
1 DESCRIPTION  PROCESS FOR PRODUCING A PHOTOCHROMIC CURED PRODUCT 5
Background of the Invention  Field of the Invention The present invention
relates to a process for producing  a photochromic cured product having
excellent photochromism  which is polymerized and cured in a short period
of time by 10 combining photopolymerization and thermopolymerization.
Prior Art Photochromism which has attracted much attention for  the past
few years is a reversible phenomenon that a certain  compound changes its
color immediately upon exposure to light 15 including ultraviolet rays such
as sunlight or light from  a mercury lamp and returns to its original color
when it is  placed in the dark by stopping irradiation. A compound having
this property is called "photochromic compound". Various  compounds have
been synthesized to such a compound heretofore 20 but any common structure
is not observed in these compounds.  Cured products which exhibit
photochromism are obtained  by coating the surface of a molded polymer with
a photochromic  compound or by dissolving a photochromic compound in a
radically polymerizable monomer and polymerizing and curing 25 the
resulting mixture (to be referred to as "kneading method"  hereinafter).
There are known methods for polymerizing a radically  polymerizable
monomer: (1) one in which polymerization is  carried out by heat and (2)
one in which polymerization is 30 carried out by light. When a radically
polymerizable monomer  is to be polymerized by light in the above kneading
method,  the radically polymerizable monomer cannot be suitably
polymerized because the contained photochromic compound  absorbs
ultraviolet rays required for the cleavage of an 2  ultraviolet
polymerization initiator and develops color  itself by the absorption of
ultraviolet rays to prevent the  transmission of light. As means of solving
the above problems, JP-A 7-292011  5 (the term "JP-A" as used herein means
an "unexamined published  Japanese patent application") discloses a method
for carrying  out polymerization by reducing the amount of a photochromic
compound. However, the colorablility of the obtained photochromic cured
product cannot be increased by this method.  10 WO 96/37573 discloses a
method which combines a specific  



ultraviolet polymerization initiator and activation energy  rays having a
specific emission spectrum. However, it cannot  be said that a photochromic
cured product obtained by this  method is satisfactory in terms of
photochromism durability. 15 The inventors of the present invention have
found that  photochromism durability greatly lowers in a polymer which  is
not polymerized completely by using photopolymerization.  To obtain a
perfect polymer, the exposure time must be prolonged.  However, when the
exposure time is long, a photochromic 20 compound is deteriorated by
exposure. Consequently, when a photochromic cured product is to  be
obtained, thermopolymerization is generally used to  polymerize a radically
polymerizable monomer. However, the  time required for thermopolymerization
is extremely long, 25 for example, several tens of hours, compared with
photopolymerization. Therefore, thermopolymerization is  unsatisfactory in
terms of the productivity of cured products.  Summary of the Invention In
view of the above, it is an object of the present  30 invention to provide
a process for producing a photochromic  cured product having high
colorability and sufficiently high  hardness in a short period of time by
dissolving a photochromic  compound in a radically polymerizable monomer
and then  polymerizing and curing the resulting mixture. 3  It is another
object of the present invention to provide a process for producing a
photochromic cured product, which  prevents the deterioration of a
photochromic cured product  during polymerization. 5 It is still another
object of the present invention to  provide a process for producing a
photochromic cured product  which turns from achromatic to colored upon
exposure to light  including ultraviolet rays, such as sunlight or light
from  a mercury lamp, and returns to the original state upon the  10
stoppage of exposure, and has excellent photochromic properties and
repeated durability. It is a further object of the present invention to
provide  a process f or producing a photochromic cured product which  has
little optical distortion and can be advantageously used  15 as a lens for
spectacles. Other objects and advantages of the present invention  will
become apparent from the following description.  According to the present
invention, the above objects and advantages of the present invention are
attained by a  20 process for producing a photochromic cured product,
comprising  



the steps of: photopolymerizing a polymerizable composition  comprising (A)
a radical polymerizable monomer, (B) an  ultraviolet polymerization
initiator having the main 25 absorption at an ultraviolet range and a molar
absorption  coefficient for light having a wavelength of 400 nm of 150
liter/ (mol - cm) or more, (C) a thermopolymerizati on initiator  and (D) a
photochromic compound by irradiating activation  energy rays having a
wavelength of 400 nm or more as the main  30 emission spectrum; and further
thermopolymerizing the composition by heating.  Best Mode for Carrying out
the Invention Any monomer having a radically polymerizable group may  be
used as the radically polymerizable monomer used in the 4  process for
producing a photochromic cured product of the  present invention. Examples
of the radically polymerizable  group include an acryloyl group,
methacryloyl group and vinyl  group. 5 Typical radically polymerizable
monomers which can be  advantageously used in the present invention are the
following  compounds: diacrylate compounds and dimethacrylate compounds
represented by the following formula (1): 10 R R  H2C=6-+A4-rO U=L;k12  11
5  0 0 wherein two Rl's are each independently a hydrogen atom or  methyl
group, A is an alkylene group which may be substituted,  15 oxyalkylene
group which may be substituted, or group represented by the following
formula (l)-1:  R 2 X%==, C X, R 2 I ~_~ I \ I -+CHCH20 ,r_~OCH2CH+u (1)-i
H3 20 wherein R 2 is a hydrogen atom or methyl group, X is a halogen  atom,
m is an integer of 0 to 5, and a is an integer of 0  to 4 indicating the
number of substituted halogen atoms,  and n is an integer of 1 to 20, with
the proviso that when  n is 2 to 20, a plurality of A's may be the same or
different; 25 epoxy group -containing acrylate compounds and methacrylate
compounds represented by thp following formula (2): R 3  1 



ft2U=CC04R 4 04jj4R50-)WCH2C -CH2  0 (2) 30 wherein R 3 and R 6 are each
independently a hydrogen atom or  methyl group, and R 4 and R5 are each
independently an alkylene  group which may be substituted, or group
represented by the  following formula (2)-1: 5 H3 and g and h are each
independently an integer of 0 to 20;  5 vinylbenzyl compounds represented
by the following formula  (3): CH2-~1(CH2CH2Y2 (CH2CH2Y3) j) kk CH2 1 (3)
10 wherein X1, X2, X3 and X4 are each independently the same or  different
halogen atoms, Y', Y2 and Y3 are each independently  an oxygen atom or
sulfur atom, and j, k and 1 are each  independently 0 or 1, with the
proviso that when k = 0, j 15 = 0, when 1 = 0, k = j = 0, and when j = k =
1 = 1, Y1, Y2  and Y3 cannot be a sulfur atom at the same time; and
long-chain oxyalkylene compounds represented by the following 20 formula
(4): R12 HH 2 Hls I J ZC- R H2C=C-C Z-C-C-Z(4) I tH t. I IH2 O R13 R14
wherein R12, R13 and R14 are each independently a hydrogen atom  or alkyl
group having 1 to 2 carbon atoms, R15 is a hydrogen 25 atom, alkyl group
(preferably an alkyl group having 1 to 25  carbon atoms), alkoxyalkyl
group, aryl group, acyl group,  alkyl group having an epoxy group at a
terminal, methacryloyl  group, acryloyl group, haloalkyl group or oleyl
group, Z is  an oxygen atom or sulfur atom, t is an integer of 1 to 70, 30
and t' is an integer of 0 to 70, with the proviso that when  



R12 is a hydrogen atom and R15 is a group other than the  methacryloyl
group and acryloyl group, or a hydrogen atom,  t is an integer of 4 to 70,
and when R12 is an alkyl group  and R15 is a methacryloyl group, t is an
integer of 7 to 70. 6  In addition to the compounds enumerated above,
unsaturated carboxylic acid compounds, acrylic acid esters  and methacrylic
acid ester compounds, fumaric acid ester  compounds and aromatic vinyl
compounds may be used as the 5 radically polymerizable monomer in the
present invention.  Illustrative examples of the radically polymerizable
monomer which can be advantageously used in the present  invention are
given below. The diacrylate compounds and dimethacrylate compounds  10
represented by the above formula (1) include diethylene glycol
dimethacrylate, triethylene glycol dimethacrylate, tetraethylene glycol
dimethacrylate, butanediol  dimethacrylate, hexamethylenediol
dimethacrylate,  diethylene glycol diacrylate, triethylene glycol
diacrylate, 15 tetraethylene glycol diacrylate, butanediol diacrylate,
hexamethylenediol diacrylate, bisphenol A dimethacrylate,
2,2-bis(4-methacryloyloxyethoxy-3,5-dibromophenyl)propan  e,
2,2-bis(4-methacryloyloxyethoxyphenyl)propane,
2,2-bis(4-methacryloyloxydiethoxyphenyl)propane,  20
2,2-bis(4-methacryloyloxytriethoxyphenyl)propane and
2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane. The epoxy
group-containing acrylate compounds and  methacrylate compounds represented
by the above formula (2)  include glycidyl acrylate, glycidyl methacrylate,
25 3-methylglycidyl acrylate, (3-methylglycidyl methacrylate,  bisphenol
A-monoglycidyl ether methacrylate and glycidyl  polyethylene glycol
methacrylate having an average molecular  weight of 538. The vinylbenzyl
compounds represented by the above  30 formula (3) include
bis-4-vinylbenzyl ether,  bis-4-vinylbenzyl sulfide,
1,2-(p-vinylbenzyloxy)ethane,  1,2-(p-vinylbenzylthio)ethane and
bis(p-vinylbenzyloxyethyl)sulfide. The long-chain oxyalkylene compounds
represented by the 7  above formula (4) include polyethylene glycol
methacrylate  having an average molecular weight of 526, methyl ether
polyethylene glycol methacrylate having an average molecular  weight of
496, methyl ether polyethylene glycol methacrylate 5 having an average
molecular weight of 1,000, polypropylene  



glycol methacrylate having an average molecular weight of  622 and methyl
ether polypropylene glycol methacrylate having  an average molecular weight
of 620. The unsaturated carboxylic acid compounds include  10 acrylic acid,
methacrylic acid, maleic anhydride and f umar:Lc  acid; the acrylic acid
ester and methacrylic acid ester  compounds include methyl acrylate, methyl
methacrylate,  benzyl methacrylate, phenyl methacrylate, tribromophenyl
methacrylate, 2 -hydroxyethyl methacrylate, trif luoromethyl 15
methacrylate and urethane acrylate; the fumaric acid ester  compounds
include monomethyl fumarate, diethyl fumarate and  diphenyl f umarate; and
the aromatic vinyl compounds include  styrene, chlorostyrene,
a-methylstyrene, vinylnaphthalene  isopropenyl naphthalene, bromostyrene
and divinylbenzene. 20 These radically polymerizable monomers may be used
alone  or in admixture of two or more. Out of the above radically
polymerizable monomers, a  mixture of radically polymerizable monomers
including a  diacrylate compound or dimethacrylate compound represented 25
by the above formula (1) , an epoxy group- containing acrylate  compound or
methacrylate compound represented by the above  formula (2) and a
long-chain oxyalkylene compound represented  by the above formula (4) and a
mixture of radically polymerizable monomers including a diacrylate compound
and  30 a dimethacrylate compound represented by the above formula  (1) and
an epoxy group-containing acrylate compound or  methacrylate compound
represented by the above formula (2)  are preferred in view of the physical
properties such as  photochromism durability and color development -color
fading 8  of a cured product obtained by polymerizing a mixture of a
photochromic compound which will be described hereinafter  and a radically
polymerizable monomer. Use of an ultraviolet polymerization initiator
having  5 the main absorption at an ultraviolet range and a molar
absorption coefficient for light having a wavelength of 400  nm of 150
1/(mol*cm) or more is essential to the present  invention. When an
ultraviolet polymerization initiator  having the main absorption at a
visible range of 400 nm or 10 more is used, the photochromic cured product
is colored  disadvantageously before the photochromic compound exhibits
photochromism to develop color because the ultraviolet  polymerization
initiator itself is colored. Further, when  anultraviolet polymerization
initiatorhas amolar absorption 15 coefficient for light having a wavelength
of 400 nm of less  



than 150 1/(molocm) though it has the main absorption at an  ultraviolet
range, it is difficult to obtain a cured product  in a short period of time
because cleavage thereof hardly  occurs upon exposure to activation energy
rays having a 20 wavelength of 400 nm or more as the main emission
spectrum.  In other words, as the photochromic compound generally absorbs
ultraviolet rays having a wavelength of 380 nm to 400 nm to  develop color,
it absorbs activation energy rays required  for the cleavage of the
ultraviolet polymerization initiator  25 with the result that the cleavage
of the ultraviolet polymerization initiator hardly occurs and
polymerization  cannot be completed in a short period of time. When the
activation energy rays is irradiated for along time to complete
polymerization, the deterioration of the photochromic 30 compound occurs
disadvantageously. Ultraviolet polymerization initiators can be divided
into a self-cleavage type and a hydrogen extraction type.  An ultraviolet
polymerization initiator of the latter type  is generally used in
conjunction with a photosensitizer. An 9  amine compound is generally used
as this photosensitizer.  When the amine compound is used, the initial
coloring of the  polymer becomes marked. Therefore, an ultraviolet
polymerization initiator of a self -cleavage type is preferably 5 used. Out
of ultraviolet polymerization initiators of a  self-cleavage type,
a-aminoalkylphenone-based ultraviolet  polymerization initiators,
acylphosphine oxide-based  ultraviolet polymerization initiators and
bisacylphosphine  oxide-based ultraviolet polymerization initiators are 10
preferred because the obtained cured products are achromatic  and
transparent. The preferred ultraviolet polymerization initiator is  not
particularly limited but typical examples of the  ultraviolet
polymerization initiator are compounds 15 represented by the following
formula (5): 20 25 0  II  C (6) 30 wherein a plurality of R8's are each
independently a methyl  group, methoxy group or chlorine atom, e is 2 or 3,
and R9  is a phenyl group or methoxy group, and compounds represented by
the following formula (7): 



0 C H2 R7 I  0 N-<\,-- / C-CI-N (5) I H2CH3 R' wherein two R7 's are each
independently a methyl group or ethyl  group, compounds represented by the
following formula (6): 10 (7) Rl 5 wherein a plurality of R'0's are each
independently a methyl  group, methoxy group or chlorine atom, f is 2 or 3
and R"  is a 2,4,4-trimethylpentyl group or phenyl group. Illustrative
examples of the ultraviolet  polymerization initiator which can be
advantageously used  10 in the present invention as the ultraviolet
polymerization initiator having the main absorption at an ultraviolet range
and a molar absorption coefficient for light having a  wavelength of 400 nm
of 150 liter/(mol-cm) or more are given  below. 15
a-aminoalkylphenone-based ultraviolet polymerization  initiators; (1)
2-benzyl-2-dimethylamino-l-(4-morpholinophenyl)- butanone-1 acylphosphine
oxide-based ultraviolet polymerization  20 initiators; (1)
2,6-dimethylbenzoyldiphenylphosphine oxide  (2) 2,4,6-
trimethylbenzoyldiphenylphosphine oxide  (3)
2,6-dichlorobenzoyldiphenylphosphine oxide  (4)
2,6-dimethoxybenzoyldiphenylphosphine oxide 25 bisacylphosphine oxide-based
ultraviolet polymerization  initiators; (1)
bis(2,6-dimethoxybenzoyl)-2,4,4- trimethylpentylphosphine oxide (2)
bis(2,6-dimethylbenzoyl)-2,4,4- 30 trimethylpentylphosphine oxide (3)
bis(2,4,6-trimethylbenzoyl)-2,4,4- trimethylpentylphosphine oxide (4)
bis(2,6-dichlorobenzoyl)-2,4,4- trimethylpentylphosphine oxide 11  (5)
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide These ultraviolet
polymerization initiators may be used  alone or in combination of two or
more. 



The amount of the ultraviolet polymerization initiator  5 differs according
to polymerization conditions, the type of  the initiator and the type and
composition of the radically  polymerizable monomer and cannot be limited
unconditionally  but it is preferably 0.01 to 1 part by weight, more
preferably  0.05 to 1 part by weight based on 100 parts by weight of the 10
radically polymerizable monomer. Within the above range, a  cured product
having sufficiently high hardness is'obtained.  The obtained cured product
is excellent in internal uniformity  and color. The thermopolymerization
initiator used in the present  15 invention is not particularly limited and
any known  thermopolymerization initiator may be used. It is
advantageously a thermopolymerization initiator which has  a temperature at
which the half-life (the time elapsed until  the amount of active oxygen is
halved by the decomposition 20 of the initiator at a certain temperature)
of the initiator  is 10 hours of preferably more than 40C, more preferably
more than 50 C. When the temperature at which the half-life  is 10 hours is
higher than 40C, the thermopolymerization  initiator is hardly decomposed
by polymerization heat 25 generated during photopolymerization, whereby
photopolymerization and thermopolymerization do not proceed  at the same
time, thereby making it possible to obtain a cured  product which has high
photochromism durability and little  optical strain. The upper limit of the
temperature at which 30 the half-life of the thermopolymerization initiator
is 10  hours is not particularly limited but commercially available
thermopolymerization initiators generally have a temperature  of 100C or
less. Illustrative examples of the thermopolymerization 12  initiator which
can be advantageously used in the present  invention are given below.
diacyl peroxides;  (1) benzoyl peroxide  5 (2) octanoyl peroxide (3)
lauroyl peroxide  (4) acetyl peroxide  peroxy esters; (1) t-butylperoxy
isobutyrate  10 (2) t-butylperoxy benzoate (3)
1,1,3,3-tetramethylbutylperoxy-2-ethy1 hexanoate  others; (1)
azobisisobutyronitrile 



(2) 2,2-azobis(2,4-dimethylvaleronitrile) 15 These thermopolymerization
initiators may be used alone  or in combination of two or more. The amount
of the thermopolymerization initiator  differs according to polymerization
conditions, the type of  the initiator and the type and composition of the
radically 20 polymerizable monomer and cannot be limited unconditionally
but it is pref erably 0. 001 to 10 parts by weight, more preferably  0.01
to 5 parts by weight based on 100 parts by weight of  the radically
polymerizable. monomer. Any photochromic compound may be used in the
present  25 invention if it absorbs visible light when it develops color.
Describing specifically the absorption of visible light, a  photochromic
compound which has an absorption spectrum at  a wavelength of around 400 to
480 nm develops yellow to orange  color, a photochromic compound which has
an absorption 30 spectrum at a wavelength of around 480 to 550 nm develops
red to purple color, and a photochromic compound which has  an absorption
spectrum at a wavelength of around 550 to 600  nm develops purple to blue
color. These photochromic compounds may be used alone, while they are used
in combination 13  of two or more so that neutral tints such as gray, brown
and  amber can be obtained. Examples of the photochromic compound which is
advantageously used in the present invention are a chromene  5 compound,
fulgide or fulgimide compound and spirooxazine  compound. Any known
compound having a chromene skeleton and  photochromism may be used as the
chromene compound.  Illustrative examples of the chromene compound are
given  10 below. (1) 5-isopropyl-2,2-diphenyl-2H-benzo(h)chromene  (2)
5-t-butyl-2,2-diphenyl-2H-benzo(h)chromene  (3)
spiro(norbornane-2,2'-(2H)benzo(h)chromene) (4)
spiro(bicyclo[3.3.llnonane-9,2'-(2H)benzo(h)chromene)  15 (5)
7'-methoxyspiro(bicyclo[3.3.llnonane-9,2'- (2H)benzo(h)chromene) (6)
3,3-bis(3-fluoro-4-methoxyphenyl)-6-morpholino-3H- benzo(f)chromene (7)
2,2-dimethyl-7-octoxy(2H)benzo(f)chromene 20 Any known compound having a
fulg1de skeleton and  photochromIsm may be used as the fulgide compound.
Illustrative examples of the f ulgide compound are given below.  (1)
N-methyl-6,7-dihydro-4-methylspiro(5,6- 



benzo[b]thiophenedicarboxyimide-7,2-tricyclo[3.3 .1.11,7 Id  25 ecane (2)
N-cyanomethyl-6,7-dihydro-4-methyl-2-
phenylspiro(5,6-benzo[blthiophenedicarboxyimide-7,2-tric  yclo[3.3. 1 .
13,7 ]decane (3) N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4 30
methyl-spiro(5,6-benzo[blthiophenedicarboxyimide-7,2-tri  cyclo[3.3.1 .13,7
Idecane (4) N-cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzo[b]thiophenedicarboxyimide-7,2-tricyclo[3.3 .1.13,7 Id  ecane 14  (5)
N-cyanomethyl-4-cyclopropyl-6,7-dihydrospiro(5,6-
benzo(b]thiophenedicarboxyimide-7,2-tricyclo[3.3 .1.13,7 ]d  ecane (6)
N-cyano-4-cyclopropyl-6,7-dihydrospiro(5,6 5
benzo[blthiophenedicarboxyimide-7,2-tricyclo[3.3 .1.13,1 Id  ecane (7)
N-cyanomethyl-4-cyclopropyl-6,7-dihydro-2-
(p-methoxyphenyl)spiro(5,6-benzo[blthiophenedicarboxyimi
de-7,2-tricyclo[3.3. 1.13,7 ]decane 10 Any known compound having a
spirooxazine skeleton and  photochromism may be used as the spirooxazine
compound.  Illustrative examples of the spirooxazine compound are given
below. (1) 1',5'-dimethyl-4'-fluoro-6" 15
morpholinodispiro(cyclohexane-1,3'-(3H)indole-2'-(2H),3ff
-(3H)naphtho(3,2a)(1,4)oxazine)  (2)
6'-fluoro-l'-methyl-50-nitriledispiro(cyclohexane-
1,3'-(3H)indole-2'-(2'H)3ff-(3H)naphtho(3,2-a)(1,4)oxazin  e) 20 (3)
6'-fluoro-l'-isobutyl-5ff-nitriledispiro(cyclohexane-
1,3'-(3H)indole-2'-(2'H)3w-(3H)naphtho(3,2-a)(1,4)oxazin  e) (4)
4',5'-dimethyl-l'-isobutyldispiro(cyclohexane-1,3'-
(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-a)(1,4)oxazine)  25 (5)
l'-isobutyl-5"-acetonitriledispiro(cyclohexane-1,3'
(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-a)(1,4)oxazine)  (6)
6'-fluoro-l'-methoxycarbonylethyl-8ff-methoxy-6"-
piperidinodispiro(cyclohexane-1,3'-(3H)indole-2'-(2'H)3"
-(3H)naphtho(3,2-a)(1,4)oxazine) 30 (7) 4'-fluoro-l'-isobutyl-5'-methyl-6"-
morpholinodispiro(cyclohexane-1,3'-(3H)indole-2'-
(2H),3ff-(3H)naphtho(3,2a)(1,4)oxazine) The amount of the photochromic
compound is suitably  



selected according to the strength of developed color. It 15  is, f or
example, 0. 001 to 1 part by weight, preferably 0. 01  to 0.5 part by
weight based on 100 parts by weight of the  radically polymerizable
monomer. Within this range,  polymerization is liable to be completed in a
short period 5 of time and the obtained cured product has the sufficient
color strength of the photochromic compound and high  photochromism
durability. Known stabilizers and additives such as a release agent,
ultraviolet light absorbent, ultraviolet light stabilizer,  10 antioxidant,
color protection agent, antistatic agent, fluorescent dye, dye, pigment and
perfume may be suitably  contained in the polymerizable composition used in
the present  invention as required. The activation energy rays irradiated
in the present  15 invention must have a wavelength of 400 nm or more as
the  main emission spectrum. When the main emission spectrum of  the
activation energy rays is below 400 nm, the photochromic  compound which
has developed color absorbs the activation  energy rays f or the cleavage
of the ultraviolet polymerization 20 initiator and the cleavage of the
ultraviolet polymerization  initiator hardly occurs, thereby making it
impossible to  complete polymerization in a short period of time, because
the photochromic compound generally absorbs ultraviolet rays  having a
wavelength of 380 to 400 nm to develop color. When 25 the activation energy
rays is irradiated f or a long time to  complete polymerization, the
photochromic compound  deteriorates disadvantageously. A light source which
emits activation energy rays having  a wavelength of 400 nm or more as the
main emission spectrum,  30 namely, a light source which has the main
emission spectrum of a visible range may be used as the light source used
for  the irradiation of the activation energy rays in the present
invention. When a light source which emits activation energy  rays having a
wavelength of less than 400 nm as the main emission 16  spectrum is used,
an ultraviolet cut filter is used to cut  off or reduce the activation
energy rays having a wavelength  of less than 400 nm, thereby making it
possible to suppress  the color development of the photochromic compound
and to 5 use even a light source which emits light including activation
energy rays having a wavelength of less than 400 nm. However,  it is not
necessary to completely cut a spectrum of less than  400 nm of a light
source in the actual curing operation and  



the activation energy rays may include activation energy rays 10 having an
ultraviolet range of less than 400 nm as far as  the main emission spectrum
thereof is a wavelength of 400  nm or more. Although the photochromic
compound develops weak  color with the activation energy rays having an
ultraviolet  range and absorbs part of the activation energy rays in this
15 case, it can transmit substantially the activation energy  rays having a
wavelength of 400 nm or more and can cleave  the ultraviolet polymerization
initiator, whereby  polymerization and curing proceed. Illustrative
examples of the light source which can be  20 advantageously used in the
present invention include a metal  halide lamp, intermediate-pressure
mercury lamp,  high-pressure mercury lamp, super high-pressure mercury
lamp,  bactericidal lamp, xenon lamp and tungsten lamp. When a lamp  such
as a metal halide lamp or high-pressure mercury lamp 25 of which light
sources emit ultraviolet rays and visible rays  simultaneously is used, an
ultraviolet cut filter or the like  must be used to cut or reduce
activation energy rays having  an ultraviolet range. As the exposure time
differs according to the wavelength  30 and intensity of light from a light
source and the shape and  constituent components of a cured product, it is
preferably  predetermined by carrying out preliminary experiments.
Generally speaking, the time required f or polymerization can  be made much
shorter than when only thermopolymerization is 17  carried out by carrying
out exposure for 0. 5 to 100 minutes. When exposure to the activation
energy rays is carried  out, the temperature of the cured product is
generally raised  by polymerization heat. In this case, when the
polymerization  5 temperature rises too high, the cleavage of the
thermopolymerization initiator occurs by polymerization heat,  whereby
photopolymerization and thermopolymerization occur  at the same time. When
photopolymerization and thermopolymerization occur at the same time, the
photochromism  10 durability of the photochromic cured product obtained by
polymerization lowers and the optical distortion thereof  becomes large
disadvantageously. Therefore, when the temperature of the cured product of
the polymerizable  composition during photopolymerization is lower than the
15 half - life temperature of the thermopolymerization initiator to
suppress the proceeding of thermopolymerization during
photopolymerizatlon, a cured product having little optical  distortion and
excellent optical characteristics can be  



obtained. Consequently, it is preferred to suitably set 20
photopolymerizatlon conditions to ensure that the temperature  of the cured
product should not exceed 500C during  photopolymerization. To this end, it
is preferred to select  the intensity of the activation energy rays from a
range of  1 to 2 kW and the distance between the cured product and the 25
activation energy rays from a range of 10 to 100 cm or to  cool the cured
product as required. When exposure to the activation energy rays is to be
carried out, at least the f ace to be exposed of a mold must  be
transparent, and glass is preferably used in this portion. 30 Particularly,
a material which easily transmits ultraviolet  rays such as quartz glass is
preferred but any material may  be used if it is transparent.
Polymerization may be carried  out while pressure is applied from the
outside during molding. Following photopolymerization by exposure to the 18
activation energy rays, thermopolymerization is carried out  byheating. In
the production process of the present invention,  prepolymerization is
carried out by photopolymerization by  means of the irradiation of
activation energy rays and then 5 polymerization is completed by
thermopolymerization by  heating. Short-time prepolymerization is carried
out by  photopolymerization, whereby the total polymerization time  can be
reduced. When the order is reversed, that is,  prepolymerization is carried
out by thermopolymerization, 10 a satisfactory cured product cannot be
obtained in a short  period of time and much time is taken. Out of the
conditions of heating which is carried out  after the irradiation of the
activation energy rays,  temperature has an influence upon the properties
of the 15 obtained photochromic resin. Since this temperature  condition is
influenced by the type and amount of the  thermopolymerization initiator
and the type of the radically  polymerizable monomer and cannot be limited
unconditionally,  it is preferred to heat at a temperature higher than the
heat 20 generation temperature at the end of the irradiation of the
activation energy rays and to terminate thermopolymerization  at a high
temperature. As the polymerization time also differs  according to various
f actors same as temperature conditions,  the optimum time is suitably
determined according to these  25 conditions. Generally speaking, a method
in which the temperature  is raised to any temperature from 90 to 1200C in
1 to 180  minutes from the temperature right after the end of 



photopolymerization and that temperature is maintained f or  30 10 to 300
minutes to complete polymerization is preferably  employed. The production
process of the present invention may be  a known cast polymerization
process. Stating a typical  example of the process, a polymerizable
composition is 19  injected into a space between molds maintained by an
elastomer  gasket or spacer, exposed to the above activation energy rays
to be cured and further cured by thermopolymerization by  heating, and then
the cured product is taken out. 5 The photochromic cured product obtained
by the process  of the present invention may be further subjected to the
following treatment according to its application purpose.  That is,
processing or a secondary treatment such as dyeing  using a disperse dye,
an anti-reflection treatment or 10 antistatic treatment by the deposition
of a thin film of a  hard coat agent essentially composed of a silane
coupling  agent and a sol component such as silicon, zirconium, antimony,
aluminum, tin or tungsten, or a metal oxide such as S102, T102  or Zr02, or
the formation of a thin film of an organic polymer  15 by coating may be
carried out. By employing the production process of the present  invention
which combines photopolymerization and  thermopolymerizat ion, a
photochromic cured product which is  free from the deterioration of a
photochromic compound during 20 polymerization and has high color strength
and sufficiently  high hardness can be obtained in a short period of time.
The  obtained cured product turns from chromatic to colored upon  exposure
to light including ultraviolet rays, such as sunlight  or light from a
mercury lamp, and returns to the original 25 state upon the stoppage of
exposure, and has excellent light  controllability and repeated durability.
Therefore, the  obtained cured product is useful as organic glass having
photochromism and can be advantageously used for photochromic  lens
application. 30 Examples  The following Examples and Comparative Examples
are provided for the purpose of further illustrating the present  invention
but are in no way to be taken as limiting. "Parts" 20  in the following
Examples means "parts by weight".  1. radically polymerizable monomer The
following radically polymerizable monomers were  



used in the Examples. 5 Ml: 2,2-bis(4-methacryloyloxyethoxyphenyl)propane
M2: 2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane  M3: triethylene
glycol dimethacrylate M4: tetraethylene glycol dimethacrylate  M5: glycidyl
methacrylate 10 M6: isobornyl acrylate  M7: a-methylstyrene M8:
a-methylstyrene dimer  2. photochromic compound The following photochromic
compounds were used.  15 2-1. chromene compound Cl:
spiro(bicyclo[3.3.llnonane-9,2'-(2H)benzo(h)chromene)  C2:
3,3-bis(3-fluoro-4-methoxyphenyl)-6-morpholino-3H- benzo(f)chromene C3:
5-isopropyl-2,2-diphenyl-2H-benzo(h)chromene  20 2-2. fulgide compound Fl:
N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-
methylspiro(5,6-benzo[b]thiophenedicarboxyimide-7,2-tric  yclo[3.3. 1.13,7
]decane F2: N-cyanomethyl-4-cyclopropyl-6,7-dihydro-2-(p 25
methoxyphenyl)spiro(5,6-benzo[b]thiophenedicarboxyimide- 7,2-tricyclo[3.3.
1.13,7 Idecane 2-3. spirooxazine compound Sl: 1',5'-dimethyl-4'-fluoro-6"-
morpholinodispiro(cyclohexans-1,3'-(3H)indole-2'- 30
(2H),3"-(3H)naphtho(3,2a)(1,4)oxazine) S2:
6'-fluoro-l'-methyl-5m-nitriledispiro(cyclohexane-
1,3'-(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2- a)(1,4)oxazine) 3. ultraviolet
polymerization initiator 21  The following ultraviolet polymerization
Initiators were used. The figures within parentheses after the names  of
compounds indicate a molar absorption coef f icient f or light  having a
wavelength of 400 nm (liter/(mol-cm)). 5 Pl: CGI-1700 (trade name: Nippon
Ciba Geigy Co., Ltd.)  a 1:3 mixture of bis(2,6-dimethoxybenzoyl)-2,4,4-
trimethylpentylphosphine oxide (550) and 2-hydroxy-2-
methyl-l-phenylpropane-l-one (10 or less) P2:
2,4,6-trimethylbenzoyldiphenylphosphine oxide (250)  10 P3:
2-benzyl-2-dimethylamino-l-(4- morpholinophenyl)butanone-1 (200) P4:
methylbenzoyl formate (10 or less) P5: Irgacure 819 (trade name: Nippon
Ciba Geigy Co. , Ltd.  



bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide (604)  15 4.
thermopolymerization initiator The following thermopolymerization
initiators were  used. The figures within parentheses after the names of
compounds indicate a temperature (0 C) at which the half -lif e  is 10
hours. 20 TI: t-butylperoxy neodecanoate (46)  T2: t-butylperoxy
isobutyrate (77) T3: 1,1,3,3-tetramethylbutylperoxy-2-ethylhexanoate (65)
T4: diisopropylperoxy dicarbonate (41) T5: benzoyl peroxide (74)  25 T6:
octanoyl peroxide (62) T7: 2,2-azobis(2,4-dimethylvaleronitrile) (51)
Example 1 38 parts of M1, 38 parts of M2, 5 parts of M5, 15 parts  of M6, 3
parts of M7 and 1 part of M8 out of the above radical  30 polymerizable
monomers, 0.05 part of Fl as a photochromic compound, 0.5 part of T2 as a
thermopolymerization initiator  and 0. 5 part of Pl as an ultraviolet
polymerization initiator  were added and mixed together f ully. This mixed
solution was  injected into a mold consisting of a glass plate and a gasket
22  made from an ethylene-vinyl acetate copolymer, a filter  capable of
cutting 99 % of a wavelength of 380 nm, 98 % of  a wavelegnth of 390 nm, 50
% of a wavelength of 400 nm and  15 % of a wavelength of 410 nm of
activation energy rays as 5 an ultraviolet cutting filter was interposed
between a metal  halide lamp and the mold to irradiate activation energy
rays  having a wavelength of 400 nm or more, and activation energy  rays
having a wavelength of 400 nm or more as the main emission  spectrum was
irradiated using the metal halide lamp having 10 an output of 120 W/cm f or
2 minutes. The tmeperaure during  irradiation was maintained at 500 C.
Thereafter, the  temperature was gradually raised from 60 to 1100C over 30
minutes with an air furnace and maintained at 1100 C to carry  out
polymerization for 2 hours. After the end of 15 polymerization, a cured
product was taken out from the glass  mold. The above polymerization
conditions are shown in Table hardness  The Rockwell hardness (HL) of the
obtained cured product 20 (thickness of 2 mm) was measured with the
Rockwell hardness  tester of Akashi Co., Ltd. optical distortion The
optical distortion of the obtained cured product  was observed under
crossed Nicols. The cured product was  



25 evaluated as 0 when no optical distortion was observed and  X when
optical distortion was observed. colorability and deterioration during
polymerization  The colorability of the obtained cured product was
evaluated by absorbance (ABS.) at the maximum absorption 30 wavelength
(Xmax (nm)) based on color developed by the  photochromic compound by
irradiating the cured product with  light from the L-2480 (300 W) SHL-100
xenon lamp of Hamamatsu  Photonics Co., Ltd. through an aeromass filter (of
Corning  Co., Ltd.) at 250C:tlOC and a beam strength on the surface 23  of
the cured product of 365 nm = 17 mW/cm2 for 15 seconds.  The deterioration
of the photochromic compound during  polymerization was evaluated by the
existence of the initial  coloring of the cured product (absorbance (ABS. )
at the maximum 5 absorption wavelength (?,max (nm)) before color
development).  repeated durability The retention ($) of absorbance by the
above measurement  method after the cured product was deteriorated for 20
hours  by the X25 xenon weather meter of Suga Shikenki Co., Ltd. 10
retention (%) = (absorbance at the time of color development  at the
maximum absorption wavelength after  deterioration)/(absorbance at the time
of color development  at the maximum absorption wavelength before
deterioration)  x 100 15 The above results are shown in Table 3.  Examples
2 to 9 The procedure of Example 1 was repeated except that  polymerization
was carried out using a photochromic compound,  ultraviolet polymerization
initiator and 20 thermopolymerization initiator shown in Table 1 under
conditions shown in Table 1. The above results are shown in  Table 3.
Comparative Example 1 Only photopolymerization was carried out. The  25
procedure of Example 1 was repeated except that only  photopolymerization
was carried out using an ultraviolet  polymerization initiator shown in
table 1 under conditions  shown in Table 1. The results are shown in Table
3.  Comparative Example 2 30 Polymerization was carried out using an
ultraviolet  polymerization initiator having a molar absorption
coefficient for light having a wavelength of 400 nm of less  than 150
liter/(molcm). The procedure of Example 1 was  repeated except that
photopolymerization wascarried out using 



24 the ultraviolet polymerization initiator shown in Table 1  under
conditions shown in Table 1. The results are shown in  Table 3. Comparative
Example 3 5 Only thermopolymerization was carried out. The  procedure of
Example 1 was repeated except that only  thermopolymerization was carried
out under conditions shown  in Table 1. The results are shown in Table 3.
Examples 10 to 12 10 A mixture of a photochromic compound was used as the
photochromic compound. The procedure of Example 1 was  repeated except that
polymerization was carried out using  the photochromic compound,
ultraviolet polymerization  initiator and thermopolymerization initiator
shown in Table 15 1 under conditions shown in Table 1. The results are
shown  in Table 3. Comparative Examples 4 to 6 Only photopolymerization was
carried out. The  procedure of Examples 10 to 12 was repeated except that
only  20 photopolymerization was carried out under conditions shown  in
Table 1. The results are shown in Table 3. Examples 13 to 19 The procedure
of Example 1 was repeated except that  polymerization was carried out using
70 parts of M3, 20 parts  25 of M4 and 10 parts of M5 as radical
polymerizable monomers, photochromic compound, ultraviolet polymerization
initiator  and thermopolymerization initiator shown in Table 2 under
conditions shown in Table 1. The results are shown in Table 3.  30
Comparative Examples 7 to 10 Only photopolymerization was carried out. The
procedure of Example 13 was repeated except that  polymerization was
carried out using an ultraviolet  polymerization initiator shown in Table 2
by irradiating light 25  for only 20 minutes. The results are shown in
Table 3. In Table 1, compared with Examples 1 to 3 and Comparative  Example
3 (only thermopolymerization) in which the same  radical polymerizable
monomer and the same photochromic 5 compound were used, the total
polymerization time required  for the production of a cured product was
greatly reduced  in Examples 1 to 3. In Table 3, compared with Examples 1
to  3, Comparative Example 1 (only photopolymerization) and  Comparative
Example 2 (the molar absorption coefficient of 



10 the ultraviolet polymerization initiator was less than 150
liter/(molcm)), the cured products obtained in Examples 1  and 3 had high
hardness, were not colored initially and had  high colorability. Further,
the obtained cured products were  excellent in repeated durability. 26 a) ~
a)  o  M UOOOO00000 oLOd'LOLf)VU)I!')LO'0 0 0 c c 0 0 0 LOInLnLOLL)Ln1n 1.1
E a) ri      044 N 0   N dNriMNr-Ir-1NMNNNNN NNN    0  O r 1 4  



N $4 1LOLn0% .. .^ .-..-...^ M1l)-I rriLnei.......,~
Ncoo-00-000O......I.....o .. - .-. N .. i-I .. _ ... v ... N N rl  1
waaaaaaaal aaaasaa j' 11aa  0  M ^o If) Oo1.0 o ~..LOLO O\O\O E O)NON .\._
ON .\, N L O rI LOIn0o-N Hr. .-. .-. 



ON-InMInw Or- U WIllto0In 00ooooooooo coccornr-cnEnwCn U Ln  ri~-iriUr
iriririrIO r-I OUrir-IririU Ori OU ri ll HWwWU[/)V1UU% UNWWP4C.4Ufvp N . U
f-1U~..UQ.U 0 a\In-4In  O .. LO r U) r-i ANCN woO 00 %. 00 OriNNMe'If)%0
r-INMd'LO%OI~co0r-Ir-Ir-I'k  WWWWWWWWWWWWUUUUUU 27 a 0   ro N a)  ^, M rl
1n M rl r1 



M Lfl MM M M MMMMMM rl 0000OOOO000 J ~ NNNNC,;NNNNNNONOOO 4  ri 0   0
NNNNMNNNu7NNNINNI   ro a)  a) N  04J  ro .rj p 4J O0C0000000000
94or+rl000r1r1or1ri .HuIli l o00o00? 1 1 1 ? Ol 



0o0000O ImkOt0kO%0%0to%0wtoLoM o.r1 a4J 0to  a)     o . 4  ro ~ 14
......^........ O a)  Id OOOLA N rl p r1 r1 0I rl II ' r1.......p...p`' 4JA
.....-..VNMNN-%-oN 4 7EEEEEEEEHEEEE o E ~   ro a)   



.-INM11910 r-INMLO\OL-coa,H-IrNl~~ WWWWW~~1WW UW U UUUU 28 N a) ri  cd  E
a) ~ a) 0 o  N H Uo00ooO00000 OinLOL10W)Lnt "     b   o      .~NuY.-iNMriNc
o o 0 NNNN  O  ri ~ AJ 



rI    ri 4.J  fi ^^^^ ri ^ ^ O^ 0O^ ^ ~.1ou)r-Ir-I rIri 41O0oOOO...OO...
~'NriNNawv ~,.aaaaaaa  O MM rdoO ^OO 04-  044 MM G . ...-.......p U a) v
30'';r'?oo`n00000 ~AoooOOO~ooo~  O N N NMM r-1 ANMI wUUU1-1%1 4JWU]UWMU1
pOO 0 (d -P 



o-I p{00 00  MdwLntO1,COc%NCOO'i riririr1rir-Ir-1 WWW WWWWUUUU DC  W 29 a 0
.ri 4J N 4) M W N M u'l r-I M MMMM `4 EOOOOOOO p }J Nr4a;NMMN0000 4J  '-I 0
a  E   0Nr-IInNMMN1III   Id G)  4)   



o4J  (D 0 0 0 0 0 O  a"r-IOOOO.-I U lllllll OOOOOo    04)    O .  H 4J +.
,  b '[  .N 3In......,nIn,. vlIII 4J .0..M%OM....oN EHHEEE C .rp   Id 4)
0 Md'Ill~Ol~0001L 0 



O\ri ~0 rlr-Iririr-Ir-I.--IW W W tnnM WW~W WWW~ UUUU .1 30 0 N
.HoooooooooooQ0XXQXXX  10 W dP  Oto toG00toNv 0r1 Lo0 ~0OOMM ON O4 N '
~Odto100mmm O00 wm m[~e-i~O .-100 00   b   N a)4)4)0.04)4)003~'3fA pp 3 33
3 ,~,~,-iHHH00,~,~,~0 00 0     O~Dl~Nl~01N00to O%to OON 00N.-I011o eNto
dV00 [- O0Or-1.-IOO.-IOO O0 00 00000 00 00 0  OOoOOOooOO OO Oo oOOoO oO Oo
O O ao ao In In 



~ a+ ~n ~n In O~ In O~ In O~ ao O ao In ~ ~ v, In O~
~nlou~~~r~n~n~~w~~u,~~anu~~o~~neru'f~1n   o 0'~   4)  3 a x
N%010LoN10LoMItoI~u0InIn'omtoL~to  r-INMIUi~OL~0001rN-1r-INMd'to%0 WWWWWWW{
WC WUUUUUU I W  U 31 0 .rq oooo0oxxxx to , o E1 dp  ,r{I 



O L1 co LO O co ll %O O M O r-{drONONO\ONCN mcoCOco co    -I33ro3a (a c H H
c  r-Irr 1r4r i0d CApd O 00 >1>1  V 1~ONLONr - OriririOriO OOriOO O  l~ 0 0
0 0 0 0 0 eN O O O O ~:1dYd~ d' d~ [~ l~ 



U) M L~ er l~ 1lY M d~d'~OeNd'd' ~OU7~Od~d~ 10   0 ) U (I Scd 0O
4J00000000000   rn o0LOM00d'OOUl)o U M v 4 %O N w 0 N OO C1  ririririri~rik
~k I WW WWWWWVUUU 32 CLAIMS 1. A process for producing a photochromic cured
product,  comprising the steps of: 5 photopolymerizing a polymerizable
composition  comprising (A) a radical polymerizable monomer, (B) an
ultraviolet polymerization initiator having the main  absorption at an
ultraviolet range and a molar absorption  coefficient for light having a
wavelength of 400 nm of 150 10 liter/ (molcm) or more, (C) a
thermopolymerization initiator  



and (D) a photochromic compound by irradiating activation  energy rays
having a wavelength of 400 nm or more as the main  emission spectrum; and
further thermopolymerizing the composition by heating. 15 2. The process of
claim 1, wherein the thermopolymerization  initiator has a temperature at
which the half-life thereof  is 10 hours of more than 40C. 20 3. The
process of claim 1, wherein the photopolymerization  of the polymerizable
composition is carried out at the same  temperature or less as a
temperature at which the half-life  of the thermopolymerization initiator
is 10 hours. 25 4. The process of claim 1, wherein the photopolymerization
of the polymerizable composition is carried out at a  temperature of 50C or
less. 5. The process of claim 1, wherein the photopolymerization  30 of the
polymerizable composition is carried out for 0.5 to  100 minutes. 6. The
process of claim 1, wherein thermopolymerization  is started at a
temperature higher than the temperature of 33  the cured product at the end
of photopolymerization and  terminated by further raising the temperature.
7. The process of claim 1, wherein the temperature of the  5 cured product
after the end of photopolymerization was raised to 90 to 120C and
thermopolymerization is terminated by  maintained that temperature for 10
to 300 minutes. 


