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1 DESCRIPTION Process 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] 15 PHStSEhToMic & eglasses are eyeglasses which
lenses are quickly colored in an outdoor irradiated with light containing
UV rays such as SGRIRYHT td RMcEER A8 suUtglas3Bs BhbSvhich are
discolored in an indoor irradiated with no such light to function as ordinary
transparent spectacles, and demands thereto 20 grow larger in recent

years. [0003] As a method for producing plastic lenses having a
photochromic propery SvaridusimethvtsHeve Be&iprbpbsed. As one of

OOE}hese methods, there is known coating method, wherein 2
[ 1]

The present invention relates to a method for producing
a laminate. More specifically, the present invention relates
to a method for preventing detericration of quality of a coating
film caused by spinning-off and reattachment of a coating liguid
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 outdoor irradiated with light containing

- UV rays such zs sunlight to function as sunglasses and which

are discolored in an indoor irradiated with nco such light to
function as ordinary transparent spectacles, and demands thereto
grow larger in recent years.
[G003]

As a method for producing 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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a layer having a photochromic property (hereinafter, called photochromic
coating layer) is formed on the surface of a plastic lens using a coating
liquid containing a photochromic compound (hereinafter, called
photochromic coating agent). 5 [0004] However, the photochromic coating
agent has generally poor adhesion to the surface of a plastic lens
substrate, so that a lgkrci)rjeer {%}/er Is formed on the igHrface of?e lens

n

a l%ggsﬁra gvﬁrﬁl@r tgf&mlné)fhe Bﬁ%t%cl?r%(ﬁ%gjéggti %§/§F’.n§ §F&gin § led

10 forming such a primer layer, a coating composition containing a ,
P00 B Gr e O retARG rebih HAB BsbA Broposai(Patent DBUEH
1). [0005] On forming a primer layer or a photochromic layer by the 15
FENR At ﬁ&%&%ﬁ?ﬁ@%p%%&tﬁw&%ﬁﬁ&@?&&eﬁe%ﬁ} by&d < i e ound
spin-coating method, while a lens substrate is spun around its central

(hergina fbafing Fguittie drBEaFontIthe stirate 8f thedubstrate, so that

the coating liquid is spread by centrifugal force caused by spinning to
OC%km an uniform coating 20 film. [0006] The spin-coating method is a

technique mainly employed for forming a resist film in photolithography of

semieoiidifttor CWafErs orIeFmitR e reeading filn? 6 a sab<ifite Forloptiealor

adhesion to the surface of a plastic lens substrate, so that
a primer layer is formed on the surface of the lens substrate
pricor to forming the photochromic coating layer. 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 laver by the
coating method, the spin-coating method is generally employed.
In the spin-~cecating method, while a lens substrate is spun around
its central axis, a coating liguid is dropped onto the surface

oL

of the substrate, so that the coating liguid is spread by

centrifugal force caused by spinning to form an uniform coating
film.
[0006]

The spin-coating method is a technique mainly employed for
forming a resist film in photolithography of semiconductor

wafers or forming a recoding film on a substrate for optical
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3 disks. Spin-coating apparatuses have, therefore, specification suitable
to the materials of these films. There have been various proposals on
spin-coating apparatuses in accordance with substrates to be coated or
materials of coating 5 films (Patent Document 2 and Patent Document 3).
[0007] The market size of photochromic eyeglass lenses is not so large at

. _present, and _there is n%spin-coatin a ggratus specified for for ng a
1sKS., %?ll’l—CC%a 1 ;leh. ao%ig 1SS %ave—: E:jgc? erore,;
primer layer of a photochromic layé on'a lens substrate. In addition,

there are quite few proposals aon spin-coating apparatuses with special
0% GHEAGEH {6 BrodUCIRY. BhorbhrbmEdyeatdbe lensesr patcuaty for "7
forming a primer layer. Under present circumstances, therefore, a ,
faV Geréralpuipbse SPintCoRting appardtus; WHicH lsed ol P8 forfing &° -7
resist film in photolithography of semiconductor wafers or forming a ,
ACCPESGHiG fith 'on 3 EUbSHate fordhticalC aisks Ssttifiedfor prod(idingea = 1na
., photochromic eyeglass lenses. [0008] ‘Patent Document 1] Japanese
L1 Lip3tehitd id-bpen Pibstication NS 20026197 312604 fifatert Document 2]
Japanese Patent Laid-open Publication No. 190532/2005 [Patent
[00BbEument 3] Japanese Patent Laid-open Publication No.

The market size of photochromic eyeglass lenses is not so
large at present, and there is no spin-coating apparatus
specified for forming & primer layer or a photochromic layer
on a lens substrate. In addition, there are quite few proposals
on spin-coating apparatuses with special attention to producing
photochromic eyegliass lenses, particularly for forming a primer
laver. Underxr present circumstances, therefore, a
general-purpose spin-coating apparatus, which 1s used for
forming a resist film in photolithography of semiconductor
wafers or forming a recoding film on a substrate for optical
disks, 1s utilized for producing phetochromic eyeglass lenses.
[0008]

[Patent Document 1] Japanese Patent Laid-open FPublication No.
261973/2004
[Patent Document 2] Japanese Patent Laid-open Publication No.
190532/2005
[Patent Document 3] Japanese Patent Laid-copen Publication No.

23879/2001
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23879/2001 4 Disclosure of the Invention Problems to be Solved by the
invention [0009] 5 When the present inventors formed a primer layer
using a coating composition containing a moisture-curing polyurethane
resin by spin-coating with a conventidnal spin-coating apparatus as
shown in Fig. 6, they found the following problems. [0010] 10 When a
coating composition (primer liquid) containing a moisture-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 form a%ﬁfgfﬁs%gﬁn{) fil ,ean%rb%régé%?imer liquid is
spun-off. At this time, 15 the floatingé)rimer liquid sometimes reattaches to

the surface of tHé Tehs Subfrate’ Whén the prifel igGid Tedftached is in

liquid state, it is incorporated into the primer liquid spreading on the
[Ooggﬂface, and the possibility of damaging quality of the coating film is low.
However, when the primer liquid spun-off 20 solidifies into fine particles
and'thefine Farticfesreattach e ihe Taating i the thfformity of the -1g @
coating film is heavily damaged. The coating composition containing a
coamagisturetafifg “pelyuréthane Fest HigRIytends fo Solichy S sBthatthethane
rimer
reaﬂlbyspin—coatingwith@aconventionalspin—coatingapparatus

as shown in Fig. 6, they found the following problems.
[0010]

When a ccoating composition (primer liquid) containing a
moisture-curing polyurethane resin is droppad on the surface
of a lens substrate and the substrate is spun, the primer liguid
spread by centrifugal force caused by spinning to forma uniform
coating £film, and excess primer ligquid is spun-off. At this time,
the floating primer liguid sometimes reattaches to the surface
of the lens substrate. When the primer liguid reattached is in
liguid state, it is incorporated into theprimer iiquid spreading
on the surface, and the possibility of damaging quality of the
coating £ilm is low. However, when the primer liguild spun-off
solidifies into fine particles and the fine particles reattach
to the coating film, theuniformity of the coating filmis heavily
damaged. The coating composition containing a molsture-curing
polyurethane resin highly tends to solidify, so that the primer

liguid spun-off is readily to become fine particles. When the
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liquid spun-off is readily to become fine particles. When the 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 provide a method for preventing deterioration in

ans ity of 2 primer laver o producing & polyurethane prmerlaygron a., ..
substrate for an eyéglass lens or the like using‘a coating compaosiuon

ining a moistur -curingegolyurethani_e resin. rE‘/Iea s to solve the
I 0 L iy \JtT éé nP

conta .
forrﬁ‘?gb%rﬁé T0012] THe present invention prc?viglés foi o%%%em%%%% oriat

15 solving the above-described problems: (1) A method for producing a
72 Lt omeRay e ShnsHaS 4t BT Ant ydrthereon, the

method comprises the step of coating the substrate with a coating

composition containing a moisture-curing polyurethane resin by

spin-coating, 20 wherein adhesion of the coating composition spun-off
[Ooéﬁé/or a cured material thereof to a coating film of the coating

composition is prevented while spin-coatirég; (2) The method for producing
a lamitfateaeesrding to (15 WHereif the toafing stepds Rafried ditin 2" t°

space divided
provide a method for preventing deterioraticn in quality of a

primer layer on producing a polyurethane primer laver on a
substrate for an eyeglass lens or the like using a coating

compositicon containing a molsture-curing polyurethane resin.

Means to solve the Problems
[0012]

The present invention provides the following means for
sclving the above-described preblems:

(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 amoisture-curing polyurethane resin by spin-coating,
wherein adhesion of the ccating composition spun-cff and/or a
cured material thereof to a ceoating film of the ccating
composition 1s prevented while spin-ccating;

(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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6 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; (3) the

method for producing a laminate according to (2), 5 wherein the coating

step is carried out by using a spin-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 bottom of the .

OV o e B0 £ BBt ae Aoy A NouLEAT R Y

member having openings at the upper and bottom ends thereof;

cylinde ' N
VA AT mBHHORBP PR -8 AP ate BECOTaIng 1 (37 WeliFtp *11: 1o

. aperture at the bottom end of the cylinder member is larger than the
SPLRpEftuke 8Fthe upper end thereof; 15 (5) the method for producing a
laminate according to (3), wherein the top cover of the spin-coating

apparatds fad'ah 8shatst port<ad (6) & méthoBddeEprodiitingas to (2),

laminate according to (1), wherein the coating step is carried out by using
wheBeddintdiatiiRy 20 s arakus Sofifprisiry atotatabe stibstrate Bippéitiag 119

device and a cylindrical cover shielding the rotation axis of the substrate
app%ﬁéﬁéﬁh@?&@ﬁ&ﬁﬁﬂg a tep cover, a lower chamber, a rotatable
substrate supporting device installed in the lower chamber;

an exhaust port 1s provided at the bottom of the lower

chamber; and

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

(4) the methced for producing a laminate according to (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 top cover of the spin-ccating apparatus has an
exhaust port; and

(6) a method for producing a laminate according to (1),
whereln the coating step 1s carried out by using a spin-coating
apparatus comprising a rotatable substrate supporting device

and a cylindrical cover shielding the rotaticon axis of the

substrate supporting device.
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Effects of the Invention [0013] According to the present invention,
because spin-coating is performed while a spin-coating apparatus is
forcefully 5 evacuated through the side wall and/or the bottom thereof, the
primer liquid spun-off during spin-coa?ting and cured material thereof are
effectively evacuated out of the spin-coating apparatus. Accordingly, the
possibility that floatig Pnngartigleésqsuc as the cured material reattach
to the coating 10 film%uﬁ}é’d’r%d%Timez}%aygff?snﬁ)lw%rrled, and a primer layer
1001 ith high quality is formed. Consequently, quality and productivity of
+¥ 7 pho -ochromic lenses are improved. [0014] Further, according to another
embodiment of the present 15 invention, spin-coating is performed while
the TGEatION =Xi% St & SHird CoRltng &ﬁb"a@%ﬁﬂs@%hi&ﬁ%&\}ﬁﬁl ayiindiicd -9
. cover, whereby influence of turbulent flow caused by rotation of the axis__
1S REUpprassed fhsidé the apparatis Hs-4 YesBRPraNtoHT corvelorrof 1Y
floats inside the apparatus is suppressed and the 20 possibility that
evaFioatiRg finerartidies suchiaS e edréth Material fedttichd® thesdesting the
_ film is still more lowered. [0015] Even using a conventional spin-coating
orimphatattis s SOWT 4 Figue ipredasiwity §odd gualiy cotligBenaterial
obtained. However,
therecf are effectively evacuated out of the spin-coating

apparatus. Accordingly, the possibility that flcating fine
particles such as the cured material reattach to the coating
film (uncured primer layer) is lowered, and a primer layer with
high quality is formed. Consegquently, guality and productivity
of photochromic lenses are improved.
(00147

Further, according to another embodiment of the present
invention, spin-coating 1s pertformed while the rotation axis
of a spin-coating apparatus is shieldedwith a cylindrical cover,
whereby influence of turbulent flow caused by rotation of the
axis 1s suppressed inside the apparatus. 2As a result, random

convection of floats inside the apparatus is suppressed and the

ot

i

rt

possibil y that floating fine particles such as the cured
material reattach to the coating film is still more lowered.
[0015)]

Even using a conventiconal spin-ceating apparatus as shown

inFig. 6, products with goed guality could be chtained. However,
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8 in order to obtain good products, conditions such as rotation speed,
rotation time and atmosphere had to be strictly controlled, and even
though such strict control was performed, it was still difficult to avoid
creation of defective products. To the’s contrary, in the method of the
present invention, the percentage of defective products created is greatly
. reduced (yield is greatly increased) even though production conditions
1 ghé ot sb Striclly CoRttGited U BHEFDESERtON O the DaliAgs (0626} °"
Fig. 1 is a sectional view illustrating an embodiment of a spin-coating
P S AR R o FRESEHE RURRGOR. 5, 3960 StchoRatiePn L Tol 1od,
illustrating another embodiment 15 of a spin-coating apparatus used in
andfd preSentiavention. Tig. Tis a¥etlioraldéwhtstrafitfyanotharzs still
. _embodiment of a spin-coating apparatus used in the present invention.
diZEguts atsechigrdlView ffistrafingancifdrshbsgimerpbiats .  To the
spin-coating apparatus used in the present invention. 20 Fig. 5is a
conggefohalview fastiaiing afotiet Bmbodimeht Biaidpin-codtingercentage
apparatus used in the present invention. Fig. 6 is a sectional view
of maseatinig a spifrcbuting appasatad conventionalyyuseedoced (yield is

greatly increased) even though production conditions are not

so strictly controlled.

Brief Description of the Drawings
[00le]
Fig. 1 is a sectional view illustrating an embodiment of
a spin-ceoating apparatus used in the present invention.
Fig.2:Msasectionalvﬁewjjlustratinganothezembodiment

of a spin-coating apparatus used in the present invention.

[‘Ij

ig. 31is a sectional view 1llustrating another embodiment
of a spin-coating apparatus used in the present invention.
Fig. 4 1s a sectional view illustrating another embodiment
of a spin-coating apparatus used in the present invention.
Fig. > is a sectional view illustrating another embodiment
of a spin-coating apparatus used in the present invention.
Fig. 6 is a sectional view illustrating a spin-coating

apparatus conventionally used.



Description of the Symbols [00171 1: substrate 2: nozzle 5 3: 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 plate915 "7: cylindrical cover Best Mode
for Carrying Out the Invention [0018] In the following, embodiments of the
present invention 20 will be specifically described with reference to

drawings. [0019] THE FresBhtRlefton félate¥ s alfethod for producing

a_laminate comprising a substrate and a polyurethane layer thereon

100 {vhich comprises the step of coating the substrate with 10
1: substrate
2 nozzle
5 3 barrel
4 primer liguid
5t substrate supporting device
10: spin-coating apparatus
11: exhaust port
10 12: top cover
13: lower chamber
L4: exhaust port
15: cylinder member
16: celling plate
15 27 cylindrical cover
Best Mode for Carrying Cut the Invention
[ooig]

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 lavyer

thereon which comprises the step of coating the substrate with
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a coating composition containing a moisture-curing polyurethane resin by

spin-coating. Here, a characteristic feature of the present invention is that

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

thereof to a coating film of 5 the coatih composition is prevented while

spin-coating. The present invention includes an embodiment in which the
is carried out in a space divided by a side wall and bottom

eacégggmglg%P051tlo CONEaining afg g —o T : hane
Walt, and the” Space |snfor%eﬁfﬁyLevaguat%[a]tﬁro h the stde” war %ﬁa?&
the bottom,wall while spin-coating. Further, the 10 present 'nve;mn'gion £ th
L5 itIbdes BAGhEr dmbodiment Whictt chatacterized By trattha doating™ ©7¢
ste is{carrieq out bi using a spin-coating apparatus comprising a .
PrefSthtabls Stbstrate sipporing déVice Rd Hcylintiricar covet shidlmd'thé ™
rotatigcn axis, of the substrate supporting device. 15 [0020] The coating .
SPURGfposition/(Reréinaher Called *primer 1tiPy Eohtaifing2e tiny film of
_. _Mmoisture-curing polyurethane resin is in itself publicly known. For
the gxamiplé % pret digticPdescribed 1R PatentBoctmant 1 (Japandse  The
Patent Laid-open Publication No. 20 261973/2004) described above may
prepaisetWithout dhy particdias Iinitdfoe joo21] THe mbistlre-6@ring tdrine
moisture-curable) polyurethane resin used in the present invention means
stegdgyéﬁaﬁ;ied,out in & 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
present invention includes another embodiment wnich
characterized by that the coating step is carried out by using
a sgpin-coating apparatus comprising a rotatable substrate
supporting device and a cylindrical cover shielding the rotation

axis of the substrate supporting device.
[0020]

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

[0021]
The moisture-curing {or molsture~curable) polyurethane

resin used 1in the present Iinvention means i1socyanate
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11 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 produced amines aré reacted 5 with the remaining
isocyanate groups to produce urea bonds, whereby they are cross-linked
and cured,,or,comgounds which are gﬁrﬁecursors of ségch compounds or a

9T Bnfbinatioh of tRe COmpBtifds - C4Patie 6t Béihg Jsed ard Sfor exdmpte e
polyurethane oligomers aqr polyurethane polymers in which a molecular
ITORAYS 10 ontrolld T8 helativelyhigh Tvet Suttably $60-f-5,p001 2 the
. particularly 500 to 3, 000 in terms of a number average molecule-- weight
31T () ANAGH Which Bicdveragé conféit of isoeyahate®gbtipsr preséht Af< °
terminals in one molecule is controlled to 0.001 to 50 mole preferably 0.1
PIOYY90 rAble’tFand Mbst preferably 051¢5k6 8HiorYsoeyaRate*¢Tmp6Erd< S

. or derivatives thereof" which are the precursors of the above
witholyifethAe ligormersSorC poljRIFethane Pefyniets BE tthe Combifation ots /
the above isocyanate compounds or derivatives thereof and active
whe hyRibgérkEontainfigPésmpolinds!. aTHe avérage eonterpasleds2piptich are
isocyanate groups referred herein means a value obtained by quantifying
pregunsiertumbet bt iseeyaitie groapspresehtinag: predeterminedcatnoumds -
of a compound by chemical analysis, dividing the mole number of the
Capigpbyanatégioupsithig ebtainddr example, polyurethane oligomers
or polyurethane poclymers 1in 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
weight (Mn) and in which an average content of isocyanate groups
present at terminals in one molecule is contrelled to 0.001 to
50 mole %, preferably 0.1 to 10 mole % and most preferably 0.5
to bmole %; "iscocyanate compounds or derivatives thereof” which
are the precursors of the above polyurethane oligomers or
polyurethane polymers or "the combinations of the above
isocyanate compounds c¢r derivatives thersof and active
hydrogen-containing compounds®. The average content (mole %)
of isocyanate groups referred herein means a value obtained by
guantifying a mole number of isocyanate groups present in a
predetermined amount of a compound by chemical analysis,

dividing the mole number of the isocyanate groups thus obtained

by a mole number (a value obtained by dividing the predetermined
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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 amount to thereby, calculating
a mole number of the isocyanate grotups present in one molecule of the
compound by further dividing the above mole 5 number by a molecular
weight (number average molecular weight) of the compound and .
o E bredsing e Fasult gavafa&%%fﬁzegsé_@fe Roistare-chrig=ont) of the
olyurethane resin and/or precursor thereof are commercially available,
COMGHARANTSIE SRHE Tort® of BimErsTOF EGRaPUEHonartisds - ard they e Y -
available 10 industrially or as reagents. [0022] The examples of the ,
cal Ghoidfur8eufing poydrétiisie resi Which Cal BiitaBly?6& BEd T et 11
present invention include (1) aromatic isocyanate compounds such as
one Wiyiéitatiigoeyahate, CaERaipRyelinddfisotyanatend the above mole
xylylenediisocyanate, 1,5-naphthalenediisocyanate, tolidinediisocyanate,
numlygsh Ry finBhaREH <Oy Hhate: trisliSOEah atesHeh) TRilGshosphate agat)
tetramethylxylenediisocyanate; aliphatic isocyanate compounds such as
of YrriftdtRylnesamethyferetissdyahaté. shexamethyldedisotyanates - The

isophoronediisocyanate, hydrogenated 4,4-dipenylmethanediisocyanate,
abotgdrogéndtege—curing polyurethane resin and/or precursor

thereof are commercially available, for example, in the form
of primers for constructional uses, and they are available
industrially or as reagents.
[0022]

The examples of the moisture-curing pclyurethane resin
which can suitably be used in the present invention include {1)

aromatic isocyanate compounds such as tcolylenediisocyanate,

4,4-dipenylmethanediisocyanate, xylylenediisccyanate,
1, 5-naphthazlienediiscocyanate, tolidinediisccyanate,
triphenylmethanetriisccyanate, tris{isocyanatephenyl)

thicphosphate and tetramethylxylenediisccyanate; aliphatic
isocyanate compounds such as
trimethylhexamethylenediisccyanate,

hexamethylenediisocyanate, isophoronediisocyanate,
hydrogenated 4,4-dipenylmethanediisocyanate, hydrogenated
xyiylenedilisocyanate, lysinediisocyanate, lysine ester

triisocyanate, 1,6,1l-undecanetriisccyanate,
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xylylenediisocyanate, lysinediisocyanate, lysine ester triisocyanate,
1,6,11-undecanetriisocyanate, 13
1,8-diisocyanate-4-isocyanatemethyloctane,
1,3,6-hexamethylenetriisocyanate and’ bicycloheptanetriisocyanate and/or
(2) polyisocyanate compounds or polyisocyanate oligomer compounds

. 8_9 tained by 5 corp?i_ning the above isocyanate compounds with

8 Compotnds Having: active hyarogeh by Varisus'méthods in such a charge

__ratio that the isocyanate groups remain and (3) polyisocyanates

1: 3 chntaiming e af i6astone soifit-otiddgen group and modified products &7
thereof. The examples of the modified products include biuret, 10

PLCYSOTARRIES HitbpRAANES ST carb&diiides. They mayhe V&84 “aiBRéte

or in combination of two or more kinds thereof. [0023] Among them,
compparatrad FronPthe XAWpoiRt that tHe eXEaifcht ZARESION €8n BE tévésied Py
at relatively low temperature 15 are aliphatic isocyanate compounds
comiphaigI PSRy AN ESRPBUAASE oF PERASBLYANAlE BliGARTR? B SEHS S
obtained by combining the above aliphatic isocyanate compounds with
act gpmpoliidsdaviRg detive Ayar8gen by Yatbus Hiethbds!ia stichra chargeat
ratio that the isocyanate groups remain, and particularly 20 preferred from
the theafewpeineof T filtn [Coatihg property dre layche aliphaticsisoeyanatening
compounds and/or polyisocyanate _
at least one sulfur or halogen group and modified products
thereof. The examples 0of the modified products include biuret,
isocyanurates, allophanates and carbodiimides. They may be used
alone or in combinaticn of two or more kinds thereof.
[0023]

Among them, preferred from fThe viewpolint that the
excellent adhesion can be revealed at relatively low temperature
are aliphatic isocyanate compounds and/or polyilszocyanate
compounds or polyisocyanate oligomer compounds obtained by
combining the above aliphatic isocyanate compounds with
compounds having active hydrogen by variocus methods in such a
charge ratio that the isocyanate groups remain, and particularly
preferred from the viewpolint of the film coating preoperty are
cyclic aliphatic isccyanate compounds and/or polyisocyanate
compounds or polylscocyanate oligomer compounds obtained by

combining the above cyclic aliphatic isocvanate compounds with

compounds having active hydrogen by various methceds in such a
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compounds or polyisocyanate 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 grou]pé 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 cured-
chaTgsidi? hrématié socyanate Compotnd it pdi§idcanate
compounds or polyisocyanate oligomer compounds obtained by
[Oo%éllnbining the above aromatic isocyanate compounds with compounds
having active hydrogen by various methods in such a charge ratio that

the 1698ocyaRatd gidss remaliy 8an stifabfya5e hsed ds welYhthisyanate

case, as result of reacting moisture with isocyanate, a urea bond is 4
COMEGIATELE ARdSUch titeq Rt Thay be 6815taire i ihac poliit effane Fesint th

_layer in the present invention. [0025] 15 The compounds having active
moL ﬁ?éﬁﬁgeﬁcdgs%ﬁﬁ@é abbvé lificladé aWIé?I% Wsﬁéﬁ’é@ éi?hyl@ﬁ“é)matlc
~ glycol, 1,2-propylene glycol, 1,3-butanediol, 1,4-butanediol, _
isogygrhekanediolinfaspentyl yieoh dipiopyieheaglycolang dietijienads  or

glycol; polyalkylene glycol asuch as polypropylene glycol, polyethylene 20
polgheotand polytatiarethylene giysolipsly (alkyieresadipatesmbining the
above aromatic lsocyanate compounds with compounds having active
hydrogen by variocus methods in such a charge ratio that the
isocyanate groups remain can suitably be used as well. In this
case, as result of reacting molsture with isccyanate, a urea
bond is formed, and such urea bond may be contained in the
polyurethane resin layer in the present invention.
(00257

The compounds having active hydrogen described above

include alkylene gilycols such as ethylene glycol, 1,Z2-propylene
glycol, 1, 3-butanediol, 1, 4-pbutanediocl, 1, 6-hexanediol,
neopentyl glycol, dipropylene glvcol and diethvlene glycol;
polvalkyiene glycolis such as polypropylene gilycol, polyethylene
glycol and polytetramethylene glycol; poly{alkylene adipates)
such as poly(diethylene adipate), poly({tetramethylene adipate},
poly{hexamethylene adipate) and poly({neopentyl adipate);

polycaprolactones such as poly-eg-caprolactone,

polycaprclactonediol and polycaprolactonetriol;
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such as poly(diethylene adipate) , poly(tetramethylene adipate),
poly(hexamethylene adipate) and poly(neopentyl adipate);
pol.ycaprolactones such as poly-s-cagnolactone, polycaprolactonediol
and polycaprolactonetriol; 15 polybutahediene glycols such as poly (1,
4-butadiene) glycol and poly(1,2- butadiene) glycol; poly(alkylene
carbonates) such as poly(hexamethylene carbonate); polyesterpolyols;

00 LSO hU e (o8 G o hydRsol rdugls S0 a6 12 B butandso 5
and 1, 2, 6-hexanetriol; and silicone polyols. The other known active

poL ¥ oo R eb ARG Lo PGS B4t BoSHH S ReR= ARIIG: Rigmeuch 22
when using polyalkylene glycols, polyols having three or_ more hydrox¥

POlé%&?ﬁ%‘?Tﬁ%M@ﬁe adiﬁgé@,ne6|%|ky|eﬁg ‘o4iBoRates; Yo lsi T polyols
polycaprolactones and polyesterpolyols, the 1.0 heating temperature in

hav%ﬂﬂnﬁ@é%%é’?o%@ffé‘d,%ﬁ#%l'bg% PHERrAFEANTHore SurklPpeanetriol
prevented from being thermally deformed and discolored. 0026] The

and compobtinddraviigractive Bydrogén te3efibed abbve may M5 Béisedknown
alone or in combination of two or more kinds thereof. Particularly when

act {ging aFeMaRe iseeyanate compouRasstdehcas tolyletredinsdcyahhie aigong
4, 4-dipenylmethanediisocyanate as the primer liquid, the resulting

thepoelyisGeyarate ¢apepoiindsiore pelyisatyahate pligoiners hfevineteddattin or
crystallinity in a

more hydroxy groups, polyalkylene adipates, polvalkylene
carbonates, polycaprcoiactones 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.
(00267

The compounds having active hydrogen described above may
be used alcne or in combination of two or more kinds thereof.
Particularly when using arcomatic isocyvanate compounds such as
tolylenediisocyanate and 4, 4~dipenylmethanediisocyanate as the
primer liguid, the resulting polyisocyanate compounds or
polyilsocyanate oligomers are increased in crystallinity in a
certain case, and two cr more kinds of the compounds having active
hydrogen are preferably used.
[6027]

Themeisture-curing polyurethane resinused in the present

invention has preferably a relatively highmolecular weight from
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20 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
molecular weight from 16 the viewp&iﬁt of the rapid curing. A method for
raising the molecular weight includes a method in which a remaining
amount of the isoqganate rj:\)ﬁjps is controlled so that it is reduced when

the BhiRifg e Focyafate donpouts FescribeBabove with 5 the ST0¢ the
. compounds having. active hydrogen by various methods in sych a charge _

o~ 5ﬁé that'tfie fSbcyanate gfougs FEThain® o it ittiutes a8 Welia féthdg ="
in which plural isocyanate groups present in the primer liquid are

of LombhieF By R aid BRtEnting® agent Hereffc e chdif lexténdig AgEHFe
includes the compounds 10 having active hydrogen described above and,

wh@ﬂia?ﬁfﬁ%wﬁ@om?a% SHER 58 HhylerediamiE andanong theRlaksletet
glycols such as 1,3-butanediol, 1,4-butanediol, propylene glycol and

the remexanedioland polyalkyiehe yyesdsudhyag hohpispyrnecgict afech
suitably used from the viewpoint of an easiness in 15 controlling the chain

a Ccagtefiding ¥éaction fon28; ks prefereidithat ahvorganic Solent is adefed 1T
to the above-described moisture-curing polyurethane resin as a

includes as well a method in which plural isocyanate groups

present in the primer liquid are combbined 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 glycels such

as 1,3-butanediol, 1,4-butanediocl, propylene glycol and

1,6~hexanediol and polyalkylene glycols such as polypropylene

glycol are suitably used from the viewpoint ¢f an easiness in

controlling the chalin extending reacticn.

(0028}

It is preferred that an organic soclvent is added to the
above-described moisture-curing polyurethane resin as a
diluting solvent as appropriate for using as a primer liguld
in the present invention. The above-described diluting sclvent
suitably used in the present invention specifically includes,
for example, butyl acetate, acetylacetone, methyl isobutyl

ketone, ethylene glycol dimethyl ether, propylene glyccl

monoethyl ether acetate, xylene, methyl ethyl ketone, methyl
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diluting solvent as appropriate for using as a primer liquid 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/ ethylene glycol dimethyl ether,
propylene glycol monoethyl ether acetate, xylene, methyl ethyl ketone,
methyl 17 acetoacetate, toluene, ethyl acetate, and the like. In the

ACerghiictidh method ot the preseht ifvention Sit isPreferfd to- (e at ld&st*1e
one*mk{ind of solvent seleiwcted from these, [0029] 5 The content of the
PTOGiSture difihg PolgdrethEng TESIRTT the GihancSolventis FHeferably Yot ©
by mass to 80% by mass on the1 basis of the total mass of the
use midisttifé-hring polytréthane SrebiFand vt dboveideséibed diftting
solvent. It is more preferably 10% by mass to 50% by mass to reduce the
[G0%&didual 10 trace of generated carbon dioxide gas with keeping good
adhesion. [0030] Further, the primer liquid used in the present invention
prefef&blyGoritainsCe |EVetingCagerit Stcelit st avas vsmebthessioithe in
coating film. As the leveling agent, publicly 15 known leveling agents may
the pargsed Withoutamt limitatiors.c Examplés obsuitalsle |6veliigiagensess on
include silicone-based, fluorine-containing, acrylic-type, and vinyl-type
the |ggdling of the total mass of the moisture-curing pelyurethane
resin and the above-described diluting solvent. It 1s more
preferably 10% by mass to 50% by mass to reduce the residual
trace cf generated carbon dicxide gas with keeping good adhegion.
[COZ30]

Further, the primer liguid used in the present invention
preferably contains a leveling agent since it improves
smoothness of the ceoating £film. As the leveling agent, publicly
known leveling agents may be used without any limitations.
Examples of suitable leveling agents include silicone-based,
fluerine-containing, acrylic-type, and vinyl-type leveling
agents and the like. The amount of said 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
molsture~curing polyurethans resins (the mass of resin
components;) .

[0031]

In the present invention, the surface of the substrate 1
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agents and the like. The amount of said leveling agent used is preferably
0.01% by mass to 5% by mass, particularly preferably 20 0.03% by mass
to 3% by mass, on the basis of total mass of moisture-curing
polyurethane resins (the mass of resir? components). [0031] In the
present invention, the surface of the substrate 1 18 for as a lens or the
like is spin-coated with the above-described  primer liquid using the :
i obaiing Ar e T hauiig the: SShAERY bod T he Lo g™ ibed
. thereof as sgownéin Fi%. 1, or the spin-coating apparatus 10é1aving,an
o i haudtport' 11 3t BIn& Botdht thereat-ad $hww i Big? 2. Elirther théte™ e
may be used a spin-coating apparatus, although not shown as drawings,
EXNPATingtRE exhausports 11 1ot Iifthe Sii€ wall and®atthe“Botiom F+9 - 1/
thereof. [00321 10 In the spin coating method, as shown in Fig. 1, the
©r Wﬁné@ﬁ&ﬁﬂ%i@ﬁ&cﬁﬁaéaﬁ%ﬁt@tib%‘f"ﬂﬁ"@néﬁzl@@éﬁ&%@ﬁﬁﬁ]él at
liguid is dropped onto the surface of the substrate 1 which is rotating. The
the dppsfrate T iedishortet SR B! rotatablé -supporfing tdice 5- 150033 Pe

The nozzle 2 is connected to the barrel 3 filled with the
used a spin-coating apparatus, although not shown as drawings,

for

having the exhaust ports 11 both in the side wall and at the
bottom therect.
(00327

In the spin coating method, as shown in Fig. 1, the primer
liguid 4 is discharged from the tip of the nozzle 2 and the primer
liguid is dropped onto the surface of the substrate 1 which isg
rofating. The substrate 1 1is supported cn the rotatable
supporting device 5.
(00331

The nozzle 2 1s connected to the barrel 3 filled with the
primer i1iquid 4. There is provided a structure in which air
pressure (nitrogen, etc.) is applied to the barrel 3 to dischargse
a predetermined amcunt of The primer liguid 4 at a constant
velocity. In this structure, therefore, a predetermined amount
of the primer liguid 4 can be dropped ontc 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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primer liquid 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 liquid 4 at a constant 20 velocity. In this structure,
therefore, a predetermined amount ofthe primer liquid 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

TO RF I Eoniecting Paft 6fthe arrel 3arid the nozzle 2 in order 19 to

revent dripping of the liquid. 0034] The primer liquid 4 dropped onto the
[OOgﬁﬂface of a substrate is developed over the surface of the substrate by
centrifugal 5 force caused by spinning of the supporting device 5, so that
a film fith- afiform %ﬁ%kﬁe@s%%%ﬁﬁ@d@%ﬂw%ﬁﬁn%%ﬁé@?soﬁrﬁn%iﬁﬁﬁﬁiaate
_ Is spun-off by centrifugal force. Primer liquid spun-off is also called mist.
18 FHEmMISt SWhichacontaiis tHe fmofstire-Etfing peRiFeth&ne re st thesa L
solvent, sometimes 10 turns to fine particles because the solvent is
Loregapsrated aftér Pelrg spun-off drietthe mbistiré tlring polfurethare that
resin is cured. As a result, the mist and fine particles of cured material of
a Liha st Arerfléatedninthé vichsiffof thef subiktdte 12 Wheh sthebadfloats,dns s
particular the fine particles, reattach to the 15 coating film, uniformity of
prigge coating filrhds smpared aney centrifugal force. Primer liguid

spun-cff is also called mist. The mist, which containsg the
meisture-curing polyurethane resin and the solvent, sometimes
turns te fine particles because the solvent is evaporated after
being spun-off and the moisture-curing polyurethane resin is
cured. Asaresult, themist and fineparticles 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 therecon also becomes non-uniform.
The commercial value of the resulting lens is extremely loweread.
{00357

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 is performed while the
spin~-coating apparatus 10 is forcefully evacuated through the
exhaust port 11. Floats generated during spin-coating are

efficlently removed through the exhaust port 11, whereby ths
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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 20 in the side wall
and/or in the bottom wall of the spin-@ ating apparatus 10, and
spin-coating is performed while the spin-coating apparatus 10 is forcefully
evacuated through the exhaust port 11. Floats generated during , | o
o g are AR EinVed (7550% 176 BAhACie: BOTETE SRdrey ™
. the 20 possibility of reattachment of these floats to the coating film is
S 4%888$§'As%8r Ui CRifOrmity of e coating film §s ROt ddtfaged and 8¢
laminate having a polyurethane layer with high quality is obtained. 5 .
AaTIG550] ACEorTin 1 PROWRIORCIRrWCH T et G Hir bioh

olyurethane layer, also acquires high quality, so that lenses with high
qu'aﬁbﬁﬁnér%iﬁ}?@m be produced with high yields. 10 [0037] A primer
gguid spun-off is pooled at the bottom of the spin-coating apparatus 10.
Hen the exhaust port 11 is provided at the bottom, the primer liquid

pooled at the bottom can be discharged therethrough.
Accordingly, the photochromic layer, which is formed on

the polyurethane laver, also acguires high guality, so tThat
lenses with high commercial value can be produced with high
yields.

[0037]

L primer liquid spun=~off is pooled at the bottom of the
spin-coating apparatus 10. When the exhaust port 11 is provided
at the bottom, the primer liquid pocled at the bottom can be
discharged therethrough.

[0038]

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

(00397

The spin-coating apparatus 10 may be composed of the top
cover 12 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. Although Figs. 3 and

4 1iilustrate examples where the exhaust port 11 is provided at
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15 [0038] According to the present invention, the following improvements
-are further proposed to enhance removal efficiency of the floats. [0039]
20 The spin-coating apparatus 10 may be composed of the top cover 12
and the lower chamber 13 as shownn Figs. 3 and 4. The lower chamber
13 comprises the substrate supporting device 5 and the exhaust port 11
at the bottom. Although Figs. 3 and 4.illustrate examples where the,
the dhbSlBort A48 ProMBEd Bt 21 T bBHEM" Igwer CHARTHEF LS ayS the
adopt a structure having the exhaust port 11 in the side wall or a structure
eXNHATING e exhdist Ports 1T Both iPthé Side wWall'aridl fif the Bottom Walp v S ¢
[0040}35 By providing the ,t%pm cover 12, convection in the spin-coating
n

POrbBnaratis 10 idfestnBett afid tonseGiéhtlyTIddts 18 Tr&mibvEaore

efficiently through the exhaust port 11. [0041] The side wall of the top
1CU¢bver 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

curéd m&efEl of the nHiSE aré SeatterStFloward thetipperdateral, afe  the

lower directions of the substrate 1. Floats present over the
spin-coating apparatus 10 is restricted, and consequently floats

are removed more efficiently through the exhaust port 11.
(00411

The side wall of the top cover 12 may be 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
gubstrate 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 Ifloats.

[co4z]

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-coating apparatus 10. The ceiling piate 16 has an



10

15

20

substrate 1 mainly cause the reattachment. Providing the 15 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 &l%porting device 5 may be 20
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
OPE%}}:%%‘HEUBB&%G&W the T&fling pl&te' 16 WhidhBxiends ot e ppervar e
end of the lower chamber 13 to the inside of the spin-coating apparatus .
£rom ot Fha il pate 1618 22 BpENIG at'tfe SBRETIANG e Eyiitider M9
member 15 is hung downward from this opening. The space around the
devifBsttate’ sUBPOtinG dévicess R etRied Bi/fth%%ﬁre%éﬁ&é%?ﬁw%ﬁﬂﬁ?d%rl S
member 15, so that the air-flow speed is increased in the space between
SO Hihe cylifdérimember 15°%5RftheSsubstraté SGsporting devitess st wesn
forced evacuation is performed through the exhaust port 11. In this way,
the figstsieuitbe FEMBYEd arodntithe subsifate- Stippoftirigfdevide s meretce °
rapidly and more surely. Hence, the distance between the lens substrate
when drdtrcoyiinderfichierit0 P5 &l prafedbishHoieand tife seiteblet port

distance is approximately 5 mm to 50 mm. J0043]
11. In this way, flcats can be removed around the substrate

supporting device 5 more rapidly and more surely. Hence, the
distance between the lens substrate 1 and the cylinder member
15 dispreferably short and the suitable distance 13 approximately
5 mm to 50 mm.

[0043]

Inaddition, the cylinder member 15 may be formed ina skirt
shape being widened toward the bettom 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
member 15 in such a shape, when liguid drops are spun-off from
the substrate 1 and collide against the cylinder member 15,
rebounding of the drops is suppressed, and generation of mist
is reduced. Morecver, because themist, 1f generated, is likely
to be scattered toward the lower direction of the substrate
suppcorting device 5, the possipility of reattachment of the mist

or cured material thereof to the substrate 1 is lowered.
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In addition, the cylinder member 15 may be formed in a skirt shape being
widened toward the bottom as shown in Fig. 4. That 15 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 member 15 in such a shape, when
liquid drops are spun-off from the substrate 1 and collide against the
{Ooggi}nder member 15, rebounding of the drops is suppressed, and
eration of mist 20 is reduced. Moreover, because the mist, if
gengrated, is likely to be scattered toward theglower direction of the ,
subSttate™ Stppottifig A&vite 5the possibiiy of réStRERTERt of theTist
. or cured material thereof to the substrate 1 is lowered. 23 0044] Further,
Tt if BRGIRET Bthbodimentof the prederitinvenition, “R i€ proposet g @ tus
~rotation axis of a spin-coating apparatus is shielded with a cylindrical
L3 Stovet SBDY & Buppress EohvEEtoR B ST afcrémetitionea mHisto R ctLon
rotation axis (also called spindle) of a spin-coating apparatus rotates at a
°f hiyh speederstickirgARhirardtnd ittbYyeherate tibufeht Row?AS @ rédtit s
random convection of the mist is brought about, increasing the possibility
sp 1 of reattachniefftothe ¢dafing fiftRPmthe presertievention asisherncd,
in Fig. 5, generation of turbulent flow is suppressed by shielding the
suckpindle’ofa SEincoating dpparates aith the eyliridricdl lcover ¥7s Fhessult,

cylindrical cover 17 may
random convection of the mist 1s brought about, increasing the

possibility of reattachment to the coating film. In the present
invention, &g shown in Fig. 5, gensration 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 & 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 flow iseffectively suppressed.
By shielding the spindle with the cylindrical cover 17, the
turbulent flow is enclosed inside the cover and influence of
the turbulent flcw inside the apparatus is recduced. Inthis way,

randeom convection of floats inside the apparatus 1s prevented,

whereby the possibility of the reattachment of flocating fine
particles such as the cured material to the coating film is

reduced.
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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 15 so long as generation
of turbulent flow is effectively suppressed. By shielding the spindle with
the cylindrical cover 17, the turbulent flow is enclosed inside the cover
and influence of the turbulent flow inside the apparatus is reduced. In this
0 Oxv%g, random convection of floats inside the apparatus is prevented, 20
whereby the possibility of the reattachment of floating fine particles such
as the cured material to the coating film is reduced. 24 [0045] The
cylindifeal Egg]elﬂﬁﬁk%ao]y itSS B redlice Teattdchmentst floatd.®  reduce
Therefore, it is not necéssarily required to adopt the force evacuation .
“CARGHR e extaustpsit § 11 aS¥noWihFrigs’ & to' & af'the sAffetinar t1y
but using the forced_evacuation through the exhaust port 11 as shown in
reqgiged i £ t5gether SeattathnTeit of fibafs can ba'fdrtnkl Fefiticedis - port
[0046] Further, the present invention includes various 10 improvements
11 3psibeythéoreddestribed apbvel Eoradxamps tHe dpintdaiing e forced
apparatus 10, the top cover 12, the lower chamber 13, the cylinder
EVaREmMPer1 s it e eyimdrical 8evér A7 hay bedhatieofmetalfic9s- 1 to

materials such as stainless steel,
4 together, reattachment of flcats can be further reduced.

[0046]

Further, the present invention includes various
improvements besides the ones described above. For example,
the spin-coating apparatus 10, the top cover 12, the lower
chamber 13, the cylinder member 15, and the cylindrical cover
17 may be made of metallic materials such as stainless steel,
but they are preferably made of plastic materials such as
polyethylene, polypropylene, polvacetal, 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 removed.

Industrial Applicability
F00471
According to the present invention, spin-coating is

performed while a spin~-coating apparatus is forcefully evacuated
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but they are preferably made of plastic materials such as 15 polyethylene,
polypropylene, polyacetal, Teflon (registered trademark) , and Delrin.
Because these plastic materials have excellent separability from
moisture-curing polyurethane resinsZRence, mist or cured material
thereof, if attached, can be easily removed. 20 Industrial Applicability
~ [0047] According to the present invention, spin-coatin%is erformed while
e g ARG SopHrohte 1 FAGRH Y EORatEd o5 TotiR he SeMidine:
.. _and/or bottom wall, so that the primer liquid spun-off during spin-coating _
g clved Thaterfit therof Sdre effiGiently diseharged Sutot fhe 2 - thereot
spin-coating apparatus. Consequgntly the possibility of reattachment of
are fiphfinG fine 5 paftichis Sudhtas tHe chired friateiai o thé Eodtthg filg Tatus -
(uncured primer layer) is reduced, whereby a primer layer Wi'gh high
Con ¢R@hEAS bbtaindl. AL résult Gliahty aRd pFSOUCHTRY of Tphdtorhigict 1ne
lenses are improved. [0048] 10 Further, according to another 1
parieftbotinteritiofihé preserts thiernton: 3pih cddtig i pefcrmetivhie theed
rotation axis of a spin-coating apparatus is shielded with a cylindrical
pripgyeriayver) 1s reduced, whereby a primer layer with high
gqualilty is obtained. As a result, guality and productivity of
photochromic lenses are improved.
r0048]

Further, according to another embodiment of the present
invention, spin-coating i1s performed while the rotation axis
of a spin-coating apparatus is shieldedwitha cylindrical cover,
so that influence of turbulent flow caused by rotation of the
axis is 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
floating fine particles such as the curedmaterial to the coating
£1ilm.

(Examples)

The present invention will Dbe described below with

reference to examples and comparative examples, but it should

be construed that the present invention is in no way limited

to these examples.



so that influence of turbulent flow caused by rotation of the axis is
suppressed inside the apparatus. In this way, random 15 convection of
floats inside the apparatus is suppressed, to thereby further reducing the
possibility of reattachment of floatin %ne particles such as the cured
material to the coating film. (Examples) 20 The present invention will be
[0 %g cribed below with reference to examples and comparative examples,
ut it should be construed that the present invention is in no way limited

to tt}%see gé(gm[)slg(}%i% 61»499345913;';%%'%25 substrates and the primer

s 1MEr CORPOnen d_in the
components use he “present examples are given below ﬁ) 5

%I%%ns substrate] -CA (allylic resig astic lens; refractive index = 1.50)
PLEFTRA (ﬁﬁ%ﬁnl% ahe=baséd resin P astic lens; refractive index = 1.60) MRB
;Oo%tﬂourethane-based resin plastic lens; refractive index 10 = 1.67) -TE

=~ (thioepoxy-based resin plastic lens; refractive index = 1.71)

5 [Llens substrate]

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

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

= 1.60)

*MRB (thiourethane-based resin plastic lens; refractive index
16 = 1.67)

‘TE (thicepoxy-based resin plastic lens; refractive index =

1.73)

*SPL (methacrylic resin plastic lens; refractive index = 1.54)

-3E (lens of methacrylic resin + vinyl resin; refractive index
15 = 1.60)

[Primer ingredient]

‘moisture curing primer, “Takeseal PFRACGZTP-47, manufactured

by Takebavashi Chemical Industry Co.,Ltd.

-moisture curing primer, “Takeseal PFR4”, manufactured by
20 Takebayashi Chemical Industry Co.,Ltd.

‘moisture curing primer, “Urethane Primer $6”, manufactured by

ALPS Chemicals Mfg. Co., Ltd.

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

Mitsul Takeda Chemicals Inc.
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SPL (methacrylic resin plastic lens; refractive index = 1.54) .SE (lens of

methacrylic resin + vinyl resin; refractive index 15 = 1.60) [Primer

ingredient] -moisture curing primer, "Takeseal PFR402TP-4",

manufactured by Takebayashi Cherfical Industry Co.,Ltd. -moisture

curing primer, "Takeseal PFR4", manufactured by 20 Takebayashi

Chemical Industry Co.,Ltd. -mojsture curing Bri 5,,,"Urethan Primer 06",
O A ifaCHGT By AL ERemiCAR VY. Co LK 2rioistite i prier Y

. "Takenate M-402P", manufactured by Mitsui Takeda Chemicals Inc. 27

Dal@ﬁﬁﬁ&ﬂr&@ﬁriﬁ&ﬁri%ﬁﬂ%ﬁ?ﬁ&ck DME52* “haniifactured by Dainippon

Ink and Chemicals, Incorporated [Leveling agent] SiLl: silicone-based
[LegifaRtart 2E7301" manufactured by 5 Dow-Toray Corning Co., Ltd. SiL2:
. silicone-based surfactant "FZ2104" manufagtured by Dow-Toray Corning
*S1lgg., LEd (EXarpIe EFER (aliyid pédia plastictns refrabive fritfex = $50)° Y
10 was used as a lens substrate. This lens substrate was thoroughly
Dow tfegfeasddwith adetone: Althiked liquid was prepared by mixing

+5iLZ: 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 ¢f a moisture curing primer “Takeseal
PFR402TP-4" manufactured by Takebayashl Chemical Industry
Co.,Ltd. as a primer and ethyl acetate. 7To the resultant mixed
ligquid, 0.03 parts by weight of a leveling agent “FZ2104"
manufactursd 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
composition 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 a lens substrate having a primer layer.
[0051)

The appearance of the lens substrate having a primer layer
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50 parts by weight of each of a moisture curing primer "Takeseal

PFR402TP-4" manufactured by Takebayashi Chemical Industry Co., Ltd.

as a primer and ethyl acetate. To the resultant mixed 15 liquid, 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
PSRN pritier "Eompagtion tAY: %Hé U(irF&Ce B CR Was §pin coatdd with® ==

this 20 composition using a spin coating apparatus with structure shown

I G089y, 80T féhd'wal subjécted 6 Elifing at tonfiefperailineidr 15°71n9

min to prepare a lens substrate having a primer layer. [0051] The
2 Pappedranceysithe’efis Sibstrate Raving & primer fy8F 28 fits obdifed®d
was evaluated by using a fluorescent lamp placed in a box covered with
ref hsdkebbards™ THe lerstsistraie having ‘apimertayerivas observsd e any
using transmitted light and reflected light of the fluorescent lamp, whether
Or RRefEWsHE Ak Srorio en-tnifoff paridiathe prinferiayér thar werecated
created due to influence of the presence of foreign matters in the surface
due aadiiRSide ot tRecprinter RYeE Fvatuatidrrénéria Bras fellows:feosp face

10 Good: No non-uniform parts were found.
and inside of the primer laver. Evaluation criteria are as

follows:
[0052]

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

Pecor: 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 lasns substrate
having the primer laver was spin ccated with approximately 1
g of a photochromic polyvmerizable composition.

[0056]

As the photochromic polymerizing compositien, the
compeosition prepared by the following procedures was used. A
mixturewaspreparedbykﬂendingradicalpolymerizableﬂmnomers,

2,2-pis{4-methacrylovloxypentaethoxyphenyl)propane /
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[0053] Poor: Non-uniform parts were found. 0054] The appearance of the
lens substrate having a primer layer 15 produced by the above-described
method was evaluated as "Good. [0055] Then, the surface of the
above-mentioned lens substrate ha\ﬁﬁg the primer layer was spin coated
with approximately 1 g of a photochromic polymerizable composition. 20

0056] As the photochromic pqlymerizing composition, the composition

PO L ERARIATY (e oG BroCeaThe S BRRTC e WhE gt
by blending radical polymer izable monomers, ,

/ téf,élfb?&ﬁyﬁg%%?%?l%xybéhf%%ﬁ%%}ﬁ%ﬂyl?peraﬁ’@}Eﬁsﬁa%t%éﬁ@m@f
glycol diacrylate (average molecular weight; 532) / trimethylolpropane

e gt hiatd P PR biar OligorEP HeXaadriate (Dae- UGB Cofpayay
Ltd.: EB-1830) / glycidyl methacrylate at the ratio of 40/15/25/10/10 parts

methyHhads Sredpectively FP6 100 parté By mdss df thishMixré o rddicdl 23S

polymerizable monomers, were added a photochromic compound having
respstiuttifrerrepréSented BF [0S A FermuI@ ) this nixture of radical

polymerizable monomers, were added a photochromic compound
having a structure represented by
[0057]

[Formula 1]

[GO5B]
in an amount of Z.0 parts by mass,

a photochromic cempound having a structure represented by
(0058}

[Formula 2]
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10 [0058] in an amount of 2.0 parts by mass, a photochromic compound

having a structure represented by [0059] 15 [Formula 2] O Nom/crO F

30 [0060] in an amount of 0.6 parts by weight, and a photochromic

compound having a structure represéJ’ered by [0061] 5 [Formula 3] 11 CH3

Ilr OCHz [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
[Ooq(e)]polymerization initiator, CGI 1870 [mixture of I-hydroxycyclohexyl

henyl ketone and

in %&(?f@‘?ﬁ%tﬁéxfbe%218?/5?25,4,93%%%%%Eent‘f’sz%osphine

a photeochromic compound having a structure represented by
[0061]

[Formula 3]

| =
~ O
\\/u.x?
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
polymerization initiator, CGI 1870 Imixture of
l-hydroxvycyclohexyl rhenyl ketone and
bhisg (2, 6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine

oxide(weight ratic; 3:7)], Sparts by mass of a stabilizer, bis (1,
2, 2, 6, t-pentamethyl-4-pyperidyl) sebacate, 7 parts by mass
of a ‘ gsilane coupling agent,
v-methacryloyloxypropyltrimetheoxysilane 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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oxide (weight ratio; 3: 7) ] , 5 parts by mass of a stabilizer, his (1, 2, 2, 6,
6-pentamethyl-4-pyperidyl) sebacate, 7 parts by mass 15 of a silane
coupling agent, y-methacryloyloxypropyltrimethoxysilane and 0.1 parts by
weight of a leveling agent (silicon-baé d surfactant) , "L-700I"
manufactured by Dow-Toray Corning Co., Ltd., and the mixture was
[OGEE% roughly mixed. The resultant photochromic polymer.izable 20
composition had a viscosity of 130 cP at 25C. 31 0063] This lens having
the coated surface was irradiated under a nitrogen gas atmosphere with a

metal halid& TampWhose blifput°#as adjiisted 16 BEF30 MWfaR2 &t &1 aer
‘wavelength of 405 not as measured 5 on the surface of the lens for 3 min
& NIHTRIFETtE TORNG IR Fifer the curdd Coathfy fffwhdThrifep s output
heat-treated in a thermostat at 120C to obtain a curedﬁphotochromic thin
was fiifn) UPhé thickrisss of thd 168UIfgaHiA fifrh 23R e abjiSte d By Seteéttyg e
the conditions of spin-coating. In the present 10 invention, the thickness of
on %R ceireéd pRétoehromifc iR filhOwas djtisted (6401 Tinf 00641 Next ™ -
adhesion was evaluated as follows. A lens substrate having a cured
Th@%hoﬁ%ﬁmﬁﬁé@ﬂnQﬁﬁﬁhﬁﬁeééémwMﬁﬁmeQEQQYS5@@@0??@@@@?,ln a
cooled to room temperature, and then subjected
thermostat at 120°C to obtain a cured photochromic thin £ilm.
The thickness of the resulting thin film can be adjusted by
selecting the conditions of spin-coating. In The present
invention, the thickness of the cured photochromic thin f£ilm
was adjusted to be 40zl pm.
[0064]

Next, adhesion was evaluated as follows., A lens substrate
having a cured photochromic £ilm was immersed in boiling water
at 100°C for 1hr, cocled to 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
adhesicon referred here 12 the adhesion between the lens substrate
and the cured photochromic film including the primer layer.
(00657

A: no removal

B: removal c¢f less than 5 % of tThe film

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

D: removal of 15% or more of the £ilm
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to the crosshatch test in accordance with JISD-0202, within 30 min. The
criteria for evaluation are given below. The adhesion referred here is the
adhesion between the lens substrate and the cured photochromic film
including the primer layer. 20 [0065] S&: 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 32 The adhesion of the lens

subSttate Plefared by the dbdve-UBEEibaH MEthd Wak Tamiedds KY the
(Examples 2 to 10) B%a similar method to that for preparing primer 5
ebomtositionR @ iFEXARTHIE 4S5 phfier e8niposttions (B) to (G) were
prepared by mlxm% the components shown in Table 1. Then, cured
(ExgRotéchromicfilms were prepared and appearance and adhesion thereof
were evaluated by a similar method to that in Example 1 except that lens
substratés, ﬁﬁﬁéﬁ@&np@@%@ﬁ@ ahd 1Ot§1§"1i’5r Co%ﬁﬁg apparatuses sHow e r
in Table 2 were used. The results were summarized in Table 2.
compediperative Examplesaii 2) Curatk pR6tEchiontie Silmd Wete prepared (G
and appearance and adhesion thereof were evaluated by a similar
werptigeetoaideinmixing the components shown in Table 1. Then,
cured photochromic films were prepared and appearance and
adhesion therecf were evaluated by 2 similar method to that in
Example 1 except that lens substrates, primer compositions, and
spin-ceoating apparatuses shown in 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 2imilar method to that in
Example 1 except that lens substrates, primer compositions, and

spin-coating apparatuses shown in Table 2 were used. The

results were summarized in Table 2.



15 Example 1 except that lens substrates, primer compositions, and
spin-coating apparatuses shown in Table 2 were used. The results were
- summarized in Table 2. 33 0066] [Table 1] Commercial Primer No. P
rime r Diluting solvents Leveling agert® (parts by weight} (part by weight)
(parts by weight) Takeseal A PFR402TP-4 Ethyl acetate FZ-2104 50 50

(G0

.03 Takeseal B PFR402TP-4 Ethyl acetate FZ-2104 70 30 0.015
keseal Ethyl acetate/ L-7001 C PFR402TP-4 Butyl acetate 0.03 60

15/'_5 D Takeseal PFR4 Ethyl acetate L-7001 80 20 0.03 Takenate
[TaRt202P Ethyl. acetate FZ-2104 E 50 50 0.03 BCRNOCK DM652 Ethyl
acetate FZ-2104

Commercizl

Diluting solvents

Leveling agent

. . nts
Primer No. Primer parts b foht mart b N
(parts by weight) (parts by weight} (part by welght;
Takeseal .
thyl acetat -2104
A PERAGZTD—4 Ethy ac tate FZ-210
50 0.03
50
Takeseal . L N
B BFRADZTP—4 Ethyl'écebate FE-2104
30 0.01%
70
Takeseal Ethyl acetate/ L-7001
C PFR40ZTP-4 Butyl acetate 0.03
60 i5/15 )
n Takeseal PFR4 Ethyl acetate L-TC01
20 20 .02
o Takenate M-402P Ethyl acetate Fa-2104
50 30 G,03
- BURNOCEK DME52 Ethyl acetate FZ-2104
B 75 25 06.03
Urethane N . ;
a Primer06 Ethy!l acetate L=-7001
T 20 0.03

850




75 25 0.03 0,-Pm,e a06 Ethyl acetate L-7001 20 0.03 80 5 34 [0067]
[Table 2] Lens Primer Spin-coa.tina No. Appearance Adhesion substrate
composition apparatus Example 1 CR A Fig. 4 Good A Example 2 CR A
Fig. 3 Good A Example 3 CR A Fig. »Good A Example 4 CR A Fig. 1
Good A Example 5 MRA B Fig. 2 Good A Example 6 MRB Pig. 4 Good A
00 E%(ample 7 TE D Fig. 3 Good A Example 8 SE E Fig. 4 Good A Example
[00g éPL Fig. S Good A Example 10 MRB G Fig. ~ Good A Comparative

CR A Fig. 6 Poor A Example 1 Comparative MRA B Fig. 6 Poor A

[Table 2]
No. ‘Lens Primgzl Splnmcogtlng Appearance Adhesion
supstrate CONPOS1ticn apparatus
Example 1 CR A Fig. 4 Good B
Example 2 CR A Fig. 3 Good A
Example 3 CR Fay Fig. 2 Good A
Example 4 CR piy Fig. 1 Good A
Example 5 MEA B Fig. 2 Good A
Example © MREB C Fig., 4 Good A
Example 7 TE D Fig., 3 Good B
Exampile 8§ SE E Fig. 4 Good A
Example 9 SPL ) Fig. 5 Good R
Example 10 MRB G Fig., 1 Good A
Comparative
B - CR iy 0y, ko
Example 1 Fig. 6 Foor A
Comparati
bgmp rasive MRA B Fig. 6 Poor iy
Erample 2
Comparative " . o
Example 3 MRE 3] Fig, & ook A
Comparati .
paranive SE F Fig. © Poor A

Example 4
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Example 2 -1 1 Comparative MRB D Fig. 6 oor A Example 3
Comparative SE F Fig. 6 Poor A Example 4 535 CLAIMS 1. A method
for producing a laminate comprising a substrate and a polyurethane layer
thereon, the method comprises the s@esp of coating the substrate with a
coating composition containing 5 a moisture-curing polyurethane resin by
spin-coating, wherein adhesion of the coating composition spun-off and/or
a cured material thereof to a cogm of the coating composition is
prevented while spin-coating. 2. The method for producing a laminate

L adedifing®o ctaim B 4010Her8ifthe dodtingSstep & Earfied buit irf Wspaica e
divided by a side wall and bottom wall, and the space is forcefully
anc gy gttiated thotith te' Sitle WaIT Shdor the Bétiorm WalPliRile &° the step
spin-coating. 3. The method for producing a laminate according to claim
of eoafhafeih the Coaming 3teh 15 &I 6G( By s R SFincoatingPn taining
a melsture~curing polyurethane 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
ls prevented while spin-cozting.
2. The method for producing a laminate according to c¢laim 1,
wherein the coating step is carried out in a space divided by
asidewall andbottomwall, and the space ig forcefully evacuatad
through the side wall and/or the bottomwall while spin-coating.
3. The method for producing a laminate according to claim 2,
wherein the coating step i1s carried out by using a spin-coating
apparatus comprising a top cover, a lower chamber, a rotatable
substrate supporting device installed in the lower chamber;
an exhaust port 1s provided at the bottom of the lower
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 to claim 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 claim 3,



15 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 bottom of the lower chamber; and said substrate
supporting device is housed in a cylir?’o%r 20 member having openings at
the upper and bottom ends thereof. 4. The method for producing a

lami ding to claim 3, wherein the aperture at the bottom end of
e Gy lndy AESET & arter thah ARG T GBREY 61 there, ="

. b. The method for producing a laminate according to claim 3, 36 wherein
exn‘?ﬁ?ﬁ)ppéjoli}ér of the spin-coating apparatus has an exhaust port. 6. The
method for producing a laminate accaording to claim 1, wherein the =
©- coating™Stp T cartfed bt by ubifigta SPiv-Coatng’ & apisaratus CompAsfig" -
a rotatable substrate supporting device and a cylindrical cover shielding

whe fig Fothlion &S oF the’ Stbstrate SUppoHing:device:s 19 & spia-codting

apparatus comprising a rotatable substrate supporting device
and a cylindrical cover shielding the rotation axis of the

substrate supporting device.



