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1 DESCRIPTION Spin Coating Method Technical Field of the Invention
[0001] 5 The present invention relates to a spin coating method for
forming a uniform coating film on a strface of a substrate. In more detail,
the present invention relates to a spin coating method by which, in
forming a photochromic layer to an eyeglass lens substrate having a
primer layer on the surface, 10 incorporation of bubbles into the
photochromic layer can be H?E\%iﬁ 8?%8&ground Art [0002]
Photochromic eyeglasses are eye%:?sses which lenses are 15 quickly

colored in an outdoor irdiated fith-fight'édhtdifing UV rays such as
sunlight to function as sunglasses and which are discolored in an indoor

irradiated with T8 <EtRATRht B 9dactRh r6rdimargreiRparent

) siectacles, and demands thereto grow larger in recent years. 20 [0003]
LO0%Kla method for producing a plastic lens having photochromic properties,
there are known a method in which a photochromic compound is imbibed

on & SBriaE_TialensaVing e phodtcchiomit prdperties (imbiigomod for

method), a method in 2 which a photochromic compound is dissolved in a
forpighbrmetahfahe coating film on a surface of a substrate. In

more detail, the present invention relates to a spin coating
method by which, in forming a photochromic layer to an eyeglass
lens substrate having a primer layer on the surface,
incorporation of bubbles into the photochromic layer can be
prevented.

Background Art
(00027 .

Photochromic eyeglasses are eyeglasses which lenses are
quickly colored in an outdeor irradiated with light containing
UV rays such as sunlight to function as sunglasses and which
are discolored in an indoor irradiated with no such light to
functicn as ordinary transparent spectacles, and demands thereto
grow larger in recent years.

[0003]

As a method for producing a plastic lens having
photochromic preoperties, there are known a method in which a
photochromic cempound is imbibed on a surface of a lens having

no photochromic properties (imbibition methed}, a methed in
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obtained solution is polymerized to directly obtain a photochromic lens (in
mass method) , and a method in Whigh a layer having photochromic
properties (hereinafter, referred to also 5 as photochromic coating layer) is
formed on a surface of a plastic lens by using a coating liquid containing
a photochromic compound (hereinafter, referred to also as photochromic
coatin ag{ent or simply as coating, liquid) (coatin% method). Among these

"I Phleth U HIE Coting mstEE HraS arf advanifages donpart iR 6 bthé e
two methods, of that it can easily impart photochromic properties, in

OBt Hrintiple, 16-Hny tes sdistrate FBFéExdRDle, A thélimbibitioh metioetit 2
IS required to use a soft substrate in which the photochromic compound :

Photesdif diffiseSad a1 SuBSatE T ahd RMtReMAtds ettt fiisa laver
required to 15 use a special monomer composition in order to attain

hav ERgeléittt PROBERrGMIRTOPERERS O HecdtRe hard, inthe eoafingo 2180
method, there is no such restriction to substrates. 0004] In the coating

as Phiettod iR geRerar tHete satfoptetEspit Rotaating Hiethed in Whith abyE 1 ¢
dropping a coating liquid onto a_surface of a lens substrate while the

Lenglisstiatenis fotated lohg LthelckAnaltads the eoating fighitas devatoped:nd
by centrifugal force during the rotation to form a uniform coating film.

(he JBOOG] 3 & therspia coating method, it is pdoessatyrtordlwags petfoemagent
stable feed of the photochromic coating agent in a minimum required

or amavhy interdertopreyentivariation imcating method) . Among these

metheds, the coating method has an advantage, compared to the

other two methods, of that it can easily impart photochromic

properties, in principle, to any lens substrate. For example,

in the imbibition method, it is reguired to use a soft substrate

in which the photochromic compound readily diffuses as-a

substrate lens, and in the in mass method, it is reguired to

use a special monomer composition in order to attain excellent

photochromic preperties. On the other hand, in the ceoating

method, there is no such restriction to substrates.
(0004}

In the coating method, in general, there is adopted spin
coating method in which, by dropping & ccating liguid ontoe a
surface of a lens substrate while the substrate is rotated along
the central axis, the coating liquid is developed by centrifugal

force during the rotation to form a uniform coating f£ilm.

[0C05]
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thickness of the coating film between products as well as to 5 suppress
the production cost. [0006] In forming a photochromic coating layer on a
surface of a lens substrate, althougir'the lens substrate may be directly
coated with the coating liquid, in order to improve adhesion 10 between
the lens substrate of a various type, and the photochromic coating layer,
it is_preferable that the photochromic coating layer is formed after

formation 6t & Pritef t4yerth the Stitface of the'leR§ SHBSHALE. frfthistways
case, while the photochromic coating layer is dissolving the primer layer,
Perigifie tifiBsion befileeh the énsétibistiae afid the pdtoBRroRient 1n a
._coating layer is acquired. However, when an uncured photochromic _
L0 HYHfingrAGBht BRd tHETRIRES 1ayer GFERT contactWithedteh Biekdivbpa 1in
_long period of time, the primer is dissolved so that the adhesion between
CLhigidfens stbstafe 4Rd 2tHe photodtrbimietoatiedayériseeduced-ang o
the uniformity of the primer layer is also impaired. In order to prevent
SUPRHER SinE6RVEHIEREEs! itd8 réififed that the step of dropping and
spreading the photochromic coating agent is completed within a
[ 00 Predetermined period of time. For this reason, it is desired 4 that the
operations from the dropping of approximately 1 g of the coating liquid to
the €0rifgiscompletet Withirm 1016 1 200 3ed per lengesubistrate s[E00FLS of
In other words, it is required to drop a predetermined
a lens substrate, although the lens substrate may be directly
coated with the ccating liguid, in order to improve adhesion
between the lens substrate of a wvarious type, and the
photechromic coating layer, it is preferable that the
photochromic ceating layer is formed after formation of a primer
layer on the surface of the lens substrate. In this case, while
the photochromic coating layer is dissolving the primer layer,
the adheslion between the lens substrate and the photochromic
coaﬁing layer is acquired. However, when an uncured
photochromic ceoating agent and the primer layer are in contact
with each other over a long period of time, the primer is
dissolved so that the adhesion between the lens substrate and
the photochromic coating layer is reduced and the uniformity
of the primer layer is alsc impaired. In order to prevent such
inconveniences, it 1s required that the step of dropping and

spreading the photochromic coating agent is completed within

a predetermined periocd of time. For this reason, it is desired
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amount of the coating liquid within a predetermined period of time in view
of the industrial production. Therefore, manual dropping using a dropper,
etc. should not be adopted in the industrial production. 10 [0008] In order
to drop a predetermined amount of the coating liquid within a
predetermined period of time, there is generally adopted a method in
th which the coatiqg liquid jilled in a barrel is discharged from a nozzle
# attalhiedR6 T tig of the Bamel s forr Brattermineasetidtrdftine - ¢ of
using air (nitrogen, etc.) with a constant pressure (Refer to Patent
Ehe Sedtimét 1) J0069f FoWeer Ui diséharging Was Esitintioushycaftiddolt O
for a large number of lens substrates, the coating liquid retained 20 in the
S€C 33 3Ie i Sometimb dtipped. In order to prevent the dripping, it is effective
to install a check valve in the nozzle and to reduce the diameter of the
62zle. [Patent Document 1] Japanese Patent Laid-open Publication No.
013873/2005 5 Disclosure of the Invention Problems to be Solved by the
Invertion™ [G0] 5 Bfder 16 dicp aptedéermireddinbunt ¢ftheebating ned
5 liquid form a nozzle having a smaller diameter within a predetermined
amopafof fof tite ape tdischakdinig Vel odii (ihear netotsityy ohtheecbating. od of
liquid is inevitably increased as
time in view c¢f the industrial production. Therefore, manual

[00

dropping using a dropper, etc. should not be adopted in the
industrial production.
(00087

in order to drop a predetermined amount of the coating
liquidwithineapredeterminedpeziod<Iftime,there:ﬂsgeneraily
adopted a method in which the coating liguid filled in a barrel
is discharged from a nozzle attached to the tip of the barrel
for a predetermined period of time using air (nitrogen, etc.)
with a constant pressure (Refer to Patent Document 1).
[C009]

However, if discharging was continuocusly carried out for
a large number of lens substrates, the coating liguid retained
in the nozzle tip sometime dripped. In order to prevent the
dripping, it is effective to install a check valve in the nozzle
and to reduce the diameter of the nozzle.

[Patent Document 1] Japanese Patent Laid-open Publication No.

013873/2005
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compared to the case using a nozzle having a larger diameter. However,
it was found that bubbles are frequently generated in 10 the coating film
formed if the linear velocity is increased. [0011] As a reason of this
phenomenon, although not theoretically restricted, there can be
considered the following possibility: when a droplet discharged from the
nozzle is falling, the tip 15 portion is dented by influence of the air

pressure in the sCHETHATAfd ¥hckSirtBYsRTbBBoles, and the

bubbles trapped in the coating liquid remain even after the droplet

reaches thBERHEE DT tRe BEbSriRer thy wERG LAY &Pt Roating liquid

to the surface of the substrate is high, even 20 when bubbles have been
woilr%ped in the coating liquid, since the coating liquid immediately

develops over the surface of the substrate, the bubbles are defoamed by

flowtiy Bf Hercdating” fguid il ATy CHges FpwaeH Tor the pritieCRgEENY

. and the photochromic coating agent, such defoaming cannot be expected

Ligelth otelfbetalse?dtitiie PGOTWettability™f00E InBdditior: thevithin &

aforementioned photochromic coating layer is relatively thick and typically
PrefsyRfadiiofave ar 5ahickhessiot appreximatela4u pre Incokderdoyforimiacar

coating film having such thickness, a coating liquid having a relatively
ve L pightviscosity iswgsedcas: thegphbieshrdmicscoating bigent. ¥f theceosatigd as

liquid has such a high viscosity, the above-mentioned sucking of bubbles
compgews rmore frequently dating dischargihg. having a larger diameter.
However, 1t was found that bubbles are freguently generated in
the coating film formed if the linear velocity is increased.
[0011]

As a reason of this phenomenon, although not theoretically
restricted, there can be considered the following pogssibility:
when a droplet discharged from the nozzle is falling, the tip
portion is dented by influence of the air pressure in the
surrounding and sucks air to form bubbles, and the bubbles
trapped 1n the coating ligquid remalin even after the droplet
reaches the surface of the substrate. If the wettability of the
coating ligquid to the surface of the substrate is high, even
when bubbles have been trapped in the coating liquid, since the
coating liguid immediately develops over the surface of the
substrate, the bubbles are defoamed by flowing of the coating

liguid in many cases. However, for the primer laver and the

photochromic coating agent, such defoaming cannot be expected
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10 [0013] Such bubbles have a diameter of approximately 10 pm, and the
presence thereof can be confirmed b%/ eyes. Therefore, particularly for an
eyeglass lens, the commercial value is significantly lowered if bubbles are
incorporated into the 15 photochromic layer. [0014] For this reason, there
is demanded a technique for reducing or preventing incorporation of
bubbles into the coaﬁng film formed in spin, coating a surface of a

n

0 QlibStrateFith & Coating 20 U h4%ing A High Wscosity at a relatively
[OOQ%%C discharging velocity. Means to solve the Problems [0015] Means for

ing the above-mentioned problems that the 7 present invention

provides are as follows: [0016] (1) a spin coating method comprising ‘

dischargfig'a “¢6ating fifitid front ety PA 7oz ahd depPing offtPd 119

5 surface of a rotating substrate to form a uniform coating film on the
Layehrface of et Subétilate, Wher&in HigldistaRés betweehotheth ditharave a

. hozzle and the surface of the substrate during discharging of the coating
CRLGEGHRASS 255 nfrRrIE8sSI061E7 £6 (HVthe Spincciting iRetffoaraceorainging
~_to (1), wherein the linear velocity during dropping of the coating liquid is

film having such thickness, a coating liguid having a relatively
high visceosity is used as the photochromic coating agent. If
the coating liquidhas such a high viscosity, the above-mentioned
sucking of bubbles occurs more frequently during discharging.
[0013]

Such bubbles have a diameter of approximately 10 pm, and
the presence thereof can be confirmed by eyes. Therefore,
particularly for an eyeglass lens, the commercial value is
significantly lowered if bubbles are incorporated into the

photochromic layer.
[0014]

For this reason, there is demanded a technique for reducing
or preventing incorporation of bubbles into the coating film
formed in spin coating a surface of a substrate with a coating
liquid having a high viscesity at a relatively high discharging
velcoccity.

Means to solve the Problems
[G015]

Means for scolving the above-mentioned problems that the
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1 cm/sec or more; [0018] (3) the spin coating method according to (1) or
(2), 15 wherein the viscosity of the c9ating liquid is in the range of 50 cP
to 500 cP at 25C; [0019] (4) the spin coating method according to any one
of (1) to (3), wherein the substrate is an eyeglass lens having a primer 20
layer on the surface and the coating liquid comprises a curable

composition containing a photochromic compqund; and 0020] (5) a
Px2 3 50th ot TP BIOUOBING'S SUBSFAtE Wt chFSK A comprising curing of a

coating film on a substrate obtained by 8 the spin coating method
[Ooja%ording to any one of above (1) to (4). Effects of the Invention [0021] 5
According to the present invention, a spin coating method by which a

uniforrm coaing ilrit c&? Be 1o etron 4 Sufalof aistbstrateisaraing a

provided. In particular, when a photochromic coating agent having a
coatdptvey Bighvisessiy i fischarged at 8 Rghi el e &g @

lens substrate having a primer 10 layer on the surface to forma .
sur phetochrofi€ toating fayer SrécrpBratiort BBUBblEsliktotheccating £ilm

photochromic layer can be prevented. Brief Description of Drawings
on the surface of the substrate, wherein the distance hetween

the tip of the nozzle and the surface of the substrate during
discharging of the coating liguid is 2.% mm or less;
[0017]

(2) the spin coating method according to (1), wherein
the linear velocity during drepping of the coating liguid is
1 cm/sec or more;

[0018]

{33 the spin ccating method according to (1) or (2},
wherein the viscosity of the coating liquid is in the range of
50 ¢cP to 500 cP at 25°C;

[0019]

(4) the spin coating method according te any one of (1)
to (3}, wherein the substrate 1s an eyeglass lens having a primer
laver on the surface and the coating liguid comprises a curable
composition containing a photochromic compound; and
[00z20]

{5) amethod for producing a substrate with a cured £ilm,

comprising curing cf a coating £ilm on a substrate cbtained by
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'0022] 15 [Figure 1] Figure 1 is a sectional view showing a representative
embodiment of the coating method according to the present invention.
Description of the Symbols [0023] 28 10 Nozzle 11 Barrel 20 Coating
liquid 30 Substrate 31 Primer layer 9 40 Supporting device Best Mode for
Carrying out the Invention [0024) Hereinafter, embodiments of the
present invention are 5 specifically explained with reference to drawings.

£0€ 0B2 5]t ST cOSIMY Method e <owrirfElY. 2 Eoating® g 20ts °
discharged from the tip of nozzle 10 and the coating liquid is dropped

%) onto the surface of substrate 30 which is 10 rotating. Substrate 30 is

supported on rotatable supporting device 40. [0026] Nozzle 10 is
connected to barrel B FRed wvitttc AT Hy@HR EE°Fhere is provided a

structure in which air pressure 15 (nitrogen, etc.) is applied to barrel 11 to
[008ischarge a

According to the present invention, a spin coating method
by which & uniform coating film can be formed on a surface of
a substrate is provided. In.particular, when a photochromic
coating agent having a relatively high viscosity is discharged
at a high velocity onto aneyeglass lens substrate having a primer
layer on the surface to form a photochromic coating laver,
incorporation of bubbles into the photochromic layer can be
prevented.

Brief Description of Drawings

100221

[Figure 1] Figure 1 is a secticnal view showing a representative
embodiment of the coating method according to the present
invention.

Description of the Symbols

10023]

10 Nozzle

11 Barrel

20 Coating ligquid

30 Substrate

31 Primer layer
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predetermined amount of coating liquid 20 at a constant velocity. In this
structure, therefore, a predetermined amount of coating liquid 20 can be
dropped onto the surface of the substrate within a predetermined period
of time by controlling on and off of the 20 air pressure. A check valve may
be installed at the connecting part of barrel 11 and nozzle 10 in order to
prevent dripping of the liquid. [0027] Nozzle 10 has no particular limitation
on i%élgﬁgﬁpép ahd 19°¥ i3y be any of, so-called, a sharp nozzle, a curved
nozzle, a tapered nozzle and a chamfered nozzle. In particular, a curved
nozzle aftfg trinfs et S 5 B oMbt S o rPIRER AR Ppoint of
%eventing dripping of coating liquid 20, the inner 5 diameter of nozzle 10
ﬁ)referably 3.0 mm or less, more preferably 2. 0 mm or less and
especially preferably in the range of 1.6 mm to 0.5 mm. If the inner _
diametétis ido RFge, HE WHIBIARG S IkelytBDcldaeh-in i stafd wherer r e
no air pressure is applied after completion of discharging. Meanwhile, if
spethd 109nretr didmeteris oo smallrwherw predbferfiiinéd afunt of the
coating liquid is discharged within a predetermined period of time, the
[004kscharging pressure of the coating liquid becomes higher and therefore
the linear velocity at the time of discharging is increased, to thereby
incréasingcthepossibility 11% ofinicoapbration ©ibubbles iRtathelcoatitgt ing
film. [0028] In the present invention, the distance between the tip of
liquid 20 is discharged from the tip of nozzle 10 and the coating

40

ligquid is dropped onto the surface of substrate 30 which is
rotating. Substrate 30 is supported on rotatable supperting
device 40.

[002¢)

Nozzle 10 is connected to barrel 11 filled with coating
liquid 20. There is provided a structure in which air pressure
(nitrogen, etc.) 1is applied to barrel 11 to discharge a
predetermined amount cf coating 1iquid 20 at a constant velocity.
In this structure, therefore, a predetermined amount of coating
liguid 20 can be dropped onto the surface of the substrate within
a predetermined period of time by contreclling on and off of the
alr pressure. A check valve may be installed at the connecting
part of barrel 11 and neczzle 10 in order to prevent dripping
of the iliquid.

[0027]

Nozzle 10 has no particular limitation on its shape and
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nozzle 10 and the surface of substrate 30 during discharging the coating
liquid is 2.5 mm or less, and prefer 2.0 mmor 20 less, and it is
preferably 0.3 mm or more and further preferably 0.5 mm or more.
Therefore, when the coating liquid is dropped, the distance between the
tip of nozzle 10 and the surface of substrate 30 is preferably set in the
. range of 1.5 to Q.5 mm, and especially in the range of 1.2 mm to 0.8 mm,
St ThaEs e Ly TRREAN tho p b HOSSIe TOARG e SuACEGF So22le,
substrate 30 exceeds 2.5 mm, the_coating liquid traps bubbles during
& Logppihg S fikely 8&%%%&?6&%%}%2&?%@%Wn?&ﬁq%&é&t%fﬁﬁrﬁuﬁ ved
the tip of nozzle 10 and the surface of substrate 30 are too 5 close to each
nOZ pifferdite fip GPHE 07z HA§ 0GR Bfid aRTaY e e surfageBf tHee view
. Substrate or may touch the surface of the coating film, thereby impairing
Pole GriférhGlForthe Soated Hil SMoreS\ét Ediing: dfbpping B the Coatinge
~liquid, the revolution of substrate 30 is preferably maintained relatively 10
diagsl 00GPmittaéssS preferably EF%S&PE@G’rp%-)QIf fife revoldfiGiFof more
substrate 30 is too high, the droplets are likely to trap bubbles when it
Pregsrrelibte coritdcowithtthe Suraeé Bt Shibbirdte 301 passibly éausig tnge
product failure. [0029] 15 In order to control the distance between the tip
of of Ao¥Flet 20 and the surfdcetbfesubsire SDaafiaronesor-bothleftie, the
feeding device (including barrel 11 and nozzle 10) of the coating liquid
drippdsygporingedevice 40-are heltkwithhaenfschipisincapables b roovingure
up and down. Moreover, a means to automatically
is applied after completion of discharging. Meanwhile, if the

inner diameter is too small, when a predstermined amount of the
coating liguid is discharged within a predetermined period of
time, the discharging pressure of the coating liguid becomes
higher and therefore the linear wvelocity at the time of
discharging is increased, to thereby increasing the possibility
of incorporation of bubbles into the coating f£ilm.
[0028]

In the present invention, the distance between the tip of
nozzle 10 and the surface of substrate 30 during discharging

the coating liguid is 2.5 mm or less, and preferably 2.0 mm or

less, and it is preferably 0.3 mm or more and further preferably

0.5 mm or more. Therefore, when the coating liquid is dropped,
the distance between the tip of nozzle 10 and the surface of
substrate 30 is preferably set in the range of 1.5 to 0.5 mm,

and especially in the range of 1.2 mm to 0.8 mm. If the distance
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20 measure the distance between the tip of nozzle 10 and the surface of
substrate 30 may be installed. Furth { nozzle 10 may be held in such a
manner that it is movable to the radiar direction of substrate 30. [0030] 12
By discharging coating liquid 20 from the tip of nozzle 10 to drop it onto
rotating substrate 30 under the above conditions, the coating liquid
dropped onto, the surface of substrate 30 is uniformly developed over the

bet"%%?f%cé[b? subSir&te 536 bythe CefttfuddiTorterdatistdby thetotdtidnor
substrate 30, and a coating film having a uniform thickness is obtained
eXCERARe strfate BFEu%%ﬁEE@@Ol fthe @v%ﬁ’éﬁrﬁt?%%@én%6éﬁ%‘?g%%ﬁ??@gr
and the surface of substrate 30 is poor, coating liquid 20 is sometimes
Likedgainddtiiihe vyt 1R parts 1o Wéﬁ%&@ﬁ%ﬁﬁl@d IR%hisCage;
the coating liquid may be developed by rotating substrate 30 while
1z %téﬁ%é’é Breshe? actfint {PETHHIAA eft.y WiffreoHtingaRuid Zore too
Further, after completion of dropping the coating liquid or after
Cl@%i%v‘é%ﬁrﬁ@ht BF fifercoatiry figwidd {t isheférableatiat thé asFevendiciier e
substrate 30 is increased in order to make the thickness of the coating
the fifH Uhe Mo Thé kevalutich aethis Simeaihicl deperds o WHé viseosity bhe
the coating liquid and other conditions, is typically 300 rpm or more, and
coa preferdbly rapprosinsdtely 600 pni. Hightspeedirbtativhtof substrate 83020ed
sometimes causes vibration thereof. In such a situation, if the distance
filbetwéler terty of nozzde 10 andithe surfafe ohsubstrate.ng ligquid, the
revolution of substrate 30 is preferakbly maintained relatively
low {200 rpm or less, preferably at about 100 rpm). If the
revolution of substrate 30 1s toc high, the droplets are likely
To Trap bubbles when it comes into contact with The surface of

substrate 30, possibly causing to product failure.
[CG29]

In order to control the distaace between the tip of nozzle
10 and the surface of substrate 30, either one or both of the
feeding device {(including barrel 11 andnozzle 10) of the coating
liguid and supporting device 40 are heldwith a mechanism capable
of moving up‘and down. Moreover, a means to automatically
measure the distance between the tip of nozzle 10 and the surface
of substrate 30 may be installed. Further, nozzle 10 may be held

in such a manner that it is movable To the radial direction of
substrate 30.

[6030]
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30 is maintained 0.7 mm or less, the tip of the nozzle may touch and
damage the surface of the substrate or may touch the surface of the
coated film, thereby impairing the urﬁf%rmity of the 13 coated film.
Therefore, prior to the high-speed rotation of the substrate, the distance
between the tip of nozzle 10 and the surface of substrate 30 is preferably
increased to 0.7 mm or more. As mentioned above, either one or both of
the feeding 8Mdevide BnERdint the Heiretd 12ahd #idnbrsie 10y f theozzle
coating liquid and supporting device 40 are held with a mechanism

10 E&pableeBf rhbvifg tip ahd dowh thefetipimakirgy itossmreto adiinst theove
distance between the tip of the nozzle and the surface of the substrate as

congppiditiate. Fifthep oz 1oimaybehel@rtsuchni®a kishnepitigce of
movable to the radial direction of substrate 30, and prior to the

subfighisedd totatiohforihé saestratepsozeiee 10-fray be Shifted fremttherate
above of substrate 30 so that the tip of the nozzle may move away to the

30 Kipdition Yeers itemimotT oueh thelstpfhdeyof the sabstraten156003t A te
mentioned above, in general, as the discharging velocity (linear velocity)

30, optive eoatiad liqgidindreases,the possibifityrof incdrporation oEbublilesned
into the coating film increases. However, by adopting the

on abevesmehtioned tonditiens 20of fe presént invenrtiorn; @veh thoughethezen
discharging velocity of the coating liquid increases, incorporation of

coabibbles intd dlé coating filmcaiabe préverited. rEierefore sthe methogstafng
the present invention is preferably adopted particularly under

liguid 20 is sometimes retained in the vicinity of the parts

where it was dropped. In this case, the coating liguid may be
developed by rotating substrate 30 while contacting a brush or
a soft £ilm (PET film, etc.) with coating liguid 20. Further,
after completion of dropping the coating liguid or after
develoﬁment of the coating liguid, it is preferable that the
revolution cof substrate 30 is increased in order to make the
thickness of the coating film uniform. The reveolution at this
time, which depends on the viscosity of the coating liquid and
other conditions, is typically 300 rpm or more, and preferably
approximately 600 rpm. High-speed rotation of substrate 30
sometimes causes vibration thereof. In such a situation, if the
distancebetweenthetﬁ@)@fnozzleIM)andthesurfacecxfsubstrate
30 i¢ maintained 0.7 mm or less, the tip of the nozzle may touch
and damage the surface of the substrate or may touch the surface

of the coated film, thereby impairing the uniformity of the
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the condition that the linear velocity of the coating liquid 14 at the time of
dropping is | cm/sec or more, further preferably 5 cm/sec or more, and
especially 10 to 70 cm/sec. Needless 1o say, according to the present
invention, incorporation of bubbles can be also prevented under the
condition that the linear 5 velocity of the coating liquid at the time of
dr%P ing is less than 1 cm/sec. 0032] Here, the discharging yelppity of |
coaYRE chhfifg ligi Tefets To the tischarding veladin orte comtflijuicin b
the 10 outlet position of the nozzle and can be calculated from the inner
subglamidter of e AIZAEHE dRSCHAFGIRg BMfountHordnds Tohfing Andithe the
discharging time for once coating. The equation of the discharging
SUI {Bfotity sl if tHe preséiit inveRtiGT B4R e/ expressed as folfows: 15 or
[0033] [Equation 1] Discharging velocity (cm/sec) = Discharging amount
mortem3yF [[IRRerdiaftetéPeritozze iy 292 K T2 X DisEhar§ing imé eeding
(sec)] 20 [0034] The discharging velocity can be adjusted as appropriate
devpGeharting the ndrdiamieter of horie Woe the i sréssuret dpplictbot ing
barrel 11 or the like. For example, if the inner diameter of the nozzle is
Ligredlead fhecgiseRaryihgs/eioatyt s 36e held with a mechanism capable

of moving up and down, thereby making it possible to adjust the
distance between the tip of the nozzle and the surface of the
substrate as appropriate. Further, nozzle 10may be held in such
a manner it is movable to the radial direction of substrate 30,
and prior to the high-speed rotation of the substrate, nozzle
10 may be shifted from the above of substrate 30 so that the
tip ¢f the nozzle may move away to the position where it cannot
touch the surface of the substrate.

[0031]

As mentioned above, in general, as the discharging
velocity {linear velocity) of the coating liguid increases, the
pessibility of incorporation of bubbles into the coating film
increases. However, by adopting the above-mentioned conditions
of the present invention, even though the discharging velocity
of the coating liguid increases, incorporation of bubbles into
the coating film can be prevented. Therefore, ﬁh@ methods of
the present inventicn is preferably adopted particularly under

the condition that the linear velocity of the coating liquid
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increased in the case that the air pressure is the same. If the air pressure
is increased, the discharging velociti |s increased in the case that the
inner diameter of the nozzle is the same. [0035] 5 Moreover, as
mentioned above, in general, as the viscosity of the coating liquid
increases, the possibility of incorporation of bubbles into the coating film
. .Increases. However, by adopting the above-mentioned conditions of the
at tp?%séhf“ﬁﬁ%ﬁt%ﬁ?@@éﬁ?n&ﬁgh th&AREosTty SHRE coating Ry ligaia- e r oLy
increases, the incorporation of bubbles into the coating film can be
> CTHaF&ntad. Thefefore theTHEfoTS of thé préseiit fvention calFggLess to
preferably adopted particularly in spin coating with a coating liquid having
S&Y g \iscosity of50 & to™800 0P, SR prefefably 60eP P 400 BR Hhdton  ©f
especially preferably 70 15 cP to 300 cP at 25C. [0036] Here; the ‘
bub@?s%%é?@rbgﬁé%88%@%%%3’1%%&?@& &OPSENSRgAat the Linear
Cannon-Fenske viscometer. The measurement was carried out in
vel geesrdahtetwith IPSK 2283 Land e ischsify 6126 thé cHafiRg ligtidiwakess
calculated from the kinetic viscosity obtained and the specific gravity of
thaghd sampfedetermined in advance using the equation, Viscosity (cP) =
Kinetic viscosity (cSt) X Specific gravity. [0037] 16 The viscosity of the
[C0&dating liquid can be adjusted by selecting the type of composition and the
composition ratio used
Here, the discharging velocity of the coating liquid

refers te the discharging velocity of the coating ligquid in the
outlet position of the nozzle and can be calculated from the
inner diameter of the nozzle, the discharging amount for once
coéting*andtthe discharging time for once coating. The eguation
of the discharging velocity used in the present invention can
be expressed as follows:
[0033]
[Equation 1]

Discharging velocity (cm/sec) = Discharging amount (cm®) /
[ (Inner diameter of nozzle (mm)/2)% X n X Discharging time
(sec) ]
[0034]

The discharging velocity can be adjusted as appropriate
by changing the inner diameter of nozzle 10, the air pressure
applied to barrel 11 or the like. For example, 1f the inner

diameter of the nozzle is reduced, the discharging velocity is
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in preparation of the coating liquid. If a composition having a low viscosity
is added more, the viscosity of the coating liquid 5 decreases. [0038] As
described above, the coating methotof the present invention can be
preferably employed particularly in spin coating with a coating liquid
having a relatively high viscosity 10 at a high discharging velocity. [0039]
Therefore, for example, as a method for producing a photochromic

INCESRGRESBASR Whith & Btk PHotbeRréhiRIay&S id fefiiteddBhe 1T the
. _formed, the coating method of the present 15 invention is especially

31T hieferablies Héreinatter Ihel coati g -rmethoecoMHeSresent-Nvehtidr e ased

. more specifically explained for the case of application to production of a

1N Hhdteaidnic deyddidsd eiras Afresamiple [[0040] 26 L this tasBeasame .
disc-shape substrate made of glass or resin, which is typically used as a

[00 fens, may be suitably used as substrate 30. In general, a plastic eyeglass
lens has a curved surface and its convex surface often has a complicated
curVEd" shapé dae hé Hevafcentsit ofloptical design &% rebent years ity
17 However, in the present invention, such an eyeglass lens may be

of usE¢as substiate 30 Withold any peotsiens f0041}Fertherptiwiadhesion too £
the substrate 30 may be further

incorporation of bubbles into the coating film increases.

However, Dby adopting the above-mentioned conditions of the

present invention, even though the viscosity of the coating

liguid increases, the incorporation of bubbles into the coating

film can be prevented. Therefore, the methods of the present

invention can be preferably adopted particularly in spin coating

with a coating liquid having a viscosity of 50 ¢P to 500 P,

more preferably 60 cP to 400 cP and especially preferably 70

cP to 300 cP at 25°C.

[0036]

Here, the viscosity of the coating liguid was measured at
25°C using a Cannon-Fenske viscometer. The measurement was
carried out in accordance with JISK2283, and the viscosity of
the coating liguid was calculated from the kinetic viscosity
obtained and the specific gravity of the sample determined in
advance using the eguation, Viscosity (¢P) = Kinetic viscosity

(cSt) X Specific gravity.

[0037]
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5 improved by modifying its surface to be coated using a publicly known
method prior to coating with a coatir?h%;iquid. The method for modification
is not particularly limited, and there may be mentioned, for example,
modification by discharge treatment such as plasma discharge treatment
and corona treatment, modification 10 by surface polishing using a
polishing agent or the like and modification by immersing in a solution
such'ss & afkAfine sofition Fo0F2 i A ditibA particaiarkdn Brdéto=d oY
improve the adhesion 15 of the photochromic layer, the surface of .
=L S{ibdpsa 36 isY Bfeferably providet With 5time? [a78PSF [0643) Pkt used
. layer 31 may formed from a variety of primer resins used in such type of
I Rppheatidm f'aphotbeniomiic Coating 726 gent {vif deSBRBED befvw fsving
. “used, a urethane-based primer resin is particularly preferably used from
@ iot‘ﬁé@%‘\?%ﬁtyo%ﬂwéc’é‘tﬂﬁg@%@co i€ coating dgent Stidieacating 1iquid
urethane-based primer resin is described in detail in WO 2004/078476.
decyFo4A 8 As the photochromic coating agent, there may be used various
coating agents used in this technical field. Specifically there may be
[CC%fdntioned, for example, (i) a photochromic coating agent comprising a

photochromic 5 compound dissolved in a urethane oligomer (refer to WO
199@ﬁ;pﬁ§§;ibed above, the ccating method of the present

invention can be preferably employed particularly in spin
coating with a coating liguid having a relatively high viscosity
at a high discharging velocity.
100397

Therefore, for example, as a method for producing a
photochromic eyeglass lens in which a thick photochromic layer
is reguired to be formed, the coating method of the present
invention is especially preferable. Hereinafter, the coating
method of the present inventiocon i1s more specifically explained
for the case of application to production of a photochromic
eyeglass lens as an example.
[0C407]

In this case, a disc-shape substrate made of glass or resin,
which is typically used as a lens, may be suiltably used as
substrate 30. In general, a plastic eyeglass lens has a curved
surface and its convex surface often has a complicated curved

shape due to the advancement of optical design in recent years.
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(i) a photochromic coating agent comprising a photochromic compound
dissolved in a polymerizable monomer composition which is a
combination of a monofunctional, a bifunctional and a 10 multifunctional
radical -polymerizable monomers (refer to US Patent Publication No.
5914174), (iii) a photochromic coating agent comprising a photochromic
compound dissolved in a monomer composition composed of a

HovweBbindtionSforily 876 oF MAt8Kiid<8r biftifchioRd TEIMENTD)achlie may
monomers (refer to WO 2001/02449), (iv) a photochromic coating agent

be ugRthridthg NRaKbR et (frdthvacrylafmid® @ baaRyst (preferably an
acidic catalyst) and a photochromic compound (refer to WO 2000/36047),

[OG%:'(V) a photochromic coating agent comprising a radical-polymerizable
monomer having a silanol group or a group which generates a silanol
grotip by Hroly5is, & sfihecdmpbliads afd apHotocromic dompoufider
in specific amounts respectively (WO 2003/011967 pamphlet), 19 (vi) a

imp pRbEsSERTD e Cohling agent comprishey & radical-polineszalgeemorohierl v
component, a silicone-based or fluorine-based surfactant and a

knophoteétirethiecompbandd@éfen aoMd: 2004/078476), 1andi the liKdebmethod
[0045] Among these, in particular, photochromic coating agent (vi) is

for preférdblyaisedrfrém thelviewpoint of theladResion 4ol thend there may be
above-mentioned urethane-based primer resin.

mentioned, for example, modification by discharge treatment such

as plasma discharge treatment and corona treatment, modification
by surface pelishing using a polishing agent or the like and
modification by immersing in a solution such as an alkaline
solution.

(0042}

In addition, particularly in crder to improve the adhesion
of the photochromic layer, the surface of substrate 30 is
preferably provided with primer layer 31.

(0043}

Primer layer 31 may formed from a variety of primer resins
used in such type of application. If a photochromic coating
agent (vi) describedbelow is used, a urethane-based primer resin
is particularly preferably used from the viewpoint of the
adhesion to this coating agent. Such a urethane-based primer
resin is described in detail in WO 2004/078476.

[0044]
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[0046] 10 However, when the surface of a lens substrate having the
urethane-based primer layer is coated with photochromic coating agent
(vi), the photochromic coating agentléxcessive'_y dissolves the primer
layer during long period of contact between an uncured photochromic
coating agent and the primer layer, thereby 15 impairing the uniformity of
the primer layer. In order to_prevent such inconvenience, the operation of
droé)ﬁing%ﬁd Résteqtimythe co&titi o6t TequifdtFto e éomplgtet 54
within a constant period. For this reason, in the industrial mass ‘
varsrdductiohtapproxim&el £ g of fivélcoating liguidis drEppéd 28 withfn 514
sec to 30 sec per lens substrate. A discharging nozzle having a small
SPedidmetet 15 useG F6r Praveming didping of thet figurt:afiB i order to drop
a predetermined amount of the coating liquid from the nozzle having such
(1) asniN<hamBETWithiiT 82 predetenfiidd tinE péfied e diseharghg romic
velocity (linear 20 velocity) of the coating liquid is inevitably increased
compphiparetl - ®StheGde tisingsa neZ2lelHaving allafereiaméteifand asca WO
result, bubbles sometimes incorporate into the coating film. [0047] 5 Even
1998 SUdH acase, however, incorporation of bubbles into the coating film
can be prevented by adopting the coating method of the present
(11invention (00188 ubseatrehilpca sutsstiate withral sdred fimdantse-hromic
obtained 10 by curing the coating film formed on the substrate by an
compound dissclved in a polymerizable monomer composition which

is a combination of a monofunctional, a bifunctional and a
multifunctional radical-polymerizable monomers {(refer to US
Patent Publication No. 5%814174),

(1ii) a photochromic ceating agent comprising a photochromic
compound dissclved in a monomer composition composed of a
&ombination cf only two or more kinds o¢of Dbifunctional
(metha)acrylic monomers (refer to WO 2001/02449),

{(iv) a photochromic coating agent comprising
N-alkoxymethyl (meth)acrylamide, a catalyst (preferably an
acldic catalyst) and a photochromic compound (refer to WO
2000/36047),

{(v) a photochromic coating agent comprising a
radical-polymerizable monomer having a silanol group or a group
which generates a silanol group by hydrolysis, an amine compound
and a photochromic compeound in specific amounts respectively

(WO 2003/011867 pamphlet),
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appropriate means. Ameans for curing the coating film is varied
depending on the composition of the coating film. For example, in the
case of photochromic coating agent](\?i) described above, the curing is
preferably carried out in combination of 15 ultraviolet curing and
thermosetting. [Industrial Applicability] [0049] The present invention
i grovides a spin coating method by which a uniform coating film without

L bubbl@s car’ B8 FSMEdBAR 20 a SHAACE'SF a sibtate. PATGERANS ik Epin &
coating an eyeglass lens substrate having a primer layer on the surface
radiitla BRotIRRroMR oAt HIRRE haffig A eldtively RighlikeesiBesrs or
high discharging velocity to form a photochromic coating layer,

L LuficorSoratien of BubbRs iAtotthd PhotodheiiCE T EdtingIayeresh (refer
efficiently be prevented. Accordingly, the method of the present invention

to ¥an ¢bRtibute fo fmprovement cof théproductivity of a photochromic
eyeglass lens. (Examples) 5 Hereinafter, the present invention will be

[00@Xplained with reference to examples and comparative examples, but the
present invention is not restricted to these examples. [0050] Lens
subsirates dndesrimet ingredieatsiused inthe prasentrtiCexamplescaregent
shown below. [0051] [Lens substrate]

(vi) is preferably used from the viewpoint of the adhesicn to

the above-mentioned urethane-based primer resin.

[0045]

However, when the surface of a lens substrate having the
urethane-based primer layer is coated with photochromic coating
agent (vi), the phetochromic coating agent excessively dissolves
the primer layer during long period of contact between an uncured
photochromic coating agent and the primer layer, thereby
impairing the uniformity of the primer laver. In order to
prevent such inconvenience, the operation of dropping and
spreading the coating sclution is required tobe completed within
a constant period. For this reason, in the industrial mass
production, approximately 1 g of the coating liguid is dropped
within 5 sec to 30 sec per lens substrate. A discharging nozzle
having a small diameter is used for preventing dripping of the
liguid, and in order to drop a predetermined amount of the coating

liquid from the nozzle having such a small diameter within a

predetermined time period, the discharging veleccity (linear
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CR (allylic resin plastic lens; refractive index = 1.50) MRA
(thiourethane-based resin plastic lens; refractive index i5 = 1.60) MRB
(thiourethane-based resin plastic Ier‘?s, refractive index = 1.67) TE
(thioepoxy-based resin plastic lens; refractive index = 1.71) 20 SPL
(methacrylic resin plastic lens; refractive index = 1.54) -SE (lens of
. methacrylic resin + vinyl resin; refractive index = 1.60) [Primer ingredient]
Ve L Smbistré Euring phftler o dkesed PERAGITH-25 Niahtifacariroeonyated
Takebayashi Chemical Industry Co.,Ltd. -moisture curing primer,
Lo Tpg &t PERAI nfanititaétifed BY - TakébayasHRC hehmed tfdustapd as a
Co.,Ltd. moisture curing primer, "Urethane Primer 06", manufactured by 5
resal ps ERemicls MGECHT9td rGISRIE dhfing PAMEr T akenbisrs film.
M-402P", manufactured by Mitsui Takeda Chemicals Inc. -moisture curing
wo‘é)?iﬂner, "Barnock DM652", manufactured by Dainippon Ink and
Chemicals, incorporated 10 [Radical-polymerizable monomer] TMPT:
trimetiflolgiopane #rinfetRachylErRVE6A: Urethape Gligbatepfidxaabhdate nto
(Shin-Nakamura Chemical Co., Ltd.: U-6HA) EB6A: polyester oligomer
the @@@é%a@@%@@ﬁ@@@@@m?@d by adepting the cecating method

cf the present invention.
100483

Subsequently, a substrate with a cured film can be obtained
by curing the coating film formed on the substrate by an
appropriatemeans. Ameans for curing the coating film is varied
depending on the composition of the coating film. For example,
in the case of photochromic coating agent (vi) described above,
the curing i1s preferably carried out in combination of
ultraviolet curing and thermosetting.

[Industrial Applicability]
[00485]

The present invention provides a spin coating method by
which a uniform coating film without bubbles can be formed on
a surface of a substrate. Particularly in spin coating an
eyeglass lens substrate having a primer layer on the surface
with a photochromic coating agent having a relatively high
viscosity at a high discharging velocity to form a photochromic

coating layer, incorporation of bubbles into the photochromic



15 Ltd.: EB-1830) GMA: glycidyl methacrylate BPE:
2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane 9GDA:
polyethylene glycol diacrylate (averg e molecular weight: 532) 20
BPE-0ligo: 2,2-bis(4-acryloyloxypolyethyleneglycolphenyl)propane
having an average molecular weight of 776 [Photochromic compound]

coa PC gzgég)é])%zé %gg}%g%e%% Lﬁ%%%éﬁ[\orgg%]e (gF.orrRlélg ozr]d(;)i ng lJ v ,N 1(:) he

method of the present invention can contribute to improvement
of the productivity of a photochromic eyeglass lens.
(Examples)

5 Hereinafter, the present invention will be explained with
reference to examples and comparative examples, but the present
invention is not restricted to these examples.

[0C501

Lens substrates and primer ingredients used in the present

10 examples are shown below.
[0051]
[Lens substrate]
‘CR (allylic resin plastic lens; refractive index = 1.50)
*MRA (thiourethane-based resin plastic lens; refractive index
15 = 1.60)
‘MRB (thiourethane-based resin plastic lens; refractive index
= 1.67}
*TE (thicepoxy-based resin plastic lens; refractive index =
1.71;
20 | *SPL (methacrylic resin plastic lens; refractive index = 1.54)

-SE (lens of methacrylic resin + vinyl resin; refractive index
= 1.60)
[Primer ingredient]

'moisture curing primer, “Takeseal PFR402TP-4”, manufactured
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acH,NaF F OCH3 [0057] [Polymerization initiator] CGI1800: mixture
of 1-hydroxycyclohexyl phenyl ketone and 5
bis(2,6-dimethoxybenzoyl)-z,4,4-trirﬁ@thyipentylphosphine oxide (weight
ratio; 3:1) CGI1870: mixture of 1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyipentylphosphine oxide (weight
ratio; 3:7) 10 [Stabilizer] LS765: bis(1,2,2,6,6-pentamethyl-4-pyperidyl)

by Gabgeaes flevelingBgent SiD sintsne-based sdrfactant "L.7001"
manufactured by Dow-Toray Corning Co., Ltd. 15 SiL2: silicone-based

" 0O SHHAE AN EZN B4 ThafGfacture B Tew-Toray CornifigCo.aEfdired by
[Silane coupling agent] TSL: y-methacryloyloxypropyltrimethoxysilane

Takepramplell FPeCR Eilylie fesii plastie lens: defractive index = 1.50) 25
was used as a lens substrate. This lens substrate was thoroughly

|00 Hefreds St Rith Adetee A mied ligaitewas Prepafdd byrmixints S0uparts by
by weight of each of a moisture curing primer "Takeseal

ALPS Chemicals Mfg. Co., Ltd.

‘molisture curing primer, “Takenate M-402P~, ﬁanufactured by
Mitsui Takeda Chemicals Inc.
‘moisture curing primer, “Barnock DMG652”, manufactured by
Dainippon Ink and Chemicals, Incorporated
[Radical-polymerizable monomer]
-TMPT: trimethylolpropane trimethacrylate
-UBA: urethane oligomer hexaacrylate (Shin~Nakamura Chemical
Co., Ltd.: U-&HA)
-EBGA: polyester oligomer hexaacrylate (Daicel-UCB Company
Ltd.: EB-1830)
"GMA: glycidyl methacrylate
*BPE: Z,2-bis{4-methacryloyloxypentaethoxyphenyl)propane
*9GDA: polyethylene glycol diacrylate (average molecular
weight: 532)
*BPE-Oligo:
2,2-bis({d-acryloyloxypolyethyleneglycolphenyl)propane having
an average molecular weight of 776

[Photochromic compound]

- PC1



10

PFR402TP-4" manufactured by Takebayashi Chemical Industry 5 Co.,Ltd.
as a primer and ethyl acetate. To the resultant mixed liquid, 0.03 parts by
weight of a leveling agent "FZ2104"“rhanufactured by Dow-Toray Corning
Co., Ltd. was further added, and the resultant solution was thoroughly
stirred under a nitrogen atmosphere until it became uniform to obtain
grimer 10 composition (A). The surface of CR was spin coated with this
L00 8|J’nposition using a spin coater 1H-DX2 manufactured by MIKASA Co.,
__Ltd. The lens was subjected to curing at room temperature for 15 min to
iFoﬁ%Ha;}re]aJ lens substrate having a primer layer. [0058] 15 Then, the
surface of the above-mentioned lens substrate having the primer layer

e revolution was increased from 100 rpm to 600 rpm

HP 2), maintained at 600 rpm for 10 sec (STEP 26 3), and
then decreased from 600 rpm to O rpm over 2 sec (STEP 4) . The
distance between the lens substrate and the dispenser nozzle was

[ 00 mitially adjusted to 1 mm, and after completion of discharging the
photochromic polymerizable composition, the 5 dispenser nozzle was

* PCihoved from the center of the lens substrate

[0054]

[Formula 2]

[0055]
- PC3
[005¢6]

[Formula 3]



to the outside of the lens substrate while the distance was maintained at
1 mm. This movement of the dispenser nozzle was performed in the
course of STEP 1. [0059] 10 Here, ad a dispenser nozzle, there was
employed a curved nozzle manufactured by SAN-EI TECH Ltd. having an
inner diameter of 0.84 mm, through which approximately 1 g of the
coating liquid was discharged onto the surface of the above-mentioned
Ier[/f?ﬂbstrate having theﬂggmer layer over 13 sec. The discharging 15
velacitylof the. coatifigtiquid at this time was 14 cm/sec. [0060]
Compos?ﬁ n (Nis anl elow was used as the photochromic

- ompasition. A mixture was prepared by blending radical

] polymerizable snqnomers, 20 '

O\Qj'é-bis(4-megl;;crloyloxypentaethoxyphenyl)propane/ polyethylene

P

glycol diacryl average molecular weight; 532) / trimethylolpropane
trimethacrylate./polyester oligomer hexaacrylate (Daicel-UCB Company,
Ltd.: EB-1830) / glycidyl methacrylate at the ratio of 40/15/25/10/10 parts
by weight, 27 respectively. To 100 parts of this mixture of radical
[00pdlymerizable monomers, were added 2.0 parts by weight of a
photochromic compound (PC1) having a structure represented by the
[ Hollowimyfoanalkrn 50061z fFormula 4] \ 1\
+CGI1800: mixture of i-hydroxycyclohexyl phenyl ketone and
5  bis(Z,6-dimethoxybenzoyl)-2,4,4-trimethyipentylphosphine
oxide (weight ratio; 3:1)
-CGI1870: mixture of l-hydroxycyclcohexyl phenyl ketone and
bis (2, 6~dimethoxybenzoyl)-2,4,4-trimethylipentylphosphine
oxide (weight ratio; 3:7)
10 [Stabilizer]
-L876e5: bis(l,2,2,6,6-pentamethyl-4-pyperidyl) sebacate
[Leveling agent]
*8iLl: silicone-based surfactant “L7001” manufactured by
Dow-Toray Corning Co., Ltd.
15 *81iL2: silicone-based surfactant “Fz2104” manufactured by
Dow-Toray Corning Co., Ltd.
[Silane coupling agent]
-TSL: y-methacryloyloxypropyltrimethoxysilane

(Example 1}

20 CR (allylic resin plastic lens; refractive index = 1.50)



10

15

20

O 0.6 parts by weight of a photochromic compound (PC2) having a 10
structure represented by the following formula, and [0063] [Formula 5]
omO N cr O F 0.4 parts by weight 6f‘a photochromic compound (PC3)
having a i5 structure represented by the following formula. [0065] 28
[Formula 6] OCH3 H C o F 6CH3 0066] After the resultant mixture was
thoroughly mixed, here 5 were added 0.5 parts by weight of a ]
W3S BSiFimerz AR Ritater “EETA800" [MiRtai of ISRy LiBRe XY SHEIFL Y
ketone and bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine
deg BRIt ratio® 3°DE 5 parfdisiAveighi vt & “aBilRErPBisadl?, Bixing
6-pentamethyl-4-pyperidyl) sebacate, 7 parts 10 by weight of a silane
50 %@bﬁr@yaggﬁ{ght of each of a moisture curing primer “Takeseal

PFR40ZTP-4" manufactured by Takebayashi Chemical Industry
Co.,Ltd. as & primer and ethyl acetate. To the resultant mixed
liguid, 0.03 parts by weight of a leveling agent “FZ2104”
manufactured by Dow-Toray Corning Co., Ltd. was further added,
and the resultant solution was thoroughly stirred undeg.a
nitrogen atmosphere until it became uniform to obtain primer
Composition {A}. The surface of CR was spin coated with this
compesition using a spin ccater 1H-DX2 manufactured by MIKASA
Co., Ltd., The lens was subjected to curing at room temperature
for 15 min to prepare a lens substrate having a primer layer.
[0058]

Then, the surface of the above-mentioned lens substrate
having the primer layer was spin coated with approximately 1
g of a photochromic pelymerizable composgsition. The spin coating
conditions at this time were as follows. The revolution of the
lens substrate was maintained at 100 rpm for about 25 sec. During
this period, the photochromic polymerizable composition, while
discharged over 13 sec, was pushed and expanded toward the outer
side of the lengs substrate using a PET film (STEP 1).
Subsequently, the revolution was increased from 100 rpm to 600

rpm over 6 sec (STEP 2), maintained at 600 rpm for 10 sec {(STEP
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y-methacryloyloxypropyltrimethoxysilane and 0.1 parts by weight of a
leveling agent (silicon-based surfactant) , "L-7001" manufactured by
Dow-Toray Corning Co., Ltd., and tHe"mixture was thoroughly mixed. The
resultant photochromi ¢ polyme ri z able 15 composition had a viscosity of
130 cP at 25C. [0067] Surface of this coated lens was irradiated with
3 using a _metal halide lamp whose qutput at 405 nm was adjusted to be
!+ 130 MWt S B thE SafabE BF tE fensHb cuite thE @Bafifg film f6F20 §5TEE
min in a nitrogen gas atmosphere, and then was further subjected 29 to a
41 - hedtifigresttiert it @ tHERToSEt at 42808 fo%5btainca SprbtecArchreensex
cured thin film. The thickness of the thin film obtained can be adjusted
noz gbpelding o the cnditign ot spih Coating™n #HE present institibhT te! of
. thickness of the 5 photochromic cured thin film was adjusted to be 401
di s iR Hhen AppédraRes b e @RS SubstatehavimPsschasepared-ion, the
~ photochromic cured film was evaluated as follows: the lens substrate
disRavingtheccured flrPwesinddiated With it fomoa igh pressusabstrate
mercury lamp, the projection surface was 10 displayed on white paper, the
Lo psiectidhssuifacelatthe centep ofuhe ferst(@wherd ite photodhiemioce was
composition was first dispensed) was observed. The evaluation criteria
ma igfe dasctivad below. [6068] 16 Goed: No Heféetsiierecobserved.z f0069]a s

performed in the course of STEP 1.
[0059]

Here, as a dispenser nozzle, there was emploved a curved
nozzle manufactured by SAN-EI TECH Ltd. having an inner diameter
of 0.84 mm, throuch which approximately 1 g of the coating ligquid
was discharged onte the surface of the above-mentioned lens
substrate having the primer layer over 13 sec. The discharging
velocity of the coating ligquid at this time was 14 cm/sec.
[0060]

Composition (I) shown below was used as the photochromic
polymerizable composition. A mixture was prepared by blending
radical polymerizable monomers,
Z,2-bis(4-methacryloyloxypentaethoxyphenyl)propane /
polyethylene glycel diacrylate (average molecular weight; 532)
/ trimethylolpropane trimethacrylate / polyester oligomer
hexaacrylate (Daicel-UCB Company, Ltd.: EB-1830)/ glycidyl

methacrylate at the ratio of 40/15/25/10/10 parts by weight,



Poor: Defects such as bubbles were observed. [0070] The appearance of
the lens substrate prepared by the ?o(%]above-mentioned method was
evaluated as "good". [0071] In addition, to evaluate photochromic
properties of the lens substrate having the photochromic cured film, the
color development concentration was measured by the following method.
30 0072]. The lens having the photochromic coating layer obtained was
LS Adiated With a xeRon 1a p@%ﬁo (300 WY 'SAL-166 ‘Mafufstturéd By cal
Hamamatsu Photonics K.K. through a ultraviolet 5 transmitting filter UV22
POl M- Réatray ABSSMHG filtdt A6 AB6th dre'mBRdTastrdd B Hdya ©f @
Corporation) with beam strengths of 2.4 mW/cm2 at 365 nm and 24
PO @%&%@Oﬁ}ﬂ%eﬁ&gﬁnéﬁg&%@aﬁe‘é@@ﬁﬁ ERPgeStted by
. _develop color. The maximum absorption wavelength was measured for
the O ferenwfy cIBF 10 developed here on a spectrophotometer
gstantaneous multichannel photodetector MCPD 3000) manufactured by
suka ElectronicsCo., Ltd. The difference, c(120)- s(0), between the
absorbance, e(120), at the maximum absorption wavelength measured
[FogB@vé ahd the absorbance, e(0), at the same wavelength 15 of the cured
film in non-irradiated state was determined, and this value was referred to
as the celqr development concentration. It can be regarded that a higher
@ more excellent photochromic property.
i .

0.6 parts by weight of a photochromic compound (PC2) having a
10 structure represented by the following formula, and
(0063}

[Formula 5]

C.4 parts by weight of a photochromic compound (PC3) having a

-

15  structure represented by the following formula.

[0065]
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[0073] 20 The color development concentration of the lens substrate
having the photochromic cured film prepared by the above-mentioned
method was 1.05 at the maximum & %orption wavelength of 588 nm,
exhibiting excellent photochromic properties. 31 ]0074] Subsequently,
the adhesion of the lens having the photochromic cured film was
evaluated. As the evaluation method, the lens substrate having the
(oA tdchtomic cured film was 5 immersed in boiling water at 100C for 1 hr,
then cooled to room temperature, and the cross hatch test was conducted
within80 min. The evaluggon criteria are described below. ]0075] A: No
peelin NO/B: Peelifigof-tess than 5% C: Peeling of more than 5% and less
than [15% D: P eling of 15% or more The adhesion of the lens substrate
~pre A above-nientioned method was A. 15 (Examples 2 to 15)
] By a similar od to that for preparing primer composition (A) in
~Example I, tHe ingredients listed in Table 1 were mixed to obtain primer
compositions” 0-£G). Next, by a similar method to that for preparing
photochromic %&omposition () in Example 1, the ingredients listed in
Table

[0066]

After the resultant mizture was thorcughly mixed, here

- were added 0.5 parts by weilght of a pelymerization initiator,

CGI 1800 [mixture of i1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine
oxide (weight ratio; 3:1}1, 5 parts by weight of a stabilizer,
bis{l, 2, 2, &, 6-pentamethyl-4-pyperidyl) sebacate, 7 parts
by welght of a silane coupling agent,
y-methacryloyloxypropyltrimethoxysilane and 0.1 parts by
welght of a leveling agent (silicon-based surfactant), “L.-7001"
manufactured by Dow-Toray Corning Ceo., Ltd., and the mixture
was thoroughlymixed. The resultant photochromic polymerizable
composition had a viscosity of 130 ¢P at 25°C.
[0067]

Surface of this coated lens was irradiated with using a
metal halide lamp whose output at 405 nm was adiusted to be 130
miW/cm® on the surface of the lens to cure the coating film for

3min in anitrogen gas atmosphere, and then was further subjected
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2 were mixed to prepare photochromic compositions (ll) to (V). Then, by
using the lens substrates, the primer compositions and the photochromic
polymerizable compositions listed in“Table 4, photochromic cured films
were prepared and the appearance, the 32 photochromic properties and
the adhesion were evaluated by a similar method to Example 1, except
o tﬁ?gjlthe coating condition, the distances between the lens_substrate and

idheRSer o2 i€ " Wiring Codting GAth te photoehromic polyné&itable: 2

composition 5 and the discharging velocity were changed as shown in
PhoRQRIremTheTeSifts AR 5u ized HETABIEDNEBMparatve Exafipldd 1m
1 ,tofgi By using the lens substrates, the primer compositions and the
Obt ALBRSEhrGRicBoNHRENAIIE cOfpBRItibRS listed 7 Tablerglitgon of spin
hotochromic cured films were prepared, and the appearance, the
Coagﬁﬁﬁbchroﬁﬂc properfiés afd theladfisidivere Evaluateddya ssimitdr  the
method to Example 1, except that the coating condition, the distances
pPhobefigeemite lepsstibshate aadtthe dispetises hozzleo dukng CodtingnwithThe
the photochromic composition and the 15 discharging velocity were
apPPeRafged asshowrifi Tabke:8. TRelesuRs are baminarizedunTablerd4pared
[0076] 33 [Table 1] Primer No. Commercially available primer Dilution

photglentléveling ae@nt {partsiae weight)@ars by welght) (pasts byhe lens
weight) A Takeseal PFR402TP-4 Ethyl Acetate FZ-2104
substrate having the cured film was irradiated with light from

& high pressure mercury lamp, the projection surface was
displayed on white paper, the projection surface at the center
of the lens (where the photochromic composition was first
dispensed) was observed. The evaluation criteria are described
below.
[0068)]

Good: No defects were observed.
[0069]

Poor: Defects such as bubbles were observed.
[CC701

The appearance of the lens substrate prepared by the
above-mentioned method was evaluated as “good”.
[GC717

In addition, to evaluate photochromic properties of the
lens substrate having the photochromic cured film, the color

development concentration was measured by the following methed.
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50 50 0.03 B Takeseal PFR402TP-4 Ethyl Acetate FZ-2104 70 30 0.015
Takeseal PFR402TP-4 Ethyl Acetate L-7001 60/ Butyl Acetate 0.03
15/15 D Takeseal PFR4 Ethyl Aceta 8 L-7001 80 20 0.03 E Takenate
M-402P Ethyl Acetate FZ-2104 50 50 0.03 F Barnock DM652 Ethyl
Acetate FA-2104 75 25 0.03 G Urethane Primer 06 Ethyl Acetate L-7001
) 20 0.03 [0077] [Table 2] | Example Radical- Photochromic
iOO%%))jlymerization Stabilizer Silent Leveling viscosity No. polymerizable
monomer compound initiator (parts by coupling agent at 25C (parts by

weidhf (PERS byAPaRE by Feighd) <yehi (Barts P waighdweghd(paieed
by by weight) weight) - BPE/9GDA/TMPT/EB6A/GMA PCI/PC2/PC3
WaS O HESHO-ES 65 TSIEE-76017F30°30/48/8%/16r142 0/0.6/6 %4 05 5 PBLC 00
BPE-OIigo/QGDA/TMPT/EB6A/ PCl/PICZ 0011800 LS765 TSL L'7001.
manyEgCEMA 2 210 Ba B 61 Mo 0p/Mer - through a ultraviolet

transmitting filter UVZ2 and a heat ray absorbing filter HAS0
(both are manufactured by Hoya Corporation) with beam strengths
of 2.4 mW/cm® at 365 nm and 24 uw/cm? at 245 nm on the polymer
surface at 20°C £1°C for 120 sec to develop color. The maximum
absorption wavelength was measured for the lens with color
developed here on a spectrophotometer (instantaneous
multichannel photodetector MCPD 3000) manufactured by Otsuka
Electronics Co., Ltd. The difference, £ (120)- ¢{0), between the
absorbance, £(120), at the maximum absorption wavelengthl
measured above and the absorbance, £{0), at the same wavelength
of the cured film in non-irradiated state was determined, and
this value was referred to as the color development concentration.
It can be regarded that a higher value means more excellent
photochromic property.

[0073]

The color development concentration of the lens substrate
having the photochromic cured film prepared by the
above~mentioned method was 1.05 at the maximum absorption
wavelength of 588 nm, exhibiting excellent photochromic

properties,
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Il BPE-Oligo/9GDA/TMPT/U6A/ Pcl/PC2/PC3 CG11800 LS765 TSL
FZ-2104 110 GMA 2.0/0.6/0.3 0.4 57 0.15 20/40/10/20/10 IV
BPE/9GDA/TMPT/EB6A/UBAIGMA PE1/PC2/PC3 0011870 LS765 TSL
L-7001 125 30/20/20/10/10/10 1.7/0.5/0.5 0.4 5 7 0.1 V BEE-Oligo PSI
CGT1870 LS765 TEL L-7001 142 /BPE/9GDA/TMPT/EBGA/GMA 1 2.3
~0.3570.1 30/20/10/20/15/5CYOo0oNNovawym-C.C.H w>N (7
LOOEN ~IHSIOONNNNNNINNNNNNNNNNNINNN~,3U CN
30 CCNoff~J oi.twam-!Na)0O m)o70:NrH.3 waCim0iON P.
011 ELREGPETRW mIcid6 0 086 Bi0 0 0D -F69 0 eeE€ NPBFIRT the
1) U)~4 CCWCNC .HoytiCU)-14
photochromic cured £filmwas evaluated. As the evaluation method,

the lens substrate having the photochromiclcured film was
immersed in boiling water at 100°C for 1 hr, then cooled to roonm
temperature, and the cross hatch test was conducted within 30
min. The evaluation criteria are described below.

[0075]

A: No peeling

B: Peeling of less than 5%

C: Peeling of more than 5% and less than 15%

D: Peeling of 15% or more

The adhesion of the lens substrate prepared by the
above-menticned method was A.

(Examples 2 to 15)

By a similar method to that for preparing primer
composition (A) in Example 1, the ingredients listed in Table
1 were mixed to obtain primer compositions (B) to (G). Next,
by a similar method to that for preparing photochromic
composition {I) in Example 1, the ingredients listed in Table
2 were mizxed to prepare photochromic compositions (II) to (V).
Then, by using the lens substrates, the primer compositions and
the photochromic polymerizable compositions listed in Table 4,

photochromic cured films were prepared and the appearance, the
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a)CvoOwRrCroE'~rowa) Sa NWu 201 .HioioiomioiotO 1919 ~o
i0io~NnNn~0)0 191910 m-~"C) WQu GLoU) taC34 >a000000
0000000000co00000"T~a) Nto000000oc0o000000;2)00
000cG-I9mmI9mmtol9mtomtol9 Ci,30l0~-mI919C-cW bC m
NNN CNNeooinojin~Ou))mcvoffo0oinooHtoNC14 O----!
NNfNNOCOINIINCCMNmMmMNoiIMm-UOp+)U4J cr) CaC
pm%ﬁiﬁf@ﬁlbcn%@%@v%%%né}ﬁ% tiGhnT A H B0 8550 G GoLR <Ry 2

. a) Cg 0 0-- .+O-NNNONw acvti oHcm U)0[00) m™.O .fir. ac o
simllar method to Example 1, except Chat the coating condition,

the distances between the lens substrate and the dispenser nozzle
during coatiﬁg with the photochromic polymerizable composition
and the discharging velccity were changed as shown in Table 3.
The results are summarized in Table 4.
(Comparative Examples 1 to 5)

By using the lens substrates, the primer compositions and
the photochromic poelymerizable compositions listed in Table 4,
photochromic cured films were prepared, and the appearance, the
photochromic properties and the adhesion were evaluated by a
similar method to Example 1, except that the coating condition,
the distances between the lens substrate and the dispenser nozzle
during coating with the photochromic composition and the
discharging velocity were changed as shown in Table 3. The
results are summarized in Table 4.

[C076]
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Primer Wo. Commercially availlable primer Dilution solvent Leveliing agent
{parts by weight) {parts by weight) (parts by welght)
Fil Takeseal PFR4ACZTP-4 Fthyl Acetate FE-2104
50 50 .03
B Takeseal PETR40ZTP-4 Ethyl Acetate FZ-2104
70 35 0.015
C Takeseal PFREQZTP-4 Ethyl Acetate L-7001
&0 / Butyl Acetate .03
15/15
D Takeseal PFR4 Ethyl Acetate L~7001
50 20 0.03
B Takenate M-402P BEthyl Acetate Fre~2104
50 50 0.03
¥ Rarnock DME52 Ethyl Acetate Fz2-2104
75 25 0.03
G Urethane Primer 06 Ethyl Acetate L-7001
80 20 0.03
[0077]
[Table 2]

Exampie | Radical- Photochromic | Polymerization | Stabilizer | Silane Leveling | Viscosity

Ko. polymerizable monomer compound initiator (parts by coupling | agent at 25°C
{parts by welght} {parts by (parts by welght) agent {parts [cP}

welght} weight) (parts by
by welght)
waight)

I BPE/SGDLE/TMPT /EBGA /GMA BC1/BC2/PC3 CGI1800 L5760 3L L-7001 130
40/15/25/10/10 2.0/0,6/0.4 0.5 5 7 0.1

IT BPE~0ligo/9GDA/TMET /EBGA/ pCl/pC2 CEIL800 LETES T5L L-7001 158
GMR 2.1/0.5 0.4 5 7 0.1
40/20/20/10/10 )

III BPE-Oligo/9GDA/TMPT /USGA/ BCL/PCZ/PC3 CEIL800 L5765 T3L Fz-2104 110
GMA 2.0/0.6/0.3 0.4 5 7 0.15
20/40/10/20/10

iv BPE/SGDA/TMPT/ERGA/UEA/GMA | PCL/PC2/PC3 CGILgT0 L3765 TS5L L-7001 125
30/20/20/10/10/10 1.7/0.5/0.5 0.4 5 7 0.1

V BPE-Oiligo BPCI CGI18T0 L87e5 TSL L=7001 142
/BPE/9GDA/TMPT /EBGA/GMA 2.3 G.3 3 7 0.1
36/20/10/20/15/5
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Example 9 TE D Il Good A 590 1.05 Example 1.0 SE E Il Good A 588

1.08 Example 11 SPL F IV Good A?BS 1.07 Example 12 MRB G V

Good A594 1.11 Example 13CR A PGood A 588 1.03 Example 14 CR

A1 Good A 588 1.05 Example 15 CR A1 Good A 586 1.05 Comparative

CR Al Poor A 588 1.03 Example 1 Comparative CR A | Poor A 588 1.04
mple 2 Comparative CR A 1l Poor A 588 1.02 Example 3 Comparative
A B Il Poor A 588 1.02 Example 4 Comparative SE 0 V Poor A 592

(T k} 09 %xample 5[0080] 5 As is clearly seen in the above examples, if the

a dllsefan e between the lens having the primer layer and the nozzle

(00

No ciégénsing théphatochraniic pelymerizablesecmpasitionis: 0.3 metor2ub:

substrate composition conﬁostj.‘iﬁn . evaluation. L pioperties

mm during discharging the photochromjc compasition, a lens sEi5SHAtE™-
having a phatochromic cured film excellent in 10 appearance, | max | development

bt d : + U | I himimacd-faned 1 AL pegncentration
Erampls 1 PrI@tocnromicproperties-and-aahestoncarspe—ootaned. [0081:=0nthe::
example 2 gther hand, as.shown in the comparatiyeexamples,: 588 | 1.03
Example 3 CR A I Good B 586 1.05
Example 4 CR R I Good iy 584 1.05
Example 5 CR A T Good A 588 | 1.03
Example & MR2 A T Good A 588 1.04
Example 7 CR B I Good ) 588 | 1,07
Example § MRB C i Good A 586 | 1.08
Example 9 TE D 11 Good B 5290 1.05
Example 10 SE ot IIL Good B 538 1.08
Example 11 SPL ¥ IV Good B 588 1.07
Example 12 MRE G A Good 2\ 594 1.11
Example 13 CR B T Good 2y 588 1.03
Example 14 CR A T Good i 588 1.05
Example 19 CR A T Good iy 586 1 1,05
Comparative CR A T Poor B 588 1.03
Example 1
Comparative CR iy I Poor B 588 1.04
Example 2
Comparative CR Fis II Poor iy 588 1.062
Example 3
Comparative MRA B ITT Poor 2y 588 1.02
Examplie 4
Comparative SE D v Poor 2y 582 1.09
Example 5

[0080]
5 As is ¢clearly seen in the above examples, if the distance

10

between the lens having the primer layer and the nozzle
dispensing the photochromic polymerizable composition is 0.3
mm to 2.5 mm during discharging the photochremic composition,
a lens substrate having a photochromic cured fiim excellent in
appearance, photochromic properties and adhesion can be
obtained.
(00817

On the other hand, as shown in the comparative examples,

if the distance between the lens having the primer layer and




if the distance between the lens having the primer layer and 36 the nozzle
dispensing the photochromic polym%rézable composition was 3.0 mm or
more or if it was 0.1 mm or less, a poor appearance was observed in the
area coated with the photochromic polymerizable composition, whereas
the 5 photochromic property and adhesion were still excellent. 37
CLAIMS . A spin coating method _comprisjng, discharging a coating liquid
e £ oM $RE 1D of § :hsc’)%zelré%aln%gdro& g orﬁé‘gts %éf%%%fga ro?éfi{rﬁ%eg tzable
com sugﬁtﬂtg to ‘Jggméa ldniformogoat(i)r%fim on %he tsurface 5 ]Qf the sub§trate,
Wherein the distance between e ip of the n%zzlvéafnaothe diace ofthé’ @

poo:g,ubastra@ge QEQQ% di%cgar%iggég%ec ai%irglg chql%i?d IS I2{.%1-:>amm orless. 2, kae .
spin coating method according to the tlaim 1- whérein the Tinear Veibeity™ ¢
9 Cr:iggC();inilslcchargin ihe g%%t%n%li%uid isc%O 1Ocm{:sjfecnor more, 3. The spint!
coating method cc&?&mg t6°claim 1 or claim 2. ‘wherein thé v%éo%?ty of =€
ing.liquid is in the range of 50 to 500 cP at 25C. 4. The.spin
P o e Ainc Coars L O L1818 5 whotdi e or
substrate is an eyeglass lens having a primer layer on the surface and
the coating liquid comprises a curable composition containing a
photochromic compound. 5. A method of producing a substrate with a

cured film comprising curing of a coating film on a substrate obtained by

pho
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20 the spin coating method according to any of claims 1 to 4.
37

CLATMS
1. A spin coating method comprising discharging a coating
liguid from the tip of a nozzle and dropping onto a surface of
arotating substrate to forma uniform coating filmon the surface
of the substrate, wherein the distance between the tip of the
nozzle and the surface of the substrate during discharging the
coating liquid is 2.5 mm or less.
2. The spin ceoating method according to the claim 1, wherein
the linear velocity during discharging the coating ligquid is
1 cm/sec or more.
3. The spin coating method according to claim 1 or claim 2,
wherein the viscosity of the coating ligquid is in the range of
50 to 500 ¢P at 25°C.
4. The spin coating method according to any of claims 1 to
3, wherein the substrate is an eyeglass lens having a primer
layer on the surface and the coating liquid comprises a curable
compesition containing a photochromic compcund.
5. A method of producing a substrate with a cured film
comprising curing of a coating film on a substrate obtained by

the spin coating method according to any of claims 1 to 4.



