQéuEéﬁe'%%Weﬁézé% Lakelac W-635and Tcaoﬁ%%cund

-5030, manufactured by Mitsui Chemicals Polyurethanes INC, an

ayhydral B 2 hydrol PR340, Bayhydral
havl s)ézsggzef)@%ﬁ?yldrg?{%%r%{zg;l ,é&aﬁ%/d r%?r\(gp (35" ygéygg(rg\%%ogﬁoup
(pr§@é/%89849%r§‘5‘9a%[agohg/§[ E%F’é%%jﬁ:&rg@%‘; agy{%%hbg %Q%J{R'éqmﬁfﬁa )

Urethane Co., Ltd. xa the urethane resin emulsi

having.a _silanal group, or. a group_capable of preparing a silanol group b
gre d%%?sig iﬁ?%%l%?é:t%plar?éﬁgs}fﬁ] are ﬁ%ﬁe&%%ﬁgm,ﬁa’keﬁ% F-Qf?%‘cicyund
33 WS-5100, Takelac WS-4Q00, Takelac WS-6021, manufactured b
PAY Nt eef%%ﬁiikpowaffe e TRES (306519 Es%gﬁms@sf@ﬁﬁe@ca%@wnd

resin emulsion having acryloyloxy group,and/or a methacryloylox
) SCorigdtnd Ih e Crethans Fesit AR BA hydrditv VLS8, 1o o, 2nd

Ba%%gjroluv VPLS2282 and BayhydrolUV VPLS2317 manufacturqed by
a Iy %%)EEQEX@ﬁﬁﬁﬁn@rOUP i the isocyanate prepolymér is

reacted with the terminal hydroxyl group in these compounds. As
the compounds D and E, (meth)acrylate compounds wherein
(meth)acrylate means acrylate and/or methacrylate, such as
Z-hydroxzyethyl acrylate, Z-hydroxyethyl methacrylate,
polyéthyleneglycol (meth)acrylate, polypropyleneglycol
{meth}acrylate, polybutyleneglycol {meth)acrylate,
polytetramethyleneglycol (methlacrylate can be used. As the
compound F, glycidol, sorbitol polyglycidyl ether having a
terminal hydroxyl group and trimethylol propane
polyglycidylether having a terminal hydroxyl group can be used.
The compounds D to F are used in an amount such that the proportion
of terminal hydroxyl group in the compounds to residual
isocyanate group on the isoccyanate terminated prepolymer is
preferably from 0.05 to 1.0, more preferably 0.1 to 0.8.
[0061]

The amount cf each of the specific groups, which are

introduced in the urethane resin, can be regulated by controlling
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INC. [0067] 10 The urethane resin-containing emulsion used as the

pirg er in the present invention may, omprise the dispersing medium, the
SF-1 '?h . n | .

urethane resin and the emulsifying agent optionally used, and further may

comprise inorganic fine particles. The emulsion can have improved

surface hardness by containing the inorganic fine 15 particles. Examples

the %fi&é‘%ﬁ%of %‘”!é:a%%m%%“”cohsec"c”&wg?%'{l‘gdg!ecﬂ”zeop?”'&'é?éé‘.‘ay.'“C'“de
silicon oxide compounds such as silicon dioxide; aluminum’ oxide

(00 mpounds such as aluminum trioxide; titanium oxide compounds such
as titanium dioxide; zirconium oxide compounds such as zirconium

dioxide; tin oxide 20 compounds _such as tin dioxide; and antimony oxide
comBEuRAE SUCR S ARtIMony ToAE At rifoR) peRtEds o 1* “be
Furthermore, it is preferred to use the inorganic fine particles having an
OrOCRRTag8 PR RFRRter SFTFom 1ot 406 i partiaIan; At 266 HACUPS
These inorganic fine particles are available as SF-1731 34 colloidal silica
and gl soRTdhfmarialy: The'emutsisn ‘ComaiRsthe Forgaficfiteared
articles in an amount of preferably not more than 30 % by mass, more

by r%ﬁe?ahﬁﬂ/ BT RidTe IR 1696 by Ma b d i the B lal RS of the I an

. emulsion. 5 [0068] As the method of forming the primer layer on the
LSO ffteC 0B AR ®Ptical substrate by applying the primer made from the

[006u3r§athane resin-containing emulsion, it is preferred to employ

The emulsion containing such a urethane resin is available
commercially or as a reagent. Examples thereof are as follows.
[0064]

(1) Ezxamples of the urethane resin emulsion free from the
above specific groups are Takelac W-615, Takelac W-6010, Takelac
W-6020, Takelac W-6061, Takelac W-511, Takelac W-405, Takelac
W-7004, Takelac W-605, Takelac W-512R0, Takelac W-635 and
Takelac W-35030, manufactured by Mitsuil Chemicals Polyurethanes
INC., and Bayhydrel PR135, Bayhydrol PR240, Bayhydrol PR340,
Bayhydrol VPLS2%52, Bayhydrol VPLS2341, Bayhydrol VPLS$2342,
Bavybond 40085, Baybondéoi and Bayhydrol PTZ41, manufactured by
Sumitomo Baver Urethane Co., Ltd.

[0065]

(2} Examples of the urethane resin emulsion having a

silanol group or a group capable of preparing a silanol group

by hydrolysis in the urethane resin are Takelac WS-5000, Takelac
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a method such that the primer made from the urethane 10
SF__r%%:n-containing emulsion is applied%%n at least one surface of the optical
slibstrate and then liquid componerits such as the dispersing medium or
the like in the emulsion are removed by drying. [0069] 15 In applying the
primer made from the urethane resin-containing emulsion on an optical

_ trate such as a_plastic lens substrate or. the like, a pretreatment for
WS #(—:‘B Bs’ubgt?;{%ﬁg %rzwgraépygéarrigsél gﬁt ae?orégap%@%l%g in"or Lé}?%celﬁrlnlﬁ%%e Py

it tbﬁ aggesion. Iixarprﬁ es of th?1 retreatr{r}ﬁgt are 20 degreasing treatment

M e 23 . .
y an or anic solvent; SHékmicat reatme By basic aqueous solutions

iOOiéﬁh as sodium oxide aqueous solution or potassium hydroxide aqueous

ution, sulfuric acid aqueous solution, or hydrochloric acid aqueous
solution; polishing treatment using a polishing agent; plasma treatment
using SF-E731785 SAtmO<pheiEhredstire pasmma of B pressurd piasht; 2"
corona discharging treatment; flame treatment; and UV ozone treatment.

ACTWRGNGthesd pretreatMentet it fs Prefert s eiipioy the" g RHsngtn  the
treatment by an organic solvent, the alkali treatment, 5 the plasma

ureyafifientsr the®dstona discharging tieament and® wdanférthy VELS2282
combining these treatments from the viewpoint of the adhesion of the

and Gsticay dilsstrale With 476 privaeitayer UBechbgeSorHigheregaing efeatonne
the surface of an optical substrate and a high effect of removing materials

INCwhich make the

(0067]

The urethane resin-containing emulsion used as the primer
in the present invention may comprise the dispersing medium, the
urethane resin and the emulsifying agent optionally used, and
further may comprise inorganic fine particles. The emulsion can
have improved surface hardness by containing the inorganic fine
particles. Examples cof the inorganic compounds constituting
the fine particles may include silicon oxide compounds such as
silicon dioxide; aluminum c¢xide compounds such as aluminum
trioxide; titanium oxide compounds such as titanium dioxide;
zlirconium oxide compounds such as zirconium dioxide; tin oxide
compounds such as tin dioxide; and antimony oxide compounds such
as antimony tricxide and antimeny pentaoxide. Furthermore, it
is preferred to use the inorganic fine particles having an
average particle diameter of from 1 to 300 nm, particularly 1

to 200 nm. These incrganic fine particles are avallable as
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10 appearance worse, such as foreign bodies present on the optical
SF_ivubstrate surface, it is most preferred to use the optical substrate with
arrh water for removing alkali com o4nents, after etching using a 10 to
20 % by mass of sodium hydroxide or potassium hydroxide aqueous
solution at a temperature of from 50 to 60C. 15 [0070] The methods of
rimer made from the urethane resin emulsion olnnthe

plying the .
201 {14 ofan bpfical bubSITA(S re 7ot ‘barteliarly had and Hay Fieldde o
dipping, spin coating, dip spin coating or other methods. Of these, th
O G O SpiA 2D Aling B LRARAT 16 CoAIfTIG BMLboR 48 T =7 2P 1Y
preferable because a coating film having good appearance can be .
Nt RS e ATt chsEoFbling TR pHirer B the Lpitf ol mutio, 0 ®
the primer kept in a vessel is flown from a nozzle and dropped on the

LY Bpfichl SE6&FaR surfte 8ha th&tasfter thepimereESE P31 36 dropped

is Sf)read over the overall surface with centrifugal force by rotating the

[Ooéﬁt cal substrate at high speed and also extra primer is removed by
scattering. This application is preferably carried out for obtaining good
app@érathléﬁ iRSteASA %yft‘ﬁéﬂ\hﬁﬂfe @q%tétﬁ‘ntﬁﬁé épﬁié%FsQﬁsﬁ‘&l@ &dwace
speed and moving the nozzle faced to the outside in the radial direction

of ﬁ@motﬁ@e@ﬁﬂer%fbﬁfér@ﬁtﬁ:aps’u@ﬁ%%é/ ﬁﬁ@arﬁ;}%@ﬁlﬂim@f i%@%pé@% the
that the primer dropped draws a spiral form, and after the completion of

ur efhpedrdppmgl thecoubstidte 19 retatedsEtHigh speéd. IO f00jed to employ

a method such that the primer made from the urethane

resin-containing emulsion is applied on at least cne surface of

the cptical substrate and then liguid components such as the

dispersing medium or the like in the emulsion are removed by

drying.

(G069}

In applying the primer made from the urethane
resin~containing emulsion on an optical subkstrate such as a
plastic lens substrate or the like, a pretreatment for the
substrate is preferably carried cut before applying in order to
improve the adhesion. - Examples of the pretreatment are
degreasing treatment by an organic solvent; chemical treatment
by basic aqueous sclutions such as sodium oxide agueous sclution
or potassium hydroxide agueocus scolution, sulfuric aclid agueous

solution, or hydrochleric acid agueous solution; polishing

treatment using a pelishing agent; plasma treatment using
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in applying the primer with the spin coating method, the primer is
.. regulated to have a viscosity at 25C of preferably from 50 to 300 cP,

SE "ng% preferably 80 to 200 cP, becatiSe a primer layer having a uniform
thickness can be easily prepared. The 15 regulation of the viscosity can
be conducted by changing the kind or the amount of the dispersing
medium, Furthermore, the kind of the nozzle used, the outputting rate of

& EMYE Bhifner, tRe MioVing rawe i tie RozzIe therotating Sped B he optitaf™®

_substrate and other conditions may be determined according tothe kinds

9L S SAFINE PrimEF ARG Opfical SUTstrABULET i tHE Eadd SFapptyinge fgent -
primer having a viscosity of from 80 to 200 cP at room temperature on a

Amorgnverdéfs Riirg § HidiRelet of 75-mm?it Brfreféréd to empfdipthey  the
following conditions. Namely, the application is preferably carried out in.

deggges A Waythat & ozl SE PARRRT Raving &R imé&Fdighétet of fisia Brent,
mm to 1 mm is used, the flow rate is regulated so that the output linear

the geacFife Pitdér P ffoma30 i 200 €RiI8, Sid tHeRsEAIsthdvéd fom and
the lens center to the end at a rate of from 3 to 6 mm/cm. The nozzle 5 is

LrepEatardbly cvatPwhile tedulaity THeeRé7 e pesifisATaddordingioRRént of
lens shape, so that the distance between the nozzle top and the lens

the spAhes isofromil (25 niA L preddrabiie 3 aoBmny Atithé litnecotidroppingyer -
the primer, the rotating number of the spin is preferably regulated within

Becahyes spinfrotating rated0iofdromd 5616 100rphidependingonthedensptical
diameter, the nozzle diameter and the outputting rate. When the primer is

Suba“ppﬁaéda and a high effect of removing materials which make the

appearance worse, such as foreign bodies present on the optical
substrate surface, 1t is most.preferred to use the cptical
substrate with warm water for removing alkali components, after
etchingusing a 10 to 20 $ by mass ¢of sodium hydroxide or potagssium

hyvdreside aqueous sclution at a temperature of from 50 to 60°C,

[0070]

The methods of applying the primer made from the urethane
resin emulsion on the surface of an optical substrate are not
particularly limited and may include dipping, spin coating, dip
spin coating or other methods. Of these, the method of spin
coating the urethane resin~containing emulsion is preferable
because a coating film having good appearance can be prepared.
In the case of applying the primer by the spin coating method,
the primer kept in a vessel is flown from a nozzle and dropped

on the optical substrate surface, and thereafter, the primer
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on the surface of a 075 mm lens by such a method, the primer layer can

. @rmed on the overall lens surfa%%using the primer in a small amount
of 1.4 g. 15 [0072] With respect to the thickness of the primer coating film
formed on the surface of the optical substrate, the primer layer formed
after drying has a thickness of preferably from 0.1 to 30 m, more

referably 1 to 15 m, furthermore preferably 5 to 20.9 m from th
et B i oot SHOH e e & Aareuien (Bndge . foree

roperties) of the primer |ayer with the photochromic coat layer optionall
oy R e Tog B Pt Th SRoiESt S e B i 2t e
. preferred that b l%bles are substantiall%(habsencelin the Iag/er, SF-17§1 3%1
PEAG07ST IhThe prodtiction process 6f the preSeti invention “ater fhe - o- 2~+Y
urethane resin emulsion primer is applied in the above manner, liguid |
8 TR OHertS SR o 4 HIpERHG TEH G AL G [T & Polmoed ) 1°
drying and therepy the primer layer may be formed. The drying conditions
Lot g PdtpHrtiarydimited Shdtthe %Fy#@“mﬁ%ﬁ?ééﬁﬁ‘é’rﬂ&;}’ bBearried 66t ¢
at a temperature of from 70 to 150C. Specifically, it is preferably carried
Facefutd & entperathres from 45%tor 36E 3dr at-e&SES Mint Ridke (fieférabiyer ©f
10 for about 15 min because of obtaining firm adhesion. [0074]
the(PHBﬁﬁﬁﬁoﬁRﬁﬁﬁﬁﬁb%nﬁ%ﬂfar1Yf the primer is dropped so that

the primer dropped draws a spiral form, and after the completion
of the dropping, the substrate is rotated at high speed.
(00711

In applying the primer with the spin coating method, the
primer is regulated to have a viscosity at 25°C of preferably
from 50 to 300 ¢cP, more preferably 80 toc 200 ¢cP, because a primer
layer having a uniform thickness can be easily prepared. The
regulation of the viscosity can be conducted by changing the kind
or the amount of the dispersing medium. Furthermore, the kind
of the nozzle used, the outputting rate of the primer, the moving
rate of the nozzle, the rotating spesd of the optical substrate
and cther conditions may be determined according to the kinds
of the primer and optical substrate used. In the case of applying
the primer having a viscosity cof from 80 to 200 cP at room
temperature on a convex lens having a diameter of 75 mm, it is
preferred to employ the following conditicons. Namely, the

applicaticn is preferably carried out in such a way that a nozzle
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In the production process of the present invention, on the primer layer
- f%rged on the surface of the optical substrate, the 15 photochromic coat

1Iay r consisting of the resin layer containing the photochromic compound
is formed. The photochromic coat layer is formed in such a way that the
photochromic coating agent is applied on the primer layer and then cured.

v -, 40075] 20 As the photochromic.coati ent, a photochromic coati ;
e RIS i BT el SEating et o Db RRfouE S Lo

rac AR limitation as long as L s a.curing composition, containing.a ;.

photochromic tompound and a polymefizing monomer.” However, from

, he viewpoint f:ﬁ?e hptochromic properties, SE-1731 39 optical

15 458 Bortbs: And e SBH/BN RSTstaNEo, STATR roSitaNEE ahd FuHERRNSTS
the photochromic layer, it is preferred to use the coating agent, which

Centymprises s radichl® ol metizing’ monbiier {exdudingMohomers haling? L

. asilanol group 5 or having a group capable of preparing a silanol group by
8 W&S%é?%ﬁd Ravifig' a #T*ﬁé%%id@%B&ﬁ)t,%Eon%b%n@Héﬁkﬁ a PSifahbt-on
group or a group capable of preparing a silanol group by hydrolysis and a
ACCOHStoChromic-EEmpBlAd HEessential Corfponkatsindpatitie &mblRfs: the
and further, optionally, a 10 radical polymerizing monomer containing a
mz%ﬁeﬁﬁaaeagré)uﬁ%d}@rnan%iﬁé%%mﬁo&fa%sﬂdifgaoée%trféfe erably

pamphlets of International Publication Nos. 03/011967, 04/050775 and
1 toobIgn471%: [obpe: ime of dropping the primer, the rotating number

of the spin is preferably regulated within the spin rotating rate
of from 50 to 100 rpm depending on the lens diameter, the nozzle
diameter and the outputting rate. When the primer is applied
on the surface of a ¢75 mm lens by such a method, the primer layer
can be formed on the overall lens surface using the primer in
a small amount of 1.4 g.

[0072]

With respect to the thickness of the primer ccating film
formed on the surface of the optical substrate, the primer laver
formed after drying has a thickness of preferably from 0.1 to
30 pm, more preferably 1 to 15 pm, furthermore preferably 5 to
9 um from the viewpoilnt of having good optical properties and
adhesion (bonding properties) of the primer layer with the
photochrcmic coat layer opticnally formed on the layer. TFrom
the viewpoint of the optical properties, it is preferred that

bubbles are substantially absence 1n the layer.
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Examples of the radical polymerizing monomers used in the 15
SF*ﬁggtochromic coating agent excludir}&radical polymerizing monomers
i?'lg a silanol group or having a group capable of preparing a silanol
group by hydrolysis, and a radical polymerizing monomer having a
maleimide group may include trimethylolpropanetrimethacrylate, 20
L;' ethylolpropanetriacrylate, tetramethylolmethanetrimethacrylate,
tetramethylolmethanetriacrylate,
trimgthyl I ro%a%etriethylenegcholtriacrylate, . (
pent“a?erE/%gi B EMetTAcRTate SSE- 73128 Rifehtaenthtemexa8my Ikt er
urethaneoligomer tetracrylate, urethaneoligomer hexamethacrylate,
tR éthanebligbfiter HERAC/iate, olyBsterdligtner Rekacrjife o0 Ve mannex,
. _diethyleneglycoldimethacrylate, 5 triethyleneglycoldimethacrylate,
1 AetfadtRYIBREGR ESIdTMEthacTyFaté L fiRfFopyIEAebIyEoldiingfhcryigte. i ke are
bisphenol A dimethacrylate,
remgveHisth isthatiy I Gickyethiedprehylpiophier ghcidinetyadiglate meed.
2,2-bis(4-acryloyloxypolyethyleneglycolphenyl)propane having an
The a(ragB InGIeEdAE Welttht ®F 776 8A/d Ricthylethbrpdiyethyleheed, but the
glycolmethacrylate having an average molecular weight of 475. Although
Ar vy Hathiotint ot #idgeotivey radicad polyaterizitg FtoRobsts eusetiinghe from
invention is not particularly ‘limited, it is
70 to 150°C. Specifically, it is preferably carried out at a

(00

temperature from 15 te 30°C for at least 5 min, more preferably
for abcut 15 min because of obtaining firm adhesion.

10074)]

(Photochromic coating agent)

In the production process of the present invention, on the
primer layer formed on the surface of the optical substrate, the
photochromic coat layer consisting of the resin layer containing
the photochromic compound is formed. The photochromic coat
layer is formed in such a way that the photochromic coating agent
is applied on the primer layer and then cured.

[0075]

As the photochromic ceating agent, a photochromic coating
agent usable in a conventional coating method can be used without
particular limitation as long as it is a curing composition
containing a phetochromic compound and a polymerizing monomer.

However, from the viewpoint of the photochromic properties,
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15 preferred to use these monomers in an amount of from 20 to 90 % by
e is, particularly 40 to 80 % by m based on the mass of the whole
coating agent. 0077] Examples of the compounds having a silanol group
or a group 20 capable of preparing the silanol group by hydrolysis are
y-methacryloyloxy propyltrimethoxy silane, y-methacryloyloxy

op < PIORYIUISINGXY silane, y-meinacrylovioxy propyimeliy dimethoxy silane, .
(3-acryloy xypropy?)dlmet ylmethoxy silane,

zesjgztg%%:gz:%%cg :g%%R%eplsg %%%S;E%Z%Wﬁn"gi@}%t%%%zg%f% layer, it is
acr xymseéh)él%dimeth Iethox% silane, methacr Io%lox methyl

layl .
pre%é:t eo%ygﬂaﬁe, met%a(c:ﬁ/%:y%l)%/mgtﬁwﬁimg Withsky Sitare; s @ radical
ol rpn%tp?créllo onxpro IgimeIlea;[hoxy silane apd ; , ]
00 A, IS POy e THtioRy STAHE: ARROUGH e SArhBURL of ~0 P

these compounds used in the invention is not particularly limited, it is
°F  prefaitdd fo e CORPYUNG irfan BRTSUH bF from 075 {756 % B CUP bY

_mass, particular(l)%a:; to 10 % by _10 mass based on the mass of the whole
RYAiQalifg agett 10078} ESamples 6f trbTadica pBlymériZifgFRoisBRy 1ng a

.. containing a maleimide group may include 4,4'-diphenylmethane

silafighafimide, OBist3-BHRRS-matiRasnakimicEphenyiy riethanénas group

2,2-bis[4-(4-maleimidephenoxy)phenyl]propane,
by hydrolysis and a photochromic compound as essential
compeonents in specific amocunts, and further, optiocnally, a
radical polymerizing menomer containing amaleimide group and/or
an amine compound, as disclosed in the panphlets of International
Publication Nos. 03/011967, 04/050775 and 05/014717.
(G076

Examples of the radical polymerizing monomers used in the

photochromic coating agent excluding radical polymerizing
monomers having a silancl group or having a group capable of
preparing a silancl group by hydrolysis, and a radical
polymerizing moncmer having a maleimide group may include
trimethylolpropanetrimethacrylate,
trimethylolpreopanetriacrylate,
tetramethylolmethanetrimethacrylate,
tetramethylolmethanetriacrylate,

trimethylelprepanetriethyleneglycoltriacrylate,

pentaerythritcltetramethacrylate,
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m-maleimidebenzoyl-N-hydroxysuccineimide ester and
Spe sygfineimidyl-4-(N-maIeimidemeth)ﬂ)é:yclohexanefl-carboxylate. Although
hé amount of the radical polymerizing monomer used in the invention is
not particularly limited, it is preferred to 20 use the compound in an
amount of from 0.05 to 15 % by mass, particularly 0.1 t0.10 % by mass
: ed on the.mass of the whaole _coatin ent. [0079] Examples of th
D e Lo ol S SR 75E 42 KRSy e e =
..amine, triisopropanol amine, N,N-dimethyl aminoethyl methacrylate and
are ,ﬁ-ﬁi%%ﬁﬁg?rﬁ?n%ethyl mheﬁﬁa%?{ﬁg?)e? A oah%gﬁ’the amount. %%ﬁ%eea%iﬁgomer
hey SOM %ucned used in the ingegti%nsé%gotlparticularly limited, it is%referre tg
Use'the anine 5 compouRd i ah AmoURt Bt from 0.01 to 15 %55 Hhads, > =
a1 ehd 'cular@l)g 0.110,10 % b% mass based on the mass of the whole coating -
ag\én‘sﬁr1 éff\ﬂ/i]%:ﬁntlﬁg}b StoChPomitc layer is formed on the primer layer,
. _, the amine compound is not an essential component. Even if using 10 a
-t lec%%%’iﬁ&%%%w baihdlie B exétidiy the amine compound from the
adhesive photochromic coating agent, the sufficient adhesion capable of
e L IR G S0P BradG oA e Bh@afed. The addition of the amine
compound has an effect for improving the adhesion, while it occasionally

T L iR REbIS e BFHid a5 auhatve pHABERBMicReSHMgtisprd Yy Late,

capable of giving sufficient adhesion. In the Erocess of the present
2,2Tﬁﬁgﬂﬁf@ethacryloyloxyethoxypheny ) propane,

glycidylmethacrylate,

2,2-bis(4-acryloylexypolyethyleneglycolphenyl)propane having
an average molecular weight of 776 and methyletherpolyethylene
giycolmethacrylate having an average molecular weight of 475,
Although the amount of these other radical polymerizing monomers
used in the invention 1is not particularly limited, it 1is

preferred to use these monomers in an amount of from 20 to 90 %

X

by mass, particularly 40 to 80 % by mass based on the mass of
the whole coating agent.
[0077]

Examples of the compounds having a silanol group or a group
capable of preparing the silanol group by hydrolysis are
y-methacryloyloxy propyltrimethoxy silane, y-methacryloyloxy
propyitriethoxy silane, y-methacrvloyloxy propylmethyl
dimethoxy silane, (3-acryloyloxyprepyl)dimethylmethoxy silane,

(3—acryloyloxypropyl)methyldimethoxy silane,
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using the adhesive primer composed of the emulsion containing the
P H%tyane resin having at least one group selected from the silanol group
andthe group capable of preparing the silanol 20 group by hydrolysis, and
at least one group selected from an acryloyloxy group, a methacryloyloxy
group and an epoxy group, the high adhesion can be obtained without
_ ition of the amine ,compaound. Therefore, the usable time of the __ .
= azﬁ%#oc %Lr%fgcy %88%%& Qgcgﬁtegglnoéé/ extended largely. SF-1731 43 [0081]'®"
xamples of the phatochromic compou %s used herein are known
(me%%%olg%ré}rﬁ&%{c}%g%uﬁg‘s) sgld“c eé’én 4 n%p ﬁ%}éyrane derivative, a silane,
nerSromene dir;)ivativejl a sjprirooxadine deriyravting,ve spiropyrane 5 derivatii/e
" Ehd é/f}ud’imﬁé%% ' hese photochro“rﬁitec% O;%”unds are disclos&d "
for example, JP-A-H2(1990)-28154, JP-A-562(1987)-288830, the |
met%%%%&ﬁ%%%?%?&?ﬁ%ﬁ 4 Pribricaticn NBEY94/22850, 96/14596 and *12ne-
01/60811, 10 USP4913544 and USP5623005. Among these compounds,
MeT RS TR et SRR e PIStE RO RTiC 28Mpounds distlos®B%n the and
pamphlet of International Publication No. 01-60811, USP4913544 and
Me L ASBEIZ008 % (08P YIS ARG B ainGHnt Sfthe Shotochrbriie el the
compound is not particularly limited, it is preferred to use the
amouRbochrontié S pbuiE MaA mBERCof fEm G5t 3096 By frass,ts not

particularlj?/ o
particularly limited, it is preferred to use the compound in an

S

amount of from 0.5 to 20 % by mass, particularly 1 to 10 % by
mass based on the mass of the whole coating agent.
[co7g]

Examples of the radical polymerizing monomers containing
amaleimide group may include 4,4’ —diphenylmethane bismaleimide,
bis({3-ethyl-5-methyl~4-maleimidephenyl) methane,
2,2-bisf{4~-(4-maleimidephenocxy)phenylipropane,
m-maleimidebenzoyl-N-hydroxysuccineimide ester and
succineimidyl-4-{N-maleimidemethyl)cyclohexane-l1-carboxylate.
Although the amount of the radical polymerizing monomer used in
the invention is not particularly limited, it is preferred to
use the compound in an amount of from 0.05 to 15 % by mass,
particularly 0.1 to 10 % by mass based on the mass of the whole
coating agent.

[0079]

Examples of the amine compound are triethanol amineg,
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1 to 10 % by mass based on the mass of the whole coating agent. [0084]
20_The photochromic coating agent preferably contains 0.001 to 5 parts
Sp_jt)g/%ass of a silicon or fluorine surfateé-active agent based on the 100
parts by mass of the radical polymerization monomer component. Adding
the specific amount of the silicon or fluorine surface active agent, not only
N— th%wg i,néqt%roﬁgeeﬁiies SF-1731 44 to the primer is improved, but a_lsq the
Rk Fikferiof Hppearance cantbe BN ented Wittiout Sidctig iy
. the photochromic properties or the adhesion of the cured coating film
AL SRt Oitic TRfer o hetitfle o listhgthe ofipasiforad the shacrylate.
hotochromic coating agent. From the viewpoint of the effect, the content
BLTlp it sifitGn Bt Fitiorire strisce Betive GGBROS pretaribly from .01 {625 L 0n
. parts by mass, more preferably 0.02 to 1 part b)/ mass based on 100 ,
L3 PAnsHass of thie'rddi& S §6lymietizing MmeREMEF REnigonent 10 possine
As the silicon surface-active agent used herein, known surface-active
COMBYRRs havity &RMEdhe éhaiCpdlyRkylsiiokane BaitFas &hydrbphebicarly
group can be used without limitation. As the fluorine surface-active agent
0.1 0sed §5*néréifasiirfaceaitive adentshaving aEabomfivotde Ehaia caent -
be used without limitation. Perfluoroalkyl group-containing
[0O0@Steroligomers, perf luoroalkyl group-containing alkylene oxide adducts

and fluorine aliphatic polymer esters can be used.
When the photochromic layer is formed on the primer layer,

the amine compound is not an essential component. Even if using
a coating agent obtainable by excluding the amine compound from
the adhesive photochromic coating agent, the sufficient adhesion
capable of enduring for practical use can be obtained. The
addition of the amine compound has an effect for improving the
adhesion, while it occasionally limits the usable time of the
adhesive photochromic coating liquid capable of giving
sufficient adhesion. In the process of the present invention,
using the adhesive primer composed of the emulsion containing
the urethane resin having at least one group selected from the
silanol group and the group capable of preparing the silanol
group by hydrolysis, and at least one group selected from an
acryloyloxy group, a methacryloyloxy group and an epoxy group,
the high adhesion can be obtained without addition of the amine
compound. Therefore, the usable time of the photochromic

coating agent can be extended largely.
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[0086] 20 Specific examples of the silicone surface-active agent and the
fluorine surface-active agent preferably used in the present invention may
SF-incldde "L-7001", "L-7002", "-7604"%ahd "FZ-2123" manufactured by
Nippon Unicar Co. Ltd., "MEGAFACE F-470", "MEGAFACE F-1405" and
"MEGAFACE F-479" manufactured by DIC SF-1731 45 Corporation, and
"Fluorad FC-430" manufactured by Sumitomo 3M Ltd. In the use of the
(009G rtace-active agent, two or more of the surface active agents may be
mixed for use. [0087]. 5 The photochromic coating agent may contain,

variotig "Stabflizers uth a"aH aAfieadart, & PAREAECAvERGEr, aRT eI are
ultraviolet ray stabilizer and the like. Among these stabilizers, itis .
KnoWrefdiped {0 (58 a hintleRSE aMin g U plots: stabiieF e RintRRsdPehor t 1 Ve
antioxidant and an 10 ultraviolet ray absorbent from the viewpoint of
& CIRpBGERtiN the! Photiithréntie edRDoBAd Horf Hetsifdralicn of ifipteiRy rane
the durability of the photochromic coat layer. [0088] The hindered amine
der pHato-3tabfizér & specHitaiyels exemplified below. Examples of the
compounds capable of exhibiting the effect of preventing the
[00pRotochromic compound from deterioration are
bis(1,2,2,6,6-pentamethyl-4- piperizyl)sebacate, and Adekastab LA52,
- LATBZ SlsAr6 2, HOATBBO LA 6 A BT AsAR8 2 ahidslicA8Tamanufatturedtkbyple,
Adeka Corporation.
JP-A-HZ (1990)-28154, JP-A-S562(1987)-288830C, the pamphlets of
InternationalPublicationNos.94/22850,96/14596and01/60811,
U3P4913544 and USP5623005. Among these compounds, it is
preferred to use the photochromic compounds disclosed in the
pamphlet of International Publication No. 01-60811, USP4913544
and USP5¢23005.
[0083]

Although the amount of the photochromic compound is not
particularly limited, it is preferred to use the photochromic
compound in an amount of from 0.1 to 3C % by mass, particularly
1 to 10 % by mass based on the mass of the whole coating agent.
(0084}

The photochromic ccating agent preferably contains 0.001
to 5 parts by mass of a silicon or fluorine surface-active agent
based on the 100 parts by mass of the radical polymerization

monomer component. Adding the specific amcunt of the silicon

or filvorine surface active agent, not only the wetting properties
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20 [0089] Examples of the hindered phenol antioxidants may include the
- c%npounds disclosed in JP-A-20054%3238, more specifically, ethylene

i (%xyethylene)bis[3-(5-t-buty|-4- hydroxy-m-tolyl)propionate], and

IRGANOX 1010, 1035, 1075, 1098, SF-1731 46 1135, 1141, 1222, 1330,

1425, 1520, 259, 3114, 3790, 5057 and 565 manufactured by Ciba

pecialty Chemicals Corporation.  Among them, it is preferred tq use .

0 Ry bl Ry TP e ot BUBTAT RS AL S Pore diEt o

from the wewgomt of |mpr0\e/|‘rf]gnttt1e£hog)lclt1£omlc d%@?"'gﬁﬁnd SOIgQ'“tyihe

SPPI60G01As the X oW

be T . e
Ultravilet lpay absorber, it's poss% e to'use
h benzophenone ultraviolet ray absorber, cyanoacrylate 10 ultraviolet ra £1]
PROL BN HiAsote type ?%/aa %%ﬁ%a%ﬁ&%ﬂ& absorbar. Exaftpies g -+
the ultraviolet ray absorbers are SEESORB 501, 502, 702, 705, 706, 707,
(PholCTieManuaditred by SHIPREFCO!, SEMIECRE TITES0: 3007 34D, e

350 and 400 manufactured by Sumitomo Chemical Co. ktd.ﬁ and
PhoSQURAR A6 U5 1877BCA 1L, 15 %842 028 GHEI13D Mantfdctlifdd St

by Ciba Specialty Chemicals Co. [0091] Two or more of these stabilizers |
the gy bahixet fb%%s%?- THeR additive are ddetf P4t aftount BfuGaly 5

from 0.001 to 20 parts by mass, preferably 0.1 to 10 parts by mass, more
prebeusleterablritd 10 paks by RESEDaRRdGhSE00 Parks byifassaply 0. 02

to 1 part by mass based on 100 parts by mass of the radical
polymerizing moncmer component.
[0085]

As the silicon surface-active agent used herein, known
surface~active agents having a silicons chain
(polyalkylsiloxane unit) as a hydrophobic group can be used
without limitation. As the fluorine surface-active agent used
herein, surface~active agents having a carbon fluoride chaln can
be used without limitation. Perfluorcalkyl group~containing
ester cligomers, perfluorcalkyl group-containing alkylene oxide
adducts and fluorine aliphatic polymer esters can be used.
[0086]

Specific examples of the silicone surface~active agent and
the fluorine surface-active agent preferably used in the present
inventionmay include “L-70017, “1-7002", “1-7604"” and “"FZ-2123"
manufactured by Nippon Unicar Co. Ltd., "“MEGAFACE F-4707,

“MEGAFACE F-1405"” and “MEGAFACE F-479"” manufactured by DiC
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all the radical polymerizing monomers. [0092] For regulating the hue, a
SFMfI;/g and a pigment can be also addfg to the photochromic coating agent.

ti ]preferred to use SF-1731 47 an’organic dye, particularly, an

anthraquinone organic dye from the viewpoint of the solubility. Preferably

usable examples thereof are Diaresin manufactured by Mitsubishi

Chemicals Co., such.as Diaresin Blye J or Diaresin Violet D, and Kayaset
Corigghe e By N Dok PG LR BIHPRs Raydit oo 2+

S 5Tand acture%ilbcf/rl\aﬁf)pon
Ltdl?’oi and Kayaset Blue FR. Al OU%D the“!amount of these dyes used .
her&th May BE Gppropristély detsrminéd adCorditiy o theanfdufCoftd “he
hotochromic compound in order to color a cured product desired tints,

SUL HRE Smiotht & g eHEr A rB0.58 1T D03 fatt 185 mass based on 100

arts by mass of the radical polymerizing monomer. 0093] In applying the
[Oog%tochromic coating agent such as the adhesive photochromic coating
agent or the like on the primer 15 layer, after the primer layer is optionally
subjetfed B4 tHe FrecrBdtment&me as thafWhichFéan bedhaititted for 1ous
the above described optical substrate, these coating agents may be
stalppiied oh the prinfet 1djer tolfovratiby? eliring? Theé €bafing AfetHed#EL, an
this procedure is not particularly limited. Known coating 20 methods can

ult payisedstitholt imittishlSpécific exampldés e theliethod férapslyinghese

the composition are spin coating, spray :
stabilizers, 1t is preferred tc wuse a hindered amine

photo-stabilizer, a hindered phenol antioxidant and an
ultraviclet ray absorbent from the viewpoint of preventing the
photochromic compound from deterioration or improving the
durability of the photochromic coat layer.

[0088]

The hindered amine photo-stabilizer is specifically
exemplified below. Examples of the compcunds capable of
exhibiting the effect of preventing the photochromic compound
from deterioration are bis(l,2,2,6, 6-pentamethyl~4~
piperizyl)sebacate, and Adekastab LALS2, LA-57, LA-62, LA-63,
LA-67, LA-T77, LA~-82 and LA-87 manufactured by Adeka Corporation.
[0089]

Examples of the hindered phenol antioxidants may include
the compounds disclosed in JP-A-2005-23238, more specifically,
ethylene bis{oxyethylene)bis{3-{5-t-butyl-4-

hydroxy-m-telyl)propicnatel, and TRGANOX 1010, 1035, 1075, 1098,
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coating, dip coating and dip-spin coating. Among these methods, itis
ﬁ%eferred to employ the spin coating because of easily controlling the film

ickness and capable of preparing fHe SF-1731 48 coated film having
good appearance. [0094] When the primer made from the moisture curing
urethane resin is used, uncoated parts where the coating agent is not 5

113 dh red,Eare caused on the primer I%i/er surface because the blending
Aroperids i (wet Broperiesy betwebn the primer- fayer Ad the 057 =nd
photochromic coating agent is inferior. In results, the yield is sometimes

565 | olaret, FHeréfdre, i ordertd apply Cthe phbtothfamic thating Agemt i acn -

high yield, it is necessary 10 to take a measure of forcedly spreading the

AmonBotochrbific coating agent dropBéd bhthE Substrate surfaee by tife byd ene
. of aflexible film. Meanwhile, since the primer layer formed using the

D1is HAKESIVE PHRiE hadd frorr the dntion contaiARGng trethahe resin

has good blending properties (wet properties) with the 15 photochromic
PToRo&ting-&dent! tHe apyslicati6imithithe OphStoeHomie soktify ageritcantsenic

carried out in a high yield even using the coating method same as the
dur ket Edating metho® witholt taking the above measure. [0095] 20 The

thickness of the coating agent layer formed by the coating, which
[0C@Hdkness corresponds to the thickness of the coat layer after curing, is

not particularly limited. Preferably,

As theultraviolet ray absorber, it ispossible to use known

benzophenone ultraviolet ray absorber, c?anoaczylate
ultraviclet ray absorber and triazole type triadine ultraviolet
ray absorber. Examples of the ultraviolet ray absorbers are
SEESORB 501, 502, 702, 705, 706, 707, and 709 manufactured by
SHIPROCO.,SUMISORBIIO,200,300,340,350and400n@anacturaj
by Sumitomo Chemical Co. Ltd., and TINUVIN 400, 405, 1577F, 4111,
384-2, 928 and 1130 manufactured by Ciba Specialty Chemicals Co.
[00e1]

Two or more of these stabilizers may be mixed for use.
These additives are added in an amount of usually from 0.001 to
20 parts by mass, preferably 0.1 to 10 parts by mass, more
preferably 1 to 10 parts by mass based c¢n 100 parts by mass of
all the radical polymerizing monomers.
[0092]

For regulating the hue, a dye and a pigment can be also

added to the photochromic coating agent. It is preferred to use
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the thickness is relatively thicker because the sufficient color
concentration can be obtained even if the concentration of the SF-1731 49
SF_']pm’)}ochromic compound is low, and'the photochromic properties are
highly durable. However, as the coating layer is thicker, the initial
yellowness thereof increases. Therefore, the thickness of the coat layer
prepared after curing is preferably 5 from 10 to 100 m, particularly 20 to
1 O Hhd BROtGETOTE Coatig dgeriteE FReESFat 36E HE dve from
preferably from 20 to 100 cP, more preferably 50 to 500 cP, furthermore
he pRRYAIY 70 250 EP I order thitthe doafing s SuchSeRrgerexamples
. _thickness. For example, since the coating composition such as a cogtin%
“heqRrdgéitor Hard Eoatifig btas ger&aly appliedth lastic Hefiseg s To.
contains a solvent or the like in order to prepare a uniform coating film,
suchnag,igddsifytherot s Joeris gty Iese tith Brepnghd e reSulifg L es
coating layer has a thickness of less than several m. Comparing such a
manydiaRiedss the thitkress I oFfom® to 106 ns ikVerydafgerapooeias 130
coating the photochromic coating agent by the spin coating method, the
and chaditihs skchasihe kidd 6hthiediozEles thevuputeatetsrane prmrs, used
the moving rate of the nozzle and 20 the rotating rate of the optical
hergipsttate htay be detsrhdined vapsropriateheidl accopdaticeowith thekindsunt
of the photochromic coating agent and the optical substrate used.
of Sedificaiycvilten theephotoshidnic coating dgent havingiasiscosity atduct
25C
desired tints, the amount is generally from 0.001 to 0.03 part

by mass based on 100 parts by mass of the radical polymerizing
monomer.
[GC93]

In applying the photochromic coating agent such as the
adhesive photochromic coating agent or the like on the primer
layer, after the primer layer is optionally subjected to the
pre-~treatment same as that which can be conducted for the above
described optical substrate, these coating agents may be applied
on the primer layer followed by curing. The coating method in
this procedure is not particularly limited. Known coating
methods can be used without limitation. Specific examples of
the method for applying the composition are spin coating, spray
coating, dip coating and dip-spin coating. Among these methods,
it 1s preferred to employ the spin coating because of easily

controlling the film thickness and capable of preparing the



of from 70 to 250 cP is applied on the convex lens surface having
SF-1731 50 a diameter of 75 mm, it is preferred to adopt the following
SF-Lbhbitions. That is to say, the coatin%Sis preferably carried out in such
conditions that the nozzle having an inner diameter of from 0.6 to 1.4 mm
is used, the flow rate of the photochromic 5 coating agent is set to be 10
m/s and the rate of movin%ﬁthe nozzle from the lens center to the

to 70
CO2LhY iS sef'to'Be 318 67 Hfl /ERPTREHOZS Ik is preferably moved while the

OQ%Rosizle position is regulated in accordance with the lens shape so that the
{ ance between the nozzle tip and the lens surface is constant 10 from 1
to 5 mm, more preferably 1 to 3 mm. Furthermore, itis preferred to

reglifaEd tHe* fotatior idmBerittintHe Sph Ttafing Fate Of roh? 56 16 18672
rpm in the dropping of the photochromic coating agent in accordance with
re5 ife fehs Higfetet $Ré hoZzBtidmetdr tﬁ@%u@ﬁlﬁtrét’é? Theent is not
application of the 15 photochromic coating agent on the surface of a 75 0
adngdipdin dféseC eBRGHoR cam i &L &84T phvtéehrémicliager ailevapde the
lens surface using a small amount of the photochromic coating agent.
blengggr Mrascordance snith-the Rinther e raeifcal polymefizaticit 20e primer
initiator used, a photocuring method or a thermal curing method is
L ayeppropridielp empleyetoas the cifihg netsod: Eroamther yiewpoidtof ¢l ts,
physical properties and the appearance of the resulting coat film, it is
the prefer@dito stiopt aimethodcofasing thBphotd-polymérizativfsnitiatorapely
curing by light irradiation
the photochromic ceating agent in a high yield, it is necessary
to take a measure of forcedly spreading the photochromic coating
agent dropped on the substrate surface by the use of a flexible
film. Meanwhile, since the primer layer formed using the
adhesive primer made from the emulsion containing the urethane
resin has good blending properties {(wet properties) with the
photeochromic coating agent, the application with the
photochromic coating agent can be carried out in a high yield
even using the coating method same as the primer coating method
without taking the above measure.

[0095]

The thickness of the cocating agent layer formed by the
coating, which thickness corresponds to the thickness of the coat
layer after curing, is not particularly limited. Preferably,
the thickness is relatively thicker because the sufficient color

concentration can be obtained even 1f the concentraticn of the



(8]

10

15

20

SF-1731 51 and completing the polymerization with heating. In the
method, a thermal polymerization initiator may be used simultaneously.
SF_lI%?’aPmples of the light source used ifi the photocuring are lamps having
electrodes such as a metal halide lamp, a super high 5 pressure mercury
lamp, a high pressure mercury lamp, a middle pressure mercury lamp, a
bactericidal lamp, a xenon lamp, a carbon arc 'Lamp and a tungsten ,
PR 5Hh" SR BIGCHORE e Tmpa MOTROVEF BIErr BRA ay be seH™ 2
as, th&? li h%sourcﬂle. In the use of electron beam, the coating layer c%n b?( .
2 dird W?th jut 38 adding tHE photo-polymeriZatioh thiflatsty Examplés-of <5+
the thermal curing method may include a method of thermally
the pdilmetiding Wi@ﬂﬁ]ﬁ%n Spoh ez afiorr RATAE; a method Btcating 2
. with polymerization by irradiating infrared ray in a polymerization furnace_
CRIGIRRE Ike. WBT0BOBT (Mard Eoat iy@P°SFhé ShBSuatewit the preferably
photochromic coat layer thus formed can be used as it is as an optical
fromrédutcsudiCasia piotsEhrondie teks oF the ik, &fd fuffhér thectochromic
photochromic coat layer is 20 preferably covered with a hard coat layer.
coaThHeCsrareht régistancelsfahe opticaltmafefialcarrte faproved Hrom 20 to
covering with the hard coat layer. Known hard coat layers can be used
100 gfthepard edaiayerwithdlt by lintitatdn And Bxampless thérebrapdly 70

those obtained by applying a coating agent for hard SF-1731 52
to 250 ¢P in order that the coating has such a larger thickness.

For example, since the coating compositiocn such as a coating
agent for hard coating that is generally applied on plastic
lenses contains a solvent or the like in order toprepare auniform
coating film, the viscosity thereof at 25°C is generally less
than 5 ¢P, and the resulting ccating layer has a thickness of
less than several um. Comparing such a thickness, the thickness
of from 10 to 100 pm is very larger.
00961

In coating the photochromic coating agent by the spin
coating method, the conditions such as the kind of the nozzle,
the output rate of the primer, the moving rate of the nozzle and
the rotating rate of the optical substrate may be determined
apprepriately in accordance with the kiﬁds 0of the photochromic
coating agent and the optical substrate used. Specifically,
when the photochromic coating agent having a viscosity at 25°C

of from 70 to 250 ¢cP is applied on the convex lens surface héving
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coat which comprises a silane coupling agent and a sol of a silicon,
zjfg nium, antimony or aluminum oxide as essential components and
then curing, and those obtained by applying a coating agent for hard coat
which comprises an organic polymer as an essential 5 component and
curing. Using a silyl monomer in the composition, the sufficient adhesion
2 afanbeatainedmorg firmly and simaly, (9999 Moregyer, on e baid o,
coat layer, It is also possfb e to apply, If necessary, secondary treatment

9 proge _sin 3 S ch as, 10 reflect,ic%n preventin treatmen%b vapor ‘
R G position of & i fiim inade Hom a et oxiié Such 55 S03 T2 5 =2

Zr02, or by applying an organic_polymer thin film, or antistatic treatment.
Ut (408 The BraSent AU IS Wil B RLEABEd In Fiota GatalF VAt 5= 1e e

eference to the fgllowing examples. and_comparative examples, but it ,
ot trsﬂ%rﬁl be r%}t I}?rhl eIaﬂf)yl élsseeégfar%%ieesé[afof]a%(a?np eg? (Bré%aorgﬁgr? L
of Photochromic coating agent) 20 Firstly, 2,2-bis(4-methacryloylox ,
o2 AR prOGaRE. BOlyetidneil)Cor e Fae g SO vLAg
average molecular weight of 532, trimethylolpropane trimethacrylate,
Eh€ JRfestet dlfgder exatrylaté fsfufalired by SicePUTE, EB-2836),5° ©

and glycidyl methacrylate, which are radical SF-lZ31 53 polymerizing =
0/ onomers ARére MixddAh Hridiiits B0 AN by fRasae nozzle position

is regulated in accordance with the lens shape so that the

SE-

distance between the nozzle tip and the lens surface is constant
frem 1 to 5 mm, more preferably 1 to 3 mm. Furthermore, it is
preferred to regulate the rotation number within the spin
rotating rate of from 50 to 150 rpm in the dropping of the
photochromic coating agent in accordance with the lens diameter,
the nozzle diameter and the cutput rate. The application of the
photochromic coating agent on the surface of a 75 ¢ lens in these
conditions can form a clear photochromic layer allover the lens
surface using a small amount of the photochromic coating agent,
(00971

In accordance with the kind of the radical polymerization
initiator used, a photocuring method or a thermal curing method
is appropriately employed as the curing method. From the
viewpoint of the physical properties and the appearance of the
resulting coat film, it is preferred to adopt a method of using

the pheto-polymerization initiateor, curing by 1ight irradiation
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15 parts by mass, 15 parts by mass, 10 parts by mass and 10 parts by
5p_[Mass, respectively. Subsequently, 3500 parts by mass of the radical
po%erizing monomer mixture was sjufficiently mixed with 5 [0102]
Chemical formula 1 CH3 N,CH 3 0[0103] 2.35 parts by mass of a
photochromic compound (PC-1) having 10 a structure represented by the
above. formula 1, [0104] Chemical formula O O.F [0105] 15 0. 6 part
e LR oFS SRR AT RSO (R AN % stbga® e hod,
2,

2 cfgRresenied by the above formula 2, and DI0SLSFIT3L 4. Shemicdl 1.
ormila 8 3'NOFF
Examples of the light scurce used in the photocuring are lamps
having electrodes such as a metal halide lamp, a super high
pressure mercury lamp, a high pressure mercury lamp, a middle
pressure mercury lamp, a bactericidal lamp, a xenon lamp, a
carbeon arc lamp and a tungsten lamp, and electrode-free lamps.
Moreover, electron beam may be used as the light source. In
the use of electron beam, the coating layer can be cured without
adding the photo~-polymerization initiator. Examples of the
thermal curing method may include & method of thermally
polymerizing with heating in a polymerization furnace, a method
of curing with polymerization by irradiating infrared ray in a
polymerization furnace and the like.
[0osg]
(Hard coat layer)

The substrate with the photochromic coat layer thus formed
can be used as it is as an optical product such as a photochronic
lens or the like, and further the photochromic coat layer is
preferably covered with a hard coat layer. The scratch
resistance of the optical material can be improved by covering
with the hard ccat layer. Known hard coat layers can be used
as the hard coat layer without any limitation and examples

thereof are those obtained by applying a coating agent for hard



10

20

OCH3 [0107] 0.4 part by mass of a photochromic compound (PC-3)

having 5 a structure represented by the above formula 3. Thereatfter, the
SF_]rgél}lting mixture was sufficiently mi ed with 0.5 part by mass of a mixture

of 1-hydroxycyclohexylphenylketone and

bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentylphosphineoxi de in a

weight ratio of 3; 1 as a polymerization initiator, 5 parts 10 by mass of
CoRhigH 2 Bentam ety A5 D ER T SEDECES BS ATStabifizeroF Fattsioy”On

. mass of y -methacryloyloxypropyl trimethoxy silane as a silane coupling

Zlf%‘@%h‘ﬁ“én&@ﬁlﬁﬁwy%a%g%?fa“lé%l?ﬁ‘glﬁ&eﬁtsl‘?w%éﬁufé%ﬁﬂ@a%@/*35

Nippon Unicar Co., Ltd, and thereby the photochromic coating agent was
and f5n el BRofRAtIGH BF Privhdriayér) AYadens Sdbstrate: MRS Hadimgn t

a thickness of 2.0 mm (thiourethane resin plastic lens having a refractive
for jpgeg 6o BONWaS USREPTRE $6nd substratelwasthurighly deyreasedtial

with 20 acetone and immersed in a 10 % by mass sodium hydroxide
COMRRRRBLSSE-TPIL 85 - solltioh @50 Clnt Toomiaheredfies, dselepsit ion,

substrate was thoroughly washed with warm water and dried by a drying
the maéhinelanroedor SO win: On tisedéns sulssirater2 o of-a bpealiqlidimply .

type self-crosslinking polyurethane dispersion containing a 5 silanol group
{00 a8la primer wherein the dispersing medium was water, "Takelac

WS-6021" manufactured by Mitsui Chemicals

Moreover, on the hard coat layer, it is also possible to

apply, if necessary, secondary treatment or processings such as

~reflection preventing treatment by vapor deposition of a thin

film made from a metal oxide such as SiC;, TiO, or Zr0,, or by
applying an organic polymer thin film, or antistatic treatment.
[0100]

The present invention will be described in more detall with
reference to the following examples and comparative examples,
but it should be not limited by these examples.

[0101]
Example 1
(Preparaticn of Photochromic ccocating agent)

Firstly, 2,2-bis(4-methacryloyloxy pentaethoxyphenyl)
propane, polyethyleneglycol diacrylate having an average
molecular weight of 532, trimethylolpropane trimethacrylate,
polyester oligomer hexacrylate (manufactured by Dicel UCE,

EB-1830), and glycidyl methacrylate, which are radical



Polyurethanes, INC., was applied by spin coating using a spin coater
1H-DX2 manufactured by MIKASA Co., and then naturally dried at room
SF-fehdgerature for 15 min. 10 (Formatiér of Photochromic layer) Next, about
2 g of the photochromic coating agent prepared specially was applied on
the surface of the lens substrate previously dried by spin coating using a
spin coater 1H-DX2 manufactured by MIKASA. Through the spin coating,
PO LifBc0ating AL B FliAtRSa tRRKACSSteh thatthe il thickiess bf they mass,
photochromic coat layer prepared after curing was 40 1 m, by regulating
15> me spirPeotesnditiorisa The &ppiicativn propéeries sftHeastfoeRremiearts
coating agent in the spin coating were evaluated. The photochromic
Ly Baating ageneliad yood wethng 20piepénies té MWeprinter layeramd the the
coating was performed easily and uniformly. The resulting layer was
radayalbgred @5 9%: Linithisevaliistion) the evalugtion standaids: iltherixed with
application properties for the photochromic coating agent are as follows.
5 [01f0ab8] SF-1731 56 A: The wetting properties are good and the
composition can be applied on the substrate uniformly. B: The wetting
ChepropeitieScamesiomeéwhat no good but the composition can be applied on
the substrate uniformly. 5 C: The wetting properties are no good and the
composition is repelled on the rim of the substrate. D: The wetting

(0103]

Z.30 parts bymass of a photochromic compound (PC-1) having
i0 a structure represented by the above formula 1,

[0104]

Chemical formula 2

[0105]

15 0.6 part by weight of a photochromic compound (PC-2) having
a structure represented by the above formula 2, and

(0106}
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is repelled on the center of the substrate. [0109] 10 Next, the lens which
surface was coated in the above manner was subjected to irradiation for
SE-3 hain using a metal halide lamp witt® &n output of 150 mW/cm2 in a
nitrogen gas atmosphere and thereby the photochromic coating
agent-coated film was cured. Thereafter, the lens was treated with heat
for 1 hrin a constant 15 warmer at 110 C to prepare the lens having a
Chepisteehromiitiidyer? The deformation of the substrate in the curing was
observed in the following manner. The resulting lens and the lens
substrate same as one usehe formation were lighted by a

fluorescent and the differen
reflected 20 on both of the ler
changed or not) was observed visually, XS aresul, the difference
between the two imagg(%&ormatiorﬁ as not observed. The

non-deformation of th@ens was evalyatedias A. In this evaluation, the

re SF-1731 57 as follows.
[0110] A: The deformation of the substr otg was not observed all. B: The
deformation of the substrate was observe&'slightly. 5 C: The deformation
of the substrate was observed to some extent. D: The deformation of the
[ 0 1substrate was observed largely. (Evaluation of Photochromic lens)

0.4 part by mass of a photochromic compound (PC-3) having
& structure represented by the above formula 3. Thereafter, the
resulting mixture was sufficiently mixed with 0.5 part by mass
of a mixture of l-hydroxzycyclchexylphenylketone and
bis(2, 6-dimethoxybenzoyl)-2,4,4-trimethyli-pentylphosphineoxi
de in a weight ratioof 3:1 as apolymerization initiator, 5 parts
by mass of bis(1l,2,2,6,6-pentamethyl-4-pyperizyl)sebacate as a
stabilizer, 7 parts by mass of v =-methacryloylozypropyl
trimethoxy silane as a silane coupling agent, and 0.1 part by
mass of a leveling agent “L~-7001"” manufactured by Nippon Unicar
Co., Ltd, and thereby the photochromic coating agent was
prepared.
(Formation of Primer layer)

As a lens substrate, MR-8 having a thickness of 2.0 mm
{thicurethane resin plastic lens havihg a refractive index of
1.60) was used. The lens substrate was thoroughly degreasedwith

acetone and immersed in a 10 % by mass sodium hydroxide agueous



10

15

20

The lens having the photochromic layer prepared by the 10 above

method was subjected to a cross hatch adhesion test and a water
5F-}dsidtant test, and thereby the adheSien of the photochromic coat layer

was evaluated. In each test, the evaluation standards and the evaluation

results are shown below. [0111] 15 Test method: On the photochromic

coat layer of the lens having the photochromic layer, 100 squares having
solath mimad 1990 size wéren formed by eeauiter knifetvaviag @ shapttimte was

Successively, a commercially available cellophane tape was adhered on
thoysegd shuares aAdwhéh the cellopharie aapk dabaguieklyapdeledroff nAftei ne

the peeling, the peeled condition of the coating layer (coat film) was
at ‘ob¥erved visuallynAs @resule the squargs:of rtivescodting lajes were 1iqguid

evaluated as A or B based on the following evaluation standards, and the
typeoatingtlagerwas im alevel SFVI8E58 acapablesgfdising usecbpragticaltyy a

[0112] A: The squares were not peeled off. B: Less than 5% of the
s1lzgodres wepeyzeeled dffes @hEmm notiess thareb% todessdham 156% ehter,

the squares were peeled off. D: Not less than 15% of the squares were
“Tapeeled off. W/aderresistantdestt he denrsihavihg the ghatechromiclayerczls

was immersed in

Polyurethanes, INC., was applied by spin coating using a spin
coater 1H-DXZ manufactured by MIKASA Co., and then naturally
dried at room temperature for 13 min.

(Formation of Photochromic laver)

Next, about 2 g of the pheotochromic coating agent prepared
speclally was applied on the surface of the lens substrate
previcusly dried by spin coating using a spin coater 1H-DX2
manufactured by MIKASA. Through the spin coating, the coating
film had a thickness such that the film thickness of the
photochromic coat layer prepared after curing was 40 £ 1 um, by
regulating the spin coat conditions. The application
properties of the photochromic coating agent in the spin coating
were evaluated. The photochromic coating agent had good wetting
properties to the primer layer, and the coating was performed
easily and uniformly. The resulting layer was evaluated as A.
In this evaluation, the evaluation standards in the application
properties for the photochromic coating agent are as follows.

[0108]
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10 boiling water at 100C for 1 hr and then cooled to room temperature.
The cross hatch adhesion test on the lens was carried out. As a result, it
SF-1Was evaluated as B based on the félfowing evaluation standards. [0113]
15 A: The squares were not peeled off. B: Less than 5% of the squares
were peeled off. C: From not less than 5% to less than 15% of the
squares were peeled off. D: Not less than 15% of the squares were
peeled Gifie20 EXaiiple RITRE pifocedufe 6f BxafipRT wassrepeags i tion
except for using, as a primer, one liquid type polyurethane dispersion
can Rgving B - sifhobgroupeinsidiiel sedispersingamedivim is water, namely
commercially available "TakelacWS-5000" manufactured by Mitsui
SF-Bz31 59¢ Chehtidals Rulpmrethiares, dNE. sumEtercby a lenstabving & he
photochromic layer was prepared. The evaluation was carried in the
conpsznme htannetashe Example d. The resulssdre sumimarized inciTaple 1-1.
5[0114] Example 3 The procedure of Example 1 was repeated except for
using; a%a primer, acgpnmer<A), wisich:comprisesarremulsiorcof@osition
urethane resin having an acryloyloxy group dispersed in water, 10
is mrepadeskbyusing polyetherfpalyel asdeampoand having an active

D: The wetting properties are no good and the composition
1s repelled on the center of the substrate.
[0109]

Next, the lens which surface was coated in the above manner
was subjected to irradiation for 3 min using a metal halide lamp
with an output of 150 mW/cnm® in a nitrogen gas atmosphere and
thereby the photochremic coating agent-coated film was cured.
Thereafter, the lens was treated with heat for 1 hr in a constant
warmer at 110° C to prepare the lens having a photochromic layer.
The deformation of the substrate in the curing was observed in
the following manner. The resulting lens and the lens substrate
same as cne used in the formaticon were lighted by a fluorescent
and the difference of the fluorescent images which were reflected
on both of the lens surfaces {(the form of the-image was changed
or not) was observed visually. As a result, the difference
between the two images (deformation) was not observed. The

non~deformation of the lens was evaluated as A. In this

evaluation, the evaluation standards in the non-deformation are
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hydrogen group, and thereby a lens having a photochromic layer was
prepared. The evaluation was carried in the same manner as in Example

SF-1T! 3he results are summarized in Table 1-1. [0115] 15 Example 4 The
procedure of Example 1 was repeated except for using, as a primer, a
primer (B), which comprises an emulsion of a urethane resin having a
silanoi group and an acryloyloxy group dispersed in water, prepared by

as fsingppelyether polyol as a 20 compound having an active hydrogen
group, and thereby a lens having a photochromic layer was prepared.

[ C1Ihe evaluation was carried in the same manner as in Example 1. The
results are summarized in Table 1-1. SF-1731 60 [0116] Example 5 The
progedlire:oflEXxampie 1 avas fepeatetéxcept fos usingn@s apsimersd all.
primer (C), which comprises an emulsion of a 5 urethane resin having a

silakol Treupandrar: acrytoyloxyrgraudispersedinanvatere preparetiynt 1y .
using polyether polyol as a compound having an active hydrogen group,

and:thereby adens shavingaqphataehromis tayer was:prepssedvEie to some
evaluation was carried in the same manner as in Example 1. The results
extate .10 summarized in Table 1-1. [0117] Example 6

D: The deformation of the substrate was observed largely.
(Evaiuation of Photochromic lens)

The lens having the photochromic layer prepared by the
above method was subjected o a cross hatch adhesibn test and
a water resistant test, and thereby the adhesion of the
photochromic coat layer was evaluated. In each test, the
evaluation standards and the evaluation results are shown below.
[6111]

Test method:

On the photochromic coat layer of the lens having the
photochromic layer, 100 sguares having a 1 mm x 1 mm size were
formed by a cutter knife having a sharp tip. Successively, a
commercially available cellophane tape was adhered on the
squares and then the cellophane tape was guickly peeled off.
After the peeling, the peeled condition of the coating layer
(coat film) was observed visually. As a result, the squares of
the coating layer were evaluated as A or B based on the following

evaluation standards, and the coating layer was in a level
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The procedure of Example 1 was repeated except for using, as a primer,
a primer (D), which comprises an emulsion of a 15 urethane resin having
SF-&kilanol group, an acryloyloxy group@and a crosslinking part having at
least three functional groups dispersed in water, prepared by using
polyether polyol as a compound having an active hydrogen group, and
thereby a lens having a photochromic layer was prepared. The evaluation
capNak2( Satvietio the sdnermanneradslin.Example 1. The results are
summarized in Table 1-1. [0118] Example 7 The procedure of Example 1
(01 Wk repeated except that, a SF-1731 61 mixture of one liquid type
self-crosslinking polyurethane dispersion having a silanol group, namely
commeficiallysayailable WEakelaoWS$-64068mafififactured by Mitsui
Chemicals Polyurethanes, INC., with the primer (A) in a solid
conBentraticn Siratio 6% 1 dfwas esed;as adqyimer andsadtesthexegating of
the photochromic coat layer, the thermal curing was carried out at 90C

for T hr ranchthereby @slens havirgza photechsorte layer Wwas prepareguares
The evaluation was carried in the same manner as in Example 1. The
we réesullslare stirFarized in Table 1-1. 10 [0119] Example 8 The procedure
of Example 7 was repeated except for using a mixture of one liquid type
selfserosslinking pobwisethane of the squares were peeled off.
Water resistant test:

The lens having the photochromic laver was immersed in
beilingwater at 100°C for 1 hr and then cocled to room temperature.
The cross hatch adhesion test on the lens was carried out. As
a result, it was evaluated as B based on the following evaluation
standards.

[0113]

A: The sguares were not peeled off.

B: Less than 5% of the squares were peeled off.

C: From not less than 5% to less than 15% of the sqguares
were peeled off.

D: Not less than 15% of the sguares were peeled off.
Example 2

The procedure of Example 1 was repeated except for using,
as a primer, one liquid type polyurethane dispersion having a

silanol group in which a dispersing medium is water, namely

commercially available “Takelac WS-5000” manufactured by Mitsui
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dispersion having a silanol group, namely commercially available 15
"Takelac WS-6021" manufactured by Mitsui Chemicals Polyurethanes,
SF-1ING], with the primer (A) in a solid cbAcentration ratio of 1 : 1, as a primer,
and thereby a lens having a photochromic layer was prepared. The
evaluation was carried in the same manner as in Example 7. The results
are summarized in Table 1-1. 20 [0120] Example 9 The procedure of
ChemEkamiple Palag repeatateexceptifor usingda polycatbpnate lensssubstratey a
having a thickness of 2 mm as a lens substrate, and the primer (D) as a
phoptinter cohponerty analsSE:E31r62! thefély atedshaving avas carried in
photochromic layer was prepared. The evaluation was carried in the
the saare mammeras in Exafpent L Ehe. reduits aressuimmarnizeddnradte 1<ld in
[0121] 5 Example i0 The procedure of Example 1 was repeated except
Tabier ddding 3 parts by weight of N-methyldiethanol amine to the
photochromic polymerizing composition, and thereby a lens having a
[ 01photochromic layer was prepared. The evaluation was carried in 10 the
same manner as in Example 1. The results are summarized in Table 1-2.
Exaj@li2?] 3Example 11 The procedure of Example 6 was repeated except for
using,

The procedure of Example 1 was repeated except for using,
as a primer, a primer {(A), which comprises an emulsion cof a
urethane resin having an acryloyloxy group dispersed in water,
prepared by using polyether polyol as a compound having an active
hydrogen group, and thereby a lens having a photochromic layer
was prepared. The evaluation was carried in the same manner as
in Exgmple 1. The results are summarized in Table 1-1.
[0115]
Example 4

The procedure of Example 1 was repeated except for using,
as a primer, a primer (B}, which comprises an emulsion of a
urethane resin having a silanol group and an acryloyloxy group
dispersed in water, prepared by using polyether pelycl as a
compound having an active hydrogen group, and thereby a lens
having a photochromic layer was prepared. The evaluation was
carried in the same manner as in Example 1. The results are

summarized in Table 1-1.



10

20

15 as a plastic lens substrate, MR-8 substrate (thiourethane resin plastic
lens) having a center thickness of 1.2 mm, a periphery thickness of 10
SFP-mWRla diameter of 75 mm and a refr@gtive index of 1.60, and thereby a
lens having a photochromic layer was prepared. The evaluation was
carried in the same manner as in 20 Example 6. The results are
summarized in Table 1-2. [0123] Example 12 The procedure of Example
[0l Bavas repeated except for using, as a plastic lens substrate, CR-39
substrate (acryl resin plastic SF-1731 63 lens) having a center thickness
Exappl® mm, a periphery thickness of 10 mm, a diameter of 75 mm and a
refractive index of 1.50, and thereby a lens having a photochromic layer
wasTprepated.cthe e valuatiampias carried indhe same amamer &ih using,
Example 6. The 5 results are summarized in Table 1. [0124] Example 13

as Zhe ptecedure opbExample @ waswepeated exgeptfosapplyisgutheion of a
photochromic coating solution after the primer coating and 10 drying with

urebiahat 128 Grforalvhimand therebyoa lens;having@ photoehiamiclayer ¢ roup
was prepared. The evaluation was carried in the same manner as in

dispxample 8aThe tesults gre summarized uinikable.3-2, {0125 131v0l as a
compocund having.an active hydrogen group, and thereby a lens
having a photochromic layer was prepared. The evaluation was
carried in the same manner as in Example 1. The results are
summarized in Table 1-1.
[C117]
Example &

The procedure of Example 1 was repeated except for using,
as a primer, & primer (D), which comprises an emulsion of a
urethane resin having a silanol group, an acryloyloxy group and
a crosslinking part having at least three functional groups
dispersed in water, prepared by using polyether pelyel as a
compound having an active hydrogen group, and thereby a lens
having a photochromic layer was prepared. The evaluation was:
carried in the same manner as in Example 1. The results are
summarized in Table 1-1.
[0118]
Example 7

The procedure of Example 1 was repeated except that, a
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SF-1731 64 Table 1-1 Primer Name Functional Resin Self or Average
group Forced particle emulsifi- diameter Example cation (mm) 1 Takelac
SF-16I10H Polyether Self 90 WS-6201 émulsifi cation 2 Takelac Si-OH
Polyester Self 70 WS-5000 emulsifi cation 3 (A) CH2=CHC(0)0-
Polyether Self 60 emulsifi- cation 4 (B) Si-OH Polyether Self 70
~ CH2=CHC(0)0- emulsifi- cation 5 (C) Si-OH Polyether Self 90
M1 X GHZ=CHT (0)0= emiisifii €atiore (DY SiHOW PodyetherkSelf 7o lyurethane
CH2=CHC(0)0- having a emulsifi- crosslink- cation ing
dispersionhavinga silanol group, namely commercially available
“Takelac W5-5100" manufactured by Mitsul Chemicals
Polyurethanes, INC., with the primer (A) in a solid concentration
ratio of 1:1 was used as a primer, and after the coating of the
photochromic coat layer, the thermal curing was carried out at
90°C for 1 hr, and thereby a lens having a photochromic layer
was prepared. The evaluation was carried in the same manner as

in Example 1. The results are summarized in Table 1-1.
[0119]
Example 8

The procedure of Example 7 was repeated except for using
a mixture of one liguid type self-crosslinking polyurethane
dispersion having a silanol group, namely commercially available
“Takelac WsS-6021" manufactured by Mitsui Chemicals
Polyurethanes, INC., with the primer (A) in a solid concentration
raticof l:1, as aprimer, and thereby a lens having a photochromic
layer was prepared. The evaluation was carried in the same
manner as in Example 7. The results are summarized in Table 1-1.
[0120]
Example 9

The procedure of Example 1 was repeated except for using
a polycarbonate lens substrate having a thickness of 2 mm as a

lens substrate, and the primer (D) as a primer component, and
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structure caused by 3 functional groups 7 Takelac Si-OH Polycarbo-
Self 60 WS-5100 nate emulsifi- (A) CH2=CHC (0) 0- Pot ether cation 600
- B7Rakelac Si-OH Polyether Self 90 #¢S-6201 emulsifi- A) CH2=CHC(0)0
Polyether cation 60 9 (D) Si-OH Polyether Self 70 CH2=CHC(0)0- having
a emulsifi- crosslink- cation ing structure caused by 3 1functional rou s
SF-1731 65 Table 1-1 (continued) Evaluation Results on Physical
the peapertes €2hkotes .ens AdhestonoWatermSubstigtechremig detosmasd. The
resis lens coating tion tance Example application properties
evaluation was carried in the same manner as in Example 1. The

results are summarized in Table 1-1.

(0121]

Example 10

The procedure of Example 1 was repeated except for adding
3 parts by weight of N-methyldiethancl amine to the photochromic
poiymerizing. composition, and thereby a lens having a
photochromic layer was prepared. The evaluation was carried in
the same manner as in Example 1. The results are summarized in
Table 1-2.
(0122}

Example 11

The procedure of Example 6 was repeated except for using,
as a plastic lens substrate, MR-8 substrate {(thiocurethane resin
plastic lens) having a center thickness of 1.2 mm, a periphery
thickness of 10 mm, a diameter of 75 mm and a refractive index
of 1.60, and thereby a lens having a photochromic layer was
prepared. The evaluation was carried in the same manner as in
Example 6. The results are summarized in Table 1-2.

[0123]

Example 12

The procedure of Example 6 was repeated except for using,

as a plastic lens substrate, CR-39 substrate (acryl resinplastic



[
[}

15

1 Thiourethane A A B B 2 Thiourethane A A B B 3 Thiourethane AAAB
4 Thiourethane A A A B 5 Thiourethane A A AB 6 Thiourethane AAAA
SF-17 FThiourethane A A AB 8 Thiourethane AAAB 9 Poly-AAAA
carbonate [01261 SF-1731 66 Table 1-2 Primer Name Functional Resin
Self or Average Example group Forced particle emulsifi- diameter cation
(mm) 10 Takelac Si-OH Polyether Self 90 WS-6201 emulsifi cation 11
lengDn8rOHyPolyether having:-a:5elfs7/ @ fTCH2-HE (00 perosslinking emulgifie s s
structure caused by cation 3 functional groups 12 (D) Si-OH Polyether
of lHaving asSelf ZBeter of 75 mm and a refractive index of 1.50,

and thereby a lens having a photochromic layer was prepared. The
evaluation was carried in the same manner as in Example é. The
results are summarized in Table 1.

[0124]

Example 13

The procedure of Example 6 was repeated except for applying
the photochromic coating sclution after the primer coating and
drying with heat at 120° C for 1 hr, and thereby a lens having
a photochromic layer was preparad. The evaluation was carried
in the same manner as in Example 6. The results are summarized
in Table 1-2.

(01257



crosslinking emulsifi- CH2=CHC(O)0- structure caused by cation 3
functional groups 13 (D) Si-OH Polyether having a Self 60
SF~TH2=CHC(0)O- crosslinking emulsifi4 structure caused bye cation 3
functional gro 14 Takelac Si-OH Polyether Self 90 WS-6201 emulsifi-
cation 15 (E) Si-OH Polycarbonate Self 90 CH2=CHC(0)O- having a
emulsifi- crosslinking cation structure caused by 3 functional groups 16
(F) CH2=CHC(O)O- Polycarbanate Self-90 having a emulsifi- crosslinking

aroups-1Z-Takelac -

eation
CATOTT™PT

frl |C+| wro. cal |oor*| h\l

2 functional
T

UTL UAUO TOTTOTIrOTTAX v\ UMPU = =
Polycar onate: Self;60 "VS 6010 emisifi-Cation-1 18-(E)-Si-OH
Pol o ti% If|9 %ﬁg; fC(0)0- h Jing ¢ I%? s li ngcrage
olycarponate (0) aving aemulsi 055885 in ticle
cation emulsifi- | diameter
Example cation {rmm)
1 Takelac | Si-0OH Polyether | Self 50
Ws-6201 emalsifi-
cation
2 Takelac | Si-CH Polyester | Self 70
WS-5000 ermalsifi-
cation
3 {A) CHa=CHC{Q) C- Polyether | Sslf 60
emulsifi-
cation
4 (B) 51-0H Polyether | Self 70
CHe=CHC {0} O~ emalsifi-
cation
5 (<) 3i-0H Polyether | Self 20
CHz=CHC(0) O- emuilsifi~
cation
6 (D) S51-0H Polyether Self 70
CH2=CHC {Q) O~ having alemlsifi-
crosslink- | cation
ing
structure
caused by 3
functicnal
groups
7 Takelac | Si~0H Polycarbo— | Self &0
WS-5100 nate emulsifi-
(A) CHz=CHC (0) O- Polvether cation &0
8 Takelac | 5i-0H Polyether | Self a0
WsS—-6201 amulsifi~
(&) CH2=CHC {0} O~ Polyether | cation 60
9 (D} S1-0OH Polyether | Self 70
CH2=CHC (0) 0~ | having alemulsifi-
crosslink- | cation
ing
structure
caused by 3
functional
groups




structure caused by 3 functional groups 19 (E) Si-OH Polycarbonate Self
90 CH2=CHC(0)O- having a emulsifi- crosslinking cation structure
SF~TaBsed by 3 functional groups 20 (&»CH2=CMeC(O)0 Polycarbonate Self
90 having a emulsifi- crosslinking cation structure caused by 3 functional
groups SF-1731 67 Table 1-2 (continued) Evaluation Results on physical
rooerties Photochro Lens Adhesion Water Example Substrate coating
deforma- resis lens appiicatori ton teneet propetties 1 Thiourethane A* A*

Ax-A*—11-Fhiourethane-A-A-A ’Ii\‘ ]’E—% m"f%'c'i 12 AlvEA-AA-A-L.2 mmt
. . valugtion Results pryi Phygsical properties
thick 13: Thiourethane A hcJ).Ero_l_llluu et |ct|ecnrs-\ A~ "?-&dhesion Water
Substrate chromic deforma- resis-
lens coating tion tance
Exanmple application
properties
1 Thiocurethane A A B B
2 Thiourethane A A B B
3 Thiourethane A A A R
4 Thiourethane A A A B
5 Thiourethane A A A B
o Thiourethane A A A iy
7 Thiourethane A iy A B
8 Thiourethane A A A B
9 Poly- A A A A
carbonate

[0126]




15 Thiourethane A A A A 16 Poly- A A A A carbonate 17 Thiourethane A
A CD 18 Poly- AAAA carbonate 19 Poly- A A A A carbonate 20 Poly-
SF~-IAAIA A carbonate * The amine compound-containing photochromic
coating agent was used. [0127] 5 Comparative Example 1 The
procedure of Example 1 was repeated except for using, as a primer
component, a mixture preparing by mixing a moisture-curing type primer,
namely, "Takenate M-402P" rfiahufacturéd by Mitsui Chemicals
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CH2=CHC {0) &~

Polyether having a
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cation

70

12

Si~-CH

Polyether having a
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crosslinking
structure caused by
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Self
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cation

70

i3

3i-0H

Polyether having a

CHZ=CHC (0) O—

crosslinking
structure caused by
3 functional groups

Self
emalsifi-
cation

50

Takelac
Ws-6201

S5i-CH

Polyether

Self
emulsifi-
cation

80

15

(E)

S5i-0H

Polycarbonate

CHZ=CHC (0) C-

having a
crosslinking
structure caused by

3 functional. groups

Self
emulsifi-
cation

90

16

CHZ=CHC (0} O~

Polycarbonate
having a
crosslinking
structure caused by
3 functional groups

Self
emulsifi-—
cation

20

17

Takelac
W5-6010

Polycarbonate

Self
emulsifi-
cation

&0

18

(E)

Si-0OH

Polycarbonate

CHZ=CHC (O) O~

having

crosslinking
structure caused by
3 functional groups

a

Self
emulsifi-
cation

a0

19

S$1-0H

Polycarbonate

CHZ=CHC (0) O~

having

crosslinking
structure caused by
3 functional groups

&

Self
emulsifi~
cation

90

20

CHZ=CMeC {0) O

Polycarbonate
having a
crossiinking
structure caused by

3 functional groups

Self
emulsifi-
cation

30
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The procedure of Example 1 was repeated except for directly applying
the photochromic coating agent on the substrate without 5 using the
s¥-pripter, and thereby a lens having agohotochromic layer was prepared.
The evaluation was carried in the same manner as in Example 1. The
- results are summarized in Table 2. [0129] Comparative Example 3 10
The procedure of Example 10 was repeated except for using, as a plastic

lens substrate, MR-8 substrate ¢hiourethane fesin plastic lens) having a
Mekness-of 1.2 mm..a periphery_thickness of 10 mm, a diameter

cantar.t

of 75 mm and a refractiv Em'lua,ﬁaqoanRenﬁm,;a 'Q&WW
exthgreby ja lens having a 15 pBg c&% Eomlc I%eé*onag_pr paredsTHe faﬁfm
evaluatipn of the,lens was,gairied:n the same; manner as in Exampleféi@Ce
The resylts are summariz @@J@ﬁl@@ In this comparative example,
siice theTiprimestayeemade fram the urethanetesin was netpresent, the
stress indlidedzaddaring to the 8hrinkage caused by 20 polymerizdtion A
curing.df thé BHotdekiemic coating agent could not be relaxed in the light
I&dlatlof?féﬂorrphn%the photo%hromlc coat ldyer. Therefore, the A
£+ awith licht. i arllghnn Wa
h Q o ane ILCIICU w llcaul LY ALLY IAIH:IL T"auTat ‘._AI’I u+|. , p:
oggorme (.Thi\égk%(ﬂlﬁhéll-' watet Acblbtcu ice-of UAC IensSwas "ga.uat"u asg_.
SE 173163 9430]-Fable 2 Resyits of evatuatign % 7
16 Poly- A A A A
carbonate
17 Thiourethane A C D
18 Poly- 2y A A A
carbonate
19 Poly- A A A A
carbonate
20 Poly-— A A I i
carbonate

* The amine compound-containing photochromic coating agent was

used.
(G127)

Comparative Example 1

The procedure of Example 1 was repeated except for using,

as a primer component, a mixture preparing by mixing a

mcisture-curing M-402p”

type primer, namely, “"Takenate
manufactured by Mitsul Chemicals polyurethanes, INC., and butyl
acetate in a weight ratio of 1:1 and making them uniform with
thoroughly stirring in a nitrogen atmosphere, and thereby a lens

having a photochromic layer was prepared. The evaluation of the

lens was carried in the same manner as in Example 1. The results

are gummarized in Table 2.
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for hysical properties Substrate Photo- Lens Adhesion Water Primer lens
chromic deforma- resis- compar.coating tion tance Ex. application ro
sr-¥rtes 1 Moisture- Thio- D A A A cugpg urethane type: Takenate M-402P
2 AAEE 3-Thio- A* D* B* E* urethane thickness (1.2 mm) *: An
amine compound-containing photochromic coating agent was used. 5
[0131] Example 14 (Formation of Primer layer) As a lens substrate, MR-8
[ 01d@ving a diameter of 75 mm, a curve of 5 and a thickness of 2.0 mm
(thiourethane resin plastic 10 lens having a refractive index of 1.60) was

Comppsedt The lenssgystrate was thoroughly degreased with acetone and

immersed in a 10 % by mass sodium hydroxide aqueous solution at 50C
for¥8e procedure of Example 1 was repeated except for directly

applying the photochromic coating agent on the substrate without
using the primer, and thereby a lens having a photochromic layer
was prepared. The evaluaticon was carried in the same manner as
in Example 1. The results are summarized in Table 2.

[0129]

Comparative Example 3

The procedure of Example 10 was repeated except for using,
a8 a plastic lens substrate, MR~8 substrate (thiourethane resin
plastic lens) having a center thickness of 1.2 mm, a periphery
thickness of 10 mm, a diameter of 75 mm and a refractive index
of 1.60, without using the primer, and thereby a lens having a
photochromic layer was prepared. The evaluation of the lens was
carried in the same manner as in Example 10. The results are
summarized in Table 2. In this comparative example, since the
primer layer made from the urethane resin was not present, the
stress induced according to the shrinkage caused by
polymerization curing of the photochromic coating agent could
not be relaxed in the light irradiation for forming the
photochromic coat layer. Therefore, the substrate, which was
softened by heating with light irradiation, was deformed.

Morecover, the water resistance of the lens was evaluated as E.



10

min. Thereafter, the lens substrate was thoroughly washed with warm
water and dried at room temperature for 30 min. On the lens 15 substrate,
sp-2m1pof a one liquid type self-crosslinking polyurethane dispersion
containing a silanol group as a primer, SF-1731 70 " Takelac WS-6021"
manufactured by Mitsui Chemicals Polyurethanes, INC. was applied by
spin coating using a spin coater 1H-DX2 manufactured by MIKASA Co.
[01%8pin coating of Primer) . 5 While a lens having a diameter of 75 mm was
rotated at 70 rpm using a spin coater 1H-DX2 manufactured by MIKASA

Co., the primer was dispensed pathe center of the lens at an output rate
of 0.17.g/s using a dispenser with a nozzle having.an.inner._diameter of

0.4 mm. Thereafter, the prime tisolutlon wg@‘;’d i f@éﬁ%ﬁé%ﬁvﬂﬂle
the dispenser was,moved frt thefens c&rtter! eHfietems ,p,r,@;a,%lg\ e
nozle wes moved WA ToGUINING. 19 moving IGSiscsn dal 1 distana 1250
comptO-the lens was Kept to be from d.tor3; aun. Thereafter, the lens was tance
Ex. natuyrally dried at room temperaigtelfor-45 fin. |15 (Formation of
Photochromic layer) Next, aboub 2 @oafthe photochromic coating agent
L preparedsinthe sameamannerias Exarfiple 1 was applied on the sérface A
of theTer8SubstraféprevitGusly dried, by spin coating usinga spin coater
1H-DXZ Hanufactured by MIKASA. 20 (Spin coating of Photpchromic
coat _Eﬁgi,a ens having a diameter of 75 mm was rotated at 50
2 - B A A E E
3 - Thio- A* D* B* E*
urethane
thickness
(1.2 mm)

*

used,

Example 14

(Formation of Primer layer)

As a lens substrate, MR-8 having a diameter of 75 mm,

: An amine compound-containing photochromic coating agent was

a

curve of 5 and a thickness of 2.0 mm {(thiourethane resin plastic

lens having a refractive index of 1.80)

was used.

The lens

substrate was thoroughly degreased with acetones and immersed in

a 10 %

min.
warm water and dried at room temperature for 30 min.

substrate,

by mass scdium hydroxide aqueocus solution at 50°C for 1

2

g

of a o

ne

liquid type

-

Thereafter, the lens substrate was thoroughly washed with
On the lens

self-crosslinking

polyurethane dispersion containing a silanol group as a primer,
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rpm, the photochromic coating agent was dispensed on the center of the
lens at an output rate of 0.17 g/s using a dispenser with a nozzle having
sr-an-inAner diameter of 0.8 irLm. Theregafter, the SF-1731 71 dispenser was
moved from the lens center to the lens periphery over 8 min. The nozzle
was moved while regulating the moving locus so that the distance to the
lens was kept to be from 1 to 3 mm. Through the spin coating, the coating

v fitlmhadia thigkness bisuch that the file thiekness,of the photochremig:: ca 1 s

coat layer prepared after curing was 40 1 m, by regulating the spin coat

o Gonditions.ckhe application preperties; ohthephatochtgmic, goating agent ;1

In the spin coating were evaluated. The photochromic coating agent had

coagaed yetting properties-to the 10 primexlaygr.@nd the coating was
performed easily and uniformly. The resulting layer was evaluated as A.

( sp10132)-Next, the-leps which surface was coated in the above manner
was subjected to irradiation for 3 min using a metal halide lamp 15 with

an eutpyt.ot. 150 mWicm?2.in a njiragen.gas atmasphere and ybegs%mt 70

photochromic coating agent-coated film was cured. Thereafter, the lens

rpm"‘{l?éj}{% tsfjsﬁﬁiﬂ% hc‘?@écﬁﬁé A *ﬂﬁmﬁﬁo{%%g@d% armed étk}%}%’r SRR the

a lens having a photochromic layer. T eformation of the substrate ir
pr 1B HIWVINES OhreIed N30 e Ialowing paReL JDe feoling [0S -acc
and the sameens substrate as one used in the formation were held 1o a
oz fuarsscent and the difierence of the flugrescent images whichwere
reflecte
diameter of 0.4 mm. Thereafter, the primer solution was dropped
over 8 min while the dispenser was moved from the lens center
to the lens periphery. The nozzle was moved while regulating
the moving locus sc that the distance to the lens was kept to
be from 1 to 3 mm. Thereafter, the lens was naturally dried at
room temperature for 15 min.
{(Formation of Photochromic layer)

Next, about 2 g of the photochromic coating agent prepared
in the same manner as Example 1 was applied on the surface of
the lens substrate previocusly dried, by spin coating using a spin
coater 1H-DXZ manufactured by MIKASA.

(Spin coating of Photochromic coat)

While a lens having a diameter of 75 mm was rotated at 50

rpm, the photochromic coating agent was dispensed on the center

of the lens at an output rate of 0.17 g/s using a dispenser with

a nezzle having an inner diameter of 0.8 mm., Thereafter, the
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on both of the lens surfaces (the form of the image was changed or not)
was observed visually. As a result, the difference SF-1731 72 between
sr-1he two images (deformation) was npt observed. The non-deformation of
the 'Lens was evaluated as A. The results are summarized in Table 1-2.
[0133] 5 Example 15 The procedure of Example 1 was repeated except
for using, as a lens substrate, MR-7 having a diameter of 75 mm, a curve

dis®éband adhickpessiof 20:mim (thiaurethane tesin plastic lens, hang ghery
refractive index of 1.67), and using, as a primer 10 component, a primer

ovefE} Whigh cormprises,an emulsiondr which, water.coptaining.a urethans ; ng
resin having a silanol group, an acryloyloxy group and a crosslinking part

loc@batlpastihres, dupgtional geouns isused as 8, disPRSING MeFUMs rom 1 to

prepared by using polycarbonate polyol as a compound having an active

3 mml5 Mygdrogen group.and theraby,a lens, having a phorqehramig coat, Jayer. <

was prepared. The evaluation was carried in the same manner as in

sadﬁﬁﬁﬁwe%ﬁeT@iﬁﬁ“ﬁ%?&%ﬁ@@gﬁg¥egwéTSWSt%é%Q%H%ﬂ.%9@5 laver

Comparative Example 4 The procedure o_f Example ;4 was repeate
P e g e Aiar P oredi vt 267 HaraCtarad By WitduFo=*
conditions. The application properties of the photochromic
coating agent in the spin cecating were evaluated. The
chotochromic coating agent had good wetting preoperties to the
primer layer, and the coating was performed easily and uniformly.
The resulting layer was evaluated as A.

[0132]

Next, the lens which surface was cocated in the above manner
was subjected to irradiation for 3 min using a metal halide lamp
with an output of 150 mW/cm® in a nitrogen gas atmosphere and
thereby the photochromic coating agent-coated film was cured.
Thereafter, the lens was treated with heat for 1 hr in a constant
warmer at 110° C to prepare a lens having a photochromic laver.
The deformation of the substrate in the curing was cbserved in
the following manner. The resulting lens and the same lens
substrate as one used in the formation were held to a fluorescent
and the difference of the flucrescent images which were reflected

on both of the lens surfaces (the form of the image was changed

or not) was cbserved visually. As a result, the difference
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Chemicals Polyurethanes, INC. mixing the primer with butyl SF-1731 73
acetate in a weight ratio of 1:1 and making them uniform with thoroughly
sF-Stiging in a nitrogen atmosphere, arigthereby a lens having a
photochromic coat layer was prepared. However, in the spin coating
without forcedly extending by using a flexible film, 5 uncoated parts where
the coating agent is not adhered are caused on the primer layer surface

be tpesause therwelting prepertiesob the: pheteghrpmic geatinggentdeithe rhe
primer layer were inferior. in results, a good photochromic coat layer

non-<Qulbrethe prepared. {01351 10 Example 16:khe pracedure.of Example s re
1 was repeated except for using, as a lens substrate, a polycarbonate

sumiens substrate hiawing a djameter of 75 mm, a curve of 5 and a thickness
of 2.0 mm, and using, as a primer component, a primer (F) having an

[01@¢ryloyloxy 15 group and a crosslinking part having at least three
functional groups, prepared by using polycarbonate polyol as a

Exaﬁ%ﬂ@%‘@d having an active hydrogen group, and thereby a lens having a
photochromic coat layer was prepared. The evaluation was carried in the

same MAKLARID EAMpIE L the iestlts e A mmalzedin Table, g,
1-2.[01361 Example 17 The procedure of Example 1 was r peateé

as £}FERLILYSING, 3% Ieps SURSIAE MR-8 having.a tigness of 2.0 mm. .
of 5 and a thickness of 2.0 mm (thicurethane resin plastic lens
having a refractive index of 1.67), and using, as a primer
component, a primer (E), which comprises an emulsion in which
water containing a urethane resin having a silanol group, an
acryloyloxy group and a crosslinking part of at least three
functional groups i1s used as a dispersing medium, prepared by
using polycarbonate polyol as a compound having an active
nydregen group, and thereby a lens having a photochromic coat
layer was prepared. The evaluation was carried in the same
manner as in Example 14. The results are summarized in Table
1-2.

[0134]

Comparative Example 4

The procedure of Example 14 was repeated except for using
a primer prepared by using, as a primer component, a moisture
curing type primer “Takenate M-402P” manufactured by Mitsui

Chemicals Polyurethanes, INC. mixing the primer with butyl
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SF-1731 74 (thiourethane resin plastic lens having a refractive index of
1.60), and using one liquid type polyurethane dispersion "Takelac
s¥- W-6010" which did not contain a spedific functional group and a
crosslinking part having at least three functional 5 groups, as a primer
component manufactured by Mitsui Chemicals Polyurethanes, INC. The
evaluation was carried in the same manner as in Example 1. The results
ace@re summarizediigntabled:2. {137 ExampledB: 1 Thaqrocedurenfl with
Example 1 was repeated except for using, as a photochromic compound,
thoBdmpart Pysmass 0iglL e -dimetnd-e:Huere:6's pmorphosinadispiree by 2 lens
(cyclohexane-1,3")-(3H)indole-2'-(2H),3"(3H)naphto(3,2-a)(1 ,4) oxazine, 1
havPAl By massefRGrl and 3 parthy MassobPEe:2,r 48 andifurthes addirg:he
as a stabilizer, 5 parts by mass of benzenepropanoic acid,
spis-t&hibenzatiazole2 ahro+h 1dimethylethd) dohydrony oG 7= Sidee £11m,
chain and straight chain alkyl ester, and thereby a photochromic coating

uncageaiivasprepared.ol heteaftar - the2Q procedures,of Exampley1o5,wasa used
repeated except for using the photochromic coating agent thus prepared,

on 2Ad therehy.a pumer '%%E%%at@%%qgo%%c%%@l%wﬁ%tﬁ%&n@ges of
0

and evaluated. As a result, the application properties of the photochromic

the %;:?6‘@8 Agesh thelens deformation, theadhesign and e Waler.SFs 1434 o

in results, a good photochromic coat layer could not be prepared.
[0135]

Example 16

The procedure of Example 1 was repeated except for using,
as a lens substrate, a polycarbonate lens substrate having a
diameter of 75 mm, a curve of 5 and a thickness of 2.0 mm, and
using, as a primer component, a primer (F) having an acryloyloxy
group and a crossiinking part having at least three functional
groups, prepared by using polycarbonate polyol as a compound
having an active hydrogen group, and thereby a lens having a
photochromic coat laver was prepared. The evaluation was
carried in the same manner as in Example 14. The results are
summarized in Table 1-2.
[0136]

Example 17

The procedure ¢f Example 1 was repeated except for using,

as a lens substrate, MR~8 having a thickness of 2.0 mm
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resistance were evaluated as A respectively. [0138] Example 19 The
procedure of Example 1 was repeated except for further 5 adding, as a
sr-stabilizer, 5 parts by mass of 74
ethylenebis(oxyethylene)bis[3-(5-t-butyl-4-hydroxy-m-tolyl)p ropionate] ,
and thereby a photochromic coating agent was prepared. Thereafter, the
procedures of Example 15 was repeated except for using the
{th phatoshromie caeaiing agentthus prepared,dlthand thereby acprimet tayer of
and a photochromic coat layer were formed and evaluated. As a result,
1. 6the application prepedies of the:photochremigeoating:agentethellensarsion
deformation, the adhesion and the water resistance were evaluated as A
“ Tz kespestively 01% {0139] chxampler2t:- The pracedure ebkxample ¥wasicnal
repeated except for except for using, as a primer component, a primer
grolfe).amiich comprses, anemulsian phan yeethanedesin haviag arsilapol onal
group, a 20 methacryloyloxy group and a crosslinking part having at least
grotiyee functionaligroupsdisparaed inwater - prepared By ¥SiRG w1 Chemicals
polycarbonate polyol as a compound having an active hydrogen group,

Pol?ﬂ@@‘t@ﬁ%Q,|e'1§&5<'2‘Vi”@k?ep@%qmg%‘l%ﬁo%é%ye&é(\é%_siQ&e%edcﬁé‘esame
evaluation was carried out in the same manner in SF-1731 76 Example

mangérA&safﬁsﬁgaH}?l%pﬂljcati%pf%‘ﬂg%% (gfréesummarized in Table 1-2.
(01377

Example 18

The preocedure of Example 1 was repeated except for using,
as a photochromic compound, 0.5 part by mass of
17,5 —dimethyl-6’-fluoro-6’ '~ morphorinodispiro
(cyclohexane-1,3")-(3H)indole-2"-(2H), 3"’ (3H)naphto{3,2-a) (1
y4)oxazine, 1 part by mas% of PC-1, and 1 part by mass of PC-2,
and further adding, as a stabilizer, 5 parts by mass of
benzenepropancic acid,
3-{Z~Hbenzotriazole-2-yl}~5-(1,1~dimethylethyl)-4-hydroxy, C
7-% side chain and straight chain alkyl ester, and thereby a
photochremic coating agent was prepared. Thereafter, the
procedures of Example 15 was repeated except for using the
photochromic coating agent thus prepared, and thereby a primer
layer and a photochromic coat layer were formed and evaluated.
As a result, the application properties of the photochromic

coating agent, the lens deformation, the adhesion and the water
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photochromic coating agent, the lens deformation, the adhesion and the
water resistance were evaluated as A, respectively. SF-1731 77 CLAIMS
sF-17A1process for producing an optical article comprising a laminate
structure consisting of an optical substrate, a photochromic layer formed
from a coating solution containing a 5 photochromic compound and a
primer layer therebetween, wherein the surface of the optical substrate
re s anddhe photochremicllayerare bohAding thraughthé primer layer, which
process comprises the steps of: (A) forming the primer layer on the
[ 013@anface of the optical 10 substrate by applying a primer comprising an
emulsion containing an urethane resin; and (B) forming the photochromic
Exat@yee ondhe primer layer formed in the step(A). 15 2. The process for
producing an optical article according to claim 1 wherein the primer is an
emulsier-eemprsing a firgthans] esinhaving-atdeast ene:groug selectedher
from a silanol group, an acryloyloxy group, a methacryloyloxy group and
add@AEPOoxy group. 20 3. Themroeess-for producingan-gpticabarticlerass of
according to claim 1 or 2 wherein the primer is an emulsion comprising a

etnyfethang esin having askeletog derived from polycarhonate, .pelyal: 51y 1) p

SF-1731 78 4. The process for producing an optical article according

ropionate], and thereby a phcotochromic coating agent was
prepared. Thereafter, the procedures of Exanple 15 was repeated
except for using the photochromic coating agent thus prepared,
and thereby a primer laver and a photochromic coat layer were
formed and evaluated. As a result, the application properties
of the photochromic coating agent, the lens deformation, the
adhesion and the water resistance were evaluated as A
respectively.

[0139]

Example 20

The procedure of Example 16 was repeated except for except

for using, as a primer component, a primer (G), which comprises

an emulsion of an urethane resin having a silanol group, =a

methacryloyloxy group and a crosslinking part having at least
three functional groups dispersed in water, prepared by using
polycarbonate polyol as a compound having an active hydrogen
group, and thereby a lens having a photochromic coat layer was

prepared. The evaluatlion was carried out in the same manner in



to claim 1 wherein in the step (A) , the primer layer is formed by applying
the primer with spin coating, and in the step (B), the photochromic coat

sr-1ayer is formed by applying the 5 phatochromic coating agent solution
with spin coating. 5. An optical article obtainable by the process as
claimed in Claim 1. 10 6. An optical article obtainable by the process as
claimed in Claim 1 wherein the optical substrate comprises

Exapelycalonate.s a result, the application properties of the
photochromic coating agent, the lens deformation, the adhesion

and the water resistance were evaluated as A, respectively.
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SF-1731 77

CLATIMS

1. A process for producing an optical article comprising
a laminate structure consisting of an optical substrate, a
vhotochromic layer formed from a coating sclution containing a
photochromic compound and a primer layer therebetween, wherein
the surface of the optical substrate and the photochromic layer
are pbonding through the primer layer, which process comprises
the steps of:

(A) forming the primer layer on the surface of the optical
substrate by applying a primer comprising an emulsion containing
an urethane resin; and

(B) forming the pheotochromic layer on the primer lavyer

formed in the step(A).

2. The process for producing an optical article according
toclaim 1l wherein the primer is an emulsion comprising a urethane
resin having at least one group selected from a silanol group,

an acryloyloxy group, a methacryloyloxy group and an epoxy group.

3. The process for producing an optical article according
to claim 1 or 2 wherein the primer is an emulsion comprising a
urethane resin having a skeleton derived from polycarbonate

rpolyol.
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4. The process for producing an optical article according
to claim 1 wherein in the step (A), the primer layver is formed
by applying the primer with spin coating, and in the step (B),
the photochromic coat layer 1is formed by applying the

photochromic coating agent solution with spin coating.

S. An optical article obtainable by the process as claimed

in Claim 1.

6. An optical article obtainable by the process as claimed
in Claim 1 wherein the optical substrate comprises

polycarbonate.



