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PHOTOCHROMIC LENS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of pending U.S.
patent application Ser. No. 12/959,201 filed Dec. 2, 2010
entitled Photochromic Lens; which is a divisional of U.S.
patent application Ser. No. 11/537,571 filed Sep. 29, 2006
entitled Photochromic Lens (now U.S. Pat. No. 7,858,001
issued Dec. 28, 2010); which claims the benefit of priority
from U.S. Provisional Application Ser. No. 60/722,848 filed
on Sep. 29, 2005 entitled Photochromic Lens, and which is a
Continuation-In-Part of U.S. application Ser. No. 10/938,275
filed on Sep. 9, 2004 entitled Photochromic Polyurethane
Laminate (now U.S. Pat. No. 8,298,671 issued Oct. 30, 2012);
which claims the benefit of priority from U.S. Provisional
Application Ser. No. 60/501,819 filed Sep. 9, 2003 entitled
Photochromic Film and Method of Manufacture, and from
U.S. Provisional Application Ser. No. 60/501,820 filed on
Sep. 9, 2003 entitled Photochromic Laminate; all of which
are hereby incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] Many methods and devices are known in the art for
incorporating photochromic characteristics into an oph-
thalmic lens. One example of a method known in the art
includes imbibing or infusing photochromes into the host
material or base lens from a transfer layer (that is subse-
quently removed) prior to formation of the finished lens prod-
uct. Another example of a method known in the art includes
incorporating photochromes into a lens by imbibing or coat-
ing a photochromic composition onto the surface of a base
lens. Yet another example of a method known in the art
includes incorporating photochromes into a finished lens
product by combining a prepared photochromic insert or
“laminate” with base lens material, typically via an injection
molding process. The following are illustrative examples of
such methods known in the art.

[0003] The imbibing process was one of the first processes
to be used to impart photochromicity to plastic lenses. U.S.
Pat. No. 4,286,957 to Naour-Sene describes this process.
Further refinements were discussed in U.S. Pat. No. 4,880,
667 to Welch. Various improvements to this imbibing process
have been developed, such as described in U.S. Pat. No.
5,130,353 to Fisher et al., and U.S. Pat. No. 5,185,390 to
Fisher et al. These two patents suggest improvements to the
transfer process with a unique transfer layer. It was recog-
nized early on that the plastic resins used to make ophthalmic
lenses do not provide the best host material for photochromes.
In such plastic resin materials, the photochromes do not acti-
vate easily and fatigue or wear-out in a short period of time. A
strong activation darkness to near sunglass darkness is
desired in the marketplace. Another desired characteristic of
a photochromic lens is that it should maintain at least 70
percent of its original activation darkness after two years of
wear. This is one of the limitations to putting photochromes
into polymeric host materials that are used to form the bulk of
the lens.

[0004] A more recent example, U.S. Pat. No. 5,728,758 to
Smith describes a photochromic article in which the organic
polymeric host material has been impregnated with photo-
chromes prior to formation of the finished lens product. As is
described in the 758 patent, one of the drawbacks of incor-
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porating photochromes directly into the polymeric host mate-
rial is the problem of fatigue or light fatigue. Photochromes
are believed to lose their ability to change color specifically
resulting from the irreversible decomposition of the photo-
chromic compound, which occurs due to repeated exposure to
UV light over time. The 758 patent specifically address this
problem by using a unique combination of monomers and
surface coating compositions to improve abrasion resistance,
chemical attack and improved fatigue resistance.

[0005] Alternatively, an example that describes coating of a
photochromic layer onto the surface of a lens is found in U.S.
Pat. No. 4,756,973 to Sakagami et al. The 973 patent spe-
cifically describes the use of spirooxazine compound and
phenolic compound in the photochromic layer, and describes
that such a lens formulation provides successful coloring
effects in photochromic lenses that are subjected to environ-
mental conditions ranging from normal to high temperatures.

[0006] Another example that describes coating photo-
chromes on the surface of a lens substrate is found in U.S. Pat.
No. 6,150,430 to Walters et al. Specifically, the *430 patent
describes a process that includes the steps of treating the
surface of a polymeric substrate to provide reactive groups,
applying a polymerizable composition to the surface, expos-
ing the coated substrate to radiation to improve adhesion, and
applying and curing a photochromic composition to the
coated surface. The *430 patent, at least in part, addresses a
method of producing commercially acceptable “cosmetic”
standards for photochromic and non-photochromic optical
coatings that are applied to lenses. A major limitation of the
photochromic coating approach is the poor scratch resistance
of'such a coating even with another hard coating on top of the
photochromic coating. Additionally, if the photochromic
coating is scratched, it will result in streaks of areas on the
lens that do not activate.

[0007] The limitations of the performance of the photo-
chromes in the various plastics used to make ophthalmic
lenses have resulted in various improvement methods, includ-
ing making composite or multiple part lenses that combine
plastics that are good photochromic hosts with additional
plastics to make improved ophthalmic lenses. One example of
this approach is described in U.S. Pat. No. 5,531,940 to Gupta
etal. Another approach is to put the photochromic dyes in the
glue layer between two lens sections as described in U.S. Pat.
No. 5,851,328 to Kohan. More recent attempts at making
photochromic composites are described in U.S. Pat. Nos.
6,863,844 and 6,863,848 to Engardio et al. and U.S. Publica-
tion No. 20050089630 to Schlunt et al. One problem with
these approaches is that the mechanical stability of the com-
posite is not very durable in subsequent processing to make
the ophthalmic lens and mount it into a frame. Processes such
as surfacing the lens to prescription power and edge cutting to
fit into a frame result in chipping of the composite due to the
different cutting and grinding characteristics of the materials.
Drilling of the composite to mount into rimless frames also
results in chipping of the composite.

[0008] Lastly, the following methods known in the art illus-
trate incorporation of photochromes into ophthalmic lenses
via photochromic inserts or laminates, whether by cast-mold-
type processes or by injection molding processes. For
example, U.S. Pat. No. 4,889,413 to Ormsby et al. describes
creation of a finished laminate product that is created by
placing two glass or plastic layers into a mold and injecting a
photochromically-infused plastic resin between the glass/
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plastic layers. The resulting photochromic laminate is there-
after cured and processed, producing a finished lens product.

[0009] Another example that illustrates the use of a photo-
chromic insert or laminate in an injection molding process is
described in U.S. Pat. No. 6,328,446 to Bhalakia et al. The
photochromic laminate or wafer includes inner and outer
resin sheets (or protective layers), which sandwich a photo-
chromic cellulose acetate butyrate layer. The unitary photo-
chromic laminate is thereafter placed inside a mold cavity,
after which a molten polycarbonate resin is injected into the
cavity and fused to the back of the photochromic laminate.
The lens is then cooled to room temperature and the finished
product is an injection molded, photochromic polycarbonate
lens.

[0010] While each of the above-referenced patents and
published applications describe methods of making photo-
chromic lenses and address particular problems in the art,
improvements are still required. For example, problems asso-
ciated with impregnating photochromes within the host mate-
rial of a base lens have been described to some degree above.
Additionally, if such a lens is a semi-finished product and
requires further processing (e.g., grinding, polishing, etc), it
is clear that photochromes present in the base lens will be
ground and/or polished away, inevitably diminishing the
desired coloring effects of the finished lens product. In addi-
tion, the prescription lens must be robust enough to maintain
its integrity through subsequent processing both to form the
prescription and to be edged, cut and possibly drilled for
mounting into a frame.

[0011] Alternatively, the shortcomings of coating photo-
chromic products onto the surface of a lens have to do prima-
rily with coating thickness and the creation of segmented,
multi-focal lenses. For example, a coating of about 25 um or
more is needed to incorporate a sufficient amount of photo-
chromic compounds to provide the desired light blocking
quality in the lens when the compounds are activated. How-
ever, a coating of this thickness is not well suited for appli-
cation on the surface of a segmented, multi-focal lens because
it is too thick. Typically, a coating of this thickness creates
such problems as the creation of an unacceptable segment
line, as well as coating thickness uniformity issues around the
segment line.

[0012] Problems that have been raised particularly regard-
ing use of photochromic laminates or inserts in injection
molding process include, primarily, the bleeding of the func-
tional layer (e.g., photochromic layer) material of the lami-
nate or wafer. By the term “bleeding,” it is meant that the
functional layer materials between the transparent resin
sheets (e.g., the protective layer of the laminate or wafer) runs
out from between the resin sheets in the lateral direction.

[0013] Often bleeding occurs due to the deformation of the
photochromic layer under the high temperature and pressure
used during the injection molding process. This is thought to
occur due to either an excess amount of functional layer
material and/or inadequate softening properties of the func-
tional layer material. Further, this bleeding can interfere with
any additional coating layers that are applied to the lens after
injection-molding. The Bhalakia patent adequately addresses
the issue of making laminates used in injection-molding,
through improvement of laminate materials and properties.
However, the issues addressed by Bhalakia do not include
providing a laminate or insert that may be used in a cast-lens
manufacturing process.
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[0014] Therefore, a need exists to create a photochromic
lens that addresses the problem of maximizing photochromic
properties of a lens produced in a cast-mold manufacturing
process.

SUMMARY OF THE INVENTION

[0015] It is an object of the present invention to provide a
photochromic lens that includes a relatively long service life
and provides good resistance to photochromic dye fatigue. It
is another object of the present invention to provide a photo-
chromic lens that reduces the amount of photochromic dyes
used during the manufacturing process. It is yet another
embodiment of the present invention to provide a photochro-
mic lens that is not limited from use with surface designs,
such as bi-focal lenses.

[0016] It is yet another object of the present invention to
provide a method of manufacturing a photochromic lens that
can utilize most commercially available cast resins, such as
those made by thermoset or radiation initiated processes. It is
yet another embodiment of the present invention to provide a
photochromic lens having high impact resistance, using
known and commercially available high impact resinous lay-
ers and materials, such as polycarbonate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1illustrates a photochromic lens according to a
preferred embodiment of the present invention.
[0018] FIGS. 2A-2D illustrate a photochromic film, as
embedded in a photochromic lens of FIG. 1), according to a
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Asseenin FIG. 1, one embodiment according to the
present invention relates to a photochromic lens comprising a
front cast resin layer 1, a photochromic film 2, and a back cast
resin layer 3. Specifically, a preferred embodiment would
include a photochromic lens made from a cast resin that is
either thermoset or radiation-set. The photochromic lens may
be either a finished product or a semi-finished product. In one
embodiment (as shown in FIG. 2), a photochromic lens may
include a photochromic film 2 including at least one protec-
tive layer 4 and a photochromic layer 5 (as shown in FIG. 2,
examples (A), (B) and (C)). In another embodiment, the pho-
tochromic film may include just a photochromic layer 5 (as
shown in FIG. 2, example (D)). In each of these embodi-
ments, the photochromic film 2 is bonded or adhered strongly
to a casting resin layer 1, 3 during a casting process (as shown
in FIG. 1). The photochromic film 2 in the form of a laminate
may be optimized as a host for a photochromic dye to provide
for maximum performance of the dye.

[0020] As seen in FIG. 2, additional embodiments accord-
ing to the present invention would include a photochromic
film 2 having at least one protective layer 4 and a photochro-
mic layer 5, in a variety of orientations to one another (e.g.,
FIG. 2, examples (A), (B), and (C)). Not shown are additional
hard coating, primer, or barrier coatings that may be applied
onto the front surface of the protective layer 4 (e.g., for
enhancing adhesion and other performances), the front sur-
face meaning the surface ofthe protective layer 4 facing away
from the photochromic layer 5. When the photochromic layer
5 is used as a photochromic film 2 without protective layers 4,
the photochromic layer 5 may also have such hard, primer or
barrier coatings applied before placement into the cast lens.
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[0021] Additional embodiments according to the present
invention may include a cast photochromic lens including a
number of layers and/or combinations of layers, comprising,
for example, protective layers, photochromic layers or films,
and/or additional coating layers (e.g. hard coating, primer
layers, and/or other barrier layers) (not shown). Each of the
above-described photochromic lenses can be conveniently
manufactured through a casting process.

[0022] A suitable photochromic film (laminate) is dis-
closed in U.S. patent application Ser. No. 10/938,275 entitled
Photochromic Polyurethane Laminate, filed Sep. 9, 2004,
which is herein incorporated by reference. A preferred mate-
rial for the protective layers 4 of the photochromic film 2
should have good compatibility with the lens casting mate-
rial. By the term “compatibility”, it is meant that the adhesion
between the protective layer 4 and the front cast resin layer 1
formed by the lens casting material is sufficient to pass ordi-
nary tests for eyewear lenses without damage or chemical
attack to the protective layers 4 of the photochromic film 2
(e.g. FDA drop-ball test, drilling and mounting tests).
[0023] Examples of preferred materials for the protective
layers 4 of the photochromic film 2 include acrylate resins,
cellulose esters, and polycarbonate resins. Suitable hard coat-
ings known in the art may further protect such protective layer
resins to prevent the casting resin from chemically attacking
the protective layer resins during processing.

[0024] Preferred materials for the photochromic layer 5 of
the present invention would include, for example, plastic host
resins having a glass transition temperature, T,, of less than
50° C., and more preferably, below 30° C. These plastics tend
to be mechanically soft which is ideal for the photochromes to
activate and de-activate. When the photochromic dyes absorb
UV light, typically a carbon-oxygen bond in the photochro-
mic dye molecule is broken and the dye molecule rotates into
a form that absorbs visible light. A soft plastic host for the dye
that would facilitate this action preferably would include a
class of plastic hosts, such as polyurethanes. However, his-
torically, this mechanical sofiness of plastic hosts has been
shown deficient when such materials are used as ophthalmic
lens materials. Therefore, a preferred embodiment of an oph-
thalmic lens contemplated for use with the present invention
would include encapsulation of a host urethane resin, such as
a photochromic layer 5, within an ophthalmic lens. A pre-
ferred thickness of the photochromic layer 5, namely the
photochromic urethane layer 5, would preferably be 10 mil or
less, more preferably 4 mil or less and most preferably, to 2
mil or less.

[0025] Preferred polyurethane photochromic host materi-
als would include, for example, thermoplastic and thermoset
polyurethanes. Examples of such host materials are disclosed
in U.S. Pat. Nos. 4,889,413, 6,107,395, and 6,166,129, and
U.S. patent application Ser. No. 10/938,275, which are herein
incorporated by reference. The polyurethane composition
would preferably include the following: 0.05% to 6% pbw of
photochromic compound(s), and a stabilizer package: 0.5%
to 6% pbw of light stabilizer(s), 0.5% to 6% pbw of antioxi-
dant(s), 0.5% to 6% pbw of UV absorber(s). Also, the pho-
tochromic film 2 would preferably have a thickness no greater
than 40 mil.

[0026] Any lens casting resins available on the market and
known in the art would be suitable to produce the photochro-
mic lens of the present invention. Examples of such casting
resins would include CR-39 from PPG (or equivalent from
Great Lakes Chemicals denoted by the tradename of RAV-7)
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and MR series cast resins from Mitsui. In addition to thermo-
set resins, cast resins that are curable by radiation energy
(e.g., UV) are also suitable for use with the present invention.
The radiation curing process is advantageous in that it will not
interfere or degrade the photochromic dyes due to their pro-
tection inside the laminate. Examples of radiation curable
cast resins would include, for example, those resins based on
acrylate chemistry.

[0027] It is preferable that the cast resin for the front pro-
tective layer 4 of the photochromic film 2 should not include
UV absorbers, which would significantly absorb or block the
activation wavelength of the photochromic dye. The photo-
chromic layer 5 of the photochromic film 2 would provide
adequate UV protection to the eyes, as the photochromic dyes
imparted to the photochromic layer 5 are extremely efficient
absorbers of UV.

[0028] Examples of manufacturing the photochromic lens
as contemplated in the present invention would include, for
instance, a cast molding process, in which a photochromic
film 2 is first placed into a cast mold. Thereafter, a cast resin
1,3 may also be introduced into the cast mold and the lens
would be cured, forming an integrate photochromic cast lens.
The photochromic film 2 may be placed in any number of
orientations within the mold, depending upon desired results
and lens processing applications.

[0029] One embodiment for manufacturing the lens of the
present invention would include the steps of preparing a pho-
tochromic film 2, as earlier described; forming discs of the
film into wafers, preferably having a curve matching the front
base curve of the lens to be produced; preparing a cast setup
comprising a front mold, a formed wafer, a back lid (mold), in
a cast gasket; pouring a cast resin into the front cavity formed
by the front mold and the wafer, and the back cavity formed
by the wafer and the back lid (mold); and curing the cast resin
to form the photochromic lens.

[0030] Forming ofthe photochromic film 2 may be done by
a variety of different ways familiar to those in the arts.
Examples of lens forming techniques may include, for
instance, compression forming and vacuum forming.

[0031] A cast setup used to produce polarizing lenses from
castresins could also used to cast the photochromic lens of the
present invention without any modification.

[0032] Another embodiment for manufacturing a lens as
contemplated by the present invention includes incorporation
of photochromes into the polyurethane plastic, and thus the
photochromic film 2, after the polyurethane has been formed
(e.g., after urethane monomers and catalyst have reacted to
fully form polyurethane). This is contrary to the teaching of
U.S. Pat. No. 4,889,413 (herein incorporated by reference),
which describes incorporation of photochromes into the ure-
thane monomer/catalyst mixture, prior to formation of poly-
urethane. Further, the teaching of the 413 patent describes a
method of preparing and assembling a lens unlike that of the
present invention. The 413 patent describes assembly of
pre-cast lenses (either plastic or glass), between which a
photochromic host is introduced and thereafter cured.
[0033] One embodiment of a method contemplated for use
with the present invention may include the steps of: dissolv-
ing an appropriate amount of photochromic dye into a poly-
urethane resin with an appropriate solvent; casting the result-
ant solution on a smooth surface, to allow the solvent to
evaporate; placing the resulting sheet or film of photochromic
polyurethane into a mold with a thermoset casting monomer
liquid and catalyst; and completing a curing or reaction step
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of the thermoset monomer into a thermoset, fully cured lens
with the polyurethane film encased inside the thermoset lens.

[0034] This particular embodiment would result in a pho-
tochromic thermoset, cast lens with improved photochromic
properties. Thus, one does not need to mix the photochromes
with the polyurethane monomers first. One has the option of
putting the polyurethane in a laminate as described above or
not in a laminate inside the lens (plastic host).

Example 1

[0035] A photochromic film was prepared according to the
examples in U.S. patent application Ser. No. 10/938,275. The
polyurethane layer is 40 pum thick, and the protective layers
are 76 pum cellulose acetate butyrate (CAB) films (K-Mac).
The polyurethane layer and protective layers were bonded
together to form a photochromic laminate. The laminate was
masked with a 3M film (24S56W). A 70-mm disk was die-cut
off from the above laminate, and formed into a 6-base lami-
nate wafer through a thermo-vacuum forming process. The
temperature was 255° F., and the forming time was 200 sec-
onds. A 70-mm lens cast gasket and two 6-base glass molds
(front and back) were used to cast the photochromic lens. The
masked film is thereafter removed prior to placement of the
laminate wafer into the gasket. The laminate wafer was fixed
in the gasket about 1 mm away from the front mold surface
with help of a spacer. A clear UV-curable cast resin from
OptiCast was injected into the front and back cavities. The
front cavity is formed by the front mold and the photochromic
film. The cast resin in the above setup was cured under a
12-mW/m? exposure for 10 minutes. The result was a cast
resin lens having the photochromic film embedded in it. The
unactivated transmission of the lens was measured as 70%.
The activated transmission after exposure to a Xenon lamp
under 20 W/m? intensity of UV was measured to be 19%. This
demonstrated good photochromic activity.

Example 2

[0036] To a solution of 18% by weight of a polyester ure-
thane (Tecoflex CLC-93 A from Thermedics) in THF solvent
was added 2% each of Tinuvins 765, 144, and Irganox 1010
(all from CIBA Corporation), and 0.8% of naphthopyran
photochromic dye VP0762 (Proprietary Vision-Ease Dye).
The mixture was then cast on a flat borosilicate glass plate and
the solvent allowed to evaporate. A photochromic film of
about 0.2 mm thick was obtained. The photochromic film was
then placed between two glass molds held together with a
standard casting gasket. A mixture of 58.3 grams of casting
monomer P11 (NOF Corporation), 0.6 gram of Tinuvin 765,
0.26 gram of Trigonox 7 catalyst and 0.37 gram of Trigonox
21 catalyst was introduced between the glass molds and
around the polyurethane film. The mold and gasket assembly
was placed in a water bath and cured in a cycle that ramps the
lens up to 90° C. over a 20 hour period. The resultant ther-
moset, cast lens is then separated from the glass molds. The
lens had a refractive index of 1.55. The lens sample was then
fatigued by exposure to a Xenon lamp with an ultraviolet light
output of 30 Watts/Square Meter for 144 hours. This simu-
lates actual wear of the lens by someone for a two year wear
period. After the 144 hours, the photochromic performance
remaining was 97%. This compares to the performance of the
commercial photochromic polycarbonate Quantum (Transi-
tions Optical, Inc.) lens product that is believed to be only a
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65% remaining performance. Thus, the photochromic film in
the cast lens was very fatigue resistant and had longer life than
the prior art.

Example 3

[0037] A photochromic film was prepared according to the
examples in U.S. patent application Ser. No. 10/938,275. The
polyurethane layer is 40 pum thick, and the protective layers
are 350 um thick polycarbonate films. The polyurethane layer
and protective layers were bonded together to form a photo-
chromic laminate. The laminate was masked with a 3M film
(24S56W). A 70-mm disk was die-cut off from the above
laminate, and formed into a 6-base laminate wafer through a
thermo-vacuum forming process. The temperature was 255°
F., and the forming time was 200 seconds. A 70-mm lens cast
gasket and two 6-base glass molds (front and back) were used
to cast the photochromic lens. The masked film is thereafter
removed prior to placement of the laminate wafer into the
gasket. The laminate wafer was placed against the front mold
surface and placed into the gasket with the back mold. A clear
UV-curable cast resin from OptiCast (OPIV-B) was injected
into the back cavity. The cast resin in the above setup was
cured under a 12-mW/m? UV exposure for 7 minutes. The
result was a cast resin lens having the photochromic laminate
fused to the front of it. The unactivated transmission of the
lens was measured as 79%. The activated transmission after
exposure to a Xenon lamp under 12 W/m? intensity of UV was
measured to be 19%. This demonstrated good photochromic
activity.

Example 4

[0038] A photochromic film was prepared by laminating
13.5 mil thick CAB film (Kodacel K7896, made by Eastman
Kodak) for both top and bottom protective layers and 38
micron photochromic layer (polyurethane). The laminate was
masked with 3M protective masking film (24S56W) on both
sides, then a 86 mm disk in diameter was cut-out from the
above laminate. It was formed into a 6 base laminate wafer
through a thermo-vacuum forming process. The forming tem-
perature was 75° F. and forming time was 150 seconds. It was
further cut to 72.6 mm in diameter to fit the size of casting
mold. It was further cut by 3 mm on two locations to allow
flow of the cast resin around it. A 73 mm casting mold and two
6 base glass molds were used for front and back to cast a
photochromic lens. The masked film is thereafter removed
prior to placement of the laminate wafer into the gasket. Said
formed photochromic film was placed in the mold about 1
mm away from the front mold surface with help of a spacer.
Thermo-set resin RAV-7 (made by Great Lakes Chemical)
without UV absorbing agent was injected to fill both front
cavity and back cavity which were separated by the photo-
chromic film. The cast resin in the above setup was thermally
cured in normal condition. The result was a cast resin lens
having the photochromic laminate fused to the front of it. The
unactivated transmission of the lens was measured as 82.4%.
The activated transmission after exposure to a Xenon lamp
under 12 W/m2 intensity of UV was measured to be 16%.
This demonstrated good photochromic activity.

Example 5

[0039] A photochromic film was prepared by laminating 12
mil thick polycarbonate film (1151 by Teijin Kasei America)
for both top and bottom protective layers and 38 micron
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photochromic layer (polyurethane). The polycarbonate film
was applied with UV curable hardcoat as barrier coating on
one side in advance. The hardcoated side was placed outside
of lamination that later contacts casting resin. Without this
barrier coating, this casting resin monomer has been shown to
cause the polycarbonate film to turn white and, therefore,
usable. The laminate was masked with 3M protective mask-
ing film (24S56W) on both sides, then a 86 mm disk in
diameter was cut-out from the above laminate. It was formed
into a 6 base laminate wafer through a thermo-vacuum form-
ing process. The forming temperature was 285° F. and form-
ing time was 250 seconds. It was further cut to 72.6 mm in
diameter to fit the size of casting mold. It was further cut by 3
mm on two locations to allow flow of the cast resin around it.
A 73 mm casting mold and two 6 base glass molds were used
for front and back to cast a photochromic lens. The masked
film is thereafter removed prior to placement of the laminate
wafer into the gasket. Said formed photochromic film was
placed in the mold about 1 mm away from the front mold
surface with help of a spacer. Thermo-set resin RAV-7 (made
by Great Lakes Chemical) without UV absorbing agent was
injected to fill both front cavity and back cavity which were
separated by the photochromic film. The cast resin in the
above setup was thermally cured in normal condition. The
result was a cast resin lens having the photochromic laminate
fused to the front of it. The unactivated transmission of the
lens was measured as 90.0%. The activated transmission after
exposure to a Xenon lamp under 12 W/m2 intensity of UV
was measured to be 19%. This demonstrated good photochro-
mic activity.
[0040] Although the invention has been described in terms
of particular embodiments and applications, one of ordinary
skill inthe art, in light of this teaching, can generate additional
embodiments and modifications without departing from the
spirit of or exceeding the scope of the claimed invention.
Accordingly, it is to be understood that the drawings and
descriptions herein are proffered by way of example to facili-
tate comprehension of the invention and should not be con-
strued to limit the scope thereof.

What is claimed is:

1. A method of making a photochromic lens comprising:

providing a photochromic layer having a front side and a

rear side;
providing a cast lens mold;
placing said photochromic layer into said cast lens mold;
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injecting a resin into said cast lens mold against said front

side of said photochromic layer;

injecting a resin into said cast lens mold against said rear

side of said photochromic layer; and,

curing said resin.

2. A method according to claim 1 wherein providing a
photochromic layer comprises preparing a photochromic
laminate film.

3. A method according to claim 2 wherein preparing a
photochromic laminate film comprises laminating at least one
protective layer against a cast photochromic layer.

4. A method according to claim 1 wherein curing said resin
comprises UV curing of said resin.

5. A method according to claim 1 wherein curing said resin
comprises thermal curing of said resin.

6. A method according to claim 1 further comprising form-
ing said photochromic layer prior to placing said photochro-
mic layer into said cast lens mold.

7. A method of making a cast photochromic lens compris-
ing:

providing a lens mold;

providing a photochromic film;

inserting said photochromic film into said mold such that a

space is present at least between a front surface of said
mold and said photochromic film;

introducing a curable resin into said mold and thereby

filling said space with said curable resin; and,

curing said resin.

8. A method according to claim 7 wherein providing a
photochromic film comprises providing a thermoplastic poly-
urethane photochromic film.

9. A method according to claim 8 wherein said providing a
thermoplastic polyurethane photochromic film includes pro-
viding a polyurethane photochromic film having a resin layer
on either side of said polyurethane photochromic film.

10. A method according to claim 7 wherein curing said
resin comprises one of UV curing and thermal curing.

11. A method according to claim 7 wherein the providing
of said photochromic film includes forming said photochro-
mic film to substantially confirm to a base curve of said mold.

12. A method according to claim 7 wherein the providing
of said photochromic film includes preparing a cast photo-
chromic film.



