DESCRI PTI ON

LI GHAT DI FFUSI ON PLATE AND DI RECT SURFACE LI GHT SOURCE UNI'T

TECHNI CAL FI ELD
[0001]

The present invention relates to a light diffusion
to a direct surface light source unit.

BACKGROUND

[0002]

Light diffusion plates are used for direct liquid
display device and the like. The direct liquid cry
device is a display device comprising a liquid crys
backlight device arranged directly below the liquid
Here, in the backlight device, LED is used as the |
the light diffusion plate is arranged at the front
source. Further, styrene-based resin composition ¢
resin which constitutes the light diffusion plate (

1).
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TECHNI CAL PROBLEM
[0004]

However, in order to meet the demand for high brig
LED used as the light source has become higherinp
heat generation amount has increased, thereby
insufficient long-term durability of the light diff
prepared with conventional styrene-based resin comp

addition, there are cases where strength does not m

requirement.
[0005]
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mentioned problems into consideration. The present
provides a light diffusion plate comprising a styre
composition, which can achieve superior long-term d
strength.

SCLUTI ON TO PROBLEM
[0006]

According to the present invention, a light diffus
comprising a styrene-based resin composition, where
based resin composition comprises a styrene-based r
antioxidant (B), and a light diffuser (C); the anti
includes at least one selected from phosphorus anti
phenol antioxidant (B-2), and phosphorus/phenol ant
the phosphorus antioxidant (B-1) and the
antioxidant (B-3) in total are contained by 0.001 t
mass with respect to 100 parts by mass of the styre
the phenol antioxidant (B-2) and the phosphorus/phe
(B-3) in total are contained by 0.001 to 0.5 parts
respect to 100 parts by mass of the styrene-based r
diffuser (C) is contained by 0.1 to 10 parts by mas
to 100 parts by mass of the styrene-based resin; an
is contained by 0.1to 10
is provided.

[0007]

The present inventors have conducted extensive stu
have found that when content of t-butyl catechol, p
antioxidant, phenol antioxidant, phosphorus/phenol
light diffuser in the styrene-based resin compositi
predetermined range, long-term durability and stren
thereby resulting in completion of the invention.

[0008]

Hereinafter, various embodiments of the presentin
be exemplified. The following embodiments can be ¢
other.

phosphorus

Preferably, the phosphorus antioxidant (B-1) is at
selected from: 2,2’-methylenebis(4,6-di-tert-butyl-
-ethylhexyloxy)phosphorus, tris(2,4-di-tert-butylph
3,9-bis(2,6-di-tert-butyl-4-methylphenoxy)-2,4,8,10
diphosphaspiro[5,5]undecane, tetrakis(2,4-di-tert-b
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[1,1-biphenyl]-4,4’diylbisphosphonite, and bis(2,4-
methylphenyl)ethyl phosphite.

Preferably, the phenol antioxidant (B-2) is at lea
selected from:
methylphenyl)propoxy]-2,4,8,10-tetra-tert-
butyldibenzol[d,f][1,3,2]dioxaphosphepine, octadecyl
butyl-4-hydroxyphenyl)propionate, ethylenebis(oxyet
tert-butyl-4-hydroxy-m-tolyl)propionate],
tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propi
bis[2-[3-(3-tert-butyl-4-hydroxy-5-methylphenyl)pro
dimethylethyl]-2,4,8,10-tetraoxaspiro[5,5]undecane.

Preferably, the phosphorus/phenol antioxidant (B-3
(3-tert-butyl-4-hydroxy-5-methylphenyl)propoxy]-2,4
tert-butyldibenzo[d,f][1,3,2]dioxaphosphepine.

Preferably, the light diffuser (C) is at least one
from cross-linked acryl-based polymer particles, cr
styrene-based polymer particles, and cross-linked s
polymer particles.

Preferably, the styrene-based resin (A) has a weig
molecular weight (Mw) of 200,000 to 400,000, and a
weight average molecular weight (Mw) and number ave
weight (Mn) (Mw/Mn) is 1.0 to 3.0.

Preferably, the light diffusion plate is used for
source.

Preferably, the direct surface light source unit c
light diffusion plate.

MODE FOR CARRYI NG OQUT THE | NVENTI ON
[0009]

Hereinafter, embodiments of the present invention
described. The characteristic features shown in th
embodiments can be combined with each other. Here,
be established independently for each one of the ch
features.

[0010]
1. light diffusion plate

The light diffusion plate according to one embodim
present invention is a light diffusion plate compri
based resin composition. The thickness of the ligh
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is not particularly limited. Here, the thickness i
example. In addition, the light diffusion plate ca
with a UV absorbing layer which is formulated with
light stabilizer.

[0011]

The light diffusion plate according to one embodim
an antistatic agent applied thereon. When the anti
applied, adhesion of dust and the like due to stati
be suppressed after installing the light diffusion
backlight device. Therefore, the light diffusion p
for a long period of time without deterioration of
addition, the light diffusion plate of the present
have fine surface roughness such as embossing on bo
one side thereof. Otherwise, the light diffusion p
semicircular or elliptical lens shape or a prism sh
both sides or on one side thereof.

[0012]
<styrene-based resin composition>

The styrene-based resin composition comprises a st
resin (A), an antioxidant (B), and a light diffuser
of t-butyl catechol in the styrene-based resin comp
to 10 ug/g. When the content is in such range, long-term
and strength becomes superior. The content of the
is, particularly for example, 0.1, 0.5, 1, 1.5, 2,
7,8,9,0r 10
exemplified herein. When the content of t-butyl ca

than0.1  ug/g, the effect of suppressing oxidation degradatio

thermoforming process becomes small, thereby
degradation of the strength of the light diffusion
content of t-butyl catechol exceeds 10

serves as a colorant, and thus not only the long-te

the light diffusion plate deteriorate, but strength

deteriorates.
[0013]
<styrene-based resin (A)>

Styrene-based resin (A) is a resin obtained by pol
styrene-based monomer as the main component. Inpa
based resin is a resin which contains more than 50%
monomer. The styrene-based monomer is either one o
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two or more of styrene,
styrene, m-methyl styrene, ethyl styrene, p-t-butyl
like which are aromatic styrene-based monomers. Pr
styrene-based monomer is styrene. In addition, sty
(A) can be a copolymer obtained by copolymerizing a
is copolymerizable with the styrene-based monomer,
based monomer. As the monomer which is copolymeriz
styrene-based monomer, for example, acrylic acid mo
acrylic acid and methacrylic acid; vinyl cyanide mo
acrylonitrile and methacrylonitrile; acryl-based mo
butyl acrylate, ethyl acrylate, methyl
methacrylate;
maleic anhydride and fumaric acid; imide-based mono
maleimide and cyclohexyl maleimide; can be mentione
can be used alone, or two or more of these canbe u
[0014]

The weight average molecular weight (Mw) of the st
resin (A) is preferably 200,000 to 400,000, more pr
to 290,000. In addition, the ratio of the weight a
weight (Mw) with respect to number average molecula
the styrene-based resin (A), (Mw/Mn) is preferably
preferably 1.5to 2.5. Further, the ratio of the Z
weight (Mz) with respect to the weight average mole
of the styrene-based resin (A), (Mz/Mw) is preferab
When they are in such range, both of formability an
light diffusion plate can be achieved. When the we
molecular weight (Mw) is 200,000 or more, the stren
When the weight average molecular weight (Mw) is 40
the formability is superior. When the ratio of the
molecular weight (Mw) and the number average molecu
is 1.0 or more, the formability is superior. When
weightaverage molecular weight (Mw) and the number
weight (Mn) is 3.0 or less, strength is superior.
the Z average molecular weight (Mz) and the weight
weight (Mw), (Mz/Mw) is 1.0 or more, formability is
the ratio of the Z average molecular weight (Mz) an
average molecular weight (Mw), (Mz/Mw) is 2.0 or le
superior.
[0015]
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<antioxidant (B)>

Antioxidant (B) comprises at least one of phosphor us
antioxidant (B-1), phenol antioxidant (B-2), and ph osphorus/phenol
antioxidant (B-3).

[0016]
The styrene-based resin composition contains, with respect to

100 parts by mass of the styrene-based resin, phosp
(B-1) and phosphorus/phenol antioxidant (B-3) by to
0.5 parts by mass, preferably 0.05 to 0.3 parts by
total contentisin such range, the light diffusion

in long-term durability and strength. The total co
phosphorus antioxidant (B-1) and phosphorus/phenol
3) with respect to 100 parts by mass of the styrene

horus antioxidant
tal of 0.001 to
mass. When the
plate is superior
ntent of the
antioxidant (B-
-based resin is,

particularly for example, 0.001, 0.005,0.01,0.02, 0.03,0.04,0.05,
0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, or 0.5 parts by mass,
and can be in the range between the two values exem plified herein.
[0017]
The phenol antioxidant (B-2) and the phosphorus/ph enol

antioxidant (B-3) are contained by total of 0.001 t
mass, preferably 0.02 to 0.3 parts by mass, and fur
0.051t0 0.15 parts by mass. When the total content
the light diffusion plate is superior in long-term
strength. The total content of the phenol antioxid
phosphorus/phenol antioxidant (B-3) with respect to
mass of the styrene-based resin is, particularly fo
0.005, 0.01,0.02,0.03,0.04,0.05,0.1,0.15,0.2
0.4, 0.45, or 0.5 parts by mass, and can be in the
two values exemplified herein.
[0018]

The phosphorus antioxidant (B-1) is phosphate or p
which does not have phenolic hydroxyl group in its
and is preferably a phosphite which is a trivalent
compound. The phosphorus antioxidant (B-1) is, for
one selected from 2,2’-methylenebis(4,6-di-tert-but
(2-ethylhexyloxy)phosphorus, tris(2,4-di-tert-butyl
3,9-bis(2,6-di-tert-butyl-4-methylphenoxy)-2,4,8,10
diphosphaspiro[5,5]undecane, tetrakis(2,4-di-tert-b
[1,1-biphenyl]-4,4’diylbisphosphonite, bis(2,4-di-t
methylphenyl)ethyl phosphite, and the like.
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[0019]

The phenol antioxidant (B-2) is an antioxidant whi ch has a
phenolic hydroxyl group in its basic structure and is not phosphate
nor phosphite. The phenol antioxidant (B-2) is, fo r example, at
least one  selected from octadecyl-3-(3,5-di-tert-bu tyl-4-
hydroxyphenyl)propionate, ethylenebis(oxyethylene)b Is[3-(5-tert-
butyl-4-hydroxy-m-tolyl)propionate], pentaerythrito | tetrakis[3-
(3,5-di-tert-butyl-4-hydroxyphenyl)propionate], 3,9 -bis[2-[3-(3-
tert-butyl-4-hydroxy-5-methylphenyl)propionyloxy]-1 ,1-
dimethylethyl]-2,4,8,10-tetraoxaspiro[5,5]undecane, and the like.
[0020]

The phosphorus/phenol antioxidant (B-3) is phospha te or
phosphite which has a phenolic hydroxyl group in it s basic structure,
and is preferably a phosphite which is a trivalent phosphorus
compound having a phenolic hydroxyl group in its ba sic structure.
The phosphorus/phenol antioxidant (B-3) is, for exa mple, 6-[3-(3-
tert-butyl-4-hydroxy-5-methylphenyl)propoxy]-2,4,8, 10-tetra-tert-
butyldibenzold,f][1,3,2]dioxaphosphepine and the li ke.

[0021]
<light diffuser (C)>

In the styrene-based resin composition, the conten t of the
light diffuser (C) with respect to 100 parts by mas s of the styrene-
based resin is 0.1 to 10 parts by mass, preferably 0.5 to 3 parts
by mass, and further preferably 0.8 to 1.5 parts by mass. When the
content is in such range, the light diffusion plate IS superior in
long-term durability and strength. The content of the light diffuser
(C) with respect to 100 parts by mass of the styren e-basedresin is,
particularly for example, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,10,15,2,3,4,5,6,7,8,9, or 10 parts mass, and can be
in the range between the two values exemplified her ein.

[0022]

The light diffuser (C) are particles having a refr active index
which differs from that of the styrene-based resin composition.
There is no limitation to usage so long as it has a n effect to
diffuse the incident light. For example, organic p articles such as
cross-linked styrene-based polymer particles, cross -linked acryl-
based polymer particles, and cross-linked siloxane- based polymer
particles; and inorganic particles such as glass be ads, silica
particles, aluminum hydroxide particles, calcium ca rbonate particles,

7



barium sulfate particles, titanium oxide particles,

used. Among these, at least one selected from cros

based polymer particles, cross-linked styrene-based
particles, and cross-linked siloxane-based polymer
preferable. The mean particle size of the light di
preferably 1 to 20
diffuser (C) is less than 1
the mean particle size of the light diffuser (C) ex
are cases where light diffusing property is not suf
[0023]

<other additives>

The styrene-based resin composition can be formula

various additives as necessary to an extent that it
the properties of the present invention. The kind

is not particularly limited so long as it is genera
plastics. For example, flame retardant, lubricant,
anti-blocking agent, antistatic agent, antifogging
resistance improver, softening agent, plasticizer,
reinforcing agent, crosslinking agent, pigment, dye
thereof can be mentioned.

[0024]

2. manufacturing method of styrene-based resin comp
diffusion plate

The styrene-based resin composition of the present
can be manufactured by formulating antioxidant (B)

(C) to the styrene-based resin (A). The antioxidan
diffuser (C) can be added when the styrene-basedre
or the antioxidant (B) and light diffuser (C) can b
after polymerizing the styrene-based resin (A), and
kneaded with an extruder. Further, manufacture can
out by melting and kneading the antioxidant (B) and
(C) with a small amount of styrene-based resin befo

a pellet master batch, and then dry blending the ma
the styrene-based resin (A) followed by melting and
[0025]

As the polymerization method of the styrene-based
styrene polymerization method such as bulk polymeri
polymerization, suspension polymerization, and
polymerization can be mentioned. In
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productivity, bulk polymerization and solution poly
preferable, and it is preferable that these methods

merization are
are continuous

polymerization. As the solvent, alkylbenzene such as benzene,
toluene, ethylbenzene, and xylene; ketone such as a cetone and methyl
ethyl ketone; and aliphatic hydrocarbon such as hex ane and
cyclohexane can be used.
[0026]

When the styrene-based resin (A) is  polymerized,
polymerization auxiliary agent such as polymerizati on initiator,

chain transfer agent, crosslinking agent, and other
auxiliary agent can be used as necessary. As the p
initiator, radical polymerization initiator is pref

radical polymerization initiator, for example, pero
1,1-di(t-butylperoxy)cyclohexane, 2,2-di(t-butylper

di(4,4-di-t-butylperoxycyclohexyl)propane, and 1,1-

amylperoxy)cyclohexane; hydroperoxide such as cumen
and t-butyl hydroperoxide; alkyl
peroxyacetate and t-amyl peroxyisononanoate; dialky
as t-butyl cumyl peroxide, di-t-butyl peroxide, dic
and di-t-hexyl peroxide; peroxy ester such as t-but

peroxide such as t

polymerization
olymerization
erable. Known
xyketal such as
oxy)butane, 2,2-
di(t-
e hydroperoxide
-butyl
| peroxide such
umyl peroxide,
yl peroxyacetate,

t-butyl  peroxy benzoyate, and t-butyl peroxy isopro pyl
monocarbonate; peroxycarbonate such as t-butyl pero Xy isopropyl
carbonate and polyether tetrakis(t-butyl peroxycarb onate); N,N’-
azobis(cyclohexane-1-carbonitrile), N,N’-azobis(2-
methylbutyronitrile), N,N’-azobis(2,4-dimethylvaler onitrile), N,N’-

azobis[2-(hydroxymethyl)propionitrile] and the like
These polymerization initiators can be used alone,
of these can be used in combination. As the chain
aliphatic mercaptan, aromatic mercaptan, pentapheny
methylstyrene dimer, and terpinolene can be mention
[0027]

When continuous polymerization is performed, the s
resin can be manufactured by amethod comprising po
devolatilization step, and pelletizing step.

[0028]

First, in the polymerization step, conventional co
stirred tank-type agitation tank or column reactor
polymerization reaction is controlled by
polymerization temperature and the like to achieve

adjusting
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weight, molecular weight distribution, and reaction
[0029]

The polymerization solution containing the polymer
polymerization step is transferred to the devolatil
the unreacted monomer and the polymerization solven
The devolatilization step comprises a vacuum devola
equipped with a heater, a devolatilizing extruder e
vent, and the like. The molten polymer after the d
step is transferred to the pelletizing step. In th
step, the molten resin is extruded into strands fro
and processed into pellets by cold cut method, air-
method or underwater hot cutting method.

[0030]

The content of t-butyl catechol in the styrene-bas
composition can be adjusted by adjusting the conten
the polymerization of the styrene-based resin (A),
the contentduring the devolatilization step and th
The content of t-butyl catechol can be adjusted by
catechol before or after adding antioxidant (B) or
(C) to the styrene-based resin (A).

[0031]

The light diffusion plate can be manufactured by m
styrene-based resin compaosition by various methods
molding and injection molding. Here, the light dif
manufactured preferably by extrusion molding. As a
extrusion molding, a method in which the styrene-ba
composition is melt and kneaded using a single-scre
twin-screw extruder, followed by continuous extrusi
and then cooling and solidifying using a cooling ro
mentioned. When surface roughness is provided on t
light diffusion plate, a transfer mold is provided
of the cooling roll, and the shape of the transfer
to form a desired surface roughness. Further, when
is laminated on both sides or one side of the light
methods such as co-extrusion method, lamination met
bonding method, solvent bonding method, casting met
coating method and the like can be adopted.

[0032]
3. others
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The light diffusion plate according to one embodim
present invention can be used as a light diffusion
light source.

In addition, the direct surface light source unit
one embodiment of the present invention is a direct
source unit having the afore-mentioned light diffus

EXAMPLE
[0033]
Hereinafter, the presentinvention will be explain
detail with reference to the Examples. However, th
merely for exemplification, and shall not limit the
present invention.
[0034]
1. measurement method
<molecular weight>
Number average molecular weight (Mn), weight avera
weight (Mw), and Z average molecular weight (Mz) we
gel permeation chromatography (GPC) with the follow
GPCInstrument: Shodex GPC-101, available from Sho
Column: PLgel 10 um MIXED-B, available
Laboratories Inc.
Mobile phase: tetrahydrofuran
Sample concentration: 0.2 mass%
Temperature: oven 40 °C, inlet 35 °C, detector 35
Detector: refractive index detector
Molecular weight is calculated as polystyrene equi
molecular weight obtained for each of the elution t
curve of monodisperse polystyrene.
[0035]
<melt mass flow rate (MFR)>
Measurementwas carried outin accordance with JIS
the conditions of 200 °C temperature and 49 N load.
[0036]
<Vicat softening temperature>
Measurementwas carried outin accordance with JIS
conditions of 50 °C/hr programming rate and 50 N ev
[0037]
<content of t-butyl catechol (TBC)>
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After dissolving 0.2 g of styrene-basedresinina smallamount

of THF, 200 uL of BSTFA (M,O-bis(trimethylsilyl(trifluoro acetam ide)
was added to perform trimethylsilyl-derivatization treatment.
Subsequently, volume was fixed to 10 mL with THF, a nd the supernatant
solution separated by centrifugation was analyzed w ith gas
chromatography mass spectrometry (GC/MS) under the following
conditions. Here, concentration was determined wit h a calibration
curve prepared in advance.

GC Instrument: 7890A, available from Agilent Techn ologies

Column: DB-5ms (0.25 mm i.d. x 30 m), liquid phase film
thickness 0.25 um, available from Agilent Technologies

Column temperature: 50 °C (1 min) — (20 °C/min tem perature

increase) — 320 °C (6.5 min) total 20 min
Inlet: 300 °C, 1.5 mL/min, (split ratio 1:5)

Injection amount: 1 pL

MS Instrument: 5975C, available from Agilent Techn ologies

Interface temperature: 320 °C

MS detection conditions: SIM measurement TBC (m/z for
guantitative analysis 295, m/z for verification 310 )
[0038]
<total light transmittance, YI>

Total light transmittance in the thickness directi on of the
light diffusion plate was measured in accordance wi th JIS-K7105 using
turbidimeter NDH5000 available from NIPPON DENSHOKU INDUSTRIES CO.,
LTD.
[0039]
<YI>

Yl of light diffusion plate was measured in accord ance with
reflection method of JIS-K7105 using colorimeter/co lor-difference
meter NDJ4000 available from NIPPON DENSHOKU INDUST RIES CO., LTD.
[0040]
<average brightness difference>

Liquid crystal panel, various optical films, and | ight
diffusion plate were removed from commercially avai lable 20-inch
direct LED liquid crystal television. The central portion of the
light diffusion plate was cut out by a 115 mm x 115 mm square.
Evaluation test pieces of 115 mm x 115 mm prepared by cutting the
light diffusion plate obtained by Examples and Comp arative Examples,
or evaluation test pieces of 115 mm x 115 mm after durability test

12



were installed in the cut out portion, and then rep
flame of the liquid crystal television. Subsequent
commercially available light diffusion films were |
front surface of the light diffusion plate, and one
enhancement film (“DBFF”, available from 3M) was fu
on the front surface side thereof. With the LED tu
brightness of each spot (51 x 51 = 2601 locations)
the entire front surface of the liquid crystal tele
multi-point brightness meter. Average value of the
taken as the average brightness (cd/m 2).
brightness difference (%) was obtained from the fol
average brightness difference (%) = [(average brig
Examples)-(average brightness of Comparative Exampl
brightness of Comparative Example 1) x 100
[0041]
<diffusion rate>
Goniophotometer available from Optec was used to a
light from the light source to enter the surface of
diffusion plate with an angle perpendicular to the
brightness of the transmitted light at the angle of
degrees, and 70 degrees when the angle perpendicula
of the light diffusion plate was taken as O degrees
Diffusion rate was obtained from the following equa
Light diffusion rate (%) = (brightness at 20 degre
brightness at 70 degrees)/(brightness at 5 degrees
[0042]
<strength>
The light diffusion plate was cut out into 200 mm
square, and used as evaluation test piece. A ball
was used to measure 50 % impact-failure height in a
JIS K-7211. Evaluation was made in accordance with
criteria.
A: 50 % impact-failure height was more than 40 cm
B: 50 % impact-failure height was 20 to 40 cm
C: 50 % impact-failure height was less than 20 cm
[0043]
2. durability test
The light diffusion plate was cut out into 115 mm
square, and was used as evaluation test piece. The
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piece was exposed for 1,000 hours in a 80
available from Kusumoto Chemicals, Ltd.
[0044]
The results of long-term durability evaluation are
each of the measurement results after the durabilit
[0045]
3. synthesis of styrene-based resin
Styrene-based resins PS-1
accordance with the conditions shown in Table 1.
[0046]
(synthesis of PS-1)
First reactor and second reactor which are complet
agitation tanks and third reactor which is a plug f
static mixer were connected in series to constitute
step. Manufacture of styrene-basedresinwas perfo
with the conditions shownin Table 1. Volume of ea
were set as 39 liters for the first reactor, 39 lit
reactor, and 16 liters for the third reactor. Raw
was prepared with the raw material composition show
the raw material solution was continuously supplied
reactor with the flow rate shown in Table 1. The p
initiator was added to the raw material solution an
so that the addition concentration (concentration b
of the raw material styrene) at the inlet of the fi
satisfy the value shown in Table 1. The polymeriza
shown in Table 1 are as follows.
polymerization initiator-1: 2,2-di(4,4-t-butyl
cyclohexyl)propane (PERTETRA A, available from NOF
used)

per

polymerization initiator-2: 1,1-di(t-butylperoxy)c
(PERHEXA C, available from NOF CORPORATION was used
In the third reactor, temperature gradient was pro
direction of the flow. Temperature was adjusted so
the temperatures at the middle portion and exit por
Table 1.
Subsequently, the solution including the polymer t
continuously from the third reactor was introduced
sequential vacuum devolatilization tanks equipped w
The temperature of the preheater was adjusted so th
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temperature shown in Table 1 was satisfied. Pressu re was adjusted

to the pressure shown in Table 1 to separate unreac ted styrene and
ethylbenzene. Thereafter, the polymer was extruded into strands
from a porous die, and the strand was cooled and cu t into pellets
by cold cut method.
[0047]

PS-2 to PS-5 were synthesized in a similar manner as PS-1
except for altering the conditions as shown in Tabl el.
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[0048]

[Table 1]
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[0049]
4. Examples and Comparative Examples

Examples and Comparative Examples were performed i
with the following procedures.
[0050]
<Example 1>

With respect to 100 parts by mass of styrene-based
1) containing t-butyl catechol (TBC) by the amount
0.2 parts by mass of phosphorus antioxidant (HP-10)
mass of phosphorus/phenol antioxidant (GP), and 1.0
of light diffuser (MBX-8) were mixed using a blende
was further mixed using a single-screw extruder hav
diameter of 40 mm under 230
screw rotation number, thereby obtaining the styren
composition.

[0051]

Subsequently, the styrene-based resin composition
to a single-screw extruder equipped with a vent hav
diameter of 90 mmand L/D of 32. The styrene-based
was melt and kneaded at 200 to 235
T-die having a lip width of 1000 mm and lip-opening
mm, at a T-die temperature on 245 to 250
composition was cooled and solidified using a verti
roll mill, and then the end face was trimmed to obt
diffusion plate with a width of 800 mm and a thickn
The initial optical properties of the light diffusi
measured in accordance with the measurement methods
strength was measured. Thereafter, durability test
and the optical properties after the durability tes
in accordance with the measurement methods. Result
Table 2.

[0052]
<Examples 2 to 15, Comparative Examples 1 to 7>

Examples 2 to 15 and Comparative Examples 1to 7 w
in a similar manner as Example 1 by altering the co
in Table 2 and Table 3, thereby obtaining the resin
the light diffusion plates. Measurements were perf
results are shown in Table 2 and Table 3.

[0053]

17

n accordance

resin (PS-
shown in Table 1,
, 0.1 parts by

parts by mass
r. The mixture
ing a screw

°C of screw temperature and 100 rpm of

e-based resin

was supplied
ing a screw

resin composition
°C, followed by ejection from a

degree of 3.0

°C. The ejected resin
calarrangedthree

ain a light
ess of 2.0 mm.
on plate were
, and initial
was performed,
t were measured
s are shown in

ere performed
nditions shown
compositions and

ormed and the



[Table 2]

\4 S| \4 \4 \4 \4 \4 \4 \4 \4 \4 \4 \4 \4 \4 - yBus s
43 44 0€ (34 8Y 8¢ 4 L'E 8¢ oy 06 Ly 06 ¥'G 4 - 90USJS}JIp SSoUYsliq aseone (4000’ X 9,08)
L'E oY ¥ 8¢ L'C oY ¢ ¥'e 9¢ '€ L¢ 6¢C LC 8¢ 9¢ 1A eanp E‘_culmco_
GS GG EE] 6G 9§ ] LS LS LS LS 6G 09 09 19 09 % ddoueRWisue Ysl| €10} uonen|eAs
€L cL 0L GL 09 cL YL €L <L €L cL <L <L cL <L 93eJ uoisnylp
o.v —.w o.v m.w o.m o.w m.w N.w _.v m.w m.m m.v N.m m.m v.m - S0USJSHIp SSeURYSLIq o5eione Aysedoud [eondo
1€ 0¢ 1€ 8¢ 9¢ 0¢ 6¢ 8¢ 0€¢ 0¢ G¢ 8¢ G¢ L¢ G¢ 1A
86 LS 86 09 LS LS 65 EE] 86 86 09 19 09 9 19 % douepisue ysl| €10}
Gl §¢ Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl 3/37 04l J0 Jusjuod
10 G600 10 10 10 G500 600 ¢00 500 10 10 10 10 10 1’0 [ssew Aq syed €-9 pue ¢-g jo 210} uoryisodwod
10 G00 €0 €0 €0 G500 10 10 10 10 €0 €0 €0 €0 €0 |[ssew Aqsped €-9 pue |-g jo [B30}
0l 0l 0l G0 0€ 0l 0l 0l 0l 0l 0l 0l 0l 0l 0] [ssew Aqsyed junowe uonippe (0) Josnyp 8|
8-XdIN |8-XaI | 8-XdIN | 065-dINM | 8-XES | 8-X8WN |8-XHdIN |8-XdIN |8-XdIN |8-X8IN |8-XHIN |8-XEIN |8-X8aN |8-XaIN | 8-XEIN - °diy ' ’
0 0 10 10 10 G500 0 0 0 0 10 10 10 10 1’0 [ssew Aq sjed junowe uonippe (€-9) uepixonue
- - do do do do - - - - do do do do do - 30AY Jousyd,/snioydsoyd
10 G00 0 0 0 0 600 ¢00 G500 10 0 0 0 0 0 SSews Aq sped -9) uone|nwLIoy
9.0l | 9.0l - - - - 080V | 010l G¥¢ 9.0l - - - - - - uepixonue jousayd|
10 600 0 ¢0 0 0 10 10 10 10 ¢0 0 4 ¢0 ¢0 | ssew Aq syed junowe uonippe -9
891 [O0l-dH |[0l-dH| O0l-dH |0l-dH - 891 891 891 891 8¢ |Od3-d[9¢-d3id| 891 [0l-dH - 90A3| uepixonue snioydsoyd
00} 001 001 00} 00} 001 00} 00} 00} 00} 001 00} 001 00} 00} [ ssew Aq syed junouwe uonippe V)
¢-Sd | €-Sd | ¢-Sd 1-Sd 1-Sd 1-Sd 1-Sd | 1-Sd | I-Sd | I-Sd | 1-Sd | I-Sd | I-Sd | I-Sd | I1-Sd - 90dAY ulsaJ paseq-auaJAls
Sl 4] €l ¢l 1l ol 6 8 L 9 4 I4 € [ I
9|dwex3 [

18



[0054]

[Table 3]
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sents the

Each of the abbreviations shown in the Table repre
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followings.

HP-10: 2,2’-methylenebis(4,6-di-tert-butyl-1-pheny
ethylhexyloxy)phosphorus (HP-10, available from ADE

168: tris(2,4-di-tert-butylphenyl)phosphite  (Irgaf
available from BASF Japan, Ltd.)

PEP-36: 3,9-bis(2,6-di-tert-butyl-4-methylphenoxy)
tetraoxa-3,9-diphosphaspiro[5,5Jundecane (PEP-36, a
ADEKA Corporation)

P-EPQ: tetrakis(2,4-di-tert-butylphenyl) [1,1-biph
4.,4'diylbisphosphonite (IrgafosP-EPQ, available fro
Ltd.)

38: bis(2,4-di-tert-butyl-6-methylphenyl)ethyl pho

(Irgafos 38, available from BASF Japan, Ltd.)

GP: 6-[3-(3-tert-butyl-4-hydroxy-5-methylphenyl)pr
2,4,8,10-tetra-tert-butyldibenzold,f][1,3,2]dioxaph
(Sumilizer GP, available from SUMITOMO CHEMICAL COM

1076: octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate (Irganox 1076, available f
Ltd.)

245: ethylenebis(oxyethylene)bis[3-(5-tert-butyl-4
tolyl)propionate] (Irganox 245, available from BASF

1010: pentaerythritol tetrakis[3-(3,5-di-tert-butyl
hydroxyphenyl)propionate] (Irganox 1010, available
Ltd.)

AO80: 3,9-bis[2-[3-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propionyloxy]-1,1-dimethylethyl]-2,4,8
tetraoxaspiro[5,5]undecane (AO-80, available from A
Corporation)

MBX-8: acryl-based cross-linked particles (mean pa

um, MBX-8, available from Sekisui Kasei Co., Ltd.)
SBX-8: polystyrene-based cross-linked particles (m

size of 8 um, SBX-8, available from Sekisui Kasei Co., Ltd.)

KMP-590: silicone-based cross-linked particles (me
size of 2 um, KMP-590, available from Shin-Etsu Chemical Co.,

of 8
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CLAI M5

1. A light diffusion plate, comprising a styrene-ba sed resin
composition, wherein:

the styrene-based resin composition comprises a st yrene-based
resin (A), an antioxidant (B), and a light diffuser ©);

the antioxidant (B) includes at least one selected from
phosphorus antioxidant (B-1), phenol antioxidant (B -2), and
phosphorus/phenol antioxidant (B-3);

the phosphorus antioxidant (B-1) and the phosphoru s/phenol
antioxidant (B-3) in total are contained by 0.001 t o0 0.5 parts by
mass with respect to 100 parts by mass of the styre ne-based resin;

the phenol antioxidant (B-2) and the phosphorus/ph enol
antioxidant (B-3) in total are contained by 0.001 t 0 0.5 parts by
mass with respect to 100 parts by mass of the styre ne-based resin;

the light diffuser (C) is contained by 0.1to 10 p arts by mass
with respect to 100 parts by mass of the styrene-ba sed resin; and

t-butyl catechol is contained by 0.1to 10 ug/ginthe styrene-

based resin composition.

2. The light diffusion plate of Claim 1, wherein th e phosphorus
antioxidant (B-1) is at least one selected from:
2,2’-methylenebis(4,6-di-tert-butyl-1-phenyloxy) (2 -
ethylhexyloxy)phosphorus,
tris(2,4-di-tert-butylphenyl)phosphite,
3,9-bis(2,6-di-tert-butyl-4-methylphenoxy)-2,4,8,10 -tetraoxa-
3,9-diphosphaspiro[5,5]undecane,
tetrakis(2,4-di-tert-butylphenyl) [1,1-biphenyl]-
4,4'diylbisphosphonite, and

bis(2,4-di-tert-butyl-6-methylphenyl)ethyl phosphit e.
3. The light diffusion plate of Claim 1 or 2, where in the phenol
antioxidant (B-2) is at least one selected from:
6-[3-(3-tert-butyl-4-hydroxy-5-methylphenyl)propoxy ]-
2,4,8,10-tetra-tert-butyldibenzold,f][1,3,2]dioxaph osphepine,
octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)prop ionate,
ethylenebis(oxyethylene)bis[3-(5-tert-butyl-4-hydro Xy-m-
tolyl)propionate],
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pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate], and

3,9-bis[2-[3-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propionyloxy]-1,1-dimethylethyl]-2,4,8
tetraoxaspiro[5,5]undecane.

4. The light diffusion plate of any one of Claims 1
the phosphorus/phenol antioxidant (B-3) is 6-[3-(3-
hydroxy-5-methylphenyl)propoxy]-2,4,8,10-tetra-tert
butyldibenzold,f][1,3,2]dioxaphosphepine.

5. The light diffusion plate of any one of Claims 1
the light diffuser (C) is at least one selected fro
acryl-based polymer particles, cross-linked styrene
particles, and cross-linked siloxane-based polymer

6. The light diffusion plate of any one of Claims 1
the styrene-based resin (A) has a weight average mo

(Mw) of 200,000 to 400,000, and a ratio of the weig
molecular weight (Mw) and number average molecular

(Mw/Mn) is 1.0 to 3.0.

7. The light diffusion plate of any one of Claims 1
LED light source.

8. A direct surface light source unit comprising th

diffusion plate of any one of Claims 1 to 7.
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