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1 DESCRI PTI ON STYRENE COPOLYMER AND PROCESS FOR -
PRODUCI NG THE SAME Technical Field The present
invention relates to a styrenic copolynmer which is
excellent in heat resistance, weatherability, nelt
stability, noldability, strength 5 and rigidity, and
to a nethod of producing the sane. Background Art A
styrenic resin can enploy various types of nolding
such as injection nolding, oriented sheet nolding,
filmnolding, foanmed sier3crupTiony, foanmed 10 board
nmol di ng, and bl ow nol ding, and is excellent in
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and di nensional stability. Furthernore, many styrenic
resins can be produced in large quantities at a | ow
price by neans of bl ock polynerization by a free 15
radi cal polynerization nmethod; solution polynerization
with a high concentration of nononers; suspension

pol SRSt i otB1dr enul sion pol ymeri zat i on.

Accordi ngly tyrenic resins have bgﬁ% used for a ver)
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styrene, such as pol ystyrene or. GPPS,, i . resin that
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Background Art

A styrenic resin can employ various types of
molding such as injection molding, oriented sheet
molding, film molding, foamed sheet molding, foamed
board molding, and blow molding, and is excellent in
material performance such as transparency, rigidity,
and dimensional stability. Furthermore, many styrenic
resins can be produced in large quantities at a low
price by means of block polymerization by a free-
radical polymerization method; solution polymerization
with a high concentration of monomers; suspension
polymerization; or emulsion polymerization.
Accordingly, styrenic resins have been used for a very
wide variety of uses. Among them, a homopolymer of
styrene, such as polystyrene or GPPS, is a resin that
is most versatilely utilized.

Polystyrene serves many uses, due to its many

excellent performance characteristics and its



even wth the performance characteristics of this }

10

15

20

25

resin, for exanple, a use for which the resin is not
avai l abl e due to its poor heat resistance. 5
Specifically, GPPS is about 100C (which is its gl ass
transition point) in heat resistance, and thus in any
of its uses wherein the resin is brought into contact
wi th heated water-vapor for boiling sterilization, its
uses wherein the resin needs to be heated with an 10

el s OValbdfe d Oathdias kagidhedrt Sudtse suvdeed o i &d
nol ded part of the resin as installed in a vehicle
t endsh twa the tSdjeot fedriian e hiighrdetrpersatine @f ndspher e
in sumrer, and the like, the resultant nol ded product
cadsd motfdye andnplasd aviudwuiont hehicondBran wdsirhel 3 irskt
15 of deformation. One of the nethods of enhancing the
heata 1 Jradxlies tchree & fl o IBesasy st | e sl stk of
ljﬁéymsrlzmg styrene and a nononer having a
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reaction of a polyneric chain due to a
molded part of the resin as installed in a vehicle
tends to be subjected to a high-temperature atmosphere
in summer, and the like, the resultant molded product
could not be utilized without the concern of the risk
of deformation.

One of the methods of enhancing the heat
resistance of polystyrene is a method of copolymerizing
styrene and a monomer having a polar functional group,
whereby for example, a copolymer (SMAA) of styrene and
methacrylic acid, a copolymer (SMA) of styrene and
maleic anhydride, a copolymer of styrene and maleimide
anhydride, an the like can be derived. The heat
resistance of each of these copolymers can be freely
changed by controlling the amount of a monomer having a
polar functional group incorporated into the copolymer.
However, when subjected to a high temperature, a
copolymer having a polar functional group may cause the

crosslinking reaction of a polymeric chain due to a



side reaction of the polar group, followed by the

production of a gel-like material, and the degradation
of the nol di ng- processi ng properties due to an
increnment in viscosity. Thus, such copol ynmers have not
5 been sufficiently accepted by users in |ight of
gquality and productivity considerations.

Addi tionally, the fact that @a copolynmer having a
pol ar functional group tends to cause a crosslinking

r eicdd ofe it idly & high-gErperqtaie, ebllded ebentheon
nmeans that the hi gh-nol ecul ar-wei ght product is
egstdducteinat wed dye gl kool ok g i DL essd niche Tdegradation
means that it is difficult to recycle or reuse the
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is derived, a nold sprue and/or a runner may be
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virgin pellets may be limt Furthernore, a

coppl adeerl hav e e 0| @ir faio il g  BFSess Bng.  This
general ly inconpatible with polystyrene, and
means that it is difficult to recycle or reuse the
resin. For example, when an injection-molded product
is derived, a mold sprue and/or a runner may be caused,
15 and when a molded product is derived from a twin-screw
stretched sheet or a foamed sheet, a discard (or a
skeleton) in addition to the molded product may be
formed. Generally, these have been partially mixed
with virgin pellets after crushing or cutting so as to
20 be reused, or otherwise partially mixed with a general-
purpose resin such as polystyrene to be reused.
However, when the fluidity of the resin is
changed due to the crosslinking of the high-molecular-
weight product during melt-processing, it is difficult
25 to reuse the resin, and utilization of the resin as a
recycling material for virgin pellets may be limited.

Furthermore, a copolymer having a polar functional

group is generally incompatible with polystyrene, and
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only the nechanical properties are decreased, but

al so the transparency is lost. Due to such problens,
a copolymer having a polar functional group has not
been 5 utilized even as a recycling material for a
general - purpose polystyrene. In recent years, a high
val ue has been attached tohe effective utilization
of a resin, while various recycle [aws were

| RsAdr Wikt and v ereedt <4 enftt gadl.yddyrene benot only
required in a comrercial scene of future that a resin
cahdengadeyrtilced, prewekeikande rdasethsdds, dutesdso the
material to be developed in the future, a resin which

i & meewsged eefdyecits vigdst wi tthoutto sulygt gmtakaldnys causi ng

the generation of a nononer or a 15 decrease in

el sl vare sdiaghitngd e rad athef wiradaikagel gfroup has not been
hi gh- nol ecul ar chains, even if the resin material is
s&’gilelétzé?ﬂj Y Felas fr FE&ES G Saadrial i awigangel-
needed. Therefore, the devel opnent of such a resin
&R WA AP MSher in nelt stability than a 20
conventi onal, st ren“g copol yner, .has been ggsired.
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enhancenent of the tenperature at which a polyner
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derive the same fluidity as that

future that a resin can be recycled, reworked and
reused. As a resin material to be developed in the
future, a resin which is reused effectively without
substantially causing the generation of a monomer or a
decrease in molecular weight due to the breakage of
high-molecular chains, even if the resin material is
subjected to melt processing several times, will be
needed. Therefore, the development of such a resin
material which is higher in melt stability than a
conventional styrenic copolymer has been desired.

Another problem of a conventional styrenic
resin having heat resistance is that the range of
working conditions during molding is narrow.

A copolymer being enhanced in heat resistance
is synonymous with enhancement of the temperature at
which a polymer chain starts to be fluidized.

Therefore, in order to derive the same fluidity as that

of polystyrene during molding processing, a processing
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of pol ystyrene during nol ding processing, a processing
5 tenperature should be enhanced corresponding to the
i ncrease of heat resistance. However, a kick-off
tenperature of a styrenic copol ymer having a pol ar
functional group can not be enhanced corresponding to
5 the increase of heat resistance. Therefore, there
has been the problemthat tde range of nol ding
processing tenperature is narrowed, whereby its
pricgisd tati dne asbuXidde tentdrcsle i easesborldieti® tS wtheo
a nethod for enhancing the heat 10 resistance of a
Stivrerdase esfi rhdpt wss s taamonomeiowdravt Neg niol glot af £
functional group. For exanple, it is known that a
cdpoiparmsrt wfe s1§ ra st wreh s meapyd Wiy drevingsa im@lar
gl ass-transition tenperature enhanced according
t Hangntam ]l ofr QURrer Y | Q) ries eefhseceq dFOWRﬂ’@lfl% to
hbn Pat ent Docunent No.1). However, (Xx nethylstyrene
hdd'& Jcréilﬁar?ge a3l S 2L INGE as L(ql’tf”oﬁﬁf%% here has

T erefore copol.yneri,zati on of and
HHRpted W9 o r OO JAT B
nerl atlon mhlch [ t al exanpl e, of, the 20
c%ﬁqerrlaa UhSt odudtak rno‘”'neec%’hocﬁ/eorf(s:D l‘rstesgfo OdUCtIVETY )
for exanple, 1) that it is
(gg%cgﬁ{wfé éﬂslve a hi gh-nol ecul ar - wei ght product;
2) that thepcont end Ofsd X rﬁ?éé}yaoﬁtﬁfaﬁ%ﬂarhémg the heat

copolynmer is limted, whereby a desired heat
r o8l StanGReL ANy x?e'iuam}@é/ﬁﬂ bBlud g Desenisee of

bad heat-stability during nelting, sone

ol i Ay m@qmsdmgf&ﬁfwldnaaln@mqse For example, it is
known that a copolymer of styrene and a-methylstyrene
has its glass-transition temperature enhanced according
to the content of a-methylstyrene (see, for example,
Non-Patent Document No.l). However, a-methylstyrene
has a ceiling temperature as low as about 60°C.
Therefore, the copolymerization of styrene and oa-
methylstyrene was attempted using a radical solution-
polymerization, which is a typical example of the
industrial production method. As a result, a number of
problems were detected, for example, 1) that it is
difficult to derive a high-molecular-weight product; 2)
that the content of a-methylstyrene in the copolymer is
limited, whereby a desired heat resistance cannot be
achieved; 3) that because of bad heat-stability during
melting, some molding-processing conditions cause
thermal decomposition of the copolymer, whereby the

generation of a monomer component and/or a decrease in



thermal deconposition of the copol yner, whereby the
generation of a nononer conponent and/or a decrease in
6 nolecular weight tend to be caused; 4) that the
resin pellets tend to be yellowed, and thus sone uses
need the addition of a coloring agent; and the |ike.
Therefore, no copolyners of styrene and

a-met hyl styrene 5 have ever gdeen industrially

utilized. On the other hand, since (x-nethylstyrene
Cafb 1 dreu Isdbjwesigitk toered pod Ywerczasédn by that nghe resin
anionic polynerization wwth a butyllithiuminitiator,
a peldpad y neyndft sthye el aowk - neetdiyt st s r eoree care hendd
produced by living anionic polynerization (see, for
extdrp | agd iPatento Dot ureir Nog 1§geHoneed , the t hikespect
to a copolyner as derived on the basis of a known
pridHica § Ot mEYh GPRBA YIS X8 rRff aFift YRR p gy reTReBRY bRt yrene
the followi ng problens 15 have been detect ed.
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property Is upset, so that it was difficult to utilize
2 tda R WErLidThPadti sl @rpo T e tiS£St Wher pide, for

yel | owi ng
example, Patent Document No.1l).

However, with respect to a copolymer as
derived on the basis of a known production method by
living anionic polymerization, the following problems
have been detected. Therefore, sufficient usefulness
as a resin product could not be found therefrom, and
thus no such copolymers have ever been industrially
utilized.

That is, the above problems are as follows:

1) A produced polymer will be yellowed. The
degree of yellowing is correlated with the content of
Li. Therefore, there was an area wherein the balance
between a molecular weight objective and yellowing
property is upset, so that it was difficult to utilize
the polymer, in particular, for uses wherein yellowing
is not preferred, such as a use for a food packaging,
and a use for an optical product.

2) The polymer shows bad heat-stability during
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Is not preferred, such as a use for a food packagi ng,
and a use for an optical product. 2) The pol yner shows
bad heat-stability during 7 nelting, and thus the

pol ymer i s deconposed during its nelt retention so as
to generate styrene and a- nethyl styrene. The anount

of the deconposition products is larger than the
amount of the deconposition-b products from

pol ystyrene as produced according to a free-radica
patelrEirgatdran tridathevMpclhymer genedad dnypo sl dvtiaby its
utilized, under the sane conditions. This fact neans

t heet 1 twhest dritel ool b regs processe ey ¢ estperexieirand al- t he
copol ymer of styrene and a-nethyl styrene is 10
elmatdtyele tyrarnte défreanoinihich the dreampessitsiehce of
t he copol ynmer is higher enhanced than that of o
pdAERstugtene s tifr Ipdiiafert e ristoiinds &% yishedefnres1ition
met hyl styrene during nolding in a |arger anount than

t i Tdort tﬂéﬂdge%%fﬁ?ds‘% t%%r?’iﬂ%b%ﬁ‘c‘fsa?? g to a
pol ystyrene as derived according.to, free-radical
ARG HHEOMAE L SAreh et O T athal g penerally
predi ¢ci.ed it hat there wll.o t r 19533 t

FTDE‘%?]JI %lageolr}'di t|lolnlsZ etde(nd‘l r%doergg%gee sl;a‘?%eslc\?%&%%% er 3ue S

trMql tddis %@{Homg{gr? B meai%_eg%ﬁcﬁgﬁr?& temperature

decorrp05|t| on, such as styrene, 4 styrene an
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tends to be decreased, which is prone to cause the
defieiadat in tfe tdy e haivdal cHprioRerid £s;rddlistance of

particular, that it 1s difficult to reuse the

refid tawpolymer is higher enhanced than that of
polystyrene, the copolymer generates styrene and a-
methylstyrene during molding in a larger amount than
the amount of the decomposition products from
polystyrene as derived according to free-radical
polymerization method. Therefore, it is easily
predicted that there will occur the problems that some
molding conditions tend to cause a silver blister due
to volatile components as generated by the
decomposition, such as styrene, a-methylstyrene and the
like; that the molecular weight of the copolymer tends
to be decreased, which is prone to cause the
deterioration of the mechanical properties; in
particular, that it is difficult to reuse the resultant
molded product as a recycling material; and the 1like.
The fact that the molding processing can be utilized
merely in an extremely limited range naturally means

that the practical uses of the copolymer are limited.
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erial; and the
like. The fact that the nolding processing can be
utilized nerely in an extrenely |limted range
naturally means that the practical uses of the
copolynmer are limted. 8 Therefore, it can be
presunmed that such polyners have not been w dely and
industrially accepted. As anpther disadvantage of
pol ystyrene, the disadvantage that polystyrene is not
SUlHérd o f®) Bt Usen 15e Whes e POt lyst Vs @t paYyhers have
exposed to the sun, due to its bad weatherability, can
ben et usestrateide I ea i di navest hies By | ad gepised.
predom nantly due to the structure of the
hi gh- nol ecul s -awd e r pitoshutvanTiee edDreelysterend, the
all, the devel opment of a styrenic copol yner, having
100 srovanitdae apat tgo by st yreeng ghs e ceil b alpke gher a use
product. itself enhanced w thout relying on an
adti i R BV TP BT RIS | 2 eth@rsym due to

mtmw%?tm%mﬂﬁgﬁﬁﬁﬁrégﬁéyF nF%ﬁ&%%
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I nventl resen I nvention
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heat ~ resi stanc weat he [1ty, which are weak
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in nelt
itself enhanced without relying on an additive such as

a weathering stabilizer or an ultraviolet absorber, has
been desired.

Non-Patent Document No.l: Journal of Applied
Polymer Science, Vol.41, p.383 (1990).

Patent Document No.l: Japanese Patent KOKOKU

Publication (JPB) No.6-10219.

Disclosure of Invention
Problem to be solved by the Invention

It is an object of the present invention to
provide a styrenic copolymer that is improved in heat
resistance and weatherability, which are weak points of
polystyrene, and that is further excellent in melt
stability, moldability, strength, rigidity and recycle
properties, while retaining the excellent properties of
a conventional polystyrene, such as transparency,

dimensional stability, and molding-processing
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stability, noldability, strength, rigidity and recycle
25 properties, while retaining the excellent
properties of a conventional polystyrene, such as
transparency, dinensional stability, and

nol di ng- processing 9 properties. Means for Sol ving
the ProblemIn order to solve the problens as

descri bed above, the presendy inventors have been
devoted to 5 making efforts. As a result, they have

f shbdhate®nly a copol yner derived by neans of a
specific polynerization nmethod, conprising an

anrais cfor shprojpenyt herofuoskererand an aronati c vi nyl
nmononer, wherein the copol ymer conponent has specific
10 perf or mane dedgnrso sswled vilg praukens myedescribed
ranges, can solve the problens as described above.
TP Grosdite RRRASTY o TRkt Yeerhaice dipth st b t He
basi s, of such information. That is, the present

i AR DIE s sedht e rasiiof Ito}?/ﬁ%gh"ilfb%e%?uriq that only
styreni c. copol yner duced by a_ living . _.

T VRGO et FO0, L IRATS g BrPE S5 Bpenyl
aromatic unit. represented by the follow ng formula
(HIDEE i IR et 1 g e 1R G oup e

re%¥5§¥%ﬁéh;ﬂ“ﬁéﬁ5ﬂbr and an aromatic vinyl monomer,

wherein the copolymer component has specific
performance factors satisfying predetermined ranges,
can solve the problems as described above. The present
invention has been accomplished on the basis of such
information.

That is, the present invention comprises the
following modes:
1. A styrenic copolymer produced by a living
polymerization method, comprising

an isopropenyl aromatic unit represented by

the following formula (1):

wherein the substituent group R’ represents hydrogen,

and a vinyl aromatic unit represented by the
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and a vinyl aromatic unit represented by the 10
followng formula (2): R3 HZC-C wherein the
substituent group R2 represents hydrogen, or a

hydr ocar bon radi cal of -CnH2n+l wherein nis 1 or 2,
and the substituent group R3 represents hydrogen, 5
wherein the content (A) of said isopropenyl aronmatic
unit in said styrenic copolyger is in the range of 5
to 60% by weight, the ratio (Mv M) of the

wef giht ovadrey afermml 2c(k ar wei ght (My) of said styrenic
copol ymer to the nunber-averagegamol ecul ar wei ght (M)
10 thereof is in the range of 16 to 4.0, and wherein
the relationship betweenm Hfe T nt (% by wei ght)
(A) of said isopropenyl aro unit in said
styrenic copolynmer and the glfassfftransition
tenperature (C) (Tg) of said\gt) enic copol yner
satisfies the fornulae (a): 15 0. IgA + 102 < Tg <
0.62A + 102 (in case of 5 <A < 20), -5.25 x 10-5 A3 +
1.09 x 10-2 A2 + 1.72 x 10-1 A +97 <_Tg < .-5.25 X
Tgtheted thiygeibailBidnr 9ot} Febrertpt s gy hdgens or
c < 60). I 2. cenj.c.hl oc
cgasbg?)gén%rco%%n sf%/rlegn?olc A%O%Hﬁﬁrégg%éégi hgltgogt Eg 2
”qgﬁd]tﬁgugubstituent group R?® represents hydrogen,

wherein the content (A) of said isopropenyl
aromatic unit in said styrenic copolymer is in the
range of 5 to 60% by weight, the ratio (Mw/Mn) of the
weight-average molecular weight (Mw) of said styrenic
copolymer to the number-average molecular weight (Mn)
thereof is in the range of 1.6 to 4.0, and wherein the
relationship between the content (% by weight) (A) of
said isopropenyl aromatic unit in said styrenic
copolymer and the glass-transition temperature (°C) (Tg)
of said styrenic copolymer satisfies the formulae (a):

0.12A + 102 < Tg £ 0.62A + 102 (in case of 5 <A <

20),

-5.25 x 107> A% + 1.09 x 1072 A% + 1.72 x 107 A + 97

A

Tg < -5.25 x 107 A® + 1.09 x 1072 A% + 1.72 x 107" A +

107 (in case of 20 <A < 60).
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a styrenic copolynmer conprising 5 a vinyl aromatic
unit represented by the following formula (2): 10 15
20 25 12 R3 { HZCG-C 2 R wherein the substituent
group R2 represents hydrogen, or a hydrocarbon

radi cal of -CnH2n+l1 wherein n is 1 or 2, and the
substituent group R3 represents hydrogen, 5 wherein
the ratio (Mv M) of the wehght- average nol ecul ar
wei ght (Ma) of said styrenic block copolyner to the
nuhber - aver ages tpt@cid dsl ok gibpd Mher thereodt ysenc
the range of 1.6 to 4.0. 3. A styrenic copol yner

c ool yniean aorgprdsiqigto lthatméadast dawa styrenic
copol ynmers according to the node 1, 15 20 13

wher ei n each? oft wegni it corabYme NI HRYF eI copol ynmer s
has a copol yneri zation conposition ratio

a vinyl aromatic wunit represented by

following formula (2):

the
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and/ or a wei ght-average nol ecul ar wei ght which are 5
different fromthose of the others. 4. A styrenic
copol ymer conposition conprising at |east two
styreni c copolyners according to the node 1, which
are produced by a continuous living polynerization
met hod, 10 15 20 25 14 said styrenic copolyners
bei ng obtained by providingy[an isopropenyl aronatic
nmononer represented 5 by the followng forrmula (3):
CH3 H2C=C RI wherein the substituent group Rl
represents hydrogen], and [agwinyl aronatic nononer
represented by the followi ngjfornmula (4): 15 H2C=C
RZ wherein the substituettCgr&up—R2 represents
hydrogen, or a hydrocarbon raqgical of -C ,H2"+1
wherein nis 1 or 2, and tlffe sfbstituent group R3
represents hydrogen | into

R2
wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -CyHyp+1 wherein n is 1 or 2,
and the substituent group R?® represents hydrogen,
wherein the ratio (Mw/Mn) of the weight-
average molecular weight (Mw) of said styrenic block
copolymer to the number-average molecular weight (Mn)
thereof is in the range of 1.6 to 4.0.
3. A styrenic copolymer composition comprising
at least two styrenic copolymers according to the mode

1,
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a polynerization reactor while the conposition ratio
of 5 [said isopropenyl aromatic nononer represented by
the fornmula (3)] to [said vinyl aromatic nononer
represented by the fornula (4)] in a raw nmateri al
solution is continuously or intermttently changed,
and each of said at | east two styrenic copol yners
having a 10 conposition ratihg of [said isopropenyl
aromati ¢ nonomer represented by the fornmula (3)] to
[said vinyl aromatic nononer represented by the
formula (4)] is different fromthat of the others. 5.
A styreni c cepergimreacktoofli sgitdoathbeaptetdp stgrenic
whi ch is produced by a continuous |iving .
potgpel ymars ohas net hopol poe1bzaher efamppditben| ratio
amount of : an_isopropenyl aromatic nononer represented
byaRREOF oft | WMt faY PHRGe (BYLleenpar Hpeight| wichsare
wherein the substituent groug R1 regresents hydr ogen,
a JthYPrErbnatPR HBABReP r EPFeSER®Ed- by the fol I owing

fo&pula (4):A1gt§§enic copolymer composition comprising

at least two styrenic copolymers according to the mode

1, which are produced by a continuous living

polymerization method,



H2C=C R2 wherein the substituent group R2 represents
hydr ogen, or a hydrocarbon radical of -CnHz2n+l
wherein nis 1 or 2, and the substituent group R3
represents hydrogen, and a polynerization solvent 5
is 2,500 ppm by weight or less. 6. A styrenic

copol ynmer according to the node 5 as described above,
wherein the glass-transitiong tenperature (Tg) of said
styrenic copolyner is in the range of 105C to 140C,

t he wei ght - average nol ecul ar 10 weight (Mv) is in the
range of 50,000 to 300,000, and the ratio (Mwm M) of
t he wei ght - avetdget ywéretal @aspolvgnghs YdMugt cobbained by
nunber - aver age nol ecul ar weight (Mi) is in the range
ofpuo6idin®. 5. 7. A nethod of producing, by a
continuous living 15 polynerization nmethod, a

styreni c copbynesoreeRrRY hga remathe hodengr pepngsented
said nmethod conprising the steps of: continuously

i Y oehtrei oyt O ERe nsertsd &3 ution conpri sing
nmononers and a solvent into a vessel type of reactor
having a stirring nmachine fr 5 the | ower or upper
part of said reactor; and prgﬁmcing said styrenic
copol ynmer while continude&F5Cdi scharging a pol yneric
solution fromthe upper or r part of said

reactor, which is l
\\
R1
wherein the substituent group R! represents hydrogen],

and

[a vinyl aromatic monomer represented by the

following formula (4):



10

15

20

positioned in the opposite direction of the inlet of
10 said raw material solution. 8 A nethod of
produci ng a styrenic copolyner according to the node
7 15 20 25 19 wherein the nmain conponent of the
solvent is at |east one aliphatic hydrocarbon
conpound. 9. A nethod of producing a styrenic

copol ymer according to theqmpde 7 or 8 5 10 15 20
25 20 said nethod conprising the step of introducing
carbon di oxi de and water into a polynerized solution
so as to termnate the pol yneggzation reaction, when
the anount of a vinyl aromatid nonomer 5 represented
by the follow ng fornul a H&7=C21 R3 H2C=C/, R2

X

R2

wherein the substituent group R® represents hydrogen, or
a hydrocarbon radical of -CyHzps1 wherein n is 1 or 2,
and the substituent group R® represents hydrogen ] into
a polymerization reactor while the composition ratio of
[said isopropenyl aromatic monomer represented by the
formula (3)] to [said vinyl aromatic monomer
represented by the formula (4)] in a raw material
solution is continuously or intermittently changed, and
each of said at least two styrenic copolymers having a
composition ratio of [said isopropenyl aromatic monomer
represented by the formula (3)] to [said vinyl aromatic
monomer represented by the formula (4)] is different
from that of the others.

5. A styrenic copolymer according to the mode 1,
which is produced by a continuous living polymerization

method,



wherein the substituent group R2 represents hydrogen,
or a hydrocarbon radical of -C H2n+i wherein n is 1
or 2, and the substituent group R3 represents
hydrogen , said vinyl aromatic nononer existing in a
styreni c copolynmer 5 which is produced during the

pol yneri zation reaction, has run up to 3% by wei ght
or less. 10. An injection-mlgded article conprising a
styreni c copol yner according to the node 1,5 or 6, a
styreni c bl ock copol yner according to the node 2, or a
10 styrenic copol yner conposition according to the
node 3 or 4whddeidntlexttoisabnamohoiedofrticle
conprising a styrenic copolyner according to the node
1,5 or 6, a amtisepiepdhptkaropataerorerer dregresenhed
nmode 2, or a 15 styrenic_ copol ymer conposition
adewridiagfeblewbngoblermular (3) 1 12. A sheet conpri sing
a styrenic copolynmer according to the node 1,5 or 6,
a styrenic block copolynmer ggcording to the node 2,

or a styrenic 20 copol yner c¢nposition according to
the node 3 or 4. 2la 13H2LEfoam conprising a styrenic
copol ymer according to the de 1,5 or 6, a styrenic
bl ock copol yner accordi ngfto ffhe node 2, or a
styrenic 5 copol yner conpoSitNon according to the node
3 or 4. 14. A food containe war m ng, conpri sing
a styrenic copolyner according to the node 1,5 or 6,
a styrenic block copolynmer according to the node 2,

50lylerein the substituent group R' represents hydrogen,
a vinyl aromatic monomer represented by the

following formula (4):



styrenic copolynmer conposition according to the node 3
10 or 4. 15. A part for houses, conprising a styrenic
22 copolyner according to the node 1,5 or 6, a
styrenic bl ock copol ynmer according to the node 2, or
a styrenic copol yner conposition according to the
node 3 or 4. 16. A part for a car interior,
conprising a 5 styrenic copghynmer according to the
node 1,5 or 6, a styrenic block copol yner according
to the node 2, or a styrenic copolyner conposition
according to the node 3 or 4g317. An optical part
conprising a styrenic 10 copollyner according to the
node 1,5 or 6, a styreni d2%F&k copol yner according
to the node 2, or a styrenlc/, opol ymer conposition
according to the node 3 or 1% Advant ages of the

I nvention A styrenic copoly f the present
invention is in particular excelgzent in heat
resistance and weatherability, which are weak points

St fr%y{@a??%?ﬂft@%n{ Gy AR e Tydrogen, or

h th f
proﬁkm@'??%% Yela JL Dok Rec exaelhenl pr gpert1 g5cgf ,
d§p@ﬁ§n§gbsgigﬁgﬁf %ert?e;ﬁq%gﬁ%%1ﬁygjhydrogeq%iand

I ng- processi ng ernor e ed

product conpé|§61§h@%§£y{§@ﬁc5g§vggpolyner of the
present invention can be very suitably used as a food

5 cong & Neio fobm Wey Mi@dgh@ ®arteédr a

6. A styrenic copolymer according to the mode 5
as described above, wherein the glass-transition
temperature (Tg) of said styrenic copolymer is in the
range of 105°C to 140°C, the weight-average molecular
10 weight (Mw) is in the range of 50,000 to 300,000, and
the ratio (Mw/Mn) of the weight-average molecular
weight (Mw) to the number-average molecular weight (Mn)
is in the range of 1.6 to 2.5.
7. A method of producing, by a continuous living
15 polymerization method, a styrenic copolymer according

to the mode 1,

20



house, a part for a car interior, or an optical part.
22a Brief Description of the Drawings Figure 1 is a
diagramillustrating the 1HNVR spectral of a
styreni c copolynmer of the present invention and a
met hod of calculation to determine the 5 content of
a- net hyl styrene included in the copolyner 23 (i.e.,
"H- NMR Chart of copol ynmer ofigstyrene and a-
nmet hyl styrene). In the nmethod of cal cul ation, the
nol ar contendaDd e tibdydtshyt eaenyashaesesps netl: on t he
basis of the following fornmula, using the peak area
(B) 5 of netdyheheuansl yrethi nedaning he peekmatenisl)
of nethyl, and thereafter converted into weight
r a3 it i¢B)cPr@)r Es (3P0 OB S wived e nsXLyent henhol ar
content. (mol % of a-nethylstyrene. Figure 2 is a
di eRF A i TYRS OBt FPRCEME NAViRy ad i DhLHRT bnHrdehng t heom
content of a-methylstyrene included in a styrenic

5 cogeft yRHeHIOT NePRRESRAMEL Phyvemtd ohfaaher] t
gl ass-transition tenperature (T i.e., the .
rel ati onshi PPHREHeN [THE C%E§E%%l%fé%go%%T%§I@?ﬁ}%ne
in.the ¢ | yet. of rene . I e
e e N St A et taE  dh 5 Edn che
d S i e o - yl styrene
mq%gq(g%%girééze%%ﬁs%ﬁﬁ%—gd d%??ggé%/‘i ﬁ%ﬁlfés}halét rai ght

ligesd N {0e AA0oPob 0 Se ) d FH O £or3 b8 Endi BYTEM of
iITustrating the 20 relationship between [the rate

10 cosst@ntawfmSt ¥ BOE solution.
8. A method of producing a styrenic copolymer

according to the mode 7

15

20

25



generation during the nelt retention of a styrenic
copol ynmer of the present invention] and [the
absorbance of the resultant nolded product] (i.e., the
rel ati onshi p between [the absorbance of the copol ynmer]
25 and [the rate of the nononmer formation]). The
straight line depicted in Figure 3 is represented by
the formula: k (ppm by weiglt/sec) = 0.8348B-0. 316
(R2 (coefficient of correlation) = 0.9808). 24
Figure 4 is whéiapt athé | hash redbmpenéhe 6l athenssbpvent
between [the tenperature of a styrenic copolyner of
t hies presked st noreat & bipldar i aghydeoc@tibon r edrepdnnd. of
the styrenic copolyner] and [the rate 5 constant of
stYrene genek ar¢moduet rigredecpey i ®d$tyfenic, copolymer
tenper at ure dependency of the rate of styrene
geHer b de? | e theAerel t9hg§. Figure 5 is a di agram
illustrating a tenperature region wherein a silver
Splister is caused 10 during the nelt retention of a
styreni c copolynmer of the present invention within an
i njection machine (i.e., the tenperature region
wherein the silver blister is caused during the
nmolding). Figure 6 is a diagramillustrating the 15
rel ati onship between [the total amount of styrene, a-
nmet hyl styrene and cycl ohexane remaining in a styrenic
copol ymer of the present invention] and [the gl ass-
transition tenperature (Tg) of the resultant pellet]
10(i.e., the relationship between [the total anount of

15

20

25



20 the mononers and the solvent in the polyner] and
[Tg]). Figure 7 is a DSC chart near the gl ass-
transition tenperature of each of styrenic copolyners
of the present invention and a copol ymer conposition
as obtained by nelt-blending the styrenic copol yners,
the 25 styrenic copolynmers having a different
glass-transition tenperatupg fromthat of the other
(i.e., change of the heat quantity near Tg accordi ng
to DSC). Fi gsuied EnéthetEahesisheg resel §sepfols

weat herability tests for a styrenic copol yner of the
priasernddudient ¢ orbamndd fopidiey sdyd enmet €t . Entotdepobgubt zed
of the weatherability tests). Figure 9 is a diagram

i |$abataen ngp tde o rigd i onsdi phdapokpne f i het heat

resi stance of a styrenic copolynmer of the present

i et oen), amke] tthike yamowwk ngf 2 atE)yliagomathe monomer
rel ati onship between [the vicat_ tenperature of the
cOpRREARRN3d SRy righe WHRA hiPrmetgr &hk] and [the
yellowing rate]). In Figure 9, the 10 synbols " "
indicate the results of the copolynmers of Exanples 1,
7 and 10 and Conparative Exanple 1, respectively, and
the synmbol "X" indicates the result of Conparative
Exanple 3. Figure 10 is a diagramillustrating the 15
position of an inlet and an outlet of a polynerization
reactor for producing a styrenic copolyner of the
present invention (i.e., exanples of the positions of
the inlet and the outlet of the polynerization



= _reactor). 20 Best Mde for Carrying out the Invention

A styrenic copol yner according to the present
i nvention and a nethod of producing the sane will be
expl ai ned below in detail. F The wording 'a copol yner
conprising an 25 isopropenyl aromatic unit
(represented by the formula (1) as descri bed above)
and a vinyl aromatic unit grepresented by the fornmula
(2) as described above)' in 26 the present invention
means a copol yner produced by nmeans of a continuous
living polynerization wherei ngan i sopropenyl aronmatic
mononer (represented by the flornula (3) as described
above) and a vinyl aromatt2€=5Cnononer (represented by
the formula (4) as describedsabove) are used as raw
materials. A hydrocarbon radiclil bonding to an
aromatic ring as a substitu group is a saturated
hydr ocar bon radi cal as represent by -CnH2n+1
wherein n is an integer nunber of 1 or nore. 10 A
-CnH2n+1 radical is,a saturated g HY radlca
anc

st"f*ﬂ%‘f%‘r% My DRI TRl %’FO‘E)P H%gen' or
speci f caII and_cl ear t escr bed_l The upper . .
T oeadod cera S el rreBiry hbges: Meas

Fgé’ﬁv%e{he 'éukgsc‘tzg&[ﬂ&(@l %ﬁ{%llﬁé: I&hqfergtar%%get chds % nEverEald

en a nononer CO
I Ty
5 objecdh is produced durlng the polymerization reaction,

has run up to 3% by weight or less.

10. An injection-molded article comprising a

styrenic copolymer according to the mode 1,5 or 6, a

styrenic block copolymer according to the mode 2, or a
10 styrenic copolymer composition according to the mode 3

or 4.

11. An extrusion-molded article comprising a

styrenic copolymer according to the mode 1,5 or 6, a

styrenic block copolymer according to the mode 2, or a
15 styrenic copolymer composition according to the mode 3

or 4.

12, A sheet comprising a styrenic copolymer

according to the mode 1,5 or 6, a styrenic block

copolymer according to the mode 2, or a styrenic

20 copolymer composition according to the mode 3 or 4.




Qf the present invention can be achieved in principle.
However, because the process using such a nononer has
20 not been devel oped industrially, it has not been
confirmed whether the object of the present invention
can be achieved or not. Exanples of such conpounds
wll be specifically enunerated. As isopropenyl
aromatic 25 nononers, for Zxanple, al kyl-substituted
i sopropenyl benzenes, such as isopropenyl benzene ((x-
nmet hyl styrene), isopropenyltol uene,
i sopropenyl et hyl benzene, i sopropenyl propyl benzene, 27
| Sidpr openy| Butfyd dwe nzenye; i § igapreo perwt qreint yd dpenizewe;
|sopropenylhexylbenzene I sopropenyl octyl benzene, can
beasmuvsimey dd tPrefrerdeed /i s opt dperdy IS mTtd dIastoner
IS |sopropenylbenzene 5 As vinyl aromatic nonongers,

f GTORSKAHS Yo, acenudiing ts thihau e t3r e, 2 stfofrersic
styrene, p- nethylstyrene, m nethyl st rene

5 0GRS (PO LLOT i GRARA NG riehdhe mode 3 or 4.

2 5 d|nethylst re 4- di thylst rene
e Sheordinid Ty e conerizins <
| styrene e ; [ 2 e;
angt e Cy Ke’ pcdalr?mbert egncucz)el%/%ﬁ%gﬁ t%rtlrf ern?e vll ﬁé I ©a

%érﬁm%{ do}%ﬁ%ﬁeexneacc%%d S&prtqﬁ,ﬁr}ﬁ/dde 2, or a

I C nononers |nyI aronmatic nonomers nmay be

U%ecq,fém@%dgdl%éﬁﬂﬁ&ﬁdéﬁed%n YcdBa Ry USEH ddiee 3

formof a mXxXture of two or nore, respectively. The
1o|ngﬁ gpreferable conbination is that of

15. A part for houses, comprising a styrenic



| sopropenyl benzene and _styrene. The content of an

10

15

20

25

i sopropenyl aromatic unit in a styrenic copolyner is
in the range of 5 to 95% by 20 weight, preferably in
the range of 7 to 90% by wei ght, and nore preferably
in the range of 9 to 80% by weight. Wen the content
of an isopropenyl aromatic unit is |ess than 5% by
wei ght, the heat resistance,gf the resultant styrenic
copol ymer can not be sufficiently 25 enhanced. On the

otdwso haish abesrdDie tharh9Shedy 1)eighte, thestyrenic
copol yner tends to be pyrolyzed during nelt

mad T g - P pEEase N canddimyist @ tiae geodeadt i ¢y af sgpsenic
wi Il occur during nolding, whereby silver blister 28
anchpolymd d cdeposs it iendatoobdinqusedthéuneder fove, 4.
t he anount of nononer ingredients wll be increased in
t he6resin duk PaCt hEoHez oppost SRl ORheF@BYT b bad odt
tends to be caused onto the surface of the no| ded 5
pr%ﬁﬂkﬁnl¢rP%RﬁHYm%ﬁl%%P@?@#%%n%%e?%ea@oﬂ%s%r$b%H a
above, ot her_  nononers_ whi ch can a} nPI ed for %V|n
Dot SR Yt P bic regPBRl YBRE 2RETE % ?%rf@O%%
ob ect of the esent |nvent|on i s not .| ost
PTG RO LT o BROT Y her T 285 CEOHT Bkt e e 3

nqgﬁ nprs such as but adi ene, isoprene; alkyl

acryl ates such as nethyl nethacrylate, ethyl

mefhacryl at p r ; y | at e;
ac%?lates sﬁ% 6§P¥é E§¢§g§r§+@%§%spﬁﬁ ? g%r??ﬁ%% 15
préﬁb@lﬁﬁéylQé@br@ﬂﬁ@'t@cfﬂéaﬁ&denll5|b§56§U§hs@§renic

block copolymer according to the mode 2, or a styrenic

copolymer composition according to the mode 3 or 4.

Advantages of the Invention

A styrenic copolymer of the present invention
is in particular excellent in heat resistance and
weatherability, which are weak points of polystyrene,
and is further excellent in melt stability, strength,
rigidity and recycle properties as well, with the
excellent properties of a conventional polystyrene
maintained, such as transparency, dimensional
stability, and molding-processing properties.
Furthermore, a molded product comprising a styrenic
copolymer of the present invention can be very suitably
used as a food container for warming, a part for a

house, a part for a car interior, or an optical part.



acrylonitrile, nethacrylonitrile; methacrylic acid;
acrylic acid; acrylic amde; vinyl ether; N

vi nyl pyrrolidone; and the |i ke can be enunerat ed.
These nononers are useful for inproving or adjusting
20 the inpact strength, elongation, chem ca

resistance and the like o > he resin. The ratio

(MM Mn) of the weight-average nolecular weight (M)
of a styrenic copolynmer to the nunber-average

o ieCett abe y€1 it 1 49 £ t ties epfawhogsd be 25 in the
range of 1.6 to 4.0, preferably in the range of 1.7
to 3.7, and nigererefesabl giagrameil hngeratidg8the 'H-NMR
3.5. Wien the value of MV Mnh is less than 1.6, the
badpecerdetaken sterénid dieyobymeheof esha pnesehe 29
mechani cal properties of the resultant nolded product

i siyentkpengheresihed ¢85 @ﬁwb@nomot@b@%tﬁrmlne the
sufficient performance as a resin nolded product.

t HePTH el i MR $ her ne ubnf suded el h e4°®p°%h@65
fluidity is deteriorated, whereby it is difficult to
forma | arge nol ded product, a thin-walled nol ded
product, and the like. As a schene of controlling the
MV Wn val ue, for exanple, controlling the revolution
speed of 10 agitating blades in a reactor according to
a continuous polynerization nethod, can be
enuner at ed, whereby a copol yner having a Mv Mh val ue
in the range of 1.6 to 2.3 can be produced.

Furt hernore, the M~ Mh value can be controlled
between 2.0 and 4.0 by adding a



15 nmul tifunctional conpound to a growi ng end of a
living polyner. Besides, the MV Mh val ue can be
controlled between 2.0 and 4.0 by blending a

hi gh- nol ecul ar-wei ght ingredient in the formof a
solution or a nelt. The wording "a ratio (Mv M) of a
wei ght - 20 average nol ecul ar weight (My) to a
nunber - average nol ecular weight (Mi)' in the present
invention nmeans a value calculated in terns of

polystyy ehe-NiR Nehdet o PetsEal yrisr (hf oSy O @ phyd o-
(GPC). Dependi ng upon the range of the content of an
25meshpl spengheatr onfihi thanmeéthodao$t gaénutatapal yoae

of the present invention, which hereinafter neans the
pemcéatr bgnpenghofo@-mhehiydepyopeayaar deteirminaidt oonthe
the basis of the weight of the styrenic copolyner, the
30basigrehi Eheopel yreinghbarnusat i yeyngheheobPpali aAgea (B)
fornmulae (a'): Cx A+ 102 < Tg < Dx A+ 102 (in case
Sofof mathylepg agd.mephine;png E@e+p§a59a§e§0 ) A2t +
1.72 0-1 A+ E< 5.25 x,10-5 A3 X.
1om%tﬁéi[+ 308,855582 1 JooBVEFREdatalar voRolh Eabdp:

J case, of 60 <A < 95
anop bt Ko %1 Ra0Ras T (B 2a0i Bne 5 EpSLeTer oontehe

I S?H{D?Q?ngk alrg%@fl?gg{:gfe}{gl t in the styrenic

copoly ass-transition tenperature (O

o s el e Py eSO sgeohll o
10E rePdtidRghip=pdfheen [the content of a-methylstyrene
included in a styrenic copolymer of the present
invention] and [the glass-transition temperature (Tg)]
(i.e., the relationship between [the content of a-
methylstyrene in the copolymer of styrene and o-

15 methylstyrene] and [Tg]). (Note: The Tg of
polystyrene was 102 degree Celsius, while the Tg of
poly oa-methylstyrene was 177 degree Celsius. The
dotted line is a straight line linking the two points.)

Figure 3 is a diagram illustrating the

20 relationship between [the rate constant of styrene
generation during the melt retention of a styrenic
copolymer of the present invention] and [the absorbance
of the resultant molded product] (i.e., the
relationship between [the absorbance of the copolymer]

25 and [the rate of the monomer formation]). The straight
line depicted in Figure 3 is represented by the
formula: k (ppm by weight/sec) = 0.8348B-0.316 (R?

(coefficient of correlation) = 0.9808).



5

are needed, and then the fornulae (a') corresponds to
15 the fornmul ae (a) as descri bed above. In the
formulae (a'), preferably C=0.15 D 0.58, E =98, F
= 106, G=1.03, H=74, | =0.80, and J = 97, and
nore preferably C=0.20, D= 0.52, E_ 99, and F =
105. 20 When the content of an isopropenyl aronmatic
unit in the styrenic copolymer is larger than the
upper limt in the range satisfying the fornul ae
(a'), there Pitgurs 4the prabbenamhalltberstyngnthe
copolynmer is deteriorated in heat stability during
mefelaglionsiip ehesweeont Uthe 26eypétratrandft Aesbukante
bet ween the heat resistance and the
antPRRbYRRF abf | Fiig Pregert uipeent Cant derbhéiekhe haadt
when | ess than the lower |imt, the heat 31

r 5§ 5t hten i ¢ nbee sty FerEnt CorpkyRer bt #ofshFpepediRen
the content of an iso rogengl ar&natic unit in,a
StYPRAT A oPbl §EF SR bY SR HEIC HRR oF U 19t B8 BRHHAEL i on
method of _the 5 present inyvention_and the
SRRt e U e R R A
e ' t ssion, which has |ong
bé%%ﬂi@atf@%l§u%§$§:ﬁﬁ%%ﬁel@fﬁgf.

nown. i scl osed an a-

met hyl styr eng{ gt y& eﬁei§°£°<§i’£§farﬁ‘cfi)ﬁ%?ﬂa{9n@| Anown

10 production nethod satisfies Fox's relationa

eXPBRSSt Durd Sefy i dPrwieXPdPh €2 NoTwFAt I8Nt sEVEUNBNEqused
No.1). The reason why a styrenic copol yner obtained

10 achwor Thdqgchi® el Hrosheed t Don net o ds©f réfec pPEGSENYmer of

15

20

25

i nvention does not
the present invention within an injection machine

(i.e., the temperature region wherein the silver
blister is caused during the molding).

Figure 6 is a diagram illustrating the
relationship between [the total amount of styrene, o-
methylstyrene and cyclohexane remaining in a styrenic
copolymer of the present invention] and [the glass-
transition temperature (Tg) of the resultant pellet]
(i.e., the relationship between [the total amount of
the monomers and the solvent in the polymer] and [Tg]).

Figure 7 is a DSC chart near the glass-
transition temperature of each of styrenic copolymers
of the present invention and a copolymer composition as
obtained by melt-blending the styrenic copolymers, the
styrenic copolymers having a different glass-transition
temperature from that of the other (i.e., change of the
heat quantity near Tg according to DSC).

Figure 8 illustrates the results of
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satisfy Fox's relational expression is not known 15
preci sely. Al though we are not constrai ned by any
theories, it is hypothesized that the reason is in
part because the conposition distribution of each
nmononmer unit in a copolyner of the present invention
is different fromthat in a known copolyner, which is
20 caused fromthe differengg between the production
nmet hods. The gl ass-transition tenperature of the
prwesegte tabvielnit Wt estts o fled ed g etk dycsmehgmef 5Ghe
(differential scanning calorinetry), and a tenperature
2P rEsatdt eimmerddi e cordlianged oy st ymd e d( prescriedreésults
JIS K7121 is defined as a glass-transition

t erfpeiha wreatherakorldiery tteslet)er mi ne the true
glass-transition tenperature of a high polyner, the
ef fect of i rpFU4s €5 B2 a SHAadpbel Fanpvieat ing the

met hod t herefor, for exaﬁgle, a nmethod wherein only a

hitgh-Ato BT R BEGHR" cOrforfift 185 5pianchy heanstbrenic

AR Y WG £ 9o Sl el ko s
i;s h |y: .. di;ssolved is d o

SaiaR UcH e e e e G et o

Welcgiie R W ARG, e ‘Eo?di'ﬂ@xe 4 dihe-d v aml %—%é{h%%

wel ght i npurities so as to renbve the I nmpurities;

t ke Jridefs 1cam P tHE gRrUNBALRA . rakhe) )9l assr tFaisdd iPN the

tenperature of polystyrene ‘as determ ned according to
Sugimbd Ineteod iwasci@eCehkf rebaldet efMtRedcopolymers of

gl ass-transition
Examples 1, 7 and 10 and Comparative Example 1,
respectively, and the symbol "X" indicates the result
of Comparative Example 3.

Figure 10 is a diagram illustrating the
position of an inlet and an outlet of a polymerization
reactor for producing a styrenic copolymer of the
present invention (i.e., examples of the positions of

the inlet and the outlet of the polymerization

reactor).

Best Mode for Carrying out the Invention

A styrenic copolymer according to the present
invention and a method of producing the same will be
explained below in detail.

The wording 'a copolymer comprising an
isopropenyl aromatic unit (represented by the formula
(1) as described above) and a vinyl aromatic unit

(represented by the formula (2) as described above)' in
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tenperature of polystyrene is a different value from
102C due to an eval uation nmethod, nunerical values in
15 the forrmulae (a') may be conpensated. For exanpl e,
the glass-transition tenperature of polystyrene is
103C, 1C is added to both sides of any case of the
formulae (a') so as to conpensate the fornulae (a').
The content of the isopropepgl aromatic unit 20 in a
styreni c copolynmer of the present invention can be
dedies pesey Ievsiit 161 mdend H NMb oI yihde SHP@hyERIby
and cal culating according to the area of each of the
ressaiandf peaksnt imicusiskl whey epal pnst iz &inl on colpet ¢heran
of the 25 present invention is utilized, in
parsorudreny¥ crromxanplreonaren (edhoes el sed| oy athen
shoul d be inhibited, or when the content of a nononer
asf ROt ahdleyendred etbeel mpd e Wty noremalglc
of the resin should 33 be suppressed as | ow as ,
p&&ﬁQW%¥ @Wﬁ?%ﬁ%ﬁ%ﬁﬁ beﬁRﬁy m%%%ufﬂ 3% tPRFcribed

sM|s the follow ng fornul a <. 0.00

VfV I A e LA MR Hr Lt mnt Ei@)é%’if’%@elfq%?ﬂ) of
a Onr o ar onmat | n 1 n. sai tvr
io'po e ORE & i i ln%erﬂof?’g & o GG puent

f %ﬁ%‘%grg(%a% %‘%ﬁ’} espon\g@%]te or cly é)aT(stj\ tI.t@presented

dQ%PLKpﬁgmﬁbQHQre%Q ﬁnlghganﬁHEb@r(Hu%b@§ QESQrb?eﬁore

above, préferably D = 1, and"nore preferably D =

0.860-C Hyns1 radical is a saturated alkyl radical, whose
structure may be a linear or branching type, and is
specifically and clearly not prescribed. The upper
limit of 'n' also is specifically not limited.
However, it is generally in the range of n < 30. Even
when a monomer comprising a saturated alicyclic
hydrocarbon radical is used as a substitute for the
saturated alkyl radical, it is believed that the object
of the present invention can be achieved in principle.
However, because the process using such a monomer has
not been developed industrially, it has not been
confirmed whether the object of the present invention
can be achieved or not.

Examples of such compounds will be
specifically enumerated. As isopropenyl aromatic
monomers, for example, alkyl-substituted
isopropenylbenzenes, such as isopropenylbenzene (o-
methylstyrene), isopropenyltoluene,

isopropenylethylbenzene, isopropenylpropylbenzene,
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Wien Dis nore than 0.52, the resultant pellet or

nol ded product may turn yellow to such a level as to
be clearly recogni zed according to visual observation.
15 Furthernore, the generation rate of nonomers which
are deconposed and produced fromthe high-nol ecul ar
wei ght polyner during nelting is remarkably

i ncreased, whereby the anoynst of the nmononers
remaining in the resultant nol ded product may be

i nts @@seseny Noway Ibentatie, Whesp Bo@dédn Pl psh el i e bas) ed
sheet (OPS) or an foaned sheet (PSP) as utilized in

t hiss$p edpeny 1 hieoyl package, | 5s@poopery] ocsyutibeazshept can
is wound for collecting, and thus the yellow ng of
t Hee rerime i at e @mar Redf §r cohspsepoepeny Wherehyt ac monomer
problemin quality may be caused. 25 Furthernore, in a
us%sf%ﬁORkRP%Qﬂl?ﬁﬁ%%nethe yel |l owing neans that the
transn1ttance of ht through the nolded product is
vari ed depe ‘E%]grﬁ’%\%%‘FJe%g‘Fq’Pom%%f ebyr tgample,
mted to a large extent. 34

|
Thazlll’]@f Seubsatjul%%‘i’a% o L XIRIC m TR i S R YT S arPy
Sq{gﬂﬁr%élvsegrﬁoe Jde ﬂ%é&u&? 9 Pl fde reﬁé%ﬂt&%%ﬁg, '3 4-

orta nce’ requi
I 1ﬁmgﬂ5 enj ¢, copol ymer
f tﬁ &' ég?é%%nsék?%gﬁ%s ??E%%%fg%4 resin
ol ded- iy stuptend hes, Styfed ey COPAtyer Shoul ¢ d J.aene,
copol ymer having a MEIght aver age nDIecuIar wel ght

( MVe atll sy dree 1 he-e o)1 vy rend ormul a4 {ghan ﬂékﬁzféne;

10-2 A2 + Gx 10-1 A+ H< NM/X 10-3 < exp(jy- 2.%7
and the like can be enumerated. Preferred vinyl
aromatic monomer is styrene. These isopropenyl
aromatic monomers and vinyl aromatic monomers may be
used in one kind, respectively, or may be used in the
form of a mixture of two or more, respectively. The
most preferable combination is that of
isopropenylbenzene and styrene.

The content of an isopropenyl aromatic unit
in a styrenic copolymer is in the range of 5 to 95% by
weight, preferably in the range of 7 to 90% by weight,
and more preferably in the range of 9 to 80% by weight.
When the content of an isopropenyl aromatic unit is
less than 5% by weight, the heat resistance of the
resultant styrenic copolymer can not be sufficiently
enhanced. On the other hand, when more than 95% by
weight, the copolymer tends to be pyrolyzed during melt
molding-processing, and thus a large quantity of gas

will occur during molding, whereby silver blister




x 10-2 A) ' , 9

i sopropenyl aromatic unit in said styrenic copol yner,
and Mv. the weight-average nol ecul ar wei ght (Mw) of
said styrenic 15 copol ynmer, wherein when the val ues of
F, G Hand J are F =-1.92, G=2.95 H=98.2 and J
= 6.37, respectively, the fornmula (c') corresponds to
the formula (c) as describeg above. In the formula
(c') as described above, 20 preferably, F =-2.29, G

= ghd/lor hhéld lde o Ot d £ 6. BS, casedDr erpr €h eFabty,
F=-2.75 G=2.20, H= 131 and/or J = 6.13. Wen

t hehevadmsurod d hemavedrgdt - Arveer@dieent® | wertll ase wehghéa$dd) in
of a styrenic copolymer is less than the val ue
sdthsfresin thee flactttis ddcdmposil B, Ghe2Eb P . 9k edholut
=98.2in the left side of the fornula (c') as
desend e dpveausert nchaficatusiaengeh ke molded
decreased, and thus a sufficient performance as a

5 &9 UGHo! ded product is not devel oped, mhereby t he

bl f 35 Dbreaki d/ ki wh
Bﬁgduﬁn U T RALE Fhh ?@%ﬁ%@%%ﬁ&% ARG S
duct | di
to Og"gec’aualtekbe n%flclf“h%gr es}ﬁl e?f“f? %yn%lﬂ%r %Tnlvmg
t 't I f
AN 050985 B 5l R0 S

f%‘ﬂ ctOfof] t‘heggg‘g | It hﬁwéd f}% dpdené)tf e f 0[(1@6' a

(c' ) as descri ove the Ity I's remar

10 dedHdr %16@%&@%@ dcﬁfcﬂleyme%lZ&dTU'éi?rﬁJLRjé%E@Idfél{b
not be injection-nol
monomers such as butadlene, isoprene; alkyl
methacrylates such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, butyl methacrylate;
acrylates such as methyl acrylate, ethyl acrylate,

15 propyl acrylate, butyl acrylate; nitriles such as
acrylonitrile, methacrylonitrile; methacrylic acid;
acrylic acid; acrylic amide; vinyl ether; N-
vinylpyrrolidone; and the like can be enumerated.
These monomers are useful for improving or adjusting

20 the impact strength, elongation, chemical resistance
and the like of the resin.

The ratio (Mw/Mn) of the weight-average
molecular weight (Mw) of a styrenic copolymer to the
number-average molecular weight (Mn) thereof should be

25 1in the range of 1.6 to 4.0, preferably in the range of
1.7 to 3.7, and more preferably in the range of 1.8 to
3.5. When the value of Mw/Mn is less than 1.6, the

balance between the fluidity of the resin and the
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particularly studied . B

the rel ationship between the structure of a styrenic
copolymer and the properties. As a result, it has
been found that the content of | ow nol ecul ar wei ght
conpounds wth volatility remaining in the styrenic 15
copolynmer will affect the nol di ng-processing
properties and the heat resgpstance. On the basis of
this information, the present inventor has

aGeAA A ished ;Iﬂtﬁpexftplésvvwgthéwrsémprranﬁ hedldsd pheduct

invention relates to a styrenic copol yner produced by
a icordigtuntised i wingreXdy pid yierd zft i el trefdhosbhtain
conprising an isopropenyl aromatic unit represented by
t e fifol d i npdffamnandel )as 'a HEsHR Gl B} pRiduct. On
wherein the substituent group Rl represents hydrogen,
ort g6 othdwy dragechr bayeny ddic atalofe icsnmzmel T & P ke

an in nunber of 1 or nore, and a n aromati c
urﬁltulfdégfxésleﬁwtc@utquﬁete@,omww fidr M a%(%lcqist o

H2C-C /|
form a large molded product, a thin-walled molded

product, and the like.

As a scheme of controlling the Mw/Mn value,
for example, controlling the revolution speed of
agitating blades in a reactor according to a continuous
polymerization method, can be enumerated, whereby a
copolymer having a Mw/Mn value in the range of 1.6 to
2.3 can be produced. Furthermore, the Mw/Mn value can
be controlled between 2.0 and 4.0 by adding a
multifunctional compound to a growing end of a living
polymer. Besides, the Mw/Mn value can be controlled
between 2.0 and 4.0 by blending a high-molecular-weight
ingredient in the form of a solution or a melt.

The wording 'a ratio (Mw/Mn) of a weight-
average molecular weight (Mw) to a number-average
molecular weight (Mn)' in the present invention means a
value calculated in terms of polystyrene using Gel
Permeation Chromatography (GPC).

Depending upon the range of the content of an
isopropenyl aromatic unit in a styrenic copolymer of
the present invention, which hereinafter means the
percent by weight of the isopropenyl aromatic unit on

the basis of the weight of the styrenic copolymer, the
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5 wherein the substituent group R2 represents

hydr ogen, or a hydrocarbon radical of -CnHz2n+l
wherein n is an integer nunber of 1 or nore, and the
substituent group R3 represents hydrogen or a phenyl
radi cal, wherein the total anmount of: 10 an

i sopropenyl aromatic nononer, which renmains in the
styrenic copol ynmer, represegped by the follow ng
formula (3): CH3 H2C-- C 6NJ RL wherein the

S udtsftdrfentc g Omdd 1001 BS 64y 51 ST €1geNfo DI ow Bng
hydr ocar bon radi cal of -CnH2n+l wherein n is an

i ffcegerlae 5(an'unber of 1 or nore, a vinyl aronmatic
nmononer, which remains in the styrenic copol yner,
repr ésentfedt bh02 eTHoKl Bwkng +f bPAul(an(dyse33f R3<LAH <
H2C=C wherein the substituent group R2 represents
hydr &, or a hydrocarbon radical of - CnH2n+
wherein n is an.integer nunber,of,1 or nore,

subst7tueht> g]rQ)upAR.’s* reftesertd” h%dr ode-n72orx f}%helhyT %8 <

R S AR B T A

I €SS.p (in case of 20 <A < 60), and

GxA+HZ<LTg<IxA+J (in case of 60 <A < 95),
wherein A: the content (% by weight) of the isopropenyl
aromatic unit in the styrenic copolymer, and B: the
glass~transition temperature (°C) of the styrenic
copolymer, wherein the conditions which are defined by
the factors C = 0.12, D = 0.62, E = 97, and F = 107,
are needed, and then the formulae (a') corresponds to

the formulae (a) as described above.

In the formulae (a'), preferably C 0.15, D
= 0.58, E =098, F =106, G = 1.03, H= 74, I = 0.80,
and J = 97, and more preferably C = 0.20, D = 0.52, E =
99, and F = 105.

When the content of an isopropenyl aromatic unit in the
styrenic copolymer is larger than the upper limit in
the range satisfying the formulae (a'), there occurs
the problem that the styrenic copolymer is deteriorated
in heat stability during melting, and tends to turn
yellow, and the balance between the heat resistance and

the antiweatherability is disturbed. On the other

hand, when less than the lower limit, the heat



Exanpl es of hydrocarbon radi cals which are included in
these fornmul ae are as enunerated on the above. 10
After a polynerization for a styrenic copolyner has
been term nated, it is necessary to renpve unreacted
nononers and a pol yneri zation solvent so as to obtain
nmerely the copolynmer. As one nethod therefor, there
exi sts a nethod of heating k3 volatilization under
reduced pressure. This is a nethod wherein a solution

I nrebi ehadcpol yneot zatEencient.a styrenic copol yner
has been termnated is heated so as to renove
unr eact ed nonbaerslantoaspopybetwezahi bhe sohvent afiden
a reduced-pressure atnosphere. The 20 renoved
uni septepdenphoaresabnd poiyneni aastpnesbtvenpolymarbe
recovered and recycled. As a nethod of
healbt agned| aEFPrdang oho uaderodpuetuerdmprbedupé, the
specifically, for exanple, a nmethod 38  of flashing

St HRredft i BAVEREHCR #RAKtRAJEtaPedhEdRSipteRshpBperature
and/ or a nmethod of heating and evaporatin and
JORGEF | ot e Ehatkol BT cAFIBAF e CBR: SpbP L2bniee !
reduced g{essure.b n _extruder or a kneader

neans_of
5 SFPTRESTTRe ¥ERC eh%?e?%?%b §eUL F1PY8d. Furthernore,
for the purp?§eigfdfg%f£§g§t£ﬂgtv Lagilization, a |ow
as

boi | i ng poi nt conpound suc wat er or al cohol nmay be

a@ﬁ@@h%?sﬁyfeﬁgygﬂ&?@n@eégﬁ§l§ﬁgrVgeééPQ{ﬁg Pspgngh 5gn

upon the volatility of a solvent, generally the 10

10t EFPSA@EY] 6n Ohe t RS SOAUL s PP b SFERNET PL1 861 bRal NexpREFSion
(See, for example, Non-Patent Document No.1l). The
reason why a styrenic copolymer obtained according to a
production method of the present invention does not
satisfy Fox’s relational expression is not known

15 precisely. Although we are not constrained by any
theories, it is hypothesized that the reason is in part
because the composition distribution of each monomer
unit in a copolymer of the present invention is
different from that in a known copolymer, which is

20 caused from the difference between the production
methods.

The glass-transition temperature of the
present invention can be determined by means of DSC
(differential scanning calorimetry), and a temperature

25 as determined according to a method prescribed in JIS-
K7121 is defined as a glass-transition temperature. In
order to determine the true glass-transition

temperature of a high polymer, the effect of impurities



of 180 to 300C and the degree of reduced pressure is
controlled to 10 MPa or less so as to volatilize and
renove vol atil e conponents such as residual nonomers
and solvent. 15 A nethod wherein devices for heating-
vol atilization under reduced pressure are connected in
series wth each other so as to arrange in the form of
two or nore tiers is also efpective. Furthernore, a
met hod wherein water is added to the sol ution between
20:Hdeld ivstransvéde seEsanthstagestlserasot p Enhasxample,
the volatile performance of nononers and a sol vent at
t hee mestetoad dvise meren naryl pea dh sohtndlézebar AFeeghvotemporent
conponents have been renoved in a flashing tank, an
exts weletiwibh reamntof ek RewaeRtipmycheonaederriged
25 so as to renove residual volatile conponents. After
t hESHohonkrise e sHrEmin Vel beeh sehpheen Yhgrein a
styrenic copol yner can be pelletjzed according to a

5 R bV TR TR L 48 Wt Rl YT MGFERERpT bheny
ar omat i nome a vinyl, aromatjc nononer, and a
poﬁ%ﬁf%?]rc‘iegijo?] é%?ﬁ’?/ee(?\t%égo DA T i W R ST yrenic
copol yrer l d C , g
e T e R R e G

Oy el g :
{Tgcigsscﬁr)rfet f;%a%y e 300, @cyuj[ﬂ% gdt?%l&ﬁt ERSuALEPELI 89 as

eating-volatili oh under reduced
Pr&S Stlirfovigie { o @PEHE s | Sakl@T €nd B k< 504h ppen by

wei ght, and variation in the heat resistance of the
10 enumerated. The glass-transition temperature of
polystyrene as determined according to such a method
was 102°C. If the determined glass-transition
temperature of polystyrene is a different value from
102°C due to an evaluation method, numerical values in
15 the formulae (a') may be compensated. For example, the
glass-transition temperature of polystyrene is 103°C,
1°C is added to both sides of any case of the formulae
(a') so as to compensate the formulae (a').
The content of the isopropenyl aromatic unit
20 in a styrenic copolymer of the present invention can be
determined by measuring the 'H-NMR of the copolymer and
calculating according to the area of each of the
resultant peaks.
In a use wherein a styrenic copolymer of the
25 present invention is utilized, in particular, for
example, when yellow discoloration should be inhibited,
or when the content of a monomer as decomposed and

generated during the melt molding of the resin should



10 styrenic copolynmer and variation in the fluidity of
the nolten resin during nolding processing are
remar kabl e, whereby it is difficult to provide a user
with a stable resin in quality. In particular,
dependi ng upon the device size, the structure and the
tenperature 15 conditions of a nol ding machi ne, and
the like, the wvolatilizatigg amount of nononers and a
solvent remaining in the resin is varied.
Ageordigiassadhers Idwe degiod=ivisd andes tempesatare is
set tothe vicinity of the limt value in perfornmance
ascoEfuasdesHyulad 20attsesr; st dgn hei il Jowpieg | Sermula
part is nolded, or the Ilike, stability in quality is
vefby' important. Furthernore, the present inventor
continued to dev%te hinmsel f to studying. As a result,
it hé& < BedPGDud t Rat0OdHe® & $x yreni ¢ copol ymer has
a 25 nol ecul ar structure in a given range, and the
5t gthgreldnhintth GRIHGRY sCarky d”ep’og@%r?ga??b sol vent
which are included as i urjties.%n t he st%(reniocl mer
coARARRER B! az‘f%ﬁﬁ)tlp‘bﬁfrg@tmﬁ?gﬁ‘ﬁl ST eI copeLymer,
particular, a 40 remarkably excell . L esl
T pr e T TR bt $ S € R et 30°
MO Neho A P! GEUL 85 ST UES Urhd Neo fn@ ¥ Ol T ANGG responds
nmean's a mnol'ecul ar structure satisfying the conditions

t ramsidd aed &FPSEQRtABSyS, (Tg) of the
str@;/é egn}p% 1g(%)po Iy%rer%l)issééi:g&%he range of 105C to 140C,

10 the wei ght - apergge fohReL arb Wei ghtaédMpibed i dbovdpe
range of 50,000 to 300,000, and the ratio (Mw M) of
t herawed giv T AVer-age. uD) egnd afio nei ghé f¢ M1y oD theld . 50.
When D is more than 0.52, the resultant pellet or
molded product may turn yellow to such a level as to be
clearly recognized according to visual observation.

15 Furthermore, the generation rate of monomers which are
decomposed and produced from the high-molecular weight
polymer during melting is remarkably increased, whereby
the amount of the monomers remaining in the resultant
molded product may be increased. In particular, when a

20 Dbiaxially oriented sheet (OPS) or an foamed sheet (PSP)
as utilized in the field of food package is produced,
such a sheet is wound for collecting, and thus the
yellowing of the resin is remarkably conspicuous,
whereby a problem in quality may be caused.

25 Furthermore, in a use for optical parts, the yellowing
means that the transmittance of light through the
molded product is varied depending upon wavelength,

whereby the available use is limited to a large extent.



nunber - aver age nol ecul ar weight (Mi) is in the range

of 10 1.6 to 2.5. A specific styrenic copol yner of

the present invention can particularly provide the
stable production of a precision part, an optica

part, an extruded sheet product, an injection-nolded
sheet 15 product, a large injection-nolded product or
the like wthout a decreasegq n nmechani cal properties
and/or quality. The glass-transition tenperature is
preferabbye} nat heerange etichO8Cute 188Ffaramndulmeey 20
preferably in the range of 107C to 136C. When the

t espesative ts tbaeyelhawid§5€f thei sediffi saollt thos it is
differentiate the heat resistance fromthat of

pobyst 9f ehepoChanhepot hermanad, ragehrenentenper degrease
is higher than 140C, a processing area between the 25
dekapvsiiPvhngenperature of the hi gh-nol ecul ar - wei ght
product and the plasticizing tenperature of the resin

Sis narrowed WoRA, 2aRbYFRRIGeRePAL VBRT afbuhbeopresent
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. d to t d it f t [
TOOOTEL oL 0| 12 SSCOIPOST LoD CL AR SYESILE, cre
f h I d ' / i Li d
54 0eR b ) RPSLA G0 BE 8 LSRR Shstoter

. h i .
DB S0 ey LOIEE ey TR O SYGL R e
308, DDOw i Ry efsrably (8 fhe range of 60,000 to

290, 000, and nore preferably in the
Fx 102 A%+ Gx 10" A+ H < Mw x 10°< exp(d - 2.77
x 107 A)
wherein A: the content (% by weight) of an isopropenyl
aromatic unit in said styrenic copolymer, and Mw: the
weight-average molecular weight (Mw) of said styrenic
copolymer, wherein when the values of F, G, H and J are
F=-1.92, G=2.95, H=98.2 and J = 6.37,
respectively, the formula (c’) corresponds to the
formula (c) as described above.

In the formula (c') as described above,

preferably, F = -2.29, G = 2.77, H = 112 and/or J

6.23, and more preferably, F = -2.75, G = 2.20, H 131
and/or J = 6.13. When the value of the weight-average
molecular weight (Mw) of a styrenic copolymer is less
than the value satisfying the factors of F = -1.92, G =
2.95 and H = 98.2 in the left side of the formula (c')
as described above, the mechanical strength is

decreased, and thus a sufficient performance as a resin

molded product is not developed, whereby the problem of
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range of 70,000 to 280, 000. Wien the Mwvis |ower than
50, 000, the nmechanical strength is rapidly decreased,
10 whereby when the copolyner is utilized as a
structural material, the use is largely restricted.
On the other hand, when the Mv is higher than
300,000, the nelt viscosity of the resinis

i ncreased, whereby the flukgity of the resin during
nolding is decreased. As 15 a result, it is difficult

t ored iy pretiee paddkimp, Wil Asndedopesdbet is
orientation of the polyner chains is facilitated,

whesmebyed hieram ccourld/are qusoquradb| tens md hdgd tpweodyptt cay a
ani sotropy is energed; that an extruded sheet product
amb lghirionjrecadessimg detl ahestanol g odkieds dre ke craased.
in surface inpact strength; and further that it is

didr ithe tothemdiandy 1vHige the dalluprofludie Bekyhfezsaverage
the ratio Mv Nh of the weight- average nol ecul ar

vvé‘icgltﬁcu(ll\ﬂ/ﬁ W71 dD%t%/r%W]ierE‘éc (oxejesel] I t33 t}prger than
- , cul i ght (M houl.d be in th

TR BB Mndridlon P8 TR Gt then®

ta .2.,45, .and f bly, in th . 70t

Z?rzftﬂh Selﬁ S hoem"D rl\ﬁ(}/]/ei?/[w Olrgn{l‘faloav\é@é Dh aanSe 1&%?&;9@0; a ‘gen’c gthe

245" e t e il thatr £ aftee™
e o e T A

oud; SUffd 1IN o REIJQ MBNEGAS K el dt BN dRch dupduct .
On the other hand, when the 5 MM M1 i s |arger than

2.5, the fl uirl tprdserPadnwitt&Pha £ideed psitiidaradt oy

when the nol ecul ar wei ght of the
studied the relationship between the structure of a
styrenic copolymer and the properties. As a result, it
has been found that the content of low molecular weight
compounds with volatility remaining in the styrenic
copolymer will affect the molding-processing properties
and the heat resistance. On the basis of this
information, the present inventor has accomplished the
following invention. That is, the invention relates to
a styrenic copolymer produced by a continuous living
polymerization method, comprising

an isopropenyl aromatic unit represented by

the following formula (1):

wherein the substituent group R! represents hydrogen, or



copolynmer is excessively raised are shown: that is,
there occur various problens that it is difficult to
nold a precise part; that the optical anisotropy is 10
energed; that an extruded sheet product and an
i njection-nol ded sheet product are decreased in
surface inpact strength; and further that it is
difficult to nold a |arge nagl ded product. The present
i nventor has found the 15 characteristics (i) that an
ABs typ@r Ota ABAn t YRG1ibADCKE <coppl ymihewehenn ishen integer
pol ymer chain conprising of a vinyl aromatic unit
exhstiser nof he onimonae, emddand/ or the term nal end of
t he bl ock copol yner, wherein A represents a single
pol ymer conp@n*emykraamlyatb«mum'st ngepPesentag| by the
aromatic unit, and 'B' represents a random copol yner
c ofpbheming ofpFmal ag(ah: i sopropenyl aromatic unit and
a vinyl aromatic unit, is equal to a random copol yner
in performance such as heat resgstance, heat
stability, nmechanical propertie$s, and fluidity; and 25
(ii) that such a bl ock ctopdk =S renarkably

excellent in conpatibility wt si ngl e pol ymer
having the sane structure as|th of a vinyl aromatic
unit which is one conponent e bl ock copol yner.

Wien it 43 is desired that a styrgaic copol ymer of
the present invention is reused as a recycling
material, bringing out the characteristics as

5 dasedidad @hOVEbEOf tuexanpkSy \Aﬂa?erkégrésserﬁtesslrfﬁi»dg’@{

10

15

the styrenic copolyner 5 is nelt-kneaded with
PO Vis§yreRerbor r&odbEal a0 £0PO|HLRRN wherein n is an integer

number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,

wherein the.total amount of:

an isopropenyl aromatic monomer, which
remains in the styrenic copolymer, represented by the

following formula (3):

wherein the substituent group R! represents hydrogen, or
a hydrocarbon radical of -CyHzy+1 wherein n is an integer
number of 1 or more,

a vinyl aromatic monomer, which remains in
the styrenic copolymer, represented by the following

formula (4):



ed.in the
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termnal (s) of the high-nol ecul ar chain of the
copol ymer can be utilized. The I ength of block chain
of the vinyl 10 aromatic unit is especially not
limted, but preferably the nunber-average nol ecul ar
wei ght of the block chain portion is in the range of
1,000 to 300, 000. Furthermgre, the Mwv Mh of a bl ock
conmponent conprising the vinyl aromatic unit is
preferably in the range of 1.0 to 2.5. The ratio
(MM Mn) of [the meight-avera%g nmol ecul ar wei ght (Mw)
of a styrenic copolynmer 3e=gg a vinyl aromatic unit
as a block component] to [th nunber - aver age
nol ecul ar wei ght (h) ther 0of] jishould be 20 in the
range of 1.6 to 4.0, prefedgb in the range of 1.7
to 3.7, and nore preferably q2e range of 1.8 to
3.5. Wien the MV Mh value is |lower than 1.6, a bal ance
between the fluidity and the nmechanical properties of
difficult t

h : . 7 wh by | ) b
28 RSRCU 1% | T e T e Rt a HEBEIS SRS NG Zoden, oF
praoqﬁuﬁxaoca%cger?%ég%:e%lyhgp%c \M;S\?m%vﬂggéﬂlggl I%.% Q'nglijgxzeger

t han’ ui i's bdd ere

it ot TR e LSRRG oy @

et Ok O qﬂ%}&%@ St Y4 & PoPRl yIed1, hayang a

vinyl aromatic unit as a bl'ock ‘conponent, first of

all, a singlg ool phieri LOMYA Sddvéntivyich remains in the
styrenic copolymer is 2,500 ppm by weight or less.

Examples of hydrocarbon radicals which are
included in these formulae are as enumerated on the
above.

After a polymerization for a styrenic
copolymer has been terminated, it is necessary to
remove unreacted monomers and a polymerization solvent
so as to obtain merely the copolymer. As one method
therefor, there exists a method of heating-
volatilization under reduced pressure. This is a
method wherein a solution in which a polymerization for
a styrenic copolymer has been terminated is heated so
as to remove unreacted monomers and a polymerization
solvent under a reduced-pressure atmosphere. The
removed unreacted monomers and polymerization solvent
can be recovered and recycled.

As a method of heating-volatilization under

reduced pressure, specifically, for example, a method



5 aromatic unit(s) is produced by neans of a
batch-type reactor, a continuous tube-type reactor, a
continuous reactor of static m xer type, a continuous
vessel type of reactor with agitating bl ades, a
conti nuous coil- type reactor, or the I|ike.
Consequently, an 10 isopropenyl aromatic nononer, a
vinyl aromatic nononer, andgthe |iving single polyner
conprising the vinyl aromatic unit(s) are fed into a
cont | NUQLISI N@SEIRE syPELich igB6tortahkhuagetatédgced
bl ades so as to be copolynerized, whereby an AB-type
bl ocks sope} yard /cana libe bico@r oflubedt i Meandne¥Bpe t §peng
bl ock copolynmer is produced, the AB-type bl ock
copod ynwelat sl prodocele soébhitbwedfbym| &vvagt-port under
pol ynerization with a vinyl aromatic wunit in another
r ebedored P BesS s er prioviveeanfheo ABAR t §PErUGEHCRT a kneader;
copol yner, Ot herw se the AB-tYpe |'iving 20 copo| yner
5i sopriorickike  ern hR Py e F bl Bxabpl 22€4ddi hgr thREPRES-
a pifunctional co und Lch can react . with a livi
B T potr BT Bandh e sencrer vabr il et Fopaud el
t he A-type. bl ock copolyner,. A style_ of bonding,an
| S Do brarreSBSe TRy ARardter o arSht cRay be
uni t .1 S enj I 0 e in j
e St TR Fp ERRR EEGre g (FeRLESERL HEPEALng
boggli V461481 B COPOEY | opgls .
s A R e D o g
10 Ch@dmiSe Xt Ste t LT €LE, s&NEL £LOROL ¥ NBEnt £8UBedt Onbehe range
pyrolyzed. Accordingly, it is preferred to contro
t hef | BOPropepyd aramtie WidrehaMsrddudet pressure is

controlled to 10 MPa or less so as to volatilize and
remove volatile components such as residual monomers
and solvent.

15 A method wherein devices for heating-
volatilization under reduced pressure are connected in
series with each other so as to arrange in the form of
two or more tiers is also effective. Furthermore, a
method wherein water is added to the solution between

20 the first and the second stages so as to enhance the
volatile performance of monomers and a solvent at the
second stage may be also utilized. After volatile
components have been removed in a flashing tank, an
extruder with a vent, or a kneader may be further used

25 so as to remove residual volatile components. After
the monomers and solvent have been removed, the
styrenic copolymer can be pelletized according to a

known method.
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vinyl aromatic unit is not in danger of being

conprom sed in heat stability even in the form of
chain, it may have a long chain structure. The present
i nventor has been found that with respect to a
styreni c copol yner of the present 10 invention, even
when at |east two styrenic ggpolynmers different from
each other in copolynerization conposition ratio

and/ or wei ghtreaverage ahenulcl anneisgiiircremydl endedhtic
Wi th each other at any conposition ratio, the

I etldmt, r=esiimydonpasidtien rforare a aguhE ol vigrization
conpati ble systemso as to form a honbgenous one
pleasierentwer etontiaineas ipertfher rervendguicariaitme o shatld
of a styrenic copol yner havi ng a honogenous

c drepasintined, legs tprrodtedrsy b IWaz &4 drfSSiccor di ng

to this information, nerely 20 prOV|ded t hat  severa

t ypges egra kel rorfi &0 CEb (Betes FHy €T beeit pradFhrit e
qU|te a few types of copol ositions d fferent

(%Yr%oroorﬂpé‘hgg’ d%/ t ngees DA He ne are td"a
de d| n a conbln i.0n Qf. r
a%ﬁa%%ﬂgos%’ SR e st st 1
desidad, &perf RN S A LUl h AN SRS Idh by
aine can remar Iy contrl ute to a

Gl gsytbfcg{ B QdHC O Ak A LRI E Othd N
COSt urt ernDre

ecause such copol yner conpositions
4%tﬁ%ﬂe SIGHR tahd Y ficn ciopalnereflwlid ey ent the

In COpO ynerlzatlon COﬁpOSItIOﬂ the resin can be

Utdd1tZ8d resin during molding processing are remarkable,
whereby it is difficult to provide a user with a stable
resin in quality. In particular, depending upon the
device size, the structure and the temperature
conditions of a molding machine, and the like, the
volatilization amount of monomers and a solvent
remaining in the resin is varied. Accordingly, when
the heat-resistance temperature is set to the vicinity
of the limit value in performance as requested by a
user, or when a highly precise part is molded, or the
like, stability in quality is very important.

Furthermore, the present inventor continued

to devote himself to studying. As a result, it has
been found that when a styrenic copolymer has a
molecular structure in a given range, and the total
amount of monomers and a polymerization solvent which
are included as impurities in the styrenic copolymer is

2,500 ppm by weight or less, in particular, a



with no waste. As a bl ending nethod, any known

bl ending 5 nmet hod can be enpl oyed, such as a nethod of

bl ending at |east two types of styrenic copol yners

which are different fromeach other in

copol ynmeri zation conposition ratio and/or

wei ght - average nol ecular weight, in a solution; or a

met hod of blending the sane 40 in a nolten state by

means of an extruder, a kneader or the like. A

St yeearRalbDpokyoel1ehtt hespresehtiednpeotinon caanbbestably

produced according to a |iving polynerization nethod.

Therbdduced, pehyneinzaheowondihgdsai moladelabustibchotre in

limted to, a living anionic polynerization nethod, a

| i i pgveadieagepohgarsi aanpbacneahodtrantduael patagfying

cationi c polynmerization nethod. The stxtenic copol ynmer

cahhpecprdditedsi khahythet GbasSeheFabfltAGBNECPREARLPAS

particular, a |living, anionic polymerization nethod i% o
520(pgbiefrelle NevEPthel €SROLWRER ASmbRokBP RAVPRgOR 105°C

B%%??&ﬁ?%&s_%ﬁ‘ﬂ%@é@%ﬁe@g&? e eEc Iv%%l"h%%i g s in
okl EapSeXar U s PGaRPeo0gs FRELPORT EaRSLAR P

B G A T L e A L (RS

t-DuhyeELL P pRYye ﬁ5f¥&ﬁi£PiH81?H€n¥Mhbilgiyﬂ]the range of
1, 6-dilithi ohexane, 47 styryllithium

10but adi epypl §thium or the |ike can be

A specific styrenic copolymer of the present
invention can particularly provide the stable
production of a precision part, an optical part, an
extruded sheet product, an injection-molded sheet

15 product, a large injection-molded product or the like
without a decrease in mechanical properties and/or
quality.

The glass-transition temperature 1is
preferably in the range of 106°C to 138°C, and more

20 preferably in the range of 107°C to 136°C. When the
temperature is lower than 105°C, it is difficult to
differentiate the heat resistance from that of
polystyrene. On the other hand, when the temperature
is higher than 140°C, a processing area between the

25 decomposition temperature of the high-molecular-weight
product and the plasticizing temperature of the resin
is narrowed down, and the generation amount of monomers

due to the decomposition of the styrenic copolymer
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used. Anong them n-butyllithiumand sec-butyllithium
are preferred. As a polynerization solvent, a
hydrocarbon 5 conmpound wi t hout any hetero atom such
as oxygen or nitrogen is preferred. As the

hydr ocar bon conpound, an aliphatic hydrocarbon
conpound and an aromatic hydrocarbon conpound are
used. In particular, an aljphatic hydrocarbon
conpound with no aromatic ring is 10 preferred. As the

aldyrhatlgd prAuslnciardans comaarkd, sfreti furdidy,a anold
strai ght-chain aliphatic hydrocarbon conpound such as
n-depcania, dreptane soctwene i stonanssnd aro ate cyanlsed, and
al i phati c hydrocarbon conmpound such as cycl ohexane or
dedehydraonapitistiaanes of & heolddd produst Bnds to be
enuner at ed. Each of these aliphatic hydrocarbon
cAfpUifds nay be used as a main conponent of a
polynerlzatlon solvent, which may be a single

compound, e WAL @ EITadR “%ﬂl?ﬁﬂ]é‘%dfﬁfcﬁmd (Mw) is

“ﬁ%ﬁe'r%é?a%%toééb%@c@p%& Elé?%ci}e”t e uiRheltine
the t ot al 2§H 6 ouyent ré?gﬁé %L%h he

pré?%% &fcodpoun cyc gheéXane. concen at’ion
%dd”cédmb% 'db a rvgléé D 39'1%&“ than

corrpr SI ng t(ﬁe nononer s an yITEFI zation

s, %H@tmédﬂaﬁl%l rgnqaéﬁdtqyllasr ,ra\mﬂfy r@/c&eased
det erm ned dependi ng upon the structure of

PRINERIYZ &iHea HIRAH0 1 yinlter i e1taif1 iy ney |aza§ﬁ19.fbtural

and a polynerization tenperature. For exanple, in case

4%haterial, the use is largely restricted. On the other
hand, when the Mw is higher than 300,000, the melt
viscosity of the resin is increased, whereby the
fluidity of the resin during molding is decreased. As
a result, it is difficult to mold a precise part, as
well as the molecular orientation of the polymer chains
is facilitated, whereby there occur various problems
that the optical anisotropy is emerged; that an
extruded sheet product and an injection-molded sheet
product are decreased in surface impact strength; and
further that it is difficult to mold a large molded
product.

Besides, the ratio Mw/Mn of the weight-
average molecular weight (Mw) of said styrenic
copolymer to the number-average molecular weight (Mn)
should be in the range of 1.6 to 2.5, preferably in the
range of 1.65 to 2.45, and more preferably in the range

of 1.70 to 2.40. When the Mw/Mn is lower than 1.6, a
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of living polymerization, the rate of polynerization
is extrenely high, and thus the concentration is
preferably in the range of 5 to 50% by wei ght. Wen it
is desired to heighten the 5 concentration of nonomers
inaraw material solution so as to increase
productivity, it is desired to provide a

pol ymeri zati on reactor wi thga condenser so as to
renove polynerization heat by utilizing the |atent
hegdl afcewngoreadn arheaff Jauishl therdnd nttog degcianical
efficiently renove 10 pol ynerization reaction heat.

| mypardnttidsargf wien resjiol ahexarse t{ wivte mdb e hi h-hexane
may be incorporated) is mainly enployed as a

pod iyfifeird uddt iton oinemut siwfcll cient et fognpoiatania
cycl ohexane is 82C, it is easy to_ control the

pdISAET iMkdash REGHIG Tt urQ e Qther thaRsdr dthpre the
QO 5 ARG Rh e bhns rk LY SOt iAAA ZAS Y
Ve e Sty (i el ate 4R o e
SRer et i s Ty o i s APl RS

t Gt ] ' reased, s wher t
t e Bl SIS bt B IR SR A ML RN (0

pPrRAUCtd QGud v athaerm hande Wi dde anisotropy is
pol yneri ?;ﬁei on ttetr%perature is higher than 110C, I?I/ﬁe 25

CRRRINERS; Ithdten® kald ] st prshacraaseh i n

weat herability, as well as in heat stability during

melrijgts i ok -Siolidsd Gheaqolpreiual die dyesenied nkendumface
impact strength; and further that it is difficult to
mold a large molded product.

The present inventor has found the
characteristics (i) that an AB-type or ABA-type block
copolymer wherein the polymer chain comprising of a
vinyl aromatic unit exists in the initial end and/or
the terminal end of the block copolymer, wherein 'A’
represents a single polymer component mainly comprising
a vinyl aromatic unit, and 'B' represents a random
copolymer component comprising an isopropenyl aromatic
unit and a vinyl aromatic unit, is equal to a random
copolymer in performance such as heat resistance, heat
stability, mechanical properties, and fluidity; and
(ii) that such a block copolymer is remarkably
excellent in compatibility with a single polymer having
the same structure as that of a vinyl aromatic unit

which is one component of the block copolymer. When it
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pol yneri zati on nethod, for exanple, using a conplete

m xi ng type of polymerization reactor. O herw se a
conmbi nation of a conplete mxing type of

pol yneri zation 5 reactor and a non-conpl ete m xi ng
type of polynerization reactor nay be used. In
particular, in order to obggin a random copol yner, a
conplete mxing type of polynerization reactor is

prief eldidedl hehawordi digy ren ico gt leymg i oy tthepepdsent
pol yneri zation' 10 neans, for exanple, a nethod of
palnirerttizm ars rteaopdpenyd mwraneting metmmeralbndringing
vinyl aromatic nonomer by means of such a continuous
canpl ettee mibd raptanipe iofs ramciercridad FRmEe t Heor
concentration of each of the nononers and a |iving
copEnymes, WHisth idxilst deplxead Wt é;vﬁ%fstrséfa%ﬁ%rpwlymer
al ways constant. Wth respect to one of objective

i i auldrkngasieq dﬂg‘#hé’%ﬁé‘itﬁé‘?erae Pty ey .fanOPOIY‘“er

[nev%ceﬁr;?eﬁtr'y%eapq@fs e {‘c‘éﬂx'wﬂgsay AT AT e ©

an ol o o e e S Pht P Ao e
qerthd ey 4 B %%&Z%ﬂ%hf sprZSc“,ﬁi 5 the

pol ymer i Zatl%en & A SAHRSc1 udgeth tor bene ay ooyl et e

m xi ng type pol yneri zation reactor 25 in a
Pl b d oMk St 1 d - Esped 0Ny G| Bii e ) Neut Vipeef@fably

pol ynmeri zation reactor is used, the MvV Mn val ue wl |l

be: b auimde r vér dgd Ueo 1 et gedr t»limtg}ﬁt of the block chain
portion is in the range of 1,000 to 300, 000.
Furthermore, the Mw/Mn of a block component comprising
the vinyl aromatic unit is preferably in the range of
1.0 to 2.5.

The ratio (Mw/Mn) of [the weight-average

molecular weight (Mw) of a styrenic copolymer having a
vinyl aromatic unit as a block component] to [the
number-average molecular weight (Mn) thereof] should be
in the range of 1.6 to 4.0, preferably in the range of
1.7 to 3.7, and more preferably in the range of 1.8 to
3.5. When the Mw/Mn value is lower than 1.6, a balance
between the fluidity and the mechanical properties of
the resin is upset, whereby it is difficult to bring
out sufficient performance as a resin molding product.
On the other hand, when the value is higher than 4.0,
the fluidity is bad, whereby it is difficult to mold a

large molded product, a thin-walled molded product, and
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In order to achieve a conplete mxing type, 50
factors such as the shape and internal structure of a
pol ynmeri zation reactor, the shape of agitating bl ades,
the revolution speed of the agitating bl ades, the
viscosity of a polyneric solution, the arrangenent of
a 5 supply port for introducing a raw material into
the polynerization reactorggand an exhaust port are
significant. The inventor has nore particularly

sttw@d ed ket.he factors. As a result, it has been found
that a 10 styrenic copolyner for achieving the object
of the preseant ad mesitdcom ftgrr demqumud uc et wrenisl mppelymer
pol ymeri zation reactor having a particul ar structure:

t hevriglgata origetamsera triive Umiltetasardd e ke drauRan i t
of the polynerization reactor will be illustrated in
15 igisguicd 201/ THfats iing Lea RESOMSE cﬁonmroloq}e}%ga Wyal

IC| Vi ng Jgjgl ymsrlséatl on "Etuhc%%o,m{ rem Cﬁ'co&&%ﬂ:{eetd{pe

by the follow forrrul

t &3 Bus %tqbeep té@eent eanc“;%& dgén ontlrgﬁ)us
hydégéarbo %glcal 1xeé]€¥§E]'gwggﬁ%fh45d§séggsel type

C
unber™ olf 'and vin ar omat

unjd JEeReReni&d e i PNy, faorcfﬂﬁtﬁr{t?aus coil-

type reactor, or the like. Consequently, an
isopropenyl aromatic monomer, a vinyl aromatic monomer,
and the living single polymer comprising the vinyl
aromatic unit(s) are fed into a continuous vessel type
of reactor with agitating blades so as to be
copolymerized, whereby an AB-type block copolymer can
be produced. When an ABA-type block copolymer is
produced, the AB-type block copolymer is produced,
followed by living polymerization with a vinyl aromatic
unit in another reactor so as to produce the ABA-type
block copolymer. Otherwise the AB-type living
copolymer is produced, followed by, for example, adding
thereto a bifunctional compound which can react with a
living growing species in another reactor so as to
produce the ABA-type block copolymer.

A style of bonding an isopropenyl aromatic
unit and a vinyl aromatic unit in a styrenic copolymer
of the present invention is not especially limited, but
the most preferable bonding style is a copolymer having

random bonds. Generally, when a lot of isopropenyl
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51 Rs HZC-C RZ wherein the substituent group R2
represents hydrogen, or a hydrocarbon radical of
-CnH2n+1 wherein n is an integer nunber of 1 or nore,
and the substituent group R3 represents hydrogen or a
phenyl radical, 5 said nmethod conprising:

continuously introducing a raw material sol ution

conpri sing nononmers and a sgkvent into a vessel type

of reactor having a stirring machine from the | ower
OratpReti Pparrti tofctsains reacdtort heameli 0 o duspaymsear dcends
styreni c copolynmer while continuously discharging a
paloy ey ipy sdlywtdédn fAamidienglppert ars pwefepaad ©f

said reactor, which is positioned in the opposite
digadticon wie tiropmienyf amciat rawmet eshalns ot wtnomh,
has been found. 15 The structure of the stirring
miHishehan dfur Uit edha i pakred c9mRe Uik i s

preferably such a structure as to easily generate a
vertical flownCheé Yiter mioatietinet o]%ls tTHeE st r9nReT

cal T1owiome Yiitet ifomriethe ofs e st
Pt Y BITRAESA 11 207 DRI oL b B e Tibroh o™

nofedsIegs ANISS, o PP 01 HLE, Jhe amount

Fic? sofution wiih nterior of

a vessel -typg, fpaggsteég%gim}élééé'ﬁéjs el SUED #hat with

sol ution anoun
respect to a styrenic copolymer of the present

invention, even when at least two styrenic copolymers
different from each other in copolymerization
composition ratio and/or weight-average molecular
weight are blended with each other at any composition
ratio, the resultant resin composition forms a complete
compatible system so as to form a homogenous one phase,
whereby it has performance equivalent to that of a
styrenic copolymer having a homogenous composition, as
produced by polymerization.

According to this information, merely
provided that several types of styrenic copolymers have
been prepared, quite a few types of copolymer
compositions different in composition from each other
can be obtained depending upon a combination of the
styrenic copolymers. As a result, a molded product
with desired performance can be effectively and easily
obtained, which can remarkably contribute to a
reduction in energy for production, and a reduction in

cost. Furthermore, because such copolymer compositions
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reveal a stirring effect by the stirring machine. It

is preferably a fill in the range of 5% to 100% by

vol ume on the basis of the volune of the reactor. It

is inportant that the raw material liquid 5

conpri sing nmononmers and a sol vent shoul d be
continuously introduced into the vessel -type of

reactor fromthe |ower or ygper part of the reactor,
and the polynmeric solution should be continuously
disthaygetkcydiad tthe appefraiid avesopandr ofi Sdent in
reactor, which is 10 positioned in the opposite
didogmt li yowe mif z # thieori ndetpaditisan d trheay megior i edn sod utl bhi zed
The wording 'the opposite direction of the inlet of
saiidlr aw netsgréal solution' neans the range of 90 to
270 fromthe center when the inlet and the exhaust
port are poditidriteendindbRthe PN RO S KR FF om

a solution level a hown i n exanpl e F
Fafemg?clhcﬁaél %% eg?fgk;wq‘v ' f(aesnga d?et]‘ﬁo%fo%Fﬁﬁrédlﬁfbg at

m2§$ one of the inlet and the exh ortlch
35t fedes Yol ThY T Y everke ¥%§ g Feans a

i 1 bot t rf 0 Wh
SR R I UL, TSRS Ao e

t htd &Eﬁﬁﬁ;
r211’%Dgnliep%r15"’<:latrlC?‘Jh(Leg.grtatoo(I érngocgftegfné a%ge of ét]“he react ora

Thes nyber; of; pol wperdzatd o rn?é"éﬂ&& 30 Weendised tise same
not necessarily imted to one, but two or nore 25

I e@¢ t Do B e LNNBEtishi® eRGh adherudiependi lngeagon or
t he purpose. Furthernore, reactors to be connected to

t hengprerkeact or and/ or post-reactor of a

pol ymeri zation reactor for producing a styrenic

copol yner ofAtdeyrenic copolymer of the present invention
can be produced according to a living polymerization
method. The living polymerization methods include, but
not limited to, a living anionic polymerization method,
a living radical polymerization method, and a living
cationic polymerization method. The styrenic copolymer
can be produced in any method thereof. BAmong them, in
particular, a living anionic polymerization method is
preferred. Nevertheless, when a monomer having a polar
group is copolymerized, a living radical polymerization
method is preferred.

As the living anionic polymerization method,

a known method can be used. For example, an organic
lithium compound is used as an initiator.
Specifically, as an organic lithium compound, n-
butyllithium, sec-butyllithium, t-butyllithium,

ethyllithium, benzyllithium, 1,6-dilithiohexane,



53 present invention are not necessarily linmted to a
conpl ete m xing type of polymerization reactors, but a
non-conpl ete m xi ng type of polynerization reactors
may be used. 5 Because a styrenic copolynmer of the
present invention is produced according to a
continuous living polynerization nethod, the styrenic
copol yner can block the other polynmer having a vinyl
aromatic unit, bringing out the best of the features
ofs y 1y g 1) yao) Vet a risdri ol 1 tHiasm £ ver otherok Eke can be
pol yneri zation reactors may be connected in series to
eacdea! hexmorde pemeti N gn thporny t hiet iplum osed sseersbi oy bl biehki um
the initial end and/or termnal end of a styrenic
copot yeresfewndda pol yner having a vinyl aromatic
unit. 15 Furthernore, all-vinyl aromatic nononers

be polynerliﬁﬂfbﬁxﬂé&ﬁgkﬁaﬁ%ﬂﬁf$9%Ye%%4y%EWYQ%&?%ﬁPOH
reactor, and then isopropen aromati ¢ nononers and

5vihQRF|1p%i1“H?ré’f HMhdty %eafc%o?%férﬁe%xm%%r

t d pol ti t bt a

G50 LR 2B O AP 0 S 02 e, an
g?&p%gé%m?tIQiré”"%pgﬁl 54%%)&9?Q$ﬁgmancgréwh

I sopro en Unl a vin aromat | C unit.

st d;glng Conse ent?&]aéﬂgqﬁgb&gg\?ff%ée%t%méfnuﬁn

Stﬂm&f@Wdf%a%?p%ﬁp&ih&Wn ShdGh Porfd XL M €184 is
at | east two styrenic copolyners, which are produced

10 bYorSf £ORdd NUGUS 4R/ 410 e tyTee I Yt b Sdr e hestmpound,
conpri sing
specifically, a straight-chain aliphatic hydrocarbon
compound such as n-hexane, heptane, octane or nonane;
an alicyclic aliphatic hydrocarbon compound such as
cyclohexane or decahydronaphthalene; or the like can be
15 enumerated. Each of these aliphatic hydrocarbon
compounds may be used as a main component of a
polymerization solvent, which may be a single compound,
or a mixture of two or more compounds, wherein the
wording 'a main component of a solvent' means a solvent
20 occupying 50% by weight or more of the total components
of the solvent. In particular, a preferred compound is
cyclohexane.
The concentration of monomers as included in
a raw material solution comprising the monomers and a
25 polymerization solvent is not limited in particular,
which may be determined depending upon the structure of
a polymerization reactor, the rate of polymerization,

and a polymerization temperature. For example, in case
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an isopropenyl aromatic unit represented by the

formula 54 (1) as described above, and a vinyl

aromatic unit represented by the forrmula (2) as

descri bed above, said styrenic copol yners being

synt hesi zed by providing [an isopropenyl aromatic
nmononer represented 5 by the fornmula (3) as descri bed
above], and [a vinyl aromatigg nononer represented by

the formula (4) as described above] into a

pobyneitrzagi polyraeti gatbhl etheheacenp@spbignetrakb@ioh is
[said isopropenyl aromatic nonomer represented by the

f oertiramé By] ht.gh| sand vhoyl the avormahtecabbpones
represented by the fornula (4)] ina raw materia
sopuefenabsycont thaoushygeoprti At epnbPtehy| yeighénged,

and each of said at |east two styrenic copolyners

havi ng a confiBsit ibnifpatiesispd] §ai HeipB6pRopLAYyI

aromati ¢ nonomer represented by the forrmula 15 (3)] .to
[sﬁPHCGPF§PtéPBnﬁfi@OﬁﬁﬁﬁﬁﬁrlPeﬁré%@nPéHeﬁﬁaﬁh§°lu lon so

f 4)] which is djiff t, that of, th ,
o er b SRbheraechrofRGEYEFThadtt ShntoensSd t8%provide a
characteristji¢cs. o

Co%%.lgglln?rlza ﬁ%{l ffﬁég ?raW§£Cr§2|6§P88Hgle¥ngg as, to remove

I Of STyr eni YyIer conposSition s

28%ﬁ92§¥9%93£158 ﬁeé@”ﬂg?hE9E9E¥§§LFb?t$§EEHE”H88€ pf

eat resistanc eat s , hechani ca

pr99§§&£§§ioﬁngffEuggh§¥htaﬂg bLhatyitol srEeBBEKAPLY remove
conpatible wth a polyner having a vinyl aromaticC

Unpb1gsedi FRE NoROPPORENbN héat Thi $nspggests1khat wnean

a nol ded product of the styrenic copol yner

CoposbhéRaAnes (WseH ARidh n-hexane may be incorporated)
is mainly employed as a polymerization solvent, since
the boiling point of cyclohexane is 82°C, it is easy to
control the polymerization temperature near a
temperature between 80°C to 90°C, whereby a styrenic
copolymer with quality stabilized can be obtained.

The polymerization temperature is preferably
in the range of 40°C to 110°C, more preferably in the
range of 50°C to 100°C, and still more preferably in the
range of 55°C to 95°C. When the polymerization
temperature is lower than 40°C, the reaction rate is
decreased, whereby the temperature has no practical use
for industrial production. On the other hand, when the
polymerization temperature is higher than 110°C, the
copolymer is remarkably yellowed, and decreased in
weatherability, as well as in heat stability during
melting.

A styrenic copolymer of the present invention
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recycling material, the nol ded product can be bl ended
with a polyner having a vinyl aromatic unit as a main
55 conponent, such as pol ystyrene, so as to be

reused. The wording 'copolynmers different from each
other in conposition ratio' herein neans copol yners
which are different fromeach other in
glass-transition 5 tenperatyge by at |east 3C due to
the difference in conposition ratio. The wording

' PAVidd g aludesd praparding aroatd¢antinnoies  laindi g
vinyl aromatic nonomer into a polynerization reactor
Wid leyrtehrel 2z0nipos intd tdrod atfiar ofxaifplssi disisopropemplete
aromati ¢ nononmer to said vinyl aromatic nononer in
moHonienss type orft ipnulammE 5 et Lamtegagtaent [GLheaafigsl' a
nmeans that the concentration of each of nononers as .
i rrAmiEEdd amtf @ pamRkat S %M reRe i9h RyAmgRization
continuously or intermttently 15 changed._ As a

r éselﬂqtort [P hp a1 TG B s Jd‘flrt%etypé’r SMati c

mers .of the resultant st

reni c 1S .
cé’rﬂ VA9 A0 nd Dby K157 oni & dEpl tar, in
t t '
copo f/lrréclrog %bé:ggm & \?ﬁ%’ Qq%m apéolf)%m\égr)réﬁtay;éﬁ%ﬁrﬁ%ﬁt gflh ng
Seaée Qﬁ” dt;}ﬁ{éﬁ t éﬂ&” fatd,q RE  The

ntially” pro e styrenl copol ymer

CRIHRSIHdg Oy “&ﬂﬂ%ﬂleﬁﬂé"gn 4 & Lol LGization'
copol yr#egrs each of whi clh 1}4@; c?lé‘gfaerefﬁ fromthe other

| PGSt ifldit ielp 1GONROSIddHIY 2 RSlyandWiyzbearim xed in

solution in a batch- type vesse
isopropenyl aromatic monomer and a vinyl aromatic
monomer by means of such a continuous complete mixing
type of reactor as to make the concentration of each of
the monomers and a living copolymer which exist in a
system of reaction be always constant.

With respect to one of objective indicators

for judging whether a polymerization reactor is a
complete mixing type or a non-complete mixing type, for
example, when a polymerization reaction is carried out
using a styrenic monomer, and the molecular-weight
distribution (Mw/Mn) of the resultant high-molecular-
weight product is determined, if the Mw/Mn value is
about 2, the polymerization reactor can be judged to be
a complete mixing type. When a polymerization reactor
in a plug flow state, i.e., a non-complete mixing type
of polymerization reactor is used, the Mw/Mn value will
be about 1, or a value larger than 2.

In order to achieve a complete mixing type,
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_followed by flashing into a heated tank under reduced

pressure so as to renove a solvent, or otherw se

foll owed by renoving the solvent by nmeans of an 56

extruder or a kneader, whereby a styrenic copol yner

conposition in pellet can be recovered. O herw se

W t hout keeping the styrenic copol yner conposition in

solution in the batch-type ygssel, the conposition may

5 be recovered in pellet as it is, and the resultant

peddisr Laudhi xad e Mg ema echt driga bagtthad types asf a

conti nuous-type of m xing vessel. Otherw se the

pedd lgtnse mieaa thieorh anexgei e dchien ghepeari o rap Mestsishg blades,

followed by melt-m xing further using an extruder. 10

Art hex argptal Wtoiront lepgrdbdulic ttiton afitatsipeeibiade st yileai ¢

copol ymer conposition will be enunerated. A raw

metierqaf 1 taf 4 SEPreREHyE R BHElY ndorefrgangomehet a

a vinyl aromatic nmonomer (M2), wherein the

cowﬁht iR & 9% WYy M‘i‘jﬁtf‘}a‘}%r%]f 5819 sthed
into a reactor so as to nerlzed and

RS SR g A G T w

naterqu having a different conp05|t|on rati o such as
M= rgb (% by weight), and successively the new

raw mat eri alq Hdes r%ér%%&ﬁ%é Hord N8 FEAG AU 5P ASudfed

be pol yneri ze a change I n conp05|t on ratio

We %&E‘J&r Tetd o ASsulte FOTRASIHda Auf 't a
material has been intermttently changed . Wen the

MGRITSE Al p IS e fire th dHY diry N edb 5 @C@Qpplwmr

conmposition conprising copolynmers which are changed

sgpegdritalinwdntion can be produced by using a
polymerization reactor having a particular structure:
the relations between the inlet and the exhaust port of
the polymerization reactor will be illustrated in
Figure 10. That is, a method of producing, by a living
polymerization method, a styrenic copolymer comprising

an isopropenyl aromatic unit represented by

the following formula (1):

wherein the substituent group R! represents hydrogen, or
a hydrocarbon radical of -CpHzy+1 wherein n is an integer
number of 1 or more, and

a vinyl aromatic unit represented by the

following formula (2):



25 conposition fromthe conposition of a copol ynmer as
produced by pol ynerization at M/ M2 = 50/50 (% by

wei ght) to the conposition of a copolymer as produced
by polynerization at M/ M = 40/ 60 (% by weight). The
57 produced copol ynmer conposition is mxed in
solution in a batch-type of vessel or otherw se
agitated and mxed in pellegt, followed by kneading in
melt so as to obtain a copol yner conposition having a
certain conposition. 5 A styrenjc copol yner
conposition as produced in thls manner can be

consi dered as a m xtur e—efy,ceopolyners conprising an

i sopropenyl aromatic unit conjponent and a vinyl
aromatic unit conponent, whey&l each of said
copolyners is different fromy other in 10
conposition ratio of [the iso hﬁbﬁﬁyl aromatic unit
conponent] to [the vinyl aromatic™nit conponent]. The
styreni c copol yner conposition as thus produced is

SR T 0 P R B o
A0 A SOELesse ERE L oL oPEORE B

CQ{IHrﬁféxl“ﬁ‘ LAY SRIME MBI HRESs A5 & L &GYCld Mdlip R3

material. In a living anionic polynerization nethod,

20- UL S hfdRiFeal Sxampiref1 adwtdwod, of produci ng
a styrenic copolyner of the present invention, the

5termnation £fid mno®erdangdti¥ingaction is preferably
carried out when the anmount of a residual vinyl
continuously introducing a raw material
solution comprising monomers and a solvent into a
vessel type of reactor having a stirring machine from
the lower or upper part of said reactor; and

10 producing said styrenic copolymer while
continuously discharging a polymeric solution from the
upper or lower part of said reactor, which is
positioned in the opposite direction of the inlet of
said raw material solution, has been found.

15 The structure of the stirring machine is not
limited in particular, but is preferably such a
structure as to easily generate a vertical flow. The
internal structure of the stirring machine is also not
limited in particular, but is preferably provided with

20 a baffle so as to form the homogeneous phase of a
polymeric solution. The amount of the polymeric

solution with which the interior of a vessel-type of

reactor is filled may be such a solution amount as to
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has 25 been 3% by wei ght or |ess, and preferably 1% by
wei ght or |less. An isopropenyl aromatic nononer mnay
be remained in the systemof reaction. If the

pol yneri zation reaction has been term nated when the
58 anount of a residual vinyl aronmatic nononer is
larger than 1% by wei ght, the amount of a residua
vinyl aromatic nononmer remaining in the polymer is

exXcessaVea YheRrihg €0potyNBy tBel SEOVEIRF, mABRILOY It
the vinyl 5 aromatic nononmer nmay be generated as a gas
duis ngreftabhy prdHLessimgthahrehganyf catiseo 1008 by
exanple, a problemw th nold-deposit and the like. As
a Yelwme anrths dok sshenoh p@¢ywelmmat®ﬁntheea©a¢bnris
term nated, a protic conpound having an

oxygen- hydro@%nl%ohﬂpoéﬁ%%ta%hQEt%he é@%dﬁ@terpﬁbnb}quld

or carboxylic acid; or a_protic conmpound. having a

n|??TEE%P%@@rQ@EﬁW%%%dan%u%hs%%v%%¥n%ho%%% be

enunerated dj ti onal an_epox ster
WO%Sﬁ%tﬂo%r St e S Y OSSP T b S aof aRSactor

?ers T oyeRt °“23ﬂp§ o HEROH e "B "o dor o, ang the

W f%]l e 5 &1 é@futf&ﬁ e&r‘iou IHes€ & @K@PH@S& %ydP§cﬁ99§gd

aratln ages. or exa

C OFRSH! Ntch dTBY, ;b@ra@ldepovs@r tgt&@:yéf em od fé‘é&&éf’” WRiAS is

to tern1nate a 20 polynerization reaction,

t hes eaf { e el Rl t @Yo iso s elslegh ket B6®. oﬁ_hﬁq@nﬂlﬂmt ob £

a pol ynerization-termnating
said raw material solution. The wording 'the opposite

direction of the inlet of said raw material solution'
means the range of 90 ° to 270 ° from the center when the
inlet and the exhaust port are positioned at about the
same distance from a solution level as shown in example
1 of Figure 10. Furthermore, as shown in example 2 or
3 of Figure 10, when one of the inlet and the exhaust
port is positioned near a solution level, the wording
means a range near the bottom surface of the reactor.
When the solution amount in the reactor is 100 vol.$% of
the total volume of the reactor, the wording means a
range near the top or bottom surface of the reactor.
The number of polymerization reactor to be
used is not necessarily limited to one, but two or more
reactors may be connected to each other depending upon
the purpose. Furthermore, reactors to be connected to
the pre-reactor and/or post-reactor of a polymerization

reactor for producing a styrenic copolymer of the
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conpound to be used is preferably in the range of from

an anount corresponding to the equival ent weight of 25

growi ng species to an anount correspondi ng to about

ten tinmes the equival ent weight. An excessive anobunt

thereof is disadvantageous in costs, as well as the

i ncorporation of additives remaining in the system of

59 reaction into the resultsgnt copol yner frequently

causes disadvantages. The present inventor has found

t hatepenti Enventgponndsehavtngeaesshrolgnihyderedenoband

and/ or an 5 oxygen-hydrogen bond, which conprises

cacbopldtexmileingdtvaeerf pnlygnavémbidnal kgakhowa, but a

pol ynerization termnators, are excellent as a

pohgnecorpleba- neacngohypeerfii pal pheraniohni seactors may

termnator is used so as to termnate a

poP§neeedati on, the yellowing properties of 10 the

resul t ant cogolyner when the copol yper is nolded in
ﬁaﬁv§eiﬁp?5v&a?lﬁh598 yYBRT oBpoF PENPEFSERT

utilize the copolgger f.or usea.mhe ein the %ellomﬁﬂg .

comBEeThieB JueBFPOHCeduBRCREA B 5Ot Br CRPFHBYOUS 11ving

packagi n fqr opti cal . pa ' b 5

i n ?ggmegizggg?viﬁggaog .@gesg£gggn18 Egggfgh%feg?édblock

séd. r oM n étl és™ can
to i tiop: Wt bt i anal. .
Louh8,SEHAL BELIREE: vt Ll pumbiLdpE el

POby IR ingNdut f HRENBESst OoFOr A arbE BNEA8do 8T 1 UGt HEE
from pol yirer 20 chains. The multifunctional conpound

aspdspef DFatUSH. aTEQYPLWBJoreAstEOpoliebezsel 66t ed
from known
reactors may be connected in series to each other
depending upon the purpose so as to block the initial
end and/or terminal end of a styrenic copolymer with a
polymer having a vinyl aromatic unit.

Furthermore, all-vinyl aromatic monomers may
be polymerized by means of the first polymerization
reactor, and then isopropenyl aromatic monomers and
vinyl aromatic monomers may be copolymerized within the
second polymerization reactor so as to obtain a block
copolymer of the single polymer having a vinyl aromatic
unit and the copolymer of an isopropenyl aromatic unit
and a vinyl aromatic unit.

The present inventor has been devoted to
continue studying. Consequently, he has developed a
styrenic copolymer composition comprising a mixture of
at least two styrenic copolymers, which are produced by
a continuous living polymerization method, comprising

an isopropenyl aromatic unit represented by the formula
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mul ti functional conpounds. As the nultifunctiona
conpound, a pol yhal ogenat ed conpound, a pol yepoxy
conmpound, a nono- or poly-carboxylate, a pol yketone 25
conmpound, a nono- or poly-carboxylic anhydride, or the
i ke can be enunerated. As a specific exanple, silicon
tetrachloride, di(trichlorosilyl)ethane, 1,3, 5-

tri bronmobenzene, epoxi di zedsgoyabean oil

tetraglycidyl 60 1, 3-bi sam nonet hyl cycl ohexane,

di net hyd dxetvileed dvove) | atd catvin@t edhyhdekylunit
pyronellitic dianhydride, diethyl carbonate, or the

| i kep caeee @ noyrertat efiorntnl al k2l | as oipaneihbed r apoaa,
organic lithium 5 conpound as a polynerization _
initiator, stridastyedkbxytopdlymer anbebng tpyuphedtzed by
l'ithium hydroxide, may be neutralized and stabilized
byP BRI e Anl &t i BEOREPRUNE AFRRREEC PRNIARpFeRreFented

ik e Fam e GEgb ol Sovee o £ b v B 1 DY

boxyl i d dthe |ik b d.
G R R R LRI 5 B B SO VERET AT hb e
| o5 ved ,

SOUVENL1 929 B BOLYTRELSAL | o SRLYENL. s (oL LONEEL DYyt

1 on olyne er a polynerization

has, beghhnds 1€ 5 nated, Jhi psadditd réc?ﬁé/n#ﬂpé}@c\,(rﬁatic

resistance to coloration in particu I necessary,

a SO £ OPROMIML RS 4SO {18 Pormlya ML) resi Esém vinyl
order to inprove the heat stability, the nmechanica

stafbhdt Ve hdrorhd i ghp ye DGk ddep ¥ i tHhé NBoAuTAN(DE] in a

added to a styrenic copol ynmer of the present
raw material solution is continuously or intermittently
changed, and each of said at least two styrenic
copolymers having a composition ratio of [said
isopropenyl aromatic monomer represented by the formula
(3)] to [said vinyl aromatic monomer represented by the
formula (4)] which is different from that of the
others. The present inventor has found the
characteristics of such a styrenic copolymer
composition that the styrenic copolymer composition is
equivalent to a random copolymer in performance such as
heat resistance, heat stability, mechanical properties
and fluidity; and that it is remarkably compatible with
a polymer having a vinyl aromatic unit as a main
component.

This suggests that when a molded product of

the styrenic copolymer composition is used as a
recycling material, the molded product can be blended

with a polymer having a vinyl aromatic unit as a main
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i nvention. For exanple, as a primary antioxidant, 2, 6-
di -t -butyl -4-net hyl phenol ,
triethyl enegl ycol -bis-[3-(3-

t - butyl - 5- met hyl - 4- hydr oxyphenyl ) pr opi onate], 25
pentaerythritoltetrakis-[(3,5-di-t-butyl-

hydr oxyphenyl ) pr opi onat e],

oct adecyl -3-(3,5-di-t-butyl 55

4- hydr oxyphenyl ) propi onate, 1, 3,5-trinethyl-2,4,6-

t ré sn{Borberth - tsith Vi s 4o dlygls Oxydreszysd benzenebe nrédsed.
oct adecyl - 3- (3, 5-di -t-butyl -4-hydroxyphenyl ) propi onat e
, Tie twdntd g 6'¢@pdl e ys - @i Hifjelr axty - Groet dgythenzlye ) - 4n
met hyl phenyl acryl ate, 2[1-(2-hydroxy-3,5-di-t-

p €Sy Qrivietimydr) | ral B0 Uuhetr@emtmmncwmlym%r% wiich are
tetrakls[nethylene 3-(3,5-di-t-butyl -4-

hydik beaptes yf H iR cﬁﬁ@hacf@}%tmr&la%sgtb%wt{@n(t -
but yl - 4- hydr oxy-5 phe ropln | -oxy}-1,1-
d.m%mmaeﬁm]byz at slq e Yefiop gn
tris 5 -di-t- butyl hydroxybenzyl) s-triazin- 10
2,%F ?ﬁﬁﬂﬂ =191 one

R S g
kg rfcgl Fm;?wp&ﬁat_@cmm@fujsmo a
ant or a Su (0]

ant|OX| ur antl oxl dant as a secondary

%@@ﬁat?or%%éé@@éf @l 14 OFh@ Lbisies 80 i PEL BS &f

meatherlng agent, and/or an ultraviolet absorber can

bes 2 $ 01 sishesber yIEr £ dina A5c Gidredmeeldi d | ¥&1 @gentipl a
pl asticizer such as mneral oil; a lubricant such as

a d oM tcihainon@hd phiard nmméms(yi:z ccact thwamad by @r

metal lic salt
intermittently changed' means that the concentration of
each of monomers as introduced into a polymerization
reaction system is continuously or intermittently
changed. As a result, the composition ratio of the
aromatic monomers of the resultant styrenic copolymer
is continuously changed, whereby a styrenic copolymer
composition comprising at least two styrenic copolymers
each of which is different from the other in
constitutional composition ratio can be sequentially
produced.

The styrenic copolymer composition comprising
two or more styrenic copolymers each of which is
different from the other in constitutional composition
ratio may be mixed in solution in a batch-type vessel,
followed by flashing into a heated tank under reduced

pressure so as to remove a solvent, or otherwise

followed by removing the solvent by means of an



20 thereof; an organic dye and an organic pignment for
inprove the tinting; can be added thereto. An

ant hraqui none organic dye to inprove the tinting of

t he copol yner decreases the heat resistance of the
copolymer only a little, and thus is preferred 25 in
particular. A silicone or fluorine-contained nold

rel easi ng agent, and/or a skki cone or fluorine-

contai ned antistatic agent, and the |i ke can be used
bye:62rudgp| gt Ny kiewdie £ £ okine criey asstuyrén¥edcdpolymer
styrenic resins thereto. These stabilizers can be
addetposi @i gol ymepel ot utamnoaf tecopatgder i CElievni vas
been conpleted so as 5 to mix therewith, or otherw se
cani Peowte| keep ed Wie hs 't eerbp ot 9Pt yiRgr NeRRODItHPN in
extruder after polyners have been coIIected

FuFQ Her HrR eln .tfh%é%%%?arwp%. eg3ehi cth %o%@nwtb@n may
the present invention can be, m xed w 10 oth

> i e s, B g st e prei Eh%sr%??f%aer;t

t

o T SoB e S0 imedSh el S Pt ybd Cor
POLYF M EAG LHHED)o e 3Bl IEN £ 6OPO| VOBEe SWED e

acry oni rene COpO an acry

1 [ td
g e 10 gt clsen,
'“?3?@6&@&“5? rid V-G Of&%%ﬁefhﬁglng an extruder

styrene-al kyl acryl ate copolyner styrene-net hacrylic
10acid copol ymed 4:5MVe for the production of a specific
styrenic copolymer composition will be enumerated. A
raw material of an isopropenyl aromatic monomer (M1)
and a vinyl aromatic monomer (M2), wherein the
composition ratio M1/M2 (% by weight) is 50/50, is fed

15 into a reactor so as to be polymerized, and thereafter
the raw material is changed for a raw material having a
different composition ratio such as M1/M2 = 40/60 (% by
weight), and successively the new raw material is
introduced into the reactor so as to be polymerized.

20 Such a change in composition ratio will be referred to
as 'the composition of a raw material has been
intermittently changed'. When the monomers are
polymerized in this manner, a copolymer composition
comprising copolymers which are changed sequentially in

25 composition from the composition of a copolymer as
produced by polymerization at M1/M2 = 50/50 (% by

weight) to the composition of a copolymer as produced

by polymerization at M1/M2 = 40/60 (% by weight). The
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styrene-mal ei ¢ anhydri de copol yner (SMA), a styrene 20
conj ugat ed di ene bl ock polyner, and its hydrogenated
product, a styrene-conjugated di ene random copol yner,
and its hydrogenated product; and pol yphenyl ene et her;
can be enunerated. A nmethod of mxing a resin
conposition of the 25 present invention is not
specifically limted. A meghanical m xing nethod by
means of various-types of processing machi nery such

asp Bodunesd et o p Baythelr Yo dmp@sit don ahs exi xedein eslation in
sol ution m xi ng nmethod wherein the 63 resin
canpustichonyps of seadyeld on atlsaorwese ;aghpabed and mixed
utilized. As a method of processing a styrenic
cobo|gekketol fhbleoveddry kpeadin@nin anedt tspragetsi plgtain
5 nethod wherein the styrenic copolymer can be mass
pﬁb&%&&ﬂ%ﬂe%x¢QW@93%%%QH|@@Yﬁ%§e¢r%@rt%lngcomPOSltlon
injection nolding, extrusion nolding, foam extrusion
rml di ng, bl oW %‘Ph‘g CRROIHRST | RIRAF HEOR 7§ abfgFuced

obt ai nabl e .nol ded- pr oduct s

| nlj‘?sc’ifﬁlo% e 9T frodutS AR 13 a%dmax%‘f%e%lf

e AT sohihe g g RO oRlRE %ﬁﬂ%ﬂﬁ%?
g?c%cﬂ'lﬁsjo %d CQ”VP!’%]_ %@{8 f\@' &g}n whereln

zed as a stru materi a a con ner

SHH ATESE  SOTPOASH 1 yrRdes the éﬁfféﬂ‘@ntv‘f‘%rﬁ'fhe other in

transparency, heat reS|stance weat herability, and

hi eingd € i 1y 2HE1 S estEli [t Fs S VS EEN ¢l CORShYTRE @it

t he pr esent i nventi on
component] to [the vinyl aromatic unit component]. The
styrenic copolymer composition as thus produced is
remarkably compatible with a single polymer of a vinyl
aromatic monomer, and can maintain its transparency
without causing a decrease in mechanical properties.
Thus it has been found that the styrenic copolymer
composition can serve many uses as a recycling
material.

In a living anionic polymerization method,

which is a typical example of a method of producing a
styrenic copolymer of the present invention, the
termination of a polymerization reaction is preferably
carried out when the amount of a residual vinyl
aromatic monomer existing in the styrenic copolymer has
been 3% by weight or less, and preferably 1% by weight
or less. An isopropenyl aromatic monomer may be
remained in the system of reaction. If the

polymerization reaction has been terminated when the



s excellent in nelt stability, and thus the anpount of

10

15

20

25

nmononers as generated due to the deconposition of the
20 hi gh-nol ecul ar wei ght product during processing is
remarkably small. Therefore, the anmpbunt of volatile
conmponents such as nononers, which are included as
inpurities in a nolded product, is remarkably small
wher eby the nol ded product gan be suitably utilized as
25 a food-packagi ng container, a part for houses, a
Paidour{tolo @ £ afed L1 GFin oIl éﬂ'tﬁnalﬂll@:‘ mdorePecid i xarger
exanpl es as a food-packagi ng container, a container

f athamh bex dywnadi g acHd hdmta & a Inmsmfdtkm]x,vlrtyl

whi ch the lunch may be eaten after warm ng by neans
ofa mmad ier trooTtinee o vema icamd el n erhargaElt et r A:bi@ﬁ«t@stﬂiyve
oriented sheet of a conventional 5 styrenic resin
sudterad hsolaapoderer (IGPRS)cAwenad.| iwharehys e idimok a
| unch box. However, when sonme contents in a |lunch box
arse AT TGRS Reh Ianatateifl @S Gy s 1 ind

may be partially deforned, and thus there has i sted
tﬁ‘léﬂﬁjrld‘nﬂ é%ﬁctcr?a?ts’lt% MY e SRS idtt R TW e @
lid i Ioos gﬂfn t he qgfor t|o i.s caused

W Wnﬂl %me cont ai ner.

e st L, o0 S 0 4 A SR i

1?%%?%%§pg%%se d "t {§<dggg toéﬁgfgé%yﬁwf%qﬁ%#Lmafgfx

ﬂ?disﬁ@lirg,d/@fdarﬂ%d%,% Qfs A& BCtd 1o OV Pherdld,
or carboxylic acid; or a protic compound having a
nitrogen-hydrogen bond, such as amine; can be
enumerated. Additionally, an epoxy compound, an ester
compound, a ketone compound, a carboxylic anhydride, an
amide compound, a compound having a carbon-halogen
bond, or the like may also be used with, a similar
effect. These compounds may be added by separating
into two stages. For example, an epoxy compound may be
added to the system of reaction so as to terminate a
polymerization reaction, and thereafter water may be
added thereto.

The amount of a polymerization-terminating
compound to be used is preferably in the range of from
an amount corresponding to the equivalent weight of
growing species to an amount corresponding to about ten
times the equivalent weight. An excessive amount

thereof is disadvantageous in costs, as well as the

incorporation of additives remaining in the system of
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the lunch box can be utilized easily. As a
conventional container for a box |lunch, capable to be
war med by nmeans of an el ectronic oven, a 20
resin-conposition sheet conprising propyl ene and an
inorganic filler such as talc has been utilized.
However, because the sheet is conducts heat easily,
there has existed a danger gf causing heat injury when
t he box-lunch container is taken out fromthe 25

el eeddtaivre iaves. tHeirddringdret ddsseyias Bt squenxt 5§ echuses
the problemthat because the container includes the

i nmbrgpedvantfaddser, it is heavier, and a |l arge quantity
of ashes are generated when it is burned. 65 The
present i nvéliterpresefoumietixr thhs uféund dthah pfotic
foaned sheet of a styrenic copolyner of the present

i AW TR %Y@ doiaags b dregsblRerd \@1dY @F f35dd
cont ai ner, capabl e of being warnmed 5 by nmeans of an .
eloéizifgr%mfby%‘g&?fbrﬁf@dand”ﬂﬁh AIPEAERS GRTbQpy Goxide

t aof | [ the f d sheet, th i gqht
S Rrmlon e e Loormd sheel., e velghy
(NS SR, | 1 SKat B 0L P S 4 on

i g 3 é%?%to IO i nsyl.atd t of
t hrﬂeé&r ola{lrre s'heg%}{%anm(;g%u%lmr e,@tﬁwg]eg{%%%fgatéuﬁto of

codRitmadd 4 Bl e R drs, sIHM ye deGF8RF §koperties of

wher eby hot cooki'ng can be maintained for a’long tine.
Addid irenalltant kgenined Mefhedarc e Aol ynRGy cl £thAlded in

15 resin material; and even when the container is
melt is remarkably improved, whereby an opportunity to
utilize the copolymer for uses wherein the yellowing
comes in to guestion, such as a use for a food
packaging, and a use for an optical part, will be
increased.

A living growing species can be subjected to

a coupling reaction with a multifunctional compound so
as to increase the molecular weight of a polymer, and
further to form a branched structure from polymer
chains. The multifunctional compound as used for such
a coupling reaction can be selected from known
multifunctional compounds. As the multifunctional
compound, a polyhalogenated compound, a polyepoxy
compound, a mono- or poly-carboxylate, a polyketone
compound, a mono- or poly-carboxylic anhydride, or the
like can be enumerated. As a specific example, silicon
tetrachloride, di(trichlorosilyl)ethane, 1,3,5-

tribromobenzene, epoxidized soyabean oil, tetraglycidyl
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thermal |y di sposed, very little ash is generated.
Accordingly, a styrenie copolyner of the present

i nvention can be said to be a material which is a
remar kably energy-friendly and environnent-friendly.
20 Dependi ng upon contents in the lunch box, if
necessary, the surface of the foaned sheet may be

lam nated with a filmof a gpystalline polynmer such as
pol yet hyl ene, pol ypropyl ene, pol yester or polyam de.

| . ,o3-det s dnoi resriet o] dpalb et 106 redirte biey Weexa 1 diee 25
| am nated filmand the foanmed sheet, a bl ock pol yner

oft riansst yirteind ct piot 3rretrh whitexay pol pwpt @fie ht iai bl dcknhydride,
pol ymer of polyester or polyam de, and a pol yner
cohitedi i hgrarbanareni @r pdis nevke orponeatenyne sagedf t

pol ymer of 66 polyester or polyam de, and a polyner
cont ai ni ng & styfahi CPRRRt chrgpiormtorgaml el ithium
incorporated in the lamnated film as one conponent

t UncrRs (£ ROk Be Mt AleC s Helskd t Pod SOV S

i ncl.udes a .foanmed board and the |ike as sitione

D EAVRSERY g S S S Bt or ) L T gy gL de, may
p fi . i nsul.ati.on. T art . for a car,

! lﬂeo%e%troallrke% an esc}:aaakbl(;.lvlez?&ngtpﬁaaeédlanq oaanm:)aac18%eet

Interior as escri an( ( _

oL A N AR gt oo

M0, S b AL, NG o

Ol 16 RITRBHES, oMl aldid Zeth s ad@sdtylic

nol ded- product tends to be accunulated in the air in

arcompounds, and the like can be enumerated. One of
these compounds may be dissolved in the same solvent as
a polymerization solvent, followed by addition to a
polymer solution after a polymerization has been
terminated. This addition may improve resistance to
coloration in particular.

If necessary, a known compound as used for a
styrenic resin in order to improve the heat stability,
the mechanical stability, the fluidity and the tinting
can be added to a styrenic copolymer of the present
invention.

For example, as a primary antioxidant, 2,6-
di-t-butyl-4-methylphenol, triethyleneglycol-bis-[3-(3-
t-butyl-5-methyl-4-hydroxyphenyl)propionate],
pentaerythritoltetrakis-[(3,5-di-t-butyl-4-
hydroxyphenyl)propionate], octadecyl-3-(3,5-di-t-butyl-
4-hydroxyphenyl)propionate, 1,3,5-trimethyl-2,4,6-

tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene, n-
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15 encl osed space such as the roominside of a
conventional house or the interior of a car. In
particul ar, the roof of a house or the top of a car,
the tenperature of which is regionally elevated by
solar heat, is also requested to be a higher heat- 20
resi stance material. A foanmed sheet or foanmed board of
a styrenic copolyner of thgipresent invention is a
mat eri al which can solve the problens as descri bed

akaradenid -G 3d- Gt it yar-nensel reguwheanentsrdgionast e,
user. 25 A styrenic copolynmer of the present invention
i -2 atterli-ed - (i tetbu tyy lexdedd dartix vi b -tretrigpldresrgyl, ) Heat
resi stance, weatherability, dinmensional stability, and
rm@tdmlgphemdtatdmslaj:aw Fel lsui2didrany13 . Aedliastan 67
opt|cal part. As the optical part, for exanple, a

| IRg Yo ) pl e dal‘d‘iﬂ%ﬂr?f]{ﬁf&t]eacré’lr%ﬁrectl ng
plate, a reflecting fllg% an_antireflection film a

fpd?leérqaﬂﬂﬂ“kﬂtélyelene?‘&o’: i %i%Hg &7 qugﬁyla Yetardation 5

F

d' %Paiyejlzsﬂm%@ GG A R a1 |yl e st (£

bleﬁpc A Sﬂ GEET R E A e Hﬁepsl%ﬁptd@kaﬁ. v
Hyanaly pard s.o %&6!11%)!%59 5]%&1%&%%%“ gh

Optl ca part are 'used near a source

value (2S PRy Gi YRR J10 4 h%szgJ% Hesd Bt algoecxalrmzltrhe

heat reS|stance t hereof. A styrenlc copolyner of the

Prgsg- (1,8, 3H) -t idhesxaslil ente i @ -indd t Wi -Oh-10RTroxy -
5-t-butylphenyl)butane, 4,4’-butylidenebis(3-methyl-6-
t-butylphenol), or the like can be enumerated.

Furthermore, a phosphorus antioxidant or a
sulfur antioxidant as a secondary antioxidant, a
stabilizer for a hindered amine as a weathering agent,
and/or an ultraviolet absorber can be also added
thereto. As other additive agents, a plasticizer such
as mineral oil; a lubricant such as a long-chain
aliphatic carboxylic acid and/or a metallic salt
thereof; an organic dye and an organic pigment for
improve the tinting; can be added thereto.

An anthraquinone organic dye to improve the
tinting of the copolymer decreases the heat resistance
of the copolymer only a little, and thus is preferred
in particular.

A silicone or fluorine-contained mold
releasing agent, and/or a silicone or fluorine-

contained antistatic agent, and the like can be used by
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sol ve the conventional problens once and for all, and

15 can satisfy future performnce needs, and further

it can be expected to have a | ot of applicable uses

in addition to various uses as a food-container for
warm ng, a part for houses, a part for a car interior,
and an optical part. 20 Exanpl es The nodes of the
present invention will be gpecifically explained
illustrating working exanples and conparative

exappl esn@skhobh ovschidbseyer as t hesei zandesr aseyrenic
exanpl es, and are intended not to limt the 25 scope

of réhenprelsenttonvention at all. Anal yses, eval uation
nmet hods, and conditions for physical properties, as
enpl oyed i n Thesewskipgl 68erexeanpl|les andedohpar appyEmer
exanples are _as follows: [Analytical Procedure for

Phyat elal ompr abes ¥ i R ymeni zapi @N ha £opeRR SFIRP L €AY . O ARS
rate of conversjion was determ ned bX nmeans_. 5 of as
cht OBt Hgr RS 1dD  Thi ARRGTVERF poal ¢ 1Bt TBEt e (gith
is_FID). a calum, 'ULB HR-1, with a i nne

o PSS P i 2T [P ¥t XGENLeDrBeo8 Ry Lymgs
a.ﬂgggtgggf é%h gggN%DZU GC Ltd.)" was used. As a

MEas T enent cong% ion, the tenperature was el evated 10

from50C to @&g%ﬁ%5§0%€}eianéég%ggﬂﬁéaﬁgfgg+gﬁgéned

at 80C. The rate conver si on at ed

us&&ﬁbfYﬁ@ﬁkoﬁr@ﬁeQﬁr@@&ﬁt0{n§éﬂf§8§ 884 Be mixed with

nmet hyl styrene, and ‘a peak area of cycl ohexane, which
other known polymer(s), as long as the properties of
the styrenic copolymer are not lost. As examples of
the known polymer(s), polystyrene (GPPS); high-impact
polystyrene (HIPS); a styrenic copolymer such as
acrylonitrile-styrene copolymer (AS), an acrylonitrile-
styrene copolymer containing rubber particles (ABS),
polymethylmethacrylate (PMMA), methyl methacrylate-
styrene copolymer (MS), styrene-alkylacrylate
copolymer, styrene-methacrylic acid copolymer (SMAA},
styrene-maleic anhydride copolymer (SMA), a styrene-
conjugated diene block polymer, and its hydrogenated
product, a styrene-conjugated diene random copolymer,
and its hydrogenated product; and polyphenylene ether;
can be enumerated.

A method of mixing a resin composition of the

present invention is not specifically limited. A
mechanical mixing method by means of various-types of
processing machinery such as a kneader, Banbury mixer

or an extruder; or a solution mixing method wherein the



was used as an internal standard material. 15 (2)

Mol ecul ar Wei ght (Wnh, My, MW Mn) A nol ecul ar wei ght
was determ ned by nmeans of a GPC device with two
colums (TSKgel GVHXL, 40C) connected to HLC 8020
(Tosoh Corp.), and with an RI detector. As a noving
phase, chl oroform containing 2% 20 by wei ght of

et hanol was used. Pol ystyregg standards (Tosoh Corp.)
were used so as to nake an analytical curve, and then
t hee sl ecathps s Wei ghti vasi Sed Teddt 24 4 nsolwsm®B; ofan be
pol ystyrene. (3) d ass-Transition Tenperature (Tg) 25
0.dt igl iofed. pol ymer was dissolved in 5 g of toluene,
and the resultant solution was dropped in 20 m of
met hanol at 2s rateedfod. of reesssihe & esuyremic
precipitate was filtered and recovered. This operation

sgsowsvm%rpéaﬁ deNq RIS, LR 4N 1 3 TS HNtPFRFSIRENT

e @% H.Lfr%eg?s“@%rqwq@@%esssg?% s
resul ant vvas det erm ne ans of DSC-7
(P epr)coascfcolrsd.%ei%‘-ylﬁ"% (718, Lhjection

el @' s R SR B L,

106/ 1 My a:ﬂ%( %N%Pé‘ef%é’fci}{ O8N £ 1191 a%%(%jdby As

returnl ng to roomterrperature at ar

1QEtd haind dded&af g Saudls aaad nirg é‘é’t@ltc?rg—lﬁ&lc?ed
tenperature of 250Cat a rat'e of ~ I0C/ mi n.

10 glpssnddgnsd tdreed eimeratng rias sffﬁaaéti«lrpﬁd)cﬂlct the film, a
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second tenperature-rising step was determ ned as
foamed sheet and a foamed molded sheet product, a

foamed board, and a blow molded product can be
enumerated, which may be utilized as a structural
material, a container, an equipment component, and the
‘like, wherein transparency, heat resistance,
weatherability, and high rigidity are required.

A styrenic copolymer of the present invention
is excellent in melt stability, and thus the amount of
monomers as generated due to the decomposition of the
high-molecular weight product during processing is
remarkably small. Therefore, the amount of volatile
components such as monomers, which are included as
impurities in a molded product, is remarkably small,
whereby the molded product can be suitably utilized as
a food-packaging container, a part for houses, a part
for a car interior, or the like.

As specific examples as a food-packaging

container, a container for a box lunch and a lid for a
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the Tg (C . (4) Content of a-Methyl Styrene in
Styrenic 15 Copol yner The content of a-nethyl styrene
in a styrenic copolymer was determ ned by nmeans of
NVR ( DPX-400) of BRUKER Corp. An 1H NWMR fromthe
styreni c copolyner was neasured, and then the content
(% by weight) of a 20 nethylstyrene in the styrenic
copol ynmer was cal culated fggmthe ratios between the
peak areas of nethyl, nethylene and nethine. A
detaidiedb&:a) cikh afh Déh NEhdotundls ha{ Usé redesni affegure
1. (5) Absorbance (B) 25 The absorbance of the nol ded
prwgithcing Viby alicans @f diil f el emiceon hic atvsen baree bet ween

a nol ded product and the air) was determ ned at
weerelregga teadf 305 nm by neans of a spectrophot oneter
(U-3210, Hitachi, Ltd.). 70 (6) Yellowness |ndex (YI)
A yel | ownesP irsiaMy owbenfiet@rshertd of aneaméeptignal
Col or Tester (SUGA TEST | NSTRUVENTS K. K. accordi ng

t cASTIM R 9255 i Jugh ot YDEYERR® OFF Sl 15 Anplhtzed

of Mononers_ and cl ohexane in Resin The content of
ot Bor e 9T M o e e he CREEr R ents
resin S sured b nea of GC- M5 of _Shi 7 .
ooh = R TR (e e T " s | ohe e Rt e

G%x?&i",o’tl{ves'gg% ﬂ@tg]alatpflaﬂyscﬂ)@f@rmed, and thus there

has existed the problem that the fit of the container
to the 1lid is loosened when the deformation is caused
whereby hot contents may leak out of the container.
However, because the heat resistance of a styrenic
copolymer of the present invention is higher than the
boiling point of water, the deformation of a lunch box
is not caused at all due to warming with hot water or
due to warming by means of an electronic oven, and thus
the lunch box can be utilized easily.

As a conventional container for a box lunch,
capable to be warmed by means of an electronic oven, a
resin-composition sheet comprising propylene and an
inorganic filler such as talc has been utilized.
However, because the sheet is conducts heat easily,
there has existed a danger of causing heat injury when
the box-lunch container is taken out from the
electronic oven. Furthermore, there has also existed
the problem that because the container includes the
inorganic filler, it is heavier, and a large quantity

of ashes are generated when it is burned.
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sampler, Colum: Rtx-1, 0.25 nm 1.00 m 60 m ( SH MADZU
GLC Ltd.) 15 Tenperature Conditions: The resin was

mai ntai ned at a tenperature of 60C for two m nutes,
and then elevated to a tenperature of 145C at a rate
of 10C /mn, followed by elevation to a tenperature of
160C at a rate of 3C/mn. 20 Preparation of Test
Sanples: 0.4 g of a polynergwas put in a dedicated
vial, and then 10 mM of DMF and 1 m of a chloroform

I ncl udi ng anMrhéteraednst ok to £ Nh a9 nBdend Wek £t atlided
thereto, and the vial was hernetically seal ed, and

t herebf z@tridheo S aanpf @anmes el sshI  eslt yddmeinc t bepolymer
content (ppm by weight) of each of small anount of
nonbrEhs RSy | oifesaheon ncames ¢ kv ncomasn iearatk ed.

An anal ytical curve was made using styrene, 71
a-eaiAes yiHe ankPed ctonextrrr fapgleke i oh WDl ngarmed
Met hod] The resin was nol ded by nmeans of _an injection
iTRATATO FHOH ASHOREC RGP PR Mketehdetlt hellBat
follow ng conditions: A cyljnder tepperature was set
A5 Torbereine O TIBESY H5 S SN SAGTAeT o ThE
side .of a hopper nold tenperature, an.injection ..
ot P R T A oo P el 48 SR

AL 5 300 Aond LAREE1Y %i/cké%r@é]dwf\@? pae arbdh

@ \ y applying to t'he no an

I Y B P HESSIFfed, there is no need to worry about
heat injury, due to the high heat insulating properties
of the foamed sheet; and furthermore, the temperature
of contents in the lunch box is slowly decreased,
whereby hot cooking can be maintained for a long time.
Additionally, the container can be also recycled as a
resin material; and even when the container is
thermally disposed, very little ash is generated.
Accordingly, a styrenie copolymer of the present
invention can be said to be a material which is a
remarkably energy-friendly and environment-friendly.

Depending upon contents in the lunch box, if

necessary, the surface of the foamed sheet may be
laminated with a film of a crystalline polymer such as
polyethylene, polypropylene, polyester or polyamide.
In order to enhance bond performance between the
laminated film and the foamed sheet, a block polymer of
a styrenic polymer and a polyolefin; a block polymer of
polyester or polyamide, and a polymer containing a

styrenic polymer component; or a graft polymer of



hi gher by 5 MPa than that at which the nold can be
just filled with the resin. Dunbbell specinens and
strip specinmens having a thickness of 3 nm, as
prescribed in ASTM No. 4, were 15 nol ded, and used as
sanples for a tensile test, a bending test, a

determ nati on of absorbance, a determ nation of
yel | owness i ndex, a determ gtion of Vicat

‘tenperature, and a weatherability test. [Extrusion
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Coppiysic et bodpo PPari desi and oappsl ymen asastadhiled by
means of a biaxial extruder (Technobel Corp.) having
a st grente pdlydér nmonporght ndeanteepenavuperated2dc the
(provided that a tenperature bel ow the hopper is
11b@pinatedreilmpeed ofe courepent aklderedfscharge rate
of 1.9 kg/hour were 25 enpl oyed. [Extrusion Sheet
Mol di ng Met hBla¢ pant sfef @?%Sﬁ%v?%gd%S?ﬁ%%ﬁﬁeégoﬁ? 1
nm and wid of 3 cmwas instal|ed at the outle
po+re% et & ‘%%am%ﬁiaa?% doxee uRs j(#’é%hﬁ%b%?st‘bjrﬁn?d
di amet er _of d s_extruded
B F e HOOT SHRRT, A0A P L FRES 51 held? haloF of RedPLAPOS
te p h
CULETMEL SIBSIBLHEE, Ol g20C (PRGN, SEieh Wb eior 2

[ BXL L8451 198 Fé’@&%ré/blﬁéi‘lgdé@t Qoﬁ%?ﬂé‘é KsRSe @ BHCfgéﬁlé@gboard

agent was nixed wt resin pellets, and the bl end was
| nig oy&é?f@lléﬂé@ BetlOBREs Ofraifit&siost 898 SXhELEELic

fol | oned by heat
body for the purpose of heat insulation, sound
absorption or sound deadening.

There has existed the problem that a small
amount of organic compounds as volatilized from a resin
molded-product tends to be accumulated in the air in an
enclosed space such as the room inside of a
conventional house or the interior of a car. In
particular, the roof of a house or the top of a car,
the temperature of which is regionally elevated by
solar heat, is also requested to be a higher heat-
resistance material.

A foamed sheet or foamed board of a styrenic
copolymer of the present invention is a material which
can solve the problems as described above, and can
satisfy performance requirements from a user.

A styrenic copolymer of the present invention
is a material which is excellent in transparency, heat

resistance, weatherability, dimensional stability, and

rigidity, and thus can be suitably utilized as an



10 plasticization at a tenperature of about 220C to
250C. Thereafter, about 4% by wei ght of butane was
pressed and inpregnated into the plasticized product.
The resultant product was fed into a second-stage
extruder, followed by a tenperature control to a
viscosity 15 suitable for foam ng. The resultant
product was extruded from ghes having a tenperature
of about 130C so as to forma foaned sheet of a

stopent£]l copet Y Tess tHdeopyeEaVepd bt ckResSevémphe, a
foaned sheet was set to about 2.5 mm and the average
f obdg e gt fd Ced | phaves a 20i Sehision abbatef ea téfiksct The
resul tant foanmed sheet of a styrenic copol yner was
suffatte em | ye hlyect ifigl folwed by amticvbleationm folmheat
resi stance as a foaned sheet. [Evaluation Method for
Pris}/@l@aizpmael@t%s]azgoml}l@m ubilen & oretardation
Heat-Stability in Melt - 1 1 of a pol ynmer was put
Sinfhlhest ieme, am%w%sl@w e@rvﬁ% hﬂf?o@@h %%d

seal ed. The test tube was in_an ojl bpath, fh

vva%mﬁ%%\’fae%e%o thRg Faroemel ‘P( ‘?feni‘)e}la‘{i‘&} “oFYEHR

to at erature of 280C.

b Id Db d
THESRA R (Eeh RIEOhaT TPt Retrer Gotfesl gt

sl LOF e SO LU, B e Al shedirey
tet{‘fgé“rgaé&ﬁx?er?é i GBOLC pSrr o ﬁ&%&%{rmogf@s%é@é‘ﬁéé/ ,thd &

enperature was returned to roo

10t %?@Ic@éyrﬁar@é‘dagé @%e@fné’aﬁhé of £10f B diEdeldi N0h Biher
i nternal standard was put in the test tube so as to

value has been given to the light resistance and the
heat resistance thereof. A styrenic copolymer of the
present invention is an excellent material which can
solve the conventional problems once and for all, and

15 can satisfy future performance needs, and further it
can be expected to have a lot of applicable uses in
addition to various uses as a food-container for

warming, a part for houses, a part for a car interior,

and an optical part.

20 Examples
The modes of the present invention will be
specifically explained illustrating working examples
and comparative examples as follows. However, these
modes are examples, and are intended not to limit the
25 scope of the present invention at all.
Analyses, evaluation methods, and conditions

for physical properties, as employed in the working



dissolve the polynmer, and thereafter the content (ppm

10 by weight) of styrene was determ ned. (2)

Eval uation for Heat-Stability in Melt - 2 Resin
pellets were retained in nelt within a cylinder of an
i njection machine at a given tenperature for a given
period of tinme, followed by injection 15 nolding into
strip specinens as prescribgg in ASTM No.4. A
tenperature at which a silver blister is caused on

t hexapfacand eapfaeit ihe stamplspestsrens, foBhsvs:
time when the silver blister is caused thereupon were

det efanaiegk i ddie Bcodcsdencef of PhesikscdavePrdpestves] 20
was vi sually observed. (3) Tensile and Bending Tests
Tensi (¥ st r et (VRO vesnsdn e(@ngati on (o),
flexural strength (MPa), and elastic nodulus in
bendi ng (VP& N el HOMEMNS &F tNUITIRIRAPH T9RES
25 5000D) of Shinmadzu Corp, under the foll ow ng

5 coidi @ | B ClTeisa t oY @mckaHf%%%%eC%lfpm %145

SRR o WD G S
t T

‘ o S ERT 2 o 1 U e Gt Jsc*fr?ea%ss@%o% 25 pm,

ér{]cg ag%aagcgéﬂ é@egﬁe ”?sﬁ‘ﬂ){ 54 eﬁﬁﬁ@ f—@&eﬁs wa@é Fsdi  as

en nol by~ an ion nold
PrPGSSsurement condition, the temperature was elevated

10 from 50°C to 80°C at a rate of 10°C/min, and maintained
at 80°C. The rate (%) of conversion was calculated
using a peak area of each of styrene and a-
methylstyrene, and a peak area of cyclohexane, which
was used as an internal standard material.

15 (2) Molecular Weight (Mn, Mw, Mw/Mn)

A molecular weight was determined by means of
a GPC device with two columns (TSKgel GMHXL, 40°C)
connected to HLC-8020 (Tosoh Corp.), and with an RI
detector. As a moving phase, chloroform containing 2%

20 by weight of ethanol was used. Polystyrene standards
(Tosoh Corp.) were used so as to make an analytical
curve, and then the molecular weight was calculated in
terms of polystyrene.

(3) Glass-Transition Temperature (Tg)

25 0.1 g of a polymer was dissolved in 5 g of
toluene, and the resultant solution was dropped in 20
ml of methanol at a rate of 0.2 ml/sec. The resultant

precipitate was filtered and recovered. This operation



_Utraviolet rays
fromcarbon arcs at a 10 tenperature of 63C were
irradi ated on sanples, and then the Yl val ue of each
of the sanples was determ ned after a given period of
time. This corresponds to a nethod of nmeasuring a Vi
val ue as shown in Figure 8 as described hereinafter.
15 Furthernore, as an accel gpati on test nethod,
sanpl es were eval uated under a continuous irradiation
COofH s d{add awevel e had 295 tosubfam)palyer was
tenperature of 63C by nmeans of an Eye-Super UV tester
(ipe-&Ned] | fo DfoEGRARHHCSI Gt 4 Tienpe andut demf t h@d°C
20 Yl value of each of the sanples was determn ned
afirera avayrwen fPer iad lofuti nEThgHig (:@rr@sfpm negud tant
met hod of neasuring a Yl-value as shown in Figure 9
apalegest beas dreimiaiedrby [Bampl @f 1PSQ57 <Bgrkin-Elmer
Material > A solution of styrene (St; SUM TOMO CHEM CAL

5 O§OrR D, a)ccetqhamqutr%t% —(]az%StéP%%@cﬁa@%m fehe s,
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I nc. ﬁ_ and cycl ochexane (CH | DEM TSU PETROCHEM CAL CO.,
7POHXREY | W%e?]eer“f?"sﬁi r%’ﬁ%“ (R PRI FRT RS rEN e

risana e fY %?ﬁga”e | SRk, W?@Z@%ﬁ/geigﬁh
nelalt L I0by (uelaliy SR JPLE%, vBs.sLored BILR co
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I nterior
again elevated to a temperature of 250°C at a rate of

10°C/min. A glass-transition temperature as measured at

the second temperature-rising step was determined as

the Tg (°C).
(4) Content of a-MethylStyrene in Styrenic
Copolymer

The content of a-methylstyrene in a styrenic
copolymer was determined by means of NMR (DPX-400) of
BRUKER Corp. An 1H-NMR from the styrenic copolymer was
measured, and then the content (% by weight) of a-
methylstyrene in the styrenic copolymer was calculated
from the ratios between the peak areas of methyl,
methylene and methine. A detailed calculation method
is illustrated in Figure 1.

(5) Absorbance (B)

The absorbance of the molded product (which
is a difference in absorbance between a molded product
and the air) was determined at wavelength of 305 nm by

means of a spectrophotometer (U-3210, Hitachi, Ltd.).



~volunme refinery tower as filled with an activated
al um na (KHD-24 of SUM TOMO CHEM CAL CO., LTD.) so as
to renove t-butyl catechol, which is a polynerization
10 inhibitor. <lnitiator> n-butyllithium (a solution
of 15% by wei ght of n-butyllithiumin n-hexane, of
Wako Pure Chemical Industries, Ltd.) was diluted with
cycl ohexane to 1/51 15 tingy <Terminator> A solution
of methanol (w th highest quality, of Wako Pure

Chem gg | ndustrdsesd-tThdesangdyI cycl ohexane, wherein
nmet hanol was diluted with 20 cycl ohexane so that a 3%

by wei ght cancogsil Y@tness ofndewet ehpl waoudetdenined by
obt ai ned, was prepared. Thereafter, carbon di oxide
amean s nef |a dPmlont Tfstvert et SURA eTESDWINSTREMEN RS K. K.)
solution until the solution are saturated with the
sarco bl nPrigel AT P MEt hod> As a pol yneri zati on
reactor, a 3.4-liter _jacketed reactor (RI% which is
provi GBd wi tFPRfeRatehEadh afesSTMAXBEEND bf O SUAPRIARE S
Heavy Industries, Ltd.) 76 and a condenser, and

f Ut &ycﬁr%ﬁ%vﬁqrﬁ Jn‘bzzle for introduci ng a raw

material, a nozzle for }arodcn an nltlator and

a nozzle forl 8 S %g ao‘?yn% %%Il U ort wa
u horldts UHd eé}ﬁ?if?ﬁ%kg I‘i:é)nﬂ?na? ]fd%/\ﬂgt#?ss%;&%& ho;?

rogen gas Sso e alr cou
means of GC-MS of Shimadzu Corp. under the following

conditions:

Equipment: GC-2010, MS-QP2010, with a head space

sampler,

Column: Rtx-1, 0.25 mm, 1.00 pm, 60 m (SHIMADZU

GLC Ltd.)

Temperature Conditions: The resin was maintained at
a temperature of 60°C for two minutes, and then elevated
to a temperature of 145°C at a rate of 10°C /min,
followed by elevation to a temperature of 160°C at a
rate of 3°C /min.

Preparation of Test Samples: 0.4 g of a polymer was
put in a dedicated vial, and then 10 ml of DMF and 1 ml
of a chloroform including an internal standard (n-
nonane) were added thereto, and the vial was
hermetically sealed, and thereafter the sample was
dissolved. Then the content (ppm by weight) of each of
small amount of monomers and cyclohexane in the resin
was measured.

An analytical curve was made using styrene,
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pol yneri zation solution in the polynerization reactor
was controlled always to be 2.1 liters. A

pol yneri zation solution was maintained in a state 10
wherein a portion of the solution is always boil ed,
the bulk tenperature was controlled to be a
tenperature between 82C t0584C. The rotating speed of
the agitating blades was set to be 175 rpm A gear

P Wifane W¥agl $tf pvé e ad@rcpatdhotahde inlet for the raw
material 15 and the outlet of the polynerization

r eactIrijemhiesreyo 1 iaed Ndthdd] raw material and the

pol yneri zation solution was controlled so that it

coul d be fl diedl m¢sin wohstalded |low mears off 2ar1 injection
litters/hour. Furthernore, the solution of the

i maghatog (RIETO NGB UERR) | 9 oF YWRC ot ol e | yde pnthe
reactor at arate of 0.25 litter/hour. The

r T ONEH FRAIeEnE ne? i AV BINARF PP LR WER 3%y Set at
dth tlet f I |yt i .
oG VISP (Sac b G 25 Ce he S Ddmpl 16Ty 5B ies Side

di ti t t h in Fi .
S RS T et PR el T S T Ues ettt i R 1€,

| oy 4 p@o%];irg@'ctrﬁ ' lv?ef%‘ﬁse&]f}t‘éc?%d%s H{o"‘ésqi%?ld néitr‘nf 20

position O el ow i quid |éve Vi

Pal vy S0l M d - @sy el pehar geeh d oM 7711 148 with a molten
pol yneri zation reactor was introduced through a

Pi R 40h hay | 48 By T ANBS efh®fmdid nan tth e i dvh edrd Osude
solution of a polynerization term nator by using a
gearghetimpy SThepd eftgdh tHat het pipidly fHomdé e caadborjust
t(EEITZd with the resin.

Dumbbell specimens and strip specimens having
a thickness of 3 mmt, as prescribed in ASTM No.4, were
molded, and used as samples for a tensile test, a
bending test, a determination of absorbance, a
determination of yellowness index, a determination of
Vicat temperature, and a weatherability test.

[Extrusion Compound Method]

A resin composition was molded by means of a
biaxial extruder (Technobel Corp.) having a diameter of
15 mm. A cylinder temperature of 220°C (provided that a
temperature below the hopper is 110°C), a screw speed of
200 rpm, and a discharge rate of 1.9 kg/hour were
employed.

[Extrusion Sheet Molding Method]

A T-slot die having a thickness of 1 mm and a

width of 3 cm was installed at the outlet portion of a
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5 point wherein the term nator was m xed was about 2

m and the piping was kept warm at a tenperature of

65 to 70C. The solution of the term nator was

introduced into the polynerization solution at a flow
rate of 0.1 kg/hour, and thereafter passed through a
1.2-litters 10 volune static m xer (SMX-type, of

Sul zer Corp.) so as to conpbetely termnate the

pol yneri zation reaction. The polynmer solution was

f widvera heatetudor a(Téchmpesal UTerpl) 260 by aedbhsmeten of
pre-heater, followed by flashing into an about

50L3 intrey aroitai nesimbwad dwdridedem wae nkodrmooh sheet,
preset tenperature of 260C under a reduced pressure
ofarxd NFas whesledsit tws sbbueed . andl cyihirARY eempebaerse of
were separated fromthe polynmer and recovered. The

t et Cat revddeachdhadl yndenne aaair & |Rgsieivh g heodteRRtdy 1s
was gbout 240 tq 250C, and the 20 retention tinme of

t et P&y &S iSPPRyeSank was about 20 to 30mi nutes.

oV S R RSB SHaT VAR o schar ged [n the”
form of 8" OBuy POl eI IRREracc g1, S het Al A &gy cn

pell etized by a cutter, recovery.

| iwvi S [ t t j e
cort ot AR e S0l | O WK M ACL AR S feed BORL A

Ml S Mgl 4 1O e Pd P dN dveyu@d ONGr S TEo e I B Hat
bet ween the portion at which a polynerization sol ution

| Sp XH Stehed geeh ok ot thex apdoyret b Zato prapeact azoanad pso°cC.

portion at which the termnator is added thereto, and
Thereafter, about 4% by weight of butane was pressed
and impregnated into the plasticized product. The
resultant product was fed into a second-stage extruder,
followed by a temperature control to a viscosity
suitable for foaming. The resultant product was
extruded from dies having a temperature of about 130°C
so as to form a foamed sheet of a styrenic copolymer.
The average thickness of the foamed sheet was set to
about 2.5 mm, and the average foam-magnification was
set to about ten times.

The resultant foamed sheet of a styrenic
copolymer was sufficiently aged, followed by an
evaluation for heat resistance as a foamed sheet.

[Evaluation Method for Physical Properties]
(1) Evaluation for Heat-Stability in Melt - 1

1 g of a polymer was put in a test tube,

which was filled with nitrogen and sealed. The test

tube was put in an oil bath, which was heated so that



then the abstract was used so as to deternmne the rate
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5 of conversion of each of the nononers. The rate of
conversion of styrene was 99.9% or nore, while the
rate of conversion of a-nethylstyrene was 63% From
this result, the concentration of unreacted styrene
when polynerization was term nated was 0. 07% by

wei ght or 10 | ess of the pokhgnmer. In Table 1, various
production conditions (such as the conposition of the

I v e ET |k Al empsot att 08, ot hiehd | oyvett at wbeofcdled risev elevated
material, the flow rate of the initiator, and the

rate aftengeestsios)o fir 28 0%howThe-imtltke roampe ratu rEablaes

2, the results of the 15 conposition of the resultant
copulnyreindd et |etpredeterrol red| perivd ghf Bime t herovided
i ke are shown. [Exanples 2 to 8, and 10 to 12] Except

f drhathet o riefine orfsen orhe thiel k clorrearat wre dias Rt aiped to
materi al sol ution coqgrising 20 styrene,

a-heEt P eRe AhPL Y dife et FEtS-he SHPRFIVRE Y-
f th terial | uti i nt | i ti

Ol B B o AL e e e PR TRA o o

O B A8 PR Y BB R o

Examnl §,2h V@Eaena?%ﬁ{’clﬁ %aesgoénlg{tﬂ?'é’t@ré A 10 L, JEblg

1,” various produ rons including the rate

of y CUWEFS 1 Ak G0 BARdY Of a AP NHEF Sa ASe ADSIL aCdBknt I OBm
the pol ynerization reactor are shown. 79 Furthernore,

| pyfad &) tdhe degrdds s tdeceampasdtion of the
resul tant copolyner in pellet, the nolecul ar
(2) Evaluation for Heat-Stability in Melt - 2
Resin pellets were retained in melt within a
cylinder of an injection machine at a given temperature
for a given period of time, followed by injection
molding into strip specimens as prescribed in ASTM
No.4. A temperature at which a silver blister is
caused on the surface of each of the strip specimens,
and a time when the silver blister is caused thereupon
were determined. The occurrence of the silver blister
was visually observed.
(3) Tensile and Bending Tests
Tensile strength (MPa), tensile elongation
(%), flexural strength (MPa), and elastic modulus in
bending (MPa) were measured by means of AUTO GRAPH (AG-
5000D) of Shimadzu Corp. under the following
conditions.
Tensile Test: Chuck Distance of 64 mm,

Elastic Stress Rate of 5 mm/min, and



wei ght and the |i ke are showmn. [Exanple 9] 5 A
pel l eti zed pol yner was produced under conditions
simlar to the ones in Exanple 8, except that a

pol yneri zation tenperature was set to 105C. The

nol ecul ar wei ght of the resultant polymer were Mv =
117,000 and Mnh = 59,000, and the Tg was 127C. In Table
10 1, various production conditions are shown. In

Table 2, the conposition of the resultant styrenic

pol ymer, thBemdl ©gutast wesgdnh bhet&wnte adtl Shemhj kBending
are shown. The rel ationship between [the content (% by
wekagte JoHf L a3 mebhylst yrene in the copol ynmer pellets as
15 obtained in each of Exanples 1 to 12] and [the

gl ass(4) ansiMé¢asurenpet oliréioit t hempepatyprer] is

shown in Figure 2. In a copolynmer of styrene and a-
met hyl st yr e, V@2 prbefRer Beed rdr s gde be Bntend epEFORAI Ng
20 production nethod, the relationship between the

5 corit ehtO otV a- Wty | Sitfplekl atRETHSPROVRYY Fog' & thickness
rel ationship,.or . a direct- rtional, relationshi
(FoF el 81 Qo Sche ol SED ety NoIA5E L Py L ing
it gmgégeen found that a styrenic copolynmer as
p#%dﬂcedsaccording to a 25 production nethod of the

Presey) | nVeRyd af shateeal lueddse L2 eoEy el ati on

t her ebet ween w thout show ng any atl%nship as
descri bed ahpver{se81 & G $s W roh NcafhONr&rds dheatop

line (i.e., the dotted line) is a 80 straight line

10 W dinpér Sty ke £ Vo3 0ielre itiRidititel)#p) samples, and then
the YI value of each of the samples was determined
after a given period of time. This corresponds to a
method of measuring a YI value as shown in Figure 8 as
described hereinafter.

15 Furthermore, as an acceleration test method,
samples were evaluated under a continuous irradiation
condition (at a wavelength of 295 to 450 nm) at a
temperature of 63°C by means of an Eye-Super UV tester
(Type-SUV-F11, of EYEGRAPHICS CO., LTD.), and then the

20 YI value of each of the samples was determined after a
given period of time. This corresponds to a method of
measuring a YI-value as shown in Figure 9 as described
hereinafter.

[Example 1]
25 <Raw Material>
A solution of styrene (St; SUMITOMO CHEMICAL
CO., LTD.), a-methylstyrene (a-MeSt; Mitsui Chemicals,

Inc.) and cyclohexane (CH; IDEMITSU PETROCHEMICAL CO.,
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of polystyrene (wherein the content of a-nethylstyrene
is 0% by weight) and the Tg (177C) of a-nethylstyrene
(wherein the content of a-methylstyrene is 100% by 5
wei ght) are connected. Additionally, the mddle |ine
in Figure 2 is a curve as determ ned according to
Fox's formula, while the undernost line is a curve as
determ ned according to an ggproxi mate cal cul ati on
using plots from Exanpl es. 10 [ Exanple 13] A solution
havidg) a wiospesh tsoyrésmd | S©f, Sk-mé OhPyswpighé ) (&HMEST )
by weight) = 23/77 was fed at a flowrate of 0.25

| idred /dypukohentana &) exled ypexed wiich yeeeh zathen at a
reactor (R2) with agitating bl ades 15 provi ded.
Furatreradrs (¥ rioym eenbyier / s ubplly (popy , wahght hi €H &% oy
solution (which is a solution of n- butyllithiumas

di Wk Wi T h2 TAAS Ohex dfes totared)imes sterrghecrankhi o
at_a flowrate of 0.19 |jter/hour. The polynerization

te’f‘r&ﬂelroaﬁf# PNRURRY G B BRI RFRN 20 ?W%ﬁ%@rsp%%%
th I tat bl [t 175

pm&a [T R TR S PR SF I 00t oL Cers

0. \;’o:ﬁ d‘ﬂ Cerrépourrag rtoomvetpeasr egc]glo?% legh ar]; Oallclgi/\@agtebg

i ntroduction Via a plping i _
D M TS 2 %”e‘ﬁ@ned?i%‘ﬁ%m fév?rngv%‘% Press as

S%&tﬂ%w%%ﬁgﬁﬁt@&%ﬁm@mﬁé@% 3} Ftscpiﬁﬂe@f»zatlon
conducted from to RL so as to neasure tHe nol ecul ar

weirghitbitAsra result, Mwv = 49,700 and Mh = 28,400. The
81
<Initiator>

n-butyllithium (a solution of 15% by weight
of n-butyllithium in n-hexane, of Wako Pure Chemical
Industries, Ltd.) was diluted with cyclohexane to 1/51
time.
<Terminator>
A solution of methanol (with highest quality,
of Wako Pure Chemical Industries, Ltd.) and
cyclohexane, wherein methanol was diluted with
cyclohexane so that a 3% by weight concentration of
methanol could be obtained, was prepared. Thereafter,
carbon dioxide and a small amount of water were blown
into the solution until the solution are saturated with
the same.
<Production Method>
As a polymerization reactor, a 3.4-liter
jacketed reactor (R1) which is provided with agitating

blades (MAXBLEND of Sumitomo Heavy Industries, Ltd.)



rate of conversion of styrene was 99% or nore. A
sol ution having a conposition rate of St(% by
wei ght)/aMeSt (% by wei ght)/ CH(% by wei ght) = 26/26/48
was i ntroduced via another piping into RL at a 5 fl ow
rate of 1.14 liters/hour. The revol ving speed of the
agitating blades of RL was set to 175 rpm while the
pol ymerization tenperature wgs set to 85C. The
position of liquid |level was controlled such that the
aveidge cei@ison, tam@ Pirther pstoyvbdéd $PtMta oflozSle for
1.9 10 hours. A polyneric solution as discharged from
Rli marsodwsainp @ cd echw and ther 1 £1 i aato onl of ol ymerodation an
and the renoval of the solvent according to a manner
anchitcioriddt i orred si mdazle of e hed beeza rgi Ky anppel imerized
followed by recovery in the formof pellet. The
no?%]d{ﬂlaﬂ?nrlsﬂaf%lwdof Thee petlet obsthey @rl@%nm Li
I\/h = 89,200, while Tg = 120C. Furt her.nore,

5S¢ dd’fl‘g}\/é%tmr‘i’rro‘ﬁ% %?Py?l%rt% @B%%Jyrv\‘/é?‘@}ﬂl not to

I 14 A t I i on havin
[ﬁep”p : r%ﬁﬂﬁi’?'%i@? S gfhﬁ/‘é%e%?w%ya
CH(%Db —16/24/6 fed at_a
Y‘%éle% é/r%te Pk s Olaawag’r Zr‘?tzla 7 opadtor
initiator
sgfacétlon vvas mto%wa anot}her p|p|ng at a fl ow
r %Ec?lﬁrﬁeﬁzla?t% ldd 18 {80 Ubas The: P wied 'f@té Ok ate

tenperature was set to 82 to 85C, the revolving speed
10 ofwHdwriagid add Ndi di agleschavaso Beti drP o STy s v 18, the

average retention tinme of a polyneric solution in RL
wasalsett dnfpelrax hingas Tddhtrolled to be a temperature
between 82°C to 84°C. The rotating speed of the
agitating blades was set to be 175 rpm. A gear pump
was provided for each of the inlet for the raw material
15 and the outlet of the polymerization reactor, whereby
each of the raw material and the polymerization
solution was controlled so that it could be flowed at a
constant flow rate of 2.1 litters/hour. Furthermore,
the solution of the initiator was introduced into the
20 polymerization reactor at a rate of 0.25 litter/hour.
The relationship between the inlet for the raw material
and the outlet for a polymer solution of the
polymerization reactor was in the completely opposite
direction to each other as shown in Figure 2, and the
25 inlet for the raw material was provided in the lower
position, while the outlet was provided in the position
of 5 cm below the liquid level.

A living polymer solution as discharged from



82 nol ecul ar weight of a polyner as obtained at a

time point when the polyneric solution in RL was in a

steady state under the conditions as described above

was Mv = 143,000 and Mh = 70,000, while Tg = 126C. 5

The conposition ratio of a raw material solution was

changed from St (% by wei ght)/aMeSt (% by wei ght)/ CH( %

by weight) = 16/24/60 to St % by wei ght)/ CH( % by

wei ght) = 30/70, and the solution was introduced into

t heh@abyhg@ti¢ zat 4 oo eBed Ot of Rlgs ainarduéddw i adeglofa

2.1 liters/hour in a simlar manner to the one as

dgsigrihechabove, a whidreetdre ¢f ol rat etoftlam inhéti Boora

solution was al so changed to 0.15 liter/hour.

Sepluhipmfof padghwne wozasien t eerMivat e hedY | Welpsi dtgear

when the conposition of the raw material solution to

beptaz% nt TRRIUERRD it Of REh R BERG %ﬁ%mg%e EPRCtor to the
carried out until the neriz t|on

5 RoAn] e ERi S i e LA L ovémef%iﬂmaes RPN
t t f St(% b ht %
Coppps S0 Tk St S e i A LA 40P %?%n%o
h t | f I
poi 0 adhg Sl TR oA RIS e A roduced

t
cgﬁgggltlcn§é¥§§%?§§é§%(€%%ggﬁgyﬁ t % %% r%&ﬁg;f 0.1
= RY/HOLMErshd HHOcetk + o dde mdm i£1 S@l}liﬁt.oé‘rs

in the reactor wherein a polynerization using 25 the
10 fivstunicavs tt £ intd xSO| WNRONE ey NgE thel £oNPOsSEd j PNso as

ratio of St(% by wei ght)/aMeSt (% by wei ght)/ CH( % by
wetl g htgmrl €itfd P/ 6 inirth the etth ¢ np @l witeeaiya st @it exed ot 1 dre.
The polymer solution was further heated to a
temperature of 260°C by means of a pre-heater, followed
by flashing into an about 50-liter container which had
15 been warmed to a preset temperature of 260°C under a
reduced pressure of 2 MPa, whereby the solvent and
unreacted monomers were separated from the polymer and
recovered. The temperature of the polymer in the
flashing container was about 240 to 250°C, and the
20 retention time of the polymer in the tank was about 20
to 30minutes. Volatile components in the polymer were
sufficiently removed, and then the polymer was
discharged in the form of a rope, cooled underwater,
and thereafter pelletized by a cutter, followed by
25 recovery.
A living polymer solution was extracted into

a sealed container within which a nitrogen atmosphere

was maintained, from a pipe midway along the piping



time point when a polynerization using the second raw
83 material solution having the conposition ratio of
St(% by weight)/CH(% by weight) = 30/ 70 had att ai ned

to a steady state, were collected. The wording 'a
steady state' herein neans a state wherein the
conposition of 5 a raw material solution and the
concentration of each of thg conponents of a

pol yneric solution within Rl are not changed during
debebwéenpeheogdoot ibhnet whiehpal pokymasiebtabnedolotion
this manner were the one wherein the content of a
cohpodiathérgadeficbmnbhenpolymetzéhéonopebygher amd the
conti nuously changed with time. In actual sanpling,
pebbetsomeat ebitkcthd derinhgabpouis afdedhbhesetpt epnd
one hour fromthe tinme point when the conposition of

t hehenr Eher aphhaeki upssBradi 88 AGdtpedfteERaR§elhe rate
This is because one hour as a tine difference 15 was

5t aRENCPAYBT E6ARI BBr 88FBNObntRReMBACTEI8f t hBSf 5aFe ©of
that a period of tine fromt Lme_poi nt when.th
conpRle PR bt opEL AbYFEPS: Yraud Sapbr PA Q6P Gt POALRaRhe Fate
beep _changed to th i LNt _whepn_the,taw rial
sor bt FENTRee Py neaor i BTy PREPhwiR “Baby Bpbar, EOR' L
pa?éé&ﬂtZOtEQrQgﬁéeﬁPEaEiBh”QﬁyFﬁréQEtéPaéBgPQ éaﬂﬁen
was ~appfoxi natel'y one hour. Polyner pell et Whi ¢

Ver 61 58P 88t duhi R9st hermPRELOd RhstbMB78 T B iBeght MBY
poi nt” when the second raw material solution had been

101 nt&egdusedthat fol BReBYSt M 280 0E 1 Nevpel yier peoduction
sol ution wherein the polynerization wusing the first
ragoraieions $ohchi 88 bAd beeposhtaon of the raw material

solution, the flow rate of the raw material, the flow
rate of the initiator, and the rate of conversion) are
shown. Furthermore, in Table 2, the results of the

15 composition of the resultant copolymer in pellet, the

molecular weight and the like are shown.
[Examples 2 to 8, and 10 to 12]
Except for the conditions for: the
composition of the raw material solution comprising

20 styrene, a-methylstyrene and cyclohexane (CH), the flow

rate of the raw material solution into the
polymerization reactor, and the flow rate of the
initiator solution into the polymerization reactor, as
shown in Table 1, conditions and manners similar to the

25 ones in Example 1 were employed for polymerization. In

Table 1, various production conditions including the
rate of conversion of each of monomers as abstracted

from the polymerization reactor are shown.
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steady state to the tinme point when the polynerization
using the second raw nmaterial solution had attained to
84 a steady state, were put into a blender and
sufficiently mxed (that is, a copolyner conposition
conprising two or nore copolynmers which are different
fromeach other in the content of a conponent from
each 5 nononer was preparedyg whereby an apparently
honbgeneous m xture was obtained. The m xed pellets
Wa & tHathay@ ,asid aapleduce e irgaciioreofmiedomposition
product. The Tg of the injection-nolded product was

1 HC, t hehideas u It dem thad gl yare wvelirg hde 1 heetr e dfhenaso e ud ar
170,000 and Mh = 10 80, 000. [Exanple 15] M xed
peldieths werd tid diined dne shsiwril ar  manner to the one
in Exanple 14, except that the conposition ratio of a
raw nidtx@nicale 4l uti on was 15 changed from St (% by

wei ght )/ aMeSt (% by wei ght)/CH(% by weight) = 16/ 24/60
as enpl oyed & P dipl 7§dl@q1d’n§1( VS pli/%h{cﬂﬁc} TR (%

PGl SN N '8% et

EX T
ks r.%%%%aegrﬁezg'r%o% e *f%“ée AR ?m]l Borar T
m?%%&uq—alrt h’%]ﬁh% 33(% eg\/ga% ua |0n reslﬁ[?gt% M% t

meghan fifla Y MReTL '5699 oQ:To thed er?é”chan[@'ld?ﬁ’CW O%Ctrable
of tHe styreni ¢ copol’ymer's as obtained in each of
Bxanplsi chd AR s iMYitions are shown. In Table
2, the composition of the resultant styrenic polymer,
the molecular weight thereof and the like are shown.

The relationship between [the content (% by
weight) of a-methylstyrene in the copolymer pellets as
obtained in each of Examples 1 to 12] and [the glass-
transition temperature of the copolymer] is shown in
Figure 2.

In a copolymer of styrene and a-
methylstyrene, as produced according to a conventional
production method, the relationship between the content
of a-methylstyrene and Tg showed Fox’s relationship, or
a direct-proportional relationship (for example, see
Non-Patent Document No.l). However, it has been found
that a styrenic copolymer as produced according to a
production method of the present invention shows all
its own correlation therebetween without showing any

relationship as described above (see Figure 2). 1In

Figure 2, the top line (i.e., the dotted line) is a
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[ Conpar ative Exanpl e 1] Pol ystyrene was produced in a
simlar manner to the one in Exanple 1, except that

the conposition 85 ratio of a raw material sol ution

was set to St(% by weight)/CH(% by wei ght) = 35/65,

the flowrate of the raw material solution was set to
2.2 liters/hour, and the flowrate of an initiator
solution in which n 5 butyllgigthiumis diluted with

cycl ohexane to 1/76 was set to 0.17 liter/hour.

Uns epsigidt st ynenei coukhiont the tebspovets) nthBeTg (102°C)
nmeasurenent of GC, while the rate of conversion was
10020 pdhesoptrenel avheaeeght tbé tbetenesaftanmethylstyrene
pol ystyrene was Mv = 307,000 and Mh = 10 157, 000.

[ Cosrp@s apy viee Exlatrpl @nd] tihe pBy 1 Y7 €hle (IGRPIe B85St RSENe
Japan Corporati on%@r?s obtained according to a

f r bebe B Rakhe pePyhert zaf i enmabBY LsEyreTReiFglRAs by
101C, 15 [ Conparative Exa Ie,ég)A styrene-net hacryl ic
act ¥ Fopbl R r CPTRRALed 008491 PEenaphhy CoRpoPaEfsR) 148

bt ai d di t f - di | | i tj ,
ch o et ageohvp 10,3, Loogiiggheal nalumetyatlone
i h, of i | 1 . 4
| neSARN G eRIRAT AL VindKBIBLE Ind 0if dP8urve as

'n%%%g%ﬁfﬁe@rgggéféfﬁg {8 Jﬁbéﬁpgoxlﬂgte calculation

using plots from Examples.
[Example 13]
A solution having a composition ratio of St

(% by weight)/CH (% by weight) = 23/77 was fed at a
flow rate of 0.25 liter/hour into a sealed-type of
polymerization reactor (R2) with agitating blades
provided. Furthermore, from another supply port, an
initiator solution (which is a solution of n-
butyllithium as diluted with cyclohexéne to 1/76) was
fed thereinto at a flow rate of 0.19 liter/hour. The
polymerization temperature was set to 50°C, and the
revolving speed of the agitating blades was set to 175
rpm. A living polymer solution was abstracted at a
flow rate of 0.33 liter/hour from the reactor (R1l}),
followed by introduction via a piping into the same
polymerization reactor (R1l) as the reactor which was
used in Example 1. Furthermore, a living polymer
solution was abstracted midway along a piping as
conducted from RZ2 to Rl so as to measure the molecular

weight. As a result, Mw = 49,700 and Mn = 28,400. The
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results are shown. Conparative Exanple 2 is a m ssing

5 nunber. Exanpl es of production of a copol ynmer of
styrene and a-net hyl styrene according to a |iving

pol yneri zati on have been previously known (for

exanpl e, see Non-Patent Docunment No.1). One of

problens with a 10 copol ynmer as derived according to
this production nethod is tgyat the nelt retention of
the copol ynmer generates styrene and/or

a- petBybst yoatersasd blestgeaaeavhenopat eri mokegher

than that of a polystyrene as produced according to a
free-radical ApsbynetbnahbohngSamevhpdsiwhbahrbse of St (%
industrially and widely utilized. Wth respect to a
cobwl yeeghkzar dasSof $sbyr waéghandCH{ freblry Wwetighéne= i t

is known that the nore the content of a-nethylstyrene

i s26{Re/APgnep inerpdacedrgipseanEberspinhgg into R1 at a
concurrently the | ower the kick-off 20 tenEe(ature of

a BéPVnE?tﬂqunb-ﬁél%1F§F§6?P6ﬁ-(s$€? regplekagppeeed of

L e
R A R N e
25k LUEG 58111651t 068, oL LUEhestiy MOELEN e e

|i§§é§§ge E@@eﬂ£?§§n£iﬁgvsﬁt9ﬁé5p89§ﬁﬁ995tEGYL@Eon is 1.9

exam nation on this point has shown that a styrenic

copelyser Af pbhempresesdblhdyeAt LON3E3RhaPEEE EPREMBE1 was
probl em as descri bed above.
subjected to the termination of polymerization and the
removal of the solvent according to a manner and
conditions similar to the ones in Example 1, followed
by recovery in the form of pellet. The molecular
weight of the pellet was Mw = 193,000 and Mn = 89,200,
while Tg = 120°C. Furthermore, the content of aMeSt in
the polymer was 36% by weight.
[Example 14]

A raw material solution having a composition
ratio of St(% by weight)/aMeSt (% by weight)/CH(% by
weight) = 16/24/60 was fed at a flow rate of 2.1
litters/hour into the polymerization reactor (R1l) as
used in Example 1, while an initiator solution was fed
into Rl via another piping at a flow rate of 0.18
litter/hour. The polymerization temperature was set to
82 to 85°C, the revolving speed of the agitating blades
was set to 175 rpm, and the average retention time of a

polymeric solution in Rl was set to 1.3 hours. The
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A polymer as obtained in each of Exanples 1, 4 and 7
to 10, and Conparative Exanples 1 and 3 was exam ned
for heat stability in nelt. The generation 5 anount of
styrene at a tenperature of 280C for a retention tine
of each of 10 m nutes, 20 mnutes and 40 m nutes was
determ ned, and fromthe resultant slope the
formati on rate constant (k: gppm by wei ght/sec) of
styrene was determned. In Table 4, the result is
shayleddl d ©0eé hetit o £ ha thel yestl 4s ot 4 heedoat eat t Dhe

a- nmethylstyrene in the polyner and the absorbance of

t heoimpol winen . t i epgbyree al ¢ osolat tonf iraRh wisthe a steady
styrenic copolynmers of the present invention was
sudfate emndsgr Uige | cordithems t hatdoscaiped yapgyeneagasMw =
produced according to a free-radical polymerization
nmethodDOhrard ¥ =i FAue?i a¥riletToizet2&rong ot her
results, a cqgol nmer as,gol nerized in a cycl ohexane
sol vent had TRHdtRMRO AT %t%?%h%-? rPefF M bE el &

co red with 20 that .o ol ystyrene as pro e o
nCRo Ty b Thanded atr B8 Yok VRl rrSSe e iR R 42 oy
Fr ' L Y hi e« Pl esent
e CET Pyl LR NE LarsRIFsy

r §PBy Kab] yogxealy %néi%ﬂ‘tﬁe—@% yz@’i 144y Ale asIDLE B0 was

state as conpared wth that o 25 conventl1 ona

COROt YoBRic&d SAYS eNfe REh el IVt SEN T E8&ctoPT (RDATaOf
a conventional polystyrene as produced according to a

f rERow afh €@l o POR YITET i Z&t d HoWBt N9ta sThilie damsiénsto the

the relationship (i.e., 88
one as described above, while the flow rate of an
initiator solution was also changed to 0.15 liter/hour.
Sampling of a polymer was started from the time point
when the composition of the raw material solution to be
introduced into R1 had been changed, and sampling was
carried out until the polymerization in Rl of the raw
material solution having the composition ratio of St (%
by weight)/CH(% by weight) = 30/70 had been attained to
a steady state. The term 'sampling' herein means that
samples of all polymers as produced between from the
time point when the second raw material solution having
the composition ratio of St (% by weight)/CH(% by
weight) = 30/70 were introduced into the polymeric
solution in the reactor wherein a polymerization using
the first raw material solution having the composition
ratio of St (% by weight)/aMeSt (% by weight) /CH(% by
weight) = 16/24/60 had been in a steady state, to the

time point when a polymerization using the second raw



Arrhenius plot) between the formation rate (k:
ppm mn) of styrene during nelt retention at a
tenperature of 275C, 260C or 240C, and the
tenperature. As this result, it could be confirned
that a styrenic copolynmer 5 of the present invention
is excellent in heat stability at a nolten state at
any tenperature as conparedgyith a polystyrene as
produced according to a free-radical polynerization
mebdiesh 1 i £ wisi b dust In@l tlye Utdhpaett i bh grEeid SHoss (%
a tenperature range wherein a 10 silver blister is
C &hns etk Tyttt NOCHDS ddbyngye Idiiich = c®0 f €S poadisaticatimed to a
eval uation of heat stability at a nolten state. Each
of st,eadre ss {sthomi were enpeletted. rEmgesdrdhown’ & nsteady
Figure 5 was introduced by the steps of: determ ning
a seatat ihereimenednn a stavervhtreierths erEPeebhion of
caused at each tenperature, and cal culating a

5 ¢ rE At ¥ A s ol Bet QR et d hehe eFRRFeR tF et Lo ¢hesach

(RS eh 8 R S P e
wh th 20
bf’ra%E e IR G Lo ST AT L i1 chirve ©s
ﬁW%%érﬁ%rlﬁ I%&& £GP§PSaﬁaﬁwgrs%éygftﬁ%'éﬁgf

erve romt IS res ) as been

C'm[féleﬁi thatcodhent anges of ofp I g ner GRNC &h) ofnorﬁ&ﬁea in

copolynmer of 25 styrene and a-nethyl styrene of the

loprﬁ%%oémﬁﬁgf%é%oMﬂﬁQ&ﬁs ahih@éd Ofi®h time. In
pol ystyrene as produced according a free-radica

gcécytf(ﬂdl ZSd i n U S1ET 08 Bye td1ec Pl BSEdd | diyEi@rabast
?gfif hours after one hour from the time point when the
composition of the first raw material solution had been
changed. This is because one hour as a time difference
15 was taken into consideration on the basis of the fact
that a period of time from the time point when the
composition of the first raw material solution had been
changed to the time point when the raw material
solution was formed into a polymer pellet after passing
20 through the piping via the flashing tank was
approximately one hour.

Polymer pellets which were sampled during the
period of time from the time point when the second raw
material solution had been introduced into the system

25 of the polymeric solution wherein the polymerization
using the first raw material solution had been in a

steady state to the time point when the polymerization

using the second raw material solution had attained to



89 to making nore efforts. As a result, it has been

pi nned down that a factor having a great influence on
t he deconposition rate of a polyner during nelt
retention, i.e., the generation rate of a nononer,

lies 5 in the polyner structure. Al though a specific
structural factor is not clarified yet, the
characteristics of the polyggr structure, as
correlated to the polyner structure, have been found.
Thatsteady td@aabsardangaitofinte P yereieitarad
wavel ength of 305 nm 10 is greatly involved with the
denomiasiidri tdny maitseedf (e il yreropdheteaf oranpd i @i on
use requiring, in particular, that a volatile

c arpiEirt i rsy divaso a e merpshog b behidncnaledi ffserent
little as possible, a polynmer wherein its absorbance
atfr@rmmfer@hﬁroflrgoslmrﬁqrst%tq%la PRRPRens frgyeach
as clarified in the present invention should be used.

5 FimgIaneF MALRTRRAE D he w@%hb@hla@ﬂﬁeﬁw the
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ahsor bance of a copol yner and rein 'Kk m
by ARG LR e Siged o i ﬂl@%ﬁd ts
whi | ee t he bsor bar}g hcee stri/r ene cop 'é“ o#)uct
walel%e uuseda o eter Chorl 7dht .

aXIihSe ngraot 'tﬁ';e Fllrg]%cec,l%rg-r r}isedTél%:lo%u%%mes flolrﬂ's\:"l Ayhile

CONpr i gure e one

a%&’fdd@dﬂ%ﬂ hee T Al R WREN & NWEBIdd®land Mn =

values of the y-axis (i.e., the vertical aX|s) and

t gy pounerical values of the x-axis (i.e., the

hori'zont al axis) according to the |east square

met hoExdplien 15 gure 3 is a coefficient of

correlation showi ng a

Mixed pellets were obtained in a similar
manner to the one in Example 14, except that the
composition ratio of a raw material solution was
changed from St (% by weight)/aMeSt ($ by weight)/CH(% by
weight) = 16/24/60 as employed in Example 14 to St (% by
welght) /aMeSt ($ by weight)/CH(% by weight) = 25/11/64,
while an injection-molded product was produced in a
similar manner to the one in Example 14. The Tg of the
injection-molded product was 121°C, while the molecular
weight of the product was Mw = 179,000 and Mn = 85,000.
In Table 3, the evaluation results of the
mechanical properties of the injection-molded product
of the styrenic copolymers as obtained in each of
Examples 1 to 15 were shown.
[Comparative Example 1]

Polystyrene was produced in a similar manner

to the one in Example 1, except that the composition



di fference between the approximte fornula according

to 90 the |east square nethod and the plotted val ues.
As anot her conventional problem there exists the
probl em that the nol ded product of a copol ynmer of
styrene and a-nethyl styrene is yellowed. 5 The present

i nventor was devoted to naking nore efforts. As a
result, it has been newy pigyned down that the
conventional thinking that the yellowing of the
nmotdedoppeddctaksmadueriglt belaenbanvasf skt tbheegrnbiys
m st aken, and properly speaking, it is due 10 to the
powgirght 5¥CHC¢E ubg. wlAlighough asgpeci the fivbwuetueabf the
factor is not clarified yet, judging from the results
soréarmabeaiaddsoltthas Weenstbuhd £hat lihererdenrt oand
suppress the yellowi ng, the follow ng woul d be
crth@cﬁiOW1yatﬁe0§oant1ﬂh§@atﬁé @@b@tyﬁérlgh@hpéhbé 15
produced under a condition wherein_a |living grow
Sspeetyilibhipe seadilvied; vahh ch@ﬁeeﬁenﬁttph&{7éhyas

copol yner _sh d have a struycture difficult to
py %FyE%dO é@ i%F?EéFPVr |tUP§eﬁFE?ngEMr?Beu§8uiﬂ ngg be

| d
CoRArTTERE Hhr CPReTeaRRrSHErT Por Coxapprec hhe Mdre of
hyg58f3£?98n38%¥eT50§QChTﬁﬁ HSTE?G?ﬁrhﬁéﬁ ﬁt(g9r he
exanpl e, cycl ohexane" or exane or octane

RO EOmBLSdLM 4D ool spbygcarbor
10Xy18M8000.
[Comparative Example 3]
A polystyrene (GPPS, #685, PS Japan
Corporation) as obtained according to a free-radical
polymerization was used. The Tg was 101°C.
15 [Comparative Example 4]
A styrene-methacrylic acid copolymer (SMAA,

G9001, PS Japan Corporation) as obtained according to a

free-radical polymerization was used. The Tg was 117°C.

20

25



Furt hernore, although a polynerization for the

copol ynmer can be carried out even in a polar 91

sol vent such as tetrahydrofuran, it is preferred not
to use it for a use wherein the yellowing is
critical. Beside, although a polar material such as
N, Ny N, N tetranet hyl et hl enedi ami ne may be added in a
smal | 5 anount in order to ¢gcrease the association of
living growing species, it is preferred to avoid such

a polar matersabrénitheesinDsh bgeAUsE CbmpkhoHDE @S

yellowing. It is preferred that a pol ynerization

t ebpanpleseli soas waswinseposshbheldéldyerel Jowedi bynot

preferred to | ower 10 the polynerization tenperature

i nevakbwapionhén peocdacicaltyropetrheesopolynBabl&oB, the

exanpl e, when the copolyner is utilized as a use

whee eitht $ harg eshown ngComprabvet puet Fxanatey2 &8i @i Bapsing

for exanple, such as a nol ded product to be 15
Scol¥rPeed, or as a resin rawnaterial for a product

d apnd is_used within a

whi ch i bl j cl

ST oot ural rEReRp s y?ﬁﬁf%%ﬁ%%ﬁrowf o 5?833&1@% o
tructural M Oy .

apbvoreng fhd dinetey Pl PRepE RbSTRINE ER T TEARS oo

1, i . | ,
1280 Sc L 00 400r A0t COBES 2 53 SXBTP! €507y 0o eBamole,

I'zation tenpe and
yeéé&%‘&%spaté‘ﬁi@XD&émﬁeﬁP'1@891}3[0% OF BrOQl ¥HB wPEh a

obtai ned by polynerization in cyc d%exane or

10 etM@PﬁK@ﬂ?a@%é‘r?@e& OhyEREABRE SHOVRL S OgRbAeEL YBAD a
pol ymeri zati on
method is that the melt retention of the copolymer
generates styrene and/or a-methylstyrene, and the
generation rate is higher than that of a polystyrene as
produced according to a free-radical polymerization
15 method, which is industrially and widely utilized.

With respect to a copolymerization of styrene
and o-methylstyrene, it is known that the more the
content of a-methylstyrene is, the higher the heat
resistance is, and concurrently the lower the kick-off

20 temperature of a polymer during melt retention (see,
for example, Non-Patent Document No.l). As a result,
there occurred the problem that the range of each of a
suitable temperature and a period of time during melt
processing is narrowed down along with the enhancement

25 of the heat resistance of the resin, whereby molding
becomes difficult and the application is limited.

The present inventor’s more particular

examination on this point has shown that a styrenic

copolymer of the present invention can solve the



sol vent used, and the content of a-nethylstyrene in
the polyner. It is inportant to decrease the
yell owi ng of 92 a nolded product imrediately after a
resin has been nolded, and furthernore, it is also an
I mportant performance requirenent for sonme uses to
decrease a yellowing rate when the nol ded product is
exposed to 5 light. In partigular, in uses for optical
parts, an optical part as put in an atnosphere near a
| i ghbblenuasedeedauipbed Bpatelesi stance and |ight

resi stance. The weatherability (or light resistance)

of a copol yArepodfmetyaenebandnadnmehhgbshyoénexampiibe 1,
present 10 invention was examned. In Figure 8, the
redupndof theléxamhdefompeaehévebEkanples d eopoBywes
in each of Exanple 7 and Conparative Exanple 3 is
shewAT1RAer PR YPahastabédity ienmedttheTher epgikation
aX|s and the tinme was used to enter 15 the horizontal

SaxPBOURE RAsSh¥ERNEOAFI RnBEMPRABTHTCsPYr AP copbl Yrer
hshCE LR B2 hhuckhol Pl ARS8 o
" Shebl 0SB, LaLPeRn: 0, URs! Lol Phance L sal sione
2%@”;@999{; %tgfcéﬁ%E%Sg gRg @ﬁsg %%{:,x{egxsﬁjpl of
as@?geﬁep9£¥58¥£89ﬁ1hgdCbﬂHaT§El¥e4 E%ﬂgp£§s§ltsls shown
shown. The wording 'a yeilowing rate’ “herern means
10t heoyatner' ¥itRf tRe degELL Of oENBRGECHRNENE of a-
methylstyrene in the polymer and the absorbance of the
polymer.
The generation rate of each of the styrenic
copolymers of the present invention was sufficiently
15 1lower than that of a polystyrene as produced according
to a free-radical polymerization method, which is
industrially utilized. Among other results, a
copolymer as polymerized in a cyclohexane solvent had
about a half styrene-formation rate as compared with
20 that of polystyrene as produced according to a free-
radical polymerization method. From this result, it
was found that the present invention could provide a
copolymer which is remarkably excellent in heat
stability at a molten state as compared with that of a
25 conventional copolymer of styrene and o-methylstyrene,
or that of a conventional polystyrene as produced

according to a free-radical polymerization method.

Figure 4 shows the relationship (i.e.,



25 Yl _(tinme of exposure) - YI (0)] fromthe initial

yel | owness i ndex of a nol ded product as divided by a

logarithmc tinme [In(time of exposure in hour)] when

t he nol ded product was exposed to |ight by nmeans of an

93 acceleration testing machine. Fromthis result, it

has been found that a styrenic copolynmer of the

present invention is a matggi al excellent in heat

resi stance and light 5 resistance, and in particul ar,

i tacEehEusSapTot P et wden exti¢ ef®tya Slbh abh€e mak erpgth/min)

as a use for an optical part. [Exanple 17] According

t cof het ypreade cduoingretdibd retd&xabgh eat 10 tlempéiea thege eef

of reduced pressure in a flashing container and the

r e B91tG, 012 60°Aeonerd 08Ot and | g stemperabundt aihs this

pel lets wherein the total anmount (ppm by weight) of

st¥eBhkt ( Sty  ceulitly| geykbreeq (kMeSty ghyrenic copolymer

cycl ohexane ( remaining in a pellet is different 15,
Sfrdm SR PRI THEER ot BFotte bl ekt yienkeah stability

O TRITETE S0t P el S TSP S e o
det i db f C. | i 6 h )
PRSI TR ce® el fo & {feradical

ARSI SRR SIS A 6 SN e,
T 0ot Lot Sl AR e o
10 silver blister is caused during molding, which
corresponds to the evaluation of heat stability at a
molten state. Each of curves (showing temperature
ranges) shown in Figure 5 was introduced by the steps
of: determining a retention time when a silver blister
15 had been caused at each temperature, and calculating a
correlation formula between the temperature and the
retention time using the above results. The side above
the curve (i.e., an area where the retention time is
long) is an area wherein the occurrence of a silver
20 Dblister is observed, while the side below the curve is
an area wherein the occurrence of any silver blister is
not observed.
From this result, it has been clarified that
the range of a molding condition for a copolymer of
25 styrene and a-methylstyrene of the present invention is
broader than that of a polystyrene as produced

according a free-radical polymerization.

Furthermore, the present inventor was devoted
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be produced by maintaining the total anount of

styrene, 25 a-nethyl styrene and cycl ohexane in a resin
pellet to 2,500 ppm by wei ght or |ess. Because
styrene, a-nethylstyrene and cycl ohexane are

partially volatilized during pellet 94

nol di ng- processi ng, when they are |left in an anount of
nore than 2,500 ppm by weighgt in a pellet, variation

in heat resistance and variation in the fluidity of a
madd ema Kiasy Makts | HF sl i NaProcessing, arte hkesrasdabl e,
5 whereby it is difficult to provide a user with a

r gsimedtddire ihetgual idgtod rmapairg callqreat henfohertcd eon
wei ght | oss of a nononer and/or a solvent as left in
a thesidecanpahidnigad cepermd] iy Rpamehdwevicansize of

a nol di ng- processing machi ne, the structure thereof,
arfee RanE 1t elngserattilie ITIRAAT s T3 &f @ fuonomer, 'lies
partrcular Therefore for exanple, when the

heldt -t iR ate T 1St atif e o”fl udh R RIS HE St to

the V|C|n|t &gL: the critic ue. of av Iue in
?Féhrcaet\ UGS PP ﬁ& ed ¥eluher'%

Sgtrl}aerna{sl ]’_pl% C1'(:83e :g}}elgﬁ V\f[}ﬁmeli o% xloucnl%jre cc%xhrelated

e con anodht of

eﬂs@é %Cﬁsyn%eé er en‘ﬁkér)rce stabﬁ(&pyﬂrgﬂ qual i tghlt

[Eer?émalbﬂs&ﬁlar?& Red ligls @91 pidaified 'vﬂa@]?émﬁ@w? df &¢5 nm

10 were nelt-bl ended at aratio of 50(%bDb
el g i ned 20( AJlbWOMCQWJ)tI’bYCH@Qi&&ﬁp@SJ@l&)ﬂ atate of the

extruder. The resultant
polymer. Therefore, in a use requiring, in particular,
that a volatile component such as a monomer should be
included as little as possible, a polymer wherein its
absorbance at a wavelength of 305 nm is controlled in a
range as clarified in the present invention should be
used. Figure 3 illustrates the relationship between
the absorbance of a copolymer and 'k', wherein 'k' (ppm
by weight/sec) was used to enter the vertical axis,
while the absorbance of the styrene copolymer at a
wavelength of 305 nm was used to enter the horizontal
axis. That is, Figure 3 graphs Table 4. The formula
comprising 'y' and 'x' in Figure 3 is the one
approximating the relation between the numerical values
of the y-axis (i.e., the vertical axis) and the
numerical values of the x-axis (i.e., the horizontal
axis) according to the least square method. R? in
Figure 3 is a coefficient of correlation showing a

difference between the approximate formula according to
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pellets were injection-nolded so as to derive dunbbel |
speci nens and strip speci nens. Conpletely transparent
25 nol ded products in visual observation were

obt ai ned. Measured nechani cal properties were 55 MPa
intensile strength, 1.9%in tensile elongation, 97
MPa in flexural strength, and 3,360 MPa in flexura
modul us, 95 and thus no regpgrkabl e decrease in

physi cal properties was caused, while the Tg was

12He IHBM squddd usdttdesared B¥e qfistited wapsdd et as
produced in Exanple 18, as conpared with that of a 5
pell et as praxuoetther esmivedit el msodleamd tlerd rexists
the DSC-chart of a pellet as produced in Exanple 18, a
Tg-hpe gk dsl adertihatd fhreomal gad |todiscprofd ur esbpal werh of
of Exanples 1 and 10 could not be observed, while a
TRt edle andaindd kel 1etyakl prediuced in
Exanpl e 18 10 was observed as an internedi ate val ue,

bet ween the ThHE Hede tasi e 130MPE el scadnaking
produced in Exanples 1 a 10.. Fromthis result,. it
COUHAE 1 S8 + et thalies ko b 19 RO (fred
Ex le .1 ving Tg = .116 nd the [y, ' .
adg)%r} :thi%ﬁ hcﬁle .c%gn nti tla}lslnak gtgpn% et'trfgeg >)‘éf‘lOWlng

aving Tg =

COPad i 3l Woal PP ae Sl e Ry e 1y

DB LIRS 16 ISy e o 18 e

a e YHe GIBAE 1t irddtumans pfthAiyexd ragefific
structural factor is not clarified yet, judging from
the results so far obtained, it has been found that in
order to suppress the yellowing, the following would be
critical: 1) the point that the copolymer should be
produced under a condition wherein a living growing
species can be stabilized; and 2) the point that the
copolymer should have a structure difficult to be
pyrolyzed.

Specifically, it is preferred to use an
nonpolar solvent as a solvent under manufacturing
conditions for the copolymer. For example, a
hydrocarbon solvent such as pentane, hexane (for
example, cyclohexane or n-hexane), heptane or octane is
preferred as compared with an aromatic hydrocarbon
compound such as benzene, toluene, ethylbenzene or
xylene.

Furthermore, although a polymerization for

the copolymer can be carried out even in a polar
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[ Exanpl e 20] The polystyrene pellets in Conparative
Exanpl e 3 and the copol yner conposition pellets in 25
Exanpl e 14 were bl ended at a weight ratio of 70(% by

wei ght)/30(% by weight) so as to obtain a resin
conposition by nmeans of an extruder. [Exanple 21] 96
The pol ystyrene pellets in Conparative Exanple 3 and

t he copol yner conposition pghlets in Exanple 15 were

bl ended at a weight ratio of 70(% by weight)/30(% by
wed ghtents swash tas o tatah ydre®irard, CONPoSi b ofe byedreass to
of an extruder. [Exanple 22] The pol ystyrene pellets

i mRonparfan vee usarp eeih arlte thel copotynes @eltiataslin
Exanple 1 were blended at a weight ratio of 70(% by
watefitdd 3Bl avtkry maresiab wbtias &N g AN
conposition by nmeans of an extruder. The resin

c ST B B blRng Hanine dioh RF adbefpies® 1904 bl 22
was i nj.ection- Idedﬁ;nto duan&%l speci nens %gﬁ: ,
st P Epedt U dE RS S T H M 95 e He P last 1B 19
the degree of white turbidity accordin to visua
OB I EFUT et ot o, PR T b 1% T JHyL  Tigh = polar
pr ies t j [ C: ' t
O A AR ML R R S R
the Qnygh%ﬁknﬂﬁﬂpﬁﬁﬁh?§ag%ffon r & SPWemg b L0098t ders a5

with the conposition of ents.
low as possible. However, 1t is not preferred to lower

the polymerization temperature in view of the e
productivity of the copolymer.

For example, when the copolymer is utilized
as a use wherein the yellowing is not particularly
critical, for example, such as a molded product to be
colorized, or as a resin raw-material for a product
which is not publicly exposed and is used within a
structural material, the polymer may be produced
without limiting it to the requirements as described
above.

In Table 5, with respect to each of Examples
1, and 6 to 10, and Comparative Examples 1 and 3, a
polymerization temperature, and the value of yellowness
index of a molded product of a polymer as obtained by
polymerization in cyclohexane or ethylbenzene as a
solvent are shown together with a polymerization
solvent used, and the content of a-methylstyrene in the
polymer.

It is important to decrease the yellowing of



[ Conpar ati ve Exanpl e 5] The pol ystyrene in Conparative
Exanpl e 3 was independently, w thout bl ending other
resins, nolted once by neans of an extruder so as to
obtain pellets. 25 [Conparative Exanple 6] The
pol ystyrene in Conparative Exanple 3 and SMAA in
Conparative Exanple 4 were blended at a weight ratio
of 70(% by wei ght)/30(% by wgight) in a pellet 97
state so as to obtain a resin conposition by neans of
anaexbldeer prbacbtofiminbeinesly bfitCenpatakivie hBxamples
5 and the resin conposition in Conparative Exanple 6
wasol8ednj eoti dnrhbedadrent atdusbbésb spedmpemsaand
strip speci nens, each of which was exam ned as to the
degeeéorpnhnghi requirbingnty fot shmenusgedtpr dggsease a
according to visual observation. Furthernore, the
t eMSLIL8WpRGsFahrP WhEBpéPei BSLdRd pEeJBERdiLAg SpRYSEEaltO
gtles of the 10_specinmens were evalyated. In
5TaEE8

t hB PaShicYlsf, %HeuﬁﬁﬁsfeélOBFéﬁéFtPé§tS' an
t her re shown together Mﬁg e co 03|t|gn 8%-
coﬂsgﬁSﬁ?spaﬁ ofift RAPr aBurPs 58oSBHaHA PRaTaBl 4180 ¢
ha§oB§ éﬂ? ghahegtsgg ?n %ncgoggd hgf Ehﬁ tance.
esen |nv |on I'S exce en atl F

“ﬂth po'ySty%ﬁéewFéﬁﬂeEQH§1§t9°?8kyﬂ?&htC§QSQEtEHE€?dof a

with no conmpatibil1zing agent out © causi
de§6§@§§mé9 Hﬁcﬁepkéﬁé Qﬁepathé%ﬁyléﬂpeenetB%rthalpgésent

fromeach of th copol yner (in Exa wher e
10pOLHGENEEBE was examlned
In Figure 8, the result of the examined
weatherability of a copolymer in each of Example 7 and
Comparative Example 3 is shown, wherein YI was used to
enter the vertical axis, and the time was used to enter
15 the horizontal axis. It has been confirmed that a
styrenic copolymer of the present invention is slower
in yellowing rate than a conventional polystyrene.
In Figure 9, the relationship between the
heat resistance (Vicat temperature (°C)) and the
20 yellowing rate of a styrenic copolymer of styrene and
a-methylstyrene in each of Examples 1, 7 and 10, and
Comparative Example 1, and a polystyrene in Comparative
Example 3 is shown. The wording 'a yellowing rate'
herein means the value 'k' of a degree of change [AYI =
25 YI (time of exposure) - YI (0)] from the initial
yellowness index of a molded product as divided by a
logarithmic time [ln(time of exposure in hour)] when

the molded product was exposed to light by means of an
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20 component was bl ocked, and the copol yner
conposition (in each of Exanples 14 and 15) having a
conposition distribution, a resin conposition having
mechani cal properties which are approxi mately

equi valent to those of polystyrene could be provided.
Furthernore, the 25 nol ded products as derived from
the resin conposition conpgksing the polystyrene and
the styrenic copolyner of the present invention

med it €l el 1 srRNSPHSE BAE Yma Gy Al ent to that of the
pol ystyrene without 98 deteriorating its

t ranspar encyFrdm othidere®slt f siashasasesn beduadovieat a
according to the present invention, a styrenic
Copy yererC W pdl yree excl| tlentpresdot hitreattiomsistance
and recycling properties, in particular, 5 recycling
priopes izl ¢>s¢e3alegre¢1e¥ralh%¢ p@%@@@w ya@#]ellglebul d
be derived for the first tine. npl es 23 and 24,
an‘be%?fiﬁd?%?n @@W@Wﬁcu%@q nl‘beCF‘?”étk%el-‘ﬁaJe%c‘FP dpe an
Exanpl es and, 10 . and Co ative Exanple 3 were used
S Tt T G2 T0P G TR Shelete Beh (3ibr ot oA 1
the sheet was heated by neans of a tenter, followed
%oaX|aI stretchlng The percent of stretch was
set t gg Besides, resin pellets in each of
Exanp e nd ﬁ'parative Exanple 3 were subjected to

conpr essi on A@é@f&‘ﬂqéot@stﬂé 5 ¢R Hh "’}ﬁ@@h@@cﬁ O xample

which has a two-m | [imeter thickness and
sevenKeMdJriLro Si ﬁ&%ceﬂﬂ%ﬁé’éé@fe ives pladesnyere

heated by means of a tenter in a simlar nmanner to

t heoronei resr dast rihe deathoveiod ol ivewege by controlled so as
to obtain pellets wherein the total amount (ppm by
weight) of styrene (St), a-methylstyrene (aMeSt) and
cyclohexane (CH) remaining in a pellet is different
from each other. The total amount of styrene, o-
methylstyrene and cyclohexane was determined by means
of GC-MS. The Tg (°C) of a pellet in Example 1 was
determined by means of DSC. In Figure 6, the
relationship between the total amount of styrene, a-
methylstyrene and cyclohexane and the Tg is shown.

From this result, it has been found that a
resin molded-product having a glass-transition
temperature which a copolymer essentially possesses can
be produced by maintaining the total amount of styrene,
a-methylstyrene and cyclohexane in a resin pellet to
2,500 ppm by weight or less.

Because styrene, oa-methylstyrene and

cyclohexane are partially volatilized during pellet
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20 three tinmes. A bit of each of the resultant sheets
was cut off, and the cut sheet was nmixed with a
little of water in a polypropylene cup, which was
then sealed with a polyvinylidene chloride cap. The
cup was put in an 25 electronic oven, followed by
heating at 1,500 Wfor a ogg mnute. The degree of
deformation (as an index for heat resistance) of the

s heAld idfd-@yr Jreadd ity , WaderV 19168} |arOlsertveich dm akadlrer of

7, the results of the 99 degrees of deformation were
showe twoget PR0M tdont ey TWeightd irhe ysed gtesiveri(@tsion in
Exanpl es 23 and 24 and Conparative Exanple 7).

Addiatti areedilstanraesiamdpetd mitas lian dachhef Slhubdinpt ext &

and 10, and Conparative Exanple 3 were used so as to
predires exetsiod eth figmmet Ishaw-PrRds\s igfg @dtsh nsfimaable,
resul tant sheets was cut off, the heat resistance of

t b ys Hdet! snal fidgii e PreVidarna asefaidh o Gafetn
one descri bed above. In Table 7,. 10 the results are

s FAAP L SFridm s Yres it P25 KR Thed'd Jifhd tidgt weight
accor di to the prese i nvent.ion .a stretghed sheet_.
an®S% aﬁb&“ﬁ?ﬂﬁgi\ﬂﬂ%%?ﬁwﬁﬂ%ﬁ%yqﬂﬁnaﬂn}%ﬁ§uﬁ§(ﬁ At
oL A PR IS o LS8 2P -
a r%@e@'sﬁ%g;i &%]%,Ofth@%c%@ @ 2hd the
mparati v anple 7, test
temperature conditions thereof in particular.
Therefore, for example, when the heat-resistant
temperature of a resin will be set to the vicinity of
the critical value of a value in performance as
required by a user, or when an extremely precise part
will be formed, in particular, the control of the total
amount of the materials as described above to 1,000 ppm
by weight or less will further enhance stability in
quality.
[Example 18]

Pellets as obtained in Examples 1 and 10 were
melt-blended at a ratio of 50(% by weight)/50(% by
weight) by means of a biaxial extruder. The resultant
pellets were injection-molded so as to derive dumbbell
specimens and strip specimens. Completely transparent
molded products in visual observation were obtained.
Measured mechanical properties were 55 MPa in tensile
strength, 1.9% in tensile elongation, 97 MPa in

flexural strength, and 3,360 MPa in flexural modulus,



pi eces were cut off_ such that the surface area of each
of the test pieces was 80 cnR2, and left as it is in a
20 thernostatic chanber having a tenperature of 23C
and a relative humdity of 50%for 35 days, and
thereafter put in a 10-liter tetra-bag which is
replaced with nitrogen. Thereafter, each of the test
pi eces was heated at a tenpgyature of 65C for a
period of two 25 hours, and all gases in the tetra-bag

wesedcohliechedremablabhe aseuBhsef it phoBechd pReperties
gases (i.e., the wvolatile anount of styrene (g)) was

devesntaedely wheaasthé CF- Whs Lp2T@able 8, the results
are shown 100 together with the Tg and the used
resins. FronFibese Vesbltustratehas D8Encheuhdofhat pellet
since a styrenic copolyner of the present invention is
exeel| pepducadhéat Exampilei 1§, dasi agmeekedngithhéhafoafht a
5 of _residual npnoners in a nolded product is
>r et kabl §5 BRaArCedndnt ABSNt AE BXBURLSSE! LcBRPoRBNL 1N
as_volatili fromthe_ nol ded duct i s snal
coEB%rBé CWF ﬁrttﬂgtafP%ﬁ%ﬁtcéﬁvengBﬁﬁﬁ %PyF%ﬁWEf?eign a
eria ordin a st cop r e
o SEoRE= 102 P UGt 1BR. FEoF chuPRALTS S0 CARRECPGr 10 Cach of
meg eL i % b ut i1 [ h of g;hQuserqr
i S A L L
peak as derived from a pellet as produced in Example 18
10 was observed as an intermediate value between the Tg-
peaks as derived from pellets as produced in Examples 1
and 10. From this result, it could be confirmed that
each of the copolymer (in Example 1) having Tg = 116°C
and the copolymer (in Example 10) having Tg = 129°C is a
15 completely compatible system.
[Example 19]
The polystyrene pellets in Comparative
Example 3 and the copolymer pellets in Example 13 were
blended at a weight ratio of 70(% by weight)/30(% by
20 weight) so as to obtain a resin composition by means of
an extruder.
[Example 20]
The polystyrene pellets in Comparative
Example 3 and the copolymer composition pellets in
25 Example 14 were blended at a weight ratio of 70(% by
weight) /30(% by weight) so as to obtain a resin

composition by means of an extruder.

[Example 21]
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The polystyrene pellets in Comparative
Example 3 and the copolymer composition pellets in
Example 15 were blended at a weight ratio of 70(% by
weight)/30(% by weight) so as to obtain a resin
composition by means of an extruder.

[Example 22]

The polystyrene pellets in Comparative
Example 3 and the copolymer pellets in Example 1 were
blended at a weight ratio of 70(% by weight)/30(% by
weight) so as to obtain a resin composition by means of
an extruder.

The resin composition as obtained in each of
Examples 19 to 22 was injection-molded into dumbbell
specimens and strip specimens, each of which was
examined as to the degree of white turbidity according
to visual observation. Furthermore, the tensile
physical properties and the bending physical properties
of the specimens were evaluated. In Table 6, the
results of the physical properties thereof are shown
together with the composition of components.

[Comparative Example 5]

The polystyrene in Comparative Example 3 was
independently, without blending other resins, molted
once by means of an extruder so as to obtain pellets.

[Comparative Example 6]

The polystyrene in Comparative Example 3 and

SMAA in Comparative Example 4 were blended at a weight

ratio of 70(% by weight)/30(% by weight) in a pellet-
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O4sEated4doNa® to. Gbdalin a resin composition by means of
an extruder.

Each of the resin in Comparative Example 5
and the resin composition in Comparative Example 6 was
injection-molded into dumbbell specimens and strip
specimens, each of which was examined as to the degree
of white turbidity of the molded product according to
visual observation. Furthermore, the tensile physical
properties and the bending physical properties of the
specimens were evaluated. In Table 6, the results of
the physical properties thereof are shown together with
the composition of components. From the results as
shown in Table 6, it has been found that a styrenic
copolymer of the present invention is excellent in
compatibility with polystyrene, and thus a copolymer
can be formed with no compatibilizing agent without
causing a decrease in mechanical properties.

Among other things, from each of the
copolymer (in Example 13) wherein a polystyrene
component was blocked, and the copolymer composition
(in each of Examples 14 and 15) having a composition
distribution, a resin composition having mechanical
properties which are approximately equivalent to those
of polystyrene could be provided. Furthermore, the
molded products as derived from the resin composition
comprising the polystyrene and the styrenic copolymer

of the present invention maintained transparency

equivalent to that of the polystyrene without
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resistance and recycling properties, in particular,
recycling properties for a general-purpose polystyrene,
could be derived for the first time.
[Examples 23 and 24, and Comparative Example 7]

Resin pellets in each of Examples 1 and 10
and Comparative Example 3 were used so as to produce an
extruded sheet. Furthermore, the sheet was heated by
means of a tenter, followed by monocaxial stretching.
The percent of stretch was set to five times. Besides,
resin pellets in each of Example 1 and Comparative
Example 3 were subjected to compression molding so as
to form plates each of which has a two-millimeter
thickness and seven-centimeter sides. Thereafter, the
plates were heated by means of a tenter in a similar
manner to the one as described above, followed by
biaxial stretching. The percent of stretch was set to
three times.

A bit of each of the resultant sheets was cut
off, and the cut sheet was mixed with a little of water
in a polypropylene cup, which was then sealed with a
polyvinylidene chloride cap. The cup was put in an
electronic oven, followed by heating at 1,500 W for a
one minute. The degree of deformation (as an index for

heat resistance) of the sheet after heating was

visually observed. In Table 7, the results of the
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and the used resins (as Examples 23 and 24 and
Comparative Example 7).

Additionally, resin pellets in each of
Examples 1 and 10, and Comparative Example 3 were used
so0 as to produce extruded foamed sheet.

A bit of each of the resultant sheets was cut off, the
heat resistance of the cut sheet was examined in a
similar manner to the one described above. In Table 7,
the results are shown.

From these results, it has been found that
according to the present invention a stretched sheet
and a foamed sheet which resists heat by means of an
electronic oven can be obtained.

[Examples 25 and 26, and Comparative Example 8]

From the foamed sheet as obtained in each of
Examples 23 and 24 and Comparative Example 7, test
pieces were cut off such that the surface area of each
of the test pieces was 80 cm?, and left as it is in a
thermostatic chamber having a temperature of 23°C and a
relative humidity of 50% for 35 days, and thereafter
put in a 10-liter tetra-bag which is replaced with
nitrogen. Thereafter, each of the test pieces was
heated at a temperature of 65°C for a period of two
hours, and all gases in the tetra-bag were collected,
and the amount of styrene in the gases (i.e., the
volatile amount of styrene (nug)) was determined by

means of GC~-MS. 1In Table 8, the results are shown
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x 41 103 Table 3 Heat Mechani cal Properties

Resi stance Exanple Elastic No. Tg Tensile Tensile

Fl exural Mddulus (C Strength Elongation Strength in
(MPa) (o) (MPa) Bending (MPa) 2 104 53 1.8 95 3330
3 106 54 2.5 96 3360 4 108 54 2.0 96 3330 5 110 53
1.9 91 3370 6 110 54 2.3 97 3380 1 117 54 1.8 97
3500 7 120 63 2.7 108 3370108 122 55 2.0 98 3370 9
127 52 1.6 93 3450 10 129 57 1.8 104 3560 11 131 58
1. 80ddth S Wit H 2t HAOr $O0add 6t HO s 88 5Bes1383s 120 61 2.5

100 3450 14 115 53 2.2 91 3370 15 121 62 2.7 108

3370 Conp. Exom these results, it has been found that
since a styrenic copolymer of the present invention is
excellent in heat stability during melting, the amount
of residual monomers in a molded product is remarkably
small, and thus the amount of components as volatilized
from the molded product is smaller as compared with
that from a conventional styrenic resin material.
Accordingly, a styrenic copolymer of the present

invention is remarkably suitable for a material to be

utilized in the interior of a house or a car.



1 101 53 3.3 100 3300 3 102 53 3.2 95 3300 4 117 52
1.8 96 3360 104 Table 4 Anount k No. of Absorbance
Remarks aMeSt (wt.ppm (B) (wt. a) sec) Conp. Ex.1 O
0.058 0.441 Living Polynerization Exanple 4 15 0.073
Li ving Polynerization Exanple 1 29 0.133 0.537 Living
Pol ynmeri zati on Exanple 7 35 0.137 0.540 Living

Pol yneri zation Exanple 8 3909.182 Living

Pol yneri zation Exanple 9 47 0.410 0.843 Living

Pol yneri zati on Exanple 10 48 0.270 0.739 Living

Pol ynmeri zation Conp. Ex. 3 0 0.510 Free-Radi cal

Pol yneri zati on Each of blank positions in the table
represents "undeterm ned".
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Table 3
Res?:iche Mechanical Properties
Example Elastic
No. g Tensile Tensile Flexural Modulus
(°C) Strength | Elongation | Strength in
(MPa) (%) (MPa) Bending
(MPa)
2 104 53 1.8 95 3330
3 106 54 2.5 96 3360
4 108 54 2.0 96 3330
5 110 53 1.9 91 3370
6 110 54 2.3 97 3380
1 117 54 1.8 97 3500
7 120 63 2.7 108 3370
8 122 55 2.0 98 3370
9 127 52 1.6 93 3450
10 129 57 1.8 104 3560
11 131 58 1.8 106 3570
12 140 60 1.6 1090 3650
13 120 61 2.5 100 3450
14 115 53 2.2 91 3370
15 121 62 2.7 108 3370
Comp.
Ex.
1 101 53 3.3 100 3300
3 102 53 3.2 95 3300
4 117 52 1.8 96 3360
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Table 4
Amount K
of Absorbance
No. aMeSt (wzé§$m/ (B) Remarks
(Wt .%)
Living
Comp. Ex.1 0 0.058 0.441 Polymerization
Living
Example 4 15 0.073 Polymerization
Living
Example 1 29 0.133 0.537 Polymerization
Living
Example 7 35 0.137 0.540 Polymerization
Living
Example 8 39 0.182 Polymerization
Living
Example 9 47 0.410 0.843 Polymerization
Living
Example 10 48 0.270 0.739 Polymerization
Free-Radical
Comp. Ex. 3 0 0.510 Polymerization

Each of blank positions in the table represents

"undetermined".
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Exanpl e & Exanpl e 25 Exanple 26 Conparative
Conparative Ex. Ex. 8 Tg (O 116 129 101 Used Resin
Exanpl e 1 Exanple 10 Conparative Ex. 3 Volatile
Amount 0.8 1.0 14.2 (g) Industrial Applicability A
styreni c copol ynmer of the pygsent invention is
excellent in performance properties such as heat

resi stance, weatherability, nelt stability during 5
nmol di ng, and recycle properties, with the excellent
properties of conventional polystyrene, such as
transparency, dinensional stability, and nol ding-
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15

processi ng properties being nmaintai ned. Therefore,
i nj ection-nol ded products,

is suitable for
10 nol ded products,

sui table for
whi ch require transparency,
and a nol ded product which require heat
and weat her abi l{dg.

rigidity,
resi st ance,

a structural

sheets and foans,

mat er

heat

i al

In particular,

resi st ance,

It

extrusi on
and furthernore
and a cont ai ner

and hi gh

it can

15 be utilized as a food packagi ng contai ner which may

be
part

for a car

or an

warnmed in electronic oramleagpart for a house,
interior,

opti cal

part.
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Industrial Applicability

A styrenic copolymer of the present invention

is excellent in performance properties such as heat

resistance, weatherability, melt stability during

molding,

properties of conventional polystyrene,

transparency,

processing properties being maintained.

is suitable for injection-molded products,

molded products,

and recycle properties,

dimensional stability,

sheets and foams,

with the

Therefore,

excellent

such as

and molding-

it

extrusion-

and furthermore

suitable for a structural material and a container

which require transparency,

rigidity,

resistance,

and weatherability.

heat resistance,

In particular,

and high

and a molded product which require heat

it can

be utilized as a food packaging container which may be

warmed in electronic oven,

for a car interior,

a part for a house,

or an optical part.

a part




a hydrocarbon radical of -CnH2n+l wherein n is 1 or 2,
and the substituent group R3 represents hydrogen,
wherein the content (A) of said isopropenyl aromatic
unit in said styrenic copolynmer is in the range of 5
to 60% by weight, the ratio (Mv M) of the

wei ght - aver age nol ecul ar wei ghtog(Mv) of said styrenic
copol ymer to the nunber-average nol ecul ar wei ght (M)
thereof is in the range of 1. e S4.0, and wherein the
110 rel ationship between the content (% by wei ght)
(A) of saig 5@9959@8%1)?@19&?2'graau&eanwaadhmg

styrenic copol ynmer an transition

t gBPohat ULt (&h ﬁéghodofcéﬁpgl§aﬁgenlc copol ymer
satisfies the fornulae (a): 0.12A"+ 102 < Tg < 0.62A +
102 (in casgnofisbpFoPeriyl28romabilc- bn2d ¥epPebeABed by
1.09 x 10-2 A2 + 1.72 x 10-1 A+ 97 < Tg < -5.25 x
10h6 A311o%if§ foiflu2aA21%:1.72 x 10-1 A + 107 (in
case of 20 < A < 60). 2. A styrenic block copol yner of
a styrenic copol yner accordan; oclaiml and a
styrenic polynmer conprising a [vfnyl aromatic unit

represented by the fol FowH la (2): Rs H2C-C R2
wherei n the substituent group represents hydrogen,
or a hydrocarbon radical of n+l wherein nis 1
or 2, and the substituent R3 represents

hydr ogen, R?

wherein the substituent group R' represents hydrogen,
and
a vinyl aromatic unit represented by the

following formula (2):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -C,Hzn+; wherein n is 1 or 2,
and the substituent group R?® represents hydrogen,
wherein the content (A) of said isopropenyl
aromatic unit in said styrenic copolymer is in the
range of 5 to 60% by weight, the ratio (Mw/Mn) of the
weight-average molecular weight (Mw) of said styrenic
copolymer to the number-average molecular weight (Mn)

thereof is in the range of 1.6 to 4.0, and wherein the



wherein the ratio (Mv Wn) of the weight- average
nmol ecul ar wei ght (Mw) of said styrenic bl ock
copol ymer to the nunber-average nol ecul ar wei ght (M)
thereof is in the range of 1.6 to 4.0. 3. A styrenic
copol ynmer conposition conprising at |east two
styrenic copolyners according %16 claim 1l wherein each
of said at least two styrenic 111 copolynmers has a
c merizati.on conposition ratio,, and/ or.
GBI ST P et £ PR R R T et
f t h st yrenj r
S TEr et of A Le Sk MY (UG SEpPRaTE
COPOS YJRE S ACEOF il NG1 4 95 Sk ALAR Ly 3 oL SHoSE £ REOApe8d (7
by a ckgﬁ%i nuous }Iq%\r}?ng_spo%rre#lz%ti oérzlrk%et%%d{ sgﬁ (Tg)
SEFTEME SOPPEYIERT Sops] e PLE R NEE OY 1L OFb AhiDad M) -
i sopropenyl aromati c nononer represented by the
fol lovizw forowla 18)< €H2AHRCEER / (R cabersfnsthen <
substituent group Rl represents hydrogen], and [a
vi ny20py caedli ¢ nononer represented by the follow ng
formula (4): R3

-5.25 x 107 A% + 1.09 x 1072 A% + 1.72 x 10 A + 97 <

Tg < -5.25 x 107 A% + 1.09 x 102 A% + 1.72 x 107t A +
107 (in case of 20 < A < 60).
2. A styrenic block copolymer of
a styrenic copolymer according to claim 1 and
a styrenic polymer comprising a vinyl

aromatic unit represented by the following formula (2):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -CyHyny1 wherein n is 1 or 2,
and the substituent group R® represents hydrogen,
wherein the ratio (Mw/Mn) of the weight-
average molecular weight (Mw) of said styrenic block
copolymer to the number-average molecular weight (Mn)
thereof is in the range of 1.6 to 4.0.
3. A styrenic copolymer composition comprising
at least two styrenic copolymers according to claim 1

wherein each of said at least two styrenic



1 H2C=C R2 wherein the substituent group R2

represents hydrogen, or a hydrocarbon radical of
-CnH2n+1 wherein n is 1 or 2, and the substituent
group R3 represents hydrogen] into a 112

pol yneri zation reactor while the conposition ratio of
[said i sopropenyl aronmatic nonpner represented by the
above formula (3)] to [said vinyI aromati ¢ nonomer

enggd F t he ab8 e fg nu 4%%m 1t18 o
8?|¥P 2o1'aTi Bn°PR gﬁ?lﬁuguﬁPy PREEFmT 't %f
changs gﬁ%CQv&}Eagé' Iqof%cL?Q?t w&%h? féﬁ?EhCare

copo?yrrers osition ratio”o

'89@EQESH¥|f?&ﬁ"@hb%e"gﬁoﬁﬁé otgBLgsented by the above

formula (3)] to [said vinyl aromatic nonomner

r@presentedAb¥t§98n§E°E8pBQ9HEEac6ﬂbbs1t§oﬂ|Eﬁﬁbﬁﬂblng
fromthat of the others. 5. A styrenic copol ymer

ageonenBy t@ockayiehic wbpehyhsrpr adueedihy 8o claim 1,
conti nuous living polymnerization nethod, wherein the

t ehakhameenprotincad byoprcpﬁnyhuanenmﬁwﬁngononer
represented by the following fornmula (3): CH3 HC=C
| pBRLymeirézetnothmesbbsgl i t uent group Rl represents
hydr ogen,
said styrenic copolymers being obtained by
providing
[an isopropenyl aromatic monomer represented

by the following formula (3):

CHj
H,C=C

\\\\\
Rr!
wherein the substituent group R! represents hydrogen],
and

[a vinyl aromatic monomer represented by the

following formula (4):

wherein the substituent group Rzlrepresents hydrogen, or
a hydrocarbon radical of -CyHyy+1 wherein n is 1 or 2,

and the substituent group R® represents hydrogen] into a



y _the follow ng
formula (4): R3 1 H2C= C R2 113 wherein th
substituent group R2 represents hydrogen, or a
hydr ocar bon radi cal of -CnH2n+l wherein nis 1 or 2,
and the substituent group R3 represents hydrogen, and
a pol ynerization sol vent is142500 ppm by wei ght or
| ess. 6. A styrenic copolyner according to claimb5,

051 PP e Bpogedieos L SB=CabARLLTY) £ 19
et ghgaisiane IRISRULST LGB LI e

thsovei gbtmayer @9?} b ewé@a Yehgita tMiht 18 hbfomer
nunber - average nol ecul ar weight (M) is in the range

Ofteprésénted. by tThe AaBBLHOHOBUPAOAYE] NYn BYr&8w material
continuous living polynerization nethod, a styrenic

copbhyien ascoodtnguotiel gl armidtsamdtoehbod chapgeédj ngnd
the steps of: continuously introducing a raw materi a
sehghi of sangrati hgasbnower stgndnacsobpehymensohaving a
vessel type of reactor having a stirring machine from
t fempogietion upper phriseidsabdprepenyt; asgagatic monomer
represented by the above formula (3)] to [said vinyl
aromatic monomer represented by the above formula (4)]
is different from that of the others.
5. A styrenic copolymer according to claim 1,
which is produced by a continuous living polymerization
method,

wherein the total amount of:

an isopropenyl aromatic monomer represented

by the following formula (3):

wherein the substituent group R! represents hydrogen,
a vinyl aromatic monomer represented by the

following formula (4):



produci ng said styrenic copolyner while continuously
di scharging a polyneric solution fromthe upper or

| oner part of said reactor, which is positioned in
the opposite direction of the inlet of said raw
material solution. 8. A netqqg of producing a styrenic
copol ynmer according to claim7 114 wherein the main
component of the solvent is at |east one aliphatic

%% anﬁbQﬂ %%%@%ﬁ@%en% 9??%5;@Pd %rQE Eg' d?o%en, or

styreni ¢ copolymer ~acco to C

MRl RO 1oL G ke 151eP —@an2n+{‘tv§r9é1P&ix{‘% cad bpnyr 2,
di oxide and water into a polynerized solution so as

t @nldeiiileNat® stthe vty RRuEARP ORep k836 HE 8NhyWh8Heh N€and
anount of a vinyl aromaticC nononer represented by the

foll owi ng fer pallgmed)izaR3 onAsklGentR2 wherein the
substituent group R2 represents hydrogen, or a
hyidr @G &0i8o ppradiyvc ale igfht- Gr, A2l wherein n is 1 or 2,
and the substituent group R3 represents hydrogen, said
vienyl ar oma?i ctyoeorier cexicdymey iaTc@rstiyrerticc claim 5,
copol ymer which is produced during the polynerization
r @deriedn, thisaylaws -y ans 3%y teeingia torrd e@“sg) g sAaid
i njection-nolded article conprising a _styreni o
CEFYILPREC SOPSIIMEF i dinaithel ramasy of 195°C to 140°c,

the weight-average molecular weight (Mw) is in the
range of 50,000 to 300,000, and the ratio (Mw/Mn) of
the weight-average molecular weight (Mw) to the number-
average molecular weight (Mn) is in the range of 1.6 to
2.5.
7. A method of producing, by a continuous living
polymerization method, a styrenic copolymer according
to claim 1

said method comprising the steps of:

continuously introducing avraw material
solution comprising monomers and a solvent into a
vessel type of reactor having a stirring machine from
the lower or upper part of said reactor; and

producing said styrenic copolymer while
continuously discharging a polymeric solution from the
upper or lower part of said reactor, which is
positioned in the opposite direction of the inlet of
said raw material solution.
8. A method of producing a styrenic copolymer

according to claim 7



_styrenic block copolyner according to claim2, or a
styreni c copol ynmer conposition according to claim3 or
4. 11. An extrusion-nolded article conprising a
styreni c copolynmer according to claiml, 5 or 6, a
styreni c bl ock copol yner according to claim?2, or a
115 styrenic copolynmer co dsition according to claim
3 or 4. 12. A sheet conprising a styrenic copol yner
according t&h&%@iﬂ1éhesm?{n6c%ﬂp§$¥£€n%f Pﬁgcgolvent is
copol ymer according to claim2,” or a styrenic

COPOL YIBE o£ONPP 'ﬁéepcaﬁgafgwgbﬁgﬁ EbRbJusqor 4. 13.

A foam conprising a styrenic copolyner ~according to

chbaiml, 5 ArmbehddSby¥rEPbEublRgka SOPLLNTET 8560y HERY
to claim2, or a styrenic copol ynmer conposition

ag€os B NGgt Bo CtBATM3706r48 14. A food container for
war m ng, conprising a styrenic copolynmer according to
claiml, 5 esié, mathsdiycempeibingkthopstygpestaccordi ng
to claim2, or a styrenic copolyner conposition
atcorodiduging chéabom3dboxilde dbd wapartihbo aAopsikgmerized
conprising a styrenic copolynmer according to claima1l,
Ssetubionm soyaente telotRatepbhgnpelmwevidahgono cl ai m
2, or a styrenic copolyner conposition according to
cFar@t Bopr Whenjighe papountief a EaRYLngEpmaEic monomer

conprising a  styrenic_copolynmer according to claimal,
SLRPreSen ed by the following formula (4):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -CyHsy+; wherein n is 1 or 2,
and the substituent group R® represents hydrogen, said
vinyl aromatic monomer existing in a styrenic copolymer
which is produced during the polymerization reaction, ‘
has run up to 3% by weight or less.

10. An injection-molded article comprising a
styrenic copolymer according to claim 1, 5 or 6, a
styrenic block copolymer according to claim 2, or a
styrenic copolymer composition according to claim 3 or
4.

11. An extrusion-molded article comprising a
styrenic copolymer according to claim 1, 5 or 6, a

styrenic block copolymer according to claim 2, or a



styreni c bl ock copol yner according to claim?2, or a
styreni c copol ynmer conposition according to claim3 or
4. 17. An optical part conprising a styrenic

copol ynmer according to claiml, 5 or 6, a styrenic

bl ock copol ynmer according to claim2, or a styrenic
copol ynmer conposition accorlddbng to claim 3 or 4.

styrenic copolymer composition according to claim 3 or
4.

12. A sheet comprising a styrenic copolymer
according to claim 1, 5 or 6, a styrenic block
copolymer according to claim 2, or a styrenic copolymer
composition according to claim 3 or 4.

13. A foam comprising a styrenic copolymer
according to claim 1, 5 or 6, a styrenic block
copolymer according to claim 2, or a styrenic copolymer
composition according to claim 3 or 4.

14. A food container for warming, comprising a
styrenic copolymer according to claim 1, 5 or 6, a
styrenic block copolymer according to claim 2, or a
styrenic copolymer composition according to claim 3 or
4.

15. A part for houses, comprising a styrenic
copolymer according to claim 1, 5 or 6, a styrenic
block copolymer according to claim 2, or a styrenic
copolymer composition according to claim 3 or 4.

le. A part for a car interior, comprising a
styrenic copolymer according to claim 1, 5 or 6, a
styrenic block copolymer according to claim 2, or a
styrenic copolymer composition according to claim 3 or
4.

17. An optical part comprising a styrenic
copolymer according to claim 1, 5 or 6, a styrenic
block copolymer according to claim 2, or a styrenic

copolymer composition according to claim 3 or 4.



