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SPECIFICATION

METHACRYLIC RESIN COMPOSITION AND

MOLDED BODY THEREOF

TECHNICAL FIELD

The present invention relates to a methacry
resin composition and a formed article thereof. Th
presentinvention relates to a formed article havin
hightransparency,alowthermalshrinkageratio,a
strength and an excellent surface smoothness, and a
relates to a methacrylic resin composition having a
excellent formability from which the above formed

article can be obtained.

BACKGROUND ART
Amethacrylicresin,whichhasahightrans

isuseful as amaterial foraformed article usedi

optical member, a illumination member, a signboard

member, a decoration member and the like. However,

methacrylicresinhasaglasstransitiontemperatur

as low as about 110°C, and thus a formed article

comprisingthatmethacrylicresinmayhaveaproble

susceptibility to heat deformation.

Itisknownthatamethacrylicresinmayha

glass transition temperature if it has a high

syndiotacticity. Examples of a method for

manufacturing a methacrylic resin having a high

syndiotacticity caninclude amethod involving anio

polymerization(seePatentDocumentsland?2).Ho

sinceamethacrylicresinhavingahighsyndiotacti

obtained by this method has an inferior formability
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2 KA3881PC

formed article comprising this methacrylicresinte nds
to have an inferior surface smoothness. Itis kno wn
that lowering a molecular weight can improve
formability,butthismaycauseanotherproblemtha tthe
resulting formed article has decreased mechanical

strength. Forthisreason,aformedarticle compri sing
a methacrylic resin having a high syndiotacticity h as
not yet been available for practical use.

CITATION LIST
PATENT LITERATURES

[0004]Patent Document 1: JP H3-263412 A
Patent Document 2: JP 2002-327012 A

SUMMARY OF THE INVENTION
PROBLEMS TO BE RESOLVED BY THE INVENTION
[0005] Anobjectiveofthepresentinventionisto provide
a formed article having a high transparency, a low
thermal shrinkage ratio, a high strength and an
excellent surface smoothness, and to provide a
methacrylic resin composition having an excellent
formability which is useful as a material for the

aforementioned formed article.

MEANS FOR SOLVING THE PROBLEM

[0006] As a result of conducting extensive studies to
achievetheaboveobjective,thepresentinventors have
completed the present invention which includes the
following embodiments.
(1) A methacrylic resin composition comprising a
methacrylic resin [1] having a triad syndiotacticit y

(rr) of not less than 65% and a methacrylic resin [ 2]



having a triad syndiotacticity (rr) of 45 to 58% in
massratioofthemethacrylicresin[1]/themethacr
resin [2] of 40/ 60 to 70/30.
[0007](2) Themethacrylicresincompositionaccord
wherein the total content of a structural unit deri
from methyl methacrylate is not less than 99 mass%
relative tothe total mass ofthe methacrylicresin
and the methacrylic resin [2].

(3) Themethacrylicresincompositionaccordingto
or (2), wherein the methacrylic resin [1] is obtain
by anionic polymerization.

(4) Themethacrylicresincompositionaccordingto
oneof(1)to(3), whereinthe methacrylicresin[2
obtained by radical polymerizationata polymerizat
temperature of 100 to 200°C.

(5) Themethacrylicresincompositionaccordingto
oneof(1)to(4),whereinthemethacrylicresin[2
a weight average molecular weight (hereinafter, the
weightaveragemolecularweightisreferredtoas”
of 50000 to 150000.

(6) Themethacrylicresincompositionaccordingto
one of (1) to (5), wherein the molecular weight
distribution (Mw/Mn) of the methacrylic resin [1] i
1.01 to 1.8, and the molecular weight distribution
(Mw/Mn) of the methacrylic resin [2] is 1.7 to 2.6.

(7) Themethacrylicresincompositionaccordingto
one of (1) to (6), further comprising an ultraviole
absorber.

(8) Themethacrylicresincompositionaccordingto
one of (1) to (7), further comprising 1 to 10 parts
massofapolycarbonateresinrelativetothetotal

parts by mass of the methacrylic resin [1] and the

KA3881PC

a
ylic

ingto(1),
ved

[1]

(1)
ed

any
lis

ion

any
]has

Mw.")

any

any

any

by
100



methacrylic resin [2].

[0008](9) Aformedarticlecomprisingthe methacry
composition according to any one of (1) to (8).
(20) Afilm or sheet comprising the methacrylic re
composition according to any one of (1) to (8).
(11) A film or sheet for optical use comprising th
methacrylic resin composition according to any one
(1) to (8).
(12) Aphasedifferencefilmcomprisingthemethac
resin composition according to any one of (1) to (8
(13) A polarizer protective film comprising the
methacrylic resin composition according to any one
(1) to (8).

[0009](14) A method for manufacturing a methacryli

composition, the method comprising melt-kneading a

methacrylic resin [1] having a triad syndiotacticit
(rr) of not less than 65% and a methacrylic resin [
having a triad syndiotacticity (rr) of 45 to 58%, i
massratioofthe methacrylicresin[1]/themethacr
resin [2] of 40/60 to 70/30.

(15) The method for manufacturing a methacrylic re
composition according to (14), further comprising

melt-kneading a polycarbonate resin.

ADVANTAGEOUS EFFECTS OF THE INVENTION
[0010] Themethacrylicresincompositionaccording
presentinvention has an excellentformability, wh
canprovideaformedarticlehavingahightranspa
a low thermal shrinkage ratio, a high strength and

excellent surface smoothness.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
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5 KA3881PC

Themethacrylicresincompositionaccording tothe
presentinventioncomprisesamethacrylicresin[1] and
a methacrylic resin [2].

The methacrylic resin [1] has a triad
syndiotacticity (rr) of not less than 65%, preferab ly

70 to 90%, more preferably 72 to 85%. The glass
transition temperature of the methacrylic resin
composition according to the present invention can be

increased in a case where the aforementioned

syndiotacticityisnotlessthan65%. Further,af ormed

article having a high surface hardness can be obtai ned

inacasewherethesyndiotacticityisnotlesstha n65%.
As used herein, the triad syndiotacticity ( )

(hereinafter, may simply be referred to as
"syndiotacticity (rr)") refers to a percentage wher e
two diads which are linkage of consecutive two

structural units in a triad which is linkages of

consecutive three structural units are both in race mo
(denotedasrr).Notethatthediadwhichisthel inkage
ofthetwostructuralunitsinapolymermoleculeh aving

the same steric configuration are called meso, and
otherwise called racemo, which are denoted as m and r,
respectively.

The triad syndiotacticity (rr) (%) can be

calculatedbyobtaininga 'H-NMR spectrumindeuterated
chloroformat30°C; determininganarea(X)ofare gion
between 0.6 and 0.95 ppm and an area (Y) of a regio n
between 0.6 and 1.35 ppm in that spectrum when TMS is
taken as 0 ppm; and using them in the expression (X 1Y)
x 100.

The amount ofthe methacrylicresin[1] com prised

in the methacrylic resin composition according to t he



[0015]

[0016]

present invention is preferably 40 to 70 mass%, mor
preferably 45 to 65 mass%, even more preferably 50
60 mass % in view of that a high glass transition
temperature and a good formability can be
simultaneously achieved. The glass transition
temperatureofamethacrylicresincompositiontend
be higher in the case of not less than 40 mass% whi
the formability of a methacrylic resin composition
tends to be improved in the case of not more than 7
mass%.

The Mw of the methacrylicresin [1]is pref
40000 to 150000, more preferably 40000 to 120000, e
more preferably 50000 to 100000. In a case where t
Mwisnotlessthan40000,aformedarticleobtaine
a methacrylic resin composition tends to have an
improved impact resistance and toughness, and in th
case of not more than 150000, it tends to have an
improved fluidity, which inturnimproves formabili

The methacrylic resin [1] has the ratio (Mw
Hereafter,thisvalueisdenotedasa"molecularwe
distribution.”) of Mw to a number average molecular
weight (hereafter, the numberaverage molecularwei
isdenotedas"Mn.")ofpreferablyfrom1.01to1.8
preferably from 1.05to 1.5, even more preferably f
1.05t01.3. Inacase where the methacrylic resin
having a molecularweightdistributioninthese ran
isused,aformedarticlehavinganexcellentmecha
strength can easily be obtained. Mw and Mn can be
controlled by adjusting the type and amount of a
polymerization initiator used when manufacturing th
methacrylic resin[1]. Note that Mw and Mn are val

in terms of the molecular weight of a polystyrene
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[0017]

[0018]

standard converted from a chromatogram obtained by
permeation chromatography (GPC) determination.

The glass transition temperature of the
methacrylicresin[1]ispreferablynotlessthanl
more preferably not less than 128°C, even more
preferably notless than 130°C. The upper limit of
glass transition temperature of the methacrylic res
[1] is preferably 140°C. The glass transition
temperature can be controlled by adjustingamolecu
weight, syndiotacticity (rr) orthelike. Astheg
transition temperature of the methacrylic resin [1]
increases, that of the resulting methacrylic resin
composition increases. Therefore, a formed article
comprising the methacrylic resin composition unlike
undergoes deformation such as thermal shrinkage or
like. Note that glass transition temperatures
designated inthe presentinvention are midpointg|
transition temperatures as measured by the method
described in Example.

The methacrylic resin [1] has a content of
structural unit derived from a methacrylic acid est
of preferably not less than 90 mass%, more preferab
not less than 95 mass%, even more preferably not le

than 98 mass%, still more preferably not less than

mass%, most preferably 100 mass%. Examples of the

methacrylic acid ester can include methacrylic acid
alkyl esters such as methyl methacrylate, ethyl
methacrylate, butyl methacrylate or the like;
methacrylic acid aryl esters such as phenyl
methacrylate or the like; methacrylic acid cycloalk
esters such as cyclohexyl methacrylate, norbornenyl

methacrylateorthelike.Amongthese,methacrylic
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alkylesters are preferred, and methyl methacrylate IS
most preferred.

For the methacrylic resin [1], the content of a
structural unitderived from methyl methacrylate am ong
theabovestructuralunitsderivedfromthemethacr ylic
acid esters is preferably not less than 90 mass%, m ore
preferablynotlessthan95mass%, evenmore prefer ably
not less than 98 mass%, still more preferably not| ess

than 99 mass%, most preferably 100 mass%.
Examples of structural units other than tho se
derived from methacrylic acid esters which can be

comprisedinthemethacrylicresin[1]caninclude, for

example, structural units derived from vinyl monome rs
havingonlyonepolymerizablecarbon-carbondouble bond
in one molecule such as acrylic acid alkyl esters s uch

as methyl acrylate, ethyl acrylate, propyl acrylate ,

butyl acrylate, 2-ethylhexyl acrylate or the like;

acrylicacidarylesterssuchas phenylacrylate or the

like;acrylicacidcycloalkylesterssuchascycloh exyl

acrylate, norbornenyl acrylate or the like; aromati c
vinylcompoundssuchasstyrene, o-methylstyreneorthe

like; acrylamide; methacrylamide; acrylonitrile;
methacrylonitrile or the like.

Thereisnoparticularlimitationforamet hodfor
manufacturing the methacrylic resin [1]. In view o f

higher productivity, higher thermal decomposition

resistance, less foreign substances, less dimers an d
trimers of a methacrylic acid ester and the appeara nce
ofaformedarticleisexcellent, preferredisame thod

formanufacturingthe methacrylicresin[1]compris ing

the anionic polymerization with adjusting a

polymerizationtemperature,apolymerizationdurati on,



[0022]

[0023]

thetypeand amountofachaintransferagent, the
and amount of a polymerization initiator and the i

As the anionic polymerization method, menti
can be, for example, a method comprising performing
anionicpolymerizationinthepresenceofamineral
saltsuchasasaltofalkalimetaloralkaliearth
using an organoalkali metal compound as a
polymerizationinitiator(seeJPH07-25859B),ame
comprising performing anionic polymerization in the
presence of an organoaluminum compound using an
organoalkali metal compound as a polymerization
initiator (see JP H11-335432 A), a method comprisin
performing anionic polymerizationusinganorganor
earth metal complex as a polymerization initiator (

JP H06-93060 A) and the like.

Alkyllithium such as n-butyllithium,
sec-butyllithium, isobutyllithium, tert-butyllithiu
ispreferablyusedasapolymerizationinitiatorin
anionic polymerization method for manufacturing the
methacrylic resin [1]. Further, an organoaluminum
compound is preferably allowed to coexist in view 0
productivity.

Examplesofanorganoaluminumcompoundcaninclud
compounds represented by AIR 'R°R® (whereinR
eachindependentlyrepresentanoptionally substitu
alkylgroup,anoptionallysubstitutedcycloalkylg
an optionally substituted aryl group, an optionally
substituted aralkyl group, an optionally substitute
alkoxyl group, anoptionally substituted aryloxy gr
orN,N-disubstitutedaminogroup.Further,R
join together to form an optionally substituted

arylenedioxy group.).
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Specific examples of an organoaluminum compound

can include
isobutylbis(2,6-di-tert-butyl-4-methylphenoxy)alumi
um, isobutylbis(2,6-di-tert-butylphenoxy)aluminum,
isobutyl[2,2'-methylenebis(4-methyl-6-tert-butylphe
oxy)]aluminum and the like.

Further,inthecaseoftheanionicpolymerizatio
method, an ether, a nitrogen-containing compound an
the like can also be allowed to coexist in order to
control the polymerization reaction.

The methacrylic resin [2] has a triad
syndiotacticity(rr)of45t058%, preferably49to
Inacasewherethesyndiotacticity(rr)isnotles
45%, the glass transition temperature of the
methacrylic resincomposition accordingtothe pres
invention tends to be increased. In a case where't
syndiotacticity (rr) is not more than 58%, the
formability of the methacrylic resin composition
accordingtothepresentinventiontendstobeimpr

The amount ofthe methacrylicresin[2] com
in the methacrylic resin composition according to t
presentinventionis preferably 30 to 60 mass%, and
view of that the glass transition temperature and t
formability are balanced, it is more preferably 35
55 mass %, even more preferably 40 to 50 mass%. In
casewhereitislessthan 30 mass%, the formabilit
amethacrylic resin compositiontends to be decreas
andin acase where itis more than 60 mass%, the g
transition temperature of a methacrylic resin
composition tend to be decreased.

The Mw of the methacrylic resin [2] is pref
40000 to 150000, more preferably 50000 to 120000, e
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more preferably 50000 to 100000. In a case where t
Mw is not less than 40000, the impact resistance an
toughness of a formed article obtained from a
methacrylic resin composition tend to be improved.
acasewheretheMwisnotmorethan150000,thefl
ofamethacrylicresincompositiontendstobeimpr
which in turn enhances the formability.

The molecular weight distribution (Mw/Mn) o
methacrylic resin [2] is preferably 1.7 to 2.6, mor
preferably1.7t02.3,evenmore preferably1.7to
Using of the methacrylic resin [2] having a molecul
weight distribution within the above range can easi
give a formed article having an excellent mechanica
strength. Mwand Mncanbe controlled by adjustin
typeandamountofapolymerizationinitiatorused
manufacturing the methacrylic resin [2].

The methacrylic resin [2] has a glass trans
temperature of preferably not less than 100°C, more
preferablynotlessthan110°C,evenmorepreferabl
less than 115°C, most preferably not less than 117°
The upper limit of the glass transition temperature
the methacrylic resin [2] is preferably 120°C. The
glass transition temperature can be controlled by
adjusting the molecular weight and/or syndiotactici
(rr). Inacase wherethe glasstransitiontempera
ofthemethacrylicresin[2]isintherange,thet
resistance of the methacrylic resin composition is
increased. Therefore, aformed article which unlik
undergoes deformation such as thermal shrinkage or
like can easily be obtained.

The methacrylic resin [2] has a content of

structural unit derived from a methacrylic acid est
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of preferably not less than 90 mass%, more preferab ly
not less than 95 mass%, even more preferably not le Ss
than 98 mass%, still more preferably not less than 99

mass%, most preferably 100 mass%. Examples of the

methacrylic acid ester can include methacrylic acid

alkyl esters such as methyl methacrylate, ethyl

methacrylate, butyl methacrylate or the like;

methacrylic acid aryl esters such as phenyl

methacrylate or the like; methacrylic acid cycloalk yl
esters such as cyclohexyl methacrylate, norbornenyl

methacrylate or the like. A methacrylic acid alkyl

ester is preferred, and methyl methacrylate is most

preferred.

For the methacrylic resin [2], the content of a
structural unitderived from methyl methacrylate am ong
thestructuralunitsderivedfromtheabovemethacr ylic
acid esters is preferably notless than 90 mass%, m ore
preferablynotlessthan95mass%, evenmore prefer ably
not less than 98 mass%, still more preferably not| ess

than 99 mass%, most preferably 100 mass%.

Examples of structural units other than tho se
derived from methacrylic acid esters which can be
comprised in the methacrylic resin [2] can include
structural units derived from vinyl monomers having
onlyonepolymerizablecarbon-carbondoublebondin one

molecule such as acrylic acid alkyl esters such as

methylacrylate,ethylacrylate,propylacrylate,b utyl
acrylate, 2-ethylhexyl acrylate or the like; acryli c
acid aryl esters such as phenyl acrylate or the lik e;

acrylic acid cycloalkyl esters such as cyclohexyl
acrylate, norbornenyl acrylate or the like; aromati c

vinylcompoundssuchasstyrene, o-methylstyreneorthe
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like; acrylamide; methacrylamide; acrylonitrile;
methacrylonitrile or the like.

Thereisnoparticularlimitationforamet
manufacturing the methacrylic resin [2]. In view o
productivity, preferred is a method for manufacturi
the methacrylic resin [2] comprising the radical
polymerization by adjusting a polymerization
temperature, a polymerization duration, the type an
amount of a chain transfer agent, the type and amou
of a polymerization initiator and the like.

The above radical polymerization is preferably
performed in the absence or presence of a solvent,
preferablyperformedintheabsenceofasolventin
ofthatthe methacrylicresin[2] havingalowimpu
concentration can be obtained. In orderto reduce
developmentofsilverstreakand/orcoloringinaf
article, a polymerization reaction is preferably
performedwiththelevelofdissolvedoxygenmainta
low. Further, apolymerizationreactionis prefera
performed under an atmosphere of inert gas such as
nitrogen gas.

There is no particular limitation for a
polymerization initiator used in the radical
polymerizationformanufacturingthe methacrylicre
[2]aslong asitgenerates areactiveradical. As

polymerization initiator, mentioned are, for exampl

t-hexylperoxyisopropyl monocarbonate, t-hexylperoxy

2-ethylhexanoate, 1,1,3,3-tetramethylbutylperoxy
2-ethylhexanoate, t-butylperoxy pivalate,
t-hexylperoxy pivalate, t-butylperoxy neodecanoate,
t-hexylperoxy neodecanoate,

1,1,3,3-tetramethylbutylperoxy neodecanoate,
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1,1-bis(t-hexylperoxy)cyclohexane, benzoyl peroxide
3,5,5-trimethylhexanoyl peroxide, lauroyl peroxide,
2,2'-azobis(2-methylpropionitrile),
2,2'-azobis(2-methylbutyronitrile), dimethyl 2,
2'-azobis(2-methylpropionate) and the like. Among
these, t-hexylperoxy 2-ethylhexanoate,
1,1-bis(t-hexylperoxy)cyclohexane, dimethyl
2,2'-azobis(2-methylpropionate) are preferred.

The 1-hour half-life temperature of the
polymerization initiator is preferably 60 to 140°C,
more preferably80to120°C. Further,apolymeriza
initiatorusedformanufacture ofthemethacrylicr
[2]hasahydrogenabstractionabilityofpreferabl
more than 20%, more preferably not more than 10%, e
more preferably not more than 5%. The polymerizati
initiators can be used alone or in combination of t
ormore. The usedamountofapolymerizationiniti
is preferably 0.0001 to 0.02 part by mass, more
preferably 0.001 to 0.01 part by mass, even more
preferably 0.005 to 0.007 part by mass relative to
partsbymassofamonomersubjectedtoapolymeriz
reaction.

Note that the hydrogen abstraction abilitie
be available intechnical documents from manufactur
of polymerizationinitiators (forexample, atechni
document from NOF Corporation, "The hydrogen
abstraction abilities and initiator efficiency of
organoperoxides"(createdonApril,2003)andthe
Further, they can be measured by the radical trappi

method inwhich

the o-methylstyrene dimer trapping method. The above

determinationis usually performed as follows. Fir

o-methylstyrene dimersareused, i.e.,
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a polymerization initiator is cleaved in the presen ce
of o-methylstyrene dimers as a radical trapping agent

to generate radical fragments. Among the radical

fragments generated, a radical fragment with a low

hydrogen abstraction ability binds to and is captur ed
byadoublebondof o-methylstyrenedimer.Incontrast,

a radical fragment with a high hydrogen abstraction

ability abstracts a hydrogen from cyclohexane to

generate a cyclohexyl radical, which binds to and i s
capturedbyadouble bond of o-methylstyrenedimer. As
usedherein,thehydrogenabstractionabilityisa ratio
(molarratio)ofradicalfragmentswithahighhydr ogen
abstraction ability to a theoretical yield of radic al
fragments as determined by quantifying cyclohexane or

captured products of cyclohexane.

Examples of a chain transfer agent used in the
radical polymerization method for manufacturing the
methacrylicresin[2]canincludealkylmercaptans such
as n-octylmercaptan, n-dodecylmercaptan,
t-dodecylmercaptan, 1,4-butanedithiol,
1,6-hexanedithiol, ethyleneglycol bisthiopropionate ,
butanediol bisthioglycolate, butanediol
bisthiopropionate, hexandiol bisthioglycolate,
hexandiol bisthiopropionate, trimethylolpropane
tris-(  B-thiopropionate), pentaerythritol
tetrakisthiopropionate and the like. Among these,
monofunctional alkyl mercaptans such as
n-octylmercaptan, n-dodecylmercaptan or the like ar e
preferred. The chaintransferagentscanbeuseda lone
or in combination of two or more.

The used amount of the chain transfer agent is

preferably 0.1to 1 part by mass, more preferably O 15
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to0.8partbymass,evenmorepreferably0.2to0.
bymass,mostpreferably0.2to0.5partbymassre
to 100 parts by mass of a monomer subjected to a
polymerization reaction. Further, the used amount
the chain transfer agent is preferably 2500 to 1000
partsbymass,morepreferably3000to9000partsb
evenmorepreferably3500to6000partsbymassrel
to 100 parts by mass of the polymerization initiato
Inacasewheretheusedamountofachaintransfer
falls in the above ranges, the resulting methacryli
resin composition tends to have a good formability
a high mechanical strength.

There is no particular limitation for a sol
used in the radical polymerization method for
manufacturing the methacrylic resin [2] as long as
monomer and the methacrylic resin[2] can be dissol
therein, but it is preferably aromatic hydrocarbons
suchasbenzene,toluene,ethylbenzeneorthelike.
solvents can be used alone or in combination of two
more. Theusedamountofasolventcanbeappropri
adjusted in view of the viscosity of a reaction liq
and productivity. For example, the used amount of
solventis preferably not more than 100 parts by ma
more preferably not more than 90 mass% relative to
partsbymassofpolymerizationreactionrawmateri

The temperature during a polymerization rea
ispreferably100to200°C,morepreferably110to
In a case where the polymerization temperature is n
lessthan100°C, the productivitytendstobeimpro
whichisattributedtoanimproved polymerizationr
areduced viscosity of a polymerization liquid and

like. Further, in a case where the polymerization
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temperature is not more than 200°C, a polymerizatio
rate can easily be controlled, and the formation of
by-productscanbesuppressed. Therefore,thecolo
of the methacrylic resin composition according to t
present invention can be suppressed. The duration
apolymerizationreactionispreferably0.5to4ho
more preferably 1.5to 3.5 hours, even more prefera
1.5to 3 hours. Note thatin the case of a continu
flowreactor,thedurationofapolymerizationreac
corresponds to the meanresidence time inthe react
Inacasewherethetemperatureduringapolymeriza
reaction and the duration of the polymerization
reactionfallintheseranges,themethacrylicresi
havinganexcellenttransparencycanbeproducedin
efficiency.

Thepolymerizationconversionratiointhe
polymerization method for manufacturing the
methacrylicresin[2]ispreferably20to80mass%,
preferably 30 to 70 mass%, even more preferably 35
65mass%.Inacasewherethepolymerizationconve

ratio is not less than 20 mass%, remaining unreacte

monomers can be easily removed, and a formed articl

comprising a methacrylic resin composition tends to
have a good appearance. In a case where the
polymerization conversion ratio is not more than 70
mass%, the viscosity of a polymerization liquid ten
to be reduced, leading to improved productivity.
Although radical polymerization may be perf
usingabatchreactorsystem,itispreferablyperf
using a continuous flow reactor system in view of
productivity.Inthecaseofacontinuousflowrea

a polymerization reaction raw material (a mixture
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18 KA3881PC

comprising a monomer, a polymerization initiator, a

chain transfer agent and the like) are prepared, fo r
example,underanitrogenatmosphere. Thisisthen fed

to a reactor in a constant flow rate while the liqu id
inthereactoriswithdrawnataflowratecorrespo nding
tothefeedingrate. Asareactor, atubereactor which

can create near plug flow conditions and/or a tank

reactor which can create near complete mixing

conditionscanbeused. Further,polymerizationma ybe
performed in one reactor according to the continuou S
flowmethod,ormaybeperformedintwoormorerea ctors

connected together according to the continuous flow
method. In the present invention, at least one
continuous flow tank reactor is preferably used. T he

liquid volume in a tank reactor at a polymerization

reaction is preferably 1/4 to 3/4, more preferably 1/3
to2/3relativetothecapacityofthetankreactor .The

reactor is usually equipped with a stirrer. Exampl es
of a stirrer can include a static stirrer, a dynami c
stirrer. Examples of a dynamic stirrer can include a

Max blend stirrer, a stirrer having lattice-shaped

stirrers which rotate around a vertical rotation ax is
arranged at the center, a propeller stirrer, a scre w
stirrerandthelike. Amongthese, aMaxblend sti rrer

is preferably used in view of homogeneous mixing
performance.
[0042] After the completion of polymerization, vol atile

matters such as unreacted monomers are removed, if

needed. Thereisno particularlimitationforame thod
ofremoval, butheating devolatilizationis preferr ed.
Examples of a devolatilization method can include t he

equilibriumflashmode,theadiabaticflashmodean dthe
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like. The devolatilization temperature in the
adiabatic flash mode is preferably 200 to 280°C, mo
preferably220t0260°C.Thedurationofheatinga

in the adiabatic flash mode is preferably 0.3 t0 5

minutes, more preferably 0.4 to 3 minutes, even mor

preferably 0.5 to 2 minutes. In a case where
devolatilization is performed in these temperature

ranges and these heating durations, the methacrylic

resin [2] with less coloring can easily be obtained

Removed unreacted monomers can berecoveredtorecy

inthepolymerizationreaction. Theyellowindexo

recovered monomers may be increased due to the heat

applied during recovery operations and the like. T
recovered monomers are preferably refined by an
appropriate method to reduce the yellow index.

Themethacrylicresincompositionaccording
present invention has a mass ratio of the methacryl
resin [1]/the methacrylic resin [2] of from 40/60 t
70/30, preferably from 45/55to 65/35, more prefera
from 50/50t0 60/40. In acase where the mass rati
the methacrylic resin [1]/the methacrylic resin [2]
falls in the above ranges, a methacrylic resin
compositioncanbe obtainedinwhichagoodformabi
and a high glass transition temperature are
simultaneously achieved.

The total amount of the methacrylicresin|[
the methacrylicresin [2] comprised inthe methacry
resincompositionaccordingtothepresentinventio
preferably not less than 80 mass%, more preferably
less than 85 mass%, even more preferably notlesst
90 mass%, stillmore preferably notlessthan95ma

most preferably not less than 98.5 mass%.
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The kneaded product of only the methacrylic
[1] and the methacrylic resin [2] has a lower limit
a triad syndiotacticity (rr) of 53%, preferably 55%

more preferably 58%, even more preferably 59%, most

preferably 60%. Inview of film formability, thea
methacrylic resin has an upper limit of a triad
syndiotacticity(rr)ofpreferably99%,moreprefer
85%,evenmorepreferably77%,stillmorepreferabl
most preferably 64%. Note that the triad
syndiotacticity (rr) of a kneaded product of only t
methacrylicresin[1]andthe methacrylicresin[2]

also be determined by measuring a methacrylic resin

composition according to the method described above

Akneadedproductofonlythemethacrylicr
and the methacrylic resin [2] has an Mw of preferab
50000 to 150000, more preferably 52000 to 120000, e
more preferably 55000 to 100000. A kneaded product
onlythemethacrylicresin[1]Jandthemethacrylic
[2] has a molecular weight distribution of preferab
1.2t02.0,morepreferably1.3t01.7. Inacase
the Mw and the molecular weight distribution fall i
these ranges, the formability of a methacrylic resi
composition will be good, and a formed article havi
anexcellentimpactresistanceandtoughnesscanea
be obtained.

Akneadedproductofonlythemethacrylicr
and the methacrylic resin [2] has a melt flow rate
preferably not less than 0.1 g/10min, more preferab
0.2to30g/10min,evenmorepreferably0.5t020g
most preferably 1.0 to 10 g/10min, the melt flow ra
being determined under the conditions of 230°C and
load of 3.8 Kg.
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Further,akneadedproductofonlythemeth
resin [1] and the methacrylic resin [2] has a glass
transition temperature of preferably not less than
120°C, more preferably not less than 123°C, even mo
preferablynotlessthan124°C. Thereisnopartic
limitation for the upper limit of the glass transit
temperatureofakneadedproductofonlythemethac
resin [1] and the methacrylic resin [2], but it is
preferably 130°C.

Examplesof components otherthanthe metha
resin [1] and the methacrylic resin [2] which can b
comprised in the methacrylic resin composition
according to the present invention can include, oth
polymers,andadditivessuchasafiller,anantiox
aheatdeteriorationinhibitor,anultravioletabso
a light stabilizer, a lubricant, a parting agent, a
polymer processing aid, an antistatic agent, a flam
retardant, dyes and pigments, a light diffusing age
an organic dye, a delustering agent, an impact
resistance modifier, a fluorescent substance. Thes
may be added to either one or both of polymerizatio
reaction liquids used when manufacturing the
methacrylic resin [1] or the methacrylicresin[2],
may be added to either one or both of the methacryl
resin[1]andthe methacrylicresin[2] manufacture
apolymerizationreaction,ormaybeaddedtoakne
product with the methacrylic resin [1] or the
methacrylic resin [2].

Examplesofotherpolymerscaninclude poly
resins such as polyethylene, polypropylene,
polybutene-1, poly-4-methylpentene-1, polynorbornen

orthe like; ethylene ionomers; styrene resins such
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polystyrene, styrene-maleic anhydride copolymer, hi
impact polystyrene or the like, AS resins, ABS resi
AESresins, AASresins, ACSresins, MBS resins; met
methacrylate polymer, methyl methacrylate-styrene
copolymer; polyester resins such as polyethylene
terephthalate, polybutyleneterephthalate ortheli
polyamides such as Nylon 6, Nylon 66, polyamide
elastomers or the like; polycarbonate, polyvinyl
chloride, polyvinylidene chloride, polyvinyl alcoho
polyvinyl butyral, polyvinyl acetal, ethylene-vinyl
alcoholcopolymer,polyacetal,polyvinylidenefluor
polyurethane, modified polyphenylene ether,
polyphenylene sulfide, silicone modified resins;
acrylic rubbers, acrylic thermoplastic elastomers,
silicone rubbers; styrene thermoplastic elastomers
suchasSEPS,SEBS, SISorthelike;olefinrubbers
as IR, EPR, EPDM or the like. The amount of other
polymerswhichmaybecomprisedinthemethacrylic
composition according to the present invention is
preferably not more than 10 mass%, more preferably
more than 5 mass%, most preferably 0 mass%.
The methacrylic resin composition according
preferredembodimentofthepresentinventioncompr
the methacrylic resin [1], the methacrylic resin [2
and a polycarbonate resin or a polyester resin. In
case where a polycarbonate resin or a polyester res
is comprised, a methacrylic resin composition can b
obtained in which the phase difference can easily b
adjusted. The amount of a polycarbonate resin or a
polyesterresinispreferablyltolOpartsbymass
preferably 2 to 7 parts by mass, even more preferab

3to 6 parts by mass relative to the total 100 part
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mass of the methacrylic resin [1] and the methacryl
resin [2].

The methacrylic resin composition according
more preferred embodiment of the present invention
comprises the methacrylic resin [1], the methacryli
resin [2] and a polycarbonate resin. A polycarbona
resin used in the present invention is preferably a
aromatic polycarbonate resininview of compatibili
Apolycarbonateresinisapolymerobtainedbyreac
a polyfunctional hydroxy compound with a
carbonate-forming compound. The amount of a
polycarbonateresinispreferably1to10partsby
more preferably 2 to 7 parts by mass, even more
preferably 3 to 6 parts by mass relative to the tot
100 parts by mass of the methacrylic resin[1] and
methacrylic resin [2] in view of that the phase
difference of a formed article can easily be reduce

An aromatic polycarbonate resin used in the
present invention is not particularly limited by th
manufacturing methods thereof. For example, the
phosgene method (interfacial polymerization method)
the melt polymerization method (transesterification
method) and the like can be mentioned. Further, an
aromatic polycarbonate resin preferably used in the
present invention may be a polycarbonate resin
manufacturedbythemeltpolymerizationmethodand
subjectedto a post-treatment for adjusting the amo
of terminal hydroxy groups.

Examples of a polyfunctional hydroxy compou
which is a raw material for manufacturing a
polycarbonateresincaninclude optionally substitu

4,4'-dihydroxybiphenyls; optionally substituted
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bis(hydroxyphenyl)alkanes; optionally substituted
bis(4-hydroxyphenyl)ethers; optionally substituted
bis(4-hydroxyphenyl)sulfides; optionally substitute
bis(4-hydroxyphenyl)sulfoxides; optionally
substituted bis(4-hydroxyphenyl)sulfones; optionall
substituted bis(4-hydroxyphenyl)ketones; optionally
substituted bis(hydroxyphenyl)fluorenes; optionally
substituted dihydroxy-p-terphenyls; optionally
substituted dihydroxy-p-quarterphenyls; optionally
substituted bis(hydroxyphenyl)pyrazines; optionally
substituted bis(hydroxyphenyl)menthanes; optionally
substituted
bis[2-(4-hydroxyphenyl)-2-propyl]lbenzens; optionall
substituted dihydroxynaphthalenes; optionally
substituted dihydroxybenzens; optionally substitute
polysiloxanes; optionally substituted
dihydroperfluoroalkanes; and the like.

Among these polyfunctional hydroxy compound
preferred are 2,2-bis(4-hydroxyphenyl)propane,
1,1-bis(4-hydroxyphenyl)cyclohexane,
bis(4-hydroxyphenyl)diphenylmethane,
1,1-bis(4-hydroxyphenyl)-1-phenylethane,
2,2-bis(4-hydroxy-3-methylphenyl)propane,
2,2-bis(4-hydroxy-3-phenylphenyl)propane,
4,4'-dihydroxybiphenyl, bis(4-hydroxyphenyl)sulfone
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane,
3,3-bis(4-hydroxyphenyl)pentane,
9,9-bis(4-hydroxy-3-methylphenyl)fluorene,
bis(4-hydroxyphenyl)ether,
4,4'-dihydroxybenzophenone,
2,2-bis(4-hydroxy-3-methoxypheny)1,1,1,3,3,3-hexafl

oropropane,
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o, w-bis[3-(2-hydroxyphenyl)propyl]polydimethylsiloxa
ne, resorcin, or 2,7-dihydroxynaphthalene. In
particular, 2,2-bis(4-hydroxyphenyl)propane is
preferred.

Examples of a carbonate-forming compound ca
include various dihalogenated carbonyls such as
phosgene or the like, haloformates such as
chloroformate orthe like, carbonate compounds such
bisaryl carbonate or the like. The amount of the
carbonate-forming compound may be appropriately
adjusted in consideration of the stoichiometry rati
(equivalence) of a reaction with a polyfunctional
hydroxy compound.

Apolymerizationreactionis usually perfor
a solvent in the presence of an acid binding agent.
Examples of an acid binding agent can include alkal
metal hydroxides such as sodium hydroxide, potassiu
hydroxide, lithium hydroxide, cesium hydroxide or t
like;alkalimetalcarbonatessuchassodiumcarbo
potassium carbonate or the like; tertiary amines su
as trimethylamine, triethylamine, tributylamine,
N,N-dimethylcyclohexylamine, pyridine,
dimethylaniline orthe like; quaternary ammonium sa
such as trimethylbenzylammonium chloride,
triethylbenzylammonium chloride,
tributylbenzylammonium chloride,
trioctylmethylammonium chloride, tetrabuthylammoniu
chloride, tetrabutylammonium bromide or the like;
quaternary phosphonium salts such as
tetrabuthylphosphonium chloride,
tetrabuthylphosphoniumbromide;andthelike. Fur

asmallamountofanantioxidantsuchassodiumsul
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hydrosulfide or the like may be added to this react
system, ifdesired. Theamountofanacidbidinga
may be appropriately adjusted in consideration of t
stoichiometry ratio (equivalence) of a reaction.
Specifically, an acid binding agent may be used in
equivalence or excess, preferably 1 to 5 equivalenc
permoleofahydroxylgroupofapolyfunctionalhy
compound as a raw material.

Further, a known chain-end terminator and
branchingagentcanbe usedforthereaction. Exam

of a chain-end terminator can include

p-tert-butyl-phenol, p-phenylphenol, p-cumylphenol,

p-perfluorononylphenol,
p-(perfluorononylphenyl)phenol,
p-(perfluoroxylphenyl)phenol,
p-tert-perfluorobutylphenol,
1-(P-hydroxybenzyl)perfluorodecane,
p-[2-(1H,1H-perfluorotridodecyloxy)-1,1,1,3,3,3-hex
fluoropropyl]phenol,
3,5-bis(perfluorohexyloxycarbonyl)phenol,
perfluorododecyl p-hydroxybenzoate,
p-(1H,1H-perfluorooctyloxy)phenol,
2H,2H,9H-perfluorononanoic acid,
1,1,1,3,3,3-tetrafluoro-2-propanol; and the like.
Examples of a branching agent can include
fluoroglycine, pyrogallol,
4,6-dimethyl-2,4,6-tris(4-hydroxyphenyl)-2-heptene,
2,6-dimethyl-2,4,6-tris(4-hydroxyphenyl)-3-heptene,
2,4-dimethyl-2,4,6-tris(4-hydroxyphenyl)heptane,
1,3,5-tris(2-hydroxyphenyl)benzene,
1,3,5-tris(4-hydroxyphenyl)benzene,
1,1,1-tris(4-hydroxyphenyl)ethane,
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tris(4-hydroxyphenyl)phenylmethane,
2,2-bis[4,4-bis(4-hydroxyphenyl)cyclohexyl]propane,
2,4-bis[2-bis(4-hydroxyphenyl)-2-propyl]phenol,
2,6-bis(2-hydroxy-5-methylbenzyl)-4-methylphenol,
2-(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)propane,
tetrakis(4-hydroxyphenyl)methane,
tetrakis[4-(4-hydroxyphenylisopropyl)phenoxy]methan
2,4-dihydroxybenzoic acid, trimesic acid, cyanuric
acid,
3,3-bis(3-methyl-4-hydroxyphenyl)-2-oxo-2,3-dihydro
ndole, 3,3-bis(4-hydroxyaryl)oxyindole,
5-chloroisatin, 5,7-dichloroisatin, 5-bromoisatin a
the like.

A polycarbonate resin may comprise a unit h
a polyester, polyurethane, polyether or polysiloxan
structure in addition to a polycarbonate unit.

In view of that phase difference can easily
controlled to a desired value and a film having an
excellenttransparencycanbeobtained,preferably

is a polycarbonate resin having an MVR value at 300
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and 1.2 kg of preferably 1 to 100,000 cm 3/20min, more
preferably80to400cm 3/10min,evenmorepreferably100

to 300 cm  3/10min, still more preferably 130 to 250

cn/10min, most preferably 150 to 230 cm 3/20min, or a

polycarbonate resin having a weight average molecul
weight of preferably 5000 to 75000, more preferably
13000 to 32000, even more preferably 14000 to 30000
still more preferably 15000 to 28000, most preferab
18000 to 27000, the weight average molecular weight
beingobtainedbyconvertingachromatogrammeasure
gelpermeationchromatography(GPC)intotheequiva
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valueandthe molecularweightofapolycarbonater
canbecontrolledbyadjustingtheamountofachai
terminator and/or a branching agent.
Examplesofafillercanincludecalciumca
talc, carbon black, titanium oxide, silica, clay,
barium sulfate, magnesium carbonate and the like.
amount of a filler which may be contained in the
methacrylic resincomposition accordingtothe pres
invention is preferably not more than 3 mass%, more
preferably not more than 1.5 mass%.
Anantioxidantalone has an effectfor prev
oxidation deterioration of a resin in the presence
oxygen. Forexample,aphosphorusantioxidizingag
a hindered phenol antioxidizing agent, a thioether
antioxidizing agent and the like can be mentioned.
These antioxidants may be used alone or in combinat
oftwoormore. Amongthese,aphosphorusantioxid
agent and a hindered phenol antioxidizing agent are
preferred in view of the effect for preventing
deterioration of an optical property due to colorin
More preferably, a phosphorus antioxidizing agent a
a hindered phenol antioxidizing agent are used in
combination.

In a case where a phosphorus antioxidizing agent
and a hindered phenol antioxidizing agent are used
combination, the used amount of a phosphorus
antioxidizing agent:the used amount of a hindered
phenol antioxidizing agent is preferably 1:5 to 2:1
more preferably 1:2 to 1:1 in the mass ratio.

Asaphosphorusantioxidizingagent,prefer
2,2-methylenebis(4,6-di-t-butylphenyl)octylphosphit
(ADEKA Corp.; product name: ADK STAB HP-10),
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tris(2,4-di-t-butylphenyl)phosphite (BASF A.G.;
product name: IRGAFOS168),
3,9-bis(2,6-di-tert-butyl-4-methylphenoxy)-2,4,8,10
tetraoxa-3,9-diphosphaspiro[5.5]undecane (ADEKA Cor
product name: ADK STAB PEP-36) and the like.

As a hindered phenol antioxidizing agent,
preferred are
pentaerythrityl-tetrakis[3-(3,5-di-t-butyl-4-hydrox
phenyl)propionate] (BASF A.G.; product name:
IRGANOX1010),
octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propion
te(BASFA.G.;productname:IRGANOX1076)andthel

A thermal deterioration inhibitor can preve
thermaldeteriorationofaresinbycapturingapol
radical generated when exposed to high temperature
essentially in the absence of oxygen.

Asthethermaldeteriorationinhibitor, preferred
are
2-t-butyl-6-(3'-t-butyl-5'-methyl-hydroxybenzyl)-4-
ethylphenylacrylate (Sumitomo Chemical Co., Ltd.;
product name: Sumilizer GM),
2,4-di-t-amyl-6-(3',5'-di-t-amyl-2'-hydroxy-
benzyl)phenylacrylate (Sumitomo Chemical Co., Ltd.;
product name: Sumilizer GS) and the like.

An ultraviolet absorber is a compound capab
absorbing ultraviolet light. An ultraviolet absorb
isacompoundwhichissaidtohaveafunctionfor
converting light energy into thermal energy.

Examples of an ultraviolet absorber can include
benzophenones, benzotriazols, triazines, benzoates,
salicylates, cyanoacrylates, oxalic anilides, malon

esters, formamidines and the like. These may be us
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alone or in combination of two or more. Among thes e,
preferred are benzotriazols, triazines or an

ultraviolet absorber in which the maximum molar

extinctioncoefficient emaxinthewavelengthsof380to

450 nm is not more than 1200 dm %.moltcm?.

[0068] Benzotriazols, which show a strong effect f or
preventing optical property deterioration such as
coloring due to exposure to ultraviolet light, are
preferred as an ultraviolet absorber when such a
property is required for the methacrylic resin
accordingtothe presentinvention. Asbenzotriazo Is,
preferred are
2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbuty
)phenol (BASF A.G.; product name: TINUVIN329),
2-(2H-benzotriazol-2-yl)-4,6-bis(1-methyl-1-phenyle t
hyl)phenol (BASF A.G.; product name TINUVIN234),
2,2'-methylenebis[6-(2H-benzotriazol-2-yl)-4-tert-o c
tylphenol] (ADEKA Corp.; LA-31) and the like.

[0069] Further, an ultraviolet absorber in which t he
maximum molar extinction coefficient €max IN the
wavelengths of 380 to 450 nm is not more than 1200 dn?:
mol * cm? can suppress yellowish coloring of the
resulting formed article. Examples of such an
ultraviolet absorber can include
2-ethyl-2'-ethoxy-oxalanilide (Clariant Japan K.K.;
product name: Sanduvor VSU) and the like.

Among these ultraviolet absorbers, benzotriazols
are preferably used in view of that deterioration o fa
resin due to exposure to ultraviolet light can be
suppressed.
[0070] Further, triazine ultraviolet absorbers are

preferably used to efficiently absorb a light with a
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wavelength around a wavelength of 380 nm. Examples

such an ultraviolet absorber can include

2,4,6-tris(2-hydroxy-4-hexyloxy-3-methylphenyl)-1,3

5-triazine(ADEKACorp.;LA-F70), analogsthereof

as hydroxyphenyl triazine ultraviolet absorbers (BA

A.G.; TINUVIN477 or TINUVIN460) or the like.
Notethatthemaximummolarextinctioncoef

£maxOf an ultraviolet absorber is measured as follows.

Anultravioletabsorberinanamountof10.00mgis

to 1L ofcyclohexane, and allowedtodissolve unti

undissolved materials are visually observed. This

solutionistransferredintoalcmxlcmx3cmq

glasscell,andtheabsorbanceinthewavelengthso

to 450 nm is measured with a Hitachi U-3410

spectrophotometer. The maximum molar extinction

coefficient £maxiscomputedbythefollowingexpression

using the molecular weight (M uy) Of an ultraviolet
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Alight stabilizeris acompound whichis s
haveafunctionforcapturingaradicalmainlygene
by light oxidation. Examples of a suitable light
stabilizer can include hindered amines such as a
compound having a 2,2,6,6-tetraalkylpiperidine
backbone.

Examplesofalubricant caninclude stearic
behenic acid, stearoamide acid,
methylenebisstearoamide, hydroxystearic acid
triglyceride, paraffinwax, ketone wax, octyl alcoh
hardened oil and the like.

Examples of a parting agent can include hig
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alcohols such as cetyl alcohol, stearyl alcohol or
like; glycerin higher fatty acid esters such steari
acid monoglyceride, stearic acid diglyceride or the
like; and the like. In the present invention, high
alcohols and glycerin fatty acid monoesters are
preferably usedincombination. Inacasewherehi
alcoholsandglycerinfattyacidmonoestersareuse
combination, there is no particular limitation for
theirratio, buttheusedamountofhigheralcohols
used amount of glycerin fatty acid monoesters is
preferably 2.5:1 to 3.5:1, more preferably 2.8:1 to
3.2:1 in the mass ratio.

As a polymer processing aid, used are polym
particles having a particle diameter of 0.05t0 0.5
which can be manufactured usually by the emulsion
polymerization method. These polymer particles may
monolayer particles comprising a polymer of a singl
compositionratioandsinglelimitingviscosity, or
bemultilayerparticlescomprisingtwoormore poly
having different composition ratios or limiting
viscosities.Amongthese,two-layeredparticlesha
an inner polymer layer with a low limiting viscosit
and having an outer polymer layer with a high limit
viscosity of not less than 5 dl/g are preferably
mentioned. A polymer processing aid preferably has
limiting viscosity of 3to 6 dl/g. Inacase where
limiting viscosity is too small, the effect for
improving formability tendstobe low. Inacasew
thelimitingviscosityistoolarge, theformabilit
a methacrylic resin composition tends to be reduced
Specifically, the Metablen-P series from Mitsubishi

RayonCo.,Ltd.,productsfromRohmé&HassCo.,pro
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fromDow Chemical Company,andthe Paraloidseries
Kureha Chemical Industry Co.,Ltd. are mentioned. T
amountofapolymerprocessingaidcontainedinthe

or sheet according to the present invention is
preferably not less than 0.1 part by mass and notm
than 5 parts by mass relative to an acrylic resin.
loading amount of not more than 0.1 part by mass wi
not provide good processing properties while aload
amount of not less than 5 parts by mass will cause
problems such as decreased surface properties.

Examples of an impact resistance modifier ¢
include a core-shell modifier comprising a core lay
comprising acrylic rubber or diene rubber; a modifi
comprising two or more rubber particles; and the i

As an organic dye, preferably used is a com
havingafunctionforconvertingultravioletlight
visible light.

Examples of a light diffusing agent and a
delustering agent can include glass fine particles,
polysiloxanecross-linkedfineparticles,cross-lin
polymerfineparticles,talc,calciumcarbonate,ba
sulfate and the like.

Examplesofafluorescentsubstance caninc
fluorescent pigment, a fluorescent dye, a fluoresce
whitedye,afluorescentwhiteningagent,afluores
bleaching agent and the like.

The total amount of an antioxidant, a heat
deterioration inhibitor, an ultraviolet absorber, a
infrared absorber, a light stabilizer, a lubricant,
parting agent, a polymer processing aid, an antista
agent, a flame retardant, dyes and pigments, a ligh

diffusing agent, an organic dye, a delustering agen
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an impact resistance modifier and a fluorescent

substance which can be comprised in the methacrylic

resincompositionaccordingtothepresentinventio nis
preferably not more than 7 mass%, more preferably n ot
more than 5 mass%, even more preferably not more th an
4 mass%.

Themethacrylicresincompositionaccording tothe
present invention is not particularly limited by th e

manufacturing methods thereof. For example, a

methacrylic resin composition can be manufactured b y
melt-kneading the methacrylic resin [1], the

methacrylic resin [2] and other polymers such as a

polycarbonate resin. Melt-kneading can be performe d
using, for example, a melt-kneading machines such a sa
kneader ruder, an extruder, a mixing roll, a Banbur y

mixer or the like. The temperature at the time of
kneadingcanbeappropriatelyadjusteddependingon the
softening temperatures of the methacrylic resin [1] ,

the methacrylic resin [2] and other polymers, but

kneading is usually performed at a temperature with in
the range of 150°C to 300°C. Further, a shear rate at
the time of kneading can be adjusted within the ran ge
of 10 to 5000 sec "L, Moreover, in a case where a

methacrylic resinis melt-kneaded with a polycarbon ate
resin, melt-kneadingis preferably performed under the
conditions where the relative viscosity ( ng/ na) of the
melt viscosity ( na) of the methacrylic resin [1], the
methacrylicresin[2]oraresincompositionthereo fand
the melt viscosity ( ng) of the polycarbonate resin is

not more than 1.0.
Asanother method formanufacturingametha crylic

resin composition, mentioned is a method comprising
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polymerizing a monomer being a raw material of the
methacrylicresin[2]inthepresenceofthemethac
resin [1] and other polymers to obtain a methacryli
resin composition. Such a polymerization can be
performed as the polymerization method for
manufacturing the methacrylic resin [2]. In the ca
of the manufacturing method comprising polymerizing
monomerwhichisarawmaterialofthemethacrylic
[2] in the presence of the methacrylic resin [1] an
other polymers, the heat history for the methacryli
resins is shorter than that in the case of the
manufacturingmethodinwhichthemethacrylicresin
the methacrylic resin [2] and other polymers are
melt-kneaded. Therefore, the thermal decomposition
the methacrylic resins may be suppressed, and a for
articlehavinglesscoloringandforeignsubstances
easily be obtained.
Themethacrylicresincompositionaccording
present invention has a total content of a structur
unitderivedfrommethylmethacrylateofpreferably

less than 90 mass%, more preferably not less than 9

mass%, even more preferably not less than 98 mass%,

stillmore preferably not less than 99 mass%, and m
preferably100mass%relativetothetotalamounto
methacrylic resin [1] and the methacrylic resin [2]
The Mw as determined by measuring the metha
resincompositionaccordingtothepresentinventio
GPCispreferably50000t0150000,morepreferably
to 120000, even more preferably 55000 to 100000. T
molecular weight distribution as determined by
measuring the methacrylic resin composition accordi

tothepresentinventionbyGPCispreferablyl.2t
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more preferably 1.3t0 2.0. Inacase where the Mw
themolecularweightdistributionfallintheseran

the formability of a methacrylic resin composition
good, and a formed article having an excellent impa
resistance and toughness can easily be obtained.

The meltflow rate as determined by measuri
methacrylic resincomposition accordingtothe pres
invention under the conditions of 230°C and a load
3.8 kg is preferably not less than 0.1 g/10min, mor
preferably 0.2 to 30 g/10min, even more preferably
to 20 g/10min, most preferably 1.0 to 10 g/10min.

Further, the glass transition temperature a
determined by measuring the methacrylic resin
composition according to the present invention is
preferablynotlessthan120°C,morepreferablynot
than 123°C, even more preferably not less than 124°
There is no particular limitation for the upper lim
of the glass transition temperature of a methacryli
resin composition, but it is preferably 130°C.

Themethacrylicresincompositionaccording
present invention can be formed into a pellet and t
like inordertoimprovethe convenience atthetim
storage, transportation or forming.

The formed article according to the present
invention comprises the methacrylic resin compositi
according to the present invention. There is no
particular limitation for a method for manufacturin
the formed article accordingto the presentinventi
For example, mentioned can be the melt-forming meth
such as the T-die methods (the lamination method, t
co-extruding method and the like), the inflation

methods (the co-extrusion method and the like), the
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compression molding method, the blow molding method
the calendering forming method, the vacuum molding
method, the injection molding methods (the insert
moldingmethod, thetwo-colormethod,thepressmet
thecorebackmethod,thesandwichmethodandthel

and the solution casting methods; and the like. Am

these, The T-die method, the inflation method or th
injection molding method is preferred in view of hi
productivity and low cost. There is no particular
limitation for the type ofaformed article, buta

(a planar formed article with a thickness of not le

than5 umandnotmorethan250
formedarticlewithathicknessofmorethan250

be preferably mentioned. Among these, a film is
particularly preferred.

A film or sheet as one embodiment of the fo
article according to the present invention can be
manufactured by the solution cast method, the melt
casting method, the extrusion method, the inflation
molding method, the blow molding method and the lik
Among these, the extrusion method is preferredinv
ofthatafilmorsheethavinganexcellenttranspa
an improved toughness, an excellent handling proper
andanexcellentbalanceoftoughness, surfacehard
and stiffness can be obtained. The temperature of
methacrylic resin composition discharged from an
extruder is set to preferably 160 to 270°C, more
preferably 220 to 260°C.

Amongtheextrusionmethods,inviewoftha
orsheetwithagoodsurfacesmoothness,agoodspe
gloss and a low haze can be obtained, preferred is

forming method, comprising extruding a methacrylic
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resincompositionthroughaT-dieinamoltenstate
then sandwiching it between two or more mirrored ro
or mirrored belts.

Mirrored rolls or mirrored belts are preferably
made of ametal. Thelinear pressure between a pai
mirroredrollsormirroredbeltsis preferablynot

than 10 N/mm, more preferably not less than 30 N/mm

Further, the temperatures of the surfaces o
mirroredrollsormirroredbeltsarebothpreferabl
more than 130°C. Moreover, the surface temperature
at least one in a pair of mirrored rolls or mirrore
beltsispreferablynotlessthan60°C. Inacase
the surface temperature is set in this way, a
methacrylic resin composition discharged from an
extrudercanbecooledataratefasterthannatura
releasing, and therefore a film or sheet having an
excellent surface smoothness and alow haze can eas
be obtained. The thickness of an unstretched film
sheetobtained by extrusionis preferably 10to 300
The haze of the film is preferably not more than 0.
more preferablynotmorethan0.3%atathicknesso
pum.

Stretchingtreatmentmaybeperformedona
sheet formed of the methacrylic resin composition
according to the present invention. Stretching
treatment can enhance mechanical strength, and a fi
more resistant to cracking can be obtained. There
no particular limitation for the stretching methods
but they can include the simultaneous biaxial
stretching method, the sequential biaxial stretchin
method, thetubular stretching methodandthelike.

view of that uniformly stretching can be performed
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afilmhavingahighstrengthcanbeobtained, the

limit of a temperature at the time of stretching is
temperature of 10°C above the glass transition
temperatureofamethacrylicresincomposition,and
upper limit of atemperature at the time of stretch

Is a temperature of 40°C above the glass transition
temperature of the methacrylic resin composition.
stretching is usually performed at a rate of 100 to
5000%/min. A film with less thermal shrinkage can
obtained by performing heat setting after stretchin
The thickness of a film after stretching is prefera
10to 200  um.

Afunctionallayermaybe providedonasur
afilmorsheetasone embodimentofthe formedart
according to the present invention. Examples of a
functional layer can include a hard-coat layer, an
anti-glare layer, an antireflective layer, an
anti-sticking layer, a diffusion layer, a glare-pro
layer, an antistatic layer, a antifouling layer, a
slippinglayercomposedoffineparticles,andthe

Anadhesive layer may be provided on a surf
afilmorsheetasone embodimentofthe formedart
according to the presentinvention. As an adhesive
an adhesive layer, forexample, an aqueous adhesive
solventadhesive,ahotmeltadhesive,anactiveen
ray-curable adhesive and the like can be used. Amo
these, an aqueous adhesive and an active energy
ray-curable adhesive are suitable.

Examples of an aqueous adhesive can include
not particularly limited to, vinyl polymer adhesive
gelatinadhesives, vinyllatexadhesives, polyureth

adhesives, isocyanate adhesives, polyester adhesive
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epoxyadhesives,andthelike. Totheaqueousadhe
cross-linking agents and other additives, catalysts
such as acid can also be blended, if desired. Ast
aqueous adhesives, an adhesive comprising a vinyl
polymer is preferably used. As the vinyl polymer,
polyvinyl alcohol resin is preferred. Further, a
water-soluble cross-linking agent such as boric aci
borax, glutaraldehyde, melamine, oxalic acid or the
like may be containedinapolyvinylalcoholresin.
particular,inacasewhereapolyvinylalcoholpol

film is used as a polarizer, an adhesive comprising
polyvinyl alcohol resin is preferably used in view
adhesiveness. Further, an adhesive comprising a
polyvinyl alcohol resin having an acetoacetyl group
more preferably used in view of improved durability
The aqueous adhesive is usually used as an adhesive
an aqueous solution state, and usually contains 0.5
60 wt% of solid contents.

For an active energy ray-curable adhesive,
compound having one or more (meth)acryloyl groups a
acompoundhavingavinylgroupcanbeusedasacu
component,andotherthanthat,aphotocationiccur
componentmainlycomprisinganepoxycompoundand/o
oxetane compound and a photo acid generating agent
also be used. As active energy ray, electron ray a
ultraviolet light can be used.

The acrylic thermoplastic resin composition
accordingtothepresentinventionandaformedart
comprising thereof can be used as a member for vari
uses. As specific uses, mentioned are, for example
signboard parts and marking films such as advertisi

pillars, stand signboards, side signboards, transom
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signboards,roofsignboardsandthelike;displayp
suchasshowcases, partitionpanels,storedisplays

the like; illumination parts such as fluorescent la
covers, mood lighting covers, lamp shades, luminous
ceilings, luminous walls, chandeliers and the like;
interiorpartssuchasfurniture,pendants, mirrors

the like; architectural parts such as doors, domes,
safetywindow glass, partitions, stair waiscotpane
balcony waiscot panels, leisure building roofs and

like; transportation related parts such as air plan
windshields, pilot visors, motorcycle, motorboat
windshields, bus sun visors, automobile side visors
rear visors, head wings, headlight covers, automobi
interior members, automobile exterior members such
bumpers,andthelike;electronicequipmentparts

as faceplates for audiovisuals, stereo covers,
television protective masks, vending machines,
cellular phones, personal computers and the like;
medical equipment parts such as incubators, roentge
parts and the like; instrument related parts such a
machine covers, instrumentcovers, experimentdevic
rulers,dials,observationwindowsandthelike;op
relatedpartssuchasliquidcrystalprotectivepla

light guide plates, lightguide films, Fresnel'sle
lenticular lens, front panels of various displays,
diffuser plates and the like; transportation relate
parts such as road signs, direction boards, mirrors
curved roads, sound insulating walls and the like;
addition, greenhouses, large-sized water tanks, box
aguariums, bathroom members, clock panels, bath tub
sanitary, desk mats, parts of recreational devices,

toys, face protecting masks when welding, back shee
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ofsolarcells,frontsheetsofflexiblesolarcell
the like; surface materials used in, for example,
personal computers, cellular phones, furniture,
vending machines, bathroom members; and the like.
As applications of materials having an excellent
transparency and thermal resistance obtained by
co-extruding the acrylic thermoplastic resin
composition according to the present invention and
base material comprising a steel material, plastics
wood, glassandthelike,theycanalsobesuitably
inwallpaper; surfaces of automobile interiormembe
surfacesofautomobileexteriormemberssuchasbum
or the like; surfaces of cellular phones; furniture
surfaces; surfaces of personal computers; surfaces
vending machines; surfaces of bathroom members such
bath tubs or the like.

A film or sheet as one embodiment of the fo
article according to the present invention has a hi
transparencyandahighthermalresistance. Theref
they are suitable for optical use, and in particula
suitable for use in a polarizer protective film, a
liquidcrystalprotectiveplate,asurfacematerial
portable information terminals, a display window
protective film for portable information terminals,
light guide film, a transparent electric conductive
film with silver nanowires and/or carbon nonotubes
appliedonasurfacethereof,afrontpanelforvar
displays. In particular, the film or sheet accordi
tothepresentinventioncomprisingamethacrylicr
composition comprising methacrylic resins and a
polycarbonate resin can provide desired phase

difference, and thus is suitable for optical use in
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polarizer protective films, phase difference films
the like.

The film or sheet according to the present
invention has a high transparency and a high therma
resistance. Therefore, it can be used for an IR cu
films, a security film, a shatterproof film, a
decorationfilm,ametaldecorationfilm,ashrink
a film for in-mold labels in addition to optical us

In a case where afilm or sheet as one embo
oftheformedarticleaccordingtothepresentinve
is used for a polarizer protective film or a phase
differencefilm,onlyonesideofthepolarizerfil
be laminated, or both sides may be laminated. When
laminated on a polarizer film, lamination may be
performedthroughanadhesivelayeroranadherent
A stretched film having afilm thickness of 1
um, comprisingapolyvinylalcoholresinandiodine

be used for a polarizer film.

EXAMPLES
Below, the present invention will be descri
with reference to Examples and Comparative Examples
However, the presentinvention shall not be limited
the following Examples. Note thatvalues for physi
properties and the like were measured by the follow

methods.

[0101] (Polymerization conversion ratio)

AnlnertCap 1 (df=0.4
from GL Sciences Inc. was connected as a column to
Shimadzu gas chromatography system GC-14A, and
measurements were performed under the following

conditions: the injection temperature was 180°C; th
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detectortemperature was 180°C; the columntemperat
was increased from 60°C (a holding time of 5 min.)
200°C atarate oftemperatureincrease of 10°C/min
then held for 10 min. The polymerization conversio
ratio was computed based on these results.

[0102](Mw, molecular weight distribution)

The Mw and the molecularweightdistribution were
computed asavalueintermsofthe molecularweigh
apolystyrenestandardbydeterminingachromatogra
the gel permeation chromatography (GPC) under the
following conditions.

GPC system: a TOSOH HLC-8320
Detector: a differential refractive index detecto

Columns: Two TOSOH TSKgel SuperMultipore HZM-M

connected to a SuperHZ4000 in series were used.
Eluent: tetrahydrofuran

Eluent flow rate: 0.35 ml/min.

Column temperature: 40°C

Calibration curve: created from 10 data points of

polystyrene standards.

[0103](Triad syndiotacticity (rr))

'H-NMR measurements were performed on a
methacrylic resin or a methacrylic resin compositio
(inacase where a polycarbonate resin is contained
methacrylic resin obtained by extraction thereof)
obtainedfromeachofExamplesand Comparative Exam
InthatspectrumwhenTMSistakenasOppm,anare
ofthe0.6t00.95 ppmregionandanarea(Y)ofth
to 1.35 ppmregion were measured, and a value compu
using the formula: (X/Y) x 100 was taken as the tri
syndiotacticity (rr) (%).

Apparatus:anuclearmagneticresonancesystem(B
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ULTRA SHIELD 400 PLUS)
Solvent: deuterated chloroform
Nuclide to be measured: H
Measurement temperature: room temperature
Integration times: 64 times
[0104](Glass transition temperature)
Using a differential scanning calorimeter
(Shimadzu Corporation, DSC-50 (model number)), in
accordance with JIS K7121, a methacrylic resin
composition obtained from Example was heated to 230 °C
and then cooled to room temperature. Subsequently, a
DSC curve was measured under the conditions where

heatingwas performedfromroomtemperatureto230° Cat

10°C/min. The midpoint glass transition temperatur e
obtained from the DSC curve measured during the sec ond
heating was taken as the glass transition temperatu re

in the present invention.
[0105] (Melt flow rate (MFR))
MeasurementswereperformedinaccordancewithJl S
K7210 under the conditions of 230°C, a load of 3.8 kg
and for 10 minutes.
[0106] (Bending strength)
A methacrylic resin composition obtained from

Example was injection molded at 230°C to obtainat est
piece (B) with 80 mm x 10 mm x a thickness of 4.0 m m.
In accordance with JIS K7171, three-point bending w as

performed on the test piece (B) at 23°C using an
autograph(ShimadzuCorporation),andthemaximump oint
stress was taken as the bending strength.
[0107](Variation in thickness)
A methacrylic resin composition obtained from

Example was dried at 80°C for 12 hours. Usinga 20 -mm
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¢ single screw extruder (from OCS), the methacrylic

resin composition was extruded at a resin temperatu re
of 260°C through a T-die with a width of 150 mm, an d
directly fed into a cooling roll to obtain an
unstretched filmwith awidth of 100 nm and athick ness
of 180 um.

The minimum thickness D min [MmM] and the maximum

thicknessD  namm]oftheunstretchedfilmweremeasured,
and then the variation in thickness as defined by t he
following expression was obtained.
Variation in thickness (%)
={(D max~ D min)/D min} % 100

Thevariationinthicknesswasevaluatedaccordin g
to the following criteria.

A: The variation in thickness is less than 5%.

B: The variation in thickness is 5% to 20%.

C: The variation in thickness is more than 20%.
[0108] (Surface smoothness)

A surface of the above unstretched film was
visually observed, and the surface smoothness was
evaluated according to the following criteria.

A: The surface is smooth and good.
B: The surface is uneven.
[0109](Haze)

InaccordancewithJISK7136,thehazeoftheabo ve
unstretched film was measured with a haze meter
(MurakamiColorResearchLaboratoryCo.,Ltd.,HM-1 50).

[0110](Heat shrinkage ratio)

The above unstretched film was cut outinto 50 mm
x 40 mm, and placed in a tensile testing machine
(ShimadzuAG-IS5kN)sothatthedistancebetweenc hucks

was40mm, and stretched atastretchingtemperatur eof
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15°C above the glass transition temperature, a
stretching rate of 500%/min in one direction and a
stretching ratio of two times in one direction. Af
maintained for 10 seconds, quenching was performed
obtain a stretched film with a thickness of 100

A straight line with a length of 70 mm was drawn
on a surface of the stretched film obtained, and th
stretchedfilmwasheatedfor30minutesinaforce
circulationthermostatovenmaintainedatatempera
0f110°C. Thenthelength(L(mm))ofthedrawnst
line was read on a scale, and the heat shrinkage ra
was calculated using the following expression.
Heat shrinkage ratio (%) = (70 - L)/70 x 100

[0111](Total light transmittance)

A methacrylic resin composition obtained from
Example was heat pressed at 230°C to form a test pi
(A) with 50 mm x 50 mm x a thickness of 3.2 mm. In
accordance with JIS K7361-1, the total light

transmittance of the test piece (A) was measured wi

a haze meter (Murakami Color Research Laboratory Co

Ltd., HM-150).

[0112](Yellow index (Y1)

Yellow index of the above test piece (A) was
measured in a light path length of 3.2 mm with a
colorimetric color difference meter (Nippon Denshok
Industries Co., Ltd, ZE-2000) in accordance with JI
Z8722.

Y| was evaluated according to the following
criteria.
A: Yl is less than 5.

B: Yl is not less than 5.

[0113](Phase difference (Rth) in the direction of
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thickness)

The above unstretched film was cut outinto 50 mm
x 40 mm, and placed in a tensile testing machine
(ShimadzuAG-IS5kN)sothatthedistancebetweenc
was 20mm, and stretched atastretchingtemperatur
20°C above the glass transition temperature, a
stretching rate of 500%/min in one direction and a
stretching ratio of two times in one direction. Af
maintained for 10 seconds, quenching was performed
obtain a stretched film with a thickness of 100

Atestpiece of 40 mm x 30 mm was cut out fromth
stretchedfilm.Usinganautomaticbirefringencem
(Oji Scientific Instruments, KOBRA-WR),
three-dimensional refractive indexes, nx, ny, nz we
obtained for this test piece from a phase differenc
value at atemperature of 23+2°C, a humidity of 50+
a wavelength of 590 nm and in the direction of 40°
inclination to calculate a phase difference in the
thickness direction Rth = ((nx+ny)/2-nz) x d. The
thickness d of the test piece was measured with a
digimatic indicator (Mitutoyo Corporation), and the
refractiveindexnwasmeasuredwithadigitalprec
refractometer (Kalnew Optical Industrial Co., Ltd.
KPR-20).

[0114]Manufacturing Example 1

A 5-L glass reactor equipped with a stirrer and a
three-waystopcockwaspurgedwithnitrogen.Into
thrown under room temperature were 1600 g of toluen
3.19 g (13.9 mmol) of 1,1,4,7,10,10-hexamethyl
triethylenetetramine, 68.6 g (39.6 mmol) of a 0.45
toluene solution of isobutyl bis(2,6-di-t-butyl-
4-methylphenoxy)aluminumand7.91g(13.2mmol)of
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Msolution(solvent:95mass%ofcyclohexaneand5

of n-hexane) of sec-butyl lithium. To this, 550 g
rectified methyl methacrylate was added dropwise at
20°C with stirring over 30 minutes. After the
completionofdropwise addition, itwasstirred at

for 90 minutes. The color ofthe solutionchanged
yellow to clear. The polymerization conversion rat

of methyl methacrylate was 100% at this time.

To the resulting solution, 1500 g of toluene was
added for dilution. Subsequently, the above dilute
solution was poured into 100 kg of methanol to obta
a precipitate. The precipitate obtained was dried
80°C, 140 Pafor24 hoursto obtainamethacrylicr
[1-1] having an Mw of 58900, a molecular weight
distribution of 1.06, a syndiotacticity (rr) of 74
aglasstransitiontemperatureof130°Candthecon
of a structural unit derived from methyl methacryla

of 100 mass%.

[0115]Manufacturing Example 2

A 5-L glass reactor equipped with stirrers and a
three-waystopcockwaspurgedwithnitrogen.Into
thrown under room temperature were 1600 g of toluen
2.49 g (10.8 mmol) of 1,1,4,7,10,10-hexamethyl
triethylenetetramine, 53.5 g (30.9 mmol) of a 0.45
toluene solution of isobutyl bis(2,6-di-t-butyl-
4-methylphenoxy)aluminumand6.17g(10.3mmol)of
Msolution(solvent:95mass%ofcyclohexaneand5
of n-hexane) of sec-butyl lithium. To this, 550 g
rectified methyl methacrylate was added dropwise at
20°C with stirring over 30 minutes. After the
completionofdropwiseaddition, itwasstirred at

for90 minutes. The color ofthe solution changed
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yellow to clear. The polymerization conversion rat i0
of methyl methacrylate was 100% at this time.
To the resulting solution, 1500 g of toluene was

added for dilution. Subsequently, the above dilute d
solution was poured into 100 kg of methanol to obta in
a precipitate. The precipitate obtained was dried at
80°C, 140 Pafor24 hoursto obtainamethacrylicr esin

[1-2] having an Mw of 81400, a molecular weight

distribution of 1.08, a syndiotacticity (rr) of 73 %,
aglasstransitiontemperatureof 131°Candthecon tent
of a structural unit derived from methyl methacryla te

of 100 mass%.
[0116]Manufacturing Example 3

A 5-L glass reactor equipped with stirrers and a

three-waystopcockwaspurgedwithnitrogen.Into this,
thrown under room temperature were 1600 g of toluen e,
2.49 g (10.8 mmol) of 1,1,4,7,10,10-hexamethyl

triethylenetetramine, 53.5 g (30.9 mmol) of a 0.45 M
toluene solution of isobutyl bis(2,6-di-t-butyl-
4-methylphenoxy)aluminumand6.17g(10.3mmol)of al.3
Msolution(solvent:95mass%ofcyclohexaneand5 mass%
of n-hexane) of sec-butyl lithium. To this, 550 g of

rectified methyl methacrylate was added dropwise at

-20°C with stirring over 30 minutes. After the

completionofdropwiseaddition,itwasstirredat -20°C
for180minutes. Thecolorofthesolutionchanged from
yellow to clear. The polymerization conversion rat io

of methyl methacrylate was 100% at this time.

To the resulting solution, 1500 g of toluene was
added for dilution. Subsequently, the above dilute d
solution was poured into 100 kg of methanol to obta in

a precipitate. The precipitate obtained was dried at
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80°C, 140 Pafor24 hoursto obtainamethacrylicr
[1-3] having an Mw of 96100, a molecular weight
distribution of 1.07, a syndiotacticity (rr) of 83
aglasstransitiontemperature of 133°Candthecon
of a structural unit derived from methyl methacryla
of 100 mass%.

[0117]Manufacturing Example 4

[0118]

An autoclave having a stirrer and a sampling tube
waspurgedwithnitrogen. Tothis,addedwere100
by mass of refined methyl methacrylate, 0.0052 part
mass of 2,2'-azobis(2-methylpropionitrile) (hydroge
abstractionability: 1%, 1-hourhalf-lifetemperatu
83°C) and 0.28 part by mass of n-octylmercaptan, an
stirred to obtain araw material liquid. Nitrogen
sent into this raw material liquid to remove oxygen
dissolved in the raw material liquid.
Therawmaterialliquidwastransferredintoata
reactor connected to the autoclave through pipingu
2/3ofthecapacityofthereactor. Thetemperatur
maintained at 140°C, and a polymerization reaction
initiated bythe batchmethod. Oncethe polymeriza
conversion ratio reached 55 mass%, the raw material
liquidwasfedintothetankreactorfromthe autoc
at a flow rate so that the mean residence time was
minuteswhilethereactionliquidwaswithdrawnfro
tankreactorataflowratecorrespondingtothefe
flowrate ofthe rawmaterial liquid, and maintaine
a temperature of 140°C, and the mode of the
polymerization reaction was switchedtothe continu
flow method. The steady-state polymerization
conversion ratio was 55 mass% after switched.

The reaction liquid withdrawn from the tank
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reactorinthe steady state was fedintoamultitub
heatexchangerwithaninternaltemperatureof230°
heating at a flow rate so that the mean residencet
was2minutes.Subsequently,theheatedreactionl
was introduced into an adiabatic flash evaporator,
volatile matters mainly comprising unreacted monome
wereremovedtoobtainameltresin. Themeltresi
whichvolatilemattershadbeenremovedwasfedto
screw extruder with an internal temperature of 260°
and discharged in a strand form, and cut with a
pelletizer to obtain a pelletized methacrylic resin
[2-1] having an Mw of 82000, a molecular weight
distribution of 1.85, a syndiotacticity (rr) of 52
aglasstransitiontemperatureof120°Candthecon
of a structural unit derived from methyl methacryla
of 100 mass%.

[0119]Manufacturing Example 5

The same operations were performed as in
Manufacturing Example 4 except that the amount of
n-octylmercaptan was changed to 0.30 part by mass t
obtainamethacrylicresin[2-2]havingan Mw of 76
a molecular weight distribution of 1.81, a
syndiotacticity (rr) of 53 %, a glass transition
temperature of 119°C and the content of a structura

unit derived from methyl methacrylate of 100 mass%.

[0120] Manufacturing Example 6

The same operations were performed as in
Manufacturing Example 4 except that 100 parts by ma
of methyl methacrylate was changed to 99 parts by m
of methyl methacrylate and 1 part by mass of methyl
acrylate, and the amount of n-octylmercaptan was

changed to 0.26 part by mass to obtain a methacryli

KA3881PC

ular
Cfor
ime
iquid
and
rs
nfrom
atwin
C,

%,
tent

te

400,

SS

ass



53 KA3881PC

resin [2-3] having an Mw of 88900, a molecular weig ht
distribution of 1.88, a syndiotacticity (rr) of 51 %,
aglasstransitiontemperatureof 118°Candthecon tent

of a structural unit derived from methyl methacryla te

of 99.3 mass%.
[0121]Manufacturing Example 7
The same operations were performed as in
Manufacturing Example 4 except that the amount of
2,2'-azobis(2-methylpropionitrile) was changed to

0.0080partbymass,andtheamountofn-octylmerca ptan
was changed to 0.40 part by mass, and the temperatu re
in the tank reactor was changed to 120°C, and the m ean
residence time in the tank reactor was changed to 1 20
minutes to obtain a methacrylic resin [2-4] having an
Mw of 57800, a molecular weight distribution of 1.8 2,

a syndiotacticity (rr) of 56 %, a glass transition
temperature of 122°C and the content of a structura
unit derived from methyl methacrylate of 100 mass%.
[0122] Manufacturing Example 8
The same operations were performed as in
Manufacturing Example 4 except that the amount of
n-octylmercaptan was changed to 0.42 part by mass t 0
obtainamethacrylicresin[2-5]havingan Mw of 55 500,
a molecular weight distribution of 1.76, a
syndiotacticity (rr) of 50 %, a glass transition
temperature of 118°C and the content of a structura
unit derived from methyl methacrylate of 100 mass%.
[0123]Manufacturing Example 9
The same operations were performed as in
Manufacturing Example 4 except that 100 parts by ma Ss
ofmethylmethacrylatewaschangedto93.7partsby mass

of methyl methacrylate and 6.3 parts by mass of met hyl
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acrylate, and the amount of 2,2'-azobis(2-methyl
propionitrile) was changed to 0.0075 part by mass,
theamountofn-octylmercaptanwaschangedto0.25
by mass, and the temperature in the tank reactor wa
changedto180°C,andthemeanresidencetimeinth
reactor was changed to 60 minutes to obtain a
methacrylic resin [2-6] having an Mw of 84300, a
molecular weight distribution of 2.18, a
syndiotacticity (rr) of 47 %, a glass transition
temperature of 115°C and the content of a structura
unit derived from methyl methacrylate of 95 mass%.

[0124]Manufacturing Example 10

The same operations were performed as in
Manufacturing Example 4 except that the amount of
2,2'-azobis(2-methylpropionitrile)waschangedtoO
part by mass, and the amount of n-octylmercaptan wa
changedto0.32partbymass,andthetemperaturei
tankreactorwaschangedto60°C,andthemeanresi
time in the tank reactor was changed to 300 minutes
obtainamethacrylicresin[3-1]havinganMwof78
a molecular weight distribution of 1.79, a
syndiotacticity (rr) of 64%, a glass transition
temperature of 124°C and the content of a structura

unit derived from methyl methacrylate of 100 mass%.

[0125]Manufacturing Example 11

The same operations were performed as in
Manufacturing Example 4 except that the amount of
n-octylmercaptan was changed to 0.225 part by mass
obtainamethacrylicresin[2-7]havinganMwof10
a molecular weight distribution of 1.81, a
syndiotacticity (rr) of 52%, a glass transition

temperature of 120°C and the content of a structura
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unit derived from methyl methacrylate of 100 mass%.
[0126]<Example 1>

Themethacrylicresin[1-1]in50partsbymassw as
mixed with 50 parts by mass of the methacrylic resi n
[2-1], and melt-kneaded at 230°C for 3 minutes with a

Labo Plastomill (Toyo Seiki Kogyo Co., Ltd.) to
manufacture a methacrylic resin composition [1].

Evaluationresultsofthemethacrylicresincomposi tion
[1] are shown in Table 1. In the table, the MMA un it
contentmeansaproportionofastructuralunitder ived

from methyl methacrylate.
[0127][Table 1]

Table 1
Examples
1 2 3 4 5 6
Methacrylic resin[1-1] [parts by mass] 50 50 50 70 40 50
Methacrylic resin[2—1] [parts by mass] 50 50 50 30
Methacrylic resin[2—2] [parts by mass] 60 50
Processing aid [part by mass] 1
UV absorber [part by mass] 1
Methacrylic resin composition (1] (2] (3] (4] (5] (6]
MMA unit content [mass%] 100 100 100 100 100 100
Weight average molecular weight(Mw) 72,200 | 77,500 | 72,200 | 68,200 | 71,500 | 68,600
Molecular weight distribution 1.43 1.54 1.43 1.27 1.58 1.40
Triad syndiotacticity (rr) [%] 61.8 61.8 61.8 66.7 61.0 62.0
Glass transition temperature [° C] 125 125 125 127 124 125
MFR(230°C 3.8Kg) [g/10min] 2.6 2.6 26 24 29 2.6
Bending strength [MPa] 102 105 102 104 97 99
Variation in thickness A A A B A A
Surface smoothness A A A A A A
Heat shrinkage ratio [%] 5.7 6.0 5.7 4.2 8.1 7.1
Haze [%] 0.1 0.1 0.1 0.1 0.1 0.1
Total light transmittance [%] 92 92 92 92 92 92

Yellow index (YI) A A A A A A
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[0128]<Example 2>

The methacrylic resin [1-1] in 50 parts by mass,
the methacrylic resin [2-1] in 50 parts by mass and
processing aid (Paraloid K125-P; Kureha Chemical
Industry Co., Ltd.) in 1 part by mass were mixed, a
melt-kneaded at 230°C for 3 minutes using a Labo
Plastomill (Toyo Seiki Kogyo Co., Ltd.) to manufact
a methacrylic resin composition [2]. Evaluation
results of the methacrylic resin composition [2] ar
shown in Table 1.

[0129]<Example 3>

The methacrylic resin [1-1] in 50 parts by mass,
the methacrylic resin [2-1] in 50 parts by mass and
ultraviolet absorber (ADK STAB LA-31; ADEKA Corp.)
1partbymassweremixed,andmelt-kneadedat230°
3minutesusingalLaboPlastomill(ToyoSeikiKogyo
Ltd.) to manufacture a methacrylic resin compositio
[3]. Evaluation results of the methacrylic resin

composition [3] are shown in Table 1.

[0130]<Examples 4 to 12>

Methacrylic resin compositions [4] to [12] were
manufactured by the same method as in Example 1 exc
that the recipes as shown in Tables 1 and 2 were us
Evaluation results for the methacrylic resin

compositions [4] to [12] are shown in Tables 1 and

[0131][Table 2]
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Table 2
Examples
7 8 9 10 11 12
Methacrylic resin[1-1] [parts by mass] 60 60
Methacrylic resin[1-2] [parts by mass] 50 50 50
Methacrylic resin[1-3] [parts by mass] 40
Methacrylic resin[2—2] [parts by mass] 40
Methacrylic resin[2—3] [parts by mass] 40
Methacrylic resin[2—4] [parts by mass] 50
Methacrylic resin[2-5] [parts by mass] 50 60
Methacrylic resin[2—6] [parts by mass] 50
Methacrylic resin composition (7] (8] (9] (10] (11] (12]
MMA unit content [mass%] 100 99.7 100 100 97.5 100
Weight average molecular weight(Mw) 72,600 | 73,800 | 69,600 | 68,400 | 82,900 | 71,700
Molecular weight distribution 1.44 1.36 1.56 1.53 1.62 1.68
Triad syndiotacticity (rr) [%] 62.0 61.0 62.0 62.0 60.0 63.0
Glass transition temperature [° C] 126 126 124 124 123 124
MFR(230°C 3.8Kg) [g/10min] 2.7 2.2 40 24 2.7 3.4
Bending strength [MPa] 102 106 93 95 114 104
Variation in thickness A A A A A A
Surface smoothness A A A A A A
Heat shrinkage ratio [%] 5.9 55 5.8 7.6 8.0 6.3
Haze [%] 0.1 0.1 0.1 0.1 0.1 0.1
Total light transmittance [%] 92 92 92 92 92 92
Yellow index (YI) A A A A A A

[0132]<Comparative Example 1>

The methacrylic resin [2-2] was melt-kneaded at

230°Cfor3minutesusingalabo Plastomill(Toyo S eiki
KogyoCo.,Ltd.),andthenevaluatedinthesamema nner
asinExample 1. Evaluationresultsare showninT able
3.

[0133][Table 3]
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Table 3
Comp. Examples
1 2 3 4 5 6
Methacrylic resin[1-1] [parts by mass] 100 30 50
Methacrylic resin[1-2] [parts by mass] 100
Methacrylic resin[2—1] [parts by mass] 70
Methacrylic resin[2-2] [parts by mass] 100
Methacrylic resin[2-5] [parts by mass] 100
Methacrylic resin[3—1] [parts by mass] 50
Methacrylic resin composition (2-2] | (2-5) [ (1-1) | (1-2) | (13] (14]
MMA unit content [mass%] 100 100 100 100 100 100
Weight average molecular weight(Mw) 76,400 | 55,500 | 58,900 | 81,400 | 76,800 | 78,500
Molecular weight distribution 1.81 1.76 1.06 1.08 1.62 1.51
Triad syndiotacticity (rr) [%] 53.0 50.0 74.0 73.0 58.2 70.0
Glass transition temperature [° C] 119 118 130 131 123 127
MFR(230°C 3.8Kg) [g/10min] 3.6 10 2.1 0.9 2.7 1.5
Bending strength [MPa] 90 60 105 120 98 103
Variation in thickness A C C A C
Surface smoothness A B B A B
Heat shrinkage ratio [%] 19 22 3.1 2.7 12 47
Haze [%] 0.1 0.1 0.5 0.8 0.1 0.2
Total light transmittance [%] 92 92 91 91 92 92
Yellow index (YI) A A B B A A
[0134]<Comparative Example 2>
Meltkneading was performed by the same method as
in Comparative Example 1 except that the methacryli c
resin [2-5] was used instead of the methacrylic res in
[2-2], and then evaluation was performed in the sam e
manner as in Example 1. Evaluation results are sho wn
in Table 3.
[0135]<Comparative Example 3>
Meltkneading was performed by the same method as
in Comparative Example 1 except that the methacryli Cc
resin [1-1] was used instead of the methacrylic res in
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[2-2], and then evaluation was performed in the sam
manner as in Example 1. Evaluation results are sho
in Table 3.

[0136]<Comparative Example 4>

Meltkneading was performed by the same method as

in Comparative Example 1 except that the methacryli
resin [1-2] was used instead of the methacrylic res
[2-2], and then evaluation was performed in the sam
manner as in Example 1. Evaluation results are sho
in Table 3.

[0137]<Comparative Examples 5 to 6>

[0138]

Methacrylicresincompositions[13]and[14]were
manufactured according to the recipes shown in Tabl
by the same method asin Example 1, andthen evalua
was performed in the same manner as in Example 1.
Evaluation results are shown in Table 3.

The above results indicate that a methacryl
resin composition comprising the methacrylicresin
havingatriadsyndiotacticity(rr)ofnotlesstha
and the methacrylic resin [2] having a triad
syndiotacticity (rr) of 45 to 58% in a mass ratio (
methacrylic resin [1]/the methacrylic resin [2]) of
40/60to70/30canprovideaformedarticlehaving
transparency, alowthermal shrinkage, a high stren

and an excellent surface smoothness.

[0139]<Examples 13 to 21>

Methacrylic resin compositions [15] to [23] were
manufactured according to the recipes shown in Tabl
or 5 by the same method as in Example 1, and then
evaluation was performed in the same manner as in
Example 1. Evaluation results are shown in Table 4

2. Note that the polycarbonate resins used in this
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Examples are the following 5 types.
PC1: Available from Mitsubishi Engineering Plasti cs
Corporation,lupilonHL-8000(modelnumber), MVR(3 00°C,
1.2kg) =136 cm  3/10min.
PC2: Available from Sumika Styron Polycarbonate
Limited, SD POLYCATR-2001 (model number), MVR (300 °C,
1.2 kg) = 200 cm 3/20min.
PC3: Available from Sumika Styron Polycarbonate
Limited, Calibre 301-40 (model number), MVR (300°C,
1.2kg) =40cm  3/10min
PC4: Available from Mitsubishi Engineering Plasti cs
Corporation,ALO71; MVR (300°C, 1.2kg)=notless than
1000 cm 3/10min. (accurate measurements were difficult
due to high fluidity), Mv = 5500.
PC5:aresininwhich50partsbymassof PC2was mixed
with 50 parts by mass of PC4; MVR (300°C, 1.2kg) = not
less than 1000 cm 3/10min (accurate measurements were
difficult due to high fluidity), Mv = 8500.

[0140]<Comparative Example 7>

The methacrylic resin [2-7] was melt-kneaded at

230°Cfor3minutesusingalabo Plastomill(Toyo S eiki
Kogyo Co., Ltd.), and then evaluation was performed in
thesamemannerasinExample 1. Evaluationresult sare

shown in Table 4.
[0141]<Comparative Example 4>
The biaxially stretched film obtained from
Comparative Example 4 described above was further
evaluated for the phase difference (Rth) in the
direction of film thickness. Evaluation results ar e
shown in Table 4.
[0142][Table 4]
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Table 4
Ex. Comp.Ex.
13 14 15 16 4 7
Methacrylic resin[1-2] [parts by mass] 57 57 57 57 100
Methacrylic resin[2-7] [parts by mass] 43 43 43 43 100
Polycarbonate resin[PC1] [parts by mass] 2 4 6
Methacrylic resin composition (15] (16] (17] (18) | (1-21 | (2-7]
MMA unit content [mass%] 100 100 100 100 100 100

Weight average molecular weight(Mw) 88,600 | 84,000 ( 77,300 | 75,200 | 81,400 | 103,600

Molecular weight distribution 1.32 1.48 1.60 1.62 1.08 1.81
Triad syndiotacticity (rr) [%] 62 62 62 62 73 52
Glass transition temperature [° C] 126 126 126 126 131 120
MFR(230°C 3.8Kg) [g/10min] 1.3 1.3 1.4 1.5 0.9 1.4
Bending strength [MPa] 122 120 121 110 120 115
Variation in thickness A A A A C A
Surface smoothness A A A A B A
Heat shrinkage ratio [%] 5.6 5.6 5.3 5.1 2.7 15
Haze [%] 0.1 0.2 0.3 0.5 0.8 0.1
Total light transmittance [%] 92 92 92 92 91 92
Yellow index (YI) A A A A B A

Phase difference in film thickness

direction (Rth) [nm] -19 ~12 -1.3 16 23 ~14

*The MMA unit content is a value based on the total amount of methacrylic resin.

[0143][Table 5]
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Table 5
Examples
17 18 19 20 21
Methacrylic resin[1-2] [parts by mass] 57 57 57 57 57
Methacrylic resin[2-7] [parts by mass] 43 43 43 43 43
Polycarbonate resin[PC2] [parts by mass] 4 2.8
Polycarbonate resin[PC3] [parts by mass] 25
Polycarbonate resin[PC4] [parts by mass] 5
Polycarbonate resin[PC5] [parts by mass] 35
Processing aid [parts by mass] 2 2 2 2 2
Methacrylic resin composition [(19] [20] (21] (22] (23]
MMA unit content [mass%] 100 100 100 100 100
Weight average molecular weight(Mw) 90,000 | 95,000 | 96,200 | 91,500 | 98,000
Molecular weight distribution 1.89 1.80 1.78 2.55 2.08
Triad syndiotacticity (rr) [%] 62 62 62 62 62
Glass transition temperature [° C] 126 126 126 123 124
MFR(230°C 3.8Kg) [g/10min] 1.4 1.3 1.3 1.8 1.5
Bending strength [MPa] 118 120 120 114 121
Variation in thickness A A A A A
Surface smoothness A A A A A
Heat shrinkage ratio [%] 5.2 5.0 5 9.2 7.5
Haze [%] 0.3 0.2 0.3 0.2 0.2
Total light transmittance [%] 92 92 92 92 92
Yellow index (YI) A A A A A
Prase dfference nfimthickness | 50 | o4 | 05 | 01 | -02

*The MMA unit content is a value based on the total amount of methacrylic resin.

[0144] Theaboveresultsindicatethatthe phasedi fferencein
thefilmthicknessdirectioncanbeadjustedbyble nding
a polycarbonate resin with a methacrylic resin
compositioncomprisingthemethacrylicresin[1]ha ving
a triad syndiotacticity (rr) of not less than 65% a nd
the methacrylic resin [2] having a triad
syndiotacticity (rr) of 45 to 58% in a mass ratio ( the

methacrylic resin [1]/the methacrylic resin [2]) of
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40/60 to 70/30.
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CLAIMS

A methacrylic resin composition comprising:
amethacrylicresin[1] having atriad syndiotacti
(rr) of not less than 65% and
amethacrylicresin[2] having atriad syndiotacti
(rr) of 45 to 58%,
in a mass ratio of the methacrylic resin [1]/the
methacrylic resin [2] of 40/60 to 70/30.

Themethacrylicresincompositionaccordingtoc
wherein the total content of a structural unit deri
from methyl methacrylate is not less than 99 mass%
relative tothe total mass ofthe methacrylicresin

and the methacrylic resin [2].

Themethacrylicresincompositionaccordingtoc
whereinthemethacrylicresin[1]isobtainedbyan

polymerization.

Themethacrylicresincompositionaccordingtoc
whereinthemethacrylicresin[2]isobtainedbyra
polymerization at a polymerization temperature of 1
to 200°C.

Themethacrylicresincompositionaccordingtoc
wherein the weight average molecular weight of the
methacrylic resin [2] is 50000 to 150000.

Themethacrylicresincompositionaccordingtoc
wherein the molecular weight distribution (Mw/Mn) o

the methacrylic resin [1] is 1.01 to 1.8, and the
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molecular weight distribution (Mw/Mn) of the
methacrylic resin [2] is 1.7 to 2.6.

Themethacrylicresincompositionaccordingtoc

further comprising an ultraviolet absorber.

Themethacrylicresincompositionaccordingtoc
further comprising 1 to 10 parts by mass of a
polycarbonate resin relative to the total 100 parts
mass of the methacrylic resin [1] and the methacryl
resin [2].

A formed article comprising the methacrylic resi

composition according to any one of claims 1 to 8.

A film or sheet comprising the methacrylic resi

composition according to any one of claims 1 to 8.

A film or sheet for optical use comprising the
methacrylic resin composition according to any one

claims 1 to 8.

A phase difference film comprising the methacry
resin composition according to any one of claims 1
8.

Apolarizer protective film comprising the meth
resin composition according to any one of claims 1
8.

A method for manufacturing a methacrylic resin

composition, the method comprising
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melt-kneading a methacrylic resin [1] having a tri
syndiotacticity (rr) of not less than 65% and a
methacrylic resin [2] having a triad syndiotacticit
(rr) of 45 to 58%, in a mass ratio of the methacryl
resin [1]/the methacrylic resin [2] of 40/60to 70/

The method for manufacturing a methacrylic resi
composition according to claim 14, further comprisi

melt-kneading a polycarbonate resin.
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