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PHOTOCROMIC COMPOSITION
TECHNICAL FIELD

[0001]

The present invention relates to a novel photochromic composition suitably used
as a photochromic adhesive agent, particularly as a photochromic adhesive agent for
binding optical sheets or films made of polycarbonate resins with each other. Also, the
present invention relates to an optical article including a multilayer structure made by
binding the optical sheets or ﬁims with  each other via the adhesive layer comprising
the photochromic composition.

DESCRIPTION OF THE RELATED ART

[0002]

Recently especially in United States, the needs is rapidly increasing for the
plastic base material using a polycarbonate of transparent and having excellent impact
resistance, for the use of the sunglasses with a dizziness prevention property. Further, in
regards with such plastic sunglass, the photochromic sunglass made of plastic is rapidly
becoming popular which can control the dizziness prevention property by changing a
transparency depending on the surrounding brightness by combining with a
photochromic pigments.

[0003]

However, the processing of the photochromic sunglass made of plastic is not
necessarily easy. For example, in the method of injection molding (refer to Patent 1) the
polycarbonate resin in the mold installed with a composite film formed with a
photochromic coating film on the surface of the polycarbonate film by using the
photochromic coating liquid which is added with photochromic agent to the acrylate
copolymer, it was difficult to obtain a sunglass having good photochromic characteristic.

Also, as the method for producing the synthetic resin laminated article having good
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‘photochromic characteristic, the method is proposed wherein 0 the one side of the
transparent synthetic resin layer such as a polycarbonate sheet which moves
continuously, the resin layer having photochromic characteristic is coated continuously;
then after carrying out the drying of the resin layer, other transparent resin layer is
adhered with each other or so (refer to Patent 2 and Patent 3).

[0004]

However, in such methods, the resin composition (specifically, polyurethane
resin composition) used for forming the resin having above mentioned photochromic
characteristic includes solvents such as tetrahydrofuran or toluene. In order to exhibit
the photochromic characteristic of the resin layer, the resin layer has to be coated thick,
and in such case, since the used amount of the solvent increases, when said resin
composition is coated to the transparent synthetic resin layer such as polycarbonate
sheet or so, there were problems such as the deteriorated appearance caused by the
dissolving of the fransparent synthetic resin layer, and the lowered photochromic
characteristic due to the synthetic resin eluted into the urethane resin.

[0005]

Also, in the method described in the Patent article 1, instead of said composite
film, there is a method which uses “the multilayer sheet binding the polycarbonate sheet
by cémprising the photochromic pigment” (refer to Patent 4 and Patent 5). However, in
such method, the adhesion and the heat resistance of the polycarbonate sheet in the
above mentioned multilayer sheet were insufficient. Thus, when the optical article is
produced by installing the above mentioned laminated article into the metal mold and
injection molding the polycarbonate resin to the metal mold; there were problems such
as the peeling of the obtained the optical article and the optical strain or so.

[0006]

[Patent 1] JP Patent Application Laid Open No §61-5910
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[Patent 2] W(O2002/099513

[Patent 3] JP Patent Application Laid Open No0.2002-196103

[Patent 4] JP Patent Application Laid Open No 2003-519398

[Patent 5] US Patent Application Publication No.2004-096666
DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0007]

The object of the present imvention is, firstly, to provide the photochromic
composition having excellent adhesion and heat resistance, and also exhibiting an
excellent photochromic property when used as the adhesive layer for binding the optical
sheets or the optical films.

[0008]

Also, the second obiect of the present invention is to provide an optical article
including the multilayer structure in which the optical sheets or the optical films are
bound by the adhesive layer comprising the photochromic property; wherein said
optical article has excellent adhesion and heat resistance, and further has excellent
photochromic characteristic in said multilayer structure.

[0069]

Further, the third object of the present invention is to provide a method of
capable of producing the optical article without damaging the appearance even in case
the thermoplastic resin such as polycarbonate or so is used as the optical sheet of the
optical film.

MEANS FOR SOLVING THE PROBLEM
0010}
In order to solve above mentioned problem, the present inventors have carried

out keen examination concerning the relation between the structure of the photochromic



polyurethane resin adhesive layer and the characteristic of the obtained optical article.
" As a result, (1) in case the photochromic polyurethane-urea resin adhesive layer is
formed by using the polyurethane-urea resin, the obtained laminated article has
excellent adhesion, the heat resistance, the photochromic property and the durability or
so; also (2) in case of forming the above mentioned photochromic polyurethane-urea
resin adhesive layer without using the solvent, or by drying after forming the cast
membrane using the solvent (removal of the solvent), and to produce the laminated
article using the photochromic adhesive sheet (the photochromic polyurethane-urea
resin adhesive layer) comprising the polyurethane-urea resin and the. photochromic
compound dispersed therein, the present inventors have found that the bad influence
caused by the solvent can be avoided and the photochromic property does not decline,
thereby the present invention was accomplished.

[0011]

That is, the present invention is the photochromic composition comprising (A)
polyurethane-urea resin having the urea bond in the molecular chain, and (B)
photochromic compound.

[0011a] In one aspect, there is provided a photochromic composition comprising (A) a
polyurethane-urea resin having an urea bond in the molecular chain, (B) a photochromic
compound, and (D) an isocyanate compound having at least one isocyanate group in the
molecule.

[0011b] In another aspect, there is provided an optical article having a multilayer
structure wherein two optical sheets or films facing each other are bound via an

adhesive layer comprising the photochromic composition as defined herein.



[0011c] In another aspect, there is provided an optical article having a multilayer
structure wherein two optical sheets or films facing each other are bound via a first
adhesive layer comprising the photochromic composition as defined herein, and a
second adhesive layer present at both sides of said first adhesive layer.

[0011d] In another aspect, there is provided a production method of the optical article as
defined herein, comprising a step (I) of forming a photochromic adhesive sheet
comprising (A) the polyurethane-urea resin and (B) the photochromic compound
dispersed in (A) the polyurethane-urea resin, by extending the photochromic
composition comprising (A) the polyurethane-urea resin having the urea bond in the
molecular chain, (B) the photochromic compound, (D) the isocyanate compound
comprising at least one isocyanate group in the molecule and (C) the organic solvent of
5 to 900 parts by weight with respect to 100 parts by weight of (A) the
polyurethane-urea resin on a flat and smooth base material, then removing (C) the
organic solvent by drying and separating the base material; and a step (II) of forming
said multilayer structure by binding two optical sheets or films by placing said
photochromic adhesive sheet in between two optical sheets or films facing each other.
EFFECTS OF THE INVENTION

[0012]

The photochromic composition of the present invention functions as the
adhesive agent or the binder, and when the laminated article binding the optical sheets
or films formed of polycarbonate resin or so by using the adhesive layer formed of said
composition, the obtained laminated article shows excellent adhesion and photochromic
characteristic. Further, as the above mentioned adhesive layer shows excellent heat
resistance, even when the optical article is produced by installing the above mentioned
laminated article into the metal mold and injection molding the thermoplastic resin such

as polycarbonate resin or so in the metal mold, the adhesion and the photochromic

4a
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* characteristic barely declinies, and thus the optical strain is unlikely to happen.

[0013]

Also, according to the method of the present invention, even when the
thermoplastic resin such as polycarbonate or so having low solvent resistance is used as
the optical sheet or film, the bad influence caused by the solvent can be avoided; hence
the photochromic property is not lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

The photochromic composition of the present invention comprises (A) a
polyurethane-urea resin having urea bond in a molecular chain (hereinafter it may be
referred to as A component), and (B) a photochromic compound (hereinafter, it may be
referred to as B component). Herein below, these A component and B component will
be described.

[0615]

A component: Polyurethane-urea resin

The polyurethane resin used in the conventional photochromic adhesive agent or
binder is an urethane resin having a chain extension by urethane bond using diol
compound such as 1,4-butane diol or so, and it did not have urea bond in the molecule.
of the resin. On the contrary, A component of the photochromic composition of the
present invention is the polyurethane-urea resin having urea bond (-R-NH-CO-NH-) in
the molecular chain; and by comprising such resin as the resin component, the heat
resistance, and the adhesion and the durability of the photochromic compound can be
improved when the photochromic composition of the present invention is used as the
adhesive agent or the binder.

(0016}

It is not necessarily clearly understood why such effect can be obtained,
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however the present inventors speculate the following reasons. That is, by having a uread’
bond in the polyurethane resin, the rigidity of the molecule is enhanced, and also the
hydrogen bond between the molecule become further strong; thereby the heat resistance
is thought to be improved. Also, in regards with the improvement of the durability of
the photochromic compound, due to the presence of the urea bond in between the
molecule, the hydrogen bond becomes stronger; thus the oxygen in the air becomes
difficult to disperse into the polyurethane-urea resin; thereby the photooxidative
degradation which iz known as the general degradation system of the photochromic
compound is thought to be suppressed. Further, in regards with the improvement of the
adhesive strength, it is thought that the cohesion failure of the resin is less likely to
happen since the hydrogen bond between the molecular chain has become stronger due
to the presence of the urea bond.

[0017}

As the polyurethane-urea resin used as A component, it is not particularly
limited as long as the polyurethane-urea resin has the urea bond in the molecular éhain,
however the polyurethane-urea resin which does not have the isocyanate group at the
terminal end of the molecule is preferable from the point that good photochromic
characteristic can be obtained when used as the composition of the present invention.
Also, from the point of easy production, it is preferably the polyurethane-urea resin
obtained by reacting, (A1) (hereinafter, it may be referred to as A1 component) at least
one polyol compound selected from the group consisting of polyether polyol,
polycarbonate polyol, polycaprolactone polyol, and polyester polyol;

(A2) (hereinafter, it may be referred to as A2 component) a polyisocyanate compound
comprising two or more isocyanate groups in the molecule, and
(A3} (hereinafter, it may be referred to as A3 component) an amino group containing

compound comprising two or more groups capable of reacting with the isocyanate
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group and among these groups, at least one thereof 15 the amino group. In such’
polyurethane-urea resin, urea bond is introduced in the molecule as the compound
having the amino group is used as A3 component which is the source material.
Hereinafter, these component will be explained.

[0018]

Al component: the polyol compound

As for the polyol compound of A1 component, from the point that the prepared
polyurethane-urea resin is not excessively highly crosslinked, preferably two to six
hydroxyl groups are included in the molecule, and further considering the solubility fo
the organic solvent, the number of the hydroxyl group included in the molecule are
preferably 2 to 3. Also, the aforementioned polyol compound such aé polyether polyol,
polycarbonate polyol, polycaprolactone polyol, polyester polyol or so may be used
alone or it may be used by mixing two or more thereof, However, from the point of the
heat resistance, the adhesion, the weather resistance, and the hydrolysis degradation
resistance or so, it is preferable to use polycarbonate polyol, polycaplolactone polyol;
and among these, polycarbonate polyol is preferably used.

[0019]

Herein below, various compounds used as Al component will be described in
detail.

[0020]

Polvether polvol:

As for polyether polyol used as Al component, polyether polyol compounds
obtained by a reaction between an alkylene oxide and a compound having two or
more of active hydrogen containing group in the molecule; and polymerpolyol, urethane
modified polyetherpolyol, and polyetherestercopolymer polyol or so which are the

modification of said polyether polyol may be mentioned.



PCT/IP2011/067841
Our refWP11637

[00217

Note that, as for the compound having two or more active hydrogen containing
groups in the molecule, polyol compounds such as glycol or glycerin having one or
more hydroxyl groups in the molecule such as water, ethyleneglycol, propyleneglycol,
butanediol, glycerin, trimethylolpropane, hexanetriol, triethanolamine, diglycerin,
pentaerythritol, trimethylolpropane, hexanetriol or so may be mentioned, and these may
be used alone or by combining two or more thereof.

[0022]

Also, as for said alkylene oxide, cyclic ether compound such as ethylene oxide,
propylene oxide, and tetrahydrofurane or so may be mentioned, and these may be used
alone or by combining two or more thereof.

[0023]

For the polyetherpolyol of Al component, from the point of the heat resistance
and the photochromic characteristic (a color optical density, a color fading speed, a
weather resistance or s0) of the obtained polyurethane-urea resin, in particular from the
point of the weather resistance of the photochromic compounds; the number average
molecular weight is preferably 400 to 3000, more preferably 400 to 2000, and most
preferably it is 400 to 1500.

[0024]

Such polyether polyol can be obtained as a chemical reagent or as for the
industrial use, and as for the commercially available examples, “EXENOL ™" series
and “EMULSTAR ™" made by ASAHI GLASS CO.Ltd, “ADEKA POLYETHER”
series made by ADEKA CORPORATION or so may be mentioned.

[0025]

Polvcarbonate polvol:

As for polycarbonate polyol used as Al component; polycarbonate polyol
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obtained by phosgenation of one or more of low molecular polyols such as ethylene
glycol, 1,2-propanediol, 1,3-propanediol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol,
1,5-pentanediol, 1,6-hexanediol, 1,8-octanediol, 1,9-nonanediol, 1,10-decanediol,
3-methyl-1,5-pentanediol, 2-ethyl-4-butyl-1,3-propanediol, diethyleneglycol,
dipropyleneglycol, neopentylglycol, cyclohexane-1,4-diol, cyclohexane-1,4-dimethanol,
dimer acid diol, ethylene oxide adduct or propylene oxide adduct of bisphenol A,
bis(B-hydroxyethyl)benzene,  xylene  glycol,  glycerin,  trimethylolpropane,
pentaerythritol; or polycarbonate polyol obtained by ester exchange method from
ethylenecarbonate, diethylcarbonate, and diphenylcarbonate or so may be mentioned.
As for polycarbonate polyol for Al component, from the same reason as polyether
polyol, the number average molecular weight is preferably 400 to 3000, and more
preferably it is 400 to 2000, and most preferably it is 400 to 1500. These polycarbonate
polyol can be obtained as a chemical reagent or as for industrial use, and as for the
comunercially available examples, “DURANGL ™" series made by Asahi Kasei
Chemicals Corporation, “Kuraray Polyol ™” series made by KURARAY CO.LTD,
“Praccel ™” geries made by DAICEL CORPORATION, “NIPPOLAN ™ geries made
by NIPPON POLYURETHANE INDUSTRY CO.LTD, “ETERNACOLL ™ geries
made by UBE INDUSTRIES LTD or so may be mentioned.
[0026]

‘ Polvcaprolactone polyol:

As polycaprolactone polyol used for A1 component, the compound obtained by
ring-opening polymerization of e-caprolactone can be used. For polycaprolactone as Al
component, from the same reason as polyether polyol, the number average molecular
weight is preferably 400 to 3000, and more preferably it is 400 to 2000, and most
preferably it is 400 to 1500. These polycaprolactone polyol can be obtained as a

chemical reagent or as for the industrial use, and as for the commercially available
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- example; “Praccel ™ series made by DAICEL CORPORATION may be mentioned.
{0027]

Polvester polvol:

As polyester polyol used for Al component, polyester polyol obtained by
condensation reaction between polyvalent alcohol and polybasic acid or so may be
mentioned. Here, as said polyvalent alcohol, ethyleneglycol, 1,2-propanediol,
1.3-butanediol, 1.4-butanediol, 3-methyl-1,5-pentadiol, 1,6-hexanediol,
3,3 ~dimethylolheptane, 1,4-cyclohexanedimethanol, neopentylglycol,
3,3-bisthydroxymethyDheptane,  diethyleneglycol,  dipropyleneglycol,  glycerin,
frimethylolpropane or so may be mentioned; and these may be used alone or by
combining two or more thereof. Also, as said polybasic acid, succinic acid, adipic acid,
azelaic acid, sebacic acid, dodecanedicarboxylic acid, cyclopentanedicarboxylic acid,
cyclohexanedicarboxylic acid, ortophthalic acid, isophthalic acid, terephthalic acid,
naphthalenedicarboxylic acid or so may be mentioned; and these may be used alone or
by combining two or more thereof.

[0028]

As polyester polyol for Al component, from the same reason as polyether
polyol, the number average molecular weight is preferably 400 to 3000, and more
preferably it is 400 to 2000, and most preferably it is 400 to 1500. These
polyesterpolyol can be obtained as a chemical reagent or as for the industrial use, and as
for the commercially available example; “POLYLITE ™” geries made by DIC
Corporation, “NIPPOLAN ™" series made by NIPPON POLYURETHANE
INDUSTRY CO.LTD, “MAXIMOL ™" geries made by KAWASAKI KASEI
CHEMICALS LTD or so may be mentioned.

[0029]

A2 component: the polyisocyanate compounds

10
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As the polyisocyanaté compound haviiig two or more isocyanate group in the
molecule which is used as A2 component in the present invention, an aliphatic
polyisocyanate compounds, an alicyclic polyisocyanate compound, an aromatic
polyisocyanate compound, and the mixture thereof may be used. Among these, from the
point of the weather resistance, the aliphatic polyisocyanate compound and/or the
alicyclic polyisocyanate compound are preferably used. Also, as for the same reason,
the aliphatic polyisocyanate compound is preferably 30 to 100wt%, particularly 50 to
100wt% of the polyisocyanate compound of A2 comopnent. Note that, in the
polyisocyanate compound of A2 component, the number of the isocyanate group
included in the molecule only need to be two or more, however from the point of the
solubility to the organic solvent, the number of the isocyanate groups included in the
molecule are preferably two.

[0030]

For examples of polyisocyanate compound suitably used for A2 component, the ~
aliphatic  polyisocyanate compounds such as tetramethylene-1,4-diisocyanate,
hexamethylene-1,6-diisocyanate, octamethylene-1,8-diisocyanate,
2,2 4-trimethythexane-1,6-diisocyanate or so; the alicyclic polyisocyanate compound
such as cyclobutane-1,3-diisocyanate, cyclohexane-1,3-diisocyanate,
cyclohexane-1,4-diisocyanate, | 2,4-methyleyclohexyldiisocyanate,

2,6-methylcyclohexyldiisocyanate, isophoronediisocyanate, norbornenediisocyanate,

isomer mixture of 4,4’-methylenebis(cyclohexylisocyanate),
hexahydrotoluene-2,4-diisocyanate, hexahydrotoluene-2,6-diisocyanate,
hexahydrophenylene-1,3-diisocyanate, hexahydrophenylene-1,4-diisocyanate,
1,9-diisocyanato-5-methylnonane, 1,1-bis(isocyanatomethyl)cyclohexane,

2-isocyanato-4-[(4-isocyanatocyclohexylymethyl]-1-methylcyclohexane,

2-(3-isocyanatopropyljcyclohexylisocyanate, norbornanediisocyanate or so; the

11



PCT/JP2011/067841
Our refWP11037

aromatic polyisocyanate comipound such as phénylcyclohexylmethandiisocyanate,
isomer mixture of 4,4’-methylenebis(phenylisocyanate), toluene-2,3-diisocyanate,
toluene-2,4-diisocyanate, toluene-2,6-diisocyanate, phenylene-1,3-diisocyanate,
phenylene-1,4-diisocyanate, 1,3-bis(isocyanatomethyl}benzene, xylylenediisocyanate,
tetramethylxylylenediisocyanate, naphthalenediisocyanate, diphenyletherdiisocyanate,
1,3-diisocyanatomethylbenzene, 4 4’-diisocyanato-3,3’-dimethoxy(1,1°-biphenyl),
4,4’ -diisocyanato-3,3°~dimethylbiphenyl, 1,2-diisocyanatobenzene,
1,4-bis(isocyanatomethyl)-2,3,5,6-tetrachlorobenzene,
2-dodecyl-1,3-diisocyanatobenzene,
1-isocyanato-4-{(2-isocyanatocyclohexylmethyl]2-methylbenzene,

1 -isocyanato-3-[(4-isocyanatophenyl)methyl}-2-methylbenzene,
4-[(2-isocyanatophenyloxy]phenylisocyanate or so; the reaction product of
1,2,2,6,6-pentamethyl-4-hydroxypiperidine with 1-methylbenzene-2,4,6-triisocyanate,
and the reaction product between 1,2,2,6,6-pentamethyl-4-hydroxypiperidine with
1,6,11-undecanetriisocyanate or so may be mentioned.

[0031]

Among these, from the point of the weather resistance of the obtained
polyurethane-urea resin, as mentioned in the above, 30 to 100wt%, particularly 50 to
100wt% of the polyisocyanate compound of A2 component is preferably at least one
polyisocyanate compound selected from the group consisting of the aliphatic

polyisocyanate compound, and the alicyclic polyisocyanate compound. As specific

examples of preferable compounds, tetramethylene-1,4-diisocyanate,
hexamethylene-1,6-diisocyanate, octamethylene-1,8-diisocyanate,
2.2, 4-trimethylhexane-1,6-diisocyanate, cyclobutane-1,3-diisocyanate,
cyclohexane-1,3-diisocyanate, cyclohexane-1,4-diisocyanate,
2,4-methylcyclohexyldiisocyanate, 2,6-methylcyclohexyldiisocyanate,

12
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isophoronediisocyanate, norbornenediisocyanate, isomer mixture of
4,4’ -methylenebis(cyclohexylisocyanate), hexahydrotoluene-2,4-diisocyanate,
hexahydrotoluene-2,6-diisocyanate, hexahydrophenylene-1,3-diisocyanate,

hexahydrophenylene-1,4-diisocyanate or so may be mentioned. These isocyanate
compounds may be used alone or by combining two or more thereof.
[0032]

A3 component: the amino group contaiging compound

The amino group containing compound used for A3 component in the present
invention is the amino group containing compound having two or more groups capabie
of reacting with an isocyanate group, and among these groups, at least one is the amino
group (-NH,, or NH{(R). Note that, R refers to an alkyl group, particularly to the alkyl
group having 1 to 5 carbon atoms.). Here, the reactive group other than the amino group
which can react with the isocyanate group is a hydroxyl group (-GH), a mercapto group
(-SH) and a carboxy! group (-C(=0)OH) or so.

[0033]

The A3 component functions as a chain extender when producing the
polyurethane-urea resin; and by using A3 component as the chain extender, the urea
bond is in‘xroduced into the polyurethane resin, and becomes the polyurethane-urea
resin.

[0034]

In order to make the obtained polyurethane-urea resin to a suitable hardness, and
also to maintain the heat resistance, the adhesion, the photochromic characteristic in a
good condition, the molecular weight of the amino group containing compound is
preferably 50 to 300, more preferably 50 to 250, and most preferably 55 to 200.

[0035]

As the amino group containing compound of A3 component, at least one
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amino carboxylic acid, and aminothiol or so can be used suitably. As the specific
examples of the compound suitably used as the amino group containing compound in
the present invention, as diamine and triamine; isophoronediamine, ethylenediamine,
1,2-diaminopropane, 1.3-diaminopropane, 1,2-diaminobutane, 1,3-diaminobutane,
1,4-diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, piperazine,
N,N-bis-(2-aminoethyl)piperazine, bis-(4-aminocyclohexylimethane,

bis-(4-amino-3-butyleyclohexylymethane, 1,2-, 1,3- and 1,4-diaminocyclohexane,

norbornanediamine, hydrazine, dihydrazine adipate, phenyldiamine,
4,4’ -diphenylmethandiamine, N,N’-diethylethylenediamine,
N,N’-dimethylethylenediamine, N,N’-dipropylethylenediamine,

N,N’-dibutylethylenediamine, N-methylethylenediamine, N-ethylethylenediamine,
bis(hexamethyleneltriamine, 1,2,5-pentatriamine or so may be mentioned. Also, as
amino alcohol, 2-aminoethanol, 3-aminopropanaol, 4-aminobutanol, 5-aminopentanol,
6-aminohexanol, 2-piperidinemethanol, 3-piperidinemethanol, 4-piperidinemethanol,
2-piperidineethanol, 4-piperidineethanol or so may be mentioned. As for
aminocarboxylic acid, glycine, alanine, lysine, leucine or so may be mentioned; and as
aminothiol, 1-aminotihol, 2-aminothiol or so may be mentioned. These amino group
containing compounds may be used alone or by combining two or more thereof.

[0036]

As for the amino group containing compounds, from the point of the heat
resistance, the adhesion, and the durability of the photochromic compounds, particularly
diamine compounds are preferably used. The reason for this is because by using the
aminc group containing compound when producing A component, the obtained
polyurethane-urea resin has the urea bond; thereby the rigidity of the molecule increases

and also the hydrogen bond between the molecular chain becomes stronger, thus it is

14
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- speculated that the heat resistance is enhanced. Also, i régards with the improvement
of the durability of the photochromic compounds, the hydrogen bond between the
molecular chain becomes further strong due to the presence of the urea bond; hence the
oxygen in the air becomes difficult to disperse info said polyurethane-urea resin; thereby
the photooxidized degradation known as the general degradation system of
photochromic compounds is thought to be suppressed. Further, regarding the
improvement of the adhesive strength, the hydrogen bond between the molecular chain
becomes further strong due to the presence of the urea bond; hence the cohesion failure
of the resin becomes less likely to happen.

[0037]

The preparation method of A component

In case of obtaining A component by reacting these Al component, A2
component, and A3 component; the one shot method or the prepolymer method can be
used, and for example, A component can be suitably obtained by the following method.

[06038]

First, urethane prepolymer is obtained by reacting Al component and A2
component, then A component is produced by reacting said urethane prepolymer and
A3 component.

[6039]

In the above mentioned method, the reaction between Al component and A2
component is carried out under the presence of the solvent or without the presence of
the solvent, both in the inert gas atmosphere such as nitrogen or argon at 25 to 120°C
for 0.5 to 24 hours. As for the solvent, the organic solvent such as methylethylketone,
diethylketone, toluene, hexane, heptane, ethyl acetate, dimethylformamide (DMF),
dimethylsulfoxide (DMSQ), tetrahydrofurane or so may be used. During the reaction, in

order to avoid the reaction between the isocyanate group in the polyisocyanate

15
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compound and water as impurities, it is préferable that vaiious reaction teagenits and -
solvent are carried out with dehydration treatment in advance to dry sufficiently. Also,
when carrying out the above mentioned reaction, the catalyst such as dibutyl tin
laurylate, dimethylimidazole, ftriethylenediamine, f{etramethyl-1,6-hexadiamine,
tetramethyl-1,2-ethanediamine, 1,4-diazabicyclo[2,2,2]octane or so may be used. The
added amount when using the catalyst is preferably 0.001 to | ﬁarts by weight with
respect to total 100 parts by weight of said A component.

[0040]

The reaction between A3 component and the urethane prepolymer obtained as
such may be carried out under the presence of solvent or without the solvent, both in the
inert gas atmosphere such as nitrogen or argon or so at 25 to 120°C for 0.5 to 24 hours.
As for the solvent, methanol, ethanol, isopropyl aleohol, t-butanol, 2-butanol, n-butanol,
methylethylketone, diethylketone, toluene, hexane, heptane, ethyl acetate, DMF, DMSO,
THF or so can be used.

[0041]

The amount ratio of Al component, A2 component, and A3 conponent used in
the reaction of the above mentioned method can be determined accordingly; however
from the point of the balance of the heat resistance, the adhesive strength, and the
photochromic characteristics (the color optical density, the color fading speed, the
weather resistance or so) of the obtained polyurethane-urea resin, it is preferably at the
amount ratio of the following, That is, when the total mol numbers of the hydroxyl
group included in Al component is nl, the total mol numbers of isocyanate group
included in A2 component is n2, and the total mol number of amino group included in
A3 component is n3; the amount ratio of nl: n2: n3 = 0.3 to 0.9: 1: 0.1 to 0.7 is
preferable, and particularly nl: n2: n3 = 0.35 to 0.85: 1: 0.15 to 0.65 is preferable, and

miost preferably ni: n2: n3 = 0.4 t0 0.8: 1: 0.2 t0 0.6, Here, above mentioned nl to n3
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can bé obtained as the product of used mol number of the comipound used for each’
component, and the pumber of each group present in one molecule of said compound.

[0042]

The polyurethane-urea resin obtained by such reaction is carried out with the
after treatment such as distillation of the solvent if needed, or dropping the poor solvent
such as water or so thereby precipitate/filter the polyurethane-urea resin then carrying
out the drying or so, then it may be used as A component, or it can be used as the
photochromic composition of the present invention by keeping it dissolved in the
reaction solvent.

[0043]

The polyurethane-urea resin of A component has the molecular weight of 10000
to 1000000, more preferably 30000 to 906000, and most preferably 50000 to 800000
from the point of the heat resistance, the adhesive strength, the photochromic
characteristics (the color optical density, the color fading speed, the weather resistance
or s0) of the obtained polyurethane-urea resin. Note that, the molecular weight of the
above mentioned polyurethane-urea resin refers to the molecular weight in terms of
polystyrene measured under the condition of using a gel permeation chromatography
(GPC), column: Shod ex KD-805, KD-804 (made by SHOWA DENKO K.K.), eluent:
LiBr (10mmol/L)YDMF solution, flow speed: Iml/min, detector:R1 detector,
polyurethane-urea resin sample solution: 0.5% dimethylformamide (DMF) solution.

[0044]

Also, if the molecutar weight of the polyurethane-urea resin measured as same
as the above is in terms of polyethyleneoxide, the preferable range of the molecular
weight thereof is 5000 to 150000, more preferably 8000 to 160000, and most preferably
10000 to 60000.

[0045]
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Also, from the point of processability wher producing the laminated articie by
adhering the optical sheets or films with each other using the photochromic composition
of the present invention; or when producing the optical articles using the obtained
laminated article , and also from the point of processibility of coating and curing the
hard coat liquid in case of forming the hard coat layer on the surface of these laminated
article or optical articles; the polyurethane-urea resin as A component has the heat
resistance of 60 to 200°C and particularly 80 to 150°C. Note that, the heat resistance
refers to the softening point measured at the following condition using the
thermomechanical analysis (made by SII Nano Technology Inc., TMA 120C).

[0046]

(Measuring condition)

Temperature raising speed: 10°C/min, measuring temperature range: 30 to
200°C, probe: probe with needle of tip diameter 0.5mm.

[0047]

A4 componenet: the functionalization compound

In the present invention, besides the above described Al to A3 components, the
functionalization compound having one or two groups capable of reacting with
isocyanate groups in the molecule, and having the piperidine structure, the hindered
phenol structure, the triazine structure, or the benzotriazol structure is preferably used.
By using such functionalization compound, the piperidine structure, the hindered phenol
structure, the triazine structure, or the benzotriazol structure can be provided to the
polyurethane-urea resin, and the polyurethane-urea resin having excellent functionality
such as the hindered amine photostability, the antioxidation property or the ultraviolet
ray absorbing property or so.

[0048]

The functionalization compound having one or two groups capable of reacting with the
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isocvanate group in the molecuie, and having piperidine structure, hindéred phenol

structure. triazine structure, or benzotriazol structure in the molecule

As the group capable of reacting with the isocyanate group, the amino group
(-NHa, and -NH(R)), the hydroxyl group (-OH), the mercapto group (-SH:thiol group),
the carboxyl group (-C(=O)OH) or chloride group (-C(=0)OCI) or so may be
mentioned. Particularly, in order to obtain the polyurethane-urea resin exhibiting
excellent effect, the group capable of reacting with this isocyanate group is preferably
one in the molecule. This reason is not clear, however the following reasons is thought
to be the reason. By having only one said group, the functionalization compound is
introduced to the side chain or the terminal end of the polyurethane-urea resin,
Therefore, the functionalization compound is thought to act efficiently to the substance
which lowers the durability of the radical or so.

[0049]

Also, the above mentioned piperidine structure, the hindered phenol structure,
the triazine structure, or the benzotriazol structure exhibits the photo stabilization effect
(the piperidine structure), the antioxidation effect (the hindered phenol structure), or the
ultraviolet ray absorbing effect (the triazine structure, or the benzotriazol structure). By
using the compound having such structure, the durability (the photo stability, the
antioxidation property, the ultraviolet ray absorbing property) of the polyurethane-urea
resin itself as A component and the photochromic compound can be improved. Among
these, in order to improve the durability of the photochromic compound, the compound
having the piperidine structure is preferably used. Hereinafter, various compounds used
as A4 component is described in detail.

[0050]

The functionalization compound having the piperidine structure

As for the functionalization compound having the piperidine structure used as
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A4 component ini the presént invention, the compound having the structure shown in the

following general formula can be used suitably.

[0051]
[Chemical formula 1]
R 1
R
N— (i)
8
Rél

[0052]

(in the above formula, R}, R% R®, and R' are preferably alkyl group having
carbon atoms of 1 to 4 respectively, and particularly it is methyl group.)

The compound having nitrogen atom of above piperidine ring or the group
capable of reacting with the isocyanate group at the carbon atom of the fourth position
corresponds to the functionalization compound having the piperidine structure.

Hereinafter, further specific compound will be described.

[0053]

Among the functionalization compound used as A4 component in the present
invention, as for the compound which can introduce the piperidine structure at the
terminal end of the polyurethane-urea resin, the compounds shown by the following
general formula (1) may be mentioned.

0054}

[Chemical formula 2]
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(1)

[0055]

(in the above formula, R', R%, R?, and R’ are same as in said general formula (i),
R® is alkyl group having carbon atoms of 1 to 10 or hydrogen, R® is alkylene group
having carbon atoms of 1 to 20 or polymethylene group having carbon atoms of 3 to 20,
ais O or 1, and X is the group capable of reacting with the isocyanate group.)

[0056]

In the above mentioned general formula (1), R', R?, R®, and R* are independent
an alkyl group having carbon atoms of 1 to 4 respectively, however it is preferable that
all four alky! groups are methyl group.

[0057]

R’ is an alkyl group having carbon atoms of 1 to 10 or hydrogen. Among these,
from the point of easiness to obtain, it is preferably an alkyl group having carbon atoms
of 1 to 4, or hydrogen. Note that, since RE, Rz, R? , and R* are alkyl group having carbon
atoms of 1 10 4, thus even if R’ is hydrogen atom, the nitrogen atom where R is bonded
will not react with the isocyanate group due fo thé steric hindrance.

[0058]

RS is alkylene group having carbon atoms of 1 to 20 or polymethylene group
having carbon atoms of 3 to 20; however preferably it is alkylene group having carbon
atoms of 1 to 10, or polymethylene group having carbon atoms of 3 to 10. Note that,

when a is 0, it indicates that X is directly bonded to the piperidine ring.
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[0039]

X is a group capable of reacting with the isocyanate group, and preferably it is
the amino group, the hydroxyl group, the carboxyl group or the thiol group. Among
these, the amino group and hydroxyl group are preferable from the point of the
reactivity with the isocyanate group and easiness to obtain.

{0060}

As for specific examples of the functionalization compound shown by the above
formula (1), 1,2,2,6,6-pentamethyl-4-hydroxypiperidine,
1,2,2,6,6-pentamethyl-4-aminopiperidine, 2,2,6,6-tetramethyl-4-hydroxypiperidine,
2,2,6,6-tetramethyl-4-aminopiperidine, 1,2,2,6,6-pentamethyl-4-aminomethylpiperidine,
and 1,2,2,6,6-pentamethyl-4-aminobutylpiperidine or so may be mentioned.

[0061]

Also, as for the functionalization compound which can introduce the piperidine
structure fo the terminal end of the polyurethane-urea resin, the following compound
which is the reaction product between  dimethyl succinate and
4-hydroxy-2,2,6,6-tetramethyl-1-piperidineethano! can be used.

[0062]

[Chemical formula 3}

CH,

[ et ]
Oy O
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[0063]

Note that, in the above compound, n preferably satisfies the range of 5 to 20.

[0064]

Among A4 component used in the present invention, as for the functionalization
compound which can introduce the piperidine structure into the main chain of the
polyurethane-urea resin, the compounds shown by the following general formula (2),
(3), (4) can be preferably used. |

{00651

{Chemical formula 4]

Following the formula (2).

/

fv R
\

[0066]

R (2}

(in the above formula, R7, R®, R and R are alky! group having carbon atoms of
1 to 4 respectively, R'' is an alkylene group having carbon atoms of 1 to 20, or a
polymethylene group having carbon atoms of 3 to 20, R'? is an alkylene group having
carbon atoms of 1 to 20, or a polymethylene group having carbon atoms of 3 to 20, and
Y is the group capable of reacting with the isocyanate group.)

The compound shown in the above can be suitably used as well.

[0067]

In the above general formula (2), R7, R%, R®, and R are alkyl group having

carbon atoms of 1 to 4 respectively; however it is preferable that all four alkyl groups
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are methyl group.

[0068]

R' is an alkylene group having carbon atoms of 1 to 20, or polymethylene
group having carbon atoms of 3 to 20; and it is preferably alkylene group having carbon
atoms of 1 to 10, or polymethylene group having carbon atoms of 3 to 10,

[0069]

R'? is alkylene group having carbon atoms of 1 to 20, or polymethylene group
having carbon atoms of 3 to 20; and it is preferably alkylene group having carbon atoms
of 1 to 10, or polymethylene group having carbon atoms of 3 to 10. Note that, when b is
0, it indicates that Y is directly bonded to the piperidine ring.

[0070]

Y is same as X shown in said general formula (1).

[0071]

As examples of the functionalization compound shown in the above formula (2),
the following compounds may be mentioned.

[0072]

[Chemical formula 5]

CHs CHs
cH, M
HO“"““‘CQH@ N""’"‘CQH,;_N CQHAWDH
CHa g
CHy CHy

[0073]

[Chemical formula 6]
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Following formula (3).

— ﬁm -
,/*RM *\
R"{Gw M R‘t?_&_z ( 3)
|
R‘iﬁi‘i ¢
R"!S
- 2

[0074]

(in the above formula, R">, R’*, R"® and R'® are independnent alkyl group having
carbon atoms of 1 to 4 respectively, R' is alkylene group having carbon atoms of 1 to
20 or polymethylene group having carbon atoms of 3 to 20, ¢ is 0 or 1, R'® is alkylene
group having carbon atoms of 1 to 20 or polymethylene group having carbon atoms of 3
to 20, and Z is a group capabie of reacting with the isocyanate group.)

The compound shown in the above can be suitably used.

[0075]

In the above mentioned general formula (3), R, R™ R and R'® are
independent alkyl group having carbon atoms of 1 to 4 respectively; however it is
preferable that all four alkyl groups are methyl group.

[0076]

R'7 is alkylene group having carbon atoms of 1 fo 20 or polymethylene group
having carbon atoms of 3 to 20; and preferably it is alkylene group having carbon atoms
of 1 to 10 or polymethylene group having carbon atoms of 3 to 10. Note that, when ¢ is
0, it indicates that Z is directly bonded to piperidine ring.

[0077] -

R'® is alkylene group having carbon atoms of 1 to 20 or polymethylene group

having carbon atoms of 3 to 20.
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{0078}

Z is same as X in said general formula (1),

10079]

As for the examples of the functionalization compounds having the piperidine
structure shown by the above general formula 3).
bis(2,2,6,6-tetramethyl-1-methoxy-4-piperidinyl)sebacate or so may be mentioned.

[0080]

[Chemical formula 7]
=} 19

(4)

[0081]

(in the above formula, R, R* R*, and R* are alkyl group having carbon
atoms of 1 to 4 respectively, R” is alkylene group having carbon atoms of 1 to 20, or a
polymethylene group having carbon atoms of 3 to 20, R* is alkylene group having
carbon atoms of 1 to 20, or a polymethylene group having carbon atoms of 3 to 20, and
V and W are respectively the group capable of reacting with the isocyanate group.)

[0082]

In the above described general formula (4), R*®, R*®, R¥ | and R* are alkyl group
having carbon atoms of 1 to 4 respectively; however it is preferable that all four alkyl
groups are methyl group. |

[0083]

R* is alkylene group having carbon atoms of 1 to 20 or polymethylene group
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having carbon atoms of 3 to 20; and preferably it is alkylénie group having carbon atoms
of 1 to 10 or polymethylene group having carbon atoms of 3 to 10, R* is alkylene group
having carbon atoms of 1 to 20 or polymethylene group having carbon atoms of 3 to 20;
and preferably it is alkylene group having carbon atoms of 1 to 10 or polymethylene
group having carbon atoms of 3 to 10. Note that, d is 0 or 1, and when d is 0, it indicates
that V is directly bonded to the piperidine ring.

[0084]

Also, V and W are same as X in said general formula (1), and it may be the
same group or different group.

[0085]

As for the examples of the functionalization compounds having the piperidine
structure shown by the above general formula 4),
4-hydroxy-2,2,6,6-tetramethyl-1-piperidineethanol or so may be mentioned.

[0086]

The functionalization compound having the hindered phenol structure

As the functionalization compound having the hindered phenol structure used as
A4 component in the present invention, the compound having the structure shown by
the following general formula (ii) in the molecule can be used.

[0087]

[Chemical formula 8}
R28 Fi25

(ii)

;:‘727 QQB
[0088]

(in the above formula, R®, R*, R* and R*® are alkyl group having a carbon
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atoms of 1 to 18 or a hydrogen atom respectively, and at least one of R*® or R* is alkyl
group having carbon atoms of 4 or more.)

[0089]

Further, the compound having the group capable of reacting with the isocyanate
group at the carbon atom of first position of the above structure will be the terminator
having the hindered phenol structure. Since at least one of R® and R* is alkyl group,
the hydroxyl group of the fourth position in the above formula (ii) is unlikely to react
with the isocyanate group due to the~ steric hindrance. Therefore, the hydroxyl group of
the fourth position will not be a group capable of reacting with the isocyanate group.

[0090]

The compound having the above mentioned structure and having two groups
capable of reacting with the isocyapate group can introduce the hindered phenol
structure in the main chain of the polyurethane-urea resin of A component as described
in said functionalization compound having the piperidine structure. Also, in case the
group capable of reacting with the isocyanate group is one, the hindered phenol
structure can be introduced to the side chain or the terminal end of the
polyurethane-urea resin.

[0091]

Among the functionalization compound having the hindered phenol structure, as
for the preferable compound, the following general formula (5) can be mentioned.

[0092]

[Chemical formula 9]
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R¥ R

[0093]

(in the above formula, R%, R, R* and R*® are alkyl group having a carbon
atoms of 1 to 18 or a hydrogen atom respectively, at least one of R® or R* is alkyl
group having carbon atoms of 4 or more, R is alkylene group having carbon atoms of
I to 10 or polymethylene group having carbon atoms of 3 to 10, eis 0 or 1, and U is the
group capable of reacting with isocyanate group.)

[0094]

In the above general formula (5), R* and R* is alkyl group having carbon
atoms of 1 to 18 or hydrogen atom, and at least one of them is alkyl group having
carbon atom of 4 or more. Preferably, at least one of R*> and R? is tert-butyl group. By
setting either one of group as the alkyl group having carbon atoms of 4 or more, the
durability of the obtained photochromic composition can be further improved.

[0095]

R?” and R* are alkyl group having carbon atoms of 1 to 18, or hydrogen atom;
and further preferably alkyl group having carbon atoms of 1 to 10 or hydrogen.

[0096]

Also, U is the group capable of reacting with the isocyanate group, and it is
amino group, hydroxyl group, thiol group, carboxyl group, or chioride group; more
preferably it is amino group, hydroxy! group thiol group and carboxyl group.

[0097]

R is alkylene group having carbon atoms of 1 to 10, or a polymethylene group

having carbon atoms of 3 to 10; and preferably it is alkvlene group having carbon atoms
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of 1 to 5, or 4 polymetiiylene group having carbon atoms of 3 to 5. Also, e indicates the
number of R*, and it is 0 or 1. In case e is 0, U is directly bonded to the benzene ring.
Preferably, it is a compound wherein e is €.

[0098]

As specific examples of the functionalization compound having the hindered
phenol structure, 3-methyl-4d-hvdroxy benzoate, 3,5-di-t-butyl-4-hydroxy benzoate,
3,5-dimethyl-4-hydroxy benzoate, 3-t-butyl-4-hydroxy benzoate,
3-t-butyl-5-methyl-4-hydroxy  benzoate, 3-t-butyl-6-methyi-4-hydroxy benzoate,
- 3-t-butyl-5-ethyl-hydroxy benzoate, 3-t-butyl-6-ethyl-4-hydroxy benzoate,
3-t-octyl-4-hydroxy benzoate, 3-t-octyl-5-methyl-4-hydroxy benzoate,
3-t-octyl-5-ethyl-4-hydroxy  benzoate,  3-t-octyl-6-methyl-4-hydroxy  benzoate,
2-(3-methyl-4-hydroxyphenyhacetate, 2-(3,5-dimethyl-4-hydroxyphenyhacetate,
2-(3,5-di-t-butyl-4-hydroxyphenyl)acetate, 2-(3-t-butyl-4-hydroxyphenyljacetate,
2-(3-t-butyl-5-methyl-4-hydroxyphenylacetate,
2~(3-t-butyl-6-methyl-4-hydroxyphenyl)acetate,
2-(3-t-butyl-S-ethyl-4-hydroxyphenyl)acetate,  2-(3-t-octyl-4-hydroxyphenyl)acetate,
2-(3-t-octyl-5-methyl-4-hydroxyphenyl)acetate,
2-(3-t-octyl-6-methyl-4-hydroxyphenyl)acetate,
3-(3-methyl-4-hydroxyphenylpropionate, 3-(3,5-dimethyl-4-hydroxyphenyljpropionate,
3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, 3-(3-t-butyl-4-hydroxypheny!)propionate,
3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate,
3-(3-t-butyl-6-methyl-4-hydroxyphenyl)propionate,
3~(3-t-butyl-5-ethyl-4-hydroxyphenylpropionate,
3-(3-t-butyl-6-cthyl-4-hydroxyphenyljpropionate,
3-(3-t-octyl-4-hydroxyphenyl)propionate,

3-(3-t—octyl-S-methyi—4~hydroxyphenyl)pmp‘ionate,
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3-(3-t-octyl-6-methyi-4-hydroxyphenyljpropionate,
3-(3,5-didodecyl-4-hydroxyphenyl)propionate,  4-(3-methyl-4-hydroxyphenyl)lactate,
4-(3,5-dimethyl-4-hydroxyphenyl)lactate, 4-(3-t-butyl-4-hydroxyphenyl)lactate,
4-(3,5-di-t-butyl-4-hydroxyphenyl)lactate, ‘
4-(3-t-butyl-5-methyl-4-hydroxyphenyl)lactate,
4--(3-t-butyi»S-ethyI-4-hydr0xyphenyl)1actate,
4-(3-t-butyl-6-methyl-4-hydroxyphenyl)lactate,
4-(3-t-butyl-6-ethyl-4-hydroxyphenylactate, 4-(3-t-octyl-4-hydroxyphenybhlactate,
4-(3-t-octyl-5-methyl-4-hydroxyphenyl)lactate,
4-(3-t-octyl-6-methyl-4-hydroxyphenyllactate,  3,5-dimethyl-4-hydroxyphenylamine,
3,5-diisopropyl-4-hydroxyphenylamine, 3,5-di-t-butyl-4-hydroxyphenylamine or so can
be mentioned.

{00991

Among these, as for further preferable compound, 3,5-di-t-butyl-4-hydroxy
benzoate, 3-t-butyl-4-hydroxy benzoate, 3-t-butyl-5-methyl-4-hydroxy benzoate,
3-t-butyl-6-methyl-4-hydroxy  benzoate,  3-t-butyl-5-ethyl-4-hydroxy  benzoate,
3-t-butyl-6-ethyl-4-hydroxy 'benzdate, 2-(3,5-di-t-butyl-4-hydroxyphenyl)acetate,
2-(3-t-butyl-hydroxyphenyl)acetate, 2-(3-t-butyl-5-methyl-4-hydroxyphenylacetate,
2-(3-t-butyl-6-methyl-4-hydroxyphenyl)acetate,
2-(3-t-butyl-5-ethyl-4-hydroxyphenyl)acetate,
3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, 3-(3-t-butyl-4-hydroxyphenyl)propionate,
3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate,
3-(3-t-butyl-6-methyl-4-hydroxyphenylpropionate,
3-(3-t-butyl-5-ethyl-4-hydroxyphenyl)propionate,
3-(3-t-butyl-6-ethyl-4-hydroxyphenyl)propionate, 4-(3-t-butyl-4-hydroxyphenyl)lactate,

4-(3,5-di-t-butyl-4-hydroxyphenyl)lactate,
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4-(3-t-Butyl-5-methyl-4-hydrox yphenyi)iactate,
4-(3-t-butyl-S-ethyl-4-hydroxyphenyhlactate,
4-(3-t-butyl-6-methyl-4-hydroxyphenyl)lactate,
4-(3-t-butyl-6-ethyl-4-hydroxyphenyl)lactate, 3,5-di-t-butyl-4-hydroxyphenylamine or
so can be mentioned.

[0100]
The functionalization compound having the triazine structure or the benzotriazol
structure

As for the functionalization compound having the triazine structure or the
benzofriazol structure used as A4 component in the present invention, the compound
having the structure of following descried general formula (i11), {iv) in the molecule can
be used suitably.

[0101]

[Chemical formula 10]

JO

[0102]

{Chemical formula 11}
e \\E&N\\N (iv)
| —
[**hm//“xxzaw//
[0103]
The compound having the above described structure in the molecule, and two

groups capable of reacting with the isocyanate group can introduce the triazine structure

or the benzotriazol structure in the main chain of the polyurethane-urea resin of A
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¢omponent, as described in the functionalization compourid having said piperid‘ine
structure. Also, when the group capable of reacting with the isocyanate group is only
one, the triazine structure or the benzotriazol structure can be introduced to the side
chain or the terminal end of said polyurethane-urea resin.

[0104]

Among the functionalization compound having the triazine structure or
benzotriazol structure, as the preferable compound, following described general formula
(6) and (7) can be mentioned. First, the compound having the triazine structure will be
explained.

Following general formula (6)

[0105)

[Chemical formula 12]
] 3

(6)

‘I

]
R34/L“\%f;

[0106]

{in the above formula, R? 0, RBZ, RBZ, R33, RM, and R¥ are respectively
independent alkyl group having carbon atoms of 1 to 10, alkyloxy group, hydrogen
atom, amino group, hydroxyl group, carboxyl group, or thiol group, and

said alkyl group and alkyloxy group may comprise a substituent group selected
from the group of amino group, hydroxyl group, carboxyl group, and thiol group,

note that, among R*® to R¥, one or two groups are the group capable of reacting

with the isocyanate group)
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The above described compound can be uséd suitably.

[0107]

In the above described general formula (6), R, R, R*, R® R* and R* are
respectively independent alkyl group having carbon atoms of 1 to 10, alkyloxy group
having carbon atoms of 1 to 10. Further preferably, it is alkyl group having carbon
atoms of 1 to 5, or alkyloxy group having carbon atoms of 1 to 3. Also, these groups
may comprise the substituent group capable of reacting with the isocyanate group, and
preferably amino group, hydroxyl group, carboxyl group, or thiol group or so may be
comprised as the substituent group.

[0108]

Also, the above described general formula (6), R, R¥, R®, R R*, and R*®
may be a hydrogen atom or the group capable of reacting with the isocyanate group; and
preferably it is hydrogen atom, amino group, hydroxyl group, carboxyl group or thiol
group.

[0109]

Note that, among R R*!, R¥ R®, R*, and R*, one or two groups must be &
group capable of reacting with the isocyanate group, and preferably it must be amino
group, hydroxyl group, carboxyl group, or thiol group.

{0110]

Among these, R* R R¥ R®, R*, and R* are preferably methyl group, ethyl
group, normal propyl group, isopropyl group, normal butyl group, tert-butyl group,
hydroxymethyl group, 2-hydroxyethyl group, 3-hydroxypropyl group, 2-hydroxypropyl
group, 4-hydroxybutyl group, 3-hydroxybutyl group, 2-hydroxyethyloxy group,
3-hydroxypropyloxy group, 2-hydroxypropyloxy group, hydrogen atom, or hydroxyl
group. Further, among these, the one or two groups are preferably hydroxymethyl group,

2-hydroxyethyl group, 3-hydroxypropyl group, 2-hydroxypropy! group, 4-hydroxybuyl
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group, 3-hydroxybutyl group, Z-hydroxyethyloxy group, 3-hydroxypropyloxy group,
2-hydroxypropyloxy group, or hydroxyl group.

[0111]

As examples of specific compounds,
2-(2,4-~dihydr§xyphenyl)-4,6-diphenyl-s—triazinc,
2-(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-s-triazine,
2-(2,4-dihydroxyphenyl}-4,6-bis(2-methoxyphenyl)-s-triazine,
2-(2,4-dihydroxyphenyl)-4,6-bis(4-methoxyphenyl)-s-triazine,
2-(2,4-dihydroxyphenyl}-4,6-bis(2,4-dimethoxyphenyl)-s-triazine,
2-(2-hydroxy-4-hydroxymethylphenyl)-4,6-diphenyl-s-triazine,
2-(Zhydroxy-4-hydroxymethylphenyl)-4,6-bis(2,4-dimethylphenyl)-s-triazine,
2-(2-hydroxy-4-(2-hydroxyethyl)phenyl})-4,6-diphenyl-s-triazine,
2-(2hydroxy-4-(2-hydroxyethyl)phenyl)-4,6-bis(2,4-dimethylphenyl)s-triazine,
2-(2-hydroxy-4-(2-hydroxyethyloxy)phenyl)-4,6-diphenyl-s-triazine,
2-(2hydroxy-4-(2-hydroxyethyloxy)phenyl)-4,6-bis(2,4-dimethylphenyl)-s-triazine,
2-(2-hydroxy-4-(2-hydroxypropyl)phenyl)-4,6-diphenyl-s-triazine,
2-(Zhydroxy-4-(2-hydroxypropyl)phenyl)-4,6-bis(2,4-dimethylphenyl)-s-triazne,
2-(2-hydroxy-4-(3-hydroxypropy!iphenyl)-4,6-diphenyl-s-triazine,
2-(2hydroxy-4-(3-hydroxypropyl)phenyl)-4,6-bis(2,4-dimethylphenyl)-s-triazine,
2-(2-hydroxy-4-(2-hydroxypropyloxy)phenyl)-4,6-diphenyl-s-triazine,
2-(Zhydroxy-4-(2-hydroxypropyloxy)phenyl)-4,6-bis(2,4-dimethylphenyl)-s-triazine,
2-(2-hydroxy-4-(4-hydroxybutyl)phenyl)-4,6-diphenyl-s-triazine,
2-(Zhydroxy~4-(4~hydroxybutyi)pheﬁyl)-4,6—Bis(?.,4—dimethyiphcnyl)~s—triazine,
2-(2-hydroxy-4~(3-hydroxybutyDphenyl)-4,6-diphenyl-s-triazine,
2-(2hydroxy-4-(3-hydroxybutyl)phenyl}-4,6-bis(2,4-dimethylphenyl)-s-triazine,

2-(2-hydroxy-4-(4-hydroxybutyloxy)phenyl)-4,6-diphenyl-s-triazine,
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2-(Zhydroxy-4-(4-hydroxybutyloxy)phenyl}-4,6-bis(2,4-dimethylphenyl)-s-triazine,
2-phenyl-4,6-bis(4-hydroxyphenyl)-s-triazine,
2-(2,4-dimethoxyphenyl)-4,6-bis(2-hydroxyphenyl)-s-triazine,
2-(2,4-dimethylphenyi)-4,6—bis(2~hydr0xy-4;di1nethylplienyl)-s—triazine,
2-phenyl-4,6-bis(2-hydroxy-4-methylphenyl)-s-triazine,
2~(2-methoxy-4-ethylphenyl}-4,6-bis(2-hydroxy-4-methylphenyl)-s-triazne,
2-(2-ethoxy-4-methylpheny!)-4,6-bis(2-hydroxy-4-methyiphenyl)-s-triazine,
2-(2-methyl-4-propylphenyl)-4,6-bis(2-(4-hydroxybutyloxy)-4-methylphenyl)-s-triazine,
2-(2-methoxy-4-propylphenyl)-4,6-bis(2-hydroxy-4-methylphenyl)-s-triazine,
2-(2~ethoxy-4-propylphenyl)-4,6-bis(2-hydroxypropyloxy-4-dimethylphenyl)-s-triazine
or so can be mentioned.

[0112]

Next, the functionalization compound having the benzotriazol structure will be
explained. As for preferable compounds, the compounds shown by following general
formula (7) can be mentioned.

[0113]

[Chemical formula 13]

. HO Qe
= ,f»*’“\ >:<
; /N '—\*— f,f:f
Rg@ /J\\‘\\\-Q W’""MN ) "//
No
[0114]
(in the above formula, R*® and R are respectively independent alkyl group

having carbon atoms of 1 to 10, alkyloxy group having carbon atoms of 1 to 10,

hydrogen atom, aryl group; wherein
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said alkyl group and alkyloxy group may comprise the group capable of reacting
with the isocyanate group; however note that the group capable of reacting with the
isocyanate group is only one,

said ary! group may comprise alkyl group having carbon atoms of 1 to 5 as the
substituent group, and

R is hydrogen atom or halogen atom.)

[0115]

In the above described general formula (7), R* and RY are respectively
independent alkyl group having carbon atoms of 1 to 10 or alkyloxy group having
carbon atoms of 1 to 10. These groups may comprise the group capable of reacting with
the isocyanate group; specifically, amino group, hydroxyl group, carboxyl group, acid
chloride group, or thiol group may be comprised. Note that, the group capable of
reacting with the isocyanate group is only one.

[0116]

Also, R*® and R¥ may be aryl group having alkyl group of carbon atoms of 1 to
| 5 as the substituent group, and preferably it may be phenyl group having alkyl group of
carbon atoms of 1 to 5 as the substituent group or hydrogen atom.

[0117]

As examples of suitable R* and R*’, methyl group, ethyl group, normal propyl
group, isopropyl group, normal butyl group, tert-butyl group, hexyl group,
1,1,3,3-tetramethylbutyl group, phenyl group, benzyl group, 1,1-dimethyl benzy! group
carboxyl group, carboxymethyl group, carboxyethyl group, carboxypropyl group, amino
group, aminomethyl group, aminoethyl group, aminopropyl group; and acid chloride
group or so corresponding to carboxyl group, carboxymethyl group, carboxyethyl group,
carboxypropyl group may be mentioned.

[0118]
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As specific compounds, 3-{3°-(2"°H-bénzotrizaol-2"’-yl)-4’-hydroxyphenyl]
propionate, 3-[3’ -(2"'H-benzotrizaol-2"’-y1)-5"-methyl-4’-hydroxyphenyl] propionate,
3-[3"  «(2’H-benzotrizacl-2"’-yl)-5’~ethyl-4’-hydroxyohenyl]  propionate,  3-[3’
(2" H-benzotrizaol-2"’-y1)-5"-t-butyl-4’-hydroxyphenyl] propionate,
3-[37-(5"-chloro-2""  H-benzotrizaol-2"’-yl)-5"-t-butyl-4’-hydroxyphenyl] propionate,
3-[37-(2"H-benzotrizacl-2""-y1)-4""-hydroxy-5""-(1’, 1’ -dimethylbenzyl)phenyl]
propionate,
3-[3’~(2""H-benzotrizaol-2"-y1}-4" -hydroxy-5>"-(1°°,1°",3"* 3" "-tetramethylbutyl)pheny
I] propionate, and an acid chioride compound thereof, 2-(5-methyl-2-hydroxyphenyl)
benzotriazol, 2-[2-hydroxy-3,5-bis(a,a-dimethylbenzyl)phenyl}-2H-benzotriazol,
2-[2°-hydroxy-5"-t-octylphenyl]benzotriazol,
2-[2’-hydroxy-5’-(hydroxymethyl)phenyl[-2H-benzotriazol,
2-[2-hydroxy-5’-(hydroxyethyl)phenyl}-2ZH-benzotriazol,

2-[2”-hydroxy-5’-(hydroxypropyl)phenyl]- 2H-benzotriazol,
2-{27-hydroxy-3’-methyl-5°-(hydroxymethyl)phenyl}- 2H-benzotriazol,
2-{2°-hydroxy-3’-methyl-5’-(hydroxyethyl)phenyl}- 2H-benzotriazol,
2-[2’-hydroxy-3’-methyl-5°-(hydroxypropyl)phenyl]- 2H-benzotriazol,
2-[27-hydroxy-3’~t-butyl-5’ -(hydroxymethyl)phenyl]- 2H-benzotriazol,
2-[2"-hydroxy-3’-t-butyl-5°-(hydroxyethyl)phenyl}- 2H-benzotriazol,
2-[2°-hydroxy-3’-t-butyl-5’-(hydroxypropy!)phenyi]- 2H-benzotriazol,
2-[2"-hydroxy-3’-t-octyl-5°-(hydroxymethyl)phenyl]- 2H-benzotriazol,
2-[2’-hydroxy-3’-t-octyl-5’~-(hydroxyethyphenyl]- 2H-benzotriazol,
2-[2°-hydroxy-3"-t-octyl-5°-(hydroxypropyl)phenyl]- 2H-benzotriazol,

2-[2’-hydroxy-3’-t-butyl-5’-(hydroxyethyl)phenyli]-5-chloro-2H-benzotriazol or so can
be mentioned.

[0119]
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The abové mentioned A4 component can be intfoéiiéed into the terminal end of
main chain, side chain of the obtained polyurethane-urea resin for the purpose of
improving the weather resistance of the polyurethane-urea resin and the photochromic
compound; however it is preferable to introduce at the terminal end of the
polyurethane-urea resin from the point that it does not damage the innate heat resistance
and the mechanical strength (the adhesive strength) of the polyurethane-urea resin.

[0120]

The preparation method of A component using Al to A4 components

In case of obtaining A component by reacting Al component, A2 component,
A3 component, and A4 component, so called one shot method or prepolymer method
can be applied; and for example, A component can be suitably obtained by the
following method.

[0121]
The preparation method 1 (A component comprising the functionalization compound at

the terminal end)

The reaction of Al component, A2 component and A3 component can be

carried out by the method as already described. The reaction between the obtained
urethane polymer and A4 component may be carried out under the presence of the
solvent or without the solvent, and both in the inert gas atmosphere such as nitrogen or
argon or so at 25 to 120°C for 0.5 to 24 hours. As for the solvent, methanol, ethanol,
isopropyl alcohol, t-butanol, 2-butanol, n-butanol, methylethyl ketone, diethyl ketone,
toluene, hexane, heptane, ethyl acetate, DMF, DMSO, THF, or so can be used.
[0122]

The preparation method 2 (A component having the functionalization compound at the
main chain)

Al component and A2 component are reacied to obtain the urethane prepolymer,
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then A4 component i$ miixed/reacted which has, ini the miciectle, the group capable of
reacting with two isocyanate groups to obtain the urethane prepolymer comprising the
functionalization compound. Then, by reacting said urethane prepolymer with A3
component, A component of the present invention can be produced.

[0123]

In the above method, the reaction between Al component and A2 component,
and further the reaction with A4 component may be carried out under the presence of
the solvent or without the scivent; in the atmosphere of the inert gas such as nifrogen or
argon or 5o at 25 to 120°C for 0.5 to 24 hours. As for the solvent, the organic solvent
such as methylethyl ketone, diethyl ketone, toluene, hexane, heptane, ethyl acetate,
dimethylformamide (DMF), dimethylsulfoxide (DMSO), tetrahydrofuran (THF) or so
can be used. Upon carrying out the reaction, in order to avoid the reaction between the
isocyanate group in the polyisocyanate compound and water as an impurity, it is
preferable to carry out the dehydration treatment to various reaction agents and solvents
in advance, and dry sufficiently. Also, when carrying out the reaction, the catalyst such
as dibutyl tin laurylate, dimethylimidazole, triethylenediamine,
tetramethyl-1,6-hexadiamine, tetramethyl-1,2-ethanediamine,
1,4-diazabicyclo[2,2,2]octane or so may be added. As for the added amount when using
the catalyst, it is preferably 0.001 to 1 parts by weight with respect to total 100 parts by
weight of said A component.

[0124]

The reaction between the urethane prepolymer obtained as such and A3
component may be carried out under the presence of the solvent or without the solvent,
in the atmosphere of inert gas such as nitrogen or argon or 8o at 25 to 120°C for 0.5 to
24 hours, As for the solvent, methanol, ethanol, isopropyl alcohol, t-butanol, 2-butanol,

n-butanol, methylethyl ketone, diethyl ketone, toluene, hexane, heptane, ethyl acetate,
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DMF, DMSO, THF, or so cari be used.
[0125]

The preparation method 3 (A component having the functionalization compound

at the side chain)

First, A4 component comprising, in the molecule, the group capable of reacting
with one isocyanate group and the triisocyanate compound comprising three isocyanate
groups are reacted to prepare the diisocyanate compound having the functionalization
structure the side chain. The urethane prepolymer is obtained by reacting this
diisocyanate compound and Al compound and A2 compound; next by reacting A3
component, the A component of the present invention can be produced.

[0126]

In the above method, the reaction between the triisocyanate compound and A4
component may be carried out under the presence of the solvent or without the solvent,
in the atmosphere of inert gas such as nitrogen or argon or so at 25 to 120°C for 0.5 to
24 hours. As for the solvent, the organic solvent such as methylethyl ketone, diethyl
ketone, toluene, hexane, heptane, ethyl acetate, dimethylformamide (DMF),
dimethylsulfoxide (DMSO), tetrahydrofuran (THF) or so can be used. Upon carrying
out the reaction, in order to avoid the reaction between the isocyanate group in the
polyisocyanate compound and water as an impurity, it is preferable to carry out the
dehydration treatment to various reaction agents and solvents in advance, and dry
sufficiently.

[0127]

The reaction between the diisocyanate group having the functionalization
compound at the side chain obtained by the above described method, Al component,
and A2 component may be carried out under the presence of the solvent or without the

solvent, in the atmosphere of inert gas such as nitrogen or argon or so at 25 to 120°C for
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0.5 'to 24 hours. As for the solvent, the organic solvent such as methylethyl ketone,
diethyl ketone, toluene, hexane, heptane, ethyl acetate, dimethylformamide (DMF),
dimethylsulfoxide (DMSO), tetrahydrofuran (THF) or so can be used. Upon carrying
out the reaction, in order to avoid the reaction between the isocyanate group in the
polyisocyanate compound and water as an impurity, it is preferable to carry out the
dehydration treatment to various reaction agents and solvents in advance, and dry
sufficiently. Also, when carrying out the reaction, the catalyst such as dibutyl tin
laurylate, dimethylimidazole, triethylenediamine, tetramethyl-1,6-hexadiamine,
tetramethyl-1,2-ethanediamine, 1,4-diazabicyclo[2,2,2]octane or so may be added. As
for the added amount when using the catalyst, it is preferably 0.001 to 1 part by weight
with respect to total 100 parts by weight of said A component.

[0128]

The reaction between the urethane prepolymer obtained as such and A3
component may be carried out under the presence of the solvent or without the solvent,
in the atmosphere of inert gas such as nitrogen or argon or so at 25 to 120°C for 0.5 to
24 hours. As for the solvent, methanol, ethanol, isopropy! alcohol, t-butanol, 2-butanol,
n-butanol, methylethy! ketone, diethyl ketone, toluene, hexane, heptane, ethyl acetate,
DMF, DMSO, THF, or so can be used.

[0129]

The blending ratio of each component, characteristic of A component

The amount ratio of Al component, AZ component, A3 component, A4
component used for the reaction described in above may be determined accordingly;
however from the point of the balance between the heat resistance, the adhesive strength,
and the photochromic characteristics (the color optical density, the color fading speed,
the weather resistance or so) of the obtained polyurethane-urea resin, it is preferable to

be the following amount ratio. That is, when the total mol numbers of the hydroxyl
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group included in A1 component is nl, the total mol numbers of isocyanate group
included in A2 component is n2, the total mol number of amino group included in A3
component is n3, and the total mol number of the groups capable of reacﬁng with the
isocyanate group (specifically, amino group, hydroxyl group, mercapio group and/or
carboxyl group) is n4; then the weight ratio satisfy n1: n2: n3: n4 = 0.3 to 0.89: 1.0: 0.1
to 0.69: 0.01 to 0.2, particularly nl: n2: n3: n4d = 0.34 to0 0.83: 1.0: 0.15 t0 0.6: 0.02 to
0.15 is preferable, and nl: n2: n3: n4 =04 to 0.78: 1.0: 0.2 t0 0.5: 0.02 to 0.1 is most
preferable.

[0130]

The polyurethane-urea resin obtained by such reaction may be used as it is
dissolved in the reaction solvent; however it may be carried out with the afier treatment
such as distillation of the solvent if needed, or dropping the poor solvent such as water
or so thereby precipitate/filter the polyurethane-urea resin followed by drying or so,
then it may be used as A component.

[0131]

AS component: the terminator

When the isocyanate group is left at the terminal end of the polyurethane-urea
resin obtained by the above reaction, it is preferable that the terminator comprising the
active hydrogen which reacts with the 1socyanate group is added to make the terminal
end inactive. When the isocyanate group is left at the terminal end, the photochromic
characteristic tends to decline. Whether the isocyanate group is left or not can be
determined by measuring the infrared absorbing spectroscopy.

[0132]

Also, in case of improving the adhesive strength of the optical articles using the
isocyanate compound comprising at least one isocyanate group in the molecule as (D)

component which will be described in the following, the polyurethane-urea resin needs
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to be quenched by non-reactive group at the terminal end thereof. The
polyurethane-urea resin of which the terminal end is quenched by the non-reactive
group can be obtained by reacting the polyurethane-urea resin of which the terminal end
is the isocyanate group and the terminator (AS) comprising the group capable of
reacting with one isocyanate group in the molecule.

[0133]

As the group capable of reacting with said isocyanate group, amino group (-NH,
and NH(R)), hydroxyl group (-OH), mercapto group (-SH:thiol group), carboxyl group
[-C(=0)OH], or acid chloride group [-C(=0)OCI] can be mentioned.

[0134]

This terminator comprise, in the molecule, only one group capable of reacting
with the isocyanate group. If two or more of the group capable of reacting with the
isocyanate groups are present in the molecule, the polyurethane-urea resin becomes high
molecular weight, and becomes to obtain high viscosity when diluting with the organic
solvent; hence it becomes difficult to form the film g, further it loweres the adhesion
(the adhesion with the optical sheet) of the obtained photochromic adhesive agent. By
introducing said terminator at the terminal end of the polyurethane-urea resin, it
becomes possible to control the number average molecular weight of the urethane-urea
resin, and the adhesion, the heat resistance, and the photochromic characteristic can be
easily controlled to the physical properties of the object.

[0135]

As for the terminator, amine, alcohol, thiol and carboxylic acid can be used.
Specifically, normal butyl amine, sec-butyl amine, tert-butyl amine, dibutyl amine,
diisopropyl amine, methanol, ethanol, isopropanol, normal butanol, sec-butanol,
tert-butanol, acetic acid or so may be mentioned.

[0136]
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Also, by using the functionalization compound which is A4 component
mentioned in above as the terminator, the functionalization compound can be introduced
into the polyurethane-urea resin and also at the same time, the terminal end of the
isocyanate group can be made inactive. That is, A4 component can be used as AS
component,

[0137]

Hereinbelow, the terminator which can be suitably used in the present
invention will be described.

[0138]

The preferable compound as the terminator can be indicated by the following

general formula (8) and (9).

[0139]
[Chemical formula 14]
R3¢
HN—R?*0 (8)

[0140]

(in the above formula, R* is alkyl group having carbon atoms of 1 to 20, aryl
group, aralkyl group, alkyloxycarbonyl group or hydrogen atom, |

R* is alkyl group having carbon atoms of 1 to 20, aryl group, aralkyl group, or
ester group.)

[0141]

In case R* uses the compound which is the hydrogen atom as A3 component,
the terminal end of the polyurethane-urea resin becomes -NH(R*), however this
NHR™ substantially does not react with other polymers, and other isocyanate
compounds. Therefore, -NH(R*") is not considered as the group capable of reacting

with the isocyanate group.
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[0142]

In the above general formula (8), R* is alkyl group having carbon atoms of 1 to
20, aryl group, aralkyl group, alkyloxycarbonyl group or hydrogen atom. Among these,
R* is preferably alkyl group having carbon atoms of 1 to 10, aryl group, aralkyl group,
alkyloxycarbonyl group or hydrogen atom. Said aryl group and aralkyl group may have
an alkyl group having carbon atoms of 1 to 5, halogen atom as the substituent group.

[0143]

As examples of suitable R*, methyl group, ethyl group, normal propyl group,
isopropyl group, normal butyl group, tert-butyl group, pentyl group, hexyl group, heptyl
group, octyl group, 1,1,3,3-tetramethylbutyl group, phenyl group, benzyl group,
1,1-dimethylbenzyl group, carboxymethyl group, carboxyethyl group, carboxypropyl
group, or hydrogen atom or so may be mentioned.

0144}

Also, R* is alkyl group having carbon atoms of 1 to 20, aryl group, aralkyl
group, or alkyloxycarbonyl group. Among these, R* is preferably alkyl group having
carbon atoms of 1 to 10, aryl group, aralkyl group, or alkyloxycarbonyl group. Said aryl
group may comprise the alkyl group having carbon atoms of 1 to 5, and halogen atom as
the substituent group.

[0145]

As examples of suitable R*°, methyl group, ethy! group, normal propyl group,
isopropyl group, normal butyl group, tert-butyl group, pentyl group, hexyl group, heptyl
group, octyl group, 1,1,33-tetramethylbutyl group, phenyl group, benzyl group,
1,1-dimethylbenzyl group, carboxymethyl group, carboxyethyl group, carboxypropyl
group or so may be mentioned.

[0146]

[Chemical formula 15]
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Following general formula (9).

Z

[01473

(in the above formula, RY is alkyl group of carbon atoms of 1 to 20, aryl group,
aralkyl group or alkyloxycarbonyl group,

Z is hydroxyl group, carboxyl group, or thiol group.)

The above shown compound can also be suitably used as the terminator.

[0148]

In the above general formula (9), R* is alkyl group of carbon atoms of 1 to 20,
aryl group, aralkyl group or alkyloxycarbony! group; and preferably it is alkyl group
having carbon atoms of 1 to 10, aryl group, aralkyl group, or alkyloxycarbonyl group.
This aryl group and aralkyl group may have alkyl group having carbon atoms of 1 to 5,
and halogen atom as the substituent group. As for the preferable groups, alkyl group
having carbon atoms of 1 to 5, phenyl! group, and pheny! group having halogen atoms or
so may be mentioned. As examples of suitable R*', methyl group, ethyl group, normal
propyl group, isopropyl group, normal butyl group, tert-butyl group, pentyl group, hexyl
group, heptyl group, octyl group, 1,1,3,3-tetramethylbutyl group, phenyl group, benzyl
group, 1,1-dimethylbenzyl group, carboxymethyl group, carboxyethyl group,
carboxypropy! group or so may be mentioned.

[0149]

Z in the above general formula (9) is the group capable of reacting with the
isocyanate group present at the terminal end of the polyurethane-urea resin, and
specifically it is hydroxyl group, carboxyl group or thiol group; and preferably it is

hydroxyl group.
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[01507

As the specific compounds shown by above described general formula (8) and
(9); amines such as methylamine, ethylamine, propylamine, isopropylamine, butylamine,
tert-butylamine, pentylamine, hexylamine, heptylamine, 4-heptylamine, octylamine,
1,1-dipropylbutylamine, phenylamine, benzylamine, dimethylamine, diethylamine,
dipropylamine, diisopropylamine, dibutylamine, di-tert-butylamine, dipentylamine,
dihexvlamine, diheptylamine, dioctylamine, methyiethylamine, methylbutylamine,
methylpentylamine, methylhexylamine, methylheptylamine, methyloctylamine,
ethylpropylamine, ethylbutylamine, ethylpentylamine, ethylhexylamine,
ethylheptylamine,  ethyloctylamine,  propylbutylamine, isopropylbutylamine,
propylpentylamine, propylhexylamine, propylheptylamine, propyloctylamine or so;
alcohols such as methanol, ethanol, propanol, isopropanocl, butanol, 2-butanol, tert-butyl
alcohol, pentyl alcohol, hexyl alcohol, heptyl alcohol, octyl alcohol, nonyl alcohol,
decanol, 2-decanol or so; thiols such as methane thiol, ethane thiol, 1-propane thiol,
2-propane thiol, 1-butane thiol, 2-butane thiol, propane thiol, hexane thiol, heptane thiol,
octane thiol, dodecane thiol, Z2-methyl-1-butane thiol, 2-methylpropane thiol,
3-methyl-2-butene thiol, 1,1-dimethylheptane thiol, cyclohexane thiol, cyclopentane
thiol, benzene thiol, benzene methane thiol, 2,6-dimethylbenzene thiol or so; carboxylic
acid groups such as acetic acid, propionic acid, lactic acid, pentanoic acid, hexanoic
acid, heptanoic acid, octanocic acid, nonanoic acic, decanoic acid, dodecanoic acid or so
may be mentioned.

[0151]

The above mentioned terminator may be used alone or by combining two or
more thereof,

[0152]

The blending ratio of A5 component, the characteristic of A component
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AS comiponent can be introduced to the polyurethane-tiréa resin by reacting as
the same method as the above mentioned A4 component.

[0153]

The amount ratio of Al component, A2 component, A3 component, and AS
component can be determined accordingly, however it is preferable to satisfy the below
amount ratio from the point of the balance between the heat resistance, the adhesive
strength, and the photochromic characteristics {the color optical density, the color
fading speed, the weather resistance or so) of the obtained polyurethane-urea resin. As
aforementioned, the amount ratio of Al component, A2 component, and A3 component,
when the total mol numbers of the hydroxyl group included in Al component is nl, the
total mol numbers of isocyanate group included in A2 component is n2, the total mol
number of amino group included in A3 component is n3, and the total mol number of
the group capable of reacting with the isocyanate group included in A5 component is ~
n3; nl :02: n3: nS =030 to 0.89: 1: 0.1 to 0.69: 0.01 to 0.20 is preferable. In order to
make the obtained photochromic composition {the photochromic adhesive agent) to
exhibit excellent adhesion, durability, and photochromic characteristics, nl: n2: n3: n5
= (.34 to 0.83: 1: 0.15 to 0.6: 0.02 to 0.15; and more preferably nl: n2: n3: n5 =04 to
0.78: 1: 0.2 to 0.5: 0.02 to 0.1. Here, above mentioned nl, n2, n3, and n5 can be
obtained as the product of used mol number of the compound used for each component,
and the number of each group present in one molecule of said compound.

[0154]

Note that, when A component before the introduction of A5 component is those
having a isocyanate group at the terminal end, the total sum (n1 + n3’) of nl and n3’
(n3’ is the total mol number of the group capable of reacting with amino group and
other isocyanate group included in A3 component} is smaller than the value of n2 (nl +

1n3’< n2). Further, in order to make the terminal end of A component inactive, n5 must
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be larger or equal to the difference betwéen n2 and the total st 6f nl and n3” {(n2- (nl
+ 1n3’)). When preparing A component, the most preferable blending is to satisfy the
above amount ratio, and when n2 is equal to the total sum of nl, n3’ and n5 (n2 = nl +
3’ +ns).

[0155]

When making the terminal end of A component inactive, A5 component can be
used by the blending amount wherein the total sum of n1, n3” and n5 is n2 or larger (n2
< nl +n3’ + n5). In this case, AS component added excessively may be removed by
reprecipitation. Also, in case the excessive A5 component is an amount which does not
damage the effect of the present invention, the photochromic composition can be
formed as it is, In this case, when the photochromic composition is formed, said AS
component is thought to be consumed by reacting with D component added optionally
which will be described in below. Therefore, as long as the excessive AS component is
an amount which does not damage the effect of the present invention, it is not a problem.
Note that, since the isocyanate group in AS component will be consumed which should
be used for the preparation of the polyurethane-urea resin, the most preferable
embodiment is to use A3 component so that it satisfy nl + n3” + n3 = n2. Note that, in
case of using A4 component instead of A5 component, said n5 can be read as nd. Also,
in case of using both A4 component and AS component as the terminator, said n5 can
be read as the total nS and n4 (n3 + n4).

Also, the molecular weight and the heat resistance of the polyurethane-urea resin
when using A4 component or A5 component obviously satisfy the aforementioned
range.

[0156]

B component: the photochromic compound

As the photochromic compound used as B component in the photochromic
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composition of the presént ifivention, the known photochromic compounds such &s
chromene compounds, fulgimide compounds, spirooxazine compounds, spiropyran
compounds or so can be used without any limitation. These may be used alone or by
combining two or more thereof.

[0157]

As the above mentioned, fulgimide compounds, spiroxazine compounds,
spiropyran compounds, and chromene compounds, for examples the compounds
described in JP Patent Application Laid Open No.H02-28154, JP Patent Application
Laid Open No.S62-288830, W094/22850 pamphlet, WO96/14596 or so may be
mentioned.

[0158]

Particularly, as for chromene compounds other than those described in the above
listed patent articles, the chromene compound having excellent photochromic
characteristics is known and such chromene compounds can be suitably used as B
component. As such chromene compounds, JP Patent Application Laid Open
No0.2001-031670, JP Patent Application Laid Open N0.2001-011667, JP Patent
Application Laid Open No0.2001-011066, JP Patent Application Laid Open
No.2000-344761, JP Patent Application Laid Open No.2600-327675, JP Patent
Application Laid Open No0.2000-256347, JP Patent Application Laid Open
No0.2000-229976, JP Patent Application Laid Open N0.2000-229975, JP Patent
Application Laid Open No0.2000-229974, JP Patent Application Laid Open
No0.2000-229973, JP Patent Application Laid Open No0.2000-229972, JP Patent
Application Laid Open No.2000-219678, JP Patent Application Laid Open
No0.2000-219686, JP Patent Application Laid Open No.H11-322739, JP Patent
Application Laid Open No.H11-286484, JP Patent Application Laid Open

No.H11-279171, JP Patent Application Laid Open No.H09-218301, JP Patent
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Application Laid Open No.H09-124645, JP Patent Application Laid Open
No.H08-295690, JP Patent Application Laid Open No.08-176139, JP Patent Application
Laid Open No.H08-157467, US Patent No.5645767, US Patent No.5658501, US Patent
No0.5961892, US Patent No.6296785, JP Patent No.4424981, JP Patent No.4424962,
WO2009/136668 pamphlet, W02008/023828 pamphlet, JP Patent No.4369754, JP
Patent No.4301621, JP Patent No.4256985,W02007/086532 pamphlet, JP Patent
Application Laid Open No0.2009-120536, JP Patent Application Laid Open
No0.2009-67754, JP Patent Application Laid Open No0.2009-67680, JP Patent
Application Laid Open No.2009-57300, JP Patent No.4195615, JP Patent No.4158881,
JP Patent No.4157245, JP Patent No.4157239, JP Patent No.4157227, JP Patent
No.4118458, JP Patent Application Laid Open No.2008-74832, JP Patent No.3982770,
JP Patent No.3801386, WO2005/028465 pamphlet, W02003/042203 pamphlet, JP
Patent Application Laid Open No.2005-289812, JP Patent Application Laid Open
No0.2005-289807, JP Patent Application Laid Open No0.2005-112772, JP Patent
No0.3522189, W02002/090342 pamphlet, JP Patent No.3471073, JP Patent Application
Laid Open No0.2003-277381, W0O2001/060811 pamphlet, WO00/71544 pamphlet or so
are disclosed.

[0159]

Among these other photochromic compounds, from the point of the
photochromic characteristics such as the color optical density, the initial coloring, the
durability, the color fading speed or so, it is preferable to use one or more of the
chromene compounds comprising indeno(2,1-f)naphto-(2,1-b) pyran structure. Further,
among these chromene compounds, the compounds having the molecular weight of 540
or more is suitable as it exhibits particularly excellent color optical density and color
fading speed.

[0160]
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Such chromene compounds can be shown by the following general formula.
[0161]

[Chemical formula 16]

\
(10)
0

[0162]

The chromene compounds having the structure shown by said general formula
(10) is not particularly limited for the substituent group thereof, and it may have known
substituent group.

{0163]

As mentioned in the above, among these chromene compounds, from the point
of the photochromic characteristics such as the color optical density, the initial coloring,
the durability, the color fading speed or so, it is further preferably a chromene
compounds comprising indeno(2,1-[inaphto~(2,1-b) pyran structure as shown by the
following general formula (11).

[(164]

[Chemical formula 17]

YW
O ;\ an
@

[0165]
The chromene compounds comprising the structure shown by said general

formula (11) is not particularly limited for the substituent group thereof, and it may
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compriSe known substituent group.

[0166]

For examples of the photochromic compounds which can be used in the present
invention, the following may be mentioned.

[0167}

{Chemical formula 18]

(1)
. OCHCH,CH,
g
l
H.CO
? OCH,GH,CH;

[0168]

[Chemical formula 19]

s N
g
R i
[0169]
[Chemical formula 20]



$)



PCT/IP2011/067841
Our refWP11037

[0172]

6)

OCH5
[0173]

[Chemical formula 24)

7



PCT/IP2011/067841
Our ref!WPI11037

HaCO

[0174]

{Chemical formula 25]

(8)

[0175)

[Chemical formula 26]
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[0176]

The blending amount of B component in the photochromic composition of the
present invention is suitably 0.01 to 20 parts by weight with respect to 100 parts by
weight of A component from the point of the photochromic characteristic. In case the
above mentioned blending amount is too small, sufficient color optical density or
durability tends to be difficult to obtain, and when it is too much, although it depends on
the type of the photochromic compound, the photochromic compositions becomes
difficult to dissolve against A component which not only causes the uniformity of the
composition to decline, but also the bonding force (the adhesive force) tends to decline,
In order to maintain the photochromic characteristics such as the color optical density or
the durability or so while sufficiently maintaining the adhesion between the optical base
material such as plastic film or so, the added amount of B component is preferably 0.5
to 10 parts by weight and more preferably 1 to 7 paris by weight with respect to 100
parts by weight of A component.

[0177]

The optional component

Besides A component and B component, the photochromic composition of the

present invention may include an organic solvent as optional component (C)
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(hereinafter, it may simply réfeired as C component), the i8ocyandte compound
comprising two or more isocyanate groups in the molecule (D), and other components.
Hereinafter, these optional components will be explained.

[0178]

C component: The organic solvent

By adding the organic solvent to the photochromic composition of the present
invention, the polyurethane-urea resin (A component) and the photochromic compound
(B component), further other components added depending on the needs becomes easy
to mix, and the uniformity of the composition can be improved. Also, the viscosity of
the photochromic composition of the present invention can be controlled appropriately,
and the processibility and the evenness of the thickness of the coated layer when coating
the photochromic composition of the present invention to the optical sheet or film can
be further enhanced. Note that, in case the material easily affected by the organic
solvent is used as the optical sheet or film, the appearance may be damaged, or the
photochromic characteristic may decline; however such problems can be avoided by
applying the following described method. Also, regarding the photochromic
composition of the present invention, as it will be described in the following, various
types of solvent can be used, thus the above mentioned problems can be prevented by
using the solvent selected from those which barely affects the optical sheet or film as
the solvent.

[0179]

For examples of the organic solvent which can be suitably used as C component,
alcohols such as methanol, ethanol, n-propanol, i-propanol, n-butanol, t-butanol,
2-butanol or so; polyvalent alcohol derivatives such as ethyleneglycolmonomethylether,
ethyleneglycolmonoisopropylether, ethyleneglycolmonoethylether,

ethyleneglycolmono-n-propylether, etheyleneglycolmono-n-butylether,
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ethyleneglycolmono-t-butylether, propyieneglycolmonomethylether,
propyleneglycolmonoethylether, propyleneglycol-n-butylether,
ethyleneglycoldimethylether or so; diacetone alcohol; ketones such as methylethyl
ketone, diethylketone or so; toluene; hexane; heptane; acetates such as ethyl acetate,
acetate-2-methoxyethyl, acetate-2-ethoxyethyl or so; DMF; DMSO; THF; cyclohexane
or so; and the combinations thereof may be mentioned.

[0180]

Among these, it may be selected accordingly depending on the type of A
component used or the material of the optical sheet or film. For example, in case of
using the polycarbonate resin as the optical sheet or film and coating the photochromic
composition of the present invention directly, alcohols, or polyvalent alcohol
derivatives is preferably used as for the solvent.

[0181]

Also, from the point that the organic solvent is hardly left, and to increase the
speed of the drying speed while maintaining the smoothness of the photochromic
adhesive sheet in case of using the coated layer pasting the photochromic composition
of the present invention to the optical sheet or film; or in case of using the method
described in the following; it is preferable to use as C component by mixing the organic
solvent having the boiling point of less than 90°C and the organic solvent having the
boiling point of 90°C or higher. The blending ratio of the organic solvent having the
boiling point of less than 90°C and that of 90°C or higher may be determined
accordingly depending on other components used. Among these, in order to exhibit
excellent effect, it is preferable that the organic solvent having the boiling point of less
than 90°C is 20 to 80wt% and the organic solvent having the boiling point of 90°C or
higher is 80 to 20wt% when whole organic solvent amount is 100wt%.

[0182]

60



PCT/IP2011/067841
Our refWP11037

Also, in case of adding C component, from the point of the effect obtained by
adding C component as mentioned in above, the added amount is 5 to 900 parts by
weight, more preferably 20 to 750 parts by weight, and most preferably 40 to 400 parts
by weight with respect to 100 parts by weight of A component.

[0183]

D component: the isocvanate compound having at least one isocvanaie group in the

molecule

In the present invention, by further using the isocyanate compound having at
least one isocyanate group in the molecule as D component, the foilowiﬁg described
adhesive strength of the optical article can be further improved.

[0184]

In the present invention, as for the isocyanate compound having at least one
isocyanate group in the molecule, known isocyanate compound can be used without any
limitation. These may be used alone, or by combining two or more thereof.,

[0185]

The reason why excellent adhesion is exhibited by adding D component to the
above mentioned A component is not clear, however the following reason is thought. A
part of the isocyanate group included in D component is hydrolyzed by the water
included in the photochromic composition of the present invention, or by the moisture
in the surrounding environment (that is, under the presence of water); thereby amino
group is produced. This amino group formed reacts with the isocyanate group left in D
component; thereby produces the reaction product comprising urea bond. The urea bond
of the reaction product generated here forms the hydrogen bond between the urethane
bond and urea bond present in A component; thereby it is thought that the aggregation
force of the photochromic adhesive layer is improved, and the adhesion and the heat

resistance are also improved. Particularly, after being contacted with the hot water, the
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adhesion (the adhesion between the optical sheet and said adhesive layer) can be highly
maintained. This effect is better than that of when using the polyurethane resin of 2
liquid type.

[0186]

The reaction product of this D component can be confirmed by comparing the
infrared absorption spectrum of the photochromic composition of the present invention
and the obtained photochromic adhesive agent (layer). In the photochromic compound
and the adhesive agent layer, the generation of the reaction product can be confirmed by
the reduction of the absorption of the isocyanate group. The reaction product can be
confirmed for example from the peak intensity ratio between the isocyanate group and
the methylene group. As the photochromic composition, the absorption of the
isocyanate group origin can be confirmed. On the other hand, for the photochromic
adhesive layer taken out from the photochromic laminated article produced under the
presence of the water, the absorption of said isocyanate group decreases as time passes,
and at the end, it is confirmed to disappear. Also, in the adhesive layer, the increase of
the absorption of the urea bond is confirmed as the absorption of the isocyanate group
deacreases. Therefore, at the adhesive layer, the presence of the reaction product (the
reaction product comprising the urea bond) of D component can be confirmed.

[0187]

As for the above mentioned isocyanate compound, in addition to the isocyanate
compound shown as examples of A2 component, the compound having at least one
isocyanate group in the molecule, such as 1-adamantyl isocyanate, propyl isocyanate,
isopropy! isocyanate, butyl isocyanate, tert-butyl isocyanate, hexane isocyanate, nonyl
isocyanate, dodecyl isocyanate, cyclohexyl isocyanate, 4~-methylcyclohexyl isocyanate,
allyl isocyanate, 3-isocyanatepropyltriethoxy silane, 2-methacryloyloxyethyl isocyanate,

2-acryloyloxyethyl isocyanate, 1,1-bis{acryloyloxymethyl)ethyl isocyanate, isocyanic
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acid m-tolyl, isocyanic acid phenyl, 3,5-di{frifluoromethyl)pheny! isocyanate,
4-fluorophenyl isocyanate, 4-{triflucromethoxy)phenyl isocyanate,
3-(trifluoromethyl)phenyl isocyanate, 1-isocyanato-2,4-dimethoxy benzene, isocyanato

ethyl acetate, 2-isocyanatobenzoylchloride, 3-isocyanato-1,2,4.5-tetramethyl benzene,

4-isocyanato-4-propyl pentane, I-isocyanato-1-propene,
3-bromo-2-(4-isocyanatophenyl) thiophene,

isocyanatopropyldimethylsityleyclohexyipolyhedraloligomericsilsesguioxane,
isocyanatopropyldimethylsilylisobutylpolyhedralorigomericsilsesqueoxane or so may
be mentioned.

[0188]

Also, the compound having three isocyanate group in the molecule such as,
1,3,5-tris(6-isocyanatohexyl)biuret, (2,4,6-trioxytriazine-1,3,5(2H, 4H,

6H)tolylytris(hexamethylene)  isocyanate, I-methylbenzene-2,4,6-tolyltriisocyanate,

4.4°4”" -methylidynetris(isocyanatobenzene), methylsilanetolyltris isocyanate,
2,6-diisocyanatocaproic acid 2-isocyanatoethyl,
2,6-bis[(2-isocyanatophenylymethyliphenyl isocyanate,

tris(3-methyl-6-isocyanatobenzoyl)methane,
tris{(4-methyl-3-isocyanatobenzoyljmethane, tris(3-isocyanatophenyl)methane,
tris(3-methyl-4-isocyanatobenzoylymethane,
tris(4-methyl-2-isocyanatobenzoylymethane or so may be mentioned. Also, the
compound having three isocyanurate groups may be mentioned as well.

[0189]

Further, the compound having four isocyanate groups in the molecule such as,
tetraisocyanatosilane, [methylenebis(2,1-phenylene)jbisisocyanate or so may be
mentioned.

[0190]
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Also, the isocyanate compound (D) (hereinafter, it may simply referred as D”
component) obtained by reacting aforementioned A3 component with the isocyanate
compound having two or more isocyanate groups in the molecule can also be used as D
component of the present invention.

[0191]

When preparing the above mentioned D’ component, it is preferably those
obtained by reacting diisocyanate compound which is the aforementioned A2
component, and aminoalcohol compound which is the aforementioned A3 component or
diol compound. Among these, as diisocyanate compound, aliphatic diisocyanate such as
tetramethylene-1,4-diisocyanate, hexamethylene-1,6-diisocyanate,
octamethylene-1,8-diisocyanate, 2,2.4-trimethylhexane-1,6-diisocyanate or so; the
isomer mixtures such as cyclobutane-1,3-diisocyanate, cyclohexane-1,3-diisocyanate,
cyclohexane-1,4-diisocyanate, 2,4-methylcyclohexyldiisocyanate,
2,6-methylcyclohexyldiisocyanate, isophoronediisocyanate, norbornenediisocyanate,
4,4’-methylenebis(cyclohexylisocyanate) or so; alicyclic isocyanate such as
hexahydrotoluene-2,4-diisocyanate, hexahydrotoluene-2,6-diisocyanate,
hexahydrophenylene-1,3-diisocyanate, hexahydrophenylene-1,4-diisocyanate or so are
preferably used.

[0192]

On the other hand, as amino alcohol compound, 2-aminoethanel,
3-aminopropanaol, 4-aminobutanol, 5-aminopentanol, 6-aminohexanol,
2-piperidinemethanol, 3-piperidinemethanol, 4-piperidinemethanol, 2-piperidineethanol,
4-piperidineethanol or so are preferably used.

[0193]

Also, as diol compound, ethyleneglycol, 1,2-propanediol, I,3-propanediol,

1,2-butanediol, 1,3-butanediol, 1,4-butanediol, 1,3-pentanediol, 2,4-pentanediol,
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1,5-péntanediol, 2,2 4-trimethyi-1,3-pentanediocl, 2-methyi-1,3-pentanediol,
2.5-hexanediol, 1,6-hexanediol, 2,4-heptanediol, 2-ethyl-1,3-hexanediol,
2,2-dimethyl-1,3-propanediol,  1,8-octancediol, 1,9-nonanediol, 1,10-decanediol,
1,4-cyclohexanediol, 1,4-cyclohexanediol, 1,4-cyclohexanedimethanol,
1,2-bis(hydroxyethyl)-cyclohexane, diethyleneglycol, riethyleneglycol,
tetracthyleneglycol, dipropyleneglycol, tripropyleneglycol, neopentylglycol are
preferably used.

[0194]

Said D’ component must be present with one or more isocyanate groups in the
molecule. Therefore, when preparing said D’ component, the total mol number of the
isocyanate group of A2 component must be larger than the total mol number of the
groups capable of reacting with the isocyanate gowrp of A3 component.

[0195]

The isocyanate group included in said D component can be used in the condition
being protected by the blocking agent. As for the blocking agent, for example, acid
amides, lactams, acid imides, imidazols, ureas, oxime compounds or so may be used.
Specifically, acetanilide, acetic acid aminde, e-caprolactam, succinic imides, maleic
imides, dimethylpyrazole, thiourea, acetaldoxime, acetoneoxime, methylethylketoxime
or so may be mentioned.

[0196]

The number of the isocyanate group included in D component (D’ component)
may be one, however it is preferably two or more. By having two or more isocyanate
groups in the molecule of D component, when forming the photochromic adhesive
agent layer, the urea resin (the reaction product of D component) having large molecular
weight can be formed. As a result, the aggregation force between the reaction product of

D component and A component is improved, thus it is thought that the effect of the
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improved adhesion is further enhanced. On the other hand, in case four or motre
isocyanate groups are present (in the molecule of D component), the urea resin
crosslinked in a mesh form is formed, thus the phase separation tends to occur between
A component which tends to cause the opaque photochromic adhesive layer of the
present invention. Therefore, D component (including D* component) is a compound
preferably comprising two or three isocyanate groups in the molecule, and more
preferably it is a compound comprising two isocyanate groups.

[0197]

Also, D component is preferably the isocyanate compound selected from the
aliphatic isocyanate compounds and alicyclic isocyanate compound from the point of
the weather resistance. The aromatic isocyanate compound easily causes the phase
separation between A component, and tends to cause the opaque photochromic adhesive
layer of the present invention. This is thought to be caused since the aromatic isocyanate
compound has faster reaction and higher aggregation force than the aliphatic isocyanate
compound and the alicyclic isocyanate compound. From the point of this opaqueness, D
component is preferably the isocyanate compound selected from the aiiphatic‘ ispcyanate
compound and the alicyclic isocyanate compound.

[019¢8]

In the present invention, the molecular weight of said D ;:omponem‘ (including
said D’ component) is not particularly limited, however it is preferably less than 1000.
In case the molecular weight of said D component is 1000 or larger, the heat resistance
and film strength of the obtained photochromic adhesive layer tends to decline. It is
thought that when the isocyanate compound having high molecular weight is blended, it
affects the structural part other than the urea bond in the reaction product of D
component. Also, if the mol number of the isocyanate group is present more than a

specific amount in order to improve the adhesion, the blending amount against A
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compotient incrédses for the isocyanate compound having large molecular weight. As a
result, the structural part other than the urea bond of said reaction product is thought to
be influenced easily. From this point of view, the molecular weight of D component is
preferably less than 1000. As described in above, the molecular weight of D component
is further preferably 750 or less, and most preferably 600 or less. Obviously, the
molecular weight of said D’ component is less than 1000 from the same reason. This D
component (I’ component} is preferably not a polymer as mentioned in above.
Therefore, the molecular weight of said D component (D’ component) refers the
molecular weight of D component (I’ component) itself. The lower limit of the
molecular weight of D component is the molecular weight of the monomeric compound,
and it is 100 though it not particularly limited.
{0199}

The blending amount of D component

The blending amount of D component in the photochromic composition in the
present invention is suitably 0.01 to 20 parts by weight with respect to 100 parts by
weight of A component from the point of the adhesion, the heat resistance and the
photochromic characteristics. In case the above blending amount is too little, the effect
of improved adhesion and the heat resistance can be obtained sufficiently, and in case it
is too much, the adhesive layer obtained from said photochromic composition tends to
change opaque, lower the adhesion, and lowers the durability of the photochromic
compound. In order to improve the adhesion between the optical base material such as
plastic film or so while maintaining the photochromic characteristics such as the color
optical density or the durability, the blending amount of D component is 0.1 to 10 parts
by weight, more preferably 0.5 to S parts by weight with respect to 100 parts by weight
of A component. Here, the ratio of the isocyanate group of D component is 0.01 to 10

parts by weight, preferably 0.02 to 5.0 parts by weight, and further preferably 0.1 to 3.0
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parts by weight with respect to 100 patts by weight of A comipotient. Here, the amount
of the isocyanate group can be obtained from the molecular weight of B component and
the number of the isocyanate group per one molecule.

[0200]

Water

The photochromic composition of the present invention can blend the water.
Particularly, by blending the water when adding D component as the isocyanate
compound, the isocyanate group included in D component of the present invention can
be hydrolyzed efficiently. This water can be blended to the photochromic composition
of the present invention from the beginning. Note that, considering the storage stability
of the photochromic composition, it is preferable to blend during the use of the
photochromic composition, that is, when the optical sheet are being adhered against
each other by forming the coated film by said compositions. Also, this water can be
substituted by the moist present under the atmosphere when forming the photochromic
composition, which will be described in the following. The hydrolysis of the isocyanate
group included in D component proceeds by contacting with the water (the most) in the
environment after the film is formed by coating the photochromic composition to the
optical sheet.

[0201]

The blending amount of water is not particularly limited, and the moist in the
environment can be used which will be described in the following. As for the preferable
blending amount, it is within the range of 0.01 times fo 5 times mol, preferably 0.05
times to 3 times mol and more preferably 0.1 time to 2 times mol with respect to the
mol number of the isocyanate group included in D component.

[0202]

Other component
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Further, in the photochromic composition used for the present invention, for the
improvement of the durability of the photochromic compound, the improvement of the
color optical density, the improvement of the color fading speed or the film forming
property; the surfactant, the antioxidant, the radical capturing agent, the ultraviolet
stabilizer, the ultraviolet absorbing agent, the releasing agent, the coloration inhibitor,
the anti-static agent, the fluorescent die, the coloring dye, the pigment, the aromatic
agent, the plasticizer or so may be added. As for these additives which are added, the
known compounds are used without any limitations.

[0203] |

For example, as the surfactant, any of nonionic, anionie, cationic can be used,
however it is preferable to use nonionic surfactants from the point of the solubility to
the photochromic compositions. As the specific nonionic surfactant able to be used
suitably, sorbitan fatty acid ester, glycerin fatty acid ester, decaglycerin fatty acid ester,
propylene glycol/pentaerythritol fatty acid ester, polyoxyethylene sorbitan fatty acid
ester, polyoxyethylenesorbitan fatty acid ester, polyoxyethyleneglycerin fatty acid ester,
polyethyleneglycol fatty acid ester, polyoxyethyleneaikylether,
polyoxyethylenephytosterol/phiytostanol, polyoxyethylenepolyoxypropylenealkylether,
polyoxyethylenealkylphenylether, polyoxyethylene caster oil/curable caster oil,
polyoxyethylenelanoline/lanorine alcohol/beeswax derivatives,
polyoxyethylenealkylamine/fatty acid amine, polyoxyethylenealkylphenylformaldehyde
condensation product, single chain polyoxyethylenealkylether, and further the surfactant
of silicones or fluorine can be mentioned.

[0204]

For the use of the surfactant, it may be used by mixing two or more thereof. The
added amount of the surfactant is preferably within the range of 0.001 to 5 parts by

weight with respect to 100 parts by weight of the polyurethane-urea resin (A
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component).

[0205]

Also, as' the antioxidant, the radical capturing agent, the ultraviolet stabilizer,
and the ultraviolet absorbing agent, the hindered amine photo stabilizer, the hindered
phenol antioxidant, the phenol radical capturing agent, the sulfur antioxidant, the
phosphorous antioxidant, the friazine compounds, the benzotriazol compounds, the
benzophenone compounds or so can be suitably used. These antioxidant, radical
capturing agent, ultraviolet stabilizer, ultraviolet absorbing agent may be used by
combining two or more thereof. Further, for the use of these additives, the antioxidant,
the radical capturing agent, the ultraviolet stabilizer and the ultraviolet absorbing agent,
and the surfactant may be used together. The added amount of these antioxidant, radical
capturing agent, ultraviolet stabilizer, ultraviolet absorbing agent is preferably within
the range of 0.001 to 20 parts by weight with respect to 160 parts by weight of the
polyurethane-urea resin (A component). Note that, if these additives are used too much,
the adhesion of the photochromic composition to the optical sheet or film made of
polycarbonate resin declines, thus the added amount is preferably 7 parts by weight or
less, more preferably 3 parts by weight or less, and most preferably 1 part by weight or
less.

[0206]

The production method of photochromic composition

The photochromic composition of the present invention can be produced by
mixing above mentioned A component and B component, and C component, D
component (D’ component) which are added if needed, and other component. The order
of mixing of each component is not particularly limited.

[0207]

For example, in case of not using the organic solvent, each component can be
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melt kneaded and the photochromic composition can be made into a pellet, and also it
can be sheet molded. Also, in case of using the organic solvent, the photochromic
composition can be obtained by dissolving each component to the organic solvent.

[0208]

The photochromic composition of the present invention obtained as such can be
suitably used as the photochromic adhesive agent for adhereing the optical sheet or film
made of photochromic adhesive agent, particularly made of polycarbonate resin. Further,
by binding the optical sheets or films with each other via the adhesive layer consisting
of the photochromic composition of the present invention, the optical article can be
obtained. Hereinafter, the optical article and the production method thereof will be
described.

[0209]

Optical article

The optical article has the multilayer structure wherein two optical sheets or
films opposing each other are bound via the adhesive layer consisting of the
photochromic composition of the present invention. As for such optical article; the
multilayer sheet or film formed only by the above mentioned multilayer structure
(hereinafter, it may be simply referred as the multilayer sheet); the multilayer sheet or
film wherein two optical sheets or films are bound via other adhesive sheet at both sides
of the adhesive layer consisting of the photochromic composition when forming the
above mentioned multilayer structure; the multilayer sheet or film in which the optical
sheet or film is further laminated or the coating layer such as hard coat layer or so are
formed on the above mentioned multilayer sheet or film; the optical article wherein the
optical base material such as plastic lens body or so are made one body with the above
mentioned multilayer sheet or film, or the complex multilayer sheet (hereinafter, it may

be simply referred, as a whole, the multilayer sheet or so of the present invention.) or so
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may be mentioned.

[0210]

In the multilayer sheet of the present invention, it is possible to produce the
multilayer sheet or film by laminating other adhesive layer (hereinafter, it may be
referred as the second adhesive layer) at both sides of the adhesive layer (hereinafter, it
may be referred as the first adhesive layer) consisting of the photochromic composition
as mentioned in above; then binding two optical sheets or films via said second
adhesive layer.

[0211]

By laminating the second adhesive layer, the adhesion of the multilayer sheet of
the present invention can be further improved. As for the reason of the improvement of
the adhesion of the multilayer sheet of the present invention by laminating the second
adhesive layer, the following two points can be mentioned.

[0212]

First, the layer comprising the compound of which easily under goes
photooxidative degradation such as the photochromic composition is prevented from
directly contacting with the optical sheet or film. The reason for this is not necessarily
clear, however it is thought that the photochromic composition which was made to low
molecular weight by being degraded from the photooxidative degradation enters to the
interface between the adhesive layer and the optical sheet or film; thereby the adhesion
of the both are thought to be lowered.

[0213]

Second, although it exhibits the effect particularly against the optical sheet or
film consisting of thermoplastic resin, by directly coating the adhesive agent having a
fluidity at the liquid condition such as before curing or being dissolved in the organic

solvent, to the optical sheet or the optical film; the optical sheet or the optical film can
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be immersed in the adhesive agent and permeate again; thus the adhesive strength is
thought to be improved.

[0214]

Therefore, the second adhesive layer used in the present invention preferably
does not have the photochromic compound, and further preferably it is directly coated to
the optical sheet or the optical film in the condition of the adhesive agent having fluidity
under the liquid status,

[0215]

As for the component used for the second adhesive layer of the present
invention, it preferably includes the compound comprising urethane bond or urea bond
in the material used (hereinafter, it may be simply referred as urethane compound). By
using said wrethane compound, further strong adhesive strength between the first
adhesive layers having the photochromic compound of the present invention can be
obtained. This is thought because an intermolecular force is generated between the
polyurethane-urea resin included in the first adhesive layer of the present invention and
said urethane compound.

(0216}

As for said urethane compound used in the present invention, urethane
(meth)acrylate, 2 liquid type urethane, moisture curable urethane, urethane dead
polymer or so may be mentioned.

[0217]

As for urethane (meth)acrylate, the reaction product formed by reacting the
isocyanate compound described as the component of the first adhesive layer of the
present invention, the isocyanate compound obtained by reacting the polyol compounds
such as diol or triol or so, and the compound comprising {meth)acrylate group and the

hydroxyl group in the molecule such as hydroxyethyl (meth)acrylate or so may be
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mentioned.

{0218]

As for 2 liquid type urethane, the known 2 liquid type urethane resin can be used,
and the mixture of the compound comprising the isocyanate group &at the molecular
terminal end, and the compound comprising the hydroxyl group and/or the amino group
at the molecular chain terminal end can be mentioned.

02191

As for the moisture curable urethane, known moisture curable urethane resin can
be used, and the urethane prepolymer comprising the isocyanate group at the terminal
end obtained by reacting polyol having two or more hydroxyl group in the molecule and
excessive polyisocyanate compound can be mentioned. A part of the polyurethane-urea
resin used for the first adhesive layer of the present invention can be used as the
moisture cured urethane resin.

[0220]

The urethane dead polymer is different from the above mentioned urethane
compound and does not have the reactive group at the terminal end, and the urethane
compound obtained by reacting the polyurethane-urea resin terminal end which is used
for the first adhesive layer of the present invention with the terminator or so can be
mentioned.

[0221]

As mentioned in above, from the point of the adhesion, the second adhesive
layer of the present invention is preferably coated directly to the optical sheet or the
optical film in the adhesive agent condition having fluidity in a liquid status such that it
includes the organic solvent or so. However, in case of coating to the optical sheet or
the optical film having low solvent resistance, said optical sheet or the optical film is

too eroded; hence the adhesion thereof will rather decline.
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Thus, from the point of the solubility of the optical sheet or the optical film of
the organic solvent includgd in the adhesive agent forming the second adhesive layer,
the solid portion concentration of the adhesive agent forming the second adhesive layer
is preferably within the range of 20 to 100wt%, and the thickness of the second
adhesive layer is thinner than first adhesive layer, and preferably it is within the range of
1 to 40pum, further preferably it is 2 to 20um.

[0222]

The adhesive agent forming the second adhesive layer may include, if needed,
the organic solvent which is used for the first adhesive layer.

Furthermore, for the improvement of the film forming property or the weather
resistance, the surfactant, the antioxidant, the radical capturing agent, the ultraviolet

stabilizer, the ultraviolet absorbing agent, the coloring or so which are used in the first
adhesive agent may be included. Also, in case of urethane (meth) acrylate, it is
preferabie o add the photoradical polymerization initiator.

10224}

Also, as for the method for making as one body with the optical base material
such as the plastic lens or so, for example, the method of injection molding the
thermoplastic resin for constituting the optical base material (for example, the lens
body) such as polycarbonate resin or so afier installing the multilayer sheet or so of the
present invention in the metal mold (hereinafter it may be simply referred as the
injection molding method), or the method of pasting the multilayer sheet or so of the
above mentioned present invention by the adhesive agent to the surface of the optical
base material may be mentioned. Also, after immersing the above mentioned multilayer
sheet (it may be the complex multilayer sheet) in the polymerizable monomer capable
of forming the optical base material, curing said polymerizable menomer, and

embedding said multilayer sheet in the optical base material thereby making as one
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body. Therefore, said optical article may be those laminating the above mentioned
multilayer sheet (it may be the complex multilayer sheet) on thermoplastic optical base
material consisting of the thermoplastic resin or the thermosetting resin; or it may be
those embedding the above mentioned multilayer sheet (it may be the complex
multilayer sheet) in said plastic optical base material.

[0225}

Hereinbelow, these material or the parts consisting the optical article of the
present invention will be explained.

[0226]
The optical sheet or film, and the optical bagse material

In the present invention, as the optical sheet or film, and the optical base
material, the sheet or the film, and the optical base material having the optical
transparency can be used without particular limitation; however, it is suitable to use
those made of resin as it is easy to obtain and easy to process. As examples of the resins
as the material of the optical sheet or film, and the optical base material, polycarbonate
resin, polyethylenetelephthalate resin, nylon resin, triacetylcellulose resin, acrylic resin,
urethane resin, allyl resin, epoxy resin, polyvinyl resin or so may be mentioned. Among
these, polycarbonate resin is particularly preferable since it has good adhesion and high
applicability against the injection molding. Also, the polarizing film (those which the
polyvinyl alcohol polarizing film being sandwiched between the triacetylcellulose resin
film) can be used as the optical film of the present invention.

o227

The production method of the multilaver sheet of the present invention

The multilayer sheet of the present invention is produced by binding two optical
sheets or films facing each other via the adhesive layer consisting of the photochromic

composition of the present invention. Note that, the thickness of the above mentioned
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first adhesive layer is § to 100um; more preferably it is 10 to 50um from the point of the
color optical density, the weather resistance and the adhesive strength of the
photochromic compound. Also, in case of using the second adhesive layer, the thickness
thereof is preferably within the range of 1 to 40um, and more preferably 2 to 20um as
mentioned in the above.

[0228]

The above mentioned adhesive layer can be obtained from the following method
depending on the property of the photochromic composition used. That is, in case the
photochromic composition of the present invention is controlled to a suitable viscosity
by adding the solvent or so, to the one of the optical sheet or film the photochromic
composition of the present invention is coated, and after carrying out the drying
(heating) if needed, other optical sheet or film may be (heat) pressure adhered.

[0229]

Here, as for the coating method of the photochromic composition, the known
methods such as a spin coat method, a spray coat method, a dip coat method, a dip spin
coat method, a dry lamination method or so can be used without any limitation. Also,
the optical sheet or film used in the present invention may be washed/degreased by the
organic solvent such as methanol or so in advance. Further, a corona discharge
treatment, a plasma discharge treatment, a UV ozone treatment or so can be carried out
as well. In case of using such method, the laminated article can be produced
continuously using the device described in the Patent 3.

[0230]

Also, in case of using the photochromic composition of the present invention
including the organic solvent, the (C) organic solvent is removed by (I) drying after
extending the photochromic composition of the present invention on the flat and smooth

base material, then the photochromic adhesive sheet including A component and B
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component dispersed in said A component is formed by removing the base material,
followed by (II) adhering two optical sheets or films by placing the above mentioned
photochromic adhesive sheet in between two optical sheets or films facing each other;
thereby the laminated article of the present invention can be produced.

[0231]

As for the material of the flat and smooth base material, those having the
resistance to the solvent used in the present invention, or those which the
polyurethane-urea resin of the present invention can be released easily are preferable,
and for specific example, glass, stainless, Teflon™, polyethylenetelephthalate,
polypropylene, and the plastic film laminated with the coat layer which improves the
releasability such as silicones or fluorines may be mentioned.

[0232}

In case of employing such method, regardless of the type of the solvent and the
type of the optical sheet or film, the adverse effect caused by the use of the solvent can
be eliminated.

[0233]

The coating and the drying of the above mentioned photochromic composition is
preferably carried out at the temperature of the room temperature to 100°C, the humidity
of 10 to 100%RH. Particularly, in case of using the photochromic composition blended
with D component, it is preferable to work under the presence of the humidity. That is,
in case D component is present, by carrying out the coating and the drying under this
condition, the hydrolysis of D component is promoted, and further strong adhesive force
can be obtained. By carrying out the drying under the above mentioged humidity (under
the presence of the moisture), the photochromic adhesive layer (sheet) exhibiting an
excellent property can be obtained without blending the water in the photochromic

composition. Also, in case of blending the water, said sheet can be formed under the
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drying condition.

[0234]

The photochromic multilayer sheet obtained at the step of binding said optical
sheets or optical films, it may be used as it is, however it can be used by stabilizing the
condition thereof by the following method. Specifically, it is preferable to leave the
laminated article just bound at the temperature of 20°C or higher and 60°C or less for 4
hours or longer. The upper limit for the time for leaving is not particularly limited,
however, 50 hours or so is sufficient. Also it can be left at normal pressure, or it can be
left under vacuumed condition. Further, this multilayer sheet being left is preferably left
at the temperature of 80°C or higher and 130°C or less for 30 minutes to 3 hours
(hereinafter, it will be considered as the heat treatment). The muitilayer sheet obtained
by this heat treatment will have a very stable condition. Also, in case of using this
photochromic composition blended with D compoenent, it is preferably treated at room
temperature to 100°C and under the humidity of 30 to 100%RH. By carrying out this
humidify treatment, the isocyanate group of D component origin present in the
multilayer sheet can be eliminated, thus the photochromic characteristic and the
adhesion can be further stabilized. Further, after the humidify treatment, by leaving
under normal pressure or under vacuumed condition at 40 to 130°C, the excessive water
present in the multilayer sheet can be removed.

[0235)

Also, as the method for producing the multilayer sheet comprising the
aforementioned second adhesive layer, the production method thereof is not particularly
limited as long as the embodiment has the lamination of the second adhesive layer
between the first adhesive layer and the optical sheet or the optical film.

[0236]

As for the production method,
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1) the method of laminating the second adhesive layer on the optical sheet or the
optical film in advance and sandwiching the first adhesive layer with two optical sheets
or the optical ﬁims having this second adhesive layer;

2} the method of coating the second adhesive layers at both sides of the first
adhesive layer then binding the optical sheet or the optical film at both sides thereof;

3) the method of sequentially laminating on the optical sheet or the optical film,
so that it is in the order of the first adhesive layer, the second adhesive layer, the first
adhesive layer and then optical sheet or the optical film; or so may be mentioned;
however from the point of the production efficiency, it is most preferable to use the
method 1).

{02371

As for the coating method and the drying method of the second adhesive layer of
the present invention, it can be carried out as the same method as the first adhesive layer.
Also, for urethane(meth)acrylate adhesive agent, in case of wusing the
photopolymerization initiator together, it is possible to carry out the photo-curing as
well,

[0238]

Further, in case of using the photochromic composition of the present invention
including the solvent, the photochromic sheet can be produced by co-extrusion molding
or S0.

EXAMPLE

[0239]

Hereinafter, the present invention will be described in further detail, by using the
examples. These examples are to simply describe the present invention, and the scope
and the spirit of the present invention is not to be limited to these examples.

[0240]
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Hereinafter, the abbreviation of the compounds or $o used as each component in
the examples and the comparative examples are listed.
[0241]

Al component: Polvol compound

PL1: EXCENOL made by ASAHI GLASS CO., LTD (polypropyleneglycol, the
number average molecular weight 400).

PL2: EXCENOL made by ASAHI GLASS CO., LTD (polypropyleneglycol, the
number average molecular weight 1000).

PL3: EXCENOL made by ASAHI GLASS CO., LTD (polypropyleneglycol, the
number average molecular weight 2000).

PL4: DURANOL made by Asahi Kasei Chemicals Corporation (polycarbonate
diol having 1.5-pentane diol and hexane diol as the material, the number average
molecular weight 500).

PL5: DURANOL made by Asahi Kasei Chemicals Corporation (polycarbonate
diol having 1,5-pentane diol and hexane diol as the material, the number average
molecular weight 800).

PL6: DURANOL made by Asahi Kasei Chemicals Corporation (polycarbonate
diol having 1,5-pentane diol and hexane diol as the material, the number average
molecular weight 1000).

PL7: DURANOL made by Asahi Kasei Chemicals Corporation {polycarbonate
diol having 1,5-pentanediol and hexanediol as the material, the number average
molecular weight 3000).

PL8: PRACCEL made by DAICEL CORPORATION (polycaprolactonediol,
the number average molecular weight 500).

PL9: POLYLITE made by DIC Corporation (polyester dio! consisting of adipic

acid and 1,4-butane diol, the number average molecular weight 1000).
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PL10: ETERNACOLL made by UBE INDUSTRIES. LTD (polvcarbonatediol
having 1,4-cyclohexanedimethanol as the material, the number average molecular
weight 1000).

PL11: EXCENOL made by ASAHI GLASS CO., LTD (polypropyleneglycol,
the number average molecular weight 4000).

PL12: 1,10-decandiol.

[0242]

A2 component: polyisocyanate compound

NCO1: isophorone diisocyanate.

NCO2: 4,4’ -methylenebis(cyclohexylisocyanate).

NCO3: hexamethy}ene— 1,6-diisocyanate.

NCO4: toluene-2,4~diisocyanate.

NCOS5: norbornane diisocyanate.

NCO6: 1,3,6-hexamethylene triisocyanate.

NCOT7: the reaction product of 1,2,2,6,6-pentamethyl-4-hydroxypiperidine and
I-methylbenzene-2,4,6-triisocyanate.

NCO8: the reaction product of 1,2,2,6,6-peatamethyl-4-hydroxypiperidine and
1,6,11-undecatriisocyanate.

[0243]

A3 component; the amino group containing compound (the chain extender)

CE1: isophorone diamine.

CE2: ethylene diamine.

CE3: 1,6-diaminchexane.

CE4: 2-aminoethanol.

CES: 6~aminohexanol.

CES6: glycine.
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CE7:2-aminoéthanethiol.
CES: piperazine.
CE9: N,N’-diethylethylenediamine.
{02447
The chain extender other than the amino group containing compound
CE10: 1,4-butane diol.
CE11: 1,10-decane diol.
[0245]
A4 component: the functionalization compound
HAT1: 1.2,2,6,6-pentamethyl-4-hydroxypiperidine.
HA2: 1,2,2,6,6~ pentamethyl-4-aminopiperidine.
HA3: the compound shown by the following formula (TINUVIN 622LD made
by Ciba Specialty Chemicals, the average molecular weight 3100 to 4000).

[Chemical formula 3]

CH,
- GHy -
ﬁ (ﬁ
H——0 N——CHg =Gy = —— G ——CHy =—CHy =—C
- n
/ CHa
CHy

[0246]

HA4: 4-hydroxy-2,2,6,6-tetramethyl-1-piperidine ethanol.

HAG6: 3-t-butyl-5-methyl-4-hydroxy benzoate.

HAT: 3-]3’«(2""H-benzotriazol-2"’-yl)-4’-hydroxyphenyl] propionate.
[0247]

A5 component; the terminator
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HAS: normal butylamine.
[0248]

B component: the photochromic compound

PC1: the compound shown in the following formula.

[Chemical formula 19]

[0249]
PC2: the compound shown by the following formula.

[Chemical formuia 22]

[0250]

PC3: the compound shown by the following formula.

[Chemical formula 18]
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OCH,CHoCH,
[0251]
C component: the organic solvent
Cl: 1sopropy! alcohol.
C2: propyleneglycol-monomethylether.
C3:toluene.
C4: ethyl acetate.
C5: cyclohexanone,
C6:THF (tetrahydrofurane).
C7: diethyl ketone.
[0252]

D component: the isocvanate compound

D1: isophorone diisocyanate (the molecular weight 222).

D2: 4,4’ -methylenebis(cyclohexylisocyanate) (the molecular weight 262).
D3: hexamethylene-1,6-diisocyanate (the molecular weight 168).

D4: xylylenediisocyanate (the molecular weight 188).

[0253]

The preparation (D5 component) of the 1socyanate compound (D5)

31g of ethylene glycol and 222g of isophorone disiocyanate were added into the

three-necked flask having a stirring blade, a cooling pipe, a thermometer, and nitrogen
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gas introducing pipe; and the isocyanate compound (D35) was obtained by reacting
under the nitrogen atmosphere at 70°C for 6 hours.

D35: the reaction product (the molecular weight 506) of isophorone diisocyanate
(2mol) and ethyleneglycol (1mol).

[0254]
The preparation of (D° component) of the isocyanate compound (D6)

41.3g of ethylene glycol and 222g of isophorone disiocyanate were added into
the three-necked flask having a stirring blade, a cooling pipe, a thermometer, and
nitrogen gas introducing pipe: and the isocyanate compound (D6) was obtained by
reacting under the nitrogen atmosphere at 70°C for 6 hours.

D6: the reaction product (the molecular weight 790) of isophorone diisocyanate
(3mol) and ethyleneglycol (2mol).

[0255]

The preparation (D’ component) of the isocvanate compound (D7)

533g of polycarbonate diol having the average molecular weight of 800 and
222g of isophorone disiocyanate were added into the three-necked flask having a
stirring blade, a cooling pipe, a thermometer, and nitrogen gas introducing pipe; and the
isocyanate compound (D7) was obtained by reacting under the nitrogen atmosphere at
70°C for 6 hours.

D7: the reaction product (the number average molecular weight 2266) of
isophorone diisocyanate (3mol) and the polycarbonate diol (2mol) having the number
average molecular weight of 800.

[0256]

Other component
-TINUVIN 765: bis(1,2,2,6,6-pentamethyl-4-piperidyl} sebacate (made by Ciba

Speciality Chemicals.)
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-Irganox 245:
(ethylenebis(oxyethylenebis[3-(S-tert-butyl-4-hydroxy-m-tolyl)propionate] (made by
Ciba Speciality Chemicals.) .

[0257]

The preparation of polyurethane-urea resin (Ul)

9.0g of polyether diol having the number average molecular weight of 400 and
10.0g of isophorone diisocyanate and 80ml of DMF were added into the three-necked
flask having a stirring blade, a cooling pipe, a thermometer, and nifrogen gas
introducing pipe; and reacted under nitrogen atmosphere at 120°C for 5 hours, then
cooled to 25°C. Then, 3.4g of isophorone diamine as the chain extender was dropped
and reacted for 1 hour at 25°C, followed by removing the solvent under the reduced
pressure; thereby the polyurethane-urea resin (U1) was obtained. The molecular weight
of the obtained polyurethane-urea resin was 150000 in terms of polystyrene, and 10000
in terms of polyoxyethylene (the theoretical value: 10000), and the heat resistance was
140°C. The theoretical value of the number average molecular weight men;ioned here
refers to the molecular weight in case Al component, A2 component, A3 component
which were used as the source material theoretically forms the straight
polyurethane-urea resin without making crosslink.

[0258]

The preparation of polvurethane-urea resin (U2) to (U10), (U1} to (U41)

U2 to UlD and U21 to U41 were prepared by the same method as the
preparation method of Ul, except for using the polyol compound (Al component),
polyisocyanate compound (A2 component), the amino group containing compound (A3
component) and the reaction solvent shown in Table 1 and Table 2; and the reaction
condition shown in Table 1 and Table 2. Note that, in regards with polyurethane-urea

resin Ul to U10 and U21 to U41, when the infrared absorption spectrum was measured,
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the absorption originating from the isocyanate group at the molecular terminal end was
verified near 2250cm™.

[0260]

The preparation of polvurethane-urea resin (U11)

9.0¢g of polyether diol having the number average molecular weight of 400 and
10.0g of isophorone diisocyanate and 80ml of DMF were added into the three-necked
flask having a stirring blade, a cooling pipe, a thermometer, and nitrogen gas
introducing pipe; and reacted under nitrogen atmosphere at 120°C for 5 hours, then
cooled to 25°C. Then, 3.4g of isophorone diamine as the chain extender was dropped
and reacted for 1 hour at 25°C. Then, 0.35g of normal butylamine was added and
reacted for 1 hour at 25°C, followed by removing the solvent under the reduced
pressure; thereby the polyurethane-urea resin (U11) was obtained. When the infrared
absorption spectrum was measured regarding the obtained polyurethane-urea resin, the
absorption originating from the isocyanate group at the molecular terminal end was not
confirmed; and thereby it was confirmed that the isocyanate group was not remaining at
the molecular terminal end. The molecular weight of the obtained polvurethane-urea
resin was 150000 in terms of polystyrene, and 10000 in terms of polyoxyethylene (the
theoretical value: 10000), and the heat resistance was 140°C. The theoretical value of
the number average molecular weight mentioned here refers to the molecular weight in
case Al component, A2 component, A3 component which were used as the source
material theoretically forms the straight line polyurethane-urea resin without making
crosslink.

[0260]

The preparation of polyurethane-urea resin (U12) to (UZ0)

By using the polyol ompound (Al component}, the polyisocyanate compound

(A2 component), the amino group containing compound (A3 component) and the
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reaction solvent as shown in Table 1 under the reaction condition shown in Table 1, the
preparation of U12 to U20 was carried out the same as the preparation method of Ul1.
When the infrared absorption spectrum was measured regarding the obtained
polyurethane-urea resin, the absorption originating from the isocyanate group at the
molecular terminal end of neither resin were confirmed.

{02611
The preparation of polvurethane resin (UU42) to (U46) which does not comprise the urea
bond

Except for using the polyol compound (Al component}, the polyisocyanate
compound (A2 component) and the reaction solvent shown in Table 3, and using the
diol compound (the chain extender) shown in Table 3 instead of A3 component, U42 to
U46 were prepared under the condition shown in Table 3 by the same method as the
preparation method of said Ul. Note that, the polyurethane resin U42 to U46 does not
have the urea bond in the molecule since the diol compound shown in Table 3 was used
as the chain extender.

[0262]
The preparation of polyurethane-urea resin (713 to (Z28). (7Z31) to (Z40), and (W] 1o

W3l)

Except for using the polyol compound (Al component), the polyisocyanate
compound (A2 component), the amino group containing compound (A3 component),
the functionalization compound (A4 component) and the reaction solvent shown in
Table 4, Table 35, Table 6,and Table 7 under the reaction condition shown in Table 4,
Table 5, Table 6, and Table 7; the preparation of Z1 to Z28, 731 to Z40, and W1 to
W31 were carried out as same as the preparation method of said U11.

[0263]

The preparation of polyurethane-urea resin (7£29)
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180¢ of polycarboriate diol having the average molecular weight of 860, 100g of
isophorone diisocyanate and 1200ml of DMF were added into the three-necked flask
having a stirring blade, a cooling pipe, a thermometer, and nitrogen gas introducing
pipe; and reacted for 5 hours at 100°C under the nitrogen atmosphere. Next, to this
reaction solution, 9g of 4-hydroxy-2,2,6,6-tetramethyl-1-piperidine ethanol was added,
and further reacted for 5 hours at 100°C under the nitrogen atmosphere. Then, it was
cooled down to 25°C, and 30.4g of isophorone diamine which is the amino group
containing compound was dropped, then reacted for one hour at 25°C followed by
removing the solvent under reduced pressure to obtain the polyurethane-urea resin
(Z29) having the piperdine ring in the main chain of the polyurethane urea resin. The
number average molecular weight of the obtained polyurethane-urea resin is 270000 in
terms of polystyrene, and 9000 in terms of polyoxyethylene (the theoretical value:
7000), and the heat resistance was 130°C.

[0264]

The preparation of polyurethane-urea resin (Z30)

a) 6.5g of 1,6,11-unedecanetriisocyanate and 4g of
1,2,2,6,6-pentamethyl-4-hydroxypiperidine were added into the three-necked flask
having a stirring blade, a cooling pipe, a thermometer, and nifrogen gas introducing
pipe; and reacted for 5 hours at 120°C. Thereby, the diisocyanate compound whererein
1,2,2,6,6-pentamethyl-4-hydroxypiperidine and 1,6,11-unedecanetriisocyanate being
reacted were obtained.

[0265]

b) 180g of polycarbonate diol having the average molecular weight of 800, 100g
of isophorone diisocyanate, the compound obtained by the reaction a), and further
1200ml of DMF were added into the three-necked flask having a stirring blade, a

cooling pipe, a thermometer, and nitrogen gas introducing pipe and reacted for 5 hours

90



PCT/IP2011/067841
Our refWP11037

at 80°C under the nitrogen atmosphere.

[0266]

¢) Next, to the reaction product obtained at b), 30.7g of isophorone diamine
which is the amino group containing compound was dropped, and reacted for 1 hour at
25°C, followed by removing the solvent under reduced pressure to obtain the
polyurethane-urea resin (Z30) having the piperdine ring in the side chain of the
polyurethane urea resin. The number average molecular weight of the obtained
polyurethane-urea resin was 320000 in terms of polystyrene, and 9000 (the theoretical

value: 7000} in terms of polyoxyethylene, and the heat resistance was 150°C.
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“The preparation condition of wethane prepolymer The prep Bition of polyurett fesin
The yeastion The reaction The reaction .
Po[yureth@m- Al AZ sfvert conditon A3 comdion Butylamine
rea resin
Compound The added Compound The edded Compound The added | Tempemature | Time Compound The added | Temperature | Time The added
pa amount () a smount (g) o asnoune (mi) °Cy {hour) o amount {g) Ty {hour) amoont {g)
U2 PLS 20 NCOZ2 13} DMF 100 80 3 It 18 25 j -
U2 PLS X NCO3 8.4 DMF 160 80 5 CEL 38 25 ] -
U223 PLA 20 NCO4 87 DMF 100 80 5 CEY 38 23 I ~
U4 PLS 20 NCOS 92 DME 100 86 N CE1 3% 25 ¥ -
132 PLS 158 NCO 16 DMF 80 4G Z CRE S 25 1 -
U2 PLS 133 NCOL 0 DMF 30 80 2 %)) 4.4 25 H -
Uz? PLS 25.2 NCO} 10 DME 140 80 6 CEl 2.) 25 ] -
U2 PLS 20.5 NCO1 10 DMF 160 100 i6 CEl 12 25 H -
U2 PLS 313 NCO1 10 DME 160 100 10 CEl 0.8 25 i -
130 PLS 18 NCO1 i DMF 120 80 S 2 1.2 5 3 ~
|3K3] PLS 18 NCO1 i0 DMF 120 80 5 3 24 25 ] -
U3 PLS 8 NCOi 0 DMF 120 80 3 CEA 1.2 8¢ 3 -
U3z PLS 18 NCOF 16 DMF 120 80 5 CEs 24 /0 3 -
1034 PLS 18 NCO1 HY DMF 120 80 5 CE6 1.5 80 3 «
L35 PLS 18 NCO? 10 DMF 120 B0 5 CE? 1.6 80 3 -
136 PLS 18 NCOY 0 DME 120 30 5 CE8 1.3 3G 3 -
37 PLS 18 NCQ1 ) DME 120 80 3 CE® 1.3 0 3 -
38 PLS 12 NCOt g DME 200 30 2 CEY 57 25 1 -
J39 PLS 33.3 NCG1 0 DME 150 106 12 CEl 0.2 25 1
U4o PLI 54 NCQi H DMF 280 126 5 CE1 F 25 ) -
TAl PLI2 68 NCO1 10 DIME 150 120 5 CEl 0.8 25 H -
[Table 3]
The preparation condition of urethane prepolymet The preparation condition of pofyurethane-urea resin
The reaction Tae regction The reaction
. 3 y i i
Urethane Al 42 solvent conditon A conditon Butylamine
resim
Compand The added Compound The added Compound The added | Tempesswye | Tiwe Compound The ndded | Temperature | Time { The added
PUREL mount () | o amownt{g) | T amount {mf) 'c) (hous} P amount () C) (howr} | amount (&)
U42 PLS Rt NCO1 10 DMF 20 86 5 CEI 1.8 80 3 -
U4 PLS 0.3 NCO1 10 DMF 95 25 5 CRIG 2.6 80 3 -
U4 PLS B2 NCOY 1] DMF 140 80 5 CEIG LY 80 3 -
U4 PL5 18 NCO) 10 DMF 120 30 5 L6-hexane diok 24 &0 3 “
V46 PLS 10.8 NCO1 16 DMF 106 86 5 | Ehexane diok 35 &0 3 -

“Note fhat, U42 to U46 does not ineiude wrea bond.
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The preparavion condiion of urethane prepolymier The reaction conﬂm:;i\';:\;:mo oup coniamng The teaction sondiion of the finctionalization compound
Pofprethane- N " The astion Ve sesction 3 i The reaction A The eaction
UieR Fesin sohont conditon conditon cqndiion
Compovisd The added Cormpound The addzd Componnd The added | Tonyorne | Tove Compound The added § Tomaematnee | Tiae Compound The addad | Tempermore | Tine
amont (g} amount {g) Appount sl {Ty (howri § amount () ) ¢hour) ’ axown () {Cy (hour)
21 PLY il NCO1 300 DME 800 120 3§ CRY M 2 ] HAL 8 120 i
22 PL2 s NCO3 Ry DRF 1300 120 § CFL 34 25 1 HAL 8 120 b
73 PL3 450 NCGH 100 DM 2600 120 by CEY 3 2% 1 HAL 8 74 §
23 PL4 3 NCOt i) DME 60 80 b B 34 b | HAL 8 124 3
Zs LS I8¢ NCOY 100 BME 1206 & 3 CEL k2 28 i HAL 3 120 $
8 Pib 25 NCG 100 DMF 1300 80 3 CEL 3¢ 25 i HAL bl 120 3
pal PLT G35 NCO| 100 DM 300 80 5 CEL 3 kX i BAL 3 120 3
78 Fi¥ 123 NCOS 100 DM 300 3 5 {EL 3 FA) } HAL # 10 3
ik PLO 22 NCOT W DMF 1300 80 § CEi 34 28 £ HAlL 8 130 5
218 PLS pitd] NCO2 i3F DMF 1600 80 3 [ 18 n i HA) RO 120 5
281 PLES A0 N3 b DMF 1000 $¢ 3 Ch1 kE 2 i HAt 86 120 3
Z12 PLS i NCOL 87 DMF fiatd R0 3 CEL K2 25 i HAS 86 120 5
yAk] PLS 8 NGO 00 DMF bl 89 2 CEL 360 2% ] 1AL ) 30 3
214 PLS 133 NCDI 100 DME 800 &0 2 CEl 4 2% 3 HAl 3 120 5
Z18 PLS 252 NCO3 100 DMF 1400 80 [} £EL 2] 3 { HAI 8 130 5
716 PLS 205 NCOi 100 DMF 1600 160 10 CEL 12 28 i HAT 8 128 §
217 LS 33 NCOY Wi DMl 60 et i Cei 8 Pl H HAL £ 130 N
218 715 184 NCO1 3 DMF 1200 b4 § T 2 28 i HAL 8§ 120 A
Zi9 PLS 180 NCOL 100 DMF 1200 $0 by [8%) 24 24 i HAY § 320 3
70 FLS 180 NEQY kL2 DMF 1200 i) hS CEg 12 3 HAL 8 i20 i
7221 PLS %0 NCOH 0 DM 1200 80 N CEs 3 30 3 HAL & 20 3
yar) PLS 180 NCOI e OMI {200 S N CE7 16 8G 3 HAL & 120 3
233 PLS 186 NCEOY 1o DMI 12007 80 3 CEl 34 28 3 BA2 kS 23 1
pall PLy 188 NCGH 0 DMF 1200 86 M CEi 34 25 1 HA3 80 130 1
225 PLS 13 NCC! 160 DMF 1200 iy 3 CEf ke a3 H HAL 32 20 3
226 LS 180 NCOI 109 DME 1208 ¥0 3 CEL 306 25 i HAL 14 120 §
z37 PLY 180 NCOI 100 DM 130 80 5 CE1L 34 25 1 HAL 48 128 3
8 B3 386 NCO1 100 PMF 1200 80 5 CE) 15 25 1 HAJL 48 120 3
[0271]
[Table 5]
The prepacation condition of 1eihars prepofamer Tie seacton condioncf ! e ezt cxton of
i y the chedn extonder the fntioralization compound
!}mih_sne Al 1 The reaction The m%ctim m The watiin At Tre re?ctizm
oSt sofient condion condion sonditon
The added The added The added | Tewporare | Time | o The added | Temperatwre | Tane . Tho added § Temperature | T
Compazd amount (g) Compound ansoust {g) Compound emount {1l €C) {houry Corapennd Bt {g) ) (how) Conmpond 2ot () [§¢) {how}
37 L) N NCOL {00 DMF 80 120 S L 2] 3 H HA} 3 320 b
738 148 7 | neos HO DM 00 i35 1 . - - ] HAl 3 120 b
P11 Polypropyresepiveol of fie chain extendor (The averapy mlecolar weight 400)
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[Table 6]
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- . - The resetion conddion of the amimo group contaming The seaction condition of
The preparation condition of wethane prepolymer e .
g compomd the fanctionaization compoond
¥ 'v i
wies tesh Al o The rezction The méciibn v The 1‘&71:[[011 Ad The rerfui‘.on
solvent conditon contion condiion
— Tite added Compound ‘The added Commwd Theadded | Temperswe | Time Casmpound The added | Temweratwre | Tine Commound The added | Temperature | - Time
o ot (g} 1 ! amonnt (g | PO amonnt {mf) {0 {hour) PO ot 5! (T} {fnz) PO ot {8} ty (how)
239 PLY 186 KCOt 160 DMF 1200 100 5 CEl s 25 1 HAS 9 w1 s
70 15 - NCOS 1.3 DMF 100 % s Ccul 02 2 P The fusctionelization compownd was itoduced to A2
NCOI Y ;
73t PLIG 25 NCOt 1% DMF 1308 8 5 CFt H s 1 HAl 8 120 3
pAl] PLS 200 NCOS 16 DMF 19000 86 b 63 K ) 1 HAl 8.6 120 3
731 PLS 18 RCO1 199 DMF 800 b 2 CE8 23 2 1 HA2 3 20 3
3 PLS 168 NCO! igh DMF 800 8¢ 2 CE9 3.4 25 ) HA2 § ¥ 1
238 PLS 180 NCOY 160 DMF 1258 8 5 CEl i pas i HAS 10 124 3
236 PL3 180 NCO3 10 DMF 1260 %0 5 CEY 34 23 1 HAT 4 120 5
A PLs 182 NCOi 120 THF 26 % { CEi 8.9 2 P LoBar 8 2 i
240 PLY 216 NCOI 160 THY 1200 o ! CEL 26.4 25 i1 1 RA? & 2 {
[0273]
[Table 7}
The preparation condhian of weethane propolymer The reaction m{imn of The reacn(?n cgndm of
the auima grow sontaiinig compound the finctonalization somponnd
The diluton solent
F oh‘lm:tha}le— Al A2 The reaction A3 ‘The: reacton At e renction
urea resi - coudton condion condion
N The added | . The added | Temperaturs | Time The added . The sdded | Temeerstore | Tme | | The added | Tempesars | Tiwe
¢ ¢ amount {g) Compound amoust (g) Ty (how) Compound amount (ml) Compousd amount (g} {cy {how) Compornng wmaintt () cy thovr}
Wi PLI 90 160 70 6 DMF $00 {EL 34 23 I Al 8 ;10 3
W2 Lz 223 300 120 3 DMF 1300 CEL M 25 5 1A} 8 120 4
3 PL4 H3 jgo /0 & TBY 300 CEY 34 2 i 1IA2 8 30 1
Wit LS 180 100 B0 ] THE 1200 CEl M 25 ] HAZ 8 35 1
wi PLo 235 100 RO b THF 1300 (831 M4 28 i HAZ 8 ) 1
W PL? G673 140 54 5 THE 1000 It 34 28 1 HAZ 8 30 I
W7 L8 i3 00 i $ THF 800 CEL 34 g H HAZ 8 30 05
We PLY 225 % 84 h) DMF 3360 i k) 8 } HAJ $ i 3
wo PLIO 225 100 i) 5 DM 1300 (%3 3 23 t HAL 8 126 3
Wio PLS it 131 20 5 THE 1004 CEL 38 o )3 HA2 ¢ 28 i
Wi PLS 260 A4 8 s THE 1600 CEL a8 25 i Haz b ) i
WE2 PLS 200 87 8 S THE 1000 LEY k] 2 ) HA2 3 23 1
WS PLE 200 103 ) $ THE 1900 CE} 38 2 L HAZ g 23 !
W4 PLE 168 109 poi] 2 THY 800 £t 3 25 3 HAZ 8 25 i
WIS PLb {32 106 & 2 Kl R00 CEl 44 23 1 A2 8§ % t
¥ PLS par) 185 86 § THF 1408 CEL 21 yal 3 A2 8 23 i
W17 PLE 208 60 100 i0 gyl 1660 CEl 12 23 H HAZ 8 25 i
Wik PLS 33 00 10 it TRF 1600 CEl B 2% i HA2 g 23 5
Wi PLS 120 100 8 3 THE 12064 CES 12 23 1 HAZ % 25 i
w20 PLS 180 160 &0 5 qHE 1200 CE3 2 2 f HAZ § 25 }
W2 PLS 180 100 80 § THE 1200 Cld iz 20 3 i1A2 8 35 i
WA PLS 850 $08 8 3 THE 1260 Crs M & 3 VA2 8 29 {
W23 PLS 386 104 50 3 THE 1200 CET i 0 3 HA2 8 25 !
W24 PLI 08 L] 30 2 THE 800 CER 253 2 1 HAZ B 25 i
W25 7L iR 300 RSy 2 THE &0 CrS .t pal i HAZL 8 2 i
W24 PLA 130 100 %0 5 THE 1200 CEl 37 28 ] HAZ 3.2 3% i
w27 PLY 1Y 100 0 S5 THE 1 [ ] 30.6 N 1 HaA2 i) 25 L
Wi PLS H 100 86 5 THE 1200 Chi 34 28 ) HAS 3.6 36 i
Wis PLs 252 100 8 7 THE 1200 CEL 189 28 ] RAZ 8 25 ]
W PLS 246 100 5 7 THY 200 CEi 26.4 A 1 HAZ 3 25 f
W3y Bl 288 160 ] 7 THY 1209 CEY 134 28 )i HAZ $ Pl H

[0274]

The above

mentioned results of the mol blending ratio,
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molecular weight, the heat resistance of Al, A2, A3, A4, and A5 components of the
polyurethane-urea resin Ul to U46, Z1 to Z40, and W1 to W31 are listed in Table 8 to
10
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[0275]
[Table 8]
The number average molscujar weight
The mol
) . The heat
) . |blending ratio of | , . . The .
Uretac-urea resin i terms of in terms of R resistance

AL A2, A3 polystyrene polyaxyethylene L °C)

(n1/n2/n3) i - vaiue N
Ul 0.5/1/0.453 130000 10060 16000 140
U2 .5/1/0.45 200006 16000 16000 140
U3 1.5/1/0.45 300000 25000 26000 136G
U4 (.5/1/0.45 280000 13000 11000 145
U5 0.5/1/0.45 360000 15000 14000 140
U6 0.5/1/0.45 200000 16000 16000 140
U7 0.5/1/0.45 600000 40000 36000 125
U8 0.5/1/0.45 300000 12000 11600 140
Us 0.5/1/0.45 4300060 17000 16000 130
U0 0.5/1/0.45 220000 15000 16000 150
Ut 1.5/1/0.45 150000 10060 10000 130
U2 0.5/1/(.45 200000 16000 16000 135
Ul3 0.5/1/0.45 300000 25000 26000 120
Uid 0.5/1/0.45 280000 13000 11000 140
uUis 0.5/1/0.45 300000 15600 14000 130
Ulé6 0.5/1/0.45 2060000 16000 16000 i35
Ul17 0.5/1/0.45 600000 40000 36000 113
18 0.5/1/0.45 300000 12000 11060 130
U119 0.5/1/0.45 430000 17000 16000 125
{720 0.5/1/0.45 220000 15000 16000 140
U21 0.5/1/0.45 370000 16000 15000 130
022 0.5/1/0.45 300600 14000 13000 110
U23 0.5/1/0.45 300000 15600 13060 140
U24 0.5/1/0,45 320000 17608 14000 150
U25 0,3/1/0.65 200000 12060 131000 150
U26 0.37/1/0.58 230000 12000 12000 145
027 0.7/1/0.28 420000 44000 41000 105
U28 0.82/1/3.16 460000 48000 43000 90
129 0.87/1/0.11 460000 56000 47000 80
Uusg (.5/1/0.45 260000 13000 13000 140
U3l 0.5/1/0.45 2RG66H 15000 13000 130
U32 0,5/1/0.45 250000 14000 13000 135
U33 0.5/1/0.45 260000 14000 13000 120
U34 0.5/1/6.43 240000 15000 13000 145
U35 0.5/1/0.45 300000 15000 13000 145
U36 {.5/1/0.45 240000 15000 13000 120
37 0.5/1/0.45 246000 15000 13000 160
1738 0.2/1/0.78 200000 13000 10000 163
U39 0.92/1/0.03 520000 22000 19600 50
740 0.3/1/0.65 420000 330600 31000 105
U4t 0.87/1/0.11 340000 18000 20000 140
U42 .5/1/0.45 310060 15000 13000 73
U43 0.3/1/0.65 2006000 12600 10000 90
U44 0.7/1/0.28 320000 43600 40000 35
45 0.5/1/0.45 280000 15000 14000 65
U46 0.3/1/0,65 190000 11000 11000 83

*Note that, 142 to U46 does not include the urea bond
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[0276]
[Table 9]
The wol blending The number average molecular weight The heat
The polyurethanc- . o . X . .
urea resin ratio of A1, A2, A3} interms of i terms of The theoreticat rcs%gtanoe
(ml/m2/n3) polystyrene polvoxyethylene value g%
Z1 0.5/1/0.45/0.05 150,000 10,000 10,000 120
72 0.5/1/0.45/6.05 220,000 16,000 16,000 130
Z3 0.5/1/0.45/0.03 400,000 25,600 26,000 325
74 0.5/1/0,45/0,05 180,000 13,000 11,0060 140
25 0.5/1/0.45/0.05 250,000 15,000 14,600 130
26 0,5/1/0.45/0.05 300,000 16,000 16,600 130
&7 0.5/1/0.45/0.05 600,000 40.000 36,000 120
Z8 0.5/1/0.45/0.65 300,600 12,000 11,000 135
Z9 0.5/1/0.45/0.05 436,000 17,000 16,000 120
Z10 $.5/1/4.45/0.05 370,000 16,000 15.000 125
Z11 0.5/1/0.45/0.05 300,000 14,000 13.000 103
712 0.371/0.45/0.05 300,000 15,000 13.000 125
213 £.3/1/0.65/0,05 200,000 12,000 11,000 145
714 0.37/1/0.58/0.035 230,000 12,000 12,000 140
715 0.7/1/0.28/0.02 420,000 44 000 41,000 100
216 0.82/170.16/0.02 460,000 48,000 45000 85
Z17 0.87/1/0.11/0.02 460,000 56,000 47000 80
718 0.5/1/0.45/0.05 266,000 15000 13,000 130
The resing for 219 0.5/1/0.45/0.08 280,000 15,000 13,000 120
the examples 220 0.5/1/0.45/0.05 250,000 14,000 13000 130
Z21 0.5/1/0.45/0.05 260,000 15,000 13.000 115
722 0.5/1/0.45/0.05 300,000 16,000 13.000 135
Z23 0.5/1/0.45/0.05 300,000 16,000 14,000 125
724 0.5/1/6.45/0.05 300,000 25000 20,000 113
725 0.5/1/0.48/0.02 550,000 38000 35,000 130
726 0.5/1/0.4/0,1 120.000 10,000 7,000 115
727 0.5/1/6,45/0.005 250,000 16,000 14,000 138
Z28 0.5/1/0.2/0.3 90,600 5,000 2,000 80
729 0.5/1/0.4/0.1 270.000 9,000 7,000 130
230 0.5/1/0.4/0.1 320,000 9,000 7,000 150
Z3t 0.5/1/0.45/0.05 230.000 18,000 16,000 135
232 0.5/1/6.45/6.05 240,000 24,000 14,000 140
233 0.3/1/6.65/0.05 200,000 12,000 10,000 120
734 0.3/1/0.635/0.05 200,000 12,000 1,000 115
733 0.5/140.45/0,05 250,000 17,000 14,660 120
736 0.5/1/0,45/0.05 250,000 16,000 14,000 120
739 0.7/1/0.25/0.05 280,600 22,000 18,000 100
ZA) G.6/1/0.35/0.03 260,000 26,000 16,000 120
The resing 237 0.5/1/0.45/0.05 160,000 12,060 11,000 75
for the
comparative 738 (.95/1/6/0.05 280,000 14,000 13,000 <40
lexampies }
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[0277]
[Table 10]
The mol blending The number average molecular weight The heat
The polyurethane- . . . .
urea resio ratio of A1, A2, A3 in terms of The theoretical resistance

(nl/n2/n3) polvoxyethylene value (°C)
Wi 0.5/1/0.45/0.08 14,000 18660 120
W2 0.5/1/0.45/0.05 16,000 16,000 130
W3 0.5/1/0.45/0.65 13,000 11,000 140
W4 0.5/1/0.45/0.05 15,0600 14,000 130
WS 0.5/1/0.45/0.05 16,000 16,000 130
W6 0.5/1/0.45/0.05 40,000 36,000 120
W7 0.5/1/0.45/0.05 12,600 11,0600 135
W8 0.5/1/0.45/8.65 17,660 16,000 120
W9 0.5/1/0.45/0.03 18,660 16,000 135
W10 0.5/1/0.45/0.05 16,000 15,000 125
Wil 0.5/1/0.45/0.05 14,000 13,000 105
W12 0.5/1/0.45/0.05 15,000 13,000 125
W13 0.5/1/0.45/0.05 24,000 14,000 140
W14 0.3/1/0.65/0.05 12,000 11,660 145
Wis 0.37/1/0.58/0.05 12,0600 12,000 140
w16 0.7/1/0.28/6.02 44,0600 41,000 160
W17 (.82/1/0.16/0.02 48,600 45,000 83
W18 0.87/1/0.11/0.02 50,000 47,000 30
W19 0.5/1/0.45/0.05 15,000 13,000 130
W20 0.5/1/6.45/0.05 15,000 13,000 120
W21 0.5/1/0.45/0.05 14,000 13,600 130
W22 0.5/1/0.45/0.05 15,000 13,000 115
W23 0.5/1/0.45/0.05 16,000 13,000 138
W24 0.3/1/0.65/0.05 12,000 10,000 120
W25 0.3/1/0.65/0.05 12,060 11,000 115
W26 0.5/1/0.48/0.02 38,000 35,000 130
W27 0.5/1/0.4/0.1 10.000 7,000 115
W28 0.5/1/0.45/0.05 17,600 14,000 135
w29 0.7/1/0.25/0.05 22,000 18,000 106
W30 0.6/1/0.35/0.05 20,600 16,000 120
W3l 0.8/1/0,15/0,05 25,000 20,000 80
[0278]
Example 1

The preparation of the photochromic composition

To 5g of the polyurethane-urea resin (Ul) and 0.25g of the photochromic

compound (PC1), 20g of isopropyl alcohol as the organic solvent end 0.25g of

bis(1,2,2,6,6,-pentamethyl-4-piperidyl) sebacate as the photooxidation preventing agent
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were added; then stirred at 80°C, and dissolved by ultrasonic wave to obtain the
photochromic composition.

[0279]

The production of the photochromic Jaminated article

The obtained photochromic composition was coated to the PET film (Purex film
with silicone coating film made by Teijin DuPont Films Japan Limited.) and dried for 1
hour at 80°C, then the obtained photochromic sheet having the thickness of 30wm was
reteased from PET film. Then, it was placed between two polycarbonate sheets having
the thickness of 400um, and further heated for 30 minutes at 100°C to obtain the
laminated article having the photochromic characteristic of subject.

(02801

When the obtained photochromic laminated article was evaluated; and the
optical color density was 1.0 and the color fading speed was 90 seconds and the
durability was 90% as the photochromic characteristic. Also, the adhesive strength of
the photochromic laminated article was 30N/25mm. Note that, these evaluations were
carried out as following.

[0281]
The photochromic characteristic

By using the obtained multilayer as the sample, the light was irradiated to said
sample for 120 seconds using Xenon Lamp L-2480(300W) SHL-100 made by
Hamamatsu Photonics K.K. via Aeromass filter (made by Corning Incorporated) at
23°C and the beam intensity of 365nm=24mW/cm® 245nm=24pWicm® at the
multilayer surface for 120 seconds for the color development, and measured the
photochromic characteristic of the laminated article.

[0282]

1) The maximum absorption wave length (Amax): it is the maximum absorption
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wave length obtained from the spectrophotometer (Multichannel Photo
Detector-MCPD1000) made by OTSUKA ELECTRONICS CO.,LTD. Said maximum
absorption wave length relates to the color tone during the color development.

[0283]

2y The color optical density {e(120)-¢(0)}: the difference between the
absorbance £(120) after irradiating for 120 seconds at said maximum absorption wave
length and the absorbance &(0) at no irradiation at the maximum absorption wave length.
As this value is higher, it indicates that the photochromic property is further excellent.

[0284]

3) The color fading speed {t1/2(sec.)}: the time required to reduce the
absorbance at said maximum absorption wave length of the sample to be 1/2 when the
light irradiation is stopped after 120 seconds irradiation. As this time is shorter, it
indicates that the photochromic property is further excellent.

[0285]

4y The durability (%) = {(A48/A0) x 160} : the accelerated deterioration test
was carried out in order to evaluate the durability of the color development due to the
light irradiation. That is, the obtained laminated article was carried out with the
accelerated deterioration for 48 hours by Xenon Weather Meter X25 made by Suga Test
Instrument Co., Ltd. Then, the evaluation of said color optical density was carried out
before and after the test, and measured the color optical density before the test {(A0) and
the color optical density after the test (A48). The value obtained by {(A48)/A0} x 100
was determined as the remaining ratio (%), and defined as the standard of the durability
of the color development. As the remaining ratio is higher, it indicates that the
durability is higher.

[0286]

The adhesive strength

101



PCT/IP2011/067841
Cur reffWP11037

The obtained laminated article was made into the sample peace having the
adhesive portion of 25 x 100mm, and installed to the test machine (Autograph
AGS5000D, made by Shimadzu Corporation). The tensile test was carried out at the cross
head speed of 100mm/min, and measured the adhesive strength.

[0287]

Examples 2 to 83

The preparation of the photochromic composition and the production of the
photochromic laminated article were carried out as same as the method of Example 1
except for using the polyurethane-urea resin, the photochromic compound and the
organic solvent shown in Table 11, 12, 13 and 14. The evaluation results of various
photochromic laminated article obtained are shown in Table 11, 12, 13 and 14.

[0288]

Example 84

The preparation of the photochromic composition

20g of isopropyl alcohol as the organic solvent was added to Sg of the
polyurethane-urea resin (W1), and stirred at 80°C while dissolving by the ultrasonic
waves. After the polyurethane-urea resin was confirmed being dissolved, it was cooled
to the room temperature, 0.15g of isophorone diisocyanate (D component) and 0.25g of
the photochromic compound (PC1) were added and mix stirred to obtain the
photochromic composition.

[0289]
The production of the photochromic laminated article

The obtained photochromic composition was coated to the PET film (Purex film
with silicone coating film made by Teijin DuPont Films Japan Limited.), in the
experiment room under the presence of the moist (23°C, relative humidity of 50%), it

was dried for 30 minutes at 50°C, and the PET film was removed; thereby obtained the
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photochromic adhesive sheet having the thickness of 40pm. Next, the obtained
photochromic adhesive sheet was placed between two polycarbonate sheets having a
thickness of 400um, and in the experiment room under the presence of the moist (23°C,
relative humidity of 50%), it was left for 24 hours at 40°C, and further carried out the
heat treatment for 60 minutes at 110°C, thereby the laminated article having the
photochromic characteristic of the object was obtained. Note that, when the infrared
absorption of the photochromic composition and the photochromic adhesive sheet taken
out from the laminated article were verified, the peak of the isocyanate group at the
photochromic adhesive sheet decreased, and it was verified that the isophorone
diisocyante was reacting. Also, the peak of the isocyanate group in the photochromic
adhesive sheet was confirmed to decline along with the time.

[0290]

When the obtained photochromic multilayer was evaluated, the color optical
density was 1.0 and the color fading speed was 90 seconds, and the durability was 94%
as the photochromic characteristic. Also, the heat resistance of the photochromic
laminated article was 130°C, the initial adhesive strength was 80N/25mm, and after the
boiling test it was 70N/25mm. Note that, these evaluation was carried out as same as the
example 1, and in regards with the adhesive strength, the measurement was carried out
for the initial and those after one hour of the boiling test using the distilled water.

[0291]

Examples 85 to 127

The photochromic composition was prepared by the same method as the
example 84, except for using the polyurethane-urea resin, the isocyanate compound and
the organic solvent shown in Table 15 and Table 16. Note that, obviously, as same as
example 84, the photochromic compound (PC1) was blended so that it is 5 parts by

weight (the actual used amount 0.25g) with respect to polyurethane-urea resin (A
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component).

Also,

by using the obtained photochromic composition,

photochromic laminated article was produced as same method as example 84.

[0292]

The evaluation results of the obtained various photochromic laminated article

the

are shown in Table 15 and Table 16. In these examples, when the infrared

absorption spectrum of the photochromic adhesive sheet was verified, the peak of

the isocyanate group decreased in all sheets, thus it was confirmed that various

isocyanate group used were reacting.

[0293]
[Table 11]
A component B comt C comy Other The film The photochromk charcteristics he )
yne | TR0 || Theadded | | Tho added T Theadded | tickness |, The color The color [ iy Strongth
Y€ amount ® 2 amount ® P amomt [fa] pe amount (g) (pm) optical density fading spead e dura {N/25mm}

Ekagmie 1 Ul 5 PCl 0.25 i 20 TINUVINTES .25 30 588 1.0 B 90 30
|Example 2 w 5 PC1 0.25 Cl 20 TINUVINTES 0.25 30 585 LI 50 90 30
{Exammple 3 U3 5 PC1 0.25 Cl 20 TINUVINT6S 1.25 30 585 1.1 40 85 30
x_‘ig_a_'r_{x“p!c 4 U4 ) PCl 0.25 C2 20 TINUVINTSS 8.25 3 585 Lo 80 95 60
(Example § 5 ] PCY 0.25 C3 80 TINUVINTGS 0,25 30 585 1.1 55 96 60
Example & U6 5 PC1 0.25 C4 20 TINUVINTES 0.25 30 585 L1 45 92 &4
Example 7 U1 5 PCi 0.25 Cs 20 TINUVINT6S 4.25 30 585 1.2 40 82 50
fux_@_r_tﬂ)lc § U8 § PCL 0.25 Cé 20 TINUVINT6S 0.25 30 585 1.0 80 95 30
Example & U9 5 PCH 0.25 7 20 TINUVINTGS 0.25 36 585 i1 30 88 38
Example 10+ UI0 5 PCl 0.2§ C2 20 TINUVINTGS 0.25 30 585 1.0 58 93 50
Example 11 Ult 5 PC1 0.25 Cl 20 TINUVINT65 0.25 30 585 1.0 % 93 28
Exanmple 12 Ui2 5 PCI .25 Cl 20 TINUVINTS 0.25 30 585 1.1 50 94 36
Example 13 U1 5 PCI §.25 Cl 20 TINUVINI6S 0,25 30 585 i1 40 88 30
Example 14 Ul4 5 ICY 0.25 Cé 20 TINUVIN765 0.25 30 585 10 80 % 60
Example 15 VIS5 5 ] 0.25 C6 20 TINUVINTES 0.25 30 585 11 58 98 60
IExamnie 16 Ui6 3 PCl .25 Co 20 TINUVINT6S 0.25 30 585 L1 45 4 60
{E&n_mie 17 LUi7 S PCl .25 C6 A0 TINUVINTES 0.25 30 585 1.2 40 85 S0
{Example 18 Ui8 5 PCL 0.25 Cé 20 TINUVIN76S 0.25 30 585 1.0 80 95 50
{Example 19 Uty ) 49 4.23 Cé 26 TINUVINTSS (.25 30 585 1.1 54 92 46
[Exempe20 Tue| 5 {pcil 025 | C2l 20 |TINUVINGS| 025 30 585 1.0 55 [ 50
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[Table 12]
A B C Other The ph
The fim The calor Wit
Type The added Type The added Tope The added Type The added { thickness Tmax optical The color The dursbifty o
amount {g} amount {g) arount (g) amount (g} | {nm) densty fading speed, {N/25mm)
iExample 21 U2 5 PC! .25 C6 20 TINUVINTGS 0.25 30 385 1.0 50 % 60
|Examrpyle 22 uxn 5 PCL 0.25 C6 A TINUVINTES .25 30 585 1.0 40 9 50
Example 23 uz 5 PCl .25 Co 2 TINUVINTES 0.25 30 583 0.9 6 ) 50
Exattple 24 Un 5 PCl 0.25 Cé 2 TINUVIN76S 0.25 30 585 L0 4 97 55
Exame 25 U2 5 PCl 0.25 2 0 TINUVINT6S .25 30 585 0.9 7 R 45
,Exagie 2% U6 5 PCl 0.2§ o 0 TINUVIN7ES 0.25 30 585 0.9 5] 98 50
Example 27 Uz 5 PCi 0.25 C2 20 TINUVINT763 0.25 30 585 12 40 95 50
[Example 28 Uz 5 PCl 0.25 C2 2 TINUVINTGS 0.28 30 585 12 35 90 45
{Example 20 U2 N PCt 0.25 2 piij TINUVIN76S 0.25 20 585 ). 35 85 40
Example 30 U30 3 PCl 0.25 C2 A TINUVINTGS 0.25 30 585 1.1 60 %8 35
Exampic 31 951} S PCI 0.25 C2 21 TINUVIN76S 0.25 30 585 1.2 43 % 50
Example 32 U3 5 PCl §.25 cyicacs [ 1am TINUVINTES 0.25 30 388 LO & 7] 45
Examnle 33 Un 5 PCI 0.25 CHCA/CS | 12771} TINUVIN76S 0.25 30 585 L2 43 93 4
Examnle 34 U¥4 3 PC} 0.2 €6 20 TINUVINTGS 028 30 585 1.0 60 50 42
Example 35 U3 5 PCl 0.25 C6 20 TINUVINT6S 0.25 30 585 1.0 [ 88 43
Example 36 Ui 5 PCY 0.25 &3 8 TINUVINTGS 0.25 30 585 10 ] 9 55
[Exaronte 37 U7 5 PCI 0.25 C6 20 TINUVIN76S 0.25 30 585 1.2 70 95 50
{Example 38 U3 5 PCl 0.25 2 pii TINUVIN765 025 30 585 6.7 150 9 40
Exampie 30 U3 5 PCl 0.2 C6 A0 TINUVIN76S 0.25 30 585 1.2 35 0 30
Example 40 U4l 5 PCi 0.25 C6 20 TINUVIN765 0.25 30 585 1.2 3 0 4
Example 41 U4} 5 PCl 0.25 C2 20 TINUVINT6S 0.25 30 585 0.6 180 9 35
Example 42 v2? 5 PCUPCYPCY | 0.03/0.04/0.18 Q2 2 ! INUVIN 76 0.250.05 30 570 L1 43 97 50
irganox245

Example 43 2 5 PCIPCAPCI | 0.03/0.04/0.18 C2 20 TINUVINTGH 0.25/0,05 30 570 LI 45 %! 50
L Irganox245
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[Table 13]
A commonent B component C component Other The photochromic charpteristics - .
The added The added The added The added Rt The color | The color arengtn
c 2 aaae C 2 e a thickness . R . an
Type Type Type Type Amax | optical fading The durability -
amount {g) amount (g) amount (g) amount (g) {pm) density speed (N/25mmy}
|Example 44 Z1 5 PC1 0.25 C1 20 ot - 30 585 1.0 a0 95 60
Example 48 Z2 5 PCY 0.25 Gl 20 - - 30 585 1.1 50 84 65
Example 48 23 5 PCI 0,25 Ct 20 - had 30 585 1.1 40 88 65
Example 47 24 5 PC1 0.25 G2 20 - - 30 585 1.0 80 98 15
Example 48 z5 5 PCY 0.25 c2 20 - - 30 585 1.1 58 98 85
Exampte 48 Z8 § PC1 0.25 C2 20 - oy 30 585 1.1 45 94 85
Example 50 Zi 5 PC1 0.25 3 20 - - 30 585 1.2 40 85 80
28 5 PC1 0.25 G2 20 - - 30 585 1.0 70 95 70
29 5 PC1 Q.25 g2 20 - bt 30 585 11 50 82 70
Z10 8 PC1 0.25 C2 20 - - 30 585 1.0 50 98 85
i 5 PC1 0.25 c2 20 - - 30 585 10 40 82 85
Example 55 | Z12 3 PC1 0.25 C2 20 - - 30 585 0.9 80 88 85
Example 56 _| Z13 5 PC1 0,25 jovd 20 - o 30 585 6.9 5 88 85
Example §7 | 214 i) PC1 0.25 G2 20 - — 30 585 2.3 65 98 80
Examole 88 { 218 5 PC1 .25 6 : 20 — fd 30 585 1.2 40 85 80
Example 89 | Z16 ) PGl 0.25 C3/C5/C8 ] 7/1/12 -~ — 30 585 1.2 38 93 70
Example §0 1 717 5 PC1 0.25 G4/C5/C81  9/1/10 - - 30 585 1.2 35 a8 85
Exampie a1 218 8 PC1 0.25 Cc2 20 o - 30 588 1.1 80 98 €5
Example 62 | Z19 5 PC1 0.25 C2 20 - - 30 585 1.2 45 96 70
Example 63 | 720 5 PC1 0.25 c2 20 - -— 30 585 10 §0 98 78
Example 84 1 721 5 PCH 0.25 C2 20 - - 30 585 1.2 45 97 85
Example 65 | 722 5 PC1 0.25 c2 20 - - 30 585 1.0 60 97 85
Example 66 1 223 8 PC1 0.25 C2 20 - - 30 585 10 50 98 85
Example 67 | 224 5 PC1 0.25 c2 20 o - 30 585 1.0 §0 97 85
Example 68 | 725 5 PCY 0.25 c2 20 = — 20 585 1.0 50 92 80
228 5 PC1 0.25 G2 20 ot - 30 585 1.0 50 98 10
27 5 2CY .25 o 20 - - 30 585 i3 45 80 88
228 5 PC1 0,25 g 20 - - 30 585 1.1 50 98 24
729 5 PC1 0.25 c2 20 - - 30 585 1.1 50 98 g5
239 5 Cl 0.25 c2 20 - — 30 585 1.0 50 58 85
[0296]
[Table 14]
A component B companent C companent Other ) The photochromic charcteristics
The fim The color | The cotor The adhesive
T The added T The added T The added T The added | thickness - ol fadingA The bl strangth
¥ moumt @ w amount (g) g Fe— (@ yee amoumnt{g) | (um) ¥ . ' (N/285mm)
’ density speed
Brampie 74 Z31 5 PCI 0.25 Cl A - - 30 385 11 50 94 65
Bxample 75§ Z32 5 PCI 0.25 C2 il - -~ 30 585 11 45 98 85
Example 70| Z33 5 PCI 0.25 C2 20 - - 30 585 0.9 83 28 £5
Example 77| Z4 5 PC} 0.25 C2 20 ~ - 30 585 0.9 85 98 85
Bxample 781 235 5 PCl 0.25 2 il - - 30 585 11 55 92 80
Example 79| 736 5 PCl 0.25 C2 20 - - 3 585 1.0 55 91 80
Example 80| 239 3 PCI/PCAPCI | 0.030.040.18 | C2 ] - - 30 S L] 45 97 90
Example 81| 739 3 PCYPCZPC | 0.030.040.18 § C2 20 Irpanox245 0.05 30 5% 11 45 99 %
Example 82| 740 5 PCYPCAPCE | 0.030.040.18 | C2 20 - -~ 30 5 L1 47 47 83
Example 83| Z4) 5 PCUYPCAPCI | 0.030.040.18 1 C2 20 | Trganox245 0.05 30 570 1.} 44 99 85
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[Table 15]
) o | The adhesive strength
A comp B comyp D C component Other The photockromic charcteristics (NR25enem)
The heat
Brampie e Ty | TS L | Theaded || Thoaded| | Theadded | Theadded | T::c‘:;’r Ti;:;:;” Tho durabii | The s | AT '“{‘fé“ -
amount (g} amaunt {g) amount (g) N amount (g) amount (g} 3 Tt boilng test
density speed H
Example 84 W1 5 PCl Q.25 )] 018 €l 20 - - 585 1.0 90 94 80 0 130
Examle 85 w2 5 PCi 0.25 23] 015 €l 20 -~ = 585 1,1 50 92 90 i 135
Example 86 & W3 5 PCI 0.25 j2) 0.15 C2 20 = = 585 1.0 50 98 120 ] 150
Example 87 | W4 5 el 0.25 23] .55 2 20 - - 585 11 55 98 130 18 145
Example 88 W5 5 PCI 0.25 Dj .15 2 20 - - 385 1] 45 % 130 120 145
Example 89 ¢ W6 5 PCI 0.25 D 4,15 C2 20 ~ - 585 1.2 40 85 120 11 130
Example 90 W1 5 PCI Q.25 01 0.15 C2 20 - - 385 1.0 70 94 120 1o 140
Example 91 ws 5 FCL 0.25 D1 0.15 C2 20 - - 585 i 50 96 il 8 135
Example 92 | W3 5 PCl 0.25 D1 045 Cl 20 = - 585 i 30 94 110 105 140
Example 93 | WIO 5 pCY 0.25 )] 045 c2 20 = - 585 1.0 50 9% 85 30 135
Example 94 | WHi 5 ?Cl Q.25 D1 0.15 o 2 - - 585 1.0 40 9 90 8 120
Example 95§ WI2 5 PCI 0.25 DI Q.15 2 20 - - 585 0.8 60 8R 8’0 63 130
Example 66+ WI3 5 PCl 0.25 0] 0.45 C2 20 - - 585 13 45 9 105 100 150
Example 97 Wi4 5 PC1 0.25 D1 Q.15 C2 20 = = 585 0.9 i 98 90 8 150
Example 98 | WIS 5 pCt 0.2 D2 0.5 2 20 - = 585 09 63 9% 90 30 1350
Example 99 | Wi 5 PCl 425 o] 0.15 (%] 20 - - 588 1.2 4 95 110 100 116
Exampk 100 | Wi7 5 PC} 025 o3 015 C3C5(Co U2 - - 58S 1.2 35 9 90 80 100
Example 101 { WIS 5 PCH 0.25 D1 6.15 CAICSICE 9110 - - 585 1.2 38 9% 8¢ 0 %
Example 102 | W19 M PCL 0.25 Di Q.15 o) 20 = - 585 L1 60 98 115 105 140
Example 103 | W20 5 Pl .28 Di Q.15 C2 20 - -~ 585 1.2 & 86 110 108 136
Example 104 | W21 5 PCI .25 D1 G.15 2 20 - - 585 L0 60 98 95 b 135
Example 105§ W2 5 PCL 623 D1 6.15 o 20 - -~ 585 1.2 C 4 % 90 30 130
Example 106 | W2 5 PCL 0.25 5]) 0.15 Cé 20 - - 588 Lo 60 97 85 75 140
Example 107 | W24 S PCI 0.25 D] {15 Cé 20 - = 585 0.8 8 98 120 110 130
Example 108 | W25 5 PCi 6.25 [2]] .15 C6 20 = = 585 0.8 85 98 3] 165 125
Bxample 109 | W26 5 PC1 0.5 Di 615 C2 20 = = 585 10 30 9 110 100 135
Example 110 | W27 5 PCL 6.25 ] Dy .15 €2 20 - - 588 L0 0 98 90 80 125
Bxamole 11} | W3R ) PCIL 025 | D1 015 C2 20 - - 585 1.1 46 9¢ 10 160 140
[0298]
[Table 16]
?—M rdhasive strongth
A component B component D component C companent Other The: photochromic charctensts * Sme)
| Tne heat
esistance
, The acded . Toadiod | oo | Twadded | | Tecadied | Treadded | e :ﬁ” Th;:h' Tho by | The il |17 c
»® amount (g bt amou (g} P o {43 | amowt (g} o amount (g} W 3 ) boifing test
denstty speed
Wi B PCl 0.2§ D1 0004 o) 0 - = 585 13 55 9% % 8 130
Wi 5 Cl 0.2% i .02 joid n - - 585 L] 58 9% 100 9% 130
WS s PCl (.28 03 0.5 o) i = - 585 Ll [ 9 e 100 13
WS 5 PCl 025 D1 1.4 {2 A0 - - 588 1i 63 86 105 25 160
WS 3 PCI 0.25 [32) 0.1¢ Cé i - s 583 L1 54 % 120 110 140
W3 N PCt 0.25 03 0.1 Cé 20 - = 585 L 52 9% 120 {13 144
w5 8 PCi 0.25 D4 0.1 € 0 - - B8 Ll 3 92 110 ] 130
W5 $ PCI 025 Ds 0.3 Ch 20 = - 585 L 55 98 120 1 135
ws ] PCt §.25 D8 0.3 Cé 20 - - 3585 Ll 55 98 1o i) i3
w5 3 PCy 0.28 7 .53 6 pi] -~ - 588 R 50 9 % N 120
W 5 PCIPCHPCI | G.03/0.0400.18 Di 0.25 C6CT 22 = = 570 13 45 a7 130 120 130
WK - PCIPCYPC | 0.030.040.18 Bl .25 C6iCT 32 Irganox245 008 by 11 45 % 13¢ 120 13
Wi 3 PCHPCYPC3 | COIR040.18 D] 8.35 CeC? 812 - - Y] 1i 48 5 12 e 143
Wi § PCUPCYPCI | 0.03/0.0400.18 Di 0.25 Ce/Ct 812 Irganax245 0.5 §76 1! 4 9% 120 110 13
Wit 5 PCIPCUPCS | 0.03/0040.18 bl 0.25 C6ICT 812 -~ - i Li 4 97 100 % 110
Wil 3 PCLRCHPCI | 0.030.0410.18 Dl 0.25 CeC? 8§12 Irpanox245 005 570 1§ 42 ® 100 % 103
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[0299]
Comparative examples 1o 7

The preparation of the photochromic composition and the production of the
photochromic laminated article were carried out as the same method as the example
1, except for using the polyurethane-urea resin, the photochromic compound and the
organic solvent a shown in Table 17. The evaluation results of the obtained various

photochromic multilayer bodies are shown in Table 17.

[Table 17]
p p ‘Additives i st
A 3 B 52 C component The fim The phomcm;x:c ch:;crznsucs The adhes

5 The added | Theadded | . | Theadded | . The added | thickuess { | The color :;‘; X The durail strength

P amount (g} | 70| amount(g) | V70 | amovnt(x) | T | amownt(g) | (wm) MTER 1 optical density s;e ; ¢ durability {(N/25mm)
Comparative |,y s PCI 025 c6 20 - . 30 585 11 70 a0 20
example 1
Comparative 44 5 pCI| 025 c6 20 - . 30 585 0.9 100 90 20
example 2
Comparative 1, 5 pCil 035 C6 20 - - 30 585 12 45 70 15
example 3
Comparative | 5 pci| 035 c6 20 - . 30 585 L1 65 85 15
jexample 4 X
C"m”f’”;"’e w6l 5 leci| e | c6 26 . . 30 | s8s 08 100 60 20
Compasative | . 5 pCl| 025 c2 20 . . 30 585 1.0 42 30 50
example 6
C"“‘p‘f’a;m 738 5 pct]| o025, | ©2 20 . . 30 585 1.1 38 60 20

[0301]
Comparative example 8

The polyurethane resin () comprising the isocyanate group in the terminal
end of the molecular chain, and the polyurethane resin (Il) comprising the hydroxyl
group at the terminal end of the molecular chain were prepared as described in

below.

[0302]
(The preparation of the polyurethane resin (1))

100g of polycaprolactonepolyol (Praccel made by DAICEL CORPORATION)
having the number average molecular weight of 1000, 39.5g of 44-

methylenebis(cyclohexylisocyanate) were added into the three-necked flask having
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a stirring blade, a cooling pipe, a thermometer, and nitrogen gas introducing pipe;
and reacted for 6 hours at 30°C under the nitrogen atmosphere, thereby obtained the
prepolymer (the polyurethane resin (1)) having the isocyanate group at the terminal
end. The number average molecular weight of the obtained prepolymer (the

polyurethane resin (1)) was 2500 in terms of polyoxyethylene (the theoretical value;
2800).

[0303]
(The preparation of the polyurethane resin (1))

100g of polycaprolactonepolyol (Praccel made by DAICEL CORPORATION)
having the number average molecular weight of 1000, 61.3g of 44-
methylenebis(cyclohexylisocyanate) were added into the three-necked flask having a
stirring blade, a cooling pipe, a thermometer, and nitrogen gas infroducing pipe; and
reacted for 6 hours at 90°C under the nitrogen atmosphere, thereby obtained the
prepolymer having the isocyanate group at the terminal end. Then, after 200ml of
DMF was added, 12.7g of 1,4-butanediol was dropped under the nitrogen
atmosphere, and it was reacted for 24 hours at 90°C after the dropping was
completed; thereby the polyurethane resin (ll) having the hydroxyl group at the
terminal end of the molecular chain was prepared. The number average molecular
weight of the obtained polyurethane resin (Il) was 20000 in terms of the
polyoxyethylene (the theoretical value; 18000).

[0304]

By using, the polyurethane resin (1) and polyurethane resin (i) obtained in the
above, THF (C8) as the organic solvent in the blending amount shown in Table 18,
and 0.25g of the photochromic compound (PC1), the photochromic composition was
prepared by the same method as example 84. Also, by using the obtained

photochromic composition, the photochromic laminated articie was produced by the
same method as example 84.

[0305]
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The evaluation results of the various obtained photochromic laminated article
are shown in Table 18.

[0306]
[Table 18]
furetha . sureth . Be " C ¢ The thotockromis charcterk The adhesive strength
’ ponuretnane rese poiyurethane resm iiaie + Componen! photockromic charctarstes (25mm) The heat
Comparative .
i ¢ The color yesistance
oampeNe. | | Theaded | | Tweadded | | Thoadded || Theadded | | Theoor | The duabity | Thomiz | APTEe | D)
P ot | T | amowt(@ | 0| amamt( | | amountig | | optical onsiy s:if odumbilty | Themil 1\ e test
rative
) { X : .
Copa Ml 25 W o1 25 (retl oos o] 0w lw | ow % & 0y 0 »
example §
[0307]

As clear from the above examples 1 to 43, the polyurethane resin prepared
using the suitable ratio of the polyol compound (A1 component), the polyisocyante
compound (A2 component), and the amino group containing compound (A3) in
accordance with the present invention has excellent photochromic characteristic, the

adhesive strength and the heat resistance.

[0308]

Further, as clear from the above examples 44 to 83, the polyurethane-urea
resin prepared by using the suitable ratio of the functionalization compound (A4
component) comprising the piperidine structure, the hindered phenol structure, the
friazine structure or the benzotriazol structure within the molecule, in addition to A1
to A3 components, has further excellent photochromic characteristic, the adhesive

strength (the adhesion) and the heat resistance,

[0308]

Also, as clear from the above examples of 84 to 127, the photochromic
composition mixed with the polyurethane-urea resin (A component), and the
isocyanate compound (D component) according to the invention, has excellent

photochromic characteristic, and the adhesive strength (the adhesion), and the heat
resistance, and
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particularly has excellent adhesive strength (the adhesion).

[0310]

On the other hand, in the comparative examples 1 to 5, the diol compound was
used instead of the amino group containing compound, thus the adhesive strength and
the heat resistance are lowered, and it did not simultaneously satisfy all of the physical
properties.

(03113

Also, in the comparative example 6, by using the polydiol compound having the
molecular weight of 400 to the chain extender, the weather resistance, the heat
resistance, and further the adhesive s‘frength further decreased. Also, as the comparative
example 7, when the urethane resin was prepared without using A3 component which is
the amino group containing compound, the softening point became too low, and the
durability (the photochromic characteristic) and the adhesive strength declined.

[0312]

Further, in the comparative example 8, the urethane resin composition made in
to a high molecular weight after the film forming and mixing the prepolymer
comprising the isocyanate group at the terminal end and the polyurethane resin
comprising the hydroxyl group at the terminal end is used. However, in this case, the
durability of the photochromic characteristic and further the adhesive strength were not
sufficient.

[0313]

The preparation of the adhesive agent

The adhesive agent 1: the urethane (methjacrylate adhesive agent
50 parts by weight of urethane oligomer tetra acrylate (tetrafunctional, U-4HA
made by Shin-Nakamura Chemical Co,Ltd), 40 parts by weight of

triethyleneglycoldimethacrylate  (bifunctional), 10  parts by  weight of
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y-glycidoxypropylmethacrylate (bifunctional), and 0.5 parts by weight of mixed product
(Irgacare 1870 made by CIBA Speciality Chemicals.) having 3:7 ratio of
I-hydroxycyclohexylphenylketone as the photopolymerization initiator and
bis(2,6-dimethoxybenzoyl)-2.4,4-trimethyl-pentylphosphineoxide were stir mixed;
thereby the adhesive agent 1 was obtained.

[0314]

The adhesive agent 2: the 2 liquid type urethane adhesive agent

38 parts by weight of the urethane prepolymer having the hydroxyl group at the
terminal end by reacting isophoronediisocyanate and polycarbonate polyol having the
number average_ molecular weight of 800 in the mol ratio of 3:4, and 200 parts by
weight of THF were mixed; and 5 parts by weight of isocyanurate modified
hexamethylene diisocyanate having the isocyanate group at the terminal end were
added; thereby the adhesive agent 2 was obtained.

[0315]

The adhesive agent 3: the moisture curable urethane adhesive agent

Under the nitrogen gas atmosphere, 18 parts by weight of polycarbonate diol
having the number average molecular weight of 800, 10 parts by weight of
isophoronediisocyanate, 100 parts by weight of DMF were prepared, and reacted for 5
hours at 100°C under the nitrogen atmosphere; then 1.2 parts by weight of
1,4-butanediol as the chain extender were dropped and continued to react for 5 hours at
100°C, followed by removing the solvent by reduced pressure thereby obtained the
polyurethane resin.

[0316]

To 10g of the obtained polyurethane resin, 50g of THF as the organic solvent
was added, then dissolved by stirring at the room temperature; thereby the adhesive

agent 3 was obtained.
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[0317]

The adhesive agent 4: the urethane dead polymer adhesive agent

To 10g of polyurethane-urea resin (W4), 50¢g of
propyleneglycol-monomethylether as the organic solvent was added, then dissolved by
stirring at the room temperature; thereby the adhesive agent 4 was obtaied.

[0318]
Example 128

The preparation of the photochromic composition

To 5g of polyurethane-urea resin (W29), 20g of THF as the organic solvent was
added, and stirred at 80°C while dissolving by ultrasonic wave. After the
polyurethane-urea resin was confirmed being dissolved, it was cooled to the room
temperature, then 0.15g of isophoronediisocyanate (D component) and 0.25g of the
photochromic compound (PC1) were added and stir mixed to obtain the photochromic
composition .

[0319]

The production of the photochromic laminated article

The adhesive agent 1 was coated on the polycarbonate sheet having the
thickness of 400pm, and by using F3000SQ (D valve) made by Fusion UV Systems
JapanKK., it was photocured for 1 minute in the nitrogen flow, thereby obtained the
polycarbonate sheet having the adhesive layer of layer thickness of Spm.

[0320]

The above mentioned photochromic composition was coated on the PET film
(Purex film with silicone coating film made by Teijin DuPont Films Japan Limited.),
and dried for 30 minutes at 50°C in the experiment room under the presence of the
moist (23°C, relative humidity of 50%), then the photochromic adhesive sheet having

the thickness of 40pum was obtained by removing the PET film. Next, the obtained
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photochromic adhesive sheet was placed between two polycarbonate sheets having the
above mentioned adhesive layer, and left for 24 hours at 40°C in the experiment room
under the presence of the moist (23°C, relative humidity of 50%), then it was further
heat treated for 60 minutes at 110°C; thereby the laminated article having the
photochromic characteristic of the subject was obtained.

[0321]

When the obtained photochromic laminated article was evaluated, the color
optical density was 1.1, and the color fading speed was 98% as the photochromic
characteristic. Also, the initial adhesive strength was 150N/25mm, and after the boiling
test it was 130N/25mm. Note that, these evaluations were carried out as same as the
exarmple 1, and regarding the adhesive strength, the measurement was carried out to the
initial one and those after one hour from the boiling test using the distilled water.

[0322]

Examples 129 to 135

The photochromic composition was prepared by the same method as the
example 128 except for using the polyurethane-urea resin, the isocyanate compound, the
organic solvent shown in Table 19. Note that, obviously, as same as the examplel28,
the photochromic compeound (PC1) was mixed so that it is 5 parts by weight (the actual
used amount 0.25g) with respect to polyurethane-urea resin (A component). Also, the
photochromic laminated article was produced by the same method as the example 128
using the obtained photochromic composition, and the adhesive agent shown in Table
19. Note that, the drying and the curing of each adhesive layer was carried out by the
method described in the following.

[0323]

The evaluation results of the obtained various photochromic laminated article

are shown in Table 19.
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[0324]

The curing method of the adhesive agent 1: the same method as the example

The curing method of the adhesive agent 2: the adhesive agent 2 was coated on
the polycarbonate sheet having the thickness of 400um, and cured by drying for 2 hours
at 110°C, thereby the polycarbonate sheet having the adhesive layer of thickness of
Spm.,

The curing method of the adhesive agent 3: the adhesive agent 3 was coated on
the polycarbonate sheet having the thickness of 400um, and dried for 5 minutes at
110°C, then left for 1 hour under the humidified condition (40°C, 80%RH) , thereby the
polycarbonate sheet having the adhesive layer of thickness of Sum.

The curing method of the adhesive agent 4: the adhesive agent 4 was coated on
the polycarbonate sheet having the thickness of 400um, and dried for 10 minutes at

110°C, thereby the polycarbonate sheet having the adhesive layer of thickness of Sum.

[0325]
[Table 19]
A component 8 component D component C componenf Other The pholochromic eharcieeistiss Tie E;?;:;i:?ngm
Bxamipk: No. Adhesiie
agent
o . w e The sk L
Tope The added Toe The added Type The woded - T aéric? T The added o | optial "‘he oolor The durgblty | The bl Aﬂer fhie
2wt (g} amount {g) amonst (i ameie {g) ” asmonnt (g} doly faing speed 4 boliag test
Exangle 126 ¢ Wig $ P 325 Di 045 6 20 - - Adbesive agent 1 | 58% 1.1 4 % 150 134
Example 1291 W29 3 PCE 028 )] 035 6 g - - Adhesive agent | 585 14 $ % 139 140
xsmpk: 1303 W20 3 o] 625 Bi 0.15 6 2 - -~ Adhesies agent 3 | 58 1} 42 4 7 168
Exampk 131 { W29 5 PCi 415 Bl 8.3 C6 20 = - Adhosive avontd ;583 i i) %8 180 1%
Example 132 ; Wi6 5 PCH 025 Bl 0.1 b bii lowno4S | 645 | Adhestve ggont ] | 385 12 4 s 15% 130
Example 1331 Wi6 § PCH 425 1 013 €6 il {rpanoa243 .13 Adiosive apent 2 {385 i2 4 % 160 130
Exampk 134 Wi§ 3 PO 025 Di 0.1 C6 20 Tigapox243 91§ Adnesive gent3 | 58S 1.2 4 9% 180 170
Examphe 135 | Wit £ 48! 0.25 ) 115 Ch P Hpanos43 0.13 Adheshe agentd [ 588 12 4 95 199 186
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CLAIMS

1. A photochromic composition comprising (A) a polyurethane-urea resin having
an urea bond in the molecular chain, (B) a photochromic compound, and (D) an

isocyanate compound having at least one isocyanate group in the molecule.

2. The photochromic composition as set forth in claim 1 wherein (A) the
polyurethane-urea resin is terminated at the terminal end by reacting the terminal
end thereof with (A5) a terminator having a group capable of reacting with one

isocyanate group in the molecule.

3. The photochromic composition as set forth in claim 1 wherein (A) the
polyurethane-urea resin has a piperidine structure, a hindered phenol structure, a

triazine structure, or a benzotriazol structure at the terminal end.

4. The photochromic composition as set forth in claim 1 wherein (A) the
polyurethane-urea resin is the polyurethane-urea resin obtained by reacting,

(A1) at least one polyol compound selected from the group consisting of polyether
polyol, polycarbonate polyol, polycaprolactone polyol, and polyester polyol,

(A2) a polyisocyanate compound having two or more isocyanate group, in the
molecule, (A3) an amino group containing compound having two or more groups
capable of reacting with the isocyanate group, and among these groups, at least one

of the groups
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are amino group, and

(A4) a functionalization compound having one or two groups, in the molecule,
capable of reacting with ’thé isocyante group and having the piperidine structure, the
hindered phenol structure, the triazine structure, or the benzotriazol structure in the

molecule.

5. The photochromic composition as set forth in claim 4 wherein an amount ratio
of components (A1), (A2), (A3), and (A4) used when obtaining (A) the polyurethane-
urea resin satisfies n1: n2: n3: n4 = 0.3 to 0.89: 1.0: 0.1 to 0.69:0.01 to 0.2 when a
total mol number of a hydroxyl group included in said component (A1) is n1, a total
mol number of an isocyanate group included in said component (A2) is n2, a total
mol number of an amino group included in said component (A3) is n3, and a fotal
mol number of groups capable of reacting with isocyanate group included in said

component (A4) is n4.

6. The photochromic composition as set forth in claim 1 wherein (D) the

isocyanate compound has a molecular weight of less than 1000.

7. The phétéchromic composition as set forth in claim 1 wherein the content of
(B) the photochromic compound is 0.1 to 20 parts by weight with respect to 100 parts
by weight of said (A) polyurethane-urea resin.
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8. The photochromic composition as set forth in claim 1 wherein 5 to 900 parts
by weight of (C) an organic solvent is further comprised with respect to 100 parts by

weight of (A) the polyurethane-urea resin.

9. An optical article having a multilayer structure wherein two optical sheets or
films facing each other are bound via an adhesive layer comprising the photochromic
composition as set forth in claim 1.

10.  An optical article having a multilayer structure wherein two optical sheets or
films facing each other are bound via a first adhesive layer comprising the
photochromic composition as set forth in claim 1, and a second adhesive layer

present at both sides of said first adhesive layer.
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11. A production method of the optical article as set forth in claim 9, comprising a
step (1) of forming a photochromic adhesive sheet comprising (A) the polyurethane-
urea resin and (B) the photochromic compound dispersed in (A) the polyurethane-
urea resin, by exiending the photochromic composition comprising (A) the
polyurethane-urea resin having the urea bond in the molecular chain, (B) the
photochromic compound, (D) the isocyanate compound comprising at least one
isocyanate group in the molecule and (C) the organic solvent of 5 {o 900 parts by
weight with respect to 100 parts by weight of (A) the polyurethane-urea resin on a
flat and smooth base material, then removing (C) the organic solvent by drying and
separating the base material; and a s;kep (1) of forming said multilayer structure by
binding two optical sheets or films by placing said photochromic adhesive sheet in

between two optical sheets or films facing each other.
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A PRODUCTION METHOD OF A LAYERED BODY

Provided is a photochromic composition which can function as an adhesive
layer for bonding optical sheets made from a polycarbonate resin or the like and which
can yield a laminate that exhibits excellent tight adhesion, heat resistance and
photochromic properties. The photochromic composition is, for example, a composition
which comprises: a polyurethane-urea resin (component (A)) obtained by reacting a
polyol compound {(component (Al)), a polyisocyante compound (component (A2)) that
has two or more isocyanato groups in the molecule, and an amino-containing compound
(component (A3)) that contains two or more isocyanato-reactive groups in the molecule,
with at least one of the isocyanato-reactive groups being an amino group; and a
photochromic compound (component (B)). The amino-containing compound

(component (A3)) is a diamine or the like.
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