DESCRIPTION Method for producing laminate Technical Field of the
Invention, 5[0001] The present invention relates to a method for
producing a laminate. More specifically, the present invention relates to a
method for preventing deterioration of quality of a coating film caused by
spinning-off and reattachment of a coating liquid 10 upon forming a
polyurethane layer on a substrate for an eyeglass lens or the like.
Background Art [0002] Phetgehramicgyeglasses are eyeglasses
which lenses are quickly colored in an outdoor irradiated with light
containing UV rays sych as sunlight t functiop_as; sunglasses and which
are discolored in an indoor irradiated with no such light to
functionasordinarytransparentspec-acles, and demands thereto 20 grow
larger in recent years. [0003] As a method for producing plastic
lenses having a phptachrgmic.property, various, methods have been
proposed. As one of these methods, there is known coating method,

5 [Ooax%h]erein 2 a layer having a photochromic property (hereinafter, called
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otochromic coating layer) is formed on the surface of a plastic lens
using a coating liguin containing a photochxomic compound (hereinafter, .
oIl D LOENOC CaANG Aoy SO0 - HONBUGY he PEoding
photochromi¢ coating agent.has generally poor adhesion to the, surface of
e £ eaate e et A i 1oy 6 & oo GhaiG SCHake bf “=°
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a plastic lens substrate, so that a

the lens substrate prior tq forming the photochromic coating layer. As a
To arénse?%%l&g Por pr vent%ngrgegerezgration ot quaai%y )c/)f a coating

film caused by spinning~off and reattachment of a coating liquid
upon forming a polyurethane layer on a substrate for an eyeglass

lens or the like.

Background Art
[0002]

Photochromic eyeglasses are eyeglasses which lenses are
guickly colored in an outdeoor 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
function as ordinary transparent spectacles, and demands thereto
grow larger in recent years.

[CO03]

As a method for preducing plastic lenses having a

photochromic property, various methods have been proposed. As

one of these methods, there is known coating method, wherein
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10 forming such a primer layer, a coating composition containing a
moisture-curing polyurethane resin has been proposed (Patent Document
1). [0005] On forming a primer layer or a photochromic layer by the 15
coating method, the spin-coating method is generally employed. In the
spin-coating method, while a lens substrate is spun around s central
axis, a coating liquid is dropped onto the surface of the substrate, so that

a 1ihecoating liguidsis spreaspy-cantrfugakiorce caused y; spinning to form .5

an uniform coating 20film. [0006] The spin-coating method is a

photechnique mainly:empl for forming-aJgsist film.in phetolithography of . ; ..

semiconductor wafers or forming a recoding film on a substrate for optical

1ens disks, Spincogtingapparatuseshave therefore, specification suitablg to, .

the materials of these films. There have been various proposals on

(e SPIMKCOALiNG appargluses in,accardange with spbstra &é%@g coated or

materials of coating 5 films (Patent Document 2 and Patent Document 3).
{OO@QQOY] The market size of photochromic eyeglass lenses is not so
large at present, and there is no spin -coating apparatus specified for

forrﬂl&geav%rfme{ﬂ%ygﬁgrc8&@9&%?&0@3%8‘1 egr agent has generally poor
adhesion to the surface of a plastic lens substrate, so that
a primer layer is formed on the surface of the lens substrate
prior to forming the photochromic coating laver. As a resin for
forming such a primer layer, a coating composition containing
a moisture-curing polyurethane resin has been proposed (Patent
Document 1.
[0005]

On forming a primer layer or a photochromic layer by the
coating method, the spin-ccating method is generally emploved.
In the spin~coating method, while a lens substrate is spun around
its central axis, a coating liquid is dropped onto the surface
of the substrate, so that the coating liguid is spread by
centrifugal force caused by spinning to form an uniform coating
film.

100067

The spin-coating method is a technigque mainly emploved for

forming a resist film in photolithography of semiconductor

wafers or forming a recoding film on a substrate for optical
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10 on a lens substrate. In addition, there are quite few proposals on
spin-coating apparatuses with special attention to producing photochromic
eyeglass lenses, particularly for forming a primer layer. Under present
circumstances, therefore, a general-pyrpose spin-coating apparatus,
which is used for 15 forming a resist film in photolithography of
semiconductor wafers or forming a recoding film on a substrate for optical

di s glisks, is utilized for praducing phatgchromic eyeglass lepses. [OQ%refore,

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

spe£0261973/2004,[Patgnt Document 71 Japanese Ratept Laid-open. . 1.,
Publication No. 190532/2005 [Patent Document 3] Japanese Patent

haviaidonen.Fublicatdon No, 23879/2001 4 %Ql?&iﬁﬁ%.9.%“%}#33‘8’5%_@@ses in

Problems to be Solve_d by the inveption [ 00_9] SWhen t e p ent. .
acciMentors formed.a pumer layer.ysing a coating SOMAARON AN E NI & 5 ng

moisture-curing polyurethane resin by spin-coating with a conventiona
£3 15@”'%%3&@[9@99% tus as shown,inFig. 6, they found the Ifllowing
* prob(lems. 0010 %\I\?Sl%h a cggt?ngpléogr%%sit%r? 1(1|c]5nre|3r§11tecr I‘? uid) containing
{Oo%rgoisture-curing polyurethane resin is dropped on the surface of a lens

substrate and the substrate is spun, the primer liquid spread by centrifugal

force caused by spinning to forma uniform coating film, and excess primer
U e SRk, Rt (s GBS T ACHNG BAGS T g oL =0
lar rgattgghes to the surface of the lens substrate. When the primer liquid i
Featthched'is T liquid §tate, it i€ihcorpSrated infd e pimer fiquit Praratus
Sf%ead(;l{n% on t}%e surface, and the possibility of damaging quality of the
SPE%oating filh s oW Hdwever ERhe the Brimer fiquidt splin oto0 SBiidifie<s ve©
into fine partiucles%and the fine particles reattach to the coating film, the
°n SynitBrmityofine Coating filtnds héavi) damzged. e 854ty %8%@6«:‘?&6%15315
containing a moisture-curing polyurethane resin highly tends to solidify, so

o1 SHRhE tHE B BR IGEIRPSRUNGH T Feadiy REbecome Tire Parfisldse WHeH thd 1o
photochromic eyeglass lenses, particularly for forming a primer
layer. Under present clrcumstances, therefore, a
general-purpose spin-cocating apparatus, which is used for
forming a resist film in photolithography of semiconductor
wafers or forming a recoding film on a substrate for optical
disks, is utilized for producing photochromic eveglass lenses.
[6008]

[Patent Document 1] Japansse Patent Laid-cpen Publication No.
261973/2004

[Patent Document Z] Japanese Patent Laid-open Publication No.
180532/2005

[Patent Document 3} Japanese Patent Laid-open Publication No.

23875/2001



5 uniformity of the primer layer is damaged, the photochromic layer
formed thereon also becomes non-uniform, whereby the commercial value
of the resulting lens is extremely lowered. 5[0011] Therefore, it is an
object of the present invention to provjde a method for preventing
deterioration in quality of a primer layer on producing a polyurethane
primer layer on a substrate for an eyeglass lens or the like using a coating
10 composition containing a moisture-curing polyurethane resin. Means to
solve the Problems [0012] The present invention provides the

following means qu;i c%pcl\éi_ﬂg éh% @b(eyl%fdg%%réb?e)gi%rgblems: QA

method for producing a laminate comprising a substrate and a

polyurethane é@%&er@gnb@eg@ﬁtpgg %omgrkségsugtpl% 5}1@1%]; coating the
substrate with a coating composition conte%i]niﬁg' a moisture-curing

[Oo(gghyurethane resin by spin-coating, 20 wherein adhesion of the coating
composition spun-off and/or a cured material thereof to a coating film of

the Gpaling compositi s prevented While, ST €000 e B cing
met ogﬁor proaucing a amlnaefe accor mg% P Y -

coating composition ceontaining a moisture-curing polyurethane

resinby spin-coating with a conventional spin-coating apparatus

as shown in Fig. €, they found the following problems.

[C010]

When a coating composition (primer liquid) containing a
moisture-curing polyurethane resin is dreopped on the surface
of a lens substrate and the substrate is spun, the primer liguid
spread by centrifugal force caused by spinning to form a uniform
coating film, and excess primer liguid is spun-off. At this time,
the fleoating primer liguid sometimes reattaches to the surface
of the lens substrate. When the primer liquid reattached is in
liguid state, it is incorporated into the primer liguid spreading
on the surface, and the possibility of damaging gquality of the
coating film is lcow. However, when the primer ligulid spun-off
solidifies into fine particles and the fine particles reattach
to the coating £ilm, the uniformity of the coating film is heavily
damaged. The coating composition containing a moisture-curing
polyurethane resin highly tends to solidify, so that the primer

liguid spun-cff is readily to become fine particles. When the
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by a side wall and bottom wall, and the space is forcefully evacuated
through the side wall and/o0 the bottom wall while spin-coating; (3)
the method for producing a laminate according to (2), 5 wherein the
coating step is carried out by using a gpin-coating apparatus comprising a
top cover, a lower chamber, a rotatable substrate supporting device
installed in the lower chamber; an exhaust port is provided at the
un: bottom:-of H@ﬂ%%ﬁbﬁ&b%ﬁ@g 10said substrate, SUpPAIING HEVICEAS| 5 ye v
housed In a cylinder member having openings at the upper and bottom

sor@hdstherent;, ) s@)besnethod for progucing awjﬁg‘i”é%t? A0 rggﬂgn@rc ial

(3), wherein the aperture at the bottom end of the cylindef member is
va1largerthanthe apenture at the upper end thereof,.. ; ,(3),the method for
producing a laminate according to (3), wherein the top cover of the
spin-coating apparatus has an exhaust port; and (6) a method for
producing a laminate according to (1), wherein the coating step is carried
100 pyﬁ by using a spin-coating 20 apparatus comprising a rotatable substrate
supporting device and a cylindrical cover shielding the rotation axis of the
substrate supporting device, 7 Effects of the Invention [0013].
Accordi nge to the prigtseﬁtsinﬁgnt%nf %%séaﬁ)sfe égiﬁ-c%“’aﬁr% rfST‘:pé-”rli%’?réﬁ"lnetd1
while a spin-coating apparatus is forcefully 5 evacuated through the side
PO Wall and/or t %éolglot om tﬁé:r%%?,q%é %?im%r%i%ﬁfboé”pau%gﬁ dh‘riin%ha oot a
1 SBiN-goating and cured material thereof are effectively evacuated out of R
P e spin-coating apparatus: Adcordingly” tHe-possibiility that foathig fide 7 @
sub articles such as the cured mategial reattach to the coating 10 film »
uncured primer fayér) T lowered,“ahd & bririthlagétjﬂﬁitHJﬁiﬁﬁ%u‘ali&?sa ting
formed. Consequently, quality and productivity of photochromic lenses are
commﬁsﬁﬁéﬁg contairiing a moisture-cuflng polyurethans resin.

on to

Means to solve the Problems
[Co1z2]

The present invention provides the following means for
solving the above~described problems:

(1) A method for producing a laminéte cemprising a
substrate and a polyurethane layer thereon, the method comprises
the step of coating the substrate with a coating compesition
containing a molsture-curing polyurethane resin by spin-coating,
wherein adhesicn of the coating composition spun-off and/cr a
cured material thereof to a coating film of the coating
composition is prevented while spin-coating;

(2) The method for producing a laminate according to

(1) ,wherein the coating step is carried out in a space divided
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[0014] Further, according to another embodiment of the present 15
Invention, spin-coating is performed while the rotation axis of a
spin-coating apparatus is shielded with a cylindrical cover, whereby
influence of turbulent flow caused bygjotation of the axis is suppressed
inside the apparatus. As a result, random convect on of floats inside the
apparatus is suppressed and the 20 possibility that floating fine particles
by §U@lé%“%%@ﬂegﬂ%mBB@HSQU%%1§1mSﬁ@?%%%”Qb?é@”f¥“§orcefu11y
lowered. [0015] Even using a conventional spin-coating apparatus as
eva QW8 i pries o ohiain gged praducts, canditions sch s [OfAIIOR 1 ) ¢
speed, rotation time and atmosphere had to be strictly contr(ﬁpéd, an
Spigygg&%@;such strict control was performed, it was still difficult to avoid
creation of defective products. To the 5 contrary, in the method of the
present i %ntior%,k;(h% percenta of defective quugts created is reg,atly
redu@gd %};Id is grgatly inc eg(s?gé])cé\?e% ﬁﬂgﬁé%fﬁ%dﬁc%ﬁ %6%éﬁ%n“soar 2k
not so,strictly controlled. 10Brief Description of the Drawings [0016] =
e S i o Brtobiimen of A Ebstig =" 2
A apg)?{latuggrgedgréghne present invention. Fig. 2 is a sectional view
PRillustrating Another embodinent 15 of & spin-8&ting apParatus Gsed i e+ e
~upPresent i%vention, ; Ficg. 3isa s,ectiJ([:)n?I view illustrating another »
embodiment 6F a spincoating apparatus used inthe presentifivertighioer /
Fig. 4 is a sectional view illustrating another embodiment or a slpin-coating

apparattis t8RF in e presEntihodHtioH: 20Eig-Bhs Adectibnarviele Lower

illustrag another embodiment
chamber; “and

said substrate supporting device is housed in a cylinder
member having openings at the upper and bottom ends thereof;

(4) the method for producing a laminate according te {(3),
wherein the aperture at the bottom end of the cylinder member
is larger than the aperture at the upper end thereof;

(5) the method for producing a laminate according to (3),
wherein the tep cover of the spin-coating apparatus has an
exhaust port; and

(6) a methed for producing a laminate according to (1),
wherelin the coating step is carried cut by using a spin-coating
apparatus comprising a rotatable substrate supporting device
and a cylindrical cover shielding the rotation axis of the

substrate supporting device.
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of a spincoating apparatus used in the present invention. Fig.6is a
sectional view illustrating a spin-coating apparatus conventionally used.
Description of the Symbols [0017] 1: substrate 2: nozzle 53:barrel 4:
primer liquid 5: substrate supporting device 10: spin-coating apparatus
11: exhaust port 10 12: top cover 13: lower chamber 14: exhaust port
15: cylinder member 16: ceiling plate 15 17: cylindrical cover Best

Mode for Carrying Oggthedpvention e 1nvention
[0013]

According to the present invention, because spin-coating
is performed while a spin-coating apparatus is forcefully
evacuated through the side wall and/cr the bottom thereof, the
primer liguid spun-off during spin-coating and cured material
thereof are effectively evacuated out of the spinwcoating
apparatus. Accordingly, the possibility that floating fine
particles such as the cured material reattach to the coating
film (uncured primer layer) 1s lowered, and a primer layer with
high quality is formed. Conseguently, guality and productivity
of photochromic lenses are inmproved.

[0014]

Further, according to another embodiment of the present
invention, spin-ccating is performed while the rotation axis
of a spin-coating apparatus is shieldedwitha cylindrical cover,
whereby Influence of turbulent flow caused by rotation of the
axls is suppressed inside the apparatus. As a result, random
convection of floats inside the apparatus is suppressed and the
possibility that flcating fine particles such as the cured
material reattach to the coating film is still more lowered.
[0015]

Even using a conventional spin-coating apparatus as shown

in Fig. 6, products with good quality could be obtained. However,
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[0018] In the following, embodiments of the present invention 20 will
be specifically described with reference to drawings. [0019] The
present invention relates to a method for producing a laminate comprising
a substrate and a polyurethane layer thereon which comprises the step of
coating the substrate with 10 a coating composition containing a
moisture-curing polyurethane resin by spin-coating. Here, a characteristic

in deature otthgpresentinvention is thatadhesion pfthe coating .. ,,atson
composition spun-off and/or a cured material thereof to a coating film of

speg@, CP@@ ag €com QQ%QOEQTE preven 1 e‘%@"ﬁfc@ inCB%FiQQII%% P recszg?ltctj rolled,

invention includes an embodiment in which the coating step is carried ou

Y Ivide ' Il ttom_wall the space is "
R Suatuaiba I aUgh the s wall analor e bty WA wits ° -1
. ~Spin-caating. Further, the 10.present invention includes another i
deg?n%%%Tmerer%[ W#(%%" éha?gégﬁ%gél bf that t tlleeé:oa]fixﬁeg3 s?e%oi(g%%}nse’d oﬁ%yLhe

i spin-coating apparatus,comprising a rotatable substrate
conggég riingndige/f%éﬂ gqrt]gp Cﬁ%ﬁ}n fica cgo%sé?gsﬁiéai‘ﬁ%%é ?&'at%ofﬁea&)%roﬁﬁg ade
ubstrate supporting device. 15[0020] , The coating composition | o
of eeqrsgiﬁéftgﬁ cgﬁeo(? %pcﬁff?er‘ﬁaﬁ%j%)(‘%onﬁni% i ‘?éu?fs%ﬁﬁ& (yield 1is
,reggyurqtgarge ressi isin self%%ublic kHQWé!. For example, a primer liquid
IT YeScriBet in Patent DocGment T { FApanesd Pateft Laidopeh Bublication "ot
. Nto. 20t2l61973/2094 described above may be used without any particular
< Timitations. [68§f]L e isture-curing (or moisture-curable) polyurethane
group-containing compounds in which a part of plural iSocyanate groups
present in a molecule is reacted with moisture in the air to produce
carbamic acid and then it is decarboxylated to produce amines,
subsequently tHe 5rodUEEH atiindS BreSreatted 5t the femaining
isocyanate groups to produce urea bonds, whereby they are cross-linked
[00LnY cured, or compounds which are precursors of such compounds or a
combination of the compounds. Capable of being used are, for example,
polyur8thane-dliGomiers 6P palyurethtine bbiiireistin which acmbledimesnt of
weight is controlled to a relatively high level, suitably 300 to 5,000,
2 sSiyrticitarky-560 t6°30090H terdfs6f a Rufber averagemoleraar ion .
weight(Mn) and in which an average content of i ocyanate groups present
at térinalsiii eneshsleetielisdotirélied t™0:001 ta 50 mdlesth smbodiment
preferably 0.1 to 10 mole % and most preferably 0.5 15 to 5 mole 3;
FisBey&nate ToMpbuties of derdvativescthéreofhwhichearetie precursorsrof
the above polyurethane oligomers or polyurethane polymers or "the
combifiatidrissof theabove dsotyanateldompounidsrer derivatives:thierebfrent
and active hydrogen-containing compounds”. The average content (mole
of P)spin-coating apparatus used in the present invention.

O
h

Fig. 4 1s a secticnal view illustrating another embodiment
of a spin-coating apparatus used in the present invention.

Fig. b ids a sectlonal view illustrating another embodiment
of a spin-coating apparatus used in the present invention.

Fig. © is a sectional view illustrating a spin-coating

apparatus conventicnally used.



20 of isocyanate groups referred herein means a value obtained by
qguantifying a mole number of isocyanate groups present in a
predetermined amount of a compound by chemical analysis, dividing the
mole number of the isocyanate groupg thus obtained by a mole number (a
value obtained by dividing the predetermined 12 amount of a weight by a
number average molecular weight) of the compound contained in the
predetermined amaiut 19-thereBy, cajculatinga,male aumber of the
isocyanate groups present in one molecule of the compound by further

[ 0o dividing the above mole 5 number by a molecular weight (number average
molecular weight) of the compound and expressing the resulting value by

1. % heabove moisture-curing polyurethane resin and/or precursor thereof
are commercially available, for example, in the form of primers for

>. capstructional uses, and they are available 10 industrially or as reagents.
[0022] The examples of the moisture-curing polyurethane resin which

3. C3nsyitably be used in the present invention include (1) aromatic
isocyanate compounds such as tolylenediisocyanate, 15

. 4.4-dipenylmethanediisocyanate,xylylenediisocyanate,

i 1%fnla!1%b Thaqrér%glel&léocyanate,tolidinediisocyanate,

. triphenylmethanetriisocyanate,tris(isocyanatephenyi) thiophosphate and
o te%r%gnseiﬁf&ﬁeﬁgdﬁ?s%%éﬁgteggﬁgplh%%c isocyanatecompoundssuchas 20
10 trigegplyjh%é%niwethygengg!js%c ana e,

) he@metﬁyleneai%oc?anat%, gphoronediisocyanate, hydrogenated 4,4-
11 pen%/Imethgnedi[sﬁocyanate,hydrogenated
e xy(?y eﬁ‘éldgliso%?&nate,Iysinediisocyanate,Iysineester

triisocyanate,1,6,11-undecare riisocyanate,
12: top’ cover

13: lower chamber
14: exhsust port
15 c¢ylinder membsr
le: ceiling plate

17: cylindrical cover

Best Mode for Carrying Out the Invention
(0018}

In the following, embodiments of the present invention
will be specifically described with reference to drawings.
[0015]

The present invention relates to a method for producing
a laminate comprising a substrate and a pelyurethane layer

thereon which comprises the step of coating the substrate with
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13 1,8-diisocyanate-4-isocyanatemethyloctane,
1,3,6-hexamethylenetriisocyanateand
bicycloheptanetriisocyanateand/or(2)polyisocyanate compounds or
polyisocyanate oligomer compounds gl@tained by 5 combining the above
isocyanate compounds with compounds having active hydrogen by
various methods in such a. charge ratio that the isocyanate groups remain
a cdi(3) polyisacyanates containing,at '§%§£9§§1§£g%85:9?1'§%‘?& QUBthane
and modified products thereof. The examples of the modlf!g pro ucts
resinclyde Q.&S‘{%IwégéﬁQ@f@;rﬂur@ﬁ@?e@"%@@%ﬂ%ﬁ%@ﬂ?gl' édaef’?%%gégl the

may be used alone or in combination of two or more kinds thereo

prefiong et preferied fipm eadewpalnt fhat the expallent adhesigncap.,
be revealed at relatively low temperature 15 are a |phqt|c iSO yanat.
spufiompeunds and/ar p l@%%csé%néé%omptg#@%%g%P%Q‘%OC&/%Q@%‘&J'%’H% of
compounds obtained by combining the above a Iphatic Isocyanate
compounds with compounds having active hydrogen by.various methods
the® gﬁ%‘ﬁ%g(%hcaw?é SRt 5 @&%‘éﬁ%&%ﬁﬁlﬁ%ﬁ in, and particdiarly T1e
20 preferred from the viewpoint of the film coating property are cyclic
@Sﬁr)%atllcniggzc]éa%noa?e lc%ﬁp%p%%}%saarhﬁgﬂrb S&ﬁgggﬁan]a?eWR%Ch the Goa shg

L]

P
step is carried out in a space divided by a side wall and bottom
wall, and the space is forcefully evacuated through the side
wall and/or the bottom wall while spin-coating. Further, the
pressnt invention includes another embodiment which
characterized by that the coating step is carried out by using
& spin-coating apparatus comprising a rotatable substrate
supporting device and a cylindrical cover shielding the rotation
axls of the substrate supporting device.

[0020]

The coating composition (hereinafter, called "primer
liguid") containing a moisture-curing polyurethane resin is in
itself publicly known. For example, a primer liguid described
in Patent Document 1 (Japanese Patent lLaid-open Publication No.
261973/2004) described above may be used without any particular
limitations.

[0021]
The moisture-curing (or moisture-curable) polyurethane

resin used in the present invention means isocyanate
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n

20

compounds or poiyisocyanate oligomer compounds obtained by
combining the above cyclic aliphatic isocyanate compounds with
compounds having active hydrogen by various methods in such a 14
charge ratio that the isocyanate group&remain. [0024] From the
viewpoint that the resulting polyisocyanate compounds or polyisocyanate
oligomer compounds are reacted with 5 moisture contained in the air to be

groGuredJapidly, aromatic isocyanate me%ugdgl%aesf%ﬁg%gg%%”%% vanate

compounds or polyisocyanate oligomer comp

grofBMbIG e aove aigmalic, sacyanale compaunds with compounds. e

having active hydrogen by various methods in such 3 cﬂalrnge“j”r 0

a1 1P dsocyangle.ofouns Jemain can suliably he used as wellIn fhis.case, a3 .

result of reacting moisture with isocyanate, a urea bond is formed, an

gugh.urea bond may, be contained in the polyurethane resin layer in the
propresen%ﬁpnv%%ﬁén.g[%f & Xor%BSuﬁﬁsgﬁélﬁﬁép active fiydrogen - =2 cted
Wit%e%g}riebed above include alkylene glycols such as eth%flene glycaol,

2-propylene giycor, 13- butansdiol, £ aBtitanediolPt 8tissanediof. onds,

neopentyl glycol, d propylene glycol and diethylene glycol; polyalkylene

"”ﬁiejgffy8 Isg g}:aagh%arsep&ypﬁr%%yﬁeh%%g%/ﬁ‘céﬁBoﬂpejf en8206 glieoraiF wiich are
gog/getrameyleneﬁglycol; po y(alkylene adipates) such asgpoly(diethylene

Preggate); poly(Etamethyineidipate), poiythexametiiefd ddipat €anands -
negpentyl adipate); polycaprolactones such as poly-s-caprolac one,

oly(neq : ,
Cap %s dﬁ(ﬂg%kﬂﬁéhﬁg dﬁaﬁcapﬁﬁaéﬁﬁ@ﬁﬁﬁ’1301yurethan@ oligomers

or polyurethane polymers in which a molecular weight is
controlled to a relatively high level, suitably 300 to 5,000,
particularly 500 to 3,000 in terms of a number average molecular
welght (Mn) and in which an average content of isocyanate groups
present at terminals in one molecule is controlled to §.001 to
50 mole %, preferably 0.1 to 10 mole % and most preferably 0.5
to Smole %; "isocyanate compounds or derivatives thereof" which
are the precursors of the above polyurethane oligomers or
polyurethane polymers or "the combinations of the above
isogyanate compounds o©r derivatives thereof and active
hydrogen-containing compounds™. The average content (mole %)
of isccyanate groups referred herein means a value obtained by
quantifying a mole number of isocyanate groups present in a
predetermined amount of a compound by chemical analysis,
dividing the mole number of the isccyanate groups thus obtained

by a mole number (a2 value cbtained by dividing the predetermined
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polybutanediene glycols such as poly(1,4-butadiene) glycol and poly(1,2-
butadiene) glycol; poly(alkylene carbonates) such as poly(hexamethylene
carbonate); polyesterpolyols; polyols having three or more hydroxyl
groups such as 1,2,4-butanetriol 5 and-1,2,6-hexanetriol; and silicone
polyols. The other known active hydrogen-containing compounds can be
used as well. Among them, when using polyalkyiene glycols, polyols

amohavingrthreg.ormere hydroxy-grouns, pelyglkylene adipates, polyalkylene , 1,

carbonates, polycaprolactones and polyesterpolyo),s, the 10 heating

comfRIMRArature in euring can he lowered, and the base material can m&f%gg]by,

surely be prevented from being thermally deformed and discolored. [0

ca1 dhe.compounds having active hydrggen, described abo %&?;/sl beused .

alone or in combination of two or more kinds thereof. Particularly when

onegﬁgﬁéégwgﬂkf§9ﬁ¥%9%g%8@98qg?q§%H%Q§§cjividin the above mole
tolylenediisocyanateand4,4-dipeny me%anedusocyanategs e primer
numliiyic, fhe resulting polvisacyanate compounds or polyisocyanate , ._; oy ¢
oligomers are increased in crystallinity in'a 20 certain casé, and two or
¢ Jmare kinds of the compounds h_avin Ltive hydragen are pr feragl u;edT
° rg](i)aZ7(]%Oﬁggtlﬁ%-cu?fﬁarpeo?fu%gfﬁa%%%egigsu%%egaLlﬁ the pr?eus%n 3\-{:L6°the he
Viewpaint of ?emragggﬁ;curin%oﬁ muertho for raising the molgc}ulgr weight
includes a mathod in which™a remaining-amoufitof the 88CyaHate groaps 5°°
hAriseg)(%ntgl()rlgrd so that it is g‘ic\jf%d when qombinin&g the isocyanate .
©Compotinds described above With thé compoafids R&GRY Hetive hydfsgenc ™

abo

T

¢ b\r/ various gueihods in such a charge ratio that the isocyanate groups
oL REmAin Gr, tihcIides as Welt aGHethod §§ Which plurafisscyahateidtps oL ©

.. present in the primer liquid are combined by a chain extending agent.
ma%é“rjéi]n?](i‘ié’cﬁ in %?te%%%%ﬁﬂj@nt includes the compounds 10 having

active hydrogen described above and diamine compounds such as

Rylene amine, and among them, alkylene glycols such as
1,3-butanediol, 1,4-butanediol, propylene glycol and 1,6-hexanediol and
polyalkyleréghtsis SuthdEnalsropyiefie Giycol dre sditablE ised frofp s i1
. the viewpoint of an easiness in 15 controlling the chain extending reaction.

w1 gH0281 I8 preferddtfiat aRGrganic SoReRfiRHdded tortheon include (1)

above-described moisture-curing poiyurethane resin as a
aromatic 1socyanate compounds such as tolylenediisocyanate,

4,4d-dipenvlimethanediisocvanate, xylylenediisocyanate,
1, 5-naphthalenediisocyanate, tolidinediisccyanate,
triphenylmethanetriisocyanate, tris{isccyanatephenyl)

thiophosphate and tetramethylxzylenediisocyanate; aliphatic
isocvanate compounds such as
trimethylhexamethylenediisocyanate,

hexamethylenediisocyanate, iscphoronediisocyanate,
hydrogenated 4,4-dipenylmethanediisocyanate, hydrogenated
xylylenediisocyvanate, lysinediisocyanate, lysine ester

trilsocyanate, 1,6, 1ll~-undecanetriisocyvanate,
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diluting solvent as appropriate for using as a primer __quid 20 in the
present invention. The above-described diluting solvent suitably used in
the present invention specifically includes, for example, butyl acetate,
acetylacetone, methyl isobutyl ketone, gthylene glycol dimethyl ether,
propylene glycol monoethyl ether acetate, xylene, methyl ethyl ketone,
methyl 17 acetoacetate, toluene, ethyl acetate, and the like.In the

1, 8 praduction methed of the present invention, dtis preferred to use at least
one kind of solvent selected from these. [0029] 5The content of the

1, 3 Moistue-Gurng polysrethane resin in the organic solvent is preferably 5%, ;
by mass to 80% by mass on the basis of the total mass of the

bicyﬁﬁgH&$€Hﬂ@%PQWQS@DQH%E%?"‘a%%ﬁ%%§b°Ve$§$C”b%Qﬁ?%@Q&ayanate

solvent. It is more preferably 10% by mass to 50% by mass to reducethe

compesidual 10 trage of gene %%E@rbgﬂQg%i%@%%%ﬁ%n%ggg%ed by

‘adhesion. [0030] Further, the primer liquid used’in the presen

com. MS%@{@%@W@CQQ@. a%geelghggﬂ%ﬂ}ﬁ'gcﬁﬁtw%ﬁg élggﬁliis having

smoothness of the coating film. As the leveling agent, pu nown

2+ Qg Agents, Ay be ueed wilaut gy liaitaions. Examples of suitable, .
leveling agents include silicone-based, fluorineé-containing, acrylic ype,

a inyl-type leveling agents.and the like. The amount of said leveling, .
th 'g%g fe Q A1l é; 1A ~ON T !

© égent{lgs%%/% p%e?eii} bly 0.01% b?/nr%ag)top 03%15631%3%%?&5” a?IIf/ gmmg
referably 20 0.0 ?]go by mass ta 3% by mass, on the basis of total mass of

at H?neo%sstﬁre(-}/cnﬁrinsgup% yﬁret%lénz‘ Tesine (thé ?noa%% 0 ?‘eg;iﬁa 8§rﬁgéﬁént§)f oducts

thereof. The examples of the modifiad products include biuret,
isccyanurates, allophanates and carbodiimides. They may be used
alone or in combination of two or more kinds thereof.

[0023]

Among them, preferred from the viewpoint that the
excellent adhesion can be revealed at relatively low temperature
are aliphatic isocyanate compounds and/or polyisoccyanate
compounds or polyisocyanate oligomer compounds obtained by
combining the above aliphatic isocyanate compounds with
compounds having active hydrogen by varicus methods in such a
charge ratio that the isocyanate groups remain, and particularly
preferred from the viewpolnt of the film coating property are
cyclic aliphatic isocyanate compounds and/or polyisocyanate
compounds or polyisocyanate oligomer compounds obtained by
combining the above cyclic aliphatic iscocyanate compounds with

compounds having active hydrogen by various methods in such a
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[0031] 18 for as a lensorthe like is spin-coated with the above-described
primer liquid using the spin-coating apparatus 10 having the exhaust port
11 in the side wall thereof as shown. in Fig. 1, or the spin-coating
apparatus 10 having an exhaust port 11 at 5 the bottom thereof as shown
in Fig. 2. Further, there may be used a spin-coating apparatus, although
not shown as drawings, having the exhaust ports 11 both in the side wall

cha 854 atthe bopm:thereof.1[00321:10In dhe spin coating method, as shown

in Fig. 1, the primer liquid 4 is discharged from the tip of the nozzle 2 and
[ 00 the primer liquid is dropped onto the surface of the substrate 1 which is
rotating. The substrate 1 is supported on the rotatable supporting device

5. 1p[0033]-Fhe nazzle,2 is,conngcted to the harrel 3-filled with.the prim [ate

liquid 4. There is provided a structure in which air pressure (nitrogen, etc.

comiSpplied to the gﬁgslz%%gl@gf@iq%Msdss%grﬂ%%%g@%&%%sed with

primer liquid 4 at a constant 20 velocity. In this structure, therefore, a

moi&%q%erwﬂ%g%%nhqf %@Drgqq:r Ilgglqv% C%%chgr ejgd%nto tg%oma?:ic
surface of the substrate within a predetermined period o ime by
1 50£99M9¥ing on.and.off of the.ajl;pressure, A check valve may be installed
pclyisocyanate oligomer compounds obtained by combining the
above arcomatic isccyanate compounds with compounds having active
hydrogen by various methcds in such charge ratio that the
isocyanate groups remailn can suitably be used as well. In this
case, as result of reacting meoisture with isocyanate, a urea
bond is formed, and such urea bond may be contained in the
polyurethane resin layer in the present invention.
[0025]

The compounds having active hydrogen described above
include alkylene glycols such as ethylene glycol, 1, 2~propylene
glycol, i1, 3~butanediol, 1,4d-butanediol, 1, &é-hexanadiol,
neopentyl glycol, dipropylene glycol and diethylene glycol:;
polyalkylene glycols such as polypropylene glycol, polyethylene
glycol and polytetramethylene glycol; poly({alkylene adipates)
such as poly(diethylene adipate), pecly(tetramethylene adipate),
poly (hexamethylene adipate) and poly{necpentyl adipate);
polyvecaproliactones such as poly-g~caprolacione,

polycaprolactonediol and polyecaprolactonetricl;
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at the connecting part of the barrel 3 and the nozzle 2 in order 19 to
prevent dripping of the liquid. [0034] The primer liquid 4 dropped onto
the surface of a substrate is developed over the surface of the substrate
by centrifugal 5 force caused by spinnjng of the supporting device 5, so
that a film with uniform thickness is formed. At this time, excess primer
liquid is spun-off by centrifugal force, Primer liquid spun-off is also called
po 1 JHst: 1he mish which contains the moistyre-curingnpolyyrethane @f{%};gﬂdand
the solvent, sometimes 10 turns to fine particles because the solvent is
16vaporated aftar being spun-off ?fpotb neisture:curing polywethane, , -,
e ?(;{sin is cured. Ajé a res%?,%e mis amffqﬁe pg:{[icles of cured materia Lé? .
po1 i miskaLe floateddn ety oL the substiglect. 8%%%%6;"'93}%3?1@@1 5
particular the fine particles, reattach to the 15 Coating film, uniformity o
havmﬁgcgﬂ%ﬂm 'M{J@a}l{%‘& 989 }alp ?9@ G B romi|e lﬁ]yggf%rnkedétmqg Lrlecoannglg 30: icl
becomes non-uniform. The commercial Va?ue of the resultifg lens is _
and%‘”?”"@%'@%"%g@ﬂgg%@ I ntge f?%e%t igventifné hse exlﬂ%%StcR%te}:l lesnown
Vil i i i the bottom W

provided 20 in the side wall and/o m wall of the Spin-coating

- tus 10, and spin-coating is performed whil th}gs in-coati
ac Lf{?garrigolllgo%én—cozpﬁﬁlnlnfuca?gg%%rgésh\ﬁn %e Sepfj{;)%ﬁ ‘ﬁﬁqg} émong

apparatus 10 is forcefully eva e gh'the exhaus . Float
' in- ' iCi exhaust
thefonefated dung sl eorina ate IGRND AR NORID NG KR! o

more hydroxy groups, polyalkylene adipates, polyalkylene
carbonates, polycaprolactones and polyesterpolyols, the
heating temperature in curing can be lowered, and the base
material can more surely be prevented from being thermally
deformed and discolored.

[0026]

The cempounds having active hydrogen described above may
be used alone or in combination of two or more kinds thereof.
Particularly when using aromatic isocyanate compounds such as
tolylenedilisocyanate and 4, 4~-dipenylmethanediisocyanate as the
primer liguid, the resulting polyisccyanate compounds or
polyisocyanate oligomers are increased in crystallinity in a
certain case, and two or more kinds of the compounds having active
hydrogen are preferably used.

[0027]
The moisture~curing polyurethane resin used in the present

invention has preferably a relatively high melecular weight from
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possibility of reattachment of these floats to the coating film is reduced. As
a result, uniformity of the coating film is not damaged, and a. laminate
having a polyurethane layer with high quality is obtained. 5[0036]
Accordingly, the photochromic layer, which is formed on the polyurethane
layer, also acquires high quality, so that lenses with high commercial
value can be produced with high yields. 10[0037] A primer liquid
£ heSRURRffds peoled atithe boftom of the spin-coatingapparaius.10..Whep . v o

the exhaust port 11 is provided at the bottom, the primer liquid pooled a

no1 the.bottomcanhe discharged theret hrough, 15{0088L .. According o .«

the present invention, the following improvements are further proposed to

ot ephance remoyal eficiency.of the flgats. [0039),20The SpIn-GOAtIAG ..y,
apparatus 10 may be composed of the top cover 12 and the lower
nef£hamber 13 as shown.ip Fi S. Sa@%d 4.1 %IQW r chamber, 13 comprises .
" ethe substrate gupporting de%ic% 5 an(ﬁ)hegex aust pgrs'tci]ilﬁ?ﬁce %%ﬁgr%. Wit
. Al gh Figs, 3 and 4 illustrate examples where the exhaust port 11 is
tL e L h 2 ~
o1 e Do Joer PAMEEE 13 s Siogt o Gidgtre - suen

- Cp}a\gn%thgaewxal?au% ort l.qi{;‘ thes(s)ige é’\r/qalL%r astrgg_:tgge hrav%ng the c  ir
exhaust ports 11 both in the side wall and i the bottom w§ﬁ,T06“‘4’0] 5§y’ -

incﬁr}‘ovei)dsin éhewtojplco%/egn %LE% %onve%tio%iQ Ctples in-c ating apparatus 10 is
restiicted “and conséquertly floats are retoved more efficienty thrsught ©v°s

he exh rt 11. [004 .
preéé%g 1%”%%&9$r%mg¥)fiquld are combined by a chain extending

agent. Herein, the chain extending agent includes the compounds
having active hydrogen described above and diamine compounds
such as ethylenediamine, and among them, alkylene glycols such
as 1,3-butanediol, 1,4-butanedicl, propyvlene glycol and
1, 6-nexanediocl and polyalkylene glycols such as polypropylene
glycol are suitably used from the viewpoint of an easiness in
controlling the chain extending reaction.

(00z28]

It is preferred that an organic solvent 1s added to the
above~described moisture-curing polyurethane resin as a
diluting solvent as appropriate for using as a primer liguid
in the present invention. The above-described diluting solvent
suitably used in the present invention specifically includes,
for example, butyl acetate, acetylacetone, methyl isobutyl
ketone, ethylene glycol dimethyl ether, propylene glycol

monoethyl ether acetate, xylene, wmethyl ethyl ketone, methyl
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The side wall of the top cover 12 may be further provided 10 with the
exhaust port 14, as shown in Fig. 4. Floats, such as the mist spun-off from
the substrate 1 and the cured material of the mist, are scattered toward
the upper, lateral, and lower directions of the substrate |.Floats present
over the substrate 1 mainly cause the reattachment.Providing the 15
exhaust port 14 in the top cover 12 assures removal of floats present over

aceibg substrate 1, thereby further ﬁd%’é&%&O%Mi% of reaftachment of .,
floats. [0042] Further, the substrate supporting device 5 may be 20

prodyrounded with fhe cylinder member. 13, as shawp in Figs. 3 and éegpsd to

cylinder member 15 has openings at the upper and fower ends there

use and is sypported. by thejcejling place 16 which extends from.the upper end

of the lower chamber 13 to the inside of the spin-coating apparatus 10.
EGO.ET@F ceiling plate 16 has an 22 opening at the center, and the cylinder
" member 15 is hung downward from this opening. The space around the

subsfiate. SupRgrting device pJs [educed by the presence of the aylinder
member 15, so that the air-flow speed is increa el in the spacerbetween
the organic solvent is preferably 5% by mass to 80% by mass on
the basis of the total mass of the moisturs-curing polyurethane
resin and the above-described diluting solvent. It is more
preferably 10% by mass to 50% by mass to reduce the residual
trace of generated carbon dioxide gas with keeping good adhesion.
[0030]

Further, the primer liguid used in the present invention
preferably contains a leveling agent since 1t improves
smoothness of the coating £film. As the leveling agent, publicly
known leveling agents may be used without any limitations.
Examples of suitable leveling agents include silicone-based,

luorine-containing, acrylic-type, and vinyl-type leveling
agents and the like. The amount of sald leveling agent used is
preferably 0.01% by mass to 5% by mass, particularly preferably
0.03% by mass to 3% by mass, on the basis of total mass of
moisture-curing polyurethane resins (the mass of resin
components) .

{0031]

In the present invention, the surface of the substrate 1
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5 the cylinder member 15 and the substrate supporting device 5 when
forced evacuation is performed through the exhaust port 11. In this way,
floats can be removed around the substrate supporting device 5 more
rapidly and more surely. Hence, the d? ance between the lens substrate 1
and the cylinder member 10 15 is preferably short and the suitable
distance is approximately 5 ram to 50 ram. [0043] In addition, the

for ylinder-member 45 may be éoeTygq in.8.skirk:shape being.widened taward | 4

the bottom as shown in Fig. 4. That 15 is, the aperture of the bottom end

priﬁ&gkﬁg “98rHE@%&”E%%m§¥£EU@@§£¥HE]@8&8@@@&?P§éeﬁgv§Xg the
forming the cylinder member 15 in such a shape, when liquid drops are
=xn SAUR-0ff frgm the substrate 1,and gallide against the.cylindet member 15,
rebounding of the drops is suppressed, and generation of mist 20 is -
feduced. Moreover, be se ghce] @is,_t if generated, js likely to be x
o scatt%%féeid towar tﬁleglom?e%% dlcrecfion o?tk%gu ystrate sﬁ}ﬁggﬁiﬁg fe?/lrcte %,1 at
b ibility of reattachment of the mist or cured_material thereof to the
t POzsl g
e su%strgte f ge%%gre§%2§ %@TA]M rElliLLCfrr’thegr," indgﬁgt%%e?gmt%o}a?rﬁgnp of pe
the present invention, it is proposed that the rotation axis of a spin-coatin
useéqpapaf’rgtlu% is S ?EeTéle% %tﬁ%g%fﬁ%ﬁc%ﬁﬁév%%%% &to Ebﬁ&%s%sco%v%‘@ﬁ e
5 of the aforementioned mist. The_ rotation axi (glso_, called spindle) of a
nev R CEaing AFATANLE Fotated at & Tigh Speet SuSKIAG i &1 ardul 1o <1
botgg&e%tg turbulent flow. As a result, random convection of the mist is
roug abou , increasing the possibility of reattachment to the coating
0 %i . In the present 10 Invention, as shown in Fig. 5, generation of
: arbulent flow is suppressed by shielding the spindle of a spin-coating
app%lratus with ,theﬂcylindrical cover 17. The cylindrical cover 17 may be of
a cup'shapeiaving ¥ ceifiith Phitd A sHowA TP iy 18! 6F May'be ota Primer
. _simple cylindrical shape without a ceiling plate 15 so long as generation of
LI dert fibv i eettively stipbresded BY Shididing theespindld Witk theimer
. _cylindrical cover 17, the turbulent flow is enclosed inside the cover and .
L1 a9affienice SrinBSarsiiént flow inside fiecapparaiss educed anltidwal, 19
random convection of floats inside the apparatus is prevented, 20
r ot iyheteby the possibifity bf #e reattabhmént-sidioatifg fide particlessuehable

as the cured material to the coating film is reduced. 24 [0045]
supporting device 5.

[G033]

The nozzle Z is connected to the barrel 3 filled with the
primer liguid 4. There is provided a structure in which air
pressure (nitrogen, etc.) is applied to the barrel 3 to discharge
a predetermined amount of the primer liguid 4 at a constant
velocity. 1In this structure, therefore, a predetermined amount
of the primer liguid 4 can be dropped onto the surface of the
substrate within a predetermined period of time by controlling
on and off of the air pressure. A check valve may be installed

at the connecting part of the barrel 3 and the nozzle 2 in order
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The cylindrical cover works by itself to reduce reattachment of floats.
Therefore, it is not necessarily required to adopt the force evacuation
through the exhaust port 511 as shown in Figs. 1 to 4 at the same time,
but using the forced evacuation through the exhaust port 11 as shown in
Figs. 1 to 4 together, reattachment of floats can be further reduced. [0046]
Further,the present invention includes various 10 improvements besides

to theores described-above.korexample the spin-coating apparatus 10,
the top cover 12, the lower chamber 13, the cylinder member 15, and the

r oo gylindrical cover 17 may be made of metallic materials such as stainless
steel, but they are preferably made of plastic materials such as 15
rolygtvienenpolypropylene polyacelalyteflan fegisleted adamarkl ..
and Deirin. Because these plastic materials have excellent separability

is é@\% %%tgr%-gggng Po Iyyggpggg rS%@hge%%% ng%I%%%r@C%é?‘dcr%?i ?}Elf fugal

thereof, if attached, can be easily removed. 20 Industrial Applica

zox {04/ Accarding Lo, e presentinvenion, spincaatinals 25 rqua e,
side wall and/or bottom walf, so that the primer liqui spun-o?f during
N f“;sp?i?n-%gggln% ggd cure%,matggglstgerieof@re eéfécien ;{Mdjtsf(l:hargeqﬂ out of

—tﬁ'e'spln-coatlngI Eéﬁard as. onsequsenilcflfftrpie possibility of reattachment = °°

. of floating fine .5 particles such as the cured material to the coating film,
B ot e ot} s BtUSa. Weteloy &primer Taget with Gh quaiy -2
is obtained. As a result, quality.and productivity of photochromic lenses
SPYare ?rrg proved .%84§]d£ 1%Igu r[gh“esrf’ accog‘?a%gpfé Bhoth&r embodithert ofthé 2
. present invention, spin-coating is performed while the rotation axis of a
1oL EpiESoatiti - Aharatusis Shistdéd with a'cfiidricafcver! §8 thas et imes
influence of turbulent flow caused by rotation of the axis is suppressed

turriaﬁsiacé* ﬁé%g%%cﬁ&lg%w;gnagﬁ] solvent is evapcrated after

being spun~off and the moisture-curing polyurethane resin is
cured. Asaresult, themist and fine particles of curedmaterial
of the mist are floated in the vicinity of the substrate 1. When
these floats, in particular the fine particles, reattach to the
coating film, uniformity of the coating film is impaired and
a photochromic layer formed thereon also becomes non-uniform.
The commercial value of the resulting lens is extremely lowered.
[0035]

In the present invention, the exhaust port 11 is provided
in the side wall and/or in the bottom wall of the spin-coating
apparatus 10, and spin-coating 13 performed while the
spin-coating apparatus 10 is forcefully evacuated through the

exhaust port 1l. Floats generated during spin-coating are

=

efficiently removed through the exhaust port 11, whereby the
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15 convection of floats inside the apparatus is suppressed, to thereby
further reducing the possibility of reattachment of floating fine particles
such as the cured material to the coating film. (Examples) 20The present
invention will be described below with, geference to examples and
comparative examples, but it should be construed that the present
invention is in no way limited to these examples. 26 [0049] The lens

pos Stbstrates /id he pimerngempanents dsedin dhe presentexamplesayer i 1m
given below [0050] 5[Lens substrate] CR (allylic resin plastic lens;

is Jefaetive index 1,90) JMRA (thiotrethape-based, resin plastic 1ens; i« not

refractive index = 1.60)  .MRB (thiourethane-based resin plastic lens;
damdgfractiveindex 1071,67). TE,(thiogpoxybased resin plastic.lens; ; 1, nign

refractive index -- 1.71) -SPL (methacrylic resin plastic lens; refractive
qua index ~L.54)+ 5 ;3E {lens of methacrylic resin vinyl resin; refractive index
15=1.60)

[0036]

Accordingly, the photochromic layer, which is formed on
the polyurethane layer, also acguires high guality, so that
lenses with high commercial value can be produced with high
vields.

[0037]

A primer liguid spun-off is pooled at the kettom of the
spin-coating apparatus 10. When the exhaust port 11 is provided
at the bottom, the primer ligquid pooled at the bottom can be
discharged therethrough.

[0038]

According to the present invention, the following
improvements are further proposed to enhance removal efficiency
of the floats.

(00397

The spin-~coating apparatus 10 may be composed of the top
cover 1z and the lower chamber 13 as shown in Figs. 3 and 4.
The lower chamber 13 comprises the substrate supporting device
5 and the exhaust port 11 at the bottom. ZAlthough Figs. 3 and

4 1llustrate examples where the exhaust port 11 is provided at
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[Primeringredient] moisture curing primer, "Takeseal PFR402TP-4",
manufactured by Takebayashi Chemical Industry Co.,Ltd. moisture
‘curing primer, "Takeseal PFR4", manufactured by 20 Takebayashi
Chemical Industry Co.,Ltd. 'moisture guring primer, "Urethane Primer 06",
manufactured by ALPS Chemicals Mfg. Co., Ltd .moisture curing primer,
"Takenate M-402P", manufactured by Mitsui Takeda Chemicals Inc. 27

the MejStUERcUNBY PHME 2TBarROCck DMES2|: manufacturad-by,DadRiPpPoR; +ne
Ink and Chemicals, incorporated [Leveling agent]  SiLl: silicone-base

exh SUHacatL700L" manufagtured by SDow-Toray- ComingGoyy Lide Sik2x s+
silicone-based surfactant "FZ2104" manufactured by Dow-Toray Corning

por €0.1ktdptExample 1) CR; (allylig xasin plastic lens, Lefragtive,index 7 1.50)
10 was used as a lens substrate. This lens substrate was thoroughly

(00 degreased with acetone. A mixed liquid was prepared by mixing 50 parts
by weight of each of a moisture curing primer "Takeseal PFR402TP-4"

manfactured by ;Takebayashi.Ghemical Industry Co,. L1d. a5 3 primer, .y,

and ethyl acetate. To the resultant mixed 15 liquid, 0.03 parts by weight of

spi@leveling agent "F72104" manufactyred by Dow-T fé&%omi-@gn%%-%%‘gbats
rre naer

was further added, and the resultant solution was t orougﬁg st

are & | e until | ame uniform.t ,tha}i{gl rirsner ort 1
WHB%@%‘B‘B@%%MQEE%? me UM, 19 £ e gt Jgort 11

composition (A). The surface R was spin coated wit
[Oog%ﬁnposition using a spin coating apparatus with structure shown in Fig. 4.
The lens was subjected to curing at room temperature for 15 min to

Prepare %1'%9&35 %lgll:i)itr%tf r%%\gngoappg@x%lra%ei'IL%OyF):He further provided
with the exhaust port 14, as shown in Fig. 4. Floats, such as
the mist spun-off from the substrate 1 and the cured material
of the mist, are scattered toward the upper, lateral, and lower
directions of the substrate 1. Floats present over the
substrate 1 mainly cause the reattachment. Providing the
exhaust port 14 in the top cover 12 assures removal of floats
present over the substrate 1, thereby further reducing the
possibility of reattachment of floats.

[0042]

Further, the substrate supporting device 5 may be
surrounded with the cylinder member 15, as shown in Figs. 3 and
4. The cylinder member 15 has openings at the upper and lower
ends thereof and is supported by the ceiling plate 16, which
extends from the upper end of the lower chamber 13 to the inside

of the spin-ccating apparatus 10. The ceiling plate 16 has an



-t
<

15

20

28 thus obtained was evaluated by using a fluorescent lamp placed in a
box covered with black boards. The lens substrate having a primer layer
was observed, using transmitted light and reflected light of the fluorescent
lamp, whether there were any 5 or no-non-uniform parts in the primer
layer that were created due to influence of the presence of foreign matters
in the surface and inside of the primer layer. Evaluation criteria are as

opafallows:[Q0221-10Gaed: Nonon:unifqrm, parts were found i@%%ﬂf%gwnwa rd

Non-uniform parts were found. [0054] The appearance of the lens

£ roffubstiatepaving,a pri nfﬁrelaé/ﬁ L L3 prodyced Q%QGS%%%V@EQ%%CY@%?%% orting

method was evaluated as "Good." [0055] Then, the surface o

dev-abgve-mentioned lens substrat P@g@gége&fir@%'a@Wﬁaespi?ng%%tgg 15,

with approximately 1 g of a photochromic polymerizable composition.

so 201Q056] . aAs_tpm0@&%@8%99!}4@16&%9@@00{%9%%“@0”g é@%e between

composition prepared by the following procedures was used.

Xt lendi ical izabl ,
thegﬁgiEAﬁgyw 8%%%@y?§nggg”%$%aBoggﬁﬁgggigygﬁggaégﬂy%%g1ce 5

bis(4-methacryloyloxypentae hoxypheny p
e o Y 2 T iane eore
1. L B 15501 gy et e sl 00 e
s Y e 1889 A RP RO COTPOUNGIRE e

distance between the lens substrate 1 and the cylinder member
15 is preferably short and the suitable distance is approximately
5 mm to 50 mm.

(0043]

Inaddition, the cylinder menmber 15 may be formed in a skirt
shape being widened toward the bottom as shown in Fig. 4. That
is, the aperture of the bottom end of the cylinder member 15
may be wider than that of the upper end. By forming the cylinder
memper 15 in such a shape, when liguid drops are spun-off from
the substrate 1 and ccollide against the cylinder member 15,
rebounding of the drops is suppressed, and generation of mist
is reduced. Moreover, because the mist, if generated, is likely
to be scattered toward the lower direction of the substrate
supporting device 5, the possibility of reattachment of the mist

or cured material thereof to the substrate 1 is lowered.
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[Formula 11 10 [0058] in an amount of 2.0 parts by mass, a photochromic
compound having a structure represented by [0059] 15[Formula 2] 30
[0060] in an amount of 0.6 parts by weight, and a photochromic compound
having a structure represented by [0061] 5[Formula 3]

[0044]

Further, in another embodiment of the present invention,
it is proposed that the rotation axis of a spin~coating apparatus
is shieldedwith a cylindrical cover so as to suppress convection
of the aforementioned mist. The rotation axis f(also called
spindle) of a spin-coating apparatus rotates at a high speed,
sucking inair arcund it to generate turbulent flow. As a result,
random convection of the mist is brought about, increasing the
possibility of reattachment to the cecating film. In the present
invention, as shown in Fig. 5, generation of turbulent flow is
suppressed by shielding the spindle of a spin-coating apparatus
with the cylindrical cover 17. The cylindrical cover 17 may
be of a cup shape having a ceiling plate as shown in Fig. 5,
or may be of a simple cylindrical shape without a ceiling plate
so long as generation of turbulent fiow igs effectively suppressed.
By shielding the spindle with the c¢ylindrical cover 17, the
turbulent flow 1s enclosed inside the cover and influence of
the turbulent flow inside the apparatus is reduced. Inthisway,
random convection of fleocats inside ﬁhe apparatus 1s prevented,
whereby the possibility of the reattachment of floating fine
particles such as the cured material to the coating film is

reduced.
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[0062] in an amount of 0.4 parts by mass. After the resultant mixture was

thoroughly mixed, here were added 0.35 parts by mass of a 10

polymerizationinitiator,CGI1870[mixtureof

1-hydroxycyclohexylphenylketoneand, ,

4-trimethylpentylphosphine oxide(we ght ratio; 3:7)], 5 parts by mass of a

stabilizer, bis(1, 2, 2, 6, 6-pentamethyl1-4-pyperidyl) sebacate, 7 parts by
[00Mm@Ass 15 of a silane coupling agent,

y-methacryloyloxypropyitrimethoxysilane and 0.1 parts by weight of a

levefing agent (silicon-based surfactant), l-7004% manufactureddy  -oqce

Dow-Toray Corning Co., Ltd., and the mixture was thoroughly mixed. The

reafesiitant photoghromicpolymerizalle 20, gomposition had.a viseosity of . . 1 ,
130 cP at 25C. 31 [0063] This lens having the coated surface was

regiffadiated,under.a. pjtrogen.gas atmospherewith ametalhalide Jamp. -«

whose output was adjusted to be 130 mW/cm?2at a wavelength of 405 nm

11 A measured 5 on the;surfage of the lens for 3 min to cure the coating film. _ 4

Then, the cured coating film was further heat-treated in a thermostat at

eva&?9&%0%%%&We@%@h%%?@ég{g%g%@% TR MICKNESS.OTthe o 1 ¢

resulting thin film tan be adjuste cting the conditions of

i eS8 ' -G ing, nthe.pr nttlo y_nvgntiog,;[he th_icknes‘_svofg egured
p%%to%rém%tﬁﬂﬁl%nﬁ%v%é adjusted to be 4%alnpr%.e[ODéﬁIEe" axt,eed

- esion was evaluated as follows. A lens substrate having a cured
[00 - . , .
photochromic film was immersed in boiling water 15 at 100C for lhr,
coolgeudt%%)&ntem%%rgture, aensd tggn sqtgjgcteg :.E% the ciro%slhuag{chstes.tv iQr ,
accordance with J 6-02(5)5, Within 30 min. The riteria for evaltation are” “°
i (i)veen l%elgvsv. Thgfgehes;: n reéereraed ere is the adhesion between the Iensl
Piubstiate and the clred photdehTsmic filnt incitiding the primer Jdy e =2+
20L0065£A: no removal ,
the spin-toatling apparatus 10, the top cover 12, tae lower
chamber 13, the cylinder member 15, and the cylindrical cover
17 may be made of metailic materials such as stainless steel,
but they are preferably made of plastic materials such as
polyethylene, polypropylene, polyacetal, Teflon (registered
trademark), and Delrin. Because these plastic materials have
excellent separability from moisture-curing polyurethane

resins, hence, mist or cured material thereof, if attached, can

be easily removad.

Industrial Applicability
(G047}
According to the present invention, spin-coating is

performed while a spin~coating apparatus is forcefully evacuated
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B: removal of less than 5 % of the film C: removal of 5% or more and less
than 15% of the film D: removal of 15% or more of the film 32 The
adhesion of the lens substrate prepared by the above-described method
was ranked as A. (Examples 2 to 10) By a similar method to that for
preparing primer 5 composition (A) in Example 1, primer compositions (B)
to (G) were prepared by mixing the components shown in Table 1. Then,

tnr&Utad phetochremic fitms were prepared and pppearance gndiadhesion. ; .

thereof were evaluated by a similar method to that in Example 1 except

11 gthat lens substrates, primer,composifions, and 1Q.spin-Loating,. ; .1 rnereos

apparatuses shown in Table 2 were used. The results were summarized

are iR Table 2 (Comparative Examples 110 4);, . Gyred photochro iggm .

were prepared and appearance and adhesion thereof were evaluated by a

conBiALMEMOR iRINALILYS Example 4 excapl Al ieng supstiates, prmer; .
compositions, and spin-coating apparatuses shown in Table 2 were used.
pardgresUlisere summatized in;Table 2, 33 (00661 [Table 11Rrmer No-, .
primer layer) 1is reduced, whereby & primer layer with high
gquality is obtalned. As a result, guality and productivity of

photochromic lenses are improved.
[0048]

further, according to another embodiment of the present
invention, spin-coating is performed while the rotation axis
of a spin-coating apparatus is shieldedwith a cylindrical cover,
so that influence of turbulent flow caused by rotation of the
axls 1s suppressed inside the apparatus. In this way, random
convection of floats inside the apparatus is suppressed, to
thereby further reducing the possibility of reattachment of
fleating fine particles such as the curedmaterial to the coating
£film.
(Examples)

The present invention will be described below with
reference to examples and comparative examples, but it should
be construed that the present invention is in no way limited

o these examples.



Commercial Primer (parts by weight) Diluting solvents (parts by weight)
Leveling agent (part by weight) Takeseal A 44E1:Z402TP-4 Ethyl
acetate F2-2104 50

26
[0049]
The lens substrates and the primer components used in the
present examples are given below
[0050)
5 [Lens substrate]

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

*MRA (thiourethane-based resin plastic lens; refractive index

= 1.80)

*MRE (thiourethane-based resin plastic lens; refractive index
10 = 1.67)

*TE (thiocepoxy-based resin plastic lens; refractive index =

1.7%

-SPL {methacrylic resin plastic leng; refractive index = 1.54)

*SE {lens of methacrylic resin + vinyl resin; refractive index
15 = 1.60)

[Primer ingredient]

‘molsture curing primer, “Takeseal PFR402TP-47, manufactured

by Takebavyashi Chemical Industry Co.,Ltd.

‘molisture curing primer, “Takeseal PEFR4”, manufactured by
20  Takebayashi Chemical Industry Co.,Ltd.

'molsture curing primer, “Urethane Primer 06”7, manufactured by

ALPS Chemicals Mfg. Co., Ltd.

‘moisture curing primer, “Takenate M-402P”, manufactured by

Mitsui Takeda Chemiceaels Inc.
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50 0.03 Tateseal PER402TP-4 Ethyl acetate FE-2104 70 30 0.015
Takeseal Ethyl acetate/

27

‘moisture curing primer, “Barnock DMe52”, manufactured by
Dainippon Ink and Chemicals, Incorporated

[Leveling agent]

*51L1: silicone-based surfactant “L7001” manufactured by
Dow-Toray Corning Co., Litd.

+51LZ2: silicone-based surfactant “FZ2104” manufactured by
Dow-Toray Corning Co., Ltd.

(Example 1)

CR (allylic resin plastic lens; refractive index = 1.50)
was used as a lens substrate. This lens substrate was thoroughly
degreased with acetone. A mixed ligquid was prepared by mixing
50 parts by weight of each of a molsture curing primer “Takeseal
PFR402TP-4” manufactured by Takebavyashi Chemical Industry
Co.,Ltd. as a primer and ethyl acetate. To the resultant mixed
ligquid, 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 under 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 coating apparatus with structurse shown
in Fig. 4. The lens was subjected to curing at room temperature
for 15 min to prepare a lens substrate having a primer laver.
[0051]

The appearance cf the lens substrate having a primer laver
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C PER402T12-4 Butyl acetate 1-7001 60 15/15 0.03 D Takeseal PFR4
Ethyl acetate 1-7001 80 20 0.03

28

thus obtained was evaluated by using a fluorescent lamp placed

in a box covered with black boards. The lens substrate having

=

a primer layer was observed, using transmitted light and
reflected light of the fluorescent lamp, whether there were any
or no non-uniform parts in the primer layer that were created
due to influence of the presence of foreignmatters in the surface

and inside of the primer laver. Evaluation criteria are as

follows:

Good: No non-uniform parts were found.
[0053]

Poor: Non-uniform parts were found.
[0054]

The appearance of the lens substrate having a primer layer
produced by the above-described method was evaluated as “Good.”
[0055]

Then, the surface of the above-mentioned lens substrate
having the primer layer was spin coated with approximately 1
g of a photochromic polymerizable composition.

[0G506]

As the photochromic polymerizing compoesition, the

composition prepared by the following procedures was used. A

mixture was preparedby blending radical peolymerizable monomers,

2,Z2-bis{4-methacryloyloxypentaethoxyphenyl)propane /
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E Takenate M-402P Ethyl acetate F2-2104 50 50 0.03 BURNOCK
DM652 Ethyl. acetate F2-2104 75 25 0.03

29

polyethylene glycol diacrylate (average molecular weilght; 532)
/ trimethylolpropane trimethacrylate / polyester oligomer
hexaacrylate (Daicel~UCB Company, Ltd.: EB-1830)/ glycidyl
methacrylate at the ratlio of 40/15/25/10/10 parts by mass,
respectively. To 100 parts by mass of this mixture of radical
polymerizable monomers, were added a photochromic compound
having a structure represented by

[0057]

[Formula 1]

[0058]
in an amount of 2.0 parts by mass,

a photochromic compound having a structure represented by
[005%]

[Formula 2]
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Urethane G Primer06 Ethyl acetate 1-7001 80 20 0.03 34 [0067] [Table
2] No. Lens substrate

30

[0060]
in an amount of 0.6 parts by weight, and

a photochromic compound having a étructure represented by
[0061]

[Formula 3]

"
(O3 \//’! = 7
}\a’/\n?
OCH,
[0062]

in an amount of 0.4 parts by mass. After the resultant mixture
was thoroughly mixed, here were added 0.35 parts by mass of a
pelymerization initiator, CGT 1870 [mixture of
I-hydroxvcyclohexvl phenyl ketone and
bis{2, 6-dimethoxybenzoyl)-2,4,d-trimethylpentylphosphine

oxilde (weight ratio; 3:7)], bparts by mass of a stabilizer, bis(l,
2, 2, ©, 6-pentamethyl-4-pyperidyl) sebacate, 7 parts by mass
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 Co., Ltd., and the mixture
was thoroughly mixed. The resultant photochromic polymerizable

composition had a viscosity of 130 cP at 25°C.
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Primer composition Solo-coating apparatus Appearance Adhesion
Example 1 CR A Fig.4 Good .pie2 CR A Fig.3 Good

31

[G0&83]

This lens having the ccated surface was irradiated under
a nitrogen gas atmosphere with a metal halide lamp whose output
WAS adjustedtxabejhﬂ}mW/cm2ateawavelength‘of405zunaszneasured
on the surface of the lens for 3 min to cure the coating film.
Then, the cured coating film was further heat~treated in a
thermestat at 120°C to obtain a cured photochromic thin film.
The thickness of the resulting thin £ilm can be adjusted by
selecting the conditions of spin-coating. In the present
inventicn, the thickness of the cured photochromic thin film
was adjusted to be 406+1 pm.

[C064]

Next, adhesion was evaluated as follows. A lens substrate
having a cured photochromic £ilm was immersed in boiling water
at 100°C for 1 hr, cooledto room temperature, and then subjected
to the crosshatch test in accordance with JISD-0202, within 30
min. The criteria for evaluation are given below. The
adhesion referredhere is the adhesion between the lens substrate
and the cured photochromic film including the primer layer.
[0065]

A: no removal

B: removal of less than 5 % of the film

C: removal of 5% or more and less than 15% of the film

=]

D: removal of 15% or more of the film
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A Example 3 CR A Fig.e Good A Example 4 CR A Fig.i Good Example J
ERG P Fig.2

32

The adhesion of the lens substrate prepared by the
above~described method was ranked as 4.

(Examples 2 to 10)

By a similar method to that for preparing primer
composition (A} in Example 1, primer compositions (B) to (G)
ware prepared by mixing the components shown in Table 1. Then,
cured photochromic films were prepared and appearance and
adhesion thereof were evaluated by a similar method to that in
Example 1 except that lens substrates, primer compositions, and
spin~coating apparatuses shown 1in Table 2 were used. The
results were summarized in Table 2.

(Comparative Examples 1 to 4)

Cured photochromic £ilms were prepared and appearance and
adhesion thereof were evaluated by a similar method to that in
Example 1 except that lens substrates, primer compositions, and

spin—-cocating apparatuses shown in Table 2 were used. The

resulits were summarized in Table 2.



Good A Example 6 FIRE, b Fig.4 Good A Example 7 TED Fig.3 Good A
Example 8 SELE Fig.4 Good

(0066}

[Table

33

Commercial s . . , - :
e . Diiuting sclivent Leveling agent
Primer HNo. Primer parts b o) (part by welaht)
(parts by welght) par Yy welght) part oy weight)
a ?§§§§§§§E4 ?*hylxgcetatb FZ-2104
50 50 0.03
P :
5 Pﬁiﬁngii Ethyl acetate F-2104
20 30 G.015
Takeseal Ethvl acetate/ L7007
C PFR4Q2TP-4 Butyl acetate 0 03*
&0 15/15 )
D Takeseal PFR4 Ethyl acetate L~7001
50 20 G.03
E Takenate M-40GZP Ethyl acetate F2-2104
50 50 0.03
" JURNOCK DMGL2 Bthyl acetate FE-2104
‘ 75 25 0.03
- gf;;igi Ethyl acetate 1-7001
20 0.03

80




Example 9 SPLF Fig.5 Good Example 10 FIREG Fig..1 Good A
Comparative Example 1 CRA FigA6 Poor A

34
[GCe7]
Table 2]
s Primer Spin-— ti ‘
No. L? ° lfe . Spin CO;L ng ppearance Adhesion
substrate | composition apparatis i
Example 1 CR A Fig. 4 Good A
Example 2 CR A Fig. 3 Good A
Example 3 CR A Fig. 2 Good B,
Example 4 C A Fig. 1 Good A
Example 5 MRA B Fig. 2 Good A
Example & MRE C Fig., 4 Good A
Example 7 TE D Fig. 3 Good 2
Example 8 SE B Fig. 4 Good A
Example 9 SPL 3 Fig. 5 Good 2
Example 10 MREB 3 Fig. 1 Good i)
C rati
gmpa ?Elve CR iy Fig. 6 Poor P2
Exampie 1
Cc arat]
2mpara Ve MEA B Fig. & Zoor A
Example 2
Cgmpar‘?cwe MRE D Fig. 6 Poor :
Exanple 3
Comparative 58 F Fig. 6 Poor A
Example 4 -
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Comparative Example 2 MRA B Fig.6 Poor Comparative Example 3 FIRE

0 Fig.6 Poor A Comparative Example 4 SEF
35

CLATMS

1. A methed for producing a laminate comprising a substrate
and a polyurethane layer thereon, the method comprises the step
of coating the substrate with a coating compesition containing
a moisture-curing polyurethane resin by spin-ccating, wherein
adhesion of the coating composition spun-off and/or a cured
material thereof to a coating film of the coating composition
is prevented while spin-coating, wherein the coating step is
carried ocut by using a spin-coating apparatus comprising a space
divided by a side wall and bottom wall, a cylinder member having
openings at the upper and bottom ends thereof in the space, and
a rotatable substrate supporting device housed in the cylinder
member, and the distance between the substrate supported by the
substrate supporting device and the cylinder member is 5 mm to
50 mm in the space, and the space is forcefully evacuated through
the side wall and/or the bottom wall while spin-coating.

Z. The method for producing a laminate according to claim 1,
wherein the cylinder i1s made of a plastic material.

3. The method for producing a laminate according to claim 1,
wherein the aperiture at the bottom end of the cylinder member

igs larger than the aperture at the upper end thersof.



Fia.6 Poor A 35 CLAIMS 1. A method for producing a laminate

comprising a substrate and a polyurethane layer thereon, the method

comprises the step of coating the substrate with a coating composition

containing 5 a moisture-curing polyfrethane resin by spin-coating,

wherein adhesion of the coating composition spun-off and/or a cured

material thereof to a coating film of the coating composition is prevented

while spin-coating, wherein the coating step is carried out by usinga
1. spicoating apparatlis eomprisacta Space 10 didided by’ d'sidewalt and* *-

bottom wall, a cylinder member having openings at the upper and bottom
whe rehds ther66tn the spate, ahd atbtatable substiate Sppoftifg tevicea - 1ng

housed in the cylinder member, and the distance between the substrate
apPagEIPETEBY THE Silbstate SUpporing denee and the ylindek Aferberis:on

5 mm to 15 50 mm in the space, and the space is forcefully evacuated
axisthpdudh thessige Wal ehdrerrthe ‘Hottoeh GAIN While spin-coating. 2. The

method for producing a laminate according to claim 1, wherein the

cylinder is made of a plastic material. 3. The method for producing a

laminate according to claim 1, 20 wherein the aperture at the bottom end

of the cylinder member is larger than the aperture at the upper end

thereof. 36 4. The method for producing a laminate according to claim 1,

wherein the coating step is carried out by using the spin-coating apparatus

comprising a cylindrical cover shielding the rotation 5 axis of the substrate

supporting device.
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37 ABSTRACT The invention intends to provide a method for
preventing deterioration in quality of the primer layer resulting from
spinning-off and reattachment of a primer liquid on forming a 5
polyurethane primer layer on a substrgt}a for an eyeglass lens or the like
using a coating composition containing a. moisture-curing polyurethane
resin. The method for producing a laminate according to the present

invention comprises performing;spin-¢@ating while a 10 spin-coating
apparatus is forcefully evacuated through the side wall and/or the bottom

thereof, on,producing a laminate by 3%9%&“%%%%@%0%“ a substrate, |

. : d I eV
with a coating composition containing a moisture-curing polyuretﬁane

qet18Sin, More prefera xaﬂ?&yi%@%@g@g ag?&%%tgs gomprsesatopls .

5 . . .re
cover, a lower chamber, and a rotatable Substrate suBJportlng device

msﬁl gi@;h lower ¢ mt% r; extgau portsare rovigjlﬁd in. the top_cover
Spland a tﬁe Bogtlgr%lv cﬁ‘%ﬁ% oawgrm C namge%r;%n%liﬁezg %ﬁbstrgt%ls%pop%r ir?grmmg &

vice,is housed in a cylinder member wherein the aperture of at the
pol o%&:égrbgln%ni% Igrrg:gp?hrar%{ fe 20 %%e?tu?élmétg t%gautp%ef%ﬁd‘.ﬁ"[’églgét%ﬁabs tens

or dgﬂgngﬁhgg'4using a coating composition containing a
moisture-curing polyurethane resin.

The method for producing a laminate according to the
present Invention comprises performing spin-ccating while a
spin-coating apparatus is forcefully evacuated through the side
wall and/or the bottom thereof, on producing a laminate by
spin-coating the surface of a substrate with a coating
composition containing a moisture-curing polyurethane resin.
More preferably, the spin-coating apparatus comprises a top
cover, a lower chamber, and a rotatable substrate supporting
device installed in the lower chamber; exhaust ports are provided
in the top cover and at the bottom of the lower chamber:; and
the substrate supporting device is housed in a cylinder member
wherein the aperture of at the lower end is larger than the

aperture at the upper end.

[Selected drawings] Fig. 4



