DESCRIPTION

Title of Invention

STYRENE RESIN COMPOSITION, MOLDED ARTICLE, AND LIGHGUIDE PLATE
Technical Field

[0001]

The present invention relates to a styrene-bassidh composition, a molded article, and a lightdgui
plate.
Background Art
[0002]

There are two types of backlights for liquid cayddisplays: the direct-light type, where the ligiource
is placed in front of the display unit, and the edight type, where the light source is placed lom side of the
display unit. The edge-light type backlight usesomponent called a light guide plate which guittes light
from the light source placed on the side to thatfad the display unit.

Acrylic resin, represented by polymethyl methaaiyl(PMMA), is used as the material for light guide
plates. However, since PMMA has high water absmmpthe light guide plate may warp or change i slue to
moisture absorption. In addition, since it is Bagiermally decomposed during molding, there jgablem that
the molded article tends to have a poor appearatean molded at a high temperature. To improveethes
problems, it has been proposed to use styrene-Jaweitic acid methyl copolymer as a material fdight guide
plate (see, for example, Patent Literature 1).

Citation List
Patent Literature
[0003]

Patent Literature 1 JP2003-075648
Summary of Invention
Technical Problem
[0004]

An object of the present invention is to providestgrene-based resin composition a molded article
thereof having excellent moisture and heat resistaand a light guide plate.

Solution to Problem
[0005]

The present invention is as follows.

(1) A styrene-based resin composition, wherein waeroxidation induction time of the styrene-based
resin composition measured in an oxygen atmospbEe200°C is t1 and an oxidation induction time bgt
styrene-based resin composition measured in aneoxggmosphere of 200°C after wet heat treatmend@fr
hours in an air atmosphere of 80°C and 90% humiglit?, t1-t2 is 20 minutes or less.

(2) The styrene-based resin composition of (1),reinel is 50 minutes or more.

(3) The styrene-based resin composition of (1)2)y ¢omprising a hindered phenol-based antioxidant

(B) and a phosphorus-based antioxidant (C2) whigsdhot have a phenolic hydroxyl group.



(4) The styrene-based resin compositiomnf one of (1) to (3), comprising a styrene-based resin (A)
having a styrene-based monomer unit and a (methi@ester-based monomer unit.

(5) The styrene-based resin compositionaafy one of (1) to (4), comprising a phosphorus-based
antioxidant (C1) having a phenolic hydroxyl group.

(6) The styrene-based resin composition of (3eneim the hindereebased phenol antioxidant (B) is at
least one compound selected from a group consisfingtadecyl-3-(3,5-di-tert-butyl-4 hydroxypherpidpionate,
ethylene bis(oxyethylenedis [3- (5-tert-butyl-4-hydroxy-m-tolyl) propiondteand pentaerythritol tetrakis [3-
(3,5-di-tert-butyl-4-hydroxyphenyl) propionate].

(7) The styrene-based resin composition of (3gneim the phosphorubased antioxidant (C2) is at least
one compound selected from a group consisting2¥nethylenebis(4,6-di-tert-butylphenyl)2-ethylhéptyosphite
and tris(2,4-di-tert-butylphenyl) phosphite.

(8) The styrene-based resin composition of (5)meim the phosphorus-based antioxidant (C1) iS6- [
(3-tert-butyl-4-hydroxy-5-methylphenyl) propoxy],48,10-tetra-tert-butyldibenzo [d, f] [1,3,2] dephosphepine.

(9) The styrene-based resin compositioranf one of (1) to (8), wherein an initial Y| value in an
optical path length of 115 mm is 2.5 or less.

(10) A molded article comprising the styrene-baseih composition ofiny one of (1) to (9),

(11) A light guide plate comprising the moldedaetof (10).

Advantageous Effects of I nvention
[0006]

According to the present invention, a styrene-bassin composition and a molded article thereeofrita
excellent moisture and heat resistance, and adigjde plate can be obtained.
Brief Description of the Drawings
[0007]

Fig.1 is a conceptual diagram of the method of mé@ag the oxidation induction time by a
chemiluminescence method (chemical luminescentadgth
Description of Embodiments
[0008]

In the present specification, for example, thereggion "A to B" means A or more and B or less.

[0009]

When an oxidation induction time of the styrenedsh resin composition measured in an oxygen
atmosphere of 200°C is t1 and an oxidation indactime of the styrene-based resin composition nredsin an
oxygen atmosphere of 200°C after wet heat treatrf@nt00 hours in an air atmosphere of 80°C and 90%
humidity is t2, t1-t2 is 20 minutes or less, prafdy 15 minutes or less, and more preferably 10utasor less.
By setting t1-t2 in such a range, deteriorationhak when stored in a high-temperature and high-thigyni
environment can be suppressed. Further, althonghcaease in the amount of the antioxidant adadedributes
to the maintenance of the oxidation induction time the other hand, it may adversely affect the hdenerefore,
when considering the balance, t1-t2 is preferabigidute or more, more preferably 2 minutes or mare] even
more preferably 4 minutes or more. Specificallyi2 is, for example, 0, 1, 2, 3, 4,5, 6, 7, 81®, 11, 12, 13, 14,



15, 16, 17, 18, 19, 20 minutes, and may be withénrange between any two of the numerical valuesplified
here.
[0010]

t1 is preferably 50 minutes or longer, more piar 70 minutes or longer, and even more preferbly
minutes or longer. When tl is in such a rangdpwéhg in a high temperature environment can bepeegsed.
Further, although an increase in the amount ofahiéoxidant added contributes to prolonging thedation
induction time, on the other hand, it may adversdigct the hue. Therefore, when considering tiarize, t1 is
preferably 500 minutes or less and more prefera®yminutes or less.

[0011]

The oxidation induction time is a value measurgd the chemiluminescence method (chemical
luminescent method). Changes in the luminescenueu@at of the styrene-based resin composition owvee t
were measured under the following conditions. Ftbm relationship between the obtained measuretimast
and the amount of light emitted, the time of thieisection of the straight line before the amodrtiminescence
changed and the straight line after the amountimiriescence increased was calculated as showw.irlFi The
styrene-based resin composition is gradually ordlizvhen heated in the presence of oxygen. When an
antioxidant is present in the sample, the antiodida gradually consumed by oxidation but a cortsémmount of
luminescence is observed during the presence dartiexidant. That is, the oxidation induction ¢éimepresents
the time at which the antioxidant is consumed &ed¢sin composition is rapidly oxidized.

Chemiluminescence measuring instrument: CLA-FSd4n{ifactured by Tohoku Denshi Sangyo Co.,
Ltd.)

Measurement temperature: 200°C

Oxygen flow rate: 100 mL/ min
[0012]

The styrene-based resin composition of the prasganhtion preferably comprises a styrene-baseid res
(A) which is a copolymer of a styrene-based monoamel a (meth) acrylic acid ester-based monomer.

[0013]

The styrene-based monomer is an aromatic vinydédbasonomer. Examples of the styrene-based
monomer include styrene, a-methylstyrene, o-methylstyrene, m-methylstyrenethylstyrene, and
p-tert-butylstyrene. The styrene-based monomer beaysed alone or a mixture of two or more may $edu
Among these monomers, styrene is preferably used fne viewpoint of a good hue.

[0014]

Examples of the (meth) acrylic acid ester-basedamer include (meth) acrylic ester such as methyl
(meth) acrylate, ethyl (meth) acrylate, butyl (medlerylate, 2-ethylhexyl (meth) acrylate, methytydate, ethyl
acrylate, n.-butyl acrylate, 2-methylhexyl acry|aeethylhexyl acrylate, decyl acrylate. The (methbrylic acid
ester-based monomer alone or a mixture of two alemuay be used. From the viewpoint of excellerg And
heat resistance, methyl (meth) acrylate is prefenated.

[0015]

The styrene-based resin (A) preferably has a obmtea styrene-based monomer unit of 20 to 80% by



mass and a content of a (meth) acrylic acid esteedh monomer unit of 80 to 20% by mass. Preferéidy
content of the styrene-based monomer unit is 360% by mass, and the content of the (meth) acadid

ester-based monomer unit is 70 to 40% by mass. nWhecontent of the monomer units is in such geathe
water absorption rate and the deformation rategmattsorption capacity) are low, an increase opwarchange in
size due to moisture absorption can be suppressetithe deterioration of the hue and the scratdoesto a
decrease in surface hardness can be suppressed.

[0016]

The styrene-based resin (A) may be copolymerizitd & monomer other than the (meth) acrylic acid
ester-based monomer in a range of 5% by massar l&amples of the monomer to be copolymerizellideca
vinyl monomer copolymerizable with a styrene-basethomer and a (meth) acrylic acid ester-based menanmd
include acrylonitrile, methacrylic acid, acrylicidcand maleic anhydride.

[0017]

The content of the styrene-based monomer unitladmeth) acrylic acid ester-based monomer unit in
the styrene-based resin can be measured by pywassichromatography under the following conditions

Pyrolysis furnace: PYR-2A (manufactured by Shima@nrporation)

Pyrolysis furnace set temperature: 525°C

Gas chromatograph: GC-14A (manufactured by Shimn&trporation)

Column: 3 mm diameter x 3 m, made of glass

Filler: FFAP Chromsorb WAW

Column temperature: 120°C

Carrier gas: Nitrogen
[0018]

As a method for producing the styrene-based resiknown method such as bulk polymerization, a
solution polymerization, a suspension polymerizatiand an emulsion polymerization can be used. aAs
operation method of the reactor, any of a contisutype, a batch type and a semi-batch type carppked.
From the viewpoint of quality such as transpareanyg productivity, the bulk polymerization or thelwimn
polymerization is preferable, and the continuougetys preferable. Examples of the solvent for itk
polymerization or the solution polymerization inddualkylbenzenes such as benzene, toluene, etlaglberand
xylene, ketones such as acetone and methyl ethgn&e and aliphatic hydrocarbons such as hexane and
cyclohexane.

[0019]

A known method can be adopted as the polymerizatiethod of the styrene-based resin. A radical
polymerization method is preferable because itsgrgple process and has excellent productivity.
[0020]

In the bulk polymerization or the solution polyrzetion of the styrene-based resin, a polymeriratio
initiator and a chain transfer agent can be usadittze polymerization temperature is preferablthanrange of 110
to 170°C. When continuous type bulk polymerizatisncontinuous type solution polymerization is @adrout,

the conversion rate of the styrene-based monontithen (meth) acrylic acid ester-based monomer efepably



60% or more at the outlet of the polymerizatiorpgtem the viewpoint of productivity.
[0021]

Examples of the polymerization initiators includeganic peroxides such as benzoyl peroxide,
tert-butylperoxybenzoate, 1,1-di (t-butylveroxyxthexane, 1,1-bis (t-butylperoxy) -3,3,5-trimettydlohexane,
1,1-bis (t-butylperoxy) -3,3,5-trimethylcyclohexane2,2-bis (4,4-di-tert-butylperoxycyclohexyl) propa
tert-butylperoxy isopropyl carbonate, dicumyl ped®x tert-butyl cumyl peroxide, tert-butyl peroxgdate,
tert-butyl peroxy-2-ethylhexanoate, polyether tasdtert-butyl peroxy carbonate), ethyl-3, 3-dair(tbutylperoxy)
butyrate, tert-butylperoxyisobutyrate and the like.

[0022]

The amount of the polymerization initiator addedieferably 0.001 to 0.2% by mass, more preferably
0.001 to 0.05% by mass, with respect to 100% bysro&the total amount of the monomers. When theusnof
the polymerization initiator added is too larges thue may deteriorate.

[0023]

Examples of the chain transfer agent include aliph mercaptans, aromatic mercaptans,
pentaphenylethane;methylstyrene dimer, terpinolene and the like.
[0024]

The amount of the chain transfer agent addedeife@bly 0.001 to 0.5% by mass, more preferabl§®.0
to 0.2% by mass, with respect to 100% by massetdtal amount of the monomers. When the amouthef
chain transfer agent added is 0.001 to 0.5% by nlasshermal stability is good.

[0025]

A known method can be used as a devolatilizatiethod for removing volatile components such as the
unreacted monomer and solvent used for the solytimgmerization from the solution after completion
polymerization of the styrene-based resin. Fommgta, a vacuum devolatilizing tank equipped witpraheater
or a devolatilizing extruder with a vent can be duseThe temperature of the styrene-based resinhén t
devolatilization step is preferably 200°C to 300A@re preferably 220°C to 260°C. When the tempegadf the
styrene-based resin in the devolatilization stepo@s high, the hue may deteriorate. The devatatdi molten
styrene-based resin is transferred to a granulgiroeess, extruded from a porous die in a stramoh,fand
processed into a pellet shape by a cold cut metmdjr hot cut method, or an underwater hot cuhate
[0026]

The unreacted monomer and the solvent used fati@olpolymerization removed in the devolatilizatio
step are preferably recovered, purified to remowpurities such as a polymerization inhibitor, mixeith a fresh
raw material and used as a recovery raw materBy. using the recovered raw material in combinatigth a
fresh raw material which does not contain a polynagion inhibitor, it is possible to reduce the taomt of the
polymerization inhibitor in the raw material sumgli to the polymerization step. The content of the
polymerization inhibitor in the raw material sugalito the polymerization step is preferably lesmth?2 ppm,
more preferably less than 9 ppm, further preferéddg than 6 ppm, and most preferably less thaond p When
the content of the polymerization inhibitor in trev material supplied to the polymerization stefess than 12

ppm, the transmittance and transparency are golbds difficult to remove all the polymerizationhibitors, and



the content of the polymerization inhibitor may ®@@1 ppm or more. In order to distinguish the raaterial
newly supplied to the production process of theestg- (meth) acrylic acid ester-based copolymemftbe
recovered raw material, the raw material newly fiegps referred to as a fresh raw material.

[0027]

As a method for recovering and purifying the unted monomer and the solvent used for solution
polymerization removed in the devolatilization stepknown method can be adopted. Examples of #thaod
include a method of condensing the gas of the etedamonomer and solvent, removed in the volatitrastep,
with a condenser, liquefying it, and purifying ittkva flash distillation column to separate and agenhigh boiling
point components. In addition, they include a rodtlef condensing and separating only the high topifioint
components from the gas of the unreacted monontesa@ment removed in the volatilization step witbandenser
or spray tower, and then condensing the remainiag @ith a condenser. The polymerization inhibitor
4-tert-butylcatechol has a boiling point of 285%&-tert-butyl-2,4-xylenol has a boiling point249°C. They
can be separated and removed as high boiling pomponents from the monomer and solvent. (Thergpjhioint
of styrene is 145°C, the boiling point of methylgtm) acrylate is 101°C, and the boiling point dfy#ftenzene is
136°C).

[0028]

The weight average molecular weight (Mw) of thgreste-based resin is preferably 50,000 to 450,000,
more preferably 70,000 to 300,000, and even moe¢emably 70,000 to 200,000. When the weight awerag
molecular weight (Mw) is less than 50,000, thergithe of the light guide plate may decrease. Wihenvteight
average molecular weight (Mw) exceeds 200,000 flthdity may decrease and the molding processghility
deteriorate. The weight average molecular weigvY can be controlled by the reaction temperatiie,
residence time in the polymerization step, the type addition amount of the polymerization initiathe type and
addition amount of the chain transfer agent, aedyhe and amount of the solvent used in the paigaigon step,
and the like.

[0029]

The weight average molecular weight (Mw) can basneed by gel permeation chromatography (GPC)
under the following conditions.

PC model: Shodex GPC-101 manufactured by Showadiérk.

Column: PLgel 1@um MIXED-B manufactured by Polymer Laboratories

Mobile phase: tetrahydrofuran

Sample concentration: 0.2% by mass

Temperature: Oven 40°C, inlet 35°C, detector 35°C

Detector: differential refractometer

The molecular weight of the present invention wakulated as the polystyrene-equivalent molecular
weight by calculating the molecular weight at ealhtion time from the elution curve of monodisperse
polystyrene.

[0030]
The total amount of the residual monomer and #sé&ual polymerization solvent in the styrene-based



resin is preferably 0.5% by mass or less, moreepabfy 0.2% by mass. When the total amount ofréiseual
monomer and the polymerization solvent exceeds ®p¥ass, the heat resistance may be insufficient.
[0031]

The residual monomer and the residual polymedpagolvent are the amounts of the monomer and the
polymerization solvent remaining in the styrenedohsesin and include styrene, methyl (meth) aayland
ethylbenzene. The amount of the residual monomerthe residual polymerization solvent can be adfudy
the constituents of the volatilization step andabeditions of the volatilization step.

[0032]

The amount of the residual monomer and the rekigolgmerization solvent were measured using a
capillary gas chromatograph under the followingditions. 0.2 g of styrene-based resin was preciseighed
and dissolved in 10 mL of tetrahydrofuran contajnindiethylbenzene as an internal standard sulestangrepare
a sample.

Capillary gas chromatograph: GC-4000 (manufactbse@L Sciences Inc.)

Column: InertCap WAX, inner diameter 0.25 mm, N80 m, film thickness 5@m manufactured by
GL Sciences Inc.

Injection temperature: 180°C

Column temperature: 60°C to 170°C

Detector temperature: 210°C

Split ratio: 5/1
[0033]

The total amount of the dimer or trimer (hereieafteferred to as oligomer) of the styrene-based
monomer and the (meth) acrylic acid ester-basedomenin the styrene-based resin is preferably 2%nags or
less. It is more preferably 1% by mass or lesshelthe total amount of oligomers exceeds 1% bysnthe
heat resistance of the light guide plate may befficgent.

[0034]

The oligomer was measured using a gas chromatograger the following conditions. 200 mg of a
styrene-based resin was dissolved in 2 mL of 1cBldiomethane, 2 mL of methanol was added to thdiso to
precipitate a polymer, and the mixture was allow@dstand, and then the supernatant obtained wat asa
sample.

Gas chromatograph: HP-5890 (manufactured by Hewkatkard Company)

Column: DB-1 (ht), 0.25 mm x 30 m, Film thickn€s& um

Injection temperature: 250°C

Column temperature: 100 -300°C

Detector temperature: 300°C

Split ratio: 50/1

Internal standard substance: n-eicosane

Carrier gas: Nitrogen



[0035]

The styrene-based resin composition of the presewention preferably comprises a hindered
phenol-based antioxidant (B). Examples of the d&iad phenol-based antioxidant include
octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl) pionate, ethylene bis (oxyethylene) bis
[3-(5-tert-butyl-4-hydroxy-m-tolyl) propionate], S bis [2-[3-(3-tert-butyl-4-hydroxy-5-methylphenyl)
propionyloxy]-1,1-dimethylethyl]-2,4,8,10-tetraoxao [5.5] undecane, pentaerythritol tetrakis
[3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate]4,6-bis (octylthiomethyl)-o-cresol, 4,6-bis[(dogéhio)
methyl]-o-cresol, 2,4-dimethyl-6-(1-methylpentadicy phenol, tetrakis
[methylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl)gmionate] methane, 4,4'-thiobis (6-tert-butyl-3-hydpphenol),
1,1,3-tris  (2-methyl-4-hydroxy-5-tert-butylphenylutane, 4,4'-butylidenebis (3-methyl-6-tert-buty@pbl),
bis-[3,3-bis-(4'-hydroxy-3'-tert-butylphenyl)-butaio acid]-glycol ester,
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbeyi4-methylphenyl acrylate,
2-[1-(2-hydroxy-3,5-di-tert-pentylphenyl) ethyl]&t, di-tert-pentylphenyl acrylate and the like. Thindered
phenol-based antioxidant may be used alone, obtvmeore kinds thereof may be used in combination.

[0036]

The content of the hindered phenol-based antioxi(B) is preferably 0.001 to 0.3 parts by masg an
more preferably 0.03 to 0.09 parts by mass witheetsto 100 parts by mass of the styrene-based ¢a%i By
adjusting the content of the hindered phenol-bametibxidant (B) within this range, a styrene-bagedin
composition having an excellent hue can be obtained
[0037]

The styrene-based resin composition of the praseention preferably comprises a phosphorus-based
antioxidant (C1) having a phenolic hydroxyl groupghe phosphorus-based antioxidant (C1) containethen
styrene-based resin composition is a trivalent phogis compound having a phenolic hydroxyl grouthnbasic
skeleton. The phosphorus-based antioxidant (Céxsily hydrolyzed as compared with other phosptibased
antioxidants and has a high effect of improving tlue of the obtained styrene-based resin compositidhe
phosphorus-based antioxidant (Cl) is 6- [3- (3etyl-4-hydroxy-5-methylphenyl) propoxy]
-2,4,8,10-tetra-tert-butyldibenzo [d, ] [1,3,2pbaBphosfepine and the like.

[0038]

The content of the phosphorus-based antioxidaf) {€ preferably 0.001 to 0.3 parts by mass, more
preferably 0.03 to 0.09, and more preferably 0d)B.08 parts by mass, with respect to 100 partsags of the
styrene-based resin (A). By adjusting the contérthe phosphorus-based antioxidant (C1) withis tiainge, a
styrene-based resin composition having an excetleatcan be obtained.

[0039]

The styrene-based resin composition of the preismention preferably contains a phosphorus-based
antioxidant (C2) other than the phosphorus-basdthxiaant (C1) having a phenolic hydroxyl group. her
phosphorus-based antioxidant (C2) contained instigeene-based resin composition is a trivalent phosis
compound having no phenolic hydroxyl group in tlasib skeleton. The phosphorus-based antioxida2it i&C
less likely to be hydrolyzed than the phosphoruseantioxidant (C1), but the effect of improvihg thue of the



styrene-based resin composition is long-lastinghatTis, it can particularly contribute to moistueied heat
resistance. Examples of the phosphorus antioxid@f) is 3,9-bis (2,6-di-tert-butyl-4-methylphendxy
-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5. 5] undecabis (2,4-dicumylphenyl) pentaerythritol diphbie,
2,2'-methylenebis (4,6-di-tert-butylphenyl) 2-etmgkyl phosphite, tris (2,4- di-tert-butylphenyl) gaphite, bis
[2,4-bis (1,1-dimethylethyl) -6-methylphenyl] ethykster phosphorous acid, bis (2,4-di-tert-butylptien
pentaerythritol diphosphite, cyclic neopentanetditia (octadecylphosphite), bis (nonylphenyl) penyghritol
diphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4 ’ -biphenylenediphosphinate ,
9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide, tetrakis (2,4-di-tert-butyl-5-methylphenyl)
-4,4'-biphenylenediphosphonite,and the like. Frthra viewpoint of sustaining the effect of improvitge,
2,2'-methylenebis (4,6-di-tert-butylphenyl) 2-etigkyl phosphite or tris (2,4-di-tert-butylphenylhgsphite is
preferable. The phosphorus-based antioxidant (@) be used alone, or two or more of these cansbd in
combination.

[0040]

The content of the phosphorus-based antioxidag) {€ preferably 0.001 to 0.3 parts by mass, more
preferably 0.03 to 0.09, and more preferably 0®9.08 parts by mass with respect to 100 parts &gsnof the
styrene-based resin (A). By adjusting the conténihe phosphorus-based antioxidant (C2) withis thinge, the
styrene-based resin composition having an excdléidl hue and an excellent hue over a long mkdbtime can
be obtained.

[0041]

The mixing ratio of the phosphorus-based antiaid€1) and the phosphorus-based antioxidant (€2) i
preferably in the range of 3:1 to 1:3, and morefgrebly 2:1 to 1:2 by mass. By adjusting to thasge, the
balance between the hue and the durability of Biaimed styrene-based resin composition is improved
[0042]

As a method for producing the styrene-based resmposition, a known method can be adopted.
Examples of the method include adding the hindepbdnol-based antioxidant (B), the phosphorus-based
antioxidant (C1), and the phosphorus-based antioi¢C2) in the production process such as a poizatéon
step of styrene-based resin, a volatilization stem] a granulation step, and adding them afterutiveacted
monomer and the solvent are removed in the delinidion step is preferable. When a vacuum deilziag
tank is used, the method of adding molten hindgtezhol-based antioxidant (B), a phosphorus-bastodxatant
(C1), and a phosphorus-based antioxidant (C2)datyrene-based resin extracted from the devaiatjitank and
mixing the mixture with a static mixer may be usedVhen using a devolatilizing extruder with a vehe method
of adding hindered phenol-based antioxidant (Bphasphorus-based antioxidant (C1), and a phospt@sed
antioxidant (C2) and mixing after the vent zone rhayused. The method of using an extruder andknekding
the hindered phenol-based antioxidant (B), the phosis-based antioxidant (C), and the phosphorsseba
antioxidant (C2) with the styrene-based resin (fgregranulation may also be used.

[0043]
Mineral oil may be added to the styrene-basechresimposition as long as the transparency is not

impaired. In addition, an internal lubricant sua stearic acid and ethylene bisstearyl amide,lfarsased
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antioxidant, a lactone-based antioxidant, an ultatr absorber, a hindered amine-based stabilaerantistatic
agent, and an external lubricant such as ethyleséelaryl amide may be added.
[0044]

The ultraviolet absorber has a function of supgpirgsdeterioration and coloring due to ultravioteys,
and Examples of them include benzophenone-basedzotimzole-based, triazine-based, benzoate-based,
salicylate-based, cyanoacrylate-based, malonic esidr-based, formamidine-based ultraviolet absorbEhese
can be used alone or in combination of two or mangl a light stabilizer such as hindered amine b&aysed in
combination.

[0045]

The Vicat softening temperature of the styreneedassin is preferably 95°C or higher, more prdfisra
98°C or higher. When the Vicat softening tempeamts less than 95°C, the heat resistance is ingirff, and the
molded article may be deformed depending on thgeusmvironment. (The Vicat softening temperatuses w
measured based on JIS K 7206 at a heating rate®6flar and a test load of 50 N.)

[0046]

The styrene-based resin composition can be uspdothuce a plate-shaped molded article by a known
method such as extrusion molding, injection moldic@mpression molding, blow molding, and the likel & can
be used as a light guide plate or the like.

[0047]

Since the styrene-based resin composition of ttesemt invention has excellent thermal stability,
non-product parts such as sheet scraps generatedantrusion molding and spools and runners gatia an
injection molding can be recovered and crushednairdd with a virgin raw material and the mixturendze used.
[0048]

The light guide plate is a member which has atfanof guiding the light incident from the end éaof
the plate-shaped molded article to the surface @idbe plate-shaped molded article and emittirgy liht from
there by the reflection pattern formed on one serfaf the plate-shaped molded article. The raflagbattern
can be formed by a method such as a screen prinmtgthod, a laser processing method, or an inkjehoae
Further, a prism pattern or the like can be pratide the surface (luminescence surface) oppostteetsurface on
which the reflection pattern is formed. The reflet pattern and the prism pattern of the platgpsdamolded
article can be formed at the same time as the nwldf the plate-shaped molded article and can bredd by a
mold shape in the injection molding and a roll #fan in the extrusion molding.

[0049]

An initial Y1 value of the styrene-based resin gmsition measured in the optical path length of kit
is preferably 2.5 or less, more preferably 2.0ess| Here, the "initial" means before the wet le@tment for
500 hours in an air atmosphere of 80°C and 90% diityni In the measurement, the spectral transnuéaat a
wavelength of 350 nm to 800 nm in an optical patigth of 115 mm was measured, and the Y| valuefiatchof
view of 2° with a C light source was calculated ading to JIS K7373. When the Y| value measuredrin
optical path length of 115 mm is higher than 2iB¢e the color changes with the optical path lengten used as

a backlight, color unevenness may occur on theasarbf the liquid crystal display device. Furthibe average
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value of the spectral transmittance at a waveleafy8650 nm to 800 nm measured in an optical patptkeof 115
mm is preferably 87% or more, more preferably 88%nore, and further preferably 89% or more.
EXAMPLES
[0050]

The present invention is described in further iletaelow with Examples. The present embodiments
are not limited to them.
[0051]
<Production Example of styrene-based resin A-1>

The styrene-based resin was produced by a conmiintgpe solution polymerization by the radical
polymerization method. A complete mixing tank tygigring tank was used as the first reactor, apilig flow
type reactor with a static mixer was used as tleerse reactor, and the first and the second reaetmrtor were
connected in series to form a polymerization stéphe capacity of the first reactor was 30 L, arel ¢apacity of
the second reactor was 12 L. Styrene (hereinafffsrred to as fresh Sty), which is industriallyeds was
prepared as the styrene-based monomer and thentatim of 4-tert-butylcatechol (hereinafter reéer to as
TBC) in the styrene was 10.2 ppm. Methyl (methjylate (hereinafter referred to as fresh MMA), whis
industrially used, was prepared as a (meth) acrglicd ester-based monomer, and the concentration of
6-tert-butyl-2,4-xylenol (hereinafter referred te &BX) in methyl (meth) acrylate was 4.9 ppm. Hbenzene
(hereinafter referred to as fresh EB) used indalbtrivas prepared as a polymerization solvent. tHeuy the gas
such as the monomer and the polymerization solgeparated from the vacuum devolatilizing tank vatuu
devolatilizing tank described later was condensed bondenser and purified by a flash distillatiatumn, which
was used as a recovery raw material. The condemtsaof TBX and TBC in the recovered raw mateviare
below the lower limit of detection. Using freshy,Stresh MMA, and recovered raw materials, a rawtemal
solution was prepared with a composition of Styzed8y mass, MMA: 41% by mass, and EB: 10% by masls an
the raw material solution was continuously supplg¢d flow rate of 8.0 kg/h in the polymerizatides The
ratio of the recovered raw material used in the rmaterial solution was 33% by mass. Further,
t-butylperoxyisopropyl monocarbonate as a polynadian initiator was continuously added to the raatenal
solution supply line so as to have a concentrabfoh50 ppm, and n-dodecyl mercaptan as a chaisfeaagent
was continuously added to the raw material solusiopply line so as to have a concentration of 500.p The
temperature of the first reactor was adjusted & C3the temperature of the second reactor wastdfuo have a
temperature gradient along the direction of fldve temperature at the intermediate part of therskosactor was
adjusted to 130°C, and the temperature at the topHe of the second reactor to be 145°C. The rpely
concentration at the outlet of the polymerizatit@pswas 65%, and the conversion rate of styrenenagtthyl
(meth) acrylate was 72%. The polymer solution ioomiusly taken out from the reactor was suppliedato
vacuum devolatilizing tank equipped with a prehedte separate unreacted styrene, methyl (meth)laery
ethylbenzene, and the like. The temperature optbheater was adjusted so that the polymer teryperim the
devolatilizing tank was 240°C, and the pressurthéndevolatilizing tank was 1 kPa. The polymer wasacted
from the vacuum devolatilizing tank by a gear puextruded into a strand shape, cooled with coalater, and

then cut to obtain a pellet-shaped styrene-bassd fel. The composition of A-1 was Sty: 50% byssmand
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MMA: 50% by mass. The weight average moleculamgiveof A-1 was 145,000, the total amount of theces
monomer and the residual polymerization solvent @&¥% by mass, and the total amount of the rekidua
oligomer was 0.35% by mass.
[0052]
<Production Example of styrene-based resin A-2>

The procedure was carried out in the same marser A-1 except that the raw material composition
was changed to Sty: 77% by mass, MMA: 13% by mass, EB: 10% by mass, the addition of n-dodecyl
mercaptan was stopped, the temperature of theréiesttor was set to 140°C, the temperature atntieennediate
part of the second reactor was set to 140°C antkthperature at the outlet part of the second ceaes 160°C.
The ratio of the recovered raw material used inréive material solution was 33% by mass. The coitiposof
A-2 was Sty: 82% by mass and MMA: 18% by mass. Whight average molecular weight of A-2 was 240,000
the total amount of the residual monomer and thielual polymerization solvent was 0.06% by masd, the total
amount of the residual oligomer was 0.33% by mass.
[0053]
<Production example of styrene-based resin A-3>

The procedure was carried out in the same marser A-1 except that the raw material composition
was changed to Sty: 8% by mass, MMA: 79% by mass,EB: 13% by mass, the feed flow rate was 5.7 ,kbén
concentration of tert-butylperoxyisopropyl monoaarate was 100 ppm, the concentration of n-dodeeytaptan
was 3000 ppm, the temperature of the first reastas 122°C, the temperature at the intermediate qfatthe
second reactor was 140°C, and the temperature atuttet part of the second reactor was 150°C. ratie of the
recovered raw material used in the raw materiaitami was 34% by mass. The composition of A-3 Bis
10% by mass and MMA: 90% by mass. The weight aemolecular weight of A-3 was 80,000, the total
amount of the residual monomer and the residuginpalization solvent was 0.06% by mass, and thé aotaunt
of the residual oligomer was 0.34% by mass.
[0054]
<Examples 1 to 10, Comparative Example 1, Referé&xeenples 1 to 2>

To the styrene-based resins A-1 to A-3 obtainedhe Production Example, the following hindered
phenol-based antioxidants (B), phosphorus-baseidx#tdants (C1) and phosphorus-based antioxidan#s1(C
(C2-2) are added at the contents shown in Tab#nd, using a sheet extruder manufactured by Ldaxkeunsion
Machinery Company Ltd., the mixture was melt-knehtteobtain a sheet molded article having a siz€56f mm
x 500 mm x 2 mm. The sheet extruder was composed5® mnop single-screw extruder, a T-die, and three
mirror rolls, and the sheet was extruded at a dglirtemperature of 225°C and a screw rotation sp€&d0 rpm
of the single-screw extruder. The width of theidsas 450 mm and the opening was 3 mm.

(B) Octadecyl-3- (3,5-di-tert-butyl-4-hydroxyphdphypropionate (Irganox 1076, manufactured by BASF
Japan Ltd.)

(C1) 6- [3- (3-tert-Butyl-4-hydroxy-5-methylphenyropoxy] -2,4,8,10-tetra-tert-butyldibenzo [d][1} 3,
2] dioxaphosfepine (Sumilizer GP manufactured byvIlDMO CHEMICAL COMPANY, LIMITED)

(C2-1) 2,2'-methylenebis (4,6-di-tert-butylphen34ethylhexyl phosphite (ADEKA Corporation ADEKA
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STAB HP-10 manufactured by ADEKA Corporation)

(C2-2) tris (2,4-di-tert-butylphenyl) phosphitegafos 168, manufactured by BASF Japan Ltd.)

[0055]
(Oxidation induction time)

A test piece having a thickness of 30 mm x 30 m&hmm was cut out from the obtained sheet molded
article, and the amount of light emitted was meadwat 200°C and an oxygen flow rate of 100 mL/msing a
Chemiluminescence analyzer CLA-FS4 manufacturedTolgoku Denshi Sangyo Co., Ltd. The oxidation
induction time was determined by the method showiig. 1 from the relationship between the measargrime
and the amount of light emitted. Table 1 showsleasurement results of the oxidation inductioret{ti) of the
sheet molded article immediately after extrusiod #re oxidation induction time (t2) of the sheetlded article
after wet heat treatment for 500 hours in an airogphere of 80°C and 90% humidity. In Referencaniple 1
and Reference Example 2, the amount of light ethittentinued to increase immediately after the stért
measurement, and the oxidation induction time coolcbe measured.

[0056]
(Optical property in an optical path length of Ihfn)

A test piece having a size of 115 mm x 85 mm aiukbess of 2 mm was cut out from the obtainedtshee
molded article, and the end face was polished ¢pgre a plate-shaped molded article having a nsdiace on
the end face. Using an ultraviolet visible spgui@ometer V-670 manufactured by JASCO Corporatiba,
spectral transmittance of 350 nm to 800 nm of ta¢epshaped molded article after polishing in aticap path
length of 115 mm was measured with incident lighttihg a size of 20 x 1.6 mm and a spreading angl® and
the YI value at a field of view of 2° with a C liglsource was calculated according to JIS K7373.e Th
transmittance shown in Table 1 indicates an avetragsmittance of a wavelength of 380 nm to 780 nifable 1
shows the measurement results of the sheet moldiete ammediately after extrusion (initial stage¢he sheet
molded article after wet heat treatment for 500rBani an air atmosphere of 80°C and 90% humiditg, the sheet
molded article which was stored for 1000 hoursrireavironment of 80°C.

[0057]
(Water absorption capacity)

The obtained sheet molded article was cut to nlaanolded article having a size of 200 mm x 300. mm
This molded article is stored for 500 hours unther ¢onditions of temperature 60°C and 90% humidity] the
change in mass and length of the long side befwleafter storage were measured. The water absonatie and
deformation rate were calculated by the followingrula as an index of water absorption capacity.

(Water absorption rate) = ((Mass after storagdylags before storagey)(Mass before storage) x 100
(%)

(Deformation rate) = ((Long side length after sgma- (Long side length before storagej).ong side
length before storage) x 100 (%)

Table 1 shows the evaluation results. When thematisorption rate was 1.0 or less, it was judged t

be good, and when the deformation rate was 0.88ser it was judged to be good.



Example Comparative| Reference
Table 1 Example Example
1 2 3 4 5 6 7 8 9 10 1 1 2
5 styrene-based resin A-1 part | 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100 - - 100 100 | 100
=] styrene-based resin A-2 part - - - - - - - - [100 - - - -
é styrene-based resin A-3 part - - - - - - - - - |100 - - -
g phenol-based antioxidant B part ]0.05 [0.05]0.05 [0.05 |0.05 [0.05 |0.05 |0.01 [0.05 |0.05 0.05 0.05| -
g phosphorus-based antioxidant C1 part ]0.03 [0.03 |0.06 |0.02 |0.03 - - - 10.03]0.03 0.06 - -
'g phosphorus-based antioxidant C2-1 part |0.03]0.06 |0.06 |0.02| - |[0.06 | - - 10.0310.03 - - -
= phosphorus-based antioxidant C2-2 part - - - - 10.03 - 10.0610.01 - - - - [0.06
oxidation induction time t1 minute| 90 [ 102 [121 | 68 | 73 | 72 | 52 | 33 | 47 | 106 79 - -
. (200°C t2 minute| 82 | 93 |104 [ 61 | 67 | 66 | 48 | 28 | 31 | 99 53 - -
in oxygen
atmosphere) t1-t2 minute| 8 9 17 7 6 6 4 5 16 7 26 - -
optical properties
in optical path length transmission % 80 | 8 (88 (8 |8 |8 | 8 | 8 | 8 | 89 89 86 | 86
of 115 mm
" (initial stage) YI value - 1.7 {19 |23 |21 |18 |29 (3.1 133 (26|13 1.7 4.5 [ 4.7
B optical properties
2 in optical path length transmission % 88 | 883 | 83 [ 88 (88 | 88 | 8 | 8 | 87 [ 88 86 85 | 85
g_ of 115 mm
(After 80°C, 90% RH YI value - 23124 |32 (27 |24 |36 |38 (39 (39|20 4.1 7.5 172
500hr treatment)
change in hue
after 80°C, 1000hr AYI - 19 (18 |19 |23 (19|19 (18 |23 |25 |17 1.7 3.3 | 3.1
. water absorption | o 55 105 |05 (05 |05 |05 |05 |05 |02 1.2 0.5 05 |05
water absorption rate
capacity deforran;:t'on % |0.12 [0.12 [0.12 [0.12 [0.12 |0.12 |0.12 |0.12 |0.05 |0.36 | 0.12  |0.12]0.12

[T a10el]

[8500]

4!
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Industrial Applicability
[0059]

Since the styrene-based resin composition of teemt invention and its molded article are exoelie
moisture and heat resistance, the hue and tramgjyaage not easily deteriorated. Thus, they caauitably used
for light guide plate applications such as and lavision, a desktop personal computer, a notebcakgnal

computer, a mobile phone, a car navigation syséemh,an interior lighting.
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Weclaim that:

1. A styrene-based resin composition, wherein wareoxidation induction time of the styrene-basesinre
composition measured in an oxygen atmosphere of@Q06 t1 and an oxidation induction time of the
styrene-based resin composition measured in aneoxggmosphere of 200°C after wet heat treatmenb®@r
hours in an air atmosphere of 80°C and 90% humiglit?, t1-t2 is 20 minutes or less.

2. The styrene-based resin composition of Claimtierein t1 is 50 minutes or more.

3. The styrene-based resin composition of Claim2, comprising a hindered phenol-based antioxi@hnt
and a phosphorus-based antioxidant (C2) which doekave a phenolic hydroxyl group.

4, The styrene-based resin compositionwy§ one of Claims 1 to 3, comprising a styrene-based resin (A)
having a styrene-based monomer unit and a (metli@ester-based monomer unit.

5. The styrene-based resin compositiomnf one of Claims 1 to 4, comprising a phosphorus-based
antioxidant (C1) having a phenolic hydroxyl group.

6. The styrene-based resin composition of Claimligrein the hinderedbased phenol antioxidant (B) is at
least one compound selected from a group consisfingtadecyl-3-(3,5-di-tert-butyl-4 hydroxypherpidpionate,
ethylene bis(oxyethylenedis [3- (5-tert-butyl-4-hydroxy-m-tolyl) propiondteand pentaerythritol tetrakis [3-
(3,5-di-tert-butyl-4-hydroxyphenyl) propionate].

7. The styrene-based resin composition of Clainwi3rein the phosphorus-based antioxidant (C2) is at
least one compound selected from a group consisting of
2,2'-methylenebis(4,6-di-tert-butylphenyl)2-ethytigphosphite and tris(2,4-di-tert-butylphenyl) ppbge.

8. The styrene-based resin composition of Claimtgrein the phosphorus-based antioxidant (C1) [8-6-

(3-tert-butyl-4-hydroxy-5-methylphenyl) propoxy],48,10-tetra-tert-butyldibenzo [d, f] [1,3,2] dephosphepine.
9. The styrene-based resin compositioran§ one of Claims 1 to 8, wherein an initial Y1 value in an
optical path length of 115 mm is 2.5 or less.

10. A molded article comprising the styrene-bassihrcomposition ofiny one of Claims 1 to 9,

11. A light guide plate comprising the molded aetief Claim 10.



