
W5429 26/11 DESCRIPTION UV-CURAB E RESIN COMPOSITIONS FOR OPTICAL DISCS AND
CURED PRODUCTS THEREOF Technical Field [0001]             The present
invention relates to UV-curable resin compositions for optical discs and
cured products thereof More particularly, the present invention relates to
resin compositions for efficiently producing a next-generation high-density
optical disc which is minimized in post-curing warpage and excels in
durability and abrasion resistance. Also, in the present invention, the
recording layer is not limited to the material of either of organic dye
type recording layer or inorganic type recording layer, and both types of
material are suitable for the recording layer. 10 Background Art [0002]
Common examples of optical disc recording media which have come in
practical use to date include compact discs (CD), magneto-optical discs
(MO), compact disc-recordable (CD-R) and compact disc-rewritable (CD-RW).
These disc devices comprise a recording layer 15 and a reflecting layer
over a 1.2 mm poly carbonate substrate. In the disc devices, a protective
layer comprising a UV-curable coating agent is provided for the purpose of
protecting the recording layer and the reflecting layer against external
factors. More recently, there have been put to practical use DVD-R, DVD-RW,
DVD-RAM, DVD+R, DVD+RW and the like in which, in order to further improve
storage capacity, the thickness of the polycarbonate substrate has 20 been
made half (0.6 mm) the conventional thickness and thereby two such
substrates have been combined, and thereby problems such as birefrigence of
the polycarbonate substrate and reduction in laser spot diameter have been
solved. In any of these devices, a recording layer and a reflecting layer
are formed on a 0.6 mm polycarbonate substrate, and a protective layer of a
UV-curable resin or an adhesive layer is further provided for the purpose
of protection or  W5429 2 adhesion as in the above-mentioned devices.
[0003]              However, the DVD recording media are still insufficient
in capacity as a recording medium that may cope with expansion of capacity
in the age of digital broadcasting in recent years. As a next-generation
high-density optical disc, there has been proposed (Patent Document 1) and
put to practical use an optical disc of the type (such as a blu-ray disc)
in which a recording layer and a 100 um thick transparent layer are
laminated on the substrate, and write and read are made by blue laser light
from the transparent layer side, not from the polycarbonate substrate. 10
[0004] As a method for forming this transparent layer (cover layer), a
method comprising bonding an approximately 100 um thick transparent film,
and a method comprising applying a UV-curable resin by spin coating and
curing the resin with UV light to form the layer have been proposed (Patent
Document 2 and Patent Document 3) 15 Prior Art References Patent Documents 



[0005]    Patent Document I: JP 11-273147 A Patent Document 2: JP 2002-23
083 1 A 20 Patent Document 3: JP 2005-171154 A Summary of Invention
Problems to be Solved by the Invention [0006] A problem of these cover
layers, however, is that, because of their large thickness 95 of around 100
um, the substrate tends to warp when using a hard resin composition like
the protective layer of CD etc., giving rise to an error in write and read.
It is therefore necessary to make the cover layer hard enough to prevent
warpage during curing, but low hardness tends to  W5429 have flaws and
tends to cause an error likewise. In order to cope with these problems, it
is common practice to provide a hard coat layer on the cover layer.
Further, in case the recording layer is of an organic dye type, it is
necessary to provide a recording auxiliary layer low in modulus of
elasticity at the time of curing between the cover layer and the dye type
recording layer so as to facilitate a structural change of a dye at the
time of laser recording, and thus it is common practice to form a
triple-layer structure. These methods are not efficient in production of
discs, and are a factor in cost increase in terms of production rate, yield
and production equipment. Means for Solving the Problems 10 [0007]
As a result of extensive studies for solving the above problems, the
present inventors have found a resin composition which is quickly deformed
and restored in response to an external force by controlling the dynamic
loss factor tan 6 of a cured film of a UV-curable resin composition in a
specific range. In other words, the present inventors have succeeded in 15
developing a cover layer material which is resistant to flawing and is
quickly restored even when flawed, even in a resin composition having a
hardness low enough to prevent warpage of a substrate during curing, may
conform to a structural change of an organic dye during recording on the
organic dye recording layer, and does not need any hard coat layer and/or
recording auxiliary layer. 20 [0008] Thus, the present invention relates to
the following (1) to (11): (1)A UV-curable resin composition for optical
discs, comprising 15 to 70 wt% of a (meth)acrylate monomer (A) having an
ethylene oxide chain in the molecule, 5 to 50 wt% of a urethane
(meth)acrylate (B), 2 to 50 wt% of an epoxy (meth)acrylate (C), and 1 to 10
wt% of a 25 photopolymerization initiator (D), wherein the glass transition
temperature of a cured film of the composition is 10 to 65C, and the
maximum value of the dynamic loss factor tan 6 of the cured film is in the
range of 0.35 to 0.75. (2)The UV-curable resin composition for optical
discs according to (1), wherein the  W5429 4  meth)acrylate monomer (A)
having an ethylene oxide chain in the molecule is one or two or more
selected from the group consisting of polyethylene glycol di(meth)acrylate,
ethylene oxide-modified neopentyl glycol di(meth)acrylate, ethylene
oxide-modified 1,6-hexanediol di(meth)acrylate, ethylene oxide-modified
bisphenol A di(meth)acrylate, ethylene oxide-modified trimethylolpropane
tri(meth)acrylate, ethylene oxide-modified pentaerythritol
tetra(meth)acrylate and ethylene oxide-modified dipentaerythritol
hexa(meth)acrylate. (3)The UV-curable resin composition for optical discs
according to (1) or (2), 



comprising 20 to 60 wt% of a (meth)acrylate monomer (A) having an ethylene
oxide chain in the molecule, 5 to 40 wt% of an urethane (meth)acrylate (B),
2 to 40 wt% of an epoxy 10 (meth)acrylate (C) and Ito 10 wt% of a
photopolymerization initiator (D). (4)The UV-curable resin composition for
optical discs according to any one of (1) to (3), wherein the urethane
(meth)acrylate (B) is a reaction product of a polyester polyol or a
polyether polyol with a diisocyanate and a 2-hydroxyethyl acrylate. (5)The
UV-curable resin composition for optical discs according to any one of (1)
to 15 (4), wherein the epoxy (meth)acrylate (C) is a bisphenol A type epoxy
diacrylate. (6) The UV-curable resin composition for optical discs
according to any one of (1) to (5), wherein the photopolymerization
initiator (D) is one or two or more selected from the group consisting of
1-hydroxycyclohexyl phenyl ketone,
144-(2-hydroxyethoxy)-pheny1]-2-hydroxy-2- methy1-1-propan-l-one,
2-hydroxy-1-{444-(2-hydroxy-2-methyl-propiony1)-benzy1]-pheny11-2- 20
methyl-propan- 1-one,
oligo[2-hydroxy-2-methyl-144-(1-methylvinyl)phenyl]propanone], 2-
methy1-114-(methylthio)pheny1]-2-morphorinopropan-l-one, 2,4,6-
trimethylbenzoyldiphenylphosphine oxide and
bis(2,4,6-trimethylbenzoyI)-phenylphosphine oxide, (7)The UV-curable resin
composition for optical discs according to any one of (1) to 95 (6),
comprising an ethylenic unsaturated compound (E) other than (A). (8)The
UV-curable resin composition for optical discs according to any one of (1)
to (7), further comprising a phosphoric (meth)acrylate. (9)The UV-curable
resin composition for optical discs according to any one of (1) to (8),
which is a protective coating agent for light transmitting layers of
optical discs which are  W5429 used for recording and/or playback with blue
laser.  (10) A method for producing a cured product of the UV-curable resin
composition for optical discs according to any one of (1) to (9), the
method comprising applying ultraviolet light to the composition.  (11) An
optical disc having a layer of a cured product obtained by applying
ultraviolet light to the UV-curable resin composition for optical discs
according to any one of (1) to (9) Advantageous Effects of invention [0009]
The UV-curable resin compositions and cured products thereof according to
the 10 present invention have made it possible to provide a next-generation
high-density optical disc which is minimized in warpage after curing, has
long durability and shows high restorability of flaws and depressions. They
have also realized elimination of the hard coat layers and recording
auxiliary layers which have been conventionally used for efficient
manufacture. They are useful as a resin for cover layers forming the light
transmitting layers of optical discs which are used for recording and/or
playback with blue laser. Mode for Carrying out the Invention [0010]
The present invention provides UV-curable resin compositions for optical
discs including 15 to 70 wt% of a (meth)acrylate monomer (A) having an
ethylene oxide chain in the 20 molecule, 5 to 50 wt% of a urethane
(meth)acrylate (B), 2 to 50 wt% of an epoxy (meth)acrylate (C) and 1 to 10
wt% of a photopolymerization initiator (D), wherein the dynamic
viscoelasticity, especially glass transition temperature of cured films is
10 to 65C, and the maximum value of the dynamic loss factor tan 6 of the
cured films is in the range of 0.35 to 0.75. Thus, with the resin
compositions of the present invention, it is possible to obtain cured films
which are 



25 minimized in warpage after curing and a durability test, have long
durability and also show high  abrasion resistance when the compositions
have the above-defined formulation (A) to (D), the glass transition
temperature of cured films is 50 to 65C and the maximum value of dynamic
loss  W5429 6 factor tan 6 of cured films falls in the range of 0.35 to
0.75.              The value of dynamic loss factor tan 6 of cured films
may be easily determined from the ratio of loss elastic modulus to storage
elastic modulus which may be determined from measurement of dynamic
viscoelasticity (JIS K 7244-1). When the value of tan 6 is below 0.35, the
amount of warpage given to the substrate increases because of elevated
rigidity of the resin. On the other hand, when the value of tan 6 is higher
than 0.75, abrasion resistance tends to deteriorate because of the low
rigidity of the resin.              The glass transition temperature of
cured films may be determined from the temperature at which the value of
tan 6 is maximized. When the glass transition temperature is 10 outside the
range specified in the present invention, that is, when it is below 10C,
abrasion resistance deteriorates because of too softened resin, and when
the glass transition temperature is higher than 65C, the amount of warpage
given to the substrate tends to increase because of too hardening of the
resin. [0011] 15The UV-curable resin compositions according to the present
invention comprise as an essential component a (meth)acrylate monomer (A)
having an ethylene oxide chain in the molecule as a diluent. Examples
thereof are polyethylene glycol di(meth)acrylate, ethylene oxide-modified
neopentyl glycol di(meth)acrylate, ethylene oxide-modified 1,6-hexanediol
di(meth)acrylate, ethylene oxide-modified bisphenol A di(meth)acrylate,
ethylene oxide- 20 modified trimethylolpropane tri(meth)acrylate, ethylene
oxide-modified penthaerythritol tetra(meth)acrylate, and ethylene
oxide-modified dipentaerythritol hexa(meth)acrylate. The content thereof in
the composition is usually 15 to 70 wt%, preferably around 20 to 60 wt% in
inner percentage. [0012] The urethane (meth)acrylate (B) contained in the
UV-curable resin compositions according to the present invention may be
obtained by reacting a urethane oligomer obtained from a polyhydric alcohol
having two or more hydroxyl groups in the molecule and an organic
polyisocyanate compound with a hydroxyl(meth)acrylate compound. Examples of
the polyhydric alcohols are neopentyl glycol, 3-methyl-1,5-  W5429 7
pentanediol, ethylene glycol, propylene glycol, 1,4-butanediol,
1,6-hexanediol, trimethylolpropane, penthaerythritol, tricyclodecane
dimethylol, and bis[hydroxymethy1]- cyclohexane They also include polyester
polyols obtained by reacting these polyhydric alcohols with polybasic acids
(such as succinic acid, phthalic acid, hexahydrophthalic anhydride, 5
terephthalic acid, adipic acid, azelaic acid, and tetrahydrophthalic
anhydride), caprolactone alcohols obtained from reaction of polyhydric
alcohols and s-caprolactone, polycarbonate polyols (such as
polycarbonatediols obtained from reaction of 1,6-hexanediols and diphenyl
carbonate), and polyether polyols (such as polyethylene glycol,
polypropylene glycol, polytetramethylene glycol, and ethylene
oxide-modified bisphenol A). 10[0013] Examples of the above-mentioned
organic polyisocyanates include diisocyanates 



such as isophorone diisocyanate, hexamethylene diisocyanate, tolylene
diisocyanate, xylene diisocyanate and diphenylmethane-4,4'-diisocyanate, or
isocyanates such as dicyclopentanyl isocyanate. 15Examples of the
hydroxyl(meth)acrylate compounds include hydroxyethyl (meth)acrylate,
hydroxypropyl (meth)acrylate, hydroxybutyl (meth)acrylate,
dimethylolcyclohexyl mono(meth)acrylate, and hydroxycaprolactone
(meth)acrylate.             The reaction is carried out as follows. An
organic polyisocyanate is mixed with a polyhydric alcohol under such a
condition that the isocyanate groups of the polyisocyanate will 20 stay at
1.1 to 2.0 equivalents to 1 equivalent of hydroxyl groups of the polyhydric
alcohol, and reacted at a temperature of preferably 70 to 90C to synthesize
an urethane oligomer. Then a hydroxyl (meth)acrylate compound is mixed
therewith under such a condition that the hydroxyl groups of the hydroxy
(meth)acrylate compound will stay preferably at Ito 1.5 equivalents to 1
equivalent of isocyanate groups of the urethane oligomer, and reacted at 70
to 90C to obtain the 25 objective urethane (meth)acrylate.             The
urethane (meth)acrylates (B) may be used singly or as a mixture of two or
more thereof at an arbitrary ratio. The content of the urethane
(meth)acrylate (B) in the composition is usually 5 to 50 wt%, preferably 5
to 40 wt%, particularly preferably around 10 to 38 wt% in inner percentage.
The molecular weight of the urethane (meth)acrylates is  W5429 8 preferably
in the range of 400 to 10,000. [0014]              The epoxy (meth)acrylate
(C) used in the present invention is preferably one which has two or more
epoxy residues in the molecule, and may be obtained from reaction of an 5
epoxy resin with a (meth)acrylic acid. The epoxy resins that may serve as
raw material are not specifically limited and examples thereof include
phenyldiglycidyl ethers such as hydroquinone diglycidyl ether, catechol
diglycidyl ether and resolcinol diglycidyl ether; bisphenol type epoxy
compounds such as bisphenol A type epoxy resins, bisphenol F type epoxy
resins, bisphenol S type epoxy resins and epoxy compounds of
2,2-bis(4-hydroxyphenyI)-1,1,1,3" 10 hexafluoropropane; hydrogenated
bisphenol type epoxy compounds such as hydrogenated bisphenol A type epoxy
resins, hydrogenated bisphenol F type epoxy resins, hydrogenated bisphenol
S type epoxy resins and epoxy compounds of hydrogenated
2,2-bis(4-hydroxypheny1)- 1,1, I,3,3,3-hexafluoropropane; halogenated
bisphenol type epoxy compounds such as brominated bisphenol A type epoxy
resins and brominated bisphenol F type epoxy resins; alicyclic diglycidyl
ether compounds such as EO/PO-modified bisphenol type epoxy resins and
cyclohexanedimethanol diglycidyl ether compounds; aliphatic diglycidyl
ether compounds such as 1,6-hexanediol diglycidyl ether, 1,4-butanediol
diglycidyl ether and diethylene glycol diglycidyl ether; polysulfide type
diglycidyl ether compounds such as polysulfide diglycidyl ether; biphenol
type epoxy resins, and polyether type epoxy resins. 20 [0015]
Examples of commercial products of these epoxy compounds include Bisphenol
A type epoxy resins such as jER828, jER1001, jER1002, jER1003, jER1004
(products of Japan Epoxy Resin Co., Ltd.), Epomic R-140, Epomic R-301,
Epomic R-304 (products of Mitsui Chemical Co.), DER-331, DER-332, DER-324
(products of Dow Chemical Co.), Epiclon 840, Epiclon 850 (products of
Dainippon Ink and Chemicals Co., Ltd.), UVR-6410 (product of Union Carbide)
and YD-8125 (product of Tohto Kasei Co., Ltd.); bisphenol F type epoxy
resins such as UVR-6490 (product of Union Carbide), YDF-2001, YDF-2004,
YDF-8170 (products of Tohto Kasei Co., Ltd.), Epiclon 830 and Epiclon 835
(products of Dainippon Ink and Chemicals Co., Ltd.); hydrogenated bisphenol
A type epoxy resins such as FIBPA-DGE (product of Maruzen  W5429 9
Petrochemical Co., Ltd.) and RIKARESL HBE-100 (product of New Japan
Chemical Co., Ltd.); brominated bisphenol A type epoxy resins such as
DER-513, DER-514 and DER-542 (products of Dow Chemical Co.); PO-modified
bisphenol A type epoxy resins such as Epolight 3002 (product of Kyoeisha
Chemical Co.,Ltd.); alicyclic epoxy such as Celloxide 2021 (product 5 of
Daicel Chemical Industries Co., Ltd.), RIKARESIN DME-100 (product of New
Japan Chemical Co., Ltd.) and EX-216 (product of Nagase ChemteX Corp);
aliphatic diglycidyl ether compounds such as ED-503 (product of ADEKA
Corp.), RIKARESIN W-100 (product of New Japan Chemical Co., Ltd), EX-212,
EX-214, EX-850 (products of Nagase ChemteX Corp.); polysulfide type
diglycidyl ether compounds: FLEP-50 and FLEP-60 (products of Toray Fine 10
Chemicals Co., Ltd.); biphenol type epoxy compounds: YX-4000 (product of
Japan Epoxy Resin Co., Ltd.); polyether type epoxy compounds: Epolight 100E
and Epolight 200P (products of Kyoeisha Chemical Co., Ltd.).
These epoxy (meth)acrylates (C) may be used singly or as a mixture of two
or more thereof at an arbitrary ratio. The content of the epoxy
(meth)acrylate (C) in the composition is 2 to 50 wt%, preferably 2 to 40
wt%, particularly most preferably around 3 to 35 wt% in inner percentage. 



[0016]              Examples of the photopolymerization initiator (D) to be
contained in the UV curable resin compositions of the present invention
include 1-hydroxycyclohexyl phenyl ketone 20 (Iraacure 184 produced by Ciba
Speciality Chemicals Co., Ltd.), 1-[4-(2-hydroxyethoxy)-
pheny1]-2-hydroxy-2-methy1-1-propan-1-one (Irgacure 2959 produced by Ciba
Speciality Chemicals Co., Ltd.),
2-hydroxy-1-{414-(2-hydroxy-2-methyl-propiony1)-benzyl]-pheny11-2-
methy1-propan-1-one (Irgacure 127 produced by Ciba Speciality Chemicals
Co., Ltd.), 2,2- climethoxy-2-phenylacetophenone (Irgacure 651 produced by
Ciba Speciality Chemicals Co., Ltd.), oligo[2-hydroxy-2-
methy1-1-[4-(1-methylvinyl)phenyl]propanone] (Esacure ONE produced by
Lamberti Co, Ltd.), 2-hydroxy-2-methyl-l-pheny1-propan-1-one (Darocure 1173
produced by Ciba Speciality Chemicals Co., Ltd.),
2-methyl-144-(methylthio)pheny1]-2- morpholinopropan-l-one (Irgacure 907
produced by Ciba Speciality Chemicals Co., Ltd.), 2-
benzy1-2-dimethylamino-1-(4-morpholinopheny1)-butane-1-one,
2-chlorothioxanetone, 2,4-  W5429 10 dimethylthioxanetone,
2,4-cliisopropylthioxantone, isopropylthioxantone,
trimethylbenzoyldiphenylphosphine oxide (Lucirin TPO produced by BASF),
bis(2,4,6- trimethylbenzoy1)-phenylphosphine oxide (Irgacure 819 produced
by Ciba Speciality Chemicals Co., Ltd.), and
bis(2,6-dimethoxybenzoy1)-2,4,4-trimethylpentylphosphine oxide. 5[0017]
Preferred examples of the photopolymerization initiator (D) include 1-
hydroxycyclohexyl phenyl ketone (Irgacure 184 produced by Ciba Speciality
Chemicals Co., Ltd.),
1-[4-(2-hydroxyethoxy)-pheny1]-2-hydroxy-2-methyl-1-propan-1-one (Irgacure
2959 produced by Ciba Speciality Chemicals Co , Ltd.),
2-hydroxy-1-[444-(2-hydroxy-2-methyl- 10
propiony1)-benzy1]-pheny1}-2-methyl-propan-1-one (Irgacure 127 produced by
Ciba Speciality Chemicals Co., Ltd.),
oligo[2-hydroxy-2-methyl-144-(1-methylvinyl)phenyl]propanone] (Esacure ONE
produced by Lamberti Co , Ltd.), 2-methyl-i-[4- (methylthio)pheny1]-2-
morpholinopropan-1-one (Irgacure 907 produced by Ciba Speciality Chemicals
Co., Ltd.), 2,4,6- trimethylbenzoyldiphenylphosphine oxide (Lucirin TPO
produced by BASF), and bis(2,4,6- 15 trimethylbenzoy1)-phenylphosphine
oxide (Irgacure 819 produced by Ciba Speciality Chemicals Co., Ltd.).
[0018]              These photopolymerization initiators may be used singly
or as a mixture of two or more thereof at an arbitrary ratio. It is also
possible to use them in combination with a 20 photopolymerization
initiation assistant such as amines.              The content of the
photopolymerization initiator (D) in the UV-curable resin compositions of
the present invention is usually Ito 10 wt%, preferably around 3 to 8 wt%.
Examples of the photopolymerization initiation assistants such as amines
usable in the present invention include diethanolamine,
2-dimethylarninoethyl benzoate, 95 dimethylaminoacetophenone,
p-dimethylaminobenzoic acid ethyl esters and pdimethylaminobenzoic acid
isoamyl esters. When a photopolymerization initiation assistant is used, it
is contained in an amount of 0.05 to 5 wt%, particularly preferably around
0.1 to 3 wt% in the UV-curable resin compositions of the present invention.
[0019]  W5429 11              In the UV-curable resin compositions
according to the present invention, as a diluent, it is possible to
incorporate ethylenic unsaturated compounds (E) other than the
(meth)acrylates (A) having an ethylene oxide chain in the molecule.
Examples of such ethylenic unsaturated compounds include (meth)acrylate
monomers, which may be used optionally. 



[0020]              The (meth)acrylate monomers usable as other ethylenic
unsaturated compounds (E) may be divided into two types: monofunctional
monomers having one (meth)acrylate group in the molecule and polyfunctional
monomers having two or more (meth)acrylate groups in the 10 molecule.
Examples of the monofunctional monomers having one (meth)acrylate group in
the molecule include dicyclopentenyloxyethyl (meth)acrylate, tricyclodecane
(meth)acrylate, dicyclopentanyl (meth)acrylate, isoboronyl (meth)acrylate,
adamantyl (meth)acrylate, phenyloxyethyl (meth)acrylate, phenyldioxyethyl
(meth)acrylate, nonylphenyloxyethyl (meth)acrylate, benzyl (meth)acrylate,
tetrahydrofurfuryl (meth)acrylate, morpholine (meth)acrylate,
2-hydroxy-3-phenoxypropyl (meth)acrylate, lauryl (meth)acrylate,
methoxytripropylene glycol mono(meth)acrylate, 2-hydroxyethyl
(meth)acrylate, 2- hydroxypropyl (meth)acrylate, and ethylcarbitol
(meth)acrylate. [0021] 20Examples of the (meth)acrylate monomers having two
or more (meth)acrylate groups in the molecule include neopentyl glycol
di(meth)acrylate, tricyclodecanedimethylol di(meth)acrylate,
hydroxypivalaldehyde-modified trimethylolpropane di(meth)acrylate,
hydroxypivalic acid neopentyl glycol di(meth)acrylate, dicyclopentanyl
di(meth)acrylate, 1,6- hexanediol di(meth)acrylate, dipropylene glycol
di(meth)acrylate, tripropylene glycol 25 di(meth)acrylate, polypropylene
glycol di(meth)acrylate, propylene oxide-modified neopentyl glycol
di(meth)acrylate, propylene oxide-modified 1,6-hexanediol di(meth)acrylate,
and tris[(meth)acryloxyethyl] isocyanurate. [0022] When these
(meth)acrylate monomers are used in the UV-curable resin  W5429 12
compositions of the present invention, such (meth)acrylate monomers may be
used singly, and two or more thereof may be used at an arbitrary ratio. The
monofunctional monomers are preferably dicyclopentenyloxyethyl
(meth)acrylate, phenyldioxyethyl (meth)acrylate, 2-hydroxy3-phenoxypropyl
(meth)acrylate and methoxytripropylene glycol mono(meth)acrylate in view of
production stability. The bi- and higher-order functional monomers are
preferably those having a large molecular weight.              In case
other ethylenic unsaturated compounds (E) are used, their content in the
UV-curable resin compositions of the present invention may be properly
changed but is usually around 5 to 40 wt%. 10 [0023]              In the
UV-curable resin compositions of the present invention, if necessary a
phosphoric (meth)acrylate may be added. The phosphoric (meth)acrylates are
useful for strengthening adhesion between aluminum, silver or silver alloy
and cured adhesive, but their amount used is limited as they may corrode
the metallic films. 15 [0024]              The phosphoric (meth)acrylates
that may be contained in the UV-curable resin compositions of the present
invention are not limited to any specific types; it is possible to use all
types of (meth)acrylates having a phosphoric ester skeleton, including
monoesters, diesters and triesters. Examples of such phosphoric
(meth)acrylates are ethylene oxide-modified 20 phenoxylated phosphoric
(meth)acrylates, ethylene oxide-modified butoxylated phosphoric
(meth)acrylates, ethylene oxide-modified octyloxylated phosphoric
(meth)acrylates, ethylene oxide-modified phosphoric di(meth)acrylates and
ethylene oxide-modified phosphoric tri(meth)acrylates. Such phosphoric
(meth)acrylates are commercially available under, for instance, trade name
PM-2 (ethylene oxide-modified phosphoric dimethacrylate) from Nippon 25
Kayaku Co., Ltd. Ethylene oxide-modified phosphoric dimethacrylates are
preferably used in the present invention. The phosphoric (meth)acrylates
may be used singly, and two or more thereof may be used at an arbitrary
ratio. When a phosphoric (meth)acrylate is contained in the resin
compositions for adhesives of the present invention, its content is usually
0.005 to 5 wt%, preferably 0.05 to 3 wt%.  W5429 



13 [0025] The UV-curable resin compositions for optical discs of the
present invention may contain where necessary various additives such as an
antioxidant, an organic solvent, a silane coupling agent, a polymerization
inhibitor, an antistat, a surface lubricant, a fluorescent brightener, a
light stabilizer (such as a hindered amine compound), and a filler.
Examples of the hindered amine compounds usable as a light stabilizer
include  1,2,2,6,6-pentamethy1-4-piperidyl alcohol,
2,2,6,6-tetramethy1-4-piperidyl alcohol, 1,2,2,6,6- pentamethy1-4-piperidyl
(tneth)acrylate (LA-82), 2,2,6,6-tetramethy1-4-piperidyl (meth)acrylate,
and commercial products of Ciba Speciality Chemicals Co., Ltd., such as
CHIMASSORB 10 119FL, CHIMASSORB 2020FDL, CHIMASSORM 944FDL, TINUVIN 622LD,
TINUVIN 123S, TINUVfN 144, TINUVIN 765, TINUVIN 770DF, TINUVIN 1I1FDL,
TINUVIN 783FDL, TINUVIN 79IFB, TINUVIN XT85OFF, and TINUVIN XT85FF. [0026]
Also, in the present invention, in order to allow easy wipe-off of the
fingerprint oil adhering to the cover layer surface, a silicon type or
fluorine type leveling agent, a surface lubricant or the like may be
contained to modify the hard coat layer surface. Preferred examples of the
silicon type leveling agents include BYK-307, BYK-322, BYK-323, BYK-331,
BYK-333, BYK-UV3500, BYK-UV3510, BYK-UV3530, BYK-UV3570 (trade names of the
commercial products of poly(di)methylsiloxane compounds produced by
BYK-Chemie). 20 Examples of the fluorine type surface modifiers are Modiper
F-100, F-110, F-200, F-202, F2020, F-220, F-500 and F-600 (trade names of
the commercial products of fluorine-containing block copolymers produced by
NOF Corp.), Ftergent 710FL, 710FX, 730FL, 730FX, 750FL, 750FX (trade names
of the commercial products of fluorine-containing oligomers produced by
Neos Co., Ltd.). The content thereof in the UV-curable resin compositions
of the present 25 invention is preferably 0.01 to 5 wt%, particularly
preferably 0.1 to 3 wt%. [0027] The UV-curable resin compositions of the
present invention may be obtained by mixing and dissolving the
above-described component materials by means of stirring at 20 to 80C. The
obtained compositions may be filtered. The cured products of the present
W5429 14 invention may be obtained by irradiating the UV-curable resin
compositions of the present invention with light such as ultraviolet light
or visible light by the methods described below. [0028]
Viscosity of the UV-curable resin compositions of the present invention as
measured by a Brookfield viscometer at 25C is preferably in the range from
400 to 6,000 mPa.S. When viscosity of the resin composition is below 400
niPa.S, film thickness tends to slim down because of too low viscosity for
coating to a thickness of around 100 p,m, while when viscosity of the
composition is above 6,000 mPaS, film thickness tends to increase because
of too high viscosity for coating to a thickness of around 100 p.m. 10For
curing by light irradiation of the UV-curable resin compositions of the
present invention, any type of light source may be used provided that it is
a lamp capable of emitting ultraviolet to near ultraviolet light. It is
possible to use, for example, a low pressure, high pressure or ultra-high
pressure mercury lamp, metal halide lamp, (pulse) xenon lamp or
electrodeless lamp. 15[0029]              Any coating method may be used
for protective coating agent for the light transmitting layer using a
UV-curable resin composition of the present invention, provided that 



the film thickness may be made 50 to 100 tirn. Examples of the coating
methods include spin coating, 2P coating, roll coating and screen printing.
20 [0030]              Since blue laser of around 400 nm is used for read
and/or write in the next-generation high-density optical discs, it is
desirable that the cured products with a film thickness of 90 to 100 p.m
have a light transmittance of 80% or higher at 405 nrn. Further, the
optical discs according to the present invention preferably have a 25
structure in which a layer of a cured product of the UV-curable resin
composition is formed on the side where recording light and/or playback
light is applied. Also, when the physical strength of the light
transmitting layer formed by using protective coating agent for the light
transmitting layer of the present invention is weak, hard coating may be
applied, if necessary, on the surface of the light transmitting layer.
W5429 15 Examples [0031] The present invention will be described in more
detail below with reference to the 5 Examples thereof. Examples and Test
Examples              Table 1 shows composing materials, their amounts used
and the results of evaluations concerning the resin compositions of
Examples 1 to 4 and Comparative Examples 1 to 3. In the table, all "parts"
are by weight. -10[0032] In the present invention, glass transition
temperature and dynamic loss factor tan 6 were determined according to the
dynamic viscoelasticity determination method based on JIS K 7244-5. Samples
were prepared by curing the test pieces to a size of 5 cm (length) x 1 cm
(width) x 1 mm (thickness) at an integrated light volume of 1 J/cm2 using
Fusion lamp D bulbs, 15 and measured by viscoelastometer DMS6100 produced
by SII Nanotechnology Inc. Measurement was made in a bending mode under the
conditions of an amplitude loading of 10 N, frequency of 10 Hz and a
temperature rising rate of 2C/min in a temperature range of - 50C to 200C.
The temperature at which the value of tan 8 was maximized was given as
glass transition temperature. 20 [0033]              In the present
invention, the warpage, durability and abrasion resistance tests were
conducted on the blu-ray discs made in accordance with the following steps
1 to 4 1A silver alloy GB-100 produced by Kobe Steel, Ltd. was used for
making a PC substrate storing data for 1.1 mm thick, 12 cm-diameter blu-ray
discs, and the substrate was 



95 sputtered to a film thickness of 30 nm on the average to make a disc
substrate with a silver reflecting layer. 2.This substrate was placed on a
spin table so that the silver reflecting layer surface would face upwards,
and subjected to circular capping so as to cover up to 11.5 mm along the
inner diameter, and then 2.5 g of a UV-curable resin composition of the
present invention was  W5429 16 supplied onto the central cap.
Then spin coating was conducted for 4 to 7 seconds at a speed in the range
of 1,000 to 1,500 rpm in conformity to viscosity of the UV-curable resin
composition of the present invention, forming a 95 to 105 um thick film
coating. Close to the end of spin coating, 2-shot irradiation was conducted
with a xenon flash lamp to cure the composition to the extent that its
surface fluidity would be lost. 4.Using a xenon flash lamp, 8-shot
radiation was performed at 80 j from the upper  side to perfectly cure the
UV-curable resin composition of the present invention, thereby making a
blu-ray disc having a light transmitting layer. 10 [0034] (a) Warpage
Film thickness and warpage of the resin layer were determined by Prometeus
MT-146 produced by Dr Schenk, a mechanical properties meter for optical
discs. Since difference in the amount of warpage becomes increasingly
conspicuous toward the outer periphery of the 15 disc, evaluation was made
at a point of 58 mm along the radius close to the outer peripheral edge.
Initial phase warpage (warpage in coating) and warpage after the durability
test in the table were calculated from the following equations (Expression
1 and Expression 2): Expression 1: 20(Initial phase warpage) = (warpage of
substrate after coating) - (warpage of substrate before coating) Expression
2.              (Warpage after durability test) = (warpage of oat ed
substrate after 240 hours at 80C and 85% RH) - (warpage of substrate before
coating)              The unit of warpage was indicated by degree, and
judgment was made according to the following criterion: 0 (good) ...
initial phase warpage > -0.6 and amount of warpage after durability test >
-0.6 X (fail) ". initial phase warpage -0.6 or/and amount of warpage after
durability test -0.6 [0035]  W5429 17 (b) Durability test              In
the durability test, the blu-ray discs made from the process described
above were left still in an 80C, 85% RI-I thermo-humidistat for 240 hours,
and evaluated by ODU1000 produced by Pulstec Industrial Co., Ltd. which is
a signal data meter for blu-ray discs. In 5 the judgment of evaluation,
jitter was measured and judgment was made by the following standards.
Jitter is one of electrical signals of blu-ray discs. The higher its value,
the more the 



signal data of blu-ray discs deteriorate, and if it is 10% of more, data
are difficult to read and write.  (good) ... Jitter is less than 10%. 10X
(fail) ... Jitter is 10% or above. [0036] (c) Abrasion resistance test
In the abrasion resistance test, the light transmitting layer surface of
each blu-ray disc produced in the above-described process was subjected to
5-turn abrasion by Taber 15 Abrasion Tester TS (truck wheel: No. CS-10F)
produced by Toyo Seiki Seisaku-Sho, Ltd., at 70 rpm under a load of 250 g,
and judgment was made by evaluating jitter in the same way as in the
durability test described above.  (good) ... Jitter is less than 10%.
(fail)Jitter is 10% or above. 20 [0037]  W5429 18 Comparative Example 3  OC
Ot    co 
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Component (A) (parts)  raj  El/VA f7-1Aig Component (B) (parts) t-vn Z-Vfl
Component (C) (parts) 1-Vd3. Component (D) (parts) 1 Irgacure 184 Esacure
ONE Lucirin TPO -- 1 Component (E) (parts) I -V\IV ZINN 
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0 Other components (parts)  ZIAld - d d KBM-803 _  - BYK-333  L-7002
Ftergent 730FL   Maximum value of tan 6 Glass transition temperature (C)
Component (A) in the compositions (wt%) (Warpage) Amount of warpage ' in
coating (degree)  Amount of warpage after durability test (degree)
Judgment of - - warpage  W5429 
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o  Z'9 0  Z.8 0 (Durability) Jitter after durability 5.6 test  (%)
Judgment of 0  durability test  (Abrasion resistance)  Jitter after
abrasion 7.2 resistance test (%)  Judgment of 0 abrasion resistance  W5429
21 [0038]              The abbreviations used for the respective components
in Table 1 are as follows. EM-1: Bisphenol A type diacrylate modified with
10 moles of ethylene oxide, produced by Daiichi Kogyo Seiyaku Co., Ltd. 5
EM-2: Polyethylene glycol (MW 300) diacrylate, produced by Dai-ichi Kogyo
Seiyaku Co., Ltd. 



EM-3: Trimethylolpropane triacrylate modified with 3 moles of ethylene
oxide, produced by Nippon Kayaku Co., Ltd.  EM-4: Bisphenol A type
diacrylate modified with 4 moles of ethylene oxide, produced by Daiichi
Kogyo Seiyaku Co., Ltd. 10 UA-1: Urethane acrylate obtained by reacting 1
mole of polytetramethylene glycol (MW 850) and 2 moles of isophorone
diisocyanate, and then reacting the resultant product with 2 moles of
2-hydroxyethyl acrylate UA-2: Urethane acrylate obtained by reacting 1 mole
of polypropylene glycol (MW 1,000) and 2 moles of tolylene diisocyanate,
and then reacting the resultant product with 2 moles of 2- 15 hydroxyethyl
acrylate EPA-1: Epoxy acrylate obtained by reacting a bisphenol A type
epoxy resin (epoxy equivalent 185 g/equivalent) with 1 molar equivalent of
epoxy groups and 1 mole of acrylic acid to an acid value of 0.5 mgKOH/g
Irgacure 184: 1-hydroxycyclohexyl phenyl ketone, photopolymerization
initiator, produced by 20 Ciba Speciality Chemicals Co., Ltd. Esacure ONE:
oligo[2-hydroxy-2-methyl-144-(1-methylvinyl)phenyllpropanone],
photopolymerization initiator, produced by Lamberti Co., Ltd. Lucirine TPO:
2,4,6-trimethylbenzoyldiphenyl-phosphine oxide, photopolymerization
initiator, produced by BASF Co.,Ltd. 25 AM-1: dicyclopentenyloxyethyl
acrylate, produced by Hitachi Chemical Industries Co., Ltd. AM-2:
1,6-hexanediol diacrylate AM-3: lauryl acrylate, produced by NOF Corp.
LA-82: 1,2,2,6,6-pentamethy1-4-piperidyl methacrylate, produced by ADEKA
Corp. PM-2: ethylene oxide-modified phosphoric dimethacrylate, produced by
Nippon Kayaku Co.,  W5429 Ltd. PMP: 4-mercaptophenol KBM-803:
3-mercaptopropyltrimethoxysilane, produced by Shin-Etsu Chemical Industries
Co., Ltd. BYK-333: silicon leveling agent, produced by BYK-Chemie L-7002:
silicon leveling agent, produced by bray Dow Corning Co., Ltd. Ftergent
730FL: fluorine monomer-containing oligomer, produced by Neos Co., Ltd.
[0039] As evident from Table 1, Examples 1 to 4 representing the UV-curable
resin 10 compositions of the present invention and their cured products are
very limited in warpage after the curing and durability test, have long
durability and also show excellent performance in abrasion resistance. On
the other hand, in Comparative Examples 1 to 3, as evaluation results show,
warpage after the durability test is large for the resin composition where
the maximum value of tan 6 is less than 0.35 or the glass transition
temperature is higher than 65C, while abrasion resistance deteriorates for
the resin composition where the maximum value of tan 6 is greater than 0.75
or the glass transition temperature is lower than 10C. [0040]
According to the UV-curable resin compositions of the present invention and
their cured products, since hard coat layer for compensating surface
abrasion resistance is 20 unnecessitated, the optical disc production
process is simplified, making it possible to elevate production efficiency.
Thus, the present invention is extremely useful as a protective coating
agent for light transmitting layers for forming the light transmitting
layers of optical discs which are used for recording and/or playback by
using blue laser. Industrial Applicability 



25[0041]              The present invention realizes efficient production
of the next-generation high-density optical discs which are minimized in
warpage after curing and have long durability and high abrasion resistance.
While the present invention is primarily intended to provide a protective
coating agent for the light transmittinc, layers of the next-generation
high-density  W5429 23 optical discs using blue laser, it is also useful as
a coating agent for the materials of optical discs using red laser and the
substrates which are required to be transparent, suppressed in warpage and
capable of showing high protective performance for abrasion and corrosion
resistance.  W5429 24 CLAIMS  1. A UV-curable resin composition for optical
discs, comprising 15 to 70 wt% of a (meth)acrylate monomer (A) having an
ethylene oxide chain in the molecule, 5 to 50 wt% of a urethane
(meth)acrylate (B), 2 to 50 wt% of an epoxy (meth)acrylate (C), and 1 to 10
wt% of a photopolymerization initiator (D), wherein the glass transition
temperature of a cured film of the composition is 10 to 65C, and the
maximum value of the dynamic loss factor tan 6 of the cured film is in the
range of 0.35 to 0.75.  2. The UV-curable resin composition for optical
discs according to claim 1, wherein the (meth)acrylate monomer (A) having
an ethylene oxide chain in the molecule is one or two or more selected from
the group consisting of polyethylene glycol di(meth)acrylate, ethylene
oxide-modified neopentyl glycol di(meth)acrylate, ethylene oxide-modified
1,6-hexanediol di(meth)acrylate, ethylene oxide-modified bisphenol A
di(meth)acrylate, ethylene oxide-modified trimethylolpropane
tri(meth)acrylate, ethylene oxide-modified pentaerythritol
tetra(meth)acrylate, and ethylene oxide-modified dipentaerythritol
hexa(meth)acrylate.  3. The UV-curable resin composition for optical discs
according to claim I or 2, comprising 20 to 60 wt% of a (meth)acrylate
monomer (A) having an ethylene oxide chain in the molecule, 5 to 40 wt% of
an urethane (meth)acrylate (B), 2 to 40 wt% of an epoxy (meth)acrylate (C)
and 1 to 10 wt% of a photopolymerization initiator (D).  4. The UV-curable
resin composition for optical discs according to any one of claims 1 to 3,
wherein the urethane (meth)acrylate (B) is a reaction product of a
polyester polyol or a polyether polyol with a diisocyanate and a
2-hydroxyethyl acrylate.  5. The UV-curable resin composition for optical
discs according to any one of claims 1 to 4, wherein the epoxy
(meth)acrylate (C) is a bisphenol A type epoxy diacrylate.  6. The
UV-curable resin composition for optical discs according to any one of
claims 1 to 5, wherein the photopolymerization initiator (D) is one or two
or more selected from the group consisting of 1-hydroxycyclohexyl phenyl
ketone, 1-[4-(2-hydroxyethoxy)-pheny1]-2- hydroxy-2-methyl-1-propan-1-one,
2-hydroxy-1-{444-(2-hydroxy-2-methyl-propiony1)-benzyllphenyl
-2-methyl-propan- I -one, oligo[2-hydroxy-2-methyl-114-(1-
methylvinyl)phenyl]propanone],
2-methyl-114-(methylthio)pheny1]-2-morphorinopropan- I -one,  W5429 25
2,4,6-trimethylbenzoyldiphenylp losphine oxide and bis(2 4.6- meth
ilbenzoyI)- phenylphosphine oxide.  7. The UV-curable resin composition for
optical discs according to any one of claims 1 to 6, comprising an
ethylenic unsaturated compound (E) other than (A).  8. The UV-curable resin
composition for optical discs according to any one of claims I to 7,
further comprising a phosphoric (meth)acrylate.  9. The UV-curable resin
composition for optical discs according to any one of claims 1 to 8, which
is a protective coating agent for light transmitting layers of optical
discs which are used for recording and/or playback with blue laser.  10. A
method for producing a cured product of the UV-curable resin composition
for optical discs according to any one of claims 1 to 9, the method
comprising applying ultraviolet light to the composition,  11. An optical
disc having a layer of a cured product obtained by applying ultraviolet
light to the UV-curable resin composition for optical discs according to
any one of claims 1 to 9. 


