1 Title of the Invention: Method of Producing Coated Lenses Techni cal
Field: 5 This invention relates to a_nethod of producing coated |enses
form ng, for exanple, a photochrom c-coating on the | enses of spectacles
mai ntai ning a high quality. Background Art: 10 A material that changes col or
dependi ng upon the light can be represented by a photochromic material. The
phot ochromc material reversibly varies the structure dependi ng upon the

i nci den £, uled rayi r .and has a property of exhibiting varying
absorptﬁ§§q§p§ng&élq¥higtﬁﬁ%fhe property of a material 15 in that if an

i soner is irrNeithoddodi Phrodughingofoatesr tieawglesr wavel ength, the single
chem cal material reversibly forns another isoner having a different
absorption spectrumdue to the action of light. The forned another isoner
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sunglasgggépﬁggi&gegfngﬁeth&ggggég 3%§¥b%ﬁ%hfﬁéht is incident, the

phot ochrom ¢ spectacles have its color faded and works as an ordinary
transparent spectacles. Lenses having photochrom c properties have

her et of 618 1k éﬁ”§€g536ed by a met hod which lets the surfaces of the |enses
wi t hout phot oehmaneeiplopkeatycsanged abldr adebhendihg oupen 3the dnppund, a
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varying absorption spectrum. This is the propertyof amaterial
15 in that if an isomer is irradiated with light of a particular
wavelength, the single chemical material reversibly forms
another isomer having a different absorption spectrum due to
theactionof l1ight. The formed another isomer resumes the color
of the initial isomer due to heat or 1ight of another wavelength.
20 There have been proposed photochromic spectacles using
lenses that have properties of the photochromic material.
Outside of a house, the photochromic spectacles quickly develop
a color being irradiated with 1light containing ultraviolet rays
such as of sunlight and works as sunglasses. 1Inside of the house
25 where no light is incident, the photochromic spectacles have
its color faded and works as an ordinary transparent spectacles.
Lenses having photochromic properties have heretofore
been produced by a method which lets the surfaces of the lenses
without photochromic property soaked with a photochromic
30 compound, a method of directly obtaining a photochromic lens
by dissolving a photochromic compound in a monomer followed by
polymerization, and a method of forming a layer having
photochromicpropertyonthe surfaceof thelensbyusingacoating
solution that contains aphotochromic compound (coatingmethod) .

35 Among the above methods of producing lenses, the coating



2 nmethod conprises formng a coating on the surface of the lens by the
spin coating by injecting, onto the surface of the lens, a coating solution
froma nozzle of a container containing the photochrom c coating solution
while rotating the lens. An 5 apparatus for continuously coating a plurality
of |l enses can be represented by, for exanple, a coating apparatus discl osed
in a patent docunent 1 described below which is equipped with an auxiliary

nechani gachel sBngadsas ﬁoﬁ@ﬁﬁd};fw csfaﬂﬂdg)@noahbhgurkgaée@f byheiSidigs a
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as taught in a patent docunment 2 thoug is not a dedi cated apparatus
for applgi agxiheapriatesdraniie fogasprga @ngta Greatimg geanragn on the

sol uti oRaRRLY LYY [RRPRAT at ¥S o3k phle Ratent docunent 2 is provided wth
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at 15 not less than 30 um. Here, use of the above coating apparatus

makes it possible to satisfy the above requirements by using
the coating solution in small amounts.
There has further been proposed an apparatus for applying
a photocurable coating solution onto the surfaces of the
20 spectacle lenses and for photocuring the coating solution as
taught inapatent document 2 thoughit isnot adedicatedapparatus
for applying the photochromic coating solution.
The coating solution-applying apparatus of the patent
document 2 is provided with coating solution dripping means by
25 which the surfaces to be coated of the spectacle lenses are
arranged facing upward and the coating solution is dripped to
coat the spectacle lenses. Further, the coating
solution-applyingapparatus isprovidedwitha spatulamechanism
which can be moved by a slide mechanism and with a holder 133
30 for holding a spatula 132. Referring to Fig. 15A, the spatula
132 intersects a horizontal line L that extends back and forth
passing through the center O of a to-be-~coated surface 131a and
a given point Pl on the outer circumferential edge portion at

apredeterminedangle B. Therefore, the frontendofthespatula
35 132 comes in contact with a point P2 which is separated away



a predeterm ned angle 6 . Therefore, the front end of the spatula 35 132
cones in contact with a point P2 whigh is separated away 3 fromthe above
given point Pl toward the rear side i'n the rotational direction by a

di stance A on the outer circunferential edge portion of the to-be-coated
surface 131a. Referring to Fig. 15B, further, the spatula 132 is attached
to the holder 133 so 5 as to be tilted by a predetermned angle a in the
axi al difreatdHab&fe §hochpeGhad et bwaisd 8é realts iIdspeehelr@tdte otei i cal
line. That is, the spatula 132 is arranged being tilted with respect to
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descri bed above, coating solution dripping nmeans 136 is, first, arranged on
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mechanism with their axes perpendicular thereto maintaining a

predetermined gap in the back-and-forth direction, so as to be
pushed with a predetermined force onto the side surface of the
lens when extended.

20 In the coating solution-applying apparatus of the patent
document 2 constituted as described above, coating solution
dripping means 136 is, first, arranged on the outer
circumferential surface side of the lens 131 as shown in Fig.
16A. Todrip the coating solution, a nozzle 136a of the coating

25 solutiondrippingmeans 136 ismoved fromthe outer circumference
toward the center of the spectacle lens 131 as shown in Fig.
leBandisdrivenandcontrolledsoastoapplythecoatingsolution
onto the surface of the lens 131 in a spiral manner.

When the coating solution is applied onto the to-be-coated

30 surface of the lens by the spin-coating method, the coating
solution spreads over the whole to-be-coated surface due to the
centrifugal force created by the rotation of the lens and partly
scatters and drops. At the outer circumferential edge portion
of the to-be-coated surface of the lens, further, the coating

35 becomes thick and swells due to the surface tension. If the



centrifugal force created by the rotation of the lens and partly scatters
and drops. At the outer circunferential edge portion of the to-be-coated
surface of the lens, further, the coating 35 beconmes thick and swells due to
the surface tension. If the 4 filmis thick, winkles may occur when the
coating is cured by being irradiated with ultraviolet rays in the step of
curing which is the next step. Therefore, the spatula 132 is provided for
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on the 15 sideysupbace;iqf thRerhens L34 Bel RYel sbhediian 18he rhpkiizantal
direction and in the vertical direction, and the coating solution renoving
menber £35tastedr &pgéhicoputls sigeusdersnd gl eklee ®9Ftipy ofs tdiown in Fig.

16C. An t%xg%%oaftep%f&aéé 8¢ 2%@ éﬁé@@acﬁé;geh%,rﬁ@xsgtwg@&u&%}ll a 132,

and the coating solution can 20 be snoot| Accordi ng to the patent
docirenst2ysfatem@rthe patecsoat yeignserent bnl ddgsped he tisebsigoadigd ace 131b

of the ls%@%acla?’&fiérbé Te’?m'%dﬁ@r?ﬁdd?@ A% A9 JPEP Ehd LM Ccoatig of a
uni form "t hickness by pushing the coating solution renoving nenber 135 onto
t he si décsortidog 1824hef cohdingesdsitd onerpprlying? BpPatretusdodurid et 1:

Invent | DA DY ORPSHRCrs Bo SAVRd Ryt RS PRVont, ohr a8 Wien CRO Dot ochr omi ¢
coati ngds&ppteidonthg spabelaphd? eics )grranged at the'upper edge on FI:he
15 side surface of the lens 131 being tilted in the horizontal
directionandintheverticaldirection, andthe coatingsolution
removing member 135 is arranged on the side surface of the lens
131 as shown in Fig. 16C. An excess of the coating solution
can be removed by the spatula 132, and the coating solution can
20 be smoothed. According to the patent document 2, further, the
coating solution dripped on the side surface 131b of the lens
131 is thinly spread so as to form a uniform coating of a uniform
thickness by pushing the coating solution removing member 135
onto the side surface 132a of the spectacle lens 131.
25 Patent document 1: JP-A-2005-13873
Patent document 2: JP-A-2005-246267

Disclosure of the Invention:
Problems to be Solved by the Invention:

30 When the photochromic coating solution is to be applied
by using the apparatus of the patent document 1, too, problems
occur such as the coating becomes thick at the outer
circumferential portion of the lens and the coating solution
adheres having irregular thickness on the side surface of the

35 lens. These problems can be alleviated to some extent by using



by ysing the apparatus of the patent docunent 1, too, problens occur such
as the coating becones thick at the guter circunferential portion of the

| ens and the coating solution adheré&s having irregul ar thickness on the
side surface of the 35 | ens. These problens can be alleviated to sone extent
by using 5 the spatula and the coating solution renoving nenber as enpl oyed
by the apparatus of the patent docunment 2. \Wen a photochrom c coating
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coating solution adhered on t e surface can no_longer 10 be sorbed or
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the spopgg,aat ségghteT ﬁé%@&ﬁamg&l the ﬁ@e{@tﬂm gasté;p@tdawﬁ@rw th the

coating solution staye on the side su face of the lens, isotropy is |ost
throughlﬁhémpéﬁﬁééling after the curing with UV due to t he coating sol ution
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appl i edannealing after the curing with UV due to the coating solutlon
15 that is unevenly adhered to the side surface of the lens, and
the lens often develops optical distortion. Besides, the
diameter of the lens increases by the amount the coating solution
has adhered on the side surface often causing an inconvenience
of out of size with the dedicated jig in the steps of
20 after-treatments such as the hard coating treatment and the
anti-reflection (AR) coating treatment.

Second, a cured body of the photochromic coating solution
develops a color upon the irradiation with light. Unlike the
case of when a clear coating solution that develops no color

25 is applied, therefore, the product lens exhibits defective
appearance if the photochromic coating solution adheres onto
the side surface of the lens.

Third, when the photochromic coating solution is applied,
a primer solution is often applied prior to applying the

30 photochromic coating solution in order to improve the closely
adhering property between the lensmaterial and the photochromic
coating. In this case, however, the primer layer does not
necessarilycover thewholeside surfaceof thelens. Therefore,
if the photochromic coating solution adheres on the side surface

35 of the lens, the portion where no primer layer is present as



a primer solution is often applied prior to applying the 30 photochrom c

coating solution in order to inprove the closely adhering property between

the lens material and the phot ochrom coati ng. In this case, however, the

primer |ayer does not necessarily cover the whole side surface of the |ens.
Therefore, if the photochrom c coating solution adheres on the side surface
35 of the lens, the portion where no priner layer is present as 6 the
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15 member. The lenses can be classified into finished lenses of
whichboth surfaces are finished to assume predetermined optical
surfaces when being transferred from the mold in the step of
production and semi-finished lenses of which the back surfaces
are polished to assume optical surfaces through the polishing

20 work. The above problems tend to occur when the thickness of
the lens is small. If the coating solution adheres on the back
surface and cures, the product becomes defective due to
contamination.

To avoid the above problems, the side surface and the back

25 surface of the lens must be polished by using a polishing device
after cured with the UV, and the adhered coating solution (cured
product) must be removed causing the steps of production tobecome
cumbersome.

The present inventionwas accomplished inviewof the above

30 circumstancesandhasanobject of providingamethodof producing
coated lenses without permitting the coating solution to flow
onto the side surfaces and back surfaces of the lenses in the

operation for applying the coating solution to the lenses.

35 Means for Solving the Problems:



product) nust be renoved causing the steps of production to becone
cunbersone. The present invention was acconplished in view of the above 30
ci rcunmst ances and has an obj ect of prioviding a nethod of producing coated
| enses without permtting the coating solution to flow onto the side
surfaces and back surfaces of the lenses in the operation for applying the
coating solution to the I enses. 35 Means for Solving the Problens: 7 The
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by using a coa apparatus as disclo ove pat ent ment 1,
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Inv%gtl%%fd%fgyﬁngﬁgalowvf%ég§J¥§lsused itisdifficulttoprevent
the coating solution from adhering on the side surface of the
lens even if the above method is employed. However, if the
photochromic coating solution having a viscosity at 25C of 80
to 1000 centipoises is used, the excess of the coating solution

20 can almost all be removed by the spatula that is set in a tilted
manner to the upper edge portion of the lens making it possible
to nearly completely prevent the photochromic coating solution
from flowing onto the back surface of the lens or from adhering
onto the side surface of the lens.

25 That is, the present invention is concerned with a method
of producing coated lenses comprising the steps of:

(A) holdingalenswithits surface facing upward by a spinning
device that supports and rotates the lens;
(B) feeding a photocurable coating solution onto the upper

30 surface of the lens held by the spinning device;

(C) spreading the photocurable coating solution fed onto the
upper surface of the lens by usinga flexible filmwhile rotating
the lens; and

(D) forming a coating by curing the photocurable coating

35 solution by irradiating the “lens coated with the photocurable



of producing coated | enses conprising the steps of: (A holding a lens with
its surface facing upward by a spi nni@g devi ce that supports and rotates
the lens; (B) feeding a photocurable coating solution onto the upper 30
surface of the lens held by the spinning device; (C spreading the

phot ocur abl e coating solution fed onto the upper surface of the |ens by
using a flexible filmwhile rotating the lens; and (D) form ng a coating by
curing tdeaphed eairalilon ehati g spieatbkhtireBnbyhéugiditdid apoveest épns coat ed
with the hptoc%afl%l& coating solution that is spread thereon through the
above st&\g) (‘Gt 90T ght; wherein the photocurable coating solution has a
viscosity at W»pdfeid t88 ghotldir1eld tpat$ag Ryt Lorandspr ovssoontys furt her
5 made of the step (E) of bringing the edge portion of a spatula into
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devi ge, hi@e WIP@hePstepOoEPfoft B isigahdl 8hbeédge tpditeibn todwar spabeleent er
side of the lens, the step (E) bei n% executed after th? end OE tge step (A
but bef oFRE? HEPHIRSE bl bl 'S SRSy SHIS ECGEIOR & tPEs 8PSt Rgld by

circunf ef}@@tsbahn@ﬂ%@e@qrdé,%@ﬁppée PRt onl O £RE sphaeR 16@e 1ty £ NEEEQY renmpve
an excess of the photocurable coating solution via the spatula at the tinme

when t het pFRtddieapretetortin@isbhatidisi $hseshgPsifrle881nOncXpeuEBEVe

nethod, ittds rdesdi@d rtirad shagl empsﬁtgyftdr@thé@w‘td&ﬁam@ ébé‘tiﬁ%t ilted
e

toward the center axis of t ens an at_ the flat surface of the spatula

i s &0 angRrbubhoR agIrdve stHat hepascamfanaitgnk RAIEARE1AXPE T8 LABS| ens and

a contacinRoyd 5Bp WIERS thersbde-&H9f B £kC8s8fof hBeSPREEOEUEQBRE 1N
contact with the upper edge portion of the Iens. 20 According to the above

net hod, ¢@@tHed solutisngds theispatudradiihe theeyhep (torhetecuraelstep (A
but beforg iRy tidputén $¢ e&eﬂ,}% spidAg. makes it possible to reliably
g :

renove the excess of photocurable coating solution via the spatula. To
pr oduce In the above method, it is desired that the upper portion

15 of the spatula is tilted toward the center axis of the lens and
that the flat surface of the spatula is arranged on a plane that
passes through the center axis of the lens and a contact portion
where the side edge portion of the spatula comes in contact with
the upper edge portion of the lens.

20 According to the above method, further, it is desired to
execute the step (E) after the step (A) but before starting the
step (C). This makes it possible to reliably remove the excess
of photocurable coating solution via the spatula. To produce
the coated lens of a high quality having interference patterns

25 spread in neat circles maintaining a high yield, further, it
is desired to execute the step (E) after the step (A) but at
a moment when the photocurable coating solution fed onto the
upper surface of the lens is spread over 50 to 98% of the surface
area of the lens in the above step (C).

30 It is further desired that the photocurable coating

solution is a photochromic solution.

Effect of the Invention:
Inthemethodof coating the lenses of thepresent invention,

35 use is made of the photocurable coating solution having a



the.coated lens of a high quality having interference patterns 25 spread in
neat circles maintaining a high yield, further, it 1is desired to execute
the step (E) after the step (A) but al a noment when the phot ocur abl e
coating solution fed onto the wupper surface of the lens is spread over 50
to 98% of the surface area of the lens in the above step (C. 30 It is
further desired that the photocurable coating solution is a photochromc

sol uti on, '§££§f£xogt %§TﬂQ&e%b'QgelbpotESH%%EBQQEsCO BBthEhgggﬁﬂ?SS of the

present | nvén is ma tocurable coatin ution
havi ng al® s&f §€osinsedateamuiaest P@@lttéoilobef@éﬁt"rftﬁn%ln@néo HE1GPatula is

set to aanfG'@Eeé'tfnt'i‘l%dcﬁ??éhﬁfggeﬁ%igiee&f@ gL dH oFO0t HE I dhs A tHeS at the
circunferential edge portion of the lens in the step of spreadi ng t he
&

coati ng SbERtPBreRELARENSHhe éiﬁi\ﬁelft%éioél@%@és§°o1thﬁﬁépdc6?6}ﬁl"é €B8&ting
sol utg One%éQQLBf es%fomotctdr%%llet c0591ﬁ8h§6fu9ﬂ$19 ditehAldpesHiftaeaPhitt he lens.

As a result, th above- nent i one to 4 do not occur even when the

£
phot ochr b@i iﬁ}@fb@ﬁt i s shet pade| %Ulbgéqf@ Cefpﬁﬂ'lleeéienﬁcco’f*%l%g’etsélttr h&he
CO”Ve”t'Qﬂébegﬁé}??ﬂonéHe g?%%élﬁg ?6985 tgd R ttQSC kdﬁvég wHEhaggeof the

| ens was w pe or scC e et e present i nventi on,
however , phbvpabhesmi fecormtsithdfs olivd iginoy e b¢alb@ram@w k Achegdkidion§ot o t he
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spread over a par rcu range surface o he | ens, e spatul a
is sléx tsurﬁacprceﬁjeherhelmedvq@wupedmfb qur edueechhd efHdudihe nethohi gh
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per spective Vi e co arat’us use
met hod olaponduusngocbat ed Ienses according to an errbodl ment of the

invention. [Fi % tional_ view of ent ering _devi rcanged in
the coating ap%%?% %1§%$u%%§mafresent 1ﬂ%eﬂ%1on, % rt%er, a%%e% %ﬂe
photocurablecoatlngsolutum1lsspreadovereapartlcularrange
15 onthesurfaceof thelens, the spatula isset tothepredetermined

position toproduce the productsof ahighquality ingoodyields.

Brief Description of the Drawings:
[Fig. 1] isaperspectiveviewillustratingawhole coating
20 apparatus used for a method of producing coated lenses according
to an embodiment of the invention.

[Fig. 2] is asectional view of a centeringdevice arranged
in the coating apparatus of Fig. 1.

[Fig. 3] is a perspective view illustrating a state where

25 a lens is set to a sensor for measuring the height of the lens
shown in Fig. 1.

[Fig. 4] is a sectional view illustrating a state where
the lens supported by a spin shaft of a lens support device on
the primer side of Fig. 1 is coated by using a primer-applying

30 device.

[Fig. 5] is a sectional view of the vicinity of a nozzle
for washing the primer coating solution;

[Fig. 6] isaperspectiveviewof a lens-dryingbox provided
in the coating apparatus.

35 [Fig. 7] is a sectional view illustrating a state where



[Fig. 3] is a perspective viewillustrating a state where 25 a lens is set
to a sensor for neasuring the height ¢f the Iens shown in Fig. 1. [Fig. 4]
is a sectional viewillustrating a state where the | ens supported by a spin
shaft of a |l ens support device on the primer side of Fig. 1 is coated by
using a primer-applying 30 device. [Fig. 5] is a sectional view of the
vicinity of a nozzle for washing the priner coating solution; [Fig. 6] is a
perspect thie Méresv safppd rlt@es bgr ¥ sii b ehafitovifdedl ens suppoxdadiend cappar at us. 35

Fig. 7 I I trat tate wh 0, t |
Y R R o
of Fig. éolﬁtﬂ@ﬂt-eﬂpbylugl cﬂgvﬁc@hot ochrom ¢ solution-applying device. [Fig.

8] i i i t t f.th hot | ut I
devi oo on an chfiS el st 8, Por GGyt €€Lra TRePFELAT) $6aChaLi ng. on n

enl argedpréabenrombe ybEUﬂibu -gppayihyi agvitg bﬁrapreueatgég Bbele
phot ochromi ¢ ?ol utlgn from adhering.onto the side surf gﬁj;? Iens

[Fig. 10] is al&&3t%8n: aiiEp Btey v yus |ac,tén;9r'o?/?88d3rf Eoating

appar at ushefvitfnidy &dFig.fikling S igy pfe;rrsp@@kﬂemlvlge%@opheependbmgct o the
coating ag aratus o Iandlsagersg tive |eW|IIustr ting the
mot i on of guﬁéﬂﬂl fﬁ@mdégI‘EEmFF‘?ﬁtol Pa Pidg SBEtRBRaPIVFBG OFM8-state where

the height 15(p{gthen] arsal SedEASHAED i UFeal B &iebiRAMpRbviil@dSeAsor for
measur i nght he height of the lens shown_in Fig. 3, Bis a sectional view

illddra ﬁgcﬂéI}leB BBPRTBLYAeOpOEL Tt oh- of the side surface of the Iens,

and Cis a SGCLFP?‘&I 1Y} eys 0§ ﬁeﬁégééti\@é?rﬁléwpébﬂ?ésp@ﬁ’é&h?@tbstﬁéi ng
applied onto t Ais a sectional view of the lens in a

ens
state \Ah@?étl{lﬁépﬁ’éfﬂtélsé?%ﬂ%elw%ﬁ 8 DS SRS LI e dhilushpplinag devi ce

the motion of a handling device.

[Fig. 12]A is a sectional view of a state where the height

15 of the lens is measured by the laser beam of the sensor for
measuring the height of the lens shown in Fig. 3, Bis a sectional
view illustrating how to derive the position of the side surface
of the lens, and C is a sectional view of a state where a primer
coating is being applied onto the lens.

20 [Fig. 13]A is a sectional view of the lens in a state where
the nozzle and the spatula of the photochromic-applying device
shown in Fig. 7 are set to the lens, B is a sectional view of
the lens in a state where the coating solution is applied onto
the central portion of the lens, and C is a sectional view of

25 thelensinastatewherethe filmismoved toward the side surface
of the lens.

[Fig. 14]Aisaplanviewof thelensillustratingatilting
angle of the side edge portion of the spatula with respect to
the direction of diameter of the lens, and B is a front view

30 of the lens illustratingatilting angle of the side edge portion
of the spatula with respect to the vertical direction.

[Fig. 15]Ais aplanview of the lens illustrating a method
of spreading the coating solution on the lens by using a
conventional coating solution-applying device, and B is a side

35 view thereof.



shown in Fig. 7 are set to the lens, Bis a sectional viewof the lens in a
state where the coating solution is g@plied onto the central portion of the
Jens, and Cis a sectional view of 25the lens in a state where the filmis
noved toward the side surface of the lens. [Fig. 14 ] Ais a plan view of
the lens illustrating a tilting angle of the side edge portion of the
spatula with respect to the direction of dianeter of the lens, and Bis a
front view 30 pfidheel@anss ial $estictd ngiawt of thegl @anglie afstdie shdeeedge
portion of the spatula with respect to the.v r,tic_f% di rection. EFig. 151 A
is a plah W& Or AeCPRASH PR I3 g % sr?ét‘ﬁ&dmo SERAE AgePfetoati ng

sol uti ons&h tNehkessdbYedifd PG rd i oROBY i QRaAls,CBal & NP seeltibinan- applyi ng
device, and Bis a side 35 view thereof. 11 ,%Fig. %g}A hs a sect&onal Vi ew
of the I®h$helgnst iR whete WNRES AR drzglSAvaReYendio & &t??@tra

sol uts onpdFE DA NGE MBS Ldrs RAt AP thke Blada njgganeioct henaosetheohens, B is a
sectional , view of the lens in a state where the nozzle is noved to the

central SiPBeLithe SENEHE f S tEN S Lhe CitingySCaHE1eniis aPReLBonal  vi ew
of the | gA8 {Re asHielhEa Wned et hdec698ih§dsSPhtl bRPrésiodPRY | REansandet he
spatula and the coating solution-renoving nmeans are arranged at the

ci rcunf epBRRRISE 2hethensirqwnfesRpcetPbntd® ReR&rence Numerals: 1 coating
apparatus 7 photochrom ¢ spinning device 8 photochrom ¢ sol ution-applying
device 9 coating uniformalizing device 15 15 lens 48, 68 nozzles 66

contl® nePesgeiption 19 ReferonceNwpgrabatula 20 119 spatul a

1 coating apparatus

7 photochromic spinning device

8 photochromic solution-applying device
9 coating uniformalizing device

15 15 lens

48, 68 nozzles

66 container

86 film

111 jig for fixing spatula
20 119 spatula

Best Mode for Carrying Out the Invention:
Embodiments of the invention will now be described with
reference tothedrawings as examples of usingapreferredcoating
25 apparatus. 1In this specification, the X-axis direction of the
coating apparatus is regarded to be the direction of width of
the coating apparatus, the Y-axis direction is regarded to be
the back-and-forth direction, and the Z-axis direction is
regarded to be the up-and-down direction. Further, the coating
30 apparatus of Fig. 1 includes not only those devices necessary
for forming a photochromic coating but also the devices for
forming a primer layer. In employing the method of the present
invention, however, the above devices are not the essential ones.
In forming the photochromic coating, further, the steps other

35 than the steps (A) to (E) are arbitrary ones.



Best Mbde for Carrying Qut the Invention: Enbodiments of the invention wll
now be described with reference to e drawi ngs as exanples of using a
preferred coating 25 apparatus. In this specification, the X-axis direction
of the coating apparatus is regarded to be the direction of width of the
coating apparatus, the Y-axis direction is regarded to be the
back-and-forth direction, and the Z-axis direction is regarded to be the

up- and- down diTctddt ifgirdgiRinatidie 1ceabwng id0Fragpanai ystet Foamidgi ncl udes
not only those devi ces necessa&y for ffrrri ng a p ot ochrroF i c_coating but
Al so t he? GEATABY GREner LpRTeg o PPPRERCTay @t FRCandiyi NGe Fiee mbbfiod of ¢ he

present appaetidm HovBYdss, theiaboye sdaevésesr e dekidde2 essential ones.
In form ng the photochrom c coating, further, the steps other, 35 than the

steps (AJCtOFTE)IRG R T EFYL RRILIAD OFHeh ¢ obthhy ApPatatRRI4hshown in
Fig. 5l igedfirfy BeRdce ST RBaS0riRg tIRO3RS Pt SR Rdashabd the |ike.
The coating apparatus 1 includes, chiefly, acentering device 2 for

det er mi nt 9 1 He RESMATaISRIEN %0 AT Cend FRRsSUBRPPERSNAR PRt TSt ABARYr i ng

devi ce &ﬁ@rlmsawmet@ﬁn@%gkgp@(}ﬁﬁ aoli em&f dderih@Nsa FrDhéper

spi nni ng device 4 for supporti ng and rotating the lens at the tine of

appl yi ng @l priorTarpbyitgde sl pe o arRl Y OAPARPEFiIGRA dé\d @18t 18R appl yi ng
a priner:£qatd RG FA benehb01dhe, sdinfate Hyithe defSe & !E@BSdP{/Yhﬁg device
6 for drying 10 the coating solution applied to the |lens, a photochromc

spi AR ngtheleepténg sodutdgemrrrl FrRA hAd heot @1 ng RNE ARTOMHIC $SPENRIAG of

3PP ¥ NGy RO Y DL RATIR o 90%%%&9@%555%, 38R BRI PHedEYhECoEi N the
step (A)), a photochromc sQJ] ion-applyin evice 8 for applying a
phot ochrapp by Eome Phg tochaomie apsta nchecerré seends tos stHanigisdeviesat i ng

o1 e e A 095 A IUErOTY SRS bl pURBSR ol cdBerpat
devi ces dgphnind la frdvotaahiony ¢ lveaddatg ¢ lagligni ontoahtleaspafacefohandl i ng
devilges é?e l%'?g,lg éﬂtﬁp&\ﬁﬂxif%gmgﬁﬁzli?l'&sdevice 9 for uniformalizing
the thickness of the coating solution on the lens (corresponds
to a flexible film in the step (C)), UV devices 10 and 11 for
curing the coating solution, and a pair of handling devices 12
and 13 for conveying the lens.
20 As the lens 15, there can be suitably used a disk-like
glass or resin base material that is usually used as a lens.
From the standpoint of small weight and resistance against the
cracking, however, it is desired to use a resin (plastic) lens.
The plastic spectacle lenses, in general, have curved surfaces
25 and, besides, their convex surfaces assume a complex curved shape
as a result of modern development in the optical design. The
present invention makes it possible to use the above spectacle
lenses without any problem. If the thickness of the outer
circumferential surface (side surface) of the lens is smaller
30 than 5mm, the conventional method was not capable of preventing
the photochromic coating solution from adhering to the side
surface and the back surface of the lens when it was applied.
However, the method of the present invention makes it possible
to prevent the photochromic coating solution from adhering to

35 such portions. Owing to distinguished effect of the present



20 As the lens 15, there can be suitably used a disk-like glass or resin
base material that is usually used aﬁ a lens. Fromthe standpoint of snal
wei ght and resi stance agai nst the écking, however, it is desired to use a
resin (plastic) lens. The plastic spectacle |enses, in general, have curved
surfaces 25 and, besides, their convex surfaces assunme a conplex curved
shape as a result of nodern devel opment in the optical design. The present

i nvent i ofy, p@keson ta@@%%bgllﬁeﬁoalyéﬁet hge ahovesspeat 8slese kdRrseanw t jout any
problem 1f the thickness of the outer circunferential surface (side

surface)h%Nlm%éjFéﬁ§dﬁsSEﬁﬁPFéraé@ngH§ﬁ3§%ﬁﬁuﬂﬁﬁ§Qﬂ§ﬂ@@n@ﬁ8€aP nEPﬁod was

not capaples ¢ha! Y&t @grgrefietpgﬁtsamrgﬂac f;maat idig a0l Wt her f4pgeadhering
to the side surface and the back surface of the lens when it waS appli ed.

However ,thar 4ethod of the present invention nmakes it possible to prevent

the ghot ochr org-oa | %éqw\)é)rlefr{somué%ﬁqu'ynghta% 35cauGhtaeEt beng. Owi ng
to di'stingui shed effect of the present i nvention as described above, it

is desired 1o ard ameouless ql:)am%'(aﬁ/ir@ft% &¢ d®0 gurf ace al ong t he
circunferentia; ed elﬁcu§1!}%1tésegsdé\;?(t5e Fur Eeh@%%gﬁgtﬂ‘?@lén@“ affe

particularly, no arger bove | ens, usually, has
a curvatcerteriny deyite Ants arremged dhatiee drefdf sigetof S0bane Flgtez

| I ust th 2
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The 10entpaingdliock Rlhsssa2l0pkth wfe ipirgok dsichmes n2a iminghaag@ppr ovi ded
mai nt ai nk ngy 8930 188&%18&3%@@59%88' ga% c?ér?%%ﬂ&n &S’Héeﬁtf‘ﬂ{anged In

concentric fO cen er t d are rmed to neet the outer
ci rcunf etemeardlershhpelersd 16he Thasdepkbdoire dormesl sozesst &h¢ outercapabl e

o acor | ROREL TR, Mt AL dh R Sl IR ARy, 00 | m0e,
t he centare ofapdiel estafpsceth tafr itrige tha de@Bebloikfpbatessmall diameter
15 through up to a large diameter in order of the lowermost step
dl through d2, d3, d4 up to d5.
At the center of the steps d of the pair of block plates
21, acenteringrod22 isprovidedto support thelensofacircular
shape in transverse cross section. The centering rod 22 is
20 studded with its distal end facing upward in a manner that the
central position of the centering rod 22 is in agreement with
the centers of the steps dl to d5. The centering rod 22 is so
constituted that the lens 15 positionedbeingplacedon the steps
d can be supported at the distal end of the centering rod 22
25 Dby raising the centering rod 22.
The centering rod 22 can be moved up and down by a lift
(not shown) provided on the side surface of the base plate 16,
andcanbemovedinthetransversedirectionbetween the centering
device 2 and the device 3 for measuring the height of the lens
30 along léa formed in the base plate 16.
Fig. 3 illustrates the sensor 3 for measuring the height
of the lens.
The device 3 for measuring the height of the lens has a
pair of support brackets 23 which are provided facing each other

35 maintainingagap. Twosetsof sensorunits24and25arearranged



21,,a centering rod 22 is provided to support the lens of a circular shape
in transverse cross section. The cenﬁﬁring rod 22 is 20 studded with its
distal end facing upward in a manner "that the central position of the
centering rod 22 is in agreement with the centers of the steps dl to db5.
The centering rod 22 is so constituted that the | ens 15 positioned being
pl aced on the steps d can be supported at the distal end of the centering

rod 22 25 the Lippeirngutiigcesnt eré NG HOGupporthereeneessi 0g.r oser2oean be
noved up.and down i (naot. shown rovided on 4t‘he si de, surface of the

d by a lift ) ) d
base pl &% 18?25§rfd%/E%ﬁSSé‘sF?ﬁ\}Jé’Hqu124ﬁ§dt FRVRPEECH + EERT TP bt WREN t he
cent eri Ngbricedm CE iZrnéniite cdgviaea 3 foghteasgei fgnghgoheight (pighbe | ens
30 along 16a fornmed in the base_gl ate 16. Fig. 3.il ustrﬁt@es t he. sensor 3
for meastRFH’$he hdihgnt 19 -eREL FLRG Porid Asy PRATILFIGT REZES Y ALYCRhe hei ght

of the |&Rs Ras &tdpiby Al rs8RBOPILEREKESS, 2hdVairehraceipeavbgeehéaci ng
each other 35 maintaining a gap. Two sets of sensor units 24 and 25 are
ar r anged HIN L LG M RO Rkt f hfseMPBUpptt 12 acd@t s 23. Sensors

24a and 25a ofrHd@ 3N36r cHAVEFeddr AOH e QAT 18Ry Aeviight 26yt £h80

portion (light emtter) and a light-receiving portion (light Tteceiver)
The |i gltergriNnhg QPbrLi dAsa BhrRI¢ARG YRR NehisSemsD g é4pef Fadt 2Ad by

mrrors é@nar}%%%bzmpdzs%g Fm%%i VRE 14 B il igMsdRELLYERDeROELEONS Of

t he sensors 24a and 25a. ens 15 conveyed fromthe centering device 2 by
t he 10centenrs s 2,22 Spsand ridry &d yeinsedAbt heSkeridts 4 azga, begasapde t he

mrrors 24 t i ﬁ}g:eed t ors 24a,
25a and ﬁ%an%?%%?g\mggt%&%gbsgﬁﬂé%eé:ce}fé{)eans 'a%@ﬁwrgg facﬁ%ﬁ?ﬁﬁg ens
15andar ethe manefaar anigisudf andTheradtret theh@resesse godi the24enfadld5 det ect

the pr es&r‘&?% ‘Bfefﬁfgénlfg” Iejééhaacﬁjlt%er %ﬁéeé‘&ﬁfé‘c‘?é FlomPk HeNBabeNg1 SpET ace from

t he base ate ustrates the priner spinning device 4 and
t he

15 Fig. 4 illustrates the primer spinning device 4 and the
primer solution-applying device 5.

Alift unit 27 for the primer spinning device 4 is arranged
in the base plate 16. The lift unit 27 is provided with a base
plate-side support plate 28 fixed to the base plate 16, the base

20 plate-side support plate 28 is provided with a guide rail 29
in the vertical direction, and a 1ift block 30 is fitted to the
guide rail 29. The lift block 30 is capable of moving up and
down along the guide rail 29 due to pneumatic pressure means
based on a rodless cylinder that is not shown.

25 The 1lift block 30 is provided with a servo motor 31 which
has a rotary shaft on the upper side thereof. The distal end
of the rotary shaft is connected to a spin shaft 32 which is
a lens support portion directed upward.

A seat 35 is arranged on the base plate 16 surrounding

30 the spin shaft 32, and a coating solution recovery tray 36 is
provided on the seat 35. The spin shaft 32 penetrates through
the recovery tray 36 and the seat 35, and protrudes upward from
the bottom surface of the recovery tray 36.

Fig. 4illustrates theprimer solution-applying apparatus
35 5.



priper solution-applying device 5. Alift unit 27 for the prinmer spinning
device 4 is arranged in the base pl ate 16. The lift unit 27 is provided
W th a base plate-side support plate 28 fixed to the base plate 16, the
base 20 pl ate-side support plate 28 is provided with a guide rail 29 in the
vertical direction, and a lift block 30 is fitted to the guide rail 29. The
lift block 30 is capable of noving up and down along the guide rail 29 due

to pneumatic RNLSHYNE, BARINSax RAEIdOMNA tF DIk eSSk t@Hd AL n it x+8x DOt shown.
25 The 1ift block 30 is provided with a servo notor 31 which hgs a rotary

shaft o tIREtigPeOsitde DRSS blatend odi sTRP %nﬂm%fg‘t‘h%er‘b‘ﬂla?y haft is

connect edt Ay $pkD shaila:3% WANEhsd Sew a1l 8BAnSERBArto ROEREOB MbESEt ed
upward. A seat 35 is arranged on the base plate 16 surroundi pg 30 the spin

shaf t 32“3an§u§t@65h|ﬁgséb Bt Pkt rec dve P rergy BBtPsthﬁr%v?ﬂbﬁ Rl ne seat

35. &he spidy ghaf t ygénPEREYEAGeend W OMEN mdthe uecovekystiay 3fiangxthe seat
35, and protrudes upward from the bott om surface of the recovery tray 36.

Fig. 4 i93uq dte%Req Heopvanfbros faskvarhpdl yilty ek adisreadsian- 15 As

shown, an X-axis tgidl d¢iHBI hn3P 45 £XTRAUIHE] B BhaxXsaKhs1dsepeli op on the
base plate 16. The X-axis guide unit 39 is screwed into an X-axis bal

screw 4lthnmediedda é natber wp-aptodownodiraet hep, baingi genpprtedotes screwed
into the e 95E§rg0'h' 5@ SEERW %Jrvoupggopataw ng 1&&% PRIMO4 5o deghe slide

unit 42 can ormar ward in X-axis direction. To the
sl i d8 urin the Zi-gxastadHesc zew4 éi@egn@aaqrw@wmthﬁathm@wml@he

up-and- dayn i £ ectian BeingGORRBCLENVEonoLHE B! AENLSIALE fotpey gervomt or

43. A | i s mount 0 on the axi s SCcrew ei ng screwed
into tthW%a@e@@mﬂmn Ahe:raardf smmmd @rippiond m@ebser%lmwnu@d the lift

bl ock 45, [Ehe ) iR }ﬁg; Foanse Va 53§Eé‘p991§8p5’9r1s ﬁﬁ’r‘?{eé%ﬁstﬂgum ed on

the lift 'blo I's nmounted on
distal end of the support member 46, and anozzle 48 for injecting

15 the coating solution is arranged at the lower end of the dispense
valve47. Anadjustingslider 50 ismountedon the support member
46 for adjusting the position of the nozzle 48 in the Y-axis
direction. Thecentral positionof thenozzle 48 andthe central
position of the spin shaft 32 of the primer-side lens support
20 device 4 are adjusted by the slide unit 42 and the slider 50.
Fig. 5illustrates anozzle 85 for washing the back surface
of the lens 15. The nozzle 85 for washing the back surface is
provided by the side of a spin shaft 32 and is arranged just
under the lens 15 that is supported by the spin shaft 32. The
25 nozzle 85 for washing the back surface is connected to a solvent
feed source that isnot shown, andarbitrarilyinjectsthe solvent
upon opening or closing the nozzle shut-off means that is not
shown. The nozzle 85 for washing the back surface protrudes
upward from the base plate 6 through a hole formed in the base
30 plate 16 whereby an injection nozzle 85a is directed in the
vertical direction to inject the solvent to the back surface

of the lens 15.
On the base plate 16 of the coating device 1 is provided
a nozzle standby jar 72 in which the nozzle 48 of the dispense

35 valve 47 will be dipped, and the solvent is stored in the nozzle



di stal end of the support nenber 46, and a nozzle 48 for injecting 15 the
coating solution is arranged at the wer end of the dispense valve 47 . An
adjusting slider 50 is nounted on the support nenber 46 for adjusting the
position of the nozzle 48 in the Y-axis direction. The central position of
the nozzle 48 and the central position of the spin shaft 32 of the
primer-side | ens support 20 device 4 are adjusted by the slide unit 42 and
the slidaamy FY75 illustrates a nozzle 85 for washing the back surface
of the lens 1§I The nozzl e 85 for washing the back surface is provided by
the side of aFd@i-nbsEROps3Ehgnd ens-grwangedSVdse Uunder the lens 15 that is

supported by triR SN Ehaflg 3QvidEe 12 Ki0Z&hBo8PméAt compiHiRe stiter dack

surface is connected to a solvent feed source that is not shown, and
ar bi t r aka%es-nj Eaghs 1eAg-46Y¥BAt Potipbh Bpehl PRESrUR| 3RF ridPW N d7 %P e

shut sof foJmans Jhdlg ip3 s NAMY, HRAFAE Goad Anasidmt 4k back
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base 30 amberss Seher BRGrafior; detnofhidbars 838 forardeefcd TP toe

verti calg iy %Ht%rintee 'cwaﬁetert Be fgLkvento d;&@nm? packngWdamnofidde | ens

15. On the base plate 16 of the coating device is provided a nozzle
st andby dearice2 12n V\hﬂ@ﬁl& SAPPOLEl 8ha8tof 3 tiHe ediesfedsén Bse wgstel @l wi | | be

di pped, r}]%d‘-tfl% eltv‘en% bSt s8R e euaht Ren 3%%'& LBamBbangby m thte Fig. 6

shows the lens yrng evice 6. The lens-drying device 6 in this enbodi nent
conpPi sd@ﬂ&wrléecabokessumtrw@r%to‘rrfyi w@p@@xeng gécthenkenasuprPown by two
S partitdonphgplates 51 and, therefore, has three container chanbers 52.
Therefore ni ne chanbers are forned as a whole. Each contai ner chanber 52
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shaft 5%olution uniformalizing device 9.

15 The photochromic spinning device 7 is provided nearly at
the central portion of the base plate 16 and is forming a circular
seat 55 that protrudes upward from the base plate 16. A guide
rail 56 is provided in the base plate 16. The guide rail 56
is provided with a lens support member 57 that slides on a rail

20 56a of the guide rail 56 in the up-and-down (vertical) direction
due to the pneumatic force that is not shown. A servo motor
58 is fixed to the lens support member 57. Anupwardly extending
spinshaft 59is attached tothe servomotor 58, and is penetrating
through a hole 55a formed in the circular seat 55 so as to work

25 as a lens support portion. An adsorption hole is formed at the
central portion of the spin shaft 59 and is connected to air
suction means that is not shown so as to support the lens 15.
A tray 60 for recovering the photochromatic coating solution
is arranged surrounding the spin shaft 59.

30 As shown in Fig. 7, the photochromic solution-applying
device 8 includes an air slide table 61 provided on the base
plate 16, and a slide block 62 is fitted onto the air slide table
61 so as to slide in the back-and-forth (Y-axis) direction of
the coating apparatus 1. A Z-axis ball screw 63 extending in

35 the up-and-down direction is pivoted to the slide block 62, and



Fig. 7 illustrates the photochrom c spinning device 7, the photochromc

sol ution-applying device 8 and the cggting solution uniformalizing device
9. 15 The photochrom ¢ spinning device 7 is provided nearly at the central
portion of the base plate 16 and is formng a circular seat 55 that
protrudes upward fromthe base plate 16. A guide rail 56 is provided in the
base plate 16. The guide rail 56 is provided with a |ens support nenber 57

that slidleered @otatl6L0s58atathédecguindappairl edd oM thieezupxasdogDIN
(verti cal dlr%gtlogﬁ due to the pneymatic force that is not shown. A servo

not or LeX 5 ??%Y?éW§“§ﬁ bt RERBEFE72 AP ERIRFHI SHRRY Bhdi ng

spi n shafdmtad 65 Bhvashed B0l 1 httseve BkotohBainsd sSppepetmatbag through
a hole 55a formed in the circular seat 55 so as to work 25 as a |ens support
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shaf§ S5ketddinFLoomeel & tRe doht aSKelrd HippEahfmebatl 65180 HhoNego as to
support the lens 15. A traﬁ 60 for recovering the photochromatic coating
/

sol uti orFhats the snpeersupPedRdFRE§TERE SAPNPENBRRF189. w%bhA€e§$%ﬁE ¥R Fig. 7,

the photiafhQmitG is@riUbb ot BRRINE RBta9§VERa 8 £85I dcles arial.r Abidgetable 61
provided on the base plate 16, and a'slide block 62 is fitted onto the air

slide tablide drlagk £ 19 Kagen thene iaddiaf-tahrka iv-Hxid)e direction of

the coatdik-anRArAMS HirBc€idKl, Sthal éoﬁ@&fﬂw%@&tseaduegeantéﬁnw@
up- and-down direction is plvoted to the slide blo and 17 a servo

not 8P 64 1 dusicREETt dharrairg odnghefleme 12 é;ﬂ@rtsialthe gukEew BBde The servo

not or 64 HSrdPrint] N2 RIMA NEIrSUPRAIE  nmenber 65 having a ball nut, and
the contalner support nenber 65 is supporting a container 66 that contains

the coating sAafSEHnGtRI T + i/ngthe q@aging sphutéont W heersabboiRInenber 65
I's so nynjed 9t|1ﬁtclhB@s55pP-0£>h§ aa‘f?dé hﬁ{le@f73c%@o%d\é@r bﬁdt%t@?§§5p30t to

the container 66 with the rotary s 8a as an axis I de bl ock
62 slidaxlajie Lhe b ¥ -gkigesarity Bo6OriH dhandikedrd-the thagilseztida, the

CO”E@'”Qﬁtﬁ?'ﬁﬁ %FHPQEQ—Eglgnﬁgll screw 77 supported by bearings 75

and 76 is attached to the Y-axis servo motor 74 so as to rotate.
A Z-axis slide unit 78 having a ball nut is screwed into the
Y-axis ball screw 77 and is allowed to move in the back-and-forth
direction accompanying the rotation of the servo motor 74.
20 A servo motor 79 is mounted on the Z-axis slide unit 78,
and a 1lift stage 83 equipped with a ball nut is attached to a
Z-axis ball screw 82 that is supported by bearings 80 and 81,
the ball nut being screwed onto the Z-axis ball screw 82. The
lift stage 83 moves up and down as the servo motor 79 rotates.
25 An arm 84 extending toward the spin shaft 59 is provided at an
upper part of thelift stage 83, anda flexible film 86 comprising
a plastic film such as a PET film is hanging down from the end
of the arm 84 to uniformalize the thickness of the photochromic
coating solution. If the Y-axis servo motor 74 is driven to
30 move the lift stage 83 in the transverse direction, the film
86 passes through a locus on the center of the lens 15 in the
radial direction.
Referring to Fig. 9, near the spin shaft 59, a
spatula-fixing jig 111 is provided on the upper surface (outer

35 circumferential surface) 15aof thelens 15toprevent the coating



10 from just over the center of the lens 15 toward the outer side thereof
inthe radial direction. Referring to Fig. 7, the coating solution

uni formalizing device 9 includes aMaxis slide unit 73 provi ded on the
base plate 16. A Y-axis servo notor 74 is nmounted on the Y-axis slide 15
unit 73, and a Y-axis ball screw 77 supported by bearings 75 and 76 is
attached to the Y-axis servo notor 74 so as to rotate. A Z-axis slide unit

78 havi gg1atah! £ bl ddheIAmEMEH (1KY QilfaesuYrarkSoPrile $6AEW Y7 aMbis
all owed to nove in the back-and-forth direction acconpanying the rotation

of the sepYBlapfédring. 120 Alieivof Wrdrty AR @M UkEFIich & ROUWALENSE sl i de
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n‘Dulr‘gl nghgl 838&131'2 &pr portion 118a by screws so as to hold the

spatula 119 therebetween.

The slide rod 116 has a spring 120 arranged between the
mounting plate 112 and the grip portion 118a, so that the grip
portion 118a slides on the fixing rod 117. The spatula 119 is

20 so arranged that an upper end side of side edge portion (edge)
121 at where the spatula 119 comes in contact with the lens 15
is tilted toward the center side of the lens 15, and that the
side edge portion 121 of the spatula 119 comes in contact with
an upper edge portion 15b of the side surface 15a of the lens

25 15. Ifdescribedin furtherdetail, the upper sideof the spatula
119 (upper side of the side edge portion 121 of the spatula 119)
is tilted toward the center axis C of the lens 15, and a flat
surface 119a of the spatula 119 is arranged on a plane that passes
through the center axis C of the lens 15 and a contact portion

30 P where the side edge portion 121 comes in contact with the upper
edge portion of the lens 15.

Referring to Fig. 9, the end of the spatula 119 is forming
atilted surface 121a by chamfering the end that comes in contact
with the lens 15, and is forming an edge. The spatula 119 can

35 Dbe made of a resin such as a polypropylene or Teflon (registered



trapsverse direction. Afixing rod 117 is provided on a further | ower
portion of the nmounting plate 112 nearly facing the outer 10 circunferenti al
surface of the lens 15. Distal ends b? these rods 116 and 117 are form ng
grip portions 118a and 118b for gripping a spatula 119. The bl ock-like grip
portion 118a is attached to the distal ends of the rods 116 and 117, while
the plate-like grip portion 118b is fixed to the side surface of 15 the

bl ock-1i ke .gri ortion 11 by_.screws . th t 119
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| ens. 15, ;and that the side edge portion 121 of the spatula 119 cones in

cont%ctsﬁﬁf " an upper edge portion 15b of the side surface 15a of the |ens
25 15 . | f degcribedllumstostdertidettal ldeviesuppeandi e Ofr tdherigpatula 119

(upper side of, the side edge rtpon 1 of, the.spatul.a_119 is tilted
Lonard (e ceantbps SR, ABS bRE d6hediger 1Poid SipFactng s the
spat ul acht8,i andr bangednen V¥ pgleaneet hat wiasses ddwaruged helesnter axis C of
the lens 15 and a coatact piétion 30 P, e{e tﬁf si.de qug gortion 121 cones
in contact withetH¥ dppere dlgRaporthoi dPledE §&0NaA% "REFeYR 9o Fig. 9
t hep@nd gekunt Reespat Uhat1h8ahs tRAH N§ nattshéed. sUrHaas il 1A dnk dwnf ering
the end that cones in contact wth the lens 15, and is form ng an edge. The
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(registered 13 {1 AgleERIF) mBHed B 3t a$HEBs3Ss e ST AlsNp £661 88 &&InddH¥ONY t hem
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15 and cooling water circulates through the cooling pipe 91. A
gas feed port 92 is provided at an upper part of the cylinder
90 to introduce N, which is an invert gas into the cylinder 90.
N; is discharged out of the cylinder 90 through a gas discharge
port 93 provided at a lower part of the cylinder 90. A window

20 94 made of a borosilicate glass is formed at an upper part of
the cylinder 90 enabling the UV light to pass through.

The UV devices 10 and 11 shown in Fig. 10 are provided
onone side of thebase plate 16 (onthe right side inthedrawing),
and are forming a circular seat 95 protruding upward from the

25 base plate 16. A guide rail 96 is provided in the base plate

16. The guide rail 96 is provided with a lens support member

97 that slides up and down on a rail 96a of the guide rail 96

due to the pneumatic force that is not shown. A servo motor 98

is fixed to the lens support member 97, and an upwardly extending

30 spin shaft 99 is attached to the servo motor 98. The spin shaft

99 is penetrating through a hole 95a formed in the circular seat

95. As the servo motor 98 rotates, the lens 15 rotates at an
arbitrary rotational speed via the spin shaft 99.

Referring to Fig. 11, the coating apparatus 1 is equipped

35 with a pair of handling devices 12 and 13 for conveying the lens



Fig. 10 illustrates the UV devices 10 and 11 for curing the coating
solution. The two UV devices 10 and Jsare the same ones, and only one W
device 10 will be described bel ow e WV device 10 has a main block 88 that
noves up and 10 down due to lift nmeans that is not shown. The main bl ock 88
is provided with a UV anp 89 arranged just over the lens 15. A cylinder 90
made of a stainless steel is provided under the UV |lanp 89 surroundi ng the

l ens 15154 copbimghdi Peg HevitesAnpaggadi beidie wotadyl skarascopd id roundi ng
the cylinder 90, 15 and cool i ng water C|r%ulatss é?rough t he cooling pipe
91. A d&4 Peeyigsrt onrykinfisafedacsan OdppRf har tSHFS h8 BYYFrtRr 90 to

i ntrodug@ dNAoWhl, Chatis a0 % NMRT t1 (RS rienhethBRedytbneRe S8 ar NsHSf th schar ged
out of the cylinder 90 through a gas discharge ort 93 provided at a | ower

R
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formed afy1an -upRacwdtleOhechBfi SMEIdBigst S Bl Ap1e Wy bghdrh 0 pass
t hrough. The UV devices 10 and 11 shown in Fig. 10 are provided on one side

of the BEFPesapad@otartt kbafitght ai@seh e ih §xPandine £f#% fornming a

ci reul arec3Rat 3 Y id ¥Ry a4t f40h kR ZR1NASEi Pe8t EoAb. Hau de rail
96 is provided inthe base plate 16. The guide rail 96 is provided with a

| ens supgpdr endedblrare7cemnected des e &dsdodnthe armai 1096andf1ehe guide
rail 96 todﬁglltjotﬁéelmm@.t' GhbOhGRat 188 46 ¢ oHOWRm AoSCEYPLgTEQr 98 s

fixed tot ens support nenber 97, and an upwardly extending 30 spin shaft
99 19 atx dokee vbichelrelvdesvile Ttemiangpgiod gRavhichoipstpenkenraiting

ot at os. ERS TeRar 1P oL bl cf Iy pRSEh artbor Shd TELS AP he opin
shaft 9®eaRefrdmg dgviceR gsplin, shagt cavitngheprameruspinhéngglappedl 35 with
hand! 1 ng"dbors subpstEffhe 03 AP BrRd ORI Rt Rt gD A knat o0
cyl i ndriSabfbhke pH@tiocnbri)? spd rasi ngodevieeup. dite demd 1APnef 0% and 106
arelgttQﬁhﬁg'% n$q%6r%b§5¥ 8gagt§ocus which includes the spin shaft
59 of the photochromic device 7 and the spin shafts 99 of the
UV devices 10 and 11.
Next, described below is the procedure of the photochromic
coating operation according to the coating apparatus of this
20 embodiment.
As the material of lens, for example, a thiourethane resin
is used. As a pretreatment as shown in a flow diagram of Fig.
2, further, thelens1l5iswashedwithanalkaline aqueous solution
or by an ultrasonic washing.
25 Next, the operation is carried out by using the coating
apparatus, and the lens 15 is set to the centering device 2 shown
in Fig. 2. The lens 15 is centered by being fitted to any one
of the stepsdl tod5dependingupon the size of the outerdiameter.
The lens 15 is set manually or may be set by using a mechanical
30 handling device.
After having been centered, the lens 15 is placed on the
centering rod 22 that is disposed just under the center of the
steps d of the centering device 2. The centering rod 22 conveys
the lens 15 in the direction of width of the coating apparatus

35 1l up to the sensor 3 for measuring the height of the lens.



103.and 104 so as to rotate. The arns 106, 106 are 5 nulti-articul ated
mechani sms constituted by a plurality;of arm nenbers and rotary shafts, and
are capabl e of expanding or contracting the |ocus of rotation in the radi al
direction. Hands 108 and 110 are connected to the ends of the arns 106 and
107 to hold the lens 15. The hand 10B of the one arm 105 turns on 10 a

| ocus which includes the centering rod 22 which is the lens support portion
of the centeriThg Uensdee Jlantheafsutrieg dasibei Yhdet evaas hienige dght cef 3, spin
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2. The lers cbadit iooNtfRedneig@ Hd tilee t16.any one of the steps dl to d5
dependi ng upon the size of _the outer dianeter. The lens 15 is set manually
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centeredyat hg Bty LhuktSo Pt a6 d 28R rt B8am CBH b0t KO i tt-feati d tsi il sposed
just under the center of the steps d of the centering device 2. e
cent eri BLt3@of ddiv OFfert fenpens? A& lisnr eherai e d h tof L RINIAT t he
coat i ng HapPaL 3l the3pi drdP 3% 1 N SHERAACHS 1105 sMBBSHHEATL hAE A8I s of the
R MGG AL DG L LR R R AL
P e P,
15 hits the lens 15 and is deflected. Therefore, the mirror 25b
receives no laser beam 25c or receives deflected laser beam 25c
which no longer returns back to the sensor 25a, and the presence
of the lens 15 can be recognized. Thus, the center position
(vertex) of the lens 15 and the difference hyg in the height at
20 agivenpositionother thanthe centerof thelens1l5aredetected.
The difference h’ in the height from the center of the
lens 15 to the side surfaceb thereof in the up~and-down direction
can be derived by knowing the height at the center of the lens
15 and the difference hy in the height of the lens 15 detected
25 by the other sensor unit 25. 1In practice, the difference h’
in the height can be calculated by using an approximation such
as h’ = hyD?*/41°.
The rotational speedof thelens1l5andthetime forrotation
in the next step are determined depending upon the gradient of
300 thelensl5derivedfromthedifferenceh’ intheheight calculated
according to the above formula and the radius R of curvature.
The lens 15 found for its curvature or gradient is held
by the hand 108 of the handling device 12 and is placed on the
spin shaft 32 of the primer spinning device 4. The lens 15 that
35 1is centered at the center of the end of the spin shaft 32 is



the,lens 15 and a difference h' in the height fromthe center c¢ on the
front surface side of the lens 15 to %he side surface 15a of the lens 15
shown in Figs. 12A and 12B. The heig% of 5the lens 15 is found in order to
bring the lens 15 into agreenment w th the height of nozzles 48 and 68 of

t he applying devices 5 and 8. The difference h' in the height of the |lens
15 is detected in order to find the gradient of the lens 15 and to

det er m R ot RQLIMIL i on for spinning the lens 15. 10 Referring to Fig. 12A
while the laser beam of the sensor 24a is being shut off, a | aser beam 25c
fromthe IighWﬁéﬁhtﬁﬁﬁgleﬁérﬂﬁoﬂsoﬁU@H@CGFNeFfbgﬁ@oﬁrzgﬁri§Q@éﬂﬁﬁhing back
to the tioedb via the mrror 25b, fromwhich it is learned that no |ens
15 is present. If the lens 15 is noved up, the |aser beam 25c 15 hits the
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surface of the lens 15. Here, the primer coating solutionhaving
a small viscosity may also flow onto the back surface through
the side surface 15a of the lens 15. When being applied or
spin—-coated (or just after coated) with the coating solution,

20 a solvent is injected to the back surface of the lens 15 from
the injection nozzle 85a of the nozzle 85 for washing the back
surfacewhile the lens 15 isbeingrotated. Thecoatingsolution
on the back surface of the lens 15 can thus be washed away by
the injected solvent.

25 The primer coating solution used here is, desirably, an
urethane-type primer resin from the standpoint of closely
adhering property. The urethane-type primer resin has been
disclosed in detail in W02004/078476.

After the coating operation has finished, the end of the

30 nozzle 48 is dipped in the solvent in the lens standby vessel
72 in order to prevent the nozzle 48 of the dispense valve 47
from drying.

After having been coated with the primer coating solution
on the surface, the lens 15 is conveyed by the handling device

35 12 from the spin shaft 32 to the lens-drying device 6. After



22 .then adsorbed. Next, the lens 15 is subjected to the priner coating
operation. Referring to Fig. 12C, th§3priner coating operationis 5
conducted by setting the nozzle 48 of "t he di spense valve 47 at the center
of the lens 15, and driving the servo notor 31 of the |ift block 30 to
rotate the spin shaft 32. Thereafter, the nozzle 48 is noved straight from
just over the center of the lens 15 up to the edge of the upper surface of

the lensidd idadDnd heo T Sk resd i 0o 9f 14 hes | 981 aBE @I WY "gh@ gap h of
not larger than about 10 mmover the straight line fromthe center c of
t he | enslamst@rying segéceur f sBe Ienhépddt taRepad] PEILhR 18NS HérYsR@ai ght

line. Dugdacd he copbrdfdiadd i et 8ftiephbans 1s d@bridek0tdht 18y 15 the
priner coating solution unifornly ;greads over the whole surface of the

| ens 15.op&ratieme rd rdre deatd Adg $dladt iindmaedngs aubnaftedi seokhey nay

al socf | ; hi,t i S ce 15a of the lens
15 Phert A h SAnl T e by et (L ;%r“%?%&%t%%éé‘bat ed) with the
coati ng sol utiNgxt 20esanibathtbeleow djses¢hedopgrekéopaéRrsapsherdothehe | ens

15 fron1ﬂ%$$é&?ﬁgc%%ﬁgbqgg%éﬁ3§§fcoéo§{§h§?§%¢§%§ghfor washi ng the back

surface elng rotate e coating solution on the
back surface dis tthe pbosothroanct host brgwesheiamayigre cha bajesedd

Cr et hane? (58 S5 Ber Dy REPah Rttty 4330608 hfea AFPRRIY Hio B
pr opeér t yof ahe andetrivanet hgpe tpeirerranizsiined aphmsmrudilslsd osmepios ht debai | in
02004/ 078476, AL e bhe £aal g, REIALIen Nas Linshed,; Lhe epd of the 30
nozzl e 48°7s d?pﬁ%&iln(% e solvent I R the Péns Stan by vesse 2 I'n order
to prevers°Q hef ar e 143 00kcentd pdiiseenselvathe ghotbehrodiyi dgat Bdhger havi ng
been Coaéc?fiut\:,\iér? htarxlreln%r ialn\?{sgggiti:p%tsggegiooi'nsmaller than 80 is used,
it becomes difficult to prevent the adhesion on the side surface
15 of the lens. If the photochromic coating solution having a
viscosity at 25C° of larger than 1000 is used, on the other hand,
the operability becomes poor and it becomes difficult to spread
the photochromic coating solution maintaining a uniform
thickness. From the standpoint of preventing the adhesion on
20 the side surface of the lens and operability, therefore, it is
desired to use the photochromic coating solution having a
viscosity at 25°C of 100 to 500 cP, preferably, 110 to 400 cP,
particularly, 120 to 300 cP and, most preferably, 120 to 200
cPb.
25 Preferred photochromic coating solutions are as
exemplified in (i) to (vi) below having viscosities at 25°C of
80 to 1000 centipoises.
(1) A photochromic coating agent obtained by dissolving a
photochromic compound in an urethane oligomer (see WO98/37115).
30 (ii) A photochromic coating agent obtained by dissolving a
photochromic compound in a polymerizable monomer composition
of a combination of monofunctional, bifunctional and
polyfunctional radically polymerizable monomers (see U.S.
Patent No. 5914174).

35 (iii) A photochromic coating agent obtained by dissolving a



on the surface, the lens 15 is conveyed by the handling device 35 12 from
the spin shaft 32 to the |ens-drying,gdevice 6. After 23 the coating
solution on the lens 15 is SO|IdIerd by the lens-drying device 6, the |ens
15 is taken out of the lens-drying device 6. The operation up to this point
is the primer coating operation, and the lens 15 that is dried is subjected
to the 5 photochrom c coating operation in the next step. Next, described
be|0W/i@hbh@cﬁ@@h@ti@6mb@@i¢@@hiﬁg hhmonbm@&\ddmbobhelphohdcbronic coati ng

sol ution. t he photochrom c coat.i sal.ut | i her e us a variety
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them thenhemeasd belysqdea mhotgOLMal)e conposition contalnlng a photochromc
conpounq and havb g a VISCOSIt at ZSCngf 80 to 1000 centipoises. If the
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of 80 to 1000 cent poi ses. A photochrom c coating agent obtained by
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30 (:p'o)lyﬁel}ligta%qlér &%%mgqatao& o@l%@t %bts@dl'l%nb%y?a'es 3@ ving a

phot ochfonic conpound 1 n a polynerizab nmonomer conposition
fluorine-type surfactant and a photochromlc compound (see

15 WO02004/078476).

Among them, the photochromic coating agent (vi) is
preferred from the standpoint of closely adhering property to
the above-mentioned urethane-type primer resin.

In the photochromic coatingoperation, the lens 15onwhich

20 the primer coating is solidified is conveyed by the handling
device 12 from the lens-drying device 6 to the spin shaft 59
of the photochromic spinning device 7 (step (A)). Anadsorption
hole is perforated in the central portion of the spin shaft 59,
and air suction means that is not shown is connected to the

25 adsorption hole to adsorb the lens 15 to thereby support the
lens 15. Therefore, the spin shaft 59 works as the lens support
portion of the photochromic spinning device 7.

In the photochromic coating operation as shown in Fig.
9 and Fig. 13A, the side edge portion 121 of the spatula 119

30 shown in Fig. 9 of the spatula-fixing jig 111 is brought into
contact with the upper edge (corner) portion 15b of the lens
15 (step (E)). At this moment, the arm 113 is advanced toward
the spin shaft 59 by moving means that is not shown to thereby
automatically adjust the position of the spatula 119 depending

35 uponthediameter of the lensthatistobecoated. Aparticularly



of a conbi nation of nonofunctional, bifunctional and polyfunctional

radi cally polynerizable nmononmers (seggU. S.  Patent No. 5914174). 35 (iii) A
phot ochrom ¢ coating agent obtai ned by dissolving a 24 photochrom c
conposition in a nononer conposition of a conbination of two or nore kinds
of bifunctional (nmeth) acrylic nononers only (see WO01/02449). (iv) A

phot ochrom ¢ coating agent conprising an 5 N al koxynet hyl (net h)acryl am de, a
cat al ysdelspreiderabliyt b6 oaciiherhtidl yaé)s sl eaiqm@b@a:hbmilzlo@ﬂpmmd (see
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hol e to adsorb the Iens 15 to thereby Support the ens Therefore, the
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Spinning devigf Enikh chidedBRENRCREORHELROGH 9 0PYE, AMATBRAMY 1N Fig. 9
and Fig. 13A the sid ge portion 121 of the s at ul
solution is 1njected onto the surface of the lens 15 with the
15 end of the nozzle 68 being fixed to the central position of the
lens 15 (position on the rotary axis of the lens 15 and about
1 mm over the surface of the lens 15).

Referring to Figs. 13B and 13C, the coating solution

injected onto the lens 15 is pushed and spread over the whole

20 lens upon being contacted by the lower edge portion of the film
86whichis spreadassistmeans (step (C)). Thelensl5isrotated
and the film 86 is moved under the conditions in which the coating
solution fed onto the central portion of the lens 15 can be most
efficiently spreadover thewhole surface of the lens 15 by taking

25 1into consideration the gradient of the lens found by measuring
the height of the lens.

As the lens 15 is rotated in a state where the film 86
conveyed by the coating uniformalizing device 9 onto the lens
15isdeflectedonthelens 15, thecoatingsolutionis temporarily

30 reserved as it is partly blocked by the film 86. The reserved
coating solution is pushed and spread to assume a nearly uniform
thickness due to the restoring force of the film 86. Upon
maintaining this state, the film 86 is gradually moved from the
center of the lens 15 to the side surface (upper edge portion)

35 of the lens along a straight locus. Here, it is desired that



30 shown in Fig. 9 of the spatula-fixing jig 111 is brought into contact
with the upper edge (corner) portion2 5b of the lens 15 (step (E)). At this
monent, the arm 113 is advanced towar the spin shaft 59 by noving neans
that is not shown to thereby automatically adjust the position of the
spatula 119 dependi ng 35 upon the dianeter of the lens that is to be coated.
A particularly 25 desired result is obtained if the side edge portion 121

of the t3Ratdldki®d SAdrgRd final ddadiRieri erpgdianeoftd sHd | ted
toward the center side of the lens_ 15 at an angle of to 35 degrees with

respect diFaatd arei it Ch the $PRtLlE qapessin eORtRCH ANt B N tTe

cont ai Ngyr Efel Serdd MAMGEd J1USt TOVRS FultBdrefssiredstd RO tokiedendlabks 62 noves
on the air slide table 61 of the agpl ying device 8 (see Fig. 7),. The lens
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I's  suppY tRA ' HAddd ef, manefi1Ned. the photochrom c coating 10 sol ution
is injected fromthe nozzZle 68 onto the surface of the lens 15 with the
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solution is injected onto the surface of the Iens 15 with the 15 end of the
nozzl e 6& Eéﬁngeflﬁx@@inl@h@r&erﬁlteraéllYpd@ﬁﬂnéﬁl@ﬂnﬂhé sl ¥ idesimi on on
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15). Referring to Figs. 3 a e coating solution 1injected onto the
| en30 15 dontmeslddchaartdes prosdd imrerofi Héventfol len 8%0 drerfdheupir dglrepwiont act ed by
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15 in a small amount over the whole lens 15.

In this step, the amount of the photochromic coating
solution on the lens 15 is larger than a desired thickness of
thephotochrbmiccoatingand,therefore,anexcessofthecoating
solution on the lens 15 must be removed to attain a desired amount

20 of thesolution. Tooptimize the amount of the coating solution,
the lens 15 is rotated to shake the coating solution off the
lens 15. The rotational speed of the lens 15 is determined
dependingupon the conditions of the temperature in the apparatus
and the gradient of the lens 15. It is desired that the lens

25 15 is rotated at, for example, 550 to 650 rpm which is faster
than the rotational speed of when the coating solution is spread
by using the film 86.

On the side lower than the upper edge portion 15b of the
lens 15 at where the side edge portion 121 of the spatula 119

30 comes in contact with the lens 15, a gap is formed between the
side edge portion 121 and the side surface 15a of the lens 15.
Owing to the centrifugal force that is produced when the lens
15 is rotated, therefore, the coating solution does not drip
on the side surface 15a of the lens 15 but is guided to the side

35 of the spatula 119. Thus, the coating solution is prevented



conveyed by the coating uniformalizing device 9 onto the lens 15 is

defl ected on the |l ens 15, the coatiqg%solution is tenporarily 30 reserved as
It is partly blocked by the film86." The reserved coating solution is
pushed and spread to assune a nearly uniform thickness due to the restoring
force of the film86. Upon nmamintaining this state, the film86 is gradually
noved fromthe center of the lens 15 to the side surface (upper edge
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the hig&&%mVE%%O%ia%%hﬁthQ@ ean he apRbivedeqld in a small ampunt over the
whole lens 15. In'this step, the amount of the photochrom c coating
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the lens 15 nust be renoved to attain a desired amount 20 of t'he sol ution.
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25 ﬂé‘:‘ i%tr QE?tte}%raéforfé),r c%)ﬁ%%le ed5§9arc0cl§e5Q/irs@gs%iycgfi'§hé 6Ef%taet:ring
solution is taking part in the cause of adhesion. In a state
of viewing the lens 15 with the spatula 119 being positioned
by the side of the lens as shown in Fig. 9 (side view of lens
15), further, a good result is obtained when a tilting angle

20 vyl of the side edge portion 121 of the spatula 119 with respect
to the vertical line L1 is 3 to 45° and, particularly, 5 to 35°
toward the rotary shaft (center) of the lens 15 at a contact
point P where the lens 15 is in contact with the side edge portion
121 of the spatula 119 (corresponds to “90° - o” in Fig. 15).

25 ReferringtoFig. 14Awhichisaplanviewof the lens 15, further,
a good result is obtained if a tilting angle y2 of the side edge
portion 121 of the spatula 119 is set to be 90° with respect
to the tantential line L2 of the lens 15 at a contact point P
where the side edge portion 121 of the spatula 119 is in contact

30  with the lens 15. Referring to Fig. 14B which is a front view
of the lens 15 (the spatula 119 is on the rear side), a good
result is obtained if a tilting angle y3 of the side edge portion
121 is set to be 90° with respect to the horizontal line L3 that
passes through the contact point P. Here, the flat surface 119a

35 forming, on the side edge thereof, the side edge portion 121



than the rotational speed of when the coating solution is spread by using
the film86. On the side | ower than,the upper edge portion 15b of the |ens
15 at where the side edge portion 13 of the spatula 119 30 cones in
contact with the lens 15, a gap is forned between the side edge portion 121
and the side surface 15a of the lens 15. Owing to the centrifugal force
that is produced when the Iens 15 is rotated, therefore, the coating

sol uti opr daes gmm%upg 98 Ahe eqfoﬁarfflmepﬂéeeehamﬁsl%tﬂéo@gn i s guided

to the side 3 the spatula 119. Thus, the coating so ution is revented
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the edge of the lens 15. The spring 120 of the fixing jig 111 plays the roll
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15 patent document 1.
The photochromic coating solution may also flow onto the
back surface of the lens particularly when the curvature of the
back surface of the lens is small. In this case, toco, if the
photochromic coating solution is applied with the spatula 119
20 being in contact, the coating solution is prevented from flowing
not only onto the side surface of the lens 15 but also onto the
back surface thereof. 1Itis, therefore, madepossibletoprevent
the back surface of the lens from being contaminated with the
coating solution.
25 As described above, removal of the excess of the
photochromic coating solution by using the spatula 119 is
particularly advantageous in the case of producing finished
lenses 15 without polishing the back surfaces thereof.
In the foregoing was described an embodiment in which the
30 step (E) was executed after the end of the step (A) but prior
to starting the step (B). The step (E), however, may be executed
before the photochromic coating solution arrives at the
circumferential edge portion of the lens in the step (C).
From the standpoint of further simplifying the control
35 yet obtaining more reliable effect, it is desired that the step



121.0of the spatula 119 (corresponds to "90 - a" in Fig. 15). 25 Referring to
Fig. 14A which is a plan view of thzglens 15, further, a good result is
obtained if atilting angle y2 of thée side edge portion 121 of the spatula
119 is set to be 90 with respect to the tantential line L2 of the lens 15
at a contact point P where the side edge portion 121 of the spatula 119 is
in contact 30 with the lens 15. Referring to Fig. 14B which is a front view

of the |@N$akSnébher SPAIHERLL1Bhe Sstirtt ke tRarstdplal) .2 9Retcod@sdlt is
obtained if a tilting angle y3 of the side edge portion _121 is set to be 90

with rekfetds eotadaciob PEoRgRIthe RPOVE PRAFCSHase S Iefr 8hghT PMECRINt act
poi nt Pys He¥rsqudihe, flat surface 119a 35 formng, on the side edge thereof,
the side edge portion 121 28 of the spatula 119, is arranged on a flat
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lens 1%n and bRhAWORand N6 can! Besaxed €hot the Jreps (£Y. idcopsdingqto this
enbodi nent as descri bed above, the side 5 ed portion 121 of the spatula

e
119 i s drlrighhe P déntet al a moment vbsertfaggéoseptﬂréﬁlm%@ir@%e | ens 15

at the 4k n 3R WY tthféeu%g%_tri 3G r$aket bent ABKi BFsi {sPOSeEM b0 prevent
the coating solution fromadhering on the side surface 15a of the lens 15

and el itenalasig Aty né8d 60 W di Mprhelasicradtiorilc teod® b ngf uEkeF uti on of f
or the @81 AU 7BNebod S ity NpedLobuvashlNg LI by ] T 16098k Ngr SOl LT on
e bac %y ‘uSfng the ndzzl e a

away fromt kK surface _ 5 shown 1n Fig. 5. There
i slo ndedl frimin@nase ofcddiei Agnsol uthon-peeadunall yedeeredses e, 14),

T5' pat St Ao SEer L g shdin b sy Gt PRE TR W onto
the batkatsurd duosingf _amBlJ'l@ﬁrp‘arImEil_(Rﬂ art )pcwma'irblt@é:@umﬂai urigglofy t h_e back
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Ofl%he iﬁ%%&éé}é%%efﬁé%%é¥H§3 Hqgis allowed to produce the products
of a high quality having interference patterns which are spread
in neat circles in good yields.
Theeffectof theinventionisexhibitedmost conspicuously
when the photochromic coating solution having a predetermined
20 viscosity is used. It is, however, also allowable to use a
photocurable coating solution without containing the
photochromic compound if its viscosity satisfies predetermined
conditions.
After having been coated with the photochromic coating
25 solution, the lens 15 is conveyed by another handling device
13 from the spin shaft 59 of the applying device 8 so as to be
supported by the spin shaft 99 of the UV device 10 (or UV device
11). Thespinshaft 59iswithin the loci of both the one handling
device 12 and another handling device 13.
30 Referring to Fig. 10, the lens 15 is surrounded by the
cylinder 90 of the UV device 10, and the interior of the cylinder
90 is purged with nitrogen. After the height of the UV lamp
89 of the UV device 10 is adjusted to be in positibn, the lens
15 which is maintained rotating is irradiated with light from

35 the UV lamp 89 to cure the coating.



back surf ace thereof. It is, theref ore, nmade possible to prevent the back
surface of the lens fronlbelng contgginated with the coating solution. 25
As described above, renopval of the excess of the photochronic coating
solution by using the spatula 119 is particularly advantageous in the case
of producing finished I|enses 15 w thout polishing the back surfaces
thereof. In the foregoing was descri bed an enbodi nent in which the 30 step
(E) was exeqfited taiéphotbchgaxdici:otalmns;t@m(aéc)ldwha@bie@m firgisHed ti ng t he

step (B The st ( ver, be execu fore the photochromc
Coati NI e, SOOI FO s S 5t T USe Che 1ens | n
the steRfltiv pﬁbahetgya@ﬂ@mnﬁ a@fcefptubtbh@rpswpbtfsyaf@ stdlgemm;d ol 35 yet
obtaining nore reljable effect is desired that the, st E) has been

fini shed® byt e +@goft¥HE”sFBE QQStOCH?@m%%éFEH”JFbﬁ§e§gﬁ%?3ﬁﬁéd t hr ough

t hesabay: pepsass, argatres, ehewmla@soaatmbﬁdymﬁlfzsempfmmwe product s
of a high quality in, good ylelds on the other hg s desjred that

d, it
the stdp @EPligdeRakipedt eﬁq%%lttlrff’eta BE OGRS eOREOLPCAT ABHEN SRR t he
phot ocyy apldgh GRatiiing . sol ution fed onto the upper surface of the lens is
spread up to, desirably, 50%to 9896 nore desirably, 60 to 98% further
desirably, 76NHe samvants phe ilemsarldy fresn cxfipitdna defentdrelo t he

surface YL Mcd, hffﬂoﬁlnios-[hlgs196€§Bﬁ§bb¥1ﬂ§cé§@§§§ ppechefdaptigg vibration
glven by "t he spatula to the coating solution that is being applied and

nakBs igolpgsqarplunaveniyt e@dhegad) tadiforside rdare rE ghvt d&@irsbl e coat i ng
sol Ut § QoA  €BM| dccut POKER &ﬁgubﬁnﬁﬁﬁ&ﬁeﬂ%a@ tReeNt K8 £k Of ten

exhibits 15 interference patterns, it is allowed to produce the products of
a_hi gh dped ey hivitegthat o éh@rﬂ%ﬂlpéﬁﬁ%i ddawhi dfheapebspaabt SteMeat

circles,d Po?rﬂ?ﬁ%éenﬁ ﬁg?gbk%ttl réﬂeedﬂvc%n&b%lhga%h'm@dﬂefmst

conspl cuous romc coatling sol ution aVI ng a pr edet erm ned
prevents the coatlng from peeling caused by the primer layer

15 that has unevenly adhered on the side surface of the lens.
The invention will now be described with reference to
Examples and Comparative Examples to which only, however, the

invention is in no way limited.

20 (Example 1)

A photochromic coating layer was formed on the surface
of an allyl resin lens material 15 (CR; refractive index =1.50,
thickness of side surface; 3.8 mm) according to the following
procedure by using the coating apparatus shown in Fig. 1.

25 The lens 15was, first, dewaxedwithacetonetoasufficient
degree. As a primer, a composition was obtained by mixing
together a moisture curing primer manufactured by Takebayashi
Kagaku Kogyo Co. “Takeseal PFR402TP-4” and ethyl acetate each
in an amount of 50 parts by weight and, further adding 0.03 parts

30 by weight of a leveling agent manufactured by Toray-Dow Corning
Co. “FZ-2104" thereto followedbystirringtoasufficient degree
inanitrogenatmosphereuntil the compositionbecame homogeneous.
The CR surfacerwas spin-coated with the primer composition and
was cured at room temperature for 15 minutes to obtain a lens

35 material having a primer coating.



20 viscosity is used. It is, however, also allowable to use a photocurable
coating solution wthout containing,the photochrom c conpound if its
viscosity satisfies predeterm ned % nditions. After having been coated with
t he photochrom c coating 25 solution, the lens 15 is conveyed by anot her
handling device 13 fromthe spin shaft 59 of the applying device 8 so as to
be supported by the spin shaft 99 of the UV device 10 (or UV device 11)

The spin shaiex?9 e Wehdi 15 HR® ineCtn®b Aaldt Ebst ong dpbHtidirfatayi ce 12 and
anot her handl i ng device 13. 30 Referring to Fig. 1Q, the lens 15 is

sur r ourdEF AN W SeENq EH%P“@GQ‘?F“PH@%PH&%%‘%%U}CS% (8R&PiWt)eri or of the

cylindglext90 the BYytgeddykt BobtibAIEP1 A t&paties NEI PN afnd e Adhd amp 89 of
the UV device 10 is adjusted to be in position, the lens 15 which is

mai nt aijded1E btwas ReULHLi FRBAIGRNERGH WAt Gk URRSH edgetPRrtAPrdmP 89 to cure

thescogfd pRe 13hs Abt g4t d g ERNOL OEHE OFIto 1A BY QReralyi ogy hagidyeen fi ni shed,
adhesi on of the photochrom c coating is checked to exclude defective

producttéie gidet Adgaceept bon el pF QfusPatada 4B vesetr aranaedriiadt ing. Thus,
the ph‘%%%c?ﬁﬁg}%rﬁpn?%)%@gohstﬁ@fé@ﬁ reln) éi%b@d't%waééthzh@éntér dige coating

solution of " unifor ickness Is applied making it possible to produce

phot ocleforthe lens &P maintghngpal fryandhesobriVedrdrede (hs 3 trom
exhi bi Vi%%ogﬁé ﬁr%tﬂt‘i%alaPPﬁé‘r(?ég%ezf 1% 'i‘Plsi:]HQ d—gg‘rre%ctﬁot}ﬁ' Q%e%tbs.ed by the

coating sol uti on unevenl hered to the si surface of the |ens,
predents ahe gefereconee ohs sigsirrabpadcheandenrerdee fhat shefacedlPves not fit

to that h | cat o101 S e rdg har d
coati né)fgfrthgn%g?g*%gicﬁjgﬁscgg iah Sgnﬁl{?%f g’lrit%ﬁtgrt,s'ﬁsgr%%éesn%(g 1~{thle&hcgg]at ing from
peel i ndheagsedebyakhe @rofrerhd dyears 15 thdt thasconeyeh| yonihen et an t he si de

2ot oSyt U 0 s NN D Wil R i descr Ded i reference to
Thereafter, the nozzle 68 of the container 66 containing
15 a separately prepared photochromic coating solution (having a
viscosity at 25°C of 130 cP) was arranged just over the lens
15, and 1 g of the photochromic coating solution was injected
onto the surface of the lens 15 from the nozzle 68 (step (B)).
Next, while rotating the lens material 15 at 100 rpm, the film
20 86 was brought into contact with the center of the lens 15 and
was gradually moved up to the side surface (upper edge portion)
of the lens along the straight locus to spread the photochromic
coating solution. Next, the rotational speed was increased up
to 600 rpmto remove anexcess of thephotochromiccoatingsolution
25 (step (C)). At this moment, the excess of the photochromic
coating solutionwas guidedbythe spatula andwas removedwithout
adhering on the side surface 15a of the lens 15.
The lens 15 having the thus coated surface was conveyed
by the handling device 13 from the applying device 8 to the UV
30 device 10, was irradiated with light of a metal halide lamp of
which the output has been adjusted to be 130 mW/cm? at 405 nm
on the surface of the lens for 3 minutes in a nitrogen gas
atmosphere to cure the coating, followed by the heat treatment
in a constant-temperature vessel maintained at 120°C to obtain

35 a photochromic cured thin film (step (D)). The thus obtained



invention is in no way limted. 20 (Exanple 1) A photochrom c coating |ayer
was fornmed on the surface of an alg | resin lens material 15 (CR
refractive index = 1.50, thickness~6f side surface; 3.8 m1 according to
the follow ng procedure by using the coating apparatus shown in Fig. 1. 25
The lens 15 was, first, dewaxedwi th acetone to a sufficient degree. As a
primer, a conposition was obtained by mxing together a noisture curing

primer nmodacthed R ctpkgbayasih wakagakyukedypofats' Iﬁk@&ﬁélssPEBMZTP-
and ethyl acetate each in an amount of 50 parts by weight and, further

addi ng e 02>k t£0 3Mby wei ght of a |eveling agent manufactured by Toray- Dow
Corning Co. FHL+HHMprbhgEEHO1 é04 Inpned: %%Vl'h'gnghbo% Ro®&ER 6k €8t degrgeR
0

in a nitrogen at m)sghere until the conposition beécane nogeneous. The
sur f aceCORisl RpiwRc OREEd VRIdt RY t e HrimEd nglokPatine m%b%soéu%g at room

temeraé%@oéﬁforﬂéc MLAUH £%g (S AR AN Kad %@en SaRBEEd | Gh Ry §0q8 pri mer

coati ng. Next, the lens 15 having the i mer coating on the surface
thereofswa%a%%tototh%ebqﬂﬂbtmﬁaﬁﬁco pilvi kep®levice 7 (step (A ) . Next,

the side edgefl‘pé)#l’jtcﬁg)cjl%]on@c 3;%%&%'@ %%Qu otnhﬁs%ﬁx%ﬂgfhi.ngQ yas bought

into contact wt upper edge portlon 5650 ens 15 tep (E) ,
cont actwadrpiepared see a:irganrggr aHetescribhed hefeowdgdhedr tiison 121 of spatul a

119 vva tovvard
the corter o SEBFIAE v LouFR kARG SRR IRt SR S0 e L0 (0171750
wi e thbe%rqlmlldrmm(xcbmtt@r ayesade nhkeCithir eeeiomt ake Fig. 10 9) as a
ref eren patula 119
was arr%%zge/gé%ﬂﬁezt ‘?gp,[e%%,{e atsléled&f% %ﬁé%%%glc%égerr%}é&%%f the | ens
15 and Méveamu.ba:tte p(dﬂﬁﬂl(mOPmehufbhEuseddopd)gs:qdoUCBo(no12/1ghy|d1dijnb | ens 15.
Thereaft er r 66 .cont.ai n| n 15 a se%ar ately

T e that T St Bln P AT LR e R BoBEned 3, uEER 2 10

cP) wasnixedngee thest abvemitkieg easio of 40 parts by we1ght/15 parts
15 byweight/25partsbyweight/10partsbyweight/10partsbyweight,
respectively.
Next, to 100 parts by weight of the thus obtained mixture
of the radically polymerizable monomers were further added 2.0
parts by weight of a photochromic compound (PCl) having a
20 structure represented by the following formula,

[Chemical formula 1]

0.6 parts by weight of a photochromic compound (PC2) having a
structure represented by the following formula,
25 [Chemical formula 2]



15,.and 1 g of the photochrom c coating solution was injected onto the
surface of the lens 15 fromthe nozgge 68 (step (B)). Next, while rotating
the lens material 15 at 100 rpm theé film 20 86 was brought into contact
with the center of the lens 15 and was gradually noved up to the side
surface (upper edge portion) of the lens along the straight |ocus to spread
t he photochrom ¢ coating solution. Next, the rotational speed was increased
up to 600 rpnto renove an excess of the photochrom c coating solution 25
(step (©)). At this nonent, the excess of the photochrom c coating solution
was gui dedby the spatula and was renoved mﬁthork“\ephering on the side

e | ens 15 having| thet hus coated surface was
conveyed by the handling

.'Q%yﬂng device 8 to the UV 30
device 10, was irradiated al halide lanp of which the

out put has been adjusted to P 405 nm on the surface of the
lens for 3 mnutes in a_nitriQ Wsphere to cure the coating,

foll owed by the heat i Q@ fonst ant -t enperature vessel naintained
at 120C to obtain 35 & phdtochrom c _gtxed thin film(step (D). The thus
obtained 32 phot ochrom m was nmeasured for its thickness to
be about 40 pm The thus produced |k terial having the photochromc
coating was observed by eyes to find hat Fno cured body of the 5

phot ochrom ¢ coating solution had been adhered on the side surface or the
back surface of the lens. The photochrom c coating solution used in this
Exanpl e S 4P [0 8nFanner I i :
2,2-bi§?E¥%é€h%%$€%§§1ggiggntaegﬂgaé% gﬁ§§§%§§ba éﬁ%%i32?ﬁ§ ?%V}%%e gl ycol

di acrylatst (eversy eremtesan tad vy difte ofol B32)1q r$eudilig pr opane

trimeth terpligoner hexaacrylate (EB-1830 manufactured by
Eicelljgﬁ%%fggigﬁé%ﬁgi:?hethacrylate whi ch are radically polynerizable
nononers, were mxed together at a mxing ratio of 40 parts by wei ght/15
parts

and were mixed together to a sufficient degree. Thereafter,
0.5 parts by weight of a polymerization initiator, i.e., CGI1800
{mixture of 1-hydroxycyclohexylphenyl ketone and

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

10 pentylphosphinoxide (weight ratio of 3:1)}, 5 parts by weight
of a stabilizer, i.e.,
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate, 7 parts by
weight of a silane coupling agent, i.e.,
y-methacryloyloxypropyltrimethoxysilane and 0.1 part by weight

15 of a leveling agent manufactured by Toray-Dow Corning Co.
(silicone surfactant “L-7001") were added thereto and were mixed

to a sufficient degree to prepare the photochromic coating



15 bywei ght/ 25 parts by weight/10 parts by weight/10 parts by weight,
respectively. Next, to 100 parts by3%eight of the thus obtained m xture of
the radically polymnerizabl e nononers were further added 2.0 parts by wei ght
of a photochrom ¢ conmpound (PCl) having a 20 structure represented by the
followng formula, [Chemcal formula 1] 0.6 parts by weight of a

phot ochrom ¢ conmpound (PC2) having a structure represented by the foll ow ng
formul a5 B idshem cal formula 2] 33 i r~i ~N\ and 0.4 parts by weight of
a phot ochrom ¢ conpound (PC3) having a structure represented by the
follow ng structure, [Chemcal formula 3] OCH% \ \ F NO OF OCH3 5 and
were m gP9athad dandsuffyi cient degree. Thereafter, 0.5 parts by weight
of a polynerization initiator, i.e., CA 1800 {m xture of i

1- hydr oxycyclpoﬁé)l-y‘leﬁh]a@lwr kaé}d)ﬁeplaggochromlc coating were formed in

bi 62, Gegll BRRAGKRENZ Q%! In Exdntblle 1 'Hi‘ithﬁkiﬂag_Q%ﬂb&fb&!ﬂ%%&'iicn@éégfné\’\ei ght
ratio of 3:1)}, 5 parts by weight of a stabilizer, i.e.,
bi s(1, 26,ozl,ta'-,J_erzrpéﬁvanstawyllsa:oﬁilgérrata§2|5)°§e%cflék €P- 7 The ebteynegel ght of a
Lo LI ARl e oL R oY Borygil e ad O
Co. to find that a cured product of the photochromic coating solution
had been adhered on the side surface of the lens.
10
(Comparative Example 2)
A primer layer and a photochromic coating were formed in
the samemanner as inExample 1 but changingthe timing forbringing
the spatula intocontact, bringing the spatula intocontact after
15 the coating solution has been spread, and increasing the
rotational speed to remove an excess of the photochromic coating
solution. The obtained lens material having the photochromic
coating was observed by eyes to find that a cured product of
the photochromic coating solution had been adhered on the side

20 surface of the lens.

(Example 2)
A primer layer and a photochromic coating were formed in
the same manner as in Example 1 but changing the ratio of mixing
25 the radically polymerizable monomers and using a photochromic
coating solution having a viscosity at 25°C of 150 cP. The
obtained lens material having the photochromic coating was
observed by eyes to find that no cured product of the photochromic
coating solution had been adhered on the side surface or the

30 back surface of the lens.

(Example 3)
A primer layer and a photochromic coating were formed in
the same manner as in Example 1 but changing the ratio of mixing

35 the radically polymerizable monomers and using a photochromic



(silicone surfactant "L-7001") were added thereto and were mxed to a
sufficient degree to prepare the phgtochrom c coating 34 solution.
(Conparative Exanple 1) A priner |ayer and a photochrom c coating were
formed in 5 the sane manner as in Exanple 1 but using a photochromc
coating solution having a viscosity at 25C of 40 cP. The obtained | ens

mat eri al having the photochrom c coating was observed by eyes to find that
a cur eccqutadists Afuttifg pwle@ra)rﬁlcsmﬂmgatsmsﬁdmf Tesl deen Tagher ed on

;hghzldg surn%fgﬁa{ t he Ien%f 10 . CD aratu§§H§¥ gﬁ %%%t%ﬁrlner :2yfrb3Pd

changi ngpddierdd Bylég'efSOd’o bi haghag nd b&réﬂqiruicmdmbﬁ tmrma@ttocrbfmgc ng the
spatu a |nto contact a 5 the oati.n SO UtIO as een S an
| erohen BRsdd oe k . GBS h om

hr

i ncr eaiRF e SAley 688d268€r&fo eﬁ% 8sSYf ?ﬁ% Pho oni ¢

coagi NpasOlditd e 'B”[e o aided | ens material having the photochromc
coating was observed by eyes to find that a cured product of the

phot ochrom ¢ coating sol ution had been adhered on the side 20 surface of
the | engxdnpam)e 2) A prinmer |layer and a photochronic coating were forned
in the same manner as in Exanple 1 but changing the ratig of mxing 25 the
radical | y poﬁyﬁéﬁmﬁébléy%ﬁﬁﬂﬁbPsp%ﬂHOGEFﬂﬁlﬁ‘ﬁ%%ﬁh%%?ﬁﬁ*%feéﬁanbnsoIutlon

havi ng the/isaGeShh¥nat gégrprx%ﬁlgl%Pl H@@ S&Qt@am@qdqﬁ@aengiséléé gbaving the
phot ochr om ¢ coatké% was observed es to fin at no cured product of

t héOphddhrani é1 afobbe sipadatlat 1 bh tﬁ@& HMPREF?P R PeF tine thewealir f ace or
the 3Q,hagk 5Wd 3c%al Uﬂ% Ic%ﬂﬁer( E&a@pbs BheM BRE"RELLAYST ﬁ!‘)‘da@

phot ochromi ¢ coating were forne he same manner as in Exanple 1 but
changi i anele afidcdedregxi(vy = 5°) with the verticallineasareference.

The obtained lens material having the photochromic coating was
observed by eyes to find that no cured product of the photochromic
15 coating solution had been adhered on the side surface or the

back surface of the lens.

(Example 5)
Ten pieces of lenses having the photochromic coating were
20 obtained in the same manner as that of Example 1 (also using
the same photochromic coating solution as that of Example 1)
but using allyl resin lenses 15 having an outer diameter of 75
mm (CR; refractive index = 1.50, curvature of 5, thickness of
side surface of 2 mm) and so arranging the side edge portion
25 121 of the spatula 119 that the upper end portion thereof was
tilted at an angle of 5 degrees (yl = 5°) with the vertical line
(center axis in the C-direction: see Fig. 9) as a reference.
The obtained lenses were observed by eyes to find that
no cured product of the photochromic coating solution had been
30 adheredon the side surfaces or the back surfaces of the 10 pieces
of lenses. When the upper surfaces of the obtained lenses were
observed by eyes, however, elliptic interference patterns were
seenon5piecesof the lensesamongthe l10piecesof them. However,
all 10 pieces of lenses inclusive of the above lenses were without

35 any problem.



35 the radically polynerizable nononers and using a photochrom c 35 coating
sol ution having a viscosity at 25C gf 195 cP. The obtained |ens materi al
Jhavi ng the photochrom c coating was observed by eyes to find that no cured
product of the photochrom c coating solution had been adhered on the side
surface or the 5 back surface of the lens. (Exanple 4) A prinmer layer and a
phot ochrom ¢ coating were fornmed in the sane nanner as in Exanple 1 but so
arranging the side edge 10 portion 121 of the spatula 119 that the upper
end portlon thngof was tilted toward the center side of the lens material
15 at f 5 degrees (yl =5) with the vertical line as a reference.

The obt ai ned ﬂrﬁﬂ&ampu@rmlfﬂasfd nghtihe phetDehs ArB wacoBeing vésat@dserved by
eyes to flaﬁ that no cu e d;orod t of the photochrom.c 15 coathg sol ution

had bedit AAASTRIY SHet WRBHERUE Y 158 CHRLAC BT EPEICTHET ens.

(Exgnplgr 3heleBnBi @5e§n@fwa§wm\myﬂ@dm Iabot@Chh@nsi?d§®lﬁﬂ’tgcé!\Br e 20
obtained in the sane manner as that of Exanple 1 (a so usi n t he same
phot octofme &Rt Argnsol e it Aghthaprcys ‘E@(érﬂﬂe@ difhe 'i%‘?’hrgo%’ﬁ yl resin

| enses doa iy 581 aPi ot emdditgRhen tofe giot SBM LSRR ¢ E@taltaeltgi ¥eLhtdex = 1. 50,
curvature of 5, thickness of sjide surface of 2 and so arrangi ng the

side e FHIGach ups tP2 $0§ of hEhepanHFACE 19T BRAPT t HRS UpPRF Ehd Wofti on

t her eofs JWRS edye! F@Qt%nanzﬁr@f arf HAeALe3 o Whs=s8)aMafgédecygitical line
(center axis in direction: see Fig. 9) as a reference. The_ obtai ned

| ehSes e BPBBE ANV HOBY: lopethebeef s ﬁé\tlteﬁot%"{ﬁ%@ theogaptesfsidr
phot ochyorhe ‘fé’ﬁé'n@cé&é&t h1gnaPagh Regn e 3¢ 8 leh% 5P, sty faces or

the back surfaces of the 10 pieces of” | enses. en the upper surfaces of the
obt ai nddd ¥ggéd cadr binebrantar By isyes, thewevkread gyt |S@e| Figrf®rence

pat t erng, \Qgﬁgfigeﬁeeon Ph Qiﬁgfxz st d, e@ﬁés?ﬁtgggglhﬂew&%’ QL EERS Of them

However, p1 eces es I ncl USI ve O e above [enses were w t hout
out in the same manner as in Example 5 to obtain 10 pieces of

15 lens materials having the photochromic coating.

The obtained lenses were observed by eyes to find that
no cured product of the photochromic coating solution had been
adhered on the side surfaces or the back surfaces of the 10 pieces
of lenses. When the upper surfaces of the obtained lenses were

20 observed by eyes, however, elliptic interference patterns were
seenon?2piecesof thelensesamongthe 10 piecesof them. However,
all 10 pieces of lenses inclusive of the above lenses were without

any problem.

25 (Example 7)

Ten pieces of lens materials having the photochromic
coating were obtained in the same manner as in Example 6 but
arranging the spatula at a moment when the photochromic coating
solution was spread up to 95% of the surface area of the lens

30 materials 15.

The obtained lens materials were observed by eyes to find
that no cured product of the photochromic coating solution had
been adhered on the side surfaces or the back surfaces of the
10 pieces of lenses. When the upper surfaces of the obtained

35 lens materials were observed by eyes, however, all 10 pieces



35 any problem 36 (Exanple 6) In Exanple 5, first, while the lens 15 was
being rotated at 100 rpm the filmy86 was brought into contact with the
center 5 of the lens 15 and was gradually noved up to the side surface of
the lens along the straight |locus to spread the photochrom c coating
solution. Next, when the photochrom c coating solution was spread up to 60%
of the surface area of the lens 15, the side edge portion 121 of the
spat ul @fll@nsz\as esmmrt@mgeﬂrd:hhar 1o tidref erpepere padt ponsinem ifeerteiofg was til ted
tomard he center %ens material 15 at an angle of 5 degrees (yl
= 5) Wity PiFESy t |ﬁga éeﬁier axis in the Gdirection: see Fig. 9)
as a reference. In other respects, the operation was carried out in the
same nmanner as in Exanple 5 to obtain 10 pieces of 15 lens nmaterials having
t he photochrom c coating. The obtained | enses were observed by eyes to find
that no cured product of the photochrom c coating solution had been
adhered on the side surfaces or the back surfaces of the 10 pieces of
| enses. When t he upper surfaces of the obtained | enses were 20 observed by
eyes, however, elliptic interference patterns were seen on 2 pieces of the
| enses anong the 10 pieces of them However, all 10 pieces of |enses
i ncl usive of the above | enses were without any problem 25 (Exanple 7) Ten
pi eces of lens materials having the photochromic coating were obtained in
the sane manner as in Exanple 6 but arranging the spatula at a nonent when
t he photochrom c coating solution was spread up to 95% of the surface area
of the lens 30 materials 15. The obtained |l ens materials were observed by
eyes to find that no cured product of the photochrom c coating solution had
been adhered on the side surfaces or the back surfaces of the 10 pieces of
| enses. When the upper surfaces of the obtained



35 lens materials were observed by eyes, however, all 10 pieces 37 of

| enses exhibited circular interferegge patterns manifesting they were of a
high quality. 38 Cdains: 1. A nmethod of producing coated | enses conpri sing
the steps of: 5 (A holding a lens with its surface facing upward by a
spinning device that supports and rotates the lens; (B) feeding a

phot ocur abl e coating solution onto the upper surface of the |lens held by
sai d sy device; (C) spreadi ng the photocurable coating solution fed
onto the 10 upper surface of the lens by using a flexible filmwhile
rotating the lens; and (D) formng a coating by curing said photocurable
coatingl . sol it mehby of rdididing thatedensnsoatsohpy itdi idrehphot essir abl e
coating solution that is spread thereon through said step (C" 15 with

l'i ght; 'erei n sai d photo curable coating solutionhas a viscosity at 250C

of 80 t@)100GhaNtridailees Lt it sahdr fieY ifak@AgivpWard Bera spaaieing the step
(E) of bringinqlthe edge portion of a spatula into contact with the upper
edge pditYHe dfPahesYRPRT Hel P Dyr DR s ¢ =i Heft$iy devi ce, sai d upper portion

of sai d(gypat Lﬁeaed)iﬁﬂ;jd"ga phidtiré raener ¢ohkengesbentsbdeont ot beel €pSersai d step
(E) being executed after the end of said step (A) but before the

phot ocutiibiace atthr) nutheob Ry istd APIMIRY réed R enti al edge portion

of the |@ns idpsadh R} eRe(PotOch PSS EOXJATRNEL s8NuEXERSFe Plonibet BE
phot ocur abl e coating solution via said spatula at the tinme when the

phéfocuirRf e susdercaPEehatlians by usdinga lepf i iRehidienbatakiBet forth in
clain11th§w53¢§;1g flat surface of said spatula is arranged on a plane
t hat passes through the 30 center axis of the lens and a contact portion

where tH® si deomuigyd poracainingd ai ehsiv Bald PRt edmactoaiia t he upper

solution by irradiating the “lens coated with the photocurable
coating solution that is spread thereon through said step (C)”

15 with light;
wherein saidphotocurable coatingsolutionhasaviscosity
at 25°C of 80 to 1000 centipoises (cP), and provision is further
made of the step (E) of bringing the edge portion of a spatula
into contact with the upper edge portion of the lens held by
20 said spinning device, said upper portion of said spatula being
tilted toward the center side of the lens, said step (E) being
executedaftertheendof saidstep (A) but before thephotocurable
coating solution arrives at the circumferential edge portion
of the lens in said step (C) to thereby remove an excess of the
25 photocurable coating solution via said spatula at the time when

the photocurable coating solution is being spread.

2. Themethod as set forthinclaim1l, wherein the flat surface

of said spatula is arranged on a plane that passes through the
30 center axis of the lens and a contact portion where the side

edge portion of said spatula comes in contact with the upper

edge portion of the lens.

3. The method as set forth in claim 1 or 2, wherein said step

(E) is executed after said step (A) but before starting said
35 step (C).



edge portion of the lens. 3. The nmethod as set forth in claim1l or 2,
wherein said step (E) is executed aghter said step (A) but before starting
said 35 step (C. 39 4. The nethod as set forth in claiml or 2, wherein
said step (E) is executed after said step (A) but at a nonent when the
phot ocur abl e coating solution fed onto the upper surface of the 5 lens is
spread over 50 to 98% of the surface area of the lens in said step (C. 5.
The nethod as set forth in any one of clains 1 to 4, wherein said

phot ocuy abl e coat i olution_is, a.photochrom. c,solution. 10 6. The net hod
as set forthi QﬁgQS S el BeRED &1 SHgln\l\ﬁgfeghw}ﬁ{eeﬁneﬁglgesft?% said step
(A) is @) éns dxautgd gitieres alialy et epf gRyeduanat he soméac ewlider eod .

photocurable coating solution fed onto the upper surface of the
5 1lens is spread over 50 to 98% of the surface area of the lens

in said step (C).

5. The method as set forth in any one of claims 1 to 4, wherein

said photocurable coating solution is a photochromic solution.
10

6. The method as set forth in any one of claims 1 to 5, wherein

the lens set in said step (A) is a lens having a primer layer

formed on the surface thereof.





